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EDITORIALS
A SURVEY OF CYANIDATION IN 1911.

The advances made in the last ten years in the art 
of cyaniding ores of gold and silver have taken place 
so rapidly that few men are aware of the extent to 
which the field of application of the process has 
widened. Indeed, these changes and improvements 
have followed so fast on the heels of one another that 
even the men engaged in the practice of cyanidation 
are at times ignorant of the later developments. The 
change has been gradual, and one of the most striking 
things about it is the chemistry of the process which 
is little advanced today over what it was ten years 
ago. Essentially a hydrochemical process, all the 
improvements have been mechanical and though we 
may have a better knowledge of its chemistry, that 
knowledge is of little use to us in solving the problems 
connected with it. The essential advantage of cyani­
dation over other hydro-m etallurgical processes is 
>ts chemical simplicity. Various workable processes 
have been devised that improve on the present cyanide 
process in theory, but in practice, the fact that they 
require a higher degree of m etallurgical skill for their 
successful application, will alw ays prove a bar to their 
adoption if cyanidation will do the work almost as 
"ell. There undoubtedly will be ores of gold and 
silver that cyanidation will not extract the values 
from and we can turn to other processes when that 
ls so- The great variety  of ores treated b y  cyanida- 
t]on makes one feel that where a gold or silver ore is 
concerned, in at least nine cases out of ten, cyanida- 
t'on will make a better extraction at a lower cost than 
an>' other process.

Cyanidation was first practiced on the sand or 
granular portion of the tailing, from mills treating 
iuartzose, gold-bearing ores. It  was not regarded as 
suited to silver ores at first but soon was found to be 
applicable to them, though it made only a 60 per 
Cent' recovery, because it did so at such a low cost.

These first plants were percolation plants and could 
only operate when part, or all, of the slime, or col­
loidal portion of the ore, was run to waste. The 
decantation plants of South Africa were an effort 
to solve the problem of treating slime that never 
fully succeeded. The most marked advance in cyanida­
tion began when the submerged suction filter was 
brought to such a state of mechanical efficiency that 
it was generally applicable. The two best known 
exponents of this principle in this country are the 
Moore and Butters filters, though I believe the idea 
was previously employed by Cassel in South Africa 
in a less efficient form.

The submerged suction filters not only made it 
possible to treat all the slime but even made it de­
sirable to reduce as much of the ore as possible to 
nearly a slime condition. These new conditions created 
new demands and a host of clever mechanical ap­
pliances has been perfected to meet them. It was 
no longer possible to bring the finely ground ore in 
contact with cyanide solution b y  passing the solution 
through the ore, as in a percolation plant, so this was 
achieved b y  mixing the ore and solution together and 
keeping the ore suspended in the solution by means 
of agitation. Unconsciously the tremendous im prove­
ment in extraction possible through finer grinding has 
been learned until now cyanidation presupposes fine 
grinding, agitation and filtration.

A t present, gold and silver ores varying widely 
in chemical composition, and in value from $4 to $35 
in gold, and from a few ounces to th irty  ounces in 
silver, are being successfully cyanided. Cyanidation 
has displaced pan-amalgamation. The cost of cyanid­
ing is lower, the extraction better and pan-amal­
gamation only was suited to ores essentially of silver, 
whereas cyanidation extracts both gold and silver. 
Lixiviation, with the necessity of previous roasting, 
costs much more to practice, makes a poorer extraction
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of silver and none of the gold. Chlorination likewise 
requires roasting of the ore and makes no extraction 
of the silver. Even where an ore is so rebellious that 
it must first be roasted, cyaniding has displaced chlori­
nation and lately the ores of Cripple Creek and Cobalt, 
chem ically com plex and hitherto considered hard 
metallurgical problems, are now successfully treated 
in the raw state, when low grade, b y  cyanidation. 
The last field to be invaded, and one in which the pos­
sibilities have not been reached, is that of concentrate 
treatment. Hitherto the concentrate produced b y  
gold and silver mills was alw ays shipped to the smelters, 
in m any cases an uneconomical proceeding— but now 
every few months adds another to the list of concen­
trates that can be successfully cyanided. Simple 
ore-dressing— that is, amalgamation and concentra­

t i o n — will hold its own for some time to come on the 
low-grade ores to which ■ it is suited, because the 
preparation of the ores is less elaborate and the whole 
operation can be performed for about one-third of 
the cost of cyanidation. E ven then, the concentrate 
will probably be treated b y  cyanidation and wherever 
the grade of the ore is high enough to justify  the ex­
pense of making a higher extraction, cyanidation will 
be preferred.

Most of these processes require a high order of 
m etallurgical skill, but cyanidation can be success­
fu lly  practiced b y  men of no technical education and 
little knowledge of chemistry.

The development of the process has consisted purely 
in refinement. Cyanide mills are now elaborate 
structures in which there is a special device employed 
for every possible operation. This high efficiency has 
been attained at the cost of flexibility, and smooth 
continuous operation is essential to low cost. The 
tendency in mill practice is to relieve the operator 
of the necessity of exercising his judgm ent and to 
place more responsibility in the hands of the designer. 
The function of the mill-man now is to understand his 
machinery and keep it in operation, but the extrac­
tion th at the mill makes depends on that machinery 
being properly adjusted in the design of mill.

The cost of mills has increased enormously. This 
has made it advisable to em ploy a better standard of 
materials in their construction and more care in their 
design. A  degree of thoroughness is exercised in 
testing previous to design that was unheard of a few 
years ago. Then standard mill construction in­
volved 850 lb. stamps, wooden m ortar blocks and 
framing, and three tons per stamp per day was re­
garded as good practice; the rough approximation 
generally accepted for mill construction was S i ,000 
per stamp. This was equivalent to a cost for con­
struction of S3 3 5 per ton of daily capacity. Later 
the increased cost of materials and labor and the in­
crease to 1050 lb. in the weight of stamps, with the 
consequent daily capacity of five tons per stamp, 
made $2,000 per stamp the figure, equivalent to S400 
per ton of daily capacity. Now, the advent of the 
fine-grinding, agitation and filtration plant has so 
added to the machinery installed in mills, th at the 
role of the stamp has been altered so th at it can no

longer be taken as a basis for estimation and $1,000 
per ton of daily capacity will often be found as the 
correct figure for mill construction. The variation 
in cost is greater, however, and an estimate must be 
gone into with more care than formerly was the case. 
The standards of construction have changed. A 
wooden m ortar block now excites more comment than 
a concrete one did seven years ago. Steel framing, 
concrete floors, retaining walls and foundation all are 
common practice.

The mills all resemble one another so that they 
virtually conform to a type. Those that differ from 
the type remain different not because they are better 
but because it would cost too much to change them. 
E very  modern cyanide plant now involves fine-grind­
ing, settling of the pulp to greater density and removal 
of the surplus solution, agitation, further settling and 
filtration. Crushing, in the m ajority of cases, is per­
formed wet. The reason for the wide-spread adop­
tion of this process to the exclusion of all others and 
of this type of mill is found in the cost and the extrac­
tion. The cost of cyanidation seldom gets below 
50 cents per ton, but it should never exceed Si.50 per 
ton. The extraction of gold should always be from 
go to 95 per cent., and of silver from 88 to 92*percent. 
These results, which are so frequently attained in 
practice that they can be expected, make cyanidation 
an art, with the wide-spread application of which 
every metallurgist should be familiar.

A r t h u r  R. T o w n s e n d .

THE GENERAL MEETING IN JUNE.

Those chemists who were fortunate enough to listen 
to the remarks of Charles F. Chandler during the 
banquet at the opening of the Chemists’ Club last 
March will not soon forget the earnestness of his de­
scription of the growth of the cooperative idea among 
American chemists. H aving been among the very 
first in this country to organize a small group of men 
interested in chem istry and having been one of the 
small number who m et around Priestley’s grave in 
Northumberland, Penn., August 1, 1874, w h ic h  meeting 
resulted in the organization of the American Chemical 
Society, he spoke with authority. The chief 
tenor of his advice was to "get together,” and those 
who know him well know that he as well as others 
of the pioneers in American chemical science have 
exerted their full influence throughout their lives to 
induce Am erican chemists to get together for their 
own advancem ent and the advancem ent of the pro­
fession. The point cannot be too strongly emphasized, 

for its practical embodiment is seen in the r e m a r k a b l e  

growth of the American Chemical Society in the last 
tw enty years and the wonderful influence it has had 
upon the development of chemical industry in Amen» 
and upon the increase of individual knowledge and 
endeavor among American chemists.

The Local Sections of the Society afford means 0. 
personal contact with chemists in limited localities, 
and these Local Sections have done a great and goo1
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work in developing the spirit of helpfulness and 
fellowship among their members. A ltogether too few 
of the members of the Society, however, attend the 
general meetings which occur semi-annually. It is 
true that attendance at these meetings is rapidly 
increasing, but it has not yet reached the point that 
can reasonably be expected, and it is hoped that the 
members of the Society will carefully consider this 
point and make every endeavor to be present at In­
dianapolis and future gatherings of the general Society.

No member who has not been a regular attendant 
at the general meetings can realize the wonderful help 
they may be in the development of the individual. 
They give opportunity of meeting chemists in all 
kinds of work, thereby broadening the knowledge 
of the individual; they give opportunity of meeting 
chemists who are interested in the same lines of 
work and thereby frequently add to the specific facts 
which are important in special industries; they give 
opportunity of meeting the most successful chemists 
both in industrial and-educational work and thereby 
add inspiration— they give opportunity for visiting 
special industrial works, adding to the practical know­
ledge of the visitor; they give opportunity for a sum­
mer or winter outing, for every Local Section does much 
to entertain its guests.

Many chemists feel that they cannot afford the 
time and expense of attending these meetings. Most 
of those who do attend, especially after they have been 
two or three times so that they become acquainted, 
realize that they cannot afford to stay  aw ay even if 
the distance is great and time is pressing. Especially 
the young or isolated chemist who has not the op­
portunity of frequent intercourse with his fellows, 
who is too apt to get into one line of thought, cannot 
afford to stay away, for the friendships made and the 
inspiration gained through knowledge of the work 
of others will make him a better chemist and is certain 
u the end to add to his material as well as to his 
mental advancement.

It is particularly pleasant to see the changing a t­
titude of many of our most prominent firms towards 
attendance at the general meetings of the Society. 
A few years ago chemists complained that they found 
it difficult even to get the necessary leave of absence 
to attend the meeting. Now the case is quite often 
reversed. Firms have found th at they gain so much 
by the presence of their chemists at these meetings 
that those who have had .experience have almost 
invariably not only allowed the necessary time for 
attendance but in m any instances now insist upon 
attendance and in an increasing number of cases pay 
all the expenses of the chosen individual. These 
cases are as yet altogether too few, but they are yearly 
increasing and it is indicative of a broader and more 
successful American chemical industry. It  is certainly 
true that it is the most progressive and successful 
‘ rms that require their chemists as a part of their 
"’ork to attend the general meetings of the American 
Chemical Society.

Special efforts are being m ade to  h a ve  the sum m er 
meeting in Indianapolis a great success, and definite

assurance can now be given th at every member 
who attends the meeting will have unusual oppor­
tun ity  both for enjoyment and for professional de­
velopment. The Entertainment Committee is planning 
an interesting program for the entertainment of ladies, 
and it is certain that they, too, will find the meeting 
unusually attractive. A n especially amusing program 
is promised for the smoker on one evening; the follow­
ing evening an automobile ride to the Country Club 
with lunch on the grounds, lawn fete, dancing, music, 
etc., is expected; on the third evening the usual banquet 
will be held. Tw o full days will probably be given 
up to the meetings of the Divisions, while the morning 
of the first day will be given to general addresses of 
interest to all chemists. One afternoon those present 
are to be especially entertained at the dedication of 
the new laboratories of the Eli L illy  Company, one of 
the largest pharmaceutical manufacturing companies 
in America. Saturday will probably be given up for 
the main part to visits to manufacturing plants.

Begin to plan now for the summer meeting. R e­
member the date is W ednesday, June 28th, to Saturday, 
July is t; the place, Indianapolis. L et us all “ get 
together” there! C h a r l e s  L. P a r s o n s .

ENDOWMENT FUND.

No organization which does a great and broad public 
service should be without the resource of available 
funds to promote and further the work.

On every hand we see a continual and worthy 
effort being made to stabilize and make sure of a 
continuous performance such endeavor.

W hy the American Chemical Society should not take 
advantage of the very apparent opportunity is hardly 
understandable. Here awaiting us for action are to 
be found the ideal conditions under which a most 
successful effort can be undertaken. A n organiza­
tion composed of a body of men representing all classes, 
working for a great common good, namely, the ad­
vancem ent of chemical knowledge, with the best 
field for its application.

W ith an intangible valuable attribute to the goods 
to be delivered— working brains; a m arket for these 
same goods, which is boundless; an unsatisfied demand 
for the best obtainable execution measured b y  the 
ability  of the individual and the effectiveness made 
possible b y  the organization as a unit, what more 
could be asked or could be offered which would appeal 
to the users and consumers of such a product, namely, 
the body corporate, The American Chemical Society? 
We who are of it should individually and all together 
determine upon a course which will enable the In­
dustrials of this country to benefit b y  an open-minded, 
free-for-all research in all branches of chemistry, 
giving to the struggling young chemist inspiration 
b y  opportunity, and to the manufacturers at large 
an appreciation of unrestricted research, the benefit 
of which can be enjoyed b y  all to the great advance­
ment of the industries of this country.

That an endowment fund would properly take care 
of this need is very  apparent, and in one w ay  only
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can such a fund be made available— absolute and com­
plete cooperation with a well defined plan of action 
carefully thought out and made the interest of every 
director, councilman, division chairman, sectional 
chairman and member.

In order to secure the opinion of the Society as a 
whole we take this opportunity to place an insert in 
this issue, and request your prompt reply to the 
questions of the Chairman of the Endowment Com­
mittee. B. T .  B. H y d e ;

ORIGINAL PAPLR5.
THE MICROSCOPIC EXAMINATION AND IDENTIFICATION 

OF CARBON.
B y  G. A . R o u sh .

Received March 28, 1911,

The remarkable success which has in the last fevv 
years attended the application of microscopic methods 
to the examination of the structure and properties of 
metals and alloys suggested an attem pt to apply the 
principles of m etallography in the examination of 
carbon. The carbons of commerce are made up of 
small particles of one or more of the different varieties 
of amorphous carbon cemented together by means of 
a binder, usually tar or pitch. The object of this investi­
gation was, if possible, to develop some distinguish­
able difference in the appearance under the microscope 
of these ultim ate particles of carbon, b y  which they 
could alw ays be recognized, in order that the composi­
tion of unknown materials might thus be determined.

The wide-spread uses to which carbon is being put 
nowadays, and the variety  of raw materials which 
m ay enter into the composition of carbons of different 
classes and grades has made desirable a method for 
the differentiation of various raw materials which m ay 
have been used, and an approxim ate analysis of the 
composition of any particular sample. The principal 
commercial uses of carbon are for arc light electrodes 
of various kinds, electrodes in furnace and electro­
lytic processes, electrodes for dry and wet batteries, 
brushes for dynamos and motors, contacts and resist­
ance material in electrical apparatus and machinery.

Such a wide scope of uses as are shown here neces­
sarily implies a considerable number of available raw 
materials which m ay be used to give the carbons the 
distinctive properties best suited for their particular 
uses. The list of available materials includes the 
following:

Lampblack 
Retort Carbon 
Petroleum Coke

f Powdered 
Natural i  Flake

Artificial
(  Bee Hive 

I* Bituminous -j B y product 
Coal Coke -< Gas

( Anthracite

Coal coke is a t present used very little, if any, on 
account of its high ash content, but it is a possible 
available material for future use, provided some pro­
cess can be devised to remove the ash, or for 
some use where the presence of the ash is not 
detrimental. Lam pblack is used most in the 
high-grade arc carbons, and to a small extent in some 
grades of motor and dynamo brushes. Electrodes 
are m ainly of petroleum coke, sometimes of retort

carbon and sometimes of a mixture of these two. 
Motor and dynamo brushes m ay be composed whollv 
of retort carbon, petroleum coke or one of the varie­
ties of graphite, or of mixtures of two or more of these 
materials, with occasionally a small percentage oi 
lampblack, as stated above.

Heretofore there has been no means of even approxi­
m ately estim ating the composition of products of this 
kind, except b y  judging from appearance, and com­
paring with trial mixtures. Hence the determination 
of the composition, or the duplication, of a sample of 
unknown composition was a m atter of considerable 
difficulty, which, it is hoped, will be somewhat lessened 
by the results of this investigation. The results here 
described are not as full and complete as might be 
desired, but those obtained are given as a step in the 
right direction, with the hope of adding to them in 
the future.

Methods.— The methods are simply those used in 
the examination of a sample of a metal or alloy to 
determine its internal structure. These can be found 
in full in any standard work on metallography, and so 
will be given only briefly here. The method in general 
consists in selecting a suitable sample of the material 
in question, grinding on one side a flat surface by 
means of an emery wheel, and then bringing this flat 
surface to a smooth polish b y  rubbing it successively 
on em ery papers of increasing fineness. After a per­
fectly smooth polished surface is obtained, the struc­
ture of the m aterial is developed by etching the sur­
face b y  means of some suitable etching medium, and 
the prepared surface is then ready for examination under 
the microscope, the object being, as stated before, to 
develop some distinguishable difference in the appear­
ance of the particles of which the material is composed, 
b y  which they can be recognized and distinguished.

Preparation of the Samples.— The samples s h o u l d  be 
selected so as to be as representative as possible, and 
several different sections should be prepared so that 
the results obtained m ay represent a fair average o! 
the material in question. In order to accomplish thss, 
the samples examined should include sections, th e  pol­
ished surfaces of which were originally perpendicular 

to each of the three principal axes of the original 
sample, since the orientation of the particles of carboa 
varies with the shape of the particle and with the shape 
of the die through which they are forced.1 The samples 
to be examined are best removed from the entire mas 
b y  means of a hack saw. The surface to be prepared 
is first flattened b y  touching to an emery wheel or 
dressing w ith medium rough file. The further polish-

1 Those not familiar with the manufacture of carbon are referred'0 
the writer’s  article on this subject in T h i s  J o u r n a l , May, 1909.
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ingof the sample then consists in removing the scratches 
left on the surface b y  one grinding medium with a suc­
ceeding one of finer grit. The em ery or file can be 
followed by rubbing on an emery paper of No. i or 
No. o grade, and this is followed by successive grades 
of Crocus paper from No. o to No. oooo. The sample 
should be rubbed on each paper so that the scratches 
produced are at right angles to those produced by the 
preceding paper, since by this means it can be most 
easily determined when all the scratches of the pre­
ceding paper have been eliminated. A  few rubs over 
the surface of the No. oooo Crocus paper usually suffices 
to fill the grit of the paper with finely divided carbon 
from the sample in hand so that the surface is given 
a more or less mirror-like polish, which is the result 
desired. The steps necessary to obtain such a polish 
vary widely with the different materials. In some 
cases only two or three of the different polishing 
papers are required, and with others one m ay have diffi­
culty in obtaining the desired results at all. Some 
samples give satisfactory results at first trial, while 
others require repeated attem pts before they finally 
give a surface that can be examined with any satis­
faction. It is a m atter that can be learned only by 
experience, since every individual piece requires its 
own individual treatment.

After the specimen is polished, it has to be given a 
further treatment in order th at the structure m ay be 
distinguished. The surface must be treated in such 
a manner that the softer parts of the material are 
worn away more than the harder, so that in this man­
ner the structure of the material is left in outline. 
This may be accomplished in one of two ways: the 
sample may be heated to a red heat so that the air 
attacks and oxidizes the polished surface, leaving the 
denser and more resistant parts in outline, or the sur­
face may be still further polished on a soft, yielding 
material such as chamois skin or broadcloth, so that 
the softer parts are worn aw ay more rapidly than the 
hard, thus leaving the outlines in relief. In the fur­
ther descriptions the former is known as “ heat etching” 
and the latter as “ relief polish.”  These two different 
ways of finishing the specimen give a somewhat dif­
ferent final appearance, and the question as to which 
is the more suitable for a given sample can be decided 
only by trial. It is often of benefit to prepare samples 
in both ways and compare them with each other. No 
set rule can be given as to the amount of etching nec- 

i cssaiT> as this varies with the different samples, but 
usually, if heat-etched, it should not be more than just 
enough to destroy the gloss of the polished surface. 
The specimen should be heated to a red heat in a blast 
amp and allowed to oxidize in the open air until the 
gloss from the polished surface has just disappeared, 
•'hen the entire sample should be cooled below a red 
eat as quickly as possible b y  holding it in a blast of 

c°ld air. It is often more difficult to get good results 
"ith the relief polish than with the heat etching. The 
Wimen should be examined frequently with the mi­
croscope during the polishing operation, and as soon 
as a good relief is obtained the polishing should be 
■topped, for a relief once developed can be easily de-

.169

stroyed by polishing a little too long. In some cases 
the relief polish might be followed to good advantage 
b y  the heat etching, giving better results than could 
be obtained from either used alone.

A fter a specimen has been etched sufficiently, and 
has been shown b y  a preliminary examination under 
the microscope to be in the condition in which it is 
desired, it should be mounted perm anently on a slide. 
The etched surface is very delicate, and if it is attem pted 
to preserve the specimens loose, even though they are 
packed in cotton, the liability of damage to the etched 
surface is great. They are best preserved b y  mount­
ing them on a regular microscope slide b y  means of 
sealing wax. In order that the entire surface of the 
specimen m ay be in focus, it is necessary in mounting 
that its surface be kept perfectly parallel with the surface 
of the slide on which it is mounted. This' is done b y

Fig. 1.— M ounting device for specim ens.

made in any machine shop. B y turning the circular 
ring A, the surfaces B and C can be separated any dis­
tance desired and yet alw ays remain parallel to each 
other, if the instrument has been properly made. The 
specimen D is laid polished surface down on the face 
C, the ring A  is turned until a slide laid on B just clears 
the specimen, a few drops of hot w ax are then dropped 
on the back of the specimen or on the center of the 
slide, and the slide is pressed down against the face of 
B until the w ax is cold.

A fter the preparation and mounting of the specimen 
it is ready for examination under the microscope. For 
this purpose any microscope can be used which can be 
supplied with an apparatus for vertical illumination, 
descriptions of which can be obtained from any stand­
ard work on m etallography. The instrument used in 
this investigation was the Leitz metallograph, supplied 
with eye-pieces and objectives giving magnifications 
of 65, 200, 325 and 550 diameters. Practically all of 
the work was done with the two lower magnifications, 
the larger ones being used only occasionally when a 
sample was found in which the raw materials had been 
ground exceedingly fine.

W henever possible the samples should be filed aw ay 
for future reference, but where this is ' impossible, or 
where records are wanted for any other purpose, 
recourse m ay be had to photography, which will repro­
duce the appearance of the samples in all of their detail. 
In some ways the photomicrograph is of more value
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than the original sample as a record, since it makes Retort Carbon.— Retort carbon is the carbon deposited
easy the comparison of one sample with another, or in the flues leading from the retorts in a coal gas bench,
different magnifications of the same sample. The Most retort carbon is found as a heavy steel-gray mas
details of this ‘ process can be obtained from some with a granular structure. The mass m ay vary con-
book on photography or m etallography.1 siderably in density and porosity in different parts, and

A  carbon treated in this manner and viewed under m ay be contaminated with more or less soot, but it
the microscope has an appearance similar to Figs. 2 is of a fairly uniform granular structure throughout,
and 3. In these the individual grains can be distin- A  second form is found in the shape of nodules, which
guished readily, the former being magnified 65 diameters have been deposited in successive layers, and the
and the latter 200 diameters. The problem now grains of carbon are usually smaller than in the gran-
before us is to find some means of distinguishing be- ular variety. Fig. 12 shows a section of granular
tween the different individual grains when some are retort carbon under a magnification of 65 diameters;
of one m aterial and some are of another. This was Fig. 13 shows a section of nodular retort carbon under
accomplished b y  studying pure samples of the different the same magnification. In the former the uniform
raw materials that enter into the make-up of the car- body of the m aterial is shown, while in the latter the
bons. A s has been shown in the list of raw materials, successive layers from which the nodules are built up
the most im portant of these are petroleum coke, are readily distinguished. Under a higher magnifi-
retort carbon, artificial graphite and natural graphite, cation both varieties show practically the same struc-
varying in importance in the order named. These will ture, a somewhat roughened, finely pitted surface, ap-
be taken up and discussed in this order. parently made up of very  fine granules, as shown in

Petroleum Coke.— Petroleum coke is the residue left Fig. 14, where the same sample as shown in Fig. 12 is
in the. still in the refining of crude oil. As obtained shown under a magnification of 200 diameters. This
from the oil refineries, it is a black, porous carbona- structure is not changed at a still higher magnification
ceous mass, still containing a considerable percentage of a s 's shown in Fig. 15, which is a sample of retort car-
oil, which must be removed b y  calcining before the bon under a magnification of 325 diameters. This is
coke can be used in the manufacture of carbons. W hile the characteristic structure of retort carbon. As in
the mass is visibly porous, from its nature and origin the case with petroleum coke, wide variation may be
one would suspect this porosity to extend beyond the met in shape of the individual grains and the structure
limits of visibility, and as a m atter of fact, it does. the body of the carbon, as can be seen in Figs. 16,
Fig. 4 is a section of petroleum coke magnified 65 1§ an(i  2°> but under the higher magnification all
diameters. This shows to good advantage the large show the characteristic pitted surface, as seen in Figs.
pores in the mass, and the cellular nature of the finer 17> *9 and 2 1-
part of the structure. Fig. 5 shows the same section Graphite.— The presence of graphite in a carbon, if
under a magnification of 200 diameters. Here it can to any appreciable extent, can be detected by the
be seen that the porosity of the material still persists general appearance of the carbon and b y  the specific
up to the limits of this magnification, giving the sur- gravity. Carbons- made from petroleum coke and re­
face a peculiar striated appearance, due to the numer- tort carbon are not liable to have a specific gravity
ous fine pores throughout the mass of the material, higher than 2.05, and m any do not go above 2.00,
This striated appearance is characteristic of petroleum while graphite has a specific gravity  of 2.25-2.30. The
coke, and can easily be detected and recognized where- amount of ash in the sample is also an indicator. A
ever this material is found. Numerous samples of carbon made from a good grade of petroleum coke
petroleum coke have been examined from different should not exceed 0.25-0.75 per cent, of ash, the latter
sources, that had received all sorts of different treat- being a high figure. A  good grade of retort carbon
ment, and none were found in which this peculiar will run from 1.00 to 2.00 per cent., with occasionally
characteristic striated appearance could not easily be 2.50 per cent. If artificial graphite be present in the
developed and recognized. carbon, these figures m ay not be changed very much.

Fig. 6 shows a section of a carbon rod known to be for the better grades of artificial graphite do not have
made from petroleum coke, magnified 65 diameters, a very  high ash content. I t  is probable, though,
showing the structure of the body of the carbon, that one of the lower grades would be used, which wcula
Fig. 7 is the same section under a magnification of result in an appreciable increase in the ash content.
200 diameters, showing the characteristic striated If natural graphite were used, the difference would be
appearance developed in the particles of petroleum still more marked, unless an exceptionally pure graphite
coke. Figs. S and 10 compared with Fig. 6 show were used.
what varied appearances m ay be m et in the shape of Artificial Graphite.— Artificial graphite, being £
the individual grains and the structure of the body of manufactured product obtainable from several di*-
the carbon, yet all, under the higher magnification, ferent sources, does not show a distinctive structure
show the same characteristic appearance of petroleum such as characterizes petroleum coke and re to rt car-
coke, as seen in Figs. 7, 9 and 11. bon. No samples of artificial graphite have been

1 For greater detail concerning tlie apparatus and operations men- f o u n d  t h u s  f a r  t h a t  pO SSeSS a n y  d i s t i n c t i v e  chafi
tioned consult any of the following books: Gulliver. M etallic A lloys; Law. i s t i c  m a r k i n g s  of t h e i r  OWH. F i g .  2 2 s h o w s  & SCCtlO

A lloys and Their Industrial Application; Osmond and Stead, The M icro- f r o m  & b l o c k  Q£ A c h e S O n  g r a p h i t e
scopic A nalysis of M etals; Howe, Iron, Steel and Other A lleys; Ruer-Mathew- .
son, Introduction to Metallography. lVOITI p e t r o l e u m  C O ke. F i g .  2 3  i s  E

, presum ably niaa 
section from another



Fig. 3. - 200.
Carbon sam ple show ing structure and individual grains, 

lleat-etch ed .

Fig; 5. 200.
Section of petroleum  coke. R elief polish .

Fig. 7. X 200.
F ig . 6 under h igher m agnification. Ileat-etched.

Fig. 2. X 65.
Carbon sam ple show ing structure and individual grains. 

H eat-etched.

Fig. 4- X 65.
Section o f petroleum  coke. R elief polish .

Fig. 6. X 65.
Carbon rod show ing individual grains of petroleum  coke. 

H eat-etched.



Fig-. 8. X 65.
Carbon rod sh o w in g  individual grains o f  petroleum  coke. 

H eat-etched.

Fig. 10. X 65.
Carbon rod show ing individual grains o f petroleum  coke. 

R elief polish.

Fig. 12. X 65.
Section of granular retort carbon. R elief polish .

Fig. 9. X 200.
Fig. S under higher m agnification. Heat-etched.

Fig. 11. X 200.
Fig. 10 under h igher m agnification . R elief polish.

Fig. 13. X 65.
Section of nodular retort carbon. R elief polish.



Fig. 14. 200.
Fig. 12 under higher m agnification. R elief polish R elie f polish,

Fig. 16. X 65
Carbon show ing  individual grai us of retort carbon. R elief 

polish.

Fig. 17. X 200.
Fig. 16 under h igher m agnification. Relief polish

Fig. 18 X 65. F ig . 19. X 200.
Carbon show ing individual grains of retort carbon. Heat- Fig. 18 under h igher m agnification. H eat-etched,

etched.



Fig. 24. 200. 25 2°°-
sam p le  con ta in in g  petroleum  coke and artificial graphite. Sam ple contain ing retort carbon and artificial graphite.

H eat-etched, Relief polish.

Fig. 20. 65.
Carbon show ing individual grains o f retort carbon. Heat 

etched.

Fin. 23. 200.
Section of Acheson graphite. H eat-etclied.

Fig. 2 1 . X  200 
Fig. 20 under higher m agnification. Heat etched,

Fig. 22. X 200. 
Section o f Acheson graphite. Heat-etched.



Fig. 26. X 65.
Carbon from fine natural graphite. Heat-etched

Fig. 27. X 200.
Fig. 26 under h igher m agnification . H eat-etched,

Fig. 28. X  65.
Carbon from larger natural graphite. Heat-etched.

Fig. 29. 200.
Fig. 2S under h igher m agnification. Hcat-etched.

Fig. 30. 3*5- F ig. 31 . < 65.
Carbon from larger natural graphite, k e lie f polish. Carbon from coarse natural graphite. R elief polish .
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piece of Acheson graphite that plainly shows its origin 
by its characteristic striated appearance. The question 
immediately presents itself, W hy should one of these 
samples show no distinctive markings, and the other 
show them so plainly? Is this second sample a 
case of incomplete conversion', or is this retention of 
form analogous to a pseudomorphous crystal? Sam­
ples similar to the latter are not at all hard to find; as 
a matter of fact, they seem to be more numerous than 
the former.

So far, artificial graphite has shown no characteristics 
by which it can be distinguished from other materials 
under the microscope. The samples shown in Figs. 24 
and 25 contain more or less graphite along with the 
other constituents, but one is not able to pick out the 
individual particles as can be done with the petroleum 
coke and retort carbon, and since, as is stated above, 
artificial graphite can be made from any of the different 
forms of amorphous carbon, we are liable to find sam­
ples of artificial graphite which still retain more or 
less of the appearance of any of the possible original 
materials. A  full and careful study of the graphites 
obtained from the different commercial varieties of 
amorphous carbon will be required before one can say 
with any assurance th at these forms of graphite can 
be identified, and distinguished one from another.

Natural Graphite,— The natural graphites are as a 
rule more or less of a flaky nature, with the flakes 
varying in size from an almost impalpable powder up to 
almost an eighth of an inch across. W hile the natural 
graphites do not have any very  distinctive markings, 
after a little experience one can generally recognize 
them by the shape of the flakes. Figs. 26 and 27 show 
a sample of very fine natural graphite under magnifi­
cations of 65 and 200 diameters, respectively. Figs. 
28 and 29 show a graphite with a slightly larger flake, 
under the same magnifications. Figs. 30 and 31 show 
flakes of still larger size, the former being enlarged 
325 times, and the latter only 65 times. These last 
two samples are finished with the relief polish, while 
the other two are heat-etched. The different results 
produced by the two methods on similar materials is 
shown clearly.

Similarities and Differences.— Occasionally cases are 
found where particles of one material show an appear­
ance similar to one of the other materials, and require 
considerable study and manipulation before they can 
be definitely identified as one or the other. The prep­
aration of several specimens from each sample examined 
usually will enable one to avoid false conclusions in a 
«ase of this kind.

A nodular retort carbon, such as is shown in Fig. 13, m ay 
under some conditions appear very similar to the striated 
surface of petroleum coke. This can usually be de­
tected by a higher magnification, which will develop to 
a greater extent the characteristic structure of the 
retort carbon, and will also aid in the identification b y  
bringing out more clearly the almost perfect parallel- 
■sni of the lines on the surface, which is much more
perfect than is found in the striations of petroleum 
coke.

The striated appearance of the petroleum coke is
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due to the presence of minute pores extending through­
out the body of the material. If the section is cut so 
that its surface is perpendicular, rather than parallel, 
to the course of these pores, the surface will appear 
more or less pitted, similar to the characteristic struc­
ture of retort carbon, particularly uncler the lower 
magnifications. This can usually be detected without 
much difficulty b y  a higher magnification and speci­
mens cut from other parts of the sample under exam ­
ination.

A  natural graphite in large flakes, if etched b y  heat, 
m ay show striations similar to petroleum coke, but 
this material can usually be detected b y  the shape of 
the flakes, as shown in Figs. 29, 30 and 31.

W ith a little experience, one can become familiar 
with these similarities and differences, so that the iden­
tification of the different materials can be accomplished 
without much difficulty.

Optical Analysis.— The next step after the identifi­
cation of the constituents of the carbon is the deter­
mination of the quantities in which the different con­
stituents are present. When the materials have been 
ground very fine, this is a difficult matter, but if the 
particles are not too small, so that their outlines can 
be definitely determined, fairly accurate results can 
be obtained. For this purpose, the methods of opti­
cal analysis used in petrography for the analysis of 
rocks can be used.

It has been determined1 that the sum of the diameters 
of a large number of adjacent particles, measured in a 
straight line, bears the same ratio to the total length 
of the line from outside to outside of the first and last 
particles, as the volume of these particles is to the total 
volume of the m aterial; in other words, the quotient ob­
tained b y  dividing the total length of the line into the sum 
of the diameters of the particles touching the line and 
measured on the line, gives the percentage b y  volume 
of the whole, occupied b y  those particles. For this 
purpose the sample in question is put under the micro­
scope at a magnification sufficient to clearly distin­
guish all of the individual particles, using a micrometer 
eye-piece, preferably one with cross hairs unless the 
scale of the micrometer has a line drawn lengthwise 
through it, as some do have. This will give the field 
an appearance like that shown in Fig. 32. The hair 
line serves as the straight line across the surface of the 
specimen, along which the measurements are to be 
made. Those portions of the line are measured 
which lie on the particles whose percentage is sought. 
W hatever m ay be the size or shape of the particles 
encountered, that portion of the line is measured that 
lies on the surface of all the particles under the scale 
of the micrometer, and note is made of the total length 
of the micrometer scale, and of the sum of all the diam­
eters of the particles as measured along the straight 
line. Other portions of the specimen are then meas­
ured in the same w ay  until the total distance measured 
over is at least 100 times the diameter of the largest 
particle encountered. The greater the total length 
measured, the greater the accuracy of the results, and,

1 Rosiwal, Verh. W ien. Geol. Reichsanstalt, 32, 143 (1898); Williams, 
A m . Geol., 35, 40-43 (1905); Quantitative Classification of loneous Rocks, 
by Cross, Iddings, Pierson and Washington, 204.
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if possible, several different specimens of the same ma­
terial should be used in order to get a better average. 
W hen the desired number of measurements have been 
made, the sum of the diameters measured, times 100,

F 'ft 32- X 65-
Specim en under m icrom eter eye-p iece ready for m easure­

m ent.

divided by the total distance measured over gives the 
percentage b y  volume occupied by the particles meas­
ured. B y  this method, several different constituents 
m ay be determined at one time simply by having sep­
arate columns to add the diameters of the different 
particles measured. When the material is made up of 
tw o or more constituents, it requires more work to 
get the desired results, because it usually requires a 
higher magnification to distinguish one constituent 
from another by their characteristic markings than it 
does to simply distinguish the individual particles 
from each other; for this reason the apparent diameters 
of the particles as measured will be greater, and a 
greater number of measurements will be required in 
order to secure the desired accuracy.

W hen the percentage b y  volume has been determined 
the percentage by weight, if desired, can be calculated 
from the density of the whole mass and that of the 
material in question.1

The accuracy of this method as applied to materials 
of this kind is not as great as might be desired, but with 
care, results can be obtained that have sufficient 
accuracy to make them of considerable value. The 
first precaution to be observed is to secure as fair an 
average as possible by making a large number of meas­
urements from as many different samples of the m ate­
rial in question as can be obtained. The fineness to 
which the constituents entering into the carbon have 
been pulverized has considerable effect on the accuracy 
of the results, for if the particles are exceedingly small, 
it is difficult to obtain a polished section in which the 
outlines of the grains are cleai* and definite. For this 
reason, the results as obtained are alw ays liable to be 
more or less below the true values, owing to the fact 
that it is difficult, in making the measurements, to find 
and include all of the very fine particles. Low  results

1 Methods for the determination of the density of carbon can be found 
in the article referred to in Note 1.

m ay also be expected to a certain extent if the section 
has been prepared b y  heat etching rather than by the 
relief polish, since the burning destroys to a greater 
extent the original outline of the grains.

Specimens of known composition have shown results 
differing from the calculated contents by only one 
per cent., while in other cases the difference was as 
high as four or five per cent., depending on the success 
with which the sections measured were prepared, the 
size of the grains, and the definiteness of their outline. 
The difficulties encountered with very small grains 
can be only partially avoided by higher magnification. 
This will of course make the grains more easily dis­
tinguished, but they will still lack definiteness of out­
line. As with all the other operations, a little experi­
ence will give one the ability to make the measure­
ments fairly readily.

Conclusion.— These methods of identification and 
analysis should prove of some value to the 
manufacturers and users of carbons of various 
kinds, particularly so of dynamo and motor 
brushes, the manufacture of which must be very 
closely followed in order to secure a uniform prod­
uct, and a system atic study of the structure and body 
of the different materials should lead to a marked im­
provement in their quality and wearing properties.

The outline of this subject as presented here still 
leaves much to be desired, but it is hoped that sufficient 
results have been shown to prove themselves of use, 
and it is hoped that the field m ay soon be broadened, 
and further results added to those already obtained.

M o r g a n t o w n , \V . V a .

[C O N T R IH U T IO N  FROM R E SE A R C H  D E P A R T M E N T , T H E  AM ERICAN ROLLING
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THE DETERMINATION OF OXYGEN IN IRON AND STEEL.

B y A l l e r t o n  S. C u s i i m a n , Director of Institute of Industrial Research.

Received April 22, 1911.

The determination of oxygen in iron and steel has 
not received sufficient attention in the United States. 
The text-books on steel works analyses, which are 
in common use in this country, do not include methods 
of analysis for oxygen content of irons and steels. 
This is probably due to the fact that in the ordinary 
steel-making processes ferro-manganese can be freely 
used, so that it is assumed th at the percentage of 
oxygen in the steel rarely reaches or exceeds the danger 
point. As a m atter of fact, steel often carries much 
more oxygen than it should, as can be seen by re­
ferring to Table II.

In the manufacture of iron of very high purity in 
basic open-hearth furnaces the oxygen content has 
to be very carefully watched, or the product may 
be overburned and contain an excess of oxide and 
dissolved oxygen.

A  number of methods for the determination of 
oxygen have been proposed, among which may be 
mentioned: ( i ) Heating the sample in a stream of 
dry chlorine; (2) dissolving the sample in special 
solvents such as copper sulphate or bromine; (3) 
combustion of the sample in the form of borings in 
pure dry hydrogen.
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The latter method, which is due to Ledebur,‘ is the 
onlv one that has proved reliable. In Ledebur's 
original method, the sample is given a preliminary 
combustion in pure nitrogen in order to bum  off the 
last traces of impurities and to get rid of all hydro­
carbons, as well as adsorbed oxygen on the surface 
of the particles of the sample. If the preliminary 
heating in nitrogen is dispensed with, the results will 
be slightly higher, but it is probable th at for general 
work sufficiently accurate results can be obtained if 
the sample is carefully prepared for the combustion 
in hydrogen.

SA M PL ES.

The samples should consist of fine borings or shav­
ings from a milling machine. The drill or machine 
tool should be scrupulously clean and free from all 
traces of oil or dirt, and should be geared to run 
slowly so as not to heat the sample while it is being 
cut. Lack of careful attention to this po nt will 
lead to high results, owing to surface oxidation of the 
fine particles of the drillings.

A PP A R A T U S.

The apparatus used in making the oxygen determina­
tion is shown in illustration B-740.

A one-gallon K ipp generator is used for generating 
the hydrogen. It should be charged w ith drillings
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as shown in the figure. It passes first over stick 
potash, and next through a 30 per cent, potash solu­
tion. This solution in the second bottle should be 
renewed as soon as it shows a tinge of yellow, due 
to the appearance of sulphides. The hydrogen next 
passes through concentrated sulphuric acid to dry 
it, and then enters a silica tube with 11 " bore, 30" 
in length, which contains a 6 "  roll of platinum gauze. 
The l / "  tube lies on top of a 1" X 30" fused silica 
tube contained in a suitable 12" gas blast furnace.

The object of the preliminary heating over platinum  
foil is to free the hydrogen from the small quantity 
of oxygen which it alw ays contains. If this precau­
tion is not taken, the results will be too high. The 
water formed in the small-bore silica tube is caught 
in a “ U ” tube shown in the figure, which contains 
phosphoric anhydride opened up with glass wool. 
This drying tube has rubber stoppers. The con­
nection is made with pure gum tubing and is permanent, 
the sample being introduced from the opposite end 
of the combustion tube. '

Blanks should be run from time to. time to make 
sure that the apparatus is in good order and every­
thing working properly. Samples should not be 
introduced into or removed from the combustion tube 
when it is more than hand-hot, but silica tubes m ay be

D enotations:
K—Kipp generator.
P t—Potassium  hydrate sticks.
P2—Potassium  hydrate solution.
S—Sulphuric acid conc.
Tj— yxn bore silica tube.
Tjj— 1" bore silica tube.

°f pure iron or mossy zinc, and dilute hydrochloric 
ac>d (r:i). Steel turnings should not be used in the 
generator, as the object is to generate the purest pos- 
S1ble hydrogen. H ydrochloric is preferable to sul­
phuric acid. After its formation the hydrogen is 
purified and dried hy passing through the usual train

Leitfaden fur Kisenhuttenlaboratonen,” Viewcg und Sohn, Braun- 
sdi'vieg, 6  A u f la g e ,  1 9 0 3 . S .  1 2 2 .

A i—U-tube phosphoric acid.
Ao—U-tube phosphoric acid •weighed.
A 3—U-tube phosphoric acid trap.
B— Platinum  boat.
H— Hook of J4" copper wire.

quickly cooled with perfect safety b y  turning off 
the gas and allowing the cold air blast to p lay on the 
tube.

M ETHOD.

T w en ty  to thirt}' grams of finely divided borings 
are weighed into a platinum  or silica boat !/ / X  
1 /V  X 6". The boat with its charge is quickly in­
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serted in the combustion tube and pushed to the middle 
zone b y  means of a  rod of suitable length. The 
stream of hydrogen should be passing freely when 
the .tube is opened for the insertion of the sample. 
A fter the stopper is replaced, the weighing tube and 
guard tube are finally connected with pure gum 
tubing. The weighing tube is a 4" “ U ” tube, with 
grotmd glass stoppers, containing phosphoric an­
hydride" opened up with glass wool. The guard or 
trap tube is sim ilarly charged and is intended to 
prevent the drawing back of moisture from the air 
of the laboratory. A fter the apparatus is all con­
nected and in good order, the pure dry hydrogen 
should be allowed to sweep through a few minutes 
until all air is removed from the entire system. The 
gas is then lighted, the blast turned on and the tem ­
perature quickly run up to a bright red heat, about 
850° C. This heat is maintained for thirty minutes, 
while the hydrogen is passing through the apparatus 
a t the brisk rate of about 100 cc. per minute. A fter 
the combustion is completed the gas is turned off 
the furnace, leaving the blast playing upon the hot 
tube. The stream of hydrogen should continue to pass 
until the tube is cool enough to bear the hand upon it.

Im m ediately after the tube is cool enough, the 
hydrogen is shut off and the weighing tube, with its 
guard tube, disconnected and connected with a suitr 
able aspirator, so as to suck out the hydrogen gas 
and replacc it with dry air. A  suitable aspirator 
consists of a one-gallon aspirator bottle filled with 
water. The upper tubulure of the bottle is guarded 
with a calcic chloride tube to which the weighing tube 
is connected. Another calcic chloride tube is attached 
at the same time to the other end of the main guard 
tube to prevent the phosphoric anhydride from 
being w etted b y  the moisture of the laboratory air.

The aspirator m ay be roughly calibrated b y  allow­
in g  about 500 cc. of water to run out of the lower 
tubulure of the aspirator. A  sufficient quantity of 
perfectly  dry air is drawn through to thoroughly 
■displace all the hydrogen. A fter all is ready, the 
■weighing tube is closed b y  its glass stopcocks, dis­
connected from its guard tube and placed in a desic­
cator for fifteen minutes before being weighed. Eight- 
ninths of the increased weight of the tube is oxygen. 
The blanks on the apparatus establish the average 
correction to be subtracted from the weight found. 
The correction on an apparatus in good order should 
not exceed three milligrams. On damp days the blank 
is usually a little higher than when the air is dry.

In charging the weighing tube with phosphoric 
anhydride and glass wool, take care to remove any 
specks of phosphoric acid from the upper portions 
of the tube. The following points should be given 
careful attention in order to attain the highest degree 
of accuracy.

Samples must be clean, absolutely dry and free 
from oil. They should be cut, preferably with a 
milling machine tool running at a low rate of speed. 
The samples m,ust not heat in cutting. Sheet samples 
are first cleaned from oxide on an emery wheel, avoid­
ing heating as much as possible. The sheet should 
.be milled on the edge.

W henever possible, samples should be cut from bars 
which are first cleaned b y  a superficial cut with the 
milling tool.

Extrem e care must be taken in the preparation of 
the sample.

The entire apparatus must be kept to the top
notch of cleanliness, tightness' and general good order.
Blanks should be run frequently. Analyses should 
be in duplicate whenever the results are to be used 
as a basis for specification. The most extreme care 
should be taken to exclude all oxygen from the sample 
and apparatus except th at which it is the object of 
the method to determine. W hen pure iron is worked 
on, the silver-white iron residues from the boat should 
be reserved for charging the K ipp hydrogen generator.

In the following table are given a number of oxygen 
determinations:

T adlb I.
S ili- Sul- Phos- Car- Manga- Nitro- Oxy.

M aterial. con. phur. phorus. bon. nese. gen. gen
American Ingot 

Iron (01107)
(Sheet)................  0 .003 0.021 0.002 0.01 Trace 0.0050 0.027

American Ingot 
Iron (02007)
(Sheet)................  0 .003 0 .018  0 .004  0 .015  0 .020  0.0060 0.014

Electrolytic Sheet 
Iron, by Elec­
trolysis................  0 .000  0.001 0 .005  0 .006  0.000 0.0030 0.032

American Ingot 
Iron Chain
(Link).................. 0.00S 0 .022  0 .008 0 .015  0.025 0.0063 0.032

Norway Iron 
Chain Link, 100
years old  0 .019  0 .007  0 .032 0 .0 5 0  0 .000  0.0047 0.058

Puddled Iron 1- 
W* Bar broke
in service  0 .056 0.047 0 .140  0 .065  0 .070  . .  0.855

Norway Iron
Piano W ire  0 .007 0 .006  0 .012  0.025 0 .020  . .  0.050

Puddled Iron
Chain Link  0.075 0 .009  0 .072  0 .010  0 .010  . .  0.145

Puddled Iron
Sheet.................... 0 .077 0 .020  0 .074  0 .015  0 .010  . .  0.283

T a b l e  II.
In this tabic a number of oxygen determinations in steels are given. 

These results were obtained by  Romanoff1 working with the Ledebur
method.

No. Carbon.
Phos­

phorus.
M an­

ganese.
Sul­
phur.

Oxy­
gen.

Specific
gravity.

496........ ___  0.107 0.04 0 .57 0 .03 0.19 7.79
478........ ___  0.25 0.01 0 .54 0 .03 0.15 7.85
572........ ___  0 .25 0.02 0 .55 0 .04 0.26 7.72
516........ ___  0.1 0 0.04 0 .5 0 0 .07 0.11 7.92
503........ ___  0.1 0 0 .08 0 .55 0 .06 0.25 7.84
526........ . . . .  0.095 0.02 0 .37 0 .06 0.22 7.78
540........ ___  0.1 0 0 .04 0 .48 0 .07 0.16 7.82
547........ ___  0.095 0 .04 0 .49 0 .05 0.11
550........ ___  0.105 0 .05 0 .49 0 .03 0.14

7.87551........ 0 .06 0 .32 0 .04 0.16
553........ 0 .08 0 .39 0 .04 0.13 7.80
555........ ___  0.1 0 0 .05 0 .44 0.03 0.13 7.87
570........ ___  0.095 0.02 0.03 8.08
581........ ___  0.105 0 .06 0 .46 0.09 7.97
583........ ___  0.1 0 0 .04 0 .42 0 .03 0.02 8.08

THE DETERMINATION OF MANGANESE BY THE SODIOM 
BISMUTHATE METHOD.2

B v  W .  F. H i l l e b r a n d  a n d  W i l l i a m  B l u m .

In a recent paper on this subject b y  Brinton,3 the 
author concludes th at an empirical factor is necessar) 
in the bism uthate method if the permanganate solution

1 Stahl und Eisen, March 15, 1899. ^
2 Published by permission of the Director of the Bureau of Stan 31
3 T h i s  J o u r n a l , 3 ,  237-8.
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is standardized b y  means of sodium oxalate or an iron 
ore. As all the experience at the Bureau of Standards 
indicates that no such empirical factor is necessary, 
the data given b y  Brinton were examined, leading 
to the following observations: The theoretical factor 
(or the ratio sN a2C20 4 : 2Mn is 0.16397 and not
0.16024 as stated b y  Brinton, while the ratio sPe : Mn 
is correctly stated, viz., 0.1967. If the incorrect 
factor was used b y  him, the results given by him in 
the last two lines of Table I are too low, while if the 
correct factor was used, the empirical factor necessary 
to increase these results to the values found with 
MnSO, as a standard should be 0.1694, instead of
0.1656 as stated.

Recalculation of his results upon the former as­
sumption led to the following values for manganese:

T a b l e  I.
•c o

Bureau of Standards averages. .  .
Found with MnSO« as primary 

standard......................................... \

Found with NajCüO« as primary 
standard, using factor 0.16024 . .

Found with Na^zO« as primary 
standard, using factor 0 .16397.. \
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0.412 0.916 0.760 0.568 0.669

0.410 0 .9 I2 1 0.757 0.557 0.663
0.411 0 .9 1 0 1 0.758 0.562 0.665

0.397 0.892 0.732 0.539 0.642
0.398 0.890 0.733 0.544 0.644

0.406 0.903 0.749 0.552 0.657
0.407 0.901 0.748 0.557 0.659

Consideration of the corrected values in the last 
two lines shows that they are uniformly about one 
per cent, lower than those found with MnSO( as a 
standard, which in turn are slightly below the Bureau 
of Standards averages. The question then arises 
whether these figures are sufficient to justify  the
recommendation of the empirical factor 0.1656; 
t. e., addition of 1.0 per cent, to the value derived 
from sodium oxalate. This factor would depend
upon (a) the purity and accurate standardization of 
the MnS0 < solution; and (6) the assumption th at the 
general averages given b y  the Bureau of Standards 
are accurate to x per cent, of their value. I t  is to 
be noted that impurities such as iron, calcium or 
magnesium in the manganous < sulphate -used would 
be included in the standardization both as sulphate 
and pyrophosphate, and would lead to too high 
results in the Mn values of the permanganate and 
of the steels.

The following test was applied at this Bureau to 
determine whether the bism uthate method required 
die theoretical factor. A  measured quantity  of a
filtered 0.03 N permanganate solution, standardized 
T>th sodium oxalate, was reduced with sulphurous 
add, of which the excess was expelled. I t  was then 
treated by the bism uthate method under exactly
the same conditions as were used in the regular de-
‘-Tminations. If the reactions proceed according 
to the theory, the amount of ferrous sulphate oxidized 
s .ould be equivalent to the original volum e of per- 
manganate taken. The results were as follows:

TyposrapSical error ¡n original.

T a b l e  I I .

¿•o • a *2 c-o
x  ̂ JS .S i'S
o  T3 «  3  W O'O > cr • >

? ?  *  3  ^  £  UJ 3  *

s-S . g ^  v s . a
■̂1!« i  o£ 0« ofcxi

3  U U, C „  3  £  S _ 4 J  Oi ;  N w-. O *3 .0  «r. O N y•TJ.- . W u
O O M ' X U  W

 1........................ 20 25 23.78  3 .75  20 .03  + 0 .0 3
 2........................ 18 25 23 .78  5 .8 0  17.98 — 0 .0 2
 3.......................  16 25 23 .78  7 .80  15.98 — 0 .0 2

It was therefore concluded that, within the limits 
of titration, this method is quantitative, and requires 
the theoretical factor. Additional evidence as to the 
correctness of this factor is found in the results on
B. S. Standard Sample No. 25, a manganese ore, 
for which the sixteen values b y  eight chemists, using 
in all eight distinct methods, gave a mean of 56.36 
per cent. Mn, with an extreme variation of less than 
one per cent, of the amount present. Of these results, 
the two b y  the bism uthate method were 56.33 and 
56.50, one chemist using the theoretical factor and the 
other an em pirically determined factor.

From the following table of summaries of manganese 
determinations on 16 Bureau of Standards steel 
samples, it m ay be seen th at the mean of the colori­
metric determinations in 14 samples is from 1 to 7 
per cent, higher, and is in no case lower, than the 
general mean The bism uthate results, on the contrary, 
approach much more closely to the general means, 
and especially to the averages of all results except the 
colorimetric. It  may be noted that in every case the 
corrected values of Brinton agree very  closely with 
the averages excluding colorimetric values.

Until an exhaustive com parative study of these 
methods, as applied to such materials, is made, it is 
impossible to fix the true manganese value of these 
samples more accurately than is expressed in the 
general averages. Since, however, the colorimetric 
methods as usually employed, involve the use of 
similar standards in which the manganese can be no 
more accurately determined, the colorimetric values 
are probably less independent than those obtained 
b y  other methods. In general, these samples are of 
use as manganese standards only in analyses of similar 
materials, of approxim ately equal manganese content; 
and in using them, due regard should be given to the 
probable accuracy of the general averages, as indicated 
b y  the order of agreement of the values from which 
they have been derived. On some of the more recent 
samples, e. g., 9a, 11 a, 22 and 23, the agreement 
between the various methods is quite satisfactory, 
and the means are probably correct to 1 per cent, 
of cheir value.

In conclusion, it m ay be stated that further work 
is necessary to establish the value of the various 
methods for manganese, for both high- and low-grade 
materials, this being one of the problems which this 
Bureau hopes to undertake as opportunity offers. 
Until such work is accomplished, it is doubtful whether 
the manganese content of low-grade materials can be 
ascertained w ith a greater accuracy than one per cent, 
of the amount present.
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Bism uthate.............................. 0.531 0.915 0.897 0.451 0.615 0.407 0.548 0 .636  0.512 0 .396  0 .392 0 .735 0 .478  0.547 0.712 0.785
» 4 3 3  3  3 3 3 3 2 a  3 3 3 3 4 «

Persulphate colorim etric.. .  0 .548  0.928 0.937 0.476 0 .620  0.437 0 .589  0.678 0.547 0 .435  0.423 0 .780  0 .510  0.573 0.715 0.782
» 1 1 1  1 1 1 1 1

Lead peroxide colorimetric ......................  0 .950  0 .520  ..................... 0 .620 0.670 0.530 0.460 0.425 0 .770  0 .500  0.560 .......

2 2 2 1 2 2 1  1 4 2 3  3 4 2 2 2

Ford Williams........................  0 .525 0 .920  0.908 0 .470  0.615 0.407 0 .580 0 .670  0 .522 0 .412 0.411 0 .753  0 .469  0.557 0.702 0.765
2 2 1 1 3 4 1 1  1 1 3  3

Gravimetric (Ford, e tc .) . . . 0.535 0.915 0.905 0.452 0.627 0 .420  0.555 0.636 . . .  0 .399  . . .  . . .  . . .  0.562 0.700 0.765
1 2 2 2 1 l

N oyes...................................................................... 0 .894  0 .436 ..................... 0.533 0.631 . . .  0.385 ..................................... 0.539 .......
1 1  1 1 ! 

Volhard....................................  0 .530  0 .890    0 .430  ...................................................................................................................  0.706 0.775
13 13 10 10 12 14 10 10 10 0  0 0 10 10 12 J2

General average....................  0 .536  0.918 0.916 0.464 0 .620  0 .419  0.568 0.654 0.528 0 .414  0.412 0 .760  0 .486  0.559 0.708 0.775

4 4 4  1 3 3 4 4 4 3 4 4 4 4 4 4

Colorimetric average  0 .548 0.928 0 .940  0.487 0 .620  0.437 0.597 0.676 0.543 0.443 0 .424  0 .778  0 .508  0.570 0.715 0.782
Per cent, above general

average............................  2 .2  1.1 2 .6  5 .0  0 .0  4 .3  5 .1  3 .4  2 .8  7 .0  2 .9  2 .4  4 .5  2 .0  1.0 0,9

Average excluding colori- 9 0 c o o n o 6 o o f i 5 c o s 8
metric . . . ...........................  0.531 0.914 0.901 0 .449 0 .619  0 .414  0 .549  0 .638  0.519 0.396 0.403 0 .746  0 .472  0.551 0.704 0.771
Per cent, below general

average............................  0 .9  0 .4  1 .6  3 .2  0 .1  1.2 3 .3  2 .4  1.7  4 .3  2 .2  1.8 2 .9  1.4 0.6 0.5
Note.— The number of determinations involved is indicated in each case by a small superior numeral.
A. One discordant determination omitted.

B u r e a u  o f  S t a n d a r d s , W a s h i n g t o n , D. C.

  A CONTRIBUTION TO THE KNOWLEDGE REGARDING
r A n n r r n A M  LOEW’S LIME-MAGNESIUM RATIO.CORRECTION. „ „By RonnRT Stewart.

Received Feb. 3. 1911.
THE DETERMINATION OF MANGANESE BY THE SODIUM A  k n o w le d g e  o f th e  b e n e fic ia l a c tio n  of lime on

BISMUTHATE METHOD. a g r ic u ltu ra l so ils  is a lm o s t  a s  o ld  as  th e  practice of
By Paul h . m.-p . Brinton. a g r ic u ltu re  itse lf. I ts  b e n e fits  w ere  kn ow n  to the

D r. W . F . H ille b ra n d  h a s  k in d ly  ca lle d  m y  a tte n tio n  d d  R o m a n s  a n d  to  th e  e a r ly  J a p a n e se  and Chinese,
to  an  a r ith m e tic a l e rro r in m y  a r tic le  on  th is  s u b je c t, T h e  re su lts  o b ta in e d , h o w e v e r , w ere  n o t  always uni-
w h ich  a p p e a re d  in  th e  A p r il n u m b e r o f T h is  J o u r n a l , fo rm  a n d  see m ed  to  v a r y  w ith , a m o n g  other things,
M y  e rro r  in ta k in g  th e  fa c to r  0 .16024 in ste a d  of th e  n a tu r e  o f th e  lim e  used . L im e  w h ich  was made
° ’ i 6397 fo r  th e  ra tio  5 N a 2C j0 4 : sM n  is e a s ily  e x -  fro m  m a g n esia n  lim e sto n e  see m ed  to  h a v e  detrimen-
p la in e d , th o u g h  b y  n o  m ean s e x cu se d , b y  a  g la n ce  e ffe cts . T h e  p re se n ce  o f th e  m agn esium  in the
a t  a  f iv e -p la c e  ta b le  o f lo g a rith m s. 2 M n a re  e q u a l lim e sto n e  w as re g a rd e d  as e x e r t in g  a  detrimental
'to 109.86, a n d  fo r  th is  n u m b e r I ca re le s s ly  to o k  0.03084 in flu en ce. W h y  th is  sh o u ld  b e  so h a s  been attribu-
as th e  m a n tissa , in ste a d  o f 0.04084. I h is e rro r  ^ed to  s e v e r a l d iffe re n t cau ses. D a v y  and others
in  n o  w a y  in flu en ces th e  co rrec tn ess  o f m y  e m p ir ica l h a v e  a ttr ib u te d  it  to  th e  r e la t iv e  s lo w n ess w ith which
fa c to r  0 .1656, th o u g h  it  m a y  d im in ish  th e  n e c e s s ity  th e  c a u s tic  m a g n e sia  is c o n v e r te d  in to  th e  carbonate
fo r  th e  u se  o f an  e m p ir ica l fa c to r . I t  sh o u ld  a lso  b y  th e  a b so rp tio n  o f th e  c a rb o n  d io x id e  of the ait'
b e  u n d e rsto o d  th a t  th is  e rro r in lo g a rith m  does n o t T h u s  it  is g e n e ra lly  a ssu m ed  b y  a gricu ltu ra l writers
c a ll  in to  q u e stio n  th e  iron  c o n te n t of th e  S ib le y  ore, t h a t  th e  p resen ce  o f m a g n esia , in  excess, in the soil
a s  m ig h t a t  first a p p ea r . The S ib le y  ore w as  firs t js d e tr im e n ta l to  p la n t  g ro w th .
c o m p a re d  w ith  so d iu m  o x a la te  b y  a  series  o f s ta n d - j n  xpor, L oew * a d v a n c e d  th e  h y p o th e s is  that when
a rd iz a tio n s , b o th  s ta n d a rd s  b e in g  c o r r e c tly  c a lc u la te d  th e  lim e  a n d  m a g n e sia  w ere  p re se n t in  the soil in a
to  term s of iron . T h e se  w ere  p e r fe c t ly  c o n co rd a n t, ce rta in  ra tio  th e  to x ic  a c tio n  o f m a g n e sia  is not mani-
a n d  th e n  th e  w o rk  w ith  th e  S ib le y  ore w a s  d isco n tin u e d . fe sted . M ay,»  w o r k in g  u n d e r th e  d irectio n  of Lóew,
T h e  co m p a riso n  o f th e  t ite r  o b ta in e d  b y  so d iu m  fu rn ish e d  e x p e r im e n ta l e v id e n c e  o f th e  truth of
o x a la te  a n d  t h a t  b y  m a n g a n ese  s u lp h a te  w a s  th e n  L ó e w ’s c o n te n tio n  a n d  a d v o c a te d  th e  optimum ratio
ta k e n  u p , a n d  it  w as  here th a t  th e  e rro r in c o m p u ta -  o f lim e  to  m a g n e sia  o f 5 : 4 on  th e  b asis  of molecu-
tio n  w a s  m ad e. Jar w e ig h ts , o r 7 : 4 on  th e  b a sis  o f a c tu a l weight.

April 24, 1911. 1 Bureau of Plant Industry, U. S. D. A., Bull. 1.
---------------------------------------------------------------------------------- 2 Ibid., 1, 52 (1901).
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A cco rd in g  t o  t h e s e  i n v e s t i g a t o r s  t h e  t o x i c  a c t i o n  I n  1 9 1 0 , L o e w 1 d i s c u s s e d  s o m e  r e c e n t  w o r k  r e g a r d -  

of m a g n e s ia  i s  d u e  t o  a n  e x c e s s  o f  m a g n e s i a  o v e r  i n g  h i s  a d v o c a t e d  r a t i o  o f  l i m e  t o  m a g n e s i a  o f  1 : 1

lime; a n d  t h e r e f o r e  t h e  o n l y  r e m e d y  i s  s u c h  a n  a d d i -  a n d  m a i n t a i n e d  t h a t  t h e  w o r k  d i s c u s s e d  d i d  n o t

tion of l im e  a s  w i l l  r e - e s t a b l i s h  a  f a v o r a b l e ,  o r  b e t t e r  r e f u t e  t h e  t h e o r y .

optim um , r a t i o .  H i l g a r d , 2 w i t h  r e s p e c t  t o  m a g n e s i a  i n  s o i l s  i n  e x -

I. W . K o n o v a l o w , 1 i n  1 9 0 9 , r e p o r t e d  s o m e  i n v e s t i -  c e s s ,  s a y s :  “ S o i l s  c o n t a i n i n g  l a r g e  p r o p o r t i o n s  o f

gation o n  t h e  r e l a t i o n s h i p  b e t w e e n  l i m e  a n d  m a g -  m a g n e s i a  g e n e r a l l y  a r e  f o u n d  t o  b e  u n t h r i f t y ,  t h e

nesia, w h ic h  h e  o b t a i n e d  b y  a  s t u d y  o f  n u t r i e n t  s o l u -  l a n d s  s o  c o n s t i t u t e d  b e i n g  f r e q u e n t l y  d e s i g n a t e d  a s

tions w ith  v a r i o u s  c r o p s  a s  g r o w n  b y  w a t e r  a n d  s a n d  ‘ b a r r e n s . ’ ”

culture. H e  f o u n d  t h a t  t h e  b e s t  r a t i o s  o f  l i m e  t o  j n  v i e w  o f  t h i s  c o n f l i c t i n g  e v i d e n c e  r e g a r d i n g  t h e

magnesia w e r e  6 . 7 : 1  a n d  3 . 3  : 1 . v a l i d i t y  o f  t h e  l i m e - m a g n e s i a  r a t i o ,  i t  i s  v e r y  i n t e r -

A b o u t t h e  s a m e  t i m e ,  L o e w , J i n  a  p l e a  f o r  i n c l u d -  e s t i n g  t o  s t u d y  t h e  r e s u l t s  o b t a i n e d  f r o m  a  n a t u r a l

ing th e  d e t e r m i n a t i o n  o f  m a g n e s i u m  i n  s o i l  a n a l y s i s ,  s o i l  f o r m e d  f r o m  t h e  d i s i n t e g r a t i o n  o f  l i m e s t o n e ,

claimed, a m o n g  o t h e r  t h i n g s ,  t h a t  i n  f i e l d  s o i l s  t h e  q u a r t z i t e  a n d  d o l o m i t e  w i t h  t h e  f o r m a t i o n  o f  a  s o i l  c o n -

lime c o n t e n t  s h o u l d  b e  a b o u t  o n e  t o  t h r e e  t i m e s  t a i n i n g  o v e r  4 0  p e r  c e n t ,  o f  c a l c i u m - m a g n e s i u m  c a r b o n -

greater t h a n  t h a t  o f  m a g n e s i u m .  a t e ,  o f  w h i c h  n e a r l y  o n e - t h i r d  i s  m a g n e s i u m  c a r b o n a t e .

H o p k in s ,3 i n  1 9 1 0 , r e p o r t e d  t h e  r e s u l t s  o f  e x p e r i -  T h e  G r e e n v i l l e  F a r m ,  o n e  o f  t h e  e x p e r i m e n t a l  f a r m s

ments c a r r i e d  o n  a t  I l l i n o i s  b y  h i m s e l f  a n d  a s s o c i a t e s  b e l o n g i n g  t o  t h e  U t a h  E x p e r i m e n t  S t a t i o n ,  i s  i n  t h e  

Therein i t  w a s  d e m o n s t r a t e d  b y  m e a n s  o f  p o t  c u l -  G r e a t  B a s i n  d i s t r i c t .  T h e  s o i l  o f  t h i s  f a r m  w a s  f o r m e d

tures t h a t  m a g n e s i u m  c a r b o n a t e  e x e r t e d  a  b e n e f i c i a l  b y  t h e  w e a t h e r i n g  o f  t h e  n e a r - b y  m o u n t a i n  r a n g e

action u p o n  t h e  g r o w t h  o f  c e r e a l s  u n t i l  t h e  a d d i t i o n  w h i c h  c o n s i s t s  l a r g e l y  o f  l i m e s t o n e ,  q u a r t z i t e  a n d  d o l o -  

of th e  m a g n e s i u m  c a r b o n a t e  r e a c h e d  0 . 8  o f  o n e  p e r  m i t e .  A t  t h e  t i m e  o f  O l d  L a k e  B o n n e v i l l e ,  t h e

cent., a f t e r  w h i c h  a  d e t r i m e n t a l  e f f e c t  w a s  p r o d u c e d  s t r e a m s  l o a d e d  w i t h  t h e  d e c o m p o s e d  r o c k  p a r t i c l e s  o f

until t h e  a d d i t i o n  r e a c h e d  t w o  p e r  c e n t . ,  w h e n  t h e  l i m e s t o n e ,  q u a r t z i t e  a n d  d o l o m i t e  m e t  t h e  q u i e t

addition o f  m a g n e s i u m  c a r b o n a t e  w a s  f a t a l  t o  t h e  w a t e r s  o f  t h e  l a k e  a n d  d e p o s i t e d  t h e i r  l o a d .  I t  i s  o f

growth o f  c e r e a l s .  T h e  a d d i t i o n  o f  l i m e  i n  t h e  f o r m  t h e  f i n e r  p a r t i c l e s  t h u s  d e p o s i t e d  t h a t  t h e  s o i l  o f  t h i s

of g y p s u m  i n  t h e  r a t i o  a s  a d v o c a t e d  b y  L o e w  ( 7 : 4 ) ' f a r m  i s  c o m p o s e d .

exerted n o  e f f e c t  o n  t h e  t o x i c  a c t i o n  o f  t h e  m a g n e s i u m  I n  T a b l e  I  a r e  r e c o r d e d  t h e  r e s u l t s  o b t a i n e d  b y  t h e  

carbonate . H o p k i n s ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  m e c h a n i c a l  a n a l y s i s  o f  t h e  s o i l .  T h e  d e g r e e  o f  f i n e -

Loew’s r a t i o  r e c e i v e d  n o  s u p p o r t  f r o m  h i s  i n v e s t i g a -  n e s s  o f  t h e  p a r t i c l e s  m a y  h a v e  s o m e  b e a r i n g  o n  t h e

tions. H e  f o u n d ,  h o w e v e r ,  t h a t  t h e  d o u b l e  d e c o m -  r e s u l t s  o b t a i n e d  o n  t h i s  f a r m .

T able I.— P hysical A nalysis of t h e  S oil of th e  G r een v ille  F arm .
Depth in feet. 1. 2. 3. 4. 5. 6 . 7. 8 .

Coarse sand (above 0 .5  m m .) ..................................... 0.21 0 .17  0.68 1.02 0 .0 9  0 .3 4  0 .47  0 .09
Medium sand (0. 1  to  0 .32  m m .) ............................... 9 .63  8 .2 9  6 .6 3  9 .63  9 .53  9 .48  8.91 7 .08
Fine sand (0.032 to 0. 1  m m .) ...................................... 30 .04  32 .54  9. 49  33 .06  36 .92  33 .79  35. 34  34.25
Coarse silt (0.01 to 0 .032 m m .)................................... 32 .25  32.81 32 .62  28.51 28.65 30 .49  31 .65  32 .65
Medium silt (0.0032 to  0.01  m m .).............................  12.30 10.46 10.89 10.95 10.46 10.85 9 .9 2  9 .89
Fine silt (0.001 to 0.0032 m m .)..................................  6 .25  4 .81  7 .27  6 .9 4  4 .8 5  5 .8 6  5 .5 6  5 .84
Clay (below 0.001 m m .).................................................  7 .62  7 .12  10.13 7 .52  7 .82  6 .78  6 .5 2  7.57
Moisture.............................................................................. 1 .60  1.47 1.13 1.49 0 .95  1.01  1 .01  0 .84
Soluble and lo s t.................................................................. 0. 1 0  2. 33  1 . 1 6  0 .83  0. 73  1 .40 1.42 1.99
Specific gravity ..................................................................  2 .67  2 .72  2.80 2 .69  2 .76  2. 79  2.71 2.76
Apparent specific g rav ity ................................................ 1.23 1.27 1.30 1.29 1.33  1 .34  1.39 • 1 . 35
Water-soluble sa lts ............................................................  0 .0 6  0. 1 1  0 .1 4  0 .1 6  0 .08  0 .0 9  0 .15  0 .09
Tile soil would be classified as a loam.

T able I I .— Chem ical  Com position  of t h e  So il  of th e  G r een v ille  F arm .
Depth in feet. 1 . 2. 3. 4. 5. 6 . 7. 8.

Insoluble residue................................................................  42 .18  36. 51  3 2 . 1 6  41 .65  2S.72 29.64 31 .14  30 .75
Potash. ........................................................................  0 .6 7  0 .8 9  0 .5 9  0 .8 2  0.61  0 .74  0 .7 9  0.75
Soda. XasO..........................................................................  0 .3 5  0 .47  0.47  0 .62  0 .37  0 .4 2  0 .45  0 .74
lime, CaO...........................................................................  16.88 17.80 21 .34  15.60 22.62 23.15 22.24  21.78
Magnesia. MgO...................................................................  6 .1 0  9 .4 6  7.57 7 .48  9 .3 6  5 .8 9  6 .0 6  5 .63
Oxide of iron. Fe-Oa.......................................................... 3. 03 2. 69  3 .4 6  2 .95  2 .17  2 .42  2 .47  2 .54
Alumina. AI2O3...................................................................  5 .64  4 .6 9  3 .4 0  6 .0 9  5 .33  8 .07  7 .9 0  9 .03
Phosphoric acid. P20 .-,......................................................  0 .41 0 .2 9  0 .34  0 .19  0 . 1 2  0.06 0 .07  0. 1 1
Carbon dioxide. C0 2....................   19.83 23.11 26.67 20.88 29.31 29.57 28.80 28.13
Volatile m a tte r................................................................... 5 .6 0  3 .3 8  3 .9 3  4 .23  0.91 0 .95  . . .  0 .24

Tot»1............................................   100.69 99 .29  99 .93  100.51 99 .52  100.91 99 .92  99 .68
Humus.................................................................................  0 .53  1.00 0.61 0 .47  1.13 0.60  0 .4 4  0 .57
Nitrogen...............................................................................  0 .139  0.117 0 .080  0.175 0 .072  0 .070  0 .062  0.066
Water at 95 degrees.......................................................... 1.60 1.47 1.13 1.49 0 .95  1.01 1.01 0 .84

position r e a c t i o n  b e t w e e n  t h e  g y p s u m  a n d  t h e  m a g -  T h e  r e s u l t s  o b t a i n e d  f r o m  a  c h e m i c a l  a n a l y s i s 3

nesium c a r b o n a t e  w a s  e f f e c t i v e  w h e n  t h e  s o i l  w a s  o f  t h e  s o i l  o f  t h i s  f a r m  a r e  r e c o r d e d  i n  T a b l e  I I .

leached so  a s  t o  r e m o v e  t h e  s o l u b l e  m a g n e s i u m  s u l p h a t e .  T h e  s o i l  i s  f a i r l y  w e l l  s u p p l i e d  w i t h  p h o s p h o r i c

'• OiC,„K„i Abstracts. 3, 2991. ‘ Chemical Abstracts, i ,  3269.
jW i .  3, 1565. 2 H ilgard. “Soils,” 382.
'Hopkins. “Soil F e rtility  and  Perm anen t A griculture” (1910), p. 171. 3 B ull. 106, U tah  E xperim ent S ta tion .
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acid, b u t is low in nitrogen and humus. B ut from this soil show quite clearly that the high percentage
the point of view of this discussion the high content of magnesia has no toxic action on the growth of
of lime and magnesia is noteworthy. the plants. It  is evident that the magnesia does not

The results obtained for magnesium carbonate and have any toxic action on plant growth for one of two
calcium carbonate calculated from the magnesium reasons: first, the ratio of magnesia to lime, which 
oxide and calcium oxide, together with the ratio of falls within the ratio ( 1 : 3 ) ,  as recently suggested
lime (CaO) to magnesia (MgO), are recorded in Table by Löew ,1 is favorable to plant growth, or, secondly,
III: the calcium and magnesium are present in the form

T a b l e  I I I . — P e r c e n t a g e  o f  M a g n e s i u m  C a r b o n a t e  a n d  C a l c i u m  C a r b o n a t e  a n d  R a t i o  o f  L i m e  t o  M a g n e s i a . R e s u l t s  E x p r e s s e d  as  P er

C e n t , o f  D r y  S o i l .

D e p t h  i n  f e e t .  1 . 2 .  3 .  4 .  5 .  6 .  7 .  8.

C a l c i u m  c a r b o n a t e .................................. .’ ...........................................  3 0 . 2 2  3 1 . 8 6  3 3 . 2 0  2 7 . 9 3  4 0 . 4 9  4 1 . 4 4  3 9 . 8 4  38 .99
M a g n e s iu m  c a r b o n a t e .........................................................................  1 2 .7 5  1 9 .7 6  1 5 .8 2  1 5 . 6 3  1 9 . 5 6  1 2 .3 1  1 2 .6 6  11.77
R a t i o  o f  l i m e  t o  m a g n e s i a ...........................................................  1 : 2 . 8  I : 1 . 9  1 : 2 . 8  1 : 2 . 0  1 : 2 . 4  I  : 4 . 0  1 : 3 . 6  1 : 3 . 8

The results indicate that nearly 43 per cent, of the of a double salt such as CaMg(COs)2, and therefore
surface foot of soil is calcium and magnesium car- magnesium carbonate, as such, exists in this soil only
bonate and that the amount increases with depth in small amounts. I t  seems possible that such a
to the fifth foot, after which the magnesium carbon- double salt would have a different action on plant 
ate content is practically the same as in the first foot, growth than would either the magnesium carbon-
while the calcium carbonate also increases with ate or calcium carbonate alone.
depth to a maximum in the fifth foot and then re- W hatever m ay be the true explanation, the results 
mains practically constant. reported here m ay have great practical value since

In Table IV  are recorded the results obtained b y  they indicate that finely ground magnesian limestone
calculating the amount of calcium-magnesium car- m ay possibly be used on acid soils to correct the acid-
bonate (CaMg(COs)3) from the carbon dioxide as de- ity  in those sections of the country where such is
termined and also the combined carbonate as de- necessary. The addition of limestone by artificial
termined from the calcium and magnesium oxides. means for this purpose certainly would never reach

T a b l e  I V . — P e r c e n t a g e  o p  C a l c i u m -M a g n e s i u m  C a r b o n a t e  a s  C a l c u l a t e d  f r o m  C a r b o n  D i o x i d e  a n d  f r o m  L i m e  a n d  M a g n e s i a . R esults

A r e  E x p r e s s e d  a s  P e r  C e n t , o r  D r y  S o i l .

D ep th  in feet. 1. 2. 3. 4. S. 6. 7. 8.
B y calculation from  C O j.................................................... 41 .54  48 .42  55.86 43.74 61 .40  61 .92  60.34 58.94
B y addition  of MeCOs and CaCOj.................................. 42 .97  51.62  54 .02  43 .66  60 .05  50 .75  52.50 40.76

The results indicate quite fu lly th at to a depth of the amount actually present in this soil. Of course,
five feet the calcium and magnesium are nearly in the reaction which would take place between the
the proportion that they occur in dolomite. added limestone and the m any acids of the soil may

From the work as reviewed above one would al- give rise to the formation of new magnesium corn-
most conclude that such a soil would be sterile, but pounds which would prove to be toxic. This is a
just the contrary is true; the soil is rem arkably fer- phase of the question which would have to be con-
tile and produces excellent crops even w ithout the sidered in the use of such limestone,
addition of barnyard manure. Chem ical  lauoratory .

I n  T a b l e  V  a r e  r e c o r d e d  t h e  e i g h t - y e a r  a v e r a g e  r e -  U ta k  E x p e r im e n t s t a t i o n .  
s u i t s  o b t a i n e d  b y  t h e  a p p l i c a t i o n  o f  a n  o r d i n a r y  January  16, 1911 .

a m o u n t  o f  i r r i g a t i o n  w a t e r .  T h e  s u g a r  b e e t s  w e r e

grown on the Frankhauser farm, which is separated THE CHEMISTRY OF ANAESTHETICS, I.: ETHYL ETHER.1
from the Greenville farm b y  a road four rods in width. , , . ,  „  . .

/  ( C o n c l u d e d  f r o m  M a y  i s s u e . )
The soil of the former is similar to the latter, but the _ _

.  B y  C h a r l e s  B a s k e r v i l l e  a n d  W .  A .  H a m o r .
fa rm s d iffer m  t h a t  th e  fo rm e r h a s  re ce iv e d  h e a v v

, .  , ,  , n  IV. TH E CH ANG ES W HICH OCCUR IN  ETHYL ETHER
a p p lic a tio n s  of b a r n y a r d  m a n u re , w h ile  th e  G re e n v ille
f a r m  h a s  n o t .  S u g a r  b e e t s  o n  t h i s  s o i l  w i l l  n o t  p r o -  _ _ d u r i n g  s t o r a g e .
d u c e  a  p r o f i t a b l e  c r o p  w i t h o u t  t h e  a d d i t i o n  o f  S c h ö n b e i n 3 s t u d i e d  t h e  a c t i o n  o f  o x y g e n  a n d  a ir  on
b a r n y a r d  m a n u r e .  e t h e r  i n  t h e  l i g h t ,  a n d  f o u n d  t h a t  i t  b e c o m e s  oxidized,

r e s p o n d i n g  t o  t h e  t e s t s  f o r  o z o n e .  T h i s  in v e s t ig a tio n
T a b l e  V .— E i g h t - Y e a r  A v e r a g e  Y i e l d  o f  O a t s , W h e a t , P o t a t o e s  a n d  . .  „  , ,  . ,  ,  . r

S u g a r  B e e t s  o n  t h e  G r e e n v i l l e  F a r m . w a S  the first conducted With the View of ascertaining
Amount the nature of the oxidation of ether, and led to the
of water Average later assumption th at ozone is produced by the action

Crop. applied. Treatment. yield. light on ether, and that it m av exist in ether
O a t s ....................................... 1 5 ^  U n m a n u r e d  8 2 . 0  b u s h e l s  . ,  . . - l i  „ „ A  ,‘c n o t
W h e a t .................................. 15* U n m a n u r e d  50 .4  b u s h e l s  m  s o l u t i o n . *  T h a t  s u c h  a  v i e w  i s  u n t e n a b l e  a n d  i s  iu n -

P o t a t o e s ............................  2 0 '  U n m a n u r e d  2 6 2 . 3  b u s h e l s  i L ö e w ,  Chemical Abstracts, 3, 1 5 6 5  ( 1 9 0 9 ) .
S u g a r  b e e t s .....................  1 5 *  M a n u r e d  2 1 . 8  t o n s  2 R e a d  b e f o r e  t h e  N e w  Y o r k  S e c t i o n ,  A m e r i c a n  C h e m ic a l  S o cie ty .

3 J . prakt. Chem., 52, 132, 1 8 3 ;/. P harm .. [3 ]2 0 , 258; Arch, phyi- 
T h i s  l a n d  h a s  b e e n  c r o p p e d  f o r  n e a r l y  f o r t y  y e a r s  I 7 ,6 i ; s e e  also. Ä rck ;P h a m .,  [2 ] 67 , 257. Gay-Lussac

a n d  t h e  G r e e n v i l l e  f a r m ,  s o  f a r  a s  w e  k n o w ,  h a s  n e v e r  II ,J ? ’ . 9S) h “d obsef v«d »  1816 the form ation of an  explosive, streu s
1 .  j  r  o x i d i z i n g  “ o i l ”  i n  e t h y l  e t h e r ,

h a d  a n y  m a n u re  a p p lie d . T h e  re su lts  o b ta in e d  tro m  4 For exam ple, see Büchner, Bcr.. 18 8 5 , 376.
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supported by facts now known, we shall endeavor to 
demonstrate by a consideration of the oxidation of 
ether under all conditions.

I. THE ACTION OF OZONE ON E TH E R .

According to H ouzeau,1 ether exposed to the action 
of ozone is more rapidly oxidized than alcohol under 
the same conditions; hydrogen dioxide is produced. 
Wright,1 however, found that dry ozonized oxygen 
acts with some violence on ether, forming acetic acid, 
oxalic acid, hydrogen dioxide, and a little formic acid. 
It is important to note th at both found hydrogen dioxide 
among the products of oxidation; that is, a substance 
occurred in the ozonized ether which responded to the 
tests for this substance, which fact is in harm ony with 
the later observations of Berthelot,3 who found that 
sirupy ethyl peroxide is formed when ethyl ether is 
ozonized.

Nef4 has shown th at ethyl peroxide consists m ainly 
of acetic peroxide (C,H #0 () , which was' first obtained 
by Brodie.5 This peroxide owes its oxidizing and ex­
plosive character to its ready dissociability into ozone 
and acetic anhydride; in fact, if kept in loosely closed 
vessels, it is completely converted into acetic anhydride 
and acetic acid at the end of four months.

Clover and Richmond0 found that the aqueous solu­
tion of acetic peroxide gradually suffers hydrolysis 
with the formation of molecular proportions of acetic 
and peracetic acids, and that the latter slowly changes 
into acetic acid and hydrogen dioxide. Later, Clover 
and Houghton7 showed th at acetic peroxide is pro­
duced by the action of peracetic acid on acetic anhy­
dride, and that when acetic peroxide is dissolved in 
an aqueous solution of hydrogen dioxide, peracetic 
acid is produced. These facts would seem to demon­
strate what while W right did not conduct the process 
of ozonization to the limit, Berthelot obtained a more 
or less pure acetic peroxide b y  the direct action of 
ozone.

The substance prepared b y  Harries8 b y  passing 
ozone and carbon dioxide into “ dry ether,”  contained 
I5.28"to 25.65 per cent, of carbon as against the 58.54 
per cent, required for ethyl peroxide,9 and was un­
doubtedly an impure acetic peroxide, which contains 
40.67 per cent, of carbon.

A consideration of the action of ozone on various 
carbon compounds will throw light upon the problem.

Schonbein10 fo u n d  t h a t  tu rp e n tin e  b e c a m e  o x id iz e d  
quite readily an d  th a n  a n  a c t iv e  s u b s ta n c e  w a s  th u s  
formed; and S o re t11 fo u n d  reaso n s to  b e lie v e  t h a t  o zo n e 
is completely a b so rb ed  b y  tu rp e n tin e  a n d  o il o f c in n a ­
mon. K in g z e tt11 su p p lie d  d a t a  to  co n firm  th is, fo r  
he learned th a t  o zo n ize d  tu rp e n tin e  c o n ta in s  p e ro x id - 

compounds w h ic h  r e a c t  w ith  w a te r .
1 Compt. rend., 75, 142.
' A >"- J- Sci., [3] 7, 184.
‘ Bull. soc. chim., [ 2 ]  3 6 ,  7 2 .
I A n n . ,  298, 202.
sProc. Roy. Soc., 9, 363.
c A m .  Chcm. J . ,  2 9 ,  1 7 9 .
7 Ibid., 32, 43.
• j im * ., 3 4 3 , 3 1 1 .

’ - b u r n in g  the f o r m u l a  t o  b e  (CjHs^Oj.
10 Uc. cit.
" A n n .  chim. fihys., [ 4 ]  7 ,  1 1 3 .
II J. Chtm. Soc., 37, 800.

It  would appear to be demonstrated th at in general 
ozone acts on carbon compounds in two w ays: ( i)  to 
form an ozonide, when the ozone attaches itself to an 
unsaturated carbon linking; and (2) when the ozone 
molecule is decomposed, labile peroxides of the car­
bonyl group being formed. These facts are m ainly due 
to the elaborate series of investigations conducted b y  
Harries, who has shown th at m esityl oxide yields a 
peroxide when ozone is passed into it ;1 that aliphatic 
aldehydes in general .are not attacked b y  ozonized 
oxygen ;3 and th at m ethyl alcohol is oxidized b y  ozone 
to formaldehyde.3 According to Harries4 the nature 
of the reaction between ozone and unsaturated com­
pounds depends on the presence or absence of water. 
In the absence of a solvent or in non-dissociating sol­
vents, ozone is added a t the double linking, forming 
ozonides. In the presence of water, these ozonides 
are decomposed forming ketones or aldehydes and h y­
drogen dioxide. It is possible that a small quantity 
of water m ay be sufficient to cause this decomposition, 
probably through catalytic action. The ozonides are 
m ostly highly explosive, and in addition to the ones 
mentioned above, the following have been prepared: 
ozonides of allyl alcohol, secondary methylheptenol, 
tertiary dimethylheptenol, allylacetone, citronellal, 
citral, isocrotonic acid, oleic acid and elaidic acid, and 
mesitylenetriozonide.

In conclusion, it would seem to be established that 
“ dry eth er” is acted upon b y  ozone with the produc­
tion of an active, explosive substance, consisting m ainly 
of acetic peroxide, and that this is produced b y  the 
decomposition of the ozone molecule. In the case of 
moist ether, the changes which result would be anal­
ogous to those which occur during the slow combustion 
of ether when exposed to the action of atmospheric 
oxygen in the presence of water, and these will now be 
referred to.

IX. T H E  ACTION OF O X Y G EN  ON E TH ER .

Evidence indicates that a peroxide m ay be formed 
in ether b y  the union of molecular oxygen with ethyl 
oxide in the slow process of "autoxidation.”  The em­
ploym ent of ether which had been carelessly stored 
has often resulted in unexpected phenomena, which have 
been found to be due to a substance resembling hydro­
gen dioxide, but one of much greater activ ity  and of 
an explosive character.

Cleve5 concluded that the explosive nature of a sub­
stance formed from ether was due to ethyl peroxide; 
K önig0 found th at explosive results in ether residues 
were due to the presence of a substance responding to 
the tests for hydrogen dioxide; Schär reported that 
ether which contained an extrem ely high percentage 
of “ hydrogen peroxide” (over 5 per cent.) violently 
decomposed during an evaporation in a fat estimation,' 
the explosion being favored b y  the presence of acetic

1 Ber., 36, 1933; cf. Vanino and Thiele. Ber., 29, 1724.
2 Ib id ., 36, 2996. I t  will be shown later, however, that acetaldehyde 

gives a peroxide on slow oxidation, according to several investigators.
3 Ibid., 36, 3658; cf. Renard, A n n . chim. phys., [5] 16, 289.

Ibid., 37, 839; see also A n n ., 343, 311.
5 Chem. News, 63, 101.
6 M on. Sci., [4] 4, 2; Landwxrthschajtl. Versuchsstal., 37, 1.
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certain instances in which the residues left after the 
evaporation of ethereal extracts exploded, conclud­
ing that these explosions were apparently due to the 
active o xygen ; and Kleem ann3 and H ertkorn4 reported 
similar experiences. In view of all these communica­
tions it is only to be concluded that ether m ay con­
tain a peroxide, formed, no doubt, when it is carelessly 
stored.3

Rossolimo0 found that a perfectly pure ether showed 
a strong oxidizing power after it had remained in a 
wash-bottle exposed to the action of the air for about 
three months, during which time evaporation had 
been proceeding slowly; and he learned that the oxid­
izing action of the peroxide contained in ether thus 
oxidized is a much greater one than that of hydrogen 
dioxide.7 D itz8 has also found that peroxides, when 
present in ether, are more active than aqueous hydro­
gen dioxide; and we have observed this on several 
different occasions. This “ a c tiv ity ” is undoubtedly 
due to the presence of a peroxide other than hydrogen 
dioxide, since an “ inactive” ether can be rendered 
“ a ctiv e ” by conducting through it a current of ozon­
ized oxygen and then leaving it at rest some months;“ 
and although such a peroxide responds to all tests for 
the detection of hydrogen dioxide, and the latter is 
also a likely im purity as well, especially when the ether 
has been oxidized in the presence of moisture, it would 
appear to be well demonstrated that ether is capable 
of peroxidation.10

That a peroxide or peroxides exist in “ a ctiv e ” 
ether m ay be inductively demonstrated b y  a consid­
eration of the methods to which it is necessary to resort 
in order to eliminate the “ a ctiv ity .” It has been 
shown by Dunstan and D ym ohd”  that ether m ay be 
purified from peroxides by the use of an ample quan­
tity  of lime, and then twice washing with alkaline 
w ater;12 but the following methods lend particular sup­
port to the m atter under consideration:

i. Garbarini13 made experiments with a view of 
removing the oxidation product contained in ether 
that has been exposed to air, and found that a dry

1 Arch. Piuirm., 25, 632.
2 Chem.-Ztg., 26, 336.
:1 Ibid.. 26, 385.
■» Ibid., 26, 407.
'* In this connection, see Thoms, Phann.-Z tg., 1894, 777; Ber. Phurm. 

Ges., 1894, 10, 11 See also, Kappers. Dissertation Groningen, 1871; and 
Walton, Am , Druggist, Aug. 8 (iq io ), p. 69.

« Ber . 38, 774.
7 An analogous case is found in the case of oleic acid. Harries and 

Thieme {Ber., 39, 2844) have found that "oleic acid ozonidc peroxide” 
gives a much more intense hydrogen dioxide reaction than the normal 
ozonide, when boiled with water.

8 Chem.-Ztg.. 25, 109; Ber., 38, 1409.
Matignon, Com f t .  rend., 138, 82.

10 Briihl (Ber., 28 2847) found that on one occasion when hydrogen 
dioxide was isolated by the help of ether, the specimen smelled strongly of 
ozone and an oily substance remained which possessed explosive properties. 
He did not consider that this substance could be acetic peroxide, however 
(Ber., 33, 1709i; cf. Stabler. Ber., 38, 2619.

»» J . Chem. See., 57, 5S4.
12 An ether so treated IT) years old showed no trace of peroxides. This, 

along with facts to be mentioned hereafter, shows the fallacy of the state­
ment that ozone, formed by the decomposition which occurs under the 
influence of light and heat at the time the test for peroxides is applied, is 
the cause of the peroxide response.

1:1 Bull. A ssn . Chim. Suer, et Dist., 26, 1165. Ferrous sulphate solution 
is  also suitable (Stokes and Cain, J .  A m . Chem. Soc . 29, 410).

fo r  th e  p u rp o se.

2. Ram say1 stated that the effects due tothepres- 
sence of peroxides m ay be obviated b y  putting some 
clean mercury in the ether container, whereby the per­
oxides are decomposed.2

3. D itz3 found that ether purified by Brunner's 
* method by agitating with powdered potassium per- 
, manganate still contained a substance or substances

■frhich a re  s im ila r  to  p e ro x id e s ; b u t  th a t  eth er treated 
w ith  so lid  c a u s tic  p o ta s h  a c c o rd in g  to  Bôrrigter's 
m e th o d  w a s  freed  fro m  p ero x id e s.

Ether m ay also be freed from peroxides by treat­
ment with manganese dioxide,4 with chromic acid, or 
by treatment with sodium, potassium-sodium alloy, 
phosphoric anhydride, or a solution of sulphurous 
acid and hydriodic acid.

Considering that sufficient data have been given to 
justify the statem ent that we m ay assume the exist­
ence of peroxidized substances in “ active” ether on 
a priori grounds, we shall now refer to the changes in 
toto which occur in ether during its autoxidation.

Regnault found that ether, after standing, no longer 
has a constant boiling point; and Ram say and Young5 
found that such ether acts on mercury, but that after 
agitation with mercury and distilling it does so no 
longer. However, up to 1876, ordinary ethyl ether 
had been credited with the power of producing ozone, 
and, beyond this, the subject was in a similar state to 
that which occurred in the case of the so-called forma­
tion of ozone by the oxidation of the essential oils. 
That is to say, nothing was known about it, beyond 
that under these conditions there had been recognized 
a substance which was mistaken for ozone, and of 
whose production there was no logical explanation. 
In 1876, Ivingzett6 found that ethyl ether gives, appar­
ently by atmospheric oxidation, “ acetic ether" and 
hydrogen dioxide. He concluded that the changes 
which occur m ay be explained as follows: First, the
ether is oxidized into “ acetic eth er” and water; second, 
the ester is oxidized into the anhydride, and that into 
acetic peroxide; and finally, the latter is decomposed 
with water, simultaneously with its formation. From 
K ingzett’s experiments, it appeared that ordinary 
atmospheric oxygen plays the same part as the oxygen 
of the barium peroxide in Brodie’s method of prepar­
ing acetic peroxide; that is, he considered that the re­
action which occurs is similar to that which we know 
takes place when ether is ozonized.

Shortly afterwards, Legler7 found that when ether is 
oxidized by a red-hot platinum spiral, it gives formic

1 Nineteenth Century, April. 1898.
* W e have found that finely divided mercury is very suitable for re­

moving peroxides occurring in ether.
3 Chem.-Ztg.. 25, 109.
4 Ret>. Chem.-Ztg., 1889, 46.
5 Chem. News, 61, 237. Linebargcr (Ibid., 70, 53) observed 

that mercury on being brought into contact with certain ether of German 

manufacture, such as he employed in the determination of the bailing po*1"' 
tarnished, and that the impurity thus removed exercised a considerable 
influence on the boiling point. In one case the boiling point was diminished
0.9° C.

Ibid., 34, 136.
7 A n n .. 217, 381.
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acid, acetic acid, aldehyde, acetal,1 formaldehyde, and 
trimetric prisms of CltH M0 ]|. These prisms were 
[ound to be soluble in water, alcohol, and ether, and 
were decomposed b y  alkalies into formaldehyde and 
formic acid. The compound liberated iodine from 
potassium iodide solution and reduced lead dioxide, 
therefore appearing to be a derivative of hydrogen 
dioxide.

The investigation of the production of hydrogen 
dioxide in ether under such conditions as might ob­
tain during storage was initiated b y  the investigations 
of Richardson. He found1 that hydrogen dioxide is 
formed when water containing pure ether is exposed to 
light in an atmosphere of o xygen ; and from an extended 
series of experiments, he observed the following: (1) 
the amount of hydrogen dioxide formed depends on 
the proportion of ether to water present; (2) no hydro­
gen dioxide is formed when a mixture of water-vapor 
ether-vapor, and oxygen is exposed to sunlight; (3) no 
hydrogen dioxide is formed when water and ether are 
exposed in an atmosphere of carbon dioxide; (4) no 
iodine is liberated from potassium iodide by a m ix­
ture of water, ether, and oxygen, from which light 
has been excluded.

From these and other experiments, he was led to 
believe that the oxidation under the influence of light 
involves initially an oxidation of water to hydrogen 
dioxide, and that oxidation of ether is a result of a 
secondary interaction between it and the hydrogen 
dioxide produced.

In partial contradiction to the findings of Richard­
son, Dunstan and Dym ond3 found th at pure ether, 
either wet or dry, does not form hydrogen dioxide 
when exposed to light, that ether prepared from 
methylated spirit yields hydrogen dioxide when kept 
for some time, but not if it has been previously puri­
fied by means of dilute chromic acid; th at hydrogen 
dibxide is formed when ozone acts on ether in the pres­
ence of water; and that hydrogen dioxide is produced 
when certain conditions are maintained during the 
slow combustion of ether in contact with water, i. e., 
pure ether may yield hydrogen dioxide when imper­
fectly oxidized, that is to say, hydrogen dioxide is 
formed as an intermediate product in the process of 
oxidation of ethyl ether.

Richardson-* then repeated the work of Dunstan and 
Dymond, and found that hydrogen dioxide is formed 
in ether in every case after exposure to light in contact 
with moist air or oxygen, but not in the dark a t the 
ordinary temperature. He learned that ether and 
moist oxygen, exposed to a temperature of 750 to 88° 
C. in the dark, contained, after four days, considerable 
quantities of hydrogen dioxide; and similar results 
"ere obtained when ether and oxygen were kept at

C. for forty hours. Hence, it appeared that when 
special precautions are taken to ensure the presence 
of oxygen over ether, hydrogen dioxide is formed at 
the ordinary temperature, and even at o ° in the light, 
ut not in the dark; it was found, however, that it is 
ormed in the dark at about 60° C.

The probable occurrence of acetal in ether will be referred to later.
-Chtm X nrs. 6 0 , 2 5 5 .

61. 237 : J .  Chern. Soc.. 57, 5 S 4 .
'Chtm. Sews, 62, 2 5 6 .

In his first paper, Richardson attem pted to prove 
that when hydrogen dioxide is formed from moist 
ether, the water and not the ether is oxidized. Dun­
stan and Dymond opposed this view, as they consid­
ered that they were in possession of evidence that the 
ether itself is oxidized; and in his later contribution, 
Richardson appeared to abandon his former view, 
although he still contended that hydrogen dioxide 
could be formed from water and oxygen alone in the 
presence of light.

In the experiments made b y  Dunstan and Dymond, 
it was alw ays observed that when hydrogen dioxide 
is produced in ether, the latter afterwards contains 
aldehyde, acetic acid, and other substances. Richard­
son also found that other products of decomposition 
are formed when ether is exposed to light. In fact, 
he and F ortey1 later found that “ dry eth er”  gives a 
well marked peroxide reaction after three days' expo­
sure to ‘ ‘ dry o xyg en ;” and that when ether is exposed 
for m any weeks in the presence of oxygen and water 
it becomes rich in hydrogen dioxide and gives an acid 
reaction.’ T hey also proved that aldehyde is formed, 
and regarded it as the intermediate product. Similar 
results were obtained b y  Berthelot,2 who found that 
ether, when mixed with water and exposed to air and 
sunlight for five months, yields aldehyde, alcohol, 
acetic acid, and m ethane; and with hydrogen dioxide, 
air and water, much larger yields of the same substances 
resulted. In direct accord with these results is the 
recognition of the fact that when ether is stored in 
badly stoppered bottles in the light, it forms consider­
able amounts of peroxides and other oxidation prod­
ucts, especially acetaldehyde.3

Since aldehydes can hold ozone in solution for a com­
paratively long time without becoming oxidized, it is 
exceedingly likely that they form peroxides with it, 
possibly analogous to the compounds they form with 
sodium hydrogen sulphite; and as acetaldehyde is only 
oxidized slowly b y  air to acetic acid, it is probable 
that it is peroxidized during the slow oxidation of 
ether. Ludwig-1 has found that all the known alde­
hydes possess the power of absorbing and retaining 
oxygen in an active or ozonized condition, in which 
state they are able to liberate iodine, even from very 
dilute solutions of potassium iodide (i : 600,000). 
Since ozonized acetaldehyde m ay be prepared by expos­
ing acetaldehyde merely to the air, it could be formed 
under the conditions which obtain in badly stored 
ether, and its high “ a ctiv ity ,”  and from the fact that 
it gradually becomes inert in the presence of water, 
would serve to explain phenomena observed in the 
case of oxidized ether.

Since Lieben and Berthelot have shown that alcohol 
is formed during the alteration of ether, and owing to 
the common occurrence of alcohol in ether, it is ap­
propriate in this connection to consider what changes 
it undergoes during the oxidation of ether in which it

1 Proc. Chent. Soc.. 1896, 165.
- Compt. rend., 129, 627.
3 In this connection, sec Thoms. Pharm.-Zlg.. 1894, 777; also Poleck 

and Thiimmel, Arch. Pharm ., [3] 27, 961.
4 Bcr.. 29, 1454. According to Bach (Compi. reiid., 124 951), acetalde- 

hydc gives a peroxide on slow oxidation in the air. either in the light or 
dark. “On the Oxidation of A ldehyde/’ see Slaboszewicz, 7,. physik. Chem., 
42, 343.
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is contained. M athieu1 has found that alcohol in 
wine-strength is converted into aldehyde b y  simple 
contact with the air a t the ordinary temperature, and 
th at the action is m arkedly accelerated b y  the presence 
of oxidizable bodies in the solution and b y  exposure 
to sunlight. In direct confirmation of this, assuming, 
of course, that aldehyde is the intermediate product of 
such oxidation, we have the results of Duchemin and 
Dourlen ,3 who have determined that alcohol is gradu­
ally  oxidized in contact with air with the production of 
acetic acid.

It is therefore entirely reasonable to suppose that 
alcohol occurring in ether or that formed during its 
oxidation is also subject to oxidation of the following 
order: alcohol, aldehyde (aldehyde peroxide), acetic 
acid. In such a conversion, the degree of acidity is 
liable to vary  more or less in both directions in short 
intervals during storage in glass vessels, just as in the 
case of the oxidation of ether itself. The variations in 
acidity— theoretical, but not sensible in general— m ay 
be due to differences between the rapidity of the oxida­
tion and the saturation of the acids b y  the bases of 
the glass. In fact, it should be mentioned here that 
the nature of the ether container is of vast importance 
in the light of the oxidation changes which are possible. 
The extent of the oxidation— or, for th at m atter, any 
oxidation at all— is dependent upon the quality of the 
glass used in bottles for storing ether; and in the case 
of metallic containers, in view  of some recent researches, 
it is probable that all metals which show anomalous 
anodic conductivity are likely to develop free hydro­
gen dioxide in contact with water and oxygen.^ The 
presence of such metals should, therefore, be guarded 
against.

III . TH E COM BUSTION OF E TH ER .

W hen a m ixture of ether vapor and air comes in 
contact with platinum black, heated platinum-sponge, 
or other bodies heated not quite to redness, it under­
goes slow and imperfect combustion, forming aldehyde, 
acetic and formic acids, carbon dioxide, water, etc.; 
and when ether vapor is passed through a red-hot tube, 
ethylene, water, carbon monoxide, and aldehyde are 
produced. Of especial interest, however, is the fact 
that just as burning hydrogen produces hydrogen di­
oxide, so does the flame of ether .4

IV. SUM M ARY.

The conclusion from the preceding is th at the oxida­
tion of commercial ether in the presence of moisture 
would appear to be productive of a series of complex 
conversions, initiated, however, b y  the formation of 
hydrogen dioxide. The slow combustion of pure 
ether in the presence of water, and under such condi­
tions as exist when it is improperly stored, would ap­
pear to occur in the following stages:

1 Bull. Assn. Chirn. Suer. Dist., 22, 12S3.
2 Compt. rend., 140, 1466.
3 Barnes and Shearer, J .  Phys. Chevi., 12, 155, 468. Ordinary distilled 

water sometimes shows distinct properties of an indirect oxidase, and 'fix- 
ier {Bull. Set. Pharrn., 1910, 17; Pharm. J . ,  8 4 ,645) attributes such oxidizing 
properties to extrem ely minute traces of copper derived from the distilling 
plant. I t  is likely, however, that these properties are due to the presence 
of small amounts of hydrogen dioxide developed by  copper in contact with 
water and atmospheric oxygen.

4 Englcr. Ber., 33, 1109.

1. The formation of hydrogen dioxide from water 
and oxygen of the air. This is particularly likely in 
cases where there is direct exposure to light, and it 
is more or less activated b y  contact action.

2 . Dissociation of hydrogen dioxide into water and 
oxygen, which latter then exerts a direct oxid­
izing action, resulting in the formation of the follow, 
ing: acetic peroxide, acetaldehyde • and acetaldehyde 
peroxide, and eventually acetic acid. The formation 
of acetic peroxide facilitates a series of oxida­
tions, and b y  its hydrolysis alone, acetic and peracetic 
acids are formed. The peracetic acid would 
then become converted into acetic acid and hydrogen 
dioxide. Therefore, it is reasonable to conclude that 
a continuous cycle of changes occurs in ether during 
its oxidation, and that such changes result in the 
simultaneous formation and occurrence of peroxidized 
compounds, intermediate (aldehyde) and ultimate 
(acetic acid) resultants.

When anhydrous ether is exposed to the action of at­
mospheric oxygen during improper storage, there is 
every reason for the conclusion that peroxidation occurs. 
Such action is similar to that which takes place when 
anhydrous ether is ozonized, but the process is much 
less active, being indirect. During storage under 
conditions which would be conducive to oxidation, 
the absolute exclusion of moisture is not attained. 
It is, therefore, to be concluded that changes occur 
similar to those which ensue in the presence of water, 
but of a much slower and much less intense nature.1

In confirmation of the view s expressed above on 
the formation of peroxides in ether during careless and 
improper storage, the authors are able to furnish 
experimental proofs which would seem to establish 
beyond any doubt the fact th at ether of anaesthetic 
grade contains peroxidized compounds after exposure 
to varying temperature conditions and sunlight, in 
the presence of atmospheric oxygen, for considerable 
periods of time, especially when it is stored in colorless 
glass vessels or in badly stoppered tin containers.

“ Ether was allowed to stand for 2 0 0  days in 1 5 0 CC. 

tin containers, partly  filled, stoppered as well as the 
mouth of the containers would permit, and exposed 
to varying temperature conditions inside of a window 
with southern exposure. The conditions of storage 
were similar to those which obtain in many labora­
tories and hospitals. It  should be mentioned that 
none of the samples so exposed exhibited a peroxide 
reaction originally, but all contained small amounts of 
water and alcohol. The following results were ob­
tained, using the vanadic acid and cadmium potassium 
iodide tests:

“ No. 3A  (container one-fifth full): strong peroxide 
reaction; strongly acid.

“ No. iB  (container one-half full): marked peroxide 
reaction, but less pronounced than in No. iA ; strong!) 
acid.

1 Although it  m ay appear from evidence that ether is subject to d;recl 
peroxidation, hydrogen dioxide being formed from the acetic peroxide b> 
a secondary process— by the action of -water, yet the precautions token s  
exclude water have not been such as to assume that direct peroxid^ 00 
occurs and it  is likely that the presence of water is necessary (cf. Annstrofll 
J .  Soc. Client. Ind ., 24, 479).
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“No. iC (containerfour-fifthsfull): very faint peroxide 
reaction.

"No. 2A (container two-thirds full): no peroxides 
present. This container was provided w ith a tigh tly  
fitting stopper. The neck of the can was cylindrical, 
riereas those holding the preceding were provided 
with a conical neck, and it was thus possible to cork 
tie can more securely.

"No. 2B (one-half fu ll): no peroxides present. This 
sample was stoppered sim ilarly to No. 2A.

"No. 3A (one-tenth fu ll): strong peroxide reaction.
"No. 3B (one-third fu ll) : no peroxides present. This 

container was properly stoppered.
"No. 3C (three-fourths full): no peroxides present. 

Container was well stoppered.
"No.3D(four-fifthsfull): no peroxides present. Con­

tainer was properly stoppered.
"The various fractions from three samples of ether 

were exposed to varying temperature conditions for 
193 days. These fractions were contained in 20 cc. 
tube vials (colorless glass) and in every case were well 
stoppered. None had contained peroxides originally. 
The following results were obtained:”

and the tin containers should be of such capacity that 
they need not be opened before being emptied when the 
ether is employed for anaesthetic purposes. In lab­
oratories, ether should alw ays be kept in com pletely 
filled, well-stoppered dry glass bottles, preferably 
those made of non-soluble blue, green or brown glass, 
excluded from the light, in cool, dry places, and over 
mercury, or preferably sodium. If the container is 
cork-stoppered, the bottom  of the cork should be com­
pletely covered w ith tin-foil to prevent penetration of 
the stopper, with consequent shrinkage and leakage, 
and to prevent the extraction of organic matter.

V. ON T H E E X IST E N C E  OF ETH EN O L  IN  ETHYL E TH ER .

A  few compounds of the type of vin yl alcohol are 
known. In m any cases in which their formation might 
be expected, their isomers are obtained; for example, 
when water is abstracted from glycol, CH 2O H .CH 2OH, 
vinyl alcohol, CHOH, does not result, but an isomer,

CH,
acetaldehyde, CH 3 !/ and vinyl alcohol has never

H

Fractions. A.
34—36° Container half full. Pronounced peroxide

reaction. Acid reaction.
36—39° One-fifth full. Marked reaction; acid re­

action strong.
39—42° One-fifth full. Marked reaction.

B.
I*'our-fifths full. Faint, yet de­

cided reaction.
Two-thirds full. Traces of per­

oxides.
One-third full. Traces of per­

oxides.

One-third full. Traces of 
peroxides.

One-half full. Traces of per­
oxides.

Two-thirds full. Traces of 
peroxides.

In order to determine whether peroxides are formed 
in anhydrous ether1 when it is exposed to light and 
varying temperatures, ether distilled over sodium was 
subjected to extreme conditions for two weeks in vari­
ous containers. The results obtained m ay be tabu­
lated as follows:

been prepared in a pure condition. However, Poleck 
and Thüm m el1 suppose th at vin yl alcohol, or ethenol 
(CH2 : CH .OH ), is present in ether that has been 
exposed to air and sunlight, and that its presence is 
indicated b y  the formation of a precipitate (C2H30 , 
HgO.HgjCl,) when a solution of m ercury oxychloride

Description of container.
500 cc. glass stoppered ether bottle, containing 250 cc. of anhydrous ether (only impurity originally, traces 

of acctaldchydc). During the exposure, the ether had slowly evaporated, and at the time of the test 
the bottle contained but 50 cc.

150 cc. tin container, well stoppered with a cork. This container was originally onç-half full and no evap­
oration had occurred at the end of two weeks, apparently.

50 cc. glass tube vial, poorly stoppered. The vial originally contained 25 cc. but considerable evapora­
tion occurred during the exposure, 

dass stoppered Erlenmeyer flask of 50 cc. capacity. This flask had contained 25cc. of ether, but consider­
able evaporation had occurred.

Results after 2 weeks' exposure to light and 
extreme temperature conditions.

Strong peroxide reaction.

No peroxides present.

Strong peroxide reaction.

Decided peroxide reaction.

From these experiments, it is concluded th at per­
oxides, or peroxidized compounds, m ay form in ether 
of all grades which is improperly stored, and that such 
impurities are most likely to be generated b y  exposing 
partially filled containers to varyin g atmospheric con­
ditions, for continued periods of time. The extent 
of the oxidation of both pure and anaesthetic ether is 
dependent upon the nature of the container, the pur­
ity of the sample, the amount of air present, and, 
® glass vessels, the intensity of the light, 
which accelerates the oxidation. E ther should 
nct be stored in glass vessels for any length of time 
without being tested for oxidation products before u se ;

1 One sample of '‘concentrated" ether which we obtained from a well 
firm was found to be rich in peroxidized compounds. This sample, 

d been imported from Germany in a can, was contained in a brown 
T< , '1 ' mi0 which it had been emptied after the can became corroded.

e ttle was entirely filled and well-stoppered; the oxidation must, 
' ere ore. have occurred while the ether was in the defective tin container.

in sodium carbonate is added to common ether.1 
This precipitate, according to them, is white and is 
converted b y  boiling potash into explosive greenish 
black “ acetylene m ercury” (C;H 50 4Hg<), and b y  add­
ing nitric acid to its alkaline solution into C2H H g,O Cl2, 
which is not explosive.

W ith regard to the formation of ethenol which they 
found in commercial ethers, Poleck and Thum m el 
consider th at it is formed partially during the prepara­
tion of ether and partly b y  the action of atmospheric 
oxygen w ith the simultaneous formation of hydrogen 
dioxide, which reacts on ether with the production o

1 Ber., 22, 2863; sec Arch. P harm ., [3] 27, 961.
2 This is founded on an observation by Thummel (vide A m . J . Pharm.* 

62, 15). In an examination of the oxychlorides of mercury, he attem pted  
to remove an cxcess of mercuric chloride from a solution of monoxychloride 
of mercury in sodium dicarbonate, by  agitation with ether; but this w as  
found to be impossible, as the ethereal solution after some minutes became 
turbid and deposited a white precipitate, which was found to be due to th e  
presence of “vinyl alcohol.”
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a further quantity of vin yl alcohol. T hey found that 
it m ay be removed b y  repeatedly shaking ether with 
w ater or by treatm ent w ith bromine, phenylhydrazine, 
or potassium hydroxide.

Since the publication of the above results, it has 
been quite generally assumed that ether forms vinyl 
compounds during storage,1 and in several instances, 
attem pts have been made to explain unusual reactions 
b y  attributing these to the presence of ethenol in the 
ether used. For example, Rimini2 found that after 
shaking cheese w ith concentrated hydrochloric acid 
to dissolve the casein, gentle heating and shaking with 
ether in some cases produced an azure-violet colora­
tion, the intensity of which varied with the sample of 
ether used. Pure ether, recently distilled over lime 
and sodium, gave no color, and Rimini stated that the 
formation of the color was due to the presence of vinyl 
alcohol in the ether used. Matignon also found reasons 
to definitely assert that vinyl alcohol occurs in some 
commercial ethers. He reported3 that commercial 
ethers which contain vin yl alcohol afford a sensitive 
reagent for vanadic acid, since they give a rose colora­
tion with solutions of ammonium vanadate or vanadic 
acid containing o. 1 mg. of vanadium pentoxide per liter. 
He stated that when the ether is allowed to evaporate 
spontaneously, the residue becomes richer in vinyl 
alcohol and gives the characteristic rose color with 
solutions containing 0.02 mg. per liter; and that the 
blue color afforded b y  using “ active eth er” .and py- 
rogallol is more delicate than with the latter alone. 
T hat vin yl alcohol is the active principle in the ethers 
capable of giving the color reaction was “ proved” by 
the following facts: (1) The active ethers gave a white 
precipitate with a solution of mercuric chloride and 
potassium hydrogen carbonate; (2) they lost their ac­
tiv ity  after treatm ent with potassium hydroxide, 
which “  resinifies the vinyl alcohol; ” (3) they became 
inactive after being shaken with water, which “ dis­
solves the vin yl alcohol.”  Matignon found th at an 
“ in active” ether can be rendered “ a ctiv e” b y  passing 
a current of ozonized oxygen through it, and then 
leaving it at rest some months; and stated that /erric 
salts and chromates also give colorations with " a c t iv e "  
ether, and must be removed before testing for vana­
dates.

It would seem that reactions attributable to known 
oxidation products of ether (peroxides, acetaldehyde) 
have been incorrectly ascribed to the presence of ethe­
nol in every case in which the occurrence of the latter 
has been reported. V inyl alcohol m ay be formed in the 
oxidation of ether, but we shall endeavor to show that 
its existence in commercial ethers has never been con­
clusively demonstrated, and this with due regard to 
the painstaking work of Poleck and Thummel.

The assumption of the presence of vin yl alcohol in 
commercial ethers is entirely based upon the deport­
ment of such ethers with m ercury oxychloride. In 
such cases, white amorphous vin yl mercury oxychlo­
ride is precipitated, and this, on treatm ent with potas-

1 For instance, see Thoms. Pharm.-Ztg., 1894, 777; Ber. Pharm. 
Ges., 1894, Parts 10 and 1 1 ; and Bertsch, Apoth. und Drogisi, 1893, No. 12.

2 Gazz. chirn. Hal.. 29, I, 390.
3 Compt. rend., 138, 82.
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sium hydroxide, is converted into a black explosive 
powder, and on treatm ent with a haloid acid yields 
vin yl com pounds; but, as a m atter of fact, no definite 
proof is thus given of the existence of vinyl alcohol or 
vinyl compounds in an ether which positively responds 
to the test with mercury oxychloride, and the reaction 
is undoubtedly due to the presence of a known and 
long-recognized im purity of commercial ethers, namely, 
acetaldehyde, vinyl alcohol molecules forming from it 
during the progress of the reaction.

The compounds which acetaldehyde yields with 
various mercuric salts have received no little attention. 
Deniges1 found that acetalclehyde forms the compound
SO., : (HgO), : H g.C,H , 0  with mercuric sulphate; 
Lasserre3 obtained a compound, CH3.C0 H.Hg0 , by 
the addition of sodium hydroxide to a solution of mer­
curic acetate and acetaldehyde; and Auld and Hantzsch1 
found that the action of mercuric oxide on acetaldehyde 
in slightly alkaline solution leads to the formation of 
a colorless solution which probably contains tri- 
mercuri-di-aldehyde hydroxide, since it is quite indif­
ferent towards phenylhydrazine, hydroxylamine, or 
rosaniline decolorized by sulphurous acid. They 
found that the substance could not be isolated, since it 
changes more easily than the acetone compound into 
the polymeride, (C^HgOjHg,)*, which is formed imme­
diately as a white powder by warming a dilute solution 
of acetaldehyde with a solution of mercuric chloride 
made alkaline with potassium hydroxide. The forma­
tion of this polymeride is one of great significance in 
this connection, for it results on treating a dilute 
solution of acetaldehyde in ether with alkaline mer­
curic chloride. It  is necessary, however, to show that 
vin yl alcohol molecules form under similar conditions; 
and, as will appear from w hat follows, this would 
seem to be established beyond question.

Michael and K opp5 found that an aqueous solution 
of potassium carbonate gives aldol when allowed to 
act on aldehyde; and Nefc and M cLeod7 have proved 
th at an aqueous solution of acetaldehyde contains 
vin yl alcohol molecules as soon as potassium or sodium 
hydroxide is present in amounts above o.i per cent. 
The vinyl alcohol, which is formed b y  intramolecular 
addition from the hydroxyethylidene,

HO— C— CH —  H HOCH = CH„

is then at once absorbed by unchanged acetaldehyde, 
w ith anion rearrangement,

CH 3CH---------- O + H— O— CH =  CHj »->-

I I

CH 3CH (O H )CH  — CH -  0 , '

giving acetaldol, etc.
Denis7 showed that the correctness of the conclu-

1 Compt. rend., 128, 429. ^
2 This compound always contains a little mercurous sulphate, " 

fact is important, in view of the composition of the compound obtain 
by Poleck and Thummel.

3 J .  Pharm. Chirn., [6 ] 22, 246.
* Ber., 38, 2677.
* A m . Chem. J . ,  5, 190.
c A n n .,  298, 316. ,
7 A m . Chem. J 38, 565.
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sions of Nef and McLeod is thus established: When
an aqueous solution of acetaldehyde is allowed to 
stand for a long time with freshly precipitated oxide 
of mercury, no action occurs in the cold; if, however, 
sodium hydroxide or carbonate is added, the aldehyde 
present is very rapidly and com pletely converted into 
white, insoluble, basic mercuric vinylate, Hg(OCH = = 
CHjl-HgO, from which, by the addition of dilute acids, 
acetaldehyde can again be regenerated quantitatively. 
This fully demonstrates that no vinyl alcohol mole­
cules are present in an aqueous solution of acetalde- 
hvde and that these appear only when sufficient alkali 
has been added. It also proves that vin yl compounds 
result from an acetaldehyde solution when reagents 
similar to those employed b y  Poleck and Thümmel are 
used.

Hofmann1 found that when acetylene is passed 
through a solution of mercuric nitrate acidified with 
nitric acid, a fine colorless, crystalline precipitate re­
sults, which, after washing with 2 per cent, nitric acid 
solution and drying under reduced pressure, has the 
composition C JIg,N O (H. It is practically insoluble 
in water or 3 per cent, nitric acid, but is decomposed by 
concentrated acid. W ith warm, dilute hydrochloric 
acid, it yields acetaldehyde, and mercuric chloride 
goes into solution. W hen treated with alkalies, the 
nitrogen is obtained in the form of nitrates, and when 
wanned with sodium hydroxide and potassium cyanide 
solution, aldehyde resin is formed. Hofmann found 
that the compound m ay be obtained in the form of 
large crystals by using an alcoholic solution of aldehyde 
in place of acetylene; after remaining for fourteen days, 
large, colorless, doubly-refractive prisms were deposited. 
The constitution suggested was N 0 3.Hg.C(:Hg). 
CH : 0 . Hofmann considered that the substance ob­
tained by Poleck and Thümmel, b y  shaking commercial 
ether with an aqueous solution of mercuric chloride 
and potassium hydrogen carbonate, was probably a 
somewhat similar compound, only contaminated b y  a 
little mercurous chloride. This seems to be supported by 
experimental data, since the salts of the compound 
CjHg,N0 (II leave a gray residue consisting of mercury 
and the explosive oxym ercarbide when treated with 
alkali.

Kothner,2 commenting on the substance obtained by 
Hofmann by the action of acetylene on a solution of 
mercuric nitrate, mentioned that he had previously3 
obtained results similar to those of Hofmann, and had 
drawn attention to the relationship of the substance 
to vinyl alcohol and acetaldehyde. Erdm an and Köth- 
ner> found that mercuro-carbide nitrate resembles 
Poleck and Thümmel’s m ercury derivative of vin yl 
alcohol, and that it yields acetaldehyde on treatm ent 
with dilute acids.

As has been intimated, our object is not to show 
definitely that vinyl alcohol does not exist in commer- 

ethers; but sufficient evidence has been given to 
show that acetaldehyde, an im purity of all commer- 
C|al ethers, may be converted into a compound pos-

'¡>er.. 3 1 , 2 2 1 2 .

, 3 1 , 2 4 7 5 .
1 Halle, a-S. Frühjahr, i 8 q6. 

ancro. Chem., 18, 48.

3«5

sessing the properties of the substance obtained by 
Poleck and Thümmel when an ether containing the 
substance in considerable amounts is agitated with 
m ercury oxychloride.

W e have found that the test usually specified for the 
detection of vin yl alcohol in ether is indicative of the 
presence of acetaldehyde, and therefore no reliance 
can be placed upon it as a test for vinyl alcohol:

The test given in the Pharmacopee Française1 for 
vin yl alcohol was tried with samples of pure ether con­
taining acetaldehyde. This is as follows:

50 cc. of the ether are shaken up with 4.5 cc. of a 
saturated solution of potassium hydrogen carbonate and 
1 cc. of a saturated solution of mercuric chloride, 
after which no turbidity or white amorphous precipi­
tate should result.3

This rest is similar to the one proposed b y  Bertsch,3 
who found that the presence of vin yl alcohol can be 
detected by shaking the ether under examination with 
m ercury oxychloride. If, after ten or tw enty minutes, 
a turbidity or a white amorphous precipitate results, 
which, on treatm ent with potassium hydroxide, is 
converted into a black explosive powder, the presence 
of vinyl alcohol m ay be assumed.

In the first test, the m ixture of reagents possesses a 
pale yellow or reddish color from suspension of the o xy­
chloride formed. A t  the beginning, the m ixture is 
alkaline and the action results in the formation of a 
yellow oxychloride, but the alkalinity is overcome by 
the acid liberated, and a red oxychloride— probably 
tri-mercur-di-oxychloride— is formed. Carbon dioxide 
escapes and finally the liquid is alkaline, owing to the 
equilibrium condition of potassium chloride and mer­
curic oxide.4 It  will therefore be observed that an 
alkaline solution is em ployed; and, as has been shown, 
when an acetaldehyde solution is thus treated, vinyl 
alcohol molecules will make their appearance under 
such conditions.

On adding 4.5 cc. of a saturated solution of potassium 
hydrogen carbonate and 1.0 cc. of a saturated solu­
tion of mercuric chloride to 50 cc. of an ether rich in 
acetaldehyde, but containing no other impurities, and 
shaking thoroughly, the reddish brown oxychlôride 
changed to a white color on standing ten minutes, be­
coming pure white after fifteen minutes. A  saturated 
solution of potassium hydrogen carbonate was then 
added to a saturated solution of mercuric chloride until 
the precipitate of oxychloride which first formed was 
dissolved to form a clear, reddish yellow solution. 5 
cc. of this solution, on being well shaken with an ether 
containing about 1 per cent, of acetaldehyde, resulted 
in the formation of a white precipitate after five 
m inutes’ standing. Thus, the test specified b y  the 
Pharmacopee Française for the detection of vin yl a l­
cohol is not indicative of the presence of that substance 
originally, and the vin yl compound which results, if

> 1 9 0 8 ,  2 4 5 .
2 This test was proposed by Poleck and Thümmel (Arch. Pharm ., 227, 

964; Z . anal. Chem., 29, 717). They also placed the time limit of ten to 
tw enty minutes.

3 Loc. cit.
A Concerning the formation of mercury oxychloride in this reaction, 

see ^iillon, A n n .ch im , phys., [3] 18, 372; Roucher, Ib id ., [3] 27,353; Thüm­
mel, Arch. Pharm., 227, 589; and Schoch, A m . Chem. J 29, 319.
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there be any, is unquestionably produced b y  the action 
of the reagents on acetaldehyde.

According to Poleck and Thummel, the yellow or 
brown color imparted to commercial ether on the addi­
tion of potassium hydroxide is due to the presence of 
vin yl alcohol. W e do not think so, since acetaldehyde 
is the cause of such coloration. In this case, too, a 
vin yl compound is probably formed, and as an inter­
mediate product, b y  the action of potassium hydrox­
ide on acetaldehyde. A t all events vin yl alcohol mole­
cules are present in the acetaldehyde solution so 
treated and, as in the reaction between sodium and 
acetaldehyde,1 it is undoubtedly true that a vinyl 
alcohol compound, capable of only a brief existence, 
is formed, according to the following,

CH — C f  + K O H  
\ H

CH , : C H O K  + H ,0 ,

and that this soon decomposes, forming high molecu­
lar condensation products, as aldehyde-resin. It 
cannot be said, however, that the test with potassium 
hydroxide is indicative of the presence of vinyl alcohol.

W ith regard to the other communications dealing 
with the reported occurrence of vin yl alcohol in ether, 
it would seem that no efforts were made to establish the 
absence of acetaldehyde or peroxides in the samples 
of ether employed. The azure-violet color observed 
b y  Rimini m ay be explained in three ways: (1) that the 
hydrochloric acid used alone produced the color ob­
served;2 (2) that the peroxides occurring in the ether 
gave the coloration in the presence of aldehyde;3 (3) 
th at the peroxides occurring in the ether gave the col­
oration in the presence of aldehydes from the cheese.

It  is obvious that since the coloration m ay be satis­
factorily accounted for b y  known reactions, it is un­
necessary to attribute it to the presence of vinyl 
alcohol in the ether used.

W ith regard to the observations of Matignon, an 
ether containing peroxides and acetaldehyde, th at is, 
an ether rendered “ a ctiv e ”  b y  ozonization, would 
deport itself sim ilarly to the samples used b y  him. 
Treatm ent with potassium hydroxide would serve to re­
move both of these impurities; agitation with water 
would eliminate such “ a ctiv e”  substances; and ether 
containing peroxides gives a rose color w ith vanadic 
acid.5

In conclusion, the occurrence of acetaldehyde in 
ether, especially in commercial ether, is well known, 
and this im purity fu lly accounts for the deportment of 
the ethers examined b y  Poleck and Thummel. It 
would, therefore, seem, that any attem pts to explain 
or establish the existence of ethenol in ether are un-

1 See Freer, A m . Cheni. J . ,  18, 558.
2 Fuming hydrochloric acid is well known as a test for proteins; and 

Reichard (Pharm .-Ztg., 55, 158, 167) has found that 25 per cent, hydro­
chloric acid also gives a blue color.

3 Feder (Z . N ahr. Genussm., 15, 234) has found that hydrogen dioxide 
gives a violet coloration when heated with milk and hydrochloric acid in the 
presence of formaldehyde. A v iolet color is also produced when formalde­
hyde is treated with a protein in the presence of hydrochloric acid (see 
Voisenet, Compt. rend , 150, 40).

4 The production of aldehydes in cheeses m ay be attributed to the fer­
m entation of lactose (Trillat and Sauton, Compt. rend., 144, 495).

6 See tests under “Peroxides."

n e c e s sa ry  w ith  th e  d a ta  n o w  a t  h a n d . Moreover, it 
h a s  b e en  sh o w n  t h a t  e th e n o l m a y  b e  form ed from the 
a c e ta ld e h y d e  p ro d u c e d  fro m  th e  o x id a tio n  of ether, 
o r t h a t  p re se n t as  a  p r im a l im p u rity , and that the 
re a ctio n s  a ttr ib u te d  to  it  m a y  b e  a cco u n te d  for in this 
m a n n e r .1

V I. ( a )  ON TH E DETEC TIO N  OF PER O X ID E S IN ETHYL
E TH ER .

It has been shown that peroxidized compounds are 
produced through contact with air in the presence of 
light, as well as in the dark. The occurrence of these 
substances in anaesthetic ethers3 is rare; this is due to 
the fact that the latter are generally supplied to the 
consumer in sealed tins containing a minimum amount 
of air. Since it is highly im portant th at ether intended 
for anaesthetic purposes should be carefully manu­
factured and properly stored, as prolonged exposure 
to light and air greatly affect the results of etheriza­
tion, causing coughing, suffocation, and even danger­
ous after-effects,3 such ether should always be tested 
for peroxides and aldehyde, and  the presence of the 
latter should be rigorously guarded against. The 
same precautions should be taken when the ether is 
intended for analytical purposes.4

The following tests have been proposed for the detec­
tion of peroxides (ethyl peroxide and hydrogen diox­
ide, as well as all other peroxidized compounds) in 
ethyl ether:

I. T ESTS D E P E N D E N T  U PO N  OXIDATION.

(a) Tests Dependent upon the Liberation of Iodine.
I. The Test with 10 Per cent. Potassium Iodide Sol­

ution.— Saladin5 stated that potassium iodide imparted 
a yellow coloration to ether if the latter contained 
sulphuric acid ; but Cloez8 suggested the employment of 
the salt as a reagent for ozone. D eV ry7 found that 
pure ether has no action upon iodides, and Borrigter 
found th at ether containing hydrogen dioxide liber­
ates iodine from potassium iodide. Poleck and Thum­
mel9 found th at the liberation of iodine from iodides,

1 Others have also found reasons to doubt the existence of vinyl alco­
hol in ether. Abraham (J . Soc. Chem. Ind ., 11, 836) considered its existence 
as improbable; and Nef (A nn ., 298, 202) mentioned that its identity ¡J 
not fully established.

2 None of the fresh samples of ether of anaesthetic grade examined by 
the authors contained peroxides. Even two samples in sealed tins which 
had been exposed to varying temperature conditions for ubout one jear 
were free from peroxides, and a tin containing 100 g. of e t h e r  which bad 
been stored for one year and a half, sealed and unopened, gave no peroxide 
reaction; and it  would appear from our experiences that these substances 
are only likely to occur in ether which has been stored in badly stoppered 
containers. In general, then, the fault is that of the consumer and not of 
the manufacturer, since ether is supplied, as a rule, in vessels which pre* 
elude the possibility of considerable amounts of peroxides forming.

3 B uxton’s Anaesthetics, 1907, 117.
4 As an illustration of the importance of guarding against the presence 

of peroxidized compounds in ether for analytical purposes, this case may 
be cited: I t  has been stated that solutions of quadrivalent titanium give 
a yellow color with ether in the presence of alcohol. This, however, is 
only the case when the ether contains peroxidized compounds (cf. Stabler 
Ber., 38, 2619). See also the experiences of Lunge and von Keler { 
angew. Chem., 1894, 670; 1896, 3; Lunge's Chem. techn. UnUrsMchun(s 
methoden, 5 Aufl., 1, 385) and of Stokes and Cain (J . A m . Chem. Soc., 2 « 
410) in the colorimetric determination of iron.

6 J .  chim. med., 1831, 531.
0 Compt. rend., 43, 38.
7 J .  Pharm. Chim., December, 1872.
8 Chem. News, 53, 69. Sec also, Houzeau, Compt. rend., 67, 714. 11 

who had found that “oxygenated water” decomposes KI (1868).
9 Arch. Pharm ., 1889, 961.
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especially in the presence of acetic acid, is due to the 
presence of hydrogen dioxide; and it is generally 
recognized, especially since the work of Dunstan and 
Dymond,1 that the im purity in ether which liberates 
iodine is hydrogen dioxide, although several have 
maintained that ozone is the cause of the reaction.2 
Ethyl peroxide also causes the separation of iodine from 
potassium iodide s o lu tio n ,a n d  the latter serves for 
the detection of peroxidized compounds in general in 
ether. It lacks the reliability required for a specific 
test, however, and is open to the following objections:

(i) Potassium iodide solutions are decomposed by 
light.

(it) Dissolved oxygen m ay often cause the separa­
tion of iodine.

(Hi) The presence of sulphurous and sulphuric acids 
can cause the liberation of iodine; and the test is also 
interfered with b y  the presence of chlorine, bromine, 
and nitrous acid.4

It has been stated that perfectly pure ether m ay 
liberate iodine from potassium iodide,5 but this is 
incorrect when the proper precautions are observed; 
and the facts which establish its unreliability9 
are limited to those enumerated above.7

The potassium iodide test is given in the pharmaco­
poeias of Germany,8 Switzerland,0 Japan,10 France and 
Holland.

1 Pharm. J . and Trans., [3], 17, 841. Warden (.Pharm. J . ,  [3] 15, 
521) concluded that the liberation of iodine from potassium iodide indicated 
the presence of aldehyde, and Dunstan and Dymond demonstrated that 
tie impurity which liberates iodine is hydrogen dioxide. Aldehyde is 
without action on potassium iodide.

J Werner {Pharm. J . ,  [3], 16, 660) regarded the liberation of iodine from 
jaiassium iodide as an indication not of an actual impurity in ether, but 

its decomposition under the influence of light and air, whereby ozone is 
formed; and Buchner (Chem.-Ztg.. 9, 69) stated that ozone is rapidly formed 
*hen ether is exposed to light, and that this body is the cause of, the lib­
eration of iodine. We have already shown that ozone cannot exist in a 
free state in moist or "dry” ether.

"On the Action of Ozone on Potassium Iodide Solutions.” see Brunck, 
fliwrp. Chem.. 10, 222; and Garzarolli-Thurnlackh, M onatsh.. 22, 955. 

,r0athe Action of Hydrogen Dioxide on These Solutions,” see Kingzett, J .  
Ckm. Soc.. 37, 805; and Schöne, A n n ., 195, 228.

1 Von Neander, Chcm.-7.lg.. 26, 336.
4 Allen [(.Commercial Organic A na lysis, 1, 181 (1903)] states that "some 

specimens of commercial etlicr liberate iodine from potassium iodide, a 
reaction which is not improbably due to tile presence of traces of ethyl 
ntrite." This suggestion is not supported by known facts, since, although, 
as shown by Bcrthelot, perfectly dry ether can form, on long standing 
raider the influence of air, traces of nitric add , as well as ethyl peroxide, 
ithyl nitrite has never been observed in commercial ethers and its forma­
tion is. in our opinion, improbable.

5 Dunstan and Dymond, loc. cit.
6 "On the Reliability of the Potassium Iodide Test,” see also Schobig, 

Atvth.-Ztg., 9, 210; and Leeds, J  ■ A m . Chem. Soc., 1, 65.
TThc potassium iodide test is usually specified as follows; 10 cc. of 

ether and 1 cc. of aqueous 1 : 10 potassium iodide solution, when frequently 
shaien in a well-stoppered bottle, m ust show no coloration during one hour's 
Oposurc to difiused daylight. Krauch and Merck (Chcmical Reagents, 
Tbir Purily and Tests, 1907, 101) direct that the mixture be shaken vigor- 

in a completely filled glass-stoppered bottle, and state that neither 
the ether nor the potassium iodide solutions should acquire a color after 
standing one hour in the dark

! lhe German Pharmacopoeia employs potassium iodide solution. 
1 cc. to 10 cc. of ether, and protects the mixture from the light: it is stated  
'':st 110 coloration should result within 3 hours. In this connection, see 
Hindi's Universal Pharmakopoe, 1, 29. (1902); Deutsches Arzneibuch. 5th 
««sion, 1910, 34.

“The Pharmacopoca Helvetica 1907, 25, gives the test with potassium  
"Xfide fur "vinyl alcohol."

,0lhe Pharmacopoeia of Japan . 1907, 25. specifics that if lOvolumes 
'tiler a«d 1 volume of potassium iodide solution be put in a well-stoppered 

^  bottle, so as to make it quite full, and then set aside, protected from 
6 'Kht, and with frequent shaking, it should acquire no coloration within 

63 hour. According to this Pharmacopoeia (p. 26- narcotic ether should 
Attire no coloration under the same conditions within three hours. This 

! is more complete than those usually specified.

W e found th at pure ether containing o.oi per cent, 
of hydrogen dioxide produced a faint coloration with 
a 10 per cent, potassium iodide solution, when the 
hydrogen dioxide was added to the ether and thor­
oughly mixed just before applying the test; but when 
the ether was allowed to stand in the dark for several 
days, the coloration was very  pronounced. W e can­
not recommend the test, however, on account of its 
unreliability.

2. The Test with Potassium Iodide and Starch Solu­
tion.— H eldt1 suggested the em ploym ent of potassium 
iodide-starch solution as a reagent for ozone, and this 
reagent m ay be used for the detection of peroxides in 
ether, a blue coloration resulting from the liberation 
of iodine. In fact, 0.05 mg. of hydrogen dioxide per 
liter m ay be detected in an acid solution, and the blue 
color is visible in solutions containing the iodine 
yielded b y  one part of potassium iodide in 600,000 parts 
of water a t o° C. The test is, however, subject to the 
same limitations as the potassium iodide test, and 
even to a greater degree.

3. The Test with Potassium Iodide and Phenolphthal- 
ein Solution.— This test, which is identical with the 
one proposed b y  Houzeau for the detection of ozone, 
except th at phenolphthalein is substituted for litmus, 
is given b y  W obbe3 as follows: If 20 cc. of ether are 
shaken w ith 5 cc. of a potassium iodide-phenolphthal- 
ein solution (a m ixture of equal parts of a 50 per cent, 
solution of potassium iodide and a 1 per cent, solution 
of phenolphthalein), the latter should not be reddened. 
Rosolic acid m ay be employed instead of phenolphthal­
ein.

The action of light and alkali from the glass render 
this test open to serious objections. It  is also dis­
turbed b y  the presence of acids. The test is, however, 
an exceedingly delicate one, a pronounced reaction 
resulting in the presence of the merest traces of peroxi­
dized compounds.

(b) Tests Dependent upon Color Reactions.
1. The Vanadic Acid Test.— Jorissen3 proposed the 

following test for the detection of peroxides in ether:
o.x gram of powdered vanadic acid and 2 cc. of sul­
phuric acid are placed in a small porcelain capsule, 
and the whole is heated for 10 to 15 minutes on the 
water-bath, and then allowed to cool. The red- 
brown mass is then dissolved in water and made up 
to 50 c c .; one or two cc. of this pale yellow reagent are 
placed in a test-tube, 5 or 10 cc. of the suspected 
ether are added, and the whole is well shaken. Should 
peroxides be present, the m ixture assumes a color 
varying from rose- to blood-red. Jorissen found this 
test more delicate than the perchromic acid test and 
more rapid than the potassium iodide test. I t  is 
specified b y  the Pharmacopoea Belgica* as follows: 
10 cc. of ether when shaken with 1 cc. of vanadic acid 
solution, should acquire no red color.

W e have found that the varvadic acid test is a re-
1 Chem. Ccntr., 1862, 886: see also. Femere. Compt. rend.. 74. I7. 

Potassium periodate may be used ¡n place of potassium iodide «n this re­
agent. In the Pharmacopoci NedcrUiyid^.a (1905 27) the water e.' iract is  
tested with potassium iodide and starch solutions

* A poih.-Z  p.. 1 8 ,  4 5 8
a  A n n . chim anal., 8 .  2 0 1 ;  Chem.-ZiQ., 27, R  1 2 8  hepori. d I1harm  

15, 167
* 1 9 0 5 ,  1 5 .
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liable and ready one, being of great delicacy and of 
easy application. When peroxides are present in the 
ether under examination, a permanent color is afforded 
which is readily distinguishable, even when the ether 
contains but 0.003 per cent, hydrogen dioxide. The 
reagent m ay be more conveniently prepared b y  using 
ammonium m etavanadate and sulphuric acid.

2. The Ferrous Hydroxide Test.— This test was 
given b y  Thom s1 as follows: In a watch glass dish, 
let one cc. of freshly prepared ferrous sulphate solution, 
1 : 10, be superposed b y  10 cc. of ether and let a few 
drops of “ soda solution" be added. The resulting 
greenish white ferrous hydroxide should not turn brown 
within one minute. This test was stated to be pref­
erable to the one with potassium iodide.

We have found that an ether containing 0.01 per 
cent, of hydrogen dioxide gives a slight but decided 
reaction in a half a minute in this test; but it is less 
delicate and more liable to errors than the vanadic acid 
test of Jorissen. Care must be taken that perfect 
superimposition occurs when the ether is added, else 
ferric hydroxide m ay form almost im mediately (less 
than half the time limit of the test).

3. The Ferrous Sulphocyanate Test.— Stokes and 
Cain3 found that hydrogen dioxide m ay be readily 
detected in ether b y  shaking it with freshly, reduced 
acidified ferrous sulphate solution to which a sulpho­
cyanate has been added, when ferric sulphocyanate is

< generated and is taken up b y  the ether. Since, how­
ever, “ even the best grades of ether show this beha­
vior unless especially purified,” and on account of the 
m any possible sources of error, this test, although of 
decided theoretical merit, cannot be recommended.

(c) Tests Dependent upon the Formation of Periodides.
1 . The Caffeine Alkyliodide Test.— Rossolimos found 

that ether containing hydrogen dioxide possesses the 
property of oxidizing caffeine alkyliodide to a slight 
extent, but that the oxidizing power of ethyl peroxide 
would appear to be a much greater one, as caffeine 
alkyliodide is decomposed by it with copious forma­
tion of periodides.

II. TESTS D E P E N D E N T  U PO N  REDUCTIO N.

I .  The Chromic Acid Test.— This test, which origi­
nated with Schonbein,4 m ay be given as follows: 
Some potassium chromate, with a few drops of dilute 
sulphuric acid, is added to the ether and the mixture 
is well shaken; a blue color shows the presence of hydro­
gen dioxide. It is specified in the Pharmacopoeias of 
Great Britain,5 Hungary, Switzerland and France.

Deniges® stated that 0.5 mg. of hydrogen peroxide 
is the smallest quantity which can be detected b y  the

1 Ber. Pharm . Ges., 1894, 240; Merck’s A nnua l Report for the Year /poo, 
8 , 27.

2 J .  A m , Cheat. Soc., 29, 409; Bull, Bur, Standards, 3, 115.
3 Ber.. 38, 774.
•* A n n .. 109, 134.
5 The British Pharmacopoeia employs potassium dichromate acidified 

with sulphuric acid, requiring that the ethereal solution shall not develop 
a blue color. This test is mentioned in the N ational Standard Dispensatory, 
1905, 1 1 1 . W hite (Pharm. J . .  [4], 25, 780) directs that this test be made 
thus: Dissolve about 0.1 gm. of potassium dichromate in 9 mils, of water, 
add 1 mil. of dilute sulphuric acid, and then shake w ith 2 mils, of ether. 
After separation, the ether should be colorless.

*B u ll. soc. chim., 1890, 797.

chromic acid test, but Fairley1 has detected o.i mg. 
b y  this method. He employed chromic acid solution 
directly. Dunstan and Dym ond3 found that it will 
show the presence of 0.02 per cent, hydrogen dioxide 
in ether; and we have found that when 10 cc. of an 
ether containing 0.01 per cent, of hydrogen dioxide are 
added to 10 cc. of potassium dichromate solution and 
2 cc. of sulphuric acid, the ether becomes faintly col­
ored, but no blue color results. W ith an ether con­
taining 0.02 per cent, of hydrogen dioxide, however, 
a blue color results at once. This disappears on shak­
ing, and, even when 0.05 per cent, of hydrogen dioxide 
is present, the ether layer assumes a pale green tint 
after such treatment. ' Therefore, since the blue color 
is not permanent even in an ether containing 5 per cent, 
of hydrogen dioxide, the test should be specified as 
follows: A  blue color should not result on addition of 
the ether under examination to the chromic acid solu­
tion, and the ether layer, after separation following 
agitation, should not have acquired a coloration. 
The blue coloration is due to some such an additive 
compound as Cr0 3.H j0 2, which is very unstable and 
has but a brief existence. It is at once destroyed in 
weak hydrogen dioxide solutions b y  shaking the mix­
ture. In an acid solution— for example, in the official 
test of the British Pharmacopoeia for peroxides in 
ether— the chromic acid is reduced immediately upon 
the spontaneous decomposition of the additive com­
pound, and green Cr,(S0 4)3 results. The blue color 
is not necessarily prolonged by larger amounts and 
disappears when small amounts of peroxides are pres­
ent, b y  simple agitation. W hen an ether containing 
peroxides— for simplicity, one containing hydrogen 
dioxide— is mixed with a potassium dichromate solu­
tion acidified with sulphuric acid, the ethereal layer 
is colored blue from the tem porary solution of the 
compound formed, if the amount of hydrogen dioxide 
present amounts to or exceeds 0.2 per cent. On mix­
ing by agitation, this reaction occurs:

4Cr0 3.H s0 2 + 6H^jj§4 = 2Cr2(S 0 4)3 + roH.O + fjO,.

This is confirmed b y  the fact th at ferrous salts are 
oxidized by the ethereal liquid containing the blue sub­
stance in solution and that alkalies decompose it to 
alkali chromates and oxygen,

2 C r0,.H ,01 + 4KO H  = 2K !CrO< + 4H20  + \ 0 ,3;

and by the fact that the ethereal solution evolves oxy­
gen when evaporated, and CrO, remains.4

Owing to its com parative lack of delicacy and the 
instability of the blue coloration indicative of the pres­
ence of peroxides, this test is less preferable than the 
vanadic acid test and should only be e m p lo y e d  for 
confirmatory reasons.

2. The Potassium Ferricyanide-Ferric Chloride 
Test.— Potassium ferricyanide-ferric chloride solu-

1 Chem. News. 62, 227.
2 Pharm. J .. 17, 849.
3 See Moissan, Compt. rend., 97, 96; Martition, Bull. soc. chim., [2] »

862.
4 Aschoff (J . prakl. Chem., 81, 401, 487), Barreswill (An», chim. ph*’ 

[3] 20, 364), SchSnbein ( P oqq. A n n ., 108, 471; J .  prakt. Chem., 70, 2S>b 
Lenssen (Ibid., 81, 278), and particularly Bach (Ber., 35, 872) have investi­
gated the action of chromic acid on hydrogen dioxide solutions also.
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tion has been recognized as an efficient test for the 
detection of hydrogen dioxide.1 W obbe3 has suggested 
it for determining the presence of peroxides in ether as 
follows:

If 20 c c . o f  e t h e r  a r e  s h a k e n  w i t h  5 c c .  o f  a  f r e s h l y  

prepared p o t a s s i u m  f e r r i c y a n i d e - f e r r i c  c h l o r i d e  s o l u ­

tion ( tw o  d r o p s  o f  a  f e r r i c  c h l o r i d e  s o l u t i o n  f r e e  f r o m  

acid a n d  o f  a  s p e c i f i c  g r a v i t y  o f  1 . 2 8 0  t o  1 . 2 8 2 , d i l u t e d  

to a b o u t 9 0  c c . ,  a  f r e s h l y  p r e p a r e d  p o t a s s i u m  f e r r i c y -  

anide s o lu t io n  a d d e d  d r o p  b y  d r o p  u n t i l  t h e  l i q u i d  a c ­

quires a  “ w i n e - y e l l o w ”  c o l o r ,  a n d  t h e  w h o l e  m a d e  u p  

to 100 c c . ) ,  t h e  a q u e o u s  l i q u i d ,  i n  t h e  d a r k ,  s h o u l d  

acquire n e i t h e r  a  g r e e n  n o r  a  b l u e  c o l o r .
Since other substances (S0 2, etc.) will reduce ferri- 

cyanide to ferrocyanide, this reaction cannot alw ays 
be relied upon. Some of the higher aldehydes will 
also give the same reaction as hydrogen dioxide with 
potassium ferricyanide-ferric chloride solution.3

Jorissen’s vanadic acid test is the most satisfactory 
test of those which have been proposed for the detec­
tion of peroxides in ether. When the other tests are 
applied, the presence of such substances as interfere 
with the reaction must be carefully guarded against, 
and this is not alw ays possible. The limitations of 
these tests and the need of more reliable reagents for 
the detection of peroxides in ether induced the authors’ 
endeavor to devise more appropriate tests, and the 
results of this inquiry follow.

VI. (6) SOME SU P PL EM E N T A R Y  TESTS FOR TH E DETEC­

TION OF PE R O X ID E S IN E TH ER .

Quite a number, of tests have been proposed for the 
recognition of hydrogen dioxide. W e have, for ex­
ample, the well known guaiacum -m alt test;4 and sul­
phuric acid solutions of ammonium m olybdate and 
titanic acid,0 various aniline bases,7 lead and copper 
hydroxides,8 dimethyl-paraphenylenediamine, phos 
phorus tribromide-copper nitrate,0 and the benzine 
solution of the cobalt salt of naphthenic acid,10 have 
also been employed for the detection of hydrogen 
dioxide. None of these tests has been proposed for 
the detection of peroxides in ether, and this would 
appear to be due to the following reasons: (1) some are 
not applicable in ethereal solutions; (2) others lack the 
delicacy necessary for the detection of hydrogen diox­
ide in very dilute solutions; (3) some of the reagents are 
uncommon, and this would result in inconvenience to 
the worker.

It is well known that cobaltous hydroxide changes to a 
brown color through oxidation, going over into cobaltic 
hydroxide; and it would seem, therefore, that either

1 Wdtzicn (.'inn., 138, 129) observed that K(I'e(CN')fl becomes K:ii'e- 
B ! »i" presence of hydrogen dioxide, and Schonbein {J. prakt. Chem.. 
T9, 67) found that 0.02 nig. of hydrogen dioxide may be detected by this 
Eelbod. liarralet {Chem. News. 79, 136) stated that one cc. of a 1/165000 
»lution of hydrogen dioxide is sufficient to intensify the pale blue color 
°i ferrous ferrocyanide in 20 cc. of the fresh compound.

1 Lee. cit.
*Cf. Molinari and Fenaroli, Ber., 41, 27S9.
| Schonbein, J . prakt. Chem., 105, 219; Houzeau, Cornpt. rend., 66, 44.
’ Dpnig ŝ, Compt. rend., 110, 1007; Crismcr, Bull. soc. chirn., [3] 6, 22 .
‘ R icharz , Pong. A n n ., 31, 9 1 2 .

: Hosvay. Ber.. 28, 2029: Dcnigfcs, J .  Pharm.. [5] 25, 591.
'Analyst, 15, 120.
' Christomanos, Verli. Ges. Dent. N aturf. Aerzte, 1905, II, 76.

19 Kharichkov, Chem.-Zlg., 34, 50.

3 8 9

a cobalt or manganese1 salt could be employed in the 
-ous form in place of ferrous sulphate in the test pro­
posed b y  Thoms for the detection of peroxides in ether.

Schm atolla3 found that when 200 cc. of the solution 
to be tested are acidified with a few drops of dilute 
sulphuric acid, and about the same quantity of a 1 
per cent, cobalt nitrate solution is added, a sharp brown 
coloration results on adding potassium hydroxide solu­
tion if hydrogen dioxide is presfent. This test was 
found capable of detecting hydrogen dioxide in a dilu­
tion of 1 : 1,000,000. D itz3 suggested employing a 
solution of cobaltous oxide in concentrated potassium 
hydroxide as a test for peroxides in ether, finding that 
the blue color disappears if peroxides are present in 
even minute amounts.

We have found that the presence of 0.003 Per cent, 
hydrogen dioxide m ay be quickly and easily detected 
in ether by adding three drops of dilute sulphuric acid 
and the same amount of a 1 per cent, solution of cobalt 
nitrate to 25 cc. of the ether, then adding potassium 
hydroxide solution and shaking. A  brown precipi­
tate is.produced under these conditions, whereas if 
pure ether is used, a white precipitate results. Acetal- 
dehyde is w ithout action on the precipitate.

A  cerous salt m ay be similarly used for the detection 
of peroxides in ether. On shaking 5 cc. of a 10 per 
cent, cerous nitrate or cerous chloride solution, ren­
dered barely alkaline with ammonium hydroxide, with 
25 cc. of the ether, the white cerous hydroxide should 
not assume a darker tint. The cerous l^droxide must 
be prepared just prior to performing the test and must 
not be allowed to stand in the air. The test is most 
satisfactorily conducted in an almost com pletely 
filled bottle, and the observation as to color sh ou ll be 
made b y  comparison with a blank test on pure ether 
im mediately after shaking one minute. E ther con­
taining 0.003 per cent, of hydrogen dioxide will cause 
the cerous hydroxide to assume a yellow color, while 
larger amounts cause varying shades of color from 
yellow to dark orange; the precipitate resembles ferric 
hydroxide. Ammonium carbonate solution m ay be 
advantageously employed in the place of ammonium 
hydroxide in this test, since it m ay be added to the 
acidified cerous salt solution upon which the ether to 
be examined is superimposed, and thus the carbon 
dioxide liberated will expel all air in the bottle in which 
the test is being conducted.

Fairley4 showed that in very  dilute solutions 0.5 to 
0.25 mg. of uranium m ay be detected by means of 
the reaction between uranium nitrate and hydrogen 
dioxide. However, he only observed the time required 
for precipitation, and made no experiments with a 
view  of devising an easily applied colorimetric test.

A loy3 found that on adding to the solution of any 
uranium compound a little hydrogen dioxide and then 
potassium carbonate, either solid or in a very  concen­
trated solution, a fine red coloration is developed.

1 In fact, manganous chloride and manganous acetate papers are well 
known as being suitable for detecting nascent oxygen and ozone, respectively.

2 Pharm.-Ztg., 50, 641.
3 Chem.-Ztg., 25, 109.
* Chem. N eus, 62, 227.
5 Bull. soc. chirn., [3] 27, 734.
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The addition of alcohol, he found, resulted in the pre­
cipitation of the unstable red compound.

We have ascertained, that this test m ay be suitably 
elaborated and employed for the detection of per­
oxides' in ether. On adding 5 cc.of a 5 percen t, solu­
tion of uranium nitrate, previously saturated with 
either sodium carbonate or potassium carbonate, to 
25 cc. of ether and thoroughly shaking, the greenish 
yellow color of the uranium solution should not be 
changed. If the ether under examination contains
0.01 per cent, of hydrogen dioxide, a yellowish brown 
color is assumed b y  the uranium solution, and this 
m ay be readily distinguished b y  comparison with a 
blank test made on an ether of known freedom from 
peroxides. Even the presence of 0.003 Per cent, of 
hydrogen dioxide causes the production of a sharp 
orange color, while the presence of considerable amounts 
produces a red coloration. In fact, the color grades 
from a golden color to red, according to the amount 
of im purity present. Acetaldehyde in no w ay w ay 
interferes with this test.

Arnold and M entzel1 found that hydrogen dioxide 
can be recognized in the presence of ozone b y  means 
of a solution of benzidine and copper sulphate, which 
gives a blue precipitate with hydrogen dioxide, but 
only a reddish yellow precipitate with ozone; and, ac­
cording to Molinari and Fenaroli,2 the benzidine re­
action is the best test for hydrogen dioxide in the 
presence of aldehydes.

In order to ascertain whether this test is applicable 
in the case of ether, a saturated solution of benzidin 
(Merck’s H. P .; m. p. =  122°) in pure ethyl alcohol 
and a 10 per cent, solution of pure copper sulphate 
were employed. When several drops of each of these 
solutions are added to pure ether, a brick-red separate 
results upon agitation; but in the presence of hydrogen 
dioxide, this changes to a blue or greenish color, v a ry­
ing generally from grayish green to greenish black, 
depending on the amount of peroxide present, and in 
the presence of considerable amounts of hydrogen 
dioxide the separate possesses a brownish black color. 
Benzidine is usually slightly oxidized and the pure 
substance should be used. Acetaldehyde is without 
apparent action when present and causes no altera­
tion in color.

This test, besides being easily applied, is productive 
of a marked color change in the presence of minute 
amounts of hydrogen dioxide, and is to be recommended 
for the detection of peroxides in ether, s

■ The Reactions of Hydrogen Dioxide with Various 
Iodides.

The unreliability of the potassium iodide test for 
the presence of hydrogen dioxide and ethyl peroxide 
in ether caused us to investigate the deportment of 
various metallic iodides with “ ozonized”  ethers of 
various strengths, in order to ascertain whether any 
of them would serve as delicate and reliable reagents 
for the detection of these impurities of badly-storc-d

1 Ber.. 35, 2902.
s Ibid.. 41, 2789.
3 Wilkinson and Peters (Z. N ahr. G e n u s s m 16, 172) have devised a 

te st for the detection of hydrogen dioxide in milk, using benzidine.

ether. The iodides were considered the most prom­
ising, in the case of stable compounds, on account of 
their ready oxidation and the fact that the separation 
of free iodine imparts a coloration which is readily 
determinable even in very  minute amounts, Kastle1 
having found th at 0.000066045 g- iodine is sufficient 
to im part a distinct yellow color to 20 cc. of water.

Schonbein2 found th at the addition of a few dropj 
of lead acetate solution, followed b y  potassium iodide 
and starch, and a little acetic acid produces a blue 
color in the presence of hydrogen dioxide. He also 
found that when hydrogen dioxide is added to a solu­
tion of zinc or potassium iodide and ferrous sulphate, 
iodine is set free, indicated b y  the formation of blue 
iodide of starch. Although it has a delicacy of 1 in
25,000,000 parts, this test is only suitable for neutral 
solutions. Traube3 adds a small quantity of copper 
sulphate in acid solutions.

Caffeine alkyl iodide and the double iodides of lead 
and ammonium, lead and potassium, and potassium 
and mercury, cannot be used as reagents for peroxides, 
as they decompose in the presence of moisture.

D irectly bearing upon the subject under considera­
tion is the test proposed b y  Buchner4 for the detec­
tion of ozone in ether. Buchner found that cadmium 
iodide forms cadmium oxyiodide and free iodine in 
the presence of ether containing ozone (sensitive to
0.05 per cent.), but he failed to consider the action of 
hydrogen dioxide and of ethyl peroxide on this salt, 
although he stated that hydrogen dioxide is formed in 
ether in the presence of w ater and that oxidation 
occurs after some time.

In view of the possibilities presented by the iodides 
as reagents for the detection of peroxides in ether and 
the fact that these have received little consideration so 
far in this connection, it seemed desirable to examine 
the action of ether containing known amounts of 
hydrogen dioxide with the following iodides: cadmium 
potassium iodide, the iodides of arsenic, lead iodide, 
stannous iodide, zinc iodide, and calcium iodide.

From  the results obtained in the preliminary tests, 
it  was concluded that only cadmium potassium iodide, 
lead iodide, stannous iodide, and zinc iodide might be 
suitable as reagents for the detection of peroxidized 
compounds in ether.

A  10 per cent, solution of cadmium potassium iodide 
was prepared. This solution acquired a yellow color 
in the presence of hydrogen dioxide, but was unaffected 
b y  sulphuric or acetic acids and b y  acetaldehyde. On 
adding several cc. to a 0.01 per cent, solution of 
hydrogen dioxide in pure ether, a decided reac­
tion occurred at once on shaking and the ethereal 
layer assumed a yellow color. W ith a 0.0025 per 
cent, solution of hydrogen dioxide in pure ether, a 
faint, yet distinguishable, coloration resulted on shak­
ing. 10 cc. of ether and 2 cc. of the reagent w e r e  used.

Since a 10 per cent, potassium iodide solution assumes 
a pronounced yellow color in one hour on exposure to 
sunlight, and a decided coloration in even 30 minutes,

1 A m . Chent. J ¿ L ,  3 9 8
2 J .  prakt. Chem.t 86, 1 2 9 ;  see also, Struve, Z. Chem.. 1869, 274.
3 Ber., 17, 1 0 6 2 .
4 Chem.-Ztg., 9, 6 9 ;  Ber., 1885, 3 7 6 .
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whereas, a 10 percent, cadmium potassium iodide solu­
tion remains perfectly colorless and is not decomposed 
on like exposure, and since the latter is unaffected b y  
any likely amounts of acids in ether, yet possesses 
great delicacy and is easy to apply, its use is prefer­
able to potassium iodide as a reagent for peroxides in 
ether, and we can recommend it for the purpose.

Lead iodide is b y  no means so suitable. On account 
of its insolubility, this salt is not advantageous to use 
alone, yet its deportment with ether containing hydro­
gen dioxide was determined.

Hydrogen dioxide in considerable amounts was 
found to decompose lead iodide, the ether assuming a 
brown color.1 When a small amount of the salt was 
added to a 0.01 per cent, solution of hydrogen dioxide 
in pure ether (0.5 g. P b l2 to 10 cc. of ether), and the 
mixture was thoroughly shaken, the ether layer as­
sumed a yellow color; however, no reaction occurred 
when a 0.0025 per cent, dioxide solution was used. 
Since all the double iodides of lead, except those with 
the quaternary ammonium bases, are decomposed b y  
water, none of these possess signal advantages over 
lead iodide.

Stannous iodide was found to dissolve in ether, 
forming a red solution. W hen water was added to 
this and the mixture was well shaken, the ethereal 
layer assumed a yellow color and the aqueous layer 
became turbid. The addition of hydrogen dioxide 
produced a dark brown color in the ethereal layer. 
A test for peroxides in ether m ay be applied with this 
salt as follows: Dissolve 0.5 g. of the iodide in 20 cc. 
of pure ether, and then dilute the red solution with an 
equal amount of water, when an almost gelatinous 
pale yellow mixture should result. A n equal quan­
tity of the ether to be examined is added to this m ix­
ture, and, upon thorough agitation, the ethereal layer, 
after separation, should be pure white in color. This 
test will detect minute traces of peroxides, the colora­
tion resulting from an ether containing 0.0025 per cent, 
hydrogen dioxide being very  marked. It is not to 
he preferred to the cadmium potassium iodide test, 
however.

Arnold and Mentzel3 pointed out that the zinc iodide 
and starch test for ozone is not sufficiently character­
istic and is interfered with b y  chlorine, bromine, ni­
trous acid, and hydrogen dioxide. Zinc iodide, in an 
anhydrous state, absorbs w ater and deliquesces, and 
tokes up oxygen from the air, with the liberation of 
iodine. It is rather a delicate test for the presence of 
peroxides in ether, but is neither so characteristic nor 
so delicate as the cadmium potassium iodide test.

V1' (c) ON THE O CCURRENCE OF ACETAL IN  ETH YL  

E TH ER .

it is possible that acetal (di-ethyl-acetal) occurs in 
maa>’, if not all, commercial ethers, especially those 
"■hich have been carelessly manufactured or stored. 
The occurrence of acetal in commercial ether m ay be 
accounted for in two ways:

1 The reaction is similar to that which occurs when moist lead iodide is 
to direct sunlight in contact with air. This would seem to suggest 

the formation of hydrogen dioxide induces the decomposition of the 
1 under such conditions.

■Ber., 35. 1324.

1. As a prim ary im purity. Acetal is well known 
as an im purity of raw spirit, and is formed in this case, 
as indicated b y  Dôbereiner,1 Liebig,1 Stas ,3 and Wurtz,'* 
b y  the im perfect oxidation of alcohol. It is 
likely, however, th at any acetal existing in alco­
hol used for the m anufacture of ether would be destroyed 
during éthérification, although small amounts, a t least, 
could be again formed b y  the action of sulphuric acid 
on alcohol containing aldehyde,5 or as a product of the 
probably limited amount of oxidation which occurs 
during éthérification.6

2. A s a product of the slow oxidation of alcohol 
present in ether, such oxidation occurring during im­
perfect storage. W e are unprepared a t present to 
give direct proofs from which the existence of acetal 
in ether m ay be adduced.

“ It m ay be mentioned here th at samples of acetal 
(K ahlbaum ’s pure) examined b y  us readily liberated 
iodine from potassium iodide and cadmium potassium 
iodide solutions, and oxidized cerous hydroxide. They 
also gave a coloration with vanadic acid solution; but 
gave no reaction w ith A lo y ’s uranium test-solution or 
benzidine-copper sulphate solution thus differing 
from a hydrogen dioxide solution. T hey possessed a 
slightly acid reaction, b u t the presence of acetic acid 
did not give rise to the reactions in the case of the 
iodide solutions, since cadmium potassium iodide is 
very  stable towards acids. Therefore, since acetalde­
hyde is w ithout action on this solution, the reaction 
could only have been caused b y  the presence of a per- 
oxidized compound (peracetic acid or aldehyde per­
oxide) or b y  the acetal itself. For the present, we 
are inclined to attribute the deportment to the pres­
ence of the former.”
V II. (a) TESTS FOR TH E DETEC TIO N  OF ACETA LD EH Y D E  

IN  E TH E R .

As has been mentioned, acetaldehyde m ay form in 
ether during storage, and several7 have found occasion 
to emphasize the objectionable presence of aldehyde in 
m any ethers on the m arket. I t  is, therefore, very  
im portant th at anaesthetic ether be examined for acet­
aldehyde, an im purity which, when present in “ exces­
sive am ount,”  would seem to give rise to respiratory 
irritation during anaesthesis.8

The Potassium Hydroxide Test.— W eidenbusch9 in-
1 A n n .,  1, 185; Gmelin’s Handb., 4, 805.
2 A n n ., 5, 25; 14, 156.
3 A n n . chim. p h y s [3] 19, 146.
< Ib id ., [3] 48, 370; A n n .,  108, 84.
6 Delepine {Compt. rend., 132, 331) has found that the laws regulating 

the production of acetals are similar to those observed in the analogous 
cases of esterification and hydrolysis. Acids are peculiarly efficacious in 
facilitating the reaction, and the nature of the acid and its concentration, 
if the latter is not too great, are w ithout influence on the result.

6 We are of the opinion that during initial action in éthérification vari­
ous oxidation products of alcohol result; that is, that strong sulphuric acid 
plays the same, or a similar, rôle as when it  acts on metals. Many facts 
lend support to this view.

7 Thoms, Pharm .-Ztç., 1894, 777; Warden, Pharm. J .  and Trans., 1885, 
521 ; A m . J .  P harm .; $1, 148; and Graham, Proc. Penn. Pharm. A ssn ., 1906, 
153.

8 Acetaldehyde vapor, when inhaled, produces asphyxia. Prolonged 
exposure to light and air gives rise to aldehyde in ether, and such treatm ent 
greatly affects the results of etherization. In one case of which we have 
record, a sample of ether which induced irritation of the respiratory tract 
during etherization was examined and the only impurity found was acetalde­
hyde.

9 A n n ., 66, 153.
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dicated that aldehyde forms a resin with aqueous po­
tassium hydroxide, and this observation was later 
utilized for the detection of an im purity of ether, 
which, until quite recently, was found to commonly 
occur, sometimes in considerable amounts, in all ethers 
on the m arket. T raub1 stated that ether suitable for 
anaesthesia should undergo no change when placed in 
contact with caustic potash for twelve hours; and it 
has been specified th at 30 cc. of ether and about 5 g. 
of solid potassium hydroxide, after standing for one 
day in a dark place and being occasionally shaken, 
must show no appearance of a brownish substance 
having separated out. Some, however, consider that 
a much shorter time lim it should be placed. W hite2 
recommends that 5 g. of potassium hydroxide in stick 
form be added to 20 cc. of ether in a stoppered bottle, 
and that the m ixture be then shaken and set aside for 
two hours; and Krauch and Merck3 direct that on cov­
ering pieces of potassium hydroxide the size of a pea 
with the ether, and setting aside in the dark for one- 
half hour, the liquid must not acquire a yellow color.

The potassinm hydroxide test is specified b y  the 
Pharmacopoeias of Great Britain, Germany, United 
States, France, Holland, Hungary, Spain, Switzerland, 
Japan, and Belgium. It has, therefore, attained wide 
recognition.

The British Pharmacopoeia4 and the German 
Pharmacopoeia use the solid form of potassium hydrox­
ide, and the Pharmacopoeia of the United States the solu­
tion. The British Pharmacopoeia gives neither a 
time lim it nor the quantities to use; the Pharm aco­
poeia of the United States uses 10 cc. of ether and 1 
cc. of potassium hydroxide (T.S.) and a time limit of 
one hour, while the German Pharm acopoeia requires 
th at 20 cc. of “ narkoseather,”  when allowed to stand 
over solid potassium hydroxide in the dark, shall 
afford no yellow color within six hours; in the case of 
ether not intended for anaesthetic purposes, the time 
lim it is placed at one hour. The National Standard 
Dispensatory5 specifies the test according to the 
Pharm acopoeia of the United States.

The Pharmacopoeias of Germany, Holland and 
Switzerland0 state th at the test with potassium hydrox­
ide is for the presence of “ vinyl alcohol” as well as of 
aldehyde. The Pharmacopoeia of Japan7 states that 
if ether “ be sprinkled upon newly ground potassium 
hydroxide, and set aside tigh tly  closed and protected 
from the light, the latter should not assume a yellowish 
color within half an hour;”  and that if narcotic ether 
“ be sprinkled upon newly ground potassium hydroxide, 
and allowed to stand tigh tly  closed and protected 
from light, the latter should not acquire a yellowish 
color within six hours.” 8 The latter test is almost iden­
tical with the German requirement, and is more re­
liable than the test given in the United States Pharma-

1 Pharm. Z . Russland, 31, 504.
2 Pharm. J . ,  [4] 25, 780.
3 Chemical Reagents, their P u rity  and Tests, 1907, 101.
4 See Squire’s Companion to the latest Edition of the British pharmaco­

poeia, 1908, 103.
* 1905, 111.
6 PhartnacoPoea Helvetica, 1907, 25.
• 1907, 25.

A similar test is prescribed in the Pharmacopoea Hungarica, 1909, 18.

copoeia. The Pharmacopoea Belgica1 specifies that 
“  20 cc. of ether and about 4 g. of fragments of sodium 
hydroxide should assume no yellow color when allowed 
to stand one-half hour in the dark.” This test is less 
rigorous in requirements than the German and Japa­
nese.

T raub,3 Vulpius^ and Schobig-f have investigated 
the deportment of potassium hydroxide with ether, 
but it would appear that others have found reasons to 
state that impurities other than aldehyde will impart 
a yellow or brown color to commercial ether, on the 
addition of potassium hydroxide. Poleck and Thum- 
mel5 state that “ vin yl alcohol” will cause such a color­
ation, and Borrigter6 found that ether containing hydro­
gen dioxide colors a portion of potassium hydroxide 
yellowish brown, an observation which had previously 
been made b y  Schonbein.7 Solid potassium hydroxide 
is colored an intense orange-brown by ozone,8 but 
peroxides produce no coloration, hence, we are of the 
opinion that acetaldehyde is the only substance 
likely to respond to the test with potassium hydroxide 
when it is applied to ether, except certain organic 
substances that are referred to later.

"In  order to determine this experimentally, 5 g.of 
potassium hydroxide were added to the following 
samples of ether, 30 cc. of each being used in the tests;

“ r. E ther distilled over sodium, and containing 
mere traces of acetaldehyde.

“ 2. An ether containing 0.5 per cent, of hydrogen 
dioxide but otherwise pure.

"3. An ether intended for analytical purposes; this 
ether contained small amounts of moisture.

“ 4. No. 3 after the addition of 3 per cent, of abso­
lute alcohol.

"5. No. 3 after the addition of 0.05 per cent, of hy­
drogen dioxide.

“ 6. No. 1 after the addition of 0.05 per cent, of acet­
aldehyde.

“ 7. No. 3 after the addition of 0.05 per cent, of 
acetaldehyde.

“ 8. No. 3 after the addition of o. 10 per cent, ol 
acetaldehyde.

“ 9. No. 8 after the addition of 3 per cent, of abso­
lute alcohol.

“ A fter standing 30 minutes, Nos. 6, 7, and 8 possessed 
a brown color, and No. 9 had assumed a yellow color. 
A t the end of 24 hours, the following results were 
observed:

“ 1. N il.
“ 2. Clear, uncolored, separate; potassium hydroxide 

and ether colorless.
“ 3. Very'' small amount of a brownish substance.
“ 4. Brown solution; no colored substance on the 

potassium hydroxide as in No. 3.
1 1906, 15.
2 Schw. Wschr. f. Chcm. u. Pharm ., 1892, No. 3.
3 Apoth.-Ztg., 1894, No. 1.
* Ibid., 1894, 22.
5 Z . anal. Chem., 29, 6 .
6 Chem. News, 53, 69.
7 A n n ., 109, 134. .
8 Wurtz, Dictionnaire de Chimic pure et applique, 721; Von Baejcr *i3 

Villager. Ber., 35, 3038; and Bach, Ibid., 35, 3424.
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“ 5. Clear, uncolored separate; no brownish sub­
stance.

"6. Yellow solution and considerable “ aldehyde 
resin.”

«7. As in No. 6.
"8. Much more considerable in amount than in No.

6 .

“9. Red-brown solution.
“ From these experiments, it was concluded th at the 

yellow or brownish separate is only caused b y  the 
presence of acetaldehyde, and in cases where the ether 
is tinted yellow or brown, this is often due to the pres­
ence of alcohol as well as aldehyde, the former dis­
solving the resin formed b y  the latter. Peroxides m ay 
produce a turbidity, but no coloration or colored 
separate.”

There is a source of error in the potassium hydroxide 
test, however. Just as spirits stored in casks made 
of wood containing tannin show a .coloration with 
potassium hydroxide, so do samples of ether contain­
ing pieces of cork, the latter being introduced from the 
stoppers. The coloration in this case is probably due 
to the presence of quercitannic acid and resinous m at­
ter extracted from the cork through contact with ether. 
An ether containing mere traces of acetaldehyde—  
that is, aldehyde not detectable b y  the potassium 
hydroxide test— m ay thus become colored when the 
test is applied, providing it has remained in contact 
with cork or contains pieces of broken cork, the latter 
being by no means unusual owing to the form of the 
neck of the tin containers in use. W e have proved 
these facts experimentally.

Pure or anhydrous ether, carefully stored, gives a 
negative result with potassium hydroxide, but few 
anaesthetic ethers on the Am erican m arket give an 
absolute non-response when 30 cc. are tested with 5 
g. of solid potassium hydroxide. W e obtained the 
following results:

Sample. Results.
.̂................. After 2 hours, a yellowish brown separate; after 24 hours,

a marked brown separate. A t the end of four days, 
ether became turbid.

* .................  After 2 hours, ether was turbid and there was a yellowish
brown separate; after 24 hours, a marked brown 
separate. Ether was clear a t the end of four days.

**................. At the end of 2 hours the ether was turbid, but the sep­
arate had a darker color than that in M, and was in 
clots; at the end of 24 hours, the brownish separate 
appeared larger in amount and darker than in the 
preceding.

.................  No colored substance was formed even after the mix-
' aown anh>r- ture had stood for five days. Ether remained

ether.) dear,
P

.................  After standing 30 minutes, the mixture had a pale yel­
lowish separate, but the ether was clear; At the end of 
one day, a yellow-brown separate was found. The 
latter was more pronounced and the ether was tur­
bid at the end of 48 hours.

".....................After standing 30 minutes, a pale yellowish brown sub­
stance was found; ether was clear. Even after 48 
hours, ether was clear, but separate became darker 
in color.

 ............. After standing 30 minutes, the ether became turbid
(white), but no colored substance separated. Ether 
was still turbid at the end of one d a y ; and at the end 
of 48 hours ether possessed a yellowish color, but 
even then no colored substance had formed.

3 9 3

Sample. Results.
Z ....................... A t the end of 30 minutes, ether became slightly turbid

and a yellowish substance separated. This was con­
siderably increased a t the end of one day.

W .....................  After standing 30 minutes, ether became slightly turbid,
but no colored substance was formed; no separate 
even after 48 hours but ether was still turbid.

From our experience, we consider that the potas­
sium hydroxide test for the presence of acetaldehyde 
in anaesthetic ether is sufficiently rigorous and exact­
ing when specified as follows: On covering 5 g. of 
solid potassium hydroxide, in freshly broken pieces 
about 5 mm. in diameter, with 30 cc. of the ether, and 
allowing the m ixture to stand for six hours, tightly  
closed and protected from the light, and occasionally 
shaking, the potassium hydroxide should not acquire 
a yellowish or brown color, no colored substance should 
separate, and the ether should not become turbid or 
assume any color.

Those ethers which have been carefully purified and 
which have been properly stored will give a negative 
reaction in this test; and ether containing more than 
mere traces of acetaldehyde m ay be readily recognized. 
This test is considerably superior to the U. S. P. test 
for aldehyde. Anhydrous ether should give no re­
sponse after standing over potassium hydroxide for 
twenty-four hours.

The Test with Fuchsine Sulphite.— Schiff1 found that 
when a dilute sulphurous acid solution of the sulphate, 
or any other salt, of rosaniline is shaken with a few 
drops of aldehyde, sulphurous acid is given off; the 
solution turns red, then violet, and a precipitate is 
gradually formed. Cazeneuve3 learned that rosaniline 
salts decolorized by sulphurous acid give a violet col­
oration with an alcoholic solution of form- or acetalde­
hyde;3 and Müller,4 Urbain,5 Lefevre,0 and von B itto 7 
have also studied the deportment of aldehyde with 
Schiff’s reagent.

Mohler8 found that aldehyde produced a reddish 
violet coloration in the presence of "rosaniline bisul­
phite;”  but Francois0 ascertained that Mohler’s rea­
gent will not mix with ether and that it precipitates 
sodium salts in the presence of the latter. Therefore, 
he made attem pts to find a reagent of similar delicacy 
which could be used for the detection and estimation 
of aldehyde in ether, and found that an aqueous solu­
tion of sulphurous acid could be employed in place of 
sodium bisulphite. He also added to the ether, at the 
moment of making the test, its own volume of 95 per 
cent, alcohol free from aldehyde. He learned that 5 
cc. of pure ether, 5 cc. of pure 95 per cent, alcohol, and 
4 cc. of the reagent remained uncolored for fifteen min­
utes, but when the pure ether was’ replaced]by an ether 
containing more than Vio.ooo Part of aldehyde, the 
m ixture assumed a red-violet color, the intensity

1 Com.pt. rend., 1865, 45.
2 J .  Pharm . Chim., 3, 595.
3 “ On the Detection of Traces of Formaldehyde in the Presence of 

Acetaldehyde by Means of Fuchisine Hisulphite.” see Denigfcs. Paris 
Academy of Sciences,'Feb. 28, 1910.

4 Z . angew. Chem., 1897, 634.
5 Bull. soc. chim., 15, 455.
0 Bull. soc. Ind . Mulhouse, 1897, 84.
7 Z . anal. Chem., 36, 369.
8 M on. Sei., 1890, 893; 1891, 582.
• Chem. News, 76, 7; J .  Pharm . Chim,, 5, 521.
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increasing w ith the content of aldehyde. Based upon 
this reaction, Francois elaborated a method which m ay 
be used for the estimation of aldehyde in ether.

K lar ' reported that ether distilled over sodium gives 
an aldehyde reaction with fuchsine sulphite, and 
Thom s2 stated that it was impossible for him to obtain 
ether which would not restore the color to fuchsine 
decolorized b y  sulphurous acid.

A ll of the ethers examined b y  us gave a more or less 
red-violet color with Francois’ reagent (220 cc. sul­
phurous acid, 30 cc. 1 : 1000 fuchsine solution, and 
3 cc. sulphuric acid), and even ether which had been 
distilled over sodium and then purified b y  means of 
potassium permanganate in alkaline solution responded, 
the coloration being exceedingly faint, however. B y 
adding less sulphuric acid to Francois’ reagent, its sensi­
tiveness m ay be exaggerated, even to the extent of 
becoming colored with pure ether, and this m ay ac­
count for the observations of Thoms. Increasing 
quantities of sulphuric acid cause this fault to dis­
appear, and care should alw ays be taken to ensure a 
sufficient amount being present. Anhydrous ether 
should give only a slight reaction with fuchsine sul­
phite, im mediately upon adding the latter, and the 
coloration should not be considerably intensified after 
the m ixture is allowed to stand fifteen minutes.

A  test similar to the above, but inferior in delicacy, 
is the one proposed b y  Blaser,3 who found that a very 
weak solution of m agenta (1 : 100,000) is bleached 
completely b y  exposure to sunlight, and that this solu­
tion gives very  sharp reactions with aldehyde. It 
would appear that pure acetone will not affect the 
recoloration of m agenta decolorized b y  sulphurous 
acid.-*

The Audehyde-Ammonia Test.— The test of Liebig5 
was applied b y  Adrian8 to ether. The latter found 
that aldehyde-ammonia m ay be precipitated b y  passing 
a current of dry ammonia gas through the ether and 
m ay be filtered off. This test will serve for the detec­
tion and approxim ate estimation of quantities of alde­
hyde varying from 0.5 to 3.0 per cent., and upwards, 
but lacks the delicacy of the potassium hydroxide and 
fuchsine-sulphurous acid tests.

The Test with Alkaline Silver Nitrate Solution.— It is 
well known that aldehyde forms a mirror when heated 
with ammoniacal silver nitrate solution, and th at this 
reaction affords a delicate test for the presence of alde­
hyde.7 W obbe8 has suggested that aldehyde be tested 
for in ether as follows: 20 cc. of the ether are shaken 
with 5 cc. of alkaline silver nitrate solution (8 g. of 
silver nitrate dissolved in 20 g. of water, plus 30 g. of 
ammonia solution of specific gravity  0.923 and 10 g. 
of 30 per cent, sodium hydroxide solution), after which 
no mirror should form. W hen ether which had readily 
responded to the potassium hydroxide test was tested 
with W obbe’s reagent, a very  slight and indefinite mir-

1 Chcm. Ind ., 19, 141.
2 Ber. Pharm. Ges., 4, 239. In this connection, see also Schonheimer. 

Pharm. Centralh., 1894, No. 26.
3 Pharm. Centralh., 40, 607.
I  Villiers and Fayolle, Bull. soc. chim., 12, 691.
$ Pharm. Centr., 6 , 639.
8 M on. Sci., 44, 835.
7 Many other substances also give this reaction, so it is not reliable.
8 Loc. cil.

ror resulted on shaking; this was rendered distinct oil 
immersing in boiling water.

The Test with Nessler’s Reagent—  Although it has 
been stated that ether should be completely indiffer­
ent to Nessler’s reagent, and notwithstanding the fact 
that this reagent is one of the best tests for the presence 
of aldehyde (and alcohol), it  is impossible to obtain 
an ether which gives a totally negative reaction when 
this test is applied.1 Modified, however, the test is 
convenient and suitable for the purpose; such a test 
is specified in the pharmacopoeias of Belgium and 
Holland. The former’ directs that aether pro mrcosi 
should not deposit “ a red or black precipitate, although 
it m ay assume an opalescent yellow color, when 10 
cc. are shaken with 2 cc. of Nessler’s reagent,” and the 
latter3 states that 5 cc. of ether should produce no 
reaction with 5 cc. of water and 3 drops of Nessler’s 
reagent within fifteen minutes.

The German Pharmacopoeia now requires that when 
10 cc. of anaesthetic ether (“ narkoseather” ) are agi­
tated with 1 cc. of Nessler’s reagent, there should result 
no coloring or darkening of the mixture, but at the 
most a faint white opalescence. A  response is stated 
to be indicative of the presence of aldehyde or “ vinyl 
alcohol.”

W e found that ether distilled over sodium and con­
taining very  slight traces (1 : 10,000) of acet- 
aldehyde imparted an opalescent yellow color 
to Nessler’s reagent after shaking, but no pre­
cipitate resulted at once; after the mixture had 
stood for fifteen minutes, however, it becamc 
darker and a small amount of a red precipitate settled 
out. In etherj containing larger amounts of acetalde- 
hyde, a grayish black precipitate was produced im­
m ediately on shaking. W e therefore think that the 
tests of the German, Belgian and Dutch Pharma­
copoeias are unnecessarily rigid, and consider that it 
is sufficient to require that no black precipitate is pro­
duced, unless pure ether is wanted.

The Test with Meta-phenylenediamine Hydrochloride. 
— Schiff4 found th at meta-phenylenediamine hydro­
chloride m ay be used as a reagent for aldehyde; Girard 
and Rocques5 devised a method for estimating the quan­
tity  of aldehyde in commercial alcohols by means 0! 
the salt; and W indisch“ studied its deportment with 
aldehyde in the presence of alkalies and acids.

Meta-phenylenediamine hydrochloride is very' easily 
decomposed. A  x : 20 water solution of this com­
pound should be colorless and should not be exposed 
to the air. In preparing this reagent, only nitrite- 
free water must be used, although aldehyde-free alco­
hol m ay be employed instead of water. When such 
a solution of meta-phenylenediamine hydrochloride is 
shaken with ether containing 0.05 per cent, of acetalde- 
hyde, a yellowish brown color is imparted to the solu­
tion. It serves, however, to detect even smaller

! Cf. Lassar-Cohn, A n n .,  284, 266; R ep t. C h em .-Z lo .. 1895, 58. I l l »  
connection, see Crismer, DeuLsch C licm .-Ztq ., 4 ,8 1 ; Rept. Chem.-Ztg.. 13,

2 Pharmacopoea Bclgica, 1906, 15.
3 Concerning the requirements of the Ph. Ndl. IV. for aether pron&P4* 

see Weigl, Pharm. Centralh., 47, 397. Feist (Apoth.-Ztg .. 25, 104) recoR 
mends agitating 5 cc. of ether with 1 cc. of Nessler’s solution.

4 A n n ., 263, 328.
5 Compt. rend., 107, 1158.
6 Z. Spiritus-Industrie, 9, 619.
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amounts, but is decisive only in the absence of per­
oxides.1

Since meta-phenylenediamine hydrochloride appeared 
to be a delicate reagent for the detection of acetalde- 
hvde, it seemed desirable to ascertain the deportment of 
its ortho- and paraisomers with ether containing acet- 
aldehyde.

When ortho-phenylenediamine hydrochloride is 
shaken with ether containing considerable amounts of 
acetaldehyde, the compound becomes converted into 
a reddish brown oily separate and the ether becomes 
turbid. It was found, however, that the test m ay be 
most conveniently conducted b y  em ploying a water 
solution of the compound. . When ether is shaken 
with a 1 : 20 water solution, the latter should not 
assume any color on agitating in an almost totally 
filled bottle. In the presence of acetaldehyde, a yel­
low to red-brown color is assumed by the solution, 
depending on the amount of acetaldehyde present. 
The presence of 0.06 per cent, acetaldehyde in ether 
may be thus easily detected, the solution of the com­
pound assuming a marked yellow color. Peroxides, 
however, give a similar coloration, so their absence 
must be assured. W e recommend, therefore, that 
this test be used only as a confirmatory one. To 
apply it, 25 cc. of the ether under examination are super­
imposed on 10 cc. of water and then 0.05 to 0.10 g. of 
ortho-phenylenediamine hydrochloride is added; the 
mixture is then shaken. No coloration should result 
within one or two minutes. The solution should not 
be exposed to the air or light.

Para-phenylenediamine hydrochloride is b y  no 
means so sensitive and reliable a reagent as the pre­
ceding. It is readily oxidized b y  the air,'oxygen, and 
peroxides, and is not so delicate a reagent for acetalde­
hyde.

■\To attempt was made to determine the applicability 
of the other various tests for the detection of aldehydes 
in general’ to the detection of acetaldehyde in ether, 
as those tried were of ample sensitiveness and suffi­
ciently easy to apply.

™. (b) THE PURIFICATIO N OF ETH ER  FROM A L D E H Y D E .

A variety of methods have been devised for the 
removal of aldehyde from ether, but, as has been men­
tioned, it is exceedingly difficult to eliminate this 
impurity completely.

Treatment with potassium hydroxide or metallic 
sodium serves to remove not only w ater but also alde­
hyde, and an ether so treated contains mere traces 

the latter impurity: Lassar-Cohn3 has found that
ether may be most satisfactorily freed from alcohol 
and aldehyde, however, b y  boiling it with a reflux con­
denser for twenty-four hours with an alloy of potas­
sium and sodium. This alloy is fluid at low tem per­
atures, and is superior to metallic sodium in that it is

In this connection, see Cazeneuve, Bull. soc. chim.. [3] 5, 855.
• fhese include the sodium nitroprusside test of von Bitto (Aim.. 267,

1 ). the phenol-sulphuric ucid test of liarbet and Jaudier (.4 tin. chim. 
'S: aM .. 1896, 325), the various reagents proposed by Istrati {Bull.

. icunie din Bucuresci. 7, 163), the phenylhydrazine hydrochloride- 
ima acetate test of Fischer {Ber., 17, 572), and the phenylhydrazine 

ialate test of Riegler {Z. anal. Chern.. 42, 168). For the most part, these
considered to be deficient in necessary delicacy and applicability. 

Mint,, 284, 226.

not liable to become encrusted with a protective layer 
of hydroxide and resin.

Ekenberg1 found that ether, pure enough for most 
analytical purposes, m ay be readily obtained from 
ordinary ether containing water, alcohol, and oxida­
tion products b y  adding 5 to 10 per cent, b y  volume of 
liquid paraffin and then distilling between 400 and 500
C. The paraffin, the boiling point of which lies above 
300° C., remains behind in the retort and retains the 
impurities. The method probabfy suffices to free ether 
from acids, peroxides, and badly-smelling substances, 
but it does not eliminate, by any means, aldehyde.

Adrian2 found that distillation removes any acetic 
acid present in ether, and recommended that the alde­
hyde be precipitated b y  passing a current of dry am ­
monia gas through the ether, when aldehyde-ammonia 
separates out and m ay be filtered off. The ether is 
subsequently purified b y  treatm ent with sulphuric 
acid, which separates "ammonium sulphate, and, after 
filtering off, the ether is distilled over potassium car­
bonate.

A  well-known method of purification of ether from 
aldehyde is that based upon the action of potassium 
permanganate in alkaline solution on ether at 18.3° C. 
The ether is placed in a stoppered liter flask with 200 
cc. of a saturated solution of potassium permanganate 
and 20 g. of sodium hydroxide. A fter twenty-four 
hours and frequent agitation, the ether is decânted off 
and again subm itted to the same treatm ent. The fil­
tered ether is then left for twenty-four hours in contact 
with a m ixture of 50 g. of quicklime and 50 g. of fused 
calcium chloride, then filtered and distilled. Fran­
cois states that this method serves to com pletely elim­
inate aldehyde from ether, but we have found that 
ether so treated gives a faint coloration 'with the 
fuchsine-sulphurous acid reagent; there is also consid­
erable loss of ether, no m atter how much care is exer­
cised.

Other methods for the removal of aldehyde from ether 
are the following:

(a) Precipitation with an alkaline mercuric chloride 
solution; (b) distillation over hydriodic -acid; and
(c) by means of phenylhydrazine.

The last method serves also to remove acetic acid 
and acetone.

V III. '(a) SCH EM E FOR TH E E X AM IN A TIO N  OF ETH YL  

ETH ER  FOR ANALYTICAL AND A N A EST H E T IC  P U R P O SE S, 

W ITH PA RTICULAR R E F E R E N C E  TO TH E D E ­

TECTIO N OF AV O ID A BLE IM P U felT IE S.

1. Specific Gravity— Determine the specific gravity by means 
of a pyknometcr at 15 0 C. (See discussion under specific grav­
ity.)

2. Boiling Point.— In the case of anaesthetic ether, at least 
97 per cent, of the sample should distil over between 340 and 
36° C. (at 760 mm.), and none of it should come over above 
370; after the fractionation to this temperature, 110 residue 
should remain in the fractionating vessel.

In the case of anhydrous ether, at least 99.50 per cent, should 
distil off between 34° and 36°, and none should come over above 
36°.

3. Organic Impurities.— When 20 cc. of the sample arc added 
> Chem.-Zlç., 18, 1240.
! M on. Set., 8, 835.
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drop by drop to 20 cc. of pure concentrated sulphuric acid, 
which is kept cooled during the test, and which is contained 
in a glass-stoppered bottle previously rinsed with concentrated 
sulphuric acid, the resulting solution should be colorless. The 
sulphuric acid should be gently shaken after the addition of 
each drop of ether in order to ensure perfect solution.

4. Odor.— When 50 cc. of the sample are allowed to evapo­
rate- spontaneously on filter paper, 10 cm. in diameter, contained 
in a flat porcelain dish, the paper should be odorless after the 
evaporation of the ether. The latter should be added to the 
paper in portions in such a manner as to completely moisten it. 
In the case of a decided odor being imparted to the filter paper, 
the ether should be rejected, but for further information may 
be tested for such impurities as "h eav y  oil of wine,”  fusel 
oil, etc.

5. Residue (Extractive Matter, Odor and Acidity').— (1) When 
25 cc. of the sample are allowed to evaporate spontaneously in 
a clean, dry glass dish, the moist residue must possess no odor, 
and must neither redden nor bleach blue litmus paper; this 
residue must evaporate completely on a water-bath— that is, 
there should be no fixed residue.

(2) 100 cc. of the ether under examination arc allowed to
spontaneously evaporate in a flask until about 15 cc. remain in 
the vessel. This residue should be free from color and foreign 
odor, and should comply in full with the following tests: (<z)
When 5 cc. are allowed to evaporate at room temperature after 
the addition of 2 cc. of water, the residue should neither redden 
nor bleach sensitive light-blue litmus paper. (6) When an­
other portion of 5 cc. is allowed to evaporate on a 9 cm. filter 
paper contained in a porcelain dish, there should be perceptible 
no foreign'odor (amyl compounds, empyreumata, pungent m at­
ters, etc.) as the last portions disappear from the paper, and 
the latter should be left odorless, (c) On the addition of the 
remaining 5 cc. to 5 cc. of conccntrated sulphuric acid, kept 
cool during the test and contained in a glass-stoppered tube 
previously rinsed with concentrated sulphuric acid, there should 
result no perceptible coloration. Anaesthetic ether should 
comply in full with these tests.

6. Acidity.— (1) When 25 cc. of the sample are allowed to 
evaporate at room temperature after the addition of 5 cc. of 
pure water the residue should neither redden nor bleach sensi­
tive light blue litmus paper.

(2) When 20 cc. of pure ether are shaken with 10 cc. of pure 
water and 2 drops of phenolphthalein, the same depth of color 
should result on adding an equal amount of N/100  potassium 
hydroxide solution as in a test using pure water alone. In 
the case of ether intended for special analytical purposes, the 
addition of 0.3-0.5 cc. of N/100 potassium hydroxide should 
produce an alkaline reaction. When more than 1 cc. is required, 
the ether should be rejected for anaesthetic purposes.

7. Water and Alcohol (Exclusion Tests ¡or Pure and Anhydrous 
Ethers).— (1) (This test ts superfluous, if the ether possesses a 
correct specific gravity.) A  minute quantity of powdered fuch- 
sine (rosaniline acetate), previously dried at 100° C., is placed in 
a dry test tube, 10 cc. of the ether are added, and the tube is 
corked and shaken well. In the case of pure and anhydrous 
ethers, no amethystine color— even faint— should result. If 
the coloration imparted to the ether is considerable, the approxi­
mate percentage of impurity is determined by Allen’s method.1

(2) When several milligrams of anthraquinonc and the same 
amount of sodium amalgam are added to 10 cc. of the ether there 
should result no formation of red or green substances. The 
presence of both water and alcohol may be detected by this test.

S. Water (Exclusion Tests for Pure and Anhydrous Ethers).—
1 All colorimetric tests should be performed preferably with a colorim­

eter, having tubes with an internal diameter of 1.5 cm. B ut other forms 
of vessels may be used; for example, a ground glass stoppered Erlcnmeyer 
flask, of suitable size for the amounts of liquid prescribed in the test, has 
been found to answer.

(i) On shaking i g. of anhydrous copper sulphate with 20 
cc. of ether, the salt should not assume a green or blue color.

(2) In important or doubtful cases, the test with amalga­
mated aluminum may be used. If the ether contains no mois­
ture and it responds to the tests under “ Water and Alcohol," 
the presence of the latter may be really assumed, especially ¡1 
the colors arc marked.

9. Water and Aldehyde (Exclusion T  est for Pure and Anhydrous 
Ethers).— When 15 cc. of the sample arc placed in a perfectly 
dry test tube and a piece of metallic sodium about 5 mm. in 
diameter is added, there should result only a slight evolution 
of gas and the sodium should not possess, after standing sis 
hours, à white or yellow coating and the ether should not be 
colored or turbid. Only when the ether has been previously 
treated with sodium will the latter retain a distinct metallic 
luster at the expiration of the test; otherwise the metal becomes 
coated with sodium hydroxide. In the presence of aldehyde 
the sodium hydroxide is more or less colored.

10. Acetaldchyde.— (1) Apply the fuchsinc-sulphurous add 
test of François. Pure ether should not restore the color to 
fuchsine decolorized by sulphurous acid. The rcd-vlolet color 
should be faint in the case of anhydrous ether.

(2) On covering 5 g. of solid potassium hydroxide, In freshly- 
broken. pieces about 5 cm. In diameter, with 30 cc. of the sample, 
and allowing the mixture to Stand for six hours, tightly closed 
and protected from the light, and occasionally shaking, the 
potassium hydroxide should not acquire a yellowish color, no 
yellowish or brown colored substance should separate, and the 
ether should not become turbid or assume any color. This is 
recommended as the exclusion test for anaesthetic ether. Pure 
or anhydrous ether should give no response after standing 24 
hours.

(3) In the absence of alcohol, as indicated by the tests lor 
water and alcohol, and confirmed by those given below, the fol­
lowing test m ay be applied for the detection of aldehyde: 
When 10 cc. of the sample arc agitated with 2 cc. of Nessler's 
solution, a yellow color or black precipitate is indicative of the 
presence of aldehyde. Pure ether is indifferent towards this 
reagent, but it is impossible to purchase ether which does not 
show a yellow color within 15 minutes. For anhydrous or an­
aesthetic ether, it is sufficient to require, therefore, that no black 
precipitate settles out, although the mixture may assume an 
opalescent yellow color.

11. Alcohol.— The occurrence of alcohol may be ascertained 
as follows:

(1) In the presence of water, a portion of the sample is dried
over anhydrous potassium carbonate and then tested, in 10«. 
portions, with (a) rosaniline acetate, and (6) anthraquinone- 
sodium amalgam.

(2) In the absence of other than mere traces of aeetalde- 
hyde, by  Lieben’s iodoform test.

(3) In the presence of acetaldchyde, by this method: 
The amount of aldehyde in 25 cc. is approximately determined 
colorimetrically by François’ method. A  portion of 25 cc. is 
then agitated with 25 cc. pure water in a ground glass-stoppered 
bottle, and the aqueous layer, which will show an increase 0 
volume greater than 10 per cent, of the ether taken depending 
on the amount of alcohol present, is removed and freed fro® 
dissolved ether by careful warming a t 40° C., until ether is ex­
pelled. The alcohol in the water is then oxidized by potass»® 
dichromate and sulphuric acid, the aldehyde produced is dis­
tilled off, and the amount contained in the distillate is deter­
mined approximately colorimetrically. B y  comparison witi 
the percentage of aldehyde found as originally existing in 
ether, the amount of alcohol m ay be calculated; however, jvedo 
not recommend the method as an exact quantitative one, hut 
only as one for arriving at the approximate amount of aBP 
contained in ether, and as a confirmatory test.
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12. Peroxides (Exclusion Test ¡or Ether oj A ll Grades).— When 
2 cc. o[ a 10 per ccnt. cadmium potassium iodide solution are 
well shaken with 10 cc. of the sample, there should result 110 
liberation of iodine within one hour. This m ay be easily deter­
mined by adding starch solution, although the yellow color which 
results in the presence of the merest traces of peroxides is easy 
to distinguish. The presence of peroxides m ay then be con­
firmed by any of the other tests devised by the authors, or by 
Jorissen's vanadic acid test.

VIII. (b ) THE D E G R EE S OF PU R IT Y  OF AM ERICAN  

ETHYL ETH ERS U SE D  FOR A N A E S T H E SIA .

The main impurities contained in Am erican ethers 
are, beside alcohol and. water, acetaldehyde and acids. 
As previously noted, the presence of small amounts of 
alcohol is permissible or m ay even appear necessary; 
but anaesthetic ethers should contain but mere traces 
of moisture, and, as has been indicated, it is desirable 
that they should be absolutely water-free. This 
would undoubtedly increase the cost of production; 
however, so long as ether is supplied in small tins of 
such a size that the contents are used com pletely at 
an operation or that not used, being small, m ay be 
discarded, and not stored, it  is only necessary that the 
amount of moisture present be reduced to very  small 
percentage.

Acetaldehyde is undoubtedly the commonest con­
taminant of anaesthetic ether, and its presence m ay 
account for some of the observations in practice usu­
ally attributed to idiosyncrasy. W ith regard to the 
acidity of the various anaesthetic ethers on the Am eri­
can market, it may be said that none of those we have 
examined contained acid in what m ay be termed 
injurious amounts.

The following table will serve to show the com para­
tive purity of three samples of anaesthetic ether, pur­
chased in the open m arket by an expert anaesthetizer 
and submitted to us, numbered, and w ithout our 
knowing the name of the manufacturer:

Test. D. E. F.
Sp.gr. at 25°...................  0.7162 0 .7189 0.7161
Odor................................. No foreign odor Ibid. Ibid
Ether distillate  98.50%  9 7 .00% 97.50%
Distillate above 36°______  0 .5% 2 .00% 1.50%
“Organic impurities” . .  . None Ibid Ibid
Kelative acidity in

2. acetic acid in
100 cc........................... 0.0006 0.00015 0.00165

t!- S. p. litmus test. . . .  Negative Ibid Ibid
RKidue ...........................  None Ibid Ibid
Water............................... Present1 Ibid Ibid
Alcohol........................... Present in permis- Excessive As in No. D

sible amount
Relative total im pur­

ity (Allen’s app rox ­
imate m ethod). . . . . . .  5 .0 0 %  6 .0 0 %  5 .5 0 %

Ptroxides.........................  None Ib id  Ibid
Aldehyde.........................  Present in permis- Ib id  Excessive as com-

sible amount pared to others

Since the authorization of two denaturant formulas 
for ether by the Commissioner of Internal Revenue,2 
’'e need no longer consider contamination from m ethyl

. *n a';!' three samples, the amount of water present was not excessive  
t \ lns ether would hav,e been properly stored or at once consumed 

Petely by the user. All the samples were properly canned. The 
PCs of "D', examined possessed a relatively higher degree of uniformity 
} « “ Pies "E” and “ F .”

'<L' Regulations No. 30, Supplement No. 1, United States Internal 
Bulletin No. 130, Bureau of Chemistry. 1910, 163.

alcohol oxidation products, and the general use in this 
country of special denatured spirit has rendered prob­
able the production of high-grade anaesthetic ether. 
I t  only remains for the manufacturer to consider more 
carefully contamination from acetaldehyde.

It  is encouraging to note that only a little over x per 
cent, of the ether consumed in the United States is 
imported1 and that the Am erican product is univer­
sally recognized as of high grade; however, not suffi­
cient attention has been given to the storage of ether by 
the consumer, and until the latter cooperates with 
the manufacturer, fu lly  and knowingly, the results 
obtained m ay continue to be variable, and rigid require­
ments on the part of the producer are useless. E ther 
freed from moisture and all but traces of aldehyde b y  
means of sodium or other methods is not required in 
this country for anaesthetic purposes, and it is gener­
ally  considered satisfactory if no “ after-effects” are 
observed.

V III . ( c )  V A LU E  OF CHEMICAL TESTS FO R A N A E S ­

TH ETIC  ETH YL E TH ER .

The authors feel th at the great lack of uniform ity 
among the pharmacopoeias of the world need not 
obtain, especially where the analytical methods are 
involved. True, as Remington maintains, “ The Phar­
macopoeia is a book of standards for medicines, and not 
for analytical chem ists,”  yet the methods of standard­
izing should be comprehensive, accurate, and reliable, 
as well as rapid and as simple as possible. It  is un­
questionably impossible for every pharmacist to deter­
mine the quality of his chemicals and drugs, but the 
druggist m ay easily apply simple tests to determine 
their purity, especially when these tests are decisive 
and simple; and he should, like the physician, be fa­
miliar with the changes which chemicals undergo when 
improperly stored, in order that he m ay not allow 
impurities to develop and m ay guard against their 
formation.

Leffmann has stated that tests m ay in all cases be 
improved and supplemented b y  the knowledge of the 
worker or b y  resorting to chemical or pharm aceutical 
literature. This is, as a rule, no doubt true for him 
who has the training, time and facilities at his disposal; 
but desirable and necessary literature is not available 
to all who a t times deem it advisable to test their 
chemicals and drugs. The legal recognition of the 
Pharmacopoeia, especially th at of our own country, 
renders it all im portant that inaccuracies be corrected, 
and improved and omitted methods be included, where 
necessary, so that these are available to those required 
to resort to an official work to assure themselves of 
of the quality of the drugs they m ay use or dispense. 
The practical difficulty of putting forth frequent edi­
tions at short intervals of the entire Pharmacopoeia 
m ay be overcome b y  the issuance of annual supple­
ments. W hat a step m odem civilization would take 
if the leading nations decided to issue an international 
standard pharmacopoeia, revisedin full each decennium, 
with annual supplements in the meantime!

1 No consideration is taken of tlie etlier consumed in the establish­
ments where manufactured. About three-fourths of the ether produced 
in the United States is used by the manufacturers themselves.
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In the case of ether for anaesthetic purposes, some 
pharmacopoeial tests are unnecessarily rigid; some are 
open to improvements; others should be replaced en­
tirely b y  improved methods of detection; and several 
should be incorporated for detecting impurities not 
considered.

Furthermore, the demand for a good ether for anaes­
thesia involves difficulties inherent in the practical 
application of chemical methods b y  hospitals and physi­
cians. As has been stated, anaesthetic ether 
should be provided in small containers, and it is im ­
practicable, and should be unnecessary, to test the 
contents of each container before use; hence, reliance, 
as is the common practice now, must be placed on the 
experience and integrity of the m anufacturer and on 
the uniform ity of his product, for we have found that 
some ethers of the m arket vary  not only in specific 
gravity  and absolute ether content, but also in impur­
ities, from time to time, yet they m ay com ply with the 
requirements of the Pharmacopoeia.

Finally, in regard to anaesthetics in general, there 
is no doubt that, though even the most improved 
chemical and physical tests m ay be stated ever so 
clearly in print, and m ay properly serve to eliminate 
low-grade material, ye t clinical experience must have 
the final word.

C o l l e g e  o f  t h e  C i t y  o f  N e w  Y o r k ,
1910.

THE ESTIMATION OF LIME AND POTASH IN THE ASH 
OF CEREALS.

B y  F i r m a n  T h o m p s o n  a n d  H .  H .  M o r g a n , J r .

Received January 25, 1911.

In the course of some experimental work with cere­
als being carried on a t this station the analysis of a 
large number of samples of the ash of corn and wheat 
grains was found to be necessary. During the prose­
cution of this work it was found that the A. 0 . A . C. 
methods, as given in Bull. 107 of the Bureau of 
Chemistry, left much to be desired with respect to ac­
curacy as well as rapidity of execution. Our efforts 
were then directed to removing these defects b y  modi­
fications of these or other existing methods with a 
view  to increasing the speed while not sacrificing any 
of the accuracy of the standard methods. W e have 
m et with such success in the estimation of potash and 
lime that we are prompted to publish them at this 
time, and while not claiming originality for the basic 
principle involved, we believe that our modifications 
are very  vital to their rapid and accurate execution 
and trust that they m ay receive a thorough testing in 
laboratories other than our own.

CALCIUM O X ID E .

In the A. O. A. C. method for the determination of 
CaO in plant ash it is necessary to add sufficient FeClj 
to combine with all of the P 2Os present, and the com­
bined phosphates of iron and aluminum are then re­
moved b y  precipitation with ammonia or an alkali 
acetate. The ash of cereal grains consists in great 
part of potassium phosphate, the P ,0 6 amounting to 
from 40 to 50 per cent, and the K 20  to about 30 per

cent, while the CaO is com paratively low. It is quite 
obvious th at a sample containing sufficient CaO for ac­
curate determination would require a large amount of 
FeClj to combine with all of the P 20 5. In an ash con­
taining 40 per cent. P 20 5 and 2 per cent. CaO, whichis 
about the average for wheat grains, the amount of iron 
required to combine with the P20 s would be about fif­
teen times the amount of CaO and the resultant pre­
cipitate of ferric phosphate would amount to about 
forty  times the amount of CaO present. Granting 
that none of the CaO would combine with the P,0, 
under such conditions the danger of mechanical loss 
b y  absorption is quite apparent to say nothing of the 
inconvenience of handling such a large precipitate and 
filtrate. T hat this danger is a very real one has been 
the experience of every chemist in this laboratory who 
has used the method, the results being uniformly low 
even after repeated re-solution and reprecipitation, as 
some of the following figures will show..

In devising a method for the determination of CaO 
which would be free from these objections, advantage 
was taken of the fact th at calcium and magnesium 
phosphates are very easily soluble in dilute acetic acid 
while the phosphates of iron and aluminum are quite 
insoluble.

Method.— 50 cc. of the hydrochloric acid solution of 
the ash, corresponding to 0.500 g., are heated to
boiling, made slightly ammoniacal and then acidified 
again with acetic acid, adding about 10 cc. of 50 per 
cent, acetic acid in excess, m aking the total volume 
not more than 75 cc. The precipitate is boiled for a 
few minutes, allowed to settle and the combined phos­
phates of iron and aluminum filtered off and washed 
thoroughly with hot water. Since this precipitate is 
usually very  small a reprecipitation has not been 
found necessary. A bout 10 cc. of saturated ammo­
nium oxalate solution are added to the filtrate while 
still hot and the CaO determined in the usual way, 
either b y  ignition or titration with permanganate.

In order to test the method, known amounts of cal­
cium carbonate and calcium phosphate and potash alum 
were dissolved and the CaO determined in the solution 
according to the above method with the following 
results :

CaO present. 
Gram. 

0.13475  
0.13517

CaO found. 
Grain. 
0.1353  
0.1348  
0.1345

W hen large amounts of A 120 3 are present a reprecip­
itation of the A 1PO, will be necessary as is shown by 
the analysis of a solution containing 0.0273 g- A1,0, 
and CaO in the form of chloride and phosphate.

CaO present. 
Gram.
0 1460 
0.1460

CaO found 
with one precipi­
tation of AIPO4. 

Gram. 
0.1383  
0.1329

C a O  found 

w i t h  reprecipi* 

t a t i o n  o f  AlPOi- 

G ra in . 

0 . 1 4 6 2  

0 . 1 4 6 2

A  comparison of the- percentages of CaO found m 
number of samples of the ash o f wheat grains 
two methods is shown in the following table:

bv the
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FeCh method. Acetic acid method.
1.55 2.27
1.24 2.43
1.34 2.43
1.33 2 .56
1.03 2.43
0.93 2.68
0.83 2 .76
1.14 2 .96
0.72 2.88
0.62 2.43
0.83 2.47
0.72 2.27

It will be noted that while the results are consider­
ably higher by the acetic acid method they also show 
a greater uniformity, as might be expected with samples 
of such similar origin.

It should also be stated here that, although aluminum 
is commonly supposed to be a com paratively rare con­
stituent of plant ash; we have found a quite appreci­
able amount in every sample of ash of wheat straw 
and grains examined b y  this method. A  more com­
plete account of its occurrence will be given later.

PO TA SSIU M  O X ID E .

As is well known the standard method for the deter­
mination of K 20 , although quite accurate, is a very 
long and. tedious one, involving as it does the removal 
of all other bases w ith the exception of sodium and 
also requiring, where a large number of determinations 
are to be made, a large stock of platinum  chloride. 
For these reasons a shorter, more inexpensive method 
is very much to be desired and our attention was 
directed to the cobaltinitrite method of Adie and W ood1 
as possibly overcoming the faults mentioned. In 
working with this method it was found that the best 
results were secured b y  allowing the precipitate of po­
tassium cobaltinitrite to crystallize out from the cold 
acetic acid solution b y  standing for a t least twelve 
hours, decomposing the precipitate with an alkali, fil­
tering off the cobaltic hydroxide thus formed, cooling 
the solution and titrating with acidified permanganate. 
A serious difficulty was m et with in the fact th at in 
using a fixed alkali for the decomposition it was almost 
impossible to effect a complete precipitation of the 
cobalt, which presumably passed the filter as soluble 
double salts. As the presence of any cobalt would 
vitiate the titration w ith' permanganate, it seemed 
necessary that some other means for the decomposi­
tion of the cobaltinitrite should be found. Since the 
alkaline earths do not have the same tendency to form 
double salts with cobalt, a saturated solution of 
Ua(0 H)j was substituted for the NaOH, and it was 
found that the precipitation was very  complete and 
the barium sulphate formed in the subsequent treat­
ment interfered in no w ay with a sharp end reaction. 
It 'vas also found advisable to titrate b y  allowing the 
alkaline solution of the nitrite to run into the hot, 
acidified, standard permanganate. W hile this pro­
cedure has the disadvantage th at the end point must 
be judged by the disappearance of the color, this is 
n'ore than compensated for b y  the elimination of danger 

loss of nitrous acid. W ith a little practice it has 
been found that it is quite easy to determine the end 
within one or two drops.

Jmr. Chem. Stic., 77, 1076-80 (1900).

Method.— The hydrochloric acid solution of 0.500 g. 
of ash is neutralized with NaOH  and acidified again 
w ith acetic acid, adding 10 cc. of 50 per cent, acetic 
acid in excess. The solution is boiled and the precipi­
tate of iron and aluminum phosphates filtered off and 
washed thoroughly with hot water. The filtrate is 
concentrated to about 75 cc. and allowed to cool. 25 
cc. of cobaltinitrite solution, made according to the 
method of Adie and Wood, given below, are now added. 
Allow  to stand over night a t the room temperature 
and filter on an asbestos felt in a Gooch crucible, wash­
ing several times with cold, 10 per cent, acetic acid 
and finally once with cold water. The asbestos and 
precipitate are transferred with water to a small beaker, 
40 cc. of a saturated B a(O H )3 solution added and heated 
to boiling when a copious precipitate of cobaltic hydrox­
ide will be formed. Allow  the precipitate to settle and 
while still hot filter into a 200 cc. graduated flask, 
washing thoroughly with hot water. Cool and make 
up to 200 cc.

Measure off 25 cc. of standard perm anganate solu- 
'tion into a casserole, add 5 cc. of 1 : 1  H 2S 0 4 and 
150 cc. of hot water and run in the alkaline nitrite so­
lution slowly from a burette until the color disappears.

On the basis of the formula K 3N aCo(N 0 3)e,H30 , 1 
cc. of tenth-normal permanganate is equivalent to 
0.000785 g. K jO . It  has, however, been found to be 
more convenient to use a permanganate solution of 
such strength that 1 cc. is equivalent to 1 milligram of 
K jO , which would be 0.1274 normal.

Sodium Cobaltinitrite Solution.— 113 grams of cobalt 
acetate are dissolved in 400 cc. of 20 per cent, acetic 
acid. 220 grams of sodium nitrite are dissolved in 
400 cc. of water. The two solutions are mixed, allowed 
to stand at the ordinary tem perature for 24 hours, re­
moving the nitric oxide formed b y  evacuation with a 
filter pump, and then filtered.

In order to test the method a stock solution was 
made b y  dissolving chcm ically pure K 3COa, M gS0 4 and 
Ca3(PO ,)3 in HC1 and determining the IC30  b y  the 
platinic chloride method. 20 cc. of this solution gave 
the following amounts of K 30  in grams:

Calculated from 
K2CO3 taken. 

0.19856  
0.19856

Found by platinic 
chloride method. 

0.1990
0.1984

In testing the method 20 cc. of the stock solution 
were precipitated and the precipitate decomposed with 
20 cc. of saturated B a(O H )2 solution, the filtrate made 
up to 250 cc. and 20 cc. taken for analysis. The titra­
tion was made b y  adding the perm anganate from a bu­
rette after first making a prelim inary titration to ascer­
tain the approxim ate amount of permanganate re­
quired. This feature has been improved upon in the 
final procedure adopted. The following results were 
obtained:

K2O present. 
Gram. 

0.015896  
0.015896  
0.015896  
0.015896

Tenth-normal 
IvMnO«, cc. 

2 0 .1  
2 0 . 2  
2 0 .2  
2 0 .1

K2O found. 
Gram. 

0.01578  
0.01586  
0.01586  
0.01578

A n o th e r  d e te rm in a tio n  w a s  m a d e  u sin g  e x a c t ly  th e
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same method but with 30 cc. of B a(O H ), solution to 
determine the effect of an excess of alkali, with the 
following results:

K20  present. 
Gram. 

0.015896  
0.015896

Tenth-normal 
KMnOff cc. 

20. 1  
2 0 . 1

K2O found. 
Gram. 

0.01578  
0.01578

The effect of different amounts of NaOH used for 
the decomposition of the cobaltinitrite precipitate is 
shown b y  the following results. The method used was 
exactly  the same as before, but 50 cc. of the alkaline 
nitrite solution were used for the titration.

W ith 25 cc. of five per cent. NaOH.
K2O present. Tenth-normal K 2O found.

Gram. KMnO*. cc. Gram.
0.03974 41 .6 0.03266
0.03974 41 .8 0.03281

• 0.03974 41 .8 0.03281

W ith 50 cc. of five per cent. NaOH.
0.03974 48.4 0.03799
0.03974 48 .4 0.03799
0.03974 48 .4 0.03799

W ith 75 cc. of five per cent. NaOH.
0.03974 52 .8 0.04145
0.03974 52 .9 0.04153
0.03974 52 .9 0.04153

W ith still larger amounts of NaOH the cobalt was 
taken into solution to such an extent that the blue 
color was quite perceptible in the filtrate and no deter­
minations were made. I t  is quite evident from the 
above results that NaOH is very  unsuitable as a pre­
cipitant of the cobalt and its use was therefore aban­
doned.

In order to determine the ratio of N ,0 , to K , 0  in the 
cobaltinitrite precipitate a solution of 0.500 g. of 
K jCO j in HC1 was precipitated as before and the pre­
cipitate decomposed with B a(0 H )2. The filtrate was 
made up to 200 cc. and N 20 , and K aO determined in 
25 cc. portions b y  titration with tenth-normal perman­
ganate and precipitation with platinic chloride with 
the following results:

N2O3
K2O found, found.

0.04285 0.1027

K2O in original 
solution. 
0.04189

Ratio
found.
0.4173

Ratio
theor.

0 .4130

A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , 
D e l a w a r e  C o l l e g e .

TREATMENT OF CREAMERY SEWAGE BY THE SEPTIC 
TANK PROCESS.1

B y  J a m e s  T e n  B r o e c k  B o w l e s .2

Received January 20, 1911.

In the m anufacture of butter and cheese there is 
a com paratively large amount of waste product, 
part of which can be returned to the farmer for stock- 
feeding, but a considerable amount cannot be so dis­
posed of, and it is liable to create a nuisance when dis­
charged into a stream or run upon land. T h at such a 
nuisance is created is shown b y  the following court 
decisions:

“ The deposit of refuse from a creamery into the 
bed of a stream flowing through plaintiff’s land and

1 This research work was carried on while Chemist of Wisconsin State 
Hygienic Laboratory, University of Wisconsin.

3 Sanitary Chemist, Cristobal, Canal Zone.

near his buildings, polluting the water and giving 
off noxious gases affecting the use and enjoyment ol 
the plaintiff’s property, is a nuisance.”

“ A  creamery com pany will be enjoined from caus­
ing offensive waste m atter to flow upon another's 
pasture to its injury.”  (Price vs. Oakfield Highland 
Creamery Co., 87 Wis., 536.)

The question of how creamery waste can be dis­
posed of so as not to create a nuisance is therefore 
one of considerable importance, and although some 
work has been done on this subject in Europe and 
America the best method of treating such waste is a 
problem that still remains to be solved, and the fol­
lowing investigation was undertaken in the hope of 
throwing a little more light upon the subject.

Composition of Creamery Wastes.— Creamery waste 
consists of, pieces of cheese, butter, skim milk, whey, 
butterm ilk, etc., diluted b y  washing from the floor, 
chum s and pasteurizers. This m ixture was found to 
be full of acid-producing bacteria which give the me­
dium more or less acid reaction at first. After decom­
position sets in and ferm entation and putrefaction 
are well started, the medium gradually changes to a 
neutral rather than an acid one. I t  is plain to see 
that one is dealing with an undigested product, putre­
faction not having yet started. In municipal sewage 
we have w hat is called a predigested product, that is, 
when the waste leaves the body it is full of putrefy­
ing bacteria, putrefaction and fermentation having 
already started. Thus when municipal sewage en­
ters the septic tank decomposition has already set 
in and liquefaction goes on rapidly, while with cream­
ery waste a long time elapses before putrefaction has 
even started.

The flow of creamery waste is not constant and for 
th at reason is difficult to manage. ■ In the mornings 
a large amount is received soon after churning, to­
wards noon another large amount is received consist­
ing largely of water used in cleaning up the floor 
where milk and cream are spilt. In the afternoon 
butterm ilk and skim milk and washings are often 
turned into the tank.

Most of the cooling water has been cut off from the 
septic tank as the w ater is clean and there is no need 
of it going through the tank.

T a b l e  I . — C h e m i c a l  C o m p o s i t i o n  o f  C r e a m e r y  S e w a g e  fr o m  Univer­
s i t y  D a i r y  a s  C o m p a r e d  w i t h  O t h e r  C r e a m e r i e s  a n d  w it h  Munici­

p a l  S e w a g e .
P a r t s  P e r  M i l l i o n .

M adison

University Elkhorn Garnet City 
dairy. creamery, creamery, sewage.

Free am m onia.....................  26 .98  3 2 .2  47 .0  39.25
Alb. amm onia......................  38 .55  4 3 .8  105.5 6.0
Nitrates................................... 0 .0  0 .0  0 .0  0.0
Nitrites....................................  0 .0  0 .0  0 .0  0.0
Total solids.........................  1702,8 2121.5 7575.0 896.4
Loss on ignition.................  169.3 1 200 .0  2216.0 201.0

. O xygencons........................ 396 .2  311 .6  261.0 "9.6
Suspended m atter  134.16 521 .0  668.0 1-30.0
Putrescibility.....................  7 .9  hrs. 6 hrs. 4 lirs. V*day

The free ammonia figures of the creamery sewage 

do not vary  a great deal from those of the municipal 
sewage. The U niversity D airy sewage figures a« 
much lower than those of the other c r e a m e r ie s .



In  th e  a l b u m i n o i d  a m m o n i a  t h e  U n i v e r s i t y  D a i r y  A s  n o t e d  i n  t h e  d e s c r i p t i o n  o f  t h e  p l a n t ,  t h e  t a n k

is s till lo w e r  t h a n  t h e  o t h e r  c r e a m e r i e s ,  b u t  a l l  o f  t h e  h o l d s  a  d a y ’s  f l o w  a n d  t h e  d o s i n g  c h a m b e r s  h o l d  a b o u t

cream ery  s e w a g e  i s  m u c h  h i g h e r  i n  a l b u m i n o i d  a m -  o n e - s i x t h  o f  t h e  a m o u n t  o f  t h e  t a n k .  T h e  t a n k

monia t h a n  t h e  m u n i c i p a l  s e w a g e .  w o u l d  h o l d  a  l i t t l e  m o r e  i f  t h e  d o s i n g  c h a m b e r s  w e r e

The t o t a l  s o l i d s  a n d  l o s s  o n  i g n i t i o n  a r e  m u c h  J o w e r  c l o s e d ;  t h u s ,  b y  d o s i n g  t h e  t a n k  s i x  t i m e s  p e r  d a y ,  t h e

in th e  U n i v e r s i t y  D a i r y  s e w a g e  t h a n  i n  t h e  o t h e r  s e w a g e  w o u l d  r e m a i n  o n e  d a y  i n  t h e  t a n k .  I n

cream eries, b u t  a r e  h i g h e r  t h a n  i n  t h e  m u n i c i p a l  T a b l e  I I I  c a n  b e  s e e n  t h e  r e s u l t s ,

sewage. I n  c o m p a r i n g  t h e  t o t a l  s o l i d s ,  n i t r o g e n  f i g u r e s ,

T he  o x y g e n  c o n s u m e d  f i g u r e s ,  a s  w e l l  a s  t h e  s u s -  o x y g e n  c o n s u m e d  a n d  p u t r e s c i b i l i t y ,  i t  i s  f o u n d

T able I I .—T h e  Variability  of Creamery S ew age  at University  D airy .
P arts P er Million .

July, 1907. 17. 20. 22. 24. 26. 27. A verage
Free ammonia................................................................... 34 .4  . 2 5 .0  26 .0  2 9 .0  24 .3  23 .2  26 .98
Alb. ammonia..............    4 3 .6  45 .5  4 1 .2  3 8 .0  3 2 .0  3 1 .0  38 .55
Nitrites...............................................................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0
Nitrates................................................................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0
Total solids........................................................................ 3494.0  1208.0 1106.0 2201.0 1206.0 1202.0 1702.8
Loss on ignition...............................................................  300 .0  121.0 132.0 200 .0  141.0 120.0 169.3
Oxygen consumed...........................................................  227 .2  600 .0  425 .0  465 .0  410 .0  250.0  396.2
Suspended m a tte r.....................................................    139.0 140.0 138.0 142.0 125.0 121.0 134.16
Putrescibility....................................................................  8 lirs. 8 .5  hrs. 8 hrs. 7 .5  lirs. 6 .5  hrs. 8 .5  hrs. 7 .9  hrs.

pended m a t t e r ,  a r e  h i g h e r  t h a n  i n  t h e  m u n i c i p a l  t h a t  t h e  t a n k  i s  n o t  d o i n g  m o r e  t h a n  f i f t e e n ,  t o  s i x -

sewage. t e e n  p e r  c e n t ,  p u r i f i c a t i o n .  T h e  e f f l u e n t  f r o m  t h e

All o f  t h e  c r e a m e r y  s e w a g e s  a r e  m o r e  p u t r e s c i b l e  s e p t i c  t a n k  i s  m u c h  l e s s  p u t r e s c i b l e  t h a n  t h e  r a w  

than th e  m u n i c i p a l  s e w a g e .  s e w a g e .  W h e n  t h i s  e f f l u e n t  i s  t u r n e d  o u t  u p o n  t h e

F ro m  t h i s  c o m p a r i s o n  i t  c a n  b e  s e e n  t h a t  c r e a m e r y  b e d s  a  f u r t h e r  p u r i f i c a t i o n  i s  o b t a i n e d  i n  T a b l e  I V .

sewage is  m u c h  h i g h e r  i n  o r g a n i c  m a t t e r  t h a n  m u n i c i -  I n  d o s i n g  t h e  s e p t i c  t a n k  t h r e e  t i m e s  p e r  d a y  i t

pal w a s te .  T h e ' U n i v e r s i t y  D a i r y  s e w a g e  d o e s  n o t  g i v e s  a n  i m p r o v e m e n t  o v e r  t h a t  o f  d o s i n g  s i x  t i m e s  

seem to  b e  a s  c o n c e n t r a t e d  a  s e w a g e  a s  t h e  o t h e r  p e r  d a y .  T h i s  i m p r o v e m e n t  i s  v e r y  s l i g h t  a n d  i s

c ream eries ’ s e w a g e .  n o t i c e d  m o r e  i n  t h e  p u t r e s c i b i l i t y  t e s t  t h a n  i n  a n y

In  lo o k in g  o v e r  T a b l e  I I ,  o n e  c a n n o t  f i n d  t w o  s e t s  o t h e r  p l a c e .  T h e  n e x t  g r e a t e s t  c h a n g e  i s  i n  t h e  t o t a l

of d a ta  t h a t  a r e  v e r y  n e a r  a l i k e .  C r e a m e r y  s e w a g e  s o l i d s  a n d  l o s s  o n  i g n i t i o n .

is v e ry  h a r d  t o  t r e a t  b e c a u s e  i t  s o m e t i m e s  c o m e s  a t  * T h e r e  s e e m s  t o  b e  a  g r e a t e r  i m p r o v e m e n t  i n  t h e

Table I I I .—Composition  of R aw  Sew age and  E fflu en t  from S eptic  T ank  VjiiKN t h e  T ank  is  E m ptied  S ix  T imes P er Day.
P arts P er M illion .

R aw  sewage. Effluent from septic tank .

July. 17. 20. 22. 24. 26. 27. Aver. 17. 20. 22. 24. 26. 27. Aver.
Free ammonia.......................  34 .4  2 5 .0  2 6 .0  29 .0  24 .3  23 .2  26 .9  10.0 12.0 11.0 13.5 10 .0  12.6 11.6
Alb. ammonia.......................  4 3 .6  45 .5  4 1 .2  3 8 .0  3 2 .0  3 1 .0  38 .5  15.6 3 5 .0  20 .5  3 6 .0  18.9 3 3 .0  26.5
Nitrites..................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 9 .0  0 .0  0 .0  0 .0
-Vitiates.................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0
Total solids............................ 3494.0 1208.0 1106.0 2201.0 1206.0 1002.0 1702.0 1090.0 1850.0 1764.0 1541.0 1691.0 1521.0 1726.1
Loss on ijnition....................  300 .0  123.0 132.0 200 .0  141.0 120.0  169.3 164.0 168.0 171.0 159.0 162.5 161 .0  164.2
O w n  consumed...............  227 .2  600 .0  425 .0  465 .0  410 .0  250.2  396 .2  137.0 140.0 135.0 143.0 130.0 128.0 135.8
Susp. matter.........................  139.0 140.0 138.0 142.0 125.0 121.0 134.0 85 .0  96 .0  100.0 106.0 110.0 108.0 100.1
Putrescibility........................  8 hrs. 8 .5  hrs. 8 hrs. 7 hrs. 6 .5  hrs. 8 .5  hrs. 7 .9  lirs. ‘/ i  day  '/ - /d a y  1 day  13 hrs. 12 hrs. 15 hrs. 13 hrs.

one t im e  v e r y  d i l u t e ,  t h e n  a g a i n  v e r y  c o n c e n t r a t e d ,  e f f l u e n t s  f r o m  t h e  s a n d  b e d s  t h a n  t h e r e  i s  i n  t h e  e f -

ln  so m e  i n s t a n c e s  t h e  t o t a l  f i g u r e s  a r e  t h r e e  o r  f o u r  f l u e n t s  f r o m  t h e  s e p t i c  t a n k .  I n  t h e  e f f l u e n t s  f r o m  t h e

times a s  g r e a t  a s  i n  o t h e r s .  s a n d  b e d  t h e  a l b u m i n o i d  a m m o n i a  h a s  d e c r e a s e d

T he c r e a m e r y  s e w a g e  d o e s  n o t  c o n t a i n  a n y  n i t r i t e s  a n d  a  t r a c e  o f  n i t r i t e s  i s  f o u n d ,  s h o w i n g  t h a t  n i t r i f i c a -

or n i t r a te s .  I n  u s i n g  t h e  s e p t i c  t a n k ,  t h e  i m p o r t a n t  t i o n  i s  g o i n g  o n .

Table iv ,—Composition of R aw  Sewage and  E fflu en t  from Septic  Ta n k  w h en  t h e  T ank  is  B ein g  E mptied  T hree  T imes per  Day.
Parts Pe r  Millio n .

R aw  sewage. K flluent from septic  tank .

1. 8. 10. 12. 14. Average. 1. 8. 10. 12. 14. Average.
Free ammonia.......................... 2 0 .0  27 .0  21 .0  8 .5  13.0 16.9 3 0 .0  28 .0  3 2 .0  3 2 .0  2 7 .0  29 .8
Alb. ammonia........................  38 .2  3 2 .4  3 5 .0  4 3 .0  5 0 .0  39 .7  18.5 19.6 40 .0  19.5 5 1 .0  29.7
Nitrites.....................................  O.o 0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0.0
Nitrates....................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0
Total solids..............................  1580.0 1468.0 1562.0 1660.0 2500.0 1754.0 1420.0 1310.0 1222.0 1460.0 1211.0 1324.6
Loss on ijnition......................  740.0 692 .0  685 .0  700.0  570 .0  677.4  150.0 148.0 152.0 ‘ 150.0 160.0 150.0
Oxygen consumed..................  306 .2  310 .5  290.1 227.2 147.2 256.2 138.5 129.2 132.4 138.5 128.5 133.4
Suspended m atter................... 128.0 130.0 125.0 180.0 . . .    130.2 101.5 128.0 126.0  100.0 120.0
Putrescibility...........................  6 hrs. 5 .5  hrs. 6 hrs. 7 hrs. 5 hrs. 5 .9  hrs. 18 hrs. 17 hrs. 18 hrs. 18 hrs. 17 hrs. 17.6 hrs.

Point to  b e  c o n s i d e r e d  i s  h o w  l o n g  a  t i m e  i t  i s  n e c e s -  I n  T a b l e  V ,  d o s i n g  t a n k  t w i c e  p e r  d a y ,  o b t a i n s  a n  

^ 0 '  fo r  t h e  s e w a g e  t o  r e m a i n  i n  t h e  t a n k  i n  o r d e r  t o  i m p r o v e m e n t  o v e r  d o s i n g  t h r e e  t i m e s  p e r  d a y .  F i r s t ,

have i t  s u f f i c i e n t l y  d e c o m p o s e d .  t h e r e  i s  a  d e c r e a s e  o f  a l b u m i n o i d  a m m o n i a  a n d  a n

June, i g u  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 .  461
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i n c r e a s e  o f  f r e e  a m m o n i a  f i g u r e s ,  w h i c h  s h o w s  t h a t  e f f l u e n t s ,  d o s i n g  a t  p e r i o d s  f r o m  s i x  t i m e s  a  day to

t h e  o r g a n i c  c o m p o u n d s  a r e  b r e a k i n g  t i p  a n d  p a s s i n g  o n c e  p e r  w e e k .

o f f  a s  f r e e  a m m o n i a  a n d  t h a t  l e s s  o r g a n i c  s u b s t a n c e s  T h e r e  i s  s h o w n  a  g r a d u a l  i n c r e a s e  o f  f r e e  ammonia 

r e m a i n  t o  b r e a k  u p  a n d  p a s s  o f f  a s  a l b u m i n o i d  a m -  a n d  a  d e c r e a s e  o f  a l b u m i n o i d  a m m o n i a .  T his is

m o n i a .  c a u s e d  b y  t h e  b a c t e r i a l  a c t i o n  u p o n  t h e  o r g a n ic  mat-

T h e  p u t r e s c i b i l i t y  p o i n t  w a s  h i g h e r  i n  t h e  l a s t  t e r ,  t h e  l o n g e r  t h e  s e w a g e  r e m a i n s ,  t h e  l e s s  album inoid

t a b l e  t h a n  i t  w a s  i n  t h e  f o r m e r ,  b u t  t h e  e f f l u e n t  i s  n o t  a m m o n i a  t h e r e  i s  s i n c e  i t  g o e s  o f f  a s  f r e e  ammonia

y e t  g o o d  e n o u g h ,  a n d  f u r t h e r  i n v e s t i g a t i o n  m u s t  b e  a f t e r  b e i n g  d e c o m p o s e d .  T h e r e  i s  a l s o  a n  in c rea se  in

m a d e .  t h e  n i t r i t e s  a n d  n i t r a t e s ,  c o m m e n c i n g  w i t h  none  at

I n  T a b l e  V I  t h e  s e p t i c  t a n k  h a s  b e e n  d o s e d  o n c e  p e r  f i r s t .  A s  t o  t h e  s o l i d s ,  t h e r e  i s  n o t  m u c h  c h a n g e  until

d a y  a n d  a  g r e a t  i m p r o v e m e n t  i s  n o t i c e d .  I n  t h i s  . t h e  d o s i n g  o f  t h e  t a n k  o n c e  p e r  d a y  i s  r e a c h e d ,  then

t a b l e  t h e  a m m o n i a  c o n t e n t  i s  l o w e r  a n d  t h e  a l b u m i n o i d  t h e r e  i s  a  g e n e r a l  d e c r e a s e .  T h e  s a m e  is  t r u e  of the

a m m o n i a  f i g u r e s  a r e  a b o u t  h a l f  a s  h i g h  a s  f o r m e r l y ,  o x y g e n  c o n s u m e d  f i g u r e s .  I n  t h e  p u t r e s c i b i l i t y  test

T a b u e  V .— R a w  S e w a g e  a n d  E f f l u e n t  f r o m  S e p t i c  T a n k  w h e n  t h e  T a n k  i s  B e i n g  E m p t i e d  T w i c e  p e r  D a y .

P a r t s  P e r  M i l l i o n .

R a w  s e w a g e .  E f f l u e n t  f r o m  s e p t i c  t a n k .

A u g u s t .  1 6 . 1 9 . 2 3 .  A v e r .  1 6 . 1 9 .  2 3 .  A v e r.

F r e e  a m m o n i a ......................................................... 3 0 . 0  1 7 . 0  1 9 . 7  2 2 . 2 3  4 6 . 5  5 0 . 6  4 8 . 6  4 6 .5
A l b .  a m m o n i a .........................................................  4 7 . 5  5 6 . 0  6 2 . 0  5 5 . 1  2 6 . 2 5  2 9 . 2  3 0 . 1  2 8 .8 5
N i t r a t e s ........................................................................  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0
N i t r i t e s .....................   0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0
T o t a l  s o l i d s   ........................ . ...................  2 5 8 0 . 0  3 0 8 0 . 0  2 8 9 0 . 0  2 8 5 0 . 0  1 4 3 0 . 0  1 2 6 0 .1  1 3 6 0 .2
L o s s  o n  i g n i t i o n .  ’ ........................ . ...................  5 7 0 . 0  1 0 5 0 . 0  9 8 6 . 4  8 6 8 . 8  3 7 0 . 0  1 8 0 . 6  1 8 2 .9
O x y g e n  c o n s u m e d ............................................... 1 4 7 .2  3 9 0 . 0  4 1 6 . 0  3 1 7 . 7  2 3 9 . 2  1 8 2 .9  1 7 9 . 3  . . .
P u t r e s c i b i l i t y .  . . . . . . . .................. .. ....................  5  h r s .  4 . 5  h r s .  5  h r s .  4 . 8  h r s .  1 d a y  1 d a y  I d a y  1 d a y

T h e r e  a r e  t r a c e s  o f  n i t r i t e s  a n d  q u i t e  a  l i t t l e  o f  n i t r a t e s ,  t h e r e  i s  n o t  m u c h  d i f f e r e n c e  b e t w e e n  d o s i n g  o nce  per

T h e  t o t a l  s o l i d s  a r e  l o w e r  a n d  t h e  p u t r e s c i b i l i t y  p o i n t  d a y  a n d  d o s i n g  o n c e  e v e r y  t w o  a n d  o n e - h a l f  days,

a  g r e a t  d e a l  h i g h e r .  T h e r e  i s  a t  l e a s t  a  r e d u c t i o n  o f  T h e  e n d  p o i n t  s e e m s  t o  b e  r e a c h e d  w h e n  d o s in g  once

s i x t y  p e r  c e n t ,  o f  s o l i d  m a t t e r .  T a k i n g  t h e  a l b u -  p e r  d a y .  T h e r e  i s  n o t  e n o u g h  c h a n g e  a f t e r  th a t  to

m i n o i d  a m m o n i a  f i g u r e s ,  t h e r e  i s  a t  l e a s t  a  r e d u c t i o n  p a y  t o  l e t  i t  r e m a i n  l o n g e r ,

o f  t w o - t h i r d s  i n  o r g a n i c  m a t t e r ;  w i t h  r e s p e c t  t o  o x y ­

g e n  c o n s u m e d  f i g u r e s  t h e r e  i s  a  r e d u c t i o n  o f  t w o -
t h i r d s  i n  o r g a n i c  m a t t e r  w h i c h  i s  a b l e  t o  b e  o x i d i z e d .  F r o m  t h e  s t u d y  o f  c r e a m e r y  s e w a g e  d is p o s a l  the

T able V I.— R aw Sewage and E fflu e n t  from t h e  Septic T a n k , w hen  th e  T a nk  is  B ein g  E m ptied  Once per  Day.
Parts per  Millio n .

R aw  sewage.

Aug. Aug. Sept. Sept. Oct. Nov. Dec. J an . Maich.
20. 2S. 2. 16. 30. 25. 10. 10. 10.

F ree am m onia........................ 19.7 13.0 10.4 2 5 .0  15.0 20 .0  15 .0  12.0 10.0
Alb. am m onia........................  6 2 .0  5 0 .0  53 .1  4 5 .5  25 .1  3 0 .0  3 0 .0  3 0 .0  28.5
N itrite s ...........................................  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0.0
N itra te s ..........................................  0 .0  0 .0  0 .0  0 .0  0. 0  0 .0  0 .0  0 .0  0.0
T o tal solids.............................  2350.0 1666.0 1492.0 1202.0 1356.0 1000.0 1521.0 1421.0 1132 0
X.oss on ign ition ....................  1002.0 700.0  739.1 223.0  434 .0  625 .0  721.0  521 .0  3334.0
Oxygen consum ed................  451 .2  227.2 245 0 340 .0  292.0  248.5 361 .0  282.0  195.0
Suspended m a tte r .................................  . . . .  . . . .  . —  . . . .  . . . .  . . . .  . . . .  .
P u tresc ib ility .............................. 5 hrs. 7 hrs. 7 hrs. 7 .5  hrs. 6 hrs. 8 hrs. 9 hrs. 8 .5  hrs. 6.5 hrs.

E ffluent from sep tic  tank.

Aug. Aug. ‘Sept. Sept. Oct. Nov. Jan . Feb.
Av. 20. 28. 2. 5. 30. 25. 10. 22. Aver.

Free  am m onia........................................ 15.5 3 6 .2  35 .4  4 3 .0  4 0 .3  6 0 .0  50 .4  4 0 .2  36 .0  42.6
Alb. am m onia ........................................  3 9 .9  12.9 13.75 12.0 12.8 8 .25  12.4 12.5 20.4 IM2
N i t r i t e s .................................................................... 0 . 0  t r a c e  t r a c e  0 . 2  0 . 1  t r a c e  0 . 0 5  0 . 0 9  t r a c e
N itra te s ....................................................  0 .0  trace 0 .5  0 .09  0 .1 0  0 .6 0  0 .7  1.0  0.895 0.3«
Total so lids............................................. 1482.2 1106.4 1008.5 980.2  890 .0  984 .0  865.0  721.0  628.0 S97-9S
Loss on ign ition ....................................  588.78 149.3 152.4 102.0 9 9 .0  105.0 141.0 102.0 110.0 1M.0S
Oxygen consum ed ................................ 293.5 102.4 108.3 8 0 .0  78 .0  8 0 .0  85 .3  9 5 .0  79.6 ** 5i
S u s p e n d e d  m a t t e r .......................................... . . . .  . . . .  . —  . . . .  . . . .  . . . .  . —  — . • • • •
P u t r e s c i b i l i t y ....................................................  7 . 1  h r s .  I d a y  1 d a y  1 . 5  d a y s  I  d a y  1 . 2 5  d a y  1 . 2 5  d a y  1 . 5  d a y  1 .5  d a y  1 .2 5 day*

T h e n  w i t h  t h e  n i t r i t e s  a n d  n i t r a t e s  a p p e a r i n g ,  i t  i s  f o l l o w i n g  c o n c l u s i o n s  a r e  o b t a i n e d :

s a f e  t o  s a y  t h a t  w i t h  r e s p e c t  t o  t h e  a b o v e  f i g u r e s ,  t h e  r .  I t  h a s  b e e n  s h o w n  t h a t  t h e  s e p t i c  t a n k ,  when

t a n k  w i l l  a v e r a g e  s i x t y - f i v e  p e r  c e n t ,  i n  r e d u c t i o n  o f  t h e  s e w a g e  r e m a i n s  i n  i t  s i x  d a y s ,  w i l l  l iq u e fy  and

o r g a n i c  m a t t e r  w h e n  d o s i n g  o n c e  p e r  d a y .  T h e  d e c o m p o s e  t h e  s o l i d  p a r t i c l e s  i n  t h e  c r e a m e r } ' sew-

e f f l u e n t  h a s  a  p u t r e s c i b i l i t y  t e s t  o f  o n e  a n d  a  h a l f  a g e .
t o  t w o  d a y s  w h e n  i n c u b a t e d  a t  3 7 . 5 ° C .,  w h i c h  s i g n i -  2 . B y  a l l o w i n g  t h e  s e w a g e  t o  r e m a i n  in  th e  tank

f i e s  a  g o o d  e f f l u e n t .  s i x  d a y s  g i v e s  a  r e d u c t i o n  o f  s i x t y  t o  s ix ty - f iv e  p®

T a b l e  V I I  t a k e s  u p  t h e  c o m p a r i s o n s  o f  t h e  s e p t i c  c e n t ,  o f  t h e  o r g a n i c  m a t t e r .
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3. This sewage must remain in the tank much longer 
than municipal sewage. There are m any lactic acid 
organisms at work which keep the putrefactive organ­
isms from growing. Just as soon as the lactic acid 
organisms have acted upon all the sugar these organ­
isms will not be as active as formerly, and putrefac­
tive bacteria will commence to grow.

4. When the sewage is allowed to remain in the 
tank six days, a stable effluent is obtained with no 
putrid odor.

5. If a creamery was so situated that it would be 
impossible to turn the effluent into a stream, then the 
effluent would have to be run on to a pasture or field 
near-by, or on to gravel beds. Care must be used in 
turning the effluent on to gravel beds as there is some

T a u l e  v i i .-

Dosing.
Free ammonia...................
Alb. ammonia....................
Nitrites................................
Nitrates...............................
Total solids.........................
Loss on ignition................
Oxygen cons......................
Suspended m atter............
Putrescibility.....................

liability of contaminating the creamery well water with 
the sewage. This has happened at Elkhorn, W is­
consin.

6. When a creamery has only a small septic tank, 
then filter beds should be used to further purify the 
effluent.

7. Cleaning of the septic tank and filter beds will 
depend upon the amount of flow, and should be a t­
tended to whenever the effluent deteriorates.

8. The results of this study answer the purpose 
of the investigation and show, first, the septic tank 
will dispose of creamery waste; second, it is a cheap 
method; third, it is applicable to both large and 
small creameries.

[Co n t r ib u t io n  f r o m  t h e  L a b o r a t o r y  o f  t h e  H a w a i i  E x p e r i m e n t  

S t a t i o n , P a p e r  N o . 3 . ]

A STUDY OF THE COMPOSITION OF HAWAIIAN PINE­
APPLES.

B y  \ V .  P .  K e l l e y .

Received December 9, 1910.

In 1903 Munson and Tolm an1 concluded, from an 
extensive investigation of pineapples from Florida, 
Cuba, Porto Rico, Baham a and Singapore, that neither 
the variety nor the latitude in which the fruit was 
grown exercised any influence on its composition. 
The ratio of reducing sugars to sucrose in a given 
vanety, however, was found to vary  greatly. One 
pineapple of the Smooth Cayenne variety, for instance, 
was found to contain 3.17 per cent, reducing sugars 
ar>d 7.51 per cent, sucrose, while another of the same 
vanety contained 9.75 per cent, reducing sugars and 
onb' 2.98 per cent, sucrose. Some pineapples were 
also reported which contained abnorm ally small per­
centages of sugars. The fruit used b y  these authors

'J - Am. Chem. Soc., 36, 272-80; U. S . Dept. Agric., Bur. Ctleni., 
2»//. 87.

4 ° 3

was shipped several hundred miles, some of it having 
been purchased in the open market, and irregularities 
in composition, as pointed out b y  them, m ay in part 
be due to differences in degree of ripeness at the time 
of gathering.

In 1904 Hume and Miller1 published the results of 
a study of a number of varieties of pineapples grown 
in Florida, including several of the same varieties used 
b y  Munson and Tolman, and concluded from their 
studies that the acid content and total sugars in dif­
ferent varieties vary  between wide extremes. These 
authors state that pineapples which ripen during the 
winter months contain less sugars than when ripening 
in summer; also, that usually the acidity varies in­
versely with the total sugars. Recently, Blair and-

Once per 
week.
75.6  

1.25 
2. 0 
0 . 0  

195.0
85 .0
17.0

3 days

W ilson’ made an extensive investigation of the compo­
sition of pineapples as affected by the use of fertilizers.

The pineapple soils of Hawaii-* have been derived 
from the disintegration of basaltic lava, and as regards 
both chemical and physical properties, are very unlike 
soils elsewhere that are devoted to pineapple culture. 
A  study of the composition of pineapples from these 
soils is, therefore, not without interest. In addition, 
the chemical changes taking place during the process 
of development and ripening have also been investi­
gated. The Smooth Cayenne is practically the only 
pineapple cultivated in these islands and hence the 
discussion in this paper relates to this variety  only. 
In nearly every instance the pineapples were gathered 
b y  the writer, and were selected with special reference 
to securing representative fruit of uniform ripeness. 
Generally, except as otherwise noted, the analyses 
were made on the following day.

The methods employed in this work are essentially 
those given under the Official Methods for the A naly­
sis of Fruits and Fruit Products.4 The solids in the 
juice were calculated from the specific gravity  by use 
of the tables of H. Ellion, nitrogen was determined b y  
the ordinary K jeldahl method, reducing sugars b y  the 
volum etric Fehling solution method and sucrose by 
double polarization, the cane sugar being calculated 

io o ( P  I )
from the formula S = ----- —----- -. The total sugars

142.60 —  i
2

as invert were determined by digesting for two 
hours at the temperature of boiling water, 20 grams of 
the fruit in 200 cc. dilute hydrochloric acid, neutral­
izing, filtering and then determining the reducing power

1 F l o r i d a  S t a . ,  B u l l .  7 0 , 5 9 - 6 1 .

2 Ibid., 101.
3 T h i s  J o u r n a l , 1, 533-8 (1909).
4 U. S. Dept. Agric., Bur. Chem., Bull. 107, 7 7 - 8 2  (revised).

— C o m p a r i s o n  o f  S e p t i c  E f f l u e n t s , D o s i n g  f r o m  S i x  T i m e s  p e r  D a y  t o  O n c e  p e r  W e e k .
P a r t s  p e r  M i l l i o n .

6 times 3 times Twice Once Once every
per day. per day. per day. per day. 2 ‘/a  days.

1 1 . 6 29 .8 4 8 .6 4 2 .6 58.1
26.5 29.7 30.1 13.12 1.5

0.0 0.0 0.0 1 .0
0.0 0.0 0.0 0.385 0.0

1726.1 1324.6 1360.2 897.98 325 .0
164.2 150.0 182.9 120.08 115.0
135.8 133.4 179.3 88.57 18.0
100.1
13 hrs. 17.6 hrs. 1 day 1.80 day 2 days
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of the filtrate b y  use of Fehling’s solution. The acidity 
was determined b y  direct titration with N / io  K O H  
with the aid of phenolphthalein, and the results 
expressed as sulphuric acid. The chief acid of pine­
apples is citric but is here expressed as sulphuric.

Table I contains the results of the analyses of pine­
apples th at thoroughly ripened in the field. These
pineapples were taken from several districts in the

T a b l e  I . —- T h e  C o m p o s i t i o n  o f  N o r m a l l y  R i p e n e d  P i n e a p p l e s .
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101 0.56 3.94 7.97 11.91 6 .4 — 3 .7 3 2 .0
102 0.53 3 .84 8 .36 12.20 6 .9 — 3.7 31.5
103* 0.31 5 .14 4.01 9 .15 2 .3 — 2.8 31 .0
1041 0 .06 0.22 6.20 3.63 9 .83 2.0 — 2.6 32.3
105 0 .09 0.43 5 .1 0 7.54 12.64 5 .8 — 3 .8 30.5
106 0.08 1.05 3 .8 6 9.45 13.31 7 .7 — 4 .3 31 .4
107 0.09 1.16 4 .18 8 .40 12.58 7.1 — 3 .6 30 .8
103 0.08 0.63 2.78 7.36 10.14 5 .4 — ł.O 3 0 .0
109 0 .09 0.75 3 .56 8 .12 11.68 6 .3 — 4.0 31 .7
110 0 .09 1.03 4 .7 2 9 .88 14.60 7 .4 — 5.1 32.3
111 0.07 0.86 5 .18 10.05 15.23 8.0 — i  .7 32.7
112 0 .99 4 .59 10.12 14.71 8 .4 — 1.4 32 .3
113 1.06 3 .5 0 8.47 11.97 6.6 — i . 2 30.3
114 0 .09 0.71 4 .1 2 6.93 11.05 4 .9 — 3 .9 31 .4
115 0.07 0.82 3 .14 7.15 10.29 5 .3 — 3 .8 31 .0
123 0.42 4.54 7.41 11.95 5 .0 --- 4r .5 29.2
140 0.45 4.35 6.08 10.43 4 .2 — 3 .5 32 .0
141 0.68 4 .00 6 .97 10.97 4 .9 — 4 .0 30 .0
142 0 .63 4 .87 6 .47 11.34 3 .9 — 4 .3 30 .2
143 0 .65 4 .85 6.85 11.70 4 .6 — 4 .2 28.6
144 0.61 5 .55 6 .03 11 .58 4 .0 — 3 .7 3 0 .0

A v . 0 .08 0 .74 4 .23 7.88 1 2 .1 1

islands, from soils of vastly  different composition and 
growing under a wide range of rainfall. W hile not 
noted in the table a careful study of the pineapples 
from different sections has failed to reveal any great 
variation in the composition due to rainfall or soil. 
Individual pines from the same field, however, vary  
considerably, especially in regard to total sugars and 
acidity. In the main there is a fairly definite ratio 
between the reducing sugars and sucrose, this being 
usually about as i to 2. In the case of pineapples 
Nos. 103 and 104 the ratio is somewhat reversed, but 
this is probably due to the fact th at each of these pines 
was slightly overripe at the tim e of gathering, and in 
the opinion of the author had begun to ferment. This 
would not only account for the partial inversion of the 
sucrose, but also for the abnormally low sugar con­
tent. B y  further reference to this table it m ay be 
seen that there is a considerable variation in the acid­
ity  and that the percentage of acidity is somewhat 
proportional to the total sugar content.

Table II contains the results of the analyses of green 
pineapples. These pines were fully grown but had 
not begun to ripen. Pineapples used in fresh fruit 
shipment to California are generally gathered at this 
stage of development. Some peculiarities in the com­
position merit our attention. The acidity is not above 
that of the ripe fruit. The fiber is low as are the solids 
in the juice. The total invert sugar which was deter­
mined in such a w ay as to hydrolyze any carbohydrates

1 Not included in averages.

that it m ay be supposed could give rise to sugars in 
the process of ripening, shows that a green pineapple 
even though full grown does not contain substances in 
sufficient quantity to produce a normal sugar con­
tent. In other words the pineapple plant does not 
store up in its green fruit any considerable amount oi 
reserve m aterial which is later converted into sugar. 
In this connection repeated tests have revealed not 
more than a mere trace of starch or dextrin in the 
fruit a t any stage of development. The slightly 
greater percentage of total invert sugar than of the 
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127 0 .48 7 .32 3 .57 1.96 5 .53 1.0 — 1.5 30.5
128 0 .44 0 .19 5 .92 3 .17 0 .78 3 .95 5 .00 0.0 — 1.0 30.4
131 0 .30 0 .16 3 .3 6 0 .87 4 .23 5 .07 4 .0 —0.7 33.7
132 0.33 0.17 3 .03 1.88 4 .91 5 .10 1.3* — 1.1 30.0
145 0 .39 7 .44 3 .33 3 .1 4 6 .47 8.02 2.5 — 1.5 31.0

Av. 0 .39 0.17 6 .89 3 .29 1 .72 5.01 5 .80

combined sucrose and reducing sugars m ay possibly be 
due to the fact th at it is very  difficult by use of the 
method of cold maceration to rupture each cell in a 
sample of green pineapple; whereas, under the influ­
ence of boiling hydrochloric acid, all the sugars were 
brought into solution. The proportion of reducing 
sugars to sucrose is almost the reverse of that 
in the ripe fruit. The reducing sugars are present 
in almost as large quantity as in the ripe fruit, 
while the accumulation of sucrose had only fairly begun.

A  number of pineapples gathered when green were 
held at the laboratory until thoroughly ripe. Table 
III  contains the analyses of such pineapples. The
T a b l e  I I I . — T h e  C o m p o s i t i o n  o f  P i n e a p p l e s  w h i c h  R i p e n e d  after 
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133 0.53 0.20 1.48 3 .92 5 .40 5 .32 2.4  —2.6 30.7
134 0 .60 0.21 6.78 1.13 2 .26 3 .39 3.57 1.3 — 1.6 23.4
135 0 .55 0.21 6 .04 1.19 3 .17 4 .36 4 .75 2.0  —2.0 32-3
136 0.63 0.25 6.54 1.06 2 .26 3 .32 3 .75 1 .1  — 1.8 29.1
146 0 .49 5 .3 0 1.33 2 .06 3 .3 9 1.1 — 1.5 32-4
147 0.39 5.13 1.27 2.03 3 .3 0 1.0  — 1.6 29.2
148 0.39 4 .9 9 1.37 1 .10 2.47 0 .0  —1.4 31.4

Av. 0.51 0.22 5 .79 1.26 2 .40 4 . 121 4 .35

data show that in the ripening of pineapples after 
having been severed from the plant, the only change of 

importance th at takes place is the conversion of reduc­
ing sugars into sucrose. The ratio between these 
sugars is practically the reverse of th at in the green 
fruit. A  general softening of tissue, and liquefaction 

within the cells had taken place, w ith a sim ultaneous 

development of a more pleasing flavor, but the total 
sugar content had not been increased.

1 The fiber was determined according to the usual method for 
determination in  feeds.

2 Average of 133, 134, 135 and 136 only.
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Table IV contains the analyses of pineapples when 
approximately one-fourth ripe. We note that there is a

Table IV.—T h e  C o m p o s i t i o n  o p  P i n e a p p l e s  a b o u t  O n e - f o u r t h  R i p e .
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126 0.62 7.34 3 .03 3.79 6.82 2.8  — 2.0 32
129 0.59 7.56 2 .53 3 .34 5.87 2 .2  — 2.1 28 .4
130 0.59 8.36 2.83 3 .83 6.66 2 .6  — 2.3 29.4
149 0.72 9.20 2.77 5 .89 8.66 4 .5  — 3 .0 30.8
150 0.75 10.93 2 .56 5.25 7.81 4 .0  — 2.7 30

Av. 0.65 8.68 2.74 4 .42 7.16

slight increase in acidity and also a considerable in­
crease in sucrose as compared with the green fruit.

Table V shows the composition of pineapples when 
half ripe. When the fruit has attained this develop-
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116 0.78 11.83 2.74 7.33 10.07 5 .7 — 3 .6 31 .8
117 0.67 10.36 2.61 6 .70 9.31 5 .0 — 3 .5 31 .7
124 0.63 2 .38 6.83 9.21 4 .9 — 3 .8 30 .5
125 0.54 4 .16 6 .09 10.25 5 .0 — 2.7 32 .2

Av. 0.65 2.97 6 .74 9.71

ment fully three-■quarters of its maximum sugar has

iing the juice in the fruit but w ithout m aterially chang­
ing its concentration.

During the Aormal ripening of the pineapple a rapid 
accumulation of sugars and a slight increase in acidity 
takes place. When the fruit becomes approxim ately 
half ripe, it contains at least three-fourths of its m axi­
mum sugars.

been stored up.
SUM M ARY.

The composition of Hawaiian pineapples varies con­
siderably. The total sugar content on the one hand 
was found to vary from 9.15 per cent, to 15.23 per 
cent., while on the other there is a range in acidity of 
from 0.22 per cent, to 1.16 per cent. Generally, though 
not always, the acidity increases with an increase in 
sugars. The average composition of pineapples grown 
in Hawaii is about equal to that reported from other 
countries.

Green pineapples contain less acidity than the ripe 
fruit and also a small percentage of fiber, reducing sugar 
and sucrose. Dextrin and starch do not occur in im­
portant quantities in pineapples at any stage. The 
reducing sugars and sucrose stand in inverse ratio to 
that of the ripe fruit. In the ripening of pineapples 
gathered green, the most im portant chemical change 
that takes place is the conversion of reducing sugars 
mto sucrose, but the total sugar content appears not 
to be increased.

The cells of green pineapples as seen under the high- 
power microscope contain a thickened layer on the 
cell walls, which renders it difficult to express the 
juice from the cells. In the ripening process this 
layer gradually becomes dissolved aw ay until a t ma­
turity the cell walls are extrem ely thin and easily 
ruptured. With pineapples th at are gathered green 
and allowed to ripen the thickened coat on the cell 
walls also becomes dissolved, thus apparently increas-'

THE DETERMINATIONS OF TOTAL SOLIDS IN M ILK .1

B y  P a u l  P o e t s c h k e .

Received Feb. 24. 1911.

In the routine contamination of milk, the analysis 
is usually restricted to the determination of total 
solids, fat and specific gravity. Generally an ex­
amination for the more common preservatives is also 
included.

The object of the present article is to consider 
particularly the determination of total solids as accom­
plished by the aid of a special pipette devised for de­
livering five grams of milk of known specific gravity. 
Inasmuch as the specific gravity  is essential to the 
proper use of this pipette some essential features re­
lating to specific gravity  will be considered.

Specific Gravity.— The New Y ork  Board of Health 
lactom eter is the instrument usually employed in 
routine milk inspection. These instruments, as com­
m only constructed, require a com paratively large 
volume of milk, and if used for general laboratory 
work, would greatly inconvenience the inspector 
when m any samples are taken for examination. A l­
though m any lactom eters of reduced size are in use, it 
m ay be of interest to describe one of these forms,3 
which require but four ounces of milk. Fig. i is 
an exact representation of the instrument. A  cylin­
drical jar (height n . o  cm., diameter 4 .3  cm.), made 
of brass tubing with a copper bottom  soldered thereto, 
serves as a container for the milk. A  sufficient 
quantity of the well-mixed sample, cooled to a few 
degrees below 600 F., is poured into the jar and stirred 
with a dairy thermometer until the temperature 
reaches 60° F. The lactom eter is then carefully low­
ered into the jar, and when it becomes stationary, 
the reading recorded. T90 much stress cannot be 
laid upon a proper standardization of the instrument. 
I have found lactom eters to be incorrectly graduated 
in some cases to the extent of 4 0 to 5 0. The simplest 
method of standardization is to compare the instru­
ment in question with a standard lactometer. How­
ever, if such a standard is not at hand, a series of 
salt solutions are prepared and their specific gravity  
determined at 600 F. with a pycnometer, as in the 
following case, Table I :

T a b l e  I.

Specific gravity 
at 60° F., by  
pycnometer.

1.0245 
1.0278 
1.0312

Observed reading 
on instruments 

(Standard).
Corresponding

lactometer.
8 4 .5 °
96.0

107.0

One. Two.
8 4 .0 °  8 4 .0 °
9 6 .0  96 .0

107.0 107.0
1 Read before N. Y. Section Am. Chem. Soc., Feb. 10, 1911.
2 Devised some years ago by Dr. Deghuie. of this laboratory.



4 o 6 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 .  June, 191,

H aving thus verified the standard, we can proceed 
to standardize other instruments b y  comparison, 
which is much simpler, since it is not' necessary to 
standardize at 600 F. The comparison can be made 
at any other temperature, as long as the temperature 
of the solution remains uniform while the instrument 
in question is compared with the standard. Table 
II gives the result of comparison of several instruments 
with the standard:

Lactometer
number.

1 ABLE IT
Reading on
Standard

lactometer

Observed
reading on Correction.
lactometer.

86 — 40
98 — 3

110 — 2
118 —  1

86 — 4
98 — 1

108 —  1
117 —  1
85 — 4
97 — 3

108 — 2
117 —  1

86 +  I
92 +  2

104 +  3
114 +  4
82 -f I
89 ‘ +  2

100 4-2
H I +  3

The observed corrections noted in Table II are 
plotted on cross-section paper to facilitate ready 
reference and avoid errors in interpretation. If the 
lactom eter reading of a sample of milk is taken at 
any temperature other than 60° F., a correction of 
one degree is necessary for a difference of 20 F. Of 
course, a corresponding amount is added if the tem ­
perature is above 600 F., and subtracted if below 
60° F.

Total Solids.— The usual method of determining 
total solids is to introduce five grams of milk into a 
weighed flat-bottom ed dish. A fter the dish has 
been weighed, a five-gram weight is added to those 
already on the balance pan, and five cc. of the thor­
oughly mixed sample drawn into a dry five cc. pipette. 
This is emptied into the dish until counterbalanced 
by the weights, which is readily accomplished. B y  
this means five grams are weighed quicker than if 
a full five cc. were delivered and weighed, and this 
procedure has the further advantage of shortening 
the final calculation. The dish .is then placed in 
the water bath, until nearly all of the water is evap­
orated, and finally dried to constant weight at 1000
C. Provided the tem perature is constantly main­
tained at roo° C., a practically constant weight is 
obtained in 21/, hours. A  therm oregulator,1 very 
convenient for controlling the temperature, has been 
described b y  the author.

To reduce as much as possible the time required 
for all routine determinations, is an object worthy 
of consideration in the laboratory where m any sim­
ilar determinations are carried out. However, any 
shortening of an accepted or reliable process must not

1 J .  A m . Chem. Soc., 31, 1218.

noticeably affect its accuracy. The author has de­
vised a pipette graduated so as to deliver five grams 
of milk of known specific gravity, which for con­
venience is graduated in degrees of the N. Y . Board of

Health lactometer. Although graduated in this 
manner, the equivalent specific gravity  and Quevenne 
lactom eter degrees can be interchanged according to 
Table III , which also gives the weight of water, cor­
responding in volume to five grams of milk at 600 F.

Repeated trials of pipettes of varying dimensions 
were made until one of satisfactory form was secured. 
The body of the pipette is not of much significance, 
but the suction tube and calibrated delivery tube 
must be of such internal diameter as to allow of ac­
curate measurement and fairly uniform time of de­
livery. The pipette is shown (*'/4 actual size) in Fig.
3. The internal diameter of the calibrated tube 
is 1 .0  mm. and of the suction tube 2.5 mm. The 
temperature of the milk is preferably adjusted to 
600 F., well mixed and drawn into the pipette until 
the zero mark coincides with the lower meniscus. It 
is then allowed to drain into the weighed dish, by 
touching the side of the dish with the tip of the pipette, 
until the mark corresponding to the lactometer read­
ing of the milk is reached. Ordinarily the sample 
for the total solids determination is taken directl) 
after the lactom eter reading is recorded so as to obviate
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T a b u s  I I I .
W eight of water 
corresponding in
volume to five

grdVity, N. V. Board Queveuue grams of milk
60111?. of Heflltli. seal**. at 60° P.
1.020̂ 1 70° 20 .a 4.9005
I .0266 71 20.6 4.8991
1.0209 72 20.9 4.8976
1.0213 73 2tv2 4.8962-
1.0215 74 21.5 4.8948
1.0217 75 21.7 4.8938
1.0220 76 22.0 4,«924
1.0223 77 22.3 4:8909
1.0226 78 22.6 4.8893
1.0229 79 22 9 4.8881
1.0232 80 23.2 4.8866
1.0235 81 • 23.5 4.8852
1.0238 82 23.8 4.8838
1.0241 83 24.1 4.8823
1 0244 84 24.4 4.8809
1.0246 85 24.6 4.8799
1.0249 86 24.9 4.8785
1.0252 87 25.2 4.8771
1.0255 88 25.5 4.8757
1.0258 89 25.8 4.8742
1.0261 90 26.1 4.8728
1.0264 91 26.4 4.8714
1.0267 92 26.7 4.8700
1.0270 93 27 .0 4.8686
1.0273 94 27.3 4.8671
1.0275 95 27.5 4.8661
1.0278 96 27 .8 4.8648
1.0281 97 28.1 4.8633
1.0284 98 28.4 4.8619
1.0287 99 28.7 4.8605
1.0290 100 29 .0 4.8591
1.0293 101 29.3 4.8577
1.0296 102 29.6 4.8563
1.0299 103 29.9 4.8549
1.0302 104 30.2 4.8534
1.0304 105 30.4 4.8525
1.0307 106 30.7 4.8511
1.0310 107 31 .0 4.8497
1.0313 108 31.3 4.8482
1.0316 109 31 .6 4 .8468
1.0319 110 31 .9 4.8454
1.0322 111 32.2 4.8440
1.0325 112 32.5 4.8426
1.0328 113 32 .8 4.8412
1.0331 114 33.1 4.8398
1.0333 115 33.3 4.8388
1.0336 116 33 .6 4.8374
1.0339 117 33 .9 4.8361
1.0342 118 34.2 4.8347
1.0345 119 34 .5 4.8333
1.0348 120 3 4 .8 4.8319
1.0351 121 35.1 4.8305
I .0354 122 35 .4 4 .8290
1.0357 123 35.7 4.8276
1.0360 124 3 6 .0 4.8262
1.0362 125 36.2 4.8253
1.0365 126 36.5 4.8239
1.0368 127 36 .8 4.8225
1.0371 128 37.1 4.8211
1.0374 129 37.4 4.8198
1.0377 130 37.7 4.8184

the necessity of again adjusting the milk to the proper 
temperature. The pipette is of still greater advan­
tage when a complete analysis is required, as in the 
case of human milk. For instance, in the deter­
mination of total proteids b y  the K jeldahl method 
%  grains of the milk are delivered directly into the 
digestion flask without any weighing whatever. The 
same is true in the case of the fat determination b y  
the Adams’ paper coil method.

"  e now come to a consideration of the various fac­
tors which influence a correct delivery of five grams 
01 milk, although it will be shown that these errors 
have little significance in an actual determination of

total solids, proteids and fat. First of all, the sample 
must be uniform and reasonably fresh, since if it is 
partly churned or sour a reliable result cannot be ob­
tained. Such milk requires preliminary treatm ent 
in order to secure a proper sample for any determina­
tion whatsoever. W ith slightly churned milk, the 
sample is warmed so as to melt the particles of but-
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ter and shaken until a uniform m ixture is obtained. 
In the case of sour milk it becomes necessary to treat 
the sample with a small quantity of alkali, preferably 
ammonium hydroxide, which dissolves the coagula­
ted casein. A n y sample which requires such treat­
ment should not be measured by means of the pipette 
for the total solids determination. The largest source 
of error is due to the variable retention of different 
milks, but the time of delivery (average 100 seconds) 
is sufficiently great to reduce the retention to a min-

Fig. 3 .

imum. Table IV  shows the amount of retention 
for various samples and the influence on the total 
solids determination. The amount retained was ob­
tained by delivery to the requisite mark on the pipette 
into a stoppered weighed tube:

T a b l e  I V .

Lactometer 
reading 

Sample at

Weight 
delivered 

correspond­
ing to Retention

Total solids 
corrected for

Total solids 
assuming 

five 
grams to 

have been
number.

%00vO lactometer. in grams. retention. delivered.

1 113 4.9985 0.0015 12.06 12.06
2 110 4.9974 0.0026 12.28 12.27
3 115 4.9945 0.0055 12.39 12.38
4 117 4.9957 0.0043 12.73 12.72
5 82 4.9976 0.0024 9 .25 9.25
6 90 4.9966 0.0034 9.82 9.81
7 113 4.9911 0.0089 12.34 12.32
8 114 4.9875 0.0125 12.37 12.33
9 114 4.9860 0.0140 12.39 12.35

10 113 4.9906 0.0090 12.34 12.32
11 113 4.9917 0.0083 12.33 12.32

From the results obtained the minimum retention 
was 0.0015 g ram> the maximum 0.0140 gram, and
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the average 0.0066 gram. Assuming an average total 
solids of 12.00 per cent., the maximum error from 
this source is 0.04 per cent., and the average 0.02 
per cent., which is well within the ordinary limits 
of accuracy.

Pipettes delivered b y  the makers require to be 
standardized. This is accomplished b y  delivering 
freshly boiled and cooled distilled water at 600 F. to 
the 70, 85, 100, 115 and 130 marks and weighing the 
water in a stoppered weighing tube. Table V  gives 
the result of a calibration of four pipettes and the 
required corrections:

T a b l e  V .

Pipette Pip A te Pipette Pipette
1. 2. 3. 4.

Volume water at 60° F. de­
livered to 70 m ark............ 4.9051 4.9026 4.9032 4.9053

Equivalent lactometer......... 67° 69° 68° 67°
Correction................................ +  3° +  1° 4-2° 4-3°
Volume water at 60° F. de­

livered to 85 mark............ 4.8836 4.8828 4.8838 4.8851
Equivalent lactometer......... 82° 83° 82° 81°
Correction................................ +  3° +  2° 4-3° 4-4°
Volume water at 60° F. de­

livered to 100 m ark......... 4 .8650 4.8615 4.8644 4.8650
Equivalent lactometer......... 96° 98° 96° 96°
Correction................................ 4-4° 4-2° 4-4° 4-4°
Volume water at 60° F. de­

livered to 115 m ark......... 4.8453 4.8436 4.8403 4.8443
Equivalent lactom eter......... 110° 111° 114° 111°
Correction................................ +  5° 4-4° 4-1° 4-4°
Volume water at 60° F. de­
livered to 130 m ark............. 4 .8260 4.8228 4.8220 4.8236
Equivalent lactometer......... 124° 127° 127° 126°
Correction................................ +  6° 4-3° 4-3° 4-4°

In order to simplify interpretations the correc­
tions noted in Table V  are plotted as in Fig. 2.

Table V I gives the result of total solids determina­
tions made with the use of the pipette and in the 
ordinary manner:

T a b l e  VI.
Total solids.

Lactometer B y pi­ By direct
Sample reading at Fat. pette. weighing.
number. 60° F. Per cent. Per cent. Per cent

52710 114 3 .6 12.35 12.37
52711 113 3 .6 12.32 12.31
52712 113 3 .6 12.32 12.28
53064 106 3 .3 11.42 11.40
53117 111 3 .3 11.78 11.83
53124 112 4 .5 13.21 13.28
53126 111 3 .6 12.19 12.19
53018 110 3 .4 11 .83 11.89
53396 112 3 .7 12.38 12.37
53397 112 3 .7 12.24 12.41
53398 110 3 .4 11.77 11.84
53399 112 3 .4 12.06 12.06
53400 112 3 .5 12.16 12.20
53403 113 3 .5 12.24 12.20
53259 107 3 .4 11.70 11.68
53261 110 3 .5 12.12 12.10
53449 113 3 .2 11.90 11.89
53450 113 3 .5 12.15 12.19
53492 112 4 .0 12.55 12.60
52293 110 3 .4 11.85 11.91
52294 110 3 .4 11.89 11.95
52309 102 5 .6 13.94 13.93
52310 111 3 .7 12.29 12.38
52335 110 3 .7 12.28 12.28

In 31 additional determinations, omitted for lack 
of space, the average variation b y  pipette and direct 
weighing was ±0.045 Per cent.

It  is apparent th at the results show good agreement, 
and considering the time and labor saved, I feel jus­
tified in describing the instrument. Mr. Gottleib 
Greiner, of 81 John Street, New Y ork City, has under­
taken to make this pipette at a reasonable cost. 1 
wish to acknowledge m y indebtedness to my assis­
tants, Messrs. J. Schroff, J. F. Kahrs, and E. S. Lieb- 
scher, for their assistance in the analytical work.

L e d e r l e  L a b o r a t o r i e s ,

3 9 - 4 1  W e s t  3 8 t h  S t r e e t ,
N e w  Y o r k  C i t y . /

PLANTS AND MACHINERY.
FILTRATION OF WATER.

B y  C h u r c h i l l  H u n g e r f o r d ,  Engineer, Hungerford and Terry, 
Philadelphia,
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For a great m any years the streams flowing through 
the more densely populated portions of our country 
have been subjected to a steadily increasing con­
tamination. In spite of the various commissions, 
boards of health, prohibitive statutes and other a t­
tem pts to regulate this condition the last ten years 
has seen a retrogression in the purity of surface 
waters that is most startling. Occasionally a very 
active commonwealth m ay deal with certain in­
dividual sources of contamination with a heavy hand, 
but instead of these attem pts being received with 
acclamation their authors have been excreated as 
people who are attem pting to prevent the normal 
growth of the country b y  the repression of its in­
dustries.

The occasional sewage disposal plant met with or 
the perfunctory attem pts of the manufacturers to 
disguise the unpleasant features of their waste liquors 
have had little result on the general flow. So dis­
couraged are sanitarians and othe s becoming that 
they no longer demand that such streams shall retain 
their original purity, but are willing to compromise the 
entire m atter b y  simply requiring th at the contamina­
tions shall not make a nuisance of the stream itself, 
that is, that all forms of m atter m ay be emptied into 
it provided these forms are not of a sufficiently putre­
factive nature to make the stream offensive. Of 
course, certain chemical wastes, if discharged into the 
stream, would cause manufacturers below to protest 
and perhaps bring suit to stop their discharge, but 
this form of litigation is never of a satisfactory rwture 
and is alw ays enormously expensive. As a matter 
of fact the average manufacturer is placed between 
the devil and the deep sea. Above him is the ffl-
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considerate manufacturer who persists in defiling the 
stream, and below him is the obdurate and unreason­
able factory owner who objects to his industrial
wastes. It is really remarkable the w ay a m an’s
point of view can change merely b y  looking up or
down stream. Everything that comes from above
seems to be of a pernicious nature while everything 
discharged below seems perfectly harmless.

While the nature and degree of contamination m ay 
van' greatly in different streams, due to the popula­
tion, nature of the industries upon its banks and pro­
portion of pollution to the normal flow, the general 
contamination consists of sewage, paper mill wastes, 
waste dye liquors from wool, cotton and silk in­
dustries, waste from wool washeries, bleacheries, 
possibly a chemical factory waste and occasional 
spent tannery liquors. Nearly a lw ays’ will we also 
find profuse growths of organisms of a low type, 
particularly beggiatoa, which will frequently be seen 
in such enormous quantities as to interfere with the

4 ° 9

acid it can be handled in a purifying plant. The 
strawboard factory waste, if sufficiently diluted, 
presents no serious problem but as a rule these fac­
tories are located on small streams and the strongly 
alkaline waste makes the general flow of the stream 
very alkaline indeed. The neutralization of this 
alkali, if it exists in large quantities, is an expensive 
and unsatisfactory process. The beet sugar waste 
is now being utilized b y  manufacturers of beet sugar 
so that this form of contamination fortunately has 
practically disappeared. The starch factories also 
have recently evolved a manner of treating their 
waste which we are led to believe is more than self- 
sustaining, so that both of these industries can be 
relied upon to eliminate w hat is now a source of in­
frequent but serious trouble.

These uncommon forms of contamination are, 
m any of them, being eliminated by reason of the fact 
that the waste products can be utilized. The re­
mainder are usually located in territories quite remote

Fig. 1. Settling basin for highly polluted water. Frame chemical feed house at right and brick filter houses at end of basin.

flow of the stream. Then there are uncommon forms 
of contamination such as the waste liquor from sul­
phite pulp mills, strawboard factories, beet sugar waste, 
starch factory waste, etc. A ll of these represent a 
■Wry serious form of contamination and which, if 
they exist in very considerable proportions, are bound 
to make the work of purification extrem ely difficult. 
The first-named, the sulphite waste, is an acid sub­
stance which interferes w ith the bacterial purification 
of the stream and must be neutralized with some 
alkaline substance before it can be purified. If it is 
tot present in sufficient quantities to make the water

from cities so th at they do not enter into the problem 
usually presented and as outlined in the forepart of 
this article.

While the various industries are the principal 
sufferers from stream contamination, they are also the 
principal contributors toward it. T hey must have 
water in large quantities and they must be provided 
with an outlet for their wastes. Moreover, certain 
conditions, such as labor, propinquity of the markets, 
availability of material, etc., demand that these in­
dustries shall be located in or near populated districts. 
Thus they are prevented from going to remote places



Fig. 2. Filter house: capacity, 2 1/%  million gallons.

through a filter plant of the so-called mechanical type, 
that is, a filter which can be washed in a few minutes by 
reversing the flow of water through it. This treat­
ment must be effected in such a manner th at the 
applied chemicals will not leave residual. substances 
prohibitive to the use of the water.

Some industries require a very high degree of 
purification while others simply require the removal 
of suspended matter. Silk dye works undoubtedly 
require the highest degree of purification while cotton 
bleacheries, cotton and wool dye houses and paper 
mills come n ext in the order named. The silk dyer, 
on account of the extrem ely delicate shades demanded 
and the properties of the chemicals employed b y  him

of m atter; the addition of some oxidising agent to 
reduce the sewage to an innocuous form, and sedi­
mentation to effect as large a removal of the pre­
cipitated m atter as is possible before delivering the 
water to the filters.

The most reliable coagulant th at can be used e 
sulphate of alumina. Other substances have been 
tried, m any of them successfully, but for genera! 
efficiency and economy the sulphate of alumina is 
undoubtedly superior to any other substance. Sul­
phate of iron followed b y  lime has been used ven 
extensively but in m any cases plants using these 
substances have reverted to the aluminum sulpha

Before sulphate of alumina is applied to a water v>
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to procure a pure w ater and they are compelled to 
use the contaminated supplies invariably found in 
populated districts. The water supplied b y  munici­
palities and water companies ranges in cost from 
four cents to th irty  cents per thousand gallons and 
such industries as paper mills, bleacherics, silk works, 
etc., use millions of gallons of water per day. To pay 
any such tremendous price for water would reduce 
their profits to nothing. Their very  existence depends 
upon their ability to make the contaminated waters 
suitable for their requirements, and this problem, while 
apparently very complex, resolves itself in almost 
every instance into a com paratively simple one. 
The solution consists in the treatm ent of the polluted 
water with certain chemicals which will produce com­
plete precipitation of the dyes, coagulation of the finer 
particles of suspended matter, and a t least a partial 
oxidization of the sewage. A fter the chemical treat­
ment a reasonable period of time to allow for sedi­
mentation and completion of the chemical reactions 
must take place, after which the water is passed

must have a water that is crystal clear and absolutely 
colorless. For bleaching cotton a degree of purifica­
tion not quite so thorough is required while for paper- 
making it is sim ply necessary to remove all of the 
suspended m atter and those dyes which would have a 
tendency to discolor cellulose. The degree of purifica­
tion attained depends very largely upon the pre­
liminary treatm ent, or in other words, upon the 
amount and character of the chemicals employed to 
exhaust the colors, produce coagulation and oxidize 
the sewage.

No filter, of course, can remove dissolved substances 
from w ater in any appreciable quantity, and to effect 
a complete rem oval of m any of the most annoying 
substances which are in solution or so finely divided 
that they cannot readily be retained by the filter, 
preliminary treatm ent should be resorted to. Simple 
coagulation, however, is only one of its offices.

Prelim inary treatm ent in its broadest sense con­
sists first in the addition of coagulants to exhaust the 
dyes and to gather together the finely divided particles
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analysis, of course, is necessary. Should the water 
be found to possess no alkalinity it must first be 
artifically produced, ordinary soda-ash or even build­
ing lime being perfectly applicable to this condition. 
The sulphate of alumina is applied in the form of a 
solution to the incoming water as it enters the settling 
basin. It is applied in quantities varying with the 
degree of pollution, and will range from one to as high 
as six grains per gallon in extreme cases with an 
average requirement for polluted waters of two and 
one-half grains to the gallon.

The chemical action of the sulphate of alumina is 
very rapid indeed. It almost instantly combines 
with the alkaline substances in the water to form 
hydrate of alumina. It  also has a direct action upon 
almost every dye that is found in the stream, and it 
has a tendency to com pletely precipitate these dyes 
when mingled with each other. This effect is some­
times quite surprising because it frequently happens 
that pure solutions of the dyes themselves which are 
hardly effected by the sulphate of alumina will, when 
mingled with the various substances found in the 
stream, combine to form a general im purity which is 
quite amenable to treatm ent by the aluminum sul­
phate; that is to say, the dyes, mordants, etc., 
which are used in a dye house and which are not 
individually susceptible to alum treatm ent will, when 
mingled together and in conjunction w ith the lime 
existing in the water, the sewage and other industrial 
waste, form a highly discolored substance which can 
be completely precipitated b y  the sulphate of alumina.

In the actual preliminary treatm ent of the water, the 
matters precipitated have a tendency to gather together 
in flocculent masses quite visible to the naked eye. 
As a rule these substances tend to settle with con­
siderable rapidity so th at in three hours’ time we find 
that the water has been rendered passably clear. If 
sewage, however, is present in any considerable 
quantity there is a tremendous growth of various 
forms of bacterial life, some of which possess the 
property of giving off gases in greater quantity than 
can be dissolved b y  the water itself. In fact,- the 
solution of these gases in the w ater is not a condition 
to be desired, as many of them have a highly offensive 
odor. The worst condition of all, however, is the 
tendency of small bubbles of the gases generated to 
attach themselves to the m atter which has settled 
and buoy it to the surface, thus preventing the most 
important action of all— sedimentation. Moreover, 
in the depth of the sludge the gases of decomposition 
are generated with such energy th at masses several 
square yards in extent are sometimes brought to the 
surface where they break up and fall slowly to the 
bottom again. This process taking place over the 
entire surface of the settling basin destroys the benefits 
received from sedimentation, and during warm weather 
•t would be quite possible for the settled w ater to 
feave the settling basin in worse condition than it 
entered.

Furthermore, the liquefying bacteria are also very 
active under the especially favorable conditions for 
■'ile'r growth which exist within the settling basin
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and much of the m atter that has been precipitated, 
or in fact that had not been in a liquid form at all, is 
reduced to a solution through their offices. This 
action liberates the coloring m atter which had been 
precipitated and the effluent from the filter will show 
these colors.

Of course, from the m anufacturer’s standpoint, the 
removal of the bacteria from the water is something 
that does not interest him. As a m atter of fact, 
however, his water must be sterile or very  nearly 
sterile to be properly purified as it is quite apparent 
that the bacteria can com pletely arrest the purifica­
tion process. Moreover, if they are not destroyed 
they will grow in the underdrains of the filters, and 
even in the piping system  throughout the factory, to 
such an extent as to obstruct the flow of water, so 
that it is quite apparent that some extrem ely power­
ful bactericide must be employed.

B y  reason of their efficiency and economy there are 
two substances which immediately present them ­
selves, one calcium hypochlorite and the other sul­
phate of copper. Of the two, the calcium hypo­
chlorite is far the more preferable, and in fact, copper 
sulphate is seldom used except in those cases where 
algae are troublesome. The calcium hypochlorite 
when used in quantities ranging from 1-5 parts per 
million not only destroys all of the bacteria that 
could make any trouble but it also tends to break up 
the sewage and to decompose m any dissolved sub­
stances that m ight b y  future putrefaction cause great 
trouble with the water. This substance accurately 
applied produces the most wonderful results in the 
settling basins, and a water which possesses a high 
degree of color, a very  offensive smell and much sus­
pended m atter will, after three hours’ preliminary 
treatm ent in the settling basin, with the addition of the 
requisite quantities of alumina and hypochlorite, flow 
to the filters very  largely clarified, with much of the 
color, a great deal of the suspended m atter and al­
most all of the odor taken away. In other words, 
the water has been reduced to a filterable condition, 
and after passing through the filters it will be as 
bright, clear, sparkling and odorless as spring water.

These problems of purification are not to be ap­
proached without due consideration and a very  care­
ful study of the forms of contamination. There m ay 
be extraordinary forms of pollution th at require some 
special form of treatm ent in addition to the usual 
chemical treatm ent in the ordinary rectangular 
settling basin. The presence of very  large quantities 
of sewage makes a problem, which would otherwise 
be quite simple, very hard to handle. If the sewage 
contained is very  high indeed recourse will have to be 
made to some of the standard methods of sewage 
disposal. In such cases possibly the most effective 
of all would be the Imhoff tank, but even if this were 
used it would have to be followed b y  chemical treat­
ment in the usual settling basin.

A  very  im portant part of the preliminary apparatus 
is the chemical feed. It  is necessary in almost all 
instances to apply the coagulants, oxidizing agents, 
etc., in a very  exact manner. The chemical feed to
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do this must be an apparatus which is capable of 
measuring the incoming water and applying to it the 
exact amount of chemicals required, proportionate 
to this flow. It  often happens that the influx m ay 
vary  from ten to ninety per cent, and the chemical feed 
must meet these changes rapidly and accurately. If 
not enough chemicals are applied the preliminary treat­
ment is a failure. If an overdose of chemicals is 
applied the water cannot be used, so it is quite evi­
dent th at this small and apparently insignificant ap­
paratus is of great importance.

The proportion of chemicals required is best deter­
mined b y  means of some simple chemical test that can 
be conducted b y  operatives having no chemical knowl­
edge. W ith regard to the amount of sulphate of 
alumina required the writer finds that any person of 
ordinary intelligence can determine the alkalinity of 
the water b y  means of N/$o sulphuric acid, taking 
xoo cc. of the w ater to be tested and using erythrosine 
as an indicator. B y  conducting the test in the 
manner above described, each tenth of a cc. of acid 
consumed in titrating indicates an alkalinity of one 
part per million, and each grain of sulphate of 
alumina per gallon applied to the water reduces the 
alkalinity eight parts per million.

The sulphate of alumina solution is made up of 
standard strength in wooden tanks, one tank being 
prepared while the other is in use. Of course, the 
amount of alum used can alw ays be determined by 
reference to the chemical feed, but the determination 
of the alkalin ity at weekly intervals makes a very 
good check upon the laborer who usually attends to 
the preparation of the alum solution.

The soda solution where required is also made up 
in the same manner and the test conducted in the same 
manner. The hypochlorite of lime is made of stand­
ard strength in a separate tank with an agitator 
operated b y  hand. A fter it has settled clear the 
supernatant liquor is drawn into a solution tank from 
which it is taken b y  the chemical feed as required. 
As the quantity of this material used is so small the 
only test required with this is _to make sure that 
there is no excess of hypochlorite, and so a.solution of 
starch and potassium iodide is used as a qualitative 
test. If there is any indication of a blue color there 
is a very great excess of calcium hypochlorite being 
used and the feed should be very  much reduced.

This method of dealing with the situation m ay not 
appeal to a chemist but there are m any instances in 
industrial plants where very nice chemical deter­
minations are conducted quite ignorantly but very 
successfully b y  people who have no chemical knowl­
edge of what they are about. Where a chemist is 
employed b y  the works a more accurate determina­
tion can be made at suitable intervals, but the amount 
of calcium hypochlorite required is so far below that 
which can actually be consumed b y  the impurities 
in the water that an excess could only come from the 
grossest carelessness imaginable.

A fter the preliminary treatm ent of the water is 
completed the water passes through the filters, which 
are the most im portant and b y  far the most interesting 
part of the whole apparatus..

These filters must be constructed so that they will 
remove all suspended m atter from the water aid 
can be readily cleaned in a very  few minutes’ time. 
T hey must be capable of handling very large quan­
tities of water, must occupy little space and be 
so constructed that there is no deterioration of the 
filtered water as they grow old. This means that the 
filter beds must wash perfectly every time the current 
is reversed and that there shall be no permanent con­
cretions of the retained matter. They must also be 
capable of passing the water through them with a 
very slight loss of pressure, and economy of operation, 
next to efficiency, must be a distinguishing char­
acteristic.

Following are the results of filtration upon badly 
polluted waters:

No. 1 .— S a m p l e  o f  W a t e r  f r o m  P a s s a i c  R i v e r  b e l o w  P a t e rso n , N. J

Alkalinity.
Color. Turbidity. Parts per million. Odor.

Before filtration deep bluish
black 80 23 Musty

After filtration colorlcss 0 7 Faint
Coagulant used 2 grains of sulphate of alumina per gallon. 
Sedimentation 2 hours. 15 minutes

No. 2 .— S a m p l e  o f  W a t e r  f r o m  D u n d e e  C a n a l  a t  P a ssa ic . X. J.
Bacteria 

per
Color.

Before filtration black 
After filtration 
Coagulant used 
Sedimentation

Alkalinity.
Parts per mil- Oxygen 

Turbidity. lion. consumed. 
100 23 16.57

colorless 0 3 .6  1.83
2Vs grains of sulphate of alumina per gallon 
about two hours

8 .0 0 0

40

Calcium hypochlorite 1 part per million

No. 3.— S a m p l e  o f  W a t e r  f r o m  D a n  R i v e r  a t  D a n v il l e . Ya.
Alkalinity. 

Parts per 
million. 

12 

10

Color.
llazen scale. Turbidity.

Before filtration 50 4000
After filtration 0 5
Coagulant used 1 grain sulphate of alumina per gallon and carbon

ate of soda to neutralize it 
Sedimentation 3A  hour

The so-called mechanical filter fulfils the above 
requirements. Unfortunately, this filter is suppose; 
to have been evolved from the older type of slow sand 
filter, whose action depends principally upon a layer 
or film of impurities directly upon the surface of the 
sand. This slow sand filter is capable under average 
conditions of handling about three million gallons cl 
w ater per acre per day and when properly taken care 
of shows a very high bacterial efficiency, but it doe: 
not possess a great bacterial efficiency immediate!; 
after cleaning or until the surface film gets thkf. 

enough to act as a strainer. Also when the rate of 
three million gallons per acre per day is exceed?- 
m aterially there are short periods that occur dunn? 
which the bacteria in the filtered water m ount up­
ward to an astonishing degree. Careful investigation 

have developed the fact th at this surface film breafe 
in places, perm itting the water to rush through the 
sand at those places at a high rate of speed, c® 18’ 
all manner of impurities through with it. The be.-' 
w ay of avoiding this trouble seems to be to keep the rate 
of filtration below three million gallons per acre ft 
day.

The first successful mechanical filter was developed 
a  good m any years after slow sand filtration had be



!une, 1911 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 . 4 1 3

come an assured success, and almost coincident with 
the perfection of this apparatus it was discovered 
that by the use of alum in the filtration process a very 
brilliant water could be delivered from the filters. 
The inventor, with a full knowledge of the theory 
of slow sand filtration, assumed that the hydrate of 
alumina formed by the addition of the alum made his 
surface layer much tougher and perm itted a rate of 
filtration ranging from sixty  to one hundred and 
twenty million gallons per acre per day. This belief 
in a tenacious surface layer has unfortunately been 
very largely adhered to by filter manufacturers, but 
the writer is firmly convinced th at this theory is al­
together erroneous. In the first place, the hydrate of 
alumina does not toughen the surface layer. If a 
water containing nothing but hydrate of alumina is 
applied to a filter so that it will form a surface layer, 
a rate of sixty million gallons per acre per day cannot 
be maintained without serious breaking through, 
the hydrate of alumina being so unstable that it can­
not form a layer of reliable integrity. In the second 
place a surface layer with fine enough pores in it to 
retain the bacteria, which range from one twelve- 
thousandth to one twenty-five-thousandth of an 
inch on their longest dimensions, and the particles of 
fine argillaceous m atter that give the water an opales­

cent tint— computed to be about — -— — of an
100,000

inch in diameter— could not be forced even under 
very high pressure to let the water through at any­
thing like the high rate of filtration that the mechanical 
filter does maintain successfully w ith only a slight 
loss of head. Still again we have seen that a surface 
layer on the slow sand filter breaks through readily 
at the very slow rate of three million gallons per 
acre per day, and there is no reason to believe that 
the mechanical filter acts differently.

With these points in view  it m ust be apparent to 
every one that the surface layer is not the effective 
filter, but that some other process beside mere strain­
ing is responsible for the high efficiency of the me­
chanical filter.

A mechanical filter, in spite of its high rate of speed, 
is constructed of coarser sand of a much more uni­
form size than that used in the slow sand filter. While 
there is considerable latitude permissible in the size 
of the grains in different filters, an average grade of 
sand which gives interestitial channels about one 
twelve-hundredth of an inch in cross-section is the 
size most generally used. The determination of the 
size of these channels is very  easily made in the fol­
lowing manner: For example, we find that tw enty
sand grains laid in a line cover a space of one inch. 
This would give for a square inch four hundred 
grams with a corresponding number of interstitial 
spaces. Taking the proportion of voids or inter­
stitial spaces in a given quantity of sand, which 
^  found to be approxim ately 33*/3 per cent., 
We that in each cubic inch of sand there are 
twelve hundred channels having a combined area of 
fjne-third of a cubic inch, which is equivalent to one 
twelve-hundredth of an inch for each channel. This

com putation is, of course, subject to slight fluctuations, 
but as above stated the sand is so screened that there 
is very little variation in the size of the sand grains, 
and consequently the channels, although quite de­
vious, m ust maintain a fairly uniform cross-section.

We have already seen th at the finer particles of 
m atter that must be retained b y  the filter range in 
diameter from one twelve-thousandth of an inch to 
one one-hundred-thousandth of an inch and we must 
retain these particles in a medium th at has channels 
one twelve-hundredth of an inch in diameter. In 
other words, we have a screen with openings ranging 
from ten to eighty times th at of the particles which 
must be retained. A t first sight this appears to be an 
im possibility but an inspection of the filtered water 
shows that 99 per cent, or more of these fine particles 
have been removed. True, the addition of a coagulant 
has gathered together a great m any of these particles 
into fiocculent masses, b u t . these masses have little 
cohesion and are broken up b y  the slightest agitation. 
Besides, a large number of the fine particles are not en­
trapped in the coagulated matter. Moreover, there 
are types of filters which run for long periods of time 
without showing the faintest visible trace of a surface 
film or blanket so that a hypothetical medium with 
fine interstices on the surface of the filter can hardly 
be held accountable for the high efficiency.

A  thorough consideration of this rather paradoxical 
process of filtration brings forth the rather startling 
conclusion that the so-called mechanical filter is not 
in the strictest senss of the word a filter a t all. We 
have been accustomed to regard the filter paper of 
the laboratory as the true type of filter and this to a 
great extent is true in that the pores in the paper are 
so fine th at they are small enough to prevent large 
particles passing through.

To a large de ree the slow sand filter acts in the same 
w ay as the filter paper because the layer of impurities 
at the surface, being formed of the impurities them­
selves, has smaller interstices which arrest all that 
come after.

Some other pro ess must be possessed b y  the me­
chanical filter. Although difficult to demonstrate 
conclusively just w hat does take place within the 
depths of the sand bed the following is a plausible 
theory of the true process. The water delivered to 
the sand bed contains some more or less finely divided 
hydrate of alumina and other coagulated substances 
of a viscid or sticky nature. These particles of m atter 
freely enter the large interstitial channels of the filter 
bed. In passing through these devious channels they 
sooner or later come into contact with a sand grain, to 
which they attach themselves. This m ay occur very 
near the surface or not until the m atter has been 
carried several inches into the bed. A s the sand is 
two or more feet deep the probability of any particle 
passing through such a depth without coming in 
contact with a sand grain is extrem ely low. A fter a 
few m inutes’ operation enough adhesive m atter has 
attached itself to the sand grains to give the filter a 
high efficiency, that is to say, the sand grains have 
become coated with the adhesive substances derived
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from the water so that any particles of m atter which 
are not of a sticky nature would in turn become at­
tached to this substance. This process of adhesion, 
or entanglement, or whatever we choose to call it, 
progresses for a period of time, say for some hours, 
and the channels keep getting smaller and smaller by 
reason of the quantities of m aterial attached to the 
sand grains. This reduction in area of the channels 
first takes place near the surface of the filter. There 
is no indication on the surface of the sand of any 
impurities being retained, but if some of it is removed 
and placed in clear water it will be found that large 
quantities of m atter can be washed from it. If a 
sample of sand is taken a foot or more below the 
surface it is found, during the early stages of the run, 
that there is very  little foreign m atter in it. In time, 
however, as the velocity through the upper layer of 
sand increases, due to the restriction of the area of 
the channel, particles of the retained m atter are tom  
aw ay from their anchorage and carried deeper into the 
bed, where, by reason of the greater area, the flow 
is reduced in velocity so th at these particles can again 
reattach themselves. This process goes on until the 
voids in the top 1 2 inches of the sand bed are almost en­
tirely filled with the impurities. A t this period the 
resistance through the filter bed is so great th at the 
velocity of flow cannot be maintained and in a very 
short time a surface film appears upon the filter, and 
the appearance of this film with some makes of filters 
is an indication that the filter bed m ust be washed, 
as the filter becomes impervious to water soon after 
its appearance. Samples of the sand taken from 
filters a t different depths a t different periods of opera­
tion seem to indicate the correctness of this theory.

The above conclusions have been arrived at after a 
number of experiments. In the first place, the writer 
has found that a very shallow filter, six inches in depth, 
made of the peculiar kind of sand used in mechanical 
filters, possesses a very low efficiency indeed. In 
fact it is hardly able to clarify the water. Again, in 
filtering other substances beside water, fresh cider for 
instance, that the filter sand has hardly any effect, 
although a filter paper would make the cider perfectly 
clear. Other fluids also show poor results.

Puech and Chabal have constructed a number of 
filters which in certain ways parallel this action of the 
mechanical filter. T h ey differ in application, however, 
from the fact th at they use a very much coarser medium 
with much greater interstices, and they filter the water 
repeatedly through several filters before the requisite 
degree of purification has been reached. The under­
lying principals, however, do not differ m aterially 
from those possessed b y  the mechanical filter, but 
there is a very decided difference in one point which 
is that the Puech filter has no method of cleansing 
and consequently the filter medium accumulates great 
quantities of foreign m atter which is not of a suffi­
ciently tenacious form to hold more than a portion of 
the finely divided m atter in the water.

The mechanical filter consists of a suitable tank or 
container in which is placed the filter bed proper, 
which, as above described, consists of very  carefully

screened sand. Rounded sand is preferable to sharp 
fresh quartz by reason of the fact that the active 
movement of the sand grains during the washing 
process tends to wear the corners off the sharp sand 
and decrease t  in effective size. Underneath the 
sand bed is placed the strainer system, which s a 
series of strainers connected to suitable piping, whose 
office is to co duct the filtered water away from the 
sand bed and to distribute the wash water uniformly 
underneath it when the filters are being cleansed. 
U sually the strainers have orifices or ports in them 
smaller in size than the sand, but there are certain 
exceptions to this rule wherein large ports are used 
and the sand layer is carried upon successive layers 
of graded gravel. This latter plan is effective for a 
time but eventually the gravel layers become dis­
tributed and let more or less sand pass through, 
which, of course, enters the- strainer piping and is 
very likely to obstruct it so that only a portion of 
the filter will wash. Also, sand in the filtered water 
is frequently very  annoying in many industrial 
applications.

The filter must also be equipped with the necessary 
piping for reversing the flow of water for washing, 
filtering to waste and filtering. In the washing pro­
cess the upward flow of water produces a rapid agita­
tion of the sand grains which m ay be further increased 
b y  means of a revolving rake or by forcing air up 
through the sand. Occasionally a wash pump as 
well as a positive blower is required to assist in the 
above operation. Some filters must be washed with 
filtered water only while others possess greater latitude 
and can be wash d with either raw or filtered water 
at will, there being a great advantage in favor of the 
filter which can use both, as it frequently happens 
that washing becomes necessary a t a time when the 
supply of filtered w ater is greatly depleted, and it 
then becomes necessary to close down the entire plant 
while enough water wash is being accumulated.

If the filter plant is properly designed and the 
washing process is thorough, there should be no 
deterioration whatever of the filter bed, no deteriora­
tion of the quality of the effluent as the filter grows 
older, and no permanent accumulations of foreign 
m atter within the filter bed.

It is inevitable th at the streams in thickly populated 
districts should become the natural channels for 
industrial wastes. So long as we have industnes so 
long must there be wastes which can be gotten rid 01 
in no other practical way.

There are limitations to the burdens which can be 
placed upon manufacturers. Laws may be made 
which will stop the em ptying of all wastes into streams, 
but these same laws will absolutely stop fflanu 
facturing, and in view of the fact that with certain 
very  rare exceptions the most polluted streams cat 
be used and reused for manufacturing purpose 
the logical solution of the entire matter lays more 
within the remedial field than the prohibitive os-
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THE HEW RESEARCH LABORATORY BUILDING OF THE
AMERICAN ROLLING MILL CO., MIDDLETOWN, OHIO.

Received May 1, 1 9 ll.

The new laboratory building of The American Roll­
ing Mill Co. marks a forward step in the development 
of industrial research.

The prime object of The American Rolling Mill Co. 
is to manufacture the purest ferrite iron that it is pos­
sible to produce on the large scale of operation per­
mitted by open-hearth furnace practice. In addition to 
this, it is the intention to make this commercially pure 
iron the base of such useful iron alloys as m ay be de­
manded by future metallurgical development and dis­
covery. The original attem pt to manufacture an iron 
which should be practically free from carbon, manga-

Fig. 1.—Motor generator and switchboard. Research Dept.

nese and the other ordinary impurities found in steel, 
and still produce a metal unburned and degasified, 
presented a number of unknown difficulties and ob­
stacles which only system atic investigation could be 
relied upon to solve. This situation led The American 
Rolling Mill Co. to organize a Research Department 
and build and equip a laboratory building in which 
investigation work could be carried on exclusively, 
without being burdened with the necessary daily rou­
tine of analysis and test. A s a result of this determi­
nation, the company is now equipped at Middletown, 
Ohio, with one of the finest exclusively iron research 
laboratory buildings in the country, if not in the world.

The Electrical Division, Research Department.— Four 
rooms on the first floor and two in the basement are 
used by the Electrical Division of the Research
department.

The large main laboratory, taking up the entire
"■dth of the building, gives ample space for the main
switchboard, motor generator set, and pedestals and
enches for general testing. This room is shown in the
l̂ustration, Fig. i. The Standards Room and routine

fcst room, which are adjacent to the main laboratory
*n the rear, are equipped with benches, pedestals and
test or auxiliary switchboards suitable for special 
work.

The Computation Room w hich also serves as an

office is adjacent to the main laboratory in front, and 
is convenient for overseeing the work.

In the basement is located the Storage B attery 
Room and Shop, which also serves as a terminal room 
for outside power.

The electric wiring system  for the building was 
laid out to be as simple and flexible as possible. All 
wires are laid in conduits, and under benches a metal 
trough is used, which will take care of any tem porary 
cables, which m ay be necessary for special work, thus 
keeping the main floor free from obstructions.

Practically all power and distributing wires, termi­
nate in receptacles both on the main switchboard dis­
tributing panel and on benches and pedestals, thus 
m aking possible m any combinations with plugs and 
cord connection at the main switchboard.

Tw o 125-volt sets of storage cells are controlled from 
one panel of the main switchboard, arrangement can 
be made for series and parallel working, and taps are 
brought out to receptacles in such a w ay that almost 
any voltage within the lim it of the set m ay be obtained.

Another panel on the main switchboard controls 
the motor generator set, which is of special design for 
magnetic testing requirements. The motor is of 
interpole type, 7.5 H.P. capacity, having a speed ratio 
of 4 to 1. The generator gives a sinusoidal wave form, 
is 2.5 K .V .A . capacity, and is operated from seventeen 
and one-half to seventy cycles.

The Electrical Division of the Research Department 
is equipped throughout for complete tests on steel for 
magnetic and electrical properties. Modem apparatus 
is used but old types are retained and can be used at 
any time.

Perm eability of sheets and solid bars can be deter­
mined b y  various methods. W att loss and ageing 
tests are made on sheet steel; conductivity and coeffi­
cient tests can be made on bars of sheets.

Particular attention is given to the question of stand­
ards of precision. The Standards Room, Fig. 2, is

Fig. 2.— Standards room, Research Dept.
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Fig. 3.— Chemical laboratory, Research Dept.

three vitreous enameled sinks connccting with terra 
cotta pipe to sewer. All sinks are fitted with three 
faucets, supplying hot and cold city  water, and dis­
tilled water. The distilled water is furnished by a 
still in the building, heated by live steam, and has a 
capacity of ten gallons per hour, the still being located 
at an elevation of about ten feet above the floor, so as 
to give a sufficient head. It is connected b}r block- 
tin pipe to basement, and to all washstands of the 
building and tap in the storage battery room.

All gas, air and vacuum  pipes in the chemical lab­
oratories are embedded in concrete, the valves being 
placed beneath the table tops. Lead pipes are run 
from the laboratories to the basement where connec­
tions are made with gasometers from which various 
gases, such as oxygen, nitrogen and hydrogen can be 
obtained.

The shelves in the chemical laboratories beneath 
tables are suspended from the concrete table tops b y  
iron bars.

The supply room shown in Fig. 4 adjoins the bal­
ance room on one side, and the main laboratory, being 
connected by double swinging doors. All shelves in 
the supply room, balance room and microscopical lab­
oratory are of white carara glass. Supplies are un­

equipped for this work only, and here are kept several 
instruments which are used for standardizing the instru­
ments which are used continually in the laboratory.

Standard samples for various apparatus are kept on 
file in this room, which are used from time to time 
in checking up.

Metallurgical Division.— The Metallurgical Division 
of the Research Laboratory occupies the entire second 
floor of the building and consists of eight rooms as 
follows: office, distilling room, dark room, private 
research laboratory, main chemical laboratory, supply- 
room, balance room, and microscopical laboratory.

A ll rooms are heated with low pressure steam and 
are regulated b y  the Johnson system of thermostatic 
regulation to 72 0 F.

Electric terminals are so arranged in the various 
laboratories and rooms that any current from one volt 
up to 220 volts can be obtained at all times.

The chemical laboratories shown in Fig. 3 contain

loaded in the supply room from a dumb waiter con­
necting with the basement storage room.

The balance room is located for a northern exposure, 
in order that the sun’s rays would not interfere with

Fig. 4.— Storeroom filled with white glass shelves, Research Dept.

the eyes nor strike the balances so as to cause unequal 
expansion of the beams. In this room are located 
two Sartorious balances, one Torsion balance, and 
H arvard scale.

The dark room is fitted with double vestibule doors 
so as to exclude light, the bench tops are made of slate 
and contain the necessary equipment for photographic 
work. The window lights are double, consisting of 
the regular sash sliding vertically and glazed with 
amber colored glass. The other sashes are hinged and 
open into the room and are glazed with ruby glass. 
W ith this arrangement several combinations of light 
can be secured, viz., daylight, amber, ruby, or a com­
bination of ruby and amber together.

One room is devoted to the Metallurgical Research 
Laboratory (Fig. 5), the floors, ceiling and table tops

Fig. 5.— Metallurgical laboratory.
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in this room being faced with white tile. A  hood 17 
feet long occupies one side of the room and is lined 

| with slate walls and tile table tops. This hood is 
partitioned off, the other half being located in the main 

I chemical laboratory. A  special feature of this hood
is that it has a reinforced concrete outlet for the fumes 
and has openings on two sides and is also open at the 
top. The side openings allow the wind to enter, strike 
a baffle wall where it is deflected upward and creates 
a very good draught. The outlet is 4 X 8 feet and 
looks like a burial vault except for the openings. The 
hood is well lighted with windows glazed with floren- 
tine glass.

The main chemical laboratory is lined with white tile 
throughout, glazed tile for the walls and ceiling, and 

I vitreous tile for floors and table tops. The vitreous and
glazed tile were tested before selection.

Two tables, five feet b y  ten feet, of reinforced con­
crete faced with tile and supported b y  brick pedestals, 
are located in this laboratory, and furnish ample 
working space for many men. These are in addition 
to the bench which runs the length of the room on two 
sides.

The microscopical laboratory contains a reinforecd 
concrete table in the middle of the room, covered with 
a single slab of white glass weighing 850 pounds. The 
working benches are also of reinforced concrete con­
struction, covered with white glass.

One room in the basement is used for corrosion tests 
and is furnished with shelves for crocks, holding vari­
ous solutions, and at this time several thousand sam­
ples are being tested under different conditions.

One accelerated test consists of suspending samples 
of various materials on half-inch glass rods which pass 
through bars at the endof iron spokes, which are screwed 
into a hub. These hubs are all on one shaft, which is 
run by a small stream of w ater flowing into buckets 
on a wheel similar in construction to a w ater wheel, 
which when filled with water autom atically turn the 
"'heel, Fig. 6.

'52. 6. 'Wheel corrosion testing machine. Research D ept., known as 
the "Ferrous W heel.”

Three different tests are run on the wheel a t the 
same time: one wheel dips the samples in well water, 
another in distilled Water, and one in sea water. The 
wheel in turning exposes the samples immersed in the 
sea and well w ater to the air, where they are dried, 
while the distilled water samples are dried by burning 
natural gas which incidentally contributes carbon 
dioxide from the gas burned.

The apparatus throughout the laboratory is very 
complete and is of the best that the m arket affords.

An electric furnace of the electrode type is used in 
the M etallurgical Department, which is also equipped 
with an electric hot plate, silica tube furnaces, etc.

In the microscopical laboratory (Fig. 7) is a com-

Fig. 7.— Metallographie laboratory. Research Dept.

plete equipment for the microscopical exam ination of 
metals, and in this room is a spectrometer of the latest 
model for studying the gaseous impurities of iron and 
steel.

Hardness tests are made b y  the Shore scleroscope.
In the physical test division which is located in the 

basement of the Research Laboratory, the most modern 
equipment for the physical testing of iron and steel is 
installed. This includes a Riehl6 ioo,ooo-pound 
tensile testing machine, the Landgraf-Turner alterna­
ting im pact testing machine, a complete equipment for 
preparing samples, etc.

AN ELECTRIC FURNACE FOR ZINC SMELTING.1

B y  F r a n c i s  A .  J .  F i t z G e r a l d ,  Consulting Chemical Engineer, Niagara 
Falls, N. Y.

There is no branch of m etallurgy which is apparently 
more suited to electric furnace treatm ent than that of 
zinc smelting. Moreover, the electric furnace pos­
sesses certain characteristics which make it specially 
applicable to the conditions of zinc smelting. It 
has long been known that when zinc sulphide and me­
tallic iron are strongly heated the following reaction 
takes place,

ZnS + Fe = Zn + FeS, 

but the reaction does not seem to be complete unless
1 Abstracted from a paper presented before the Congress of Tech­

nology at the Massachusetts Institute, Boston.
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there is a relatively large excess of iron, or unless the 
temperature of the reaction is very high. Imbert, 
however, discovered1 that b y  using suitable “ dissol­
v e n ts” this objection to the process is overcome. 
Imbert, for example, found that ferric oxide and iron 
sulphide mixed together in the proportion of one part 
and three parts respectively formed a very  fluid bath 
at a temperature between iooo° and n o o °  C., and that

this bath would “ dissolve” six parts of blende. 
When the blende is “  dissolved ” in a bath in this w ay 
the reaction with iron mentioned above takes place 
with the greatest ease, is complete, works at a compar­
atively low temperature and as a residue produces two 
distinct substances— a slag consisting of the gangue 
from the ore and a ferrous m atte which m ay be used 
for the regeneration of iron, etc.

(A great m any experiments were made with this pro­
cess and the results were highly satisfactory, except 
that it was very difficult to construct a suitable fur­
nace for the purpose.) Obviously working the process 
in the ordinary zinc retort furnace would not be satis­
factory, for the process should be carried out with a 
much larger unit than a zinc retort. When it comes 
to applying fuel heat to such a process numerous diffi­

culties arise which are sufficiently plain without men­
tioning them in detail. This naturally led to the idea 
of using an electric furnace, and m any experiments 
with various kinds were made. Finally Mr. John 
Thomson and the author designed a furnace which was 
used on a large scale in the working of the Im bert

1 II. S. Patent S75.589, Dec. 31, 1907.

Process. One of these furnaces of 150 kilowatt ca­
pacity  was constructed and worked under the author's 
supervision in Ilohenlohehutte, Upper Silesia, with 
highly satisfactory results.

In order to design a satisfactory furnace it was nec­
essary to keep certain points in view: The furnace
must be gas-tight; the temperature must admit of 
careful regulation; the construction must be rugged so 
as to stand severe usage; the heat losses must be re­
duced to a  minimum since electrically generated heat 
is alw ays expensive.

In Figs. 1, 2 and 3 are shown respectively a longitu­
dinal section, transverse section and plan of the furnace 
with the cover removed. The walls of the furnace are 
double with air-spaces I which are designed to prevent 
the loss of heat b y  conduction through the walls. The 
furnace is provided with carbons, T, T, C and C, the 
two former serving as terminals which are connected 
to the source of current b y  means of cable indicated 
b y  P and Q, while the two latter are simply connector

terminals which form the other terminals of the two 
sections' of the resister R, R, and are connected by E. 
Bearing on the terminals T, T  and the connector termi­
nals C, C are channels B, B which are connected with 
each other b y  the tension rods S ,  S .  The channels are, 
of course, insulated from the terminals. The furnace 
is lined with a suitable refractory M and is provided 
with a tap-hole at H. The resister of the furnace is 
built up of a series of corrugated plates, which are 
illustrated in Fig. 4, the figure on the right showing an 
end view of the plate, while the one on the left shows the 
shape in which the plates are cut as viewed from the front. 
In Fig. 5 is shown a view of the plates set up so as to 
form a resister. Considering one of the plates it is 
to be noted th at the thickness is not the same from top 
to bottom , but increases from the bottom up so that 
when put in place they form an arch of very long ra­
dius as shown in Fig. 5 . Because of the interlocking 

of the plates this arch form is not necessary, but seems 
to be desirable in the preliminary assemblage and is 
also utilized to produce a somewhat greater current 

density along the lower surface of the resister. The 
cover of the furnace; which is not shown in the illus­
tration, carries feeding tubes b y  means of which the 
ore m ixture m ay be fed into the bath below the resister.

T h e  peculiar construction o f  the r e s i s t e r  plates hs> 
t w o  purposes: to give a sufficiently high resistance to 

t h e  resister and at t h e  same time to form an interlock­
ing device so that even if no arch form is given to tie
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resister yet it will not fall down. A  furnace was built 
with plates having these dimensions:

Length at top ..................................405 mm. 16 inches
Length at bottom .......................... 255 mm. 10 inches
Width................................................ 165 mm. 6.5 inches

The two sections of the resister contained 71 plates each. 
This when cold had a resistance of 0.200 ohm and when 
running at the full capacity of 150 kilowatts, and with a 
temperatute in the furnace of 1400° C., the resistance 
was 0.0375 ohm. This resistance is due almost alto­
gether to the contact resistance between the plates, 
for by calculating the resistance of the carbon itself 
we find that it would not amount to more than o . 00064 
ohm.

In order to regulate the rate of generation of energy 
in the resister there must be some means of varying 
the voltage at the terminals of the furnace. A t 
Hohenlohehutte, as well as in the FitzGerald and Ben­
nie Laboratories where these furnaces have been worked, 
this is done by means of a transformer with several 
taps brought out from the prim ary coils which allow 
the voltage on the secondary circuit to be varied from 
50 to 100 volts in 2.5-volt steps, and from 100 to 200 
volts in 5-volt steps.

It will be seen that the weakest part in this furnace 
is the carbon resister, due to the fact that if working 
in an oxidizing atmosphere the resister will be de­
stroyed. In the particular work for which it was de­
signed, however, there would be no danger of this 
because the furnace is filled with vapor of metallic 
zinc. During the process of heating the furnace, or 
at any time when zinc vapors were not generated, there 
would be danger of burning through air leaking in; 
but this is easily overcome b y  keeping a reducing

atmosphere in the furnace slightly above external 
pressure. It has been found b y  actual experiment that 
a furnace of this type running continuously for two 
months showed no appreciable wear of the resister.

The regulation of temperature in this furnace is most 
satisfactory. In the Hohenlohehutte experiments 
thermo-couples of pyrometers were placed in several 
parts of the furnace to study the temperature con­
ditions carefully. I t  was found that the most accurate 
regulation of the temperature in the furnace was pos­
sible, the workman in charge adjusting the rate of 
generation of energy in the resister so as to keep the 
needle of the pyrometer stationary.

The furnace is a highly efficient one. In one of the 
earlier models where the heat insulation was far from 
being satisfactory careful determination of all heat 
losses were made. W hen working at temperatures be­
tween 1250° and 1260° C. the total heat losses were 33 
kilowatts, and when working at temperatures between 
14000 and 1450° C. the heat losses were 42 kilowatts. 
Consequently when the furnace is working at full ca­
pacity, 150 kilowatts, the thermal efficiency at 1250° 
is 78 per cent, and at 14250 C. is 72 p ercen t. No 
exact determinations of the efficiency of later models 
have been made, but it is known to be much higher 
than those given above.

Fig. 5.

The metallurgical end of the problem has not been 
com pletely worked out, but the satisfactory working 
of the furnace has been clearly demonstrated, and 
furnaces built on similar principles have been used 
experim entally with great success in the melting of 
aluminum, copper, brass, etc. This is thought to be 
of some interest, as a development in the use of electric 
furnaces using the heat generated b y  the passage of 
an electric current through a resister. There is a 
tendency in electric furnace work to em ploy the arc 
which is often a m istake because of the difficulty in 
regulating the temperature. Finally, the furnace 
described above from its construction lends itself 
readily to adaptations which permit of using the com- 

' bined heat effects of fuel and electricity, and it is thought 
that a great future is in store for furnaces of that type.

A RADIATOR FOR PLATINUM CRUCIBLES.
B y  \ V . M . T h o r n t o n ’ , J r .

Received March 16, 1911.

The accom panying drawing illustrates a very  simple 
radiator for the evaporation of solutions to dryness in 
platinum crucibles. P is the platinum crucible, held 
in position by the Hoskins chemists' triangle M 
(a special nickel alloy). The ends of the Hoskins' 
triangle are cut off at a point about m idway their 
length and bent upwards. The Hoskins triangle is 
supported b y  the walls of the nickel crucible N at a 
height that will hold the platinum crucible with its 
bottom  and sides about equidistant from the bottom  
and sides of the nickel crucible. The outer crucible 
is supported b y  a triangle of nickel wire, R, which in 
turn rests on a tripod, T, of iron (coated with aluminum
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paint). B y  placing a sm all,flam e under the outer 
crucible the inner crucible is uniformly heated b y  hot 
air, and its contents can be rapidly brought to dryness 
without danger of spattering.. A fter the cessation of 
fumes the lid can be placed on the nickel crucible and 
the platinum crucible baked at an even and moderately 
high temperature if desired. The apparatus in use by 
the author is constructed of a “ rein nickel”  crucible 
of 100 cc. capacity and a i 1 /2-inch Hoskins triangle. 
These dimensions serve very well for platinum crucibles

METALLOGRAPHY AND ITS INDUSTRIAL IMPORTANCE.'
By A l b e r t  S a u v k u r ,  Professor of Metallurgy in Harvard University.

Received April 17, 1911.

Tw enty years ago the science of m etallography was 
practically unknown and it is only within the last 
fifteen years that it has been seriously considered by 
metal manufacturers and consumers as a valuable 
method of testing and investigation. That so much has 
been accomplished in so short a time is highly gratify­
ing to the m any workers, practical or scientific, who 
have contributed b y  their efforts to the progress of 
metallography.

To realize the practical importance of metallography, 
it should be borne in mind that the physical proper­
ties of metals and alloys, that is, those properties to 
which these substances owe their exceptional indus­
trial importance, are much more closely related to 
their proxim ate composition than to their ultim ate 
composition, and that microscopical examination re­
veals, in part at least, the proxim ate composition of 
metals and alloys, whereas chemical analysis seldom 
does more than reveal their ultim ate composition. 
It will bear repeating that from][the knowledge of the 
proxim ate composition of a certain industrial metal

1 Abstracted from a paper presented at the Congress of Technology. 
April 11. 1911, Boston, Mass.

of 20 or 25 cc. capacity. The following advantages 
are claimed for the apparatus:

z. It can readily be constructed of materials ob­
tainable by any chemist at small cost.

2. Nickel serves as an excellent material for a radi­
ator because of its high conducting and radiating power. 
It is also very  resistant to burning and rusting; and, 
hence, is very durable. The Hoskins triangle is made 
of a very refractory alloy in which platinum vessels 
can be held and heated with impunity.

3. Since the shape of the rein nickel crucible is 
approxim ately the same as that of the ordinary plat­
inum crucible, all parts of the latter can be supported 
equidistant from the corresponding parts of the former 
thus securing uniform heating.

The author has found the above form of radiator es­
pecially useful in the analysis of some highly titanifer- 
ous rocks from Nelson Co., Virginia, in the laboratory of 
the Virginia Geological Survey. In separating the 
silica at ioo° C. the titanium  alw ays hydrolyzes in 
large measure and precipitates on the separated silica. 
When the silica is subsequently determined by loss 
on evaporation w ith hydrofluoric and sulphuric acids, 
there is a considerable amount of solid titanium sul­
phate remaining. In conducting these evaporations 
on the hot plate, superheated steam and other vapors 
accum ulated below a solid crust and much trouble was 
experienced on account of spattering. When the 
radiator was used, however, and with proper adjustment 
of the flame, spattering became a very rare occurrence.

The above description is given w ith the hope that 
it m ay prove of help to other chemists who may find 
it to their advantage to resort to a like expedient.
V i r g i n i a  G e o u j g i c a l , S u r v e y ,

U n i v e r s i t y  o f  V i r g i n i a .

or alloy we are able to infer its properties and, therefore, 
predict its adaptability, with a much greater degree of 
accuracy than if we knew only its ultimate composi­
tion. The analytical chemist m ay tell us for instance 
that a steel which he has analyzed contains 0.50 per 
cent, of carbon, without our being able to form any idea 
as to its properties, for such steel m ay have a tenacity 
of some 75,000 pounds per square inch or of some
200,000 pounds, a ductility represented by an elonga­
tion of some 25 per cent, or practically no ductility at 
all; it m ay be so hard that it cannot be filed or so soft 
as to be easily m achined, etc. The metal microscopist 
on the contrary on examining the same steel will 
report its structural, i. e., its proximate, composition, 
informing us that it contains approxim ately 50 Per 
cent, of ferrite and 50 per cent, of pearlite, and we know 
at once that the steel is fairly soft, ductile and tena­
cious, or he m ay report the presence of 100 per cent. of 
martensite and we know that the steel is extremely 
hard, very tenacious and deprived of ductility. Which 
of the two reports is of more immediate practical value, 
the chem ist’s or the m etallographist’s? Surely that 
of the metallographist. Nor is it only in the domain 0! 
metals th at we find such close relationship between 
properties and proxim ate composition, for, on the con­
trary, it is quite true of all substances. How many

ADDRE55L5.
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organic bodies, for instance, have practically the same 
ultimate composition and still are totally unlike in 
properties because of their different proxim ate com­
position, i. <?., different grouping and association of 
the ultimate constituents! If we were better ac­
quainted with the proxim ate composition of sub­
stances many explained facts would become clear to 
us. Unfortunately the chemist too often is able to 
give us positive information in regard to the propor­
tion of the ultimate constituents only, his reference to 
proximate analysis being of the nature of speculation. 
Ultimate analysis has reached a high degree of perfec­
tion in regard to accuracy as well as to speed of methods, 
and analytical chemists have built up a marvelous 
structure calling for the greatest admiration. Their 
searching methods never fail to lay  bare the ultim ate 
composition of substances. B ut how much darkness 
still surrounds the proxim ate composition of bodies 
and how great the reward awaiting the lifting of the 
veil! The forceful and prophetic writing in 1890 of 
Professor Henry M. Howe naturally comes to mind. 
Speaking of the properties and constitution of steel, 
Professor Howe wrote:

“ If these views be correct, then, no m atter how 
accurate and extended our knowledge of ultim ate 
composition, and how vast the statistics on which our 
inferences are based, if we attem pt to predict mechan­
ical properties from them accurately we become m etal­
lurgical Wigginses.

“ . . .; ultim ate analysis never will; proxim ate
analysis may, but b y  methods which are not yet even 
guessed at, and in the face of fearful obstacles.

“ How often do we look for the coming of the mas­
ter mind which can decipher our undecipherable results 
and solve our insoluble equations, while if we will but 
rub our own dull eyes and glance from the p etty  
details of our phenomena to their great outlines their 
meaning stands forth unm istakably; they tell us that 
we have followed false clues, and paths which lead but 
to terminal morasses. In vain do we flounder in the 
sloughs and quagmires at the foot of the rugged 
mountain of knowledge seeking a royal road to its 
summit. If we are to climb, it must be b y  the precip­
itous paths of proxim ate analysis, and the sooner we 
are armed and shod for the ascent, the sooner we de­
vise weapons for this arduous task, the better.

“ By what methods ultim ate composition is to be 
determined is for the chemist rather than the m etal­
lurgist to discover. But, if we m ay. take a leaf from 
lithology, if we can sufficiently comminute our metal 
(‘ay, there’s the ru b !’), b y  observing differences in 
specific gravity (as in ore dressing), in rate of solubility 
under rigidly fixed conditions, in degree of attraction 
by the magnet, in cleavage, luster, and crystalline 
form under the microscope, in readiness of oxidation 
by mixture of gases in rigidly fixed proportions and at 
fixed temperatures, we m ay learn much.

“ Will the game be worth the candle? Given the 
Proximate composition, will not the mechanical prop­
erties of the metal be so greatly influenced b y  slight 
and undeterminable changes in the crystalline form, 
s:ze’ and arrangement of the component minerals, so

dependent on trifling variations in manufacture, as to 
be still only roughly deducible?”

The above was written before the days of m etallog­
raphy or a t least when m etallography had barely 
appeared in the metallurgical sk y  and when no one 
yet had fancied w hat would be the brilliant career of 
the newcomer. M etallography has done much to 
supply the need so viv id ly  and tim ely depicted b y  
Professor Howe, precisely because b y  lifting a corner 
of the veil hiding from our view the proxim ate compo­
sition of metals and alloys it has thrown a flood of 
light upon the real constitution of these im portant 
products. Has the game been worth the candle? 
W ill any one hesitate to answer in the affirmative Pro­
fessor H owe’s question?

Professor Howe with his usual acumen was conscious 
of the fact that proxim ate analysis, while likely to 
reveal a great deal more of the constitution of metals 
than ultim ate analysis ever could, might still leave us 
in such ignorance of their physical structure as to throw 
but little additional light upon the subject. His fear 
was certainly well founded and surely if the proxim ate 
composition had been obtained b y  chemical analysis 
it would indeed have told us little of the structure or 
anatom y of the metals. In the domain of proxim ate 
composition chemistry can not do more for the m etal­
lurgist than it does for the physician. Chemistry does 
give invaluable information without which both the 
physician and the m etallurgist would be in utter dark­
ness, but it throws little or no light upon the anatom y 
of living or inanimate matter. Its very methods 
which call for the destruction of the physical structure 
of m atter show how incapable it is to render assistance 
in this, our great need. The parallel drawn here be­
tween metals and living m atter is not fantastic. It 
has been aptly  made b y  Osmond who said rightly that 
modem science was treating the industrial metal like 
a living organism and that we were led to study its 
anatom y, i. <?., its physical and chemical constitution; 
its biology, i. e., the influences exerted upon its consti­
tution b y  the various treatm ents, thermal and mechan­
ical, to which the m etal is law fully subjected; and its 
pathology, i. e., the action of impurities and defective 
treatm ents upon its normal constitution.

Fortunately m etallography does more than reveal 
the proxim ate composition of metals. I t  is a true dis­
secting method which lays bare their anatom y, that 
is, the physical grouping of the proxim ate constituents, 
their distribution, relative dimensions, etc., all of which 
necessarily affect the properties, for two pieces of steel 
for instance might have exactly  the same proximate 
composition, th at is, might contain, let us say, the 
same proportion of pearlite and ferrite and still differ 
quite a little as to strength, ductility, etc., and that 
because of a different structural arrangement of the 
two proxim ate constituents ; in other words because of 
unlike anatom y.

It  is not to be supposed that the path trodden dur­
ing the last score of years was at all times smooth and 
free from obstacles. Indeed the truth of the proverb 
that there is no royal road to knowledge was con­
stantly and forcibly impressed on the mind of those
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engaged in the arduous task of lifting metallography 
to a higher level. Its short history resembles the his­
tory of the development of all sciences. A t the out­
set a mist so thick surrounds the goal th at only the 
most courageous and better equipped attem pt to 
pierce it and perchance they m ay be rewarded b y  a 
gleam of light. This gives courage to others, and the 
new recruits add strength to the besieging party. 
Then follows the well-known attacking methods of 
scientific tactics and strategy, and after m any defeats 
and now and then a victorious battle the goal is in 
sight— but only in sight and never to be actually 
reached, for in our w ay stands the great universal 
m ystery of nature: W hat is matter? W hat is life?

Nevertheless there is reward enough for the scien­
tist in the feeling that he has approached the goal, 
that he has secured a better point of vantage from which 
to contemplate it. The game was worth the candle. 
And if scientific workers must necessarily fail in their 
efforts to arrive a t the true definition of matter, w hat­
ever be the field of their labor, they at least learn a 
great deal concerning the ways of matter, and it is 
with the w ays of m atter that the material world is 
chiefly concerned. Hence the usefulness of scientific 
investigation, hence the usefulness of m etallography.

Like any other science with any claim to commercial 
recognition, m etallography has had first to withstand 
the attack and later to overcome the ill-will and reluc­
tance of the so-called “ practical m an ” with a decided 
contem pt for anything scientific. He represents the 
industrial Philistine clumsily standing in the w ay of 
scientific application to industrial operations. For­
tunately, while his interference m ay retard progress, 
it cannot prevent it. Had he had his own w ay neither 
the testing machine, nor the chemical laboratory, nor 
the metallographical laboratory, nor the pyrom eter 
would ever have been introduced in iron and steel 
works.

In metallography, as in other fields of research, 
American workers, with very  few exceptions, have 
been quite willing to let Europeans perform the ardu­
ous and generally unrewarded task of the pioneer, 
being content to wait, before entering the field, until 
practical results were fairly in sight. Such course, 
which is never to be commended, becomes intolerable 
when accompanied, as it so frequently is, b y  the coarser 
boasting attitude of the man believing himself smarter 
than his neighbor whom he regards in the light of the 
cat drawing the chestnut from the fire. America, 
barring brilliant exceptions like Richards at Harvard 
and Noyes at Tech, does not as yet do her share of 
the pioneer’s work in investigations which do not give 
evident indications of quick commercial returns. The 
unselfish, nay self-sacrificing spirit of the true scientist 
is of far rarer occurrence in the United States than it 
is in Europe and especially in France. Am erica has 
not yet produced a Pasteur nor a Berthelot, intellec­
tual giants, profound scientific thinkers, whose con­
ception of the duty of the scientist as a man is so lofty 
that they have despised the wealth within their easy 
reach to devote themselves unreservedly to the better­
ment of their country or rather of the world, for they

are m orally so great that the entire world becomes 
their fatherland: H um anity claims them.

Speaking in 1904 of the practical value of metallog­
raphy in iron- and steel-making, I wrote the following 
■which it m ay not be out of place to reproduce here: 
“ History, however, must repeat itself, and the evolu­
tion of the metallographist bids fair to be an exact 
duplicate of the evolution of the iron chemist; the same 
landmarks indicate his course: distrust, reluctant 
acceptance, unreasonable and foolish expectation from 
his work, disappointment because these expectations 
were not fulfilled, and finally the finding of his proper 
sphere and recognition of his worth. The metallog­
raphist has passed through the first three stages of 
this evolution, is emerging from the fourth and entering 
into the last. For so young a candidate to recognition 
in iron- and steel-making, this record is on the whole 
very  creditable.”

W e m ay say to-day that he has definitely entered 
the last stage and that the adverse criticisms still 
heard from time to time, generally from the pen or 
mouth of ignorant persons, are like the desultory firing 
of a defeated and retreating enemy.

In the United States alone the microscope is in daily 
use for the examination of metals and alloys in more 
than two hundred laboratories of large, industrial firms 
while m etallography is taught in practically every 
scientific school or technical school.

THE HYGIENE OF THE W HITE LEAD INDUSTRY.
B y  A l i c e  H a m i l t o n ,  M.A., M.D., Illinois Commission on Occupational 

Diseases.
Received April 13. 1911.

The Illinois Commission on Occupational Diseases 
made a study last year of the poisonous trades of Illi­
nois, among which the lead trades hold b y  far the most 
im portant place. In the course of this work it was 
m y task to investigate personally the white lead fac­
tories, and I visited ten such places in and near Illinois, 
eight using the Old Dutch Process, one the rapid mod­
ification of this process known as the Carter Process, 
and one the Mild or Row ley Process. During the sum­
mer and autum n I had an opportunity to see some 
white lead works in England, Belgium and Germany, 
and to compare the hygienic conditions in the white 
lead industry in those countries with the conditions in 
our own.

Like any American I went to Europe prejudiced in 
favor of m y own country. I t  is true I knew that there 
was an adm irably planned system  of government con­
trol of this dangerous trade in Europe but I had been 
led to believe th at such control was absolutely necessary 
in the older countries, that hand-work, the employ­
ment of women, the wretched physique of the workmen 

made necessary a sort of protection which would be 

absurdly superfluous here. T was destined to find 
that the reverse is true, that not only is the foreign 
workman protected against the dangers of work in 
white lead, but the dangers are not nearly so greâ  
with European methods as with American, In the 
following pages I will try  to give briefly the difference 
between the methods used here and in Europe.
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As far as the construction of European white lead 
and color works is concerned compared w ith ours, I 
should say that their best was not as good as our best, nor 
their worst as bad as our worst Nowhere did I see 
a white lead plant as adm irably built as some Am er­
ican factories, with their concrete walls and floors. 
On the other hand, the most antiquated and economic­
ally managed factories there cannot be as bad as some 
of ours are, because the law insists upon certain essen­
tials in structure. For instance, there is a factory in 
Chester which is 143 years old and looks it. The build­
ings are low and shabby, irregular and dark, but the 
stacks are built of brick, glazed on the outside, the 
floors are of stone or of sheet iron, the water supply 
throughout is adequate so th at the floors m ay be re­
peatedly flushed, the lavatories, bathrooms and lunch­
rooms are what they should be, all of these details 
being controlled b y  the Home Office. A  m anufac­
turer may let his plant run down in any other way, 
but he may not let it become a dangerous place to 
work in. In Germany the same thing is true, in B el­
gium it is only partially true. State control there does 
not seem so strict.

The standard of cleanliness is not as high as it is in 
our best factories, though of course it is never allowed 
to fall as low as it does in some of our worst.

One thing which state control brings about in Europe 
is the complete separation of dusty from non-dusty 
operations. You will never see there, as you some­
times see here, dry packing or mixing carried on in 
the same room with the filling and labeling of white 
paint kegs.

Machinery has reached a high point of development, 
a fact which came to me as a surprise for I had repeat­
edly been told that I should find hand-labor everywhere 
in Europe. There are some places where processes 
are still done by hand which can be done mechanically, 
but in the best factories hand-work has been super­
seded by machinery as much as it has with us. For 
instance at Debbaudet Bros., in Brussels, where the 
process is more nearly like ours than in any other 
place I saw, there is as little hand-work as possible 
and there are all sorts of most ingenious devices which 
I have never seen in any other place. In  the red 
lead department of Cookson’s, in Newcastle-on-Tyne, 
machinery is used to the same extent as it. is here and 
m Leyendecker’s, in Cologne, it is much more highly 
developed, human labor seems almost eliminated.

For those who are not familiar with the Old Dutch 
or Stack Process for 'making white lead it m ay be best 
to give a brief description of this process as carried on 
in the United States. Pig lead is melted and cast 
mechanically in the form of “ buckles,”  thin plates 
with open spaces and cross-bars, in shape resembling 
old-fashioned shoe buckles. These are conveyed to 
the stack house, a more or less open building divided 
into compartments or stacks, with concrete or wooden 
Partitions. Here the buckles are placed in earthen­
ware pots which contain dilute acetic acid and laid in 
rows upon a bed of spent tan-bark and covered with 
boards. Another layer of bark is placed on these 
boards and then another layer of pots and so, on until

the stack is full. It  is then left untouched for about 
90 days when the acetic acid vapor together with the 
C0 3 from the fermenting tan-bark has converted the 
lead into the basic carbonate, white lead. Uncover­
ing and em ptying the pots of white lead is a dusty and 
very  dangerous piece of work. These “ corrosions” 
are then carried in trucks, b y  hand or b y  crane, to the 
"d u m p ” which is a large opening, with usually a very 
inadequate exhaust system, into the separating ap­
paratus. Once inside the separator the lead is not a 
source of danger for the machines are tightly enclosed, 
and only the repairing machinist need run any risk in 
this part of the process. The separating is effected 
b y  means of rollers and screens, and the final products 
are white lead powder which is discharged into water, 
and fragments, large and small, of "o ld  lead ” or un­
corroded buckles which are covered with white lead 
and very  dusty to handle. In some Am erican fac­
tories it is custom ary to remelt these and they are 
usually shoveled into open trucks, wheeled to the 
casting-room where they m ay be dumped to lie on the 
floor till they are needed or put at once into the kettle. 
In other places the “ old lead ” is given a second corro­
sion in the stacks. All this handling of dry fragments 
is dangerous for the men.

A fter it has passed through water mills, bolting 
machines and settling tanks, the white lead is pumped 
into great drying pans which stand one over the other 
in a hot room. A t the end of about five days the 
water has passed off and the powder is ready to be 
shoveled out and conveyed to the barrels or the oil 
mixers. This is the most dangerous spot in an Am eri­
can white lead factory, and although I have seen some 
effort made to diminish the dangers I have never seen 
a drying room which was even m oderately safe. The 
other dangerous jobs are the barrel-packing, which is 
mechanical but always accompanied b y  dust, heading 
up barrels, filling chasers (oil and lead mixers) which 
in some factories are well covered and free from danger, 
and the work in the dust-collecting room which is 
always attended with risk. In a well-managed Am er­
ican white-lead factory there are alw ays some dusty, 
dangerous processes; in a carelessly managed one there 
m ay be no spot in the factory where it is really safe 
to work. D ry sweeping is the rule in almost all the 
American factories I have seen.

In England and Europe the Old Dutch Process has 
developed differently in m any details.

Nowhere are buckles cast, alw ays long strips, some­
times solid, sometimes with three or four holes, some­
times with depressions like a long waffle. T h ey are 
often eighteen inches long and an inch thick. A t 
Locke-Lancasters each strip weighs four pounds. The 
pots are small and the strips are either piled in layers on 
top of them or they are bent on themselves and laid 
edgewise on the top. English factories do not set 
stacks with cores from former corrosions, they alw ays 
send these to the m elting pot, but in the Brussels fac­
tory the cores are used to make the top layer of each 
set of pots. This is, of course, a disadvantage from the 
hygienic point of view, although the danger is lessened 
by drenching them before they are handled.
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The Old Dutch Process is used in Belgium and almost 
everywhere in England. A t Cookson’s, in Newcastle, 
I found both Stack and Chamber processes in use, and 
the management much more enthusiastic for the latter. 
In Germany it is all Chamber Process, which means 
that the strips of lead are hung in large chambers into 
which steam, acetic acid vapors and C0 2 are conveyed 
b y  pipes.

It was only in the filling of the stacks that I saw 
women employed anywhere and this was in an old 
factory in Chester, where they still have women carry 
baskets of tan-bark up ladders to the stacks. Their 
employment is prohibited in any part of the work 
where white lead is handled, and though m any manu 
facturers told the Parliam entary Commission that they 
would be driven out of business if such a law were 
passed, they seem to have been agreeably disappointed.

In Germ any and England stacks and chambers must 
be thoroughly watered before they are emptied, so 
that there will be no dust. Prom then to the final 
drying, all the process is wet. The big corroded strips 
are picked up and laid in wooden trays and then are 
carried on trucks to the separator. A s a further pre­
caution against dust each tray is rapidly plunged into 
water, “ baptized” the)'' call it, or sprayed with water, 
before being emptied into the separator. Separation 
is done b y  washing and does seem very simple, far 
simpler than our dry method. Sometimes it is done 
b y  hand, as in one of Locke-Lancaster’s plants where 
15 tons are separated in a day, in others it is done by 
mechanical crushing in water. But it consists simply 
in washing the white light powder from the heavy 
solid core which falls to the bottom, while the water 
and white lead pass on, first through metal sieves, then 
through two sets of granite stone mills, then through 
silk sieves to the settling tanks.

From the point of view of the hygienist this method is 
so much better than ours that one longs to see it adopted 
here. I cannot, of course, speak of it from any other 
point of view, although to an outsider like me it does 
seem economical and sensible. There are no small par­
ticles to be gotten rid of as from our corroded buckles, 
only large solid cores. And they do not aim at any­
thing like complete corrosion. Locke-Lancaster’s fore­
man stated that 36 per cent, to 5o per cent, corrosion 
was w hat they expected.

From  here the process varies in different factories. 
In some of the less advanced English plants, the prod­
uct of the last settling tank, now a thick soup, is 
ladled into shallow trays which are carried to the shelves 
of the drying rooms. In the best factories, such as 
Cookson’s, Locke-Lancaster’s, and Leyendecker’s, it is 
pumped by means of compressed air into a vacuum 
receiver where it is forced through filter presses, and 
all but 16 per cent, of the water removed. This paste 
then is partly  used for the making of pulp lead, in 
England, or sold as it is in Germany where pulp lead 
is never sold. The rest is put into shallow trays and 
these are laid on trucks which are wheeled into drying 
cells. A  high temperature is maintained here, and 
after three days the white lead is dry. Then the 
trucks are wheeled out, the workman only opening 
one door at a time, and not stepping inside the cell.

The trays are then lifted one b y  one and emptied through 
a small opening which is variously made but always 
protected b y  a hood and an exhaust. The cleverest 
arrangement I saw was in Brussels where the tray was 
set on a shelf into which it fitted tightly. This was 
tipped over under a hood, and then tipped back again. 
Cookson’s has a different drying process which they 
worked out independently, in their effort to get away 
from the dangers of the old-fashioned stoves. They 
shovel the paste into furnaces, and the furnace room 
is beautifully clean and well-ventilated. The furnace 
is emptied b y  means of a long-handled shovel which 
passes through a canvas bag. The top of the bag is 
fastened to the edge of a hood w ith an exhaust, which 
is right over the door of the furnace, and the bottom falls 
over the truck into which the dry powder is being 
shoveled. There is absolutely no escape of dust.

The dry white lead as I saw it was much harder, 
more porcelain-like than ours is, and the Europeans 
insist that you cannot get it bone-dry by our method.

Y o u  can see what an enormous contrast there is 
between their methods and ours as far as danger is 
concerned. In the best factories, handling of the dry 
product is accompanied b y  practically no dust; in the 
worst the dust is slight in amount, while I have never 
seen an American drying-room which was even mod­
erately dust-free.

Barrel-packing is done as it is here, in most places, 
and again I should say that it is nowhere as careless or 
dirty a process as I have seen it here, and nowhere as 
clean as I saw it in one American factory. In Belgium 
I saw an interesting device. The barrel— stronger 
and better built than ours— is already headed up and 
the lid has a round hole some six inches in diameter. 
Into this is fastened one end of a strong rubber tube, 
the other end of which is hanging from the bottom of 
the white lead hopper. As the powder Tails into the 
barrel it is shaken down because each barrel stands 
on a platform  which is made to jum p up and down by 
means of compressed air. I saw a whole roomful of 

• barrels in process of filling and not a particle of dust. 
These of course need no heading-up, another great
advantage. Heading-up is c o n s i d e r e d  dangerous work, 
and all sorts of devices are being experimented with. 
In Germany, as in some of our factories, each barrel 
is lined with strong paper which is folded down over 
the top before the lid is put on. In an English factor) 
they are trying a lid with expanding leaves, which fits 
into place without hammering. I may add that no 
European country’’ will allow shipment of leaky bar­
rels or barrels smeared with white lead dust. In 
England the manufacturers are in favor of the Home 
Office forbidding the sale of dry white lead. They 
consider the objections to pulp lead a mere matter 
of prejudice. In Belgium the state allows the sale 0 
dryr white lead only to certain accredited color houses.

All chasers are enclosed and provided with exhausts, 
and “ enclosed” does not mean that there are large 
windows in the sides which are habitually left open as 
is often the, case here. . ;

The process in Belgium differs from those I haU 
described, and is more like the American because 
separation is done dry, and the stacks are not spra}e
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before stripping. However, the buckles or rather 
strips, are lifted b y  hand, not dumped, and are carried 
in trays to the separator. I have already described 
the clever arrangement for preventing dust at the 
separator opening. The dry cores drop out from the 
separator under a falling lid with a good exhaust. 
They are taken in covered trucks— no open trucks of 
diy corrosions are found anywhere— and are' used to 
set stacks, being put on top of the layers of blue lead. 
Dust collection is not needed in English and German 
factories, but in Belgium it is necessary, and in one 
place I saw it done in a very  novel way. There is a 
tightly-built little brick house in one of the rooms and 
the dust which enters it is driven b y  means of fans 
against some curtains of heavy felt which hang from 
the ceiling and are kept wet b y  means of a spray of 
steam. The moist white paste is scraped off these 
curtains, which never are allowed to get dry, so that 
the dust house is really not dusty a t all. It seems to 
me the simplest and certainly the safest device I have 
ever seen.

As to the hygiene of the white lead industry, m any 
of the processes I have been describing have been de­
vised in the effort to do aw ay with the dangers inher­
ent in the work, and here Cookson’s led the way. In 
fact, the Home Office rules of 1883 were modeled 
largely on the practice obtaining then in Cookson’s 
plants. That seems to me a very  proud record for a 
commercial house.

The study of the past 30 years has shown that lead 
enters the body through inhalation and swallowing, 
not through the skin to any im portant extent. The 
English lay more stress on inhalation than the Germans, 
claiming that lead is absorbed b y  the blood vessels of 
the lungs, while the Germans think that what is breathed 
into the mouth is swallowed.

Of course the methods of protection are founded 
upon these facts and resolve themselves into suppress­
ing the dust and seeing to it that the workman is free 
!rom white lead when he eats his lunch and when he 
goes home and that he does not carry it into his mouth 
while at work by chewing tobacco.

The abolition of dust I have already described. The 
®re of the workman’s person consists in supplying 
sashing and mending his working clothes, supplying 
lead-covering and sometimes shoes. A t Leyendeck- 
ffs all the men wear wooden shoes while at work, 
*hich is a splendid protection against the damp, cold 
Soors.

Everywhere the men are provided with proper wash­
ing facilities and, not only that, but they must, b y  

be given sufficient time to wash up, and all those 
*ho are engaged in the dustier processes must bathe 
every day. There is a bathing record kept, and it is 
arase of no bath, no pay. A  man must show his bath 

ĉeipts, so to speak, before he receives his wages. In
“e *ess dusty processes the workman need bathe only 
ones a week.

gashing arrangements there are not as luxurious 
® '• c5 are here. On the other hand they are very 
J h  more carefully planned. The Englishman does 

'a'f!,aSte '1*S money o n  luxuries, so you will not find 
dutiful sanitary equipment there as you m ay

find in this country, but the Home Office sees to it 
that he gives the employees w hat they need. The men 
have usually individual towels, numbered with each 
m an’s number to prevent stealing. There are long 
porcelain-lined sinks with no stoppers, so that a man 
must wash in clean running water. U sually big cans 
of soft hand soap are provided. There are sprays for 
the head attached over the sink, and long nail brushes 
are fastened to the wall just above the basins. The 
great difference between our arrangements and these 
does not lie in equipment, but in the fact that the for­
eign workm an’s personal cleanliness is compulsory, 
his employer is held responsible for it;, the American 
workman (usually a Slav, Italian, Greek or negro) 
m ay wash or not, as he sees fit.

The lunch-rooms are not at all luxurious but there 
is alw ays provision for heating food. Europeans in­
sist that it is very  im portant in white lead factories 
that the men should not go to work fasting, for nothing 
so favors lead-poisoning as that, and there is no better 
safeguard against it than the presence of food in the 
stomach. So we find alw ays in England and on the 
Continent a half-hour given in the morning for break­
fast. American employers if they inquired would find 
that their foreign-born workmen, and so m any of them 
are foreign-born, need th at pause for breakfast, for 
they are not accustomed to the hearty breakfast that 
fits the American workman to keep at work till noon. 
Another thing that struck me over there was the 
strict prohibition of tobacco-chewing. W herever I 
have been in this country in white lead or red lead, or 
dry color establishments, or paint factories, I have 
asked the foreman whether he encouraged tobacco-: 
chewing among his men, and I think there have hardly 
been more than one or two exceptions to an affirmative 
answer. Many a time the foreman says he teaches his 
men to use it. I find also that it is the opinion held 
b y  practical painters th at the constant expectoration 
keeps the mouth free from lead dust. Tobacco-chew­
ing is forbidden in Europe and in England, because 
they say that the plug of tobacco is carried in a m an’s 
dusty clothes, his working clothes, and that it is taken 
out with lead-smeared fingers and passed into his mouth 
often through a lead-smeared mustache. The rules as 
to this are very  strict. I was in one lead establishment 
with an inspector from the Home Office, and he wanted 
to test a certain exhaust and asked for a match. The 
foreman had none but one of the workmen had. The 
inspector told me later th at as he was on a visit of 
courtesy he did not follow up the m atch episode. I 
asked him w hat he meant, and he said that any work­
man who had a m atch about him no doubt had some 
tobacco too, and that he alw ays investigated such 
incidents.

Medical inspection is required b y  law  over there. It  
is gratifying to know that m any American white lead 
factories now have medical care for their men, but they 
have not yet taken the next logical step, which is that 
the medical inspector be told to weed out the men who 
are unduly susceptible to lead poison. A  certain num­
ber of men cannot stand exposure to lead. Hirt, a 
great German authority, says that about 20 per cent, 
of all lead workers are over-susceptible and should
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never attem pt to do such work. The English and 
German physician examines all applicants for work and 
rejects the w eakly and anemic. It  is also the rule 
th at a man once really leaded shall not return to a dan­
gerous part of the work. Here, I find in a great m any 
places th at a man drops ru t because he is poisoned 
and goes home or to a hospital, and when he has 
recovered he is allowed to go back to exactly  the same 
sort of work.

Of course in m any w ays it is much easier to manage 
men who are of the same nationality as their foreman 
and who speak the same language, as is the case in 
m ost foreign factories. On the other hand, I was 
told th at the Italian help em ployed in one English fac­
tory  were more docile than the Englishmen, who are 
sensitive about their individual rights and do not like 
to be controlled as far as personal habits go. It 
would certainly seem possible to make our men as 
amenable to discipline in the m atter of cleanliness as 
in the m atter of other factory rules.

I t  m ay be asked, W hat is the result of all this elabo­
rate regulation in England and Europe? I have been 
told b y  Am erican manufacturers th at there is actually 
less lead-poisoning here than over there. Fortunately 
it  is possible to answer th at quite definitely. In 
Cookson’s plant in Newcastle where 182 men are brought 
in contact w ith white lead, the most rigid w eekly med­
ical exam ination did not reveal one case in the year 
1909 to 1910. In Locke-Lancaster’s place there was 
not one case among 90 men for the five years between 
1903 and 1908; there was one in 1909.

L et us look at our factories now. I can give partial 
statistics of six places which m anufacture white lead, 
and when I say partial, I mean that in none of these 
factories is the whole truth  about the men known. 
Three of them have the physicians examine all of the 
men em ployed in handling lead, but do not follow up 
those who quit work— the English and German laws 
require tl-.is to be done— a third factory has a physi­
cian see* only those men who complain or whom the 
foreman suspects of illness, the other two have no 
medical inspection and the only w ay  I have been able 
to find any cases has been through hospital records, and 
the men who go to hospitals are only the very  severely 
poisoned, who have no families to care for them.

These are the statistics:
In F actory No. x, medical exam ination showed one 

man in eight to be a t the time suffering from plumbism.
In F actory No. 2, one man in nine.
In F actory No. 3, 28 per cent, of all employees have 

been leaded.
In F actory No. 4, where medical exam ination is only 

on complaint, 25 cases occurred among about 200 men, 
or one man in eight.

The two factories which have no medical inspection1 
are sending to a public hospital three cases and four 
cases respectively a month. This would mean 36 
cases for one during the year and 48 for the 
other, b u t we know th at not one-half of the leaded 
men go to the hospital and that the actual figure 
would be so much larger.

1 One has recently engaged a physician to examine all the men regu­
larly.

In the whole district of Newcastle-on-Tyne there 
were employed last year in the white lead works, 
1320 persons and only five suffered from lead-poison­
ing, or one for every 264 employed. In Illinois last 
year there were from 425 to 450 men employed and 
we discovered sixty-three cases of lead-poisoning, or 
one for every seven men employed. This is a startling 
contrast and one th at should make the American man­
ufacturer stop and think.

POTASH FROM FELDSPAR.

B y B. H e r s t e i n ,  Technical Expert o f  the Tariff Board.

Received February 8, 1911.

The recent controversy between the German pro­
ducers and the Am erican importers of potash salt, a 
controversy which involved also the governments of 
both countries, has brought out forcibly the monop­
olistic privileges enjoyed b y  Germ any through the 
sole possession of potash deposits and has empha­
sized the fact th at most of the other nations, our 
own pre-em inently included, have to depend entirely 
upon th at country for their supply of this absolutely 
indispensable plant food.

Irrespective of the economic aspect of the questions 
involved— and this is big enough even though we are 
accustomed to figure in big units— it must be ad­
m itted th at the situation created b y  such a condi­
tion is far from satisfactory, and has naturally led 
numerous investigators to work on the subject.

It  seems to have become an established fact that 
of the very  few mineral deposits in which the United 
States, otherwise so bountifully provided, are de­
ficient, potash in agriculturally available, i. e. soluble, 
form is one. However, potash in the form of insol­
uble silicate or alum inate makes up no inconsidera­
ble part of the weight of feldspar and similar rock 
formation, and of these the supply in this country is 
practically limitless. A s a plant food, however, the 
potash in this natural form is not assimilable and 
therefore of little value. The gist of all the many 
proposals so far made to secure from domestic sources 
the necessary potash salts required for agricultural 
purposes has consequently centered in the use of 
these rocks as raw material, differing only in the 
form proposed to render the potash available. The 
literature on the subject is fairly abundant and easily 
found in patent, technical or scientific publications.

A s far as the chem istry of the problem is concerned 
the field seems to have been covered fairly well, and 
in subm itting an additional proposition in this direc­
tion, the fact is not overlooked th at taken separately 
the individual features of this proposition may pre­
sent little novelty, emphasis being laid on their com­
bination, which is absolutely essential, and appears 
not to have been suggested before. Those who have 
given the subject more than casual thought know also 
th at the problem is more than chemical and more 
than commercial, and the plan is submitted here 
solely w ith the intention of broadening the legitimate 
scope of discussion b y  presenting possibly new and
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important features towards a solution to a complica­
ted problem.

The chemical reaction involved in the process as pro­
posed needs no further elaboration, having been proved 
in practice; it is in fact being used in somewhat modi­
fied form as an analytical method for the determi­
nation of alkalies in silicates. It  consists in heating the 
finely ground feldspar with calcium chlorid eventually 
under addition of some limestone, whereby the sili­
cate is decomposed w ith the formation of alkali 
chlorides— readily rem ovable— and calcium silicate 
or alumínate. The process differs, as can be seen, 
from the well-known Lawrence Smith m ethod only 
by the fact th at the calcium chloride is used here 
directly, while in the other the silicate is heated with 
a mixture of ammonium chlorid and calcium car­
bonate, which reagents form calcium chlorid as an inter­
mediate product and thus bring about the decomposi­
tion of the silicate. Experim ents have shown that the 
reaction can be carried through and decomposition of the 
feldspar accomplished with little more than the 
theoretical amount of calcium chlorid if the ingre­
dients are intim ately m ixed and the tem perature well 
regulated and m aintained for a sufficiently long time. 
Increasing tem perature requires a corresponding ex­
cess of calcium  chloride.

Cushman, working along the same lines without 
adding limestone, seems to have made the same ex­
perience and rejects the process m erely because it is 
too expensive, as indeed it would be if there were no 
other considerations, to m itigate and outweigh this 
otherwise justifiable injunction.

In the first place, the calcium chlorid required 
for the reaction is a waste by-product obtained in 
huge proportions in the m anufacture of soda ash 
and salt. I t  is less than valueless and the owner, if 
assured of a continuous outlet, could well afford to 
let it go at a nominal price.

Secondly, the residue left after the potash has been 
removed, b y  aqueous extraction or otherwise, con­
tains all the essential elements of a cement into which 
it could be transformed b y  ignition, supplementing 
the deficiency of calcium oxid with limestone, if re­
quired. No previous grinding would be necessary 
in this instance, since with the temperature kept 
reasonably low, the mass does not clinker and disin­
tegrates easily in water. Moreover, both the silica 
and the alum ina of the original feldspar have been 
rendered extrem ely reactive and should therefore 
readily form cement on the subsequent operation.

Another w ay  to carry out the process would be 
to combine the two stages into one, i. e., add lime­
stone and an excess of calcium chlorid to the finely 
ground feldspar and heat the mass to clinkering, 
whereby the potassium chlorid would be driven 
out by the higher temperature and could be collected 
in a suitable w ay. The heat prevailing in a rotary 
cement kiln should prove am ply sufficient to produce 
this result. The cement clinker would be formed 
simultaneously w ith the distillation of the alkali 
chlorid and would need only final grinding. In this 
form the process would not differ m aterially from

the ordinary w ay  of m aking cement except in the 
presumed condensation of the alkali chlorid.

The plan as outlined, if feasible in any form, would 
accomplish:

1. The utilization of the valueless waste product, 
calcium chlorid, which a t present is but a source of 
annoyance and expense.

2. The production of cement.
3. The production of potash salts for both indus­

trial and agricultural purposes— a combination of 
three important features which should bring the 
proposition within the range of practicability.

The plan is embryonal, of course, as an y  plan of 
this character, based m ostly on a priori considera­
tion, m ust be. The problems involved are vast and 
touch materially the interests not only of great in­
dustries but presuppose also careful consideration 
and cooperation on the part of different sciences: 
chemistry, engineering, geology and— not the least—  
economics. The difficulties m ilitating against the 
realization of any proposition to utilize the gigantic 
stores of potash compounds lying unavailable in the 
feldspar and similar rocks are great and should not be 
underestimated. A  review of the more im portant 
objections may help to a better conception of the 
subject.

First, as to the supply of the principal raw m aterial 
itself. Feldspar, it  has been stated, is most abundant 
in m any of the states and will undoubtedly be found 
in others. But, unfortunately, the deposits are com­
pact only in isolated instances, more frequently, 
however, they are contam inated w ith quartz and the 
mineral requires picking before it can be put to  its 
proper use. Also the percentage of K 20  varies within 
wide limits, some being as low as 5 per cent, and even 
under, others about 10 per cent., and some considera­
b ly  above this figure. A n  average yield of 6 per 
cent., or 120 pounds of K 20  per ton, would probably 
be a safe limit to calculate upon ; and this would be ob­
tained in the form of potassium ehlorid. This is 
not the most desirable and therefore not the highest 
paid form of potash for agricultural purposes, yet 
it is used very extensively. The above yield would 
correspond to 190 of K C 1 per ton of feldspar, the 
money value of which on this side of the A tlantic is 
at present, according to the price set b y  the German 
syndicate, $4.50.

This sum is contingent upon one. factor which re­
quires consideration. The valuation of potash salts, 
at least for the export trade, is fixed, quite arbitrarily 
it seems, b y  the German commission entrusted w ith 
this task according to the law passed last Spring b y  
the German Reichstag, which abolished all compe­
tition for trade between the individual mine owners. 
The monopoly is most complete and it is fair to assume 
that we are paying monopoly prices irrespective of 
the cost of production. The fact that individual 
operators contracted to furnish potash salts for some 
years to come to Am erican importers a t prices con­
siderably lower than those fixed later b y  the commis­
sion, seems to support this interpretation, and the 
potash value of $4.50 per ton of feldspar holds true
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only as long as the Germans see fit to maintain their 
present prices.

A s a potash proposition alone any attem pt to utilize 
our feldspar as raw m aterial offers therefore little a t­
traction because a return of $4.50 per ton would 
barely more than cover the cost of the raw materials 
themselves, viz., feldspar, calcium chlorid, limestone 
and coal. B u t each ton of feldspar is assumed in 
the plan also to produce five and possibly six barrels 
of cement of an average value of $4.80, which would 
bring the total returns up to $9.30 per ton of feld­
spar. Is this sum sufficient to p a y  all the expenses 
and allow also some interest on the large investment 
th at would be required? In  aswer to this it could be 
pointed as a parallel that cement is now selling at 
not much more than about $4.50 per ton, and yet 
seems to p a y  a t th at price for the raw materials, cost 
of operation, etc., and only quite recently it has been 
stated b y  no less an authority than Dr. McKenna that 
the actual cost of materials and labor is about x 2 cents 
per 100 pounds of cement. The $4. 50 obtained for the 
potash would, therefore, have to cover only the additional 
cost of the feldspar, the cost of some 200 to 250 pounds 
of calcium chlorid, a small additional charge in opera­
tion, and the interest on the additional investm ent 
required to provide for the collection of the potash 
salts. A ll evaporation, it is figured, is to be done 
b y  the waste heat of the kilns. Another item of 
extra  expense would undoubtedly be found in the 
heavier freight charges because the raw materials 
would have to be brought together from different 
localities which is not the case in the cement indus­
try.

A n  im portant factor to be considered is, to what 
extent such an undertaking would influence the 
cement industry, which already faces serious compe­
tition on the part of iron and steel manufacturers. 
Our present consumption of cement may be said to 
be about 65,000,000 barrels per year, but is rapidly 
increasing. The calculation as given above assumes 
for every ton of 80 per cent. K C 1 made, a produc­
tion of 44 barrels of cement. Last year’s imports of 
potassium chlorid alone amounted to over 160,000 
tons, which, on the above basis, would be equivalent 
to 7,040,000 barrels of cement. Could such vast 
quantities be gradually added to a market which 
seems already overprovided, without creating an 
alarming disturbance ? Can it be expected that 
within reasonable time things would adjust themselves 
to the new conditions, or could this new industry be 
established and maintained only b y  inflicting serious 
losses upon one already existing?

In the face of these difficulties it must be candidly 
adm itted that from a purely commercial point of 
view, i. e., as a question solely of profit and loss, the 
proposition as outlined above is not very alluring; 
nor for th at m atter any proposition so far advanced 
looking towards the utilization of the potash in the 
feldspar. The investm ent required and the risk as­
sumed are unproportionately large compared with

the eventual stake. B ut the problem is not purely 
commercial, should not and cannot be considered so 
without ignoring the larger economic questions in­
volved. The days of extensive agriculture— an ana­
chronism under any condition in an age of chemistry 
such as ours— have passed in this country through 
natural limitations, and the years to come m ust see 
in the United States a rapid development of inten­
sive agriculture if we don’t  w ant to become depend­
ent upon other nations for some of our food supply 
and face all the serious consequences which such a 
condition implies. This means a more extensive 
use of fertilizers, more phosphates, more sulphuric 
acid, more nitrogenous compounds, and more potash 
salts. Our phosphate deposits are enormous. One- 
half of the sulphuric acid made in this country, or at 
present over 1,000,000 tons, goes into agriculture, 
and while the larger part is made from imported 
pyrites, there is more sulphur driven into the air in 
our western smelters than all our requirements call 
for, not counting the rich and readily accessible sul­
phur deposits in Louisiana. The fisheries and the 
slaughter-houses furnish vast quantities of nitrogenous 
m atter which are being steadily increased b y  the 
gradual enlargement of the numbers of by-product 
coke ovens. W ith the rational developm ent of 
w ater powers the fixation of atmospheric nitrogen 
on a large scale is only a m atter of little tim e in this 
country. No fear need therefore be entertained on that 
score. For potash salts alone, every pound of it, 
we must depend on imports, paying at present yearly 
about $8,000,000, a sum which is bound to go on increas­
ing, even if the Germans should forego the tempta­
tion to raise prices, which alw ays goes w ith monop­
olistic possession. To prevent this we would be abso­
lutely helpless, unless through the adoption of some 
plan for utilizing the latent potash in the rocks we devise 
some means of checking such tendencies. B y  crea­
ting a new industry and developing our dormant 
resources more useful em ploym ent would be provided, 
which are other considerations of importance 
not to be neglected in any economic appreciation of 
the situation.

The problem as a whole, though fairly clear in its 
outlines, is yet far from being sufficiently concrete 
to promise any development from individual initia­
tive alone. It is too broad and involves too many 
far-reaching questions of science, industry and national 
husbandry to adm it of a solution on the part of any 
single person. It  is a national question and should 
be treated as such. If any advance is to be made 
at all, it can come only from an authoritative body 
of men commissioned to investigate the whole field 
of the potash supply question in this country, a com­
mission to include men of science w ith minds prac­
tical enough to distinguish between the economically 
feasible and visionary or impossible, and men of 
business capable of weighing a question frow a view­
point broader than m erely that of profit and loss.
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It is only in our century that there could be much 
significance to such a title as “ Research as a Finan­
cial A sset.”  This is an industrial century, and, 
whether we are proud of it or not, we are an industrial 
people. For some reasons it m ay be thought unfor­
tunate th at so large a proportion of m an’s energies 
should be devoted solely to the industries. In some 
eras we find th at there was a predominance of art over 
industry; in others, literature was predominant; in 
still others, w ar and conquest. Once territorial dis­
covery and acquisition predominated, and now, in our 
own times, the principles of com m unity interest have 
so greatly developed th at we are accustomed to seeing 
many people who, instead of directly producing their 
own necessities of life, are more generally repeatedly 
producing some one little article which contributes 
in the lives of others. This we recognize as a natural 
tendency to higher efficiency. Our intricate and deli­
cately balanced system  of work is becoming continu­
ally more complex, but is certainly still covered b y  the 
elemental laws of demand and of survival. New dis­
coveries in our day are largely mental, instead of geo­
graphical, and the old battles of conquest have become 
wars with ignorance. T hey are struggles to overcome 
inefficiencies, attem pts to broaden the common mental 
horizon, as our ancestors broadened their physical 
horizon. V ery  few people realize the rapidity with 
which technical advances are being made. Few  real­
ize how the w ay of this advance has itself advanced. 
I might make this more clear b y  an illustration.

Consider for a moment the increasing uses of chem­
ical elements and compounds. New combinations in 
alloys, medicines, dyes, foods, etc., etc., and new uses 
and materials are being produced daily. For a more 
simple comparison, consider only the advances in our 
technical uses of the metallic chemical elements.

Copper, iron and five other m etals were known and 
used at the tim e of Christ. In the first 1800 or 1900 
years of our era, there were added to the list of metals 
in technical use (pure or alloyed) about eight more, 
less than two per century. There has been so 
much industrial advance made within the past tw en ty 
to thirty years th at fourteen new metals have been 
brought into commercial use within this period. This 
is almost as m any in our quarter-century as in the total 
preceding age of the world. Of course this rate, as ap­
plied to metals, apparently cannot continue, but there 
is no reason to question the possibility of the general 
advance it indicates. For centuries a single m etal 
was made to serve for all uses which th at m etal could 
fill. Then two metals divided the field, each being 
used where it was preferred for any reason. Alloys 
began to displace metals to a lim ited extent. W hile 
the engineer still uses iron for his railroad, iron for his 
buildings and iron for his tools, these irons are differ­
ent and have been specially developed for those uses. 
The electrical engineer prefers copper for his conductor,

1 Presented before the Congress of Technology a t the Fiftieth Anni­
versary of the Granting of the Charter of the Massachusetts Institute of 
Technology.

certain irons for the frames of apparatus, other special 
irons and steels for the shafts, the m agnetic fields, etc., 
and the specialization to best meet specific wants 
is still under way. I suppose th at this kind of com­
plex developm ent is largely responsible for research 
laboratories.

A  research laboratory is a place where men are es­
pecially occupied w ith new problems, presum ably not 
too far in advance of technical application. B y  this 
group devoting its entire attention to the difficulties of 
meeting already well-defined necessities, or of new ly 
defining and meeting together, the efficiency of those 
processes is increased. Men specially trained for this 
very  purpose are em ployed and they are usually just 
as unfitted for successfully m anufacturing as those 
who efficiently reproduce are of discovering or invent­
ing. It  is m erely an extension of the principle of the 
m axim um  efficiency. A  man with his entire attention 
devoted for months or years at a tim e to the difficul­
ties of a single problem should be better able to reach 
a solution than the man who can devote only irregular 
intervals to it. He should then also be the better 
prepared for a second problem.

A  research laboratory is also a place equipped w ith 
apparatus especially designed for experim ental work. 
In a busy m anufacturing plant, if a foreman has an 
idea pointing towards an im provement of his product 
he frequently Has great difficulty in finding the time, 
the necessary idle apparatus, the raw m aterials and the 
incentive to try  it. In the laboratory all of these are 
combined and there is added a system  of cooperation 
of perm anently recording results and an atmosphere 
of research.

The m athem atics of cooperation of men and tools is 
interesting in this connection. Separated men trying 
their individual experiments contribute in proportion 
to their numbers, and their work m ay be called m athe­
m atically additive. The effect of a single piece of ap­
paratus given to one man is also additive only, but 
when a group of men are cooperating, as distinct from 
m erely operating, their work raises w ith some higher 
power of the number than the first power. It  ap­
proaches the square for two men and the cube for 
three. Tw o men cooperating w ith two different and 
special pieces of apparatus, say a special furnace and 
a pyrom eter, or an hydraulic press and new chemical 
substances, are more powerful than their arithm etical 
sum. These facts doubtless assist as assets of a re­
search laboratory.

W hen a central organization, such as a laboratory, 
has access to all parts of a large m anufacturing plant 
and is forced sooner or later to come into contact w ith 
the various processes and problems, the various pos­
sibilities and appliances, it can hardly fail to apply, in 
some degree, the above law of powers.

As a possible means of illustrating the almost cer­
tain assistance which one part of a m anufacturing 
plant m ay give another when they are connected b y  
experimenting departm ents or research laboratories 
and how one thread of work starts another, I will 
briefly review part of a single fairly  connected line of 
work in our laboratory. In 1901 the Meter Depart-
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ment wanted electrically conducting rods of a million 
ohms resistance. These were to be one-quarter inch 
diameter by one inch length. In connection with this 
work we had to become fairly familiar with published 
attem pts at making any type of such high resistances. 
Some kind of porcelain body containing a very  little 
conducting material seemed a fair starting formula 
after the resistance of almost all kinds of materials had 
been considered. Our own porcelain department was 
of great help in showing us how to get a good start. 
W e learned how and what to m ix to get a fair porcelain, 
and we found that small quantities of carborundum or 
of graphite would give us the desired resistance about 
once in a hundred trials. The rods could be made, but 
the difference in their resistance when taken from the 
porcelain kiln and when they were made as nearly 
alike as we could make them, was often so m any thou­
sand-fold that something new had to be done to make a 
practical success. A  small electric furnace was then 
devised for baking the rods and this was so arranged 
th at the rate of rise of temperature, the maximum 
temperature reached and the duration of heat a t any 
temperature was under control and was also recorded. 
The desired result was obtained and this work was thus 
finished. I t  gave us a certain stock of knowledge and 
assurance.

A t th at time a very  similar problem was bothering 
one of the engineering departments. Lightning ar­
rester rods, part of the apparatus for protecting power 
lines from lightning, were needed. Their dimensions 
were 3/t X 6" and they needed to have a definite but, 
in this case, low resistance, and could apparently not 
be baked in a porcelain kiln. The usual temperature va­
riations in such a kiln are so great that in practice m any 
thousand rods were repeatedly fired and afterward tested 
to yield a few hundred of satisfactory product. A ll 
the cost of making an entire batch would have to be 
charged against the few units which might be found 
satisfactory, and in m any cases there were none good 
in a thousand tested. I t  was evident that regulation 
and control of temperature was necessary. This was 
found to be im practicable in case any considerable 
number were to be fired at one time, as the heated 
mass was so great th at the rods near the walls of the 
retort received a very  different heat-treatm ent from 
those near the middle and were consequently electric­
ally different. This was still the case even when 
electrically heated muffles were used. This difficulty 
led to experiments along the line of a heated pipe, 
through which the rods could be autom atically passed. 
Some time was spent in trying to make a practical 
furnace out of a length of ordinary iron pipe, which 
was so arranged as to carry enough electric current 
to be heated to the proper baking temperature. Troub­
les here with oxidation of the iron finally led to sub­
stitution of carbon pipes. This resulted in a carbon 
tube furnace, which is merely a collection of six-foot 
carbon pipes, embedded in coke powder to prevent 
combustion, and held at the ends in water-cooled 
copper clamps, which introduce the electric current. 
B y  control of this current the temperature could be 
kept constant at any point desired. W hen this was 
combined w ith a constant rate of mechanical feed of

the air-dried rods of porcelain mixture, a good prod- 
uct was obtained. For the past seven years this 
furnace has turned out all the arrester rods, the num­
ber produced the last year being over 100,000 units.

In this work we were also forced to get into dose 
touch with the electroplating department. The rocs 
had to be copper-plated a t the ends, to insure good 
electrical contact. The simple plating was not enough. 
This introduced other problems, which I will passover, 
as I wish to follow the line of continuous experiment 
brought about, in part, at least, b y  the single investiga­
tion. The electric furnace consisting of the carbon 
tube packed in coke was a good tool for other work, 
and among other things we heated the carbon filaments 
for incandescent lamps in it. W e were actuated by 
a theory th at the high temperature thus obtainable 
would benefit the filament b y  removal of ash ingredi­
ents, which we knew the ordinary firing methods left 
there. W hile these were removed, the results did not 
prove the correctness of the theory, but rather the use­
fulness of trying experiments. I t  was found by exper­
iment th at the graphite coat on the ordinary lamp fil­
ament was so com pletely changed as to permit of a hun­
dred per cent, increase in the lamp life or over 20 per 
cent, increase in the efficiency of the lamp for the same 
life, so that for the past four or five years a large part 
of the carbon lamps made in this country have been of 
this improved type. This is the Metallized, or "Gem' 
lamp. N aturally, this work started a great deal of 
other work along the lines of incandescent lamp im­
provement. A t no time has such work been stopped, 
but in addition to it, the new lines of metallic filament 
lamps were taken up. In fact, during the past five 
or six years, a very  large proportion of our entire wori 
has been done along the line of metallic tungsten in­
candescent lamps. In this w ay  we have been able to 
keep in the van of this line of manufacture. The car­
bon tube furnace has been elaborated for other pur­
poses, so as to cover the action under high pressures 
and in  vacuo. Particularly in the latter case a great 
deal of experimental work has been carried out, con­
tributing to work such as that connected with rare 
metals. In such a furnace, materials which would 
react with gases have been studied to advantage. 
Our experience with the metallized graphite led to 
production of a special carbon for contact surfaces is 
railway signal devices, where ordinary carbon was in­
ferior, and suggested the possibility of our contributing 
to improvements in carbon motor andgenerator brushes. 
On the basis of our previous experience and by using 
the usual, factory methods, we became acquainted wit 
the difficulties in producing carbon and graphite motor 
brushes with the reliability and regularity demand̂  
b y  the motor art. Furnace-firing was a prime di - 
culty. Here again we resorted to special electrical 
heated muffles, where the temperatures, even be.o* 
redness, could be carefully controlled and a u to m a tic  , 

recorded. This care, aided b y  much experimental3 
along the line of composition, of proportionality bet"^ 
the several kinds of carbon in the brush, etc., 
into shape to make really superior brushes. Tne 
pany has now been manufacturing these for a coup 
of years, with especial reference to particularly s«v
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requirements, such as railway motors. In such cases 
the question of selling price is so secondary that we 
can and do charge liberally for delicacy and care of 
operation in the manufacture.

This carbon work naturally led to other applications 
of the identical processes or materials. Circuit 
breakers, for example, are now equipped with a spe­
cially hard carbon contact, made somewhat as motor 
brushes are made.

It is not my intention to connect all of the laboratory 
work to the thread which seemed to connect these 
particular pieces of work, but rather to show the 
possible effect in accumulating in a laboratory experi­
ences which might affect an inventory.

Among other considerations which appeal to me is 
one which may be worth pointing out. Probably al­
most every manufacturing plant develops among its 
workmen, from time to time, men who are particularly 
endowed with aptitude for research in their line. They 
are usually the inventors of the company. T hey are 
often discoverers in spite of opposition. T hey are 
always trying new things. T hey are almost of ne­
cessity somewhat inefficient in the routine production. 
In many plants they are merely endured, in a few 
they are encouraged. To m y mind their proper utili- 
lation is a safe investment. A  research laboratory 
assists in such a scheme. Sooner or later such a lab­
oratory becomes acquainted with this type of men in 
a plant and helps them in the development of their 
ideas.

It is not a perfectly simple m atter to measure* the 
value of a research laboratory at any one time. In the 
minds of some, the proper estimate is based on the 
profit already earned through its work, which other­
wise would not have been earned b y  the company. 
This is a fair and conservative method which in our 
generation ought to be satisfactory when applied not 
too early to the laboratories. It does not take into 
account what we may call the good-will and inventory 
value, both of which should be more rapidly augment­
ing than any other part of a plant. The experience 
and knowledge accumulated in a general research 
laboratory is a positive quantity. In our own case 
we expended in the first year not far from $10,000, 
and had little more than expectations to show for it. 
Our expenses rapidly rose and our tangible assets 
began to accrue. Perhaps I can point to no better 
criterion of the value of a research laboratory to our 
company than the fact that its force was rapidly in- 
tteased by a company which cannot be particularly 
-nterested in purely academic work. Our annual ex­
penditures passed the $100,000 mark several years 
i’°' My own estimate of the value would probably be 
peater than that of.others, for I am firmly convinced 
•at proper scientific research is practically re­
tired by the existing conditions of our technical age. 

ithout going into exact values, which are always 
cult to determine, consider for a moment the changes 

tcn°''1 mcan êscent lighting has witnessed in the past 
• ' ears' this field our laboratory has been active, 

ĉontributing to both carbon and to metallic filaments, 
t ic ov er, all of the improvements in this field have
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men. In the case of our metallized carbon filament, 
which has now been in use several years, the efficiency 
of the light was increased b y  about tw enty per cent. 
Am ong the carbon lamps of last year these were sold 
to the extent of over a million dollars.

A  broader, but adm ittedly less accurate impression of 
changes recently produced m ay be gained b y  consid­
ering the economy now possible on the basis of our 
present incandescent lamp purchases in this country 
and th at which would have resulted if the lamps of 
only ten years ago were used in their stead. On the 
assumption th at the present rate of lamp consump­
tion is equivalent to about eighty million 25-watt tung­
sten lamps per year, and on the basis of one and a 
quarter w atts per candle power as against 3.1 of the 
earlier lamps and charging power a t 10 cents per kilo­
w att hour, we get as a result a saving of $240,000,000 
per year, or ’ /» million per day. Naturally, this is a 
saving which is to be distributed among producers, 
consumers and others, but illustrates very  well the 
possibilities. It  is interesting to note that we are 
still very far removed from a perfect incandescent 
illuminant, when considered from the point of view  of 
maximum theoretical light efficiency.

I see from advertisements that 65,000 of the Magne­
tite arc lamps, originally a product of the laboratory, 
are now in use. These m ust have been sold for some­
thing near $2,000,000. The supplying of electrodes 
which we make and which are consumed in these lamps 
should amount to about $60,000 per year.

Our study of the properties of the m ercury arc pro­
duced our rectifier, which has been commercially 
developed within the past few years. Of these, about
6,000 have been sold. A s they sell for not far from 
$200 per set, it is safe to say that this also represents 
a sale of over a million dollars. The advantage of 
these outfits over other available apparatus must also 
be recognized as not far from $200 for each hour 
through which those already sold are all operating.

In such a complex field as insulations and molded 
materials there have been m any changes produced. 
As far back as 1906 we were using annually, in a cer­
tain apparatus, 30,000 specially drilled and machined 
soapstone plates, which cost $1.10 each. A s the re­
sult of experiments on substitutes for such material, 
it was found th at they could be molded b y  us in the 
proper shape, with holes in place and of a material 
giving increased toughness, at a greatly reduced cost. 
A s the result of this fact, the price of the purchased 
m aterial was reduced to us from $1.10 to 60 cents which 
in itself would have paid for the work. B u t further 
developments proved that the new molded material 
could be made for 30 cents, which the foreign material 
could not equal, so we have since produced it ourselves. 
This caused a saving of approxim ately $24,000 annu­
ally  for this one molded piece. I have heard of other 
cases where prices to us have gone down, when we have 
obtained a little promise from our experimental re­
searches.

In considering the research laboratory as a financial 
asset there is another view  which might not be visible 
at first sight. It  is the question of the difference be­
tween the value of the useful discovery when purchased

T H E  J O U R N A L  O F  IN D U S T R IA L  A N D  E N G IN E E R IN G  C H E M IS T R Y .
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from competitors in the business and when made b y  
one’s own company. It  is not usually pleasant to 
have to purchase inventions after their value is known, 
no m atter from whom, but to have to pay a competi­
tor for such a discover}' is doubly irksome. One is 
naturally unduly fearful of its value to the competi­
tor, and he, in turn, is overestimating another’s 
power to use it. The purchaser’s profit is apparently 
limited to the differences between his efficiency of 
operating it and that of the original owner.

I was recently informed b y  an officer of another large 
manufacturing company, where much chemical work 
is done and which established a research laboratory 
several years ago, that the most important values 
they got from their laboratory was the assurance that 
they were keeping ahead and arc at least prepared for 
the new, if they cannot alw ays invent it themselves. 
Incidentally, he said that from one part of their re­
search work they had produced processes, etc., which 
had saved $ 8 0 0 , 0 0 0  a year. T h ey are at present 
spending in their several research departments a total 
of about $300,000 a year.

W e hear frequent reference to the German research 
laboratories, and a brief discussion m ay be in place. 
For the past fifty years that country has been advanc­
ing industrially beyond other countries. N ot b y  new 
opened territories, new railroads, new farm lands, new 
water power cites, but b y  new technical discoveries. 
In fact, this advance m ay be said to be largely trace­
able to their apparent overproduction of research men 
b y  well-fitted universities and technical schools. 
E very  year a few hundred new doctors of science and 
philosophy were thrown on the market. Most of them 
had been well trained to think and to experiment; to 
work hard, and to expect little. The chemical manu- 
facturies began to be filled with this product and it 
overflowed into every other calling in Germany. 
These well-educated young men became the docents, 
the assistants and the professors of all the schools of the 
country. They worked for $300 to $500 per year. 
They were satisfied so long as they could experiment 
and study the laws of nature, because of the interest 
in these laws instilled into them b y  splendid teachers. 
This condition soon began to make itself manifest in 
the new making of things— all sorts of chemical com­
pounds, all kinds of physical and electrical devices. 
I might say that pure organic chemistry at this time 
was academ ically most interesting. Its laws were 
entrancing to the enthusiastic chemist and conse­
quently very  m any more doctors were turned out who 
wrote organic theses than any other kind. W hat 
more natural than that organic chemistry should have 
been the first to feel the stimulus? Hundreds, and 
even thousands of new commercial organic products 
are to be credited to these men and to that time. All 
the modem dyestuffs are in this class. Did Germ any 
alone possess the raw m aterial for this line? No! 
England and America had as much of that. B ut Ger­
m any had the prepared men and made the start.

It seems to me that America has made a start in 
preparing men for the research work of its industries. 
For example, it is no longer necessary to go abroad to

get the particular training in physical chemistry and 
electrochemistry which a few years ago was consid­
ered desirable. Advanced teaching of science is little, 
if any, more advanced in Germany to-day than it is in 
this country. In m y opinion the quality of our research 
laboratories will improve as the supply of home-trained 
men increases, and that the laboratories of this kind 
will be increasingly valuable when analyzed as finan­
cial assets. I am certain, too, that the industries 
will not be slow in recognizing the growing value of 
such assets. T hey merely want to be shown.

Probably in most industries there are what I may 
call spots particularly vulnerable to research. For 
example, the efficiency of steam boilers, based upon 
the heat energy of the coal used and the efficiency of 
the engine using the steam, are continually being 
raised. We m ay expect, until the maximum calcu­
lable efficiency is reached, that this advance will con­
tinue. The reason is not far to seek. It is a vulner­
able spot. Im provement is possible. A small in­
crease in efficiency of power plant is an ever-continuing 
profit. Great numbers of steam power plants exist 
and so inventors are influenced b y  the fact that net' 
improvements m ay result in enormous total economies. 
E very  rule of the game encourages them. I can make 
this clearer by illustrations.

Artificial light is still produced a t frightfully poor 
efficiency. Electric light from incandescent lamps has 
been greatly improved in this respect, but there is 
still room for greater economies. It  is still a vulner­
able spot.

In the case of iron used in transformers, we have 
another such vulnerable spot. A  transformer is prac­
tically a mass of sheet iron, wound about with copper 
wire. The current m ust be carried around the iron a 
certain number of times and the copper is chosen be­
cause it does the work most economically. No more 
suitable material than copper seems immediately prob­
able, nor is there any very promising way of increas­
ing its efficiency, but in the iron about which it is wound 
there is a vulnerable spot. The size of the iron about 
which the copper is wound m ay possibly be still much 
further reducible b y  improvements in its quality. 
In other words, we do not yet know what determines 
the magnetic perm eability or the hysteresis of the iron, 
and yet we do know that it has been greatly improved 
in the past few years and that it can still be greatly 
improved.

Let us make this vulnerable point a little clearer by 
considering the conditions here in Boston. I assume 

there are approxim ately 50,000 kilowatts of alterna­
ting current energy used here. Nearly all of this is 
subject to the losses of transformers. If the trans 
formers used with this system  were made more than 
ten years ago, they probably involve a total loss, due 
to eddy and hysteresis, of about $1000 per day, at 1 ‘e 
ten-cent rate. Transformers as they are made to-da), 
b y  using improved iron, are saving nearly half of t 
loss, but there still remains over $500 loss per day,10 
serve as a subject for interesting research work.

It  should also be noted that Boston uses only a very
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I small fraction of the alternating current energy of this 
country.
Consider for a moment two references to the sciences 

and industry in Germany and England. Dr. O. N. 
Witt, professor in the Berlin R oyal Technical High 
School, reporting to the German government in 1903, 

[' says: "What appears to me to be of far greater impor- 
f tanceto the German chemical industry than its predom- 
j inant appearance at the Columbian W orld’s Fair, is the 

fact which finds expression in the German exhibits 
alone, that industry and science stand on the footing 
of mutual deepest appreciation, one ever influencing 

; the other,” etc. As against this, Prof. H. E. Arm- 
; strong;, of entirely corresponding prominence and posi- 
| tion in England, says of England: "O u r policy is the 
5 precise reverse of that followed in Germany. Our 
' manufacturers generally do not know w hat the word 
| research means. They place their business under the 
| control of practical men, who, as a rule, actu­

ally resent the introduction into the work of the scien­
tifically trained assistants. If the English nation is 
to do even its fair share of the work of the world in 
the future, its attitude must be entirely changed. It  
must realize that steam and electricity have brought 
about a complete revolution, that the application of 
scientific principles and methods is becoming so uni­
versal elsewhere that all here who wish to succeed 
must adopt them .”

So long as motors burn out, so long as subways are 
tied up b y  defective apparatus, so long as electric 
motors can run too hot, so long as street cars m ay 
catch fire from so-called explosions of the current, so 
long as the traffic of a whole city  can be stopped b y  a 
defective insulation or a ten-cent motor brush, there 
will probably be the equivalent of research laboratories 
somewhere connected with the electrical industries, 
where attem pts will be continually made to improve.

SCIENTIFIC SOCIETIES
AMERICAN INSTITUTE OF CHEMICAL ENGINEERS.

T h i r d  S e m i - A n n u a l  M e e t i n g .

J u n e  2 i s t  t o  2 4 T H ,  1 9 1 1 .

C o n g r e s s  H o t e l , C h i c a g o .

PR O G R A M .
W E D N E S D A Y ,  J U N E  2 1 ST.

Meeting at Congress Hotel, 10.00 a . m .

Address of Welcome.
Business S e ss io n .
Reports of O fficers a n d  C o u n cil.
Reports of C om m ittees.

I Special Report of Committee on Chemical Engineer- 
: iag Education: Dr. Samuel P. Sadtler, Chairman.
I Discussions by several Professors of Chemical 

Engineering.
Luncheon.

Excursion, i . j o  P .M .
Vist to Plant of Sw ift & Company, Union Stock 

; Yards.

E v e n i n g  S e s s i o n .
Held at Armour Institute, 8 . 0 0  p . m .

Address of President Frerichs: “ Method of Attacking 
emical Industrial Problem s.”  (Illustrated by draw- 

| and photographs.)

T H U R S D A Y , J U N E  2 2 ND.
■sit to Glucose W orks at Argo, 111., 9 . 3 0  a . m .  

uncheon at Congress Hotel.
* utomobile Sight-seeing Trip, 3 . 0 0  p . m .

Ascription Dinner a t  Congress Hotel, 7 . 3 0  p . m .

FR ID A Y , J U N E  2 3 R D .
Session at Congress Hotel, Q.30 A .M .

Reading of Papers.
I ndustrial Chemical Calculations, b y  Professor 
I JKfPh W. Richards, 

v.. p Determination of Tin in Food Products,”  
'„rv"ard Gudeman.

’filiation on the Continuous System ,” b y
^ L .  Campbell.

“ A  New System  of Lead and Silver Lining,”  b y  
Charles L. Campbell.

“ The Institute and the U. S. Patent System ,” 
b y  William M. Grosvenor.

Luncheon.
Excursions (Alternative), 1.00 P .M .

Carter W hite Lead Company, W est Pullman.
Sem et-Solvay Coke Ovens of the By-Products Coke 

Corporation, 112th St. and Torrance, South Chicago. 
Evening Session at Congress Hotel, 7.30 P .M .

“ Manufacture of Gelatine,”  b y  Ludwig A. Thiele.
“ The Practical Value of Calorific Tests on A nthra­

cite Coal,”  and “ Tw o Methods of Testing A sphalt,” 
b y  S. F. Peckham.

Final Business Session.
S A T U R D A Y , J U N E  2 4 T H .

Excursions'. Gary Plant of the Indiana Steel Com­
pany, Gary, In d .; Universal Portland Cement Co., 
Buffington, Ind.

Permits have also been obtained to visit the Illinois 
Steel Company Works, South Chicago, where eleven 
blast-furnaces are in operation, besides open-hearth, 
Bessemer and open-hearth b y  an electric process. 
A  portion of the furnaces are supplied with dry-air 
blast. There are large rolling mills for all varieties 
of structural steel. Standard Oil Refinery a t W hiting, 
Indiana.

Adjournment.
Local Committe of Arrangements:
A. Bement, Chairman, 206 So. La Salle St., Chicago.
P. C. Brooks, Secretary and Treasurer, Hegewisch,

111., Oscar Linder, T . G. Wagner.
J .  C. O l s e n , Secretary,

Polytechnic Institute,
Brooklyn, N. Y .

AM ERICAN INSTITUTE OF ELECTRICAL ENGINEERS.

The Annual Convention of the Am erican Institute 
of Electrical Engineers, for 1911, will be held in
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Chicago, 111., on Monday to Friday, June 26, to 30, 
1911. The Institute headquarters will be at the New 
Hotel Sherman, northwest corner of Clark and R an­
dolph streets. There will be a reception on Monday 
evening, and the technical sessions will open on 
Tuesday morning. The Convention Committee will 
have charge of the local arrangements. The mem­
bers of this committee are as follows: Louis A. Fergu­
son, Chairman; W . L. A bbott; B. J. Arnold; H. M. 
Byllesby; W. Lee Campbell; T. P. Gaylord; William
B. Jackson; J. W . Johnson; John D. Nies; W. P. 
Sidley; B. E. Sunny; F ay  Woodmansee; P. B. Wood- 
worth; J. G. W ray.

It is m any years since the annual convention was 
held in Chicago, and the committees are arranging 
to make it both profitable and interesting to the 
members and their guests.

The following is a partial list of the papers that 
will be presented:

PROGRAM .

"Econom ical Design of Direct-Current Magnets,” 
b y  R. Wikander.

“ Catenary Span Calculations.” b y  W. L. R. Robert­
son.

“ Currents in Inductors of Induction Motors,” by 
H. Wiechsel.

“ Multiplex Telephony and Telegraphy b y  Means of 
Electric W aves Guided b y  W ires,” b y  Major G. O. 
Squier.

“ Electrolysis in Reinforced Concrete,” by C. E. 
Magnusson and G. H. Smith.

“ Induction Motor Design,” b y  T. Hoock.
“ The High Efficiency Suspension Insulators,” by

A. 0 . Austin.
“ The Electric Strength of A ir I I ,”  b y  J. B. W hite­

head.
"Electrification Analyzed, and Its Application to 

Trunk Line Roads,”  b y  W . S. Murray. (Abstract of 
paper presented before Institute meeting at Toronto 
on April 7.)

“ Telegraph Transmission,” b y  F. F. Fowle.
“ The Cost of Transformer Losses,” by R. W . 

Atkinson and C. E. Stone.
“ The Costs of R ailw ay Electrification,”  by B. F. 

Wood.
“ Induction Motor for Single-Phase Traction,” by 

E. F. W . Alexanderson.
“ Magnetic Properties of Iron at 200,000 Cycles,” 

b y  E . F. W. Alexanderson.
“ Electric Storage Batteries,”  by Bruce Ford.
“ The Characteristics of Isolated Plants,” b y  P. 

R. Moses.
“ Elevator Control,”  by T. E. Bam um .
"Lim its to the Use of Resistance Materials.”
Two papers on educational topics.
Some of these papers are printed in the current issue of 

the Proceedings. The others will appear in the June 
and July issues. Full details regarding the conven­
tion, including the program and transportation ar­
rangements, will be published in the June Proceedings.

AMERICAN CHEMICAL SOCIETY.
I N D IA N A P O L IS  M E E T IN G .

The forty-fourth annual meeting of the American 
Chemical Society will be held in Indianapolis, Indians, 
June 28th to July 1st, inclusive. A  meeting of tie 
Council will be held at 2.30 p . m . on Tuesday, June 27th.

Hotel headquarters will be the Claypool Hotel, 
but the meetings themselves will all be held at the 
German House, which is not a hotel but a German 
club house. The smoker will be held at the German 
House, where lunches will also be served. The 
building is one of the most suitable in Indianapolis 
and has been leased for the occasion. The fact that 
it has the atmosphere of a club will add very greatly 
to the attractiveness of the meeting.

The Indiana Section is making a special effort to 
entertain the members, and the outlook at present is 
for one of the largest and most successful meetings 
the Society has ever held.

Mr. H arry E. Barnard, of the Indiana State Board 
of Health, is chairman of the Local Committee and 
Mr. H. A. Schwarz, 522 Tibbs Ave., Indianapolis, 
is chairman of the Local Publicity Committee. Either 
one of these gentlemen will be glad to place himself 
at the disposal of any of the members of the Society 
to give them information as to local conditions and 
the special attractions of the meeting itself..

The Entertainment Committee is planning an in­
teresting program, which will be an undoubted success, 
and special attention is being paid to preparations for 
the entertainment of ladies at such times as they 
cannot participate in the regular program. Many 
manufacturing plants will be visited and many papers 
of importance read.

The following is a rough draft of the program, 
which will undoubtedly be changed to meet new 
conditions that m ay arise.

W E D N E S D A Y ,  J U N E  2 8 T H .

Morning— General meeting.
Afternoon— Division meetings.
Evening— Smoker.

T H U R S D A Y ,  J U N E  2 9 T H .

Morning— Division meetings.
Afternoon— Visit to Eli L illy  Co., where the Phar­

maceutical Division will hold a meeting and assist 
in dedicating the new laboratories.

Evening— Autom obile ride to the Country Club, 
luncheon, lawn fete, dancing; music, etc.

F R ID A Y ,  J U N E  3 0 T H .

Morning— Division meeting.
Afternoon— Visit to m anufacturing plants.
Evening— Banquet.

S A T U R D A Y , J U L Y  1ST.
Morning— Unfinished division meetings and visit 

to plants.
Afternoon— Unfinished d i v i s i o n *  meetings and visit 

to plants.

INTERNATIONAL CONGRESS.
President T aft has appointed the following as the 

official representatives of the respective bureaus o 
the federal government on the Organizing Comnu"«
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of the International Congress of Applied Chemistry: 
Department of the Treasury— Dr. Reid Hunt, Hygienic 
Laboratory, Marine Hospital Service; Dr. A. B. Adams, 
Internal Revenue Service. Department of the Interior—  
Mr. George Steiger, Geological Survey; Dr. George 
S. Ely, Patent Office; Professor Nathaniel W. Lord, 
Ohio State University, Columbus, 0 ., to represent 
Bureau of Mines. Department of Agriculture— Dr. 
H. W. Wiley, Chief, Bureau of Chemistry; Dr. C. F. 
Langworthy, Office of Experim ent Stations; Professor 
W. W. Cooke, Biological Survey;. Mr. William L. 
Hall, Forest Service; Dr. Frank E. Cameron, Bureau 
of Soils; Professor W. J. Humphreys, W eather Bureau; 
Dr. R. H. True, Bureau of P lant Industry; Dr. Marion 
Dorset, Bureau of Animal Industry; Dr. W. F. Hille- 
brand, Chief Chemist, Bureau of Standards.

The Pennsylvania Legislature has passed a con­
current resolution, providing for the appointment of 
a chemist to officially represent the Commonwealth 
of Pennsylvania at the Eighth International Con­
gress.

The Preliminary Announcement, dated March 6, 
1911, has been translated into French under the auspices 
of the Association des Chimistes du Sucrerie et de 
Distillerie; into German under the auspices of the 
Verein Deutscher Chemiker; and into Italian under 
the auspices of the Instituto Chimico and is being 
distributed by these societies. The Society of Chemical 
Industry has undertaken to distribute the Announce­
ment to all the chemists of the British Empire.

A pamphlet addressed specifically to American 
manufacturers, showing them how their business 
interests may be benefited b y  cooperation with 
the Congress, is in preparation and will be ready for 
distribution by the middle of May.

I Under the leadership of the Verein Deutscher 
Chemiker, ten technical societies have already begun
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an organization for Germany along the lines of the 
American organization for the Congress; in England, 
the Society of Chemical Industry has taken the 
initiative along similar lines.

SOCIETY FOR ENGINEERING EDUCATION.

The nineteenth annual meeting of the Society for 
the Promotion of Engineering Education will be held 
at Pittsburg, Pa., on Tuesday, W ednesday and Thurs­
day, June 27th, 28th and 29th. The headquarters 
will be a t the Carnegie Technical Schools.

A t the meeting special attention will be given to 
the reports of the Committees on the Teaching of 
Mathematics to Engineering Students and to Entrance 
Exam inations for Technical Schools.

Particulars regarding the meeting can be obtained 
from Professor H. H. Norris, Cornell University, 
Ithaca, N. Y .

SOCIETY CHEMICAL INDUSTRY.

A N N U A L  G E N ER A L  M EE T IN G , 1911.
The annual General Meeting will be held in the 

Montgomery Hall, Sheffield, at 10.30 a . m .,  on W ednes­
day, July 12, 1911. A  program of the proceedings 
will be issued later.

MEETING OF SOUTHERN ASSOCIATION.

The annual meeting of the Southern Fertilizer As­
sociation will be held at Atlantic City, N. J., July 17, 
1911. A lready there are indications of a very large 
attendance of the members of this organization.

An Academ y for Silk Industry is being erected in 
Nagana, Japan, and an Academ y for Mining and 
M etallurgy in A kita.

   ________________

EDUCATIONAL

PRATT INSTITUTE EXH IBIT.
The annual exhibition of the students of Pratt 

Institute was held on June 1st, 2nd and 3rd in the build­
ings of the Institute in Brooklyn.

In the School of Science and Technology, which is 
the division of the Institute especially concerned with 
the training of young men in industrial and technical 
lines, the various classes were a t work in the shops 
and laboratories during the exhibit, and thus an ex­
cellent opportunity was given those interested to in­
spect not only the results of the students’ work, but 
also the methods of instruction and the general 
facilities for conducting this kind of training.

A special feature of the exhibition was the opening 
the new tannery of the Institute, recently installed 
Provide for the courses in Tanning and Leather

Chem istry which are to be conducted in co-operation 
with the N ational Association of Tanners.

On May 5th, New Y ork U niversity celebrated the 
100th anniversary of the birth of John W illiam Draper 
who was professor of chemistry in New Y ork Uni­
versity. Dr. John J. Stevenson, emeritus professor 
of geology, presided and gave a short r6sum6 of 
Draper's life and work. Dr. Arthur B. Lamb, 
director of the chemical department, exhibited 
some of Dr. D raper’s original instruments which 
were used in producing the first daguerreotypes.

In the near future the New Y o rk  Section of the 
American Chemical Society will have a celebration 
befitting the importance of Draper’s work.



43*5 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 . June, i5n

H arvard University has raised the $50,000 necessary 
to complete the $100,000 W olcott Gibbs Memorial 
Laboratory Fund which was started b y  Dr. Morris 
Loeb and Mr. James Loeb, of New Y ork, b y  a donation 
of $50,000. It  is expected that $65,000 will be ex­
pended on the construction and $35,000 on the main­
tenance of the building.

Professor Julius O. Stieglitz, of the University of 
Chicago, and Professor B. B. Boltwood, of Y ale Uni­
versity, have been elected to membership in the Na­
tional Academ y of Sciences, and Professor Ernest 
Rutherford, of the University of Manchester, has been 
elected a foreign associate.

Miss Caroline L. Hunt (32 E liot St., Jamaica Plain, 
Mass.) is preparing a life of the late Prof. Mrs. Ellen 
H. Richards and will appreciate receiving any ma­
terial such as letters photographs, etc., which might 
be of assistance in preparing the biography.

On April 4th, Professor Coblentz formally resigned 
his chair as Professor of General Chemistry in the New 
Y o rk  College of Pharm acy, which he has occupied 
for m any years, to assume the duties of a new position 
with the firm of E. R. Squibb & Sons.

Dr. F. W. Woll, Professor of Agricultural Chem­
istry at the U niversity of W isconsin, will represent the

THE INVENTOR OF CELLULOID.

In a recent review 1 of a work on celluloid, the 
statem ent appears that “ it is not surprising that 
there should be some mistakes, errors, and omissions. 
In the first chapter, the invention of celluloid which 
belongs to Daniel Spill, of Hackney, England, is 
credited to H ya tt,”  the inference being th at Spill 
and not H yatt was the inventor of celluloid. This 
is not a question of the expression of individual opinion 
— to which all are entitled— for the statem ent that 
the invention of celluloid belongs to Spill is an error 
of fact, readily disproved b y  historical data, which 
data, in the interests of accuracy, is appended 
herewith.

As the result of conversations with his friend John 
Taylor, who patented the manufacture of cellulose 
nitrates in England (Eng. Pat. 11,407, 1846) for 
Schonbein, who is credited with their discovery, 
Alexander Parkes began experiments with pyroxylin 
in Birmingham at the laboratory of Elkington, Mason 
&  Co., -where he was then employed, which experiments 
resulted in there being granted to him E. P., 2,359,
1855. T h is . was followed b y  E. P. 1,123, I »12S.
1856, and later b y  E. P. 2,675, 1864; 1,313, 2,733, 
3,163, 1865; 1,564, 1,592, 2,709, 1866; 865, 1,695,

1 T h i s  J o u r n a l .  3 ,  1 9 4  ( 1 9 1 1 ) .

U niversity at the Centennial celebration of the Uni­
versity of Christiania, Norway, in September.

H arry J. Sears and Alice R. Berger have been 
appointed instructors in chem istry at Stanford Uni­
versity, and Dr. Robert E. Swain has been promoted 
to be professor of physiological chemistry.

Dr. J. W. Turrentine, instructor in physical and 
electrochemistry at W esleyan University, has been 
appointed scientist in the laboratory of the Bureau 
of Soils, U. S: Dept, of Agriculture.

The Bessemer gold medal of ' the Iron and Steel 
Institute of London for this year will be awarded 
to Prof. Henri Le Chatelier, the French metallurgist.

The U niversity of Edinburgh will confer its doctorate 
of laws on Prof. Ernest Rutherford, of the University 
of Manchester.

Dr. Elm er Ellsworth Brown, U. S. Commissioner of 
Education, has been elected chancellor of New York 
University.

Prof. William A. Noyes has been elected President 
of the Illinois State Academ y of Science.

1867; 1,366, 1,614, 1S68; 983, i88r; F. P. 71,871, 1866, 
all of which contained pyroxylin. His product—to 
which the name Parkesine was given— in its more suc­
cessful forms comprised pyroxylin, camphor and alcohol, 
with and without vegetable oils, and is fully described 
in Jour. Soc. Arts, 1865, No. 683, Dec. 15, p. 81, andbv 
Lewthwaite in his process for "C oating Fabrics with 
Parkesine” (E. P. 741, r868; U. S. P. 103,209, 1870). 
A fter Parkes’ Company suspended operations in 1867, 
the first patent (E. P. 1,816, 1867) of Daniel Spil. 
appeared, which he followed b y  others (E. P. 2,6661 
1867; 3,984. 1868; 3,102, 1869; 180, 787, 1,017, 1,626, 
2,649, 1%1°\ I >7 3 9 > 1875; F. P. 85,369, 1869:88,898, 
1870). Spill gave to his product one name only, *■ f- 
X ylonite, or Cotton Xyloidine, taking the name 
“ xylo idine” from Braconnet’s term for the nitrated 
starch discovered and described b y  him in 18331 
His last process was patented in 1875 (E. P. 1.739)' 
and two years later the British Xylonite Company 
was formed, taking its name from the word "Xylo­
nite” which Spill originated to designate his product. 
A fter Spill had been granted his four United States 
patents (91,377, 91,378, 9 7 , 4 5 4 ,  1869; 1 0 1 , 1 7 5 .  

the U. S. branch chose a name as near xylonite as 
possible without infringing on the parent name,

1 A n n . chilli, phys., 5 2  , 2 9 0  ( 1 8 3 3 ) ;  Pogg. A n n  ., 29, 176

NOTES AND CORRESPONDENCE.
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namely zylonite. The writer has read in detail all 
the testimony of all the suits in which the American 
Zylonite Co. participated, in none of which is claim 
laid to the use of the word “ celluloid.”

In 1863, John W esley H yatt was a printer in Albany, 
New York, and hearing of a prize of ten thousand 
dollars offered by Phelan & Collender, a New Y ork 
Citv firm, for the patent rights for a satisfactory 
process for the manufacture of a billiard ball con­
taining no ivory, began experiments in billiard ball 
manufacture. Mr. H yatt told the writer, in 1910, 
that, until required b y  his attorneys to m odify cer­
tain claims in his then pending U. S. P., 91,341, 1869, 
he had not heard of the work with pyroxylin of Parkes, 
Spill, Berard (E. P. 607, 1856; 1,883, I .8S4. 1857), 
Thistlewaite (E. P. 1,159 I 8s6), M acintosh and
Rhodes (E. P. 734, 1859), Barnwell and Rollason 
(E. P. 945, 1859; 2,249, i860), Mennons (E. P. 2,775, 
i860), Henry (E. P. 1,454, i860), Cartright (E. P. 
365, 1863), Cutting (E. P. 1,636, 1854), Pierson (U. S. 
P.65,267, 1867), Seely (U. S. P. 79,261, 1868), Kendall 
and Trested (U. S. P. 86,841, 1869) or others in the 
pyroxylin patent field. J. H yatt started out b y  apply­
ing to the problem certain principles of heat and great 
pressure, fully described in his earlier U. S. Patents 
{31,461, 1861; 35,652, 1862; 50,359, 1865; 76,765. 
1868; 88,633, 88,634, 89,582, 91,233, 91,234, 91,235, 
1869). His experiments reached such a stage of suc­
cess that he called his brother Isaiah Smith H yatt, 
then an editor at Rockford, 111., and the latter in 
Albany in 1868 or the early part of 1869, gave to the 
product the name celluloid, from “ cellulose” and 
“oid” meaning “ like,”  this being the origin of the 
word. The word celluloid, as expressing a distinct 
product, was therefore the invention of the H yatts, and 
the product was first made b y  them at the factory of 
Osborn, Newcomb & Co., on Eagle St., A lbany, N. Y . 
This firm name was soon changed to the H yatt Manu­
facturing Co., then to the A lbany Billiard Ball Co., 
the firm under the latter name being in active exist­
ence in Albany to-day. Just as the com pany formed 
to exploit Spill’s English xylonite patents was named 
the British Xylonite Co., and to work his U. S. patents 
of zylonite was known as the American Zylonite Co., 
so the firm organized to m anufacture celluloid was 
termed the Celluloid Co. Celluloid as a name was 
registered as a trade mark in the United States Patent 
Office Jan. 14, 1873, as No. 1,102, and again in 1883.

When the Cellonite Manufacturing Company was 
restrained from the use of the word “ cellonite" be­
cause it sounded so much like celluloid (U. S. Circuit 
Court— District of New Jersey, decided July 12, 1887; 
Patent Office Gazette, Vol. 41, Nov. 8, 1887, p. 693) 
Judge J. Bradley in handing down the decision stated: 
The word ‘Celluloid’ had never been used before, 

except . . . .  by Isaiah S. and John W . H yatt, b y  whom 
the word was coined,” and "th at the word ‘Cel­
lonite is sufficiently like it to produce the mischief 
"hich is within the purview of the law .”

Spill was not even the first to  describe the use of 
camphor and alcohol w ith  p y ro x y lin — the com bina­
tion which induces p la stic ity . W hile it  is true th a t
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Spill brought suit in the United States to restrain 
certain manufacturers from the use of an ethyl alco­
hol solution of camphor, and came personally to the 
United States to prosecute those suits and won; and 
while it is also true that Spill sued again to restrain 
the same company from the use of a m ethyl alcohol 
solution of camphor, it is also true that the second 
suit was lost to Spill on the ground that Parkes in his 
patents above quoted, and not Spill, was the pioneer 
in the use of camphor in alcohols as solvents for the 
cellulose nitrates. The second suit being lost, the first 
decision was appealed and reversed, all of which is 
given in detail in 22 Blatchford C. C. R. 441.

In all the works on celluloid of which the writer is 
aware, and specifically Joseph Ertel, p. 9; Fr. Bock- 
mann, p. 2; L. Andes, p. 10; and Masselon, Roberts 
and Cillard, p. 2, the statem ent occurs that celluloid 
was discovered b y  the H yatt Brothers in Newark, 
N. J. in 1869. As mentioned above, this statement 
is untrue in that the product was discovered in Albany, 
and Mr. John W. H yatt informed the writer that he 
had never been to Newark until in the early seventies.

E. C. W or den .

CELLULOID FROM ACETYLCELULLOSE.

Up to the present, acetylcellulose found applica­
tion only as a varnish for coating objects where non­
inflammability and certain electric properties were 
required. The main use was for the manufacture of 
cinematograph films, which did not burn even after 
ignition. Altogether, it has been impossible to make 
objects from it more than one-fourth of a millimeter 
in thickness.

Dr. A. Eichengrun has now discovered (Zeitschrift 
für angewandte Chemie, 1911, 366) a method of making 
celluloid of any shape, color and thickness, using 
acetylcellulose instead of nitrocellulose. In this manr 
ner, he has produced an incombustible substitute 
for celluloid which he calls “ Cellon.” His invention 
seems to be laid down in his French Patent 412,797 
of January 20, 1910, and British Patent 1441 of 
January 19, 1910, the essence of which is:

"Certain types of cellulose acetate, notably these 
which are soluble in acetone, are soluble on heating, 
in mixtures of liquids, e. g., m ethyl alcohol and benzene, 
neither of which have any solvent action alone. On 
cooling these solutions, the ester, m ay either remain 
in solution or separate out in the form of long felted 
filaments. The separation m ay be prevented b y  
adding to the solution any of the ordinary solvents of 
cellulose acetate, in which it is soluble in the cold, 
e. g., glacial acetic acid, acetone, etc., in which case 
the solution remains liquid or becomes syrupy on 
cooling. Or else, there m ay be added a substance 
having an influence analogous to th at of camphor 
in nitrocellulose, in which case the solution sets to 
a continuous mass on cooling. Suitable bodies are 
methylacetanilide, ethyltoluenesulphonate, trichlor- 
aniline, etc. If a very  concentrated mass be desired, 
the cellulose acetate m ay be dissolved in alcohol and 
benzene, freed from impurities b y  filtration and al­
lowed to deposit b y  cooling; the liquid is then poured
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off and the precipitated cellulose acetate worked up 
with a camphor substitute. One of the numerous 
examples of the process runs as follows: 1 kilo of 
cellulose acetate is dissolved in 2 kilos of m ethyl alcohol 
and 1 kilo of toluene at 8o° C .; 150 grams of methyl- 
acetanilide are added to the solution and 100 grams 
of epichlorhydrin. The liquid is filtered hot and on 
cooling sets to a solid mass, which m ay be sliced, 
moulded, or pressed through orifices. In various 
ways plastic masses having all the technical properties 
of celluloid m ay be prepared.”

SACCHARIN IN FOOD.

FOOD IN SP E C TIO N  D ECISIO N  1 3 5 .

A t the request of the Secretary of Agriculture, the 
Referee Board of Consulting Scientific Experts has 
conducted an investigation as to the effect on health 
of the use of saccharin. The investigation has been 
concluded, and the Referee Board reports that the 
continued use of saccharin for a long time in quantities 
over three-tenths of a gram per day is liable to impair 
digestion, and that the addition of saccharin as a 
substitute for cane sugar or other forms of sugar re­
duces the food value of the sweetened product and 
hence lowers its quality.

Saccharin has been tised as a substitute for sugar in 
over th irty  classes of foods in which sugar is commonly 
recognized as a normal and valuable ingredient. 
If the use of saccharin be continued it is evident that 
amounts of saccharin m ay readily be consumed which 
will, through continual use, produce digestive dis­
turbances. In every food in which saccharin is used, 
some other sweetening agent known to be harmless 
to health can be substituted, and there is not even 
a pretense th at saccharin is a necessity in the manu­
facture of food products. Under the Food and 
Drugs A ct articles of food are adulterated if they 
contain added poisonous or other added deleterious 
ingredients which m ay render them injurious to health. 
Articles of food are also adulterated within the mean­
ing of the act, if substances have been mixed and 
packed with the foods so as to reduce or lower or 
injuriously affect their quality or strength. The 
findings, of the Referee Board show that saccharin 
in food is such an added poisonous or other added 
deleterious ingredient as is contemplated b y  the act, 
and also that the substitution of saccharin for sugar 
in foods reduces and lowers their quality.

The Secretary of Agriculture, therefore, will regard 
as adulterated under the Food and Drugs A ct foods 
containing saccharin which, on and after July i, 
1911, are manufactured or offered for sale in the Dis­
trict of Columbia or the Territories, or shipped in 
interstate or foreign commerce, or offered for im­
portation into the United States.

F r a n k l i n  M a c V e a g h ,

Secretary of the Treasury.
J a m e s  W i l s o n ,

Secretary of Agriculture.
C h a r l e s  N a g e l ,

Sec. of Commerce and Labor.
W a s h i n g t o n ,  D. C.. April 26, 1911.

USE OF SACCHARIN.

The experiments of the Referee Board of Consulting 
Scientific Experts of the Department of Agriculture 
show that the continued use of saccharin for a long 
time in quantities of over V l0 of a grain is liable to 
impair digestion.

Considering that saccharin is 550 times as sweet 
as cane sugar, V10 of a gram possesses the sweeten­
ing power of 165 grams of cane sugar. It is hardly 
conceivable that any one person would, daily digest 
such an amount of saccharin in food and beverage, 
and without having studied in detail the experiments 
carried out b y  the scientists of the Referee Board, 
the conclusion seems to be justified that saccharin— 
as has been the case in Europe— has been sacrificed to 
the agrarian interests of the country. But in spite 
of all restrictions the consumption of saccharin for 
technical uses is enormous in Europe.

In Germany, for example, the production of arti­
ficial sweeteners and their importation has been 
forbidden b y  the law  of July 7, 1902. The existing 
factories were bought out b y  the government and 
received an indemnity of about five million marks.

The price of cane sugar did not rise in consequence 
of this arbitrary removal of the dangerous competitor, 
but an immense amount of smuggling of saccharine 
from Switzerland and Belgium into Germany and 
Austria was the result. From  April r, 1904, to De­
cember, i9 to , over 11,000 k. of saccharin were con­
fiscated at the Swiss-Austrian border and 444 smug­
glers were arrested and convicted. Much larger 
quantities were of course surreptitiously brought into 
Germany, and a train running b y  night time from 
Switzerland into Germany is called the “ Saccharin 
Train” because so m any smugglers are traveling on it.

In Zurich alone there are 129 persons who make 
the smuggling of saccharin a specialty, and these 
people exercise the greatest ingenuity in concealing 
saccharin In one case they hid in each of 30 barrels 
of herrings, which were to be forwarded across the 
frontier, a tin can containing 25 k. of the sweetener. 
Again, they filled champagne bottles with the material, 
and in another instance they packed tin tubes con­
taining saccharin into cans in which sesame oil was 
shipped.

The sweetener thus marketed is employed by 
householders exclusively who refuse to b e l i e v e  that 
saccharin is injurious to health, and who prefer to 
use the sweetener on account of its sweetness.

The Editor of the Journal of Industrial and E n g in e e r­

ing Chemistry:
W ith the enlargement of the policy of the Jours-'1 

and the effort of the Industrial Section of the American 

Chemical Society to be of greater value to its members 
as well as to the public at large, it might now be well 
to take into consideration one of the most vital p0int3 
of interest, especially to the younger members, I- * ■ 
the question of finding the particular line of employ 
ment for which each is suited.

I do not mean b y  this to refer to the man who 15 
habitually out of a job but first to the young man "'ho
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is just starting rue in life. He should have a better 
opportunity t'> make a selection than is, as a rule, 
offered. Secondly, there is the class, to which m any 
ambitious voung men belong, which consists of those 
who have positions which are not suited to their train­
ing or which they have outgrown and in which there 
is no further chance for advancement.

It appeals to many men, with whom I have dis­
cussed the subject, that, b y  acting as a clearing-house 
for members of the Society, who wish a change of 
employment and for the corporations, who wish to 
employ chemists, the Society would be serving a goc.l 
rause and further the interests of the greater num b r 
of its members.

This problem is already solved, but to a very  sm.ii' 
extent, by the ‘ 'want ads” which can be inserte- I .n 
the Journal of the American Chemical Society.

The opportunity possessed b y  the Society is unique 
in that among its members are numbered those most 
prominent in each of the various fields of chemistry, 
and that any one of its members seeking employment 
Cfn be vouched for b y  some one who is a specialist 
n his own line and who therefore knows the true 
value of the man. In this manner the recommenda­
tions should carry a weight which is not carried by 
other forms of recommendation and result in placing 
the right man in the right place a much greater number 
of times than is at present the case.

I am much interested in a plan of this nature and 
hope that it may be taken up officially by the Society 
as a whole. In the meantime I should like to hear 
from any one interested in any w ay whatsoever.

R a y m o n d  C . B e n n e r .
Un iv e r s it y  o f  A r i z o n a .

T u c s o n .

W ORLD-W IDE FIGURES.
Through study and observation of the volcanic 

outflow the geologist knows approxim ately the com­
position of the earth’s crust to a depth of 10 miles 
below sea-level. As Frank W. Clarke, of the United 
States Geological Survey, says in the ‘ ‘D ata of Geo­
chemistry:” “ This thickness of 10 miles represents 
known matter.”  The vastness of the figures which 
it is necessary to employ in the discussion of this 10- 
nule lithosphere, as it is termed, transcends ordinary 
human comprehension.

The volume of the lithosphere, including the con­
tinents elevated above the sea, is 1,633,000,000 cubic 
miles.

A cubic mile of average rock w eighs 12,800,000,000 
tons.

The volume of the ocean is 302,000,000 cubic miles.
The atmosphere is equal in weight to 1,268,000 

cubic miles of water, which, however, is only one two- 
'nundred-and-thirty-eighth of the volum e of the 
ocean: yet this would be sufficient to raise the level

the ocean 45 feet on all shores and to submerge an 
important part of the continents.

One per cent, of the water of the ocean would cover 
all the land areas of the globe to a depth of 290 feet.

The salt in the ocean would make 4,800,000 cubes

each 1 mile in d'tnonsions, which, if spread over the 
United States wuuld form a layer 1.6 miles high.

In comr.-ir:3on with th,s outer 10-mile section of

the earth's crur t the thin sheet of organic m atter on 
the- surface— a« prairie and valley soils, the alluvial 
bottom s •• -i the rich tablelands b y  whose products 
man lives -becomes a mere film, a skin.

CON DENSITE, A NEW ACID- AND ALKALI-PROOF PLASTIC 
MATERIAL.

Under this name, a new phenol-formaldehyde prod- 
j t  is to be placed on the market, the properties of 

which are claimed to be superior to all similar sub­
stances heretofore introduced. Condensite is soluble 
in alcohol and can be employed like shellac for varnish 
purposes, etc.

B y  simple heating, Condensite is converted into the 
insoluble variety  ready for use as a plastic material. 
It can be perfectly moulded, it sets rapidly without 
any air holes. Its electric properties are excellent. 
It possesses great tenacity, is tasteless and odorless.

The product is m anufactured b y  the Condensite 
Company of America, in Glen Ridge, N. J., and is 
the invention of J. W. Aylsworth, who has spent a 
lifetime in Edison’s laboratories as research chemist. 
Mr. Edison has reserved for himself the exclusive rights 
for using the new material for phonographic purposes. 
Mr. Frank L. Dyer, the attorney of the Edison interests, 
is the treasurer of the com pany and Mr. K irk Brown 
its president. Mr. Aylsworth, the inventor, is a di­
rector in the com pany and will act as its consulting 
chemist.

AM ERICAN TIN-PLATE INDUSTRY.

From information supplied b y  the Bureau of Sta­
tistics it appears th at during the first eight months 
of the fiscal year 1911 both the tin imports and the 
tin-plate exports of the United States exceeded all 
previous records for a similar period. The total 
imports of pig tin, of which England and the Straits 
Settlements are the chief sources of supply, amounted 
in the eight months ending with February, 1911, to 
68,000,000 pounds (compared with 66,500,000 pounds 
in the same months of the preceding fiscal period), 
valued at §23,500,000, and will probably approxim ate 
in value $35,000,000 for the full fiscal year. The 
exports of tin and tem e plates in the eight elapsed 
months of the current fiscal year aggregated 24,250,000 
pounds (in contrast to 15,000,000 pounds in the cor­
responding period of 1910), valued at $880,000, and 
the total exportation for the complete fiscal year is 
estimated at $1,333,000.

ALCOHOL FROM  SAW DUST.

The problem of the utilization of sawdust for the 
conversion of cellulose into sugar and the subsequent 
production of alcohol b y  fermentation has been econom­
ically solved.

A  plant established at Georgetown, S. C., has been
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running successfully for over one year, producing 
more than 2,000 gallons of ethylic alcohol per day. 
The capacity of the plant is about 5,000 gallons daily.

The process carried out a t Georgetown is founded on 
the Ewen-Tomlinson inventions which have been 
patented in all the civilized countries. The works in 
Georgetown are partly owned b y  the Du Pont Powder 
Co., and the alcohol there produced is used in their 
manufacture of powder.

A LA BA M A  COKE.

There were 43 coke-making establishments in A la­
bam a in 1910, the same number as in 1909, but the 
total number of ovens increased from 10,061 in 1909 
to 10,132 in 1910, exclusive of the 60 Koppers ovens 
under construction at the close of 1910. Of these, 
9,614 ovens were in operation in 1910, with an average 
production of 338 short tons each. In 1909 the aver­
age production per oven was 330 tons.

The following table shows the growth of the coke- 
making industry in Alabam a:

S h o r t  t o n s .  •

1880.........•.........................................    60,781
1890........................................................................................  1,072,942
1900........................................................................................  2 ,110 ,837
1 9 0 5 . . . ..........................................v ..............................   2 ,5 7 6 ,9 8 6
190 6 ........................................................................................  3 ,034 ,501
190 7 ........................................................................................  3 ,0 2 1 ,7 9 4
190 8 ..............................................................................    2 ,362 ,666
190 9 ........................................................................................  3 ,085 ,824
191 0 ........................................................................................  3,249,0*27

INCREASED LEAD PRODUCTION IN 1910.

The production of refined lead in the United States 
in 19x0, as shown b y  an advance statem ent issued 
b y  the United States Geological Survey, was 470,380 
tons, an increase over the figures for 1909 of 22,268 tons.

The following are the States which smelted or re­
fined lead in excess of 10,000 tons:

1 9 0 9 . 1 9 1 0 .

Short tons. Short tons.
Missouri..........................................................  142,650 161,659
Idaho...................................................................  97,183 99,924
U tah.................................................................  64 ,534 57,081
Colorado.............................................................. 29,326 35,685

GROWTH OF CEMENT INDUSTRY.

Few mineral products can show so rapid an increase 
in output as Portland cement. The production for 
1909, according to the United States Geological Sur­
vey, was the greatest in the history of the industry, 
being 65,399,889 barrels, valued at $52,797,973. 
In 1900 the production was only 17,231,150 barrels, 
in 1902 it was 25,753,504 barrels, in 1905 it was 31, 
6751257 barrels, in 1906 it was 51,000,445 barrels, 
and in 1908 it was 52,910,925 barrels.

PUMICE.

The value of the pumice produced in the United 
States in 1909 was $33,439 and that of the pumice 
imported was nearly three times as great, according 
to the figures recently published b y  the United States

Geological Survey. The native supply comes prin­
cipally from deposits in Harlan and Lincoln counties 
Nebr. Pumice is an acidic volcanic rock, which may 
be in either massive or finely comminuted form.

ENDOWMENT COMMITTEE.

Mr. H yde announces the completion of the organiza­
tion of the Endowm ent Committee as follows:

B. T. B abbitt H y d e , Chairman, 11 Broadway, New 
York.

Arthur L. Day, Geophysical Laboratory, Carnegie 
Institute, W ashington, D. C.’

f fm . L. Dudley, Vanderbilt University, Nashville, 
Tenn.

A. D. Little, 93 Broad Street, Boston, Mass.
E. G. Love, 80 E ast 55th Street, New York.
Theo. B. Wagner, 746 Marquette Terrace, Chicago, 

111.

GENERAL NOTES.

The annual dinner of the Utah Society of Engineers 
was held a t the Commercial Club, Salt Lake City, 
Thursday, April 20, 1911. Addresses were made
b y  President John Dem , of the American Mining Con­
gress,' and by various members of the Society. The 
following officers were elected to serve for the year 
1911—1912:

President, M. D. G r o s h .

First Vice-President, C. F. M o o r e .

Second Vice-President, E. H. B e c k s t r a n d .

Secretary, R. B. K e t c h u m .

Treasurer, A. S. P e t e r s .

W. C. E b a u g h ,

Secretary U. S. E.

Swift & Co., Chicago, are building a cottonseed oil 
refinery at H arvey, opposite New Orleans, La. The 
buildings, which are on the river front, located on a 
tract of 37 acres, are nearing completion, and include 
an oil refinery, 115 X 52 feet, brick and concrete 
construction, fireproof throughout, part of which is 
four and the other three stories h igh; the packing and 
shipping building, 128 X 61 feet, two stories high; 
cooper shop, 64 X 64 feet, two stories high; boiler and 
engine room, 79 X 40 feet.

The plant will be ready for operation about the 
middle of June, and will employ a large number oi 
hands.

On April 13th, Prof. Wm. B. Alwood, enologiral 
chemist of the Bureau of Chemistry, U. S. Dept, of 
Agriculture, sailed for Spain to investigate viticulture 
conditions in Spain, France, Germany and Itai}- 
W hile in Europe Dr. Alwood will read several papers 
on the chem istry of American grapes before the 
International Viticultural Congress when it meets 
a t Montpellier.

The Union Phosphate Co., Union City, Ga., wll
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expend $20,000 on improvements and additions to 
their buildings. The main building will be increased 
to 70 X 300 feet. W hen the additions are completed, 
the capacity will be 100 tons of acid phosphate daily. 
J. G. Eubanks is the president of the company, which 
has a capital stock of S i 50,000.

Work has begun on the foundation of the new 
fertilizer plant, 114 X 135 feet, on the site purchased 
by the Central Chemical Co., Hagerstown, Md., in 
the northern suburbs along the Cumberland Valley 
Railway. The new plant when completed will have 
a capacity of 20,000 tons a year.

On April 28th, the Arbuckle Bros. Sugar Refinery 
in New York City was destroyed b y  fire causing a 
loss of about $400,000. Nothing is known as to the 
cause of the fire except that it followed an explosion 
in the char house.

On April n t h ,  H enry Pemberton, former Vice- 
President of the Pennsylvania Salt Manufacturing 
Co., died in Philadelphia at the age of 85 years. Mr. 
Pemberton was well known as a manufacturer, scientist 
and author.

Dr. G. D. Rosengarten has been elected b y  the 
E xecutive Committee of the Division as Chairman 
of the Industrial Division of the American Chemical 
Society in place of Dr. George C. Stone, resigned.

The Mitchell Varnish W orks have moved their 
plant from Newark, N. J., to Camden, N. J., where they 
also have their offices.

The Casein Co. of America is erecting a plant in 
Hagerstown, Md., for the manufacture of dry milk 
powder.

CONSULAR AND TRADE NOTES.
NITRATE INDUSTRY OF CHILE.

Minister Henry P. Fletcher, Santiago, submits the 
Mowing data relative to the nitrate industry of Chile, based 
upon a report recently issued by the Nitrate Propaganda A s­
sociation:

The production of nitrate in Chile for the years 1908, 1909, 
1910, and 1911 (estimated), and the increased production in 
each year over the one preceding, were as follows, in quintals 
ol 101.6 pounds each:

P r o d u c ­

t io n . 

Y e ars. Q u in t a ls .

1908 41,751,284

I ncrcasc 
over 

preced­
ing year. 
Quintals. Years.

  1910

Produc­
tion.

Quintals.

Increase 
over 
preced­
ing year. 
Quintals.

52 ,500 ,000  7 ,705,535

bags per week, of which 8,000 to 10,000 bags are shipped to other 
Australian States. Recognizing that immediate steps must 
be taken to save this interstate market, the company has made 
a trial shipment of cement in bags lined with paper. I t  is stated 
that the present cost of these paper-lined bags makes their use 
almost prohibitive, but that, if the experiment proves suc­
cessful, arrangements will be made to make such bags by ma­
chinery.

As this m atter may interest manufacturers in the United 
States, some of whom produce bags of paper stock strong enough 
to convey coal, it is suggested that they correspond with the 
company in question (address may be secured from the Bureau 
of Manufactures).

1909 +4,794,465 3,043,181 1911 (estimated) 55 ,000 ,000  2 ,500 ,000

These figures are slightly higher than those given in official 
statistics. In 1910 there were shipped to the United States 
over 12,000,000 quintals, as against 8,000,000 in 1909.

The increase in exportation over the preceding year was 
1,804,989 quintals in 1909 and 4,369,196 quintals in 1910; the 
increase in consumption was 4,559,769 quintals in 1909 and 
6,814,052 quintals in 1910.

The figures relative to the stocks of nitrate on the coast 
December 31, 1910, prepared by a special commission, show 
a total of 9,916,278 quintals.

A Reuter dispatch from Santiago de Chile estimates the pro­
duction of nitrates for 1911 at 55,000,000 quintals and the world 
consumption at 53,860,000 quintals, and states that nine es­
tablishments are nearing completion which will produce 11,000, 

quintals a year.

LITHOPONE IN GERM ANY.

Consul General Robert P. Skinner reports that lithopone 
is manufactured in some 12 factories, of which three are in 
Silesia, two in the Duchy of Brunswick, one in Thuringia, two 
in Nassau, three on the lower Rhine, and one in Bavaria. The 
capacity of these factories per annum varies between 1000 car­
loads at the most important and 100 at the smallest.

In addition to its various uses in the paint trade, lithopone 
is also being employed in the manufacture of many rubber 
articles, linoleum, oilcloth, scaling wax, and artificial stone. 
The consumption of lithopone will increase steadily, although 
there is no doubt an overproduction at this time.

DUST-PROOF CEMENT BAGS FOR AUSTRALIA.

Consul General John P. Bray, Sydney, reports that differences 
have arisen between the local cement manufacturers and the 
^harf labors at Sydney, over handling cement in bags, the dust 
from which the laborers claim injures their health. The wharf 
laborers have virtually refused to handle bagged cement, which . 
««ously hampers the trade.

The output of the leading cement factory is about 36,000

GERMAN INCANDESCENT-LAMP INDUSTRY.

Official statistics of the production of incandescent lamps, 
now being compiled in connection with the new Government 
tax  upon lighting apparatus, have so far been made public 
only for the six months from October 1, 1909, to March 31, 1910. 
The following table gives the total number of the various kinds 
of incandescent lamps manufactured and imported.

Kind of lamp. Produced. Exported. imported.
Filament:

Carbon......................................... 13,994,323 8 .397 .756  566,115
Metal............................................ 17,828,730 12,303,719 141,407

Nernst burners, e tc .......................... 253,456 141,965 418
Burners for mercury-vapor lamps. 4,541 1,617 79
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MINERAL PRODUCTION OF BRITISH COLUMBIA.

The total mineral production of British Columbia for 1910, 
compared with 1909, as shown in Government reports, was as 
follows:

Articles. 1909. 1910.
Gold:

Placer............................................... .........  $477,000 $482,000
Lode.................................................. .........  4 ,924 ,090 5,198 ,505
Silver................................................ 1 ,282,500
Lead.................................................. .........  1 ,709,259 1,480,000
Copper.............................................. .........  5 ,918 ,522 4 ,972 ,500
Zinc................................................... 400,000 184,000

T otal........................................ 14,668,141 13,599,505

Coal................................................... .........  7 ,022,666 9,800 ,000
Coke................................................. .........  1,552,218 1,284,000
lUiilding materials, e tc ............... .........  1 ,200,000 1,500,000

Grand tota l........................... .........  24,443,025 26,183,505

DECLINE OF INDIAN INDIGO.

Consul General Win. H. Michael, Calcutta, reports that during 
1896 India’s indigo industry had reached its greatest prosperity. 
Exports of 20,981,744 pounds were valued at $17,848,370.

B y adhering to old methods of cultivation the Indian planter 
has permitted the more progressive synthetic dye manufacturer 
to surpass him, and in 1906 Indian indigo exports had fallen 
to 3,920,000 pounds, valued at $2,333,333. Since then the 
decline has been continuous. During the fiscal year ended 
March 31, 1910, it had fallen to 2,022,832 pounds, with a valua­
tion of only $1,172,718, and this year it will, no doubt, be still
lower. ---------

LARG E GRAIN CROPS IN ROUMANIA.

The Roumanian consular officer in London states that the 
total vlaue of grain production in his country for 1910 was 
$253,000,000 or $20,000,000 greater than for 1906, when crops 
were very abundant. The wheat crop alone was worth about 
$100,000,000 and the com crop about $60,000,000. He adds 
that Roumania will have to provide the largest share of corn for 
European requirements this year.

BOOK REVIEWS.
Nitrocellulose Industry. B y E d w a r d  C. W o r d e n . Vol. I 

[Vol. II in press], 565 pp., 148 illustrations. D. Van Nos­
trand Company, New York, 1911. Price, $5.00 

The first volume of this work comprises the following 
subject m atter: Cellulose, its sources, properties and 
modifications; Cellulose Nitrates, their history, prop­
erties and analysis; Manufacture of Nitrocellulose; 
Solvents treating especially of fusel oil, am yl acetate 
and camphor; Paint Removers and Turpentine Sub­
stitutes; Pyroxylin Solutions and Lacquers including 
their preparation, properties and uses; Imitation 
Leather; Pyroxylin  Coated Enamel and Patent Leather; 
Artificial Filaments describing the Chardonnet, 
Cuprammonium and similar processes together with 
the spinning, properties and uses of artificial silk.

Obviously it would be impossible for one person to 
be personally familiar with all the processes outlined 
above, and in treating the subject the author has drawn 
freely from the journal and patent literature. In 
the chapter on Solvents and Non-Solvents and that on 
Pyroxylin  Coated Enam el and Patent Leathers, 
however, he writes from his own experience and es­
pecially in the first mentioned chapter, contributes 
much that is valuable.

In this chapter, which is typical, a careful account 
is given of the first work done on solvents and their 
development up to the present time. This account 
is accompanied by notes in smaller type, often cover­
ing over half the page, in which an unusually complete 
bibliography is given with short reviews of the subject 
m atter of the references in most cases. Also elabo­
rations are given in the notes of the tex t above, enabling 
the reader to get more specific information where 
desired.

To consider the chapter on solvents more in detail, 
a very  clear idea of the uses and functions of the various 
solvents of pyroxylin is given under the heading 
"Classes of Solvents." Under the heading "A cetone,"

a lucid explanation is given of the parts played by the 
different ingredients of a pyroxylin solution. Here, 
as in the rest of the work, the commercial side of 
the question is kept steadily in view  and the cost of 
a solvent is considered along with its other properties; 
thus the use of benzene in lowering the cost of solutions 
is well set forth in the statem ent of "Stevens' Law.1’

The sub-headings of the above chapter, as in the 
case of many of the other chapters, are not logical 
or well chosen. For example, the first few para­
graphs differ from most of the other paragraphs in 
the book in having no heading at all and gradually 
change from a historical account of solvents to a dis­
cussion of their relations to each other in their action 
on nitrocellulose. Thus some valuable data would be 
lost b y  a reader making use of the headings in heavy 
type. W here the headings are given, they are often 
misleading as, to give a further example, phenyl 
acetate follows the paragraph of non-solvents alorv 
with the headings "Chloroform ,” “ Carbon tetracbw 
ride," etc.

This same haphazard arrangement is also notice­
able in the m atter contained in the different chapters, 
a paragraph on m ethyl alcohol being included in the 
chapter on fusel oil which, m ay it be said parenthet-. 
ically, makes itself prominent b y  the extraordinary 
statem ent that acetone-free m ethyl alcohol is a non­
solvent of industrial cellulose nitrates.

Besides putting subjects out of their logical place 
much m atter is included which is irrelevant in a book 
on the nitrocellulose industry; for example, there is 
a whole chapter on paint removers, a sketch of the 
tanning industry in Chapter X II  and an account of 
cuprammonium and other non-nitrocellulose fila­
ments in Chapter X III . Thus a wonderfully complete 
but not very well digested pile of facts is brought 
together, which, although they m ay be located by
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means of the excellent index, make the book cumber­
some and tedious to read in m any places.

Included in this vast amount of information are 
many excellent descriptions of technical processes, 
accorapained b y  illustrations of apparatus. These 
include numerous nitrating processes, methods and 
contrivances for making pyroxylin solutions, the 
refining of fusel oil and manufacture of am yl acetate, 
leather-coating compounds and machinery for ap­
plying ¿hem, and the manufacture of artificial fila­
ments.

Not nearly as valuable are the analytical methods 
given for the determination of nitrogen, the analysis 
of mixed acid and the assay of am yl acetate, also 
Redpath's method of acid calculation, all of which 
need editing by one who has made use of them in 
factory practice. It would be better to give an 
outline of the methods than to give actual procedure 
which is incomplete and misleading.

Viewed in perspective, the various faults here men­
tioned do not detract seriously from what is undoubt­
edly the most valuable and complete work on the sub­
ject of nitrocellulose yet published. The student 
and general reader will find much of interest in the 
historical accounts and the descriptions of . the manu­
facture of many fam iliar articles, while the tech­
nician will find the bibliography and résumés of patent 
and journal references invaluable. C. M. J o y c e .

Elementary Chemistry for Coal-mining Students. B y  L. T. 
O’Shea, M.Sc. (Sheffield), B.Sc. (London). Professor of

Applied Chemistry in the University of Sheffield. i2mo.,
319 pp. Longmans, Green and Co. 1911. $1.80 net.

This very readable volume has been the gradual 
outgrowth of m any years of lectures, delivered be­
fore audiences composed largely of students of coal­
mining, ignorant of chemistry, which m ay explain 
the semblance of crudity and lack of continuity 
occasionally to be found in the text. This crudity, 
or lack of precision in the formulation of laws and the 
statement of facts, is apparently intentional and 
should be no drawback, as the audience for whom the 
work is primarily intended would be largely incapable 
of appreciating fine distinctions, and would be but 
confused by them. The lack of continuity m ay 
be attributed to the lecture origin of the work. It 
would appear that m any of the chapters have origi­
nally been lecture themes, and even though arranged 
m logical sequence, there is often but little connection 
between them.

While this book is termed a work on chemistry, 
it is really a compilation of data pertinent to the science 
of coal-mining, the pure chem istry being secondary 
to, and explanatory of, these data. The text is so 
worded, and the chapters so arranged, that the facts 
•of most importance are kept largely free from chemical 
theory, so that their salient points m ay be readily 
grasped, without entering into the pure chemistry. 
This chemical theory is profusely illustrated b y  the 
description of well chosen experiments.

The mining profession a t large owes a debt of 
•gratitude to the author of this estimable work for

the m any valuable facts and tables, which have been 
carefully gleaned from a great mass of literature. 
Perhaps some slight idea of the wealth of information 
stored in this volume m ay be gathered from a brief 
résumé of its more im portant chapters.

In the chapter on the atmosphere, besides the 
usual statements regarding its composition and con­
stituents, the spontaneous ignition of coal is treated 
of a t length. The theoretical consideration of the 
origin of this evil and its remedy are dealt with. 
E xtin ctive and irrespirable atmospheres are made 
the subject of another section of this chapter, in which 
very interesting tables are given, showing the per­
centage composition of atmospheres extinctive of the 
flames of various burning substances. The physio­
logical action of atmospheres depleted in oxygen is 
also briefly treated.

A  chapter is devoted to a very  thorough and concise 
discussion of gas, and atmospheric pressures, with 
à description of the various types of barometer, and 
water gauge, used for the measurement of these pres­
sures. It m ay be noted here that the mathematical 
considerations throughout the book are'sim ple and 
uninvolved, and m ay be readily followed b y  the least 
initiated.

Following the usual chapter on water and its com­
position is found a chapter on pure chemistry, treating 
very  sim ply of atoms and molecules.

The chapter on sulphur is remarkable for nothing 
save that a brief outline of the physiological action 
of hydrogen sulphide is given, and that the ‘ ‘iron 
disulphide” associated with coal is described as iron 
pyrites, no mention being made of the presence of 
marcasite.

Under carbon, tables are given showing the com­
position of various cokes and charcoals, as well as 
analyses of samples of fire-damp.

The chapter dealing with flame and the safety-lamp 
is full and well written. Cuts are given showing the 
appearance of different shaped flames burning dif­
ferent fuels in atmospheres containing varying quanti­
ties of methane. The conditions to be fulfilled b y  an 
efficient safety-lam p are clearly stated with a descrip­
tion of the more im portant types of this lamp and 
their advantages and drawbacks.

The subject of coal is treated fully and clearly. 
As might be expected, much stress is laid on the 
description of the coking of coal and the by-product 
oven, which is amplified b y  a special chapter discussing 
these by-products and their recovery.

The subject of explosives is especially well handled. 
The physical effect of high and low explosives, when 
detonated, and their dynamic testing is detailed. 
A  section is devoted to the length of flame from 
explosives, while the requirements to be fulfilled by 
such bodies when used in coal mines are discussed, 
as well as the subject of “ permitted explosives" 
with the tests to which these are subjected. The 
general consideration of safety in handling of explo­
sives forms the topic of another section, while through­
out the chapter m any analyses of these substances are 
quoted.
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of several colliery disasters are abstracted. The 
whole subject is roughly divided into two types, that 
of a pure fire-damp explosion, and that of a fire-damp 
explosion continued and magnified b y  coal dust.

The mechanics of the propagation of flame through 
an explosive m ixture of a combustible gas and air 
is lucidly explained. The various experiments carried 
on in England to ascertain the explosibility of coal 
dust are described.

The book is concluded b y  a chapter dealing with 
the physical consideration of the effects of pressure and 
temperature on gases, another on chemical calcula­
tions, and several appendices of useful tables.

E d w i n  M. C h a n c e .

Zur Kenntnis der Cellulosearten. v o n  D r . W a l t e r  S c h u l z .
Introduction by Dr. Carl G. Schwalbe. Verlag von Gcbriider
Bomtraeger, Berlin. 1911. 100 pp., 3 illustrations. 3
Mks., 20 Pf.
The identification of cellulose fibers is usually 

accomplished b y  the aid of the microscope and very 
seldom b y  strictly chemical means. Even in these 
cases the investigation is usually done b y  micro­
chemical methods. The author in this book has 
collected the latest chemical methods for the deter­
mination of the various intermediate decomposi­
tion products of cellulose and the various constants 
used in testing sulphite cellulose.

The work of the author can be divided into two 
parts: P art I deals with the methods of production 
and characterization of the intermediate decom­
position products of cellulose, such as the vegetable 
parchment, the Guignet cellulose, the amyloid of 
Flechsig, the acid cellulose of Ekstrôm, etc. The 
end-products of the hydrolysis of cellulose have also 
been considered as to methods, yield, etc.

Part II describes the physical-chcmical methods 
as tried out b y  the author for determining the various 
constants of sulphite cellulose.

The author has added in this little work a valuable 
addition to our knowledge of the little-known field 
of cellulose chemistry and cellulose testing.

O .  K r e s s .

Composition and Heat Treatment of Steel. B y E. F. L a k e .
x + 252 pp., 143 illustrations. $2.50. McGraw-Hill Book 

Company, New1 York. Second Edition, Revised and Corrected.

This book is not w orthy of a review, yet it would be 
unfair to say that it is of no value. It is fair, however, 
to say that m any of the sentences and paragraphs are 
loosely constructed and their meaning vague and ob­
scure. Many of the statements are in error and 
truths stated correctly in one part of the volume are 
contradicted in another part.

To point out all the errors and put the seemingly 
intended thought of the author in plain simple language 
would make a volume larger than the book itself.

The following quotation will serve to illustrate the 
character of the book:

Page r, paragraph 3: “ In making steel, the opera-

which is a natural iron rust or a combination of iron 
and oxygen. The oxygen is removed b y  combining 
iron ore, coke, and limestone in a furnace, as shown 
in Fig. 2, and heating to a high temperature by in­
jecting superheated air into the bottom  of the furnace. 
The coke is burned b y  the oxygen in the air; a part 
of it aids in maintaining this high temperature while 
the rest is useful in removing the oxygen.”

Page 13, paragraph 4, discussing blown metal: 
“ E xcept for the impurities which poison the metal, 
namely phosphorus, sulphur, oxygen and possibly 
nitrogen, it has become for all practical purposes a 
pure metal that is very  brittle. This makes it neces­
sary to add certain ingredients that will toughen, 
strengthen, and harden it so as to make it useful and 
workable.”

Page 64, paragraph 5: “ Carbon unites with chem­
ically pure iron in all proportions up to 4‘ /3 per cent. 
The capacity of the iron for carbon can be increased 
by using manganese, and when a high percentage of 
manganese is added to steel the carbon content can 
be raised to 7 or 8 per cent.”

Page 73, paragraphs 4 and 5: “ Manganese is not only 
useful to cleanse the bath of impurities, but it has 
other properties that aid in making steel better. The 
amount that can be left in the steel varies with the 
amount of various other- ingredients that are added 
to the metal, and this is especially so of carbon. In 
effect it behaves in practically the same manner as 
carbon, as also does nickel. W ith a given carbon 
content the introduction and increase of manganese 
causes a series of structural changes similar to those 
that occur in carbon steels, that only contain small 
percentages of manganese.

“ While the action of these three elements upon iron 
is of the same kind, it is not of the same strength, as 
the equivalent of 1%  of total carbon, that contains 
the maximum amount of hardening carbon, is 7.25 
per cent, of manganese and 17.55 Per cent, of nickel. 
A ll three of these cause a structural change in the 
meal from pearlite, that includes the sorbitic, to 
martensite, that includes the troostitic, and then to 
the polyhedral structure, and with none of them is 
a special carbide formed. Chromium has an analogous 
effect, but not as complete, as a double carbide of 
iron and chromium forms and this is not maintained 
in solution in the iron without tempering.”

Page 75, part of paragraph 3: “ Many contradictory
statements have been made as to the effect of silicon 
on steel. When the silicon is high in Bessemer steel 
it is an indication that the metal has been blown 
too hot, and the metal is apt to be brittle. The 
percentage varies considerably, according to the heat 
of the charge, and this causes irregularities which may 
account for the difference of opinion. The melting 
point and specific weight of pig iron are governed 
chiefly b y  the silicon and the carbon, which are the 
principal elements.”

Page 78, paragraph 3: “ In the rolling mills phos­
phorus does not show any bad effect, as the heat under 
which the steel is worked seems to overcome this,.
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but when the metal has become cooled and is subjected 
to sudden shock or to vibrational stresses, it breaks 
very easily. The lower the tem perature and the higher 
the atmosphere the easier will the breaks occur. This 
has led to the term 'cold-shortness’ as applied to 
the effect of phosphorus on steel.”

Page i2 i, paragraph 2: Direct Steel Castings.
"In this process the metal is taken direct from the 
furnace to a heated mixer where the proper materials 
are added to make the required quality of steel. The 
metal can be kept liquid as long as desired in the mixer, 
and its chemical properties adjusted b y  the addition 
of different materials. The mixer is kept full b y  
transferring metal from the furnace. When the 
metal is wanted for casting the mixer is tapped and 
the metal run into ladles, from which it is poured into 
the molds as in other castings.”

Page 193, paragraph 7: ‘ ‘Cementite is the carbide

of iron, and is expressed b y  the following formula: 
F esC, which means ferrite— which is pure iron— 3 
atoms for every one atom of carbon. It  is the second 
constituent in importance in steel— ferrite being 
first— and is very hard and brittle. Practically all 
the carbon is present in this form, and it usually 
crystallizes in thin flat plates. Cementite does not 
exist in pure iron, which contains no carbon, and of 
itself contains about 6.6 per cent, of carbon, which 
is about one-fifteenth of it .”

I have never before read in any book such a con­
glomerated mass of facts and misinformation.

The binding and paper of this book are good; the 
print clear and well defined ; the illustrations are 
excellent.

It is to be regretted th at the publishers should have 
perm itted such a book to go out without the exercise 
of greater editorial skill. W i l l i a m  B r a d y .

NEW PUBLICATIONS.
B y  D. D. B e k o l z i i e i m e r .  Librarian American Chemical Society.

METAL AND ORE PRODUCTION.

In an advance chapter of ‘ ‘Mineral Resources of the United 
States," by Waldemar Lindgrcn, of the United States Geological 
Survey, covering the metal production of the United States 
for 1909, the Survey has adopted the common-sensc plan of 
reducing all values to a single unit of measure, namely, the short 
ton of 2,000 pounds. The comparative figures for 1908 and 
1909 arc issued in this form, covering the production of the 
different metals, and also the crude metalliferous ores. They 
show at a glance the quantities of metals and ores produced and 
their relative quantitative importance.

Mr. I.indgren also includes, in this statement, the large quanti­
ties of imported ores, unrefined bullion, etc., which are refined 
in this country, thus adding to the figures of production from 
domestic ores as stated in the usual tables. In 1909, for instance, 
the total production of domestic ores of gold, as stated in the gold 
chapter of "Mineral Resources,”  was $99,673,400. The total 
production, however, including gold refined from foreign ores, 
matte, etc., w as  $126,099,632.

Comparison of the 1908 and 1909 figures thus stated shows 
in most items a marked increase. Pig iron increased from 
17,678,080 tons, valued at $248,733,369, in 1908 to 28,638,883 
tons, valued at $411,544,773, in 1909. Of copper 568,981 tons, 
valued at $150,210,984, were produced in 1908, as against 695,- 
510 tons, valued at $180,832,600, in 1909. The platinum pro­
duction in 1908 was 0.026 ton, valued at $14,250, which increased 
“  1909 to 0.039 ton, valued at $28,440.

The chapter also states the production of crude ores from 
domestic ores, a showing which has not been attempted in any 
pnor year, and also gives figures on the concentrates of several 
metals. It is interesting to note that while the production of 
oiide zinc and zinc-lead ores in the United States in 1909 was 
10,679,608 tons, the production stated in zinc concentrates 
was only 7I5,30o tons.

The crude ore mined in 190S was 85,627,624 tons and in 1909 
■t "'as 112,056,302 tons. An estimate is made of the volume 
°I gold-bearing placer gravel washed in 1909, which is stated 
10 be 80,000,000 cubic yards in the United States, with an aver­
age, value of 12 cents a cubic yard, and 4,418,000 cubic yards in 
Alaska, with an average value of $3.66 a cubic yard.

CLAY PRODUCTS IN FAVOR.

The year 1909 was a record breaker for clay products— bricks, 
tile, pottery, etc.— The value of the output being $166,321,213, 
as compared with $133,197,762 in 1908. The value was higher 
than that of 1907 ($158,942,369). The United States Geo­
logical Survey has just issued an advance chapter of "Mineral 
Resources of the United States”  for 1909— "Clay-W orking 
Industries,”  by Jefferson Middleton— which shows the year 
to have been a remarkably prosperous one in this important 
industry. In brick and tile products every item exccpt fancy 
brick, sewer pipe, and stove lining increased in value. In the 
pottery industry every item showed an increase. The imports 
of pottery showed a gain of less than 1 per cent., although the 
domestic product gained 23.53 Pcr cent, and the exports of high- 
grade domestic pottery likewise increased. The exports of all 
clay products increased 22.24 per cent. Every State and 
Territory except Alaska, but including Porto Rico, is a producer 
of burned clay, and 42 States showed gains.

The following are the 10 States with highest recorded pro­
duction for 1909:

B r i c k

State. and tile. Pottery.
Ohio......................................................... $16,929,885 $13,416,356
Pennsylvania........................................ 19,403,944 1.782,769
New Jersey.............................    9 ,380 ,958  7 ,791,136
Illinois..................................................... 13,505,898 838,555
New Y ork.............................................. 10,270,227 1,887,209
Indiana...................................................  6 ,744 ,295  900,928
Missouri.................................................. 7 ,367,061 73,122
Iowa........................................................  4 ,846 ,706  51 ,990
California...............................................  4 ,3 1 2 ,5 9 0  124,575
W est Virginia.......................................  1 ,159,627 2 ,350 ,470

The great growth shown in some of the clay-working industries 
during the last decade is interesting. Common brick increased 
from $38,621,514 in 1900 to $57,251,115 in 1909; vitrified paving 
brick from $4,764,124 to $11,269,586; front brick from $3,- 
864,670 to $9,712,219; drain tile from $2,976,281 to $9,799,158; 
sewer pipe from $5,842,562 to $10,322,324; and fireproofing from 
$1,820,214 to $4,466,708.

NATURAL GAS PRODUCTION FOR 1909.
The chapter on natural gas from “ Mineral Resources of the 

United States for 1909” can now be had of the United States
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Geological Survey by application to the Director a t Washington. 
The industry surpassed in 1909, both in the quantity and value 
of the gas produced, the record of any previous year, the esti­
mated value being §63,206,941, as against $54,640,374 in 1908. 
Although the returns arc unusually late, it is believed that as 
a result of cooperation with the Census Bureau they are more 
complete than those of any previous year. The report discusses 
the production in Considerable detail and gives the output 
by States covering a long period of years. In 1909 Pennsylvania 
led with an output valued at $20,475,207, West Virginia came 
next with $17,538,565, Ohio was third with $9,966,938 and 
Kansas was fourth with $8,293,846. No other State produced 
as much as $2,000,000 worth.

INCREASE IN GOLD AND SILVER PRODUCTION.

A  report on the production of gold and silver in the United 
States in 1909, by H. D. McCaskey, of the United States Geo­
logical Survey, has just been issued as an advance chapter of 
the Survey’s volume "Mineral Resources.”  The figures agree 
with those of the Director of the Mint, being the result of co­
operation between the two bureaus, and are therefore final for 
both. The gold production was valued at $99,673,400 and the 
silver at $28,455,200, an increase over the figures for 1908 of 
$5,113,400 for gold and $404,600 for silver. The report includes 
figures and detailed statements of production by States, and 
comparisons of the total output for the last three decades. It 
also includes the statistics of imports and exports as well as 
tables of ore production.

SEVEN MILLION DOLLARS FOR MINERAL W ATERS.

The sales of mineral water in the United States during 1909, 
according to the United States Geological Survey, represented 
a  value of $6,894,134, a slight increase over the figures for 1908. 
The quantity sold was 64,674,486 gallons and the average retail 
price was 11 cents a gallon. In addition to this quantity over
6,000,000 gallons were estimated to have been used in the manu­
facture of soft drinks. The tables given in the report show a 
steady increase in the production of mineral waters for the last 
25 years, the figures for 1885 being 1,312,845 gallons. The 
value of the imports of mineral water in 1909 was $1,085,177, 
with an average of 31 ccnts a gallon.

The report shows the production by States with names of 
springs and other details.

QUALITY OF ILLINOIS RIVER W ATERS.

The United States Geological Survey has just published 
another edition of its exhaustive report on the quality of the 
waters of Illinois (Water Supply Paper 239). While this report 
is of first interest to the people of Illinois, it contains much 
information on steam pollution, the treatment of impure waters 
for municipal engineering and other industrial uses, the cost of 
differing degrees of purification for different purposes, and 
similar subjects having a general application and interest. 
The volume is now available for distribution and can be obtained 
on request to the Director, United States Geological Survey, 
Washington, D. C.

NATU RAL GAS IN TRINIDAD.

The island of Trinidad, according to the United States Geo­
logical Survey, is well supplied with natural gas, large supplies 
of which arc reported to be going to waste. This gas, if piped 
to Port of Spain, would undoubtedly be a great source of rev­
enue. The gas is under great pressure, the discharge from a 
well at Guayaguayan being said to be about 1,000,000 cubic

feet a day. E very oil well drilled on the island thus far has 

produced large quantities of gas in addition to the oil.

Examination of the Raw Materials, Products and By-products 
of the Sugar Industry. B y  R. F r u e h l i n g .  Brunswick. 8vo., 

535 PP. $3 -75.

The Analysis of Paints and Painting Materials. By Gardner 
and S c h a e f f e r .  191 i . L. 8 v o . ,  109 pp. $1.50. D. Van 
Nostrand Co.

Commercial Peat: Its Uses and Possibilities. B y  F re d e r ic k  F, 
G is s in g . 1911. 8vo., 200 pp. $2. J. B. Lippincott Co.

A Text Book of Physics. B y  H u r s t  &  L a t t e y .  191 i. D, 
Van Nostrand Co. 8vo., 648 pp. $3.00

Micro-organisms and Fermentation. B y  A l f r e d  Jorgensen. 
1911. 8vo., 500 pp. $4.50. D. Van Nostrand Co. 4th
Edition.

Electrical Nature of Matter and Radioactivity. By H a rry  C. 
J o n e s . 1911. 8vo., 219 pp . $2. D. Van Nostrand Co. 
2nd Edition.

A Manual of Dyeing. B y K n e c h t ,  R a w s o n  &  L o ew e n th a l 
1911. L. 8 v o . ,  531 pp. $12. J. B. Lippincott Co. 2nd 
Edition.

A Text Book of Botany and Pharmacognosy. B y  Henry 
K r a e m e r .  1911. 8vo., 888 pp. $5. J. B . Lippincott Co.
4th Edition.

Technical Mycology. B y  F r a n z  L a  F a r .  191 i 8vo., 327 pp 
$4.50. J. B. Lippincott Co.

Handbook of Biochemistry. B y  E. L a m b lin g , Paris. 1911. 
8vo. $2.

Text B o o k  of Electrochemistry. B y  M. LE B la n c ,  Leipzig.
1911. $ 1 . 7 5 .

Acetylene: The Principles of its Generation and Use. By L e e d s  

&  B u t t e r f i e l d ,  cr. 8vo., 411 pp. 1911. $2.75. J. B. 
Lippincott Co. 2nd Edition.

Radium in Biology and Medicine. B y E. S. L o n d o n  1911. 
Leipzig. L. 8vo., 199 pp. $1.50.

A Treatise on Electrometallurgy. B y  W a l t e r  G. McMillan. 
1911. cr. 8vo., 459 pp. J. B. Lippincott Co.

Drying Machinery and Practice. B y  T h o m a s  G. M a r l o w .

1910. L. 8vo., 388 pp. $5. D. Van Nostrand Co.

The Construction and Working of Internal Combustion Engines. 
B y  R . E. M a t i io t .  1910. 8vo., 576 pp. $6.60.

The Non-metallic Minerals. B y  G . P . M e r r i l l .  191 i. 8vo., 
444 pp. $4. John W ile y  & Sons.

Blast Furnace Practice. B y  J. J. M o r g a n . 1911. 12mo., 53
PP- 75C. J. B. Lippincott Co.

Catalysis. B y W . O s t w a ld .  Leipzig. 1911. 50c.

White Paints and Painting Materials. B y W. G. S c o t t ,  The 
Modern Painter: Chicago. 8vo., 493 pp. 1911.

Qualitative Chemical Analysis. B y  W i l f r e d  W . S c o tt . 8vo., 

176 pp. $1.50. D. Van Nostrand Co. 1911.

Chemistry of Food Nutrition. B y H e n r y  C. S h erm a n . 12®°" 
355 pp. $1.50. 1911. MacMillan Co.

The Organic Chemistry of Nitrogen. B y  N. V. S i d g w i c k .  Rof 
8vo., 428 pp. $3.75. Oxford. 1911.

Modem Assaying. B y  J. R e g i n a l d  S m ith , cr. 8vo., 145 PP- 
$1.50. 1911. J. B. Lippincott Co.
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Ceramic Literature. B y  M. L. S o lo n .  649 pp. $15. J. B.
LippincottCo. 1911.

Year Book of Radioactivity. B y  J S t a r k .  Leipzig. S5.00. 
1911.

An Elementary Text Book of Physics. 4 Vols. n m o., 1042 pp. 
$6.25. 1911. J. B. Lippineott Co.

Preparation of Colloidal Solutions of Inorganic Substances. B y 
T. S v e d b e r g .  8v'o., 507 pp. 1911 . Tli Steinkopf, Dresden.

Outlines of Inorganic Chemistry. B y F. S w arts. L. 8vo., 578 

pp. $3.75. 19“ -
The Theory of Ionization of Gases. B y J o h n  S. T o w n s e n d . 8vo. 

99 pp. $1.25. D. Van Nostrand Co. 1911.

Acetylene. By J. H. V ogel. Leipzig. L. 8vo„ 294 pp. $4.25. 
1911. •

Mycology of Milk. B y H. W e ig m a n n . Leipzig. L. 8vo„ 267 

pp. $i.75- 1911-

A History of the Theories of Ether and Electricity. B y E. Z. 
W h itta k e r . L. 8vo. 488 pp. $4.5°. 191°. Van Nos­
trand Co.

Foods and their Adulteration. B y H. W. W il e y . 8vo., 640 
pp. $6.00. 1911. 2nd Edition. Blakiston’s.

Text Book of Analytical Chemistry. B y  H. W o e b l in g .  Berlin. 
L. 8vo., 479 pp. S2. 1911.

Logarithms and Tables for Chemists. B y  C. J. W o o d w a r d . 

nmo., 70 pp. D. Van Nostrand Co. 1910.

Tests for Coal Tar Colors in Aniline Lakes. B y  G e o r g e  Z e r r .  
8vo„ 228 pp. $5.50. J. B. Lippineott Co. 1911.

Kunstoffe, or Artificial Substances. Edited by D r .  R i c h a r d  
E scales, Munich. A journal devoted to the use of refined 
or chemically produced substances. The following subjects 
will be considered: artificial silk, natural and artificial rubber, 
rubber substitutes, celluloid, artificial leather, linoleum and 
oil cloth, artificial resins (Bakelite), casein products, etc. 
Dr. Leo H. Baekeland and Dr. Arthur D. Little are among 
its contributors.

International Journal of Metallography. Edited by W. G u e r t -  
le r . First issue February, 1911. Subscription, $5 per vol­
ume. (Two vols. per year). Gebrüder Bornträger.

More Recent Cyanide Practice. B y  H. F o s t e r  B a in . 1910. 
8vo„ 424 pp. D. Van Nostrand. Co. $2.

Chemistry and Biochemistry of the Lipoids. B y  J. B a n g . Wies­
baden; L. 8vo. $1.50.

Teit Book of the Illuminating Gas Industry. B y  W . BERTELS- 
m an . Stuttgart. 1911. L. 8vo. $5.50.

The Metallurgy of Lead. B y  H e n r y  F. C o l l i n s .  1911. L. 8vo.( 
558 PP- J. B. Lippineott Co. $6.

Constitution of the China Alkaloids. B y E. C o m a n d u c c i. 
Stuttgart. 1911. L. 8vo., 166 pp. $1.25.

The Chemistry and Testing of Cement. B y C e c i l  H. D e s c h . 
1911. 8vo., 277 pp. D . Van Nostrand Co. S3.

An Introduction to Bacteriological and Enzyme Chemistry. By 
G ilb e r t  J. F o w l e r .  1911. 328 pp., 8vo. $2.10. Long­
mans, Green & Co.

Collected Essays on Colloids and Absorption. B y  J. M. v a n  
B EMM ELEN. T. Steinkopf, Dresden. L. 8vo., 274 pp. S3.75. 
•911. (German.)

Almanac for the Chemical Industry, 7th Ed. B y  H . B l u e c h e r .
F. Siemenroth, Berlin. L- 8vo. 1362 pp. S4.00. 1911.
(German.)
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Modern Industrial Chemistry, 7th Ed. B y  H . B l u e c h e r .  
F . Siemenroth, B erlin . D . 8vo., 800 pp . $6.25. 19 11 .

Theory of the Rotation of the Plane of Polarization. B y  D. IT. 
B r a u n s .  Detroit. Privately printed. 8vo., 21 pp. 1911.

Physico-Chemical Tables. B y  J o h n  C a s t e l l - E v a n s .  2 Vols. 
C h as Griflin & C o ., London. L. 8vo. $15.00. 1911.

The Determination of Nicotin in Nicotin Solutions and Tobacco 
Extracts. R o b e r t  M. C h a p in . V. S. Dept. 0/ Agriculture, 
Bureau of Animal Industry, Bulletin 133. 19 11 .

Chrysotile Asbestos: Its Occurrence, Exploitation, Milling and 
Uses. F r i t z  C i r k e l .  Canada Dept. 0/ Mines Publication, 
N o. 69. 1911.

Complete Guide to Chemical Manipulations. L. P. C l e r c .  
L. Geisler, Paris. 8vo. $10.00. 1911. (French.)

Photography in Natural Colors on Autochrome Plates. By 
V. C r 6 m ie r . Gauthier-Villars,'Paris. 161110., m p p .  1911.
$.60. (French.)

The Chemistry and Testing of Cement. B y C e c i l  H. D e s c h . 
London. 267 pp. 1911.

Modern Methods of Water Purification. B y  D o n  a n d  C h is h o lm .
E . Arnold, London. 8vo., 384 pp. $4.00. 1911.

A Class-Book of Chemistry. B y  G. C. D o n in g t o n  The Mac­
millan Co. 121110. $.90. 1911.

A Text-book on Gas, Oil and Air Engines. 5H1 Ed. B y  B r y a n
D o n k in . C. Griffin, London. 8vo., 664 pp. $6.25. 1911.

Handbook of Photography. B y  J. M. E der. W. Knapp-Halle.
L. 8vo„ 329 pp. S3.50. 1911. (German.)

Applied Thermodynamics. B y Wit, D. E n n is .  D. Van Nos­
trand Co. 8vo., 446 pp. $4.50. 1911.

Insulating Substances and the Methods of Insulation used in the 
Electrical Industry. B y  J. E s c a r d .  Gauthier-Villars, Paris. 
8vo., 314 pp. $2.25. 1911. (French.)

An Introduction to Bacteriological and Enzyme Chemistry. 
B y G i l b e r t  J. F o w l e r .  E. Arnold, London. 1911.

Guide to the Examination of the Raw Materials, Products and 
By-products of the Sugar Industry. B y R: F r u e i i l i n g .  Bruns­
wick. L. 8vo., 535 pp. $4.00. 1911. (German.)

Microscopical Examination of Foods and Drugs. B y  H e n r y  G.
G r e e n i s h ,  2nd Ed. P, Blakiston’s Son & Co. 8vo,,386pp. 

$3.00. 1911.

Alcoholic Fermentation. B y A r t h u r  H a r d e n .  D. Van 
Nostrand Co. 8vo., 138 pp. S i.25. 1911.

Practical Physiological Chemistry. 3rd Ed. B y P. B. H a w k . 

8vo., 440 pp. $2.50. 1911.

A Concise History of Chemistry. B y  F . P. H i l d i t c h .  D . Van 
Nostrand Co. 8vo., 273 pp. S i . 25. 1911.

Text-book for the Teaching of Practical Chemistry to Medical 
Men. B y  F. H o e m e is t e r .  Brunswick. 160 pp., 8vo. 
$1.25. 1911. (German.)

Chemistry and Toxicology. B y  J a m e s  M. H o l l a n d .  2d Ed. 
W. B. Saunders Co. 8vo., 655 pp. S3.00. 1911.

A Text-book of Gas Manufacture for Students. B y J o h n  H o r n b y .  
6th Ed. The Macmillan Co. 8vo. $2.50. 1911.

Wyoming Forage Plants and their Chemical Composition. B y 
H e n r y  G . K n i g h t .  Wyoming Experiment Station, Bulletin 

4, 1911-

Researches on Aluminium. B y  W. E. K o h n - A b r e s t .  Ch. 
Beranger, Paris. • 8vo., 91 pp. S i .25. 1911.
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The Behavior of Cast and Wrought Iron Pipes in Water, Salt 
Solutions and Acids. B y  O . K r o r h n k e .  R . Oldenbourg, 
Munich. 8vo., 122 pp. S i.25. 1911. (German.)

Mineralogy of France and Its Colonies; Physical and Chemical 
Description. B y  A . L a c r o i x .  Baudry &  Co., Paris. 4 
vols., 3265 pp. 1893-1910. (French.)

Wheat Investigations; Milling, Baking and Chemical Tests. B y  
L a d d  &  B a i l e y .  N. Dak. Agric. Expl. Station, Bulletin 89.

Practical Treatise on Adulterations and Misbrandings. B y LE 
P o i t e v i n .  Paris. S i.o o . 19 11 . (French.)

The Relations between Color and Constitution of Organic Com­
pounds. B y  H. L e y . Leipzig. L. 8vo., 246 pp. $2.00. 
1911. (German.)

The Manufacture of Sulfuric Aicd and Alkali, with the Collateral 
Branches. B y G e o r g e  L u n g e .  3rd Ed. Vol. III. Ammonia- 
soda, Various Processes of Alkali Making and the Chlorin In­
dustry. Guerney and Jackson, London. 8vo., 744 pp.
$ 7 .5 0 - 1 9 1 1 -

Ostwald’s Handbook of Physico-Chemical Measurements. 3rd
Ed. B y L u t h e r  a n d  D r u c k e r .  W. Engclniann, L e ip zig . 
L . 8vo„ 573 pp. S3.25. 1911. (German.)

Practical Guide to Iron and Steel Works Analyses. B y W a l t e r  
M a c F a r l a n e .  Longmans, Green & Co. S i . 25. 1911.

The Chemsitry of Synthetic Drugs. B y  P e r c y  M a y . Long­
mans, Green & Co. 8vo., 229 pp. $2.25. 1911.

Literature of Sulfite-cellulose Spent Liquors. B y M a x  M u e l l e r .
Carl Hofmann, Berlin. 114 pp. S i.50. 1911. (German.)

N. Y . State Water Supply Commission; 6th Annual Report, 
Albany, 1911.

Introduction to the Study of Organic Chemistry. B y  J. P. Ossi- 
pow. Charkow. 8vo,, 294 pp. S i.50. 1911. (Russian.)

Text-book of General Chemistry. B y W. O s t w a ld .  (In 2 
vols.) Vol. II, Part I. Chemical Energy. Leipzig. 8vo.,
1104 pp. S9.25. 1911. (German.)

Practice of Copper Smelting. B y  E d w a r d  D. P e t e r s .  McGraw- 
Hill Book Co. 8vo,, 693 pp. S5.00. 1911.

Modern Chemistry. B y Wm. R a m s a y . Gauthier-Villars, Paris. 
2 vols. i6mo., 438 pp. S i.50. 1909-1911. (French.)

Report of the Second International Congress for the Prevention 
of the Adulteration of Foods and Drugs. Geneva. 8vo. S3.00. 
1911. (French).

Coal-dust Explosions. B y  G e o r g e  S . R ic e .  Bureau of Mines, 
Miners’ Circular Ko. 3 . 1911.

The Estimation of Total Solids in Milk by the Use of Formulas.
B y  R . H. S h a w , a n d  C. H. E c k l e s .  U. S. Dept, of Agricul­
ture, Bureau of Animal Industry, Bulletin 134, 19 11 .

The Sulfur Bleaching of Commercial Oats and Barley. By 
LE R o y  M. S m ith . U. S. Dept. of Agriculture, Bureau of 
Plant Industry, Circular 74.

Shellfish Contamination from Sewage-polluted Waters and from 
other Sources. B y G e o r g e  W. S t i l e s .  U. S. Dept, of 
Agriculture, Bureau of Chemistry, Bulletin 136. 19 11 .

Theoretical and Practical Treatise on the Resistance of the Mate­
rials Used in Concrete and Re-enforced Concrete. B y  N. 
DE T e d e s c o ,  a n d  A . M a u r e l .  Ch. Berangcr, P aris. 8 vo., 
656 pp. $5.00. 1911. (French.)

The Status of the Question of Indicators in Volumetic Analysis. 
B y A, T h i e l .  Stuttgart. L. 8vo., 116 pp. $1.00. 1911.
(German.)

Chemical Control in Sugar Refineries. B y C. T o w r y .  Gauthier- 
Villars, Paris. i6mo., 175 pp . So.60. 1910. (French.)

Qualitative Chemical Analysis of Inorganic Substances. By Oi,k
F. T o w e r .  2nd Ed. P. Blakiston's Son & Co. 8vo., Si.00. 
1911.

The Use of Rubber, Guttapercha and Celluloid in Dentistry. By 
H j V ig a n o .  Berlin. 8vo., 71 pp. $0.50. 1911. (German.)

Plant Products; Chemical Constituents and Composition of Plants; 
Raw Material and Products. B y  C. W e h m e r . Jena. L. 8vo., 
937 PP- $9.00 1911. (German.)

Industrial Alcohol; Sources and Manufacture. By H. W . W iley. 

U. S. Dept, oj Agriculture, Farmers' Bulletin, No. 429. 1911,

Nitrocellulose Industry. B y  E d w a r d  C. W o r d e n . 2 vols. 
D. Van Nostrand Co. L. 8vo., 1239 pp. $10.00. 1911.

RECENT JOURNAL ARTICLES OF INTEREST TO THE 
INDUSTRIAL CHEMIST.

Buying and Testing Paper Pulp. A n o n y m o u s . Paper, Vol. Ill, 
No. 4, pp. 9-11.

The Industry of Brewing. B y A. C . C h a p m a n , Journal So­
ciety of Chemical Industry, Vol X X X , No. 8, pp. 463-469.

The Conservation of Iron. A l l e r t o n  S. C u sh m an . Industrial 
World, Vol. X LV , No. 18, pp. 4-18. 1911.

Germicides and Antiseptics. W i l l i a m  D r e y f u s .  Am. Drug., 
Vol. L V III, No. 7, pp. 23-24.

Effect of Bleaching Powder upon Bacterial Life in Water. Joseph 
W. E llm s .  Engineering Record, Vol. 63, No. 17, pp. 471-473.

The Refining of Iron and Steel in Induction Type Furnaces. 
C. F. E lw e l l .  Proc. Am. Inst. Elec. Eng., Vol. X X X , No. 
4, pp. 621-630.

Technico-Chemical Researches on Kichxia Rubber. F ra n k  & 
M a r c k w a l d .  Gummi Zeitung, Vol. X X V , No. 24. (German.)

Castor-oil Products in the Textile Industry. J. G a e r t h .  Seij- 
enfabrikant, Vol. X X X I ,  No. 15, pp. 358-360. (German.)

The Manufacture of Thiosulfate. E . S c h u e t z .  Zeitschrijt fuer 
angewandte Chemie, Vol. X X I V , No. 16. 1911. (German.)

The Determination of Total Fatty Acids in Oils, Fats and Soaps. 
P. Sim m icii. Zeitschrijt ¡tier Untersuchung der Nahrungs- 
und Gcnussmittel, Vol. X X I , No. 1. (German.)

The Rate of Alcoholic Fermentation. A r t h u r  SlaTOR. Jour­
nal oj the Institute oj Brewing, Vol. X V II, No. 2, pp. 147—159. 
1911.

The Determination of the Iodin Number of Fats and Oils by 
means of the Bromin Thermal Test. C. S t i e p e l .  Scijcn- 
jabrikant, Vol. X X X I ,  No. 15, pp. 349-352. (German.)

The Identification of Rape Oil: Its Separation when Mixed with 
Olive or other Edible Oils. T o r t e l l i  a n d  F o r t i n i .  Gazette 
chimica italiana, X L I, April, 1911, pp. 173-182.

The Yeast Cell. H a r o l d  W a g e r .  Journal of the Institute oj 
Brewing, Vol. X V II, No. 1, pp. 2-22. 1911.

Improvements in Cotton Bleaching. W a l t e r  S . W il l ia m s .  

Metallurgical and Chemical Industry, Vol. I X , No. 5, PP- 
247-250.

The Comparative Efficiency of[ jCertain Tanning Materials. 
R o b e r t  W . G r i f f i t h .  Journal American Leather Chemists 
Association, Vol. VI, No. 5, pp. 211-219.
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Origin of the Thermal Waters in the Yellowstone National Park.
A r n o l d  Hague. Science, April 14, 1911, p. 553.

Purchase of Fuel under Specifications. G. C e c i l  J o n e s .  Jour­
nal of the Institute oj Brewing, Vol. X V II, No. 3, pp. 182-209.

An Efficient and Rapid Mercury Still. C h a s. F. K n ip p . Science, 
Vol. X X X III, No. 852, pp. 667-669. 1911.

Fuel Control in the Boiler House. R . R . L a n s d a lE .  Journal 
oj the Institute of Brewing, Vol. X V II, No. 1, pp. 23-24. 1911.

Electrolytic Corrosion in Re-enforced Concrete. C. E. M a g - 
nusson a n d  G. H. S m ith . Proceedings American Institute 
oj Electrical Engineers, Vol. X X X ,  No. 5, pp. 939-963.
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Recent Researches on Starch. C. G. M a t t h e w s  a n d  F. E. 
L o t t .  Journal oj the Institute oj Brewing, Vol. X V II, No. 
3, pp. 219-271.

Mercerizing Yarns for Knit Goods Cotton. M e r r i t t  J. 

M a t t h e w s .  Vol. 75, No. 5, pp. 192-193.

An Improvement in the Method of Malt Analysis. J a m e s  
O ’S u l l i v a n .  Journal oj the Institute oj Brewing, Vol. X V III, 
No. 1, pp. 35-48. 1911.

Manufacture of Aerated Waters. W a l t e r  A. R i l e y .  Jour­
nal oj the Institute oj Brewing, Vol. X V II, No. 2, pp. 117-145.
1911.

RECENT INVENTIONS.
Reported by C. L. Parker, Solicitor of Chemical Patents, McGill Building, W ashington, D. C.

586,271. Process of Refining and Agglomerating Ores and the
Like.
This invention relates primarily to the treatment of those 

ores which can be smelted only with difficulty, first on account 
of their physical condition and secondly on account of the inju­
rious foreign substances which they contain. To this class belong 
more particularly the friable iron ores.

According to this invention the revolving furnace, shown in 
the accompanying illustration, is heated by a water gas flame 
whereby new results are achieved. B y  the employment of a 
water gas flame, not only can all the results heretofore obtained 
be effected in a simple and certain manner, but it is also possible 
(owing to the peculiar formation of the flame) to so perform the 
operations in the furnace that oxidation or reduction and fusion 
shall take place"at will.

-F u r . 2 .

erably admitted wholly or partially at different places. The 
wide pipe m serves for the admission of the water gas which can 
become ignited at the mouth of this pipe even without any pre­
vious admixture of air, while the quantity of air which is nec­
essary for complete combustion or the excess air requisite for 
oxidation is admitted through the air pipe n at a  place situated 
farther back.

B y  regulating the quantities of gas and air admitted, as well 
as by the manner in which and the place whereat the gas and 
air are mixed together, every possible desirable result can be 
obtained. This adaptability of the furnace constitutes its chief 
value, since it enables materials to be treated which have no 
homogeneous or uniform composition.

The furnace is to be used in the same manner whether iron 
ores, copper ores or by-products containing a  high percentage 
of copper are to be treated, the lead, zinc, sulphur, arsenic and 
antimony being similarly separated. These separated products 
may be recovered for use according to the special economic 
conditions in each case. As will be seen by reference to the 
illustration that the waste gases may be cooled by means of a 
water spray so the volatile metallic oxids are precipitated in 
the form of mud and may be removed in that condition.

The inventor is Hugo Dicke, of Frankfort-on-the-Main, Ger­
many, assignor to Jacob Eduard Goldsmid, of Frankfort-on the- 
Main, Germany.

986,489. Process of Dissociating Acetylene.
This invention is a process of dissociating acetylene by heat, 

a t approximately atmospheric pressure.
The patentee of this process found that acetylene at practically 

atmospheric pressures, if suddenly heated to a temperature at 
or in excess of that correspondng to a dull red heat, dissociates

In the patentee’s apparatus shown in the accompanying illus­
tration, a is the revolving drum which is lined with an acid or 
basic refractory material, and into which the ore is charged as 
its upper end through the chute b. The ore first passes through 
the drying zone c and then enters the oxidizing zone d. Here, 
the sulphur, arsenic, zinc and the like are oxidized and also vol­
atilized, while the residual ore begins to fuse together in lumps 
and nodules. Any zinc which has not yet been volatilized as 
zinc oxid passes into the reducing zone e where it  is volatilized 
as metallic zinc. Any lead that may be present is also reduced 
and melted here, and runs off through the annular passage / 
(which is provided with apertures g) into molds h. The ore 
passes out from the lower end of the furnace not only in a phys- 
'cal condition adapted for blast-furnace treatment, but also 
purified, and in a lower stage of oxidation.

For the purpose of keeping the oxidizing and reducing zones 
effectually separated from each other, the gas and aii are pref-
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instantly and quietly into its elements of carbon and hydrogen 
without the production of any of its polymers, and that the car­
bon so produced is either deposited in the heating retort, or is 
carried along with the gaseous hydrogen as a  light flocculcnt 
powder, easily handled and practically chemically pure. His 
process of making lampblack from acetylene is based on this 
discovery.

In using the apparatus illustrated to carry out the process, 
the retort 7 is heated, preferably by gas introduced through the 
burners 3, to or above the temperature of dull redness.

A stream of acetylene, maintained at a  temperature below 
its dissociation point by the water flowing through the jacket 
14, is then delivered through pipe 12 into the upper end of the 
retort. The acetylene, issuing into the retort and suddenly 
heated to or above the temperature of dull redness, instantly 
and quietly dissociates, the carbon being set free in the form of 
lampblack, which largely collects in the retort, while the free 
hydrogen passes on through the settling chamber 21 and may 
be returned to the burners 3 to heat the retort. The current 
of hydrogen may also carry some of the lampblack into the 
settling chamber. As the retort becomes filled with lampblack, the 
stream of acetylene is cut off, valve 30 in hydrogen pipe 29 is 
closed and valve 32 in waste-pipe 31 is opened. An inert gas, 
preferably at the temperature of the retort, foi example hot 
products of combustion, is then forced into the upper end of the 
retort through the nozzles 18, blowing the light lampblack out 
of the retort and into the chamber 21, where it settles, to be re­
moved by the conveyor 24.

The inventor is John M. Morehead, of Chicago, Illinois, assignor 
to Union Carbid Company, of Chicago.

987,674. Process of Producing Nitrogen Compounds.

This invention relates to a process of producing nitrogen com­
pounds from carbids.

In the production of nitrogen compounds by the reaction of 
nitrogen with carbids, as for example, the carbids of the alkaline 
earths, it has been ascertained that it is not necessary for the pro­
cess that the entire mass of the carbid be brought to the temper­
ature necessary for the reactioji by supplying external or intrinsic 
heat to the entire mass; but that it suffices if this temperature 
be produced at one place in the mass, when the reaction then 
continues spontaneously throughout the entire mass. A  pre­
liminary condition, however, is that the reaction temperature of 
from about 8oo° C to i io o 0 C. be actually attained at this one 
place.

In accordance with the present invention the process may be 
carried out in several ways, of wliich the following are examples: 

The ignition at one place may be produced by a  convenient 
heating means involving heat by chemical reaction, which will 
raise the temperature at that place to the temperature required 
for the conversion of the carbids, whereupon the conversion will 
proceed spontaneously throughout the mass, sufficient nitrogen

being present to effect the conversion. The production of a 
temperature sufficiently high for the absorption of nitrogen by 
the carbid at one place or point of the carbid by means of said 
chemical heating in order to raise the carbid at this one place 
to the proper ignition temperature may be accomplished: (a) by 
means of a primer comprising an explosive mass or the like; or 
(6) by means of substances reacting with carbid with the pro­
duction of the necessary heat, which substances, if in the solid 
state such as chlorate of potassium, nitrate of alkali, etc., may 
be added to the carbid at the place of ignition; while if the sub­
stances are gaseous, such as chlorin or oxygen, the same may be 
added to or employed with the first portions of the nitrogen 
that are led to the carbid until the ignition has taken place; or 
(c) the requisite temperature may be produced by substances 
such as magnesium or aluminium which, when mixed with the 
carbid a t the place of ignition, react with the nitrogen with the 
production of the desired heat. After the ignition has pro­
duced a temperature sufficient to cause a further absorption of the 
nitrogen, the latter is further supplied, and it will continue to 
be absorbed with a  further development of heat so that the con­
tinued supply of nitrogen will cause the absorption to proceed 
spontaneously throughout the mass.

The accompanying illustration shows apparatus in which the 
process may be practiced.

The inventor is Albert Randolph Frank, of Halensee, near 
Berlin, Germany; assignor to the Firm of Societa Generale Per 
la Cianamide, of Rome, Italy.

987,717. Electrolytic Cell.

This invention relates particularly to electrolytic cells for the 
electrolysis of alkaline chlorids.

B y  reference to the accompanying illustration, the cell will 
be seen to comprise a  rectangular ring-shaped, or perforated, 
member, S, which is termed a separator. Upon the opposite
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sides of such separator, which is made of suitable insulating 
material, are clamped blocks or plates, A C, of carbon. These 
plates, A C, laterally enclose the opening through separator S, 
thereby forming a cell or chamber, M, for the reception of the elec­
trolyte. Electric current , leads, a c, are clamped in contact with 
plates A C respectively by the same clamps, R, which thus hold 
the latter against separator S, such clamps, R, consisting simply 
of wooden bars, the ends of which extend beyond the ends of 
the blocks in question and are joined together by threaded 
bolts, r. Where separator S is of the annular form shown, 
chamber M will be a closed chamber save for the opening s* pro­
vided for the introduction of the electrolyte as occasion may 
arise as well as for escape of gas from the cell and an opening, 
s', normally closed, for draining the cell of its contents. If, 
however, an open cell is desired this result is accomplished by 
making the separatoi of U-form instead of a  complete annulus 
or ring. In the use of the cell the chamber M will be charged 
with the electrolyte, as, for example, a solution of common salt, 
and an electric current passed through it from A to C. Such 
plate, A, thus becomes the anode, upon the active face of which 
chlorin will be liberated while plate C acts as the cathode upon 
the active face of which hydrogen and caustic soda are liberated.

The inventor is Thomas Griswold, Jr., of Midland, Michigan.

982,673. Insoluble Nongelatinizable Starch.

This invention relates to a method of treating starch or starch- 
containing materials for the purpose of converting it  into a hither­
to unknown form, which owing to several characteristic prop­
erties thereby acquired renders the starch more useful and more 
valuable for certain purposes as, for instance, in nitrating starch, 
in manufacturing glucose from starch, etc.

The most characteristic property of starch is its ability of 
paste-forming or gelatinizing when heated with water above a 
certain temperature, which varies somewhat for the different 
kinds of starch. The treatment to which the patentee subjects 
the starch has for its object to deprive the starch of its ability 
of gelatinizing when heated with water.

In the practice of the process the starch or starch-containing 
material is steeped in a solution containing from about five to 
ten per cent, of formaldehyde and a  quantity of an ammonium 
salt whose content of ammonium is theoretically sufficient to 
form with the formaldehyde hexamethylenetetramin, although 
an excess of either reagent, if not too large, will not materially 
alter the results. The patentee has used in his experiments 
mostly ammonium chlorid, but has obtained as good results 
with other ammonium salts, especially inorganic, as for instance 
ammonium sulphate provided sufficient material was used and 
the time of reaction was modified. Starches from different 
sources vary to some extent in their behavior to such a mixture 
of formaldehyde and ammonium salts, some requiring stronger 
solutions than others or a  longer or shorter time of reaction. 
The main object of the invention being the production of an

ungelatinizable starch, the quality of starch and the particular 
ratio of the ingredients is left to the selection of the manufac­
turer.

The patentee prefers to use an aqueous solution containing 
from about 5 to 10 per cent, of formaldehyde and from 6 to n  
per cent, of ammonium chlorid to which the starch or starch- 
containing material is added until a perfectly thin milk is ob­
tained. He preferably uses a ratio, one part of starch to about 
three or four parts of the solution, but any other convenient 
ratio may be used without interfering with the results. The 
whole of the mixture is kept at ordinary temperature, i. e., 20° 
to 30° C., the ingredients being intimate contact, until a small 
sample withdrawn from the mass and diluted considerably with 
water does not show gelatinization on heating, and the starch 
granules sink to the bottom of the test tube. ' • 1 j

When the reaction is completed, the mixture is allowed to 
settle, the liquid drawn off and the residual starch filtered and 
washed, until the filtrate does not give any further reaction for 
the chlorin ion. It  can then be dried. The starch thus obtained 
does not outwardly differ from ordinary starch, but is neverthe­
less changed into what may properly be called an allotropic 
form of starch with the properties described above.

The inventor is Bernard Herstein, of Bayonne, N. J.

Improved Process for Coating or Printing with Viscose.

British Patent 15306/09.
Dr. Leon Lilienfeld, Vienna.
Claims (1) a process for coating or printing with viscose 

either alone with coloring matters or pigments of all kinds, 
characterized by the fact that the known compounds of viscose 
with the metals of the magnesium group (zinc compound for 
for example) are dissolved with the assistance of as much alkali 
as is necessary for replacing the metal of the magnesium group 
contained in the viscose compound by the metal of the alkali 
group; (2) method of carrying into practice the process in accord­
ance with Claim 1, characterized by the fact that soaps soluble 
in water or sulphuric acid or other sulpho fatty  acids of their 
sodium or ammonium salts are added to the printing or coating 
layers obtained in accordance with Claim 1 in quantities which 
are not smaller than one-fifth of the proportion of cellulose cal­
culated in air-dry cellulose.

Improvements in the Production of Isoprene.

British Patent 27908/09.
H. Woltereck, London.
Claims the process of producing isoprene from turpentine, the 

operation of passing the vapors of the same in most intimate 
contact over heated iron either without or with the admixture 
of inert gases, such as nitrogen, and at a carefully regulated 
temperature between 5500 C. and 6000 C. substantially as de­
scribed.
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F or F u ll L i l t  of W ee k ly  Q u otation

Organic Chemicals.
Acetanilid....................................... . . .L b . 2 0 ‘/a  @ 23
Acetone (drums)............................... . . .L b . 13 @ 15
Alcohol, grain ( 1 8 8  proof)............... . . .G a l. 2 -5°  @ 2 . 5 4
Alcohol, wood (9 5  per cent.).......... . . .G a l. 5°  @ 52
Alcohol, denatured ( 1 8 0  proof)__... .Gal. 40 @ 42
Amyl Acetate................................. . . .Gal. 2 -3 3 V *  @ 2 . 4 5
Acetic Acid (28  per cent.)............. .. .C. I . 6 2  ' / ,  @ 1 -7 5
Acetate of Lime (g ra y ) ................ ...C . 1 -75  @ i  .8 0

Acetate of Lead (brown, broken).... . .Lb. 7 7 « @ 8

Aniline O il.......................................... . . .L b . I I 1/ .  @ i  r 7 «
Benzoic Acid...................................... I I 1/ ,  @ 12

Boric Acid, crystals.......................... . . .L b . 7 @ 7 7 .
Carbon Tetrachloride (in drum s).. . . .L b . 8 1/ 1 @ 12

Carbon Bisulphide............................ . . .L b . 5  @ 7
Chloroform..................................... . . .L b . 27 @ 35
Carbolic Acid (in drums)................. . . .L b . 10 @ 11
Citric Acid (domestic)................... . . .L b . 3 8 */, @ 39
Camphor (refined in bulk)............. . . .L b . -  @ 4 9 7 .
Dextrine (imported potato).......... . . .L b . 51/» @ 7
Dextrine (domestic corn).............. .. .C. 2 . 3 7  @ 2 . 5 0 1/ .
Ether (U. S. P., 1 9 0 0 ) ................... . . .L b . 14 @ 20
Formaldehyde................................ . . .L b . 8 V ,@ 9 1/ .
Glycerine (dynamite)....................... . . .L b . 21’A  @ 22%
Iodoform............................................. . . .L b . 2.95 @ 3-00
Oxalic Acid......................................... ...C . 7 .17 7 »  @ 7 -68%
Pyrogallic Acid (bulk)..................... . . .L b . 1 .00 @ i . 05

Paraffine (crude) 120 @ 122 m. p. . . .L b . 3 @ 3 7 ,
Paraffine (refined), domestic 120 @

122  m .  p .......................................... . . .L b . 4 1/. @ 4 7 ,
Salicylic A cid..................................... . . .L b . 3 1  @ 33
Starch (corn)...................................... . ..C. 1 ' 5 7  @ 1 -7 3
Starch (potato).................................. . . .L b . 4 7 , @ 5 7 «
Starch (rice)....................................... . . .L b . 7 @ 8
Starch (wheat)................................... . . .L b . 4 7 . @ 5 7 ,
Tannic Acid (regular in bulk)........ . . .L b . 48 @ 50
Tartaric Acid, crysta ls ..................... . . .L b . 297 4 @ 291/»

Inorganic Chemicals.
Alum (lum p)...................................... . . .C . i •75 @ 2.00
Aqua Ammonia (in drums) 1 6 0. .. . . .L b . 2 7 , @ 3
Ammonium Chloride, gray.............. . . .L b . 5 7 ,I @ 6
Arsenic, w hite.................................... . . .L b . i •821/ , © 2 .0 6 7 ,
Ammonium Carbonate, dom estic.. . . .L b . 8 8 7 ,
Aluminum Sulphate......................... . . .L b . 90 @ 17 ,
Ammonium Vanadate...................... . .  .Oz. 41 50
Brimstone (crude, domestic).......... . . .Ton 22 .00 ©  :2 2.50
Barium Chlorate................................ . . .L b . i.S © 17
Barium Chloride................................ . ..C . i .90 © 2 7 ,
Barium N itrate................................... . . .L b . 5 7 . @ 6 7 .
Borax, crystals in bags....................... . .  Lb. 3 7 . @ 4
Bromine, bulk.................................... .. . .L b . 25 @ 30
Bleaching Powder (35 per cent.). . . . .C. i ■ 19 7 « @ 1 . 2 8 7 ,
Barytes (prime white, foreign)........ ..T o n 18 •50 @  :22.50
Blue V itriol.......................................... . . .L b . 4 ‘ /, @ 4 7 ,
Calcium Chloride................................. , . .C . 6.5 @ 90
Calomel, American............................. .. .L b . 90 © 92
Chalk (light precipitated)................. . .  Lb. 4 7 . © 6
Cobalt O xide........................................ .. .L b . 80 (5) I .OO
China Clay (imported)....................... . .Ton i i ■50 ©  :[8.00
Feldspar................................................ 8 .00 ©  1[2.00
Fuller’s Earth, powdered.................. ..C . 80 © 85
Green Vitriol (in bags)....................... ..C . 6 2 7 , © 85
Hydrochloric Acid (18  ° ) .................. . .C. i .■ 15 © 1-75
Hydrochloric A dd (22 ° ) ...................... . .C. i •45 @ 1-75
Iodine (resublimed)............................ ..L b . 2 ,.60 © 2.65
Lead N itrate........................................ ..L b . 8 © 8 7 ,
Lithium Carbonate............................. ..L b . 57 © 60
Magnesite (raw)................................... 10..00 ©  ji i  .00
Mercuric Chloride................................. . .L b . 81 © 84
Nitric Acid, 3 6 ° ........................................ 3 7 . @ 4 7 ,
Nitric Acid, 42 0....................................... 4 7 . @ 5 7 ,
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Phosphorus........................................... . .L b . 45 @ 1.00
Phosphoric Acid, s. g. 1 .7 5 .............. . .L b . 21 @ 25
Plaster of Paris.................................... . .C . 1.50 @ 1.70
Potassium Bromide............................. . .L b . 3 1  @ 34
Potassium Permanganate (bulk). . . . .L b . 9 7 , @ 11
Potassium Cyanide (bulk)................ . .L b . 20 @ 24
Potassium Iodide (bulk)................... . .L b . 2.10 @ 2.15
Potassium Chlorate, crystals, f. 0. b.

works.................................................. ..L b . 8 1/ ,  @ 91/,
Potassium Nitrate (crude)................ . .L b . 4 7 , @ 5
Potassium Bichromate, 50°.............. . .L b . 7 7 . @ 77,
Pumice Stone....................................... . .L b . 2 @ 4
Quicksilver............................................ . .L b . 66 @ 70
Salt Cake (glass-makers)................... . .C . 6 2 7 , @ 771/,
Silver Nitrate....................................... 341/ , © 37
Soapstone in bags................................ ..T o n 10.00 @ 12.00
Sodium A cetate................................... . .L b . 4 1/ , @ 5
Sodium Chlorate.................................. ..L b . 8 1/ ,  @ P1/,
Sodium Bicarbonate (English)......... ..L b . 2 7 , @ 3
Sodium Bichromate............................ ..T,b. 5 7 . @ s V i
Sodium Bisulfite (not incl. pkg.) . . . . .C . 75 @ i - 3 7 %
Sodium Hydroxide, 60 per cent., f. 0. b.

works.................................................. i .80 @ 1 .8}
Sodium Hyposulfite............................ . .C. i  . 3 0  @ I .  JO

Sodium Nitrate.................................... ..L b . . 6 7 „ @ 7
Sodium Nitrate, 95 per cent., sp o t.. . C. 2.10  @ 2.12
Sodium Silicate (liquid)..................... . .C. 65 @ I.50
Sodium Stannate................................. ..L b . 9 7 ,® 10
Strontium N itrate............................... ..L b . ■ 7 7 .® 7%
Sulphur, R oll........................................ . .C . 1 .85 @ 2 .1 5
Sulphur, F low ers................................ . .C . 2 .20 @ 2.60
Sulphuric Acid, 6o° B ........................ . .C . 90 @ 1.00
Talc (American).................................. ..T o n 15.00 @ 25.00
Terra Alba (American), No. 1 ......... . .C. 75 @ 80
Tin Bichloride (50 ° )........................... . .L b . 12 ■/, @ 12%
Tin O xide.............................................. ..L b . 45 @ 47

Tin Chloride (36°)............................... . .L b . I I  @ u v .

Zinc Chloride (granulated)............... . .L b . 4 1/. © 4'/«
Zinc Sulphate....................................... . .L b . 2 7 , @ 2%
Zinc D ust.............................................. . .L b . 6 7 .® 7

Oils, Waxes, Etc.
Beeswax (pure w hite)........................ . .L b . 40 @ 45
Black Mineral Oil, 29 G ravity......... . .Gal. 12 @ 127,
Castor Oil (No. 3)............................... . .L b . 10 @ I I

Ceresin (yellow)................................... . .L b . 9 @ 20
Corn O il................................................. . .C. 6.10  @ 6 . I 5

Cottonseed Oil (crude), f. 0. b. mill. . .Gal. 40 @ 40V»

Cylinder Oil (light, filtered)............... . Gal. l g 1/ .  @ 20
Japan W ax........................................... . .L b . 9 7 , @ 9 1/.

Lard Oil (prime winter).................... . .Gal. 85 @ 91

Linseed Oil (raw, city )....................... . .Gal. 91 @ 92
Linseed Oil (double-boiled).............. . .Gal. 93 @ 95
Paraffine Oil (high viscosity)........... ..G al. 231/ ,  @ 24

Rosin Oil (first run)............................ . .Gal. -  @ 417.
Spindle Oil, No. 1 ................................ ..G a l. 14 @ I4V1

Stearic Acid (double-pressed).......... ..L b . 91/, © 9'/.
Sperm Oil (bleached winter) 3 8 ° ... . .Gal. 82 @ »5
Tallow (addless).....................................G al. 64 @ 68

T ar Oil (distilled)................................ . .Gal. 30 @ 31
Metals.

Aluminum [No. 1 ingots]................... ...L b . 2o 72  @ 21
Antim ony.............................................. ...L b . 9 ‘A  @ 9V i

Bism uth................................................. ..L b . 1.80 @ 1.90

Copper (electrolytic)............................ ..L b . -  @ 121/.
Copper (lake)......................................... ..L b . 1 2 7 s © 12 V,
L ead....................................................... ..L b . 4 -371/, @ 4.40
M ercury................................................. . .L b . 61.3  @ 61 -5
Nickel..................................................... . .L b . 40 @ 50

Platinum (refined).............................. . .Oz. 42 @ 42-5°
Silver........................................................ -  @ 53V.

T in ............................................................ ..L b . 3 7 7 , © 43%

Zinc......................................................... ..L b . 5 - 4  @ 5 4s 7 i


