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1 EDITORIALS
ANOTHER GREAT DISCOVERY.

A  d iscovery of enorm ous poten tia l im portance to 
th e chem ical profession has been m ade w ith in  the last 
few  m onths b y  th e general public. H undreds of new s
papers and periodicals are d evotin g editorial space 
to  the discussion of the chem ists and chem ical en gi
neers and their relations, and esp ecially  their o b liga
tions, to the coal-tar dye industries. T h e public a c
know ledgm ent of our responsible connection  w ith  
th is im portant in d u stry  is a great accom plishm ent 
for our profession when we recall th a t  on ly six m onths 
ago the chem ist w as know n  chiefly  b y  the drug store 
he kept. E v e ry  w orker th rives upon pu b lic  reco g
nition  of his achievem ents. T h e chem ist is no ex
ception  to this rule, y e t  from  th e  obscure and in vo lved  
n ature of his w ork and his n atural secretive in stin cts 
he has received less public ackn ow ledgm en t than  the 
w orkers of a n y  other profession. I t  m atters little  
w hether the chem ical profession com es into  v iew  riding 
the sp ectacu lar coal-tar dye h o b b y, w hether it  is 
“ tr im m ed ”  b y  th e public press for its  lack  of in itia tiv e  
in seizing opportun ities, or w hether it  is charged 
with an utter absence of business acum en, so long as 
it com es to  be p u b licly  recognized  as an im p o rtan t 
and an essential fa cto r  in the industria l developm ent 
and councils of th is cou n try.

If th e new spapers m ake m istakes in discussing our 
in tricate  scientific and in dustria l problem s, wc should 
not be con ten t to blink and chuckle in our superior 
wisdom , b u t should com e out in the open and set them  
right. If leg is lative  sty les point u n m istak a b ly  to 
pension log-rolling, b u reau cratic  log-rolling, tariff 
log-rolling, it  is our d u ty  to  teach  legislators th e valu e 
of rolling the logs th a t  will develop the industries 
w hich sup port our profession.

The public  h ave been le ft to  their own resources 
to  figure out th e fun ction  of th e chem ical profession. 
W e publish one thousand copies of our Journals 
each d ay in the year, b u t th e y  are for the chem ists, 
and are free from  m atters of public interest. T h e 
d irectory  of our S ociety— the largest tech n ica l society  
in th e w orld— gives no hint of the v a st and varied  
field of professional a c t iv ity  of th e chem ist. Our 
public w ork is obscured b y  im penetrable techn ical 
detail and our in dustria l achievem en ts are cu t off 
from  public v iew  b y  high fa cto ry  w alls. P u b lic  sources 
of inform ation  as to th e field of a c t iv ity  of th e chem ist 
are th u s lim ited  to  th e signs d isp layed  on th e corner 
drug stores. W e h ave labored for years under cover. 
Is it an y wonder, then, th a t we were still u n discov
ered when the foreign  crisis disclosed to  th e  public 
the fa ct th a t som e of our great industries depended 
for their developm ent and continuance upon the work 
of the chem ist? N evertheless, there are m an y other 
fields of a c t iv ity  besides those w hich h ave recen tly  
becom e of interest to  th e public, in w hich th e chem ist 
and the chem ical engineer h ave con trib u ted  m uch 
to industrial w ealth.

T h e tim e seem s ripe for com ing out in the open and 
show ing th e public in clear and a u th o rita tiv e  form 
th e place of th e chem ist in in d u stry. W e publish 
in T H I S  IS S U E  a series of papers w ritten  b y  eminent 
specialists— chem ists, chem ical engineers, adminis
tra tiv e  officials and industria l m anagers— who see 
and present from  variou s angles the contributions 
of th e chem ical profession to  our industria l develop
m ent. T hese papers cover, b u t a few  of th e indus
tries benefited b y  the science of chem istry. W e hope 
to publish  m any others of th e sam e kind  and thus 
brin g to  ligh t a b etter un derstan ding of th e w orld’s 
w ork of the in dustria l chem ist and th e  chem ical engineer.

ON SYNTHETIC DYESTUFFS AND OUR EXPLOSIVES

U nder the title  of “ T h e D yestu ff S itu ation  and Its 
L esson ,”  we printed  in th e  M arch  num ber of T h is  

J o u r n a l  an address b y  our ex-president, A rth u r D . 

L ittle . W ere it  not for th e prom inent position oc
cupied b y  him , in v iew  of th e  m any reports and papers 
w ritten , we w ould m ake no com m en t, as th e subject 
has becom e threadbare. From  a stan dp oin t of patriot
ism , how ever, if for no other reason, we challenge his 
conclusions. W hile he is stoppin g th e “ wasting 
precious am m o n ia ”  th e no less precious benzol, toluol, 
carbolic acid, e tc., are to go to w aste, or be exported 
to be returned to us as finished products.

I t  is ad m itted  th a t we can h ave a d yestu ff industry 
in th is co u n try  if it  is protected  w ith  an ad valorem 
d u ty  of 30 per cent, plus a specific d u ty  of 7V2 cents 
per pound. L e t us see w h at th is m eans to  th e mind 
of th e m an or wom an who is called  upon to  p a y  the 
ta x . Dr. Hesse tells us: th a t  th e cost of th e dyestuff, 
including th is d u ty , w ould n ot be over 15 cents per 
annum  per cap ita  of our popu lation ; th a t  the dyestuff 
en tering into a su it of clothes costin g §25.00 would 
not b u y  a good cigar, and, including the proposed duty, 
w ould be less th an  5 cen ts per suit.

He asks w h y then  “ should we du plicate them 
(i . e., G erm an C olor W orks) on ly  to  plunge into an 
industrial w arfare again st th e m ost stron gly  fortified 
industrial position in the w orld .”  In answer, let us 
quote from  w h at D r. Sch w eitzer says in an article on 
G erm an m ilitarism .

" T h e  in dustry for the recovery  of the by-products from the 
coking process, w hich w e already m entioned as a  source for sul
fate  of am m onium , has also been h ighly  developed because Ger
m an m ilitarism  needed some of the resulting coal-tar products 
for the m anufacture of explosives. Benzol, toluol, carbolic 
acid, m etacresol and diphenylam ine are startin g m aterials used, 
in the m anufacture of am m unition.”

B earin g th is in m ind let us see w h at D r. Hesse says 
on the su b ject in a rep o rt w hich w as read into the 
records of th e H ouse of R ep resen tatives, dated De
cem ber 10, 1914, b y  Hon. Sam uel W allin:

" T h e  best inform ation you r com m ittee has so far been able 
to gather is th a t this cou ntry can  produce so-called coal-tar 
raw  m aterial in am ounts sufficient for th e needs of a  complete 
dom estic coal-tar chem ical industry, inclusive of explosives
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and dyes, provided there is a certainty of outlet as to volume and 
continuity.

"There is no inherent defect in our coke industry with re
gard to the actual making of these things; the only question in
volved is whether it be more profitable to burn the benzol, 
toluol, and the like, contained in the gas, as a fuel, than to separate 
them from each other for purposes of sale.

"The materials of the preceding paragraph are the ones used in 
the coal-tar explosive industry, as well as in the coal-tar medicináis 
and dyestuffs industries. Each of these three industries co
operates with the others to make full use of those materials; 
alone none can fully make use thereof nor succeed; the correct 
and proper utilization of these materials require successful 
coexistence of all three industries in one and the same country.” 

In a statem en t m ade b y  H. A . M etz, before th e C om 
mittee of F in an ce of th e U. S. Senate, 62nd Congress, 
on the m atter of d u ty  on A n ilin e Oil and Salts, he said: 
“ or if the foreigners did n ot drop their prices th e ar
ticles w ould p ro b ab ly  be m ade here, and provide the 
basis for a real coal-tar (chem ical) in d u stry , e tc .”

Here we find th e m otive for th'e opposition b y  the 
foreign m anufacturer and their agents, because if th e 
dyestuffs in d u stry  w as assisted b y  proper protection  
in this co u n try  th e y  know  th a t in ten  years we w ould 
compete w ith  them  in th e  m arkets of th e world.

T. B. W agn er lias g iven  us a te x t on th e  su b ject 
when he stated  in his address before th e  A m erican  
Institute of C hem ical E ngineers th a t:

"Strange as it may seem, the starting of industrial enterprises 
is not always due to the chase of the almighty dollar, as is gen
erally and perhaps pardonably assumed, but in many instances 
it is directly caused by the enactment of laws with more or less 
restrictive tendencies.”

Sw itzerland produces neither coal, coke nor coal ta r, and 
yet of the 16.6 per cen t of dyestuffs not obtained  from  
Germany in  th e y ea r  1913 b y  th is co u n try  th e m ajor part 
was obtained from  Sw itzerlan d. Sw itzerlan d  then could 
hold us a t her m ercy because of her a b ility  to  su p p ly  
herself, or other n ations who m ight be a t w ar w ith us, 
with explosives. W e can read betw een  th e  lines.

There is no secret w hence th e success of th e foreign 
coal-tar chem ical in d u stry. I t  is fu lly  set forth  in

CONTRIBUTIONS OF THE CHEMIST TO THE WINE 
INDUSTRY

B y  C h a k i . k s  S. A s h  

Demonstrating the value of chemistry and chemists to an old 
established industry, which has been commercially successful 
without either, is never an easy matter. To attempt such a 
demonstration to the wine industry of California fifteen years 
ago seemed like an almost hopeless as well as an entirely thank
less task.

The California wine industry had been established by Euro
pean wine makers some thirty years before and for that length 
of time had been conducted by "thumb and screw” rules. While 
wines of good quality were not turned out each year, the results 
obtained by the wine maker were entirely satisfactory to the 
dealer. Spoilt and poor wine was attributed to a "poor vintage.” 

The arguments which could be advanced at that time showing 
the value of the chemist to other industries had little effect.

the report of th e U. S. T ariff B oard d ated  F eb ru a ry  
7, 1912, pages 225 and 226:

"T h e German chemical industry knows practically no compe
tition between individual establishments engaged in the manu
facture of the same products; and the elimination of competition 
and general tendency toward combination observable in all 
industrial countries, but especially pronounced in Germany, 
has in that country gone further in the chemical and allied in
dustries than in any other manufacture. This has been ac
complished by the formation of ‘ syndicates,’ ‘ cartels,’ ‘ selling 
associations,’ and to a lesser degree by the absorption of, or 
amalgamation with, rival concerns, formed secretly or openly 
for the purpose of controlling output and prices. The law puts 
no obstacle in the way of such consolidation, and in several 
instances governmental agencies operating large chemical 
establishments form a party to the agreements. * * * * Prac
tically all the important manufactures of the chemical industries 
and many products of lesser importance are 'under some form of 
syndicate control, more or less strict, and more or less extensive 
as to production, prices, supply of raw materials or division 
of territory. Chemical manufactures lend themselves more 
readily to consolidation than any other, because within a given 
line the products from one source are not visibly different from 
those of other sources, and, on the same basis of purity, do not 
differ at all. The products, therefore, carry little if any indi
viduality, which is the principal basis of competition. Quite 
a number of these organizations are bound by agreements of some 
kind to international ‘ cartels,’ the object of which is to control 
the international markets.”

Should th e A m erican  m anufacturers use sim ilar 
m ethods, in dictm en ts w ould p ro m p tly  follow . W ere 
th e y  perm itted  to  use them , how ever, th e  foreigner 
w ould un qu estion ab ly  be beaten  at his own gam e. If 
then  it is n ot th e desire of th e people of th is cou n try  
to foster its aniline in d u stry, le t us, a t least, as a m atter 
of patriotism , dem and th a t our G overn m en t enter 
into th e  m an ufacture of th e n ecessary explosives 
derived from  th e coal-tar chem ical com pounds, a lthough 
in so doing our am m unition  of th e  ch aracter described 
b y  D r. Sch w eitzer and quoted  ab ove w ill cost the coun
tr y  m any, m any tim es w h a t it  Could be s u p p lie d  
for b y  an established and protected  a nilin e  in d u stry  
in th e U n ited  S tates. T . J. P a r k e r

When the chemist looked for employment in the wine industry 
he was naturally asked what he could do for the benefit of 
the industry. On replying that he could make an analysis 
of the wine, he was met with this answer— "Well, after I know 
the composition of the wine what good does it do me? Can 
you tell me whether the wine is good, bad or indifferent? An 
expert taster can tell all these things.” Of course, a chemist 
knowing nothing about wine could not interpret the analysis 
he had made, and an analysis without an interpretation is useless, 
while an incorrect interpretation is fatal. So the stand taken 
by the wine merchant was absolutely correct, as far as his knowl
edge went. The fallacy of his position at that time (15 to 20 
years ago) was that he unknowingly did depend upon the chem
ist. Chemical preservatives were in common use all over the 
world, their preservative value having been discovered by chem
ists. All wine having a sufficient quantity of preservative was 
sterile and, therefore, gave no trouble after shipment.

SYMPOSIUM ON THE CONTRIBUTIONS OF THE CHEMIST 
TO AMERICAN INDUSTRIES

Papers presented a t  the  50th M eeting  of the  A M E R IC A N  C H E M IC A L  SO C IE T Y , New Orleans, M arch 31 to  April 3, 1915
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The chemist begins to be of value to the wine industry only 
when he becomes familiar with the wine business and becomes 
a wine man. When that happens he will know that as wine is 
a natural and not a synthetic product, he must adjust his scien
tific knowledge to the nature of the product and not try to 
change the character of wine to meet his scientific views. As 
the chemist becomes familiar with the wine he will be able to 
interpret his analyses correctly, to segregate the sound from 
the unsound wines and to anticipate their stability. This was 
most desirable and useful to the'wine merchant. Pure food 
laws were coming into effect in European countries. Salicylic 
acid (the preservative commonly used) had to be abandoned 
and the chemist was instructed to look for a preservative that 
could not be detected. A t that time benzoates were very 
difficult of detection and benzoic acid was adopted as a pre
servative. But analytical science soon caught up, and ben
zoates also were of no value. The chemist is still looking vainly 
for a preservative that cannot be detected.

As wine makes itself spontaneously when the grapes are 
crushed, it was considered a purely natural product and its good
ness or badness the result of chance. So we have to this day 
the much-abused phrase, "the fine vintage of 188-.” The 
reasons for good and bad vintages were unknown. To be sure, 
Pasteur had made his classic researches and his views had slowly 
made themselves felt throughout the world. Where pure yeast 
was planted in sterile media, as in beer, the quality of the re
sulting product was largely dependent upon the quality of the 
yeast. In the manufacture of wine, it is obvious that the must 
cannot be sterilized in the same way that beer can be. The 
chemist at this time, being able to anticipate the stability of a 
natural wine, concentrated his effort upon the production of 
wines of sufficient stability to keep in a warm climate rather 
than the finding of a preservative that could not be detected. 
The use of a preservative in such a wine would only add to the 
cost and do little, if any, benefit. It holds good in all food 
industries, I think, that the need for preservatives decreases as 
knowledge of the product increases. Through the efforts of 
the writer, wine was shipped without preservatives as an ex
periment: the first car was shipped with many misgivings. 
It was expected that every barrel would blow up, and the entire 
carload be lost. This was a very trying time for the chemist, 
as his theories were on trial and a failure meant a return to the 
old régime. The car, however, gave perfect satisfaction and 
nothing was heard afterwards. From that time on, the use of 
preservatives decreased and methods for improving the vintage 
increased; in fact, a chemist's knowledge took the place of pre
servatives in the business.

The production of stable wine— that is, a wine that does not 
deteriorate 011 shipment— is a most complex problem. To go into 
the problem is outside the province of this short paper. It can 
be said, however, that if the chemist has been of any benefit 
to the wine industry he has been of benefit here. To the direct 
question— "What has the chemist done for the wine industry?”—  
one can with justice reply:

1— By proper methods of handling he has made the use of 
preservatives unnecessâry.

2— He has insured the uniformity of the product as completely 
as seasonal differences will allow.

3— He has reduced the quantity of spoilt wine from 25 per 
cent to less than 1 per cent (about 0.46 per cent average).

4— He has reduced the quantity of inferior wine from 25 per 
cent to 5 per cent. (Some grapes always give inferior wine no 
matter what care is given to the products. Usually these grapes 
are those grown on over-irrigated ground and over produce.)

One of the most important duties of the chemist is, as we have 
said, the production of a uniform product, without which uni
formity no business can be successful. Some details may not 
be out of place. There is no difficulty in turning out, for ex

ample, a uniform sugar, but a uniform wine is less easy. Ever)’ 
vintage is slightly different, yet if a brand of wine be established 
it is necessary to supply your customer always with wine of ex
actly the same type. Otherwise, the consumer, being used to 
the one wine, objects to the other. The wine chemist has to 
help in the attaining of uniformity. As the blending of wines 
is the final operation, and as these blends compose at times 100 
different wines, this is perhaps one of the most important duties 
of the wine chemist. Blends are usually made up first in sample, 
analyzed, blended as nearly as possible to the composition of 
the previous blend of this type, and the directions for the blends 
then distributed to the winery which is to make them up. After 
blending, samples are again sent to the laboratory where the 
chemist again analyzes them to see whether the blends have been 
properly and uniformly made.

The following samples show the method of checking the 
blending. The analyses of the sample blend made in the labora
tory, and the actual blend made in the cellar must agree; other
wise, the blend is not uniform and must be reblended.

P e r cen t G ram s per 100 cubic centim eters
alcohol by  T o ta l V olatile R educing

volum e acid ity  acid ity  sugar T annin
W inehaven C lare t— B lend No. 485 (265,000 gallons)

Sam ple b le n d .....................  12.29 0 .500  0 .060  0 .145  0.135
Finished b le n d ...................  12.37 0 .510  0 .060  0 .150  0.140

W ahtoke P o rt— Blend No. 482 (144,500 gallons)
Sam ple b len d .....................  20 .78  0 .390  0.043 6 .6 0  0.070
Finished b len d ................... 20 .78  0 .390  0 .046  6 .6 3  0.079

Besides this, the wine chemist has duties in common with all 
chemists. He must analyze the water and soils of the vineyards 
owned by his company, analyze the supplies used in the wineries 
or in the vineyards, advise as to fertilizers to be used and devise 
means to gather as many by-products as possible.

I must say, in conclusion, that the wine chemist, in spite of 1 
temporary discouragements, is having more intimate relations 
with the Wine Industry. He is, in fact, becoming quite friendly, 
and he has hopes of being on the same good terms as his brothers 
in the sugar, dyeing, oil, petroleum, gas, soap and other industries, 
which the chemist has made famous.

M o n a d n o c k  B u i l d i n g , S a n  F r a n c i s c o

CONTRIBUTIONS OF THE CHEMIST TO THE COPPER 
INDUSTRY

By J .  B. F. H b r r k s h o p f  

V ice-President N ichols C opper Com pany and C onsulting Engineer General 
Chem ical Com pany

During the last forty years there has been an enormous increase 
in the copper mined, smelted and refined in the United States. 
The following figures clearly show this increase:

In  1874 the  U nited  S ta te s  p roduced ................... 17,500 long tons
1884...........................................................................  64,708 long tons
1894.................................   158,120 long tons
1904...........................................................................  362,739 long tons
1912...........................................................................  563,700 long tons

Of the 17,500 tons produced in 1874, Calumet & Hecla pro
duced 87 per cent. This was before the producing days of 
Montana and Arizona copper, which began in about 1883.

It is fair to assume that there were very few, if any, chemists 
employed in the copper industry in the United States in 1874. 
At that time, among the few laboratories in New York City, 
the largest one made only one or two copper analyses per year, 
and it was known then that Calumet & Hecla had employed one 
of the very few expert chemists in the country to help them, if 
possible, out of some chemical difficulty.

About 1884 a few chemists were employed in the earlier work 
of developing going on in Montana and Arizona. You will 
notice the marked increase in the output of copper from the years 
1884 to 1894. It was not until after 1890 that the real value of 
chemists in improving operations in mining, as well as in concen
trating, roasting, smelting and refining copper was fully appreci
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ated. From that time to the present the value of chemists in 
the mining and metallurgical work in the production of copper 
has very greatly increased, and the number of chemists employed 
is greater in proportion than the enormous increase in copper 
produced.

In the large copper mines of this country chemical analyses 
are made and used to very great advantage in the control of 
mining operations and also in connection with sorting the ore 
before crushing. Ores from different parts of a mine have varying 
percentages of copper and differ often to a great extent in their 
fluxing properties, so that a bedding system is sometimes em
ployed, placing the various grades of ore in different beds of bins. 
All of this ore has to be analyzed and then careful chemical 
calculations are made by the metallurgists, so that the proper 
proportion from each bin is mixed when delivered in the smelter.

In the concentration of ores the process is, to a considerable 
extent, a mechanical one, although of late electricity for separa
tion and concentration is employed, and also a process that uses 
a moderate amount of oil which facilitates a more perfect separa
tion of the mineral from the gangue. Whichever method is 
employed, a control by chemical analysis is necessary to show 
the gains or losses in copper.

In the successful smelting operations at many of our large 
mines the metallurgist who calculates the best smelting mixture 
of ores and fluxes to be introduced into the smelter, has to 
be not only an able chemist, but should be a physicist and engi
neer as well, in order to obtain the most economical results. 
To carry out this important work a great many chemical analyses 
are necessary, for the best results in roasting ores in the modern 
roasters can be produced only by the full employment of chemical 
analyses and physical tests.

The United States mines more than 50 per cent of the 
copper of the world; 75 per cent of the copper of the world 
is refined in this country and the larger proportion of this re
fining is done by electrolysis. In carrying on this electrolytic 
work the chemist has been responsible for a very large propor
tion of the improvements that have been made in the last twenty 
years, so that chemistry has shown itself to great advantage 
not only in improving the electrolytic methods of refining, but 
also in the preceding methods of mining and smelting.

In the electrolytic refining of copper, samples representing 
80 to 100 tons of blister copper are analyzed for copper, gold and 
silver in order to arrive at the value of the lot. Formerly the 
analyses of copper were not exact enough to satisfy the buyers 
and sellers. The chemists then came together and improved 
the methods so much that perfect satisfaction now exists. It is 
not unusual in a copper works laboratory to have two chemists 
make independent analyses of the same sample and turn in re
sults, which agree to within 0.01 per cent on blister copper and 
0.002 per cent on refined copper.

More than one-half of the copper refined is cast into wire bars 
and then rolled and drawn into wire, the bulk of which is used for 
electric conduction. A very small quantity of arsenic in copper 
greatly lowers its conductivity; a quarter of one per cent cuts 
down its electric conductivity from 101 to 45. Refined copper 
for this purpose should contain less than one-thousandth of one 
per cent arsenic in order to satisfy the consumer. The chemists 
have made such results possible by their able research work and 
also by their remarkable improvements in analytical methods 
for copper and arsenic and their wonderfully exact methods for 
determining quantitatively minute quantities of bismuth, 
antimony, tellurium and selenium in copper.

These results could not have been obtained twenty years ago, 
and forty years ago even the best chemist in the country could 
not have dreamed of doing such work. In the great improve
ments in the copper industry our chemists have performed a 
very important part in a very able manner. The great consumers 
of copper in large manufacturing industries of this and other

countries, and the whole world, owe to the chemists connected 
with our copper industries a debt of thanks for their masterly 
work.

2 5  B r o a d  S t r e e t , N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE CORN 
PRODUCTS INDUSTRY

B y  E. T . B e d f o r d  

P resident Corn Products Refining C om pany

The industry of glucose and grape sugar, or, as it is known 
in this country, the industry of com products, is based upon an 
epoch-making discovery of a chemist— the conversion by chem
ical means of starch into reducing sugars. The chemist has 
been inseparably connected with this industry from its beginning. 
It was started in Germany a little over one hundred years ago, 
and due to the limitation of the products— there being only two, 
glucose and grape sugar— the field and the activities of the 
chemist were limited correspondingly, but conditions in this 
country afforded him much larger opportunities, and I am glad 
to be able to say that the American chemist did not overlook 
his opportunity, but was quick to make the most of it. Owing 
to the character of the raw material employed in this country—  
corn— our products are no longer limited to two; the chemist 
has added to them until their number now exceeds one hundred. 
We produce a large number of different grades of glucose, or 
corn syrup, suitable for every conceivable purpose, either as 
food or in the arts. Manifold as the technical uses are, they are. 
overshadowed by the great value of glucose as a food. This 
fact is emphasized in these days of high-priced food. Its im
portance and significance as an ideal food for the masses was 
pointed out very forcibly by Prof. Graham Lusk, who showed 
conclusively that glucose is the cheapest food-fuel known. 
Grape sugar, or com sugar, also is an important product, and is 
manufactured in a variety of grades. Due to the great care 
which the chemist exercises in devising ways and means of con
trolling the process of manufacture in all of its details, the quality 
of the articles produced is of such excellence as to have secured 
for this country by far the largest portion of the world's trade in 
these commodities.

While the chemist was most active from the very beginning 
in developing the process for making glucose, and grape sugar 
and in steadily improving their quality, he also demonstrated his 
value to the industry by developing new staple products such as 
starches for culinary and technical purposes, of dextrins and gums 
and various sugars, which in point of purity rival cane and beet 
sugar. These products are now manufactured in this country 
in very large quantities and are being shipped to all parts of the 
world. A brief reference to statistics will illustrate the effect 
of such work. The corn manufactured into corn products in 
this country amounts to 50,000,000 bushels per year. It is 
converted into 800,000,000 pounds of corn syrup, 600,000,000 
pounds of starch, 230,000,000 pounds of corn sugar, 625,000,000 
pounds of gluten feed, 75,000,000 pounds of oil and 90,000,000 
pounds of oil cake.

The chemist soon recognized the large possibilities which lay 
in the utilization of certain constituents of the raw material which 
were allowed to run to waste. First among these were the nitrog
enous substances, commonly classified under the name of "  glu
ten.”  Their running to waste was stopped; the product was 
collected, washed and dried, and put upon the market as a cattle 
feed of great nutritive value; it has materially increased the 
revenue obtainable from corn. I should like to say in this con
nection that I hope the chemist will again concentrate his at
tention upon this product and within a reasonable time convert 
it into an article of food to be used by man rather than by animals.

The recovery of the outer hull of the com, the bran, followed 
next, and by applying practically the same methods it was ob
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tained in a dry state and soon became an article of commercial 
■ importance.

With the recovery of these products, the impetus was given 
to a further exploitation of the other ingredients of the corn, 
particularly its germ, which contains a large amount of the article, 
commercially so important, and known as "corn oil.”  The chem
ist observed that, due to its lighter specific gravity, the germ could 
be separated from the body of the crushed com by a very simple 
method, and so sound was the reasoning of the chemist leading 
to an almost mathematical separation of the germ, that the same 
principle is today still employed, although the invention itself 
was made over 30 years ago.

The chemist next turned his attention to the soluble solids 
lost in the water which is used in the softening or steep
ing of the corn, which water formed an ordinary trade 
waste. These solids consist of nitrogenous matter, sugars and 
other carbohydrates, the valuable organic phosphorus compounds 
and the salts of magnesia and potash.

There are numerous other products which the chemist evolved; 
among them glycerine and fatty acids from the oil, soap stock 
from other oil-containing by-products, innumerable special 
starches for specific purposes, and dextrins and gums of great 
variety.

These developments have made the products of com the equals 
of competing products obtained from wheat, potatoes, sago, 
rice and other amylaceous sources; and where the products from 
corn were looked upon at one time as substitutes for the more ex
pensive starch products obtained from other sources, they are 
sold today upon their own merits, which are recognized and 
appreciated very keenly by the trade. It goes without saying 
that the development of our industry would not have made such 
rapid strides if it had not been for the excellent work of a highly 
efficient sales organization and for the cooperation of the engineer
ing forces; nevertheless, the effects of the activity of the chemist 
are noticeable in every direction, and it is not an exaggeration to 
say that the great American industry of com products owes 
its existence primarily to the chemist; while it may be admitted 
that further expansion of the business will be largely in the di
rection of commercial development, I am firm in my conviction 
that the chemist will continue making his influence felt in our 
industry, that the future holds in store a great evolution of the 
industry and that to this evolution the chemist will contribute, 
as in the past, a substantial share.

17 B a t t e r y  P l a c e , N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE ASPHALT 
INDUSTRY 

B y J a m e s  L e w i s  R a k e  

Secretary  T he B arber A sphalt P av ing  Com pany 

Chemistry, in the service of the asphalt industry, has con
verted it from one which originated on purely empirical lines 
into one which is now founded on a rational and highly scientific 
basis. The development and perfection of the industry from a 
technical point of view has been made possible only with the aid 
of chemistry, intelligently associated with practical experience 
and service tests. During the first two decades of its existence 
it was conducted on no fixed principle. The hard, refined 
Trinidad Lake asphalt was fluxed with a heavy petroleum oil, 
not manufactured especially for the purpose, to form an asphalt 
cement of a consistency determined solely by personal judgment. 
This was mixed with hot sand of varying degrees of fineness and 
with a certain amount of powdered limestone in purely hap
hazard proportions which were not rationally determined. 
These mixtures were laid and compressed in the street with 
most uncertain results, sometimes excellent and sometimes 
very bad. When the irregularity of such work was recognized, 
an appeal was made to the chemist, who selected typical samples 
of these old pavements and resolved them into their constituents

by analytical methods. It was found that surfaces which gave 
good and those that gave poor service were of very different 
and distinctive characters and that the manner in which they 
behaved depended upon the original properties of the mineral 
matter, sand, and powdered stone, as well as the consistency of 
the asphalt cement used. The chemist devised means of con
trolling the consistency and regulating the size of the sand by 
means of sieves, evolving a rational method of construction, 
which has been followed for twenty years, making the industry, 
when carried out on such lines, an extremely reliable one, and all 
work, if controlled by definite tests and analyses, of highly satis
factory character.

The chemist has also given his assistance in the preparation of 
fluxes or heavy oils of suitable character, and in the fixing of a 
standard for the grading of the sand and the nature and amount of 
filler or powdered stone, which enter into an asphalt pavement.

Aside from this, he has studied the nature of the native bitu
mens which are the components of asphalt and has differentiated 
the various types which are found in nature. In fixing the char
acteristics of the asphalts and the various petroleums from which 
fluxes and residual pitches are obtained, he has made it possible 
to describe these materials with such accuracy in specifications 
that they are readily differentiated.

He has made a study of the behavior of asphalt surfaces under 
service tests, and has been enabled to draw valuable conclusions 
therefrom which are applicable to the improvement and develop
ment of the industry. He has studied the physical characteris
tics of the sand used and of the phenomena connected with its 
behavior in combination with fine powders. He has demon
strated the fact that the presence of large amounts of this fine 
powder and filler through the presentation of a very large sur
face for the adhesion of the bitumen, adds in an enormous de
gree to the success of an asphalt surface under heavy traffic, 
in which study the principles of physical chemistry are closely 
involved. Work along these lines is still being undertaken in 
the laboratory, and it would seem that equally interesting points 
are to be developed in the future as in the past, along the lines 
of chemistry and physics.

Results obtained in these directions have been on such a large 
scale that the data accumulated have been assembled in a book 
of more than 600 pages by an expert of the company with which 
the writer is connected.

L a n d  T i t l e  B u i l d i n g , P h i l a d e l p h i a

CONTRIBUTIONS OF THE CHEMIST TO THE COTTON
SEED OIL INDUSTRY 

By D a v i d  W e s s o n  

M anager of th e  Technical D epartm en t. Southern  C otton  Oil Com pany 

In 1834, an English traveler in this country, writing about 
cotton culture, said: "In  many places it is usual to manure 
the fields with the seed not used for sowing; but of late years 
experience has taught the planters to set a higher value on it as it 
contains a considerable quantity of oil which is extracted by 
pressure and is suitable both for burning and painting. This 
oil may, in the course of years, become an additional source of 
wealth to the planters.”

About twenty years afterwards— shortly prior to our Civil 
War— one or two mills were started in New Orleans. The in
dustry, interrupted by the war, acquired a start shortly after
ward, and in 1872 as much as 52,705 tons of seed wefe crushed. 
This amounted to 4 per cent of the entire crop of 1,317,637 
tons. In 1913, with a production of 6,305,000 tons, 4,767,800 
tons were crushed, or 75.6 per cent of the entire crop. The 
estimated average cost per ton was $25.35, and the total value 
of the seed alone was $120,840,000, while the value of the prod
ucts was $156,600,000. Needless to say that the oil was used 
for something besides burning and paint.

The first refineries in this country were the Aldige, Union and
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Maginnis in New Orleans, Union in Providence, and J. V. Lewis 
in Cincinnati. Most of the early product was used for adulter
ating olive oil, except when it was labeled and sold as that 
material.

In 1887, the writer had the privilege of visiting these refiner
ies, which were probably operating then very much as they had 
been doing for years. The crude oil was refined with caustic 
soda, and the strength of lye was largely a matter of taste on 
the part of the refiner. The quantity used was left entirely 
to his discretion. The crude oil was judged by taste, color and 
smell, and caustic added till the required color was obtained 
on a filtered sample. There were as many styles of kettles and 
agitators as there were refineries. Most of the refiners were 
practical men, and they were chock-full of theories. One of 
these practical refiners mixed his lye in round-bottomed sugar 
cauldrons, and another judged the strength by rubbing a few 
drops between his thumb and fingers.

The crude oil mills were run very much like the refineries. 
The export trade liked soft, yellow cake, so some of the mills, 
trying to make what was wanted, would leave from 12 to 16 
per cent' of oil in the cake and meal. They also allowed large 
quantities of meats to go into the hulls, and annually sacri
ficed large amounts of perfectly good meal and oil in the form of 
settlings, which were allowed to ferment and were originally 
put in the soap kettles.

It was about this time that chemistry began to take the in
dustry in hand. Crude oil, up to now, had been bought and 
sold as prime, or prime for the season, or off, and was passed 
upon by manufacturers and brokers, who looked at it, tasted 
it, then looked wise and gave their verdict. Then the chemist 
stepped in and found that the quality of the oil closely followed 
the free acid present, and started grading accordingly. This 
made a big stir. Some of the mill owners denied the possi
bility of free" fatty acid being present in any of their oil, as they 
never had any fatty acids on their premises. The chemists 
then showed these same mill men how much oil they were los
ing in their cakp and throwing away in tlieir hulls, with the re
sult that more oil was made per ton of seed.

The hulls were burned under the boilers and furnished the 
power for the mills. Every ton of seed furnished about 700 
lbs. of hulls. The ashes, averaging about 10 lbs. per ton of seed 
were a valuable by-product, being rich in potash and phosphoric 
acid. The writer is in doubt whether it was a chemist or 
a cow that discovered that hulls were good for cattle food. 
At any rate, cows ate them with avidity, and analyses proved 
that they had the feeding value of low-grade hay. So the mills 
now get from $4 to $10 a ton for hulls which are worth about 
Si to $2 per ton as fuel.

The cotton-seed soap stock in the early days was almost thrown 
away. Much was made into woolen and scouring soaps. About 
1877, a bright near-chemist mixed some of this soap with soda 
ash, and made it into washing powder. The advertising man 
made a virtue of its yellow color, and the "twins did the work.” 
Now, the soap stock is used largely as a source for white dis
tilled fatty acids and glyccrine, while the residual tar from the 
stills forms a base for paint and roofing materials.

The chemist’s greatest service to the industry has been in 
the refining of the oil. Beginning with tests for acidity, followed 
up by laboratory refining tests to determine loss and color, 
and finally bringing into use the tintometer for measuring 
the color against standard glasses, the commercial practice 
has been put on a higher and more substantial basis.

The careful and scientific application of bleaching materials 
and selection of the oil has done much towards the develop
ment of the lard compound industry. The greatest factor in 
the advance of the industry as a whole has been the development 
of methods for deodorization and improvement of the flavor of 
the oil. The flavor of an alkali refined oil is largely dependent

on the seed from which it is made. For this reason it was 
practically impossible to obtain a uniform oil. Bleaching with 
fullers’ earth helped but little. Even the best oils made from 
selected crude and careful handling were open to objection. 
Certain volatile principles made a disagreeable odor when the 
oil was used for cooking, and created natural prejudices. Now 
all flavors are absolutely removed, and the resultant product is as 
pure as granulated sugar, regardless of the kind of crude oil from 
which it has been made.

The latest contribution has been the hydrogenization of the 
oil which converts it into a solid fat by the introduction of hy
drogen into the molecules of the unsaturated acids. This en
ables the manufacturer of cooking fats to turn out compounds 
consisting entirely of vegetable fat, which are fast displacing 
the mixtures of oil with animal fats formerly employed.

The improvements given by the chemist to the cotton-seed 
industry may be summarized as follows:

I— Putting the refining of crude oil on a more rational basis.
II— Preventing loss in manufacture by making a physical 

audit by analytical methods of the work of mills and refineries.
III— By analyses of products their values have been shown, 

and the commercial practice has been placed on an accurate 
foundation.

IV— By improving refining methods, practically all cotton
seed oil, regardless of section, or season, has been converted 
into one of our most valuable food products, and the residue 
worked into valuable by-products.

V— By the new process of hydrogenation wholesome edible 
fats of the consistency of butter and lard are now produced 
entirely from what will probably continue to be our cheapest 
vegetable oil.

VI— While the chemist has worked to improve the manufac
turing side of the industry, he has been the means of putting 
something like $125,000,000 every year in the hands of the 
farmers; or, in other words, he has added ten to twelve dollars 
to the value of the crop for every bale of cotton grown and has 
made possible an industry which provides means of livelihood 
for the thousands of people in hundreds of factories and on the 
road making and selling the products.

2 4  B r o a d  S t r e e t , N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE CEMENT 
INDUSTRY

B y  G .  S. B r o w n  
P residen t A lpha P o rtland  C em ent Com pany

Portland cement was manufactured in the United States in 
a small way 40 years ago. It occupied, however, a very minor 
position among the industries of this nation until the beginning 
of the present century. A t this time the production of Port
land cement is not far from 125,000,000 barrels, or 20,000,000 
tons, per annum, and is, perhaps, next to the manufacture of 
iron and steel, the manufacturing industry which gives to the 
railroads their largest tonnage.

It is safe to say that the tremendous advance made in this 
industry has been, for the most part, due to the zeal and knowl
edge of the chemist.

Portland cement has been manufactured in Europe for very 
many years and in the latter part of the 19th century was im
ported into the United States in large quantities. The small 
amount of Portland cement manufactured in the United States 
a t . that time was of irregular composition and of, perhaps, 
doubtful quality; on this account there was instilled into the 
minds of the users of cement a strong prejudice against Port
land cement of American manufacture.

Prior to 1890, investigations made by some of those inter
ested in the manufacture of cement in the United States, con
vinced them that with proper care it would be possible to make 
from the materials available in the United States just as sound



a Portland cement as was made in Europe. These men turned 
the matter over to chemists, who were given entire charge of 
the manufacturing process. It was very soon demonstrated 
that American Portland cement manufactured in this manner 
was absolutely as good as the foreign cements which hitherto 
had enjoyed a much better reputation. There was still con
siderable prejudice in the minds of the users of the cement and 
in the minds of engineers and architects; they argued that, 
while the short-time tests were satisfactory, there was nothing 
to indicate that the cement would give normal tests for longer 
periods of time. Further work by chemists proved, to the 
satisfaction of all reasonable men, that the constituents of Amer
ican Portland cement and Imported Portland cement were not 
very different and that there was every reason to believe that 
the long-time tests .would be just as satisfactory as the short- 
time tests were. This conclusion was amply demonstrated.

Having proven that it was possible to manufacture cement 
really of a better quality than that hitherto imported, the next 
step before the manufacturers was to reduce the cost, so that 
Portland cement could be sold to consumers at a price which 
would warrant them in extending its use and substituting it 
for other forms of construction. In the original factories the 
clinker was burned with oil. The kilns were short and the 
process was very wasteful of fuel. Along towards the end of 
the 19th century the price of fuel oil began to go up and reached 
such a point that the life of the cement industry in the United 
States was seriously threatened. Again recourse was had to 
the chemist, and after many experiments the system of pow
dering coal and burning it in kilns was perfected. This pow
dered coal took the place of fuel oil and resulted in a very marked 
reduction in the cost of manufacturing cement. Further than 
this, experiments were also conducted along lines indicated 
by theory and longer kilns were built, this again effecting a re
duction in the cost of cement.

Many other reductions in the cost of the manufacture of cement 
were made by reason of the investigations of the chemist, prob
ably the most important being that of handling the raw material 
in large quantities direct from the quarry. This method took 
the place of the old scheme, whereby the stone of different 
compositions was gathered in separate bins and then distributed 
in proper quantities throughout the mill. The present prac
tice is to mix the raw stone in the quarry, thus greatly reducing 
the cost of handling. So much for the manufacturing itself.

In the realm of the use of Portland cement the chemist has 
also done much. He has been particularly active in educa
ting those who use cement to the necessity of seeing that the 
aggregates used with the cement are of proper quality. He has 
also given a great deal of time to the development of specifica
tions which will protect the user of cement. Originally, each 
engineer had his own specifications and many of them were most 
peculiarly and wonderfully drawn. The energetic efforts of 
the chemist practically eliminated all of these freaks and we 
have today, through his efforts, standard specifications which 
insure to any user of cement an absolutely sound article.

Time would fail me to go into the detail of all the problems 
which have come up in our business and which have been suc
cessfully solved through the efforts of the chemist. Careless 
manipulation in mixing concrete often resulted in walls that 
were not water-proof. While it is easily possible, with careful 
attention to the aggregates and mixing, to get an absolutely 
water-proof concrete wall without the use of any so-called 
water-proofing, the fact remains that in the hands of the ordi
nary user of cement proper care may not be taken. The chemist, 
therefore, developed a water-proofing material which, when 
added to the concrete, prevents water from seeping through.

Problems in connection with the storing of clinker, sorting 
of cement, the operation of our power plants, quarry condi
tions, etc., all have been referred to the chemist and by him put 
in process of solution.
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T h e fact th at the chem ist is responsible for the q u ality  of 
the cem ent to  such an extent th a t he controls the operation of 
the mill, is largely advertised b y  a t  least one of the larger cement 
m anufacturing com panies in the U nited States.

E a s t o n , P a .
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CONTRIBUTIONS OF THE CHEMIST TO THE SUGAR 
INDUSTRY

B y  W .  D .  H o r n e  
C onsulting  C hem ist

Chemistry as a science has contributed so much toward 
the development of the sugar industry from the beginning 
that the association has been a continuous one and cannot be 
looked upon as having been abruptly formed at any particular 
time, but rather as having been the principal factor in the de
velopment of sugar manufacture.

Thus the influence this science has exerted upon the indus
try during the past quarter century should be viewed in rela
tion to what has preceded and what will follow. Much of what 
chemistry is doing now is the development of earlier work 
and will continue to exert its influence upon the future. Every 
department of the industry has long been under searching 
chemical investigation in almost every detail! Agriculture, 
manufacture, refining and utilization in the arts have called 
for chemical assistance and have received noteworthy aid. 
Very many new processes have been developed, better methods 
of analysis have been devised and theoretical knowledge of the 
constitution of the sugars has been substantially advanced. 
A vast literature is maintained on the subject of sugar, the main 
division of which is chemical. The International Commission 
for Uniform Methods of Sugar Analysis, composed of leading 
sugar chemists from the principal sugar-producing countries 
of the world, has done a great deal of good work in revising 
analytical methods, prescribing standards for apparatus, cal
culating working tables and generally supervising the field of 
sugar analysis.

Emil Fischer introduced the use of phenylhydrazine as a 
reagent in studying the theoretical molecular constitution of 
the sugars. This reagent’s property of reacting with the alde
hyde or ketone group of a sugar molecule and the adjacent 
alcohol group has rendered the highest service in studying the 
constitution of the sugars, as pursued for many years by Fischer, 
Herzfeld, Mulliken, and many others.

The development of sugar in the cane has been carefully 
studied by Prinsen Geerligs in Java and the occurrence of the 
nitrogenous constituents in the beet by Saillard in France, 
not to mention an almost endless series of similar investiga
tions by other chemists in every branch of plant physiology 
and development. The influence of soil composition and the 
effect of fertilizer ingredients has also received detailed study, 
including the remarkable effect on plant development caused 
by the action of minute quantities of manganese in the soil 
upon the enzymes in the growing plants. A great deal of work 
has been done on the development of new varieties of cane 
through raising seedling plants and selecting, largely through 
chemical analysis, the best individuals for further propagation. 
Thus the famous D 74 has been developed in Demerara and 
equally good varieties in Java and other countries. In Java, 
a few years ago, the sugar industry was threatened with de
struction through the prevalence of insect pests and other troub
les which beset 'the cane with accumulating force. The de
velopment of new varieties through chemical and biological 
work alone reclaimed the industry and placed it upon a very 
profitable basis.

In the manufacture of raw sugar, the past quarter century 
has seen great advance through bringing factories under chem
ical control, and the cane industry has caught up with and 
surpassed the beet industry through its scientific development 
on these lines. The consumption of sugar in the United States
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has risen from 1,500,000 tons in 1890 to 3,750,000 tons in 1914 
and the per capita consumption from 54 pounds to 84 pounds 
per annum. This has been partly due to the cheapening of 
sugar through scientific management in its production, raw 
sugar having fallen from 2.88 cents per pound (without duty) 
in 1890 to 2.03 per pound in 1914, and this, too, in spite of a 
rise in price of all other food staples, averaging considerably over 
15 per cent.

In making raw sugar the proper defecation and clarification 
of the juice are chemical matters of first importance and during 
twenty-five years great improvements have been made in the 
double carbonation process both for beet and cane, the use of 
sulfitation of the thin carbonated juice, and the use of phosphoric 
acid and its salts as additional defecating materials. Kiesel- 
guhr has been introduced by Wiechmann as a clarifying agent 
and is now being used more and more extensively, especially 
since the development of the great Lompok deposit in Cali
fornia. Raw sugar factories are now producing white sugar 
directly from cane as well as from beet, due to chemical inves
tigations of the matter and chemical control.

Raw sugar factories are now generally able to sell their molasses 
instead of throwing it away, because of chemically developed 
methods of converting it economically into alcohol, cattle foods 
when mixed properly with bagasse, peat moss, etc., and into 
other useful products. The sugar is all recovered from beet 
molasses by the Steffens process of conversion into tricalcium 
saccharate, and the by-products from this are going into fer
tilizers, cyanides, etc. Wax is recovered from scums and the 
residues utilized as fertilizers in the cane fields. Paper is made 
from the unused fiber of the cane and another by-product has been 
improved by the chemical investigations of the manufacture of rum.

In sugar refining, due to chemical research, invention and 
control, progress has been made all along the line. Better 
methods of enclosing samples of raw sugar have led to better 
agreement in tests through preventing changes in moisture. 
The establishment of the Sugar Trade Laboratory in New York, 
under Dr. C. A. Browne, has placed the polarization of sugar 
samples for seller and buyer upon a satisfactory scientific basis, 
free from bias.

Well-equipped laboratories are maintained by all factories 
and refineries where routine testing and analytical work are 
carried on constantly and where investigations are made. The 
Bates polariscope with adjustable sensitiveness is a recently 
developed aid of great value to all this work. Anhydrous 
subacetate of lead, introduced by Horne, has simplified the 
polarization of impure solutions and greatly reduced the time 
and labor of making tests. New analytical methods are con
stantly being developed along with more convenient apparatus. 
The refineries have given up the use of blood as a defecating 
agent in favor of acid phosphates, and the tendency is towards 
the use of flocculating agents which will produce 110 objection
able side products. Certain solutions containing invert sugar 
are cleared of this constituent in the Batelle process of heating 
with sufficient lime to destroy the invert sugar without harming 
sucrose. The Weinrich dry-lime process undertakes, by treat
ing concentrated impure sugar solutions with pulverized lime 
at low temperatures, to effect a nice differentiation between or
ganic non-sugars and invert sugar, whereby the former are 
largely removed along with some salts and most of the color, 
without affecting the valuable invert sugar. Progress has been 
made in electric defecation, but objectionable features of expense 
still await surmounting. Liquid sulfurous acid has to some 
extent beneficially replaced the gas, while the hydrosulfites 
of soda and of lime are used by many in massecuites and in 
syrups for improving color and yield. The practice of boiling 
back the syrups from previous massecuites has greatly de
veloped, due to the increasing facility in testing all products 
in the laboratory and the increased precision of work possible

because of this more intimate knowledge of the purity of every 
part of material in operation. Crystallization in motion has 
been developed to a fine point with great increase in yields. 
A more thorough exhaustion of the sugar from molasses has 
been arrived at, partly through the light thrown on this subject 
by chemical investigations such as that made by Prinsen Geer- 
ligs on the subject. Potash salts are more thoroughly remova
ble through the permutit process which employs alkaline sili
cates similar to the natural zeolites for the purpose. Water 
supplies can be purified by the same process. New dyes have 
been developed to take the place of ultramarine, sometimes 
used to give a certain tone of white to some refined products.

The treatment of bone-black has been improved by the gentle 
oxidation obtained in the Weinrich decarbonizer. The in
creasing price of bone-black has led to the invention of various 
carbonaceous substitutes, among which can be mentioned 
Norit or Eponite favorably reported upon by the late Dr. 
Strohmer, and which its manufacturers claim to be capable 
of yielding white sugar direct from cane juices. Patterson 
has contributed materially to our knowledge of the composi
tion of bone-black, but much remains to be learned concerning 
this material.

The last 25 years have witnessed the giving up of the attempt 
to commercialize sorghum sugar and the enormous develop
ment of the beet sugar industry within the United States, in 
both of which credit falls to Dr. Wiley, aided by many other 
well-known chemists.

What chemistry will do for the sugar industry in the future 
is a question of deep interest, and the answer will probably 
be found in simplified processes of defecation, cheapened ma
terials for color removal, etc., more energetic chemical treat
ment of low-grade intermediate products and a better utiliza
tion of such by-products as are inevitable. The service of chem
istry in the past leaves no misgivings for the years that are 
to come. i

1 7 5  P a r k  A v e n u e , Y o n k e r s .  N .  Y .

CONTRIBUTIONS OF THE CHEMIST TO THE INCAN
DESCENT GAS MANTLE INDUSTRY

By S i d n e y  M a s o n  

P resident of the  W elsbach Com pany

No article more strikingly emphasizes the importance of the 
science of chemistry than does the incandescent gas mantle, which 
owes both its inception and development, up to the towering 
output in the United States alone of upwards of 80,000,000 
mantles annually, to the untiring effort of chemical research.

This industry, founded on the remarkable discovery and in
vention of Baron Carl Auer von Welsbach almost thirty years 
ago, has progressed along a trail blazed by the Chemical Engi
neer, Baron x\uer, a chemist and scientist of world-wide reputa
tion, who having as a lad been engaged in a scientific study of 
the rare earths, observed the phenomena that suggested to him 
a new system of gas illumination.

Previous researches of the rare earths by earlier chemists 
stimulated his desire to work in this field, which he undertook 
at the beginning for the purpose of contributing to the knowl
edge of this branch of chemistry, but which culminated in his 
demonstrating that a vegetable or organic fiber could be per
fectly reproduced in mineral form by certain rare earth oxides 
sufficiently coherent and attenuated to become brilliantly 
incandescent in a non-luminous gas flame.

B y patient and persistent chemical research for a period of 
years, the Welsbach gas mantle eventually reached a state of 
perfection which crowned the work of the inventor with com
mercial success. The spectacular discovery that a mantle made 
of tlioria with a small admixture of ceria would increase the light- 
giving efficiency of previous mantle compositions more than 
three-fold, provided the impetus necessary for this purpose.
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The thoroughness of the work and the investigations of Baron 
Auer are indicated by the fact that although the last quarter 
of a century has brought much enlightenment into the field 
of rare-earth chemistry, there is, however, today no satisfac
tory substitute for his basic invention.

Originally the rare earths had never -heretofore been pro
duced in great purity or in large quantities, and the science of 
chemistry and the research of the chemist was called upon to 
remove many obstacles in this direction before the industry 
was successfully launched. Many complex problems were 
undertaken and solved before an efficient manufacturing process, 
which is, of course, absolutely essential to the economic develop
ment of the incandescent gas-light industry, was attained.

It was early found that much depended upon the satisfactory 
and uniform character of the organic or vegetable fiber which 
■was to be reproduced in mineral form in the incandescent 
mantle. The deleterious influence of impurities entering the 
light-giving body through this channel was soon demonstrated, 
and bleaching and cleaning processes had to be refined and per
fected until a product of the required degree of purity was pro
duced. It was soon discovered that the length of fiber or staple 
of the mantle fabric had much to do with the strength and dura
bility of the finished product. Long staple or Sea Island cot
ton was in demand for this purpose, but the longer fibered ramie 
or China-grass was later made use of after it had been finally 
degummed, bleached and washed, a problem successfully ac
complished by chemical research. These developments made 
possible the inverted or pendant type of incandescent gas burner.

The mantle manufacturer has held before himself for many 
years certain ideals towards which he has earnestly striven. 
Among these may be mentioned: strength with elasticity, high 
and maintained candle power, preservation of color and absence 
of shrinkage. A realization of these ideals seems finally to have 
beep met in the mantles made from the bundle of homogeneous 
elastic, spring-like fibers known as artificial silk. Chemical 
science was engaged for a generation in the solution of this 
intricate problem, but even after a satisfactory quality of arti
ficial silk had been produced, long years of patient research 
were needed before the incandescent mantle chemist was able 
to utilize this material in the preparation of an ideal mantle, 
and the final successful solution of this problem ranks high 
among the chemical accomplishments of this industry.

The protective coating, which carries the finished mantle 
from the factory to the consumer, has always been an item of 
great importance. At first incandescent mantles were coated 
by dipping in an alcoholic solution of shellac, which was made 
slightly flexible upon drying by the addition of a gum, or non- 
drying oil. The development of the nitrocellulose industry, 
and the invention of soluble cotton opened up a new field for 
the mantle maker, and the knowledge gained of the many varie
ties of nitrocellulose and their numerous solvents, together 
with the ability to control such characteristics as viscosity and 
hygroscopic effects, has now made it possible to prepare col
lodion solutions of almost ideal qualities and adapted to the 
ever-increasing variety of incandescent mantles.

All of these have been chemical and physical problems de
manding research work of the highest order, and to the science 
represented by the chemist must be credited the present state 
of efficiency and economy of the incandescent gas light which 
bears the inventor’s name “ Welsbach.”

G l o u c e s t e r , N e w  J e r s e y

CONTRIBUTIONS OF THE CHEMIST TO THE TEXTILE 
INDUSTRY

B y  F r a n k l i n  W .  H o b b s  

President Arlington M ills and P a s t P residen t Am erican C otton 
M anufactu rers’ Association

Chemistry has made many and varied contributions to the

textile industries and in the brief space of this article it will 
be possible to mention, briefly, only a few of the most important.

Among the primitive races the use of colors undoubtedly pre
ceded the use of textiles and it is probable that the earliest 
fabrics were colored with stains obtained from fruits and plants. 
We can imagine that by progressive steps it was found that some 
stains faded or washed out quicker than others and there was a 
gradual selection of those found best. Then came the discovery 
of the itiiluence of heat and boiling, followed, perhaps accidentally, 
by the knowledge that certain salts precipitated some dyes and 
that cloths impregnated with these salts retained their colors 
longer. This discovery of mordants was perhaps the first real 
point of contact between chemistry and textiles. The date is 
unknown, but we do know that alum and iron salts were used by 
the ancient Egyptians.

Bleaching was also known to the oldest peoples. It was first 
known that cloths of linen or cotton became whiter when dried 
in the sun and sun bleaching became a common practice. Then 
came the development in the use of soaps and alkalis followed 
by the discovery of the bleaching property of chlorine. After 
this came the use of electrolytic chlorine, liquid chlorine and 
peroxide of hydrogen. The use of chlorine, of course, is not 
adapted to wool, but in early times the use of sulfur in bleaching 
wool was known and peroxide of hydrogen also is now used 011 
that fiber.

Improvements in methods of dyeing have gone, hand in hand 
with chemical progress. The introduction of mordants already 
mentioned widened the range of available colors. Insoluble 
colored salts such as.tannate or iron, chrome yellow and Prussian 
blue were made use of and the active principles of some of the 
natural dyes were separated and purified. The reducing action 
which takes place during fermentation was utilized at a very 
early date in the dyeing of indigo, and the fermentation vat is 
still in use.

The greatest advance in the chemistry of dyeing came in the 
production of Mauve by Perkin in 1856, which was followed by 
the marvelous development of the coal-tar dyestuff industry. 
This discovery is said to have led to the investment of $750,000,- 
000 in the coal-tar industry and has revolutionized the produc
tion of dyestufTs. Many of these colors are fugitive, but faster 
colors have been gradually produced and there are now fully 
one thousand brands on the market from which to choose. Of 
course many wool colors are not adapted to cotton and vice versa. 
There is an unquestioned superiority in many of the artificial 
colors over most of the so-called natural dyes.

The effect of synthetic alizarine upon the raising of madder 
was profound, for, as a result, a whole industry was destroyed. 
None the less startling was the discovery of synthetic indigo 
which was achieved after long endeavor and great expenditure of 
money and affected indigo-growing countries like India very 
greatly. As is often the case with great discoveries, loss comes 
to some in the readjustment, but in the end the world, as a whole, 
gains.

To chemistry and the research of chemists all over the world 
are due th^se great advancements in the knowledge and prepara
tion of dyestufTs, and, as a result, a new industry unknown 
through all the ages has now been developed. In this connection, 
showing what chemistry has done, it is interesting in passing 
to note that the "Purple of Tyre,”  the dye used on royal robes 
in ancient times and which was obtained a drop at a time by 
killing small shell fish, has been analyzed and reproduced as a 
brominated indigo compound. The romance of the ancients 
has become a chemical formula of the modems!

One of the greatest discoveries in its effect on the cotton in
dustry was that made in 1850 by John Mercer of the process 
now known as "Mercerization.” Bj- a strange chance, however, 
he simply found that the treatment made cotton yarns and fabrics 
stronger and gave a greater affinity for dyes, but he did not notice
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that the process when properly carried out under tension pro
duced luster. For more than forty years this process was little 
used and little appreciated. It was not until about 1895 that 
the great increase in luster due to mercerizing under tension was 
appreciated and its commercial advantages realized. Since 
then the art has gone forward by leaps and bounds, and today the 
production of mercerized cotton yarns and cloths is enormous, 
and has had far-reaching effects on <;otton textiles. In many 
ways it marks the greatest advance in recent years in that branch 
of the textile industries.

Artificial silk is another great contribution chemistry has 
made to textiles. This was invented by Count de Chardonnet 
and was first exhibited in Paris in 1889. Development was slow 
and at first, from a financial point, disastrous, but now the annual 
production of artificial silk is fully 20,000,000 pounds. There 
are various processes— collodion, gelatine and viscose. The 
viscose process now seems to command the field and is develop
ing rapidly in quantity and quality produced. Here is a case 
where common wood pulp worth a few cents a pound, by a touch 
of the chemist's art, is changed to a beautiful silky-appearing 
yarn worth from $2.00 to $3.00 a pound. An entirely new field 
has been opened up and its development has just begun.

Weaves, fabrics and patterns are numberless, but have reached 
a point where there is little that is really new or 'unknown. 
The greatest advances in textiles in the future must be along 
chemical lines. Coal-tar dyes, mercerizing, artificial silk— these 
and many others are already accomplished facts. The next 
steps rest in your hands and it is to the chemists we must look 
for the future developments.

7 8  C h a u n c y  S t r e e t , B o s t o n

CONTRIBUTIONS OF THE CHEMIST TO THE FERTILIZER 
INDUSTRY

B y  H . W a l k e r  W a l l a c e  

M anager General Sales D epartm en t, V irginia-Carolina Chem ical Com pany

In considering w h at the chem ist has done for the fertilizer 
industry w e are dealing w ith  a subject intim ately connected 
with the culture of th e soil, and while valu able  services have 
been rendered in other directions it m ust be adm itted th at the 
most valuable achievem ents have been those which have had a 
direct bearing on agriculture, th at noble calling which is the 
foundation of all in dustry and the v e ry  backbone of the nation 
itself. A n y  contribution, therefore, w hich has advanced the 
condition of agriculture has indirectly benefited all avenues of 
trade.

The science of chem istry has p layed a  m ost im portant part 
in building up various industries w hich are dependent on the 
products of the soil, b u t perhaps no service has been of so m uch 
value to agriculture as th a t w hich has caused the developm ent 
of the fertilizer industries of the world. T h e  trem endous store
houses of p lant food accum ulated through the ages have been 
made useful b y  the chem ist, who has found means of converting 
them into m ixtures which m ake it possible to  produce the larger 
crops made necessary b y  the ever-increasing population. T hu s 
the tremendous accum ulations of natural phosphates in this 
country and elsewhere, the large deposits of potash salts in G er
many and the n itrate  beds of South Am erica have all been con
verted into useful products. T h e  v ery  air w e breathe has been 
utilized in producing nitrogen com pounds in suitable form for 
plant nutrition. In  addition to  the various supplies of raw 
materials furnished in nature, large quantities of refuse sub
stances from the various industries have been collected, treated 
chemically and utilized in  the m anufacture of fertilizers.

Seventy-five years ago the fertilizer in dustry w as unknown. 
Liebig was the first to  stud y the chem ical com position of the 
ashes of plants and to point ou t the necessity of supplying plants 
with mineral food ; he conceived the idea of dissolving bones w ith

sulfuric acid and thus rendering the phosphoric acid soluble, 
in which condition it could be more readily utilized by growing 
plants. This, then, wTas the real beginning of the manufacture 
of superphosphate fertilizers.

The treatment of mineral phosphates with sulfuric acid, how
ever, originated with-Laws, who took out a patent for the proce'ss 
in 1842 and established a factory, from which time the commercial 
production really dates.

During the first years development was slow, but in the past 
thirty years there has been a steady growth until at the present 
time the manufacture of fertilizers has reached enormous pro
portions in the eastern part of our country. In the year 1900 
there were produced in the United States alone 2,200,000 tons and 
in 1913 the production had increased to 6,800,969 tons.

In the building up of this large industry what then has been 
the rôle of the chemist? In d brief statement it is impossible 
to tell all that the chemist has done, but a few of the important 
features may be summed up as follows:

1— He discovered the necessity of the industry by studying 
the composition of soils and plants.

2— It was the chemist who first suggested the production of 
superphosphate and established its manufacture.

3— The process of manufacture has been gradually improved 
so that the insoluble phosphoric acid has been reduced from two 
or three per cent to a fraction of one per cent.

4—-He was responsible for the manufacture of sulfuric acid, 
which is necessary for the production of superphosphate.

5— He has produced a double superphosphate containing from 
45 to 50 per cent available phosphoric acid.

6— His researches have made it possible to convert many waste 
products into valuable plant food constituents, which are utilized 
in fertilizers.

7— The nitrogen of the air has been combined and converted 
into forms suitable for plant nutrition.

8— The chemist has worked out processes for saving the nitro- • 
gen in flue gases and coke ovens and converting it into sulfate 
of ammonia.

9—-He has worked out formulas and blended the various fer
tilizer constituents into the compounds best suited for different 
soils and crops.

Not only has the chemist been of great assistance in working 
out the initial problems of plant nutrition and the production of 
suitable, fertilizers, but his services are indispensable in the regu
lations of the operations of the factory. In these days of close 
competition and rigid government inspection, profits may be 
easily turned into losses or goods confiscated by the stâjte inspec
tors because of unsatisfactory analyses. The manufacturer 
must, therefore, have able and competent chemists to do his 
work or serious consequences will result.

In fact, the whole manufacture of fertilizers is intimately as
sociated with chemistry and largely dependent on it for its ex
istence. Notwithstanding the large measure of success obtained 
in the past, there are still new problems to be worked out and 
the chemist will not have done his part until the science, of fer
tilization is thoroughly understood and'he has made "tw o blades 
of grass grow where but one grew before.”

R i c h m o n d , V i r g i n i a

CONTRIBUTIONS OF THE CHEMIST TO THE SODA 
INDUSTRY

By K- R. H a z a r d  

P resident T he Solvay Process C om pany 

T h e role of the chem ist in industrial operations is to answer 
the question " W h y ? ”  W h y  did the ancient E gyp tian s use 
strawr in m aking brick? U n til v ery  recently the true answer 
to this question remained unknow n, b u t with the true spirit of
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investigation of the trained scientist, Mr. Acheson has quite 
recently determined that the action of vegetable acids upon the 
clay creates a change, probably both physical and chemical, 
which adds enormously to its tensile strength. Thus one of 
the secrets of possibly the most ancient of all industries has been 
finally brought to light and the production of Egyptianized 
clay has been made possible with as yet unknown benefits.

This instance is but typical of the questions which arise in 
constantly increasing numbers in the complex industrial opera
tions of our time. The chemist is the enemy of the rule-of- 
thumb methods. He is not content to accept the superstitions 
and prejudices which have been handed down in all industry, 
but seeks to ascertain the causes underlying the effects which, 
in some cases at least, are produced with a considerable degree 
of regularity by these rule-of-thumb practices. He is willing, 
in a truly scientific spirit, to take the known effects and to 
carefully examine them, seeking constantly the answer to the 
eternal question "W hy?”

It is only within the past twenty-five or thirty years that 
the chemist has been admitted as an important member to the 
manufacturing staff in our modern industrial life. It is well 
within the memory of many of us that the master teaser in a glass 
factory had many strange and useless additions to the batch, 
and sometimes even murmured incantations while mixing it, 
or chose die dark of the moon, or had a rabbit’s foot in his 
pocket, thinking that by these precautions he would obtain 
good results. A t that time too often the managers and owners 
of the business knew very little about the practical operation. 
They relied absolutely upon the secret formula brought to their 
plant by the master teaser, and, in fact, a capable man in this 
position not infrequently made capital out of his formula and 
so obtained for himself a more important position at some other 
plant. In many other industries similar conditions existed; 
in other words, the manufacture of most of our products was 
then carried on by the rule-of-thumb method, and the question 
"W hy?” remained unanswered.

Under these circumstances it is easy to see that the advent 
of the chemist was attended with great difficulties. He was 
regarded as their natural enemy by superintendents, and was 
looked upon with distrust by workmen. His experiments 
were ridiculed and not infrequently were purposely interfered 
with, so that their results would be without value. Thus, early 
in his introduction into the industrial field, it became absolutely 
necessary for the chemist to tell the workmen, the superintendent, 
the manager or owner, that none of them really knew their busi
ness, which unfortunately was the fact, but it is easy to see that 
it required the greatest amount of tact and diplomacy to make 
such a statement without giving so violent offense as to make 
his own position untenable and thereby practically destroy his 
usefulness in that particular w'ork. It does, in fact, require 
unusual gifts outside of the scientific field to enter a manufac
turing establishment and tell those who are conducting its opera
tions that they do not know their own business, yet this is sub
stantially the fact, even today, in many lines of work. The chem
ist must, therefore, exercise the patience of Job, he must have 
the wisdom of the serpent and the gentleness of the dove; he 
must be persevering and constantly alert to see the first signs 
which will lead him toward the answer to his question.

What has been accomplished by the chemist in industry 
during the last few years would require too great a space to 
catalogue. There is not a single field of industrial enterprise 
in which he has not made a notable mark. The synthetic pro
duction of indigo, followed by all the other developments in 
the color industry, is only one of the great achievements of the 
age. Metallurgical chemistry has absolutely revolutionized 
the manufacture of iron and steel. The cyanide process has 
made available ores of the precious metals which could not 
otherwise be economically worked. The chemistry of the animal

fats and acids has m ade possible the production of enormous 
quantities of glycerine in connection w ith  the m anufacture of 
soap. T h e  so-called chem ical industry, including the production 
of alkalies of all kinds, acids, bleaching pow der and th e allied 
products and by-products, has bu ilt up an enorm ous industry 
which, in fact, lies a t  th e basis of practically  all other industries.

T h e  field o f the industrial chem ist, though already broad 
and com prehensive, is con stan tly  growing in a ll directions, 
ju s t as the ripple on the surface of a  pool created b y  throw ing 
in a  stone rapidly spreads over the entire surface. T h e  op 
portunities before him  are b y  no m eans exhausted. E v e ry  one 
o f the interrelated industries of our modern life has its chem ical 
problems. In  each one of them  th e investigating m ind finds 
m any questions, correct answers to w hich w ill add m uch to the 
profitable operation of each one.

As an illustration of the delicate position of the chemist 
toward the manufacturer, the following is taken from our own 
experience: About twenty-five years ago a soap-maker com
plained that 58 per cent alkali purchased from us was not as 
good for his purposes as 48 per cent alkali imported from England. 
After considerable correspondence it developed that his method 
of ascertaining this peculiar fact was to take, say, 100 lbs. of 
each quality of alkali, dissolve each by itself in about a barrel 
of water and then determine the specific gravity of the solution 
by means of a Twaddle hydrometer. The 48 per cent alkali 
gave a somewhat greater specific gravity, and he thereupon con
cluded that it was a superior article. As he was one of our im
portant customers and a somewhat difficult man to deal with, 
it became necessary to convince him by his own methods that 
his conclusions were not correct. We prepared samples of several 
different kinds of alkali, also of common salt and of sulfate of 
soda, and, using the same hydrometer, we determined the density 
of each, whereupon it was found that on his theory it was an 
absolute waste of money for him to purchase alkali of any kind 
as ordinary commercial sulfate of soda showed a considerably 
greater specific gravity than any of the other solutions. When 
confronted with this actual test, made on the same scale and using 
the same instrument as he had been accustomed to employ, 
our customer' acknowledged himself convinced, and continued 
for many years thereafter to make his soap by the use of our 
58 per cent alkali.

Only last year, to show that the knowledge which a chemist 
can contribute is still of value, a complaint was made by a glass- 
maker that the 58 per cent alkali furnished to one of his works 
was inferior to that furnished at another. Correspondence 
developed the fact that the workmen at one plant were also 
employed in handling lime and that the ventilation of the plant 
was not very good, while the conditions at the other plant were 
much better. The chief complaint was that the men in the one 
plant suffered seriously from sores; in fact, some of them were 
quite disabled. A personal investigation by one of our repre
sentatives showed that the unfortunate men were employed 
first in handling lime and then in unloading alkali, which was 
in bulk. The weather being quite warm and the exertion by 
no means easy, these men were establishing upon their own 
persons miniature caustic soda plants, and the resulting soreness 
and tenderness of the skin, if neglected, as was too often the case, 
led to rather serious conditions which required a long time to 
heal. An elementary knowledge of chemistry would have been 
sufficient to ascertain the cause of the difficulty.

A lthough m uch has been accom plished during the past fifty 
years, although the chem ist has now found his proper place in 
p ractica lly  all industrial operations, there still remains an 
enorm ous am ount of ignorance to  be overcom e, a fund of ancient 
superstition to  be vanquished, and a  field of alm ost unlimited 
possibilities to  be explored, in which the chem ist of the future 
w ill find answers w ithout num ber to  the question " W h y ? ” 

S y r a c u s e . N .  Y .
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CONTRIBUTIONS OF THE CHEMIST TO THE LEATHER 
INDUSTRY

B y  W i l l i a m  H .  T e a s  

P residen t M arion  Kx tra c t C om pany

Although one of the most ancient of industries, and involving 
as it does chemical reactions, the leather industry has, in only 
comparatively recent years, received the attention of chemists. 
The record of the accomplishments of the chemist in this industry 
during the past twenty-five years will comprise most of the ad
vance along chemical lines that has taken place in the industry. 
The advent of the chemist in the leather industry was induced 
by desire to effect economies in raw materials; research, and 
improvement in methods became a secondary effect of the chem
ist’s presence in the tannery, but success in the primary effort 
for economy was responsible for secondary effects, and for the 
now very general custom of laboratory control of the tannery.

The leather industry is divided into general divisions of vege
table and mineral tannages, and each of these has been sub
divided into many specialized industries developed by the 
product demanded, and the use of the raw material suited to 
the product. In general, the tanning agents used, the oils, 
greases, finishes, etc., have in themselves been the chemists’ 
fields, and in these and in the methods of application the chem
ists have found their work.

The chemist has indicated improvements in the soaking and 
preliminary preparation of the raw skins, so that a saving of 
the costly hide substance has resulted; his work in selecting 
the proper depilating materials, and in improving methods of 
their application has resulted in economy and in improved prod
ucts. Practically all of the progress in deliming hides by the 
use of special preparations has been accomplished by the chemist; 
and to him is also due full credit for the results of investigations 
of the influence of the character of the water supply on the tanning 
operations. The utilization of by-products in this preliminary 
stage of tanning is another branch of effort in which the chemist 
has demonstrated his value.

In vegetable tanning, the chemist has improved the methods 
of leaching the raw tanning materials so that more of the tannic 
acid content has been made available; his laboratory work has 
shown the reasons for many of the rule-of-thumb methods of 
the practical tanner, and thereby afforded a means of anticipating 
and correcting conditions which would produce an unsatisfactory 
product. The standardization of tan-liquors, with the conse
quent tendency toward uniformity of product, could not have 
been accomplished without the work of the laboratory. The 
utilization of spent tan liquors formerly run to the sewer, by 
purifying and concentrating into a thick extract for mechanical 
tanning, is also a laboratory development; and the chemist is 
responsible for the progress so far made in the sewage disposal 
problems of the tanner.

The chemist has materially aided in the work of replacing the 
fast diminishing native barks, with combinations in proper 
proportions of foreign tanning materials, foreign and domestic 
extracts, so that physical characteristics and quality tl̂ e 
leather produced under the new conditions is similar to the old 
product. The standardization of leather oils, greases and waxes, 
and the protection of the tanner against adulteration is a, matter 
of course with any laboratory, but the standardization and 
protection was badly needed in the leather industry, and the 
accomplishment of the chemist in this line is fully credited. The 
development of special oils for leather work, especially sulfo- 
nated oils, and the application of the oils to remedy certain de
fects in leather, is due to the chemist; he is also responsible for 
special combinations of waxes and greases for stuffing leathers 
according to the requirements of the use to which the leather is 
put.

The development of the mineral tannages has been due almost 
entirely to the chemist; the chrome process was first suggested

by a chemist and later its development to a commercial success 
was accomplished by a chemist. Ever since chrome tanning was 
started in a commercial way, the modifications of process and 
materials, tending to economy and improvement, have been due 
to chemists, so that one of the greatest accomplishments of 
the chemist in the leather industry, has been the process by 
which most of the light leathers of the world are tanned. 
The successful lubrication of the fiber of chrome-tanned 
leather has meant much to the utility and consequent popularity 
of chrome leather, and by means of saponifiable and so-called 
"soluble oils” the chemist has materially helped in this, im
portant factor.

Other mineral tannages, and tannages by formaldehyde and 
other aldehydes, have been worked out by chemists and brought 
to more or less commercial success as a result of laboratory work. 
Combinations of mineral and vegetable tannages for the produc
tion of leathers for certain purposes, are also the work of the 
chemist. Synthetic tannins, or at least products which give 
reactions analogous to the natural tannins, have been introduced 
by chemists, and their commercial value ¡11 some lines of the 
industry has already been demonstrated.

In the manufacture of tanning extracts from raw materials 
which grow in localities distant from the tannery locations, 
chemists have played an important part. Clarification processes 
introduced by them have, in some instances, increased the avail
ability of some tanning materials, which, without clarification, 
would have a diminished economic value. Credit is also due the 
chemist for the production of special extracts, which have made 
possible the saving of time and labor in the production of certain 
kinds of leather.

In the production of patent and enameled leathers, of fancy 
leathers, and in the field of dyeing and coloring so important to 
light leathers, and in the numerous other departments of tanning, 
not mechanical, which space will not permit of particularizing, 
the chemist has been and is an important factor in product im
provement.

The chemist in the leather industry has had to overcome the 
prejudice of the practical tanner against tanning theory, and 
without guiding precedents has been obliged to make his own 
standards, and develop his own ground work. Recognition of 
the value of the efforts of the chemists is evidenced in the vast 
increase in the number of tannery chemists during the past 
twenty-five years. And still further evidence is the establish
ment of a tanning school in which chemistry is the most featured 
branch in the curriculum; and also the definite plans for starting 
a national research laboratory to be supported by the industry, 
and to be devoted to research work in the chemistry of tanning.

M a r i o n , V i r c i n i a

CONTRIBUTIONS OF THE CHEMIST TO THE FLOUR 
INDUSTRY

B y  J o h n  A .  W e s e n e r  a n d  G e o .  L .  T e l l e r  

Consulting Chem ists 

Flour may be defined as the fine white meal of the interior 
of the wheat grain, either by itself or mixed with a small pro
portion of finely ground wheat bran or wheat germ. Its quality 
depends upon the kind of wheat from which it is made and upon 
its freedom from bran and germ, which for the most part in the 
ordinary process of milling find their way into coarse by-products 
ordinarily sold as feed for domestic animals.

There are several types of wheat recognized in this country, 
the most clearly defined groups of which are soft winter wheat, 
hard winter wheat, spring wheat, durum wheat. There are 
many gradations between the first two of these classes and 
sometimes it is difficult to distinguish one from the other: both 
also include distinctly different types of wheat. The leading 
types of hard winter wheat are found in Kansas and Nebraska: 
the leading soft winter wheat section is in the Ohio Valley and
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northward with varying types scattered in different sections 
throughout the country. The flour from soft winter wheat 
grown on the Pacific Coast is for the most part different from that 
of soft wheat grown in the Ohio Valley. The chief home of the 
spring wheat is in Minnesota and the Dakotas, while the natural 
location for the durum wheat is in the semiarid regions of the 
northwest, east of the Rockies.

The wheat grain consists of three distinct parts: the outer 
seed covering or bran, the embryo plant, also called the germ, and 
the endosperm which contains the store of food to nourish the 
young plant. This latter, when crushed, produces white flour. 
Because of this make-up of the grain modern milling processes 
necessarily make several grades of flour from the same wheat. 
In milling, the wheat is first broken on rolls with grooves or 
teeth-like corrugations. These tear the bran apart and break 
it from the interior of the grain. If this separation could be made 
complete, the entire endosperm could be crushed into a pure 
flour of highest quality, arid the remainder of the seed could be 
set aside for stock feed. As it is, some fine particles of bran 
always adhere to and go with the part that is wanted for flour. 
Purifying machines help to get rid of this and then the small 
fragments of flouring material are crushed between smooth or 
very finely fluted or scratched rolls. Some bran particles which 
still adhere are also crushed and tom into smaller fragments. 
The germ is rich in oil so that it holds well together and forms a 
little flake; this and the coarser bran separated from the mid
dlings in the crushing are held on the top of a sieve made of silk or 
wire while the finer flour passes through. The crushing of the 
endosperm must be not so hard as to make it sufficiently fine at 
one operation for all of it to pass through the sieve or the bran and 
germ will be too finely powdered and will pass through with the 
flour. Such of the endosperm as does not pass through the sieve 
is again crushed by rolls. The processes of sieving and crushing 
are repeated as often as is necessary and a greater or less quantity 
of flour is produced at each step. A  little flour is always made in 
the first breaking of the wheat. This is of the softer starchy 
part of the grain and is not of as high quality as that made from 
the so-called middlings, which are fragments of the endosperm too 
large to be called flour. The first middlings are very pure and 
require little more than crushing to make them into flour. The 
flour made from these is the highest quality of flour from the 
wheat: later crushings of the middlings contain more bran and 
contain a little more of the germ. These change the appearance 
of the flour and help to make it darker in color. The later 
crushings also include more of the harder part of the endosperm 
which is richer in gluten, in oil and in carrotin, which gives the 
characteristic yellow tint to fresh milled flour.

The several streams of flour which are produced in the mill 
by these successive crushing and bolting processes are combined 
according to their characteristics to form the various grades for 
the market. Flours from the same wheat have in general come 
to be divided into three grades which are designated patent, 
clear and low grade, the percentage of these grades differing 
with the varieties of wheat and milling ideas. Where all of 
these streams are combined in one grade, it is known as straight, 
or where all are combined, except a small percentage of the low 
grade, it is known as a long patent.

With any method of grouping there is a small amount of flour 
containing a large proportion of fine cuttings of bran and germ 
designated low grade that it is seldom advisable to combine with 
any of the other grades as the discoloring effect is out of pro
portion to its quantity.

There is no set rule for making these divisions and they are 
governed largely by local circumstances. Strictly speaking, it is 
very difficult to define just what a patent flour is, and many dif
ferent qualities of so-called patent flour may be made from the same 
wheat, depending 011 how the several portions of flour are com
bined.

As among the several grades of flour from the same wheats, 
the patent— that which is whitest and freest from bran par
ticles— will contain the least ash, the least gluten, slightly less 
fat and the most starch. None of the commercial grades of 
white flour contain any appreciable quantities of crude fiber or of 
other indigestible matter. The clear flour and the low grade 
contain more gluten or more protein, more phosphates and 
slightly more fat than do the patent or the straight grade from 
the same wheat. Since among American food products, protein 
is considered to be more costly than starch, clear and low grade 
flours should naturally be looked upon as having greater food 
value than patent flours. When taken by themselves, however, 
their products when baked are darker in color and bread from the 
clear and low grades have a stronger flavor which is not relished 
by all. The clear, when mixed with the patent to make a straight 
grade, does not show this objectionable flavor in the bread and the 
objectionable color is not so marked. In commercial bakeries 
the clear flours are mixed with rye flours in the making of rye 
bread. The gluten of the wheat flour is necessary to give 
volume to the rye loaf, for the proteins of the rye flour, while 
apparently of the same character and chemical composition as 
those of the wheat flours, do not, when made into a dough, pro
duce the peculiar glutinous mass characteristic of the latter. 
Contrary to a general opinion, rye bread is not more nutritious 
than wheat bread for rye flours themselves contain much less 
protein than do wheat flours. Graham flour or unbolted wheat 
meal contains more protein, more fat and more mineral matter 
than the white flours produced from it, but it also contains 
much more matter which is indigestible.

White flour is pre-eminently the bread stuff of civilized man. 
With proper handling almost any sound wheat flour can be made 
into a palatable wholesome bread but there are wide differences 
in flour, and different flours require very different treatment. 
Flour is often pronounced poor for bread-making when it simply 
is not suited for the method used. For centuries bread has been 
made from wheat flours by fermenting the dough with some form 
of yeast. This fermentation has several purposes. As used at 
the present time, with white flour, it makes the bread more 
attractive, more palatable and more wholesome. This was, 
perhaps, the first step in the application of chemistry to bread- 
making, but even up to the present time, the full chemistry of it 
is not understood and it is less than a half century since the true 
cause of the fermentation was first pointed out. Fermentation, 
aside from producing gases to develop porosity of the dough and 
leaven the bread, plays an important part in softening the gluten 
so as to permit its proper expansion when put in the oven. It 
also assists in developing the proper flavor of the bread. The 
fermentation required to produce the best bread depends upon 
the flour and should be varied to suit the flour used. Soft 
wheat flours require little fermentation: hard wheat flours re
quire more; and in all cases a clear flour from any wheat requires 
more fermentation than patent flour from the same wheat, 
partly because it contains more gluten and partly because the 
gluten present is more resistant to the mellowing influences of 
the fermentation. Soft wheat flours make excellent yeast bread 
when properly handled. They are not suitable for commercial 
bread jnakers because they make a smaller loaf of bread and less 
loaves to the barrel for the same amount of flour than do the 
hard winter or the spring wheat flours. Some of those who are 
familiar with the characteristics of soft winter wheat flours 
select the clear flour for yeast bread and get better results in 
all respects, except as to color, in so doing. They are especially 
adapted for the making of warm biscuit, of crackers and of 
pastry. This is partly because they contain less gluten and partly 
because they give products of better color. Hard winter 
and spring wheat flours are both well suited for yeast bread. 
They are also used with good results in the making of pastry and 
table biscuit by those who are familiar with them and therefore
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make a sufficiently soft dough and use other ingredients in the 
proper proportions. Durum wheat flours are exceptionally 
useful for the making of macaroni, largely because of the deep 
yellow color; also because of the peculiar toughness of the dough 
which becomes apparent on drying.

The characteristics which distinguish flour of the soft winter 
wheats from that of other wheats are a lower gluten content and 
greater starchiness; a whiter color; a softer gluten and a lower 
capacity for the absorbing of water in the making of dough. In 
general, the flours from the hard winter wheats arc between 
those of the soft winter and the spring wheats, in these par
ticulars, but there are some hard winter wheat flours which have 
more gluten than many of the spring wheat flours and the hard 
winter wheat flours often have a better water absorption capacity 
than the spring wheat flours. The durum wheat flours do not 
differ greatly from the spring wheat flours, either in the water- 
absorbing capacity or in the amount of gluten which they contain.

Baking powder biscuits have, to a large extent, superseded the 
old sour milk and saleratus product. Aside from the large sales 
of the baking powders themselves, the self-rising flour industry, 
where the baking powder is sold in the flour itself has, in recent 
years, developed enormous proportions, especially in the south. 
It has been made possible by the manufacture of low-price 
baking soda and high-grade acid phosphates. Soft white flours 
are chosen for self-rising flour and baking powder biscuit, partly 
because the trade using these articles in the greatest quantities 
is accustomed to a very white flour and demand it, and partly 
because the mellower gluten of the soft wheat acts promptly 
in a limited time with these leavening agents and does not re
quire fermentation with yeast to make it sufficiently tender to 
offer little resistance to the proper expansion of the dough in 
baking.

Different wheats yield flours containing different proportions 
of starch and gluten and flours of different shades of color and 
of different baking qualities. From the manufacturer’s stand
point it is highly important for the miller to keep his product 
and for the baker to keep his raw material uniform. Of recent 
years the miller has come to make much use of the chemist in 
selecting his wheat, and both rely upon him to know the character 
of the flour.

Normal wheat flour is not a dead inert matter, but is in many 
ways an active, changing, living substance. Freshly milled 
flour from new wheat bakes very differently than does the same 
flour after it has laid in storage for a few weeks or months. 
Bakers and millers have long recognized this and have provided 
for it in the handling of the material. The amount of storage 
required depends largely upon the length of' time after harvest 
and apparently also upon the condition under which the grain 
has ripened and the completeness of its maturity at the time of 
gathering. During this storage, change takes place in the gluten 
or in some of the other nitrogenous bodies present, and also in 
the coloring matter. Under some conditions, too, the flour may 
become drier and thus have increased absorption. It was to 
overcome the defect of newly milled wheat flours and supply the 
demand for white flour and white flour products that modern 
flour bleaching and maturing processes were devised. It has 
long been known that when flour has been exposed to the air it 
quickly loses its yellow color and more recently it was found 
that when ccrtain oxides of nitrogen and some other gaseous 
agents are mixed in small proportions with the air which comes 
in contact with the flour, the yellow color disappears almost 
instantaneously. The chemistry of the process appears to be a 
direct combination of the agent with the coloring matter, which 
coloring matter is carrotin: the new product is colorless, while 
the carrotin itself is yellow. When the agent used is an especially 
purified anhydrous chlorine, applied in the proper manner in 
minutely accurate quantities, there are changes other than color 
brought about in the flour which simulate very closely those

changes which flour undergoes in long, favorable storage. Such 
flours not only produce a whiter bread, but a loaf of better tex
ture and in many cases of greater volume. The gluten of these 
flours, being mellowed, will not require the extreme fermentation 
to produce satisfactory results that the same flours when fresh 
would have required to render their strong, harsh gluten suffi
ciently elastic not to offer undue resistance to expansion.

Of recent years, especially in England, various chemical salts 
have been proposed as additives to flour in minute quantities 
for the purpose of promoting the baking qualities of it. Up to 
tire present time they do not appear to have met with great favor 
in this country.

Up to the time of the introduction of bleaching, flour making 
was looked upon as a purely mechanical process. Color as an 
indication of freedom from impurities became a distinguishing 
mark of quality and was the impetus for improvement in all 
departments of milling. Mechanical improvements in this 
direction, having apparently reached their limits, it was entirely 
natural that chemistry should step in and furnish the finishing 
touches. Even though industries manufacturing and using 
flours have been slower than others to realize the possibilities in 
this direction it is apparent that much has already been accom
plished. We may summarize briefly as follows:

Chemistry assists in selecting and buying the grain; it helps to 
show the quality of the flour produced. It has supplemented 
mechanical processes of the mill and accomplished what had 
long been desired but could not be attained, in the improvement 
of color and baking qualities of the flour. By the introduction 
of baking powder products it has made possible many delicacies 
in the way of pastry and biscuit and has made possible the great 
self-rising flour industry. It has helped to explain the intricate 
process of the fermentation of bread dough, has pointed out 
the way to fit flour for it, and has unlocked doors for investigating 
problems of bread production, which have, as yet, opened only 
enough to permit a glimpse of a large space filled with interesting 
and useful possibilities.

C o l u m b u s  L a b o r a t o r i e s , C h i c a g <5

CONTRIBUTIONS OF THE CHEMIST TO THE BREWING 
INDUSTRY

By G a s t o n  D. T i i e v e n o t  
C onsulting  C hem ist

Before we endeavor to ascertain what influences the chemist 
has been able to exert on the development of the brewing in
dustry within the last 25 years, we must realize that brewing 
is not merely a chemical process in which chemical reactions 
in connection with mechanical appliances bring about all the 
changes from the raw material to the finished product, but that 
biological phenomena also play an important rôle. In fact, 
the biological side is of as much importance as the chemical one, 
so that the chemist who devotes his energies to the brewing 
industry must be just as well versed in the biology of micro
organisms and bacteriological work as in chemistry itself, be
sides possessing a thorough knowledge of the practical and me
chanical ends of the industry.

The influence of the chemist makes itself felt first in the selection 
and preparation of the raw materials from which the beer is made.

In the manufacture of malt, marked progress has been made. 
The old-fashioned methods of steeping the grain and of floor 
malting have largely been done away with. The introduction 
of aeration and agitation of the grain during steeping not 
only permits a thorough cleaning of the material, thus freez
ing it from the greater number of adhering microorganisms, 
but also furnishes to the grain some of the oxygen necessary 
for its ulterior sound germination. Pneumatic malting, which 
has generally taken the place of floor malting, permits an ex
cellent regulation of those conditions of moisture, temperature 
and aeration which scientific investigations have found to be
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essential for the manufacture of a high-grade product. Lately 
the germination of the barley, at least temporarily, in an atmos
phere of carbonic acid gas generated by its own germination 
has attracted considerable attention, as it supplies a high-grade 
malt with a considerable reduction of the loss of valuable sub
stances otherwise incidental to respiration during germination.

Starch being the most important ingredient of barley malt, 
inasmuch as it furnishes most of the extractive matter as well 
as the alcohol of the finished beer, it was tried at quite an early 
date to substitute barley malt, at least partly, by materials 
richer in valuable starch and, if possible, of a lower cost. Only 
in the last decades, however, has the introduction of malt ad
juncts become practically universal, in this country at least, 
and rice and various corn products are largely employed in con
junction with malt. The greatest progress has been made 
in the manufacture of corn products, as they are now made of 
a very high grade of purity, some practically free from oil, 
others prepared with great skill in such a way that the cooking 
process which was formerly necessary can be dispensed with 
and the material used directly in the mashtun together with 
the malt without any further treatment at the hands of the 
brewer. The great purity of these products permits of the 
manufacture of an extremely clean-tasting beer of special char
acter which appeals greatly to the American consumer and 
which admirably suits the conditions under which beer is con
sumed in the United States.

Neglected for a good many years, the influences of the brew
ing water has of late been made again the subject of a thorough 
study and the effect of the different mineral ingredients of natural 
waters on malt, yeast, and beer has been closely investigated. 
Some of these investigations have led to quite remarkable re
sults which have prompted chemists to treat brewing waters 
in various ways in order to either remove such mineral constit
uents as have an unfavorable effect on the character of the beer 
or add to them those ingredients in which they are lacking and 
which tend to improve the quality of the product.

An enormous amount of energy has been expended by the 
chemist on the explanation and scientific control of the mash
ing process and great strides have been made in this field.

The hydrolysis of the complex starch molecule and the nature 
of the various cleavage products formed have been made the 
subject of careful study; painstaking experiments have been 
carried out, new formulas evolved, and while our knowledge 
today of the action of diastase on starch is not final we yet have 
a clear insight into the hydrolysis of starch and are well able to 
regulate mashing conditions so as to obtain any desired degree 
of inversion and consequently to produce a beer of any desired 
composition.

The proteid side of the mashing process has not been neglected. 
On the contrary, it received all the more attention w'hen it had 
been recognized what great importance the proteids possess 
for the nutrition of the yeast, the foam-keeping capacity, sta
bility and brilliancy of the finished beer. Experimental inves
tigations have demonstrated what special groups of proteids 
or their cleavage products furnish food for the yeast, what groups 
cause the formation of a creamy and lasting foam, and what 
proteids are responsible for the appearance of a haze or a tur
bidity in the finished product. The temperatures and condi
tions of acidity controlling the changes of the complex proteid 
molecule under the action of the enzyme peptase have likewise 
been studied thoroughly so that the brewer, armed with the 
knowledge which the chemist has provided for him, is well 
able to regulate his mashing operations and the subsequent 
treatment of the beer in storage.

Colloidal chemistry has begun to play an important part 
in all these investigations and with its aid several difficulties 
have been overcome which for years had baffled all endeavors 
of the brewery chemist. Thus it has been possible with the

aid of lupulin in colloidal state and peptic enzymes to prevent 
the appearance of a proteid turbidity in pasteurized beer, even 
when the latter is kept at the freezing point for a long time 
or is actually frozen. This is of the greatest importance to the 
brewer in view of the fact that the American consumer desires 
above all an absolutely clear and brilliant beer which will retain 
this desirable appearance even when chilled to the extremely 
low temperatures at which beer is generally consumed in this 
country.

The progress made in the fermentation of the beer during 
the last decades has been of the first magnitude. First of all 
must be mentioned Hansen’s remarkable discovery of the ex
istence of the types of yeast which produce various sicknesses in 
beer, their isolation, and the study of the conditions under which 
they thrive, how they differ from the useful or culture yeast, 
and how their presence in beer may be obviated by the intro
duction of pure culture yeast propagated from one single cell. 
Not since the days of Pasteur’s wonderful publications has the 
study of microorganisms been furthered to such an extent as 
by Hansen’s classical investigations which have not only bene
fited the brewing industry but form the foundation on which 
rests all future study of microorganisms in general.

As every type of yeast behaves differently during fermenta
tion and produces a beer of different character, the brewer is 
enabled to select the type best suited to his requirements, to 
propagate it from a single cell and absolutely free from wild 
yeasts or other foreign microorganisms, and to retain the char
acter of his beer at all times.

The study of the activity of the yeast during fermentation 
has also received great attention and the discovery of the enzyme 
zymase as the agent causing the splitting of sugar into alcohol 
and carbonic acid has for all times disposed of the various fer
mentation theories which had been set forth for a hundred 
years or more. The study of other enzymes has not been neg
lected and their specific actions as well as their enormous in
fluences in all malting and brewing operations have been firmly 
established.

Considerable attention is also due the investigations 011 the 
decomposition of albuminous matter during fermentation, it 
having been proven that, contrary to older theories, many by
products of fermentation, aromatic ethers and higher alcohols, such 
as amylic alcohol, are not cleavage products of sugar but of pro
teids. The discovery of the formation of the latter alcohol, 
while of comparatively little importance to the brewer, is no 
doubt of great value for other industries.

It is of prime importance that beer, through all of its stages 
of manufacture, be kept as free from contamination as possi
ble, and the sterilization of brewery vessels or all implements 
with which beer comes in contact therefore received proper at
tention. A number of very efficient disinfectants have been in
vented for the purpose. The introduction of ozone as a ster
ilizer of the air in the brewery cellars and of the water employed 
for cleaning purposes is one of the latest developments in this 
field.

As far as the finished product is concerned, its clarification 
and sterilization have been given great attention. The im
portant role which the proteids play in regard to the stability 
and brilliancy of the beer has been mentioned before. It was 
part of these investigations to determine what proteids were 
responsible for a more or less turbid appearance of beer and 
what means had to.be employed to either restrict or prevent 
their formation during mashing or to eliminate them during the 
final stages of manufacture. It has been stated that this ques
tion has been successfully solved. Mechanical means of clari
fying beer by freeing it from most of its suspended yeast cells 
by means of filtration through cellulose material have been 
greatly perfected and lately a filtration process has been intro
duced which removes all yeast cells or other microorganisms
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present by forcing the product through porous stone cylinders 
and which produces an absolutely sterile beer, capable of keeping 
perfectly unchanged for an almost unlimited period of time. 
The object of the latter process is really to do away with pasteur
ization which checks the development of microorganisms in 
the finished beer in the bottle by heating. The conditions 
yielding the most satisfactory results in preserving beer by 
pasteurization have likewise been studied and the methods 
greatly improved.

The large quantities of spent or waste material derived from 
brewing operations have, for a long time, attracted the interest 
of the chemist. The question of the disposal of spent grains 
was most easily solved and for a long number of years these 
spent grains have formed a valuable cattle feed. Their value 
for this purpose has been considerably increased since drying 
of the wet grains is resorted to, thus resulting in a stable arti
cle which can be kept in perfect condition for a long time and 
which is even suitable and actually used for erport.

The enormous quantities of carbonic acid gas escaping during 
fermentation, which amount to several hundred thousand 
tons per year in all of the breweries of the United States com
bined, were next given attention. Part of this gas is now, 
after suitable washing, compressed and sold in liquid form, 
while another part is utilized on the brewery premises for charg
ing the fermented beer with the gas required to impart to it 
the necessary life and to insure a sufficient head of foam. The 
latter process, the carbonating of beer, has been largely intro
duced and has resulted in a very great saving to the breweries- 
in which the system is installed.

The third waste product which has attracted the attention 
of the chemist is the yeast, of which very large quantities are 
discarded and run to waste after each fermentation. Analysis 
showed that yeast is extremely rich in valuable proteids and 
phosphates, and many chemists have endeavored and quite a 
number have succeeded in manufacturing from the waste yeast 
an extract which in taste and nutritive qualities is at least equal 
to meat extract. By others highly valuable cattle feed has been 
prepared from yeast and it is to be expected that in a relatively 
short time almost all of the yeast now going to waste will be 
diverted into useful channels.

In the above paragraphs the achievements of the chemist 
in his relation to brewery operations could merely be touched 
upon. As in all sanely conducted manufacturing enterprises, 
it has been and is the chemist’s ideal to get at the bottom of, and 
explain in a strictly scientific way, the principles underlying all 
phases of the entire operation and to evolve means of cheapening 
the manufacture of the final product. A t the same time I wish 
to emphasize that it is the aim of the brewery chemist to assist 
in producing a sound and healthful article in which the factors 
of purity and quality are of paramount importance and rank 
first before all other considerations.

CONTRIBUTIONS OF THE CHEMIST TO THE PRESERVED 
FOODS INDUSTRY

By R . I .  Bentley  
Vice*Prcsident and G eneral M anager California F ru it C anners ' 

Association

A little over a century ago Appert, a French chemist, was 
awarded a prize by his government for discovering a process 
for preserving foods without the use of preservatives. Appert’s 
process of hermetical sealing is the same in principle as that 
in use today by food preservers the world over.

The industry has grown to  such wonderful proportions th at 
the annual ou tp u t runs into billions of packages and n early  every 
known v arie ty  of m eat, fish, vegetable and fruit— to say  nothing 
of various sundries— is preserved in tin  or glass. Statistics 
show th at N ew  Y o rk  C ity  expends $150,000,000 annually for 
preserved foods— as m uch as th a t c ity  spends for m ilk, bread

and eggs combined for the same period. This gives some con
ception of the volume of the business and the extent and variety 
of the field that it covers.

A chemist having made the industry possible, it would be 
presumed that chemists would have more or less to do with the 
preserving of foods from that time on— but in the early days 
of the industry, in our country at any rate, preservers of foods 
had little or no scientific knowledge. Their business for the most 
part was done in a very small way. There was an air of mystery 
about the processes and each preserver very jealously guarded 
the methods which he had acquired by experience, or by pur
chase from some one who had the experience. Under such con
ditions the keeping quality was the primary consideration in the 
mind of the preserver— if the flavor or appearance received any 
consideration, it was merely secondary.

It is a question whether, up to 20 years ago, it ever occurred 
to a preserver of foods that he could make use of a chemist or 
bacteriologist in his business. It is a question also, if it had 
occurred to him, whether he could have found a man, except
ing at very large centers, who could have assisted him to any 
material extent. It is also a question whether, without special 
knowledge of the industry, a chemist could accomplish much 
until some insight and knowledge of the business was acquired. 
If the chemist and bacteriologist gave any attention to manu
facturers prior to 20 years ago, they confined their attention 
to industries other than that of the food preserver. The food 
preserver, however, having now started to avail himself of their 
services, is making up for lost time.

Reference will be made to the application of bacteriology to 
the industry as well as to that of chemistry. The two sciences 
are so closely related and interwoven in the preservation of foods 
that it is difficult to discuss the one without referring to the other. 
If an apology is necessary, your attention is called to the fact 
that the presentation of this subject is not by one of your pro
fession.

It is impossible within the limits of this paper to go very much 
into detail, or to present any statistics for your consideration. 
In this general discussion, therefore, the application of chemistry 
and bacteriology for the benefit of the industry will be men
tioned, and illustrations of such application will be given.

Chemistry has enabled the food preserver to get the best 
materials suited to his use. A very simple illustration is that of 
salt— used to a large extent in the preservation of vegetables. 
Formerly, the preserver considered it a matter of economy to use 
the cheapest grade of salt that could be purchased. The chemist 
has shown him that some salt on the market contains injurious 
materials and that its use affects both the quality and appear
ance of products. Chemistry having already determined what 
grade of salt is best suited to his use, on its delivery the chemist 
determines whether the preserver has received what was selected. 
In the item of solder also, chemistry has enabled the preserver 
to get those proportions of metals which are best suited to his 
use, and on delivery the chemist tells him whether he has re
ceived what he ordered.

The application of bacteriology has enabled the preserver 
to scientifically determine the best methods of processing. The 
bacteriologist has ascertained the forms of organisms which 
cause trouble and by means of cultures of the same and inocula
tion experiments he has determined definitely whiit times and 
what temperatures are necessary for sterilization in order to 
preserve the different products.

The preservers of corn probably had the first experience with 
bacteriology as applied to the industry, for they had more or 
less trouble with what was termed “ sour com.” Ordinarily 
com that was not properly processed would develop what the 
trade terms ‘ ‘ swells;” i. e., gases would be formed to such an 
extent that the heads of the tin cans would swell out— hence 
the name "swell,” — and ultimately burst; but in the "sours”
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no gases were formed and the preserver was completely at sea. 
While the corn men had experienced this in a limited way, it 
had not been of sufficient importance to warrant them going 
to any great expense in the matter of research— but one season 
it developed in such large proportions in the case of one packer 
that investigation was started. About the same time some of 
the California preservers experienced the same difficulty with 
their asparagus. The California people were fortunate in getting 
hold of the same bacteriologist who was investigating the matter 
for the com people and at the same time the matter was put in 
the hands of a bacteriologist in California. What seemed almost 
uncanny to the California asparagus packers at that time was 
the fact that two bacteriologists working entirely independently 
of each other arrived at the same conclusions as to the methods 
of processing the goods in order to obviate the difficulty.

Application of the laws of chemistry and bacteriology has 
also enabled the preserver to improve the quality of his product. 
The preserver, before he was shown a scientific method of pro
cessing, whenever he had any trouble with his goods— no matter 
from what cause— subjected the same to heat for a longer period 
of time, with the result that the quality suffered. The bac
teriologist having informed him of the time beyond which it 
was unnecessary to go, he now knows that if he has trouble he 
must look elsewhere for it. This has greatly improved the quality 
and flavor of his products.

Among the applications of chemistry that have given the food 
preserver an improvement in the quality of his products may be 
mentioned improvement in the color of some varieties of fruit, 
such as berries, by the enameling of the inside of the can; also 
the examination of the water supply of the food preserver and 
the elimination of the objectionable elements in the water or 
the securing of a new supply. The almost complete elimination 
of iron in the machinery which comes in contact with the canner’s 
products is due to the chemist pointing out the fact that the 
source of darkening or discoloration of the products was caused 
by the affinity of iron for tannin.

The application of bacteriology has enabled the preserver to 
detect promptly possible spoilage and remedy it before any 
material damage is done. It is a common practice with most 
preservers to have their products examined frequently; for 
instance, in the manufacture of catsup, tomato pulp is examined 
daily; the bacteriologist determines whether this product is right 
or not before it has gone beyond the initial stage of manufacture.

Chemistry has enabled the preserver to arrive at more econom
ical methods of manufacture, particularly in the saving of labor 
and eliminating or reducing waste. Many fruits and vegetables 
are made ready for canning by immersing them for a few seconds 
in a solution of caustic soda, after which the fruits or vegetables 
are subjected to the action of fresh water sprays. In this manner 
the peeling is removed at a great saving in waste and labor with
out affecting the flavor of the fruit and vegetables so treated. 
B y this method riper, and consequently better-flavored fruit 
can be handled than by the hand method of peeling. This 
method is now used almost exclusively on some varieties and is 
far more cleanly and sanitary than the old.

The application of chemistry has enabled the preserver to 
improve the conditions under which he operates. The super
vision of the boiler water supply of the cannery has resulted 
in the reduction of costs of generating steam by lessening the 
amount of fuel, and has lessened depreciation of plant by the 
elimination of boiler scale and consequent shortening of the life 
of the boiler. The modem canner does not attempt to feed his 
boiler with water that has not been declared fit by a chemist.

Chemistry has enabled the preserver of food products to 
utilize some of his waste materials. There are some fruits, for 
instance, that have to be treated to a preliminary manufacturing 
process. Much waste results from this method of manufacture, 
but the chemist has enabled the food preserver to utilize some

of this waste, and what was previously a source of expense has 
now become a source of revenue.

The most notable application of chemistry in the matter of 
utilizing the by-products of a food preserver is that of the pine
apple waste in the Hawaiian factories. More than 50 per cent 
of the pineapples received by the preserver were waste, the dis
position of which was a heavy item in his expense account. 
A firm of chemists has worked out processes and methods for the 
recovery of the sugar values in this waste and proposes to fur
nish a syrup to the preserver, thereby almost entirely eliminating 
the use of cane sugar. These chemists have produced the syrup 
in the laboratory for the preserver 011 a small commercial scale. 
The syrup produced experimentally has been satisfactory both 
from a chemical standpoint and to the preserver as well. They 
have now about completed the erection of a small plant of a 
capacity of 50 tons of waste per day. Aside from the sugar 
value of the waste, it is expected that other products which will 
have considerable commercial value will also be recovered. 
If the larger commercial plant proves as successful as the ex
periment justifies the promoters in expecting, it will be very 
profitable both to the preservers and the chemists originating 
the process. It may be of interest to you to know some of the 
details of the business transaction between the chemists and the 
preservers. The chemists secured optional contracts from some 
of the largest producers of the waste in the Hawaiian Islands 
before even conducting their preliminary experiments, thus 
safeguarding the interests of the firm during the experimental 
period. If the small plant referred to is successful then it be
comes binding upon this firm to erect a plant of sufficient ca
pacity to take all of the waste of the preservers with whom con
tracts have been made, process the same and sell the sugar syrup 
back to the preserver at the equivalent of the market price for 
cane sugar. Each preserver shares in 50 per cent of the net 
profits as represented by his proportion of the waste furnished. 
The Hawaiian pineapple preservers will undoubtedly require 
the equivalent of $500,000 worth of cane sugar in 1915. It is 
expected that the recovery plant will return to each preserver 
syrup recovered from his waste equal to 90 per cent of his re
quirements.

It is said that the preserver of meats has the utilization of 
waste and by-products down to such a fine point that he turns 
everything but the squeal of the slaughtered animal into profit. 
The preserver of fruit and vegetable products does not even ap
proach such a position, for there arc thousands upon thousands 
of tons of waste that are a source of expense which by the ap
plication of icheinistry will be made ultimately to bring in a 
revenue.

While there has been something of accpmplishment in this 
direction, it is not entirely the fault of the food preserver that 
it has not been more extensive. Many a good idea has been 
partially developed by chemists and submitted to manufacturers, 
and owing to the chemist’s lack of practical knowledge of the 
food preserver's business, and owing to the manufacturer’s 
lack of technical knowledge of chemistry, failure has resulted. 
When a manufacturer has one or more failures which have 
been a source of considerable expense to him in the way of equip
ment, etc., he is not inclined to continue experimenting. On 
the other hand, no class of manufacturers is more progressive 
and more .likely to put money into research work than food pre
servers— but they must have a few successes along with the 
failures.

Every new idea should be worked out first in the laboratory 
and then on a small commercial scale, so that the expense in 
case of failure will not be large— and even if the experiment is 
ultimately a success it is best to hold down the expense and per
fect the process before trying it out on a large scale. If chemists 
would work on these lines with manufacturers, we are satisfied 
that the application of chemistry would accomplish great things,
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both for the chemist and the manufacturer. Under such con
ditions the preserver of fruit and vegetable products will, by the 
application of chemistry, be able to utilize all waste and even 
retain and preserve the bloom on the fruit and the spicy odor 
of it as well— and thus beat out the meat packer, who admits 
losing the squeal.

S a n  F r a n c i s c o , C a l i f o r n i a

CONTRIBUTIONS OF THE CHEMIST TO THE POTABLE 
WATER INDUSTRY

B y W m . P. M a s o n  

Professor of C hem istry  Rensselaer Polytechnic In s titu te  

Less than a generation ago, the chemist approached the 
question of "Potable W ater” with a confidence born of his ig
norance, and lie issued his pronouncements after an examination 
less thorough than that required to determine the fitness of a 
water for boiler uses.

E. Frankland and J. A. Wanklyn in England, and W- R. Nichols 
in America recognized that something more was needed than 
a knowledge of "total solids,” "mineral matter” and "loss on 
ignition” before an opinion could be formulated as to the pota
bility of the sample, and to them are largely due the beginnings 
of that advance in the technique of water examination which has 
taken such strides in our day.

It was perhaps to have been expected that, in their enthusiasm 
over their improved analytical processes, the water chemists 
should make the blunder, into which the bacteriologists fell at 
a later day, of demanding more from their recent discoveries 
than could with reason be asked. Thus we find Wanklyn dogma
tizing upon the infallibility of the "albuminoid ammonia” process 
and insisting upon the reliability of a fixed standard for all waters, 
which measure should divide the good from the bad with ac
curacy.

Slowly, however, there crept into the minds of chemists the 
conviction that general standards could not be maintained, 
as waters were too various for their application; and therefrom 
developed the tendency towards that breadth of view in the 
matter of interpretation of analytical results which has led to 
a recognition of the great importance of what is now termed the 
"Sanitary Survey.”

Considering that any one of the sundry items reported in an 
ordinary water analysis, is in itself harmless, and, therefore, 
is scrutinized only because of the possible bad company it 
might keep, it was soon admitted that an unusually high reading 
might be accounted for through some perfectly innocent cause 
in water from one locality and, therefore, justify a favorable 
report, while the same data from water derived elsewhere might 
determine condemnation of the sample.

The dictum is not new but it is as true as when first uttered 
that "no opinion should be risked as to the quality of a water 
from an unknown source.”

It is even possible to add this further word, that, although 
we need all the light that chemistry, bacteriology and micros
copy can throw upon the question as to the suitability of a 
water supply, nevertheless if but a single branch of inquiry be 
available the “ Sanitary Survey” is the one to be chosen.

While declining to be bound by the hard and fast "standards 
of purity” advocated in the past, chemists have nevertheless 
done faithful work towards the establishment of suitable "com
parâtes” where such records can be of service.

For instance, those chemists who undertook a determination 
of the "normal chlorine” of Massachusetts and Connecticut, 
and who gathered the data for plotting the "iso-chlors” of those 
states, certainly'added much towards making an interpretation 
of analytical results more reliable.

Analytical averages for gound waters are now separated from 
those of surface supplies; the measure of "hardness”  is so de
fined that the non-chemical laundry-man or boiler-user can

easily secure the information he needs; and, further, the public 
is informed as to how much iron would likely be objected to 
by the average community.

"Turbidity” and “ color” are no longer described in words 
but are reported in definite "parts per million,” as are the other 
items of the analysis, to the great advantage of the manager 
of the city filter, whose duty it is to watch the work done by the 
purification plant for which he is responsible.

The day is passed when a municipal filter is expected to run 
itself, except during its period of occasional cleaning. A chemist 
and bacteriologist will nowr be found continually on duty, ready 
to detect faulty operation 011 the part of the plant and prepared 
to apply' those remedies which experience has shown to be proper 
under the circumstances.

"Pin-point coagulation” and its relation to water tempera
ture is one of the disturbances of a mechanical filter that the 
chemist in charge must watch, for as the late autumn approaches, 
and the thermometer reads forty or less, the flocks of aluminum 
hydroxide decrease in size and tend more and more to pass through 
the sand bed.

Without a trained man in charge, aluminum compounds are 
likely to pass the filter at any time, for it is an easy matter to 
carelessly allow an overdose of alum to reach the filtered water; 
but the detection of too great an addition of coagulant is one of 
the simplest jobs the attending chemist has to do and it requires 
small effort on his part to keep down the alum bill.

When “ bleach” is needed, as so often is the case, its strength 
in "available chlorine” must be determined, not only that the 
management may know the quality of the goods for which pay
ment is made but also that a proper "dose” may be added to 
the water. Enough must be turned into the supply to do the 
work demanded, but an overdose should be avoided lest its 
disagreeable taste be complained of by the consumers. Who but 
the chemist in charge is to fix the proper value for the dose of 
"bleach” and who else can suggest a remedy if the right quantity 
should accidentally be exceeded?

It would not seem a very complex matter to supply properly 
purified water to a few people, but when this procedure is to be 
undertaken upon a large scale, the duties of the chemist in charge 
of the work become most varied. He has to examine and re
port not only upon the water product itself but also upon all 
the odds and ends of supplies and equipments that enter the es
tablishment. Such a chemist must of necessity be a bacteriolo
gist, and it would be of advantage to him should he be an elec
trician, mechanical engineer, biologist and general sanitarian as 
well.

So it is seen that the old rivalries between the chemist and the 
bacteriologist in the field of water supply have been outgrown 
and extinguished in that fusion of activities which produced the 
present water purveyor. There is yet much of the chemist in 
his makeup because there is much that is chemical in the detail 
of his daily work. Without bacteriology, he admittedly could 
not go far, because with that branch of his mental equipment 
he detects the present danger lurking in the water under investi
gation, but it is to chemistry he must turn in order to inquire 
as to the future and to estimate the probability of a yet distant 
danger following upon present safety. No better example of 
what is meant could be given than to cite a very recent instance 
falling within the writer’s experience.

Two wells, each fifty feet in diameter, were sunk eighteen feet 
deep in a sandy soil, within a half mile of each other.

They were intended for use "in  tandem” upon the same water 
service. One of these was, by bacteriological examination, 
shown to be grossly contaminated, a showing which was con
firmed by both chemical analysis and the sanitary survey; 
the water from the other well appeared to be singularly good 
from the bacteriological standpoint but the chemical analysis 
indicated very material “ past pollution” and the sanitary survey
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located the cause for such indication. The sandy soil had fil
tered out and removed all offending organisms but the soluble 
■material which accompanied them had passed on and revealed 
a threatening danger. Of course, the objection to the water 
was, not what it contained at the time of observation, but what 
it would be likely to contain in the future should the protective 
barriers of nature be overworked or broken down.
, Without the chemical side of the investigation no comprehen
sive report could have been rendered in this case.

And so, in short, chemistry takes its position on the prophetic 
side of water examination, and it is aided, not supplanted, by 
the science of the bacteriologist.

The latter’s work has to do with showing things as they now 
exist, while the chemist’s field reaches back into the past and 
throws as well no uncertain light into the future.

T r o y , N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE CELLULOID 
AND NITROCELLULOSE INDUSTRY

B y  R .  C. S c h C p p h a u s  

C onsulting  C hem ist

When we bear in mind that the discovery of nitrocellulose 
was due to chemical research, we perceive at once that the de
velopment of industries based on this discovery must be indis
solubly linked with the patient work of the chemist. It need 
hardly be dwelt upon that the hopes built on the availability of 
nitrocellulose as a successor to gunpowder were realized only 
forty years later. Y et the new material quickly found its place 
in the arts of peace, first as photographic and surgical collodion. 
The employment of nitrocellulose as the base or an ingredient 
of explosives, either propelling or shattering agents, is beyond the 
scope of this article and will not be discussed. However, it 
must not be forgotten that the work done by chemists in this 
field, both for war offices and private manufacturers, was of 
great assistance to the workers in other directions and that the 
results achieved by this second line of investigators paved the 
way for the manufacture of gelatinated explosive nitrocellulose 
compounds, the modern powders and explosives. All the appli
cations of nitrocellulose in the arts are based on the fact that the 
structure of its various forms may be broken down by the action 
of suitable solvents. The discovercr of nitrocellulose was al
ready in possession of its colloid solution. The differences 
between soluble and insoluble varieties (in certain solvents) 
were quickly recognized, and representatives of four great 
groups of solvents were known at the very dawn of the nitro
cellulose industries, viz.:

1— Alcohols : Methyl and ethyl alcohols.
2— Esters : Methyl and ethyl acetatcs.
3— Ketones : Acetone.
4— Mixed solvents : Ethyl alcohol and ethyl ether.
With these fundamental facts to start from there began a 

long line of chemical activity. Among the industries developed, 
the manufacture of pyroxylin plastics occupies the first place, 
and the other developments, such as the production of photo
graphic films, artificial leather, pyroxylin varnishes and even 
artificial silk made from collodion may be regarded as offshoots 
from this branch. The activity of the chemist in this industry 
is twofold, covering research and control of operations. It was 
necessary to investigate and select the best raw materials, de
vise methods for their purification and to solve the problem of 
the production of a nitrocellulose of even composition on a large 
scale. The various industries require pyroxylin of different 
characteristics, such as nitrogen content, solubility in specified 
solvents and viscosity of such solutions. These conditions were 
worked out in the factories, and the work done in their labora
tories would fill volumes. Needless to say that the influence of 
proportion of acid to cellulose, the composition of the acid bath, 
temperature and time factors were known to the chemists in 
these industries long before the laboratories of scientific insti

tutions took these matters up. Important discoveries con
cerning the connection between solubility, viscosity and mode of 
production were made and put to practical use. The methods 
of analysis of the acids and their mixtures as well as of the nitro
cellulose and its finished compounds were brought to the greatest 
refinement and developed to a state which permitted the quick 
attainment of results that technical operations call for. The 
determination of oxalic acid in the nitrating bath, for instance, 
which the latest literature lays much stress on, has been a 
routine operation for a long period in well-conducted factories. 
Other problems sprang from the demand for perfectly trans
parent materials, requiring special methods of washing and 
stabilizing the nitrated cellulose. In the designing of the most 
efficient apparatus for the manufacture of the ever-growing 
quantities of nitrocellulose the chemist took a prominent part. 
The urgent call for an economical method of regenerating the 
weakened acid bath was met by the simple and elegant process 
of adding fuming sulfuric acid to the fortifying mixture which 
enables a skilled operator to avoid any accumulation of spent 
acids with all its drawbacks. The best way of removing the 
larger part of water from the washed nitrocellulose consists in 
displacing the water by alcohol. While the problems presented 
appear at first glance purely physical, yet their solution re
quired the alert cooperation of the chemist. So much for the 
basic material.

In the industry of pyroxylin plastics the original Spill solvent 
of 1869, commercial grain alcohol and camphor, still reigns 
supreme. In the intervening years many expedients have 
been tried, owing to the fiscal policies of various countries in 
regard to alcohol, and wood alcohol and fusel oil or its separate 
constituents have found wide application. The other groups of 
solvents were advantageously extended by the introduction of 
the esters of the alcohols of fusel oil and of polyatomic alcohols, 
of ethers of higher alcohols and phenols, of aromatic nitrode- 
rivatives and other compounds. These solvents are, however, 
of more importance in the allied industries. With the rising 
price of camphor, which is nearly treble of what it was thirty 
years ago, the old attempts to produce the material from cheaper 
products were stimulated, and today large factories exist for its 
manufacture, thus putting a check on unreasonable advances. 
The same cause led to the elaboration of methods of recovering 
camphor from scrap materials that cannot be utilized in other 
ways. The feverish searching for a camphor substitute has been 
less successful though large classes of solid solvents of pyroxylin 
were discovered. A few of them, belonging to the group of acid 
derivatives of aromatic amins, find a limited application for 
special purposes. Cliemical investigation has led to a revision 
of the old mixing formulas for the manufacture of pyroxylin 
plastics, and the old empirical standards have been abandoned. 
The chemist is continually called upon for advice regarding the 
application of coloring matters and other materials for obtain
ing special effects.

The allied industries are based on the same'principles. In 
the manufacture of photographic films, varnishes and artificial 
silk from pyroxylin flowing solutions are prepared. Artificial 
silk made from dissolved nitrocellulose and subsequently (pref
erably) denitrated is being superseded by threads made from cellu
lose brought into solution by other means.

There is not a factory of pyroxylin compounds of any impor
tance in existence today that has not its busy staff of analytical, 
managing and research chemists.

1 7 5  P e a r l  S t r e e t , N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE GLASS 
INDUSTRY

B y A. A. H o u o i i t o n  

V ice-President Corning Glass W orks

The first experiments dealing with the chemical composition 
of glass of which we have record were directed toward producing



Apr., 1915 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 291

glasses for optical purposes. To give an achromatic image the 
crown glass lens of a microscope or telescope should have with 
low refractive index not only the same total dispersion, but also 
the same partial dispersion in all parts of the spectrum as the 
flint.

The glasses originally available for optical purposes were 
made up of only five oxides— silica, potash, soda, lime, and lead 
oxide— and the crown and flint pairs obtained by means of this 
limited list of constituents gave a strong secondary chromatic 
aberration, owing to the different distribution of dispersion in 
the crown and flint.

Fraunhofer, working with the glassxnaker Guinand, by varying 
the composition of the common glasses, succeeded in materially 
reducing the chromatic aberration. The glasses were never 
produced in quantity, however, and there probably was some 
practical difficulty which prevented their use.

In 1829, the well-known chemist Dobereiner of Jena intro
duced barium and Strontium into glass s.nd probably made 
other experiments along the same line. A letter to Dobereiner 
from the poet Goethe, whose interest in optical problems is 
well known, shows that Goethe made an attempt to 
establish in Jena a scientific glass laboratory under Dobereiner’s 
instruction.

Harcourt, the English clergyman chemist, in 1834, was the 
first to experiment systematically on the introduction of new 
substances into glass; his purpose was to determine the relation 
between chemical composition and optical properties. He was 
the inventor of the first experimental furnace for high tempera
ture work, consisting essentially of a small platinum crucible 
rotating in a hydrogen flame. He discovered that boric oxide 
and phosphoric oxide will combine with almost any other oxide 
to form a glass. Harcourt, in a series of experiments extending 
over 35 years, introduced into glasses in important quantities 
twenty elements in addition to those already in use. No im
mediate practical result came from Harcourt’s work owing partly 
to lack of homogeneity of his glasses and partly to the fact that 
when polished they were quickly tarnished by the moisture of 
the air.

Otto Schott was the son of a Westphalian window-glass manu
facturer. Although his first experiments in glass melting, made 
while a student of chemistry, were not for optical purposes, 
yet he early came into contact with Prof. Ernst Abbe who was 
in serious quest of better glasses for optical instruments. About 
this time'(1880) Schott was planning to undertake on a manu
facturing scale the production of new glasses for scientific pur
poses, but Abbe convinced him that the laboratory method 
would yield results more quickly. Rather, however, than take 
up the systematic and slow investigation of all possible combina
tions of silicates as proposed by Abbe, Schott, guided by his 
chemist’s instinct and his knowledge of the optical properties of 
the natural minerals, went at once to the substances which ap
peared to him most likely to furnish glasses of unusual charac
teristics and submitted to Abbe for examination boric oxide and 
metaphosphoric acid in glass form. This was little less than 
a stroke of genius, for to the present day it is boric oxide more 
than any other one constituent which makes possible the glasses 
of special properties for use in optical instruments, thermometers, 
lamp chimneys, laboratory ware, etc.

In January, 1882, a laboratory for glass melting was estab
lished at Jena supported by Abbe, Schott, and the Zeiss optical 
firm. By 1883 the Zeiss works had made up with the new borate 
and phosphate glasses microscopes in which the disturbing sec
ondary spectrum had entirely disappeared. It is to these micro
scopes designed by Abbe for glasses made by Schott that modern 
biology owes its extraordinary development.

In 1884, Schott took a step as a business man which perhaps 
contributed as largely to the development of the glass industry 
as anything that he accomplished as a chemist. Together with

Abbe and the Zeiss brothers he invested 60,000 Marks in a fac
tory for the melting of the new glasses, which, up to that time, 
had been made on a small scale only. The Prussian Govern
ment, urged by scientific men interested in optics and ther
mometry, contributed another 60,000 Marks. The enterprise 
promised little in financial return, for the amount of glass re
quired for optical instruments is from the glass-maker’s point 
of view absurdly small.

After optical glass, the first development in the new factory 
was a thermometer glass. When a thermometer cools after 
use above room temperature the mercury reservoir returns only 
very slowly to its original volume, and at the temperature of 
melting ice the thread will therefore stand at a lower point on 
the scale than originally. With ordinary glasses this depression 
of the zero point after heating to ioo° amounts to about 0.7 
after use at higher temperatures the error is much greater. The 
chemist Weber had found that a potash glass free from soda 
showed less than the usual depression of the zero point, and 
Schott proved that either a potash glass or a soda glass gives- 
better results in this respect than a glass containing both alkalis. 
Schott finally developed glasses which practically eliminated' 
the error. These were the well-known Jena normal glass, 
19111, and Jena borosilicate glass, 69111. The 69111 has the fur
ther advantage of requiring a high temperature for softening, 
so that with it thermometers can be made reading to 500° C. 
or higher.

The borosilicate glasses have low coefficients of expansion, 
and their use for lamp chimneys, especially in lamps with the 
incandescent gas mantle, has probably been the most profitable 
commercial application of the new glasses. Here also incidental 
advantages resulted from the use of the new material, for it was 
found that the low-expansion glasses could be shaped and per
forated more freely than the old, and chimneys of more efficient 
design have followed.

It is hardly necessary to remind chemists of the revolution in 
laboratory glassware brought about by Schott’s development 
of a glass practically insoluble in reagents and at the same time 
capable of use directly over the flame without wire-gauze pro
tection. This was in itself no small achievement.

The manufacture of Schott’s compound glass for boiler water 
gauge tubes is based on the same principle as the process of 
tempering glass by sudden cooling in hot oil. In both cases 
the glass is made mechanically strong by the presence of a surface 
layer under compression. ■ Glass tubing as ordinarily made, 
without annealing, takes on compression strain on the outer 
surface and tensile strain on the inner surface. The outer layer 
cools first and then tends to prevent the normal contraction of 
the more slowly cooling inner layer. The inner layer is held 
by the outer in a state of tension, while the outer layer in turn 
is drawn by the inner into a state of compression. By lining 
the tube with a glass of lower expansion, which on cooling ob
viously reaches its normal contraction with less change of volume, 
Schott not only eliminates the tensile strain and the resulting 
weakness of the inner surface but actually introduces compres
sion strain caused by the inner surface cooling somewhat more 
rapidly than the adjacent layers within the wall of the tube. 
The result is not entirely unlike that produced by shrinking the 
jacket on a large gun. The compound gauge glasses thus pro
duced excelled all others made at that time in resistance to pres
sure, to sudden temperature change, and to the solvent action 
of water and steam.

To Schott we owe also the Uviol glass for transmitting ultra
violet light. This has been of service in therapeutics and in 
astronomy; the number of stars revealed by the photographic 
plate is actually increased 50 per cent by use of a telescope- 
objective of Uviol glass.

Among the properties investigated at Jena in relation to chem
ical composition are the following:
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Specific H eat Solubility Specific G ravity
Therm al C onductivity  Hygroscopicity Tensile S trength
Therm al Expansion R efraction Compression S trength
Dielectric C onstan t Dispersion M odulus of E lastic ity
Electrom agnetic Dispersion H ardness
Electrom agnetic R otation  of P lane of Polarization 
Absorption (Transmission) of R adia- (  D iatherm ancy

tion Both W ithin and W ithout \  U ltravio let Transm ission
the Visible Spectrum  V X -ray  Transm ission and Fluorescence

The physical measurements were made in collaboration with 
the Physics professors of the Jena University and their students. 
In the glassworks on the chemical side Schott has had the as
sistance of such men as Hersclikowitz, Schaller and Zscliimmer, 
all of whom have contributed to the literature of glassmaking. 
It is to Zschimmer’s work 011 “ The Glass Industry in Jena” 
that we are indebted for many of the facts here presented.

Other names to be mentioned in connection with glass de
velopment are Henrivaux at St. Gobain, famed for plate-glass; 
Bontemps, maker of optical glass at Choisey-le-Roi and later 
at Birmingham with Chance; the Guinands, the eldest of whom 
originated the stirring process for optical glass; Feil, Mantois, 
Vemeuil, Benrath, Powell, Chance, Harris, Siemens; and to the 
list might be added others equally deserving.

America’s contributions to the development of the glass in
dustry, chiefly in methods of working and handling the molten 
glass, are epoch-making in character; along more strictly chem
ical lines creditable work has been done, as instanced by the 
Tiffany or Aurene glass, the selenium red, and others. Aside 
from optical glass, on which a beginning is being made, the glasses 
produced in this country probably are fully equal in quality and 
variety to those produced abroad; and in some respects America 
is forging ahead.

C o r n t n c . N e w  Y o r k

CONTRIBUTIONS OF THE CHEMIST TO THE PULP AND 
PAPER INDUSTRY

By F . L. M o o re  
President American Paper and Pulp  Association 

The manufacture of pulp and paper is an industry based largely 
on chemical reactions and processes and as such has been largely 
dependent upon the efforts of chemists for its maintenance and 
advancement. Chemists of former days are responsible for 
inventions to which paper making literally owes its existence 
in its present form, and our modem chemists are essential factors 
in the every-day operation of this industry. It is not too much 
to say that the development of modem paper making and the 
enormous extensions of the use of paper in recent times have 
been due for the most part to the introduction of the three chem
ical processes by which wood fiber has been made available as 
a general substitute for rags.

The sulfite process, by which wood is reduced to paper pulp 
by digestion in acid bisulfite solutions, was invented by a Phila
delphia chemist, B. C. Tilghman, in 1867. Tilghman was 
also the inventor of the sandblast and of the important auto
clave process for the manufacture of glycerin. Although his 
attempts to -manufacture sulfite fiber upon a commercial scale 
failed and were abandoned because of the many serious technical 
difficulties encountered, his patents nevertheless disclosed a 
remarkably clear and comprehensive understanding of the princi
ples involved. The process was later taken up in Sweden by 
Ekman and in Germany by Mitscherlich, both of whom were 
chemists, and by other inventors in England and elsewhere, 
by whom it was developed along somewhat divergent lines. It 
returned to the United States in 1883 when the mill of the Rich
mond Paper Company was built at Rumford, Rhode Island, 
to operate under the Ekman modification of the process, With 
a nominal capacity of 10 tons per day. Arthur D. Little, who 
served for many years as official chemist of the American Paper 
•and Pulp Association, began his professional work as chemist

to this plant. From this modest beginning, the sulfite industry 
of the United States has developed at present to a daily pro
duction of over 5,000 tons, and the process has revolutionized 
many departments of paper manufacture. Needless to say its effi
cient operation requires constant chemical supervision and control.

Another important chemical wood process, the soda process, 
by which the wood is reduced to pulp by digestion in a strong 
solution of caustic soda, became possible oidy after the dis
coveries and engineering triumphs of a long series of chemists 
from Le Blanc down through Muspratt, Weldon and Tennant, 
had supplied the world with cheap caustic and carbonated alkali.

The soda process itself as applied to the manufacture of wood 
pulp is, like the sulfite process, of American origin, having been 
invented by Watt and Burgess, in 1853, and developed at Mana- 
yunk, near Philadelphia. A t first, and for many, years, the pro
cess was operated with no attempt at recovery of the soda liquors. 
The process has been able to hold its own only because of the 
development, largely by chemists, of the processes of soda re
covery. Similarly, in case of the sulfite process, many chemists 
have attacked the far more difficult problem of utilizing the 
waste sulfite liquors, but thus far only with moderate success. 
It is, nevertheless, to chemists that we must look for the solution 
of this important problem.

The sulfate process for chemical wood pulp, an interesting modi
fication of the soda process, was developed by the chemist Dahl 
at Danzig about 1883. It has become of great industrial im
portance during the last few years through its application to .the 
manufacture of the now well known Kraft wrapping paper, the 
introduction of which from Sweden has already exercised a pro
found influence upon the whole wrapping paper industry.

The great names of Le Blanc, Weldon, Solvay and Mond stand 
for the highest type of the chemical engineer, and to them and 
the long line of their associates and successors the paper trade, 
like many other industries, is indebted for the cheap alkali and 
cheap bleaching powder, without which it could hardly exist 
today. It is only necessary to contrast the old methods of treat
ing rags by retting and grass bleaching, with the modern methods 
of pressure cooking and rapid bleaching, to realize how many 
of the foundation stones of paper making have been set in place 
by chemists.

A further step in advance is the production of electrolytic 
bleach and alkali which has become a matter of routine in many 
paper mills as the result of the discoveries of Watt in 1851, 
and the later work of chemists like Le Sueur, Hargraves', Castner, 
Townsend and many others.

Among the less fundamental, but nevertheless highly im
portant advances in the art of paper making, which are directly 
attributable to the chemist, is the introduction of coal tar colors. 
Practically all of the colors now employed in paper making are 
the products of the chemical laboratory, the work of an army of 
German chemists having supplied us with the whole wonderful 
range of coal tar colors, many of which are more permanent than' 
the natural dye-stuffs which they displace.

To chemists also we are indebted for the discovery of the use
ful properties of rosin in rendering paper resistant to ink and 
water and for the modem methods of rosin size production, for 
processes for producing casein for paper coating and for render
ing it insoluble by the action of formaldehyde, for the discovery 
of soluble starch so largely used for top sizing, for processes of 
water purification and those for the manufacture of alum, es
pecially of the high-grade alum, the cheap production of which 
has been made possible by the Bayer process for the manufacture 
of pure alumina.

Enough has been said to indicate the vastly important sendee 
which the chemist has rendered in the development of the pulp 
and paper industry. The chemist of today is no less vital to 
the industry’s operation and advancement. Under the stress 
of modern competition, pulp and paper manufacturers are forced
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to turn to the chemist with constantly increasing frequency for 
the testing of supplies, for the control of processes, many of 
which are essentially chemical in nature, and for the elimination 
of wastes. The testing of paper, which yearly assumes increasing 
importance, is entirely in the hands of the chemist, and the chem
ist is in large part responsible for the startling expansion in the 
use of paper which has taken place in the last two decades.

CONTRIBUTIONS OF THE CHEMIST TO THE INDUS
TRIAL DEVELOPMENT OF THE UNITED 

STATES— A RECORD OF 
ACHIEVEMENT1

B y  B e k n i i a r d  C .  H e s s e  

Since the outbreak of the European War, the American public 
has been led, adroitly or otherwise, to believe that industrial 
chemistry, that is, the industrial activity of the chemist, is 
limited to coal-tar dyes and that nothing should be regarded as 
industrial chemistry that does not deal with the manufacture 
of these dyes. Nothing could be further from the truth.

While it is true that the manufacture of coal-tar dyes forms an 
important branch of industrial chemistry, or of chemical industry, 
whichever you will, it by no means forms the whole of it or even 
a preponderating part of it.

From the economic point of view, economic effect and eco
nomic result is the measure to apply in determining economic 
importance and not the intellectual or scientific labor involved 
in the creation of that result.

From a strictly economic point of view coal-tar dyes can 
hardly be said to be vital or essential and by that I mean, that 
we can get along without them and not suffer great hardship, 
personal or otherwise; anything of less need than that can hardly 
be called an economic necessity.

THU CHEMIST AND HIS WORK 

The American public has seemingly given too little con
sideration to those industries of this country that make use of 
chemical knowledge and experience in the manufacture or utiliza
tion of products and yet these are the ones that compose chemical 
industry or industrial chemistry.

For the present, permit me to give in a few words the sub
stance of the impressive series of papers presented at the meetings 
of this forenoon and this afternoon, and, as this presentation 
is being made, please have in mind the question as to whether 
you would prefer to have the United States able to produce all 
of its requirements of coal-tar dyes and not able to produce any 
of the various things which I am about to mention.

According to this symposium there are at least nineteen 
American industries in which the chemist has been of great help, 
either in founding the industry, in developing it, or in refining 
the methods of control or of manufacture, thus rendering profit 
more certain, costs less high and output uniform in standard 
amount and quality.

The substitution of accurate, dependable and non-failing 
methods of operation for "rule-of-thumb” and “ helter-skelter” 
methods must appeal to every manufacturer as a decided ad
vancement and a valuable contribution.

NINETEEN AMERICAN CHEMICAL INDUSTRIES 

In presenting to you these various contributions of the chem
ist, I by no means wish to be understood as in any wise mini
mizing or reducing the contributions made to the final result by 
others, such as merchants, bankers, engineers, bacteriologists, 
electricians, power-men and the like; all that I wish to emphasize 
is that the chemist did make a contribution, and to that extent 
he is entitled to credit and acknowledgment.

The chemist has made the w i n e  in d u s t r y  reasonably inde
pendent of climatic conditions; he has enabled it to produce

1 Public Address a t the  50th  M eeting  of the Am erican Chemical Society, 
New Orleans, M arch 31 to  April 3, 1915.

substantially the same wine, year in and year out, no matter 
what the weather; he has reduced the spoilage from 25 per cent 
to 0.46 per cent of the total; he has increased the shipping radius 
of the goods and has made preservatives unnecessary.

In the c o p p e r  in d u s t r y  he has learned and has taught how 
to make operations so constant and so continuous that in the 
manufacture of blister copper valuations are less than $1.00 
apart on every $10,000 worth of product and in refined copper 
the valuations of the product do not differ by more than $1.00 
in every $50,000 worth of product. The quality of output is 
maintained constant within microscopic differences.

Without the chemist the c o r n  p r o d u c t s  i n d u s t r y  would never 
have arisen and in 1914 this industry consumed as much corn 
as was grown in that year by . the nine states of Maine, New 
Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, 
New York, New Jersey and Delaware combined; this amount is 
equal to the entire production of the State of North Carolina 
and about 80 per cent of the production of each of the States of 
Georgia, Michigan and Wisconsin; the chemist has produced 
over 100 useful commercial products from com, which, without 
him, would never have been produced.

In the a s p h a l t  in d u s t r y  the chemist has taught how to lay 
a road surface that will always be good, and he has learned 
and taught how to construct a suitable road surface for different 
conditions of service.

. In the c o t t o n s e e d  o il  in d u s t r y , the chemist standardized 
methods of production, reduced losses, increased yields, made 
new use of wastes and by-products and has added somewhere 
between $10 and $12 to the value of each bale of cotton grown.

In the CEMENT in d u s t r y , the chemist has ascertained new 
ingredients, has utilized theretofore waste products for this pur
pose, has reduced the waste heaps of many industries and made 
them his starting material; he has standardized methods of manu
facture. introduced methods of chemical control and has insured 
constancy and permanency of quality and quantity of output.

In the s u g a r  in d u s t r y , the chemist has been active for so 
long a time that "the memory of man runneth not to the con
trary.”  The sugar industry without the chemist is unthinkable.

The w e l s b a c h  m a n t l e  is distinctly a chemist’s invention 
and its successful and economical manufacture depends largely 
upon chemical methods. It would be difficult to give a just 
estimate of the economic effect of this device upon illumination, 
so great and valuable is it.

In the t e x t i l e  in d u s t r y , he has substituted uniform, rational, 
well thought-out and simple methods of treatment of all' the 
various textile fabrics and fibers where mystery, empiricism, 
“ rule-of-thumb” and their accompanying uncertainties reigned.

In the f e r t i l i z e r  i n d u s t r y , it was the chemist who learned 
and who taught how to make our immense beds of phosphate 
rock useful and serviceable to man in the enrichment of the soil; 
he has taught how to make waste products of other industries 
useful and available for fertilization and he has taught how to 
make the gas works contribute to the fertility of the soil.

In the s o d a  in d u s t r y , the chemist can successfully claim 
that he founded it, developed it, and brought it to its present 
state of perfection and utility, but not without the help of other 
technical men; the fundamental ideas were and are chemical.

In the l e a t h e r  in d u s t r y , the chemist has given us all of 
the modern methods of mineral tanning and without them the 
modem leather industry is unthinkable. In the case of vege
table-tanned leather he has also stepped in, standardized the 
quality of incoming material and of outgoing product.

In the f l o u r  in d u s t r y  the chemist has learned and taught 
how to select the proper grain for specific purposes, to standardize 
the product and how to make flour available for certain specific 
culinary and food purposes.

In the b r e w i n g  in d u s t r y , the chemist has standardized the 
methods of determining the quality of incoming material and of
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outgoing products, and has assisted in the development of a 
product of a quality far beyond that obtaining prior to his entry 
into that industry.

In the Pr e s e r v a t io n  o f  f o o d s , the chemist made the funda
mental discoveries; up to twenty years ago, however, he took 
little or no part in the commercial operations, but now is almost 
indispensable to commercial success.

In the w a t e r  s u p p l y  o f  c i t ie s , the chemist has put certainty 
in the place of uncertainty; he has learned and has shown how, 
by chemical methods of treatment and control, raw water of 
var3ring quality can be made to yield potable water of sub
stantially uniform composition and quality.

The c e l l u l o id  in d u s t r y , and the n i t r o - c e l l u l o s e  i n d u s t r y  
owe their very existence and much of their development to the 
chemist.

In the g l a s s  in d u s t r y  the chemist has learned and taught 
how to prepare glasses suitable for the widest ranges of uses 
and to control the quality and quantity of the output.

In the p u l p  a n d  p a p e r  i n d u s t r y  the chemist made the 
fundamental observations, inventions and operations and today 
he is in control of all the operations of the plant itself; to the 
chemist also is due the cheap production of many of the ma
terials entering into this industry as well as the increased and 
expanding market for the product itself.

THE STATISTICAL POSITION 

For the census year of 1909 the wage-earners and the value of 
manufactured products and the value added by manufacture 
in twelve of these industries and in the manufacture of chemicals 
¡5 given in Table la.

AMERICAN INDUSTRIES VS. COAL-TAR DYES 

A most liberal estimate of the market value of the world’s 
entire production of coal-tar dyes places it under $100,000,000;

T a b l e  l a  W a g e -  P r o d u c t  V a l u e  a d d e d
e a r n e r s  v a l u e  b y  m a n u f a c t u r e

W i n e . . . ........................................................ 1 .9 1 1  S  1 3 , 1 2 0 , 8 4 6  $  6 , 4 9 5 , 3 1 3
C o p p e r ........................................................... 1 5 , 6 2 8  3 7 8 , 8 0 5 , 9 7 4  4 5 , 2 7 4 , 3 3 6
F e r t i l i z e r ......................................................  1 8 , 3 1 0  1 0 3 , 9 6 0 , 2 1 3  3 4 , 4 3 8 , 2 9 3
T e x t i l e s .........................................................  4 4 , 0 4 6  8 3 , 5 5 6 , 4 3 2  4 8 , 2 9 5 , 1 3 1
C a n n e d  a n d  p r e s e r v e d  f o o d s . . .  5 9 , 9 6 8  1 5 7 , 1 0 1 , 2 0 1  5 5 , 2 7 8 , 1 4 2
C o t t o n - s e e d  o i l .......................................  1 7 ,0 7 1  1 4 7 , 8 6 7 , 8 9 4  2 8 , 0 3 4 , 4 1 9
C e m e n t .......................................................... 2 6 , 7 7 5  6 3 , 2 0 5 , 4 5 5  3 3 , 8 6 1 , 6 6 4
S u g a r ...............................................................  2 0 , 7 3 0  3 2 7 , 3 7 1 , 7 8 0  5 2 , 5 2 3 , 8 0 6
B r e w i n g ........................................................  5 4 , 5 7 9  3 7 4 , 7 3 0 , 0 9 6  2 7 8 , 1 3 4 , 4 6 0
L e a t h e r ..........................................................  6 2 , 2 0 2  3 2 7 , 8 7 4 , 1 8 7  7 9 , 5 9 5 , 2 5 4
G l a s s ...............................................................  6 8 , 9 1 1  9 2 , 0 9 5 , 2 0 3  5 9 , 9 7 5 , 7 0 4
P a p e r  a n d  w o o d  p u l p ....................... 7 5 , 9 7 8  2 6 7 , 6 5 6 , 9 6 4  1 0 2 , 2 1 4 , 6 2 3
C h e m i c a l s  ( s t r i c t l y ) ...........................  2 3 , 7 1 4  1 1 7 , 6 8 8 , 8 8 7  5 3 , 5 6 7 , 3 5 1

T o t a l s ...................................................  5 2 9 , 8 2 3  $ 2 , 4 5 5 , 0 3 5 , 1 3 2  $ 8 9 7 , 6 8 8 , 4 9 6

T a b l e  16
I r o n  a n d  s t e e l ..........................................  2 7 8 , 5 0 5  $ 1 , 3 7 7 , 1 5 1 , 8 1 7  $ 3 9 9 , 0 1 3 , 0 7 2
P e t r o l e u m  r e f i n i n g ..............................  1 3 , 9 2 9  2 3 6 , 9 9 7 , 6 5 9  3 7 , 7 2 4 , 2 5 7
L e a d  s m e l t i n g  a n d  r e f i n i n g   7 , 4 2 4  1 6 7 , 4 0 5 , 6 5 0  1 5 , 4 4 2 , 6 2 8
I l l u m i n a t i n g  a n d  h e a t i n g  g a s . . . 3 7 , 2 1 5  1 6 6 , 8 1 4 , 3 7 1  1 1 4 , 3 8 6 , 2 5 7
C o n f e c t i o n e r y .......................................... 4 4 , 6 3 8  1 3 4 , 7 9 5 , 9 1 3  5 3 , 6 4 5 , 1 4 0
P a i n t  a n d  v a r n i s h ................................ 1 4 , 2 4 0  1 2 4 , 8 8 9 , 4 2 2  4 5 , 8 7 3 , 8 6 7
S o a p .................................................................  1 2 , 9 9 9  1 1 1 , 3 5 7 , 7 7 7  3 9 , 1 7 8 , 3 5 9
C a r p e t s  a n d  r u g s .................................  3 3 , 3 0 7  7 1 , 1 8 8 , 1 5 2  3 1 , 6 2 5 , 1 4 8
E x p l o s i v e s ..................................................  6 , 2 7 4  4 0 , 1 3 9 , 0 6 1  1 7 , 3 2 8 , 1 1 3
Z i n c  s m e l t i n g  a n d  r e f i n i n g   6 , 6 5 5  3 4 , 2 0 5 , 8 9 4  8 , 9 7 5 , 8 9 3
T u r p e n t i n e  a n d  r o s i n .......................  3 9 , 5 1 1  2 5 , 2 9 5 , 0 1 7  2 0 , 3 8 4 , 1 7 4
O i l  c l o t h  a n d  l i n o l e u m ..................... 5 , 2 0 1  2 3 , 3 3 9 , 0 2 2  7 , 7 8 8 , 9 2 1
C h o c o l a t e  a n d  c o c o a .........................  2 , 8 2 6  2 2 , 3 9 0 , 2 2 2  8 , 8 6 7 , 1 6 2
B a k i n g  p o w d e r  a n d  y e a s t . . . . . .  2 , 1 5 5  2 0 , 7 7 4 , 5 8 8  1 1 , 4 3 6 , 6 0 3
D y e s tu f T s  a n d  e x t r a c t s    2 , 3 9 7  1 5 , 9 5 4 , 5 7 4  6 , 2 7 0 , 9 2 3
B l a c k i n g ,  c l e a n s i n g  a n d  p o l i s h 

i n g  p r e p a r a t i o n s ..............................  2 , 4 1 7  1 4 , 6 7 9 , 1 2 0  7 , 7 1 6 , 7 2 8
W o o d  d i s t i l l a t i o n  o t h e r  t h a n

t u r p e n t i n e . . . ..............................   2 , 7 2 1  9 , 7 3 6 , 9 9 8  3 , 8 6 1 , 1 4 7
O l e o m a r g a r i n e . ......................................  6 0 6  8 , 1 4 7 , 6 2 9  1 , 6 5 0 , 9 9 7

T o t a l s ..................................................... 5 1 3 , 0 2 0  $ 2 , 6 0 5 , 2 6 2 , 8 8 6  $ 8 2 9 , 0 5 2 , 3 8 9

T o t a l  f o r  3 1  C h e m i c a l  I n d u s 
t r i e s .......................................................... 1 ,0 4 2 ,8 4 3  $ 5 , 0 6 0 , 2 9 8 , 0 1 5  $ 1 ,7 2 6 ,7 4 0 ,8 8 5

T o t a l  f o r  A l l  I n d u s t r i e s . . .  6 ,6 1 5 ,0 4 6  $ 2 0 , 6 7 2 , 0 5 1 , 8 7 0  $ 8 ,5 2 9 ,2 6 0 ,9 9 2

the entire consumption in the United States is less than $15,- 
000,000, duty included, and this amounts to about 15 cents per 
person per year.

Now, which would you rather have, these thirteen industries 
with their $2,500,000,000 worth of manufactured product or 
the coal-tar dye industry with its $100,000,000 of product? 
The number of persons employed in these above thirteen in
dustries is in excess of 500,000: the entire world’s supply of coal

tar dyes is made by fewer than 40,000 people. Which would 
you rather have ?

These thirteen industries employ 8 per cent of all w’age- 
earners in manufacturing enterprises in the United States, pro
duce 12 per cent of the total value of manufactured product and
10.5 per cent of the total value added by manufacture. In 
other words, the chemist engaged in these thirteen pursuits 
plays an important, if not indispensable part in the lives of 
8 per cent of our wage-earners and affects 12 per cent of our 
manufacture values and 10.5 per cent of our values added by 
manufacture. But the total number of chemists makes up only 
about 0.01 per cent of the population of the United States.

NO NATION CAN DO EVERYTHING ITSELF 

Of course, it may be said that having made all these other 
tilings, there is no excuse why die American should not make 
coal-tar dyes in addition. Perhaps so; but nations, like indi
viduals, cannot each have or do everything. If each nation 
could do everything equally as well as every other nation, there 
would be no occasion whatever for international business. As 
this world is constituted, each nation does that which it can do 
the best and trades off the product for what some other nation 
can do better than it, and both sides are satisfied and make a 
profit; this is the same as the relationship between individuals. 
The shoemaker can make shoes better than he can bake bread; 
he makes shoes and exchanges part of his income with the baker 
for bread which the baker has made.

If American chemists can operate these industries better than 
or as good as other nations, it is no real ground for criticism that 
they cannot do everything better than any other nation, no more 
than the shoemaker is to be criticized because he cannot make 
as good a suit of clothes as can the tailor. If you want the 
shoemaker to be able to make a suit of clothes as well as the 
tailor you must provide him with the opportunity to leam how 
to tailor and take care of him while he is learning, and 110 doubt 
his suit of clothes will cost him more than it would cost an es
tablished tailor to turn out the same kind of a suit of clothes, 
and you must again help your shoemaker while he is trying to 
market his suit of clothes against the established tailor.

EIGHTEEN ADDITIONAL AMERICAN CHEMICAL INDUSTRIES 

The above nineteen American industries referred to by no 
means comprise all the American industries in which the chemist 
can be of help and of assistance. Many more are open.

A search through the census for 1909 discloses the eighteen 
additional industries listed in Table lb  which make use of 
chemists in the control of their operations.

In these eighteen additional industries the chemist affects 
8 per cent of our wage-earners, 12.6 per cent of our manufacture 
values and 9.7 per ccnt of our values added by manufacture. 
For these thirty-one industries, then, the 0.01 per cent of chemists 
of our population directly affect 16 per cent of our wage-earners,
24.6 per cent of our manufacture values and 20.2 per cent of our 
values added by manufacture.

This, therefore, is a measure of the influence of the chemist 
upon the industrial development of the United States; however 
gratifying this result is, it is nevertheless true that many other 
industries could employ chemical control to great advantage, 
if they only would, and many establishments under the above 
cited industries could, if they would, make use of chemical 
control. There is plenty of work left for the chemist to do in 
these industries to keep him fully and profitably engaged. This 
being so, why should he not continue to direct his energies to 
improving those things that he can already do, rather than 
attempt new and exotic things which others can do better than he?

THE FOREIGN BUSINESS 

So much for our internal relations. How about our inter
national relations? To answer this question I will use the official 
classification of the German Government as to what constitutes
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products of and for chemical industry and also the same Govern
ment’s corresponding figures for 1913.

No two countries, speaking through their statistical depart
ments, have the same working definition of chemical industry. 
None of the official classifications is as comprehensive as is the 
official German classification. So far as the exchange of products 
and commodities involved in chemical pursuits is concerned, 
the German classification shows a total of 442 items of which 
229 are involved in international trade between Germany and 
the United States. According to these figures and this classifi
cation, the United States imported from Germany in 1913, 
$60,860,880, and exported to Germany $156,036,090, or a total 
business of $216,896,970, with a balance in favor of the United 
States of $95,175,210. I have selected from this 19x3 list of 
items of business between Germany and this country those 
whose gross is $400,000 per annum or over (Table II).

It is interesting to note that we sell Germany more lard 
than Germany sells us of potash and aniline and other coal-tar 
dyes put together; that we sell Germany half again as much

T a b l e  I I —U . S. C h e m i c a l  T r a d e  w i t h  G e r m a n y  ( 1 9 1 3 )
U. S. exports 
to  G erm any

1 Copper
2 L ard

U. S. im ports 
from G erm any

1 Potash salts

2 Aniline and  o ther coal-tar
dyes

3 Caoutchouc

4 Straw , esparto  and o ther
fibers; paper stock

5 Alizarin and anthracene
dyes

6 Indigo

7 P latinum  and  allied m etals
8 Hops
9 M iscellaneous volatile oils

10 Tin and tin  scrap
11 Potassium  and  sodium

cyanide
12 Chrome, tungsten , etc.
13 Superphosphates

14 Beet sugar, refined

15 Alkaloids exc. quinine
16 Toilet and too th  powders

17 Lime-nitrogen, etc.
18 Potash carbonate

19 Ferro-Al, Cr, M n and  Ni
20 Potassium  m agnesium  sul

fate
21 Gold ores ^

22 Beet sugar, raw
23 Aniline oil and  sa lt
24 Bronze and m etal colors
25 Glue
26 Aluminum plates and

m etal
27 Quinine and  its  salts

28 Terpineol and allied syn
thetics

29 Gelatin

Value in 
U. S. money 
$75,000,000

26.700.000
18.819.000
12.690.000

7.290.000
4.970.000
4.880.000
4.585.000
4.460.000
3.840.000
2.582.000
2.220.000
2.171.000
1.744.000

1.649.000
1.550.000

1.463.000
1.421.000
1.319.000
1.231.000
1.162.000 
1,120,000

952.000
941.000
903.000
900.000

845.000
784.000
766.000
724.000
716.000
695.000
673.000
672.000
658.000

656.000
635.000
632.000
617.000
579.000
567.000

509.000
506.000
506.000
492.000
476.000
473.000
471.000

454.000
436.000
422.000

409.000
403.000

3 Refined petroleum

4 P hosphate  rock
5 O leom argarine
6 T urpen tine  rosin
7 M ineral lubrican ts
8 S p irits  tu rpen tine

9 C rude benzine
10 Beef tallow  (prime)
11 N ickel and nickel coin

12 C otton-seed oil

13 Pig lead and scrap

14 C rude and  hard  paraffin
15 A cetate  of lime

16 T in  and tin  scrap

17 C rude wood alcohol

18 Carbides
19 M iscellaneous volatile oils

20 H eavy benzine and  p a te n t 
n ap h th a

21 L ubrican ts  of fa ts  and  oils
22 Beef and  m u tto n  tallow

23 C opper alloys

24 Portland  cem ent

refined petroleum as it sells us aniline and other coal-tar dyes; 
that we sell Germany practically the same amount of pig and 
scrap lead as Germany sells us of alizarin and anthracene dyes; 
that we sell Germany almost as much paraffine as Germany sells 
us of indigo; and so on through the list.

RELATIVE QUALITIES OF IMPORTS AND EXPORTS 

Of course, it will be contended that the things that we sell 
Germany are, from a chemical point of view, less refined, i. e., 
involve less hard chemical intellectual work than do our imports

from Germany. But, is most of the potash, which is practically 
mined from the ground in Germany, any more of a refined prod
uct than the phosphate rock we sell them? Does it not involve 
quite as much chemical ingenuity to produce good illuminating 
oil from petroleum as it does to produce many of the coal-tar 
dyes? There is no question that the general position above 
outlined is correct, namely, that our products, as a whole, are 
less refined than those that we get, as a whole, from Germany, 
but is that not true practically throughout our entire export 
and import business? Are not the textiles we export of a lower 
grade than those we import? Are not our leather products less 
refined than those we buy? And so 011 down the list. That 
being so, why pick out'the chemist as a special mark for criticism 
when he is at least up to the average of his surroundings?

In 1913 the total foreign business of the United States 
amounted to $4,277,348,909, and the excess of exports of all 
kinds over imports of all kinds amounted to $691,271,949.

The trade in chemicals and products of and for chemical 
industry between the United States and Germany in 1913 
furnished 5 per cent of that total of international business and 
provided 13.8 per cent of the balance of trade.

THE INFLUENCE OF THE CHEMIST

The symposium of papers presented today constitutes a 
record of proud achievement, of solid accomplishment in nine
teen different branches of American industrial activity, to 
which advance the application of chemical knowledge, chemical 
principles, and chemical experience by American chemists, 
has contributed a noble share and an effective part. It is 
perhaps true that much of that progress would have come 
without the American chemist, but it is equally true that under 
those conditions the advance would have been much slower 
and also much of what has been accomplished would never 
have happened at all without the faithful, enthusiastic and 
alert cooperation of the American chemists on the job. With 
such a record, the American chemist can hold up his head with 
pride and self-confidence, firm in the belief, and warranted in 
his conviction that he has done a man’s work, in a man’s way, 
that he has not been an idler, nor a sloth, nor a drone, 
but that he has been one of the busiest of busy workers, with a 
keen eye and an alert intellect, always searching for an oppor
tunity for the betterment of his industry, and for improvement 
of the conditions of his fellow man.

GERMAN SUPREMACY

That the chemist has not done more is by no means due to 
any unwillingness. It is due in the largest part to the apathetic 
attitude of those in charge of the management of many of our 
industrial enterprises requiring chemical knowledge in their 
exploitation. Many of these men in responsible positions do 
not have a chemical education even along the lines in which they 
are financially active. In those cases chemical novelties and 
chemical problems are not passed upon, on their merits,-by chem
ists or by men with a chemical point of view, but by merchants, 
by lawyers and by bankers, men who, by their very training, 
are not capable of taking the chemist’s point of view, of having 
the chemist’s sense of proportion, and are unwilling to take a 
chemist’s chance in a chemist’s way. Therein lies, perhaps 
more than in any other one thing, the reason for Germany’s 
supremacy in most of the branches of chemical industry. That 
also is the reason for the success of a great many of our own 
huge transportation, electrical and chemical enterprises. The 
business is run by men who know it from the technical point 
of view. Railroads are run by men who know the railroads 
from the operating and construction point of view; electrical 
enterprises by men who know the business from the electrical 
engineer’s point of view, and they make their enterprises take 
their business chances in a transportation way, and in an elec
trical way. Practically all of our chemical enterprises that have
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been managed in the same manner have also been successful, 
but there is still great room for improvement, and just as soon 
as that improvement is accomplished, just so soon, and no 
sooner, will there be less and less talk about the incompetency 
of the American chemist. German chemical enterprises are 
run and managed by chemists.

Some years ago I was thrown .in company with a very suc
cessful meat packer, and a very successful metallurgist; the 
packer asked me when chemists would make glycerin syntheti
cally and make it cheap as the price of glycerin was getting to 
be altogether too high; the metallurgist asked me, rather im
patiently, what elements make up glycerin; somewhat dazed, 
I replied, "Carbon, hydrogen and oxygen.” Thereupon the 
metallurgist said to the packer, “ Why, carbon is coal, hydrogen 
and oxygen are water, both are plentiful and cheap; I do not 
see why these chemists cannot mix coal and water and produce 
glycerin.”  I felt that my life was altogether too short to at
tempt to educate those two very successful men to a proper 
appreciation of the difficulties of converting coal and water into 
glycerin. This metallurgist’s answer to the packer might with 
equal truth have referred to such dissimilar tilings as wood 
alcohol, grain alcohol, vinegar, olive oil, castor oil, whale oil, 
starch, camphor, cane sugar, beet sugar, grape sugar, carbolic 
acid, alizarin, and host upon host of similarly different things. 
I do not know whether that packer, when he got home, told his 
chemist to take a hunk of coal and drop it into a bucket of water, 
and make glycerin. I hope for the chemist’s sake, that he did 
not give him that task.

THE RESPONSIBILITY OF MANAGERS

If there is such a misconception of the chemistry underlying 
their own products of manufacture on the part of many of our 
manufacturers, as this meat packer displayed, and if the general 
chemical viewpoint of the managers of many of our chemical 
industries is as confused and unfounded as was the view of this 
metallurgist, then it is no wonder that American chemical enter
prises are behind some other countries; the real wonder is that 
we have any chemical industry at all. Nor is there any dearth 
in this country of properly trained chemists. There are almost 
ten thousand of them now in the United States, and they are 
being turned out by our technical and other schools with great 
regularity and with increasing volume every year. The fault 
is not with the American chemist, nor with his ability, nor his 
willingness; the fault lies principally and almost wholly with 
those in charge of many of our industrial enterprises, who fail 
absolutely in a chemical understanding of their own products 
and are devoid of any sympathetic contact with chemistry and 
with chemical points of view and therefore are incapable of, 
and unable to appreciate the value of chemical work or to have 
a wholesome understanding of the snares, the pit-falls, and the 
tedium of chemical research.

CHEMISTS IN MANAGERIAL POSITIONS

This plea for the wider introduction of chemists in positions 
of managerial responsibility is, however, not to be interpreted 
into a statement that any kind of a chemist can do any kind of 
a chemical job. Just because a man can swing a scythe and cut 
wheat rapidly is no reason why he should be entrusted with the 
job of giving a man a shave; therefore, if you have a cotton oil 
problem, do not give it to a man whose specialty and training 
is in iron and steel only. The non-chemical managers of chemical 
enterprises will have their hands full picking out the right chem
ist for the right job and training promising chemical material 
for managerial positions. To do this successfully is quite an 
undertaking and will not be accomplished without many trials 
and many failures. Why should there not be failures? Not 
every man who is sent out on the road makes a successful travel
ing salesman, nor is every man put in as a superintendent a 
success as a superintendent.

In selecting your chemist for a responsible position, you must 
look out that you do not get a square peg for a round hole, just 
as you would when engaging a man for any other position, 
but the trouble seems to be with many of those who have en
gaged chemists, that they have not appreciated that there are 
chemists and chemists; they seem to have some sort of an idea 
that there is a magic about what a chemist does. Now, there 
is no magic at all. It is all plain, hard work, that calls for a 
lot of intellectual effort, and above all, the application of common 
sense, which as every one knows, is a very rare article.

THE RESPONSIBILITY OF THE PUBLIC

With this record of solid achievement placcd before you 
today, together with what I have just said, I hope that the 
conviction will finally break through, arfd will penetrate the 
public mind as well as the minds of those in charge of many of 
our industrial establishments, that if the American chemist is 
not doing as much as the public expect him to do, it is because- 
the public through its industrial enterprises has deliberately 
declined to give him a chance. With this wonderful record of 
fruitful endeavor is the American chemist to have his chance?' 
The answer to that question is largely in the hands of the Ameri
can public.

However, the public will have to acquire in some dependable 
way an appreciation of what the chemist’s work stands for and 
really is. Thfere are numerous difficulties in the way. B y its 
very nature, the work of the chemist is more or less concealed 
from public inspection. If you have a particularly well tanned 
piece of leather, the lay-person thinks 110 further than that it is 
a pretty good job, and is utterly unable to appreciate the large 
amount of work that has been necessary to produce or to create 
the way of making that particularly good piece of leather. 
There is nothing so conspicuous about the chemist’s work as 
there is, for example, about the bridge builder’s work, or about 
the work of a man who erects a skyscraper. The chemist’s 
work, as a whole, does not fill the eye nor appeal to the imagina
tion; and not filling the eye, and not appeajing to the imagina
tion there is really no practical method of valuation easily ac
cessible to the ordinary individual; not only is the ordinary 
individual incapable of such a valuation, but even men high 
in industrial pursuits have not that particular intellectual vision 
which permits them to appreciate the real significance behind 
any given chemical product. The only exception hereto seems 
to be coal-tar dyes.

The reason for this exception is not hard to find. Could 
anything appeal more to the imagination than the conversion 
of such a disgusting, sickly mess as coal tar into brilliant colors 
that rival and excel every tint and shade in nature ?

THE RESPONSIBILITY OF THE CHEMIST

However, the chemist must not attempt to absolve himself 
from all responsibility for the prevailing lack of appreciation 
or skepticism among capitalists and bankers of the value of 
chemical work in industrial operations. While competent 
chemists and chemical engineers by their very effective work 
have wrung from reluctant financial men proper acknowledgment 
of the value of chemical examination, control and management 
of enterprises requiring such, yet the work has not gone far 
enough, and it is not at all unusual for financial men to support 
with might and main enterprises which any qualified chemist 
or chemical engineer could and probably did tell them were 
foredoomed; also it must not be forgotten that qualified chemists 
and chemical engineers, like other professional advisers, have 
gone astray in their calculations and have supported enterprises 
which ultimately failed. The mining, electrical and railroad 
engineers finally succeeded in obtaining their present influential 
position among the industrial councils of this country and with 
the brilliant success of the chemical engineers of Germany in 
the same direction it is not too much to hope that ultimately
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the American chemist and chemical engineer will come into his 
own. When he does, there will be far fewer exploitations than 
heretofore of the wild and fantastic schemes of chemical enter
prise now so easily financed by the gullible portion of our in
vesting public and fewer and fewer failures of chemical enter
prises undertaken in good faith and serious mood.

Therefore, let every chemist in advisin’g on chemical operations 
prominently bear in mind that failure to give correct advice 
not only reacts upon him but upon each and every member of 
the chemical profession and merely helps to postpone the day 
when the chemist will come into his proper position among 
the makers of the nation.

CONGRESS AND CHEMICAL INDUSTRY

Like every other industry, all the branches of chemical in
dustry arc dependent for their ultimate success upon economic 
conditions. They must be able to sell at a price greater than 
their costs. It is not enough to have the material, the 
men, and the "know how;” you must have the market as well. 
However, the attitude of consumers of chemicals in this country 
has habitually been opposed to the creation in this country of 
conditions favorable to the manufacture of chemicals.

The following quotation from an address in 1910, by Dr. W. 
H. Nichols,1 presents this aspect of the problem completely.

"If a comparison were made between the chemical industry 
of this country and that of other countries, it would be found 
that the industry in this country in most respects is fully 011 a 
par with that of any other country, and in some respects is well 
in the lead. It is a public notion that our industry is coddled 
by the tariff, and is thereby based upon a somewhat insecure 
foundation. Like many other public notions, this is not true. 
It will be seen by casual examination of the imports that there 
are a number of chemicals which are not made in this country 
at all, and a number of others which are made only to a moderate 
extent. This is not due as much to lack of enterprise of the 
•chemical manufacturers as the fact that the tariff is distinctly 
unfavorable to the manufacture of many chemicals which are 
produced in Europe on a large scale and whose manufacturers 
use. this country as a 'dumping ground.’ In our tariff all 
chemicals, unfortunately, arc enumerated in Schedule ‘A .’ 
It has been the history, of several revisions of the tariff that 
these revisions have been approached with a firm intention on 
the part of our legislators to lower the tariff, and they have 
begun on Schedule ‘A ’ with a great deal of enthusiasm. The 
rates of duty of this Schedule have been steadily reduced, and 
many articles placed upon the free list before the log-rolling, 
which is popularly supposed to form such an important part 
of all tariff inquiry, has begun to get in its work; hence the chemi
cal industry has met with constantly lower tariff rates, while 
the materials which it has to use have often been left in a posi
tion unfavorable to chemical manufacturers. In the interest 
of fair play, it is to be hoped that when the tariff shall again 
be revised our legislators will begin at the other end of that 
document.

"I think it may be stated safely that the chcmical manu
facturers of this country do not ask and have not asked any 
favors of the people which would result in any way in a fictitious 
advance in the values of their output. It is also fair to state 
that the chemical manufacturers of this country, while entirely 
friendly to one another, are in 110 way connected by agreements 
or ‘pools.’ While there may be exceptions to this of which 
I am not aware, I think this can be put down as a general state
ment and I am sure it will be believed by all consumers of chemi
cals who come in contact with the active salesmen of the nu
merous companies.”

i t  is, therefore, only fair to say that the American chemist 
and chemical manufacturer has throughout made the most of 
bis opportunities, has made his fair contribution to the country’s 

1 J . Soc. Chem. Ind., 29 (1910), 1443.

need and growth and has taken a fair and proper share in the 
internal and international business of the United States. The 
people of the United States, speaking through Congress, have 
repeatedly told the American chemist and the American chemical 
manufacturer "so far and no farther will we help you.” The 
chemist and manufacturer have done all that can be accomplished 
under those circumstances; if they could not attract capital to 
all the enterprises they desired to found it was for the reason 
that capital could be more profitably employed otherwise and 
money has the stubborn habit of going where it can obtain the 
biggest return— long waits and uncertain results have 110 at
tractions for it.

CONGRESS HOSTILE TO AMERICAN DYE INDUSTRY
The law makers of the United States knew that coal-tar dyes 

were made almost wholly in Germany; they knew that those 
dyes were essential to the ordinary growth and conduct of enter
prises in this country, not themselves chemical enterprises but 
which produced large values of goods annually and employed 
many people; they knew that attempts had been made for over 
thirty years to produce those dyes in this country and they 
knew that they had persistently and deliberately declined to 
bring about economic conditions which those who were in posi
tion to know told them were essential to the establishment of 
an independent coal-tar industry in this country; they knew 
that whatever coal-tar dyes were produced in the United States 
were produced merely by assembling dye-parts which they 
knew were imported almost wholly from Germany and which 
they knew could not be profitably made in the United States; 
finally they knew that if for any reason whatever these dyes 
could not be obtained from Germany the production of large 
values of goods and the employment of many people in this 
country would be interfered with, and very likely seriously 
interfered with.

THE EFFECT OF THE EUROPEAN WAR
However, hardly had the European war broken out than our 

daily press, well knowing what our law makers had deliberately 
and knowingly done, covered the American chemist and the 
American chemical manufacturer with an avalanche of harsh 
and unjust criticism for not doing that which our law makers 
knowingly and persistently had made impossible.

CRITICISM BY THE PRESS
The burden of these criticisms is that American chemists 

should make those dyes because they are vital and essential to, 
for example, the textile industries. But the American chemist 
has persistently said that he cannot afford to make those dyes 
at prices at which they can be laid down in this, country by for
eign, particularly German, makers and he therefore does not 
make them.

The dye users are not prohibited from entering into, or taking 
part in the manufacture of dyes; they have the same privilege 
as others of investing their own or other people’s money in that 
business, and if, as they say, these dyes are so essential to their 
commercial life, any loss sustained by them in the manufacture 
of dyestuffs could legitimately be regarded as an insurance 
premium towards continued and uninterrupted business and 
operation. If that sum be too great to be looked upon as an 
insurance premium by those supposed to be vitally interested 
in the having of coal-tar dyes, it certainly is too great a sum 
for the manufacturer of chemicals to lose or to transfer from an 
otherwise profitable business into something that is of no real 
profit or importance to him, from a business point of view.

In an articlc headed "Dyestuffs Discussion Is Growing Acri
monious,” the Journal of Commerce of January 29, 1915, says, 
"*  * * * little credence is given to statements that emanate 
from men with German patronymics.” In order to forestall 
any criticism, I will say that my first name, my middle name 
and my last name are all and each German and I am of German 
extraction. At the time I was bom in Michigan, my father
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was a naturalized citizen of the United States; my mother was 
a Michigan-born woman. I received all my scholastic education 
in the United States— five years at the University of Michigan 
and three years at the University of Chicago. From the latter 
I went directly into the employ of the largest coal-tar dye factory 
in the world, at its German plant, and remained in its employ 
for nine years and five months, traveling between New York 
and the plant as occasion required; for the last nine years and 
three months I have had my office in New York, and while I 
have there done some work for German houses, the total income 
received from them in any form, direct or indirect, during that 
entire period does not amount to half the salary of a rather 
inferior office boy. I am sure that this will relieve me of any 
suspicion of being a German spy or of being in the pay of German 
interests. I am as American as they make them.

Broadly considered, the criticisms of the press may be grouped 
as follows:

I— The present shortage of dyes and inaccessibility of Ger
man producers to the American market offers an unusual op
portunity for the manufacture of coal-tar dyes in this country.

II— The chemical manufacturers of this country should make 
those coal-tar dyes.

NO SHORTAGE OF DYES

With regard to the first of these it is very pertinent to ask: 
"Is  there a shortage?” An open- and fair-minded perusal of 
the textile trade papers, and of the textile sections of daily 
trade papers from about the middle of August, 1914, to date, 
leaves the question as to an actual shortage very much open 
to doubt, with the chances for a negative answer very favorable.

On pages 11 to 13 are selections from a large number of 
clippings which throw considerable light on that question.

It is only reasonable to believe that such perusal is very 
likely to result in the following summary of the situation: At 
the outbreak of the war our cotton mills were loaded up with 
cotton that cost them from 13 to 15 cents per pound; shortly 
after the outbreak of the war the price of cotton dropped until 
it soon reached a level of about 6 cents; buyers of colored cottons 
insisted upon prices for the manufactured goods based upon 
the then current prices of cotton; sellers of cotton goods insisted 
that the shortage of dyes was sufficient warrant for holding out 
for prices for colored cotton higher than the current prices of 
cotton would seem to justify; the buyers would not buy and the 
sellers would not reduce the prices. Tn the meantime dyestuff 
shipments which were curtailed in some of the months, increased, 
and for the year of 1914 the receipts of dyestuffs, i. e., alizarin, 
etc., dyes, coal-tar dyes, indigo and anilin salts are §633,616 
under 1913; that is, the totals for 1913 were §10,065,012 and 
for 1914, $9,431,396; in other words 1914 was 93.4 per cent of 
1913. In 1912 the corresponding total was $10,386,703; i. e., 
1913 was only 96.9 per cent of 1912 or $321,691 short of 1912. 
No one complained in 1913 that this shortage as against 1912 
was due to the American chemist. The answer, therefore, is 
that there was not any serious shortage of dyestuffs. With that 
answer also falls the principal condition upon which the press of 
this country based its insistent demand for immediate dyestuff 
manufacture in this country.

In this connection it is of interest to note what Mr. William 
G. Garcelon, secretary of the Arkwright Club of Boston, which 
includes the treasurers’ of cotton mills, said on January 13, 1915, 
to the Committee on Patents, House of Representatives:

" I  presume there are mills all over the country who are suffer
ing from a shortage of dyestuffs. The reports that I have are 
that the dyestuff men are struggling very hard to look after 
their customers, and they are succeeding, I think, for the most 
part. The difficulty perhaps goes deeper than the dyestuff 
question, because the mills cannot sell their goods. But if they 
could sell their goods here in this country or anywhere else 
they might buy more dyestuffs than they do.

"There is another problem, of course, that interests them, 
and that is the cotton market, a year’s supply of cotton having 
been bought at somewhere between 13 and 15 cents, and on 
account of the war the price of cotton dropping to 6 and 7 cents, 
and the mills finding themselves stocked with high-priced cotton 
and the buyers demanding goods at the basis of 6 cent cotton. 
It is not, of course, a profitable situation for the mill people. 
The mills of New England, with exceptions where specialties 
are involved or where there are large contracts ahead, are not 
busy. Most of them are running on four and five days’ time 
and curtailing at every possible opportunity, because of business
conditions  It (the Paige Bill) has been discussed, but
if you had been in the manufacturing of cotton goods during the 
last three or four months and had been trying to work at the 
cotton end of it, and trying to work at the dyestuff end of it, 
and trying to work out your practice based 011 cotton which 
was bought at 15 ccnts, and which you could now buy at 6 
cents, and had all the troubles— I will say this, that it would 
probably have been much better for the cotton mills of New 
England if cotton had remained at 12 or 13 or 14 or 15 cents, 
because we bought our cotton at 13 to 15 cents, and now the 
purchasers are trying to buy our goods on a basis of 6-cent 
cotton, and we are in a hole because of that.”

THE UNITED STATES MUST BE INDEPENDENT 

Collaterally to this supposed dyestuff shortage our press 
urged that American industries should be independent of Europe 
for such vital materials as dyestuffs. Probably on some sort 
of reasoning, such as that employed by Lord Moulton, viz., 
that one dollar’s worth of dyestuffs is necessary to the production 
of $100 worth of manufactured product. ' Granting that dyestuffs 
are really so important .and that such an important constituent 
of a manufactured product should be manufactured in this 
country, brings us up to a discussion of the second question.
| The dividends declared and paid by the German dyestuff 
factories in 1912 are in the neighborhood of 10 per cent on the 
annual turn-over. For the purpose of discussion, let us>assume 
it is 25 per cent and let us assume that the man who makes 
this $ioo’s worth of manufactured product makes 10 per cent 
or $10 profit on that. The textile maker, therefore, makes $10 
where the dyestuff maker can make 25 cents, or more likely 
10 cents if he can manufacture as cheaply as can the German. 
The American dyestuff and chemical manufacturer is not and 
has never been attracted by that possible 25 cents profit. 
The textile maker is spending that dollar anyhow to somebody; 
the American dyestuff and chemical maker does not care to 
make that dollar’s worth of commodity. It is of 110 consequence 
to him in his business; he is making a living some other way, 
but the textile maker says it is a matter of life and death to 
him to get those dyestuffs.

THE DYE USERS MUST MAKE THE DYES 

An obvious question at this point is that if the dyes are so 
vital to the textile makers, and the American dye makers will 
not make them, why do not the textile makers invest their money 
in a dyestuff plant and charge up any losses that they may sus
tain thereby as insurance premium to insure the sale of their 
goods and the profit therefrom resulting, just as they make their 
own soap, if need be? There is no ethical nor professional reason 
against their so investing their money.

Even if the textile maker, under those conditions would just 
break even, he would still be a gainer; but the American dyestuff 
and chemical maker, would, under those conditions, be a loser, 
because he would be unable to return dividends to his stock
holders, who have the very unfortunate habit of insisting upon 
dividends. If it cost the textile maker $1.50 to make a dollar's 
worth of dye, he would be out fifty cents; that is, he would have 
paid a s  cent insurance premium to make sure of a 95 cent profit; 
if the dyestuff and chemical maker were obliged to sell a thing
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that costs him $1.50 at one dollar, the sheriff would very soon 
have possession of his property.

Granting, therefore, that the stability of our textile and allied 
industries demand that these materials be produced in this coun
try, it also follows that the financial burden and risk connected 
with the manufacture of the dyes should fall upon them. To 
this responsibility I have yet to see from the dye users of this 
country any adequate or sufficient answer.

If it be the part of wisdom for textile makers not to enter 
upon the manufacture of dyestuffs in this country, even though 
dyestuffs are a matter of life and death for them industrially, 
then where is the wisdom in the chemical manufacturers of this 
country, who are making satisfactory money in other fields, 
risking millions of dollars of real money and years of effort and 
labor in an attempt to make 25 per cent at the very outside, 
when it would be money in the pockets of the textile makers to 
invest their capital in the very same venture and be ahead of 
the game, even if they lose 50 cents on every dollar’s worth of 
dye produced?

I have no doubt in my own mind that the stockholders and 
the bondholders in our various chemical enterprises would resist 
any such venture on the part of their respective properties.

Throughout, since the beginning of the war, it seems that the 
sellers of colored cotton goods have been indulging in the cry of 
“wolf” many times more than once too often, and the buyers 
of cotton goods have not believed them; if the buyers of cotton 
goods, knowing the sellers of cotton goods better than the 
manufacturers of chemicals do, will not believe those sellers, 
what reason have the chemical manufacturers to believe the 
sellers, or, upon representations of those sellers alone, to invest 
huge sums of money and vast effort in an attempt to help the 
sellers?

PATRIOTISM AND BUSINESS

One answer that seems to be uppermost is that the chemical 
manufacturers should have a sufficient sense of patriotism to 
lose their money, and the money of their stockholders, in order 
to help out the textile makers. On this point the Journal of 
Commerce of October 5, 1914, says: "There are some merchants
who think motives of patriotism should prevent large purchases 
of foreign goods at this time, but there is not as much patriotism 
in business as one liked to hope for and the cold fact of the 
situation is that constant appeals are made by the holders of 
foreign merchandise for an opportunity to unload here.”

If patriotism will not induce buyers of cotton goods or sellers 
of cotton goods to pay more for goods made in the United States 
than for those made elsewhere, then why should patriotism cause 
the chemical manufacturers of this country to go ahead deliber
ately with a project in which they are sure to lose money?

WHY AMERICAN DYE MAKERS CANNOT COMPETE

But the answer to that is, "Sure to lose money, why?” and 
the answer to that question is a very long story, but it can be 
summed up as follows: The total world’s consumption of coal-
tar dyes of all kinds, the year round, and the world over is 
considerably below $100,000,000; ever since 1879, chemical and 
dyestuff manufacturers in this country have been attempting 
to get that business, or a portion of it, away from Germany; 
not only that, but the chemical manufacturers in Austria, 
Belgium, France, Great Britain, Italy, Russia and Switzerland 
have been engaged in the same effort, and all of them have failed; 
there is no real reason to look for glittering and immediate 
success now.

At the end of the year 1912 the world owed Germany $51,- 
545,326 for dyes. Switzerland was second with a credit against 
the world of $3,794,898. Great Britain was the home of the 
coal-tar industry, but the Germans took it. A t the end of 1912 
Great Britain owed Germany $6,275,775 for this class of goods.

For the fiscal year ending June 30, 1912, German dyestuff 
factories declared and paid dividends of 21.74 per cent on their

capital stock; for the fiscal year ending June 30, 1913, they 
declared and paid dividends of 24.96 per cent on their capital 
stock; in both years the dyestuff makers' dividends were fully 
10 points ahead of the nearest income-producing division of 
the entire German chemical industry. In othei; words, the 
German dye industry is getting stronger all the time, not only 
relatively, but actually as well, for her competitors are becoming 
more and more dependent upon her; this is shown by the fact 
that Great Britain and France were hit more quickly and more 
acutely by the failure to obtain dyestuffs and dyestuff materials 
from Germany on account of the war, than was this country, 
in spite of the fact that both countries have branch factories 
of German dyestuff works within their borders. It must also 
be remembered that in the early history of the coal-tar dye 
business, France was an important factor, not only in the in
vention of dyes, but in their manufacture, but it, too, has had to 
yield to Germany.

THE INDIFFERENCE OF THE DYE USERS

Now the American chemical manufacturer is urged to trans
plant to this country as much of the German coal-tar dye industry 
as is needed to satisfy the wants of this country. To transplant 
the whole of it means that the American chemist must learn 
how to produce on a commercial scale, at low prices and in high 
quality, over 1200 different chemical products, each distinct 
from the other, each calling for separate manufacture and close 
and careful supervision of each step. The textile makers could 
make the problem a great deal easier for the American chemical 
manufacturer by making up a statement of the chemical nature 
of all dyes that they use, the amount used annually of each, 
and the average prices at which they have been purchasing 
them. Should it then turn out that the American textile makers 
could be satisfied with, say 400 out of the 900 dyes, it might 
very well be that 200 of the 300 intermediate products would be 
sufficient, and that woidd reduce the difficulty of the dye manu
facturers’ problem by 50 per cent. This is not an unreasonable 
expectation since seven colors have been able to do substantially 
all the tinctorial work of the86 different colors used in food coloring 
prior to their prohibition by our Federal and State Governments. 
The textile makers decline absolutely to cooperate even to this 
slight extent.

Surely compared with the demand 011 the part of the textile 
makers that the chemical manufacturers invest not less than 
$5,000,000 and spend a year or two, or even more, in making 
the 900 different dyes and the required intermediates, the re
quest on the behalf of chemical makers that the dye users 
furnish some dependable statement as to the actual consumption, 
both as to kind and amount, and the prices thereof, is a very, 
very vanishing quantity. The textile makers and other dye- 
stuff users could prepare such a list at a total cost to them of 
less than $1000. If the users of dyestuffs are so reluctant 
about this small expenditure of money and trouble in order to 
simplify the dye maker’s problem by over 50 per cent, represent
ing millions of dollars of real money, the conclusion does not 
seem to be wholly unjustified that these users of dyestuffs have 
cried out long before they were even hurt, and that the extent 
to which they are hurt is not worth $i,oco, for the purpose of 
ascertaining how conditions can be remedied. It is difficult, 
for me, at any rate, to believe that since the users of dyestuffs 
in this country will not go to that slight expense, they are very 
seriously hurt, if they are hurt at all.

THE PUBLIC AND THE DYE-INDUSTRY

Now the public at large has a right to know what it would 
mean to them to have $10,000,000 worth of dyestuffs produced 
in this country; roughly it would cost over $5,000,000 of capital 
and would not, at the very outside, employ to exceed 7000 
people all told, in all divisions of manufacture, sale and distri
bution of the dyes and the necessary chemicals therefor, and
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would result in a diminution of our import business by only 
0.4 per cent.

I say in all seriousness that this agitation 011 the part of our 
press, and this public clamoring that the chemical makers of 
this country should at oncc make coal-tar dyes in this country, 
is very much of a tempest in a tea-pot, and I believe that the 
presentation just given, is ample justification for anyone’s 
taking the position of “ Doubting Thomas.” I, at any rate, 
have come to the conclusion that if coal-tar dyestulTs must 
be made in this country, the users of the coal-tar dyestuffs are 
the ones who should foot the bill for the venture; they should 
go out and get the money, and they should stand the losses that 
are bound to result, since they are in a position to absorb those 
losses without substantial harm to themselves. Failing that, 
the public at large must foot the bill.

The Walt Street Journal of December 28, 1914, says: 
“ Users of dyestuffs in quantity are more or less indignant 
over the fact that manufacturers in this country are de
pendent upon other countries, and Germany particularly 
for the dye supply. They ask: 'Why haven’t our chemical 
companies experimented sufficiently to produce synthetic dyes, 
pharmaceuticals products, essential oils and synthetic perfumes, 
in the production of which Germany seems to have had almost 
a monopoly?’ .

"The users of dyestuffs say that the General Chemical Com
pany, with its cash resources and its extra cash and stock divi
dends yearly, and other companies in. a similar position, ought 
to have had sufficient initiative to use a portion of their large 
profits in experimental work, which would have permitted us to 
manufacture synthetic dyes without recourse to other countries 
and would not have permitted American manufacturers to suffer 
severely when imports were checked by the war. They state 
that the interests of manufacturers of the country should 
have been placed ahead of large immediate profits and unusual 
dividend returns to stockholders.” This, in my opinion, is a 
childish statement.

On January 7, 1915, the Indianapolis News said: "If the chemi
cal and dye manufacturers are too timid to seize what appears 
to many to be an exceptional industry they cannot be forced 
to do so.”  It is a great relief to know that the chemical manu
facturer must not spend his money and cannot be forced to 
spend his money as someone else may dictate.

SMOKE DOES NOT MAKE DYES

The daily press did not discover the coal-tar dye industry, 
nor did the daily press first bring the information of the existence 
of a coal-tar dye industry to this country. Some of the informa
tion upon which the Indianapolis News bases its view, that many 
regard this as an .exceptional industry, is probably of the same 
order of accuracy as that contained in an article by George H. 
Cushing, in the November issue of the Technical World Magazine. 
On page 335, Mr. Cushing has a picture of the smoke stack of 
a power house, from which a cloud of smoke emanates. Under 
this cloud of smoke he has written "Throwing away products 
we buy from Germany; all of the aniline dyes are by-products 
of coal; Pittsburgh, Cincinnati, Chicago and Cleveland belch 
great vats of gorgeous colors into the air daily, and then send all 
the way to Germany to buy a supply.” The Literary Digest 
for Nov. 7, 1914, prints the same remarkable news with approval.

Mr. Cushing, the editors of the Technical World Magazine 
and the editors of the Literary Digest, seem all of them to have 
forgotten the distinction between combustion and distillation. 
For those in a position such as theirs to attempt to represent 
to the American public that you can make dyestuffs from the 
smoke issuing from a chimney is the rankest kind of nonsense, 
and cannot be properly termed anything else but trash; it cannot 
be justified on any pertinent ground whatever.

It would probably astound these gentlemen to learn that 
one single coal-tar dye plant throws away the smoke from 22

chimneys every day and never makes an ounce of dye from the 
800 tons of coal they bum daily, but sends fully 250 miles- away 
to get coal tar and coal products for making dyes; nevertheless, 
such is the fact.

Any elementary text book on chemistry describes and insists 
upon the difference between combustion for power purposes 
and distillation for tar production purposes, yet these wonderful 
discoverers of new truths airily wave such fundamental distinc
tions aside, and mean to tell the American chemist that all 
that needs to be done is to put a fly-net over a chimney and get 
dyestuffs; because such trash is the foundation of the view of 
many that the dyestuff business is an unusual opportunity for 
American manufacturers, the Indianapolis News says the chemi
cal and dye manufacturers in this country are timid, and the 
New York Times of September 5th, says they need more "spunk.” 
Anyone who knows the facts, knows that the American manu
facturer is wise in keeping out of any attempt to get into the 
entire dyestuff business. The chemists and chemical manu
facturers of the entire world, outside of Germany, have been 
unable to take the dyestuff business away from Germany. 
In fact, they have been progressively losing to Germany. Mil
lions of dollars have been expended in an effort to take this 
business. If the American chemical manufacturer declines 
to get into an undertaking of that sort and with that antecedent 
history, it is wholly unreasonable to accuse him of timidity.

Those who publish our daily papers are in the printing business, 
yet these publishers do not do all kinds of printing; otherwise 
they would print all of the $1,500,000 worth of lithographed 
labels that come into this country, principally from Germany, 
every year. Are the owners of our daily papers too timid and 
too devoid of spunk to priiit lithographed labels? It seems to 
many that there is an exceptional industry. I presume that 
the owners of the daily papers would feel rather ruffled if some
one were to come up to them and tell them, as a piece of real 
news, that this country imports $1,500,000 worth of lithographed 
labels a year. If so, why should the chemists of this country 
patiently listen to such alleged exceptional industries as the 
daily press seems to believe that it has discovered?

ENGLAND REQUIRES PROTECTION

The Indianapolis News in the same issue opposes any pro
tective tariff on dyestuffs on the ground among others that 
"The demand for independent manufacture of needed chemicals 
and dyestuffs has met with response in England— and England 
supports a policy of free trade.” Now, as a matter of fact the 
response obtained in England is negative— almost absolutely 
negative. The dye users decline to contribute to a dyestuff- 
making venture, they decline to contract for any future de
liveries, they decline to commit- themselves in any way whatever 
to the support of any such policy, even though the British 
Government offers to raise one-half of the needed capital wdiich 
was quoted at $15,000,000 (afterward reduced to $10,000,000); 
the British Government stands ready to contribute $7,500,000, 
or $5,000,000, and yet the users will not raise an equal sum. 
Why? The answer is that they insist upon protection; they want 
a protective tariff so high that when the war is over Germany 
can never sell in Great Britain. Russia is reported as attempt
ing the same thing but so far without success.

GERMANY INDEPENDENT

The Boston Evening Transcript of December 21, 1914, says 
the following: "I t  is not a question of raw material, because
we send to Germany more than one-half of what she uses in 
keeping us at her mercy. Her dyestuff industry has fattened 
upon our culpable indifference to the interests of our own people.” 
The facts are that the United States never did supply Germany 
with any part of its coal-tar raw material. The facts, further, 
are that, as far back as 1905, Germany was utterly and ab
solutely independent of any nation on earth for any of its coal-tar
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raw materials. That was true for 1912 and for 1913, and there 
is 110 reason to believe that it is not true for the years intervening 
between 1905 and 1912. Germany made herself thus independ
ent in the middle of the nineties.

The remedy that some of these newspapers and other equally 
ill-informed persons suggest is to alter the policy of our patent 
laws by introducing requirements for compulsory working. 
That is, by thus radically altering our policy, we are at once 
going to get a coal-tar dye industry.

THE BRITISH WORKING CLAUSE

France, in the early days of the coal-tar dye industry, was 
an important factor in the invention and in the manufacture of 
dyes; the same with Great Britain; France has always had a drastic 
working clause; in 1907, the British working clause was brought 
about at the insistent agitation of •dyestuff makers of Great 
Britain, and they promised, in effect, to the British public that 
if that working clause were' enacted into statute, an independent 
British coal-tar dye industry would spring up at once. After 
the law had been in operation six years and a half and Great 
Britain could no longer deal with Germany, what was the result? 
Was Great Britain able to supply its own needs of coal-tar dyes? 
Certainly not. Was France? Certainly not. Now since 
neither of these countries was able to supply its dyestuff needs, 
when it could no longer trade with Germany, was the working 
clause the cause of that condition? If not, what was? Cer
tainly the working clause did not prevent that condition from 
arising. If the British working clause, the last, and presumably 
the best of the 56 measures now in force attempting compulsory 
working, absolutely and utterly failed to produce in six and a 
half years a coal-tar dye industry, when it had at that time 
five coal-tar dye factories of its own— each of them at one time 
or another making some of their own intermediate products 
and some of them at times even exporting to Germany—  
if those five British dye works plus the new British working clause 
could not produce the $6,000,000 worth of dyes a year that 
Great Britain imported in 1912, and make themselves inde
pendent of Germany, on what grounds and by what course 
of reasoning has anybody the right to assume that if we were 
to put the British working clause bodily on our statute book, 
we would create a large coal-tar dye industry, at once, or within 
any reasonable time?

In a paper entitled "Compulsory Working of Patents” written 
by Oliver Imray and Hugh Fletcher Moulton, both of London, 
and read before the International Association for the Protection 
of Industrial Property at its Convention in London in June, 
1912, they sum up the effect of the British working clause as 
follows: "The results attained are, therefore, infinitesimally 
small compared with the large number of existing patents 
(100,000) even after deducting from this number those patents 
which may be considered of minor importance, and this in itself 
is an absolute proof of what a small call there was for this very 
serious and drastic alteration of the law, an alteration practically 
admitted by all countries from many years’ actual experience 
to be a mistake.”

At the meeting of the Imperial Industries Club of Great 
Britain, April 1, 1914, the compulsory working of patents was 
discussed. No one speaking in favor of the 1907 British Act 
named any specific cases of any new industries being brought 
to Great Britain thereby. Those speaking against the Act 
referred to case after case where foreigners revoked the British 
patents and then dumped foreign-made goods on the British 
market. Lord Moulton said of this British Act: " I t  is no use 
arguing about legislation of that kind. It is self-condemned."

Those who have spoken favorably of this British Act with 
tiut one or two exceptions have colored their statements; for 
example, one new plant was represented as employing 1600 
people— it employed 37; another represented at 600 employees, 
employed 60. There are no official figures as to the real effect

of this Act; the only figures are those of real estate agents having 
laud and factories for sale; under those circumstances their 
fall from truth is understandable, but it does not heighten their 
credibility.

While the debate was on as to this British working clause 
the rosiest predictions were made, and I remember distinctly 
that it was promised that $500,000,000 of new capital wrould 
be brought into Great Britain on account of this working clause, 
and that hundreds of thousands of British would receive fresh 
employment.

Shortly after the enactment of the British working clause 
there was a considerable scramble among non-British corpora
tions for opportunities to work in England, and that was looked 
upon as a great confirmation of the wonderful efficiency of that 
particular Act.

After two years of full operation, and under date of March 23, 
1911, the London Times says: “ Some fifty firms have com
menced or are about to commence work under the Act, and the 
new factories involved a total outlay of some $4,000,000. It 
is hoped that employment will in this connection be found for
7,000 additional men, and that the wages paid to them will 
total something like $4,000 per week. Among the new industries 
are metallic filament, electric lamps, cinematograph films, 
aniline dyes, mercerized cotton, foods and medicines, oxygen, 
clay glaze. The foreign firms principally represented are 
German and American.” That is, $4,000,000 came in instead 
of $500,000,000. For 50 firms that makes an average outlay 
of $80,000 per firm; this is probably four times the truth, at that. 
Under date of Sept. 26, 1914, the Textile Manufacturers
Journal quotes as follows, on page 6, from tlie Textile Mercury 
of Manchester, England: " o p e n in g s  f o r  n e w  i n d u s t r ie s — A 
few' years ago every one was full of hope of the foundation of 
new' industries in our midst. The occasion was the passing of the 
Patents Act of 1907, which, for awhile, appeared to threaten the 
validity of foreign-held British patents. Municipalities, dock, 
railway and estate companies saw what they took to be an 
opportunity, and they went about to meet it. They issued 
books and advertisements in furtherance of the claims of their 
situations in order to catch the eye of capitalists who might 
entertain the idea of opening English works. For reasons into 
which it is unnecessary to enter, the result from these efforts 
was somewhat disappointing. The act did not lead to the 
establishment of any large number of new factories on British 
ground, but the facts that the anticipations • existed and efforts 
were made deserve to be remembered at the present.”  What
ever the cause, the fact is that England today cannot make 
and does not make her own supply of dyestuffs.

Furthermore, it must be remembered that on July 13, 1832, 
the President of the United States approved an Act compelling 
all foreigners to work their patents in the United States under 
penalty of automatic cancellation. That Act was repealed 
July 4, 1836; it died at the tender age of three years, eleven 
months, and twenty-two days. If it was bad policy for us then, 
and experience proved it to be, why should it be good policy 
for us in 1915 to try the same thing over again? It has not 
worked in any of the 56 countries that have tried it. W hy 
should it be successful after so many failures under present 
conditions, and why should it be successful when the old condi
tions, under which it invariably failed, return?

Another thing that must not be lost sight of is that when 
we put such an Act upon our statute books we expose ourselves 
to retaliatory measures, and retaliation may take place just as 
Germany and France retaliated upon Great. Britain for the work
ing clause of 1907.

From the London Times of March 23, 1911, just quoted, it 
appears that Germany was not the only country hit, but that 
we suffered with it.

The transplantation of the coal-tar dye industry to the United
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States is not a question of patent protection; it is nothing but 
an economic question, a plain matter of dollars and cents; those 
products can be made in this country if persons will buy those 
products at a fair margin of profit over the cost of domestic 
production, and since we know in advance that the cost of pro
duction here will be above cost of production elsewhere, plus 
any prevailing import duty, why should we go to the costly ven
ture of spending millions of dollars to’ prove the obvious?

As a matter of fact, the whole world’s coal-tar dye consump
tion is about enough to make a decent-sized business for one 
country. Ordinarily it is best to do the world’s work where it 
can be done best and to transport the products from their place 
of manufacture to their place of consumption. If it be necessary, 
for other reasons, that these products should be made elsewhere 
under conditions economically less favorable, then those who 
want those products made at such economically unfavorable 
place should bear the burden, but that is precisely what the dye 
users do not want to do; they want someone else to foot the bill.

KEEPING TWO MILLION PEOPLE AT WORK

The textile makers say that if they do not get those dyes, 
2,000,000 people in this country will be thrown out of work, 
and in order to prevent that, the chemical manufacturers of 
this country must go down into their pockets for millions of 
dollars. Now, who brought those 2,000,000 people into the 
textile business? Who has the moral responsibility of keeping 
those 2,000,000 people employed? Is it too much to ask the 
textile maker to give up, say 5 per cent of his profits to keep 
his word and live up to liis moral obligations, or should the chem
ists of this country furnish millions of dollars to enable the textile 
makers to keep their word with the making of which the chemical 
manufacturer is in no wise concerned? Is it patriotic to decline 
to give up 5 per cent of your profit in order to keep 2,000,000 
people at work, for which 2,000,000 people you are morally, 
directly, responsible? Is it unpatriotic to decline to furnish 
millions of dollars to aid in the keeping of a promise with which 
you had nothing whatever to do, and from whose keeping you 
have nothing whatever to gain?

From an economic, a moral, or a patriotic point of view, the 
responsibility for and the financial burden of making coal-tar 
dyes in this country rests squarely and solely upon the users of 
dyestuffs, and in no wise, whatever, rests upon the chemists or 
the makers of pliemicals in this country.

CONCLUSION

To bring the matter up squarely before you let me recapitulate: 
The 10,000 chemists in the United States are engaged in pursuits 
which affect over 1,000,000 wage-eamers, produce over $5,000,- 
000,000 worth of manufactured products and add $1,725,000,000 
of value by manufacture each year; the business in 
products of and for chemical industry between the United 
States and Germany alone in 1913 provided 5 per cent of our 
total foreign business and 13.S per cent of our balance of trade 
for that year. Please bear in mind that I am not by any means 
attempting to claim all the credit for this for the chemist; all 
that I ask is that his claims to recognition for intelligent, active 
and effective collaboration in bringing about those stupendous 
results be not thrown aside as worthless and that he shall not 
be made the target of unjust criticism because in 1914 there 
was a shortage of about $600,000 or 7 per cent in coal-tar dyes 
and because cotton dropped from 15 cents to 6 cents.

Much more could be said of the chemist and his contribution 
to the effective every-day labor of this work-a-day world but 
time and space forbid. I am sure that this short sketch of the 
chemist's activities, his hopes, his aims and his work will serve 
to create a wider interest in him and will result in according to 
him the credit to which he is entitled, namely, that he pulls 
more than his own weight in our nation’s bout.

SE L E C T E D  Q U O T A T IO N S B E A R IN G  ON DYE S H O R T A G E  
F R O M  D A IL Y  P A P E R S  A U G . IB, 1914 T O  F E B . 20, 1915

1— A u g .  1 5 , T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  In  the  m eantime 
i t  is highly im probable th a t  there  is cause for any hysteria  on the  p a rt of 
c o n su m e rs .........

2— S e p t .  3, N e w  Y o r k  S u n :  Alarm ing s ta tem en ts  were m ade a t
th e  m eeting (of represen tatives of the  N ational Association of Hosiery and 
U nderw ear M anufacturers) regarding the  shortage of dyes. Assurance was 
given by  local (Philadelphia) agencies of G erm an dye m akers, th a t  dyes 
are coming down the Rhine, b u t o ther jobbers reported  th a t  th e  dyes were 
no t coming to America.

3 — S e p t .  4 ,  D a i l y  T r a d e  R e c o r d :  W rote one concern, "W e will 
leave it to  you to  see th a t  we get dyestuffs as ordered. T he  question of 
price is no t d isturb ing us in th e  least.”

4 — S e p t .  1 9 , N e w  Y o r k  E v e n i n g  P o s t :  There has been little
difficulty experienced in securing dyes to  carry  th rough  for several months.

5 —S e p t .  2 0 ,  N e w  Y o r k  T i m e s :  A  calm er survey of the  conditions 
resulting  from  th e  w ar has rem oved some of the  earlier apprehensions. The 
scare on the  sub jec t of dyestuffs, for instance, has spen t its  force now  th a t 
supplies from abroad are com ing in w ith  some regularity , and  i t  has been 
shown th a t  there  was no such scarcity  of th e  m aterials in th is  country  as 
no t a  few were led to  believe.

6— S e p t .  21, J o u r n a l  o f  C o m m e r c e :  T he s ituation  in regard to  dye- 
stuffs is still disquieting. T he  prices on certa in  colors have gone up and 
o ther colors have been w ithdraw n from th e  m arket entirely .

7— S e p t .  24, J o u r n a l  o f  C o m m e r c e :  I t  seems difficult to  m ake the 
tru th  ab o u t dyestuffs know n to  buyers of co tton  goods. Political and busi
ness factors of an  unusual charac te r are a t  work to  becloud the t ru th  and 
all users of colors and all sellers of colored goods com plain of the  harm
th a t  is being done  I t  is possible to  publish on th e  very best of
au th o rity  th a t  leading finishers, p rin ters  and  dyers regard the dyestuffs
outlook seriously  Unless a  d is tinc t change occurs in the  nex t three
weeks (i. c., by Oct. 14th) some large p rin ting  establishm ents will be forced 
to  close a  substan tia l p a rt of the ir works.

8 — O c t .  1, J o u r n a l  o f  C o m m e r c e :  We have con trac ts  w ith m any of
the  leading dyestuff concerns and  have found, w ith  one or tw o exceptions, 
th a t  th ey  have taken  no advan tage  of th e  presen t s ituation , have lived 
up  to  their con trac ts  and  in m any  cases have secured dyes and  chemicals 
a t  no advance in price for mills, w ith  whom in th e  p a s t they  have done no 
business, so th a t  th e  form er m ight continue m anufacturing.

9— O c t .  2, J o u r n a l  o f  C o m m e r c e :  In  colored co tton  lines prices rule 
s teady  because the  dyestuffs scarcity  is a  real fac to r and  supplies of dye- 
stuffs are being exhausted from week to  week. . . .  th e  representative* 
of th e  largest textile finishing p lan ts  in th e  m arke t declare th a t  th e  situation  
is growing worse w ith them  every  week. . . .  T here  is noted  a t  th e  same 
tim e unwillingness on the  p a rt of buyers to  regard  color scarcity  as a  seriou* 
m atte r, and m anufacturers say  they  can only aw ait developm ents in silence.

1 0 —‘- O c t .  4, N e w  Y o r k  T i m e s :  . . .  unless th e  tie-up  of dye im porta
tions is broken by  nex t F eb ruary  the  textile and  p rin ting  trades will be in a 
desperate way.

1 1 — O c t . 8 ,  N e w  Y o r k  T i m e s : T h a t  d y e s t u f f s  i n  c o n s i d e r a b l e  q u a n t i 
t i e s  a r e  m o v i n g  i n l a n d  t h r o u g h  t h i s  p o r t  w i t h o u t  e x a m i n a t i o n  a n d  a p p r a i s a l  
b y  t h e  l o c a l  c u s t o m  o f f ic i a l s  w a s  l e a r n e d  y e s t e r d a y  o n  t h e  b e s t  o f  a u t h o r i t y .

12— O c t .  14, J o u r n a l  o f  C o m m e r c e :  T h e  cautious production of 
prin ters  and o ther large users of colors in textiles is finally assum ing proportion* 
th a t  com m and th e  a tten tio n  of buyers of goods, as well as m anufacturers 
of gray  cloths. P rin te rs  will n o t produce goods on th e ir  own account, and 
th u s  tie  up  coloring m a tte r th a t  m ay  be m ore profitab ly  used in o th e r d i
rections if present prospects for lim ited supplies of dyestuffs continues. 
This fact is being th o u g h t over by  some buyers, an d  those who were in the 
m arke t were less disposed to  pooh-pooh th e  a ttitu d e  of sellers of goods of 
th is class.

13— O c t .  17, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  P rin ts , both 
stap le  and  fancy, are being held a t  stiff prices on th e  ground of higher- 
priced dyes which counterbalance low er co tton . . . .  T he  end of indigo 
for denim s is in sight . . . .

14— O c t .  17, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l - .  . . .  all the  m ajor 
industries using th e  p roducts  of his (dyestuffs and  chem icals) house were 
now evidently  im pressed w ith th e  fac t th a t  th e  supp ly  on  hand  and  th a t 
due to  arrive  in  the  shipm ents expected would tak e  care  of th e ir  running  
needs, and  th a t  buyers from  these industries no  longer were eager to  secure 
as m uch coloring m a tte r and  chem icals a s  they  could in fear of a  sudden 
cu ttin g  off of all supplies.

15— O c t .  2 2 ,  J o u r n a l  o f  C o m m e r c e :  T h e  hopes of dyestuff users 
are centered now on w ha t will be b rought in to  th is  coun try  b y  the  tw o ships 
reported  as ready  a t  R o tte rd am  for any th in g  th e  G erm an G overnm ent will
perm it to  come th rough . __  T here  are some dyes filtering in  a ll the  time.
b u t generally speaking th e  position of large dyeing and  finishing concerns 
is ju s t  w ha t i t  was a  m o n th  ago w ith  possibly th is  difference: T h e  volum e
of new business offered to  dyers an d  finishers is dim inishing, hence i t  is 
possible to  say  th a t  the  supplies of dyes on h and  m ay la s t a  little  longer
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than was estim ated tw o m onths ago, when goods were being rushed to 
finishers in anticipation  of a  dyestuffs shortage.

16— O c t .  24, J o u r n a l  o f  C o m m e r c e :  . . . the prices asked for dye-
stuff and o ther chem ical supplies are so high th a t  the  norm al gain from 
cheap cotton is being alm ost wholly offset.

17— O c t .  24, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  Shipm ents re 
ceived to date  have in m ost instances enabled local houses to  supply  cus
tomers with their usual quan tities  of dyes and  chem icals w ithou t m aterially  
decreasing stocks on hand  in th is coun try  a t the  beginning of the  war.

18—O c t .  2 8 ,  J o u r n a l  o f  C o m m e r c e :  Some large mills have already 
ceased producing certa in  lines pending the securing of add itional dyes, and 
other mills have sh u t down a  p a rt of the ir m achinery to  conserve the  lim ited 
supplies of dyes on hand. Buyers still refuse to  take  the  dyestuff shortage 
as a serious m a tte r which is likely to  affect m erchandizing.............. Ac
cording to  the  m ost reliable mill advices, the tim e is near a t  hand when ad 
ditional dyestuff supplies will have to come from abroad, or a  very  general 
curtailm ent of th e  colored goods trad ing  will be seen.

19— O c t .  29, J o u r n a l  o f  C o m m e r c e :  M an y  large p lants have no t 
enough dye on hand to  supply  them  for three weeks if th ey  are to  go on 
using the stuff in norm al volume. T hey  will sh u t down on the  production 
of colored goods unless th ey  receive dyes before the  first of December.
How to make buyers see the  s ituation  as m anufacturers see it' is a question, 
but it will probably be the case as in o ther times, th a t  scarcity  will be 
acknowledged only when prices begin to rise and  n o t when they  are m ain
tained a t any  given level. Prices on s tan d ard  p rin ts, ginghams, denims, 
tickings and o ther stap le colored co ttons have n o t been revised, save th a t  
here and there some m anufactu rer w ants business to  move stock  goods, 
to secure cash for the  purchase of co tton , or to provide enough business to 
use up the dye on hand.

20— O c t .  30, J o u r n a l  o f  C o m m e r c e :  T here docs no t seem to  be 
any ground for hoping th a t  colored goods will be revised to  the  sam e re la tive  
levels seen in uncolorcd goods, as the  costs of dyes and  chem icals have 
risen out of all proportion  to  o ther values. . . .  where colored lines are 
wanted, business in a  g rea t m any cases will have to  be accepted sub jec t 
to conditions in dyc-stocks when the  orders arc taken  up  a t  the  mills.

21— O c t .  1914, T e x t i l e  W o r l d  R e c o r d  (p. 154): m e e t i n g  t h e  d y e -  
s t u f f  f a m i n e  i n  E n g l a n d .  How to  ob tain  a  sufficiency of dyestuffs in 
view of the situation  of Germ an trade  is a lm ost as acute  a problem  for 
England as for Am erica (p. 158). s h o r t a g e  o f  d y e s  i n  E n g l a n d .  We 
may s ta r t this article w ith  the s ta tem en t th a t  there  is no shortage of dyes.

22— N ov. 5, J o u r n a l  o f  C o m m e r c e :  M ill agents arc unable to re 
ceive assurances from mills th a t  dyestuffs will be plentifu l for the  early  
part of the year and  they arc still very  guarded in th e ir  com m itm ents. 
In several instances orders for certa in  colored good3 arc being declined. 
Thus far this condition has n o t influenced buyers to  any  extent.

23—N ov. 6, N . Y. C o m m e r c i a l :  H andlers of well-known b rands of 
dress ginghams are getting  more business than  they  were, and  repo rt th a t  
the dyestuff s ituation  is slowly im proving . . . .

24— N ov. 8, N. Y. T i m e s :  W hatever u ncerta in ty  there  was regarding
the procuring of all k inds of dyestuffs in sufficient q u a n tity  and a t  regular 
intervals has now been dissipated. W ith  the  rem oval of th e  doubt, also, 
has vanished any  real pretense for much, if any, increase in price for th e  
materials above the  norm al.

25—N ov. 10, J o u r n a l  o f  C o m m e r c e :  I t  is  certa in  th a t  m ost of the  
leading m anufacturers of colored goods will ask no questions as to  prices 
if they can be assured of supplies, as the  tim e is a t  hand  when m any looms 
will be idle unless dyestuffs supplies come to  hand.

26— N ov. 11, J o u r n a l  o p  C o m m e r c e :  Some mills m aking eolored 
cotton goods are instructing  agents to  sell when they  can a t  th e  best prices 
obtainable in order to  keep stocks down. W hile dyestuffs are scarce and 
high the mills recognize th a t  buyers are n o t much influenced by  the dye- 
stuffs s itua tion .. . .

2 7 — N ov. 11, D a i l y  T r a d e  R e c o r d :  M any finishers reported  their 
supply of colors would carry  them  only un til the  first of the  year, o thers 
until February. N o one reported  th a t  the  colors would carry  them  p ast April.

28— Nov. 13, N e w  Y o r k  A m e r i c a n :  Paterson  silk m anufacturers 
declare th a t  a t  presen t there  are dyes in sufficient q u a n tity  to  la st the  silk, 
cotton and woolen industries in th is  coun try  a long tim e.

2 9 —N ov. 1 4 , D a i l y  T r a d e  R e c o r d :  E xperts  in textile dyeing, with 
special reference to  silk, are recalling predictions a t  th e  opening of the  war, 
tha t no textile mill or dye-shop would have to close because of a  shortage 
of dyes, and  are asserting th a t  they  were undoubted ly  accurate  in the ir 
prophecy. And now, as one of them  said yesterday , the  danger is a lm ost 
past.

30—N ov. 14, J o u r n a l  o f  C o m m e r c e :  W ithin  a  m onth  i t  will appear 
to buyers of colored goods th a t  the  dyestuffs problem  is a very  serious 
m atter, as some large producers of colored goods have already reached the  
point where they  m ust sh u t down if dyestuffs in large quan tities  do no t come 
forward before the  first of December.

31— N ov. 16, J o u r n a l  o f  C o m m e r c e :  Investigation  as to  the im 
portance of dye-m aterials from various E uropean ports in to  th is p o rt during

the  m onth  of October discloses the  in teresting  fact th a t  despite the  reported  
scarcity  of dyestuffs alleged to  be due to  th e  blocking of the  G erm an ports, 
there was b rought in to  New Y ork a g rea te r num ber of packages, having  a  
slightly  higher value th an  was b rought in during  th e  corresponding m onth  
of la st year when w ar conditions did n o t prevail.

32— N ov. 17, B o s t o n  P o s t :  A t the  beginning of the  p resen t European
w ar the cry  w ent up  th a t  dyes, which are purchased chiefly in G erm any, 
would be unprocurable and th a t  the  textile industry  would be seriously 
in jured. B u t the  cloud in th is  direction has for the  m om ent passed, an d  in 
all p robability  before ano ther has tim e to  gather, the  exigency will be 
provided for.

33— N ov. 19, J o u r n a l  o f  C o m m e r c e :  U neasiness is shown by some 
buyers because prices on p rin ts, gingham s and  percales are n o t revised 
dow nw ard. If  selling agents were no t being held back by  the fact th a t  
mills will no t guaran tee  deliveries un til th e  color and  dyestuffs question
is more settled , th ey  would revise priccs a t  once.............. I t  seems useless
to  agents to  try  to  impress buyers w ith th e  fact th a t  some of th e  largest 
textile users of dyestuffs are on the  verge of closing and  have a lready shu t 
off th e  production of several im p o rtan t colored lines. T he only im pression 
they  expect to  see effective is th e  one th a t  will be m ade when goods ordered 
are n o t delivered because dyes canno t be had for m aking them .

34— N o v .  22, N e w  Y o r k  S u n :  According to  mill men in th is  section 
(Boston) of the  coun try  the  dyestuff s itu a tio n  is to d ay  more serious than  
a t any  tim e since th e  E uropean w ar s ta r ted . T h is  afternoon the  Pacific 
M ills a t  Lawrence em ploying 2000 hands, was forced to  sh u t down for
a t  least a  week 011 account of a  lack of dyestuffs.  the prospects of
adequate  supplies of dyeing m ateria l are poorer now than  a t  any tim e in 
m onths.

35— N ov. 23, P r o v i d e n c e  E v e n i n g  T r i d u n e :  " b o s t o n ,  N o v .  23— 
I t  will surprise m ost people to  learn  th a t  the  dyestuff s ituation  is today 
more serious th a n  a t  any  previous tim e.........

T he dyestuff sub ject is ultra-technical and  presents ram ifications a l
m ost baffling of expression in every-day description. B u t i t  seems there 
has been a  ‘nigger in the  w ood-pile’ in th is  dyestuff s ituation  all along which 
the  public has practically  never heard  ab o u t.”

36— N ov. 24, J o u r n a l  o f  C o m m e r c e s :  In  th e  co tton  goods division 
i t  is no longer doub ted  th a t  large mills using dyestuffs a re  confronted with 
the necessity of sh u ttin g  down in order to  conserve the  lim ited  supplies of 
dyes on hand. T h a t some p lan ts  would be k e p t running  if orders were 
coming in norm ally is adm itted  by  agents, b u t in the  absence of normal 
orders idleness in th e  factories has become a  necessity, which comes now 
instead of la te r, when dyes are actually  exhausted.

37— N ov. 25, N e w  Y o r k  T i m e s :  There has been a  m arked im 
provem ent in the  dem and for colored co tton  goods on the  p a rt of the  whole
salers in the  la st few days, and, as a  resu lt, th e  an tic ipated  price revision 
on these goods have become realities. F o r exam ple, i t  is now possible 
to  get a  Southern  4.30-yard C ham bray fully a  cen t a  yard  under the figure 
which prevailed in Septem ber 1, while stap le  gingham s of Southern m ake 
have been dropped a half a cen t a  yard  in the  last six ty  days. A drop of 
ab o u t a half a  cen t a  yard  has also been recorded in Southern denims. 
E aste rn  prices arc firmer, b u t  i t  is figured th a t  dow nw ard revisions of them  
are n o t fa r off.

38— N ov. 26, N e w  Y o r k  A m e r i c a n :  Ju s t  a t  present he (a leading 
sh irt m anufacturer) said p rin ters  are a t  a  loss as to  how to cope w ith the 
shortage of dyestuff, which is growing larger each day . In  the  p ast week 
or two, several of the  largest mills sh u t down on th is account while a num ber 
of o thers radically  reduced the ir runn ing  tim e.

39—N ov. 28, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l .  The shortage 
of indigo is one of th e  notable features of the  p resen t dyestuffs situation .

40— N ov . 30, J o u r n a l  o f  C o m m e r c e :  M any  of the  large mills m aking 
colored goods have less th an  a  six weeks' supply of colors, while m any cloths 
have already been w ithdraw n from  the m arke t because duplicates cannot 
be produced u n til certain  dyes come in. These facts have been so often re 
peated  th a t  buyers disregard them  as of no consequence and  will probably 
so continue to  regard them  uu til an  actual dem and for goods cannot be met.

41— D e c .  2, J o u r n a l  o f  C o m m e r c e :  T he dyestuffs s ituation  so far
as hosiery is concerned . . .  is as critical a t  present as i t  has been since the 
w ar began, despite some views to  the  con trary .

42— D e c .  2, W a l l  S t r e e t  J o u r n a l :  A textile  au tho rity  says to  the
B oston News B ureau: "T h e  dyestuffs s ituation  is undoubtedly growing
worse daily. T here  is noth ing  in sight or on the way to  relieve the situation . 
Some mills have m ore dyestuffs th an  others, b u t unless a  suddei; exportation  
of G erm an dyes s ta r ts  and s ta r ts  r igh t aw ay there  will be a gradual w ith
draw al from the  m arke t of line a fte r line of staple goods. T he  g rea test 
shortage a t  p resen t is in blacks, indigoes and fast colors. S ubstitu tions are 
being m ade where possible and  w ith some success. B u t there  is a  lim it 
to w hat can  be done in th is direction. I f  conditions continue w ithout a  
break i t  is a  m a tte r of weeks and  no t m onths before the consum ing public 
will find an  acu te  shortage of s tandard  colored goods."

43— D e c .  4, J o u r n a l  o f  C o m m e r c e :  I t  is understood th a t  the mills
can be kep t in operation  for abou t sixty days. If no fu rth er dyes suitable 
for co tton  goods of th is  class (denims) come in, the large p lan ts  m ust shu t 
down.
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44— D e c .  8, D a i l y  T r a d e  R e c o r d :  An im portan t textile au th o rity
is quoted  as follows: "T h e  first real flag of distress has been hoisted in the
dyestufF situation . This has been the  w ithdraw al from the  m arke t of all 
lines of deniirfs m anufactured  by  the  tw o largest denim  mills of the country. 
These mills s ta te  th a t  present orders will exhaust th e ir  supplies of dyestuffs 
and  they  have no means of replenishing. These tw o grea t mills have abou t 
two m onths’ work ahead and  will then  probably  have to  sh u t down.

"T h e  average retailer in th is  coun try  appears to  have a  very fa in t 
com prehension of the  critical s ituation  in dyestuffs. He was to ld  the  story  
of the  danger of cu tting  off of supplies a t  the very  ou tbreak  of th e  war. 
He was urged by  the  selling agents of the  mills to  stock  up w ith th is line 
and  th a t  of eolored goods on the  theory  th a t  there  would be a fam ine in p rin ts  
and  o ther eolored lines w ithin a few weeks' time. B u t these jobbers and 
retailers have found them selves s teadily  able for four m onths, to  buy  all 
they  w anted, and they  have na tu ra lly  assum ed th a t  th is  ta le  of woe was 
sim ply ano ther device of clever salesmen to  tem p t them  in to  placing large 
forward orders.

“ And the  curious fac t is th a t  in m any lines of colored goods today, the 
very dyes of which the  mills arc m ost acutcly  short, are represented by  m anu
factured stocks of goods on hand of which they  have the  largest supply. 
T his fact will tend  to  postpone still fu rther the general recognition of the  
dye fam ine which the  mills arc forcing.”

45— D ec. 9, D aily T rade R ecord : A t a  m eeting of the  Dyestuffs 
C om m ittee of the  N a tiona l Association of F inishers of C otton  Fabrics, 
held prior to  the  general m eeting of the  association, a t  the  A rkw right C lub 
yesterday, the  proposed convention of users and producers of dyestuffs 
was discussed, and i t  was decided for the  p resen t th a t  th e  m a tte r would 
no t be pushed. T he com m ittee is well aw are of the  serious shortage of 
dyestuffs, b u t does n o t feel th a t  th e  shoe has y e t pinched hard  enough to 
bring i t  home to  consum ers. T he responses to  th e  circular le tte r sen t ou t 
by  Secretary  D anner, to  users and  producers of dyestuffs, asking if they 
favored sending delegates to  a  general convention, were d isappointing to  
th e  com m ittee, and  showed th a t  the  tim e was no t opportune for a  general 
convention.

46— D ec . 9, D aily T rade R ecord : T he G lenlyon D ye W orks, of 
Saylesville, R . I ., are reported  to  have resum ed the  use of colors which were 
w ithdraw n several m onths ago, when the  dyestuffs shortage first became 
acute. T he  G lenlyon is said  to  be in a  position to  p u t o u t its  full line of 
yarn  dyes again. J . G. W hitaker, m anager of the  Glenlyon works, is quoted 
as saying th a t  the  supply  of fast dyes which th e  concern now h as  should 
la s t from four to  six m onths, according to  th e  dem and of the  t r a d e . . . .  
T here  has been a  heavy cu rta ilm en t am ong colored goods m anufacturers, 
bo th  in th e  E a s t and  South , for some weeks past. T his cu rta ilm en t is still 
in evidence. I t  has been due pa rtia lly  to  lack of orders for goods and 
partia lly  to  the  shortage of dyestuffs. M anufacturers and finishers do not 
hesitate  to  say  th a t  if there  was a  norm al dem and for goods, the  supplies 
for dyestuffs on hand would be cleaned up w ithin a few weeks.

47— D e c .  10, J o u r n a l  o p  C o m m e r c e :  If  they  (the buyers) really 
show a  need for goods and  will place o iders on w hich mills can predicate  
p lans of fu tu re  operations to  the  ex ten t of stocks or dyestuffs on hand, i t  is 
though t quite  possible th a t  agents will m ake a  revision th a t  will m eet

im m ediate conditions................  T he  fact th a t  the  largest p rin ters  are oper
a tin g  less th an  half the ir m achinery is its  own answer to  the  crisis in the 
dyestuffs situa tion  w ith them . T here  arc some of the  large jobb ing  house 
buyers who are now very  anxious concerning certa in  colored goods they  
will need for Spring. D uring  th e  p a st week agents have had reason to 
know th a t  buyers no longer regard th e  dyestuffs shortage as som ething to 
joke about.

48— D e c .  12, 1914, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  s t o c k s  
s t e a d i l y  d e p l e t e d ,  s u p p l y  o p  c o l o r s  w a n t e d  c r o w s  c o n s t a n t l y
SM ALLER. . . .•............ D YE STU PP SU PPLY  SM ALL. CONSUM ERS NOT OP

TIM ISTIC ABO U T F U TU RE D EVELOPM EN TS.

49— D e c .  30, N e w  Y o r k  T i m e s :  w i l l  d y e s  h o l d  o u t ?  Facto rs in the 
piece goods m arke t are ra th e r puzzled over w hat the  dyestuff shortage will 
m ean during  the  com ing heavyw eight season. T he  trem endous am oun t of 
dyes required  in filling the con trac ts  le t o u t here for a rm y  cloths will seriously 
deplete th e  sm all stocks of dyes on hand.

50— J a n .  9, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  T he s ituation  in 
some of o ur dyestuffs is desperate. T here  is no gainsaying it, and  i t  behooves 
us to  look th e  facts in the  face and  n o t squander tim e, which we could pu t 
to m uch b e tte r uses, in vain regrets and  recrim inations th a t  our supply 
houses had no t foreseen contingencies as they  have happened and provided 
an  unlim ited stock  of the  colors which we need.

I t  is to  be expected th a t  Am erican dyestuffs m akers will largely benefit 
b y  these circum stances; b u t, on the  o ther hand, i t  is doubtfu l w hether they 
will have the  courage of enlarging to  such an  enorm ous ex ten t as to  be able 
to m eet the  E uropean deficit, since th ey  m ust figure upon th e  probability  
th a t  when peace is again established th e  E uropeans will m ake every effort 
to  regain the  profitable Am erican field.

b l e a c h i n g  s u b s t i t u t e  f o r  d y e i n g - —T his leaves a c lear-cut issue be
fore us textile m anufacturers: W hat we have no t got we canno t m ake use
of, and our commission m erchants and jobbers and  stores cannot sell. 
T he  public will then  be forced to  con ten t itself w ith undyed goods, b u t this 
docs n o t m ean the raw , woven or k n itted  fibers, which would be too  un
sightly  for wear. W e can beau tify  them  im m ensely by  bleaching, and  this 
will be the solution of our problem  and  th e  salvation  of our tex tile  industries. 
As long as we have white goods to  wear we shall always be able to  clothe 
ourselves in good taste.

51— J a n .  20, J o u r n a l  o f  C o m m e r c e :  Theodore B oettger, of the 
U nited Piece D ye W orks of Lodi, N .  J ., the  largest dyers of textile in the 
piece, to ld  the  mem bers of the  Jobbers’ Association of Dress F ab ric  Buyers 
yeste rday  afternoon, who were holding the ir annual convention a t  the 
W aldorf-Astoria, th a t  the  scarcity  of dyestuffs on accoun t of the  w ar, was 
n o t serious, although  a  scarcity  really  exists. T h e  buyers of dress goods, 
M r. B oettger said, could go ahead and conduct the ir business w ithou t in ter
rup tion . A t any  ra te , he said, they  could le t the  dyers do th e  worrying.

52— F e b .  20, T e x t i l e  M a n u f a c t u r e r s ’ J o u r n a l :  So fa r little  if 
any  m achinery has had  to sh u t down on account of inab ility  to  ob tain  dyes, 
b u t any  reserve stock, either in m anufacturers ' or im porters’ warehouses, 
has absolutely disappeared.

90 W i l l i a m  S t r e e t ,  N e w  Y o r k  C i t y

C O M PU LSO RY  W ORKING OF PATENTS IN THE UNITED STATE5, 
GERMANY AND GREAT BRITAIN1

By B E R N H A R D  C. H E SSE

The United States Patent Act of July 13, 1832, for compulsory 
working of patents reads as follows:

" a n  a c t  c o n c e r n in g  t h e  i s s u i n g  o f  p a t e n t s  t o  a l i e n s , f o r  
USEFUL d i s c o v e r ie s  a n d  i n v e n t i o n s ”

"Be it enacted by the Senate and House of Representatives 
of the United States of America in Congress assembled, That 
the privileges granted to the aliens described in the first section 
of the Act, to extend the privilege of obtaining patents for useful 
discoveries and inventions to certain persons therein mentioned, 
and to enlarge and define the penalties for'violating the rights 
of patentees, approved April seventeenth, eighteen hundred, be 
extended in like manner to every alien who, at the time of 
petitioning for a patent, shall be resident in the United States, 
and shall have declared his intention, according to law, to become 
a citizen thereof: Provided,, That every patent granted by 
virtue of this Act and the privileges thereto appertaining, shall 
cease and determine and become absolutely void without resort 
to any legal process to annul or cancel the same in case of a 

1 Received M arch 1, 1915

failure on the part of any patentee, for the space of one year 
from the issuing thereof, to introduce into public use in the 
United States the invention or improvement for which the patent 
shall be issued; or in case the same for any period of six months 
after such introduction shall not continue to be publicly used 
and applied in the United States, or in case of failure to become 
a citizen of the United States, agreeably to notice given at the 
earliest period within which he shall be entitled to become a 
citizen of the United States.”

That part of this Act preceding the proviso was introduced 
into the House of Representatives January 6, 1832; then it went 
to the Senate and there the proviso was added; then accepted 
by the House and finally approved by the President.

This Act was repealed July 4, 1836. No such compulsory 
provision has since been placed on our statute books.

Precisely why this Act should have been passed and then re
pealed is not now determinable since a thorough search through 
the records of Congress does not disclose any debate nor any 
committee report; my information is that in those days Senate
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proceedings were secret and records were not kept; detailed 
committee reports on patents do not begin until 1837; tlie 
House record merely notes introduction, the acts of reading 
and of passing.

GERMAN WORKING CLAUSE 

Dr. C. Wiegand, of Berlin, in a paper entitled “ Compulsory 
Working and Compulsory Licenses” published at p. 188 of the 
"Transactions of the International Association for the Protection 
of Industrial Property,”  for the meeting of June, 1912, says of 
the German Compulsory Working Act of June 6, 1911 : "Under
the provisions of the previously existing law a patetft could be 
revoked, if the invention was not worked to a sufficient degree 
within the country, or at any rate everything done to secure this 
working. Opposition to this unconditional compulsory working 
was made by numerous manufacturers and lawyers, and as 
established by the arguments in support of the Law of June 6, 
1911, it was shown that the system of compulsory working in 
itself led to an uneconomical splitting up of the source of pro
duction and that consequently the abolition of compulsory 
working was to be desired. The Imperial Government adopted 
this view in principle, but pointed out that so long as.other im
portant manufacturing countries, in which the German industries 
and German applicants for patents had important interests, 
retained their compulsory working provisions or introduced 
them afresh, a general abolition of compulsory working in 
Germany was not to be recommended. On the other hand, in 
all cases where another State was ready to accord the same 
benefit to German inventors, compulsory working should be 
abolished as against this State by treaty.

"There exist between Germany on the one hand and the 
United States, Switzerland and Italy on the other hand, treaties 
by which the subjects or citizens of these States, either generally 
or under particular conditions, are not subjected to the com
pulsory working provisions. The German Government, which 
in this matter sees eye to eye with the greater part of the Ger
man industry, is anxious to proceed further on the same lines 
and to abolish compulsory working by treaty with other impor
tant industrial countries.”

The relevant and essential text of the German working clause 
of June 6, 1911, is given, in translation, as follows by Dr. Wiegand 
(Loc. cit.): “ If the patentee refuses to another the permission
to use the invention when offered remuneration and guarantee, 
the right to use the invention can be accorded (compulsory 
license) to the other person, if the grant of this permission is 
demanded in the public interest. The right to use the invention 
can be granted with limitations and be made dependent upon 
conditions.

"The patent can be revoked provided State treaties do not 
prevent this if the invention is exclusively or mainly worked 
outside the German Empire or the Protectorates. The as
signment of the patent to another is without effect if it has only 
the object of avoiding revocation.

"Before the expiration of three years after the publication of 
grant of the patent, no decision can be rendered against the 
patentee.”

BRITISH WORKING CLAUSE 

In 1907 the British Parliament enacted a compulsory working 
clause. The following excerpts from thé Journal of the Royal 
Society of Arts for 1908 and onwards show how the effects of 
that enactment were regarded.

Vol. 56, p. 143 (Jan. 3, 1908) : "The new patent law requiring
the production of patented articles in English works is having 
the anticipated effect in bringing German color manufacturers 
to this country.”

Vol. 56, pp. 283-4 (Jan. 31, 1908): "I t  is seldom that an Act 
of Parliament has such an immediate and beneficial effect as 
that which seems likely to follow upon the coming into operation 
of the New Patent Act. Many foreign patentees are already

negotiating with British manufacturers to carry out in the 
United Kingdom their British patents. Others have taken 
land for the purpose of erecting works in order themselves to
work their British manufacturers...................

"A  well-known American company which holds British patents 
for the manufacture of safety razors, hitherto made solely in the 
States, have secured land in Sheffield, and expect to employ 
500 hands as soon as their works are completed. Many other 
foreign manufacturers holding British patents, which they have 
hitherto worked solely abroad, are following their example. 
There is not the slightest doubt, writes Mr. Ivan Levinstein, 
in an interesting letter directing attention to what the new A ct 
has already brought about, that the advent of these foreign 
manufacturers will mean additional employment for workers—  
the operative classes, highly trained engineers and chemists—  
and give a new impetus to British enterprise. Unlike its prede
cessor, the new Act is clearly worded, and leaves no loopholes 
for escape from its salutary and much-needed provisions.”

Vol. 56, pp. 924-5 (Sept. 4, 1908): "This Act, the Patents and 
Designs Act, became operative on August 28th. Its principal 
clause runs as follows: ‘A t any time, not less than one year 
after the passing of this Act, any person may apply to the Comp
troller for the revocation of the patent, on the ground that the 
patented article or process is manufactured or carried on ex
clusively or mainly outside the United Kingdom.’ In future, 
foreign manufacturers, if they wish their patents to remain valid 
in Great Britain, will have to make the goods they sell within 
the United Kingdom. Otherwise their patents may be copied 
or infringed at will. Germany and the United States are par
ticularly hit by the new enactment, and they are meeting the 
altered conditions by (1) building factories of their own in Eng
land; (2) acquiring premises already built for the purpose of 
carrying on their business; (3) arranging with British manufac
turers to lay down plant and cooperate in the production of the 
special articles which are the subject of the patent. Already 
some thirty foreign firms— many of them conducting operations 
on a large scale— have begun, or are about to begin operations 
in this country, most of them choosing the North of England 
as the scene of their operations. It is said that as a rule the 
foreign manufacturer is providing a factory many times larger 
than is really necessary for the construction of his patented 
article, his explanation being that he cannot run works in Eng
land on patents alone, and he intends therefore to manufacture 
in this country goods that have hitherto been imported ready
made. So far as can be seen at present the Act must profit 
British labor. It is said in some quarters that these manufac
turers, at any rate the German ones, will be worked by foreign 
staffs, but this is not the case at present with Messrs. Meister, 
Lucius, and Bruening (Limited) of Germany, a company with 
a capital of £11,000,000, which has just erected a new chemical 
factory at Ellesmere Port. Here all the workers employed 
are English, with the exception of a few German overseers. 
The working of the Act will be watched with keen and anxious 
attention, for British manufacturers are beginning to realize 
that foreign competition is about to invade their own particular 
territory, and that there will be a fair but strenuous fight on 
British soil for British custom. That is not a prospect that can 
be viewed altogether with anxiety when the perfection of German 
organization is remembered. The German things to be manu
factured in England will be mostly aniline dyes, pottery, plant 
for gas making, rifles, plated goods, electrical contrivances, 
furnaces, sanitary appliances; the American, typewriters, safety 
razors, phonograph records, shoes, telephones, and wire roofing.” 

Vol. 56, p. 952 (Sept. 18, 1908): “ It is seldom that an Act 
of Parliament works quite as its authors and supporters hoped 
and expected. The Trade Marks Act is one of the most striking 
illustrations of this truth. It may be that the New Patents Act 
will be another. It may bring the foreign competitor to even
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closer grips than at present with our manufacturers, and it may 
lead the inventor to resort more frequently to the secret pro
cess.......

“ Independent discovery is now the only risk menacing a 
monopoly based on secret working, and the risk of independent 
discovery is usually not great; it is at least much smaller than 
that consequent upon betrayal or accident. It is quite possible, 
therefore, that one of the results of the Patent and Designs Act, 
1907, will be largely to increase the number of inventions worked 
as secret processes.”

Vol. 57, p. 212 (Jan. 29, 1909): "There has been some recent
correspondence in the Times as to the probable effect of thé 
revocation of certain patents on the ground of their not having 
been worked in the United Kingdom. The section was intended 
to encourage British industries, and was indeed welcomed as 
a Protectionist measure by the opponents of Free Trade. It is 
now urged that its probable result will be to encourage the manu
facture of the patented article abroad and its importation into’ 
this country, it being improbable that manufacturers here will 
find it pays to produce it if the manufacture is unprotected by a 
patent. Thus the clause may now conscientiously be approved 
by Free Traders. Attention has also been drawn to the re
marks made by the Comptroller, who, in delivering his judgment 
expressed the opinion that it was to the general advantage that 
the trade should be freed and the importer enabled to obtain 
the foreign manufactured goods readily. This doctrine, if 
carried to its legitimate conclusion, would seem to justify the 
abolition of patents entirely, and the revocation, not of an 
occasional patent, but of the Statute of Monopolies itself.”

Vol. 57, p. 340 (March 6, 1909): “ The great advantages to 
this country attendant upon the passing of the Patents and 
Designs Act, 1907, have not, so far, been sufficiently appreciated 
by manufacturers and merchants in the United Kingdom.”

Vol. ¡8, p. 473 (March 18, 1910): "The expectation that the
Patents Act of three years ago would result in foreign firms 
acquiring land and erecting buildings in this country to a con
siderable extent has already been verified. The Act came into 
force on January 1, 1908, and since then foreign firms have ac
quired land in England to the value of £188,650, and they have 
spent £290,750 in the erection of buildings and the housing of 
their work-people, and a further sum of £410,972 on plant, 
machinery and equipment. Thus in two years the Act has 
caused foreign firms to spend £890,372 in this country. Mr. 
Farmer, of Messrs. Leopold Farmer and Sons, who has given 
special attention to the subject, says that the Americans, Ger
mans, Dutchmen, Frcnchmen and Swedes have taken part in 
this commercial invasion, and he estimates that over forty firms 
are represented. Among them are manufacturers of matches, 
electrical apparatus, chemicals, pottery, pencils, mercerized 
cotton goods, musical instruments, roofing felt, incandescent 
gas mantles and rubber goods, all compelled by the Patent Act 
to make their goods in this country, to buy land, build factories, 
employ home labor, and pay rates and taxes. The works are 
scattered all over the country. They are in the metropolitan 
area, Middlesex, Kent, and Essex. In Cheshire several firms 
have established works on the Mersey; others are at Leicester 
bootmaking; others again at Warrington, Wolverhampton, in 
South Wales and Yorkshire. According to official figures some
8,000 people are employed as the result of the Act, mostly men, 
and the local authorities will benefit in the shape of rates sub
stantially.”

The accuracy and dependability of these statements is probably 
not very great. For instance, the combined capital of three 
German dye companies is given at 260,000,000 Marks and of two 
others at 160,000,000 Marks or 420,000,000 Marks for these 
5 German dye companies. On June 30, 1912 the 21 German 
dye plants, inclusive of these five, had a combined total capital 
of 146,800,000 Marks. That is, the Journal of the Royal

Society of Arts attributes three times as much capital to 5 plants 
as all 21 had together almost 4 years later; the German dye- 
companies have progressively increased their combined capital 
stock and have not decreased it.

The following tabulation shows four different estimates of 
fresh capital invested in Great Britain as a result of this Act:

London 
Tim es(a) 

London Jour. R oyal M arch 
Pall M all D aily  M ail, Society of 23, 1911 
G azette  N ov. 5, 1909 A rts, 1910 p. 21

L a n d ....................................... $  500,000 S 585,000 $ 943,250 ..............
B u ild in g s ..   1,000,000 535,000 1,453,750 ..........
P la n t and  e q u ip m e n t.. .  . 1,000,000 435,000 2,054,860 .........

T o ta ls ................................ $2,500,000 Sl,555,000 54,451,860 $4,000,000
N um ber of firm s................     4 0 +  50
N um ber of work-people... ............   8000 7000

(a) Based upon reply to  questions in the  H ouse of Com m ons a t  the  close 
of 1909, m ade by  th e  P residen t of th e  B oard of T rad e ; there  a re  no official 
figures: official estim ates alone are available.

In spite of much searching in Washington and New York I 
have been so far unable to locate any item-by-item statement 
for any of these lists. No doubt such lists exist but so far they 
have succeeded in escaping me.

I quote from private letters to me (B. C. H.) from England 
by a friend of over nineteen years’ standing and dated February 
8 and 12, 1915, after, for obvious reasons, having made certain 
indicated omissions and corresponding textual changes:

"Questions have been asked in Parliament once or twice, and 
I followed the answers with interest but they were purposely 
very vague, and gave 110 real information, but put the effect of 
the working clauses as great as possible in a vague way.

"A  firm of estate agents, Farmer and Company, who did do 
a little business in selling land or a factory to people coming 
over here to work patents made the most of the Act and wrote 
to the papers with reference to it, thereby getting a free adver
tisement. They published tables, showing the effect of the Act, 
which were grossly misleading; for instance one factory ap
peared four times in the list with the nominal capital so that the 
capital was quadrupled. Again the number of work-people to 
be employed by it was estimated at 400, and this given four times 
made 1,600, instead of 37. Precisely the same sort of thing was 
done with reference to any other factory as to which I know 
anything. I cannot say whether the list was more accurate 
about factories of which I know nothing, but in any case these 
lists were absolutely worthless. The way in which this factory 
was given four times was this. It was given at first under the 
proper name— Chemical Works. Then it was given as a factory 
to be erected by Company A, a factory to be erected by Com
pany B, and a factory to be erected lay Company C. (Note: 
A, B and C companies together erected this one plant.)

"The -----------  factory was similarly treated. The effect of
the working clauses in the last New Patent Act has been in- 
finitesimally small from the point of view of bringing about new 
manufacture in this country, and the employment of labor. 
In no case has the Act resulted in any manufacture in the coal-tar 
dye industry continuing in this country after the patent has
lapsed; for instance, while ------------ was patented over here it
was made in large quantities, yet the last English-made !
was sold two or three months before the patent lapsed, and so 
it has been with everything else. It is impossible to produce 
any permanent results by these working clauses. Again, a 
number of patents have been revoked under the new Act. In 
no case has this resulted in the manufactures being effected in 
England. The inventor has lost his patent but there has been
no manufacture resulting over here...............

“ I have now heard from London where I spent a few hours 
the day before yesterday, with reference to the compulsory 
working clauses. The Controller at the Patent Office assures 
me that there has been no official publication at all with reference
to the effect of compulsory working................ ,

"The -----------  Chemical Works bought 24 acres of land at
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£1,000 the acre, but they did this with the absolute conviction 
that five acres would be amply sufficient for a factory merely to 
work the patents. Indeed, with five acres the coefficient of 
safety was three.

"The factory of th e ------------ Company a t -----------  is simi
larly very much larger than is necessary for working the patents. 
The site covers, I believe, 25 acres. I am not sure of the exact 
size of the site. They use, I should estimate, three acres.”

According to the Journal of Commerce of November 4, 1914, 
the Farbwerke Hoechst plant in England employed fifty or sixty 
workmen at that time; statements have been made by supporters 
of this clause that these works employed 600 workmen.

On April 1, 1914, the Imperial Industries Club of Great 
Britain had a real in-the-family and heart-to-heart discussion 
of this Act and its effects. The complete report of that discus
sion is given below with acknowledgments to The Imperial 
Industries Club, whose official pamphlet has provided this 
material.

Since this Act was passed for the benefit of Great Britain’s 
chemical industry and particularly with the hope and expectation 
of creating in Great Britain a real coal-tar dye industry and has 
failed of its object, a careful study of this discussion at this time 
must appeal to every American chemist and maker of chemicals.

90 W i l l i a m  S t r e e t ,  N e w  Y o r k

SYMPOSIUM ON COMPULSORY WORKING OF PATENTS 
AND DESIGNS IN ENGLAND1

B y T h e  I m p e r i a l  I n d u s t r i e s  C l u b

t h e  c h a ir m a n : M y Lord Moulton and Gentlemen— We
have received letters of regret from the following, who are not 
able to attend this evening: Sir John S. Randles, M.P.; the
Hon. Sir John Astbury; Lord Parker; Ivan Levinstein, Esq.; 
C. T. Needham, Esq., M.P.; the Right Hon. Lord Southwark;
F. Whitley Thompson, Esq.; G. J. Stanley, Esq., of the Board 
of Trade; Harry Nuttall, Esq., M.P.; A. J. Hobson, Esq.; 
Ex-Master Cutler, of Sheffield; and from Sir Joseph Law
rence, a member of this Club and an old friend of ours here, 
the following telegram has been received. Sir Joseph says: 
"I deeply regret cannot join you. If present I should stoutly 
maintain compulsory working benefits this country by creating 
more opportunities for employment and I strongly support this 
policy and would strengthen it by Parliamentary means. Please 
read this to your meeting.”

Gentlemen, I think that that is a very good opening for the 
subject which we are about to discuss and which I think you 
will all agree will prove a very interesting one. We are a com
paratively small party this evening; but I think we are all in-

1 R eport of the  proceedings a t  the  April d inner of the  Club held a t  
DeKeyser's R oyal H otel, V ictoria E m bankm ent, E . C., London, on April 
1, 1914, w ith the  President, Aid. S ir George W y att T rusco tt, B art., J .  P., 
in the chair. Among those p resen t were the  following: T he R ig h t Hon.
Lord M oulton of B ank; W . Tem ple Franks, Esq.. C. B .; S ir George Croydon 
Marks, M .P .; S ir R . Ellis Cunliffe, M .A .; Col. S ir John E. B ingham , B art., 
V.D., J .P .; S ir R oper Park ing ton , D .L ., J .P .;  A. J . W alter, Esq., K .C .; 
James H unter G ray, E sq .; H . A. Colefax, Esq., K .C .; G. H enry  W right, 
Esq.; C. E. Town, E sq .; S tanley  M achin, E sq .; H . Hatfield, Esq., I.S .O .; 
Wm. M artin , Esq ., L L .D .; Alex. Siemens, E sq .; O liver Im ray , E sq .; Alfred 
0 . Goodrich, Esq.; D r. E rnest J. Schuster; George B arker, E sq .; C. Freem an 
M urray, Esq.; T he Hon. H ugh F letcher M oulton ; Laurence R ostron , Esq.; 
C. U rquhart F isher, Esq., L-C .C .; J. K ing S tew art, E sq .; John C utler, 
Esq., K .C .; J. M . Forbes, E sq .; Acllillc Bazire, E sq .; R . B. Dunwoody, 
Esq.; Louis Sinclair, E sq .; F rancis  E . T rusco tt, E sq .; Jam es W ebster, E sq .; 
W. Holmes R eddan, E sq .; R . A. W allis, E sq .; Percy R ichardson, Esq.; 
W. A. Vernon, E sq .; D r. A. E . Rose; J. K . Foord, E sq .; C. B ea tty , E sq .; 
Kenelm H. H. Sm ith, E sq .; W alter F . Reid, Esq., F .I.C ., F .C .S .; Douglas 
Leechman, Esq.; E. T . A yerst Hooker, E sq .; E . E. Pakem an , E sq .; Geo. 
E. Pearson, Esq., F .C .S .; G. M . W hiley, E sq .; J . D. M arshall, E sq .; E rnest 
J. Mitchell, Esq.; E dw ard  H arrison, E sq .; A. J . M artin , E sq .; M . P . Shep
herd, Esq., A .C.A.; H enry  Cooke, E sq .; J . H . Evans-Jackson, E sq .; J . N . 
Evans-Jackson, E sq .; W m. J . T en n an t, Esq ., M .I.M .E .; H . W ade, Esq.; 
Jacob Heilborn, E sq .; Geo. K ettle , E sq .; P. B lair T aylcr, E sq .; Percy  Izod, 
Esq.; E . H . H arberd , E sq .; J . H . Jack , E sq .; and J . E . E vans-Jackson, 
Esq. (Bon. Secretary).

terested more or less in the subject which we are going to debate. 
We are fortunate in having around this table gentlemen who are 
professionally, officially, and commercially interested in patent 
questions, and we are to have an opportunity of hearing, I hope, 
expressions of opinion which will voice both sides of the question. 
Because at this Club we do not like things to be altogether one-sided. 
Our purpose in meeting here is to try to thresh out matters in a 
friendly and convivial sort of way, and therefore we rejoice when 
the opener has some little opposition, so that those of us who do 
not take part in the debate are able perhaps to act as a jury of 
decision.

I am privileged to call upon Mr. Walter Reid, Chairman of the 
Institute of Inventors, to be good enough to open the discussion.

m r . Wa l t e r  v. r e i d , f.i.c., F.c.s.: My Lord Moulton, Mr. 
President, and Gentlemen— The reason I have been called upon 
to open this discussion has been stated by the Chairman, namely, 
because I happen to hold the office of Chairman of the Institute 
of Inventors; but I should wish for your sakes that you had some
body who is better able to place the arguments on behalf of 
inventors before you than I can do myself. I am very glad in
deed to have the assistance of my old friend Sir Joseph Lawrence, 
because I was with him on the deputation to Mr. Lloyd George 
which resulted in the Patents Act that is now the subject of 
discussion, and that some of us, at any rate, wish to alter. Pre
vious to that I had also taken part in a deputation to Mr. Gerald 
Balfour, when he was at the Board of Trade, when we also got 
an alteration of the Patents Act. I do not know whether any
body was satisfied with that alteration, but I have not heard of 
many, and that Act was very soon altered. I think, when we 
are on that subject, it is not quite right to say that Mr. Lloyd 
George on that occasion gave one of the first and most conspicuous 
instances of Protection to British industry. He really did noth
ing of the kind; he placed us on a Free Trade basis with other 
nations, because undoubtedly— I will not go into the figures on 
this question— at that time the bulk of the other nations, the 
most important ones, who were competing with us industrially 
and commercially, had compulsory working as one of the con
ditions of granting a patent in their countries. We for a very 
long time had 110 compulsory working: we had allowed foreign 
inventors here to acquire monopolies in certain branches of in
dustry, and they had made use of those monopolies in a way 
which those who were acquainted with the details of the subject 
could no longer, permit Great Britain to labor under the dis
advantage of. On the occasion when we had the last deputation 
to Mr. Lloyd George a number of cases and details were given 
of industries that had suffered in Great Britain because foreigners 
had been granted monopolies here and had not worked the 
patents in this country, but, having the monopoly, they could 
demand from our own people prices which they at home could 
not obtain. A very familiar case was that of the alizarine indus
try, where our manufacturers here who had to use such dyes 
were paying about half-a-crown and the practical real value of 
the material was about sevenpence. Of course, our manu
facturers were suffering there under a great disability as regards 
foreign competition because they required that dye; it was a 
dye which was necessary, and the wool dyers in Bradford and 
elsewhere had those excessive prices to pay whereas their German 
competitors had not.

Now, I think, if we consider that, it is a clear case where the 
British industry is handicapped and unfairly handicapped; and 
I would ask you to bear in mind that the first and original idea 
of a patent was a monopoly for the introduction of an industry 
into this country, and it was only at a later stage that the in
ventor was given a monopoly for the produce of his brains. No
body will deny that an inventor ought to have something for 
inventing a thing; otherwise we should have no inventors in this 
country; they would go elsewhere. But I do think, myself, and, 
so far as I have been able to learn, and I think I am in as good a
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position as anybody to learn the opinions of inventors generally, 
they are under the impression that it is an unfair thing to British 
inventors that a foreign inventor should come here and acquire 
a monopoly and not do what the British inventor in most cases 
has to do from the very nature of the subject, namely, work the 
invention. I think that we, as an Imperial Industries Club, 
ought to see to it that the British inventor is not, at any rate, 
worse of! than the foreign inventor. He cannot in many cases 
at any rate,— in some he can, but in many cases he cannot—  
acquire foreign patents abroad in the same way that a foreigner 
can acquire a patent here, because there is compulsory working.

Now, no doubt some of those who will follow me may say that 
compulsory working is a mere matter of form and so on; but, if 
you have a powerful firm who insist upon that form and put the 
law in motion, then the British inventor who has a patent abroad 
may very likely lose that patent in some countries— not in all of 
them.

There are other points with regard to the working in this 
country that I think we as an Imperial Industries Club ought to 
consider. With regard, for instance, to munitions of war, on 
that deputation to Mr. Lloyd George we pointed out that'at 
that particular time great industries were being founded by which 
the nitrogen of "the atmosphere was being condensed, or con
centrated as it were, into the essential material for the manu
facture of smokeless powder. I particularly pointed that out. 
I said: Now there is an industry being created which, if it is 
not worked in this country, will leave us in time of war without 
the possibility of carrying on the work ourselves. An industry 
of that kind cannot be founded in a few weeks, and, consequently, 
unless the industries had been previously established in this 
country we should be in the position that if war broke out the 
saltpeter, which is an absolutely necessary ingredient for all 
explosives, would be contraband of war and we should not be 
able to obtain a supply, whereas our competitors, or our enemies 
perhaps, would be able to do so from the atmosphere. From 
establishing those industries they would be able to produce as 
much nitric acid as they required and wre should be left without 
it. That, apparently, appealed to the Government at that 
time, and compulsory working was then established.

Now, it has not given us altogether what we want. I will not 
go into the legal argument. Mr. Justice Parker, whose name 
is a household word among inventors and well known in this 
room, has interpreted the law in a certain way. We had pre
viously not interpreted it in that way. I do not propose to 
go into that, because my friend, Mr. Douglas Leechman, who is 
the Chairman of the Parliamentary Committee of our Institute, 
has made a special study of that, and if you wish he will give you 
chapter and verse for everything in connection with the legal 
aspect of the question. But what I wish to impress upon the 
members of this Club is that the matter is to some extent an 
Imperial one. It is one in which we ought to consider those of 
our kith and kin more, I think, than foreigners who come here, 
and whom we welcome, by the by. I would not for a moment 
say that we do not welcome them, for a very large number 
of our industries in Great Britain have been introduced and 
developed by foreigners, and I should be the very last one 
to say that wre should not welcome foreigners in every way, but 
I do say this, that we ought not to give them a monopoly which 
can in any way injure our own people.

Now, as a consequence of that Act during the time when, if I 
may use the word, it was active, several firms abroad came and 
established factories in this country and (without again going 
into minute details which would probably be rather tedious to 
you, but I have a very considerable number of figures on that 
question) a number of factories have undoubtedly been estab
lished and industries have been established under the pressure of 
the Act as we interpreted it. It is not enough to say that one 
firm or another has put up a factory in England, and they are

not doing much, that they have done it just simply as a blind, 
and so on; that is not so much the question; those who are be
hind the scenes know very well that a number of patents have 
been introduced into this country under royalty to British firms 
that would not otherwise have been introduced. When an in
dustry is introduced into this country, whatever it may be, there 
is employment for British capital, there is employment for 
British workmen and the industry becomes established in this 
country and after the lapse of the patent the industry becomes 
an English one.

I would mention incidentally that the British Empire now 
is to some' extent, I will not say in the melting pot, but we are 
going through troublous times with regard to the British Empire. 
We have self-governing Colonies, and the bond that links <jur 
self-governing Colonies to us is one of gossamer, and we can only 
keep together by the most careful interchange of opinions and 
of commercial interests especially. When I say that we have 
seven of the High Commissioners or the Agents-General of our 
self-governing Dominions as Members of the Institute of In
ventors, I think you will see that we deal with the matter from 
the Imperial point of view, and that is particularly the point of 
view I should like to impress upon you this evening. There are 
a great number of things that one might mention that really 
cause an Englishman to blush because we are so dependent upon 
foreigners for things which are absolutely necessary for our 
existence as a nation. Of course, we know very well the history 
of the Whitehead torpedo. Our own Government would not 
take it up and it had to go to Austria to be started and then our 
Government bought it at an inflated price afterwards. That is 
a very well-known instance. I myself have had an instance. 
I started the industry of smokeless powder. I could not get 
our people to look at it here because they said the sights of all 
the rifles in the Army would have to be altered. The .French 
did not look at it from that point of view quite; they saw a little 
bit further and they started'the industry. Then our people 
came in afterwards, a second, perhaps a good second; but the 
less we say about cordite when it was first made I think the 
better. I think it a shame for Englishmen that they do not and 
our Government does not push ourselves to the forefront of 
nations. They can do it and why should they not? Then, 
again, you may not know it, but the glass required for optical 
purposes in our Army and Navy is German glass. For instance, 
the periscopes of the submarines are made from German glass. 
If we happened to have a war with Germany they would not 
give us their glasses.

m r . j .  E. E v a n s - ja c k s o n  : That glass is not the subject of a  
patent.

m r . Wa l t e r  r e i d : Yes, I think so.

m r . j. E. E v a n s -ja c k s o n  : No, certainly not.

m r . Wa l t e r  r e i d : At any rate, any improvement upon it
here would be to the advantage of this country. I happen to 
know something about that particular subject, because I am a 
member of a committee that studies this special subject; Sir 
William Crookes is also a member and we have very distinguished 
scientific men on it, and it struck us as being a great anomaly, 
and it struck me personally as being rather a shame that we 
should be dependent upon a foreign country for these things. 
If, as our genial Secretary says, there is no patent now at the 
present time, I would point out to him that the glass that was 
developed by Schott of Jena was developed financially and in 
every way only through the assistance of the German Govern
ment. Whether they give a money subvention for carrying out 
these experiments or whether they.grant a patent, the whole 
thing is a development of the industry of the country, and if any 
foreigner were to come over here and were to get a patent mon
opoly for a new kind of glass he could hold up the whole industry 
if he liked in time of war. As a matter of fact, we are dependent
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for that glass upon the Germans, and that is the point I wish to 
make here: the Germans developed that industry through the 
assistance of their Government. There .are many other things 
where our existence as a nation, I will not say is dependent upon, 
but may be, at any rate, interfered with.

I am reminded that the time is getting short for my opening 
remarks. I have a number of other matters, but I should like 
to refer just briefly to the commercial aspect of the question. 
The patents that are worked in this country may be of very great 
value indeed. If there are foreign patents which are not re
voked or worked in this country they may stand in the way. 
I happen to be a director of a company that holds a very large 
number of patents; I think they are put down at about £140,000 
in, our balance sheet, and they are of considerable value from the 
point of view of master patents; they control a certain industry. 
If we had a foreigner come over here and get a patent that would 
stand in our way British capital would lose. It  is a thing that 
affects commercial men even more than inventors.

Then, again, I would remark to you with regard to the working 
of a patent that it is extremely difficult— and this is a point with 
regard to which probably those who succeed me in speaking will 
■say that the onus should lie upon the objector— to prove that a 
patentee does not work. That is a most difficult thing to prove. 

.1 know the legal gentlemen are in favor of that because that 
seems to be the general practice in the law, but it is not a practice 
without exception; there are many exceptions. I would point 
out here that it is almost impossible for a stranger to find out 
what is going on in any factory. We have an instance where a 
gentleman told us that he had tried for a year, he employed 
detectives and he found that the patent was worked; he found a 
tub in a kitchen; that was all he found and all he was able to find. 
If it is so difficult as to be almost impossible for an Englishman 
to find out what his foreign competitors are doing in this country, 
then I think the purpose of the Act will altogether fail. If the 
•onus lies upon the objector to prove everything that the foreigner 
is doing I think it is quite impossible. With those few words I 
will conclude.

t h e  c h a ir m a n : I will ask Sir George Croydon Marks, M.P., 
to speak.

s ir  g e o r g e  c r o y d o n  m a r k s , M .p .: Mr. Chairman, my Lord,
and Gentlemen— I am very glad that our friend has wound up 
with a suggestion which I think gives the key to a great deal of 
the criticism which has come from that table. He speaks about 
being concerned with a company that has £140,000 written as 
the asset connected with patents, and he touches upon the 
financial side rather more strongly, I think, than he touches upon 
what I would call the commercial side. I, unfortunately, have 
had to deal with inventors and with manufacturers and engineers 
and others for a great many years, and I have not found that 
there is a disinclination upon anyone’s part to improve their 
position or to improve their works, given a favorable opportunity. 
I have found, however, that in this country there is a lack of 
initiative, and a great deal of caution that one does not find in 
other countries. That goes a very long way to explain why some 
people succeed elsewhere, and others fail here. There are 
businesses in existence in this country which have failed, not be
cause of foreign competition, and not because of foreign patents, 
but because the sons connected with the business that they found 
made for them by their fathers have not that initiative, have not 
that personal touch, and have not that knowledge that their 
fathers had to make the business. Hence it comes about that 
we find young men, who succeed to good commercial businesses, 
■doing all that they can to show the people in the district in 
which they live that they belong to a different class from those 
poor manufacturers and the others; and if, perchance, they do 
happen to go to a works they just pass through it and pretend 
to have but a little acquaintance with the details; and is it any

wonder that by and by the old-established firm finds it necessary 
to convert itself into a limited liability company in order that its 
declining trade may be bolstered up by capital caught from 
credulous people knowing nothing about the real decline; and 
then, when that business has failed, you have some of these 
prophets of woe coming along and suggesting: "We have lost 
our business owing to the wretched foreigners sending things here 
or patenting things here that we are not allowed to make” ? 
I am perfectly certain that I could, within twenty minutes, 
satisfy any gentleman tomorrow morning that if you have 
some very good article here and you submit it to a number of 
old-fashioned firms, making them offers of it, they will turn that 
down straight away, and say they have no need for it; they have 
all the skill that they want in connection with their own firm; 
and if they cannot produce what is wanted then that which we 
offer them is no good at all.

Our friend spoke just now about the terrible tilings that are 
going to happen if, perchance, some patent connected with 
munitions of war happens to be held by a foreigner when war 
breaks out. Well, if we have to make up our minds that we 
have to depend upon that which we can do in these 
Isles, only upon that which we ourselves caii construct and 
bring about, we have to look to something a little bit broader 
than patents: we have to look to food; because the same 
suggestion about starving a nation out could be quite as 
readily made as killing our industries by working us out. 
I know from my own personal knowledge a firm in America 
who have supplied the British Admiralty and the British 
War Office with things used 011 the British guns; and I 
have seen cheques today to the extent of over £1,200 in con
nection with these things used during the last six months on 
British guns supplied from America, and there is not a single 
British firm connected with munitions of war that will take the 
patent up or be bothered about it when they have been ap
proached. I could show our friends tomorrow letters from large 
firms whose attention has been called to these particular things; 
they mark it "secret”  when they examine it, and then they send 
and tell you they do not need it. Why? It would be a re
flection upon some member of their staff if they recognized that 
a person outside of that staff could do anything better than is 
there being done, and therefore it is refused. No, Gentlemen, 
you have to get a little nearer if you want to find the reason for 
some of the decline of our industries. You have to get a pride 
in industry as much as a pride in position: you have to make 
people as satisfied to be concerned in a manufacturing industry 
as they are to be concerned, say, with the profession of law or 
with the profession of medicine: they have to be as zealous in 
their work, and as eager to develop there as their fathers were 
if they are to hold the trade. The trades that exist today that 
were formed by good men years ago are only continued today 
very often by new blood having been brought in, owing to the 
sons having shown a disinclination to carry on the business; 
they take their money and clear out. I could give one illustra
tion from Birmingham: the firm, who were fathers of the whole 
industry of the civilized world in connection with mechanical 
power, was that of Boulton and Watt, and yet their works in 
Birmingham were subsequently acquired and became works, not 
for the great engineering industry, but for the manufacture of 
scales, and so are used today; while the works on the adjoining 
piece of ground, employing about 3,000 men, was formed within 
the last forty years into the great world-wide engineering business 
of Tangye’s, Limited, by four men, two of whom are still alive 
today. Those men formed an industry and developed it, not 
solely by their patents, but by their zeal and by their personal 
industry. The other firm, that had the world at its feet, let 
the thing go, because those who were to succeed them had not 
that personal pride and initiative in that which they were doing.

Patents cannot be put upon the same footing as ordinary
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articles. A patent is a monopoly, and to talk about free trade 
in patents is to put one opposite against another. The real 
remedy for the trouble in connection with the abuse of patents is 
that, if a patentee does not work it in this country after, say, 
four or five years, it should be automatically open to people in 
the trade, who desire to work it, to go to the Patent Office and 
require a license to be given on reasonable terms— in order that 
they should work that patent; and then by so working it they 
would develop and bring from abroad that skill which would 
enable them to improve that which was originally initiated from 
abroad.

When the Patent Act of 1907 was being discussed in Parlia
ment I fought it every line in connection with the compulsory 
working proposals. I pointed out then that the people who were 
clamoring for it did not know what they were clamoring for—  
and by and by they would be sadly disappointed, as they have 
been. I pointed out that they were not aware of the difficulties 
that inventors had to get their inventions adopted— and I was 
considered to be a man who was only professionalljr interested 
in these tilings; but, unfortunately, since then inventors and 
others have found out that this wonderful Act, which was 
going to bring about such a large amount of extra work 
for them, has disappointed them, and it has not only dis
appointed them, but it has disappointed the public to some 
extent. That Act of 1907 had marvelously good points in 
connection with it quite outside the compulsory working 
and quite outside those things connected with that part 
of the subject that we are now discussing, but those points 
have been largely overlooked. It was a new charter which 
was given to the same people who clamored a few years 
ago under the idea that if they stamped every article when it 
came into this country with the name of the country from which 
it came then that would make people demand English things, 
if they happened to see “ Germany” marked on it or "Belgium” 
marked on it. Those people were then known by some of us 
to be deluded people and working for a “ Will o’ the wisp.” 
They got the “ Will o’ the wisp,” and, they did not burn their 
fingers or get any light, but after they had apparently got it 
they looked for it, and found it w’as not there; but what was there 
all the time was a departing trade that the foreigners had cap
tured owing to the immense advertisement that we had given 
them by requiring that stamp upon the goods "Made in Ger
many;” thus making people, when they wanted a cheap article, 
say: We must go to Germany for it; England cannot possibly 
do it.

No, Gentlemen, we made a big mistake when we introduced 
into that Act of 1907 the compulsory working— a very big mis
take, as the whole industry now recognizes. The "Inventors’ 
Institute,”  I am glad to find, recognizes it; I am very glad to 
find that the commercial people recognize it and I would ask them 
now to direct their attention to getting a reform, not in the 
matter of compulsory working, but of automatic licenses, so 
that if a man does not work it, you can go and demand that you 
may work it. And if you demand that you shall work it he will 
then be obliged to come forward to prove that he is already 
properly commercially working it. That will be a very easy 
way of getting what our friends there desire, the proof that it is 
being actually worked, and the opportunity to work it, if the 
other man is not doing it.

Gentlemen, I have run past my time; but I am very glad to 
have had the opportunity of speaking. As one who was con
cerned with that 1907 Patent Act, who was on the committee 
when it was being discussed, who was present when Mr. Lloyd 
George received the deputation to which our friend referred, I 
am glad to be able to point out that that which was then orig
inally declared by me as being something which would be 
bound ultimately to bring disappointment, has brought disap
pointment; and tonight here we must remedy it by going on 
a new path altogether.

THE c h a ir m a n  : I am now allowed to call upon Mr. Alexander
Siemens to speak to you.

m r . ALEXANDER s i e m e n s : Mr. President and Gentlemen—
What I think about the working of patents I said in a lecture 
before the Society of Arts some time ago, when I had this honor, 
that Lord Alverstone was in the Chair and Lord Moulton 
criticized. I will say at once that both those gentlemen sat upon 
me and flattened me out. They said I was absolutely wrong. 
Now I want, all the same, to repeat what I said then. First, 
I wish to back up Mr. Walter Reid in his statement that the 
Act of Monopolies originally made an exception in favor of those 
people who introduced a new industry into England; and I want 
to protest against giving the dog a bad name and calling it com
pulsory working. It is not compulsory working. Now, to 
make my reasoning clear, who is an inventor and what is in
venting? According to my notion a man who wishes to im
prove processes which are in use ought to have a perfect knowledge 
of the natural laws referring to the subject. He ought to know 
what has been done before, and especially he ought to know the 
endeavors to improve some methods which have failed, because 
you learn more through failures than through successes. I will 
put everything very shortly, but you know perfectly well what 
I mean. And he ought also to know what is the demand; in 
what direction ought improvements to be made.

Now, what I contend is that the inventor, so-called, who is 
represented in the novels and children’s books as going to bed 
one evening— quite sober, of course— having a lucid idea during 
the night and getting up the next morning a saviour of society, 
or a benefactor of his fatherland, and all that sort of thing, does 
not exist. As I have said already, the people who really can 
propose improvements which are worth having are those who 
have to do with the things all the time, who know what they are 
about and— I am coming presently to a point which displeased 
Lord Moulton very much— I think it is the manufacturers them
selves who know best where the improvements ought to come 
in, and how to make experiments and conduct their researches 
in order to effect their purpose. The outsiders have no idea. 
It is, of course, always a story that medical men were the greatest 
electricians; look at Volta and Helmholtz, and goodness knows 
how many more; but if you come to look into it, take the medical 
profession, they devoted themselves entirely to electricity (I 
am just taking that example), and, of course, they were capable 
of suggesting- the proper improvements. Now, the outsiders 
come with all sorts of rubbishy inventions, and it is almost im
possible to convince some of them. In that respect, I would only 
retail to you a saying of Sir William Siemens. He used to say: 
"I have an appointment with an inventor this afternoon; that 
means I shall waste two hours of my valuable time, and I shall 
make an enemy for life” because no inventor ever believes that 
he is wrong. On the other hand, I want to go a little further 
about this compulsory working, or putting the thing into practical 
use. I want to protect the inventor in this way, that if he has 
introduced his invention so that it is used on a commercial scale, 
then it shall not be possible to upset the patent by anything but 
proving that the same thing had been commercially done before, 
and that is really the point. I am sure you are all well ac
quainted with patents which are fishing patents, which put 
something, for instance, about wireless. Wireless is in the air: 
somebody puts down a sort of provisional specification with all 
sorts of notions, and then he looks afterwards into complete 
specifications which are dated perhaps later than his own pro
visional, and when he files his final specification he embodies all 
sorts of things which he has picked up in the meantime. That 
such a man should be protected is wrong, and it is really only 
the practical introduction of an idea (an expression which I 
prefer to use to compulsory working) which should protect it. 
If you like to suggest any topic to me whatever, I will suggest at 
once a patentable idea to improve it, but whether it will work
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is another matter, and that is the essential matter. If a novel 
idea really shows by practical introduction that it is worth hav
ing, then it deserves protection, but the mere stating of a novel 
idea is no good whatever. In support of that statement I would 
ask you: Do you know many inventions which are worked in 
accordance with their specifications? I think those of you who 
are practical people will know that there is hardly any invention 
which is worked as stated in the final specification. There are 
always practical modifications, modifications of detail as they 
call it, but it is the details which are the essential things, and 
which prove whether the thing is practicable or not, and there
fore the working of an idea is the essential thing, and not merely 
stating something which is beautiful to look at.

t h e  c h a ir m a n : We are now to have the pleasure of hearing 
Mr. Oliver Imray, ex-President of the Chartered Institute of 
Patent Agents.

m r . Ol iv e r  i m r a y : Mr. Chairman, my Lord, and Gentlemen
— A good many of my views have already been expressed by Sir 
George Croydon Marks. I fully endorse everything that he 
says.

Gentlemen, what we have to consider is: What is a patent? 
A patent is a monopoly; and without the grant of a monopoly 
of some kind you cannot expect any capitalist, any manufacturer, 
to introduce a new invention into this country. He must have 
some sort of protection so that if he puts capital into a patent 
he is going to have the monopoly for a certain period. Now, 
Gentlemen, the monopoly granted to a patentee is absolutely 
absurd as compared with that granted to the author of a book. 
Further, Gentlemen, a patent can be attacked, first of all on 
disconformity between the provisional specification and complete 
specification, on novelty, either prior publication or prior user, 
on the question of subject matter, on the question as to whether 
the specification properly describes the invention— there are 
four or five grounds on which a patent can be attacked. Com
pulsory working introduces a further ground upon which to 
attack that patent.

Now, Gentlemen, if you come to think of it, there are 100,000 
patents in force, in existence, at any time you like to mention. 
I have taken out the statistics. I know it for a fact. There are
100,000 patents. What has been the result of the 1907 Act? 
To take an average, there have been five patents a year revoked 
on the ground of non-working. For the sake of those five patents 
a year, you introduce an additional clause for revocation of a 
patent, or for attacking the validity of it. Is it worth while 
doing that? I say it is distinctly not. Gentlemen, are inventors 
to be encouraged? They not only produce an income of over 
£100,000 a year to the Revenue, but they supply employment 
for the Patent Office and its officials to the amount of £150,000 
a year. Surely you ought to consider an inventor, and do the 
best you can for him! I have had thirty-five or forty years’ 
experience of, not only the working clauses of this country, but 
the working clauses all over the world, and I say the compulsory 
working is a great farce, absolutely. You can always get outside 
of it.

Now, Gentlemen, I agree that compulsory w’orking to the 
general public is an absolutely ideal measure. It is supposed 
to introduce inventions into this country, and to encourage the 
employment of labor. That is true enough, but the result of 
compulsory working from my experience, and from the first few 
actions brought for revocation, was not to introduce the industry 
into this country, but to revoke the patent, and allow Germans 
and Belgians, and French people, to dump their goods in this 
country.

Gentlemen, I hope, if any other legislation takes place, it 
shall not make the compulsory working clause more drastic, 
but shall amend it in this sense: that before a person can apply 
for revocation of a patent 011 the ground of non-working he

should in the first instance say that he has applied for a license, 
and it has been refused— that is a very good ground; and not 
only that, but that he is prepared to actually manufacture in 
this country if the patent be revoked.

t h e  c h a ir m a n : I will now call upon Mr. A. J. Walter, K.C.

m r . A. j. WALTER, K.c.: Mr. Chairman, my Lord Moulton,
and Gentlemen— The motion which I apprehend we are gathered 
here tonight to discuss is the proposal made by the Manchester 
Chamber of Commerce to the effect that the Association urges 
upon His Majesty’s Government to amend the Rules under the 
Act of 1907 in such terms as will place the burden of proof of 
working in this country upon the patentee. A more mischievous 
resolution I have never had the opportunity of seeing.

What is the meaning of a patent? It is that reward which 
every State has found it necessary to institute in order to en
courage invention. Various countries, Belgium and Switzerland 
among others, decided that they would have no monopolies. 
They found that invention dropped off at once, because there 
was no incentive to inventors to employ their inventive faculty. 
Compulsory working is dictated by nothing else than the desire 
of others to destroy the monopoly which the State has given to 
the man who has made the invention and to enjoy the fruits 
of that invention. Compulsory working has been suggested 
purely and simply by the desire to appropriate the brains of 
others, by persons who have not the intelligence to invent them
selves. It is the destruction of the very right which the State 
has given to the man as a reward for his having exercized in
ventive faculties.

I have had, perhaps, more experience than anyone in this 
room of the class of persons who present petitions for the revoca
tion of Letters Patent. I have known no case where petitions 
have been presented by persons who desired to work the inven
tion in this country. Petitions are always presented by persons 
who have in some instances initiated manufacture abroad in 
order to come and present a petition to the Courts of this country 
so that they may say that there is a greater working abroad than 
there is in this country, in order, as has been graphically and 
euphemistically described by an earlier speaker, that they may 
dump their goods in this country; and I know of no bona fide 
petition presented by any person in this realm for the revocation 
of Letters Patent for the purpose of encouraging manufacture 
in this country; but, 011 the other hand, all petitions have been 
presented for the purpose of encouraging manufacture abroad, 
and destroying manufacture in this country.

I am, to a certain extent, with the motion in the sense that a 
patent is essentially a territorial monopoly presented by the 
Government of a country to an inventor who has benefited 
the country by making an invention for which they have granted 
him the patent, and who, if he is a bona fide inventor in the realm, 
will work that invention without any legislation of any kind or 
description. M y experience is that if a man has an invention 
that is worth working there are very few commercial people who 
in time will not ascertain its value and assist him in working it 
without any legislation of any kind. If it is not worked it is 
for one of two reasons: either that it is valueless, and therefore 
had better be left alone, or else that the patent has been ob
tained by a person not domiciled in this country for the purpose 
of preventing working in this country, and manufacturing abroad, 
and importing into this country. I should draw a broad dis
tinction myself in the case of inventors of other countries who 
take out patents in this country, not to benefit this country, but 
in order to dump their goods here, and prevent anybody manu
facturing in this country. That is one class of harmful monopoly 
at which undoubtedly legislation might properly be aimed. I 
would apply that equally to English inventors in foreign countries. 
If any inventor takes out protection in countries other than 
his own in order to stop people in those countries working in



312 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  7, No. 4

ventions, I would devise measures to see, as Sir George Marks 
said, that he shall be compelled to grant licenses; but in the case 
of the inventor in this country who is working in this country, 
and who has not taken out patents in other countries, or, even 
if he has taken out patenfs, is not able to work them there, I 
would not allow him— as the law' at present is— to be liable to 
have set up against his volume of trade in England the volume 
of trade in the patented article all over the world, over which 
manufacture he has no control whatever, and probably knows 
nothing about— to be put in the pillory to answer questions as 
to whether or not the manufacture in this country is greater 
than the manufacture abroad. That is the law in this country 
on the interpretation of the Act of 1907, a position which I 
venture to think no sane person can ever have contemplated in 
Parliament, though the words of it undoubtedly do imply so. 
Lord Parker held, under the terms of the Act of 1907, that a 
patentee in this country, having only a patent in this country, 
could have a petition presented against him for revocation of 
the Letters Patent if the manufacture abroad, which he neither 
controlled nor had anything to do with, was greater than the 
manufacture in this country. I say that to put a patentee in 
such a position is absolutely unjust, ( m r . j .  e .  E v a n s - j a c k s o n :  
"Monstrous.” )

I have no objection, personally, to a system which would 
compel a person who takes out any territorial monopoly, the 
territory being that in which he is not domiciled, to grant licenses, 
as Sir George Marks says. Supposing a German takes out a 
patent in his own country and in this country, and does not, 
work the patent in this country at all, but uses England as a 
dumping ground I should compel him to grant licenses. Simi
larly, I would compel an Englishman who works in this country, 
and takes out a patent in Germany, and does not work there, 
but dumps his goods into Germany, to grant licenses in Germany.

What is the present position of compulsory licenses? It has 
been my privilege, "I think, to be in every compulsory license 
case which has come before the Courts since the Act of 1888, 
and what has been my experience with regard to those? There 
has been no bona fide petition presented. It has always been the 
desire of the “ Have-nots” to share in the benefits of the “ Haves.” 
Take the great monopolies of recent years: the Dunlop and the 
Welsbach, where there were huge industries introduced by reason 
of the patent monopoly granted. In every case the petitions 
presented against those companies were by persons who made 
fictitious improvements, not of any value whatever, and who 
then applied for licenses to work the monopolies of the Dunlop 
Company and the Welsbach Company. Is that the sort of 
way in which inventors are encouraged by a country to exercise 
invention? The conditions under which compulsory licenses 
are granted should be entirely altered from those which exist at 
present; and all those persons whom I call the “ Have-nots,” 
who desire to share in the blessings of the “ Haves,”  should be 
by rules prevented from troubling patentees with their desire 
to reap where they have not sown.

Personally, I objcct to the whole of this grandmotherly legis
lation. It is grandmotherly. Commerce will look after itself, 
and if inventions are worth anything they will be worked, 
and the industrial members of the community will look after 
them. It is no good quoting as Mr. Alexander Siemens 
did, a remark of his great ancestor: “ that most inventors 
wasted a couple of hours of his time.” It is quite true that 
there arc so-called inventors of that type; but a man of 
the ability of anyone of the name of Siemens would in five 
minutes recognize whether he was dealing with a crank or 
whether he was dealing with a man who had goods to sell, 
and if he found that he had got goods to sell, and they were 
goods in which he dealt, he would very readily make a bargain 
and deal- in them. On the whole, therefore, though, as I say, 
I do not oppose anything which would prevent patents being

used by citizens of other countries to stop working in this country 
and to assist the dumping of their goods in our country, I think 
that the whole legislation, both with regard to compulsory 
licenses and with regard to compulsory working, is a hindrance 
to trade, and a hindrance to invention, and should be abolished 
in lolo.

THE c h a ir m a n : I will now call upon Mr. Douglas Leechman.

m r . d o u g l a s  l e e c h m a n : Mr. President, my Lord, and
Gentlemen— So much has been already said that I wanted to 
say that I shall not trouble you very long. I take it that the 
object of this Club is to promote the industries of the country, 
and we will all admit industries are very largely founded upon 
inventions. Inventions, therefore, should be encouraged, and 
they should be encouraged in the form of granting Letters 
Patent, and the Letters Patent should be worked in this country 
as much as possible. I think everybody wants to see inventions 
carried into practice and not merely left on paper. Further 
than that, the patent- when granted should be maintained if 
possible. In that connection I should like to say right away 
that you are not going to encourage trade or invention or paten
tees by saying, “ Either work your patent or lose it.” If you 
are going to get the benefit out of the inventions that are made 
by the patentees you must preserve the patents and not hold 
a pistol at a man’s head and say, “ Work it or die,”  because no
body wants, or I will not say nobody, but in very few cases do 
manufacturers care to take up an invention for which they will 
have no protection. If a man is to take up a new thing he 
wants to have some privilege in connection with it.

Now, I should like just to echo Mr. Imray’s reference to the 
extracting of £100,000 a year from poor inventors by the Patent 
Office. I do think that the Government are not quite doing 
their duty to inventors in that connection. If they want to 
encourage the poor inventor, as the present Patent Act is sup
posed to do, they ought not to say, “ You shall pay 9d. for 4d.”

Mr. A. J. Walter, K.C., has so amply dealt with the result 
of these petitions for revocation that I need not dwell upon that 
subject; but these petitions do not go to promote industry in 
this country; they throw the invention open to everybody if the 
petition is granted; and, as I have already said, that does not 
promote our trade.

Now, the working of inventions should be promoted, and to 
that extent I am in favor of compulsory working, but not in the 
form of threatening a man with revocation. If you want to 
insist upon an invention being worked you should make the 
inventor grant a license, if he will not work it, or cannot work it 
himself. The patentee is not a dog in the manger. There may 
be a very few patentees who are dogs in the manger, but theirs 
is not a typical case. If I may echo what Sir George Croydon 
Marks has said, the dog in the manger is the manufacturer. 
He says, “ I do not believe that you have anything better than 
I have got, but even if you have, I am not going to look at it.” 
He feels that his sense of dignity is lowered if he takes up an 
outside invention.

What I would advocate would be the simplification of the 
grant of compulsory licenses. A t present we have this extraor
dinary position. The Comptroller-General will forgive me 
for likening him to a magistrate. A t present the position is 
that the magistrate may pass the death sentence in the form of 
revocation; but if you want to commit a man for six months, or 
w’hatever the period of the license is, you have to go to a Judge 
of the High Court. I would like to make compulsory licenses 
as easily obtained -as compulsory working is at the present time. 
One should file an application with the Comptroller, and he 
should be able to deal with it. The reason why compulsory 
licenses have not been popular in the past has probably been 
because of the difficulty of working the machinery. . I should like 
"to see Sections 24 and 27, those relating to compulsory licenses
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and compulsory working, amalgamated. One should give the 
control of the matter to the Comptroller-General, and revocation 
might come in as a possible alternative. That is to say, if a 
man refused to grant a license on reasonable terms, then he 
should be told, “ Very well, then you shall lose your patent 
altogether.”

Finally, I should like to say how thoroughly I disapprove of 
the idea of throwing the onus of proving the "main” and "ex
tensive” and "adequate” and "satisfactory” working in this 
country upon the patentee, upon the mere allegation pf the 
applicant for revocation to the contrary. If an applicant has 
not got enough information to make out a prima facie case to 
support his application, then it is not worth much.

t h e  c h a ir m a n : Mr. H. A. Colefax, K.C., will now kindly
speak to us.

m r . h . A. c o l e f a x , k .c . : Mr. Chairman, L ori Moulton, and
Gentlemen— I should like at the outset to express my appreciation 
of the kindness you have done me in inviting me here this eve
ning. When I received the invitation I was acquainted at the 
same time with the fact that it was proposed that this question 
of Compulsory Working should be discussed here tonight. 
I confess I was a little surprised; because it seemed to me rather 
as if to discuss that question was an unwarranted interference 
with what I had regarded as the certain but slow death of an 
unsatisfactory statutory enactment. However, I discover that 
in that conclusion I was wrong, because I did not know at the 
time what I know now, that the Manchester Chamber of Com
merce is apparently still on the war path. We know that in 
large measure the Manchester Chamber of Commerce was 
responsible- for this provision in our statute law that we are 
discussing tonight. See what it is that they are proposing now. 
They have got their enactment, and surely, from the standpoint 
of cheapness and ease with which anyone can come forward and 
claim 011 this ground that a patent should be revoked, the pro
visions in force I should have thought left nothing to be desired; 
but, apparently, they do not satisfy the Manchester Chamber 
of Commerce, and they are asking now that there should be an 
alteration in the rules; and that alteration, I think, we can put 
quite shortly in this way. They arc proposing that when the 
plaintiff has put forward his case, not proved it, but merely 
alleged it, then the defendant, the patentee, should be called 
upon to disprove that case. Well, I venture to think that that 
is really an unheard-of proposition and would be a gross injustice 
to patentees in this country and more particularly when one 
thinks for a moment what is the position under these provisions. 
We have heard a great deal lately of the common informer, and 
I cannot help thinking that these provisions which arc in force 
today do really put into the hands of a man, who need be noth
ing more than a common informer, a right to come to the Patent 
Office and demand the revocation of the patent. Now, I think 
it was Mr. Reid at the outset of our proceedings tonight who 
suggested that these provisions had as their object to give more 
employment in this country. I do not think that is correct. 
I remember one of the very earliest cases, and I have been en
gaged in a good many of them, and I dare mention this case, 
because although the Comptroller is present, it was not his 
decision, but the decision of his predecessor. It was a case of 
this character. There was a patent here for a certain invention, 
and by an oversight 110 patent had been applied for in Germany. 
There was no question that the patent could have been obtained,- 
but by an oversight it had not been applied for. The applicant 
for the revocation of that patent was a foreigner, who did, I 
believe, a commission business in the City of London; and his 
object in applying for revocation was not in any way to give 
employment in this country except to himself. But what he 
did seek to do by revoking the British patent was that he might 
be able to import a German-made machine into this country

and so sell it freely. That is one of the very first cases that I 
remember under this Act.

Something has been said also, I think it was by Mr. Reid, 
about Imperial unity. I confess that that is a subject that I 
feel strongly about myself and in every way desire to further. 
But it does not seem to me that these provisions in any way make 
for that, because, unless I am mistaken, our Colonies have copied 
our Act in so far as they have altered their legislation since the 
1907 Act has been passed, and in several instances have in
corporated into their Statute law provisions exactly similar to 
those which we have in force in this country; and therefore so 
far as Imperial unity is concerned it seems to me that it rather 
makes away from than in favor of that valuable objective.

Now, upon this question I, personally, have not a shadow of 
doubt. I have had a good deal of experience, and I am absolutely 
convinced that at present there is no countervailing advantage 
obtained under these provisions. The path of an inventor is 
beset with very considerable difficulties and every one of us who 
has to work in connection with patents, and deal with this 
question, knows the enormous pitfalls there are in the way of 
a man who has made an invention obtaining with certainty valid 
protection for that invention and I venture to think that he 
ought not to be saddled with these provisions unless it is ab
solutely clear that there are paramount countervailing advan
tages, and of those at present I know of no evidence.

One aspect of-this question has not been alluded to tonight, 
and I should like just to mention it, because you will remember 
that under the Act it is not only possible to apply to the Patent 
Office for revocation, or by petition to apply to the Courts for 
revocation, but it is also possible for a defendant to raise by way 
of defense a plea that the invention the subject of the patent 
has not been worked in this country. I do not know how many 
times that defense has been raised, but it is within my own 
knowledge that it has been raised a great many times. One 
case I remember in which it was raised— f  could cite more than 
one, but one occurs to me just now, namely, the Vidal 
Dyes Syndicate vs. Levinstein. It is germane to what we are 
discussing tonight. What happened there is what I think has 
happened in every case. The defendant was raising among 
other defenses, that the invention would not give any useful 
result at all. Well, he very soon found himself in this curious 
position, that in urging that it had not been worked to an ade
quate extent in this country as compared with abroad, he was 
relying upon a defense which conflicted with the plea that the 
invention could not lead to any useful result. There are many 
other cases; but I believe that in no single case up to now has 
that defense ever been presented to a Judge for his consideration 
or his judgment. So far as the application to the Patent Office 
is concerned, I, personally, join with what has been said by 
more than one speaker tonight, and that is this, that this pro
cedure is not a wise one, and if in truth what you want to do is 
to make it so that a man who is enjoying the monopoly of an 
invention should either himself put in operation in this country 
his invention, or that otherwise it should be put into operation, 
then I feel myself most strongly that the proper and fair course 
is to alter, if not satisfactory at present, the procedure for com
pulsory licenses and that by a compulsory license you have the 
right way to attain that end.

Now, there are only one or two other matters I would just 
mention before I sit down. Something has been said by my 
learned friend, Mr. Walter here, about the decision of Lord 
Parker. I am not questioning its soundness from the stand
point of a legal decision, but I confess that if these provisions 
are to stand, and that decision is to stand, there is something 
very wrong in the application of the Act, because I cannot be
lieve myself that it was ever intended that you should on the 
one hand look at the extent of manufacture abroad and contrast 
that with the extent of manufacture here, when all the time the
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poor unfortunate patentee here may have absolutely no control 
whatever over the manufacture abroad. Surely, if you are 
going in any way to endeavor to apply such provisions as these, 
they ought to be provisions applicable only under these con
ditions, that what is contrasted is the sale of the article, whether 
imported or otherwise, in this country, with the extent of manu
facture abroad, and nothing beyond that. It is quite true that 
the patentee at the moment has an offset to that position as 
decided by Lord Parker, in that he may include among the 
working in this country the infringing working, which also has 
always seemed to me a somewhat curious decision. A t any rate 
that is the position of affairs.

Well, Gentlemen, so much has been said upon this that I do 
not believe I can usefully add more; but I would join with those 
who take up the standpoint that if we are anxious to see that 
an invention enjoying a monopoly in this country should be 
worked here the proper course is by compulsory license, and 
not by these provisions as to compulsory working.

t h e  c h a ir m a n : Gentlemen, you will have noticed with very
great pleasure, I know, the presence among us of the Right 
Honourable Lord Moulton. We are very grateful to His Lord
ship for coming here this evening, and I am grateful to him, and 
so will you be, that he has consented to address us.

THE RIGHT HON. LORD MOULTON OF BANK, P.C ., F .R .S .: Mr.
Chairman and Gentlemen— I have enjoyed these speeches very 
much, but there has been a tinge of regret. There was a time 
when I could have made just as fiery a speech as Mr. Walter and, 
in fact, there was a little in the swing of his sentences which 
made me think that perhaps I had not been wholly strange to 
his education in that matter. But you see I am a tennis player 
turned umpire, and I have grown to look at strokes with a very 
much cooler head than I used to in those days when I played, 
and I have been trying, while this very interesting debate has 
gone on, to keep myself in the attitude of mind that one tries 
to keep one’s self in when one hears a case: you hear the arguments 
011 both sides and then you give your judgment. It does not 
follow that your judgment will not be strong. It is quite possible 
that the case may be so good, or so bad, that you not only use 
verbs and nouns, but you also use adjectives.

Well, Gentlemen, so far as the legislation as it stands, about 
compulsory working is concerned, I am afraid I am going to use 
adjectives. I think it is not only mischievous, it is also idiotic. 
It is one of those cases which are growing to be common, where 
the layman rushes into legislation with little or no acquaintance 
with the subject on which he is legislating. Knowledge has 
gone so far that the layman cannot keep up with the technical 
knowledge of a subject, even in politics. In my opinion, it 
would have been impossible for any man who understood this 
matter to devise the present legislation.

Now, let us take one example, and remember when you are 
testing whether a thing is right or wrong by an example, you 
must never take an extreme example; you must take one which 
fairly represents it. Let me suppose that a man makes an in
vention and contents himself by taking out an English patent. 
The invention turns out to be of world-wide utility; it is adopted, 
we will say, by every civilized nation in the world: but the in
ventor has 110 rights abroad: he has rights in England only. 
Then comes some person and says, "Your patent is worked 
mainly abroad.” Of course it is. Big as England is, the world 
outside is bigger. Then he appeals to this legislation, and claims 
that the patent must be revoked because it is worked mainly 
abroad. In this he is justified and the consequence is that an 
invention that is universally valuable and universally appreciated 
stands in the eye of the legislation of England, as it at present 
exists, as condemned to death, and it will be revoked unless 
the poor inventor can explain how it is that a useful tiling is 
used more abroad than it is in England.

It is no use arguing about legislation of that kind. It is self
condemned. We should be wasting our time here, if we dis
cussed whether it should or should not be altered. Accordingly, 
I prefer to utilize the time in considering what is the real mischief 
that has driven people to such extravagant and ill-judged 
legislation. I do not hesitate to say that the very able Minister 
who fathered that Bill and got it through the House of Commons 
literally saw red when the word inventor was mentioned. He 
looked upon this poor harmless set of people as wolves ravening 
on the unhappy British public. And he apparently is not the 
only person who does so. I have heard here the representative 
of a great name quoting the authority of one of the greatest 
members of his family to the effect that whenever he met an 
inventor it meant two wasted hours and the making of an 
enemy. He is quite wrong. I could mention an inventor 
whom I very often saw, and sometimes was lucky enough to 
have two hours with. But I neither made an enemy nor wasted 
my time, for that inventor’s name was Sir William Siemens. 

m r . ALEXANDER s i e m e n s : You are not a manufacturer. 
l o r d  m o u l t o n : I have seen many inventors, and so many 

of them are people whose lives are almost eaten up by the idea 
that they are trying to nourish into usefulness and strength, 
and I think that if I had one of them before me, and he did not 
know anything about the legislation as to patents, and I told 
him, “ You know that now they have passed a law for the com
pulsory working of inventions,” he would have said, "Oh, thank 
God, that is all I want” because he would firmly believe that 
his idea was such that if it was only worked he would prosper. 
Such compulsory working of inventions would be the greatest 
possible boon for an inventor, but the present law as to com
pulsory working is well-nigh fatal to the chances of remuneration 
which he would otherwise have. It punishes him for want of 
success which is not due to his fault. I challenge anyone of 
those here present, whatever view he takes of this subject, 
to answer me this question. Did you ever know an inventor 
(who was not also a manufacturer) who was not eager to have 
his invention worked everywhere? The mischief that has stirred 
up people to pass this legislation is that manufacturers, not 
inventors, stop the use of inventions in this country. Just think 
of the cases. Do you think that a man who invents a new dye 
would not like it to be made by Mr. Levinstein as well as every
body else. But it is a different question when a great foreign 
firm gets it. They do not want to protect the inventor’s rights. 
They want to protect the manufacturer’s rights. The conse
quence is that the whole cause of the outcry is the manufacturer 
who wants to get a monopoly by means of the rights which we 
have given to the inventor as a reward for his original thought, 
and you never find any mischief of the kind that it is supposed 
we must guard against as long as the patent remains in the 
inventor’s hands. I smile when I hear those who take the 
opposite side in this controversy talk about the advantage of 
compulsory working because it brings trade into England and 
gives work to our working class. Mr. Levinstein is an old friend 
and an old client of mine, but do you think he conducts his cam
paign in order to bring the Badische Anilin und Soda Fabrik 
into England? No, no, no. If you strip the cases of the formal 
language in which they are put, you will always find that the 
man who wants to revoke a patent is a manufacturer who wants 
to prevent the inventor proper from getting the return of his 
invention. I have said that I never knew any inventor, who 
kept the interest in his invention in his own hands, who was 
ever unwilling that it should be worked as largely as possible 
in every country in the world. Occasionally you may find a 
crank who puts too high a value on his invention, and will let 
the few years of the patent pass and his invention remain unused, 
simply because he thinks that the royalties offered are too low, 
but those cases are so rare that they may be neglected. No, the 
applications to revoke patents are not for the purpose of in
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creasing the manufacture in England; they are for the purpose 
of increasing the importation into England. It is this which 
makes it so important to give to people clear ideas on the subject. 
As you know, it is quite possible that the specious appearance 
of a movement in favor of English manufacturers (and it can be 
clad in those words) may bring some attempt to increase the 
severity of the law. This can be resisted only by showing to 
the world, first of all, that the movement is always from the 
manufacturer— the inventor has 110 interest in limiting the use 
of his patent— and, secondly, that the aim of all these attempts 
is to increase importation into England, and not manufacture in 
England.

So much for the real substance of the case. What then is the 
true remedy? The true remedy is that you ought to protect 
the monopoly of every inventor who behaves reasonably and 
punish those only who act unreasonably. If an inventor sells 
his rights to a foreign manufacturer, and that foreign manufac
turer uses the English patent to prevent manufacture in England, 
a manufacturer who is willing to make the article in England 
ought to be able to get a license to do it. No patent ought to be 
used for the purpose of checking work in the country itself. 
But let me point out the dangers that there are in taking a prin
ciple like that and using it without knowledge and without 
caution. There are many tilings that are best manufactured 
by one or two firms. The demand is small for them, and one or 
two firms can well satisfy it. If you threw it open to hundreds 
of firms you would get no greater benefit to the country. (A 
voice: "Less.” ) Therefore we have adopted the rule, and I 
think it is a wise one, that the inventor should be left to manage 
his own patent, fix his own royalties, and get as much from it 
as he can with his own personal knowledge of the matter. But 
if he acts so unreasonably that the patent is having the effect 
of seriously checking working in England, then give the power 
to the Courts to grant a compulsory license. That is remedy 
enough, and I should counsel you not to do anything else what
ever. If you do you will find that all you are doing is to help 
people to take the ideas of the inventor without giving any fair 
return, and to help people who manufacture abroad to import 
their goods into this country without remunerating the inventor. 
We do not want to see that, because we desire to see English 
manufactures increase, for we feel that we have a growing 
working population. We are glad to welcome new industries to 
develop in our midst; but, if we try to bring that about by unjust 
laws, you may be perfectly certain you will do more harm than 
good, and ultimately you will regret it.

m r . ALEXANDER SIEMENS: Mr. Chairman, may I say one
word about what Lord Moulton said with reference to my re
marks about Sir William Siemens? Sir William Siemens was 
interviewed by an inventor, who wanted him to pay him money, 
but when Sir William Siemens interviewed Mr. Fletcher Moulton, 
as he was at that time, he was consulting a barrister.

t h e  c h a ir m a n : It is interesting that the next name on my 
list is that of the Hon. Hugh Fletcher Moulton, and I will ask 
him to address us.

t h e  h o n . h u g ii  F l e t c h e r  m o u l t o n : Mr. Chairman and 
Gentlemen— The Chairman’s conduct explains something for 
which the reason at first was not obvious and that is why it 
was not he but somebody else who was called on to say grace. 
Obviously, this was .on account of his lack of scriptural knowledge, 
for there are certain things which you learn in the Scriptures and 
one is: Do not first place your old wine before your guests 
and then the new, because truly they will say the old is better. 
I very strongly object to the order in which the members of my 
family have been called on.

With regard to the subject of the debate I will say this: the 
whole of my natural instincts are in favor of compulsory working. 
On thé other hand, the whole of my trade knowledge shows me 
how useless it is.

Now I have a great deal of sympathy with the principle of 
introducing working in England, but I do feel that with regard 
to the means for accomplishing this we shall find again that the 
old is better. The old idea of introducing a new manufacture 
was to give it a monopoly, to protect it from competition. I 
am a believer in Free Trade; I am a believer in the principle 
that it is a good thing to give a healthy baby a cold bath; but I 
am not a believer in the principle of exposing a baby, who has 
been judicially found to be in a weakly state, under Niagara, 
and it seems to me that, when you find a manufacture is being 
wholly or mainly practised abroad, to say that the best way of 
introducing it into England is to destroy the protection of monop
oly, is an utter fallacy.

The gentleman who opened this debate has appealed to the 
Colonies. I also appeal to the Colonies, and I say we might 
very well follow them. Take the case of Australia. In the case 
of Australia they did not wholly reject the assistance of men who 
knew something about the Patent Law. There is a gentleman 
present here tonight who had a great deal to do with the drafting 
of the Australian clause. And what did they draft? They 
drafted a law which provided that in the case where a patent 
was not sufficiently worked there you could get a compulsory 
license. That ought to be the principle here. That enables 
the manufacture to be introduced here under the protection of 
a monopoly. Even in an extreme case, if you wanted to say to 
the patentee that he is to forfeit his whole right, I should say 
that he ought to forfeit it to the Crown and that the Crown 
should keep the monopoly and grant licenses to British manu
facturers rather than to say: This industry is established abroad 
and we are going to abolish all possibility of introducing it here 
under the protection of a monopoly.

There is one thing we have been discussing, viz., the proposals 
of the Manchester Chamber of Commerce, and nobody has 
ventured, perhaps in courtesy to the opener and to those who 
support him, to refer to the provisions of the Bill prepared by 
them. I propose to break through that convention. This new 
change is supposed to be in the interests of business men. I 
wonder how many people here have read the Bill which the 
Manchester .Chamber of Commerce wish to introduce, (m r . 
j . E . E v a n s -j a c k s o n : "N ot one.” ) One of the proposals is,
that if anyone has a patent, a common informer can come for
ward and say, " I  believe this is being worked more abroad than 
it is in this country; I call upon the firm to produce the whole of 
its books and demonstrate to us that it is not”— a pleasant 
prospect for a really business firm. Here is another of the pro
posals: Any contract in reference to any patented article is 
to be filed with the Attorney-General for publication. I wonder 
how many business firms would have supported that provision 
if for one moment they had understood what it meant? I do 
not want to be severe on our friends here, but I do feel that we 
have a duty to the business community and one of those duties 
is to protect it from its so-called friends. Now, Gentlemen, 
time is nearly up, but there is one thing for which I am going 
to thank the opener from a purely personal point of view, and 
that is, for referring to the glass industry in Germany. Why I 
am glad he referred to it is because it refers to a project which is 
very near my own heart and because there arc at least two mem
bers of the London County Council here. Anybody who knows 
anything about why the German glass industry is so prosperous 
knows that it is because of the munificent sums which have been 
spent in Jena in cultivating research in optical glass. For some 
ten years that same project has been before the County Council 
in London, and I ask our friend, Mr. Urquhart Fisher, to weigh 
those remarks and see that they are brought to a practical con
clusion and to found that optical institute which has been prom
ised for so many years.

I only ask our friend who opened the debate to consider 
whether the opinion of so many people who pass their lives in
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close touch with inventions ought not to be considered— whether 
it ought to be brushed aside as interested or whether he ought 
not to feel that there may be something in it and that perhaps 
the best interests of the inventors and the best interests of trade 
generally will not be served by those who "see red,” but by those 
who think how best to introduce an industry to England without 
unduly penalizing inventors.

t h e  c h a ir m a n : Mr. J. Hunter Gray will perhaps speak.
m r . j .  h u n t e r  g r a y : Mr. Chairman, Lord Moulton, and

Gentlemen— The description Mr. Walter Reid gave us of his 
visit to the President of the Board of Trade reminded me of the 
gentleman who had a slight headache from time to time and who 
went to a specialist and asked him what was the best and ab
solutely safe cure. The specialist said, "If you get your head 
taken off you may be quite sure you will never have a headache 
again.” I suggest that the section which is now under discussion 
was drafted 011 those principles.

For my sins I have had a very close association with the 
litigious aspect of this section from the time it became law, and 
I think I may say that without exception the applicant for 
revocation under this section was, so far as I remember, in every 
case a foreigner, and in no case had the applicant any intention 
whatever of manufacturing in this country. It is the greatest 
satisfaction to me to hear tonight that the master of the last 
two generations in the theory and practice of patent law agrees 
with the opinion, so far as I can gather, of the whole of this 
meeting, that this section can be detrimental only to invention 
in this country.

I want to tell you one experience, and I assure you it is not the 
only one (there are some here who can corroborate what I say) 
that I had not very long ago where an application was made 
under the following circumstances: A well-known motor firm 
was asked to give an advertisement to a particular paper, the 
circulation of which was stated to be 10,000, but which circula
tion, on inquiry, was found to be a free circulation. Naturally 
enough, the motor firm did not think it desirable to give an 
advertisement at the price asked; whereupon this particular 
paper informed the firm that they would apply to revoke the 
patents, and the result was that there were some ten or twelve— I 
forget the number, someone here will correct me— applications, 
costing is. each, applying to revoke the corresponding number 
of patents. These applications were filed in due course. Under 
the then practice of the Patent Office it would have been the 
duty of this particular firm, who are carrying on a very large 
business in this country, and a very profitable business both for 
the public and for themselves, to disclose all their books, to say 
what their sales were and to say to whom they sold; but, fortu
nately, some of us were determined that we would find out what 
the particular applicants knew. It cost them, I think, 14s. 
to make the applications. I may tell you that the capital of 
the Company that made the applications was 2s. paid up. 
Upon that it was thought proper by those who advised the 
patentees to object to putting in any evidence disclosing their sales, 
where they made them, or where they got their patented articles. 
The result was that these applicants, on being asked to appear 
before the Comptroller of Patents, decided that rather than be 
cross-examined they would drop the applications. But, in the 
meantime there had appeared all over the country advertisements 
about the size of one wall of this rdom: "10,000 motorists in
volved; 20 patents to be revoked.”  And that was the sort of 
thing that was exhibited all over the country.

This Section of this Act of Parliament stands today as it did 
then; fortunately for the public, fortunately for inventors, the 
High Court and the Patent Office have thought fit to make it 
necessary that any person who applies to revoke a patent should 
put forward a prima facie case. But, nevertheless, difficulty 
remains as regards the High Court because there the procedure 
is entirely different from that of the Patent Office. I say that

the Section is an un-English Section in an English Act of Parlia
ment; because it introduces, for the first time, the; principle that 
a person is guilty until he proves his innocence. In any other 
proceeding of any kind a person is presumed to be innocent until 
he is found guilty; but a patentee is a criminal; he is a person 
who is to be loathed; he is to be attacked and he is put on his 
trial; he has to prove that he is an innocent man before there 
has ever been any evidence that he is guilty. I submit to the 
industry— there are many members of the industry here— that 
this section only requires to remain long enough to not only 
seriously affect invention in this country, but to ruin it. There 
can be no question that, although there may be thousands of 
perfectly useless inventions which are made by private inventors, 
there is the one in a thousand which is fenormously valuable. 
One knows that the difficulties of inventors apart from this 
section are enormous at present, but when you have the added 
difficulties of compulsory working, an inventor having once been 
put to the trouble of having to spend £5, £10, £15, £20 or £100 
on an application to revoke his patent by a foreign firm who 
knows nothing whatever about him, will never invent again.

In my view the position is amply covered by the 24th Section 
of the Act which says that anyone who wants to work a patent 
is entitled to apply for a compulsory license. I agree that in 
the past that provision in the previous Acts was a difficult one. 
It was provided under the jurisdiction of the Privy Council. 
One knew that was an expensive and a difficult proceeding. 
Now it is in the hands of the High Court and there is no difficulty. 
Every single thing that any honest person wants in order to 
work a patent can be got by a very simple, comparatively in
expensive method by applying for a license. It seems to me 
that it is perfectly ridiculous to have a section for compulsory 
working in view of the fact that you can apply for a compulsory 
license under Section 24.

THE c h a ir m a n  : I am certain that you will all agree that this 
discussion will not be complete without our hearing the views of 
our Honorary Secretary, Mr. Evans-Jackson, on the subject.

m r . j .  E. E v a n s -j a c k s o n : Mr. President, my Lord,
Gentlemen, and Fellow Members— I am quite certain you will all 
agree with me that the President has made a great mistake and 
that he ought to have closed the proceedings without calling 
upon die Honorary Secretary to say anything. At the same 
time, in the few minutes remaining, I would just like to make one 
or two remarks on a subject with which I am closely connected. 
Last year, at the Congress of the Associated Chambers of Com
merce in Antwerp, I was able to carry, by a large majority, a 
vote of the delegates postponing the discussion on compulsory 
working until this year. A t the last meeting of the Associated 
Chambers held in March last, and I have' here to confirm me in 
what I say, Mr. Dunwoody, who is the Secretary of the As
sociated Chambers and Mr. Wright, who is the Secretary of 
the Birmingham Chamber, viz., that the delegates of the various 
Chambers went to that Congress pledged as to the way in which 
their votes were to be recorded. That, to my mind, is rather 
an extraordinary sort of business. You have what is called the 
Associated Chambers of Commerce, meeting in the greatest city 
in the world, listening to the arguments of the greatest experts 
on various subjects that this and other cities can find. The 
delegates have put before them every argument for and against, 
I do not care which side it is; but when the discussion is finished 
the delegates have to hold up their hands in accordance with a 
decision which has been given probably a month before in their 
respective Chambers. Mr. Dunwoody, who is the Secretary 
of the Associated Chambers of Commerce, is here and he will 
confirm that what I say is correct. Now I ask whether a de
cision given in a meeting like that is to carry any weight with the 
authorities. The decision is given before the arguments are 
placed before the delegates.

Now, Gentlemen, on this question of compulsory working
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I suppose it will probably be admitted that I have possibly some 
small professional experience (over thirty years); but I am 
putting myself tonight in the position of a business man and a 
man representing, to some extent, the commerce of England; 
and I am going to ask you this question, and it is a serious one: 
Whether Great Britain will benefit by the fact that John Smith, 
an inventor of a horseshoe, the most meritorious and extremely 
beneficial horseshoe, and who applies for a patent in London, 
also applies for patents in forty foreign countries, Germany, 
France, Belgium, Austria, etc. Is it to the advantage of British 
commerce that that inventor should be compelled to erect forty 
factories, one in each of forty foreign countries, to make those 
horseshoes, or is it more to the advantage of this country that he 
should manufacture the whole lot here at a cheaper rate and 
send them abroad?

Now, what is my point there? Of course, you do not know. 
I am going to put it to you. We are going to compel John 
Schmidt, a German, who has invented a horseshoe in Berlin, 
and who has taken out a-patent in forty countries, including 
Great Britain, to build a factory here to make those horseshoes. 
The thing is purely illustrative of the argument as to manu
facturing certain articles. We compel one foreigner to manu
facture in this country the quantity required for use of this 
country alone, while welay ourselves open by retaliation on the part 
of foreign Governments to be compelled to manufacture in forty 
countries the invention which has been thought out in this country.

Now, the point which appears to me to be essential is whether 
it is beneficial to secure the wages to the working class in manu
facturing one foreign invention here and to lose the wages 
(which would otherwise be paid here) by being compelled to 
manufacture goods to meet the requirement of forty countries 
of a British invention abroad. Now, put it purely as a commer
cial and a business proposition: Ask Mr. Gordon Selfridge or 
Mr. Gamage or any thoughtful business men and see what they 
will say to you. I imagine the reply would be that the proposi
tion was a most foolish one.

Well, I should like to say in conclusion that this question, if it 
is going to be carried any further with us, means retaliation. 
I said that at the Chamber of Commerce the other day. It has 
met with retaliation already. What was the effect of passing 
that Compuslory Working Act? The United States of America 
never had any compulsory working: Germany had. The 
moment we passed that Act in England, Germany approached 
the United States and completed a treaty whereby working in 
the United States was equivalent to working in Germany, and 
working in Germany was equivalent to working in the United 
States. Since then a similar treaty has been enacted between 
Germany and Switzerland, Germany and Italy, Germany and 
Spain, and Germany and Sweden. Now take Switzerland. 
Up to the time that we passed that Act here, working in any 
country was working in Switzerland. Now a British inventor 
must work his invention in Switzerland, otherwise his patent is 
liable to be revoked. Previous to that Act all he had to do was 
to work in Great Britain. Now we have under that Act no power 
whatever to negotiate with the United States, with! Germany 
or with Italy and get equal conditions with those which have 
already been arranged and signed and sealed between the United 
States and Germany and other countries. I think it is neither 
more nor less than monstrous that Great Britain is not in a posi
tion to negotiate on reciprocal terms with other countries and say, 
'If you will let our people off working in your countries we will 

let your people off working here.”
Then the last word I have to say is this, that, if any further 

change is made in our law at all, it should be this, that a petitioner 
should be compelled to go to the Comptroller and say, "I am 
prepared to work this patent in Great Britain, and that is the 
ground on which I ask that the patent shall be revoked if it is 
not already worked.” And I should insist that in any rules or

in any laws which are made in future no foreigner should come 
here and be allowed to revoke a patent solely for the purpose 
of dumping foreign goods into Great Britain.

m r . o u v e r  i m r a y : Gentlemen, I just want to say this one
word. I ought not to speak a second time, but it has come to 
my knowledge only today that the German people, in view of the 
Manchester Chamber of Commerce agitation for a more drastic 
interpretation of the present lawr as to the working, have ap
proached their Government to retaliate. That is all I want to say.

m r . w . t e m p l e  f r a n k s , c .b ., Comptroller-General of Patents: 
Mr. Chairman, Lord Moulton, and Gentlemen— It is my great 
pleasure and privilege to ask you to drink a toast which is not 
upon the list, but which none the less I think you will drink 
with every kind of enthusiasm and honor, and that is the toast 
of our Chairman tonight. Sir George W yatt Truscott. On 
behalf of the guests I should like to oiler him my most grateful 
thanks for the delightful hospitality which this Club has afforded 
to us and for the opportunities given us of hearing one of the 
most interesting debates.

As the unhappy man who has to decide the cases which have 
been so much discussed tonight, and whose only pleasure in 
that position is to hear the eloquence of my old friend, Mr. 
Walter, and of Mr. Colefax, and Mr. Gray, I have not been able 
to take part in the debate, but none the less it has been a debate 
fraught with the greatest interest to me and one which may 
have real educational influence upon those who may have in the 
future to decide what amendments, if any, should be made to 
the present Act. Whether it will be possible at any time to 
bring in an amending Bill to the present Act lies, I think, with 
my friend, Sir George Croydon Marks and his party. A t present 
it is almost impossible to introduce legislation of that kind.

I can assure you that the substance of what has fallen from the 
speakers tonight, and especially from Lord Moulton, whose 
genius has left its mark upon all the legislation and practice in 
respect of industrial property in this country, will certainly be 
conveyed by me to the Board of Trade. The only thing I feel 
it possible to say in this connection is this, that I hope if any 
amendment is made that it will not throw further and more 
arduous duties upon me. The problems I have to decide at 
present are quite complicated enough for me and for my poor 
intellect; and when I confide to you that the Copyright Act has 
been entrusted to my care, you will understand that my time 
is sufficiently taken up with difficult legal problems.

If I intervene at all in the discussion, it is only to say that 
there may be, perhaps, between the contending parties a happy 
line of peace, and that is this: I understand the supporters of 
the present Section lament the fact that the applications for 
revocation of patents have enormously fallen off, and maintain 
in consequence that the Section is a dead letter. In that case 
the opponents of the Section ought really to be satisfied. On 
the other hand, I think it is quite possible that the mere presence 
of the Section, even in its present form, does assist to bring about 
a result which many most earnestly desire, and that is a greater 
willingness on the part of patentees to grant licenses with' regard 
to patents. I only throw that out as a possibility. In any case, 
the debate, if I may venture to say so,, has been to me of the 
most interesting and delightful kind, and I can only convey 
again my thanks to the President for allowing me the privilege 
of being here. I am sure I am speaking on behalf of all the other 
visitors here, and I ask you to drink with the greatest enthusiasm 
and cordiality the health of our Chairman.

t h e  c h a ir m a n : M y Lord and Gentlemen— When Mr. 
Temple Franks first rose and addressed us I came to the con
clusion that he was introducing entirely foreign matter and that 
I should have to call him to order; but he went on to redeem 
the situation and to make a very pretty contribution to our 
discussion here tonight. I should like to thank him on behalf 
of the Club for the compliment of appreciation which he has 
paid to us and which I very gratefully acknowledge.
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ORIGINAL PAPERS

F i g . I I — N i t r i f i c a t i o n  o f  S e w a g e . N o  A c t i v a t e d  S l u d g e  P r e s e n t  
U n i f o r m  D i s t r i b u t i o n  o f  A i r  t h r o u g h  P o r o u s  P l a t e

sewer a t th e edge of th e c ity , a t least tw o  m iles from 
th e outfall. W hen ta k en  it is fresh. A v erag e  analyses 
in d icate th a t  it  is a fa ir ly  stron g, dom estic sewage. 
I t  contain s no trad e w astes.

A E R A T IO N  OP R A W  S E W A G E  W IT H O U T  T H E  A D D ITIO N  

O F S L U D G E

A ir has been blow n in to  five sep arate  portions of 
sew age un til com plete n itrification  w as accom plished. 
T o  show  th e progress of th e reaction, tests for free am 
m onia, n itrites and n itrates were m ade a t intervals 
during each treatm en t. T h e tim e required for com
plete n itrification  has varied  from  15 to  33 days. 
T h e  best resu lt was ob tain ed  in  th e  tan k , w here the 
air w as d istrib u ted  th rough  th e porous p late. For 
a ll analyses, sam ples of th e  su p ern atan t liquid  were 
tak en  a fter one hour settlin g  w ith o u t filtration . In 
each case, th e free  am m onia  n itrogen w as almost 
q u a n tita tiv e ly  chan ged to  nitrite  n itrogen, then  the 
nitrite  n itrogen  in tu rn  w as chan ged alm ost quanti
ta t iv e ly  to nitrate n itrogen. T h is change is illustrated 
in T a b le  I , A  and B and F igs. I and II.

T h e form ation  of n itra te  in the ta n k  w as accom plished 
in 15 d ays w ith  th e use of 4830 cu. ft. of air.

a e r a t i o n  o f  r a w  s e w a g e  w i t h  s l u d g e

T h e su p ern atan t liquid  w as siphoned off and a fresh 
portion  of sew age added to  the sludge. In  this, the 
second trea tm en t, th e  effect of a sm all am ount of sludge 
is v e ry  n icely  illu stra ted  b y  the reduction  of th e time 
required  for com plete n itrification  from  15 to  4 days, and 
th e reduction  in th e am ount of air used from  4830

. PURIFICATION OF SEWAGE BY AERATION IN THE 
PRESENCE OF ACTIVATED SLUDGE

B y  E d w a r d  B a r t o w  a n d  F. W. M o h l m a n  
R e c e i v e d  M a r c h  1 2 , 1 9 1 5

In a p ap er1 read before th e  Illinois Section  of the 
A m erican  W ater W orks A ssociation , N ovem ber n ,  
1914, it  w as sta te d  th a t  experim ents in  the purifica
tion  of sew age b y  aeration  in the presence of a ctiv a te d  
sludge were to  be carried on in th e lab o rato ry  of the 
Illinois S ta te  W ater S u rv ey  a t th e U n iv ersity  of 
Illinois. W ith  th e a d vice  of Professor G . J. Fow ler 
of th e U n iv ersity  of M an chester, th e experim ents 
are fo llow ing th e lines described b y  A rdern  and L o c k e tt .2 
W hile we h ave tried  to a void  a repetition  of th e w ork 
of A rdern  and L o ck e tt, we h a ve  foun d it necessary to  
rep eat som e of the experim ents described b y  them  in 
order to  fam iliarize ourselves w ith  the process, to 
ob tain  th e n ecessary a ctiv a te d  sludge and to s tu d y  the 
reactions in volved .

W e are stu d y in g  the necessary m echanical devices, 
th e ph ysical, chem ical and biological conditions of 
th e process and th e properties of th e  sludge.

Since A rdern  and L o ck e tt h ave abandoned, for the 
present, experim ents w ith  continuous flow devices, 
we also are confining our experim ents to  an in ter
m itte n t system . Our first experim ents were m ade 
using b o ttles of three gallons ca p a city . L ater, we 
con stru cted  a ta n k  9 inches square and 5 feet deep. 
T h is ta n k  has p late  glass fro n t and b ack  to perm it 
easy ob servan ce of th e condition  of th e sew age and 
sludge. A  porous p late  w as p laced 4 inches above

T/m e  / / /  D f ly 's .

F i g .  I — N i t r i f i c a t i o n  o f  S e w a g e . N o  A c t i v a t e d  S l u d g e  P r e s e n t

th e b otto m . A n  in let for air and an ou tlet for an y 
w ater w hich m ight pass th rough  th e p la te  were pro
vid ed  in th e space below  th e  p late. C om pressed air 
furnished b y  th e U n iv ersity  pow er p la n t is used. A ll air

1 “ O bservations of Some E uropean  W ater Purification P lan ts  and  
Sewage D isposal W orks,”  Jour. A . W . W . A ., M arch , 1 9 1 5 .

Soc. Chem. In d .,  33, 5 2 3 - 3 9 ,  1 1 2 2 - 4 .

is m easured through an o rd in ary  gas m eter. The 
purified sew age is rem oved b y  m eans of a siphon. 
E xp erim en ts h a ve  been carried out in th e lab oratory  
a t room  tem peratu re , thus far, w ith  no special pre
cau tio n s to  regu late  th e  tem peratu re.

For our experim ents, sew age from  th e c ity  of C ham 
paign  is used. It  is collected  from  a point in th e main

> '  0
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to 1270 cu. ft .:  34 parts per m illion of free am m onia 
nitrogen in th e  raw  sew age produced 23.8 p a rts  per 
million of n itrate  n itrogen  in th e su p ern atan t liquid.

T a b l e  I — N i t r i f i c a t i o n  o f  S e w a g e : W i t h  a n d  W i t h o u t  S l u d g e

P a r t s  p e r  M i l l i o n  
T im e N i t r o g e n  a s

D ate D ays F re e N H j A l b .  N H j N itrite s  N itra te s
A — N o  A c t i v a t e d  S l u d g e  P r e s e n t

Dec. 18 , 1 9 1 4 ...................................... 0  3 8 . 0 0  5 . 2 0  0 . 0 7  0 . 3 7
1 9 ....................................................  1 3 0 . 0 0  4 . 2 0  0 . 0 2  0 . 3 8
2 1 ....................................................  3  2 8 . 8 0  4 . 0 0  0 . 1 1  0 . 4 5
2  8 ....................................................  1 0  2 2 . 0 0  3 . 6 0  5 . 0 0  0 . 2 0
2  9 ....................................................  11 8 . 8 0  2 . 6 0  1 6 . 0 0  0 . 4 0
3  0 ....................................................  12  1 . 6 0  2 . 4 0  2 3 . 0 0  1 . 0 0
3  1 ....................................................  13  0 . 3 6  1 . 8 8  2 8 . 0 0  2 . 0 0

Tan. 1, 1 9 1 5  .................................... 1 4  0 . 1 6  1 . 4 8  3 1 . 0 0  1 . 0 0
2 ....................................................  15       3 3 . 0 0  -------
 4....................................................  17     3 3 . 0 0  -------
 5....................................................  1 8      3 0 . 0 0  ------
 6....................................................  19  0 . 2 8  1 . 9 2  2 7 . 0 0  5 . 0 0
 7....................................................  2 0  0 . 4 4  1 . 8 4  1 4 . 0 0  1 8 . 0 0
 8....................................................  2 1  0 . 2 8  1 . 6 8  . 3 0  3 1 . 7 0
 9....................................................  2 2  0 . 2 4  1 . 6 0  .0 5  3 1 . 9 5

B— N o A c t i v a t e d  S l u d g e  P r e s e n t :  U n i f o r m  D i s t r i b u t i o n  o p
A i r  t h r o u g h  P o r o u s  P l a t e

Jan . 4 .....................................................  0  3 6 . 0 0  6 . 6 0  0 . 0 1  0 . 7 1
7 ....................................................  3  3 4 . 0 0  3 . 4 0  1 . 2 0  0 . 6 0

1 1 ....................................................  7  0 . 4 0  3 . 0 0  3 2 . 0 0  2 . 0 0
1 8 ....................................................  1 4  0 . 6 0  2 . 6 0  7 . 5 0  1 8 . 5 0
1 9 ....................................................  15 0 . 8 0  2 . 2 0  0 . 1 0  2 5 . 9 0

C — A c t i v a t e d  S l u d g e  P r e s e n t  (1  S l u d g e :  5  S e w a g e ) :  U n i f o r m  A i r  
D i s t r i b u t i o n  

H ours F ree  NHa 
Feb. 2 4 , 1 9 1 5 ...................................... 0  2 7 . 0 0  0 . 0 5  0 . 5 9

1 1 3 . 0 0  2 . 4 0  6 . 0 0
2  8 . 2 0  2 . 8 0  1 0 . 8 0
3  3 . 7 0  3 . 4 0  1 5 . 0 0
4  0 . 2 0  2 . 6 0  1 8 . 6 0
5  0 . 2 0  0 . 3 0  2 2 . 1 0

The sup ern atan t liquid  w as again  siphoned off, 
fresh sewage added and aeration  continued. In  th is, 
the third trea tm en t, n itrification  w as com plete in 
two days and b u t 720 cu. ft . of air were used: 33 p arts 
per million of free am m onia nitrogen  produced 22.3 
of nitrate nitrogeji. In  th e tw e lfth  trea tm en t the 
purification w as com pleted  in less th a n  8 hours w ith  
the use of less th a n  128 cu. ft. of air and 36 p arts per 
million as free am m onia nitrogen  produced 29.5 parts 
per million of n itra te  n itrogen. In  th e  th irty -first 
treatm ent w ith sludge and sew age in  th e proportion  
of 1:5, purification  w as com plete in less th an  5 hours: 
35 cu. ft. of air were used, eq u al to  0.20 cu. ft . per sq. 
ft. of surface area per m inute, or ab ou t 3 cu. ft . per 
gallon of sew age. W e h a ve  n ot y e t a ttem p ted  to 
determine th e m inim um  am ou n t of air required.

Samples ta k en  a t th e end of each hour of aeration  
during some of th e  trea tm en ts h ave been te sted  for 
stability. A  sam ple ta k en  at th e end of one hour 
aeration in th e th irty-first trea tm en t had n ot d ecolor
ized m ethylene b lue a t th e end of tw e lv e  d ays. Since 
in one hour n itrification  w as not com plete, it  is, th e re
fore, ev id en tly  un necessary to  ob tain  com plete n itri
fication in order to ob tain  a stab le  effluent. Since it is 
impossible to  sep arate the oxidized  liquid  en tire ly  from  
the sludge it  is p robable th a t  th e  s ta b ility  is prom oted 
by the oxidizing action  of th e n itra te  in th e  residual 
liquid.

The progress of n itrification  in th e presence of 
activated sludge is apparent. T h e  results are shown 
in T able I I I C  and F ig . I I I .  F rom  th is and  from  other 
series of analyses it  is in d icated  th a t there is no q u a n ti
tative conversion of free am m onia to n itrite , follow ed  
by oxidation to  n itra te , b u t th a t  n itrates are form ed 
sim ultaneously w ith  n itrites.

The num ber of b acteria  were determ in ed during one 
treatm ent. Sam ples were ta k en  a fter  one hour settlin g .

T h e  raw  sew age show ed a b acterio logica l con ten t of 
750,000 per cc. T h e  su p ern atan t liq u id  a fter aeration  
and settlin g one hour show ed b u t 20,000. F u rth er 
tests are planned. T hese we exp ect w ill include the 
determ in ation  of species.

T h ro u gh  th e  co u rtesy  of P rofessor F ra n k  Sm ith, 
P rofessor of S y stem a tic  Zoology of th e U n iv ersity  of 
Illinois, b io logical exam in ation s h a v e  been m ade of 
th e sludge. A m o n g th e m icroscopic anim als found 
are m an y V ortice lla  and R o tifera, b u t th e predom in an t 
organism  is an annelid worm , kn ow n  as A eolosom a  
hem p riclii. T h is  organism  is a b o u t 2 to s mm . long 
and quite slender. I t  abounds in variou s k inds of 
fresh w ater bodies where there is an abun dan ce 
of d eca yin g  organic m aterial, and th rive s  esp ecially  well 
where there is m uch ferm en tation  and in  w aters con 
ta m in a ted  w ith  sew age, provided  there is an abun dan ce 
of oxygen . I t  belongs to a group of w orm s in w hich 
reproduction  occurs v e ry  rap id ly  b y  asexual m ethods. 
A  fission zone is form ed near th e m iddle of th e  b o d y  
of th e  paren t w orm  and develops the head of one 
d au gh ter worm  and the ta il of th e other, and th u s tw o

F i g . I l l — N i t r i f i c a t i o n  o f  S e w a g e . A c t i v a t e d  S l u d g e  P r e s e n t .
1 S l u d g e : 5  S e w a g e .

n ew  w orm s are form ed from  one. T h is requires n ot 
over tw o  or three d ays and is rep eated  for an indefinite 
num ber of generation s. I t  feeds greed ily  and alm ost 
co n tin u o u sly  on a n y  sm all' organic particles th a t  it  
can  ob tain  and  p resu m ab ly  destroys at least its own 
w eight of organic m a tter e v e ry  d a y  and p rob ab ly  
m ore. B ecause of th e m ode of reproduction , it  takes 
b u t a short tim e to  produce exten sive colonies w ith  
g reat c a p a c ity  for th e  destruction  of organic m aterial.

s l u d g e — T h e a ctiv a te d  sludge has e v id e n tly  been 
developed  b y  the m u ltip licatio n  of these worm s 
o rig in ally  present in  the sew age, and th e species foun d 
a t v a ry in g  points m ight differ. T h e  sludge does n ot 
h a ve  an u n pleasan t odor, due to  th e fa ct th a t  it  co n 
sists large ly  of liv in g  organism s. If  k ep t for a long 
tim e in a m oist condition  w ith o u t air, it  w ill p u tre fy .

c o m p o s i t i o n  o p  s l u d g e — A n alyses of th e  sludge 
m ade b y  H atfield  h ave show n th e fo llow in g results: 
A fter  d ryin g first on th e w a ter b ath  and th en  for three 
hours in an oven a t io o °  th e  loss, or m oisture, w as 
9 5- 54  Per cen t. T h e  dried m aterial con tain ed  6.3
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per cen t n itrogen, 4.0 per cen t fa t, 1.44 per cen t phos
phorus (eq u ivalen t to  3.31 per cen t P2O5) and  75 per 
cen t vo la tile  m atter b y  loss on ignition.

F rom  th is chem ical d ata  th e  dried sludge w ould  e v i
d en tly  h ave valu e as a fertilizer. If  we calcu late  th e 
valu e as 20 cents per lb. of n itrogen  and 12 cen ts per 
lb . of phosphorus, it  w ould  h a ve  a m ark et va lu e  of 
$29.00 per ton . In  order to  determ ine w hether the 
th eoretical va lu e  w ould correspond to  th e a ctu al 
valu e, po t cu ltures h ave been started . P ortions of 
dried sludge were added to  tw o  pots, an eq u ivalen t 
am ount of n itrogen from  dried blood to  a th ird , and 
n othin g to  a fourth . A t  th e  end of 18 d a ys th e  cultures 
contain ing th e  dried sludge show  b etter grow th s th a n  
th e cu lture contain ing an eq u iva len t am ount of n itro 
gen from  dried b lood and fa r b etter grow th  th a n  the 
cu lture to  w hich no addition al n itrogen  w as added.

A  p la n t to  op erate on a larger scale is under con 
stru ction  and th e authors propose to  continue th e 
experim ents.

S t a t e  W a t e r  S u r v e y , U n i v e r s i t y  o f  I l l i n o i s  
U r b a n a

A COMPARISON OF THE RELATIVE DRYING POWERS
OF SULFURIC ACID, CALCIUM CHLORIDE AND 

ALUMINUM TRIOXIDE WHEN USED IN ORDI
NARY SCHEIBLER DESICCATING JARS1

B y J . W . M a r d e n  a n d  V a n n a  E l l i o t t  

Received Jan u a ry  28, 1915

In  spite of th e  m an y ob jections p u t forw ard  to  C a C l2 
and H2SO4 for ord in ary  desiccatin g purposes, these 
substances are still quite gen erally  used. N early  
ev e ry  a n a lyst know s from  experience th a t if a  per
fe c tly  d ry  sam ple of coal, for exam ple, is placed in a 
desiccator contain ing C aC U , which has been used for 
som e tim e, or con cen trated  H2SO4, th e coal will in 
crease in w eight. W hen the d esiccator is opened 
som e m oisture enters from  the atm osphere, to be sure, 
b u t not enough to  a ccou n t for th e increase in w eight 
of th e coal.

A s com pared to  th e wide use to  w hich H2SO4 and 
C a C l2 are p u t as d ry in g agents for organic substances 
w hich can not be heated , th e literatu re on th e sub
je c t is m eager. T h e desiccatin g efficiency of several 
substances like CaCU , N a, fused  N aO H , P2O6, etc., 
has been tried . B axte r  and W arren 2 tried  C a B r 2, 
Z n B r2 and Z n C U  b y  passing m oist air over them . 
T h e y  foun d th a t  H2SO4 w as m ore efficient th a n  a n y  
of these. Johnson3 has published a note on th e use 
of AI2O3 as a desiccatin g agen t in  w hich it  is claim ed 
th a t  AI2O3 is m ore effective th a n  H:SO< for rem ovin g 
m oisture from  air satu rated  w ith  w ater vapor.

In  th e hope of suggesting a good su b stitu te  for the 
tim e-w orn C a C l2, if n ot for H2SO4, in ord in ary  desic
cation, th e  present w ork w as u n dertaken . A lso, a 
series of experim ents w ith  H 2S 04 has been run to  show 
th e  effect of th e concen tration  of th e acid  on dryin g 
certain  substances, and it  is hoped th a t  th e results 
w ill th row  som e lig h t on th e vagaries of H2SO4 as 
a desiccan t. M a n y  an a lysts  seem  in d ou b t regard-

1 T his work was s ta r ted  in the  labo ra to ry  of th e  South  D ak o ta  S ta te  
Food and D rug D epartm ent.

* J . A m . Chem. Soc., 33 (1911), 340.
•Ibid., 34 (1912), 912.

ing th e to ta l am ount of m oisture th a t  is obtained  by 
H2SO4 dryin g; som e h a ve  th e opinion th a t  th e y  get 
all b u t tw o - or three-h undredths of one per cent 
in m ost cases, w hile others th in k  th a t th e y  obtain 
v e ry  m uch less th a n  th a t  percen tage of m oisture. 
A t  b est, a n y  d ry in g m ethod w ith  H2SO4 can be only 
an a rb itra ry  one. Since th is is an old su b ject, most 
of th e experim ental w ork for th is paper is given  in 
ab stract.

M a n y  experim ents h ave show n th a t from  certain 
substances all of th e  m oisture can n ot be ob tain ed  by 
th e o rd in ary  H2SO4 d ryin g m ethod a t 250 C . A  sam
ple of pure sugar syrup , for exam ple, containing 
49.89 per cent m oisture, m ixed w ith  ten  tim es its 
w eight of sand, y ie ld s an avera ge  of a b o u t 48.17 per cent 
m oisture. W ith  m aple syru p , even  w ith  vacu u m , the 
sam e condition  is observed. T h e percen tage of moisture 
ob tain ed  b y  H2SO4 d ryin g is less th a n  th a t  obtained 
b y  th e re fra ctive  index or b y  h eatin g a t io o °  C . This 
b eh avior of sugar, a lthough som ew hat exaggerated, 
is ty p ic a l of th e  b eh avior of other substances. The 
w ater-vap or pressure of som e m aterials still contain
ing residual m oisture is as low  as th a t of the H2SO4 
over w hich th e y  h a ve  been dried. I t  has been shown 
th a t considerable am ounts of H 2SO.i distil off in vacuum , 
and for th is reason G o re1 suggests th e use of C aO  for 
high vacu u m s. B y  graph ic interpolation , concen
tra ted  (9 5% ) H2SO4 has a vap o r pressure of about 
0.03 mm. a t 2 5 ° C .

A ccord in g to  T h o rp e2 th e speed of dryin g is hast
ened b u t no m ore m oisture is ob tain ed  b y  the use 
of vacu u m . In a series of trials w ith  cheese, syrup, 
coffee,’ e tc ., using both  H2SO4 and C a C l2, s lig h tly  more 
m oisture w as obtained  w ith  vacu u m  th a n  w ithout.

In  one in stan ce it  w as as m uch as 0.7 per cen t and 
in oth er cases q uite sm all.

T h e effect of a fa ir ly  large va riatio n  in  th e concen
tratio n  of H2SO4 changes th e to ta l am ount of mois
ture rem oved from  som e substances v e ry  slightly; 
in other cases, how ever, the change is m arked. Table 
I shows th e results obtained  w ith  flour, cane-sugar 
syru p  and cheese dried to con stan t w eigh t over various 
concen trations of H 2S 04. E ach  sam ple for each con
cen tration  w as dried in an in d iv id u al desiccator.

T a b l e  I — E f f e c t  o f  C o n c e n t r a t i o n  o n  D r y i n g  P o w e r  o f  H jSO* 
A tm ospheric pressure and  lab o ra to ry  tem p era tu re  

T o ta l tim e of d ry ing : a b o u t th ree  weeks 
V apor pressure P e r  C e n t  W a t e r  i n

P er cen t m m . of H g  ✓--------------------------- *-----------------------------
H iSO i (approxim ate) W hite  flour C ane sy rup  Cheese
95 ( 0 .03 )?  12.48 48 .28  26.51
84 .8  0 .1 8  12.28 48 .25  26 .10
78 .3  0 .8  10.04 48 .27  25 .58
6 5 .6  2 .7  7 .22  48 .1 0  24.88
6 2 .6  3 .5  2 .89  47 .97  23.47
3 7 .0  15 .0  0 .1 0  47 .3 0  21 .18
29 .6  17.5 . . .  34 .70
21 .9  2 0 .0  . . .  22.01
15.2 2 1 .0  . . .  0 .2 9  . . .  • 4 \
7 .0  2 2 .5  . . .  4 9 .4  (increase in weight)

P e r cen t m oisture found by  d ry ing
a t  100° C. to  co n stan t w e ig h t. . 11.85 49 .78  26.65

Polariscope...........................................................  49 .89
100 per cent(o) H 3SO4........................ 12.55 48 .28  26.65

(a) V alues ob ta ined  b y  p lo ttin g  percentage m oisture again st per
centage HjSO*.

It  w ill be seen from  T a b le  I th a t  cane syru p could 
be dried ab ou t as well, a lthough, as lab o rato ry  ex-

■ J .  Biol. Chcm., 15, 259-61.
* “ D ictionary  of Applied C hem istry ,’* Vol. I I ,  p. 210 (1912). Long

m ans, Green & Co.
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perience show ed, n ot as q u ick ly , over 75 per cen t 
as over 100 per cent H2SO4. W ith  cheese th e per
centage of m oisture obtained  over 100 per cent 
H2SO4 is ab ou t th e sam e as th a t b y  d ry in g .to  constan t 
weight at io o °  G. F lour show s another exam ple 
of the increase in w eight of som e m aterials on h e a t
ing, due to a certain  am ount of oxidation. S k e rtc h ly 1 
has pointed out inconsistencies of th is kind  w hich he 
found while d ry in g b iscuits.

As has been suggested  b y  several authors, exposing 
a substance over v a ry in g  concen trations of H2SO4 
and finding th e con cen tration  a t w hich it  n either 
gains nor ioses w eight in dicates th e concen tration  
of H2SO4 w hich has th e sam e vap o r pressure as th e m a
terial. In th is w a y  flour had  a vap o r pressure of ab ou t 
15.0  mm. and cane-sugar syru p of ab ou t 2 1 .0  mm.

H em pel2 has show n th a t the rate  a t w hich substances 
dry depends upon th e rate  at w hich w ater vap o r is 
transferred. Since air satu rated  w ith  w ater vap o r 
is less dense th an  u n satu rated  air, H em pel pu ts the 
H2SO4 in the upper p a rt of th e  d esiccatin g jar. Sim 
ilarly, if air curren ts can be form ed in th e jar, th e 
drying will go m uch faster. T o  show th is point, 
samples of m aple syru p were dried over 95 per cent 
H2SO4 at room  tem p eratu re in tw o  desiccators; in 
one a sm all m otor was in trod u ced  and th e air stirred  
vigorously during the experim ent. In  one and one- 
half hours as m uch m oisture w as rem oved w ith  stir
ring as was rem oved  w ith o u t stirrin g in six hours.

Several portions of AI2O3 were prepared for com 
parison w ith th e  other desiccants. T h e AI2O3 used 
in the prelim inary trials w as prepared from  “ te ch 
nical”  A12(S 0 4)3 b y  d issolvin g th e  sa lt in w ater and 
precipitating th e A1(0 H )3 w ith  N H 4OH . T h e a lu m i
num hydroxide w as filtered off and d eh yd rated  in 
the glass tub e of a com bustion  furnace w ith  the 
sm oky flame. T h e  AI2O3 em p loyed  in the later ex 
periments was m ade in th e sam e w a y, excep t th a t 
“ C. P .”  A1z(S04)3 w as used in th e p rep aration  and the 
A1(0H )3 was w ashed m an y tim es to  rem ove a n y  im 
purity which m ight lead to  erroneous results.

Prelim inary experim ents com parin g AI2O3 w ith  C aC U  
showed th a t in nine d a ys a t lab o rato ry  tem perature 
and pressure, a sam ple of coffee y ield ed  0 .2  per cent 
more m oisture over AI2O3 th a n  over C a C l2. In  th e 
same length of tim e a sam ple of sugar yielded  th e 
same w eight of m oisture over either. T h e p ercen t
age of m oisture in th is case, how ever, w as v e ry  low. 
Trials were m ade, also, b y  placin g w eighed dishes 
of AI2O3 over H2SO4 and H2SO4 over AI2O3 to  see 
which would increase in  w eight m ore rap id ly . T h e 
moisture introduced b y  opening th e desiccator was 
enough to v it ia te  th e resu lts som ew hat, b u t the AI2O3 
increased in w eight faster th a n  th e H2SO4. T h e fo l
lowing table  shows th e percen tage of m oisture ob
tained w ith three com m on m aterials dried over the 
three desiccants and k ep t in a th erm o stat a t 25° C. 
Each percentage show n is th e average resu lt of du p li
cate experim ents in in d iv id u a l desiccators over the 
same w eight of desiccant.

1 J. Soc. Chem. Ind ., Jan ., 1913.
2 Ber., 23 (1890), 3566.

T a b l e  I I -  
S u b s t a n c e

T i m e
D ays

1
2
3
4
5
6
7
8 

10
. 11 

13

AhOi

8 .42
9 .51

10.30
10.67
11.08
1 1 . 2 1
11.46

- P e r c e n t a g e s  o f  
F l o u r  
H iSO*

95 
per cen t 

8 .42  
9 .5 6

10.33 
10.61 
10.96 
11.13
11.33

C aC h

8 .47
9 .21

10.06
10.35
10.62
10.75
10.96

M o i s t u r e  b y  D i f f e r e n t  
C uS0<.5H20  

H 2SO 4 
A I2O 3 95 CaCI2 

per cen t 
14.12 15.08 15.22
18.76 19.47 16.84
23 .73  25 .51  21.31
28.11 28 .74  25 .40
29 .36  29 .46  28.77
29.43 29 .45  29 .32
29 .53  2 9 .5 4  29 .42

D e s i c c a n t s

C o f f e e

11.75
11.75

11.64 11.15
11.64 11.15

29 .53  29 .54  29 .42

29^53 29!54 29 .42

AUOj
1.31
1.98
2.66
3.11
3 .3 0
3 .4 4
3 .5 4
3 .6 6

CaC li
1.17
1.82
2 .38
2 .92
3.11
3 .22
3 .32
3 .4 6

3^46

T h e tim e v a lu e s .in  T a b le  II  are g iven  ro u gh ly  in 
days, w hich in tervals  are close enough to  show the 
points in question. Som e of th e m oisture in the blue 
v itrio l w as lost in grinding th e sam ple.

T h e w ork in T a b le  II w as repeated  in vacu u m  
desiccators a t a pressure of abou t one-tenth a tm o s
phere and a t lab o rato ry  tem peratures. A s before, 
three substances, flour, b lue v itrio l and tea, were 
dried over th e three desiccants. A lth o u gh  there was 
som e d ifficu lty  in ob tainin g desiccatin g jars w ith the 
sam e pow er for “ h o ld in g ”  the vacu u m , the average 
results were in th e  sam e order as in th e ab ove table . 
For sm all am ounts of m oisture AI2O3 appears to  be 
som ew hat superior to  eith er H 2S 04 or C aC U , when 
used in th is w a y, w h ile w ith  CU SO 4.5H 2O , which has a 
larger percen tage of m oisture, there seem s to be but 
little  choice betw een  A 1203 and 95 per cent H2SO4. 
C a C l2 seem s to  be inferior to  either of the others. 
It  is possible th a t  H2SO4 m ethods of dryin g m ay give 
b etter results when th e acid  has frequ en t agitation , 
and w hen tw o  or three charges of fresh acid  are added 
during a d eterm in ation. AI2O3 has the fu rth er a d 
van tag es th a t  one need n ot gu ard  again st slopping, 
burns, etc., as when using H2SO4 and th a t  th is oxide 
can be reh eated  when it  becom es satu rated  w ith 
w ater and used again  and again.

U n i v e r s i t y  o f  M i s s o u r i , C o l u m b i a

THE OLEORESIN OF SAND PINE
B y  A .  W .  S c h o r g e r  

Received D ecem ber 28, 1914

T h e sand pine (P i n u s  clausa,  Sarg.) is p ra ctica lly  
confined in its range to  the S ta te  of F lorida. I t  is a 
sm all tree whose branches exten d  to  th e ground, the 
heigh t being u su a lly  i s  to 20 feet, w hile a d iam eter of 
1 fo o t is rare ly  exceeded. T h e m aterial exam ined was 
ob ta in ed  on th e  F lorid a  N atio n al Forest from  near 
O cala, F lorida.

o l e o r e s i n — T h e oleoresin contained considerable 
w ater and sm all trash  of such a n ature th a t  an un u
su a lly  low -grade rosin for v irgin  “ gu m ”  was obtained. 
A n a lysis  ga v e  th e fo llow ing results:

P er cent
V olatile o il..................................................................  18.93
R osin (G rade G ) ....................................................... 72 .30
T ra s h ................................................................................  2 .67
W a te r ...............................................................................  6 .1 0

v o l a t i l e  o i l s — T h e vo la tile  oils ob tain ed  from  tw o 
sam ples of oleoresin were p ra ctica lly  id en tica l. T h eir 
prop erties were as follow s:

11!
d 15  ” d 1 5 °  a D 2 0 °

(1) ..................................................... 0 .8725 1.4768 — 22.49
(2 ) ...........................................................  0 .8723 1.4767 — 22.80

On fraction al d istillation  w ith a 12-inch H em pel
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colum n, 60 per cen t of the oil d istilled  betw een  1 6 1 0 
and 165°, and 35 per cen t betw een  16 5 ° and 16 7°. 
T h e  above d a ta  show th a t th e vo la tile  oil is en tire ly  
different from  ordinary gum  turpen tin e.

ID E N T IF IC A T IO N  O F C O N S T IT U E N T S  

q : - i > i n e n e — R epeated  fractio n atio n  yield ed  48 g. 
(9.6 per cent) boiling b etw een  15 7 °  and 160° and h a vin g  
th e c o n s ta n ts¿150 0.8656, a ^ o 0— S0-1 ? 0- T h e o ilg a v e  
a low  y ield  of pinene nitrosochloride, w hich w as tra n s
form ed to th e nitrolp iperidin e com pound m eltin g a t 
119 °.

C A M P H E N E — B etw een  160° and 162°, 50.5 g. (10 .1 
per cent) of oil were ob tain ed  h a vin g  th e fo llow ing 
properties: d 150 0.8671, a p 29° — 29-3l0 - T h e oil w as 
treated  w ith  a m ixture of g lacia l acetic  acid  and su l
fu ric  acid  in the usual w a y. T h e oil recovered  b y  
steam  distillation  a fter sapon ification  w ould  n ot c ry sta l
lize on cooling in a freezin g - m ixture. On d istillin g 
th e  oil and rejectin g  th e  portions boiling below  190°, 
th e residue rea d ily  cry sta llized  on cooling. A fter  
rem ovin g th e crysta ls  w ith  th e aid of a force filter and 
recrysta lliz in g  four tim es from  petroleum  ether th e 
isoborneol m elted a t 207-209°, resolid ifyin g on slow  
cooling a t 208°. A  fifth  crysta lliza tio n  did n ot raise 
th e  m eltin g point.

/3-p in e n e — T h e /3-pinene fraction s co n stitu ted  abou t 
7 5 per cen t of th e oil, so th a t th is terpene is th e  m ajor 
con stitu en t. A  portion  of th e /3-pinene w as oxidized  
w ith  a lkalin e potassium  perm an gan ate. T en  gram s of 
th e sodium  n opin ate obtained  yield ed  on fu rth er oxi
dation  2 gram s of nopinone whose sem icarbazone 
m elted a t 189°.

Since th e oil consisted so larg e ly  of /3-pinene it  w as 
th o u g h t possible to  isolate th is  terpene in a fa ir ly  pure 
sta te . A fte r  10 fractio n atio n s over m etallic  sodium , 
tw o  fraction s were ob tain ed  th a t  show ed fa ir ly  con stan t 
boiling points. B elow  w ill be foun d the' properties 
of th e tw o  fraction s and of one of th e  sy n th etic  /3- 
pinenes prepared b y  W allach :

2 0 °  Calculated^
B. p . wd 2 0 °  2 0 °  [a l D M  found for C ioH k |—

( 1  ) ...................  1 6 4 - 1 6 5 °  1 . 4 7 7 2  0 . 8 7 0 0  — 2 6 . 0 0 °  4 4 . 1 9  4 3 . 5 4
( 2  ) ................... 1 6 5 - 1 6 6 °  1 . 4 7 8 4  0 . 8 7 0 9  — 2 3 . 7 3 °  4 4 . 2 3  4 3 . 5 4

W a lla ch ’s 1 sy n th e tic  /3-pinene:
C alculated_

B. p. wd 2 2 °  ^ 2 2 °  aD ^  found for C10H 11 |—

1 6 3 - 1 6 4 °  1 . 4 7 2 4  0 . 8 6 6 0  — 2 2 °  2 0 '  4 4 . 1 3  4 3 . 5 4

F ra ctio n  2 w as a b ou t four tim es as large in q u a n tity  
as F ra ctio n  1. T h e va lu es ob tain ed  for all th e con 
sta n ts are higher th a n  those recorded b y  W allach , and 
th is h ad  been th e  a u th o r’s general experience in the 
exam in ation  of various essential oils in w hich /3-pinene 
w as th e chief con stitu en t. T o  determ ine w hether th is 
condition  w as due to  th e presence of cam phene, 50 
g, of F ra ctio n  2 were trea ted  w ith  th e  m ixture of 
g lacia l acetic  acid  and sulfuric acid . N o isoborneol, 
how ever, could be detected .

r o s i n — T h e rosin, grade G , h ad  an acid  N o. of 172.5 
and a saponification  num ber of 178.7. I t  y ield ed  4.01 
per cent of resene soluble in petroleum  ether.

T h e rosin crysta llized  v e ry  readily  from  acetone
or alcohol. A fte r  ten  crysta lliza tio n s from  acetone,

‘ A n n ., 363 (1908). 1.

th e crysta ls  ob tain ed  began to soften  a t 147 °, melted 
a t 1 5 0 -1 5 1° , and were com p letely  liq u id  a t 157°. 
A n oth er portion  of the rosin w as first cry sta llized  twice 
from  alcohol con tain in g 10 per cen t concentrated 
h yd ro ch loric  acid  and then recrysta llized  repeatedly 
from  95 per cen t alcohol. W hen allow ed to  crystallize 
slow ly  the abietic  acid  w as ob tain ed  as large triangular 
crysta ls. T h e cry sta ls  fin ally  ob tain ed  began to  melt 
a t 1 5 7 -15 8 °  and were com p letely  liquid  a t 167°. 
U sing an alcoholic solution  th e ab ietic  acid  h ad  the 
specific rotation  [a]D — 85.46° calcu lated  from  the 
fo llow ing vaiu es:

a  ...............  6 . 7 4 °  p 9 . 4 3 3
1........................  1 d 0 . 8 3 5 7

T h e silver sa lt w as obtained  b y  n eu tralizin g an 
alcoholic solution  of th e acid  w ith  sodium  hydroxide 
and addin g th e  ca lcu lated  q u a n tity  of A g N O i in  a large 
vo lu m e of alcohol. T h e silver sa lt w as filtered off, 
w ashed rep eated ly  w ith  alcohol, then  w ith  ether and 
dried a t 70°. A n a lysis  of th e silver sa lt follow s:

0 .4 6 8 5  g. silver s a lt gave 0 . 1 2 3 4  g. A g =  2 6 .3 4  per c en t Ag 
C alcu la ted  fo r silver ab ie ta te , AgCCsoHssOs),’ 2 6 .3 7  per c en t Ag

C O N C L U S IO N S

T h e vo la tile  oil of the sand pine ( F i n n s  clausa, 
Sarg.) has ap p ro x im ately  th e fo llow ing com position: 
/-a-pinene, 10 per cen t; /-cam phene 10 per cent; /-/3- 
pinene 75 per cen t; losses b y  p o lym erization , etc., 5 
per cent.

T h e  “ rosin ”  contain s 4.0 per cen t resene while the 
rem ain der consists m ain ly  of ab ietic  acid.

F o r e s t  P r o d u c t s  L a b o r a t o r y  
M a d i s o n ,  W i s c o n s i n

THE CONDITIONS OF NATURAL GAS IN THE EARTH’S 
STRATA1

B y  G e o r g s  A .  B u r r e l l  

Received N ovem ber 28, 1914

In  th is paper are recorded som e ob servation s and 
experim ents regardin g th e  liquid  or gaseous occur
rence of n atu ra l gas in  th e  ea rth ’s stra ta . T h is ques
tion  has been a su b ject for con jectu re in  th e  past, 
b u t to  date, in  th e  case of m ost n atu ra l gases, no exact 
d a ta  h a ve  been ava ila b le  from  w hich to  draw  definite 
conclusions, because th e exa ct com position  of natural 
gases has n ot been know n . K n o w in g  ( i)  th e composi
tion  of a n atu ra l gas, (2) rock  pressures th a t prevail 
in n atural-gas s tra ta , (3) tem p eratu res th a t  prevail 
in  n atu ra l-gas stra ta , and (4) th e  tem peratu re and 
pressures th a t  are n ecessary for th e liq u efactio n  of the 
gaseous paraffin  hydrocarb on s, one can ob tain  evidence 
regardin g the liq u id  or gaseous occurrence of natural 
gas in th e earth . T h e va p o r pressures of som e of the 
paraffin  h yd rocarb on s are shown in th e  following 
tables. T h e d a ta  were ta k en  from  L an d o lt and Bôrn- 
ste in ’s “ P h ysikalisch e C hem ische T a b e lle n .”

T h e  results of a com plete analysis including the 
q u a n tity  of each paraffin  h yd ro carb on  as found by 
liqu efaction  and fractio n atio n  follow s. F or compari-

1 P aper presented a t th e  Spring M eeting  of th e  Am erican Chemical 
Society, C incinnati, Ohio, April 6 - 1 0 ,  1 9 1 4 ,  by  perm ission of the  Director 
of the B ureau of M ines.
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T a b l e  I — V a p o r  P r e s s u r e s  o p  S e v e n  P a r a f f i n  H y d r o c a r b o n s

N a m e F o r m u l a

B o i l i n g  
p o i n t  

0  C .

C r i t i c a l  
t e m p e r a 

t u r e  
0  C .

C r i t i c a l
p r e s s u r e

L b s .  A t m o s .
M e t h a n e .................... . C H < — 1 6 0 — 9 9 . 5 7 3 5 5 0
E t h a n e ........................ . C a H e —  9 3 3 5 6 6 2 4 5
P r o p a n e ..................... . C a l l s —  4 5 9 7 6 4 7 4 4
i V - B u t a n c ................. . C<Hio 1
N - P e n t a n e ............... C5H 12 3 6 . 4
N - H e x a n e ................. . CcHu 6 8 . 4
i V - H e p t a n e .............. . C 7 H 16 9 8 . 4

T a b l e  I I — V a p o r P r e s s u r e s o p  M e t h a n e , E t h a n e a n d  :P r o p a n e

M e t h a n e  ( a ) E t h a n e  ( a ) P r o p a n e  (a)
A tm . P r .  a t  ° C. A tm . P r .  a t  0 C. A tm . P r .  a t  ° C.
5 0 —  9 5 . 5 ( a ) 4 5 . 3 3 5  (a ) 4 4 9 7 ( a )
2 6 . 3 — 1 0 5 . 8 3 2 . 3 15 9 2 2
2 1 . 4 —  1 1 0 . 6 2 3 . 3 0 7 . 1 1 2 . 5
11 — 1 2 6 . 8 1 8 . 3  — -11 4 . 8 —  2

6 . 2 — 1 3 8 .5 1 4 . 5  — -21 2 . 7 —  19
2 . 2 4 —  1 5 3 . 8 11 — -31 1 . 8 — 3 3
1 — 1 6 5 (6 ) 1 —-9 3 ( 6 ) 1 — 45(b)

(a) C ritical constan ts . (6 ) Boiling point.

son, the results of a eudiom etric an alysis of th e  n atu ra l 
gas are also included:

T a b l e  I I I — A n a l y t i c a l  R e s u l t s  O b t a i n e d  b y  T w o  M e t h o d s
Liquefaction E udiom etric  

P e r c e n t a g e s  and  fractionation  analysis
M eth an e ...........................................................  84 .7  79 .2
E th an e ..............................................................  9 .4  19.6
P ro p an e ............................................................  3 .0
B utane (chiefly)............................................. 1 .3
N itrogen ...........................................................  1 .6  1 .2

T o ta ls ...........................................................  100.00 100.00

Included in th e ab ove an alysis is o . 03 per cen t carbon 
dioxide. I t  is scarcely  n ecessary to state  th a t th e eudio
metric determ ination  shows o n ly  ap p roxim ately  th e 
q uan tity  of h ydrocarb on s in a n atural-gas m ixture.

From  the fraction atio n  analysis and other d a ta  one can 
calculate the pressures th a t w ould be required to  liq u efy  
the different con stituen ts a t p articu lar tem peratures. 
To start th e liq u efactio n  of th e m ethan e there

would be required a pressure of a t least I ] 735 =
V84.7 J

868 lbs. per sq. in. a t — 9 5 .5 °  C . T h a t is, in order 
to put 73S lbs. pressure on th e m ethane th ere w ould  be 
required a pressure of 868 lbs. on th e m ixture; as 
liquefaction proceeded and th e p a rtia l pressure of th e 
methane decreased p ro p o rtio n a lly  greater pressure 
would be required  to  continue th e liqu efaction .

To liquefy th e ethan e there w ould be required  a

pressure of at least ( — - ) 662 =  7064 lbs., a t 35 ° C . 
\9 -4  J

To liquefy th e propane a t 9 7° C ., there w ould be re

quired a pressure of ( j 647 =  21,567 lbs. T h ese 
V3 °  J

calculations were m ade at th e  critical tem peratures 
and pressures of th e  paraffin  hydrocarbon s. T h e 
critical constants for b u tan e h a ve  n ot been determ ined.

E arth tem peratures increase ab ou t 1 °  C . for each 
60 or 70 ft. of depth . T h is is a therm al grad ien t 
that has been determ ined b y  m easuring tem p eratu res 
in m any bore holes, a lthough increases in tem peratures 
different from  th e  foregoing h ave been determ ined b y  
some investigators. If  th e in itia l tem peratu re is 20 o C ., 
and an increase of 1 0 C . for each 70 ft. ta k es  place, stra ta  
at a depth of 2000 ft. (not an uncom m on depth for a 
gas well) should h ave a tem p eratu re of 4 S 0 C .

M ethane m ay be dism issed as ever occurring in th e 
liquid condition because even  a t — 9 5 .5 °  C . th ere is 
required a pressure of a t least 735 lbs. per sq. in. to 
liquefy it  when it occurs in th e pure state . M ixed

w ith  other gases, so th a t its p artia l pressure is less 
th an  one atm osphere, there are required prop ortion ally  
greater pressures a t a n y  p articu lar tem perature.

T h e critical tem peratu re of ethan e is 3 5 o C ., w hich is 
not far from  ga s-strata  tem peratures. H o w ever, th e 
pressures required to  liq u e fy  th e ethane in P ittsb u rg h  
n atural gas a t th e critical tem p eratu re is 7064 lbs. and 
is far ab ove gas-stra ta  pressures. I t  is question able 
w hether pressures as high as 1500 lbs. h a ve  ever been 
m easured in a gas well. 1000 lbs. per sq. in. is high.

T h e vap o r pressure of liquid  propane at 22o C. is 
132 lbs. (9 atm ospheres). V ap o r pressures at tem pera
tures closer to  g a s-stra ta  tem p eratu res th an  th is  
h a ve  n ot been determ ined. T o  liq u e fy  th e  propane 
in  P ittsb u rg h  n atu ra l gas a t 22° C . th ere w ould  be 

f  13 2 \
required  a pressure of I ----  100 = 4400 lbs. T h is is

V.3-0 J
also a pressure m uch greater th a n  is foun d in n atu ral- 
gas stra ta .

V ap o r pressures of b u tan e a t different tem p era 
tures other th an  the boiling point h a ve  n ot been d e
term ined. A t  i °  C . (boiling point) there w ould  be 
required a pressure of abou t 1153 lbs. to  liq u e fy  th e 
bu tan e in P ittsb u rg h  n atu ra l gas. A t  higher tem p era 
tures there w ould  be required  greater pressures. H ence, 
th e  b u tan e in P ittsb u rg h  n atu ra l gas can also be dis
m issed as occurring in th e  liquid  condition  in th e earth .

In  v iew  of th e  above considerations, it can be stated  
th a t th e essential con stitu en ts of P ittsb u rg h  n atural 
gas n ever occur in  th e stra ta  in the liquid  form , b e
cause rock  pressures are n ot high enough, rock  te m 
peratures are n ot low  enough, and th e q u an tities of 
th e m ore easily  condensable con stitu en ts in th e gas 
m ixture are n ot great enough for th is condition. T h e 
n atu ra l gas used in P ittsb u rg h  is ty p ic a l in  com posi
tion  of gas th a t is supplied to  m an y cities to  th e ex 
ten t of billions of cubic feet per year.

T h e  condition  of n atu ra l gas in th e earth  is of im 
portan ce, for, if present therein  as a liquid, it  w ould  be 
possible for a single sub terran ean  reservoir to  fu r
nish a m uch larger su p p ly  of gas th a n  if present in 
th e  gaseous condition. T h e foregoing va p o r pressures 
and p ercen tage com position  of th e  gas are also in 
stru ctiv e  as show ing th e  pressure th a t  w ould  h a ve  to 
be applied  to  liq u e fy  th e  variou s con stitu en ts in a com 
pressor p lant.

A s som ew hat different from  the n atural gas m en 
tion ed  ab ove, w hich is contain ed  in rock  stra ta  under 
h e a v y  pressure, there m ay be m entioned those n atural 
gases th a t  issue from  the casing heads of oil wells 
under sligh t pressure, or are w ith d raw n  from  the 
casing heads a t pressures less th a n  atm ospheric. 
T hese gases freq u e n tly  contain , besides som e of the 
gases a lread y  m entioned, enough of th e  va p o rs of 
th e  liquid  paraffin  h ydrocarb on s to w arran t th e in
sta llatio n  of a p la n t for th e condensation  of gasoline.

T h e question  arises as to  th e liquid  or gaseous con 
dition of these casing-head gases in the earth . T h e 
q u an tities of th e m ore easily  liquefied  gases are m uch 
higher th an  in the so-called d ry  gases, b u t, on th e other 
hand, th e pressures in the rock  s tra ta  from  w hich th e y  
issue or are draw n are alm ost in v a r ia b ly  m uch low er,
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so th a t  the chances of them  occurring in the liquid  
condition  are sm all. N o accou n t is ta k en  herein of 
gases th a t are closely  associated  under h e a v y  pressure 
w ith  oil in the sands. U nder such condition  th ere is 
a solution of gases in the oil to  a great ex te n t. T h e 
n atu ral gas used in P ittsb u rg h  is n ot associated  w ith 
oil in th e  ea rth ’s s tra ta .

C h e m i c a l  L a b o r a t o r y  
B u r e a u  o p  M i n e s , P i t t s b u r g h

THE ANALYSIS OF CHROME YELLOWS AND GREENS
B y  A .  G i v e n  

R e c e i v e d  J a n u a r y  2 2 ,  1 9 1 5

P ro m  inquiries received  a t th is lab o rato ry , it a p 
p ears th a t  th e determ in ation  of th e com position of 
chrom e yellow s and chrom e greens is n ot well un der
stood in m an y color and p ain t w orks; and th e excellent 
pub lication s of the B ureau of S tan dards on the analysis 
of inks help on ly  in a degree. T h e m ethod here given  
is th e result of a great deal of w ork and experience 
w ith these colors, and has g iven  excellen t satisfaction.

M ETH O D

m o i s t u r e  a n d  l e a d  c a r b o n a t e — W eigh ou t ac
c u ra te ly  ab ou t i  gram  of th e yellow  or green in to  a 
sm all beaker, and d ry  for 4  hours a t i o 5 - i i o ° C .  

C a lc u la te  th e loss in w eigh t as w ater. A d d  5 0  cc. of 
5 0  per cen t acetic  acid  to  th e d ry  substance in th e 
b eaker, m ix th o ro u g h ly , and le t stan d  over n ight. 
F ilte r  th rough  a ta red  G ooch, w ash w ith  h ot w ater, 
d ry , cool and w eigh. C alcu late  th e  loss from  d ry  w eight 
as lead  carbonate.

l e a d  s u l f a t e  a n d  c h r o m a t e — W eigh ou t a ccu rate ly  
ab ou t 1  g., wash into  a 2 5 0  cc. beaker, add 5 0  cc. w ater 
and 5 0  cc. of 2 5  per cen t cau stic  soda and boil for 5  

or 1 0  m inutes. F ilter  through a ta red  G ooch, wash 
th o ro u g h ly  w ith  hot w ater, cool the filtrate  and m ake 
up to  2 5 0  cc. Save th e residue. T o  5 0  cc. of th e solu
tion  add an excess of hyd roch loric  acid  and 5 cc. a l
cohol and boil until th e chrom ate is reduced to  chrom ic 
chloride. A dd  an excess of b arium  chloride, boil, 
le t  settle, filter on an ashless paper, w ash, burn and 
w eigh as barium  sulfate. C alcu late  to per cen t lead 
su lfa te .

T o  5 0  cc. o f th e ab ove solution  add an excess of 
n itric  a d d , heat to boiling and add 2 5  cc. boiling s a t
urated  solution of potassium  b ichrom ate. B oil 1 
m inute, le t  settle , filter through a tared  G ooch, w ash, 
d r y  and w eigh. C alcu late  as per cen t lead chrom ate. 
F rom  th is am ou n t su b tract th e  lead su lfate  and lead 
carbon ate, both  ca lcu lated  to  lead chrom ate, and call 
th e  difference a ctu al lead  chrom ate present.

r e s i d u e — F ill th e G ooch contain ing th e residue from  
th e  solution for lead su lfate  and chrom ate w ith  hot 
1 : 1 hydrochloric acid, le t stan d  10 m inutes, filter 
an d  wash w ith  hot w ater. R e p ea t tw ice, wash th o r
o u g h ly, d ry  and w eigh. C alcu late  rem aining residue 
as per cen t b a ry tes  or china c la y  accordin g to base.

p u r e  b l u e — T h e sum  of all the previous determ in a
tions is su b tracted  from  100, and the difference called 
pure blue.

L a b o r a t o r i e s  o p  M o r r i s  H e r r m a n n  a n d  C o m p a n y  
.8 7 8  M t . P r o s p e c t  A v e n u e , N e w a r k , N e w  J e r s e y

THE UTILITY OF SULFUROUS ACID AND PURE YEAST 
IN CIDER VINEGAR MANUFACTURE

B y W . V. C r u e s s ,  J . R . Z i o n  a n d  A. V. S i f r e d i  

Received Jan u a ry  4, 1915

A  stu d y  of m ethods of alcoholic ferm en tation  of 
apple ju ice  destined to  be m ade into v in egar in 'vario u s 
C aliforn ia  factories show ed th a t  in alm ost ev e ry  case 
no a ttem p t w as m ade to control th e m icroorganism s 
of ferm en tation . A  brief description  of th e various 
w a ys of h andling th e cider sto ck  w ill no doubt be of 
interest.

In  one of th e largest factories th e cull apples and 
peels and cores from  apple driers are ground or “ g r a te d ” 
in an Ohio apple grater as soon as received. T h e juice 
is pressed out w ith  h e a v y  screw  presses driven  b y  a 
m otor and cog gearing w ith  a c a p a c ity  of 6 0  ton s per 
d ay. T h e ju ice  goes to  2 0 , 0 0 0  gallon  tan k s. The 
first ta n k  of the season is sta rted  w ith  a large starter 
of com pressed yeast. W hen th is ta n k  is in  ferm en ta
tion , ab ou t on e-third of its  conten ts is used to start 
th e n ext ta n k . T h e th ird  ta n k  is sta rted  from  the 
second, and so on th rou gh  th e  whole series of tanks. 
O ver 5 0 0 , 0 0 0  gallons are m ade in th is w ay  during a 
season. E xam in ation  of th e ferm en ted ju ice  showed 
it to be “ d ry ;”  th a t  is, p ra ctica lly  free from  unfer
m ented sugar, b u t it  w as show n b y  m icroscopical 
exam ination  to  contain  large num bers of la ctic  acid 
b acteria  and th e large ta n k s soon developed  a h ea vy  
grow th  of mycoderma (wine flowers) a fter alcoholic 
ferm en tation . T h e la ctic  b acteria  develop a “ m ousey ”  
flavor and th e m ycoderm a rap id ly  oxidizes alcohol 
to  CO2 and H20 w ith ou t form ing a n y  corresponding 
am ount of acetic  a c id .1 L a b o ra to ry  tests dem onstrated 
th a t  m ycoderm a isolated  from  cider w as capable 
of d estroyin g all of th e  alcohol of a ferm en ted orange 
ju ice  contain ing 4 . 5  per cent alcohol in three weeks. 
T h e  g r a v ity  of h e a v y  m ycoderm a grow th  m a y be seen 
from  these figures.

A n oth er large fa c to ry  stores its  cull apples, peels 
and cores in a large w ooden bin. O ften  th is m aterial 
undergoes a ferm en tation , resem bling silage ferm en ta
tion, before it  can be crushed. T h e  ju ice  a fter crushing 
and pressing is allow ed to  undergo spontaneous fer
m en tation  in 3o,ooo-gallon tan k s. W ild  yeasts, 
lactic  b acteria  and m ycoderm a develop profusely, 
g iv in g  a v e ry  c lo u d y cider. O ccasion ally  a tank 
“ s tic k s ”  w ith  som e un ferm ented sugar, b u t in gen
eral the ferm en tation s are com plete.

A  th ird  fa c to ry  (until 1 9 1 4 ) crushed its apples and 
allow ed th e crushed apples to  undergo spontaneous 
ferm en tation  3 or 4  d ays before pressing. This 
m ethod ga v e  a high y ield  of ju ice , due to  th e  softening 
effect of th e ferm en tation . B egin nin g w ith  th is season, 
th is fa cto ry  used pure “ B u rg u n d y ”  wine y ea st on the 
crushed apples w ith  good results. T h e y ea st was 
prop agated  accordin g to  B u lle t in  230 of the U n iversity  
of C aliforn ia  E xp erim en t Station . N o sulfurous acid 
is used on the crushed apples, con seq u en tly  th e fer
m ented cider shows a stron g ten d en cy  to  develop 
m ycoderm a.

T h e ab ove factories all use th e generator process

1 A. V. Sifredi, Thesis for M . S., Univ. Calif., Dec., 1914.
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for converting the alcohol to acetic  acid. A  fou rth  w as added. I t  to o k  three d ays to  fill th e  30,000-gallon
factory  m akin g 50,000 to  75,000 gallons per yea r ta n k . B y  th e tim e th e ta n k  w as fu ll in each case,
uses the slow process th rou gh ou t. F erm en tation  is ferm en tation  had  progressed so fa r th a t no a ttem p t
allowed to ta k e  place sp on tan eou sly  w ith  th e  resu lt a t a ferm en tation  record w as m ade. T a b le  II  shows
th at lactic  acid  b acteria , as well as m ycoderm a, grow  th e effects d u e ,to  th e sulfurous acid  and pure yea st-
vigorously in th e ferm en ted  cider. T h ere are also gain  due to  pure y e a st and SO* w as foun d b y  su b tra c t-
a few ferm en tations th a t “ s tic k ,”  i. e., stop before th e ing 15.20 from  16.27 to  g ive  difference in sugar = 1.07
sugar is com p letely  tran sform ed to  alcohol. per cent. T h is  w as d ivid ed  b y  1.7 to  get its  alcohol

On accoun t of these ob vious defects in present vo lu m e per cen t eq u iva len t as it  is considered th a t
m ethods, the experim ents' described below  were 1.7 per cent sugar g ives 1 per cen t alcohol in p ractice,
carried out to  see if  the beneficial effects of pure y e a st T h is figure, 0.73 per cent, su b tracted  from  2.05 gives.

T a b l e  I — R e s u l t s  o f  E x p e r i m e n t s  w i t h  S u l f u r o u s  A c i d  a n d  P u r e  Y e a s t  i n  B a r r e l  T e s t s

A n a l y s e s  o p  B a r r e l s  A  a n d  B  
T o ta l

F e r m e n t a t i o n  R e c o r d  B a r r e l  A  F e r m e n t a t i o n  R e c o r d  B a r r e l  B  r e d u c in g
( N a t u r a l  F e r m e n t a t i o n ) ( P u r i ; Y e a s t  a n d  SO 2) Ball- T o ta l m a tte r  Alcohol

B a l l -  i n g  a c i d  a s  a s  p e r  c e n t
D a t e  B a l l i n g  O b s e r v a t i o n s  D a t e  i n g  O b s e r v a t i o n s  S a m p l e  ( B r i x )  a c e t i c  s u g a r  b y  v o l .

S e p t .  5  1 6 . 0  F i l l e d  b a r r e l  A  S e p t .  5  16  F i l l e d  b a r r e l  B  a n d  a d d e d  S O 2  O r i g i n a l  j u i c e  1 6 . 0  0 . 6 0  1 5 . 0 0  0 . 0 0
S e p t .  8  1 3 . 5  F e r m e n t i n g  v i g o r o u s l y  S e p t .  6  1 6  R a c k e d  i n t o  a n o t h e r  b a r r e l  a n d

added 2  per cen t by  volum e of
pure  B urgundy  yeast B arrel A Jan . 9 0 .0  0 .8 4  0 .5 5  6 .2 0

Sept. 13 5 .0  F erm enting  slowly Sept. 8  14 F erm enting  vigorously; taste
clean; arom a m uch cleaner
th a n  “ A” B arrel B Jan . 9 0 .0  0 .61  0 .037  8 .0 0

Sept. 19 3 .0  F erm enting  very  slowly Sept. 30 1 F erm en ting  slowly; microscope
shows absence of wild yeasts
or b acteria  of any  k ind  B arrel A Apr. 5 . . .  1 .18  0 .6 0  5 .6 0

Sept. 30 3 .0 )  S trong  "m ousey" flavor:
Oct. 13 3 .0 )  m any  lactic  bacteria
Jan. 9 0 .0  Still ta stes  sw eet Jan . 9 0 T as te  clean and  d ry . M uch

clearer th an  " A ” B arrel B A pr. 5 . . .  5 .9 0  . . .  2 .56

and sulfurous acid  ob tain ed  w ith wine ferm en tation  in 1.32, the “ n et in crea se”  in alcohol due to pure yeast. 
191 i l could be d u p licated  w ith  apple ju ice  ferm en tation . T h e results of the large scale ferm en tation  were 

SMALL SCALE f e r m e n x a x io n s  sa tisfa cto ry , show ing a v e ry  m aterial increase in al-

Tw o barrels of th e sam e ju ice  were ta k en . B arrel Tabm* p ? r « ^ e S°N Tank Tssts
“ A ”  was allow ed to  ferm en t n a tu ra lly ; barrel “ B ”  Tank No. 10. Tank No. 16.J 1 N a t u r a l  P u r e  y e a s t
was treated  w ith  potassium  m etab isu lfite  (K2S2O5) b e f o r e  F e r m e n t a t i o n : f e r m e n t a t io n  a n d  SO2

at the rate of 12 oz. per 200 gallons or ap p roxim ately  T s^mpksds. .^ .X. . ! .7?' A.v.eraf ? .°! 15.20 16.27
175 nig. S 0 2 per liter. I t  w as allow ed to  stan d  24 A Tofafadd afacet?cN:. ......................  0.568  0.652
hours; was th en  draw n off into  another barrel and Volatile acid as acetic......................... 0.1 60  0.108

’ E x tra c t ................................................................................  3 .7 0  3 .6 0
pure “  B u rgu n d y ”  wine y ea st w as added. A  su m m ary Alcohol: Volum e per c e n t . .  ...................................  6 .35  8 .40

of the tW O  ferm en tation s appears in T a b le  I and m a y Difference in to ta l solids +  (alcohol X 1.7) in tan k s  10 and

be S ta t e d  a s  f o l l o w s .  Alcohol equ iva len t to  difference in to ta l so lids........................  0 .73
1— Increase  of 1 . 8  per cen t alcohol. Difference in alcohol in ferm ented  l i q u id s . . . . .........................  2 .05

c  ; N e t gain in alcohol due to  pure  yeast and  SO2...................... 1.32
2—-M ore com plete ferm en tation  of sugar. 1 1 1 * .  4. 1 1 c - j ̂ f  , . cohol du e to pure y ea st and sulfurous acid. M icro-
3 — E lim in ation  of w ild  yea sts  and la ctic  b acteria ; . , d ,,  , ,« , ,

.  ̂ 1 scopical exam ination  show ed th a t  th e pure y ea st and
probably due to  action  of S 0 2 during first 24 hours. 1f , . , ,i , . . , . , , : sulfurous acid  ga v e  a m uch cleaner ferm en tation  th an

4— M ore rapid  clearing of th e  cider and th e vin egar. ., , r , ,.
_ « „ th e n atu ra l ferm en tation .

5— Im p roved  and cleaner flavor.
6 — M ore  rapid  acetification  a fter a lcoholic ferm en- s u m m a r y

tation. T h e use of pure y ea st and sulfurous acid  in barrel
3 0 , 0 0 0 -G A L L O N  f e r m e n t a t i o n s  ferm en tation s ga v e  increased yield  of alcohol, m ore

A 3o,ooo-gallon ta n k  (N o. 10— T a b le  II )  of apple com plete ferm en tation  of th e sugar, a b etter flavor,
juice was filled w ith  ju ice  from  culls, peels and cores m ore rap id  clearing, a ferm en ted liquid  p ra ctica lly
during a pressing period of three days. Sam ples free from  la ctic  b acteria  and m ycoderm a v im , and a
were taken  during filling and an a lyzed  for B allin g  more rap id  change of alcohol to acetic  acid  a fter al-
degree, alcohol and to ta l acid. T h e ju ice  w as allow ed eoholic ferm en tation . T h is  indicates disappearan ce of
to ferm ent sp ontan eously and w as handled  b y  m ethods p ra ctica lly  all of th e a ctiv e  sulfur dioxide because
ordinarily used in th is fa cto ry . acetic  b acteria  h a ve  been shown to  be ve ry  sen sitive

A sim ilar 3o,ooo-gallon ta n k  (N o. 16) w as filled to it- L arge scale ferm en tations w ith pure y ea st
with sim ilar ju ice. B efore going to  th e large ta n k , and sulfurous acid  g a v e  an increased yield  of alcohol
each 1,000 gallons a s .it  cam e from  th e press w as held and a cleaner ferm en tation . E xam in atio n  of several
tem porarily in a  i,ooo-gallon  v a t  and trea ted  w ith  8 factories shows the extrem e need of som e m ethod of
oz. m etabisulfite per 200 gallons. T h is w as added control of alcoholic ferm en tation , and to  su p p ly  th is
from a solution of 8 oz. m etabisu lfite  per gallon  in need the use of sm all am ounts of sulfurous acid  to
water. T h e first 2,000 gallons to  go into  th e  large elim inate wild y ea st and th e addition  of pure selected
tank were started  w ith  100 gallons pure “ B u rg u n d y ”  y ea st to  g ive  a rapid  and com plete ferm en tation  seem s
yeast and left till n ext m orning before a n y  m ore ju ice  the m ost p ractica l m eans of producing th e desired results.

1 F. T . B i o l e t t i  a n d  W. V. C r u e s s ,  U n i v e r s i t y  o f  C a l i f o r n i a  E xpt. S t a . ,  E n o l o g y  L a b o r a t o r y ,  E x p e r i m e n t  S t a t i o n
Bull. 2 3 0 . U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 7, No. 4

TH E MELLON INSTITUTE OF INDUSTRIAL RESEA R C H  
AND S C H O O L  OF S PE C IF IC  INDUSTRIES OF 

THE UNIVERSITY OF PITTSBURGH
THE DEDICATION OF THE NEW BUILDING OF THE 

MELLON INSTITUTE 
B y  W .  A .  H a m o r 1

T h e new $350,000 build in g w hich now form s th e 
perm anent hom e of th e M ellon  In stitu te  of In d u stria l 
R esearch and School of Specific In dustries of th e U n i
v e rs ity  of P ittsb u rg h , w as fo rm ally  d edicated  on F eb ru 
a ry  26, 1915. T h is  build ing, th e g ift of M essrs. 
A n drew  W illiam  M ellon  and R ich ard  B e a tty  M ellon, 
of P ittsb u rg h , who consented to  allow  their fa m ily  
nam e— an illustrious one in  th e annals of P ittsb u rg h —  
to be placed upon it, possesses th e stren gth  and force 
ch aracteristic  of the G recian  D oric order and is dis-

th e  M ellon  In stitu te , on behalf of A n drew  W . M ellon 
and R ich ard  B . M ellon, th e donors. A fter  a brilliant 
eu logy of th e M essrs. M ellon  and a splendid tribute 
to  their generosity, D r. H olland said in p a rt:

“ In  a certain  sense, M r. C han cellor, th is building 
is a m em orial to  R o b ert K en n ed y D uncan. On one 
side of th e  en tran ce is a bronze slab inscribed w ith  the 
nam e of T h om as M ellon; on th e oth er side of th e  en
tran ce is a bronze slab inscribed w ith  th e nam e of 
R o b ert K en n ed y  D uncan. B u t, M r. C hancellor, 
th is splendid  edifice erected  upon th e cam pus of our 
U n iv ersity  is m ore th a n  a cen otaph. I t  n ot m erely 
com m em orates th e nam es and careers of those of whom

tin c t ly  m odern in  con stru ction  and equipm en t, h avin g 
been esp ecially  designed b y  th e a rch itect, M r. J. H. 
G iesey, for th e needs of th e In stitu te .2 
• T h e C han cellor of th e  U n iv ersity , D r. Sam uel B lack  
M cC o rm ick , presided a t th e dedication  cerem onies, 
w hich to o k  place a t 1 1 . 0 0  a .m .  in Soldiers’ M em orial 
H all, in conjun ction  w ith  th e annual C h arter D a y  
exercises of th e U n iv ersity . F ollow in g the address 
of th e d a y  b y  D r. R ossiter W orth in gto n  R a ym o n d , 
th e dean of A m erican  m ining engineers, on “ K n ow led ge 
and R e sea rch ,”  w hich is reprinted  in fu ll below , 
D r. W . J. H olland, D irector of C arnegie M useum  and 
form erly C h an cellor of th e  U n iv ersity , m ade th e pre
sen tation  speech in connection  w ith  th e  dedication  of

1 A ssistan t to  th e  D irec to r of the M ellon In s titu te .
2 See the  description which follows.

I h ave spoken, b u t it is inten ded to, serve as th e seat of 
a d van ced  inquiries along scientific lines, w hich will 
ten d  to  th e  prom otion n ot m erely  of intellectual 
cu lture, b u t of in dustria l success, and th a t n ot m erely 
in th is great ‘ w orkshop of th e  w o rld ,’ where it  is lo
cated , b u t th rou gh ou t th e  land. In  creatin g this 
in stitu tio n  our dear friends h ave been a ctu ated  by 
a high and in telligen t purpose. L arge experience 
in great in d u stria l enterprises has ta u g h t them  th e im 
p ortan ce of ch em istry  and p h ysics in th eir applica
tion s to  th e in dustria l arts, and th e y  feel th a t, wonderful 
as has been th e  progress m ade w ith in  th e  last century, 
there are un told  m ysteries in  n ature, w hich h ave not 
y e t  been revealed  b u t w hich, if un covered, are capable 
of bein g used for th e w elfare of m ankind. And. so

F i g . 1— 'T h e  N e w  B u i l d i n g  o f  t u b  M e l l o n  I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h  a n d  S c h o o l  o f  S p e c i f i c  I n d u s t r i e s
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they have created  and are to d a y  placin g in th e  custod y 
of you, gentlem en of th e B oard  of T rustees, th is in 
stitution, w hich is cap able of becom ing, when w isely 
and in tellig en tly  adm inistered, a m igh ty  im plem ent 
for the ad van cem en t of hum an  w elfa re .”

Dr. George H u b b ard  C lap p , P residen t of th e B oard  
of Trustees of th e  U n iv ersity , delivered  th e  speech 
of acceptance. H e expressed ap preciation  of the g ift 
and understanding of th e  im portan ce of th e w ork for 
which th e build in g has been erected.

The final cerem ony of th e exercises w as th e conferring 
o f fifteen h on orary degrees, as follow s:

DOCTOR OP LAWS
E d w a r d  W il l ia m s  M o r l Ey , Honorary President of the 

Eighth International Congress of Applied Chemistry.
J o h n  U l r i c  N e f , Head of the Department of Chemistry of 

the University of Chicago.
A r t h u r  A m o s  N o y e s , Professor of Theoretical Chemistry 

and Director of the Research Laboratory of Physical Chemistry, 
Massachusetts Institute of Technology.

R o s s it e r  W o r t h in g t o n  R a y m o n d , Secretary Emeritus of 
the American Institute of Mining Engineers.

I r a  R e m s e n , Former President and Emeritus Professor of 
Chemistry, Johns Hopkins University.

T h e o d o r e  W i l l ia m  R i c h a r d s , Professor of Chemistry and 
Director of the Gibbs Memorial Laboratory, Harvard Uni
versity.

d o c t o r  o f  s c i e n c e

J o h n  J a c o b  A b e l , Professor of Pharmacology, Johns Hopkins 
University.

G e o r g e  H u b b a r d  C l a p p , President of the Pittsburgh Test
ing Laboratory and of the Board of Trustees of the University 
of Pittsburgh.

E l b e r t  H e n r y  G a r y , Chairman and Chief Executive Officer 
of the United States Steel Corporation.

J o h n  H a y s  H a m m o n d , Consulting Mining Engineer.
H e n r y  M a r io n  H o w e , Emeritus Professor of Metallurgy, 

Columbia University.
DOCTOR OF CHEMICAL ENGINEERING

W i l l ia m  H u l Tz  W a l k e r , Professor of Chemical Engineering, 
Massachusetts Institute of Technology.

M il t o n  C. W h i t a k e r , Professor of Industrial and Engineer
ing Chemistry, Columbia University.

DOCTOR OF CHEMISTRY
C h a r l e s  L a t h r o p  P a r s o n s , Chief Mineral Chemist, United 

States Bureau of Mines.
E d g a r  F a h s  S m it h , Provost University of Pennsylvania.

Im m ediately  a fter th e close of the d ed icato ry  ex
ercises, the trustees, fa cu lty  and gu ests of th e U n i
versity m et a t a luncheon in th e U n iv ersity  C lub. 
The rem ainder of th e  afternoon  was d evoted  to  an in 
spection of th e new b uildin g of th e M ellon In stitu te .

The recipients of hon orary  degrees were th e guests 
of the U n iversity  a t th e ann ual alum ni b an q u et held 
at the Schenley H otel from  6.00 to  8.30 p .m .  T he 
speakers at th is dinner .were D r. R a ym o n d  F . B acon, 
D irector of th e M ellon In stitu te , w ho responded to 
“ The M ellon In stitu te ;”  D r. W alth er R iddle, who 
gave an historical sketch  of th e  d ep artm en t of chem 
istry of the U n iv ersity ; H on. E lb ert H. G a ry , C h a ir
man of th e U n ited  S ta tes Steel C orp oratio n ; Dr. 
Theodore W illiam  R ichards, w ho spoke on “ T h e 
Practical Use of R esearch  in P ure S cie n ce”  and ex 
tended H a rva rd ’s con gratu lation s to  P ittsb u rg h  upon 
the acquisition.of th e M ellon In stitu te ; and C han cellor

Sam uel B la ck  M cC o rm ick , w ho com pleted  th e to a st 
list w ith  an eloquen t response to  “ T h e  U n iv e rs ity ,”  
in w hich he sta te d  th a t  th e  g ift  of th e M ellon In stitu te  
had p laced a great resp o n sib ility  upon th e U n iversity  
of P ittsb u rg h  as w ell as h a vin g  been a priceless ac
quisition; th a t  th e U n iv ersity  w as rea d y  to  m eet th e 
resp o n sib ility  and, he fe lt sure, w ould show  th e donors 
and th e co u n try  a t large th a t  it  would m ake th e m ost 
of th e great benefaction.

Judge G a r y ’s address w as, in  p a rt, as follow s:
“ In  hum ankind  there is an elem ent w hich is in ter

ested  in, if, indeed, it  does n ot a ctu a lly  en jo y  readin g 
or listening to , adverse references to  th e ch aracter 
or conduct of an in d iv id u al or association  of in d ivid u als, 
and, b y  reason of th is fa ct, agencies for th e  collection

F i g . 2 — T h e  L a t e  D r . R o b e r t  K e n n e d y  D u n c a n

and distribution  of u n favorab le com m ents have becom e 
more or less popular. A  questionable kind  of success 
is often  realized  b y  th e in d iv id u al or the pub lication  
whose energies are d evoted  to frequ en t and furious 
personal a tta c k  again st th e stan din g or th e action  of 
others. T hese efforts som etim es ta k e  th e form  of 
ind ivid u al w ork, in vestigation s b y  com m ittees or com 
missions created  b y  th e  L egislatures or Congresses, 
or, in exceptional cases, even b y  ju d icia l branches of 
G overn m en t, such as grand juries, w ith  th eir in q u isi
torial pow er. O ftentim es th e in vestig ato rs are not 
only u tte rly  incom p etent, b u t th e y  are prejudiced  and 
w ilfu lly  repress m any of th e pertin en t and m aterial 
facts. T h e y  seek to  produce for circu latio n  and criti
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cism  on ly inform ation  calcu lated  to  bring reproach 
upon th e persons in vo lved  in th e in q u iry . N o one is 
exem p t from  these criticism s.

“ C ircum stances seem  to  show  th a t we are approach 
ing th e tim e when tlje  in v estig a to r w ill be in v e sti
gated ; when the criticizer will be criticized ; when com 
m ittees and com m issions will be b rough t before other 
sim ilar bodies for ju d gm en t. I t  w ould be in terestin g 
to  the public if it  could be inform ed of th e real m otives 
w hich h ave prom pted som e of th e official inquiries, 
and if it could learn  of th e unfair m ethods w hich have 
been som etim es pursued, and if it  should kn ow  the 
am ount of go vern m en tal funds w hich h ave been ap 
p ropriated  for th e  use of com m ittees and how  th e y  
h ave been disbursed; in fa ct, if som e of those p a rtic i
p atin g could be su b jected  to  th e  sam e scru tin y  which 
th e y  h ave exercised.

“ T h e general a ttitu d e  of the great n ew spapers of 
to d a y  is fa ir and ju st. T h e y  influence and are in 
fluenced b y  th e general public. T h e y  reflect the general 
sentim ent. T h is  is m ost im p ortan t in considering 
th e fu tu re w elfare of th is cou n try.

“ If th e  p icture which I have draw n is a true one, 
then th e course before us, w hich leads to  p rosp erity , 
success and happiness, is plain, and we will pursue it.

F i g .  3 — R a y m o n d  F o s s  B a c o n ,  P h . D . .  D i r e c t q r  o f  t h e  M e l l o n  I n s t i t u t e

W e m ust con d u ct affairs in our charge w ith  the ex 
pectatio n  th a t  we shall be critic ized .”

A fter th e  b an qu et, th e  new build in g of th e M ellon  
In stitu te  w as th row n  open for a reception  of friends 
of th e In stitu te . T h e  room s of th e m ain floor were

used for the reception, a lthough th e en tire building 
w as open for inspection. On th e even in g of F eb ru ary  
27th, th e first M ellon  L ectu re w as delivered  b y  P ro
fessor John Jacob A b el, of Johns H opkins U n iversity , 
in the assem bly hall of th e In stitu te ; D r. A b e l’s sub
je c t w as “ E xp erim en tal and C hem ical Studies of the 
B lood and T h eir B earin g on M ed icin e.”

KNOWLEDGE AND RESEARCH1
B y R o s s i t e r  W o r t h i n g t o n  R a y m o n d

T h is n otable  ch ap ter in th e h isto ry  of one of th e  most 
ancien t A m erican  in stitu tion s of learn ing irresistibly  
recalls th e situ ation  of 1787, th e  year in w hich the 
first ch arter of w h a t is now th e U n iv ersity  of P ittsb urgh  
was granted. T h a t w as th e year of th e  C on ven tion  
which fram ed th e Federal C on stitu tion . I t  w as notable 
also as p ra ctica lly  the beginning of tw o  other agencies 
w hich, th o u gh  derided a t th e tim e, p roved  afterw ards 
to represent th e m ost p o ten t elem ents in th e cem en ta
tion  of th a t solid union foun ded  b y  th e C on stitution . 
F or it  w as in 1787 th a t John F itch  ran his steam boat 
up and dow n th e D elaw are; and it  w as in 1787 th a t 
the fierce discussion of th e im provem en ts proposed 
b y  N oah W ebster m ay be said to  h a ve  reached its 
clim ax. T h a t con troversy  resulted  in  W eb ster ’s D ic
tio n a ry  and W eb ster ’s Spelling B ook, w hich ga v e  us 
one lan guage th rou gh ou t our wide and ever wider 
dom ain. T h u s th e bond of po litica l union established 
b y  th e C o n stitu tio n  w as reinforced b y  th e beginnings 
of in tern al tran sp o rtatio n  and of a com m on speech, 
w ith o u t w hich th e grow th  of our con tin en tal empire 
w ould scarcely  h a ve  been possible.

T h e w onderful changes effected  in  personal, social 
and n ational life during th e c en tu ry  w hich ensued, 
w ould m ake an easy  them e for a n y  orator w ho m ight 
choose to  te ll th e th rillin g  h isto ry  of th is particular 
region alone, beginning w ith  th e  little  group of cabins 
under th e  guns of F o rt P it t  w hich con stitu ted  P itts 
burgh, and trac in g  th e con q uest and rapid  settle
m ent of th e  Ohio v a lle y  (w hich w as n ever equaled 
for revo lu tio n a ry  tran sform ation  excep t b y  th e settle
m ent of C aliforn ia  under th e special w orld-excitem ent 
caused b y  th e d iscovery  of gold), th e  developm ent of 
com m erce and in d u stry , th e accu m u latio n  of w ealth, 
and th e con com itan t ad van ce in education, culture 
and fullness of in d iv id u a l and social life. I shall not 
rehearse to  y o u  th is fam iliar s to ry , b u t I w ould point 
ou t th e significance in such a sw eeping torren t of 
change, of th e  th in gs w hich abide.

One of these is P ittsb u rg h  itself. In stin ctive ly  
recognized, even  in our colonial period, as a strategic 
p oin t, to  be defended a t all costs, it  has rem ained, 
through th e  astoun ding revolution s of its  history, 
a lw ays th e center of pow er and progress, dem onstrating 
in these later d a ys  th a t  th e w ealth  accu m u lated  in the 
service of m an th rou gh  sm o k y industries is available 
for m an ’s service also in the fa ir fields of science and art.

A n d  another th in g th a t abides is th e con viction  of 
the value of know ledge w hich inspired our grandfathers 
and possesses us. T h e y  foun ded colleges w hile they

1 P rincipal address delivered a t  th e  D edication of th e  New Building 
of the  M ellon In s titu te  of In d u s tria l R esearch an d  School of Specific In 
dustries of th e  U niversity  of P ittsburgh , F eb ru a ry  26, 1915.
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F i g . 4 — T h e  R e c i p i e n t s  o p  H o n o r a r y  D e g r e e s  a t  t h e  D e d i c a t i o n  o p  t h e  M e l l o n  I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h  

F r o n t  R o w ,  l e f t  t o  r i g h t :  I r a  R e m s e n ,  T h e o d o r e  W i l l i a m  R i c h a r d s ,  S a m u e l  B l a c k  M c C o r m i c k ,  E d w a r d  W i l l i a m s  M o r l e y  a n d  A r t h u r  A m o s  N o y e s  
M i d d l e  R o w ,  l e f t  t o  r i g h t :  E l b e r t  H e n r y  G a r y ,  H e n r y  M a r i o n  H o w e ,  J o h n  J a c o b  A b e l  a n d  M i l t o n  C .  W h i t a k e r  

B a c k  R o w ,  l e f t  t o  r i g h t :  C h a r l e s  L a t h r o p  P a r s o n s .  E d g a r  F a h s  S m i t h ,  J o h n  H a y s  H a m m o n d  a n d  W i l l i a m  H u l t z  W a l k e r  
A b s e n t :  G e o r g e  H u b b a r d  C l a p p ,  J o h n  U l r i c  N e f ,  R o s s i t e r  W o r t h i n g t o n  R a y m o n d

were fighting In dian s and levelin g forests and de
vising governm ents. T h e progress of th e  w orld  and 
the em inence of P ittsb u rg h  in th a t  progress are alike, 
due to  science. A n d  we A m erican s recall w ith  ju st 
pride th a t our fa th ers a lw a y s p rovided  for education  
as a part of their social schem e. I t  would be absurdly  
superfluous, in th is presence, to  explain  th a t  th e  w on der
ful natural a d va n ta ge s of P ittsb u rg h  w ould h ave 
am ounted to  nothing w ith o u t th e science w hich has 
utilized her fuel and her m eans of tran sp o rtatio n . 
It is not m anual lab or alone, b u t, in a m uch greater 
degree, the lab or of th e ed u cated  brain , th a t  creates 
wealth and con stitu tes power. A n d  it  is a peculiar 
characteristic of th is source of pow er th a t  no one can 
foretell the scope and v a lu e  of its  results. W e know  
how m any foot-poun ds of en ergy a m an or an anim al 
can furnish in a given  tim e; b u t we can not prop hesy 
what m ay be done w ith  th a t  en ergy if applied, under 
intelligent gu idance, to  th e u tilizatio n  of the in ex
haustible forces of n ature. T h e assertion th a t  “ k n o w l
edge is p o w er”  is an “ a ct of fa ith ;”  b u t th is fa ith  has 
proved itself a thousan d tim es to  be w ell-founded. 
No one doubts to d a y  th a t th e know ledge we now  h ave 
is power, and m ust, therefore, be preserved  b y  tra n s
m itting it to  each succeeding generation— even were 
there nothing m ore to  know . B u t we h ave learned 
also th a t the en largem ent of th e circle of th in gs know n 
increases the b ou n d ary  b eyon d  w hich lie the th in gs 
yet to be know n , and hence we a tta ch  a p ra ctica l valu e 
to research. W e need not claim  for our ow n tim e 
alone this recognition  of th e  im p ortan ce of research. 
Let us m odestly  rem em ber th a t th e th in gs we now  
know are th e results of the research w hich our fath ers 
encouraged and con ducted— n ay, m ore: th a t th eir 
faith in know ledge and in q u iry  w as supported  b y  m uch

less evidence of va lu a b le  results th an  encourages us. 
In  fa ct, we m a y be said to  w alk  in th is p ath , no longer 
b y  fa ith , b u t  b y  actu al sight.

N evertheless, it  is u n q u estion ab ly  true th a t  th e 
conception  of u n iv ersity  education  has undergone, 
during th e last cen tu ry , an im p ortan t change. E ven  
so recen tly  as fifty  years ago, when I w as a studen t 
a t G erm an un iversities, th e  trad itio n al organization  
of th e four facu lties of T h eo lo gy , L aw , M edicine 
and Philosophy w as still m ain tained, b u t “  P h ilo so p h y ”  
(origin ally  inten ded to  cover m etap h ysical sub jects) 
had been gra d u ally  m ade th e receptacle of e v eryth in g  
th a t  w as not th eology, law  or m edicine— including 
such trifles as m athem atics, lan guages, literatu res 
and sciences. A n d  th e old satire w as still curren t: 
“ T h eo lo gy  yields a m an honor b u t n ot bread ; law , 
bread b u t n ot honor; m edicine, b oth  bread and honor; 
and ph ilosophy, n either bread nor hon or.”  Y e t  
alread y it was becom ing ev id en t th a t in th e d isparaged 
dep artm en t of “ P h ilo so p h y ”  la y  th e studies which 
were certain  to  y ield  both  th e bread and th e honor 
of th e future.

T o d a y , we care little  for the old classification. Our 
n otion  of a full u n iv ersity  is th a t  of the m otto  of 
E zra  C ornell, who foun ded th e one w hich bears his 
nam e, as a place where anyon e could receive in stru c
tion  in an yth in g . T ow ard s th is  all-com prehensive 
ideal, which no in stitu tion , perhaps, has com p letely  
reached, we are all strivin g. A n d  th e  stren gth , the 
inspiration , th e fru itfu ln ess of our d evelopm en t is in 
th e increased em phasis w hich we la y  upon research 
and the fun ction  w hich we assign to  it  in th e m odern 
schem e of education.

I need n ot m ake a d istin ction  here betw een  th e o ret
ical and p ractica l research. T here used to be a vague
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and un certain  a ttem p t to  d ivide pure science from  
applied  science. B u t, in  fa ct, th e y  are in e x tricab ly  
blended. I t  w as Sir W illiam  T hom son, afterw ards 
L ord  K elv in , the profound stu d en t of th e n ature of 
m atter, th e  w eight and m ovem en ts of w orlds, whose 
acu te genius devised th e perfect m arin er’s com pass 
and constructed  th e  ap p aratu s b y  which the A tla n tic  
cable was able to  tran sm it in tellig ib le m essages—  
tu rn in g in d u stria l fa ilure into  triu m p h . W hen T hom as 
E dison was perfectin g his great electrical inven tion s, 
he w ent to Ira  R em sen , th e distinguished teach er of 
pure science, for the m a th em atical form ulas w hich 
determ ined th e dim ensions, proportions and relations 
of his m achines. T h e  researches of H ertz  and others 
into w h at seem ed a t first to  be a sphere of electrical 
d isturbances b eyon d  th e reach of hum an analysis, 
h ave led a lread y  to  th e m iracles of wireless com m uni
cation  and control— m essages signaled, or even sim ply 
spoken, across oceans and continents, and b oats 
steered b y  inaudible com m ands from  th e shore.

T h e difference betw een  know ledge and research is 
th e difference b etw een  the exp ert and th e discoverer. 
A n  exp ert is one who know s w h at has been done or 
is p rovision ally  estab lished  in a g iven  science or art. 
H e can sa y , w ith  regard  to a new d iscovery  or im 
provem en t, on ly  w hether or n ot it con trad icts or tra n 
scends w h at is gen erally  accep ted  as the result of pre
vious experience. B u t th e d iscoverer is a prop het, 
and, if he has n ot “ spoken p resu m p tu o u sly ,”  his 
m essage becom es a new revelation , and a p a rt of the 
science of his d a y— or th e d a y  after.

I t  seems b u t y e ste rd a y  th a t I read in th e new spaper 
how  C harles Sum ner, of M assachusetts, had proposed 
in th e  U n ited  S tates Senate an am endm ent to  a pend
ing approp riation  bill, gran tin g a considerable sum  
for th e  conduct of experim ents in  sending te legrap h ic 
m essages w ith ou t th e em p lo ym en t of conductin g 
wires. I w as an exp ert then, and, as an expert, I 
knew  (or th o u g h t I knew ) th a t  th e th in g  had never 
been done and, therefore, w as im possible. I re
m em ber reflecting how easily  non-scientific people 
were carried a w a y  b y  th e  eloquence of fa n a tics or 
ch arlatan s, esp ecially  when th e schem es proposed 
were such as all th e exp erts declared  to  be absurd. 
T h e com m on sense of th e U n ited  S tates Senate, ta k in g  
th e sam e view , rejected  th e am endm ent; and it  is m y 
im pression th a t  th e d istinguished proposer of it  (havin g, 
perhaps, introduced  it  at the request of som e sanguine 
con stituen t) did not figh t v e ry  hard for its  adoption. 
I t  is possible th a t I recorded m y opinion of it a t the tim e 
w ith  sarcastic  hum or in th e-co lu m n s of th e tech n ica l 
journ al of w hich I w as editor. I h a ve  m ade no in 
vestig atio n  as to  th a t  question; and, indeed, I w ould  
rath er not know  th e answer!

A t  a later period, Le C on te, one of th e m ost em inent 
scientific au th orities in A m erica, and one who, in his 
ow n dep artm en t, and in th e  general exposition  of the 
ph ilosophy of evolu tion , was a leader and com m ander, 
published an essay dem on strating th e th eoretical, 
th a t is to  say, th e m ath em atical and irrevocab le, 
im possib ility  of th e n av ig a tio n  of th e air b y  vehicles 
heavier th a n  air. N ow  m athem atics, as defined

long ago b y  B en jam in  Peirce, is the one science which 
draw s n ecessary conclusions; b u t th e n ecessity  of its 
conclusions is sim ply th eir relation  to  its  premises. 
P rof. Le C o n te ’s ju d gm en t w as based on th e evidence 
before him . I t  w as th e  utteran ce of Science w ithout 
th e testim o n y of R esearch. A n d  a lread y  another 
em inent scientific a u th o rity , m y dear friend and yours, 
P rof. L an gley , long of yo u r U n iv ersity , reinforcing 
science w ith  research, h ad  devised a flying-m achine, 
h eavier th a n  air, w hich is now , I b elieve, a d m itted  to 
h a ve  furnished th e  first solution of th is problem . 
T rue, an acciden t n ot due to  a n y  unsoundness in 
L a n g le y ’s th e o ry  and design w recked his experi
m ental m achine, and, perhaps, broke his h eart too. 
B u t tim e has vin d ica ted  his fam e and has g iven  us 
another instan ce of th e va lu e  of scien tific research to 
industria l progress.

B u t it  m ust be real research, n ot m erely th e  cloudy 
a n ticip ation  of th in gs to  com e. M a n y  yea rs ago, 
I w as v isited  b y  a “ s e e d y ”  yo u n g stranger, who de
sired m y assistance in th e  form  of a loan w hich would 
p a y  his fare to  C olorado, w here he w ished to  introduce 
th e use of e lectr ic ity  in m etallu rgy. U nder cross- 
exam ination , he explained th a t he exp ected  to  get 
his e lectricity , Fran klin -fashion , from  th e clouds, 
and, h a vin g  heard th a t  th ere w as a good deal of it 
up in th e  R o c k y  M ountains, he th o u g h t Colorado 
was a good place for his process! I f  th a t yo u n g man 
has su rv iv ed  (w hich I d ou b t, since he did n ot look 
like a fu tu re  su rv iv o r), he is doubtless sa y in g  today 
th a t he w as th e  real in v en to r of th e  whole art of 
e lectro-m etallu rgy! H e w as a feeble specim en of the 
host of professional in ven tors who tr y  to  pre-em pt 
te rrito ry  in  realm s not y e t  explored, su b stitu tin g 
prophetic in tu ition  for p a tien t and skilfu l research. 
T h ese are th e  prophets w ho “ speak p resu m p tu ou sly .”  
T h e B ook of D eu teron om y, a fter describing such a 
prophet, adds, “ T h o u  sh alt n ot be afraid  of h im .”  
Y e t , in sp ite of th a t  en couragin g exh o rtation , we are 
afraid  of him ; he hangs as an incubus upon ev ery  real 
in v en to r whose w ork has been based upon r6al re
search; for research is n ot fru itfu l unless it  is, or until 
it  is, scientific.

T h e essential q u a lity  of Science is th a t  it  is 
q u a n tita tive , w hile m ere in ven tion  m a y be in the 
begin nin g on ly  q u a lita tiv e . A fter  th e great b lizzard, 
m ore th a n  a q u arter of a cen tu ry  ago, a storekeeper 
in B ro o klyn  un dertook to  ap p ly  q u a n tita tiv e ly  the 
q u a lita tiv e  proposition  th a t  h eat w ould  m elt snow. 
H a vin g  a 16 f t . heap of snow  in fron t of his store and a lot 
of old boxes in his cellar, he dug in  the snow  a cham ber 
w ith  a ch im n ey, cram m ed th is sto ve  w ith  pine wood 
from  th e  cellar, lit th e  fire, and looked for th e m ountain 
to  dissolve in  ferve n t h eat. B eing a q u a lita tiv e  man, 
he did n ot know  th e difference betw een  tem perature 
and h eat-un its, or dream  of th e  w ork he w as expecting 
his little  fire to  do. W hen he had burned all his wood, 
he abandoned his fa ith  in science! Y e t  th ere is never 
a h e a v y  fa ll of snow in N ew  Y o r k  b u t som ebody berates 
th e authorities for th eir s tu p id ity  in n ot th a w in g  it  aw ay]

A n d  th is brings us to  th e  proposition  th a t  real re
search m ust itse lf be based upon scientific know ledge.
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There is n othin g m ore p itiab le  th a n  th e  sp ectacle  of 
an enthusiast, fa n cy in g  him self a pioneer, lab oriou sly  
digging in ground a lread y  explored, exh austed  and 
abandoned b y  others. M y  friend C laren ce K in g  to ld  
me once how he set his h eart upon th e ascent of a cer
tain high p eak  in th e Sierra. W ith  infin ite exertion, 
and no little  peril, he scaled th e precipitous m ou n tain 
side, and reached a t la s t th e sum m it, on ly  to  find 
there an em p ty  to m a to  can and a co p y  of a n ew spaper, 
relics le ft b y  a p icnic p a rty , w hich had  ascended 
by an easy tra il on th e other side of th e  m ountain! 
A little  p relim in ary  research w ould  h a ve , saved  him  
from this scientific fiasco.

M oreover, th e carefu l and th o rou gh  stu d y  of sci
ence— th a t is, of w h a t has been done, and has com e to 
be believed alread y— will often  m igh tily  aid research 
with significant and in v alu a b le  suggestion s; for 
the records of scien tific  experim ent contain  m an y o b 
servations w hich were sim p ly  n oted  en passant  and le ft 
for future exp lan ation . A  d istinguished electrician  
once said to  me th a t, n otw ith stan d in g th e  am azin g 
advance of his art, he still foun d  in th e old, sim ple, 
hom ely notes of B en jam in  F ran klin  va lu ab le  hints 
and suggestions.

It  is n arrated  in th e  b io grap h y of Sir John L aw ren ce, 
that, in 1849, a fter th e  ann exation  of th e  P u n jab  to  
the B ritish possessions in In dia, th e fam ous jew el 
known as th e K oh in oor or “ M o u n tain  of L ig h t,” — for 
m any centuries th e  b o o ty  of successive conquerors, 
Turks, M oguls, A fgh an s, and w h a t n ot— fell, w ith  
other public treasure, into  th e  hands of th e new  go vern 
ment, represented b y  th e B oard  of A d m in istration  
of the P u n jab , of w hich L aw ren ce w as a m em ber. A t 
one of the early  m eetings of th a t  B oard , th e K ohin oor 
was form ally  delivered  to  it, and tem p o rarily  consigned 
to the care of John L aw ren ce, perhaps because he was 
supposed to  be th e  m ost p ra ctica l and business-like 
of the three m em bers. So he was, in m an y respects; 
but he had no use for jew elry , n ever wore it  un til it  
was forced upon him  in th e form  of w ell-earned 
decorations— w hich, we are to ld , he used to  pin on 
in the w rong places, to  th e  despair of cou rt officials—  
and never th o u gh t abou t it. So he to o k  th e  K ohin oor, 
wrapped in num erous strips of co tto n  cloth , th ru st 
it into his w aistco at p o ck et, and th o u g h t no m ore of 
it, while he d evoted  him self to  th e m ultifarious and 
much more im p ortan t business w hich la y  before th e 
Board. T h e session over, he changed his clothes for 
dinner, throw in g his w a istco at aside, w ith o u t recalling 
the precious conten ts of its  p o cket. B u t th e authorities 
in London were less fo rge tfu l; six w eeks later cam e 
the order to  forw ard  th e  K oh in oor to  th e  Queen. 
When this was presented to  th e  B oard , L aw ren ce 
said, “ L et us send for it  a t  once and forw ard  i t .”  
“ B u t y o u ’ve go t i t , ”  w as th e  rep ly— a t w hich a re
membrance of th e  w hole m a tter flashed upon him , 
together w ith th e sickenin g c e rta in ty  th a t th e  K oh in oor 
was not in his w aistco at p o ck et then ! A s he used to 
tell the sto ry  afterw ards, he said  to  him self, “ W ell, 
this is th e w orst trou b le  I h a ve  ever y e t  got in to !”  
But, w ith w onderful self-control, he suppressed all 
signs of an xiety , rem arking, “ Oh, yes, of course;

I forgo t abou t i t ,”  and w en t on w ith  th e business of 
th e session as if n othin g had happened. B u t at th e  
earliest op p o rtu n ity , he slipped a w a y  to his p r iv a te  
room , and questioned his n ativ e  b od y-servan t. “  H a ve  
yo u  go t a sm all p ackage th a t I le ft in m y w a istco a t 
p o ck et som e tim e ago ?”  T h e serva n t h ad  saved  it  
w ith  other p o ck et rubbish, produced it  from  a b attered  
old tin  box, and, unrolling its bandages, handed th e  
great diam ond to  his m aster, rem arking, “ Y o u  see, 
Sahib, it w as n othin g b u t a b it of g lass.”  A n d  th u s 
ended a new ch ap ter of ad ven tu re in th e m arvelous 
h isto ry  of th e K ohin oor.

I h ave to ld  th is sto ry  because of its  rom an tic  in 
terest, and because I th in k  it  w ill be new to  m an y of 
yo u , as it  w as to  me when I cam e upon it in th e life 
of th e hero of th e In dian  m u tin y, in th e splendor of 
whose achievem ents even th e  luster of a diam ond 
fades. B u t I th in k  yo u  w ill agree w ith  me when 
I m ake of it, in h arm on y w ith  its  far E astern  scene, 
an O riental apologue, deducing from  it  the m oral 
th a t  research, even am id th e  rubbish of th e past, m ay  
bring to  ligh t forgo tten  treasure, and th a t a com m on 
b it of glass m ay prove to  be a “ M ountain  of L ig h t.”

If know ledge and research are th u s in tim a te ly  re
lated , each reinforcing th e other, th e m anner in w hich 
th e y  are com bined in th is in stitu tio n  m ust be reco g
nized as larg e ly  n ovel and w holly  adm irable; for 
e ffective  research requires su itab le ap p aratu s, and 
under ap p aratu s we include books. M oreover, re
search is prom oted b y  definiteness of o b ject. T h e  
m an who know s w h a t he is looking for is m ore like ly  
to  m ake discoveries th a n  he who m erely  laun ches 
into space, hoping to m ake discoveries th rough  acci
den tal collisions. A n d  again, n ot on ly m otive and 
ap p aratu s and previous know ledge, b u t also th e ca 
p a c ity  of clear and accurate th in kin g, m ust belong to  
th e  equipm en t for useful research; and no m an th in ks 
a ccu ra te ly  w ho can not p u t his th o u g h t into words 
w hich w ill co n v ey  it  to  another m an qualified b y  
know ledge to  com prehend it. W e m a y feel, b u t we 
can not th in k , u n u tterab le  th in gs. W h at our p a ten t 
law' requires of an in ven tor, th a t  his in ven tion  shall 
be so stated  as to  enable a n y  one skilled  in th e existin g 
art to  p ractice  it, is eq u a lly  required of ev e ry  dis
coverer, w hether he seeks th e rew ard of a p a te n t or 
th e recognition  of his fellow  men in other w ays. He 
m ust be able to  describe and to  define as w ell as to  
discover.

N ow , there is no discipline like th a t  of teach in g  to  
p erfect th e art of precise and intellig ible statem en t. 
Indeed, th e teach er en joys a continuous p ractice in 
th a t  a rt w hich can not be had in a n y  oth er w a y. O ur 
b est text-b oo ks of science are th e w ork of teach ers 
who h ave learned in th e classroom  how  to  com m uni
cate  know ledge. T hese industria l fellow ships, th e re
fore, w hich give to  th eir incum ben ts, in addition  to  all 
th e  other ad va n ta ges m entioned, th e  o p p o rtu n ity  of 
p ra ctice  as in structors, are lik e ly  to  develop b oth  fresh 
and effective teach in g  and fru itfu l research.

M oreover, such an arran gem en t m ust be welcom e 
to  th e overburden ed m em bers of regular facu lties  of 
instruction , to  w hom  th e  m echanical routine of te a ch 
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ing leaves too often  n either tim e nor stren gth  for th a t 
original s tu d y  and progressive in tellectu al a c t iv ity  
w hich alone can keep th em  sources of inspiration.

In  short, the genius ¿nd w isdom  of you r beloved 
and lam ented D r. D u n can  seem  to  me to  h ave foun d 
a w onderful solution  for a difficult problem  in this 
schem e of industrial fellow ships. M a y  genius and 
w isdom  still preside over its developm ent, as th e y  
foresaw  and w elcom ed its  birth!

B u t th is occasion em phasizes to  m y  th o u gh t another 
principle, perhaps th e m ost fu n dam en tal and far- 
reaching of all. In  th is dedication  of a build in g erected 
through th e  in telligen t m unificence of p riv a te  citizen s, 
we h a ve  another in stan ce of th e m ethod and m eans 
b y  w hich A m erican  in stitu tion s of learning, as well 
as of p h ilan th ro p y  and religion, have rap id ly  grow n 
in a single cen tu ry  to  proportions riv a lin g  those w hich 
ancien t origin, cherished tradition s, and age-long 
grow th  h ave g iven  to  such in stitu tion s abroad. T h e 
generosity  of p riva te  citizens, since th e b egin nin g of 
th e n in eteen th cen tu ry , has surpassed am ong us all 
th e endow m ents bestow ed upon science and learning 
b y  th e  G overn m en ts of E urop e in m odern tim es, 
and its  results m a y challenge a corresponding com pari
son. Our dem ocratic in d ivid u alism  m akes m istakes, 
no d ou b t; b u t so does patern al govern m ent. T h e 
difference is th a t  th e m istakes we m ake we also correct; 
while th e  m istakes of patern alism  are lik e ly  to  lie like 
a  perm anent, h ea v y  b ligh t upon progress. I t  is fa sh 
ion able in som e q uarters to  d ecry  “ fo u n d a tio n s”  
estab lished  b y  p riv a te  w ealth ; b u t we m ay challenge 
th e  critics to  adduce a single instan ce in w hich, under 
our A m erican  system , an in stitu tio n  of learning or 
research th u s supported  has ever been p rod u ctive of 
harm . K n ow led ge and th e o p p o rtu n ity  to  pursue 
know ledge are the o n ly  gifts  th a t  do not pauperize 
the recip ien t. N a y , m ore: under free in stitution s 
and in th e  atm osphere of lib e rty , th e recip ient of such 
b o u n ty  in e v ita b ly  returns it  in b enefaction  to society. 
L ong m a y it  be, ere th is gracious, wise and fru itfu l 
A m erican  h a b it of great p riv a te  endow m ents y ield s to  
th e assaults of eith er th e dem agogue or th e doctrinaire!

P erhaps th e chief a d va n ta ge  of num erous p riva te  
in stitu tion s of science and research is to  be foun d in 
th e  consequent m ultip lication  of independent students 
and in vestigators. T h e victoriou s ad van ce of c iv iliza 
tion  and culture is n ot an organized conquest, like 
th a t of a drilled and equipped arm y under a single head. 
I t  is rath er like the free, y e t  in vin cib le , ad van ce of 
the forest over denuded areas— each tree sending forth  
its seeds, w ind-blow n, each seed figh ting its own b attle  
w ith  h eat and cold or vigorous com petitors, and th e 
victorious su rvivors con stitu tin g th e forest of the 
future. A p a rt from  all considerations of govern m ent 
or statesm an sh ip , I th a n k  G od for th e num erous 
sep arate S tates of our Union, and for th e num erous 
indepen den t in stitu tion s in each S ta te  w hich per
m it th e te stin g  of new  propositions in science, in 
d u stry, politics, sociology or statesm an ship  on a. 
w orkin g scale n ot fa ta lly  extensive.

F in a lly , le t me co n gratu late  th e  U n iv ersity  of P it ts 
burgh upon its  reten tion  of th e old C ollege course

as th e center of its  wide m odern a ctiv ities . A s a 
m em ber of a tech n ica l profession, I p lace th e  highest 
valu e upon th a t  liberal prep aration  w hich, in my 
ju d gm en t, is still th e best foundation' for usefulness 
and success in  a n y  sp ecia lty  of m odern training.

T h e Cooper U nion of Science and A rt, organized 
in N ew  Y o rk  more th a n  h alf a c en tu ry  ago, w as pri
m arily  inten ded  b y  P eter C ooper to  give to  w orking 
men and w om en w h atever th e y  m ost needed for the 
im m ediate satisfactio n  of th eir conscious desires and 
the im m ediate increase of th eir w age-earning power, 
or, in other w ords, th eir va lu e to  th e com m unity. 
H avin g been conn ected  w ith  th a t  pioneer institution  
in one w a y  or another for tw e n ty  years,- I can testify  
th a t th is original purpose w as a t all tim es respected 
b y  its T rustees. T h e y  rated  th e  im portan ce of 
each special dep artm en t b y  th e pressure of applicants. 
In  th is respect, th e y  were like the old “ p a ra d o x er” 
of w hom  D e M organ  tells, who, a fter m an y failures 
in  ob tainin g a com fortable chair, a t last procured 
a large lum p of shoem aker’s w ax, sat on it  for several 
hours, and then  ga v e  it  to th e cab in et-m aker w ith  the 
terse in ju n ctio n , “ M ake me a chair w ith  a bottom  
like th a t ! ”  In  other w ords, th e y  let th e pressure 
of public dem and determ ine their su p p ly  of special 
facilities; and som etim es, while th e y  were still (as 
I tru st th e y  are no longer) obliged  b y  insufficiency of 
m eans to  cu rta il one d ep artm en t if th e y  enlarged an
other, th is p o licy  com pelled them  to  sacrifice courses 
of in stru ction  good in them selves and needed to com 
plete th e sy m m etry  of their plan, b u t not patronized 
b y  stu d en ts in proportion  to  their cost in m oney and 
room . Y e t  th rough  all these yea rs of com prom ise 
betw een curricu lum  and im m ediate popular dem and, 
th e T ru stees of th e C ooper Union m ain tained, for those 
who chose, and could  afford to ta k e  it, the regular, 
old-fashioned, four ye a rs ’ liberal college course. For 
th e y  fe lt th a t  w hile th e y  ough t to furnish to  those 
who had n ot en joyed  th e o p p o rtu n ity  of a thorough 
education  such p a rtia l su b stitu tes as circum stances 
w ould perm it, it  w as eq u a lly  th eir d u ty  to  hold up as 
th e ideal a com pleter culture, em bracing th e  wisdom 
of the p ast, as w ell as th e  special accom plishm ents 
dem anded b y  th e present.

A las! W hile we th u s launch in hope another state ly  
ship of peace, bearing blessings to our children and our 
ch ildren ’s children, the n ations are build in g and sailing 
and sinking battlesh ips, th e cost of one of w hich would 
establish  a great u n iversity . W ar is squan dering reck
lessly  th e inh eritan ce of centuries, and b urden ing with 
intolerable loss and labor a generation  of orphaned 
paupers. Is th is  th e  trium ph of science and research, 
to  devise new  kinds of m urder? H a ve we conquered 
th e dom ain of th e sk y , on ly  to  drop from  it  th e thun der
b olts of reckless hate? D o we n a v ig a te  th e depths of 
th e sea, on ly th a t  we m ay sudden ly  w reck, w ithout 
w arning, th e un suspectin g sailors on its surface? 
Is th is  th e  h igh est ach ievem en t of our chem istry—  
to  m ake exp losives w hich w ill poison w hile th e y  mu
tila te?  A n d h a ve  centuries of m echanical and m etal
lu rg ica l progress en abled  us on ly  to  con stru ct guns 
w hich w ill carry  our horrible m issiles fu rth er th a n  we
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can see our targ ets , so th a t we k ill accordin g to  tr ig
onom etrical calcu latio n s m ade for us b y  su rveyo rs in 
the air ab ove us?

The spectacle of such an un paralleled  w orld-catas- 
trophe rem inds us indeed of th e  grim  old tru th  th a t, 
while “ know ledge is p o w er,”  pow er itse lf has no m oral 
quality, and m ay be eq u a lly  useful, for th e tim e 
being, though n ot for u ltim ate  results, to  th e  w orkers 
of evil and th e w orkers of good. Y e t  th is  w e knew  
before, and w ith  it  th e w orld has had to  deal a t ev ery  
step in th e slow ad van ce of th e sense of hum an  b roth er
hood. H istory  has recorded m an y w orld-catastrophes. 
Over and over again, pow er has w rought ruin ,' w hich 
seemed to be final and irreparable. Y e t  over and over 
again the darken ed earth  has em erged from  th e shadow  
which seem ed to  be d eath , b u t w as on ly  eclipse. 
Let us have fa ith , born of experience, in th e solar system !

M an y years ago, at a b an q u et of th e A m erican  
Institute of M in ing E ngineers in P ittsb u rg h , P rof. 
L angley m ade an exq u isite ly  graceful speech, in w hich 
he described a vision  he had seen. T h a t w as in the 
early days of n atu ra l gas in P ittsb u rg h . T h e great 
iron and steel w orks had n ot y e t  u n iversa lly  adopted  
its use, and th e  b la ck  sm oke from  innum erable ch im 
neys still en veloped  th e  c ity . B u t e v e ry b o d y  w as 
prophesying and hoping great th in gs from  th is gaseous 
fuel; and P rof. L a n g le y ’s vision  w as th a t  of a regen 
erated, clean, sootless P ittsb u rg h — rad ia n t angel of 
a happy in d u stry.

W ell, the vision  becam e a fa ct. F o r a period all 
too brief, P ittsb u rg h , b urn ing n atural gas, w as clean—  
that is to say, reason ab ly  so, to  her great pride and 
delight, and to  th e great com fort of her visitin g  guests. 
B ut n atural gas grew  scarcer and dearer, and the 
furnaces w ent b ack  to  coal, and th e b la ck  pall de
scended again  upon th e great c ity . W as there no 
cure, no hope of a higher, purer life for th e thousan ds 
who toiled  in grim e and darkness? B ehold  the 
answer in th is higher P ittsb u rg h , in the m idst of which 
we stand!

M ay we n ot m ake of th is hom ely h isto ry  a parable 
and a prophecy? D id  we n ot dream  of a purer a t 
mosphere for all m ankind? H ad we not seen alread y 
upon the m oun tain s the b ea u tifu l feet of th e  daw n 
of th a t h ap p y  day? A n d now th a t the w ar-cloud, 
blacker th an  ever, has descended upon us, let us still 
look forw ard, w ith  un falterin g  fa ith , to  th e u ltim ate 
fulfilment of our hopes, our labors and our p rayers in 
a New W hite W orld!

DESCRIPTION OF THE NEW BUILDING OF THE 
MELLON INSTITUTE1

B y  W .  A .  H a m o r *

It m ay first be n oted  th a t  th e plan  of th e  new 
building w hich now  form s th e perm anent hom e of th e 
Mellon In stitu te  of In d u stria l R esearch  and School 
of Specific In dustries, was laid  dow n in accordan ce 
with the d estin y of th e In stitu tio n , as ju d ged  b y  its 
past, its  im m ediate dem ands and th e probable de
velopm ent w ith in  th e n ext h a lf-cen tu ry . O ver th e

1 Published w ith  th e  approval of D r. R aym ond  F . Bacon, D irector 
of the Mellon In s titu te .

2 A ssistant to  the  D irector of the  M ellon In s titu te .

d oorw ay of th e  new  edifice, in  bronze, is th is in scrip tion : 
“ T h is  B u ild in g is dedicated  to th e service of A m erican  
In d u stry  and to  you n g men w ho destine th eir life- 
w ork  to  th e In d u stries, the goal being Ideal In d u stry, 
w hich w ill g ive  to  all broader op portun ities for p u r
poseful liv e s .”  T h is inscription  gives an excellen t 
idea of th e purpose for which th e build in g has b een  
erected.

Secon dly, in th e design, erection and equipm en t 
of th e  b uild in g, th ree basic considerations, all v e ry  
closely  related  and h avin g to  do w ith  efficiency and 
econ om y, h a ve  been borne in m ind. T hese are, in 
th e order of th eir im portan ce: research, en gin eering 
and adm in istration.

Since th e  build in g w as designed prim arily  as an 
in dustria l problem  w orkshop, som e of th e factors 
w hich were in v o lved  in its  construction  from  th is  
view p o in t are presented rath er fu lly  below , in the 
first section  of th is paper, ow ing to  th e growing, ap p recia
tion  of th e va lu e of in dustria l research. A  detailed  
accou n t of th e construction  is given  in  the section 
en titled  E n g i n e e r i n g  D e t a i l s ; it  m ay  be m entioned 
here, how ever, th a t  th e build in g is in harm on y w ith  
th e  arch itectu ra l featu res of th e others on th e U n iversity  
of P ittsb u rg h  cam pus.

RESEARCH CONSIDERATIONS 
T h e ground plan of th is five sto ry  and a ttic  lab o ra 

to r y  build in g w as laid  out to  secure th e  greatest 
am ount of ligh t, air and com pactness. T h e b ase
m ent contain s seven room s: the m ain storeroom , the 
boiler room , th e electric  furnace room , a h e a v y  a p p a 
ratu s room , a room  equipped for low -tem perature 
w ork, th e m achine shop, and a k itch en. On th e  
first, the m ain, floor, are located  th e general office, 
the D ire cto r ’s suite , th e office of th e editorial de
p artm en t, th e lib rary , th e  office and lab o rato ry  of 
th e  A ssista n t D irectors, th e A ssem b ly  H all, a  special 
ap p aratu s room , and a dark-room  lab o rato ry . T h e 
second and th ird  floors each contain  ten  large research 
lab oratories and nine sm all ones; the fourth  floor, 
w hich is n ot finished, will contain  an id en tical num ber 
of lab oratories as soon as th e grow th of th e In stitu te  
w arran ts its  com pletion.

T h e  fa cilities w hich th e M ellon In stitu te  now offers 
for research are p rim arily  instanced in its 

r e s e a r c h  l a b o r a t o r i e s  

In  genetal, there are tw o sizes of research lab o rato ries 
for th e use of the Fellow s of th e In stitu te; tw e n ty  
lab oratories 20 ft. 6 in. x 20 ft. 6 in. and eighteen 
lab oratories 10 ft. 6 in. x 20 ft. 6 in., on th e  second 
and th ird  floors, h ave been finished and assigned. T h is  
num ber will later be increased b y  ten  large lab oratories 
and nine sm all ones on the fourth  floor. A ll lab o ra 
tories are connected w ith th e general office b y  an 
electric call-b e ll.1

T h e laboratories are not to o  deep for good lig h t 
th rou gh ou t from  w ith out. T o  ensure th e  la tter, th e  
ceiling on th e second floor w as m ade 10 ft. 8 in. in th e 
clear from  th e floor; on th e  th ird  and fou rth  floors, 
th e ceilings are 10 ft . 2 in. above th e floors.

1 See e l e c t r i c  w i r i n g  s y s t e m  in th e  section on e n g i n e e r i n g  d e 
t a i l s ,  infra. A telephone is conveniently  located in each of th e  corridors.
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F i g . 5 — B a s e m e n t  F l o o r  P l a n , M e l l o n  I n s t i t u t e  o p  I n d u s t r i a l  R e s e a r c h

In each lab o rato ry  there are three 14 x 20 in. por- 
celain-enam eled sinks. T hese sinks are set on 3/4-in. 
ga lva n ized  pipe fram es, h a vin g  flan ges-o n  th e floors, 
w ith  braces h a lf-w a y  up and binders on top , and so 
p u t up th a t  th e top s of th e sinks set 3 ft . ab ove th e 
floors; th e  fram es received  tw7o coats of asp h altu m  paint 
a fter being installed . E ach  sink has a iV i- in . extra  
stron g lead  w aste pipe, fasten ed  to  th e board  under 
th e  ta b le , w ith  open ends em p tyin g in to  th e  receptors.

T h ere are alberene stone drain  boards, 20 x 39 in., 
b ack  of each sink; these boards are equipped w ith  rubber- 
tip p ed  wooden pegs. T h ere is also one set of gas, w ater, 
vacu u m , and com pressed air lines over each s in k .1

1 F o r a  detailed  description of the  cold w ater lines, h o t w a ter system , 
and  vacuum  and  com pressed system s, see th e  account of th e  p l u m b i n g  
under e n g i n e e r i n g  d e t a i l s ,  infra.

steam , vacu u m , and com pressed air outlets. In  one 
end of ev ery  hood a 3-in. opening connects w ith  the 
h o o d -ven tilatin g  sy ste m .1

LABORATORIES FOR SPECIAL WORK 

s p e c i a l  a p p a r a t u s  r o o m — On th e  first floor, a 
room  38 ft. x  20 ft. 6 in. contains th e  in strum ents of 
precision.

T h is room  is provided  w ith  tw o  alberene stone 
ta b les and shelving. T h ere is also, in  th e center of 
th e  room , a raised p latform , 12 x 18 ft .,  of reinforced 
concrete supported  on reinforced concrete colum ns 
extendin g dow n th rough  th e basem ent, w ith  separate 
footin gs un dern eath  th e colum ns; th is p latform  and 
its  sup portin g colum ns are so arran ged th a t  th e y  do

1 See p l u m b i n g  in th e  section on e n g i n e e r i n g  d e t a i l s ,  infra.

l a b o r a t o r y  t a b l e s — T h e lab o rato ry  ta b le  tops, 
w hich are supported  on pipe stan dards, and are 3 
ft. 1 in. clear from  th e floors and 2 ft. w ide, are con 
stru cted  th rou gh ou t th e build in g of alberene stone, 
2 in. in thickness. A ll ta b le  top s h a ve  a V4-in. slope 
to  the b ack, w ith  a 3-in. gu tter, cu t in th e top , havin g 
a  fall to  th e sinks; and there is a drip cu t in th e under
side of each, on th e outer edge, to  preven t dripping. 
E ach  table  is equipped w ith  four sets of gas, w ater, 
vacuum , and com pressed air supplies; th e  w ater 
outlets are V2 in., all others are 3/s in. On each table  
there is an alberene stone b ack , 14 in. h igh and i 1/̂  
in. th ick ; th is is equipped w ith A . C . and D . C . plugs.

A b o v e th e ta b les are tw o alberene shelves, i 1/ i in. 
th ick  x 7 in. w ide, and a top shelf, 12 in. w ide; th e 
shelves are spaced 14, 10, and 12 in., resp ective ly , and 
are supported  on alberene stone slab-b rackets, w ith a 
cu rved  fron t a t th e top  to  m eet th e 12-in. shelf.

In each large la b o ra to ry  th ere  are nine sections of 
one large and tw o sm all draw ers each, w ith  a com 
p artm en t un dern eath, provided  w ith  double doors, 
fitted  w ith  friction  catches and w ooden knobs. In the 
sm all lab oratories there are eight sections of drawers.

T h e cupboards or cases on th e  first floor are made 
of quarter-saw ed w hite oak; on all other floors the 
construction  is of p lain-saw ed red oak.

h o o d s — A ll lab oratories, large and sm all, are pro
vided w ith one double hood, 6 ft. long over all, con
stru cted  of alberene stone; th e  inside m easurem ents 
are: 1 ft . 6 in. deep x 5 ft . 8 in. long x 4 ft. 3 in. high. 
E ach  hood is equipped w ith  tw o  sliding sashes, glazed 
w ith  polished p late  w ire-glass; th e  sashes are suspended 
on bronze sash chains and are balanced  w ith  lead 
w eights. A t  the end of each hood is a ligh t of polished 
p late  w ire-glass, 12 x 26 in.

In  each hood there are an A . C . plug, gas, w ater,

D f.lVC.W AY
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not come in co n tact w ith  an y portion  of th e b uild in g 
construction, there being a '/ t- in .  space around the 
columns a t both  floors. A  fire-proof v a u lt, 2 ft. 6 in. x 
9 ft., is p rovided  for th e storage of p latin u m  ware, 
radium  preparations, and other va lu a b le  equipm ent 
for research.

h e a v y  a p p a r a t u s  r o o m — T he 23 x 33 f t .  room  ad-

and 1 to  iV-i H .P ., and possessing a speed of 280 r .p .m ., 
is located  in th e basem en t in a room  14 ft . 6 in. x 20 ft. 
6 in. A d jo in in g th is m achine is a cork-lined cold- 
storage room , 6 x 8 x 7  ft., provided  w ith  storage 
shelves and a bench. T h e m achine is gu aran teed  to 
keep th is room  at 37° F . and to m ake 50 lbs. of ice per 
d ay  in sum m er.

LWOWTCtY-Motroifrlitowrav L i& o im rlAbouTotr
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joining th e  k itch en  in th e basem ent, ju st off th e hall, 
is equipped w ith  tw o la b o ra to ry  tables and w ith  
system s of grinding and p u lverizin g  m achin ery and 
filter presses.

d a r k -r o o m  l a b o r a t o r y — A  special dark-room , 
16 ft. 4 in. x 18 ft., has been provided  on th e  first 
floor for w ork in p h o to g rap h y and for ph otochem ical 
research. I t  is equipp ed  w ith  tw o alberene stone 
work-benches and a  hood.

e l e c t r i c  f u r n a c e  r o o m — A  basem ent room , 20 ft. 
6 in. x 37 ft ., is fitted  up for electric furnace w ork. 
There are four pow er ou tlets in th e floor, and tw o

s u p p l i e s

THE MAIN STOREROOM, 34 f t .  8 in. X 51 ft .  4 in ., is
located  in th e basem ent. I t  is furnished w ith an 
in stallation  of steel shelv in g h a vin g  a to ta l shelf sur
face of 3,200 sq. ft .;  th e greater portion of this eq uip
m ent is shelving, th e rem ainder consisting of 96 bins 
carry in g a vo lu m e of 1,070 cu. ft. and six double 
cupboards h avin g a vo lu m e of 1 1 4  cu. ft. Special 
provision  is m ade a t the ends of th e cases for m etal 
racks to care for all glass tu b in g  and rodding. A ll 
shelvin g is finished in acid-proof baked  enam el.

T h e storeroom  is in charge of a cu rator of supplies

F i g . 6— F i r s t  F l o o r  P l a n , M e l l o n  I n s t i t u t e  o r  I n d u s t r i a l  R e s e a r c h

F i c .  7— S e c o n d  a n d  T h i r d  F l o o r  P l a n . M e l l o n  I n s t i t u t e  o h  I n d u s t r i a l  R e s e a r c h

induction regulators and th e im p ortan t ty p e s  of electric 
furnaces are installed.

r e f r i g e r a t i n g  p l a n t — A  N o. 3 A udiffren-Singrun 
refrigerating m achine, h a vin g  a cooling effect of 40 
lbs. per hr., an ice-m aking c a p a c ity  of 27 lbs. per hr., 
requiring 95 lbs. of condensing w ater a t 70° F. per hr.

whose sole d u ty  is to  tend  th e sto ck  and order m aterials 
required  b y  th e th irty -e ig h t Fellow s now  engaged in 
research. It  is in te lephon ic com m unication  w ith  
each floor of th e b uild in g, and a dum b-w aiter, capable 
of liftin g  50 lbs., has been installed  for d istrib u tin g 
sm all supplies.
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d i s t i l l e d  w a t e r — A  B arn stead  au to m a tic  w ater 
still, h a v in g  a c a p a city  of 5 gals, per hr., is installed  in 
th e  a ttic  of th e building. T h e distilled  w ater storage 
ta n k  has a c a p a c ity  of 125 ga ls.; it  is constructed  of 
N o. 16 gauge ga lvan ized  iron, lined th rou gh ou t w ith

F i g . 8 — I n t e r i o r  V i e w  o f  T y p i c a l  S m a l l  R e s e a r c h  L a b o r a t o r y  

E i g h t e e n  L a b o r a t o r i e s  o f  T h i s  G e n e r a l  T y p e  A r e  F i n i s h e d  a n d  A s s i g n e d

pure b lo ck-tin , and is furnished w ith  a tin-lined cover.
T h ere are six d istilled-w ater fou n tain s th rou gh ou t 

th e b uild in g; five of these are in the corridors and one 
in th e general office. T h e foun tain s are supplied b y  
g r a v ity  from  th e  storage ta n k  in the a ttic , through a 
V i-in . m ain of b lock-tin  pipes, w ith  ’ A -in . b lock-tin  
branches to  each fountain.

m a c h i n e  s h o p

T h e m achine shop occupies one-half of a room  51 
ft . 4 in. x 40 ft. 4 in. in th e basem ent. A t the present 
tim e it  is in charge of tw o  skilled  m echanicians and is 
equipp ed  to  produce th e various special m echanical 
appliances lik e ly  to  be required in industria l research. 
In  addition  to  all n ecessary sm all tools and to  carp en try  
and  pip e-fittin g eq uipm en t, there are installed  a 
L odge-S hip ley selective-head  m oto r-d riven 1 lath e, 22 
in . x 14 ft. bed; a 12-in. S tar m otor-driven  lath e; a 
20-in. C in cin n ati m otor-driven  shaper; a C incinn ati- 
B ickford  plain  30-in. m otor-driven  radial drill; a 14-in. 
W ashburn m otor-driven  sen sitive drill; a  Springfield 
M an u factu rin g C o m p a n y ’s double-end m otor-driven  
grinder; a 36-in. m otor-driven  ban d saw ; com plete 
oxy-acety len e  w elding ap p aratu s; a Schoop m etals 
coatin g  p istol; and a h yd rau lic  press.

L IB R A R Y

T h e lib ra ry  occupies a room  58 x 21 ft . I t  contains 
a  unit b ook-stack, 6 ft . 10 in. high, running around the 
room , w hich form s ad ju stab le  shelves, 10 in. deep; and 
seven  book-stacks running out 6 ft. from  th e wall. 
T h e  la tte r  stacks are double, each side h a vin g  a depth 
of 8 in., and th e to ta l shelf c a p a c ity  is abou t 12,000 
volum es. O pposite th e stacks and along th e w indow ed 
side of th e room  are four readin g tables, 3 x 5  ft ., with

1 A  f lo o r  b o x  f o r  p o w e r  a n d  l i g h t  o u t l e t s  is  i n s t a l l e d  a t  e a c h  m a c h i n e .

four arm -chairs at each. T h ere is also a larger table, 
3 ft. 6 in. x 8 ft ., for periodical reading., a t  w hich table 
eight people m ay  be seated  co m fo rta b ly  a t one tim e. 
T h is  ta b le  faces shelves contain ing 72 tech n ical period
icals w hich are received  cu rren tly  b y  "the library. 
A ll th e w oodw ork and fu rn itu re in the room  are solid 
an tiq u e oak.

A t  present the lib rary  possesses 2,000 carefully 
selected volum es, n ot in cludin g govern m en t publications 
and pam ph lets, of which there are several thousand.

A m o n g th e features of th is lib rary  are a file of re
prints of th e con trib u tion s of all th e Fellow s, a file of 
all p aten ts of th e Fellow s, and a trad e catalogu e file. 
T his last is a v e ry  im p ortan t dep artm en t of th e library; 
a t present over a thousan d catalogues of 415 different 
firms are on file, and th is num ber is added to , daily. 
T h ere is a com plete su b ject and nam e index, m aking 
all th e m aterial accessible.

T h e lib rary  is in charge of a librarian  w ho is also an 
exp ert tran slator.

A SSE M B L Y  H A LL

T h e assem bly hall, located  on th e  first floor, occupies 
a  space 34 ft. 3 in. x 51 ft . 4 in. I t  is provided  w ith a 
m ovable lecture ta b le , and a lan tern  w ith  cinem ato
graph atta ch m en t is installed  in th e m ezzanine floor 
in th e first floor corridor a d ja cen t to  th e hall.

T h is hall is used for sem inar w ork and staff meetings, 
and as th e  lecture room  of th e School of Specific 
In dustries. Its  w alls are decorated  w ith  photographs 
of em inent chem ists and w ith  penn an ts of the various 
un iversities represented on th e staff, presented b y  the 
Fellow s in pledge of their fid e lity  to  th e  ideals of the 
In stitu te .

C O R R ID O R S

T h e corridors on th e second and th ird , th e research 
lab o rato ry  floors, are 10 ft. w ide and 161 ft. 6 in. long.

F i g .  9 — I n t e r i o r  V i e w  o f  T y p i c a l  L a r g e  R e s e a r c h  L a b o r a t o r y  

T w e n t y  L a b o r a t o r i e s  o f  T his G e n e r a l  T y p e  A  r e  F i n i s h e d  a n d  A s s ig n e d

A  dum b-w aiter sh aft from  th e basem ent to  the attic  
has an opening at th e end of th e  corridor on each floor. 
T h ere are also twro drinking foun tains, supplied with 
distilled  w ater, and a telephone in each corridor.



Apr.,  19x5 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 337

M edicine chests, provided  w ith  th e ord in ary  em er
gency equipm ent, and fire-extinguishing ap p aratu s are 
conveniently located  in each corridor.

E N G IN E E R IN G  D E T A IL S 1

There are a num ber of tech n ica l features in this, the 
most m odern research lab o rato ry  in th is co u n try , if
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not the w orld. R eference w ill be m ade to  certain  of 
these during th e course of th e  fo llow ing accou n t of the 
construction of th e  b uild in g, w hich is m ade rath er 
detailed for th e special use of ones, con tem p latin g  or 
engaged in th e erection  of sim ilar build ings.

EXTERIOR CONSTRUCTION 
The basement and first story facing, entrance, stylobate, 

mould, columns and pilaster bases and caps, and lintels were 
worked from white granite. All exposed granite has 8-cut 
surface; the granite facings have a 4-in. bed and arc anchored 
to the backing with l/i in. X 1 l/i in. galvanized iron anchors, 
one to each piece smaller than 3 ft. and two to each piece larger 
than 3 ft.; the joints have a uniform width of 3/s in. A t the time 
of setting, the joints were left open to a depth of 3/-t in.; after 
setting had been completed, they were pointed with white non
staining cement mortar composed of one part cement and two 
parts Ligonier limestone dust. All granite was set in mortar 
composed of one part cement and three parts sand.

The interior walls, backing-up of granite, exterior walls and 
flues were laid up with common brick with Vs-in. joints. The 
exterior walls above the granite were faced with wire-cut 
vitrified brick of a uniform ivory-white color. The insides of 
all exterior walls were, lined with hollow brick.

The smoke flue was lined, from the flue holes in the basement 
to a point 25 ft. above, with fire-brick laid in fire-clay mortar; 
from this point to the top it was lined with a special flue lining. 
“ Tee” joint outlets were placed in salt-glazed sewer pipe vent 
flues, to connect with hoods in the various laboratories; these 
vent flue pipes are extended to the attic and are there con
nected to a large ventilating fan which effectively removes all 
fumes from the hoods and rooms. All joints were made with a 
mixture of kaolin and asphalt.

It may be mentioned in this connection that the partitions 
were laid, as usual in buildings of such construction, with hollow 
fire-proof blocks, to which the wood door bucks were anchored 
with six 3/s-in. round steel anchors to each opening.

1 M r. J. H . Giesey, th e  a rch itect of the  building, has courteously sup
plied much of the inform ation which is given in th is  section.

ROOFING

The roofing is of 16-oz. soft copper, laid on one layer of toinb 
brand felt Vs in. thick, weighing about 2 lbs. per sq. yd.; the 
felt is so laid that all joints are under the wood ribs. The 
latter are i ’/i X 3 in., with sides beveled to allow for the ex
pansion of the copper; they are set 223/i in. on centers to suit 
copper 24 in. wide. Copper cleats are placed 15 in. on centers, 
nailed to wood strips and double-seamed in with the roofing 
proper and copper strips covering the wood ribs. The cross 
seams are Va in. single-locked and are well soldered on both 
sides. A t the bottom or gutter line the ribs extend over the 
gutter 5/s in. or even with the outstanding edge to which the 
roofing is attached; the gutter is lined with 16-oz. copper. The 
outlets are 8 X 8  in. with No. 12 copper wire baskets standing 
up at least 4 in. above the bottom of the gutter. The eave 
pipes from the gutter extending 18 in. into the galvanized iron 
conductor pipe, are exposed 111 the attic space to prevent freez
ing.

The projecting courses at the base of the columns and pilasters 
around the building are covered with 16-oz. C. R. copper, laid 
on felt, the lower one formed to make a decided drip at the 
bottom, outer edge, and to run under the next course. The 
capitals of the columns and pilasters are covered with 24-oz.
C. R. copper, formed so as to lie down closely from the weight 
of the course of granite above; the outer edge is doubled and 
bent out to form a drip at an angle of 45 °. The top of the 
main entrance door head is also covered with 24-oz. C. R. 
copper; it has a small drip gutter at each side, so arranged as to 
form a drip at each outer corner. All sills are covered with
C. R. copper Vs in. thick, formed with drip at the outer edge 
and with the back edge turned up into a groove in the wood 
sub-sill of the frame. ' 4 X 8  in. vent registers are placed in the 
attic walls and No. 14 mesh copper gratings are placed
in the soffit of the cornice over perforated rosettes.

p l u m b in g

m a in  s e w e r — A 10-in. terra-cotta sewer, connected to the 
main sewer on the sidewalk, is run to each receptor, leaving a 
connection for the house sewer on the sewer side of the re-
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ceptor. Two receptors, made of 30-in. terra-cotta pipe set 
on a 6-in. concrete base and having a 6-in. wall of concrete 
around same, were erected outside of the building; each re
ceptor was provided with a heavy cast-iron perforated lid set 
flush with the finished grade. The bottom of each receptor 
is covered by a circular glass disk 1 in. thick. The 10-in. sewer 
and the 6-in. conductor sewer have terra-cotta well traps in the
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receptor set so as to form a seal. The 6-in. acid drains are 
connected with open ends to the receptors.

c o n d u c t o r  d r a in s — From each conductor well trap in the 
receptors a 6-in. terra-cotta sewer was run to 5 ft. from the 
building, and then a 6-in. extra heavy cast-iron sewer to con
nect only to the four conductors and French drains; these con
ductors have no traps at the bottom of the upright lines. The 
upright lines are constructed of 5-in. galvanized pipe with 
galvanized drainage fittings, and have copper sleeves at roof 
gutters, extended at least iS in. into the galvanized pipe. The 
upright lines are concealed in recesses in the walls of the finished 
rooms.

s o il  d r a in s — A terra-cotta sewer, with house trap and fresh 
air vent, connected to the 10-in. sewer outside of the receptor, 
was run to 5 ft. from the wall, from which an extra heavy cast- 
iron sewer with branches was run, to connect with the bell 
traps, sinks, slop sinks, washstands, shower baths, etc. All
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joints were caulked with oakum and molten lead, and were tested 
with water.

a c id  d r a in s — Six-in. terra-cotta sewers with 4-in. branches 
were connected to the receptors and run to connect to the acid 
drains. The upright lines are 3-in. terra-cotta, with 3-in. 
branches and with a 3-in. terra-cotta P-trap placed at eacfi 
riser with a concrete receptor 1 ft. square formed at the inlet 
of the trap. The 3-in. upright lines were extended to a point 
1 ft. above the attic floor, leaving 3-in. openings on the fourth 
and attic floors for future use. From this point the 3-in. up
right lines were gathered into four 8-in. extra heavy cast-iron 
lines and extended through the roof 6 in. on the high side, for 
the acid drain vent. These 8-in. lines were placed so as to have 
one-fourth of the vent lines connected to each one, and the 
lines connecting same were 4 in. for two 3-in. lines, 5 in. for three 
3-in. lines, 6 in. for four 3-in. lines, and 8 in. for six 3-in. lines. 
These lines were suspended from the ceilings by approved pipe 
hangers every 5 ft. Where the 8-in. vents pass through the

roof, heavy copper flashing the same height as the pipe was 
used. After the flashing had been put on, a piece of 8-in. pipe 
6 in. long, with bowl down and securely cemented joints, was 
placed on top of both. All pipe for the acid drains from the 
receptor to 1 ft. above the attic floor level was laid in concrete. 
All concrete casings around the pipes above ground were re
inforced with four Vrin. twisted rods; these rods were wired 
against the bowl of the pipe with Vs-in. wire. All horizontal 
lines have not less than Vi-in. fall to 1 ft. All upright lines 
had a l/t-in. thick asbestos washer laid in the bowl for the end 
of the adjoining pipe to rest on, and all joints were made with a 
mixture of asphalt and kaolin.

c o l d  w a t e r  l i n e s — A 4-in. cast-iron pressure line was con
nected to the city main in the sidewalk and run to the inside 
of the building; this line has a 4-in. gate valve and an 8-in. 
gate box in the sidewalk. On the inside of the building a 3-in. 
iron body gate valve was installed on each side of the 3-in. disc 
meter.

All cold water lines in the basement are wrought-iron galvanized 
pipe with galvanized fittings. The branches are as follows: 
From the meter a 3-in. line runs to the boiler room, and from 
tliis line 2-in. lines run to where the risers go up for the labora
tory lines. A iV-i-in. line is run to the storage heater, a i-in. 
line to each heating boiler, a i 1/4-in. line for the basement 
toilet, and, for risers to supply the upper toilet room, this line 
is run to the attic, a 3/<-in. connection being made for the ex
pansion tank. A 1 line is run to the heavy apparatus
room, and from this line a Vi-in. connection is taken to each 
of the laboratory sinks in the basement and to the sinks which 
receive the waste from the drinking fountains.

Three-fourths in. galvanized lines, connected to cellar lines 
in the basement, are run to the 'inside of the wall where the hose 
connections are located; at this point, a 3/<-in. compression 
stop and waste cock is placed, and a Vi-in. extra strong lead 
line is run 3 ft. 6 in. under ground to each of the four street 
washers at the outside of the building.

h o t  w a t e r — There is installed a 300-gal. per hr. storage 
heater, having 140 ft. of 3/<-in. copper coil, connected to a 
250-gal. extra heavy tank; the heater is connected with brass 
circulators and is provided with a thermometer, pop safety- 
valve, gate valve near the boiler, indicating thermostat, 3/4-111. 
drain cock, and gate valve on both hot and cold water lines 
near the boiler. The boiler is set on a brick foundation 3 ft. 
3 in. square X 9 in. high and is covered with a 1 Vs-in. coat of 
85 per cent magnesia covering and a canvas jacket.

A  1 y.i-in. line, connected to the storage boiler, is run to the 
branch for the waslistand and slop sink on the first floor, and a
i-in. branch to the risers for the toilet room, with a 3/Vin. line to 
the washstand in the basement and to the Director’s toilet 
on the first floor. All hot water pipes in the basement are 
galvanized iron suspended on hangers. A  i-in. brass riser 
runs up through the toilet room, exposed to the fourth floor, 
and a Vi-in. brass return line to the basement, with a i-in. line 
of galvanized iron pipe from the bottoni of the brass return 
line to the boiler, with gate valve and check valve. From the
1-in. brass riser branches were taken as follows: Vs in. to 
washstands, */» in. to slop sinks, 3/< in. to shower baths. All 
the pipe in the toilet rooms is brass, exposed, and each fixture 
has a separate compression stop. All cold water lines for the 
toilet rooms above the basement ceiling are brass pipe and are 
of the same size as the hot water lines.

g a s  f i t t i n g — Starting at a point near the water-meter a
3-in. natural gas line is run to the boiler room, a 2-in. line being 
taken off to the heavy apparatus room, a i-in. branch to the 
storage boiler, a i-in. branch to the live-steam boiler, and a
2-in. branch to where the risers go up to the laboratory lines 
connecting the i-in. and the iV<-in. risers. All gas pipes in the 
basement are black pipe with galvanized fittings.
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v a c u u m  a n d  c o m p r e s s e d  a i r — A National air compressor 
with a 14-in. air cylinder and 12-in. stroke, rated at 321 cu. ft. 
of air per min. at 150 r . p . m ., is installed in the boiler room. 
This compressor is run by a 40 H. P. rating motor run at a speed 
not exceeding 900 r . p . m . The motor is connected with a 
noiseless metal belt and is set on an extension of the metal base 
for the compressor; both are set on a concrete base. The 
motor is for 110 volts A. C. 60 cycles, 3-phase current, and is 
equipped with knife-switch and starting box mounted near by. 
Near the compressor are installed two 275-gal. black iron tanks, 
set upright, with '/i-in. shell and 3/a-in. heads. These tanks 
have hand-holes at the bottom and are provided with openings 
to connect to the air compressor, since one tank is used for a 
vacuum tank and the other as an air storage tank. The air 
tank has a safety valve set at 30 lbs. pressure, and the line 
from the vacuum tank has a 3-in. brass check valve and a 3-in. 
regulating valve set to allow air to feed through the pump 
when the pressure drops below 25 lbs. on the air tank; the air 
tank is equipped with an air gauge and the vacuum tank has a 
gauge to show the vacuum on the tank. From the air and 
vacuum tanks, lines of galvanized pipe are run to connect the 
risers to the laboratories; i-in. lines with 1/j-in. connection 
also ran to all rooms used as laboratories in the basement and 
first floor.

g a s ,  v a c u u m ,  a i r  a n d  w a t e r  r i s e r s — Three sets of risers 
for gas, vacuum, air and water, exposed and of galvanized iron, 
are run to 1 ft. above the fourth floor. All exposed pipe run
ning through the walls and floors in the building are run through 
No. 14 gauge galvanized sleeves with slip flanges on each end; 
the floor sleeves extend 1 in. above the finished floor. These 
sleeves were fastened to the concrete forms before the floor 
was put in. The sizes of the front risers supplying the rooms 
in the front part of the building are as follows: To connections 
for second floor gas, vacuum and air i l/\ in., and water i'/s in.; 
to supply third floor gas, vacuum and air 1 in., and water 1 '/< in.; 
the ends which run up 1 ft. above the fourth floor being gas, 
vacuum and air 3/< in., and water 1 in. The risers to supply 
the rear rooms to the right and left of the stair hall are of the 
same kind of pipe and are put in the same as the front risers, 
except that they are one size smaller, being iVi-in. P 'P C . At 
a point near the ceiling of the first, second and third floors, 
’/i-in. lines for gas, vacuum and air, and i-in. for water, are 
connected to risers; these lines are continued about 4  in. apart 
along near the hall partition to each end of the building, and 
are supported by 3/4-in. pipe hangers, made square and fastened 
to the ceiling. There is one hanger in each 10-ft. room. Three- 
eighths in. lines for gas, vacuum and air, and 'A-in. for water, 
are connected to these lines and dropped straight down to each 
partition. These lines are continued down to the laboratory 
tables and along above them, leaving 3/s-in. openings for gas, 
vacuum and air, and four ‘/i-in. openings on the water line, 
in each room. These openings are one above the other, 4  ft. 
from the hall partition and 4  ft. apart; where there is a sink 
on each side of the partition, connections are run through the 
wall by the use of crosses and pieces. The lines from risers at 
the rear of the building are put in the same as the front line, 
except that horizontal feed lines are one size smaller. The 
vacuum and compressed air lines were tested with 30 lbs. air 
pressure for 1 hr. after all connections had been put in and 
fastened.

l a b o r a t o r y  s i n k s — One hundred and one 1 4  X  2 0  in. sinks 
with patent overflow, were set on 3/i-in. galvanized pipe frames, 
having flanges on the floors, with braces half way up and binders 
on top, and made so that the tops of the sink set 3 ft. above the 
floor. As mentioned, each sink has a 1 ‘/«-in. extra strong lead 
waste pipe, fastened to the board under the laboratory table, 
with open ends to empty into receptors.

w a s t e  s in k s  a n d  f o u n t a in s — Three 18 X  30 in. cast-iron

enameled sinks, set on brackets, supplied with hot and cold 
water, are installed in the basement, two for drinking fountain 
waste and one for laboratory use: I'/i-in. galvanized waste 
lines, connected to 2-in. risers which empty into the sinks in the 
basement, were run from the fountains. These fountains are
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supplied through block-tin pipe having all joints soldered with 
pure tin. The water flows by gravity from the still near the 
center of the building in the attic which has been described. 
The main lines down are 3/4-in. I. D. 12-oz. block-tin pipe with 
Vi-in. I. D. 8-oz. block-tin pipe branches to each fountain. 
This pipe was furnished and placed by the plumbing con
tractor, while the still was furnished and installed by the In
stitute. The drinking fountains, six in number, have self- 
closing compression bibbs.

v e n t i l a t i n g  s y s t e m  a n d  f a n — A No. 5 full housing multi- 
vane exhauster, provided with sub-base for motor, is installed 
on a concrete slab in the attic. The base for both the motor 
and fan is set on heavy ’/s-in. sheet lead and i-in. felt, bolted 
to the concrete slab. After mounting the w'heel on the motor 
shaft, inside of the housing, it was coated with “ Bitumastic” 
enamel. The exhauster is directly connected and is driven 
by a 3 H. P. motor, 690 R. p . m . The motor is for 110 volts 
A. C. 60 cycles, 3-phase.

The sewer pipe risers in the brick walls to the attic floor 
were built in by the brick contractor, while the plumbing con
tractor connected all risers with terra-cotta pipe run along the 
walls on the floor and covered these with concrete. The four 
risers connecting these lines to the fan are of extra heavy cast- 
iron, coated inside with "Bitumastic” enamel and supported 
from the ceiling on pipe hangers spaced 5 ft. apart. The ex
haust line from the fan to the stack is connected with a No. 
14 gauge galvanized iron pipe coated with "Bitumastic” enamel 
inside and out. All joints are made with a mixture of asphalt 
and kaolin.

v a c u u m  c l e a n e r  r i s e r — Risers are provided for a vacuum 
cleaner; these are installed from the basement to 1 ft. above the 
fourth floor. This pipe is black iron with drainage fittings, 
and the risers are 2V2 in. with 2-in. openings on each floor, 
1 ft. above the floor and 1 in. back from the finished wall in the 
hall. There is a total of 8 openings.

f i x t u r e s — The plumbing fixtures are connected with screw- 
pipe run exposed under the ceilings; all waste 2 in. and under 
are brass, and over 2 in., galvanized iron pipe with galvanized 
drainage fitting. The fourth floor has been roughed the same
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as were the second and third floors, the openings being left ready 
to connect the fixtures, which will not be put in at present.

It may be mentioned in passing that the slop sinks, 18 X 22 
in.. are provided with Mueller self-closing compression bibbs; 
that the washstands, 20 X 24 in., are equipped with Mueller 
self-closing china index compression basin cocks; and that there 
are three slop sinks, two showers, seven closets, three urinals 
and seven washstands throughout the building, and three sinks 
in the basement. A heavy lead pan is placed under all showers; 
there are two iron ladders for the receptors; and all valves 
have numbered brass tags.

ELECTRIC WIRING SYSTEM

c o n d u it s — All wiring in the building is run in conduits of 
wrought iron pipe, enameled, galvanized or sherardized inside 
and outside, not smaller than h'/t in. inside diameter; and only 
one circuit is placed in each conduit. The conduits are fastened 
at least every 8 ft.; the joints are water-tight with standard 
couplings of the same material as the pipe, and the comers 
are turned with elbows on long radius bent on the pipe. No 
conduits are laid in contact with or near steam piping, and all 
are concealed. The conduits installed under the basement floor 
are of pipe known as extra heavy conduit; they have joints 
made with white lead and are gas- and .water-tight. After 
installation, these conduits were tested with a gas pump and 
maintained a pressure of 2 in. of mercury with pumping.

o u t l e t  b o x e s — A t each outlet a galvanized pressed steel out
let box of not less than No. 12 gauge is placed and securely 
fastened; each box is provided with threaded insulated studs for 
supporting fixtures. All outlet boxes for the ceiling or bracket 
outlets are round and are small enough to be covered by a 4-in. 
fixture canopy. All switches other than the switches in the cut
outs are provided with square boxes.

The conduits are fastened to these boxes with lock-nuts and 
bushings, and there is sufficient room for the insulation of the 
joints, wires and bushings. It may be noted that all boxes 
are so set that all fixtures stand at right angles to the wall or 
hang plumb; they are designed so that the concrete, brick, etc., 
fit the same, in order to have the finished plate cover the joints 
between the box and the finished surfaces.

w i r e s — No wire smaller than No. 12 B. & S. gauge is used and 
all wires larger than No. 10 B. & S. are stranded. The copper 
for the conductors is thoroughly tinned and possesses a con
ductivity of at least 98 per cent of that of pure copper. The 
wires for the A. C. flush plugs above the first floor and including 
the laboratories 011 the first floor, are No. 10 Duplex. The 
rubber insulation is protected by a braided covering which 
meets with all the requirements of the "National Electric 
Code” for high-grade wire.

Tests for insulation were made on a complete length without 
braiding, of not less than 500 ft., and after 48 hrs. immersion in 
water at 600 F. The tests were made with a well-insulated 
battery and galvanometer of not less than 150 volts, the readings 
being taken after electrification for one minute. It was required 
that each conductor stand a test of 2,000 volts for a period of 
five seconds after the insulation test, using the current from a 
generator and transformer. .

All wires are of such sizes that with all the lights called for 
burning, and with the maximum output of power, there is no undue 
heating of the wires and cables, and the loss of potential be
tween the service and any outlet is not greater than 4 volts. 
The drop in potential on any one circuit from the cut-out to the 
farthest lamp, with all lights on the circuit burning, is not 
greater than 1 volt. The main feeders are so proportioned 
that the drop in potential docs not exceed 2 volts and the drop 
in the sub-feeders 1 volt.

The loss of potential is based 011 16 candle-power 110 volts, 
55 watt lamps. The building is wired for 16 candle-power

incandescent lights, and not more than 660 watts or 12 lights 
have been allowed on any branch circuit.

m a in  f e e d  c o n d u it s — Two 3-in. conduits for light and power, 
and one 3-in. conduit for telephone are provided from a manhole 
in front of the building to the transformer room in the base
ment.- Two 3-in. conduits are also installed for light and power 
from a pole at the rear of the building. These conduits are 
carried to the main switchboard, with the exception of the 
telephone conduits, which terminate at the telephone junction 
boxes.

m a in  f e e d s  f o r  p a n e l  b o a r d s — Conduits of proper size are 
installed from the main switchboard to each panel board on 
every floor. There are two separate lines of conduits to each 
panel board; one for A. C., the other for D. C. current.

s w it c h  l ig h t i n g — Ten-ampere flush push switches of the 
“ Hart-Diamond H” make are installed in suitable boxes on the 
face-plate to match the surrounding hardware. The backs of 
all plates come flush with the finished plaster line.

Where there are more than one switch at any one location, 
they are grouped under one gang plate.

f l u s h  p l u g  a n d  r e c e p t a c l e  o u t l e t s — Flush plug re
ceptacles of the "Diamond H” make are installed in suitable 
boxes with face-plate to match the surrounding hardware, the 
plates being flush with the wall line. The plugs are 4 ft. above 
the finished floor line and are arranged for two different currents; 
the switch plates are accordingly engraved.

s y s t e m — The system for lighting and power is 110 to 220 
three-wire A. C. current. For special service n o  two-wire 
D. C. current is provided.

p o w e r — There are installed an elevator motor, a ventilating 
motor, and a vacuum cleaner motor. The motor for ventilating1 
is, of course, installed in the attic.

c a l l  b e l l s — Two 1-in. conduits are installed from a point 
near the Central Telephone Exchange on the first floor in the 
General Office to a wire shaft terminating in the telephone 
junction box on the first floor; it is continued up through the 
building and a 25-point terminal is furnished. From the tele
phone junction box a Vi-in. conduit is carried for the bell 
located in each room. The 3-in. bells are of the wood box type 
and "Fartay” manufacture.

s p e c ia l  o u t l e t s — The outlets in the basement, on the floors 
of the electric furnace room and machine shop, consist of 8-in. 
square cast-iron boxes, drilled to receive the 2-in. conduit, 
and have brass water-tight covers set flush with the finished 
floors. The spccial outlet for the Assembly Hall is of the 
"Kleigle” make, of 60 amperes capacity.

h a l l  l ig h t i n g — The outlets at the stair landing are con
trolled by a special circuit from the first floor panel board; the 
other hall lights are controlled from panel boards located on 
each floor.

p a n e l  b o a r d s — The panel boards for lighting are of the 
Pittsburgh Electric Machine Company’s manufacture, with
3-wire bus-bars and 2-wire branches, and with 30-in. ampere 
circuit switches and main switch button. Each panel board is 
divided into two separate sections, one for lighting, namely, 
the 3-wire bus-bars, and one for the D. C. current, which has
2-wire bus-bars.

Each additional panel board is included in the flush, tight 
steel box provided with a door with a Yale lock. The boxes 
are 6 in. deep inside and have a 4-in. gutter around same. All 
panels have cartridge fuses and are constructed of i-in. marble, 
with the necessary marble lining slotted for wires.

The main panel board consists of two separate panels, one for 
A. C. current and the other for D. C. current, and is mounted 
on an angle-iron frame; all necessary switches for the sub
feeders are mounted thereon.

The main switchboard is mounted on this panel board and
1 See VEN TILATIN G  SYSTEM  AND F AN , SUfra.
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allowance is made for leaders; all connections are on the rear 
of the board, which is built of 2-in. white marble.

The mountings on the panel and main boards are completed 
with bus-bars mounted on the faces of the boards, with the 
exception of the main board, and the conducting parts are of 
highly polished and lacquered copper of ample size and design 
to prevent heating. Each branch circuit is plainly numbered 
and suitably lettered, and directory plates are placed, in con
venient locations, to indicate the location of lines and power 
controlled by each switch or fuse.

The main bus-bars and brass and copper bars are in no case 
less than '/8 X 1/t in. Only rolled or drawn copper was used 
in the construction of the mounting, copper castings not being 
permitted.

Switches or additional panel boards have a carrying capacity 
of at least 30 amperes, and the jaws of all switches are sweated 
into the bars.

The fuse connections throughout the building are the N. E. C. 
enclosed type, of which a full equipment has been furnished. 

o r n a m e n t a l  ir o n

The stairs are constructed with channel outside and plate 
wall strings, steel beams and angles, cast-iron treads, risers, 
platforms and base on sections. The hand railings are made 
from brass pipe and channels. The newels are made from cast 
iron and the balusters from steel; both received one coat of 
black paint before and one coat after erection.

The elevator shaft is enclosed with a simple design iron frame 
and iron doors with wire-glass panels. Both doors are arranged 
to swing out to permit the loading of large pieces of machinery, 
and the door openings in the basement hall are provided with 
channel iron frames.

MAIN ENTRANCE AND STAIRWAY
A special feature of the main entrance is the bronze doors, 

each 3 ft. 6 in. X 11 ft. 6 in., leading into a marble vestibule, 
4 ft. X 7 ft. 6 in. X 12 ft. 8 in., with enriched cornice and ceil
ing. The vestibule, main hall (15 ft. 10 in. wide X 43 ft. long 
X 12 ft. 8 in. high) and stairways have pink Tennessee marble 
floor and base.

PLASTERING
AH ceilings, walls and partitions in the basement, second and 

third floors, including the elevator shaft, were plastered with 
mortar composed of one part cement and two and one-half 
parts sand, which was skimmed with one part cement and two 
parts Ligonier sifted dust; this has made a hard surface.

The entire first floor, basement hall ceiling, stair halls and 
corridors were plastered with a patent plaster, which was 
skimmed with lime and plaster of Paris. The basement hall 
walls and the ceiling of the front pavilion were finished in cement 
in imitation of stone blocks. The ornament in the basement 
hall is of stucco.

FLOORING
c e m e n t  f l o o r s — Cement floors were constructed in the 

basement and at the front and rear entrances as follows; All 
places where the original grade had been disturbed were soaked 
and rammed; the surface was leveled off, rammed, and then a
4-in. bed of clean cinders was placed thereon. After soaking 
and ramming, a 4-in. bed of concrete was placed on the
cinders. The floors were finished with a i-in. top coat composed 
of one part cement and two parts crushed Ligonier limestone, 
screened through ‘/Vin. mesh screen. After troweling the top 
coat, it was kept covered with a i-in. layer of sand kept wet for 
six days; the top coat and base were placed on the same day. 
The concrete floor was cut into blocks 4 ft. square, the cuts ex
tending entirely through the base and top coat. The floors 
have a uniform fall to the bell traps.

f ir e p r o o f  f l o o r s — The first, second, third,, fourth, and 
attic floors are constructed of hollow fireproof blocks, with re
inforced concrete ribs and 2 in. of concrete on the top. The

floor slabs were composed of 1:2:4 concrete. The tops of the 
floors were leveled for the reception of the top coat of
composition floor material.

c o m p o s it io n  FLOORS— The first, second, and third floors, 
except the Assembly Hall floor, are covered with a top coat of 
composition floor with 4-in. sanitary cove base of the same 
material, put down in continuous sections ¡11 each room and hall. 
This material, which was laid by the Marbleloid Company, of 
New York, under the direction of Dr. R. R. Shively, a Fellow of 
the Institute, who lias worked two years 011 such compositions, 
is gratifyingly satisfactory; it is straight, free from all imperfec
tions, possesses resiliency, and is sanitary.

The floors were laid in two layers. The under or fibrous 
layer, which took care of the inequalities in the cement, is about 
6/ia in. thick. The upper layer is V» in. thick; it is of such com
position that the absorptioii of water did not exceed 9 per cent 
when test-pieces were immersed for 24 hrs.

The composition floors are practically acid-proof, and are 
guaranteed not to crack, bulge, change color, nor to show a coating 
of white material on the surface after standing. When the floors 
were laid close to .steam or hot water pipes, the latter were covered 
with asbestos ’/< >n’ thick. After troweling to a smooth sur
face, the floors received two coats of linseed oil.

l e c t u r e  r o o m  f l o o r — In the Assembly Hall, or Lecture 
•Room, 2 X 4  in. beveled chestnut sleepers, 16 in. on centers, 
were bedded in cinder concrete, covered with one layer of as
phalt-coated paper, and then 7/s X 2 in. tongued and grooved 
maple flooring was put down.

i n t e r i o r  f i n i s h  
All interior finish was worked from clear oak. The entire 

first floor finish is quarter-sawed white oak; all other parts of 
the building are finished in plain-sawed red oak.

p a i n t i n g

All exterior woodwork, except the outside doors and frames, 
received one coat of linseed oil stain and three coats of linseed 
oil paint. The first floor rooms received one coat of acid stain 
and two coats of wax; the tops and bottoms of doors and sash 
were primed and painted with two coats of linseed oil paint. 
The stair balustrade, newels and other exposed iron work had 
two coats of linseed oil paint, and the elevator doors and frames 
were finished with three coats of black paint and left with a 
dull finish.

The interior finish in all halls and corridors received one coat 
of acid stain and two coats of interior varnish. The remainder 
of the building received one coat of linseed oil stain and two coats 
of linseed oil paint.

All metal ware likely to be exposed to acid fumes in the labora
tories has been treated with an acid-proof paint.

g l a z in g

All exterior windows are glazed with selected polished plate- 
glass; toilet room windows are glazed with double-chipped 
polished plate-glass, and polished plate wire-glass is used in all 
hoods and in the elevator doors and frames.

il l u m in a t in g  g l a s s  

The illuminating glass used throughout the building is that 
manufactured by the Phoenix Glass Company, of Pittsburgh, 
Pa. This glass has been developed along scientific lines and 
represents the last word in efficiency; it has very low absorption. 
The semi-direct system is. installed.

"Magnolia”  glass bowls are installed in the executive suite, 
library. Assembly Hall, and corridors; these bowls are of artistic 
design, the particular feature thereof being the distinctive line 
etchings characteristic of the Phoenix products. In the general 
office, the "Phenixlite” is used; this is a simple light of very 
high efficiency.

h e a t i n g  s y s t e m  

The heating system consists of a gravity-return hot water
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heating apparatus, erected and so arranged as to insure a free 
and easy circulation of water throughout the entire system, and 
so constructed that any of the radiators may be shut off without 
interfering with the circulation of the rest of the system.

s t o k e r — There is installed one “ Detroit”  stoker for a 5 4  in. x 
1 4  ft. horizontal tubular boiler, including stoker fronts, coal 
magazines, grates, clinker crushers, firing tools, special fire
brick for stoker arch and fire door opening, engines, and operating 
mechanism. The stoker is of the reciprocating type, with ex
tension setting, and is furnished .with one variable speed A. C. 
motor with starting boxes attached to the side.

s t e e l  t u b u l a r  b o i l e r —-The boiler is 5 4  in. in diameter, 1 4 ' 
ft. long out to heads; it is of the flush end type, constructed of 
open-hearth steel of standard quality, l3/n in. in thickness, 
having heads */» in. thick. It contains fifty lap-welded charcoal 
tubes, 4  in. in diameter, 1 4  ft. long, set in vertical and horizontal 
rows, not less than 1 in. apart each way, except in the middle 
two rows, which are 2 in. apart vertically. No tube is nearer 
than 3 in. from the shell. All riveting, lapping, and spacing 
were done in accordance with the most approved practice of 
recognized steam boiler inspection. The boiler was designed 
for a working pressure of 1 5 0  lbs. per sq. in.; it was tested under 
hydrostatic pressure.

A cast-iron top half-front was built in; this was supplied with 
double flue doors.

c a s t - i r o n  b o i l e r s — Two horizontal hot water boilers of the 
“ Presto” type, having a rated capacity not less than 6 , 4 2 5  sq. 
ft. each, are installed. The boilers are covered with 85 per cent 
magnesia blocks, 1'/: in. thick, a i-in. air space being left be
tween the boiler and the covering; this is covered with a '/i-in. 
coat of cement, skimmed with a '/i-in. coat of cement, and finally 
covered with canvas sewed 011 and painted. For the relief of 
the boilers of any excess pressure, a “ Crosby” water relief valve 
is placed on each. Each boiler is furnished with one brass case 
water-works gauge, 8*/2-in. dial. A brass case hot water ther
mometer, of the Holiman & Mauer Company’s make, is placed 
on the flow pipes where they leave the boiler.

An approved gas burner with controlling device is installed 
complete under each cast-iron boiler.

f i x t u r e s — The above equipment includes all the necessary 
boiler castings and iron work, a complete set of hot W'ater fix
tures, including automatic fire regulator, thermometers, altitude 
gauge, etc., for each boiler. There is also installed one complete 
return tubular "Bayer” steam soot blower, connected with a 
'/i-in. air line near the boiler.

s m o k e  c o n n e c t io n s — The smoke outlets on the boilers are 
connected to the openings in the smoke flues with black iron 
smoke connections, No. 16 gauge for the cast-iron boilers and 
No. 10 gauge for the tubular boiler, these connections being 
equipped with a full-sized balance damper with locking devices.

e x p a n s io n  t a n k — A steel open-expansion tank with cover is 
erected in the attic. This tank is made of ‘/i-in. plate with angle- 
iron frame around the top; it has a capacity of 250 gals., is pro
vided with all necessary gauges, fixtures, and a float valve, and 
is connected to the system by means of expansion and circulating 
pipes. It is equipped with a 2-in. overflow which spills out on 
the basement floor. The tank is placed on supports 2 ft. above 
a 26-in. radiator.

p i p e — The main supply and return lines are supported from 
the first floor on heavy wrought-iron pipe hangers, spaced every 
10 ft. All piping 7 in. and larger has standard flanges and fit
tings; all other pipework was made direct into fittings with screwed 
threads. All flange joints were made with "Rainbow” packing. 
All pipe is standard merchant black pipe.

v e r t ic a l  r i s e r s — The riser pipes leading to the first, second, 
third and fourth floor radiators are concealed in the outside 
walls; they are extended 1 ft. above the fourth floor and looped. 
All risers are valved with “ Nelson” gate valves and have 3/<-in.

gate valves at the back for drains. All branch connections 
between the risers and the radiators are run on the ceiling below. 
Pipes passing through the walls and floors are provided with 
surrounding escutcheons.

r a d ia t io n — One hundred and one radiators, of the Beaver and 
Invincible models, manufactured by the Pressed Metal Radiator 
Company, are installed throughout the basement, first, second 
and third floors. These radiators contain a total of 5,681'/, 
sq. ft. of heating surface.

All radiators in the basement are of the Beaver type, 32 in. 
high, and hung from the ceiling, except in one room, where the 
radiator is hung’ on the wall. All radiators above this floor are 
of the Invincible type, 26 in. in height, with 6-in. legs.

Generally speaking, the small research laboratories on the 
second and third floors contain one radiator; the large laboratories 
are provided with two. These were installed in accordance with 
a carefully prepared schedule of radiation.
( i  n o n - c o n d u c t in g  c o v e r in g — All flow and return mains and 
their branches, also all rising lines and horizontal radiator con
nections throughout the building, are covered with the best 
quality moulded sectional covering of 85 per cent magnesia, 
1 in. thick, and then covered with 8-oz. white canvas duck, se
cured in place with lacquered bands. All fittings throughout 
the building are covered in the same manner. All covering 
which is exposed received an additional covering of 8-oz. canvas, 
sewed on.

p a i n t i n g — The radiators throughout the building are painted 
with aluminum paint.' All exposed piping in the basement and 
the iron work around the boiler are painted with one coat of 
the best black japan.

v a l v e s — A Lavinge packless lock-shield union-angle valve 
is installed on the return end of each radiator. A  return valve 
is also installed on each riser loop on the fourth floor.

Each radiator, the top of each riser loop, and all points where 
a reduction of two pipe sizes occurs, are equipped with a nickel- 
plated lock compression air valve and key.

t h e r m o s t a t ic  c o n t r o l — All radiators are controlled by the 
American Radiator Company’s thermostatic control system. 
All rooms in which the radiation is placed may be heated to a 
temperature of 700 F. when the outside temperature is at zero, 
with the water in the boiler at 180° F.

l iv e  s t e a m  f o r  l a b o r a t o r ie s — A live steam system is in
stalled in the basement with 3/s-m. opening under each vent 
hood. This system is constructed of black pipe with cast-iron 
fittings and has a 10-lb. pressure. All upright and horizontal 
feed lines are covered with i-in. thick asbestos covering and 
sewed canvas jacket. The canvas covering and all exposed 
pipes received two coats of asphalt paint. All 3/s-in. branches 
are galvanized pipe. The horizontal feed lines have a i-in. 
fall to 20 ft. towards the return lines.

The boiler for this system is placed in the boiler room. All 
connections from the feed lines are taken from the top and re
turned down to the vent hood; the horizontal lines have two 
pipe hangers in each 20-ft. room and one in each 10-ft. room.

A D M IN IS T R A T IO N

T h e suite of th e D irector, D r. R a y m o n d  F. Bacon, 
is on th e first, th e  m ain, floor, w ith  th e general office 
and th a t of th e ed itoria l dep artm en t ad jacen t. The 
execu tive suite contains th e  D ire cto r ’s p rivate  office, 
a room  20 x 24 ft .;  D ire cto r ’s retirin g room , 1 1 x 1 5  ft.; 
and D ire cto r ’s p riv a te  lab o rato ry , a room  20 ft. x 20 ft. 
6 in., equipped th e  sam e as th e large size research 
lab oratories on th e second and th ird  floors.

T h e general office occupies a room , 24 ft. 6 in. x 38 ft. 
6 in., in con ju n ctio n  w ith  a telephon e cen tral and in-

1 T his p a in t was kindly  donated  by  M r. M axim ilian Toch.



form ation bureau counter off the m ain h all; it is pro
vided with a fireproof v a u lt, 2 ft. 6 in. x 9 ft., a book 
closet, 4 x 8  ft., and a cloak  closet. T h e secretarial 
force, which at present num bers five, is in charge of the 
Secretary to the D irector. T h e w alls of the general 
office are decorated  w ith  pennants of th e various 
institutions of learning represented on th e staff; it is 
custom ary for each F ellow  to  present a pen n an t of his 
alma m ater as a pledge of his honor and fid elity  to 
the In stitute.

Apr., 1915 T H E  J O U R N A L  O F  I N D U S T R I A L

Tw o of the A ssistan t D irectors. Drs. E . W ard

I?i g .  14— T h e  P r i v a t e  O f f i c e  o f  t h e  D i r e c t o r .  D r .  R a y m o n d  F. B a c o n

Tillotson, Jr., and Sam uel R . Scholes, whose office 
adjoins the A ssem b ly  H all on the first floor, are in 
direct charge of the ind ivid u al researches in progress, 
with the exception  of certain  of th e m ultiple fe llow 
ships, which are under D irector B a co n ’s im m ediate 
supervision; th e y  also exercise superintendence over 
the m aintenance of supplies and equipm ent.

In addition to  th is adm in istration  of th e  internal 
affairs of the In stitu te , another A ssistan t D irector, 
John J. O ’Connor, Jr., a tten d s to the presentation  of 
the work of the In stitu te  to p rosp ective donors of 
industrial fellow ships.

THE OBJECT AND W ORK OF THE MELLON INSTITUTE1
B y  R a y m o n d  F. B a c o n

The dedication of a perm anent hom e for the M ellon 
Institute of In dustrial R esearch and School of Specific 
Industries of th e U n iv ersity  of P ittsb u rg h  m arks 
an im portant point in th e h isto ry  of A m erican  in d u stry  
and education. W herever raw  m aterials are secured 
or wherever th e y  are m ade into  goods to  su p p ly  the 
many w ants of m an, th ere is a v a r ie ty  of problem s 
awaiting solution. These m a y h a ve  to  do w ith  diffi
culties in m anufacture, w ith th e u tilization  of w astes, 
with the im provin g and cheapening of m anufactured  
products,.w ith  finding new uses for products, or w ith 
the discovery of new and useful products. T o  aid 
industrialists in solving these problem s, b y  bringing

1 Address delivered in ab strac t a t  the  annual A lumni B anquet of the 
University of P ittsburgh , H otel Schenley, F eb ruary  26, 1915.

th e w ealth  of contem porary science to bear upon them , 
the M ellon In stitu te  w as fo u n d ed .1 T h is In stitu te  
represents an alliance betw een in d u stry  and learning, 
the possibilities of w hich m ay be said to be w ith o u t lim it.

T h e alliance tak es the form  of w h a t 1 is know n as 
“ T h e In dustrial Fellow ship S y ste m .”  A ccord in g to  
th is system , an ind ivid u al or a com p an y h avin g a 
problem  requiring solution m ay becom e the donor of 
a fellow ship b y  con trib u tin g to the In stitu te  a definite 
sum  of m oney, for a period of n ot less than  one year. 
T h is m oney is used to p a y  the sa lary  of th e m an or 
men selected to carry  out the in vestigation  desired, 
and the In stitu te  furnishes such facilities as are neces
sary  for the conduct of the w ork. T h e  resu lts o b 
tained belong exclu sively  to  the donor of the fellow ship .

H IS T O R Y  OF T H E  IN D U S T R IA L  F E L L O W S H IP  SY ST EM

T h e idea of th is system  of p ractica l cooperation  b e
tw een science and in d u stry  w as form ulated  b y  R o b ert 
K en n ed y  D uncan, the late  D irector of th e M ellon 
In stitu te , in 1906, while atten d in g th e S ixth  In te r
national C ongress of A p plied  C h em istry  in R om e.

F or som e years previous to th is Congress, D r. D u n 
can had been in E urope gathering, m aterial for tw o  of 
his books, “ T h e N ew  K n o w le d g e ”  and “ T h e C h em istry  
of C om m erce.”  T hrough visits of inspection  to  the 
factories, laboratories and un iversities of som e of the 
countries of E urope, and through conversations w ith 
in d u stria lists and scientists, he had becom e im pressed 
w ith  th e sp irit of cooperation which existed  betw een 
in d u stry  and learning w hich m ade for th e a d v a n ce
m ent of both. A t the sam e tim e, he becam e aw are, 
more than ever before, of the fa c t th a t m uch of A m e r
ican  in d u stry , from  the stan dp oin t of m an u factu rin g 
efficiency, was in a lam entable condition. T h e absence 
of the application  of m odern science w as one reason 
for this con dition .2

T o  rem edy this, it occurred to D r. D uncan to  pro
pose an In dustrial Fellow ship System . Upon his 
return from  E urope to accept the chair of industrial 
chem istry in the U n iv ersity  of K an sas, he established 
there the first Industrial Fellow ship in Jan u ary, 1907. 
T h e schem e w as presented to the public b y  D r. D u n 
can in an article en titled  “ T em p orary  In d u stria l 
F ello w sh ip s”  in the North A m erican Review  for M a y , 
1909, and a little  later in the last chap ter of his b ook 
on “ T h e C h em istry  of C om m erce.”

In 19 11, Dr. D uncan w as called to the U n iv ersity  
of P ittsb u rgh  to  in augurate the system  in th e D e 
partm en t of In dustrial R esearch, and the w orking 
of the fellow ships began in a tem p orary  b uild in g erected 
at a cost of abou t S io ,oo o. In M arch, 1913 ,3 M essrs. 
A ndrew  W illiam  M ellon and R ich ard  B e a tty  M ellon, 
citizen s of P ittsb u rgh  and sons of th e la te  Judge 
T hom as M ellon of the class of 1837 a t the U n iv ersity  
of P ittsb u rg h , im pressed b y th e p ractica l valu e of 
the system , both to in d u stry  and to  learn ing, es-

1 "O n the Value of R esearch to  In d u s t ry / ’ see Bucon, Science, N . S . 4 0  

(1914), 871-81.
• See especially D uncan, T h i s  J o u r n a l ,  3  (1911), 177, wherein the 

relation between chem istry and m anufacture  is discussed fully; and  D uncan, 
Harper's Mag., 1 2 6  (1913), 385-90.

3 “ On the S ta tu s  of the Industria l Fellowship System  Prior to  1913,” see 
D uncan. J . Frank. Inst., January , 1 9 1 3 ,  43-57.
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tablished  it  on a perm anent basis th rough  th e g ift 
of over half a m illion dollars. W hile th e In stitu te  
is an in tegral part of th e U n iv ersity  of P ittsb u rg h  and 
w orks in close sym p a th etic  accord w ith  it, it  possesses 
an endow m ent of its ow n and is under its  own m an 
agem ent. . T h e present annual exp enditure for salaries 
and m aintenance is over §150,000.

On F eb ru a ry  18, 19 14 , th e In stitu te  lost b y  death 
its founder and D irector, D r. R o b ert K en n ed y  D uncan. 
Dr. D uncan  w as succeeded b y  th e w riter, w ho had 
been A ssociate D irector.

T H E  F E L L O W S H IP  A G R E E M E N T

T h e fellow ships of the In stitu te  consist of tw o  kinds, 
in d iv id u al and m ultiple. A n  in d iv id u al fellow ship 
utilizes th e services of one m an, d irectly  responsible 
to  the adm in istration ; a m ultiple fellow ship , th e in 
ten sive services of several men under th e direction  of 
a Senior F ellow  w ho, in turn , is d ire ctly  responsible 
to and under th e adm in istration.

E ach  fellow ship th a t  com es to th e In stitu te  is the 
su b ject of a definite agreem ent betw een  th e in d iv id u al 
or com pan y concerned and th e In stitu te . W hile 
the agreem ent is m odified from  tim e to  tim e, depending 
upon exceptional circum stances, th e fo llow ing is th e 
form  of single fellow ship agreem ent now being used 
b y  the In stitu te:

...............CO M PAN Y’S FELLOW SHIP AGR EEM ENT

THIS AGREEM ENT, made and entered into this. . . .day of 
.................. , 19 .., between the Mellon Institute of the Uni
versity of Pittsburgh, of the City of Pittsburgh, Pennsylvania,
hereinafter called the "Institute,” and the...................................,
o f.................................................... ............. ........................................
hereinafter called the "Company,”

W ITNESSETH: That for the purpose of promoting the 
increase of useful knowledge, the parties hereto agree as follows:

1— The Company shall pay to the Institute annually in ad
vance for a period o f..............years, beginning............................
19 1 .., the sum of..........................dollars for the.founda
tion of an Industrial Fellowship to be known as 

FELLOWSHIP, the exclusive purpose of which is

2— The Institute shall accept the sums so to be furnished by 
the Company and shall devote them to the furtherance of the 
problem of this Fellowship; and to this end all money received 
from the Company under this Agreement shall be paid over by 
the Institute in monthly installments to the holder of this 
Fellowship, in such amount as may be agreed upon by the 
Institute and the Fellow concerned, and expended for such 
apparatus and supplies related to this research as the Director 
of the Institute may deem it advisable to purchase and for 
travelling expenses related to the elucidation of the problem 
concerned. The Fellow shall be provided, at the expense of 
the Institute, with a separate laboratory and with such ap
paratus, supplies and reagents as in the opinion of the Director 
constitute a reasonable provision. The Company, on its part, 
shall cooperate with the Institute in this research by providing 
the Director thereof and the Fellow of this Fellowship with 
its sympathy and whatever knowledge of the subjects of re
search it may possess, and, on approval of the Company, with its 
factory facilities for large-scale experimentation.

3— The holder of the Fellowship provided hereunder shall 
be appointed by the Committee of Management of the In

stitute upon the nomination of the Director in accordance with 
the terms of his formal letter of application to and as approved 
by the Director, and he shall give his whole time and attention 
to the object of the Fellowship, with the exception, if the 
Director so elect, of three hours a week which he shall give to 
instructional work in the University of Pittsburgh. The 
Fellow shall work under the advice and direction of the Director 
and shall from time to time through the Director forward to 
the Company reports, of the progress of his work. During the 
existence of the Fellowship provided hereunder the Company 
shall have the right, through and with the acquiescence of the 
Director, to employ and take into its regular service the Fellow 
of this Fellowship,, upon terms to be agreed upon between the 
Fellow and the Company.

4—-The Institute, at the expiration of the Fellowship, shall 
return to the Company any money paid to it by the Company, 
in case any thereof shall remain unexpended for the purpose 
of this Fellowship.

5— Any and all discoveries made by the Fellow during the 
term of this Fellowship, as well as all information obtained 
by him germane to the subjects of his investigation, shall be
come the property of the Çompany, subject to the terms and 
provisions of this Agreement, and the Fellow making such 
discovery or obtaining such information shall promptly and 
without demand make revelations of all such information and 
discoveries. Such revelations shall be made to the duly des
ignated representatives of the Company directly, or through 
the Director, as the Director may determine.

6— The Fellow of this Fellowship making a discovery or 
invention germane to the subjects of his investigation shall, 
at any time, at the option and expense of the Company, apply 
for letters patent, and shall upon demand assign such letters 
patent and any and all rights to such invention to the Com
pany under the conditions of this Agreement. In case the 
Company desires to keep secret such discovery or invention, 
or for any reason desires that letters patent shall not be. applied 
for, the Fellow shall not at any time apply for patent or patents 
in his own name, and shall not disclose such discovery or inven
tion to others except as herein provided.

7— The Company shall, in addition to the sum paid to the 
Institute as foundation for the Fellowship, pay to the Fellow
a maximum cash bonus o f...................dollars ($........... ) or any
part thereof which in the opinion of the Board of Arbitration 
(hereinafter provided for) is deserved by the Fellow of this 
Fellowship, and the amount of this payment and the time or 
times of payment shall be decided by the Board of Arbitration 
upon application of either of the parties hereto.

8— In the event of any difference of opinion between the 
parties hereto as to the interpretation of this Agreement, or 
the rights of the respective parties to this Agreement, the matters 
in issue shall be referred to a Board of Arbitration, which Board 
shall consist of a representative of the Institute and a repre
sentative of the Company, and a third person whom these two 
shall select. The decision of this Board shall be obtained 
without recourse to the courts and, when rendered, shall be 
binding upon the parties hereto.

9— During the term of this Fellowship, the holder thereof 
may publish such results of his investigation as do not, in the 
opinion of the Company, injure its interests. On or before 
......................., 19 .. . ., the holder shall have completed a com
prehensive monograph on the subjects of his research. The 
subject matter of such monograph shall not contain specific 
information of the process or methods of the Company, but it 
shall be confined to a statement of new discoveries of scientific 
fact obtained by this Fellowship, and such statement shall not 
contain data or information in regard to the cost of manu
facture by any process revealed in such statement. A copy 
of this monograph shall be forwarded to the Company and a
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copy shall be signed and placed in the archives of the Institute 
until the expiration of three years from the time hereinafter 
provided for the termination of this Fellowship, when the 
Institute shall be at liberty to publish it for the use and benefit 
of the public.

In the event that in the opinioii of the Company such publica
tion at such time will unduly injure its interests, it shall have 
the privilege of appealing at any time for an extension of time of 
such publication to the Board of Arbitration provided for 
herein, which after considering the appeal shall, if in its opinion 
such publication will unduly injure the Company’s interests, 
extend the time of publication to a time when in the Board’s 
opinion publication will not unduly injure the interests of the 
Company.

10— The Fellowship provided under this Agreement shall 
terminate day o f..........................., 19........

IN WITNESS W HEREOF, the parties hereto have caused 
their names to be subscribed the day and year above mentioned 
by their duly authorized officers.

M e l l o n  I n s t i t u t e  o f  
Witness: U n i v e r s it y  o f  P it t s b u r g h ,
.....................................  B y ......................................................

B y .....................................................

It is evid en t from  th is agreem ent th a t  four different 
parties are affected: the C o m p a n y; the Fellow s; the 
U niversity; the Public.

I  T H E  C O M PA N Y

The C om p an y obtains from  th e In stitu te  such re
search lab o rato ry  facilities  as b u t few  industria l con
cerns possess. E v e n  m ore im p ortan t, it obtains com 
plete library  facilities, w hich are so va lu ab le  in re
search work.

There is a sca rc ity  of men g ifted  w ith  th e genius 
for research, and it  requires m uch experience in se
lecting suitable men and in train in g them  to the de
sirable degree of efficien cy, a fter h a vin g  determ ined 
the special qualities required. Im p o rtan t q u alifica
tions in industria l researchers are keenness, creative 
power, and confidence; these are often  unconsidered 
by m anufacturers, who, in en deavoring to  select a 
research chem ist, are lik e ly  to  regard  e v e ry  chem ist 
as a qualified scientific scout. T h e men w ho are best 
.trained for a p articu lar problem  are carefu lly  chosen 
by the In stitu te  and these w ork  under th e  sup ervision  
of a staff experienced in h andling in d u stria l research 
problems. T h e C o m p a n y  thus secures a t a com p ara
tively  sm all cost ideal conditions for w orkin g out in 
dustrial problem s w hich w ould cost a n y  single com pan y 
probably from  $60,000 to  $70,000 each yea r to  duplicate 
in a lab oratory  which it  m ight establish  in connection  
with its own fa cto ry .

The In stitu te, th rou gh  its  affiliation  w ith  th e U n i
versity, is able to  offer th e C o m p a n y  large and im 
portant con su ltative  fa cilities— psych ologica l, p h y s
ical, engineering, b io logical, etc.

The C om p an y has an o p p o rtu n ity  to  ob tain  for its  
own organization  yo u n g men w ho h a ve  had not on ly  
thorough scientific train in g b u t v e ry  special train in g 
in the C o m p a n y ’s ow n -lines as acquired  th rou gh  its 
Fellowship.

There is abou t u n iv ersity  w ork, as d ifferen tiated  
from the fa cto ry , freedom  from  interference, correct

ju d gm en ts concerning progress, and an atm osphere 
sy m p a th etic  to research.

A ll these ad van tages, lab o rato ry , lib rary , co n su ltative  
and in spiration al, togeth er w ith  th e supervision  and 
adm in istration  of these Fellow ships, th e In stitu te  
offers g ra tu ito u sly  to  a n y  com p an y h a vin g  im p ortan t 
problem s offering a reasonable chance of solution, 
and it un dertakes, as w ell, to  surround these researches 
w ith  th e  necessary secrecy.

E xperience has proved  th a t th rough  this system  of 
In d u stria l Fellow ships a com pan y can gen erally  do 
its  research w ork more efficiently and ch eap ly  in th e 
In stitu te  th a n  in its own lab o rato ry . F in a lly , it 
has been foun d th a t  w here there exists a close and sy m 
p a th etic  cooperation  on the p art of th e C o m p a n y, 
m any rem arkable results h a ve  been achieved.

2 T H E  F E L L O W S

T h e agreem ent g ives to  am bitious you n g m en an 
o p p o rtu n ity  to  w ork out, in a scientific m anner, great 
industria l problem s, and not on ly to  w ork th em  out 
in the lab o rato ry  b u t, if th e lab o rato ry  solution  ap 
pears to  h a ve  com m ercial possibilities, to  go fu rth er 
and to  tr y  out the m ethods evo lved  on a fa cto ry  
scale and, u ltim ately , to  p u t new processes in to  in 
dustrial operation.

I t  g ives you n g men a chance to  obtain  m uch ex 
perience in p ractical research while th e y  are receivin g 
a  sa tisfa cto ry  rem uneration. E ach F ellow  has the 
benefit of the In stitu te ’s v e ry  excellent apparatu s, 
chem ical and lib rary  equipm ent— facilities w hich are 
so essential in m odern research; and because of these 
op portun ities and th a t of being able to  pursue p o st
g rad u ate w ork for a higher degree, it  has been dem on
stra ted  th a t  a higher ty p e  of research chem ist can be 
ob tain ed  b y  th e In stitu te  for a certain  rem uneration  
th a n  can be gen erally  secured b y  m anufacturers.

F in a lly , if th e Fellow s succeed in a p ractica l w ay, 
th e y  receive, through th eir bonus, a su b stan tia l, 
p ractical rew ard, and often  th e op p o rtu n ity  to  b e
com e perm an en tly  connected w ith the C om p an y 
concerned in the agreem ent.

3  T H E  U N IV E R S IT Y

T h e U n iversity , under the agreem ent, fulfils its  
fun ction  in increasing the sum  of know ledge; th e fa ct 
th a t it is useful know ledge does not m ake it  a n y  less 
va lu ab le. Furtherm ore, the righ t, a fter a reasonable 
tim e, to  publish such know ledge is assured to  the 
U n iversity . T h e U n iv ersity  also ob tain s a h igh ly  
train ed  staff of specialists as a fa cu lty  for a School of 
C h em istry  and C hem ical E ngineering. T h en , too , 
the U n iv ersity  u n do u b ted ly  feels th e stim u la tin g  in 
fluence of h avin g in its m idst a large b o d y  of train ed  
in vestig ators engaged in research w ork.

4 — T H E  P U B L IC

T h e public is also a d va n ta ged  through th is sy s
tem . N o d iscovery  can go to the public as a useful 
a ctu a lity  of achievem ent excep t through som e com 
p an y, and ev e ry  useful and significan t fa c t developed 
b y  a com pany is a perm anent asset to  the hum an race.

T h e agreem ent provides for th e p u b licatio n  of th e 
results of a F ellow ship  for th e benefit of th e  public
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at th e exp iration  of three years from  the tim e of te rm i
n ation  of the agreem ent, provided  th a t publication  
a t th a t  tim e does not un duly in jure the in terest of the 
d on atin g com pany. H ow ever, m any of th e b y 
p aths w hich appear in ev ery  in vestigation  yield  re
su lts of scientific interest and a num ber of papers d e
ta ilin g  resu lts of w ork of th is ch aracter h ave been p u b 
lished b y  the In stitu te  from  tim e to tim e .1

IN D U S T R IA L  R E S E A R C H E S  IN  P R O G R E S S  

A  list of the tw en ty-th ree Fellow ship s in operation 
at the tim e of the dedication  of th e new building 
(F eb ru a ry  26, 1915), togeth er w ith the men appointed 
for them , follow s.

9 — C R U D E  P E T R O L E U M  
Septem ber 22, 1911— S10.000, 1st year; 510,000, 2nd year; S10.000, 

3rd year; $10,000, 4 th  year, including ap p ara tu s  fund.
B o n u s : Collective in terest, 10 per cent.
F e l l o w s :  Benjam in T . Brooks, Ph .D ., U niversity  of G ottingen,

S e n i o r  F e l l o w .  Clinton W . C lark, A .M ., Ohio S ta te  U niversity— Work 
completed. Lester A. P ra tt .  M .S., New H am pshire College— Work com
pleted. H ugh C lark , A .M ., Ohio S ta te  U niversity— Work completed. 
A rthu r H . M yer, A .M ., Leland S tanford , J r., U niversity— W ork com
pleted. F rederick Padgett, M .S., U niversity  of P ittsbu rgh . F .  W. 
Bushong, Sc.D ., Em poria College— Work completed. I. W . H um phrey , 
M .S., U niversity  of K ansas. George W . S tra tto n , Ph .D ., Ohio S ta te  
U niversity— Work completed. H arold H ibbert, D .Sc., V ictoria U ni
versity . H arry  Essex, Ph .D ., U niversity  of G ottingen.

1 8  B A K IN G
M ay 1 2 , 1 9 1 3 — $ 6 ,0 0 0  a year for two years, and $ 5 0 0  ap p ara tu s  fund. 
B o n u s :  $ 1 0 ,0 0 0 .
F e l l o w s :  H enry  A. K ohm an, P h .D ., U niversity  of K ansas,

S e n i o r  F e l l o w .  Charles Hoffm an, Ph .D ., Yale U niversity— W ork 'com
pleted. T rum an  M . G odfrey, B.S., U niversity  of K ansas. Lauren H. 
Ashe, B.S., U niversity  of P ittsburgh .

1 9  A L U M IN U M
M ay 1 2 , 1 9 1 3 —$ 5 ,0 0 0  a year for tw o years, including apparatu s  fund. 
B o n u s :  $ 1 0 ,0 0 0 .
F e l l o w s : H ugh C lark, Ph .D ., U niversity  of P ittsbu rgh . Lester

A. P ra tt ,  Ph .D ., U niversity  of P ittsbu rgh . F rank  D. Shum aker, B.S., U ni
vers ity  of P ittsburgh.

2  0  G L U E
M ay 12, 1913—$1,500 a  year for tw o years and $300 ap p ara tu s  fund. 
F e l l o w :  R alph C. Shuey, B.S., U niversity  of K ansas.

2  1 SO A P
M ay 12, 1913—$1,500 a year for tw o years and $300 ap p ara tu s  fund. 
F e l l o w :  Ben H . N icolet, Ph .D ., Yale U niversity.

2 2 GLASS
Ju ly  1 4 , 1 9 1 3 — $ 1 ,5 0 0  a year for tw o years and  $ 3 0 0  a p p ara tu s  fund. 
B o n u s :  $ 3 ,5 0 0 .
F e l l o w : R. R. Shively, P h .D ., U niversity  of P ittsburgh .

2 3 — R E L A T IO N  O F E L E C T R IC A L  P O T E N T IA L  

TO C A T A L Y T IC  A C T IO N  
Ju ly  14, 1913— $1,500 a year for tw o years and  $300 ap p ara tu s  fund. 
B o n u s : 5 per cen t industria l results.
F e l l o w :  F rank  F .  R upert, Ph .D ., M assachusetts In s titu te  of

Technology.
2 5  Y E A S T

Ju ly  1 4 , 1 9 1 3 —$ 5 ,2 0 0  a year for tw o years, including ap p ara tu s  fund. 
B o n u s :  $ 1 0 ,0 0 0 .
F e l l o w s :  F .  Alexander M cD erm ott, M .S., U niversity  of P it ts 

burgh, S e n i o r  F e l l o w .  R u th  Glasgow, M .S., U niversity  of Illinois. 
W illiam Sm ith , B .S., Scholar, U niversity  of P ittsbu rgh  Jam es C. C uth- 
bert, Scholar, U niversity  of P ittsb u rg h —-W ork completed. Lauren H ew itt 
Ashe, B.S., Scholar, U niversity  of P ittsb u rg h — Work completed.

2 7  L E A T H E R
O ctober 22, 1913— $1,000, 1st year, and  $200 a p p ara tu s  fund; $1,650, 

2 nd year, including ap p ara tu s  fund.
B o n u s : 10  p e r  c e n t  i n t e r e s t .
F e l l o w : R. Phillips Rose, M .S., U niversity  of K ansas.

2 8 — F E R T IL IZ E R  
N ovem ber 1, 1913— $2,500 a year for tw o years, including ap p ara tu s  

fund.
B o n u s : $ 5 ,0 0 0 .

• F e l l o w ; E arl S. Bishop, Sc.D ., Queen’s U niversity , O ntario .
,l A list of these contributions, 1912-1914, is given in J . Frank. In s t., 

N ovem ber, 1914, pp. 629-32.

3 0  R A D IA T O R S
N ovem ber 18, 1913— $2,000 a year for two years, including apparatus 

fund.
F e l l o w : J . C. B allantyne, B.Sc., U niversity  College, London;

M .S., U niversity  of P ittsburgh .

3 1  T U R B IN E  E N G IN E S
Septem ber 1, 1914— $1,800 a year for one year, including apparatus 

fund.
B o n u s : $3,000.
F e l l o w : R udolph M cD erm et, M .S. in E .E ., U niversity  of Illinois.

3 4  F A T T Y  O IL S
Ju ly  1, 1914— $2,100 a year for one year, including ap p ara tu s  fund. 
F e l l o w : Leonard M . Liddle, Ph .D ., Yale U niversity .

3 5 — O R E S
June  15, 1914—$5,300 a year for one year, including ap p ara tu s  fund. 
F e l l o w s : C harles O. Brown, A .M ., Cornell U niversity . James

B. G arner, P h .D ., U niversity  of Chicago. C lem ent L. Perkins, B.S., 
N ew H am pshire College. E . R. W eidlein, A .M ., U niversity  of Kansas, 
S e n i o r  F e l l o w  (advisory). G. A. Bragg, B.S., U niversity  of K ansas 
(advisory). H . D. C layton , B.A., Ohio S ta te  U niversity  (advisory).

3 6 — F L O T A T IO N  
June  15, 1914—$3,200 a year for one year, including ap p ara tu s  fund. 
F e l l o w s : H arry  P. Corliss, P h .D ., U niversity  of P ittsbu rgh . Clar

ence L. W eirich, M .S., U niversity of P ittsburgh .

3 7  A C E T Y L E N E
N ovem ber 15, 1914— $3,000 a year for one year, including apparatus 

fund.
B o n u s : $5,000, maxim um .
F e l l o w : George O. Curm e, J r ., Ph .D ., U niversity  of Chicago.

3 8  D E N T A L  S U P P L Y  T R A D E  P R O B L E M S
Ju ly  1, 1914— $3,200 a year for one year, including a p p ara tu s  fund. 
F e l l o w s : Clarence C. Vogt, Ph .D ., Ohio S ta te  U niversity . H

E dm und Friesell, D .D .S., Pennsylvania  D ental College (advisory).

3 9  F A T  C O M PO U N D S

O ctober 1, 1914— $2,500 a year for one year, including ap p ara tu s  fund. 
F e l l o w : E dm und O. Rhodes. M .S., U niversity  of K ansas.

4 0 — S T O N E
O ctober 26, 1914— $1,800 a year for one year, including ap p ara tu s  fund. 
F e l l o w : H. C. Holden, M .S., New H am pshire College.

4 1  C O P P E R
N ovem ber 1, 1914— $6,000 a year for one year, including apparatus 

fund.
F e l l o w s : E. R. W eidlein, A .M ., U niversity  of K ansas, S e n i o r

F e l l o w . H. D. C layton, B.A., Ohio S ta te  U niversity . G. A. Bragg,
B.S., U niversity  of K ansas.

4 2  GLASS
D ecem ber 3, 1914— $1,800 a year for one year, including apparatus 

fund.
F e l l o w : John  F .  W. Schulze, Ph .D ., C lark U niversity .

4 3 —  L A U N D E R IN G  
F ebruary  1, 1915— $1,800 a year for one year, including apparatus 

fund.
F e l l o w : H arvey G .'EH edge, B.S., U niversity  of K ansas.

4 4  LA N D  D E V E L O P M E N T
F eb ru ary  1, 1915— $1,000 a  year for one year.
F e l l o w : Will E. V awter, B.S., U niversity  of K ansas.

T H E  SC H O O L O F S P E C IF IC  IN D U S T R IE S

T h e new b u ild in g , of th e M ellon In stitu te  was es
p ecia lly  designed to  afford am ple accom m odation  for 
a G rad u ate School of Specific In dustries; and, as this 
is a ltogeth er a new idea in education, an explanation 
of its  purpose is in order. ' .

As th e In d u stria l F ellow ships w hich con stitu te  the 
basis of the system  in op eration, are co n stan tly  in
creasing in am ounts subscribed b y  the industrialists 
for their m aintenance, and, as well, in their im portance, 
it is, of course, ob viou s th a t  th e se v e n ty  researchers 
th u s provided  for w ill num ber am ong them  men of 
n ational or in tern ation al im portan ce, to  sa y  nothing 
of th e fa c t th a t, as a class, th e y  are carefu lly  chosen
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as picked men from  th e best in stitu tion s of learning 
and from  th e greatest in dustria l organization s in th is 
country. Such a corps of w orkers w ill, therefore, be 
of the highest p o ten tia l valu e as an ed u cation al staff 
for students fitted  to  receive such instruction . E n 
thusiastic youn g chem ists who h a ve  received  a thorough 
training in th e fu n dam en tals of th e science and who 
desire to m ake th e ir  life-w ork  in a certain  in d u stry, 
may thus becom e th o ro u g h ly  fam iliar w ith  the a p p lica 
tion of chem istry to  th a t  p articu lar in d u stry— b y  being 
in intim ate co n tact w ith those who are d evo tin g their 
whole tim e to  th e problem s of th a t  specific in d u stry. 
Thus, for exam ple, th e m an w ho wishes to becom e an 
expert in glass w ill w ork in th e la b o ra to ry  and in th e  
glass fa cto ry  w ith  those who h ave, for a long tim e, 
been devotin g th em selves to  th e problem s of th e glass 
industry and who are in th e forefron t of th a t in d u stry.

The youn g m an ju st ou t of school, going d irectly  
into the fa cto ry , is ap t to  encounter m an y conditions 
so discouraging th a t, unless he is of v e ry  excep tional 
calibre and receives m ore th an  ord in ary  en courage
ment from  those in charge of th e business, he m ay lose 
his enthusiasm  and degen erate into  a routine m an, 
and, perhaps, never be able to  co n trib u te a n y th in g  to 
the upbuilding of th a t  p articu lar in d u stry . A m erican  
factories, as a rule, do not h ave a d eq u ate lab o rato ry  
facilities for research, and too  m any A m erican  business 
executives do not ap p reciate  th e tim e and difficulties 
involved in prosecutin g successful research. M a n y  
lines of business are so fu ll of trad itio n  and prejudice 

• that serious obstacles are often  d elib erate ly  p u t in 
the w ay of the yo u n g chem ist b y  m isguided w orkm en 
and superintendents to  p reven t his experim ents from  
turning out successfu lly. A n oth er point of consider
able im portance in th is m atter has to  do w ith  th e or
ganization of m any A m erican  factories. W hile the 
higher executives of th e com p an y m ay th o ro u g h ly  
appreciate difficulties of research and th e tim e often 
necessary for its successful prosecution, in the actu al 
factory organization  the chem ist is v e ry  often  placed 
im m ediately under and m ust report to  som e man who 
does not have such b readth  of view . T h is  m an is 
often the fa cto ry  sup erin ten den t, w ho m a y be chosen 
prim arily because of his a b ility  as a d river of men. 
The factory  sup erin ten den t m ay te ll th e chem ist to 
undertake a certain  piece of research. In a few  w eeks 
— or som etim es even  in a few  d ays— he com es around 
to find out th e result obtained. If no resu lt is a v a il
able, very often th e chem ist is sh ifted  to  oth er'problem s; 
or it m ay be th a t som ething unusual, w hich has ju st 
arisen, seems of pressing im portance and the chem ist 
is asked to drop e v eryth in g  else to  ta k e  up the new 
matter. The n et result is th a t a fter a few  a ttem p ts 
by the young chem ist to do big th in gs, unsuccessful 
because the n ecessary un in terru pted  tim e w as not a l
lowed, the fa cto ry  sup erin ten den t reaches a con clu
sion that n othing can be gained b y  th e research of 
the chem ist, and th e chem ist him self, esp ecially  if 
young and inexperienced, m ay lose his ideals of research.

Under the system  of In d u strial Fellow ship s in op era
tion at the M ellon In stitu te , b oth  th e In stitu te  and 
the Fellow have the sy m p a th y  and h ea rty  cooperation

of the higher officials of th e  corporation  concerned; 
and y et in his w ork the Fellow  is, to  a considerable 
exten t, indepen den t of th a t  corporation, as he is under 
th e im m ediate control of th e  adm in istration  of the 
In stitu te . T h e In stitu te  is thus able in m an y cases 
to  push through to a successful conclusion large- 
scale experim ents in th e factories of the corporation  
which could h ard ly  be accom plished b y  th e com 
p a n y ’s ow n chem ists. T h e youn g stu d en t entering 
th e School of Specific In d u stries learns th e  difficulties 
w hich m ust be overcom e in successful large-scale 
w ork, n ot on ly on th e  p u rely  scien tific  and exp eri
m ental side b u t also on the hum an side, and finds 
th a t b y  proper and ta c tfu l m ethods these hum an diffi
cu lties can be m et; so th a t, instead of losing his first 
rush of en thusiasm , he gains b y  a ctu a lly  seeing ideas 
and theories grow  into  com m ercial realities. L ectures 
are given  on th e problem s of chem ical in d u stry , the 
m ethods em p loyed  in th eir a tta ck , and on the design, 
erection and eq uipm en t of chem ical p lan ts; and specific 
problem s of in d u stria l im portan ce are assigned to  th e 
studen t, who follow s th e steps p rep ara to ry  to  th e solu
tion  thereof, from  th e ' lab o rato ry  to  the un it p lan t 
stage. T h e In stitu te  is esp ecially  well equipped for 
such instruction .

M ention  m ay be ap p ro p ria te ly  m ade here of the 
In stitu te 's  “ large-scale eq u ip m en t.”  W hen a process, 
developed durin g th e course of a fellow ship , dem ands 
ap p aratu s of a new ty p e , w hich is not a va ila b le  in 
the fa cto ry , a u n it p la n t is b u ilt. T h is  p la n t is of such 
a size and is b u ilt in such a w a y  th a t, when it  is running 
sm oo th ly, th e  m anufacturer will feel justified  in ta k in g  
over its plan and spending such m oney as w ill be neces
sa ry  to  p u t in a v e ry  m uch larger un it or, it  m ay be, 
several units. I m ight sa y  th a t th e com panies which 
are using th e In stitu te  h ave, during the past year, 
spent ap p roxim ately  §55,000 in b uild in g sm all unit 
p lan ts to  develop th e processes w hich h ave been w orked 
out in th e  lab o rato ry . T h is does n ot include m any 
processes w hich were ad ap ted  to  th e fa cto ry  eq u ip 
m ent a lread y  on hand. In no case w as a n y  of th is 
m oney for plants provided  for in the original fo u n d a 
tion  of th e Fellow ship , b u t in ev e ry  case, a fter co n 
ference, th e com p an y fe lt th a t  th e  progress of the w ork 
and the results obtained  appeared prom ising enough 
to ju s tify  them  in th e exp enditure of th is m oney for 
fu rth er developm en t. In th e case of a num ber of 
these sm all p lan ts in w hich processes have been de
veloped, and w here th e processes have now gone into 
th e com m ercial scale of operation, th e p lan ts are 
still availab le , being located  in sm all, tem p orary  b u ild 
ings around the In stitu te ; such un it p lan ts can often  
be ad ap ted  to  th e  s tu d y  of other new processes. T h e 
In stitu te  is th us gra d u ally  acquirin g w h at m ight be 
called  a “ large-scale e q u ip m e n t”  th a t is u n d o u b ted ly  
unique in A m erican  laboratories.

Such, in brief, is th e  idea of th e School of Specific 
In dustries. I t  is n ot th e in ten tion  to  go ou t a fter 
stu d en ts for th is School, nor is it  th e in ten tion  ever 
to h ave v e ry  m any stu d en ts in th e  School, b u t it  is 
believed  th a t  the proper sort of yo u n g  men will seek 
its instruction .
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WILLIAM H. NICHOLS MLDAL AWARD
The Nichols Medal, awarded by the New York Section of 

the American Chemical Society for the best original contri
bution to the publications of the Society during the year 1914, 
was conferred upon Dr. Irving Langmuir, of the General Electric 
Company Research Laboratory, in recognition of his distinguished 
researches on chemical reactions at low pressures, at the regular 
meeting of the Section, March 5, 1915.

The medal was presented by Professor Allen Rogers, Chair
man of the Section. The addresses of presentation and accep
tance are printed below, together with Dr. Langmuir's 
abstract of his paper on 
“ Chemical Reactions at 
Low Pressure,”  presented 
in accordance with the 
rules for the award of the 
medal.

The Nichols medal was 
founded in 1902, and the 
eleven impressions made 
to date have been 
awarded as follows:

E. B . V o o r i i e e s  1903
C. Jv. P a r s o n s  1905
M . T . B o g e r t  1906
H . B .  B i s h o p  1907
W . H. W a l k e r  1908
W . A .  N o y e s  a n d

H. C. P . W e b e r  1908 
L . H . B a e k e l a n d  1909 
M . A. R o s a n o f e  

a n d  C .  W .  E a s l e y  1 9 1 1  
C h a r l e s  J a m e s  1912 
M . G o m b e r g  1914
I r v i n g  L a n c m u i r  1915

—  [E d it o r  ]

PRESENTATION 
ADDRESS

B y  A l l e n  R o g e r s 1

We are assembled this 
evening to do honor to a 
man whose wonderful 
achievement along scien
tific lines has very largely 
attributed to the develop
ments in the high-effi- 
ciency tungsten lamp. We 
can hardly realize, as 
we enjoy our present 
day illuminations, that 
only a few years back 
our fathers read by the 
light of the tallow dip.
It is such men, however, as 
Dr. Irving Langmuir, who 
by their untiring efforts have made this lighting system possible, 
and to them we owe a debt of gratitude which can never be repaid.

Dr. Langmuir was bom in Brooklyn, New York, January 31, 
1881. His early education was obtained in the public schools 
of that city which he attended until June, 1892, at which time 
his parents went to Paris; there he studied under French teachers 
for three years. Returning to the United States in the fall of 
1895, he entered Chestnut Hill Academy at Philadelphia, and 
the following year found him in Brooklyn again, attending

’ C hairm an N ew  Y ork Scction of the American Chem ical Society.

Pratt Institute. On completing his course at Pratt Institute he 
entered the School of Mines at Columbia University from which 
he was graduated in 1903 with the degree of metallurgical engi
neer. On finishing his course at Columbia we next find him doing 
post-graduate work at the University of Gottingen under Prof. 
Nemst, carrying out investigations on the kinetics of chemical
reaction and on the dissociation of water vapor and carbon
dioxide. In January, 1906, the degrees of M.A. and Ph.D. 
were awarded to him by the University of Gottingen, his 
major subject having been physical chemistry.

Returning to America 
Dr. Langmuir became 
instructor in chemistry 
at the Stevens Institute 
of Technology, where he 
taught until July, 1909.
A t this time he entered
the research laboratory 
of the General Electric 
Company at Schenectady, 
since which time he has 
been engaged mainly in 
investigations on tungsten 
lamps and also to some 
extent in work 011 electric 
h e a t i n g  devices. Dr. 
Langmuir has been a 
frequent contributor to 
the various scientific 
journals, and on several 
occasions has appeared, 
before this section. Some 
of his contributions are 
the following:

"Thermal Conduction 
and Convection in Gases 
at Extremely High Tem
peratures.”

"A  Chemically Active 
Modification of Hydro
gen.”

“ Chemical Reactions at 
Very Low Pressures— 
The Clean-up of Oxygen 
in a Tungsten Lamp.” 

“ Chemical Reactions at 
Very Low Pressures— 
The Clean-up of Nitrogen 
in a Tungsten Lamp.” 

"Laws of Heat Trans
mission in Electrical 
Machinery.”

"Conduction and Radi
ation of Heat.” 

Dissociation of Hydrogen into Its Atoms.”
To D r . L a n g m u i r :

Dr. Irving Langmuir, on behalf of the New York Section of 
the American Chemical Society, as a slight token of the apprecia
tion and esteem in which you arc held by your brothervvorkers 
in the field of chemistry, I take great pleasure in presenting to 
you the W il l ia m  H. N ic h o l s  M e d a l  and sincerely hope that 
your future efforts will be as fruitful as your undertakings have 
been in the past.

P r a t t  I n s t i t u t e ,  B r o o k l y n

IR V IN G  L A N G M U IR — W IL L IA M  H. N IC H O L S  M E D A L IS T , 1915
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ADDRESS OF ACCEPTANCE
B y I r v i n g  L a n g m u i r

Mr. C h a i r m a n : I deeply appreciate the honor that has been 
conferred upon me by the New York Section of the American 
Chemical Society, and I thank you for the kind words you have 
spoken.

The credit for the work upon which this award is based, should 
really be shared by many. In the first place, these investi
gations would never have been possible if it had not been for the 
active encouragement given by Dr. Whitney and for the wonder
ful spirit of cooperation and enthusiasm which he has instilled 
into the research laboratory.

Ill the second place, the work is the result of the very' unusual 
ability of my assistant, Mr. Sweetser, who has carried out fully 
90 per cent of all the experiments. Mr. Sweetser has made a 
quantitative study of a very large number of chemical reactions 
and other phenomena, and the data are preserved in the form 
of about 3000 large pages of notes which record all the details 
of the experiments. These data constitute a veritable mine 
of information on low pressure reactions. The results of only 
about one-lifth of the material have been published thus far. 
Gradually, I am working through the remaining four-fiftlis, 
trying to analyze the results and trying to develop theories of 
the phenomena observed. Besides Mr. Sweetser, there have been 
many other members of the laboratory who have actively con
tributed to this work. Among these I would mention especially 
Mr. Mackay and Mr. Rogers.

CHEMICAL REACTIONS AT LOW PRESSURES
By I r v i n g  L a n g m u i r

If small quantities of almost any gas are introduced into an 
evacuated bulb containing a highly heated tungsten filament, it is 
found that the gas gradually disappears. In the great majority 
of cases this action proves to be of a purely chemical nature.

A large number of reactions have been studied quantitatively 
in this way, using many different gases and several different 
filament materials. In each case the actual rate was determined 
at which the gas disappeared, under given conditions of pressure, 
filament temperature and bulb temperature. Pressures ranging 
from 0.0001 to 0.05 mm. of mercury were employed.

The phenomena observed were studied from the view-point 
of the kinetic gas theory, and in this way it has been possible 
in the majority of cases to draw some more or less definite con
clusions as to the mechanism of the reactions involved. In 
particular, the statistics of the reactions have been determined 
wherever possible. Thus, in a reaction between a gas and a solid 
body, the question is raised: Out of all the molecules which 
strike the surface of the body, what fraction enters into reaction 
with it? Similarly, in a reaction between gases, the question 
becomes: Among all the collisions between molecules of the 
two gases, what fraction results in combination?

The reactions occurring between heated filaments and the 
surrounding gases are heterogeneous. Reactions of this type 
have often been investigated in the past and several theories of 
the mechanism of such reactions have been advanced. The 
theory that has met with most favor is that of Bodenstein and 
Fink, according to which the velocity of the reaction is limited 
by the rate at which the reacting substances can diffuse through 
an adsorbed film of gases 011 the surfacc. The rate of diffusion 
is inversely proportional to the thickness of this film and the 
thickness of the film is in turn dependent on the partial pressure 
of the gas from which it is formed.

As a result of several years of study of heterogeneous reaction 
between solids and gases at low pressures, the writer concludes 
that under the conditions of these experiments, Bodenstein and 
Fink’s theory does not apply. A new theory, which may be 
termed the “ theory of molecular films,” is proposed and is found 
extremely useful in all the low pressure reactions.

According to the "theory of molecular films” the velocity 
of heterogeneous reactions is in general limited by the rate at 
which the gas molecules can.come into contact with the active 
portion of-the surface.

The fundamental conception back of this theory is that the 
number of gas molecules which strike a given surface per second, 
according to the kinetic theory, is strictly limited at any given 
pressure. Thus, in a gas of molecular weight M at a pressure p, 
and absolute temperature T, the total number, n, of molecules 
which strike a sq. cm. of the walls per second is

Here p is expressed in bars (dynes per sq. cm.). For air at 
room temperature and atmospheric pressure, this corresponds 
to about 2.9 x 10“  molecules per second; (in other words, 13.8 
grams, or 12 liters of air per second).

Although this rate seems extremely high, yet if the active 
surface of the solid is very small the actual rate at which the gas 
is able to come into contact with it may also be small.

The portion of the surface which is active in a given reaction 
is in general determined by the extent to which the surface is 
covered by a layer of adsorbed gas. In some cases, the active 
surface is in the uncovered portion of the surface, while in others 
it may be the covered portion. The adsorption film is thus 
looked upon as a layer of molecules, usually only one molecule 
deep, which covers the surface more or less completely. This 
film is not thought to be a layer of highly compressed gas, as in

T in ; W i m . i a m  II. N i c h o l s  M e d a l

the usual theory of adsorption, but is considered to be a layer of 
molecules held on the surface by the same kind of forces as those 
that hold the atoms of a solid body together.

The adsorption film is taken to be in a state of kinetic equilib
rium with the gases around it. Thus it is assumed that the 
majority of gas molecules striking the bare surface of a filament 
do not rebound from the surface by elastic collisions, but are 
held by cohesive forces until they evaporate from the surface. 
According to this view-point, which has been based on much 
experimental evidence, the rate of formation of the adsorption 
film is proportional to the pressure of the gas and also to the 
area of that part of the surface remaining uncovered. On the 
other hand, the rate of evaporation of the adsorption film is a 
function of the temperature and is proportional to the extent of 
the surface covered by the film. In a steady state the rate of 
formation and the rate of evaporation must be equal.

According to this theory, the adsorption film is in a state of 
constant change. One by one, the molecules are evaporating 
and thus exposing the bare surface of the metal of the filament. 
Other molecules then soon fill up these gaps, but at any given 
instant there will always be a certain small fraction of the sur
face exposed.

This theory of "molecular films” has been in good quantitative 
agreement with the experiments in all the cases studied thus far. 
In fact, examination of the published data on the velocity of 
heterogeneous reactions at ordinary pressures, makes it appear 
probable that even at these higher pressures this theory is more
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nearly in accord with the experimental facts than is the theory 
which postulates that the velocity is limited by the rate of 
diffusion through an adsorption film.

The application of this theory to particular cases will be con
sidered more in detail in connection with the experimental re
sults.

The experiments 011 the clean-up (disappearance) of gases 
by heated filaments have shown that there are many advantages 
in studying heterogeneous reactions at very low pressures.

In the first place, at low pressures convection currents in the 
gas are entirely absent and diffusion takes place so rapidly that 
the reaction products moving away from the filament, do 
not in any way interfere with the movement of the reacting 
gases towards the filament. In fact, at very low pressures the 
collisions between gas molecules become relatively so infrequent 
that oiie may consider the gas to consist merely of a swarm of 
totally independent molecules which move in straight lines be
tween different points on the bulb and filament.

Under these conditions the temperature of the gas is determined 
by that of the bulb and there is no temperature gradient in the 
gas, in the ordinary sense, even very close to the filament. Thus 
the filament may react with a gas at a totally different tempera
ture from itself— a thing impossible at ordinary pressures. A 
study of the effect on the reaction velocity, of the separate 
variation of gas temperature and filament temperature, opens 
up a new and powerful method for arriving at a better under
standing of the mechanism of such reactions.

Another advantage in working at low pressures lies in the 
fact that the molecules of the products of the reaction, after 
once leaving the filament, do not return to it again until after 
having made many collisions with the walls of the bulb. If 
the bulb is maintained at such low temperature that the products 
condense, it is possible to prevent these products from coming 
into contact with the filament at all, except at the moment of 
their formation.

The reactions that have been observed in the clean-up of gases 
at low pressures may be divided into four classes:

1— The filament is attacked by the gas.
2— The gas reacts with vapor given off by the filament.
3— The filament acts catalytically on the gas, producing a 

chemical change in the gas without any permanent change in 
the filament.

4— The gas is chemically changed or reacts with the filament 
as the result of electrical discharges through the gas. These 
may be termed electrochemical reactions.

In this paper only a few examples of the first three types of 
reactions will be given. The consideration of the fourth type 
is reserved for a future paper.

I — DIRECT ATTACK OF THE FILAMENT

CLEAN-UP OF OXYGEN BY A TUNGSTEN FILAMENT Eveil
at very low pressures, oxygen attacks tungsten at high tempera
tures to form WO3, which distils oiT the filament, leaving the 
surface clean and bright. A study of the rate of clean-up under 
various conditions and an analysis of the results from the view
point of the “ molecular film theory” has led to the following 
picture of the mechanism of the reaction:

A large fraction (certainly over 15 per cent) of all the oxygen 
molecules striking the bare surface of tungsten sticks to the sur
face or is adsorbed, forming a layer which is probably only one 
molecule deep. This layer exists in two modifications which are 
in chemical equilibrium with each other. One of these modi
fications is active and reacts immediately with oxygen 
molecules which may strike it, to form WO3, while the other is 
inactive and cannot so react with oxygen. For example, it may 
be that the oxygen is first adsorbed by the metal as WO2, but 
that this reacts with more tungsten to form 2 WO, so that these 
two substances are in equilibrium with each other on the surface. 
Oxygen molecules striking W O would react to form W Oa, while

those striking WO2 would not react. The WO3 distils off as 
fast as formed, but the rate at which the adsorption film evapo
rates is small, compared to that at which it is removed by com
bining with more oxygen.

This theory is in splendid quantitative agreement with the 
results of the experiments.

REACTIONS BETWEEN OXYGEN AND CARBON At 1200° K ,1
part of the oxygen reacts with carbon to form COj but another 
part gradually forms an extremely stable adsorption film which 
greatly retards the progress of the reaction that leads to the 
formation of C 0 >.

At 1700° K the adsorption film slowly, and at 2100° K  rapidly, 
decomposes in vacuum giving oil CO. Thus when oxygen acts 
011 a filament at 1700°, w'hich has previously been heated in 
vacuum at a high temperature, at first only C 0 > is formed, but 
gradually, as the adsorption film grows, more and more CO is 
produced.

The adsorption film may also be formed by heating the carbon 
in COa. In this case the volume of CO liberated is equal to the 
CO2 consumed, showing that half of the oxygen is retained by the 
carbon to form the film. Carbon monoxide, 011 the other hand, 
is not absorbed by the carbon at any temperature, showing that 
although the adsorption film gives up carbon monoxide on heating 
it cannot be formed from this gas.

There are good reasons for believing that this adsorption 
layer consists of oxygen atoms chemically combined with the 
carbon atoms forming the surface layer of the filament. These 
carbon atoms in turn form endless carbon chains or lattices with 
all the other carbon atoms of the filament.

According to this view-point it is not possible to assign a 
chemical formula to the oxygen “ compound” on the surface. 
It is thought probable that the adsorption of oxygen by a tungsten 
filament at high temperatures is to be explained in a similar 
manner.

2— REACTION WITH VAPOR FROM THE FILAMENT

CLEa n - u p  OF n i t r o g e n  BY t u n g s t e n — It has been pre
viously shown that nitrogen does not combine with solid tungsten, 
but that every collision between an atom of tungsten vapor and 
a molecule of nitrogen, results in the formation of the compound 
WN2. In this case the temperature of the bulb is without 
effect on the velocity of the reaction.

CLEAN-UP OF NITROGEN BY MOLYBDENUM A S tu d y  of
this reaction shows that nitrogen does not combine with solid 
molybdenum, and that every collision between an atom of molyb
denum and a molecule of nitrogen results in the two "sticking” 
together, sometimes in the form of a’ stable compound M0N2, 
but in other cases as an unstable. “ adsorption compound,” 
which breaks up again when it strikes the bulb. The relative 
proportions of the stable and unstable' compounds is dependent 
011 the relative velocity of the nitrogen molecules and molyb
denum atoms at the moment of their collision. The lower the 
relative velocity (lower temperature), the greater is the pro
portion of the stable modification.

CLEAN-UP OF CARBON MONOXIDE BY TUNGSTEN— With 
the bulb at room temperature this reaction follows exactly the 
same mechanism as the reaction between nitrogen and tungsten 
and leads to the formation of a compound WCO. On the other 
hand, when the bulb is cooled below— 70° C., the CO actually attacks 
the tungsten filament and forms an adsorption film of this com
pound on the surface of the filament. The rate of attack of the 
filament is thus limited by the rate at which the compound can 
distil off, and is independent of the pressure of the CO or the 
bulb temperature (provided this remains below— 70° C.). This 
is an interesting example of a chemical reaction having a reaction 
velocity with a negative temperature coefficient.

c l e a n - u p  o f  o x y g e n  b y  p l a t i n u m — This case is analogous 

1 K  (Kelvin) is used to  denote absolute tem peratures.
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to that of the clean-up of nitrogen by tungsten, but at higher 
pressures of oxygen (over 1 mm.), the oxygen in addition to com
bining with the vapor from the platinum, also attacks the plati
num at a rate that increases with the pressure.

3 — CATALYTIC REACTIONS 
d i s s o c i a t i o n  o f  h y d r o g e n  i n t o  a t o m s — This has been 

fully described in recent papers in the Journal of the American 
Chemical Society.1

d is s o c ia t io n  o p  c h l o r i n e  in t o  a t o m s — A highly heated 
tungsten filament in chlorine at low pressures dissociates this 
largely into atoms. This leads to some interesting results. 
For example, consider two tungsten filaments mounted side by 
side in a bulb containing chlorine at low pressure. If one of 
the filaments be heated to a high temperature, while the other 
is kept cold, the cold filament gradually grows thinner and may 
finally disappear, while the hot filament may grow in size by 
the decomposition of the vapor of the WClr, formed by the attack 
of the cold filament by the atomic chlorine.

r e a c t io n  b e t w e e n  o x y g e n  a n d  c a r b o n  m o n o x id e  i n  
co n ta c t  w i t h  p l a t i n u m — It is found that this reaction takes 
place only when carbon monoxide molecules strike oxygen

GAS PROGRESS IN THE UNITED STATES
In a speech before the convention of the “ Investment Bankers’ 

Association of America” 011 “ The Modern Gas Company as 
Security for Bonds” (quoted in the J. Gas Lighting, 129 (1915), 
212), Rufus C. Dawes of Chicago outlined the growth of the gas 
industry in this country.

As early as 1835 there were at least six gas plants in the 
largest cities of the United States, and the business may be con
sidered as well established at that time. The oldest tradition 
of the business is to maintain an uninterrupted supply of gas. 
It was a proud advertisement made by the Consolidated Gas 
Company that “ New York City’s gas supply has never failed 
in eighty-seven years.” But it is substantially true of all gas 
companies. This determination to establish a dependable 
service has had 110 small part in the development of the busi
ness, for the gas business has, from the start, had many things 
to contend against. The inventive genius of mankind has ex
hausted itself in an effort to supply some substitute for the service 
it has rendered; but, in spite of many obstacles, and contrary 
to many fears, the gas industry has steadily grown. The 
obstacles have been overcome. The fears have subsided. The 

'industry has entered a new era, and has more than doubled its 
volume of business in the last decade. Invention now works 
for, not against, its future growth. The price at which its 
product has been sold has steadily declined. In New York 
City, for instance, the price in 1826 was §10; in 1846, $6; in 
1866, $3.50; in 1886, $1.25; in 1906, $0.80. Each reduction 
in the selling price of gas has opened up new fields for its use.

Gas carries heat units in a form more available for use than 
any of its competitors. Whenever a new field is invaded, the 
genius of inventors perfects the methods of burning gas; and the 
demand for such inventions has only recently been felt. The 
response is most encouraging, and the double effect of lower 
prices and more efficient burners has already been apparent, 
and supports the strongest confidence for further success in the 
heating field. Herein lies our future; and we are not so far as 
some have supposed from our great goal— the use of gas ex
clusively for domestic heating.

Bonds issued by modem gas companies are secured by a 
natural monopoly in the sense that their property is the only

1 Langrnuir and M ackay, J . A . C. S . .  3 6  (1914), 1708; and  L angm uir, 
Ibid., 37  (1915), 417.

molecules which are present in an adsorption film on the surface. 
At low temperatures the carbon monoxide adsorbed oti the sur
face prevents the oxygen molecules from being adsorbed. As the 
temperature is raised, the carbon monoxide evaporates more 
rapidly and thus exposes the bare surface of the platinum. 
The oxygen and the carbon monoxide molecules then compete 
with each other to reach these bare spots. If oxygen strikes 
such a spot it is adsorbed and thus reacts with the next CO 
molecule which strikes it.

A t higher temperatures the CO and O2 distil of! more rapidly 
and finally a point is reached where the velocity of the reaction 
decreases with further rise in temperature because the oxygen 
adsorbed on the surface distills off before the CO molecules have 
a chance to react with it.

The experiments at all temperatures and pressures are in good 
quantitative agreement with this theory.

r e a c t i o n  b e t w e e n  o x y g e n  a n d  h y d r o g e n  i n  c o n t a c t  
w i t h  p l a t i n u m — The mechanism of this reaction is very simi
lar to that of carbon monoxide and oxygen.

R e s e a r c h  L a h o r a t o r y , G e n e r a l  E l e c t r i c  C o m p a n y  
S c h e n e c t a d y , N e w  Y o r k

one capable of supplying exactly the same service. Moreover, 
under, present legal adjustments, which provide for regulation 
and control with due regard to the protection of money in
vested, such property can never be duplicated or abandoned, 
but must be devoted to supplying this service, exclusively and 
perpetually. Y et these companies are engaged in the greatest 
of competitions— the competition of fuels. A t least we have 
at last learned to conduct our business in this conviction; and 
we do believe that we can deliver the elusive and highly prized 
heat units in safer, cheaper, and more available form than our 
competitors, for an annually increasing number of purposes.

In support of our confidence, I may submit some statistics 
compiled by Mr. John W. Lansley, from a United States Govern
ment report relating to the gas industry. These figures are the 
best available, and appear to be substantially correct:

Y ear P lan ts  C ap ita l Arinual p roduct
1850......................................  30 $ 6 ,6 7 4 ,0 0 0  $ 1 ,921 ,746
1890......................................  742 258 ,772 ,000  56 ,9 8 7 ,0 0 0
1900......................................  877 5 67 ,001 ,000  75 ,717 ,000
1910......................................  1,296 9 1 5 ,537 ,000  166,814,000

Between 1890 and 1900 the increase in capital appears, from 
these statistics, to be 119 per cent, while the increase in annual 
gross income appears to have been only 33 per cent. Between 
1900 and 1910, 011 the contrary, capital appears to have in
creased 60 per cent and the annual gross income 120 per cent. 
The increase in the amount of capital between 1890 and 1900 
was about the same as between 1900 and 1910, but the in
crease in income between 1900 and 1910 was five times that be
tween 1890 and 1900. This increase in gross annual income 
was brought about by a reduction of 32 per cent in the price at 
which the product was sold. In other words, a gradual reduction 
of 32 per cent in the price of the product resulted in ten years 
ip an increase of 120 per cent in the gross annual revenue of an 
industry eighty years old, and necessitated an increase of only 
60 per cent in capitalization.

The most interesting incident in this extraordinary accom
plishment is the increase in the consumption of gas for fuel 
purposes. It is difficult to determine these proportions ac
curately, but the United States Geological Survey gives figures 
from which it may be estimated that in 1900 the proportion of 
gas used for fuel was about 20 per cent of the total, and in 1910 
about 50 per cent. From these conditions and these tendencies
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may it not be safely predicted that the future of the gas industry 
is secured?

As a basis for bonds, the modern gas company offers, then, 
these conditions: A stable, income for the supply of a public 
necessity, an increasing income, physical property exceptionally 
high with relation to income and permanently devoted to public 
service, moderate and not extortionate profits, a long record, 
excelled by none, and a present condition of growth never be
fore experienced.

LOW-TEMPERATURE COAL DISTILLATION

In his second Cantor Lecture, on “ Oils, Their Production and 
Manufacture,”  before the Royal Society of Arts [/. Gas Lighting, 
129 (1915), 260], Dr. F. Mollwo Perkin referred to the hopes 
which have been expressed from time to time, of obtaining 
large quantities of motor spirit from coal by low-temperature 
distillation.

Those who have designed retorts for this purpose, he said, 
have been extravagant in their anticipations; and there has 
been too much loose talk of phenomenal yields of motor spirit. 
The fact is that methods of distillation have not been sufficiently 
studied, with the result that crude products have been spoken 
of as if they were purified products. Coal owners and others 
who have subjected their minerals to distillation in various 
retorts have consequently been considerably disappointed. 
Personally, he believed in a very great future for low-tem
perature distillation, but care should be taken not to exaggerate. 
Many of the enormous claims made out for the production of 
motor spirit in this way could, on examination, be reduced to 
one-third.

The best-known processes for producing motor spirit of this 
kind are the Coalite, the Del Monte, and the Tarless Syndicate 
— one of the objects being the production of a smokeless fuel. 
There is not always a good market for this kind of fuel, but 
there is an increasing market for the other products of the pro
cesses— viz., various oils and sulfate of ammonia.

One drawback of the Del Monte process originally was that 
the retort quickly became blocked up if a caking coal was used, 
but a form of retort has now been designed in which any kind 
of coal could be used. Results with a Scottish cannel coal, 
which contained some 31 per cent of volatile matter, showed a 
yield of 37 gallons of crude oil per ton— the smokeless fuel re
maining behind containing 9 per cent of volatile matter. The 
crude oil on fractionation gave 1 gallon of motor spirit, 3 gallons 
of fuel oil, 16.9 gallons of heavy oil, 3 lbs. of wax, and 124 lbs. 
of pitch. This showed how purification reduced the quantity 
of oil available for motor purposes.

The Tarless Syndicate’s process works 011 a totally different 
principle, and produces a good smokeless fuel. Caking coals 
can be used very readily. With this process, a Yorkshire coal 
containing 29V2 per cent of volatile matter gave 18 gallons of 
crude oil per ton, which, on purification, yielded 3 gallons of 
motor spirit, 2'/< gallons of intermediate oil, 8V2 gallons of fuel 
oil, 8 lbs. of paraffin wax, 50 lbs. of pitch, and 22 lbs. of sulfate 
of ammonia. It is possible, with the smokeless fuel from this 
process, to light a fire without any ordinary coal, which is not 
the case with all smokeless fuels.

BRITISH OIL IMPORTS
In a recent issue the J. Gas Lighting [129 (1915), 181] com

ments editorially on data of British oil imports in 1914 pub
lished by the Petroleum Review. Far from the war having 
adversely interfered with the petroleum trade it appears to have 
beneficially affected it. Last year Great Britain imported not 
less than 459,744,780 gallons of various petroleum products, 
exclusive of the large amounts absorbed by the British Govern
ment, which may be calculated to aggregate about 200 million

gallons. The European war has, of course, interrupted supplies 
from certain eastward fields. Owing to this fact, owing also to 
important Continental countries being closed to outside trade, 
America has taken advantage of its free way to this country, 
and has made the most of its opportunity; and it is easy to 
agree that, had it not been for the amplitude of the American 
supplies, England long ere this would have been in a very un
fortunate position. The gas oil trade is now almost exclusively 
with America; and there is indication of the large revival of 
carbureted water-gas manufacture, after the shutting-down 
of plants, due to oil costs, in 1912 and the first part of 1913, 
when it is learned that the gas and solar oil imports from America 
last year established a new record— amounting in the aggregate 
to 83,000,000 gallons. This figure is in the neighborhood of
20,000,000 in excess of the total for 1912, and 18,000,000 in 
excess of the total for 1913. Notwithstanding the growth of the 
prepayment gas-meter system, the illuminating oil trade has 
still very large proportions, though the constant inroads upon 
it are causing its bulk gradually to dwindle. When one sees 
that the imports of illuminating oil during the past twelve 
months amounted to 146,600,000 gallons (which was some 10 
millions less than in 1913), it suggests that (not forgetting the 
use of oil for illumination in other directions) the prepayment 
gas-meter has still an extensive field to conquer. The Petro
leum Review admits that during recent years the tendency has 
been towards a diminished consumption of oil for illuminating 
purposes. “ But now that kerosene can be so advantageously 
employed for heating and cooking purposes, and its use as ail 
illuminant under modern conditions is regaining favor, there 
is no doubt that a steady increase will be shown in the illuminat
ing oil imports for many years to come.” There is good con
fidence, says the editorial, in saying that such a njessy method 
as cooking and heating by oil will not gain much headway with 
cleanly, convenient, labor-saving, and economical gas opposing. 
Of course, there is an increasing use of oil for internal com
bustion engines. Motor spirit imports also showed an enormous 
gain during the past year. Altogether 120 million gallons 
were imported, or about 18 millions more than in 1913. So 
long as the gas industry continues to make headway, it can 
afford to congratulate a companion industry upon its successes, 
even though that industry may be largely competitive.

PETROLEUM OUTPUT OF ROUMANIA1 IN 1 913
T o t a l  O u t p u t
( M e t r i c  T o n s ) 1,885,225

i n  1913 M etric  tons
E x p o r t s 1912 1913

C rude petroleum 27,498 28,622
R esidues.............. 283,594 341,912
M ineral oils. . . . 7,351 9,543

G asoline.............. 353,563 418,622
B enzine ............... 173,817 237,168
Paraffin ............... 600 579

T o t a l  E x p o r t s ,  846,423 1 ,036 ,446

E x p o r t s M etric tons
t o 1912 1913

G erm an y ......... 84,041 126,295
G rea t B ritain .. . 214,195 232,880
A ustria  H u n 

gary ............... , 86,013 77,184
B elgium ........... 11,907 25,136
B u lg a ria ........... 10,358 13,149
D e n m ark ......... 4 ,500 13,893
E g y p t ............... , 142,418 121,642
F ra n c e .............. 163,679 151,402
H o llan d ............ . 26 ,036 44,947
I ta ly .................. , 25,921 118,643

8,186N o rw ay ............ 11,343
R u ss ia ............... 1 , 2 1 0 9,114
T u n is ................ 7,053 8,204
T u rk e y ............. 53 ,549 64,682
Sw eden ............. 4,190

COAL TAR IN RUSSIA
The supply of coal tar. in Russia has, says a Petrograd corre

spondent in the J. Gas Lighting [129 (1915), 184], become a 
very acute question since frontier communications between 
Germany and that country have been closed. The only gas
works that hitherto has made a feature of distilling its own coal 
tar for chemical purposes to any extent has been that of War
saw. Moscow had realized the importance of directly utilizing 
the residuals of gas production, and had entered into a contract 
with a German house to supply a plant for the recovery of 

> Chem. Ztg., 39 (1915), 28.
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ammonia. But difficulties having supervened in consequence 
of the war, there is said to be a probability that, in the event of 
some home house not being found capable of carrying out the 
work, the contract will ultimately be confided to a firm in Eng
land or in a country on friendly terms with Russia. A  good 
deal more coal tar could be obtained by the Russian gas-works, 
were the industry more alive to the value of using up the raw 
material that lies close at hand. But hitherto either the raw 
material itself or its derivatives— such as aniline dyes— have 
been obtained almost entirely from Germany. The present 
crisis is forcing attention to what the gas-works can do for the 
country; and it is believed the result will be a much larger call 
on these establishments for coal tar and other by-products of 
value in the chemical industry.

ACTIVITIES OF THE BRITISH BOARD OF TRADE

Shortly after the outbreak of hostilities, the Commercial 
Intelligence Branch of the British Board of Trade issued a series 
of pamphlets dealing with the exports and imports of Germany 
and Austria-Hungary, and comprising extracts from Consular 
reports bearing on the articles of industry of which statistics 
were given. Much of the matter was old, but the reissue of it 
has helped to focus the attention of the manufacturer on the 
items which concern him individually.

A r t i c l e s  W a n t e d  d y  B r i t i s h  F i r m s

Glass artificial fru it 
Bakelite 
Brushes, misc.
Celluloid substitu te  
Cement and p laster 
Cellulose aceta te  
Salicylic acid 
Bichromates of soda 

and potash 
Antimony 
Barium peroxide 
Manganese dioxide 
Sodium salicylate 
Bisulfite of soda 
Hydrosulfite of soda 
Aceto-salicylic acid 
Eau de cologne 
Alizarine substitu te  
Aniline

Aniline or pulp dyes 
Sulfur black 
E lectrical insulating  

m ateria ls  (such as 
aiqbroin, stab ilite , 
a c tn a  m ateria l, e tc .). 

M ilk powder 
G alalith
G alalith  substitu tes  
Glass cylinders for 

vacuum  flasks 
Presses for s tam ping  

th in  sheet m etal 
M achinery  for w ind

ing fine wires on 
bobbins, and  for 
tw isting  wire around  
gu t m usical strings

Balata belting 
Corozo and im ita tion  

buttons 
Horn and bone b u ttons  . 
Celluloid sheets 
Chromic and m uriatic  

acids 
Arsenic 
White lead 
Sodium citra te  
Naphthalene 
Formalin 
Antimony 
Quicksilver 
Ammonium n itra te  
Sodium oxalate 
Red lead 
White zinc oxide

A r t i c l e s  W a n t e d  b y  N o n - B r i t i s h  F i r m s

C opper sulfate 
Protosulfide of copper 
Aniline colors 
Dyewood 
Indigo
R o ta ry  kilns for m ak

ing P o rtland  cem ent 
M ach inery  for cu tting  

lea ther boo t laces 
M achinery  for m aking 

pins, ha ir pins, hooks 
and  eyes, and  sim ilar 
articles 

A lum inum  sheets 
Cellular zinc sheets, 

for m aking perfo
ra te d  cylinders for 
seed cleaners

Chinese wood oil
Degras
E a rth  wax
Linseed oil
Paraffin
T urpen tine
C innabar
F luorspar
T alc
D ividivi
E x trac ts  (especially 

liquid quebracho, 
oak and  chestnu t) 

M angrove ex trac t

?uebracho 
annin 

Zinc
Zinc d u st

world, including waxes from oils, show this variety of bauxite 
to be as effective as it has been with the Burmah oil products. 
The bauxite must be graded in the same way as is fuller’s earth, 
and this is best done by the supplier. The bauxite in its natural 
state has little effect on coloring matter, or other purifying 
action, until the water of combination has been driven off at 
about 500° C. To accomplish this the bauxite is calcined in 
any suitable furnace, and is then ready for use in the filters. 
B y filtration it will be apparent that the wax or oils may be 
graded into several degrees of colors; that passing first through 
the bauxite is colorless, whereas that passing through later is 
slightly tinged, increasing in color until the bauxite is exhausted. 
By grading the wax or oils, the process can be carried on, and 
the full efficiency of the medium used up. After the decolorizing 
power is completely exhausted, the bauxite containing a certain 
amount of the wax or oil is extracted in any suitable extraction 
plant, steam-dried and ignited, when it is again ready for use. 
There is not much mechanical loss in these operations, although 
much depends upon the physical nature of the original mineral, 
some varieties being very soft and easily powdered. It is best 
to select a variety possessing a good degree of hardness.— A.

P erm anen t m agnets 
for m agnetos 

Gold m etal foil 
Zinc sheets (nickel- 

p la ted  and  polished 
on one side)

Solid draw n steel tubes 
abou t 2  in. in te rna l 
diam . and  24 ft. 
long

Lanoline (anhydrous) 
Asbestos fiber jo in ting  
Japanese to ile t paper 
Im ita tio n  M other-of- 

Pearl paper 
W aterproofing paste  

and  solutions 
Zinc d u st

METER-TESTING IN CANADA
A Canadian Blue Book which has lately been issued furnishes 

particulars in regard to the testing of gas-meters in the year 
ending March 31, 1914. The number presented for verification 
was 88,133, °f which 23,641 were correct, while 16,253 were 
fast and 47,400 slow within the legal limit. Altogether 87,295 
meters were verified and 838 rejected.

In connection with this campaign undertaken by the Board 
of Trade to assist manufacturers and merchants to secure trade 
formerly in the hands of German or Austria-Hungarian firms, 
a series of lists are being published weekly, dealing with inquiries 
for articles which inquirers desire to purchase. The February 
lists are given above.— [E. G e d d e s  A n d e r s o n ]

THE PURIFICATION OF PETROLEUM
According to The Petroleum World (Vol. No. 173), the sulfuric 

acid method for the purification of petroleum is generally re
garded as being expensive, and unsatisfactory in some respects, 
and chemists have spent much time and money in the endeavor 
to find a more efficient and less troublesome method. A new 
method in which the mineral bauxite replaces the sulfuric acid 
is described, and it is stated that the Burmah Oil Co., Ltd., are 
using this bauxite method, with success, at their refineries at 
Rangoon. The description goes on to state; "The Indian 
varieties of the ore are particularly efficient, and many experi
ments carried out with petroleum products from all parts of the

THE AMERICAN LOCOMOTIVE INDUSTRY
Figures relating to recent locomotive construction in the 

United States are of rather peculiar interest at the present time, 
according to Engineering, 99 (1915), 146, in view of the efforts 
made in some quarters to hold Great Britain and the action of 
our Fleet responsible for the business depression on the far 
side of the Atlantic. In 1914 there were built in the United 
States only 1265 locomotives, compared with 5332 built in the 
previous year. It is very clear from these figures that, sup
posing no engines to have been built after the outbreak of war, 
the industry was badly depressed throughout the first half 
of the year. England cannot have had much to do with 
causing a depression which was really serious before the inter
national complications of the latter half of the year. Its real 
cause is rather to be found in the country itself, and so far as 
the railways are concerned, is due largely to the harassing 
manner in which they have been treated in recent years. The 
effect of disturbing the purchasing power of so large an industry 
as the railways is felt, of course, throughout the country.

THE GERMAN IRON-UNION NEGOTIATIONS
The different branches of the German iron industry have just 

been holding a number of meetings in order to discuss the 
present position and the outlook [Engineering, 99 (1915), 183]. 
As regards the plate-rolling mills, it was held that it was neces
sary to raise the quotations, on account of the increasing cost of 
manufacture. No definite arrangements, at least as far as 
inland sales go, were, however, arrived at, but the works agreed 
that during the war, and in the meantime until the end of June, 
all sales abroad should be made jointly through one bureau—  
that of the Shipbuilding Steel Bureau, at Essen, which was 
formed after the dissolution of the former heavy-plate union. 
The report that the bar-iron works had arrived at an under
standing on the basis of the former bar-iron union agreement 
is not correct. A t the meeting of the steel works the market 
position of the “ B ” products was gone into, more especially 
with reference to bar iron, and the opinion was generally ex
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pressed that higher prices would have to be insisted upon, and 
for the first quarter of 1915 a price of 112V2 marks net, Ober
hausen, was suggested, and for the second quarter a price of 
115 marks. No binding arrangement, however, was arrived at, 
and there is 110 question of anything like a substitute for the 
old bar-iron syndicate having come into existence. There has 
been a discussion about price agreements concerning the three 
leading "B ” products, bar-iron, plates, and tubes as a kind of 
intermediate step to the contemplated proper syndicate. It 
appears at present questionable whether such an arrangement 
can be arrived at on account of the dislike for conventions of 
this kind which prevails in many industrial circles. The plate- 
rolling mills, in any case, as has already been mentioned, have 
decided not to go beyond an arrangement about the export 
business, which cannot be of much importance at present; for 
bar-iron syndicate negotiations may be said not to have com
menced yet.

THE “ SENFROT” CHEMICAL INJECTOR

An interesting piece of machinery for introducing a fixed 
ratio of chemical solution (as, for example, a coagulant like 
aluminum sulfate) into a water supply system under pressure 
is the "Senfrot’’ injector invented by the English engineer R. C. 
Parsons. It will work with water under any pressure [Engineer
ing, 98 (1914), 699].

The accompanying figure is a section through the two pump 
cylinders and the main into which the solution is to be intro
duced.

The cylinders are of equal diameter, and are always full of 
water, or of water and the chemical solution which is to be in
jected into the mains. Each cylinder contains a solid piston, 
made of material slightly heavier than the liquid displaced. 
The pistons, which have wide circumferential grooves, move 
quite freely in their cylinders. A valve-gear, which controls 
the admission and exhaust of the water from both cylinders, is 
situated below the cylinder a. It is operated by a fork carried 
by a rod, c, attached to the bottom of the piston of the cylinder 
a. This fork engages the tappet-rod d, which has adjustable 
tappets, and by means of it moves the slide-valve e each time 
the piston completes a stroke in either direction. The operation 
of this slide-valve e controls the movements of a second slide- 
valve/, by admitting pressure-water above or below it. The 
casing of the valve c has a connection to the pressure-main 
through the pipe g, and a further connection to exhaust.

Slide-valve / is cylindrical, and in that sense is a piston-valve; 
but it has ports only on one side, like a slide-valve. The ob
ject in using the cylindrical construction is to enable the valve 
to operate like a piston and to move up or down as pressure 
water is supplied below or above it by the movement of the 
valve e. The movement of the valve e admits water alternately 
to each end of the valve /, and simultaneously puts the other 
end to exhaust. The ports in the valve /  are so arranged that, 
as it moves up and down, it alternately supplies pressure-water 
to the cylinders a and b, and at the same time connects the other 
cylinder to exhaust. In addition to the valves c and /, there is 
a further controlling valve, h. This is fixed at the bottom of 
the cylinder b, and is kept open by means of a spiral spring, 
except when it is forcibly closed by the piston, in its lower 
position, coming down 011 top of the spindle. There are further 
valves, fixed in casings at the top of the cylinders which control 
the chemical to be injected into the water-main. The valves 
of the two cylinders are similar, and in the figure the arrange
ment for the cylinder a is shown in cross-section; the inlet and 
outlet valves are respectively marked k and I. All the valves 
consist of thin discs of pure soft rubber.

The solution to be injected into the main is stored in a tank 
above the apparatus, connected to the upper valve boxes of the 
cylinders by the pipe shown in the figure. The delivery pipe

from these valves to the main has in it a valve m with a diamond
shaped orifice which does not alter its form when opened or 
closed so that a practically constant coefficient of flow is main
tained.

Another essential part of the apparatus is a Venturi tube in 
the main, indicated by two broken parts at the bottom of the 
figure. The delivery pipe for the solution enters this at the 
point of least pressure, while the supply pipe for working the 
pumps is attached at the point of maximum pressure.

In action the water raises the pistons on the up-stroke because 
of the difference in pressure above and below, due to the Venturi 
Throat, and the down-stroke is caused by the relief of pressure 
from opening the exhaust pipe to the atmosphere. In the

cycle the valve 5 controls the movements of the valve /  exactly 
as the slide valve of a steam engine controls the piston; /  in turn 
controls the flow of water to the cylinders.

The stroke of the piston a is constant, while that of b depends 
011 the rate at which the injector is working.

An apparatus with cylinders 3 in. in diam. X 4 in. stroke can 
inject 70 gallons an hour against any pressure. The apparatus 
as described is accurate with a range of flow ¡11 the main from 
1 to 13 and in the injected solution from 1 to 10. Since, however, 
variations in flow in the main of from 1 to 30 are not in practice, 
a variable Venturi tube has been designed to allow for this. 
This device and other auxiliaries are described in detail 
loc. cil.

IRON PRODUCTION IN NORWAY

A leading Norwegian technical journal strongly advises Nor
way to take up the manufacture of iron on a sufficiently large 
scale to supply her own wants according to Engineering, 99
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(1915). 208. The belligerent countries—-England, France, 
Belgium, Germany— when the war is finished, will require im
mense quantities of all kinds of metals, especially iron, for 
which much ore will have to be imported from abroad, with 
sundry freight and transport expenses, before it reaches the 
works. It certainly used to be an accepted maxim that ore 
should be conveyed to the coal deposits, and not vice versa, 
but a different view now begins to prevail, and modem iron 
works started in the ore districts have recently shown more rapid 
development than where the reverse plan has been adopted. 
Norway has immense deposits of iron ore. The South Varanger 
concentrate contains 65 per cent iron, and is considered one 
of the world’s finest ores; and good Swedish ore can, of course, 
also be obtained at an advantageous price. As these are too 
rich to be used without addition of poorer ores, some of Nor
way’s deposits of this type may become useful. Of limestone, 
there is sufficient in the country, as is also the case regarding 
materials for lining the furnaces. The mining of coal at Spitz- 
bergen is likely to develop greatly, and a large coking plant is 
under consideration in Northern Norway. Discarding for the 
present electric ore-smelting, the adoption of the ordinary 
blast furnace of up-to-date design, and with coke, is recom
mended. Iron ore will be cheap wherever in Northern Nor
way the iron works are placed, at Norvick, or perhaps further 
north. The installation should be on a comparatively large 
scale, as the consumption of iron is rapidly increasing, from 
40 lbs. per individual in 1870 to 117 lbs. in 1900, at which date 
the consumption in Germany already exceeded 220 lbs. per 
inhabitant. A production of 100,000 tons of pig iron per 
annum‘ is considered the minimum, of which quantity half 
might be used for foundry purposes, and the other half at steel 
works. Apart from the home market, one might reckon with the 
neighboring countries— Sweden, Russia, Finland, and Den
mark. An installation of two blast furnaces, with a capacity of
50,000 tons each, is suggested, and, in addition, basic Martin 
furnaces or Bessemer, rolling-mill, etc., besides power-station and 
quay accommodation on the railway. The cost is calculated at 
about $1,750,000, but it is confidently prophesied that this 
outlay will bear good fruit, and enhance Norway’s independence 
industrially.

GLASS AND PORCELAIN FOR LABORATORY USE IN 
GREAT BRITAIN

At a recent meeting of the Society of Chemical Industry, an 
exhibition was held of laboratory apparatus, formerly mainly 
produced abroad, but now being manufactured within the 
United Kingdom. After the inspection an opportunity was 
given for discussion. It was stated that the difficulties in con
nection with the production of laboratory glass were very great 
but that the British Laboratory Association, after some months 
of labor, were now able to submit a glass which they hoped 
within the next six or seven weeks to be able to put on the 
market at a very reasonable price and equal to Jena glass for 
laboratory purposes. The same remarks applied to porcelain. 
The materials before being put 011 the market would be sub
jected to severe tests and Dr. Cope of Cambridge and other 
Cambridge university professors had offered their services in 
regard to the testing of the materials. The question of optical 
glass was raised and it was pointed out that this was now being 
worked 011.— A.

PICRIC ACID EXPLOSION
A report, by the Chief Inspector of Explosives, upon an 

explosion of picric acid at the factory of Ellison, Ltd., at Heck- 
mondwike, has been issued by the English Home office. The 
inspector is of the opinion that the ignition of the picric acid 
occurred in the sifting shed, and was probably due to the acci
dental presence in the grinding mill of a nail, stone, or other

3 SS

hard foreign substance and that the resultant explosion was not 
owing to the presence of a picrate, nor to the inherent properties 
of the picric acid, but was rather an explosion of carbonaceous 
dust, rendered more than usually violent because it contained 
within itself all the elements necessary to form an explosion. 
He attaches no blame to Messrs. Ellison, but in consequence 
of the accident he has requested all licensed manufacturers 
of picric acid in the United Kingdom to discontinue the process 
of dry grinding and adopt some method of dealing with ab
normally large crystals in a wet state, and further to take pre
ventive methods as far as practicable against the formation of 
fine dust during the operation of sieving.— A.

GOLD FOIL AND GOLD LEAF
According to The Paper Maker (49, No. 2) the manu

facture of gold foil and gold leaf for the embossing of book 
covers, etc., has largely if not entirely been a German monopoly, 
but a Manchester firm which does a large business each year in 
embossing, etc., has now obtained the sanction of the Board of 
Trade for the entire use of a German patent for the manu
facture of these two requisites.— A.

INDIGO CONFERENCE
A t a meeting of the Supreme Legislative Council of India 

Revenue Minister replying to a question said: "Natural indigo
has undoubtedly suffered severely from competition with the 
synthetic product, and the Government of India are at present 
considering to what extent, and in what manner assistance can 
be rendered to growers of indigo. A  conference has been 
arranged to be held at an early date at Delki, to consider the 
question.”— A.

TWO-CYCLE DIESEL ENGINE
A type of two-cycle Diesel engine built in units as small as 

9 H. P. at 475 r. p. m., designed for heavy duty such as agricul
tural and shop work, is described in Engineering, 99 (1915), 
187. In appearance the engine is simple and workmanlike.

The scavenging air is drawn in through a grid in the base, 
passes through the passage a to the crank case, where it is com
pressed, and at the end of the stroke expands through b into 
the cylinder and finally into the muffler. The piston is of the 
long trunk type with five rings and a heat-insulating air chamber 
which protects the gudgeon pin from overheating. The governor

is contained in the belt pulley and acts on the fuel supply by 
altering the throw of the eccentric driving the fuel pump, the 
eccentric working on a skew cylinder on the shaft.

The cylinder and head are interesting. The head is fixed 
to the cylinder but fits over the jacket walls, with which the 
joint is made by means of a rubber ring, as in the jacket of gas
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engines. Thus independent expansion of the cylinder and 
jacket is provided,' and only one metal-to-metal joint between 
the cylinder casting and head has to be made. The head is 
water-jacketed. It contains a moderately wide neck, opening 
out for the bulb, which is a separate dome-shaped casting. 
The hot bulb is not bolted down, but is held down by the cover, 
which forms a ring pressing evenly all round on tire flange of 
the hot bulb. These features have contributed very con
siderably to the complete elimination of hot-bulb failures, so 
common an occurrence in some engines of the two-cycle type. 
Another interesting point often overlooked is the desirability 
of placing the scavenging and exhaust-ports in line with the 
crank-shaft. It will be seen from our illustrations that this is 
done in the engine under notice. Often they are placed on a 
line at right angles to the shaft, and therefore reduce the area 
of the wearing-face provided in the cylinder for the piston at a 
point where the thrust is severe. Pig. 3 is a section taken 
across the ports.

The engine illustrated in the figures thus far referred to is, 
as already stated, of 9 brake h'orse-power capacity. Two other 
single-cylinder engines of this type are built— viz., 16 and 25 
as brake horse-power. The former has a cylinder 9 in. by 11 in. 
and the latter one 10V2 in. by i s 1/* in. The speed of the former 
is 375» and of the latter 300 revolutions per minute. These two 
engines are similar to that described in general details, except 
that they have outside pedestal bearings, the fly-wheel being 
keyed to an extension shaft bolted to the main shaft by flanged 
couplings. There is an 18 horse-power engine of the twin- 
cylinder type, with fly-wheel on a shaft extension and pedestal 
bearing. The whole is mounted 011 a separate base-plate. 
The two cylinders are 7 in. by 8 in., and the speed 475 revolu
tions per minute.

NITRO-CELLULOSE
A Government white paper recently issued states that Mr. 

J. M. Thomson and Mr. W. F. Thomson, respectively the 
manager and chemist of the Royal Gunpowder Factory, have 
been awarded a sum of L. 2,850 for improvements brought 
about in the manufacture of nitrocellulose.— A.

KELP INDUSTRY
The British Board of Agriculture are at present taking up the 

question of the revival and extension of the kelp industry in 
Scotland. A deputation from the North of Scotland was re
ceived at the offices of the Board of Agriculture, and the matter 
was discussed. It was put forward that the main difficulty of 
stimulating an industry carried on under the conditions in 
which kelpmaking was carried on, was the actual organization 
of the industry, and it was proposed to form a joint association 
of those who might be interested in the production of kelp, with 
a view to securing fair prices for the commodity.— A.

descendants of such men, their chief characteristic being that 
of a workman whose knowledge and experience have been 
gained almost entirely in the workshop, and whose theoretical 
knowledge— whether of chemistry, physics, or mechanics— is 
almost negligible. The German manufacturers of refractory 
materials, on the contrary, have almost invariably had a sound 
training in chemistry and engineering. They approach the 
manufacture from an entirely different point of view— viz., 
that of the user turned manufacturer. Consequently they are 
more impressed with the needs of the user, while the British 
manufacturer is chiefly impressed with the difficulties of manu
facture and the limitations imposed by his material. If once this 
bias could be overcome— and the only remedy is the better 
education of the manufacturers— there is no question that better 
refractory goods can be made in Great Britain than can be ob
tained from the Continent for the same price.”

GERMAN IRON AND STEEL
According to a statement by the Union of German Iron and 

Steel Industries quoted in Engineering [99 (1915), 204] the 
production of pig-iron within the German Customs Union for 
December, 1914, amounted to 853,881 tons, against 1,611,250 
tons for December, 1913, or not very much more than half, 
while there was an improvement as compared with November, 
1914, for which the figure was 788,956 tons. The production 
of pig iron has been as follows:

1914 T ons per day
A u g u st..........................  18,925
S ep tem b er...................  19,336
O ctober......................... 23,543
N ovem ber...................  26,299
D ecem ber....................  27,545

D e c e m b e r  T ons T o ta l
F o undry  p ig ...............  148,881
Bessemer p ig ..............  8 ,778
T hom as p ig ................. 542,808
Steel, e tc ......................  128,317
P u d d le ..........................  25.097

D i s t r i c t  T ons T o tal
R h ineland-W estp lia lia   395,600
Siegerland, W etzlar, and

H essen-N assau ..................... 52,172
S ilesia ...........................................  61,166
N o rth  G erm an y .......................  14,830
C en tra l G e rm an y ....................  25,299
S outh  G erm any and  T h u r

in g ia .........................................  15,473
S aar d is tr ic t............................... 53,554
L o rra in e ....................................... 124,464
L uxem burg ................................. 111,323

BRITISH AND GERMAN REFRACTORY MATERIALS

In the course of an article on “ Refractory Materials and the 
War,” in a recent number of the English Journal of the Royal 
Society of Arts, Dr. A. B. Searle says: “ Retorts for the
manufacture of coal gas cannot now be imported from Germany, 
so that gas engineers are compelled to' use the home-made 
products. There is much divergence of opinion as to the rela
tive values of British and German retorts; and it has not been 
unusual to find German engineers importing British retorts, 
while some British engineers have preferred to purchase Ger
man ones. Here again British manufacturers are trying to 
meet the demands as far as they are able. The chief difference 
between British and German refractory materials may be traced 
to the difference in the ownership and management of the firms. 
In this country refractory materials are chiefly made by men 
who have worked themselves up from a small beginning, or the

More especially in the last three districts the production shows 
a considerable increase of late.

The aggregate production for the last two years was:

T ons 1913 1914
Foundry  p ig .................................. 3 ,6 5 7 ,3 2 6  2 ,494 ,527
Bessem er p ig ................................  368,840 237,988
Thom as p ig ...................................  12 ,193,336 9 ,289 ,989
Steel, e tc ........................................  2 ,5 9 9 ,8 8 7  1 ,996,786
P u d d le ............................................  489,783 370,257

T o ta l ...........................................  19 ,309,172 . 14 ,389,547

The reduction in the production was, as might be expected, 
most marked in Lorraine, with Luxemburg, and next in Rhine
land and Westphalia, while less pronounced in Silesia. The 
figures were:

T ons 1913 1914
R hineland and  W estp h a lia .......................  8 ,2 0 9 ,1 5 7  6 ,610 ,119
Lorraine and  L uxem burg ..........................  6 ,4 1 7 ,7 2 7  4 ,267 ,573
S aar d is tr ic t..................................................... 1 ,370 ,980  954,738
S ilesia................................................................  994,604 853,957

The Essen Pig-Iron Union, according to the present arrange
ment, is to go on until the end of the year 1917 {vol. cit., p.
146). The allotment of 1912— viz., 2,788,000 tons— was raised
on account of some additional works joining, the figures of 
allotment for last year being 2,840,796 tons, which aggregate 
also holds good for the present year, whereas the figures for 
1916 and 1917 were fixed, respectively, at 2,955,796 tons and 
2,985,796 tons. It now remains to be seen how the war will 
affect the actual output. The increase is not brought about by 
a proportionate general rise, but is rather confined to com
paratively few concerns, and some few works have dropped 
out, or are disappearing, at the end of the current year. Thus 
the Haigerer Hiitte and the Bochumer Union do not figure 
in the list for 1916, the former withdrawing, and the latter 
having sold its allotment to the Gelsenkirchener concern, while a 
couple of works disposed of their allotment to the Pig-Iron
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Union at a price of 3 marks per ton. Including these, the
original list for the current year comprises thirty-eight concerns,
of which the largest allotments (in tons) for 1915 are those of:
Gelsenkirchener C o ................. 234,483 Van der Zyppen-W issen Co 106,592
Lübeck B last-Furnace C o . . 167,500 Buderussche Iro n  W o rk s .. 105,000
German Luxem burg C o . . . .  163,000 G uteho ffnungshü tte .............  101,197
K raft K ratzw jeck C o   160,000 N o rth  G erm an Iron  W orks,
K raft N ether R hine C o . . . .  158,600 B rem en ................................. 100,000
Iron W orks M eiderich   157,009 E a s t  G erm an Pig-Iron
Fried. K ru p p .............................  150,211 S y n d ica te .....................    100,000

All the other allotments are of less than 100,000 tons, the 
lowest on the list being: Geisweiler Iron Works, 12,000 tons.

The East German Pig-Iron Syndicate only figures with
75,000 tons for 1916 and 1917, while the North German Iron 
Works in Bremen advanced from 100,000 tons in 1915 to 150,000 
for the following two years, etc.'

There are numerous special arrangements; the allotment 
of the Gelsenkirchener concern, the figure for which increases
43,000 tons for 1916 and 1917, only refers to the company’s 
production at the blast furnaces of the Schalker section (Gelsen
kirchener and Vulkan-Duisburg), and it does not comprise the 
same company’s production in Luxemburg and Lorraine. The 
Gelsenkirchen concern, it will be seen, comes second to the 
aggregate of the two Kraft companies.

There is, perhaps, no more striking example of the German 
disposition to establish and maintain system and method in the- 
prosecution of commerce, industry, of everything in fact, than 
their immense structure of kartels and combines, the formation 
and working of many of which have entailed endless labor and 
the most patient perseverance.

NOTLS AND CORRLSPONDE.NCt
THE KJELDAHL-GUNNING-ARNOLD METHOD FOR 

NITROGEN
The possibilities— in point of rapidity— of the Kjeldahl- 

Gunning-Amold method of determining nitrogen appear not 
to be fully realized. Trescot1 and Jensen* seem to imply that 
the digestion should be an hour and a half at least— in some 
cases two and a half hours. It is to be regretted that they did 
not try the method out with shorter periods. The following 
results are presented with a view to inducing experimenters to 
test the method for short periods of digestion— a quarter of an 
hour up. The quantity of substances taken in these determi
nations was 0.7 gram. The periods of digestion— one quarter, 
one-half, one and a half, and three and a fifth hours— represent 
the total time that heat was applied. The digestion was very 
vigorous throughout. The flasks (500 cc. long neck Jena) were 
set down against full (or almost full) flame of Bunsen burners 
at the start. The percentages are for nitrogen.

In the case of short periods of digestion (one-fourth to one- 
half hour), the acid must, of course, be brought quickly to 
vigorous boiling, in order that the acid vapor may quickly reach 
K j e l d a h l - G u n n i n g - A r n o l d  N i t r o g e n  D e t e r m i n a t i o n s  ( P e r c e n t a g e s )
No. Periods of d igestion >/i H r. »/a H r. 1 Vt Hrs. 3 H rs .-23 M in.

5416 Dried blood 14.18 14.28 14.22
14.12 14.36 14.22
14.14 14.26 14.24 (3 hrs.)
14.04

5417 Calcium cyanam ide 16.86 16.90 16.88
16.88 16.92 16.70

6656 Cottonseed meal 6 . 1 2 6 .0 6
6672 Cottonseed meal 6 .6 4 6 .58
6674 C ottonseed meal 6 . 1 2 6 . 18
6675 Cottonseed meal 6 .5 6 6 .5 4
6676 C ottonseed meal 6 . 1 2 6 . 1 0
6678 Cottonseed meal 6 .7 6 6 . 6 8
6660 C ottonseed meal 6 .08 6 . 16
6659 Cottonseed m eal and  hulls 3 .8 2 3 .8 6
6655 Shipstuff ‘ 2 .46 2.44
6671 Shipstuff 3 .0 4 3 .00
6673 Shipstuff 2 .74 2 .7 4
6662 Red dog 2 .30 2.32 2 .36
6661 P eanu t bran 3 .0 2 2.96 3 .0 0
6663 G round corn and  cob 1.52 1.46 1.46
6657 G round corn and  cob 1.46 1.48
6669 Corn screenings 1 . 8 6 1.94
6 6 6 8 Cracked corn 1.50 1.46
6670 M olasses feed 1.40 1.38
6658 W heat bran 2 .54 2 .5 6

the entire nterior of the flask, and bring every particle of sub
stance quickly and completely under the full influence of the 
reagents. It has fallen to the lot of the writer to make many 
thousands of nitrogen determinations. He regards a half hour 
— start to finish— of vigorous boiling as ample for determining 
organic nitrogen by the Kjeldahl-Gunning-Amold method. 
Following the lead— if he remembers correctly— of the late 
Professor Atwater, he alkalizes, and alkalizes strongly, by adding 
the sodium hydroxide and potassium sulfide as a mixture. This 
saves one manipulation and precludes the releasing of hydrogen 
sulfide. There will be no bumping if a little (50 or so mg.) of

1 T h i s  J o u r n a l ,  5 ( 1 9 1 3 ) ,  9 1 4 .
5 Ib id .. 7  ( 1 9 1 5 ) ,  3 8 .

No. 80 granulated zinc is added. If a large excess of zinc is
added, this, besides being a waste of material, releases so much
mercury that some of it (mercury) will be carried over into the
distillate, where it manifests itself as minute spheres floating
on the surface of the distillate. But the presence of this mercury^
never, so far as the writer ever observed, affected the results
of the determination.

S t a t e  D e p a r t m e n t  o f  A g r i c u l t u r e  t  tv/T
R a l e i g h .  N .  C., M arch  12, 1915 J>

ON SHORTAGE OF DYES IN THE UNITED STATES

Editor Journal of Industrial and Engineering Chemistry:

In view of the long-maintained complaint of a dyestuff shortage 
the following based upon the “ Monthly Summary of the Foreign 
Commerce of the United States” published by the Department 
of Commerce for January 1915 are not without present interest.

I m p o r t s  f o r  J a n u a r y  
Alizarin and  alizarin  dyes 
Anilin oil 
Anilin dyes 
Indigo

T o t a l s

I m p o r t s  f o r  t h e
7 M o n t h s  E n d i n g  J a n .  

Alizarin and alizarin  dyes 
Anilin oil 
A nilin dyes 
Indigo

T o t a l s

R atio  1915 
1914 1915 Increase  to  1914

$ 33 ,400  $ 459,266 $425,866 1375 : 100
19,872 9 ,872  — 10,000 5 0 :1 0 0

611,350 1 ,086 ,570  475,220
77,123 183,082 105,959

178 : 
237 :

100
100

$741,745 $1 ,738 ,790  $997,045 235 : 100

1913 1914 1915
$ 833,715 $ 425,150 $1 ,222 ,093

192,741 131,143 79 ,320
4 ,2 3 0 ,7 3 0  4 ,1 9 9 ,8 2 3  4 ,278 ,797

680,359 660,493 862,021

$5 ,937 ,545  $ 5 ,416 ,609  $6 ,442,231

That is, in the seven months ending January, 1915 (during six 
of which the European War was going on), the imports of coal- 
tar dyes were $1,025,622 greater than for the corresponding 
seven months ending January, 1914 and $504,686 greater than 
the corresponding period ending January, 1913. Or, the 1915 
values are 119 per cent of the 1914 values and 109 per cent of 
the 1913 values.

With the equally insistent complaint of slow business in colored 
textiles is there not some room for the suspicion that somebody 
is hoarding dyes? If there be hoarding, is there a shortage in 
the true sense of the word?

9 0  W i l l i a m  S t r b k t  N e w  Y o r k  BERNHARD C . H ESSE
M a r c h  2 3 ,  1 9 1 5

THE NORMAL CHLORINE CONTENT OF SURFACE 
WATERS OF WESTERN FLORIDA

Determinations of chlorine in surface waters of western 
Florida, made by using the Volhard and Mohr methods yielded 
the following conclusions and results.

A comparison of chlorine determinations in surface waters by
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the Volhard and Mohr methods showed that 0.01N  ammonium 
thiocyanate and the o.oiiV silver nitrate solutions are too dilute 
to.obtain sharp color changes at the end of the reactions. Care
ful manipulation with a 0.1 N  solution yields as accurate re
sults as the use of more dilute solutions.

Comparing the Volhard and Mohr methods, using 0.1N  solu
tions, the former yielded more satisfactory, concordant and ac
curate results, although requiring more time.

Many determinations on 24 samples, of surface water from 
Leon County in western Florida, about thirty miles inland 
from the Gulf of Mexico, showed that they contained from 7 
to 24 parts per million of chlorine, the average being 12 parts 
per million. Rain water in this locality, one determination, 
was found to contain when concentrated to one-tenth of its 
volume 0.9 part per million of chlorine, equivalent to 1.4 parts 
per million of sodium chloride. At the Dry Tortugas1 the chlo
rine content is 2.9 parts per million corresponding to 5 parts per 
million of sodium chloride. A few chlorine determinations on 
surface waters from Pensacola, on the Gulf, in Escambia County,' 
showed from 21 to 42 parts per million of chlorine.

C h e m i c a l  L a b o r a t o r y  C . A . B r a u TLECHT
F l o r i d a  S t a t e  C o l l e g e  f o r  W o m e n  r  m  t  a x v 1 r r v

T a l l a h a s s e e , M a r c h  1 . 1 9 1 5

N e w  E n g l a n d  S e c t i o n  S .  C. I. 
Eugene B arry  F. G. S tan tia l 
A. A. C laflin C. A. W est 
W. D. L iverm ore S. W . W ilder

ACTION OF THE NEW ENGLAND DYE COMMITTEE
The New England Section of the Society of Chemical Industry 

having requested the Northeastern Section of the American 
Chemical Society to join with them in appointing a committee 
to consider the manufacture of dyestuffs in the United States, it 
was voted that the President of the Section be authorized to 
appoint such a committee.

The representatives of the two sections were as follows:
N o r t h e a s t e r n  S e c t i o n  A. C. S . 

John  Atden C. L. G agnebin 
W. B. N y e  G rinnell Jones
W. K. R obbins J. Russell M arb le

On January 29th, at a joint meeting of the New England 
Section of the Society of Chemical Industry and the North
eastern Section of the American Chemical Society, the Joint 
Committee 011 Dyestuffs presented its report through its Chair
man, Mr. S. W. Wilder. After a lengthy discussion, Prof. H. P. 
Talbot offered an amendment to the report which was accepted 
by the committee, and the following amended report was 
unanimously passed.

‘ ‘In the opinion of this committee there is no insuperable 
chemical or physical obstacle to the establishment of a coal-tar 
industry in this country, but we believe this is an economic ques
tion 011 which it is outside the provinces of these societies to 
make a recommendation.

“ The subject is one of great importance to the chemical in
dustries of the United States, and should be investigated by 
Congress.

TO CHANGE THE SPECIFIC GRAVITIES OF SOLUTIONS

Editor of the Journal of Industrial and Engineering Chemistry: 

As students are constantly required to alter the specific 
gravities of solutions for reagent purposes,- it would seem that 
simple arithmetic would be as often applied as the hydrometer, 
But such is not the case and when the hydrometer is misplaced, 
trouble very often begins. The following, formula will suffice 
in such a case.

If X  =  Volume of w ater (sp. gr. 100). to  be added to  original solution 
S =  Specific G rav ity  of original solution 
V — Volume of original solution 
Si =  Specific G rav ity  of required  so lution

Then
(S X V) +  (X  X 1.00) =  (V +  X) S:

(S —  Si)Vwhence, X  =  ■»■■■—Si —  1

As the quantities S, Si and V are known, substitution in the
last equation gives the desired information.

U . S .  R e c l a m a t i o n  S e r v i c e  P- F. B o v a r d , Chemist
S a n  F r a n c i s c o ,  J a n u a r y  25. 1915

PLATINUM THEFT

A professional platinum thief has stolen about Sioo worth 
of platinum from me. He answers the following description: 
age about 35, prominent nose, peculiar eyes, red hair, freckled 
face, Boston accent, two large X -Ray burns on his left arm. 
Height about 5 feet 10 and weight about 180. This note is 
intended as a warning to other owners of platinum.

H a h n e m a n n  M e d i c a l  C o l l e g e  W. A. PEARSON, Dean
P h i l a d e l p h i a ,  M a r c h  3, 1915

HYDROMETALLURGICAL APPARATUS— CORRECTION

In my article under the above title, which appeared in Tins 
J o u r n a l , 7 (1915), 119, the following corrections should be made 
in addition to those already noted 011 page 261 of the March issue:

In Table I, page 121, the first heading under "Sand" should 
be +  100, and not +  200 as given.

Table III, page 124, under remarks in connection with the 
Porcupine-Crown, Ontario, the figure 83 should read 73 per cent 
solids.

Page 127— The results of the calculation dealing with the 
Continuous Counter-Current Décantation flow sheet, Fig. 11, 
are not quite accurate, owing to the value of “ Z” not having 
been carried out far enough. The results should be:

V = 2.673, W = 1.173, X  = 0.298, Y  =  0.079, Z = 0.039.
Page 129— The value of Z should be “ 2.1164 lbs.,” instead of 

‘‘2.7164 lbs.,” which means that "2-Solution wasted with the 
residue, Z, contains 0.1 per cent copper, or 2.1 lbs. per ton of 
orp.”

3 0  C h u r c h  S t r e e t ,  N e w  Y o r k  
M a r c h  15. 1915

J o h n  V. N. D o r r

PERSONAL NOTES
The 2nd annual meeting of the chemical engineers of the 

University of Kansas was held on March 12th. The program 
was as follows: Opening Remarks, by Dean P. F. Walker 
and Prof. W. A. Whitaker; "T he Technology of Clay Refrac
tories,” Mr. Paul Teetor, clay investigator. University of 
Kansas; “ Rock Salt Mining in Kansas,” Mr. Sam. Ainsworth, 
mining engineer, Lyons, Kansas; "Chemical Process Control,” 
Mr. William J. Kee, Jr., supt., National Zinc Co., Kansas City, 
Kansas; "T he Chemist in Commerce,” Mr. Rudolph Hirsch, 
chemist, Ridenour-Baker Co., Kansas City, Missouri; "M anu
facture of Portland Cement,” Mr., Chris Goll, chemist, Bonner

‘ U .S .  Gcol. Survey, Bull. 319.

Portland Cement Co., Bonner Springs, Kansas; "T h e City 
Milk Problem,” Mrs. George H. Hoxie, Consumers League, 
Kansas City, Missouri, Mrs. Joseph W. Murray, former food 
analyst, State Laboratories, Dr. F. H. Billings, prof. of bac
teriology and Dr. E- W. Burgess, assistant professor of sociology, 
University of Kansas. In the evening a “ chemical smoker” 
was given in Eagles’ Hall.

Prof. R. W. Thatcher, chief of the division of agricultural 
chemistry of the University of Minnesota, has been elected 
president of the Minnesota Section of the A. C. S. The section 
will hereafter hold regular meetings 011 the third Friday evening 
of each month at various laboratories in the Twin Cities.
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Dr. A. F. Gilman, head of the chemistry department of Ripon 
College, has returned for the second semester’s work after a 
half year’s leave of absence spent in study and travel.

The U. S. Civil Service Commission announces an examination 
for assistant in agricultural geography, for men only, to fill a 
vacancy in this position in the Office of Farm Management, 
Bureau of Plant Industry, Department of Agriculture, Wash
ington, D. C., at a salary ranging from $1,800 to $2,000 a year. 
The duties of this position will be to assist in investigations being 
carried on in the above office concerning the development of 
agricultural enterprises under the influence of geographic condi
tions, such as topography, climate, soil, location, etc.

Mr. John W. Hornsey, who has been located, for the past two 
and one-half years, at Trona, Cal., engaged in the development 
of a method for the separation of potash, borax and soda from 
the Searles Lake salt deposits, will return to New York at an 
early date and resume his practice as a consulting chemical 
engineer, with temporary headquarters at the Chemists' Club.

Mr. Arthur G. Weigel, a graduate assistant in chemistry at 
the Massachusetts Agricultural College, has accepted a position 
as chemist in the Experiment Station at Stillwater, Oklahoma.

Dr. Horace Grove Deming, for the past three years associate 
professor of chemistry in the Philippine College of Agriculture 
has been appointed professor of chemistry and chief of the de
partment in the University of the Philippines. This is to fill 
the vacancy occasioned by the death of Dr. Paul Caspar Freer.

The Washington Academy of Sciences will give a series of 
five illustrated public lectures during March and April. Among 
these was an address, April 1st, on “ High Explosives and Their 
Effects,” by Prof. Charles E. Munroe, of George Washington 
University.

The subject for the April meeting of the Cincinnati Section 
of the A. C. S. is “ The Manufacture of Soaps and Glycerine.”

A factory for the extraction of radium is being erected at Bal- 
loch, in the western part of Scotland. The enterprise is under 
the control of Mr. J. S. MacArtliur.

The Rochester Section of the A. C. S. has just issued a booklet 
which contains a new directory of its members and a programme 
of its meetings.

The Northern Chemical Engineering Laboratories, of Madison, 
Wisconsin, announce the adoption of the shorter name "  C. F. 
Burgess Laboratories.” The new name implies no change in 
management or ownership.

The W. Beckers Aniline & Chemical Works of Brooklyn, 
N. Y., have purchased, in the outskirts of Brooklyn, a tract of 
about 15 acres bounded by East 83rd, East 84th and East 85th 
Sts., Ditmas Ave. and the New York Connecting Railroad, 
where a large-sized chemical plant, consisting of 23 separate 
buildings, will be erected. Last November the old plant of this 
concern was destroyed to a large extent by fire, followed by sev
eral explosions, killing two chemists and injuring 36 workmen. 
Three buildings of the new plant are finished, the railroad siding 
is being laid and the foundations for the boiler house and chimney 
have just been started.

The department of chemistry of the College of the City of 
New York announces the following public lectures during the 
Spring semester, 1915: March igth— "W hite Lead:.Its Manu
facture and Use,” Dr. G. W. Thompson, chief chemist 
of the National Lead Co. March 2jlh— "Glass and Its Manu
facture,” Prof. Alexander Silverman, director of the depart
ment of chemistry, University of Pittsburgh. April 16th—  
“ Vi'tamine— A New Food Principle,” Dr. F. E. Breithut, of 
the department of chemistry, College City ‘of New York. 
May fth— "Crystal Growth and Other Educational Subjects,” 
Mr. Seldon G. Warner, expert in the Edison laboratories.

The Rochester Section of the A. C. S. met on March 15th 
in conjunction with the Rochester Electroplaters’ Society;
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electroplating problems from the standpoint of the electroplater 
and the chemist were discussed.

The March meeting of the New York Section of the American 
Electrochemical Society was held on March 12th in joint session 
with the New York Section of the American Institute of Elec
trical Engineers. The electrochemists were represented on the 
program by Frank B. Washburn, who spoke on "The Cyanamid 
Process.” The electrical engineers were represented by Leland 
L. Summers, whose subject was the "Fixation of Atmospheric 
Nitrogen.”

The following papers will constitute the program for the April 
9th meeting of the New York Section of the A. C. S.: "C on
tribution to the Structure of Primary and Secondary 
p-Aminophenylmercuric Compounds,” by Walter A. Jacobs 
and Michael Heidelberger, of the Rockefeller Institute for Med
ical Research; “ A New Test for Copper,” by W. G. Lyle, L. J. 
Curtman and J. T. W. Marshall, of the College of the City of 
New York; "Refining Vegetable Oils,” by Chas. Baskcrville, 
of the College of the City of New York; " A  Rational Process 
of Fractional Distillation,” by M. A. Rosanoff, Mellon Insti
tute of Industrial Research, Pittsburgh.

The 22nd annual convention of the National Fertilizer As
sociation will be held at The Homestead, Hot Springs, Va., 
July 13 and 14, 1915. It is altogether probable that the Southern 
Fertilizer Association will hold their annual meeting on Monday, 
July 12th, at the same place. The Middle West Soil Improve
ment Committee of the National Fertilizer Association will 
meet at the same place on July 16th and 17th. With July 15th 
devoted to special committee meetings and the National As
sociation golf tournament, practically the entire week at The 
Homestead, Hot Springs, will be of interest to the fertilizer manu
facturers and the allied trades.

Dr. Pierre de P. Ricketts announces the dissolution of the firm 
of Ricketts & Banks by mutual consent 011 March 1st. Dr. 
Ricketts will continue his practice as a consulting chemical and 
metallurgical engineer, under the name of Ricketts & Company, 
with offices and laboratories at 80 Maiden Lane. The new 
business will be continued 011 a cooperative basis with depart
ments for industrial research, general analytical work and metal
lurgical engineering.

The Pittsburgh Section of the A. C. S. met on March 18th 
in the new building of the Mellon Institute, University of Pitts
burgh. Prof. M. A. Rosanoff, of the Mellon Institute, addressed 
the meeting on “ A Rational Process of Fractional Distillation.” 
The Section were the guests of the Institute, and following Dr. 
Rosanoff’s lecture the new building was inspected, and a social 
evening and “ smoker” were enjoyed.

Edwin F. Hicks, chief chemist, Victor Talking Machine Co., 
Camden, N. J., spoke on the “ Responsibilities of the Analytical 
Chemist,” at the meeting of the Chemical Society of Drexel 
Institute on March 2nd.

On March 19th, Professor A. H. Gill addressed the Detroit 
Engineering Society 011 "Lubricating Oils: Essentials and 
Characteristics.”

The 7th semi-annual Meeting of the American Institute of 
Chemical Engineers will be held in San Francisco, August 25th to 
28th. An itinerary is being arranged so that the natural scenery 
of the west may be seen and also some of the more important 
mining operations as well as the typical chemical industries of 
California.

The department of chemistry of the Iowa State College; 
Ames, Iowa, is now installed in the new building which replaces 
the one destroyed by fire in March, 1913. The initial cost of 
the new building was $200,000. It covers a space 244 ft. x 162 
ft., is three stories high, has a usable basement, is constructed 
entirely of brick, stone and concrete and is as nearly fireproof as 
possible.
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GOVERNMENT PUBLICATIONS
By R . S. M cB ridB, B u reau  of S tan d ard s , W ashington

NOTICE— Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Consular Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar ^subscription rate for these Consular Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

DEPARTMENT OF AGRICULTURE

Utilization of the Fish Waste of the Pacific Coast for the 
Manufacture of Fertilizer. J. W. T u rre ntine . Department 
Bulletin 150, from the Bureau of Soils. 71 pp. Paper, 15 
cents. This bulletin discusses the utilization of the waste, 
particularly of the salmon canning industry, indicating the com
mercial conditions to a sufficient extent to make clear the source, 
character, methods of disposal, and amount of the waste. Anal
yses are given of the materials available not only from the 
salmon industry but also from the other similar packing indus
tries, and there is included an estimate of the cost of installing 
and operating a plant for this work. The use of fish scrap with 
kelp to produce a mixed fertilizer is also discussed.

Cactus Solution as an Adhesive in Arsenical Sprays for In
sects. M. M . H igh. Department Bulletin 160, from the 
Bureau of Entomology. 20 pp. Paper, 5 cents. This bulletin 
describes the use of cactus solution with the various kinds of 
arsenic-containing spray solutions and indicates the various 
preservatives which can be used to prevent decomposition of 
the cactus extract. A considerable number of analyses of 
cactus plant ash and extract are given.

A Field Test for Lime-Sulfur Dipping Baths. R obert  M. 
C hapin . Department Bulletin 163, from the Bureau of Ani
mal Industry. 7 pp. Paper, 5 cents. This bulletin describes 
a portable testing outfit for estimating the strength of lime- 
sulfur baths used in the dipping of sheep and includes tables 
indicating the proper change in the bath to restore to normal 
concentration.

Field Test with a Toxic Soil Constituent: Vanillin. J. J. 
Sk in n e r . Department Bulletin 164, from the Bureau of Soils. 
9 pp. Paper, 5 cents. The effect upon plant growth of vanillin 
is demonstrated by pot and field tests.

Ability of Colon Bacilli to Survive Pasteurization. S. He n r y  
A y e r s  and  W. T. Johnson, Jr . Journal of Agricultural Re
search, 3 (1915), 401-10.

Organic Phosphoric Acid of Rice. A lice  R. T hompson. Jour
nal of Agricultural Research, 3 (1915), 425-30.

p u b l i c  h e a l t h  s e r v ic e

Purity and Strength of Household Remedies, Variations in 
Purity and Strength of Widely Used Drugs and Preparations; 
a Possible Source of Danger to the Patient. M artin  I. W il
b e r t . Public Health Reports, January 29th. Also obtainable 
as a reprint.

The Limitations to Self-Medication. M artin  I. W i l b e r t . 
Public Health Reports, 30, 470-73. Also obtainable as a re
print. The uses and abuses of proprietary preparations and 
household remedies are discussed with suggestions as to 
what drugs form acceptable remedies and what are objection
able in self-medication.

Hypochlorite Treatment of Water Supplies. H. A . W h i t 

t a k e r . Public Health Reports, 30, 608-18 (February 26). 
Also available as a reprint. This article describes a portable 
plant and field equipment for its administration in caring for 
water supplies in time of emergencies and epidemic.

HYGIENIC LABORATORY

Examination of Drinking Water on Railroad Trains. R ich
ard H. C r e e l . Part 2 of Bulletin 100. 72 pp. Paper, 10
cents.

BUREAU OF MINES

Metallurgical Smoke. C harles  H. F ulton . Bulletin 84. 
90 pp. Paper, 20 cents. This bulletin describes the commercial 
methods utilized in prevention of smoke and fume nuisances 
in various classes of metallurgical work. The general aspects 
of the smoke problem are discussed both from the standpoint 
of vegetation and public health and the standpoint of economy 
in plant operation. The character of smoke and fume from 
different processes is pointed out and the methods and machinery 
used for elimination or retention of the fume are described in 
detail. The bulletin is a general review of the subject, not on a 
report of the experimental work.

GEOLOGICAL SURVEY

The Calcite Marble and Dolomite of Eastern Vermont. T. 
N. D a l e . Bulletin 589. 67 pp. "The object of this bulletin 
is twofold— to locate definitely and describe accurately the 
marbles and dolomites of eastern Vermont with a view to set
ting forth their possible economic uses and to discuss whatever 
features of scientific interest they may present.”  The deposits 
are described in considerable detail by locations which include 
the most productive regions contributing to the marble industry 
of the United States.

Structure of Fort Smith-Poteau Gas Field, Arkansas-Okla- 
homa; Glenn Oil and Gas Pool and Vicinity, Oklahoma. Carl

D. S mith. Bulletin 541-B. 25 pp. and two maps.

Deschutes River, Oregon, and Its Utilization. Several arti
cles by F. M . H enshaw , J. H. L e w is , E. J. M cC austland 
and Others. Water Supply Paper 344. 200 pp. and 38 maps.
Paper, 50 cents. Prepared in cooperation with the State 
officials of Oregon.

DEPARTMENT OF COMMERCE

List of Publications. The n th  edition of the list of publica
tions of the Department of Commerce which are available for 
distribution is dated January 1, 1915. 73 pp. Free.

BUREAU OF FOREIGN AND DOMESTIC COMMERCE

Pineapple Canning Industry of the World. J. A lexis 
Siiriver . Special Agents, Series 91. 43 pp. Paper, 5 cents.
This publication incorporates the results of an investigation 
of all the pineapple-canning centers of the world, with special 
emphasis on superiority of Hawaiian methods over those of 
older pineapple districts of the Far East.

COMMERCE REPORTS—FEBRUARY, 1915

Special Supplements issued in February include: Persia
57a and Honduras 31a.

The present status of the beer, porcelain and dye industry 
in Japan are discussed. (P. 450.)

Plans are being made to increase the soap industry of Man
churia, using soya-bean oil. (P. 452.)

The regulations regarding monazite mining in Brazil are 
stated. (P. 475.)
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Mr. Thomas H. Norton, formerly U. S. Consul at Chemnitz, 
Germany, is engaged in a special investigation for the Depart
ment of Commerce, of the chemical and dyestuff industries in 
the United States. (P. 490.)

A summary is given of the mineral production of the world 
for 1912, as published in the British Mines and Quarries Re
port. (P. 498.)

The German Potash Syndicate is selecting a means to "de
nature” potash salts, i. e., prevent their use for ammunition or 
military purposes while permitting their use as fertilizers.

The gold mining industry of the Philippines is flourishing. 
{P. 530.)

Camphor is now being obtained in the Philippines from a 
shrub "Blumea balsamifera.” (P. 589.)

The German paper industry has been very seriously crippled, 
owing to a shortage in raw materials, previously imported. 
(P. 613-)

In Italy the oil obtained from tomato seeds is used for soap, 
and is also said to be edible. (P. 615.)

The supply of Turkish gum tragacanth is very short, owing to 
scarcity of labor to gather it. (P. 625.)

A special licensing committee exists in England to regulate 
shipments of rubber to the United States. (P. 633.)

The iodine production of Chili is restricted by a controlling 
organization. The normal output could be doubled if desired.
(P- 644.)

A market for infusorial earth is desired by Chili. (P. 647.)
The bergamot-oil industry of Catania, Italy, is described.

(P. 652.)
The tin plate industry of Wales has suffered not only because 

of reduced market but also on account of the increased cost of 
tin. (P. 66o.)

Japan is now supplying China and India with sheet glass 
formerly imported from Belgium. (P. 663.)

Various provinces in China are purchasing smokeless powder 
from American firms. (P. 677.)

The details of the scheme of the British Government for fos
tering the dyestuff industry have been materially changed, 
with special reference to the needs of the users of dyes. A stock 
company with a capital of £1,000,000 is to be established to which 
the Government will loan an equal amount for 25 years at 4 
per cent. In addition the Government will grant £100,000 
per year for 10 years forresearch work. (P. 678.)

The sulfur output of Hokkaido, Japan, is increasing, due 
partly to difficulty in securing Italian sulfur for America. (P. 
63?.)

The United States import statistics for fertilizer materials 
include the following articles: Kainite, potassium chloride,
potassium sulfate, "manure salts,” sodium nitrate, ammonium 
sulfate, bone dust, guano, apatite, calcium cyanide, crude 
phosphates, and basic slag. (P. 694.) '

British oil mills are increasing their demand for Philippine 
copra. (P. 702.)

A company with a capital of £5,000,000 is being organized 
in Russia to develop the dyestuff industry. (P. 729.)

The exportation from Germany of kainite containing less 
than 20 per cent of potash, is now permitted. (P. 737.)

The Chinese people are urged to plant the indigo plant wherever 
the poppy has been previously grown. (P. 784.)

A preliminary report on the dyestuff situation in the United 
States submitted to the United States Senate by the Secretary 
of Commerce, after analyzing the conditions, suggests the need 
of "anti dumping” legislation to prevent unfair foreign competi
tion. (Pp. 786-9.)

A company in India has just erected plants for the manufac
ture of cement by the wet process in rotary kilns, and also of 
tile, fire brick, drainage pipes and other clay products. (P. 804.)

STATISTICS AND INFORMATION REGARDING EXPORTS FROM 
VARIOUS LOCALITIES IN THE UNITED STATES

P h il ip p in e s— 441 G ermany— 626 D enmark— 682
C opra D extrin Casein

B razil— 453 Thorium  n itra te Chem icals
R ubber Glue Dextrin

M exico— 489 
C rude oil

Enam el ware
Chinaware
DyestufTs

F lin t pebbles
Glycerine
Hides

C hina— 519 F a ts Safety  m atches
Antim ony Oils Condensed milk
P ersia— Sup. 57a Linoleum P ottery
Gums Arsenic R ags ‘
P aris— 701 Sugar-beet seed R ennet
Hides Pain ts Scrap rubber
Soap Platinum Soya bean oil
W ines Zinc dust

P ortugal— 750
Argols
Cork

Potash
Bronze powder 
Tungsten

Hides H onduras—Sup.
R ubber Hides
Sulfur ore (pyrite?) H ongkong— 664 R ubber
W olfram ite T in Sarsaparilla

Costa R ica— 508 
Portland  cem ent 

steel drum s

RECENT DEMANDS FOR AMERICAN GOODS ON ACCOUNT OF THE 
WAR CONDITIONS 

Benzine 
Gasoline 
L ubricating  oils 
Paraffin 
DyestufTs 
Bronze 
C austic soda 
Chemicals 
Fertilizers 
W hite zinc 
W hite lead 
Steel plate 
Tallow  
Tin
Copper

F r e n c h  W e s t  

I n d i e s — 455 
Chinawarc 
E arthenw are 
Glassware 
Fertilizers 
Am m onium  salts 
E c u a d o r — 561-586 
Soap 
H ides
I taly— 598
Starch
B randy
C ottonseed oil
L eather
Glycerine
Zinc

G ermany— 705 
Phosphate  rock

P e r s i a — Sup. 57a
Petroleum
Sugar
R ubber goods
M atches
Pain ts
Dyes
Soap
Candles
Paper
Glassware
G alvanized iron
Enam eled ware

The soya-bean industry of Manchuria has been hampered 
by lack of transportation. (P. 809.)

The plant is to be erected in Yucatan to make paper pulp 
from "henequen” (a variety of sisal) stalks and waste. (P. 
814.)

BUREAU OF STANDARDS

Regulation of Electrotyping Solutions. Circular 52. 13 pp.
This is the first printed edition of this circular; see announce
ment of preliminary edition, T h is  J o u r n a l ,  6 (1914), 1043.

A Wheatstone Bridge for Resistance Thermometry. C. W.
W a id n e r , H . C. D ic k in s o n , E. F. M u e l l e r  a n d  D . R. 
H a r p e r ,  3d. Scientific Paper 241. 20 pp. “ The Wheatstone
bridge described in this paper was designed with special refer
ence for flexibility of use in measurements with resistance ther
mometers. The bridge is adapted to use with either the Siemens 
type or Callender type of resistance thermometer, or with the 
potential terminal type of thermometer by the use of the Thom
son double-bridge method. The instrument is also arranged 
so that it may be completely self-calibrated.

The accuracy attainable with the bridge is such that resis
tances of 1 ohm or more can be measured to an accuracy of 1 
part in 300,000 in terms of the unit in which the calibration is 
expressed. This corresponds to an accuracy of about 0.0010 
for measurements with the platinum resistance thermometer."
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BOOK REVIEWS
Coal Gas Residuals. B y  F r e d e r i c k  H . W a g n e r , M.E. N ew

York: McGraw Hill Book Co. 1914. xi +  179 pp., with
diagrams. Price, $2.00.

The title of this book would indicate a rather general survey 
of the nature of the residuals secured in gas manufacture, or 
perhaps the various methods of obtaining same, but the reader 
does not progress far before he finds that in reality the book 
aims to set forth primarily the process invented by the late 
Walther Feld of Lin-am-Rliein. To be more descriptive of the 
contents, the title might better read "Coal Gas Residuals by 
the Feld Process.”  The theories of this process are so very 
interesting by themselves and so revolutionary, if the dreams of 
the talented inventor could all be realized, as to deserve by 
themselves a book even more ample than the present.

In the introductory chapter is given a brief survey and in the 
later chapters a more detailed description of the ambitious 
plan of the complete Feld system, which aims to take the coal 
gas directly from the gas retorts or coke ovens and pass it con
tinuously through a series of eleven Feld centrifugal spray wash
ers of an interesting and very effective design, in which the gas 
is successively freed from Pitch, Heavy, Middle and Light 
Oils, Ammonia, Sulfur, Cyanogen, Naphthalene and Benzol, 
and all of these products are recovered in merchantable form. 
The gas engineer naturally opens his eyes on being assured that 
instead of recovering coal tar more or less contaminated with 
ammoniacal liquor, which tar must later be worked up in a 
separate distillation process, he is to draw pitch continuously 
from one washer and as many and such fractions of tar oil 
from succeeding washers as he desires. Still further he pricks 
up his ears when he reads 011 page 31, as a presumably typical 
example, that instead of selling tar at $5.00 per ton, the Feld 
washers whizzed this ton of tar into products sold for $16.00. 
And when later in the book it is set forth how comparatively 
simple it is to recover, direct from the gas, sulfur for use in con
verting Ammonia into Ammonium Sulfate without the outside 
purchase of expensive Sulfuric Acid, and the enormous returns 
to be secured from Benzol, etc., the gas engineer sees gold dol
lars of profit shining even more brilliantly than the famous 
coal tar colors and inquires how long he has been asleep, why 
he has not been awakened earlier, and where he can go to see 
all this in working order.

The gas engineer, however, is naturally thorough and sets 
to work to analyze the plan and figures, and he finds that as 
yet the complete process is a very ingenious and attractive 
theory, of which so far only certain parts have been imper
fectly worked out in practice. He finds further that the Feld 
patented centrifugal washer is a very effective piece of appara
tus and that i f  he can deliver his crude gas to the washers un
der reasonably uniform conditions of quantity, temperature, 
pressure and composition, the theory may perhaps be worked 
out in practice to a considerable extent. But he finds, also, 
that if it could be worked out in practice, the mere fractional 
condensation of tar into pitch and oils does not and never did 
turn $5.00 into $16.00, nor anything like it. This statement 
as to values is absolutely misleading and since it stands out so 
prominently as indicating what may be expected, the author 
should have been more careful to get the facts. We have no 
doubt that here, as in many other places, he was copying from 
European reports of Feld without knowing sufficiently about 
the tar industry to appreciate how gross was such error and how 
it throws in doubt his other claims.

We used above the important word " if” to indicate that there is 
considerable doubt in the minds of many whether the necessary 
uniform conditions can be secured in practice. The reader

must keep in mind that this process is not like the con
tinuous fractional condensation of a uniform gas or vapor 
from a single source, but that he is dealing with the gas from 
perhaps seventy-five or more large coke ovens, or an even greater 
number of small gas retorts in different stages of carbonization and 
consequently giving off different gases. Theoretically, perhaps, 
suitable rotation in operation will be secured so that at all times 
there is a certain average condition, but this will not be found 
by any means easy to practice. We should hesitate greatly 
before saying that it cannot be worked out in practice, and we 
expect to see excellent progress along these lines, but in the 
few plants (mostly in Germany) which have tried the Feld pro
cess there has been small promise that all of the condensation 
products will be secured in merchantable condition direct from 
the centrifugal washers, as the book would have us expect.

There seems more reason to expect success in working with 
Ammonia and Cyanogen than with the coal tar, for the reason 
that in the former cases we are dealing with definite chemical 
compounds which, though elusive, have certain fixed character
istics, whereas tar consists of perhaps over one hundred 
and fifty distinct and different chemical substances, all mixed 
together in varying forms and proportions, depending on the 
coal being carbonized, the temperature and stage of carboniza
tion, the shape and size of the retort and the length of travel 
of the gases while exposed to relatively high heat either in the re
torts or ovens or mains leading to the washers. Reports from some 
of the European experiments show what may be expected from 
the complex conditions; instead of securing uniform pitch 
of a given melting point, the product from the pitch washer 
would be pitch at one moment, thin tar at another, constantly 
fluctuating, so that instead of securing merchantable pitch and 
oil products, they secured, in fact, in some cases, products less 
merchantable even than the ordinary tar, because less uniform. 
There seems little reasonable expectation of securing by direct 
condensation pitch of sufficiently uniform consistency and of the 
grade and quality required to meet American conditions, as 
these are far more complex and much further developed than 
is the pitch business in Germany, notwithstanding the well- 
known German superiority in the chemical end of the coal tar 
industry.

Without attempting to go into detail, the book contains many 
statements and tabulations of figures which the author should 
be sure are checked carefully before another edition. We com
ment on one or two inaccuracies.

On page 8 is an obviously incorrect statement that the "free 
carbon” in coal gas tar contains "about 85 per cent volatile 
matter of an oily, rather heavy nature.” The percentage 
would hardly ever exceed 10 per cent.

On page 29 it is stated that at a plant in Upper Silesia they 
obtained 5500 lbs. of thin soft pitch from a Feld plant handling 
the gas from 395 tons of coal in twenty-four hours. This Silesian 
coal would probably average a yield of at least 3 per cent of tar, 
equaling at least 23,700 lbs. of tar in twenty-four hours, and such 
tar would contain at least 14,000 lbs. of soft pitch. There is 
a little discrepancy between this quantity and the 5500 
lbs. reported recovered.

Also on page 32 in Table V III is included. "Carbon Content 
(Anyline, Pyridine, Methane) 0.23 and 0.32 percent.” "Anyl- 
ine” should evidently read “ Aniline,”  and even with this cor
rection the item would not be intelligible to a gas engineer, 
who might easily suppose that Aniline, Pyridine and Methane 
were the carbon compounds and the only ones secured, whereas 
we interpret it to indicate the percentage of the so-called "Free 
Carbon” in the tar obtained by washing the same with Aniline 
and Pyridine by the Kramer Spilker extraction method.



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

At the end of the chapter on Naphthalene (page 42) reference 
is made to a possible source of revenue to the gas producer from 
the sale of Naphthalene as a fuel for internal combustion engines. 
The authority apparently overlooked the fact that this possible 
outlet in Europe is not likely to materialize in the United States 
which is blessed with large supplies of comparatively cheaper 
and much more convenient petroleum oils.

In this review especial attention has been given to the tar 
end of the Feld process, as this is the greatest departure from 
existing methods and other new processes being developed, 
but there is much to be worked out yet in the other operations 
of the system before they will be seriously considered, even by 
themselves, for American conditions of gas and coke industries. 
It is to be noticed that in the chapter on Ammonia and Benzole 
the author outlines more fully a number of the other processes 
besides that of Feld. Also in the appendix are given a number 
of useful tables. It is to be regretted that in Table X X X  
many items are missing which should, if available, be included 
later to make this complete.

In conclusion, it is to be hoped that the excellent inventive 
work of Feld will not be brought to an abrupt close by his un
timely death. It may be that later one of his co-workers, Jahl 
and the author of this book, will be able to develop many parts 
of the theory into workable practice within the limits reasonably 
obtainable. R . P. P e r r y

The Preservation of Structural Timber. By H o w a r d  F. W eiss ,
Director, Forest Products Laboratory, U. S. Forest Service.
New York: McGraw-Hill Book Co., 1915 viii +  312 pp.,
with illus. Price, $3.00 net.
All who are interested in the preservation of timber will wel

come Mr. Weiss’ book as one peculiarly adapted as a volume 
of reference to the subject of which it treats. It is largely a 
compilation of the various circulars and bulletins issued by the 
U. S. Forest Service and other government bureaus during the 
last eight years, supplemented with extracts from the proceed
ings of such widely known organizations as the American Wood 
Preservers’ Association and the American Railway Engineering 
Association. It will prove a great convenience to all who need 
to refer frequently to these scattered publications.

The contents of the book are well indicated by the chapter 
headings. Chapter I, an Introduction to the Subject, defines 
wood preservation, its importance, the present state of the in
dustry in the United States, and its effects on the conservation of 
our timber, with something as to the history of the subject.

Chapter II, Factors which Cause the Deterioration of Struc
tural Timber, describes their relative importance, decay insects, 
mechanical abrasion, fire, soil characteristics and birds.

Chapter III, The Effect of the Structure of Wood upon Its 
Injection with Preservatives.

Chapter IV, The Preparation of Timber for Its Preservative 
Treatment, referring to the season of cutting and to the sea
soning of timber by various methods.

Chapter V, Processes Used in Protecting Wood from Decay—  
The author does not seem to be aware of the fact that the Creo- 
Resinate Process of wood block treatment has practically been 
abandoned, or that the Vulcanizing Process of the Old New 
York Vulcanizing Company is in a similar state.

Chapter VI, Preservatives Used in Protecting Wood from 
Decay— Here the author does not indicate with sufficient clear
ness the fact that coke-oven tars and water-gas tars are used 
for this purpose rather than distillates from the same. He 
writes of water-gas tar creosote and states that it is seldom 
sold under its own name. While this may be true of distillates 
from this tar it is quite the reverse with the tar itself as sold 
for timber treatment, in regard to which he seems to be unin
formed. The Specifications of the National Electric Light 
Association, which he quotes, are not for water-gas tar creosote
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but for the water-gas tar itself. There arc now in use in the 
Unites States approximately 500,000 square yards of wood 
paving blocks treated with this material, and some of this work 
is seven years old, the results being entirely satisfactory. No 
mention is made of the Otto Hoffman coke-oven tar distillates 
which are now upon the market.

Chapter VII, The Construction and Operation of Wood 
Preserving Plants, is worthy of commendation. It is thorough 
and accurate and shows that the author is well versed in the 
requirements of a first-class plant and the methods of its opera
tion. A section of this chapter on the Inspection of Treat
ments, is particularly fair and intelligent and worthy of consid
eration by many engineers and inspectors who are all too fre
quently inclined to be unreasonable in their demands.

Chapters V III to X V  refer to the Prolonging of the Life of 
Ties, Poles and Cross Arms, Fence Posts, Piling and Boats, 
the Life of Mine Timber, the Life of Paving Blocks, Shingles 
and Lumber and Logs.

In the chapter on Prolonging the Life of Paving Blocks the 
author fails to refer to the use of cokc-oven tar as a preserva
tive, nor does he realize that most of the bleeding of blocks
under the hot summer sun, to which he refers, is due to the
use of such a preservative.

Chapter X V I treats of the Protection of Timber from Fire, 
and Fire-proofing wood, together with the effect of cresote 011 
its inflammability.

Chapter X VII, The Protection of Wood from Minor De
structive Agents, includes the effects of alkaline soils, birds, 
sap stain and sand storms.

Chapter X VIII, The Strength and Electrolysis of Treated 
Timber, refers to the effect of preservatives and the tempera
ture and pressure at which they are applied, upon the strength 
of the wood, and to the electrical resistance of wood treated 
with creosote and zinc chloride.

Chapter X IX , The Use of Substitutes for Treated Timber, 
refers to the use of concrete for this purpose, and the replac
ing of wood by steel, masonry and concrete for many struc
tural purposes, as in bridges and steel cars.

Chapter X X , Appendices, considers minor wood preserving 
processes and patented and proprietary preservatives used in 
the United States, methods of analysis of preservatives and U. S. 
patents. In the methods of analysis of creosote he fails to 
give any for determining the presence of acetic acid or ace
tates, although some specifications still require that the oil 
shall be free from them.

The list of U. S. patents on wood preservation is extensive 
and forms a valuable feature of the book.

As a whole, the book fills a field which has not hitherto been 
covered satisfactorily and it should and will, no doubt, have a 
wide circulation. C l i f f o r d  R ic h a r d s o n

Metallurgy: A Condensed Treatise for the Use of College Stu
dents and Any Desiring a General Knowledge of the Subject.
B y H e n r y  W y s o r , B.S., Prof. of Metallurgy in Lafayette
College. Second Edition. The Chemical Publishing Co.,
Easton, Pa., 1914. Price, S3.00.

The first edition was reviewed in T h is  J o u r n a l ,  i  (1909), 49. 
The book has now been enlarged from 308 to 391 pages, follow
ing the same scheme of treatment as the first edition. The 
first seven chapters of 100 pages deal with the introduction to 
metallurgy such as the physical properties of metals, flaxes 
and refractories, combustion, fuels, ore dressing, furnaces and 
accessory apparatus. Iron and steel are dealt with in 125 pages, 
the section on electrolytic processes being new. Copper, 42 
pages; Lead, 24 pages; Zinc, Tin and Mercury, 15 pages; Silver 
and Gold, 33 pages; Nickel, Aluminium, etc., 11 pages; Alloys, 
etc., 20 pages. Prof. Wysor has undertaken to bring the whole
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field of metallurgy within this small compass and has done it 
well, producing a well balanced book.

Some of the mistakes have been changed, but many remain, 
■e. g., Silicon in iron, p. 107; the ideas expressed are vague. We 
know that two and only two compounds form, Pe-jSi and FeSi. 
On p. 269, “ small percentages of silver lower the melting point 
of lead and large quantities harden it and raise the melting 
point.” This shows a haziness in the understanding of the 
difference between melting and freezing points, for silver lowers 
the melting point of lead to the eutectic temperature and never 
raises it; p. 2S8, "silver alloys with zinc more readily than it 
does with lead; therefore if zinc is melted with lead and silver 
the zinc upon separating carries most of the silver with it.” 
Again the old and vague ideas are expressed. Modern work 
011 alloys shows that the reason lies in the fact that lead and 
zinc form two conjugate solutions, whose "partition” coeffi
cient for silver is so great that most of the silver is found in the 
zinc.

Taken as a whole, the book is to be commended in that it 
gives us a clear and concise account of the general principles 
of the metallurgy of the different metals.

The chief criticism to be made is in the section on alloys, 
Chapter X X IX . This ought to be rewritten and placed after 
the physical properties of metals at the beginning of the book..

Minor criticisms such as follow are due to the retention of 
the old ideas, for example "affinity,” used both for solubility 
and for heat of combination. On p. 6 we read, "Some metals, 
having practically 110 alloying affinity will, upon cooling from a 
fused mixture separate more or less completely, into layers 
according to their specific gravities. This is called liquation 
and is the opposite of diffusion.” On p. 18, Fluxes, "Some 
substance of the opposite chemical character to the gangue is 
added and combination ensues with the formation of an easily 
fusible compound. The substance added is called a flux and 
the resulting compound is slag.” The work of Vogt and of the 
Geo-Physical Laboratory has upset all our old ideas on the 
subject of slags by showing us that they are solutions like al
loys and behave as such. Most slags owe their easy fusibility 
to the presence of a eutectic. Page 105, "Iron may be made 
to dissolve as much as 4.63 per cent of its own weight of car
bon.” The work of Wittorf shows us that solubility is a func
tion of temperature and alloys beyond FesC (6.67 per cent 
carbon) are readily formed when the requisite temperature is 
reached.

In the chapter on wrought iron the long description and illus
trations of the Catalan forge and bloomary might be replaced 
by an account of the charcoal hearth.

W . C a m p b e l l

The Manufacture of Organic Dyestuffs. B y  A n d r é  W a h l,
D.Sc. Translated by F. W. A t a c k  and published by G. Bell
& Sons, London, 1914. Size, ^i/■¡ X 5. Price, $1.60 net.
This book is a translation of Dr. Wahl's " L ’industrie des 

matières. colorantes organiques,” which was published as one 
of a numerous series of volumes of Derômes Bibliothèque des 
industries chimiques. It is somewhat of the general nature of 
Benedickt’s “ Chemistry of the Coal Tar Colors” but as this has 
now gone out of print and also is rather behind the times in its 
information, the present volume is a very acceptable contribu
tion, to the literature. One feature to be recommended is that 
it does not take up valuable space in educating the reader in gen
eral organic chemistry but goes right at the subject of the coal 
tar dyestuffs with the supposition that the reader will be suffi
ciently prepared in organic chemistry to understand the chem
ical problems with which the book deals. Again, the applica
tion of the dyestuffs, that is to say, the practical use of the prod
ucts in the dyeing of various materials, is not gone into in any 
detail but is only slightly touched upon, it being considered be
yond the scope of the volume; and this is well, for much better

information on the application of the dyes can be obtained from 
other books having this object more in view.

In the first part, this volume takes up the consideration of 
the raw materials, describing briefly coal tar and the various 
derivatives to be obtained from it by processes of distillation. 
This part of the book, however, is too brief to be of any special 
value and it would have been well if the author had given us 
more information concerning the preparation of this raw ma
terial with the object of the manufacture of dyestuffs in view. 
The second part of the book deals with the chemical properties 
and methods of preparation of the so-called intermediate prod
ucts and describes in some detail the general reactions whereby 
these intermediate products are made. This includes such re
actions as sulfonation, alkaline fusion, nitration, reduction and 
alkylation. The third part deals with the organic dyestuffs 
themselves, classified under the generally recognized chemical 
groups. In this portion of the book a good deal of the general 
dyestuff chemistry is discussed and a few examples of the manu
facture of specific dyes are given.

The book is primarily a text-book for students and can hardly 
be considered as a book for the study of the practical methods 
of manufacturing dyes. A t the present time, when there is a 
good deal of interest in this country concerning the possible 
enlargement of our dyestuff industry, there must be many who 
are sufficiently interested in the subject to become more familiar 
with the chemistry of the processes whereby dyestuffs are made, 
and to them this book will be of considerable value. In my 
opinion, however, it does not measure up to the same standard 
as that found in a similar book by Seyewitz and Sisley on the 
“ Chemistry of the Organic Coloring Matters,” nor does it have 
the same scope and detail as Bucherer’s “ Lehrbuch der Farben- 
chemie,”  which has appeared almost simultaneously, but un
fortunately it is not as yet available to the American reader 
in an English translation. However, Atack’s translation is a 
very good one and under the present circumstances is a wel
come addition to our rather limited literature in English on
this subject.

J .  M e r r i t t  M a t t h e w s

The Hydrogenation of Oils. B y C arlE T O n  E l l i s ,  S.B. New
York: D. Van Nostrand Company. 1914. 145 illustrations.
x +  340 pp. 8vo. Price, $4.00.
In this work, the author has presented a review of this new 

and interesting development of the chemistry of fats so far as 
that industry has been reported and discussed in publications. 
The literature of the subject is well presented and it would seem 
from an examination of the work as though very little of what 
has ever been written on this subject either in journal publica
tions or in patent records had been omitted.

The different processes are presented to the leader very 
much as the inventors of the processes themselves describe them 
and the claims of each worker in this field are fully set forth.

A criticism to which this treatise is fairly subject is that it 
is lacking in perspective, that is, that the important and the 
relatively unimportant points are presented to the reader upon 
a common plane as though they were features of equal magni
tude. This, however, is evidently the author’s intention, for 
he states in the preface that he did not think it practicable to 
carry through a vein of critical comment "at this stage of a young 
art,” and that all he aimed to accomplish was to "array the 
multitude of processes, formulae proposals and opinions, leaving 
to the reader the selection of that which should prove of greatest 
utility.”

The work regarded as a review of the literature appears to 
be excellent; as a guide to direct the reader toward the practical 
and away from the purely theoretical, it makes 110 pretenses 
but since it is the first book of its kind and has the great merit 
of completeness, it should prove a valuable addition to the library 
of the modern chemist.

P a r k e r  C. M cI l h in e y
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]NEW PUBLICATIONS
B y J o h n  F . N o r t o n , M assachuse tts  In s ti tu te  of T echnology, B oston

Acetylene: Oxy-acetylene Welding and Cutting: including the 
Operation and Care of Acetylene Generating Plants: and the 
Oxygen Process for Removal of Carbon. B y C. F .  S w i n g l e .  16mo. 
190 pp. Price, $1.00. D rake, Chicago.

Assaying: A Text-book o f  Practical Assaying. By J .  P a r k .  8 v o .

Price, $2.50. J . B . L ipp inco tt Co., Philadelphia.
Cyanogen: The Chemistry of Cyanogen Compounds and Their Manu

facture and Estimation. B y H e r b e r t  E. W i l l i a m s .  8 v o .  423 pp . 
Price, $3.50. P . B lakiston 's Son & Co., Philadelphia.

Explosives: Les Poudres et Explosifs. Les mesures de sécurité dans 
les mines de Nouille. By L. V e n n i n  a n d  G. C i i e s n a u .  8vo. Paris. 

Gas: Gas Works Directory and Statistics, 1914-15. 8vo. 548 pp.
Price, $3.00. Hazell, W atson & Viney, London.

General Chemistry: Chemistry of Familiar Things. B y S. S. S a d t -  

LER. 8 v o . 320 pp. Price, $1.75. J .  B. L ipp inco tt Co., Philadel
phia.

General Chemistry: Elementary Practical Chemistry for Medical 
and Other Students. By J .  E . M y e r s  and  J . B. F i r t h .  12mo. 
194 pp. Price, $1.25. J . B. L ipp inco tt Co., Philadelphia.

Inorganic Chemistry: A Text-book of Inorganic Chemistry. Vol.
I., Pt. 1. An Introduction to Modern Inorganic Chemistry. 
Pt. 2. The Inert Gases. B y J . N e w t o n  F r i e n d  and  others. 8vo. 
385 pp. Price, $3.00. J . B. L ipp inco tt Co., Philadelphia.

Physiology : Directions for a Practical Course in Chemical Physiology. 
By W. C r a m e r .  2nd E d. 4to. 102 pp. Price, $1.00. Longm ans, 
Green & C o . ,  New York.

Sewerage: American Sewerage Practice. Vol. 2. Design of Sew
ers. By L e o n a r d  M e t c a l f  and  H a r r i s o n  P . E d d y .  8vo. 564 pp. 
Price, $4.00. M cG raw -H ill Book Co., N ew  York.

Technology: Lehrbuch der Chemie und chemische Technologie für
Handelsakademein. By A. C h a z e l.  2. 8vo. 231 and  353 pp.
Price, $2.00. Wien.

Vinegar: A Practical Treatise on the Manufacture of Vinegar. B y  

W. T. B r a u n t ,  E ditor. 3 rd  E d. 8vo. 567 pp. Price, $6.00. H . C. 
Baird & Co., Philadelphia.

Water: Examination of Water for Sanitary and Technical Purposes. 
By . H e n r y  L e f f m a n .  7th  Ed. 12mo. Price, $1.25. P . B lakiston 's 
Son & Co., Philadelphia.

Wood : The Preservation of Structural Timber. By H o w a r d  F .  W e i s s .  

8vo. 312 pp. Price, $3.00. M cG raw -H ill Book Co., New York.
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Berücksichtigung einiger weniger bekannter Quellen derselben. 
By L eo  G. M e y e r . Archiv fü r  Hygiene. Vol. 84, 1915, No. 2, pp. 79-120. 

Alcohol: Some Technical Phases of Alcoholic Fermentation. By 
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RECENT INVENTIONS
UNITED STATES PATENTS

B y  C. L. P a r k e r  

Solicitor of Chcm ical P aten ts , W ash in g to n /D . C.

Separating Gaseous Mixtures into Their Constituents. R. P. 
Pictet, Dec. 1, 1914. U. S. Pat. 1,119,312. This process is 
primarily intended for the separation of air into oxygen and nitro

gen. An upwardly moving stream 
of air is subjected in the apparatus 
illustrated, to the action of a de
scending stream of liquid nitrogen 
in a succession of liquid layers. 
This liquid nitrogen dissolves 
oxygen from the gaseous air and 
becomes progressively richer in 
oxygen. The layers of liquid nitro
gen are then caused to boil by the 
action of a succession of streams of 
nitrogen forced into the apparatus 
at different heights and passing to 
the upper end through the liquid 
layers without mixing therewith. 
These streams of nitrogen are 
supplied under such different pres-' 
sures that the nitrogen just liquefies 
at the temperature of the mixture 

of nitrogen and dissolved oxygen at the point of entry of the 
nitrogen.

Carbon-Destroyer. A. A. Saxe, Dec. 1, 1914. U. S. Pat. 
1,119,458. This composition for removing carbon from internal 
combustion engine cylinders consists of kerosene 5 gallons; 
benzol 2 gallons; alcohol 3 quarts ;'andspirits of camphor 1 quart.

Distilling Petroleum. E. M. Clark, Dec. 1, 1914. U. S. Pat. 
1,119,496. Petroleum is distilled by circulating it forcibly 
and rapidly in a relatively small stream under confinement and 
subjecting it to a cracking temperature from and back to abulk- 
supply of the liquid, taking off and condensing the resultant 
vapors and maintaining upon them a pressure of the vapors of 
about 3 to 7 atmospheres.

Composition for Laying Road-Dust. C. Ellis, Dec. 1, 1914. 
U. S. Pat. 1,119,500. The composition consists of concentrated 
waste sulfite liquor and a substantially tar-free oil.

Pure Oxid of Tin. G. Spitz, Dec. 1, 1914. U. S. Pat. 1,119,- 
547. Pure tin oxid in its most amorphous condition is produced 
from stannate solutions by removing contaminating metals, 
precipitating the tin oxid, washing the precipitate with water 
and calcining it unmixed with acid.

Distilling Hydrocarbons. R. E. Humphreys, Dec. 1, 1914. 
U. S. Pat. 1,119,700. In this process products of low boiling 
points, such as gasoline, are produced from hydrocarbons of 
relatively high boiling points by distilling at a pressure of up

ward of four atmospheres, cooling the vapors while under pres
sure to condense the heavier fractions, simultaneously returning 
the condensed heavier fractions to the still for further treatment 
and leading off and condensing the light vapors.

Stable Colloidal Solutions of Metals. B. Schwerin, Dec. 1, 
1914. U. S. Pat. 1,119,647. Silicic acid is mixed with a solution 
of the metal salt to be employed and the metal reduced with 
hydrazin hydrate.

Cleaning Compound for Metals. G. D. Feidt, Dec. 1, 1914. 
U. S. Pat. 1,119,781. The composition consists of phosphoric 
acid, alcohol, and carbon tetrachlorid.

Ink. R. Hochstetter, Dec. 8, 1914. II. S. Pat. 1,119,960. 
A pulp color is mixed with a varnish in a partial vacuum and at 
the same time subjected to a temperature sufficient to vaporize 
the mixture under the vacuum.

Hydrocarbon Liquid Suitable for Use in Internal-Combustion 
Engines. D. R. McArthur, Dec. 8, 1914. U. S. Pat. 1,119,974.
Natural gas is subjected to compression and the heat resulting 
from such compression and commingled with a higher liquid 
paraffin in an atomized or vaporized condition. The resultant 
product condenses in the form of a liquid of lower specific gravity 
than that of the higher paraffin used.

Recovering Precious Metals. F. A. Wiswell, Dec. 8, 1914. 
U. S. Pat. 1,120,175. Pulverized ore or sand containing precious 
metals in fine particles is subjected to the action of an aqueous 
solution of mercuric chlorid in the presence of iron while sub
jecting the material to the action of an electric current.

Materials for Generating Hydrogen. S. Uyeno, Dec. 15, 
1914. II. S. Pat. 1,120,768. An amalgam is produced by form
ing an alloy of aluminum, tin and zinc, rubbing the surface of 
the alloy with an amalgam of mercury and zinc and heating the 
resulting product to a relatively high temperature but below 
the boiling point of mercury.

Cream of Tartar. J. B. Moszczenski, Dec. 15, 1914. U. S. 
Pat. 1,120,839. Material containing potassium bitartrate is 
subjected to the action of a solution of sodium acetate at a high 
temperature to dissolve the potassium bitartrate. The solution 
is allowed to cool and the resulting crystals separated from the 
mother liquor.

Caoutchouc Substitute. O. Rohm, Dec. 15, 1914. U. S. 
Pat. 1,121,134. A solid acrylic acid ester obtained by polym
erization is subjected to vulcanization.

Soluble Phosphates. J. W. Beckman, Dec. 15, 19T4. U. S. 
Pat. 1,121,160. Alunite is heated to a reacting temperature 
with tricalcium phosphate.

Perborate of Zinc. W. Weber, Dec. 15, 1914. II. S. Pat. 
1,121,428. Sulfate of- zinc is melted with sodium perborate, 
while constantly stirring the mass.

Recovering Alkalis from Flue-Gases. S. B. Newberry. 
Dec. 15, 1914. U. S. Pat. 1,121,532. Flue dust from flued 
gases of cement kilns is leached with water and the solution caused 
to move over an extended surface in contact with a current of 
flue-gases in a direction contrary to the flow of the gases and in 
such manner that the solution will be concentrated by absorption 
of salts from the gases and by evaporation by their heat. The 
resulting concentrated solution is subjected to crystallization, 
the crystals withdrawn and the mother liquor employed for 
further contact with the flue-gases.

V

Hydrogenating Unsaturated Compounds. H. K. Moore, 
Dec. 22, 1914. U. S. Pat. 1,121,860. Separate streams of oil and 
hydrogen arc brought into contact with a catalyzer and with 
each other, and the hydrogenated product separated from the 
catalyzer.
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BRITISH PATENTS
By D. G e d d e s  A n d e r s o n  

Chemical Engineer and  P a te n t Chem ist, Glasgow, Scotland

The following abstracts are taken direct from the patent speci
fications, as soon as these are published by the British patent 
office. The date given at the end of the abstract is date of ac
ceptance.

Hydraulic Cementing Material. W. A. Oakley, Application, 
July 15, 1913. Brit. Pat. 16,243. Magnesium carbonate is added 
to hydrochloric acid (1 acid to 2 water), until no more will dis
solve. The resulting solution is mixed with kaolin, dried at 
1200 F., and ground with burnt magnesite.— Accepted Jan. 7, 
1915-

Separation of Metallic Sulfides. L. Bradford, Sept. 18, 1913. 
Brit. Pat. 21,104. This process deals in particular with the se
lective separation of zinc sulfides from lead sulfides. A differ
entiating medium, consisting of a solution of sodium chloride 
slightly acidulated is used, and it is found that the galena par
ticles become “ wetted,”  and are not then susceptible to flota
tion in such a medium. They are left as a high-grade leady 
residue, while the zinc sulfide (blende) particles are not “ wetted” 
and a float concentrate high in zinc can be obtained.— Jan. 7, 
1915-

Repairing Material for Pneumatic Tires. W. H. Halsall 
and P. Coulton, May 13, 1914. Brit. Pat. 25,997 of I9 I3 - 
Material consists of a thin sheet of vulcanized india-rubber, 
and applied to one face is a thin layer of unvulcanized but vul- 
canizable rubber composition consisting of pure rubber 1 lb., 
sulfur 3V2 oz., French chalk 1 lb'. The heat generated by the 
friction of the tire 011 the roadway vulcanizes the repairing ma
terial to the air tube.— Jan. 21, 1915.

Furnace for Producing Cyanamides. Dettifoss Power Co., 
Ltd. and J. H. Lidholm, Dec. 11, 1913. Brit. Pat. 28,629.
This furnace is stated to save time and electrical energy and to
diminish labor charges. The furnace is provided with a bottom

adapted to be raised or lowered, and 
on which the charge is placed in 
a vessel, in such manner that when 
the reaction is finished the charge 
may *3e removed, by lowering the 

I A bottom, and immediately replaced
by a fresh charge: 2 is the bottom
of the furnace lowered or raised by 
the hydraulic piston 3: 8 is the
vessel for containing the charge of
carbide, and 6 the inlet for nitrogen. 
The charge is lowered on to the 
carriage 5 and replaced by a fresh 
charge.— Jan. 14, 1915.

Recovery of Acid from Acid Sul
fates. G. Hunnybun, Dec. 18, 1913. 
Brit. Pat. 29,254. One part of sulfur 
is heated with 2 parts acid sulfate. 
Sulfur dioxide and acid are evolved 
and collected in any usual manner.—  
Jan. 18, 1915.

Composition for Application to Surfaces Subjected to Friction. 
A. Elder, Dec. 31, 1913. Brit. Pat. 30,035. This is a mixture of 
70 parts steel dust, 20 parts gutta percha, 5 parts rubber, 5 parts 
shellac. Mixture is rolled into ribbons and is heated before use. 
—Jan. 13, 1915.

Apparatus for Use in Impregnating Oils or Fats with Gases. 
A. H. Charlton, Jan. 19, 1914. Brit. Pat. 1410. The cylinder 
or drum “A 1’ containing the oil and gas is supported on trunnions 
through which pass the steam inlet "C ,”  and exhaust “ D ” . The

cylinder is provided on its inner periphery with a series of scoop
like members which, when the drum is rotated, lift up and throw

back the oil. “ B ” is the steam packet and “ F” a gas-containing 
cylinder.— Jan. 19, 1915.

Deodorizing Oils. J. T. Bateman, Jan. 6, 1914. Brit. Pat. 
367. The oil flows from preliminary heater "a ” into deodorizing

chambers “ g” where it comes into 
actual contact with superheated 
steam, “ q” is a separate which 
collects any oil spray carried up 
with the steam. The oil passes 
down through chambers “ g” into 
the cooling coil “ y .”— Jan. 6, 1915.

Utilization of Kelp. Boberg, 
Testrup, and Techno-Chemical 
Laboratories, Ltd., Jan. 22, 1914. 
Brit. Pat. 1766. The kelp is re
duced to a pulp and forced under 
pressure through a heater in which 
its slimy water-binding constituents 
are destroyed by heat. The
cooled, treated pulp is pressed,
and the effluent contains most of 
the alkali salts and iodine.— Jan. 
14, 1915.

Products from Rubber. F. E. 
Matthews and E. H. Strange, Jan. 

26, 1914. Brit. Pat. 2070. Liquid sulfur dioxide is added 
to a cooled benzene solution of the soluble portion of synthetic 
or natural rubber, and the mixture warmed to a temperature of 
40° C. in a sealed vessel. An elastic product is obtained.—  
Jan. 21, 1915.

Oil for Internal Combustion Engines. B. O. Jenkins, Feb-
14, 1914. Brit. Pat. 3899. A mixture of 25 per cent benzol,
70 per cent alcohol, 1 per cent camphoric acid distilled at 800 C. 
to 160° C. The camphor renders the liquid more volatile.—  
Jan. 14, 1915-

Puncture Sealing Composition for Pneumatic Tires. P. W. 
Owen, April 10, 1914. Brit. Pat. 8753. Flake mica or a mixture 
of flake mica and resin, is made into a paste with water and poured 
into the air tube of the tin through the valve opening. The 
mica forms an adhering film over the inner surface of the air tube. 
— Jan. 20, 1915.

Substitute for Laundry Starch. E. M. Newbery and E. A. 
Simpson, July 14, 1914. Brit. Pat. 16,774. Gelatin or other 
albuminoid is soaked in water and then boiled, and borax, 
white wax and formaline added. Product forms a stiff mass 
which can be used exactly as starch.— Jan. 7, 1915.

Application of Dyestuffs. E. Lodge and J. M. Evans, 
Sept. 5, 1914. Brit. Pat. 19,473. A sulfur color is reduced to 
its leuco compound by an alkaline sulfid in the presence of an 
alkaline sulfite, and a neutral salt of ammonia is added to the dye 
bath before the introduction of the material to be dyed. This 
process avoids strong alkalinity in the dyebath, and animal 
fibers can be dyed without drying. It is also applicable to the 
dyeing of artificial silks.— Jan. 28, 1915.



M ARKET REPORT
AVERAGE WHOLESALE PRICES OP STANDARD CHEMICALS, ETC., POR THE MONTH OF MARCH, I 9 1 5  

ORGANIC CHEMICALS
A cetan ilid ............................................................................ Lb.
Acetic Acid (28 per c e n t).............................................. C.
Acetone (d rum s)............................................................... Lb.
Alcohol, denatu red  (180 p roo f)......................... * . .. .  .G al.
Alcohol, grain (188 p ro o f)............................................. Gal.
Alcohol, wood (95 per c en t) ..........................................Gal.
Am yl A c e ta te .....................................................................Gal.
Aniline O il........................................................................... Lb.
Benzoic A cid .......................................................................Lb.
Benzol (90 per c en t) ........................................................ Gal.
C am phor (refined in b u lk ) ................... ........................ Lb.
Carbolic Acid (d ru m s).................................................... Lb.
C arbon B isulfide................................................................Lb.
C arbon T etrachloride  (d rum s).....................................Lb.
C hloroform  .................................................................... Lb.
C itric  Acid (dom estic), c ry s ta ls ...................................Lb.
D extrine (corn) (carloads, bags).................................. C.
D extrine (im ported p o ta to ) .......................................... Lb.
E th e r  (U. S. P ., 1900).....................................................Lb.
Form aldehyde .................................................................... Lb.
G lycerine (d y n am ite )...................................................... Lb.
Oxalic A cid.......................................................................... Lb.
Pyrogallic A d d  (b u lk ).....................................................Lb.
Salicylic A cid ......................................................................Lb.
S tarch  (cassava)................................................................ Lb.
S tarch  (corn) (carloads, b a g s ) ..  .............................. C.
S tarch  (p o ta to ) ..................................................................Lb.
S tarch  (rice)........................................................................ Lb.
S tarch  (sago).......................................................................Lb.
S tarch  (w h ea t)................................................................... Lb.
T annic  Acid (com m ercial).............................................Lb.
T a rta r ic  Acid, c ry s ta ls ....................................................Lb.

IN O R G A N IC / C H E M IC A L S
A cetate of Lead (brown, b ro k en )............................... Lb.
A cetate of Lim e (g ray )...................................................C.
Alum (lu m p )....................................................................... C.
A lum inum  Sulfate (h igh-grade).................................. C.
Am m onium  C arbonate, (dom estic )............................Lb.
Am m onium  Chloride, (g ray ) ....................................... Lb.
A qua A m m onia (drum s) 16°........................................Lb.
Arsenic (w h ite )...................................................................Lb.
B arium  C hloride................................................................T on
Barium  N i t r a te .  .......................................................L b.
B ary tes (prim e w hite, fo reign).................................... T on
Bleaching Pow der (35 per c e n t) ............................... .. C.
Blue V itrio l..........................................................................Lb.
Borax, c rystals (bags)..................................................... Lb.
Boric Acid, crystals  (pow d.)  ............................Lb.
B rim stone (crude, dom estic)............................. Long Ton
Brom ine (b u lk ).................................................................. Lb.
Calcium  Chloride (liirnp)................................. ............. Ton
C halk (light p rec ip ita te d )..............................................Lb. *
C hina C lay (im ported )..................... .............................Ton
F e ld sp ar................................................................................ T on
Fu ller’s  E a rth  (powdered, foreign)............................. C.
Green V itriol (b u lk )......................................................... C.
H ydrochloric Acid (1 8 ° ) . . .............................................C.
Iodine (resublim ed)............................................ .............Lb.

Quicksilver, F lask  (75 lbs.).

90 
1.75 

18 
33

2 .50  
45

2 .60
75

1.10
55
411/2

1.15
6V2

14 
30 
55

2.93

15 
8»/a

201/2 
17 Va 

1.90
1.50

31/4
2 .15  (

2 V«
5

60
37

7 Vi 
2.00
2 .5 0
1.50

8»A
5>A
2V<
4

55 .00  
16

I.371/2
5V4
41/4
774

22.00 
40

11.70
41/t

14.00
8 .00

80
30

1.15
4 .20

@

• Lb. 8 © —
• Lb. 5 @ 5’/<

1.00 &  1 . 10
• Lb. . 4»/» @ 4>/<
.T on nom inal
.L b . 3V« @ 4>A

28 28'/»
.L b . 35 ® 95

1.50 @ 1 .70
.L b . 13 @ 15
■ Lb. 70 @ 80
• C. 14 @ 14>A
.L b. 40 @ 45
• Lb. 22 @ 35
• Lb. 14 @ 14>/i
■ Lb. 3 .15 @ 3 .25
.L b. — @ —
■ Lb. 25 @ 30

— @ —
5 ' / j @ 6

■ C. 55 @ 65
.O z. 31»/* @ 331/j

Soapstone in bags.............................................. 10.00 © 12.00
95 Soda Ash (48 per c e n t) ................................... 671/a @ 721/,

2 .00 Sodium  A ce ta te ................................................. ..............Lb. 4 @ 4 1 / 1

20 Sodium  B icarbonate  (dom estic).................. ..............C. 1.00 @ 1.10
35 Sodium  B icarbonate  (E ng lish )..................... ..............Lb. 3V t @ 4

2 .54 Sodium  B ich rom ate .......................................... ..............Lb. 4 @ 4 1 / ,
47 Sodium  C arbonate  (d ry ) ........................... ..............C. 60 © 80

2.70 Sodium  C h lo ra te ............................................... ..............Lb. 16 @ —
85 Sodium  H ydroxide (60 per c e n t) ................ ..............C. 1.55 @ 1.571/i

Sodium  H yposu lfite .......................................... ..............C. 1.60 @ 1.90
_ Sodium  N itra te  (95 per cent, s p o t) ............ ..............C. 2 .20 @ 2.25
__ Sodium  Silicate (liqu id ).................................. ..............C. 85 @ 1.15

1.50 S tron tium  N itra te ............................................ ..............Lb. 15 © 17
7 1 / 2 Sulfur, Flow ers (sublim ed)............................ ..............C. 2 .2 0 © 2.60

15 Sulfur, R o ll.......................................................... ..............C. 1.85 © 2.15
35 Sulfuric Acid (60° B ) ....................................... ..............C. 85 @ 1.00
57 Talc (A m erican)................................................ ..............Ton 15.00 © 20.00

T erra  A lba (A m erican), No. 1 ..................... ..............C. 75 © 80
_ T in B ichloride (50°)........................................ ..............Lb. 11 @ 12
20 T in  O xide............................................................. ..............Lb. 48 @ . —

9 1 / 2 W hite Lead (Am erican, d ry ) ........................ ..............Lb. 5 @ 5»/4
21 Zinc C arb o n a te .................................................. ..............Lb. 87* @ 9
18 Zinc Chloride (g ran u la ted )............................ ..............Lb. 4 1 / 2 @ 4Vi

2 .1 0 Zinc Oxide (Am erican p rocess).................... ..............Lb. 5*/ 8 @ 6*/«
1.60 Zinc S u lfa te ......................................................... ..............C. 2 .50 @ —

OILS, WAXES, ETC.

> 3
> 10
> 66
> 38

> 71/2
) 2 .05
> 3 .00
> 1.75
> 9
> 6i/j
> 2i/j
I 5
>60.00 
\ 20 
r  —
> 1.50

6
\ 4V4
> 10 
\ 22 .50  
i 50
i 12 .0 0
> 51/a
> 18.00 
i 14.00

90 
32 

. 1.65 
> 4 .5 0

C ottonseed Oil (crude), f. o. b. m ill.

N ap h th a , 68 (

R osin (“ F ”

.L b . 45 @ 57

.G al. 12i/a @ 13

.L b . 81/4 @ 9

.L b . 10 @ 25
6.26 @ 6.31

,C . 5 .53 @ 5.60
.L b . 6*/4 @ 7
.G al. 20 @ 25
.L b . 12 @ 15
.G al. 92 @ 94
.G al. 55 @ —
:GaI. 37 @ 39
.drum s — @ 12
.G al. 95 @ 98
.L b . 2 1 / 2  @ 3
.G al. 22 @ 23
. Bbl. 3 .55 @ 3.60
.G al. 25 @ —
.L b. 14 @ 141/a
.L b. 251/a © 26
.G al. 70 © 71
.G al. 17 @ 18
.L b . 10 © 11
.G al. 62 @ 63
.G al. 30 @ 31
.G al. 45 @ 46

METALS

T in ...............................................................................
Z inc.............................................................................

FERTILIZER MATERIALS
A m m onium  S u lfa te . .................................................. C.
Blood (d ried )  ............................................................U nit
Bone, 41/* and  50 (ground, ra w ).................................T on
Calcium  C y an am id ................................. U n it of A m m onia
Calcium  N itra te  (N orw egian)..................................... C.
C asto r m eal.........................................................................U nit
F ish  Scrap (dom estic, d rie d )........................................ U n it
Phosphate, acid (16 per cen t b u lk ) ........................... T on
P hosphate  rock; f. o. b. mine:
F lorida  land  pebble (68 per c e n t) ...............................Ton
Tennessee (70-80 per c e n t)...........................................T on
Potassium , “ m uria te ,"  basis 80 per c e n t................T on
P yrites (furnace size, im p o rted )..................................U n it
T ankage (h igh-grade)......................................................U n it

Lb. 19 @ 191/a
Lb. 24 @ 28
Lb. 2 .80 @ 2 .90
Lb. — @ —
Lb. 14 Vs @ 15-
C 15 @ 1 5 1 / 1

C. 4 .10 . © —
Lb. 42 © 45
Oz. 45 .00 @ 50.00
Oz. 50«/* @ —
C. 53.00 @ —
C. 97* @ 10

3 .1 9  
2 .65

30 .00
2.20

7 .00

@ —

©
6*

2 .25 
5 .00  
1.15 

12i/j 
2.65

2.50
5.50 
1.25

10
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PROSPERITY
W e  h e a r a  lot abou t p oo r business, but w e  are busier than w e  
h a v e  been for years

WHY!!!
B ecau se  m an y concerns for w h o m  w e  h a v e  done w o rk  before must 
n o w  go into n ew  lines w ith  w h ich  th ey  are u nfam iliar, and must 
rely for equipm ent on concerns w h o  can  g iv e  them

U p-to -date Apparatus w ith  
Reliable Engineering Service 

Best W orkm anship  
Prom pt Deliveries 
Honest Values

W e  h a v e  g iven  them  these for years a n d  n o w  w e  get the results.

W e have recently installed in one plant tw o Continuous Stills, Discontinuous 
V acuum  Still, M ultiple Effect E vaporator, Pyrom eter System, Condensers, 
Scrubbers, P ip ing, as w ell as furnishing Engineering Services.

W e have orders within four weeks for nineteen of our S p ecia l Distilling 
Colum ns and Accessories from one concern.

W e h ave other orders from three of the very biggest concerns in their re
spective lines in the U . S .

W e make in our ow n shops the finest Stills, Evaporators, Extractors and 
S p ecial C hem ical M achinery. We incite correspondence.

E. B. B a d g e r  &  So n s  C o
BOSTON , M ASS.
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Let MERCK  
Make the 

“ Blank”  Test 
For You

To that end, buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  &  C O .
NEW YORK 
ST. LOUIS 
RAHWAY, N. 3.


