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Industry, the Educator
TN HIS discussion before the Institu te  of Chemistry of the 

A m e r i c a n  C h e m i c a l  S o c i e t y , R. E. Rose made a point 
generally overlooked and worthy of much emphasis. Too 
many consider industries to be organizations whose sole 
thought is to get as much as possible and give the minimum 
in exchange. Industries are adm ittedly neither philan
thropic nor eleemosynary institutions, but they do act as 
gréât educational forces and afford thousands who have 
never entered colleges, and still other thousands unable to 
complete their high school education, an opportunity to 
learn by trial and error, to equip themselves for advance
ment, and to enjoy a useful and successful m aturity. D ur
ing this educational period—and, for th a t m atter, there is 
no end to education in industry—the mistakes are paid for 
by the employer. M any employees go through long periods 
of unproductiveness, and frequently, even after a considerable 
investment in an employee, the employer loses him through 
unavoidable causes. Industry  even cares for the physical 
well-being of the employee, frequently provides healthful 
recreation, and stands between him and his material wants.

These observations apply to the chemist who enters in
dustry in whatever capacity, much as they do to employees 
of other classifications. If the foundation of his work has 
been carefully laid, if, in addition to his science, he has 
acquired some acquaintance w ith psychology, with economics, 
and has mastered the a rt of getting on well with his fellows— 
all the way from the common laborer to the president of the 
corporation—then he not only finds his place with less diffi
culty, but makes the most of the educational opportunities 
offered by his employment, continues his education with 
greater ease and profit, and makes progress th a t encourages 
him to still greater efforts.

Experience serves to  emphasize the weak spots in one’s 
training, but fortunately today there are m any opportunities 
for making up such deficiencies, not the least of which are 
the meetings of the A m e r i c a n  C h e m i c a l  S o c i e t y  and its 
publications. Industry is helpful in this direction also. 
In some plants the senior men occasionally meet groups and 
discuss problems in a m anner th a t amounts to  advanced 
instruction. I t  is not unique to find men given leave or 
actually sent elsewhere for intensive study in a particular 
specialty. Such a practice with carefully chosen men is 
not only commendable, bu t is one measure of the foresight 
of an industry.

W ill You Be There?
W H E N  the International Conference on Bituminous Coal 

was about to open its sessions in P ittsburgh last year, 
the general manager of one of the great local coal companies 
issued orders to his staff th a t they were not to absent them
selves from their customary places in order to attend this 

onference, for he was convinced th a t they would earn 
more for the concern by sticking to their jobs. Several

hundred men felt so keenly the value offered by the Conference 
th a t they came many miles to attend. The man in P itts
burgh who underrated the opportunity a t his door either had 
a staff who, on other occasions, had dem onstrated their 
inability to observe and absorb, or else he will some day find 
himself surpassed by those who make the most of each oppor
tun ity  for advancement.

We habitually urge attendance a t local section, regional, 
and semiannual meetings of the A m e r i c a n  C h e m i c a l  

S o c i e t y  as well as those of other scientific groups. There 
is no substitute. The best of the papers are published. 
Sometimes it is possible to include the discussion, but the 
papers, as is well known, do not form the most valuable part 
of a meeting. The gatherings in the lobbies and corridors 
are often more im portant than the sessions in the halls.

The Chemical Exposition is another meeting place, different 
in character and therefore valuable. A t our meetings we 
stress what the science is doing, what it hopes to do, and try  
to look around the corner. A t the Exposition, tangible 
results of the application of the science arc offered for ex
amination, comparison, and inquiry.

Do not be deceived. You cannot afford to lose contact 
with your colleagues. You m ay think you can do better for 
yourself, your employer, or your science by habitually stay
ing a t your desk or in your plant. The immediate return 
m ay sometimes seem to prove this. But, by and by, if you 
insist upon staying in your niche, you become encysted and 
the procession of progress will stream by before you know it 
and without noticing you.

Our Foreign Trade
'\ I1 7 ’H ILE  the chemical industries of other lands continue 

to address their attention to combines, cartels, and 
international agreements, some of which are strongly opposed 
by the domestic shareholders of the companies concerned, 
the United States foreign trade has enjoyed a general in
crease. Commerce Reports of the Departm ent of Commerce 
is the authority for the statem ent th a t the United States 
exports of chemicals and allied products attained the high 
figure of 597,188,000 during the first six months of 1927— 
15 per cent more than the first six months of 1926. The 
imports of 5103,936,000, although higher than in some of 
the preceding years, were 11 per cent below those of the 
corresponding period a year ago. The imports, as in other 
periods, were largely made up of crude and partially m anu
factured products not indigenous to this country and used 
as raw materials in the American chemical industry. In 
consequence, they are always large. The difference between 
our exports of finished products and the imports, so large 
a  portion of which were raw materials, is therefore smaller 
than previously. The improvement in exports was general, 
increases being recorded especially in industrial chemicals, 
pigments, paints, and crude coal-tar products. Fertilizers, 
medicinals, and toilet preparations were a t their previous 
volume.
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Since chemical manufacture outside the specialty groups 
is peculiarly well adapted to  quantity  production, export 
trade is of greatest importance in providing outlets for 
domestic surpluses. Our home m arket will always be our 
best market, bu t if manufacturers are to a tta in  those low 
costs of production which give them  a favorable place, both 
a t  home and abroad, quantities m ust be manufactured, 
and a satisfactory export trade is quite often the difference 
between low cost quantity  production and smaller outputs 
a t  considerably higher prices. In  all instances, therefore, 
the condition of our export trade is a m atter of real moment, 
and our manufacturers are to  be congratulated upon its 
healthy growth.

Junk
'^ 'O T W IT H S T A N D IN G  the financial success of m any 

junk dealers, i t  is only recently th a t the more successful 
in m etals have been designated “secondary m etal” men. 
The change in title is one indication of our growing apprecia
tion of the importance of recovering and preparing for reuse 
m any of the metals which are becoming more scarce, and 
some of which would be in the famine stage b u t for such 
reworking.

M etals from secondary sources in 1926 had a value of 
S274,540,900—nearly 831,000,000 more than in 1925— 
and this does not cover all metals of the group. Copper, 
brass, lead, and antimony showed the greatest increases, 
the smelters th a t trea t mainly ore recovering 112,559 pounds 
of copper from scrap. Secondary smelters increased the 
recovery of lead 15,000 tons over 1925, much of this increase 
being traced to battery  plates from m otor cars. The largest 
increase in the recovery of zinc was from scrap alloys, while 
secondary tin increased 2400 tons, owing to the large quan
tities of old cans and tin-plate clippings processed. The 
old cans treated increased more than  10,700 long tons, most 
of them being handled by a new plant a t Los Angeles.

The growth of the secondary m etal business is one indi
cation of conservation, though increase in  the turnover of 
metals would naturally follow the phenomenal industrial 
growth of the last few years. Even the ability to rework 
m any of the metals and their alloys does not excuse us from 
choosing the metals best suited for a particular purpose, 
nor does it justify the continued, though but occasional, 
use of some im portant metals in a  form which makes their 
recovery impossible.

Delaware, W e Apologize
OUR editorial page last month, we expressed gratitude 

to the Virginia Section for its contribution to the Endow
m ent Fund. We erroneously stated  th a t the second to 
contribute from a balance after a national meeting was the 
South Jersey Section. Our memory simply played us a 
trick. Reference to records shows th a t it was not the South 
Jersey bu t the Delaware Section which is entitled to this 
honor. The first to  call our attention to  this mistake was 
not a member of the Delaware Section. We are glad to 
make suitable correction in this prominent place.

The Frasch Bequest
TT SEEM S a long time ago th a t we were able to announce 

th a t Mrs. Elizabeth Blee Frasch, widow of Herman Frasch, 
had left a considerable sum of money, the income from which 
was to be used in chemical research related to agriculture, 
the trustees to profit by such advice as the A m e r i c a n  C h e m i 

c a l  S o c i e t y  might give. Since then efforts have been made

by relatives to se t aside the will, asserting th a t the terms of 
the gift were too indefinite to be upheld by the court as a 
charitable bequest. The case has now been argued in two 
courts and in each instance the will has been upheld.

In  contesting the bequest i t  was urged th a t the income 
might be used for private research which would deprive the 
gift of its charitable purposes, bu t the court pointed out that

Research is the method used by modern universities and 
scientific foundations to increase the sum of human knowledge. 
Research conducted for such purpose and by such institutions 
is clearly "educational” and “benevolent” within the meaning 
of the statute. N o t every charitable, educational or benevolent 
use is enumerated in the Statute of Elizabeth, although that 
statute was intended to lim it the trusts for charitable uses, 
which m ight be enforced by a court of equity. Conceptions 
of public charity, benevolence and education change with 
passing generations.

I t  is doubtful whether an appeal will be taken by the 
plaintiff but, if so, the opinions already given will, we be
lieve, be upheld, and in due course the S o c i e t y  may be called 
upon to give its best advice to  the trustees of the fund. 
The soundness and wisdom of such counsel will go a long 
way toward dem onstrating the capacity of the A m e r ic a n  

C h e m i c a l  S o c i e t y  to administer and to assist in administer
ing substantial sums in the interest of scientific progress.

The Look Ahead
> I 'H E  lay and technical press has given much space to the 

action of the Standard Oil Company in acquiring the 
American rights to  the Bergius process for the production 
of motor fuels from coal. Details of this process were 
given in our News Edition last autum n, and need not be 
repeated here. The thing th a t interests us most is the long 
look ahead taken a t  a time when there is a flood of petroleum.

Comments on the predictions relative to  the supply of 
petroleum have been made pointing out that, as the time 
for the fulfilment of prophecies has come around, in each 
case more petroleum is being produced than ever before. 
We all recognize th a t petroleum is not an inexhaustible 
natural resource, bu t our actions belie our thoughts, and we go 
along as if we had no thought of the morrow. B ut here is a 
great corporation, fam ous-the world over, prosperous be
yond the dreams of avarice, and yet taking steps designed 
to insure keeping in the oil business when liquid fuel from 
coal rather than from petroleum will command the markets 
of the world. How different from the attitude of another 
American industry which has sought to justify itself for 
lack of foresight with the argum ent th a t the synthetic 
processes are so totally different from those employed in 
their established plants th a t they could not be expected to 
undertake them!

So much for the future, b u t w hat of the present? Much 
has been justly said of wasteful America, and while some 
m aintain th a t our lack of knowledge of tomorrow’s needs 
justifies us in making the most of such raw materials as 
satisfy us today, nevertheless a temporary abundance never 
justifies waste. The excessive production of crude oil in the 
present year can scarcely fail to bring us impoverishment in 
this natural resource years sooner than otherwise would have 
been the case. Here and there a prophet has been crying 
in the wilderness, boards have considered solemn reports, 
better methods of cooperative drilling have been advocated, 
bu t little has been done. Ju s t why producers cannot ap
preciate the wisdom of acting in concert to  make the supplies 
underground last as long as possible and m eet the demand? 
for gasoline by  the more strict and universal applications 
of our scientific knowledge is difficult to  understand.

There have been warnings th a t the only way to prevent
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government interference and to postpone the day of federal 
control is for the industry to control itself, and yet such self- 
control takes place with geological slowness. I t  does not 
require very great foresight to anticipate the steps th a t 
may be taken if oil producers and refiners fail to put into 
practice the knowledge th a t true conservation means the 
most efficient use of natural resources. T hat means applying 
science to the full.

Our Crying Need
TT IS difficult for those who depend upon Chemical Ab-

strads as the key to the world’s chemistry to appreciate 
the problems which confront the S o c i e t y  with respect to 
that preeminent publication, w ithout causing some to  reach 
conclusions th a t would be unjustified. Baldly stated, 
Chemical Abstracts remains the best journal in its field, but 
unless further finances can be found for its development 
and maintenance it  cannot hold th a t enviable position for 
long.

From time to time there have been small differences of 
opinion concerning the activities of our S o c i e t y , but we 
have never heard anything bu t praise and constructive 
criticism of Chemical Abstracts. There are 110 two ways 
about it. The S o c i e t y  is proud of th a t publication, and 
any move to do otherwise than strengthen it  would bring 
the wrath of thousands down upon the heads of the offenders. 
While we chemists and our allies have multiplied our efforts, 
bringing to conclusion thousands of investigations which merit 
publication, the money w ith which to prepare and publish 
the abstracts of such papers printed throughout the world 
has scarcely increased in arithmetical proportion, -whereas 
the task confronting the editors and abstractors has gone along • 
in a geometrical ratio.

If you will take the trouble to compare the abstracts of 
today with those of several years ago, you will realize the 
large number of clever devices th a t have been evolved and 
put into practice to the end th a t more information might 
constantly be packed into the too brief paragraphs. The 
limit of economy has been reached iu this direction. You 
will also note th a t to conserve space a change has been made 
m the style of printing, which fortunately is unobjectionable 
because one does not read page after page of abstracts a t  one 
sitting. If you complain to the editor th a t certain German 
and French patent information is not included, or if you 
think the abstract not sufficiently informative, or if you go 
to him with suggestions for “analytical abstracts,” or any 
one of a number of other useful ideas, you will find him most 
receptive and will come away convinced th a t bu t one thing 
stands between our present effort and perfection. T hat 
is money. The policy has always been to make abstracts 
complete. The ideal is so to record the world’s literature 
that, having exhausted the information in Chemical Abstracts, 
one may be sure he has covered the literature in his field. 
This is a commendable policy, but we realize th a t in view of 
the limited funds, tomorrow or the day after a decision must, 
be reached as to whether this can be continued.

We would not have you jum p to the conclusion th a t the 
S ociety  has been niggardly in its treatm ent of Chemical Ab
stracts, for such is far from the tru th . We continue to spend 
much more upon this activity  than any other publication, 
as an examination of the Treasurer’s report clearly show's. 
The sum is undoubtedly much greater than th a t spent for 
any other abstract journal in the world, and it is greatly 
to the credit of chemists th a t it has all been possible through 
their own efforts, for aid has come only in a few special 
cases as, for example, in the printing of the Decennial In
dexes.

The editor of Chemical Abstracts estimates th a t with the 
present growth of the w'orld’s chemical literature, there 
should be a steady annual increase of five per cent in Chemical 
Abstracts, but a mere five per cent increase in the present 
budget, even if our Directors wrere able to vote it, would not 
suffice. In  true American fashion we w ant bigger and 
better abstracts. We know how to do the job, bu t we must 
have help in financing it.

Having had a little experience in approaching industry 
for financial support of worthy enterprises, our sym pathy 
lies w'holly with the corporations. They are beset by thou
sands of solicitors for funds, in most cases for wmrthy purposes. 
They are called upon to subscribe generously, not only for 
local and domestic enterprises but for projects in other lands, 
where America is looked upon as an inexhaustible source 
of money. And many are the theories evolved to  justify 
appeals for funds today in other lands for things we would 
not attem pt a t home. But, like other pleaders for a special 
cause, we believe ours merits special consideration because 
it offers an opportunity, not for donations nor for subscrip
tions, b u t for investments easily justified to stockholders 
and leading to actual profits through economies.

W hatever its line of activity, how' great a sum would an 
individual firm have to spend to secure for itself the surveys 
which Chemical Abstracts offers? One needs but run through 
the list of publications abstracted, selecting those th a t would 
have to be examined, to find tha t the subscription prices 
alone would am ount to  three figures. Now add the time 
of translators and abstractors and the cost of distributing 
the resulting information to the w’orks, and we begin to see 
w hat Chemical Abstracts means to industry, educational 
institutions, and independent investigators. Through united 
efforts and the enormous amount of underpaid and gratuitous 
w'ork given to Chemical Abstracts, this service is made avail
able to members of the S o c i e t y  and others a t a ridiculously 
low rate. Foundations established for advancement of 
public welfare and science are equally indebted with corpo
rations.

M any look with greater favor upon annual paym ents 
for the maintenance of such service than endowment for the 
general use of the S o c i e t y , and there are 110 legal obstacles 
in the way of such annual payments. N ot less than fifty 
thousand dollars per year should be secured in this fashion. 
I t  is a pitifully small sum when the returns are considered, 
or perhaps you would prefer to say is a modest investment, 
the possible returns upon which are incalculable.

The need is really urgent. W hat are you going to do about 
it?

Analysis within the Law
A S A  result of discussions published in the Nucleus, in- 

quiries have reached us concerning the legal status of 
the analyst who is asked to turn  his attention to  a sample 
of alcohol brought to him in the course of his daily practice. 
Although m any laboratories derive a large proportion of 
their business from this class of work, it seems strange th a t 
only a few have wondered w hat their legal status might be. 
We have made inquiry and are authoritatively informed th a t 
the legal status of the analyst is the same as th a t of his 
client: If the client legally possesses the m aterial offered for 
analysis, the analyst is within the law in performing the w'ork; 
on the other hand, if the ow'ner has 110 permit or does not 
legally possess the material containing alcohol, the analyst 
is outside the law, not only in performing the work but in 
having the material in his possession. Although the analyst 
is w ithout power to demand the permit, it is in his own interest 
to ascertain whether he is within the law.
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Elim ination and R ecovery  of Phénols from  Coke- 
Plant Am m onia L iquors1

B y R ob ert M . Crawford

C o m m o n w e a l t h  B u il d in g , P i t t s b u r g h , P a .

IN PREVIOUS articles2 the writer has described a suc
cessful method for eliminating phenols from ammonia 
still wastes by the continuous, countercurrent extraction 

of the raw liquor with benzene—or, more properly, motor 
fuel—in a process wherein the phenols removed from the 
liquor are recovered as a salable by-product in the form of 
crude ta r  acids. The purpose of this article is to describe 
a  further substantial improvement in the process wherein 
a  less costly and more efficient solvent, readily available a t 
any coke plant, can be utilized and additional salable crude 
ta r  acids can be incidentally recovered.

M otor fuel is so easily available a t any coke p lant having 
light-oil and benzene equipment, th a t its use as a solvent 
for extracting the ammonia liquor is logical. Owing, however, 
to the relatively high vapor pressure of such a solvent a t the 
tem perature of the operation and also to its solubility in the 
extracted liquor, the item of “solvent loss” constitutes one 
of the m ajor costs of the operation. The “solvent loss” 
is determined by inventory and is the quantity  of new solvent 
added to the operation from time to  time. I t  is really an ap
parent solvent loss and is greater than the actual solvent loss, 
which cannot be accurately determined because th a t portion 
of solvent leaving the system in solution in the extracted 
ammonia liquor passes through the ammonia stills with the 
liquor, is vaporized, and passes into the main gas stream  
where its vapors augm ent the normal light-oil content of the 
gas, and is recovered along with the normal light oil in the 
benzene scrubbers. Therefore, this recovery of solvent is 
charged as a consumption, although i t  is an apparent, and 
not an actual consumption of solvent.

P h e n o l E xtra ctio n  E ffic ien cy  o f C oal-T ar  L ig h t O ils

A motor fuel solvent is also unsatisfactory for other reasons 
and in the endeavor to seek means for improving the oper
ation an investigation was made of the use of neutral coal- 
tar light oils for this purpose.

Representative crude ammonia liquor was procured from 
a coke plant and light oils were obtained by distilling repre
sentative coke-plant tars. These light oils contained ta r 
acids in varying am ount, and in order to provide neutral 
light oils for the tests, they were separately extracted with 
10 per cent caustic soda solution until the tar-acid content 
was below 1 per cent. A typical light oil as used for the 
tests had the following general properties: specific gravity 
a t  30° C., 0.953; limpid point, 40° C., ta r  acids, 0.6 per cent. 
D istillation data  for this oil are as follows:

° c.
B elow  170 
B elow  100 
B elow  210

by vol. 
18 
41 
61

° C.
Below  235 
B elow  300 
R esid ue und loss

% 
by vol.

73
S3
17

M easured quantities of the ammonia liquor were extracted 
with measured quantities of motor fuel and the neutral light- 
oil solvents, and the distribution coefficient (partition ratio) 
of the phenols was determined.

In  every case the light-oil solvents exhibited much higher 
phenol extraction efficiency and lower solubility in the ex-

1 R eceived M ay 24, 1927.
* T h i s  J o u r n a l ,  18, 313 (1926); 19, 168 (1927); 

P la n t, 14 (1926).
Blast Furnace Steel

tracted liquor than a motor-fuel solvent; w ith a solvent-to- 
liquor ratio of 1:1, which is common in practice, the phenol 
coefficient with motor fuel was 73 per cent, whereas with 
the light-oil solvents it averaged 93 per cent; and whereas 
the solubility of motor fuel in the extracted liquor was 5 
per cent, the light-oil solvents were soluble only to the ex
ten t of about 1 per cent.

W ith the light-oil solvents, no difficulty was experienced 
by the formation of emulsions so long as clean light oils were 
distilled from the tars. Even w ith repeated use on fresh 
ammonia liquor—removing the phenols from the oil with 
caustic soda before each extraction—no emulsions were en
countered and separations were clean. The reddish color 
in the ammonia liquor, which appears to be due to dispersed 
free carbon, or tarry  m atter, in solution, was substantially 
removed by the solvents. This feature is important, be
cause a motor-fuel solvent does not dissolve free carbon, 
or ta rry  m atter, so readily, and in practice, if the cycling 
m otor fuel is not removed periodically for cleaning, emulsions 
form which appear to be due to dispersed free carbon segre
gated in the motor fuel, and separations are incomplete. 
W ith the light-oil solvents the free carbon seems to be taken 
into solution readily and not in the dispersed condition.

P ro d u ctio n  a n d  U se o f S o lv en t

The most logical source of a light-oil solvent for the pur
pose is from the ta r normally produced a t  the coke plant 
itself. To obtain the solvent, the raw ta r xvould be passed 
continuously through a simple steam -heated, multi-pass 
dehydrator for distilling off a light-oil fraction having a spe
cific gravity of about 0.95 a t 30° C. Dehydration of the 
ta r  is effected in this distillation, and a simple decanter w-ould 
separate the w ater and oil condensate; the water, or, more 
properly, weak ammonia liquor, sent to the liquor storage, 
and the light oil pumped to the phenol extraction plant. 
The light oil thus collected contains ta r  acids which must be 
removed before the oil is suitable for a  solvent. This is easily 
accomplished by introducing the oil into the phenol ex
traction system a t the first caustic extractor along with the 
norm al cycling solvent, where the phenols are removed to 
augm ent the normal phenol recovery from the extraction o( 
the ammonia liquor. The acid-free, or neutral, light oil 
leaving the caustic extractors then enters the cycling system 
as the solvent for extracting the liquor:

Since new solvent is being added to the extraction system 
continuously from the ta r  dehydrator, a quantity  of cycling 

, extraction solvent must be removed. A suitable quantity 
would, therefore, be bled from the extraction system and mixed 
continuously w ith the distilled ta r  leaving the tar still, and 
thus prevent depletion of the normal coke-plant tar yield, 
except for w ater and acids removed from, and mechanical 
losses of, the light oil. I t  is obvious th a t the ta r produced In 
such a system would be substantially dehydrated and would 
be preferred by the ta r  distiller to ordinary grades of raw tar.

The accompanying flow sheet illustrates this process.
The feature of a  continuous supply of fresh solvent to 

and the continuous removal of used solvent, from, the am- 
monia-liquor extraction p lant is an im portant advantage 
because the solvent can be replenished automatically and
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there is an ideal outlet for impurities which tend to  accumu
late in such cyclic systems.

Assuming the sales value of coke-oven ta r to  be 5 cents per 
gallon, the m ite r  estimates the cost of the light-oil solvent 
to  be less than  8 cents per gallon. This cost includes oper
ating and fixed charges and assumes the small loss of ta r 
volume a t  the price of the ta r  w ith no credit taken for the 
ammonia liquor recovered from the tar.

Coke and gas plants which do not have light-oil recovery 
equipm ent can now utilize the ammonia-liquor extraction 
process for the elimination and recovery of phenols from still 
wastes. This has not heretofore been feasible because such 
plants could not afford to  purchase supplies of motor-fuel 
solvent as the process would operate a t  prohibitive costs.

Applications have been made for paten ts covering the 
improved process.

Solvent Balance1
B y B ru ce  K . B row n a n d  C h arles B og in

C o m m e r c ia l  S o l v e n t s  C o r p o r a t io n , T e r r e  H a u t e , I n d .

FO R several decades 
nitrocellulose solvents 
and diluents have been 

classified according to boiling 
point, those boiling below the 
boiling point of water being 
designated as low boilers and 
the others as high boilers.
Despite its popularity, this 
classification is extremely in
accurate and the erroneous 
idea th a t the boiling point of 
a solvent is an index of its 
behavior in a lacquer has 
tended to  obstruct scientific 
lacquer formulation.

The term  “boiling point” has no scientific significance 
except th a t it describes the tem perature a t which the vapor 
pressure of the liquid under consideration is equal to one 
atmosphere of pressure. The ratio of the volatility of two 
liquids a t room tem perature cannot be predicted by a com
parison of their boiling points. For example, there is a dif
ference of only 2 degrees in the boiling points of toluene and 
isobutyl alcohol, yet a t room tem perature the former evap
orates almost three times as rapidly as the latter. While 
xylene and normal amyl acetate boil a t practically the same 
temperature, xylene evaporates 125 per cent as rapidly as 
the ester. Similarly, butanol boils a t a tem perature about 
22 degrees below xylene, yet it evaporates only about 80 per 
cent as fast.

Recognition of the disparity between the boiling point 
relations of various solvents and their volatility a t room tem 
perature has led to a study of vapor pressure curves. The 
vapor pressures of a  number of lacquer solvents a t  varying 
tem peratures have been plotted as curves, from which data 
attem pts have been made to compare the volatility of the 
solvents. In  a number of cases the curves for various sol
vents will be found to  cross during their ascent. A t these 
points the solvents have the same vapor pressure, though 
they m ay differ conversely above and below th a t critical point.

Im p o rta n ce  o f  E v ap oration  R a te

The use of vapor pressure curves m ay be conceded to be 
a  vastly  more accurate m ethod of solvent evaluation than  a 
study of boiling points, b u t in the opinion of the writers such 
curves will assist the formulator of lacquers only in so far 
as they improve his knowledge of the principles of evaporation. 
I t  m ay fairly be said th a t the only sectors of vapor pressure 
curves th a t are of practical interest are those tem perature

1 P resented  as a p art o f th e  S ym posiu m  on Lacquers, Surfacers, and  
T hinners before th e  Section  of P a in t an d  V arnish C hem istry  a t  th e 73rd  
M eetin g  of th e  A m erican C hem ical S ocie ty , R ich m on d, V a., April 11 to  16, 
1927.

T h e  proper b a la n c in g  o f so lv e n ts  a n d  n o n -so lv e n ts  In  
la cq u er  fo r m u la tio n  is  d isc u s se d . E m p ir ica lly  d e te r 
m in e d  ra tes  o f  ev a p o ra tio n  fo r  in d iv id u a l so lv e n ts  p ro 
v ide m o re  a c cu ra te  in d ic e s  o f e v a p o ra tin g  te n d e n c ie s  
th a n  are afforded by b o ilin g  p o in t  or vapor p ressu re  
d e te r m in a tio n .

T h e  a m o u n t  o f n o n -so lv e n t  to ler a ted  b y  a  n it r o 
c e llu lo se  so lu t io n  varies w ith  th e  c o n c e n tr a tio n , s o l 
v e n t, a n d  n o n -so lv e n t . D ilu t io n  r a t io s  are  d e te r 
m in e d  by t itr a t in g  a  s o lu t io n  o f n itr o c e llu lo se  w ith  n o n 
so lv e n t  u n t i l  p r e c ip ita t io n  o f so m e  o f th e  n itr o c e llu lo se  
o ccu rs . T h e  te c h n ic  o f th e  d e te r m in a t io n  is  descr ib ed  
a n d  a  n u m b e r  o f  d ilu t io n  ra tio s  for c o m m o n  so lv e n ts  
are g iv en .

ranges which represent nor
mal room conditions.

A direct comparison of the 
vapor pressures of solvents at 
room temperature is not a 
true index of their compara
tive volatility. Vapor pres
sure determinations are based 
on the number of molecules 
leaving the liquid state rather 
than  on the weight of the 
molecules. Two solvents of 
identical vapor pressure will 
not evaporate a t the same rate 
a t a given temperature, un

less their molecules are of the same weight and their latent 
heats of vaporization are identical. The solvent having 
the greatest molecular weight will evaporate most rapidly. 
While it is possible to determine the vapor pressures of lacquer 
solvents a t  room temperature, and then to  correct these 
figures for molecular weight and latent heat, so that the data 
for various solvents can be directly compared, such a pro
cedure is too complicated for everyday use—particularly since 
new solvents whose physical properties are not well known 
are being added m onthly to the range of selection for lacquer 
manufacture.

As yet, no better means of determining the volatility of 
solvents has been developed than the employment of purely 
empirical evaporation tests of the type reported by David
son2 and Gardner.3

A factor representing rate  of evaporation, whether it is 
derived by physico-chemical calculation or by empirical test, 
is bu t an approximation of the behavior of the solvent in 
question in so far as practical lacquers are concerned. Every 
mixture of solvents and diluents which might be employed 
as the liquid portion of a lacquer m ay produce binary, ternary 
or quaternary minimum vapor pressure mixtures of such 
complexity as to defy any prediction based merely on knowl
edge of the vapor pressures of the  un it liquids. For example- 
so simple a mixture as 30 per cent benzene and 70 per cent 
ethyl alcohol evaporates (at room temperature) about -o 
per cent more rapidly than  the rate  th a t might be denied 
from the formula for the evaporation of "perfect mixtures. 
In  general, substances which form constant-boiling mixturê  
also form mixtures of minimum vapor pressure at room tem
perature, bu t the proportions of ingredients present in t ie 
m ixture Volatilized a t  room tem perature may differ from 
the proportions present a t  the boiling point. , ^

W ater blush, gum blush, cotton blush, improper dr} mg 
time, poor flow, orange peel, and a variety  of other lacquer

5 T h i s  J o u r n a l ,  18, 669 (1926).
* P a in t M frs .’ A ssocn. U . S .,  Tech. C ir. 218 (1924).
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imperfections may be caused by an improper balance of the 
evaporation rates of solvents and diluents. The achieve
ment of a proper evaporation balance is manifestly of great 
importance, and it is to be regretted th a t adequate scientific 
data are not yet available for the accurate and rapid adjust
ment of the evaporation rate of a complete lacquer by means 
of predetermined proportioning.

D ilu t io n  R a tio

A solution of nitrocellulose will tolerate the addition of 
some quantity of a non-solvent, bu t after a critical point 
is reached the further additions will cause a precipitation or 
gelling of the nitrocellulose. In  the industry this limit of 
tolerance has been described as “dilution ratio ,” and it is 
ordinarily expressed as the number of cubic centimeters of 
non-solvent required to gel or coagulate some of the nitro
cellulose in 1 cc. of a solution of definite concentration. Like 
many other useful indexes in the lacquer art, the dilution ratio 
is wholly empirical and is affected by the following variables: 
nature of solvent, nature of non-solvent, grade of nitrocellu
lose, temperature of tests, and final concentration of nitro
cellulose in solution.

In the same manner, solutions of some gums in hydro
carbons or alcohols will tolerate the addition of only a cer
tain quantity of ester (nitrocellulose solvent), and a critical 
limit of tolerance m ay be reached in such instances also.

It may readily be seen th a t the am ount of diluent th a t it 
is possible to add to a nitrocellulose solution to form a lac
quer may depend largely on the limit of tolerance of the nitro
cellulose solvent for the diluent, and th a t hence the lim it of 
tolerance (dilution ratio) is indeed an im portant property.

B a la n c e  o f S o lv en t

While the amounts of diluents th a t can be added to lac
quers in manufacture w ithout causing incompatibility or gell-

While the proper balance of solvents and diluents to  pro
duce lacquers of desirable evaporation rates is incapable of 
definite prediction, the balance of solvent and non-solvent 
requisite to a complete compatibility of the ingredients, both 
in the liquid lacquer and during the drying period, is more 
easily ascertained.

D e te r m in a tio n  of D ilu t io n  R a tio

The method of determining the dilution ratio (limit of 
tolerance) of a solvent consists simply in titrating  a nitro
cellulose solution until so much non-solvent has been added 
th a t the nitrocellulose becomes gelled or precipitated. This 
determination is adaptable to back-titration, and if an excess 
of non-solvent has been added the mixture m ay be “brought 
back” by merely adding a little more of the nitrocellulose 
solvent and retitrating until a sharp end point is reached.

The am ount of non-solvent tolerable by a nitrocellulose 
solution varies with the concentration of the solution, and 
in the past various experimenters have fallen into the error 
of comparing dilution ratios determined for solutions of vary
ing concentration. For example, Davidson2 performed tests 
on nitrocellulose solutions of initial concentration of 10 per 
cent. While the figures thus obtained are scientifically ac
curate, since solvents vary widely in their tolerance for non
solvents, the final mixtures of solvent and non-solvent vary 
ju st as widely in their volume and in the consequent concen
tration of nitrocellulose therein. Furthermore, since all 
dilution ratios vary with the concentration of nitrocellulose, 
and since the purpose of determining the dilution ratio is to 
learn the am ount of non-solvent th a t will be tolerated in a 
completed lacquer, the only dilution ratios of real value are 
those th a t are determined from mixtures which approximate 
the concentration of true lacquers a t the time the end 
points of the tests are reached. An ordinary nitrocellulose 
lacquer contains from 8 to  12 per cent of nitrocellulose.

T a b le  I — D ilu t io n  R a t io s 0 o f  C o m m o n  S o lv e n ts

S o l v e n t

T o l u e n e
T o l u e n e — 50:50  

M i x t u r e  S o l v e n t  
a n d  B u t a n o l

B u t a n o l X y l e n e V . M . P.  N a p h t h a

R atio
Final

Concn.
N itrocellu lose

R atio
Final

Concn.
N itrocellu lose

R atio
F ina l

Concn.
N itrocellu lose

R atio
F inal

Concn.
N itrocellu lose

R atio
Final

Concn.
N itrocellu lose

Ethyl acetate 3 . 7 3
P er cent 

7 . 0 3 . 2 0
P er cent 

9 . 0 8 . 4 0
P er cent 

8 . 5 3 . 3 0
P er cent 

8 . 8 1 . 2 5
P er cent 

7 . 8
isopropyl acetate 3 . 2 7 7 . 0 2 . 7 0 8 . 1 8 . 8 5 7 . 6 3 . 2 7 8 . 0 1 . 2 5 7 . 8
iw-Butyl acetate 2 . 6 0 8 . 3 2 . 2 0 9 . 0 8 . 2 0 8 . 7 2 . 6 0 8 . 3 1 . 2 0 8 . 0
«-Butyl acetate 2 . 9 3 8 . 1 2 . 4 0 9 . 0 8 . 1 6 7 . 3 2 . 7 3 8 . 6 1 . 7 5 8 . 0
Medium-boiling so lven t acetate"
(A. D. Little) 2 . 9 3 7 . 6 2 . 1 5 7 . 3 6 . 7 5 8 . 1 2 . 2 6 7 . 6 1 . 0 0 8 . 7

Amyl acetate from fusel oil 2 . 5 3 7 . 9 2 . 2 5 7 . 0 7 . 2 8 7 . 0 2 . 4 0 8 . 2 1 . 5 0 7 . 0
«•Amyl acetate 2 . 2 0 8 . 6 2 . 0 0 8 . 8 7 . 2 8 7 . 0 2 . 2 0 8 . 7 1 . 4 0 7 . 3
Acetate of ethyl ether o f eth y lene
„ s.1?001 2 . 6 0 8 . 2 2 . 5 0 8 . 0 7 . 2 0 8 . 7 2 . 4 6 8 . 5 1 . 1 2 8 . 1
"jsh-boiling so lvent a ce ta te” (A.
D. Little) 1 . 9 3 6 . 8 1 . 8 0 6 . 5 5 . 4 0 8 . 6 1 . 7 0 7 . 0 0 . 8 0 7 . 8

«-Butyl propionate (w ater-w hite) 2 . 3 0 8 . 0 2 . 0 0 8 . 5 7 . 5 0 7 . 8 2 . 2 6 8 . 2 1 . 3 0 7 . 6
Ethyl lactate 5 . 8 0 8 . 2 4 . 3 0 7 . 6 1 0 . 2 0 8 . 9 4 . 8 0 8 . 3 0 . 6 8 8 . 3
Acetone 4 . 9 0 8 . 1 5 . 3 0 7 . 5 7 . 0 0 7 . 2 4 . 0 0 7 . 2 0 . 6 8 8 . 3
piacetone alcohol 
Jiesityl oxide 3 . 5 3 9 . 0 4 . 0 0 7 . 2 8 . 1 3 7 . 5 2 . 8 6 8 . 0 0 . 5 3 7 . 6

4 . 8 0 7 . 2 3 . 9 0 7 . 6 9 . 2 0 7 . 8 4 . 3 0 7 . 0 0 . 9 5 9 . 0
Dibutyl phthalate 
fncresyl phosphate 
Dibutyi tartrate 

Diatol"
n u i!  e,ther.of ethylene glycol 
Lhethyl carbonate

O T?_

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

tipitation num oer ° ‘ cu o ic  centim eters ol non-so

mg may be readily determined from a study of the limits 
w tolerance of the ingredients, it will be remembered th a t 
he liquid ingredients of lacquer evaporate a t  varying rates 
and that the balance of solvent, diluent, gum, and nitrocellu- 
ose may be disturbed during the drying period. If one type 

^jSredient evaporates much more rapidly than the other, 
6 limit of tolerance of the nitrocellulose solutions for the 

,'uents or of the gum-diluent solution for the solvents may 
exceeded and a gelling or precipitation m ay occur.

th a t m ay  be added to  1 cc. of n itrocellulose solu tion  w ithout causing coagulation  or pre-

Table I  presents the dilution ratios of a number of common 
nitrocellulose solvents as determined with “ V rsecond cotton" 
a t room temperature. In  each case the concentration of 
nitrocellulose in the final mixture of solvent and non-solvent 
is approximately 8 per cent. This uniformity makes the 
ratios of different solvents directly comparable. I t  was 
accomplished by means of preliminary determinations of the 
dilution ratios employing a nitrocellulose solution of known 
initial concentration, the data being used in adjusting the
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initial concentration of nitrocellulose in the solvent, so th a t 
after all of the non-solvent tolerable had been added the con
centration of nitrocellulose in the resultant mixture would 
approximate 8 per cent.

In  the past it has been generally assumed th a t the dilution 
ratio of a solvent for the typical non-solvent—toluene— 
affords a fair index for solvent evaluation. B ut the dilution 
ratio of a solvent, like its evaporating quality, m ay be affected 
by the presence of other liquids in the completed lacquer. 
Table I  clearly indicates this, and shows the u tte r unrelia
bility of dilution ratios based on toluene alone.

Fi g u r e  /
ErrEC T o r  f in a l  c o n c e n t r a t io n

/ s  OT NITROCELLULOSE ON DILUTION RATIOS.
(For 7oluol)

¡4 
13 
IZ 
II 
10 
9 
¡9 

7 
6 
5  
4  
3  
Z 
/

4/coS/o/ 

Bufy/ 2 ce /a /e

viously applied coats of lacquer. Whereas the hydroxyl-bear
ing solvents'show marked superiority in dilution ratios for 
toluene over the simple esters, in the case of naphtha the con
dition is completely reversed, and the simple esters tolerate 
from 50 to 100 per cent more naphtha than do such materials 
as ethyl lactate, ethyl ether of ethylene glycol, and diacetone 
alcohol.

D ata  on the dilution ratios for naphtha of mixtures of sol
vents and butanol are not yet available, b u t i t  is hoped that 
they m ay soon be published. The effect of the presence of 
gums in the nitrocellulose solutions employed in the study of 
dilution ratios also merits attention.

E ffect o f F in a l C o n ce n tr a tio n  o f N itr o c e llu lo se  o n  Dilution
R a tio s

In  presenting these dilution ratios it was remarked that 
unless the final concentration of the nitrocellulose in the mix
ture approximates the quantity  present in a commercial lac
quer the figures are of little value. This point is illustrated 
in Figures 1 and 2. In  Figure 1 the dilution ratios for toluene 
of dibutyl tartra te, ethyl ether of ethylene glycol, diacetone 
alcohol, and normal butyl acetate, determined for final con
centrations of nitrocellulose, are reported. (Dibutyl tartrate 
is a plasticizer; it is included in the data  because its dilu
tion ratios are uniformly higher than those of any solvent 
known to the authors.) A t a point corresponding to 2 
per cent nitrocellulose in - the final mixture the dilution 
ratios for ethyl ether of ethylene glycol, diacetone alcohol, 
and butyl acetate are, respectively, 7.0, 4.5, and 3.5—a maxi
mum difference amounting to  100 per cent. At 8 per cent

/  2  3  4  3  6  7  8  9  10 II  12 13 14 15 
F inal F k rC e n t C oncentration  o f  

Nitrocellulose (iS ec . V/s cosily) in th e  M ixture .

For toluene the average dilution ratio of the simple ester 
solvents is about 2.9 (Table I) whereas hydroxyl-bearing 
solvents such as ethyl lactate, ethyl ether of ethylene gly
col, and diacetone alcohol, show a markedly superior toler
ance, ranging from 3.5 to 5.0.

A second series of determinations gives the dilution ratio, 
for toluene, of a 50:50 mixture of solvent and butanol. The 
final m ixture approximates the average lacquer more closely 
than does the mixture obtained with toluene alone, since 
alcohol diluents, as well as hydrocarbons, are employed 
in commercial lacquers. The addition of butanol reduced 
the dilution ratios of the simple ester solvents, such as the 
acetates, only slightly, whereas the hydroxyl-bearing sol
vents, particularly ethyl ether of ethylene glycol, were pro
foundly affected.

The dilution ratios of the pure solvents for butanol are 
notably high since most solvents bear considerable adm ixture 
w ith butanol. In general, the ratios for xylene are slightly 
lower than those for toluene.

The figures for V. M. P. naphtha are interesting for sev
eral reasons. While the unavailability of closely boiling 
fractions of petroleum hydrocarbons has hindered the use 
of these materials in the past, th is difficulty has now been 
overcome and fractions of almost any reasonable boiling 
range are available. Petroleum hydrocarbons are less ex
pensive than coal-tar diluents a t the present time, and in 
the brush lacquer field they are especially valuable, since 
Igcquers containing these materials in place of benzene and 
its homologs have a much retarded solvent action on pre-

13

16

U

I
t§ !0

I  .*
is
r l  C) .6

■2

_Nu/y/ Xcefa,/^

Fi g u r e  2  
E f f e c t  o f  fin al  c o n c e n t r a t io n  of

NITROCELLULOSE ON DILUTION RATIOS 
( For V.M.P. N a p th a )

/  Z  3  4 S  G 7  8  9  /O II 12 13 14 15 
F ina l P er Cenf C oncentration oF 

N itrocellulose (F Sec Viscosity) m the M ixture

concentration the figures for the same solvents are 5.2, 3.5. 
and 2.9—a gross difference of about 76 per cent. At 12 per 
cent concentration the corresponding figures are approx
im ately 4.2, 3.2, and 2.7—a.m axim um  difference of about 
55 per cent. I t  is thus seen th a t differences of dilution ratio 
are unduly magnified a t  low final concentrations of nitro
cellulose.

The curves for V. M. P. naphtha (Figure 2) show that th e  
dilution ratios of the solvents depend on the final c o n c e n t r a 
tion of nitrocellulose in the mixture. None of the s o lv e n ts  
reported are as to lerant of petroleum hydrocarbons as th e )  
are of toluene. The same general rule applies—an in c re a s e  
in final concentration causes a reduction in dilution ratio. 
In  the case of naphtha ratios, however, the simple ester so
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vents, such as butyl acetate, will stand the most dilution 
with non-solvent.

These curves also illustrate the fallacy of comparing dilu
tion ratios obtained for different solvents where a uniform 
initial concentration of nitrocellulose—say, 10 per cent—is 
employed, and the final concentration is disregarded. In 
such cases the natural difference of dilution ratios is exagger
ated. For example, w ith a solvent having a high dilution 
ratio the final concentration of the nitrocellulose, after all 
the non-solvent has been added, will be less than the final 
concentration of nitrocellulose obtained in testing a solvent 
having a lower dilution ratio, to which less non-solvent may 
be added. The curves clearly indicate th a t a t low final con
centrations of nitrocellulose the dilution ratios of the solvents 
may be expected to be larger than a t the higher concentra
tions, which are more comparable with actual lacquers.

In the preparation of a satisfactory lacquer the use of dil
uent ratios m ust be tempered by the evaporation balance 
of the liquid mixture. D iluent ratios represent merely the

lim it of tolerance of solvent for non-solvent in the complete 
lacquer, and are no indication of tolerance during the drying 
period. If solvent and non-solvent present are adjusted in 
evaporation rates so th a t neither is completely evaporated 
before the lacquer film sets during drying, the diluent ratio 
will not be exceeded and a satisfactory film should result. 
This is not always the case. For example, the data  presented 
show th a t a mixture comprising 1 part of ethyl acetate and 
3 parts of xylene will retain 8 per cent of nitrocellulose in 
homogeneous colloidal solution. B ut if such a mixture is 
employed as a lacquer a badly blushed film of poor adherence 
and low tensile strength will result, since all of the solvent 
will evaporate before the film dries and the remaining xylene 
will coagulate (blush) the nitrocellulose.

A ck n o w led g m en t

C. W. Simms, of this laboratory, performed m any of the 
laboratory tests on which this paper is based and the authors’ 
thanks are due him.

Lacquer Surfacers1
B y F. M . B eegle  and  C. M . S im m o n s

T h e  C l e v e l a n d  V a r n is h  C o m p a n y , C l e v e l a n d , O h io

IN DEVELOPING a suitable lacquer surfacer for use in 
automobile production, i t  was thought desirable to grind 
the pigments on a burr stone mill, such as all paint fac

tories possess, thereby obviating the necessity of purchasing 
special equipment. Various combinations of chemical plas- 
ticizers, oils, and gum were therefore tried in order to secure 
a liquid tha t w'ould wet sufficient pigment to give satisfactory 
filling and feed through the mill. A mixture of castor oil, 
linseed oil, and dibutyl ta rtra te  gave a very good grinding 
mixture when Titanox, Keystone filler, talc, and iron oxide 
formed the bulk of the pigment.

G u m s

In accordance w ith good varnish reasoning it was believed 
that the less gum used the tougher and more waterproof 
would be the product. Consequently, a batch of surfacer 
was made with the ingredients mentioned above, without 
any gum. This surfacer was very elastic and held out the 
finishing lacquer in a very satisfactory manner, bu t on spray
ing an automobile body with it and sending to the rubbing 
deck after sufficient drying, it rubbed very tough, and in spots 
where the water lay for a time it blistered from the primer.

Considerable w’ork was then done to  find the cause of the 
blistering, retaining the idea th a t no gum should be used. 
Grinds were made w ith the same pigment combinations and 
oils, but substituting Lindol, dibutyl phthalate, and diamyl 
phthalate for the dibutyl ta rtra te . All combinations ware 
better than the one using dibutyl tartra te, because this plas- 
ticizer seemed to allow the water to pass quickly through 
the film.

From this point considerable stress was placed on a water 
test and all batches ware sprayed on, force-dried 1 hour a t 

C. (150° F.), sanded to  a smooth surface, and stood 
m a pail of tap water overnight. The formula for any sur
facer showing a tendency to  blister was discarded.

The varnish theory had to be discarded because it was 
found necessary to include gum in the formulas in order to 
get adhesion and a m aterial to  stand a satisfactory water

1 Received April 23, 1927.

test. The tendency to blister was found to decrease as the 
gum increased up to an optimum point. Fortunately, the 
gum content giving optimum waterproofness was about the 
same as the gum content giving satisfactory rubbing proper
ties. The addition of the gum solution to the oils and chem
ical plasticizer gave a very satisfactory grinding liquid.

After the proper ratio of oil, chemical plasticizer, gum, 
total am ount of pigments, and cotton was established to 
give proper adhesion, waterproofness, sufficient filling and 
sanding, work was started to determine the gum or combina
tion of gums to be used to secure the best results. Shellac, 
dammar, ester gum, and kauri gum solutions ware used.

On all tests th a t could be completed in a week or 10 days 
it was decided th a t the gums gave the best results in the order 
named above. However, very good results could be obtained 
by using a  combination of dammar and ester gum.

I t  was found th a t a very valuable test could be made on 
lacquer surfacers by applying two coats on top of a good, 
long oil-baked primer, force-drying 1 hour a t 06° C. (150° 
F.), rubbing to a  surface, then coating with two double coats 
of lacquer. After the film had dried about an hour, the panels 
were hung in an electric oven and baked overnight a t  121° 
C. (250° F.). This treatm ent caused many lacquer surfacers 
to crack open and pull the finishing lacquer with them, giving 
the appearance of sun-baked mud.

O p tim u m  C o tto n  S o lu tio n

Surfacers were made using the formula with the best oil, 
chemical plasticizer, pigments, and gum combinations w'ith 
Vi-second cotton solution in one case, and with 7-second cot
ton solutions in other cases, after reducing the la tte r to  the vis
cosity of the V2-second solution by use of various catalysts. 
The same number of grams of cotton per liter of solvents 
was used in all cases.

The surfacer made from Vrsecond cotton was the best of 
the series, irrespective of the catalyst used with the 7-second 
cotton, even though the catalyst were only heat and pressure. 
A weather test on the roof bore out the conclusions of the 
quick tests in this case.
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P ig m e n ts

The next step was to  vary the pigment combinations.
In to  850 grams of plasticizers and gum solutions the follow

ing pigments were ground:

A — 850 grams Titanox, 850 K eystone filler, and 170 talc  
B — 1190 grams white lead, 1190 K eystone filler, and 170 talc  
C— 1075 grams zinc oxide, 1075 K eystone filler, and 170 talc 
D — 1190 grams Titanox, 1190 white lead, and 170 talc  
E — 1075 grams Titanox, 1075 zinc oxide, and 170 talc 
F — 1190 grams lithopone, 1190 K eystone filler, and 170 talc 
G —1190 grams silica, 1190 K eystone filler, and 170 talc

These bases were then thinned with '/^second cotton so
lution, some additional gum solution, and reducer.

Two panels, previously primed with oil primer and baked, 
were sprayed with two coats of each surfacer. The films 
were force-dried in an electric oven a t  66° C. (150° F.) for 
45 minutes. Both panels were sanded to  a good surface. 
One stood in water overnight, while the other was sprayed 
with two double coats of lacquer and baked 48 hours in an 
oven a t 121° C. (250° F.).

The next morning the panels which were stood in water 
were cut with a  knife, both above and below the water line, 
to  ascertain their relative elasticity and adherence to the 
primer. All the surfacers were found to stand a good water 
and knife test.

The combination of Titanox and white lead and the com
bination of lithopone w ith Keystone filler all sanded well, 
while the silica with Keystone filler sanded very hard, and 
the zinc oxide with Keystone and Titanox w ith white lead 
sanded hard.

The surfacer containing zinc oxide and Keystone cut the 
best, both above and below water, b u t i t  stood the bending

test poorly. On cutting after baking, the films gave a ribbon 
in the following order: A, F, B, C, E , D, and G. The bend
ing test after baking gave the following order of results: D, 
A, F, B, E , C, and G.

Panels coated w ith those surfacers made with the seven 
pigment combinations were sprayed over half the surface 
with two coats of blue finishing lacquer and exposed on the 
roof for about 6 months. A t the end of this time the sur
facer made with white lead and Keystone showed the best, 
both with and w ithout finishing lacquer over it. The com
bination of lithopone and Keystone was a close second. The 
combination of T itanox and white lead was the poorest, while 
the other combinations varied between these two extremes.

C o n clu s io n s

1—A good lacquer surfacer can be manufactured on a burr 
stone mill.

2—A combination of oil, chemical plasticizer, and gum so
lution makes a good grinding medium.

. 3—A satisfactory lacquer for production work must stand 
. a good water test.

4— Gum is essential for waterproofness, adhesion, and 
satisfactory rubbing properties.

5—Gums are satisfactory in the following order: shellac, 
dammar, ester gum, and kauri. However, a combination 
of dam m ar and ester gum m ay be used with satisfactory re
sults.

6—Half-second cotton gives better results than cotton of 
higher viscosity reduced to  Yusecond viscosity.

7—Of all pigment combinations used, white lead and Key
stone filler showed the best results after 6 months’ outdoor 
exposure, both  w ith and w ithout finishing lacquer sprayed 
over the surfacer.

U niform  V arnish Films for E xposure T ests1
B y H . A. G ardner a n d  G. G . Sw ard

I n s t i t u t s  o r  P a i n t  a n d  V a r n i s h  R e s e a r c h ,  W a s h i n g t o n ,  D . C.

WH EN  panels of any type are brush-coated with var
nish, i t  is considered necessary to apply a t least 
two and preferably three coats in order to get a 

continuous film and one of sufficient thickness to  give fairly 
good durability over a period of three m onths’ exposure in the 
summer. I t  has been found, however, th a t various operators 
working with the same varnish m ay apply films of marked 
variation in thickness. Naturally, when exposed the dura
bility of such panels would vary. I t  was thought th a t much 
more uniform results could be obtained if the various opera
tors would use some uniform m ethod of preparing films. The 
writers, for their own work, have standardized upon one-coat 
films which are spun upon revolving disks. The apparatus 
consists of a 12-inch (30-cm.) circular spinning table, set 
within a drain pan 18 inches (46 cm.) in diam eter and 8 inches 
(20 cm.) high to catch the varnish thrown off by centrif
ugal force. The power is furnished by a  0.1 horsepower 
motor. The speed of the apparatus is controlled by varying 
the size of the pulleys.

Walker and Thompson2 have prepared films of paint and 
varnish by spinning on glass disks. They found th a t plastic

i R eceived  April 6, 1927. P resented  uhder th e tit le  " M eth od s of 
Producing U niform  F ilm s for E xposure T ests"  as a  part o f th e  Sym posium  
on Eacquers, Surfacers, an d  T h in n ers before th e  S ection  o f P a in t and  
V arnish C hem istry  a t  th e  73rd M eetin g  of th e  Am erican C hem ical S ociety , 
R ich m on d, V a.. April 11 to  16, 1927.

* Proc. A m . Soc. T esting  M ateria ls, 22, P t . I I ,  464 (1922).

materials, such as paint, gave films th a t were much thicker 
a t the center than  a t the edge of a 25-cm. disk. On the other 
hand, viscous materials, such as varnish, gave films varying 
b u t a few microns over the entire disk. For a study of many 
properties of the paint they decided th a t a  speed of 300 
r. p. m. maintained for 3 minutes produced the best results. 
No extensive study of varnish films was made.

Pulsifer3 found th a t the thickness of a normal brush coat 
of a varnish could be expressed as F = */* (10F +  N), where 
F  equals the thickness in microns, V  equals the absolute vis
cosity in poises a t 25° C., and N  equals the percentage of 
non-volatile m atte r in the varnish. For example, a varnish 
possessing a viscosity of 1.4 poises and a non-volatile per
centage of 50 should give a  film 32 microns thick.

None of the above investigators attem pted to control the 
thickness of the film by altering the conditions of preparation 
to  su it the m aterial under consideration.

P rep a ra tio n  o f  F ilm s

In  view of the influence of the film thickness upon the re
sults of most tests on varnish films, it was thought desirable 
to  study the spinning method to  learn if films of predetermine 
thickness could be prepared. The m ethod was essential y 
the same as th a t of Walker and Thompson,2 but using, m-

* D rugs, O ils , P aifits, 39, 354 (1924).
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stead of glass disks, m etal panels 6 by 12 inches (15 by 30 
cm.) Two reasons exist for the change. The m etal panels 
are cheaper and varnish films prepared by this method may 
be used for exposure tests. The varnishes were first flowed 
over the entire panel, which was then placed on the spinning 
device and spun for the desired time and a t the desired speed. 
If any uncoated portions were shown after flowing, they 
were immediately coated by the varnish as soon as the panel 
was spun.

Five varnishes ranging in viscosity from 0.95 to  2.2 poises 
and from 40 to 70 per cent non-volatile content were pre
pared. (Table I) Numbers 1, 3, and 5 comprise a series in 
which the viscosity is constant, and the per cent non-volatile 
is variable. Numbers 2, 3, and 4 comprise a series in which the 
viscosity is variable and the per cent non-volatile is constant.

T a b le  I— P r o p e r t ie s  o f  V a r n ish e s
P e r  C e n t  V is c o sit y

Varnish N o n-V olatii.b G ardncr-H oldt Scale Poises
1 40  F  1 .4
2 50 C -D  0 .9 5
3 50 F  1 .4
4 50 I 2 .2
5 70 F  1 .4

With these varnishes the following variables were studied— 
speed of spinning, duration of spinning, viscosity of the var
nish, and per cent non-volatile of the varnish. Three speeds 
were available—215, 290, and 375 r. p. m. Three time inter
vals were selected—30, 60, and 120 seconds. All panels 
were prepared a t  25° C.

M ea su r em e n t o f F ilm  T h ic k n ess

After preparation and thorough drying of the films, the 
thicknesses were measured with an Ames dial. The instru
ment may be read with a precision of 1 micron. Meas
urements were made a t distances of 3, 8, and 13 cm. from the 
center of the panel, a t least two measurements being made 
at each distance. The variation in thickness a t any specific 
distance from the center seldom exceeded 1 micron, and the 
variation over the entire panel was usually not more than 
3 microns.

Table II— V a r ia tio n  o f  F i lm  T h ic k n e s s  w ith  S p e ed  o f  S p in n in g
(Spun for 60 seconds)

F il m  T h ic k n e s s  a t  I n d ic a t e d  D is t a n c e s  
f r o m  C e n t e r

T a b le  IV— V a r ia t io n  In  F i lm  T h ic k n e s s  w it h  V is c o s ity
(N on-vo latile  o f each, 50 per cent)

Varnish S p e e d 3  c m . 8  c m . 13 c m . M e a n
R. p . m. A* M A*

1 2 1 5 2 0 2 5 2 6 26
2 9 0 22 21 21 21
3 7 5 18 19 2 0 19

2 2 1 5 31 31 33 32
2 9 0 2 5 26 26 2 6
3 7 5 2 2 23 21 2 2

3 2 1 5 37 3 5 38 3 7
2 9 0 2 9 2 9 2 9 29
3 7 5 26 2 5 2 4 2 5

4 2 1 5 61 60 59 6 0
2 9 0 4 4 4 3 4 3 44
3 7 5 4 0 3 9 38 39

5 2 1 5 4 4 4 4 45 4 4
2 9 0 3 4 3 6 36 3 5
3 7 5 31 3 0 2 9 3 0

able III V a r ia t io n  in  F i lm  T h ic k n e s s  w it h  T im e  o f  S p in n in g
(Speed, 2 90  r. p . m .)
T h i c k n e s s  o p  F il m  a t  I n d ic a t e d  D is t a n c e s  

p r o m  C e n t e r
varnish T ime 3 c m . 8  c m . 13  c m . M e a n

Seconds M A* P M
3 0 2 7 29 31 29
60 2 5 2 6 26 26

120 23 2 3 2 2 2 3

3 0 3 3 33 33 3 3
60 2 9 29 2 9 2 9

120 2 5 2 7 2 5 2 6

3 0 5 4 53 53 53
6 0 4 4 4 3 4 3 43

120 3 5 3 6 36 3 6

V a r n is h V is c o s it y S p e e d

T h ic k n e s s  a t  I n d ic a t e d  D is t a n c e  f r o m  
C e n t e r

3 cm . 8 cm . 13 cm . M ean  '
Poises R . p. m. A* M A* A*

2 0 .9 5 215 31 31 33 32
3 1 .4 215 38 35 38 37
4 2 .2 215 61 60 59 60
2 0 .9 5 290 25 26 26 26
3 1 .4 290 29 29 29 29
4 2 .2 290 44 43 43 43
2 0 .9 5 375 22 23 21 22
3 1 .4 375 26 25 25 25
4 2 .2 375 40 39 38 39

T a b le  V—•V a ria tio n  o f  F i lm  T h ic k n e s s  w it h  N o n -V o la t i le P e r c e n ta g e

V a r n is h
N o n -

V o l a t il e

(V iscosity  of each, 1.4 poises)
T h ic k n e s s  a t  I n d i c a t e d  D i s t a n c e  

f r o m  C e n t e r  
S p e e d  3 cm . 8 cm . 13 cm . M ean

P er cent R . P. m. h A* A* A*
1 40 215 26 25 26 26
3 50 215 37 35 38 37
5 70 215 44 44 45 44

1 40 290 22 21 21 21
3 50 290 29 29 29 29
5 70 290 34 36 36 35

1 40 375 18 19 20 19
3 50 375 26 25 24 25
5 70 375 31 30 29 30

2  6 0  
¡ 5 0

Ü -40

3 0

20

NV=50'%
290 RFM.

\ s V.
N

6 0 2È R.RM,

290R.RM. 
375 R.RM.

3 0  6 0  9 0  120 
TIME, SECONDS

£ 20
1.0 1.5 2.0 2.5

VISCOSITY, POISES

215 R.P.M.
2 9 0  R.P.M

200 300 400
SPEED, R.P.M.

375 R.RM

4 0  5 0  6 0  7 0  6 0  
PER CENT, NON VOLATILE

The data  obtained are presented in Tables II, I II , IV, 
and V and graphically in the accompanying curves. An 
examination of the curves reveals th a t none of the functions, 
not even the viscosity or the percentage non-volatile, is a 
straight line.

C a lcu la tio n  of F ilm  T h ic k n ess

If the thickness is calculated according to  Pulsifer’s formula

=  ~ ^ ~ ) i  which is probably satisfactory for brushed

films, the results do not correspond in any regular manner 
with the writers’ observed values for spun films. In  other 
words, there is no speed or time of spinning which yields a 
film comparable with a brush coat for varnishes varying 
widely in their properties.

After some calculation, the best formula developed for 
calculating the thickness of spun films was 

F =  0.4IV +  V* +  3
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where F  =  film thickness, microns
N  =  per cent non-volatile 

, . V =  viscosity, poises

This formula gives values which do not deviate much from 
those observed a t 290 r. p. m. for 60 seconds. For speeds of 
215 and 375 r. p. m., multiply the values for 290 r. p. m. by 
the factors 1.3 and 0.8, respectively. For times of spinning 
of 30 and 120 seconds, respectively, multiply the values ob
tained a t 60 seconds by the factors 1.1 and 0.9, respectively. 
The observed and calculated values are shown in Table VI.

F ilm s for T e n s ile  S tr e n g th  and  E lo n g a tio n  T ests

In  preparing films for the determination of tensile strength 
and elongation, tin-plate panels amalgamated with mercury 
are used. Upon such panels the coatings are poured, allowed 
to  dry^ and then stripped previous to cutting up into test 
pieces. The writers have now adopted the spinning device 
for the preparation of films of fairly uniform thickness upon 
such panels. After spinning to the desired thickness, the 
coating is allowed to  dry and then is stripped. Very smooth 
films of the desired thickness are obtained.

O th er  T e s ts  by T h is  M eth od

Hickson1 refers to the preparation of panels coated with 
flat wall paints by the spinning process, and he has used these 
panels for the kauri gum reduction test to determine the 
elasticity of the applied product. Such a method can be 
highly recommended, as films of fairly uniform thickness

* P a in t M frs*  Assocn. U . S ., Tech. C irc. 305.

are readily obtained. Similarly, linseed oil extension tests 
upon varnishes can be made by coating panels by this same 
process. I t  is believed th a t differences in results obtained 
by different operators with the kauri gum reduction test on 
varnishes are often due to differences in film thickness. Some 
may be thick and some m ay be thin. The use of the spinning 
m ethod should greatly reduce such variations.

T a b ic  V I— O b serv ed  a n d  C a lc u la te d  F i lm  T h ic k n e s s e s
F  =  0.4iV +  V* 4- 3 a t  290 r. p. ni. and 60 seconds
Factors: F or 215 r. p . m. 1.3, 375 r. p. m. 0.8; for 30 seconds 1..1, 120 seconds 0.

V is  NON-VOLA F ilm: T h ic k n e s s
V a r n is h c o sit y TILE S p e e d T im e Obsd. Calcd. Did.

Poises P er cent R. p. vi. Sec. v
1 1 .4 40 215 60 26 30 +  4

290 60 21 23 + 2
375 60 19 18 - 1

2 0 .9 5 50 215 60 32 31 - 1
290 30 29 26 - 3
290 60 26 24 - 2
290 120 23 22 - 1
375 60 22 19 - 3

3 1 ,4 50 215 60 37 35 - 2
290 30 33 30 - 3
290 60 29 27 - 2
290 120 26 24 - 2
375 60 25 22 - 3

4 2 .2 50 215 60 60 60 0
290 30 53 51 - 2
290 60 43 46 + 3
290 120 36 41 + 5
375 60 39 37 _ 2

5 1 .4 70 215 60 44 46 + 2
290 60 35 35 0
375 60 30 28 - 2

M axim um deviation + 5
M ean deviation ± 2

Application and Form ation of Lacquer Surfacers1
By F. W . H op k in s

M u r p h y  V a r n i s h  C o., N e w a r k ,  N .  J.

N a t u r e  o f  P i g m e n t —In the manufacture of surfacers 
with an oleorcsinous vehicle,' iron oxides, together with a 
certain percentage of fillers or extenders, have been found to 
be the best pigments. Practically the same pigments are 
used in the manufacture of lacquer surfacers. Red oxides of 
iron are best eliminated, for a t  times they give a reddish 
speckled effect to the finishing lacquer enamel, especially 
noticeable if the lighter tin ts are used. This m ay be due 
to  the use of a so-called bleeding pigment, or even a pigment 
of the non-bleeding type after fine sanding if precautions 
have not been taken to  clean carefully. Some of the dust 
is stirred up by the air from the spray gun and settles in the 
undried lacquer enamel.

Pigments high in magnesium silicate content should not 
be used, as they im part to the lacquer surfacer a very smooth, 
greasy character. A lacquer enamel applied over such a 
surface is liable to peel off, especially when a masking tape 
has been used over a freshly lacquered enameled surface.

P e r c e n t a g e  o f  P ig m f . n t —In  the manufacture of a lac
quer surfacer it is necessary to m aintain a definite percentage 
of pigment, so th a t when the surfacer is reduced it will 
have good filling and building qualities. The customary re
duction is approximately equal parts thinner and surfacer, 
or 100 per cent.

R e d u c t i o n  i n  T h i n n i n g — If the surfacer is overly pig
mented, and reduced as usual, it m ay crack after application,

1 Presented under the t it le  “ Lacquer Surfacers” as a part of th e S ym 
posium  on Lacquers, Surfacers, and Thinners before th e Section  of Paint 
and Varnish C hem istry  a t  th e 73rd M eetin g  of th e Am erican Chem ical 
S o c ie ty . R ichm ond, V a .. April 11 to  16, 1927.

producing a so-called crackled-finish effect over the primer. 
A lacquer surfacer reduced to excess will not fill sufficiently, 
and thus thinner will be sprayed and wasted, instead of pig
m ent and binder. In  this case, on rubbing the surfacer, 
it would be very easy to rub through into the primer.

Unless the pigments are stirred thoroughly into the vehicle, 
a condition exists which m ay be identical either to excess 
pigmentation or excess reduction, depending upon whether 
the surfacer is from the bottom  or top of the can. Most of 
the complaints on lacquer surfacer would never have occurred 
had the operator mixed the m aterial thoroughly.

S p r a y  N o z z l e  a n d  G u n  M a n i p u l a t i o n —The spray nozzle 
used in the application of the surfacer should be of medium 
size so th a t too much material will not be sprayed in one 
coat. In  m anipulating the spray gun the operator should be 
careful to hold the gun about 8 to 10 inches from the surface 
which is being finished. If held any nearer the surface too 
much pigment m ay be deposited within a given area, and a 
crackled effect will probably result. Too great a distance 
will produce little more than spray dust.

If a lacquer surfacer is not properly reduced or is over- 
pigmented, or applied improperly, it m ay appear to produce 
a satisfactory surface, b u t after rubbing and the application 
of a lacquer enamel the surface will crack open.

I d e a l  S u r f a c e r — An ideal surfacer is, therefore, one which  

builds quickly, dries rapidly w ithout indications of orange 
peel, and sands easily to  a hard, non-porous surface of such  
character th a t lacquer enamels m ay be applied with perfect 
adhesion. Such a surfacer m ust be free from any pigments 
which bleed or discolor the lacquer enamel.
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Protecting W ood w ith  A lum inum  Pain t1
B y J u n iu s  D . E dw ards an d  R ob ert I. W ray

A l u m in u m  C o m p a n y  o p  A m e r ic a , N e w  K e n s in g t o n , P a .

IT IS natural to think of aluminum paint, with its metallic 
aluminum pigment, as a protective medium for metals. 
Its use for protecting wood also has much merit. Two 

of the outstanding characteristics of an aluminum paint 
film are its durability and high moisture-proofing power. 
The checking and cracking of wood as the result of rapid 
changes in its moisture content are minimized by a moisture- 
proof coating, such as aluminum paint, and the durable 
character of the paint assures maintenance of the protection.

Dunlap and Browne, of the Forest Products Laboratory, 
have been so impressed w ith the importance of moisture- 
proofing efficiency as a fac
tor in determining the effec
tive value of a  pain t coat
ing on wood th a t they have 
proposed it as a quantita
tive measure of wood pro
tection. They s ta te :2

The method to be discussed 
is based upon the understand
ing that paint is used to pro
tect wood against weathering.
The process of weathering, as 
considered here, has nothing 
to do with the action of fungi 
or other living organisms upon 
wood, but is attributed princi
pally to the disintegrating 
effect of internal stresses set 
up in the wood as a result of 
the fluctuating moisture con
tent of those portions exposed 
directly to the weather. Other factors, such as mechanical abra
sion and photochemical conversion of cellulose to oxycellulose, 
doubtless play parts in the weathering process, but swelling and 
shrinking in response to changing atmospheric conditions are 
believed to take the leading part.

Paint coatings protect wood against weathering by damping 
out extreme fluctuations in moisture content through their 
retarding action on the passage of moisture into or out of the 
wood. It is not necessary for the coating to prevent the trans
fusion of moisture completely; it need only retard the movement. 
It is impossible as yet to say precisely what degree of moisture- 
retarding efficiency is required for the coating to furnish adequate 
protection from weathering; this will probably depend upon 
various extrinsic factors such as the species of wood and the 
climatic conditions. But, as will be seen, it is not necessary 
to fix the point exactly in order to apply the technic suggested 
herein to the comparison of the protective values of different 
paints when applied to wood.

The present m ite rs  have obtained additional data  tha t 
support these views. Certain of these data, showing the 
effect of aluminum bronze powder in increasing the moisture- 
proofing efficiency of oils and varnishes, have already been 
presented.3 In  making these measurements, the method 
described by D unlap4 has been employed and his paper 
should be consulted for details. I t  is sufficient to  say tha t 
the efficiency of a coating is determined by the relative 
amounts of moisture absorbed by bare and coated birch

1 Received April 1, 1927. Presented  as a  part of th e Sym posium  on 
Lacquers, Surfacers, and T hinners before th e Section  of P a int and Varnish  
Chemistry at the 73rd M eetin g of the A m erican C hem ical S ocie ty , R ich 
mond, Va., April 11 to  16, 1927.

* Unpublished paper read before th e Section  of P a int and Varnish  
Chemistry of the Am erican C hem ical S ocie ty  a t M adison, W is., M ay , 1926.

1 T hi s  J o u r n a l , 1 7 ,  6 3 9  ( 1 9 2 5 ) .
4 Thid., 18, 1230 (1926).

panels when exposed to a 95 to 100 per cent saturated atm os
phere for 14 days.

M o istu re-P ro o fin g  T e sts

Table I  gives comparative data on the moisture-proofing 
efficiency of three coats of aluminum pain t and three coats 
of different types of white paints, as well as combinations of 
the white paints as top coats with aluminum paint, zinc 
dust paint, and red lead as primers. The moisture-proofing 
efficiency obviously depends to an im portant extent upon 
the thickness of the coating. In  painting small test panels

it was difficult to regulate 
the am ount of pain t applied 
with the desired precision. 
In the present case two sets 
of panels were painted a t 
tw o d i f f e r e n t  times and 
tested. In  general, where 
the moisture-proofing effi
ciency of the duplicates was 
not in close agreement, the 
one with the thicker pain t 
coating showed the highest 
efficiency, although occa
sionally there were discrep
ancies not to be explained 
in  t h i s  w a y . Although 
agreement between dupli
cates is not always so close 
as  d e s i r e d ,  it is believed 

th a t the averages are significant.

T a b le  I— M o is tu r e -P r o o f in g  E ff ic ie n c y  o f  V a r io u s  P a in t s
PANEIy 1st 2 n d

N o . COATINO S e r i e s  
P er cent

S e r i e s  
Per cent

A v e r /  
P er c

1 3  coats a lum inum  paint 8 9 9 0 9 0
2  . 1 coat a lum inum  p aint, 2  coats white

p ain t N o . 1 7 9 90 8 5
3 1 coat a lum inum  p aint, 2  coats w hite

paint N o . 2 8 9 81 8 5
4 1 coat alum inum  p ain t, 2 coats w hite

p a in t N o . 3 90 82 86
5 1 coat zinc d u st paint, 2  coats w hite

p ain t N o . 1 8 0 79 80
6 1 coat zinc d ust p aint, 2 coats white

p ain t N o . 3 79 82 80
7 1 coat red lead, 2  coats w hite p ain t N o. 1 69 76 72
8 1 coat red l ead ,  2  coats w hite paint N o . 3 76 75 76
9 3  coats w hite p ain t N o. 1 79 72 76

10 3 coats w hite p ain t N o . 3 79 83 81
11 Birch panel w ith out coating 0 0 0
12 Birch panel w ith out coating 0 0 0

Form ulas o f  P a in ts  Used  
(P ercentages by w eight)

A lum inum  paint:
Standard varnish alum inum  p ow d er ..............................................................  21
K ettle-b od ied  linseed o i l   60 I
M ineral sp irits and d r ier   40 ) ............................. 7 y

Zinc d ust paint:
Zinc o x id e ___
Zinc d u s t ........
B oiled  linseed o i l   82 1 o i
M ineral spirits and  d r ier ......................................... 1 8 ) ..............................

R ed  lead paint:
D ry  red lead (95 per cent P b jO i)....................................................................  '9
R aw  and boiled  linseed o i l   94 I
T u rp en tin e   6 J

W hite p ain t N o . 1— w hite lead, zinc oxide inert paint— " 5 5 -3 5 -1 0 "  form ula. 
W hite p a in t N o . 2— titan iu m  oxide, zinc oxide paint.
W hite p ain t N o . 3— lithopone, zinc oxide, inert— " 4 0 -4 0 -2 0 ” formula.

T h e w hite p ain ts were com m ercial p ain ts purchased on the open m arket.

No data are yet available on the effect of exposure on the 
moisture-proofing power of the coatings on the test panels

D a ta  are p resen ted  in  co n firm a tio n  o f th e  c o n c lu s io n s  
o f D u n la p  a n d  B row ne th a t  p a in t  c o a tin g s  co n tin u e , 
to  p r o te c t w ood a d eq u a te ly  a g a in s t  w e a th e r in g  o n ly  
so  lo n g  a s th e y  m a in ta in  a rea so n a b le  degree of 
m o istu r e -e x c lu d in g  e ffic ien cy , as m ea su red  by th e  
D u n la p  m e th o d . T h e  d a ta  in d ic a te  fu r th e r  th a t  
c o a tin g s  h a v in g  a m o is tu r e -e x c lu d in g  effic ien cy  s t il l  
h ig h er  th a n  th e  tra d itio n a l h o u se  p a in ts  afford m a 
ter ia lly  greater  p ro te c tio n  a g a in s t  w ood w ea th er in g . 
A lu m in u m  p a in ts  or co a tin g s  m a d e  u p  o f a p r im in g  
c o a t  o f a lu m in u m  p a in t  covered by ord in ary  h o u se  
p a in ts  are h ig h ly  im p erm ea b le  to  m o is tu r e , e sp ec ia lly  
effective  in  p rev en tin g  w ood w ea th erin g , and  very  
d u rab le .
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of Table I. However, a few measurements on aluminum 
painted and varnished panels of the same character, which 
had been exposed for one year, are given in Table II.

T a b ic  II— M o is tu r e -P r o o f in g  E ff ic ie n c y  o f  V a r io u s  C o a t in g s  fo r  W ood  
a f t e r  O n e  Y ea r  O u td o o r s  a t  N ew  K e n s in g t o n , P a .

(Southern exposure, vertical suspension)
A f t e r  1 Y e a r ’s 

B e p o r e  E x p o s u r e  E x p o s u r e  
P ine“ Birch Pine® Birch  

Per cent P er cent P er cent P er cent
C o a t i n g  A p p l i e d  (3 C o a t s )

87
85
43
62

93
92
63
76

91
77
46
59

89
90 
42  
75

Alum inum  paint m ade w ith  spar
varnish  N o . 1:

Applied b y  dipping
Applied b y  brushing  

Spar varnish  N o . 1 (dipped)
Spar varn ish  N o . 2 (dipped)

°  W estern yellow  pine.

For comparison with the data of Table I, the moisture- 
proofing efficiency of paint coatings on western yellow pine 
was measured after IS m onths' exposure. Samples were 
cut from large exposure panels and the back and cut ends 
coated with aluminum foil, in order to measure the moisture- 
proofing efficiency of the coating on the exposed face only. 
A similar technic has been suggested by Dunlap and Browne. 
(Table III)
T a b le  I II— M o is tu r e -P r o o f in g  E ff ic ie n c y  o f  A lu m in u m  a n d  W h ite

P a in t s  a f t e r  18 M o n t h s  O u td o o M  a t  N ew  K e n s in g to n , P a .
(Southern exposure, 45-dcgree position)

P a n e l
N o . C o a t i n g ®

1 A lum inum  p ain t m ade w ith  k ettle-bodied  linseed oil
2 Sam e as on N o . 1
3 Sam e as on N o . 1
4 Sam e as on N o . 1
5 A lum inum  paint m ade w ith long oil varnish
6 Sam e as on N o. 5
7 W hite lead -z in c  oxide p ain t (" 5 5 -3 5 -1 0 ” form ula)
8 Sam e as on  N o . 7
9 Sam e as on N o . 7

10 Sam e as on N o . 7
11 Bare
12 E n tire ly  coated  w ith  a lum inum  foil
° T w o coats on w estern yellow  pine.

Tables I I  and I I I  show th a t the observed moisture-proofing 
power of any particular pain t is lower on western yellow pine 
than  on birch. The paint film itself doubtless has the same 
permeability on each wood, bu t the absorptive character
istics of the two woods differ. In  the case of the first tests 
given in Table II, the bare (blank) western yellow pine panel 
absorbed 4.24 grams of water and the birch panel, 9.18 
grams. The aluminum-painted panels absorbed about the 
same amounts of water—namely, 0.54 and 0.63 gram, 
respectively. However, the calculated efficiencies are ap
preciably different.

P er cent
70
71 
71 
57 
83  
81 
11
8

24
16
0

100

4.24 -  0.54 
4.24

=  87 per cent and 9.18 -  0.63 
9.18 93 per cent

E xposure T ests

21 W -2 -2 -2
22 W - 1 -2 -2

For comparison with these moisture-proofing tests, ex
posure tests are given covering periods up to 3 years. H. A. 
G ardner6 has described a series of seventy test panels ar
ranged to  test the efficiency of aluminum paint as a protection 
for wood, and also its value as a primer under white paints. 
These tests were made on five different kinds of wood and 
w ith a variety of paints. M r. Gardner sent a duplicate 
set of panels to  the -writers, who exposed them in the “ in
dustrial atmosphere” of New Kensington. After 2 years’ 
exposure only a few of the panels were in good enough con
dition to  be continued longer in the test. Table IV describes 
the condition of part of these panels after 2 and 3 years’ 
exposure.

In  summarizing the results of these tests one point stood 
out above everything else. The five panels (51 to 55) which 
received three coats of aluminum paint made with heavy
bodied linseed oil showed no signs of wood weathering after 
2 years’ exposure, and the paint films themselves were in

1 P a in t M frs . ’ Assocn. U . 5 . .  Tech. Circ. 231 CApril, 1925).

T a b le  IV— P a in t  T e s t s  o n  V a r io u s  T y p e s  o f  W o o d e n  P a n els  
(E xposed  January 11, 1924, a t  N ew  K ensin gton , P a .; southern exposure, 

45-degree position)
P a n e l  W o o d  a n d  

N o .  P a i n t  N o s .®  C o n d i t i o n  a f t e r  2 Y e a r s
1 W -6 -6 -6  M oderate fine w ood checking on upper half of panel;

p a in t flaking ab ove w ood checks
2 W - l - 6 - 6  W ood sound; m oderate p a in t checking
3 F - 6 - 6 - 6  S ligh t ch ecking o f w ooa on upper half; moderate

paint checking; rosin exudations
4 F - l - 6 - 6  W ood sound; m oderate p a in t checking; rosin exuda

tion s
5 C -6 -6 - 6  M a n y  fine wood checks o ver  entire panel; paint

flaking ab ove w ood checks
6 C - l - 6 - 6  W ood sound; m oderate p ain t checking
7 Y - 6 - 6 - 6  W ood checking very badly; p a in t scaling  badly over

entire panel
8 Y - l - 6 - 6  M edium  ch ecking of w ood; m oderate paint checking
9 R - 6 - 6 - 6  W ood sound; m oderate p ain t checking

10 R - l - 6 - 6  W ood sound; m oderate p a in t checking

11 W -3 -3 - 3  W ood checked  b adly; p ain t n early  all chalked off
12 W - l - 3 - 3  M a n y  fine w ood checks; top  coats completely

chalked off
13 F - 3 - 3 - 3  C onsiderable checking o f w ood; p ain t badly chalked;

rosin exudations
14 F - l - 3 - 3  S ligh t ch ecking o f w ood; top  coats practically

chalked off
15 C -3 -3 -3  F in e  surface ch ecking o f w ood; p ain t nearly all

chalked  off
16 C - l - 3 - 3  A few  fine surface checks in  w ood; top  coats of paint

chalked off
17 Y - 3 - 3 - 3  W ood b ad ly  ch eck ed ; p ain t scaling  and badly chalked
18 Y - l - 3 - 3  W ood b adly  _checked; top  coats all chalked off;

prim er flaking
19 R - 3 - 3 - 3  S ligh t checking of w ood (edge gra ined); considerable

chalk ing o f p ain t
20 R - l - 3 - 3  M edium  checking of w ood (flat grained); paint

flaking and  chalking

W ood b adly  checked; p a in t flaking badly  
M oderate num ber of fine w ood checks; slight flaking 

of paint
23 F - 2 - 2 - 2  W ood b adly  checked; p a in t flaking badly
24 F - l - 2 - 2  S ligh t w ood checking; m oderate paint checking
25 C - 2 - 2 - 2  M oderate wood checking; p ain t flaking badly
26 C - l - 2 - 2  S ligh t w ood checking; m oderate p ain t checking
27 Y - 2 - 2 - 2  W ood very  b adly  checked; p a in t nearly all scaled off
28 Y - l - 2 - 2  W ood b adly  checked; p ain t flaking badly on summer

wood
29 R - 2 - 2 - 2  W ood (flat grain) very  b adly  checked; paint flaking

and checking
30 R - l - 2 - 2  W ood (edge grain) sound; m oderate checking of paint

51 W -4 -4 -4  W ood sound; p ain t sound
52 F —4 -4 -4  W ood sound; p a in t sound; rosin exudation
53 C - 4 - 4 - 4  W ood soun d ; p ain t sound
54 Y - 4 - 4 - 4  W ood sound; p a in t sound
55 R - 4 - 4 - 4  W ood sound; p a in t sound

C o n d i t i o n  a f t e r  3 Y e a r s

9 R - 6 - 6 - 6  W ood sound; considerable p a in t checking
10 R - l - 6 - 6  W ood sound; considerable p a in t checking
26 C - l - 2 - 2  C onsiderable w ood checking; s ligh t flaking of paint;

considerab le chalking  
30 R - l - 2 - 2  W ood sound; p a in t show s m oderate checking; top

coats en tirely  chalked  off

51 W -4 -4 -4  W ood sound; p ain t sound
52 F —1-4—4 W ood sound; p a in t sound; som e rosin exudation
53 C - 4 - 4 - 4  W ood checking in  one sm all area over summer wood;

p ain t cracked a t  th is  p o in t, otherwise sound 
condition

54 Y - 4 - 4 - 4  One fine w ood check  ab ou t an inch long near top of
panel, oth erw ise sound; p a in t coating  sound con
dition

55  R - 4 - 4 - 4  W ood sound; p a in t sound

aK e y  to N um bers and Letters  
W — w hite p ine; F — douglas fir; C— cypress; Y — yellow  pine; R— 

redw ood.
P a in t N o . 1— A lum inum  p ain t w ith  spar varn ish  (d iluted  2:1).
P a in t N o . 2— W hite lead -z in c  ox id e p a in t (50:50).
P a in t N o . 3— T ita n o x -z in c  oxide p ain t (3 :2 ). _ t .
P a in t N o . 4— A lum inum  p ain t w ith  h eavy-b odied  linseed oil (diluted 

3 :2— turp en tin e).
P a in t N o . 6— B asic carbonate w hite lead  p aint.
E xam ple: Panel W - l - 6 - 6  is  a w hite p ine panel w ith  a priming coat of 

a lum inum  p ain t N o . 1 and  tw o  top  coa ts  of w hite lead  p ain t N o. 6.

sound condition w ithout any sign of checking or chalking. 
Even after 3 years’ exposure their condition was excellent. 
The performance of the aluminum paint on the yellow pine 
was particularly noteworthy. No other pain t combination 
gave adequate protection to  the yellow pine. After 3 years 
exposure the protection of the yellow pine was almost perfect, 
there being bu t one very fine wood check on the panel, with 
the paint still in  good condition.

The panels having an aluminum primer w ith two top coats 
of white were, in general, better protected than  similar panels 
having three coats of white.

There were fifteen pairs of panels w i t h  and w it h o u t  the  

aluminum primer, and in twelve cases the aluminum primer
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was distinctly helpful in protecting the wood. In  two cases 
there was no choice, and in one (19 and 20) the panel with 
the aluminum primer was distinctly worse, although the 
difference in the grain of wood could readily explain this.

In these exposure tests the pain t coatings having the 
highest initial moisture-proofing efficiency proved the most 
durable and gave the best protection; these were the alumi
num paint coatings. The next in order of moisture-proofing 
efficiency, as well as durability, were the combinations of 
a prime coat of aluminum paint w ith top coats of white. 
That aluminum paint m ay have high moisture-proofing 
efficiency after 18 m onths’ severe exposure is shown by other 
tests (Table I II ) , where there were observed values of 70 
to 80 per cent. The white paint exposed a t  the same time 
was badly deteriorated and the checking of the wood indi
cated failure in its moisture-proofing power, which accord
ing to the writers’ measurements was only about 10 to 20 
per cent.

Heat-bodied (kettle-bodied) linseed oil, diluted with about 
40 per cent mineral spirits or turpentine and with .added 
drier, makes the most generally satisfactory vehicle for 
aluminum paint for protecting wood. Varnishes should 
only be used when they are exceptionally long in oil—say, 
an 80-gallon varnish, or better.

C o n clu sio n

These tests show th a t moisture-proofing efficiency and 
wood protection go hand in hand. I t  is im portant also th a t 
relatively high impermeability be maintained if the pro
tection is to continue. Checking and cracking of the wood 
resulting from failure of the moisture-proofing power of the 
paint film m ust accelerate the mechanical disintegration of 
the overlying paint film. Disintegration of the paint film 
further accelerates wood weathering, and so a vicious cycle 
is established. In a very practical sense, therefore, protected 
wood helps preserve the paint.

D ilution Ratios of N itrocellulose Solvents1
B y J . G . D avidson  a n d  E. W . R eid

C a r b id e  a n d  C a r b o n  C h e m ic a l s  C o r p o r a t io n , N e w  Y o r k , N .  Y .

A continuation of previous work2 discussing, in addition to the usual aromatic hydrocarbon diluents, a number of
experiments carried out with various types of gasoline.

THE dilution ratio of a nitrocellulose solvent is a measure 
of its solvent power and is obtained by dividing the 
volume of diluent th a t m ust be added to  cause in

cipient precipitation of the nitrocellulose by  the volume of 
solvent in which the nitrocellulose is dissolved, or

S - D . R .

where Vd = volume of diluent 
Vn = volume of solvent

It therefore corresponds to  the solvent-power numbers of 
Mardles,3 who defines them  as “ the volume of the liquid 
(diluent) in cc. required to begin precipitation from 1 cc. 
of a 5/100 concentration sol.”

D e te r m in a t io n  o f  D ilu t io n  R a tio s

The dilution ratio (D. R.) will vary -with the following
factors: (1) solvent, (2) diluent, (3) temperature, (4) type
of nitrocellulose, and (5) concentration of nitrocellulose. 
For the purpose of this paper variables (3) and (4) have been 
eliminated by using the same type of nitrocellulose and by 
working with all solutions a t a tem perature of approximately 
20° C. The influence of variable (5) is described briefly 
at the end of the paper, bu t w ith this exception all solutions 
from which data  were derived contained the same concen
tration of nitrocellulose. The procedure was approximately 
the same as reported before,2 although the concentration of 
nitrocellulose was somewhat greater for these experiments. 
It consisted simply in dissolving 2.5 grams of dry '/r-second 
nitrocellulose in 7.5 grams of solvent. After solution was 
complete the diluent was carefully added with vigorous 
stirring until precipitation of nitrocellulose was just evident.

Some investigators m aintain th a t results determined in 
this manner are subject to error because the solutions become

1 Presented by J. G. D avid son  under the tit le  " D ilu en ts and D ilu tion  
atias” as a  part of th e Sym posium  on Lacquers, Surfacers, and Thinners  
efore the Section of P a int and Varnish C hem istry  a t  th e 73rd M eetin g of 

' American C hem ical S ocie ty , R ichm ond, V a ., April 11 to  16, 1927.
’ T h is  J o u r n a l , 18 ,  6 6 9  ( 1 9 2 6 ) .
’ J. Soc. Chem. In d ., 42, 1 2 9 T  ( 1 9 2 3 ) .

supersaturated and there is considerable lag in the appear
ance of the precipitate even though the true dilution ratio 
has been exceeded. In  order to obtain a  true measure of 
the solvent power it is proposed to s ta rt with nitrocellulose 
and a diluent to  which mixture solvent is gradually added 
with stirring until the nitrocellulose just dissolves. Another 
advocated method involves the production of various mixtures 
of solvent and diluent. The solvent power of each mixture 
is determined and the composition of the mixture which is 
just able to  dissolve the nitrocellulose is noted. The ratio 
of the diluent to  true solvent in this mixture m ay also be 
called the dilution ratio.

The authors have experimented with all three methods 
and find no great difference in the results. Certainly the 
relative rating of the various solvents by each m ethod is 
the same.

R e su lts

Table I  shows th a t the ethers of the glycols have in general 
better dilution ratios than the butyl esters with respect to  
benzene, toluene, and xylene. Figure 1 expresses the same 
information in a graphic manner. The numbers in the 
tables and a t the bottom  of the charts correspond with the 
numbers shown opposite the list of compounds below:

N u m b e r  N u m b e r
k o r  T a b u e  I  t o r  C h a r t e

1 M eth y l ether o f eth y lene glycol 1
2 M e th y l ether of propylene g lycol 1
3 E th y l ether of eth y lene g lycol 2
4 E th y l ether o f propylene g lycol 2
5 Propyl ether of eth y len e glycol 3
6 Propyl ether of propylene g lyco l 3
7 Isopropyl ether o f eth y len e g lycol 4
8  B u ty l ether of eth y len e glycol 5
9 B u ty l ether of propylene g lycol 5

10 Isob u ty l ether of eth y lene g lycol 6
11 Isob u ty l ether of propylene glycol 6
12 Isoam yl ether o f eth y len e g lyco l 7
13 Isoam yl ether of propylene g lycol 7
14 E th y len e g lyco l m on oeth yl ether aceta te  8
15 B u ty l acetate 9
16 Secondary b u ty l aceta te  10
17 B u ty l propionate, com m ercial 11

On the charts, the dotted lines represent the ethers of 
propylene glycol and the numbers refer to  the same alkyl
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group as in the case of ethylene glycol. For example, point 
5 on the dotted line represents the dilution ratio for the 
m onobutyl ether of propylene glycol.

V a r ia tio n  in  S o lv en ts

M cBain4 and his co-workers m aintain th a t the value of a 
solvent can be determined by the apparent viscosity of the

J . Phys. Ckem ., 30, 312 (1920).

¿o/*ceNr*AT/ON or M r e o t f u u t o s e  m  % b y  y y e /g n t

F ig u r e  7— E ffe c t  o f  N it r o c e l lu lo s e  C o n c e n tr a t io n  o n  th e  D ilution  
R a t io

solution produced by dissolving cellulose nitrate in the sol
vent. He defines the apparent viscosity as “ the logarithm 
of the viscosity of the (cotton) solution divided by that of 
the solvent calculated per gram of nitrocotton in 100 grams 
of solvent.” The present writers have not yet investigated 
the solvent power of the glycol ethers by this method, but 
certain observations have convinced them th a t neither this 
generalization nor the following, to  which both Mardles 
and McBain subscribe— “W ithin any homogeneous series 
the lower the molecular weight the greater the solvent 
power”—will fit all cases set forth in this paper. Table I 
bears out in general the assumption th a t the higher members 
of any homologous series are poorer solvents than the mem
bers of lower molecular weight. For example, when the 
dilution ratio with respect to toluene is taken as a criterion, 
ethylene glycol monobutyl ether is a poorer solvent than 
ethylene glycol monoethyl ether, and in turn propylene
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Diluent

Benzene
Toluene
Xylene
Turpentine

T a b le  I— D ilu t io n  R a t io s  o f  N lt r o c o t t o n  S o lu t io n s  
1 2 3 4 5 6
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(1) Straight-run Pennsylvania
(2) Straight-run m idcontinent
(3) A. N o. 1 gulf
(4) Coastal naphtha
(5) Vapor-phase cracked
(6) Venezuela naphtha
(7) California naphtha
(8) 500 type pressure still d istilla te (435° P ., 224° C.)
(9) 300 type pressure still d istilla te  h eavy  (435° F .,

224 C.)
(10) Straight-run (8 0 -1 2 0 °  C.)

25% Toluene )
75% Gasoline (10) f 
50% Toluene 1 
50% Gasoline (10) )
75% Toluene 1 
25% Gasoline (10) j

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

0. 2
0 . 2
0 . 2
0.2
0.6
0 . 2
0.2

0.1
0.2

0 .4
0 .5
0 .5
0 .5
1.0
0 .5
0 .4

0 .5
0.6

0 6 
0 .6  
0.6 
0 . 6  
1 .3  
0 .5  
0 .5

0 .5
0.8

0.8
0 .8
0 .8
0 .9
1 .4
0.8
0 .7

0 .7
1.0

1 .5
1 .4
2 . 1
1. 2

1 . 0
1 . 6

0.6
0 .7
1.0
0 .7

0.8
0 .7

0 .4  0 .9  1 .6  1 .3  2 .0  1 .1

7 8 9 10 11 12 13 14 15 16 17
AROMATICS

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

GASOLINES
1 .2 0 .4 1 .3

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

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

0 .8 1 .1 0 .6 0 .3 1 .2 0 .4 1 .3 0 .9 1 .0
1 .1 1 .5 0 .6 0 .6 0 .3 1 .2 0 .4 O.S 1 .5 1 .1 1 .2

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

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

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

glycol monobutyl ether is a poorer solvent than ethylene 
glycol monobutyl ether. A superficial observation of the 
relative viscosities of the test solutions leads to the same 
conclusions.

With turpentine or gasoline as the diluent the results are 
much more erratic. The glycol ethers then vary greatly 
among themselves, bu t even under these conditions the 
normal propyl and butyl ethers of ethylene glycol have dilu
tion ratios th a t are equal to or better than the ratios for the 
butyl esters (Figures 2 and 3).

Certainly—a t least as far as the dilution ratios with gasoline 
are concerned—the normal propyl and butyl ethers are 
better solvents than the ethers of lower molecular weight, 
and in the case of the m ethyl and ethyl compounds the ethers 
of propylene glycol are better solvents than the ethers of 
ethylene glycol. These results are opposed to the assump
tion that in a homologous series the compounds of higher 
molecular weight are the poorer solvents. I t  should also be 
noted (Figure 2) th a t the secondary ethers are poorer solvents 
than the normal ethers.

The dilution ratios with the gasolines are almost invariably 
smaller than with the aromatic hydrocarbons. For the 
glycol ethers the differences are more pronounced than for 
the butyl esters. Figure 4 shows the decrease in dilution 
ratios, starting with 100 per cent toluene as a diluent and 
proceeding to 100 per cent gasoline.

Since the dilution ratio m ay be taken as a measure of 
solvent power, all other factors being discarded, the value 
of a diluent is proportional to the dilution ratio in which it 
plays a part. Thus in the case of the monoethyl ether of 
ethylene glycol, which has a dilution ratio of 5.2 for toluene 
and 0.8 for gasoline, the toluene is worth about six times the 
price of gasoline as a diluent. When butyl acetate is the 
solvent chosen, toluene is worth only about twice as much as 
gasoline, for the respective dilution ratios are then only 2.5 
and 1.5.

This is im portant in the production of thinners for auto
mobile base lacquers. If the thinner used is not a true solvent 
for nitrocellulose, drowning of the base lacquer with the 
thinner will result in the precipitation of small aggregates of 
nitrocotton th a t will not quickly go into solution again and 
are liable to interfere with the action of the spray gun or 
mar the lacquered surface on which they are deposited.

V a r ia tio n  in  G a so lin es

Attention should also be drawn to the great variation in 
the dilution ratios of a given solvent with different types of 
gasoline. Thus, the dilution ratio of the monoethyl ether 
of ethylene glycol is 1.3 with respect to a vapor-phase cracked 
gasoline, while it is only 0.6 for a straight-run Pennsylvania

gasoline of the same approximate boiling range (Table I). 
The obvious explanation seems to be in the high content of 
aromatic hydrocarbons in the vapor-phase cracked gasoline 
(Tables I I  and I II ) . M any of the cracked gasolines have 
very pronounced odors which militate against their use in 
lacquers, and even though straight-run gasolines are in
ferior from the standpoint of dilution ratios, they will no 
doubt continue to  be used owing to  their lack of obnoxious
odor.

T a b le  II— D is t i l la t io n  R a n g e s  o f  G a s o lin e s
G aso-

line 1 2 3 4 5 6 7 8 9 10
B arom 
eter,
mm. 749 749 7 4 3 .9 7 4 3 .9 7 4 3 .9 740 . Íi 7 4 6 .8 7 4 6 .8 7 4 5 .7 7 4 5 .7

Initial
boiling
point

° C. ° Ç. ° C. ° C. ° C. ° C. ° C. ° C- ° C. ° C.

48 45 52 71 50 58 63 58 85 78
% oJ-

10 80 74 87 102 83 95 135 9 4 .3 160 83
20 9 1 .5 88 101 110 96 109 149 115 189 84
30 101 100 1 1 5 .5 11 8 .5 109 119 159 144 2 0 6 .5 86
40 10 9 .5 112 127 1 2 8 .5 122 128 167 163 220 87 . 5
50 119 123 1 3 7 .5 142 135 137 174 179 2 3 2 .5 90
60 1'29.5 13 8 .5 148 15 5 .5 150 147 181 19 0 .5 2 4 0 .5 !'l .5
70 14 1 .5 152 159 16 6 .5 106 157 18 9 .5 200 250 94
80 158 16 5 .5 1 7 1 .5 179 182 169 198 208 261 97
90 1 8 6 .5 18 3 .5 190 194 198 185 209 218 2 7 6 .5 102
95 218 201 205 2 0 8 .5  2 1 6 .5 199 219 228 280 107
98 221 213 218 218 221 211 229 237 121. 5

T a b le  I I I — C o m p a r is o n  o f  D i lu t io n  R a t io s  o f  S t r a ig h t -R u n  a n d  
C ra ck ed  G a s o lin e  F r a c t io n s

• D i l u t i o n  R a t io s  -

B o i l i n g  R a n g e  
op  F r ac t i o n  

0 C.

75%  E th ylen e glycol 
m onoethyl ether  
25%  N itrocotton

STRAIGHT-RUN GASOLIN«

75%  B u ty l acetate  
25%  N itrocotton

27 to  SO 0 .8 1 .4
80 to  130 0 .7 1 .4

130 to 180 0 .5 1 .2
180 to  E . P. 0 .4

CRACKED GASOLINE
0 .9

27 to  80 0 .9 1 .5
80 to 130 0 .8 1 .4

130 to 180 0 .7 1 .3
180 to  E . P. 0 .9 1 .5

In  general, it will not be possible to use gasolines with 
heavy ends, as they will not only slow down the rate of 
drying in a lacquer film but, as gasoline is not a solvent for 
nitrocellulose, they will unbalance the solvent mixture 
toward the end of the drying period, with consequent pre
cipitation of the nitrocellulose. Gasoline 10 (Table II) is 
a low-boiling fraction of straight-run gasoline having a boiling 
range between 80° and 120° C., which seems to  approximate 
the type of gasoline usable in lacquer work. This gasoline 
gave most of the solvents a better dilution ratio than was 
obtained with a gasoline of higher boiling range. Tests were 
therefore conducted with various fractions of gasoline, and 
in general the lower boiling fractions were found to work 
out better from the standpoint of dilution ratios (Figure 6).
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E ffect o f C o n ce n tr a tio n  o f N itr o ce llu lo se

The figures in Figure 7 are of interest in  connection with 
the influence of the nitrocellulose concentrations upon the 
dilution ratio. The dilution ratio of a  concentrated solution 
of nitrocellulose is much lower than  th a t of a dilute solution, 
confirming the observations of Mardles, who reached the 
same conclusion with respect to cellulose n itrate dissolved 
in acetone.

C o n clu s io n s

1—The dilution ratio is a reasonably accurate measure 
of solvent power.

2—Other conditions remaining the same, the dilution 
ratios of nitrocellulose solvents are greater w ith respect to 
the aromatic hydrocarbons than to gasolines.

3—The glycol ethers have better dilution ratios with 
respect to the aromatic hydrocarbons than  the butyl esters. 
W ith respect to gasoline the ratios are approximately equal.

4—Cracked gasolines are better diluents than straight-run 
gasolines of the same boiling range.

5—The lower boiling fractions of a given gasoline are 
better diluents than  the higher boiling fractions.

6—The dilution ratio decreases as the concentration of 
nitrocellulose is increased.

T he Effect of T h inners upon the Consistency of 
N itrocellulose Solutions1

B y P . E. M arlin g  a n d  J . M . P urdy

L o w b  B r o t h e r s  C o m p a n y , D a y t o n , O h i o

TH E  purpose of these experiments was to  determine the 
effect of the addition of different thinners and various 
amounts of the same thinner upon the consistency of 

nitrocellulose solutions. These nitrocellulose solutions con
tained 25 per cent nitrocellulose and 75 per cent solvent. 
The solvent was 50 per cent ethyl alcohol and butyl acetate, 
and 50 per cent toluene, by volume. The addition of the 
thinners was based on the volume of the original solution. 
Thus, 60 cc. of thinner were added to 600 cc. of the original 
solution, for a 10 per cent addition of thinner. Increasing 
amounts of thinner were used until the nitrocellulose pre
cipitated out of solution and would not go back into solution 
upon stirring. In  the case of butyl acetate thinner, which 
is a solvent for the nitrocellulose and therefore does not 
precipitate the nitrocellulose, the percentage was carried to 
50.

The consistency was measured w ith a  mobilometer as 
described by Gardner2 and Parks. The weight of the plunger 
of the mobilometer -was 151 grams and the measurements 
■were made using additional 'weights (50, 100, 200, and 500 
grams) which were placed on top of the plunger. The ex
periments were made in a  constant tem perature room a t 
25° C.

Tables I, I I , and I I I  show the effect of adding different 
percentages of turpentine, toluene, xylene, and butyl acetate 
to V r, 4-, and 10-second nitrocellulose solutions, respectively.

1 Presented  as a  part o f  the Sym posium  on Lacquers, Surfacers, and  
Thinners before th e Section  o f P a int and V arnish C hem istry a t  th e 73rd  
M eetin g  of th e  A m erican C hem ical S ociety , R ichm ond, V a., April 11 to  
16, 1927.

* P a in t M frs.* A ssocn. U . S ., Tech. Circ. 2 6 5 ;  see also T h i s  J o u r n a l , 
19, 724 (1927).

Figures 1 to  4 show in a graphic manner the effect of adding 
the same percentage of turpentine, toluene, xylene, and butyl 
acetate to  Vr-second nitrocellulose solution. The turpentine 
could only be carried to 35 per cent; therefore this thinner 
is not shown in Figure 4. These curves are representative 
of the results obtained with 4- and 10-second nitrocellulose 
solutions when thinned in the same proportion as the l/ r  
second nitrocellulose solution.

S u m m a ry

(1) The consistency of Vz-, 4-, and 10-second nitrocellulose 
solutions is reduced by  increasing the amounts of thinner. 
No exceptions to  this general rule were observed.

(2) Butyl acetate, which is a solvent for the nitrocellulose 
and was used as a blank to compare the results of the tur
pentine, toluene, and xylene, has the greatest effect in re
ducing the consistency of the solutions.

(3) Turpentine has the least effect in reducing the con
sistency and not more than 35 per cent could be added to 
any of the original nitrocellulose solutions.

(4) Toluene and xylene are very similar in their effect 
on reducing the consistency of the nitrocellulose solutions. 
Percentages from 5 to 40 of xylene with Vz-second nitro
cellulose solution reduced the consistency more than the same 
percentages of toluene. The opposite effect was observed 
with 4-second nitrocellulose solution as 5, 20, 30, 40, and 45 
per cent of toluene reduced the consistency more than the 
same percentages of xylene. The 10 per cent addition of 
thinner was an exception to this observation in the 4-second 
nitrocellulose solution. The consistency of the 10-second nitro
cellulose solution was reduced more w ith xylene than
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with toluene. Values were obtained as high as 40 per cent 
toluene and 30 per cent xylene with the 10-second nitro
cellulose solution.

T a b le  I— 1 /2 -S e c o n d  N itr o c e l lu lo s e
N it r o 

Added c e l l u l o s e B u t y l
Weight S o l u t i o n T u r p e n t i n e T o l u e n e X y l e n e A c e t a t e

Crams Seconds Seconds Seconds Seconds Seconds
5 % 5 % 5 % 5 %

50 91 83 71 65 59
100 7 0 64 56 49 4 7 . 5
200 49 4 5 3 6 . 5 35 32
500 24 22 19 17 17

1 0 % 1 0 % 1 0 % 1 0 %
50 7 6 57 4 8 39

100 5 8 . 5 44 41 31
200 4 0 . 5 3 0 2 5 2 1 . 5
500 2 0 . 3 15 13 1 0 . 5

2 0 % 2 0 % 2 0 % 2 0 %
50 5 8 . 7 39 3 5 25

100 4 4 . 5 3 0 2 6 . 5 1 9 . 5
200 3 3 . 7 1 8 . 7 18 1 3 . 5
500 17 10 10 7

3 0 % 3 0 % 3 0 % 3 0 %
50 3 3 . 2 31 31 1 8 . 5

100 27 2 6 . 7 24 1 4 . 2
200 2 0 17 16 9 . 5
500 10 8 . 7 8 5

4 0 % 4 0 % 4 0 %
50 2 4 18 1 1 . 5

100 2 0 . 7 13 10
200 13 9 6
500 6 5 3

3 5 % 4 5 % 4 5 % 5 0 %
50 2 8 . 2 2 3 . 5 1 2 . 7 7

100 2 6 1 6 . 5 10 6
200 15 10 7 4
500 8 6 4 3

T a b le  I I — 4 -S c c o n d  N itr o c e l lu lo s e

Added
Weight

N it r o 
c e l l u l o s e
S o l u t i o n  T u r p e n t i n e T o l u e n e X y l e n e

B u t y l
A c et a t e

Grams Seconds Seconds Seconds Seconds Seconds
5 % 5 % 5 % 5 %

50 4 1 2  3 5 9 3 1 7 3 2 5 2 8 7
100 3 1 7  2 9 3 2 6 0 2 2 5 20 4
200 2 1 3  20 3 2 0 2 160 139
500 9 4  93 9 0 65 6 0

1 0 % 1 0 % 1 0 % 1 0 %
50 2 9 0 27 9 21 6 2 1 5

100 2 2 5 211 189 166
200 151 136 124 112
500 6 9 . 5 6 0 . 5 56 5 0 . 5

2 0 % 2 0 % 2 0 % 2 0 %
50 24 2 1 76 192 12 5

100 1 86 140 151 9 5
200 1 2 4 8 8 97 59
500 54 4 6 . 5 4 4 2 7

50
3 0 % 3 0 % 3 0 % 3 0 %
191 102 141 91

100 155 8 8 9 9 . 5 63
200 1 0 0 54 6 5 42
500 4 4 . 5 2 4 . 5 3 1 . 7 18

50
4 0 %
91

4 0 %
121

4 0 %
5 0

100 61 81 3 4 . 5
200 4 3 5 6 . 5 2 3 . 5
500 18 2 4 10

50
3 5 % 4 5 % 4 5 % 5 0 %
136 7 6 1 1 2 . 5 •27

100 1 0 3 . 5 5 5 76 2 2
200 7 0 31 5 3 . 5 1 3 . 5
500 3 3 15 2 2 . 5 7

100 too JCO *00 500U Urw»

T a b le  I I I — 1 0 -S c c o n d  N itr o c e l lu lo s e
N i t r o 

A d d e d c e l l u l o s e B u t y l
W e i g h t S o l u t i o n T u r p e n t i n e T o l u e n e X y l e n e A c e t a t e

Grams Seconds Seconds Seconds Seconds Seconds
5 % 5 % 5 % 5 %

50 9 3 2 65 7 7 1 0 6 8 4 5 7 0
100 7 0 7 55 9 57 5 5 4 6 4 1 4
2 0 0 4 7 2 39 6 37 2 3 2 4 291
50 0 201 169 168 156 127

10 % 10 % 10 % 1 0 %
50 5 7 8 547 4 9 6 . 5 4 5 5

100 4 1 5 40 4 3 4 9 . 5 3 4 8
2 0 0 2 9 5 296 224 231
500 140 130 110 103

2 0 % 2 0 % 2 0 % 2 0 %
50 4 2 2 3 7 3 37 2 22 7

100 3 3 4 2 9 5 27 6 160
20 0 2 0 4 189 197 109
50 0 104 8 5 8 3 52

3 0 % 3 0 % 3 0 % 3 0 %
50 3 21 243 22 4 144

100 2 7 4 192 1 7 0 . 5 115
2 0 0 170 1 3 0 1 1 8 . 5 7 7
50 0 7 0 6 8 51 32

3 5 % 4 0 % 4 0 % 5 0 %
50 3 1 5 194 103 7 5

100 2 2 8 136 7 0 58
2 0 0 155 9S 4 5 39
50 0 69 38 21 18

Tariff Duty on Chemicals
Cresylic Acid— B y Presidential proclamation the tariff duty on 

cresylic acid has been decreased from 40 per cent ad valorem  
and 7 cents per pound to 20 per cent ad valorem and 3 l/ i  cents 
per pound. The reduction was made upon recommendation of 
the Tariff Commission, which conducted hearings and made an 
investigation of costs of production in the United States and Great 
Britain, which is the principal competing country. The domestic 
production in 1925 was estimated at about 1,600,000 gallons. Im 
ports for the same period were about 965,000 gallons.

Fluorspar Duty— On July 22 and 23 the Tariff Commission con
ducted hearings in the fluorspar cost of production investigation. 
The investigation was instituted by the Commission upon ap
plication of James A. Green, Cincinnati, Ohio, and the Lungren 
Stevens Co., Chicago, 111., who requested a 50 per cent increase 
in the present duties on imported fluorspar. W itnesses for the  
complainants testified that they have been shut out of eastern 
markets, and that foreign producers of fluorspar were crowding 
them out of the Pittsburgh steel district. They stated that an 
increase in tariff rates would not result in an increase in price, 
but would have the effect of increasing domestic production.

C. A. Buck, vice president of the Bethlehem Steel Company, 
appeared in opposition to this increase, and claimed that it u’ould 
result in a discriminator)' burden upon eastern steel manufactur
ers. H e claimed that eastern steel producers are dependent 
upon the imported product because of the greater transportation 
cost of the domestic product to them. It was his opinion that 
increased tariff would not result in an increased domestic pro
duction, but would have a tendency to decrease English importa
tions and increase those from Germany and probably other for
eign countries. He adm itted that the English had an advantage 
of $2.50 per ton in the production of fluorspar over domestic 
producers. However, he does not believe that, even if an in
crease of $2.50 per ton were granted, the domestic producers 
could compete w ith the foreigners because of transportation 
costs between K entucky and southern Illinois producing points 
and points on the Atlantic seaboard.
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A Principle for Testing the D urability  of Paints as 
P ro tective Coatings for W o o d 1

By F . L. B row ne

U . S. F o r e s t  P r o d u c t s  L a b o r a t o r y ,  M a d is o n ,  W is .

P ROTECTION and decoration are usually given as the 
two principal reasons for painting exterior woodwork. 
The paint industry considers protection so im portant 

th a t its cooperative advertising slogan is based upon th a t 
idea. Yet, in the m any paint exposure tests on wood tha t 
have been conducted during the last quarter-century, the 
investigators have been content with describing roughly 
the changes in such properties of the paint film as gloss, 
opacity, d irt collection, fading, chalking, checking, cracking, 
flaking, and scaling. Attempts to integrate the results into 
a general judgment of the condition of the coating and to 
fix the end point of its service life have failed of acceptance 
because of the inability of 
different workers to agree on 
the significance and relative 
importance of the several 
factors involved. No seri
ous effort has been made to 
determ ine experimentally 
how long coatings continue 
to protect wood against de
terioration. On th e  con
trary, paint technologists in 
their tests are prone to 
ignore completely such evi
dences of wood-weathering 
as wood checks, loose grain, 
c u p p in g , w a rp in g , a n d  
loosening of nail fastenings, 
on the ground th a t they 
are “wood defects,” not 
“ paint defects.” Even the 
failure of paint over the sum- 
merwood earlier than tha t 
over the neighboring springwood is sometimes dismissed as 
“wood defect” and, when traditional painting methods are 
found to give less satisfactory coatings on some kinds of 
wood than  on others, the poor results are likely to  be ascribed 
to the “refractory nature of the wood” rather than to in
appropriate painting procedure.

The writer does not purpose to exaggerate the importance 
of protection as the object in painting wood. Perhaps 
decoration is a motive so much more urgent th a t paint 
technologists m ay be justified in paying very little attention 
in their tests to protection; th a t is a point to be decided by 
psychological rather than  by technological inquiry. But 
as long as the paint industry insists upon and the paint user 
acquiesces in the view th a t protection is one of the major, 
if not the major, reason for painting, it seems to be incumbent 
upon technologists conducting paint tests to devise some 
method for measuring the length of time coatings guard 
wood against the elements.

1 T he principle for paint testin g  herein suggested , togeth er w ith a .p art  
of th e data , w as presented before th e M idw est R egional M eeting and the 
M eetin g  o f th e Section  o f P aint and Varnish C hem istry of th e Am erican  
C hem ical S ocie ty , M adison , W is., M ay  27  to  2 9 ,  1926 . T h e first draft of a 
paper on th e subject was received in th e office of T h i s  J o u r n a l , June 11, 
1926.

P a in t P ro tec tio n  a M a tter  o f R e s is ta n ce  to  M oisture  
M o v em en t

The weathering of wood and its prevention by paint 
coatings were first studied theoretically by Tiemanu2 and 
experimentally by the author.3 W eathering is attributed 
principally to the disintegrating effect of internal stresses 
set up in the wood as the result of fluctuating moisture con
ten t of those portions exposed directly to the weather. 
The hygroscopic, swelling character of wood and the slow 
transfusion of moisture through it give rise to a  “working” 
of the wood near the exposed surface against the more slug
gishly changing interior. Other factors, such as mechanical

abrasion and photochemical 
oxidation of the cellulose, 
doubtless play parts in the 
w eathering  process, but 
swelling and shrinking in 
response to changing atmos
pheric  c o n d i t i o n s  are 
thought to  take the leading 
part.

Pain t c o a t in g s  protect 
wood against weathering by 
retarding the passage of 
moisture into or out of the 
wood sufficiently to damp 
out extreme fluctuations in 
moisture content near the 
s u r fa c e .  They need not 
prevent transfusion  com
pletely. I t  is impossible to 
say as yet ju st how retard
an t to  moisture coatings 
m ust be; this probably de

pends upon various extrinsic factors, such as species of wood 
and climatic conditions. But, as will be seen, it is not neces
sary to fix the degree of retardation exactly' in older to 
apply the technic suggested herein to the comparison of the 
protective values of different paints when applied to wood.

M ea su r in g  M o istu re-R eta rd in g  E ffectiven ess

Thus moisture-retarding effectiveness of paint coatings 
is the physical property' upon which their protective value 
for wood depends, and a means for following changes in that 
property during the life , of coatings should constitute a 
measure, a t least for comparative purposes, of their dur
ability as protective agents. Dunlap'* has described such 
a means which, essentially, is the technic of the investigation 
here reported.

In  carrying out this technic, wood specimens 5/s  by 4 by 
8 inches (1.6 by 10 by 20 cm.), with all sharp edges and corners 
rounded off, are seasoned in a  room a t  60 per cent relative 
humidity' and 80° F. (27J C.) and are coated similarly on all 
surfaces. They are then subjected repeatedly to the follow-

1 Set. A m ., 130, 3 1 4  ( 1 9 2 4 ) ;  see also Browne, ,4m. P a in t J .,  9, 56 (1925!. 
and D rugs, O ils , P a in ts, 41, SS ( 1 9 2 5 ) .

* P a in t M frs :  Assocn. U . S ., Tech. C irc. 238, 2 8 9  (19 2 5 ) .
< T i n s  J o u r n a l , 18, 123 0  ( 1 9 2 6 ) ;  U eeh . Eng.. 48, 1457 (1926 ).

T h e  p u rp ose  o f th is  paper is  to  s e t  fo r th  th e  b asic  
p rin c ip le  o f a te c h n ic  for m e a su r in g , in d ep en dently ' o f  
th e  p erso n a l b ias o f th e  o p erator, th e  degree o f  p r o te c 
tio n  afforded by' p a in t  c o a tin g s  a g a in st  th e  w ea th er in g  
of w ood an d  th e  c h a n g e  in  th e ir  p ro tectiv e  pow er as th e  
co a tin g s  th e m se lv es  d eter io ra te  d u rin g  exposu re. I l lu s 
tra tiv e  d a ta  are ta k en  fro m  ex p er im en ts , so m e  o f w h ich  
w ere s ta r ted  m ore  th a n  six  years ago  w ith  e q u ip m e n t  
an d  r o u tin e  d esig n ed  for a  so m e w h a t d ifferen t pu rp ose . 
D e ta ils  o f th e  e x p er im en ta l proced u re  are b e in g  im 
proved m a ter ia lly  in  th e  w ork now  in  p rogress, b u t th e  
fu n d a m e n ta l p r in c ip le  r em a in s  th e  sa m e . D isc u ss io n  
o f  m in o r  ch a n g es  in  m e th o d  a n d  c o m p a r iso n  o f r e su lts  
o b ta in ed  w ith  p a in ts  o f sp ecified  c o m p o sit io n  are r e 
served  for  fu tu r e  p u b lica tio n ; for th e  p resen t pu rp ose  
th e  c o m p o sit io n  o f th e  th ree  p a in ts  u sed  in  o b ta in in g  
th e  illu s tr a tiv e  data  is u n im p o r ta n t.



September, 1927 I N D U S T R I A L  A N D  E N G IN E E R IN G  C H E M IS T R Y 983

ing cycle of conditions, being weighed before and after each 
exposure to step (2):
(1) 60 per cent relative humidity, 80° F ., for 2 weeks
(2) 95 to 100 per cent relative humidity, 80° F ., for 2 weeks
(3) 60 per cent relative humidity, 80° F., for 2 weeks
(4) Outdoor exposure facing south, at an angle of 60 degrees5 to

the horizontal, for 6 weeks

Step (4) secures the actual weathering; step (2) provides the 
means for measuring the result; steps (1) and (3) merely re
turn the specimens to a standard moisture content before 
their reexposure to the conditions of the other two parts 
of the cycle. The gain in weight during step (2) is the 
amount of moisture absorbed through the coating. Plotting 
moisture absorbed against time of exposure to the outdoor 
weathering conditions gives a graphical representation of the 
history of the coating, and comparison of the moisture ab
sorbed through different coatings shows their relative effec
tiveness in protecting wood against weathering. As will 
be shown later, the moisture absorption by an adequately 
coated panel is a characteristic of the coating and not of 
the wood, a t least until the coating has begun to disintegrate 
seriously, so th a t within the experimental error a given 
paint allows the same absorption regardless of the wood on 
which it is applied.

Note— D unlap  com putes the ‘'efficiency” of the coating  b y  subtracting  
the absorption b y  th e coated  panel from  th a t b y  uncoated panels of the  
same wood, expressing th e difference as a percentage of the absorption by  
uncoatcd wood. T h at procedure is more elegant than th e m ethod em ployed  
here and is reasonably con ven ient when stud yin g different coatings on the  
same kind of wood. I t  becom es cum bersom e and confusing, however, 
when the sam e coating is stud ied  on different w oods, because, although the  
permeability of th e coating  m ay be in dependent of the w ood, th e base of the 
percentage calculation  is not.

T yp ica l R e su lts

Figure 1 is constructed from data obtained by D unlap6 
in the course of a  study of m oisture-retardant finishes for 
aircraft propellers. Yellow birch panels were employed, two 
of them painted w ith three coats of a widely used type of white 
house paint which will be designated paint A, two painted 
with paint A  using slightly different reductions with oil and 
thinner for the priming and second coats, and two painted 
with three coats of another white paint representative of 
common practice, which is designated as paint B. The 
panels with paint A  were in the test cycle from October, 
1921, to June, 1926; those ■with paint B  from November, 
1921, to November, 1926. Of th a t period of approximately 
5 yeais about 21/ i years were spent in step (4) of the test 
cycle, the rest of the time in steps (1), (2), and (3). Figure 
2 show» the exposed faces of the panels a t the end of the test.

Both types of paint a t first became less permeable to 
moisture on aging, and a t  their maximum effectiveness 
(the minimum of the curves) they differed from each other 
only very slightly in this quality. Paint B  retained its 
maximum resistance to  the passage of moisture for a fairly 
long time, however, whereas paint A  soon began to fall off 
and continued to become increasingly permeable during the 
rest of its history.

Chalking became noticeable earlier in the case of paint 
J  than in th a t of paint B, but in both cases it antedated 
materially the beginning of deterioration in effectiveness 
of the coating as measured by the moisture absorption. 
Disintegration of the coating, leaving bare areas of wood 
readily visible to  the unaided eye, also began earlier with 
paint A than with paint B. W ith paint B  disintegration was 
a close precursor of loss in moisture-retarding effectiveness, 
hut with paint A  the resistance of the coating to moisture 
decreased m aterially before disintegration began.

1 45  degrees  w o u ld  b e  b e t t e r ;  s e e  W a lk e r .  T h i s  J o u r n a l , 4®. 5 2 8  ( 1 9 2 4 ) .
1 Unpublished d ata of th e Forest P roducts Laboratory.

In  December, 1924, 84 panels, 4 panels of each of 21 d if
ferent species of wood, 2 painted with paint A  and 2 with 
paint C, which was similar but not quite identical in com
position with paint B, were started in their first test cycle. 
The results obtained so far are given in Figure 3. The 
woods are divided, on the basis of present information re
garding their painting characteristics, into three groups, 
which will be called the “cedar group” (7 woods), the “white 
pine group” (8 woods), and the "yellow pine group” (6 
woods). The graphs show the average absorption of all 
the panels in each of these groups, which were painted 
with paint A  or with paint C, respectively. Thus each point 
in the figure represents an average value for 14, 16, or 
12 test panels depending upon whether it is the “cedar,” 
“white pine,” or “yellow pine” group.

As far as they have gone, the new experiments give re
sults very similar to the old ones. Both paints reached a 
minimum moisture absorption, of roughly 6 grams per panel, 
after about 24 weeks’ exposure. Paint A  then began to  be
come more permeable while the permeability of paint C 
remained practically unchanged. The species of wood, 
therefore, seems to affect the resistance of the coating to 
moisture only very slightly, if a t all, during the early part 
of its history, which is in confirmation of D unlap’s previous 
findings. Later, however, the influence of the wood appar
ently begins to express itself and the three wood groups give 
evidence of separating, the decline in resistance of the coating 
to moisture being more rapid on the yellow pine group than 
on the white pine group, and least rapid on the cedar group. 
Some such development should be expected since we know 
th a t the common painting method employed for all the woods 
is best adapted to  the characteristics of the cedar group 
and least well adapted to those of the yellow pine group.

F ig u r e  1— V a r ia t io n , u n d e r  W e a th e r in g , In  th e  M o is tu r e -R e ta r d in g  
P r o p e r ty  o f  P a in t s  o n  Y e llo w  B ir c h  P a n e ls

Chalking began on all the panels during the third 6-week 
period of exposure to  the weather—th a t is, somewhat before 
the coatings seemed to have attained their minimum permea
bility. Very little coating disintegration has been observed 
thus far. Of the 84 panels, 74 are rated “good” with respect 
to coating integrity, 5 with paint C and 3 with pain t A  are 
rated “fair,” and 2 with paint C are rated “poor” in this 
respect. (All the 6 panels in Figure 2 are rated “bad.” )

A t the end of 60 weeks’ exposure to the weather there was 
clear evidence of wood-weathering in a number of panels on 
which the paint coatings were rated “good” in integrity. 
Of the 42 panels w ith paint A, 29 showed no visible evidence 
of wood-weathering and had an average absorption of 9.0 
grams per panel, while 13 panels with an average absorption 
of 11.2 grams showed distinct evidence of wood-weathering 
in the form either of wood checks or pronounced cupping.
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Of the panels with paint C, 35 having an average absorption 
of 7.1 grams showed no evidence of wood weathering and 7 
with an absorption of 8.7 grams showed some wood checking. 
I t  seems, then, th a t with woods which weather easily paint 
coatings cannot deteriorate in moisture-retarding effec
tiveness very much w ithout becoming inadequate protective 
agents.

In considering Figure 3, remember th a t an absorption of 
9 grams a t the end of 60 weeks’ exposure indicates a much

nologists who have inspected one or two of the test fences 
in question. T hat, of course, is not surprising in view of 
the facts th a t test-fence inspections rely entirely upon the 
personal opinions of the inspector and th a t agreement 
between experts concerning results has never been possible 
in past experiments. The writer’s opinions are given here 
because, having been formed before he had knowledge of the 
comparative history of the two paints in question with 
respect to moisture-retarding effectiveness, and agreeing
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F ig u r e  2— P a n e ls  o f  F ig u r e  1 a t  E n d  o f  T e s t .  P a n e ls  100-C  a n d  103-B A G  P a in te d  w ith  P a in t  A ; P a n e ls  1 2 6 -Y P a in te d  w it h  P a in t  B

greater permeability of the exposed face of the panel than 
the same absorption before exposure to  the weather. The 
9' grams absorbed a t  the beginning were divided evenly be
tween the front and back surfaces (neglecting ends and edges), 
giving 4.5 grams per face. On aging, the coating became less 
permeable, until a t its best only about 6.0 grams per panel or
3.0 grams per face were absorbed. The back or unexposed 
face remained resistant to  moisture throughout the rest of 
the test, the increased absorption during subsequent exposure 
being due to  increased absorption through the- exposed face. 
Thus, when the panel again absorbed 9 grams the amount 
penetrating the exposed face was something like 9 minus 3, 
or 6 grams. To show th a t the unexposed face still is highly 
resistant to moisture after the exposed face has disintegrated 
badly, two birch panels which had been painted with a tin t 
of paint B  and had been in the test routine for 5 years were 
given two coats of aluminum paint on the exposed face 
and then were subjected to step (2) of the cycle. The ab
sorption per panel was 3.6 grams; hence, th a t of the unex
posed face was no doubt somewhat less, than the 3 grams es
tim ated above.

C om p a riso n  w ith  T e s t-F e n c e  O b servation s

In  the summer of 1924 an extensive series of exposure 
tests,7 using paints A  and C on edge and flat grain surfaces 
of 18 of the woods already mentioned, were started  on 11 
test fences in as many different parts of the country. More 
than 700 panels were exposed. The writer inspects all of 
them a t  least once a year; those a t Madison are observed 
a t  much shorter intervals. Before he was acquainted with 
the data now' presented in Figures 1 and 3, and acting solely 
on the basis of visual inspection of these test fences, he had 
expressed the tentative opinion th a t although paint C as 
applied in this study show'ed signs of coating disintegration, 
especially on W'oods of the yellow' pine group, earlier than 
pain t A , nevertheless paint C seemed to afford adequate 
protection against wood weathering for a longer period 
than paint A . I t  was also clear th a t w'ood-weathering 
started  in m any panels before disintegration of the coating 
laid bare any appreciable areas of wood.

These opinions are not accepted by  some paint tech-
B row ne, P a in t M frs.* A ssocn. U . S .,  Tech. C irc. 219 , 124 (1924).

in striking manner with the results of the absorption test, 
they constitute an experimental verification of the theory 
upon which the new technic of paint-testing is based.

T h a t one of the protective functions of paint is the ex
clusion of moisture has long been accepted as a m atter of 
theory, bu t to  the best of the w riter’s knowledge no effort 
previous to D unlap’s had been made to  find out how well 
the paints perform it and how long they retain their effec
tiveness. One or the other of the two very different assump
tions following has been made, though neither seems to find 
clear-cut expression in the technical literature:

(1) I t  is generally accepted that the protection which a paint 
film gives a structural surface depends on how completely the 
paint maintains an unbroken coating, adhering closely to the 
surface underneath. Protection continues to be maintained as 
long as the paint film does remain intact as an unbroken, closely 
adhering coating and protection is destroyed when and where a 
break occurs in the paint fdm which exposes the surface under
neath to the action of the weather. * * * The protective value 
of the paint is its ability to maintain an unbroken, closely ad
hering coating and its degree of protection can be judged only by 
the extent to which it  meets this requirement.8

(2) Rub your fingers across the (painted) surface (of a frame 
house). If the paint comes off in a powdery substance, or shows 
signs of cracking, it is time to paint.8

? . l n l  0
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Both paints b«gan to chalk
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F ig u r e  3— V a r ia t io n , u n d e r  W e a th e r in g , In  
M o is tu r e -R e t a r d in g  P r o p e r ty  o f  P a in t s  o n  P a n e ls  
o f  21 D if fe r e n t  W o o d s

Even the limited data so far available seem sufficient to show 
th a t neither of these views can be accepted. Certainly, some 
paints continue to retard  the absorption of moisture for a 
long tim e after they begin to chalk. On the other hand,

• From  a letter to  the Forest P roducts Laboratory from the research 
laboratory o f a very large m anufacturer in  th e p ain t industry.

* Back cover of Save the Surface M agazine  for Ju ly , 1927.
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some paints ju st as certainly fail to furnish adequate pro
tection for the wood long before coating disintegration be
comes noticeable. If paints are regarded seriously as pro
tective coatings for wood, their durability in th a t respect 
must not be left to  deduction from assumptions, b u t m ust be 
measured definitely. Although the routine herein suggested 
may be cumbersome, the principle involved is sound and a 
more convenient and more rapid technic embodying it is be
ing developed in this laboratory.

C o n clu s io n s

1—Since pain t coatings protect wood against weathering 
by retarding the exchange of moisture between wood and air, 
their durability as protective coatings can be measured by ob
serving their effectiveness in retarding the absorption of 
moisture from saturated air by  painted wood panels, a t inter
vals during the exposure of the panels to  the weather.

2—Paints of different composition m ay have very different 
life histories with respect to moisture-excluding effectiveness

and neither the time of initial chalking nor of initial exposure 
of wood through coating disintegration can be relied upon 
as a general indication of the durability of the coating's 
effectiveness.

3—During the early part of the life history of an initially 
adequate protective coating the am ount of moisture absorbed 
by coated wood panels is a characteristic of the coating 
rather than of the wood; th a t is, the absorption is about 
the same regardless of the kind of wood coated. During the 
la tter part of the life history of the coating the influence 
of the wood becomes noticeable.

4—The observations of the change in moisture-excluding 
effectiveness during exposure confirm inferences previously 
drawn by the writer as a result of his inspections of test 
fences on which panels of the same woods and paints were 
exposed. In  the test-fencc results indications of the de
terioration in moisture-excluding effectiveness of the coatings 
were given by the obvious beginning of wood-weathering 
under coatings th a t still remained intact.

Oxygen Required for the Propagation of H ydrogen, 
Carbon M onoxide, and M ethane Flames1

B y G . W . J o n es a n d  G . S t . J . P errott

P i t t s b u r g h  E x p e r i m e n t  S t a t i o n ,  U . S . B u r e a u  o p  M in e s ,  P i t t s b u r g h ,  P a .

GENERALLY speaking, three factors are essential for 
the development of gas or dust explosions: (1) com
bustible substances, (2) oxygen supply, and (3) igniting 

source. The elimination or proper control of any one of these 
may be used as a means of preventing explosions.

The combustible substances usually contain hydrogen, or 
combinations of the two, and m ay be in the form of gases or 
dusts. Sulfur, usually in the form of a sulfide, and the me
tallic dusts, such as aluminum powder, are also capable of 
developing explosions.

The oxygen supply is generally th a t furnished by the air 
present. Normal air consists of 20.93 per cent oxygen, 0.03 
per cent carbon dioxide, and 79.04 per cent nitrogen by vol
ume. The nitrogen includes small am ounts of the rare gases 
argon, neon, and krypton.

The igniting sources are gaseous or solid substances which 
are maintained a t  a tem perature sufficiently high for a period 
long enough to ignite the gas mixture in question. A heated 
substance, gaseous or solid, several hundred degrees above 
the ignition tem perature of the gas under investigation will 
fail to ignite the gas if the period of application of this heat 
is too short. On the other hand, a  heat source a t or only a 
few degrees above the ignition tem peratures will ignite the 
mixture, provided the application of the heat is sufficiently 
long in duration. Ignition by flames is one of the most cer
tain and positive methods for igniting gas mixtures. Other 
sources of ignition are electric sparks, arcs, and incandescent 
materials. Any of these, if of sufficient tem perature and dur
ation, will ignite explosive mixtures.

M eth o d s o f  P rev en tin g  E xp losion s

Confining our attention to gases, and more especially those 
found in mines, the engineer has the choice of three methods 
of preventing explosions: (1) He m ay eliminate the accumu

1 Presented before th e D ivision  of G as and F u el C hem istry a t the 73rd 
‘ fhe Am erican Chem ical S ocie ty , R ichm ond, V a., April 11 to 16,

27. Published w ith  approval of th e D irector, U . S. Bureau of M ines.

lation of gas so th a t the proportions present never reach a 
percentage high enough to become explosive; (2) he m ay re
move all possible sources of ignition; and (3) he m ay control 
the am ount of oxygen present so th a t explosions become im
possible, irrespective of the am ount of combustible gas th a t 
may be present. In  general, the first and second requisites 
are followed in practice, thus rendering the control of oxygen 
supply unnecessary.

V e n t i l a t i o n  o f  M i n e s —Under normal conditions of coal
mining, methane is the only combustible gas th a t is liberated 
in appreciable amounts by the coal strata . Ventilation is 
usually controlled so as to keep the am ount present in the 
air below the lower inflammable limit, but cases m ay arise 
where the accumulation of methane cannot be prevented. 
These conditions arise in old workings or gobs where venti
lation is inadequate. These areas are usually sealed off and 
explosive hazards prevented by oxygen control. This is auto
matically taken care of by combination of the oxygen in the 
sealed area w ith the coal. The am ount of oxygen in the 
atmosphere is thereby reduced so th a t the mixture is rendered 
non-explosive. As will be shown later, when the oxygen pres
ent in atmospheres containing methane is reduced to 12 per 
cent, all mixtures of methane are rendered non-explosive.

Under abnormal conditions in mining—as, for example, 
after mine explosions, mine fires, or through liberation of 
gases from explosives used in mining—other combustible 
gases are added to the mine atmosphere. Hydrogen and 
carbon monoxide may be present as partial combustion prod
ucts along with varying proportions of black damp (car
bon dioxide and nitrogen). The question arises—to w hat 
extent m ust the oxygen in such atmospheres be reduced to 
render the atmosphere non-explosive? This is of particular 
importance in the case of mine fires where sections of a mine 
are sealed, where fire is in progress, in order th a t safe and 
efficient recovery work of the sealed area may be carried out.

These gases from mine fires m ay contain rather large pro
portions of hydrogen and carbon monoxide, especially soon 
after closing the area under fire.
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P reviou s D a ta  o n  O xygen  R e q u ir e m en ts  for  F la m e  
P ro p a g a tio n

D ata as to  the oxygen required for the propagation of meth
ane flames have been obtained by Coward and Hartwell2 
in connection with problems on the extinctive action of inert 
gases on methane. These tests were made under conditions 
whereby the results obtained very closely represent condi
tions which m ay occur in actual practice, where the gases 
are intim ately mixed with the oxygen required for combus
tion.

Little information is available as to the am ount of oxygen 
required for the propagation of carbon monoxide and hy
drogen flames, a t  all concentrations from the lower to upper 
inflammable limits. E itner3 made some experiments with 
hydrogen and with carbon monoxide in a Bunte buret and 
showed the narrowing of the range of inflammability of mix
tures in atmospheres in which (1) the oxygen was gradually 
replaced by carbon dioxide, and (2) when increasing amounts 
of carbon dioxide were added to  air. In  the first, no inflam
mable mixture could be made with either hydrogen or car

bon monoxide when the oxygen was re
duced to  7 per cent (carbon dioxide, 14 
per cent). In  the second case no inflam
mable mixture could be made with hydro
gen in an atmosphere composed of 48 per 
cent air and 52 per cent carbon dioxide; 
with carbon monoxide the proportions were 
47 per cent air and 53 per cent carbon 
dioxide.

Tests were made by Clowes and Feil- 
m ann,'1 in which a je t of hydrogen was 
burned in an enclosed space. The “resid
ual” atmosphere when the flame was ex
tinguished contained 5.5 per cent of oxygen. 
Similar tests with carbon monoxide caused 
the flame to be extinguished when the 
oxygen content was reduced to 13.35 per 
cent. The effect of variation of concen
tration of hydrogen and carbon monoxide 
was not determined.

Similar tests are reported by Rhead5 in 
which hydrogen and carbon monoxide issu
ing from a quartz je t were burned in a 12- 
liter bottle, and the oxygen content of the

Mercury gage Drying Vacuum Motor
tower pump 

F ig u r e  1— F la m e  P r o p a g a t io n  A p p a r a tu s

residual atmosphere which extinguished the flame determined. 
Under these conditions the oxygen content of the residual a t
mosphere which extinguished hydrogen was found to be 5.6 
per cent and for carbon monoxide under similar conditions 
10.2 per cent.

» J . Chem. Soc. (London ). 129, 1522 (1926).
> J . G asbd., 45, 21 , 69, 90, 112 (1902).
* J . Soc. Chem. In d ., 13, 1155 (1894).
* Fuel Science Practice, 6, 37 (1927).

Results obtained by this method will vary with the experi
mental conditions. For example, tests were conducted by 
the senior author6 on space heaters burning natural gas in a 
closed room. For a heater of the yellow flame type, in which 
no primary air is mixed with the gas issuing from the burner 
ports it was found th a t the flames were extinguished when 
the oxygen in the closed room was reduced to  17.7 per cent. 
In  similar tests made with another type of radiant heater, 
in which approximately 70 per cent of the primary air neces
sary for combustion of the gas was introduced into the gas 
before issuing from the burner ports, the flame continued to 
burn in the closed room until the oxygen was reduced to 13.8 
per cent. The most favorable condition for minimum oxy
gen requirements is th a t in which all the air required for com
bustion is intim ately mixed with the combustible gas. It 
is under these conditions th a t the following experiments 
were conducted and hence the values given are lower than 
those reported where flames burn from jets in a  confined space.

Burgess and Wheeler7 have shown th a t the size of the ex
perimental apparatus has a marked effect on the results ob
tained. The test apparatus should be 2 inches (5 cm.) or 
more in diameter in order to obtain results comparable to 
those in large spaces. Therefore, the results obtained by 
E itner in a small narrow buret cannot be directly applied to 
conditions in .practice where large volumes of gases are in
volved.

E x p er im en ta l

The investigation herein conducted consisted in deter
mining the oxygen required to propagate hydrogen and car
bon monoxide flames over the complete range of inflamma
bility and under conditions wherein the inert gas consisted 
of (1) nitrogen, and (2) carbon dioxide plus the nitrogen asso
ciated with the added air.

The test procedure followed the method used by Coward 
and Hartwell2 and possessed the following requisites: (1) 
a  tube sufficiently large “in diameter so th a t the cooling effect 
of the walls is largely eliminated; (2) a tube long enough for 
the observer to be certain th a t true propagation takes place 
and continues after the effect due to  the ignition source bad 
been removed; (3) use of a flame to insure a positive igni
tion source; (4) tests made under conditions of atmospheric 
pressure and tem perature; and (5) the propagation of flame 
taking place under conditions largely free from turbulent 
effects.

A p p a r a t u s — The apparatus (Figure 1) consisted o f  a cylin
drical glass tube 2 inches (5 cm .) in diameter and 6  feet (1.8 meters) 
long placed in a vertical position. The gas mixtures were ig
nited from the lower end and propagation of flame took place 
in an upward direction. Glass shell tubing, fused to the top, 
connected with a calcium chloride drying tube as shown. Three- 
way T-bore capillary stopcocks were connected at each end of 
the drying tube. From this tube connection was made to another 
large drying tower and Hi-Vac pump. A  manometer was sealed 
to the glass tube leading from the explosion tube. The bottom 
of the explosion tube was sealed with a ground-glass plate. This 
was slightly coated with a rubber preparation and further guarded 
against leakage by placing a mercury seal around the bottom of 
the tube.

In conducting a test the apparatus was evacuated by the pump 
until the manometer on the apparatus failed to rise further after 
15 minutes of evacuation and registered within 1 mm. of the 
prevailing barometric pressure a t the time of the experiment, 
correction was, made for meniscus error due to the difference in 
size of tubing on the manometer. When the apparatus was 
sufficiently evacuated, the prepared gas mixture was introduced 
through the right-hand cock as indicated. Introduction of the 
gas mixture was continued until the pressure was slightly above 
atmospheric. Then the excess of gas was released by connecting

* Jones, Berger, and H olbrook, U . S . B u r . A lin es , Tech. Paper 53T
(1923)

1 S a fe ty  in M ines R esearch Board, L ondon, P aper  15 (1925).
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a water seal (not shown in drawing) to left-hand three-way stop
cock and opening to the outside air. This procedure was followed 
to insure that the gas in the explosion tube was at atmospheric 
pressure when the test was made. The mercury seal was then 
removed and the mixture tested for inflammability by sliding 
off the ground-glass plate and at the same tim e passing the flame 
from a small alcohol lamp across the open end of the tube. The 
mode of propagation was then observed. A mixture close to 
the extinction point may propagate a foot or so before being ex
tinguished as a result of the heat imparted to the mixture from 
the flame used for igniting the mixture. In the method followed, 
there was first found by trial and error a mixture which would 
just propagate flame. This was then changed slightly until 
flame would no longer propagate. The average of these two 
values was taken as the lim it mixture.

Inflammability tests made with methane-air8 mixtures with 
this apparatus gave results alm ost identical with those obtained 
in Great Britain with similar apparatus.

G a s e s  U s e d —Hydrogen. The hydrogen supply was ob
tained in high-pressure cylinders. Analysis of this gas on 
a Bone and Wheeler apparatus gave a hydrogen content of 
99 per cent, 1 per cent oxygen and nitrogen, and no com
bustibles other than hydrogen.

Carbon Monoxide. The carbon monoxide was prepared 
by the action of concentrated sulfuric on formic acid. The 
carbon monoxide formed by the reaction was passed through 
a Cardoxide filter to remove carbon dioxide and then through 
a filter containing activated charcoal to remove vapors of 
formic acid. The apparatus was thoroughly purged before 
collecting the gas in order to obtain an air-free product. 
Analysis of this gas gave 99.3 per cent absorption in acid 
cuprous chloride solution.

Nitrogen. The nitrogen was obtained in high-pressure 
cylinders. Analysis of this mixture indicated 99.5 per cent 
nitrogen and 0.5 per cent oxygen.

Carbon Dioxide. The commercial product, contained in 
high-pressure cylinders, was used in the experiments, but 
before samples were taken most of the contents was allowed 
to escape. Analysis of the remaining portion, which was 
used in the experiments, showed a carbon dioxide content 
of nearly 100 per cent.

M e t h o d  o f  C o n d u c t i n g  T e s t s —A supply of hydrogen 
or carbon monoxide was stored in an 80-liter gasometer sealed 
with a 50-50 mixture of water and glycerol. The upper 
limit of inflammability was then determined by drawing 
definite amounts of the gas into 12-liter calibrated aspirator 
bottles containing a 50-50 mixture of water and glycerol 
and then drawing various amounts of air into the bottle. 
The gas-air mixture was well shaken over the water-glycerol 
solution and the mixture then added directly to the evacuated 
explosion apparatus as previously described. When the 
apparatus became filled, samples of the mixture were taken 
for analysis from the left-hand stopcock, over mercury in 
small test tubes, and a complete analysis of the mixture made. 
Although some change in the mixture resulted from the shak
ing in the aspirator bottles, the sample of gas analyzed was 
approximately th a t of the mixture in the test apparatus, as 
the sample taken for analysis was taken from the apparatus 
rather than from the aspirator bottles. As the inflammable 
limits had been determined for the mixture of pure gas and 
air, a definite am ount of nitrogen was added to the hydrogen 
m the gas holder and tests for inflammability were likewise 
run on this mixture. In  this manner the complete range of 
inflammability for hydrogen, nitrogen, and oxygen for many 
luixtures between the lower and upper inflammable limits 
was determined.

The oxygen requirements for the propagation of hydro
gen flames in mixtures containing various percentages of 
nitrogen and ranging from the lower to upper limits of in
flammability are given in Figure 2. The results of tests con-

* Coward and Jones, B ur. M in es, R epts. Investigations 2767 (1926).

ducted in a similar manner with carbon monoxide, nitrogen, 
and oxygen mixtures are also shown graphically in Figure 2 . 
The values for methane are taken from published data by 
Coward and Hartwell.2

D iscu ssio n  o f R e su lts

M e t h a n e —I t is seen th a t for methane the oxygen re
quired for the propagation of flames depends markedly upon 
the am ount of methane present in the mixture. A t the lower 
limit, 5.25 per cent methane, the oxygen necessary for flame 
propagation is 19.8 per cent. As the methane increases to
6.1 per cent the oxygen required falls rapidly to 12.1 per cent 
and it is a t this point tha t the ratio between oxygen and m eth
ane is th a t required for complete combustion, 2 0 ; :CH(. I t  
is a t this point th a t the minimum am ount of oxygen is re
quired for flame propagation. As the methane present is 
increased above 6.1 per cent, the oxygen required for flame 
propagation increases. When the upper inflammable limit 
for methane in air (14 per cent) is reached, the oxygen re
quired is 18 per cent. Therefore, if the oxygen in a methane- 
nitrogen-air atmosphere is reduced below 12.1 per cent, flame 
propagation and explosions are impossible under the test 
conditions, no m atter what proportions of methane are present.
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F ig u r e  2— O xygen  R e q u ir e d  to  P r o p a g a te  C a rb o n  M o n o x id e ,  
H y d r o g e n , a n d  M e th a n e  F la m e s - I n c r t  G a s , N itr o g e n

H y d r o g e n —In the case of hydrogen, starting a t the upper 
limit (72 per cent) we find th a t only 5.9 per cent oxygen is 
necessary to propagate flame, and as the hydrogen is reduced 
and the inert nitrogen increased the am ount of oxygen neces
sary for flame propagation falls slightly and gradually until 
a t near the lower lim it for hydrogen (4.3 per cent) only 5.1 
per cent oxygen is necessary. The curve over the entire 
range is almost flat and nearly a straight line, and requires 
markedly less oxygen for flame propagation than in the case 
of methane.

T a b le  I— E x t in c t io n  o f  H y d r o g e n  F la m e s  b y  C a rb o n  D io x id e

T b s t  M i x t u r b
C o m p o s it io n  op  L im i t  M i x t u r b  a f t e r  

A d d i t i o n  o p  A ir

H i COa
AIR

H i COi
Oi N t

Per cent P er cent P er cent by volume P er cent by volume
1 0 0 . 0 0 . 0 5 . 9 2 2 . 1 7 2 . 0 0 . 0

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

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

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

1 0 0 . 0 0 . 0 2 0 . 1 7 5 . 9 4 . 0 0 . 0

C a r b o n  M o n o x i d e —Tests with carbon monoxide show 
similar results; in fact, in the mixtures containing high per
centages of carbon monoxide the oxygen requirement is very
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nearly the same as th a t for hydrogen; the difference is tha t 
carbon monoxide has a slightly higher lower inflammable 
limit and makes a  sharp turn upward a t  this point.

E x t i n c t i v e  E f f e c t  o f  C a r b o n  D i o x i d e —The extinc
tive effect of carbon dioxide when added to hydrogen and 
air mixtures is best shown by Table I.

Starting ■with the upper inflammable limit mixture of hy
drogen and air, it is seen th a t 5.9 per cent oxygen is required 
to  propagate flame. As increasing amounts of carbon dioxide 
are added to the hydrogen, the oxygen required to propagate 
flame gradually increases. W hen the hydrogen in the test 
mixture is reduced to 5.3 per cent and more than 50 per cent 
carbon dioxide is present, the oxygen required for propagation 
has been raised to  8.4 per cent. W ith further reduction of 
the hydrogen percentage in the test mixture from 5.3 to  4.0 
(the lower lim it of inflammability), the oxygen required for 
flame propagation increases rapidly from 8.4 to 20.1 per cent.

Similar tests w ith carbon monoxide, carbon dioxide, and 
air mixtures are given in Table II, and follow closely the val
ues for hydrogen for these mixtures in which carbon monoxide 
is present in large amounts.

T a b le  II— E x t in c t io n  o f  C a rb o n  M o n o x id e  F la m e s  b y  C a rb o n  D io x id e

T e s t  M ix t u r e
C o m p o s it io n  o p  L im it  M ix t u r e  a f t e r  

A d d it io n  o p  A ir

CO COi
AIR

CO COt
Oj N i

P er cent Per cent P er cent by volume P er cent by volume
1 0 0 .0 0 . 0 5 .9 2 2 .1 7 2 . 0 0 . 0

6 9 .7 3 0 .3 6 . 5 2 4 .8 4 7 . 9 2 0 . 8
5 7 .9 4 2 .1 6 . 8 2 5 . 8 3 9 . 0 2 8 . 4
4 1 .7 5 8 .3 7 . 2 2 7 .3 2 7 .3 3 8 . 2
3 4 . 8 6 5 .2 7 . 8 2 9 . 5 2 1 . 8 4 0 . 9
3 1 .6 6 8 .4 8 . 6 3 2 .5 1 8 .6 4 0 . 3
3 2 .7 6 7 .3 1 0 .3 3 9 .2 1 6 .5 3 4 . 0
3 5 .9 6 4 .1 1 2 .0 4 5 .4 15 .3 2 7 . 3
4 0 . 5 5 9 .5 13 .2 4 9 .8 1 5 .0 2 2 . 0
4 6 . 8 5 3 .2 14 .4 5 5 .1 1 4 .3 1 6 .2
6 7 . 5 3 2 .5 16 .6 6 2 .7 1 4 .0 6 . 7

100 .0 0 . 0 18.1 6 8 . 6 1 3 .3 0 . 0

duce a mixture which is non-inflammable no m atter what 
proportions of air are added to the mixture. These data 
have been obtained in connection with another problem under 
investigation by the Bureau of Mines dealing with the in
flammability of complex gases. Table I I I  gives the amounts 
of inert gas which m ust be added to the different gases.

T a b le  I II— I n e r t  G a s  R e q u ir e d  fo r  E x t in c t io n  o f  H y d r o g e n , M eth an e, 
a n d  C a rb o n  M o n o x id e  F la m e s

C o m b u s t ib l e
G a s

A d d e d  
I n e r t  G a s

V o l u m e s  I n e r t  
G a s  p e r  
V o l u m e  

C o m b u s t ib l e  
G a s

G a s  i n  L im it  M ix 
t u r e  a p t e r  A ddi

t io n  o p  A ir

C om bustible Oxygen

Per cent Per cent
H ydrogen N itrogen 16 .55 4 . 3 5.1
H ydrogen Carbon dioxide 1 0 .2 0 5 . 3 8.4
H ydrogen H elium 10.50 6 . 1 6.2
M eth an e0 N itrogen 6 .0 0 6 .1 12.1
M eth an e0 Carbon dioxide 3 . 2 0 7 . 3 14.6
M ethane H elium 6 .0 7 6 . 0 12.0
Carbon m onoxide N itrogen 4 . 1 2 1 3 .9 6.0
Carbon m onoxide Carbon dioxide 2 . 1 6 1 8 .6 8.6

Starting with the upper lim it of carbon monoxide (72 per 
cent CO) in air, it is seen th a t 5.9 per cent oxygen is required 
for the propagation of flame. As carbon dioxide is added 
to the carbon monoxide, the am ount of oxygen required to 
propagate flame increases as the carbon dioxide increases. 
W hen the carbon monoxide in the lim it m ixture has been 
reduced to  16.5 w ith 40.3 per cent carbon dioxide present, 
the oxygen required for propagation of flame equals 8.3 per 
cent. From this point on down to the lower inflammable 
lim it (13.3 per cent) the oxygen required increases rapidly 
to 18.1 per cent when the lower lim it is reached. These re
sults show th a t if carbon dioxide is present along with ni
trogen in the inert gases, the values given in Figure 2 for the 
propagation of flames will be raised somewhat.

B la ck  D a m p  in  C oal M in es

A compilation of the composition of black dam p from 
mines all over the United States, made by Burrell and others,9 
shows th a t it consists largely of nitrogen. In  the m ajority 
of cases the nitrogen present am ounts to  85 to 95 per cent by 
volume; the remainder is carbon dioxide. Although the ad
dition of carbon dioxide to  the mixtures somewhat raises 
the oxygen required to propagate flames, as nitrogen is the 
prevailing inert gas in the black dam p the values given in 
Figure 2 should apply fairly closely for the usual mining con
ditions.

E ffect o f  In er t G ases o n  F la m m a b le  G ases

I t  is of interest to  compare the am ounts of the inert gases— 
nitrogen, carbon dioxide, and helium—which m ust be added 

■ to hydrogen, carbon monoxide, and m ethane in order to  pro-
• Burrell, R obertson, and Oberfell, B ur. M in es, Bull. 105 (1916).

°  From  published data b y  Coward and H artwell.*

Referring to  the values given, we find th a t 16.55 volumes 
of nitrogen m ay be added to hydrogen and such a mixture 
when added with the proper am ount of air will ju st propagate 
flame. If the volume of nitrogen to  hydrogen is increased 
above 16.55, however, the mixture is rendered non-inflamma
ble. The am ount of hydrogen in this lim iting mixture after 
addition of the proper am ount of air is seen to equal 4.3 per 
cent and the oxygen present in the mixture, 5.1 per cent. 
W hen the carbon dioxide is substituted for nitrogen, only 
10.20 volumes are required, as compared with 16.55 in the 
case of nitrogen. Results for m ethane and carbon monoxide 
also show the greater extinctive effect of carbon dioxide. The 
higher extinctive effect of carbon dioxide appears to  be due 
largely to  its higher heat capacity. The extinguishing effect 
of helium on hydrogen is of interest, largely in connection 
with the use of mixtures of these two gases in dirigibles. The 
greater extinguishing effect of helium has been attributed to 
its higher therm al conductivity.1’7

Table I I I  shows th a t much more inert gas m ust be added 
to  hydrogen to  render the mixture non-inflammable than to 
methane, while methane requires more inerts than carbon 
monoxide.

Another interesting point in Table I I I  is th a t when either 
nitrogen or carbon dioxide is added to m ethane until all mix
tures become just extinctive when mixed with air, the ratio 
between oxygen and methane is th a t required for complete 
combustion, or 2:1. If this same relation held for hydrogen, 
then for complete combustion two volumes of hydrogen should 
be present to  one of oxygen in the final extinctive mixture. 
The data  show th a t this is not so, and th a t oxygen is present 
in proportions much greater than  th a t required for complete 
combustion. In  the case of carbon monoxide two volumes 
of the gas require one volume of oxygen for complete com
bustion. The data show th a t for this gas the oxygen is de
ficient for complete combustion.

In  other words, when either nitrogen or carbon dioxide is 
added to  each of the three gases to the extinctive point, they 
behave differently with respect to completeness of combustion 
of their limiting mixtures. No explanation is offered at the 
present time for these variations

S u m m a ry

The applications of the results of this study to  mining con
ditions are as follows:

1—W hen methane is the only inflammable gas present, as 
for the normal conditions in mine atmospheres, flames and ex
plosions m ay be prevented by reducing the oxygen in the at 
mosphere to 12 per cent.
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2—In the case of abnormal conditions where combustion proc
esses have taken place, not only m ay methane be present but 
also carbon monoxide and hydrogen. Under these conditions, 
to render the atmosphere safe from flame propagation and ex
plosions, the oxygen present in the area m ust be reduced well 
below 12 per cent to render the atmosphere non-inflammable. 
The extent to which this reduction should be made depends upon 
the relative amounts of carbon monoxide and hydrogen present. 
The results suggest that in order that all sealed areas be safe under 
all conditions, the oxygen present should be reduced to 5 per cent.

Under such conditions all atmospheres containing methane, hy
drogen, or carbon monoxide would be non-inflammable a t such 
temperatures as could be tolerated by rescue workers entering 
such areas.

A t very high temperatures these conclusions will not apply 
because the oxygen required for the propagation of flame a t 
elevated tem peratures m ay be somewhat less than th a t re
quired a t the ordinary temperatures.

T o w er A bsorption  Coefficients’
B y R. C. C á n telo , C. VV. S im m o n s , E. M . G ile s , 5 a n d  F. A. B r ill5

L e h i g h  U n i v e r s i t y , B e t h l e h e m , P a .

THE rate of solution in an absorbing liquid of a soluble 
gas from an inert carrier m ay be expressed by the dif
ferential equation dm /dt — —K i f(m ), where m is the 

concentration of the gas in the carrier, expressed either in 
terms of volume concentration or of partial pressures, Kz 
is the dissolution coefficient, and for a given set of conditions 
Kt is constant. The problem then resolves itself into two 
parts—(1) the determination of the form of f(m ), and (2) 
the determination of th e  
variables of which K i is' a 
function.

m ay be applied. Use has been made of the form Kz (km  — n), 
as it adm its the readily determined form of the integral 
equation involving m and n.

V ariab les o f W h ich  K i  is  a F u n c tio n

Consider a small element of volume of a packed absorp
tion tower between the heights x  and x  +  dx from the bottom  
of the tower. Then,8 if Vi be the flow of liquid in liters per

hour
Vidn =  K irA dx(km -n )  (1)

Forms Proposed for f(m )

Donnan a n d  M a s s o n 4 
suggest as a general form 
f(m) — n, where the equi
librium conditions for a con
stant temperature are ex
pressed by the equation n  
= f(m), and n  is the con
centration of the soluble 
component in the absorb
ing liquid. For a gas which 
obeys Henry’s law, the dif
ferential equation then be
comes dm/dt =  —Kz (km
-  n), where k  is the H enry coefficient defined by n =  fm .

Lewis,6 and W hitman and K eats6 express/(wi) in the form 
(Pt — Pi), where P„ is the partial pressure of the soluble 
component in the inert carrier and P x is its partial pressure 
over the solvent. I t  is evident th a t for a gas which obeys 
Henry’s law—i. e., P  =  kc—this function (P , — Pi) =  K  
(Ci — Ci), where C is the concentration corresponding to P . 
This form bears a close sim ilarity to Donnan and Masson’s 
I(m) =  (km — n), and the two forms approximate each other.

In the cases of gases th a t are very soluble f(m ) is a  much 
simpler expression, and Lewis and W hitman7 have shown 
that it becomes equal to P„, the partial pressure of the soluble 
component in the inert carrier.

P A R T  I— A B S O R P T IO N  O F C A R B O N  D IO X ID E

This section deals only with the absorption of carbon di
oxide from air as the inert carrier. Therefore, any of the 
forms for f(m ) given above for a  gas obeying Henry’s law

1 Part I  received M ay  10, 1927; Part I I  received Ju ly  2, 1927.
* Part-tim e assistan t in work of Part I.
1 Part-tim e assistan t in work of P art II .
‘ J. Soc. Chem. In d ., 39 , 236T  (1920).
1 T hi s  J o u r n a l . 8,  8 2 5  (1910)
'Ib id ., 1«, i s o  (19 2 2 ) .
'Ib id ., 10, 1 2 1 5  ( 1 9 2 4 ) .

T h e  ra te  o f  so lu t io n  in  a n  a b so rb in g  l iq u id  o f  a  so lu b le  
g as fro m  a n  in e r t  carrier is  g iven  by th e  e q u a tio n  
d m / d t  =  — K i f (m ) ,  m  b e in g  th e  c o n c e n tr a tio n  o f th e  
so lu b le  g as in  th e  carrier, a n d  K t  th e  d is s o lu t io n  c o 
e ffic ie n t. T h is  e q u a tio n  m a y  be expressed  in  a  form  
su ita b le  for th e  s tu d y  o f a b so rp tio n  o f g a ses  in  to w ers.

T h e  d ep en d en ce  o f K i  u p o n  th e  ra te  o f g as flow, 
c o m p o s it io n  o f  g a s, and  ra te  o f flow  o f a b so rb in g  liq u id  
h a s  b een  d e te rm in e d  by ex p er im en ts  in  w h ic h  carb on  
d iox id e  an d  su lfu r  d iox ide have b een  u sed  a s so lu b le  
c o m p o n e n ts  in  air as th e  in e r t  carrier . T h e se  experi
m e n ts  sh o w  th a t  K2 is  in d ep en d e n t o f th e  ra te  o f flow  
o f g as a n d  o f th e  ga s c o m p o sit io n ;  a n d  th a t  K i  varies 
lin ea r ly  w ith  th e  ra te  o f  flow o f  th e  a b so rb in g  liq u id .

where A  is the cross section 
of the tower and r is the 
fraction of free volume per 
c u b ic  decimeter of gross 
volume. Kz is then the dis
solution coefficient for the 
given tower in grams ab
sorbed per hour per cubic 
decimeter of free volume per 
concentration deficit from 
equilibrium of one gram per 
liter. This equation permits 
a  consideration of the vari
ables which will affect K i. 
Obviously rAdx is a con
s t a n t  te rm  fo r  a given 

tower, and the variables are therefore k, m, and n. H enry’s 
coefficient k  is a  function of the tem perature; Ki, therefore, 
is some function of the tem perature of the absorbing liquid, 
Ti. The importance of this factor has been pointed out 
previously by Van Arsdale.8 The dependence of K i on m 
m ust be determined experimentally, and obviously n- will 
vary with Vi so th a t K i also will vary  with 7 i. E quation 
(1) m ay be written

Vidn =  V,dm (2)
Hence the left-hand term  in equation (1) m ay be varied 

by varying V ,. Hence K i is a function of V„  the velocity 
of gas flow in liters per hour. We m ay combine V , and Vi 
in the form of a ratio V ,/V i = f  -  the flow ratio.

Finally K i =  <t> (Ti, m, / ) ,  the form of the function in each 
case to be determined experimentally, and the dependence 
of K i upon the num erator and the denominator of / ,  to  be 
determined separately. Now it will be much more conven
ient for the purpose of experimental investigation to  trans
form the equation dm /dt =  — K i (km —n) into one involving 
dm/dx, and in a recent paper one of the writers8 has developed 
this transformation. For a gas which obeys H enry’s law 
this integral equation has the form:

• V an A rsdale, Chem. M et. Eng., 28, 889 (1923).
• Ib id ., 33, 680 (1926).
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F ig u r e  I

the tower to  an effective height of 86 cm. This packing 
gave a free volume ratio of 0.663 per cubic decimeter of tower 
volume.

The water was led through a valved V rinch  (13-mm.) 
pipe from a constant level reservoir 3.6 meters above the top 
of the tower to a spray nozzle just above the surface of the 
tower packing. This distributor was arranged to  spray the 
water on the filler bu t not on the tower wall. The water 
was discharged a t  the bottom  of the tower through a Vi- 
inch (19-mm.) pipe shaped to form a water seal and fitted 
with a glass gage to indicate any tower flooding. The out-

E x p erim en ta l

Since the solubility of a gas as expressed by Henry’s coeffi
cient is a function of the temperature, the determination 
of the effects of gas rate, gas composition, etc., must be made 
a t  constant water temperature.

Series I —Effect of variation in  volume of inlet gas on the 
value of K*. In  this series the composition of the inlet gas 
and the water rate were kept constant, and care was taken 
to keep the water temperature, and thus H enry’s coefficient, 
constant. By so doing, the only experimental variable was 
the gas rate.

B s S w 2'3031"6” M ')\(k  - f ) M o  +  / U P ) ] =  
kM '{a  -  Mo)

5(1 -  p l w -  p l) v '

where a = 0.0821 r „ ( l  -  p j 0.0821 r A T 1
velocity of inlet gas .

/  =  -----:— r-----j-p— 7-j— =  flow ratiovelocity of liquid
M l =  grams per liter of soluble component in outlet gas 
Mo =  grams per liter of soluble component in inlet gas 
T„ =  temperature of extractor in ° K .; P  =  tempera

ture of outlet gas in ° K. 
p 1 =  partial pressure of soluble component
M  =  molecular weight of soluble component 
/)„ =  vapor pressure of extractor in atmospheres a t Tw
U — liters of gas per hour issuing from the tower 
r =  fraction of free volume per cubic decimeter of 

gross volume
A =  cross section of tower in square decimeters 
h =  height of tower in decimeters 
k =  H enry’s coefficient
K-i =  dissolution coefficient =  grams of soluble com 

ponent absorbed per hour per cubic decimeter 
of free volume per concentration deficit from 
equilibrium of one gram per liter 

p xw =  vapor pressure of extractor in atmospheres a t T l
Note—-It should b e  noted  th at K 2 w ill h ave the sam e num erical value  

w hether m etric or E nglish  units are used. In  th e second case K i  =  pounds  
o f soluble com ponent absorbed per hour per cubic foot of free volum e per 
concentration  deficit from equilibrium  on one pound per cubic foot.

A p p a ra tu s an d  M a n ip u la tio n

T he experim ental tow er w as constructed  of a fiber tube
1.6 m eters long and 9.1 cm. outside diam eter, and had been  
treated  w ith  an inert filler to  render it  gas-tight. T he out
le t  and in let fittings were soldered to  m eta l caps and these  
caps were sealed  on each end of the tower w ith  a  sulfur-resin  
m ixture. Sm all R asch ig  rings m ade from glass tub ing filled

let discharged into a  measuring tank. Temperatures of the 
water were determined a t  the top and bottom  of the tower. 
(Figure 1)

Air a t  constant pressure was supplied by a compressor. 
Carbon dioxide was supplied from a cylinder of the lique
fied gas. The air and carbon dioxide were led through in
clined U-tube flowmeters which registered the differential 
flow of the two gases. These flowmeters were used in approx
imate regulation and served as an efficient mixing unit as 
well as an indicator of gas-flow constancy. The gas mixture 
was led to the bottom  of the tower and entered the tower 
through a distributor placed slightly above the water outlet. 
The gas mixture passed up through the packing and, after 
discharging a t the top of the tower, was led through a wet 
test meter which accurately registered the volume of the exit 
gas. The maximum gas rate was limited by the pressure 
in the gooseneck water outlet and the minimum by the sensi
tiveness of the gas meter. W ith a bleeding system samples 
of either inlet or outlet gas could be run directly to an Orsat 
gas apparatus without disturbing the gas circuit. Temper
atures of the inlet and exit gas were taken and after a few 
runs the air in the room was circulated to maintain an approx
imately uniform temperature. Barometric pressure and the 
static head a t the gas inlet and exit were recorded.

In  operating the absorption tower the water inlet valve 
was regulated to give the required rate measured a t the tower 
outlet. The desired carrier gas rate was regulated and re
corded on the gas meter a t the gas exit. Then by regulation 
of tlie carbon dioxide supply and controlling w ith Orsat analy
sis a gas mixture of definite composition was obtained. The 
outlet gas was analyzed and its volume per minute recorded. 
Thus from the composition of the inlet gas and the compo
sition and volume of the outlet gas, the volume of the inlet 
gas under operating conditions was calculated.
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T a b le  I— E ffe c t  o f  V a r ia t io n  in  V o lu m e  o f  I n l e t  G as
CO* T e m p . I n l e t CO* T e m p . E x it

I n l e t I n l e t G as E x i t E x it G as W a t e r  W a t e r
T est G as G as R a t e G as G as R ate R at e T e m p . K t

L iters L iters Liters
Per per per

Per cent °  C. m in. P er cent °  C. m in. min. ° C.
1 1 8 . 0 2 1 . 0 3 . 7 0 7 . 4 2 2 . 6 3 . 3 1 7 . 5 6 . 4 4 2 . 3 0
2 1 9 . 2 2 1 . 0 4 . 3 4 8 . 5 2 2 . 0 3 . S 2 7 . 5 6 . 4 4 2 . 0 2
3 1 9 . 0 1 7 . 4 3 . 3 1 7 . 2 1 6 . 4 2 . 8 8 7 . 5 7 . 0 4 0 . 4 7
4 1 8 . 8 1 7 . 0 4 . 4 7 9 . 2 1 6 . 0 3 . 9 9 7 . 5 7 . 2 4 1 . 1 0
5 1 8 . 0 1 9 . 2 3 . 6 8 7 . 2 1 7 . 6 3 . 2 3 7 . 5 6 . 0 4 3 . 1 0
6 1 8 . 0 1 7 . 0 2 . 9 7 6 . 4 1 5 . 6 2 . 5 8 7 . 5 6 . 6 3 8 . 7 3
7 1 8 .4 1 8 . 4 4 . 8 1 9 . 4 1 8 . 0 4 . 3 3 7 . 5 6 . 8 4 1 . 3 0
8 1 8 .4 1 7 . 0 4 . 2 2 8 . 8 1 5 . 6 3 . 7 6 7 . 5 6 . 8 4 0 . 0 2
9 1 9 . 4 1 5 . 4 3 . 4 5 8 . 0 1 4 . 4 3 . 0 3 7 . 5 6 . 8 4 2 . 1 0

The results (Table I) indicate a constant value for K i  with 
a variation in gas rate.

Series I I — Effect of varying gas composition on the value 
of Ki. The water rate and water temperature were kept 
constant; and the volume and composition of the inlet gas 
varied.

T a b le  II— E ffec t  o f  V a r y in g  G a s  C o m p o s it io n
COi T e m p . I n l e t CO* T e m p . E x it

iNUiT I n l e t G as E x i t E x i t G as W a t e r  W a t e r
Test G as G as R at e G as G as R a t e R a te T e m p . K t

L iters L iters L iters
per per per

Per cent ° C. m in. P er cent ° C. min. m in. ° C.
1 1 3 . 4 1 7 . 2 3 . 7 0 5 . 4 1 6 . 2 3 . 3 9 7 . 6 9 . 2 4 1 . 0 8
2 3 3 . 1 1 6 . 3 4 . 5 3 1 7 . 8 1 5 . 0 3 . 6 8 7 . 6 S . 5 3 8 .  10
3 1 5 .4 2 1 . 0 3 . 8 0 6 . 8 2 4 . 0 3 . 4 5 7 . 6 8 . 8 4 2 . 7 6
4 3 4 . 6 2 1 . 0 4 . 8 1 1 9 . 4 2 4 . 0 3 . 9 0 7 . 6 8 . 8 3 8 . 4 4
5 1 0 . 0 2 1 . 4 3 . 9 4 7 . 2 2 2 . 4 3 . 5 6 7 . 6 8 . 8 4 2 . 0 8
6 1 7 . 2 1 4 . 2 4 . 1 3 8 . 2 1 4 . 2 3 . 7 3 7 . 6 9 . 0 4 3 . 3 8
7 1 1 . 8 1 5 . 4 4 . 0 5 5 . 6 1 4 . 6 3 . 7 9 7 . 6 9 . 0 4 3 . 3 3
8 2 9 . 2 1 7 . 0 4 . 9 5 1 0 . 4 1 0 . 2 4 . 1 9 7 . 0 9 . 0 3 8 . 2 0
9 1 8 . 2 1 7 . 0 4 . 3 6 9 . 6 1 6 . 0 3 . 9 3 7 . 6 9 . 0 3 8 . 5 4

10 2 2 . 6 1 7 . 0 4 . 0 1 1 2 . 0 1 5 . 8 4.0-1 7 . 6 9 . 0 4 0 . 0 0

The results (Table II) indicate a constant value for K i

CO*
T a b le  III- 

T e m p . I n l e t

■Effect o f  V a ry in g  W a te r  R a te  
CO* T e m p . E x i t

I n le t I n l e t  G as E x i t E x it G as W a t e r  W a t e r  F l o w
r G as G as R at e G as G as R a t e R at e T e m p . R ati o K i

L iters L iters L iters
Per per per

Per cent 0 C. m in. P er cent 0 C. m in. min. ° C .
2 0 . 8 1 0 . 4 3 . 9 1 1 0 . 6 1 0 . 8 3 . 4 0 . 0 . 1 3 7 . 4 0 . 6 3 9 3 5 . 5 6
1 3 .6 1 4 . 0 3 . 5 7 7 . 8 1 3 . 6 3 . 3 4 5 . 0 5 6 . 4 0 . 7 0 7 2 6 . 0 8
1 5 .2 1 8 . 8 3 . 4 0 8 . 2 1 8 . 4 3 . 1 4 4 . 3 9 0 . 8 0 . 7 7 5 2 7 . 6 1
2 1 . 4 2 1 . 2 3 . 9 1 1 7 . 2 2 1 . 0 3 . 7 1 1 . 2 9 7 . 0 1 . 0 6 8 1 2 . 8 6
2 1 . 6 2 1 . 2 3 . 8 8 1 2 . 0 2 1 . 0 3 . 4 6 5 . 2 1 7 . 0 3 . 0 2 2 2 8 . 7 2
2 5 . 4 1 1 . 6 4 . 0 2 1 8 . 0 11.0 3 . 0 0 2 . 7 2 7 . 0 1 . 4 7 6 1 9 . 3 8
2 5 . 6 1 2 . 0 4 . 0 5 1 3 . 4 1 1 . 2 3 . 4 8 6 . 0 6 7 . 2 0 . 6 6 7 3 4 . 2 0
2 3 . 6 1 2 . 2 3 . 8 5 1 0 . 4 1 1 . 4 3 . 2 9 8 . 3 4 7 . 2 0 . 4 6 3 4 0 . 4 0
1 3 . 8 1 7 . 6 3 . 8 5 1 0 . 0 1 6 . 8 3 . 7 0 1 . 7 2 8 . 4 2 . 3 3 9 1 5 . 9 2
1 1 . 8 1 8 . 2 3 . 4 6 7 . 2 1 7 . 6 3 . 2 9 2 . 9 4 8 . 2 1 . 1 6 9 2 5 . 9 4
1 3 . 8 1 8 . 8 3 . 5 7 9 . 8 1 8 . 0 3 . 3 9 1 . 7 3 8 . 6 2 . 0 6 5 1 6 . 4 1
1 3 . 8 1 8 . 4 3 . 5 7 8 . 6 1 7 . 2 3 . 3 7 3 . 2 0 8 . 4 1 . 1 1 2 2 5 . 0 4
1 8 .4 1 5 . 4 3 . 3 8 1 2 . 3 1 5 . 0 3 . 0 6 2 . 5 7 9 . 0 1 . 2 7 8 2 0 . 0 8
1 7 .8 1 5 . 6 3 . 3 8 1 2 . 4 1 5 . 2 3 . 0 8 2 . 2 4 9 . 2 1 . 4 6 2 1 6 . 2 0
2 6 . 4 1 6 . 6 3 . 4 8 2 0 . 6 1 6 . 6 3 . 2 3 1 . 5 6 9 . 2 2 . 2 3 2 1 6 . 2 8
2 4 . 6 1 7 . 4 3 . 5 4 1 8 . 2 1 7 . 2 3 . 2 5 2 . 0 4 9 . 2 1 . 7 7 2 1 6 . 4 0
2 5 . 8 1 7 . 4 3 . 6 3 1 6 . 0 1 7 . 2 3 . 1 9 3 . 2 6 9 . 2 1 . 1 1 3 2 0 . 3 6

’he results (Table III )  show a marked variation in K i

C o n clu s io n

tice. These results show th a t the gas velocity and compo
sition are of slight importance for a given flow ratio. The 
im portant factors to be considered in the design and oper
ation of absorption towers for the removal of gases which 
obey H enry’s law are:

(1) The rate of flow 
of the absorbing liquid. 
The rate of solution of a 
soluble component from 
an inert carrier is shown 
to decrease rapidly with 
decrease in the rate of 
flow of the a b s o r b i n g  
liquid until a critical flow 
ratio is reached, where
upon the rate of solution 
r e m a i n s  substantially 
constant. The determi
nation of this critical flow 
ratio becomes, therefore, 
of fundamental impor
tance in the efficient oper
ation of a b s o r p t i o n  
towers.

(2) The temperature

KÁ
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Flow Ratio

of the absorbing liquid. FlftUrC “ c o ^ T b s o X n )  ^Water R a te  

P A R T  I I — A B S O R P T IO N  OF S U L F U R  D IO X ID E

P art I I  deals with the absorption of the very soluble gas, 
sulfur dioxide, from air as the inert carrier. The rate  of 
absorption of sulfur dioxide m ay be expressed by the equation 
dp/dt =  —K*p, and equation (3) has the form:

with variation in gas composition and gas flow. Thus, since 
Kt is constant with varying gas flow (Table I), it follows 
that K i is also constant w ith varying gas composition.

Series I I I — Effect of varying water rate on the value of K it 
Table I II  gives the results of this series in which the flow 
ratio was varied over the wide range of 0.463 to 3:022 with 
a variation in inlet gas composition of 11.8 to 26.4 per cent 
carbon dioxide. The differences in water temperatures noted 
were due to uncontrollable climatic conditions.

(4 )

with a variation in water rate. The relationship between 
Ki and the water rate is shown graphically by Figure 2. I t  
is evident th a t K i decreases rapidly with increase in flow 
ratio until a critical flow ratio is reached, whereupon the value 
for Ki remains substantially constant. This means th a t 
Ki decreases with decrease in water rate.

The dimensions of the tower used in these experiments 
together with the linear velocity of gas flow varying between 
42.7 and 91.5 cm. (1.4 and 3 feet) per minute are such tha t 
the results obtained are comparable with commercial prac

1 . p 0(a — p l) „
" t°g TT7------ TT =  K ,B ha p \ a  -  pA

a = (1 -/>„)
pa =  partial pressure of solute gas in entering gas 
pi =  partial pressure of solute gas in exit gas

b = _________
U T { l - p 'm- p ' )

K t — dissolution coefficient
Vc =  velocity of carrier
V, =  velocity of extractor
Other symbols have significance given in Part I

This equation has the disadvantage th a t it does not con
tain the q uan tity /, the flow ratio, expressed as Vc/Vi. Again 
it is impossible to give Ki  a physical significance, as was done 
for Ki.

Therefore, it was decided to examine how closely aqueous 
solutions of sulfur dioxide obeyed H enry’s law.

Sims’s10 data  for 7° and 20° C. gave values for k, the Henry 
coefficient, for solutions of concentration above 25 and 13 
grams per liter, respectively, which varied from the average 
values by 7.1 and 6.0 per cent. Through the courtesy of 
W. B. Campbell results obtained in the Forest Products 
Laboratories of Canada11 were examined. These determi
nations show th a t a t  the higher tem peratures aqueous so
lutions of sulfur dioxide follow H enry’s law closely, while a t 
the lower tem peratures the deviation is of the order of 7 per 
cent. For example, a t 25° C. the maximum deviation from 
the average value of k  for solutions above 35 grams per liter 
is 5.8 per cent; whereas a t 80° C. it is 1.5 per cent. Figure 
3 shows graphically the variation of these average values of 
k  with the tem perature.

I t  appears, then, th a t with small error, equation (3) may 
be applied to the experimental results obtained for the ab
sorption of sulfur dioxide. Values for Ki,  for sulfur dioxide, 
so obtained are given in Table IV, while the values for K t 
giv.en in the same table were calculated by the use of equa
tion (4).

10 J . Chem. Soc. {London), 14, 1 (1862).
11 N o t  y e t  p u b lish ed .
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A p p aratu s a n d  M a n ip u la tio n

The experimental absorption tower was similar to th a t 
used in P art I  (Figure 1), except as indicated below. The 
sulfur dioxide was obtained from a 50-pound (23-kg.) cylin
der of the liquid, and the air used as the inert carrier of 
the solute was obtained a t  constant pressure from a com
pressor. Both the air and sulfur dioxide were led through 
orifice flowmeters and capillary mixing apparatus to a dis
tributor a t the bottom of the tower. The residual sulfur 
dioxide in the gas issuing from the tower was removed by 
passing through concentrated sodium hydroxide solution 
and the volume of the air measured by a wet test meter. In-

11.17
Vo +  11.17

F ig u r e  3— V a r ia t io n  o f  k  w it h  T e m p e r a tu r e  (SO j A b s o r p t io n )

let and outlet gas samples were bled from the system through 
standard iodine solution by an aspirator bottle.

In  operating the absorption tower the water inlet valve 
was regulated to give the required water rate. The desired 
inlet gas composition was obtained and the volume of exit 
air recorded. From these and the composition of the outlet 
gas the volumes of the inlet and outlet gas under operating 
conditions were calculated. The tem peratures of the inlet 
gas, outlet gas, and water were recorded.

1.2

1.0

0.6

0.6

0.4

0.2

o

n

<

1*

where Vo —

V  =  
P  =  
pw =  
T  =  

11.17 =

Per cent SO2 =

V{p -  pw)
760(1 +  10.00367T) 
measured volume 
observed barometric pressure 
aqueous tension at T  
temperature of gas
cubic centimeters of SO2 equivalent to 10 cc. of 

0.1 N  iodine solution

Determinations were made on a gas containing as little 
as 0.01 per cent sulfur dioxide and the slow bleeding over a 
period of 10 to 15 minutes insures a representative sample.

T a b le  IV— A b s o r p t io n  o f  S u lf u r  D io x id e
SO i T e m p . T e m p . W a 

SOs O u t  I n l e t O u t l e t t e r F lo w
T e s t I n l e t l e t A ir W a t e r G a s G a s T e m p . R a t io K* Ki

L iters Liters
per per

% % m itt. m itt. ° C . ° C. ° C.
1 2 1 .0 0 .2 7 3 .8 8 1 .0 0 2 0 .0 2 1 .0 1 9 .0 5 . 00 301 .9 7.22
2 2 4 .0 0 .1 1 2 .9 7 0 .9 3 2 0 .0 2 1 .0 1 9 .0 4 . 30 286 .0 6.72
3 2 7 .0 0 .0 1 2 .1 2 1.0-1 1 9 .0 2 0 .0 1 9 .0 2 . 86 29 3 .0 6.90
4 16 .5 2 4 .5 0 3 .8 2 0 .2 0 1 9 .0 2 1 .0 1 9 .0 22 . 70 9 3 .0 3.31
5 18 .7 2 2 .6 3 3 .5 4 0 .2 5 5 2 0 .0 2 1 .5 1 9 .0 17. 43 128 .8 3.65
6 2 9 .5 0 0 .6 5 1 .6 7 0 .2 7 2 1 .0 2 2 .0 1 9 .0 8 . 93 128 .0 3.34
7 1 6 .9 0 1 .0 0 3 .1 7 0 .3 4 2 1 7 .0 1 9 .0 1 9 .0 11. 38 161.9 4.33
8 14 .6 7 1 .6 4 3 .8 5 0 .3 3 3 1 7 .0 1 9 .0 1 9 .0 13. 81 152 .8 4.20
9 1 6 .0 1 .4 8 3 .3 7 0 .3 1 7 1 7 .5 1 9 .6 1 9 .0 12. 85 136 .8 3.93

10 1 8 .4 0 .9 0 2 .6 6 0 .3 0 2 1 8 .0 2 0 .0 1 9 .0 11. 01 145.1 3.87
11 2 4 .0 0 .8 0 2 .0 7 0 .2 7 1 1 9 .0 2 0 .5 1 9 .0 10. 25 129.1 3.41
12 2 9 .2 5 0 .4 2 1 .6 7 0 .2 6 5 1 9 .4 2 0 .8 1 9 .0 9. 08 130.1 3.38
13 1 3 .9 2 .8 5 4 .5 3 0 .2 6 3 2 0 .0 2 1 .0 1 9 .0 20. 44 131.3 3.77
14 18 .4 4 0 .5 3 2 .8 3 0 .4 4 8 1 8 .0 1 9 .5 1 9 .0 7. 91 180.8 4.58
15 1 8 .4 4 0 .2 0 2 .8 3 0 .7 2 0 1 8 .0 1 9 .5 1 9 .0 4. 91 228 .1 5.62
10 1 8 .4 4 0 .3 5 2 .8 3 0 .5 3 0 1 8 .0 1 9 .5 1 9 .0 6,.68 295 .4 5.01

The experimental results are shown in Table IV and the 
variation of Ko with w ater ra te  is shown graphically in Fig
ure 4. I t  is interesting to note th a t K t also varies linearly 
with the water rate.

C o n clu s io n

The principal factor determining the rate of absorption of 
sulfur dioxide is the water rate. Ko, the dissolution coeffi
cient, varies linearly with the ra te  of flow of the extractor.

A ck n o w led g m en t

This investigation (Parts I  and II)  was carried out under 
the H enry Marison Byllesby Memorial Research Fellowship 
in Engineering.

K,
F ig u r e  4— V a r ia t io n  o f  K i  w ith  W a te r  R a te  (SOa A b so r p 

t io n )

E x p er im en ta l

The sulfur dioxide content of the gas was determined ac
cording to  Reich.12 The gases were bled slowly from the 
system through a definite quantity  of 0.1 N  iodine solution 
by means of aspirator bottles until a  starch color was dis
charged. From the quantity  of iodine and the volume of 
solution discharged from the aspirator bottle, the volume 
percentage sulfur dioxide m ay be calculated according to the 
following formula:

** S co tt, " T ech n ica l M eth od s of M etallurgical A n a lysis,” p. 554 (1924).
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E xperim ents in W ood Preservation  2
II—Arsenites of Copper and Zinc

B y Leo P a tr ick  C u rtin

E n g i n e e r i n g  L a b o r a t o r i e s ,  W e s t e r n  U n io n  T e g e o r a p h  C o .,  N e w  Y o r k ,  N . Y .

IN TH E preceding paper3 it was shown th a t the growths 
of wood-rotting fungi were attended by immediate pro
duction of acid, the hydrogen-ion concentration being 

approximately pH  5. The present paper will describe 
several salts of value as wood preservatives which are of 
extremely low solubility in water bu t are soluble in solutions 
of pH 5 or less. Because of their lack of solubility, these 
salts are not leached out of the wood to an appreciable extent 
by rains and, by their property of dissolving in acidic solu
tions, they are effective fungicides and insecticides. I t  
was decided to limit the in
vestigation to preservative 
solutions which could be 
used in a one-movement 
process—th a t is, a  t r e a t 
ment which requires b u t one 
tre a tin g  l iq u id  and one 
handling of the wood.

The p r e s e r v a t iv e  salt 
must, of course, contain a t 
least one toxic ion; other
wise it would have little or 
no preservative effect. I t  
m ust a lso  b e  obtainable 
cheaply and in large quanti
ties. For pressure treating, 
the salt solution m ust be 
non-corrosive toward iron, 
since the treating cylinder 
and other equipment are of 
iron or steel. This consider
ation is not so im portant
in open-tank treating, where the treating tanks m ay be of 
wood or concrete.

The salts of iron and the metals below it in the electro
motive series are all corrosive toward iron. In  this group 
copper salts were considered to  be the most promising as 
wood preservatives. M ercury and, to  a lesser extent, nickel 
salts are highly toxic bu t are expensive, while ferrous and 
ferric salts tend to  pass into iron rust when exposed to the 
elements. In  the non-corrosive group zinc, already widely 
known in the form of zinc chloride as a wood preservative, 
appeared to be the only metallic ion w orthy of consideration. 
Of the negative ions, arsenites, fluorides, and borates ap
peared to be possibilities. The others were rejected because 
of lack of toxicity, high cost, or for chemical reasons.

T ab le I— T o x lc lt ic s  o f  V a r io u s  S a l t s  to w a rd  F o m c s  a n n o tu »
S ai.t  K i u . in g  P o in t

The toxicities of materials containing certain of these ions 
are given in  Table I. The killing point is the lowest con
centration of the salt in a  nutrient medium a t which the 
growth of the wood-destroying fungus Fomes annosus is 
totally inhibited. As a later paper will be devoted solely 
to  the toxicity of preservatives, very brief reference will be 
made to it here.

A rsen ites  o f C opper

The first experimental work had for its object the im
p r e g n a t io n  of wood with

F o rm u la s  an d  proced ures are g iv en  for  th e  im p r eg n a 
t io n  o f w ood  by a o n e -m o v e m e n t  p ro cess, w ith  
th e  fo llo w in g  su b s ta n c e s— z in c  m e ta -a r se n ite , copper  
o r th o -a r se n ite , copper a c e to -a r se n ite , copper fluoride, 
a n d  copper b a sic  ch lorid e . T h e  first th ree  co m p o u n d s  
have im p o r ta n t  a p p lic a t io n s  a s c o m m erc ia l w ood  
preservatives.

I t  is  sh o w n  th a t  th e  m e ta -  a n d  o r th o -a r se n ite s  o f  
z in c  a n d  copper are so lu b le  in  a c id  so lu t io n s  o f pH  5 
a n d , th erefo re , so lu b le  In th e  p resen ce  o f g row in g  w ood -  
r o tt in g  fu n g i, w h ic h  evolve ac id  o f  th is  s tr en g th .

B o ilin g  te s t s  are descr ib ed  w h ic h  sh o w  th a t  th e  a rse 
n ite s  o f z in c  a n d  copper are h ig h ly  r e s is ta n t  to  lea c h in g  
effec ts .

D a ta  are  g iven  o n  to x ic ity  te s t s  in  th e  field  and  in  
th e  la b o ra to ry  w h ic h  sh o w  th a t  th e  preservatives are  
a s tox ic  a s  th e o r etica l c o n sid e r a tio n s  in d ic a te .

toxic, difficultly soluble salts 
of copper. For more, than 
fifty years chemists in the 
copper industry have known 
th a t cuprous chloride, al
though of very low solubility 
in water, is quite soluble in 
the presence of considerable 
chloride ion, particularly a t 
elevated t e m p e r a t u r e s .  
T h is  p r o p e r ty  h a s  been 
made the basis of several 
processes for copper-refin
in g . C o m p le x  ions are 
formed in which the copper 
a p p e a r s  in the negative 
radical, (CuCl)~ being the 
simplest type.

Cupric ion is readily re
duced to  the cuprous con
dition by m any reagents, 

sodium bisulfite being one of the best for this purpose. If 
the reduction is done in the presence of small amounts of 
chloride ion, white, crystalline cuprous chloride is precipi
ta ted ; if considerable chloride is present, there is no precipi
tate, the complex ion (CuCl2) _ being formed. This solution 
is readily oxidized by  atmospheric oxygen with formation 
of basic chlorides of copper.

The reduction and subsequent oxidation occur substan
tially as follows:

2CuSOi +  NaHSOa +  2NaC l +  3N aO H — >-
2CuCl +  3N a2SO< +  2H 20

2CuCl +  O - - CuO -|- C11CI2

Zinc chloride 
C opper sulfate  
C opper fluoride 
Sodium  fluoride 
Sodium  arsenite  
A rsenious oxide 
M ercuric chloride

P er cent 
0 . 3 5  
0 . 1 5  
0 .0 S  
0 . 2 5  
0 . 0 2 5  
0 . 0 1 5  
0 . 0 1 5

1 R eceived April 11, 1927.
‘ The various processes, preservatives, and products described in th is  

and successive papers are p rotected  in  th e U nited  S tates and foreign cou n 
tries by patents and p a ten t applications ow ned b y  th e  W estern U nion  
Telegraph C om pany and th e  C urtin -H ow e Corporation.

* T kis Jo urn al , 19, 878 (1927).

Sodium hydroxide or soda ash is added to  neutralize partly  
the sulfuric acid liberated by the reduction; otherwise, 
oxidation would regenerate copper sulfate or chloride w ith 
no production of basic copper. In  practice a slightly smaller 
quantity  of base m ust be used than  is indicated in the equa
tion. Cuprous hydroxide sta rts to precipitate before true 
neutrality is reached and the solution m ust be left faintly 
acid to keep the copper in solution. A slight excess of bi
sulfite is used to  protect against premature oxidation.

Laboratory experiments showed th a t a solution of sodium 
cuprochloride readily penetrated small sticks of yellow pine 
and th a t a large p art of the copper was precipitated as rapidly 
as atmospheric oxygen diffused through the wood. The 
precipitate was largely a mixture of basic chlorides, eighteen 
of which are known, the simplest and least basic being
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2CuO.CuCl2. In  this case one-fourth of the copper will 
be present as soluble normal chloride or sulfate while, if 
the products of oxidation are CuO +  CuCl2, one-half of the 
copper will finally be in solution.

Although the copper oxide and basic chloride would no 
doubt have preservative properties, it is evident th a t the 
treatm ent might be improved by replacing the oxy or hy
droxy group with a highly toxic ion, such as arsenite, and 
precipitating the soluble copper by fluoride ion. The pre
cipitating reactions would then be as follows:

3 CuO +  3CuC12 +  AsjO, +  2H20  +  6 N a F — >
Cu3(A s0 ,)2.2H 20  +  3CuF2 +  6 NaCl

I t  was found th a t the presence of arsenious acid and fluoride 
ion in the solution interfered in no way with the reduction 
of cupric ion by sodium bisulfite or with the subsequent 
oxidation by the atmosphere. The second reaction pro
ceeded with precipitation of copper as yellowish green ortho- 
arsenite, Scheele’s green, and pale blue copper fluoride.

One hundred white cedar (arbor vitae) poles were bu tt- 
treated with the copper arsenite-fluoride solution, w ith very 
satisfactory results as far as the treatm ent itself was con
cerned. The solution containing fluoride ion was somewhat 
corrosive, even toward copper heating coils, and there also 
appeared to be a tendency for the cupric fluoride to hydrolyze 
into basic fluoride and free hydrogen fluoride. Since arsenite 
is both cheaper and more toxic than fluoride and is also non- 
corrosive, it was decided to discontinue the use of fluoride, 
replacing it w ith arsenious oxide.

As already stated, the treating solution is faintly acid, 
which means th a t arsenious oxide m ust be used as the free 
acid. Ortho-arsenious acid has a primary dissociation con
stan t of 6 X 10~10 a t 25° C., much lower than  carbonic acid 
and in the class with boric and hydrocyanic acids. This 
fact, together with the insolubility of the arsenites of copper, 
suggested the use of acetic or other volatile acid as a means 
of precipitating the copper in the soluble copper salts. S tart
ing w ith a  solution containing cupric ion, acetate ion, and 
arsenious acid, the following reaction took place on evapora
tion of the solution:

4C u+ + +  8 (CHsCOO)~ +  3 As2 0 3 +  3H 20 — >
Cu4(A s0 2)6(CH3COO)2 +  6 CH3COOH

The precipitate, Paris green, was thrown down progressively 
as the solution lost acetic acid by evaporation.

The preservative solution was then modified by eliminating 
the fluoride and adding appropriate quantities of arsenious 
oxide and calcium acetate. When calcium acetate and 
copper sulfate are used, the resulting precipitate of calcium 
sulfate is discarded. Sodium or copper acetates m ay be 
used, b u t the calcium salt is the least expensive.

An experiment was also made to  ascertain whether formate 
ion might be substituted for acetate ion in this last reaction. 
Formic acid, while four or five times more highly ionized, 
has a somewhat lower boiling point than acetic acid and also 
considerable tendency to oxidize to carbonic acid, which 
would perm it quantitative precipitation of copper arsenite. 
The experiment showed th a t there was very little oxidation 
of the formic acid and the precipitation of the copper by this 
means was quite unsatisfactory. The very small am ount 
of precipitate formed was lighter in color than Paris green.

T a b le  II— F o r m u la  fo r  C o p p er  A r s e n ite  P r e se r v a tiv e  S o lu t io n
M a t e r i a l  P er cent M ol

C opper su lfa te 2 . SO 0 .0 1 1 2
Sodium  carbonate  
A rsenious oxide  
Sodium  acetate  
Sodium  chloride 
Sodium  bisulfite

0 .7 5
1 .2 5
1 .5 5
4 .0 0
0 .7 0

0 .0 0 7 8
0 .0 0 6 3
0 .0 1 1 4
0 .0 6 9 0
0 .0 0 6 7

The toxic precipitate is a mixture of cupric ortho-arsenite, 
Cu3(As03)2. 2H 20 , and cupric aceto-meta-arsenite, Cur  
(As02)<s(CH3C 0 0 )2, Scheele’s green, and Paris green. This 
formula gives a solution of approximately 2 per cent with 
respect to the toxic precipitate, calculated as 2C u0.A s203.

The bluestone is dissolved in half the -water. The other 
materials are dissolved, in the order given, in the remainder 
of the water, which is a t  the boiling temperature. This 
second solution is added to the cupric solution, which is 
also very hot, and the mixture is held a t the boiling point 
for 5 minutes. The resulting solution is faintly yellow 
with no precipitate and is ready for the treatm ent of wood. 
If the solution is water-white, not enough alkali has been 
added. If the treatm ent is to be made a t 85° C. or higher, 
the percentage of sodium chloride may be reduced one-third. 
In  any case some cuprous chloride settles out on cooling but 
redissolves when the solution is heated again.

Although the chemical reactions are fairly complex, the 
solution m ay be prepared readily by ordinary labor. It is 
desirable, however, to have reasonable accuracy in the weigh
ing out of the chemicals.

The principal chemical reactions are as follows:

(1) Reduction reaction:

4CuSO< +  2NaHSOj +  SNaCl +  3N a2C 0 3---- >-
4Na(C uCl2) +  6 N a2SO, +  H20  +  3C0:

A t this point the product is a faintly yellow liquid which is 
used to impregnate wood. Arsenious oxide and sodium 
acetate are also present in the solution bu t remain unchanged 
up to this point. The following reactions are typical of 
those which are believed to  take place inside the -wood, after 
it has been removed from the treating solution:

(2) Oxidation reaction : 
4NaCuCl2 +  0 2 +  2H 20 - -2C u(O H )2 +  2CuC12 +  4NaCl

The preservative solution is now being made according 
to  the formula given in Table II.

(3) Precipitation of Scheele’s green:
3Cu(OH ) 2 +  As20 3— >■ Cu3(A s0 3)2.2H 20

(4) Precipitation of Paris green:
4CuC12 +  8 CH3COONa +  3As20 3 +  3H 20 — >-

C iu(A s02)6 .(C H 3C 0 0 ) 2 +  6 CH3COOH +  SNaCl

Reactions (2) and (3) take place quickly, the treated wood 
showing a definite yellowish green 5 minutes after being 
removed from the treating bath. Reaction (4) takes place 
more slowly since its limiting factor is the rate of evaporation 
of acetic acid. By the time the wood has lost most of its 
moisture, the copper is completely precipitated as arsenite 
and aceto-arsenite.

Approximately four hundred cedar and chestnut poles 
were butt-treated  by this process in 1926 under ordinary 
p lant conditions. A film of oil was maintained on the 
surface of the preservative solution to retard oxidation and 
evaporation. These poles were later placed in Western 
Union lines in the Middle West.

To obtain some information as to the solubility of Scheele s 
green, the following experiment was performed:

A dilute solution of copper sulfate was prepared and also a 
solution of sodium carbonate and arsenious acid which contained 
exactly enough arsenious acid to precipitate the copper as arse
nite and three tim es as much carbonate as would be required to 
precipitate the copper as basic carbonate. When the second 
solution was poured into the solution of copper sulfate the copper 
was quantitatively precipitated as ortho-arsenite.

This would indicate th a t the solubility of the cupric ortho- 
arsenite is less than th a t of the basic carbonate. Cu2(0H)r 
COj is known to have a solubility in cold water of approxi
m ately o p. p. m.

Toxicity tests showed th a t 4 parts of Scheele’s green in
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10,000 parts of nutrient jelly completely inhibited the growth 
of the wood-destroying fungus Fomes annosus. This is in 
accordance with the theory th a t the acid liberated by the 
fungus has a  solvent effect on the arsenite.

In order to determine the nature of the yellowish green 
precipitate formed by the oxidation of cuprous ion in the 
presence of arsenious acid, analyses were made on two lots 
of precipitate from solutions prepared independently.

There has been some disagreement as to the formula of 
Scheele’s green. Bloxham’s4 formula, which appears to  be 
incorrect, was widely disseminated in the literature, par
ticularly in his textbook. Sharpies6 did very thorough 
investigation in the same field and published results which 
agree fairly well with those given below. In  the following 
analyses it will be noticed that, although the ratio of copper 
to arsenic in the solution was th a t of Bloxham’s formula, 
the precipitate showed a ratio corresponding to Sharpies’ 
formula.

No acetate ion or fluoride ion was present in the solutions 
and the precipitate was fairly pure Scheele’s green. Oxida
tion was accomplished by drawing air through the solution, 
which was a t room temperature. Analyses of insoluble 
arsenicals generally show considerable variation from the 
mean (Table III).

T a b ic  I I I - -A n a ly s is  o f  C o p p er A r s e n ite

L ot
A n a l y s i s  of  P p t . 

A s  Cu

R ati o  

In ppt.

o f  As:Cu  
In original 

soln.

1
P er cent 

2 8 . 4
Per cent 

3 6 . 2 0 . 6 6 6 1 .0 0
2 3 0 . 6 3 7 . 2 0 . 6 9 6 1 .00

Mean 2 9 . 5 3 6 . 7 0 . 6 8 1 1 .0 0
Scheele’s green:

Sharpies’ form ula, Cua- 
(A sO a )j. 2 H 2 O ,  b y  
com putation  

Bloxham’s form ula, 
CuHAsCL, by  com 
putation

3 1 . 7 4 0 . 4 0 . 6 0 7

4 0 . 4 3 3 . 8 1 .0 0

C opper A ceto -A rsen ite  (P aris G reen)

I t  was observed th a t the arsenite of copper thrown down 
in the evaporation process under discussion was a  deeper, 
richer green than th a t obtained in the oxidation process, its 
color being suggestive of the widely used insecticide and 
fungicide, Paris green.

Two formulas are given for Paris green—the first and 
correct one being 3CuO. (As20 3)3.Cu(CTi.iCOO)2;G the second 
is Cu3(As03)2.Cu(CH 3C0 0 ) 2.7 I t  is seen th a t the second 
is a copper salt of ortho-arsenious acid. The first formula 
m ay be rewritten as CmfAsOpo. C u(C Ii3COO)2. This 
makes it clear th a t Paris green is probably a derivative of 
meta-arsenious acid.

A solution of arsenious oxide in w ater probably contains 
the oxide in various degrees of hydration.

AS2O3 - 
Arsenious oxide

±  2HAsOs 5 
Meta-arsenious acid

2H jA s03 
Ortho-arsenious acid

M eta -A rsen ite s  o f  Z in c  and  C opper

In reaction (4) it was shown th a t copper aceto-arsenite 
may be precipitated from a solution containing copper 
acetate and arsenious acid as a result of evaporation of acetic 
acid. I t  was decided to investigate the practicability of 
using this reaction as the basis of an independent method of 
wood preservation and, further, to  investigate w hat metallic 
ions besides copper might be used.

Solutions of arsenious oxide, sodium acetate, and a 
soluble salt of the m etal under test were prepared with suffi
cient free acetic acid to  perm it the formation of no more 
than a faint precipitate. The solution was then filtered 
and allowed to  evaporate by exposure to  air. The ratio of 
metal to arsenic in the solution was 1:1.

Lead and mercury acetates reacted satisfactorily, but 
both were discarded because of cost and the corrosive nature 
of their solutions. Cupric ion was a very satisfactory pre
cipitant. Zinc was also satisfactory, precipitating the arsenic 
almost as well as copper. Copper has a slight advantage 
in that acetate ion is removed by precipitation as well as by 
evaporation while zinc does not precipitate acetate. In 
the case of barium there was no precipitate when half the 
water had evaporated. The other alkaline earths also failed 
to precipitate arsenic. The arsenites of this group, while 
but sparingly soluble, are too soluble to be deposited in the 
presence of traces of acetic acid. I t  appeared that, in addi
tion to the cupric salt, an arsenite of zinc could also be readily 
Precipitated by the evaporation of acetic acid. These two 
salts were therefore studied in considerable detail.

‘ J . Chem. Soc. (London), 15, 2S1 (1862).
‘ Chem. N ew s, 35, 89, 108 (1877).

Acetic acid is very much more highly ionized than ortho- 
arsenious acid, which is the weaker arsenious acid. A solu
tion of arsenious oxide in presence of small concentrations 
of acetic acid would therefore contain a negligible proportion 
of the ortho acid. The salts precipitated under such condi
tions would be meta-arsenites, since these m ay be formed 
from the appreciable quantities of meta-arsenious acid, and, 
in some cases, from arsenious oxide itself.

Such has been found to be the case. If the solutions are 
neutral or basic, ortho salts are formed. For example, in 
a solution containing zinc chloride, sodium hydroxide, and 
arsenious oxide, it m ay be considered th a t (a) meta-arsenite 
or (6) ortho-arsenite m ay be formed.
3ZnCls +  6 NaOH +  .SAsAP— >-

j  (a) 3Zn(AsO :)2 +  6 NaCl +  3H sO 
t (6) ZmfAsOjp +  6 NaCl +  2As,,03 +  3H 20

Such a solution was prepared to check the correctness 
of the theory and it was found th a t reaction (b) took place. 
The zinc was precipitated quantitatively, leaving consider
able arsenious oxide in solution. The filtrate was analyzed 
and found to contain two-thirds of the original arsenic. This 
show's th a t the formation of ortho-arsenite is the reaction 
in neutral or alkaline solutions.

To clear up the question of chemical composition and a t 
the same time ascertain the correct formula for the wood- 
preserving solution, several analyses were made, with the 
results given in Table IV.

T a b ic  IV— A n a ly se s  o f  C o p p er  A c e to -A r s e n ite  P a r is  G r een  
(Prepared from cold solutions of cupric acetate and arsenious acid, precipi

tation  occurring as result of evaporation  o f acetic  acid)
R a t io  o f  A s :Cu

A n a l y s i s  op  P p t .
L ot  A s C u

P er cent P er cent
1 4 2 .4  2 2 .3
2 4 2 .2  2 5 .6
3 4 3 .6  2 4 .8

In ppt.

1 .61
1 .4 0
1 .4 9

In  original 
soln.

1.00
0 .5 0
1 .5 0

M ean 4 2 .7  2 4 .2  1 .5 0
Paris green:

Form ula 3Cu(AsC>2)s.- 
C u C C H aC O O h  b y
com putation  4 4 .4  2 5 .0  1 .5 0

Form ula C u j( A s O j) 2 . -  
C u ( C H j C O O )  j  b y
com putation  2 4 .3  4 1 .1  0 .5 0

I t  is clearly evident from the analytical data  th a t the 
precipitate obtained by the proper action of this wood-pre
serving solution is fairly pure Paris green.

Analysis of lot 3, from a solution containing the proper 
proportions of the reacting materials, brings this out clearly. 
Evaporation was accomplished by draw'ing through the 
solution a stream  of air previously filtered through cotton. 
In  spite of this precaution a few particles of dust were found

« T horpe, D ictionary  of A pplied C hem istry.
* S m ith , "Inorganic C hem istry,"  and elsewhere.
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in the precipitate, slightly depressing the percentage values 
b u t not altering the ratio of arsenic to copper.

The solution for the deposition of cupric aceto-arsenite 
in wood is made up as given in Table V.

T a b le  V— F o r m u la  fo r  C o p p er  A c e to -A r s e n lte  P r e se r v a tiv e  S o lu t io n
M a t e r ia l P er cent M ol

Sulfuric acid  (sp. gr. 1.84) 0 . 6 7 0 . 0 0 6 1
Bluestone 2 .0 0 0 . 0 0 8 0
C alcium  aceta te 2 .2 5 0 . 0 1 4 2
Soda ash 0 . 0 5 0 . 0 0 0 5
Arsenious oxide 1 .2 5 0 . 0 0 6 3

The first three materials are dissolved together in cold 
water. The second solution is prepared by heating the 
soda ash and arsenic in approximately half the water and 
holding a t  the boiling tem perature for 5 minutes. When 
both solutions are cold the arsenic solution is poured into 
the copper acetate solution. Nothing more than a faint 
trace of precipitate should be formed when the two solutions 
are brought together. If appreciable quantities of copper 
arsenite are formed, more acetic acid should be used. This 
solution is of approximately 2 per cent concentration with 
reference to the toxic m aterial calculated as copper aceto- 
arsenite. I t  is suitable for treating a t  30° C. or lower. If 
the treating tem perature is to be higher, more acetic acid 
m ust be used to keep the copper in solution.

In  1926, one hundred poles were successfully butt-treated  
with this solution and set in W estern Union lines.

Z in c  M eta -A rscn ite

This preservative was developed in an effort to  find a 
m aterial which would be as toxic, inexpensive, and per
m anent as the arsenites of copper and also have the ad
vantage of being non-corrosive to  iron. These objectives 
are all attained with this material.

Zinc m eta-arsenite is precipitated from a solution con
taining zinc ion, acetate ion, and arsenious acid. I t  is but 
seldom mentioned in the literature of chemistry. Avery8 
has done the most im portant work in this field. His product 
proved, on analysis, to  be the m eta-arsenite of zinc. The 
present writer’s results check those of Avery within reason
able limits (Table VI).

T a b le  V I— A n a ly s is  o f  Z in c  M e ta - A r s e n it e
(Prepared b y  evaporation  of acetic acid  from a cold  so lu tion  of zinc  

aceta te  and arsenious acid)

A n a l y s i s  o r  P p t .
R ati o  o p  As :Zn

I n  or ig ina l
L ot A s  Z n I n  p p t .  so ln .

1
P er cent P er cent 

5 1 . 6  2 3 . 1 1 . 9 5  1 . 0 0
2 5 2 . 5  2 0 . 6 2 . 2 2  2 . 0 0

M e a n 5 2 . 1  2 1 . 9 2 . 0 9
Z in c  m e t a - a r se n i t e ,  Zn-  

( A sO i) i ,  b y  c o m p u t a t i o n 5 3 . 7  2 3 . 4 2 . 0 0

T a b le  V II— F o r m u la  fo r  P r e p a r a t io n  o f  Z in c  M e ta -A r s e n it e  S o lu t io n ,
2 P e r  C e n t S tr e n g th

M a t e r i a l P er cent M ol
Su l fu r ic  a c id  (sp .  gr., 1. 84 ) 0 . 2 0 0 . 0 0 1 9
Z in c  s u l fa te 2 . 0 0 0 . 0 0 7 0
C a l c iu m  a c e t a t e 1 . 4 0 0 . 0 0 S 9
S o d a  a s h 0 . 0 5 0 . 0 0 0 5
A r s e n i o u s  o x id e 1 . 5 0 0 . 0 0 7 5

A solution is made of the first three materials in cold water 
and the resulting calcium sulfate discarded. The soda ash 
and arsenious oxide are dissolved separately in half the 
total quantity  of water with heating, and when cool this 
solution is poured into the solution of zinc acetate. This 
formula is for treating a t 30° C. or lower; if the tem perature 
is higher, a slight increase in the acetic acid content in the 
solution m ust be made. I t  has been found th a t 0.3 per cent 
of additional glacial acetic acid will stabilize the solution 
against precipitation a t  100° C. The disadvantage of this

• J .  A m . Chem. Soc., 8 8 ,  116 1 ( 1 9 0 6 ) .

added acetate is th a t precipitation of zinc arsenite in the 
wood is more sluggish than if the formula had been followed.

The precipitation of arsenites by evaporation of acetic 
acid is a process requiring days and in some cases weeks for 
completion. Dryness and warm th cause it to take place 
in a  few days.

The zinc-arsenic solution made according to  the above 
formula has so little effect on iron th a t it m ay be regarded 
as non-corrosive toward th a t metal.

No corrosive effects were observed from contact of the 
solution with the iron treating cylinder and other steel and 
iron equipment. Qualitative tests with iron nails and other 
small pieces of iron and steel showed no corrosion and but 
a slight darkening of the brightly polished surfaces.

A quantitative test, in triplicate, against 5 per cent zinc 
chloride solution as a standard, was made on bright pieces 
of sheet iron a t room tem perature. The pieces of metal 
were immersed in the solutions for one week, w ithout stirring 
or change of solution. A t the end of th a t time the sheet 
iron in the zinc-arsenic solution showed no loss in weight 
while those pieces in the zinc chloride solution had lost 2.2 
grams per square m eter of surface.

M anufacturers of sulfuric acid are familiar w ith the fact 
th a t arsenious oxide in solution tends to make iron passive. 
Sulfuric acid made from pyrites9 usually contains a small 
percentage of arsenious oxide and is of little or no value 
for the pickling of steel. The arsenic inhibits the usual 
reaction between the acid and the metal.

To learn the rate  of precipitation of zinc arsenite the 
following materials were dissolved in 600 cc. of distilled 
water a t room tem perature: arsenious oxide 6, zinc chloride
4.1, sodium acetate 8.2, and glacial acetic acid 0.2 gram. 
A current of air was then passed through to  cause evapora
tion. When the volume of the liquid had been reduced to 
500 cc., the precipitate th a t had formed was collected, dried, 
and weighed. I t  was found th a t 41 per cent of the total 
possible yield of zinc m eta-arsenite had been precipitated 
as a result of evaporation of 17 per cent of the solution. 
This sample was lot 2 in the analyses of zinc arsenite.

A similar test made w ith copper acetate and arsenious 
oxide showed th a t 34 per cent of the to tal possible precipitate 
had been thrown down when 12 per cent of the solution had 
evaporated. The Paris green precipitate is apparently of 
lower solubility than  the zinc arsenite, and precipitates with 
even greater readiness than  the foregoing figures indicate.

A solution of zinc arsenite is colorless and the salt is not 
easily seen when precipitated in -wood. I t  seemed desirable, 
therefore, to  devise some means by which the depth of pene
tration  of the solution could be shown in a colorimetric 
manner. Two tests have been devised which are quite 
satisfactory. Both are tests for arsenite; the zinc ion present 
takes no part in the reactions. The first test requires wetting 
the block of wood to  be tested with a solution of copper 
sulfate by carefully dipping or spraying with an atomizer. 
The block is allowed to stand for a few minutes, then is held 
for a  moment in ammonia fumes. A characteristic grass- 
green precipitate of copper arsenite is formed. The second 
m ethod gives a reddish brown coloration on the treated 
area due to  the formation of silver ortho-arsenate. Silver 
nitrate crystals are dissolved in ordinary 3 per cent hydrogen 
peroxide. The wood under test is carefully dipped into this 
solution or sprayed with it. The characteristic color appears 
a t once wherever arsenite has penetrated, b u t does not reach 
its maximum intensity until after several minutes. This 
color persists for a few days bu t gradually deteriorates owing 
to the decomposition of the silver salts when exposed to 
light. Both tests show up best on horizontal cross sections

• D refah l, G rasselli C hem ical C o., private com m unication.
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A— untreated B — 2%  copper arseuite D— 5% zinc chloride
F — 2%  copper aceto-arsenite C— 2%  copper arsenite-fluoride E — 2%  zinc arsenitc

O n e  D a y  a f t e r  I n o c u la t io n

A— untreated B — 2%  copper arsenitc D — 5%  zinc chloride
F — 2%  copper aceto-arsenite C— 2%  copper arsenite-fluoride ' E — 2%  zinc arsenite

F if te e n  D a y s  a f t e r  I n o c u la t io n

A— untreated B— 2%  copper arsenite D— 5%  zinc chloride
F— 2%  copper aceto-arsenite C— 2%  copper arsenite-fluoride E — 2%  zinc arsenite

T w e n ty -S e v e n  D a y s  a f t e r  I n o c u la t io n

of wood. The silver arsenate test is slightly more delicate 
than the other.

Previous studies of Scheele’s green showed th a t this ma
terial is very toxic in spite of its low solubility. Scheele’s 
green is an ortho-arsenite, whereas Paris green and zinc 
arsenite are meta-arsenites. Meta-arsenious acid is slightly 
stronger than ortho-arsenious acid, and for this reason there

was a possibility th a t insoluble meta-arsenites would not 
be brought into solution by fungi.

Boric acid, which exists in the m eta and ortho modifica
tions, cannot be analyzed with phenolphthalein and standard 
alkali while in the ortho form. The indicator gives an 
alkaline reaction before a  full equivalent of alkali is added. 
If, however, the ortho acid is converted into the m eta form
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by partial dehydration, it can be successfully titra ted  as the 
indicator does not turn  pink until a full equivalent of base 
has been added. A similar relation obtains between the 
corresponding arsenious acids.

Tests on the zinc arsenite solution showed it to be dis
tinctly acid to  litmus bu t non-acidic to sodium alizarine 
sulfonate. The Paris green solutions are also included in 
this pH  range. As the sodium alizarine sulfonate reacts 
acid to growing fungi of the wood-rotting type, this settles 
in the affirmative the question as to whether the fungus is 
able to  dissolve the meta-arsenites. The tests were made 
when the solutions had precipitated less than half of their 
zinc or copper arsenite content.

Another experiment was made with the zinc arsenite 
solution containing sodium alizarine sulfonate to which enough 
acetic acid was added to discharge the red (basic) color of 
the indicator. Air W'as then bubbled through to cause 
evaporation. The solution gradually passed through pink 
and light red until the basic color of the indicator w'as re
stored. No precipitation of zinc arsenite took place until 
after the red color had been restored. The experiment 
showed th a t vapor from the solution contained a greater 
percentage of acetic acid, on a  weight basis, than was in 
the solution, and th a t the solution wras losing acetic acid 
more rapidly than w’ater. This verified the supposition 
th a t the lower vapor pressure of acetic acid would be more 
than  offset by its greater molecular weight as compared 
with water. I t  showed th a t zinc or copper acetate and 
arsenious acid in solution m ay be quantitatively converted 
into zinc or copper m eta-arsenite as a result of evaporation 
of acetic acid.

The tem peratures of water and acetic acid which corre
spond to certain vapor pressures are as follows:

P r e s s u r e  
M m . Hg  

5 
10 
20 
30

T e m p e r a t u r e  W a t e r  
° C .

1 .3
1 1 .3
2 2 .3  
2 9 .9

T e m p e r a t u r e  A c e t i c  
A c id  
° C.
5 .5

10.8
2 9 .3
3 6 .6

T o x ic ity  T e sts

Some toxicity tests on copper aceto-arsenite and zinc 
meta-arsenite in powdered form were made in agar-m alt 
sirup nutrient gels. These tests show'ed the insoluble arse- 
nites to have a killing point tow'ard Forties annosus of 4 to 
10 parts per 10,000 parts of nutrient gel. These toxicities 
are several times greater than  the toxicity of zinc chloride 
and will be discussed more fully in a later paper.

Four hundred chestnut and cedar poles wrere successfully 
treated under p lant conditions by the zinc arsenite preserva
tive.

spection early in 1927 showed every piece in perfect condition 
both below' and above the ground line. In  the same period 
untreated chestnut stubs lost 1 inch (2.5 cm.) of their di
am eter due to  ro t and were also riddled by borers. Another 
set of stubs treated with sodium fluoride-dinitrophenol, 
w ith substantially the same exposure, showed a decrease in 
diameter of 0.5 inch (1.3 cm.) and w'ere moderately infested 
with borers.

In  Ju ly  and August, 1926, some tests on wood treated by 
four of the arsenical preservatives w’ere made to get an idea 
of the permanence of these preservatives when exposed to 
rains.

Several months previous, a  quantity  of southern yellow 
pine sticks (2 by 4 by 30 inches or 5 by 10 by 76 cm.) were 
treated w ith different preservatives for weathering tests. 
Some of this treated tim ber was available and small sticks, 
15 cm. long and 1 sq. cm. in cross section, w'ere cut from the 
larger pieces for the laboratory experiment described below. 
These sticks were cut so th a t a t least one side wTas from the 
surface of the 2 by 4-inch (5 by 10-cm.) stick.

Four of the preservatives tested were the insoluble arse- 
nites of zinc and copper which have been developed in the 
W estern Union Engineering Laboratories. Some sticks 
treated with standard 5 per cent zinc chloride solution and 
some untreated wood were included for purposes of com
parison. Table V II gives the data  on the treated wood.

A remarkable feature of the two cold treatments. E  and 
F, is th a t better penetrations were secured than with the 
standard 5 per cent zinc chloride preservative (treatment D), 
which wTas applied a t  a tem perature nearly 100° F. (55° C.) 
warmer.

All the treatm ents w'ere somewhat heavier than w’ould 
be given under p lant conditions. For example, a standard 
zinc chloride treatm ent on yellow pine containing 50 per cent 
sapw'ood w'ould be 8 ounces per cubic foot (8 kg. per 
cubic meter) of anhydrous zinc chloride. The pieces from 
which the sticks were cut w'ere almost 100 per cent sapwood 
and, with similar treatm ent, would take up about 16 ounces 
of zinc chloride per cubic foot (16 kg. per cubic meter). 
Since they actually contain 23.7 ounces per cubic foot (24 
kg. per cubic meter), it is seen th a t the treatm ent wras about 
50 per cent heavier than wdiat is considered to  be standard 
practice. I t  W'ould be reasonable to expect a life of 12 to 
15 years for such timber, even on the Atlantic Seaboard. 
There are, of course, no standards for the other treatments. 
I t  is probable th a t they, also, are about 50 per cent heavier 
than  necessary.

Six pairs of sticks, a pair for each treatm ent, w'ere then 
boiled for an hour, each pair by itself in 800 cc. of distilled 
w'ater. A t the end of the hour the sticks were rinsed in

T a b le  V III— P r e s e r v a t iv e  E ffec t  o f  A r s e n lte s  o f  C o p p er  a n d  Z in c  
(Pressure, 100 pounds per squ are inch or 7031 gram s per square centim eter)

A b s o r p t io n
T r e a t  S t r e n g t h D u r a t io n A v. T r e a t i n g P r e s e r v a t iv e

m e n t P r e s e r v a t iv e S o l u t io n T r e a t m e n t T e m p e r a t u r e S o l n .

Per cent H ours ° F . ° C. L b s ./c u . f t. K g ./c u .m .
A U ntreated .
B C opper arsenite; S ch eele’s green and Paris green;

h ot treatm ent on ly 2 2 .0 0 153 67 2 7 .3 6 4 3 7 .7 6
C C opper arsenite-fluoride; h ot treatm ent on ly 2 2 .2 5 162 72 2 8 .3 2 4 5 3 .1 2
D Zinc chloride; preferably h ot treatm ent 5 2 .2 5 149 65 2 9 .6 0 4 7 3 .6 0
E Z inc a'rsenite; co ld  trea tm en t o 2 .2 5 52 11 3 2 .5 4 5 2 0 .6 4
F C opper a'ceto-arsenite; Paris green; cold  treatm ent 2 2 .2 5 54 12 3 2 .2 8 51 6 .4 8

P reservative
in 

T imber 
O z./cu. ft. 

or Kg./cu. m.

In  the spring of 1925, fifty stubs of cedar, yellow pine, and 
chestnut W'ere treated by open-tank and pressure processes 
w'ith three of the copper-arsenic preservative solutions. 
These treatm ents correspond to  treatm ents B, C, and F 
described below. The pine sticks were square, sawn timbers 
and the others round sections of poles. After a brief season
ing they w'ere set in a fungus test p it in New Jersey where 
a ttack  by insects . and fungi is unusually severe. An in-

8.S 
9 .1  

2 3 . 7  
10 .4  
10 .3

distilled water and again boiled for an hour in fresh water. 
The treatm ent was again repeated, giving a total of 3 hours 
boiling in three different quantities of distilled water. Ihe 
untreated sticks were given the same boiling.

After standing in air overnight, the sticks, w'ith the re
quired glassw'are, etc., w’ere sterilized in an autoclave at lo 
pounds per square inch (1054 grams per square c e n t im e te r )  
steam pressure for 30 minutes. They were then transferred
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to 8-inch (20-cm.) sterilized test tubes containing about 
10 cc. of standard agar-m alt sirup nutrient gel. The gel 
was next inoculated under aseptic conditions with a pure 
culture of Fomes annoaus.

The accompanying photographs of the cultures were 
taken 1, 15, and 27 days after inoculation. An inspection 
at the time the last set of photographs was taken showed 
the following:

A— Untreated. A dense healthy growth of fungus covering 
the sticks for a distance of 4 inches (10 cm.).

B—2 per cent copper arsenite. N o growth on the sticks. 
These sticks fully resisted attack.

C—2 per cent copper arsenite-jluoride. The copper fluoride 
in these sticks did not resist the boiling temperature, but broke 
down into oxyfluoride with liberation of hydrofluoric acid. This 
acid had some solvent action on the copper arsenite; consequently 
these sticks entered the test minus m ost of their preservative. 
The wood showed a feeble growth of fungus to a height of 0.4 
inch (1 cm.). N o further progress was made after the final 
pictures were taken, and 2  weeks later the fungus on the wood 
was dead.

D—5 per cent zinc chloride. These sticks showed a healthy 
growth of fungus to a height of 1 inch (2.5 cm .). The growth 
was as dense as on the untreated sticks but was progressing only 
25 per cent as fast.

E—2 per cent zinc arsenite. The resistance of these specimens 
was 100 per cent effective.

F—2 per cent copper aceto-arsenite. N o growth whatever 
took place on these sticks. In fact the fungus growing in the

nutrient jelly appeared to shrink from physical contact w ith the  
wood. This feature was equally noticeable in cultures B and 
E. The slight growth noticeable in these photographs is in 
the jelly. B y inclining the test tubes, a clear zone about 2 
mm. wide could be seen around each stick.

The growths on culture A  are principally of interest in 
showing how rapidly fungi may grow in untreated wood. 
We are no longer interested in the fluoride preservative, 
culture C. I t  has been supplanted by others which are 
superior from every point of view. I t  should be said th a t 
it is a good preservative and th a t boiling is not a fair test 
for it.

Culture D, 5 per cent zinc chloride, definitely broke down, 
despite the fact th a t the treatm ent was unusually heavy. 
I t  would appear very conservative, because of this failure, 
to say th a t the boiling test was equivalent to 10 to 15 years’ 
exposure to the weather.

Cultures D, E, and F successfully resisted this drastic 
test. The wood was continually in contact with an active 
culture of fungus in an artificial nutrient medium, a condition 
more severe than anything which would occur in wood ex
posed to natural conditions.

T reatm ent E, zinc arsenite, is adapted to either pressure 
cylinder or open-tank treatm ents. Treatm ents B  and F 
involve copper and, for the present, appear best suited for 
butt-treating in open tanks.

H ydrogen-ion  C ontro l in  Industrial Processes1
B y W. A. T a y lo r 2

L a M o t t e  C h e m ic a l  P r o d u c t s  C o m p a n y , B a l t i m o r e , M d .

Acidity and alkalinity are now controlled by hydrogen-ion methods in most lines of research and industrial work. 
Many, however, hesitate to use it, as they feel that its application requires the services of a specially 

trained chemist. The subject is discussed here in such simple terms as to enable 
the non-technical man to apply the method to his particular industry.

IN DEVELOPING control methods for industrial proc
esses, it was found tha t acidity and alkalinity were ex
tremely im portant factors. Their real importance was 

not fully realized, however, until the introduction of hydro
gen-ion control. Acidity and alkalinity were previously 
determined and regulated by means of litmus and other test 
papers and by titration. Hydrogen-ion measurements have 
shown that these older methods often give very erroneous 
and misleading results, and have explained why many proc
esses which were apparently carried out under the same 
conditions often did not give products of uniform quality.

Many manufacturers, however, still hesitate to use hy
drogen-ion control as they feel th a t its application requires 
the services of a highly trained chemist. This is not the case. 
In fact, it is almost as simple to determine hydrogen-ion 
concentration as it is to measure temperature, and these 
determinations can be made practically as easily and accu
rately by a plant foreman as by a trained chemist.

Theory of H y d ro g en -io n  C o n cen tra tio n  a n d  D erivation  
o f pH  V alues

According to the theory of electrolytic dissociation, all 
hquids of which water is a constituent contain free H  and 
tin ions. When the number of H  ions exactly equals the 
number of OH ions the solution is said to be neutral. If

1 Received April 30, 1927. Presented before several local sections of 
1 e American Chem ical S ociety .

! President and C hem ical D irector, L aM otte  Chem ical Products  
Company.

the number of H  ions exceeds th a t of the OH ions the solution 
is said to be acid, if there is an excess of OH ions it is alkaline.

Pure distilled water will conduct an electric current to a 
very slight degree, showing th a t a very small proportion of 
the water is dissociated into H  and OH ions. By the mass 
law,

Concn. of H ions X concn. of OH ions .
——— ------------------     . , . . -------- =  a constant (t)Concn. of undissociated H 20

Since the relative am ount of undissociated water is ex
tremely large, it can be taken as a constant, and equation 
(1) therefore becomes

Concn. of H ions X concn. of OH ions =  a constant (2)
By electrical conductivity measurements, this constant 

has been found to be 1/ 100,000,000,000,000, or 10_M, a t 
22° O. Since in pure distilled water the number of H  ions 
is equal to the number of OH ions, each m ust have a concen
tration of 1/ 10,000,000, or 10-7.

This method of expressing H-ion concentration is very 
inconvenient. Sorensen, therefore, suggested the use of the 
term  “pH ,” the pH  value being the logarithm of the recip
rocal of the hydrogen-ion concentration. Thus

pH =  log ^  (3)

in which (H +) represents the concentration of H  ions in grams 
per liter.

Ju st as an acid solution is said to be normal when it con
tains 1 gram of ionizable hydrogen per liter, so a solution is 
said to be normal w ith respect to hydrogen ions when it con
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tains 1 gram of ionized hydrogen per liter. Since one 1/ ( H +) 
is the reciprocal of the normality of H  ions in a solution, 
the pH  value can also be defined as the logarithm of the de
nominator expressing the normality of H  ions, such as AV10, 
AT/100, A1/ 1000, etc.

This m ethod of expressing H-ion concentration has now 
been generally adopted. In  the case of pure distilled water, 
in which the H-ion concentration is 0.0000001 gram per liter 
or A710,000,000, the pH  value would therefore be the log 
of 1/0.0000001 or of 10,000,000, which is 7.0. This value
7.0 is therefore the  neutral point on the pH  scale.

I t  will readily be seen th a t pH  values below 7.0 will denote 
acidity, the degree of acidity increasing as the numbers de
crease. For example, if a  small am ount of hydrochloric acid 
is added to pure distilled w ater which has an H-ion concen
tration  of 10~7, or a pH  value of 7.0, the to tal number of 
H  ions in the solution will be greater than 10-7, and the so
lution will therefore be acid. Suppose the H-ion concen
tration  is found to  be AVI,000,000. The pH  value will be 
the log of 1,000,000, which is 6.0. Similarly, if the H-ion 
concentration is 1V/100,000, the pH  value will be 5.0, etc. 
I t  should be remembered tha t, since we are dealing with 
logarithmic values, a solution having a pH  value of 6.0 con
tains ten times as m any H  ions as one having a pH  value-of 
7.0. Similarly, a solution of pH  5.0 contains one hundred 
times as m any H  ions as one of pH  7.0.

From equation (2) it is apparent th a t as the H-ion con
centration increases the OH-ion concentration m ust decrease, 
and vice versa. Even in a strongly alkaline solution, how
ever, there are some II  ions, and for the sake of simplicity 
i t  is advisable to express both acidity and alkalinity in terms 
of pH  values.

From the fact th a t neutral water has an H-ion concentra
tion of AT/10,000,000, an alkaline solution m ust contain a 
smaller number of H ions. Let us assume th a t by adding 
a small am ount of sodium hydroxide to pure water we de
crease the H-ion concentration to AT/100,000,000. The pH  
value of this solution would be 8.0. Similarly, if the H-ion 
concentration is reduced to AT/1,000,000,000, the pH  value 
would be 9.0. This shows why all values higher than 7.0 
indicate alkalinity, the degree of alkalinity increasing as the 
numbers increase. I t  should be remembered here also tha t 
a solution of pH 9.0 contains ten times as many OH ions as 
one of pH  8.0, etc.

The exact meaning of H-ion concentration and pH  values, 
and the derivation of the latter, can be made clear by a few 
concrete examples. An AT/10 solution of hydrochloric acid 
is one which contains 3.65 grams of HC1 or 0.1 gram of ion- 
izable hydrogen per liter. Electrical conductivity meas
urements have shown th a t a t 18° C. 91.4 per cent of the HC1 
is dissociated. The remaining 8.6 per cent, of course, exists 
as molecules. If the HC1 were completely ionized, the N / 10 
solution would contain 0.1 gram of H  ions per liter. Since, 
however, only 91.4 per cent is ionized, i t  contains 0.1 X 
91.4/100 =  0.0914 gram of H  ions per liter. The normality 
of this solution with respect to H  ions is 1/0.0914 =  Ar/10.94. 
The pH  value of Ar/10  hydrochloric acid is therefore the 
logarithm of 10.94 or 1.04.

An AT/10 solution of acetic acid also contains 0.1 gram of ion- 
izable hydrogen per liter. A t 18° C. it is, however, dissociated 
only to  the extent of 1.36 per cent. Hence the hydrogen- 
ion concentration is 0.1 X 1.36/100 =  0.00136 gram per liter. 
This is equivalent to an Ar/735 solution of H  ions. The 
pH  value of AT/10 acetic acid is therefore the log of 735, which 
is 2.86.

Since the hydrogen-ion concentration of Ar/10  HC1 is 
0.0914 gram per liter and th a t of A7/ 10 acetic acid is 0.00136 
gram per liter, the hydrochloric contains almost seventy 
times as m any hydrogen ions as the acetic acid.

Table I  will give the worker some idea of the relationship 
between the total acidity or alkalinity and pH  value of a few 
common acids and bases. The pH  values have been given 
for AT/10 solutions and are rounded off to the nearest 0.1 pH, 
as this is sufficiently accurate for general work.

T a b le  I— p H  V a lu e s o f  S o m e C o m m o n  A c id s  a n d Bases
A c id s p H B a s e s pH

HC1 1 .0 C cH sN H j 7 .8
HaPO< 1 .5 NaHCOa 8 .4
CHaCOOH 2 .9 N aiBaO i 9.2
H 2CO3 3 .8 NH«OH 11.3
HaBOa 5 .2 NajCOa 11.6
C.H&OH 6 .0 N aO H 13.1

B uffer A ctio n

I t  is clear from the foregoing discussion th a t if the solu
tions encountered in chemical processes were only solutions 
of known pure acids and alkalies their pH  values could be 
calculated from the titration values and ionization constants. 
This is seldom the case, however, as the solutions normally 
contain relatively indefinite quantities of other substances, 
and usually a number of unknown impurities. Most of 
these solutions have w hat is known as “buffer action,” which 
means th a t considerable quantities of acid or alkali can be 
added to them without changing their pH  value. This ac
tion can best be illustrated by an example. Pure water, as 
stated above, has a pH  value of 7.0. If 1 cc. of 0.01 N  HC1 
is added to a liter of pure water, the pH  value wall be changed 
to  about 5.0. Let us now consider a solution containing a 
mixture of sodium acetate and acetic acid. In  this solution 
the dissociation of the acetic acid is very small.

C H 3C O O H  fc, (C I L C O O )-  +  H +
The dissociation of sodium acetate is, however, large.

CH3COONa £ 5  (C ILC O O )- +  N a +
Now suppose we add a small quantity  of HC1 to this so

lution. I t  is immediately largely dissociated into H and 
Cl ions.

HC1 H + +  C l-  
TVe therefore have in solution H, Cl, Na, and CH3COO ions. 
Acetic acid ionizes to only a very slight degree. This means 
th a t CH3COO and H  ions cannot exist together in solution 
to  a very large extent. Therefore the H  ions from the HC1 
will im m ediately combine with CH3COO ions to form un- 
dissociated molecules of acetic acid, and the H-ion concen
tration  or pH  value of the solution will be only very slightly 
changed, if a t all. The HC1 added would of course be shown 
by titration. If, on the other hand, NaOH is added to this 
mixture, it will react w ith the H  ions to form Na ions and 
H 20 . More acetic acid will then dissociate into CH3COO 
and H  ions and the H-ion concentration will be practically 
the same as it was before. I t  will therefore be seen that 
sodium acetate is a buffer salt and th a t considerable quan
tities of acids or alkalies m ay be added to  solutions contain
ing buffer salts w ithout changing the pH  value. Since this is 
true, it is clear th a t buffered solutions can be diluted with 
distilled water, even though the water show's a very acid re
action, w ithout affecting the pH  value. In  fact, some so
lutions can be diluted as much as 1000 to 1. This is often 
im portant in making determinations on very highly colored 
and turbid solutions.

In  general, the salt of any w'eak acid or weak base is a 
buffer salt. There are, therefore, very few' solutions which 
are free from buffer action. For example, the phosphate in 
raw' sugar and culture media, carbonates in raw water, car
bonates and silicates in clay work, alum and rosin in pap«r 
sizing, etc., have buffer action.

The figures in Table I I  show'ing determinations on liquors 
in a sugar refinery3 will bring out the importance of making

* B l o w s k i  a n d  H o l v e n ,  T h i s  J o u r n a l , 17,  1 2 0 3  (1 925).
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pH determinations rather than determining the total acidity 
or alkalinity by titration.

Table II— C o m p a r is o n  o f  A c id ity  a n d  A lk a lin ity  b y  T it r a t io n  w ith  
p H  V a lu es

Acidity  b y A l k a l in it y  b y
T it r a t io n p H T it r a t io n p H

Per cent P e r  cent
0.001 G. 5 0 .0 0 1 8 .3
0.010 0 .4 0 .0 0 3 7 .3

0 .005 5 .3
0 .005 7 .0

In the first pair of figures the acidity of the second liquor 
is just ten times th a t of the first one, as determined by titra
tion. The pH values of the two are, however, practically the 
same. In the second pair of figures both have an acidity by 
titration of 0.005 per cent, while the pH  values show the 
acidity of the first to be almost one hundred times greater than 
the second. The third pair of figures shows even greater dis
crepancy. By titration the second solution is three times as 
alkaline as the first. By pH  measurements, however, the first 
is ten times as alkaline as the second. Solutions from other 
processes show similar errors.

U n bu ffered  S o lu tio n s

It will now be realized th a t no special precautions are neces
sary in making pH  measurements on buffered solutions, 
since the addition of considerable amounts of acid or alkali 
can be made -without affecting their pH  value.

Such is not the case with distilled water or with unbuffered 
solutions. The fact th a t distilled water is one of the most 
difficult materials to test for pH  is frequently overlooked. 
It is absolutely devoid of any buffering action, and is thus 
very susceptible to change either before or during the test— 
for example, by the absorption of carbon dioxide, etc.

Pure distilled water has a pH  value of 7.0 a t 22° C. The 
reaction of ordinary distilled water is always acid, however, 
because of the absorption of carbon dioxide. W ater tha t 
lias taken up carbon dioxide from the air until equilibrium 
has been established will contain about 0.3 per cent of car
bon dioxide by volume, and the calculated pH  should be 
5 ". In fact, this is the value usually found in distilled water 
which has been freely exposed to pure air. W ater from an 
efficient automatic still, when stored in closed non-soluble 
glass vessels, will have a pH  of 6.0 to 6.4. If this water is 
boiled for a short time in a Pyrex vessel; and the vessel then 
fitted with a soda-lime tube, i t  will usually have a pH  of
6.6 to 6.8.

When making a solution or suspension of an unbuffered 
Material in order to determine its pH  value, the water used 
should be as nearly neutral as possible, as any acidity will affect 
the pH of the dissolved material. W ater having a pH  value 
°f 6.6 to 6.8 is usuaUy satisfactory for this work. The pro
portion of material to  w ater should always be kept the same, 
so that different determinations -will be comparable. I t  is 
equally true th a t the indicator solutions should have a neu
tral reaction, since any excess acid or alkali will likewise 
change the pH value of the material.

These precautions are particularly im portant when the 
PH value of the m aterial is near 7.0. Around this point 
small variations in hydrogen-ion concentration, due to ab
sorption of carbon dioxide, etc., have a marked effect on 

® pH value, this effect being much less marked below 
or above 8.0.

In making a test on distilled water or unbuffered solutions, 
e indicator and the m aterial being tested should always 
mixed in the test tube by means of a stirring rod, with 

e minimum of exposure to air, and readings should be made 
?, onc®- . If this is done, reliable results wiH be secured with 

e colorimetric method. In  fact, this is the only way in

■which such solutions can be tested for pH, since electrometric 
methods are very unreliable when applied to most unbuffered 
solutions.

The pH  of solutions is also sometimes affected by tem 
perature. Measurements should therefore ordinarily be made 
a t room temperature. In  any case, they should be made 
under uniform conditions.

D e ter m in a tio n s

I n d i c a t o r s —There are two methods of making pH  deter
minations, the electrometric and the colorimetric. This dis
cussion will be confined to  the colorimetric method. Colori
metric pH  measurements are based on the principle tha t 
various indicators change in color when acted upon by 
solutions of different acidities or alkalinities. Litmus paper is 
probably the simplest and best known indicator. I ts  color 
change is from red to blue—th a t is, if litmus paper is 
dipped into an acid solution, i t  turns red. If i t  turns only 
slightly red, we say the solution is “slightly” acid. If it 
turns deep red, we say the solution is “strongly” acid. 
Similarly, if the paper turns blue, we say the solution is 
“slightly” or “strongly” alkaline. These are very indefi
nite terms and their meaning varies enormously, depending 
largely on the personal opinion of the worker. Thus, what 
is “slightly” acid to one worker might be considered as 
“strongly” acid by another, and vice versa.

In  making pH  measurements we simply substitute definite 
pH  values for the indefinite terms “strongly” and “slightly” 
acid and alkaline. The im portant point is th a t these pH 
values can be recorded and can be duplicated a t any time by 
the same or different workers.

Theoretically, litmus and other test papers can be used for 
determining the pH  of a solution. In  practical application, 
however, the error is too great, chiefly because the range is 
so wide (pH 4.6 to 8.4) th a t the color changes are not distinct. 
I t  is practically impossible to tell the difference in the colors 
produced by solutions having pH  values which differ by 1.0 
pH  unit. In  fact, it has been shown in actual practice th a t 
solutions which specially prepared litmus indicated to be 
alkaline were really acid, and vice versa, when accurate pH  
measurements were made on the same solutions.

Some other test papers are more sensitive than litmus, 
bu t it is doubtful whether differences of less than 0.6 pH can 
be detected by their use. Even this degree of accuracy is 
seldom obtainable, as it is very difficult to obtain two batches 
of test papers which will give the same readings. Granting 
th a t a  uniform paper can be obtained, we have no standards 
by which to judge. Thus a shade which would be considered 
as corresponding to a pH  value of 6.0 By one worker might 
be considered as 6.6 by another. Since- variations as large 
as 0.2 pH  m ay be of serious consequence, the heed for an 
accurate method is apparent.

T a b le  III— I n d ic a to r s  fo r  p H  D e te r m in a t io n s
I n d ic a t o r p H  R a n g e C o l o r  C h a n g e

M etacresol purple 1 .2  to 2 .8 R ed-yellow
Broraphenol blue 3 .0  to 4 .6 Y ellow -blue
Brom crcsol green 4 .0  to 5 .6 Y ellow -b lue
Chlorphenol red 5 .2  to 6 .8 Y ellow -red
B rom thym ol blue 6 .0  to 7 .6 Y ellow -blue
Phenol red 6 .8  to 8 .4 Y ellow -red
Cresol red 7 .2  to 8 .8 Yellow-red
T h ym ol blue 8 .0  to 9 .6 Y ellow -blue
N itro  yellow 1 0 .0  to  1 1 .6 Y ellow -orange
Sulfo orange 1 1 .0  to  1 2 .6 Y ellow -orange

As stated above, litmus is very insensitive partly  because 
it covers a wide range. In  order to  make accurate pH  de
terminations it is therefore necessary to employ indicators 
with short ranges, so th a t the color changes are more distinct. 
This means th a t we need a  number of indicators to cover the 
pH  range 1.2 to 12.6. A complete set of indicators, developed
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B rom phenol B lue Chlorphenol Red

M etacresol Purple romcresol Green Bromthymol

l ' .2, 1 .4 , 1 .6 , 1 .8 , 2 .0 ,  2 .2 ,  2 .4 ,  2 .0 ,  2 Î8, 3 .0 ,  3 .2 ,  3 .4 ,  3 .6 ,  3 .8 ,  4.'o, 4 .2 ,  4 .4 ,  4 6, 4 .8 ,  5 .0 ,  5 .2 ,  5 .4 ,  5 .6 ,  5 .8 ,  e'.O, 6 .2 ,  6 .4 ,  6 .6 , 6.

for just this purpose, w ith their respective pH  ranges and color 
changes, is given in Table I II . Figure 1 will make this even 
clearer. The color changes of these indicators are similar 
to th a t of litmus. For example, litmus is deep red in an acid 
solution (pH 4.6) and deep blue in an alkaline solution (pH 
8.4). Similarly, chlorphenol red has a yellow color a t  pH
5.2 and a deep red color a t pH  6.8 ; bromthymol blue is yellow 
a t pH 6.0 and deep blue a t  pH  7.6, etc.

R o u g h  T e s t s —If the worker has no idea of the pH  value 
of a given solution, it is necessary first to make a rough deter
mination. To make the test, fill three or four graduated test 
tubes to  the m ark (10 cc.) with the solution to  be tested. To 
the first one add 0.5 cc. of bromthymol blue indicator solution. 
This indicator is tried first as it has a pH  range of 6.0 to 7.6, 
and therefore covers the neutral point pH  7.0. Hence it is pos
sible by means of this one indicator to  determine whether 
the solution being tested is neutral, acid, or alkaline. The 
color change of bromthymol blue is from yellow a t 6.0 to a 
deep blue a t  7.6. Therefore, if on adding this indicator 
solution a color intermediate between yellow and deep blue 
is obtained, the pH  of the solution lies between 6.0 and 7.6 
and it is either neutral or very slightly acid or alkaline. In  
this case no further rough tests are necessary.

If, however, a yellow color is obtained on adding the brom
thymol blue indicator solution, the pH  of the solution is a t 
least 6.0 and possibly lower, since pH 6.0 is the acid end 
of the range of this indicator. Even if the solution had a 
pH  of 5.0 or 4.0, it would still give a  yellow color with brom
thymol blue. If, then, a yellow color is obtained, 0.5 cc. 
of the bromcresol green indicator solution, which, as will be 
seen from Figure 1, covers a  more acid part of the range (pH
4.0 to 5.6), should be added to  the second test tube contain
ing the solution of unknown pH. The color change for this 
indicator is from yellow a t pH  4.0 to  a deep blue a t pH  5.6. 
If, therefore, a color intermediate between yellow and deep 
blue is obtained in this test, the pH  of the solution lies be
tween 4.0 and 5.6.

F i g u r e  2— B r o m t h y m o l  B l u e  C o l o r  S t a n d a r d s

These two indicators do not cover quite all the values be
tween 4.0 and 7.6. Thus, if bromcresol green gives a deep 
blue color and bromthymol blue a yellow color, it is apparent 
th a t the pH of the solution lies around pH  5.6 to  6.0—th a t 
is, within the range of chlorphenol red (Table I II) . If a 
yellow color is obtained with bromcresol green, the test should 
be repeated using bromphenol blue, which covers a still more 
acid p art of the range. If, on the other hand, on adding 
bromthymol blue indicator solution in the first test, a deep 
blue color is obtained, the solution is alkaline and has a pH  
value of a t least 7.6 and possibly higher. The test should 
then be repeated using thymol blue, which covers a more 
alkaline part of the range.

F ig u r e  1— R a n g e  o f  Indicators

This procedure m ust be followed in determining the range 
required for any specific work—th a t is, a rough test must 
be made on solutions from all steps of the process. Such 
tests have shown the range required in paper work to be pH
4.0 to 8.4, for water purification pH  5.2 to 8.4, etc.

A c c u r a t e  M e a s u r e m e n t s —Let us assume tha t in the 
first rough test—th a t is, the one in which bromthymol blue 
indicator solution was added to the solution in the test tube— 
a color intermediate between yellow and deep blue was ob
tained. This would show th a t the pH  of the solution lies 
between 6.0 and 7.6. I t  is now a question of determining 
the exact pH  value. For this purpose a set of bromthymol 
blue color standards and some form of comparator are re
quired. A set of bromthymol blue color Standards consists 
of nine standard tubes and one tube of distilled water, as 
shown in Figure 2.

The nine tubes contain 10 cc. of solutions of definite pH 
value— th a t is, 6.0, 6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4, and 7.6— 
to each of which 0.5 cc. of bromthymol blue indicator so
lution has been added. I t  is seen th a t these standards are 
made up in exactly the same manner in which the test was 
made, except th a t solutions of definite pH  values were used. 
The tube marked pH  6.0 will have a yellow color and that 
marked pH  7.6 a deep blue color. The intermediate tubes 
will have colors intermediate between yellow’ and blue. All 
th a t is now necessary is to m atch the test sample with the 
standards.

Since few solutions which are encountered in chemical 
work are both clear and colorless, the effect of color and tur
bidity of the sample m ust be eliminated in making compar
isons with the standards. This is done by means of a com
parator arrangement such as th a t illustrated in Figure 3.

Fill three test tubes to the m ark (10 cc.) with the solution 
to  be tested, and place them in the three holes in the block 
m arked B, A , and C. To the middle tube add 0.5 cc. of 
bromthymol blue indicator solution by means of a graduated 
pipet and nipple, and shake to insure thorough mixing. Place 
an ampoule of distilled wrater in the hole marked D and two 
of the bromthymol blue color standards, differing by only 
0.2 pH —for example, 6.8 and 7.0—in the two holes E and 
F. The comparator block represented by Figure 3 contains 
three slots extending through the block from E  to B, D to-A, 
and F  to C, so th a t the tubes can be compared in pairs. Look 
through the three pairs of tubes, holding them toward the 
light, and change the color standards if necessary, until the 
central pair of tubes exactly matches one of the other pairs, 
or until the color through the central pair lies between the 
colors of the pairs on either side. Always make sure that 
the standards placed on either side of the ampoule of dis
tilled water differ by  only 0.2 pH. If an exact match is ob
tained. the pH  of the solution is read off directly from the 
standard with which the m atch is obtained. If, however, 
the color of the central pair of tubes lies between the colors 
of the pairs on either side, the pH  value is taken as the average 
of the tw’o.

If it had been found, by the first rough test, th a t the pH 
of the solution lay between pH 5.2 and 6.8, the determination 
would of course be made in an exactly similar manner, ex
cept th a t chlorphenol red indicator solution would be added 
to the sample and the comparison made with the chlorphenol 

red color standards.
The reason for this arrangem ent of tubes is to eliminate
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Phenol R ed Sulfo Orange

I— “   ;
Blue T h ym ol B lue N itro  Yellow

I—--------------1 I------------------------------------------------------1-I---------------------------------------------------1
6.8,7.0. 7.2. 7 .4 ,  7 .6 ,  7 .8 ,  8 .0 ,  8 .2 ,  8 .4 ,  8 .6 ,  8 .8 ,  9 .0 ,  9 .2 ,  9 .4 ,  9 .6 ,  9 .8 ,  1 0 .0 , 1 0 .2 , 1 0 .4 , 1 0 .6 , 1 0 .8 , 1 1 .0 , 1 1 .2 , 1 1 .4 , 1 1 .6 , 1 1 .8 , 1 2 .0 , 1 2 .2 , 1 2 .4 , 12 . 

I-----------------------------------------------------------1
Cresol R ed  

for H yd rogen -Ion  C o n tr o l

any effect of color or turbidity  in the sample which is being 
tested. For example, suppose th a t we are testing a colored 
solution. We shall designate this colored solution by G, 
water by IF, and the indicator solution by I .  Referring to 
Figure 3, B, A , and C represent the three test tubes which 
are filled with the solution which is being tested. D repre
sents the ampoule of distilled water, and E  and F  the color 
standards.

To make tbis clear, the color standards may be considered 
as made up of water and indicator solution. They do, of 
course, contain solutions of salts to give them definite pH 
value, but as these solutions of salts are clear and colorless 
they may be considered as made up of only these two ma
terials.

It will be seen from Figure 3 th a t each pair of tubes (J3 
and E, A  and D, C and F) contains the colored solution G, 
indicator solution I, and water IF, the only difference being 
that the indicator solution has been added to  the colored 
solution in the central test tube, instead of to  the distilled 
water tube which is placed behind it. The final combination, 
however, is the same in all pairs. I t  is therefore apparent 
that, when the proper color standards are in place, an exact 

„ m atch m ust be obtained, since

© © ©

© © ©
E D  F
F igu re 3— C o m p a r a to r

th e  o b s e rv e r  is lo o k in g  
th r o u g h  exactly the same 
materials in each pair of tubes. 
T h e  c o n d i t io n s  would be 
similar if the solution which 
is being tested were turbid in
s t e a d  of colored. Special 
c o m p a r a to r s ,  designed to 
facilitate the making of meas
urements of this kind, are now 
on the market.

As previously shown, since the pH  ranges of practically 
all the indicators overlap, it is usually possible to  make de
terminations on a given sample with two different indicators 
and thus check the results obtained.

The worker should be warned against possible errors due 
to matching against the color standard on either end of any 
given set. Thus, a test sample may m atch the bromthymol 
blue standard pH  7.6, and ye t have a much higher pH  value, 
as pH 7.6 is the end of the range of bromthymol blue. In
such a case the test should be repeated using phenol red, etc.

Some solutions are so highly colored or turbid th a t sufficient 
light wall not pass through them to make a colorimetric de
termination possible. This difficulty can often be overcome 
by dilution or by filtering through a good grade of wood char
coal. If the charcoal has been first washed with alkali, then 
with acid, and finally with distilled water, the pH  of the so
lution will not be changed to any great degree, especially 
u it is highly buffered.

A p p lica tio n s

It is impossible to  discuss all the applications of hydrogen- 
>on control to research and industrial work, or to discuss any 
°ne application in detail. All th a t will be attem pted is to 
give the outstanding points as applied to water purification 
and to list some of the other more im portant applications.

water P urification—W ater purification consists pri
marily in removing suspended m atter, color, and bacteria, 
this operation is known as coagulation and is usually ac

complished by the addition of alum. The alum combines 
with the natural alkalinity of the water to form aluminum 
hydroxide or other complex aluminum salts, which settle 
out and carry the color, suspended m atter, and bacteria down 
to the bottom of the settling basin.

Coagulation takes place most completely and rapidly a t a 
definite pH  value, this value being different for different waters, 
owing to variation in color, turbidity, natural alkalinity, the 
season, temperature of the water, source of supply, etc. C a tle tt4 
found th a t the optimum pH  for waters in N orth Carolina 
varied from 4.3 for certain highly colored waters, to 7.6 for 
some turbid waters which were free from color. I t  is there
fore necessary to determine the optimum for each individual 
water and this can best be done by means of the “jar test.”4-

In  making jar tests, solutions of definite strength of arum',, 
soda ash, and lime are made up, for example, so th a t 1 cc- 
contains 0.1 grain of alum or alkali. One gallon of the w a te r 
to be tested is then placed in each of several jars of uniform  
size and shape. If the water contains sufficient natural 
alkalinity to give a good floe, it is only necessary to add vary
ing quantities of the alum solution to the different jars and 
note which gives the quickest floe. The pH  of the w ater 
in each jar is determined, and tha t of the one giving the best 
floe is taken as the optimum pH value for coagulation of 
the water in question.

If the water does not contain sufficient alkalinity to  give 
a floe, a definite am ount of alum should be added to each 
jar and the am ount of alkali varied. After noting the one 
which gives the best floe, and making the necessary pH  de
terminations, another set of tests should be made, increasing 
or decreasing the am ount of alum as required. This is ad
visable since the same pH  value m ay be obtained by the 
use of smaller amounts of chemicals.

By this procedure the optimum pH value for a given water 
is determined. This means th a t the smallest possible am ounts 
of alum and alkali necessary to give the best and quickest 
floe are used a t all times, so th a t a good floe is obtained bu t 
no chemicals wasted. Hydrogen-ion control has resulted 
in reducing the chemicals to less than one-half th a t ordinarily 
used in a large number of purification plants, but, w hat is 
probably even more important, the operator has been able 
to deliver to  the consumer a water of uniformly good quality.

Poor coagulation m ay be caused by an over as well as an 
under dose of coagulant. Coagulation a t the optimum means 
a better filter effluent, as it eliminates practically all solvent 
action on the floe and the appearance of aluminum in the 
effluent. I t  also insures a higher bacterial efficiency as the 
bacteria are removed by the floe, increases the rate of filtra
tion, and makes possible a decrease in the size of the coag
ulating basin.

W hen alum or acid are used in any purification process, 
the number of hydrogen ions is increased, which tends to 
increase corrosion and produce red water. In  m any cases 
it is therefore necessary to decrease the number of H-ions— 
th a t is, to increase the pH—by treating the water with lime, 
soda, or some other alkali either before or after filtration. 
By pH  control the reaction of the water can be exactly regu
lated to the point where the smallest am ount of corrosion 
will take place with the addition of the least am ount of alkali. 
The pH  also has a very marked effect on the formation and 
preservation of a protective coating on the distribution sys-

• J . A m . W ater W orks Assocn., 11, 887 (1924).
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tem  and on the' efficiency of regeneration of zeolites5 in water- 
softening plants.

O t h e r  A p p l i c a t i o n 's — Hydrogen-ion control, has been 
applied with equally good results to sewage and industrial 
waste disposal; pulp and paper manufacture; sugar manu
facture and refining; manufacture of dyes and their appli
cation to fabrics; manufacture of pigments; nickel and acid 
zinc plating; ceramics; canning of food products; gelatin

6 S w eeney and R iley , T in s  J o u r n a l , 18, 121-1 ( 1 9 2 0 ) .

and glue; flour, dough, and bread; crackers; tanning of leather; 
pharmaceuticals; general chemicals such as lithopone, alum, 
etc.; candy; m ilk and milk products such as butter, cheese, 
acidophilus and butterm ilk; fermentation, bacteriological 
and pathological work, etc.; but space will not permit their 
discussion. I t  will be seen th a t the application of this con
trol method is practically universal, as it m ust be, since acidity 
and alkalinity are im portant to  almost every chemist and 
m anufacturer.

Copper as an Industrial C ontam inant in Foodstuffs
B y C. G . K in g  a n d  G. E tzel

D e p a r t m e n t  o p  C h e m is t r y , U n iv e r s it y  o p  P it t s b u r g h , P it t s b u r g h , P a .

IM PORTANT objections to an appreciable increase in 
the copper, content of foodstuffs m ay be considered under 
the following headings: (1) the direct poisoning effect

upon the body,2 (2) a tendency to cause or accelerate the 
development of disagreeable flavors,1 (3) an acceleration of 
the destruction of vitam in C ,4 and (4) the production of 
“off” color.5 Factors connected with (2) and (4) are generally 
recognized in p lant practice, because their relationship to 
the m arket value of products is fairly obvious. • However,
(1) and (3) are not so obvious and are liable to be given 
less consideration than they deserve.

F. B. Mallory, who has furnished the most careful evidence 
relative to  cumulative copper poisoning, estimates th a t more 
than  5 to 10 mg. per day m ay produce toxic results. This 
is a much lower limit than th a t previously estimated by other 
investigators whose observations were not so complete.6 
Hess4 has shown th a t small amounts of copper (2.5 p. p. in.) 
m ay accelerate the destruction of vitam in C in milk. If the 
same phenomenon occurs in  fruits and vegetables i t  would 
be an im portant factor to consider in their preparation, 
since it is difficult to conserve their vitamin C content.

E x p er im en ta l

The present investigation deals with the copper content of 
three types of foods commonly prepared in copper or brass 
equipment: (1) four groups of acid fruit products representing 
different trade practices, (2) milk from nine different plants, 
and (3) carbonated beverages from two plants.

The xanthate method of determining copper7 was used, 
chiefly because of its sensitivity, and experience showed it to 
be suitable for this purpose. I t  is sensitive to 0.005 mg. in 
50 cc. and gives accurate results when adequate precautions 
are observed.

P recau tion ’s— (1) Contrary to statem ents in the literature, 7 
nickel gives a color intensity and shade very similar to copper. 
Where nickel is present in significant amounts, another method 
m ust be used or the nickel m ust be removed before determining 
copper.

1 R eceived  April 27, 1927.
1 M allory , M ellon  L ecture, School of M edicine, U niversity  of P itts 

burgh, 1925; A m . J . P a th ., 1, 117 (1925): A rch. In ternal M ed ., 37, 336 
(1926); J . A m . M ed . A ssocn., 86, 1552 (1926).

* Em ery, U . S . D ept. A gr., B ur. A n im a l In d ., A n n . R eport, 1909 ,  p. 
265; E m ery  and H enley , T h i s  J o u r n a l , 1 4 ,  937 (1922); S upplee and Beilis, 
J . D a iry  S c i., 5, 455 (1922); R ice , Ib id ., 6, 262 (1923); 9, 459 (1926).

4 H ess, T h i s  J o u r n a l , 13 ,  1115 (1921); J .  A m . M ed. A ssocn., 82,  
952 (1924).

6 N a ll. C anners* A ssocn ., Bull. 6 (1915).
* D rum m ond, J . S ta te M ed., 3 2 ,  382 (1924); R ost and W eitzcl, A rb. 

Reichsgesundh., 61 , 494 (1919); P an ton , Ph arm . J . ,  1 10 ,  393 (1923); Lehm an, 
J . Chem. Soc. {London), 7 0 ,  486 (1896).

* Supplee and B eilis, J . D a iry  S c i., 5, 455 (1922); S co tt, “ Standard  
M eth od s o f C hem ical A nalysis,"  4 th  ed ., p. 197.

(2) The use of brass burners for ignition may introduce 
appreciable quantities of copper; hence it  is recommended that all 
drying and ignitions be carried out in electric ovens or muffles.

(3) High concentrations of other salts m ay affect the color in
tensity and produce turbidity.

(4) Fresh xanthate solution should be made up every few days 
and the dry salt (KOEtC&) should be prepared or recrystallized 
every few weeks. Otherwise a faint cloudiness interferes.

(5) All water used, even for rinsing apparatus, should be es
pecially distilled. T hat from the usual copper still with blocked 
tin condenser and piping gives a distinct color with the reagent.

P r o c e d u r e — A uniform sample was removed from the 
glass container, weighed, evaporated to dryness in silica or 
porcelain dishes in an electric drying oven, and then carefully 
ashed in an electric muffle furnace. The ash was dissolved 
in  hydrochloric acid, diluted, filtered, and any residue re
ashed and complete oxidation secured when necessary by 
the addition of one or more drops of nitric acid. The filtrate 
was evaporated nearly to dryness, redissolved in water, 
made alkaline by addition of an excess of concentrated 
ammonium hydroxide, and filtered. For products with 
comparatively large amounts of copper, the residue was 
redissolved in hydrochloric acid and again precipitated and 
the filtrate combined with the first. The excess ammonia 
was evaporated over an iron hot-plate, the solution made 
neutral or very faintly acid w ith dilute acetic acid, and 
either used directly for developing the color (for milk and 
beverages) or made up to volume and an aliquot taken 
(for fruit products). Color comparisons were made in 
50-cc. Nessler tubes after the addition of 10 cc. of 0.1 per cent 
xanthate solution. Standards were prepared a t the same 
time having 0.5, 1.0, 1.5 to 12.0 cc. of fresh copper sulfate 
solution, 1 cc. of which contained 0.01 mg. of copper.

R e su lts

Each value given in the tables represents a t least two 
determinations on each of two samples taken. Only one 
significant figure is given in most cases because of the varia
tions found in different samples from the same source.

F r u i t  P r o d u c t s —The differences shown in Table I are 
due mainly to variations in care and type of eq uipm ent, 

rather than to such factors as tim e and temperature oi 
heating or composition of the raw materials. Contrasts 
in sanitary practice were as striking as contrasts in copper 
content. The chief factors involved seemed to be (1) Pr®" 
tection of copper equipment by tin  or other metal, W 
thoroughly cleaning all copper surfaces between batches,
(3) keeping exposure to the air a t  a minimum, and (4) allowing 
only the minimum of tim e of contact w ith copper beyon 
th a t actually needed for cooking. A separate study of eac i 
factor was not made, bu t it appeared th a t (1) and (2) were
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the most important. Differences in acidity m ay also have 
had a minor influence.

T a b ic  I— C op p er  F o u n d  In  F r u it  P r o d u c ts

P . p . m. P . p . m.
Strawberry preserves 4 Plum  je lly 55
Blackberry preserves 4 S traw berry je lly 60
Cherry preserves 3 R aspberry jelly 80
Apple butter 3 R aspberry preserves 45
Chile sauce 7 A pple butter 110
Ketchup 8 C hile sauce 18

PLANT 2 PLANT 4
Currant jelly 7 R aspberry je lly 2
Raspberry jelly 5 R aspberry preserves 7
Raspberry preserves 4 B lackberry preserves 4
Peach preserves 6 C herry preserves 4
Strawberry preserves 10 Straw berry preserves 9
Blackberry preserves 3 A pricot preserves 11
Apple butter 24 Plum  preserves 6
Grape jam 4 Peach  preserves 4
Chile sauce 8 Pineapple preserves 3
Ketchup 12

P lant A P lant B
P . p. m. P . p. m.

85 25
5 3

30 12
6 4

17 6

TESTS DURING PREPARATION IN COPPER EQUIPMENT

Apple cider concentrate (a)
Apple pulp (6)
Finished apple butter (la:106)
Tomato pulp
Same after cooking approx.

1.5 hours

Eating a hundred grams per day of such products as those 
from Plant 3 would alone cause one to exceed the limit of 
copper previously suggested, w ithout considering th a t which 
would normally be supplied in natural foods.8 Incidentally, 
this brand was the cheapest of the group and th a t of P lant 1 
the most expensive.

M i l k —The results of the tests on milk (Table II) correspond 
closely with those obtained by Supplee and Beilis. The 
smaller amount of copper getting into the milk during 
Electropure pasteurization is probably due to the shorter 
exposure to metallic equipment while hot, as the extent and 
condition of the piping was similar. The copper content 
of milk is especially im portant in its effect upon flavor.

* McIIargue, J . Agr. Research, 30, 193 (1925); G uerm ont, Compt. rend., 
171,196 (1920); M aquenne and D cm ou ssy , Ib id ., 170, 87 (1920).

T a b le  II— C op p er C o n t e n t  o f  M ilk
Pasteurized M ilk

U s u a l  P r o c e s s® E l e c t r o p u r e
M in. M ax. A v . P r o c e s s *

P . p. m. P . p. m. P . p . m . P . p. m.
R aw  0 .4 0  0 .6 0  0 .4 7  0 .4 5
T op of cooler 0 .4 5  0 .7 0  0 .6 0  0 .5 0
B ottled  0 .4 S  0 .7 2  0 .6 2  0 .5 2

R aw  M ilk
Average of five sam ples delivered b y  farmers to receiving station :

R a w  0 .4 3  p. p. m.
Sam e after screen in g.......................................................................0 .4 5  p .p .  m.

A verage of three sm all batches screened after copper screens had stood  ex
posed to  air for about 5 m inutes betw een lo a d s  0 .9 7  p. p. m.

Condensed M ilk
A verage of three sam ples of skim m ed m ilk, condensed to  36 per cen t tota l

solids in copper vacuum  p a n s........................................................... 3 .7  p. p. m.
® A verage of duplicate tests  a t five p lants, pasteurizing 30 m inutes at 

142° F . in tin-lined v a ts  and using tin-lined copper piping.
6 A verage of tw o plants, heatiug to 162° F . betw een carbon electrodes.

C a r b o n a t e d  B e v e r a g e s —The tests on carbonated bev
erages (Table III) show th a t normally very little copper is 
dissolved. In general practice the first few bottles of each run 
are discarded to  avoid mixing of sirups, so th a t those which 
contain appreciable amounts of dissolved metal are auto
matically discarded. Since such beverages are always 
prepared cold, with little access of air, and are exposed to 
the metal for only a short time, little contamination w ith 
copper would be expected in normal plant practice.

T a b le  I I I — C op p er

Lemon soda 
Cream soda 
C herry soda 
Orange soda  
Grape soda  
Coca Colh 
R oot beer

F o u n d  In C a r b o n a te d  
B rass  E q u ip m e n t

B ev e ra g es  P r o d u ce d  In  

P lant I P lant II
P . p. m. P . p. m. P . p. m.

0 .5 First b ottle of lemon soda a t be
0 .3 ginning of run 0 .8 0 .9
0 .5
0 .4 F ifth  b ottle  0 .6 0 .7
0 .5
0 .6 A fter 20 m inutes’ continuous run 0 .5 0 .6
0 .5

A ck n o w led g m en t

The authors wish to acknowledge the assistance given by 
P. A. Zook and W. H. Busch in supplying some of the 
materials for analysis.

Adhesives and A dhesion1
Mechanical Properties of Films of Adhesives

By J . W . M cB ain  an d  W . B . Lee

U n iv e r s it y  op  B r is t o l , E n g l a n d , a n d  S t a n f o r d  U n iv e r s it y , C a l if .

T y p ica l a n d  sig n ifica n t d a ta  are p resen ted  for th e  
m e ch a n ica l properties o f  a n u m b er  o f ad h esiv es and  
a d h esiv es w ith  added  su b s ta n c es . T h e  ob serv a tio n s  
e m p h a s iz e  th e  e s se n t ia l im p o r ta n ce  o f " d efo rm a b ility ” 
o f a n  ad h esiv e . B o th  th is  and  te n s ile  s tr e n g th  depend  
u p o n  su c h  fa c to rs as degree o f h u m id ity . T h e  b r it t le 
n e ss  o f a n  a d h esiv e  film  m ay  be g rea tly  increased  or 
e n tire ly  e lim in a te d  by ap p rop ria te  a d d itio n s . T h e  
s tr o n g e st  ad h esiv e  film  here m ea su red  is is in g la ss  w ith  
a te n s ile  s tr e n g th  o f 8 to n s  to  th e  sq u a re  in c h  in  an  
a tm o sp h e re  o f 0 per c e n t  h u m id ity ;  th e  w ea k est are  
th e  g u m s and  so d iu m  s ilic a te s  w ith  a te n s ile  s tr en g th  
o f  o n ly  a  few  h u n d red  p o u n d s per sq u a re  in ch .

PREVIOUS papers have 
demonstrated the sig
nificance of the deter

mination of tensile strength of 
adhesives and have provided 
a ready routine method for 
this purpose.2 10 5 The pres
ent paper indicates the im
portance of the study of other 
mechanical properties of films 
of adhesives, such as elas
ticity, brittleness, flexibility, 
ductility (in general “deform- 
ab ility ” ), relaxation, and

1 Received M ay 9, 1927. In v estig a tio n  undertaken for the A dhesives  
csearch Com m ittee of th e D ep artm en t of Scientific and Industrial R e

search, Great B ritain, and published  b y  perm ission of th is D epartm ent.
1 McBain and H opkins, J . P h ys. Chcm ., 29, 197 (1925).
'Ib id ., 30, 114 (1926).
1 Second R eport o f A dh esives R esearch  C om m ittee, 1926, p. 34.
* McBain and Lee, J . Soc. Chcm. Ind . (1927); cf. Proc. Roy. Soc. 

{London), A113, 605 (1927).

other stress-strain relations, 
likewise taking into account 
the influence upon the results 
of such factors as hum idity 
and rate of loading. Some 
of these factors can be esti
m ated without much elabora
tion during the ordinary ten
s ile  s t r e n g t h  tests of the 
films.

Although most of the tests 
have been carried out upon
one particular g e la t in ,  ob
tained commercially in the ' 

form of thin films and used by lithographic workers for trac
ing, which thus represents a moderately good grade of gelatin 
glue, a number of other adhesives have been addid  to  the 
list for which numerical data are now available. These 
are starch ester, gum arabic, gum acacias, celluloid, nitro
cellulose, gelatin glues containing various admixtures, and 
products derived from the swim-bladder.of'hake and sturgeon,
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including the best refined isinglass. Table I  shows typical 
results for all these adhesives. I t  will be shown in detail 
for the case of gelatin th a t the results are greatly dependent 
upon the degree of humidity.

T a b le  I— T e n s ile  S t r e n g th  o f  F i lm s  o f  T y p ic a l A d h es iv e s  
(U nder arbitrary conditions, u sually  55 per cent relative h um id ity  and room  

tem perature)
A d h e s iv e  T e n s il e  S t r e n g t h  R e m a r k s

L bs./sq . in .a
Isinglass 13,0006 Tough
H igh-grade gelatin  12,000 Tough
H igh-grade gelatin  glue Ac 12,000 Tough
G lue A +  peptone (5:1) 10,500 Brittle
P artia lly  hydrolyzed A 10,000 B rittle
Glue A +  glucose (5:1) 0000 F lexib le and ductile
G lue A +  glycine (5:1) 9500 B rittle
Purest gelatin  9500 Tough
G lue A +  glycerol (20:1) 8500 F lexible
C ellu lo id  8500 D uctile
N itroce llu lose  8000 Flexible
•Starch 7000 D uctile
.Starch ester 5000*1 F lexib le

■Gum acacia 4- glycerol 
Silicate of soda« J or 3 
Silicate of soda A or 4 
S ilica te  of soda C or 2 
Silicate of soda K or 1 
G um  arabic 
G um  acacia

( 1000)
000
500
300
150

D uctile  
V ery brittle 
V ery brittle  
V ery brittle  
Less brittle  
V ery brittle  
V ery brittle

a 14.22 lbs. per sq. in. =  1 kg. per sq. cm .
b T h is value is increased to 21,000 lb s ./sq . in. a t 0 per cent hum id ity .
e T h is is the sam e as “ Glue A ,” (see footn ote 2, p. 193), “ A dhesive  

II" (see footnotes 3, p . 119, and 4, p. 50), and C annon’s I. L. Propeller 
(cake) glue (sec footnote 4, p. 102).

d Tem perature, 16° C.; relative hum idity, 58 per cent.
• For particulars of com position , e tc ., see footnotes 2 and 4, p. 56.

Three points are brought out in Table I: first, the high tensile 
strength of so many of the adhesive materials, far transcending 
the strength of ordinary glued joints; second, the information 
given in the last column which is emphatically of as great 
practical importance as the tensile strength. Lack of “de- 
formability” largely" impairs the value of an adhesive, which 
therefore cannot adapt itself to  the changes of shape and 
volume incident to setting and drying when making the 
joint, or caused by subsequent changes such as varying hu
m idity or mechanical bending of the joint itself. The ex
treme case is exhibited by such adhesives as gum arabic, 
which in a pure dry condition fly violently to pieces. Since 
it  does not very much m atter whethei the adaptation takes 
place by flow or elastic yield we have in a previous communi
cation6 coined the term “deformability” to express this al
m ost essential property of an adhesive.

N ote— Browne and Truax [Colloid Sym posium  M onograph, Vol. IV, 
2 6 3  (1927)1 em phasize th at during drying of a  w ooden jo in t glue is sub 
je c te d  to  severe stresses w hich elastic jellies arc peculiarly fitted to w ith
s ta n d , and th ey define th e word “ g lu e” so as to  include suitable "em ulsoid  
so ls ” w hich form clastic  jellies. W e do not agree w ith all their d ata  and  
con clusion s. I t  is a  non-sequitur to  argue, as th ey do, th a t because water 
w ets  w oods any hydrophilic colloid m ust do likew ise in the absence of water. 
A gain , th ey  have overlooked the fact th a t th e in terstices and m echanical 
em b ed d in g  to w hich we have referred are on an ultram icroscopic scale and  
therefore sub ject to  direct m icroscopic test; for exam ple, we stated  that 
ge la tin  passes freely through sm ooth continuous sheets of viscose.

T he third point illustrated by Table I is th a t the silicates 
possess only a small percentage of the strength of the other 
common adhesives. In  addition they are very brittle, which 
further detracts from their value as adhesives except for 
special purposes such as use on glass surfaces.

In flu en ce  o f H u m id ity  on  T e n s ile  S tr e n g th

Several workers have drawn attention to the importance 
of controlling the degree of humidity in testing adhesives, 
but no comprehensive study of this factor has been made.

N ote— A fter th is  paper \yas sub m itted  atten tion  was called  to  th e inter
es tin g  paper by B atem an and Tow n [ T h i s  J o u r n a l , 15, 374 (1923)1 con  
ta in ing a series of m easurem ents on the ten sile  strength  of hide and veneer 
g lu es a t  various degrees of hum id ity . T he ad vantage of using our very  
th in  films is  apparent from  an inspection  of their d ata  and from their sta te 
m en t th a t th e strength  th ey  observed w as probably not true tensile strength  
b u t th a t reduced b y  stresses se t up b y  drying. For exam ple, th ey  failed  
to  obtain  m easurem ents w ith  specim ens dried at less than 30 per cen t relative

hum idity. A lthough th e general trend of their results resem bles ours, the 
form of their curve is different and th e extrem e values for tensile strength 
range from  on ly  a few  hundred pounds up to  nearly 20,000 pounds per 
square inch; th e approxim ate tensile strengths th ey  obtained, for example 
a t  85 per cen t hum id ity , for th e tw o glues (hide and veneer) were 700 and 
1700 pounds per square inch as com pared w ith  our 9000 pounds per square 
inch for lithographic gelatin .

I t  is easy to do this when using McBain and Hopkins’ method 
of testing strength of adhesives in the form of thin films. 
This is illustrated by Tablé I I  and Figure 1, which refer to 
a commercial sample of lithographer’s sheet gelatin 0.004 
to 0.005 inch (0.10 to 0.13 mm.) thick. The test pieces, 
4 inches (10 cm.) long and 0.5 inch (1.3 cm.) wide, were 
stored a t various humidities in desiccators over various 
dilutions of sulfuric acid whose vapor pressures are obtained 
from reference tables. The determinations were completed 
within 3 or 4 minutes after taking the samples from the 
desiccators, a method easily adaptable to “glue-house” 
technic. The rate of loading was high—approximately 80 
to 90 pounds per square inch per second.

T a b le  II— T e n s i le  S t r e n g th  o f  L ith o g r a p h ic  G e la t in  a t  Various 
H u m id it ie s  (S a m p le  G)

HjSO*° H u m id i ty  T im e  S t o r e d  T e n s i l e  S t r e n g t h
P er cent P er cent D a ys L b s ./sq . in.b

Coned. 0  (approx) 3 17,000 (15,920)
Coned. 0  (approx.) 1 15,200; 15,000; 14,400
8 5 .6  A bove 5 11 16,200
8 5 .6  A bove 5 7 16 ,0 0 0 ; 15,000; 14,600;

14,500
5 9 .0  1 8 .5  1 14,600; 14,200; 13,800;

13,700; 13.400
3 5 .1  65 3 12,400; 12,300; 12,200

(11,570)
2 0 .8  87 3 9200; 8700; 8500; 8100:8200
1 5 .2  93 3 6600; 6600; 6200; 6100
W ater 100 7 N o t ab ove 800

° B y  analysis.
6 14.22 lbs. per sq. in. =  1 kg. per sq. cm .

The results are very striking. The tensile strength of the 
gelatin when dry rises to 8 toas to the square inch and prac
tically disappears a t  100 per cent humidity. A t 50 per cent 
humidity the extension up to fracture was only 3 per cent. 
These strips resemble paper in th a t they are flexible in 
bending and rupture in tension with only a small elongation. 
When stored over water the film flowed under small loads. 
The results accord w ith the micellar explanation developed 
by M cBain.6

In flu en ce  of R a te  o f 
L oad in g  o n  T e n s ile

S tr e n g th  O bserved

N e x t  to  degree of 
humidity it is impor
ta n t to keep the rate of 
loading constant from 
the beginning of th e  
test. This is e a s i ly  
d o n e  w hen  u s in g  a 
Schopper paper tester, 
a n d  s t i l l  more when 
e m p lo y in g  the most 
recent development of 
the Schopper machine 
with its complete equip- 
m c n t  of r e c o rd in g  
drums. A lt7 has given 
a linear formula con
necting breaking load

f»P<M

-- —

----

----

io.ca

2000

_
......... 3 *0 ¿0 IV

HumidiryCU-
F iftu re  I — T e n s i l e  S t r e n g t h  o f  Lltho-

w ith  rate of loading: f ö f c i Ä oaiY=ac “u8 “
Pi  =  P\  +  k(v2 -  Vi),
where P i and P i denote two breaking loads and v2 and t’i the

• J . P hys. Chem., 31, 564 (1927); 30, 239 (1926).
7 “ E influss der Zerreissgeschw indigkeiten bei der Prüfung von Texü 

stoffen ,” Textileforschung, 1 (1919 ), M a i H eft, 2, 26.
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corresponding rates of loading, k being a constant for the 
material. However, for our gelatin there is no such linear 
connection between increase in breaking strength and in
crease in rate of loading; it is much truer to sta te th a t a 
fourfold increase in the rate  of loading increases the breaking 
strength by about 15 per cent.

Effect of A dded S u b sta n c es  u p o n  M ech a n ica l P rop erties  
o f  G e la tin  a n d  G lu e

The properties of gelatin and animal glues m ay be greatly 
modified, often to  advantage, by the use of admixed sub
stances. Even the best commercial gelatin glue is brittle 
when sufficiently dried, whereas it is much weaker, bu t quite 
flexible, in a damp atmosphere. A t a constant humidity 
the brittleness m ay be increased or entirely eliminated by 
admixtures. The data  in Table I I I  refer to films prepared 
from a solution containing the indicated am ount of the ad
mixture to 10 grams of air-dried glue A and 100 cc. of water.

Table III—T e n s ile  S t r e n g th  a n d  B r i t t le n e s s  o f  H ig h -G r a d e  G e la t in  
G lu e  w it h  A d d ed  S u b s ta n c e s

(Temperature of storage and m easurem ent, 14° to  17° C.) 
Substance A d d e d  T e n s i l e  S t r e n g t h  C h a r a c t e r i s t i c s  op  
to  10 G rams G l u e  o p  F il m  F ilm

L b s ./sq . in .aCrams

None
Peptone 1

2
5
8

Glucose 2
4
5
7 .5
9

Glycine 1
2
8

Glycerol 0 .5

None
Glycerol 3 cc.

Urea 3

h u m i d i t y  m  p e r  c e n t  (a 

12,000; 11,950 
10,650
10,500; 10,500 
8850; 8000; 8500; 8300  

(Probably 5000-6000)

9950; 9350; 9300  
6850; 6750
6450; 6200; 6050; 5950  
4300; 4000; 3950  

(1650; 1600; 1400; 1350) 
(1100, slow er rate of 

loading)
9900; 8750; 8500  
9500; 9500; 8900  
1600 (order only)

8500; 8350; 7850; 7550

HUMIDITY 0 TO 6 PER
22,000, 2100 V ery brittle
14,600; 14,500; 13,700; F lexib le

13,350
15,000 B rittle

a 14.22 lbs. per sq. in . — 1 kg. per sq. cm.
6 Milky markings appeared near breaking point.

G l y c e r o l—Films containing glycerol are still very strong 
but are flexible unless dried over concentrated sulfuric acid. 
A general, not striated, opalescence appears in these films when 
highly stressed.

G l u c o s e—The effect of adding glucose to gelatin or gelatin 
glue has been described in another communication . 6 Briefly, 
it consists in making the gelatin highly flexible and ductile 
although decreasing the breaking strength.

P e p t o n e —Peptone distinctly impairs the breaking strength 
?f gelatin, but its outstanding effect is the brittleness which is 
imparted to the film of glue. The samples of glue which con
tained almost an equal weight of peptone were so extremely 
brittle that they had to be soaked in water before they could 
be cut even approximately to the standard of test film. Even  
so, upon drying these test pieces were highly distorted.

V lien a film is strained to its breaking strength a general 
opalescence or cloudiness regularly appears, as in the films 
containing glycerol. A second phenomenon is the formation 
of permanent milky lines producing a hornlike opacity; 
diese have likewise been observed with glue, isinglass, and 
lithographic” gelatin, and with glue containing glycine, 

frequently these milky lines or bands are a t a characteristic 
angle to the axis of pull. Both phenomena differ from the 
clear striae or lines th a t appear upon the surface of a smooth 
metal such as copper when stretched enough to take per
manent set. The la tte r are known as Liider’s or H artm ann’s 
ines for metals, bu t we have observed them regularly with 
cellulose (characteristic angle for celluloid 90 degrees to the

axis of pull). Sir H erbert Jackson informs us th a t they are! 
observed with glass. The overstrained celluloid is rendered 
permanently doubly refracting. These several appearances 
deserve further study on account of the clue they give to 
heterogeneity existing on a microscopic scale.

G l y c i n e — Peptones and glycine are important degradation 
products of glue. Dakin8 obtained 25.5 per cent of glycine 
from gelatin. M cBain and Hopkins1 showed that, whereas 
glue heated at 90° or 100° C. suffered appreciable loss of strength, 
the greatest effect was the brittleness which developed and soon 
rendered the glue useless. The data in Table III show the same 
effect of glycine. The effect of heating 10 per cent solution of 
glue for the much shorter period of 2 hours at 100° C. was tested  
after mixing it with an equal amount of 10 per cent solution of 
original glue. This film was still moderately flexible and showed 
a tensile strength of 11 ,0 0 0  pounds per square inch as compared 
with a film of untreated glue which gave 1 2 ,0 0 0  pounds per 
square inch.

A cacia  G u m s

Films made from Kordofan and Senegal gum arabic, on 
drying, spontaneously fly into splinters from internal strain. 
Even when the films contained 1 p art of glycerol to 5 parts 
of gum, they were still so brittle in an atmosphere of about 
30 per cent humidity th a t they fractured either spontaneously

PPROX.)
F lexib le, tough  
Brittle*»
Brittle^
V ery brittle
R em arkably brittle, film  

originally  opaque  
Flexib le  
Flexib le
F lexib le and plastic  
V ery flexible 
R em arkably flexible

'Brittle*»
Brittle*»
R em arkably brittle, film 

originally  opaque 
F lexib le; defin ite but 

fa in t opalescence under 
stress

CENT

F i 
a t  _  
C e n t

'ig u r e  2— L ith o g r a p h ic  G e la t in  (S a m p le  B );  E ffec t  o f  T im e  F a c t o r  
G iv en  L o a d — T e m p e r a tu r e ,  18° C .; R e la t iv e  H u m id ity ,  73 P e r

or on touching them gently. A t about 80 per cent hum idity 
they were flexible and slightly sticky with a tensile strength 
not exceeding 1000 pounds per square inch. They stretched 
to a neck before breaking, after which the films recovered 
like rubber.

T e sts  o f B om bay  L eaf, S w im  B ladder o f S tu rg eo n , a n d  
R efined Is in g la ss

Ten grams of sawn-up pieces of Bombay Leaf (swim bladder 
of hake) were soaked overnight in 100 cc. of water, but even 
a t 60° to 70° C. considerable residue remained. Film s 
prepared from the supernatant liquid are quite as strong as 
best gelatin or glue.

A similarly prepared extract from the swim bladder of 
the sturgeon left only a small residue and the films were as 
strong as those from Bombay Leaf. The residue, when 
brought into solution a t 100° C. gave still stronger films. 
A second pair of experiments exhibited a similar influence 
of tem perature of extraction. Films from refined isinglass 
tend to  stick to ferrotype plate, and much more so to  cellu
loid. Table IV shows th a t these films are stronger than 
those of any other adhesive. The lower strength of films 
made from the first extract may probably be ascribed to the 
higher proportion of amino acids in th a t extract.

• J .  B iol. Chcm., 4«, 524 (1920).
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T a b ic  IV— T e n s ile  S t r e n g th  o f  F i lm s  o f  B o m b a y  L ea f, S w im  
B la d d er  o f  S tu r g e o n , a n d  R efin ed  I s in g la s s

R e l a t iv e
S u b s t a n c e * T e n s il e  S t r e n g t h  H u m id it y  R e m a r k s

L bs./sq . in .a P er cent 
B om bay Leaf 21,500; 12,400; 12,000 54
Sw im  bladder of sturgeon: _

E xp t. 1: 1st extract 12,700; 12,550; 11,500 59 E xtracted  a t 6 0 -
7 0 °  P

2nd extract 15,600; 14,100

E xp t. 2: 1st ex tract 9400; 9000

7 0° C.
59 R esidue from  1st 

extract«
57 E xtracted  a t  5 5 -  

65 °  C.
Expt. 3: 1st extract 12,700 57 E xtracted  a t 100° C.

R efined isinglass 13,750; 13,550 59
12,550; 11,200; (9500) 59 F ilm s d iflicult to  rc-

(9200) m ove from plate
21,650; 20,600 0 M oderately brittle

a 14.22 lbs. per sq. in. =  1 kg. per sq. cm .
* 10 grains of substance taken to 100 cc. of water.
c H eated  w ith 100 cc. w ater in a beaker im m ersed in boiling w ater and  

allow ed to  gel; reheated a t  100° for 5 m inutes.

N itr o ce llu lo se  A d hesives

Films were prepared by dissolving specimens of nitro- 
cotton similar to those described by McBain, Harvey, and 
Sm ith9 in a number of pure solvents. The results emphasize 
the necessity for allowing a sufficient time for drying. Films 
from ethyl lactate dry very slowly and those from furfural 
still more slowly. Numerical results (Table V) were ob
tained when using amyl acetate and diethyl carbonate as

* J . Phys. Chem., 30, 312 (1920).

solvents, the la tter appearing to yield stronger films under 
comparable conditions. As is seen in the second line of 
Table V, the effect of the time of drying offsets any effect 
of the degradation of the nitrocotton which results when 
the original solution is m aintained a t 55° C. for 14 days.

T a b le  V— T e n s ile  S t r e n g th  o f  F i lm s  o f  N itro ce llu lo se
T im e  or

S o l v e n t  D r y in g  T e n s il e  S t r e n g t h  R emarks

D ays L bs./sq . in .a
A m yl aceta te  7 7500; 7000; 7000 4.8%  nitrocellulose
A m yl aceta te  13* 11,000; 10,800; 9900 Film s thinner than usual
D ieth y l carbonate 6 9300; 8000; 8000 2.3%  nitrocellulose

°  14.22 lbs. per sq. in . =• 1 kg. per sq. cm .
* Sam e solution a s  in first line b ut heated  a t  55° C. for 14 days before 

used  for m aking film.

Films prepared from a well-known commercial nitro
cellulose cement showed a tensile strength of 6400 pounds 
per square inch independent of the thickness of the film. 
In  these tests the films were dried naturally in the air until 
all smell of solvent had disappeared.

Films of celluloid showed a tensile strength of about 8500 
pounds per square inch independent of the thickness of the 
film. The results with a single specimen are reproducible 
within =*=1 per cent. The celluloid is ductile, the cross- 
section area diminishing by nearly one-quarter before frac
ture.

Paradox of C orrosion and Protective Film Theory
By T . F u jih ara

I l l in o is  S t b e l  Co ., G a r y , I n d .

IN  A previous paper2 the author discussed protective films 
of iron in connection with E van’s work on “differential 
aeration,” concluding tha t the uncorroded rim outside 

the drop of water on iron is due to the formation of a protec
tive film of the metal as corrosion product. Therefore, the 
more corrosion product there is the more protection is given 
the metal. The paradox of corrosion th a t pure metal pro
tects' less than impure m etal may be explained by the fol
lowing experiment.

E x p erim en ta l P rocedure

The purpose of the experiment was to determine whether 
electrolytic iron or Annco iron produces the more protective 
film when subjected to the corrosion of water. Specimens

1 R eceived  M arch 9, 1927. From  a th esis on "Corrosion of Iron” 
presented to  th e faculty of- Harvard U niversity as part o f the requirem ent 
for the degree of doctor of science.

1 Trans. A m . Electrochem. Soc., 49, 327 (1926).

of iron were prepared exactly as in ordinary mctallographic 
investigations. The polished m etal surface was set under 
a  microscope with vertical type and a few drops of corrosive 
liquid were placed on the surface by means of a pipct, the 
drop of liquid being made as flat as possible to eliminate ex
cessive refraction of light, especially near the edge of the 
drop.

Electrolytic iron melted in  vacuo was tested first. After 
'subjecting the polished surface of the specimen to corrosion 
of freshly distilled water in the manner described, it was 
examined under a microscope having a magnification of 100 
diameters. There was no marked corrosion after one hour, 
but a few spots on the surface of metal started to produce 
redundant corrosion rings. One of these spots was photo
graphed for investigation a t intervals of 20 minutes. (Fig
ures 1 to 4) The experiment was then repeated using Armco 
iron. A number of corrosion spots appeared after 3 0  m i n u t e .  
One of these spots surrounded by the characteristic corrosion

Figure 1— E lectro ly tic  iron m elted in  vacuo 
corroded w ith water; a  corroding sp o t appeared  
after one hour. 100 X

Figure 2— Sam e as F igure 1, after 20 m inutes. 
100 X

Figure 3— Sam e sp ot as shown in Figure 1, aiu’r 
40 m inutes. 100 X
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Figure 7— Same spot as Figure 5, after 40  
m inutes. 100 X

Figure 8— Sam e spot i 
m inutes.

s Figure 5, after CO 
100 X

ring was photographed a t  intervals of 20 minutes, as with 
the electrolytic iron. (Figures 5 to 8)

R e su lts

Armco iron corroded much faster than electrolytic iron 
m the beginning. However, a corrosion spot appearing on 
Armco iron after a certain period of time enlarged much more 
slowly than a similar spot on electrolytic iron. The rate of 
corrosion of these two kinds of iron after a certain period— 
that is, one hour in the case of electrolytic iron and a half hour 
in that of Armco iron—is shown in Figure 9. The curve is 
similar to that obtained by a purely chemical process, such as 
the oxygen drop method of Speller and co-workers.3 On the

' T i n s  J o u r n a l , 15,  134 ( 1 0 2 3 ) .

* Armco
/  / / -o n E /e c t r o / jO c

/ r o n

T I M E  I N M I N U T E S
Figure 9 E ffec t o f  F i lm  P r o te c t io n  u p o n  R a te  o f  C orrosion  

o l A rm co  I ro n  a n d  E le c tr o ly t ic  Ir o n  M e lte d  i n  V acuo

same principle, the curve obtained by 
the author using a so-called corrosion 
cell filled with Armco iron is shown in 
Figure 10.

The rate of corrosion decreases with 
time, owing to gradual increase of pro
tective film formed as corrosion product. 
The curves obtained from these two 
kinds of iron show that the corrosion of 
Armco iron after 40 minutes decreases 
to practically nothing while the corrosion 
of electrolytic iron is still under full speed 
even after 60 minutes, and does not show 
decrease until after 100 minutes.

C onclusion'

These results show th a t the protective film produced by 
corrosion after a certain time will reverse an original rate of 
corrosion of metals, thus bringing out a paradox th a t the more 
favorable the condition for corrosion the less would be the 
corrosion. Evidently, this contradicts the electrolytic theory, 
which claims th a t the pure metal corrodes less than the im
pure metal. The foregoing statement, however, does not 
mean that the total corrosion of Armco iron is less than th a t 
of electrolytic iron. Experiment proved th a t Armco iron 
was protected by corrosion products better than electrolytic 
iron after a certain period of time in which both had begun 
to corrode.

o f  Cor-ras/on

JO SO 4o s o  SO
TIME, //y M I N U T E S

F ig u r e  10— R e la t io n s h ip  b e tw e e n  R a te  o f  C o rro s io n  a n d  
F ilm  P r o te c t io n . D e te r m in e d  b y  O xygen  D rop  M e th o d  
U sin g  a C o rro s io n  C ell F ille d  w ith  A rm co  I ro n  P la te s

Figure 4— Same spot as F igure 1, after 00 
m inutes. 100 X

Figure 5— Armco iron corroded w ith water; 
corroding spot appeared after half an hour. 
100 X

Figure 0— Same spot as Figure 5, a fter 20  
m inutes. 100 X
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Naphthalenesulfonic Acids1
VIII—Hydrolysis of Naphthalene-1,5-Disulfonic Acid

By D. F . J. L yn ch  an d  J o h n  T . S ca n la n

C o l o r  L a b o r a t o r y ,  B u r b a u  o p  C h e m is t r y ,  W a s h in g t o n ,  D . C.

BY T H E usual commer
cial method naphtha- 
lene-l,5-disulfonic acid 

and naphthalene- 1,6 -disul
fonic acid are prepared simul
ta n e o u s ly  a n d  separated 
later. For this reason it was 
thought advisable to follow a 
recently published paper on 
the hydrolysis of the 1,6 acid2 
with a study of the hydrolysis 
of the 1,5 acid. A compari
son of the structural formulas 
of the two isomers

N a p lith a le n e -1 ,5 -d isu lfo n ic  acid  w as prepared, iso 
la ted  from  its  iso m ers , an d  cry sta llized  as th e  free acid . 
T h is  acid  w as h ea ted  in  sea led  tu b es  w ith  c o n c en tra 
tio n s  o f su lfu r ic  acid  ra n g in g  fro m  1 to  85 per c e n t  a t  
tem p era tu res  ra n g in g  from  100° to  220° C. in  exactly  
th e  sa m e  w ay as w as th e  1,6 a c id . 2 T h e  resu lts  are s im i
la rly  ta b u la ted  for com p a riso n .

T h e  genera l ru le  dedu ced  for th e  1,6 acid  a p p lies to  
th e  1,5 acid . W hen  th e  1,5 acid  is  h ea ted  w ith  low  c o n 
c en tra tio n s  o f su lfu r ic  acid  i t  is  hyd rolyzed  d irec tly  
to  n a p h th a le n e . In  th e  h ig h er  c o n c en tra tio n s  o f s u l
furic  acid  it  is converted  by h y d ro ly sis  and  resu lfo n a tio n  
of th e  n a p h th a le n e  form ed  in to  th o se  iso m eric  d isu l
fo n ic  a c id s w h ic h  w ou ld  be o b ta in ed  by th e  su lfo n a tio n  
o f n a p h th a le n e  u n d er  id e n tica l c o n d itio n s .

SO,H

C O
S O j H

Naphthalene-1,5-disulfonic acid

shows th a t the 1,6 acid has one sulfo group in the alpha posi
tion and one in the beta position, whereas in the 1,5 isomer 
both sulfo groups are in the alpha position. The 1,5 acid is 
therefore less stable than the 1,6 acid, and its formation is 
favored by lower temperatures in the sulfonation reaction. 
Therefore these two acids are formed a t the same time when 
naphthalene is disulfonated a t temperatures below th a t at 
which the 2,7 isomer is produced and the relative proportions 
of the 1,5 and 1,6 acids vary with the temperature within cer
ta in  limits.

In the ordinary commercial process for the production of 
the 1,5 acid, which is fundamentally the same as the method 
of preparation given in this paper, strong fuming sulfuric acid 
is used a t a comparatively low temperature, and almost equal 
parts of the 1,5 and 1,6 acids are produced. To effect a sepa
ration it  is necessary to dilute this strong acid with a relatively 
small portion of water, which, especially in large batches, gen
erates considerable heat w ithout materially reducing the acid 
concentration. Under these conditions, as might be expected, 
there is some hydrolysis of the sulfonic acids to naphthalene. 
The appearance of naphthalene a t  this stage, however, does 
not necessarily indicate th a t hydrolysis has occurred. I t  m ay 
mean th a t some of the naphthalene has escaped sulfonation. 
Hydrolysis is almost inevitable if dilution is accomplished by 
adding ice or water to the reaction mixture, as there is local 
heating and in the early stages the sulfuric acid concentra
tion is high. The best procedure is to pour the reaction mix
ture very slowly into ice water w ith vigorous stirring. This 
insures sufficient dilution a t all times, and by regulating the 
rate of flow the temperature can be kept below th a t a t which 
hydrolysis of the 1,5 acid occurs. As the acid concentration 
increases hydrolysis begins a t  lower and lower temperatures. 
Safe operating temperatures may be determined from Table II.

The 1,5 acid, like the 1,6, is hydrolyzed directly to  naph-
1 R eceived April 18, 1927. 133rd C ontribution from th e Color Labora

tory , Bureau of C hem istry.
* T h i s  J o u r n a l , 19,  417 (1927).

th a le n e  without the inter
mediate formation of either 
of the monosulfonic acids. 
The less stable 1,5 acid begins 
to  hydrolyze a t lower temper
atures than the 1,6 acid, es
pecially in the lower concen
trations of sulfuric acid. At 
almost every temperature the 
percentage of hydrolysis is 
greater and where hydrolysis 
is complete it is accomplished 
a t much lower temperatures. 
In the higher acid concentra
tions the 1,5 acid is also con
verted into the other isomers, 

the 1,6, the 2,6, and the 2,7. Here again it is observed that 
the 1,5 acid is slightly less stable, as this conversion occurs at 
lower temperatures and in lower concentrations of sulfuric 
acid. These results, together with the quantitative meas
urements, are here tabulated. The tables show the temper
ature a t which hydrolysis begins in each concentration of 
sulfuric acid employed and the temperature a t which char
ring, indicated by the presence of sulfur dioxide, takes place. 
The percentages of hydrolysis are those which obtain when 
the reaction takes' place in a closed system.

P reparation  o f M ater ia l

The naphthalene was sulfonated by adding 165 grams slowly 
with stirring, to 30 per cent oleum, obtained by pouring 500 
grams of melted 50 per cent fuming sulfuric acid into 190 
grams (103 cc.) of concentrated sulfuric acid (sp. gr. 1.84). 
During the addition of the naphthalene the temperature was 
kept below 60° C. When the tem perature no longer showed 
a tendency to  rise, the reaction mixture was heated on the 
steam bath  for 18 hours. Thus far the method is the same 
as th a t given by Ewer and Pick.3 The reaction mixture was 
poured into 1600 cc. of cold water, cooled, and filtered. This 
solution was then heated to boiling and poured carefully 
into a hot solution of 600 grams of sodium carbonate in 1500 
cc. of water. The neutralization was completed by adding 
solid sodium carbonate to the boiling solution. More boil
ing w'ater was added if necessary to  hold the salts in solution. 
This solution wrns allowed to  cool slowly and stand for some 
time. The sodium naphthalene-1,5-disulfonate precipitated 
in a coarsely crystalline form and was separated by filtration. 
I t  was necessary to  exercise some care a t this point, as the 
solution contained a large quantity  of sodium sulfate, which 
is easily precipitated by agitation or shock. The sodium 
salt was recrystallized from hot water and dried on a porous 
plate in the air. The yield was 140 grams. From the sodium
salt, (NaS0 3)iCioH6.2H20, the barium salt was prepared by
double decomposition with barium chloride and wrashed thor
oughly with several successive portions of hot water, in which 
it is very insoluble. A weighed portion of this purified bar
ium salt, Ba(S03)2CioHs.H 20 , was treated with anequimolcc- 
ular quantity  of sulfuric acid and the precipitated barium

1 German P atent Application E 2019 (18S9).

SOaH

Naphthalene-1,6 -disulfonic acid
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sulfate filtered off and washed with cold water. The com
bined filtrate and washings were evaporated to a small vol
ume and the sulfonic acid was precipitated by the addition of 
concentrated hydrochloric acid. The crystalline product 
was filtered off and dried in a vacuum over 50 per cent po
tassium hydroxide to remove all traces of hydrochloric acid. 
The free acid has the formula CioHt(SOjH)j.4H20 . This 
hydrate is stable under ordinary conditions. I t  does not 
give up water a t room temperature in a vacuum and does 
not absorb moisture when exposed to the air. For this rea
son the free 1,5 acid is much easier to handle than the 1,6 
isomer.

The formulas for the salts of the 1,5 acid and the method 
of isolating the crystalline, free acid were taken from a paper 
by Fierz-David and Hasler.4 Analysis, by titration with 
standard alkali, of the free acid prepared in this way gave the 
following results:

1,5 A cid 
Grams 

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

0.2 6 2 6  N  N aO H  A n h y d r o u s  1,5 A cid

Cc.
1 6 . 3 6
1 6 . 4 1  
1 6 . 4 4  
1 6 . 3 3
1 6 .4 1  
1 6 . 4 0

Average
C alculated for CioHe(SOjH)t.4HtO

P er cent 
7 9 . 9 8  
80.0-1  
8 0 . 0 3  
8 0 . 0 6  
8 0 . 1 3  
8 0 . 1 1

8 0 . 0 6
7 9 . 9 6

This is a reasonable guarantee of purity, as the presence of 
either of the two monosulfonic acids would materially affect 
the percentage of anhydrous acid, and both of the other two 
disulfonic acids, the 1,6 and the 2,7 which might be formed 
a t this temperature, form barium salts th a t are readily sol
uble in hot water and would have been eliminated in the proc
ess of purification. The fact th a t the material shows no 
tendency to give up its water of hydration also indicates the 
absence of the 1,6 acid. The only remaining sulfonic acid— 
the 2,6 acid—cannot be formed a t the temperature employed. 
Owing to the stability of the 1,5 tetrahydrate, i t  was deemed 
unnecessary to assay the samples before use. I t  was assumed 
in all the work th a t the material was the pure naphthalene- 
1,5-disulfonic acid tetrahydrate, and the calculations were 
based on this assumption.

T a b le  II— A verage H y d ro ly sis  o f  N a p h th a le n e -1 ,5 -D I s u lfo n I c  A cid  In  
C lo sed  S y s te m

(Figures in per cent)

C.
H*SOi

S t r e n g t h 100° C. 120° C. 1 4 0 ° C. 1 6 0 ° C. 180° C. 2 00° C. 220° <
1 2 11 52 99
5 3 15 68 100
9 4 22 72 99

22 0 5 62 100
42 6 2 45 99
64 3 38 42 28 53 a
69 4 34 28 16
73 *0 9 24 11 5*
77 0 18 b 6
So 0 b
a Charred.
b T itration  showed no change in the q uan tity  of sulfonic acid pres;

but q ualitative analysis show ed th at other isom ers had been form ed b y  re- 
sulfonation. T able III  g ives results of the q ua lita tive analysis.

H ydrolysis

The procedure followed in the hydrolysis of the 1,5 acid 
in the analysis, both quantitative and qualitative, of the re
action products, and in the calculation of the percentages was 
identical with the procedure described in the paper on the 
hydrolysis of the 1,6 acid.2 As the 1,5 acid is somewhat 
less soluble in sulfuric acid than the 1,6, it was necessary to 
use the solid acid instead of solutions where the concentration 
exceeded 22 per cent sulfuric acid. The results are recorded 
in Tables I, II, and III.

• lU lv . Chim. A d a , 6, 1133 ( 1 0 2 3 ) .
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D isc u ssio n  o f R e su lts

The results seem to support the theory advanced to ex
plain the behavior of the 1,6 acid—namely, th a t the conver
sion of anj’ of the naphthalenesulfonic acids to  others in
volves hydrolysis and subsequent resulfonation. Like the 
1,6 acid the 1,5 acid undergoes hydrolysis directly to naph
thalene in the lower concentrations of sulfuric acid and it is 
converted into the other isomers in the higher concentrations. 
A t any temperature where the 1,6 acid is converted into iso
meric acids the 1,5 acid is converted into the same isomers, 
the 2,6 and 2,7 acids. In the case of the 1,5 acid, however, 
the conversion also takes place under conditions which do 
not produce such a change in the 1,6 acid—th a t is, a t lower 
temperatures and in less concentrated sulfuric acid. This, 
of course, indicates th a t the 1,5 acid is less stable and is either 
more readily hydrolyzed or more susceptible to intramolec
ular rearrangement. If it is a case of intramolecular re
arrangement and we find it possible for the 1,5 acid to re
arrange its sulfo groups into the 1 and 6 positions, we would 
expect th a t where the 1,6 acid is stable and the 1,5 acid un
stable the la tter would be transformed into the former. 
Table I I I  shows th a t a t 140° C. in 73 per cent sulfuric acid 
the 1,5 acid is converted into the 1,6 acid and a trace of the
2,7 acid. Under identical conditions the 1,6 acid was par
tially hydrolyzed, but no other isomers were obtained. A t 
140° C. in 77 per cent sulfuric acid, however, where the 1,6 acid 
showed similar stability, the 1,5 acid has been completely 
replaced by the 2,7 acid. Thus we see that, although the 1,5 
acid can be converted into the 1,6, it is not always so con
verted under conditions in which the 1,6 acid is stable. Hence 
the reaction, is apparently not a rearrangement. The most

probable explanation is resulfonation of the naphthalene 
produced by hydrolysis. The factor which determines the 
products in th a t case is the course of the reaction between 
naphthalene and sulfuric acid under the existing conditions. 
This is satisfied in every case, for wherever the initial acid 
is sufficiently hydrolyzed new isomers appear and they are 
always the ones th a t would be produced by the sulfonation 
of naphthalene under identical conditions.

T a b ic  III— P r o d u c ts 0 O b ta in e d  b y  H e a t in g  N a p h th a le n e -1 #5-Disul- 
f o n ic  A c id  w ith  V a r io u s  C o n c e n tr a t io n s  o f  S u lfu r ic  A cid  a t  Different 

T e m p e r a tu r e s
H jSO i

S t r iîn g t h 100° C. 120° C. 140° C. 160° C. 180° C. 200° C. 220° C.
%1 1,5 1,5 1.5 CioH,

C ioH , C ioH , CioH ,
5 1,5

CioHi
1,5

C ioH ,
1,5

CioH,
CioH,

9 1,5
C ioH ,

1,5
CioH»

1,5
CioH,

CioH,

22 1,5 1,5
CioH,

1.5
C ioH ,

C ioH ,

42 1,5 1,5
C ioH .

1,5
C ioH ,

1,5
C ioH ,

64 1,5 1,5 1,5
C ioH ,

1,5 1,5
C ioH , C ioH , CioH. C ioH ,

SO ,
69 1,5

CioH»
1,5

C ioH ,
2,6
2,7

C ioH ,

2,6 
2,7  

SO tb 
C ioH ,

73 1,5 1,5
CioH«

1,6 
2,7 b 

C ioH ,

2,6
2,7

CioH,

2,6 
2,7 

SO ib 
C ioH ,

77 1,5 1,5 2,7 2,6
C ioH , 2.7

85 1,5 1,5
2,7

°  1,5 is naph th alene-1,5-disuIfonic acid; 1,6 is naphthalene-1,6-disulfonic 
acid; 2,6 is naphthalenc-2,6-disulfonic acid; 2,7 is naphthalcne-2,7-disul- 
fonic acid; and CioHs is naphthalene. 

b Trace.

Fate of Grease in Sludge D igestion1
By S. L. N eave w ith  A. M . B u sw ell

S t a t e  W a t e r  S u r v e y , U n t v e r sit y  or I l l in o is , U r b a n a , I I I .

T H E scarcity of literature on the bacterial degradation 
of fats and soaps indicates a need for further investi
gation. O’Shaughnessy2 pointed out th a t a little over 

one-third of the fatty  m atter is lost during digestion of sewage 
sludge, while the laboratory experiments of Bach and Sierp,3 
on the anaerobic digestion of various foodstuffs, showed as 
high as 50 per cent decomposition of the fats. In  a recent 
paper the present writers* have shown th a t the percentage 
of “grease” (using this term  loosely to include oils, fats, and 
soaps extractable by petroleum ether) is the same in freshly 
settled sewage solids and in the digested sludge; consequently, 
since about 30 per cent of the solid m atter is liquefied during 
digestion, a corresponding decrease in grease m ust occur. 
Fat-splitting bacteria have been reported in the Imhoff tank 
flora by Hotchkiss and M urray,5 though Rudolfs* reports no 
decomposition of grease during sludge digestion.

Some of the tests in this laboratory have indicated that, 
whereas sodium and potassium soaps, which would predomi
nate in a soft-water region, strongly resist bacterial action, 
the calcium soaps of our hard-water sewage are readily de
composed. This point is receiving further study to see whether

1 Presented before the D ivision  o f W ater, Sew age, and Sanitation  
C hem istry a t the 73rd M eeting of the A m erican C hem ical S ocie ty , R ich 
m ond, V a., April 11 to 16 ,1927 .

2 J . Soc. Chem. In d ., 33, 3 (1914).
* Ccntr. Bakt. P arasitenk., I I  A bt., 62, 24 (1924).
« T h is  J o u r n a l ,  19, 233 (1927).
‘ A m . J . Pub. Health, 13 , 562 (1923).
• N . J . A gr. E xpt. S ta ., Bull. 42 7, 64 (1926).

the predominant cation m ay not explain the reported varia
bility in grease digestion. The present paper reports experi
mental evidence th a t grease not only can digest, but also 
may serve as an im portant source of methane.

E x p er im en ta l P rocedure

Sewage solids were obtained from a settling tank operating 
on a purely domestic sewage from a combined system. A 
thoroughly mixed sample of the solids was divided into thir
teen 1-liter portions, one portion being used for the initial 
analysis and the other twelve being placed in bottles fitted 
for gas collection. No initial seeding was used. Each week 
one bottle was removed and the contents analyzed. After 
3 weeks, when gas evolution had nearly ceased, three of the 
remaining bottles received 5 grams of lime each to bring the 
pH  from 5.0 back to  6.8, and then digestion was allowed to 
proceed for comparison with the untreated ones.

A n a l y t i c a l  M e t h o d —The solids were drained on a Buch
ner funnel using suction, and the resultant cake, containing 
about 72 per cent water, was dried to constant weight at 
100° C. On the filtrate were determined pH, free amino 
nitrogen, total amino nitrogen after hydrolysis with 33 per 
cent sulfuric acid, ammonia, urea, total nitrogen by Kjeldahl 
digestion, volatile fatty  acids by steam distillation, and 
lactic acid by vacuum distillation. On the dry cake were 
determined to tal dry weight, ash, grease (including soaps), 
cellulose, and to tal nitrogen; also a 5-gram sample was hydro
lyzed with 33 per cent sulfuric acid and the nitrogenous com



T a b le  I— A cid  D ig e s t io n  D a ta

T o t a l O r ga ni c
T ime S ol id s A s h S oli d s G r e a s e

Weeks Grams Gram s Grams Grams
0 4 7 . 9 1 2 . 5 3 5 . 4 1 2 . 4
1 4 3 . 8 1 1 . 8 3 2 . 0 6 . 8
2 4 1 . 0 1 1 . 3 2 9 . 7 5 . 3
3 4 0 . 4 1 1 . 5 2 8 . 9 4 . 9
4 3 8 . 1 1 0 . 2 2 7 . 9 4 . 0
4® 3 8 . 6 1 2 . 5 2 6 . 1 3 . 6
5 3 8 . 4 1 1 . 1 2 7 . 3 5 . 1
6 3 7 . 8 11.0 2 6 . 8 4 . 6
7 3 6 . 7 1 0 . 6 2 6 . 1 4 . 6
7 ° 3 7 . 4 1 2 . 6 2 4 . 8 2 . 7
8 3 5 . 4 9 . 9 2 5 . 5 3 . 8
9 °

* Lim ed .
3 9 . 0 1 3 . 7 2 5 . 3 2 . 7

p H  op
L o w e r  T att y  

A c id s  i n T o t a l N it r o g e n
CELLULOL iq uo r L iq u o r S ol id s L i q u o r

Grams Grams Grams Grams
6 . 9 0 . 2 1 . 3 9 0 . 0 7 6
5 . 4 1 . 4 1 . 2 3 0 . 1 2 6
5 . 0 1 . 9 0 . 9 9 0 . 1 5 5
5 . 0 2 . 8 0 . 9 3 0 . 2 8 6
5 . 0 3 . 8 0 . 8 7 0 . 3 7
6 . 0 5 . 2 0 . 8 9 0 . 4 1
5 . 0 3 . 6 0 . 8 2 0 . 3 3
5 . 0 3 . 7 0 . 7 2 0 . 6 1
5 . 0 4 . 1 0 . 8 0 0 . 3 7
6 . 4 3 . 2 0 . 5 6 0 . 5 8 5 . 5
5 . 0 4 . 2 0 . 7 2 0 . 4 7 6 . 0
6 . 4 2 . 7 0 . 5 1 0 . 7 0 5 . 5
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prior to a final alkaline period to remove obnoxious nitrogen 
compounds. Another series of experiments is directed to
ward methods for controlling the acidity. In  addition to 
liming and to utilizing the buffer value of a large excess of 
alkaline sludge, slight aeration seems to offer interesting possi
bilities. To the writers’ knowledge this has not been at
tem pted in sludge digestion, though the industrial processes 
for cellulose fermentation make use of restricted aeration, and 
in the activated sludge process the sludge neither becomes 
acid nor has the greasy nature of settled sewage solids. Oxy
gen increases the pH by converting acetic acid into carbon 
dioxide and water, and thus oxygen may be considered as 
a base. For example, one of the liquors, having a p l l  value 
of 5.2, received roughly 0.02 cubic foot of air per gallon (145 
cc. per liter) per hour and in 18 hours had reached a pH  of
7.2. This change, like the acidity of a  digesting sludge, is 
slightly dependent upon carbon dioxide, bu t an actual de
crease in volatile fatty  acids from 211 mg. to SO mg. per liter 
was observed.

The origin of methane in digestion-tank gases has never 
been conclusively determined. Since paper pulp is a known 
component of sewage solids, and since cellulose fermentation 
can give methane, it has been assumed th a t sewage-tank 
methane also arises from cellulose. The writers’ experiments 
do not support this assumption. Accurate gas measurements 
were obtained only on the limed series, though the gas had

curacy and uniformity in the digestion processes; the devia
tion wasjtoo slight to justify tabulating both. Figure 1 shows 
the decrease in total weight of solids in the bottles and Fig
ure 2 the decrease in organic content of the solids. The curves 
indicate th a t lime increases the rate, rather than the extent, 
of digestion, though this drop in organic m atter (Figure 2) 
may be due only to increased solubility in the more alkaline 
liquor, as noted before.4 This variation in solubility with 
pH is receiving further study, so th a t the apparent digestive 
processes m ay be corrected for it.

The proteolytic flora is largely suppressed in this acid di
gestion and more than 80 per cent of the loss in organic m atter 
can be accounted for as grease digested. The degradation 
of grease (Figure 3) seems to be more complete in the limed 
series, though here again it may be only a solubility effect. 
The second peak in gas evolution following liming (Figure 5) 
cannot be taken as a criterion of increased liquefaction, be
cause the gas originates from substances already in abun
dance in solution. Also, the peak in the lower fatty  acid 
production following the addition of lime (Figure 4) may in
dicate merely the formation of soluble or peptized calcium 
salts of these acids.

Observations to date indicate th a t a pH  of 5.0 is too acid 
for the most rapid digestion of grease, though the writers 
are now building up an acid-digesting flora, by a  procedure 
analogous to th a t followed in obtaining the usual alkaline 
flora, to see whether this method of removing the bulk of 
the acid-producing components may be an economical step

ponents were determined as humin-N, amid-N, amine-N, 
purine bases, and total nitrogen by Kjeldahl digestion. Some 
of these data relate to an independent study of the nitrogen 
cycle and are omitted in the present discussion.

R e su lts

Table I  summarizes the analytical results on the initial 
solids and on the digesting sludges a t weekly intervals. Re
sults for the eighth week are averages of two bottles, the dupli
cation being thought desirable to check both analytical ac-

1, p. 75.

T i m e  / / v  W e e k s .

the same composition in both series. In the 9 weeks the 
limed bottle had evolved 28G0 cc. of gas of the following com
position: CHi 75.8, CO2 16.9, Ho 3.6, No 3.7 per cent. This 
volume is equivalent to 80 cc. per gram of organic m atter or 
275 cc. per gram of organic m atter digested. Acetic acid 
has been shown by Groenewege7 and others to be a precursor 
of methane in cellulose fermentation, and the “acetate sludge” 
of Bach and Sierp3 points to a  similar mechanism in sludge 
digestion. Groenewege5 has further shown tha t calcium for-

7 M ededeel. A lg. Proefsla. Landb. Dept. Landb., N ijv . H andel, 13, 1 
( 1 9 2 3 ) .

8 Centr. Bakt. P arasilenk., I I  A bt., 60, 3 1 8  (19 2 3 ) .
9 Mededeel. Burgcrlijk. Geneeskund. D ienst N ederlan d-Indii, 1920, N o.
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Loss in grease contain ing 12.5 per cent Ca (as soaps) 
on an ash-free basis 

Free fa tty  acids rem aining in  liquor 
Loss in  free fa tty  acids
A cetic  acid eq u iva lent of the m ethane evolved

■ 9 .7  or
Grams

8 . 5
2 . 7
5 . 8  
5 . 3

If methane arises chiefly from de-carboxylation of acetic 
acid, thus:

CHaCOOH =  CHa +  C 0 2

we would expect to find a 1:1 molecular ratio of CH^CCK. 
Actually, without obtaining tha t portion of the carbon dioxide 
which was combined with ammonia and calcium, but correct
ing for tha t in simple solution, the ratio was 1:0.4. A dif
ferent experimental technic would be desirable to establish 
this ratio.

I t  should be noted th a t fatty  acids, hence acetic acid and 
methane, can arise not only from cellulose, starch, etc., and 
from grease, b u t also by de-amination of the amino acids. 
Theoretically, therefore, methane may arise from carbohy
drates, fats, or proteins, or from all three. In  acid digestions 
the protein degradation is slight; indeed, tha t is why the re
sultant sludge is not well digested. The lower carbohydrates, 
being soluble, are not present to any appreciable extent in 
the sludge, though traces of starch, pentosans, and glycopro
teins may be found. I t is probable th a t the small amount 
of hydrogen evolved early in digestion is a fair indication of 
the quantity  of available carbohydrates, since they usually 
ferment anaerobically to carbon dioxide and hydrogen. The

writers’ laboratory tests, though not yet completed, have so 
far failed to show methane in the gases from the following 
w'hen seeded with sludge liquor: inulin, starch, dextrin, raffi- 
nose, maltose, sucrose, lactose, salicin, glucose, fructose, 
dulcitol, mannitol, adonitol, and glycerol—all of which, how
ever, give hydrogen. The analyses for cellulose (Table I), 
using the common Schweitzer’s reagent extraction of grease- 
free samples, show th a t no large decrease in amount has oc
curred. This, of course, does not cover the alkaline range, 
bu t even there, if W'e consider the relatively brief period in 
the digestion tank as compared -with the months commonly 
required by cellulose cultures, it seems unlikely tha t any ap
preciable amount of methane arises from this source. In 
the last limed bottle, after 9 weeks, a piece of newspaper 
showing no signs of degradation, was found, the small type 
being still legible.

R e la tio n  o f G as P ro d u ctio n  to  G rease C o n ten t

As a further test on the relation of gas production to grease 
content, digestion experiments were set up with a series of 
dry sludges of varying grease content, the highest being a 
dried scum containing 73 per cent grease. One-gram sam
ples were added to tubes of liquor drained from a digested 
sludge and the tubes stoppered for gas collection. Figure 
6 show's the total gas

70-

mate, calcium butyxate, and salts of higher fatty  acids having 
an even number of carbon atoms can produce methane. Since 
acetic acid is the predominant fatty  acid in the digestions 
described herein, it is not surprising th a t evolved methane 
nearly accounts for the loss in weight of free fatty  acids, thus:

Ftq. 6  
R e la t iv e  Volumes 
o f Gas E vo lved  in  
10 Pays from  sludqes 
in  varq inq  grease  

c o n te n t

evolution in 10 days, 
the relative v o lu m e s  
being roughly propor
tional to the percentage 
of grease. The mecha
nism of the fatty  acid 
degradation is now un
der study; it seems to be 
primarily' a hydrolysis 
on the b e ta  c a rb o n  
a to m  resembling the 
familiar beta oxidation 
of fats.

S u m m a ry

1—In the acid type 
of sludge digestion, a 
r a p id  destruction of 
g re a s e  a n d  calcium 
soaps occurs with the 
p r o d u c t io n  of lov'er 
fatty' acids.

2—Some of the lower 
fatty  acid f e r m e n ts  
further to give methane.

3—P r o te o ly s is  is 
h in d e re d  by the low 
pH  and, as a result, the sludge is not well digested.

4—The rate of fermentation, as measured by gas produc
tion, is roughly proportional to the grease content of the solids, 
a scum high in grease being the most vigorous gas producer.

5—Cellulose is believed to undergo little, if any, digestion 
during the ordinary sludge-digestion period.

7J% /s s v . Z Ä  H L
Gæ C ASC Coa/ t/ENT

German “ Oil from  Coal” Assured
Trade Commissioner William T. Daugherty, of Berlin, states 

that Generalkonsul Bruckmann, head of the A. G. fiir Industrie 
und Technik, which last year traded its control of Bcrgius coal 
hydrogenation patents to the German D ye Trust, recently 
advised the company’s stockholders that beginning next year 
the I. G. would produce enough oil from coal to m eet one-half 
of the local demand.
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T he N eutral Salt Effect in Chrom e Tanning
I—Action of Neutral Chlorides upon the Tanning Property of Chromic Chlorides1

By K. H. G u sta v so n

W id b n -L o r d  T a n n in g  C o ., D a n v k r s , M a s s .

IN CHROM E-TANNING leather by the one-bath method 
the acidities of the solutions of basic sulfates or chlorides of 
chromium usually employed lie between 2.5 to 3.5 pH. 

In order to reduce the swelling of the skin and also to retard 
the initial chrome fixation, neutral salts, as a rule sodium 
chloride or sulfate, are added to the solution. Besides 
this practical aspect, the neutral salt effect is also of theoretical 
importance. Although a number of investigations on this 
subject have been carried out, no satisfactory general formu
lation of this problem has yet been given. But even if this 
is not yet possible on ac
count of our scant knowl
edge of the chemistry of 
proteins and the salt sys
tems involved, accumula
tion of further data and in
troduction of new aspects 
should bring about a better 
understanding of this prob
lem.

Addition of neutral chlo
rides to common chrome 
liquors (basic sulfates), gen
erally leads to increased hy- 
drogen-ion concentration, 
g rea te r s t a b i l i t y  of the 
chromic salt toward alkali, 
and decrease in the tanning property of the chromic sul
fate. Wilson and his collaborators2 consider the increase 
in actual chrome concentration and hydrogen ion due to 
hydration of the neutral salt and the decrease in chrome 
fixation by hide, to be in p art a t least, a result of the increased 
hydrogen-ion concentration of the solution. The relative 
efficiency of the neutral chlorides in regard to increase in 
hydrogen ion and retardation of tanning was in the same 
order as their degree of hydration. I t  was further shown by 
Thomas and Baldwin3 th a t neutral sulfates added to acid 
solutions decrease the hydrogen-ion concentration of the 
solutions. Retardation of chrome fixation by hide substance 
occurs also in this case.4 Accordingly, the view of the regulate 
ing influence of pH and the actual concentration of chrome 
upon the rate and extent of chrome fixation could not be of 
general applicability. This was pointed out by the above in
vestigators, and Thomas and Foster concluded th a t forma
tion of complex double salts with lessened affinity for 
hide was probably the main factor, with hydration as a 
secondary cause.

P h a ses o f  P rob lem  to  Be C onsidered

The basic chromic salts in the form generally employed 
Ul tanning are undoubtedly definite chemical compounds, 
although only in a few instances has their preparation in 
crystalline form been possible. This is not unexpected in

1 Presented under the su b title  before the D ivison  of Leather and Gelatin  
Chemistry at the 72nd m eeting o f th e A m erican Chem ical S ocie ty , P h ila
delphia, Pa., Septem ber 5 to 11, 1926. R eceived  M arch 23, 1927.

1 J. Am . Leather Chem. A ssocn., 15, 273 (1920); J . A m . Chem. Soc., 42, 
715 (1920).

'I b id .,  41 , 1981 ( 1 9 1 9 ) .
4 Wilson and Kern, J . A m . Leather Chem. Assocn., 15, 2 7 3  ( 1 9 2 0 ) ;  

Thomas and F o s t er ,  T i n s  J o u r n a l , 14, 13 2  ( 1 9 2 2 ) .

view of their high sensitiveness to structural rearrangement 
upon changes of the conditions in their solutions which lead 
to alterations in the degree of aggregation and electrochemical 
behavior of the salt. This im portant phase of the neutral 
salt problem has not heretofore been considered, and the 
systems of neutral salt and chromic salt have been treated 
similarly to solutions containing hydrogen ions in general 
with a possible complex compound formation as an additional 
factor. The composition of the chromic salt, especially in 
regard to the internal sphere, is determined by a number of

factors, such as basicity, 
concentration, temperature, 
age, the nature of anion of 
chromic salt, and the quan
tity  and character of added 
foreign ions. On adding a 
neutral salt to a solution of 
chromic salt, the degree of 
hydrolysis changes. I t  fol
lows th a t the concentration 
of chromic cation or complex 
should show a similar in
c re a se  d u e  to  hydration. 
The changes in ionic condi
tions have been indicated to 
affect the composition of 
the cationic chromium com

plex, in regard to the number of acidic and probably also 
the nature of the basic groups associated directly with chro
mium.3 These changes further affect the electrochemical 
behavior—th a t is, the number of charges of the complex 
and its sign. This internal rearrangement may further change 
the extent of hydrolysis and ionization of the resulting 
chromic salt and also the degree of aggregation of the chrome 
complex. Formation of stable complexes with lessened de
gree of ionization between the added salt and the chrome 
compound may also occur. In systems not possessing a com
mon anion double decomposition between salt pairs further 
complicates the problem. The direct and indirect effects of 
the neutral salt upon the protein is another factor worthy 
of consideration. A t the pH values generally met in chrome 
tanning, the specific ion effect of the salt upon protein is 
probably insignificant compared with th a t of hydrogen ions, 
especially for the commonly employed sodium chloride and 
sulfate. The change in hydrogen ion by neutral salt addi
tion m ay also affect the constitution of the protein and its de
gree of activation.

In extremely basic salts of colloidal character the neutral 
salt effect upon the colloidal constituents must also be con
sidered. Thus, extremely basic chromic sulfates may under 
certain conditions show increased chrome fixation by hide 
in the prerence of sodium chloride of certain concentrations, 
w'hereas for ordinary basic salts the reverse is true. The 
colloidal factor plays a prominent role in the behavior of the 
basic aluminum sulfates, which show a greater agglomerating 
tendency than the chromic sulfates of corresponding per
centage acidity. Addition of neutral chlorides and sulfates 
to  the aluminum sulfates affects the pH in a manner similar

4 G u stavson , J . A m . Leather Chem. A ssocn., 19, 446 (1924); Collegium , 
N o. 671, 97 (1926).

M o d erate ly  c o n cen tra ted  so lu t io n s  o f  c h ro m ic  c h lo 
rid es sh o w  a con sid erab le  in crea se  in  ta n n in g  property  
by a d d itio n  o f n eu tra l ch lo r id es, a lth o u g h  th e  h y d ro 
g e n -io n  c o n c en tra tio n  is  in crea sed . In  c o n cen tra ted  
c h ro m ic  s a lt  so lu tio n s  n eu tra l ch lo r id es d im in ish  th e  
ch ro m e  fixation . T h is  p a rticu la r  n e u tr a l sa lt  effect is  
governed  ch iefly  by th e  c o n s t itu t io n a l a lter a tio n s  w h ich  
th e  c h ro m ic  ch lo r id e  u n d erg o es in  th e  p resen ce  of  
n e u tr a l ch lo r id es. For ex trem ely  b a sic  sa lts  ch a n g es  
a ffec tin g  th e  degree o f a g g lo m era tio n  of th e  ch ro m ic  
co m p lex  a lso  are o f im p o rta n ce . T h e  h y d ro g en -io n  
fa c to r  fa ils  to  so lve  th is  prob lem .
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to tha t found for chromic salts. In  this case also the neutral were prepared from concentrated solutions of an 86 per cent
sulfates decrease the fixation of aluminum sulfate by the 
hide protein. Neutral chlorides in moderate concentrations, 
however, bring about greater fixation of the tanning agent 
from moderately basic aluminum sulfate. In  extremely 
basic sta te or high concentration of added salt the reverse 
occurs. Variations in the concentration of the aluminum 
salt lead to similar apparent irregularities in the action of 
neutral chlorides. The formation of very stable complexes, 
in part of anionic type, between neutral sulfate and aluminum 
sulfate, leading to an increased degree of dispersity of the 
colloidal complexes, is probably the main factor in this par
ticular retardation of tanning by neutral sulfates. The ac
tion of neutral chlorides seems to be due in part to their ag
gregating influence upon the aluminum salt. In  this case 
the increase or decrease in tanning potency of aluminum sul
fate in the presence of salts seems to depend primarily upon 
the degree of agglomeration of the aluminum complex.

Evidently, the experimental conditions and the type of 
salt in question must be considered as chiefly determining 
the relative prominence of any of the m any factors tha t 
have to be considered. Weiser’s6 suggestion th a t “a great 
deal of the effect of neutral salts is due to  their adsorption 
by the hide, which cuts down the" adsorption of hydrous 
chromic oxide,” is too simple to- be true. I ts  absurdity is 
evident from data to be presentcd in this paper.

F ig u r e  1— p H  V a lu e s  o f  S o lu t io n s  o f  C h r o m ic  
C h lo r id e s  a s  a  F u n c t io n  o f  T h e ir  M o la lity  in  
S o d iu m  C h lo r id e

Experiments were carried out to  determine the effect of 
neutral^ chlorides upon the tanning property of chromic 
chlorides, as measured by  their chrome fixation by hide 
powder. The neutral sa lt effect in tanning is generally as
sociated with the concept of diminished tanning property. 
In  this particular case, the  action of the neutral salt give3 
rise to  a very considerable increase in the tanning potency of 
the chromic salt.

E X P E R IM E N T A L

In" most of the experiments sodium chloride was used on 
account* of its technical importance. The basic chlorides

* » j'T h e  H ydrous O xides,” p. 328, M cG raw -H ill Book C o., N ew  Y ork, 
192 6.*

acid chromic chloride of c. p . grade employing sodium 
hydroxide as neutralization agent. The neutral salt solu
tions were tested for their reaction (neutral) and the absence 
of sulfate. The stock solutions of basic chloride were kept 
until hydrolysis equilibria were established. The diluted 
solutions with added neutral salts as used for tanning had 
also reached pH  equilibria. The analytical methods have 
been previously described.7

The lack of an accurate method for the determination of 
combined chloride in leather is deplorable. Therefore, the 
figures given for the percentage of acidity of the chrome- 
collagen compound should be considered as only approximate. 
The per cent acidity of the chromic salt a t which a permanent 
turbidity was observed and the pH values of the original solu
tions are included in the tables. For a detailed treatment of 
these phases reference is given to a previous article.3 In 
Figure 1 the pH  values of the tanning solutions with estab
lished pH  equilibria are plotted against the molality of solu
tion in sodium chloride.

C o m p arison  o f D ry an d  H ydrated  H id e Powder

In the first series portions of dry hide powder equal to 5.00 
grams of protein were treated under continuous rotation at room 
temperature with 2 0 0 -cc. portions of the chomic chloride contain
ing increasing amounts of sodium chloride. Table I and Figure 2 
contain the data.

T a b le  I— A c tio n  o f  N aC l u p o n  C h r o m e  F ix a t io n  b y  D ry H id e Powder 
fr o m  S o lu t io n s  o f  C h r o m ic  C h lo r id e

Acidity
A ci di ty CriOj OP

at ON Chroms-
N a C l p H  op W hi ch C olla C olla

M or a l  O r i g i n a l P p t n . C ol l a  g e n gen

N o . it y S o l n . O c cu rs CriOa Cl g e n B a sis Compd.

% % % % % /C
8 6 . 3 %  A c id  C h ro m ic C h lo r id e ,  C o n cn .  6 .7  g . / I .  CraO-

1 0 . 0 2 . 3 8 1 2 . 5 1 . 9 6 1 . 8 8 5 . 3 2 . 2 9 65
2 0 . 2 5 2 . 3 5 3 2 . 3 2 . 0 2 2 . 1 8 5 . 1 2 . 3 7 73
3 0 . 5 2 . 3 2 3 5 . 5 2 . 1 8 2 . 4 8 4 . 8 2 . 5 7 79
4 1 . 0 2 . 2 8 5 2 . 0 2 . 3 4 2 . 5 8 4 . 4 2 . 7 8 70
5 2 . 0 2 . 1 3 5 4 . 2 2 . 5 8 2 . 6 8 4 . 1 3 . 0 7 72
6 3 . 0 1 . 9 8 5 6 . 8 2 . 7 7 2 . 7 8 3 . 0 3 . 3 4 70

4 . 0 1 . 8 2 5 6 - 8 3 . 0 1 2 . 7 8 0 . 2 3 . 6 7 65
8 5 . 0 1 . 0 5 5 6 . 8 3 . 3 9 2 . 8 7 9 . 2 4 . 2 8 60

6 1 . 5 %  A c id  C h ro m ic  Chlo r ide ,  C o n cn . 9 .4  g . / l .  CrsOj
531 0 . 0 2 . 8 8 2 0 . 5 4 . 1 2 3 . 1 8 3 . 3 4 . 9 4

2 0 . 5 2 . 8 3 3 1 . 4 4 . 9 8 3 . 9 8 0 . 5 6 . 1 9 56
3 1 . 0 2 . 7 7 3 5 . 7 5 . 6 2 4 . 1 7 9 . 5 7 . 0 7 51
4 2 . 0 2 . 6 0 4 0 . 0 5 . 8 3 4 . 1 7 9 . 1 7 . 3 8 50
5 3 . 0 2 . 4 9 4 1 . 1 6 . 0 7 4 . 1 7 8 . 5 7 . 7 3 49
G 4 . 0 2 . 3 2 4 2 . 3 6 . 1 5 4 . 2 7 7 . 0 8 .  CO 49
7 5 . 0 2 . 1 5 4 2 . 7 6 . 3 4 4 . 2 7 6 . 2 8 . 3 2 48

5 3 . 0 %  A c id  C h ro m ic  Ch lor ide , C o n cn .  1 0 .0  g . / l .  Cr-Oi
1 0 3 . 0 1 1 5 . 8 5 . 3 8 8 1 . 2 6 . 6 2
2 0 . 5 2 . 9 6 2 7 . 6 5 . 9 9 7 9 . 0 7 . 5 8
3 1 . 0 2 . 9 0 3 2 . 2 6 . 4 0 7 8 . 1 8 . 2 0
4 2 . 0 2 . 8 9 3 4 . 5 6 . 9 2 7 7 . 5 8 . 9 3
5 3 . 0 2 . 7 2 3 5 . 2 7 . 1 3 7 6 . 2 9 . 3 0
6 4 . 0 2 . 5 5 3 5 . 2 7 . 3 3 7 5 . 7 9 . 6 8

5 . 0 2 . 3 8 3 5 . 7 6 . 8 0 7 6 . 8 8 . 8 5
4 5 . 2 %  A c id  C h r o m ic  Ch lor ide , C o n cn .  7 .6  g . / l .  CrjOs

361 0 3 . 1 5 5 1 2 . 4 6 . 2 2 3 . 2 8 0 . 1 7 . 7 7
2 0 . 1 2 5 3 . 1 4 5 1 9 . 6 6 . 6 9 3 . 4 7 8 . 6 8 . 5 2 36
3 0 . 2 5 3 . 1 3 2 1 . 6 6 . 8 0 3 . 5 7 7 . 9 8 . 7 3 36

374 0 . 5 0 3 . 1 1 2 4 . 9 7 . 2 1 3 . 7 7 8 . 0 9 . 2 4
5 1 . 0 0 3 . 0 4 5 2 8 . 2 7 . 6 4 3 . 9 7 4 . 7 1 0 . 2 3 36
6 2 . 0 0 2 . 9 4 3 0 . 8 8 . 0 7 4 . 0 7 4 . 4 1 0 -8 4 37
7 3 . 0 0 2 . 7 7 3 2 . 1 8 . 3 4 4 . 2 7 3 . 2 1 1 . 3 9 37
8 4 . 0 0 2 . 6 0 3 2 . 8 7 . 9 6 4 . 1 7 3 . 0 1 0 . 9 0 3<
9 5 . 0 0 2 . 4 3 3 3 . 5 7 . 3 1 3 . 9 7 3 . 4 9 . 9 6 3S

3 3 . 3 %  A c id  C h ro m ic  Ch lor ide , C o n cn .  8 .4  g . / I .  CriOj
24
231 0 3 . 0 6 2 2 . 2 7 . 7 3 2 . 6 8 5 . 8 9 . 0 1

2 0 . 5 3 . 1 3 2 6 . 3 8 . 7 8 2 . 8 8 2 . 8 1 0 . 6 0
3 1 . 0 3 . 1 3 2 8 . 1 9 . 8 0 3 . 9 8 1 . 6 12.01 22
4 2 . 0 3 . 0 5 2 8 . 7 0 . 3 6 3 . 1 7 7 . 9 1 2 . 0 2 24

255 3 . 0 2 . 9 1 2 9 . 3 S . 9 4 3 . 5 8 3 . 6 1 0 . 6 9
0 4 . 0 2 . 7 8 3 0 . 0 8 . 1 5 3 . 5 8 5 . 8 9 . 5 0 31
7 4 . 7 5 2 . 6 6 3 0 . 0 6 . 9 4 3 . 5 8 7 . 2 7 . 9 6 36

2 4 . 5 %  A c id  C h ro m ic  Chlo r ide , C o n c n .  9 .6  g . / l .  CriOa
IS1 0 3 . 7 6 1 9 . 5 1 0 . 5 5 2 . 7 7 7 . 1 1 3 . 6 8

2 0 . 5 3 . 8 0 2 2 . 7 1 1 . 5 3 3 . 2 7 1 . 7 16. OS 20
20
20
23

3 1 . 0 3 . 7 4 2 3 . 8 1 1 . 8 0 3 . 3 7 1 . 4 1 6 . 5 3
4 2 . 0 3 . 6 0 2 4 . 5 1 1 . 3 2 3 . 2 7 2 . 2 1 5 . 6 8
5 3 . 0 3 . 4 5 2 4 . 5 1 0 . 0 1 3 . 2 7 8 . 1 1 2 . 8 2
G 4 . 0 3 . 3 0 2 4 . 5 8 . 7 0 3 . 0 8 0 . 1 1 0 . 8 6 25

3 G u stavson  and  W iden, T h is  J o u rn al , 17, 577 (1925); Collrf,Hrt' 
N o. 672 (1926).

* T i n s  J o u r n a l ,  17, 945 (1925).
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The use of hide powder w ithout previous hydration as an 
evaluator of tanning agents of colloidal character under cer
tain conditions produces an artificial maximum in the curve 
of fixation of tanning agent. This is probably due in part 
to an overtanning of the surface of the hide powder, whereby 
the diffusion of the aggregated particles through the hide

-----------  D ry  hide powder
-----------H ydrated  hide powder

F igu re 2— D e g r e e  o f  C h r o m e  F ix a t io n  b y  H id e  P ow d er  
from  S o lu t io n s  o f  C h r o m ic  C h lo r id e s  a s  a  F u n c t io n  o f  
T h eir  M o la lity  in  S o d iu m  C h lo r id e

gel is retarded. I t  is therefore possible th a t the maxima 
in chrome fixation noted in the series with extremely basic 
liquors of high molalities in sodium chloride are artificial. 
These solutions were turbid and semicolloidal. Accordingly, 
in the following series with these extremely basic liquors 
hydrated hide powder was employed. All solutions were 
diluted immediately before the sta rt of experiment, with the 
exception of the 24.5 per cent acid one which had been aged 
for 8 weeks.

Table II— A c tio n  o f  N a C l u p o n  C h r o m e  F ix a t io n  b y  H y d ra te d  H id e  
P o w d er  fr o m  S o lu t io n s  o f  C h r o m ic  C h lo r id es

N aC l CrsOa o n
N o. M o l a l it y  Cr2Oa C o l l a g e n C o l l a g e n  B a sis

% % %
45.2% Acid Chromic Chloride. Concn. 7.6 g . / l .  Cr2Oa (Freshly Diluted

Solutions)
1 0 7 .0 4 8 8 .0 8 .0 0
2 0 .5 8 .0 0 8 3 .8 9 .5 5
3 1 .0 9 .1 0 7 9 .2 11 .49
4 2 .0 10 .52 7 8 .3 13 .44
5 3 .0 10 .84 7 7 .4 14.01
6 4 .2 11 .94 7 4 .6 16.01

33.3% Acid Chromic Chloride. Concn. 8.4 g ./ l .  Cr2Oa (Freshly D iluted
Solutions)

1 0 8 .9 5 8 0 .1 11 .10
2 0 .5 11 .8 0 7 5 .4 15 .64
3 1 .0 12 .58 7 2 .1 17 .45
4 2 .0 13 .7 0 7 0 .2 19.52
5 3 .0 13.81 7 0 .2 19.67
6 4 .2 12 .53 7 1 .6 18.89

24.5% Acid Chromic Chloride, Concn. 8.7 g . / l .  CraOa (Aged Solutions)
1 0 8 .4 2 8 3 .6 10.07
2 0 .5 10 .5 8 77 .1 13.72
3 1 .0 11.47 7 4 .6 15 .3 8
4 2 .0 12 .62 7 1 .7 17 .6 0
5 3 .0 12 .83 7 0 .7 18 .1 5
6 3 .7 5 12 .1 0 7 4 .7 16 .19

Portions of hide powder equal to 4.00 grams of protein were 
soaked in 50 cc. of water for 12 hours. The chromic solutions 
containing increasing amounts of sodium chloride were then 
added and the tanning processes carried out for 48 hours under 
continuous rotation. The data in Table II, showing the concen

tration of the chromic solutions and their molalities in sodium  
chloride, refer to the values of the final solutions as used in 
tanning.

Evidently, the use of dry hide powder with chromic 
chlorides of low acidities gives an incorrect evaluation of 
their tanning property, particularly in solutions containing 
large amounts of added salt. In view of these data and also 
in order to obtain conditions similar to those in actual tanning 
practice, hydrated hide powder should be used in investiga
tions of tanning systems of low dispersity. In  studies of 
changes in the degree of hydrolysis in solutions resulting from 
chrome fixation by hide, dry hide powder is desired and its 
use is also justified for systems without any marked col- 
loidality, such as the chrome liquors commonly employed. 
The two kinds of hide powder give similar reactions with such 
chromic salts. In  comparing data from the series with dry 
and hydrated hide powder, it m ust be borne in mind th a t the 
experiments with the 33 and 45 per cent acid salts using 
hydrated hide powder were carried out with freshly pre
pared solutions. This also explains the reversal of the chrome 
fixation from the 33 and 24.5 per cent acid chlorides by the 
hydrated hide powder. (

Effect o f A ging

For such extremely basic salts as the last one mentioned the 
“aging” leads to decrease in tanning property of solution, 
probably due to agglomeration th a t has proceeded too far. 
The resulting low degree of dispersity of the chrome complexes 
retards the diffusion of the chrome salt through the protein 
gel and indirectly also the tanning process. The tanning 
capacity of solutions of chromic chlorides of acidities and 
concentrations as usually employed in practice improves with 
time. In  this instance changes affecting the internal sphere, 
and indirectly also the degree of aggregation and hydrolysis, 
probably explain the increase in chrome fixation.

The time factor in tanning with a 45 per cent acid chromic 
chloride is given in Table III .

Hide powder equal to 5.00 grams of protein was soaked with 50 
cc. water and thereafter 200-cc. portions of freshly diluted- 
aged solutions were added. The final concentration was 15.4 
grams per liter; the tim e of tanning was 48 hours.

T a b le  I I I - -Age o f  S o lu t io n s  o f  C h r o m ic  C h lo r id e  a s  a  F a c to r  In  
T a n n in g

A c id it y  op
Cr2Oa o n C h r o m e -

M o l a l it y p H  o p C o l l a g e n C o l l a g e n
N o . A g e i n  N aC l L iq u o r B a s is C om  i'd .

% %
1 Freshly diluted 0 2 .2 5 1 0 .4 4 36
2 One year 0 3 .0 3 1 2 .9 7 33
3 Freshly d iluted 4 2 .0 3 1 5 .8 2 3 0
4 One year 4 2 .4 9 1 8 .3 1 3 0

E ffect o f Cr20 3 C o n cen tra tio n

The solutions described above were of moderate concentra
tions in Cr20a, similar to those employed in practice. I t  was 
deemed of theoretical interest to ascertain the influence of 
sodium chloride upon chromic chlorides of various concentra
tions. The data are given in Table IV and Figure 3.

Hide powder equal to 3.00 grams of protein, after being soaked 
in 25 cc. of water, was treated with 125-cc. portions of a 52 per 
cent acid chromic chloride. The solutions were prepared im
mediately before beginning the tanning experiment. The con
centrations of Cr2Oj and molalities in sodium chloride refer to the 
final solution employed in tanning.

T a b le  IV— A c tio n  o f  S o d iu m  C h lo r id e  u p o n  52 P er  C e n t  A cid  C h r o m ic  
C h lo r id e  o f  V a r io u s  Cr,O i C o n t e n t

F in a l  M o l a lity F in a l  C o n c n . op  S o l n s . i n  g . / l . Cr203
i n  N aC l 5 .0 2 5 .0 5 0 .0 100 .0

Grams Cr2Oa on collagen basis in :tanned stock
0 6 .6 2 10 .80 14 .5 2 18 .24
0 .5 8 .4 2 11 .72 14 .24 17 .55
1 .0 9 .6 3 12 .2 5 14 .6 0 17 .02
2 .0 1 1 .3 6 13 .0 8 13 .9 5 15 .83
3 .0 13 .9 8 13 .83 15 .12 1 4 .3 0
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In  dilute and moderately concentrated solutions the ac
celerating effect of sodium chloride upon the chrome fixation 
is enormous. W ith increase in Cr20 3 content of solutions, the 
presence of sodium chloride is less effective and in concentra
tions as high as 100 grams per liter Cr20 3, in this special 
instance, addition of sodium chloride leads to diminished 
chrome fixation.

The blank solutions 
of the 24.5 and 33.3 
per cent acid chromic 
chlorides were clear. 
On addition of sodium 
chloride a marked tur
bidity was produced, 
and upon standing a 
precipitation of i n 
s o lu b le  constituents 
was observed in solu
tions of the 24.5 per 
cent acid salt contain
ing high molalities in 
sodium chloride.

E ffect o f D egree of 
C o llo id a lity

Q s to  Z o
M o l  N a Cl

ao as  An indication of the 
degree of colloidality

F ifture 3 I n f lu e n c e  ° (  S o d iu m  C h lo r id e  Q f  s o l u t i o n s  o f  cllTO- 
u p o n  C h r o m e  F ix a t io n  b y  I l id e  P ow d er  . .
f r o m  a  52 P er C e n t  A cid  C h r o m ic  C h lo r id e  m iC  c h lo r id e s  a t  V a n -  
o f  V a ry in g  C r.O , C o n t e n t  Q us a c i d i t i e s  a n d  t h e

influence of sodium chloride upon this property is afforded by 
the comparison of chrome fixation by hide powder peptized 
with potassium thiocyanate and hide powder proper. I t  has 
been found tha t cationic chromic salts of crystalloid nature 
show practically the same values of fixed Cr20 3 by regular 
hide powder and peptized stock.9 W ith increase in col
loidality of chromic salt the tanning agent has greater affinity 
for the peptized stock. In the case under consideration no 
anionic chromium is formed and accordingly the behavior of 
these two kinds of hide powder toward solutions of chromic 
chloride with and without addition of salt is expected to  de
pend principally upon the degree of agglomeration of the 
chromic complexes.

Hide powder that had been treated in 1 M  potassium thio
cyanate solution for 14 days, then freed from salt and dehydrated 
with alcohol in portions equal to 2.00 grams of protein, was 
soaked in 25 cc. of water, and a 100-cc. solution of freshly diluted 
chromic chloride added to give the final concentration of Cr2Os 
and molalities in sodium chloride as stated in Table V. The 
tanning process lasted 48 hours. The hide powder blanks had 
undergone similar treatment after the hydration process.

T a b le  V— A g g lo m e r a t in g  E ffect o f  S o d iu m  C h lo r id e  u p o n  C h r o m ic  
C h lo r id e

C nO a o n  C o l l a g e n  B a sis  
M o l a l it y  R e g u la r  K C N S- 

F in a l  in  h id e  trea ted
N o .  A c id it y  C o n c n . N a C l p ow d er  h id e  p ow d er

%  G ./l. CrtOi %  %
1 6 7 . 0  1 0 .2  0 5 .3 6  5 .4 2
2 6 7 . 0  1 0 .2  4 10 .4 4  11 .60
3 4 4 . 0  9 . 6  0 6 .41  7 .0 2
4 4 4 .0  9 . 6  4 14 .37 17 .80
5 3 3 .0  10 .2  0 1 2 .4S 14 .9 5
6 3 3 . 0  10 .2  4 2 0 .7 3  3 0 .64

The 67 per cent acid chromic chloride without added sodium 
chloride show’s practically the same chrome fixation by regular 
and peptized hide powder. In the solution made four molal 
in sodium chloride the increase in Cr-03 fixed by the KCNS- 
treated stock indicates th a t agglomeration processes have 
taken place in the chrome complex. W ith decrease in the

9 G u stavson , C olloid  Sym posium  M onograph, Vol. IV , p. 79, T he  
C hem ical C atalog  C o., N ew  Y ork, 1926.

acidity of the blank solutions of chromic chloride greater 
chrome fixation by peptized hide powder compared with 
blank hide powder is recorded, as would be expected. A 
considerable increase in the colloidality of extremely basic 
solutions due to the neutral chloride is evident.

In flu en ce  o f V arious N eu tra l C hlorides

The influence of a number of neutral chlorides upon the 
chrome fixation by dry hide pow’der from a 61.5 per cent acid 
chromic chloride is illustrated in Table VI and graphically in 
Figure 4.

T a b le  VI— A c tio n  o f  N e u tr a l C h lo r id es  u p o n  C h r o m e  F ix a tio n  from 
C h r o m ic  C h lo r id es

(61.5%  acid chrom ic chloride; concentration 7 .5  grams Cr,Oj per liter)
CriOj ON

N o. K in d  CrjOi C o l l a g e n  C o l l a g e n  B asis

% % %
1 IIiO (blank) 5 .2 8  8 1 .8  6 .46

0.4 M  Chloride
1 N aC l 5 .5 5  8 1 .0  8 .85
2 KC1 5 .6 6  8 0 .5  7 .03
3 N H .C l 5 .7 7  8 0 .2  7 .19
4 llaC li 5 .8 7  SO.2 7 .32
5 M gCI, 5 .8 7  7 9 .3  7 .4 0
6 CaCli 6 .0 9  7 9 .3  7 .8 8

1.0 M  Chloride
1 N aC l 5 .7 1  8 1 .3  7 .02
2 KC1 5 .7 7  7 8 .9  7 .32
3 N H .C l 5 .9 8  8 0 .5  7 .43
4 BaClj 6 .1 4  8 0 .2  7 .66
5 MgClr 6 .4 6  7 8 .9  8 .1 8
6 CaCIi 6 .4 6  7 8 .7  8 .21

2.0 M  Chloride
1 N aC l 6 .1 9  8 1 .3  7 .62
2 KC1 5 .6 6  8 1 .8  7 .76
3 N H .C l 6 .3 0  8 1 .0  7 .7 8
4 BaClr 7 .0 5  7 9 .0  8 .92
5 M gClj 7 .3 7  7 8 .0  9 .4 5
6 CaClr 7 .41  7 8 .4 9 .4 5

At the same molality the increase in tanning property 
by the neutral chlorides is in the following order: CaClj > 
MgCl2 >  BaCh >  N H 4C1 >  KC1 >  NaCl >  H20 .

In a previous article3 the hypothesis was advanced that the 
effect of sodium chloride upon the degree of alkali stability of 
chromic chloride is intimately connected w ith changes in the 
coordinated sphere, as an increase in chloride ions of the 
solution w’ould be expected to increase the amount of chloro 
groups. The order of efficiency of a number of neutral 
chlorides in transferring solutions of hexaquo-chromi chloride 
into chloro compounds wras found by Bjerrum 10 to be the 
same as their degree of ionization. From the data of chrome 
fixation in the presence of neutral chlorides in Table VI, it is 
evident tha t the degree of ionization of the neutral chlorides 
does not control the chrome fixation, bu t th a t the degree of 
hydration of the neutral chlorides is a factor of fundamental 
importance.

Effect o f S a lt o n  A cid ity  o f C h loro-C h rom i Complex

The hide powder tanned with basic chlorides contains a part 
of the chlorine directly associated with chromium, but most 
of the acid is held by the protein. T reatm ent of tanned stock 
with a 4 per cent pyridine solution removes the protein-bound 
acid but leaves the acido complex intact. In  order to as
certain the per cent acidity of the chloro-chromi complex 
fixed by hide protein from solutions of chromic chloride and 
the influence of sodium chloride upon the internal sphere, 
specimens of hide pow’der w’ere tanned with chromic chloride 
with and without addition of sodium chloride and then 
treated with pyridine solution. The data from the treated 
stock are given in Table VII.

In moderately acid salts the presence of sodium chloride 
slightly increases the acidity of the chloro complex, ho 
appreciable change in this figure is evident in the less acid 
salts. In view of the slight differences found and the eon-

physik. Chem., 69, 58 1  (1 9 0 7 ).
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siderable analytical discrepancy in the determination of 
chloride, further discussion of this question will be left to 
investigations.

T ab le V II— I n f lu e n c e  o f  N aC I u p o n  A c id ity  ot C h lo ro -C h r o m l  
C o m p lex

M ola l-  A c id it y  op
A c id ity ITY C h l o r o -

N a t u r e  o p o p IN C iikom i
N o. rSOLUTION C o n c n . S o l u t io n N aC I C o m p l e x

G ./l. CnO i % %
I A ged 1 3 .0 70 0 9
2 A ged 1 3 .0 70 4 13
3 F r e sh ly  d ilu te d 1 8 .8 57 0 18
4 F r e sh ly  d ilu te d 1 8 .8 57 4 18
5 A ged 1 3 .0 4 4 0 8
6 A ged  . 1 3 .0 44 4 7

In previous papers5 it has been shown th a t the base ex
change between sodium perm utite and chromic chlorides is 
increased by the addition of small amounts of sodium chloride. 
As it is generally considered th a t this base exchange is 
governed principally by the activity of the chromic salt, the 
view was advanced th a t the similar behavior of permutite 
and hide protein probably indicates a similarity in reaction 
mechanism of these systems.

T E C H N IC A L  A P P L IC A T IO N

In the early days of chrome tanning the basic chlorides 
were chiefly used. They have now, however, been largely 
superseded by the basic sulfates, not only on account of the 
latter’s economical and technical advantages, bu t also because 
as a rule they give a superior leather. The same feel and full
ness in the leather tanned with chromic chlorides as th a t 
produced with sulfate liquors can be obtained by adding 
to the tanning bath of chloride liquor enough common salt 
to make the solution about one molal in the salt. On ex
perimenting with pieces of calfskin, the empty and thin 
leather produced by basic chlorides was turned into a very 
satisfactory product by such an addition.

From these practical experiments and the theoretical find
ings in this investigation the following modus operaiidi of 
tanning with basic chromic chlorides is suggested:

The tanning is begun with a basic chloride of moderate per
centage acidity, containing a small amount of salt to prevent 
swelling of the stock. After a short pretannage sufficient com
mon salt is added to give a solution of about one molal strength 
in salt. Alkali is added in the last stage of the operation. The 
suitable quantities of salt and alkali, duration of pretannage, and 
the acidity of the chrome liquor must, of course, be governed by 
the particular conditions, such as the extent of pickle, concentra
tion of solution, temperature, tanning equipment, etc.

This mode of tannage fulfils the theoretical requirements, 
as a fixation of the hide occurs in the pretannage with a solu
tion of slow tanning action. By addition of salt the rate of 
tanning is greatly increased in the main stage, which is de
sirable, and the decreased alkali stability of the chromic salt 
in the presence of common salt will result in a heavy retannage 
after alkali addition in the last stage of the process. A 
similar control of the degree of tanning by addition of sodium 
sulfates to chromic chlorides has been described.11

T H E O R E T IC A L  C O N SID E R A T IO N S

According to  Wilson’s hydration theory, the addition of 
neutral chlorides to chromic chlorides should lead to an in
crease in concentration of all the constituents of the chrome 
liquor, referred to  the amount of solvent available. Ac
cordingly, with increasing amounts of added neutral salt 
the chromium cation would behave as existing in a  more 
and more concentrated solution. The fixation of chromium 
by hide powder from chromic chlorides increases steadily 
with increase in chrome concentration of solutions for all

11 J . A m . Leather Chem. A ssoen., 18, 5 6 8  (1 9 2 3 ).

chlorides examined in this investigation except the 24.5 per 
cent acid one. Therefore, the data presented in Figure 2 
are on the whole in harmony with the hydration viewpoint. 
This applies also to the curves in Figure 4, where a t the same 
molality of added chlorides the heavily hydrated chlorides 
of alkaline-earth metals are more effective in increasing the 
chrome fixation than the alkali chlorides, implying th a t the 
importance of stabilization of chloro groups by chlorine ions 
is secondary to  the hydration effect.

The maximum amounts of chrome fixed by hydrated hide 
powder as a function of Cr20 3 concentration of the solutions 
are considerably greater than the optimal values of Cr2Os 
fixed by hydrated hide powder from the corresponding 24.5 
and 33 per cent acid chromic chlorides in the presence of 
sodium chloride. The data represented in Figure 3 are, 
however, difficult to reconcile with the hydration concept, 
as this 61.5 per cent acid liquor up to the highest possible 
concentrations of C '20 3 shows a steady increase in chromium 
fixed by hide substance. The hydration hypothesis would 
also suffice in this instance, with the aid of the assumption 
th a t in concentrated solutions of chromic chlorides addition 
products between the same and added salt are formed, pos
sessing lessened affinity for hide, or if the added neutral chlo
rides greatly depress the ionization of the chromic salt. 
Such a radically different action of sodium chloride upon 
chromic chlorides of low and high concentrations seems less 
likely, however. There is also the possibility th a t a t low 
concentrations the constitutional changes in the chromic salt 
largely eliminate the effect of hydrogen ion, whereas in con
centrated solutions of chromic salt the constitutional factor 
is of minor importance compared with the predominating 
action of h y d ro g e n  
ion.

I t  is evident, how
ever, tha t the changes 
the chromic chloride 
undergoes in the pres
ence of neutral chlo
rides are intimately 
connected with alter
ations in its structure 
and indirectly w ith  
the degree of aggrega
tion of the complex.
The c o n c e n t r a t io n  
factor in the fixation 
of Cr20 3 by hide can 
b e  a d e q u a te ly  ex
p la in e d  b y  th e  as
s u m p tio n  tha t with 
increase in concentra
t io n  of C r20 3 th e  
charge of the cationic 
complex is gradually 
d im in is h e d  b y  in 
crease in amounts of
chloro groups. In  the C h lo r id e s  u p o n  C h r o m e  F ix a t io n  by H id e
on«p  lin H o r  r n n s ir lp r i i-  P ow d er fr o m  S o lu t io n s  o f  61 .5  P er C e n t  case unaer consiacra A cld  c h r o m ic  c h lo r id e
tion a similar action
of the neutral chlorides, leading to decrease in electrical 
charge of the complex by the hydration tendency of the 
salt and the action of chloride ions, would satisfactorily ex
plain the data obtained. As a rule addition of neutral chlo
rides in concentrations up to two molal gives proportionally 
the greatest acceleration of the tanning process. The con
stitutional changes as evaluated by alkali stability are also 
greatest in the molalities of sodium chloride up to two. 
In  concentrated solutions the greater percentage of coordi-

F ig u r e  4— I n f lu e n c e  o f  V a r io u s  N e u tr a l
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natcd chlorine will materially reduce any influence of neutral 
chloride in regard to alterations in the cationic complexes.

Marked colloidality of the 33 per cent acid liquor containing 
large amounts of sodium chloride was evident. Concen
trated solutions of the same cliromic chloride gave no marked 
indication of colloidality. Therefore, the aggregation changes 
in this case are probably of most importance, and the de
crease in tanning action of these colloidal electrolytes contain
ing great molalities of sodium chloride is probably due to too 
great agglomeration of the colloidal micelles. From this 
viewpoint optimum charge, secondary valency activity, 
and colloidality of the chromic salt seem possible. The view 
of the formation of colloidal products as a requisite for chrome 
tanning agents is, however, untenable in view of the data 
presented in the experiments with the 86 per cent liquor. 
In  this instance any formation of products of colloidal 
dispersities seems very improbable. The constitutional factor 
no doubt plays the primary role here, whereas in extremely 
basic liquors the degree of aggregation of the chrome com
plex and the colloidal influence of salt enter as additional fac
tors. The reversal in tanning properties of solutions of 
chromic chlorides of normal acidities on the one hand and the 
extremely basic ones on the other hand, upon aging, although 
in both instances the hydrogen-ion concentration is decreased 
upon standing, gives further indication th a t the pH  factor in 
chrome tanning is only a secondary and circumstantial func
tion. Instead, the data point to the importance of struc
tural, and therefore colloidal, changes of the chromic salt.

From the ampholytic concept of hide protein it follows 
th a t the am ount of ionized acidic protein groups should de
crease with increase in hydiogen-ion concentration. The 
decrease in fixation of chromium from chromic sulfates in the 
presence of common salt is considered by Wilson to be due 
in part to the hydration effect of the neutral salt upon chromic 
ions. Thus, indirectly the decrease in chrome fixation should 
depend upon the diminished activation of the protein caused

by the decrease in pH  due to the addition of salt. This view 
is based on the assumption th a t the hide protein possesses 
the same number of free acidic and basic groups independent 
of the hydrogen-ion concentration, which probably is not true. 
Considering the hide powder in the vicinity of the isoelectric 
point to consist, a t least partly, of internally compensated 
structures, it would instead be expected th a t increase in 
hydrogen ion to a certain extent would manifest itself in an 
increase in the number of free acidic protein groups although 
their ionization would be less. According to this view, the 
influence of pH  upon the protein should consist of two oppos
ing reactions. Increased chrome fixation should result from 
the opening up of the internal protein structure, due to in
crease in hydrogen ion, whereas the decrease in activation 
of free acidic protein groups by the decrease in pH would be 
expected to  lead to diminished reactivity of the protein 
for chromic ion. The relative magnitude of these opposing 
influences is probably controlled largely by the nature of the 
chromic salt and the hide protein. This complicated in
fluence of hydrogen ion is not readily conceivable in the system 
under consideration on account of the predominance of the 
constitutional influence of the chromic salt.

In  tanning practice the osmotic and similar effects of the 
neutral sa lt upon the hide and its attendant degree of swelling 
very likely influence the tanning process.

C o n clu sio n

As previously pointed out, our present concept of the neu
tral salt effect in tanning is rather inadequate. The main 
finding of this investigation is th a t the degree of chrome fix
ation is not regulated by the hydrogen-ion concentration, 
bu t largely by the constitution of the chromic salt.

I t is hoped th a t the investigation of the nature of chromic 
salt which Professor Stiasny12 is now carrying out will also 
greatly extend our knowledge of this im portant problem.

»  Collegium , N o . 677, 408 (1926).

Combustion Tray for Determination of Heating Value of Coal1

B y G eo. B. W atk in s an d  J . V. H u n n

D e p a r t m e n t  op  C h e m ic a l  E n g in e e r in g , U n iv e r s it y  o p  M ic h ig a n , A n n  A r b o r , M ic h .

T\H E  annoyance of having a part of the coal sample blow 
from the combustion tray  is familiar to all experienced 
in estimating the calorific value of coals in the bomb 

calorimeter. This difficulty has been overcome by using a 
type of combustion tray  shown in Figure 1.

The combustion tray  is approximately twice as deep as 
the platinum or nickel tray  ordinarily 
used. I t  was constructed from the cover 
of an illium crucible, of the type used 
for volatile m atter determinations, by 
d r i l l in g  0 .1 5 9 -c m . (Virinch) holes 
through the sides of the cover approxi
mately 0.64 cm. (V, inch) apart and 
half way up.

T h e  u n b r iq u e t t e d  coal sample is 
placed in the tray  and heaped into the 
form of a cone. The loop of the iron 
fuse wire connecting the electrodes in 
the head of the bomb is bent down to 
touch the apex of the sample when 
the tray  is in position. As the com

bustion proceeds, oxygen is drawn in through the holes in the
* R eceived  April 21, 1927.

I 7/®
C o m b u s t io n  T ra y

tray, producing a baseburner effect and completely burning 
the coal sample.

Coals having a high volatile content and high calorific 
value usually give the most trouble. Several parallel runs 
have been, made on such coals using the ordinary type of 
nickel tray  and the one described. The relative merits of 
these trays will be seen from the table, which shows the test 
runs made on a bituminous coal before satisfactory heating 
value checks were obtained.

T a b ic  I— H e a t in g  V a lu e  T e s t s ,  S h o w in g  R e la t iv e  M e r its  o f  T rays
R u n

1
2
3
4
5
6
7
8 
9

10
11
12
13
14

T r a y  D e s c r ib e d  
Cal. per gram  

7623  
7563  
7596

N ic k e l  T r ay  
Cal. per gram  

Incom plete combustion®
Incom plete com bustion  
Incom plete com bustion  

7628
Incom plete com bustion  
Incom plete com bustion  

7604
Incom plete com bustion  
Incom plete com bustion  
Incom plete com bustion  

7580
Incom plete com bustion  

7617
Incom plete com bustion

® "Incom plete com b u stion ” refers to  test runs in which a part of the coal 
sam ple escaped com bustion  b y  falling from  the com bustion  tray during the 
burning penod.
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The Electrical Resistance of W ood as a M easure of 
Its M oisture C ontent1

By Alfred J. S ta m m

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

This in v e stig a tio n  in d ica tes  broadly  th e  effects o f m o is 
ture and cer ta in  a sso c ia te d  ex p er im en ta l an d  n a tu ra l  
factors o n  th e  e lectr ica l r e s is ta n c e  of w ood, th u s  defin ing  
in greater d e ta il th a n  h ith e r to  th e  l im ita t io n s  o f res is ta n c e  
m ethods for d e te rm in in g  average m o is tu r e  c o n te n ts  and  
showing th a t  su c h  m e th o d s  w ou ld  be o f p ra ctica l va lue  
in th e  lu m b er  trade o n ly  in  sp ec ia l ca ses.

The ex p erim en ts ch eck  I la s s c lb la t t ’s g en era l find in gs  
that below  th e  fiber sa tu r a tio n  p o in t th e  lo g a r ith m  o f th e  
electrical res is ta n c e  of th e  w ood decreases d irec tly  as th e  
m oisture c o n te n t  in crea ses . T h e  v a r ia tio n  is  su ch  th a t  
the res ista n ce  in crea ses 1.8 fo ld  for a d ecrease o f on e  per 
cent a b so lu te  m o is tu r e  c o n te n t . A t a g iven  m o istu re  
content th e  ord inary r e s is ta n c e  law  for th e  d im e n sio n s  of

solid co n d u cto rs ( .R seem s to  h o ld . T h e  degree of

tigh tn ess w ith  w h ic h  th e  su rfa ce  e lectro d es are c lam p ed  
changes th e  observed res is ta n ce  co n sid era b ly , b u t w ith  
electrodes o f proper ty p e  an d  w ith  carefu l c la m p in g , th e

error in  ca lcu la ted  m o istu r e  c o n te n t  in tro d u ced  by s lig h t  
d ifferences in  p ressu re  m a y  be n eg lec ted . In  m a k in g  
m o istu r e  d e te rm in a tio n s  by th is  m e th o d , th e  e ffec ts o f  
sp ec ies  an d  d e n s ity  o f w ood , d irec tio n  o f flow of cu rren t  
th r o u g h  th e  w ood (parallel or perpen d icu lar  to th e  fibers), 
tem p era tu re , a sh  c o n te n t  (w ith in  rea so n a b le  l im it s  o f  
v ar ia tio n ), and  e x ten t o f sp ec im en s beyond  th e  e lectro d e  
su rfa ces  e ith er  are n eg lig ib le  or ca n  be corrected  for in  
m a n y  ca ses. C on densed  m o istu re  o n  su rfa ces paralle l 
to  th e  d ir ec tio n  of flow of cu rren t an d  un even  d is tr ib u tio n  
of m o istu r e  in  th e  w ood m u s t  be avoided . By th e  re 
s is ta n c e  m eth o d  as here describ ed , th e  m o is tu r e  c o n te n t  
o f sp ec im en s  below  th e  fiber sa tu ra tio n  p o in t  h a v in g  a  
u n ifo r m  d is tr ib u tio n  o f m o is tu r e  c a n  be, in  g en era l, d e 
term in ed  w ith in  o n e  per c e n t  a b so lu te  m o is tu r e  c o n te n t .

For sp ec im en s o f n o n -u n ifo r m  m o is tu r e  c o n te n t , th e  
u se  of p o in ted  or b lade e lectro d es w h ich  m a y  be in serted  
in to  th e  board is  su g g ested  a s a m e a n s  of d e te rm in in g  
m o istu r e  c o n te n t  a t th e  cen ter  of th e  p iece .

PREVIOUS investigations on soil,2 wood,3 and other 
hygroscopic materials'* of low conductivity show tha t 
their electrical resistance decreases very rapidly with an 

increase in moisture content. H asselblatt’s data for birch in
dicate th a t the logarithm of the electrical resistance decreases 
in direct proportion to the increase of moisture content up to 
what appears to be the fiber saturation point. Above fiber 
saturation Hassclblatt found very little change in resistance 
with increased moisture content. A decrease to 56.8 per 
cent of the original resistance corresponded roughly to a mois
ture increment equal to  one per cent of the weight of the dry 
wood. As any definite multiple change in the resistance 
corresponds to the same absolute additive change in moisture 
content, all deviations considered in this paper will be pre
sented on the basis of the absolute deviation in moisture 
content rather than on a percentage deviation basis. I t  
must be borne in mind th a t the percentage deviations a t 
low moisture contents will be much greater than a t  high 
moisture contents for the same absolute deviation. The find
ings of Kujirai and Akahira indicate a similar logarithmic 
relationship between the moisture content and the electrical 
resistance for the fibrous materials which they studied.

This rapid change in resistance with moisture content be
low fiber saturation suggests the possibility of developing 
a quick and simple electrical method of determining the mois
ture content of wood. The accuracy of such a method and 
its adaptability to commercial requirements depends upon 
the effect of a number of factors associated with the test— 
namely, the am ount of pressure applied and the type of con
tact between electrodes and wood, dimensions of specimens, 
extent of specimens beyond the electrode surfaces, direction 
of flow of current through the wood (parallel or perpendicular 
to the fibers), species and density of the wood, temperature,

1 R eceived  April 25 , 1927.
1 W hitney, Gardner, and B riggs, B ur. Soils, Bu ll. 6 (1897).
* Hirum a, E xtracts B u ll. Forest E x fit. S to ., M eguro {Tokyo), 59 

(1915); H asselb latt, Z . anorg. ollgem. Chem., 154, 375 (1926).
4 C urtis, B u r. S tandards, Bull. 11, 359 (1915); K ujirai and A kahira, 

■Sci. Papers, In st. P h ys. Chem. Research {Tokyo), 1, 96 (1923).

ash content, distribution of moisture in the specimens, and 
the presence of moisture on surfaces parallel to the flow of 
current. All these factors, as well as the fundamental re
lationship between resistance and moisture content were 
therefore examined in the experiments to be described. Only 
sufficient data were collected in each case to show in a semi- 
quantitative way the general effect of each factor on the meas
urements.5

A p paratus

The Megger insulation tester5 was used for the electrical 
measurements. Its  principal parts are a hand-driven 1000- 
volt, direct-current generator and a galvanometer, both oper
ating between the same electromagnets. A constant volt
age is assured when the generator crank is rotated a t a speed 
above 120 r. p. m., as a friction clutch on the arm ature shaft 
automatically slips a t  th a t speed so th a t the arm ature speed 
is not increased. The circuit containing the m aterial whose 
resistance is to be measured is connected in series with the 
generator and in parallel with the galvanometer, so th a t the 
greater the resistance of the specimen to be tested, the larger 
will be the proportion of the curren: flowing through the gal
vanometer. The instrum ent is calibrated to  read directly 
in megohms resistance and has a range of 1 to 2000 megohms.

T yp e o f C o n ta ct b etw een  E lectrod es a n d  W ood

Three different kinds of surface electrodes were tried—
(1) plain copper plates 7.5 by 7.5 cm. made from 1-mm. plate;
(2) 7.5 by 7.5 heavy brass plates with routings 2 mm. wide 
and 2 mm. deep cut in both directions to give a rough cleated 
surface th a t could be pressed into the surface of a board;

‘ S ince th is  investigation  w as com pleted, a  publication by M eyer and  
R ees, N ew  Y ork S tate C ollege of Forestry, Tech. B ull. 26, N o . 19 
(1926), has appeared on th e determ ination of th e fiber saturation p o in t of 
wood by an electrical resistance m ethod. T h e authors suggest th a t the  
m ethod m ight be used for determ ining th e m oisture con ten t of w ood, but 
no exam ination of the various factors involved  w as a ttem p ted  by them .

• T hanks arc due th e W isconsin Pow er & L ight C om pany for the use 
of this instrum ent.
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(3) 5.0 by 5.0 cm. brass plates with soft lead faces which, 
under pressure, would conform to the surface of the board. 
Threefold deviations in the resistance of a one-inch specimen 
were obtained when the plain copper-plate electrodes were 
held with a  wooden screw clamp. The same order of devia
tions was noted by Butterfield7 when using sheet-iron elec
trodes backed with fine sand. The other two types of elec
trodes, when set a t  a reasonably firm pressure, gave results 
th a t generally checked within 20 per cent, the routed elec
trodes requiring the tighter clamping for equal constancy 
of readings. The lead-faced brass electrodes were therefore 
used in most of the experiments. The wood surfaces were 
all plane, but were not specially dressed or surfaced before 
making the measurements.

D im e n sio n s  o f S p ec im en

The effect of the thickness of the-specimen (distance be
tween electrodes) for different degrees of tightness of elec
trodes was tested on a series of transverse sections of Douglas 
fir 5 cm. square. These had stood exposed to room condi
tions for months, equal moisture content and uniform mois
ture distribution being thus assured. The results (Figure 1) 
show th a t the resistance varies directly with the thickness, 
within experimental error, over the range tested. The three 
lines represent three different degrees of tightness of elec
trodes. When the clamping is as firm as can be made by 
hand without a special mechanical device, the contact re
sistance is negligible in comparison with the effect of other 
uncontrollable variables for all bu t very thin sections, as will

be seen later.
The effect of the 

c o n d u c to r  cross 
section was tested 
with two one-inch 
specimens of Sitka 
spruce of the same 
moisture content, 
one 5 cm. square 
and the other 7.5 
cm. square. The 
first, fitted w ith  
the 5 -cm . le a d 
fa c e d  electrodes, 
sh o w ed  a resist
a n c e  of 82 meg
ohms. T h e  se c 
ond, fitted with the 
7.5-cm. plain elec
tr o d e s ,  gave 42 
m e g o h m s, a n d  
w ith  th e  routed 

brass electrodes, 35 megohms. All three resistance figures 
are averaged from six determinations each. These results, 
calculated to un it cross section by the inverse law of areas, 
are 2050 megohms for the first specimen and 2360 and 1970 
megohms, according to the electrodes, for the second. The 
second value is naturally high because of the impossibility 
of reducing the contact resistance of the plain brass electrodes 
to a negligible value. The good agreement between the first 
and last values is considered as a close enough verification 
of the inverse law of areas for the purposes of this study.

D ir ec tio n  of C u rren t w ith  R esp ect to  G rain

The resistance of several cubes 5 cm. on a side were deter
mined in each of the three structural directions of the wood— 
namely, the longitudinal (parallel to the length of the fibers), 
the tangential (perpendicular to the fibers and to the radius

7 E lectrical Engineering T hesis, Purdue U niversity , 1910.

of the log), and the radial (perpendicular to the fibers and 
to the annual rings). The results are shown in Table I.

T a b le  I— V a r ia t io n s  in  th e  E le c tr ic a l R e s is ta n c e  o f  W ood In Its 
D iffe r e n t  S tr u c tu r a l  D ir e c t io n s

E l e c t r i c a l  R e s i s t a n c e ,  R

O Moderate li/ tiqht dampmq 
m Tiqht clampinq 
C  Verti  tiqht dampinq

0 .5  1 0
Thickness in cm.

M o is t u r e L on gitu  Tan
S p e c ie s D e n s it y C o n t e n t dinal R adial gential

P er cent Megoh ms \fegoh  ms Megohms
W estern red cedar 0 .3 3 6 1 4 .0 9  22 24
Sitka spruce 0 .4 1 7 1 5 .7 10 18 20
A laska cedar 0 .5 4 7 1 5 .6 18 27 27
D ouglas fir 0 .5 8 4 1 5 .3 11 21 23

The resistance in the tangential direction is only slightly 
greater than in the radial direction but about twice as great 
as in the longitudinal direction. The same sort of variation 
was found by Hiruma. The practical equality of radial and 
tangential resistance is of interest because it eliminates the 
‘‘grain” factor in two directions as a variable in making re- 
sistance-moisture determinations.

M o istu re  C o n te n t— S p ec ies—D en sity

Table I I  is a summary of experimental data on moisture 
content and electrical resistance of wood in a transverse di
rection a t 28° C. for several species of different densities and 
variable thickness of specimen. The lead-faced electrodes 
were used. To make the results comparable they have been 
converted to a specific resistance basis, which has been pre
viously shown to be justifiable. The data for all the species 
plotted in Figure 2 show th a t within the moisture range ex
amined the logarithm of the specific resistance has a linear 
relationship to moisture content. The data show no appre
ciable variation on account of the simultaneous variation of 
species and density. Hasselblatt found th a t variations in 
the electrical resistance were entirely within experimental 
error for the different specimens of birch of variable density 
which he used and also for changes from heartwood to sap- 
wood. I t  is thus very probable th a t variations in the species 
alone would have the same negligible effect. The slope of 
the average line through all the points indicates tha t the re
sistance decreases to 55.0 per cent of its original value for an 
increase of one per cent moisture content. This corresponds 
closely to the decrease to 56.8 per cent calculated from Hassel- 
b la tt’s data between the same moisture-content limits. The 
calculated moisture contents for the different specimens 
taken from the curve are given in the last column of Table 
I I  and show the order of deviations from the straight-line 
relationship.

T a b le  II— A c tu a l a n d  C a lc u la te d  M o is tu r e  C o n te n t s  fo r  D ifferent

S p e c ie s

W estern red 
cedar

Sitka spruce

A laska cedar

D ouglas fir

Bassw ood  
W estern hem 

lock

It is the steep logarithmic relationship thus established 
th a t nermits considerable variation in the resistance without

T h ic k 

S p e c ie s

M o is t u r e
C o n t e n t

O b 
T o t a l  S p e c if ic  

R e s is t - R k s is t -

M o istu r e
C o n t e n t
O b t a in e d

from
D e n s it y n e s s s e r v e d a n c h , R AKCE, R t C u r v e

Cm. 7 °  ^dry  wood
Ohms X  

1 0 “ «
Ohms X  

1 0 -8 dry wood
0 .3 3 6 5 .0 1 3 .0 4 0 2 . 0 1 4 .4
0 .3 3 6 5 . 0 1 4 .0 24 1 .2 1 5 .4
0 .3 3 6 2 .2 5 6 . 3 2 0 0 0 2 2 2 .0 7 .0
0 .3 3 6 2 .2 5 9 .4 3'W 3 7 .8 9 .8
0 .3 3 6 2 .2 5 1 4 .4 18 2 . 0 1 4 .5
0 .4 1 7 5 . 0 1 4 .7 26 1 .3 1 5 .2
0 .4 1 7 5 . 0 1 5 .7 20 1 .0 1 5 .7
0 .4 1 7 1 .4 5 7 . 3 1600 2 7 6 .0 6 .7
0 .4 7 3 2 .7 1 0 .4 5 32 0 2 9 .6 1 0 .3
0 .5 4 7 5 . 0 1 4 .3 3 5 1 .7 5 1 4 .7
0 .5 4 7 5 . 0 1 5 .6 27 1 .3 5 1 5 .2
0 .5 4 7 2 .4 8 .1 1600 1 5 6 .0 7 .8
0 .5 4 7 2 .4 6 .9 2 0 0 0 2 0 8 .0 7 .3
0 .5 8 4 5 . 0 1 4 .1 30 1 .5 1 5 .1
0 .5 8 4 5 . 0 1 5 .3 23 1 .1 5 1 5 .4
0 .5 8 4 1 .6 5 6 . 3 2 2 0 0 3 3 4 .0 6 .3
0 .5 8 4 1 .6 5 6 . 8 1800 2 7 3 .0 6 .7
0 .3 9 5 2 . 0 8 .1 8 0 0 1 0 0 .0 8 .3

0 .4 0 7 1 .7 7 . 3 1800 2 6 5 .0 6 .9
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largely affecting the calculated moisture content. The un
important effect of variations in species and density, however 
surprising, is no doubt a consequence of the same relation
ship. The lightest of the woods tested, western red cedar, 
tends to give slightly lower resistance than the others, but 
practically the deviations are within the experimental error. 
If the measurements were so made th a t the current flowed 
longitudinally instead of transversely through the wood, the 
moisture content as determined from Figure 2 would be con
sistently one per cent too high; for, as has been shown, the 
longitudinal resistance is practically one-half of th a t in the 
transverse direction.

E xten t o f S p ec im en  beyond E lectrodes

If the method is to be of any practical value, it is highly 
desirable tha t the resistance measurements be made upon 
specimens the cross sections of which are infinitely large in 
comparison with the area of the electrodes, thus eliminating 
the necessity of cutting specimens from the boards to be 
tested. A few experiments were therefore made to investigate 
the decrease of resistance when the wood extended appre
ciably beyond the electrodes. A basswood specimen 21.5 
by 19.5 cm. and 2.7 cm. thick gave 450 megohms with the 
5 cm. square lead-faced electrodes, whereas a section 5 by
0 cm. cut from the same piece gave 800 megohms. Similarly, 
a Sitka spruce specimen 10 by 15 by 2.7 cm. gave 240 megohms, 
whereas a 5 by 5 cm. section of the same thickness gave 350 
megohms. In  the first case increasing the cross section of 
the specimen 16.4 times caused a decrease in resistance of 
44 per cent; in the second a sixfold increase in cross section 
caused a decrease in resistance of 32 per cent. This shows 
that the rate of decrease in resistance diminishes rather rapidly 
with an increase in the total cross section. The thinner the 
section the less im portant becomes the decrease in resistance 
upon extension. Sections 5 cm. square and 18 by 24 cm. cut 
from 0.2 cm. thick veneer gave 1800 and 1600 megohms, 
respectively, showing a decrease in resistance of only 11 per 
cent for a surface 17.3 times as great as the original.

From the theoretical considerations it would be expected 
that the tendency of current density to become uniform over 
the whole specimen, rather than to drop off abruptly beyond 
the part immediately between the electrodes, would increase 
with an increase in conductivity—in wood, specifically, an 
increase in moisture content—and an increase in the 
thickness of the specimen. Thus, in pieces of large area 
and considerable thickness the resistance would become an 
exceedingly complex function of the moisture content, so 
that a complete tabulation of the moisture-resistance relation 
for large-size stock between zero moisture content and fiber 
saturation could best be worked out empirically.

Nevertheless, within a very common range for practical 
determinations, the correction of moisture value necessitated 
by extent of wood surface is small, and in some cases can 
be evaluated with sufficient accuracy or be neglected alto
gether. Thus for reasonably dry veneer, no correction for 
extent of specimens need be made, while for reasonably dry
1 Vrinch stock it appears th a t the correction would not ex
ceed a subtractive correction of more than one per cent abso
lute moisture content when making calculations from Fig
ure 2. I t  would be preferable in general practice, however, 
to use a standard computation curve obtained upon the type 
of stock under consideration.

T em p era tu re

The effect of temperature change was tested on a Sitka 
spruce specimen 2.7 cm. thick, fitted with the brass-routed 
electrodes. A hole was bored in the end of the piece 2 cm. 
deep and a mercury thermometer inserted. The electrodes

were heated while clamped in place and then allowed to stand 
until the temperature of the wood and tha t of the electrodes 
differed by lass than 1° C. The electrical resistance of the 
wood was then determined. The results, shown in Table 
III , indicate a falling off of resistance with increasing tem
perature, a phenomenon contrary to the behavior of ordinary 
solid conductors but similar to tha t of electrolytic conduc-

P e rc e n t M o is tu re

tion. Butterfield found tha t the resistance doubled when the 
temperature was lowered by 11° C., a result which checks the 
present findings fairly well. Thus it appears tha t for meas
urements made a t 16° C., one per cent would have to be added 
to the moisture content, and for measurements a t 40° C. 
one per cent would have to be subtracted from the moisture 
content obtained from Figure 2, which was determined a t 
28° C.

T a b le  III— E ffec t  o f  T e m p e r a tu r e  .on  E le c tr ic a l R e s is ta n c e
T e m p e r a t u r e  D rop
C o r r e s p o n d in g  to

D e t e r m in a t io n T e m p e r a t u r e R D o u b l in g  o f  R
° C . M egohms ° C .

1 2 8 .5 75
3 2 .5 55
•10.0 4 0 1 2 .3

2 2 8 .2 130
3 2 .0 100
3 9 .2 80 1 2 .8

A sh  C o n ten t

As stock of considerably variant ash content was unavail
able, the ash content was varied by the absorption of sodium 
chloride from solution. A specimen which had absorbed 
1.1 per cent of the salt showed a resistance, corrected to the 
original moisture content, of 120 megohms, as compared with 
an original rasistance of 490 megohms. Thus the resistance 
is reduced to one-fourth its original value by an increase of 
about one per cent sodium chloride, or (apparently) halved 
by each increase of about 0.5 per cent. Only in exceptional 
cases is the variation in ash content as great as this; fur
thermore, as a large part of the natural ash in wood is in
soluble, it is probable th a t the variations in calculated 
moisture content introduced by variations in the natural ash 
content are much less than one per cent.

Butterfield investigated the effect of zinc chloride on the 
resistance. He found th a t the resistance, a t several dif
ferent moisture contents, of sections containing 1.5 percen t 
zinc chloride is about one-fifth th a t of the untreated sections. 
In  this case, also, the resistance seems to vary inversely with 
the concentration of the salt in the wood, so th a t a t a given 
moisture content the resistance would be halved for an in
crease of about 0.6 per cent zinc chloride.
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S u rface M oistu re

The effect of a film of surface moisture was examined. A 
dry specimen th a t offered a resistance of 2000 megohms was 
moistened in a streak from electrode to electrode with a wet 
cloth. The instrument was short-circuited, indicating a re
sistance of less than one megohm and thus showing the ex
tremely high conductivity of the surface film in comparison 
with th a t of the bulk wood. Tests were made to  see if a 
similar conductive film would be formed on the surface by 
absorption of moisture a t a relative humidity above the dew 
point. The resistance of specimens in equilibrium with room 
humidity and temperature, 72 per cent and 28° C., respect
ively, was halved by exhaling the breath on the surface. 
In  the same manner the resistance of a somewhat drier speci
men was reduced to one-fourth its original value.

I t  is thus evident tha t measurements made under humidity 
conditions tha t would give a higher equilibrium moisture 
content for the wood than th a t which it possesses, tend to 
give low resistances because of the conductivity of the sur
face film. Calculated moisture content results might be in 
error by a considerable percentage for relatively dry pieces 
of wood when the hum idity is high a t the time the measure
ments are made. Moreover, if the temperature of the sur
face is below the dew point, a short circuit will result and no 
measurements can be made. The resistance method is thus 
completely eliminated for boards whose surface has recently 
been wet, and it becomes uncertain under high humidity 
conditions.

U n eq u a l M o istu re  D istr ib u tio n

Measurements were made to determine the effect of vari
ations in the moisture distribution through a section. Four 
pieces of veneer 0.2 cm. thick a t moisture contents of 15.0, 
27.7, 6.4, and 6.2 per cent, respectively, and averaging 13.8 
per cent, were clamped together between the electrodes. 
W ith the first and second outside, the resistance was 450 
megohms; with the first and second inside the resistance was 
560 megohms.

These results show a relatively inconsiderable effect of 
the arrangement of the layers, greater moisture content on 
the surface giving only a slightly lower resistance when it 
is not continuous between electrodes. Under normal con
ditions there would be a moisture gradient in all three direc
tions in a piece of wood rather than only (as in this experiment) 
in one direction. This in itself would tend to produce a con
siderable difference in electrical resistance between specimens 
having a drying or an absorbing moisture gradient, even 
though the moisture contents were equal.

Surface conductivity is not the worst part of an uneven 
distribution, however, as will be seen from the moisture con
tent, 7.8 per cent and 7.4 per cent, respectively, calculated 
from the above resistances. The reason for this large de
viation from 13.8 per cent, the actual average moisture con
tent, can be readily understood when the individual resist
ances of the sections as measured separately—namely, 1 
megohm, less than 1 megohm, 400 megohms, and 400 meg
ohms; total, 801 megohms—are added together, giving a cal
culated moisture content of 6.9 per cent.

I t  is because of the logarithmic relationship between re
sistances and moisture content th a t it is impossible to get 
an arithm etric average of moisture contents of the laminae. 
This effect is further illustrated by resistance measurements 
on a 76 by 10 by 5.4-cm. piece of Sitka spruce th a t was coated 
on the ends and edges with shellac and tinfoil while green 
and then dried for IS hours a t 160° F. (71° C.) and 15 per 
cent relative humidity. I ts  moisture condition, as calcu
lated by Tuttle,8 was then as follows:

• J .  Frankl in Inst. , 203, 009 ( 1925).

D e p t h M o is t u r e

Cm. P er cent
A t surface 2 .8
0 .6 3 1 3 .0
1 .2 6 2 0 .0
1 .8 9 2 5 .5
2 .5 2 2 5 .6
A verage 1 9 .7

This piece of wood had a resistance across the gradient of 
1700 megohms, giving an apparent moisture content of 7.7 
per cent as compared with an actual moisture content of nearly 
20 per cent. This result again shows th a t when the resist
ances of the various laminae in series are added together, 
it is the high values th a t are most effective in determining 
the calculated moisture content.

E lec tro ly s is  and  E lectro en d o sm o se

No effort was made to study the effect of electrolytic action 
and the extent of electroendosmose caused by the use of direct 
current a t moisture contents below the fiber saturation point, 
as has been done in the case of saturated sections.9 An un
published Forest Products Laboratory report by Taylor10 
shows th a t the d. c. resistance m ay build up to  twice the a. c. 
resistance after a considerable time. Taylor attributes the 
effect entirely to polarization, b u t a t least a part of it may be 
due to  the building up of an uneven moisture distribution 
by the electroendosmotic motion of the water.11 For the 
purpose of the present study, however, such relatively gradual 
changes in resistance are unim portant as compared with 
the immediate and large effect of moisture content.

C o n clu s io n s

The results of this investigation show th a t the determi
nation of the electrical resistance of wood as a means of 
measuring its average moisture content using surface elec
trodes is practical only within narrow limits. For stock in 
which the moisture content is below the fiber saturation point 
and approaches an equilibrium condition (does not possess 
a  steep moisture gradient), and which docs not have an appre
ciable surface film of condensed moisture tending to short- 
circuit the electrodes, the average moisture content can be 
determined by the resistance method to an accuracy of about 
one per cent absolute content moisture. Factors such as 
contact resistance, species and density of wood, direction of 
flow of current, temperature, ash content (within ordinary 
limits of variation), and.extent of specimen beyond the elec
trodes are either negligible or corrections can, in many cases, 
be made for them. Although the limitations to which it is 
subject eliminate resistance measurement as a method of 
determining the average moisture content of wood under 
widely variable conditions, it may possibly be applied in spe
cial cases as the measurement of the moisture content of thin 
veneers, which soon a ttain  moisture equilibrium with their 
surroundings and are not likely to retain steep moisture gra
dients. I t  could be used for any wood, such as furniture stock, 
tha t had been thoroughly seasoned and had been kept for 
a  considerable time under fairly constant humidity condi
tions. The method is not applicable for following the season
ing of stock in a  dry kiln, or for determining the moisture 
content of ordinary lumber shipments which may have been 
only partially seasoned or may have been exposed to extreme 
humidity changes in transit.

9 Stam m , "Electroendosm ose through W ood M em branes" (Saturated 
S ections), Colloid Sym posium  M onograph, Vol. IV  (1926).

*• " E ffect of th e E lectrolysis of M aple W ood on I ts  E lectrical Con
d u ctiv ity ."

11 E lectroendosm ose has been regarded b y  E vcrshead, J . Inst. EI&- 
Eng. {London), 52, 51 (1914), as the cause of variation in resistance of moist 
porous insulators w ith  change in applied.d. c. voltage.
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These experimental results suggest, however, th a t the 
method could be used for determining center moisture con
tent of stock, over a sufficiently small thickness range so 
that the moisture gradient effect would be small, by  using 
side-insulated point or knife-blade electrodes which can be 
pressed into the interior of the wood. Experiments along

this line are now being carried on by the author a t  the Forest 
Products Laboratory. Though the method.is obviously lim
ited in its application, it is hoped th a t it can be used to meet 
several special needs perhaps better than the over-all resist
ance method using surface electrodes as described in this 
paper.

Influence of Diffusion of Oxygen on the Rate of 
Com bustion of Solid Carbon1

By J . T . W ard,2 and  J. B. H a m b len

F u e l  a n d  G a s  E n g in e e r in g , M a s s a c h u s e t t s  I n s t it u t e  or T e c h n o l o g y , C a m b r id g e , M a s s .

FROM gas analyses and other data taken during the oper
ation of a hand-fired furnace a t firing rates of 19.7 to 
185 pounds of fuel per square foot per hour, the U. S. 

Bureau of Mines3 showed th a t the oxygen disappeared 3 to 
6 inches above the grate, th a t the carbon dioxide reached 
a maximum a t about 4 inches from the grate, and th a t the 
composition of the gases was practically independent of the 
rate of air supply.

W. K. Lewis4 averaged these gas analyses and from the 
shape of the resulting smooth curves concluded th a t the rate 
of the reaction 0  +  02 =  CO2 is limited only by the rate of 
diffusion of oxygen through the gas film around each particle 
of carbon. This conclusion was based on the following facts:
(1) The carbon dioxide content of the gases rises rapidly a t 
the start, and its initial slope varies bu t little with the air 
velocity; (2) the oxygen content falls sharply a t the sta rt 
practically independent of air velocity; (3) in the initial stages 
the carbon dioxide curve is approximately the reverse of the 
oxygen curve.

Although in the Bureau of Mines tests the air velocity 
was increased approximately tenfold, the oxygen disappeared 
at nearly the same distance above the grate in every case. 
Since the increase in air velocity gives decreased time of con
tact, this m ay be explained only on the basis th a t diffusion 
is the controlling factor or th a t the specific reaction rate in
creases in proportion to the velocity. The data show' tha t 
the increase in fuel bed temperature is not sufficient to ac
count for such a large increase in the specific reaction rate. 
However, this oxygen disappearance can be easily explained 
on the basis th a t diffusion is the controlling factor. I t  is 
known tha t the thickness of the film on the surface of a solid 
particle is decreased approximately in proportion to the in
crease in gas velocity. Furthermore, Rhead and Wheeler5 
have showrn th a t the rate of this reaction increased 400 per 
cent, even between 350° to  500° C., and hence it m ay be 
concluded th a t the rate of chemical reaction of carbon and 
oxygen is substantially instantaneous a t fuel bed temper
atures. Therefore, the rate of combustion m ust be deter
mined by the rate a t which oxygen can diffuse through the 
film to the surface of the carbon. Further data on gas com
position a t several points in fuel beds of various thicknesses, 
which are in accord with those of the Bureau of Mines, have

1 Presented before the D ivision  of G as and Fuel C hem istry a t  th e 73rd 
Meeting of th e Am erican C hem ical S ocie ty , R ichm ond, V a., April 11 to 16, 
1927.

* A ssistant professor of chem ical engineering a t  M assach usetts In
stitute of T echnology.

* Kreisinger, O vitz, and A ugustine, Bur. M in es, Bull. 137 (1914).
4 T h is  J o u r n a l , 15 , 50 2  (1 9 2 3 ).
* J . Chem. Soc., 101, 831, 840 (1912).

recently been obtained by Haslam and collaborators6 and 
by recent w'ork of the Bureau of Mines.7

The reaction between carbon and oxygen under fuel bed 
conditions is so important in the field of combustion th a t 
i t  seems desirable to secure, if possible, direct experimental 
verification of the validity of the diffusion theory.

A method of attack which consisted in determining the 
concentrations of the gases on the carbon side of the gas 
film surrounding a burning carbon particle was suggested by 
W. K . Lewis. Figure 1 is a diagrammatic representation 
of the concentration gradients in such a system. The con
centration of oxygen on the air side of the film is 21 per cent 
but decreases to zero on the carbon side.

The diffusion velocities of gases are inversely proportional 
to the square root of their respective molecular weights. 
When combustion is continuous the oxygen must diffuse in 
and the resultant carbon dioxide must diffuse out a t the same 
rates. Since the specific diffusion rate constants of oxygen 
and carbon dioxide are inversely proportional to \ / 3 2 and 
'\/4 4 , respectively, the concentration of carbon dioxide on 
the carbon side of the film must be greater than th a t of oxygen 
on the air side in order to create a driving force equal to that 
of the oxygen. If the gases on the carbon side of the film

• H aslam , E n tw istlc , and G ladding, T h i s  J o u r n a l , 17 , 580 (1925); 
H aslam , M ackie, and R eed , Ib id .,  19, 119 (1927); H aslam , W ard, and  
M ackie, Ib id ., 19, 141 (1927).

7 American Gas A ssociation , R eport of Carbonization C om m ittee,
1920.
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are withdrawn so slowly th a t the film does not collapse, an 
analysis should show a combined oxygen content greater 
than th a t existing on the air side of the film. Such data 
would be strong proof of the theory th a t the rate of diffusion 
is the controlling variable.

The theoretical am ount of oxygen which should appear on 
the carbon side of the film m ay be derived as follows: The 
specific diffusion rate constants of carbon dioxide and oxygen 
are inversely proportional to their concentrations:

Specific diffusion rate constant of Q. _  concn. C 0 2 
Specific diffusion rate constant of CO2 concn. 0 2 

On a basis of 100 mols of nitrogen there are 21/79 X 100 =  
26.58 mols of oxygen in the air, and on the carbon side of the 
film the concentration of oxygen in the form of carbon dioxide,

y /3 2
or its equivalent in carbon monoxide, would be 26.58

=  30.16 mols.

E x p er im en ta l M eth o d

-QUARTZ
CAPILLARY

f n

scavenged the system of air, the second mercury bulb, B, 
was turned on and from 6 to 9 cc. of the gas were collected 
over a period of about 90 minutes. The flow of air around 
the carbon block was sufficient to maintain the atmosphere 
substantially free from the products of combustion.

•\/44

To dem onstrate the validity of this idea a carbon block 
was burned in air and, by  very slow sampling, the gas was 
drawn off from the carbon side of the gas film through a quartz 
capillary sealed into the end of the carbon block.

P r e p a r a t i o n  , o f  S a m p l e —Samples of carbon were made 
from l'/j-inch  (38-cm.) electrode carbon cut into 21/ t-inch 
(5.7-cm.) lengths. A hole, into which a 2-mm. quartz tube 
could be forced, was drilled in the center of one end of the 
carbon cylinder I 1/* inches (3.8 cm.) deep. The first 3/ i 6 
inch (5 mm.) of this hole was enlarged a b o u t ' / « inch (2 mm.) 
in radius and slightly undercut. The clear quartz capillary 
tube 5 inches (13 cm.) long was then forced 3/ 4 inch (2 cm.) 
into the carbon, leaving a small cavity. A tight joint be
tween the quartz capillary and the carbon was secured by 
working a paste of powdered magnesia in sodium silicate 
solution into the top of the cylinder and around the tube and 
fusing with a blast lamp; powdered soft glass was then heaped 
around the tube and sintered together (Figure 2).

F u r n a c e —After specimen with 
the attached tube was weighed it 
was then placed in a resistor furnace 
(Figure 3) with the quartz capillary 
protruding through a hole in the 
cover. A glass capillary tube was 
then attached to the quartz capillary 
by a Khotinsky cement seal over 
rubber tube. The tube led to a Y 
connected to the two bulbs, A  and 

—ca rb o n  which were filled with mercury 
and fitted a t each end with stop
cocks. The lower ends of the bulbs 
were drawn out to a very fine capil
lary to allow the mercury to escape 
very slowly and thus draw gas 
through the carbon a t a very slow 

Figure ¿—seal between rate. A second quartz tube, con- 
O u a r tz  c a p i l la r y  a n d  C a r- nected with the compressed air fine 

through a meter and a drying tower 
filled with anhydrous calcium chloride, was inverted through a 
hole in the cover of the furnace to supply dry air for the com
bustion.

C o l l e c t i o n  o f  S a m p l e s —The furnace was turned on 
and the carbon specimen brought up to  about 1500° F. (816° 
C.) The air was adjusted to flow at constant rate and the 
m ercury allowed to flow from the first bulb, A, a t the rate 
of about 10 cc. per hour. By this means gas was drawn 
through the carbon until all the air was removed from the 
carbon and the capillary tubing and collected in the first 
bulb. After enough gas had collected to  have thoroughly

A n a l y s i s  o f  G a s —The gas sample thus collected was 
analyzed over mercury in an apparatus (Figure 3) which 
was designed to give very accurate analyses when using small 
amounts of gas. A 10-cc. graduated buret, C, with compen
sator, D, in a water jacket was connected to an absorption 
pipet, E, containing glass tubes. A mercury reservoir, F, 
was connected through the three-way stopcock, G, so that 
when the gas had been exposed to a given reagent the residual 
gas in the capillaries could be swept back into the measuring 
buret, C. The carbon dioxide was absorbed in potassium 
hydroxide, the carbon monoxide in acid cuprous chloride, 
and the oxygen in alkaline pyrogallol. The various parts 
of the entire apparatus were sealed to form a single unit. 
The gas sample was transferred to the analytical apparatus 
without loss or contamination by sealing the sampling bulb 
onto the tube H  and evacuating the capillary between the 
stopcock I  and th a t on the sample bulb.

R esu lts

The data secured are given in Table I.

T a b le  I— G a s A n a ly se s  
AiR-^fCARDON T im e  o p

R u n R a te * B u r n e d C o l l e c t io n S a m pl e CO j Oj CO Ni
L iters te r

hour Grams Hours M in . Cc. % % % %
1 1 6 .5 5 0 .6 8 7 .7 6 75.01
2 325 1 10 8 .1 4 2 .4 6 1 .2 3 2 9 .9 66.41
3 325 6 2 .3 2 1 35 8 .2 9 1 .9 3 2 .0 6 2 8 .7 5 6 7 .26
4 350 4 9 .0 1 5 7 .0 6 3 .8 2 0 .2 8 2 9 .4 5 6 6 .45
5 30 0 4 7 . 55 1 2 0 9 .6 4 1.0*1 0 .5 2 3 3 .7 0 64.74
6 3 2 5 3 6 .7 9 5 .7 2 4 .3 7 0 .8 8 2 7 .5 6 7 .26

Table I I  contains these data calculated to a basis of 100 
mols of nitrogen and also the oxygen-nitrogen ratio corrected 
for free oxygen and the corresponding nitrogen. These quan
tities were doubtless present due to leakage and should be 
excluded in a consideration of the true gases of combustion 
on the carbon side of the film.

T a b le  I I — G a s A n a ly s is  o n  B a s is  100 M o ls  o f  N itr o g e n  a n d  O x y g en -  
N ltr o g e n  R a t io

R atio” 
O fN i

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

” Corrected to~oxygen-free basis.

R a tio

R u n COj Oj C O COi '.CO
M ols M ols M ols

1 2 2 .0 5 0 . 9 1 0 .3 3 2 .1 3 4
2 3 .7 1 1 .8 5 4 5 .0 0 .0 8 2 4
3 2 .8 7 3 .0 6 4 2 .7 0 .0 6 7 2
4 5 .7 5 0 .4 2 4 4 .4 0 0 .1 2 9
5 1 .6 0 0 . 8 0 5 2 .0 0 .0 3 0 8
6 6 . 5 1 .3 0 4 0 .9 0 0 .1 5 9
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As indicated above, the concentration of oxygen inside 
the gas film th a t would be expected from diffusion of the 
gases through an unbroken film is 30.16 mols. On the same 
basis the ratio of oxygen to nitrogen in air is 26.58 mols. 
The data of Table I I  show an average ratio of 28.07 mols. 
Two additional runs were made in which the oxygen-nitro- 
gen ratio was less than 26.58, bu t in these cases it  was 
known tha t absorption of carbon monoxide was incomplete. 
The data of Table I I  indicate th a t the concentration of com
bined oxygen on the carbon side of the air film was con
sistently greater than in air and th a t therefore diffusion took 
place in accordance with the theory proposed.

Since carbon monoxide was found present in the gases 
drawn off, one might fear th a t it complicated the diffusion 
mechanism. This is not believed to be a fact because the 
carbon monoxide is a secondary product of the reaction of 
carbon and oxygen, as has been shown by Langmuir and 
others. Therefore, the carbon monoxide formed on the 
carbon side of the film is outside the zone of primary reaction 
of carbon and oxygen. Any carbon monoxide formed on 
the air side of the film would be oxidized to carbon dioxide

a t once on account of the high concentration of oxygen. 
Therefore it is believed th a t the net result of the diffusion 
process is not affected by carbon monoxide formation.

B urkhart8 made similar experiments, but he collected his 
samples much more rapidly and used an ordinary Hempel 
apparatus for gas analysis. His data show an average oxy- 
gen-nitrogen ratio of 28.13, exclusive of those runs which 
are obviously in error.

C on clu sion

The conclusion seems justified, therefore, th a t when solid 
carbon burns the controlling variable is not the rate of chem
ical interaction of carbon and oxygen bu t is, as suggested 
by  Lewis, the rate of diffusion of the combustion gas through 
the gas film.

A ck n o w led g m en t

The writers wish to acknowledge their indebtedness to 
Professors W. K. Lewis and R. T. Haslam for suggesting 
the experimental method and for advice.

« M . I . T . T hesis, 1023.

A Slide Rule for Solution of Problems in Flow  
through Orifices1

By H . G . S ch n etz ler

S t a n d a r d  Oil# C o m pa n y

IN TESTING refinery equipment it is often necessary to 
measure the flow of liquids or gases in lines where no meas
uring device is already installed. In  many of these cases 

the simplest and most quickly installed device for measuring 
the flow is the sharp-edged orifice flowmeter. The condi
tions under which an orifice m ay be used and the relation 
between the pressure drop through the orifice and volume 
of flow are so well known th a t quite accurate results are ob
tained through its use. On account of its accuracy and sim
plicity it serves as a useful tool in checking refinery operations.

O rifice C oeffic ien ts

The general formula for flow through an orifice is

Q = Cqd'VW* (1)
where Q = flow, cubic feet per second a t the downstream density 

g = acceleration of gravity, feet per second per second 
d = diameter of the orifice, feet
h = head, feet of fluid flowing at the downstream density 
C — orifice coefficient

The coefficient C in this equation varies with the condi
tions under which the orifice is being used, its value depend
ing upon the ratio of the area of the orifice to  the cross- 
sectional area of the pipe and upon the spacing of the pres
sure taps before and after the orifice for obtaining the pressure 
drop across the orifice. The relation between these factors 
and the orifice coefficient has been studied by a number of 
investigators. Perhaps the most accurate and complete 
data are those of Spitzglass,2 who determined the coefficient 
for various orifice ratios and various pressure tap  spacings 
in pipes from 3 to 12 inches in diameter.

As a result of these studies Spitzglass has recommended
1 Presented before th e D ivision  of Petroleum  C hem istry a t the 73rd 

Meeting of the Am erican C hem ical S ocie ty , R ichm ond, V a., April 11 to 16, 
1927.

A m . Soc. M ech. Eng., 44, 919 (1922).

(I n d ia n a ) ,  W h it in g , I n d .

th a t the upstream pressure tap be between 0.75 and,2.0 pipe 
diameters from the orifice and the downstream tap  be either 
a t the vena contracta or 4.5 pipe diameters from the orifice, 
the latter being the point of maximum restoration of pressure. 
B ut since the vena contracta shifts with the orifice ratio, it 
is more convenient to locate the downstream tap a t 4.5 diam
eters so th a t the orifice ratio may be changed without neces
sitating a change in the location of the pressure tap.

COEFFICIENT 
F ig u r e  1— O rifice C o e ff ic ie n ts  fo r  V a r io u s  O rifice  

R a tio s  a n d  P ip e  S ir e s . D o w n s tr e a m  P r essu re  T ap  
a t  th e  V en a  C o n tr a c ta

The values of the orifice coefficients found by Spitzglass 
are plotted in Figures 1 and 2. The dashed portions of the 
lines represent extrapolations to smaller pipe diameters. 
Several checks on these extrapolated values have shown them 
to be reasonably accurate. However, if it is desired to rely 
only upon Spitzglass’ experimental data, the line can in many 
cases be enlarged to 3 inches for sufficient length (20 pipe 
diameters upstream and 10 pipe diameters downstream from 
the orifice) to give accurate readings.

The orifice coefficients shown in Figure 2 were used in con
structing the slide rule described herewith for the solution of 
problems in flow through orifices.
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C onstruction  of Rule

In  order to save time and eliminate errors in calculation 
of results of orifice measurements a slide rule has been de
vised for making the necessary calculations. For calculat
ing the flow of a liquid in cubic feet per hour, the pressure 
drop across the orifice being measured by means of a mercury 
manometer, equation (1) takes the form

Q =  3600 C - ¡V3.1416 d2 162.4 X 64.4 X 13-V ?(2)4 144 \  12
where Q =  flow, cubic feet per hour a t  dow nstream  conditions 

C =  orifice coefficient
I =  pressure drop across orifice, inches of m ercury 
p =  density  of flowing liquid, pounds per cubic foot a t  

dow nstream  conditions 
d =  orifice diam eter, inches

This reduces to

Q =  1325 Cd2 (3)

For a given orifice size in a given pipe size equation (3) 
becomes

or Q- K 2 L

where Q =  flow, cubic feet per hour 
K  =  a  constan t

This equation can be solved for Q2 on the ordinary slide 
rule containing two logarithmic scales with one setting of 
the rule when K 2, I, and p are known. Therefore, to make 
a slide rule to  solve directly this equation for problems in 
flow, we require a fixed logarithmic scale graduated in values 
of K 2, a  sliding logarithmic scale graduated in values of p, 
a second sliding logarithmic scale graduated in values 
of I, whose position relative to the first sliding scale is fixed, 
and lastly another fixed logarithmic scale graduated in values 
of Q2.

20

ae

“ 1 I I I 
ORIFICE RATIO

3

i

0.9 J.O /./ / 2
Coefficient

I

/.3 AS

oeoo.
sr

F ig u r e  2— O rifice  C o e ff ic ie n ts  fo r  V a r io u s  O rifice  R a t io s  a n d  P ip e  
S iz e s . D o w n s tr e a m  P r e ssu r e  T a p  4 .5  P ip e  D ia m e te r s

Such a  rule is shown in Figure 3. The top chart is designed 
to replace the K 5 scale and is arranged so th a t the value of 
K 2 may be found graphically for various sized orifices in va
rious sized pipes. The orifice diameters, in inches, are repre
sented by the straight lines running a t an angle of 45 degrees 
across the chart. The pipe sizes are represented by the curved 
lines across the chart. Where any of these lines intersect 
the value of K 2 is represented by the vertical line through 
the point of intersection. Numerical values of K 2 are not 
shown, since this is usually not of interest. This chart, then, 
is used to  solve graphically for K 2 and in addition provides 
a  logarithmic scale for K 2 a t the base.

Under the chart is a blank space in which the sliding scales 
a t the bottom of the figure fit. The chart m ay be cut out 
to use as a slide rule, preferably when cemented to  a board 
containing the proper sized slider. I t  will be noted th a t 
there are several scales on the top half of the slider. These 
are for obtaining Q2 in the proper units. Thus, if it is de-
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sired to know Q2 in units other than cubic feet per hour, this 
may be readily found by shifting the positions of the sliding 
scales for I and p relative to one another. Under each scale 
for p is given the unit in which the Q2 scale will read. The 
lower or I scales on the slider are graduated directly in inches 
of water and mercury. Then, fitting the slider in the blank 
space on the figure, we have under the p scale a fixed logarith
mic Q2 scale, which is labeled in units of Q for convenience.

To solve a problem locate K 2 by the intersection of the 
lines for the proper orifice diameter and pipe sizes; set the 
appropriate value of p under the vertical line through this 
intersection; under the correct value of I read Q in the units 
given under the p scale.

If for any reason the orifice coefficient is desired, it may be 
read directly from the chart, since the horizontal lines passing 
through the intersection of the pipe and orifices sizes lines 
represent the coefficient and the numerical values are shown 
a t the left of the chart.

The rule also permits rapid estimation of the proper sized 
orifice to be placed in the line where it is desired to measure 
the flow.

Copies of this slide rule in size for more convenient use 
(7 by 20 inches) are being distributed by the Petroleum Divi
sion to its members, and m ay be obtained by others for 25 
cents. Orders should be sent to F. W. Padgett, University 
of Oklahoma, Norman, Okla.

o-Dichlorobenzene—An Excellent Cleaner for Metals1
B y P . H . G roggins an d  W alter S ch o ll

C olo r  L a b o r a t o r y , B u r e a u  o f  C h e m is t r y , W a sh in g t o n , D . C.

0 -DICIILOROBENZENE is obtained as a by-product 
in the chlorination of benzene, particularly in the proc
ess of preparing p-dichlorobenzene, which has found 

extended use as a deodorant for lavatories and as an insec
ticide and fungicide. About one million pounds of the ortho 
compound are produced annually in this country. Thus 
far, only limited commercial applications have been found 
for it, chiefly in the role of solvent.

During an investigation of its properties and possibilities 
o-dichlorobenzene was found to  be an excellent cleansing 
agent for some commonly used non-ferrous metals. One 
of the samples of commercial o-dichlorobenzene submitted 
to the Color Laboratory possessed the following character
istics: clear and free from suspended m atter; almost water- 
white; penetrating and persistent odor; specific gravity a t 60° 
F. (15.6° C.) (by hydrometer), 1.300; no stain left on paper 
after 30 minutes; flash point (with open cup tester) 154° F. 
(68° C.)

D is t i l la t io n  R e s u lts  
P er cent over ° C.

In itia l boiling point 168
18 168 to 175
68 175 to 180

9 180 to 185
3 185 to 196

The residue, 2 per cent (by difference), gives a neutral 
reaction.

E x p erim en ta l

In working with o-dichlorobenzene it was observed tha t 
when the liquid fell upon tarnished metals and was rubbed 
off the tarnish was removed. This suggested the possibility 
of its use to clean or polish metals.

Practical applications were first investigated. Subsequently 
analytical data of a fundamental character were obtained to 
explain and substantiate its success in practice. A t first 
commercial o-dichlorobenzene (containing other chlorinated 
benzenes) was used alone. Later it was found advantageous 
to apply this active cleansing ingredient mixed with non- 
gritty pow'ders to  form a paste. A paste prepared by adding 
one part of precipitated chalk to five parts of the liquid forms 
a clot on the polishing cloth, thereby facilitating its econom
ical application to m etal surfaces, and is sufficiently fluid to 
be poured from a narrow-mouth bottle. A paste of this kind 
was used in the experiments to  be described. Other non-

1 R eceived M ay 14, 1927. 137th C ontribution from  the Color Labora
tory, Bureau o f C hem istry.

gritty  mineral absorbents were also utilized in preparing 
heavier pastes suitable for dispensing in collapsible tubes.

Copper plates and pipes were rubbed with a cloth contain
ing some of the thin paste. I t  wTas found tha t even the heav
iest tarnish or coating was quickly removed and a bright 
luster imparted to  the metal surfaces.

Treating nickel-plated automobile radiator shells with 
this paste quickly gave a high polish. A comparison with 
two commercial polishing compounds showed th a t o-dichloro- 
benzene is more efficacious in removing rain spots from such 
surfaces.

The cleaner was then tried in homes on silver and alu
minum ware. Here also it proved its merit. Comparative 
tests were made on silver-plated articles with two polishes, 
one of which cost but 10 cents a bottle and the other, a well 
advertised product, distributed only by agents of the manu
facturers, 85 cents a tube. Some of each polish on a soft 
cloth w'as rubbed ten times over the m etal surface. After 
testing repeatedly in this way and after making various 
other tests, i t  could be stated definitely th a t the o-dichloro- 
benzene paste acted more rapidly than the other two.

In  attem pting to explain the detergent action of o-dichloro
benzene, it was assumed th a t the liquid possessed a sol
vent action, not only on any greasy coating th a t might be pres
ent, but also on the metal oxides. Confirmatory evidence 
was sought, inasmuch as i t  v'as particularly im portant to 
know whether the m etal itself was also simultaneously a t
tacked by the solvent.

The effect of o-dichlorobenzene upon silver, nickel, copper, 
and aluminum and upon the oxides of these metals was made 
the subject of investigation. For the tests, sheet-copper 
strips, aluminum turnings, a  nickel dish, and a silver coin 
were used. The aluminum was first cleaned with dilute 
sodium hydroxide; the others were treated with dilute nitric 
acid. The metals were then washed, first with water and 
then with alcohol, after which they were quickly dried. After 
a preliminary rinsing with some o-dichlorobenzene, each 
metal was placed in a 25-cc. portion of the preparation and 
allowed to  stand a t 100° C. for 15 minutes.

Two grams of each of the powdered oxides of the four 
metals mentioned were also placed in 25-cc. portions of o- 
dichlorobenzene and kept under the conditions prescribed 
for the metals. The eight mixtures were then promptly 
poured on dry filters. The filtrates were evaporated to dry
ness on the steam bath  in porcelain dishes. After adding 
10 cc. of 50 per cent sulfuric acid to  each of the dishes con-



1030 I N D U S T R IA L  A N D  E N G IN EERIN G  C H E M IS T R Y Vol. 19, No. 9

taining the dried residues, heating was continued until the 
contents were well charred, after which the dishes were cooled. 
Concentrated nitric acid (5 cc.) was added to each and heat
ing was resumed until heavy fumes of sulfuric acid were 
evolved. The nitric acid treatm ent was repeated until the res
idues became light in color and remained so after evaporation 
to dryness.

The dried material in each dish was completely dissolved 
in 8 cc. of 30 per cent sulfuric acid and 10 cc. of water.2 Qual
itative tests were then made for the metals in each of the 
eight solutions thus obtained. Standard analytical pro
cedure was followed.

S o lv e n t  A c t io n  o f  o - D ic h lo r o b e n z e n e  o n  M e ta ls  a n d  M e ta l O xides
M u ta i, or  

O x id e  
Cu 
CuO  
Ag 
AgïO

Solvent
A c tio n

N il
A ppreciable
N il
A ppreciable

M e t a l  or  
O x id e  

N i 
N iO  
Al
AliOj

S o l v e n t  
A c t io n  

F aint trace 
A ppreciable 
F ain t trace 
Trace

D isc u ssio n  o f R e su lts

The analytical tests showed th a t the oxides of the four 
metals treated are susceptible to the solvent action of o- 
dichlorobenzcne. This action is more pronounced with the 
help of frictional rubbing. The negative tests for silver and

1 N oyes, " Q ualitative C hem ical A nalyses,” p. 54.

copper were conclusive. The action on nickel was extremely 
slight. The test for metallic aluminum was not conclusive.

o-Dichlorobenzene paste when used as a metal polish pos
sesses the following merits: I t  contains no acid or alkali; 
it is not dangerous to handle nor is it inflammable at room 
temperatures; it does not scratch or corrode metal; it does 
not vaporize rapidly.

I t  has been found th a t the incorporation of small quan
tities of aromatic oils will mask the persistent odor charac
teristic of o-dichlorobenzene. Table utensils treated with 
this polish need to be dipped in boiling water before they 
are used again. In  industrial practice, metal articles may 
be merely dipped into a v a t containing o-dichlorobenzene 
and then brushed briskly to produce a bright luster. The 
paste polish is particularly adaptable for door plates and 
knobs, where it performs the dual role of dissolving accumu
lated grease and removing tarnish.

S u m m a ry

Commercial o-dichlorobenzene. is an excellent cleansing 
agent for metals. In  some industries it may be used unmod
ified. For domestic use it may be put up as a thin paste 
in bottles, or as a heavier paste in collapsible tubes or jars. 
I t  acts as a  solvent for the oxides of nickel, silver, copper, 
and aluminum. Its  action on the metals is practically neg
ligible.

Influence of T em perature on the Tensile Strength of 
Reclaimed R ubber1

By H enry F. P a lm er

Tins X y l o s  R u b s k k  C o ., A k r o n , O h io

T h e  effect o f th e  tem p era tu re  o f th e  te s t  str ip s a n d  th e  
su rro u n d in g  a tm o sp h ere  d u rin g  te s t  u p o n  th e  r esu ltin g  
te n s ile  o f  v u lca n ized  rec la im ed  rubber m ix tu res  is  q u ite  
m arked . T h e  te n s ile , s tress , an d  e lo n g a tio n  decrease  
w ith  r ise  in  tem p era tu re .

T h e  large n u m b er  o f te s ts  on  w h o le -tlre  rec la im  sh ow s  
th a t  w ith in  n o rm a l ro o m  tem p era tu re  l im its  o f 18° to  32° 
C. th e  r e la tio n  te n d s to  be lin ea r . S o m e  var ia tio n s from  
th e  lin ear  r e la tio n  have been  observed, a n d  m a y  be d u e  
to  var ia tio n  in  tem p era tu re  r ise  in  th e  str ip s  d u rin g  
s tr e s s in g  or to  error in  th e  m e th o d .

SEVERAL investigators210 have pointed out
th a t the tensile strength of vulcanized new rubber is 
influenced by the tem perature a t which the tests are 

conducted. In  general they have concluded th a t as the tem
perature increases the elasticity and elongation increase 
and the tensile decreases, and th a t the tensile of low-grade 
rubber is influenced to a greater extent by temperature 
changes than th a t of high-grade rubber.

The present investigation shows th a t the percentage change

1 Presented before the D ivision  of R ubber C hem istry a t  th e 73rd M eet
ing of th e Am erican C hem ical S ociety , R ichm ond, V a., April 11 to  16, 1927.

* Breuil, Caoutchouc &* gutta-percha, 8, 5298 (1911).
* W orm elcy, “ The R ubber In d u stry ,” p. 246 (1914).
‘ Bur. S tandards, Circ. 38, 60, 83 (1921).
* N uckolls, In d ia  Rubber W orld, 67, 79 (1922).
* R eport of Physical T estin g C om m ittee o f D ivision  of R ubber C hem 

istry , T h is  J o u r n a l , 17, 535 (1925).
1 Boone and N ew m an, Ib id ., 18, 539 (1926).

T h e  p ercen ta g e  d ecrease  in  te n s ile  for vu lcan ized  re
c la im ed  rubber m ix tu res  w ith  r ise  in  tem p era tu re  is ap
preciab ly  greater  th a n  for v u lcan ized  new  rubber mix
tu res, as fo u n d  by o th e r  in v estig a to rs , b e in g  between 
16 and  24 per c e n t  for th e  fo rm er  a n d  w ell u n d er  12 per 
c en t  for th e  la tter .

I t  is  p o ssib le  to  u se  a co rrectio n  ch a r t for p ractica l pur
p oses , th e  error Involved in  th e  c a se o f  th e  w h o le -tire  reclaim  
s tu d ie d  b e in g  a p p ro x im a te ly  th a t  w h ic h  m a y  occur in a 
ser ies o f te s ts  o n  th e  sa m e  vu lca n ized  m ix tu re  a t  one tem 
perature, or ± 3 .5  per c e n t  w h en  e ig h t  str ip s are tested.

in tensile strength with changes in testing temperature is 
more marked in the vulcanized mixture prepared from re
claimed rubber than when prepared from new rubber, al
though actual numerical differences are not so greatly dif
ferent. This is of particular significance to  the reclaimed 
rubber industry, since the product is often sold on a speci
fication basis and seasonal variations in testing temperatures 
may result in the rejection of material in the summer months 
th a t would be quite acceptable during the winter.

C o n d itio n s o f W ork

The data recorded herein were obtained according to the 
standard practice recommended by the Physical Testing Com
m ittee of the Division of Rubber Chem istry.6 The stocks were 
mixed on an 8  by 16-inch (20 by 40-cm.) mill having a roll ratio 
of 3 :2 , the slow roll making 14 r. p. m. Cures were made at 141.1
C. in a platen press which was checked by means of a calibrated 
thermometer inserted in a special mold. Tests were made on a
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calibrated Scott machine having a jaw separation under load of 
22.5 inches (57 cm.) per minute. Although the room in which, 
tests were conducted did not have thermostatic control, when 
once the desired temperature had been obtained it invariably 
remained constant to within ± 0 .5 °  C. during the period of ex-

r

N -------T£
------>S7

'N J /L P  
'Jf£6  J  - 
S rö T T f,  
?£Jf PO

sSO TPi rP 5
fN T .

r  ~s.

*
----- — ---- —C

i;
If
§ MO

6 /o  /*  / i  /o  /a  2o 22a 2 0  2 2  2 4  2 0  2 3  JO  -3 2  J 1  JO  JO
TP flPP ftP iU JfE  ‘C.

Figure 1

0 2 4 6

-----TPXÖILE.
---- ÖT/fEOÖ -JOOX
Q T E S T  S T / f lP S  

P E J f P O IN T

Ö

H

o - - --R
s

§
- 0 ■ — 1P -

—n

*
'"rßf/ljffirif/fp 'c'.¿ 2  2 1  2 6  2 3  JO

being tested for each point, check very closely and the slope of 
the curve obtained agrees with tha t obtained from the fifty 
test strips. These results are shown in Figure 2.

The above findings have further been established for other 
reclaimed rubbers as given below.

Solid -T ire , T ub e, and  C arcass R ecla im s

Five parts of sulfur were mixed with 100 parts of each re
claim and the mixture cured 25 minutes a t 141.1° C. In  the 
case of the carcass reclaim 1 per cent of di-o-tolylguanidine 
was also added. The results are given in Figure 3. The 
tensile and stress in each case decrease w ith increased tem
perature, as does the elongation for the solid tire and carcass 
reclaims. W ith the tube reclaim the elongation shows a slight 
increase from 10° to 20° C. Further tests have shown th a t 
there is a tendency for the elongation of the tube reclaim to 
decrease, but this decrease is not marked.

E ffect o f Cure a n d  P rocess

Whole-tire reclaim No. 1 was cured 15, 25, and 35 minutes, 
ten strips being tested a t 10 °, 20 °, 30 °, and 39 ° C. The results 
(Figure 4) show the same trend as those in Figures 1 and 2. 
These results, as well as other check tests (in which the 45- 
minute cure was included), show no particular effect of cure 
on the curve except to displace it, as the magnitude of the 
physical properties varies with the cure. Figure 4 also shows 
th a t maximum physical properties are obtained with the 25- 
minute cure. The curves are very similar to those of Nuck
olls5 for a low-tensile, new-rubber mixture.

Figure 2
W h o le -T lr e  R e c la im  N o . I ,  2 5 -M ln u to  C u re

posure and testing. The test strips were exposed to the tem 
perature at which they were to  be tested for at least 2 hours, this 
time being sufficient for the establishment of equilibrium. The 
relative humidity during the tests remained between 20 and 40 
per cent, being determined by a sling psychrometer. Accord
ing to Stringfield8 in the case of new rubber mixtures relative  
humidity changes between 40 and 60 per cent are taken care 
of by proper exposure. The samples of reclaimed rubber were 
exposed for 16 to 24 hours in the uncured state after mixing at 
a room temperature of 20° to 23° C., and after curing for 20 to 
24 hours at the same temperature and for at least 2 hours within 
=*=0.5° C. of the testing temperature.

W h ole-T lre  R ec la im

In a mixture of 100 parts of whole-tire reclaim No. 1 and 
5 parts of sulfur the maximum physical properties are ob
tained in 25 minutes when vulcanized a t 141.1° C. This 
cure was chosen for the more exhaustive investigation and in 
order to simplify the work. The reclaim was very well blend
ed both before and after mixing in the sulfur. Tests were 
conducted a t 10°, 20°, 30°, and 37.5° C., fifty test strips being 
broken a t each temperature. The probable error for all 
temperatures as calculated by the method of least squares 
averages =>=0.6 per cent from the tensile given by the arith
metical mean. The results (Figure 1) show th a t the effect 
of temperature on tensile here is best represented linearly 
up to about 32° C., where with increased temperature the 
tensile appears to tend toward a minimum value. The stress 
at 300 per cent elongation also decreases with increased tem
peratures, but to a lesser degree than tensile. The elongation 
decreases with increased temperature, whereas with new 
rubber mixtures2 *° ' • in0- it has been found to increase. 
Subsequent tests on three different samples of the same stock 
tested at 4°, 5.5°, 13.5°, 19.5°, 27°, and 27.5° C., eight strips

1 T h is J o u r n a l , 17, 833 (1925).

6  0 / 0 / 2  / 4  / €  / a  2 0  22  24  2 0  2 8  JO  J 2  J 4  JO J 8  10
TE ffP E JfJf r L /ffE  ’C.

F ig u r e  3— S o lld -T Ir e , T u b e , a n d  C a rca ss  R e c la im s

Two other whole-tire reclaims, Nos. 2 and 3, which were 
processed on different factory equipment, were tested. Five 
parts of sulfur were mixed with 100 parts of each of the re
claims and the mixture cured 25 minutes. Ten strips were 
tested a t 5.5°, 20°, 30°, and 37° C., w ith the results shown in 
Figure 5. The effect of temperature on tensile does not 
appear to be modified by the type of process.

D iscu ssio n  o f R esu lts

I t  has been observed th a t the points do not always fall 
on a straight line, especially when fewer strips were tested. 
Further tests on carcass and tube reclaims showed a slight 
dip in the curves a t 20° C. These irregularities may be due 
to a tem perature variation during stressing, as described by 
Boone and Newman,7 or to error in the tests, which is 
±3 .5  to 4.0 per cent for eight to ten test strips.

The data show th a t as the temperature increases from 20° 
to  30° C. the tensile of whole-tire reclaim No. I (25-minute 
cure) decreases approximately 21 per cent. The drop in 
tensile in this same range for the 15- and 35-minute cures of
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whole-tire reclaim No. 1, 25-minute cures of whole-tire re
claims Nos. 2 and 3, solid-tire, tube, and carcass reclaims 
as shown in the curves, ranges between 16 and 24 per cent. 
The percentage decrease in tensile for vulcanized new rubber 
mixtures4-6’7 from 20° to 30° C. appears to be well under 
12 per cent. While the numerical magnitude of the decrease 
in tensile of reclaimed rubber with increase in testing tem-

Table I  gives eleven tests on different samples of whole- 
tire reclaim No. 1 in which eight strips were tested at 20°, 
30.5°, and31.5°C . The figures obtained a t 30.5°and 31.5°C. 
were referred back to 20° C. on the chart and the figure thus 
obtained was compared with th a t of the actual test. The 
error averages less than 5 per cent, the maximum noted being 
7.3 per cent.

T a b le  I - -T e n s ile  S tr e n g th  o f  W h o le -T lr e  R e c la im  N o . 1- 
C ure

-25 -M in u te

F ig u r e  4— 15-, 2 5 - , 3 5 -M in u te  C u res , W h o lc -T ir e  R e c la im  N o . 1

perature is in many cases no greater or as great as th a t for 
vulcanized new rubber mixtures, the percentage change is 
much greater as vulcanized reclaimed rubber has in general 
a much lower tensile strength. I t  has been recommended4"5 
th a t tests on rubber goods be conducted a t a room temper
ature between 65° and 90° F. (18.4° to 32.2° C.). I t  is quite 
evident th a t such a range is too wide for testing reclaimed 
rubber a t least. I t  seems desirable tha t a standard testing 
or reference temperature between 70° and 75° F. (21.1° and 
23.9° C.) be agreed upon.

C o m p en sa tio n  for T em p era tu re  Effect

In  order to  have comparable tensiles on a given reclaimed 
rubber a t all times either the vulcanized mixture m ust be 
tested in a constant tem perature room or a method of com
pensating for the difference in tensile caused by temperature 
changes must be used. The applicability of the second alter-

T e m  O b  F rom  F ig  D e v ia 
T e st p e r a t u r e s e r v e d u r e  6 t io n E rror

° C . K g ./sq . cm. K g ./sq . cm. K g ./sq . cm. Per cent
A 20 5 1 .0 5 1 .3 +  0,3 +0 .6

3 0 .5 4 0 .1
Diff. 1 0 .0

B 2 0 4 8 .9 5 2 .5 + 3 . 6 +7.3
3 0 .5 4 1 .5

Diff. 7 .4
C 20 4 8 .2 5 0 .5 + 2 .3 +4.8

3 0 .5 3 9 .4
Diff. 8 .8

D 20 4 6 .4 4 5 .4 - 1 . 0 - 2 .2
3 0 .5 3 4 .4

Diff. 1 2 .0
E 2 0 47 1 4 8 .5 +  1 .4 +3.1

3 0 .5 3 7 .3
Diff. 9 .8

F 20 4 7 .1 4 8 .7 +  1 .6 +3.4
3 0 .5 3 7 .0

Diff. 9 .5
G 20 4 9 .9 4 9 .3 - 0 . 7 - 1 .4

3 0 .5 3 8 .0
Diff. 11 .9

H 20 4 6 .7 4 8 .2 +  1 .4 + 3  0
3 0 .5 3 6 .9

Diff. 9 .8
I a 20 7 0 .7 6 8 .2 + 2 . 3 +3 .3

3 1 .5 5 7 .3
Diff. 13 .4

Ja 20 6 5 .0 6 5 .0 0 .0 0
3 1 .5 5 4 .1

Diff. 1 0 .9
K a 20 6 9 .9 6 8 .7 - 1 . 2 -1 .7

3 1 .5 5 7 .6
Diff. 1 2 .3

~7i  7«  7S ~ i o  7 5 7 5  7i  7i  To J* 
r£ ffP £ ftflT V J?E  'C.

[ t F ig u r e  5— W h o le -T ir c  R e c la im s  N o s. 2 a n d  3, 2 5 -M in u te  C u re

native has been tried out quite thoroughly in the case of whole- 
tire reclaim No. 1. For this purpose Figure 6 was used, in 
which a series of straight lines has been drawn parallel to 
the tensile curves shown in Figures 1 and 2. By means of 
this chart tensiles obtained a t any temperature within the 
limits given m ay be referred to any desirable reference tem
perature.

> B ur. S tandards, Circ. 332, 6 (1925).

°  H igh-tensile N o. 1.

The error in testing this reclaim has been found to be ap
proximately ±3 .5  per cent when eight test strips are used. 
This method of compensation is therefore quite applicable 
and, although it has not been tested thoroughly in other 
cases, gives indica
tions of being satis
factory for prac
tical purposes. I t  
is sufficiently ac
curate as a control 
check, but where 
several reclaimed 
rubbers are to be 
studied a t various 
times it would be 
in c o n v e n ie n t  to 
d e t e r m in e  th e  
specific correction 
curve for each one.
For such work a constant-temperature room is desirable. 
Possibly hum idity control should be combined with tem
perature control, though the magnitude of the effect of 
humidity changes on the tensile of reclaims has not been 
published.

Discussion
Q. Was any sample, after exposure to higher temperature, 

dropped back again to a lower temperature and tested to elimi
nate any possible effect of post-vulcanization?

A. No, not exactly that. The effect of overcure on the 
general slope of the curve appears small, from the data given on 
15-, 25-, and 35-minute cures of whole-tire reclaim No. !• 'n 
another test a 45-minute cure was also made. Further, strips hern 
at the warmer temperatures 2 to 3 hours were found to give re
sults which checked with those of strips held at the wanner tem
peratures for 10 to 12 hours.

F ig u r e  6-

¿O ¿ i  ¿ 4  ¿ 6  20  JO  J-t 
V .

-C o r r e c t io n  C u rves fo r  W hole-T ire  
R e c la im  N o . 1
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Q. Do the curves on freshly made reclaimed rubber follow 
the same general trend as that which has been developed?

A. I think that they would. The tests given were on reclaims 
at least one day old. The magnitude of the tensile for more 
freshly made stock— that is, say one hour old—is less, but I 
would expect a similar effect.of temperature changes.

Q. Do you consider reclaim one day old as good as one, say, 
a week or 2 weeks old?

A. That depends on how you measure the "goodness” of it. 
The tensile of a stock one day old is not vastly different from that 
of a stock a month old.

Q. Is there a displacement of the stress-strain curve or is it 
merely shortened?

A. There would be a slight displacement of the entire stress- 
strain curve toward the strain axis as the temperature rises.

Q. Will an overcured stock follow the same curve in tensile 
strength as undercured stock?

A. I gave the three cures 15, 25, and 35 minutes. The long
est cure made on the whole-tire reclaim was 45 minutes, but up 
to 45 minutes there was no change in the general slope of the 
curve, so it would be my conclusion that the effect of tempera
ture on tensile would be the same with the different cures, the 
curves being displaced as the magnitude of the tensile changes 
with the degree of cure.

Q. Would the same curve obtain on reclaims mixed with 
rubber definitely proportioned to rubber, say one-third to one- 
half?

A. It would be the same type of curve but have a different 
slope.

N ote— T he answers in this discussion are by the author in each case.

New Chemical Reactions of Rubber H ydrocarbons1

IT HAS been o b s e rv e d  
that unsaturated hydro
carbons, such as isoprene, 

cyclopentadiene, and indene, 
when treated with the halide 
salts of tin, iron, antimony, 
titanium, boron, and arsenic, 
undergo polymerization to 
yield compounds of appar
ently high molecular weight.2 
Such polymerized products
are white amorphous powders. The halide salt first forms 
a colored addition product, after which an exothermal polym
erization occurs a t room temperature. By treatm ent 'with 
alcohol the addition product is decomposed, quantitatively 
liberating the polymerized hydrocarbon component.

It seemed probable, therefore, th a t rubber, gutta-percha, 
or balata hydrocarbons, when treated analogously, would 
react in a similar manner to yield first an addition product 
and then a polymeride. This has been found to be the case.

F o rm a tio n  o f A d d itive  C om p ou n d s

When rubber solutions were treated 
with anhydrous SnCU, a t  room temper
ature in an inert nitrogen atmosphere, 
chemical addition occurred with the for
mation of a colored compound. The addi
tion product was fairly stable in dry nitro
gen, but readily split off the metallic 
halide when treated with alcohol or 
acetone. The SnCh-rubber addition prod
uct possessed the empirical composition 
(C5H8)io.SnCIi. Upon treatm ent w ith  
alcohol the SnCU split off, simultane
ously precipitating the h y d r o c a rb o n  
(C A ), as a white amorphous powder.
TiCh, FeCU, and SbCU reacted in a 
similar way.

Each of these halides possesses so-called "secondary” 
valences of the Werner type, which enable it to add to

1 R eceived June 3, 1927. F or a prelim inary report of som e of th is  work  
see Dinsmore, T in s  J o u r n a l , 18 , 1140 (1926).

3 Bruson and Staudinger, T h is  J o u r n a l , 1 8 , 381 (1926); S taudinger  
and Bruson, A n n ., 447, 110 (1926); Bruson, D issertation , Zürich, E- T .H . ,  
1925.

Reactions with Metallic Halides
By H . A. B ru son , L. B. Sebrell, and  W . C. Calvert

T u b  G o o d y e a r  T ir e  & R u b b e r  C o m p a n y , A k r o n , O h io

T h e  rubber hyd rocarbon  adds th e  h a lid e  sa lts  o f tin ,  
iron , a n tim o n y , and  t ita n iu m  to  form  colored  a d d itio n  
co m p o u n d s . A sta b le  a d d itio n  p ro d u ct w ith  SnCU h as  
b een  iso la ted  and  p o sse sse s  th e  fo rm u la  (CtHgho.SnCU. 
E lim in a tio n  o f th e  SnCU by a lco h o l g ives a p o lym er of 
rubber. T w o su ch  iso m eric  p ro d u cts have been  o b 
ta in ed  from  H evea rubber w h ich  fu r n ish  a d d itio n a l  
ev id en ce  o f it s  tw o -p h a se  n a tu re . T h e  a c tio n  o f h a lid e  
sa lts  o n  b a la ta , isoprene , and  polym erized  isop ren e  is 
descr ib ed .

many classes of organic com
pounds th a t contain an un
saturated atom or a double 
bond.3

The addition of SnCU to 
rubber hydrocarbon occurs a t 
the most reactive point in the 
m o le cu le . A c c o rd in g  to 
Staudinger’s theory of end 
v a le n c e s ,4 addition of the
halide salt should take place 

a t the ends of the hydrocarbon chain. Since SnCU possesses 
two reactive secondary valences, it is probable th a t two 
molecules of rubber hydrocarbon add to the SnCU in such 
a manner th a t upon subsequent treatm ent with alcohol some 
of the double bonds of the hydrocarbon bridge across to 
form rings in the more reactive positions of the double mole
cule, leaving other unsaturated bonds intact. This would 
explain the decreased unsaturation. Isoprene and balata 
would be expected to behave similarly, bu t would, of course, 
yield different polymers. The mechanism of the reaction 
with rubber may be formulated as follows:

C H ,

 C H ,— C ™ CH — C H i— (C H r

C H ,

SnCU

C H ,

CH,
-C = C H — C H i) ,— CHr 

YSnCU  
C H ,

C H ,

- i

CH— C H ,— (C H ,— C “ »CH— C H i),— C H ,

C H — C H ,- -

CH,
!

—C = C H — C H , Rubber-SnCU  
addition  product

SnCU

CHj— C = C H — C H i— (C H î— CC H— CHt) » 

CH, I

 CHr

 CHr

C H ,

U
¿ H ,

C H — C H r

C H ,
'k Alcohol 
CH,

- ( C H r - ¿

- C H r - C — C H — C H ,
ICH,

-C H -
I r

C H ,
I

C H ,)Z— C H ,— C— CH— C H ,-------

C H — C H ,— (C H ,— C— C H — CH,) 

C H ,

- U r
Rubber polym er

-C H r—C— C H -  

C H ,

-CH,-------

Since TiCU also possesses two secondary valences it should 
be expected to give a polymer similar to tha t obtained from 
SnCU. On the other hand, FeCU, with three secondary 
valences, and SbCU, with one secondary' valence, should

3 A com prehensive survey is given by Pfeiffer, "Organische M olekulver- 
bindungen,"  F . Enke, S tu ttgart, 1922.

* Ber., 57, 1203 (1924); Kaulschuk, A ugust, 1925, p. 5.
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give different polymers. This was found to  be in accord 
with the experimental facts.

A p p lica tio n  to  S tru c tu re  o f R ubber

Another feature of the reaction throws some light on the 
structure of rubber. Ordinary unmilled, purified Hevca 
rubber yields a mixture of two isomeric addition products 
analyzing (CsHsbo.SnCh. The polymer obtained by splitting 
off SnCU from this mixture consists of two hydrocarbons, 
each analyzing (CJTa)x. One of these is readily soluble 
in cold benzene and forms 75 per cent of the to tal weight of the 
polymer. The other hydrocarbon forms the remaining 25 
per cent and is insoluble in all the usual solvents.

However, if the same original, unmilled, purified rubber is 
first subjected to  an ether diffusion process as described by 
Feuchter5 and the portion which diffuses into the ether is 
then treated with SnCh as described above, only one addition 
product, (CsHs)io.SnCh, is formed. The polymer obtained 
from this product by treatm ent with alcohol is completely 
soluble in benzene.

Furthermore, quantitative ether-diffusion experiments 
showed th a t close to 75 per cent of the weight of unmilled, 
extracted Hevca rubber diffuses in ether, the remaining 25 
per cent forming the insoluble gel skeleton. These results 
indicate th a t the benzene-soluble polymer is derived from the 
hydrocarbon phase of Hevea rubber which is diffusible in 
ether, and th a t the insoluble polymer is formed from the 
non-diffusible phase of the rubber.

The experiments show chemically th a t Hevea rubber 
does actually consist of two distinct isomeric hydrocarbons, 
thus confirming the physical evidence already observed by 
other investigators.'■6

Tin tetrachloride adds separately to each phase. The fact 
th a t the mixture of the two SnCh-rubber addition com
pounds obtained from two-phase rubber has the same em
pirical composition as the addition product derived from the 
diffusible phase alone, indicates th a t both phases have the 
same combining capacity for SnCh, b u t differ from each 
other either in molecular weight or in the spacial arrange
m ent of their atoms.

E ffect o f  M illin g

The physical and chemical properties as well as the rela
tive amounts of the two polymers obtained from cold over- 
milled rubber were the same as those of the polymers ob
tained from unmilled rubber, showing th a t cold milling has 
no appreciable chemical action upon rubber hydrocarbon, 
as far as formation of the two polymers is concerned. How
ever, overmilling a t a low temperature disperses the two 
hydrocarbon phases of the rubber so thoroughly in each 
other th a t upon treatm ent with SnCh and alcohol the soluble 
polymer formed can act as a peptizing agent for the insoluble 
polymer and prevent its appearance as an insoluble mass in 
the solution.

The mixture of the two polymers obtained from “dead- 
milled” rubber, for example, is apparently completely soluble 
in benzene a t room temperature, no trace of an insoluble 
polymer being visible. However, the insoluble phase can be 
made to  separate from solution by cooling to  5° C. Upon 
coming up to room temperature the product redisperses on 
gentle shaking. If the benzene solution of the soluble 
polymer is decanted from the insoluble polymer a t 5° C. and 
fresh benzene is added to  take its place, the polymer does

* Kolloidchcm . Beihefte, 20, 434 (1925).
• G ladstone and H ibbert, J . Chern. Soc. (London), 53, 679 (1888); 

W eber, J . Soc. Chem. In d ., 19, 680 (1900); Spence, Q uart. J . Inst. Comm. 
Res. Tropics, 1907, N o . 13; B eadle and S teven s, J . Soc. Chem. In d ., 31, 
1099 (1912); Caspari, Ib id ., 32, 1041 (1913); Freundlich  and H auser, 
K ollo id -Z . (Zsigm ondy Festsch rift), 36, 15 (1925).

not redissolve. I t  can no longer be redispersed, even when 
all the soluble polymer originally present is put back into the 
solution. The phenomenon is a curious example of colloidal 
behavior and peptizing action.

If unmilled or slightly milled rubber is used, the insoluble 
polymer obtained with SnCh and subsequent treatment with 
alcohol a t first disperses only in boiling benzene but subse
quently becomes insoluble. The peptizing action of the sol
uble polymer is very small in this case, apparently because 
it is contained within the interior of the particles of the 
insoluble polymer and can be reached by the benzene only 
after the insoluble cell walls have been penetrated. This 
seems to indicate th a t a dispersion of unmilled rubber in 
benzene consists of discrete swollen particles possessing a 
two-phase hydrocarbon structure as noted in the case of latex 
particles by Freundlich and Hauser.7 The ether-diffusible 
liydrocarbon is located inside the globule and is surrounded 
by the non-diffusible hydrocarbon envelope. This accounts 
for the phenomenon of swelling, diffusion, and the character
istic behavior of milled and unmilled rubber with SnCh.

E ffect o f H ea t

Rubber th a t had been heated in an inert atmosphere at 
163° C. for 24 hours in the solid state or in solution at a tem
perature of 80° C. or above was found to yield only one poly
mer. This polymer was completely soluble in benzene. 
I t  had a lower melting or decomposition point than the soluble 
polymer obtained from unheated rubber. No trace of an 
insoluble polymer was present. Apparently a temperature 
of 80° C. is sufficient to bring about depolymerization of one 
or both hydrocarbon phases in solution, so th a t subsequent 
treatm ent w ith SnCh and alcohol gives lower polymers than 
those produced in the cold. Rubber th a t had been milled 
for 45 minutes a t  100° C. gave both polymers, showing that 
ordinary hot milling as carried out in factory practice does 
not destroy the insoluble phase.

P rop erties o f R u bb er P o lym ers

The polymers of rubber produced by  the action of SnCh 
possess a knver degree of unsaturation and a higher melting 
or decomposition point than rubber itself. They have no 
elastic properties whatever. They are more inert toward 
oxidation than rubber, but they do autoxidize appreciably. 
Like rubber they form gels with S2C12 and still are able to 
add to  metallic halides to form colored additive compounds. 
W hether or not the addition products thus formed are iden
tical with those produced with the original rubber has not 
yet been determined, but the indications are th a t the reaction 
is only partially reversible.

When melted, the polymers form a hard, brittle, shellac
like material. Further heating yields liquid decomposition 
products.

P rep aration  o f  R ubber S o lu tio n s

The rubber used was high-grade, unmilled, plantation 
Hevea pale crepe. The thin sheets were extracted in a 
Soxhlet with acetone for 24 hours, then dried to constant 
weight under a high-vacuum pump a t room temperature. 
The analysis of the dried rubber was 0.48 per cent nitrogen 
and 0.22 per cent ash.

Solutions were made up from this rubber as follows:

(I) " T w o - P h a s e ”  R u b b e r — A 2 per cent (by weight) dis
persion of the above rubber in anhydrous, thiophene-frce benzene.

(II) P u r i f i e d  T w o - P i i a s e  R u b b e r — Solution (I) diluted 
with twice its volume of benzene was allowed to stand several 
weeks in an atmosphere of nitrogen. The clear supernatant 
solution was decanted from the bottom protein layer and pre
cipitated w ith three tim es its volume of alcohol. The precipe

1 Loc. c it.
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tate was redissolved in benzene and precipitated with alcohol 
a total of three times, then dried in  vacuo to constant weight. 
Analysis: N  0.09 and ash 0.09 per cent. This rubber was dis
solved in pure anhydrous benzene to give a solution containing
1.8 grams per 100 cc.

(III) " K D ” - D i f f u s i o n  R u b b e r —Thirty grams of the 
rubber were allowed to stand in 2 liters of ordinary ether for 1 
month. The clear upper solution was decanted off from the gel 
skeleton, filtered through cotton to remove small particles of 
insoluble gel, and precipitated by stirring into 5 liters of alcohol. 
The precipitate was dried in  vacuo to constant weight and dis
solved in pure anhydrous benzene to give a solution containing
1.8 grams per 100 cc. Analysis of dried rubber: N  0.09 and ash 
0.10 per cent.

(IV) E t h e r - I n s o l u b l e  R u b b e r —The residue from (III) 
was placed in 1 liter of fresh ether and allowed to stand several 
weeks. The supernatant ether was poured off and the residue 
treated with alcohol and dried. I t  was milled 5 minutes on a 
cold, tight mill to assist dispersion, and 3.6 grams were placed 
in 200 cc. of pure benzene.

(V) O v e r l y  M i l l e d  R u b b e r — The rubber was milled 30 
minutes on a cold mill and dissolved in pure benzene to give a 
2 per cent (by weight) solution.

P reparation  o f SnC h A d d itio n  C om p ou n d s

Preliminary experiments showed th a t autoxidation occurred 
unless the reactions were conducted out of contact with the 
air. An ordinary 500-cc. Erlenmeyer suction flask fitted 
with dropping funnel, gas inlet, and exit tubes was used. 
Both inlet and exit tubes were fitted with stopcocks, so tha t 
after the rubber solution had been added, and the air dis
placed with pure dry nitrogen, the SnCh could be run in 
through the dropping funnel and the system then closed. 
The nitrogen was passed through two Fisher gas-washing 
bottles containing alkaline pyrogallol, then through two 
gas washers containing concentrated sulfuric acid, and finally 
through a tower of soda lime. The flushing of the reaction 
flask was continued until an indicator solution, consisting of 
sodium indigo disulfonate which had previously been exactly 
decolorized by carefully adding a dilute sodium hydrosulfite 
solution, was no longer affected by gases leaving the appa
ratus.

Two hundred cubic centimeters of diffusion rubber (solu
tion III) were placed in the flask and the flushing with nitro
gen was continued for 4 to 5 hours until all air had been 
displaced. Ten cubic centimeters of freshly distilled, an
hydrous SnCh were then run in through the dropping funnel 
and the system was closed. The flask was allowed to stand 
24 hours a t 20-30° C. The solution became non-viscous 
and a deep red color developed. There was no precipitate. 
The exit tube of the reaction flask was then connected to  a 
vacuum pump and the excess SnCh and benzene distilled 
off at 10 mm. over a water bath kept at 70° C. A vacuum 
of 2 mm. was then continuously maintained for 24 hours at 
30° C. to remove the final traces of benzene and free SnCh. 
At no time did air come into contact w ith the preparation.

The residue in the reaction flask formed a reddish brown, 
brittle, vitreous solid. I t  dissolved with difficulty in benzene. 
In moist air it slowly decomposed, evolving fumes of SnCh. 
When heated it did not decompose appreciably below 150° C. 
At 170° C., it suddenly swelled and decomposed, copiously 
evolving SnCh.

Analysis of several separate preparations indicated tha t a 
definite amount of SnCh was chemically bound in each case. 
(The hygroscopicity and readiness of autoxidation of this 
compound make exact analyses exceedingly difficult.)

Analysis: I— 0.1016 gram  substance: 0 .0 7 6 4  gram  HiO and 0 .2 3 7 7  gram  
COi

0 .1172  gram  substance: 0 .0 7 2 2  gram  AgCl 
aI-~0 .1 1 1 3  gram substance: 0 .0 9 0 6  gram  HjO and 0 .2 5 5 7  gram  COi 

0 .1522  gram substance: 0 .0 2 3 3  gram  SnOi

iCTM c  ^  % C % H  % C1 % Sn\C»Hi)io.SnCU
Calcd.: 6 3 .7 5  8 .5 7  1 5 .0 7  12 .61
Found: I  6 3 .8 6  8 .4 2  15 .2 4

II  6 2 .7 4  9 .1 4  . . .  1 2 .0 5

A longer reaction period with excess SnCh did not change 
the composition of the product.

Two-phase rubber, solution (II), under exactly the same 
conditions gave a similar product.

A nalysis:  0 .0 8 9 2  gram sub stan ce: 0 .0 6 5 6  gram H iO  and 0 .2 0 3 8  gram  COj 
0 .1 4 8 4  gram  substance: 0 .0 8 5 0  gram  AgCl

% C % H  % Cl
(CjHs)io.SnCU

C alcd: 6 3 .7 5  8 .5 7  1 5 .0 7
Found: 6 2 .3 3  8 .2 4  14 .24

P rep aration  o f  P o ly m ers fro m  Sn C h A d d itio n  P rod u cts

I t  was found best to prepare these compounds without 
isolating the intermediate addition products. To prevent 
oxidation during the alcohol precipitation process, the re
action flask was fitted with an extra tube reaching to the 
bottom of the vessel. By means of nitrogen pressure applied 
a t the exit tube of the suction flask the contents could be 
pumped over into a bottle containing alcohol, also under 
nitrogen.

(A) W it h  T w o-P h a se  R u b b e r  (U n m il l e d )—Two hun
dred cubic centimeters of solution (II) were treated with 
10 cc. of anhydrous SnCh under nitrogen as previously de
scribed and allowed to stand for 24 hours. The red solution 
was then forced over by means of nitrogen pressure into 500 
cc. of 95 per cent ethyl alcohol under nitrogen. As fast as 
the red benzene solution came in contact with the alcohol it 
was completely decolorized. Simultaneously a  white, amor
phous powder precipitated out. This was allowed to  remain 
in the alcohol for 2 to 3 hours, during which time the SnCh 
was quantitatively split off by' the alcohol, with wiiich it 
combines to form an alcohol-soluble compound.8

The white powder was filtered off by suction and dried. 
The yield wTas quantitative.

Separation of Soluble Polymer. The powder was shaken 
with 200 cc. of benzene and the supernatant liquid decanted 
off from the insoluble gel. The gel w'as boiled for several 
minutes with 200 cc. additional benzene and filtered hot. 
I t  went partly  into solution. Upon cooling the filtrate to 5° 
C., the gel separated out again. The supernatant benzene 
was again decanted off and combined with the previous 
benzene solution which had been decanted. The combined 
cold benzene-soluble solutions were precipitated with 500 cc. 
of 95 per cent alcohol. The white powder was reprecipitated 
a to tal of five times from benzene solution with alcohol for 
purification, and dried a t 100° C. in  vacuo to constant weight 
for analysis. The product W'as free from chlorine.

A n a lys is :  0 . 106S gram  substance: 0 .1 1 4 1  gram HiO and 0 .3 4 4 1  gram  CO, 
% C % II % Ash

(C4I1,)I
1 C alcd.: 8 8 .1 5  11 .8 5

Found: 8 7 .8 8  1 1 .0 8  0 .1 0

Separation of Insoluble Polymer. The gel remaining after 
the above treatm ent with cold benzene was repeatedly 
shaken with cold benzene until the washings no longer gave 
a  precipitate with alcohol, thus indicating th a t all the soluble 
polymer had been removed. A t this point the gel w-as 
insoluble even in boiling benzene. I t  wras allowed to stand in 
100 cc. of alcohol, to  harden it  and then extracted in a  Soxhlet 
with acetone. The white crumbly material was dried in  
vacuo a t 100° C. to constant weight for analysis. The product 
wras chlorine-free.

A n alysis:  0 .1 0 2 6  gram  substance: 0 .1 0 9 8  gram  H ,0  and 0 .3 3 1 1  gram 'CO , 
% C % H  %  Ash

(C iH .)
1 C alcd.: 8 8 .1 5  1 1 .8 5

Found: 8 8 .0 1  1 2 .0 0  0 .1 1

When the same experiment was repeated with extracted, 
unmilled pale crepe which had not been purified, solution

8 R osenheim  and Schnabel, Ber., 38, 2778 (1905).
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(I), the results were not so good; a typical analysis being 
C 81, H  10.5, ash 1.6, N  0.4 per cent. This is due to the 
presence of the protein-SnCh reaction product as impurity 
in the rubber. Quantitative experiments showed that the 
ratio of soluble to insoluble polymer in this case was 75 to 25.

Properties of Soluble Polymer. The soluble polymer is a 
fine, white powder which is very electrostatic in the dry state. 
The x-ray spectrogram was kindly examined for us by E. A. 
Hauser, in Frankfurt, Germany, and by Edward Mack, a t 
Ohio State University. Both investigators found the ma
terial to be completely amorphous. I t  is very soluble in the 
usual rubber solvents, difficultly soluble in ether, and in
soluble in acetone or alcohol. Its  solutions are non-viscous 
except a t concentrations over 50 per cent. On evaporation 
such solutions deposit a transparent, colorless or slightly 
yellow, brittle film. The polymer softens a t 220-225° C., 
gradually becoming pasty and melting a t about 280° C. with 
decomposition. The melt upon cooling solidified to a black, 
shiny, vitreous mass which is soluble in benzene.

On evaporation such solutions deposit a brownish, adherent, 
varnish-like film.

The degree of unsaturation of the soluble polymer is con
siderably less than th a t of rubber, but exact values by any of 
the standard procedures, such as direct bromine titration or 
the Mcllhiney* and Kemp-Wijs10 methods, could not be 
obtained.

N ote— T h e d ata on a large num ber of runs b y  all these m ethods a t 0 °  C. 
under different conditions of tim e and concentration  ind icated  a large 
am ou nt of sub stitu tion . In fact, th e M cllh in ey  m ethod gave n egative  
unsaturation due to  a sp littin g  out of IIBr from  the brom ine addition  product 
during th e titra tion s, leading to  erratic results. T h e K em p-W ijs m ethod  
gave check values on any particular run, b ut when the tim e of reaction was 
increased or the concentration  of th e W ijs solution  changed, entirely  differ
en t values were obtain ed , w hich in som e cases am ounted  to  a 100 per cent  
difference in  th e unsaturation values. K em p observed sim ilar reactions  
w ith  various cyclic  hydrocarbons.

In air the compound oxidizes readily. A sample th a t had 
stood in an oxygen-filled desiccator over P20 5 in the sunlight 
for 5 months increased in weight 12 per cent. A similar 
sample, on aging in an oxygen bomb a t  50° C. and 10.5 kg. 
per sq. cm. pressure, showed a weight increase of 17.6 per cent 
after 31 days.

The molecular weight determination cryoscopically in 
benzene gave very small depressions, the molecular weight 
increasing with the concentration. Values obtained ranged 
from 3300 to  10,000 and even higher—typically colloidal 
results.

Properties of Insoluble Polymer. The insoluble polymer is a 
white, fibrous, inelastic material resembling sbredded as
bestos. I t  possesses a characteristic toughness which makes 
it difficult to powder. I t  is insoluble in all the usual solvents. 
When heated it sinters a t about 255° C., gradually softening 
and decomposing above 300° C. A pure sample of the in
soluble polymer which had stood in a loosely stoppered bottle 
for 7 months analyzed C 86.99, H  11.77 per cent, showing th a t 
it oxidizes very slowly under ordinary conditions. A sample 
kept in an oxygen bomb for 31 days a t 50° C. and 10.5 kg. 
per sq. cm. oxygen pressure showed 11.8 per cent increase in 
weight. The x-ray spectrogram showed this material to  be 
completely amorphous.

(B) W i t h  T w o - P h a s e  R u b b e r  ( O v e r m i l l e d ) —Two 
hundred cubic centimeters of solution (V) were treated 
exactly as in (A). The white powder obtained by treatm ent 
with alcohol was completely soluble in benzene a t  25° C. 
Upon cooling the solution to 5° C., a white flaky material 
separated out. The mixture was centrifuged while still cold 
and the supernatant benzene poured off from the m atted

* J . A m . Chem. Soc., 21, 1084 (1899); F isher, G ray, and M erling, 
T h is  J o u r n a l , 13, 1031 (1921); Lew is and M cA dam s, Ib id ., 12, 573 (1920).

Ib id ., 19, 531 (1927).

gel. The gel was redispersed in warm benzene, cooled to 
5° C., centrifuged, and the top layer again decanted. After 
the third or fourth repetition of this process the gel became 
insoluble even in hot benzene. The soluble polymer was 
precipitated from the collected supernatant cold benzene and 
amounted to 75 per cent of the rubber used. The insoluble 
gel, after standing with excess alcohol, hardened and could 
be pulverized. The properties of the two polymers were 
exactly the same as those shown by the polymers from un
milled rubber. Several quantitative experiments were run 
with SnCl, for various lengths of time ranging from 24 to 
96 hours. In  each case the ratio of soluble to insoluble 
polymer was closely 75 to 25.

(C) W i t h  D i f f u s i o n  R u b b e r —“K D ”—The polymer 
obtained by treating solution (III) with SnCh and alcohol 
as described in (A) was completely soluble in benzene even at 
0° C. There was no separation of any insoluble polymer. 
The yield was quantitative.

A n alysis:  0 .1 0 3 3  gram  substance: 0 .1 1 0 6  gram HiO and 0 .3 3 2 8  gram COi 
% C  %  H  %  A sh %  N

(CiH*)
Calcd.: 8 S .I 5  11 .8 5
Found: 8 7 .7 9  12 .0 1  0 .1 0  0 .0 7

The properties of this compound were the same as those of the 
soluble polymer obtained in (A) and (B).

(D) W i t h  E t h e r - I n s o l u b l e  P h a s e —Solution (IV) con
tained a swollen mass which did not dissolve appreciably. 
Upon treatm ent with tin tetrachloride as described under 
(A) the mass went into solution bu t precipitated a gelatinous 
product after about 20 hours. The polymer obtained upon 
subsequent treatm ent with alcohol contained some soluble 
polymer, which was removed with benzene. The insoluble 
gel was purified as in (A). The analysis of the final product 
was unsatisfactory owing to the ash and protein which is 
concentrated in this fraction. (C 83.2, II 10.3, ash 0.58, N 
2.28 per cent.) For this same reason the SnCh addition prod
uct was not prepared, since it would not have been possible 
to separate the protein from the ether-insoluble residue.

E f f e c t  o f  H e a t —Two hundred cubic centimeters of solu
tion (I) were boiled under reflux in nitrogen for 2 hours, 
then cooled, and finally treated with SnCh and alcohol as pre
viously described. I t  gave only a soluble polymer.

Similarly when 200 cc. of solution (I) were boiled with 10 
cc. of SnCh under reflux for 4 hours in nitrogen, only a soluble 
polymer was formed. This product contained a small amount 
of chlorine (0.2 per cent).

A n alysis:  0 .1 4 4 1  gram substance: 0 .1 3 4 8  gram  HsO and 0 .4 6 1 9  gram CO, 
% C  %  H %  A sh % N

(C iH i)
Calcd.: 8 8 .1 5  11 .8 5
Found: 8 7 .4 2  1 0 .4 8  0 .1 9  0 .1 2

I t  showed a lower decomposition point than the soluble 
polymer prepared a t room temperature. I t  became soft 
and plastic a t 185-200° C. and melted with decomposition 
a t 250-260° C. On cooling, the melt formed a dark, brittle, 
shellac-like mass.

A ctio n  w ith  O ther H alid es

In the preparation of addition products with TiCh, SbCIs, 
and FeCh benzene cannot be used as a solvent because 
it reacts with the halides. Pure anhydrous carbon tetra
chloride or chloroform was therefore used as the rubber 
solvent. The addition products of SbCh and FeCh with rub
ber are insoluble and precipitate out within a few minutes 
after the reagents have been added. TiCk behaves like SnCh, 
giving both the soluble and insoluble polymers of rubber. 
However, FeCh and SbCU give only insoluble polymers.

W i t h  FeCi*—Ten grams of anhyrdrous, resublimed FeCh 
were thoroughly shaken with 200 cc. of ordinary chloroform
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(containing 1 per cent alcohol) and the solution filtered; 
35 cc. of this solution were added to 100 cc. of a 2 per cent 
solution of purified two-phase rubber in carbon tetrachloride 
or chloroform and the mixture was shaken. The solution 
gradually became darker and in about 5 minutes deposited a 
brownish jelly. This mixture when placed in 150 cc. of 95 per 
cent alcohol turned white as the FeClj split off, and deposited a 
fibrous, crumbly material. The product was broken up and 
washed with alcohol until the washings were no longer yellow 
and then extracted in a Soxhlet, first with alcohol, and then 
ether. The final product was a white, crumbly powder 
insoluble in all reagents. The yield was quantitative.

Analysis: 0 .1 0 5 0  gram substance: 0 .1 1 2 4  gram HjO and 0 .3 3 6 5  gram CO2 
% C %  H % Ash

(C.H.),
Caled. : 
Found:

8 8 .1 5
8 7 .4 2

11 .85  
12.00 0.20

Diffusion rubber behaved in the same way. 
similar product.

from solution in ether. The product was dried in  vacuo 
(1 mm.) a t  85° C. During the drying the rubbery mass 
swelled to a spongy solid which, when completely dried, 
could be powdered. I t  formed a snow-white powder which 
oxidized very rapidly in the air with formation of a yellow 
color.
A n alysis:  0 .1 0 0 8  gram  substance: 0 .1 0 4 8  gram  HiO and 0 .3 2 1 8  gram CO

% C % II
(CiHg)x

Caled.:
Found:

8 8 .1 5
87 .0 6

11 .85
11.65

SbCb gave a

Reactions w ith  Isopren e, P o lym erized  Isopren e, and  
B alata

Isoprene—Twenty-five cubic centimeters of pure isoprene 
(b. p. 33-34° C.) prepared by cracking dipentene in  vactio11 
were mixed with 25 cc. of pure dry benzene under nitrogen in 
a flask fitted with reflux. A solution of 4.6 cc. of anhydrous 
SnCfi in 10 cc. of benzene was then slowly added through a 
dropping funnel. In  about 5 minutes the solution turned 
yellow and began to evolve heat. The reaction was allowed 
to continue for about 1 hour, during which time the solution 
reached 50° C. and became deep brown. I t  was filtered 
from a small am ount of insoluble m atter through a cotton 
plug and precipitated with 300 cc. of 95 per cent alcohol. 
A flocculent white precipitate first separated, which imme
diately coagulated to a glistening rubber-like mass. The 
supernatant liquid was poured off, and the mass washed with 
alcohol. I t  was reprecipitated three times from benzene 
solution with alcohol, followed by precipitation writh alcohol

“ .Staudingcr and KIcner, Ber., 4 4 ,2 2 1 5  (1911).

The polymer is very soluble in ether and in the usual rubber 
solvents, in all of which it gives non-viscous solutions. I t  is 
insoluble in alcohol or acetone. The compound softens a t 
110° C., becomes pasty a t 120° C., and melts with decompo
sition above 135° C. I t  therefore differs from the soluble 
polymer obtained from natural rubber a t room temperature.

P o l y m e r i z e d  I s o p r e n e —Isoprene was polymerized by 
heating in a sealed tube for 7 months a t 50° C. The rubber- 
like mass was treated in benzene solution a t room temperature 
with SnCh and alcohol as described under (A). I t  gave a 
red addition product which, after splitting with alcohol, 
formed a fine, white powder tha t was completely soluble in 
benzene a t 0° C. This polymer softened a t 175-180° C. 
The product was not entirely oxygen-free.
A tta lysis:  0 .1 0 6 0  gram  substance: 0 .1 0 5 2  gram HsO and 0 .3 2 8 7  gram COj

% c  % H
(CsHs)

1 C ttlcd.: 8 8 .1 5  11 .85
Found: 8 4 .5 7  11.1C

Balata—Balata which had been purified by freezing out 
from gasoline solution followed by acetone extraction reacted 
similarly a t room temperature with SnCli, giving a white 
powder completely soluble in cold benzene. There was no 
indication of a second hydrocarbon phase. The polymer 
softens a t 200° C. and melts with decomposition a t 250° C.
A n alysis:  0 .1 0 0 4  gram substance: 0 .1 0 4 0  gram HjO and 0 .3 2 0 9  gram CO2

"  lr  %  Ash
(CsHg)x

Caled.:
Found:

%C
8 8 .1 5
87 .1 7

% H
11 .85
11.61 0 .1 2

Some Accelerator Characteristics as Revealed by 
Coefficients of Vulcanization1

By A. F . H ard m an  an d  F ran k L. W hite

K e u .y -S i>k in c f if . i.d  T ir e  C o m p a n y , C u m u e r l a n d , M d .

IN THE earlier days of 
rubber c h e m is t ry  th e  
coefficient of vulcaniza

tion—that is, the percentage 
of chemically combined sulfur 
calculated to 100 parts rubber 
hydrocarbon—was considered 
an index of considerable im
portance in determining the 
state of cure. Furthermore, 
various investigators2 estab
lished the fact th a t in the ordinary types of soft rubber 
mixtures vulcanized a t constant temperature for different 
periods of time the coefficients of vulcanization are directly

1 Presented before the D ivision  of R ubber C hem istry at the 73rd M eet- 
'hg of the American Chem ical S ocie ty , R ichm ond, V a., April 11 to 16, 1927.

1 W hitby, " P lan tation  R ubber and T estin g of Rubber," p. 313, Long
mans, Green & C o., London.

W hen a s im p le  u n a cce lera ted  m ix tu re  of rubber and  
su lfu r  is  vu lcan ized  a t  c o n s ta n t  tem p era tu re , th e  c o m 
b in a tio n  of su lfu r  p roceeds a t  a  u n ifo rm  rate  to  a p o in t  
w h ere  th e  su lfu r  ap p roach es ex h a u stio n . W here or
ga n ic  acce lera to rs are u sed , th e  ra te  o f c o m b in a tio n  
u su a lly  decreases a s  th e  cure proceeds, in  so m e  cases  
b eco m in g  a lm o st  zero . V arious acce lera to rs were  
exam in ed  in  resp ect to  th is  property  o f p ers isten ce  d u r
in g  cure and  so m e  sig n ifica n t d ifferences are p o in ted  
o u t.

proportional to the time of 
heating up to a point where 
the free sulfur approaches ex
haustion.

W ith the advent of organic 
accelerators it was early real
ized tha t the old idea tha t 
correctly vulcanized rubber 
should have a coefficient of 
3 to 5 was no longer true.
I t  was further discovered that 

different accelerators, even when used in proportions th a t ' 
would give equivalent physical cures under the same con
dition of vulcanization, did not produce the same coefficients 
of sulfur combination.3 In  fact, variations were so wdde tha t 
the coefficient of vulcanization as an index of cure has been 
generally discarded.

* Shepherd and Krall, T in s  J o u r n a l , 14, 951 (1922).
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A few observers4 have mentioned the fact th a t when cer
tain accelerators are used the vulcanization coefficients of 
a series of cures plotted against the time of cure fall, not 
on a straight line, but on a curve concave to the time axis. 
An especially notable example of this change of direction of 
the combined-sulfur curve, as affected by the metallic xan- 
thates, is shown by Twiss and Thomas.5 They point out

F ig u r e  1. A — H e x a m e th y le n e t e t r a m ln e , 0 .8  P a r t;  B — T r l-  
p h c n y lg u a n ld in e ,  1 .5  P a r ts  p e r  100 R u b b e r

that, when curing a t low temperatures with such acceler
ators in the presence of zinc oxide, the active curing period 
during which sulfur is combining with the rubber hydrocar
bon is extremely short and the rate  of reaction decreases 
rapidly almost to  zero as measured by the combined sulfur 
of the cured rubber. They explain this phenomenon by 
assuming th a t the accelerator is involved in two distinct re
actions: (1) tha t in which the sulfur is activated and caused 
to combine with the rubber, and (2) a decomposition and 
loss of accelerating potency brought about by the heat.

The second influence is so marked, even a t very moderate 
curing temperatures such as 5 or 10 pounds steam pressure, 
th a t relatively large amounts of these accelerators are neces
sary to produce a full cure before their effect is nullified by 
thermal decomposition. A t higher temperatures the rate 
of decomposition becomes so rapid th a t the accelerating 
effect is almost entirely lost. W hitby and Simmons8 illus
tra te  w hat they term “ transient catalysis” by sulfur curves 
obtained with di-a-thionaphtlioyl disulfide as accelerator,

• W h itb y, Op. cit., p . 315.
» J . Soc. Chem. In d .. 42, 499T  (1923).
« T in s  J o u r n a l , 17, 931 (1 9 2 5 ).

F ig u r e  2 . A — D lp h e n y lg u a n id in e ,  0 .5  P a r t;  B — A n h y d r o -  
a c e ta ld e h y d e  A n i lin e , 0 .5  P a r t  p er  100 R u b b e r  

{Note: C urve B  represents th e m ean results obtained w ith  four 
different sam ples of hard, resinous products obtained from  three 
different m anufacturers.)

and observe th a t it is their experience th a t all ultra-acceler
ators in the classes of disubstituted dithiocarbamates or corre
sponding thiuram  sulfides, or salts of the dithiocarboxylic 
acids and the corresponding dithioacyl disulfides, are active 
bu t for a limited time during the cure. While the ultra type 
affords the most striking example of what have been termed 
“fugitive” or “transient” accelerators, nearly all organic 
accelerators exhibit this property to  a greater or less extent 
and since the number of accelerators now available is rather 
large and so little has been published in regard to their “per
sistent” or “ transient” qualities during the cure, it was thought 
th a t a series of comparisons of these properties of several 
of the commonly used accelerators would be of interest and 
practical value to the rubber compounder.

E xp erim en ta l M eth o d

The simple formula—rubber 100, sulfur 5, and zinc oxide j 
5 parts—was used as the base, to which was added such an 
am ount of each accelerator as would give fairly equivalent 
cures and would show a tensile maximum within the curing 
range selected. Blended smoked sheet was the rubber used. 
Slabs about 4/s  inch (3 mm.) thick were cured in the steam- 
heated platen press, usually a t intervals of 15 minutes to 
2 hours. The physical properties were determined on a Scott 
testing machine, two or more test pieces being broken from 
each slab and the best value taken as the tensile strength. 
The combined sulfurs were determined by difference. Samples

F ig u r e  3 .  A — M e r c a p to b e n z o th la z o le , 0 .5  P a r t;  B — “ 808,”  
0 .5  P a r t  p e r  100 R u b b e r

were extracted overnight and the free sulfur was oxidized 
with bromine and determined as barium sulfate in the usual 
way. By deducting the values obtained from the total sul
fur added to  the compound, the figures for combined sulfur 
were obtained.

The method is subject to certain errors, in th a t no allow
ance is made for the small amounts of sulfur th a t may com
bine with the zinc or materials other than the rubber hydro
carbon, nor for the sulfur which is a constituent part of cer
tain of the accelerators themselves; but since the chief interest 
in this investigation is the shape of the sulfur curve relative 
to  the time axis, and not the degree of sulfur combination 
a t any particular cure, the method selected is quite accurate 
enough to  give consistent comparative values.

R e su lts

Twelve different accelerators, most of them well known, 
were examined in the manner described. The results are 
graphically represented in Figures 1 to 5, where both the com
bined sulfur (continuous lines) and the tensile a t break (dotted 
lines) are plotted against the time of cure. In the case of 
the tensile curves each unit of the scale on the left re p r ese n ts
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1000 pounds per square inch, while the corresponding values 
in kilograms per square millimeter are shown on the right. 
All other physical tests, such as elongation a t break and load 
at certain fixed elongation, have been omitted in order to 
avoid tedious and space-consuming tables. I t  should be 
mentioned that, when mixing the compounds containing 
as accelerators the lead and zinc salts of dithiofuroic acid,

F igure 4 . A — Z in c  D ie th y l  D lth lo c a r b a r a a te , 0 .2  P a r t;  B—
T e tr a m e th y lt il lu r a m m o n o s u lf id e , 0 .125 P a r t;  C—T e t r a m e t h y l-  
th iu ra m d isu lf id e , 0 .125 P a r t  p er  100 R u b b e r

0.5 per cent cottonseed oil was added to each batch to pro
mote accelerator dispersions. The accelerator and oil were 
mixed together to form a paste before being added to the 
rubber batch. W ithout such treatm ent these accelerators 
have a tendency to stick on the rolls of the mill and form 
lumps which cannot subsequently be broken up and there
fore cause spotting when the mix is cured.

D isc u ss io n

The twelve accelerators examined fall broadly into three 
classes. One class, represented by hexamethylenetetramine, 
triphenylguanidine, and “808," consists of persistent acceler
ators, the sulfur curve for which is a straight line from be
ginning to end. Another class, represented by lead and zinc 
dithiofuroate and zinc ethylxanthate, consists of highly tran
sient accelerators, the sulfur curve for which rapidly becomes 
parallel to the tim e axis. The accelerators in this class exert 
their full effect during the first 15 or 30 minutes of vulcan
ization, and thereafter become inert. Intermediate between 
these two classes is a class, represented by the remaining 
accelerators, which m ay be called semipersistent, and which 
give a sulfur curve concave to  the time axis.

The tensile curve for the stock containing hexa (Figure 1) 
is represented only as far as the 105 minutes’ cure, since with 
this particular mixture the rubber became brittle during the 
last 15 minutes of cure and its tensile strength fell off almost 
to zero. Other investigators7 have reported somewhat similar 
results with this accelerator, so th is ' tendency to an abrupt 
overcure may be considered characteristic of hexa and prob
ably of any fairly powerful persistent accelerator. Tri- 
phenylguanidine, although also a persistent accelerator, is 
much slower than hexa, and in consequence no sudden break 
was reached in the tensile curve during the curing period.

The sulfur curve for the accelerator known commercially 
as "808” (Figure 3), although not quite a straight line, is 
sufficiently close to one to justify the classification of the 
accelerator as persistent. I t  appears th a t the stability of 
this accelerator a t 20 pounds steam pressure approaches tha t 
of hexa a t 40 pounds.

The curing power of the semipersistent accelerators falls 
off, but does not disappear with increasing period of vulcan-

7 Trickey a n d  L e u e k , T in s  J o u r n a l , 18, 81 2  (1 9 2 6 ).

ization. The falling off with diphenylguanidine (Figure 2) 
is relatively uniform, the sulfur curve being a fairly regular 
arc; but with the other semipersistent accelerators it is more 
rapid during the earlier than the later part of the curing period, 
the sulfur curves showing a deflection in the early part.

The sulfur curve for tetramethylthiurammonosulfide (Fig
ure 4) is less concave than th a t for the corresponding disulfide.

F ig u r e  5. A — Z in c  D ith io fu r o a te ,  0 .2  P a r t;  B — L ea d  D it h io 
fu r o a te ,  0 .3  P a r t;  C— Z in c  E th y lx a n th a te ,  2 .5  P a r ts  p e r  100 
R u b b er

The corresponding zinc dithiocarbamate shows about the 
same initial rate of cure as the disulfide, but does not fall 
off at the same rate as the latter.

The lead salt of dithiofuroic acid (Figure 5) is a  little slower 
a t the beginning of the cure than the zinc salt. The extreme 
case of transient acceleration is found in zinc ethylxantliate. 
The instability of this accelerator is so much greater even 
than th a t of the salts of dithiofuroic acid th a t more than 
ten times as much xanthate is required as of the latter to  
produce equivalent cures.

Conclusion
No attem pt has been made to evolve a theory to explain 

the different behavior of these various accelerators, since 
each one seems to be a case of its own. B ut it is evident 
th a t both the stability of the accelerator itself towards heat 
and towards the other vulcanizing agents and the nature of 
the decomposition products formed are the factors which 
determine the shape of the sulfur curve. In  other words, 
an accelerator th a t is quickly decomposed, whether by heat 
or by reaction with sulfur, etc., into inert decomposition 
products will give sulfur curves which are typified by the 
xanthates or salts of the dithiocarboxylic acids. On the 
other hand, with an accelerator which is extremely resistant 
to the disintegrating influences during vulcanization or one 
in  which the various decomposition products continue to exert 
a  curing action equivalent to th a t of the original substance, 
there would be produced the persistent, straight-line cure 
as shown by hexa and triphenylguanidine, and between these 
two extremes the majority of the now commonly used accel
erators m ay be placed, all of which indicate by their sulfur 
curves progressive changes in curing effect during the course 
of vulcanization.

I t  is believed th a t a study of these changes as revealed 
by sulfur coefficients will prove an aid to the compounder 
in choosing the accelerator best suited to any particular arti
cle of rubber manufacture.

General Discussion
Q. W hat happens to the accelerator in these straight-line 

cures? I assume the reason the sulfur curves become straight 
is that the accelerator changes in such a way that it  will no longer 
function when a proper cure is reached.
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A. It is assumed that the accelerator decomposes into inactive  
products. W hat they are I am unable to say.

Q. Was ariy work done on combinations of accelerators along 
that line?

A. N o t in this particular investigation.
Q. For a stock to be non-blooming with one of these accelera

tors, would the accelerator disappear during the cure?
A. To make non-blooming stocks the sulfur would have to be 

kept very low so that the free-sulfur ratio would not be more than 
about 1 per cent on the rubber. The accelerator would dis
appear regardless of the amount of sulfur present.

Q. H ave you been able to apply this method to determine the 
best amount of sulfur to use in a stock with any given accelerator? 
It seems, since it  was discovered that the combined sulfur is not 
an index of cure, that it  has been neglected more than it should 
have been. Although it  (the sulfur coefficient) certainly cannot 
tell anything about the state of cure, it is highly important to 
determine the actual amount of sulfur combined by any given

Heat of Solution
B y F. W. S u lliv a n , Jr ., W . J

S t a n d a r d  O il  C o m p a n y

IN CALCULATIONS concerning refrigeration require
ments for the chilling of wax bearing distillates, 63.27

B. t. u. per pound is commonly used as the heat of solu
tion of the wax. This figure seems to have been taken from 
the 1894 edition of Landolt-Bornstein’s “Tabellen.”2 Graefe2 
gives a value of 70.2 B. t. u. per pound; Batelli,4 63.0 B. t. u. 
per pound; Kozicki and Pilat,6 70 B. t. u. per pound for 126° F. 
(52.2° C.) melting point paraffin wax and 78.9 B. t. u. per 
pound for 149.6° F. (65.3° C.) melting point wax.

In making heat balances for refrigerating operations on 
wax distillate, discrepancies have been found which it was 
thought might be due to the use of this commonly accepted 
figure of 63.27 B. t. u. per pound. The heat of crystallization 
of the wax found in the wax distillate cut from midcontinent 
crude was consequently determined and found to be 72.5
B. t. u. per pound.

A p paratus

An adiabatic calorimeter was used in this work (Figure 1). 
The inner vessel, a, consisted of an old 1-quart, wide-mouth 
vacuum bottle, the vacuum of which had been broken. I t  
was left mounted in its original jacket. I t  was fitted with 
a thermometer, t, graduated in 0.2° C., a heating coil, c, 
of No. 24 nichrome resistance wire, a '/j-inch (13-mm.) 
opening, o, fitted with a glass tube for introducing the wax, 
and a stirrer, s. The stirrer was of the reciprocating type 
consisting of two flat rings, r, mounted on two upright wires 
and spaced above each other 2 inches apart. These rings 
were of sheet copper of about 2 inches outside diameter and 
1 inch inside diameter and had W inch  (6-mm.) holes drilled 
about ’/ j  inch (13 mm.) apart midway between the two 
edges. The ends of the upright wires were sealed into narrow 
glass tubing with cement. The glass tubing passed through 
brass sleeves in the cork covering the inner vessel. The 
stirrer was driven by a string which passed over a pulley, 
p, actuated by a crank attached to  a reducing gear driven 
by an electric motor.

1 Presented before th e D ivision  of Petroleum  C hem istry at the 73rd 
M eeting of the American C hem ical S ocie ty , R ichm ond, V a., April 11 to  16, 
1927.

5 D ay , Handbook of the Petroleum  Industry, Vol. II , p. 823, John  
W iley & Sons, Inc., 1922.

* “ Daboratorium sbuch fur Braunkohlentecrindustric.,,
< Physik. Z ., 9, 671 (1908).
» Petroleum , 14, 12 (1918).

accelerator. This paper seems to be valuable in its suggestive
ness of what may be developed along these lines.

Q. Is it  not possible that the flattening of the curves is due 
to the mass action of the sulfur rather than to the decompositions 
of the accelerator?

A. No, it  has been established by a number of investigators 
that mass action does not seem to  enter into it  at all until the 
free sulfur is almost gone. It would make little difference 
whether the sulfur content were 5 or 10 per cent, the accelerator 
of this fugitive type would combine just about the same amount 
of sulfur.

Q. W hat would be the effect of a change of temperature on 
these curves?

A. I cannot exactly say, but I think a change of curing tem
perature would merely change the position of the curve but not 
its general shape, except possibly in the case of the xanthates, 
which are so unstable that if you attem pted to cure with them at 
high temperatures, there would be almost no cure at all.

of Paraffin W ax1
. M cG ill, and  A u g u st F rench

( I n d ia n a ) ,  W iiit in g , I n d .

This stirrer mixed the contents of the calorimeter very 
thoroughly. The am ount of heat developed thereby was 
negligible in these experiments. In 45 minutes of stirring 
a t room temperature in a vacuum bottle the temperature 
of the oil was raised only 0.1° C.

The water bath was kept a t a constant level by means of 
tube, e, attached to a suction line. The bath was adjusted 
to  any desired temperature by running in water from the 
hot-water line, /), or the cold-water line, / .

The heating coil was operated by current from a 24-volt 
storage battery. The current consumed was measured by 
means of a voltmeter and ammeter which were read at 50- 
second intervals.

M ateria ls

The oils were pressed distillate from midcontinent crude 
and a wax-free gas oil. W ith the la tte r it was possible to 
work close to room temperature because of its greater solvent 
effect for the wax.

The wax was obtained by recrystallization of a  slack wax 
until it was practically oil-free. This wax was ground in 
a  food chopper into particles less than Vs inch (3 nun,) in 
diameter. These were formed into the shape of an easily j 
crumbled rod by plunging a cork-borer into a pile of the 
wax particles several times and then ejecting the wax from 
the cork-borer with one of the next smaller size. These 
rods disintegrated readily upon being introduced into the 
oil so tha t the wax dissolved completely in a short time.

P rocedure

Four hundred grams of the oil were weighed out into the 
calorimeter. The motor driving the stirrer was started and 
the speed was adjusted by means of the regulator until the 
stirrer made 60 cycles per minute. The oil was brought to 
the desired tem perature by means of the electric heating coil. 
Some of the first experiments were done a t higher tem
peratures, but the later ones were done close to room tem
perature to reduce any possible errors due to radiation 
losses. When the desired temperature was reached the 
current was shut off and the stirring continued. Mean
while the temperature of the water bath wras adjusted by 
adding either hot or cold water until it was exactly the same 
as the temperature of the calorimeter proper. When no 
increase or decrease in the temperature of the calorimeter
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was observed for 5 minutes the wax was added as rapidly 
as possible through the tube. The temperature of the wax 
had been noted a t this tim e.

Readings were taken on both the calorimeter and bath 
temperatures a t intervals of 50 seconds. The bath tempera
ture was adjusted so th a t a t all times it was exactly the same 
as the calorimeter temperature. The air current used for 
stirring was sufficient to mix the water thoroughly, so tha t 
there was very little lag when it was desired to make a quick 
change in the temperature of the bath by the addition of 
cold or hot water. After sufficient experience had been 
gained in the operation of the apparatus, it was possible so 
to gage the rate a t which cold water should be added tha t the 
temperature of the bath was well within 0.2° C. of the calo
rimeter temperature.

As the wrax dissolved the tem perature of the contents of 
the calorimeter dropped. When no further drop in the tem
perature took place over an interval of 200 seconds the solu
tion was considered to be a t equilibrium. The calorimeter 
vessel was then opened immediately and the contents were 
examined to make sure th a t the wax had dissolved completely.

The heat of solution is calculated from the drop in tem
perature and the specific heat of the oil. Correction is made 
for the water equivalent of the calorimeter and the change in 
temperature which the wax itself undergoes.

C a lc u la t io n s  fo r  O n e  D e te r m in a t io n
Gas oil: 400 grams; specific h eat, 0.386
Wax: 20 grams; m elting p o in t, 125° F . (61 .7° C .);  specific heat, 0.6 

T e m p e r a t u r e s

Room
Oil in calorim eter:

Initial
Final

Drop
Wax:

Initial
Final

Drop

H eat given up by oil: 400 X 0.386 X 3.53 «= 
H eat given up by wax: 20 X  0.6 X 1.35 ==
Water equivalent of calorim eter: 58 X 3.53 **

T otal heat absorbed w hen 20 gram s o f wax 
dissolved

°C.
2 8 .3

3 0 .4 8
2 6 .9 5

3 .5 3

2 8 .3 0
2 6 .9 5

1 .3 5
Calories

5 4 5 .0
1 6 .2

204 .7

76 5 .9

these averages gave the average wattage over the period. 
The input in calories was calculated from the formula:

Time in seconds X watts 
4.182

The water equivalent is 323 4- 5.48

=  calories

58.9 calories per degree.

C a lc u la t io n s  for  O n e  D e te r m in a t io n

Tem perature of water:
Final
Initia l

Increase 
T im e of heating, 450 seconds 
A verage vo lts , 14.34 
A verage amperes, 1.63 
A verage w atts, 23.37  
450 X 23.37 __ ir  . . .
 ------ 4™l52—  03 calories input

400 X  5.48

' c.

5 .4 8

2192 calories absorbed by water 
323 calorics absorbed by calorim eter over 5 .48° C. 

range

A number of determinations made in this way gave the 
values: 59.05, 56.31, 54.38, 61.08, 58.94; average, 57.95. 
The value 58 calories per degree was used as the water 
equivalent in all the heat of solution determinations.

Note— T he value for the specific heat of solid paraffin wax was taken  
as 0.6. This value was obtained b y  averaging the few values given in the  
Landolt-BOrnstein “ T ab ellen ” and was considered to be close enough in 
these determ inations, since th e tem perature changes in the wax involved  a 
relatively small am ount of heat.

The heat of solution is therefore 765.9 4- 20 =  38.3 calories 
per gram.

D e ter m in a tio n  of W ater E q u iva len t

Four hundred grams of water were put into the inner 
vessel and heated by means of the heating coil to a tem
perature approximating the final temperatures obtained in 
the heat of solution experiments. The temperature of the 
water bath was adjusted to th a t of the calorimeter and the 
stirring was continued until there was no change in the 
calorimeter temperature over a period of 200 seconds. The 
current in the heating coil was then turned on and a stop 
watch was started simultaneously. Readings of the voltage 
and amperage on the coil, as well as the calorimeter and bath 
temperatures, were taken a t 50-second intervals. The bath 
temperature was adjusted to  th a t of the calorimeter by 
running hot water into it. The heating was continued over 
a temperature range corresponding to the drop in temperature 
in the heat of solution determinations. When the desired 
temperature was reached the current was shut off and the 
stirring was continued until no further rise in temperature 
was observed. The voltage and amperage were averaged 
over the time th a t the current was on and the product of

Specific H eats o f th e  S o lven t O ils

The specific heats of the oils used were determined in the 
same way th a t the water equivalent was determined.

H e a t o f  S o lu t io n  o f  125» F . (51 .7° C .) M . P. P a ra ffin  W ar
S p e c if ic
H e a t  op T e m p e r a t u r e H e a t  op S o l u t io n

E x p t . O il O ie Initial Final Room
° C . 0 C. 0 C. C al./g . B .t.u ./lb .

1 Pressed distillate 0 .4 3 8 5 0 .2 7 4 8 .1 5 2 3 .3 4 0 .6 7 3 .2
2 Pressed d istillate 0 .4 3 8 5 1 .8 0 47 .3 2 2 6 .0 3 9 .5 7 1 .0
3 Pressed d istillate 0 .4 3 8 51 .0 8 4 6 .6 5 2 5 .6 3 9 .0 7 0 .2
4 Pressed d istillate 0 .4 3 8 4 9 .7 9 4 5 .1 6 2 5 .6 1 2 .2 7 5 .9
5 Gas Oil 0 ,3 8 6 3 5 .3 0 3 1 .1 0 2 6 .1 41 .6 7 4 .9
6 Gas Oil 0 .3 8 6 3 0 .4 8 2 8 .3 3 8 .3 6 8 .9
7 Gas Oil 0 .3 8 6 3 1 .2 8 2 5 .0 4 0 .7 7 3 .2

Average 4 0 .3 7 2 .5

The Universal Oil Products Company announces that the 
British American Oil Refineries, Limited, will install immediately 
a 1000-barrel Dubbs Cracking Unit at their refinery at Toronto.
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Solubility of Paraffin W ax in Oil1

PLATE III
SOLUBILITY or 
!45*Fi«2tfOM P 

  PARAFFINE WAX

B y F. W . S u lliv a n , Jr ., W . J . M cG ill, a n d  A u g u st  F ren ch

S t a n d a r d  O il  C o m p a n y  ( I n d ia n a ) ,  W h i t i n g , I n d .

A KNOW LEDGE of the 
solubilities of paraffin 
wax in petroleum oils 

a t various temperatures, and 
of the effect of viscosity of 
solvent and the melting point 
of the wax upon solubility, is 
of considerable practical value 
in filter-pressing wax distil
lates to  remove the wax. I t  
is also useful in making cal
c u la t io n s  involving the re
f r ig e r a t io n  of wax-bearing 
oils. Solubility data  in the 
literature consist principally 
of figures for supposedly pure 
h y d r o c a rb o n s  from either 
synthetic or natural sources, 
in the usual organic solvents. Such figures have little or no 
direct value in plant operation. Practically all of the meager 
information upon solubilities in petroleum oils which is avail
able was obtained on oils and waxes from crudes other than

1 Presented before the D ivision  of Petroleum  C hem istry a t  the 73rd M eet
ing of th e Am erican C hem ical S ocie ty , R ichm ond, V a., April 11 to 16, 1927.

midcontinent, and hence its 
value is doubtful for calcula
tions involving this crude.

P rep aration  of Waxes

The waxes used in these 
experiments were fractions 
from the vacuum distillation 
of 50 liters of 125° F. (51.7° 
C.) melting point wax ob
tained from the wax refinery. 
This wax had been sweated 
from intermediates, and con
sequently did not contain the 
highest melting waxes sepa
rated in pressing.

For the fractional distilla
tion of the wax, a still of 10 

liters capacity was made. The body of the still consisted 
of a  9-inch (23-cm.) length of 10-inch (25-cm.) pipe with 
plates welded a t either end and appropriate openings for 
charging and draining. The fractionating column was a 
2V rinch (6-cm.) pipe 18 inches (46 cm.) long, filled with 
plates of Vs-inch (1-cm.) mesh wire screen spot-welded at 
2-inch (5-em.) intervals on a thin rod running through the 
center of the tower. An iron pipe l/ i  inch (1.3 cm.) in 
diameter and 30 inches (76 cm.) long served as an air con
denser. The receiving system consisted of a 500-cc. balloon 
flask with a stopcock outlet. Two Cenco oil pumps were 
used to maintain the vacuum a t 5 mm. W hen all the fittings 
had been carefully tightened after the threads had been 
painted with graphite paste, a 5-mm. vacuum was readily 
maintained under operating conditions. In  fact, one pump 
was a t  times sufficient. From one to  four Meker burners 
supplied the heat. The tower was wound with electrical 
resistance wire. I t  was found convenient to heat the tower 
a t  the beginning of the run, both to save time and to break 
any foaming caused a t  the beginning of the distillation by the 
evolution of gas and moisture from the wax on the application 
of heat and vacuum. After the distillation had once started

P araffin  w axes o f 111° F ., (43.9° C .), 125° F. (51.7° C .), 
an d  145° F . (63.8° C.) S a y b o lt m e lt in g  p o in ts  an d  c o n 
ta in in g  re la tiv e ly  few  in d iv id u a l hyd rocarb on s have  
b een  o b ta in ed  by th e  rep eated  fr a c tio n a tio n  of 125° F . 
(51.7° C.) S a y b o lt m e lt in g  p o in t  co m m erc ia l paraffin  
w ax fro m  m id c o n t in e n t  cru d e . T h e  so lu b ilit ie s  o f 
th e se  fr a c tio n a te d  w axes a n d  o f th e  125° F . (51.7° C.) 
m e lt in g  p o in t c o m m erc ia l w ax it s e lf  have  b een  d e
term in e d  in  p e tr o le u m  e th e r  (b o ilin g  p o in t  21.0° to  
82.0° C.) an d  in  a  n u m b e r  o f m id c o n t in e n t  p e tr o le u m  
o ils  o f  vary in g  v isc o s it ie s . S o m e  o f th e  o ils  rep resen t 
narrow  c u ts  fro m  a  fr a c tio n a l v a c u u m  d is t il la t io n ;  
o th e r s  are b len d s o f  o ils  o f w id ely  sep a ra ted  v isc o s it ie s .  
S o lu b ilit ie s  w ere d e term in ed  a t  v ariou s c o n c en tra tio n s  
a n d  curves w ere c o n str u c ted  sh o w in g  th e  v a r ia tio n  of  
th e se  so lu b ilit ie s  w ith  tem p era tu re , v isco sity , and  
m e lt in g  p o in t.
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all heating of the tower was found to be unnecessary and was 
therefore discontinued.

Five such distillations of 10-liter charges of 125° F. (51.7°
C.) melting point refined wax were made. In  general, the 
melting points of like cuts checked each other fairly well. 
'‘•»The 0-10 per cent and 10-20 per cent cuts from the five 
distillations were combined to give 10 liters of material to 
be distilled a second time. Likewise the 20-40 per cent cuts, 
the 40-60 per cent cuts, and 60-80 per cent cuts were com
bined to give 10 liters of material for the second fractionation. 
The 80-90 per cent cuts combined gave another 5 liters. 
Thus six more distillations were made. Ten per cent cuts 
were taken again. These cuts represented 2 per cent of the 
total amount of wax charged.

Since a fairly close cut wax was desired and since a t about 
125° F. (51.7° C.) melting point the melting points of the 
cuts were closer to each other than a t the very beginning 
or at the end of the distillation, a selection of cuts was made 
from the second fractionation and these were distilled in a 
5-liter vacuum still. From these cuts an am ount of quite 
pure 125° F. (51.7° C.) melting point wax was prepared.

A sample of 111 ° F. (43.9° C.) melting point wax was made 
by a recrystallization of twice-distilled low melting point 
cuts from ethylmethyl ketone. A sample of 145° F. (62.8°
C.) melting point wax was selected from the higher melting 
fractions of the second fractionation.

The boiling point range of these fractionated waxes was 
5° C. at 5 mm. pressure. Their cooling curves are compared 
in Plate X II with the cooling curve for the sample of 125° F. 
(51.7° C.) melting point commercial wax whose solubility 
was also determined.

Solv en ts

To study the solubilities of these various waxes it was 
necessary to obtain oils th a t were practically free from paraf
fin wax. I t  was also desirable to  use as solvents oils in 
which the wax occurs in the plant. The best source for such 
oils seemed to  be a wax-free pressed distillate. Since the 
ordinary pressed distillate with a chill of 20° F. ( —6.67° C). 
contains an appreciable am ount of wax, a quantity of it was 
repressed to  a cold test of —20° F. (—28.89° C.). Ten 
liters of this oil were charged to the still and distilled a t 
5 mm. pressure, taking 10 per cent cuts. I t  was from these 
cuts tha t the fractionated oils used in the solubility deter
minations were obtained. These fractions were clear and 
fluid a t 0° F. (—17.78° C.) and hence were considered to 
be wax-free. A blend corresponding to  a 15 per cent bottom 
from this distillation had a viscosity of 420 Saybolt seconds

VISCOSITY SAYBOLT KIOT

PLATE VII
SOLUBILITY OF 
125'F 151.7X1 Mil 
COMMERCIAL 

PARAFFINE WAX 2 vs

a t 100° F. (38° C.) and could not be improved in color by 
claying. I t  was accordingly redistilled to a small bottom 
and an oil of good color and 333 viscosity obtained.

The following solvents were used:
(1) Petroleum ether (b. p., 21.0° to  82.0° C.).
(2) 34-viscosity oil obtained as a bottom  in rerunning 

heavy naphtha.
(3) 36-viscosity oil from fractional distillation of a wax- 

free pressed distillate.
(4) 75-viscosity oil from the same source.
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jacket for cloud points a t lower temperatures. For some of 
the very low cloud points brine a t —25° F. (—31.67° C.) 
was used as the cooling medium.

Twenty-five cubic centimeters of the oil were measured 
out into the test tubes and the required am ount of wax was 
weighed out into them. The oil was then warmed and 
stirred until all of the wax was dissolved. The tube was then 
put into the cooling bath and stirred until the first sign of 
cloudiness appeared. A t this point the temperature was 
read. In general, the results could be duplicated within less 
than 1° F. (0.56° C.). The cloud point was more difficult 
to determine a t the lower temperatures, particularly in the 
case of viscous oils, in the sense th a t it was not so definite.

Since the primary purpose of the work was to investigate 
solubilities over a range of pressing temperatures, the cloud 
points of the maximum concentrations of the solution used 
were in general below 75° F. (23.89° C.).

S o lu b ility  Curves

The curves shown in P late I  were constructed from the 
data obtained from determinations of the cloud points of 
various concentrations of 111° F. (43.9° C.) melting point 
wax in  the solvents listed. Plates II, III , and IV show 
similar curves for two fractionated waxes of higher melting 
points and a commercial paraffin wax. Most of these curves 
were based on solubility determinations a t eight different

PLATE VIII
SOLUBILITY

N*
MELTING POINT 

or FRACTIONATED 
PARAFFINE WAX 

a t I4T • -JOO

PLATE X
SOLUBILITY

MELTING POINT 

or FRACTIONATED 
R6RAFFINE WAX 

at 32 T - O C

(5) 191-viscosity oil from the same source.
(6) 71-viscosity wax-free pressed distillate, not frac

tionated.
(7) 45 per cent bottom from pressed distillate diluted

to 46 viscosity with 34-viscosity heavy naphtha bottoms.
(8) 65 per cent bottom from pressed distillate diluted

with 15 parts of heavy' naphtha bottom s; viscosity 71.
(9) 333-viscosity oil obtained by redistillation of a 20

per cent bottom from the fractional distillation of a wax- 
free pressed distillate.

S o lu b ility  D e ter m in a tio n s

Since the m ajority of the waxes used in this work were 
closely' cut fractions—that is, contained relatively' few chem
ical individuals—it was decided th a t the cloud temperature 
would indicate the point a t which the wax in question satu
rated the solvent.

The apparatus used consisted of a 1 by' 6-inch (2.5 by 15- 
cm.) test tube fitted with a chill-test thermometer and a 
stirrer made of thin glass with a ring a t the end. Stirring 
was effected byr a Cenco electric motor geared to produce 
an up-and-down motion of the glass rod. The wax solution 
was cooled by' immersing the test tube in a beaker of water 
for cloud points at higher temperatures and by' immersing 
in an ice and salt bath, protecting the glass tube by' a metal

PLATE IX
SOLUBILITY

vs
MELTING POINT 

or FRACTIONATED 
FWWF1NE WAX 

a t  2 3 T *  - 5 0
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V

concentrations of wax in the respective solvent—between 
0.25 approximately and 3.5 per cent, with as high as 6 per cent 
in a few cases; a few are based on the results of only four or 
five determinations. The numbers designating the curves

correspond to the num
bers assigned to  th e  
solvents in the list of 
solvents already given. 

’ From these curves, 
ano ther, set of curves 
has been constructed 

<u showing the effect of 
¡1 v is c o s i ty  upon solu- 
|  bility a t various tem- 
|  peratures, for th r e e  

fractionated waxes and 
a commercial wax.

A third set of curves
5 ( P la te s  V I I I  to X I) 

u t i l i z e s  th e  results 
shown in Plates I  to

i IV to compare the effect 
of the melting point of 

the wax upon its solubility in the various solvents, a t differ
ent temperatures.

A series of solubility determinations, using as solvent some 
of the 71-viscosity pressed distillate which had been de-

PLATEXII
COOLING
CURVES

TWE -  MIM/TE3

colorized with clay, was also made. The results of these 
proved to be almost identical with those obtained on the 
pressed distillate before claying and are therefore not in
cluded.

C o n clu sio n s

1— The solubility of paraffin waxes increases as the melting 
point of the wax decreases.

2— The solubility of paraffin waxes in petroleum oils decreases 
with increasing viscosity of solvent.

3— Differences in solubility due to differences in the melting 
point of the wax or to variations in the viscosity of the solvent 
decrease with decreasing temperature.

Attem pts to develop a useful mathematical expression of 
the rate of change of solubility with changes in the melting 
point of the wax or the viscosity of the solvent have not been 
successful. The rate of change of solubility with tem 
perature is also so variable tha t any attem pt to express 
it approximately leads to erroneous conclusions.

The curves should be of value in making calculations 
dealing with the freezing of wax-bearing oils. I t  is possible 
th a t the wax content of an oil whose viscosity and cloud 
point are known could be predicted from such curves, but 
the accuracy of such an application remains to be determined.

Note— T he use of a similar curve for this purpose has been described  
b y Bjerregard, T h is  Jo u r n a l , 14 , 215 (1922). N o  one curve w ill give  
acceptable results for d istillates from different crudes and m ade under 
different conditions of fractionation.

Role of Lead Sulfide in the Sweetening of P e tro 
leum  Distillates and Chem istry of the 

M ercaptans1
By J . C. M orrell an d  W. F. Faragher

U n iv e r s a l  O il  P r o d u c t s  C o m p a n y , C h ic a g o . I II .

FOR years refiners have known tha t lead sulfide facili
tates the sweetening of petroleum distillates. “Spent 
doctor” or plumbite sludges containing lead sulfide 

and sodium hydroxide have been regenerated by blowing 
with air, and although this operation has not been under
stood, its value in the reactivation of plumbite sludges has 
been appreciated. More recently it has been observed that 
air and lead sulfide are beneficial in the sweetening of re
fractory distillates. Although the practice of agitating 
lead sulfide sludges with air in the batch agitator is old, 
the refiner now introduces specially prepared lead sulfide 
into the sweetening mixture.

The reaction of sweetening is as follows:

R — S
2RSH +  N a2PbOt +  S— s- | +  2NaOH +  PbS

R —  S

The action of lead sulfide in the sweetening of petroleum 
distillates has been generally characterized as catalytic, 
>e the absence of an experimental basis of explanation. 
Wendt and Diggs2 assigned to lead sulfide a catalytic action, 
but offered the explanation that, since the lead sulfide is

1 Presented under the title  “ R ole of Lead Sulfide in the Sw eetening of 
Petroleum D istilla tes” before the D ivision  of Petroleum  C hem istry at the 
‘3rd M eeting of the American Chem ical S ociety , R ichm ond. V a ., April 11 
to 16, 1927.

* T h is  J o u r n a l , 16, 1114 (1 9 2 4 ).

easily wetted by oil, it adsorbs sulfur compounds, especially 
the mercaptans, thereby promoting their reaction with the 
constituents of the sodium plumbite solution. The present 
writers do not agree with this purely physical explanation, 
and present the following experiments tha t prove the func
tion of lead sulfide in sweetening.

M ateria ls

The materials used were pure mercaptans—ethyl, n- 
butyl, isoamyl, heptyl, and benzyl—dissolved in a sulfur- 
free naphtha made from Pennsylvania crude oil, and a 
gasoline from Panhandle (Amarillo, Texas) crude oil. The 
gasoline contained 0.05 per cent of mercaptans and was 
difficult to sweeten.

The nitrogen and oxygen were taken from standard com
mercial cylinders. Ozonized air was prepared by passing 
air through a laboratory ozonizer. The nitrogen contained 
4 per cent of oxygen, and when necessary was purified by 
bubbling through alkaline pyrogallol.

The lead sulfide was obtained from several different 
sources. In the preparation of lead sulfide great care must 
be taken to avoid contact with air as it is readily oxidized 
to lead sulfate. Two samples dried in air showed an average 
of 22 per cent of lead sulfate. Hence the precipitated and 
washed lead sulfide was not dried except for special experi
ments.
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E xp er im en ta l P rocedure

For the experiments in which gases were blown through 
the reaction mixture, a  bubbler was inserted in the train of 
apparatus to  control the rate of flow. The gases were then 
passed through a separatory funnel containing the reaction 
mixture and into a test tube containing a solution of sodium 
plumbite to indicate whether mercaptans were being carried 
from the mixture.

The naphtha solutions of the mercaptans were made from 
a  refined Pennsylvania naphtha by adding approximately 
0.10 per cent by weight of a  mercaptan. In  making an 
experiment 50 cc. of the naphtha solution of a mercaptan 
and 2.5 cc. of sodium hy
droxide or plumbite solution 
c o n ta in in g  approximately 
10 per cent of sodium hy
d ro x id e  were used. The 
quantities of sulfur and lead 
sulfide were 0.025 and 0.05 
gram, respectively. Tests 
w ere  m a d e  a t  r e g u la r  
in te r v a l s  to  d e te r m in e  
whether or not the sample 
was sweet. The experiments 
were repeated when neces
sary, and in all cases were 
duplicated.

T h e  p ro c e d u re  for the 
tests with the gasoline from 
Panhandle crude was simi
lar, except th a t 250 cc. of . 
gasoline were used. Before 
making a test the gasoline 
was washed free from hy
drogen sulfide with 15 cc. of 
a  10 per cent solution of 
so d iu m  hydroxide. The 
quantities of lead sulfide and sulfur were 0.225 and 0.120 gram, 
respectively. The experiments were duplicated in all cases.

A maximum reaction period of 40 minutes was allowed 
for the solutions of the pure mercaptans, and of 60 minutes 
for the gasoline.

The reactants were used in all possible combinations.
The results are summarized in Table I. Oxygen alone 

did not sweeten any of the pure mercaptans, and the addition 
of lead sulfide free from sodium hydroxide did not help. 
Oxygen and sodium hydroxide sweetened ethyl and benzyl 
mercaptans. Sulfur substituted for oxygen sweetened all 
the mercaptans bu t not the gasoline. Lead sulfide, oxygen, 
and sodium hydroxide sweetened all the mercaptans except 
isoamyl mercaptan, as did sodium plumbite; but the gasoline 
was not sweetened in either case.

The lead mercaptide was always formed when lead sulfide, 
oxygen, and sodium hydroxide were used. I t  settled imme
diately from ethyl and benzyl mercaptans, and upon standing 
overnight from Ar-butyl and heptyl mercaptans. The lead 
mercaptides did not settle from the isoamyl mercaptan or 
from the gasoline from Panhandle crude.

When lead sulfide, sodium hydroxide, oxygen, and sulfur 
were used, all the mercaptans were sweetened in less than 
3 minutes, and the gasoline was sweetened in 10 minutes.

D isc u ssio n  of R e su lts

O x y g e n  A l o n e —Since oxygen alone did not sweeten any 
of the pure mercaptans, it is concluded th a t it does not 
oxidize the mercaptans under the conditions of the test. 
Ethyl mercaptan was evidently distilled from the solution, 
as indicated by the heavy precipitate of lead mercaptide in

the test tube containing sodium plumbite. Nitrogen had 
the same effect.

The sodium mercaptides are more readily oxidized by 
oxygen than the corresponding mercaptans, as shown by the 
sweetening of the ethyl mercaptan solution in one-sixth the 
time necessary to remove the ethyl mercaptan mechani
cally, and by the sweetening of the benzyl mercaptan. The 
sodium mercaptides of low molecular weight are soluble in 
sodium hydroxide. This solubility will cause the removal 
of a  small portion of the mercaptans.

E f f e c t  o f  S u l f u r  a n d  S o d i u m  H y d r o x i d e —The effect 
of sulfur and sodium hydroxide upon the mercaptans is 
evidence th a t the sodium mercaptides formed are converted

to the corresponding disul
fides, as has been shown by 
Holmberg.3 The reaction 
of so d iu m  hydroxide and 
sulfur, which will sweeten 
many of the mercaptans, is 
as follows:
2RSH  +  2NaOH +  S ►

  g
| +  N a2S +  2H;0  

R  — S
This reaction is a special 
case of the general reaction 
of m e r c a p t id e s .  Sodium 
mercaptide forms first, fol
lowed by the reaction be
tween the mercaptide and 
sulfur.

A g i ta t io n  of the mer
captan solution with sodium 
hydroxide and sulfur was 
effected by the use of nitro
gen in order to avoid any 
p o s s ib le  s id e  reactions. 
The use of oxygen for agita

tion had a marked effect in reducing the time necessary to 
sweeten isoamyl mercaptan.

Lead sulfide suspended in water or in the oil did not assist 
in the oxidation, showing th a t lead sulfide does not function 
as a catalyst in the oxidation of the mercaptans, as has 
been believed.

L e a d  S u l f i d e , S o d i u m  H y d r o x i d e , a n d  O x y g e n —Lead 
sulfide, sodium hydroxide, and oxygen sweetened all the 
mercaptans except isoamyl m ercaptan and the gasoline from 
Panhandle crude oil. The lead mercaptides formed in 
every' case, bu t the Ar-butyl and the heptyl mercaptides did 
not settle from the solutions until after standing overnight.

The nitrogen used for agitation contained 4 per cent of 
oxygen. Even such a small percentage of oxygen caused 
slow formation of the mercaptides. Ethyl and benzyl mer
captans were sweetened. In  all such cases sulfate ion was 
formed.

The naphtha solution of lead isoamyl mercaptide and the 
mercaptides of the gasoline from Panhandle crude are very 
stable, showing no tendency to settle.

The lead sulfide playrs a minor role in the stability of the 
lead mercaptide dispersions, functioning in the same manner, 
bu t to a less extent, as chemically inert substances such as 
fuller’s earth and charcoal. When the last-named sub
stances were added to a dispersion of Ar-butyl or isoamyl 
lead mercaptides in naphtha both were removed by ad
sorption. The effect of lead sulfide in this respect was very 
slow for the butyl lead mercaptide and no effect was observed 
in the case of the isoamyl lead mercaptide.

A most im portant conclusion from these experiments is
• A n n ..  359, 81 (1908).

R efiners have lo n g  k n o w n  th a t  lead  su lfid e  fa c ilita te s  
th e  sw ee ten in g  o f p e tro leu m  d is t il la te s . R eg en era tio n  
o f p lu m b ite  s lu d g es  by b lo w in g  w ith  a ir h a s  been  
ad op ted  in  p ra ctice . T h e  ben efic ia l effect o f  air u p on  
refractory  d is t il la te s  trea ted  w ith  lead  su lfid e  h a s b een  
observed m ore  recen tly . T h e  c h e m is try  o f th e se  proc
e sses th a t  have proved u se fu l h a s  b een  ob scu re; fre 
q u en t referen ces to  c a ta ly t ic  a c tio n  are m a d e . A 
sy s te m a tic  s tu d y  o f pu re  su lfu r  co m p o u n d s and  a 
refractory  co m m erc ia l g a so lin e  w ith  th e  rea g en ts  
involved  proves th a t  th e  fu n c t io n  o f  a ir is th e  ox id a tio n  
o f  lead su lfid e  to  lead  su lfa te  and  h e n c e  a  fo r m a tio n  
in  effect o f th e  u su a l p lu m b ite  rea g en t. S w ee ten in g  
c o n s is ts  o f tw o p rocesses— th e  fo rm a tio n  o f lead su lfid e  
from  h yd rogen  su lfid e  an d  lead m erca p tid es  fro m  
m erca p ta n s an d  th e  rem ova l fro m  th e  d is t il la te  o f  th e  
lead m erca p tid es. T h e  a c tio n  o f o th er  heavy m e ta l  
su lfid es h a s a lso  b een  in v estig a ted . T h e  rea ctio n  of  
th e  co n version  o f m erca p tid es to  d isu lfid es h a s  been  
sh o w n  to  be th e  sa m e  for a ll th e  m e ta ls  s tu d ied .
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that both oxygen and sodium hydroxide are necessary to 
cause lead sulfide to  have any effective sweetening reac
tion.

S o d iu m  P l u m b i t e —A  comparison of the experiments in 
which lead sulfide, oxygen, and sodium hydroxide are used, 
with those employing sodium plumbite, shows th a t the two 
are practical equivalents. Oxygen for agitation seems to 
have some advantage over nitrogen in the case of iV-butyl 
mercaptan, but this apparent advantage resides largely in the 
inferior stability of the solution of the mercaptide formed 
when oxygen was used. The mercaptide settled out after 
standing, rendering the oil sweet.

The difference in  the effects of nitrogen and oxygen on 
A'-butyl lead mercaptide shows th a t the lead mercaptides 
also are more readily oxidized than the corresponding mer- 
captans. This behavior was shown to be true for sodium 
mercaptides. The reaction for this oxidation follows:

R—S.
2 >Pb +  Or 

R—S '
This reaction was proved by mixing naphtha solutions 

of isobutyl mercaptan and heptyl mercaptan with a solution 
of sodium hydroxide containing suspended lead sulfide and 
agitating for several hours with oxygen. The naphtha solu
tion was separated and filtered, and then extracted with

R— S 
►2 | +  2PbO

R— S

sulfate ions in all cases, showing th a t the lead was used in 
forming the mercaptide.

T a b le  III— A n a ly s is  o f  S lu d g e  fr o m  T r e a tm e n t  o f  P a n h a n d le  G a s o lin e  
w it h  L ea d  S u lf id e , S o d iu m  H y d ro x id e , O x y g e n , a n d  S u lfu r

S o u r c e  o p  L e a d  S u l p id e Pb SO* FOR PbSO* SO<°
Cram Gram Gram Per cent

H jS  from Panhandle gasoline 0 .0 2 3 0 .0 1 8 0 .0 1 2 46
Purchased, contained 22 per 

cen t PbSO i 0 .1 1 0 .0 7 0 .0 5 51
® 0.1 gram  of sulfur used for converting m ercaptide to  disulfide; oxid a

tion  of sodium  sulfide m ay account for a sm all part of th e excess, b ut the  
major cause is rem oval of the lead as m ercaptide.

C h em istry  of S w ee ten in g  G a so lin e  C o n ta in in g  M ercap tan s

I t  is concluded from the foregoing facts tha t the predomi
nant role of lead sulfide in the sweetening of a gasoline con
taining mercaptans is represented by the following reactions:
PbS +  4NaOH +  202----->-Na2P b 0 2 +  N a:SOt +  2H20  (1)
This reaction may be divided as follows:

PbS +  202 ►PbSO, (2)
PbSO. +  4NaO H *-Na2PbO, +  Na2S 0 4 +  2H 20  (3)

Reaction (1) also shows what occurs when spent doctor
solution is regenerated by blowing it with air.

The usual reaction for the formation of lead mercaptides 
takes place in any system where sodium hydroxide, lead 
sulfide, and oxygen are present.

T a b le  I— S w e e tc n ln ft  E ffec t o f  V a r io u s  R ca fien ts  o n  P u re  M e r c a p ta n s  a n d  G a s o lin e  fr o m  P a n h a n d le  C ru d e  O il
E t h y l iV-BUTYL ISOAMYL H e pt y l B e n z y l P a n h a n d l e

M e r c a p t a n M e r c a p t a n M e r c a p t a n M e r c a p t a n M e r c a p t a n G a s o l in e
R e a g e n t Doctor® M in . D octor M in . D octor M in . D octor M in . D octor M in . D octor M in .

Oa _ 12 + 3 0 +  • 30 + 3 0 + 3 0 + 30
Na — 12 + 3 0 + 30 + 30 + 30 + 3 0
NaOH +  Ot — 2 + 3 0 + 30 + 3 0 — 25 + 3 0
NaOH +  S  +  N i — 2 6 — 30 — 30 — 1 + 30
NaOH +  S +  Oi — 1 — 4 — 12 — 30 — 1 + 30
PbS* +  HaO +  Oa — 8 + 30 + 30 + 30 + 3 0 + 30
PbS* +  NaO H  +  O if — 1 +  « 3 0 + 30 + d .< 3 0 — 4 + 30

+ 4 0 + 4 0
PbS* +  S +  N aO H  +  Oa — 1 1 3 — 2 — 1 — 10
PbSc +  N aO H  +  Oa — 1 — 2 + 3 0 — 6 — 1 3 0

— 3 + 4 0 — 5
PbSc +  N aO H  +  S  +  Oa — 1 — 2 4 — 1 — 4 — 8
NaaPbOa +  N 2/ — 1 + 30<L« + 3 0 — 2 — 1 + 3 0
NaaPbOa +  OaI

3 0B low ing — 1 — 4 + 30* — 3 — 2 +
Shak ing — 1 — 4 + 3 0  d — 3 — 1 + 3 0

° Plus and m inus signs in d icate presence and absence, resp ectively , o f  m ercaptan after tim e shown.
* From lead acetate .
« From Panhandle gasoline.
<* U sing tw o portions of reagent.
« Lead m ercaptide formed and settled  ou t upon standing, rendering sam ple negative. # . . .  .
/  Lead m ercaptide formed in every  case. T h e p ositive doctor test in th is series indicates th a t the lead m ercaptides remained in solution .

alcoholic sodium plumbite solution to remove unconverted 
mercaptans. The oil was then reduced with zinc and glacial 
acetic acid and the mercury derivatives of the mercaptans 
were made. The melting points of these derivatives were 
determined. A second set of experiments was conducted by 
the same procedure, bu t using molecular proportions of mer
captan and sodium plumbite. The results are given in Table II.

T a b le  II— P r o p e r t ie s  o f  R e co v er ed  M e r c a p ta n s
M e l t in g  P o in t  op

2RSH +  N a2PbOr- • R - S \  
R— S '

Pb +  2NaOH (4)

RSH

Isobutyl
Heptyl

Heptyl

(R Sh H g
From original

R SH PbS N aO H R ecovered m ercaptan
Per cent by 

vol. Gra ms Grams 0 C. ° C .
2 . 0 1 .2 4 0 .8 2 9 8 9 .5 8 8 .0
2 . 0 1 .2 4 0 .8 2 9 7 4 . 0 7 4 .0

1 0 .0
NajPbOa

9 .1 4 7 4 .0 7 4 .0

A large portion of each mercaptide was not converted to 
the disulfide, hence the reaction is slow and m ay be con
sidered as incidental. I t  is im portant to remember th a t this 
reaction occurs only after the mercaptides are formed, and 
that plumbite solution or its equivalent, lead sulfide, sodium 
hydroxide, and oxygen, are necessary to form the mercaptides.

The aqueous sludge from each test was analyzed. Only 
when lead mercaptide was formed or the oil was sweetened 
were lead and sulfate ions found. There was an excess of

The action of added sulfur is indicated by the well-known 
reaction:

R — S .  R — S
>Pb +  S ► | +  PbS (5)

R — S '  R — S

As reactions (4) and (5) have been proved for sodium 
plumbite and the disulfide identified, it was decided to show 
th a t reactions (2), (3), and (5) are the equivalent of (4) and 
(5) with regard to  disulfide formation.

The naphtha solutions of ethyl and isobutyl mercaptans 
were mixed with sodium hydroxide and lead sulfide and blown 
with oxygen until sweet. The liquids were filtered and the 
oils separated. An equal volume of glacial acetic acid was 
added to the oils and the mixture refluxed with zinc dust 
for one hour. The remaining zinc was filtered off and the 
oil thoroughly washed with water. The oil was then dried 
and treated with mercuric oxide. The mercury derivative 
was dried and the melting point determined (Table IV).

The reactions involving lead sulfide (1 to 3) indicate that 
lead sulfide and oxygen actually enter into the reaction, 
forming sodium plumbite in the presence of sodium hydroxide, 
thus maintaining the concentration of sodium plumbite. 
This fact is readily proved by the use of the separate com-
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ponents instead of sodium plumbite in sweetening the Pan
handle gasoline. This type of gasoline cannot be sweetened 
unless all these components are present. Further, if a def
in ite quantity  of sodium plumbite and gasoline is used, 
sweetening will not result until lead sulfide is added and 
oxygen is blown through, because the quantity  of sodium 
plum bite in the solution used does not completely convert 
the mercaptans to mercaptides. W ithout the use of oxygen 
the reaction will not take place for the reasons explained. 
This fact was established by blowing with an inert gas such 
as nitrogen. Sulfur functions as usual.

T a b le  IV— M e lt in g  P o in t s  o f  M e rcu ry  M e r c a p t id e s
F rom  E t h y l  F rom  I s o b u t y l  
M e r c a p t a n  M e r c a p t a n  

° C .  0 C.
Prepared from m ercaptan d irectly  76
Prepared from reduced disulfides 76
L iteratu re - 76

89

The reactions are:
R j S j  +  H2-

2RSH +  HgO-

-2RSH
R -

R -
>H g +  HjO

A careful check was made with pure nitrogen, lead sulfide 
free from lead sulfate, and sodium hydroxide. A 0.1 per cent 
solution of heptyl mercaptan treated for 60 minutes under 
these conditions failed to sweeten and the aqueous layer 
showed no lead or sulfate ions. When the nitrogen con
tained approximately 5 per cent of oxygen, sweetening re
sulted in 2 minutes.

Effect o f T yp e o f Lead Su lfide

The nature of the lead sulfide is also a factor in the sweeten
ing reaction; and the activity depends principally on its rate 
of oxidation. One lot sweetened the gasoline in 2.5 minutes 
(when lead sulfate was removed by sodium hydroxide, 15 
m inutes were required for sweetening); another required 
22 minutes under similar conditions; while galena showed no 
action even for the pure mercaptans.

Using sodium hydroxide, sulfur, and oxygen the results 
•obtained upon the gasoline from Panhandle crude oil with 
■different types of lead sulfide are shown in Table V.

T a b le  V— S w e e t e n in g  w ith  D if fe r e n t  T y p e s  o f  L ea d  S u lf id e
P p t d . pr o m

H iS Pb(C iIL O i)j
OVER WITH
PbO i H2S G a l e n a

- - +

10 22 60

with sodium hydroxide and sulfur, and the mixture, together 
with the gasoline, was blown in separate experiments with 
nitrogen, air, oxygen, and ozonized air. The results are 
tabulated in Table VI.

T a b le  V I— E ffect o f  O x y g en  C o n c e n tr a t io n
O z o n iz e d

N it r o g e n ® A ir  O x y g e n  A ir 
R eaction  to doctor te s t  +  — — —
Tim e of reaction , m inutes 60 25 10 7

® C ontained 4 per cen t oxygen .

These results indicate tha t concentration of oxygen is a 
factor in the rate of sweetening. For example, air took 
twice the time to sweeten required for oxygen, while ozonized 
air required only one-third the time required for air. Ni
trogen showed no sweetening reaction whatever, indicating 
further th a t when the lead sulfide is not oxidized to lead 
sulfate no sweetening will occur.

Further proof of reaction (1) is the fact tha t it is very 
difficult to dry  a sample of precipitated lead sulfide in an 
atmosphere of air w ithout partial oxidation to  lead sulfate. 
An experiment was made to show to what extent this oxida
tion occurred. A sample of lead sulfide precipitated by pass
ing hydrogen sulfide into a solution of lead acetate was care
fully washed and the resulting lead sulfide dried in the ordi
nary manner in a drying oven. The resulting lead sulfide 
contained 22 per cent of lead sulfate.

In conducting the experiments with lead sulfide it is quite 
necessary to be assured of the absence of lead sulfate. It 
is further necessary to wash the lead sulfide thoroughly 
when it is precipitated from an alkaline solution. One series 
of experiments showed tha t when lead sulfide was precipitated 
from a sodium plumbite solution and filtered, the rate of 
sweetening for the pure mercaptan solution was practically 
the same as when the solution of sodium hydroxide was 
added to the lead sulfide. Determination of the amount of 
sodium hydroxide remaining in the lead sulfide precipitate 
on the filter paper showed it to be practically half the total 
am ount used in the experiments with the pure mercaptans.

When samples of lead sulfide (from lead acetate) were 
suspended in sodium hydroxide and blown with oxygen, 
the results shown in Table V II were obtained.

HjS f r ’o m  
P a n h a n d l e  

S to c k  PbS C r u d e  - f  
(22%  PbSO<) N aiPbO j

R eaction  to
doctor test — —

T im e of reaction,
m inutes 2 .5  10

The lead sulfides precipitated from aqueous solutions were 
washed free from adhering reagents and were not dried before 
using. The sample prepared from lead peroxide and the 
stock sample were mixed to a paste with water before they 
were used.

I t  is noted th a t galena, which is the naturally oceurring 
form of lead sulfide, did not sweeten the gasoline from Pan
handle crude even in the presence of sodium hydroxide, oxy
gen, and sulfur. The galena was crushed and ground to 
50, 100, and 150 mesh and a separate test made with each 
size. All the lead sulfides with the exception of galena 
produced sodium plumbite and sodium sulfate when blown 
w ith air or oxygen in the presence of sodium hydroxide.

Effect o f C o n cen tra tio n  o f O xygen

A series of tests was made to determine the effect of the 
concentration of oxygen upon the time of reaction. The 
lead sulfide prepared from the Panhandle gasoline was used

T a b le  VII- 
T im e  o p  B l o w in g  

M inutes  
10 
20 
30

-E f fe c t  o f  B lo w in g  L ead  S u lf id e
N aiP b O i NajSO i

M ot M ol
0 .0 0 8  0 .0 0 7
0 .0 0 9  0 .0 0 8
0 .0 1  0 .0 0 9

These results accord with reaction (1)—i. e., one mol of 
sodium sulfate is formed for each mol of sodium plumbite.

S w eeten in g  A ctio n  o f M eta llic  Su lfid es

In  order to determine whether the sweetening reaction is 
general, further experiments were conducted with the sulfides 
of mercury, silver, copper, and nickel.

The solution of benzyl mercaptan was sweetened by all 
the sulfides when blown with oxygen in the presence of sodium 
hydroxide. The sulfate ion was strongly present in all cases. 
The solution of butyl mercaptan was sweetened by nickel 
sulfide only under the same conditions. The sulfate ion 
was invariably present. The nickel sulfide was precipitated 
from a solution of nickel nitrate, washed, and dried. Anal
ysis showed it to contain 17.2 per cent of nickel sulfate- 
F iltration of the sulfide after precipitation showed the pres
ence of colloidal sulfur formed by the oxidation of hydrogen 
sulfide by the nitric acid in the nickel nitrate solution. The 
nitric acid is formed by hydrolysis.

When sulfur was added to the mixture of butyl m ercaptan 
and the suspended sulfides in sodium hydroxide, the mer-
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captan was sweetened in all cases. The sulfate ion was 
produced as usual.

In all cases the sulfides are oxidized to sulfates. Even 
on drying the precipitated sulfides in a drying oven in air 
the sulfates were formed. Two samples of lead sulfide from 
different sources showed 23 per cent oxidized to the sulfate; 
nickel sulfide was oxidized to the extent of 17 per cent; 5 
per cent of a copper sulfide was converted to the sulfate.

The succeeding reaction, then, depends upon the metal. 
Lead forms the plumbite; mercury the oxide; silver, copper, 
and nickel the hydroxide. In all cases, however, the mer- 
captide of the metal, X, is formed and is subsequently con
verted to the disulfide in the manner shown for lead sulfide.

R S \  R— S
>x + S— >• I + x s

RS7  R— S

Polishing and Etching Lead, Tin, and Some of T heir 
Alloys for M icroscopic Exam ination1

By J . R . V ilella  and  D . BeregekofF

U n io n  C a r b id b  a n d  C a r b o n  R e s e a r c h  L a b o r a t o r ie s , I n c . ,  L o n g  I s l a n d  C it y , N . Y .

THIS work forms part of a series of investigations on im
proved methods of polishing and etching conducted 
a t the Union Carbide and Carbon Research Labora

tories, Inc. In addition to the present contribution, this 
investigation has resulted in the development of a  method 
of polishing steel which does not drag out the non-metallic 
inclusions;2 also in improved methods for polishing and etch
ing iron-chromium alloys, copper and its alloys, and alumi
num and its light alloys.3

P o lish in g

The proper development of the structure of lead or any of 
the lead-base alloys is not a  difficult task if the operator, 
from the very beginning of the process, directs all his efforts 
toward obtaining a finished surface free from disturbed metal. 
It is a serious error to base the judgm ent of satisfactory pol
ishing solely on the absence of scratches, particularly when 
working with soft metals. Scratches, though very unde
sirable, seldom obscure the structure beyond recognition and 
arc always easily recognized. On the other hand, disturbed 
metal often completely covers the prepared surface and the 
patterns it makes have been frequently accepted as the true 
structure of the metal.

While the importance of guarding against this error has 
been frequently stressed in the literature, i t  cannot be over
emphasized when discussing a method for the polishing of 
lead. Proper polishing is a delicate operation even when 
working with steel or harder metals, bu t when working with 
lead it is to be considered an accomplishment and its success 
depends as much upon the care and skill of the operator as 
upon the method of procedure, for it is possible to obtain 
satisfactory results by more than one method. The proce
dure to be described has been selected chiefly because it is not 
complicated and when properly carried out yields finished 
surfaces quite free from disturbed metal.

P r o c e d u r e — (1) To minimize distortion of the surface 
metal, the sample should be cut with a sharp hack saw, tak
ing special care to avoid dragging and pushing. I t  is well 
to smear the saw blade with a few drops of oil.

(2) The specimen should then be ground with gentle 
pressure on a coarse emery paper th a t has been previously 
smeared with a concentrated solution of paraffin in kerosene. 
This prevents the particles of lead from adhering to the paper 
and forming a glaze which drags and distorts the surface metal. 
At least Vm inch of metal should be ground away during

1 R eceived April 5, 1927.
5 Burgess and Vilella, Trans. A m . Soc. Steel Treating, 7, 486 (1925).
i  Vilella, Iron Age, 117, 761, 834, 903 (1926).

this step. The speed of the revolving disks should not ex
ceed 500 r. p. m. a t any stage during the entire operation.

(3) The specimen is then ground successively on No. 2, 
No. 1, No. 0, No. 00, and No. 000 emery papers, all pre
viously smeared with the solution of paraffin in kerosene. 
Grinding on successive papers should be continued for a t 
least one minute after all the scratches left by the preceding 
one have disappeared, and care should be taken to exert the 
minimum pressure needed to secure good cutting action. 
The scratches left by No. 000 paper are frequently too deep 
to be easily removed during the next step (wet polishing), 
and for this reason the specimen should be ground, when 
necessary, on an old No. 000 paper th a t has been well worn 
by previous use. This last paper, as a rule, yields very fine, 
even scratches which disappear easily during wet polishing. 
The specimen should now be rid of all traces of paraffin and 
grit,

(4) W et polishing is carried out on a perfectly clean broad
cloth smeared w ith an abundant supply of soap. The abra
sive to  be used is a water suspension of the finest levigated 
alumina obtainable. A t this stage of the operation a black 
smudge appears on the surface of the specimen. When this 
happens, polishing should proceed very gently, taking care 
to maintain the cloth thoroughly wet with alumina and soap, 
until all traces of smudge have disappeared and the surface 
appears bright.

(5) The scratches left after polishing on broadcloth are 
often quite deep and remain visible after etching. They can 
be removed by finishing the operation by hand on a clean 
pad of silk velvet well soaked with soap and alumina. The 
sample is then washed carefully to remove all traces of soap.

The specimen is now ready for its first etching.

E tch in g

The etching of lead or any soft metal is not a process inde
pendent of polishing. Even the best prepared surface is 
never completely free from a film of distorted metal which 
must be eliminated in order to  reveal the true structure of 
the metal. This can never be accomplished by the etching 
reagent alone, no m atter how long the specimen is exposed 
to  its action. A prolonged chemical a ttack  will result only 
in pitting, blackening, and roughing the prepared surface. 
I t  is necessary to employ the method of alternate polishing 
and etching, la ter described, by means of which the film of 
distorted metal is gradually removed by the reagent, while 
the succeeding light polishing prevents the evils of a long- 
continued chemical attack. Figures 1, 2, and 3 illustrate 
the gradual development of the true structure of a lead-anti-
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Figure 1— Appearance of th e  F igure 2— Sam e field after re- F igure 3— Sam e field as F igures 1 F igure 4— Poor polishing. Same
structure after first etch . X  100 polish ing and re-etching. X  100 and 2 after second repolishing and re- specim en as F igures 1, 2, and 3 after

etch ing repolishiug and re-etching three
tim es. N o  precautions taken to 
avoid  distortion of surface metal

Figure 8— Lead-antim ony alloy. 16 per F igure 9— Pure tin .
cen t antim ony as cast. Show s eu tectic  175° C. for 12 hours, 
and prim ary crystals o f an tim on y. X  250

mony alloy containing 2.5 per cent antimony by the method 
of alternate polishing and etching.

P r é p a r a t i o n  o p  R e a g e n t —The accompanying struc
tures of lead and lead-antimony alloys have been developed 
by etching with a reagent of the following composition (by

Forged and treated  a t F igure 10— 80 per cent lead -20  per cent tin.
A ir-cooled. X  100 As cast in  h ot mold. X  500

volum e): 1 part concentrated nitric acid, 1 part glacial acetic 
acid, and 4 parts glycerol.

The structures of the lead-tin alloys were developed by 
a reagent containing twice as much glycerol as the above 
formula.

Figure 5— R olled  lead. X  100 Figure 6— Extrusion bands in ham m ered lead. 
X 100

Figure 7— Pure tin . Forged and treated at 
150° C. for 2 hours. A ir-cooled. X  103
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Figure XI— 1 Per cen t antiinouy-lead alloy. F igure 12— Sam e as F igure XI. X  500 Figure 13— Sam e alloy as cold-w orked.
Cast iu u hot m old, cooled  slow ly . X  100 X  100

Figure 14— Sam e alloy, b ut treated  a t Figure 15— Lead-tin a lloy , 3  per cen t tin . F igure 16— Sam e a lloy  a t X  500
225° C. for >A hour and air-cooled. X  100 T reated a t 200° C. for ■/> hour and quenched.

X 100

Pure tin can also be etched with this combination of acids; 
the ratio m ust be changed, however, in order to prevent the 
deposition of metastannic acid on the prepared surface. The 
accompanying structures (Figures 7 and 9) were developed 
with a reagent consisting of 1 part by volume of nitric acid, 
3 parts of acetic acid, 5 parts of glycerol.

P r o c e d u r e —Reagents prepared in glycerol are, as a rule, 
quite slow in starting their action. For this reason it will 
be found convenient to warm the specimen in a current of 
hot water before immersing in the reagent. When working 
with pure lead or lead-antimony alloys the first attack should 
not exceed 15 seconds in duration. For lead-tin alloys 5 
seconds are sufficient. After the first a ttack  the specimen 
is examined under the microscope and its structure noted. 
It is next repolished gently on the silk-velvet pad until bright 
and re-etched for about 10 seconds, if working with lead or 
lead-antimony alloys, and for 3 seconds in cases of lead-tin 
alloys. This process of alternate polishing and etching 
should be repeated as long as the appearance of the structure 
continues to improve. As a rule, three repolishings suffice, 
but sometimes more are required. If the method has been 
carried out carefully the final structure should be rich in de
tail and free from scratches. (Figures 5, 6, 7, 8, 9, and 10)

The development of the structures of soft metals, and par

ticularly of lead alloys, has been recently discussed by Lucas,4 
who finds after considerable experimentation th a t the usual 
methods of polishing are unsatisfactory for the preparation 
of lead specimens, chiefly because of the difficulty of remov
ing scratches. He finds th a t in specimens prepared by the 
usual methods of polishing “one must resort to  deep etching 
to get below the polishing inperfections” and th a t “ the pol
ishing operation also causes the surface of the specimen to 
blacken.” These difficulties coupled with the fact th a t the 
polishing of a single sample often required several hours of 
w'ork, led him to develop the microtome method described 
in his paper. In  view of the results obtained by this method 
Lucas infers th a t “ from the standpoint of what can be seen 
with the microscope there is no comparison between the old 
and the new method of preparation.” The photomicro
graphs illustrating this paper justify the improvement ob
tained by using the microtome method in preference to the 
usual practice of polishing in conjunction with deep etching. 
Unfortunately, however, the microtome is a piece of appa
ratus not ordinarily found in the equipment of metallographic 
laboratories and, when available, requires considerable ex-

4 "A pplication o f M icrotom e M ethods to  th e  Preparation of Soft 
M etals for M icroscopic E xam ination."  Paper read a t  th e February, 1926, 
M eetin g of Am erican In stitu te  of M ining and M etallurgical Engineers.
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perience to sharpen properly and keep the knife in condition. 
These considerations have led the present writers to publish 
the result of a study of the polishing methods th a t has been 
in progress for some time, and in which has been developed a 
technic th a t is rapid, can be successfully carried out with 
any polishing equipment, and leads to the formation of ideal 
surfaces for microscopical examination.

Figures 11, 12, 13, and 14 illustrate the appearance of the 
structures of a 1 per cent antimony-lead alloy after various 
treatm ents, as developed by the methods of polishing and 
etching described here. Figures 15 and 16 illustrate the 
structure of a  3 per cent tin-lead alloy as developed by the 
same process.

The time required to prepare a sample depends entirely

T otal Carbon in Coal1
Determined by Analysis of Gas from Bomb Calorimeter

By G eo. B . W atk ins

D e p a r t m e n t  o p  C h e m ic a l  E n g in e e r in g , U n iv e r s it y  o p  M ic h ig a n , A n n  A r b o r , M ic h .

on the skill of the operator, an experienced one being able 
to  complete the entire operation in less than an hour. The 
structure of properly prepared samples can be easily devel
oped in 10 seconds, even when employing as slow an acting 
reagent as th a t previously described. I t  is by no means neces
sary to  etch deeply in order to get belovr polishing imper
fections.

The fact th a t the blackening often observed during the 
polishing operation can be avoided by careful manipulation 
or removed, when it appears, by gentle polishing on a very 
wet cloth, seems to indicate th a t its cause is other than oxi
dation due to the polishing operation. I t  has been observed 
th a t a polished specimen of lead will retain its bright surface 
for several days.

A HEAT balance on fur
naces u s in g  fu e l to  
supply the heat energy 

requires a material balance.
A material balance requires 
the measurement of either the 
air or fuel entering the fur
nace and the analysis of the 
products of combustion. The 
analysis of the combustion 
products is relatively simple.
A direct measurement of the 
air required for combustion 
is practically impossible since 
the air usually enters the fur
nace a t m any points. The 
choice of methods for making 
th e  m a te r i a l  and the heat 
b a la n c e  on the furnace is 
therefore limited to the meas
urement and analysis of fuel input.

The actual analytical data relative to fuels, and neces
sary for making a material and heat balance, are the heating 
value, moisture, ash, and to ta l carbon. While the first three 
determinations are relatively short and simple, the recog
nized standard method for total carbon determination is 
slow and tedious, requiring expensive apparatus and skilful 
manipulation.

The methods for determining total carbon in organic com
pounds and fuels all involve the oxidation of the carbon with 
subsequent determination of the carbon dioxide formed. 
The methods m ay be divided roughly into twro classes: (1) 
those using molecular oxygen to complete the oxidation, and
(2) those using oxidizing agents other than molecular oxygen 
to  complete the oxidation. An example of the first class is 
the well-known Liebig method for ultim ate analysis, in which 
the combustion is carried out in a stream of dry and pure 
oxygen, absorbing the carbon dioxide formed in potassium 
hydroxide solution. This method is the recognized stand-

* Presented before th e  D ivision  o f G as and Fuel C hem istry a t th e 73rd 
M eeting of the Am erican C hem ical Society , R ichm ond, V a., April 11 to  16, 
1927.

ard for the determination of 
carbon and hydrogen in or
ganic compounds and fuels.5

While this method gives 
excellent results when used by 
skilled and competent chem
ists in laboratories especially 
equipped for the study of 
fuels, i t  is unreliable when 
used under adverse circum
stances. For th is  reason 
numerous attem pts have been 
made to replace it by a sim
p le r  a n d  m o re  expeditious 
method.

G o u ta l3 determines the 
t o t a l  c a rb o n  in coals by 
exploding the sample in a 
b o m b  s im ila r  in design to 
the one proposed by Rroeker.4 

The bomb has a capacity of approximately 100 cc. and is 
equipped with two needle valves, placed half way up and 
diametrically opposite. The products of combustion are ex
panded into a special absorption apparatus containing caustic 
solution, and the carbon dioxide is determined by titrating 
the excess alkali with standard acid. This method is said to 
be accurate within 0.3 per cent.

P arr’s5 method for estimating the to ta l carbon in coal is 
an example of the second class, in w'hich oxygen other than 
molecular is used to  oxidize the carbon. The method con
sists in utilizing the residue from the sodium peroxide fusion 
in which the to tal carbon of the coal has been oxidized and 
combined with the chemical to form sodium carbonate. The 
residue, consisting mainly of sodium peroxide and sodium 
carbonate, is dissolved in water and treated with acid. The 
carbon dioxide evolved is estimated by absorption in caustic 
solution.

The method proposed in this paper consists of exploding
2 F or detailed  d irections see Bur. M in ts , Tech. P aper  8.
* Fuel Science Practice, 2, 344 (1923).
« Z . Ver. Rubenzuckerind., 46, 177 (1896).
s “ Fuel G as W ater and Lubricants," p. 179, M cG raw -H ill Book Co., 

(1922).

A m ercu ry -sea led  g a so m eter  su ita b le  for m ea su r in g  
th e  v o lu m e  o f th e  gaseo u s p ro d u cts o f c o m b u stio n  fro m  
h e a tin g  va lu e  d e te rm in a tio n s  o f coa l and  c o m b u stib le  
org a n ic  c o m p o u n d s is  d escr ib ed . T h e  carb on  d iox ide  
c o n te n t  o f th e se  p ro d u cts  is d e term in ed  an d  th e  to ta l  
carbon ca lc u la ted .

Five d ifferen t coa l sa m p les  a n d  b en zo ic  acid  a n d  s u 
crose w ere exp loded  in  a  b om b  and  te m p e r a tu r e -tim e  
rea d in g s n ecessa ry  for h e a tin g  va lue  c a lc u la t io n s  re 
corded . T h e  p ro d u cts  o f c o m b u s tio n  w ere th e n  re
leased  in to  th e  g a so m e ter  and  th e ir  v o lu m e  w as m e a s
ured a t  a b o u t a tm o sp h e r ic  p ressu re . S a m p les o f  gas  
w ere w ith d ra w n  fro m  th e  g a so m e ter  an d  carb on  d i
oxide w a s d e term in ed  by a b so rp tio n  in  c a u s tic  so lu tio n .  
T h e  to ta l carb on  o f th e  co a ls ca lcu la ted  fro m  th e se  
d a ta  ch eck s th e  B ureau  of M in es va lu e  w ith in  o n e -  
t e n th  o f o n e  per c e n t . T h e  t im e  req u ired  for th e  to ta l  
carb on  d e te rm in a tio n  is  le s s  th a n  o n e -h a lf  h ou r a fter  
th e  c o m p le tio n  o f th e  h e a tin g  va lue  te s t .
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the coal sample in a Mahler type of bomb, using approxi
mately 20 atmospheres pressure of oxygen, and recording 
the temperature-time readings necessary for heating value 
computations. The gaseous products of combustion from 
the heating value determination are expanded into a mercury- 
sealed gasometer and their volume is measured a t about a t
mospheric pressure. Their carbon dioxide content is then 
estimated in the usual way and the total carbon of the sam
ple computed.

A p p aratu s

G a s o m e t e r — The mercury-sealed gasometer shown at the left 
in Figure 1 was constructed to use as small an amount of mercury 
as possible by concentrically welding two No. 16 B. W. gage 
steel tubes, A and C, to a steel plate, D. The outside diameters 
of the steel tubes A and C are 10.16 and 8.25 cm. (4 and 3 ’/ ,  
inches), respectively. A cover plate is welded to the top of the 
smaller tube, C, which is approximately 127 cm. (50 inches) 
long. The steel plate, D, is mounted on a wooden base 40 by 
61 cm. (16 by 24 inches) and 5 cm. (2 inches) thick, which in turn 
is mounted on castors. The float chamber, B, was constructed 
from No. 11 B. W. gage steel tube, by welding a cover plate to the 
top. A steel nipple connection, E, welded to the cover plate 
serves as an inlet and outlet for the gases. The float chamber 
has an outside diameter of 95 cm. (3V< inches), giving the 
gasometer a capacity of approximately 9000 cc. It can be 
raised or lowered freely in the annular space between the tubes 
4  and C by means of the windlass, F, which is supported on the 
wooden base of the apparatus. The length of the float chamber 
is approximately 0.159 cm. ( ‘/is inch) shorter than tube C, giving 
ample room for the mercury to flow in the annular space when the 
float chamber is lowered to its zero position.

The mercury reservoir, G, was constructed from 
a sheet steel pan, approximately 24 cm. (91/: inches) 
in diameter and 12.7 cm. (5 inches) high, by weld
ing a right-angle connection to the bottom. From  
this connection a rubber tube leads to a steel nipple 
connection, II, welded at right angles to the outside 
tube, A, The reservoir is mounted on a wooden 
shelf which is supported from the base of the ap
paratus.

A bowl-shaped collar, I, machined from cast iron 
and fitted to the top of tube A , serves as a reservoir 
to prevent the loss of mercury by overflow in case 
the float chamber of the gasometer is rapidly forced 
to its zero position. A level sight, J, attached to 
the collar to facilitate the reading of the instrument 
was constructed from a piece of sheet steel and ex
tended nearly to the wall of the float chamber.

B o m b — The bomb, K ,  connected to the gasometer 
and manometer by means of the double needle valve,
.11, and rubber tubing is shown in the upper right- 
hand corner of Figure 1. The bomb, machined from 
monel metal, has a capacity of 255 cc. The needle 
valve (1), which closes the bomb during explosion, 
was carefully packed so that the gases cannot escape 
around the connections when the valve is opened.
This was accomplished by recessing the packing nut 
and winding asbestos cord around the valve stem.
A detailed drawing of the bomb“ is shown in the 
lower right-hand corner of Figure 1.

The double needle valve, M, is connected to the 
oxygen intake in the head of the bomb by means of 
the brass nipple, N. The brass nipple (2) controlled 
by valve (3) is connected to the float chamber of the 
gasometer at E  by a heavy-walled rubber tube. A 
few centimeters from the nipple (2) a glass bulb, O, 
made from a 25-cc. volumetric pipet, is inserted in 
the line. The glass bulb is loosely packed with 
moist cotton gauze, wound on a copper wire and 
introduced into the bulb in a spiral manner so as 
to fill the free space completely. This serves to 
saturate the gases with water vapor as they expand 
from the bomb into the gasometer. The brass nipple 
(4) controlled by valve (5) is connected by a rub
ber tube to a three-way glass stopcock, P, which in 
turn is connected to the water manometer, L.

A mercury-filled buret and a bubbling pipet filled

with caustic solution are used to estimate the carbon dioxide con
tent of the gaseous products.

C alibration  of G asom eter

Before starting the experimental work it was necessary to 
calibrate the gasometer. This was accomplished by introducing 
a measured amount of mercury into a gas-tight system through a 
separatory funnel. The system was connected to the float 
chamber E  so that a definite volume of dry air was forced into 
the gasometer. The system was brought to atmospheric pressure 
by raising or lowering the float chamber by means of an auxiliary 
screw attachment, and the calibration mark made on the float 
chamber. The calibration was continued in this way at 500-cc. 
intervals up to a volume of 6500 cc. Then, by means of a pair 
of dividers, the 500-cc. intervals were further divided into 100-cc. 
intervals.

In the experimental work the gasometer wras always read with 
the level sight, J, upon one of the calibration marks and the 
pressure, either positive or negative, relative to atmospheric 
was recorded on the water manometer.

F u els S tu d ied

For the purpose of checking the accuracy of this method 
for total carbon determination, benzoic acid and sucrose ob
tained from the Bureau of Standards, Washington, D. C., 
and five different coals obtained from A. C. Fieldner, of the 
Bureau of Mines, Pittsburgh, Pa., were used for the experi
mental work. The coals, whose ultimate analysis had been 
determined a t the Bureau of Mines, included semianthracite, 
seinibituminous, bituminous, and lignite.

• Copied from W hite's “ G as and F uel A nalysis,"  p. 
280, M cG raw -H ill Book Co. (1920).
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E xp erim en ta l W ork

A sample of fuel (0.8-1 gram) was exploded as usual in 
the bomb calorimeter containing approximately 20 atmos
pheres pressure of oxygen to complete the combustion. The 
initial temperature of the water in the calorimeter was slightly 
below th a t of the room, so tha t the final temperature of the 
system would be approximately equal to th a t of the room. 
The temperature-time readings necessary for heating value 
computations were recorded. The bomb was removed from 
the calorimeter can and connected to the gasometer through 
the needle valve, M , by screwing the brass nipple, N, into the 
head of the bomb. Then with both valves (3) and (4) open 
and the stopcock P  open to the air, the gaseous products 
from the previous run were expelled from the gasometer by 
lowering the float chamber to its zero point. When the float 
chamber was in this position the level of the mercury came 
just to the top of the steel nipple E  in the float chamber, 
leaving the rubber tube and connections from the gasometer 
to the bomb filled with the gases from the previous run. The 
volume of the rubber tube and connections was about 50 cc. 
The carbon dioxide content of the gaseous products varied 
from 1 to 3 per cent with different runs, making it unneces
sary to  consider the volume of the tube and connections in 
measuring the total volume, as it canceled out from one run 
to another introducing a negligible error.

When the mercury in the gasometer and reservoir was a t 
the same level, valves (3) and (5) were closed. The needle 
valve (1) of the bomb was opened half a turn; then by using 
valve (2) as a  control, the gases were slowly expanded into 
the gasometer. The float chamber was adjusted to the near
est calibration mark th a t would give approximately atmos
pheric pressure. Then the water manometer was connected 
to the system by closing the stopcock P  to the air and open
ing valve (5). After waiting a few minutes until the pres
sure in the system had equalized, the manometer reading 
was recorded and added to or substracted from the baro
metric reading, according to whether the pressure in the sys
tem was above or below atmospheric. The room temper
ature and the gasometer reading were recorded. In  all the 
experiments reported in this, paper the gasometer reading 
was 5000 cc. This value added to the volume of the bomb 
(255 cc.) represented the total volume of the gas under the 
conditions of the experiment.

G as A n alysis

Gas samples for analysis were withdrawn from the gasom
eter through stopcock P  into a 100-cc. buret and the volume 
was measured over meroury. The carbon dioxide content was 
estimated by absorption in a bubbling pipet containing caustic 
solution. A couple of drops of acidulated water were intro
duced on top of the mercury in the buret to compensate for 
the dehydration of the gas in the caustic pipet. Four or 
five gas analyses were made on each explosion and the average 
value was taken to compute the percentage of total carbon 
in the fuel. In  computing the to tal carbon, 22,260 cc. were 
used as the gram-molecular volume of carbon dioxide under 
standard conditions of temperature and pressure.

R e su lts

Table I  gives the results of determinations on the coals. 
The values reported in the last column are the average 
of two runs only, as the prime object of the experimental 
work was to  check the method for total carbon determi
nation. Corrections proposed by Geniesse and Soop7 for 
the solution of copper and nickel in monel m etal bombs were 
applied in computing the heating values. Table I I  gives 
the’results of determinations on the organic compounds.

» T i n s  J o u r n a l , 17 , 1197 (1 9 2 5 ).

T a b le  I— T o ta l  C a rb o n  a n d  H e a t in g  V a lu e  o f  C oals

T o t a l  C a r r ó n H e a t i n g  V a l u e

(B . of M . j  K lN D  o f  C o a l B. of M . G asom eter B. of

A .26840 Bitum inous
P er cent P er cent

7 3 .4
7 3 .4
7 3 .5
7 3 .6
7 3 .6

C al. Per Cal. per 
gram gram

Av. 7 3 .5 7 3 .5 7183 7193

A .26847 B itum inous 7 6 .2
7 6 .4
7 5 .5  
7 6 .0

A v. 7 6 .1 7 6 .0 3 7605 7595

A .26839 Sem ianthracite 6 3 .6  
6 2 .9
6 2 .6  
0 2 .7

A v. 6 2 .7 6 2 .7 5861 5827

A .26566 Scm ib itum inous 8 3 .2
8 3 .1
8 3 .1
8 3 .1

A v. 8 3 .1 8 3 .1 8083 8124

A .27336 L ign ite 5 2 .6
5 2 .8  
5 2 .4
5 2 .9

A v. 5 2 .4 5 2 .6 7 4806 4811

T a b le  II— T o ta l  C a rb o n  o f O r g a n ic  C o m p o u n d s

C o m p o u n d T h e o r e t i c a l F o u n d

Benzoic acid
P er cent P er cent

6 8 .7  
6 S .9
6 8 .8

6 8 .8 Av., 6 8 .8

Sucrose 4 2 .2
4 2 .3

4 2 .1 A v. 4 2 .2 5

C o m p u ta tio n  o f T o ta l C arbon fr o m  E xp er im en ta l Data

The experimental data required for computing the total 
carbon will be easily seen by taking as an example, the first 
run  on the semianthracite coal, No. A. 26839, and making 
the computation.

D a t a

W eight of coal sam ple  
G asom eter reading  
Volum e of bomb  
Barom etric pressure 
M anom eter reading  
R oom  tem perature
A verage CO2 con ten t of gaseous products 

C o m p u t a t i o n  

T otal gas volum e =  5255 cc.
T ota l pressure on system  =» 747 +  12.84 *= 759.84
A bsolute tem perature of system  =  273 +  24 =  297° K .
T otal carbon =* 5255 X  X 7- f ^  X  " ¿ ¡ ¡ I  X  ^  -  0 2 . C per cent

Correction
In “Our Foreign Trade in Chemicals and Allied Products in 

1926,” T h i s  J o u r n a l , 19, 469 (1927), the statem ent is made 
under "Acids and Anhydrides,” that "The largest export item 
is sulfuric acid, which goes entirely to Canada.” The reference 
should be to our imports of sulfuric acid and not our exports. 
Practically the whole of our large acid imports come from that 
country, but acid exports are scattered among many countries, 
the sales to Canada being comparatively small, as that country 
is a  large producer of sulfuric acid. The comparison is, of 
course, on the basis of quantity rather than value.

O rro W il s o n

0 .9 S 6 0  gram  
5000 cc.

255 cc.
747 mm. H g  

+  173 mm. of water 
2 4 .0 °  C.
2 3 .7  per cent
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Q uantitative A ntiknock T e s tin g 1
B y C. K. R e im a n

A r t h u r  D .  L i t t l e , I n c . ,  C a m b r i d g e , M a s s .

SO MUCH has been said about different methods of 
antiknock testing, and such expensive equipment has 
been suggested and used for this work, th a t it is be

lieved that the story of the excellent results obtained in the 
laboratories of A rthur D. Little, Inc., with a simple low- 
priced outfit may be useful to other petroleum groups. 
During the first three years th a t we were interested in making 
antiknock measurements we tried a variety of methods and 
a number of different types of engines. For more than a 
year we have obtained reproducible quantitative antiknock 
measurements using a modified 850-watt Delco unit, and 
during that period it has not 
been necessary to change 
our procedure.

The engine runs regularly 
8, and often 16, hours a day, 
and so far the only repairs 
besides normal cleanings 
have been replacements of 
rings and a new piston and 
cylinder.

It is assumed th a t the 
reader is familiar with the 
Delco unit and the Midgley 
bouncing pin, both having 
been frequently described in 
recen t publications. We 
have used other methods for 
indicating knock—for ex
ample, the listening method 
at incipient knocking—but 
prefer the bouncing pin be
cause it averages with fair 
accuracy the small varia
tions in knock in te n s i t y  
over a given time interval.
It also permits a numerical reading, and the constancy of 
this reading over a series of tests on the same fuel is a fair 
indication of the value of the measurement. If the moving 
parts of this indicator are kept clean and if new pistons and 
springs are occasionally procured, there will be no difficulty 
with the instrument. I t  should be borne in mind, however, 
that such a device gives quantitative results only when the 
difference in knock rating between two fuels being compared 
is small. The volumes of gas produced will certainly not 
be proportional to the knock ratings over a wide range— 
as, for example, if the indicator is adjusted to read 2.00 cc. 
gas per minute with a straight-run paraffin gasoline and 0.2 
cc. with the same gasoline containing 3 cc. of tetraethyl lead 
per gallon (0.8 cc. per liter). This point is of utmost im
portance and is often overlooked.

No attem pt will be made to  outline the many arguments 
in favor of a one-cylinder engine over a multi-cylinder engine 
or of the need in quantitative antiknock measurements of 
making comparisons between an unknown and a known 
fuel, as contrasted with the method sometimes used, of re
porting results in terms of spark advance, highest useful

1 Presented before th e  D ivision  of Petroleum  C hem istry a t  th e 73rd 
Meeting of th e Am erican C hem ical S ocie ty , R ichm ond, V a., April I I  £o 
16, 1927.

1 T hese d ata  are published w ith  th e  kind perm ission of the M agnolia  
Petroleum C om pany.

compression, volume of gas per unit time produced in the 
Midgley apparatus, highest engine speed a t  which knocking 
occurs, etc. I t  is becoming generally understood th a t 
such data are satisfactory in making comparative and quali
tative determinations, but tha t if the highest useful com
pression, for example, is to be taken as the absolute measure 
of the antiknock properties of the given fuel, then all the 
physical characteristics of the engine must be given, together 
with blue prints and operating data. By means of a variable 
compression engine suitable for determining the highest 
useful compression, it is, of course, possible to arrive a t  an

understandable q u a n t i t a 
tive result provided a com
parison is made between the 
unknown fuel and a known 
mixture, and the result ex
pressed in terms of tha t mix
ture, which might be, for 
example, a definite percent
age of benzene in a straight- 
ru n  p a r a f f in  gasoline of 
given chemical and physical 
specification's.

We have believed from 
the first tha t any method 
capable of determining, un
der identical motor condi
tions, which was the better 
from the antiknock stand
point of two fuels of not too 
different antiknock quality, 
could be made the basis of 
a  suitable antiknock testing 
method. I t  is very impor
ta n t tha t the speed, spark, 
t h r o t t l e ,  motor tempera

ture, fuel-air ratio, setting of the bouncing pin, and general 
atmospheric conditions be the same throughout the series, 
since even a small change in any one of these factors might 
make possible an erroneous conclusion. We do believe, 
however, and in this paper offer experimental evidence in 
behalf of this contention, th a t the exact conditions under 
which this comparison is made do not materially affect the 
result. I t  seems safe to generalize and sta te  th a t i t  is only 
necessary th a t the conditions mentioned above be adjusted 
for convenience.

Im p o rta n ce  o f Speed C on tro l

The most im portant variable, and the one frequently 
most difficult to maintain constant, is the engine speed. 
This difficulty was particularly pronounced in the case of the 
Delco unit as received. I t  is apparent th a t the bouncing 
pin under knocking conditions is likely to  make a contact 
a t  every explosion, and since the sum and length of tim e of 
these contacts are integrated in the Midgley apparatus i t  is 
im portant th a t the final gas volume read represent the same 
number of explosions in all cases.

When we first recognized the great importance of this we 
considered making comparisons based on a definite number 
of revolutions rather than on a definite interval of time. 
Another factor is influenced by the speed, however. A t 
higher speeds the piston is running away from the explosion

T h e  m e th o d  o f m ea su r in g  th e  a n tik n o ck  q u a lity  of 
m o to r  fu e ls  developed  in  th e  laboratories o f A rth u r  D . 
L ittle , In c .,  w h ere i t  h as b een  in  c o n s ta n t  u se  for m ore  
th a n  a year, is  exp la in ed  in  d e ta il. T h e  D elco  u n it ,  
a fter  cer ta in  ch a n g es  in  th e  field w irin g , serves as a 
d y n a m o m eter . Speed, a  very im p o r ta n t fa c to r  in  
d e te rm in in g  q u a n tita tiv e  resu lts , ca n  be p o sitiv e ly  
c o n tro lled  e lectr ica lly . R e su lts  are reported  in  per
c en ta g e  a n ilin e  added to  a paraffin -base fu e l serv in g  as 
a n  in te rm e d ia te  stan d ard . T h is  stan d ard  is prov ision 
a lly  p laced  o n  Edgar’s a b so lu te  h e p ta n e -o c ta n e  sca le.

Provided th ere  is  b u t l it t le  d ifference in  a n tik n o ck  
v a lu e  b etw een  th e  u n k n o w n  sa m p le  an d  th e  k n ow n  
a n ilin e  sta n d a rd s used  in  th e  final com p a riso n , i t  is  
sh o w n  th a t  th e  sa m e  resu lt  is  o b ta in ed  w h eth er  th e  
co m p a riso n  is  m ad e a t  h ig h  or low  sp eed , h ig h  or low  
co m p ress io n , h ig h  or low  pow er o u tp u t, w ith  heavy or 
l ig h t  k n o ck in g , r ich  or lea n  m ix tu re , and  regard less of 
th e  t im in g  o f th e  spark . Q u a n tita tiv e  r esu lts  o n  a 
ser ies o f fu e ls  are in c lu d ed .
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wave a t a higher rate and the maximum pressure developed 
is less. This might well show up in the results obtained 
in the Midgley apparatus, which takes into some account, a t 
least, the difference between a hard and a light knock.

M eth o d  of C o n tro llin g  Speed

Our first attem pts to maintain constant speed were not 
successful. I t  made no difference whether the output from 
the generator of the Delco unit was used to  charge the 
batteries or to heat an external resistance, or whether vari
able resistances were pu t in the field windings of the generator. 
On taking the generator to pieces it was found th a t the field 
was cumulative, compound-wound. The shunt field winding 
consisted of many turns of relatively fine wire around each 
of the four poles, and the series coil consisted of a few turns 
of relatively coarse wire around each of the poles wound in the 
same direction as the shunt field. This makes an excellent 
set-up for the fanner as it is foolproof, but it is not a satis
factory dynamometer since, regardless of what the operator 
may try  to  do, the unit continues to  operate in the manner 
for which it was designed.

If one of the field windings is disconnected the excitation 
of the field is not sufficient to hold the speed of the motor 
a t a reasonable level. I t  tends to run away, since with the 
30 volts available a t the brushes too small a current, for 
example, would flow through the high-resistance shunt coil. 
In  order to obtain sufficient field excitation a t 30 volts it 
would have been necessary to rewind the field coil using larger 
wire. I t  -would then have been possible to put a suitable 
rheostat in this'field circuit and thereby vary the excitation. 
By this means accurate control of the speed would be possible.

The only other alternative for varying the excitation of 
the field was to apply a higher voltage to the shunt field 
windings. Fortunately 110 volts d. c. were available in 
the laboratory, and with this current through a variable 
resistance it was possible to excite the field to any degree 
desired and thereby maintain absolute speed control. The 
change-over was very simple—the wires of the series field 
were disconnected and leads were brought out from the shunt 
field to the external source of current.

A d van tages o f D y n a m o m eter  M eth o d

W ith this change the generator of the Delco unit becomes 
an electric dynamometer and offers all the advantages of such 
an instrument. In  antiknock testing this method of applying 
the load electrically is of great importance, not only in speed 
control, but also in determining the degree of knocking a t 
which tests are to be made. I t  is obvious th a t by  increasing 
the voltage applied to the field winding the load is increased 
in a way similar to th a t on an automobile engine when a 
steep hill is encountered. By varying the applied field 
voltage and the throttle, within limits, any degree of knocking 
with any fuel can be obtained with any compression ratio.

The convenience of the dynamometer is evidenced in 
one more m atter of importance in connection with the Delco 
unit. Using a low-compression head which was designed 
for use in the outfit, the speed is about 1100 r. p. m. with 
throttle wide open. Under these conditions the output is 
850 w atts. W ith higher coinpression heads and the throttle 
wide open, higher speeds and greater power outputs are 
obtained. The most im portant result of this increased 
load is a marked tendency of the motor to overheat. Air 
cooling becomes inadequate and various cases have been 
brought to our attention in which unusual efforts were made 
to keep the engine cool, or a t  least a t constant temperature. 
If, by varying the applied field voltage, the ou tput of the 
generator is m aintained a t a point not far above its rated 
capacity, no difficulties from overheating will be encountered.

A water-cooled head would make possible constant and 
controlled running conditions a t either a higher power output 
or a higher knocking level. However, this is not absolutely 
necessary, since fuel comparisons are readily made at the 
lower power output and a t a modest degree of knocking with 
identical results.

In  connection w ith such a testing unit a speed indicator 
of some type is almost essential. We have used satisfactorily 
an automobile speedometer driven through fiber gears on 
the generator shaft. The operator watches the speedometer 
needle and occasionally adjusts the rheostat in the field 
circuit in order to keep the speed constant. A tachometer 
having a greater needle movement for a given change of 
speed would make possible even more accurate speed control.

S tan d ard  F u els

To make quantitative antiknock tests, comparisons must 
be made w ith a known standard fuel, preferably blended 
with known amounts of a knock-suppressing material, such 
as benzene, aniline, or tetraethyl lead.

We hope th a t before long all the petroleum laboratories 
will be reporting results in terms of some absolute standard. 
In  this paper we give some preliminary results comparing 
the isooctane-A-heptane mixtures suggested by Edgar with 
our intermediate standard. When more of the normal 
heptane is available we hope to repeat and improve these 
data so th a t we will know exactly where our intermediate 
standard is on the absolute octane-heptane scale.

We have used as an intermediate standard an especially 
prepared straight-run gasoline from a midcontinent crude 
having the following characteristics:

D i s t i l l a t i o n  D a t a

° F. ° C. 
In itia l 144 62
20%  214 101
50%  266 130
90%  368 1ST
E. P. 133 223

This material is kept carefully sealed in drums and great 
care is taken to prevent losses of lights in handling. New 
batches of this fuel prepared for us a t the Magnolia Refinery 
in Texas are carefully checked against older batches before 
being put into use.

We have added to the midcontinent intermediate standard 
benzene, tetraethyl lead, and aniline a t different times in 
order to make the antiknock property of the intermediate 
standard equal th a t of the fuel being tested. The amount 
of such material added becomes a measure of the antiknock 
quality of the unknown fuel. . Of these three materials we 
prefer the aniline, for the following reasons:

1— The commercial material can be sufficiently purified by 
making a simple distillation using an air-cooled condenser.

2—Relatively small amounts are required so that the distilla
tion characteristics of the mixture are not changed.

3— Sufficient quantities are used so that they can be measured 
accurately, whereas in the case of tetraethyl lead they are almost 
too small.

4— The tetraethyl lead is unpleasant to handle in  the labora
tory and it is frequently necessary to check the purity of the 
sample by analysis.

5— Benzene, because of the large quantity required, changes 
entirely the characteristics of the standard fuel and always 
tends to enrich the mixture, so that it becomes questionable 
whether or not the benzene scale is a satisfactory- measuring 
stick for the antiknock property.

6—Aniline additions, like tetraethyl lead up to moderate 
limits, appear to be almost a straight-line function of the highest 
useful compression in a given engine.

7— The only serious disadvantage with aniline is that at the 
higher antiknock levels, about 6 per cent aniline in our standard 
fuel, the limit of solubility of the aniline is reached. In testing 
gasolines of high antiknock value it  m ight be well to shift to 
the tetraethyl lead scale. For the lower range of testing we 
believe the aniline to be the most convenient. We have found

B£. a t 6 0° F . (15 .6° C .), 57.5  

U nsaturates, 1.06 per cent
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it possible to test high antiknock fuels, with the exception of 
benzene blends, after diluting with the intermediate standard. 
Judging from the straight-line plots obtained for mixtures of 
gasolines, the antiknock value of a 50:50 mixture of a high anti
knock unknown fuel and the standard would be half the actual 
antiknock value of the unknown fuel. This point is further 
discussed later.

M eth o d  of T e stin g

In determining the antiknock value of an unknown sample 
of gasoline we first make preliminary tests (to be described 
later) and then prepare two standard fuels which are blends 
of the midcontinent standard and aniline so tha t one will be a 
somewhat better and one a somewhat worse antiknock 
fuel than the unknown. On the lower part of the scale we 
prefer to have no more than from 0.2 to 0.4 per cent aniline 
difference in the two known samples. A t the upper end of 
the scale when testing fuels of high antiknock value this 
difference should be made about twice as great in order to 
get a sufficient difference on the Midgley apparatus between 
the two standards.

As an example, let us assume th a t the two standard fuels 
contain, respectively, 2.8 and 3.2 per cent aniline—the 
unknown we expect to come between these two. We first 
adjust the engine as to  compression ratio, speed, throttle, 
and spark so th a t a modest degree of knocking will be evi
denced on the better standard fuel, 3.2 per cent aniline. 
After running for a few minutes on this fuel we shift to  the 
lower standard fuel, which should knock considerably more. 
The volume of gas per minute in the Midgley apparatus 
may be 0.3 and 1.3 cc., respectively, which is a convenient 
order of difference. Should the knocking be too severe on 
the poorer fuel or the volume of gas in the two cases not of 
the order mentioned, changes in the throttle and field voltage, 
maintaining the speed always constant a t about 1100 r. p. m., 
are made until such is the case.

The motor is then run on each of the two standard fuels 
for 10 or 20 minutes, making readings of the volume of gas 
produced in the Midgley apparatus each minute. I t  is 
then run for 10 or 15 m in u te  on the unknown, and finally 
again on the two standards. The average number of cubic 
centimeters of gas per minute for the two standard fuels is 
then plotted against the percentage of aniline in these mix
tures. From this plot and the cubic centimeters of gas per 
minute produced in the Midgley apparatus by the unknown 
fuel can be read the percentage of aniline in the intermediate 
standard fuel, which is the equivalent of the unknown in 
antiknock rating. This percentage of aniline we call the 
aniline equivalent of the unknown fuel.

In the accompanying tables and curves the antiknock 
ratings, expressed as aniline equivalent, are given for a 
series of fuels. The curve showing the relation between our

scale and isooctane-heptane mixtures is provisional, but 
represents the best values obtainable with the small quantities 
of these materials available a t this time. From this curve, 
when once it is definitely established, the percentage of 
isooctane in normal heptane corresponding to any aniline 
equivalent can be read, and this figure becomes an absolute 
value of the antiknock rating.

P relim in ary  T e stin g  o f U n kn ow n F u els

Before placing an unknown fuel definitely on the anti
knock scale it is necessary to know its approximate value in 
order to choose correctly the two aniline mixtures with which 
it is to be compared. The dynamometer arrangement has 
also been found useful here. The operator runs the engine 
on the unknown fuel and gradually increases the applied 
field voltage, which slackens the engine speed a t a constant 
power output, until incipient knocking occurs. W ith a 
little experience, and of course depending on the throttle 
opening, compression ratio, etc., he can make a very accurate 
guess as to the aniline equivalent of the fuel in question by 
noting the applied field voltage. If a series of unknown fuels 
is to be tested they are generally run one after the other and 
given this preliminary test. Each is then definitely placed 
on the scale by means of the accurate comparison described 
above. When the accurate comparison is made, if the un
known fuel does not fall between the two standard fuel 
mixtures and it is necessary to extrapolate, the test is re
peated using correctly chosen standards. We have found a 
much greater divergence in check results when we have 
accepted values obtained by extrapolation.

Provided no im portant change has occurred in a sample, 
such as loss of lights or polymerization and oxidation of un- 
saturates, we have no difficulty in checking antiknock results 
on the same sample after a period of months.

V arying C om p ression  R atio

We have a  number of interchangeable heads for the 
Delco unit which were prepared by the Research Laboratory 
of the General Motors Company, and which permit us to 
vary the compression ratio from 5 to 6.4. When we first 
started testing we were obliged to change these heads fre
quently in order to make possible the testing of fuels of high 
and of low antiknock value. By means of the dynamometer 
deuce described above, we have found it possible to test 
high and low antiknock fuels on the same head. As a 
corollary we can state th a t the same fuels tested on different 
heads show identical knock ratings. The results, some of 
which are given in Table I, indicate th a t if one fuel is a 
better antiknock than another when used in an engine of a 
given compression ratio it will still be a better antiknock 
fuel if used with a different compression ratio. This seems 
entirely logical, bu t for our own information we desired to 
check this factor and also a number of others.

Effect o f O ther F actors

We determined on our aniline scale the antiknock value of 
a cracked gasoline of midcontinent origin in the usual normal 
manner, and repeated the determination on the same fuel 
under a number of different conditions, varying such factors 
as speed, spark, and richness of the mixture, etc. In  all 
cases the unknown and the standard fuel mixtures were 
compared under identical conditions. As will be seen from 
Table I, all the results are practically alike, with only such 
small differences ¡is might be expected in routine testing of 
this kind. No attem pt was made to  repeat the tests and 
make check measurements under each set of conditions 
to  get an average which would be nearer the correct value. 
W ithout doubt, had this average been obtained over a
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series of tests in each case much smaller differences, if any 
a t all, would have been reported. In  this connection we 
have frequently checked results using the bouncing-pin indi
cator by the listening method, and varying either the applied 
field voltage or the throttle.

E ffect o f  B en zen e

Realizing the effect of the addition of such a low-boiling, 
high-calorific material as benzene, we repeated this series of 
tests on a blend of our midcontinent standard gasoline and 
25 per cent benzene. The results checked in all cases but 
one as in the previous tests. As was to be expected, when 
operating on a richer mixture, the effect was more pronounced 
with benzene than with the standard fuel plus aniline— 
in other words, the apparent antiknock value of the benzene 
blend, when operated a t a rich carburetor setting, was high.

This opens up the question as to  whether comparative 
antiknock tests should be made a t a  given needle valve or jet 
setting in the carburetor or whether they should be made at 
a constant fuel-air ratio or held constant in this respect by 
means of exhaust gas analyses. Benzene, besides being 
intrinsically a knock suppressor, adds to its intrinsic anti
knock effect on two counts: (1) I t  makes the entire fuel
more volatile; and (2) owing to its higher B. t. u. content a 
benzene blend always runs rich, despite the counter-balancing 
effect of higher viscosity which permits a smaller am ount to 
pass through a given needle-valve setting. This fact is
illustrated in the accompanying chart, where it will be noted
th a t benzene is the only material which does not give a 
straight-line relation against the standard. Each additional 
increment of benzene used gives a  greater antiknock effect 
than  the preceding increment.

T a b le  I— E ffec t  o f  T e s t in g  u n d e r  D if fe r e n t  C o n d it io n s
A p 

p l i e d  C o m -
F i e l d  p r e s -  A n i l i n e
V o l t - s i o n  S p a r k  M i x t u r e  E q u i v a -

S p e e d  O u t p u t  a c e  R a t i o  P o s i t i o n  ( J e t  N o . )  l e n t

R . p .m . Volts A m ps. W atts
p r e s s u r e - c r a c k e d  m i d c o n t i n e n t  g a s o l i n e

1125 35 X 2 8 .5 sa 1000 54 5 .6 N orm al N orm al 15 1 .1 0
1125 32 X 2 5 .5 —- 815 43 6 .0 N orm al N orm al 15 1 .11
1125 40 X 32 S3 1280 70 5 .2 N orm al N orm al 15 1 .1 7
1125 34..5 X 28 t=3 906 51 5 .6 N orm al N orm al 15 1 .1 2
1125 33 X 26 S3 858 4 5 .5 5 .6 Advanced N orm al 15 1 .0 8
900 29 X 2 4 .5 S3 710 46 5 .6 N orm al N orm al 15 1 .0 5

1250 38. 5 X 31 ■= 1175 57 5 .6 N orm al N orm al 15 1 .1 6
900 31 X 25 C= 775 70 5 .6 N orm al N orm al 15 1 .1 8
900 39 X 28 = 1093 46 5 .6 N orm al Lean 13 1 .11

2S P E R  C E N T  B E N Z E N E  I N  S T R A IG H T -R U N  M ID C O N T IN E N T  G A SO L IN E  (S T A N D A R D )

1075 36 X 29 » 1045 59 5 .6 N orm al N orm al 2 .3 1
1075 38 X 3 1 .5 =* 1198 73 5 .4 N orm al N orm al 2 .3 3
1075 38 X 3 1 .5 = 1198 67 6 .0 N orm al N orm al 2 .3 5
1200 35 X 2 8 .8 r=r 1008 58 5 .6 N orm al N orm al 2 .3 2

950 35 X 2 8 .5 sa 1008 73 5 .6 N orm al N orm al 2 .3 1
1075 39 X 32 1248 76 5 .6 N orm al R ich 2 .6 2

Unless it is essential th a t we report antiknock results 
in terms of benzene blends, the only time when the fuel-air 
ratio becomes im portant in antiknock testing is when benzene 
blends and similar mixtures are tested, which in most lab
oratories does not happen very frequently. We suggest, 
therefore, a t  least until some very simple method is devised 
for regulating this extra richness of the mixture in the case of 
benzene blends, tha t it be disregarded and th a t the unknown 
and the standard fuel be run a t the same needle-valve setting.

D isc u ssio n  o f A n tik n o ck  V alu es in  T ab le  II

We have tested only two authentic straight-run paraffin- 
base gasolines. They came from Wellsville and Cabin 
Creek districts, respectively, and had closely similar Engler 
curves with 437 end points. The antiknock values were 
—0.4S and —0.50. The pressure-cracked paraffin-base 
was of Cabin Creek origin.

The pressure-cracked midcontinent is from the same 
crude as our standard fuel. When midcontinent gasoline 
is mentioned in this table it refers to this standard.

T a b le  II— A n t ik n o c k  V a lu e s  o f  G a s o lin e s
A n il in e

E q u i v a l e n t

Straight-run from paraffin-base crude (437)° —0.50
Straight-run m idcontinent (437) (interm ediate standard) 0 .00
41 per cen t isodctane -f- 59 per cen t ¿V-hcptanc (provisional) 0 .00
Pressure-cracked paraffin-base (437) 0 .93
Pressure-cracked m idcontinent (437) 1.45
V apor phase cracked paraffin-base (437) (av.) 8 .00
Straight-run California (420) (av.) 4 .50
Pressure-cracked C alifornia (410) 3 .30
3 cc. tetraethy l lead per gallon m idcontincnt (0.8 cc. per liter) 5 .50
Straight-run paraffin-base (400) 0 .33
Straight-run paraffin-base (375) 0 .63
Pressure-cracked m idcontinent (400) 2 .15
Pressure-cracked m idcontincnt (375) 2 .43
10 per cent casinghead in m idcontinent 0.68
25 per cent casinghead in m idcontinent 1.03
50 per cent casinghead in m idcontinent 1.98
Com m ercial prem ium  antiknock  gasoline N o. 1 3 .75
Com m ercial prem ium  antiknock gasoline N o . 2 3 .75
Com m ercial prem ium  antiknock  gasoline N o. 3 3 .42
Com m ercial non-prem ium  antiknock  gasoline N o. 1 3 .00
C om m ercial non-prem ium  antiknock  gasoline N o . 2  1.88
C om m ercial e th y l gasoline N o . 1 4 .5  to 7.0
Com m ercial e th y l gasoline N o. 2 4 .5  to 5.5

a N um bers in parenthesis are end points.

The increase in antiknock value of cracked gasoline over 
the straight run from the same crude is of the same order 
of magnitude for paraffin-base and midcontinent base crudes, 
but this relation does not appear to hold in the case of the 
two California samples. We understand th a t these straight- 
run and cracked materials came from the same crude, but 
have not yet had opportunity to obtain duplicate samples. 
We repeated the tests several times and believe our figures 
correct for the particular samples tested. I t  is possible, 
of course, th a t the rearrangements in naphthcnic-base 
stocks caused by cracking are not favorable to the formation 
of knock-suppressing materials and might even destroy them.

The antiknock values of the straight-run paraffin-base and 
pressure-cracked midcontinent (standard) with reduced end 
points are interesting in view of a recent article in which 
it was stated th a t reduction of the end point did not improve 
the antiknock rating. We have tested a large number of 
such samples and in all cases the antiknock value increased 
as the end point was reduced.

We even made up in the laboratory a few gallons of a mix
ture containing the lights (50 per cent) of Pennsylvania gaso
line and the heavy ends (50 per cent) of California gasoline. 
The mixture was a reasonably good antiknock fuel, the knock- 
suppressing material obviously being in the heavier half 
coming from the California gasoline. We then redistilled the 
mixture cutting a t 400 and 375 and, as in all other cases, 
the antiknock rating increased as the end point was reduced.

The casinghead used in the blends with the standard 
fuel came from the same midcontinent field. The un- 
saturates were practically nil. Other recovered gasolines 
from different sources gave somewhat different results, 
the increases in antiknock value were of this same order.

The data on the commercial samples are self-explanatory.

D isc u ssio n  o f C hart

All the curves, except th a t for benzene, are nearly straight 
lines. We have already suggested th a t the volatility effect 
of the low-boiling benzene gives an extra effect, like casing
head additions, which explains this. Curves for isooctane 
or diisobutylene in the standard fuel show this effect to a 
reduced extent, probably because their boiling points (210° 
and 215° F., or 99° and 101° C., respectively) are higher 
than th a t of benzene (176° F. or 80° C.). They do not in
crease the mean volatility to the extent th a t the benzene does.

The straight-line relation of the isooctane and the N- 
heptane is explained on this same basis, since they have 
nearly the same boiling points; so regardless of the mixture 
the mean volatility remains nearly constant.

When two gasolines of about the same average volatility 
are blended the antiknock values on the aniline scale show a 
straight-line relation to the percentage in the blend.

Vol. 19, No. 9



September, 1927 IN D U S T R IA L  A N D  EN G IN EERIN G  C H E M IS T R Y 1059

Rubber Stopcock Lubricants for High Vacuum  
and O ther Uses1

B y M a rtin  Shep herd  a n d  P . G . L edig

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

THE preparation of suitable lubricants for stopcocks 
has always been a vexing problem. A review of the 
literature yields little material of real helpfulness, 

though the general importance of the subject warrants a 
critical study. While no such attem pt has been made in 
the present instance, there is presented some material re
sulting from the occasional experiences of several years. 
The experimental development of a number of suitable 
lubricants is reported, and the method of preparation is 
described in detail.

A stopcock grease intended for high-vacuum work or 
general gas investigation should smoothly lubricate the 
ground surfaces and a t the same time possess sufficient 
solidity or body to  prevent its quickly working out from 
between these surfaces. I t  should have a very low vapor 
pressure a t ordinary temperatures, and be as free as possible 
from objectionable chemical or solvent action.

A number of substances have been used as lubricants. 
Aside from rubber lubricants, the more common are phos
phoric acids, castor or other vegetable oils, lanolin or mixtures 
of lanolin with paraffin waxes, graphite or graphite-oil 
mixtures, molasses, petroleum jellies, and mixtures of heavy 
petroleum oils with petroleum waxes. These possess certain 
advantages for special uses, b u t are unsuited for general 
gas or high-vacuum work, since they do not altogether 
meet the simple requirements mentioned.

Lubricants compounded from rubber with paraffin waxes, 
jellies, and oils are in more general use than other types. 
They have been shown to possess the desirable properties 
mentioned, with the exception of freedom from certain 
chemical or solvent action which m ay occur in specialized 
work. Their superiority for high-vacuum work is recognized.

The general tendency in preparing this type of lubricant 
is to use too low a percentage of rubber, too low a tempera
ture, and too short a time of processing. This has resulted 
in a great m any unsatisfactory mixtures. I t  is very difficult 
to reproduce a lubricant of given properties. W ith these 
considerations in mind, a number of experimental rubber 
lubricants were prepared in a therm ostated electric oven, 
the mixtures being contained in a large porcelain casserole 
and continuously stirred by a motor-driven propeller. Con
siderable resistance is offered the revolving propeller, so it 
was geared to produce sufficient mechanical advantage.

D ev e lo p m en t o f S u ita b le  L u b rica n ts

The standardized preparation of suitable lubricants was 
developed from a study of the following variable factors: 
(1) kind of rubber, (2) kind of vaseline (petroleum jelly),
(3) kind of paraffin, (4) percentage composition, (5) tem
perature of processing, (6) time of processing, (7) method 
of cooling, and (8) aging.

K i n d  o f  R u b b e r —Four kinds of rubber were employed— 
pale crepe, smoked sheet, pure Para, and sprayed latex. 
All were obtained freshly milled. In  some cases the desired 
amount of paraffin was milled directly with the rubber.

Lubricants of the same percentage composition, but made 
from the different rubbers, had markedly different prop
erties. Pale crepe and smoked sheet have so far given the

1 R eceived April 25, 1927, Published b y  perm ission of th e D irector  
of the N ational Bureau o f Standards.

best results. Smoked sheet produced a dark-colored lubri
cant of greater body than the others, which required no aging 
period before being entirely suitable for use and retained 
a satisfactory consistency over a period of 8 to 12 months. 
The pale-crepe lubricants w'ere of an attractive light color, 
and possessed less body than the smoked-sheet compound 
bu t more than the Para. The lubricants containing a 
higher percentage of pale crepe had a semifluid consistency 
when freshly made and required a 10-day period to set to a 
satisfactory solid grease; but if they were properly prepared, 
aging over a period of 12 to 18 months did not render them 
unsuitable for use. Lubricants containing much Para 
W'ere dark-colored and semifluid. This consistency did not 
change except over periods as long as 12 months and when 
the lubricant set it wras not a smooth grease, but rubbery 
and gummy. Sprayed latex showed a marked tendency 
to  oxidize too easily, and lubricants made with it, while of 
a good consistency, were very dark and had a burnt odor.

K i n d  o f  V a s e l i n e —Several brands of yellow and white 
vaselines were used. While the chemical composition of 
the vaseline should play an im portant part in determining 
the character of the final product, this is beyond reasonable 
control. No actual difference in consistency was observed 
when different samples were employed, except for one type: 
Some of the petroleum jellies recently placed on the market 
are apparently more crystalline than the average product 
of earlier years, and these should be avoided, since they 
produced granular lubricants. A white vaseline produced 
a clearer product, and may be desired for this reason.

K i n d  o f  P a r a f f i n —Paraffin ranging from 30° to  50° C .  
melting point was used. Good results were obtained 
with 36° and 40° C . products. The 50° C . product tended 
to produce a “caky” lubricant. In  some cases a lighter 
lubricant for special use was obtained by adding small 
amounts of a heavy liquid petrolatum to a lubricant possess
ing a heavy body.

P e r c e n t a g e  C o m p o s i t i o n —The percentage composition 
of the lubricant is determined by its intended use. Iligh- 
vacuum work requires a viscous lubricant containing a high 
percentage of rubber. General laboratory work, including 
manipulation of gases a t or about atmospheric pressure, 
calls for a lighter lubricant, yet one possessing sufficient body 
to  prevent its quickly working from between the ground 
surfaces of the cock. Such a lubricant, if suitable during 
winter months, m ay prove too light for summer use. A 
third lubricant which finds applicability to some work, 
including volumetric buret cocks, is a light grease permitting 
easy manipulation of the stopcock. The following compo
sitions for the three general purposes—high vacuum, general, 
and light—have been developed, although it is hoped to 
improve the high-vacuum formula:

H i g h -V a c u u m

Pale crepe 
V aseline (white)
Paraffin, m. p. 3 6° C.

G e n e r a l
Pale crepe
Vaseline
Paraffin

L ig h t

Smoked sheet or pale crepe 
V aseline (w hite or yellow) 
Paraffin, m. p. 3 0 °  C.

P arts
31
24

5

6 
7 
1

10
18
1
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In each case stir  continuously  for 190 hours a t  155° C. R em ove to  
2-ounce o in tm en t cans, a sm all portion to  each can, and chill on ice im m edi
a tely . A llow to  age for 10 days before use.

If the percentage of rubber exceeds the limit given for 
the high-vacuum type, the lubricant tends to  become a 
sticky semifluid. The formula recommended by Travers2 
and others—16 parts of pure Para, 8 parts of vaseline, 1 
part of paraffin—has this decided objection. In  time the 
rubber gums out of such a solution. Higher temperatures 
produce a lubricant free from this objection, bu t one in 
which the rubber has oxidized considerably. Increasing 
the percentage of paraffin over th a t given for the high- 
vacuum type produces a “caky” lubricant. For special 
lubricants the percentage of vaseline may be increased above 
th a t given in type L (light), or a heavy paraffin oil substituted; 
but for general use such a formula produces a lubricant 
without enough body.

A lubricant made several years ago from rubber bands 
seemed excellent for high-vacuum work. Several attem pts 
to  duplicate it failed. The high-vacuum type was then 
melted and powdered sulfur in varying amounts added in a 
further attem pt to duplicate this lubricant, but the resulting 
product was quite unsatisfactory.

An effort to  make a lubricant by dissolving the rubber 
in cymene or similar solvent was attem pted by others in the 
rubber laboratory, and some apparently beautiful products 
were prepared by M. Levin in the remarkably short time 
of 2 hours. No procedure tried was successful in thoroughly 
removing the solvent, however, and these lubricants pos
sessed notable vapor pressures. This method has been used 
by various investigators, but those engaged in high-vacuum 
work report its failure. The method may possibly yield 
successful results after further experimentation.

T e m p e r a t u r e  o f  P r o c e s s i n g —Experience has shown 
th a t m bber which appears to  be in solution still possesses 
properties which suggest some sort of structure. I t  is 
necessary to  heat the solution to a temperature high enough 
to destroy this structure; yet a t too high a tem perature the 
rubber is oxidized. The allowable range proved to be rather 
narrow'—150° to 160° C. In  most cases 155° C. was se
lected. A pale-crepe compound darkened a t 160° C. 
Sprayed latex oxidized badly a t 150° C., and a lower tempera
ture (undetermined) would be necessary for this rubber.

Lubricants were not processed in inert atmosphere a t ele
vated temperatures for two reasons: First, since stirring W'as 
found essential, the equipment would necessarily become 
more complicated and it was not deemed worth while in the 
present instance. Secondly, the dissolved oxygen originally 
in ’the rubber comes off very slowly, and there would still 
remain some possibility of oxidation from this source, even 
though an inert atmosphere or vacuum wore employed in 
connection with higher temperatures.

T i m e  o f  P r o c e s s i n g —Samples taken during the various 
stages of processing were held 6 months to observe the changes 
due to aging. I t  appears th a t the rubber does not satis
factorily break down a t  155° C., even though actual solution 
has occurred, much before 170 hours have elapsed. A 
sample taken between thumb and finger, pressed together, 
and drawn out by separating thumb and finger to  their full 
extent, should present a single unbroken thread of lubricant. 
When the rubber is not thoroughly broken down, this pro
cedure results in the production of a  m ultitude of fine threads, 
which upon rapid repetition of the test will float off into the 
air. Rubber in such a lubricant has been found to gum out 
eventually, usually after being in a stopcock 1 or 2 w'eeks. 
I t  also exhibits a tendency to  produce rings around the bore 
of the plug of a stopcock.

The occurrence of an actual chemical reaction involving
5 " Stu d y  of G ases," p. 24, M acm illan and C o., L td., London, 1901.

the rubber, and its importance in determining the suita
bility of the product, wras clearly shown by continuing the 
processing for 376 hours in the case of the high-vacuum 
types. Samples of the mix were taken a t regular intervals, 
beginning a t  72 hours, when the rubber had been in complete 
solution for a t least 48 hours, and term inating with a 376- 
hour sample.

The 72-hour samples, when tested by separation between 
thum b and forefinger, produced fine floating threads. They 
gummed out in a stopcock, and a t the end of 6 months 
were somewhat hardened and gummy in the storage con
tainer. The subsequent samples taken a t 24-hour intervals 
up to 170 hours showed the same characteristic in a uni
formly decreasing amount. The 170-hour product was 
fairly satisfactory. The 190-hour sample did not exhibit 
this undesirable characteristic. I t  was smooth and quite 
satisfactory in every respect when fresh from the oven and 
after aging. Samples taken a t 260 to 360 hours were ap
parently further improved, but 6 m onths’ aging developed 
their unsuitability, the rubber gumming out to form a hard, 
greaseless, elastic mass. This could be redissolved in excess 
vaseline, bu t the redissolved product still exhibited the 
gummy characteristic of the original aged product. The 
360-hour sample was taken late in the afternoon. After 
processing overnight, examination in the morning (376 
hours) disclosed th a t the mix had changed abruptly' from a 
liquid to a  solid mass, not unlike a very heavy, sticky art gum. 
An equal W'eight of vaseline failed to redissolve this a t 155° C., 
but instead wras taken up by the rubbery solid to form a 
lighter solid more nearly resembling a rt gum and slightly 
greasy to the touch. I t  was possible to redissolve a small 
portion of this in excess vaseline a t an elevated temperature 
(soft Bunsen flame), but the cooled product still exhibited 
the gummy characteristic of the original solid.

The apparent physical solution of the rubber is evidently 
not sufficient. A more fundamental change, probably 
chemical in its nature, must be brought about in order to 
produce a satisfactory lubricant. This chemical equilib
rium reaches an optimum (for compositions herein given) 
a t temperatures ranging from 155° to 160° C. and reaction 
times of 180 to 200 hours. The optimum conditions can 
be overstepped. The exact nature of the changes is not 
thoroughly understood, although it  m ay be considered to 
resemble depolymerization.

C o o l i n g —A sample removed from the oven on the thin 
blade of a steel spatula wras perfectly smooth, while larger 
samples, 2 to 4 ounces, poured from the same mix into an 
ointment can, cooled slowly and formed a relatively coarse, 
granular or crystalline compound. This observation led 
to the adoption of a procedure involving quick cooling. 
A Vi-mcli (6-mm.) layer was poured into a 2-ounce tin 
ointment can and the can capped and immediately placed 
on ice. A fine smooth grease resulted from this treatment. 
The apparent explanation of this phenomenon is noted in 
the w'ork of Carpenter.3 Using recrystallized w’axes possess
ing narrow ranges of melting point, he was able to produce 
entirely different crystal forms without change of molecular 
w'eight, by the use of different solvents, concentrations, 
and rates of cooling. In  general, rapid cooling from sol
vents of high boiling point produced small needle-shaped 
crystals, difficult to find, or interlacing worm-shaped forms. 
Slow cooling produced large rhomboid plates or foliaceous 
masses.

I t  is evident th a t a satisfactory crystal form for lubrica
tion is attained by the rapid cooling. This form may, on 
long standing, change over to the larger rhomboid plates, 
and it then becomes desirable to restore the grease to its

• J . la s t. Petroleum Tech.. S6, 12, 288  (1926).
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preferable crystalline state by reheating and subsequent 
rapid cooling.

It was subsequently noted th a t Ardagh and Davidson4 
cooled a lubricant on an aluminum sheet- and th a t this 
practice is established in other laboratories.

A g in g —As indicated above, aging plays an important 
part in determining the final quality of a lubricant. Some 
compositions set from a sticky semifluid to a smooth grease 
in 10 days. Others, suitable a t first, caked out in periods 
ranging from 6 to 12 months. In general, the smoked sheet 
lubricants possessed sufficient body when fresh from the 
oven, and retained a desirable consistency until used up— 
say, 12 to 24 months. In  the lubricants containing much 
rubber (high-vacuum type), though not in the case of the 
lighter lubricants, pale crepe requires a definite aging period. 
Para requires a long aging period. Latex more nearly 
resembles Para.

L ub rica tion  of S top cocks

There are many methods of lubricating a stopcock, and 
not all are entirely efficacious. A method familiar to many 
acquainted with high-vacuum technic may be recommended. 
The lubricant is applied in two parallel longitudinal streaks, 
one on either side of the plug and away from the bore. The 
streaks should be as thin as possible, and contain only enough 
lubricant to flow entirely around the plug. The lubricant 
so placed, the plug is held above a soft Bunsen flafne, so tha t 
the grease just melts to form a smooth ridge of semicircular 
cross section. The key is allowed to cool and then care
fully inserted into the barrel so th a t the bores of plug and

* Can. Chem. M et.. 9, 137 (1925).

barrel coincide. The plug is pressed downward into place, 
with little, if any, turning, the lubricant forming V’s on 
either side of bore and pressing out all air films until it has 
flowed smoothly around the entire grinding.

A stopcock lubricated with a high-vacuum or heavy grease 
should be turned slowly and smoothly with a  very slight 
pressure of the plug into the barrel. A good high-vacuum 
lubricant presents enough resistance to turning to  require 
the use of two hands for nice manipulation, one to support 
the bottom of the cock against strain and the other to press 
slightly and turn.

If a stopcock is finely ground and carefully lubricated 
with a type of lubricant suitable for high vacua, it will 
occasion the worker in high vacua no difficulty because of 
stopcock leaks. This laboratory has had several systems of 
such cocks hold a vacuum for 2 years, as indicated by a 
barometric manometer (accurate to 0.2 mm.) which showed 
no pressure change. An apparatus in constant use, con
taining paraffin hydrocarbon gases whose vapor pressures 
were 0.0001 mm. or less a t — 210° C., and involving seventeen 
plain stopcocks without mercury seals, consistently failed 
to show pressure increases greater than 0.0001 to  0.0005 
mm. over 2 to 4 weeks time, as measured by a McLeod gage.

Well-ground, well-lubricated stopcocks do not stick. 
Such stopcocks have been known to stand idle over periods 
of several years without exhibiting any tendency to “freeze.”

I t  is believed th a t the disfavor with which stopcocks are 
held by many investigators is not warranted, since varied 
experience has clearly shown tha t a well-ground cock properly 
lubricated is an entirely satisfactory and extremely handy 
unit of apparatus in the great majority of gas investigations.

Determ ination of Isopropyl A lcohol in Presence of 
Acetone, and of M ethylethylketone in P res

ence of Secondary Butyl A lcohol1
By H . A. C assar

S t a n d a r d  O i l  C o m p a n y  o r  N o v  J k r s r y ,  E u z a b b t h ,  N . J.

IN INVESTIGATING the oxidation of isopropyl alcohol 
to acetone, analytical methods were lacking which would 
quickly and accurately determine isopropyl alcohol in 

a mixture of the alcohol plus its oxidation product, acetone. 
It was finally found th a t by oxidizing the alcohol quantita
tively to acetone by means of chromic acid solutions and 
titrating back the excess chromic acid the isopropyl alcohol 
could be readily determined in less than an hour.

A similar method, a t slightly different concentrations, was 
found to hold for secondary butyl alcohol in the presence of 
methylethylketone; but whereas acetone could be deter
mined in the presence of isopropyl alcohol by Messinger’s 
well-known method,2 applying a correction of 1 to 2 per cent 
for the isopropyl alcohol present, it was not possible to de
termine methylethylketone in the presence of secondary 
butyl alcohol without a  considerable modification of the
method.

This method when applied directly to methylethylketone 
under certain conditions gives results th a t are constantly
10.5 per cent too high, over a wide range of alkali and ketone 
concentrations, and hence methylethylketone can be easily 
and quickly determined by the iodine method. This method

1 R eceived M ay 4, 1927.
' Her., 21, 3368 (1888); G oodw in. J . A m . Chem. Soc.. 42, 39 (1920).

is not quite independent of the presence of secondary butyl 
alcohol; and a mixture of 50 per cent methylethylketone and 
50 per cent secondary butyl alcohol gives results which are
2.5 per cent too high, over and above the 10.5 per cent. The 
procedure will therefore be to determine the secondary butyl 
alcohol content by means of the dichromate oxidation method 
and correct the final methylethylketone value found by a 
quantity  which will not exceed 3 per cent (Figure 1).

The probable reason for the high value found by the iodine 
method of determining methylethylketone is th a t the two 
following reactions occur simultaneously:
CHjCHjCOCHj +  31, +  3NaOH

CHI, +  CH3CH2COOH +  3N aI +  2 H ,0  
CH,CH,COCH, +  51, +  INaOH ±5

2CHI, +  CH,COOH +  4N aI +  3 H ,0
In  one case six atoms of iodine are used up, and in the other 
case ten.

The methods herein described have been used on com
mercial samples for more than a year, and the results have al
ways checked with the results of careful fractional distillation.

Isopropyl A lcohol and  A ceto n e  M ixtu re

A quantity  of the isopropyl alcohol and acetone mixture 
containing about 15 grams of isopropyl alcohol is accurately
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weighed out and made up to  500 cc. Twenty-five cubic 
centimeters are pipetted out into 100 cc. of 45 per cent (by 
weight) sulfuric acid contained in a glass-stoppered 250-cc. 
Erlenmeyer flask and 50 cc. of 1 iV sodium dichromate 
solution are added from a buret, a  few drops a t a time a t 
first, with careful shaking until the solution turns green 
before adding more. The addition of dichromate should 
take about 10 minutes, and the tem perature should not go 
above 25° C. The stoppered flask is then p u t aside for a 
half hour, and then the contents are made up to exactly 
500 cc. Twenty-five cubic centimeters are pipetted out

F ig u r e  1

and added to  200 cc. of water, to  which are finally added 
25 cc. of a 12 per cent potassium iodide solution. The flask 
is stoppered and pu t aside for 10 minutes and then titrated  
by means of 0.1 N  sodium thiosulfate. I t  is very useful 
a t this point to  use activated starch, as the end point is very 
perplexing and elusive with ordinary starch. Activated 
starch is made by treating ordinary starch with a very dilute 
solution of hydrochloric acid for 24 hours, washing on a 
Biichner funnel free from acid, and heating for 3 days a t 
100° C .3

Samples of pure isopropyl alcohol, taken from several 
liters th a t had been carefully dried and fractionated to 
0.10 C., were analyzed and found to be in error to  the follow
ing extent: —0.1, —0.47, +0.32, and +0.48 per cent. Ad
dition of 40 per cent of acetone did not cause variations in 
the final results beyond the experimental error. A sample 
of Kahlbaum’s isopropyl alcohol, whose strength had been 
previously determined by a specific gravity determination 
as 99.1 per cent, was also used as a check.
C a l c u l a t i o n —

CH3CHOHCH, +  O — >- CHjCOCHj +  HaO
One cubic centimeter of liY dichromate gives 0.001 equivalent 

of oxygen, which corresponds to 60.214 X 0.001 X 0.5 =  0.03003 
gram of isopropyl alcohol.

M eth y le th y lk e to n e  in  P resence  o f S econdary  B u ty l  
A lcohol

P r e l i m i n a e t  D e t e r m i n a t i o n  o f  M e t h y l e t h y l k e t o n e  

A l o n e —Ten cubic centimeters of a methylethylketone 
solution, strength 1.1835 grams per 500 cc., were pipetted 
into 50 cc. of caustic soda ranging from 0.1 to 1.2 N . The 
various mixtures were treated with 25 cc. of 0.1 N  iodine 
solution, pu t aside for 10 minutes, neutralized with sulfuric

* Lord and D em orest, "M etallurgical A nalysis,"  4th  ed ., p. 225.

acid, 0.5 cc. extra of 2 N  sulfuric acid added, and excess iodine 
titra ted  back.

The quantity of iodine solution used up, reckoning on six 
atoms as 100 per cent, rises from 44 per cent for the weak 
caustic soda solution to a maximum of 110.6 per cent, and 
remains constant a t th a t figure.

The sharp break in the quantity  of iodine taken up by the 
methylethylketone solutions is shown in Figure 1. A sample 
of Kahlbaum’s methylethylketone, dried over potassium 
carbonate and redistilled, was used for this experiment.

In  the series described above the iodine added in excess 
of th a t used up was about 15 per cent. A similar series was 
found to behave in the same manner when the quantity of 
iodine added in excess of th a t used up tvas about 35 per cent. 
There is therefore quite a respectable working margin.

A n a l y t i c a l  P r o c e d u r e —Ten cubic centimeters of the 
secondary butyl alcohol and methylethylketone mixture 
containing about 24 mg. of methylethylketone arc pipetted 
into a glass-stoppered 250-cc. Erlenmeyer flask containing 
50 cc. of 1 N  caustic soda; and 25 cc. of 0.1 N  iodine solution 
are added from a buret with constant shaking. The flask 
is stoppered and allowed to stand for 10 minutes and 25.5 
cc. of 2 N  sulfuric acid are added, and the iodine thus set 
free is titrated  with 0.1 N  sodium thiosulfate, using starch 
as an indicator. One cubic centimeter of 0.1 N  iodine solu-

o  Zo%  4 o %  6 o % 4 0 %  /e e %
F ig u r e  2

C a l c u l a t i o n —Reckoning on six atom s of iodine per mol of 
methylethylketone; and on the empirical factor being 10.2 
per cent too high, we get 1 cc. of 0.1 N  iodine equivalent to
72.08 X 0.0001 X 7« X 100/110.6 or 0.001089 gram methyl
ethylketone.

Also deduct 2.6 per cent from the result for every gram of 
secondary butyl alcohol present w ith 1 gram of methylcthyl- 
ketone. This is shown in Figure 2, where the circles show the 
actual variations that were found on adding Kahlbaum’s c. P. 
secondary butyl alcohol, redistilled, to m ethylethylketone solu
tions in the proportions stated. Thus, if the mixture to be 
analyzed is found to contain 10 per cent of secondary butyl 
alcohol and 20 per cent of m ethylethylketone, the actual quan
tity  of m ethylethylketone present will be 20 — 1.2 per cent, that 
is, 18.8 per cent.

A n a l y s i s  o f  S e c o n d a r y  B u t y l  A l c o h o l —The secondary 
butyl alcohol present is analyzed in the same way as iso
propyl alcohol, except th a t the solution after the addition 
of the sodium dichromate is allowed to stand for 15 minutes 
instead of 30.

One cubic centimeter of 1 N  dichromate is equivalent to 
0.03705 gram of secondary butyl alcohol.
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Earliest H isto ry  of the Friedel-Crafts R eaction1
B y Avery A. A shdow n

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y , C a m b r i d g e , M a s s .

INTEREST in the use of aluminum chloride as a reagent 
for bringing about chemical reactions on a commercial 
scale has been growing rapidly during the past ten years. 

New methods for manufacturing the chloride have led to a 
product a t a figure attractive to industry. In 1923 a little 
over 5000 tons were manufactured in the United States, while 
during 1926 the quantity  produced reached 16,750 short 
tons and a t a marked decrease in price per ton over th a t for 
1925. Success in the commercial production of aluminum 
chloride has stimulated a number of industrial processes. 
The formation of toluene from xylene has been shown to be 
feasible by Moore and Egloff.2 Cheaper aluminum chloride 
has made possible the manufacture of anthraquinone, which 
is better for va t dyes than th a t recovered from coal ta r .3 
Probably the most outstanding commercial application has 
been in the cracking of petroleum for gasoline.4

The advent of the summer of 1927 marks the fiftieth anni
versary of the announcement of the Friedel-Crafts reaction, 
which has now become of so much interest to the industrial 
world. I t  has been one of the most fruitful and far-reach
ing reactions known to organic chemistry. Indeed, Elbs 
said: “The Friedel-Crafts synthesis is the one most commonly 
used. I t  serves for the preparation of hydrocarbons, ketones, 
acids, keto acids, and phenols, especially phenol ethers.” s 
Had Elbs been writing a t a somewhat later date, just so cer
tainly would he have included in his praises the action of 
aluminum chloride as an agent for cracking hydrocarbons.

To American chemists the discovery of the reaction pos
sesses peculiar interest for, contrary to the belief of many, 
James Mason Crafts was one of our own fellow' citizens. He 
was bom of American parents in the city of Boston in 1839 
and there received his early education. He pursued graduate 
studies in chemistry under Bunsen in Heidelberg and under 
Wurtz in Paris. After returning home he became the first 
professor of chemistry a t Cornell University. Three years 
later he went to the M assachusetts Institu te of Technology, 
where he remained until impaired health made him resign 
active teaching in 1874. He then returned to the laboratory 
of Wurtz and there he worked for the next seventeen years, 
much of the time in collaboration with Prof. Charles Friedel. 
When he came back to America in 1891, he wSs again asso
ciated with the Massachusetts Institu te of Technology, serv
ing in turn as a member of the corporation, professor of or
ganic chemistry, head of the departm ent of chemistry, and 
finally as president of the Institute. In 1900 he resigned 
the presidency, devoting the rest of his years and strength 
to scientific work. He died in June, 1917.

The discovery of the Friedel-Crafts synthesis “sprang 
from an accidental observation on the action of metallic 
aluminum on chloride of amyl.” * I t  is very interesting to 
note that the commonly accepted statem ent th a t an attem pt 
was being made to convert amyl chloride into the iodide by 
means of aluminum and iodine made its first appearance seven 
years after the original paper.7 In  spite of the great handicap

1 Adapted from a paper under the title  "Jam es M ason C rafts" presented  
before the Section  of H istory o f C hem istry at the 73rd M eeting of the 
American C hem ical S ocie ty , R ichm ond, V a., April 11 to  16, 1927.

■ Chem. M el. Eng., 17, 61, 128 (1917).
• Phillips, Ib id ., 33, 173 (1926).
4 M cAfee, T h is  J o u r n a i,, 7 , 7 3 7  (1 9 1 6 );  Egloff, Ib id ., 16, 581  (1 9 2 3 ).
1 "Synthetischen D arstellungs M ethoden,"  Vol. II, p. 144 (1891).
4 Crafts, J . Chem. Soc. (London), 77, 1006 (1900).
7 Friedel and C rafts, A nn. chim. phys., [V Ij, 1, 449 (1884).

under which the work was done, the early development of 
the reaction proceeded with dramatic speed. “The discov
erers had a t th a t time only a very small laboratory', with 
no place for students, and not even provided with the con
venience of running water.” 6 The first paper was presented 
to L’Academie des Sciences on June 11, 1877. Peligot wms 
president and the papers w’ere sponsored by W urtz.8 “The 
experiments which demonstrated the wide scope of the re
action were so easy of execution tha t those described in the 
first three papers were carried out in the course of five or 
six weeks.” 6 The first paper is a classic for clearness and 
simplicity in presenting an account of an important discovery. 
In honor of the fiftieth anniversary' of its presentation to 
L ’ Academie des Sciences and for the value it may have for 
readers of English, it is presented here translated from the orig
inal French.

T h e  F irst O bservations
In a research which we undertook together we were led to 

study the action of metallic aluminum in thin plates or leaves on 
various organic chlorides. We observed that the reaction, slow 
at first and initiated only' by the aid of heat, afterwards acceler
ated to the point of becoming tumultuous when it was necessary 
to control it by cooling. The addition of a very small quantity 
of iodine provoked the reaction, which was always accompanied 
by an abundant evolution of hydrogen chloride. In the case of 
certain chlorides, such as amyl chloride, it was accompanied by  
the formation of numerous gaseous and liquid hydrocarbons, 
certain of which boiled at a very high temperature. The reac
tion seemed the more active if a considerable proportion of 
aluminum chloride was formed.

A lu m in u m  C hloride th e  A ctiv a tin g  A gent

This last circumstance led us to find out if the principal re
action ought not be attributed to the metallic chloride instead of 
to the metal, as we supposed at first.

I t  was easy to assure ourselves that such was indeed the case. 
For example, when a little aluminum chloride was added to 
amyl chloride we saw at once a vigorous evolution of gas, even 
in the cold. The gas was composed of hydrogen chloride accom
panied by gaseous hydrocarbons not absorbed by bromine. 
In the midst of the amyl chloride in which the first portions of the 
aluminum chloride dissolved small droplets were formed. Shortly 
a layer of dense brown liquid developed and the reaction appeared 
to pass principally to the interface between the two liquids. 
We had noticed a similar circumstance in the reaction with 
aluminum, when a similar brown liquid was produced.

When the reaction had continued long enough, with the aid 
of a gentle heat to complete it at the end, a quantity' of hydrogen 
chloride could be recovered which corresponded to noarly all the 
chlorine originally contained in the amyl chloride. An extremely 
varied series of hydrocarbons, from gases to products boiling 
above the boiling point of mercury, was also recovered. The 
residue consisted of aluminum cliloride, which sublimed in 
hexagonal plates or in a crystalline crust when sufficiently heated 
in a current of an inert gas.

F irst C o n clu sion s
We have not yet completed the study of the numerous prod

ucts, the first members of which appear to be in the series of 
hydrocarbons CDH5n + s and the higher members of which are 
much poorer in hydrogen. For the present we wish to make 
the following observations: First, organic chlorides are attacked 
by aluminum chloride; second, the greater part of the products 
formed, which contain a large proportion of saturated hydro
carbons, could not be produced by a simple polymerization 
of amylene resulting from the subtraction of hydrogen chloride 
from amyl chloride; third, it seems much more likely that the 
hydrogen chloride which disengages itself is formed at the ex
pense of two molecules, of which one furnishes the chlorine and 
the other the hydrogen, and the two parts then unite.

* Friedel and C rafts, Compt. rend., 84, 1392, 1450 (1877); 86, 74 (1877).
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S y n th e tic a l A p p lica tio n s

These observations led us to attem pt the application of alu
minum chloride under conditions which offered a much larger 
interest— namely, the possibility of a general synthetical method 
for furnishing an infinite number of hydrocarbons and even of 
oxygenated compounds. I t  occurred to us that on mixing a 
hydrocarbon with an organic chloride and adding aluminum  
chloride we might be successful in obtaining a reaction having for 
its result the combination of the radical which was linked to the  
chlorine, with the hydrocarbon, minus an atom  of hydrogen.

In fact, the method worked with great facility. Amyl chloride 
was mixed with a considerable excess of benzene. When alu
minum chloride was added in small portions we saw the produc
tion of a regular reaction, in the cold, accompanied by the 
evolution of hydrogen chloride. Soon two layers were formed, 
the lower one being colored brown. As soon as the hydrogen 
chloride was being evolved, but slowly and only with the aid of 
heat, the two layers were separated and each was treated with 
water. After drying and distilling they both gave almost the  
same products. The difference was that the upper, limpid layer 
contained a much larger proportion of benzene and of hydro
carbons boiling at relatively low temperature. The lower layer, 
which contained alm ost all the aluminum chloride, gave prin
cipally products boiling at an elevated temperature. B y  but 
few fractionations there was extracted from both a liquid boiling 
between 185° and 190° C. and having the composition and prop
erties of am yl benzene. This compound could be formed by  
a reaction expressed empirically by the following equation:

C5Ht +  CSH„C1 =  CcHi.CiHn +  HC1 

S y n th e s is  a  G eneral M eth od

W e assured ourselves immediately that the method of synthesis 
was general and that it  was applicable, not only to organic chlo
rides, but equally to the bromides and the iodides.

E thyl iodide and benzene were mixed and aluminum chloride 
was added. W e observed the disengagement of thick acid 
fumes containing hydrogen iodide. After treatm ent with water 
and distillation, we were able to isolate ethylbenzene, boiling 
between 133° and 137° C. The reaction seemed, nevertheless, 
to proceed a little less cleanly with the iodide than with chlorides 
and gave a much larger proportion of products boiling at a high 
temperature. The liigli-boiling fractions probably contained 
benzene derivatives in which several atoms of hydrogen were 
replaced by ethyl groups, but they have not ye t been completely 
studied.

On working with methyl bromide and benzene, under the pres
sure of a column of 30 cm. of mercury, we observed the same evo
lution of fuming acid and the production of hydrocarbons boiling 
at a temperature higher than benzene and containing toluene or 
methylbenzene.

Furthermore, we obtained toluene and other m ethyl deriva
tives of benzene in a very convenient mamier by simply passing 
a current of methyl chloride into benzene mixed with aluminum  
chloride and heating very gently. Under these conditions 
hydrogen chloride was disengaged as before and the methyl radi
cal attached itself to  the benzene. On fractionating the product, 
after treating it  with water, considerable quantities of toluene 
were obtained, passing over near 111° C., then products boiling 
much higher-—dose to the boiling point of xylene (137° C.), of 
mesitylcne (163° C.), of durene or tetramethylbenzene (190° C.), 
and above. I t  appeared that there were formed even penta- 
m ethyl arid hexamethylbenzenes, products not ye t known. 
A t least it  seemed dear that the substitution of a  m ethyl group 
was not affected by one or more m ethyl groups already fixed on 
the benzene ring. Had the case been otherwise we should have 
obtained ethylbenzenes, or even derivatives of benzene containing 
more complex radicals of the aliphatic series.

W e have further ascertained that aluminum bromide and iodide 
act on organic dilorides or iodides in the same manner as the chlo
ride, forming analogous products.

In the next communication, we shall have the honor of making 
known to  the Academy several other syntheses of complex hy
drocarbons and ketones which we have already realized, and we 
shall endeavor to give an explanation of this reaction so general 
and so unexpected.

In  the second paper, presented just a week after the-first, 
the following preparations were described: diphenylmethane 
from benzyl chloride and benzene, triphenylmethane from 
chloroform and benzene, benzophenone from benzoyl chloride 
and benzene, acetophenone from acetyl chloride and ben
zene, and o-dibenzoyl benzene and anthraquinone from 
phthalyl chloride and benzene. I t  was shown, too, tha t chloro-

benzene and dichlorobenzene would not react in the same 
manner as the alkyl chlorides. An effort to synthesize ben
zoic acid from benzene and chloro-carbonic ester yielded 
only carbon dioxide and ethyl benzene. Acidic and alco
holic hydroxyl-bearing compounds were shown not to ex
hibit analogous syntheses, probably on account of their action 
on aluminum chloride. The erroneous claim put forward 
th a t tetraphenylmethane was formed from carbon tetra
chloride and benzene was later explained.

The mistake in the first papers, which announced the formation 
of tetraphenylmethane, was due to an error in W att’s Dictionary, 
2nd Suppl., p. 948, which gives 335° for the boiling point of tri
phenylmethane. The product isolated boiled 24 ° higher, namely, 
at 359 °, and was therefore assumed to be a tetraphenyl compound, 
the percentage composition of the two compounds being not far 
different. Subsequent determinations made by Crafts with a 
hydrogen thermometer showed 359° to be the boiling point of 
pure triphenylmethane.*

Triphenylm ethane 9 3 .01%  C 6 .99%  H
T etraphenylm ethane 9 3 .4 1 %  C 6 .59%  H

The third paper was presented on July 9, 1877, only five
weeks after the first. The use of chlorides other than alu
minum was studied. The reaction of Zincke,10 in which di
phenylmethane and phenyltolyl methane were formed from 
benzyl chloride and benzene and toluene, respectively, by 
the use of zinc dust, was shown to be due to zinc chloride. 
Ferrous and ferric chlorides were also found to be useful. 
On the other hand, magnesium chloride, cobalt chloride, anhy
drous cupric chloride, and antimony trichloride gave no 
reaction under the conditions which they used. The double 
salt, sodium-aluminum chloride, was found to  be reactive, 
only much less so than pure aluminum chloride.

I t  was also pointed out th a t chlorides other than organic 
could undergo a similar reaction in the presence of alu
minum chloride. For example, phosphorus trichloride heated 
with an excess of benzene in the presence of aluminum chloride 
gave a product in which phosphorus was combined with the 
organic radical.

The paper closed with a proposed mechanism “of the cu
rious reaction which had already given so many diverse prod
ucts and would certainly give a great many more.” The 
hypothesis was proposed th a t a compound was formed be
tween the hydrocarbon and the aluminum chloride, as indi
cated by the formula C6H5.A12C1s.

In  spite of numerous experiments, however, but little could 
be concluded on this point. “We still have no decisive proof 
to contribute in favor of the hypothesis we have fashioned 
for the mechanism of the reaction.” 11

So end the first accounts of a far-reaching discovery. In 
six weeks of the summer of 1877, Friedel and Crafts had shown 
its dependence upon certain metallic chlorides, particularly 
aluminum chloride, its wide applicability, and something 
of its limitations. They had also proposed an interesting 
hypothesis to explain its mechanism. From the beginning 
they were aware of its commercial possibilities. In  the Friedel 
Memorial Lecture M r. Crafts stated: “Triphenylmethane 
and its homologs were prepared on a large scale, and these 
seemed to offer a  new method of making aniline dye stuffs 
commercially.” 8 Probably the first patent was granted to 
Charles Denton Abel,12 “of No. 20 Southampton Building, 
in the County of Middlesex, for the invention of ‘Improve
ments in the Treatm ent of Hydrocarbons for Their Purifi
cation and Conversion into Other Products.’ (A communi
cation from abroad by Charles Friedel and James Mason 
Crafts, both of Paris, in the Republic of France.)” So much

9 C rafts, J . Chem. Soc. (London), 77, 993 (1900).
B e r 2, 737 (1869); 4, 298 (1871).

“  Friedel and C rafts, Com pt. rend., 85, 77 (1877).
19 British P atent 4769 (D ecem ber 15, 1877).
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was claimed in the patent th a t it reads like a prophetic vision 
of our own day. Unquestionably, the great significance of 
the earliest studies on the reaction lay in the secure founda
tion which had been built for an enormous development in

synthetical, theoretical, and industrial organic chemistry. 
The fiftieth anniversary of the discovery witnesses great 
and vigorous growth in the importance and use of the Friedel- 
Crafts reaction.

N itrogen as a Catalyst in the D eterm ination of 
Sulfur in Coal by the Bomb-W ashing M ethod1

By J . F. K oh ou t

C o m m e r c i a l  T e s t i n g  a n d  E n g i n e e r i n g  C o . ,  C h i c a g o ,  I I I .

AT TH E meeting of Committee D-5 of the American 
Society for Testing Materials held in Pittsburgh, Pa., 
in November, 1926, three methods for the determina

tion of sulfur in coal were presented—namely, the Eschka, 
the sodium peroxide fusion, and the bomb-washing method.2 
The Eschka and sodium peroxide methods give results which 
are very slightly higher than the bomb-washing method as 
ordinarily used. This paper deals with the bomb-washing 
method alone, and shows how the bomb-washing method may 
be brought into agreement with the other two methods.

Some form of catalytic agent is required for the complete 
oxidation of sulfur to sulfuric acid by combustion processes. 
This is true whether the sulfur is being burned in a large 
commercial sulfuric acid plant or in an oxygen bomb calorim
eter. The catalysts usually employed in the acid plants 
are platinum or platinized asbestos or oxides of nitrogen. 
In the oxygen bomb the oxides of nitrogen are the agents 
used. This function of the oxides of nitrogen was shown 
by Regester.3 This nitrogen ordinarily comes from the coal 
and from the air in the bomb. P art of it is oxidized when 
the coal or coke burns in the bomb charged with oxygen under 
pressure. The oxides of nitrogen form the catalytic agent 
required for the conversion of the sulfur.

The American Society for Testing Materials in its method 
for calorimetric determination on coal4 specifies th a t a t least 
5 per cent of nitrogen be present in the bomb atmosphere. 
Since a small part of the nitrogen is oxidized in the bomb, it 
was thought th a t by increasing the total amount of nitrogen 
in the atmosphere in the bomb to 10 or 15 per cent the amount 
of oxides of nitrogen formed would be increased. This in
creased quantity of mixed oxides insures the complete oxi
dation of the sulfur in the coal or coke to sulfuric acid in 5 
minutes. This is the average length of the combustion pe
riod in a heat value determination as made by any standard 
oxygen bomb calorimeter.

S u lfu r  D e ter m in a tio n s

A Parr illium bomb of 370 cc. capacity was used, 0.5 cc. 
of water being placed in the bomb to absorb the acids formed 
when the 1-gram sample was burned.

When oxygen alone was used the pressure in the bomb 
was 22 atmospheres. When the nitrogen-oxygen mixture 
was used the nitrogen was run into the bomb to a pressure 
of 3 atmospheres, and the total pressure in the bomb was then 
increased to 25 atmospheres with oxygen.

The nitrogen and oxygen cylinders were connected to the 
pressure gage and bomb union with a T  connection, so th a t

1 Presented before th e  D iv ision  of Gas and Fuel C hem istry a t the 
73rd M eeting of th e Am erican C hem ical S ocie ty , R ichm ond, Va., April 11 
to 16, 1927.

* Selvig and Fieldner, T h is  J o u r n a l , 19 , 729 (1927).
1 Ib id ., 6. 812 (1914).
4 Am. Soc. T estin g  M aterials, S tandards, p. 1008 (1924).

either oxygen or nitrogen could be introduced into the bomb 
w ithout disconnecting it.

After ignition the bomb was allowed to stand in water 
for 5 minutes. At the end of this time the gases were slowly 
released from the interior, so th a t the pressure in the bomb 
fell to atmospheric in about 2 to 3 minutes. The interior 
of the bomb, including the valve, was thoroughly washed 
with distilled water containing 1 cc. of saturated methyl 
orange solution to 1 liter of water, until the indicator gave 
no test for acid. The washings were neutralized with so
dium carbonate solution, 2 cc. of ammonia water were added, 
and the solution was boiled and filtered. The filtrate was 
acidified with hydrochloric acid, 3 cc. of bromine water were 
added, and the solution wras boiled to expel the bromine. 
Ammonia was added to neutrality and then 1 cc. of concen
trated hydrochloric acid was added, and the solution heated 
to boiling. The sulfur was precipitated in the boiling solution 
with hot 10 per cent barium chloride solution. The barium 
sulfate was allowed to settle in the hot solution for about 2 
hours, and was then filtered out, ignited, and weighed.

T a b le  I — P er C e n t  S u lfu r  In  C oa l
(Figures on dry basis)

S a m p l e “
O x y 
g e n

O x y g e n
a n d

N i t r o 
g e n D i p p . S a m p l e ®

O x y 
g e n

O x y g e n
a n d

N i t r o 
g e n D i f p .

1 1 .17 1 .17 0 .0 0 21 0 .6 8 0 .6 7 - 0 . 0 1
2 0 .5 8 0 .5 6 - 0 . 0 2 22 1 .7 0 1.71 +  0 .0 1
3 0 .6 0 0 .6 1 + 0 .0 1 23 2 .2 3 2 .2 5 + 0 .0 2
4 8 .0 1 8 .0 8 +  0 .0 7 24 3 .6 5 3 .6 9 + 0 .0 4
5 4 .4 7 4 .5 5 +  0 .0 8 25 4 .4 9 4 .6 2 + 0 .1 3
6 5 .5 5 5 .6 3 + 0 .0 8 26 5 .2 0 5 .3 6 +  0 .1 6
7 2 .5 9 2 .6 1 + 0 .0 2 27 6 .6 4 6 .6 4 0 .0 0
8 1 .36 1 .3 8 +  0 .0 2 28 6 .6 5 6 .8 3 + 0 .1 8
9 1 .89 1 .88 - 0 . 0 1 29 6 .6 4 6 .7 1 + 0 .0 7

10 6 .3 2 6 .3 1 - 0 . 0 1 30 3 .7 7 3 .8 7 +  0 .1 0
11 3 .11 3 .1 9 + 0 .0 8 31 1 .8 8 1 .9 2 +  0 .0 4
12 5 .1 2 5 .3 5 +  0 .2 3 32 3 .1 2 3 .1 4 +  0 .0 2
13 6 .4 7 6 .6 2 +  0 .1 5 33 0 .7 8 0 .7 4 - 0 . 0 4
14 6 .1 9 6 .2 9 +  0 .1 0 34 2 .5 8 2 .6 4 +  0 .0 6
15 0 .9 7 0 .9 6 - 0 . 0 1 35 1 .8 5 1 .8 5 0 .0 0
16 0 .5 5 0 .5 4 - 0 . 0 1 36 1 .41 1 .5 5 + 0 .1 4
17 3 .4 6 3 .4 6 0 .0 0 37 0 .9 7 0 .9 7 0 .0 0
18 3 .6 9 3 .7 6 +  0 .0 7 38 0 .7 8 0 .7 7 - 0 . 0 1
19 1 .16 1 .1 6 0 .0 0 39 5 .0 2 5 .2 2 + 0 .2 0
20 0 .7 9 0 .7 9 0 .0 0 40 0 .8 0 0 .8 0 0 .0 0

°  All coals were bitum inous except 1, 2. 16, and 40, w hich were semi- 
bitum inous, and 3, w hich w as colce.

I t  will be noted from Table I  th a t in most cases the effect 
of the added nitrogen was to increase slightly the amount 
of sulfur obtained. The exceptions where a decrease is shown 
are low-sulfur coals, and the differences are so small tha t 
either value could be taken as the true percentage of sulfur. 
The increase is generally most marked in the coals of high 
sulfur content. The values in the table are the averages of 
two or more determinations.

D eterm in a tio n  of H ea t V alues

The heat values of the last five coals (36 to  40, inclusive) 
were determined to  see if the added nitrogen interfered in 
any way with the B. t. u. determination. The results (Table
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II) indicate th a t no complication is introduced, and check 
as closely as could be desired.

T a b le  II —H e a t V a lu es
(Figures on dry basis)

B r i t i s h  T h e r m a l  U n i t s , U s i n g : T i t e r , cc . N aiC O j SOLN.
O xygen O xygen

and and
S a m p l e O xygen N itrogen Diff. O xygen N itrogen Increase

36 13,015 13,011 4 2 0 .0 3 9 .0 1 3 .0
37 13,285 13,270 9 2 3 .0 3 7 .0 1 4 .0
38 13.801 13,814 13 2 1 .0 3 5 .0 1 4 .0
39 12,136 12,120 16 5 0 .5 6 4 .5 1 4 .0
40 14,914 14,903 11 2 2 .0 3 9 .0 1 7 .0

The total heat liberated in the calorimeter was greater 
when the nitrogen was used, bu t the washings from the bomb 
were more strongly acid, so th a t the correction for acid and

sulfur overcame the effect of the greater rise in temperature. 
The washings were titra ted  with a sodium carbonate solution 
(3.658 grams per liter of water) to determine the acidity cor
rection. From 13 to 17 cc. more solution were required to 
neutralize the bomb washings when the nitrogen was used.

C o n clu sio n s

The effect of added nitrogen in the oxygen bomb calorim
eter is to increase slightly the am ount of sulfur obtained 
by the bomb-washing method for the determination of the 
sulfur in coal and to bring the results obtained by the three 
methods generally used for the determination into substantial 
agreement. No complication in the heat value determina
tion is introduced thereby.

F. J. M oore—H istorian of Chem istry1
B y T e n n e y  L. D avis

M a s s a c h u s e t t s  I n s t i t u t e  o i> T e c h n o l o g y , C a m b r i d g e . M a s s .

F . J . M oore

ALL A m e ric a n  
students of the 
h i s t o r y  of  

chemistry are familiar 
w i t h  Moore’s book 
upon th e  s u b j e c t .  
M any owe to it their 
first interest in the 
history of their sci
ence. But only a few 
of us have had the 
privilege of a personal 
acquaintance with its 
genial author. Prof.
Forris Jewett Moore
d i e d  s u d d e n l y  on
November 20, 1926, 
a t his home in Cam
b r id g e ,  Mass. The 
accompanying p o r 
trait is r e p r o d u c e d  
from a p h o t o g r a p h  

taken ten days before th a t date.
F. J. Moore was born a t Pittsfield, Mass., June 9, 1867.

He graduated from the Stevens High School of Claremont,
N. II., in 1884, and received the degree of bachelor of arts 
from Amherst College in 1889. At Amherst he studied chem
istry with Prof. William P. Harris, and after graduation con
tinued a t th a t college for another year as a teacher in the 
laboratory. He then went to the University of Heidelberg, 
where he studied with Victor Meyer and with Gattermann, 
carried out under the direction of the latter his doctor’s re
search on the isolation of the aromatic sulfonic acids, and was 
awarded the degree of doctor of philosophy in 1893. In 1892 
he married Miss Emma Tod of Edinburgh, Scotland. After 
returning to the United States he served for one year as in
structor of chemistry a t Cornell University. In  the autumn 
of 1894 he came to the Massachusetts Institu te of Technol
ogy. Here he first taught analytical chemistry, bu t soon 
transferred to the organic chemistry section of the chemistry 
department, where for many years he was in charge of under
graduate instruction in th a t subject. The condition of his 
health caused him to retire from active teaching in 1925,

1 Presented under th e title  "T w o Portraits of F . J. M oore, Historian  
of C hem istry” before th e Section of H istory of C hem istry a t th e 73rd M eet
in g  of th e  Am erican Chem ical S ocie ty , R ichm ond, V a., April 11 to  16, 1927.

but he retained his research assistants and visited the lab
oratory frequently for conference with students who were 
working under his direction for the doctor’s degree.

Professor Moore considered himself to be an alchemist sort 
of a chemist, for he preferred to examine new territory and 
to study new permutations and combinations of atoms. His 
published researches deal with the sulfocinnamic acids, with 
colored salts of Schiff’s bases, with the constitution of xan- 
thogallol, and with the oxidation of uric acid by means of 
hydrogen peroxide. They show throughout th a t mastery 
of innumerable detail which is necessary for pioneer work in 
structural organic chemistry. He published “Outlines of 
Organic Chemistry” (1910), “Experiments in Organic Chem
istry” (1911), and “A History of Chemistry” (1918). The 
last book shows the character of the man—widely read, witty, 
and lucid. I t  is entertainingly w ritten and can be recom
mended to  chemist and non-chemist alike. The writer has 
found it excellent medicine for the student who thinks that 
organic chemistry is difficult, for it gives him an interest which 
removes difficulties and makes intricacies appealing.

As an undergraduate a t Amherst, F. J. Moore was interested 
in chemistry and in philosophy—to such an extent that he 
found it difficult to choose between the two. Although he 
decided to pursue the chemistry, his “History of Chemistry ’ 
makes it clear th a t he never abandoned the philosophy.

Kjeldahl Digestion Apparatus
Editor of Industrial and Engineering Chemistry:

W e feel that it  would be undesirable to go into a discussion
concerning the patentable features of the Kjeldahl apparatus
described by us [E. G. Hastings, E. B. Fred, and W. H.
P etersen , T h is  J o u r n a l , 19, 397 (1927)] and referred to by
W . H .  Scott [ T h i s  J o u r n a l ,  19, 761 (1 9 2 7 ) ] .  Apart from the
sliding lead stopper, our apparatus does not possess any new
or novel feature. The idea of a fume tube with side arms is
old and well know n. See M erkle [T h is  Jo u r n a l , 8 ,5 2 1  (1916) ]-
The absorption of the fumes and their discharge into a sewer
is also old and well known. See Sy [ T h i s  J o u r n a l ,  4 ,680 (1912) ].

T h e  U n i v e r s i t y  or W i s c o n s i n  E .  B. F r ED
C o l l e g e  o p  A g r i c u l t u r e  

M a d i s o n , W i s .
April 4, 1927

Correction—In the article on "By-Product Hydrochloric 
Acid” by E. J .  Fox and C. W. W hittaker, T h i s  J o u r n a l , 1®i 
349 (1927), the patent number in footnote 3 should be 1,235,025.
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AM ERICAN CONTEM PORARIES

Alfred Meredith Peter
I T IS only once in a great while that the mantle of an illustrious 

father falls upon a son; however, that this does happen is 
to be gleaned from the life and labors of Dr. Alfred Meredith 

Peter, who not only shared heavily in the voluminous work 
during the last twenty years of his father’s busy career, but has 
continued to carry on in a quiet and unassuming way the chem
ical work relating to geology, soils, and crops at the Kentucky 
Agricultural Experiment Station for more than forty years.

Alfred Meredith Peter was born M ay  
25, 1857, within a stone’s throw of the 
famous old Transylvania University at 
Lexington, Ky. His early boyhood was 
spent, he says, in learning the rules of 
the three R ’s at his mother’s knee and 
tagging along at his father’s heels as he 
went about his work at Transylvania 
University, and he often sat in the 
lecture room and watched with unusual 
interest the experimental demonstrations 
which his father performed in connec
tion with his lectures in chemistry and 
physics. Later he attended the Academy 
and College of Arts of the old Kentucky 
University, and during this time he ren
dered material service in his father’s 
laboratory in the preparation of samples 
for analysis and such other odd jobs as 
spare moments of leisure p e r m i t t e d .
During his undergraduate period he was 
assistant instructor in chemistry from 
1876 to 1878. H e graduated from the 
Department of Chemistry of the Agri
cultural and M echanical College in 1SS0 
with the degree of bachelor of science.
He was then appointed assistant professor 
of chemistry in the State Agricultural 
and Mechanical College and also assist
ant chemist to the K entucky Geological Survey. In 1S85 he 
obtained his master’s degree from the Agricultural and M echan
ical College. In 1887 he married M iss M ary B. McCauley, of 
Lexington, K y., and their home was, until Mrs. Peter’s death in 
1925, famed in this community' for its charming and gracious 
hospitality.

Since June, 1886, he has been connected with the Kentucky 
Agricultural Experiment Station in the capacity of chemist, 
and chief chemist, to the present time. Since 1904 he has had 
general supervision and control of the chemical work of the 
Kentucky Geological Survey. In 1910 he was made professor 
of soil technology in the State University of Kentucky and in 
1913 his Alma Mater conferred upon him the degree of doctor of 
science in recognition of his scholarly and distinguished scientific 
attainments. Even though his Alma Mater may have been 
tardy in thus honoring a son, that much larger institution, the 
general public, which he has served long and faithfully, was in 
no way derelict in this matter, for from his early youth he had 
been familiarly known as “ Little D oc.” During the latter part 
of Professor Scovell’s term of office as director of the Kentucky 
Agricultural Experiment Station, Doctor Peter served as vice 
director. After the death of Doctor Scovell, Doctor Peter was 
made acting director and served in this capacity until Doctor

Kastle was elected director. Upon the death of Doctor Kastle, 
Doctor Peter was again appointed acting director and served 
in that capacity until the present incumbent. Dean Thomas 
Cooper, was appointed director.

Doctor Peter is the author, joint author, and collaborator in a 
large number of the Station’s publications. The manuscript 
and proof of practically everything that has been published by
the Kentucky Agricultural Experiment Station in the little

more than forty years of its existence 
was carefully scrutinized by him before 
publication. He has always manifested 
a deep interest in the work and progress 
of the Association of Official Agricultural 
Chemists, and in the early days of its 
existence, when new' methods were be
ing tried and tested, he rendered much 
valuable assistance in this connection 
because, like his father before him, he 
has long held the enviable reputation of 
a careful and painstaking analyst, of the 
order of the old school. Doctor Peter 
has long evidenced an abiding interest in 
the progress of chemistry both locally and 
nationally. He has been an active mem
ber of the A m e r ic a n  C h e m i c a l  S o c i e t y  
since 1894, a member of the American 
Association for the Advancement of 
Science since 1886, and a fellow since 
1890. He w’as for many years a mem
ber of the German Chemical Society. 
He is a member of the Society of Chem
ical Industry, a fellow of the American 
Institute of Chemists, a member of the 
National Geographic Society and of the 
Kentucky Historical Society. He was 
instrumental in the formation of the first 
section of the A m e r i c a n  C h e m i c a l  

S o c i e t y  in Kentucky, with headquarters at Louisville. Later 
he assisted in organizing the Lexington Section of the S o c i e t y  

and served as its first president. He is a member of the M asonic 
Order, Lexington Lodge, No. 1, F. and A. M ., of Alpha Chi Sigma, 
Sigma X i, and Phi Beta Kappa fraternities. He assisted in the 
organization of the Kentucky Academy of Science and has served 
as its secretary since 1915.

Dr. Joseph H. Kastle, a life-long friend, pupil, and fellow chem
ist who has passed to the great beyond, paid Doctor Peter this 
very sincere tribute:

Our present knowledge of the soils of the state and of their 
fertilizer requirements is due in a very large measure to Doctor 
Peter, and more than any other man he has assisted the Common
wealth in attaining the ends of justice by numerous toxicological 
examinations requiring the highest degree of patience and 
chemical skill. He has at his immediate command a greater 
store of really helpful chemical information than anyone I have 
ever known. I always think of him as one of the dependable 
men of this community, one whose good judgment and helpful 
advice are beyond all questions of immediate compensation. 
I have never seen him in a hurry, never angry; on the other 
hand, he is always busy, always helpful, always ready to render 
to others the m ost valuable expert service in his chosen field 
of work.

J .  S . M c H a r g u e
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BOOK REVIEW S

Allen’s Commercial Organic Analysis. Volume V— Tannins, 
Writing Inks, Stamping, Typing and Marking Inks, Printing 
Inks, Amines and Ammonium B ases, Analysis of Leather, 
Colouring M atters of Natural Origin, Colouring Substances 
in Foods, Benzene and Its Homologues, Aniline and Its 
Allies, Naphthylamines, Pyridine, Quinoline and Acridine 
B ases. Edited by S a m u e l  S. S a d t l e r ,  E l b e r t  C. L a t h r o p ,  
a n d  C. A i n s w o r t h  M i t c h e l l ,  xii +  700 pages. P . Blakis- 
ton ’s Son & Company, Philadelphia, 1927. Price, S7.50.

The book is divided into nine sections, each contributed by  
a specialist. The plan followed by each is to give general in
formation regarding the composition and methods of preparation 
of the materials under consideration, outline methods of identifica
tion, and give detailed instruction for analysis. For certain 
products, such as ink, government specifications are added. 
M any data from widely different works have been brought to 
gether, and references to original sources have often been given. 
A bibliography of general works has been placed at the end of 
each chapter.

Although the work is, in general, well done, a number of irregu
larities have crept in. Thus, on page 269, it is proposed to 
designate by the term "true aromatic amines” those derivatives 
which, like benzylamine, have the amino radical attached to a 
side chain. Nevertheless, on page 278 it  is stated that nitrous 
acid converts "tertiary aromatic amines into nitroso derivatives 
which contain the nitroso-group in the benzene nucleus.” The 
author probably refers to compounds of the type of dimethyl- 
anilinc, though his definition of aromatic amine on page 269 
would lead one to suppose that he had in mind such products 
as dimethylbenzylamine, tribenzylamine, etc. The reviewer 
has been unable to  find any evidence that the nitroso products 
thus suggested are formed in the way indicated. Further, in 
speaking of the action of nitrous acid on aliphatic primary amines, 
the author disregards the fact that the alcohol obtained is often 
an isomer of what one would expect [Henry, Compt. rend., 
145, 899, 1247 (1907)].

Some of the descriptions could have been made more accurate. 
On page 191, in giving directions for the estimation of glucose by 
Fchling’s solution, it is stated that "the tube is then gently ig
nited with a slight current of air through it to destroy possible 
traces of organic matter and the copper reduced in a stream of 
pure dry hydrogen.” On page 539 B om stein’s work on the 
oxidation of aniline and homologs is mentioned, but it is called 
the "reduction of aniline.” There is also lack of uniformity in 
the structural representation of certain radicals, and in the 
designation of reagents. Several errors in formulas are also 
noted. The formula for the product obtained by the action  
of chlorine water on benzidine, recorded on page 603, is that 
found by Claus and Risler [Ber., 14, 85 (1881)]. Later work 
by Schlenk [Ann., 363, 318 (1908) ] on purer material, which does 
not support the first, is not noted in the present work.

Apparently much time has been given to the preparation of 
a subject index, which contains some authors' names. The 
work seems well done, but it is to be regretted that a separate 
author index was not prepared. L Chas R aiford

Leim und Gelatine. B y  E . S a u e r .  A monograph reprinted 
from Kolloidchemischen Technologie, edited by R. E. L e i s e g a n c ,  
Dresden and Leipzig, 1927. 57 pages; 40 illustrations. 
Price, paper, 3 marks.
The monograph is divided into two parts: the first half pre

sents a discussion of the theoretical physical and chemical prop
erties of glue and gelatin solutions; the second half describes 
the manufacturing process.

The theoretical part is a brief compilation of the results of 
different investigators and is not a description of original work. 
Very few opinions are given on the validity of the various ideas 
expressed. T he main points of the research of each investi
gator are summarized in a very brief paragraph with a few dia
grammatic illustrations.

The whole treatm ent seems to be disconnected and written 
perhaps for the manufacturer who is somewhat concerned over 
the possible advantages or accomplishments of research and

wishes to have the complete story of the theory of gelatin solu
tions in a sentence or two. There is very little attem pt at apply
ing the theory to the actual manufacturing process.

The description of the manufacturing process seems to have 
been given a little more attention. ^  B o g u e

The Relation of Motor Fuel Characteristics to Engine Per
formance. B y  G e o r g e  G . B r o w n .  Engineering Research 
Bulletin 7, M ay, 1927, University of Michigan, Ann Arbor, 
Mich. 129 pages. Price, $1.00.

This bulletin gives a thorough discussion of the two major 
characteristics of motor fuels (gasolines)— volatility and knock 
tendency. I t  is based on all the best data available from the 
literature, as well as those obtained by the Department of 
Engineering Research of the University of Michigan.

It is hard to define volatility quantitatively in the case of 
a complex mixture like gasoline. Professor Brown presents 
and discusses the various methods of measuring and expressing 
it, and then studies system atically the behavior in the engine 
of a series of fuels of widely different volatilities, in reference 
to the four m ost important factors of satisfactory operation— 
ease of starting, acceleration, power, and economy. The 
second part of the opuscule treats of knocking tendency. It 
makes clear the importance of using fuels which have a reason
ably low tendency to detonate. A discussion of the various 
theories of detonation, the methods of measuring it, and of 
expressing the results, follows.

The author takes a highly commendable stand in insisting 
that volatility and knocking tendency are the outstanding 
characteristics of gasoline. He considers volatility  to be the 
more important- of the two, and also draws his own very definite 
conclusions regarding optimum volatility and the mechanism 
of detonation. The reader is, however, not forced, nor even 
invited, to share these views. The data on which these opinions 
are based are clearly presented, so that the attentive reader 
may draw his own conclusions. The author has obviously 
given thorough consideration to  his subject, and so much infor
mation and ideas are condensed into the bulletin as to make it 
a valuable contribution to a  field which is attracting a great 
deal of attention from those interested in the development 
of gasoline and gasoline engines. George Caungaert

Soil Mineralogy: A D iscussion of M ineralogy in Its Application 
to Soil Studies. B y  F r e d e r i c k  A. B u r t ,  vii +  82 pages. 
6 illustrations. D. Van Nostrand Company, New York, 
1927. Price, S1.50.

According to the preface this book is written for the students 
and scientific workers in our agricultural colleges and related 
organizations. I t  is a mineralogy enlarged with geology and 
chemistry.

The topics discussed are the physical properties of minerals; 
the various compounds in the soil considered under the heading 
of the elements; the weathering of minerals; determinative 
mineralogy applied only to those minerals found in soils; de
scriptions of mineral species; and supplementary tables showing 
the relative occurrence, resisting power, and volume changes of 
minerals.

The chapter on weathering, disintegration, and decomposition 
of minerals in the soil brings geology to bear on the formation of 
new mineral species from old, and the "mass law” from chemistry 
to help explain the process. This is the high spot in the book.

The determinative table, which m ay have been compiled for 
this work, has a specific gravity as the main distinguishjng 
property. How effective this method may be for class separation 
the reviewer cannot state, but the author points to thirteen years 
teaching which would lead one to think it a workable procedure.

To a chemist some expressions are unfortunate and do not lea“ 
to clear thinking. For example: "Hydrogen sulphide and sul
phuric acid are two forms of sulphur***” (p. 18); a n d  "Chlorida- 
tion, or the addition of chlorine,***” (p. 35) when, obviously, 
it  is substitution that is being discussed. The index has too many 
references to the same subject, and thereby loses its usefulness.
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This book is the outcome, evidently, of that school of agricul
tural education which would develop students in agriculture by 
giving them a bite of every subject that touches the farm. From  
that viewpoint the author is successful and is to be commended 
for his book. The reviewer, however, doubts if this educational 
procedure will produce men of the same breadth in the agricul
tural field as have come from the old-time institutions. If the 
agricultural student is to stand with his Greek and Latin brother 
he must have the same breadth in any subject he touches, and 
this is not obtained by a little  of this and a little of that.

On the whole, the book contains much to make it  of value to 
agricultural workers. c  A P£TERS

Aluminum Bronze Powder and Aluminum Paint. B y  J u n i u s

D. E d w a r d s .  The Chemical Catalog Company, Inc., New  
York, 1927. 104 pages. Price, S3.00.

This volume can be considered as a milestone on the road to 
progress in the protective-coating industries. The author has 
succeeded in collecting into a limited space a vast amount of 
valuable information. Using the words of the author, “The 
major part of this monograph has been devoted to the use of 
aluminum bronze powder in paint because of the widespread 
interest in the subject.” M any pages are quotations from the 
results of other investigators in the same field. The arrangement 
of the methods of testing, especially of the liquids for the alumi
num paint, is very satisfactory. The difficulties of aluminum 
paint when the wrong liquid is used are ably discussed, as well 
as the correct combinations to obtain good results.

The discussion and data on moisture-proofing of wood con
tain considerable new information, although the underlying 
principles have been known for some time. The paragraphs on 
prevention of "bleeding” and painting "knots” might have been 
discussed in a manner that would throw more light on these 
difficulties. Some detailed methods of testing could have been 
omitted, for instance, the "kauri test” is described in the m a
jority of varnish specifications.

The headings of chapters indicate the following lines of dis
cussion: Composition, Specifications and Testing, Uses and 
Applications, and Special Properties. The discussion of manu
facturing and testing of aluminum bronze occupies 25 pages. 
The eighteen illustrations of apparatus, test panels, and films 
add interest to the discussions. Approximately only one page 
is given to pyroxylin lacquer. The several pages on application 
discuss Inks, Pyrotechnic Uses, Thermit, Aerated Concrete, and 
Aircraft Applications.

The book is easy to read, being printed on excellent paper in 
clear type. T he index appears to be very complete, and adds 
considerable value to the volume as a reference book. The au
thor has succeeded in so arranging the data and investigations 
that by the time the reading is completed one has the idea that 
aluminum bronze paint is a valuable product.

P. E. M a r l i n g

Die Wärmeübertragung. Ein Lehr- und Nachschlagebuch.
B y  M. t e n  B o s c h .  2nd enlarged edition. 304 pages. 169 
figures. 69 tables. Julius Springer, Berlin, 1927. Price, 
22.50 marks.

The author presents his subject m atter in the conventional 
way, considering radiation, conduction, and convection in the 
order named. In addition, electrical heating and the diffusion 
of heat through surface films are considered. In each case a 
thorough theoretical discussion precedes the analysis of existing 
data and the presentation of technically useful information.

That part of the book dealing with radiation concerns itself 
with radiation from non-luminous gases as well as from solids. 
Fourier’s diffusion law is developed for the case of conduction 
of heat through solids. Extensive tables of data regarding the 
thermal properties of engineering materials are presented.

Approximately 60 per cent of the subject matter is devoted to 
that very important phase of heat transmission, the heating and 
cooling of fluids in pipes. After a broad survey of the factors 
affecting heat transfer, and the relation between resistance to 
flow of fluids and heat transmission, the author derives a general 
formula for all cases of the transfer of heat to moving fluids in 
pipes. This relationship, and the method of its derivation, is 
similar to one published in a series of anonymous articles in 
Engineering (London) in 1923. However, the ideas there pre
sented are greatly extended in this book, with consequent in
crease in utility of the resulting formula. This equation ac
complishes something heretofore not done—viz., the coördina- 
tion of experimental data for water, air, and superheated steam. 
As given, the equation is involved, but with the aid of several

graphs its use is greatly facilitated. In applying this relation
ship to actual technical cases the author defines a so-called 
"normal case” which involves standard fluid characteristics and 
pipe dimensions. If the case in hand varies from these standards, 
the coefficient of heat transfer computed for the normal case is 
corrected by the use of ratios. This, of course, implies a knowl
edge of the functional relationships between the heat transfer 
coefficient and the variable in question. Graphs covering the 
different variables are provided.

Over fifty numerical examples are given, more than thirty of 
these having to do with the design of tubular heat exchangers.

Although the book has a detailed table of contents, its useful
ness would be enhanced by an index. ^  ^  T urner

Les Etablissem ents Kuhlmann 1825-1925. Cent Ans d’in 
dustrie Chimique. Compagnie Nationale de M atières Color
antes et Manufactures de Products Chimique du Nord 
Réunies. 137 pages. Etablissements Kuhlmann, Paris, 1926.

Probably the best known and the largest of the French cor
porations, Les Etablissements Kuhlmann, has recently issued 
an interesting book which is, at least, a  marvel of the printer’s 
art. This trade monograph gives a history of this corporation 
from the time when, in 1825, Frédérick Kuhlmann established 
the first company under the name at Lille, France, for the 
manufacture of sulfuric acid. The frontispiece, in colors, of 
Frédérick Kuhlmann, is itself impressive. The work describes 
the development of the organization and the parts of the present 
huge corporation. It gives descriptions of the various works, 
photogravures of the men responsible for their developments, 
illustrations of the works themselves and of the destruction 
wrought during the German occupation. The reconstructed 
plants arc also shown and graphs drawn indicating production 
and progressive development.

The work well deserves its title, "Livre d’Or des Etablisse
ments Kuhlmann.” c  L p ARS0NS

Die Rohstoffe des Pflanzenreiches. B y  J u l i u s  v o n  W i e s n e r .  
Band I—Alkaloide bis H efen. 4th edition. B y  P a u l  

K r a i s  a n d  W i l h e l m  v o n  B r e h m e r .  1122 pages. Verlag 
von Wilhelm Engelmaun, Leipzig, 1927. Price, paper, 46 
marks; bound, 49 marks; half-leather, 52 marks.

This encyclopedic work is designed to supply information con
cerning the technically used products obtained from the plant 
kingdom. As such it summarizes available data about such di
verse classes of substances as fibers, drugs, gums, fats and oils, 
etc. The botany, pharmacognosy, morphology, microscopy, 
etc., of the various classes of raw plant materials have been con
sidered in order to provide the necessary classifications.

The various types of products derived from plants arc classified 
by chapters, each class being described according to its charac
teristics, occurrence, tests, and chemical reactions. Similar 
descriptions are given for the individual members of each class. 
The classes of products included in this first volume are: alka
loids, ethereal oils and camphor, bitter substances, albumins, 
enzymes, dyes, fibers, fats and oils, tannins, rubber and allied 
substances, and resins and balsams. M any of the chapters are 
excellently illustrated by photographs.

To the chemist, such a work is invaluable. I t  supplies informa
tion concerning the botany, sources, and distribution of the plant 
products, together with sufficient information concerning the 
properties of the products to meet the ordinary need. The books 
are well edited, printed, and bound. The lack of a general index 
may be felt, although it is hoped that one will be provided when 
the last volume has been issued. R V o l w i l e r

New Books
M an u el du Parfum eur. A s k i n s o n .  4th  French ed ition, revised  and  

corrected by R* S o r n e t .  141 pp. G authier-Villars c t  C ie., Paris. 
Price, 18 francs.

Report of th e  F u e l R esearch  Board for th e  Year 1926, w ith R eport of th e  
D irector o f F u el R esearch . D epartm ent of Scientific and Industrial 
R esearch. 62 pp. H . M . S tationery Office, London. Price, Is. 3d. n et. 

S tudi e  R icerche sui C om bustibili. Vol. I  (1922-1926). M . G. L e v i .
307 pp. A ssod azion e Ita liana di Chim ica Gencrale ed A pplicata, R om e. 

T h en n om etric  Conversion Chart. P e r c y  L. M a r k s .  Crosby Lockwood & 
Son, London. Price, 3  s. 6 d. net.

Transactions of th e  Institu tion  o f C hem ical E ngineers. Vol. 4— 1926. 
209 pp. In stitu tion  o f C hem ical Engineers, London.
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G O V ER N M EN T PUBLICATIONS

N otice— Publications fo r  which price is  indicated can be purchased from
the Superintendent of Documents, Government P rin tin g  Office, W ashington,
D . C . Other publications can u sually be supp lied  from  the Bureau or D e
partment from  which they originate.

B ureau  of F oreign  an d  D o m estic  C om m erce

P ossib ilities for Para R ubber Production in N orthern Tropical Am erica. 
J. C. T r e a d w b l l , C. R . H il l , a n d  H . H . B e n n e t t . Prepared under the 
direction of H . N . W hitford and P. L. Palm erton as part of the Survey  
of Essential R aw  M aterials Authorized by th e S ix ty -seven th  Congress. 
Trade Promotion Series, N o. 40. 375 pp. Paper, 65 cents.

B ureau o f M in es

Apparatus for Vacuum  D istillation  of Lubricating and H eavy P etroleum  Oils. 
M . J. G a v in  a n d  A . L. P o s t e r . Reports o f Investigations 2 8 1 9 . 5  p p .
Issued  July, 1027.

Carbon B lack Produced from Natural G as in 1 926 . G. R. H o p k in s . M in 
eral Resources o f  the U nited  States, 1926. Part II , 16 pp. Paper, 5 cents.

Carbon M onoxide S elf-R escu er . A. C. P i e l d n e r ,  S . H . K a t z ,  a n d  D . A. 
R e y n o l d s .  Seria l 2591. 13 pp. Paper, 5 cents.

C hrom ite in 1926. J. W . F u r n e s s . M ineral Resources o f the U nited  
States, 1926. P art I, 8  pp. Paper, 5 cents.

C oal-M ine F ata litie s in  Ju ne, 1927. W . W. A d a m s .  R eports o f Investiga
tions 2821. 6 pp. Issued Ju ly , 1927.

C onsum ption of E xplosives in  Ju ne, 1927 . W . W . A d a m s . R eports of 
Investigations 2 8 2 3 . 9  pp. Issued Ju ly , 1927.

Copper M in es and M ining. D rilling and B lasting in  O pen-C ut Copper
M in es. E . D . G a r d n e r . B ulletin  2 7 3 . 9 8  pp. Paper, 3 0  c e n ts .

D esulfurizing A ction of M an gan ese in Iron. C. H . H e r t y , J r ., a n d  J. M . 
G a i n e s , J r . R eports o f Investigations 2817. 8  p p . Issued July, 1927.

Ferric Sulfate-S u lfuric Acid P rocess. O. C. R a l s t o n . W ith a Chapter 
on Producing Sm all B u b bles of G as in  Liquids by Subm erged  O rifices. 
C h a s . G. M a iBR. Bulletin  2 6 0 . 122  pp. Paper, 3 0  cents.

F u ller’s Earth in 1926. J e f f e r s o n  M id d l e t o n . M ineral Resources of 
the U nited S lates, 1926. Part II , 12 pp. Paper, 5 cents.

P erm issib le E xplosives Approved Prior to Ju ne 30 , 1927. G . S t . J. P e r r o t t  
a n d  S . P . H o w e l l . R eports o f Investigations 2818. 6 pp. Issued  July, 
1927.

Pyrotannic Acid M ethod for Q uantitative D eterm ination  of Carbon M on
oxide in Blood and in Air: Its  U se  in  D iagn osis and Investigation  of C ases  
of Carbon M onoxide P oison ing. R . R . S a y e r s  a n d  W . P . Y a n t . Tech
nical P aper  373. R eprinted w ith  sligh t changes. 18 pp. Paper, 10 
cents.

Quarry A ccidents in  th e U nited  S ta tes  during th e C alendar Y ear 1925. 
W. W. A d a m s .  Bulletin  286. 98 pp. Paper, 20 cents.

T he U se  of S olven ts for D ew axing Paraffin-Base Crude Oil. H . M . S m i t h .  
Reports of Investigations 2822. 4  pp. Issued Ju ly, 1927.

B ureau  of S tan d ard s

Absorption Spectra of Iron, C obalt, and N ick el. W . F . M e g g e r s  a n d

F. M . W a l t e r s , J r . Scientific P aper  551. 2 2  pp. Paper, 10 cents.
A ging of S oft R ubber G oods. R . F. T e n e r , W . H . S m it h , a n d  W . L. H o l t . 

Technologic P aper  342. 32 pp. Paper, 15 cents.
Caroâ Fiber as a P ap er-M ak in g M aterial. M . B. S h a w  a n d  G. W . B ic k -  

i n g . Technologic P aper  3 4 0 . 24  p p . P a p er , 2 5  c e n ts .
D eterm ination  of Sulfur Trioxide in  th e P resen ce  of Sulfur D ioxid e, To

geth er  with Som e A nalyses of Com m ercial Liquid Sulfur D ioxide. J. R. 
E c k m a n . Scientific P aper  5 5 4 . 9  p p . P a p er , 5  cents.

D eterm ination of W eight per Gallon of B lackstrap M olasses . C. F. S n y d e r
a n d  L. D . H a m m o n d . Technologic P aper  345. 4 pp. Paper, 5 cents.

F ederal and S tate  Law s R elating to W eights and M easu res . R ev ised  by  
W i l l i a m  P a r r y  under th e direction of F. S .  H o l b r o o k .  3rd ed. 976 
pp. C loth, $2.30.

Standard Sam ples. General Inform ation. Circular 25. 9th  ed. 31 pp. 
Issued July, 1927.

W ave-Length M easu rem ents in  Arc Spectrum  of Scandium . W . F . M e g 
g e r s .  Scientific P aper  549. 13 pp. Paper, 5  cents.

B ureau  o f  th e  C en su s

F orest Products, 1926. Pulpw ood C onsum ption and W ood-Pulp  Produc
tion . C om piled in coôperation w ith th e Forest Service, D epartm ent of 
A griculture. 13 pp. Paper, 5 cents.

M anufactured Ice. Census of M anufactures, 1925. 13 pp. Paper, 5 cents.

Paper and W ood Pulp . Census o f M anufactures, 1925. 19 pp. Paper,
5 cents.

P etro leu m  R efin ing. Census o f M anufactures, 1925. 10 pp. Paper, 5
cents.

S m elting and R efin ing (N onferrous M eta ls). Census o f  Manufactures, 1925. 
12 pp. Paper, 5  cents.

T anning M aterials, Natural D yestuffs , M ordants, and A ssistan ts, etc. 8 pp. 
Paper, 5 cents.

D ep a rtm en t o f A gricu ltu re

A Study of th e T oxicity of Acid Lead A rsenate on th e Japanese Beetle 
(P o p o llia  ja p ó n ic a  N e w m .) ,  E . R . V a n  L e e u w e n . Journal of Agricul
tural Research, 3 4  (June 1, 1927), 1013-7.

C om m ercial D ehydration o f  Fruits and V egetab les. P . F . N ic ho ls, Ray 
P o w e r s , C. R . G r o ss , a n d  W . A . N o e l . D epartm ent Bulletin  1335. 40 
pp. Paper, 10 cents.

Grouping of S o ils  on B asis  of M echanical A nalysis. R . O. E . D avis and 
H . H . B e n n e t t . D epartm ent C ircular 4 1 9 . 15 pp. Paper, 5 cents.

R elation of S ize of Oil D rops to Toxicity of P etro leu m -O il Emulsions to 
A phids. E . L. G r i f p i n , C. H . R ic h a r d s o n , a n d  R . C. B u r d e t t e . Re
printed from Journal o f Agricultural Research. 12 pp.

S e le c tio n  for Q uality of Oil in  S oy  B ean s. L . J. C o l e , E . W . L indstrom, 
a n d  C. M . W o o d w o r t h . Journal o f Agricultural Research, 35 (July 1, 
1927), 75-95 .

Sulfuric Acid a s  a W eed  Spray. A l f r e d  A s l a n d e r . Journal of Agricul
tural Research, 3 4  (June 1, 1927), 1065-91.

T h e D iscoloration  of C anned C ranberries. F . W . M o r s e .  Reprinted from 
Journal of A gricultural Research. 4  pp.

D e p a r tm en t o f C om m erce

C om m erce Y earbook 1926. V olum e I— U nited  S ta tes . C loth, $1.00.

G eolog ica l Survey

C orrelation of G eologic Form ation b etw een  E ast-C entral Colorado, Central 
W yom ing, and Southern  M ontana. W . T . L e e . Professional Paper 149. 
80 pp. Paper, 50 cents.

G eology and Ore D ep osits  of th e M ogollon  M ining D istrict, N ew  Mexico. 
H . G. F e r g u s o n .  Bulletin  787. 100 pp. Paper, 65 cents.

M in es and M ineral R esources. O perating R egulations to Govern Methods 
of M ining and S a fety  and W elfare o f E m ployees on Leased Lands on 
Public D om ain under M ineral L easing A cts, P otash , October 2, 1917 
(40 S ta t., 297) and February 7, 1927 (44 S ta t., 1057). Oil Shale, Sodium 
P hosphate, February 25, 1920 (40 S ta t., 437) Sulfur, April 17, 1926 (44 
S ta t., 301), G old, S ilver, and Quicksilver, June 8, 1926 (44 S tat., 710); 
approved June 2, 1927. 8 pp. Paper, 5 cents.

Surface W ater Supply of th e U nited  S ta tes  1923. Part X II— North Pacific 
Slope D rainage B asin s. C. Low er Columbia R iver B asin  and Pacific 
Slope D rainage B asin s in O regon. N . C. G r o v e r , F. F . H b n sh a w , a n d

G. L . P a r k e r . W ater-S upply P aper  574. 194 pp. Paper, 35 cents.
T he Toklat-T onzona R egion . B y  S t e p h e n  R . C a p p s . G eologic Investi

gations in N orthern A laska. P h i l i p  S . S m it h . Bulletin  792-C . 50 PP-

P resid en t o f th e  U n ited  S ta te s

C resylic Acid. Proclam ation  authorizing certain decrease in  d u ty  on Cre- 
sy lic  Acid in order to equalize differences in costs  of production in the 
U nited  S tates and G reat Britain. N o . 1809. 2 pp. Ju ly  20, 1927.

P u b lic  H ea lth  Service

A D istin ctive T est for C yste in e . M . X . S u l l iv a n . R eprint 1084 from 
Public Health Reports. 27 pp. Paper, 5 cents.

E xperim ental B acterial and C hem ical Pollu tion  of W ells  via Ground Water, 
and F actors Involved. C. W . S t il e s , H . R . C r o h u r st , a n d  G. E. T homp
s o n . Report on G eology and Ground W ater Hydrology of E x p e r im e n ta l  
A rea of U nited  S ta tes  P u b lic  H ealth  Service at Fort C asw ell, N . C. N. D- 
S t e a r n s . Bulletin  147, H ygien ic Laboratory. 168 pp. Paper, 30 
cents.

E xperim ental S tu d ies of W ater Purification. I l l — D iscu ssion  of B. coli 
R esu lts  O btained from  Prim ary S eries  of Experim ents. H . W. S t r e e t s * -  

P ublic Health Reports, 42 (Ju ly  15, 1927), 1841-59.
S ick n ess  am ong Industrial E m p loyees. Incidence and D uration of Disa

bilities from Im portant C auses L astin g Longer than One W eek among
133,000 Persons in Industry in 1924, and a Sum m ary o f th e E x p e r ie n c e  for 
1920-1924. R eprint 1060 from Public Health Reports. 19 pp.
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M A RK ET R E PO R T —AUGUST, 1927

FIRST-HAND PRICES FOR CHEMICALS IN  ORIGINAL PACKAGES PREVAILING IN  TH E N EW  YORK M ARKET ON AUGUST 15

Acetanilid«, tech ., bbls.................. .lb . .21
U. S. P ., bbls............................ .ib . .35

Acetic anhydride, 92-95% , cbys..lb . .29
Acetone, C. P ., drum s, w k s . . . . .lb . .1 2
Acetophenetidine, bbls.................. .lb . 1 .6 0
Acid, Acetic, 28% , c /1 ,  bbls. 100 lbs. 3 .3 8

56%, c /1 , bbls.................100 lbs. 6 .3 4
Glacial, c /1 ,  bbls............100 lbs. 11 .9 2

Acetylsalicylic, bbls................... lb. .8 5
Anthranilic, 99 -100% , drum s. .lb . .98
Benzoic, tech ., b b ls ................... .lb . .5 8
Boric, bbls...................................... ■ 0 8 H
Butyric, 60% , pure, 5-lb. b o t. .lb . .55
Chloroacetic, m ono-, bbls.,

w ks.......................................... .25
Di-, c b y s .................................... 1 .00
Tri-, b b ls.................................... 2 .5 0

Chlorosulfonic, drum s, w k s ... .lb . .15
Chromic, pure, 98% , drum s.. .lb . .37
Chromotropic, bbls.................... 1 .0 0
Cinnamic, 5-lb. ca n s ................. 3 .2 5
Citric, U. S . P ., kegs, b b l s . . . ,1b. .4 4
Cresylic, pale, d ru m s................ gal. .6 2
Formic, 85% , cb ys., N . Y . . . . .lb . .11
Gallic, U. S . P ., b b ls ................. .lb . .74
Glycerophosphoric, 25% , 1«

lb. b o t ..................................... 1 .4 0
H, bbls., w ks.................................
Hydriodic, 10% , U . S . P ., 5-

.57

lb. b o t ..................................... .lb . .6 5
Hydrobromic, 48% , cb ys., wks.lb. .4 5
Hydrochloric, 20* , tanks,

w ks.................................. 100 lbs. 1 .0 5
Hydrofluoric, 30% , bbls., wks,..lb . .06

60%, bbls., w ks....................... .lb . .13
H ydrofluosilidc, 35% , bbls.

w ks........................................... .11
Hypophosphorus, 30% , U

S. P ., 5-gal. d em is............. .36
Lactic, 22% , dark, bbls........... .05M

66%, light, bbls., w ks........... .26
M etanilic, b b ls ................. .lb . .60
Mixed, tanks, w k s ............... N unit .06

S unit .01
Molybdic, 85% , k eg s___ 1 .2 5
N aphthionic, tech ., b b ls .......... .lb . .55
Neville & W inther's, bbls........ .lb . .95
Nitric, C. P ., c b y s ...................... .lb . .12
Nitric, 38 ° , c /1 , cb ys ., wks

..........................................100 lbs. 5 .0 0
Oxalic, bbls., w k s ....................... .lb . .11
Phosphate, b u lk .......................... .ton 9 .5 0
Phosphoric, 50% , c b y s ............ .07
Picramic, bbls............................... .lb . .50
Picric, bbls. c /L .......................... .3 0
Pyrogallic, tech ., b b ls ............... .8 6
Salicylic, tech ., bbls................... .37

Stearic, d. p ., bb ls. c/1 ............ .lb . A 1 H
Sulfanilic, 250-lb. bbls.............. .lb . .15
Sulfuric, 6 8°, c/1, cb ys., wks.

......................................... 100 lbs. 1 .3 5
66*, tanks, w k s....................... ton 15 .00
60*, tanks, w k s....................... ton 10 .50
Oleum, 20% , tanks, w k s . . . ton 18 .00

40% , tanks, w k s................ ton 4 2 .0 0
Sulfurous, U . S. P ., 6% , cbys. .lb . .05
Tannic, tech ., b b ls..................... .lb . .30
Tartaric, U. S. P ., cryst.,

b b ls .......................................... .37
T obias, b b ls .................................. .85
T ungstic, k egs .............................. 1 .00
V aleric, C. P ., 10-lb. b ot......... .lb . 2 .5 0

A lcohol, U. S. P ., 190 proof »
bbls............................................... gal. 3 .7 0

A m yl, 10% , Im p. drum s......... gal. 1 .4 0
B u ty l, drum s, c/1 , w ks............ .1 9
Cologne Spirit, b b ls.................... gal. 3 .9 0
D enatured, N o . 5, C om p, de-

nat. c/1, d rs........................ .ga l. .44
N o . 1, Com p, d e n a t , d r s . . gal. .46M

Isob u ty l, ref., drum s................. • lb.
Isopropyl, ref., d ru m s.............. gal. 1 .0 0
Propyl, ref., drum s..................... 1 .00
W ood, see M ethanol

A lpha-napbthol, bbls..................... .lb . .65
A lpha-naphthylam ine, bbls......... .lb . .35
A lum , am m onia, lum p, bbls.,

wks....................................... 100 ’lbs. 3 .1 5
Chrome, casks, w ks...........100 lbs. 5 .2 5
Potash , lum p, bbls., w k s.. 100 lbs. 3 .5 0
Soda, bbls., w k s..................100 lbs. 3 .2 5

Alum inum , m etal, N . Y ..................Ib. .2 6
A lum inum  chloride, anhyd.

drum s.......................................... .35
Alum inum  stearate, 100-lb. bbl. ..lb . .23
Alum inum  sulfate, com m ’l

bags, wks.................. 100 lbs. 1 .40
Iron-free, bags, wks...........100 lbs. 1 .7 5

A m idopyrine, b oxes....................... .lb . 4 .6 0
A m inoazobenzene, 110-lb. k g s .. .lb . 1 .1 5
Am m onia, anhydrous, cy l., w ks. .lb . .11
A m m onia w ater, 26 ° , drums

w k s ........... ................................... .03
A m m onium  acetate , k egs............ .34

Bifluoride, b b ls............................ .21
Brom ide, 50-lb. b o x e s .. . . . . . .48
Carbonate, tech ., ca sk s............ • 08 H
Chloride, gray, b b ls.................. .0 5 X

Lum p, ca sk s............................ .12
W hite, b b ls . ............................ .0 5  X

Iodide, 25-lb. jars....................... .lb . 5 .2 0
Lactate, b b ls................................ .15
N itrate , tech ., cryst., bbls----- .lb . .21

O xalate, kegs..................................... lb . .3 5
Persulfate, ca ses  lb. . 2 7 H
Phosphate, d ibasic, tech .,

b b ls...............................................ib . .18
Sulfate, bulk, w k s. 100 lbs. 2 .4 0
Thiocyanate, tech ., k eg s .............. lb. .4 0

A m yl acetate , tech ., drum s.............. lb . 1 .9 0
A niline oil, drum s................................. lb. .1 5
Anthracene, 80-85% , casks, w ks..lb . . 60
A nthraquinone, subl., b b ls ...............lb . .90
A ntim ony, m etal...................................lb . .1 1  f t
A ntim ony chloride, anhyd.,

drum s  lb. .1 7
Oxide, b b ls......................................... lb . A Q X
Salt, D om ., b b ls............................... lb. .18
Sulfide, crim son, bbls..................... lb . .2 5

Golden, b b ls ................................. lb . .1 5
Vermilion, bbls.............................lb. .3 7 H

Tartrolactate, b b ls......................... lb . .4 5
A rgols, red powder, b b ls ...................lb . .0 8
A rsenic, m etal, k egs ............................lb . .4 5

R ed , kegs, c a s e s .   lb . . 10
W hite, c/1 , k egs    lb . .0 4

A sbestine, bulk, c /1 ........................... ton  1 6 .0 0
Barium  carbonate, bbls., bags,

w k s    ton 4 7 .5 0
Chloride, bags, w k s . . . t o n  5 8 .0 0
D ioxide, bbls., w k s . . . . . l b .  .1 3
H ydroxide, b b ls ............................... lb . .04M
N itrate, cask s....................................lb. .0 8

Barium  sulfocyanide, 400-lb.
b b ls ...................................................lb . .2 7

B arytes, floated, 350-lb. bbls.,
w k s   ton  2 3 .0 0

Benzaldehyde, tech ., d ru m s.. . .  .lb . .6 5
F . F . C ., c b y s    lb . 1 .4 0
U. S . P ., c b y s ....................................lb . 1 .1 5

Benzene, pure, tanks, mills gal. .2 2
Benzidine base, bbls............................lb . .70
B enzoyl chloride, carb oys................ lb . 1 .0 0
B enzyl aceta te , c b y s .......................... lb . 1 .30

A lcohol, 5-liter bot..........................lb . 1 .40
Chloride, tech ., drum s.................. lb . .25

Beta-naphthol, b b ls............................ lb . .24
Beta-naphthylam ine, bbls................ lb . .63
B ism uth, m etal, ca ses ........................lb . 2 .2 5
Bism uth n itrate, 25-lb. ja rs ............ lb. 1 .8 5

Oxychloride, b o x es .  lb . 3 .1 0
Subnitrate, U . S. P ., 25-lb.

ja rs ....................................................lb. 2 .2 0
B lanc fixe, dry, b b ls.......................... ton 8 0 .0 0
Bleaching powder, drum s, wks.

...................................100 lb s. 2 .0 0
Bone ash, k eg s .................................... ,1b. .0 6
B one black, bbls................................... lb . . 0 8 Vi
Borax, pow d., bbls.............................. lb . . 0 4 ^
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B ordeaux m ixture, bbls....................lb.
B ritish  gum , com ., c /L .......... 100 lbs.
B rom ine, b o t ........................................ lb.
Brom obenzene, drum s...................... lb.
Brom oform , 5-lb . b o t ....................... lb .
B u ty l ace ta te , 100-gal. d ru m s. . .  gal. 
C adm ium  brom ide, 50-lb . ja r s .. . .  lb.
C adm ium , m etal, b oxes .................. lb.
C adm ium  sulfide, cs...........................lb.
C affeine, U . S. P ., 5-lb. cans......... lb.
Calcium  acetate , b a g s  100 lbs.

A rsenate, b b ls ................................. lb.
Carbide, drum s............................... lb.
Chloride, drum s, w k s ................ ton
L actate, tech ., b b ls .......................lb .
N itra te , b b ls ...................................ton
Phosphate, m onobas., b b ls . . .  .lb . 

T ribas., b b ls ................................ lb.
Calcium  carbonate,tech.,bgs.100lbs.

U . S. P ., precip., 175-lb. b b l . . . .lb .
C am phor, A m er., bbls................... .lb .

Jap ., ca ses ......................................... lb.
Crude, ca ses .....................................lb.

Cam phor, m onobrom , cs................. lb .
Caram el, b b ls .............................. . • *8*1.
Carbazole, b b ls ....................................lb.
Carbon bisulfide, d ru m s..................lb.
Carbon black, ca ses .......................... lb.
Carbon d ioxide, liq ., c y l ..................lb .
Carbon tetrachloride, d r u m s .. . . . lb .
C asein, s ta n d .g r ., bbls....................lb.
C ellulose ace ta te , kegs......................lb.
C erium  oxalate, k eg s ........................ lb.
C halk, p ptd ., c a s k s .. . . . . . . . . . .  .¡b .
C harcoal, w illow , p ow d., b b ls . . . . lb .
C hina clay , im p ., b g s  100 lbs.
Chloral h ydrate, drum s....................lb.
Chloram ine U . S . P ., 5-lb. b o t . . .lb . 
Chlorcosane, 5-lb. b o t ...................... lb.
Chlorine, liq ., c/1.» c y l......................lb.
C hlorobenzene, m ono-, d r u m s ...lb .
C hloroform , tech ., drum s............... lb.
C hlorohydrin, an hyd ., d ru m s... .lb . 
Chrom ium  aceta te , 2 0° sol., b b ls.lb . 
C inchonidine su lfate, 100 o z . . . . . o z .
Coal tar, tan ks, b bls., w k s ...........gal.
C obalt, m etal, k eg s ........................... lb .
C obalt oxide, bbls...............................lb .
C od-liver o il, b b ls ...................   .b b l.
C ollodion, d ru m s................................lb.
C opperas, c/1 ., b u lk ..................;
C opper, m etal, e lec  100 lb.
C opper carbonate, b bls.................... lb.

C hloride, b b ls .................................. lb.
C yanide, d rum s..............................lb.
Oxide, red, bbls............................... lb.
Sulfate, c/1 ., bbls 100 lb.

C otton , solub le, b b ls ......................... lb.
Cream  tartar, b b ls .............................lb.
C yanam ide, bulk , N . Y .

............................... A m m on, unit
D iam inophenol, k egs........................ lb.
D ian isid ine, kegs.................................lb.
D ichlorobenzene, d ru m s..................lb.
D iethylan iline, d ru m s. .................. lb .
D ieth y lp h tha late, drum s................lb.
D ieth y lsu lfa te, tech ., drum s......... lb.
D im ethylan iline, dru m s.   lb.
D im eth ylsu lfate, dru m s.................. lb.
D initrobenzene, d ru m s.................... lb.
D initrochlorobenzene, b b ls . . . . .  .lb .
D initronaphthalene, b b ls ................lb.
D initrophenol, b b ls ........................... lb.
D iphenylam ine, b b ls .   lb.
D iphenylguanidine, b b ls ................. lb.
Epsom  sa lt, tech ., bbls., c /1 .,

N . Y ................................. 100 lbs.
E ther, n itrous, b o t ............................ lb.
E ther, U . S . P ., drum s..................... lb.
E th y l aceta te , 99% , d r u m s .. . . .ga l.

B rom ide, d ru m s............................. lb.
C hloride, d ru m s............................. lb .
M eth y l k eton e, dru m s.................lb .

E th y l benzyl aniline, 300-lb. d rs ..lb .
E th y len e brom ide, d ru m s...............lb.

C hlorohydrin, an hyd ., drum s, .lb .
G lycol, c/1 ., w k s........................... lb.

Feldspar, b u lk .................................... ton
Ferric chloride, tech ., b b ls ............. lb.
Ferrous chloride, cryst., b b ls .. . . .  lb.
Ferrous sulfide, b b ls................100 lbs.
Fluorspar, 95% , b ags......................ton
Form aldehyde, b b ls...........................lb.
Form aniline, drum s........................... lb.
Fuller's earth, bags, c/1 ., m ines, .to n
Furfural, 500-lb. drs., c / 1 .............lb.
G lauber’s sa lt, b b ls ................. 100 lbs.

.11
4 .3 7

.4 7
.50

1 .6 5
1 .5 5
1.20

.70
1.20
3 .0 5
3 .5 0  

. 0 7 #  

. 0 5 #
21.00

.3 5
5 2 .0 0  

.07  

.11
1.00 

. 0 6 #  

.62  

.6 4  

.64  
1 .8 5  

.6 3  •

.1 5  

. 0 5 #  

.12  

.06  

.0 7  

.1 8  
1 .4 0  

.32  

. 0 4 #  
.06

1 5 .0 0  
.60

1 .7 5
.5 5
. 0 5 #
.07
.20
.75
. 0 5 #
.3 5
.07

2 .5 0  
2.00

4 5 .0 0  
.2 3

13 .0 0  
12 .90

. 1 6 #

.2 8

.4 8

. 1 6 #
5 .0 0  

.40  

.2 7

1 .8 0
3 .8 0
3 .2 5

.06

.55

.2 5

.20

.30

.45

. 1 5 #

.1 5

.32

.31

.4 5

.68

1.10
.9 0
.14

1.10
.5 0
.22
.3 0

1 .0 5  
.70  
.7 5  
.3 0

20.00 
. 0 7 #  
.0 5

2 .5 0
2 5 .0 0  

.10 

.38
1 5 .0 0  

. 1 7 #
1 .0 5

G lucose, 7 0°, bags, dry 100 lbs. 3 .1 4
G lycerol, C. P ., drum s...................... lb . .21
G sa lt, bbls............................................. lb . .50
H exam ethylenetetjam ine, U . S. P .,

drum s...........................................lb . .65
H ydrogen peroxide, 25 vol.,

b b ls ...............................................lb . . 0 6 #
H ydroquinone, k egs........................... lb . 1 .2 5
Indigo, 20% , p aste, b b ls ..................lb . .14
Iodine, crude, 200-lb. k g s .............. lb. 4 .2 0
Iodine, resubl., ja r s .......................... lb . 4 .6 5
Iodoform , b o t ....................................... lb . 6 .0 0
Iridium , m eta l......................................oz. 110 .00
K ieselguhr, b ags ton 6 0 .0 0
Lead, m eta l................................ 1001b. 6 .5 0
Lead acetate , bbls., w h ite  lb . .1 5

A rsenate, b b ls ................................... lb. .14
Oxide, litharge, b b ls......................lb . .0 9
R ed, b b ls ............................................Ib. .1 0
Peroxide, drum s..............................lb . .25
W hite, basic carb., bbls lb . .0 9
Sulfate, bbls....................................... lb . . 0 8 #

Lime, hydrated, bbls 100 lbs. .85
Lim e, live, chem ical, bbls., wks.

....................................... 100 lbs. 1 .05
L im estone, ground, bags, w k s ...to n  4 .5 0
Lithium  carbonate, 100-lb. k g s .. . lb . 1 .4 5
Lithopone, bbls..................................... lb . . 0 6 #
M agnesite, crud e ton  3 6 .0 0

Calcined, 500-lb. bbls., w k s .. .  ton  4 8 .0 0
M agnesium , m etal sticks, w k s . . . lb .  .8 5
M agnesium  carbonate, b ags...........lb . . 0 6 #

Chloride, drum s ton 3 7 .0 0
Fluosilicate, cryst., bbls lb. .1 0
O xide, U . S . P ., light, b b ls . . .  .lb . .42

M anganese chloride, c a s k s .. . . .  .lb . .08
D ioxide, 80% , b b ls  ton 8 0 .0 0
Sulfate, casks.....................................lb. .07

M ercury bichloride, cryst., 25 Ibs.lb. 1 .5 8
M ercury, flasks, 75 lbs flask 121 .00
M eta-nitroaniline, b b ls ..................... lb. .72
M eta-phenylenediam ine, b b ls .. . .  lb. .90
M eta-toluylened iam ine, b b ls . . . .  lb. .7 2
M ethanol, 97% , ta n k s ....................gal. .5 2
M eth yl aceton e, drum s gal. .8 8

S alicylate, ca ses ...............................lb. .4 2
M eth yl chloride, cy lin ders lb. .5 5
M ichler's k etone, b b ls  lb . 3 .0 0
M onoethylan iline, d ru m s lb. 1 .0 5
N aph th a, so lven t, ta n k s  gal. .35
N aph th alen e, flake, b b ls .................. lb. . 0 4 #
N ick el, m eta l lb. .35
N ick el sa lt, single, b b ls  lb. .08

D ouble, b b ls ..................................... lb . . 0 8 #
N iter cake, b u lk  ton  4 .5 0
N itrobenzene, drum s lb. . 0 8 #
Oil, castor, N o . 1  lb . .13

China w ood, b b ls ........................... lb . . 1 7 #
C oconut, C eylon, ta n k s .............. lb . . 0 9 #
C od, N . F ., ta n k s ........................ gal. .5 9
Corn, crude, tan ks, m ills ............ lb . . 0 8 #
C ottonseed, crude, ta n k s ............ lb . . 0 8 #
Lard, edible, b b ls ........................... lb. . 1 5 #
Linseed, b b ls .................................... lb. .108
M enhaden, crude, tan k s gal. .4 7  #
N eat's-foot, pure, b b ls.................lb . . 1 4 #
Oleo, N o . 1, bbls............................. lb . .14
O live oil, d en a t., bbls gal. 1 .6 4

F oots, b b ls .....................................lb . . 0 8 #
Palm , Lagos, ca sk s......................... lb. . 0 7 #
P eanu t, crude, ta n k s  lb. .1 2
Perilla, b b ls ........................................lb. . 1 6 #
R apeseed, b bls., English ............gal. .8 0
R ed , b b ls ............................................ lb . . 0 9 #
S oy  bean, crude, b b ls , . ................ lb. . 0 9 #
Sperm , 38 ° , b b ls ........................... gal. .8 5
W hale, bbls., natural w in ter..ga l. .75

O rtho-am inophenol, k eg s .................Ib. 2 .2 0
Ortho-anisidine, d ru m s.....................lb . 2 .3 5
O rtho-dichlorobenzene, d r u m s.. .lb . .06
Ortho-nitrochlorobenzene, drums

..................................................... lb . .3 2
O rtho-nitrophenol, b b ls  Ib. .8 5
O rtho-nitrotoluene, d ru m s lb. .13
Ortho-toluidine, b b ls  lb . .2 9
Palladium , m eta l oz. 8 0 .0 0
Para-am inophenol, kegs lb. 1 .1 5
Paraldehyde, tech ., d ru m s lb. .2 7
Para-form aldehyde, ca ses  lb. .4 5
Para-nitroaniline, d ru m s lb. .5 2
Para-nitrochlorobenzene, drums

..................................................... Ib. .3 2
Para-nitrophenol, b b ls , lb . .5 0
Para-nitrosodim ethylaniline,

b b ls..............................................lb. .9 2
Para-nitrotoluene, b b ls  lb . .3 0
Para-phcnylenediam ine, b b ls . . . .  lb. 1 .2 0
Para-tolu id ine, b b ls  lb. .38

Paris Green, 500-Ib. kgs.................... lb . .19
P henol, d ru m s........................................lb . .20
Phenolphthalein , d ru m s....................Ib. 1.30
P h en y le th y la lcoh o l, 1-lb. b o t . . .  .lb . 7.00
Phosphorus, red, cases....................... lb . .60
Phosphorus trichloride, cy l.............. lb . .45
Ph th alic  anhydride, b b ls .................. lb . .18
P latinum , m eta l................................... oz. 95.00
P otash , cau stic, dru m s...................... lb . .07%
Potassium  aceta te , kegs.................... lb . .20

B icarbonate, ca sk s........................lb . .09
B ichrom ate, ca sk s........................ lb . .08%
B inoxalate, b b ls ............................... lb . .16
B r o m a te .c s .......................................... lb . .35
C arbonate, 80 -8 5 % , calc.,

ca sk s lb. . 05
C hlorate, k eg s ...................................lb. .08%
C hloride................................................ton 34.55
C yanide, cases lb . .55
M eta-bisulfite, b b ls ......................lb . .11
Perm anganate, drum s................ lb. .14%
Prussiate, red, casks.................... lb . .39

Y ellow , casks.............................. lb. . 18%
T itan ium  oxalate, bbls................lb . .25

Pyridine, d ru m s....................................gal. 1.60
Quinine b isu lfate, 100 o z ...............oz. .40

Sulfate, 100-oz. ca n s................... oz. .40
R esorcinol, tech ., k egs .....................Ib. 1.30
R ochelle sa lt, bbls., U . S. P  lb. . 23
R  sa lt, b b ls  lb . .45
Saccharin, ca n s  lb. 1.75
S a lt cak e, b u lk  ton 19.00
Saltpeter, gran., b b ls ........................lb . .06
S ilica, ref., b ags.................................... ton  18.00
Silver n itrate, 16-oz. b ot oz. .40%
Soda ash , 58% , light, b ags, con

tract, w k s 100 lbs. 1.38
Soda, cau stic, 76% , solid , drums,

contract, w k s  100 lbs. 3.10
Sodium  aceta te , b b ls ........................lb. .04%

B en zoate , b b ls ....................................lb. .50
B icarbonate, b b ls  100 lbs. 2.00
Bichrom ate, casks......................... lb . .06%
Bisulfite, b bls.................................. lb. .08%
Brom ide, b b ls ................................. lb. .42
C arbonate, sal soda, bbls., 100 lbs. 1.30
C hlorate, k eg s ................................ lb . .06%
C hloride, b ags ton 12.00
C yanide, ca ses ................................... lb . .20
Fluoride, b b ls ..................................lb. .08%
H yposu lfite, reg., crys., b b ls .. .  lb . .02%
M etallic, drum s, 1 2 # - lb .  bricks lb. .27
N aph th ion ate, bbls lb . .55
N itra te , crude, b ags, N . Y.

........................................... 100 lbs. 2.35
N itr ite , bbls......................................lb . .08%
Perborate, b b ls  lb. .21
Peroxide, ca ses  lb . .27
Phosphate, trisod ............................. lb . .04
Picram ate, k egs . lb . .69
Prussiate, b b ls . lb . .12
S ilica te, drum s,tanks, 40°, 100 lbs. . 75
Silicofluoride, b b ls ........................ lb . .04%
S tann ate, d ru m s............................ lb. .48%
Sulfate, an hyd ., b b ls  lb . .02%
Sulfide, cryst., bbls lb . .02%

Solid , 60 %  lb. .03%
Sulfocyanide, bbls lb . .40
T u n gstate, kegs................................ lb . .85

Strontium  carbonate, b b l s . . . . .  .lb . .08
N itra te , b b ls  lb . .08

Strychnine alkaloid, 100 oz.,
p o w d . . . .    oz. .56

S ulfate, pow der................................oz. .38
Sulfur, bulk , m ines, w ks.................. ton  19.00
Sulfur chloride, red, drum s lb. .05%

Y ellow , d ru m s lb. .03%
Sulfur d ioxide, com m ercial, c y l . .  lb . . 08%
Sulfuryl chloride, d ru m s................... Ib. .85
Thiocarbanilid , b b ls............................ lb . .22
T in , A m er., s ta n d ................................ Ib. .65
T in  bichloride, 50%  so l., b b l s . . .  ,1b. .18%

Oxide, b b ls ......................................... lb . .72
T itan ium  oxide, bb ls., w k s ..............lb . .40
T oluene, ta n k s ....................................gal. .35
T ribrom ophenol, ca ses ...................... lb . 1.10
Triphenylguanld ine, drum s............. lb . .69
T riphenyl phosphate, b b ls .............. lb . .75
T u n g sten  W O iu n it 10.50
U rea, pure, ca ses ..................................lb . .18
W hiting, b a g s...................................... ton  18.00
X y len e , 5 ° , drum s, m ills ................gal. .50
X y lid in e , d ru m s................................... lb . .37
Zinc, m etal, N . Y ..................... 100 lb s. 6 .75
Zinc am m onium  chloride, b b l s . . .lb .

C hloride, granulated, d ru m s...lb .
O xide, A m er., b b ls  lb . .07%
Stearate, b b l s .    lb . . l j

Zinc d u st, bbls., kegs, c /1  lb. .09


