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The Privy Council Report
T 'H E Committee of the Privy Council for Scientific and 
1 Industrial Research of Great Britain has recently issued 

its eleventh report, which contains much food for thought. 
We have examined with interest the summaries of the work 
carried on by some twenty-six trade associations, the for
mation of which has been encouraged by the British Govern
ment for the prosecution of research. Of these, twenty-two 
have been in existence for more than five years, two have 
terminated their existence, while a  third has temporarily sus
pended operations. Some of the activities of the British Coun
cil could be duplicated in our own country with much advan
tage; for example, a “survey of the state of scientific and 
industrial research in the country in order to afford an opinion 
as to how far its development could be further assisted.”
' The Department of Scientific and Industrial Research 

finds some of the greatest opportunities, and indeed the larg
est demand a t present, for trained men to be in the border
lands between chemistry and agriculture, chemistry and 
botany, chemistry and physics, and other such subjects. 
Reference is also made to the proper relationships between 
government and industry in the prosecution of research. 
Here we find it stated th a t “ the limits (speaking of money 
grants) must be dictated not only by the distinction of the 
worker and the nature of the work but also by the unde
sirability of using public funds to provide assistance which 
would more properly come from other sources.” And while 
the Council, which has been given some large funds for-dis- 
bursement. in support of scientific work, has stood ready to 
assist researches in new fields of knowledge, particularly 
those which appear to be of potential benefit to industry, 
it clearly believes th a t the Government’s function is to en
courage research in neglected fields, occasionally to take the 
lead in these new researches, but always to be careful tha t 
the Government does not undertake research which can 
better be done by the industries themselves. “The main 
problem with which we are faced is how to encourage and 
assist the movement for industrial research without taking 
over functions which are best carried out by industry itself.*** 
A large portion of the work of a government research depart
ment must necessarily be directed toward helping industry 
to help itself.” At the same time it must be recognized that 
there are certain types of research problems of such wide in
terest or of such importance to the welfare of the state that 
they cannot be left wholly to  private initiative.

Again we find the Council clear in the opinion th a t pure 
and applied research cannot be promoted as it should be 
until public opinion is fully aroused to its necessity, an argu
ment that has been used with justification throughout the 
development of the A. C. S. News Service. Another point 
of mutual interest is the insistence th a t industry build up 
a reserve of scientific knowledge in the creation of which 
the expenditure of stockholders’ money is amply justified, 
and look upon industrial research “not as a cure for but as 
a prevention of bankruptcy.”

One other reference, and perhaps one of the most impor
tant, is to the rock upon which several programs of trade 
association research have grounded—namely, the appli
cation to the industry of the results of industrial research. 
I t  is not difficult, as the report points out, to prepare reports 
of research results, but to make sure th a t the members of 
the association apply these results and thus directly benefit 
from the work they support is quite another matter. As 
soon as the time comes when they think tha t the return is 
not adequate for their expenditure, there is either a curtail
m ent of funds or internal dissension that may even cause the 
suspension of association work. The remedy would seem 
to be the creation of an educational section and of a strong 
utilization section in any trade association research organi
zation and perhaps even in the scientific groups of our larger 
industries.

After all, science in industry is a comparatively recent 
innovation. .More thought is being given to it than a t any 
other period, and we may confidently expect even the major 
problems to be reduced to their component parts, which will 
be solved one by one.

Table d’Hote
A  M ENU offering so wide a choice as to meet thediversi- 

fied tastes of chemists is in preparation for the Insti
tu 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 .  
Preliminary announcements have been made and book
lets, filled with detail, are available to those who will write 
for them. The Institute is not to be confused with any other 
chemical activity in this country. I t  is unique: I t  is de
signed for a special purpose, and we predict th a t those ■ who 
procrastinate may find themselves deprived of one of the 
best opportunities which has been afforded American chem
ists.

If you are intent upon working every minute, the program 
of the Institute will afford opportunity for the utilization 
of your energy. The News Editions of M ay 10 and 20 indi
cated a number of courses which may be attended a t will 
by those who desire no college credit for their summer’s 
work. In this way a variety of topics, presented by spe
cialists, can be heard. The morning until 11 o’clock can be 
thus occupied, while each day a t tha t hour a general con
ference, for which some of the topics have been announced, 
will take place. Here recognized authorities will sum up for 
you the present status of the science in a  particular topic, 
followed by general discussion. A t the close of the con
ference interested groups will undoubtedly continue the 
discussion in the institute dining halls. Thereafter you 
may gather under the trees, a t golf, or attend other courses. 
The laboratories will be open and every chance given for 
work. In the early evening scientific motion pictures and 
later additional lectures and similar events for instruction 
or entertainment will be offered. No doubt in many cases 
groups will continue discussions “and so on far into the 
night.”
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Arc you less ambitious? Then look over the program 
and take what suits you, ju st as you choose from any table 
d ’hote menu. There are the courses—many of them—the 
daily conferences, the contacts w ith those who share your 
interests, the motion pictures, the evening lectures. Cer
tainly a wide variety!

Perhaps you are not in the mood for anything bordering 
on work. In th a t case not only can you do as you please, 
scientifically speaking, but you will find a t S tate College 
the real recreation which mountains, streams, highways, and 
sports afford, with the opportunity always a t hand to get 
just th a t degree of mental exercise you may desire, especially 
after a few days of simon-pure loafing have passed.

And all this a t a cost which those who have seen the sched
ule of fees and living expenses agree is most reasonable!

Announcements relative to speakers, lecturers, and teach
ers clearly indicate the desirability of being a t S tate College 
for a t least a part of July. You are urged to reach a de
cision and to obtain full details from the several issues of 
the News Edition or direct from A. W. Kenney, Institute 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 , State Col
lege, Pa. This is an event of the S o c i e t y  so important to 
you as an individual that you cannot afford to disregard it 
in making your summer plans.

Department Chairmen
T T  IS inevitable th a t the growth of appreciation of science

on the part of industrial organizations should decimate 
the ranks of college and university professors, not leaving 
untouched department heads and chairmen. Much has 
been said regarding this policy, believed by m any to be 
shortsighted, but while it should bo clear th a t a  shortage 
may soon develop in the supply of adequately trained scien
tific men if the machinery for their development becomes 
crippled, industry generally is inclined to let the future 
care for itself and to obtain for the direction of its own 
research men who have demonstrated leadership in the 
scientific field.

We sometimes think the freedom from some types of 
executive work is a part of the appeal which the industrial 
laboratory makes to the academic man, though a depart
ment head doubtless looks upon it as a different sort of 
administrative job, the details of which are more attractive. 
Certainly the farsighted industries offer a freedom for scien
tific work quite as much unhampered as tha t which the 
academic laboratory affords. Our schools are, therefore, 
faced with a new competition in which changing conditions 
have lost to them some of their former advantages.

Our colleges and universities should adopt a new policy if 
they are to a ttrac t and hold the professors necessary to train 
in America men satisfactory for the research laboratories 
of academic and industrial life. We see frequent examples 
of one major disadvantage in present policies. This is the 
promotion of a successful teacher or director of research 
to an executive position for which he may not be tempera
mentally fit and which really does not a ttract him, so far 
as its duties and opportunities are concerned. M any a 
good scientist has been spoiled to make a poor executive. 
The obvious way out of this difficulty is to recognize a t 
once th a t there is a place in any great development for an 
executive head, call him w hat you will, who does not nec
essarily have to be the greatest man in his specialty. Of 
course he must have a broad sym pathy with the science and 
some actual experience in it, but if he is the right sort of 
man he will not hesitate to secure for the department the 
best available teachers and directors of research, even if 
all of them rank far above him in scholastic standing and

perhaps in monetary remuneration as well. Such an execu
tive would work for the advancement of these men according 
to their results. He would not disturb them in the work at 
their choice, but would see th a t everything possible was done 
to make the productive men more productive and to elimi
nate quickly the non-producers. Such an executive would 
also relieve those successful in teaching research of multi
tudinous committee meetings, the details concerning pur
chases, and a host of other activities which now serve merely 
to divert them from their main purpose. Such an arrange
ment might appear as an addition to overhead, but it is the 
kind of overhead tha t becomes a good investment through 
releasing productive men from non-productive activities.

Another factor worthy of serious consideration is the 
precedent th a t has become established of considering members 
of the faculty as appointed for life after they have been 
promoted to a given rank, w ithout regard to their produc
tivity  or their effort to remain abreast of the times. Pro
motion is slow but in most institutions it is certain, granted 
only good behavior and reasonable activity, and some men 
are passed along from grade to grade until they have a 
life position from which they cannot be budged except for 
grave misdemeanors. In  consequence, we find here and 
there a faculty so loaded down with deadwood that its 
progress can be measured only in terms of geologic time, 
and science suffers as a result.

Several suggestions have been made for the correction of 
this situation. One is the adoption of the foreign plan, 
whereby professors are paid a small salary by the institution, 
deriving the remainder of their income from fees paid by their 
students who are given considerable leeway in choosing their 
courses. I t  is said th a t this plan is satisfactory to the success
ful leader of students, and soon indicates to the unsuccessful 
and unpopular man the desirability of seeking another 
location. No doubt there arc other ways out, but it is high 
time th a t some practical solution should be developed and 
put into operation.

All th a t has been w ritten and said concerning the need 
for the support of pure science research can be heartily 
endorsed, but unless great care is taken we shall find our
selves without an adequate scientific staff when the research 
funds become available.

Surprises in September
TT HAS been a m atter of general regret that recent expo-

sitions of the chemical industries, while quite complete as 
regards equipment, have not displayed the actual products 
of the chemical industry, and particularly of chemicals, to 
the extent which all would have desired. We are glad to 
note tha t chemical products are to have a prominent place 
in the Eleventh Exposition, which opens September 20. The 
present list of exhibitors includes nearlyr fifty—a number 
are of foreign origin—which can be classified as chemical. 
The nature of these exhibits cannot be disclosed, but sur
prises are certain and it is hoped th a t m any of them will 
be presented by the American chemical manufacturers.

Almost a new generation has made its appearance in the 
chemical industry since chemicals and chemical c o m p o u n d s  
were featured a t the exposition. Manufacturers who have 
felt th a t all potential customers had been reached in former 
shows must now consider this new audience, which has come 
from the educational institutions and found its place in in
dustry, as purchasers and users of equipment and materials.

The coincidence of a large number of new exhibits with 
visits by many who have bu t recently entered the chemical 
industry should make the Eleventh Exposition a long 
remembered event.
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Anniversaries

THREE notable silver anniversaries have already come 
to us in 1927. We congratulate the American Electro

chemical Society, the American Society for Testing Mate
rials, and our contemporary, Chemical and Metallurgical En
gineering, on rounding out a quarter of a century of very 
useful service. The societies celebrate with special meetings, 
while Chemical and Metallurgical Engineering has already 
issued its special anniversary number. To some, including 
our friends abroad, twenty-five years seems altogether too brief 
a time to deserve special notice but the records of the past 
qiiarter-century show th a t in a country so young as ours 
there has been much accomplished th a t is an inspiration for 
future growth and stimulation for continued development.

Lower Cost Arsenate
rANE interesting result of investigations made by the 
^  Chemical Warfare Service looking to the better con

trol of the cotton boll weevil, the preliminary report of which 
we present in this issue, has been the development of a proc
ess which promises calcium arsenate in acceptable physical 
form at lower costs. The extent to which the cotton farmer 
can employ calcium arsenate is determined by the price of 
cotton and its relation to the price of this chemical compound. 
While both prices fluctuate between wide limits, it is ob
vious that a uniformly low-priced arsenate would encourage 
its more frequent and extensive use, thereby affording a 
more complete control of the boll weevil and consequent 
lower production costs for the cotton farmer. The per
fection of the process is another indication of the peacetime 
utility of the Service. The careful consideration of its work 
in this field is recommended to all interested in the insec
ticide and fungicide question.

Youth N o Handicap
TMIOUSANDS of young men and women will soon leave 

our colleges and universities to find their places in our 
economic structure. Some may feel bewildered when they 
consider what has been accomplished and have impressed 
upon them the seriousness of living and pursuing their work 
without the protection of student days. Few of us realize 
how much good work has been done by young men. I t  is 
to emphasize this th a t we pass along a note taken from The 
Oil Can:

Martin; Luther was twenty-nine when lie wrote the manifesto 
that led to the Reformation.

John Calvin was twenty-six when he wrote "The Institutes of 
Theology.”

Patrick Henry was twenty-seven when he made his speech 
against the Stamp Act.

Thomas Jefferson was thirty-three when he drafted the Dec
laration of Independence.

Alexander Hamilton was aide-de-camp of Washington at 
twenty, and at thirty-two first Secretary of the Treasury.

Napoleon was twenty-seven when he was appointed to the 
command of the Army of Italy, and thirty-five when he crowned 
himself Emperor of the French.

Alexander had conquered the known world and was dead at 
thirty.

Charlemagne was master of France and Germany at thirty.
James Fox was Lord of the Admiralty and a thorn in the side
George III at twenty-one.
W illiam Pitt became Chancellor of the Exchequer at twenty- 

three, and Prime M inister a t twenty-four.
Charles Dickens was twenty-four when he began "Pickwick 

Papers” and twenty-five when he wrote “ Oliver T w ist.”
Poe was doing some of his best work at twenty-five.
Balzac wrote seventy-nine novels between the ages of thirty 

and forty-three.
James Bryce had written "The H oly Roman Empire” at 

twenty-six.

Benjamin Franklin had written "Poor Richard’s Almanac” at 
the same age.

David Hume at twenty-six had shocked all Christendom with 
his highly heretical "Treatise on Human Nature.”

Ruskin wrote "Modern Painters” at twenty-four.
Stevenson had completed “Treasure Island” at thirty-three.
Keats, Shelley, and Byron were dead at twenty-five, thirty, 

and thirty-six, respectively.
Sheridan wrote "The School for Scandal” at twenty-seven.
Shakespeare had completed ten of his greatest plays at thirty- 

two.
Newton formulated the law of gravitation at twenty-four.
McCormick and Westinghouse were twenty-three when they 

invented the reaper and airbrake.
Michelangelo did his statue of David at twenty-six.
The list does not pretend to be complete. You can add 

your own heroes and heroines. Also, if you care to take the 
time, you will find an equally imposing list of men who did 
their best work after forty. The moral is, “There is no dead 
line on achievement, but it pays to sta rt young.”

In the American Manner
Y~YUR contemporary, Chemistry and Industry, the official 

publication of the Society of Chemical Industry, has 
paid us the compliment of commenting editorially upon the 
Institute of Chemistry of the A m e r ic a n  C h e m ic a l  S o c ie t y , 
which holds its initial session a t S tate College, Pa., beginning 
July 5. How we wish our British cousins in considerable 
numbers might find it possible to join us a t S tate College! 
They would see a demonstration of how American chemists 
utilize such occasions to further projects similar to those 
which engage their attention a t home. If, a t times, progress 
has seemed slow we believe one cause to be the comparatively 
limited and often strictly selective acquaintance of the aver
age British chemist with his fellows.

N ot so long ago it was our privilege and pleasure to journey 
to the Pacific and return with a group of eminent British 
scientists, including some th irty  chemists. We secured a 
list and set out to .learn more of the activities and affiliations 
of these visitors. We began our inquiry by approaching a 
few of those chemists whom we had previously met. Imagine 
our astonishment upon finding tha t these chemists from 
overseas not only did not know each other but saw no par
ticular reason why they should. These men had had the 
enterprise to journey from Great Britain; they had come on 
the same vessel; they had spent nearly two weeks together 
in Canada and were now setting out on a round trip journey 
across the American continent; and still they were unac
quainted. I t  was a new experience to see two fellow scien
tists dining a t the same small table in the diner of the special 
train quite in silence because they had never been introduced. 
And there were similar occasions quite beyond the under
standing of the few Americans on the trip, to whom we believe 
some credit is due for the change in attitude of many in
dividuals before the end of the journey. In  consequence 
they not only took home some new acquaintances but left 
m any lifelong friends in America.

Now if we could have a few of our British friends a t S tate 
College, we would show them th a t a holiday and the science 
of chemistry can be admixed without detrim ent to either. 
They would find in the relaxation and informal discussions 
a t the Institu te of Chemistry many opportunities to ripen 
acquaintanceship into friendship and to further th a t type 
of wholesome cooperation and delightfully informal contacts 
which, in a very large degree, have been responsible for such 
progress as has been made, not only by the A m e r i c a n  
C h e m i c a l  S o c i e t y , bu t by the American chemical industry 
and, indeed, by chemistry itself.

If adopted as a British policy, who can tell bu t th a t Chem
istry House and a united association of all British chemists 
might not automatically follow?
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Progress of E lectrom etric Control Methods 
in Industry1

By H enry C. Parker

R e s e a r c h  D e p a r t m e n t , T u e  L e e d s  & N o r t ii r u p  C o . ,  P h il a d e l p h ia , P a .

Du r i n g  the past few 
years the progress in 
the use of electromet

ric control in industry has 
been quite marked. How
ever, the advantages of these 
methods are only just begin
ning to be appreciated in the 
co m m e rc ia l w o rld . The 
future progress in the field 
appears to be limited only by 
the complexity of some of the problems and by the not 
infrequent necessity for specifically adapting the control 
principles to individual cases. Although this engineering 
development work increases the cost of these installations, 
the advantages gained by obtaining a true record of con
centration, as well as a more accurate control, have been 
proved to far outweigh the initial expense in a t least the 
m ajority of cases where electrometric methods have been 
tried.

R ecen t Im p ro v em en ts in  A p p aratu s

C e l l s  a n d  E l e c t r o d e s —The recent progress in elec- 
trometric control has been given considerable impetus by 
the development of improved electrodes and cells. One

of the first satisfactory 
types of in d u s t r ia l  
c o n d u c t iv i ty  cell is 
shown in F ig u re  1. 
The e le c tro d e s  a re  
m a d e  of b ra s s  rods 
capped with gold and 
molded with Bakclitc 
into a b ra s s  tu b e .  
The whole may be in
serted through a gate 
valve, making a con
veniently removable 

F ig u re  1— R em o v ab le -T y p e  C o n d u c t iv ity  and sturdy cell, Suit
able for n e u t r a l  o r 

slightly acid solutions. The Bakelite makes tight joints 
with the brass rods and tube, which are capable of with
standing 300 pounds hydrostatic pressure without the use 
of any packing glands or cements. The gold caps are 
platinized and then sand-blasted to drive the platinum back 
into the gold, forming a surface which is such th a t polariza
tion is negligible and which, under normal conditions of op
eration, requires no subsequent platinizing. This new type 
of surface has relieved the operator of the only remaining 
manipulation which is reminiscent of the research laboratory. 
A t present these- cells are being successfully used for meas
uring surface condenser leakage in a number of power plants 
in various parts of the country.

I t  has not been found possible to eliminate the use of glass 
in the construction of cells for some types of service. In 
Figure 2 are shown two of the most convenient glass cells. 
The cell to the left is used as a standard for automatic tern-

1 Received M arch 9, 1927. Presented before the  Division of Industrial 
and Engineering Chem istry a t the 73rd M eeting of the American Chemical 
Society, R ichmond, Va.. April 11 to 16, 1927.

perature com pensation,* 
while th a t to the right is the 
test cell. These cells are giv
in g  s a t is f a c t io n  in several 
types of service. When in
s ta l le d  they are generally 
protected by a metallic or 
composition case.

Most of the improvements 
in H-ion measuring apparatus 
have been described previ

ously.3 In Figure 3, however, is shown for the first time a flow- 
type quinhydrone electrode which has been giving satisfac
tion in several types of service for over a year. The quin
hydrone is put into cloth bags which are placed in the adapter 
a t the base of the flow channel. The test solution flows past 
these bags of quinhydrone, becoming sufficiently saturated 
to supply' the gold electrode. This apparatus can be used 
advantageously to obtain a record or a control through a pH 
range of about 3 to 7.5. In most solutions correct results 
will be given to a pH of 8.5, but the increased solubility of 
the quinhydrone makes its operation rather expensive. The 
rate of solution may be governed to some extent by using 
cloth bags of heavier material. This method of introducing 
the quinhydrone is much more convenient than regulating 
the rate of dropping of a saturated solution.

C o n d u c t i v i t y  R e c o r d e r —N ot 
all of the recent improvements 
have consisted in the develop
ment of cells and electrodes. In 
Figure 4 is shown a connection 
diagram for a conductivity re
corder which has several advan
tages. By moving the main slide 
wire the resistance of onlyr a single 
bridge arm is altered, while in the 
conventional bridge one arm is in
creased while the other is dimin
ished. A bridge c o n n e c te d  as 
shown in the figure gives a scale 
which is linear in terms of con
ductance units. Since, in the 
large m ajority of solutions and 
over a short range of concentra
tion, the conductance is propor
tional to the concentration, it is 
obvious th a t we can use a linear 
scale in c o n n e c t io n  w ith  th is  
W heatstone bridge which reads 
per cent concentration in terms of 
a s t a n d a r d  s o lu t io n  which is 
placed in the cell to the left in F ig u re  2—T em pera tu rc- 

Figure 2. This scale is shown in C o m p ' ^ t ' s t  CeTi 
Figure 5, where the recorder reads
from 60 to 120 per cent. This scale means that if a 3 
per cent solution is placed in the standard cell, and if the 
recorder reading is 100 per cent, the test has a c o n c e n tra tio n  

3 Bishop, U. S. P a ten t 933,015 (August 31, 1009).
1 Parker and D aunerth , T ills  J o u r n a i ., 17, 637 (1923); Parker, IbU-> 

737 (1925).

A review  is g iven  of th e  p resen t s ta tu s  o f e lectro m etr ic  
c o n tro l in  in d u stry . In sta lla t io n s  in  various in d u str ies  
are described , in c lu d in g  m ercer iz in g , su lfu r ic  acid  m a n 
u fa ctu re , w a ste  d isp osa l, su gar  m a n u fa ctu re , and  in  
th e  w aterw orks an d  pow er p la n t fields. Several o f th e  
d ifficu ltie s  en co u n tered  in  new  a p p lic a tio n s  are m e n 
tio n ed  and  th e  various ad v a n ta g es g a in ed  by e lectro -  
m etr ic  co n tro l are d iscu ssed . T h e  progress m ade  
w ith in  th e  la s t  few  years h as been  m a in ly  d u e  to  im 
p rovem en ts in  th e  req u is ite  app aratu s.
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of 3 per cent. If the recorder reading is 90 per cent, the 
concentration of the test solution is 90 per cent of the stand
ard or 2.7 per cent, etc.

The dial marked A , Figure 5, is connected with the slide 
wire, A, in Figure 4. This slide wire gives a convenient 
means for adjusting the bridge for a difference in the con
stants of the two cells. I t  will be noted th a t the test cell 
(to the right in Figure 2) has a constant which is adjustable 
by raising or lowering the center tube. This adjustm ent is

made while both cells 
a re  im m e rse d  in and 
m e a s u r in g  th e  sam e 
standard solution. The 
dial A  is set a t zero, the 
recorder is stopped a t 100 
per cent, and the center 
tube is then a d ju s te d  
until the galvanometer is 
n e a r ly  balanced. Fine 
adjustm ent may be made 
by turning the dialyl. If 
the test solution is being 
controlled a t a concen
tration reading 100 per 
cent, and if it is desired 
to change the controlled 
concentration by 10 per 
cent, for example, this 
change may be made by 
tu r n in g  th e  d ia l  y i 
th ro u g h  ten divisions. 
In  this case the concen
tration of the test solu
tion is found by adding 
or subtracting the read
ing of dial yi from th a t 
in d ic a te d  on th e  re
c o rd e r . Changing the 
■1 is easier than by turn-

Figure 3—F low -T ype Q u in h y d ro n e  
E lec tro d e

control point by shifting the dial 
ing the control disk.

A similar diagram of connections forms the basis of a new 
portable conductivity bridge which reads in either ohms or 
reciprocal ohms on a linear scale,4 and a bridge which reads 
directly in specific conductance units. This la tter bridge was 
designed especially for measuring sugar ash.

A u t o m a t ic  T e m p e r a t u r e  C o m p e n s a t io n —Besides the 
above improvements, automatic temperature compensation 
has been developed for both H-ion and conductivity appara
tus.

C O N T R O L IN  V A RIO U S IN D U ST R IE S

In the following sections it has been found most convenient 
to divide up the description of the different types of control 
under the headings of the various industries in which the 
particular control is operating. In  a few industries both 
H-ion and conductivity controls are being utilized but in 
the majority the development has not progressed to this 
extent.

M ercerizin g  In d u stry

Some of the first adaptations of conductivity control were 
made in the mercerizing industry.5 Among the several pos
sible applications in this industry, the control of the acid 
bath, which is used for neutralizing the caustic carried over 
in the yarn from the mercerizing bath, is one of the most 
important. Close control in this bath  is essential both to

4 To be published in the  near future.
* Parker, Greer, and  B arba. Am . D yestuff Replr., 16 , 49 (1927).

increase the uniformity of the dyeing and to prevent the 
deterioration of the yarn. The control obtained autom at
ically is several times as accurate as th a t obtained by other 
methods.

In  Figure 6 is shown a record obtained during the operation 
of automatic control in a plant th a t has been using the method 
successfully for about four years. In  this type of control 
a solenoid valve, placed in the acid line, is operated autom at
ically to keep the bath in the neighborhood of 3 per cent acid. 
When the record is a t the left of the line on the chart, which 
represents a concentration of 3 per cent, the valve is open, 
and when a t the right it is closed. If increased accuracy is 
desired, a by-pass may be used in the chemical supply line, 
to supply the minimum requirements of the system, while 
the solenoid valve supplies a slight excess. However, this 
type of control is capable of accuracy only in those cases 
where a  tank or pond is available in which the cells may be 
placed and in which both mixing and equalization may take 
place. I t  is also limited to those cases where the flow is 
essentially constant.

In  Figure 7 are shown the acid bath (at another plant) 
and the conductivity cell (indicated a t A). Figure 8 shows 
the concentrated acid tank A, the solenoid valve B, and the 
recorder-controller.

Power P la n ts

S u r f a c e  C o n d e n s e r  L e a k a g e —In power plants there 
are many problems th a t may be solved by electrometric 
control. One of the most important of these is the detec
tion of surface condenser leakage, especially in stations using 
salt water for cool
ing. The p ro m p t 
detection of leakage 
by conductivity in
struments operating 
with alarm contacts 
h a s  eliminated the 
expense of cleaning 
boilers which other
wise w o u ld  h a v e  
been “salted up.”
The same measure
ment in plants using 
s u r fa c e  w a te r  for 
co o lin g  is o n ly  of 
slightly less impor
tance, since meas
urements of leakage 
are n e c e s sa ry  to  
prevent scaling of

F ig u re  4— B ridge  C irc u it  fo r  C o n d u c t iv ity  
R eco rd e r

the boilers and to determine the efficiency of the turbines.
The United States Navy was one of the first to adopt sig

nal-light conductivity control for detecting condenser leak
age. Figure 9 shows a  four-point controller used on the new 
airplane carriers. The conductivity cell used most widely 
in these measurements has been shown in Figure 1.

If a recorder is used, with a cell in the condensate, the 
readings may be interpreted as parts per million of dissolved 
solids. If a measurement of the pounds of water per hour 
leaking into the condenser is required, it is also necessary to 
measure a sample of condensed steam which is free from 
leakage.4’6

H - I o n  C o n t r o l  o f  B o i l e r  F e e d  W a t e r — H-ion control 
of boiler feed water has recently been perfected.7 This is 
another im portant power plant application. The automatic 
installation in the Public Service Gas & Electric Company’s

< Keeler, Power, 55, 126 (1922).
1 Parker and  Greer, J. A m . Water Works Assoc., 16 , 602 (1926).
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M ercern ed  
Colton e m erg es  - 
■from b a th  r / i th
stiqht amount o f  
free su lfu ric  a c id

'All o f  daOH 
used for. 
mercerizing* 
cof ion not -m 
neutralized £  
the Sulfuric 
a c id  ——

station a t Perth Amboy, N. J., is shown in Figure 10. The 
control is operating to regulate the addition of caustic soda 
and sodium phosphate to the boiler feed water and to keep 
the latter a t a constant pH. The advantages are an increase 
in uniformity of the alkalinity in the individual boilers from 
day to day, and also in the boilers as a whole. This has 
resulted in less blow-downs. The control likewise acts as 
a degree of protection from condenser leakage,-since additional 
chemicals will be added automatically to compensate for 
any leakage. In Figure 11 are shown the daily operating

F ig u re  5— C o n d u c t iv ity  R eco rd e r

results obtained over three periods of two months each, dur
ing the first of which hand control was in use, during the 
second the control was by hand bu t governed by the recorder 
readings, and the third was a period of automatic control. The 
maximum, minimum, and average daily alkalinities of the bank 
of boilers are indicated on the curves—the circles represent
ing the averages. I t  can easily be seen th a t the automatic 
control has enabled the keeping of the boiler alkalinity within 
much closer limits than was obtained by either of the other 
two types of control.

In  Figure 12 is shown a record of the H-ion control. This 
illustrates a second type of control, which may be called 
the time lag-proportional step type. The recorder operates 
in two cycles—a recording and a controlling cycle—the timing 
of which may be easily changed to suit the conditions of any 
given problem. During the recording period a record of 
H-ion concentration is made and this period continues until 
the record has had time to register the effect of the last op
eration of the motor-operated valve. A t this point the con
trol cycle begins and an auxiliary e. m. f. is thrown in circuit, 
which is equal to the e. m. f. of the electrodes when the H- 
ion concentration is a t the desired value. The recording 
carriage immediately starts to move over to the e. m. f. rep
resented by this control point and the valve starts operating 
in such a direction as to  correct the H-ion concentration 
to its desired value. When the recording carriage reaches 
the control voltage, the motor, which operates the valve, 
is thrown out of circuit. The displacement of the valve is 
thus proportional to the deviation of the H-ion record from 
the desired value.

From the record in Figure 12 it is evident th a t the plant 
was shut down about 1:00 a . m . The caustic added during 
the last operation of the valves was sufficient to keep the 
water in the feed heaters alkaline until the feed pumps op
erated for a short time a t 3:00 a . m .

Since the position of the valve never deviates much from 
th a t required to supply the correct quantity of chemicals, 
this type of control is applicable even in those cases where

no equalizing tank is available and where there is a consid
erable change in flow.

The proper setting of the control point is determined from 
the daily alkalinity analysis of the boiler water. By changing 
the setting to  correspond to this analysis, it is, of course, 
evidept th a t any errors due to inequalities among the tung
sten electrodes are largely eliminated. When operated in 
this manner, electrodes have been in successful use over 
periods as long as six weeks. In  this particular installation, 
where the pH averages about 8, it has been found that the 
electrodes are .practically free from drift.

A c id  T r e a t m e n t  o f  ' Z e o l i t e - S o f t e n e d  W a t e r —In 
some of the plants using zeolite-softened water, sulfuric 
acid is being added both to reduce the boiler alkalinities, 
which m ay build up to a dangerously high value, and to 
maintain a required sulfate-caustic ratio. The flow-type 
quinhydrone electrode (Figure 3) has been successfully used, 
in this application, to hold the acid-treated water to a def
inite H-ion concentration. Automatic control appears 
feasible, but a t present the recorder readings are used as a 
guide for the proper setting of a flow-proportioning device. 
When kept a t a  constant H-ion concentration, additional 
acid is added if the alkalinity of the untreated water increases. 
I t  would therefore be expected th a t this control would supply 
a feed water having an approximately' constant sulfate- 
bicarbonate ratio which, after being concentrated and broken 
down (to caustic) by a definite degree in the boiler, would 
provide a  definite sulfate-caustic ratio. In  the first plant 
to use H-ion control this desirable result has been accom
plished within close limits. This method presupposes an 
accurate control of the boiler blow-down and this has been 
supplied by conductivity measurements.

C o n t r o l  o f  B o i l e r  B l o w - D o w n  P o i n t —The control 
of the boiler blow-down point is a very important electro
metric application, from the standpoint of both saving heat 
and the prevention of priming and scaling. Conductivity 
measurements have been used successfully' for this purpose

F ig u re  6— C o n d u c t iv ity  R eco rd  in  C o n tro l  of Acid B ath  in 
M erce riz in g  P rocess

for several years. W hen a very uniform method of feed- 
water treatm ent is used, such as zeolite softening or auto
matic H-ion control, the conductivity of the boiler water (at 
a  definite temperature) may' be related to its concentration. 
In some cases the alkalinity has been found practically pro*

Proper concentration of h7S04 to insure, 
complete neutratiiation o f NaOH held 
by cotton when coming from No OH rot

Range o f C ontro l10.15%
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portional to the conductivity. Conductivity measurements, 
of course, cannot distinguish between the accumulation of 
salts and the alkalinity. The hydroxyl ion has approxi
mately twice the mobility of any other ion in such a mixture, 
so the conductivity measurements, in most cases, are found 
to be rather closely related to the causticity. When the

Figure 7—M erce riz in g  B a th  w ith  C o n d u c t iv ity  C ell In s ta lle d

salts and the causticity are kept in a definite ratio, as best 
boiler operation undoubtedly dictates, it is evident tha t the 
conductivity may be used to measure the total concentration.

Measuring the conductivity of boiler water with a portable 
instrument, calibrated in conductance units, is consider
ably easier than an analysis by titration. The ideal method 
of measurement would consist in the installation of a cell 
inside the boiler. This is impracticable, a t least for high- 
pressure boilers. However, in Figure 13 is shown a cell 
which has been installed in a continuous blow-down line a t 
150 pounds pressure. Indications are th a t the insulation 
will last a t least two months under these conditions, after 
which it may be renewed. In  this installation a record of 
boiler-water conductivity is being obtained and the blow
down valve is adjusted to keep this quantity constant. Anal
ysis has shown that by this method the alkalinity of the boiler 
has been kept within1 =±= 10 p. p. m.

C o n t r o l  o f  C o n c e n t r a t io n  i n  t h e  T a i l  R a c e  o f  E v a p 
orators—The control of evaporator blow-downs is closely 
related to tha t of boilers, with the advantage in the former 
that the conductivity cells may be installed either in the 
blow-down line or directly in the evaporator. These meas
urements have resulted in less scale formation and in the 
saving of heat. An alarm may be used to indicate the cor
rect time for a blow-down. I t  would also be feasible to op
erate a blow-down valve automatically, to keep the conduc
tivity in the evaporator a t a constant value.

A u t o m a t ic  D is c a r d i n g  o f  C o n t a m i n a t e d  D i s t i l l a t e —  
Evaporators are frequently subject to priming, and in sev
eral plants automatic controls have been installed for by
passing to the sewer any distillate having a conductivity 
above a certain value. This is an im portant precaution in 
those plants which, in increasing numbers, are supplying

“make up” by evaporators. In  this application a controller 
alone has been used without a record being obtained.

W aste D isp osa l

An automatic H-ion control has been recently installed at 
Winston-Salem in the sewage disposal plant which is being 
operated by the “direct oxidation” method. The control is 
of the time lag-proportional step type. The recorder-con- 
troller, gear reduction, and milk-of-lime dosing apparatus 
are shown in Figure 14. The last mentioned device8 con
sists of a short flume with a wier a t each end. One end of 
the flume serves as an overflow return, while the chemical 
feed flows over the wier a t the other end. The flume is tilted 
automatically to supply more or less lime to the sewage.

Although H-ion or conductivity control operate to add 
chemicals in proportion to the flow, in this installation it 
was found tha t the combination of a long-time lag and ex
ceedingly rapid fluctuations in the flow prevented the re
quired accuracy from being obtained. Consequently', the 
apparatus shown in Figure 15 was installed in connection 
w ith a flowmeter. This device operates upon the “follow 
up” principle, and if the flow increases or decreases the chem
ical feed is increased or reduced in approximately the same 
proportion. The H-ion control serves to correct this rough 
adjustm ent to give a solution of constant H-ion concentra
tion. The effluent is being kept a t about 50 p. p. m. excess 
causticity and, as it is well known, this lies well over on the 
insensitive part of an H-ion titration curve. A slight differ
ence in voltage of the tungsten electrodes is liable to intro
duce a considerable error. At this causticity the electrodes 
also exhibit a very slow drift to higher voltages. These 
difficulties have been overcome by using two electrodes in 
parallel, by changing one electrode every day, by using them 
in rotation and keeping them in a saturated sodium phosphate

• Designed by the D irect Oxidation Process Corporation.

F ig u re  8—A cid T a n k . S o len o id  Valve, a n d  R e c o rd e r-C o n tro lle r  
In s ta l le d  in  M erce riz in g  P la n t
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solution when not in use. The effluent is titrated  for caus
ticity shortly after placing a new electrode in service and 
the setting of the control points adjusted accordingly.

This installation represents the most difficult th a t has 
been met in practice. A t a lower causticity the drift in 
voltage disappears and the electrodes become more sensi-

F ig u re  9—F o u r -P o in t  S ig n a l-L ig h t S a lin ity  
C o n tro lle r

tive. In spite of these difficulties, however, the combined 
control has been able to keep the effluent within approx
imately =*=15 p. p. m. causticity. In  most waste disposal 
problems it  is believed th a t the addition of lime could be 
controlled more accurately and without the necessity for 
the flow-proportioning device.

Another application which promises success in the sewage 
disposal field is a control upon the addition of acid, which 
is necessary for obtaining satisfactory rates of filtration, in 
the activated sludge process. The flow-type quinhydrone 
electrode has been tested in this application and preliminary 
results are encouraging.

Sugar In d u stry

In  both the beet and cane sugar industries there are several 
im portant applications for electrometric control. Probably 
none of these is more im portant than the second carbonation 
of beet sugar. H-ion records have been obtained with the 
tungsten electrode, in both this process and in the defecation 
of cane sugar.9 In  both cases a  considerable improvement 
in control was obtained when the operator was using the 
recorder chart to  determine the proper setting of thejvalve.

An experimental installation of automatic control of the 
liming of raw cane juice is being operated during the present 
season in Porto Rico. Tungsten electrodes are being used 
in connection with the time lag-proportional step type of 
control and the tilting weir box shown in Figure 14.

Another installation is using an H-ion recorder during 
the present campaign in Cuba. The recorder readings are 
being used in connection with signal lights to determine the 
proper valve opening for the addition of lime in the defe-

• Balch and  Paine, Planter Sugar M fr., 75, 347 (1925).

cation process. This recorder has a scale reading in pH units. 
The readings of the tungsten electrode are checked against 
the quinhydrone electrode, and if there is a discrepancy in 
the readings the pen is shifted to give the correct value. The 
flow-type tungsten electrode (Figure 16) is used in this ap
plication. The solution is cooled to the neighborhood of 
60° C. by flowing through the cooling coil to the left. It 
then flows up past the tungsten electrodes and calomel cell. 
Automatic temperature compensation is provided. The 
additional valves shown in the photograph provide means 
for draining the cooling oil and blowing live steam through 
the apparatus for cleaning and sterilizing purposes.

The tungsten electrodes have invariably been found to 
indicate correctly changes in H-ion concentration. In some 
solutions, however, they have been found to possess a slightly 
different pH-voltage characteristic from th a t determined 
with buffer solutions. In  these cases, if an auxiliary method 
for checking is used, and if the control setting or the pen is 
shifted accordingly, a  quite satisfactory control or record 
may be obtained. Since some type of auxiliary check, such 
as a titration or a measurement with the quinhydrone elec
trode, is generally in use already, this limitation is not serious. 
A check is usually necessary not more frequently than once 
a day.

The dip-type quinhydrone electrode with portable poten
tiometer, as shown in Figure 17, is being used satisfactorily 
by several sugar companies for the determination of H-ion 
concentrations. This combination has been found exceed-

F ig u re  10— R ec o rd e r-C o n tro lle r  a n d  A u to m a tic  Valve Used 
in  B o ile r F e e d -W a tc r  C o n tro l

ingly convenient, and routine measurements may be taken 
probably more rapidly than by any other method. This 
method is particularly adapted to the measurement of the 
dark-colored solutions where colorimetric methods fail.

M any sugar companies are likewise using the conduc
tivity method for the determination of sugar ash.10 A new 
bridge, which reads directly in specific conductance, and 
which has hand tem perature compensation, has been devel
oped for this measurement. This bridge (Figure 18) has

10 F o r various references regarding this m ethod see Zerban and Sattlcr, 
Facts About Sugar, 21 (December 4, 1926).
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BOILER ALKALINITY, MAX., MIN. AND AVERAGE
F ig u re  11— Im p ro v e m e n t in  A lk a lin ity  C o n tro l  of B o ile rs  d u r in g  A u to m a tic  C o n tro l

simplified the measurement to the point where the deter
mination is easy even for a  person who has never previously 
made’a conductivity measurement.
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B oiler Feed  W ate r

The w a te rw o rk s  
field presents many 
problems which may 
be s a t i s f a c to r i ly  
solved by e le c tro -  
metric control. I t  is 
well known tha t there 
is a certain pH value 
a t which a minimum 
quantity  of alum is 
required for best clari- 
f ic a t io n .  C o n se 
quently, the record
ing of pH  is an im
portant factor in this 
field. Some success 
has been o b ta in e d  
with the tu n g s te n  
e le c t r o d e ,11 but in 
cases where the pH  is 
below 8 an increase of 
a c c u ra c y  (to =*=0.05 
p H ) h a s  b ee n  ob
tained with the flow- 
type q u in h 'y d ro n e  
electrode.

11 Parker and Baylis, 
J. Am . W a t e r  W o r k s  
Assoc., 15, 22 (1926).

Many water purification plants add lime as a corrective 
to raise the pH  and prevent troubles from corrosion and “red 
water.” In this application the tungsten electrode has 
given satisfaction and where the pH  averages less than 8 
the quinhydrone electrode is applicable. Figure 19 shows 
an H-ion record obtained a t the Montebello Filters, Baltimore, 
Md. The record was made with tungsten electrodes while 
recording the pH  of the water after the addition of lime. 
The record to the right was obtained before the operator 
was told to  watch the recorder chart, and th a t to the left 
while the operator was opening the valve in such a manner 
as to  keep the pH a t the proper value.

' 1 ' fl f[ [S u lfu r ic  Acid M an u factu re

In  th e  c o n ta c t  
process of s u lfu r ic  
acid manufacture the 
double-cell principle 
of conductivity meas
urements has been in 
use many years for 
keeping the concen
tration of the absorb
ing acid a t  its proper
value. Up to this time the measurements have been made 
with portable indicators and recorders. Owing to  the rapid 
change of conductivity over the required range of concen
tration, it is evident th a t automatic control should be capable 
of giving considerable accuracy.

M isce lla n eo u s A p p lica tio n s

In  nickel-plating baths the dip-type quinhydrone ^elec
trode has proved very successful for measuring pH .12 In

l! P a rk e ran d  Greer, Trans. Am . Elcctrochem. Soc., 49, 451 (1926).

F ig u re  13— B o ile r W a te r  C ell
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C o u r t  e t y  o f  D i r e c t  O x i d a t i o n  P r o c e t t  C o r p o r a t i o n

F lg u re  14— R e c o rd e r-C o n tro lle r  a n d  T lltJn g -L im e -F e e d  D e
vice in  Scw age D lsposa l C o u r l e t y  o f  D i r e c t  O x i d a t  i o n  P r o c e t t  Cor por a t i on

F lg u re  15—.f lo w -P ro p o r tio n in g  D evice ln  Sew age Disposal

F lg u re  17— D ip -T y p e  Q u ln h y d ro n e  E lec tro d e  w ith  Portable  
P o te n t io m e te r

F ig u re  16— F lo w -T y p e  T u n g s te n  E lec tro d e  a s  U sed in  S u g a r  
M a n u fa c tu re

larger installations it is quite likely th a t automatic control 
of this quantity would be found advantageous.

M any other industries, such as the paper, baking, flour, 
dairy, tanning, ceramic, lithopone, etc., have found the dip- 
type quinhydrone electrode to  be the most convenient method 
of making H-ion measurements and are gradually adopting it.

There are several miscellaneous uses to which conductivity 
and H-ion measurements have been put. Chemical lab
oratories which rely greatly upon the purity  of their dis
tilled water have installed conductivity recorders. The 
leakage of river water into artesian wells has been detected

by conductivity methods. These measurements have also 
been used to detect the presence of water in oil wells, to de
tect contamination of river water by trade wastes, to meas
ure concentration in various types of solutions, etc. 1» 
fact, there seems to be scarcely an industry in which chem
istry plays an im portant role th a t would not find some ad
vantageous use for electrometric measurements or control.

D ISC U SS IO N

The progress of electrometric control has depended almost 
entirely upon the development of simplified and fool-proof 
cells and electrodes. The electrical measuring and control 
apparatus has been in a high state of perfection for sev era l
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years. The present expansion has been due almost entirely 
to recent improvements in cells and electrodes which have 
finally been demonstrated to be commercially practicable.

Figure 18—Specific  C o n d u c t iv ity  o r S u g a r-A sh  B ridge

In applying electrometric control to industry, it is a t times 
very difficult to predict whether a given problem is likely 
to be solved by this means. I t  is likewise almost impossible 
to predict the correct range for a recorder or controller, with
out making preliminary measurements a t the plant in which 
the control is to be installed. Frequently' it is advisable 
to permit the operator to make preliminary measurements 
in order to collect data for calibrating the final instrument. 
While making these measurements he gains considerable 
knowledge and later no difficulty is experienced in changing 
over to recording or control apparatus.

Recording apparatus which can be applied to a large num
ber of quite different problems has helped to solve this diffi
culty'. The recorder th a t uses a reference cell, in which various 
solutions may be placed, is a good example of this adapt
ability. Even in using this instrument, however, the proper 
range must be employed in order to obtain the desired sen
sitivity. Instrum ents have also been made with variable 
ranges in an attem pt to solve these difficulties.

While the preced
ing d e s c r ip t io n  in
cluded the most im
portan t fields where 
electrometric control
is a t present employed 
in industry, no a t
tem pt will be made to 
summarize the possi
ble uses to which such
control m ay be ap
plied in the future. 
In  all the cases cited
there are a t least one
or more installations 
in successful opera
tion a t the present 
time. Present prog
ress is n e c e s s a r i ly  F iftu re  19—H -Io n  R eco rd , w ith  T u n f ts tc n

, , , ,  E lec tro d e , a t  th e  M o n te b e llo  F il te r s ,
S lO W , O W in g  to the B altim o re , M d.
n e c e s s i ty  for over
coming various obstacles, many of which are peculiar to partic
ular installations. After more experience has been obtained 
along these lines, it is believed th a t the subsequent progress 
will be relatively rapid.

Flames of A tom ic H ydrogen1’
By Irv ing  L an gm u lr

R e s e a r c h  L a b o r a t o r y , G e n e r a l  E l e c t r ic  C o m p a n y , S c h e n e c t a d y , X. Y.

THE heat carried away from an incandescent wire by 
a surrounding inert gas a t ordinary' temperatures 
increases roughly in proportion to the 1.9th power of 

the absolute temperature, T, of the filament.2 This relation 
holds, for example, for such gases as nitrogen, argon, and 
mercury vapor up to the temperature of melting tungsten, 
3660° K. In the case of hydrogen, however, abnormal 
results were obtained in experiments made a t high tempera
tures. Up to about 1700° K. the normal exponent of 1.9 
"'as observed, but a t higher temperatures the exponent in
creased until a t 2600° K. and above it was about 5.0. A t 
3400° K. the heat conducted by hydrogen was twenty-three 
tunes as great as th a t carried by nitrogen under similar con
ditions.

Xernst3 in 1904 had developed the theory of heat conduc
tion in a dissociating gas and had shown th a t dissociation 
results in a great increase in the heat conductivity. The 
dissociation products diffuse from the hot portions of the gas

1 Received April 19, 1927. A m ajor p a rt of the  subject m a tte r of this 
paper was covered in an address under the same title  delivered a t the  GeDeral 
Meeting of the American Chemical Society, Philadelphia, P a ., Septem ber 8, 
1926. Preliminary publications have appeared in the  Gen. Elec. Rev., 29, 
153, 160 (1926).

! Langmuir, Trans. A m . EJeclroehem. Soc., 20, 225 (1911); Phys. Rev., 
3M 01 (1912); J. A m . Chem. Soc.. 34, 860 (1912).

•Boltrm ann Festschrift, p. 904 (1904).

into the cold portions and there, by recombining, give up the 
large energy of the chemical reaction. This suggested tha t 
the abnormal heat conductivity of hydrogen a t high tempera
tures is due to dissociation of the hydrogen into atoms ac
cording to the reaction

H2 =  2H (1)

An abnormal heat conductivity might, however, be due to 
the formation of an endothermic polymorphic form of hy
drogen such as H 3, corresponding, for example, to  ozone. 
According to the law of mass action, the degree of dissociation 
of a gas into atoms must be greater a t low pressures than a t 
high, whereas the opposite would be true if molecules con
taining more than two atoms were formed.

A t temperatures below 1700° K. the heat carried away by 
convection and conduction was greater a t higher pressures of 
hydrogen than a t lower pressures. For example, a wire of 
0.0706 mm. diameter a t 1500° K. dissipated over twice 
as much energy in hydrogen a t 760 mm. as in hydrogen at 
50 mm. pressure. A t temperatures above 2700° K., how
ever, more energy was dissipated a t 50 mm. than a t 760 
mm. There are evidently two factors acting in opposite 
directions. Since the heat loss by convection and normal 
conduction increased with temperature according to  a law 
which had been determined, it was possible to extrapolate
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to the higher temperatures, and then by subtracting this 
from the observed heat loss a t the higher temperatures it 
was possible to find the energy th a t was carried from the fila
m ent by the dissociation (or association) th a t occurred. 
A portion of the data obtained in this way with a filament of 
0.0706 mm. diameter a t a series of different pressures is 
given in Figure l . 4

A t temperatures from 2000° to 2400° K. more than twice 
as much heat is carried in this way from the filament in 
hydrogen a t 50 mm. pressure as a t 760 mm., but data beyond 
the range included in the diagram show th a t this ratio falls 
to 1.55 a t a filament temperature of 3400° K. A t pressures 
still lower than 50 mm. the heat loss does not continue to 
increase as the pressure is lowered, but calculation shows 
tha t this is due to the fact th a t the free path  of the gas mole-

0.00165 a t 2000° K ,  0.0109 a t 2400° K., and 0.0421 at 
2800° K.

Since these experiments were made, more accurate data for 
determining the temperatures of tungsten filaments have come 
into use. G. N. Lewis and M. Randall8 and others have 
pointed out th a t the third law of thermodynamics gives a 
relation between the heat of dissociation and the degree of 
dissociation.

D egree o f  H ydrogen  D isso c ia tio n

W ith this relationship and the new temperature scale of 
Forsythe and W orthing,7 the degree of dissociation of hy
drogen has been recalculated from the experimental data 
of 1914. The results are expressed by the equation

log,» A  =  -  +  1.765 log.o r  - 9.85 X lO"5 P -  0.256 (2)

F ig u re  1— H e a t Loss f ro m  a  T u n g s te n  F i la m e n t  D ue  to  
D is so c ia tio n  of H y d ro g en  by  F i l a m e n t  in  H y d ro g e n  a t  V ario u s  
P re s su re s

cules is no longer negligible compared with the diameter of 
the wire so th a t there is a “concentration drop” of the modi
fied hydrogen a t the surface of the wire analogous to the tem
perature drop discovered by Smoluchowski.

The marked increase in heat loss as the pressure was low
ered proved th a t the heat was carried from the filament 
by a dissociation of the hydrogen into atoms. In  fact, the 
amount of the increase was in quantitative agreement with 
a mathematical theory of the effect based on an assumed dis
sociation.

When the pressure was lowered to  10, 1.1, and 0.2 mm. 
the heat loss decreased with decreasing pressure (Figure 1), 
and decreased much more rapidly a t the high temperatures 
than a t the lower ones, so th a t finally (at 0.21, 0.04, and 0.015 
mm.) it became independent of the filament temperature 
a t temperatures above 2600° K. This indicates tha t the 
dissociation under these conditions is nearly complete, so that 
the rate of dissociation, which determines the heat loss, is 
limited only by the rate a t which the molecules strike the 
surface of the wire. Quantitative calculations based on the 
kinetic theory confirmed this conclusion.

By means of these theoretical considerations it was pos
sible to determine the degree of dissociation and the heat of 
the reaction by which atoms combine to form molecules. 
The results th a t were published in 1915 gave 90,000 calories 
as the heat of combination of 2 grams of hydrogen atoms 
a t constant pressure and a t 3000° K. The degree of dissocia
tion,* z, expressed as the fraction of the molecules which have 
been dissociated, was found to be, a t atmospheric pressure,

* Langm uir and M ackay, J . A m . Chem. Soc., 3 6 , 1708 (1914).
‘ Langmuir, Ibid., 37, 417 (1915); 38 , 1145 (1916).

where K  is the equilibrium constant defined by
K  4  Pr/P^ (3)

pi being the partial pressure of atomic hydrogen and p. 
the pressure of molecular hydrogen, both expressed in atmos
pheres. Then if P  is the total pressure, pi and p2 are given 
by

Pi =  2 P x /( l  +  x); h  =  (1 -  *) P / (  1 +  x) (4)
where x  is the degree of dissociation.

The equilibrium constant K  in equation (2) is also given 
by

K  =  4P.v2/ ( l  -  x2) (5)

Table I gives the equilibrium constant K  and the degree 
of dissociation a t various temperatures as calculated from 
equations (2) and (5).

Note— This revision in the calculation of x  changed the values of x calcu
lated in 1915 to the following values:

T  (° K.) 
2000 
2400 
2800 
3200

Old
0.00165
0.0109
0.0421
0.117

New
0.00122
0 .0101
0.0488
0.154

From equation (2), by applying the Clapeyron equation, 
we can calculate H, the heat absorbed by the dissociation 
of the molecular hydrogen (at constant pressure), as follows: 

H  =  97,000 +  3.5 T  -  0.00045 P 2 (6)
This is expressed in small calories per gram-molecule of 
hydrogen (2.016 grams). The heat of reaction Q a t constant 
volume is

Q =  97,000 +  1.5 T  -  0.00045 P 2 (*)

Note— This result for the  heat of dissociation which was published in 
M arch, 1926,1 is in excellent agreem ent with the  value 98,570, subsequently 
found by  Witmer* from studies of a  hydrogen band spectrum  found by Lyman. 
In  a  la ter paper* from a  more careful analysis of similar da ta  Witmer con
cludes th a t Qo is 100,000 =*= 5000 calories.

T  
° K.
300

1000
1200
1400
1G00
1800
2000
2100
2200
2300
2400
2500
2600
2700

T a b le  I— D egree o f D is so c ia tio n  of H y d ro g en  In to  A tom s
K 

Atmos 
9 .58  X 10-»
3 .30  X 10-*
9 .78  X 10"*
0.256

K  x
Atmos. (At 1 atmos.) 

2 .63  X 10"«7 2 .56  X 10~34 
5 .50  X IO "”  3.71 X 10"»
2 .48  X 10-»» 2 .4 8  X 10~7
1.04 X 10"1» 5 .08  X 10-«
9.81 X 10-» 4 .95  X 10
3 .42  X 10"7 
5 .93  X 10-« 
2 .02  X 10-* 
6 .18  X 10-* 
1.71 X 10“ < 
4 .36  X 10"< 
1.04 X 10-* 
2 .30  X 10"» 
4 .82  X 10-*

2 .92  X 10-« 
1.22 X IO"* 
2 .24  X 10-»
3 .92 X 10-* 
6.54 X 10-» 
1.04 X 10-* 
1.61 X 10"* 
2 .40  X 10-* 
3 .48  X 10-*

T  
° K. 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
4500 
5000 
6000 
7000 
8000 
9000 

10000

0.598 
1.24 
2.56 

10.9 
34.7

169.0
649.0

1560.0
3030.0
5000.0

(At 1 atmos.) 
4 .88 X 10-* 
9.03 X 10'J 
0.154 
0.245 
0.301 
0.488 
0.625 
0.855 
0.9169 
0.98S4 
0.9969 
0.99S7 
0.9993 
0.9996

1923.
«"T herm odynam ics," p. 470, M cGraw-Hill Book Co., New ^ork,

t.
7 Astrophys. J ., 61 , 146 (1925).
* Proc. Natl. Acad. Set., 12, 23S (1926).
» Phys. Rev.. 28, 1233 (1926).
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C h em ical P rop erties o f  A to m ic  H ydrogen

While the measurements of the heat losses from filaments 
in hydrogen were being made, other experiments10 showed 
that hydrogen which had been in contact with heated fila
ments acquired entirely new chemical properties, and they 
were quite in accord with those to be expected of an atomic 
form of the element.

If a tungsten or platinum filament is heated to 1300° K. 
or more in dry hydrogen a t  low pressures, preferably less 
than 1 mm., a limited am ount of the hydrogen gradually 
disappears or cleans up. When the limiting clean-up has 
taken place no additional clean-up occurs if a second filament 
is lighted, so we know th a t the gas is not absorbed by the 
filament. I t  was found th a t part of the hydrogen can be 
recovered by heating the bulb. The am ount of hydrogen 
that can be cleaned up increases considerably, bu t not 
indefinitely, when the bulb is kept cooled by liquid air. 
If the liquid air is removed after the filament has been al
lowed to cool, the excess of absorbed hydrogen is evolved 
but does not recondense when the liquid air is replaced unless 
the filament is again lighted. The hydrogen on the bulb is 
thus not in the form of liquefied or solidified atomic hydrogen, 
but is held there rather as an adsorbed film. Hydrogen 
atoms striking a bare glass surface can condense, bu t if they 
strike atoms already on the surface they combine with these 
and the molecules escape.

The maximum am ount of hydrogen th a t can be adsorbed 
by glass cooled in liquid air was found to be 0.03 cu. mm. 
per sq. cm., the hydrogen being measured a t atmospheric 
pressure and temperature. This corresponds to 1.5 X 1016 
atoms per sq. cm. If these are arranged in a close-packed 
lattice on the surface their distance between centers -would be 
2.78 X 10~8 cm. The diameter of the electron orbit in the 
Bohr hydrogen atom is 1.06 X 10~8 cm. This result con
firms the theory th a t impinging hydrogen atoms combine 
with adsorbed hydrogen atoms which they strike. If the glass 
surface is allowed to warm up to room temperature some of 
the atoms can react with adjacent atoms and thus escape as 
molecules.

The atomic hydrogen adsorbed on glass is capable of react
ing rapidly with oxygen a t room temperature and slowly 
even at liquid-air temperature. Thus if hydrogen is cleaned 
up by a heated filament on to a bulb cooled in liquid air, and 
oxygen is admitted after cooling the filament, the oxygen 
disappears very slowly; bu t when the liquid air is removed 
an amount of oxygen suddenly disappears which is the chemi
cal equivalent of the hydrogen th a t was previously cleaned 
up. This removal of the adsorbed hydrogen makes it then 
possible to clean up another portion of hydrogen on to the 
bulb when the filament is lighted.

Atomic hydrogen from a filament in hydrogen a t low 
pressure, even after diffusing through several feet of glass 
tubing at room temperature, can manifest itself by reducing 
such metallic oxides as W 0 3, CuO, Fe20 3, ZnO, or P t0 2.u 
The blackening of W 03 or ZnO thus serves as a means for 
detecting atomic hydrogen. An oxidized piece of copper 
rapidly acquires a metallic luster. The fact th a t the atoms 
can pass through a long crooked tube proves th a t adsorbed 
hydrogen atoms can evaporate from glass surfaces a t room 
temperature. Experiments showed th a t no atomic hydrogen 
passed through a trap  cooled in liquid air, so th a t a t this 
temperature the evaporation of the atomic hydrogen does 
not occur. A plug of glass wmol in a tube a t room tempera
ture also stops the passage of the atoms.

A well-exhausted tungsten filament lamp was connected
10 Iyangmuir, J . A m . Chem. Soc., 34, 1310 (1912).
11 Langmuir, Proc. Am . Inst. Elec. Eng., 32, 1894 (1913); Trans. Am . 

Blectrochem. Soc., 29, 294 (1916).

through a glass tube to a Ilale-Pirani vacuum manometer18 
which contained pure platinum ware 0.028 mm. in diameter 
and 45 cm. long heated to about 125° C. by the passage of 
a current of 0.0092 ampere. The resistance of the platinum 
wire was used to measure the pressure of the residual gas in 
the lamp. After the lamp had run about 50 hours a t normal 
efficiency (2400° K.) the resistance of the platinum wire had 
increased 0.12 ohm, the original resistance having been about 
96 ohms. Investigation showed th a t this increase of 0.125 
per cent in resistance was caused by atomic hydrogen which 
diffused into the platinum wire. The increase in resistance 
persisted for days after the tungsten filament was turned off, 
but the resistance returned to normal either after heating 
the platinum wire or after adm itting a little oxygen and 
then pumping it out again, the platinum wire being kept a t 
125° C.

The dissociation of hydrogen by a tungsten filament a t 
1500° K., which causes a fairly rapid clean-up of dry hydro
gen, is entirely prevented by pressures of oxygen or water 
vapor of an order of magnitude of 10 ~s m m .18 A very re
markable phenomenon occurs if a mixture of oxygen and 
hydrogen a t  low pressure is adm itted to  a  bulb containing a 
filament a t 1500° K. The oxygen reacts with the filament 
rapidly to form W 03, which evaporates a t this temperature 
as fast as formed. The oxygen thus cleans up a t a  rate 
proportional to its own pressure and the pressure of oxygen 
thus falls to half value about every 2 minutes in a bulb of 
ordinary size. All this occurs exactly as though no hydrogen 
were present. During this time there is no measurable dis
appearance of hydrogen. After 10 or 15 minutes the oxygen 
is nearly all gone and then for 5 or 10 minutes more the gas 
pressure remains apparently constant and corresponds exactly 
to  th a t of the hydrogen which was admitted. Then suddenly, 
when the pressure of oxygen is low enough (10~° mm.), 
the hydrogen begins to disappear by dissociation and in a 
few minutes the pressure falls practically to zero. W ater va
por has an effect similar to oxygen in preventing the disso
ciation of hydrogen. A t filament temperatures of 1750° K. 
some of the hydrogen disappears while the oxygen is cleaning 
up, bu t the kink in the curve still occurs when the oxygen is 
gone. W ater vapor and oxygen are thus powerful catalytic 
poisons for the reaction of the hydrogen dissociation.

Arcs in  H ydrogen  a t  A tm o sp h er ic  P ressures

Several years ago in this laboratory studies wrere made of 
arcs between tungsten electrodes in various gases. Arcs 
in hydrogen were remarkable because of the high voltage drop 
and small cross section. A 10-ampere, direct-current arc 
between heavy tungsten electrodes about 7 mm. apart in a 
bulb containing pure hydrogen a t atmospheric pressure 
appeared as a sharply defined, brilliant red line about 0.5 
mm. in diameter along which the potential gradient was 150 
volts per centimeter, making a power dissipation of 1500 
w atts per centimeter of length, this being about fifteen times 
as great as in nitrogen or argon. This abnormal behavior 
of hydrogen was attributed to the dissociation which carried 
energy so rapidly out of the arc.

Arcs in  H ydrogen a t Low P ressures

In  attem pting to  obtain the Balmer spectrum of hydro
gen without contamination by the secondary spectrum, 
Wood14 built very long vacuum tubes of moderate bore, 
in which he passed currents as large as 20 amperes through 
moist hydrogen a t about 0.5 mm. pressure. He observed

11 Hale, Trans. Am . Electrochem. Soc., 20, 243 (1911).
11 Langmuir, J . Am . Chcm. Soc., 38, 2271 (1916); Trans. Am . Electro- 

chem. Soc., 29, 201 (1916); Gen. Elec. Rev.. 25, 445 (1922).
■ < Proc. Roy. Soc., 102, 1 (1922); Phil. Mag. 44, 538 (1922).
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m any remarkable phenomena. Short pieces of tungsten 
wire projecting into the discharge were heated to incandes
cence, although a fine thread of glass or a platinum wire in a 
similar position was apparently not heated by the discharge. 
On drying the hydrogen with phosphorus pentoxide the sec
ondary spectrum (due to molecular hydrogen) appeared 
strongly and the Balmer spectrum (due to atomic hydrogen) 
nearly disappeared. The heating of the tungsten wire was 
also prevented by drying the hydrogen.

In correspondence with Professor Wood, the writer pointed 
out tha t oxygen and water vapor decrease the rate of dis
sociation of hydrogen in contact with tungsten and must 
thus also tend to prevent the recombination of hydrogen 
atoms on a tungsten surface. He also suggested th a t moisture 
poisons the catalytic activity of the dry glass surfaces tha t 
otherwise converts atomic into molecular hydrogen. Thus 
with moist hydrogen the tube becomes filled with nearly 
pure atomic hydrogen and the diffusion of this to the cata- 
lytically active tungsten wire causes the heating of the latter. 
Calculations based on the measured heat of dissociation 
proved th a t a pressure of only 0.16 mm. of atomic hydrogen 
a t 500° C. would suffice to maintain a tungsten filament a t 
2400° K.

These conclusions were confirmed by Wood’s observations 
th a t the walls of the tube became only slightly heated if the 
hydrogen was moist, whereas they were strongly heated with 
dry hydrogen. A tungsten wire was heated red hot even 
when mounted in a side tube (of 5 mm. diameter) a t a dis
tance of 4 cm. from the discharge tube, showing th a t the 
hydrogen atoms could diffuse in relatively large quantities 
out of the discharge.

I t  occurred to the writer tha t it should be possible to obtain 
even higher concentrations of atomic hydrogen by passing 
powerful electric arcs between tungsten electrodes in hy
drogen a t atmospheric pressure and this atomic hydrogen 
could be blown out of the arc by a je t of molecular hydrogen 
directed across the arc.

P re lim in a ry  E xp er im en ts w ith  F la m es of A to m ic  H ydrogen

To try out the possibility of blowing atomic hydrogen out 
of an arc, 20-ampere arcs from a constant-current trans
former were passed between two tungsten rods 6 mm. in 
diameter mounted transversely in a horizontal alundum tube 
(10 cm. diameter) through which a stream of hydrogen 
flowed. W ith voltages from 300 to  800, arcs could be main
tained with electrode separations up to 2 cm. The magnetic 
field of the arc caused it to move transversely so tha t it be
came fan-shaped. Iron rods 2 or 3 mm. in diameter melted 
within 1 or 2 seconds when they were held 3 to 5 cm. above 
the arc.

By directing a je t of hydrogen from a small tube into the 
arc, the atomic hydrogen could be blown out of the arc and 
formed an intensely hot flame. To maintain the arc in a 
stable condition the electrodes were brought close together 
(1 to 3 mm.), but the arc did not remain entirely between the 
electrodes, but extended as a fan to a distance of 5 to  8 mm. 
The flame of atomic hydrogen, however, extended far beyond 
the arc. A t distances of 1 or 2 cm. from the arc molybde
num (m. p. 2900° K.) melted with ease. Near the end 
of the arc tungsten rods and even sheet tungsten (m. p. 
3660° K.) could be melted.

The use of hydrogen under these conditions for melting 
and welding metals has proved to  have many advantages. 
Iron can be melted without contamination by carbon, oxy
gen, or nitrogen. Because of the powerful reducing action of 
the atomic hydrogen, alloys containing chromium, aluminum, 
silicon, or manganese can be melted without fluxes and without 
surface oxidation.

T em p era tu re  o f A to m ic  H ydrogen  F la m e Com pared with 
O ther F la m es

Let us suppose we could obtain atomic hydrogen in bulk 
a t atmospheric pressure and room temperature and that we 
could then let this “burn” to the molecular form in a flame. 
W hat would be the tem perature of this flame and how would 
it compare with th a t of other flames? Taking the heat of 
reaction (for 2 grams) to be 98,000 calories and taking the 
specific heat of molecular hydrogen (for 2 grams) to be 6.5 
+  0.0009 T, we find th a t the heat of the reaction would be 
sufficient to heat the hydrogen to 9200° K.

The dissociation of the hydrogen, however, would prevent 
the temperature from rising to any such high value. If i  
is the degree of dissociation a t the maximum tempera
ture reached, the available heat of recombination is only 
(1—x) 98,000.

The heat in calories, Q, needed to raise the temperature of 
a gram molecule of gas from room temperature (300° K.) 
to T  a t constant pressure is16

For H (atomic) (h = 4 .9 7  T -  1490
H» = 6.50 T  +  0.00045 T- -  1990
CO or Q2 (), = 6.50 T  +  0.00050 T- -  2000
H-O Q< = 8.81 T  -  0.00095 P  +  7 4 X  ÎO'1 P

-  2570
C 02 Çô = 7.0 T  +  0.00355 T- -  6.2 X 10'1 P

-  2400

Thus the temperature that could be reached by the recombina
tion of hydrogen atoms starting from room temperature and 
atmospheric pressure can be calculated by the equation 

(1 -  x) I h  =  2.vQi +  (1 -  x) Q. (8)

where Ho is th e re a t  of combination of 2.016 grams of atomic 
hydrogen a t room temperature (98,000 calories). Introducing 
the values of Qi and Qj in this equation and solving for x 
we find

100,000 -  6.50 P  -  0.00045 T- , .
* 97,000 +  3.44 T  -  0.00045 T 1 U

We can thus plot a curve giving x  as a function of T. But 
the data of Table I enable us to plot another curve of x 
as a function of T. These two curves intersect at T =
4030° K. and x  =  0.642. Thus atomic hydrogen at room
temperature and atmospheric pressure would heat itself 
to 4030° K. and the degree of dissociation wrould then be 
0.642.

The temperature of the oxyhydrogon flame can be cal
culated in an analogous manner, taking into account the 
dissociation of the water vapor into oxygen and hydrogen 
and the dissociation of the molecular hydrogen into atomic. 
This rather laborious calculation shows tha t the combustion 
of a mixture of two volumes of hydrogen w ith  one of oxygen 
a t room temperature (300° K.) and atmospheric pressure 
produces enough heat to raise the reaction products to 3130 
K. The reaction is
2H2 +  0 2 = 1.652 H-O +  0.249 H2 +  0.198 H +  0.174 O- (10) 
Thus the composition (by volume) of the flame gases at this 
maximum temperature is water vapor 72.68, molecular 
hydrogen 10.95, atomic hydrogen 8.71, and molecular oxy
gen 7.66 per cent. A t this tem perature the equilibrium 
constant for the dissociation of hydrogen according to the 
data of Table I  is K  =  0.068 atmosphere. The corresponding 
equilibrium constant for the dissociation of wrater vapor at 
3130° K. is18

K  = (H2)J (02)/(H 20 )2 = 0.00170 (ID
where the parentheses represent pressures in atmospheres.

15 T he specific heats for these calculations were taken from a table oo 
p. 80 of Lewis and R andall’s “ Therm odynam ics.”

*• Langm uir, J . A m . Chem. Soc., 28, 1357 (1906).
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In the flame gases the water vapor is 17.4 per cent dissociated 
and the hydrogen is 27.4 per cent dissociated.

For the combustion of acetylene with oxygen we may 
consider the reactions:

C,H2 +  SA 0 2 =  2 C 0 2 +  HiO +  302,000 calories I
Cilh +  3 A 0 2 =  2 CO +  H20  +  166,000 calories 11
C2H2 +  0 2 =  2 CO +  H 2 +  102,600 calories III

so that the equilibrium constant is

K = h i  =  lii!  H71
P2  ( 1  -  ‘ A  « i ) ( 3  +  V i  » 1)  U  ’

At any assumed temperature we can calculate ni and thus 
get K  as a function of T. We also get K  as a function 
of T from Table I. The intersection of the two curves gives 
T = 3270° K ;  n  1 =  0.5676; n* = 0.7162.

Thus we conclude th a t when acetylene burns with an 
equal volume of oxygen the maximum temperature may rise 
to 3270° K. and a t this tem perature the composition of the 
flame gas is carbon monoxide 60.9 per cent, molecular hy
drogen 21.8 per cent, and atomic hydrogen 17.3 per cent 
by volume.

There is another factor which tends greatly to increase 
the temperature of the atomic hydrogen flame even above 
the calculated value of 4030° K. The atomic hydrogen, 
instead of being originally a t room temperature, is already 
at a high temperature a t the moment of its escape from the 
arc. The conditions are analogous to those in an oxy- 
hydrogen flame in which both gases are preheated. Thus 
the upper limit of temperature is fixed only by the degree 
of dissociation of the hydrogen and the rate a t which heat 
is lost by radiation or contact with bodies of lower tem
perature.

R ate  o f S u rface H ea tin g  by F la m es

Although the high temperature of the atomic hydrogen 
flame is of great importance when it is desired to  m elt sub
stances of very high melting point such as tungsten, a factor 
of even greater importance in ordinary welding operations 
is the rapidity with which heat can be delivered to a surface 
per unit area.

•In order to determine this rate of surface heating for va
rious kinds of flames, the device shown in Figure 2 was con
structed. I t  consists essentially of a  short rod of tungsten, 
A, so arranged tha t heat from the flame can be applied only 
to the circular surface forming its upper end, while its lower

end is in good thermal contact with a large mass of copper, 
B, which removes the heat from the tungsten rod as fast 
as it is delivered by the flame. To prevent the flame from 
striking the sides of the rod, a water-cooled circular plate 
or guard ring of copper, C, is used. To obtain good thermal 
contact between the tungsten rod and the copper, the mass 
of copper B  was made by casting it around the tungsten rod 
which had previously been covered with copper by heating 
with copper in an atmosphere of hydrogen. The tungsten 
rod had a diameter of 0.77 cm. and the portion extending 
out of the copper mass had a length of about 0.8 cm. The 
hole in the copper plate was 0.95 cm. in diameter. The 
weight of the copper block B  was 8100 grams and the di
ameter of its cylindrical part was 10 cm.

The temperature of the copper block was measured a t 
half-minute intervals by means of a mercury thermometer 
placed in a hole which had a diameter only slightly larger 
than the thermometer and into which oil had been introduced 
to make better thermal contact between the thermometer 
and copper.

When the atomic hydrogen or other flame was directed 
against the tungsten tip the rate of temperature rise of the 
copper block gave a measure of the rate of surface heating. 
The flame was applied for a definite time which ranged 
from 2 to 5 minutes, during which time the temperature 
rose 40° to 80°C. After 
the flame was removed 
the thermometer read
ings continued to rise 
for a  couple of minutes 
b e c a u s e  of the time 
needed for the heat to 
become uniformly dis
t r i b u t e d  throughout 
th e  c o p p e r  b lo c k .
R e a d in g s  w ere  con
t in u e d  fo r  s e v e ra l 
minutes more in order 
to determine the rate of 
cooling so th a t correc- g f , » *  Surfacc IIea,inft Produced by 
tion could be made for
the slight loss of heat tha t occurred before the maximum 
temperature was reached. This correction rarely amounted 
to more than 5 per cent.

T a b le  I I— R a te  of S u rfa cc  H ea tin ft P ro d u ce d  by  V ario u s  F la m e s
W atts/sq. cm.

(1) Ordinary Bunsen burner (gas-air) a t  tip  of inner cone.
Flam e 15 cm. high, cone 4.5 cm. high o l

(2) O rdinary blast lam p (gas-air), 11 cm. from burner t>p in
flame 25 cm. long, nozzle 0.60 cm. diam eter 57

(3) Same a t 19 cm. from burner tip  (hottest part) /3
4) O rdinary blast lamp (hydrogen-air), 13 cm. from burner tip  100
5) B last lam p for quartz  blowing (gas-oxygcn) 2.5 cm. from

burner tip  ’ 50
(6) Same w ith hydrogen-oxygen *>20
(7) Acetylene welding torch, adjusted for maximum effect (sev

eral different tips gave about the same result) 070
(8) Atomic hydrogen flames:

Amperes Volts Mm. from tips
20 100 3 580

5 040
7 400

40 75 3 1000
5 1140
7 900

10 620
60 05 5 1300

7 1100
10 850
15 500
20 330
30 190
40 130
50 95

The rate of surface heating in w atts per square centimeter 
was then calculated from the temperature rise, the time of 
application of the flame, the area of the end of the tungsten

In a flame having the proportion of oxygen given in the 
first reaction the flame gases would contain a relatively large 
amount of oxygen owing to the dissociation of both the car
bon dioxide and the water vapor. For oxy-acetylene welding 
such strongly oxidizing flames are avoided and the oxygen 
ratio is cut down nearly as low as th a t in reaction III .

Let us calculate the tem perature and flame composition 
for this case. The reaction does not go to  completion as 
indicated above in reaction I II , but should be written 

CsH2 +  0 2 =  2 CO +  X2H 2 +  hiH (12)
where >h +  ‘A**! =  1 (13)

The heat of the reaction, 102,600 —(l — n2) 98,000 calories, 
must equal the heat content of the reaction products 2Q3 +  
nil ! +  n,Qi. From the resulting equation we find

108,600 -  19.5 T  -  0.00145 T2 . .
”* ~  48,500 +  1.72 T -  0.000225 T- V ’

The partial pressures of H  and H 2 are
,    Ml  _  1̂___  /1 f-x
1 2 +  »1 -f- 3 +  l/ t  ii\

and *  =  3 +  v l  »! ( ie )
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tip (0.466 sq. cm.), the mass of copper and its specific heat 
(0.394 w att second per gram per degree). A summary of 
the results is given in Table II. Except where specifically 
noted, the conditions for the use of each flame were chosen 
to give the greatest possible rate of surface heating.

The rate a t which heat is delivered to  a tungsten surface 
by the atomic hydrogen flame produced by a 60-ampere 
arc (1330 w atts per sq. cm.) is thus twenty-six times as great 
as th a t from a Bunsen burner flame and about double tha t 
from the flame produced by the ordinary oxy-acetylene 
welding torch.

According to the Stefan-Boltzmann law the heat radiated 
from a body a t high temperature is

Wr = 5.7 E  watts per sq. cm. (18)

where E  is the emissivity of the body (E = 1 for a black 
body).

If a Bunsen burner flame delivers 51 w atts per sq. cm. to 
the whole surface of a black body, it would thus heat it to 
1730° K. If heat is applied by the flame to one side of a 
plate-shaped body and the heat is radiated from both sides, 
the temperature would be 1450° K. The fact th a t the Bun
sen flame does not heat bodies so hot as this indicates th a t the 
rate of surface heating decreases as the temperature of the 
body increases. The heat reaches the surface from such a 
flame by conduction through a relatively stationary film 
of gas. The decrease in the temperature gradient when 
the body becomes hot would explain the lower rate  of surface 
heating. W ith 1330 w atts per sq. cm. delivered by the 
atomic hydrogen flame, the temperature of a black body 
would rise to 3900° K. The power radiated from tungsten 
at its melting point is 395 w atts per sq. cm., and 1330 w atts 
per sq. cm. should heat tungsten to  about 5300° K. Al
though tungsten wires and even sheet m etal can be melted 
and welded by the atomic hydrogen flame, it does not occur 
so rapidly as the foregoing figures would lead us to expect.

A t such high temperatures, however, the rate of surface 
heating by an atomic hydrogen flame must decrease because 
of the fact th a t the hydrogen remains partly  dissociated 
so th a t the recombination is not complete. W ith surface 
temperatures below 2000° K., however, this factor would 
be negligible. I t  is probable th a t the rate of surface heating 
would be dependent not so much on the tem perature gradient 
in the surface film of gas as on the rate of diffusion of atomic 
hydrogen through this film. Thus wc m ay expect the rate 
of delivery of energy to a metal surface to remain nearly 
constant until the surface reaches a temperature of a t least 
2000° K.

To test this conclusion and also to find out whether dif
ferent metals are heated a t different rates, another device 
like th a t shown in Figure 2 was constructed, but the tip

which was heated was of copper instead of tungsten, being 
made by turning down a large block of copper. When 
energy is delivered a t the rate of 1000 watts per sq. cm. 
the temperature gradient in the tungsten tip is about 1100° 
K. per cm., while with a copper tip  it is 260° K. per cm. 
Thus the surface of the tungsten tip was probably at a tem
perature of a t least 1400° K. while the copper surface was 
not over 600° K. The observed rates of surface heating 
with the copper and tungsten tips were, however, not meas
urably different. This seems to indicate th a t up to 1400° K. 
the temperature of the surface does not affect the rate of 
heating and also th a t copper and tungsten are equally effec
tive in causing recombination of hydrogen atoms on their 
surfaces.

T o ta l H ea t D elivered to  Su rfaces

The foregoing method measures the intensity of surface 
heating in w atts per square centimeter. I t  was of interest 
to determine what fraction of the to tal energy in an arc 
or a flame could be delivered to a large flat surface against 
which the flame was directed. For this purpose a cylinder 
of copper 10.5 cm. in diameter and 9.8 cm. long was used, 
which weighed 7950 grams. The flame was directed against 
one of the flat polished ends, and the rate of temperature 
rise was measured as before.

An atomic hydrogen flame was produced by a 60-ampere 
a. c. arc using a torch like th a t shown in Figure 3. The 
voltage across the electrodes was 70 volts. A wattmeter 
showed tha t the power consumption in the arc was 3510 
watts, which gives a power factor of 0.84. The electrodes 
were tungsten rods 3.2 mm. in diameter, which made an angle 
of 55 degrees with one another. The rate of flow of hydrogen 
which bathed the electrodes was 14.2 liters per minute (30 
cubic feet per hour). From the temperature rise of the cop
per block the heat delivered to the surface was found to 
correspond to 3100 w atts when the electrode tips were 3 to 
5 mm. from the copper surface. This decreased to 2800 
w atts a t  13 mm., 2500 a t 25 mm., and 2200 a t 35 mm. With 
the arc turned off bu t the molecular hydrogen burning in 
the air, the rate of heating corresponded to 250 watts with 
the electrodes 6 mm. from the surface. Subtracting this 
energy delivered by the combustion of the hydrogen in the 
air, we find th a t the energy carried to the metal by the atomic 
hydrogen ranged from 2850 to 1950 watts. Thus with the 
electrodes 3 mm. from the metal 82 per cent of the power 
input into the arc was delivered to  the copper surface. This 
efficiency became 78 per cent a t 6 mm., 71 a t 13 mm., 65 at 
25 mm., and 55 per cent a t 35 mm. The energy corre
sponding to the complete combustion of 14.2 liters of hy
drogen per minute is 2360 watts. Actually, only 250 watts 
or 11 per cent of this reaches the copper. The total energy 
of the arc and the flame of molecular hydrogen is 5870 watts, 
of which 3100 w atts or 53 per cent is delivered to the copper.

An oxy-acetylene flame from a standard welding torcli 
consuming 30.6 liters of oxygen per minute (64.8 cubic feet 
per hour) and 2S.6 liters of acetylene per minute (60.6 cubic 
feet per hour) delivered energy a t the rate of 4400 watts to 
the copper surface. A smaller torch consuming 13.7 liters 
of oxygen per minute and 13.0 of acetylene (29.0 and 27.5 
cubic feet per hour, respectively) gave energy to the copper 
a t the rate of 3900 watts. If we take the heat of c o m b u s t io n  
of the acetylene to be 302,000 calories corresponding to  
complete oxidation according to reaction I, the efficiency 
of the heat delivery by these flames is 17.6 per cent with 
the larger torch and 34.2 with the smaller. The energy 
delivered is, however, 52 and 101 per cent, respectively, 
of the heat energy generated if the combustion proceeded 
only as far as indicated by reaction III .
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The data in Table I I  and the foregoing results show 
that the intense heat of the atomic hydrogen flame extends 
a considerable distance beyond the arc between the elec
trodes. Some measurements were also made of the length 
of time required to melt the ends of rods 6.3 mm. in diameter 
(V4 inch) of Armco iron which were held in the flame a t 
different distances from the electrode tips, the axis of the 
rods being perpendicular to  the direction of motion of the 
flame gases. The rods were a t room temperature when 
introduced into the flame. Table I I I  gives the time in 
seconds before fusion of the end of the rod occurred.

Tabic I I I—T im e  R e q u ire d  to  M e lt E n d s  o f 6 .3 -M m . I ro n  R ods In 
F la m e  f ro m  60 -A m p ere  A rc 

D is t a n c e  f r o m  E l e c t r o d e s  T im e
M m. Inches Seconds

6.3 '/< 4
9 .5 V« 7

13 V« 8
19 V« 14
25 1 18
38 i ‘A 27
51 2 30
64 2V* 80
76 3 240

Action o f A to m ic  H ydrogen  o n  V arious R efractory  
S u b sta n ces

Every refractory material which has been tried, except 
carbon, can be melted with comparative ease by the atomic 
hydrogen flame. M any substances vaporize very rapidly. 
The flame from a 60-ampere arc was directed against a large 
piece of calcium oxide. After considerable shrinkage and 
cracking a surface of several square centimeters can be main
tained in a molten condition (m. p. of CaO, 2850° K .),17 but 
evaporation occurs with remarkable rapidity. The flame be
comes very brilliant and of a red color, and a spectroscope 
shows many hundreds of lines extending over nearly the whole 
spectrum. An optical pyrometer with a red screen (X =  
0.66 n) sighted on the fused lime when a t its highest tempera
ture showed tha t the luminous intensity corresponded to 
that of a black body a t 3500° K. A large fraction of this 
light was undoubtedly emitted by the gas.

Pure magnesium oxide (m. p. 3070° K.) melts with much 
greater difficulty. When it reaches high temperatures the 
arc shows a strong tendency to short-circuit on to the heated 
mass and rapid evaporation occurs where the arc leaves and 
enters the oxide. The end of a rod of oxide 4 X 7  mm. in 
cross section was heated just to  fusion for 1.5 minutes and 
its weight decreased from 1.74 to 1.01 grams. The observed 
black-body temperature just a t fusion was 3070° K., but 
the apparent temperature could be raised to 3200° K. Rela
tively little light was emitted by the flame gases.

Pure thorium oxide, ThCh (m. p. >  3070° K.), when just 
fused gave a black-body temperature of 3360° K., bu t the 
apparent temperature could be raised to 3700° K. a t the 
points where the arc short-circuited on to the hot oxide. 
Evaporation was very rapid under these conditions.

With none of these oxides, or with alumina, was there 
any direct indication of reduction of the oxide to metal. 
A water-cooled, polished copper surface held in the flame 
just over the heated oxide rapidly became coated with oxide, 
but no metal was observed. I t  may well be, however, 
that the apparent volatility of the oxides is in large part due 
to reduction of the oxides and evaporation of the resultant 
metal, but as the temperature of the flame gas is lowered 
by cooling, the metal vapor reacts with the water vapor or 
oxygen derived from the original oxide.

Quartz glass seems peculiarly difficult to fuse. At least, 
with the most intense heat of the arc it retains a very con
siderable viscosity. For example, when the atomic hydrogen 
flame is directed against the central part of a thin piece of

11 These melting points are taken from the In ternational Critical Tables.

quartz glass about 3 mm. thick, it does not seem possible to 
melt a hole through the sheet of glass. Right under the arc, 
however, the silica evaporates rapidly so th a t after perhaps 
half a minute, bu t w ithout any further increase in tempera
ture, the glass becomes so thin tha t a hole forms. The hottest 
part remains clear and the surface clean, bu t this region is 
surrounded by a ring where the surface is covered by a fairly 
thick film of silicon or lower silicon oxides. On cooling the 
sample by removal from the flame, this ring appears black 
or dark brown with a peculiar luster, but in the flame the 
central part appears dark because of its low emissivity 
while the surrounding ring is bright. Pyrometer readings 
of the sample when strongly heated give black-body tem
peratures of 2530° K. for the central part and 2690° K. 
for the inner edge of the ring.

The inability to get the silica in a more fluid condition 
is due partly to its inherently high viscosity. Cooling by 
rapid evaporation, and perhaps failure of the quartz to 
catalyze the reaction involving the recombination of the 
hydrogen atoms, probably limit the temperature to which 
the quartz can be heated.

E vaporation  of M eta ls

Pieces of various metals weighing 3 to 6 grains were placed 
upon cupels made from pure magnesium oxide, and were 
heated as strongly as possible by an atomic hydrogen flame 
from a 60-ampere arc. Cracks which formed in the cupels, 
through which molten metal could escape, were repaired by 
fusing small am ounts of lime into the surface. Of course, a 
flame directed against the surface of a liquid cannot raise the 
temperature of the liquid to the boiling point, for cooling by 
evaporation will hold the temperature below this point. 
Thus, a  Bunsen burner flame playing on the surface of water 
in a small dish heats the water to only about 85° C. Table 
IV gives maximum temperatures to which various metals 
could be heated by the atomic hydrogen flame.

T ab le  IV— M ax im u m  T e m p e ra tu re s  of M eta ls  H e a te d  by  A to m ic  
H yd ro g en  F la m e

E va pora- R ate  o f  E m is -
M b ta i .  7 \ , _  1 \

Ni
Cu
A g

1 Max. 
0 K. 
2870 
2840 
2660

. R ad ia tio n  t io n  E v a po ra tio n  siv ityb-p-
0 K. Walts per sq. cm. G ./cm ./cm ./sec.
3050 140 60 0 .0 0 9 5  0 .3 6
3110 37 300 0 .0 5 8  0 .1 1
2740 20 330 0 .1 2 5  0 .0 7

These temperatures were calculated from the pyrometer 
readings by means of the emissivities given in the last column. 
The boiling points in the third column were obtained from 
measurements of the rate of evaporation from these metals 
in vacuum .19

The rate  of radiation of energy from the surface of the 
metal in w atts per square centimeter is given in the fourth 
column while the heat energy corresponding to  the cool
ing of the metal by its evaporation in the flame is 
given in the fifth column. The observed rate of loss of 
weight in grams per square centimeter per second is in the 
sixth column. I t  is clear tha t the cooling by evaporation 
limits the temperature to which molten metals can be heated 
except in the case of such difficultly volatile metals as molyb
denum and tungsten.

A p p lica tion  o f A to m ic  H ydrogen  F la m es to  W eld in g  of  
M eta ls

The high temperature of this flame, together with its 
powerful chemical reducing action and the avoidance of 
gases containing oxygen and nitrogen, render it particularly 
useful for welding, not only for iron and its alloys, but for

18 These d a ta  will soon be published by H. A. Jones and  the w riter in 
Phys. Rev.
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such metals and alloys as contain aluminum, magnesium, 
chromium, manganese, etc.

Since a general account of these applications has already 
been published,19 only a brief summary will be given here. 
The technical development of these processes is largely the 
work of R. A. Weinman.

Figure 3 illustrates one of the later forms of torch used for 
welding. Two tungsten rods, as electrodes, are held a t a 
definite angle to one another by easily adjustable clamps, and 
a jet of hydrogen is directed from a small nozzle along each 
of these rods near its end. The hydrogen thus bathes the 
heated parts of the electrodes and forms a gentle blast of 
gas which passes through the arc between the electrode tips, 
and blows the atomic hydrogen away from the electrodes so 
tha t these are not unduly heated. Other torches have been 
built suitable for automatic welding using machine feed.

The electrodes are ordinarily separated 3 or 4 mm. and the 
arc assumes a fan shape extending 6 to  10 mm. from the 
electrodes. Alternating current is generally used.

Figure 4 illustrates some welds made by the use of this 
method. At the center is shown a weld between two pieces 
of Vs-inch sheet steel (low carbon). The weld is of very 
high strength and ductility, as is shown by its ability to 
stand the three mechanical embossing operations to which 
it was subsequently subjected.

The small sample to the left illustrates a particularly severe 
test for ductility. The [/ig-inch sheet metal (low carbon 
steel) after being welded, as in the case just discussed, was 
folded double along the line of the weld and then folded

19 W einman and Langm uir, Gen. Elec. Rev., 29, 160 (1026).

double a second time a t right angles to the first fold. The 
sample shows a piece cut from the corner of this double fold, 
The metal shows no signs of cracking.

F ig u re  4— W elds o f Low  C a rb o n  S te e l M ade  w ith  Atomic 
l iy d ro g e n  T o rch

Left— Welded sheet Vi« inch thick, folded twice 
Center— Weld >/• inch thick, tested by embossing 
R ight— Tube m ade by welding sheet V*a inch thick, subsequently 

subjected to  tests

The third sample a t the right illustrates a cylindrical tube 
made from low carbon steel sheet metal V32 inch thick.

After being welded the tube was flattened a t its ends in 
two directions a t right angles to each other. The weld showed 
no signs of failure.

M easurement of the Abrasion Resistance of Rubber’
By Ira W illia m s9

M e l l o n  I n s t it u t e  o f  I n d u s t r ia l  R e s e a r c h , U n iv e r s it y  o f  P it t s b u r g h , P it t s b u r g h , P a .

TH E  p u rp o s e  of th e  
measurement of the re
sistance to a b ra s io n  

of a rubber compound is to 
determine the life in actual 
service of an article produced 
from the rubber. This m ay 
be done either by interpreting 
the results obtained with an 
a b ra s io n  machine directly 
into service or by comparison 
with a second compound of 
known service life. The re
liability of the test depends 
upon the extent to which 
the particular abrasion machine duplicates actual service 
conditions. This a t once raises a question in regard to 
the type of abrasion machine to be employed and requires 
a knowledge on the part of the operator, not only of the 
peculiar action of the abrasion machine, but of the detailed

1 Presented under the title  “ The M easurem ent of the Abrasion R e
sistance of R ubber and  Some Relations between Abrasion and Trcadw car” 
before the Division of R ubber Chem istry a t  the 73rd M eeting of the Amer
ican Chemical Society, R ichmond, Va., April 11 to  16, 1927.

* Industrial Fellow, M ellon In s titu te  of Industrial Research, U niversity 
of P ittsburgh, P ittsburgh, Pa. T he d a ta  presented in th is  paper were se
cured during the  course of an extended investigation of accelerators and of 
vulcanization, which was sustained by the  Grasselli Chemical Com pany of 
Cleveland, Ohio, during the period 1923-1927.

stresses, strains, loads, con
ditions of slip, temperature, 
etc., imposed upon the article 
during service. The lack of 
this detailed information ex
plains much of the lack of 
confidence in the results ob
tained by any particular ab
rasion machine and is suffi
cient reason for placing final 
reliance only on actual service 
tests.

V arieties o f Abrasion  
M a ch in es

A ttem pts to duplicate service conditions are responsible 
for the existence of a large variety of abrasion machines 
which in the final analysis are seen to be quite similar. Each 
machine gives due consideration to the abrasive, the area 
of rubber exposed, the pressure between abrasive and rub
ber, and the duration of the test or the amount of slipping, 
apparently on the assumption th a t the only remaining va
riable is the rubber itself. The mechanical differences in 
the abrasion machines arise largely from the different meth
ods employed to  produce slipping between the rubber and 
abrasive, and from this standpoint the various machines 
may be divided roughly into three classes:

A brasion  is  th e  process o f w earin g  aw ay th e  su rface  
layers by d o in g  w ork o n  th e  su rfa ce . T h e  a m o u n t  o f 
work don e d ep en d s u p o n  th e  r es is ta n c e  w h ich  th e  ru b 
ber exerts w h en  it  is m oved a g a in st th e  abrasive. U nder  
th e  sa m e  c o n d it io n s  th e  r e s is ta n c e  offered by tw o  
sa m p les  o f rubber m a y  vary 100 per c e n t . T h e  u su a l  
typ e  o f ab ra sio n  m a c h in e  d isregard s th is  fa c to r . A 
m a c h in e  h a s  been  devised  w h ic h  m ea su res th e  pow er  
c o n su m ed  in ab rasion  and  th e  resu lts  are expressed as 
v o lu m e  lo ss  per u n it  o f work d o n e. T h e  re la tio n  b e
tw een  ab rasion  res is ta n c e  and  tire  treadw ear is rather  
co m p lica ted  and  a s tu d y  o f a  n u m b er  of fa c to rs in c lu d 
in g  ro llin g  res is ta n ce  o f  th e  tread  an d  tread  design  
w ou ld  a ss is t  in  d e te rm in in g  th e  va lu e  o f a tread  sto ck .
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1—A flat rubber surface is moved against a flat abrasive surface 
in the same plane. The area of the rubber exposed to the abrasive 
is usually maintained constant in all tests and is pressed against 
die abrasive by a standard pressure. The test is usually con
ducted for a standard time at a fixed speed.

2—The rubber, either a prepared disk or blocks attached to the 
periphery of a wheel, is rotated against a rotating abrasive sur
face, the two axes of rotation being neither perpendicular nor 
parallel. The amount of sliding action between the rubber and 
abrasive is determined by the relative position of the two axes. 
The load is maintained constant while the area of contact may 
remain constant or may increase, depending on the shape of test 
piece and the relative position of the axes. The test is usually 
conducted for a standard time at a fixed speed.

3—The rubber is subjected to the impact of loose abrasive. 
The usual procedure consists in rapidly rotating a disk of rubber 
in a vessel of loose abrasive.

P rin c ip le  o f A brasion

Abrasion seems to  be the process of wearing away the sur
face by friction and is an action which in itself involves only 
the surface layer. Motion between the rubber and the 
abrading surface is necessary and a force must be applied 
to create the motion. The product of this motion and force 
represents the am ount of work which is actually done on 
the surface of the rubber. The uniform conditions of surface 
contact, load, and am ount of slip which are generally im
posed on the test sample do not assure the expenditure of a 
uniform amount of work, which under these uniform con
ditions is a direct function of the resistance to motion which 
the rubber exerts. This factor, which has formerly been 
neglected, may differ as much as 100 per cent between two 
samples of rubber. Since the surface of the rubber can be 
removed only by the application of work, the measurement 
of volume loss on abrasion is incomplete without a simul
taneous measurement of the total work expended on the rub
ber.

A pparatus

The accompanying picture illustrates an abrasion machine 
for measuring the volume loss of rubber per unit of work 
expended. The principle is th a t of a Prony brake in which 
the rubber test pieces are made the friction surfaces of the 
brake. The disk A, carrying the abrasive, is mounted on a 
hollow shaft and rotates in a vertical plane a t a speed of 37 
r. p. in. Two rubber test blocks, each 2 cm. square and 1 
cm. thick, are mounted on the under side of the bar B, 
one being placed a t each end and a t a distance of 4.5 inches 
(11.4 cm.) apart. The bar B  is permanently attached to a 
rod which extends through the hollow shaft carrying the 
abrasion disk. A weight E  attached to the end of this rod 
by means of a cord over a pulley holds the test pieces against 
the abrasive. The lever arm, C, carries a t the end an adjust
able weight which is made just great enough to prevent the 
rotation of the bar B. This weight varies from 500 to 1000 
grams. The spring balance, D, serves for the final adjust
ment of the load. The abrasive generally used is No. 0 
emery paper. The abrasive surface is cleaned by means of 
air jets which are not shown. Brushes are not efficient. 
This machine measures the volume loss in the usual manner 
which, together with the simultaneous measurement of rate 
of work, permits the calculation of volume loss per unit of 
work done.

C a lcu la tion

The calculation of the volume loss on a work basis is simple 
and after the first calibration of the machine can largely 
be taken from curves or tables. The calculations necessary 
for the calibration employ the ordinary Prony brake formula,

2*- NRW  
p ' 33,000

where N  = r. p. m. of the disk carrying the abrasive
R = distance expressed in feet from the axis of rotation 

to the weight tending to prevent rotation 
\V = weight in pounds applied to prevent rotation

I t  is obvious th a t three calculations will be necessary. First, 
the work represented by the weight of the lever, C, with 
the Vernier balance, D, attached but hanging free. The 
factor, IF, in this calculation can be obtained conveniently 
by supporting the lever with a spring balance. The weight 
indicated by the balance is IF, and the factor R  Ls the distance 
from the axis of revolution to the point a t which the lever 
was supported. The work indicated by this calculation 
will be constant in all tests. In  the second calculation IF 
is the weight applied a t the end of the lever and R  is the 
distance from the axis of revolution to the point of applica
tion of the weight. A table or curve can be constructed 
showing the horsepower corresponding to any weight IF. 
In  the third calculation IF is the load indicated on the spring 
balance and R  is the distance to the point of application of 
the balance. A table or curve can also be constructed show
ing variations of horsepower with variation of load indicated

A p p a ra tu s  fo r M ea su rin g  A b ra sio n  R es is ta n c e  of R u b b e r

by the balance. The rate of work during any test will then 
be the sum of these three factors. Volume loss per horse

power-hour can be found by means of the formula F  =  ^  p^xY’’

where L  Ls the volume loss during the test and T  is the dura
tion of the test in minutes.

The type of abrasive employed in the test will influence 
the final results and, of course, must be constant during any 
comparison. Fine abrasive will remove fine particles from 
the surface of the rubber, while coarse abrasive will remove 
the rubber as large particles. I t  is improbable th a t the work 
required to remove a given volume of rubber as fine particles 
would be the same as that required to remove an equal volume 
as large particles. In  order to secure uniform results, fresh 
paper should be used for each test.

E xperim ental

In order to illustrate the action of the abrasion machine, 
five tread-type compounds have been prepared. The com
pounds tested are shown in Table I. Compounds 1 and 5 
were milled first. Compounds 2, 3, and 4 were then prepared 
by mixing together the proper proportions of compounds 1 
and 5. The physical properties of these stocks are listed in 
Table I I  and the abrasion data are shown in Table III . 
The abrasion test was made with an 8-pound (3.6-kg.) weight 
holding the test blocks against the abrasive.
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T a b le  I— C o m p o u n d s  T es ted

No. 1 No. 2 No. 3 No. 4 No. 5

Smoked sheet 
Tire reclaim 
Zinc oxide 
Carbon black 
Stearic acid 
Pine tar 
Sulfur 
Accelerator

100.0
0 .0

10.0
39.0

0 .0
0 .0
3 .1
1.00

75.0
25.0  

9 .75
31.65

0 .37
0 .50
2.87
1.00

50 .0
50 .0  

6 .5
24 .5

0 .75
1.0
2.65
1.00

25.0
75 .0  

4 .75
17.25 

1 .13 
1.5 
2.43 
1.00

0 .0
100.0

3 .0  
10.0

1.5
2 .0  
2 .2  
1 .0

T ab le  I I - -P h y s ic a l T e s ts

C o m - C u r e  a t  
p o u n d  140° C.

L o a d  a t  
E l o n g a t io n  o f  
400 P e r  C e n t

T e n s i l e  a t  
B r e a k

E l o n g a 
t io n  a t  
B r e a k

H a r d 
n e s s  

w it h  Du- 
r o m e t e r

M inutes
Kg./sq.

Pounds ctn. Pounds
Kg./sq.

ctn. Per cent
1 55
2 45
3 35
4 30
5 25

2225 156.4 
2260 159.0 
2215 155.6 
1845 130.0

4590
4060
3030
2040
1080

323.0 
285.2 
212.7
144.0 
82.8

587
600
500
412
250

65
70
72
75
76

continued for another 15-minute period. Cooling the test 
sample increased the load 70 of the 185 grams necessary to 
produce the original value of 635 grams. Loss in the abrasive 
action of the paper used in the test also has some effect in 
reducing the power consumption.

T a b le  IV— S p rin g  B a lan ce  a n d  T e m p e ra tu re  R ea d in g s  during 
A b ra sio n

The rate a t which work is done on the test samples is 
seen in Table I I I  to fall gradually from 0.0206 horsepower 
(15.4 watts) for compound 1 to 0.0136 horsepower (10.1 
watts) for compound 5. This means th a t in equal periods 
of time only 66 per cent as much energy is expended on sample 
5 as on sample 1. If only volume loss in equal periods of 
time is considered, compound 5 is shown to have 36 per cent 
as much resistance to abrasion as compound 1. When re
duced to  volume loss on the basis of equal energy expended, 
the resistance of compound 5 is only 23 per cent th a t of 
compound 1. These compounds by no means illustrate the 
extreme variations which may be m et in rate of work. Com
pounds have been tested which vary in rate of work from 
0.0083 to  0.0221 horsepower (6.2 to  16.4 watts).

No. 1 No. 2 No. 3 No. 4 No. 5

M in. Grams ° C. Grams ° C. Grams ° C. Grams °C . Grams °C.
0 650 22 625 22 645 22 630 22 620 ??
3 705 26.3 590 26.3 605 26.3 555 24.8 550 25 ?
5 710 26.9 565 26.6 515 27.4 510 25.5 430 n  9

10 625 27.2 485 27.7 380 27.7 375 20.3 285 ?7 7
15 500 2S 315 28.2 315 27.9 305 27.0 205 ?8 8
20 425 28.6 220 28 .8 270 28.5 260 27.8

T ab ic  v-
M inutes te st was run 
Grams indicated on 

balance 
T em perature, ° C.

E ffect of T e m p e ra tu re  o n  Pow er C onsum ed
0 5 10 15 15 20 ,  25 30

635 620 530 450 520 430 370 340
2 5 .0  2 8 .1  2 8 .2  2 8 .7  2 5 .0  2 8 .4  29 .4  30.0

The abrasion machine may be operated in still another 
manner. Instead of subjecting the abrasion blocks to a 
uniform load and measuring the rate of work, it is possible 
by varying the load during the test to do work a t any pre
determined rate  on the rubber. The series of five tread 
stocks were tested in this manner. The weight, W, and the 
balance, D, were adjusted to  produce a rate of work of 0.0180 
horsepower (13.4 watts). As the energy consumed tended 
to decrease, shot was poured into the hollow weight, E, 
until the rate of 0.0180 horsepower was maintained. The 
data are givendn Table VI. In  this case the relative value 
of the stocks will be the same whether considered on a volume- 
loss basis or on volume-loss per horsepower hour, since work

T a b le  I I I— A b rasio n  T e s ts  u n d e r  E q u a l L o ad in g

Sam
pl e

L oss in  
W e ig h t S r . G r . Volum e

Loss
T im e

T e sted
W e ig h t
A p p l ie d

S pr in g
B alan ce

(Av.)
P ow er Loss

V a l u e  w ith  
S a m ple  1 as 
S tand ard  on 
W o rk  B asis

Value 
on Volume 

Loss PER 
Hour

Grams Cc. M in. Grams Grams Watts II. p. Cc./h. p. hour Cc./kw. hour
1 2 .4 1 3 1 .100 2 .1 9 3 20 580 600 1 5 .4 0 .0 2 0 6 319 914 1 .0 1.0
■> 2 .7 8 8 1.153 2 .4 2 0 20 580 415 1 3 .9 0 .0187 388 454 0 .8 2 0.91
3 3 .4 3 9 1 .207 2 .8 5 0 20 462 425 1 2 .0 0 .0161 531 690 0 .6 0 0.77
4 4 .9 5 6 1.259 3 .941 20 382 405 1 0 .7 0 .0 1 4 3 826 1074 0 .3 9 0.56
5 6 .0 0 6 1 .315 6 .0 9 15 363 380 10.1 0 .0136 1380 1791 0 .2 3 0.36

The rate a t which work is done during a single test de
creases slowly as the test progresses. Adjustm ent for this 
change is made by changing the tension in the spring balance, 
and readings m ust be taken a t intervals which will permit an 
average value to be obtained. If the points form an ir
regular curve when plotted against time, the average is best 
obtained by means of a planimeter. If the curve is regular, 
a sufficiently accurate average can generally be obtained by 
inspection.

The reason for the decrease in rate of work is not entirely 
clear, but may be due to a number of factors. I t  can be said, 
in general, th a t the load on the spring balance decreases 
farther and more rapidly for low-grade compounds than for 
compounds of high quality. T hat the decrease is not due 
entirely to changes in temperature is shown by Table IV, 
which records the temperature while the data in Table I I I  
were being obtained and which shows no parallel between 
load decrease and temperature increase. While the greatest 
temperature change takes place in the first 3 minutes, the 
load continues to  change regularly. T hat temperature has 
only a small influence is also shown in Table V. The sample 
was tested for 15 minutes, after which the machine was 
stopped and the load removed from the test blocks until 
the temperature had returned to  normal. The test was then

was done a t the same rate on all samples. The results are 
in good agreement with the figures given in Table III.

T a b le  VI—A b rasio n  T e s ts  a t  a n  E q u a l R a te  of W ork

S am ple T im e
T e st ed

V olum e  
Loss on 

20 -M in u t e  
B a sis

Loss
V a lu e  w i t h  

S am ple 1 
a s  S ta n d a rd

M inutes Cc. Cc./h. p. hour Cc./kw. hour
1 20 1 .88 312 420 1.0
2 20 2 .4 6 410 550 0.77
3 20 3 .4 5 573 718 0.55
4 15 5 .0 6 812 1128 0.37
5 10 8 .9 0 1480 1990 0.21

O ther F actors A ffectin g  T readw ear

The question of treadwear involves much more than the 
abrasion resistance of the tread stock. A tread can be worn 
away only by doing work on the surface. The work required 
to drive a car forward a t a definite speed and for a definite 
distance against the normal rolling resistance could be de
termined, and this am ount of work m ust be done on the rear 
tires, irrespective of the stock of which the treads are com
posed. Work is done on both front and rear tires due to 
rolling friction. This is caused by the difference in circum
ference of the tire a t the center of the tread and a t the tread
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shoulder which necessitates slip, and by the change in area of 
the inflated tire when it deflects to carry the load. The 
amount of work will depend on tread design with its effect 
on the amount of slip, on the coefficient of friction between 
the rubber and road surface, on the stress-strain relationship, 
and on the mechanical efficiency of the rubber. I t  is ob
vious that if the coefficient of friction could be reduced to 
zero slipping would take place b u t no work would be done. 
If the coefficient of friction could be made infinitely great, 
no slipping would occur and no work would be done on the 
surface, but the stress due to  the strain resulting in the rub
ber would be stored in the rubber in a reversible manner. 
Under normal conditions both slip and strain in the rubber 
result. Any point on the tread of a tire a t the time of 
coming into contact with the road will slip until the pressure 
against the road increases to a definite value, which depends 
upon the existing coefficient of friction and the stress-strain

relationship of the rubber, after which energy is stored in the 
rubber due to  the strain imposed. As the rolling motion of 
the tire proceeds until the point of the tread is about to leave 
the road, any energy stored in the rubber due to  strain 
will be available to cause slip and do work on the surface 
of the rubber.

Many of these factors are extremely variable under road 
conditions and tend to be minimized by dusty or wet roads 
which reduce the friction. While the work done on the rear 
tires due to driving force and on the front tires due to steering 
thrust must be constant for any tread stock, the work due to 
rolling, camber, and toe-in will vary with the road conditions 
and tread compound. While the present development of 
the abrasion machine makes possible a comparison of the 
abrasion resistance of any compound, it should not be ex
pected to replace actual road tests in the selection of a tire 
tread.

Evaporation of Sulfite W aste L iquor1
By W . L. Badger

C h e m ic a l  E n g in e e r in g  D e p a r t m e n t , 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 .

This paper deals with the problem 0/ disposal of waste sulfite liquors by considering the design of suitable 
evaporating equipment. Apparatus fo r  large experiments are described and the data 

obtained from their operation are discussed.

THE problem of the disposal of sulfite waste liquors, 
though not especially acute a t present, promises to 
be more serious in the near future, owing to the in

creasing stringency of stream pollution laws. Although the 
ultimate solution of this problem m ust involve finding some 
new uses for the material, it is obvious that, whatever these 
uses may be, the first step will undoubtedly be an evapora
tion of the liquor. This will be particularly true in those 
cases where the only possible disposal of the wastes will be 
to burn them. Consequently, since all recovery processes 
are based on a  preliminary evaporation, the first step in 
the general problem will be to design suitable evaporating 
equipment.

The difficulties m et in attem pts to evaporate sulfite liquor 
are threefold: (1) The extreme viscosity of the solution; 
(2) the very serious scale-forming tendencies of the liquor; 
and (3), the corrosive nature of unneutralized liquors. The 
third item was not considered in this investigation.

It is now generally accepted th a t the velocity with which 
a liquid will be moved past the heating surface is by far the 
most important factor in determining the capacity of an 
evaporator. In  the ordinary evaporator, whether of the 
vertical tube or horizontal tube type, this circulation is 
accomplished by natural convection and by the evolution 
of steam bubbles. Obviously, as the liquid becomes more 
viscous, the circulation produced by both of these means 
rapidly decreases, with the result th a t it is very difficult to 
concentrate this liquid to high densities without using either 
excessively large evaporators or very large temperature 
differences. Since the cost of the disposal of sulfite liquor 
must be held to very low figures, and since the principal cost 
of evaporation is the cost of steam, it follows th a t an evapora
tor of the largest possible number of effects is desirable. 
This, however, results in a small temperature drop per effect, 
which, as has been shown above, makes operation exceed-

1 Received M arch 14, 1927. Presented before the Division of Industrial 
and Engineering Chem istry a t  the 73rd M eeting of the  American Chemical 
Society, Richmond, Va., April 11 to  16, 1927.

ingly difficult or impossible. This line of reasoning, there
fore, leads to the conclusion tha t a satisfactory evapora
tor must employ some means of artificial circulation.

M e c h a n i s m  o f  S c a l e  F o r m a t io n —I t is now generally 
accepted tha t the cause of scale formation is the presence in 
solution of a substance with an inverted solubility curve— 
th a t is, one whose solubility decreases with increasing temper
ature. Calcium sulfate is such a substance, and its presence 
in sulfite liquors gives them their scale-forming tendencies. 
Next the heating surface there is a stagnant film of liquid 
whose temperature is higher than th a t of the bulk of the liquid. 
If a substance with an inverted solubility curve is present when 
the solution is concentrated, the solution will become saturated 
with respect to this substance in the stagnant film before the 
bulk of it is saturated. Therefore, the substance with an 
inverted solubility curve will be precipitated first in the stag
nant film and will continue to deposit in this film, producing 
a characteristic compact scale. If there is present in the liquid 
other solid material in a finely divided state, this solid m ate
rial is very apt to be included in the scale, increasing the rate 
a t which it forms. W ithout the presence of a substance 
whose solubility curve is inverted, no true scale can form. If 
this explanation is correct, anything which decreases the 
thickness of this stagnant film or which brings into contact 
with the stagnant film particles which could act as nuclei, 
and therefore sta rt the crystallization, should diminish the 
formation of scale, although it would seem th a t such a method 
could not completely prevent scale but merely decrease its 
rate of formation. Therefore, both the viscosity of the liquid 
and its tendency to form scale lead to the same conclusion— 
namely, tha t some form of artificial circulation is desirable.

A pparatus

One of the evaporators of this laboratory was modified 
to carry out these ideas. A diagram of the experimental 
apparatus is shown in Figure 1. The shell of the evaporator 
was of cast iron, 30 inches I. D. and 12 feet high. I t  was
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closed a t  the bottom 
with a 60-degree cone. 
A number of heating 
units were made, each 
5 inches in diameter, 
4 feet long, and closed 
a t each end by a tube 
sheet.

Between these tube 
sheets in each unit 
were expanded eight 
nickel tubes 7/s  inch 
0 . D., V„ inch I. D. 
The shell of the unit 
was surrounded by an 
outer jacket of sheet 
iron, welded on. The 
a n n u la r  sp a c e  be
tween this shell and 
the wall of the unit 
was filled with Sil-O- 
Cel powder. Suitable 
c o n n e c tio n s  w e r e  
made for re m o v in g  
condensate, for meas
uring steam pressure, 
and for venting non
co n d e n se d  g ases . 
The baskets were so 
a r r a n g e d  t h a t  any 
number of them could 
be assembled end to 
end, thus giving total 
tube lengths of multi
ples of 4 feet.

In these tests two 
such units were so as
sembled as to give an 
equivalent length of 8 
feet. Steam was in
t ro d u c e d  in to  the 
center of the top tube 
sheet and a steam con
nection was made be
tween the two units 
through the interme
diate tube sheets. A 
liquor d is t r ib u t io n  
c h a m b e r  w as a t 

tached to the bottom tube sheet, and this was connected 
through the shell of the evaporator to a pump in such a way 
tha t liquid could be drawn out of the machine, pumped into 
this liquor-distributing chamber, and from the chamber pass 
up through the tubes. Since the liquor issued from the 
tubes a t the top a t very high velocities, a deflector was placed 
above the top un it to throw this spray against the walls of 
the machine.

C a lcu la tio n s

The most im portant figure to be obtained from these tests 
was the heat transfer coefficient, which Is expressed as B. t. u. 
transm itted per square foot of heating surface per degree 
Fahrenheit temperature difference per hour. The total 
am ount of heat transferred was determined by collecting 
the condensate in calibrated drip receivers. The receivers 
were insulated, and no correction was made for radiation 
from the relatively short pipe lines between the basket and 
these receivers. Steam temperature was calculated from

F ig u re  1 - -E x p e r im e n ta l E v a p o ra tin g  
A p p a ra tu s

the steam pressure inside the baskets. This pressure was 
measured by a mercury manometer and the temperature 
calculated from the steam tables.

In the same way the boiling point of the liquid was cal
culated from the steam tables, using the pressure in the vapor 
space as measured by a mercury manometer. This boiling 
point was not corrected for the elevation of boiling point of 
sulfite liquor, since Moore2 has shown tha t this elevation 
is very small. The temperature drop was taken as the differ
ence between steam and liquor temperatures determined as 
above and is therefore the “apparent” temperature drop, 
and the coefficients calculated from it will therefore be 
“apparent” coefficients.

An orifice was calibrated with liquor of various densities 
a t the actual temperatures a t which they were handled. 
The results of these calibrations were calculated in terms of 
entrance velocities in the heating tubes in feet per second. 
A mercury manometer had one arm connected to the liquor- 
distributing chamber and the other arm connected to the 
vapor space of the evaporator. I ts  reading, therefore, gave 
the pressure drop which occurred in the tubes. This pressure 
drop is the principal resistance which must be overcome 
by the circulating pump and is, therefore, a measure of the 
power consumed in the operation.

A tank car of neutralized sulfite liquor was supplied by 
the Hammermill Paper Company. I t  was desired to control 
the operation of the evaporator by specific gravity deter
minations and the only data available on the relation between 
specific gravity and concentration a t different temperatures 
are those given by Moore2 (Figure 2). Since there is con
siderable variation in the composition of the liquor from one 
mill to another, it was not certain tha t Moore’s figures would 
apply to this liquor. A sample was evaporated in the labora
tory to different concentrations and for each of these samples 
specific gravity and total solids were determined. These 
figures were compared with Moore’s data with the following 
results:

P b r  C e n t  S o u d s S p e c i f ic  G r a v it y S p e c i f ic  G r a v it y
(Detd.) (D etd.; (Moore)

6.87 1.0320 1.031
8.50 1.0405 1.037

13.17 1.0630 1.063
16.09 1.0800 1.080
20.93 1.1107 1.106
29.29 1.1512 1.153
49.90 1.1990 1.270
53.50 1.3050 1 .2 9 +  (cst.)

The checks are sufficiently good, with the exception of one 
sample, to justify the use of Figure 2 for this work. At the 
end of these experiments the concentrations were carried so 
high th a t they came outside the range of Moore’s data and 
their values had to be estimated. All concentrations above 
50 per cent solids, therefore, may be more or less in error.

I t  was desired to  duplicate in these experiments the con
centration of this liquor to 50 per cent solids in a quadruple- 
effect evaporator operated with forward feed, assuming that 
the exhaust steam would be a t 240° F. (approximately 10 
pounds gage) and the vacuum, 26.5 inches on a 30-inch 
barometer. From Moore’s data  it was estimated that the 
boiling point elevations in the four effects would be 0°, 1°, 
1°, and 3° F., respectively. This would leave a total tem
perature drop of 115° F., which, it was assumed, would be 
divided between the effects to  give temperature drops of 
22°, 23°, 25°, and 45° F., respectively. The conditions in 
the four effects under these assumptions would be as follows:

Steam  to  first effect 
Boiling point, first effect 
Vapor from  first effect 
Boiling point, second effect 
Vapor from second effect

°  F .

240
218
218 (2 lbs. gage)
195
194 (9-inch vacuum)

* Trans. A m . Inst. Chtm. Eng., 15, P t. I I ,  245 (1923).
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conditions, the steam and boiling point were changed to 
correspond to second effect conditions. The partly  con
centrated liquor produced in first effect operation was fed 
into the machine and concentration continued until the 
desired second effect density was reached. After this, thick 
liquor was pumped out and more liquor fed, using-thin liquor 
if the length of operation was sufficient to use all the thick 
liquor produced in the previous effect. In the same way, 
third and fourth effect runs were made. A summary of 
the data for all these runs is given in Table I. After this, 
without cleaning, there was a return to first effect operation, 
using a fresh lot of thin liquor and the first three effects 
were run through a second time exactly as described above.

In  this second set of experiments the fourth effect was run 
with a steam temperature of 247° F. and a boiling point of 
211° F. in order to reproduce the conditions th a t would exist 
if thin liquor were fed to the second effect of a quadruple- 
cffect evaporator, the feed passing then to the third and fourth 
effect, pumped from the fourth to the first, and finished to 
thick liquor in the first effect. I t  has been explained th a t 
the viscosity of the liquor is one important source of difficulty. 
Since viscosity decreases rapidly with increasing tempera
ture, it is obvious th a t finishing with thick liquor a t a high 
temperature should result in an increased capacity of the 
evaporator because of the decreased viscosity of the liquid.

In  these runs concentration was carried to about 60 per 
cent solids. This concentration was not exceeded merely 
because of conditions of the work and not because the machine 
failed to perform. All the work was done on day shift only. 
When the evaporator was left with the 60 per cent solution 
in it overnight, the material in the pipe lines became so hard 
th a t it took considerable time the next day to thaw out these 
lines and get the apparatus running. So much time was lost, 
and the liquor was so diluted th a t the rest of the day’s 
operation merely served to get back to about 60 per cent 
solids again. There is no way of telling from this experiment 
the limiting concentration th a t would be practical in the 
machine.

P er  C e n t  P er  C e n t
S olids  S olids

First effect 10 T hird  effect 21
Second effect 15 F ourth  effect 50

O peration

° F.
Boiling po in t, th ird  effect 169
Vapor from  th ird  effect 168 (lS -in c h  v acuum !
Boiling poin t, fo u rth  effec t 123
Vapor from  fo u rth  effect 120 (26.5-inch vacuum .)

The conditions actually maintained were as follows:

0 F .
S team  to  first effect 231
V apor from  firs t effect 211
S team  to  second effect 214
V apor from  second effect 194
S team  to  th ird  effect 192
V apor from  th ird  effect 107
S team  to  fo u rth  effect 175
V apor from  fo u rth  effect 131

In other words, the test conditions correspond reasonably 
well with the assumption, except th a t we did not carry 
quite so high a vacuum nor could we carry quite so much 
steam pressure on the first effect as we desired.

The machine was filled with thin liquor to 
the desired level, steam and boiling point 
adjusted to the desired conditions, and evapo
ration continued, thin liquor being fed as 
became necessary, until the concentration 
reached the limit for th a t effect. After that, Figure 3
thick liquor was pumped out of the machine 
and thin liquor fed to maintain concentra
tion approximately constant. During this 
operation actual runs were made for the determination of 
heat transfer coefficients. A run lasted 20 minutes, during 
which time the am ount of condensate was measured and all 
temperatures and pressures read a t frequent intervals. The 
data for each run were calculated in duplicate. These runs 
followed each other a t short intervals. The total time of 
operation was recorded each day and the figures in Table I  
indicate the total tim e the machine had been in operation.

After a number of runs had been made under first effect

—H e a t T r a n s fe r  C oeffic ien ts  in  E v a p o ra tin g  S u lf ite  L iq u o r  
O — F irs t series. # — Second series

R esu lts

The results of these tests are reproduced in Figure 3. 
There are several interesting features, bu t the most im portant 
one is th a t in the second set of runs, where the evaporator 
had been in operation upwards of 60 hours, the coefficients 
obtained are fully as high as the first time over when the 
evaporator was clean. After this work was completed and 
the evaporator dismantled, the tubes were examined. There 
was a very thin, black deposit which may have been nickel

T tm ptrtlu r*  D q r t t s  C c n lif n O

Figure  2— R e la tio n  b e tw ee n  S pecific  G ra v ity  a n d  
C o n c e n t r a t io n  (M oore)

The total solid content of the thin liquor was about 7.5 
per cent. On the assumption of an approxi
mately equal distribution of evaporation be
tween the four effects, this would give, for 
the concentration leaving each effect, the 
following:
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T a b le  I— E v a p o ra tio n  of S u lf ite  L iq u o r In  F o rced  C irc u la tio n  E v a p o ra to r  (S u m m a ry  o f D a ta )

T o ta l tim e of operation up to end of first series 
T o tal tim e of operation up to  end of second series 
N um ber of te st runs averaged 
Average per cen t to ta l solids 
Average steam  tem perature, 0 F.
Average vapor tem perature, ° F.
Average tem perature drop, ° F.
Average velocity, feet per second 
Average pressure drop, feet HjO
Average coefficient (B. t. u. per square foot per hour per 1 

° F irst series of runs, under fourth effect conditions. 
b Second series, finishing a t  atm ospheric pressure.

F.)

F ir s t  E p f e c t  
7 hours 10 min. 

73 hours 55 min. 
13
9 .8  

230.79 
210.67 

2 0 .1 2  
11.5 
14.75

731.5

S e c o n d  E f f e c t  
20 hours 00 min. 
87 hours 25 min. 

24 
14.7

214.05 
194.10 

19.90
7 .9  

15.23 
989

T h ir d  E f f e c t  
26 hours 55 min. 

100 hours 20 min. 
23
21.4 

192.59 
167.25
25.31

7.1
19.05 

723

F o u r t h  Eppect 
63 hours 05 min. 

148 hours 00 min.
60a
39 .9

175.47
130.94
44.53

9 .4
22.64

346

3»
50.3

246.76
210.92
35.84
7.6

24.00
337

sulfide, but the surface of the tubes was smooth and metallic 
to the touch and nothing th a t can by  any stretch of the imag
ination be called scale was present. The principal result 
of these experiments m ay therefore be stated as follows: 
In  these tests, a t the end of approximately 150 hours of 
operation, no scale had been formed in this evaporator. 
Considering the performance of ordinary evaporators on this 
liquid, this result is so remarkable th a t it stands out as the 
principal feature of the test.

The next most im portant item is obviously the very high 
value of the coefficients. The reason for the low values in 
the first effect cannot even be guessed. I t  could not have 
been due to scale formation by the raw liquor, because the 
second effect operation certainly would not have dissolved 
such scale and first effect operation the second time over

checked these results. The results are more erratic in the 
first three effects than could be desired. This variation 
is undoubtedly due to irregularities in rate of feed and rate 
of drawing off thick liquor. The concentration in each run 
was based on a single determination of specific gravity and 
m ay not always have reflected the average density throughout 
the run. Even allowing for the wide fluctuations in the data, 
the curve still shows a coefficient several times as high as 
could be obtained in either a standard vertical or standard 
horizontal tube evaporator, even when clean.

A c k n o w le d g m e n t

The writer wishes to acknowledge his indebtedness to the 
Swenson Evaporator Company, who made all the arrange
ments for the experimental work and financed it throughout.

An All-Glass Distilling Tube w ithou t Constriction
By H oward J . L ucas 

C a l if o r n ia  I n s t it u t e  o f  T e c h n o l o g y , P a s a d e n a , C a l i f .

TH E usual distilling tube is constricted near the bottom 
a t the very place where maximum capacity is needed. 
Peters and Baker2 overcome this difficulty by putting 

a wire through two small holes in the wall near the bottom 
of the tube and placing upon this an openwork ball of wire 
to  act as support for the column of 5-mm. glass rings. The 
presence of copper is objectionable when acids or substances

having oxidizing proper
ties such as nitrotoluene 
are being distilled.

The accompanying dia
gram (Figure 1, a) shows 
the construction of a tube 
composed entirely of glass 
and having a t the bottom 
a capacity only slightly 
less than the rest of the 
tube. Three or four in
dentations in the wall, all 
a t the same level as shown 
in b, support a hollow-glass 
nipple, c. Enough holes 
a re  b low n  in the upper 
half of the nipple to take 
care of decreased capacity 
resulting from the closing 
of openings by the glass 
rings above resting against 
them. I t  is evident tha t 
the decrease in the capac

1 R eceived  M a rc h  14 ,1927.
j T h i s  J o u r n a l , 18, 69

(1926).

ity of the tube a t the level of the indentations 
corresponds to the cross-sectional area of the 
indentations and of the wall of the nipple. I t  
is probable th a t this decrease is not much 
greater than th a t resulting from the presence 
of the glass rings higher up.

This type of tube is useful where liquids of 
high boiling point are being distilled and where 
the run-back is large. The distillation of a 
mixture of nitrotoluenes through a column 
of glass rings 5 X 5  mm. can be accomplished 
without troublesome holdup in the column 
and with a fair separation of the ortho isomer 
in one distillation.

A modified Pirn’s chlorinating apparatus3 
is shown in Figure 2. This has given satis
factory results in the chlorination of toluene 
to benzyl chloride when filled with a 20-cm. Figure 2 
column of glass rings 5 X 5  mm.

1 M artin , "Industria ! and M anufacturing  C hem istry ," Vol. I, p. 366b, 
Crosby Lockwood and  Son, London, 1915.

Celanese Corporation Doubles Capacity of Maryland Plant 
—-The Celanese Corporation of America, formerly the A m ericas 
Cellulose and Chemical Manufacturing Company, Ltd., which 
recently changed its name and increased its capital stock by 
$5,500,000, plans to award contracts at once for the erection oi 
buildings to  house machinery which will double the capacity ol 
the maximum output of the present plant at Amcelle, Md., 3 
suburb of Cumberland, M d., at a cost of about S5 ,000,000. A 
contract has already been awarded to the Cumberland C on trac t
ing Company to build a new- road to the main plant, 26 feet wide. 
A new brick office building will be erected and another artesian 
well is being drilled. It is understood that the Baltimore and 
Ohio Railroad will build a subway under its fill to connect two 
sides of the plant.
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CHEMICAL EQ U IPM EN T SYMPOSIUM
These articles comprise in large p a rt the m aterial of a series of lectures on chemical equipm ent presented by representatives of m ember companies 

of the Association of Chemical Equipm ent M anufacturers, under jo in t sponsorship of the Association and Columbia U niversity, Carnegie In s titu te  of 
Technology, Ohio S tate  U niversity, College of the  C ity of D etroit, Yale U niversity, and Case School of Applied Science, before advanced technical 
students and invited industrial and technical men, a t  each of the  educational institu tions mentioned, on different dates, in January  to M ay, 1927.

Filtration Equipment in Today’s Industry
B y H. J . R u n yon , Jr.

U n it e d  F il t e r s  C o r p o r a t io n , H a z l e t o n , P a .

WHEN anyone mentions filters or filtration the 
average person thinks of water filters. However, 
water filters are a decidedly special type of equip

ment and will not be covered in this discussion. The simplest 
method of classifying the various types of filters is the fol
lowing:

(1) Filters with loose filtering layer. This division includes 
sand filters for water filtration, percolating .filters as found in 
many of the sewage filtration plants, char filters as used in sugar 
refineries, etc.

(2) Filters with felted or woven filter medium. This is 
the division generally covered by the term "industrial filters,” 
the main subdivisions of which are: (a) plate and frame (or 
chamber) filter presses; (6) leaf filters, both pressure and vacuum  
types; and (c) continuous filters.

(3) Filters with rigid filter medium. This division includes 
porous stoneware, etc., and is a highly specialized group covering 
equipment for handling special highly corrosive liquids.

This discussion will be limited to  the second type. Prob
ably few people realize th a t equipment of this character is 
not only used extensively in the manufacture of chemicals, 
but also plays an im portant part in the manufacture of beet 
and cane sugar, starch, yeast, vegetable oils, copper, zinc, 
lead, gold, lubricating oils, pigment, and a host of other 
essential materials.

Bag F ilters

Everyone is familiar with the housewife’s method of making 
jelly from the common fruits or berries, where the mixture of 
pulp and juice is put into a bag and allowed to drain to pro
duce a relatively clear juice. Records show th a t the Chinese 
made wine as far back as 2000 B. C., and undoubtedly they 
followed a procedure of this character. The bulk of the re
fined sugar produced prior to 1917 or 1918 was filtered in a 
manner very similar to  this. A t th a t time most of the sugar 
refineries used what were known as Taylor bag filters, a very 
limited number of which are still in use.

Each Taylor bag filter un it consisted of a chamber or room 
in which were suspended from the ceiling two hundred fifty 
or more bags or stockings, probably 5 to 6 feet long. Each 
stocking was tied to a short pipe running through the ceiling 
and the juice to be filtered ran down through this pipe from 
the floor above and filled the stocking, the solids being 
caught on the interior of the stocking and the clear liquid 
draining to the floor and flowing to a common discharge 
pipe. In a moderate-sized sugar refinery approximately 
twenty-four men would be required to  remove these stockings 
or bags every 12 hours, turn  them inside out, and wash them.

Pressure F ilters

Today practically all the refinery liquors are handled 
through pressure leaf type filters, for which three or four 
men are required instead of the twenty-four men necessary

with bag filtration. Incidcntly, the change from gravity- 
feed bag filters to pressure-feed leaf filters involved a  change 
in the method of treating the liquid so as to avoid a gelatinous 
precipitate which, under pressure filtration, would quickly 
clog the filter medium. In order to  use the pressure filters 
with a much lower labor cost, the industry switched over to 
the use of a filter aid, usually infusorial earth somewhat 
similar in its microscopic porous character to very finely di
vided pumice stone. This material, commonly known as 
kieselguhr, is purely mechanical in its action. A thin de
posit of it on the cotton filter medium prevents the gummy 
m atter from closing the pores of the cotton cloth and a t the 
same time produces a very brilliant clarification of the liquid.

F ilter  P resses

Old records indicate th a t in the early days the ceramic 
industry of England used a modified type of bag filter, which 
consisted in fastening woven filter cloth across two open faces 
of a very shallow box. This provided two faces of filter cloth 
spaced apart the depth of the narrow frame of the box. A 
pipe or hose connection was run to the upper side of the box 
and the material fed into the interior of the box. This was 
really a semi-rigid form of bag filter, and in order to remove 
the solids it became necessary to remove one piece of the 
filter cloth so as to get a t the interior of the frame.

A patent granted in England in the early part of the nine
teenth century covers w hat is probably one of the first 
patented improvements in the a rt of filtering. Here the 
scheme described above was improved by the insertion of a 
solid plate of wood with grooved faces between each of the 
box-like hollow frames which had been used in the previous 
arrangement for separating the filter cloth. In  this improve
ment the cloth was simply dropped over the top of the solid 
frame and allowed to fall down across both grooved faces of 
the wooden plate. The hollow frames and the solid frames 
were alternated in an assembly of these units and individual 
feed connections were made to each of the hollow frames. 
This is the basis of the present-day filter press.

The cumbersome hose connections to  the individual frames 
have been eliminated in the modern filter press. Feed con
nections are now made to a rigid, stationary head plate, 
and the feed is carried along to all the frames by a series of 
eyes or corings in the plates and frames, which match up in 
the completely assembled press and form a continuous en
closed passageway connecting with all the hollow frames.

There are two main types of filter presses in general use 
today:

(1) Recessed-plate filter presses, where the solids are d e
posited in a recess in the face of the plate and no hollow frames 
are used in the unit, all the plates being exactly alike.

(2) Flush plate and frame type filter presses, where hollow 
frames to provide for the cake formation are interposed between 
each pair of solid plates.
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The variations in the details of these designs are almost 
unlimited. For instance, in the recessed type plate press 
the feed eyes are usually located in the center of the plate, 
while with the flush plate and frame type press the feed 
eyes may be located a t the side of the plate or a t one of the 
corners. This leads to such designations as “2-eye side 
feed’’ or “2-eye corner feed” filter press.

The question of the deliver}' of the filtrate from the filter 
press leads to other specifications such as “open delivery” 
through filtrate shut-ofT cock to an open trough or “closed 
delivery” which is obtained by carrying the filtrate through 
a series of eyes forming an enclosed passageway through all 
the plates and frames.

Washing type filter presses are usually designated as either 
“single washing” or “double washing” type, depending upon 
whether provision is made for passing the wash water in one 
direction only through the cake or whether the design in
cludes provision for washing the cake first with a flow of water 
in one direction and then reversing the flow and washing 
in the other direction.

F ig u re  1— R e la tio n  of F low  in  F i l te r  P resses  a n d  L eaf T ype  
F il te r s

.4— Flow during deposit of cake in frame of filter press
B — Direction ol wash w ater flow through cake in frame of filter press
C— Direction in flow during filtering and washing in leaf type filter

Filter presses also offer a great variety in the possible 
materials of construction. Wood filter presses are used 
extensively for the handling of acid liquors. M etal con
struction usually includes cast-iron plates, b u t where neces
sary Duriron, antimonial lead, or similar special metals can 
be employed to  resist the action of corrosive liquors.

There is a considerable variation in the design of closing 
and locking devices for filter presses, some of the better known 
devices being (1) ratchet, (2) back gear, (3) capstan wheel, 
and (4) hydraulic. Filter presses are sometimes made with 
cored passageways in the plates to provide for heating with 
steam or cooling with brine.

I t  can thus be appreciated tha t there are more than two 
hundred different styles of filter presses when viewed from 
the various combinations of specifications mentioned above.

The rate of filtration decreases as the thickness of the cake 
accumulation increases. Hence it is im portant from the 
standpoint of operating efficiency to have a filter designed 
for the proper thickness of cake, as otherwise it might take 
an excessively long time to fill the frame and wash the ma
terial. On the other hand, too thin a frame means too 
frequent shutting down of the filter press for removing the 
cake accumulation.

A d v a n t a g e s — (1 )  Filter presses arc simple, accessible, and 
can be used for filtering almost any kind of a sludge. They are 
therefore frequently used for new processes where ample time 
and study are not possible with a view  to using a more highly 
developed type of filter. Some of the more highly developed 
filters are more limited in their scope with respect to the kind of 
material they will satisfactorily handle. The filter press is 
therefore more flexible in its application than some of the other 
types.

(2) They lend themselves to wood construction for acid or 
corrosive liquids.

(3) They are cheap in initial cost when considered from the 
standpoint of cost per square foot of filter area.

(4) They will produce a relatively hard cake if properly 
operated, and hence will deliver a cake with as low or lower 
moisture content than can be obtained with other types of equip
ment.

(5) They are well adapted to the handling of small-batch 
process work and deliver the cake in good form for tray drying.

D rawbacks— (1) H igh labor cost because of the large 
am oun t of labor required  for pulling a p a rt the  plates and cleaning 
o u t th e  cake accum ulation.

(2) High filter-cloth cost because the cloth is used to form a 
gasket between the plates and is thus subject to mechanical wear.

(3) Liability to leakage between the plates, which may re
sult in loss of valuable liquid if operators arc not skilful and 
efficient.

(4) Slightly lower washing efficiency than leaf type filters 
when handling cakes which are subject to shrinkage during wash
ing. This is due to the fact that during washing the water passes 
through the full depth of the cake and thus causes a change in 
direction of liquid flow through half of the thickness of the cake. 
(Figure 1)

O T H E R  FIL T R A T IO N  E Q U IP M E N T

The wide expansion in industrial activity and the large- 
scale production have made the labor cost per ton of solids 
handled an im portant consideration. On this account the 
last fifteen to twenty years have been marked by unusual 
activity in the development of other types of filter equipment. 
The following incentives have led to the development of 
these later types of filters: (1) saving in labor; (2) saving in 
filter cloth; (3) saving in time th a t material is held in process;
(4) higher washing efficiency, usually with a view to saving 
evaporating cost a t a later step in the process.

V acu u m  L eaf T ype F ilters

The cyanide process in the mining industry led to the 
development of what is usually known as the Moore or 
Butters type filter. This is a vacuum filter consisting of a 
series of drainage frames covered with filter cloth and fastened 
to a suitable overhead carriage. A suction connection is 
provided to the interior of these frames, which are termed 
“leaves.” A crane makes it possible to lower the unit of 
filter leaves into a tank filled with the material to be filtered. 
The suction on the interior of the leaves forms the accumula
tion of cake on the outside of the leaves and the clear filtrate 
is drawn away through a vacuum system. After the cake 
has been deposited on the leaves they are picked up by the 
crane and submerged in a tank of wash water to remove the 
solubles in the cake. The cake is discharged by carrying the 
unit of leaves over a suitable receptacle and then admitting 
compressed air to the interior of the frames', thus dislodging 
the cakes.

This type of filter came into general use in the cyanide 
process because of the large working area provided and the 
comparatively low labor cost required in operation.

There are several disadvantages to this type of filter. It 
is limited to  the use of vacuum to obtain the difference m 
pressure and therefore, w ith  some materials, would not show 
such high capacity per unit of filter area as a pressure filter. 
The installations are large and in some cases rather unwieldy. 
Flexible connections are required for taking away the filtrate. 
I t  requires skilled operation to move the units of leaves about
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without losing some of the cake and thus impairing the wash
ing efficiency. There are still some Moore type filters being 
installed, but they have largely given way to the modern 
continuous vacuum filter of either the drum or leaf type.

Care must be taken in operating any leaf type filter to 
avoid building up too great an accumulation of cake. If 
the cake on adjacent leaves is allowed to accumulate to a 
point where the cakes merge together, a very unsatisfactory 
wash will be secured. This is in direct contrast to the opera
tion of washing type filter presses where the hollow frames 
must be thoroughly filled with cake in order to avoid con
tractions in the cake and channeling during washing.

K elly  P ressure F ilters

This is a pressure-type leaf filter which came into use in 
connection with cyanide work, beet sugar manufacture, 
and large-scale chemical processing. The shell of the filter 
is of steel-plate construction and consists essentially of a 
cylinder placed horizontally and provided with a movable 
head. The head is built as an integral part of a carriage 
which holds the filter leaves, and the whole movable part of 
the unit, including the head, carriage, and filter leaves, 
can be run out on a track so th a t the filter leaves are wholly 
exposed to view during the cleaning operation. This type 
of filter is usually limited to the handling of materials which 
will efficiently build up a cake of one inch or more in thickness.
If a cake of this thickness cannot be built it is difficult to 
obtain automatic discharge of the solids. The automatic 
discharge is one of the features of the filter which eliminates 
a considerable amount of labor.

The following advantages are embodied in this type of 
filter:

(1) A relatively high filtering pressure can be obtained. For 
special work units of this kind have been designed for operating 
pressures as high as 250 pounds per square inch.

(2) It is possible to jacket the body of the filter with com 
parative ease, thus providing for heating with steam or cooling 
with brine.

The filter leaves run lengthwise in the cylindrical shell. 
Hence a complete set of leaves includes quite a variety of 
sizes. This lack of interchangeability of leaves and the fact 
that the filter is limited to the handling of material in batches 
are two of the im portant disadvantages of this type of filter.

S w eetla n d  P ressure F ilter

This filter originally came into vogue in an early design 
for metallurgical work, bu t has since been modified and found 
wide application in handling such materials as sugar, slow- 
filtering slimes, and petroleum oils after contact bleaching.

The filter body is of cast-iron cylindrical design for normal 
working pressures of approximately 50 pounds per square 
inch. The body is mounted horizontally and split along 
the horizontal diameter, the upper body' being mounted 
stationary' and the lower body being hinged a t the back 
to the stationary' upper body. The leaves are of circular 
disk construction and are therefore all of the same size for a 
given size of unit. This is in contrast to the Kelly' filter, 
where the leaves are rectangular. The Sweetland filter is 
provided with an internal manifold pipe for playing streams 
of water across the surface of the filter medium, and hence 
has been particularly successful in handling materials in
volving the removal of a very small percentage of solids where 
a filter aid can be used to  protect the cloth from gumming 
and to improve the clarity of the filtrate.

The Sweetland filter has met with favor in the handling 
of strong alkalies because of the ease with which monel 
metal filter cloth can be installed. Likewise the construction 
of the filter makes it comparatively simple to provide a lead

lining and lead filtrate connections for sulfuric acid and other 
corrosive liquids which can be handled with lead contact. 
The small excess space in the filter body recommends this 
unit to  problems where a very thorough washing of the cake 
must be obtained.

F ig u re  2—S w e e tla n d  C an tilev e r  T y p e  F i l te r

In operating this filter care must be taken to see th a t it is 
not overcharged with solids. Furthermore, it is usually 
difficult automatically to “dry” discharge cakes of less than  
one inch thickness. Like the Kelly filter and other leaf-type 
non-continuous filters, this unit is designed for the handling 
of material in batches.

R otary Leaf Ty'pe P ressure F ilters

Experience showed tha t the stationary' type of pressure- 
leaf filter was unable to handle certain materials which had a 
rapid settling tendency'. Materials of this kind produced 
tapering cakes which were thicker a t the bottom than a t the 
top, thus frequently impairing the washing efficiency. To 
provide a filter for handling materials of this character and 
also to secure a more thorough sluicing of the filter leaves 
than is possible with a stationary leaf filter, a rotating pres
sure leaf ty'pe filter was produced. A t present there are two 
filters of this type and the filter leaves are of circular disk 
construction mounted on a horizontal shaft supported within 
a pressure tight shell. These include:

(1) The Vallez filter, which came into use several years ago 
and which has found considerable application in the handling of 
materials which can be discharged by sluicing without opening 
the filter body.

(2) The Sweetland cantilever type filter, which operates 
on the same principle as the Vallez but which includes certain 
advantageous mechanical structural details. The filter can be 
opened and the leaves exposed to view  in a few minutes. It is 
comparatively easy to replace any leaf clement without disturb
ing the remaining elements. A demand for improved accessi
bility and easier renewal of the filter cloth led to the development 
of the cantilever filter.

C o n tin u o u s V acu u m  F ilters

The increase of large-scale manufacturing and the increasing 
rate of wages have largely been responsible for the increasing 
use of filters of this ty'pe. The first satisfactory commercial 
filter of this type was of drum design. Here the outside 
surface of a drum is covered with the filter medium and the 
lower half of the drum is submerged in an open tank contain
ing the sludge to be filtered. The surface of the drum is
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broken up into individual sections which connect with in
dividual ports in a  valve mounted on the central supporting 
shaft of the drum. As the drum rotates each section goes 
through a cycle of filtering, washing, drying, and discharging, 
and the whole operation is continuous. There are several 
different makes of drum type filters, including the Oliver 
filter, the Portland filter, and the M ount filter.

F ig u re  3— A m e ric a n  C o n tin u o u s  F i l te r

The American filter, a more recent type of continuous 
vacuum filter, has leaves of circular disk-like construction 
composed of individual V-shaped units to make up the com
plete disk. A series of these disk-shaped leaves is supported 
on a horizontal shaft and the lower halves of the disks are 
submerged in an open tank containing the sludge to be 
filtered. Vacuum is applied to the various V-shaped leaf 
units through a rotating valve so th a t each unit comes through 
a period of filtering, washing, and drying as mentioned above 
for the drum filters.

Continuous vacuum filters offer the advantages of very 
low labor operating cost, low filter-cloth maintenance cost, 
high output per square foot of filter area because of contin
uous operation.

Their disadvantages are: (1) limitation to  certain classes 
of material which are amenable to vacuum filtration; and 
(2) lim itation in general practice to a feed which contains 
a t least 20 per cent solids, thus frequently necessitating a 
thickener to increase the concentration of solids in the feed 
to the filter.

Comparison o p  T w o G en era l  T ypes— (1) The drum type 
construction provides somewhat better washing where very large 
volumes of wash water arc required per unit of filter area.

(2) The drum construction facilitates the use of certain de
vices such as compressor belts and rollers to  secure a slightly 
drier cake than is possible in ordinary practice.

Advantages C laimed for D isk  T y pe— (1) I t  requires less 
floor space.

(2) A damaged filter cloth can be replaced with little or no 
shutdown of the filter.

(3) Filter elements are interchangeable and readily removed 
so that the filter cloths can be easily removed for cleaning.

C o n tin u o u s V a cu u m  F ilter  an d  Drier

One of the most interesting developments in recent years 
is a unit of this kind which has been placed on the market 
by the Filtration Engineers, Inc. This unit consists of a drum 
type vacuum filter with a traveling belt of comparatively open 
structure. This belt passes around the drum of the filter, 
and the solids build up in the interstices of the belt and are 
carried away from the surface of the drum in the belt, the 
latter then passing to a drier. The drier is so proportioned 
tha t by the time the belt emerges from the drier the solids 
are thoroughly dry and are knocked out of the belt by a 
vibrating mechanism. This arrangement does away with 
hand labor in filtering and drying the solids.

There are a number of successful installations of this de
vice and it bids fair to find an application in industries where 
conditions run relatively uniform. The chief objection to 
this unit is th a t if anything goes wrong in any part of 
the apparatus both the filter and the drier are out of com
mission.

T h ick en ers

Dorr thickeners have found a wide application in thicken
ing the feed to  continuous vacuum filters. These units con
sist of a series of trays mounted inside a large open tank. 
The feed enters the center of the tank and the solids settle 
to the bottom of the tray  and are raked to  the center so that 
they gradually drop to the lowest point in the tank and are 
drawn out by a  special diaphragm pump. The clear liquor 
from the top of each tray compartment is drawn off contin
uously.

During the last few years several types of thickeners 
using a filter medium have come into vogue because they 
offer advantages as saving in floor space for a given capacity 
and quicker handling of the material in process.

A Sweetland type thickener is one of the simplest in me
chanical construction. Other types of thickeners using a 
filter medium for the separation of the solids include the 
Genter thickener and the Borden thickener.

F lftu re  4—C o n tin u o u s  V a c u u m  F il te r  a n d  D rier

Another newcomer to the thickener field is the Hardinge 
superthickener, which is essentially a  sand bed somewhat 
similar to th a t used in a water filter. W ith this unit the top 
layer of the bed is continually removed by a set of plows, 
thus providing clear material which has filtered through the 
sand bed and a thickened accumulation of solids which has 
been deposited on the top of the sand bed.

Im p o rta n ce  of T h o ro u g h  In v estig a tio n  of F iltration  
P rob lem

In this discussion we have briefly described some of the 
better known types of equipment in order to draw attention 
to the wide variety available and the necessity of investigating 
any filtration problem thoroughly to make sure of installing 
the type of equipment best suited to handling each particular 
problem.

In the past m any thousands of dollars have been wasted 
in the purchase of filtering equipment. We know of instances 
where large purchases of equipment have been made without i 
the material having been tested beforehand. This has fre- 
quently given rise to  very unsatisfactory installations and j
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waste of money. Even the same material frequently shows 
widely different filtering characteristics when manufactured 
in different plants, and it is always advisable, wherever 
possible, to test out a problem on a small scale with several 
different kinds of apparatus and to determine definitely which 
is most suitable for the work.

Furthermore, care should also be taken in purchasing

second-hand equipment, for many manufacturers have several 
different designs of a given filter. Second-hand units are 
frequently purchased and it  is later found necessary to  rebuild 
a good part of the machine in order to adapt it to the particu
lar work in hand. I t  is much cheaper to discover one’s 
problems while working on a small scale than to pu t in a 
large installation and find that a mistake has been made.

The Fahrenwald Sizer
By W m . C. W eber

T u b  D o r r  C o m p a n y , N e w  Y o r k , N .  Y .

THIS company has recently taken over a new type of 
hydraulic classifier which, although primarily metal
lurgical in its applications, may be found to have very 

widespread and general application. By a classifier we 
mean a device other than screens for separating or grading 
particles according to size, particularly when suspended in 
water. Anyone who has given much thought to the develop
ment of a machine of this type is aware of the possibility of 
separating by using vertical currents of water of such velocity 
that the large particles sink and the smaller particles are 
carried upwards. This is termed “elutriation” or, more 
commonly, “hydraulic classification,” as differentiated from 
classification by horizontal flow.
. The development of the Fahrenwald sizer was an out

growth of an investigation of table concentration undertaken 
by the Bureau of Mines a t the instigation of the zinc-lead 
producers of the Coeur d ’Alene district of Idaho. I t  is well 
known that a closely sized or, even better, a hydraulically 
classified feed gives the most favorable condition for good 
table concentration, and in following this to a conclusion, 
A. Wj Fahrenwald invented the machine now under dis
cussion.

Hydraulic classification as a means of preparing ores for 
tables has fallen into disuse because of the inefficiency of 
machines heretofore employed for this purpose. The usual 
procedure has been merely to dewater and deslime the 
grinding-mill product in some form of mechanical classifier. 
To appreciate thoroughly the beneficial effect of grading a 
feed before concentration, a discussion of the action of a 
pulp composed of particles of unlike sizes and specific grav
ities on a concentrating table is not amiss.

S tratifica tion  on  C o n cen tra tin g  T able

As the feed is subjected to the reciprocating motion of the 
machine a stratification of the particles takes place. The 
particles are rolled and tumbled over each other, in which 
process the larger, light particles come in contact, supporting 
each other, forming interstices through which the fine and 
heavy particles fall, so th a t as the action continues the lower 
strata are composed of the fine, heavy particles and the upper 
strata of the light, coarser particles. After stratification, 
two forces are a t work, the reciprocating motion which has 
effected stratification, and the force of the wash water, 
which is a t right angles to  the table motion. This second 
force carries the larger, lighter particles away from the finer, 
heavy materials, forming the lower stratum . In  an un
graded feed an intermediate stratum  is formed which is not 
positively subjected to the above action. The accompany
ing diagrams show how materials depose themselves on a 
table deck:

Figure 1. Particles of different sizes but of the same specific 
gravity, when treated on a table, are disposed on the deck with

the very finest particles farthest from the very coarse particles. 
The finest particles occupy the highest position on the table deck.

Figure 2. Particles of different sizes and different specific 
gravities, the smaller having the greater specific gravity, take 
I>ositions on the deck with the fine, heavy, mineral particles a 
maximum distance from the light, large ones.

Figure 3. Particles of different sizes and specific gravities in 
this case, the large particles being the ones with greater specific 
gravity and the small particles being the ones w ith lesser specific 
gravity, do not show a marked separation—i. e., the particles 
tend to follow' the same paths on the table deck.

Figure 4. Particles of the same size but of different specific 
gravities show a tendency to take different paths in passing over 
the deck. The tendency is due to specific gravity only, size not 
being a factor.

I t  can be seen th a t an ideal feed for a concentrating table 
is one in which the particles of fine, heavy materials are of 
a more or less uniform size, and light coarser materials are 
of another uniform size, as in Figure 2. A brief statem ent 
of the principles of hydraulic classification will illustrate 
how this is exactly the type of product produced, especially 
under hindered settling conditions.

P rincip les o f H ydraulic  C lassification

The force of gravity causing a particle to  fall in a liquid is 
opposed by the resistance offered by tha t liquid. The ratio 
of surface to weight is greater for small particles than for

Particles o f same sp. gr. but va ry in g  in s iz e  

F igure 1

Particles of different sizes and sp. gr. 
the sm aller havm gthegreatersp.gr

F ig u re  2
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large ones; hence, the larger particles fall a t a faster rate. 
A large particle having the same settling rate as a smaller 
particle must therefore be of lower specific gravity. The 
ratio of diameters of particles of unlike specific gravities 
having the same settling rates is known as their “free settling 
ratio.” The free settling ratio is affected by the density of 
the surrounding medium. Consequently, as the density of 
the surrounding medium increases the free settling ratio 
increases. Mr. Fahrenwald’s experiments demonstrated tha t 
a dense pulp composed of fine solids suspended in water has 
the same effect on the settlement of the particles composing 
it as a liquid medium of the same density. Therefore, the 
free settling ratio of particles settling in such a medium is 
greater, hence the difference in size of particles of unlike 
specific gravity will be greater when graded by a machine 
utilizing this property. This condition is known as “hin
dered settling classification.” Particles kept in a  crowded

Particles of different size and. sp. gr. 
the l a r g e r  h a v in g  The g reater ap. gr.

F ig u re  3

but fluid suspension by an uprising stream  of water are said 
to  be in “ teeter.” Such a teeter pulp has a  specific sand- 
water gravity which is greater than th a t of water alone. 
Particles of different specific gravities developing the same 
full teeter density have, as in free settling, different diam
eters. This relation of diameters is termed the “hindered 
settling ratio” of the particles. Thus, if a feed composed 
of mixed solids is fed into a pocket in which there is a rising 
stream of water of uniform velocity, so adjusted as to keep 
the heaviest particles in teeter, particles of less mass will be 
carried away, while the particles remaining will be of two 
kinds—one of fine, heavy particles, the other of light, coarse 
particles. This graded product is an ideal feed for table 
concentration.

Previous A tte m p ts  a t  C lassification

Previous efforts to take advantage of this greater difference 
in size of particles graded under hindered settling conditions 
have met with indifferent success. M ost of the million and 
one hydraulic classifiers involve the use of a cone-shaped 
iwcket similar in cross section to a filter funnel. I t  consists 
of a rectangular or cylindrical sorting column, surmounted 
by a conical vessel. Sands accumulate on the sides of the 
cone until there is a sufficient amount to cause them to slide 
dow'n into the sorting column. These are technically known 
as “clots" and set up detrimental eddy currents. Various 
methods of obviating this condition have been tried, such as 
introduction of the water into the sorting column with a 
swirling motion or in pulsation. As a m atter of fact, any 
classification th a t was accomplished by machines of this 
type was done in the zone just above the top of the sorting 
column. The failure of these machines to classify was due 
to the inability to maintain anything like uniform velocity 
or density in the classifying zones.

D escrip tion  o f F ahrenw ald  Sizer

The Fahrenwald sizer has overcome these difficulties as 
shown in Figure 5, and incorporates the essentials of a  good

hindered settling classifier. The pocket of the Fahrenwald 
sizer is rectangular in shape, which design allows an uprising 
stream of water of uniform velocity, thus insuring the prime 
requisite of hydraulic classification. The pocket is divided 
into two compartments by a constriction plate. The upper 
is termed the “grading compartment,” the lower the “hy
draulic pressure compartment.” The lower compartment 
receives the water which passes through perforations in the 
constriction plate, this plate functioning to supply the water 
uniformly to  the grading compartment.

The use of a so-called constriction plate is novel and one 
of the secrets of the success of this machine. I t  consists of 
a horizontal perforated metal plate having a number of small- 
diameter holes spaced on about 2-inch centers. The per cent 
opening is small and is calculated to give an appreciable 
constriction or pressure drop through the plate, thereby 
assuring a uniform distribution of the hydraulic water in 
spite of any density inequalities of the pulp in the pocket. 
Channeling and eddying are 100 per cent eliminated. Water 
from a constant-head tank is fed to the hydraulic pressure 
chamber. The volume of flow is controlled by a valve of the 
pinchcock type, which has been found particularly adapted 
for supplying a uniform flow. As can be seen, particular 
care has been taken in design in order to obtain a uniform 
flow of uniform velocity'.

The Fahrenwald sizer consists of five main elements 
(Figure 5): a settling chamber, A ;  a group of classifying 
pockets, B; a  perforated constriction plate, C; a group of 
hydraulic pressure chambers, D; and a group of automatic 
sand-discharge mechanisms, E. The settling chamber is 
V-shaped over the first five pockets, and conical over thé 
sixth or desliming pocket. The feed is introduced into a 
shallow pocket equipped with a constriction plate, its func
tion being merely to pu t the feed in a liquid condition and 
ease it into the first classifying pocket without undue dis
turbance. Two overflows are provided, one along the side

Wash Water [ Feed box

P artic le s  of sa m e  size b u t  of different sp. gr.

F iftu re  4

of the settling chamber, E, for the length of the first five 
pockets, another in the form of a  weir a t  the cone end of the 
chamber. The weir has an adjustable overflow lip which 
may be adjusted to vary the pulp level and thereby regulate 
the flow into the side launder.

The classifying chamber has vertical side walls continuing 
downward from the V sides of the settling chamber and is 
divided into the desired number of pockets by the suitable 
spacing of vertical partitions, 6, thus forming rectangular 
pockets. The front side of each pocket is equipped 'with a 
glass window (Figure 6) to  enable the operator to observe 
and adjust the grading of the material. The windows are 
indispensable for intelligent adjustm ent of the machine.

The constriction plate, C, divides the pocket into a grading 
chamber, B, and a hydraulic pressure chamber, I).

The hydraulic pressure chamber is th a t portion of the poc
ket below the constriction plate. I t  is provided with an 
inlet for the hydraulic water (Figure 6) and a bleeder or
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drain plug for the removal of any coarse sands that may 
pass through the constriction plate. This runs a small 
stream all the time. The discharge pipe, 14, of the auto
matic sand-discharge mechanism passes through the pressure 
compartment.

The hydraulic header (Figure 6) is a metal box on the 
outside of the settling chamber, the side of the chamber 
forming one side of the header. Branching from the header 
are individual pipes and valves going to the respective hy
draulic pressure chambers. The valves of the pinchcock 
type regulate the flow of water to the hydraulic pressure 
chambers.

flta s .t

F lftu re  5—F a h re n w a ld  S izer

Water is admitted to the header from a constant-head 
tank, placed from G to 10 feet above the pulp level in the 
sizer, and equipped with an overflow pipe so th a t an amount 
of water slightly in excess of th a t required by the machine 
may be overflowed, thus maintaining a constant pressure.

The constant density or discharge control mechanisms are 
complete, individual units supported upon the constriction 
plates and held in vertical positions through holes in the 
constriction and bottom plates. They operate on the prin
ciple that a column of a dense material, teeter pulp, will 
support a higher column of a less dense material, water. 
Each consists of a discharge pipe, 14, and two sleeves, 15, 
welded to three supporting rods, 13. A movable pipe, S, 
which contains the water column, is mounted in the sleeves, 
terminates a few inches above the discharge pipe, and is 
adjustably held in place by being threaded through the upper 
sleeve. A dish-shaped, hollow diaphragm chamber, 5, is 
attached to the upper end of this water-column pipe. A 
thin rubber diaphragm, 9, is stretched across the top of the 
diaphragm chamber. A small, vertical pipe, 10, is supported 
at the center of the diaphragm and engages a thin rod valve 
stem, 11, which passes down through the small pipe, dia
phragm, and large pipe and carries on its lower end a tool- 
steel conical plug, 2, which fits into a conical seat in the upper 
end of the discharge pipe, 14. As the pulp in the classifying 
compartment builds up—i. e., grows denser—a higher column 
of water is supported in the water-column pipe, until the 
water flows into the diaphragm chamber, then into the small 
pipe, and pushes up on the rubber diaphragm to lift the valve 
plug, allowing some of the sands to  discharge. As solids from 
the feed are continually building up the pulp bed, the dis
charge of graded sands becomes continuous and entirety au
tomatic.

O peration  o f M ach ine

The pulp flows through the upper part of the classifier as 
it would through an enlarged launder. The coarse sand 
settles down to the bottom of the flaring settling chamber, 
where it comes under the influence of the sorting action of 
the rising column of water. The amount of water admitted 
to the first classifying pocket is adjusted to keep the coarsest 
and heaviest particles just in suspension, or what is called 
“full teeter.” A dense, clean, liquid sand bed nearly the 
depth of the classifying pocket quickly builds up as the feed 
comes in, and is held at this density and approximate depth 
by the discharge mechanism, which is automatically operated 

by any changes in depth or density of the teeter 
bed. The sorting action of the first pocket then 
becomes very' selective or exclusive, and only parti
cles of each mineral present, of a small range in 
size, find a friendly environment in it, and all 
others are gently ushered along to the second 
pocket in series. The amount of water required 
by' the second pocket to give just “full teeter” of 
the coarsest and heaviest particles reaching it is ad
justed and the second pocket like the first soon 
d e v e lo p s  its own teeter bed of definite density, 
which is somewhat less than tha t in the first pocket. 
The depth of bed and its density are autom ati
cally controlled. Thus we may have any desired 
number of classifying pockets in series, each having 
its own water requirement and each being auto
matically controlled and thereby effecting a number 
of classifications, the first product coarse and the 
very last fine sand with all gradations bet ween these 
two. The maintenance of fluid sand-water beds of 
constant depth and density' is the secret of the high- 
grade classification accomplished by this machine.

A cco m p lish m en ts

The following examples are indicative of results obtained 
from the Fahrenwald sizer a t over forty plants:

In  one case the Fahrenwald sizer was installed a t a m etal
lurgical plant in the Middle West. D ata were taken before 
and after installation. Previous to  the installation of the 
Fahrenwald sizer the mill in question classified its table feed 
byr means of a drag in closed circuit with a ball mill, the 
classifier overflow going to the concentrating tables. A 
F a h re n w a ld  sizer 
w as in s ta l l e d  to  
classify the overflow 
from the drag before 
going to the tables.
This change resulted 
in an increase of the 
table capacity of 100 
per cent and a re
duction of the me
tallic content of the 
tailings from 0.3 to 
0.21 per cent, and 
m a te r ia l ly  raised 
th e  g ra d e  of con
centrate produced.

One of the first sizers was installed a t a plant in the Coeur 
d ’Alene district of Idaho, where gravity concentration had 
been employed for a number of years using screens to  size 
the feed for the tables. The sizes to the tables were - 2 0  
mesh +  60, - 6 0  +  100, and -1 0 0 . Under these conditions 
the tables pulled out the clean galena very well, made a clean 
concentrate and no middlings, in fact showed no stratification 
of middlings whatsoever. To look a t the tables one would

F ig u re  6—F a h re n w a ld  S ize r (P h o to
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th ink there were no middlings in the feed. The tailings ran 
about 2 per cent lead, the initial feed about 8 to 10 per cent. 
A six-spigot Fahrenwald sizer was installed. Each of the 
first five spigots was sent to one table, the sixth spigot was 
divided between two tables and the overflow, widch was 
—200 mesh, was thickened and split between three slime 
tables. I t  was evident a t once that, while before no middlings 
were apparent on the table, they now had a beautiful stra t
ification. The first stratum  was a clean galena product 
assaying 82 to 84 per cent lead. The second was a streak of 
middlings varying in size according to  the percentage in the 
feed, and lastly, a streak of clean tailings assaying between 
0.4 and 0.5 per cent lead. The middlings were reground to 
—200 mesh. Reducing the tailings from 2 per cent to 0.5 
per cent or less, and a t the same time decreasing the number 
of tables required, represented a tremendous saving.

Scope o f A p p lication

Although the remarks in this paper have been confined to 
the field of grading concentrating table feeds, the scope of 
the sizer is by no means limited to  this use. Stress has been 
laid on this particular field because it  is, to date, the largest 
single application in which the machine has been commercially 
demonstrated. However, as operators familiarize them
selves w ith the device it is becoming apparent th a t the uses 
for which the Fahrenwald sizer is peculiarly fitted are many 
and widely diversified. Although its application to  purely 
chemical processes may be few, there is a wide field for it in 
the treatm ent of non-metallics, sand, abrasives, and the like, 
which are closely akin to the chemical industry. Experi
ments are now under way on a modified type for the prepara
tion of fine sizes of anthracite coal. This application shows 
considerable promise.

The Fahrenwald sizer acts as a classifier, a sizer, or a con
centrator, depending entirely on the type of feed it is given 
and the nature of the products. To illustrate:

1— With a pulp consisting of two or more materials of distinctly 
different specific gravities, the machine will, if given an unsized 
feed, produce a series of very closely classified products. That 
is, each material will be graded to size, but each spigot product 
will consist of a mixture of the materials associated according to 
their hindered settling ratios. As previously brought out, such 
products are ideal as table feed, or where the specific gravities 
are widely different, the materials may subsequently be separated 
by screening.

2—W ith a pulp consisting of particles of uniform specific 
gravity it  will, if given an unsized feed, produce a series of very 
closely sized products analogous and in most cases better than 
those produced by screens.

3— W ith a pulp consisting of two or more materials of distinctly 
diflerent specific gravities the machine will, if given a properly 
sized feed, concentrate the particles according to their specific 
gravity. A properly sized feed is one wherein the ratios of the 
diameters of the largest and smallest particles are less than the 
hindered settling ratios of the materials.

I t  cannot be emphasized too strongly th a t the Fahrenwald 
sizer is not just another hydraulic classifier. There is proba
bly no other successful hindered settling classifier now on 
the market. The few th a t are in use are mostly home-made 
and violate the essential rules for successful hydraulic classi
fication. The patented discharge density control device is 
novel and of tremendous advantage in producing uniform 
products and eliminating the human factor. The Fahrenwald 
sizer requires no power, uses very little water, is inexpensive, 
requires practically no attention, is not affected by fluctua
tion in quality or quantity of feed, and the products that 
can be produced are almost unbelievably clean and closely 
graded.

Filter Presses—Standard Types
B y J o h n  H . C lark, Jr.

T . S i ir iv e r  &  C o m p a n y , H a r r is o n , N .  J .

T H ERE are very few branches of chemical manufac
ture which do not have the problem of filtration, 
and of the various types of equipment used to ac

complish filtration the filter press is probably the most 
widely used, most easily operated, and most adaptable 
to a varied assortment of problems.

A large proportion of the men responsible for the selection 
of equipment realize the advantages of adhering to standard 
types of filter press. Many engineers, howTever, consider 
th a t their particular problem requires a filter press of a 
special type. Of these, some can be quickly convinced th a t 
standard equipment is satisfactory. Others become an
tagonistic if any attem pt is made to convince them. Such 
men can always have exactly w hat they want, bu t they 
surely pay for it. Then there are problems which really 
require special filter presses.

We have made square, circular, triangular, and rectangular 
presses in sizes from 7 inches square up to  4 by 6 feet. There 
are various standard ways of feeding, discharging the filtrate, 
closing, etc. We have made four to five hundred types of 
filter presses, each distinct from all others in some im portant 
respect. I t  would seem th a t a buyer could satisfy his re
quirements from an assortment of five hundred; bu t it is 
surprising how often this is not true.

In  several instances buyers have insisted th a t we furnish

certain working parts of their own special design when it 
was perfectly clear th a t our standard design permitted much 
quicker operation. In  such cases we draw up new designs, 
make the patterns, and then as a rule never use the patterns 
again unless the customer re-orders.

The prospective buyer m ay be a new man on the job. 
He wants to  prove to his new employer th a t he is productive 
of ideas, so he decides on some change to be made in a certain 
filter press. If we cannot convince him of the inadvisability 
of making a change contrary to our standard practice, we 
make up special patterns and he pays for them. If we 
cannot first sell a  standard type, we will design a press of 
any size or shape, whether it is elliptical, parabolic, 4 inches 
square, or 6 feet square.

This is no attem pt to belittle the new ideas tha t engineers 
may have about the particular line of equipment which we 
manufacture. They give us many good ideas and we wel
come them. In fact, we encourage our customers to do this 
and ask them if we can make modifications th a t will simplify 
their filtration problems. This is rather a plea to buyers 
th a t they consider standard types of equipment without 
prejudice.

The advantages and disadvantages of the various standard 
types are not always fully realized. These will now be 
briefly summarized.
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Recessed P la te  vs. F lu sh  P la te  and  F ram e

Shall a filter press be recessed plate or a flush plate and 
frame type? In the former the press cake is formed be
tween two recessed plates. In  other words, the pyramid

or drainage sur
face is not flush 
with the joint 
s u r fa c e .  No 
frames are used 
with this type. 
In  t h e  f l u s h  
plate and frame 
t y p e  b o t h  
p l a t e s  a n d  
f r a m e s  a r e  
used, a n d  th e  
d r a in a g e  sur
fa c e  is f lu sh

Figure 1—Recessed Plate, Center Feed, Open with the joint Delivery .
s u r fa c e . The

press cake is formed within the frames.
The advantages of the recessed type over the flush plate 

and frame type are :
(1) Ten to twenty-five per cent lower cost, the difference 

being least in the larger sizes.
(2) It is shorter and lighter per unit of filtering area and 

holding capacity.
(3) The feed channel is large and there is no danger of 

stoppage and resulting plate breakage due to unequal pressures.
(4) There arc half as many joint surfaces to be kept tight.

The advantages of the flush plate and frame type are:

(1) The press cake can be thoroughly washed. This cannot 
be accomplished in the recess type.

(2) A flush plate is lighter than a recessed plate and there
fore easier to handle.

(3) The p r e s s  
cake can be made 
u n i f o r m l y  solid. 
There is usually a 
soft core around the 
feed channel of a 
recessed plate.

(4) F r a m e s  of 
a n y  r e a s o n a b l e  
t h i c k n e s s  can be 
used.

(5) The f i l t e r  
cloth is not subject 
to severe strain as 
on a recessed plate.

(6) Filter paper 
or fme-meshed wire 
s c r e e n s  c a n  b e  
u s e d  a s  a filtering 
medium.
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Figure 2—R ecessed  P la te , C e n te r  

C losed D elivery
F eed ,

L o cation  of Feed

Should the press be center-fed, fed through an eye in the 
joint surface, or through a lug outside the joint surface?

A center feed is necessarily limited to a  recessed type of 
plate. As previously mentioned, it allows an unrestricted 
feed with little danger of plugging. The feed can be a t any 
point in the recessed portion of the plate, bu t we standardize 
on the center of the plate and do not find it necessary to 
locate it otherwise. Holes m ust be properly located in the 
cloths, which are made tight a t  the centers of the plates, 
cither by clip nuts or sewing.

A feed outside the joint surface can be through lugs a t 
any point. I t  can be applied to  the plate and frame press 
only. TVe standardize on side lugs, about one-third the 
height of the plate or frame from the top. These lugs then 
act also as the supports for the plates and frames. This

design makes it unnecessary to cut holes in the filter cloth 
and the clothing of the press is a simple operation. I t  is 
only necessary to cut the cloths to length and fold them over 
each plate. Rubber collars or cloth pockets are used to make 
the lug joint surfaces tight.

A feed through an eye in the joint surface can be located 
a t any point of th a t surface. We, however, use the corners 
only. For this type of feed it is necessary to  locate a  hole 
properly in the cloths, but the use of rubber collars is ob
viated. The cost is very slightly less than with outside lugs.

O pen vs. C losed D elivery

Shall the press be open or closed delivery? For an open 
delivery press some means is provided for discharging the 
filtrate from each plate by a cast-on bibb, a screw or flanged 
cock, either one- or two-way, or a quick-action flap cock. 
When the filtrate from any one plate runs cloudy in an open 
delivery press, th a t particular plate can be quickly located 
and the cock on th a t plate closed, unless a cast-on bibb has 
been used.

In  a closed delivery press the filtrate from each plate is 
led either to an eye in the joint surface or an outside lug, 
and delivered out through the head of the press. This 
method is particularly adapted to volatile liquids. Further
more, it enables the filtrate to be delivered a t a level above 
the press without additional pumping equipment. How
ever, if the filtrate from any one plate begins to run cloudy, 
this plate can be located only by opening the press. This 
difficulty can be avoided by using a gage glass and cock on 
the side of each plate, running the filtrate first through this 
and then back to the closed channel. This feature raises 
the cost considerably.

W ash in g  vs. N o n -W a sh in g

W hether the filter press shall be a washing or non-washing 
type is determined by the requirements of the problem. 
The wash is delivered to the filter press either by eyes or side 
lugs, and the remarks as to feed apply equally as well here. 
The washing feature can be added to the recessed plate type, 
but this type can never compete with the flush plate and 
frame type in this respect.

H ow S h a ll th e  P ress Be C losed?

Ratchet, gear and pinion, and hydraulic are the three 
usual methods of closing. As a rule, a ratchet closing device 
is sufficient up to 
and including a 30- 
inch press. I t  is 
advisable to use a 
gear and p in io n  
closing on the 36- 
in c h  s ize  an d  
la rg e r .  I t  adds 
about $40 to the 
cost, bu t is well 
worth it. The use 
of hydraulic clos
ing will depend on 
the filtration cycle, 
and the number of 
presses to which it 
might be applied.
A 36-inch press can be closed or opened in 30 seconds with 
hydraulic closing, whereas a gear and pinion will require 10 
to 20 minutes. I t  can easily be determined whether the 
additional cost is advisable.
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O ther C on sid era tio n s in  D e ter m in in g  T ype o f P ress

In  the determination of the best type, there are still a 
few more points to be considered.

Shall the frames be open or of the so-called solid type? 
The required holding capacity of the press will determine 
this. If the amount of the solids to be removed is very small, 
the frames should be cast with a solid web. The holding 
capacity of the press can thereby be reduced so th a t the 
amount of unfiltered liquid remaining in the press a t the end 
of the filtration cycle is exceedingly small.

;
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F lu s h  P la te  a n d  F ra m e , S ide  F eed , C losed  D elivery,

Shall the plates be cored so th a t they may be steam- 
heated or brine-cooled during the filtration? Determination 
of this question should not be subject to guess work as cored 
plates add considerably to the cost.

W hat material may be used for the plates and frames? 
Special alloys quickly increase the cost of a filter press. 
Wood plates and frames can be used up to about 70-80° C., 
depending on the material to be filtered. I t  should be 
remembered th a t the joint surfaces on wood plates and frames 
are wider. A larger size is therefore required to give the 
same filtering area as on a metal plate. The cost per square 
foot of filtering area of a  press with wood plates and frames 
is, however, about the same as th a t for one with cast-iron 
plates and frames.

No attem pt will be made here to discuss 
the methods of determining the proper size 
of press and number of chambers. This 
should be no m atter of guess work. I t  is 
surprising how m any inquiries are received 
for a filter press to produce so m any gallons, 
no mention a t all being made of the charac
teristics of the material to be filtered. Ap
parently crankcase oil can be pumped 
through a filter press as quickly as distilled 
water.

M ost any combinations of the various 
methods of feed, wash, and delivery can 
be made in standard types, so th a t condi
tions of nearly every problem can be met 
with standard equipment.

selection of a washing type is of course imperative. The 
plate and frame type gives the most satisfactory washing. 
Open delivery is necessary owing to the danger of one or 
more chambers running cloudy.

Clay. This is purely a dewatering proposition, so that 
the cheapest type is quite satisfactory. A center-feed, 
cast-iron recessed-plate press with either open delivery 
with cast-on bibbs, or closed delivery is chosen. The center 
feed allows the passage of any large lumps.

Lacquers, Varnishes, and Enamels. The selection is a 
plate and frame press with closed delivery through an eye 

and feed through an eye. The 
plates are cast with solid webs. 
Closed delivery is used because of 
v o la t i le  c o n s t i tu e n ts .  Flush 
plates are necessary so that paper 
or fine-mesh wire screens may 1« 
u se d  a s  th e  filtering medium. 
Feed and delivery are through eyes 
to avoid the use of rubber collars 
which might be affected by sol
vents. Solid frames are used to 
give a small holding capacity.

Fruit juices are handled either in 
wood or aluminum presses. The 
flush plate and frame type is most 
desirable as thicker press cakes can 
then be formed.

Wood presses are used for cider and vinegar, a recessed 
plate for cider and a flush plate for vinegar. Thicker press 
cakes can be formed with vinegar when using a filtration 
aid so th a t the flush plate is desirable.

Dry and pulp colors usually require either a center or side 
feed cast-iron press. If the user does not believe that wash
ing can be accomplished in a filter press, a center feed type 
is used; otherwise a side feed washing press.

Shellac is handled in a plate and frame press so as to use 
paper or to form thick cakes by use of a filter aid. Closed 
delivery' is usually preferred.

Yeast requires a center feed cast-iron press designed for 
pressures higher than standard.

The dyestuff industry runs very largely' to wood plate

F ig u re  5 
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P resses U sed in  V arious In d u str ies

Some industries use certain types of filter presses almost 
exclusively'. A few of these will be mentioned and reasons 
given for the choice of the particular types.

Raw Sugar. A side-feed, open-delivery, flush plate and 
frame, cast-iron washing press is used in nearly' every case. 
A side feed is chosen to avoid wastage of filter cloth due 
to  improper cutting of eyes in the cloth by cheap labor. 
Inconvenience of cloth shrinkage is also avoided. The

and frame presses of the washing tyrpe with open de
livery.

Waxes require steam-heated plates.
In some cases several different types will be found in use 

for exactly the same purpose.
C o n clu sio n

In  closing, we wish again to emphasize the advantage 
in not assuming th a t your particular filtration problem is 
different—somebody else has probably' done about the same
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thing in n standard type of filter press. You can do it, too, dollars will make more of a hit than the doubtful cleverness
and you can save money by doing it. And saving a few of special designs.

Industrial Heating by Oil Circulation
By A lexander B. M cK cch n ie

P a k k s -C r a m e r  C o ., B o s t o n , M a s s .

DURING the last th irty  years there have been many 
attempts to construct a high-temperature heating 
system in which a liquid would act as a transm itter 

of heat and which would, in principle a t least, be similar to 
the well-known hot water heater. These attem pts were 
brought about because the industries were demanding 
higher temperatures in their process work and the only 
available method was either high-pressure steam or direct 
fire.

It will be readily understood th a t many difficult problems 
are encountered when steam above 125 pounds is applied 
to ordinary heat-consuming vessels of either the cast integral 
or the welded steel jacket type, and th a t any direct fire 
methods are usually accompanied by hazard, ill effects on 
the product, and inefficiency. I t  was supposed by the build
ers of the earlier systems th a t all th a t was necessary to 
solve the problem was to place any medium with a high 
boiling point into some kind of a system arranged for heating 
and circulating. In  fact, several attem pts were made in 
which no pump a t  all was used, depending entirely on thermal 
circulation.

All these systems were very short-lived as they ceased to 
operate owing either to fouling by carbon which deposited 
rapidly, or to burning out of the heaters themselves. I t  
was quite natural for the designers to suppose th a t all their 
troubles lay in the circulating fluid, and because they were 
using the best th a t the m arket produced it was probably 
decided that a practical solution of their problems was 
impossible.

There is no question th a t the same difficulties would be 
met today by anyone building up a circulating oil system 
with no experience in this connection. In  fact, in the de
velopment of the particular system discussed here there 
seemed to be no end of problems, and on the solution of one 
others of even greater difficulty arose.

By consistently attacking each new problem as it came up— 
and some had to be solved by actually testing parts to de
struction—a satisfactory performing system has been de
veloped.

A d vantages

Heat transmission by hot oil embodies the desirable 
features and eliminates the objections of other methods for 
obtaining high temperatures. The quantity  of heat de
livered is under control a t all times, and product temperatures 
up to 550° F. are reached without difficulty.

The pressure on the entire system is practically negligible, 
making it particularly adaptable to vessels with cast integral 
jackets, usually built to withstand pressures of about 100 
Pounds, and to the jackets of glass-enameled steel tanks, 
which are built only for pressures up to 75 pounds and are 
used extensively in the manufacture of chemicals and food 
products. This point is readily understood when we con
sider that 100 pounds of steam  represents only 338° F.

Distribution of heat is uniform over the entire surface of 
the vessel and the entire mass is treated instantly and alike,

the temperature being sufficiently high to perform the work 
but without damaging the product.

The temperature can be controlled within close limits 
either manually or by thermostatic devices. This is of vital 
importance in delicate reactions where temperature variations 
in the heating medium are not permissible. Charts from 
recording thermometers show a temperature difference 
of from about 3° to 7° F. in the circulating oil when it is 
thermostatically controlled.

The fire hazard is removed as there is no flame in contact 
with the vessels. The absorber furnace, the only place where 
flame exists, is isolated from the manufacturing equipment, 
and where conditions make it necessary the entire heating 
plant can be installed in a separate building.

D esign  of S y stem

In the design of a system of this kind, there are five main 
factors, each one of which requires most careful study.

D e s ig n  o p  H e a t e r  o r  A b s o r b e r —The absorber, like 
any other heat exchanger, must be designed for maximum 
efficiency consistent with long life and freedom from trouble. 
I t  must be readily accessible for inspection or repair. The 
furnace m ust be built to withstand the high temperatures 
m et in work of this kind and be thoroughly insulated to pre
vent undue radiation losses.

Such points as the length and size of tubes, the velocity 
of the circulating oil, and proximity of the fire to the tubes 
require careful study.

S ta n d a rd  400,000 B. t .  u . p e r H o u r M errill P rocess  S y s te m

C ir c u l a t in g  P u m p—I t is generally believed tha t the 
circulating pump should be of the positive displacement 
rotary type to  insure a known and non-pulsating flow. 
The necessity for these features is readily understood as the 
temperature drop in the circulating oil of a system of given 
capacity is inversely proportional to the rate of flow of 
the circulating oil. A small temperature drop is desirable 
as it means a more uniform temperature over the entire 
surface of the vessel being heated.
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T y p e  o f  S y s t e m — Experience has taught the superiority 
of the closed system—that is, one in which the hot oil does 
not come in contact with the atmosphere. This point is 
vital, as the oil would rapidly oxidize and soon become too 
viscous to pump freely, resulting in a decreased flow and 
burning out of the absorber tubes due to carbon deposit. 
Provision must be made, however, for expansion of the oil. 
The circulating oils generally used have a coefficient of 
expansion of about 0.000486, which means approximately 
a 25 per cent volumetric increase in 500° F„ rise. An ex
pansion tank located on the end of a  dead or stagnant line 
attached a t the proper place in the system takes care of this 
very satisfactorily. I t  also serves as a liquid seal and insures 
the exclusion of air. The expansion tank, being vented 
to the atmosphere, does not perm it the building up of high 
pressure. A number of tests have shown the oil in the ex
pansion tank to be about 300 degrees lower than the oil in 
circulation.

C ir c u l a t in g  O il —I t is very im portant th a t the circu
lating oil used for this service be carefully selected. I t  
must have a high flash point and be free from all impurities. 
Viscosity and specific heat are also of importance. A num
ber of tests show th a t the specific heat increases with tempera
ture on a straight line, its value being 0.68 a t 550° F.

Although the circulating oil is one of the im portant factors 
entering into a successful system, it m ust not be supposed 
tha t the whole operation depends upon it. For instance, 
the proper circulating oil will not cure the ills of a poorly 
designed system, and a perfectly designed system with a 
poor oil could only bring failure. Success can only be ob
tained by using the right kind of circulating fluid in a system 
of the correct design.

C o n s t r u c t io n  o f  P ip e  L in e s —Even though the design 
of transm itting lines for the circulating fluid would a t first 
appear to be a  simple m atter, they are, nevertheless, one of 
the most difficult and expensive features in a system of this 
kind. Ample provision m ust be made a t all points for 
expansion, which amounts approximately to V32 inch per 
linear foot. As a hot oil of this nature is an exceedingly 
fugitive material, all castings and pipe joints m ust be so 
designed th a t there is no possibility of leakage. A pipe 
line constructed in the same manner as for steam would 
be merely a source of expense and trouble. I t  is practically 
impossible to use threaded joints above 2 inches, and thus 
far sheet packings have proved to be useless for the flanges. 
As the pressure is comparatively small—from 10 to 20 pounds 
per square inch—standard weight steel piping is satisfactory. 
There is no corrosion as the oil actually preserves the pipe. 
Steel flanges, screwed and welded onto the pipe, prevent 
leakage a t th a t point, and Specially designed metal gaskets 
take care of the flanges. I t  is advisable to avoid joints as 
much as possible, so pipe bends and offsets are substituted 
for fittings. These parts also reduce friction and vibration 
caused by column inertia.

F u e l

Compounds requiring temperatures th a t make it necessary 
to  use an oil circulating system generally require also a 
uniform tem perature in the heat applied. For this reason 
fluid types of fuel are used, the most satisfactory being oil, 
gas, or electricity. I t  is probable, however, in the absence 
of either of these kinds of fuel tha t the absorber could be 
coal-fired and with proper attention maintain reasonably 
close temperature regulation.

When electricity is used as the primary source of heat, it 
is applied through specially designed, high-resistance, elec
tric-heating elements. These elements must be so installed 
th a t all chance for overheating of either the element itself 
or the oil in contact with it is removed. The thermal efficiency

of the absorber is very close to 100 per cent and, where the 
cost of current is low enough to justify its use, this method 
of heating is ideal.

A p p l ic a t io n s

Installations have been made in a great many chemical 
plants for high-temperature heating and evaporating, dis
tilling, subliming, and refluxing.

In  connection with the high-temperature heating ol 
certain vegetable oils for deodorizing, some of the most 
successful installations have been made. The vegetable 
oil in batches ranging from 5000 to 30,000 pounds is raised 
to 450° or 500° F. Wide application has been found in the 
manufacture of electrical equipment such as transformer and 
other coil impregnation, molded electrical products, wire 
insulation, etc. In the asphalt-consuming industries, as
phalt shingles, saturated roofing, and many forms of coated 
paper are being produced.

B a t te ry  o f E n a m e le d  J a c k e te d  T a n k s  fo r H if th -T e m p e ra tu re  Heating

In all this work the material to be heated can be main
tained within very close temperature limits owing to the 
simplicity of heat regulation a t the absorber. Owing to 
the high uniform temperatures th a t can be carried in the 
circulating oil, the equipment can be operated for the maxi
mum hourly production and a product of the highest quality 
and uniformity is assured.

A plant manufacturing rubber-covered electric wire for
merly operated on steam and could not maintain above 
280° F. in eleven dipping and polishing kettles. They 
were using 125 pounds pressure steam. Today the oil 
system operates a t 14 pounds pressure and their required 
temperature of 325° F. in tanks is uniformly maintained. 
The production was increased about 50 per cent and the 
quality vastly improved.

A plant manufacturing hard wax products has the heating 
plant isolated in a separate building outside the plant and 
circulates the oil a t about 525° F. through 4-inch piping 
to the third floor of the manufacturing building. There it 
is passed through jackets of 'a number of glass-enameled 
vessels and returns a t 490° F. for reheating. This plant 
formerly operated on direct-fire gas. The intense heat 
damaged the glass enamel with which these kettles were 
coated and also discolored this compound to a b ro w n ish  
shade. Owing to the overheating of some parts of this 
product because of poor heat distribution, a loss of some of 
the more volatile constituents was unavoidable, thus im
pairing the quality. The material today comes from the 
kettles finished and is snow-white in color. The system has 
been operating for about ten years.
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Another concern, manufacturing a popular food product 
by boiling it in a vegetable oil, has a system of this type 
and circulates the hot oil through the jackets of a battery 
of eight kettles. The vegetable oil is maintained without 
difficulty at the desired temperature. Gas is used for heating 
the circulating oil in the absorber tubes. Three gas burners 
are attached to the furnace and the entire system is extremely 
simple.

In connection with a great many of these industries it is 
necessary to convey over long distances materials th a t are 
in a solid state unless they are maintained a t fairly high 
temperature. For this work a system of jacketed piping, 
fittings, and cocks is used. The product passes through the 
center pipe and this center pipe, by means of the jacket,

is completely surrounded with the circulating oil a t the 
proper temperature. These jacketed lines are so constructed 
th a t there is no chance for leakage of one fluid to the 
other.

C ap acities

These systems are built in a number of different sizes 
and there are systems today ranging from 100,000 to 2,800,- 
000 B. t. u. per hour. There is no known limit to the size 
of these absorbers. Where a greater quantity  of heat is 
required than can be delivered by one absorber, two or more 
machines can be connected in battery similar to steam 
boiler practice; in fact, a  great many installations have 
been made this way.

Stoneware as a Chemical Engineering Material
By Percy C. K in gsb ury

G é n é r a i ,  C e r a m ic s  C o m p a n y , N e w  Y o r k , N. Y .

IN THE transfer of a chemical process from the labora
tory to the plant so many new factors are introduced 
that a laboratory success often proves to be an industrial 

failure. Frequently these misfortunes are due to the selec
tion of the wrong material for the construction of the indus
trial plant. Usually the laboratory experiments are carried 
out in glass or porcelain, and these materials would be ideal 
for large-scale production if it were possible to manufacture 
chemical plant equipment from them a t a reasonable price 
and with sufficient mechanical strength to withstand ordinary 
factory abuse. Unfortunately, however, the use of these 
ideal materials is limited by the sizes and shapes th a t the 
manufacturer can produce, by their fragility, and sometimes 
also by the expense.

In seeking a suitable structural material for a new plant 
the engineer, especially if his experience has been largely 
outside the chemical field, is ap t to look to the metals and 
alloys that can be made up into large shapes and th a t have 
considerable mechanical strength. I t  is usual to justify 
the selection of a particular m etal or alloy by laboratory 
tests indicating the loss in weight of the material over a 
certain period of time. Often, however, after the p lant has 
been in operation a short time, it is found th a t in the labo
ratory tests the actual conditions were masked by the 
formation of a protective coating which in the plant is 
removed almost as fast as it is formed. Often also electro
lytic conditions occur in the p lant th a t are absent in the 
laboratory and greatly enhance the rate of corrosion. Even 
if the corrosion is inconsiderable it m ay prove objectionable 
m many ways. The metal of the vessel may entirely change 
or even inhibit the reaction, or a slight corrosion may so 
contaminate the product as to make it worthless or a t least 
impair its value materially. This is a vital consideration 
m the manufacture of foodstuffs and pharmaceuticals and 
way also be of great importance in the manufacture of 
dyestuffs and intermediates.

Notwithstanding these drawbacks, the metals and alloys 
have very obvious advantages as structural materials for 
chemical plant. In  the effort to use them to the fullest 
Possible extent an entirely new technical literature has 
developed during the past decade covering the action of 
various corrosive agents on metals and alloys, and the prob
lem is now exercising not only the chemical industry but 
technical associations in every branch of engineering. In 
“sing the large mass of such data now* available, however,

it is im portant to bear in mind th a t the presence of quite 
small quantities of other chemical products, sometimes 
unsuspected, may entirely change the conditions as regards 
corrosion. Another im portant fact is that, however small 
the corrosion may be, it is continuous and cumulative and 
th a t when used under such conditions the ultim ate failure 
of metal equipment is inevitable.

The use of clay and other silicate products for chemical 
p lant removes the corrosion problem entirely and enables 
us to secure on an industrial scale conditions parallel to those 
under which the process was worked out, also in silicate 
products, in the laboratory. As equipment made of clay 
is usually cheaper than similar equipment of metal or me
tallic alloys, it is now the usual practice to use it wherever 
possible.

Excluding the immense field of refractories and certain 
special ceramic products of limited application, the various 
silicate products used for chemical processing are glass, 
fused silica, enameled iron, and chemical stoneware, and of 
these the most important is stoneware.

P rop erties o f S ton ew are

Chemical stoneware is the most durable of all clay prod
ucts. I t  is extremely hard and dense, and steel will strike 
a spark from it just as it does from flint. I t  is an electric 
insulator and insulators made of a  special grade of stone
ware have been used for experimental purposes a t  a po
tential of 600,000 volts. I t  resists the action of all acids 
and other corrosive materials encountered in industrial work. 
The only exceptions are those materials which also attack  
glass—that is, hydrofluoric acid and hot, strong caustic alkalies, 
which also have a slight surface action on this ware just as 
they have on glass.

C h e m ic a l C o m p o s itio n  of A verage C h e m ic a l W are
Per cent

Silica (SiOi) 73.23
Alumina (AltOi) 22.27
Iron (FejOj) 0 .58
Lime (CaOl 0 .58
Magnesia (MgOj Trace
Potash (KiO) 2 .02
Soda (NajO) 1.42
Loss on ignition 0 .06

100.16

I t  is essentially an aluminum silicate partly  combined and 
partly mixed with other silicates.
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Physically, stoneware is an aggregation of more or less 
refractory particles of ceramic material in various stages 
of fusion, bonded together by means of a vitrifying clay, 
usually with the addition of a flux. The physical charac
teristics of such a material can obviously be modified be
tween very wide limits by varying the size of the particles 
and the nature and proportion of the grog, the clay, and the 
flux. Thus stoneware covers a  range of ceramic products 
which a t one extreme are as coarse in texture and as porous 
as fire brick, and a t the other extreme are as fine and as dense 
as porcelain. When manufactured for chemical purposes 
they are all resistant to corrosion, but the more porous 
bodies are more resistant to sudden changes in temperature. 
Consequently, when the ware has to withstand extremes 
in temperature, as in pipe lines for carrying off the hydro
chloric acid gas from salt-cake furnaces or in the supports 
for the basins in a sulfuric acid cascade concentrator, a 
porous ware is selected. Where a noil-porous material is 
required, as in the electrolytic refining of precious metals, 
a porcelain-like w'are is furnished. Between these two ex
tremes it is possible to develop a ceramic material to fulfil 
the requirements of most chemical operations.

The evaluation of the principal physical characteristics 
of chemical ware is necessary in order to determine the 
usefulness as well as the limitations of this product as an 
engineering material:

Tensile strength 
Compressive strength 
M odulus of elasticity 
Therm al conductivity  (B. t. u.) 
Specific heat 
Specific gravity  
Coefficient of expansion (° I7.)

1000 to 2500 lbs. per sq. in. 
25,000 to 80,000 lbs. per sq. in. 

6,000,000 to  10,000,000 lbs. per sq. in.
0.6 to 0.9 

0.185 to 0.190 
2.06 to 2.36

0.0000023 to 0.0000027

The tensile strength is high compared with other clay prod
ucts and the next few years m ay show some very remarkable 
advances in this respect. I t  is, of course, low as compared 
with most metals. The compressive strength is high and 
this should be borne in mind in designing chemical-ware 
equipment. The thermal expansion is low, being about 
th a t of ordinary glass and much lower than the metals. 
The thermal conductivity is good compared with other 
ceramic products, though naturally very much lower than 
the metals.

G laze

Chemical ware is usually glazed to give it a smooth, a t
tractive finish. The only satisfactory glaze for this purpose 
is salt glaze, which is formed by throwing common salt into 
the kiln as the maximum temperature of firing is reached. 
The salt volatilizes and combines with the aluminum silicate 
of the w'are, forming a sodium aluminum silicate, dense 
fumes of hydrochloric acid gas passing out through the 
stack.

I t  should be emphasized th a t the glaze is merely to im
prove the appearance and finish of the ware, as occasionally 
stoneware is sold for chemical purposes in which it is a t
tempted to overcome the shortcomings of the ware by 
coating it w'ith a heavy glaze of fusible clay applied by means 
of a brush or by spraying or dipping. This W’are has the 
same objection as enameled iron in th a t the slightest break 
in the continuity of the coat, such as a small scratch or 
pinhole, allows the corrosive material to  penetrate beneath 
the glaze which soon begins to peel off as it is merely held 
by adhesion to the body. Such glazes are liable to crack 
or craze when subjected to change in temperature, as there 
may be a difference between the thermal expansion of the 
glaze and of the body. Salt glaze, on the other hand, can
not craze or peel as it is intcrmoleeularly combined with 
the body.

E q u ip m en t N ow  in  Use

The practicability of chemical ware as an engineering 
material can best be demonstrated by considering some o( 
the equipment th a t is already in service.

Perhaps the most impressive development in this field 
is the manufacture of high-speed machinery from chemical 
ware. Exhaust fans and blowers are made for handling 
such corrosive gases as hydrochloric acid, chlorine, nitric 
acid and oxides of nitrogen, sulfur dioxide, hydrogen sulfide, 
in which all parts coming in contact with the gas are made 
of this ware. These machines are furnished in capacities 
up to 6000 cubic feet per minute or more, the operating 
speed being 1000 r. p. m. for the larger sizes to 2000 r. p. m. 
for the smaller sizes. The impellers of these machines 
are made entirely of chemical ware without any reenforce- 
ment; consequently there is no possibility of corrosion. 
There are several of these machines in use today that have 
been in continuous service for fifteen years or more. An 
ample margin of safety is assured by testing each impeller 
a t  50 per cent above its rated speed before shipment. We 
have, in fact, never succeeded in bursting one of these clay 
impellers in spite of the fact th a t in attem pting to test one 
of them to destruction we ran it up to a peripheral speed of 
21,200 linear feet per minute.

High-speed centrifugal pumps are similarly made from 
chemical w'are for handling such corrosive liquids as sulfuric, 
muriatic, nitric, and acetic acids, fruit juices, vinegar, 
chlorinated brine, tin tetrachloride, etc. These pumps 
and, in fact, chemical-ware equipment in general are ideal 
for handling food products as they can be kept as clean as a 
china dish. The pumps are a t present made in capacities 
from about 200 to 350 gallons per minute. The demand for 
them has been so great th a t we are a t present working on an 
entirely new line of centrifugal pumps with capacities from 
60 to 800 gallons per minute th a t can be used for lifts up to 
100 feet.

Plunger pumps are also made of stonewmre for handling 
corrosive liquids a t pressures up to 30 pounds per square 
inch. W ith some modifications in the design these pumps 
are used for the evacuation and compression of corrosive 
gases.

M any chemical engineers prefer to use compressed air for 
moving acids and other corrosive liquids. All the various 
devices for moving liquids by compressed air are somewhat 
inefficient, bu t they have the advantage of having no moving 
parts and being simple in construction. They require the 
attention of an operator a t regular intervals, but an auto
matic device is made in which these operations are carried 
out by means of a floating ball valve. This automatic acid 
elevator will operate year after year with absolutely no 
attention and in some plants this assurance of constant 
operation and absence of expense for upkeep is considered 
as ample justification for a somewhat higher cost of opera
tion as compared with the use of pumps.

In  addition to the devices th a t have been described, the 
shapes furnished by the chemical-ware manufacturer com
prise the usual line of containers, tanks, piping, valves, etc., 
and in addition such chemical equipment as condensers, 
scrubbing towers, rectifying columns, kettles of all kinds, 
absorbers, filters, ejectors, agitators, etc. In general, it 
may be said tha t it is possible to duplicate in chemical 
ware any equipment th a t can be made in metal, with due 
allowance, of course, for the difference in physical prop
erties of the two materials.

The standard material th a t has been described represents 
not more than perhaps 30 per cent of the products of the 
stoneware manufacturer. Most of the equipment manu
factured is to special design and this material lends itself
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excellently to special work of this nature, as the ware is 
molded out of soft clay and can therefore be worked up by 
hand into almost any desired shape a t no great expense.

D evelop m en t of C h em ica l S ton ew are

The first primitive experiments in chemistry were made 
in clay vessels and today the same material forms the back
bone of industrial chemical apparatus. As an industry 
the manufacture of chemical plant equipment from clay is 
about one hundred years old, stoneware for chemical pur
poses having been made in Philadelphia as early as 1816, 
while the first factory devoted exclusively to the manufacture 
of chemical ware was established in Germany in 1836.

At first the chemical manufacturer had to adapt his equip

ment to the shapes the potter was able to make without 
regard to their efficiency but the chemical-ware manufacturer 
of today is able to meet most of the demands th a t modern 
chemical industry makes on his product.

The users of chemical equipment are therefore urged not 
only to study the advances made in the metallurgical field, 
but also to acquaint themselves with and to take full ad
vantage of the progress made in the ceramic industry. 
They would thereby eliminate the corrosion problem en
tirely, with its hazard, its contamination of product and 
expense for upkeep and repair, and they m ay secure a t a 
considerable saving in initial cost chemical equipment that, 
with the most ordinary care, is more permanent than their 
most substantial buildings.

Oxy-Acetylene Welding in Chemical Plant Construction
By G. O. C arter an d  VV. B. M iller

T ub L i n d e  A ik  P r o d u c t s  C o .,  a n d  U n io n  C a r b i d b  & C a r b o n  R b s e a r c h  L a b o r a t o r i e s ,  I n c . ,  N e w  Y o r k ,  N .  Y .

THE broad subject of oxy-acetylene welding in the 
chemical industries has received considerable atten
tion during the past two years. M ost of the articles 

have been of a primary nature, discussing the fundamentals 
of correct welding procedure and applying particularly to 
low-carbon steel. I t  cannot be expected th a t the chemical 
engineer will also be a welding engineer. However, he should 
know enough of the process and its possibilities to enable 
him to carry on his work efficiently. A t present many 
metals are a t the disposal of the chemist and new alloys 
are being frequently brought out having special properties. 
Whatever the metal is, the skill of the welders should be 
checked by asking them to make test welds in the metal 
under consideration and then testing these welds. Any 
new construction work should be properly designed, laid 
out, executed, and tested. In  other words, a knowledge 
of what may be termed “procedure control” is assumed to 
be in the minds of the engineers and supervisors. Procedure 
control in oxy-acetylene welding consists of the proper 
application of the process to correct materials. The essen
tials of proper application to all processes of fabrication 
may be summed up as follows:

(1) Proper design by capable engineers who understand 
welding.

2) Selection of the proper materials—i. e., plate and rod.
3) Testing of welders.

(4) Efficient supervision by a shop foreman who under
stands welding.

(5) Proper inspection during construction by the purchaser.
(6) Careful final testing and stamping thereon of the working 

pressure and other necessary data.

Probably 98 per cent of all welders are working with steel 
or cast iron. M any assume, therefore, th a t it is easier to 
weld steel and cast iron than to weld the other metals so 
frequently used in chemical equipment. As a m atter 
of fact, steel is not so easy a material as cast iron to weld 
properly, and usually requires more skill than for welding 
lead, bronze, brass, aluminum, nickel, and copper, all of 
which can be joined most satisfactorily by oxy-acetylene 
welding. A welder, of course, must have practice before 
he can satisfactorily weld any special metal, and a  steel 
welder must practice on the new metal just as he did when 
learning to weld steel. Regardless of the metal, the same 
steps should be used in checking the welding—i. e., the idea 
of procedure control is applicable to the welding of any

material. The workman should qualify in welding the 
particular metal used, which should be of approximately 
the same thickness as th a t used in the equipment he is called 
upon to make. Next, the materials of construction should 
be suitable for welding, and the filler metal should also be of 
proper quality.

M any types of apparatus can be fabricated by oxy-acety
lene welding, usually without the use of elaborate blueprints, 
with a corresponding saving in time and money. Following 
is a brief list of apparatus which have been fabricated in 
this manner—pressure and vacuum reaction tanks, con
densers with closely spaced tubes having considerably 
higher capacity per unit, stills, agitators, pipe lines, plain 
or jacketed, having no flanges and thus allowing for easy 
insulation, driers, kilns, etc. Such apparatus may be made 
of steel, copper, aluminum, nickel, monel metal, or other 
suitable metals or alloys.

S tu d y  of C o n stru ctio n  M ateria ls N ecessary

When choosing a particular metal for a piece of apparatus 
its properties must be carefully considered, for the oxy- 
acetylene flame is so hot tha t i t  brings about reactions 
equivalent to those th a t occur during the manufacture of 
the material. 'Any impurities, therefore, th a t become 
active a t high temperatures may result in welds of inferior 
quality.

For example, commercial copper usually contains appreci
able quantities of cuprous oxide disseminated throughout 
the metal. However, such copper is troublesome in welding, 
for a t temperatures just below the melting point the oxide 
is rejected to the grain boundaries either as such or as a 
eutectic. These films of oxide or eutectic result in low- 
strength material of low ductility. On the other hand, 
copper which has been thoroughly deoxidized with silicon 
and welded with rods containing silicon does not experience 
this trouble and yields welds with superior physical prop
erties.

Even low-carbon steel has sometimes been found to contain 
an excessive amount of non-metallic inclusions, such as 
sulfides, oxides, and silicates, which a t times collect a t the 
junction of weld metal and plate, resulting in potential 
planes of weakness. A fusion test and a quick microscopic 
examination will usually locate such defective material. 
Defective steel often sparks • and boils excessively when
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melted. Fabricators have found low-carbon steel of fire
box or flange quality to  be excellent material for wadded 
construction.

Aluminum which will roll into sheets can hardly have 
any impurities th a t will be troublesome under the flame, 
and it is recognized by experienced welders th a t aluminum 
is an extremely satisfactory metal to weld. However, for 
obvious reasons one cannot expect to develop in a weld the 
strength of a cold-rolled aluminum sheet or a duralumin 
sheet in which the strength is obtained by rolling and heat 
treatm ent. Furthermore, special provisions m ust be made 
to prevent the collapse of the article while welding because 
aluminum maintains its form and color w ithout change 
until the melting point is almost reached, when it suddenly 
collapses. I t  is also wTeak when hot and it is therefore 
desirable to support it properly during welding.

C orroded  C a s t- I ro n  K e ttle  B o tto m  R ep laced

There is such a large variety of brasses and bronzes tha t 
it is difficult to name any particular composition as a type. 
As a general rule, the presence of lead is troublesome and 
causes hot shortness, bu t if its percentage is kept low the 
material will weld satisfactorily.

When welding brasses containing large percentages of 
zinc, the zinc volatilizes and comes off as a white vapor a t 
the welding temperature. Zinc fumes frequently nauseate 
welders, bu t trouble from this source can be usually avoided 
by proper ventilation. Masks can be worn, if necessary. 
Men can offset the effect of the zinc fumes by drinking 
sweet milk a t intervals, as is done in smelters.

The knowledge gained from a careful consideration of 
the various properties of a metal or alloy pften causes one 
to depart from usual welding procedures or practices. Brasses, 
when molten, dissolve readily gases w'hich are rejected 
on solidification and a t times result in a porous condition. 
Instead of the customary neutral flame, good results m ay be 
obtained by using a flame with a slight excess of oxygen. 
Probably the more rapid oxidation or combustion of the 
reducing gases tends to prevent their absorption by the 
molten metal. W ith nickel, the best results are obtained 
by using a flame with a slight excess of acetylene. A study 
of the metallurgy and metallography of nickel shows this 
to be a rational procedure.

Lead is one of the easiest metals to weld, and has been so 
joined for lining chemical equipment for fifty years or more. 
The welding of lead is commonly spoken as of “lead-burning.”

The corrosion-resisting alloys are often troublesome, 
not on account of their welding, bu t because of a changed 
condition of the m etal adjacent to the weld. This m ay be 
called a welding problem, but is just as much a problem for 
anyone who is flanging such alloys or is in any way heating 
the metal to  temperatures above the critical range. Certain 
alloys will, undoubtedly, alwrays give trouble under the

effects of high temperatures because of grain growth, which 
cannot be broken up by annealing. I t  therefore behooves 
the purchaser and fabricator ' to learn everything possible 
about the dependability of a fabricated structure rather 
than judge the suitability of a material entirely by its corro
sion resistance. If one is not familiar with the suitability 
of a material for welding, the information can usually be 
obtained either from the manufacturer of that material 
or from the service departments of the large producers of 
welding gases.

Another material used in chemical construction that must 
be handled very carefully in welding is high-silicon iron. 
This material can be and has been very successfully welded, 
but it is so hot-short th a t it is liable to fly to pieces after 
a good weld has been made and before it has completely 
cooled.

From the foregoing it is quite apparent tha t the material 
of construction m ust be carefully studied. I t  Is also evident 
tha t proper preparations m ust be made for welding each 
different metal. Aluminum, for instance, must sometimes 
be held in a jig or otherwise supported to prevent collapsing. 
High-silicon irons must be very carefully preheated and 
annealed. In  some cases the use of flux is necessary to render 
fusible the oxide formed during welding. Special materials 
in sheet form sometimes buckle and warp unless clamped 
and handled so as to take care of the expansion and con
traction properly.

W eld in g  O peration

The actual welding operation is usually a very simple one 
provided the proper precautions and preliminary steps have 
been taken. As a rule a neutral flame is used, and the 
material should be fused and built up in a single operation 
wherever possible. W ith special materials remelting is 
generally objectionable. Suitable welding rods are now 
available for steel and practically all common nonferrous 
metals and many special alloys.

C o p p er C oll C o n ta in in g  3000 F e e t o f W elded  T u b in g

As a final step a thorough test should be given all work | 
to prove tha t the joints have proper quality, particularly j 

in apparatus involving elevated pressures, combustible gases, 
poison gases, etc.

A d vantages o f W elded J o in ts
\

In  a short space it has been endeavored to show that I 
oxy-acetylene welding can be successfully applied to the [ 
m any special materials the chemical engineer has found i 
suitable for his various processes, and he should be alive t 
to the possibilities of the oxy-acetylene welding process. 
Welded joints offer many7 advantages over riveted or screwed , 
joints. They are stronger and are an insurance against 
loss of gases or liquids through leaky joints, with the elimi
nation of unsightly apparatus caused through seepage, ete.

Welded pipe lines are smooth inside, offering no obstruc
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tion to flow, and are easily insulated on the outside a t a 
minimum cost, there being no flanges to cover. The welded 
pipe line can be made in any shape to suit the engineer, 
fittings of any type and angle being easily fabricated.

construction to have a clear understanding of the possi
bilities of the process.

I t  is not surprising, too, th a t in an industrial a r t which 
has grown with such rapidity in the past few years the work-

Lastly, oxy-acetylene welded apparatus is safe. We know 
it is because welded apparatus in our own works has been 
working under 3000 pounds pressure for eight years.

It is therefore evident tha t the applications of the oxy- 
acetylene process in a modern industrial p lant are almost 
without limit for welding not only iron and steel but also 
the less common metals and alloys. All th a t is necessary 
is for the men in charge of operation, maintenance, and new

men have not been able to advance their knowledge and 
skill accordingly. To correct this situation and to instruct 
the shop foremen as well as the welders, some of the leading 
companies producing oxygen and acetylene maintain large 
forces of competent engineers and skilled welders who are 
available on request for expert advice. The calling of a 
service man may also result in accomplishing difficult re
pairs with great savings in time and cost.

S e p a ra to rs  O fte n  U sed In  O il R efin e rie s S am e  A rra n g e m e n t M ade  of W elded P ipe

Original Frederking Apparatus
By S . O. S o it

B e t h e b h e m  F o u n d r y  &  M a c h in e  C o m p a n y . B E T m .E nE M , P a .

THE object of this paper is to give a  brief description 
and present the possibilities of Original Frederking 
apparatus, also to show what factors must be studied 

to determine whether it can advantageously replace exist
ing jacketed or direct-fired equipment for any particular 
process. An actual study of any process involves operating 
and performance data, which are beyond the scope of this 
discussion.

The name “Original Frederking” is applied to all cast- 
iron vessels, of any form or size, having a series of steel- 
tubing coils cast in the walls according to methods originally 
used in Germany by the Frederking Brothers and perfected 
in 1904. In  the manufacture of this equipment attention 
must be given to coil construction, because of difficulties 
which are encountered, and the surface of the tubes m ust 
be specially treated before the assembled coils are placed in 
the mold. Foundry practice, especially methods of mold
ing and pouring m ust be carefully studied for each casting. 
For the past twenty years the chemical industry of Germany 
has been using apparatus of this construction, and it has 
been found advantageous for so many processes th a t several 
foundries have taken up its manufacture.

H ea tin g  M ed iu m

We will consider only the use of either saturated steam 
or hot water as a heating medium. The former is the more 
common heating medium, and it is essential th a t the pro
spective user bear in mind th a t the cast-iron tubes are fully 
capable of withstanding high pressures. The tubes which 
conduct the heating medium are arranged in a series of indi
vidual coils and connected in parallel to supply and discharge

headers. Experience has demonstrated th a t to give max
imum efficiency or rate of heat transfer a  coil must not 
be too long. Moreover for any given surface the transfer 
rate, under the same operating conditions, will be increased 
when there are a number of live-steam inlets distributed 
over the surface. The surface temperature of the vessel is 
practically uniform since the drop in temperature through 
each coil is comparatively low and there is a tendency to 
equalize through the cast-iron wall. The fact tha t the 
tubes are designed to withstand high pressure offers an oppor
tunity  for increasing the production from a given unit of 
apparatus, especially when the process is one of drying, 
distilling, or evaporating, which may be accelerated by the 
use of high-pressure steam, thus increasing the over-all 
temperature difference.

S tea m  H eatin g  and  C ooling O perations

In  the chemical industries many processes involve the use 
of large, jacketed, vertical stills or horizontal cylinders for 
steam pressures ranging from 100 to 200 pounds per square 
inch, and such equipment usually develops leaky joints, 
causing a loss of steam as wrell as maintenance expense in 
attem pting repairs or to give the area around the apparatus 
a more sightly appearance. These conditions are abso
lutely eliminated by the use of Original Frederking apparatus. 
Operations of such character often include cooling a t some 
stages, and this is likewise accomplished to advantage by 
the use of the cast-in coil equipment. When a mass is to  
be cooled or a reaction develops heat a t a rapid rate so 
th a t there is danger of overheating the material, Original 
Frederking apparatus proves itself very efficient, since by
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making the proper connections to the headers a quick re
versal from heating to cooling, or vice versa, may be accom
plished.

There are also special cases in which this equipment is 
very effective where cooling only Ls desired, and it may replace 
jacketed kettles. In  the latter the large area through the 
jacket permits only a very low velocity of the cooling medium 
over the surface, while in the Original Frederking construc
tion it is circulated through the tubes a t high velocity, and 
it is well known th a t velocity of flow is an im portant factor 
in determining the coefficient of heat transmission. This 
Ls also true to a certain extent if coils are inserted in a kettle.

V a c u u m  S ti l l  fo r  S te a m  H e a tin g

but for such construction it is difficult to divide the heating 
surface efficiently, and sometimes cast iron resists the corro
sive action of the material better than steel. Frequently, 
when making a  study for the application of Original Fred
erking apparatus for steam heating and cooling operations, 
other special advantages present themselves.

A pparatus Is M oisture-P roof

In the manufacture of some chemicals it is essential tha t 
all moisture due to possible steam leakage be excluded, since 
only small quantities entering the interior of the vessel will 
deteriorate the product, or even in some cases there may be 
danger of explosion. For such processes the porosity of 
jacketed cast-iron vessels will eventually prove objectionable, 
especially after even slight corrosion has attacked the layer 
in the inside surface. This condition cannot develop in an 
Original Frederking vessel and the equipment has been 
adapted for such processes.

A daptab le  to  C h anges in  Pressure

In  the ever changing demands of product or process, it 
frequently becomes desirable to use a certain heat-transfer 
apparatus for a different purpose than th a t for which it 
was originally designed. The new operation may require 
a working pressure much higher than the previous one and 
jacketed equipment m ust be redesigned or, if this is not 
possible, new equipment purchased. However, a unit of 
Original Frederking apparatus with steam as heating me
dium is adaptable to any change with respect to operating 
pressure.

H igh -T em p era  tu  re Processes

When the working temperatures are beyond the range of 
available steam, and uniformity or control of température 
is desirable, the Original Frederking apparatus connected 
to a Bethlehem hot water system meets the requirements. 
W ith this arrangement temperatures up to a t least 660° 
F. may be attained in the material or mass, with the follow
ing advantages over direct-fired equipment:

1— Uniformity of temperature over the entire interior surface 
of the vessel, and the elimination of any hot spots where mate
rial may be overheated.

2— Ease of temperature control.
3—Fire hazard eliminated when treating inflammable material 

since the furnace or heater m ay be located in a building sep
arate and apart from the vessel.

4— Increase of thermal efficiency, which assures a saving of 
fuel.

5— Arrangements for discharging the contents are usually 
greatly simplified.

6— More rapid rate of heat transfer.
7— By' using a special method of vessel construction, these 

installations may also be used for alternate heating and cooling.
8—Extremely low maintenance cost.
9— Increased life of stills or pans.

These hot water installations operate without a circu
lating pump or other mechanical device and, when properly 
adjusted, need no other attention than th a t necessary to 
the furnace or heater. Such plants have been in successful 
operation in the German chemical industry for twenty years, 
and many are being built today as new applications are 
developed. The pressure in the system is high, correspond
ing to the temperature, and this causes some prospective 
users to feel tha t the installations are impractical from the 
standpoint of explosion danger. The real danger of damage 
by explosion in any system containing hot water and steam 
under pressure is the total energy content, and this is very 
large in steam boilers, owing to  the great amount of water. 
The quantity  of water in the hot water system, when ready 
for operation, is comparatively small, and therefore no vio
lent explosion or series of explosions is possible, even if rup
ture occurs. The largest Bethlehem hot water system will 
contain, when ready 
fo r  o p e r a t io n ,  less 
th a n  225 pounds of 
water, while a 250- 
horsepower boiler will 
have from 12,000 to
20,000 pounds. The 
ratio of the amount 
of energy per pound 
of water for the hot 
water system a t its 
maximum p re ssu re , 
c o m p a re d  w ith  a 
boiler operating a t 235 
pounds p e r  s q u a re  
inch, is about 5 to 1 ; 
h e n c e  t h e  t o t a l  
e n e rg y  p re s e n t  is

S te a m -H e a te d  H o riz o n ta l  S till Arranged 
fo r  A lte rn a te  H e a tin g  a n d  Cooling

only 6 to 10 per cent, or less, of th a t in a boiler as outlined 
above.

These data show th a t it is not unusual to find systems 
with a greater am ount of stored energy than th a t of a hot 
water system. The entire system is designed with a liberal 
factor of safety, and the use of distilled water prevents in
crustation, since the same water continually circulates in 
the system. This last fact also accounts for the high effi
ciency of the system, since all the heat is expended in the 
processing vessel or by radiation, there being no other loss,
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for the reason th a t the heating medium never leaves the 
system.

With recent developments of handling gases under high 
pressure due to the development of such processes as nitrogen 
fixation, it is not considered beyond the ability of engineers

to design equipment safe for high pressure. Therefore, 
a hot water system with a reasonable factor of safety should 
not be considered so much of a hazard as a steam boiler plant 
since the total energy content of the former is much less.

A p plica tion s

Original Frederking apparatus, heated with steam or hot 
water, may be used in processes involving the manufacture 
of the following products:

Acetic acid—Vacuum distillation with steam  
Formic acid—Vacuum distillation with steam  
Salicylic acid— Vacuum distillation with steam  
Continuous sulfonation of oils— Cooling process 
Synthetic camphor— Steam heating
Dyestuffs—H ot water heating, particularly those processes 

requiring temperature control; also applications of steam heating 
Concentration of caustic lye— Vacuum evaporation with hot 

water as heating medium
Distillation of fatty acids—Vacuum distillation with hot 

water as heating medium 
Varnishes and lacquers— Hot water heating 
Hardening animal oils—H ot water heating 
Sublimation of benzoic acid— H ot water heating

This is only a partial list of European uses. Up to this 
time a limited number of applications have been attem pted 
in the United States, and in practically every instance the 
equipment has been considered successful.

The use of superheated steam as heating medium has not 
been discussed since its application is economical only under 
favorable plant conditions, but it is of interest to note tha t 
Original Frederking apparatus is so constructed th a t it pre
sents an efficient means for using superheated steam.

The methods of manufacture used for all castings produced 
by this company are protected by United States patents.

Electrical Equipment in the Chemical Industry and in 
Chemical Processes

By R . H . R ogers

G e n e r a l  E l e c t r i c  C o m p a n y ,  S c h e n e c t a d y ,  N. Y.

THE manufacture of chemicals and the utilization of 
chemicals in manufacturing present fields for special 
consideration in regard to electrical equipment. M ost 

of the motor and control applications in industry' are not 
subjected to particularly detrimental conditions and there
fore in the interests of economy are not armed against foes 
that will never be met. The nature of chemical manufac
ture and use is such th a t in many cases ordinary' electrical 
equipment might either be harmed or cause harm; hence 
we will analyze characteristic conditions and characteristic 
procedure.

The mechanical equipment involved is great in both variety 
and quantity and the majority of it requires electric motor 
drive and control which are often operated in conditions 
detrimental to  long life and successful sendee. These men
aces common to chemical production and chemical processes 
may be catalogued in general family groups:

4 —Liquids such as acidulated or alkali ■water, oils, solvents. 
These liquids m ay quickly or by  accum ulative effect over a  long 
interval spray or drip upon or in to  electrical equipm ent o r even 
flood parts or en tire  units.

B—Fumes and vapors. These m ay be of solvent nature, 
corrosive, steamy, or inflammable. They may thoroughly w et 
all parts of the electrical equipment or in the case of explosive 
vapors they may be set off by unguarded sparks or flashes from 
the equipment itself.

C—Dusts. While seemingly of benign nature, dusts under 
certain circumstances and given time can work havoc with 
electrical equipment, especially if the dust is conductive or, 
worse, magnetic, such as the impalpable dust of cast iron. Abra
sive dusts are obviously bad and explosive dusts, which are now 
believed to include almost everything metal, mineral, or organic, 
have particularly to be guarded against.

D— High temperature. So many of the unit processes involve 
heat in greater or less degree it is inevitable that attendant elec
trical apparatus will often be subjected to temperature much 
higher than the classical standard of 40° C.

The effects of these conditions and the methods of coping 
with them will be discussed in the order of this outline. It 
m ust be remembered th a t it is practically impossible to 
make apparatus “proof” against any particular condition. 
I t  can be made highly “resistant” to such a condition. The 
aim is to  prolong the life of the apparatus, by the use of 
special insulation and construction, to w hat may be con
sidered a reasonable length of life for the specific conditions.

A pparatus w here L iqu ids Are E ncoun tered

A c id s  a n d  A l k a l ie s —Where liquids arc liable to spray, 
drip, or splash directly on the motor, as is often the case with 
direct-connected pump outfits, the low-voltage, totally 
enclosed motor with special insulation is undoubtedly best, 
unless heavy fumes are also present. However, there are
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spaces between coils. Fortunately, it is also more convenient 
to add special insulation for special conditions to each in
dividual coil. For acid and alkali conditions, therefore, 
additional black-varnished cambric and black varnish are 
applied to the exposed portions of the coils, before the coils 
are put into the stator. Any acid or alkali conditions, ex
cept very mild ones, require this special insulation on the 
open-slot motors to insure reasonable length of life.

I t  is always appropriate to consider, for acid and alkali 
liquid conditions, the enclosed ventilated motors, either self 
or separately ventilated. This is especially true where motors 
with commutators or slip-rings are involved. With the 
self-ventilated type, pipes may be run to some source of 
clean air, or in some cases pipes may be omitted, the “clam 
shells” or air-intake pieces simply being turned down or 
away from the source of splashing liquid.

Totally enclosed “fan-cooled” (self-ventilated) motors 
requiring no pipes are being built for listing in popular 
sizes of direct-current machines and they are available up 
to 150 horsepower in induction-motor ratings. These motors 
have all the advantages of the regular totally enclosed motor 
but are smaller and lighter for a given rating.

I t  is of interest to note the effects of different chemicals on 
metals. In general, heavy cast-iron parts, such as are used for 
most motor frames and end-shields, and cast-iron cases which 
can be furnished for most small control devices, withstand 
acids and alkalies better than any other metal. Sheet metal 
parts and castings m ay be protected by liberal and frequent 
applications of paints, such as red lead and black varnish, 
or special p r o te c t in g  
paints.

W in d in g s  will last 
longer when frequently 
cleaned and brushed or 
sp ra y e d  w ith  black 
varnish. A w in d in g  
m ay  o f te n  be saved, 
after flooding or splash
ing with liquid, by rins
ing out with water to 
rem o v e  th e  ac id  or 
alkali liquid, then heat
ing slowly by passing 
c u r r e n t  a t  v e ry  low 
v o l ta g e  through the 
w in d in g . When the 
insulation resistance is 
brought up to a high 
value after the mois
ture is driven out, several coats of black varnish should be 
applied.

Control Apparatus. I t  is quite often easy and advisable 
to locate the control devices where they will not be subjected 
to acids and alkalies. Where such conditions cannot be 
avoided, by proper enclosures or location, special features 
can be supplied. Devices can be secured th a t are furnished 
with (a) all steel parts cadmium-plated (or double cadmium- 
plated if conditions are extreme); (6) bearings of bronze or 
brass; (c) cast-iron cases or welded steel cases with red lead 
and acid-resisting varnish treatm ent and provided with 
gasketed joints (for extreme conditions, cases may be made 
of brass); (d) exposed contacts may be protected by coat
ings of vaseline. As an alternative, oil-immersed apparatus 
may be used.

O il s —The foregoing applies somewhat to extreme oil 
conditions, although obviously the corrosive effects are not 
present. Oils are obnoxious and harmful, mainly for two 
reasons: First, black varnishes and compounds are some

W in d in g s  o f S m a ll In d u c tio n  Motor 
C o m p le te ly  S ea led  w ith  Com pound to 
E x c lu d e  M ag n e tic  a n d  Conducting 
P a r tic le s , A cid a n d  A lkali Fumes, 
W a te r , o r  S te a m

sometimes certain factors, such as space requirements, tha t 
demand the smaller frame, open or partially open types. 
Every effort should be made to protect the motor windings 
against direct contact of liquids. The larger motors can 
sometimes economically be placed a t a distance from the 
application. Often baffles or protective casings or covers 
can be provided by the user.

Special insulation is required in most cases. The black 
varnishes and black-varnished cambric used in most insu
lation processes are asphaltum-base products and are not 
affected to any extent by any acids or alkalies. These 
liquids may be considered about the same as water in their 
method of attack on windings. T hat is, if the insulation 
were in perfect condition, with the windings completely 
sealed, there would be no failures from liquids coming in

contact. B ut it is practically impossible to maintain a 
perfect seal, owing to vibration of the motor, almost im
perceptible movements of the coils, etc., and the liquid finds 
minute holes to enter and reach the copper. Creepage to 
ground and between phases leads to ultimate failure. Liquids 
th a t are strongly corrosive attack  the cotton covering of the 
wire and are often conductive, and are therefore quicker 
than water in causing shorts and grounds.

Small, partially closed-slot induction motors utilize random 
wound coils with no space between the coil end projections. 
This type of construction gives better operating character
istics in the small sizes and, more to  the point, lends itself 
admirably to the compound type of insulation, which can 
be applied to  this kind of winding more effectively than can 
any other types of insulation.

The best standard lines of induction motors utilize this 
black asphaltum compound insulation in all small and 
medium motor sizes. A new and improved method of 
applying the compound—namely, dipping the windings into 
the hot compound—has been developed and is gradually 
being adopted. Standard motors so treated may be relied 
upon to withstand unusual acid and alkali conditions, but 
where very severe conditions are to be met by open or par
tially open motors, extra precautions, such as special wedges, 
extra compound, special arrangement of the wires in the 
slots, etc., which are not warranted or necessary in the 
general run of motors, may be used.

Larger induction motors utilize open stator slots and form- 
wound molded coils. The advantages of compound insulation 
are not so great with this construction and there are some 
disadvantages, one of the  most im portant being th a t the 
compound on these motors would close the ventilating

C lass BM 5 -H o rsep o w er “ P e rm iss ib le ”  M o to r  a n d  C o n 
tro l  fo r  Use In  E x tra  H a z a rd o u s  L o c a tio n s  S u c h  a s  G aseo u s 
M ines
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what soluble in oil and where any great am ount of oil is 
present the insulation may be seriously impaired, the wind
ing becoming “oil-soaked.” The yellow or clear linseed-oil- 
base varnishes and cambrics are more resistant to  oils than 
the black asphaltum-base products and are used where oil 
is to be encountered. Often the yellow varnishes are applied 
over the black-vamish insulation for the purpose of pro
tecting the insulation underneath from oils. Secondly, oil 
on any surface catches d irt and dust, and if this happens to

A u tom atic  C o m p e n sa to r  fo r  C o n tro ll in g  200-H orscpow er 
M o to r

All parts are tightly  enclosed to prevent arcs from setting  off the 
inflammable dust.

be conductive, creepage paths are formed to ground and 
between coils, which soon may result in breakdowns.

F u m es and  Vapors

Cokrosive—The remarks concerning acids and alkalies 
in general apply where corrosive fumes are encountered. 
Windings are protected by the same compounds as are used 
for liquids. However, where heavy acid fumes are present, 
totally enclosed motors are not suitable as acid gradually 
collects inside the case due to  breathing. Enclosed motors 
with piped ventilation are indicated for such cases.

Much can be done to  improve operating conditions for 
electrical apparatus by adequate ventilating systems to 
carry' off destructive fumes.

Solvent—Solvent fumes or vapors, such as benzene, 
carbon bisulfide, etc., wall readily attack  black varnishes 
and cambrics, and therefore for such vapors coils must be 
finished with yellow-varnished cambric and yellow varnishes. 
Compound insulation is likewise protected by treatm ents of 
yellow varnish.

E xplosive—Highly inflammable liquids, vapors, and 
fumes are often present where electrical machinery is to  be 
installed. The plant layout may be such th a t the fire and 
life hazards involved by use of motors and control in the 
gaseous area are not great and standard, open squirrel-eage 
motors are considered safe enough. The gas may only in 
fare cases surround the motor and control, and the chances 
of sparks from a shorted coil or rotor nibbing on the stator 
of a well-cared-for motor are very' remote.

Where the hazards to life and property are great the 
safest installation obviously is one in which the electrical 
equipment is in a spearate well-ventilated room.

W hen conditions w arrant the placing of electrical equip
m ent in the gaseous or danger zone, the ordinary totally' 
enclosed motor should not be used. Ordinary enclosing 
features of the standard lines of motors and control of any 
manufacturer are not gas-tight, are not strong enough to 
withstand the pressures involved in an internal explosion, 
and are not constructed so th a t they will prevent the flame 
of an internal explosion from igniting the gas surrounding 
the motor or control.

The safest type of motor for use in explosive atmospheres 
is a  motor with enclosing features such as are recognized by 
the Board of Fire Underwriters and the Bureau of Mines. 
These features include:

(а) Enclosures of material strong enough to withstand pres
sures of an internal explosion. (These may easily exceed 100 
pounds per square inch.)

(б) All joints carefully machined and sufficiently wide to 
cool the outrushing flame of an internal explosion. For certain 
parts threaded joints are preferred.

Several types of motors have already been developed 
along these lines and some have been approved, after pro
longed testing, by the Bureau of Mines and the Under
writers’ Laboratories.

The Underwriters’ Laboratories’ approval of the case 
construction motors was really a blanket approval, inasmuch 
as any single-phase, polyphase, or direct-current motor up to 
a  size equivalent to the 15-horsepower, 1800-r. p. m., enclosed 
squirrel-cage induction motor can be built in the “case” 
construction shown. The safety feature of this construction 
is embodied in the design of the enclosing case. The mechan
ical features of the motor inside the case are those of the open 
motor of the standard lines.

While every' effort 
is  m a d e  to  d es ig n  
such motors for maxi
mum safety, no guar
antee can be made or 
implied th a t they will 
be “explosion-proof” 
under all conditions.
Since a manufacturer 
has no control over 
the maintenance and 
o p e r a t io n  of su ch  
equipment after it is 
sold, no such guaran
tee can be given and 
th e  te rm  “explosion- 
proof” should not be 
used.

The design of motors larger than can be made in the case 
construction are totally  enclosed fan-cooled w ith a double
shell stator frame. Cooling air passes between the inner 
and outer shells. This feature permits larger ratings than 
does the ordinary' enclosing features.

Enclosed ventilated motors m ay be used in explosive 
atmospheres with comparative safety, provided tight intake 
and exhaust pipes carrying fresh air are used and a supply of 
air is constantly maintained.

Where the hazards are not so great, open squirrel-cage 
motors may often be used. If the application requires a 
wound rotor m otor or a synchronous motor, these types can 
be made practically as safe as the squirrel-cage m otor by 
the use of enclosing features for the collector rings designed 
along the lines of Board of Fire Underwriters’ motors.
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Control devices tha t cause exposed sparking obviously can
not be used in explosive atmospheres. I t  becomes necessary 
to  (a) locate the control in  a separate well ventilated room,
(6) enclose all contact-making parts in Board of Fire Under
writers’ enclosures, or (c) immerse all contacts in oil and 
exercise great care to see th a t proper oil levels are maintained 
and th a t the oil is in proper condition. M any control 
devices of the oil immersed type have been developed.

Control apparatus for use in corrosive fumes should in 
general be built like th a t discussed in connection with acids 
and alkalies.

S t e a m —There are many applications where apparatus 
is exposed to excessive steam, frequently acidulated steam. 
Condensation on windings and metal parts results in a con
dition similar to splashing and flooding previously discussed.

C ase  of C lass BU M o to r  O p en ed  to  S how  C o n s tru c t io n
M otor has to  be provided with a longer than  standard  shaft. No 

stuffing box is used b u t the  long space abou t the shaft cools the exploded 
gas so th a t  no fire comes through.

D u sts

Certain dusts, especially grain and coal dusts, also alu
minum and bronze dusts, are easily ignited and propagate 
flame readily, requiring only a small flame for a start. Others 
require a source of heat of large size for ignition, but burn 
readily, while there are still other dusts th a t do not readily 
form clouds in air or are contaminated with incombustible 
m atter and therefore do not readily propagate flame. I t  is 
generally conceded tha t two main conditions must be present 
in order th a t dust may produce an explosion: (1) fine, dry 
dust must be in a state of suspension in an atmosphere con
taining the proper amount of oxygen; (2) a source of sufficient 
heat must be brought into contact with the dust.

Obviously, electrical apparatus must be designed so tha t 
no exposed sparking is present. Generally speaking, the 
apparatus recommended for explosive gas conditions would 
also apply here. An exception might be made in the case 
of certain magnetically operated control devices, which for 
dust conditions can be furnished with cases tight enough to 
keep out dusts.

Conducting and abrasive dusts may be quite injurious, 
especially to insulated windings, collector rings, commutators, 
and bearings. Aided by any slight vibration, these dusts, 
such as graphite, coal, coke, carbon, iron, bauxite, etc., 
rapidly work their way through most insulations and form 
creepage paths to ground and between coils, quickly result
ing in failure.

Germany’s Exports of Potash Decrease— The Department of 
Commerce announces that sales of products of the German 
Potash Syndicate in foreign countries declined during the early 
part of this year, while domestic sales increased. The de
creased demands of American fertilizer manufacturers are said 
in Germany to have been responsible for the decline in the export 
business of the syndicate.

In January' and February of this year the Potash Syndicate 
sold abroad 75,000 tons of raw kainite as compared with 80,805 
tons in the corresponding period of 1920.

Compound insulation, which covers all coil ends and 
seals the slots of small motors, will successfully resist these 
dusts. Extra tape and varnish treatm ents on larger motor 
coils are practically always required. The special purpose 
to be accomplished by special varnish treatments for dust 
conditions is to procure a smooth glossy surface with no 
breaks or rough spots for the dusts to act upon. The clear 
or yellow varnishes are best for producing such surfaces, and 
are therefore used for windings th a t will encounter dust.

Rotors of wound rotor machines can be given extra dip
pings in varnish, the spaces between bars can be filled with 
compound, and connections can be covered with caps, to 
prevent dusts causing short circuits in the rotor windings. 
Often the slip rings of wround-rotor induction motors or 
synchronous motors can be enclosed, further adding to the 
resistance to dust conditions. For very severe conditions, 
however, motors other than the squirrel-cage induction 
motor must usually be either totally enclosed, enclosed- 
ventilated, or placed in a separate room. I t  may even prove 
economical from the maintenance standpoint to enclose the 
squirrel-cage motors, too, rather than to dismantle them 
frequently to dig out the dust th a t has collected between and 
around the coils. Some dusts are so abrasive that the in
sulation rapidly woars away due to the rubbing of the dust 
particles as they are carried through the motor by the normal 
ventilation. In  such cases enclosed motors are preferable.

The motor bearings on all new sleeve bearing type motors 
are tightly housed and have plenty of oil to last for months 
without attention. Under good operating conditions, after 
properly oiling such motors, making sure that all plugs are 
in tightly, there should be no need to refill the oil wells for 
several months. More harm is usually done by too frequent 
inspection and oiling in dusty conditions.

Standard control devices mounted in cast-iron or welded- 
steel cases w ith dust-tight joints will successfully withstand 
abrasive or conductive dust conditions.

H igh A m b ien t T em peratu res

Electrical apparatus is occasionally required to operate I 
in am bient temperatures greater than 40° C. For this con- i 
dition motor windings are usually insulated with Class B 
(A. I. E. E. Standards) insulation, which consists of asbestos, 
mica, and like materials. Motors can be built to operate at 
temperatures as high as the oil in the bearing housings can 
withstand.

Standard control devices can usually be used in high 
temperatures by using resistance in series with voltage coils 
and by derating the current-carrying parts.

C on clusion

From this outline of hazards and safeguards it becomes 
clear tha t a t least an appreciable portion of electrical equip- / 
ment intended to drive chemical equipment must be care- j 
fully scrutinized. This should be done for two purposes— 
to keep unsuitable equipment out of hazardous locations, i 
and to insure the use of proper equipment where the hazards 
cannot be abated or avoided.

Italy Permits Free Entry of Perfume Ingredients—Informa; 
tion has been received from the American Commercial A ttache , 
at Rome that benzaldehyde and benzyl chloride when imported i 
for the manufacture of synthetic perfumes are exempt from f 
Italian duty. American manufacturers of synthetic organic j 
chemicals should not hesitate to make use of this cabled informa- j 
tion, especially as American coal-tar dyes are competing in lhe 1 
world’s market successfully. Our exports of coal-tar product« , 
grouped as "Other Intermediates” in 1924 were 1,557,42! ; 
pounds, and in 1925, 1,727,467 pounds.
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Chemical W arfare Service Boll W eevil Investigation1
Progress Report

By H. W. W alker and  J. E. M ills

C h e m ic a l  D iv is io n , C h e m ic a l  W a r f a r e  S e r v ic e , E d g e w o o d  A r s e n a l , M d .*

OVER one thousand possible poisons and poisonous 
mixtures have been tested against the cotton boll 
weevil for their relative toxicity.3 Calcium arsenate- 

was used as a standard, and controls using unpoisoned 
cotton were run in all cases. The materials were first run 
both as dusts and molasses mixtures in preliminary tumbler 
tests. Those materials showing any definite toxicity were 
re-run several times in tumbler tests, and if they continued 
to compare favorably with calcium arsenate were re-run in 
cage tests in the field. Observations were made during these 
tumbler and cage tests as to the nature and extent of injury 
to the cotton plant, as well as the daily and total weevil 
mortality. Also, plant toxicity tests were run on field cotton 
and the injury carefully noted. Over 150,000 boll weevils 
have been used in this work.

The following substances showed in tumbler tests a toxicity 
about equal to, or greater than, calcium arsenate:

(a) Compounds showing weevil toxicity about equal to, or 
greater than, calcium arsenate and causing little or no plant 
injury:
Sodium fluosilicatc 
Barium fluosilicatc
Special calcium arsenate (containing

about 24 per cent AsjOs)
Barium fluoride 
Cryolite
Potassium fluosilicate 
Sodium ferrofluoride 
Barium arseuatc 
Magnesium ursenate 
Zinc arsenate 
Lead arsenate

(b) Compounds showing weevil toxicity about equal to, or 
greater than, calcium arsenate but causing definite plant injury:

Zinc arsenite 
Calcium m ethyl arson ate 
Barium  m ethyl orsonate 
Dead m ethyl arsonate 
M agnesium m ethyl arsonate 
Calcium ethyl arsonate 
Calcium phenyl arsonate 
Lead benzyl arsonate 
M agnesium phenyl arsonate 
Lead fluoride 
Barium fluochloride

Arsenic trioxidc 
Arsenic pentoxide 
Arsenic trisulfide 
Arsenic pcntasulflde 
London purple 
Paris green 
Copper arsenate 
Ferric arsenate 
Mercuric arsenate 
Sodium arsenate 
Calcium arsenite 
Copper arsenite 
Ferric arsenite 
Lead arsenite
Magnesium arsenite (AsOi) 
Magnesium arsenite (AsOj) 
Mercuric arsenite 
Sodium arsenite 
Chlorovinyl arsenious oxide 
Methyl arsenious oxide

Phenyl arsenious oxide 
Diphenyl arsenious sulfide 
M ethyl arsenious sulfide 
Trim ethyl arsine sulfide 
Sodium m ethyl arsonate 
Copper fluoride 
Sodium fluoride 
Strontium  fluoride 
Calcium cyanide 
M ercuric cyanide 
Sodium cyanide 
Barium salicylate 
M agnesium salicylate 
Barium  benzoate 
Calcium benzoate 
Lead te traethyl 
P-Dichlorobenzene 
Triclilorophcnol 
M ethylene blue 
M alachite green

Of these substances, those mentioned in the first list 
showed little or no p lant toxicity. The more soluble poisons 
shown in the second list were invariably toxic to the cotton 
plant. The arsonates of calcium, magnesium, barium, and 
lead showed little or no plant toxicity when properly prepared 
and purified, but it is not probable th a t these materials could

1 Received March’ 28, 1927. Published by permission of the Chief, 
Chemical Warfare Service.

1 The following men were uctively engaged in carrying out the experi
mental work in the field: H . W. W alker, H . S. M cQuaid, G. A. Sachs, B 
Oehauf, J. G. H artne tt, D. Ehrenfcld, L. A. Forrest, W . A. Shands, R. G. 
Pridmore, J, F. Touchstone, and V. I. Greer. In  addition F . M. Pralatowski, 
R- D. Kulp, and T. F . M cCabe were employed a t  Fdgewood Arsenal, be
sides which the personnel of the Analytical, Engineering, and Organic De
partments of the Chemical Division, Chemical W arfare Service, assisted a t 
various times.

1 A complete report of the Chemical W arfare Service Boll Weevil 
Investigation will be published a t a la ter date.

be prepared commercially to compete with calcium arsenate 
a t this time or in the near future.

When questions of cost and effectiveness were considered, 
only the first five substances on the list seemed to offer com
mercial possibilities a t the present time. These substances 
were therefore thoroughly tested in cage tests.

Extensive experiments were carried out with some of the 
more soluble poisons, such as arsenic trioxide adsorbed on vari
ous absorbents. Coal dust proved to be the best absorbent 
tried, and even as low as one per cent of arsenic trioxide ad
sorbed on coal dust gave a very definite toxicity to the weevil 
and was not toxic to the cotton plant. None of the soluble 
poisons thus tried was, however, so effective as calcium ar
senate when percentages were used th a t did not injure the 
plant. I t  is possible tha t such adsorbed soluble poisons might 
find a use against certain leaf-feeding insects.

Some compounds, such as diphenylamine arsenious oxide, 
of knowm high toxicity, when tried as dusts against the boll 
weevil, showed almost no effect. I t  is thought th a t such 
materials are insoluble in the digestive juices of the weevil.

The materials or mixtures tested were made a t Edgewood 
Arsenal or were secured from stock or from commercial 
sources. All dusts were ground to minus 200 mesh.

C otton

The cotton used for tumbler, cage, and field tests during 
1924 and 1925 was on the grounds of the Georgia Experiment 
Station or in the immediate vicinity. There was never 
sufficient infestation of the cotton set aside for field tests 
in 1925 to cause economic damage, owing to the extremely 
hot, dry weather tha t season. Greenhouse cotton was 
available a t the Georgia Experiment Station during both 
these years, enabling tests to continue late into the fall as 
long as the supply of storage weevils held out. The cotton 
used a t Clemson College during 1924 was on the college 
grounds.

Examination of over 0000 acres of cotton in widely varying 
parts of Georgia during 1926 showed a to tal average infesta
tion of less than 0.5 per cent, and consequently the field 
tests planned for Georgia had to be transferred to Florida.

The cotton used in the cage tests and for breeding weevils 
in Florida was on the college campus a t Gainesville and in 
the State Plant Board field there. The cotton used in the 
large-eage tests was tha t from the regular planting and at 
the time these cage tests were initiated (August 16, 1926) 
this cotton was between 3 and 4 feet high. The large cages 
were 4 feet square by 4 feet high. The cotton used in the 
small-eage tests was late cotton and averaged between 1 
and 2 feet high when used for test. The small cages were 
about 2 feet square by 3 feet high, and it is believed tha t 
these tests were more representative than those with the 
large cages.

The cotton used for the 1926 field tests in Florida had an 
average infestation of 40.8 per cent when poisoning was 
started. This cotton was by no means ideal for these teste, 
the stand being very irregular and the cotton in general poor, 
but it did have weevil infestation.

Cotton grown in the greenhouse a t Edgewood Arsenal has
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TABLE 1 -  TOXICITY OF CEHTAIH COMPOUNDS COMPARED ViITH CAICItK ARGEi.ATE -  CAC-E TESTS 1926.

Conroound. T ested ¡No. of; 
¡Cages*:

Grans 
P o iso n  
p e r  Cage

¡Apparent 
: D en sity  
:Poison

¡T otal ; 
¡No. o f  : 
¡'.Yeevils:

D a ily  M o rta lity P e r
c e n t
Dead

¡P e rc e n t i-iolc.- 
: t i v e  T o x ic i ty

1 CaAs ; 14 L : 2 .5 8 ; 425 : 10; 48: 65: 63: 30: 4 8 .5  ;
Na2SiF6 -  P • 12 L : 5 .6 7 : : 364 : 63; 63: 58: 41: 37: 7 2 .0  : 148.5
CaAs : 26 S : 1 .3 9 : 1 .0 0 : 384 : 17: 52: 60; 46: 60: 6 1 .2  :
Na2SiF fi -  P : 21 S : 3 .Ob : 2 .8 0 : 284 : 52; 63: 34: 17; 42; 8 8 .4  : 144.5

2 CaAs ; 11 L : 2 .65 ; : 331 : 10; 26: 43; 32: 22: 4 0 .4  ;
Na2S iF fi -  Vi : 10 L : 6 .6 5 : : 297 : 28: 59: 36; 27: 33: 6 1 .6  : 152.5
CaAs : ¡50 S : 1 .5 0 ; : 436 : 10: 54: 64; 52; 69; 5 6 .9  :
N ajjS iïf -  Yf : 24 S : 2 .8 6 : 1 .87 : 355 : 71: 76: 46; 2 4 : '6 0 :  7 8 .0  : 157.1

3 Cails : 2 L : ' 2 .Ï5 ' • • 56 : 4 :  8: 14: 10: x ; 6 4 .2  :
NapSiFfi -  JL : 2 L : 4 .6 5 : : 55 :' 2: 14; 11: 4: x : 5 6 .4  : 8 7 .8
CaAs : 16 8 : 1 .29 : : 266 : 13: 44; 49: 39; 34: 6 7 .3  :
Na2SiF6 -  JL : 15 S : 2 .26 : 2 .2 8 : 222 : 55; 53; 21; 19: 24: 77v5": 115 .1
CaAs : 5 S : 1 .1 4 : 76 : 8: 13; 19: 6; 5: 6 7 .1  :
Ma2SiFs -  JEL : 4 s : 1.75 1 .67 : 48 : 11: 8: 9: 3: 2: 5 8 .8  : 102 .5

5 CaAs ; 19 L : 3 .0 5 ; : 551“ : 18: 79; 85: 82: 4 0 : 5 5 .1  :
Na2SiF6 -  EA : 26 L : 3 .2 6 : : 840 : 67 :134:112; 99; 59; 56 .1  : 101 ,8
CaAs ; 22 s : 1 .3 3 : : 323 : 17: 46: 55: 46: 65: 34 .1  :
Na2SiF6 -  EA : 36 s : 1 .1 7 : 0 .9 : 525 :117:114; 83: 39; 60: 7 8 .7  ; 122.C

6 CaAs : 12 L : 2 .32 : : 342 : 10: bO: oS: 42; co: 5 0 .b ;
BaSiFfi -  G : 11 L : 8 .0 8 : : 329 : 24; 48: 62; 27; 35: 5 9 .6  : 118 .5
CaAs : 26 8 : 1 .3 9 : : o84 : Ï 7 : 52; 60: 46: SO; 61..2 :
BaSiFfi — G : 22 S : 3 .2 9 : 2 .65 : 319 : 76: 57: 39: 30: 47: 7 8 .1  : 127 .5

7 CaA3 ; 25 L : • 2 .64 ; : 679 : 20; 92:100: 98: 64; 5 o . l  :
BaSiFfi -  EA : 23 L : 5 .71 : : 675 : 62: 79: 74; 58; 54: 4 6 .5  : 8 4 .5
CaAs : 22 S : 1 .3 3 : ; ~5ZS~ : 17: 46: 55: 46: 43: 6 4 .1  :
BaSiFfi -  EA : 21 S : 1 .91 : 1 .4 0 : 291 : 55: 78: 49: 25; 28: 8 0 .7  : 12 5 .6

8 CaAs • 18 L : 2 .8 6 ; ■ 537 : 13: 73: 95: 80: 59: 5 9 .8  :
CaAs -  EA-1 : 18 L : 3 .43 : : 518 : 15; 38: 81: 75: 65: 5 1 .0  : 8 5 .3
CaAs : 20 8 : “ O S : 421 : 18: 60: 67: 57: 55; 6 1 .0  :
CaAs -  EA-X : 27 S : 1 .6 1 : 1 .2 5 : 381 : 25; 57: 60: -58: 63: 6 9 .1  : 113 .2

9 CaAs ; 17 L ; 2 .9 6 ; . 508 : 12: 72: 90: 78: 50: 5 9 .4  : 5 9 .6
CaAs -  EA-2 : 17 L ! 3 .1 0 : : 493 : 13: 40: 37: 48: 36; 3 5 .4  :
CaAs : IV 8 : 1 .2 5 : t 256 : 14; 36; 41; 39: SO: 6 4 .6  : '
CaAs -  EA-2 : 16 S : 1 .2 9 : : 0.86 : 239 : 8; 24: 19; 22: 43: 4 8 .5  : 7 5 .8

The c o n tr o l n o r t a l i t y  (w e ev ils  on unpoisoned c o tto n )  in  th e so  t e s t s  was l e s s  than 10,/!- 
in  a l l  c a s e s .

* L = la rg e  c a g e s , S -  s n a i l  c a g e s .
Compounds Tested

1. N&SiF«— P : Sodium fluosilicatc, pure, over 98 per cent NaiSiF«
2. NaiSiF«—W : Sodium fluosilicate, W iarda, about 94 per cent XaiSjFs
3. NaiSiF«—JL : Sodium fluosilicatc. Jungm ann, "L ig h t”— about 78 per cent NaiSiF«
4 . NaiSiF«— JE L : Sodium fluosilicate. Jungm ann, “E x tra  L ight"— about 60 per cent NaiSiF«
5. NaiSiF«— EA: Sodium fluosilicate, Edgewood Arsenal, about SO per cent NaiSiF«
6. BaSiFff— G: Barium  fluosilicate, Grasselli, over 98 per cent B aSiF.
7. BaSiF«— EA: Barium  fluosilicate, Edgewood Arsenal, abou t 90 per cent BaSiF*
8. CaAs— EA -1: Calcium arsenate, Edgewood Arsenal, about 24 per cent AsiOi
9. CaAs— EA-2: Calcium arsenate, Edgewood Arsenal, abou t 10 per cent AsiOi

been available for preliminary plant toxicity tests for the 
past two years.

B oll W eevils

The weevils used during 1924 were field weevils obtained 
in the immediate vicinity of the Georgia Experiment Station. 
The average m ortality of the controls (weevils on unpoisoned 
cotton) and blanks (no poison and no food) in all these tests 
was 6.4 and 8.0 per cent, respectively. This work did not start 
until August, 1924, and weather conditions were not unduly 
severe.

Seventeen thousand weevils were put in cold storage a t the 
Georgia Experiment S tation during September and used as 
needed, thus enabling the work to  continue until December 
15, 1924. Of these, 31.8 per cent were alive and sufficiently 
active for use. Of these weevils, 13,000 were field weevils, 
and 4000 were obtained from nearby cotton gins. I t  is 
worthy of notice th a t only 12.5 per cent of the gin weevils 
were aVaflablfe'when needed, as against 40.6 per cent of the

field weevils. This m ay have been due to  the rough usage 
which the weevils received during the ginning of the cotton, 
or i t  may have been due to the fact th a t they were deprived 
of food for several days prior to their enforced hibernation. 
The per cent m ortality of th e  controls in  the case of gin 
weevils used in tests was not noticeably greater than in the 
case of field weevils.

Those weevils used in the work a t Clemson College were 
field weevils obtained in th a t immediate vicinity. There, 
also, the control m ortality was negligible.

In  order to obtain an early supply during 1925, weevils 
were bred from infested squares at Gainesville, Fla., and 
shipped as needed to  Experiment, Ga. Over 95,000 in
fested squares -were used in this work, and the total number 
of weevils so obtained was over 37,000 #r 3 9 .2  per cent. 
This work has been completely described elsewhere/ In 
addition to  these weevils bred from infested squares, about
100,000 were obtained from the field later in th e  season.1

< Gehaur, J . Econ. Enlomol., 19, 593 (1926).
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On account of the extremely hot, dry weather throughout 
the Piedmont Section during the 1925 season, the mortality 
among the controls in some tumbler and cage tests was 
extremely high, and many tests had to be thrown out on this 
account. This does not apply to the cage tests run a t Gaines
ville, Fla., during this season.

C a lc iu m  A rsenate

Most of the calcium arsenate used in the check tests for 
1924 and 1925 was obtained through the Georgia Experiment 
Station and was the standard material approved by the State 
of Georgia, which undertook the distribution of large quan
tities to the cotton planters throughout the state.

This material contained 0.40 per cent soluble arsenic as 
AsA, 41.52 per cent total arsenic as As-Os, and 32.5 per cent 
calcium, and had an apparent density compared to- water 
of 0.35.

The dusting properties of this calcium arsenate were 
very good. Comparisons of various standard brands— 
including Corona, Niagara Sprayer, and Grasselli—gave 
remarkably uniform results.

For the 1926 work Niagara Sprayer and Grasselli calcium 
arsenates, which met all the requirements of the U. S. De
partment of Agriculture, were used. Some of these samples 
had a higher content of water-soluble arsenic (As20 5 =  0.68 
per cent) than the Georgia material, but this seemed to make 
no appreciable difference in the toxicity. Our interpretation 
of the reason for this will be discussed later.

S o d iu m  F lu o silica te

Commercial fluosilicate analyzing about 95 per cent, or 
over, Na;SiF6 showed a distinctly higher weevil toxicity than 
calcium arsenate. This material also showed some plant 
toxicity, but not enough to prevent its possible use as a field 
poison. Marcovitch,5 about the same time th a t these first 
tests were run and entirely independently of this investiga
tion, showed tha t the fluosilicates were extremely effective 
against the Mexican bean beetle. He also did some pre
liminary work on their effect against the boll weevil. How
ever, the density of commercial brands is such as to  require 
3.9 pounds to cover the same area 1 pound of calcium arsenate 
will cover, and although there are so-called “ light” and “extra 
light” brands on the market, their respective densities are 
still above tha t of calcium arsenate, and the total percentage 
of sodium fluosilicate is about 78 per cent in the case of the 
“light” and about 60 per cent in the case of the “extra light.” 
Our comparative toxicity results w ith these materials indicate 
that while the “light” sodium fluosilicate appears to be a t 
least as toxic to the weevil as calcium arsenate, the “extra 
light" is somewhat less toxic than calcium arsenate. Both 
these materials are less toxic to  the p lant than the ordinary 
sodium fluosilicates, and it is believed th a t either of them 
can be used on field cotton w ithout any economic damage. 
It would seem th a t sodium fluosilicate should contain at 
least 75 to 80 per cent Na-SiFa to retain its comparative 
effectiveness.

Commercial sodium fluosilicate is manufactured by adding 
fluosilicic acid to a solution of sodium chloride. A consider
able quantity of the fluosilicic acid of commerce is obtained 
as a by-product from the phosphate industry. Ordinary 
phosphate rock generally contains, in addition to phosphate, 
some fluorspar (CaF2) and silica (Si02). When sulfuric acid 
reacts on these substances, silicon tetrafluoride (SiF<) is 
formed.

HjSO, +  CaF, =  2 H F +  CaSO<
4 H F  +  S i0 2 =  SiF, +  2H 20  

Commercial fluosilicic acid is obtained by reaction of the 
silicon tetrafluoride fumes with water.

* University of Tennessee, Agr. Expt. S ta ., Bull. 131 .

3SiF4 +  2H20  *» 2HjSiFt +  Si02 
I t  was found tha t if, instead of water, a solution of sodium 
carbonate were used, a gel was obtained which on subsequent 
drying produced a light sodium fluosilicate containing about 
SO per cent Na-SiFs.6

3 SiF4 +  2Na2COj = 2 Na2SiF„ +  Si02 +  2C02
One sample batch analyzed 79.5 per cent Na2SiF6, 0.74 

per cent NaF, 19.61 per cent S i02, and 0.15 per cent H20 , 
and had an apparent density (II20  =  1) of 0.26.

I t  was found tha t a  composition having practically the 
same physical characteristics could be made by treating a 
mixture of sodium silicate and sodium carbonate with aqueous 
fluosilicic acid (35 per cent H2SiF6). The product made in 
this way had an apparent specific gravity of from 0.30 to 
0.36, and contained about 20 per cent S i02. There was no 
difference in the weevil toxicities of the materials, whether 
made from SiF4 or ILSiF«, provided they had the same 
content of N aA Fs.

About 100 pounds of this material were made and used in 
cage and field plot tests during 1926.

B arium  F lu o silica te

The commercial fluosilicate used was purchased from the 
Grasselli Chemical Company, and had a relative apparent 
density compared to calcium arsenate of about 2.65. I t  
showed practically no plant toxicity, and analyzed about 
98 per cent BaSiFo.

A light barium fluosilicate was prepared a t Edgewood Ar
senal in the same manner as the light sodium fluosilicate by 
passing silicon fluoride into a barium hydroxide solution and 
drying the gel thus formed.

Some of the batches made on a small laboratory scale had 
an apparent density as low as 0.8 (calcium arsenate =  1), 
but the material prepared for field work averaged about 1.40 
and analyzed about 88 per cent BaSiFe, 0.5 per cent BaF2, 
10 to 11 per cent Si02, and less than 0.1 per cent H 20 . There 
is no doubt tha t this material could be prepared commercially 
with as low a density as calcium arsenate.

C alc iu m  A rsenate  C o n ta in in g  L ess th a n  40 Per C en t A s20 4

Different mixtures and combinations of lime, limestone, 
or precipitated chalk with arsenic trioxide or arsenic pentoxide 
were investigated in 1924 regarding their respective toxicities 
against the boll weevil and also the cotton plant. Varying 
percentages of the arsenious and arsenic oxides were used 
and different methods of effecting the combination were 
tried. From the data obtained in these tests it was indicated 
tha t considerably less arsenic than th a t contained in com
mercial calcium arsenate (commercial calcium arsenate con
tains a t  least 40 per cent As20 5) was equally as effective as 
the commercial calcium arsenate if properly prepared, and 
did not injure the plant. I t  was also suspected that, under 
the proper conditions, arsenic trioxide could be combined 
with lime or precipitated chalk in any desired proportions, 
and a t the same time the arsenic could be converted to the 
pentavalent state without the use of any oxidizing agent 
other than air or oxygen. Since this work was initiated, 
several patents7 have issued on the conversion of arsenic 
trioxide and lime to calcium arsenate, bu t so far as is known 
no use has been made of calcium carbonate. While an excess 
of lime tends to form basic calcium arsenates which are less 
soluble in the weevil’s digestive trac t and therefore less toxic 
than normal calcium arsenate [Caj(As04)2], this difficulty 
may be overcome by using precipitated chalk or limestone, 
leaving the excess calcium in the more inert form of calcium

• Gehauf and W alker, U. S. P a ten t 1,017,708 (February 15, 1927).
1 U. S. Patents, Lloyd and Kennedy, 1,517,510 (December 2, 1924); 

Cullen, 1,532,577 (April 7, 1925); Taylor, 1,012,233 (December 28, 1926).
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carbonate. I t  was the attem pt of our experiments to produce 
particles of calcium arsenate dust containing an excess of 
calcium carbonate, most of this excess constituting the cores 
of the particles while the outer surfaces approached the 
formula Caj(AsO,i)2.

After considerable experimental work it was found tha t 
mixtures of precipitated chalk and white arsenic in any de
sired percentage could be combined to form calcium arsenate 
by heating in the presence of excess air a t 650° C. The 
complete data on these experiments will be published in the 
near future. Almost complete conversion of the arsenic to 
the pentavalent state is obtained and the loss of arsenic is 
about 20 per cent of the original arsenic. Practically no 
lime is formed a t this temperature for the length of time re
quired to  convert the arsenic to the pentavalent state (15 
minutes to 1 hour). The arsenic lost could be recovered on 
a commercial scale.

The following is a typical laboratory run for approximately 
20 per cent As20 5 calcium arsenate:

Original m ixture {
Tem perature 650° C.
Time heated 1 hour
T rivalen t arsenic as AsiOj 0 . 16 per cent
Total arsenic as AsiOs 24.9  per cent
Total loss of arsenic (on original As) as AsiOs 7 .2  per cent

W ith the cooperation of the Mechanical Division, Edge- 
wood Arsenal, about 500 pounds of this material were pre
pared on a semiplant scale in batches of about 50 pounds 
each. The average analysis for this material was as follows:

M oisture
D ensity (calcium arsenate “  1) 
T rivalent arsenic as A s j O j  
Total arsenic as As*0* 
W ater-soluble arsenic as AstO*

0 .23 per cent 
1.25
0 .20  per cent 

24.25 per cent 
0 .68  per cent

This product was used in cage tests and field plot tests for 
1926.

In  the same manner about 300 pounds of material contain
ing about 10 per cent As2Os were prepared. As shown by 
the accompanying toxicity results, it is indicated th a t this 
product, while possessing definite weevil toxicity, is not so 
effective as calcium arsenate. The average analysis of this 
material was as follows:

M oisture
D ensity (calcium arsenate ■» 1) 
Total arsenic as AsiOa 
T rivalent arsenic as AsiOi 
W ater-soluble arsenic as AsiOs

0 .09  per cent 
0.864
9 .97  per cent 
0 .1 8  per cent 
0 .24  per cent

C ryolite

Commercial cryolite was about as toxic against the boll 
weevil as calcium arsenate and also was practically non
toxic to the plant, but its apparent specific gravity is about
1.13 (H20  =  1) and it requires approximately 3.34 pounds to 
cover the same area as one pound of calcium arsenate. The 
material used in these tests was the natural cryolite purchased 
from the Pennsylvania Salt Manufacturing Company. On 
account of the relatively high density of cryolite, its expense 
per unit of area dusted is considerably higher than tha t of 
calcium arsenate, and as no economical way of lightening 
it was apparent, it was abandoned for large-scale field tests. 
I t  is understood tha t the value of this material is about 3.5 
cents per pound (the selling price is about 7 cents per pound)8 
and should the price of calcium arsenate be increased for 
any reason, or should cryolite be obtainable as a by-product 
from some industry in a  considerably lighter form, it offers a 
possible substitute for calcium arsenate.

B a r i u m  F lu o r id e

Barium fluoride, while proving definitely toxic to the weevil 
and non-toxic to the cotton plant, did not seem to be quite

• Davis, Bur. M ines, M ineral Resources 1925, Vol. I I ,  P t. 2, p. 7.

so toxic to the weevil in cage tests as calcium arsenate. It is 
open to  the same objections regarding its comparative cover
ing power as cryolite and the commercial fluosilicates. The 
relative apparent density to calcium arsenate is about 2,73, 
As no economical method of lightening this material was ap
parent, it was abandoned for large-scale field tests, although 
it is a possible substitute for calcium arsenate should a cheap 
method of making a lighter barium fluoride be found, or 
should the price of calcium arsenate increase sufficiently 
to w arrant its use. I t  is possible th a t a mixture of barium 
fluoride and colloidal silica could be obtained which would 
have the desired characteristics, bu t in view of the relative 
toxicities of barium fluoride and barium fluosilicatc, such 
a mixture would probably have no advantage over the light 
barium fluosilicatc.

U se o f S o lu b le  P o iso n s on  A b sorb en ts as Dusts

Relatively small percentages of thirteen soluble poisons 
were absorbed on twenty-eight different cheap vehicles and 
the various mixtures tested for both weevil and plant toxicity.

The absorbents alone, w ithout the addition of soluble 
poisons, were non-toxic to the cotton plant in all cases, and 
none of them showed any appreciable weevil toxicity with 
the exception of barium carbonate.

Of the soluble toxics, when impregnated on absorbents, 
only the following showed any appreciable weevil toxicity 
in the maximum percentages used: arsenic trioxide, arsenic 
pentoxide, sodium arsenate, sodium arsenite, methyl arscn- 
ious oxide, chlorinated oil, and lead tetraethyl.

Lead tetraethyl showed definite weevil toxicity on silica- 
gel, but veryr low’ toxicity on coal dust. I t  V’as also definitely 
toxic to the cotton plant, and because of the extremely in
sidious nature of lead tetraethyl and the consequent danger 
to personnel, there does not seem much hope of making 
practical use of it as a boll w’eevil poison.

Chlorinated oil3 v’as the only other absorbed poison, notan 
arsenical, which showed some definite toxicity to the weevil, 
although it vras not so effective as calcium arsenate. The 
material did not injure the plant. Not much more than 
3 per cent may be used on absorbents as larger amounts tend 
to make the material gummy and sticky, and detract from 
its dusting properties. Additional experiments with this 
material are worth while.

Of all the various inert absorbents for soluble poisons, 
finely powdered coal dust seemed to  possess the most desir
able features, including good adherence to the plant, even 
when the plant was dry, and also adherence to  the weevil. 
In other v’ords, the coal dust stuck well to  the plant and yet 
v'as readily picked up by the W’eevil when it came in contact 
with the dust. Coal dust also dusted readily and gave good 
dust clouds from the present-type dusting machines. Hard- 
coal dust seemed to dust slightly better than soft-coal dust. 
Coal dust, when impregnated with various poisons, seemed to 
prevent plant injury to a greater extent than any of the other 
vehicles except activated charcoal and wood charcoal, 
both of which are much more expensive than the coal dust. 
Also, coal dust so impregnated with a soluble poison seemed 
to be able to release the toxic fairly readily when taken inter
nally by the weevil.

Trivalent arsenic on coal dust proved definitely more toxic 
than the pentavalent. The limit of arsenic trioxide from 
the standpoint of plant toxicity was about 1 per cent, which 
mixture, v’hile proving definitely toxic to the weevil, wTas not 
so toxic as calcium arsenate. When about 3 per cent of 
some inhibiting agent, such as olive oil, cottonseed oil, etc., 
was added to the coal dust, 2 per cent arsenic trioxide was 
used without much plant injury, bu t the w’eevil toxicity was

* M cQuaid and M itchell, U. S. P a ten t 1,492,391 (April 29, 1924).
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still lower than with calcium arsenate. The difference in 
the degree of toxicity was more marked in the case of field 
cage tests than in tumbler tests. Methyl arsenious oxide 
was certainly no more toxic in the same percentages than 
arsenic trioxide, which seems contrary to our general ideas 
concerning the relative toxicity of organic and inorganic 
arsenicals, the more so when we consider th a t the methyl 
arsenious oxide is relatively soluble in water. However, 
the methyl arsenious oxide was more injurious to the cotton 
plant than the same percentages of arsenic trioxide.

In cage tests, 4 per cent of arsenic trioxide on coal dust 
without any inhibiting oil, killed the plant in from 3 to 5 days, 
and showed only from 40 to 50 per cent of the weevil toxicity 
of calcium arsenate.

D iscu ssion  of Use o f P o ison s as D u sts

How a  B o l l  W e e v i l  Is  P o i s o n e d —In 1924 it was sus
pected that the weevil did not obtain the bulk of its poison 
through feeding or drinking the poisoned dew, but by more or 
less accidentally picking up the particles of dust on its 
moist snout and subsequently ingesting the same. The 
fact that this occurs was proved experimentally by allowing 
weevils to remain on filter paper dusted with calcium arsenate 
and comparing the m ortality with tha t of weevils allowed to 
feed on cotton dusted with calcium arsenate. A control 
consisting of weevils on undusted filter paper was run. 
The mortalities of the two dust tests were very nearly equal. 
E. F. Grossman independently proved tha t weevils were 
poisoned after walking across a glass plate dusted with cal
cium arsenate. There is no doubt tha t the weevil is also 
poisoned to some extent by drinking poisoned dew.

D u s t in g  P r o p e r t i e s —This more or less accidental 
poisoning of the weevil emphasizes the importance of uni
form surface distribution of the dust and also limits the 
stickiness of the dust, as it must not stick so tightly to the 
plant that it cannot be readily picked up by the weevil. 
Most commercial calcium arsenates seem to possess this nice 
adjustment to a very marked degree. A t the present time 
the light fluosilicates, as made a t Edgewood Arsenal, do not 
adhere to the plant so well as calcium arsenate, but they are 
much more free-flowing and dust better than calcium arsenate, 
and there is no question but tha t their sticking properties, 
so far as the cotton plant is concerned, can be increased to 
the desired point by the addition, during their preparation, 
of small amounts of adhesives, such as casein, agar-agar, 
glue, etc. The specially prepared calcium arsenates contain
ing less than 40 per cent arsenic as As20 2 can be made so as to 
possess essentially the same physical characteristics as com
mercial calcium arsenate. I t  must be remembered th a t the 
preparation of the light fluosilicates on a semiplant scale was 
a rush job and, consequently, all the minor refinements 
could not be used as these materials were needed in the field 
immediately. On a laboratory scale, batches of these mate
rials were repeatedly made which always had a lower apparent 
density than calcium arsenate and which showed no plant 
injury at all to greenhouse cotton. Some of the minor in
jury shown in the cage tests was probably due to small 
amounts of free hydrofluoric acid remaining in the powdered 
material.

The difference in the relative toxicities of the materials 
in the large and the small-cage tests was probably due to the 
better adherence of the calcium arsenate in the largo cages. 
1 he amount of the other materials which actually stayed on 
the plant could be much better controlled in the small cages. 
Ihe increased effectiveness of all poisons in the smaller cages 
was due to the fact th a t the plant occupied more of the 
space in the cage and there were fewer weevils on the sides 
of the cages and a greater percentage on the plant. For 
this reason it is believed the small-cage tests are a fairer

approximation of field conditions than the largc-cage tests, 
although it is also believed tha t the mortality of all poisons 
on a field scale would be greater than in cage tests as the 
weevils would have to be on the dusted cotton plants all 
of the time and their chances of picking up some of the dust 
would therefore be increased.

T o x i c i t y  t o  H i g h e r  A n i m a l s —The following are some 
figures determined by the Medical Research Division of 
Edgewood Arsenal on comparative toxicities of sodium 
fluosilicate and barium fluoride to calcium arsenate when 
administered by mouth. The complete data for these ex
periments will be published in the near future by the Medical 
Research Division.

Ratio Lethal Dosages

Calcium arsenate 1 „ , , . , 1 , , .
Na,SiF.  =  2A (mbblts) =  4 (dogs)

Calcium arsenate 1 . , , . , 1 , . — --------- =  -  (rabb.ts) =  -  (dogs)

R e p l a c e m e n t  o f  A r s e n i c  i n  C a l c i u m  A r s e n a t e  b y  
C a r b o n  D i o x i d e —It is probable th a t calcium arsenate 
owes some of its effectiveness as a boll weevil poison to the 
fact tha t the carbon dioxide of the air continuously replaces 
some of the AsOi radical, thus liberating water-soluble ar
senic more or less continuously. This was shown experi
mentally by making successive determinations of water- 
soluble arsenic (according to Association of Official Agri
cultural Chemists’ Methods 30 and 31) and allowing the 
calcium arsenate to stand exposed to the air for 48 hours 
between determinations. The results of these determinations 
follow:

S o l u b l e  A r s e n ic  
D e t n . a s  AstO*

Per cent
1 0.00
2 1 .35
3 0 .8 0
4 0 .0 0
5 1 .00

S e c o n d  R u n s —In the field it is possible tha t ultimately 
a coating of calcium carbonate would be formed on the outer 
surface of the particle, thus rendering the arsenic more or 
less inaccessible to the weevil when ingested by it. Accord
ingly, so-called “second runs” were made on a number of 
compounds by placing weevils on plants tha t had been dusted 
5 days previously. The relative deterioration of some of 
the poisons compared with tha t of calcium arsenate is sum
marized in Table II.

In all cases the fluosilicates were considerably more toxic 
than the second-run calcium arsenate; in fact, most of them 
appeared equally as toxic as the first-run calcium arsenate, 
in spite of the fact tha t considerably more calcium arsenate 
was visible on the plants a t the end of the run (10 days) 
than any of the other poisons. The cages were covered, 
which prevented excessive loss of poison by wind and rain, 
although such loss was probably greater in the large cages 
than in the small ones. This means tha t in the field, if 
there is no rain or excessive wind, the fluosilicates would 
approximate their maximum effectiveness longer than cal
cium arsenate. I t  should be noted tha t the 24 per cent 
As20 5 calcium arsenate second runs seemed a t least equally 
as effective as the commercial calcium arsenate second runs.

Q u i c k - K i l l i n g  P r o p e r t i e s —It will be noted in the first- 
run toxicities (Tabic I) tha t all the fluosilicates killed a greater 
percentage of weevils in the first 48 hours than did calcium 
arsenate. This is of especial importance in localities where 
there are sudden rains during the season tha t dusting is 
necessary, as the fluosilicates will probably get in some of 
their effects even if allowed to remain on the p lant only a 
short time.

S o l u b l e  A r s e n ic  
D e t n . a s  AsaOi

Per cent
6 0.72
7 0 .0 0
8 0 .6 0
0 0 .0 4
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TABLE I I  -  RELATIVE DETERIORATION OF POISONS ■- CASE;TESTS -  1926

Vol. 19, No. 6

Compound No. of:Grams 
C ages*:P oison

:Por Cage

Apparent 
D en sity  o 
P oison

T o ta l : D a ily  l io r t a l i t y  :P crcent 
No. o f  : ;Dead 
V teevils: Is  2: 3: 4 : 5:

ercen t Rel 
CaAs 
(New)

. Toxicity 
CaAs 

(Run -2)
1 CaAs

CaAa -  Run #2  
NapSiFg -  P -  Run #2

1 L : 3 .2  
1 L : 2 .5  
1 L : 4 .2

2 .8 0

37 3: 8: 3: 2: I s  4 6 .0  
31 : I s  6: 2: 2: 1 ; 3 5 .5  
31 s 0 :  7: 4 ;  3: 3 ; 5 5 .0

77 .2
119.5 155.0

CaAs
CaAs -  Run #2  
NagSiFg -  P -  Run #2

15 S : 1 .4 0  
15 S : 1 .3 8  
14 S : 2 .6 9

204 ; 1 8 :3 1 ;3 7 :1 7 ; 25': 62.fi 
217 :1 1 ;2 5 :3 0 :17: 32: 5 3 .0  
195 :4 1 :4 5 :2 3 ;1 4 : 19: 7 2 .8

8 4 .4
11 6 .0 137.4

2 CaAs
CaAs -  Run $2  
NajSiFg -  w -  Run #2

9 S ; 1 .3 7  
10 S : 1 .5 0  

9 S ; 3 .7 3 1 .8 7

l'2'Ô : f i:2 2 :2 o : l l :  16: 65.fi 
142 : 7 :2 1 :1 9 :1 4 : 22; 5 7 .4  
127 :1 4 :3 0 :1 9 ;2 0 : 20; 8 1 .1

87 .2
123.1 141.2

3 CaAs
CaAs -  Run f/2 
Na^SiFf; -  JL -  Run # 2

12 S : 1 .3 1
13 S : 1 .2 2  
10 S : 2 .26 2 .2 8

166 :1 7 :2 1 :2 6 :lV : S i : 6 9 .0  
188 :1 1 :2 1 : 27:13: 24: 5 1 .0  
143 :1 9 :2 2 : 8 :1 4 : 17: 5 5 .9

86 .4
94 .8 109.6

4 CaAs
CaAs -  Run #2  
NagSiFg -  JEL -  Run -fZ

6 S : 1 .4 2  
5 S : 1 .1 4  
4 S : 1 .7 5 1 .6 7

84 ;10: 9 :17; 6; 7 : 5 8 .4  
75 : 4 ;  4 :1 1 ; 3 : 10: 4 2 .7  
55 : l l : 7; 1: 1: 3 : 4 1 .8

73 .1
71 .6 97.9

5 CaAs
CaAs -  Run fZ  
NagSiFg -  EA -  Run ^2

4 L : 3 .4 3
6 L : 3 .9 8
7 L : 3 .2 3

0 .9

135 : 3 :1 0 : 8 ;Ï0 :  13; 32*6 
184 : 5 :12 ; 9; 7; 12: 2 4 .5  
214 : 9 :1 8 :1 0 :1 1 : 21: 32*3

7 5 .2
9 9 .1 131.8

CaAs
CaAs -  Run f/-2 
UagSlFg -  EA -  RunJ-Z

15 S : 1 .3 9  
15 S : 1 .3 8  
25 S : 1 .15

204 :1 8 :3 1 ;3 7 :1 7 : 25; 6 2 .8  
217 :1 1 :2 5 : 30 :1 7 : 32: 5 3 .0  
347 :5 3 :4 3 :3 0 :3 5 : 44; 5 9 .1

8 4 .4
9 4 .1 111.5

6 CaAs
CaAs -  Run {[Z 
BaSiFg - 0  -  Run #2

2 L : 2 .65  
2 L : 2 .8 0  
2 L : 10 .35

2 .65

61 ; 2; 2 :1 1 :1 0 : 16: 6 7 .2  
60 : 1: 3: 4 : 6; 13; 4 5 .0  
54 ; 2; 6; 5; 3; 10: 4 8 .2

6 7 .0
7 1 .7 107.0

CaAs
CaAs -  Run =jj-2 
BaSiFg -  G -  Run £2

15 S : 1 .3 9  
15 S : 1 .38  
14 S : 3 .8 8

204 :1 8 :3 1 :3 7 :1 7 ; 25: 6 2 .8  
217 :1 1 :2 5 ;3 0 :1 7 : b2: 5 3 .0  
201 :3 4 :4 3 :2 3 :1 9 :2 2  : 7 0 .1

8 4 .4
1 1 1 .6 132,2

7 CaAs
CaAs -  Run #2
BaSi Ffi -  EA -  Run #2

6 u : 5 . 13 
8 L : 5 .6 9  
8 L : 4 .4 8

196 : 5 :U :1 9 ;2 0 :  29: 4 3 .4  
244 ; 6 :1 5 :1 3 :1 3 ; 25; 2 9 .5  
243 :1 2 :2 4 :3 2 :1 4 ; 26: 4 4 .5

68 .0
102 .5 150.8

CaAs
CaAs -  Run ÿZ 
BaSiFg -EA -  Run :- 2

lb  S : 1 .3 9  
15 S : 1 .3 8  
15 S : 1 .5 6 1 .4 0

204 ; 1 8 :3 1 :3 7 :1 7 : 25; 6 2 .6  
217 :1 1 :2 5 :3 0 ;1 7 : 32; 5 3 .0  
216 :4 7 ;3 7 :1 7 :1 9 : 23: 66 .2

8 4 .4
105 .4 124.9

& CaAs
CaAs -  Run ,rZ 
CaAs -  EA-1 -  Run <;Z

i  L : 2 . Vo
6 L : 4 .8 0  
6 L : 4 .6 8

1 .2 5

98 : 5 : i 7 ; l3 ; i 4 :  12; 6 2 .3  
173 : 5:10: 9 :10: 17; 2 9 ,5  
165 : 8; 8: 6 :10: 28; 36 .4

4 7 .3
5 8 .4 123.3

CaAs
CaAs -  Run -jf2 
CaAs -  EA-1 -  Run $2

■15' s ' i ' T . ' S r  
16 S : 1 .4 0  
16 S : 1 .8 5

249 : 2 0 :4 0 :4 4 :1 9 : 31; 61 .9  
228 :1 1 ;2 7 :3 5 :1 8 : 34; 5 4 .8  
235 :1 8 : 22:20:35: 44: 59 .2

8 8 .5
9 5 .6 108.0

9 CaAs
CaAs -  Run ]r2 
CaAs -  EA-2 -  Run #2

2 J, : 2 .6 5  
5 L : 4 .1 4  
5 L : 3 .4 6

0 .8 6

69 : 4 : 9; 9;' 9: 8: 5 6 .5  
151 : 3: 9: 9; 8: 15: 2 9 .1  
142 ; 1; 1: 9; 6: 25: 2 9 .6

5 1 .5
52 .4 101.6

CaAs
CaAs -  Run f/2 
CaAs -  EA-2 -  Run #2

11 S : 1 .42
10 S : 1 .2 6
11 s  : 1 .2 5

1 61 :1 4 ;2 7 ;3 4 :1 4 ; 14: 6 8 .2  
147 : 6 :1 4 :2 4 :1 3 ; 23; 5 4 .4
162 : 6 :2 0 :1 5 :1 9 : 20: 4 9 .4

7 9 .8
7 2 .4 90.8

(For explanation of com pounds tested ,'see  footnotes to Table I.)

P lant I njury— While there is no question th a t all the 
fluosilicates were more toxic to the cotton plant than calcium 
arsenate, the special fluosilicates prepared a t Edgewood in 
no case showed a positive harmful burn. This fact is em
phasized by the large-scale one-acre plot tests in which no 
sign of plant damage was visible, although thirteen dustings 
were made in 25 days and conditions were most favorable for 
obtaining definite plant injury. T hat w hat injury there was 
in cage tests did not grow more severe with time was s h o w  by 
the plant toxicity observations made during the second runs. 
Also, as previously mentioned, laboratory batches of sodium 
and barium fluosilicates made a t Edgewood Arsenal showed 
no plant toxicity to greenhouse cotton.

U se o f S w eeten ed  M ixtu res

In  the preliminary tumbler tests all the toxic substances 
tried as dusts were also tried as molasses mixtures. Cal
cium arsenate in molasses was used as a check. Except in 
the case of cryolite the molasses mixtures of the materials

seemed about equally as effective as the dusts. In the case 
of cryolite the molasses mixture was considerably less effec
tive than the dust.

The relative effectiveness of calcium arsenate dust to cal
cium arsenate-molasses mixture in tumbler tests for 1924 is 
summarized for all the checks:

C a l c iu m  C a l c iu m  A r s e n a te -  
A r s e n a t e  D u s t  M o l a s s e s  M ix tu r e  

N um ber of te s ts  47 28
T otal weevils 1246 522
P er cent to tal dead 66 74
Per cent dead and grogçy 77 75

The calcium arsenate-molasses mixtures consisted of i 
grams of calcium arsenate, 20 cc. of molasses, and 80 cc. of 
water, which is about equivalent to a so-called 8:2:5 mixture 
(8 gallons of water, 2 gallons of molasses, 5 pounds of calcium 
arsenate) as used for spraying a t the Georgia Experiment Sta
tion. The other poisons run as molasses mixtures were m 
the same proportions.
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In order to determine how the molasses mixture poisoned 
the weevil, tests were made with filtered molasses from a 
calcium arsenate mixture after standing 3 hours, 1 day, 2 days, 
and 3 days, respectively, and the toxicity of these filtered 
solutions was compared with th a t of freshly prepared sus
pensions of calcium arsenate in molasses. In  all cases the 
filtered solutions showed definite weevil mortality, although 
not so great as the calcium arsenate-molasscs mixtures. 
The fact that the calcium arsenate-molasses mixtures so 
closely approximate the calcium arsenate dust checks in 
mortality show's th a t the toxicity of the poisoned solution 
is augmented by the actual particles of the dust suspended 
therein.

Tumbler tests of mixtures of calcium arsenate w'ith various 
sweetening agents, including honey, cane sugar, maple sugar, 
molasses, saccharin, and glucose, indicated their order of 
effectiveness to be as shown. For the honey, cane sugar, 
maple sugar, and glucose the proportions wrere 7 grams of 
calcium arsenate, 10 grams of sweetening agent, and 90 grams 
of water.

The calcium arsenate-molasses mixture was the standard 
7 grams of calcium arsenate, 20 cc. of molasses, 80 cc. of water, 
and the saccharin was 100 cc. of saturated solution of the 
same to which 7 grams of calcium arsenate were added.

These results do not necessarily mean th a t any of these 
substances possessed definite attraction, bu t simply indicate 
that when the weevil came in contact wdth a honey-calcium 
arsenate mixture it  possibly ate or drank more. The first 
three mixtures were as effective as the calcium arsenate dust 
checks.

Under field conditions it seems to have been demonstrated 
that the main value of sirup-calcium arsenate mixtures lies 
in their use when the cotton is small, and particularly when 
the weevils are feeding upon the terminal buds of the plant. 
The Chemical Warfare Service has not yet been able to in
vestigate the im portant problem of using poisons most 
effectively in this manner, although preliminary tests in
dicate that barium and sodium fluosilicates are a t least as 
effective in sirup mixtures as calcium arsenate.

F ield  P lo t T ests

The field plot tests laid out a t  the Georgia Experiment 
Station and in its immediate vicinity during 1925 were a total 
loss because the extreme drought throughout the entire 
Piedmont Section during th a t season held down the infesta
tion to such a degree th a t there was no advantage in poisoning.

The cotton for the field plot tests in Florida was located 
about 15 miles from the Florida Experiment Station. Be
cause of the poor stand and the variability of the cotton in 
the different plots no comparison of the relative effectiveness 
of the poisons was possible, although the yields from all the 
poisoned plots were considerably higher than those from the 
controls, in spite of rainy weather and an average initial 
infestation of 40.8 per cent. In  no case in these field tests 
did the application of the fluosilicates cause any plant damage.

In addition to the tests conducted in Florida, materials 
were sent to J. D. Riley, a t Summerville, S. C., and J. B. Rob
inson, Auburn, Ala., for tests. Owing to damage caused by ex
cessive rains a t Summerville, the cotton was destroyed in 
batches over the field and no yields were obtainable. The in
festation records seemed to indicate th a t all the poisons—cal
cium arsenate, special calcium arsenate (24 per cent As2O J, 
sodium fluosilicate, and barium fluosilicate—held back the 
infestation as compared with the check plots, but no direct 
comparison of the poisons is possible. Practically the same 
results were obtained a t Alabama, with the further assurance 
from Mr. Robinson th a t none of the materials showed any 
plant toxicity.

G ases as P oisons

Weevils seemed to stand concentrations of gas entirely 
out of line with the known poisonous effect of the gas used. 
Suspecting tha t this was due to the ability of the w'ccvil to 
live without breathing the gas, weevils were found to survive 
after about 17 hours’ exposure in pure carbon dioxide and 
hydrogen, respectively, and four out of seven weevils re
covered after approximately 17 hours’ submersion in wrater. 
This confirmed the view th a t weevils can live some time with
out breathing oxygen and therefore low concentrations of 
gas were used in an endeavor to poison the weevil without 
causing it to suspend animation or to stop breathing. I t  
w7as found tha t the boll weevil could be killed by a relatively 
small concentration of poisonous gas on longer exposures.

In  the field it would be practically impossible to maintain 
low concentrations of volatile gas for long periods of time, 
and there is little hope of poisoning the boll w’eevil by the 
use of volatile gases as such.

A p p ro x im a te  Toxic C o n c e n tr a tio n s  fo r th e  B oll W eevil

G as C o n c e n t r a t io n T ime
T o x ic  D o s a g e  

p e r  W e e v il

Mg. per liter M inutes Mg.
Hydrocyanic acid 0.11 60 0.00036
Chloropicrin 11.4 60 0.0038
Hydrogen sulfide 0.30 60 0.0001
Arsine 2 .5 60 0.00075
Nicotine 5 .0 30 0.00075
Ally 1 ijo-thiocyanate® 0.1 120 0.000066
° Results are probably much too low.

The toxic dosage per weevil was estimated from the toxic 
concentrations and times of exposure given, using the value 
0.33 cc. as the amount of air breathed by a boll weevil in 
one hour.

E stim a tio n  of A m o u n t of Air B reathed  by a  B oll W eevil

Forty-one weevils were found to eliminate 0.01739 gram 
of carbon dioxide in 19 hours. This is equivalent to 0.011 
cc. (at 0° C. and 760 mm.) carbon dioxide per weevil per 
hour, and assuming an air-carbon dioxide ratio of 30, which 
is a  questionable assumption, it is estimated th a t a boll weevil 
breathes 0.33 cc. of air per hour.

A nalyses o f B oll W eevils for A rsenic

Although many analyses on thousands of weevils were 
made, the amount of arsenic necessary to kill a boll weevil 
still remains somewhat uncertain. All analyses made during 
1924 were high because a small amount of arsenic was ob
tained from the flasks used for digestion. Even when arsenic- 
free glass was used, there was considerable variation in the 
results. The determination requires the very limit of ac
curacy given by the modified Gutzeit test.10

Probably small particles of the arsenical used in the test 
frequently adhered to the weevil in spite of all care taken 
to remove such particles, and this adhering arsenic doubtless 
aided in producing erratic and high results.

The best interpretation th a t can be given to all the results 
obtained Is to assume tha t they lead to the following indica
tions:

C a l c d . a s  A s 
Mg.

Arsenic required to kill weevil 0.00013
Arsenic in weevils poisoned w ith coal dust-soluble nnn-i*_n nnnoi

arsenic mixtures . , 0.00035-0.00093
Average arsenic found in weevils poisoned with

calcium  arsena te  0 .00204

I t  is believed th a t the minimum lethal dose of 0.00013 mg. 
is somewhat too high, as this average dosage is approximately 
10 mg. arsenic per kilogram of body weight. The dosage

« Scott, "S tandard  M ethods of Chemical Analysis,”  Vol. I, p. 40 
(1922); U. S. P., X, p. 428. .
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for man is about 2.7 mg. per kilogram. The D epartm ent of 
Agriculture11 gives figures leading to minimum lethal dosages 
for the honeybee and silkworm of 5 mg. and 2 mg. per kilo
gram, respectively.

When relatively insoluble arsenicnls, such as calcium 
arsenate, are used, it seems fairly certain tha t not more than 
one-tenth of the total arsenic ingested is_effective in poisoning 
the weevil, probably because of the insolubility of the cal
cium arsenate particles in the weevil’s system.

Possible Attractants for the Weevil

Va po rs  o r  G a ses—The Chemical Warfare Service made 
no extended tests upon agents which might prove attractive 
to the boll weevil, as it was known th a t the D epartm ent of 
Agriculture was exerting every effort possible along this line. 
However, some substances were tested to increase our knowl
edge along these lines. In no case was any compound found 
to which the weevil was definitely and unmistakably a t
tracted.

F l a v o r s —It was thought th a t if calcium arsenate could 
be made more pleasing to the weevil’s taste the weevil might 
ingest more of the poison, thus increasing the effectiveness 
of the calcium arsenate. Accordingly, about 0.25 per cent 
of various essential oils and some few other chemicals, re
spectively, were added to calcium arsenate. While there 
was some indication th a t such small amounts of aniline and 
one or two other substances added to calcium arsenate were 
each more effective than the calcium arsenate alone, no con
clusive results were obtained.

Estimation of Amount of Water Drunk by Weevils

Tests in which boll weevils were allowed to drink poisoned 
solutions showed th a t on an average a solution containing 
0 .0 2  per cent anhydrous sodium arsenate would kill a weevil 
hi 24 hours. Solutions containing 0.00087 per cent arsenic 
trioxide and 0 .01  per cent arsenic pentoxide, respectively, 
will kill a weevil in 24 hours. If it requires 0.00013 mg. of 
arsenic to kill a weevil, the above figures would indicate that 
a weevil m ust drink 0 .0 2  cc. per day.

I t  should be noted th a t solutions of 0.01 per cent arsenic 
pentoxide sprayed daily on the cotton plant with an atomizing 
spray until the leaves were thoroughly wet, but just short of 
dripping, showed very slight injury the first day and continued 
slight injury until the sixth day, when the injury was more 
positive. Solutions of arsenic trioxide in this strength killed 
the cotton plant.

Possible Repellents for the Boll Weevil

Although no work was carried out with this particular 
object in view, it was noticed in making tumbler tests with 
various materials th a t the following possibly showed some 
repellent action to the weevil: anthracene, benzanilide, di
ethylene disulfide, and chlorinated oil.

Possible Irritants for the Weevil

When the most powerful known irritants to man were 
tried against the weevil in the hope they might make it fly, 
they caused practically no signs of irritation or excitement. 
While some few other substances less irritating to man did 
seem to increase the weevil’s activity under the conditions 
of test, in no case was the increased activity sufficient to be 
considered of economic importance. None of the substances 
tested was successful in making the weevil fly.

General Summary and Conclusions

1—Commercial sodium fluosilicate is more toxic to the 
boll weevil than commercial calcium arsenate on a volume

“  U. S. D ept. As r., Bull. 1 1 « .

basis, but on account of the greater apparent density of the 
fluosilicates it requires from 2 to 4 pounds of them to cover 
effectively the same area th a t one pound of commercial 
calcium arsenate will cover. These commercial fluosilicates 
show some injury to the cotton plant. So-called “light” 
and “extra light” commercial materials containing less 
sodium fluosilicate are still too dense from the standpoint 
of covering power, and their effectiveness is decreased with 
the lowering of the NasSiFe content. Also, the plant injury 
is decreased. When the N a2SiF0 content is reduced much 
below 80 per cent, the material is not so effective as calcium 
arsenate.

2—A special fluosilicate made a t Edgewood Arsenal con
taining about 80 per cent N a;SiF6 and 20 per cent Si02 is 
a t least as effective on a pound per pound basis as calcium 
arsenate, and the plant injury caused by it is of low economic 
importance.

3—Barium fluosilicate made in the same way as the sodium 
fluosilicate, containing about 90 per cenE BaSiF6 and 10 per 
cent SiO;, is about as effective on a pound per pound basis 
as calcium arsenate and causes no appreciable plant injury'. 
The toxicity of the barium fluosilicates in general is somewhat 
less than th a t of the sodium fluosilicates.

4—When the dust is applied to the plants 5 days before 
the weevils are introduced, both the sodium and barium 
fluosilicates cause a t least as great weevil mortality as freshly 
dusted calcium arsenate. Calcium arsenate applied 5 days 
prior to the introduction of weevils in the cage causes ap
preciably lower mortality than freshly dusted calcium ar
senate. In these tests the cages were covered to prevent 
rain from washing the dust off the plants.

5—Specially prepared calcium arsenate containing only 
24 per cent arsenic as AS2O5, the arsenic being contained 
mainly' in the coating of each particle, is equally as effective 
as commercial calcium arsenate and was non-toxic to the 
plant in these tests. Calcium arsenate similarly prepared, 
containing only 10 per cent AS2O5, was less effective than com
mercial calcium arsenate.

6—Calcium arsenate m ay be prepared to contain any 
desired percentage of arsenic as AS2O5 by heating the requi
site amount of AS2O3 with precipitated chalk in the presence 
of air a t a temperature of about 650° C. for one hour or less.

7—Barium fluoride and cryolite are a t best only slightly less 
effective than calcium arsenate on a volume for volume basis 
and cause no appreciable plant injury. They require an in
creased poundage per acre over calcium arsenate, however, 
and no economical means of adapting their physical prop
erties to overcome this has yet been devised.

8 —While small percentages of AS2O3 adsorbed on coal dust 
showed definite weevil toxicity and practically no plant 
injury, they were not so effective as calcium arsenate. When 
these percentages were increased they caused definite plant 
injury without raising the weevil toxicity to a point equal 
to th a t of calcium arsenate. Four per cent of arsenic trioxide 
on coal dust killed the plant. Arsenic trioxide is definitely 
more toxic to both the plant and the weevil then arsenic 
pentoxide.

9—Very insoluble organic arsenicals of known high general 
toxicity, such as diphenylamine chloroarsine, diphenylamine 
arsenious oxide, diphenyl arsenious oxide, etc., were at best 
only' slightly toxic to the boll weevil, owing probably to their 
low solubility'.

10—Preliminary tests indicate th a t the fluosilicates in 
molasses mixtures are a t least as toxic to the boll weevil as 
calcium arsenate in molasses mixtures. I t  is further in
dicated in tumbler tests th a t molasses mixtures of calcium 
arsenate are about as toxic to the weevil as calcium arsenate 
dust. There are some indications tha t a calcium arsenate-
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honey mixture is superior to a calcium arsenate-molasses 
mixture containing the same amount of calcium arsenate.

11—Unfavorable weather and crop conditions made it im
possible to make trustw orthy comparisons of the relative 
effectiveness of the fluosilicates, the special calcium arsenate, 
and commercial calcium arsenate from the one-acre plot tests 
made to date. All these materials showed definite weevil 
control and there was no plant injury apparent on field cotton 
in any case. I t  is hoped to establish the relative effective
ness of these materials during the present year.

12—There is little hope of poisoning the boll weevil in 
the field by the use of volatile gases.

13—The following are various estimates pertaining to the 
weevil :

Average weight of a boll weevil (does not include 
undersized weevils)

Amount of air breathed by a boll weevil per hour 
Minimum arsenic required to kill a boll weevil 
Average arsenic content found in weevils killed 

with calcium arsenate 
Amount of water a weevil drinks per day
a Possibly too high.

14—No substances were found which definitely attracted 
or repelled the boll weevil. No substances were found 
which irritated the weevil sufficiently to make it fly.

15—In carrying out the directions of the Association of 
Southern Agricultural Workers and the Department of 
Agriculture for boll weevil control, the following suggestion 
is made: When the initial weevil infestation is below twenty 
weevils per acre or when it is, or has been, reduced to local 
infestation, the fight should be continued against the in
dividual weevils both by local poisoning and by picking up

the fallen punctured squares locally, as necessary, to insure 
the most complete control possible. Advanced cotton and 
badly infested cotton should receive special attention in order 
to prevent multiplication of the weevils in these local spots 
and later infestation of the entire crop. Success in the fight- 
against overwintered weevils will give complete security 
against any large amount of weevil damage.

Acknowledgment

The Chemical Warfare Service desires to  express its ap
preciation of the assistance and cooperation of the U. S. 
Department of Agriculture and the various state experiment 
stations, and especially of the facilities furnished by the 
respective experiment stations of Georgia, Florida, and South 
Carolina for this work. In addition to these facilities, we 
received the heartiest personal cooperation from these sources.
II. P. Stuckey, director of the Georgia Experiment Station; 
Wilmon Newell, director of the S tate P lant Board of Florida; 
and II. W. Barre, director of the South Carolina Experiment 
Station, on all occasions cooperated with the Chemical War
fare Service to the fullest extent. To A. F. Camp, botanist, 
Florida Experiment Station, B. B. Higgins, botanist, and 
R. P. Bledsoe, agronomist, Georgia Experiment Station, 
we express our appreciation for the many services rendered. 
I t  should be stated tha t the field tests on the one-acre plots 
at the Georgia Experiment Station and vicinity were carried 
out with Mr. Bledsoe’s direction, cooperation, and personal 
supervision. The assistance of Miss Naomi Chapman, of 
the Georgia Experiment Station, and of E. F. Grossman and 
P. W. Calhoun, of the Florida Experiment Station, is grate
fully acknowledged.

15.0 rag.
0.33 cc. 
0.00013 mg.'*

0 . 0 0 2  mg. 
0 . 0 2  cc.

Lime for the Glass Industry
By Edwin P. Arthur

D e p a r t m e n t  or  C i ie m ic a i ,  E n g in e e r in g , T h e  O h io  S t a t e  U n iv e r s it y , C o l u m b u s , O h io

LESS than 2 per cent of the total lime production of the 
United States is consumed in the manufacture of glass.2 
Nevertheless, many lime producers find the glass trade 

attractive. The demand is less subject to fluctuations 
than building construction. The business, even though 
small in amount, is especially welcome during dull seasons.

For approximate calculations it is permissible to assume 
that glass will contain 10 per cent lime. Thus, if a glass 
factory produces 50 tons of glass per day, the lime require
ment will be about 5 tons per day or one minimum carload 
per week. Somewhat more than 10 per cent lime is used 
in flat glass and generally less in hollow ware.

Soda ash is largely used to furnish the alkali for ordinary 
soda-lime glass. Thirty  per cent of the soda ash produced 
in the United States is used in the glass business, amounting 
in 1925 to 520,000 tons.3

Estimating average glass to contain 15 per cent of Na»0, 
the total production of glass is indicated as 2 million tons 

Na,0 62 _ 304,000 . 304,000 
NajCOj ’ 106 : 520,000 ’ 0.15 - = 203 X 10* tons glass

with a consequent lime requirement of 200,000 tons annually. 
Since present consumption of lime is less than 75,000 tons, 
it may be seen a t once th a t considerably less than half the

' Received M ay 2, 1927.
1 Willis, Chem. &• Met. Eng., 33, 753 (1926), quotes Bureau of Mines, 

Lime in 1924,*’ figures for lime sold by  producers to  glass works as 1.8 
per cent of the total or 72,822 tons.

* Chem. £» Met. Eng.. 33, 49 (1926).

glass is made from burned lime, the raw ground stone being 
used instead. (Allowance is not made for special glasses 
which require soda ash but no lime.) Burned lime is gen
erally more expensive than raw limestone as a raw material 
for glass-making per ton of available material delivered for 
melting.* But since the raw material cost of glassware 
is often only 10 to 20 per cent of the total, a small improve
ment in quality by use of burned lime would more than offset 
its increased cost. Apparently no definite information on 
the relative merits of lime and limestone is available in the 
literature. I t  has been stated6 tha t plate glass made with 
lime is as good but no better than th a t made from raw stone.

When raw stone of excellent quality from the same deposit 
is substituted for burned lime in the manufacture of window 
glass, no appreciable difference in operation has been noticed 
either in fuel requirements or in quality of glass produced. 
I t is, of course, obviously unfair to make comparison of lime 
and stone of entirely different character, as, for example, 
a burned dolomite and high-calcium limestone. There is, 
however, much to recommend burned lime. I t  is subject 
to more careful inspection than raw stone. I t  will generally 
be more uniform chemically and less contaminated with 
incidental impurities. A batch mixed with lime occupies 
less space per unit weight and consequently more material 
can be held in the melting area of a large tank furnace.

« A rthur, J . Am . Cer. Soc., 8 , 125 (1925).
* Adams, Class Ind., 8 , 2 (1927).
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Even though no more or better glass is delivered by a furnace 
using a burned-lime batch, nevertheless, the fact th a t the 
batch can be held closer to the “back end” of the furnace 
affords a welcome factor of safety to the glass maker, espe
cially if the furnace is operating near capacity.

Chemically the most im portant item is iron content be
cause of the green color which iron imparts to glass. First- 
class lime for glass-making should contain less than 0.2 
per cent iron oxide.6

The question of iron content is becoming increasingly 
important. Glass sand is being produced containing 0.02 
per cent Fe2Oj. In  a glass which is 75 per cent S i02 and 
10 per cent CaO-MgO, sand furnishes less iron to the glass 
than lime if the lime contains more than 0.15 per cent Fe20 2. 
The table ware and hollow ware branches of the industry 
are forced to  seek low-iron sources of lime in order to make 
the brilliant water-white glass demanded. I t  is said th a t 
some m arket is being found for precipitated calcium car
bonate of low iron content a t substantially higher prices 
than lime.

• Williams, Bur. Standards, Circ. 118.

Lime for the glass trade should be slightly overburned. 
Off-color lime which might be unsuitable for building pur
poses would be quite acceptable for glass-making. Over
burned lime does not hydrate so readily—a decided ad
vantage in shipment and storage. Lime in the open storage 
bin of a glass factory on a river bank has been found to ab
sorb as much as 9 per cent H 20  in 10 days. If reserve 
stocks of lime a t a glass works can be kept in air-tight steel 
drums, using each shipment of lime as received, a uniform 
batch can be assured.

Little or no effort has been made by lime producers to 
furnish glass makers with a product adapted mechanically 
to the process of glass manufacture. The ordinary finishing 
lime is so finely ground th a t it is difficult to handle in mixing 
and conveying machinery. Lime dust blown from batch 
in the furnace has a tendency to  clog furnace flues and 
regenerators. I t  would appear desirable for lime producers 
to make a companion product for the “dense dustless” 
soda ash now in universal use. Tailings, screenings, and 
rejects from an air separator might be recovered as an ideal 
product for glass-making.

Lime for the A bsorption of Chlorine in Paper 
Mill “Bleach L iquor” Practice1

By A. H. Hooker, Sr.

H o o k e r  E l e c t r o c h e m ic a l  C o . ,  N ia g a r a  F a l l s , N .  Y .

IN SELECTIN G  a lime for the absorption of chlorine 
we consider the production of either dry “bleaching 
powder” or liquid bleach. By far the largest use for 

these two products is in the paper mills. Until quite re
cently chlorine was nearly always purchased by the paper 
mills in the form of bleaching powder; consequently, the 
lime used to absorb the chlorine was purchased and hydrated 
by the manufacturer of chlorine. A very radical change 
has taken place, however, and the use of bleaching powder 
has been rapidly displaced by the use of liquid chlorine and 
the purchase by the paper mills of hydrated lime, in 50- 
pound bags, or burned lime hydrated a t the mill and the 
absorption of chlorine in a milk-of-lime suspension. The 
ultim ate aim in the paper mill, whether using bleaching pow
der or liquid chlorine and milk of lime, is to obtain the 
chlorine in the form of a solution of calcium hypochlorite 
plus calcium chloride, together with a small am ount of free 
soluble lime and in a clean solution. Such solutions are 
invariably prepared by décantation and generally with a 
return counter wash so as to obtain all the values possible 
from the sludge. One m ust understand this operation 
clearly before he can decide on the qualities of the lime most 
suited to his use.

Preparation of Bleach Solution from Bleaching Powder

Let us consider first the preparation of a  typical bleach 
solution from bleaching powder. This lime m ust first 
be hydrated in a mechanical hydrator. I t  is then spread in 
layers a  few inches thick on the floor of a bleaching chamber 
or handled in a mechanical bleach machine. Chlorine is 
absorbed to a point where there will be present about 38

1 Presented under the title  "Im portance of the  Proper Lime in the 
Use of Liquid Chlorine for Bleaching and  Sterilization”  as a  p a rt of the 
Lime Symposium before the Division of Industria l and  Engineering Chem
istry  a t  the 73rd M eeting of the American Chem ical Society, Richmond, Va., 
A pril 11 to 16, 1927.

per cent of total chlorine and 62 per cent of hydrated lime, 
excess moisture, and impurities. N ot more than 80 per 
cent of the actual lime present is combined with the chlorine, 
an excess of about 20 per cent being required to “stabilize" 
the bleach. When this bleach is received-by the consumer 
it m ust be dissolved and made into clear solution for use. 
Such bleach solutions usually contain from 21 to 42 grams 
of available chlorine per liter, 21 grams equal one-half pound 
of 35 per cent bleach per gallon.

Let us take a typical solution containing in its finished 
state about 0.8 pound of 35 per cent bleach per gallon, equal 
to 33.6 grams of available chlorine per liter. Assuming 
th a t we have two tanks each 10 feet deep and 10 feet square 
equipped with agitators, these tanks will have a capacity 
of 1000 cubic feet, or 7500 gallons, each and can be operated 
on the counter-wash system. A drum of bleach will weigh 
about 750 pounds. One drum will therefore correspond 
to 0.1 pound of bleach per gallon. If we add six drums of 
bleach a t  about 25° C. (77° F.), mix this bleach for about 
15 minutes, and allow it  to settle, we will find that with a 
good quality of bleach we have a t  the end of 2 hours 30.5 
per cent of sludge, 3 hours 21.6, 4 hours 19, 5 hours 17, 
10 hours 13 per cent, or 1.3 feet of actual sludge. If we 
mixed this bleach with colder water or if it was made with 
lime which did not settle so well, the volumes of sludge over 
this same period of time would be materially increased. 
The same would be equally true, of course, if we added more 
bleaching powder. W ith the same quality of bleach and 
the same am ount added bu t with a difference of mixing it 
a t 15° C. (59° F.) we would have a t the end of 2 hours 
47 per cent of sludge, 3 hours 35.75, 4 hours 29, 5 hours 
22.25, and 10 hours 18.75 per cent of sludge. This is the 
actual sludge in the tank. In  addition to this, in decanting 
the clear liquor, there is always left a certain amount above 
the sludge, 4 inches equal to 3.3 per cent on a 10-foot tank, 
which m ust be added to the above sludges. We would
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thus have a t the end of 5 hours about 20 per cent residue left 
in one case and about 28.5 per cent in the other.

If we were so operating our tanks as to make one batch 
every 24 hours in each of the tanks giving two counter
washings, we would have a settling time of 5 'A  hours for 
the strong liquor th a t is used for storage, 4‘A  hours for 
the first wash which is returned as a make-up to mix with 
the bleaching powder, and 6 hours for the second wash which 
is returned to mix with the sludge obtained from the first 
strong liquor, or an available average of about 5 hours’ 
settling time. Counter-washing in this way, the amount 
lost in the sludge is, of course, proportional to the residual 
sludge. A 2 per cent loss would correspond to about 23 
per cent of sludge and a 4 per cent loss to about 28 per cent 
of sludge. I t  will thus be seen th a t the amount of loss is 
practically doubled by the difference between these two 
typical settlings, while increasing the sludge to 35 per cent 
would mean a 10 per cent loss. I t  will be seen, therefore, 
that in the manufacture of bleach it is extremely important 
to the consumer th a t the lime used should have excellent 
settling qualities, also th a t it should be mixed with water 
at a proper temperature to bring out the true value of the 
settling quality.

Another word of caution is th a t excessive agitation of the 
bleaching powder produces poor settling, all other conditions 
being equal. The mixing of bleach by circulation through 
a centrifugal pump is injurious to the settling of tha t bleach.

Preparation of Liquid Bleach Solution from Liquid 
Chlorine

Turning now to the preparation of liquid bleach solutions 
from liquid chlorine in the paper mill, we find th a t the same 
general rules will apply—th a t if chlorine is added to an 
agitated tank containing milk of lime it will be absorbed and 
produce a solution practically identical with tha t obtained 
from bleaching powder. As the addition of chlorine to lime 
evolved heat, we will have a temperature rise of about 1° C. 
for each 3 grams of chlorine added per liter or 0.6° F. (0.3° C.) 
per gram; consequently, if we are preparing a solution contain
ing 30 grams per liter of added chlorine the temperature will 
be increased about 10° C. (18° F.). Starting with water 
at 15° C. (59° F.), we would end with a solution of 25° C. 
(77° F.). Starting with water in the summer time, which 
might be 25° C. (77° F.), we would end with a solution 
at 35° C. (95° F.). This is the upper lim it but still safe 
for solutions of this strength and, of course, this added heat 
materially improves the settling if it is not carried to the 
point of decomposition.

In passing chlorine into a suspension of milk of lime, if 
we have a poor settling lime, we may obtain on the first 
chlorination as much sludge as would be obtained from an 
equal strength of bleaching powder settled a t the same 
temperature. In  th a t event only one batch could be made 
before washing the residual sludge with three counter-washes 
and the tankage capacity would not be increased over that 
obtainable with a good bleaching powder, in spite of the 
fact that only about 10 per cent of excessive lime was used 
to insure the stability of the solution instead of 20 per cent 
with bleach. If, .on the other hand, we use a quality of 
lime which would have made good settling bleach, taking 
advantage of the temperature used in making the solution 
and of the fact that, while a 10 per cent excess of lime is 
required for the first batch, each successive batch will re
quire only enough added lime to correspond to the chlorine 
added, we can build up a t  least four batches before there is 
any occasion to wash the sludge. If we do this and prepare 
a solution containing 33.6 grams of available chlorine, equal 
to 0.8 pound of 35 per cent bleach per gallon, we can operate 
our same two tanks on the basis of making four batches per

tank every 36 hours with a settling period as follows: 3 
hours for the first batch, 4 hours for the second, 4 hours for 
the third, and 5 hours for the fourth; 41/jj hours settling the 
first wash and 5 hours settling the second wash. This 
will give us two and two-thirds batches per tank every 24 
hours. I t  will also mean the loss in washing of 2 per cent 
of one batch on every four batches, or 0.5 per cent loss as 
against a 2 per cent loss with poor lime or good bleaching 
powder. I t  wdll also mean th a t the excess lime is carried 
along through four batches instead of with each individual 
batch; consequently, it will reduce the lime consumption 
very materially. I t  makes very little difference in the abso
lute capacity of the tanks, operating with a fair quality of 
bleach or with liquid chlorine and hydrated lime, whether 
we are making a solution th a t contains 20 grams of chlorine 
per liter or 30 grams of chlorine per liter, and operating on a 
good schedule about 600 pounds of bleach can be handled 
for 1000 gallons capacity in 24 hours or the equivalent of 
1600 pounds of bleach as liquid chlorine and hydrated lime 
in the same tankage and in the same period of time. W ith 
an inferior lime the capacity of the tankage may be reduced 
to tha t of a good bleaching pow'der.

Characteristics of Suitable Lime

The next question is—what are the characteristics re
quired for suitable lime? The chemical analysis alone will 
npt tell the story. Assuming that we have a lime tha t contains 
not over 2 per cent of magnesia, not over 1 per cent of silica, 
and not over 0.5 per cent alumina, iron, etc., it may be suit
able for either bleach or use in the preparation of liquid 
bleach. If to this we add the fact that, when hydrated to a 
dry hydrate containing about 25 per cent of water, it does 
not bulk dry over 200 cc. per 100 grams, we probably have 
a useful lime. This bulk test can be readily made by add
ing 60 cc. of water to 100 grams of powdered burned lime, 
hydrating, and noting the characteristics of the hydrate. 
A great many hydrates will bulk more than 250 cc. per 100 
grams of hydrate.

This will probably point to undesirable features for the 
manufacture of a good settling bleaching powder but may 
not mean a poor lime for making liquid bleach. The writer 
has in mind the characteristics of two limes th a t act physi
cally very much the same when hydrated, particularly as re
gards bulk. One of these is extremely pure chemically and 
when treated with chlorine in the form of liquid bleach gives 
a low sludge and a large number of runs are possible, in spite 
of the fact tha t the hydrate is rather bulky and settles none 
too well before fully chlorinating. Another lime with very 
similar hydrating characteristics but containing more magne
sia produces an excessive amount of sludge and is not nearly 
so desirable. A lime tha t is very dense when hydrated 
apparently can stand a considerable amount of impurity 
without giving excessive sludges.

Test for Hydrated Lime

Hydrated lime for mill use in preparing liquid bleach 
can be tested in the laboratory as follows:

There should be available a cylinder of liquid chlorine and a 
hood with a good draft. M ix 40 grains of hydrate with water 
to 1000 cc. in a 14-inch (36-cm.) liter cylinder. Pass in chlorine 
from the cylinder through a capillary tube and rubber connection, 
using the capillary to some extent as a stirring rod in the cylinder. 
By starting with a temperature of 20° C. chlorine bubbles will 
not be completely absorbed at the start; however, the rate of 
the addition of chlorine should be such that there is a tempera
ture rise in the cylinder of about 1 degree every 3 minutes. 
At the end of a 10-degree temperature rise we will have approxi
mately 30 grams of added chlorine and this can be added in 
little less than half an hour. After obtaining a 10-degree tempera
ture rise, the solution should be allowed to settle and the amount 
of sludge noted at the end of 14 minutes. Fourteen minutes’ set
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tling in a 14-incli cylinder would correspond to 2 hours’ settling in a 
10-foot (3-meter) tank the temperature of which would approximate 
30° C. We should now be able to pour off more than 800 cc. 
of clear solution and should, therefore, leave 200 cc. of sludge 
and solution. If we now add 30 grams of hydrate and again 
bring up the solution to 1000 cc. and a temperature of 20° C., 
we can add somewhere between 24 and 27 grams of chlorine 
without overchlorination.

Assuming that we add 24 grams of chlorine, meaning a tempera
ture rise of 8 degrees, we can again repeat our settling test and 
again draw off 200 cc. of clear solution, which can be added to 
the first lot and again make up our solution by the addition 
of another 30 grams of hydrate. This will give a third batch 
and into this third batch we can pass chlorine to the point 
where there is only a slight excess of lime, being careful not 
to overchlorinate. If we again allow this to settle and note 
the amount of sludge at the end of 14 minutes, we will have, 
if the operation has been properly carried out, sufficient data 
to valuate the hydrate fairly. W e will have used 100 grams of 
hydrate and this should have absorbed a total of about 85 grams 
of chlorine; hence the added temperature rise should have 
amounted to about a total of 28 degrees. Anything more than 
85 grams of chlorine absorbed would indicate an exceptionally 
good lime. The most important characteristic, however, would 
be the amount of sludge at this time. A very good lime would 
give about 20 per cent of actual sludge where 85 grams of chlorine 
have been passed into 100 grams of hydrate and the concentra
tion kept between 30 and 40 grams of chlorine per liter. This 
will clearly point to the fact that four or more batches can be 
operated before the sludge is washed. On the other hand, if 
the amount of sludge so obtained is 40 per cent, we can hardly 
operate more than two batches without washing the sludge 
and then the loss would be a little above normal. The character 
of a bleach solution so prepared should be noted by determining 
the total and available chlorine in the solution; further than 
that, the solution should be set aside and, particularly the last 
run, allowed to stand on the sludge for a period of 24 hours 
to note whether there are any characteristics in the lime which 
tend to cause undue decomposition of the solution. The de

velopment of a pink color in these solutions due to traces of 
manganese does not of itself offer any objections.

While this method of testing the lime may be a little 
laborious, it is more enlightening than any other method that 
the writer has tried. In  addition to the qualities adherent 
in the lime itself, there is a  material difference in the density 
of the hydrate produced according to the way the lime is 
hydrated. As the method of hydration, however, depends 
so largely on the mechanical means used in hydrating it, 
there is only one statem ent tha t can be made—aim for the 
densest possible hydrate with a given quality of lime. The 
peculiar physical qualities in the limestone itself and in the 
burned lime which tend to make the ultimate impurities, 
including magnesia, settle well or poorly do not seem to come 
out in an ordinary chemical analysis, bu t are of utmost im
portance in the washing of sludges, and where a paper mill is 
pushed to capacity in producing bleach solutions a suitable 
lime is of utm ost importance. I t  must be remembered 
th a t an excess of lime is always used and the more batches 
th a t can be run before throwing away this excess, the lower 
the lime-chlorine ratio will be kept. I t  should also be borne 
in mind th a t the chlorine used costs a t least four times as 
much as the lime and th a t every sludge loss caused by lime 
is magnified by the value of the chlorine. A lime of moderate 
purity which absorbs a considerable am ount of chlorine might 
be used in a plant th a t had much more than ample settling 
capacity and a long period of time for washing and give a 
fairly low lime-chlorine ratio without serious loss. The 
same lime could not be compared in value with a denser 
lime th a t absorbed slightly less chlorine for use in a plant 
working to capacity.

T he Re-Use of Plaster of Paris Molds1
By Marie Farnsworth2

N o n m e t a l l ic  M in e r a l s  E x p e r im e n t  S t a t io n , B u r e a u  or  M i n e s , N e w  B r u n s w ic k , N .  J .

MOST of the gypsum 
mined in the United 
States is c a lc in e d  

and sold as plaster of Paris.
The larger part of this cal
c in ed  m a te r ia l  is used in 
building as wall plaster, wall 
boards, gypsum blocks, etc., 
where its use is permanent 
and there is no need to re
use it. H o w e v e r , c e r ta in
industries use large quantities of plaster for die-casting metals. 
When the hot m etal is poured into the molds, water is 
driven off and the molds are pitted so as to be unfit for 
further use. The anhydrite formed by the action of the 
heat can be rehydrated to gypsum3 and calcined again to 
plaster, but the plaster resulting from a second calcination is 
found to be unfit for further use, owing to  a large decrease 
in tensile strength. So far no method for utilizing these 
old molds has been found and in addition to  buying new 
plaster the company m ust pay to have the old molds hauled 
away. The desirability of eliminating this industrial waste 
led to a study of the possibility of utilizing old plaster molds.

1 Received N ovem ber 17, 1926. Published by permission of the 
D irector, U. S. B ureau of Mines.

1 P resent address, W ashington Square College, New York U niversity, 
New York. N . Y.

* Farnsw orth, T h is  J o u r n a l , 17, 967 (1925).

Plaster of Paris molds deteriorate very rapidly on re
use, the tensile strength becoming m uch less on each 
successive recalcination. X-ray photographs of the 
molds show that the gypsum particles grow larger as 
the tensile strength becomes less. The addition of 
about V< Per cent alum inum  oxide is found to increase 
the tensile strength markedly and decrease the particle 
size. This has a possible application in die-casting 
factories, etc., where molds can only be used once and 
then thrown away.

W h ile  no  means has been 
found for restoring used molds 
to th e i r  o r ig in a l tensile 
strength, a method has been 
found for greatly increasing 
the tensile strength over that 
of the untreated material.

Effect of Repeated Recalci
nations on Plaster

1 The chemical process underlying the making of plaster 
molds is

CaSO,.2HiO +  heat- 
Gypsum

-CaSOi.'/jH iO  +  water — > 
Plaster of Paris 

C aS04.2H20
Gypsum or plaster of Paris molds

On recalcination the same process repeats itself, so there is 
no reason from a chemical standpoint why the tensile strength 
should decrease so markedly. In order to find out just 
what happens on recalcination, the water of crystallization of 
both plaster and gypsum, the water-carrying capacity of 
the plaster (the am ount of water necessary to  make 100 grams 
of plaster of the right consistency), the setting time, and the 
tensile strength were tested for a series of five recalcinations. 
The plaster employed was a sample from Virginia which was 
taken from the ordinary commercial run before a retarder
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was added. The methods of testing were all the standard 
methods of the American Society for Testing Materials.

Methods of Testing

C o m b in e d  W a t e r —The combined water was tested by 
first drying the sample in an oven a t 45° C. for 2 hours to 
drive off absorbed moisture. About one gram of the sample 
was then placed in a platinum crucible and dried a t 215- 
230° C. to constant weight. The loss in weight divided by 
the weight of the sample gave the water of crystallization.

C o n s is t e n c y —For testing samples of different plasters, it 
was necessary tha t all be first brought to  the same consistency, 
by the addition of the proper am ount of water. This was 
done by means of a Southard viscometer. The apparatus 
consisted of a brass cylinder of 2-inch (5-cm.) bore with a 
circular disk flange flush with its upper end. The screw 
actuating the piston was s/s  inch (16 mm.) in outside diame
ter, '/* (6 nun.) inch pitch, right-hand square threads '/is 
(1.6 mm.) inch deep. The top of the brass disk flange was 
etched with concentric circles which varied in diameter from 
6 cm. up to 28 cm. by increments of 2 cm. When in position 
for use the brass flange was maintained in a true horizontal 
position.

In using, the piston, cylinder walls, and top of the plate of 
the viscometer were carefully cleaned. Then by turning 
the crank the top of the piston was brought exactly flush 
with the top of the plate. The piston was then depressed 
by turning the crank ten times in the reverse direction. A 
mixture of at least 300 grams total of dry calcined gypsum 
and water was made by shaking the calcined gypsum into 
the water through a No. 8 mesh sieve and allowing it to soak 
2 minutes. I t  was then stirred to an even fluidity for a time 
not exceeding 30 seconds. This mixture was immediately 
poured into the well in the center of the plate of the vis
cometer, filling the well just flush with the top of the plate. 
The crank at the bottom of the viscometer wras then im
mediately turned ten turns a t the rate of one turn per second. 
The upward motion of the piston caused the mixture to over
flow into a circular pat and the average of the quadrant read
ings of the concentric lines on the top of the plate could be 
taken. A neat m ortar mixture was of testing consistency, 
if, with this operation, it gave a circular pat averaging 9.7 cm. 
in diameter, and is expressed as the number of cubic centi
meters of water required to be added to 100 grams of plaster. 
This is called the water-carrying capacity.

T im e  o f  S e t t in g —Two hundred grams of the sample were 
mixed with enough water to make a paste of testing consist
ency. A rubber mold such as is used with a Vicat needle 
was filled with the paste and the time of set was determined 
by means of a Vicat needle. The needle was allowed to sink 
into the paste a t frequent intervals. After each penetration 
the needle was wiped clean, and the paste moved slightly' so 
that the needle did not strike the same spot twice. The set 
was determined complete when the needle no longer pene
trated to the bottom of the paste. The minutes elapsed 
from the time when the sample was first added to the water 
to the time when the set was complete, was recorded as the 
time of set of the sample. In this, as in all the other tests, 
all dishes and utensils were absolutely' clean, especially free 
from all traces of set gypsum which has a marked effect on 
time of set and other properties of plaster. Also, distilled 
water was used throughout as small traces of salts markedly' 
affect the properties of plaster.

T e n s i l e  S t r e n g t h —Five hundred grams of plaster 
were mixed to testing consistency and cast into a five-gang 
briquet mold of the shape and size used for testing portland 
cement. The briquet where broken had a cross section of
6.5 sq. cm. (1 sq. in.). Each briquet was not cast successively,

but the containing vessel was moved back and forth over the 
molds while pouring continuously. The briquet was worked 
slightly with the point of a trowel to remove air bubbles and 
level off the briquets. When sufficiently hard, they were 
removed and stored a t room temperature for a t  least 7 days. 
When the weight had become constant to within 0.1 per cent, 
the specimens were tested in a standard machine used for the 
determination of tensile strength. The tensile strength 
-was determined as pounds per square inch.

A tabulation of the results is given in Table I.

T ab le  I— P la s te r  T e s ts

T imes
C a l c in e d

M o is t u r e W a t e r - 
C a r r y in g  
C a p a c it y  a im u

T e n s i l e
S t r e n g t hBefore

calcination
After

calcination

Per cent Per cent
Cc. IhO/lOO g.

plaster M inutes Lbs./sq. in.
1 5.82 72 .5  22 249.5
o IS. 33 5.50 87 .5  12 203. 1
3 IS. OS 5.54 120 S .5 91.98
4 18.15 5.50 150 8 6 6 . 2
5 . 17.88 5.50 175 11 52.1

The material did not change much chemically, as shown by 
the practical constancy of the water of crystallization. More
over, it has been definitely proved th a t the presence of an
hydrite (CaSO, would be shown by a decrease in water of 
crystallization) does not lower the tensile strength unless in 
such large amount that it hinders the plaster from sticking 
together. Since the underlying cause does not seem to be 
chemical, it is natural to seek a physical explanation of the 
decrease in plasticity, and therefore an x-ray study of the new 
plaster and gypsum, and of plaster and gypsum after repeated 
calcinations, was undertaken.

X-Ray Methods

Since the difference in the original sample and the recalcined 
sample was probably one of particle size, the pictures taken 
were the ordinary monochromatic pinhole pictures. These 
pictures were taken on a multiple diffraction apparatus in the 
Research Laboratory of Applied Chemistry of the Massa
chusetts Institute of Technology.4 The tube employed was 
the usual Coolidge water-cooled molybdenum anode type 
operated a t 15 milliamperes and 30,000 volts, R.M.S. 
The x-rays were restricted by means of two pinholes 1.5 mm. 
in diameter 4 inches apart in a brass cylinder with a lead end. 
F lat cassettes in which a calcium tungstate intensifying screen 
was mounted back of the film were used to record the p a t
terns. Films 3‘/< X 4 inches (8.25 X 10.16 cm.) were used. 
The cassettes were automatically held perpendicular to the 
x-ray beam during exposure by means of easels locked in a 
T-slot guide a t a distance of 5 cm. Two pins which fit 
into slots in the top of the easel permitted quick adjustment 
or removal of the cassette. Since the plaster was in powder 
form it was enclosed in gelatin capsules such as can be pur
chased in any drugstore. Since the gypsum was already in 
the form of a continuous solid it was employed in pieces about 
Vw inch in thickness. These samples were mounted directly 
over the pinhole.

X-Ray Results

The pattern as thus recorded is circular in form; the dia
gram depending upon the substance being examined. With 
amorphous substances the pattern is a general blackening 
around the darker image of the central beam. W ith crystals 
concentric rings appear, diffuse or sharp according to whether 
the crystals are small or large. If the crystals become still 
larger, spots appear on the diagram. Pictures taken for

* Clark. Brugman, and Aborn, J . Optical Soc. Atn., 12, 3(9 (1925).
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all the five plaster samples noted in Table I  showed no 
differences. The five gypsum samples made from the plaster 
samples, however, showed a regular gradation in particle 
size, the crystals growing continuously larger (though not 
rapidly) with each successive calcination.

Figure 1 shows gypsum made from the plaster of Paris 
which had been calcined once and Figure 2 shows gypsum 
made from plaster of Paris which had been calcined five times. 
In Figure 1 there are a few large crystals (as shown by the

F ig u re  1— C aS 0 i.2 H2 0  M ad e  f ro m  C aSO i.V iH jO  
C a lc in e d  O nce

darker spots on the film and lighter spots on the positive; 
the figures are positives) held together by crystals which 
are very small (shown by very slight ring formation and the 
general blackening of the film). Figure 2 shows less real 
large crystals (fewer spots) but larger crystals in general, as 
shown by the well-formed rings and less general blackening 
of the film. Since the CaS0<.V2H 20  pictures showed no 
appreciable differences, it was assumed th a t the small amount 
of uncalcined gypsum invariably left in the plaster acted 
as centers of crystallization or catalytically to  cause the 
crystals to grow larger and thus cause the molds to  be less 
strong. This is verified by the fact th a t the presence of old 
gypsum in even a very small am ount greatly impairs the 
quality of an otherwise excellent plaster.

Prevention of Crystal Growth

From these x-ray results it was decided th a t if crystal 
growth could be prevented molds having much greater tensile 
strength would result. I t  has been found by Wyckoff and 
Crittenden5 th a t potassium aluminate added to  iron catalysts 
decreases the size of iron crystals and thus better catalysts 
result. Potassium aluminate made by heating together 3 
parts of aluminum oxide and 1 part of potassium oxide at 
350° C. for several hours 'was added to an old sample of plaster 
in the proportion of 3 grams of salt to 100 grams of plaster. 
I t  was found, however, th a t by the above process of making 
potassium aluminate some free alkali remained and this made 
the plaster so quick-setting th a t any good effect resulting 
from a prevention of crystal growth was completely masked. 
Aluminum oxide was next tried and this was found to work 
very well. Plaster was made by adding 3 per cent aluminum 
oxide to  gypsum made from the plaster calcined five times in 
Table I  and calcining a sixth time. As seen by Table I, the 
tensile strength of briquets made from plaster calcined five

I J . A m . Ckcm. Soc., 47, 2S66 (1925).

times was only 52.1 pounds per square inch, but that of the 
briquets after the addition of 3 per cent aluminum oxide 
and an additional calcination rose to 126 pounds per square 
inch. A sufficient am ount of plaster was not available for 
additional tests, so tests were started with new samples of 
plaster.

Effect of Varying Percentages of AI2Oj

A new sample of plaster of Paris was obtained from the 
same mine in Virginia and additional tests were carried on with 
it. Briquets made from this plaster were found to have a 
tensile strength of 316, setting time 19.5 minutes, and water- 
carrying capacity 50 cc. water per 100 grams plaster. A 
sufficiently large am ount of this plaster was made up into 
molds, dried, and reground, and then calcined with the addi
tion of varying proportions of aluminum oxide. Unless the 
oxide was added before the calcination, it had very little 
effect. These results are tabulated in Table II.

T a b le  I I— E ffect of V ary in g  P e rc e n ta g es  of AliOi

P r o p e r t y
P e r  C e n t  A h O i A dded

None 3 2 1 V* V« «/*

W ater-carrying capacity, cc. HiO
per 1 0 0  grams plaster 105 95 90 85 80 80 80

Setting time, minutes 8  8 8 1 1 13 18 16
Tensile strength , lbs. per sq. in. 70 105 143 139 153 183 160

This table shows th a t the most advantageous percentage 
of aluminum oxide is '/< per cent, and therefore this per
centage was used in all other experiments. There was no 
apparent reason why this sample should decrease in tensile 
strength so much more on recalcination than the first sample 
from the same locality. While this sample decreased in ten
sile strength from 316 to 76 pounds per square inch with one 
recalcination, with the first sample, the decrease in tensile

F ig u re  2— C aS 0 <.2 H 2 0  M ad e  f ro m  C a S O ^ /jH tO  
C a lc in e d  F ive T im es

strength was only from 249.5 to 203.1 pounds per square inch j 
for one calcination, and the tensile strength had only de
creased to  52.1 after a series of five recalcinations. Because 
plaster of Paris is so susceptible to small variables, it is 
difficult to draw any far-reaching conclusions. However, !
the addition of aluminum oxide to various samples caused 
roughly the same percentage increase in tensile strength, so 
it  ought to  be possible to re-use an ordinary mold at least ; 
once or twice by the simple addition of about 1/* per cent 
aluminum oxide before the second calcination.
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Effect of Al2Oi on a Second Recalcination

The next test was to find whether the beneficial action 
of the aluminum oxide continued or whether it was necessary 
to add a new supply each time. The molds to which l/ t  per

plaster causes it to deteriorate very markedly. Traces of 
many foreign substances cause a deterioration of plaster and 
it is just as likely tha t traces of many substances would im
prove it. I t  has been found that the addition of as small an 
amount as 1/ t per cent aluminum oxide will cause the tensile

Figure  3— CaSO<.2HjO M ade f ro m  C aS O i. VjH iO 
C a lc in ed  O nce  (S eco n d  S a m p le )

cent aluminum oxide had been added were calcined for the 
third time, half were calcined without the addition of more 
oxide and half were calcined after the addition of 1/ t  per cent 
more oxide. These two samples were compared with two 
additional samples, one calcined for three times without the 
addition of anything and the second calcined with the addi
tion of '/< aluminum oxide on the third calcination. These 
samples are designated 1, 2, 3, and 4, respectively, and the 
results are given in Table III .

T able  I I I— E ffect of AlsOt o n  a  S eco n d  R ec a lc in a tio n

Sample W atbr -C  a r r y in g  
C apacity

T e n s il e
St r en g t h

S ettin g
T im e

Cc. HsO per 100 g. plaster Lbs. per sq. in. Minutes
1 120 25 6
2 90 70 10
3 128 30 8 .5
4 90 75 10

I t is seen by this table th a t the tensile strength of the plaster 
for this particular sample was very low on the third calcina
tion, but here again the increase in tensile strength on the 
addition of aluminum oxide is approximately the same as on 
the second calcination.

This increase in tensile strength was also shown by means of 
x-ray photographs. Figure 3 is gypsum made from plaster 
calcined once (tensile strength 31G lbs. per sq. in.); Figure 4 
is gypsum made from plaster calcined twice (tensile strength 
76 lbs. per sq. in.); Figure 5 is gypsum made from plaster also 
calcined twice but with the addition of ‘/ t  per cent aluminum 
oxide on the second calcination (tensile strength 183 lbs. per 
sq. in.). These photographs indicate th a t the particles in 
Figure 3 are the smallest, largest in Figure 4, and intermediate 
in Figure 5. This is the same result as was obtained by a 
direct measurement of the tensile strength.

Discussion of Results

It seems very likely th a t the deterioration of plaster of 
Paris on a second calcination results from the traces of un
calcined gypsum remaining. This view is supported by the 
fact that the addition of small traces of set gypsum to good

F ig u re  4— CaS0<.2H»0 M ade fro m  C aS O t.'/iH iO  
C alc in ed  T w ice (S econd  S am p le )

strength to increase about threefold, and no doubt other sub
stances would be just as good, or even better, bu t a  search 
was not made for such substances. X-ray photographs from 
new plaster and from re-used plaster show th a t the smaller 
the tensile strength the larger is the particle size. The addi
tion of aluminum oxide causes a decrease in the particle size 
and increases the tensile strength. This has a possible ap
plication in the re-use of plaster molds where the decrease in 
tensile strength on recalcination is not too great.

Flfiure 5— CaSO i.2H jO  M ade f ro m  C aSO i.V iH iO  C a l
c in ed  Tw ice +  0.25 P e r C e n t AliO) (S econd  S a m p le )
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The Petroleum  W axes1
By C. C. Buchler and G. D. Graves

S t a n d a r d  O i l  C o m p a n y  ( I n d ia n a ) , C a s p e r , W y o .

T H R EE waxes are known in refinery practice—paraffin, 
which is pressed from the lighter wax distillates and 
sweated free from oil; slop wax, which is present in 

the heavier wax distillates commonly considered unpress- 
able; and petrolatum wax, characteristic of residual stocks. 
Ceresin, as refined from the naturally occuring ozokerite, 
is a fourth petroleum wax. I t  is probably essentially the same 
as rod wax which separates from crude in the wells around 
the sucker rods.

These waxes as found in refinery stocks exhibit markedly 
different crystallizing behavior. Petrolatum  wax forms 
such ill-defined crystals that 
i t  c a n n o t be pressed but 
m u s t  be co ld -settled  or 
centrifuged from the cylin
der stocks in which it oc
curs. I t  will not sweat and 
is commonly thought of as 
amorphous or so m e tim e s  
microcrystalline.

The waxes present in dis
tillate oils form c r y s ta ls  
larger than those of petro
latum wax. The lighter wax 
distillates contain paraffin 
wax, which forms large crys
tals well suited for filter-pressing and sweating. The wax 
found in heavier distillates, on the contrary, docs not crys
tallize so well and has been designated as slop wax. Since a
redistillation under cracking conditions greatly improves the 
pressing qualities of these distillates, it has been assumed tha t 
the slop wax “cracks” to paraffin. A distillate which does not 
press properly or a  slack wax which does not sweat well is said 
to contain slop wax and to be insufficiently cracked. I t  has 
even been suggested th a t paraffin itself does not exist in 
crude but results entirely from the cracking of slop wax.

Historical Review

The reasons for the different behavior of the petroleum waxes 
are no more clearly explained in the literature than they are 
understood by refiners. Two distinct theories have been ad
vanced.

From his extensive investigations on petroleum waxes, in
cluding ozokerite, Zaloziecki2 concluded that there is present 
in petroleum an amorphous as well as a crystalline variety of 
wax. Since distillates always contain the crystalline variety, 
Zaloziecki believes that the amorphous variety, or “ proto- 
paraffins,” when subjected to distillation crack into the crystal
line variety, "pyro-paraffins.” Zaloziecki suggests that this 
conversion is possibly one of branched-chain into straight- 
chain hydrocarbons which crystallize in well-formed crystals.

The work of Hôfer, Engler and Bohm, and Boleg seems to be 
in agreement with the proto-pyro-paraftin theory of Zaloziecki. 
More recently the work of Marcusson2 further substantiates 
Zaloziecki’s theory. Marcusson prepared pure samples of 
ceresin wax and paraffin wax of the same melting point and found 
that the values of molecular weight, specific gravity, and index 
of refraction were all higher for the ceresin wax, and therefore 
concluded that ceresin consists of branched-chain hydrocar

1 Received February  14, 1927. Presented before the Division of 
Petroleum  C hem istry a t  the  73rd M eeting of the American Chemical Society, 
R ichm ond, Va., April 11 to  16, 1927.

’ Z. angetc. Ckem., 3, 128, 281, 318 (1888).
» Ckem.-7.tg.. 38, 73 (1914); 39, 578, 613 (1915).

bons or iso-paraffins. In addition, Marcusson showed that 
ceresin wax is identical with the amorphous wax of petroleum, 
and by the slow distillation of ceresin he obtained a crystalline 
wax, Zaloziecki’s pyro-paraffin.

On the other hand, by means of photomicrographs using 
polarized light, Gurwitseh4 has shown that petroleum waxes 
which have been neither distilled nor purified by crystallization 
from a solvent are crystalline, even including the waxes present 
in vaseline. Furthermore, he has shown that as the viscosity 
of the crystallizing medium increases the wax crystals become 
smaller and less well-defined. Gurwitseh therefore concludes 
that the crystallization of petroleum waxes is dependent pri
marily upon the viscosity of the oil-crystallizing medium, and also 
possibly upon the presence of some unknown colloidal material.

He does not agree with Zalo
ziecki that it  is necessary to 
p o s t u l a t e  the existence of 
proto-paraffin. T h e  view 
that petroleum w a x e s  are 
present in crude as such and 
that good crystallization is 
inhibited by the viscosity ol 
the oil or the presence of some 
unknown colloidal substance 
is supported by the work of 
Rakusin,6 Gordon,6 Sacka-  
n e n , 7 and Padgett, Hcfley, 
and Henriksen.8

A number of investigators 
have shown that the hydro
carbons present in paraffin 
wax belong to the C„H;D,: 
homologous scries of paraffin 

hydrocarbons. M abery9 obtained a series of fractions from com
mercial paraffin wax melting from 48° to 03° C. (118.4° to 145.5° 
F.). However, as Gurwitseh points out, the melting points are 
too low and the specific gravities too high, compared with the 
series of synthetic straight-cliain hydrocarbons prepared by 
Krafft.10 Francis, Watkins, and W allington11 have isolated seven 
pure fractions from Scottish shale wax which x-ray analysis17 has 
shown to be straight-chain hydrocarbons. Dunstan and Kewley11 
and Carpenter14 have isolated hydrocarbons from C-i to Cj, from 
Burma crude.

Considerable w ork has been done on the crystalline nature of 
petroleum waxes. Gurwitseh4 shows photomicrographs of 
both natural and artificial vaselines taken by polarized light to 
show their crystalline structure. Padgett, Hefley, and Hen
riksen8 show pictures to the same effect. Distilled waxes show 
larger crystals which may be either of plate or needle form, 
this latter type being desirable in pressing distillates and sweating 
waxes.16 The factors favoring needle formation are, however, 
unknown. Carpenter14 noted that needles were obtained on 
crystallizing at about 39.4° C. (103° F .) from glacial acetic 
acid while plates were formed at a low temperature from ether 
without a change in the molecular weight of the wax which 
separated. He believes that a definite transition temperature 
exists at which one type changes to the other. Myrick16 pro
poses the same idea, presenting photomicrographs of the two types 
Padgett, Carpenter, and Myrick all note the formation of needles 
followed by plates from waxes containing considerable oil.

4 "W issenschaftliche G rundlagen der BrdOlverarbeitung,” pp. 16 an(1 

218, Julius Springer, Berlin, 192-1.
4 J . Russ. Phys.-Chcm. Soc., 46, 1544 (1914).
• J . Soc. Chem. Ind ., 42, 4 0 5 T  (1923).
i Petroleum Z ., 22, 484 (1928).
• T h i s  J o u r n a l ,  18, 832 (1928).
> A m . Ckem. J .,  33, 251 (1905).

•• Ber., 19, 2223 (1S86); 29, 1323 (1896); 40, 4783 (1907).
”  J . Ckem. Soc. (.London'), 121, 496, 1529, 2804 (1922).
15 P iper, Brown, and  D ym cnt, Ibid., 127, 2194 (1925).
41 J . Inst. Petroleum Tech., 10, 503, 511 (1924).
" I b id .,  12, 288 (1926).
ls P h y a la . 7th Intern. Cong. A pplied Ckem., Pet. 4, 1392.
14 U npublished repo rt from W hiting Laboratory, S tandard  Oil C o m p a n y  

(Ind iana), February , 1918.

Paraffin, slop wax, petrolatum wax, and rod wax have 
been separated into a series of pure fractions belonging 
to the same homologous series of paraffin hydrocarbons 
ranging from CisHaa to C <jH 88. Photomicrographs show 
that each pure cut crystallizes in plates whether frozen 
from the molten state or from solution. In purifica
tion two impurities were removed—oil and an unknown 
mixture called “soft wax.” To it is due the formation 
of needle crystals in impure waxes and the formation 
of vaselines when high m elting waxes are mixed with 
oil.
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Purpose of This Investigation

Obviously, neither the observations of the refiner nor the 
published information are adequate to explain the differing 
behavior of the petroleum waxes, im portant as it is to the 
processes of pressing, sweating, cold-settling, and centrifug
ing. These are still the conflicting hypotheses of Zalo- 
ziecki and Gurwitsch. For this reason an investigation was 
directed to determine, first, whether all petroleum waxes 
belong to the same homologous series of hydrocarbons, and 
second, the correct explanation of the difference in crystalline 
form noted by all investigators working with petroleum 
waxes.

E X P E R IM E N T A L

Such physical properties as melting or solidifying point, 
index of refraction, and density of members of a homologous 
series show a regular increase with increasing molecular 
weight.

It was therefore determined to isolate a series of pure 
fractions from paraffin, slop wax, petrolatum wax, and rod 
wax, and to plot the above-mentioned physical properties. 
The formation of smooth curves would prove the existence 
of a homologous series. Since the physical properties as 
determined give average values for mixtures, it is unnecessary 
to work with individual compounds, narrow cuts serving as 
well to prove the point.

Preparation of Materials

The following products furnished the source of raw ma
terials: paraffin wax (slack wax) as removed by pressing 
wax distillate a t —17.8° C. (0° F .); slop wax as present in 
heavy distillate from the coking process; petrolatum wax 
centrifuged from residual stocks a t —17.8° C. (0° F.); 
and rod wax as collected from the sucker rods in the field. 
All represent fractions from Salt Creek, Wyo., crude.

Each wax was recrystallized from ethylene dichloride 
at 4.4° C. (40° F.) until a wax of constant melting point 
and index of refraction was obtained, which was used as a 
criterion of complete removal of accompanying oil. Usu
ally three to four crystallizations were necessary.

Plate I— P o in ts  o n  A ll C u rv es  D e s ig n a te d  a s  S how n  Above

Among other solvents which are available for the purifi
cation of petroleum waxes from oil may be mentioned acetone 
and methylethyl ketone for the paraffin wax range, while 
n-butyl alcohol and alcohol-benzene mixtures serve for slop 
and petrolatum waxes. Hotvever, ethylene dichloride is 
far superior, in th a t it is miscible in all proportions with oil, 
which thereby eliminates any possibility of fractionation of 
the oil during crystallization with resultant contamination 
of the recrystallized wax. Furthermore, readily filterable 
crystals arc always obtained even from petrolatum wax.

The oil-free wax was decolorized either with fuller’s earth 
or decolorizing carbon.

The resulting oil-free wax was then subjected to very 
careful vacuum fractionation under a pressure of less than 
1 mm. of mercury. The flask, which was internally elec
trically heated, was a modified Claissen provided with a 
fractionating column of the Skinner type about 25 cm. in 
length. For the higher boiling waxes it was found advanta
geous to lag the fractionating column with heavy asbestos 
rope in order to eliminate excessive refluxing. For the 
lower boiling waxes a receiver consisting of two bulbs with 
a stopcock sealed between was found most convenient. 
The side arm of the distillation flask entered the upper bulb, 
which received one fraction, while the previous one was 
drawn off from the bottom bulb. The bottom bulb was then 
exhausted by a second vacuum pump before being connected

to the system. In this way fractions could be obtained 
without interrupting the distillation. For the higher boiling 
waxes considerable difficulty was experienced in holding a 
high vacuum owing to leaking around the stopcocks, which 
had to be kept above the melting point of the wax. I t  was 
therefore necessary to use a  receiver which consisted of a 
number of elongated bulbs with constrictions between them. 
The condensate flowed to the bottom bulb, and as soon as 
this bulb was filled a je t of air was a t once directed on the 
constriction and the wax* frozen, this operation being re
peated as each bulb became full. A t the end of the dis
tillation the bulbs were cut apart a t  the constrictions and 
the fractions melted out. After each distillation a combi
nation of the various fractions and the residue in the flask 
in aliquot proportions was made, and a determination of 
the melting point and index of refraction was always found 
to be identical with tha t of the charge to the flask. The 
fact th a t the melting point and the index of refraction re
mained unchanged eliminated any possibility th a t either 
decomposition or rearrangement of any of the components 
had taken place during the distillation.

By this means each of the four waxes was resolved into a 
series of oil-free fractions, whose melting points and indices 
of refraction are given in Table I. When these values were 
plotted (Plate I) it was immediately evident that, although 
the lower fractions of each series fell approximately on a 
straight line, the higher fractions invariably fell sharply 
above, indicating the presence of some unknown impurity. 
In attem pting to purify further the higher fractions, it 
developed th a t a hot crystallization a t 35-45° C. from ethyl
ene dichloride removed a . very small am ount of waxy im
purity, called hereafter "soft wax.” The curve of index 
of refraction versus melting point for fractions so purified 
was a straight line a little below th a t shown on Plate I 
(see Plate II). Each fraction was then hot-crystallized 
from ethylene dichloride until further hot crystallization 
served merely to move the fraction up the curve owing to 
the removal of some of the more soluble low-melting com-
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/ r — t

M e l t in g  P o in t * 84 M e l t in g  P o in t 84
° F . ° C. ° F . ° C. W D

P A R A F F IN  W A X S L O P  W A X

8 0 .5 2 7 .0 1 .4133 12S .5 5 3 .6 1 .4250
8 8 .5 3 1 .4 1 .4155 13 3 .5 5 6 .4 1 .4264
9 4 .7 3 4 .8 1 .4165 137 .5 5 8 .6 1 .4270

1 0 1 .0 3 9 .3 1 .4184 13 8 .5 5 9 .1 1 .4275
105 .2 4 1 .0 1 .4194 13 9 .2 5 9 .5 1 .4277
107 .7 4 2 .0 1 .4201 14 1 .5 6 0 .8 1.4281
109 .7 4 3 .2 1 .4205 144 .2 6 2 .3 1 .42S 9
115 .2 4 6 .2 1 .4218 1 4 6 .0 6 3 .3 1 .4295
116 .7 4 7 .0 1 .4222 147 ..2 6 4 .0 1 .4295
120 .0 4 9 .0 1 .4230 14 9 .5 6 5 .3 1 .4302
1 2 2 .0 5 0 .0 1 .4230 152 .5 6 7 .0 1 .4311
1 2 5 .0 5 1 .7 1 .4243 15 3 .5 6 7 .5 1 .4313
125 .7 5 2 .0 1 .4247 155 .2 6 8 .4 1 .4318
130 .5 5 4 .7 1 .4258 15 7 .5 6 9 .7 1 .4337
133 .5 5 6 .4 1 .4268 158 .5 7 0 .3 1 .4325
135 .5 5 7 .5 1 .4284 161 .7 7 1 .1 1 .4358
139 .0 5 9 .4 1 .4299 165 .2 7 4 .0 1 .4359
142 .5 6 1 .4 1 .4307 1 6 7 .5 7 5 .3 1 .4392
148 .5 6 4 .7 1 .4328 168 .7 7 6 .0 1 .4377
1 5 6 .0 6 9 .0 1 .4343 172 .2 7 7 .9 1 .4399

P E T R O L A T U M W A X R O D  W A X

159 .7 7 1 .0 1 .4327 163 .0 7 2 .8 1 .4330
162 .5 7 2 .5 1 .4334 1 6 5 .5 7 4 .2 1 .4336
165 .2 7 4 .0 1 .4342 1 6 8 .5 7 5 .9 1 .4345
167 .7 7 5 .4 1 .4351 1 7 0 .0 7 6 .7 1 .4349
170 .5 7 7 .0 1 .4359 171 .7 7 7 .6 1 .4354
173 .0 7 8 .3 1 .4372 173 .5 7 8 .6 1 .4359
174 .0 7 8 .9 1 .4390 175 .7 7 9 .8 1 .4365
175 .5 7 9 .7 1 .4407 1 7 7 .0 8 0 .6 1 .4377
176 .5 8 0 .3 1 .4434 1 7 8 .5 8 1 .4 1 .4399

P la te  V

P la te  IV

ponents. Even further hot crystallizations a t higher tem
peratures never caused the values of the melting point or 
index of refraction to move off the curve. In  this way a 
series of fractions was obtained varying in melting point 
from 41.7° to 83.9° C. (107° to 183° F.). Considerable 
difficulty was experienced in completely purifying the low- 
melting fractions ranging from 26.7 to 41.7° C. (80° to 
107° F.), owing probably to the converging solubilities of the 
pure wax and the “soft wax.”

T a b le  I— M e lt in g  P o in ts  a n d  In d ic e s  o f R e f ra c t io n  o f In c o m p le te ly  
P u r ified  P e tro le u m  W axes

Determination of Physical Constants17

S o l i d i f y i n g  P o i n t  (Melting Point)—A  test tube about
1.5 cm. in diameter fitted with a cork carrying a thermometer

17 T he au tho rs  are indebted to  A. H . B oenau and R. W. Boyd for the 
determ inations of certain  of the  physical constants, also to  G. M . W hitney 
for several com bustion analyses.

graduated in half degrees Fahrenheit was filled with melted 
wax to a depth of 3.5 cm. The thermometer was so adjusted 
th a t the bulb was completely surrounded by wax. The 
test tube was then enclosed in a double air jacket so as to 
insure slow and uniform cooling. The thermometer was 
read every 30 seconds and the first three constant consecutive 
readings were taken as the melting point of the sample.
The determination is ac- ■_______
curate to 0.5° F. (0.2° C.).

R e f r a c t iv e  I n d e x —
The indices of refraction 
were determined on the 
usual Abbé type refractom- 
e te r . with water-jacketed 
prisms and provided with 
a special th e rm o m e te r  
r e a d in g  to 100° C. All 
d e te r m in a t io n s  w ere 
made a t 84° C. (183.2°
F.).

M o l e c u l a k  W e ig h t —The molecular weight was de
termined by the cryoscopic method using the usual standard 
Beckman apparatus. The solvent used was p-dichloro- 
benzene, which had been previously purified by distillation. 
No correction was applied either for the amount of solvent 
which sublimed to the cold part of the freezing point tube 
or for the am ount of undercooling, since the constant K of 
the solvent was determined under exactly the same conditions 
as prevailed in the molecular weight determinations. Tri- 
phenylmethane, which had been very carefully purified, 
was used as the solute in the determination of the constant. 
The results are accurate within 3 per cent.

D e n s it y —The densities were determined in a 5-cc. Gay- 
Lussac specific gravity bottle previously standardized with 
water a t 25° C. (77° F.), from which the volume at 84° C. 
(183.2° F.) was 
calculated. The 
p y  c n o m e t e r  
was filled with 
the melted wax 
just above its 
melting point, 
and then placed 
in an oven with
out the stopper 
in place a t 79° 
to 82° C. for a t 
least 2 hours in 
order to  allow 
the e sc a p e  of 
a n y  dissolved 
air. The pyc- 
n o m e te r  was 
then closed and 
p la c e d  in  a 
t h e r m o s t a t i 
cally controlled 
w a te r  b a th ,  
w h ic h  w a s  
m aintained at 
84° ±  0.3° C.
After the pyc- 
nometer had remained in the constant temperature bath for 
a t  least 1 hour, excess wax was removed, and the bottle 
immediately immersed in ice water in order to cause the wax 
to shrink away from the sides of the pycnometer and thus 
minimize breaking due to the wax adhering to the walls. 
The pycnometer was allowed sufficient time to  come to room

P la te  VI

P la te  V II
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Paraffin wax, m. p. 27.0° C. Paraffin wax, m. p. 38.3° C. Paraffin wax, m. p. 41.7° C. Paraffin wax, m. p. 49.4° C.

Paraffin wax, m. p. 08.9° C . Slop wax, m. p. 59.4° C. Slop wax, m. p. 83.3° C. Rod wax, m. p. 82.5° C.

F ra c tio n s  fro m  P u rified  W axes

Magnifications are X 80. Both ordinary and polarized 
light were used, the figures described herein being taken with 
polarized light.

D ISC U SSIO N  O F R E SU L T S 

T h e E xistence of a H o m ologou s Series

The physical constants given in Table I I  and shown 
graphically on Plates II  to V II make it evident a t once that, 
regardless of the source of raw material, whether paraffin, 
slop, petrolatum, or rod wax, the physical constants of the 
purified fractions fall on the same smooth curves. The 
photographs (Figures 1 to 9) show tha t all have the same crys
talline form. Thus the fact is established th a t all belong to 
the same homologous series. Otherwise it would be incon
ceivable that all would fall upon the same smooth curves, 
overlapping from one series to the next.

Numerous previous investigators have shown tha t paraf
fin wax belongs to the C„H2n+j homologous series; it 
therefore follows from the above results th a t slop, petrola
tum, and rod waxes (the latter corresponding to ceresin wax) 
must likewise belong to this same homologous series. Com
bustion analyses given in Table I I  further support this 
view. The close agreement between the theoretical and 
calculated values of molecular refractivity also class all the 
hydrocarbons as paraffins.

I t  should be further noted that, notwithstanding the fact

temperature and weighed. 
The results are accurate to 
0.0005.

M o l e c u l a r  R e f r a c 
t i v i t y —The values of den
sity and refractive index a t 
the same temperature be
ing known, molecular re- 
fractivities were calculated 
according to the Lorentz 
and Lorenz formula,

M rL

P h o tom icrograp h s

In order to characterize further the various crude and 
purified waxes a series of photomicrographs was obtained. 
They were taken using a Bausch & Lomb microscope fitted 
with a Leitz “Macca” camera. The waxes were crystallized 
in a hanging drop, the slide being held in a warm stage 
at such a temperature tha t the crystals formed very slowly.

Petrolatum wax, m. p. S3.S0 C.

T h e o r e t ic a l  values were 
calculated taking values for 
carbon of 2.501 and for hy
drogen of 1.051.
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Paraffin wax containing oil. Slop wax containing oil. Needles Paraffin wax free from oil. Slop wax free from oil. Needles 
Needles Needles

Petro latum  wax containing oil P etro latum  wax free from oil

C rysta llin e  F orm  of P etro leu m  Waxes

Figures 1 to 9 represent a  number of the pure cuts of 
Table II, being perfectly characteristic of the entire number. 
The same type of plate crystal is formed by all, the size 
decreasing with increasing molecular weight.

This plate crystal is in distinct contrast to the needle type 
of crystal hitherto considered characteristic of paraffin 
waxes. Such needle crystals are shown in Figures 10 to 13, 
the first two being paraffin and slop waxes containing oil, 
and the second two, oil-free waxes prepared from them. 
The needle structure cannot therefore be attributed to the 
oil. Nor is this effect due to  the wide spread of molecular 
weights contained in the sweated waxes, since Figures 14 
and 15 show th a t mixtures of the high and low pure cuts 
of the paraffin and slop series still show plate formation.

Petrolatum  wax itself forms very small crystals. Figures 
16 and 17 show a partially purified wax melting at 72.2° C. 
(162° F.) and an oil-free sample melting a t 74.4° C. (166° F.).

Since the pure fractions of Table I I  differ from the above 
needle-forming waxes only in their freedom from the “soft 
wax” impurity, it seems clear th a t the needle structure is in 
some way dependent upon the presence of this material. 
Figure 18 bears out this idea, showing the needle s t r u c tu r e  
of the material in which “soft wax” is concentrated as re
moved in hot crystallization from ethylene chloride. Figures 
23 and 24 show needles and plates, respectively, which have 
formed very slowly. The crystal form is clearly show n.

M ixture of 27.0° and 08.9° C. M ixture of 59.1° and S3.30 C. 
Fractions. Plates Slop fractions. Plates

tha t the purified fractions 
are not individual homologs 
but mixtures, they are in 
very close a g re e m e n t in 
melting point for a corre
sponding molecular weight 
with the synthetic normal 
paraffin hydrocarbons pre
pared by Rrafft. This is 
i l l u s t r a te d  on Plate IV, 
where the broken line in
dicates Krafft’s synthetic 
hydrocarbons.

I t  would therefore seem 
tha t not only is the conclu
sion th a t all p e tro le u m  
w axes b e lo n g  to  th e  
CJTa+o homologous series 

Conccutrute of "soft wax" as justifiable but, furthermore,
removed by hot crystallization of ’ ’
paraffin wax. Needles that the petroleum waxes

are straight-chain hydro
carbons. This latter conclusion is further substantiated 
by the close agreement in melting point and molecular 
weight between the purified fractions as prepared in this 
paper and the pure fractions isolated from Scottish shale 
wax, which x-ray analysis has shown to be straight-chain 
hydrocarbons.
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T a b le  I I— D a ta  on  P u rified  P e tro le u m  W axes
M b l t i n o  P o i n t  
0 F. 0 C.

„84 
n  D d*« Mol. wt.

---------Obs
M rh

E R V E D ----------------
% C % H F o r m u l a Mol. wt.

------C a l c u l a t e d ----------
% C %  H M rL

P A R A F F IN  W A X

SO.5 27.0 1.4133 0.7347 255 86.5 84.55 15.04 CuH j, 254 85.04 14.96 S6.9
88.5 31.4 1.4155 0.7397 271 92.0 C i» H « o 268 89.6
07.5 30.4 1.4173 0.7417 287 97.6 CsoHu 282 94.1

101.0
105.5

38.3 1.4183 0.7440 292 99.1 CjiH m 296
14.90

98.8
40.8 1.4191 0.7458 294 99.6 84.86 14.98 C i t H u 296 85.10 98 .8

107.0 41.7 1.4191 0.7466 298 100.8 C :,H < 4 296 98 .8
114.2 45.7 1.4210

85.18 14.82 107.9116.7 47.1 1.4217 0.7513 330 111.2 84.75 14.91 C uH u 324
118.7 48.2 1.4221

112.6121.0 49.4 1.4226 0.7526 337 113.5 CïtHso 338
126.5 52.5 1.4240
127.5 53.0 1.4242

14.79 117.2128.0 53.3 1.4244 0.7558 357 121.2 85.31 14.75 CiłHłi 352 85.21
131-5 55.3 1.4252

CmH m 366 121.S133.5 50.4 1.4257 0.7580 367 123.9
137.2 58.4 1.4266 0.7607

380 126.3138.5 59.1 1.4209 0.7609 385 129.9 C jtH m
144.2 62.3 1.4285 0.7642 410 137.7 Cj»Heo 408

85.32 14 .6S
1 3 5 . 5

149.5 65.3 1.4297 0.7660 430 144.7 85.22 14.74 C«H m 436 144.7
156.0 68.9 1.4315 0.7687 450 153.7 CjjH« 450 149.3

P E T R O L A T U M  W A X

159.7 71.0 1.4323 0.7706 474 159.6 CmH to 478
85.36 14.64

159.6
164.5 73.6 1.4333 0.7727 492 164.4 85.45 14.78 c « h 72 492 163.2
166.7 74.8 1.4339 0.7739 502 168.9 CjíH ti 506 169.9
169.2 76.2 1.4347 0.7753 520 174.9 C17H 7» 520 172.4
170.7 77.1 1.4351 0.7759 539 181.3 CjgHiS 534

85.40 14.60
177.0

173.7 78.8 1.4359 0.7771 555 186.7 85.13 14.62 CjfHgo 548 181.6
177.2 80.7 1.4366 0.7784 572 192.3 CuHw 576 m 190.8
181.2 82.9 1.4375 0.7803 586 194.9 C « IU 590

85.43 14.57
195.4

182.7 83.8 1.4378 603 85.54
S L O P  W A X

14.47 C «H n 604 200.0

132.2 55.7 1.4255 360 84.87 14.83 CííH&i 366 85.23 14.77
126.3136.2 57.9 1.4203 0.7600 385 129.7 CjtH m 380

138.5
139.0

59.2
59.4

1.4270
1.4270 . 0.7614 394 133.0 CmH m 39 1 130.9

140.5 60.3 1.4275
142.5 61.4 1.4280
144.5
145.5

02.5
63.1

1.4284
1.4287 0.7644 405 136.5 85.18 14.81 CmH co 40S 85.29 14.71 135.5

148.5
150.5

64.7
65.9

1.4294
1.4300 0.7677 431 145.1 85.19 14.74 CjiH « 436 85.32 14 .6S 144.7

152.0
153.5

66.7
67.5

1.4303 
1.4306 0.7677 437 147.5 CstHe 436 144.7

149.3
153.9
1 5 3 . 9

156.0 68.5 1.4312 0.7084 451 152.1 CwHw 450
157.0 69.4 1.4316 0.7695 460 155.0 CuHes 464
160.0 71.1 1.4323 0.7706 470 158.1 CwHes 464
161.5
162.2

72.0
72.3

1.4327
1.4329 0.7715 .483 162.7 85.22 14.65 CmH io. 478 85.35 14.65 163.1 

167.7
186.1 
199.9

168.0 75.6 1.4342 0.7741 508 171.6 C « H 7 4 506
176.5
182.0

80.3
83.3

1.4365
1.4379

0.7785
0.7810

563
600

189.2
201.8 85.21 14.65

CioH«: 
C 43I I 88

562
604 85.43 14.57

R O D  W A X
492
520

163.2
172.4
172.4 
177.0 
181.6 
181.6
186.2 
190.8

165.0
107.5

73.9
75.3

1.4334
1.4340

0.7728
0.7739

493
516

165.9
173.6 85.40 14.55

C u ll 72 
C 37H  76 85.38 14.62

169.5 76.4 1.4345 0.7743 524 176.4 C * 7 H 7 i 520
171.0
172.7

77.2
78.2

1.4349
1.4353

0.7757
0.7761

527
545

177.2
183.3 85.38 14.68

Cj$H78 
CsfH so

534
548 85.40 14.60

174.2 79.0 1.4358 0.7771 550 185.0 C»*lI»o 548
176.7
180.5

80.5
82.5

1.4363
1.4372

0.7780 569
575

191.3
85.39 14.60

CłoHsi
C-ijH m

0 6  2  
576 85.41 14.59

As has been noted above, Myrick and Carpenter report 
an apparent transition temperature a t which plate crystals 
change to needles. Since pure waxes form plates only, this 
transition point would seem to depend upon the presence 
of the “soft wax” impurity. Figures 19 and 20 with 21 
and 22 were obtained as follows: The oil-free paraffin wax

(Figure 12), which contains enough impurity to form needles, 
was dissolved in ethylene chloride in the proportions 3 to 2. 
This solution solidified a t 39° C., forming the needles of 
Figure 19. More ethylene chloride was then added until 
the proportions were 1 to 1. The solution then solidified 
at 38° C. forming plates as shown in Figure 20. This pro

f a & J S Ê  Sí A r g  «tó 'Ä  as» W S  Stí"K» "!#*■
JNeedles
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cedure was repeated using n-butyl alcohol, obtaining a 
solution solidifying a t 44° C. forming needles (Figure 21) 
and one solidifying a t 42° C. showing plates (Figure 22).

The “ transition tem perature” here is not independent 
of the solvent and is tentatively explained as follows: For a

ature. Butyl alcohol is a poorer solvent for soft wax than 
ethylene chloride, so th a t this effect is noted at a higher 
temperature when it is used as the solvent. A further study 
of this phenomenon will be undertaken when the “soft wax" 
im purity has been better characterized.

C on clu sio n s

The characteristic crystallization behavior of petrolatum, 
slop, and paraffin waxes can now be attributed, not to in
herent differences in crystallizing medium as postulated by 
Gurwitsch (although this is significant in its effect on crystal 
size as shown by Padgett, et at.), nor to the proto-pyro- 
paraffin hypothesis of Zaloziecki, but rather to the “soft 
wax” im purity which governs needle formation. A certain 
quantity  is necessary to needle formation, while excessive 
amounts lead to an amorphous or microcrystalline appear
ance. Apparently this material is present in large amount 
in petrolatum, causing the formation of vaselines, a phenome- j 
non hitherto unexplained. Slop wax contains a  considerable 
amount, so tha t pressing and sweating are seriously hindered 
when it is present in wax distillates. Paraffin contains an 
am ount too small to interfere with proper crystallization 
but sufficient to promote good needle formation so that 
pressing and sweating proceed smoothly.

The factors, then, which govern the type of crystallization 
shown by various refinery stocks are, first, the viscosity of 
the oil and the solubility and molecular weight of the wax; 
and second, of greater importance, the content of “soft wax" 
impurity.

Further work is now' in progress tow'ards isolation and 
identification of this material and a more quantitative study 
of its effect.

W ell-grown needle crystal Well-grown plate crystal

solution to crystallize in needles a certain quantity of the 
“soft wax” must separate a t the crystallizing temperature. 
This happens in concentrated solutions. In more dilute 
solutions, however, the “soft wrax” is not present in sufficient 
quantity to separate a t the crystallizing tem perature and 
plates are formed. This gives an apparent transition temper-

Some Further Applications of a M obilometer1
B y H . A. G ardner and  A. W . V an Ile u c k e ro th

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

MANUFACTURERS, having determined upon a satis
factory consistency for a certain product, naturally 
desire to reproduce this consistency on each batch. 

Early attem pts in this direction rested with the skill of the 
foreman, who stirred a batch of material during processing 
until it assumed the apparent body desired. If the fore
man left the factory, some difficulty might be experienced 
by other working men in attem pting to reproduce such a 
body. As a result of this condition, a demand arose for a 
type of instrum ent to control consistency.

The first types of consistometers which came upon the 
m arket were of such a nature tha t the pressure could not be 
varied and only one point on a pressure-flow curve could be 
obtained. For work w ith plastic substances, there later 
came a demand for instruments in which the pressure could 
be varied so that a curve could be plotted for the product. 
Unfortunately, however, instruments of this type which 
covered the entire field of consistency, from products of low 
viscosity to  those of great plasticity, w’ere large, cumbersome, 
and expensive. An instrument adapted to factory control 
use should be of low cost, easily reproducible, simple in op
eration, easy to  clean, constructed of durable material, and 
adaptable to variations in pressure over wide limits. I t

1 Received M arch 11, 1927. Presented under the  title  “ M obility 
T ests on P a in t, Varnish, and  Lacquer P roducts"  before the Division of 
P a in t and  V arnish Chem istry a t  the  73rd M eeting of the American Chemical 
Society, Richm ond, Va., April 11 to 16, 1927.

should also be capable of being used with opaque as well as 
transparent materials.

D escr ip tio n  o f M ob ilo m eter

A simple type of apparatus answering many of these re
quirements has previously been described and readings have 
been given upon many types of oil paints and enamels and 
various types of pigmented nitrocellulose lacquers.2

This apparatus (Figure 1) consists of a brass cylinder 3.89 
cm. in diameter and 22.85 cm. in length. This cylinder 
has a removable bottom, for cleaning purposes, which screws 
into the baseboard, making the cylinder absolutely firm and 
rigid over its entire length. A mark is placed inside the 
cylinder 2 cm. from the top. W ien filling the cylinder the 
paint is always brought up to this mark. W ien  the cylinder 
is filled, the time of fall of a piston is determined in seconds 
with a stop-watch. The plungers are 0.635 cm. in diameter 
and 50.8 cm. long. On the top end there is a small platform 
on which the weights are placed. On the lower end is placed ; 
a disk 0.08 cm. thick and 3.81 cm. in diameter. This allows 
a clearance of 0.04 cm. all around the plunger when it is 
inserted in the cylinder. One of these plungers was made 
completely of brass, having a bottom end with 51 holes
0.153 cm. in diameter drilled in it. One plunger was made 
without holes. The other plunger was made entirely os

* A m . Paint Varnish M anuf. Assoc. Circ. 255.
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Figure 1—G a rd n e r-P a rk s  M o b ilo m e te r

aluminum, the bottom end having 51 holes in it. The weight 
of the brass plunger, consisting of a brass rod, a perforated 
brass disk at the bottom, and a brass weight pan a t the top 
was 75 grams ±  1 gram, and the weight of the aluminum 
plunger was 33 grams. Each plunger is prevented from 
striking the bottom of the cylinder by a tip 0.85 cm. long. 
The plunger therefore falls through 20 cm. of material. A 
bracket holds the upper end of the plunger rod so th a t it 
travels in a true line to the bottom, practically without friction.

M eth od  of Use

Temperature m u s t 
be taken into consid
eration just as with in
struments for the meas
urement of viscosity. 
Provided the room tem- 
p e r a tu re  is approxi
mately 20° C. (68° F.), 
the paint or other prod
u c ts  u sed  w ill n o t 
change in temperature 
in  th e  short time re
q u ire d  to  m ak e  the 
tests. I t  is therefore 
suggested tha t meas
urements be made at 
this temperature. The 
cylinder is filled with 
material to the mark. 
The plunger to be used 
is inserted and forced 
to the bottom. I t  is 

then raised to the point where the bottom end is flush with 
the upper surface of the paint. A weight is applied and the 
time in seconds for the plunger to fall to the bottom is de
termined with a stop-watch. When the tip a t the bottom 
of the plunger disk touches the bottom  of the cylinder, an 
audible click may be heard. This procedure is repeated with 
a number of different weights and the points plotted on a 
curve.

A pplications in  P a in t  an d  V arn ish  In d u stry

This apparatus has been found useful in controlling the 
consistency of dipping paints and japans, where evaporation 
of volatile constituents m ay cause the products to increase 
in consistency so th a t they become difficult to use. A hydrom
eter would not be satisfactory for such work as the thinning 
material might be of the same specific gravity as the coating 
product, and the addition of any quantity  of such thinners 
would not change the density. The apparatus has also 
proved useful in gaging the consistency of spraying paints, 
such as those used on railroads, to determine if proper amounts 
of thinner have been added by the painters. I t  has also 
been found of interest in the linoleum industry to gage the 
consistency of printing paints, which are generally thinned 
with substantial quantities of volatile petroleum products. 
These paints, which are used on a printing machine, must 
be kept at a definite body if satisfactory results are to be 
obtained. The apparatus has also been useful in gaging 
the apparent consistency of pigmented lacquers. Here
tofore the method used for gaging the consistency of clear 
lacquers was to determine the number of seconds required 
for a steel ball to fall through a column of the product. Ob- 
'iously such a method could not be applied to colored opaque 
lacquers. The apparatus has also been used in determining 
the consistency of and the possible relation of consistency 
to the flowing power of brushing enamels, which have been

produced with different grades of the same pigment ground 
in the same oil or with the same pigment ground in different 
grades of oils and varnishes.

T ests o f R eproducib ility

Some doubt has been expressed as to the ability of a me
chanic to reproduce the perforated disk plunger used in the 
mobilometer. I t  was thought tha t the openings in the appara
tus would be very difficult to reproduce. In  this connection, 
however, some cooperative committee work is now being 
carried on by members of a  subcommittee of Committee 
D -l of the American Society for Testing Materials to deter
mine the value of the mobilometer in various plants upon 
the same type of products. The mobilometers used in 
these cooperative tests were made by two different mechanics.

T a b le  I—R ea d in g s  w ith  G a rd n e r— P ark s  M o b ilo m e te r 
V iscous P r o d u c t s  P l a s t ic  P r o d u c t s

Seconds Seconds
A Lubricating oil 1.4 F la t white pain t 5 ,7
J  Lubricating oil 5 .4  F la t white pa in t 9 .4

6 .0  E xterior gloss 21
22 Exterior gloss 22

M Lubricating oil 
Heavy cylinder oil

In Table I  are given a few readings obtained with the 
Gardner-Parks mobilometer when run with a brass plunger, a 
perforated brass disk attached and a weight pan, these hav
ing a combined weight of 74 grams. No additional load was 
applied to the weight pan. Constant temperature was main
tained throughout.

T a b le  I I— M o b ilo m e te r T e s ts  o n  M a te ria ls  O th e r  th a n  P a in ts  a n d  
V a rn ish es

Tomato Catsup
L o ad 100% C a t s u p 95%  C a t s u p 90%  C a t s u p 85%  C a t s u p

G r a m s 5%  W a t e r 10% W a t e r 15% W a t e r

Seconds Seconds Seconds Seconds
1 0 0 35.0 14.8 9 .0 6 .3
150 17.2 7 .8 5 .3 3 .8
2 0 0 1 1 . 0 6 . 0 4 .2 3 .0
300 6 . 0 4 .2 2 .5

L oad
G rams

500
000
700
800

1000

Mayonnaise Dressing

100% M ay onn aise  
Seconds

42 .0
27.0 
18.4 
12.8
7 .6  

Coal Tar

95% M ay o n n a ise  
5%  O l iv e  O il  

Seconds
29 .0
18.0 
13.4

9 .4
6. 8

L oad
G rams

500
0

Load
G r a m s

100
200
500

60% V a sel in e  
40% M in e r a l  O il

Seconds

iè!c
3.00

100%  C oal T ar 
Seconds 

86.0 
(° )

Vaseline 
55% Va s e l in e  

45% M in e r a l  O il  
Seconds 

2 1 .0  
7 .9

85% C oa l  T ar 
15% B e n z e n e

Seconds
n
8. 6

50% Va s e l in e  
50% M in e r a l  O il  

Seconds 
5 .7  
2 .9  
1.4

° In  the case of 100 per cent coal ta r  a load of 500 gram s would take 80.0 
seconds, while with a  load of zero the movement of the plunger would liurdly 
be perceptible. In  the next case where the coal ta r  is diluted with 15 per cent 
benzene a load of 500 gram s would m ake the  plunger drop a t  such a  speed 
th a t one would not be able to  record the tim e accurately. I t  can be seen 
th a t a zero load takes less tim e than  the 500-gram load on 100 per cent coal 
tar. W herever zero load is referred to, i t  is the  weight of the  plunger, all 
o ther loads are additional gram s added to  the weight pan.

A p plica tion s in  O ther In d u str ie s

The writers have conducted a few experiments with the 
mobilometer to determine its possible usefulness in other 
industries. Tests have been made with tomato catsup, 
mayonnaise dressings, mustard, and similar food products, 
vaseline, m ineral oils, coal tar, and glue and soap solutions. 
The latter two substances, however, were tested a t tempera
tures or concentrations a t which they would not gel. In
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the results obtained with some of the materials which are 
presented in Table II, it will be noted th a t wherever a small 
am ount of diluent is added to the original product the mo- 
bilometer usually showed an appreciable difference in the 
time of flow, thus indicating the sensitivity of this appara
tus to  small differences in the consistency of the product 
experimented with. If pressure-flow curves are desired for 
a product, a number of different readings are made with 
different loads, taking care th a t the product remains a t  a 
fairly constant temperature. Should it be desired to  re
produce a certain consistency, a  standard pressure or load

which is best suited for the product should be used and the 
time in seconds of the rate of flow of the product be noted.

All these above products were run a t 20° C. (68° F.) 
=*= 1° C. To each load should be added the weight of the brass 
plunger, a perforated disk attached and a weight pan, which 
was 74 grams. The load, or pressure, denotes the amount 
of weight added to the brass plunger. These tables should 
give interesting information upon w hat weights should be 
used for various products—th a t is, w hat weight will show 
the greatest difference in time of flow and be applicable to 
a wide range of consistencies.

Heat and M oisture as Factors in the Destruction 
of Gossypol in Cottonseed Products1

B y W illis  D . G allu p

D E rA R T M E N T  O F  A G R IC U L T U R A L  C H  E  M IC A  L  R E S E A R C H . O K L A H O M A  E X P E R I M E N T  S T A T IO N , S T IL L W A T E R , O K L A .

FO ll som e tim e  th e  
manufacturers of cot
tonseed oil have known 

th a t during the expression of 
the oil from the cotton seeds 
there is removed, along with 
the oil and other impurities, 
certain substances which im
part to the oil a dark red
dish color. One of these sub
stances has recently aroused 
considerable interest in view 
of its toxic properties, which 
have been demonstrated by 
W ithers and C arruth2 in an 
effort to explain the toxicity 
of cottonseed meal. March
lewski3 had previously iso-

C o tto n  seed s c o n ta in  a  tox ic  su b s ta n c e  ca lled  g o ssy 
pol, th e  d e str u c tio n  o f w h ic h  appears ju stif ia b le  e sp e 
c ia lly  if  th e  seed s are to  be u sed  a s a c a tt le  food . A s tu d y  
w as th erefore  m a d e  o f th e  effects o f h e a t  an d  m o is tu r e  
in  b r in g in g  a b o u t th e  d e str u c tio n  o f th is  su b s ta n c e  
w ith in  th e  seed s.

C o tto n  seed s w ere h ea ted  dry in  a n  e lec tr ic  oven , 
h ea ted  in  th e  p resen ce  o f excess m o is tu r e  (a u toclaved ), 
an d  g erm in a te d . T h e  t im e  o f th e  first tw o  tr e a tm e n ts  
w as varied b e tw een  w ide  l im it s  and  th e  decrease  in  
go ssy p o l d e term in ed  by c h e m ic a l a n d  b io log ica l m e th 
ods.

H ea tin g  th e  seed s in  a dry c o n d itio n  effected  a  ch a n g e  
in  th e  fo rm  o f th e  go ssy p o l b u t  o n ly  slo w ly  reduced  
th e ir  to x ic ity . H ea tin g  th e  m o is t  seed s in  th e  a u to 
clave rap id ly  destroyed  th e  go ssy p o l an d  produced  a  
n o n -to x ic  p ro d u ct. G erm in a tio n  w as n o t  effective  in  
red u c in g  th e  to x ic ity  o f th e  seeds.

Since this might come about 
in a variety of ways it was 
thought well to mention some 
of the properties of this sub
stance.

Properties of Gossypol

la te d  the same compound 
from the “foots” of cottonseed oil and gave it the name 
“gossypol.” Following the work of Carruth there was much 
discussion in the literature as to the real cause of the dele
terious effects produced in animals by feeding large quan
tities of cottonseed meal, and Schwartze and Alsberg4 quite 
definitely established a relationship between the toxicity of 
cotton seeds and their gossypol content.

Since the meal consists of cottonseed kernels which have 
gone through a heating and pressing process to remove the 
larger portion of the oil, these investigators offer indirect 
evidence as to the cause of the toxicity of the cottonseed 
meal. However, there is still considerable question as to 
the toxicity of the cottonseed meal as determined by its 
gossypol content, since we know th a t the process of manu
facture has a very definite effect upon the gossypol which 
was contained in the original seeds, and Sherwood5 has 
shown tha t not only is the amount lowered but it is possibly 
changed in form. The present problem involves the elimi
nation of gossypol so th a t it no longer remains in the press 
cake to impair its feeding value after the oil has been removed.

1 Received Feb ruary  4, 1927. Published with the permission of the 
Director of the Oklahoma Experim ent S ta tion , C. T . Dowell, who in itiated 
the study  of factors influencing the gossypol content of cottonseed meal in 
this laboratory.

* J . Agr. Research, 5, 261 (1915).
* J .  prakt. Chem., SO, S4 (1S99).
* J . Agr. Research, 28, 173 (1924).
>Ibid., 32, 793 (1926).

Gossypol occurs as a color
ing m atter in the internal 
glands of the cottonseed ker
nels, and probably through
out the cotton plant. It is 
quite insoluble in petrolic 
ether, but soluble in diethyl 
e th e r ,  chloroform, carbon 
te  t r a c h 1 o r i d e , ethylene di
chloride, acetone, and carbon 
disulfide. The amount found 
in “hull-free” kernels by ex

traction with diethyl ether varies from 0.4 to 1.2 per cent. 
According to C arruth6 its molecular weight is about 532, it 
is very unstable in alkaline solution, and decomposes at about 
176° C. to  a dark mass. I t  combines with aniline and some 
other compounds with the — N H . grouping to form a less 
soluble compound, and Carruth used this property as a means 
of its quantitative determination.

Gossypol is readily oxidized in alkaline solut ion by hydrogen 
peroxide and other oxidizing agents and its solution in organic 
solvents turns greenish black on the addition of iron salts. 
I t  m ay be isolated easily from cotton seeds by first removing 
the oil with petrolic ether followed by extraction with di
ethyl ether, which removes the gossypol and considerable 
coloring m atter. After evaporating the ether completely 
a t a low temperature, the gossypol is liberated by adding 
petrolic ether. The purification of this product is best 
effected by dissolving it in a mixture of ether and 80 per cent 
acetic acid and allowing it to stand for several days. The 
gossypol crystallizes out in combination with acetic acid, 
from which it is liberated by dissolving in ether and washing 
several times with water. The water removes the acetic 
acid and the free gossypol is recovered on evaporation of 
the ether. Schwartze and Alsberg7 found gossypol purified 
in a similar manner, when fed to  experimental animals, 
to produce “nearly all the manifestations reported as char-

• J .  Am . Chem. Soc., 40, 647 (1918).
'  J . Agr. Research, 28, 191 (1924).
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acteristic of the cottonseed intoxication of the farm animal.” 
They further studied its pharmacological action.

P urpose  o f In v es tig a tio n

During some investigations on the feeding value of cotton
seed meal and methods of treating it such that it might be 
used more extensively and with less precaution as a stock 
feed, the writer and his collaborators became convinced that 
autoelaving the meal was of considerable benefit.8-’ The 
temperature attained and time of heating are both important 
factors in this process. The present investigation was car
ried out to show some of the effects of heat and moisture 
upon gossvpol and to throw some light on the problems 
connected with the preparation of the cottonseed meal, 
both factors being considered necessary to produce the best 
meal from the feeding standpoint. Although the toxicity 
of gossypol has been definitely established, little is known 
concerning the toxicity of its decomposition products, and 
since these appear to be the form in which gossypol is found 
in the meal, it is im portant th a t we know more about their 
physiological effects. A study of this type has been begun 
in this laboratory, and the results are forthcoming.

The severe treatm ent to which cotton seeds are subjected 
in the oil mill is the probable cause of the change gossypol 
undergoes and the reduced toxicity of the meal. The results 
of the experiments described herein show the importance of 
some of the conditions which prevail during this process. A 
generally accepted hypothesis is th a t during the cooking of 
the seeds previous to pressing out the oil some of the gossypol 
is entirely destroyed and some is changed to another form 
of gossypol haring about the same molecular weight and 
properties except tha t i t  is no longer soluble in the ordinary 
fat solvents and therefore cannot be removed by the usual 
methods. This form of gossypol, which is quite insoluble in 
ether but soluble in hot aniline, will be called d-gossypol 
throughout this paper.

Sherwood5 determined by chemical methods the gossypol 
and d-gossypol content of a large number of cottonseed meals 
which had been prepared by different processes, and found 
the gossypol content to vary from 0.007 to 0.150 per cent 
and the d-gossypol content to vary from 0.335 to 1.076 per 
cent. He further states th a t “seventy-five per cent or more 
of the gossypol present in the cottonseed kernels is converted, 
in the manufacture of cottonseed meal, into the less toxic 
d-gossypol.” The main factors in the preparation of cot
tonseed meal which seem to bear directly upon its gossypol 
content are the temperature a t which the seeds are heated, 
the time of such heating, the am ount of moisture present, and 
the amount of oil expressed. Occasionally a meal has been 
found entirely free of gossypol as determined by Carruth’s 
method modified by Schwartze and Alsberg10 for cotton seeds, 
hut in all cases there has been present a substance with 
properties similar to those of gossypol which is believed to 
be one of its decomposition products, probably the d-gossypol. 
Previous work in this laboratory had indicated tha t heat 
alone was not sufficient to destroy the gossypol, although no 
determinations for this substance had been made. Osborne 
and Mendel11 found cotton seeds to be toxic to rats even 
after heating the whole kernels a t  110° C. for 22 hours, 
although these investigators did not make chemical deter
minations of the gossypol content of the products fed. The 
w riter desired to know if heating under more favorable con
ditions would destroy the gossypol and to what extent water 
w°uld aid in this process.

1 Dowell and M enaul, J . Agr. Research, 26, 0 (1923).
* Gallup, J . Dairy Sci., 9, 359 (1926).
10} - Agr, Research, 26, 285 (1923).
"  J. Biol. Chem., 29, 2S9 (1917).

The plan of this experiment was to subject cotton seeds to 
the action of heat and moisture both separately and com
bined, if possible, within limits which would not be detri
mental to the final product and yet be sufficient to destroy 
the gossypol and produce a feed of good quality. Chemical 
determinations were to be made of the gossypol content of 
the seeds before and after such treatm ent and the products 
fed to experimental animals to note the effects upon growth 
as an index of toxicity.

C h em ica l D eterm in a tio n s of G ossypol C o n ten t before and  
after  T rea tm en t

The cotton seeds, which were of one variety, were delinted 
with sulfuric acid, washed, air-dried, and divided into four 
portions. One portion was kept moist a t about 40° C. until 
the seeds had sprouted. A second portion was soaked in 
water for 4 hours and then autoclaved for different periods 
of time under 20 pounds (1.4 kg.) steam pressure. A third 
portion was finely ground, spread in thin layers, and placed 
in an electric oven a t 110° C. for the same and longer periods 
of time. In  this manner cottonseed products were obtained 
which had been subjected to the action of moisture alone, 
heat and moisture, and heat alone. These were sampled 
after being brought to room temperature and determinations 
made for gossypol and d-gossypol.

able  1— G ossypol a n d  ¿/-G ossypol C o n te n t  of C o tto n  Seeds T re a te d  
In V arious W ays

F i n a l A n x l i n e - A n i l i n e -
T i m e  o k M o i s t u r e G o s s y p o l « /-G o s s y p o l d-
H e a t i n g C o n t e n t C o m p o u n d C o m p o u n d G o s s y p o l G o s s y p o l

Per cent Grams Grams Per cent Per cent
G R O U N D  C O T T O N  S E E D S  H E A T E D  D RY  A T 110° C.

1 0  min. 2.40 0.0931 0.0914 0.137 0.135
15 min. 1.97 0.0147 0.2089 0 . 0 2 1 0.309
2 0  min. 1.65 0.0145 0.1503 0 . 0 2 1 0 . 2 2 2
30 min. 1.15 Trace 0.1643 0.243

1 hour 0.42 None 0.1602 0.237
2  hours 0 . 1 1 None 0.1468 0.217
4 hours None None 0.1256 0.185
8  hours None None 0.1180 0.174

16 hours None None 0.0760 0 . 1 1 2

WHOLE COTTON SEEDS SOAKED 4  HOURS AND AUTOCLAVED AT 2 0  LBS.
P R E S S U R E

1 0  min. 43.70 0.0560 0.0618 0.082 0.091
30 min. 44.24 0.0393 0.0510 0.058 0.075

1 hour 46.85 None 0.0326 0.048
2  hours 48.01 None None

O R IG IN A L  C O T T O N  S E E D S

Unheated 7.51 0.1860 None 0.275
Unhcated, ger No determ ina

minated tions

Soaking the seeds in the second portion was for the pur
pose of softening the hulls and allowing the seeds to take up 
considerable water, so tha t when they were autoclaved the 
steam was able to penetrate the kernel. During the pro
cedure there is no packing and very little loss of oil as is the 
case if the seeds are first ground. The seeds were ground in 
the third portion to expose the gossypol and increase the 
opportunities for oxidation or other chemical reactions to 
take place. The initial moisture content of the seeds, which 
was 7.51 per cent, was decreased during the dry-heating 
process to the amounts shown in Table I. This small am ount 
is believed from other studies to be of little consequence in 
bringing about the destruction of gossypol. The autoclaved 
seeds, however, contained 45.25 per cent moisture, which 
was varied as shown during the periods of autoelaving and 
in such amounts was instrumental in bringing about the 
rapid destruction of gossypol.

The results of the gossypol and d-gossypol determinations 
on these products using 50-gram samples are given in Table
I. The gossypol determinations were made by C arruth’s 
method as modified by Schwartze and Alsberg,10 and the 
d-gossypol was determined by the method used by Sherwood.5 
The gossypol content of the aniline-gossypol precipitates
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was determined by using the factor 74 in assuming the com
position of this precipitate to be CmH mOŝ C sH sNE^. The 
d-gossypol was calculated in the same way, as it has been 
shown6 th a t the composition of the two precipitates is prac
tically the same. No determinations were made upon the 
germinated seeds, as the feeding experiments showed no 
decrease in toxicity between the germinated and the original 
seeds.

T a b le  I I— R a ts  on  C o tto n s ee d  P r o d u c t  D iets
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ÎUMBER D u ra tio n
OF R ation of C o tt o n see d

R ats No. E x p t .
Days

T r e a tm en t G row th L ived Died

4 X X X IV 30 Ground, heated d ry  1 
hour, 110° C.

None 4

4 X X V III 50 G round, heated d ry  8  
hours, 110° C.

None 1 3

4 X X IX 60 G round, heated d ry  
16 hours, 110° C.

Poor 4

4 V 1 0 0 Soaked 4 hours; au to 
claved wet 30 min., 
2 0  lbs. pressure

Fair 4

4 II 60 Soaked 4 hours; a u to 
claved wet 1 hr., 2 0  
lbs. pressure

Good 4

4 I I I 60 Soaked 4 hours; au to 
claved w et 2  hours, 
2 0  lbs. pressure

Very
good

4

4 X X X III 40 U ntreated None 4
4 XXX V 40 Germ inated None 4

F ig u re  1— G ro w th  C urves  o f R a ts  o n  C o tto n s ee d  P r o d u c t  D ie ts

From the results in Table I  it appears th a t through the 
agency of heat gossypol is readily changed to d-gossypol, 
even though the time of heating is short. Longer heating 
tends to destroy the d-gossypol. This change is most ap
parent after 15 minutes’ heating, and in only one instance 
when a large quantity of ground seeds was used was there 
an appreciable am ount of gossypol left in the seeds th a t had 
been heated in the electric oven for one hour. The am ount 
of d-gossypol was decreased very slowly and could be detected 
after 16 hours of such heating. W hether or not gossypol is 
destroyed by heat after first being converted to d-gossypol 
is still a  question. Heating the seeds in the presence of 
excess moisture, as in autoclaving, destroyed both the gossypol 
and the d-gossypol in relatively short periods of time. The 
optimum time of such heating under these conditions was one 
hour. These results are based upon chemical determinations 
for the two compounds and represent the average of no less 
than two determinations for each compound.

T e st  on R a ts

Some of the products described above were incorporated 
in diets of young rats to observe the effect' upon growth as a 
further check upon the destruction of the toxic principle. 
The cottonseed products were used in a ration made up as 
follows: Cottonseed product 35, wheat 60, CaC03 1, NaCl 
1, and cod-liver oil 3 parts. Such a ration had been pre
viously employed for rats over short periods and good growth 
and reproduction12 were obtained when using both cotton 
seeds and cottonseed meal which had been autoclaved for 
one hour. When the germinated seeds were fed, they made 
up 50 per cent of the ration, thereby decreasing the wheat to 
45 per cent. This change, however, did not affect the general 
results. The results of this feeding are shown in Table II.

11 Unpublished work.

The average growth curves of the animals are shown in 
Figure 1. Those animals receiving in their diet cotton seeds 
which had been autoclaved for 2 hours in the presence of 
excess moisture made the best growth and were in the best 
condition throughout the experiment. The animals re
ceiving the germinated seeds and seeds heated dry at 110° C. 
for one hour showed no improvement over those animals 
receiving the untreated seeds. None of these animals made 
any gain in weight, but all slowly declined and died, following 
along the general growth curve for the rats on the untreated 
seeds. Heating the seeds a t 110° C. for 16 hours decreased 
their toxicity, and the rats fed on this product are still alive 
after 90 days although their growth is below normal.

C o n clu sio n

The destruction of gossypol, the toxic principle in cotton 
seeds as indicated by feeding tests and chemical determi
nations of both gossypol and d-gossypol, is brought about 
slowly by heat if the seeds are first ground and spread out in 
thin layers. The time of such heating necessary to produce 
a non-toxic product is much longer than th a t employed at 
the oil mill. The toxic principle is rapidly destroyed by 
steaming the seeds as in autoclaving in the presence of excess 
moisture. Under the conditions employed, one hour of 
such treatm ent was sufficient to reduce the toxic principle 
such th a t it could not be determined by the usual chemical 
methods. Germination does not decrease the toxicity 
of the seeds.

A ck n o w led g m en t

The author desires to express his appreciation of the interest 
taken in this work by V. G. Heller, who sprouted the cot
ton seeds and did th a t portion of the feeding work which had 
to do with the germinated seeds. Thanks are also due to N.
B. Guerrant for his helpful suggestions and advice.

Pulp Mill W aste Utilized in Tanning—-The possibility of con
verting a waste product of the paper industry into a necessary 
material for the leather industry has been revealed as a result 
of research conducted by the Bureau of Standards.

It has found that leather filled with materials derived from 
waste liquors is equally as durable as leather filled with sucn 
tanning materials as chestnut wood and quebracho wood ex
tracts. The bureau then investigated the suitability of sulutt 
cellulose extracts (treated and concentrated waste liquors) Iff 
use in the actual tanning operations. Chemical examinations o 
various extracts showed them  to contain usable amounts o 
materials which would firmly combine with hide to form hauler. 
The color imparted to leathers by the use of these materials 
satisfactory. Actual tanning tests produced leather of g<X" 
strength, wearing quality, and appearance. ^

The investigation shows that sulfite cellulose extracts can k 
satisfactorily used for tanning when blended with other s tern s  
such as quebracho wood and chestnut wood extracts. Both t 
tanner and the paper manufacturer would benefit by this uti 
zation.
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Sulfur in Coal and Coke”
Check Determinations by the Eschka, Bomb-Washing, and Sodium Peroxide 

Fusion Methods
By W. A. Selvig and  A. C. F ieldner

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

THE Eschka method for 
the determination of 
sulfur in coal has long 

been recognized as a stand
ard method for use as a basis 
for spec ifica tions for the 
purchase of coal. I t  was rec
ommended by the joint com
mittee on coal analysis of the 
American Society for Testing 
Materials and the A m e r i c a n  
Chem ical  S o c ie t y , and has 
been adopted as a standard 
method by these societies.3 
Laboratories making calori- 
metric determinations find it 
convenient to determine sul
fur in the washings from the . 
bomb calorimeter. Another 
rapid method is the sodium 
peroxide fu s io n  method. 
Both of these methods were

S ix teen  sa m p les o f coa l and  coke, ran g in g  in  su lfu r  
c o n te n t  from  a b o u t 0.5 to  17 per c en t, have b een  a n a 
lyzed  for su lfu r  by five laboratories by th e  Eschka, 
b o m b -w a sh in g , and  so d iu m  peroxide fu s io n  m eth o d s. 
D eta iled  m e th o d s of procedure are given  for th e  three  
m eth o d s .

T h e  b o m b -w a sh in g  m eth o d  requires care in  th e  slow  
a n d  u n ifo rm  release of th e  gases a fter  th e  co m b u stio n , 
and th orou gh  w a sh in g  o f th e  in sid e  of th e  bom b, in 
c lu d in g  th e  valve o p en in g  in  ty p es n o t equipped  w ith  
n eed le  valves. M ost o f th e  laboratories w ere ab le  to  
o b ta in  good ch eck s in  m a k in g  d u p lica te  d eterm in a tio n s  
by a n y  o f th e  three m eth o d s . T h e  b est average ch eck s  
b etw een  d u p lica te  d e term in a tio n s  were ob ta ined  w ith  
th e  so d iu m  peroxide fu s io n  m eth o d .

In  general, th e  laboratories were ab le  to  ob ta in  resu lts  
w ith  th e  b o m b -w a sh in g  and  so d iu m  peroxide fu s io n  
m e th o d s  w h ich  checked  th o se  o f th e  E schka m eth o d  
su ffic ien tly  c lose  to  sh ow  th a t  th ese  m eth o d s m ay  be 
u sed  a ltern a te ly  w ith  th e  E schka m eth o d , w h ich  has  
for lo n g  been  th e  recognized  stan dard  for su lfu r  d e 
te r m in a tio n  in  coa l and  coke.

investigated to some extent
by the joint committee and were found to give results in 
close agreement with the Eschka method.

In order to obtain additional information regarding the 
bomb-washing and sodium peroxide fusion methods, Com
mittee D-5, on Coal and Coke, of the American Society 
for Testing Materials appointed a subcommittee to make 
check determinations of sulfur. Sixteen samples of coal 
and coke, ranging in sulfur content from about 0.5 to 17 
per cent, were submitted to  various laboratories and the 
sulfur was determined by the Eschka, bomb-washing, and 
sodium peroxide fusion methods. The results of these 
check determinations are given in this paper.

Sample

A
B
C
D
E
F
G
HI
J
K
L
M
N
0
P

T ab le  I— S o u rce  o f G oal a n d  C oke
A p p r o x im a t e  A n a l y s is , M o is t u r e -

S o u r c e

Pennsylvania
Washington
Illinois
Appalachian field 
West Virginia 
Kansas
Appalachian field 
Appalachian field 
Unknown 
Interior Province 
Illinois
Mississippi lignite 
Illinois
Interior Province 
Anthracite 
Metallurgical coke

F r e e  B a s is
latile m atter Ash
Per cent Per cent

24 1 1 . 0
45 7.8
32 14.8
37 1 2 . 6
25 1 1 . 2
35 8 . 8
2 2 5.9
2 G 14.5
45 13.2
39 8.4
43 1 2 . 1
27 44 .0
39 1 0 . 6
37 16.0

16.9
16.3

Source and  P reparation  o f S am p les

The samples were prepared by air-drying and then crushing 
to pass a 60-mesh sieve. After thorough mixing, portions

1 Received M arch 3, 1927. Presented before the  Division of Gas and 
Fuel Chemistry a t the 73rd M eeting of the American Chemical Society, 
Richmond, Va., April 11 to 16, 1927.

3 Published by permission of the D irector, U. S. Bureau of Mines.
1 Tats J ou rnal , 9, 100 (1917).

were placed in rubber-stop
pered glass bottles. Sulfur 
was determined by the Bu
reau of Mines on each bottle 
sample and these determina
tions showed tha t the indi
vidual samples were repre
sentative. The source of the 
various samples of coal and 
coke is shown in Table I.

M eth o d s Used for D eterm i
n a tio n  o f S u lfu r

A set of the samples was 
sent to each laboratory3 par
ticipating in the work, with 
detailed instructions as to the 
procedure to be used in de
te rm in in g  s u lfu r .  Each 
laboratory was directed to 
follow the methods exactly as 
outlined, also to determine 
the moisture of each sample, 

a t 105° C., and report the sulfur in the moisture-free 
sample. Following are the methods as submitted to the 
laboratories:

E s c h k a  M e t h o d — The Eschka method is the standard 
method for sulfur in coal of the American Society for Testing 
Materials4 and is as follows:

Preparation of Sample and Mixture. Thoroughly mix on 
glazed paper 1 gram of coal and 3 grams of Eschka mixture. 
Transfer to a porcelain capsule, 7/ i  inch (18 mm.) deep and 
1V< inches (37 mm.) in diameter, or a porcelain crucible of 30 cc. 
capacity, high or low form, or platinum crucible of similar size, 
and cover with about 1 gram of Eschka mixture.

Ignition. On account of the amount of sulfur contained 
in artificial gas, heat the crucible over an alcohol, gasoline, or 
natural gas flame as in procedure (a) below, or in a gas or elec
trically heated muffle, as in procedure (6) below. The use of 
artificial gas for heating the coal and Eschka mixture is per
missible only when the crucibles are heated in a muffle.

(a) H eat the crucible, placed in a slanting position on a 
triangle, over a very' low flame to avoid rapid expulsion of the 
volatile matter, which tends to prevent complete absorption 
of the products of combustion of the sulfur. H eat the crucible 
slowly for 30 minutes, gradually increasing the temperature 
and stirring after all black particles have disappeared, which 
is an indication of the completeness of the procedure.

(b) Place the crucible in a cold muffle and gradually raise 
the temperature to 870-925° C. (cherry-red heat) in about 
1 hour. Maintain the maximum temperature for about l 1/* 
hours and then allow the crucible to cool in the muffle.

Subsequent Treatment. Remove and em pty the contents 
into a 200-cc. beaker and digest with 100 cc. of hot water for 
V» to 3/ 4 hour, with occasional stirring. Filter and wash the 
insoluble matter by decantatiou. After several washings 
in this manner, transfer the insoluble matter to the filter and 
wash five times, keeping the mixture well agitated. Treat 
the filtrate, amounting to about 250 cc„ with 10 to 20 cc. of 
saturated bromine water, make slightly acid with HC1 and boil 
to expel the liberated bromine. Make just neutral to methyl 
orange with NaOH or Na2C 0 3 solution, then add 1 cc. of normal

« Am. Soc. Testing M aterials, S tandards, p. 990 (1924).
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HC1. Boil again and add slowly from a pipet, with constant 
stirring, 10 cc. of a 10 per cent solution of BaCl2. 2H20 .  Con
tinue boiling for 15 minutes and allow to stand for at least 
2 hours or preferably overnight, a t a temperature just below  
boiling. Filter through an ashless filter paper and wash with 
hot distilled water until an AgNOj solution shows no precipitate 
with a drop of the filtrate. Place the w et filter containing 
the precipitate of BaSOi in a weighed platinum, porcelain, 
silica, or alundum crucible, allowing a free access of air by folding 
the paper over the precipitate loosely to prevent spattering. 
Smoke the paper off gradually and a t no time allow it to burn 
with flame. After the paper is practically consumed, raise the 
temperature to approximately 925° C. and heat to constant 
weight.

The residue of MgO, etc., after leaching, should be dissolved 
in HC1 and tested with great care for sulfur. When an appreci
able amount is found this should be determined quantitatively. 
The amount of sulfur retained is by no means negligible.6

Blanks and Corrections. In all cases a correction must be 
applied either (1) by running a blank exactly as described above, 
using the same amount of all reagents that were employed in 
the regular determination or, more surely, (2) by determining 
a known am ount of sulfate added to a solution of the reagents 
after these have been put through the prescribed series of opera
tions. If this latter procedure is adopted and carried out, say, 
once a week or whenever a new supply of a reagent must be 
used, and for a scries of solutions covering the range of sulfur 
content likely to be m et with in coals, it  is only necessary to add 
to or subtract from the weight of BaSO-i obtained from a coal 
whatever deficiency or excess m ay have been found in the ap
propriate “ check” in order to obtain a result that is more certain 
to be correct than if a "blank” correction as determined by the 
first procedure is applied. This is due to the fact that the 
solubility error for BaSO.i, for the amounts of sulfur in question 
and the conditions of precipitation prescribed, is probably the 
largest one to be considered. Barium sulfate is soluble in acids 
and even in pure water, and the solubility lim it is reached al
m ost immediately on contact with the solvent.8 Hence, in the 
event of using reagents of very superior quality or of exercising 
more than ordinary precautions, there m ay be no apparent 
"blank” because the solubility lim it of the solution for BaSO-t 
has not been reached, or at any rate not exceeded.

B o m b - W a s h i n g  M e t h o d — As sulfur is determined in 
the bomb washings from the calorimetric determination, 
it was specified th a t the type of bomb, am ount of water 
in the bomb, and oxygen pressure conform to the A. S. T. 
M. Standards.7 The type of bomb specified is one having 
an inner surface of platinum, gold, porcelain enamel, or 
other material not attacked by nitric and sulfuric acids, or 
other products of combustion. The bomb is filled with 
oxygen to a pressure of 20 atmospheres for the larger bombs 
and about 30 atmospheres for the smaller bombs, so there 
will be a t least 5 grams of oxygen per gram of coal. The 
initial charge of air in the bomb is not removed by rinsing 
out with oxygen, as it is necessary to have nitrogen oxides 
formed during the combustion to act as a catalyst in con
verting the sulfur completely to sulfuric acid and prevent 
the formation of sulfur dioxide.s

The nitrogen oxides are formed from the nitrogen of the 
air entrapped in the bomb and from the nitrogen of the coal 
sample. About 0.5 cc. of water is placed in the bottom of 
the bomb to saturate with moisture the oxygen used for 
combustion. About 1 gram of coal or coke is burned.

The laboratories were instructed to take special pre
cautions in releasing the gases slowly and uniformly after 
the combustion, and to wash all parts of the interior of the 
bombs carefully, including the valve openings in types of 
bombs not equipped with needle valves. If this is not done 
the results may be too low through loss of some of the sulfuric 
acid.

Following is the procedure which the laboratories were 
instructed to  follow:

‘ J . A m . Chem. Soc., 21, 1125 (1809).
» Ibid., 32, 5S8 (1910); 33, 829 (1911).
7 Am. Soc. T esting M aterials, S tandards, p. 1007 (1924).
8 Register, T h i s  J o u r n a l ,  6, 812 (1914); Bradley, Corbin, and  Floyd, 

Ibid., 18, 583 (1926).

Sulfur m ay be determined in the washings from the oxygen 
bomb calorimeter following the calorimetric determination 
The type of bomb, amount of water in the bomb, oxygen pres
sure, and amount of sample taken shall be the same as specified 
under the calorimetric determination.7

The bomb shall stand in the calorimeter water for not less 
than 5 minutes after firing. Then remove the bomb from the 
calorimeter water and open the valve carefully so as to allow 
the gases to escape at an approximately even rate in order that 
the pressure is reduced to atmospheric in not less than 1 minute. 
Bombs equipped w ith valves other than needle valves, such as 
compression valves, should be provided with a device so the 
valve can be controlled to permit a slow and uniform release oi 
the gases. Then open the bomb and examine the inside for 
traces of unburned material or sooty deposit. If they are found, 
discard the determination. If the combustion appears com
plete, carefully wash all parts of the interior of the bomb, in
cluding the tray, with a fine jet of distilled water containing 1 cc. 
per liter of a saturated solution of m ethyl orange, until no acid 
reaction is observed. I t  is also essential to wash through the 
valve opening in the case of bombs equipped with compression 
valves or other types of valves with large openings, as con
siderable spray may collect in such valve openings during the 
release of the gases.

Collect the washings in a 250-cc. beaker and titrate with 
standard alkali solution to obtain the “acid correction” for the 
heating value as specified under the calorimetric determination. 
Add 1 cc. of N H ,O Ii (sp. gr. 0.90), heat the solution to boiling, 
and filter through qualitative filter paper. Wash the residue 
and filter paper thoroughly five or six times with hot distilled 
water. To the filtrate and washings, amounting to about 250 cc., 
add 1 cc. of saturated bromine water and sufficient HC1 to 
make it slightly acid. Boil the solution to expel the excess 
bromine. Adjust the acidity of the solution and precipitate 
the sulfur with barium chloride solution and determine, both 
as described for the Eschka method.

The types of bombs, capacity, and oxygen pressure used 
by the laboratories th a t determined sulfur by the bomb- 
washing method are shown in Table II.

T a b le  I I — D e ta ils  of B o m b s E m ployed
L a b o r a t o r y T y p e  o f  B o m b C a p a c it y

Cc.
O x y g e n  P r e s s e s  

Atmos.
1 |  P arr illium 

I Special illium
350 30i 400 27

2 P arr illium 390 27 and 35
3 Parr illium 375 30
4 Parr illium 400 30
5 Em erson gold-lined 545 2 0

Laboratory 2 used 35 atmospheres oxygen pressure ex-
cept for coals A , B, C, II, I ,  J , K , L, and M . (See Table 
I I I  to  VII.) These coals were reported to give trouble 
due to coking and incomplete combustion with 35 atmos
pheres oxygen pressure, so 27 atmospheres were used. Lab
oratory 3 used 0.5-gram samples of coal L  in the bomb- 
washing method; otherwise 1-gram samples were used. 
Laboratory 3 did not report bomb-washing results on sample 
L, as only 6 to 8 per cent was obtained on three determi
nations and a strong odor of sulfur dioxide was noted when 
the bomb was opened; also sulfur was found in the residue 
left in the bomb. Laboratory 2 also reported that the 
residue in the bomb from coal L  contained sulfur. Ccal 
L  is unusual in th a t it contained over 17 per cent sulfur and 
about 44 per cent ash.

S o d iu m  P e r o x i d e  F u s i o n  M e t h o d —The Parr coal 
sulfur bomb was used by all the laboratories which determined 
sulfur by this method. The bomb is made of a lkali-resistan t 
metal and ignition of the charge may be effected either 
electrically or by the application of a pointed flame to the , 
bottom of the bomb, according to the type of bomb used, j 
The special sodium peroxide and potassium chlorate regularly 
supplied with the equipment were used, as these chemicals 
should be sulfur-free. If the sodium peroxide contains 
considerable sulfur, difficulty m ay be experienced in obtain- j 
ing the proper blank correction due to non-uniform distri
bution of sulfur. The following procedure is used:
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T a b le  I I I — D e te rm in a tio n s  of S u lfu r  by  th e  E schka  M eth o d  
(Percentage of d ry  coal or coke)

S a m p l * L aboratory 1 
Individual Av.

L aboratory 2 
Individual Av.

L aboratory  3 
Individual Av.

L aboratory 4 
Individual Av.

L aboratory  5 
Individual Av.

A 2 .66 , 2 .6 1 , 
2 .59 2 .6 2

2 .4 0 , 2 .5 7 , 
2 .5 9 2 .5 4

2 .6 2 , 2 .7 0 , 
2 .7 5 2 .6 9 2 .5 8 2 .5 8 2 .7 1 , 2 .71 2 .7 1

B 0 .49 , 0 .4 9 , 
0 .47 , 0 .4 7 , 
0 .52 , 0 .5 2 0 .4 9

0 .4 6 , 0 .4 2 , 
0 .3 2 0 .4 0

0 .6 2 , 0 .6 3 , 
0 .6 4 0 .6 3 0 .4 9 0 .4 9 0 .6 0 , 0 .5 9 0 .6 0

C 1.07 , 1 .07 , 
1.03, 1 .03 , 
1.06 1 .0 5

1 .0 4 , 1 .06 , 
1 .0 2 1 .04

1 .0 4 , 1 .10 , 
1 .1 0 1 .08 1.01 1 .01 1 .1 7 , 1 .22 1 .2 0

D 3 .57 , 3 .6 1 , 
3 .64 3 .6 1

3 .6 1 , 3 .4 9 , 
3 .5 3 3 .5 4

3 .6 2 , 3 .5 7 , 
3 .6 6 3 .6 2 3 .6 5 3 .6 5 3 .8 2 , 3 .7 6 3 .7 9

E 1.40, 1 .41 , 
1 .30 , 1 .37 , 
1.38 1 .3 8

1 .2 4 , 1 .3 1 , 
1 .3 6 1 .3 0

1 .3 0 , 1 .36 , 
1 .34 1 .33 1.31 1.31 1 .4 1 , 1 .42 1 .4 2

F 4 .30 , 4 .3 4 , 
4 .32 4 .3 2

4 .1 8 , 4 .2 2 , 
3 .9 4 4 .11

4 .4 1 , 4 .3 7 , 
4 .3 9 4 .3 9 4 .27 4 .2 7 4 .4 1 , 4 .3 8 4 .4 0

G 1.94, 1 .94 , 
1.90 1 .9 3

1 .7 6 , 1 .6 8 , 
1 .8 6 1 .77

1 .9 4 , 1 .9 9 , 
1 .98 1 .97 1.87 1.S7 1 .9 9 , 2 .0 5 2 .0 2

H 4 .3 1 , 4 .3 4 , 
4 .33 4 .3 3

4 .1 9 ,  4 .3 1 , 
3 .7 1 4 .0 7

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

1 6 .1 9 , 6 .1 6 , 
6 .18 6 . IS

6 .5 5 , 6 .6 4 , 
6..58 6 .5 9

6 .3 5 , 6 .2 5 , 
6 .3 5 6 .3 2 6 .2 0 6 .2 0 6 .7 5 , 6 .7 8 6 .7 7

J 3 .1 9 , 3 .2 0 , 
3 .16 3 .1 8

3 .1 1 , 3 .1 1 , 
2 .8 7 3 .0 3

3 .2 5 , 3 .2 9 , 
3 .2 6 3 .27 3 .1 9 3 .1 9 3 .2 7 , 3 .3 0 3 .2 9

K 8.05 , S .07,
8 .06 , 8 .1 4 , 
8 .04 S .07

7 .8 7 , 7 .8 3 , 
8 .0 0 7 .9 0

8 .3 4 , 8 .3 2 , 
8 .2 0 S .29 7 .9 8 7 .9 8 8 .4 7 , 8 .5 4 8 .5 1

L 1 7 .3 8 ,1 7 .2 0
17 .2 9

15 .5 0 , 15 .46 , 
16 .1 0 15 .69

16 .30 , 16 .42 , 
16 .48 16 .40 16 .18 16 .1 8 14 .06 , 13 .93 14 .00

M 5.08 , 5 .1 4 , 
5 .05 , 5 .2 5 5 .1 3

4 .8 0 , 5 .3 8 , 
4 .9 9 5 .0 6

5 .1 8 , 5 .2 4 , 
5 .1 3 5 .1 8 5 .1 8 5 .1 8 5 .3 9 , 5 .41 5 .4 0

N 1 1 .2 9 ,1 1 .3 0 , 
1 1 .3 0 ,1 1 .1 2 1 1 .2 5

10 .4 5 , 10 .78 , 
10 .43 10.55

10 .54 , 10 .65 , 
10 .64 10.61 11.17 11 .17 10 .74 , 10 .90 10. S2

0
0 .9 1 , 0 .9 4 0 .9 3

0 .8 1 , -0 .77 , 
0 .8 3 O.SO

1 .0 3 , 1 .0 0 , 
0 .9 9 1.01 N ot determined 1 .1 1 , 1 .14 1 .1 3

P 0 .6 3 , 0 .6 4 , 
0 .5 8 , 0 .6 0 0 .6 1

0 .4 9 , 0 .4 7 , 
0 .4 7 0 .4 8

0 .6 0 , 0 .5 9 , 
0 .6 0 0 .6 0 N ot determined 0 .7 0 , 0 .7 9 0 .7 5

T a b le  IV— D e te rm in a tio n s  of S u lfu r  by  th e  B o m b -W ash in g  M eth o d
(Percentage of dry coal or coke)

Sampi.8 L a b o r a t o r y  1 L a b o r a t o r y  2 L a b o r a t o r y  3 L a b o r a t o r y  4 L a b o r a t o r y  5
Individual Av. Individual Av. Individual Av. Individual Av. Individual Av.

.4 2.71, 2.61, 2.62, 2 .55,
2.74, 2.61 2.67 2.50 , 2 .55 2.53 2.60 2.59 2.60, 2 .60 2.60 2.64 , 2.54 2.59

B 0.65, 0 .62. 
0.58, 0.70, 
0.73, 0.52, 0.54 , 0.58,
0.50 0.61 0 .55 , 0.51 0.53 0.59 0.57 0.53 , 0 .54 0.54 0.50 , 0.51 0.51

C 1.04, 1.05,
1.05, 1.07, 1.04, 1.07,

1.05, 1.111.14, 1.14 1.08 1.09, 1.09 1.09 1.04 1.05 1.08, 1 . 1 0 1.09 1.08
D 3.59, 3.67,

3.55, 3.63, 3.56, 3 .58,
3.68, 3 .663.61, 3.62 3.61 3.4S. 3.4S 3.48 3.50 3 .55 3.65 , 3 .70 3 .68 3.67

E 1.35, 1‘ 28,
1.29, 1.32, 1.30, 1.38,

1.43 1.36, 1.321.24 ’ 1.30 1.34, 1 .42 1.38 1.40 1.36 1.46, 1.40 1.34
F 4.33, 4 .20,

4.26, 4.32, 4 .37 , 4 .25,
4.18, 4 .34 4 .264.23 4.27 4.07 , 4 .10 4.09 4.23 4.2S 4.32 , 4 .38 4.35

G 1.85, 1.90, 
1.88, 1.95,
1.82, 1.76, 1.92, 1.90,

1.93 1.98, 1.99 1.992.05 1.S9 1.75, 1.80 1.78 1.85 1.S9 1.92, 1.93
n 4.22, 4.40, 4 .40 , 4 .37,

4.53 , 4 .40 4 .474.30, 4 .28 4 .30 4.17 , 4.21 4.19 4.44 4 .40 4.38, 4 .42 4.40
i 6 . 2 1 , 6.31, 6.32, 6.28, 6.72, 0 .69 6.716.31 6.28 6.78, 6.81 6.80 6.36 6.32 0.24, 6.30 0.27
j 3.18, 3.38,

3.30, 3.20, 3.06, 3.16,
3.22 3.18 , 3 .29 3.243.22, 3 .33. 3.27 3.35 , 3 .34 3.35 3.12 3.11 3.20, 3.24

K 7.99, 8 .08, S .06, S 13
S .08 8.18 , 8 .18 8.188.09 8 .05 8.00 , 7 .SO 7.90 7.98 8.06 S .06. 8.10

L 16.35, 16.37,
15 .06 .15 .03 15.3516.28,16.05 16.17 15.65 15.65 16.26 16.33 (a)

M 5.29, 5.34,
5.02, 4.98. 
4.94 5.11 5.47 , 5 .39 5.43

5.15, 5.09, 
5.11 5.12 5.24, 5.20 5.22 5.37, 5 .24 5.31

N 11.00,10.94,
11.41,11.37 10.55,10 .44 , 10 .85 ,10 .56 10.7111.06, 10.91 1 1 . 1 2 10.25, 10.31 1 0 . 2 S 10.54 10.51 11 .16 ,11 .24 1 1 . 2 0

0 1.09, 1.05, 0.96 , 0 .92 0.940.98, 0 .85 0 .92 1.17, 1.13 1.15 1.07 1.07 N ot determined
P 0.60 , 0.57, 0.70 , 0 .76 0.730.49, 0 .53 0.51 0 .62 , 0 .59 0.61 0.58 0.58 N ot determined

Place 1 gram of powdered potassium chlorate in a dry Parr 
sulfur bomb and break up any lumps that occur. Then add one 
measure (about 15 grams) of sodium peroxide, close the bomb 
with the temporary top, and shake thoroughly until the chemi
cals are evenly mixed, after which add 0.5 gram of coal and 
thoroughly mix the charge again by shaking. In the case of

coke and anthracite add 0.3 gram powdered C. P. benzoic acid 
directly after the sodium peroxide, mix the chemicals thoroughly, 
after which add 0.5 gram of coke or anthracite and mix the 
charge thoroughly by shaking. It should be noted that a 
mixture of potassium chlorate and organic matter alone pro
duces a mixture of extremely explosive properties. One of
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T a b le  V— D e te rm in a tio n s  of S u lfu r  by  th e  S o d iu m  P erox ide  F u s io n  M eth o d  
(Percentage of d ry  coal or coke)

S am ple L aboratory  1 L aboratory  2 L abo ratory  3 LAn<
Individual Av. Individual Av. Individual Av. Individual

A 2 .8 3 . 2 .6 5 2 .7 4 2 .9 2 , 2 .9 2 2 .9 2 2 .5 1 , 2 .5 7 2 .5 4 2 .8 0 , 2 .8 2
B 0 .5 2 , 0 .5 1 0 .5 2 0 .6 0 , 0 .6 2 0 .6 1 0 .5 3 , 0 .5 5 0 .5 4 0 .5 5 , 0 .51
C 1 .1 0 , 1 .0 6 1 .08 1 .2 3 , 1 .2 2 1 .23 1 .12 , 1 .1 6 1 .14 1 .1 2 , 1 .12
D 3 .0 8 , 3 .6 1 3 .6 5 3 .8 8 , 3 .9 0 3 .8 9 3 .7 2 , 3 .7 8 3 .7 5 3 .7 5 , 3 .7 9
F. 1 .4 2 , 1 .3 7 1 .40 1 .4 7 , 1 .51 1 .4 9 1 .4 5 , 1 .4 8 1 .47 1 .4 6 , 1 .42
F 4 .4 1 , 4 .3 5 4 .3 8 4 .4 5 , 4 .4 7 4 .4 6 4 .2 6 , 4 .2 6 4 .2 6 4 .4 4 , 4 .4 9
G 1 .8 8 , 1 .9 5 1 .9 2 2 .0 0 , 2 .0 0 2 .0 0 1 .8 8 , 1 .9 3 1 .91 1 .8 3 , 1 .89
II 4 .4 2 , 4 .4 7 4 .4 5 4 .5 8 , 4 .51 4 .5 5 4 .4 0 , 4 .4 6 4 .4 3 4 .6 0 , 4 .5 0
I 6 .7 7 , 6 .8 0 6 .7 9 6 .9 4 , 6 .9 7 6 .9 6 6 .3 6 , 6 .3 3 6 .3 5 6 .8 7 , 6 .9 1 ,
J 3 .2 2 . 3 .2 4 3 .2 3 3 .2 5 , 3 .2 6 3 .2 6 3 .1 0 , 3 .11 3 .11 3 .3 2 , 3 .31
K 8 .4 4 , 8 .2 0 8 .3 2 8 .6 0 , 8 .5 0 8 .5 5 8 .2 7 , 8 .3 5 8 .3 1 8 .4 4 , 8 .5 5
L 1 7 .2 2 ,1 7 .2 7 17 .25 1 7 .7 2 ,1 7 .6 4 17 .6 8 16 .44 , 16 .51 16 .4 8 1 7 .5 9 ,1 7 .6 9
M 5 .4 5 , 5 .4 6 5 .4 6 5 .6 9 , 5 .6 1 5 .6 5 5 .2 9 , 5 .2 0 5 .2 5 5 .4 8 , 5 .47
N 1 1 .2 4 ,1 1 .2 7 11 .26 1 1 .1 3 ,1 1 .1 4 11 .14 10 .7 1 , 10 .6 0 10 .6 6 1 1 .5 0 ,1 1 .3 9
O 0 .9 1 , 0 .9 2 0 .9 2 0 .9 7 , 0 .9 4 0 .9 6 1 .0 1 , 1 . 0 0 1 .01 0 .9 1 , 0 .94
P 0 .5 5 , 0 .5 3 0 .5 4 0 .5 9 , 0 .5 7 0 .5 8 0 .5 9 , 0 .6 2 0 .61 0 .5 4 , 0 .5 5 ,

Av.
2.81
0.53
1.12
3.77
I.44
4.47 
1.86 
4.55

6 .95  6.91
3.32 
S.50 

17.64
5.48

II.45 
0.93

0.56  0.55

T a b le  VI— M a x im u m  D ifferences b e tw ee n  In d iv id u a l D e te rm in a tio n s
S am pi.b E sc h k a  M eth o d B om b-W a sh in g  M eth od Sod iu m P e r o x id e F usion Method

Lab. 1 Lab. 2 Lab. 3 Lab. 5 Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. 5 Lab. 1 Lab. 2 Lab. 3 Lab. 6
A 0 .0 7 0 .1 3 0 .1 3 0 . 0 0 0 .1 3 0 .0 5 0 .0 7 0 . 0 0 0 .1 0 0 .1 8 0 . 0 0 0.06 0.02
B 0 .0 5 0 .1 4 0 .0 2 0 .0 1 0 .2 3 0 .0 4 0 .0 5 0 .0 1 0 .0 1 0 .0 1 0 .0 2 0.02 0.04
C 0 .0 4 0 .0 4 0 .0 6 0 .0 5 0 .1 0 0 . 0 0 0 .0 3 0 .0 2 0 .0 6 0 .0 4 0 .01 0.04 0.00
D 0 .0 7 0 .1 2 0 .0 9 0 .0 6 0 .1 2 0 . 0 0 0 .0 8 0 .0 5 0 .0 2 0 .0 7 0 .0 2 0.06 0.04
E 0 .0 5 0 .1 2 0 .0 6 0 .0 1 0 . 1 1 0 .0 8 0 .1 0 0 .0 6 0 .0 4 0 .0 5 0 .0 4 0.03 0.04
F 0 .0 4 0 .2 8 0 .0 4 0 .0 3 0 .1 3 0 .0 3 0 .1 4 0 .0 6 0 .1 6 0 .0 6 0 .0 2 0 . 0 0 0.05
G 0 .0 4 0 .1 S 0 .0 5 0 .0 6 0 .2 9 0 .0 5 0 .0 7 0 .0 1 0 .01 0 .0 7 0 . 0 0 0.05 0.06
II 0 .0 3 0 .6 0 0 .0 6 0 .0 2 0 .1 8 0 .0 4 0 .0 7 0 .0 4 0 .1 3 0 .0 5 0 .0 7 0.06 *0.10
I 0 .0 3 0 .0 9 0 .1 0 0 .0 3 0 .1 0 0 .0 3 0 .0 8 0 .0 6 0 .0 3 0 .0 3 0 .0 3 0.03 0.08
J 0 .0 4 0 .2 4 0 .0 4 0 .0 3 0 .2 0 0 .0 1 0 .1 0 0 .0 4 0 . 1 1 0 .0 2 0 .01 0.01 0.01
K 0 .1 0 0 .1 7 0 .1 4 0 .0 7 0 .1 0 0 .2 0 0 .1 5 0 .0 4 0 . 0 0 0 .2 4 0 .1 0 O.OS 0.11
L 0 .1 8 0 .6 4 0 .1 8 0 .1 3 0 .2 3 0 . 1 1 0 .6 3 0 .0 5 0 .0 8 0.07 0.10
At 0 .2 0 0 .5 8 0 . 1 1 0 .0 2 0 .4 0 O.OS 0 .0 6 0 .0 4 0 .1 3 0 .0 1 0 .0 8 0.09 0.01
N 0 .1 8 0 .3 5 0 . 1 1 0 .1 6 0 .5 0 0 .0 6 0 . 1 1 0 .0 8 0 .2 9 0 .0 3 0 .01 0 . 1 1 0.11
O 0 .0 3 0 .0 6 0 .0 4 0 .0 3 0 .1 3 0 .0 4 0 .0 4 0 .0 4 0 .0 1 0 .0 3 0.01 0.03
P 0 .0 6 0 .0 2 0 .0 1 0 .0 9 0 .0 4 0 .0 3 0 .0 3 0 .0 6 0 .0 2 0 .0 2 0.03 0.02

Av. diff. per sample 0 .0 8 0 .2 4 0 .0 8 0 .0 5 0 .1 9 0 .0 5 0 .0 8 0 .0 4 0 . 1 1 0 .0 6 0 .0 3 0.05 0.05

T a b ic  V II— V a ria tio n s  of A verage B o m b -W a sh in g  a n d  S o d iu m  P erox ide  R e s u lts  f ro m  E sch k a  R e s u lts , a s  R e p o r te d  by  th e  Laboratories
S a m p l e B o m b-W a s h in g  M e t h o d S o d iu m  P e r o x id e  M e th o d

Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. 5 Lab. 1 Lab. 2 Lab. 3 I,ab. 6*
A + 0 .0 5 - 0 . 0 1 - 0 . 1 0 + 0 . 0 2 - 0 . 1 2 + 0 . 1 2 + 0 .3 8 - 0 .1 5 +0.08
B + 0 . 1 2 + 0 .1 3 - 0 .0 6 + 0 .0 5 - 0 .0 9 + 0 .0 3 + 0 . 2 1 - 0 .0 9 -0.07
C +  0 .03 + 0 .0 5 - 0 .0 3 + 0 . 0 S - 0 . 1 2 +  0.03 + 0 .1 9 + 0 .0 6 -0.03
D 0.00 - 0 .0 6 - 0 .0 7 + 0 .0 3 - 0 . 1 2 + 0 .0 4 + 0 .3 5 + 0 .1 3 +0.02
E -o.os + 0 .0 8 + 0 .0 3 + 0 . 1 2 - 0 .0 8 + 0 . 0 2 + 0 .1 9 + 0 .1 4 +0.04
F - 0 .0 5 - 0 . 0 2 -0.11 + 0 .0 8 - 0 .1 4 +  0 .06 + 0 .3 5 - 0 .1 3 +0.10
G - 0 .0 4 + 0 . 0 1 -o.os + 0 .0 6 - 0 .0 3 - 0 . 0 1 + 0 .2 3 - 0 .0 6 -0.14
II - 0 .0 3 + 0 . 1 2 - 0 .0 8 + 0 .0 4 +  0.04 + 0 . 1 2 + 0 .4 8 - 0 .0 5 +0.09
I + 0 . 1 0 + 0 . 2 1 0.00 + 0 .0 7 - 0 .0 6 +  0.61 + 0 .3 7 + 0 .0 3 +0.15
J + 0 .0 9 + 0 .3 2 - 0 .1 6 + 0 .0 3 - 0 .0 5 + 0 .0 5 + 0 .2 3 - 0 .1 6 +0.02
K - 0 . 0 2 0.00 - 0 .2 3 + 0 . 1 0 - 0 .3 3 +  0 .25 + 0 .6 5 + 0 . 0 2 +0.16
L - 1 . 1 2 - 0 .0 4 - 0 .0 7 +  1.35 - 0 .0 4 +  1.99 + 0 .0 8 +0.43
Af - 0 . 0 2 + 0 .3 7 - 0 .0 6 + 0 .0 4 - 0 .0 9 + 0 .3 3 + 0 .5 9 + 0 .0 7 -0.17
N - 0 . 1 3 - 0 .2 7 - 0 . 1 0 + 0 .0 3 -0.11 + 0 . 0 1 + 0 .5 9 + 0 .0 5 +0.12
O - 0 . 0 1 + 0 .3 5 + 0 .0 6 - 0 .1 9 - 0 . 0 1 + 0 .1 6 0.00 -0.04
P - 0 . 1 0 + 0 .1 3 - 0 . 0 2 - 0 . 0 2 - 0 .0 7 + 0 . 1 0 + 0 . 0 1 +0.03

° L aboratory  6  did not determ ine sulfur by the  Eschka method. The figures given are the  variations from the Eschka results (one determination) by
L aboratory  1 on the set of samples subm itted to L aboratory 0.

the important functions of the sodium peroxide is to provide a 
diluent, thus slowing down the reaction, so care should be taken 
that it is not om itted in the charge.

After the cover has been securely fastened to the bomb, 
ignite the charge by applying a sharply pointed flame to the 
bottom of the bomb, or by electric ignition according to the 
type of bomb used. Allow one minute for complete combustion 
to take place after igniting the charge and then cool under the 
tap, or in a vessel of water.

Remove the cover from the bomb, place the bomb on its 
side in a 400-cc. beaker, wash off the top, and cautiously add hot 
water, placing a watch glass over the top of the beaker before 
so doing. After solution is complete, remove the bomb and 
rinse it carefully with water. Slowly add about 30 cc. of HC1 
(sp. gr. 1.18) to complete neutralization, then add 1 to 2 cc. 
of the acid in excess. A t this point the solution should be 
filtered and diluted to approximately 400 cc. and the sulfur 
precipitated with barium chloride solution and determined, 
both as described for the Eschka method.

A blank determination is to be made on the chemicals, using 
the same amounts of all reagents that were employed in the 
regular determination.

Results Obtained by Laboratories

Tables III , IV, and V give the results reported by the 
various laboratories in determining sulfur by the three 
methods. The results of individual determinations, as 
well as average values, are given to show how closely each

laboratory could check itself. Table VI gives the maximum 
differences between individual determinations by each lab
oratory. Laboratories 1, 2, and 3 determined sulfur by all 
three methods, and the figures in Table VI show that the 
best average checks between duplicate determinations were 
obtained with the sodium peroxide fusion method. Lab
oratory 2 reported considerably greater differences by the 
Eschka method than by the bomb-washing or sodium per
oxide methods. Laboratory 1, on the other hand, had more 
trouble in obtaining check results with the bomb-washing 
method than by the other two methods. Taken as a whole, 
the check results as given in Table VI can be considered 
satisfactory, except the Eschka differences of Laboratory 
2 and the bomb-washing differences of Laboratory 1.

Variations in Results of Methods

If the bomb-washing and sodium peroxide fusion method; 
were made alternate methods with the present standard 
Eschka method, it would be essential tha t a laboratory 
be able to obtain results by these two methods in close 
agreement with the Eschka method. Table VII gives 
the variations of the average bomb-washing and sodium 
peroxide results from the average Eschka results, as de
termined by each of the laboratories. These results indicate
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that the bomb-washing and sodium peroxide fusion methods 
check those of the standard Eschka method sufficiently 
close to permit them to be used as alternate standard meth
ods. Laboratory 2 for some reason or other obtained con
siderable differences between the Eschka and sodium per
oxide methods, but the other laboratories had no difficulty 
in obtaining good checks between these two methods.

From the tables it will be noted th a t some of the lab
oratories had considerable trouble with coals L  and N, 
especially with coal L. As a whole, the sodium peroxide 
results on these two coals are more consistent than the 
Eschka or bomb-washing results. These two coals were 
unusual in that L  contained about 17 per cent of sulfur and 
N about 11 per cent. Such high-sulfur coals are rare and 
apparently require special treatm ent. The laboratories 
that determined sulfur in these two coals by the sodium 
peroxide method were instructed to  add 0.3 gram of benzoic

acid in making up the charge, as is done for anthracite and 
coke. Laboratory 1 found th a t coal L  would not ignite 
without the addition of benzoic acid. This is explained 
by the large ash content of the coal—about 44 per cent. 
Laboratory 1 found tha t coal N  gave the same results with 
or without the addition of benzoic acid.

A ckn ow led gm en ts

The sulfur determinations were made by or under the 
direction of Max Hecht, chief chemist, Duquesne Light Com
pany; J. F. Kohout, director of laboratories, Commercial 
Testing and Engineering Company; C. A. Lunn, chief chemist, 
Consolidated Gas Company of New York; S. W. Parr and 
J. M. Lindgren, University of Illinois; N. F. Prince, acting 
laboratory director, Rochester Gas and Electric Corporation; 
and H. M. Cooper, associate chemist, and TV. L. Parker, junior 
chemist, U. S. Bureau of Mines.

Action of Sulfur Monochloride on Petroleum  
H ydrocarbons1

By E ugene Lorand

D i v i s i o n  o p  I n d u s t r i a l  R e s e a r c h , P e n n s y l v a n i a  S t a t e  C o l l e g e , S t a t e  C o l l e g e , P a .

IX SEARCHING for a solvent for petroleum fractions 
which could be removed without distillation, a sur
prisingly energetic reaction was observed between 

sulfur monochloride and the different fractions. Heat 
development, change of color of the solution, effervescence, 
and the escape of hydrogen chloride mark the reaction. 
The higher boiling the fraction, the more violently it reacts 
when mixed with sulfur monochloride.

It is peculiar tha t the 
literature of organic chem
istry, especially tha t of the 
aliphatic h y d ro c a rb o n s , 
contains very little about 
this reaction. The action 
of sulfur monochloride on 
ethylene as used in the 
manufacture of mustard gas, 
and a similar reaction with 
amylene d e sc r ib e d  by  
Guthrie5 are apparently the 
only exceptions.

Meigs5 described the ac
tion of sulfur monochloride on certain substances which he 
designated as “asphalt B ,” “ta r binder B,” and “gas engine 
oils. He attributed the reaction to the presence of bitumi
nous substances, and tried to develop a testing method for 
them, based on the use of sulfur monochloride. In careful 
experiments he excluded the presence of moisture and de
termined the rate of hydrochloric acid evolution during the 
reaction. However, the present experiments showed tha t the 
higher fractions (above 300° C.) and crude oils react more 
violently than water alone. Thus the reaction, especially the 
evolution of hydrogen chloride, is not due to the presence 
of moisture.

In the present work the reaction was found much more 
general than Meigs supposed. Different kinds of lubricating

1 Received January  24, 1927.
' J. Chcm. Sac. (.London), 1 2 , 112 (1860).
1 T in s  J o u rnal , 9, 655 (1917).

oils reacted violently; higher kerosene fractions were a t
tacked a little less vigorously; various motor gasolines 
changed color when mixed with sulfur monochloride and after 
standing a dark sediment settled out. Moderate heating 
started a more energetic reaction.

The reaction can be carried further by heating after the 
first energetic action is over, as the following experiment 
will show:

Thirty-five grams of sulfur 
monochloride were allowed to 
flow’ gradually from a sepa
ratory funnel into an Erlcn- 
meyer flask containing 100 
grams of a  petroleum frac
tion boiling between 225° and 
250° C. When the reaction 
b e c a m e  less vigorous, the 
mass was heated for several 
hours on a water bath with  
refluxing. The oil became 
tarry, and after cooling mono- 
c l i n i c  s u l f u r  crystallized. 
The liquid was freed from the 
unchanged sulfur monochlo
ride by distillation. On ac

count of foaming, the further fractionation of the reaction product 
was made at an absolute pressure of about 50 mm. of mercury. 
The first drop came over at about 120° C., and the temperature 
rose to as high as 175° C. toward the end of the distillation. 
About 75 per cent of oil was recovered. A considerable amount 
of carbonized product remained in the flask. Seventy-five 
cubic centimeters of the distillate were fractionated under 
normal pressure. The first drop came over at 210° C. and 
7 cc. distilled below 225° C. The volume of the 225-250° C. 
fraction was 49 cc. The end point was 278° C.

The results indicate th a t the distillate contains not only 
the hydrocarbons unaffected by sulfur monochloride bu t 
also polymerized and condensed or chlorinated compounds 
or their cracked products.

T ests  on  S in g le  H ydrocarbons

A detailed study of this reaction was made on single 
hydrocarbons. The first step was to determine what types 
of hydrocarbons do react with sulfur monochloride. Nor

T h e  a c tio n  of su lfu r  m on o ch lo r id e  o n  p etro leu m  
hyd rocarbons has been  in v estig a ted  o n  b o th  s in g le  
hyd rocarbons and p etro leu m  fra ctio n s , an d  fo u n d  to  be  
a g en era l rea ction  of u n sa tu ra ted  h yd rocarbons. It  
c o n s is ts  probably of ch lo r in a tio n  and  su b seq u e n t c o n 
d e n sa tio n  or p o lym eriza tion .

T w o m e th o d s are su g g ested  for te s t in g  th e  degree of 
u n sa tu ra tio n  of hydrocarbons and  p etro leu m  p rodu cts  
o n  th e  b a sis  o f th is  reaction .
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mal pentane, normal hexane, decane (diisoamyl), and com
mercial amylene were available. In  all cases the procedure 
was the same:

Thirty to fifty grams of the hydrocarbon were mixed cold 
with about half as much sulfur monochloride and then refluxed 
on a water bath for 5 to 8 hours. The saturated hydrocarbons 
apparently did not react when cold, nor did heating start a 
reaction except in the case of diisoamyl, the color of which was 
changed. However, more thorough examination showed that 
there was some reaction in all cases. The unchanged sulfur 
monochloride was hydrolyzed by dilute sodium hydroxide, and 
the oil was washed until neutral. The sulfur was filtered off 
and the reaction products were tested for chlorine and sulfur. 
Both reactions were positive. As sulfur crystallized on longer 
standing, the liquid was distilled and tested again. The chlorine 
reactions remained positive, but the sulfur test was negative.

Since these saturated hydrocarbons were not chemically 
pure, the same experiments were repeated after treating 
them with fuming sulfuric acid in order to  eliminate the 
unsaturated hydrocarbons. No difference was found in 
the behavior of the treated hydrocarbons with sulfur mono
chloride.

The behavior of commercial amylene was entirely differ
ent. There was no reaction a t ordinary temperature, but 
after heating slightly violent evolution of heat and change 
of color took place. The reaction product became brownish 
black and tarry . Chlorination could be proved easily, bu t 
no test for sulfur could be carried out on account of its 
solubility in the reaction product. Further, it was not 
possible to separate the two by solvents because of their 
similar solubility. Chemical agents such as hot sodium 
hydroxide would also react with any combined sulfur present. 
Distillation, even under vacuum, caused cracking and 
carbonization.

T e sts  o n  P e tr o le u m  F ra c tio n s

These facts indicate an outstanding difference between 
saturated and unsaturated hydrocarbons as regards their 
behavior with sulfur monochloride. I t  seemed advisable 
to  check the above results on petroleum fractions which 
were freed from their unsaturated constituents by a treatm ent 
with fuming sulfuric acid. The following results were 
obtained:

C o m m e r c i a l  G a s o l i n e — The same procedure was carried 
out with various samples as in the case of the single hydrocar
bons. The sulfur monochloride did not seem to react either 
cold or hot. However, before distillation, both chlorine and 
sulfur reactions were positive. The distillation was smooth  
and gave about the same fractions as the untreated gasoline; 
but at the end the undistilled portion turned brown and the  
temperature rose suddenly. The distillate was colorless and 
contained no sulfur, but gave a distinct chlorine reaction. Sub
limed sulfur could be seen in the flask.

L i g h t  K e r o s e n e  F r a c t i o n  (distilling between 200° and 
225° C.)— The sulfur chloride treatm ent was carried out be
tween 100° and 150° C. Apparently no change occurred. 
However, the distillation of the product freed from sulfur chlo
ride gave fractions that were somewhat different from those of 
the original sample. About 13 per cent went over below 200° C. 
and about 12 per cent above 225° C. The distillate was color
less until the temperature reached 230° C. From this point 
the temperature rise was rapid and the distillate became yellow. 
The fraction below 230° C. was found to contain chlorine but 
no sulfur. The yellow distillate contained both, but the sulfur 
may have been carried over mechanically w ith the distillate.

H i g h e r  B o i l i n g  F r a c t i o n s — The higher boiling fractions 
gave similar results.

Diisoamyl was found to occupy a position between the satu
rated and the unsaturated hydrocarbons. A t ordinary tem 
peratures there was no sign of reaction, but a continued heating 
a t  100° C. and higher with an equal volume of sulfur chloride 
resulted in a marked reaction. Hydrogen chloride escaped 
slowly, and after 6 hours of heating the color of the mixture 
became dark brown. After cooling, monoclinic sulfur crystallized. 
T he same amount of sulfur chloride as before was added and 
the mixture heated for 6 hours more. Hydrogen chloride de

veloped and the liquid turned black. A tarry substance s e p a r a t e d  

similar to that in the case of amylene. The sulfur c r y s t a l l i z e d  h  

rhombic form.

Nature of Reaction

This incomplete analysis of the action of sulfur mono
chloride shows an outstanding difference between the be
havior of saturated and unsaturated hydrocarbons. The 
sulfur monochloride is a general reagent for the uusaturated 
chain. I t  reacts even with such low-boiling members a? 
amylene. The slow and moderate action on saturated 
straight chains is essentially different. I t  is probably a 
mere chlorination of the following type:

—C-------- C— = HC1 +  S. H C C -
/ \  

H  H
/ \  
H Cl

/ \  
H H

HR
\  1 

-  C=C-
/

iH í 
ci!

I
¡H!
!C1!

c i c i

XA
The paraffin hydrocarbons with side chains give the same 
type of reaction when moderately heated, but the reaction 
rate  is higher. By continued heating to a higher tempera
ture, probably two neighboring carbon atoms lose a mole
cule of HC1 and form a double bond:

R  H H R Cl H
\ l l  \ /  I

c —c --------->- c —c -
/ I  / I

R  H R  H R
Furthermore, the resulting compound, like other unsaturated 
hydrocarbons, undergoes polymerization and condensation.

The nature of these latter reactions could not be estab
lished, but Meigs’ ideas about sulfur compounds and their 
condensation and polymerization do not seem very probable. 
The fact th a t a considerable am ount of sulfur crystallizes 
from the reaction product shows th a t here also the action 
of sulfur monochloride probably consists in chlorination 
and the subsequent formation of a double or triple bond. 
The condensation probably occurs between two molecutes, 
w ith elimination of hydrogen chloride. Meigs himself 
points out the possibility of triple-bond formation, and this 
reaction seems very probable:

-C = = C -------- >- —C = C — +  2 HCI +  S,

This reaction might immediately produce the triple bond, 
or a t lower temperature chlorination might occur, with sub
sequent removal of hydrogen chloride:

—C = C — — > —C = C —
I I

Cl H
Guthrie2 describes an addition compound of sulfur mono- 

chloride and “amylene” analogous to mustard gas. It 
would be conceivable th a t whenever sulfur monochloride 
acts on unsaturated hydrocarbons a similar product is 
primarily formed which decomposes by heating. However, 
the unsaturated hydrocarbons, w ith the increase of the caí- 
bon atoms, react more and more violently, and thus the 
formation of such a primary addition product is improbable. ^

T e sts  for D egree o f U n sa tu r a tio n

Meigs developed a method for determining the hydrogen 
chloride as one product of the reaction and proposed to use 
it as a  comparative test for bituminous substances. Since j 
the reaction has been showm to be more general, it could 
serve as a basis of a test for unsaturated hydrocarbons. (
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This test might be worked out along two different lines, 
one being a modification of Meigs’ method.

M e th o d  I—Meigs stated th a t the action of sulfur mono- 
chloride is a “time reaction,” since the evolution of hydrogen 
chloride continued for m any hours without stopping. The 
above observations show th a t in a mixture of saturated and 
unsaturated hydrocarbons the la tter react vigorously and 
cause the major part of the reaction. The saturated com
pounds or, better, the saturated chains react slowly and are 
responsible for the “ time reaction.” Therefore the test 
should be carried out in such a way th a t after the main 
reaction and a subsequent heating for a definite short period 
the absorption of the hydrogen chloride is stopped. A 
solvent is necessary for higher fractions or crude oils, since 
they react too violently if mixed direct with sulfur mono
chloride. Meigs used carbon disulfide for this purpose, 
but carbon tetrachloride, or another chlorine derivative with 
a higher boiling point, seems to be preferable, irrespective 
of the fact tha t carbon disulfide reacts with sulfur mono
chloride. This is unquestionably true for the liquid which 
has the function of absorbing the sulfur chloride vapors 
which would hydrolyze in water and increase the amount 
of absorbed hydrogen sulfide. Meigs was obliged to use 
water as absorbent for the hydrogen chloride since the carbon 
disulfide vapors would react with the alkali. By the sub
stitution of a chlorine derivative for the carbon disulfide, 
sodium hydroxide could be used w ithout fear.

This is one method which was tried in a few cases. I t  
turned out to be practicable and gave comparative results. 
A more thorough study is necessary to decide its value in 
comparison with other methods.

M e t h o d  II—A few experiments were carried out in 
another direction for the purpose of developing a testing 
method. The petroleum fractions were dissolved in carbon 
tetrachloride and mixed with about half as much sulfur

chloride. The mixture was refiuxed 011 a water bath  for 
2 hours. About an equal amount of water was added to 
the reaction mixture to hydrolyze it and this mixture was 
then slowly neutralized by sodium hydroxide. The whole 
mass was washed with carbon tetrachloride in a separatory 
funnel. After removing the alkali layer the content of the 
funnel was washed with water until neutral. The carbon 
tetrachloride was driven off and the residue distilled at 
an absolute pressure of 30 mm. of mercury. The lowering 
of the boiling point was taken into account in determining 
the end point of the distillation. This corresponded to 
the higher limit of the original range of the fraction. Both 
distillate and residue were weighed. E ither the amount 
of the residue or th a t of the distillate subtracted from the 
original quantity of the petroleum sample could be used 
as a comparative basis for the degree of unsaturation.

This is a second method which seems to be especially 
useful for testing lower fractions, since there is a considerable 
difference between the boiling range of the unchanged part 
of the fraction and th a t of the polymerized or condensed 
products.

Further Investigations Planned

The writer plans to continue the preceding investigations 
in various directions:

(1) More thorough study of the condensation or polymeri
zation products obtained by the action of sulfur monochloride 
on unsaturatcd hydrocarbons with regard to their possible 
sulfur content.

(2) Study of the behavior of higher saturated, pure hydro
carbons with sulfur monochloride, with special reference to 
tertiary carbon atoms.

(3) Experiments with unsaturated hydrocarbons from 
other series than olefins.

(4) Testing the two suggested methods for the determination 
of the degree of unsaturation on various petroleum products 
and checking the results with other methods.

Effectiveness of Laboratory Rectifying Colum ns1
By M. J. Marshall and B. P. Sutherland

D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  B r i t i s h  C o l u m b i a , V a n c o u v e r ,  B .  C .

THE ordinary u n f ille d  
la b o ra to ry  column 
separates almost en

tirely by partial condensation, 
while a filled column of the 
Hempel type separates by par
tial condensation a t the top 
and in addition rectification 
for a short distance from the 
bottom. Now it is generally considered tha t partial condensa
tion is neither so effective nor so efficient as rectification. 
Experimental evidence of the superior efficiency of rectifica
tion over partial condensation has been obtained by Leslie.2

It is evident, therefore, th a t the effectiveness of the or
dinary laboratory column can be vastly improved by lagging 
the sides and providing reflux, as in commercial columns. 
Laboratory columns of this type have been devised by Leslie3 
and Peters.4

Although a number of investigators have obtained values 
for the effectiveness of small packed columns, largely for the

1 Received Septem ber 27, 1926.
* "M otor Fuels," p. 120, Chem ical Catalog Co., 1923.
1 Ibid., p. 555.
'  T h i s  J o u r n a l , I S ,  G9 (1926).

purpose of verifying distilla
tion equations, no numerical 
values are available for the 
relative effectiveness of the 
ordinary laboratory column 
and the lagged column pro
vided with reflux.

Theory

Lewis5 has derived an equation giving the change in com
position of a volatile mixture from plate to plate in a rectifying 
column as follows:

p
Xn -r ; — y'n q  (vf 3«) (1)

where x„ + i =  mol fraction of the more volatile component 
in the liquid on the n +  1th plate 

yn =  mol fraction of more volatile component in the 
vapor over the nth plate 

xe =  mol fraction of the more volatile component in
the distillate 

P  =  mols of distillate per unit time
0  =  overflow in mols per unit time from one plate to

the other
V -  mols of vapor per unit time passing up the column

‘ T h i s  J o u r n a l ,  14, 492 (1922).

Values have been obtained for the effectiveness of 
a lagged Hempel column with reflux, with a view to 
determining the relation between this quantity and 
reflux ratio. At the same time, similar data have been 
obtained for the same column unlaggcd and without 
reflux. These two sets of data have been compared on a 
com m on basis to obtain values for the relative effec
tiveness of the two arrangements.
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Peters6 used this relation in the form 
y» — (1 — p)xc+ 1 (2)

0where p =  y  The reflux ratio of Lewis and others is defined 

as jj> and is equal to j-- ~ ...

By means of this equation the number of theoretical plates 
necessary to separate a mixture between any given composi
tions can be determined. If  the column is of the packed 
type, then the to tal length divided by the theoretical number 
of plates gives the height equivalent to a theoretical plate. 
This quantity, called the H. E. T . P. by Peters, was calcu
lated by him for ring packings of various sizes. These re
sults will be referred to  later.

Experim ental Details

An alcohol-water mixture was chosen as the most suitable 
medium because so much study has been devoted to the 
distillation of this mixture, and also because analysis can 
readily be made by density measurements. The vapor- 
liquid composition data used were those calculated by Lewis7

from the data of Wrewsky.8 This curve agrees fairly well 
with the data  of Bergstrom9 and Blacher,10 which were con
sidered by H ausbrand11 to  be the most accurate values avail
able a t the time of publication. The density tables in the 
Smithsonian Physical Tables (6th edition) wrere used to de
termine the composition.

The liter Pyrex flask, A , was covered with asbestos 0.25 
inch (6 mm.) thick. The column C was a  glass tube 0.827 
inch (2.1 cm.) in diameter. The beads were of the ordinary 
Hempel variety with an average diameter of 0.213 inch

• T h is  J o u r n a l ,  14, 476 (1922).
» Ibid., 12, 496 (1920).
» Z. physik. Chcm., 81, 1 (1912).
* Jcrn-Konlorclc Annater, Bihang.

10 Private com m unication of Blacher to H ausbrand.
11 “ Industria l D istillation,” p. 95, John Wiley & Sons, Inc., 1926.

(0.541 cm.) and filled the column to a depth of 39 inches 
(99.06 cm.).

Reflux was regulated by the pinchcock. The apparatus 
was run a t constant reflux until equilibrium was established. 
The rate of distillation was then measured a t F and samples 
collected from D and F.

H eat was supplied by passing 110-volt a. c. current through 
a bare nichrome wire a t A . The input was measured by 
means of a wattm eter. The loss of heat through the walls 
of the flask was determined for various mixtures by noting 
the w atts just necessary to distil over a very small amount of 
liquid without the use of a column. This amounted to 14.7 
calories per second. Correcting for this value, the heat as
cending the column per un it time could be calculated.

One series of runs wras made with the column covered with 
ordinary steam pipe lagging about 1.5 inches (3.8 cm.) 
thick, and the tube leading to the condenser covered with 
several thicknesses of asbestos paper. Another series was 
made with all this insulation removed and no reflux except 
th a t supplied by condensation on the walls of the column.

C alculation of R esults 

The following is a typical calculation (Run 7):

Time for 5 cc. distillate, 73 seconds
Specific gravity of distillate, 0.8114 =  92.4 per cent alcohol 
Grams of distillate per second, 0.0556 gram 
Latent heat of distillate (92.4 per cent alcohol), 230 calories 

per gram
W atts supplied to heating coil, 278 =  66.2 calories per second 
Radiation loss from flask, 14.7 calories per second 
Heat in vapor passing up column, 51.5 calories per second 

O 51.5 -  230 X 0.0556 „
p V 51.5 “

M ol fractions of alcohol in vapor and distillate are 0.344 and 
0.8263, respectively, then from equation (2)

0.334 -  (1 -  0.752) X 0.8263 
0.752

The mol fraction of alcohol in the vapor in equilibrium with 
this is 0.539 from the liquid-vapor composition curve. Applying 
equation (2) once more we get a value for x2 and in the regular 
stepwise fashion arrive a t 10.6 plates for the total separation

•jq
Then H. E. T. P. is =  3.68 inches (9.35 cm.).

*i = =  0.169

obtained.
10.6

R esults for Lagged Colum n

The H. E. T . P. values (Table I) vary slightly, although no 
trend is apparent with increase in vapor velocity, and only 
a very slight trend with increase in p. Unfortunately, con
ditions were such th a t high values of p coincided with high 
content of alcohol in the product. I t  is hard, therefore, to 
determine whether the trend is due to  variation of the reflux 
ratio or the composition of the product. The authors have 
obtained rather low H. E . T . P . values for runs in which 
the composition of the product was over 93 per cent. These 
values are not reported in the present paper because of lack 
of agreement between duplicate runs. Peters also noticed 
variation of H. E . T . P. w ith the composition of the product, 
although he obtained H. E . T. P. above the average for this 
range. I t  seems more probable, therefore, th a t any variation 
of H . E. T. P. will be found to be due to variation of the 
composition of the product rather than variation of the reflux 
ratio. I t  is evident th a t more determinations of H. E. T. P. 
are necessary over this range. Because of the nature of the 
vapor-liquid composition curve a t this point, a curve of proved 
accuracy m ust be used, and the experimental work must be 
done with considerable precision in order to obtain even 
reasonably accurate H. E. T. P . values.

Peters6 obtained constant values of H. E. T. P. for acetic 
acid and water mixtures, using values of p between 0.8 and
1.0, while the present writers’ H. E. T. P. are practically
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constant for p values between 0.551 and 0.771. W ith alcohol 
and water mixtures, using W in ch  rings, he obtained an 
H. B. T. P. of 3.G5 inches (9.27 cm.) below 88 per cent alcohol 
and 4.2 inches (10.67 cm.) above this percentage. He found 
'/cinch rings to be 73 per cent as efficient as the spheres. 
This would give an H. E. T . P. for the spheres 2.66 inches 
(7.42 cm.) below 88 per cent alcohol and 3.07 inches (7.80 
cm.) above this figure. The average of the writers’ values is 
3.92 inches (9.96 cm.), and this can be considered as compar
able with Peters’ values above 88 per cent alcohol. While 
their beads are not strictly equivalent to either rings or 
spheres, it is evident th a t their average value approximates 
more closely to Peters’ value for the rings than for the 
spheres.

In a recent paper Leslie and Geniesse12 obtained constant 
H. E. T. P. for variable reflux ratio and variable vapor ve-

column for any fixed rate of distillation. I t  appears then tha t 
Ay  for the two columns should be compared a t equal rates of 
distillation with maximum possible reflux in the lagged 
column. I t  is evident tha t a direct comparison of the two 
values for Ay would have only qualitative significance. A 
quantitative comparison can be made in the following manner: 

Suppose tha t we are operating the lagged column a t its 
maximum reflux ratio with a certain rate of distillation. 
Suppose that the unlagged column gives us a certain separa
tion Aj/i for the same rate of distillation. We can calculate 
the number of theoretical plates rn of the lagged column 
which would be required, a t the maximum reflux ratio, to 
give the same separation as th a t attained by the unlagged 
column. The ratio of this number of plates to the total 
number of theoretical plates in the column would be a measure 
of the relative effectiveness of the two columns under com-

T ab le  I— E ffectiveness of L agged C o lu m n  a t  V ary ing  Reflux R a tio

R un
O
V

P r o d u c t
V a p o r

V e l o c it y

C o m p o s it io n N u m b e r
OF

P l a t e s
H. E . T. P .

Product Vapor 
in  still

Liquid 
in  still

Gram/sec. Cal./sec. Per cent alcohol by -weight C m . I  nches
1 0.551 0.0917 48 .5 90.3 74.5 35.1 1 0 . 2 9 .70 3.82
2 0.569 0.0268 14.7 90.5 75.7 39.2 9 .2 10.76 4.24
3 0.585 0.0517 45 .8 90.4 67.8 2 2 . 0 9 .0 1 1 . 0 0 4.33
4 0.653 0.0628 41.1 91.6 73.3 31.7 10.3 9.60 3 .78
5 0.734 0.0414 35.6 92.5 78.8 55.5 10.3 9.60 3 .78
6 0.748 0.0402 37.1 91.7 46.8 6 . 0 9 .2 10.76 4 .24
7 0.752 0.0556 51.6 92.4 57.2 9.4 1 0 . 6 9 .35 3.68
8 0.771 0.0284 28.5 92.5 43.6 5.6 1 1 . 1 8.91 3.51

locity, using chloroform and toluene mixtures. Calingaert 
and Huggins13 did obtain variation in effectiveness for va
riable vapor velocity and reflux ratio with ammonia and water 
solutions, although they worked a t extremely low concentra
tions. So, while there is a preponderance of evidence in 
favor of a constant effectiveness, nevertheless, more work 
must be done with various mixtures, covering a wide range 
of vapor velocities and reflux ratios.

The percentage of alcohol in both the liquid in the still 
and the vapor above it were determined for each run. These 
values are included in the tables. The vapor-liquid composi
tion relations are just about w hat we would expect from the 
equilibrium curve. The still itself can therefore be regarded 
as a perfect plate, and allowance must be made for this 
rectification in the still when making practical calculations 
of necessary column lengths.

S tu d y  o f  U n lagged  C olu m n

The change in composition of a vapor passing through the 
unlagged column is undoubtedly due to a combination of 
rectification and partial condensation. I t  is evident tha t 
this could not be handled by any simple mathematical treat
ment. For our present purpose, however, this is not neces
sary. We can regard our unlagged column simply as a 
device in which vapor undergoes a change A y  in composition 
on passing through it. No assumptions need be made with 
respect to what goes on inside.

We know from experience th a t for any fixed composition, 
Vi, of entering vapor, th a t Ay  will vary almost entirely with 
the rate of distillation. On the other hand, for the lagged 
column with reflux, Ay  will vary with the reflux ratio and the 
rate of distillation. E ither of these variables will be inde
pendent until priming occurs in the column. At this point 
one variable disappears and Ay  varies as the rate of distilla
tion only. T hat is, to each rate of distillation there cor
responds a finite maximum reflux ratio. This point also 
represents the maximum separation attained by the lagged

”  T h is  J o u r n a l , 18, 590 (1926).
"  Ibid., 16, 5S4 (1924).

parable conditions. We have shown th a t the lagged column 
corresponds to 9.95 perfect plates, and this value can be 
considered to be independent of the reflux ratio and vapor 
velocity. Then the relative effectiveness of the two columns

would be X 100 per cent. For some purposes this 

relation can be more effectively expressed as which is

the improvement effected in the unlagged column. We 
will call this quantity the “ improvement factor.”

I t  should be noted th a t n is a measure, not of the separation 
attained, but rather of the relation between the actual and 
possible separations under similar conditions. In cases 
where separations only are being compared, as, for instance, 
in comparing different types of partial condensation columns, 
relative separations can be determined by calculating the 
number of plates a t total reflux corresponding to the measured 
separation. Such a value is identical with the number of 
perfect redistillations without column necessary to give the 
measured separation. This can be determined by stepping off 
points on the vapor-liquid composition curve between initial 
and final concentrations and taking the arithmetic mean 
for fractions of a plate. For small separations involving less 
than one plate, standard integration curves would be more 
accurate. Values obtained by the former method are in
cluded in Table III.

I t  should be noted in this connection th a t Young14 measured 
the relative effectiveness of various partial condensation 
columns by noting the number of redistillations, using an 
empty tube as a column, necessary to give the same separation 
as th a t attained in the column under examination. As his 
standard still and column would be roughly equivalent to a 
finite number of plates, his relative values, after correction for 
rectification in the distillation flask, should be comparable with 
any obtained by the method outlined above. The authors 
have found no other data on partial condensation columns 
in the literature which can be interpreted in similar terms.

The maximum p values corresponding to various rates of
i* “ F rac tio n a l D is til la tio n ,"  p . 146 (1922).
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distillation have been determined experimentally and are 
given in Table I I . Values of p for intermediate rates were 
obtained by interpolation.

T a b le  I I—V a ria tio n  o f M a x im u m  R eflux  w ith  R a te  o f D is ti l la t io n
o P r o d u c t

’  “  V Cra m per second
O .S5 0 .0 2 5
0 .8 0 0 .0 4 0
0 .7 5 0 .0 6 5
0 .7 0 0 .0 7 5
0 .6 5 0 .0 8 5
0 .6 0 0 .1 0 0
0 .5 5 0 .1 1 5
0 .4 5 0 .1 5 0

2—Tills height was found to  be practically constant for 
variable reflux between p =  0.53 and p =  0.77, and for dis
tillates up to  92.5 per cent alcohol. I t  was also found to be 
independent of the vapor velocity in  the few cases where this 
quantity  was varied greatly.

3—The effectiveness of a properly lagged Hempel column 
99 cm. long provided with the maximum reflux is 2.4 to 41,5 
times as great as th a t of the same column unlagged and 
operating a t the same rate  of distillation. This improve
m ent factor increases for low alcohol concentrations and high 
rates of distillation.

T a b le  I I I — R ela tiv e  E ffectiveness  o f U n lag g ed  2 n d  L agged  C o lu m n s

R un
p “

0
V P roduct

Product

C o m po sitio n

Vapor 
in still

Liquid 
in still

E q u iv . 
P l a t es  

a t  M ax . 
R e f l u x  

<»»)

R e l a t iv e
E f f e c 

t iv e n e s s

I mprove
ment

F actor

N umber 
of 

Plates 
at Total 
Replux

Actual
measured

Max. used 
in calcn.

Gram/sec. Per cent alcohol by weight Per cent
9 0 .6 4 4 0 .8 1 0 .0 3 5 4 6 8 .0 3 2 .2 3 .9 1 .0 10.1 10.0 0.8

10 0 .5 6 5 0 .7 8 0 .0 4 8 2 9 0 .5 7 7 .3 4 7 .9 4 .2 4 2 .2 2 .4 3.1
11 0 .4 8 5 0 .7 7 0 .0 5 6 6 2 6 .9 1 4 .0 1 .9 0 .2 2 .4 4 1 .5 0.2
12 0 .4 0 6 0 .7 2 0 .0 7 0 8 8 9 .6 7 4 .1 3 4 .0 4 .2 42 2 2 .4 2.8
13 0 .4 3 9 0 .7 0 0 .0 7 4 4 8 9 .7 8 0 .3 6 2 .5 3 .7 3 7 .2 2 .7 2.4
14 0 .4 1 5 0 .6 7 0 .0 8 0 8 8 9 .3 8 2 .6 6 9 .6 2 .9 2 9 .2 3 .4 1.9
15 0 .3 4 4 0 .6 4 0 .0 8 9 4 8 2 .2 6 9 .6 2 3 .0 1 .9 19.1 5 .2 1.0
16 0 .3 6 5 0 .5 5 0 .1 1 2 0 5 8 .0 4 6 .6 6 .2 0 .3 3 .3 29 .3 0.3
17 0 .3 6 8 0 .4 4 0 .1 5 3 0 8 6 .8 8 2 .0 6 7 .4 2 .2 2 2 .1 4 .5 1.0
18 0 .2 0 4 0 .4 4 0 .1 5 4 4 8 4 .0 7 4 .7 3 5 . 1 2 .2 2 2 .1 4 .5 1.0
19 0 .1 8 2 0 .4 0 0 .1 8 4 5 $ i .o 6 9 .0 2 2 .5 0 .9 9 .1 11.1 0.6

Taking Run 13 as an example, we have 0.0744 gram of 
product per second. This corresponds to a maximum p 
value of 0.70. The vapor entering the column was 80.3 per 
cent alcohol, and th a t leaving it 89.7 per cent. Substituting 
these values in equation (2) we find th a t this separation cor
responds to 3.7 plates of a perfect column. Then the rela- 

3 7
tive effectiveness is X 100 =  37.2 per cent, while the 

9 95improvement factor is — r  =  2.7. Values obtained for
the unlagged column are tabulated in Table I II .

The improvement factor reaches a very considerable 
value in some cases, being highest for low concentrations of 
alcohol. Other conditions remaining constant, the improve
m ent factor would also vary with the length of the column. 
However, the authors have not considered it advisable to 
investigate columns of various lengths, as the object of the 
investigation is simply to develop a method for obtaining 
an approximate estimate of the improvement effected in a 
laboratory column of average length. The values in the last 
column give a measure of the separation attained in terms 
of a common unit. The separation is low for high rates of 
distillation, as would be expected, although it is rather sur
prising to note th a t the range over which distillation takes 
place has an even more marked effect on this quantity.

I t  is evident th a t the separation attained in the short 
unlagged Hempel columns used in most laboratories would 
be even less than the figures given, so th a t in m any cases 
the larger p a rt of the observed separation would be due to 
simple rectification in the distilling flask alone.

For sharp cuts such columns as those developed by Leslie3 
or Peters4 are recommended. For the purification of quan
tities of material, however, the experimental column, de
scribed herein, suitably modified, would be equally effective. 
Comparatively large quantities of material m ight be easily 
handled by introducing the feed a t an intermediate point on 
the column and operating as a continuous still.

Sum m ary

1—The height equivalent to a theoretical plate for alcohol- 
water mixtures, with a filling of beads 0.213 inch (0.541 
cm.) average diameter, was found to  be 3.92 inches (9.96 cm.).

Protection of Iron Wire Used for 
Standardization1

By M arion  H o llin g sw o rth

T h e  O h io  S t a t e  U n i v e r s i t y , C o e v m b u s , O h io

* I '’H E annoyance caused by the rusting and entangling 
of C. P . iron wire used for standardization purposes has 

led to the development of the apparatus shown in the ac
companying sketch.

For the ordinary '/(-pound spool of wire a wide-mouth 
bottle of 1.5 to  2 liters capacity is a convenient size. The 
metal strip, A, supporting the spool is about an inch wide, 
and contains holes as shown in 
the drawing, B being located oppo
site or, better, a  little above the 
center of the spool. The strip is 
made so th a t it can be readily in
serted with the spool through the 
neck of the bottle.

A layer of lime, D, covers the 
bottom of the bottle. On top of 
this is a layer of cotton, E. The 
cotton and lime are held in posi
tion by a wire gauze, F, which in 
turn is secured by the spring, G.
To make the disk of wire gauze 
easy to insert , imagine two parallel 
cords th a t will divide a diameter 
perpendicular to  them into three 
a lm o s t e q u a l  parts. C ut the 
gauze on either end of these cords, 
leaving about an inch for sup
port. The gauze can then be folded on these cords, passed 
through the neck of the bottle, and again straightened.

A test spool of wire kept for three years in such a c o n ta in e r  
shows no sign of rusting.

1 Received M arch 4, 1927.
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T he Oil from  Port Orford Cedar W ood1
By F. H . T hurber and  L. J . R oll

O regon  Sta t s  C o ia e g e , C o r v a u .is , O r e .

A X ANALYSIS and some observations on the prop
el-ties of Port Orford cedar wood oil (Chamaecyparis 
lawsoniana (M urr.) Parlatore) were made by Schorger.2 

The sample tha t he analyzed was four years old and was 
obtained from selected resinous pieces of wood. I t  perhaps 
was not a representative sample, and this may account for 
the wide variation between the present writers’ results and 
those of Schorger. However, contrary to the statement 
in Schorger’s paper, it should be noted that, although the 
oil has some physiological effect as a diuretic, its action is 
not noticeable enough to prevent continuous operation on 
this kind of tim ber in the lumber mills.

This oil is now being

T h e  o il from  P ort Orford cedar w ood w as d istilled  
w ith  ste a m , th e n  dried , and  carefu lly  fractio n a ted . 
E ach  of th e  fo llow in g  fra ction s, ob ta in ed  from  th e  d is 
t illa te , Is n am ed  from  th e  ch ie f  c o m p o n en t w h ich  It 
c o n ta in ed : r f-a-p inene, 45.7 per cen t;  cf-lim onene, 
3.2 per cen t; rf-borneol, 26 per cen t;  t/-cad in en c, 21 
per cen t;  f-cad inol, 3.9 per cen t.

T h e  fo llow in g  com p ou n d s were iso lated  and  purified: 
(1) cf-a-p inene  (probably Isom eric w ith  rf-a-p lnene  iso 
la ted  from  A m erican tu rp en tin e  oil); (2) d -b orn eo l;  
(3) < /-cadinene.

manufactured on a commer
cial scale a t ' the Western 
White Cedar Lumber Com
pany’s Mill a t Marshfield,
Ore. Port Orford cedar is 
native only to northwestern 
California and southwest
ern Oregon. The lumber 
from the mill is used in the 
manufacture of storage bat
tery separators and in con
struction work of various 
types in which the timber 
may be subjected to the ac
tion of bacteria or to the rav
ages of termites. The dust from the saws is conveyed to 
large vats arranged for steam distillation The vats are 5 
feet in diameter and are constructed of wooden staves 2 
inches thick and 16 feet high. Steam under a boiler pressure 
of 110 pounds is passed through the sawdust for 60 minutes. 
By this procedure a  yield of approximately 1.6 per cent of 
oil is obtained from the wood. The temperature remains 
constant (100° C.) throughout the distillation, and the pres
sure in the vats, noted by means of a steam gage rarely ex
ceeds one pound.

The experiments here described were undertaken with 
two objects in view: (1) to obtain a more accurate analysis 
of the oil than is now available in the literature; (2) to iso
late and purify' some of the more common compounds that 
are commercially' im portant. Both of these objects were 
attained.

The crude oil has the following physical constants: color, 
light brown; the odor differs from th a t of cedar oil produced 
in the eastern part of the United States, being somewhat 
similar to the odor of a mixture of pinene and borneol; da, 
0.8913; n2D°, 1.4760; [a]2D°, +46.68; acid value, 0.19; ester 
value, 19.3; ester value after acetydation, 88.3. The ester 
values before and after acétylation are equivalent to 5.1 
per cent of bornyl acetate and 20.4 per cent of free borneol. 
Ihese values are-taken up in detail under the discussion of 
borneol in the la tter part of the paper.

F ra c tio n a tio n  o f P ort Orford Cedar Oil

St e a m  D i s t i l l a t i o n —Nineteen hundred and seventy' 
cubic centimeters of crude oil were distilled with steam over 
10 per cent sodium carbonate solution; after the completion

1 Received February  14, 1927.
* T h is  J o u r n a l , 6, 631 (1914).

of this process approximately 15 grams of a gummy' mass re
mained in the distillation flask and a to ta l of 1905 cc. of oil 
were recovered. Some of the distillate was lost because of 
(1) the volatility of the warm oil as it came from the con
denser, (2) its slight solubility in the large am ount of water 
obtained from the condensed steam, and (3) the small amounts 
of the oil adhering to the apparatus used in separating the 
oil from the water.

After the distillation the oil had a slight cloudiness due 
to its water content, but a water-white product resulted 
after the cloudy oil had stood over anhydrous sodium sul
fate for a day. The last traces of water were removed from

the oil by' heating it to 150°
C. for a  few minutes in a 
flask connected with a con
denser. The dry oil had a 
volume of 1871 cc. I t  was 
carefully fractionated in the 
apparatus which is men
tioned below.

F i r s t  F r a c t i o n a t io n —  
There is some decomposi
tion of the ester, bornyl 
acetate, which is present in 
the oil when it is heated to 
a temperature higher than 
180° C. For this reason 
the distillation was carried

out a t atmospheric pressure until the temperature of the 
vapor reached 178° C. A t tha t point the source of heat was 
removed, the pressure reduced to 14 mm., and the fraction
ation completed a t reduced pressure. A column stillhead 
patterned after the one described by Loveless3 was used in 
the fractionation.

From the results of preliminary distillations it was expected 
tha t the oil could be separated into four rather sharply de
fined fractions—namely, pinene, b. p., 155-159° C.; d-lim- 
onene, b. p., 170-178° C.; borneol and bornyl acetate, b. p., 
100-122° C. a t 14 mm.; and cadinene, b. p., 132-138° C. 
a t 14 mm. On the whole, the expected results were obtained; 
however, the d-limonene fraction was not definitely defined 
and a fraction with a boiling point higher than th a t of cad
inene was found to be present. After a number of distil
lations fourteen fractions were obtained, the boiling points 
and other physical constants of which are given in Table I.

T a b le  I— F ir s t  F r a c t io n a t io n  o f P o r t  O rfo rd  C ed a r  Oil
B o ilin g P e r  C e n t  ok
P o in t ® Volum e T otal «20 r |20

F raction ° C . Cc. V olum e ” i> M  n dm
C ru d e  oil: 1871 100 1 .4760 +  4 6 .6 8 0 .8 9 1 2

1 155-159 742 3 9 .6 5 1 .4644 +  5 2 .9 8 0 .8 5 8 2
2 159-161 52 2 .7 8 1 .4662 +  5 6 .1 8 0 .8 5 7 6
3 161-167 63 3 .3 6 1 .4664 +  5 8 .4 5 0 .8 6 0 4  '
4 167-178 44 2 .3 5 1.4704 +  60 .81 0 .8 6 1 8
5 78-100 63 3 .3 6 1 .4748 +  51 .8 7 0 .8 9 2 8
6 100-110 123 6 .6 6 1 .4764 +  47 .9 9 0 .9 3 7 6
7 110-118 267 14 .24 1 .4742 +  5 3 .5 5 0 .9307
8 118-122 29 1 .55 1 .4733 +  2 5 .1 5 0 .9 1 5 0
9 122-132 58 3 .1 0 1 .4848 +  2 1 .7 7 0 .9 1 2 2

10 132-136 266 14 .2 0 1 .5025 +  40 .9 7 0 .9 1 7 8
11 136-145 24 1 .28 1 .5058 +  3 4 .6 2 0 .9367
12 145-155 13 0 .6 9 1 .5058 +  15.57 0 .9 4 3 6
13 155-170 17 0 .9 1 1 .5108 - 1 0 .5 4 0 .9727
14 170-180 38 2 .0 3 1 .5075 0 .9581
15 Losses 72 3 .8 4
a T he first four frac tio n s  w ere fra c tio n a te d  a t 760 m m . a n d  th e  re s t a t

14 m m . pressure.

* T in s  J o u r n a l . 18, 826 (1926).
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Curve 1 in Figure I  is made up from the boiling point- 
percentage composition data given in Table I. Curve 2, 
Figure I, was made up from data obtained by noting the 
boiling point range for each 10 cc. of distillate collected 
when a previously dried 250-cc. sample of the crude oil was 
distilled a t atmospheric pressure. The same breaks are 
distinguishable in both curves, b u t in curve 1 the breaks 
are much more abrupt because of the careful fractionation 
carried out.

Percentage of Distillate
F lf tu rc  I

F r a c t i o n a t io n  o v e r  S o d i u m —The four fractions men
tioned above are all clearly defined on the curve, with the 
exception of d-limonene. Since the break in the curve was 
not definite in the section in which this compound should 
occur, it was thought th a t the distillate obtained in frac
tions 2 to  5 might be composed of a mixture, possibly of 
piriene, d-limonene, and borneol. For this reason a second 
distillation was made by combining fractions 2 to 5 and 
distilling the mixture over sodium to remove the borneol. 
The remaining components of the mixture were then readily 
separated by fractional distillation, as is shown in Table II.

T a b ic  I I -

F r a c 
t i o n

1
2
3
4

F r a c t io n a t io n  over S o d iu m  
(T otal volum e, 222 cc.; fractions 2 to  5, Table  I) 

P r a c -  
V O L U M U  T IO N  

Cc.
B o i l i n o  P o i n t  

°C. B o i l i n g  P o i n t  
°C.

V o l u m e
Cc.

155-159 80 0 122-132 (14 mm.) '  3
159-167 9 7 132-145 (14 mm.) • 27
167-178 34 8  145-170 (14 mm.) 3

78-100 (14 mm.) 15 9 Combined w ith so- 46
100-122 (14 mm.) 5 dium  (detd. by diff.)

An attem pt was also made to  separate fraction 9 (Table 
I) into its components by distillation over sodium. Some 
of the distillate came over above i32° C. a t 14 mm., indi
cating the probable presence of cadinene, but the decom
position was so great th a t accurate results cannot be reported. 
After the redistribution of the distillate produced by the 
second fractionation, the curve shown in Figure I I  was con
structed. In  making the curve, fraction 9, Table II, was 
added to  the borneol portion, b. p. 100-122° C. a t 14 mm., 
since the sodium undoubtedly combined with the alcohol 
content of the oil.

The breaks in this second curve are more definite than 
those shown in the curve in Figure I. They show the pres
ence of five fairly well defined fractions. From the values 
given in Tables I  and II, these fractions m ay be seen to have 
the boiling points and percentage composition given in 
Table III .

A n alysis o f P ort Orford Cedar Oil

Analysis of each of these final fractions (Table III) was 
now made. The chief components of each fraction were 
identified and also isolated and determined quantitatively 
whenever it was possible. The methods used and the re
sults obtained are given below.

d -a -P iN E N E  (Fraction 1; b. p., 155-159° C.; volume 822 
cc.)—The crude pinene fraction was purified by distillation 
over sodium; 64 per cent of the original 822 cc. came over 
a t an almost constant boiling point (156-156.5° C.). This 
constant boiling fraction was considered to be a pure sample. 
I t  had the following physical constants; b. p., 156-156.5° 
C.; d», 0.8584; n2D°, 1.4608; [a]2»0, +53.01. The constants 
reported by Schorger2 were b. p., 156-156.1° C.; d15, 0.8631; 
n 'D5, 1.4684; [a]2,? , +51.52. (Short-scale thermometers were 
used in checking all melting points and boiling points re
ported.) The specific rotation of pinene obtained from this 
oil is of interest because it is higher than the specific rotation of 
any sample of pinene previously reported. This pinene does 
not form a trace of the inactive crystalline nitroso chloride 
compound. Since the formation of this derivative is a char
acteristic property of nearly all samples of d-a-pinene, it 
is probable th a t this product is a  pure d-a-pinene isomeric 
with the ordinary form of a-pinene, which is isolated from 
American turpentine oil. T hat the compound was a d- 
a-pinene was determined by the preparation of pinene hy
drochloride (m. p. 126-127° C.), by saturating the oil at 
a tem perature of 5-15° C. with dry hydrochloric acid gas, 
and by the preparation of a-pinonic acid (m. p. 68° C.). The 
melting point reported in the literature for a-pinonic acid 
(prepared from d-a-pinene) is 67-69° C.

Method of Preparation. An emulsion of 50 grams of pinene 
in 300 cc. of water was gradually added to 120 grams of potassium 
permanganate contained in a liter of water. The mixture was 
cooled in an ice bath and stirred continuously during the addi
tion. After completion of the oxidation the manganese sludge 
was removed by filtration; the filtrate was saturated with car
bon dioxide gas and distilled with steam to remove unoxidized 
products. The liquid was evaporated in a current of carbon 
dioxide to a volume of 400 cc. and was then extracted with two 
50-cc. portions of ether. The pinonic acid was set free from the 
potassium salt by the addition of dilute sulfuric acid. After 
extraction with ether and recrystallization from petroleum ether, 
the acid melted at 68° C.

No trace of pinonic acid was noted, which indicates that 
jS-pinene is not a component of the oil. From these tests, 
and from the results obtained by fractional distillation, 
(Table III), approximately 46 per cent of d-a-pinene is shown 
to be present in the oil.

T a b ic  I I I— F in a l F r a c t io n a t io n  o f P o r t  O rfo rd  C edar Oil
(T otal volume, 1799 cc.; fractions 1 to  14, Table I)

P b r  C e n t  op

F r a c t i o n s  f r o m : T o t a l

F r a c t i o n B o i l i n g  P o i n t Table I Table  I I V o l u m e V o l u m e

°C. Cc.
1 155-159 1 1 822 45.7
2 159-100 (14 mm.) 2-4 58 3.2
3 100-122 (14 mm.) 6 - 8 5 and  9 470 26.1
4 122-145 (14 mm.) 9-11 6-7 378 2 1 . 0
5 145-180 (14 mm.) 12-14 8 71 3.9

d-L iM O N E N E  (Fraction 2; b. p., 159-178° C. and 78-100° 
C. (14 mm.); volume 58 cc.)—This fraction does not 
contain a high percentage of d-limonene, for a large amount 
of gummy residue remained in the flask after the distilla
tion of the sample over sodium. In  this fractionation a 
small portion (b. p., 170-176° C.) was obtained which had 
a characteristic lemon-oil odor and formed a tetrabromide 
(m. p., 124° C.) when dissolved in glacial acetic acid and 
treated with bromine. In this fraction, which makes up 
approximately 3 per cent of the original oil, d-limonene is 
shown to be present.
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¿-Borneol (Fraction 3 ; b. p., 100-122° C. (14 mm.); 
volume 470 cc.)—Since borneol is a compound which crys
tallizes readily, it might be expected tha t a solid would sepa
rate from this fraction on refrigeration. However, a sample 
when cooled to —15° C. did not yield a trace of solid material. 
Two other refrigeration experiments were tried.

(1) A nearly constant boiling point fraction (104-107° C., 
13 mm.) was refrigerated for a 2-hour period.

(2) A sample of the oil (b. p., 104-107° C„ 13 mm.) which 
had been previously saponified with alcoholic potash was also 
refrigerated.

In both cases negative results were obtained.
To isolate borneol it evidently is necessary to separate it 

from the liquid constituents of the oil. The isolation was 
finally accomplished by means of the preparation of the acid 
phthalate. The methods used in the preparation of the acid 
phthalate and in the separation of borneol are described briefly 
below, since borneol had never been isolated from Port Orford 
cedar oil up to the time of the carrying out of these experi
ments.

j Three hundred grams of crude oil were hydrolyzed by refluxing 
for 1 hour with 25 grains of sodium hydroxide ancj 3(1 cc. of 80 
per cent alcohol. The hydrolyzed product was washed with 
water, then dried, and the borneol present changed to the acid 
phthalate by heating the oil to 160° C. for 16 hours, with 100 
grams of phthalic anhydride. After the heating period, the 
reaction product was poured into 150 cc. of water and an excess 
of sodium carbonate added to produce the soluble sodium salt 
of bornyl acid phthalate. The oil which had not reacted with 
phthalic anhydride formed a layer on top of the water. It was 
separated from the water by decantation, the last traces of oil 
being removed by extraction of the water solution with pe
troleum ether. The insoluble phthalic acid ester was then ob
tained by acidifying the solution with 50 per cent sulfuric acid; 
bornyl acid phthalate separated as an oily layer, which crys
tallized on cooling. A small portion of this product, after re
crystallization from 50 per cent alcohol, melted at 164° C .; 
melting point for bornyl acid phthalate reported in the literature, 
164.5° C. An excess of 20 per cent sodium hydroxide was added 
to the remainder of the ester and the borneol, which soon sepa
rated in the form of an oil, was removed by steam distillation.

After two reerystallizations from petroleum ether, 18 grams 
of borneol with the following physical constants were obtained: 
m. p., 201° C., m. p. after sublimation, 201° C.; [a]2D°, +32.6, 
in 10 per cent alcohol solution, in a 1-dc. tube, +3.26. 
Constants reported for d-borneol in the literature m. p., 
203-204° C.; [a]“ , +37.6-39.5.4 After the petroleum ether 

■was removed by evaporation, 15 grams of a liquid which 
would not crystallize, b. p., 98-129° C. (13 mm.), were ob
tained. The major portion of this product distilled between 
10+107° C. (13 mm.) T hat this is a pure alcohol with a 
molecular weight equal to th a t of borneol is shown from the 
acetylation values given in Table IV.

A part of the borneol present in the oil was destroyed 
during the fractionation. For this reason a second portion 
of the crude oil was dried and distilled to obtain a new sam
ple for use in the quantitative estimation of borneol. The 
method outlined below, which is essentially the one described 
by Martin,5 was used in the determination of borneol and 
borneol acetate:

Five cubic centimeters of the oil were heated with an excess 
(15 cc.) of acetic anhydride to 145-150° C. for 3 hours. The 
acetylated oil was then washed with water and 10 per cent so
dium carbonate solution to free it  from acid. After careful dry
ing, a weighed portion was saponified by refluxing it for one-half 
hour with alcoholic potassium hydroxide solution. Saponification 
values before and after acetylation are given in Table IV.

'  Parry, The C hem istry of Essential Oils and Artificial Perfum es," 
3rd ed.. Vol. I I , p. 1 3 4 .

‘ J . pharm. chim., (7] 23, 16S (1921).

S u b s t a n c e

T a b le  IV—S a p o n if ic a tio n  V alues
A l c o h o l

0.4140 0.2540 C a l c d . a s  B o r n y l
S a m p l e  N  K OH .V HC1 B o r n e o l  A c e t a t e  C a d in o l

Gram Cc. Cc. Per cent Per cent Per cent

1.3900 1 0 7.65 26.0

1.0140 1 0 14.95 5 .2

1.3000 2 0 6.55 99.75

1.1400 1 0 1 0 . S 19.9 28.3

Acetylated crude 
oil

Unacetylated crude 
oil.

Liquid alcohol from 
phthalic acid es
ter

Acetylated cadinol 
fraction

I t  should be noted tha t the saponification values obtained 
on the crude oil include borneol, the secondary alcohol sim
ilar to borneol, and cadinol calculated as borneol. The 
values given in Table IV under cadinol are equivalent to 
0.7 per cent of this compound when calculated as borneol con
tent of the crude oil. The percentage of secondary alcohol 
present should then be decreased by this amount, which 
would leave 25.3 per cent of secondary alcohol, of which 
5.2 per cent is present as the acetate and 20.1 per cent as 
free alcohol.

The total percentage of borneol and of liquid secondary 
alcohol present in the oil may be calculated by assuming th a t 
the percentage of solid ¿-borneol in the alcohol, which was 
not isolated as the phthalate, is identical to th a t separated 
rom the alcohol, which was isolated. If this assumption 

is correct, then there is a total of 13.8 per cent solid ¿-borneol 
and 11.5 per cent of a liquid secondary' alcohol similar to 
borneol present in the oil.
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¿ -C a d in e n e  (Fraction 4; b . p. 122-145° C. (14 mm.); 
volume 378 cc.)—To prove the presence of cadinene in this 
fraction, the pure product was prepared in the following 
manner:

Two hundred grams of the oil, which had been dissolved in 400 
cc. of dry ether and cooled in an ice bath, were saturated with 
dry hydrochloric acid gas. The product which separated after 
recrystallization from alcohol yielded 30 grams of cadinene di
hydrochloride, m. p. 118° C. The cadinene was set free from the 
hydrochloride by heating the product on a steam bath for 4 
hours with 100 grams of glacial acetic acid and 30 grams of an
hydrous sodium acetate. The reaction mixture was poured into 
water and the oil which separated was washed with sodium car
bonate solution, dried over anhydrous sodium carbonate, and 
fractionated.

Fifteen grams of cadinene having the following physical 
constants were obtained: b. p., 272-274° C. (760 mm.); 
da,, 0.9255; n2D°, 1.5065; [a]zD°, +103.7. The constants for 
cadinene reported in the literature6 are as follows: b . p. 
272-275° C . (760 mm.);  +o, 0.9215; n2D°, 1.5065; [a]2° 
105.5.

• Parry , op. cit. p. 73
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Cadinene is shown to be present in this fraction of the 
oil which makes up 21 per cent of the original sample.

Z-Cadinol (Fraction 5; b. p. 145-180° C. (14 mm.); volume 
71 cc.)—Cadinol has been characterized by Semmler and 
Jonas.7 I t  is a sesquiterpene alcohol with a boiling point 
about 15° C. higher than th a t of cadinene.

Practically all the alcohol in the cadinene fraction is cad
inol, for this fraction did not react appreciably with phthalic

” Her., 47, 200S (1914).

anhydride when heated with it to a temperature of 160° C. 
If borneol or other secondary alcohols were present, an ap
preciable reaction would have been obtained. The cadinol 
fraction possesses a negative specific rotation, [a]», 10.54, 
and makes up approximately 3.9 per cent of the total volume 
of the oil. As is shown in-the table of saponification values, 
this fraction contains 28.3 per cent of alcohol calculated as 
cadinol.

Note— F u rth er work on Po rt Orford cedar oil is now in progress in this 
laboratory.

Effect of Partial H ydrolysis on the Alkali- 
Solubility of W ood1

B y L. F . H aw ley  a n d  W . G. C a m p b ell2

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 i s o n , W i s .

IT HAS been pointed out by Bray3 tha t during the decay 
of wood by several different fungi the alkali-solubility 
of the residue rapidly increases. When the decay has 

resulted in a loss in weight of about 30 per cent, the alkali- 
solubility of the residue may am ount to as much as 57 per 
cent. Bray did not determine how much of this alkali- 
solubility was due to lignin or how much to cellulose, but 
in certain cases, even if the assumption were made th a t the 
cellulose and all other constituents than lignin were com
pletely alkali-soluble, yet more than half the lignin must 
have been soluble also.4 Since the hydrolysis of wood is 
similar to decay in th a t cellulose is removed with but little 
removal of the lignin, it was decided to determine whether 
hydrolysis increased the alkali-solubility and, if so, whether 
the increase was chiefly due to changes occurring in the 
cellulose or in the lignin.

The wood chosen for the test was Sitka spruce in the form 
of 60-80 mesh sawdust. Its  composition and its behavior 
under direct alkali treatm ent were first determined as a 
basis for comparing results o b ta in ed  w ith  hydrolyzed spec
imens. The analysis of the original wood is given in Table I, 
and in Table I I  is shown the composition of the residue left 
after treatm ent with one per cent caustic soda for one hour 
a t the w ater-bath temperature.

T a b le  I— A n a ly sis  o f O r ig in a l  W ood 
(R esults on basis of weight of original d ry  wood)

Per cent
W ater-soluble 4 .1
E ther-soluble 0 .7
Alkali-soluble 12.0

Cellulose 62 .5
Lignin 29 .3
M ethoxyl 4 .8
T o tal pentosans 9 .9
Pentosans no t in cellulose 6 .2

T a b le  II— A n aly sis  of W ood R e s id u e  a f te r  T r e a tm e n t  w ith  1 p e r  c e n t  
N aO H  fo r  1 H o u r a t  100° C.

(R esults on basis of weight of original d ry  wood)
Per cent

Loss on alkali trea tm en t 13.7
Cellulose 59.2
Lignin 27 .7
M ethoxyl 4 .3
T otal pentosans 7 .4
Pentosaus not in cellulose 3 .9

In  eacli of the tables there is given a figure unusual in 
•records of wood analysis—viz., “pentosans not in cellulose.”

1 Received Feb ruary  14, 1927.
1 Com m onwealth F und Fellow.
» Paper Trade J .,  78, No. 1, 58 (1924).
4 H awley and Wise, "T h e  C hem istry of W ood,” p. 299, T he Chem ical 

C ata log  Com pany, Inc., New York, 1926.

Pentosans are determined on the total sample and then in 
the crude cellulose and are commonly recorded as "total 
pentosans” and “pentosans in cellulose.” In the interpre
tation of the analytical data here presented, however, it 
was found th a t the value for the pentosans not in the cellulose 
was used frequently but the pentosans in cellulose not at 
all. The values for the former were therefore computed 
and used in the tables.

E x p erim en ta l

In  studying the alkali-solubility of the hydrolyzed wood, 
the general plan was to subject samples to different degrees 
of hydrolysis, analyze them, trea t them with caustic soda, 
and analyze the residue. I t  has frequently been found, 
however, th a t on account of the difficulty of obtaining the 
same conditions throughout the mass, a chemical reaction 
which takes place with small quantities of wood, such as 
the sample for analysis, cannot be reproduced exactly when 
larger quantities are used. For this reason it was not at
tempted to hydrolyze enough wood so tha t the residue would 
be sufficient for an analysis, alkali treatment, and the 
further analysis of the residue. Instead, two samples were 
hydrolyzed under as nearly as possible the same con
ditions, one of which was used for intermediate analysis 
and the other for alkali treatm ent and final analysis. The 
analyses are shown in Tables I I I  and IV. The loss in 
weight on hydrolysis as given in the second columns of 
these tables shows the relatively slight variation in the re
sults obtained by the duplicate hydrolyses.

T a b le  I II— A n aly sis  o f W ood R e s id u e  a f t e r  T r e a tm e n t  for 6 Hours 
w ith  HC1 a t  100° C.

(All results expressed as percentages of weight of original wood)
T otal Psntosass

A c i d  L o s s  o n  H y d r o l y s i s  C e l l u -  L i g -  M u t i i - P e n t o -  n o t  is

CONCN. D etd. Calcd. LOSE NIN OXYL SANS
0.05 6 . 0 12.5 55.6 28.9 4 .6 7 .5
0.25 1 0 . 0 13.9 55.3 28.7 4 .7 6.4
1 .5 17.6 23.9 49 .0 26 .7 4 .7 4.4
8 . 0 22 .9 27.4 46.2 26.4 4 .2 3.4

15.0 36 .2 42 .5 32.7 26.3 4 .3 0.9

C o m p arison  o f R esu lts

In  Table I I I  the values headed “calculated loss in weight 
are obtained by adding together the losses in cellulose, lignuu 
and “pentosans not in cellulose” as determined from the 
analyses of the original wood (Table I) and of the residue 
after hydrolysis, to which is also added the water-soluble 
in the original wood, on the assumption that this is all re
moved. by hydrolysis. I t  is immediately noticeable tha. 
the calculated loss is always considerably higher than tliat
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actually determined. This difference can be explained only on 
the basis of some constituent being present in the partly hy
drolyzed wood which was not isolated or determined as cellu
lose, lignin, or pentosans. Looking a t the figures a little more 
closely, it is seen th a t while the sum of the four main con
stituents of the original sample of w'ood is 102.1 per cent, 
the sums of the three main constituents of the partly hydro
lyzed samples all lie between 93 and 98 per cent of the weight 
of the residue. I t  is not intended to imply th a t the sum of 
the main constituents, such as cellulose, lignin, “pentosans 
notin cellulose,” and water-soluble, should add up to exactly 
100 per cent, but when the original wood totals more than 
100 per cent and all the partly  hydrolyzed samples to con
siderably less than 100 per cent, there is good reason to as
sume the presence of some material in the latter which was 
not present in the original and which docs not show in any 
of the determinations. W hatever the substance, there is 
evidence that it is largely removed by the alkali treatment, 
in that the sums of the three main constituents determined 
on the alkali-treated wood (Table IV) all come very close 
to 100 per cent of the actual weight of residue, the extreme 
variations being between 99.2 and 100.5 per cent.

The figures in Table III , aside from the differences be
tween determined and calculated losses, give little infor
mation that has not been available previously. The slight 
effect of hydrolysis on the am ount of lignin and methoxyl 
and the continuous but not complete removal of the pen
tosans have been shown in previous work. This set of anal
yses is furnished mainly for comparison with Table IV in 
order to show the quantitative effect of the alkali treatment. 
Table IV gives the loss in weight of the duplicate samples 
on hydrolysis, their loss in weight on alkali treatment, and 
then the analysis of the residues after the alkali treatment. 
The alkali treatm ent was identical with tha t used in the 
analytical determination of the alkali-soluble content of 
the original wood—viz., treatm ent with 1 per cent sodium 
hydroxide a t boiling water tem perature for 1 hour.

Despite the small differences in the loss on hydrolysis 
between the second column of Table IV and the second

of the 26 per cent present after hydrolysis is removed by 
the subsequent alkali treatment.

The methoxyl is removed by the alkali treatm ent in in
creasing amounts as the hydrolysis progresses. Although 
after the first three hydrolyses the amount of methoxyl de
creases while the lignin determination remains stationary, 
this fact should not be considered an indication th a t the 
methoxyl was not a part of the original lignin, since the 
chemical method by which the lignin was isolated has been 
shown to result in the loss of a considerable portion of the 
methoxyl,6 and it is in this relatively unstable portion tha t 
the principal methoxyl loss on alkali treatm ent may be sup
posed to occur.

The first mild hydrolysis, while without great influence 
on the alkali-solubility of the cellulose, lignin, and methoxyl, 
nevertheless has a considerable effect on the alkali-solubility 
of the pentosans. The 7.5 per cent pentosans in the hydro
lyzed wood were decreased to 4.9 per cent by the alkali treat
ment, although in the original wood pentosans to the amount 
of 7.4 per cent were insoluble in alkali (Table II). This high 
alkali-solubility of the pentosans in the partly hydrolyzed 
wood was progressive as hydrolysis became more severe.

Unlike the action of decay, a partial hydrolysis of wood 
does not greatly increase the alkali-solubility of the residue. 
I t  is noticeable, however, th a t after hydrolysis the alkali- 
solubility is due to different constituents. In  the original 
wood the alkali-solubility (Table II) is due more to  the water- 
soluble constituents (4.1 per cent) than to any other one 
constituent, with the cellulose next (3.3 per cent soluble). 
In  partly hydrolyzed wood the most soluble constituent a t 
all stages of hydrolysis is the cellulose, the loss in cellulose 
reaching 12.8 per cent in two cases. The lignin, on the 
contrary, is very little affected by the hydrolysis, the lignin 
of the original wood being almost as soluble in alkali as the 
lignin in the hydrolyzed residues.

R em arks

Although the work here reported was not intended as 
a study of analytical methods for wood, yet it has been plainly

Table IV—A nalysis of W ood R e s id u e  a f t e r  T r e a tm e n t  w ith  H C i fo r  6  H o u rs  a n d  S u b s e q u e n t T r e a tm e n t  w ith  N aO H  fo r  1 H o u r a t  100°
(A ll re su lts  expressed  as  pe rcen tag es  of w eigh t of o rig inal d ry  w ood)

Acid TOSS ON T o s s  o n  Al k a l i T otal  Toss T otal PKNTOSAN91
Concn. H y d rolysis T r e a t m e n t D etd . Calcd. C ell u l o se T ig n in M e th o x y l P e n t o sa n s C bllu lc

0.05 6 .1 1 2 .9 1 9 .0 2 1 .5 5 2 .4 2 6 .4 4 .6 4 .9 2 .5
0 .25 1 1 .4 1 8 .2 2 9 .6 3 2 .4 4 2 .5 2 6 .3 4 .1 3 .6 1 .4
1.5 1 7 .2 16.1 3 3 .3 3 6 .4 38 .1 2 6 .3 3 .9 3 .3 2 .0
8 .0 2 6 .9 1 2 .8 3 9 .7 4 3 .0 3 3 .4 2 5 .2 3 .7 2 .1 1 .4

15.0 3 4 .3 17 .1 5 1 .4 5 4 .2 2 5 .1 2 3 .2 2 .7 0 .8 0 .4

column of Table III , some conclusions may safely be drawn 
from a comparison of the analytical determinations as they 
stand. I t  will be noticed th a t in every case the loss in weight 
due to the alkali treatm ent is made up of losses in each of 
the constituents determined, and this is also the case in the 
alkali treatment of the original wood (compare Table II  
and Table I). Moreover, in every case the amount of each 
constituent is less in Table IV than in the corresponding 
part of Table III . There is always a decrease in the con
stituents shown in Table IV as the severity of the hydrol
ysis increases, with the exception th a t the lignin during the 
first three hydrolyses remains practically constant.

The largest variations between the two tables, however, 
are in the cellulose. Comparing the sixth column of Table 
IV with the fourth of Table III , it is seen th a t the alkali- 
solubility of the cellulose becomes very high after the last 
four hydrolyses, although there is no orderly increase in 
the alkali-solubility with increasing severity of hydrolysis. 
The lignin, on the other hand, is rendered only slightly sol
uble by the hydrolysis, and even after the most drastic treat
ment, with 15 per cent hydrochloric acid, only 3 per cent out

shown that we must not rely too much on the absolute mean
ing of the accepted “determinations” of various wood com
ponents. Here we have a case where there is very evidently 
present in the partly decomposed wood a substance, probably 
a degradation product of the cellulose which is neither sol
uble in w'ater nor isolated nor determined as cellulose, lignin, 
or pentosans. From the analytical results alone the presence 
of such a material might not have been suspected, and it 
was only the statistical data on the loss in weight and the 
composition of the original wood th a t threw a real light on 
the situation. A similarly undetermined material has been 
previously noted in partly decayed wood, and there again 
its presence was detected only because the analysis of the 
original wood was available and the loss in weight and the 
analyses of the partly decayed wood could be used in com
parison. Frequently the loss of cellulose in partly  decayed 
w'oods is considerably greater than the total loss in weight 
due to decay.4

A further example of the unsatisfactory condition of our 
analytical methods for wood is the fact th a t paper pulp

* R it te r ,  T h is  J o u r n a l , 15, 1264 (1923).
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prepared by the alkali process, when bleached, shows an 
increase in the lignin determination, although it is quite 
evident th a t the bleaching process cannot manufacture lignin 
from some other constituent of wood pulp.6 Another instance 
of a mistaken conclusion which might be made from compar
ative determinations of cellulose is found in the pulping of 
wood with neutral sodium sulfite.7 On cooking aspen wood 
with sodium sulfite solution a t low temperatures, the amount 
of cellulose based on the weight of the original wood is ac
tually increased, if one is to  credit the evidence afforded 
by the chlorination method of cellulose determination.

S u m m a ry

1—Although the principal effect of decay on wood, so far 
as removal of constituents is concerned, is apparently the

• Hawley and Wise, op. cit., p. 259.
r Rawling and Staidl, Paper Trade J '., 81, No. 8 , 49 (1925).

same as a hydrolysis, yet these two processes differ in 
their effect on the alkali-solubility of the residue.

2—The to ta l alkali-solubility of partly  decayed wood is 
much greater than th a t of wood which has been hydrolyzed 
to the same extent (as shown by equal loss in weight).

3—The solubility of the lignin in alkali is very slightly- 
increased by partial hydrolysis, whereas decay may render 
the lignin 50 per cent soluble.

4—The solubility of the residual cellulose is considerably 
increased by partial hydrolysis, but probably not to the 
same extent as it is by decay.

5—There is in partially hydrolyzed wood a material, prob
ably a degradation product of the cellulose, which is not 
determined as cellulose, lignin, or pentosans. This material 
is soluble in 1 per cent sodium hydroxide.

Manganese Interference in the o-Tolidine Test 
for Available C hlorine1

By Edward S. H opk in s

D e p a r t m e n t  o p  P u u m c  W o r k s , B u r e a u  o f  W a t e r  S u p p l y , B a i.t i m o r e , M d .

I T IS an established fact th a t manganese salts produce the 
characteristic yellow chlorine color with the o-tolidine 
reagent. Buswell and Boruff1-* state th a t salts of this 

m etal in as concentrated a solution as 11 p. p. m. manganese 
do not produce color. Solutions of a concentration of 100 
p. p. m. manganese will not produce color provided the salt 
used is a stable one, such as sulfate or chloride, as any easily 
reduced salt of this and other metals will produce color with 
this reagent. As a m atter of record a concentration of 0.01 
p. p. m. manganese as potassium permanganate will give 
a  color intensity corresponding to  0.03 p. p. m. chlorine and 
this color will increase in direct proportion to the concentra
tion of the salt.

Two mols of potassium permanganate in alkaline solution 
produce 3 mols of available oxygen and, since chlorine is 
a  univalent element and oxygen a bivalent one, 1 mol of 
potassium permanganate will equal 1.5 mols of oxygen or 
3 mols of chlorine. Plotting.the intensity of color produced, 
mol for mol in terms of chlorine readings, as in Figure 1, 
i t  is seen th a t this ratio is true and th a t the color is in direct 
proportion to the loosely bound oxygen. Such a condition 
would be expected from the studies of Ellms and Hauser.2 
This would indicate by analogy th a t the chlorine reaction 
is a similar one and is not a question of a  color produced 
under definite pH  conditions.

If a non-color-producing solution of manganese, sulfate, 
for example, is converted to the hydroxide by addition of 
a  base, upon acidifying and adding the o-tolidine reagent 
0.07 p. p. m. manganese will produce color. This phenom
enon is true for all stable salts of manganese by actual ex
periment.

E xperim enta l

Remembering the reaction involved in the W inkler3 method 
for the determination of dissolved oxygen, i t  seemed quite

1 Received Jan u a ry  28, 1927. Presented before the Division of W ater, 
Sewage, and  S an ita tion  a t  the 73rd M eeting of the American Chemical 
Society, Richm ond, Va., April 11 to  16, 1927.

* N um bers in text refer to  bibliography a t end of article.

likely th a t the absorption of oxygen by the manganese hy
droxide was to be expected and th a t the reduction of these 
loosely bound oxides to manganous hydroxide or a stable 
compound by the o-tolidine produced the color. To prove 
this theory, manganous hydroxide was prepared with air 
excluded and the usual white precipitate was produced. 
By carefully keeping this precipitate under anaerobic con
ditions it was not possible to produce color with the 
o-tolidine reagent. Oxygen was absorbed very rapidly, 
the slightest addition of air changing the white hydroxide 
to a yellow hydroxide with subsequent production of color 
with the reagent.

Oxidation of this white precipitate with slight amounts 
of hydrogen peroxide gave color increase in proportion to 
the am ount of oxygen present. Excessive amounts of oxy
gen produced a heavy black almost insoluble precipitate of 
hydrated manganese oxides containing excess oxygen. Upon 
addition of the reagent to these precipitates an intense yellow 
color was p ro d u c e d .
In other words, the 
more oxygen absorbed 
the greater yellow color 
p ro d u c e d  b y  th e  o- 
tolidine.

Owing to the rapid 
oxidation of the m an
g a n e se  hydroxide by 
air, it was not possible 
to  w e ig h  a c c u r a te  
amounts and p r e s e n t  
quantitative data. A
second experiment was Fifturc ,_ 0.Tolidine co lo r  (Chiorin. 
p e rfo rm e d  using the S cale) P ro d u ce d  by M ol E quivalen ts ot 

O xygen f r o m  A lk a lin e  P o ta s s iu m  “
same amounts of re- manganatc
agent as above, bu t the ,
hydrogen peroxide and manganous hydroxide were allowed 
to stand together for 10 minutes. A greater color was pro
duced and a heavier precipitate obtained after this time ol 
contact than in the previous experiment.



Manganese dioxide suspended in water will produce color 
with o-tolidine, which color can be also obtained in the clear 
filtrate from such an acidified suspension. Oxidation of 
this compound to MnOOH by chlorine gave an increase in 
color greater than th a t obtained from the salt originally.

It seemed desirable to learn if manganic hydroxide would 
produce color. This salt was carefully prepared as described 
in a standard textbook4 and tested with the o-tolidine re
agent, color being produced. On dissolving this hydroxide 
in sulfuric acid (1 to 4) and converting to manganous hy
droxide by addition of sodium hydroxide, a greater intensity 
of color was produced than from the original manganic hy
droxide owing to the absorption of oxygen from the air. This 
condition is shown in Figure 2. These curves are somewhat 
inaccurate since varying drops of the precipitate were placed 
in the o-tolidine solution and no exact weight could be ob

ta in e d .  Considering 
this condition and re
m e m b erin g  that the 
curves in Figure 2 are 
p lo t te d  on a lo g a 
r i th m ic  sc a le , they 
agree very well with the 
one obtained from the 
c a re fu lly  controlled 
potassium permanga
nate solution shown in 
Figure 1.

I t  was noted tha t if 
hydrogen peroxide was 
added in excess to either 
the manganous or man
g an ic  hydroxide pre
cipitates, th e se  com 
pounds were promptly 
reduced by the process 

of double oxidation to a stable compound and no color could 
be obtained with o-tolidine.

To conform with data obtained in relation to chlorine 
color1 the pH ’s of all solutions were kept between 3.0 and
8.0, this test being made before the addition of the acid 
o-tolidine reagent.

It is of interest to note th a t the maximum intensity of 
color, measured quantitatively, developed by the manganese 
oxides was produced within 10 minutes and faded after 20 
minutes. This corresponds with results obtained from 
chlorine tests.

To be certain th a t the color intensity was not affected by 
any possible production of chlorine from use of hydro
chloric acid as a solvent for the o-tolidine, the solution was 
made with an equivalent am ount of sulfuric acid since com
parative tests produce similar color for the same amount of 
manganese compounds.

I t  is fairly evident th a t hydrated oxides of manganese con
taining more oxygen than manganous hydroxide are easily 
reduced and th a t the oxygen is loosely bound.5 W hat form 
of manganese containing more oxygen than manganous hy
droxide is necessary to produce this color?

Since chemical compounds combine in definite ratio, the 
first consideration was to vary the sodium hydroxide equiv
alents for forming the hydrated manganese oxides in order 
to learn if a complex oxide was formed. Two mols of so
dium hydroxide combine with 1 mol of manganese to form 
1 mol of manganous hydroxide, which upon standing 10 min
utes gave color reading of 3.3 p. p. m. on the chlorine scale. 
A concentration of 50 mols sodium hydroxide to 1 mol Mn 
did not increase the color obtained, which shows tha t it is 
produced by oxygen absorption in the manganous hydroxide 
and is not a complex compound.
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Discussion

Various formulas have been assigned to the hydrated 
manganous hydroxide precipitate when used as an oxygen 
absorbent. Studies of the Winkler method for the determi
nation of dissolved oxygen by Theriault6 present three 
separate formulas. Other textbooks—Smith,4 Scott,7 Dennis 
and Whittelsey®—assign different combinations. They all 
agree tha t the formulas indicate easily displaced oxygen 
atoms. This is confirmed by the experimental data obtained, 
and the reduction of such an oxide by the o-tolidine produces 
color.

One characteristic was noted. Upon acidifying the man
ganous hydroxide only those solutions giving a slight pink 
color, brown with some acids, or those containing definite 
brown or black particles, produced color with o-tolidine. 
When these particles were present they were insoluble in 
dilute sulfuric acid. On testing these colored solutions in 
a diffusion cell, it was found th a t they were colloidal solutions. 
T hat such a precipitate could be expected is shown by Ban
croft10 and Anargyros.11

Since it is known tha t the higher oxides of manganese are 
insoluble in sulfuric acid 7 and tha t it is possible for manganous

hydroxide to “rapidly oxidize to a hydrated Mn30 4 and then 
be slowly converted to a colloidal hydrated MiiiCV’8 the 
theory may be advanced th a t the form of hydrated manganous 
hydroxide is the usual one present in natural waters.

Knowledge of these hydrated manganous oxides is essen
tial to water purification, for Baylis12 has shown the con
ditions under which manganese may occur in a water supply. 
Another factor would be the presence of manganous car
bonate, which is soluble in free carbon dioxide. This was 
determined by test in the laboratory and confirmed by Rob
inson, Gardner, and Holmes.13 This soluble manganese 
would be converted to the hydrated oxide by the action of 
air or dissolved oxygen in the water and produce color with 
o-tolidine, giving a false chlorine reading in the raw water. 
Such a condition is always present in this plant, the color 
ranging from a minimum of 0.02 to more than 0.3 p. p. m. 
Figure 3, showing the total manganese content of the raw

IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y

Figure 2—o -T o Iid in e  C o lo r (C h lo rin e  
Scale) P roduced  by A b so rbed  O xygen in  
M anganous H ydrox ide
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water and the color resulting from same, is plotted from plant 
data  for 1925. Since there is no relation between the trend of 
these curves it shows th a t the manganese is present as a 
combination of stable and unstable salts.

Even after filtration soluble manganese will be present 
from such a supply. Upon addition of alkali to reduce pipe 
corrosion by water containing free carbon dioxide, this manga
nese is prom ptly converted to the hydroxide with production 
of color by o-tolidine. This condition will give higher read
ings for chlorine than actually exists and therefore indicate 
security from a chlorine residual test, when as a m atter of 
fact the actual am ount of free chlorine present m ay be neg
ligible.

Such a condition may easily exist in a small purification 
plant, with meager or no laboratory facilities, where greater 
reliance is placed upon the residual chlorine test than in the

larger ones under constant bacteriological control. To call 
attention to these possibilities is the object of this paper.

Bibliography

1— Buswcll and  Boruff, J . A m . Water IKorfcs Assoc., 14, 384 (1925).
2— EJlms and  H auser, J . In d . Eng. Chem., 6 , 553 (191*1).
3—American Pub. H ealth  Assoc., S tandard  M ethods of W ater Analysis 

p. 59 (1925).
4—Sm ith, “ General C hem istry  for Colleges,”  p. 620 (1920).
5— Taylor, J . Phys. Chem., 30, 145 (1926).
6 — T heriau lt, U. S . Pub. Health Bull. 151 (1925).
7— Scott, “ S tandard  M ethods of Chemical Analysis,”  p. 302 (1918).
8 — D ennis and  W hittelsey, “ Q ualitative A nalysis," p. 58 (1902).
9— W ilborn, Farben-Ztg., 31, 338 (1926).

10— B ancroft, “ Applied Colloidal C hem istry ,” p. 175 (1921).
11— A nargyros, Compt. rend., 161, 419 (1925).
12— Baylis, J . A m . Water Works Assoc., 12, 211 (1924).
13— R obinson, G ardner, and Holmes, Science, 50, 423 (1919).

A dsorption of Vapors by Ferric H ydroxide Gel1
By J . H . Perry

1211 D e l a w a r e  A v e ., W il m in g t o n , D e l .

The efficiency oj the adsorption of fourteen vapors by ferric hydroxide gel has been studied by a dynamic method. These 
preliminary data indicate that ferric hydroxide gel can be used fo r  the recovery of most 

vapors as effectively as alumina and silica gels.

T H E R E  are in the literature considerable data on the 
adsorption of vapors by the gels of silicic acid and 
alumina. There appear to be no such data, however, 

for a pure ferric hydroxide gel, although there are a number 
of papers on the adsorption of ions and dyes by this gel. 
The similarity of silica, alumina, and ferric hydroxide gels 
led to  the belief th a t the last would have approximately 
the same efficiency of adsorption from vapor-air mixtures 
and approximately the same saturation capacities for dif
ferent vapors as the first two gels.

This paper describes results obtained in a general inves
tigation of the adsorption of fourteen vapors by ferric hy
droxide gel.

G en eral P roced ure

P r e p a r a t i o n  o f  G e l—C. P. ammonium hydroxide was 
added to an aqueous solution of C. P. ferric nitrate. The 
resulting ferric hydroxide was then washed with hot dis
tilled water until the washings showed no trace of nitrates.

The washed precipitate was dried, first a t 60° C., at which 
temperature most of the shrinkage took place; then at 100° C. 
until a  hard, glass-like material was obtained. This 
was broken up and screened. The material used for this 
series of experiments was 10-12 mesh.

A c t i v a t i o n —Unless otherwise stated the gel was ac
tivated by passing through it dry carbon dioxide-free air 
heated to  230° C., the gel being heated in the same bath 
as the air. During the cooling from 230° to 25° C. no 
air was allowed to come in contact with the gel until the vapor- 
air mixture was started through it. This activation was re
peated after each experiment, until the gel returned to its 
original weight, before being used in the adsorption exper
iments with another vapor. The duration of the activa
tion varied but little after each experiment and was about 
2 hours.

A d s o r p t i o n —The general method of the experiments 
was the same as th a t described in a previous paper5 and 
consisted in passing a vapor-air mixture a t a definite rate (50 cc.

! P e rry , J . Phys. Chem., 29, 1462 (1925).
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per minute) through a U-tube containing a known weight and 
known apparent volume of the activated gel, which was ther
mostated a t 25° C. The process of the adsorption was 
followed by weighing the saturator tubes and the U-tube 
containing the gel a t frequent intervals. The vapor-air 
mixtures were prepared by passing dry, carbon dioxide-free 
air through two spiral saturating tubes (Vanier type) slowly 
enough to assure saturation of the air steam. The flow of 
air was controlled by a capillary flowmeter inserted in the 
line before the drying and carbon dioxide-removal tubes.

All chemicals were of C. P. grade and were not purified 
further unless otherwise stated. The temperature in each 
experiment was 25° C.

R e su lts

A d s o r p t iv e  P o w e r  o f  F e r r i c  H y d r o x id e  G e l  a s  a  F u n c 
t io n  o f  I t s  W a t e r  C o n t e x t —The adsorptive power of a 
gel for vapor depends among other things upon its water 
content. Patrick and M cGavack3 measured the adsorp
tion of sulfur dioxide by silica gels containing varying amounts 
of water and obtained the maximum adsorption capacity 
with gels containing from 4.86 to 9.97 per cent of water. 
In  agreement with these results, Miller4 has stated tha t 
the optimum w’ater content of silica gel is from 5 to 7 per 
cent. Geldard6 found th a t the amount of water in alu
mina gel had no effect on its adsorptive capacity. Dover
and H arden6 came to  the same conclusion. Munro and

■ J . Am. Chem. Soc., 42, 946 (1920).
< Chem. &• M il. Eng., 23, 1155 (1920).
‘ T h is  J o u r n a l , 17, 89 (1925).
' J .  Am . Chem. Soc., 39, 1609 (1907).

6 >0 Id .. HCrams Vapor Supplied

Johnson,7 however, have proved quite conclusively that 
the water content of alumina gel does influence markedly 
both its adsorption efficiency and final saturation capacity. 
The studies of these authors lead to the conclusion tha t 
the optimum water content of alumina gel is between 4.5 and
7.5 per cent of combined water.

W ith the precedents of both alumina and silica gels, 
it was im portant to determine the optimum water content 
of ferric hydroxide gel. Experiments similar to those of 
Munro and Johnson have been carried out using chloroform- 
air mixtures with ferric hydroxide gels containing various 
amounts of water.

Most, if not all, chloroform th a t can be bought, including 
the purest, contains ethyl alcohol, which retards or prevents 
decomposition. The chloroform used in this work was 
purified by agitation with concentrated sulfuric acid until 
the acid was no longer colored. I t  was washed with sodium 
carbonate, then successively with alkaline permanganate 
and distilled water, dried over sodium, and distilled.

Figure I  shows the amounts of chloroform adsorbed from 
chloroform-air mixtures by three ferric hydroxide gels with 
varying water content.

The saturation values of these gels for chloroform are 
as follows:

P e r  C e n t  W a t e r  
0 .3 6  

13 .56  
21 .10

G rams/1 0  G ram s G e l 
3 .5 7  
3 .2 4  
2 .4 7

Unless otherwise specified, all experiments th a t follow were 
carried out using a ferric hydroxide gel containing 6.36 
per cent of water.

1 T m a J o u r n a l ,  17, 8 8  (1925).
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A d s o r p t i o n  o f  P u r e  S u l f u r  D i o x i d e  a n d  P u r e  A m m o n i a  

a n d  o f  T h e s e  G a s e s  f r o m  A i r  M i x t u r e s  o f  E a c h —  

W ith pure (100 per cent) sulfur dioxide and ammonia the 
adsorption curves (Figure II) follow the complete adsorp
tion line until the gel has almost reached its saturation 
capacity. I t  was therefore of interest to determine the 
adsorption efficiency curves for air mixtures of the gases.

V a p o r

A cetone..............................
Ammonia:

Pure N H i ......................
N H j-air m ixture..........

B enzene..............................
Buty l alcohol (norm al).
Isobuty l a lcoho l..............
Carbon te trach lo ride . .. 
C hloroform .......................

T a b le  I— S a tu r a t io n  V alues  
(Gel contains 6.36 per cent water) 

G r a m s  V a p o r  
p e r  100

G r a m s  G e l  
50 .9

4 .36
3 .5

10. 1
29.4
21.3
33 .3  
36 .0

V a p o r

E thy l a lcoho l................
E thy l b ro m id e ..............
G asoline..........................
M ethyl alcohol.............
M ethyl io d id e .. . .........
M ethylene chloride___
Sulfur dioxide:

Pure  SOj   . . .
SOt-air m ixture........

13.0
10.9

alcohols, carbon tetrachloride and methylene chloride, ethyl 
and methyl alcohols, acetone, methyl iodide and ethyl bio- 
mide, benzene, and gasoline. The saturation values for all 
the vapors studied are given in Table I.

Discussion of Curves

M unro and Johnson7 give three types of adsorption
curves obtained with alumina gels. The curves for ferric
hydroxide gel m ay be classified in a similar way:

•

T ype I— The adsorption efficiency is never 100 per cent 
and decreases continuously until the saturation value has been 
reached. The curves for chloroform, acetone, methyl iodide, 
and ethyl bromide are of this type.

These data are also shown graphically in Figure II . The 
dotted line shows the curve of complete adsorp’tion. In  
each case the addition of air to the pure gas causes a marked 
lowering of the saturation capacity of the gel, which is in 
accord with the results obtained by Munro and Johnson 
for similar gas mixtures using alumina gel as the adsorbent.

A d s o r p t i o n  o f  W a t e r  V a p o r —The adsorptive ca
pacities of both silica and alumina gels are much greater for 
water than for any other substance so far studied. This 
is also true of ferric hydroxide gel. This gel adsorbs about 
15l per cent of its weight with 100 per cent efficiency, 
after which the efficiency slowly falls off from the complete 
adsorption curve until a  saturation value of about 18 per 
cent of its weight is reached.

T ype II— In this type of curve the adsorption is 100 per cent 
efficient for some time and then proceeds to the saturation 
point, which is reached only after a long time. The adsorption 
of carbon tetrachloride, ethyl alcohol, normal and isobutyl al
cohols, benzene, and gasoline is of this type.

The first portion of the curve characterizing this type, where 
the adsorption efficiency is 100 per cent, is ascribed by Munro 
and Johnson to what Langmuir has called primary adsorp
tion. The second part of the curve, where the adsorption 
gradually approaches zero efficiency, is ascribed to a combi
nation of events— i. e., secondary adsorption, capillary conden
sation, and diffusion into the gel. In the light of our present 
knowledge regarding adsorption and attendant phenomena 
this is probably as accurate an explanation as is possible. Where 
the adsorption curve shows a sharp break, as in those of sul
fur dioxide and ammonia (Figure II), the causes of the secondary 
phenomena are for the m ost part absent.

T y p e  III—According to Munro and Johnson this type of 
curve is due to a chemical reaction. Here the adsorption is 
never 100 per cent efficient. The curves proceed in a straight 
line until the saturation value is nearly reached. This type 
of curve is represented in these experiments by the adsorption 
of m ethylene chloride and m ethyl alcohol.

I t  should be noted th a t there is an initial lag in the ad
sorption curves of chloroform and isobutyl alcohol. No ade
quate explanation for this phenomenon has yet been suggested.

G r a m s  V a p o r  
p e r  100  

G r a m s  G e l  
1 0 .8
11.5 

6 .7
10.2
1 2 .6  
28.2

O t h e r  V a p o r s —Adsorption data for the following vapors 
are given in Figures I I I  to IX : Normal butyl and isobutyl

New Fabric to Wrap Wool Bales
Wool merchants and textile manufacturers of the B rad fo rd  

District in England have for some tim e past been working on a 
material to replace jute fabric as an outside wrapper fo r  wool 
bales. A fabric has now been designed to overcome the diffi
culties resulting when jute fibers get into the wool.

The new fabric is composed of strands of paper twisted around 
a strand of unusually strong steel wire. The project has passed 
the experimental stage and will shortly be placed before the wool 
growers of the colonics for consideration. I t  is stated that this 
fabric can be manufactured in large quantities and at prices 
which compare favorably with the cost of jute.

A representative of the British concern expects to visit the 
United States shortly to interest American textile manufacturers.
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Polarized Platinum  Electrode in Neutralization 
R eactions2

By A. H. W right and  F . H . G ibson

W a s h in g t o n  a n d  J e f f e r s o n  C o l l e g e , W a s h in g t o n , P a .

I N A study of the hydrogen electrode and other electrode 
systems used in electrometric analysis, a number of titra
tions involving neutralization reactions were performed 

with a polarized platinum electrode system similar to that 
described by Willard and Fenwick3 and used by them in 
oxidation and reduction reactions.

A p p aratu s a n d  Procedure

Figure 1 illustrates the arrangement of the apparatus used. 
Two dry cells connected through a slide-wire resistance to 
give 2 volts, then through a high resistance of 460,000 ohms, 
gave a polarizing current of 2.3 X 10“6 amperes a t the plat
inum electrodes. The potential of the cathodically polar

ized  platinum elec
trode was measured 
with a potentiometer, 
a normal calomel half
cell being used as the 
re fe re n c e  electrode. 
The change of e. m. f. 
of th e  cathodically 
polarized p la t in u m  
electrode was followed 
during the progress of 
a titration where the 
hydrogen-ion concen
tration of the solution 
was changing. The 
rate of change of the 
e. m. f. a t the end 
point for strong acids 
was found to be large 
and th e  t i t r a t i o n  
curves gave good flex 
p o in ts .  F o r  w eak 
acids the curves had 
a more gradual slope 
a t the end point. The
titration curves com
pare favorably with

the reference curves for the hydrogen electrode given by 
Davis, Oakes, and Salisbury.4

The end point breaks in successive titrations do not always 
occur at exactly the same potential in every case, but they 
do occur a t the same hydrogen-ion concentration. Fre
quent treatment with cleaning solution and ignition to white 
heat before each titration helps give more consistent curves. 
The electrode reaches equilibrium in from 1 to 2 minutes 
and titrations can be completed much faster than with a 
hydrogen electrode.

The electrode is positive with respect to the calomel half
cell while in an acid solution and becomes negative when in 
an alkaline solution. When titrating  a strong acid with a

1 Received December S, 1926.
J Abstract of a thesis subm itted  by  F . II. Gibson in partia l fulfilment 

of the requirem ents for the degree of m aster of science in chem istry a t 
Washington and Jefferson College.

* J. Am. Chcm. Soc., 44, 2504 (1922).
4 T h is  J o u r n a l , 15. 182 (1923).

Figure 1—P o la rized  P la t in u m  E lec tro d e  
S y s te m  

E— Platinum  electrodes 
PC— Polarizing circuit 
P —To potentiom eter 
V— Voltmeter 
R— High resistance 
C— Calomel half-cell 
M echanical stirrer no t shown

base the change occurs very close to the neutral point, or 
a hydrogen-ion concentration of 10-7.

R esu lts

The following data are obtained when 20 cc. of 0.5 N  hy
drochloric acid were titrated  with sodium hydroxide:

Cc. o f NaOH Volts Cc. o f NaOH Volts
0 . 0 + 0 . 2 0 0 2 1 . 6 + 0 .0 5 5
5.0 + 0 .1 4 0 21.65 - 0 .0 2 3

1 0 . 0 + 0 . 1 2 2 21.75 - 0 .1 0 0  Phenol
phthalein  end 
point

15.0 + 0 . 1 2 0 2 1 . 8 - 0 .1 4 0
2 0 . 0 + 0 .1 0 6 2 2 . 0 -0 .1 5 9
2 1 . 0 + 0 .0 9 4 23.0 - 0 .1 8 0
21.5 + 0 .0 8 1  M ethyl 

orange end point
25 .0 - 0 .1 9 0

These data are plotted in Curve A, Figure 2. This is a 
typical curve for strong acids and bases. The methyl orange 
indicator changed while the electrode was still slightly pos
itive, but the electrode was negative with respect to the cal
omel half-cell when the phenolphthalein indicator color ap
peared. A very good flex point is produced which, together 
w ith the change of polarity, makes it possible to  determine 
the end point within 0.05 cc. In this titration  the total 
volume of solution at the end point was approximately 75

M eth y l  Orange E nd  Point
K ! a 11 r  o I
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cc. and bu t 0.3 cc. of titra ting  solution was required to give 
all the end-point phenomena.

From a similar procedure Curve B  was produced by titra t
ing dilute phosphoric acid with sodium hydroxide. This 
curve has the two characteristic flex points.

Curve C resulted when sodium carbonate was titra ted  with 
hydrochloric acid and gives two flex points.

Perhaps the greatest advantage of this electrode system 
is the fact th a t titrations involving oxidation and reduction 
reactions m ay be performed in the same apparatus. Hence, 
any laboratory having electrometric apparatus may, by add
ing an auxiliary electrode with the polarizing circuit, per
form a number of titrations ordinarily requiring the hydro
gen electrode.

Com parison of Sensitivity of Various Tests 
for M ethanol1

B y L eslie  O. W right  

U . S. I n t e r n a l  R e v e n u e  B u r e a u , B r a n c h  L a b o r a t o r y , B u f f a l o , N .  Y.

N EARLY all of the numerous proposed tests for 
methanol depend upon the same principle—oxidation 
of the methanol present to formaldehyde, to  formic 

acid, and in some of them to carbon dioxide and water. 
Georgia and Morales2 report th a t the oxidation to formic 
acid or carbon dioxide is unsatisfactory, so th a t the generally 
accepted method is by oxidation to formaldehyde and the 
subsequent detection of this product by a suitable reagent.

The adequacy of the test 
implies, first, the efficiency 
of the oxidation of methanol, 
and second, the use of a 
sensitive reagent to detect 
formaldehyde by producing 
a compound giving an easily 
recognized color. For this 
second reaction a rosaniline- 
sulfurous acid reagent was 
used.

The purpose of this work 
was to study the degree of 
sensitivity, best concentra
tion of alcohol, other re
agents for the oxidation of 
the methanol, and the elimination of various interfering sub
stances such as glycerol.

P re lim in a ry  E xp er im en ts

As oxidizing agents, hydrogen peroxide, chromic acid, 
ammonium persulfate, hot copper spiral, and potassium 
permanganate were tried, bu t all except potassium per
m anganate were rejected as unsatisfactory. The chromic 
acid came next in the order of desirable oxidizing agents, 
but gave a green color when no methanol was present (due 
to  reduction of chromium by any organic m atter present), 
and this color is undesirable because a violet color produced 
by small am ounts of methanol m ay be obscured. While 
oxidation of methanol takes place more rapidly with chromic 
acid as the oxidizing agent, the test is not so sensitive and 
hence not so desirable as oxidation with potassium per
manganate. The copper spiral was discarded because a 
positive test was obtained with ethyl alcohol. Hydrogen 
peroxide apparently has no effect on methanol and was there
fore rejected. Ammonium persulfate was not sufficiently 
sensitive and gave a color for a negative result. These 
experiments confirmed those of Georgia and Morales.2

1 Received Feb ruary  28, 1927. P rin ted  by permission of the P ro
hibition U nit, U. S. In te rna l Revenue Bureau.

* T h is  J o u r n a l , 18, 304 (1920).

Reagents which were used to condense the formaldehyde 
to a color, w ith reasons for their rejection, are as follows:

R e a g e n t s  
Fuchsin bisulfite 
M orphine sulfate 
Codeine 
Apomorphine

W h y  D is c a r d e d  
Less sensitive than  rosanilinc 
Can be used only in concentrated acid 
N ot sensitive 
Poor keeping qualities

Rosaniline was found to be

A su rvey  h a s b een  m a d e  o f th e  variou s m e th o d s  pro
p osed  for d e te c t io n  o f  m e th a n o l. O x id ation  w ith  p o 
ta ss iu m  p erm a n g a n a te  to  fo rm  fo rm a ld eh y d e , w h ic h  
in  tu rn  is  d e te c te d  by red u ced  r o sa n ilin e  so lu tio n , is 
th e  m e th o d  a d op ted .

I t  is  reco m m en d ed  for sta n d a rd  w ork, w h ere  c o m 
p ar iso n s are desired , th a t  so lu t io n s  o f  5 per c e n t  a lco h o l  
b e ju sed , an d  th a t  o th e r  sta n d a rd  co n d itio n s , a s  o u t 
lin ed , prevail. For q u a lita tiv e  w ork, sa m p le s  m a y  be 
ru n  as received . If a  p o s itiv e  t e s t  is fo u n d , g lycerol 
or p e c tin  m a y  be p resen t a n d  th e  sa m p le  m u s t  th e n  
be d istilled  and  ag a in  te sted .

best suited for the detection 
of formaldehyde because it 
m ay be made into a stable, 
colorless (or nearly so) re
agent. I t  is very sensitive, 
a n d  an  easily' recognized 
violet color is produced with 
formaldehyde.

Thus, after trying various 
reagents, both for oxidation 
and for the condensation of 
the formaldehyde to a color, 
th o s e  g iv e n  below, based 
upon the work of Chapin,’ 
Elvove,’ and Deniges5 were 
found to be best suited.

R ea g en ts

(1) Potassium  Permanganate. Dissolve 3 grams of potassium 
permanganate in 100 cc. of water previously distilled over 
potassium permanganate, and containing 15 cc. of phosphoric 
acid. B y  using water previously distilled from potassium 
permanganate solution, this reagent can be kept for a long time.

(2) Oxalic A cid  Solution. D issolve 5 grams of oxalic acid 
in a solution made by diluting 50 cc. of sulfuric acid (1.84) to 
100 cc.

(3) Schiff’s Reagent (modified). Dissolve 0.2 gram of ros
aniline, or an equivalent weight of its salt, in 120 cc. of hot water, 
cool, and add this to a solution of 2 grams sodium bisulfite in 
20 cc. of water. Finally add 2 cc. of concentrated hydrochloric 
acid and dilute the whole to 200 cc. This solution should be
come colorless or nearly so after standing. If it is protected 
from the air no deterioration results. A very' pure rosanilinc 
base was used in these tests, but a product of lesser purity 
m ay be used, giving a somewhat colored reagent, which is, 
nevertheless, satisfactory.

D e ter m in a tio n

Place 2 cc. of the sample in a test tube and add 1 cc. of potas
sium permanganate solution. Allow to stand for 10 minutes; 
decolorize by adding 1 cc. of the oxalic solution, followed by 
2 cc. of the modified Schifl’s reagent and mix. The solution 
m ust be mixed thoroughly. If methanol is present a violet 
color is developed. W ith traces of methanol the color is not.

* T h is  J o u r n a l , 13, 543 (1921).
< Ibid.,  9, 295 (1917).
* Comf1, rend., 150, 823 (1910).
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developed for an hour. Glycerol or pectin In sufficient amounts 
will produce a like color and for that reason if a positive reaction 
is obtained the test should be made on the distillate.

No specific alcoholic percentage is recommended, for while 
the test is somewhat more sensitive in dilute solutions, it is 
sufficiently sensitive in any concentration for qualitative work, 
as is shown in Table I.

Table I—C olor D eveloped  w ith  V ario u s  A m o u n ts  of M e th a n o l In 
A lcohol

Methanol E thyl Al c o h o l , P e r  C e n t  by V olum e
BY VOLUMB 1 5 10 25 50 75 95

Ptr cent
0 .00 0 0 0 0 0 0 0
0.0025 1 O 0 O 0 0 0
0.005 2 1 1 0 0 0 0
0.01 3 2 2 1 0 0 0
0 .03 4 3 2 1 1 0 0
0 .05 4 4 3 2 1 1 0
0 .08 4 4 4 3 2 2 1
0 .10 4 4 4 4 3 2 2

0 — No color
1— Very slight color

2 —Slight color

3—F air color
4— Good color

C on d ition s N ecessa ry  for Standard  W ork

A lcohol  C o n c e n t r a t io n —As is shown in Table I , for a 
given amount of methanol the color developed was very 
much stronger with weak alcoholic liquors than with stronger 
ones. The color is usually developed in a few minutes, 
but in the case of only 0.01 per cent methanol the maximum 
color was developed only after standing for 2 hours. Thus, 
while this test is best run on 5 per cent solutions or less, it 
will show positive results w ith 95 per cent alcohol, providing 
the methanol content is correspondingly higher. In re
ducing a sample of alcohol from 95 per cent to 5 per cent, 
the methanol content is also reduced and any advantage 
of greater sensitivity is counterbalanced.

A m o u n t  o f  S u l f u r i c  A c id —I t was found tha t the amount 
of sulfuric acid could be somewhat reduced and by this 
method the sensitivity of the test increased with no inter
ference from other substances, but since the test is sufficiently 
sensitive this is not recommended. By using one-half 
the amount of acid (oxalic solution) a sample containing 
only 0.000048 cc. of methanol in 2 cc. of a 5 per cent alcoholic 
solution gave a positive test, while the blank gave no color 
using the same am ount of acid. However, this reduction 
is not recommended inasmuch as this degree of sensitivity 
is not necessary.

T im e  o f  O x i d a t i o n —In a separate set of standard solu
tions containing 0.03 per cent methanol and 1 per cent 
ethyl, the time of oxidation was increased from 1 minute to 
8 minutes, and the samples showed only a small difference 
between the color produced after oxidation for 1 minute 
and that oxidized for 8 minutes. To cover all cases of high 
percentages of alcohol and all variations in temperature, 
however, the oxidation should be allowed to continue for 
at least 10 minutes. The same test was run using 10 per cent 
ethyl and 0.03 per cent methanol, with the results showing 
much less color than in the former set using only 1 per cent 
ethyl, but the same small difference in color between tha t 
sample oxidized for 1 minute and those oxidized for 8 minutes 
as in the previous case.

T e m p e r a t u r e —A  study was made of the effect of varia
tions in temperature of the solution during oxidation. The 
samples run contained 0.1 per cent methanol and 5 per cent 
ethyl alcohol. The temperatures were 3°, 20°, 60-70°, and 
100° C. The results showed th a t variations in temperature 
had very little effect on oxidation except in the last case, 
which developed less color than the other samples. This, 
it is believed, is due to the continued oxidation of the formal
dehyde to formic acid. Using the same strength of methanol, 
a study was made of tem perature variations on the formal- 
dehyde-condensation-to-color solution, a t 3° and 100° C. 
At 3° C. no appreciable color developed and evidently no

condensation takes place at this low temperature. After 
raising to 20° C., however, the color developed normally. 
After a color is formed, if the solution is raised to 100° C. 
the violet color is discharged. Variations of normal room 
temperature have no effect on intensity of color formed.

T ests  in  P resence o f G lycerol

The only way found for eliminating a positive test in 
the absence of methanol and the presence of glycerol or 
pectin was by distillation, but glycerol was found to give 
only one-tenth of the amount of color given by an equivalent 
volume of methanol. Thus, when a sample has been reduced 
from 40 per cent to 5 per cent alcohol, the interference is 
only noticed when 4 per cent or more of glycerol is present 
in the original sample, this being a higher percentage than 
is usual. Several workers found th a t apple juice gave a 
positive reaction with most methods. This, it is believed, 
is due to the fact tha t pectin is present in fruits in the form 
of unstable methyl esters of pcctic acid.

The following tests were made to determine how fruit 
juices could be analyzed in order to eliminate a  positive 
reaction in the absence of methanol: The first was run on a 
dilute solution of pectin direct; the second, by distilling 
150 cc. of diluted pectin to 100 cc.; the third, by distilling 
the diluted pectin solution containing sodium hydroxide 
solution, and the last, by using sodium carbonate. In  the 
first and last two cases a positive reaction was obtained. I t  
is, therefore, necessary th a t the sample be distilled slowly 
from a solution free from alkali.

R eaction

The mechanism of the reaction involved is probably as 
follows:

n h 2
+ H 2S 0 2 +  h 2o

H N H
Cl

Rosaniline HC1 
Red Color

H»N N H ,

N H .H C l
Colorless

> - C —<  ~ \> N ;CH2

+  c h 2o

H N H
Cl

Violet Color 

Q u a n tita tiv e  T ests

Methods based upon physical constants are not applicable 
to the estimation of small quantities of methanol in alcohol 
because of the small margin of difference in physical prop
erties. This method, however, by colorimetric comparison,
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is applicable to the estimation of even the smallest amounts 
of methanol. Using 5 per cent ethyl alcohol solution, 
the standards recommended for comparisons are: 0.00,
0.01, 0.05, 0.1, 0.2, and 0.4 per cent of methanol. I t  is quite 
necessary th a t standard conditions prevail—namely, (1) 
5 per cent alcohol; (2) the same kind and am ount of reagents;
(3) 10 minutes for oxidation with potassium permanganate;
(4) uniform temperature (room tem perature is satisfactory,

since both samples and standards will be a t whatever tempera
ture prevails); (5) length of time (20 minutes) in making
comparisons after the addition of the modified Schiff reagent.
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Flat Lum inous Flames1
By D. S. Chamberlin and W. E. Thrun*

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 .

L I T T L E  has been re
corded concerning the 
burning of combustible 

gases in secondary air from 
slotted tips. Several investi- 
gators3-4-5 have made investi
gations on the various types 
of luminous flames as  th e y  
burn from lava tips in the 
shape of fishtails, batwings, 
etc., bu t such data on the 
shape and size of flames, flow

A formula has been adapted from the Poiseuille 
equation for the flow of gases through a narrow silt 
as exhibited in the lava tip. A comparison of the flow 
of different gases from such tips in an ignited and an 
unignited condition develops various factors that are 
studied in this paper.

The shape and size of the lava-tipped flame was 
studied by photographic m ethods. The differences 
in gas flow from the tips in ignited and unignited con
ditions are discussed. It was found that the wider 
slotted tips did not conform to the sam e principles as 
those of narrower slotted tips.

A n o rd in a ry  differential 
f lo w m e te r  was constructed 
with a  pressure gage attached 
as shown in Figure 2.

rates, temperatures, and pres
sures th a t can be applied to the laws for the flow of gases 
are rather incomplete.

In  the fundam ental study of flat luminous flames, account 
m ust be taken of the size and shape of tip used. Lava 
tips as employed in the older methods of gas lighting were

F ig u re  1—L av a  T ip

used in the determinations described herein. They are 
made of steatite, a  magnesium silicate. In  the green state 
steatite is soft and therefore can be made into any desired 
form by  turning, milling, and grinding. The tips are then 
fired to a  tem perature of about 1400° C. Figure 1 show's the 
construction of a typical lava tip.

Gas and Apparatus Used

N atural gas w'ith an analysis of 71.2 CEL, 23.3 C3H 6, 4.7 
Nj, and 0.8 per cent CO, was used in this work. This gas 
was delivered a t  a  uniform pressure from a gas holder.

1 deceived  Jan u a ry  4, 1926; revised m anuscrip t received M arch 23,
1927.

1 Colum bian C arbon Fellow, Lehigh U niversity.
* M atake Kurokaw a, J . Soc. Chem. Ind . (Japan), 29, 139 (1926).
1 K ing, "T rea tise  on G as."
* Bur. M im s , Bull. 192.

The arms of the meter were 
kept parallel by two or three 
wooden blocks of the same 
length. The zero position of 
the menisci was controlled by a 
b o l t  t h a t  could be screwed 
vertically through a nut. The 
nut being soldered to the gage 
holder, a slight motion of the 
bolt quickly adjusted the levels 

to the desired zero. A t high rates of gas flow a movement of 1.0 
cm. corresponded to a change in gas flow of 0.03 liter per minute; 
at the lower rates of flow 1.0 cm. m ovement corresponded to a 
change in flow of 0.68 liter per minute.

Pressure-Rate Relations

The data  given in Table I  w'ere taken from a number of 
series of experiments th a t w'ere performed under constant 
conditions. The gas escaping through a tip was lighted and 
the flow rate adjusted for a definite flowmeter reading. 
The pressure was then read. The flame was then blown out 
and the gas allowed to escape into the room. After a 3- 
minute interval the pressure and flow rate were again ob
served. On igniting the gas the initial readings were checked. 
These data  w'ere plotted and the results showed that:

1-—The pressure-rate curves were not straight lines. When 
the gas w as burning, the curve approached a straight line more 
nearly than when the je t was unignited.

2— The difference in pressure of burning and unignited jets 
rose with increasing flow rates to a maximum and then receded. 
Tt receded approximately to a zero value, as was found in several 
other runs. These runs are not shown.

1
F ig u re  2— F lo w m e te r  w ith  P re s s u re  G age

In  the investigation of the factors th a t controlled these 
flames, it was found quite generally th a t there was a maxi
mum point in the flicker of the flame,c its shape, and tempera-

* Cham berlin and T hrun, Gas Age-Record, 57, 41, 52 (1926).
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ture. In order to explain this apparent “back pressure” 
on unignited jets, an equation which holds for the flow of 
gases through circular orifices was adapted to lava-tipped jets. 

The equation7
K p R 2 

d*k =  ■

as adapted from the formula of Poiseuille, applied to the 
flow of gas through circular orifices. This formula could

3—The value of K  when the gas is burning is larger than when 
the gas is unignited—that is, K  is always larger than K '.

4—The increase in h required to force the gas through the 
jet when it is burning, finally reaches a constant value (h — k') 
for m .

5— Let Wi =  the standard tip width, ll'i the wide tip width, 
P, =  (/i -  W) for Wu and P 2 =  (h -  h') for W,. Since W i/W i  
=  0.60, then P j/P , =  0.60. The increase in pressure is in
versely proportional to the slit width.

6—For all narrow- slotted tips there is a maximum value for
the difference in pressure between the burning 
and unignited tips. This maximum difference, 
h — h’, occurs at the gas-flow rate of 1.2 liters 
per minute.

Effect of T em peratures on Value (Ji—h1)

When the jet was burning, the gas was not 
measured a t the temperature a t  which it 
escaped from the tip but a t a lower tempera
ture. The tip becomes heated and some of 
the heat is absorbed within the tip by the 
gas. In the equation p would have a value 
too large and R  a  value too small. Let T  be 
the absolute temperature of the gas as meas
ured and T  — t the temperature of the gas 
as it escapes.
Then h, =  K  j ~ - ( ( p  T

F ig u re  3 F ig u re  4 hi »  K  R 2

be applied to the narrow slit opening by dropping the d4 
(diameter) and including this slit-opening factor in the 
term K, where h is the pressure in millimeters of water, 
P the density of the gas in grams per liter, and R  the rate of 
gas flow in liters per minute, for the equation h = K pR2.

T ab le  I— P rc s s u re -R a tc  D a ta ,  U sing  N a tu ra l  G as
(Barometer, 748.0 mm. K g; tem perature, 24.0° C.)

- P r e s s u r e —

Therefore hi =  h T  +  t

ow fo r  T w o D iffe ren t

R a t e  o p  
F l o w  

Liters Per minute

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

0 . 5 0
0 . 8 2
1 . 0 8
1 . 2 8
1 . 4 7  
1 .02  
1 . 7 6

Gas burning
( 1  un it '

Gas unignited 
0.05 mm. HjO)

W ID TH  OP S L IT , 0 . 3 8 1  MM. 
4 . 5  3 . 0

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

WIDTH OP SLIT,  0 . 6 3 4  MM.
8 . 0  7 . 0

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

Difference

1 . 5
4 . 0
6. 0  

10 .0  
1 0 . 5  
11.0 
11.0

8 . 2
8.0
7 . 5

1.0
2. 0
3 . 5
4 . 0
4 . 5
5 . 0
5 . 0

S il t  W id th s  (N a tu ra l  G as) 
h’ h — h' 

W IDTH OP SLIT , 0 . 3 8 1  MM.
K K ’R h

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

WIDTH OP SLIT ,
1 . 0 0  

0 . 6 3 4  mm.
2 . 2 3 2 . 1 0

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

h *» gas burning; 
unignited.

h' “  gas unignited; K  — gas burning; K ' — gas

Three gases were compared as to  the value of the constant 
K, under the same conditions and a t flow rates above one 
liter per minute. The value of K  for carbon dioxide was 
2.01, air 1.99, and natural gas 1.97. On plotting the values 
for h and R  for natural gas on logarithmic paper, the curve was 
a straight line for all values of R  above one liter per minute.

In Table I I  are shown values of h, R, and K  for two different 
slit widths of tips. In  order to compare the two tips at 
different rates, about twenty values of h and R  were plotted 
on logarithmic paper and a straight line was drawn through 
these points. The values for comparative rates were selected 
from these curves and the value of K  computed from the 
equation. A study of the data shows;

1—The value of K  for the standard tip tends to decrease as 
R increases.

2—The value of K  for the wide slotted tip increases with 
increase in R.

’ Benton, T h is  J o u r n a l , 11, 623 (1919).

On examining the temperature of the lava tip a t different 
rates of gas flow, the flame of lowest rate gave a temperature 
of 110° C. and a flame of the highest rate gave a temperature 
of 75° C., the temperatures measured within these limits of 
R  varying directly with R. By substituting the various 
values of T  for the different rates of gas flow, the back pres
sure (h — h') was only partially accounted for.

T a b ic  I I I — P rc s s u re -R a tc  D a ta  fo r  H y d ro g en  F la m e
(W idth of slit, 0.381 mm.)

R h W h — h' K K '
0 . 5 1 . 7 0 0 . 2 5 1 . 4 5 6 . 3 0 1 . 0 0

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

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

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

The natural-gas flame from the standard tip  was compared 
with a hydrogen flame under the same conditions. In Table 
I I I  the value (h -  h') becomes constant a t high rates of 
hydrogen flow-, the highest rate of hydrogen flow for the
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standard tip  being the value of R  a t which the velocity of 
gas flow from the tip begins to exceed the velocity of flame 
toward the tip. A t rates a t  which the back pressure is 
constant, a temperature correction of the gas as it leaves the 
tip will make the pressures h and h ' equal. A t lower rates 
the difference between h and h ' not made up by a tem perature 
correction is due to a back pressure caused by  the velocity 
of flame toward the tip  opening.

F ig u re  5 F ig u re  6

In a hydrogen flame burning in secondary air, a t low rates 
the mantle of inflamed gas hugs tightly around the tip, heating 
it greatly. As the rate of gas flow increases this m antle lifts 
some from the tip but not entirely. This characteristic of a 
hydrogen flame over other flames is due to its wide lim its of 
inflammability and its high flame speed.

S h a p e  an d  S ize  o f Lava T ip  F la m e

In  order to produce a steady flame, the burner was placed 
in a cubical asbestos box. This box was provided with 
the proper vents and a glass door through which photographs 
of the flame could be obtained. The size of the flame a t 
any rate of gas flow was obtained by taking first an exposure 
of the flame and then a second exposure on the same film of 
a black cardboard marked with white cross sections. This 
cardboard was placed in the same position as occupied by 
the flame.

A comparison was made of the gas je t as a flame and of 
the gas in an unignited state. The presence of unignited gas 
was made visible by allowing a small quantity  of freshly 
made ammonium chloride to be picked up by the gas. A t

low rates of gas flow the unignited gas exhibited three very 
distinct bands. As the rate increased the three bands broke 
up into several distinct fingers, and a t rates above where 
(h — h') is a maximum the lateral fingers started to disappear 
and the bands grew together and took a nearly vertical 
position.

When the gas was lighted and burned a t the flow rates 
as indicated above, the flames a t  low rates had no regular 

shape bu t were narrow and long. As the rate 
increased the flame took a regular form (Fig
ures 3 and 4) and the visible part of the flame 
became confined. A t rates above the maxi
mum back pressure the flame became wider 
and less confined (Figures 5 and G and Table 
IV).

There is a definite lateral tendency in the 
gas flow as it leaves the unignited tip. On 
observing a lighted tip from above, the lateral 
fingers finally turn upward and the two lumi
nous edges are folded over in a flange-like 
manner. The hot gases are lifted from their 
lateral tendency by the inrush of air and 
folded up and back against the flame. The 
higher the rate of flow, the greater the hori
zontal tendency of the gas before the in
flamed gas is folded and confined. The change 
in the shape of the flame with increased flow 
rate for any one tip does not change the lumi

nous area, as the ratio of flame area to the rate of flow is 
practically constant for a flame of regular structure.

T a b le  IV— C h a n g e  o f S ize  a n d  S h a p e  o f F la m e  w ith  R ate  of Flow 
(Slit opening, 0.381 mm.)

R a t b  ok M a x im u m H b ig h t  a t H big iit  op
F l o w W id t h C e n t e r F langes

Liters per minute Cm. Cm. Cm.
0 .50 2.60 5.30 6 . 0 0
0 .82 4.20 5.00 6.50
1.08 5.00 5.60 7.75
1.28 5 .90 5.75 7.75
1.47 6.75 6.50 8.50
1.62 7.25 7 .50 9.10

The photographs of flames and jets from a wide slotted 
tip show a narrower but higher flame than from a narrow 
slotted tip a t  the same flow rates. As less pressure is nec
essary to cause the flow of gas from the tip, there is relatively 
more lifting of the lateral parts of the je t and consequently 
the luminous edges are higher. As the wider slotted tip 
flame changes much more slowly than the narrow flame, 
there is no simple relation between the size of flame and 
slot width.

Surgeon General Warns against Harmful Drugs in Cosmetics
Potent drugs of harmful nature are contained in improperly 

prepared cosmetics, although widely sold and advertised as 
absolutely harmless, Surgeon General Hugh S. Cumming re
cently declared. H is warning was, in part, as follows:

There is probably more in terest in beau ty  preparations a t  the  present 
tim e than  there has ever been. T he American M edical Association has been 
active in try ing  to  bring to the a tten tion  of the  public the dangers of im prop
erly prepared cosmetics, advertised to beautify  the complexion and a t the 
same tim e showing a  w anton disregard for hum an health  and hum an life.

Of course, no one will deny th a t irr itan t, and even caustic, drugs applied 
as cosmetics have a  legitim ate and im portan t Geld of usefulness; b u t the 
abuse of these drugs because of the misleading claims made in connection 
with m any of th e  so-called cosmetics involves a menace to health th a t should 
be guarded against. * * *

The dangerous character of wood alcohol is so well established th a t  it 
would appear alm ost incredible th a t anyone would dare offer a  preparation  
containing %vood alcohol for use on the hum an body. Wood alcohol is, 
however, bu t one of the m any poisonous drugs th a t  have been found in so- 
called coslnetics.

M any w riters and investigators have from tim e to  tim e called a tten tion  
to  the possible harm ful effects of preparations th a t are sold as beautifying

agents, b u t up to  th e  present tim e the problems involved have not been 
given the a tten tio n  which they  properly deserve.

Of the  po ten t drugs of a possible harm ful na tu re  th a t  are used in so-called 
ha ir restoratives, there are lead aceta te , silver n itra te , p-phenylenediaminc, 
and  rcsorcin. The beau ty  washes and  face enam els contain an even more 
impressive a rray  of dangerously potent drugs, including flake white or lead 
carbonate, lead plaster, corrosive sublim ate or mercuric chloride, calomel, 
w hite precipitate o r am inoninted m ercury, pearl white or bismuth subnitrate, 
zinc white or zinc oxide, Chinese or commercial zinc oxide, and zinc soap.

* * *
I t  appears strange, therefore, th a t  m any of these substances are offered 

and  arc widely sold as cosmetics w ith the  claim  th a t  the preparations con
taining them  are absolutely harmless. T he salts of heavy metals arc easily 
absorbed and  their toxic properties when so absorbed have been known for 
m any years.

I t  has also been observed th a t  females are more susceptible to the action 
of m etallic poisons than  are males. M any scientists think that this is due 
to  the harm ful effects of lead upon the  blood and  the blood-making organs 
of the  body and  the greater dependence of females on a normal blood supply- 
F o r this sam e reason no doubt, young women are more susceptible to lead 
poisoning than  are those more advanced in years.
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N o. 2— G re e n  C ro ss-S e c tio n  P ap er

IN OUR "Suggestions to Authors” the following specifications 
are outlined for drawings that accompany manuscripts: 

All drawings should be made with India ink, preferably on 
white tracing paper or cloth. If coordinate paper is used, a blue- 
lined paper must be chosen as all other colors blur on reproduc
tion.

In order that authors may understand why it is necessary 
to transmit their illustrations in this form, cuts have been pre
pared from a drawing on the various kinds of paper that are 
submitted to us. It is at once evident that the only satisfactory 
figure is No. 1, which was drawn on blue cross-section paper. 
The same results are obtained when white tracing paper or cloth 
is used. Suitable blue cross-section paper can be obtained from 
Keuflel & Esser Co., 127 Fulton St., N ew  York City: No. 330, 
5 X 5  lines to the inch, N o. 332, 8 X 8 to the inch, and No. 331, 
10 X 10 to the inch; also from Eugene Dietzgen Co., 218 East 
23rd St., New York City, N o. 377, 4 X 4 to the inch. No 376, 
8 X 8 to the inch, and N o. 375, 10 X 10 to the inch.

Lettering should be plain and large enough to reproduce well 
when the drawing is reduced to the width of a single column 
(3 'A  inches) of T h i s  J o u r n a l  or, less frequently, according to 
the shape and amount of detail, to 2 or 6s/t  inches in width. 
Most figures can be advantageously drawn for a linear reduction 
to one-half or one-fourth. Coordinate lettering should be in
cluded within the chart.

Care should be taken not to waste space, as this means greater 
reduction and a less satisfactory’ illustration. Often it is pos-

sible to combine several curves in one figure and thus not only 
save space but enable the reader to make comparisons at a 
glance. Again, as shown in the accompanying illustrations, 
legends can often be included within the chart and thus effect 
a considerable saving in space.

£
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A M ERICA N  CO N TEM PO RA RIES

Albert H. Low

T H E highest praise that can be given a business man is 
that he has won the esteem of his competitors. Mr. 
J. W. Root, a prominent assayer and metallurgical chemist 

of Denver, who has had a professional acquaintance with Dr. 
Low for about twenty-five years and for m any of these has 
been a competitor in business, speaks thus of h im :

As a competitor in business, I  always found him eminently 
fair and courteous, and as a co-worker in solving the various 
problems of our profession he has always displayed the spirit 
of a true scientist. This spirit he has 
manifested in many ways, but the fol
lowing seem to embody the whole field:
First, the spirit of investigation as re
flected in his various contributions to 
scientific research, through all of which 
runs the dominant note of a seeker for 
the truth. Second, the open mind. So 
often have I and others noted this qual
ity, seeing how little  the prejudice and 
preconceived notions and conclusions ar
rived at after long work and study deter 
him from casting them  aside utterly for 
a better and more logical answer, either 
as a result of his own work or that of 
another. Third, the spirit of helpful
ness— this the m ost human of all. Com
ing to Denver over twenty-five years ago, 
knowing little of the business end of 
our mutual calling, and much more, I 
am  afraid, of the technical side, I have 
always found Mr. Low ready to stop 
work on his own affairs, ready to listen 
to my troubles with kindly interest, and 
always ready to be generously helpful 
with suggestions for their solution.

Dr. Albert H. Low was bora in Chel
sea, M ass. H e received the B.S. degree 
in chemistry a t the M assachusetts In
stitute of Technology in 1876. After 
holding the position of assayer and 
chem ist a t the Boyd smelter, Boulder,
Colo., for several months, he was assist
ant during the next year in the chemis
try department a t M . I. T . He then accepted a position as chemist 
a t the Silver Spring D ye Works at Providence, R . I. Ill health 
caused him  to resign this position. After regaining health he 
w ent back to M . I. T . for the remainder of the school year as 
assistant in the laboratory. H e then opened an office as assayer 
and chemist in Leadville, Colo., assisting in the erection of the  
smelter a t  Red Cliff, Colo., and helping to manage the Cali
fornia smelter a t Leadville. Following this he came to Denver, 
Colo., as assayer and chem ist a t the Argo Works of the Boston  
and Colorado Smelting Company. After four years he became 
a  member of the firm of Von Schultz and Low, Assayers and 
Chemists, Denver, Colo. During the war he was technical 
manager of the potash w orks'at Antioch, Nebr. In 1919 Dr.

Low accepted a position as head of the chemistry department 
of the Colorado School of M ines at Golden, Colo., where he 
remained until September, 1926. This school conferred upon 
him the honorary degree of doctor of science in 1922. Upon 
leaving the Colorado School of Mines, Dr. Low took up research 
work with a carbon company in Denver.

He is the author of two books, "Technical Methods of Ore 
Analysis” and "Notes on Technical Ore Analysis.” The first 
of these is well known and has been used in many technical plants 

and in schools giving a course in ore anal
ysis. He also contributed numerous 
papers to scientific journals.

He has been noted as an accurate 
analyst. H is methods have received a 
very thorough test in his own laboratory. 
M any "phony” ores with a known com
position, containing all the interfering 
elements, have been analyzed to test the 
accuracy of the method. Even the old 
and tried m ethods have been thoroughly 
worked over and improvements made 
where possible, and many tons of ore and 
metallurgical products have been ad- 
judicated according to his analysis.

Since Dr. Low was not in the teaching 
profession many years, he does not have 
a great number of students to remember 
his classroom influence, but his kind and 
helpful suggestions wall be remembered 
by those who were under his guidance 
the past few years. M any superintend
ents and managers of technical plants, 
however, have become thoroughly ac
quainted with his accurate work of 
analysis. When one thinks of Dr. Lovr 
he thinks of the ore and metallurgical 
industries. H e was a pioneer of the de
velopm ent of the technical analysis of 

ores, and practically grew up w ith the development of the ore 
industry of Colorado.

H e was a long tim e member of Colorado Scientific Society, 
and is a t present a member of the Teknik Club of Denver, Colo.

Dr. Low has always remained young and is as straight as an 
arrow. He is the life of a social gathering and with his wit of a 
high order is always popular with new friends as well as old. 
W ith Mrs. Low, a m ost cultured and highly educated woman, 
he entertains charmingly in  his home. H e is very fond of games 
and amusements and is a genuine good sport. He has a gener
ous and lovable nature, and I never heard him say a disrespectful 
word about anybody.

L- D. R o b e r t s

Doran Heads Prohibition Bureau
J. M. Doran has been appointed Commissioner of Prohibition. 

H e is particularly well qualified for this post because of his long 
government service and his intim ate knowledge of the work 
of the Bureau of Prohibition. This promotion, the Secretary’ 
of the Treasury announced, is in accordance with a  sound 
principle of administration to be followed wherever possible as 
the best means of developing experienced administrators and

offering a real inducement to able men to enter the governm ent 
service.

Dr. Doran entered the Bureau of Internal Revenue in 190< as 
a chemist. He became head of the Industrial Alcohol and Chem
ical Division in 1920, having charge of and completing the work 
of the concentration of distilled spirits. In 1926 he became 
head of the Technical Division of the Prohibition Unit.
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BOOK REVIEW S

Handbook of Chemistry and Physics. B y  C h a r l e s  D. H o d g -  
m an  a n d  N o r b e r t  A. L a n g e .  A Rcady-Reference Pocket 
Book of Chemical and Physical Data. 11th edition. 1011 
pages. Chemical Rubber Publishing Co., Cleveland, Ohio,
1926. Price, S5.00.

This handbook embraces such a variety of data as to make an 
adequate review impossible in the space at our disposal. The 
authors have assembled an amazing lot of useful information on 
both physics and chemistry, so that the chemist will find much 
that the average chemical handbook fails to provide.

Mathematical tables, which occupy 62 pages, are of increasing 
usefulness in chemical work. These are followed by an extensive 
scries of general chemical tables which, in addition to the numeri
cal data usually found in such handbooks, include a qualitative 
analysis scheme with proper references to the preparation of 
reagents, etc., a useful table of indicators, ionization constants, 
and an elaborate series of specific gravity tables. Under Prop
erties of Matter are found tables of density, elasticity, coefficient 
of friction, resistance to  crushing, tensile strength of metals, 
modulus of rupture, hardness, surface tension, viscosity, diffu
sion, and osmotic pressure of aqueous solutions. The tables on 
heat are equally inclusive. There is a section of hygrometric 
and barometric tables, a section on sound, one on electricity and 
magnetism, extensive reference to light, measures and units, 
with handy conversion factors, wire tables, a section on defini
tions and formulas, a group of miscellaneous tables, and a section 
dealing with methods of solving chemical problems.

We find the handbook a valuable addition to our library and 
recommend it to those who prize a collection of useful data in 
concentrated, compact form.

Mineral Waters of the United States and American Spas. B y  
W il l ia m  E d w a r d  F i t c h .  799 pages. Lea & Fcbiger, Phila
delphia and New York, 1927. Price, $8.50.

This book is a distinct advance over the older works on the 
subject. It has 200 pages of introductory and general text 
relating to mineral waters and their uses, including chapters on 
certain topics by other recognized experts. Descriptions of 
natural conditions in the several states, with analyses of spring 
waters and information as to accommodations at the springs, 
make up the next 510 pages; the last 43 pages contain illustrated 
descriptions of seventeen resorts.

The author emphasizes the known real curative properties of 
mineral waters, but also states:

When the astu te  physician of the  present day  reads of the wondrous 
water and more m arvelous cures in an  imposing list, as set forth  in divers 
attestations from rejuvenated  preachers, restored politicians, and renovated 
bobbed-haired suffragettes, persons unqualified by  study  or experience to 
give valuable testim ony, and then  carefully studies the analysis and finds 
that it contains only an  infinitesim al am ount of lime salts in parts  per 
1 ,0 0 0 ,0 0 0 , is it any  wonder th a t  he tosses i t  in to  the waste-basket in dis
gust, and assuages his enraged intelligence with an  expletive objuration on 
charlatanry in general, and the  m ineral spring m ountebank in particular?*** 
A spring or spa exploiting a  really m eritorious m ineral w ater, which has hopes 
for continuous patronage and  endorsem ent of the  profession, has no need to 
resort to exaggerated hyperbole nor to  the  use of superlatives.

The chapter by E. E. Smith on the classification of mineral 
waters is along the usual lines for the chemical classification, but 
gives a medicinal classification which is neiv. Dr. Smith has also 
given for each analysis throughout the book a medicinal classi
fication of the water. E. H. S. Bailey prepared the chapters on 
die ingredients of mineral waters. The chapter on radioactiv
ity is by John C. Hemmeter. Guy Hinsdale furnished the chap
ters on hydrotherapy.

The book contains descriptions of 425 active spring areas, 
with analyses of 871 waters. M ention is made of 424 springs 
from which water is sold and of 240 which were once popular 
resorts but have been abandoned.

lhe analyses are reported in hypothetical combinations in 
Parts per million. The source of each analysis is indicated. 
-Many are taken from published reports of state or federal bu
reaus. The names of the analysts and publications assure a

high standard of accuracy for the analyses. The descriptions of 
many of the springs contain statem ents relating to medicinal 
properties that border on the style condemned by the author in 
the introduction.

W. D . C o l l i n s

The Microbiology of Cellulose, H em icelluloses, Pectin, and 
Gums. B y  A . C. T h a y s e n  a n d  H. J. B u n k e r .  Humphrey 
Milford, publisher. Oxford University Press, London, 1927. 
363 pages. Price, 25 s.

In the preface the book is described correctly as a comprehen
sive compilation, from published sources, of the discussions of 
"microbiological changes” occurring in hemicelluloses, pectin, 
gums, and cellulose. The material is gathered from more than  
six hundred papers widely scattered in botanical, bacteriological, 
chemical, and technological literature.

In Part I the products are described as chemical entities, and 
the importance of biological agencies in their degradation is 
emphasized. Part II presents the Scliizomyceles (bacteria), Acti- 
nomycetes, and Eumyceles (fungi in general), taking up organism by 
organism only the species cited by special workers in this field as 
active in producing changes. Descriptions of these organisms 
taken from standard sources are rewritten in the authors’ 
language, with critical comment in the authors’ own field. In 
other groups the rewritten descriptions are supposed to simplify 
the terms used, but lack of critical acquaintance with organisms 
and synonymy is evident. Part III, in seven chapters, presents 
the forms of decomposition reported in gums and pectin, hemi- 
celluloses and cellulose, ensilage, peat and coal, cellulose fibers 
and fabric, wood and wood pulp, and industrial applications. 
The chapters dealing with products and processes present an 
abstract of the literature which puts the present status of re
search in these fields into compact, accessible form. The relation 
of abstractors rather than reviewers is fairly rigorously main
tained, except in their personal field, in which first-hand knowl
edge is at once evident.

Tested by the reviewer’s yardstick—a book sound and accurate 
in the reviewer’s own field may be assumed to be dependable 
elsewhere—this book brings to the worker's table a key to the 
literature of this important group of microbiological activities 
and a reliable abstract of the investigations cited. It will there
fore be a very useful and time-saving addition to his reference 
table.

C h a r l e s  T h o m

Physico-Chemical Metamorphosis and Some Problems in 
Piezochemistry. B y  E r n s t  C o h e n .  181 pages. McGraw- 
Hill Book Co., New York. 1926. Price, $2.50.

As indicated by the title, this book really consists of two 
books, oil closely related subjects, bound under one cover. 
The subject matter is essentially that contained in a course 
of twenty-two lectures given at Cornell University under the 
George Fisher Baker Non-Resident Lectureship in Chemistry 
during the second semester of the year 1925-1926.

Somewhat elementary in treatment and dealing w ith a re
stricted range of subjects, it is nevertheless a book which will 
be of value to all students and teachers of chemistry. The 
introductory lecture is devoted largely to a discourse on the 
philosophy of education, done in Professor Cohen’s own charming 
style. The book as a whole belongs to that select class which 
may properly be called readable.

Part I treats of polymorphism in certain metals and com 
pounds, the experimental methods which are applied, and the 
results obtained. N ot the least valuable feature of this part 
of the book are the carefully planned experiments which arc well 
adapted for lecture-room demonstration. Professor Cohen 
carefully develops the thesis that polymorphism is much more 
common than has ordinarily been supposed, and he sums up 
Part I by the statem ent (page 94) that "most, if not all hitherto 
determined physical-chemical constants of solid substances 
are in need of a revision, since it is very probable that the present 
values refer not to physically and chemically pure modifications, 
but to physically impure and metastable mixtures which contain
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the respective forms in unknown proportions. This state of 
affairs opens up an immense field of research to scientists and 
investigators, and one which may yet have many a surprise 
in store for us.”

In Part II there is given, first, a description of the author’s 
high-pressure apparatus. This is followed by a discussion 
of the effects of pressure on rcaction-velocity and on solubility. 
Finally, the various electrical methods which may be used for 
studying inversions and the affinity of reactions under pressure 
are treated in considerable detail. The striking advantages 
of the electrical cell in physical-chemical investigation are 
emphasized, and by a study of this section the reader may obtain  
a demonstration of the accuracy, directness, and convenience 
of such methods.

The author’s erudition and his broad knowledge of the subject 
are shown by the numerous apt quotations in English, German, 
French, Italian, and Latin.

L. H . A d a m s

The Law of Chemical Patents. Bv E d w a r d  T h o m a s .  358
pages. D . Van Nostrand Company, Inc., N ew  York, 1927.
Price, $6.00.

This work deals with what has become to a very considerable 
extent a distinct branch of the patent law, and one in which there 
has been a real need for a comprehensive and reliable work deal
ing with its principles and practice. Mr. Thom as’ book well 
supplies this need. It is written on the assumption that the 
reader is interested in such practical matters as the patent
ability of new processes, compositions, and chemical apparatus 
and equipment, the adequate protection of such inventions, the 
validity and scope of chemical patents and how to realize on 
them, rather than the philosophy or the technicalities of pro
cedure of the patent law.

As the author states, the courts are the final arbiters of the 
patent law, and in this work the law of chemical patents is set 
forth in the language of the courts with just sufficient explanation 
to make the matters considered clear to the layman.

The text consists chiefly of verbatim quotations from opinions 
of the courts arranged in numerous chapters, each provided with 
a short introductory section designed to enable those unfamiliar 
with the technicalities of patent law to grasp the principles 
involved in the rulings which follow, and to add greatly to the 
interest and value of the book to the reader. The grouping of 
the quotations under numerous subheadings and the provision 
of a table of contents by chapters, a table of cases, and a very 
complete index make the work particularly convenient and 
valuable for use as a reference book.

The author points out that a large proportion of the patents 
which become involved in litigation are poorly drawn. This is 
particularly true of chemical patents, and Mr. Thom as’ work 
should be studied by patent solicitors who undertake the pro
tection of chemical inventions and can be read w ith profit by all 
having to do with inventions along chemical lines.

C. L. P a r k e r

Chemical Specifications Yearbook 1927. M . N . C o n k l in ,  E d ito r .
1st Edition, 142 pages. Compiled by Chemical Specifications,
Inc., New York. Price, 35.00.

This attractively bound book is well printed on excellent 
paper, and appears to have few typographical errors. It lists 
about one hundred and seventy-five important chemicals, men
tions their nature and manufacture, and gives "detailed speci
fications.” Less than a dozen of the “specifications” include 
directions for tests, or references to places where the tests arc 
described. Some "detailed specifications” are, in full: "Barium  
stearate contains theoretically 16.3 per cent metallic barium;’ 
"Carbon dioxide— not less than 99.8 per cent;” “ Carbon te t
rachloride—99.7 per cent also chemically pure;” and “ The sodium 
bicarbonate used in baking soda and the manufacture of baking 
powders must be of the very purest grade. For other uses lower 
grades m ay be used.” A number of the "specifications” are 
merely typical analyses. About ninety requirements for special 
uses of various chemicals arc also given. "An average grade” 
of ammonium oxalate, “ an average sample” of barium chloride, 
“ a typical analysis” of ammonium thiocyanate, "general re
quirements” for hydrochloric and nitric acids and for sodium  
oxalate are practically identical with the requirements suggested 
by the Committee on Analytical Reagents [ T h i s  J o u r n a l ,  
17, 756 (1925)] for "reagents to be used in careful analytical 
work.” Such chemicals would be very expensive for some of 
the uses listed.

The book also contains a list of manufacturers, jobbers, and 
importers for each item. Only those who responded to inquiries

regarding their products are included. Thus, several well- 
known producers of lime are omitted. N o firm is listed as im
porting filter paper from England, France, Germany, or Sweden, 
where some of the filter paper used in the United States is manu
factured. The listed manufacturers of this product arc the 
J. T. Baker Chemical Company, of Phillipsburg, N. J., Morana, 
Inc., and the Palo Company of N ew  York City.

The list of “more important chemicals” includes only thirteen 
of the seventy sodium compounds given in the Condensed Chem
ical Dictionary. Zinc cyanide is the only entry under "Z.” The 
list of seven chemicals under "H ” includes hydrogen peroxide 
and henna leaves, but om its hydrofluoric acid. This and other 
omissions can be cared for in the second edition, which is already 
in preparation and is expected to include "as many chemicals 
again as the present volume contains.”

W . D . C ollins

Chemistry a n d  the H om e. B y  H a r r i s o n  E. H o w e  a n d  F rancis 
M. T u r n e r ,  J r .  355 pages. Charles Scribner’s Sons, New 
York, 1927. Price, 31.50.

The home has been called the center of our American life. As 
such it necessarily influences every phase of life and is influenced 
by it. This is evidently the view held by the authors of this 
book, for in its eighteen chapters they have given valuable and 
interesting information upon a wide variety of topics.

Chemistry and the home have furnished the center about 
which this material is grouped. The chemist is called ‘ the 
modern Marco Polo” and many of his discoveries are set forth. 
“ Our civilization is to a high degree the product of research in 
the chemical laboratory.”

The entire book contains almost countless items of interest 
that make a decided appeal. The chapters on silk, rubber, and 
illumination are especially well done. The emphasis upon re
search is dominant, as it should be. Striking statements are 
frequent, thus: "It would take fifty M exicos to supply our full 
requirements of vanilla flavoring if it were all made from beans.” 
Again, “Like every other haunt of men today, the barber-shop 
has been brought under the sway of chem istry.”

W e wonder, however, about this statement, though we 
cannot question its truthfulness:

As a  nation we don’t  ye t listen to chemists. We listen to politicians 
and lawyers, occasionally to doctors and preachers. We arc even beginning 
to  listen to  engineers, b u t not ye t to  chemists. The chemists don’t  charge 
enough for their advice to  be regarded as of any value—a disadvantage 
which they  share w ith the clergy alone.

In bringing about a better understanding of the work of the 
chemist and the value of his labors this book will be a powerful 
factor. It should be in every public library and would make j  

splendid collateral reading for students in general chemistry and 
in home economics. We are indebted to men of the ability and 
standing of the authors in giving us a readable and authori
tative, but in no sense technical, book. The more widely it is 
read, the more clearly will the work of the chemist be under
stood, and this sym pathetic understanding must lead to further 
progress.

H a r r is o n  H ale

A Comprehensive Treatise on Inorganic and Theoretical Chem- i 
istry. Vol. VII—Ti, Zr, Hf, Th, Ge, Sn, Pb, Inert Gases. 1
B y  J. W. M e l l o r .  977 pages. Longmans, Green & Co.,
Ltd., London, 1927. Price, 320.00.

The seventh volume of this scries completes the work on the 1
elements of the fourth group and includes the inert gases. The 1
presentation follows closely the plan of the series, each e l e m e n t  
being treated as to history, occurrence, and the preparation and i 
properties of the element and its compounds. As m e n t i o n e d  
in reviews of the earlier volumes, Mellor does not attempt to 
present the material from a critical standpoint, but gives a verj 
exhaustive report of all the work which has been done.

Titanium, zirconium, and thorium are thoroughly covered. 
The chapter on the newly discovered element, hafnium, is ® 
special interest. It seems unfortunate, however, that Mcllot 
neglects to mention the part played by the application of the 
Bohr theory of the structure of the atom in the discovery ol tij 
element. He makes considerable mention of celtium, but lai > 
to bring up the important point made by H evcsy that, aecordids 
to modern atom ic theory, the element 72 could not possibly 
a rare earth but must be very similar to zirconium. The su 
cessful search for hafnium in zirconium minerals and laboratory 
preparations follow. This points to the non-validity ot
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ccltium claim of Urbain, who worked with the rare earth mix
tures. The discovery of hafnium stands out as one of the im
portant successes of the Bohr atomic theory and this deserves 
mention here.

The material on germanium is summarized thoroughly 
in 20 pages, although it is already incomplete on account 
of the amount of work now being done owing to the increased 
availability of this rare element. One is impressed by the tre
mendous amount of accurate results secured by C. Winkler, 
its discoverer. Practically all his work has been substantiated 
by later workers. Winkler, however, confused the chloroform, 
dichloride, and oxychloride, but later corrected this in part. 
Mellor is not at all clear about these compounds. In one place 
the oxychloride is mentioned as a liquid lighter than the chloro
form, and subsequently it is considered a white solid. The 
two-liquid-laycr system Winkler mentioned has been found to 
be due to the binary mixture of germanium tetrachloride and 
germanium chloroform, which are only partially miscible. The 
existence of the oxychloride has never been demonstrated and 
is highly problematical. A discrepancy in the boiling point of 
monogermane is explained by saying that it had been in con
tact with mercury overnight and hence had decomposed. Pure 
monogermane has been allowed to stand over mercury for months 
without showing any evidence of decomposition.

Tin is given 208 pages and lead 404. The treatment is very 
adequate and is especially complete for the metals and their 
alloys. The inert gases are covered in 62 pages.

The method of pointing out the compound or property under 
discussion by printing in heavy type so that it is easily found 
is very commendable.

Considering the encyclopedic nature of the book, Mellor has 
succeeded in making it amazingly easy and interesting reading. 
The research worker and student will find many a valuable sug
gestion in the historical developm ent of each topic. This vol
ume is a worthy member of the series which has been so warmly 
received.

A . W . L a u b e n c a y e r

Home Preservation of Fruit and Vegetables. By M a r g a r e t  
J. M. W a t s o n .  142 pages. Oxford University Press, Lon
don: Humphrey Milford, 1926. Price, S2.00.

This little volume has been prepared for the use of the house
wives of Great Britain. For this reason the book contains 
considerable information that would not be of much interest to 
American housewives. On the other hand, some recipes, par
ticularly those for English style orange marmalade and English 
jams, will be found very useful to American housewives and jam  
manufacturers as well. W hile the book is designed for house
wives, most of the recipes call for certain weights of the various 
ingredients—e. g., "*/< ounce of citric acid to every 4 pounds of 
fruit”—if given in the more familiar "cups and teaspoons” system  
of the American household the recipes would be more readily 
used by the average housewife. Cooking jams to a definite 
weight, as recommended by M iss W atson, is very commendable.

Preservation of fruit by dilute sulfurous acid solution and the 
use of such fruit in jams is well described and should prove of 
use to manufacturers. The hydrometer test for jellies is recom
mended; American jelly makers find a thermometer more con
venient for determining the jellying point.

More and better illustrations would be desirable. In reading 
the book, American housewives might be somewhat confused 
by some of the English terms such as "pips” for seeds, "bottle” 
for fruit jar, etc. Sterilizing of canned fruits at 190° F. instead 
of the usual 212° F. is recommended and, although commendable, 
is difficult to conduct in the home kitchen.

The book in general is well written and should prove useful to 
housewives, especially those who like to attem pt unusual recipes.

W . V. C r u ë s s

1914-1924, Dix Ans d’Efforts Scientifiques, Industriels et Colo
niaux, Volume II. Edited by J e a n  G e r a r d .  Quarto, pages 
1555-3060. Illustrated. Chimie et Industrie, Paris, 1926. 
Price, 812.00 for Volumes I and II.

Volume I of this monumental work was reviewed in T h i s  
J o u r n a l ,  18, 876 (1926). The present volume begins with Part 
' ,  which describes the economic equipment of France. This 
includes descriptions of the developments in water and electric 
Power, post and telegraphs, highways and transportation, 
banks, industrial establishments, and the economic trade 
balance of France. Part VI describes French colonial effort 
and includes chapters on the products obtained from the 
colonies of France. Part VIT describes in great detail the in

dustrial, agricultural, and economic development of each of the 
French colonies. Part VIII is composed of concise descriptions 
of some two hundred and sixty-five chemical and allied industrial 
establishments of France. This section really constitutes an 
industrial chemical catalog of the country.

There is thus brought together in these two volumes detailed 
information upon all phases of modern chemical industrial 
development in France and her colonies. It is a record of 
which France may well be proud—and an example which other 
nations will certainly desire to emulate.

A t h e r t o n  S e id e l l

Standards Yearbook 1927, First Issue. Prepared by the N a 
t i o n a l  B u r e a u  o f  S t a n d a r d s  o f  t i i e  D e f a r t m e n t  o f  
C o m m e rc e . To be issued annually. 398 pages. 39 illus
trations. Sold by the Superintendent of Documents, Govern
ment Printing Office, Washington, D. C. Price, 81.00.

The Standards Yearbook contains much more information 
than might be expected from the title. In addition to the de
scriptions of fundamental and derived standards of measurement, 
it takes up lines of activity relating to standard constants, 
standards of quality, standards of performance, and standards 
of practice. These and the research relating thereto can be 
made to cover nearly all lines of human endeavor. All activities 
of governmental and private agencies on standardization in a 
limited sense are well described. Much research outside the 
Bureau of Standards is omitted even though it may lead to 
standardization.

The character and scope of the book are indicated by the 
chapter and section headings which follow, with the number of 
pages in each section given in parentheses: Trend of standardiza
tion (6); International standardizing agencies, governmental
(3); non-governmcntal (16); National standardizing agencies, 
outside the United States, (10); Fundamental and working 
standards of the United States of America, from acidimetry to 
thermometry (23); Federal standardizing agencies, aside from 
the National Bureau of Standards, (96), including a list of fed
eral government research and testing laboratories (4 ); National 
Bureau of Standards (137); Municipal (3) and state (7) agen
cies; General standardizing agencies, A. S. T. M. and others, 
(12); Standardizing activities of technical societies and trade 
associations (80), listing over two hundred organizations with 
the name and address of the secretary or other executive officer 
of each; Testing and certification for the consumer (5).

The book is the only general record of progress in standardiza
tion up to 1927 and is necessary to those who wish to know what 
has been done, is being done, and is planned with reference to 
standardization and related research. Future annual editions 
will carry the advances from year to year and changes in officers 
and work of the organizations engaged in standardization. 
Much of the material, however, can be reprinted each year 
without change.

W. D. C o l l i n s

Four Thousand Years of Pharmacy. An Outline History of 
Pharmacy and the Allied Sciences. B y  C h a r l e s  I I .  L a  W a l l .  
665 pages. 64 illustrations. Octavo. J. B. Lippincott Co., 
Philadelphia, 1927. Price, $5.00.

In this interesting volume Professor LaWall lias given us a 
bird’s-eye view of the development of pharmacy over a period of 
forty centuries. The story of the development of drugs and their 
application to the treatment of disease involves, to a large extent, 
the history of chemistry and medicine as well as other sciences 
upon which the art of pharmacy is based. To endeavor to cover 
forty centuries of this development in one volume of rather large 
type limits the story to what may be called the "high-lights,” 
and the reviewer must take the broad viewpoint of what has 
been written in order to be fair in his estim ate of the task that 
has been performed.

In the introduction it is stated that "the primary function of 
pharmacy is to prepare medicines for those who require them. 
It is, therefore, a highly specialized calling which may rise to the 
dignity of a true profession or sink to the level of the lowest 
commercialism, according to the ideals, the ability, and the 
training of the one who practices it .” The historical data col
lected by the author bear this out.

The author has given us a very good description of the activi
ties of a number of individuals who, in various periods in the 
history of the world, have in one way or another influenced the 
development of pharmacy, medicine, alchemy, and chemistry, 
but he has not gone into great detail on any particular phase of
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the development of pharmacy, probably for the very good reason 
that this was impossible in a volume of such a limited size.

The chronological table will be of considerable value to the 
student of contemporaneous history. One finds, however, com 
paratively few references to pharmacy itself, and many references 
to events in the history of medicine and science generally which 
have at best a decidedly remote bearing on the development of 
pharmacy. For example, one wonders what effect the passage 
of the first M eat Inspection Act in Germany in 1875 or the  
institution of the School of M ines at Columbia University in 
1864 have to do w ith pharmacy.

The bibliography will be of considerable value to any student 
of pharmaceutical history or the history of allied sciences.

W hile it cannot be claimed that the author has written a 
thorough history of pharmacy, he has presented a very readable 
and interesting outline which will occupy in the field of history 
of pharmacy a place comparable to that occupied by W ells’s 
"Outline of H istory” in the field of world history. Undoubtedly, 
this book will create a greater appreciation of the part that 
pharmacy has played in the development of medicine and chem 
istry, and it may act as a stimulus to others interested in the

history of pharmacy to develop volumes which will portray in 
greater detail each one of the periods which I.aWall has pictured 
to us so entertainingly.

How to Apply for a Position. By Letter and Interview. By
M a u r i c e  H. W e s e e n .  73 pages. College Book Store,
Lincoln, Neb., 1927. Price, 50 cents.

The author of this booklet, associate professor of business 
English at the University of Nebraska, has given a very good 
analysis of the problem which confronts anyone who applies for 
a position, whether in person or by correspondence. Most of 
the space is devoted to suggestions on writing letters of applica
tion. The average letter writer, whether seeking a position or 
not, could profit by reading it, and those who are interested in 
the more practical side will find many helpful suggestions in the 
numerous examples of letters written by men seeking employ
ment. Perhaps the m ost useful pages are those devoted to 
"Application Don’t’s” and “Application D o’s.” Altogether, 
the book should find its proper niche in business literature.

N O TES A N D  C O R R ESPO N D EN C E

Successive Potentiometric Titra
tion of Copper and Iron in 

Metallurgical Products
Editor of Industrial and Engineering Chemistry:

In their article under this title ,1 the authors maintain that 
the potentiometric estimation of copper according to Zintl and 
W attcnberg2 gives irregular results with marked positive and 
negative errors up to 6 per cent.

The method of Zintl and W attenberg is as follows:

The copper solution, containing 4 to 8 per cent free hydro
chloric acid, is reduced with excess titanous chloride solution, 
the concentration of which need not be known, and is then 
titrated potentiomctrically with potassium bromate or dichro- 
mate. During the titration the oxygen must be carefully ex
cluded by passing carbon dioxide through the vessel. The 
oxidizing agent first oxidizes only the excess of titanous chloride, 
then a potential jump is noticed, which indicates the beginning 
of the oxidation of cuprous to cupric salt. A second potential 
jump indicates the end point. The solution used between the 
two jumps corresponds to the copper present.

Buehrer and Schupp usually find their values much too low. 
They do not exclude atmospheric oxygen by passing in an in
different gas, but cover the solution with kerosene.

On different occasions we have also tried to work under a 
layer of kerosene or toluene, to protect from oxidation a solution 
to be titrated, but without success.3 Even if the layer of kero
sene is several inches thick and the stirring is slow, atmospheric 
oxygen penetrates through it  and, for example, in the titration  
of hot cupric salt solutions with titanous chloride, especially near 
the end point, the potential never becomes constant. If one 
waits long enough, titanous chloride can be added ad lib. without 
reaching an end point. A second source of error is also notice
able if the tip of the buret dips only into the protective layer. 
The drops of the titrating liquid leaving the buret often remain 
for a long time inside the kerosene layer before penetrating into 
the aqueous solution, and if these arc not noticed large errors 
m ay result. For this reason we have avoided the use of a  liquid 
protective layer and perhaps the poor results of Buehrer and 
Schupp m ay be thus explained.

Buehrer and Schupp conclude from their results that the
1 B uehrer a n d  Schupp, T h is  J o u r n a l , 18, 121 (1926).
* Ber., 55, 3366 (1922).
1 See also Herapel, "G asanaly t. M ethoden,”  p. 33, Braunschweig, 1913.

reduction of cupric salt by titanous chloride must be incomplete 
in hydrochloric acid solution, in agreement with the fact that the 
normal potentials of C u++/C u + (0.17 volt) and T i++++/T if++ 
(0.00 volt) lie near together.

This conclusion is erroneous. The difference between normal 
potentials indicates the possibility of titration only when no 
appreciable complex formation takes place in the solution.* A 
complex ion is formed, however, in the case of cuprous salt in 
hydrochloric acid solution. The potential of a cupric-cuprous 
electrode is markedly shifted to the positive side by chloride. 
A solution of cupric and cuprous salts in equal proportions in 
5 per cent hydrochloric acid gives a potential of about 0.49 volt 
against the hydrogen electrode, whereas in chloride-free solution 
the normal potential should be 0.17 volt. That the reduction 
of cupric salt in 5 per cent hydrochloric acid is complete with 
titanous chloride is seen from the fact that during titration at 
the first jump one drop of the titrating solution shifts the poten
tial at least 58 m illivolts—i. e., increases the concentration of the 
cupric ions tenfold.

The statem ent of Buehrer and Schupp that Zintl and Wattcn
berg found direct titration of cupric salt with titanous chloride 
impossible is entirely erroneous. Zintl and Rauch6 have not 
only used the direct titration for estim ating copper, but also for 
standardizing titanous chloride.

E. Z in t l

B a y e r  A c a d e m y  o f  S c ie n c e s  
M O n c i i e n . G e r m a n y

Editor of Industrial and Engineering Chemistry:
In reply to the comments of Professor Zintl, it  may be pointed 

out, first, that the writers rigorously excluded oxygen, not only 
by means of a  layer of kerosene 1 to 2 inches deep, but also bj 
the use of purified nitrogen bubbled through the solution. The 
nitrogen would be equally as effective in preventing oxidation 
of cuprous ion as carbon dioxide, and the kerosene we have also 
found very satisfactory in other titrations. Since the solutions 
were titrated hot, not only would the solubility of oxygen be 
less in the kerosene, but the kerosene vapors constantly nsing 
would tend to prevent access of air to the protecting layer. The 
difficulty of enclosed droplets of solution in the kerosene layer 
was avoided by having the tip of the buret extend through the 

1 Zintl, "E lcktrom etrische M assanalyse, H andbuch der A r b c i t s m e t h  

oden in der anorganischen Cheinie, Vol. I I ,  p. 984.
‘ Z. anon . Chem.. 146, 281 (1925): Z intl, Ibid. 152 35 (1926).
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kerosene layer and well into the solution. Furthermore, the 
stirring by even rapid rotation of a glass rod as a rule did not 
agitate the layer appreciably, so that suction of air into the 
solution was not able to occur. I t  is very significant that our 
results were in most cases too low, whereas if atmospheric oxida
tion of the cuprous ion formed had occurred the results would 
have been high. We therefore believed ourselves to be justified 
in the conclusion that the low results were due to incomplete 
reduction of the copper.

The second question concerns the Cu+/C u ++ potential, and 
Professor Zintl’s point here is well taken. No doubt both the 
Cu+/C u ++ and the T i +++/ T i ++++ potentials shift greatly 
with change in concentration of H + and C l- . Granting that the 
potential difference is sufficient to warrant the conclusion that 
the reaction would go to completion, we must recognize that 
the copper is largely in the form of the cliloro-complex ion, which 
is known to react very slowly with certain ions, and this may 
also be true of its reaction with titanous ion. It is probably a 
question of speed as well as of equilibrium in this titration. Our 
experiments have not given evidence that the reaction goes to 
completion under the conditions of the titration.

The last point relates to the direct titration of cupric ion 
with titanous chloride. W e regret the error on page 124 of our 
paper, in which we state that "Zintl and Wattcnberg5 find that 
direct titration cannot be made.” These authors did not re
port any work on the direct titration, but only on the in
direct determination—namely, by adding excess titanous chlo
ride and titrating back with either dieliromate or bromate. 
KolthofF* reported that direct titration with titanous chloride 
alone does not give accurate results for copper. Since our obser
vations confirmed those of KolthofI and since the reference to 
Zintl and Rauch,5 which Professor Zintl quotes, was unknown to  
us at the time our paper was accepted for publication, we 
naturally assumed that Zintl’s results for the direct titration were 
in agreement with ours. Further work will be done in this 
laboratory to clarify this question.

U n i v e r s i t y  o r  A r i z o n a  F U E H R E R

T u c s o n ,  A r i z .  O . E. S c h u p p .  J r .
April 18, 1927 

‘ Rcc. trav. chim., 43, 820 (1921).

Kjeldahl Digestion Apparatus
Editor of Industrial and Engineering Chemistry:

We have read, with much interest, the article by E . G. Hastings, 
E. B. Fred, and W. H. Peterson [ T h is  J o u r n a l ,  19, 397 (1927)] 
with reference to a Kjeldahl digestion shelf being operated in 
the laboratory of the Department of Agricultural Chemistry 
of the University of Wisconsin, Madison, Wis.

The idea of a fume tube with nipples on the side that go into 
the neck of a Kjeldahl flask and some means for furnishing a 
positive draft, such as an exhaust fan, was patented in Sep
tember, 1924, and assigned to The Duriron Company, who have 
since been making up and marketing them.

The first Duriron tubes were made and installed a year or 
more before application was made for patent papers. Duriron 
proved so very satisfactory for the construction of these tubes 
and exhaust fans, gas ducts, etc., that a complete digestion shelf 
was designed including not only the tubes, exhaust fan, exhaust 
Pipe, and condensate removers, but supporting frames, burners, 
etc., and made part of The Duriron Company’s standard product.

Duriron spray nozzles arc sometimes used to replace the 
Duriron exhaust fan, and in small installations it has been 
found that these spray nozzles perform the dual service of 
furnishing the necessary draft, a t the same time condensing 
the gases so that they may be discharged to a sewer.

Although The Duriron Company holds the patent rights 
to such type apparatus, they have, of course, no objection to

its use by the University of Wisconsin. We merely call attention  
to the patent features to guard against the manufacture of such 
equipment for sale or for general'use by others.

W. H. S c o t t
T u b  D u r i r o n  C o m p a n y , I n c .

D a y t o n ,  Oino 
M arch 23, 1927

Note on the Radiation from 
Luminous Flames

In T h i s  J o u rn a l, 19, 4 (1927), R. T. Haslam and M . W. 
Boyer, in discussing the radiation from luminous flames, mention 
a scheme proposed by Lent [Wdrme, 4 9 , 145 (1926)] to increase 
the radiation from relatively nonluminous flames by adding an 
illuminating agent to the gas so as to produce particles of carbon 
to serve as radiation centers.

A similar proposal was made and tried out in 1913 by Walter 
A. Schmidt, of the Western Precipitation Company, with the 
cooperation of Buckner Speed. These gentlemen had been 
puzzled as to why the heat requirement for Portland cement 
burning was greater when oil was used as a fuel than when 
powdered coal was so used. They suspected that when pow
dered coal was used, the ash particles remaining enhanced 
radiation from such flames and that the absence of similar 
particles in the flame from oil might cause the lower efficiency.

A series of tests was consequently undertaken at the plant 
of the Riverside Portland Cement Company to investigate 
this point. In these tests very fine dust was blown into the 
front part of the kiln so as to mix with the combustion gases, 
and the output and fuel consumption of the kiln, with and 
without such added dust, were noted.

The results of these tests were inconclusive, which, however, 
is not surprising in view of the well-known uncertainties about 
kiln production in the ordinary plant and the unduly large 
excess of fuel which always is used in connection with cement 
burning. It might be expected, however, that as the art of 
cement burning is improved and the fuel consumption approaches 
more nearly the theoretical limit, it will be possible to demon
strate that one actually can improve the efficiency of an oil- 
fired kiln by some such means.

E v a l d  A n d e r s o n

W e s t e r n  P r e c i p i t a t i o n  C o m p a n y  

Los A n g e l e s ,  C a u f .

April 4, 1927

Calendar of Meetings
American Chemical Society—74th M eeting, Detroit, M ich., 

September 5 to 10, 1927.
Division of Colloid' Chemistry—Fifth National Colloid 

Symposium, University of Michigan, Ann Arbor, Mich., 
June 22 to 24, 1927.

Institute of Chemistry—State College, Pa., July 4 to 30,
1927.

Division of Organic Chemistry—Second National Symposium  
on Organic Chemistry', Columbus, Ohio, December 29 to 
31, 1927.

First International Congress of Soil Science—Washington, D. C., 
June 13 to 22, 1927.

American Leather Chemists’ Association—Cincinnati, Ohio, June 
15 to 17, 1927.

American Society for Testing M aterials—Annual M eeting, 
French Lick, Ind., June 20 to 24, 1927.

American Electrochemical Society—Fall M eeting in the form of 
an excursion through the Northwest, September 4 to 20, 1927.

11th Annual Exposition of Chemical Industries—Grand Central 
Palace, New York, N . Y., September 26 to October 1, 1927.
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G O V ER N M EN T PUBLICATIONS

Notice— Publications for which price is indicated can be purchased from  
the Superintendent o f Documents, Government Printing Office, Washington,
D. C. Other publications can usually be supplied from  the Bureau or De
partment from which they originate.

B ureau  of E d u cation
An O utline of M ethods of R esearch  with Suggestions for High School 

Principals and T eachers. Bulletin  24, 1926. 31 pp. Paper, 10 cents.

B ureau  o f F oreign  and  D o m e stic  C om m erce
Im portant D em and for Insecticides for Tobacco E sta tes  in Sum atra  E ast 

Coast. Special Circular 171, Chemical Division. 8 pp. Issued April 
23, 1927.

Palm -O il Industry  of Sum atra and W est Africa. S. B. R e d e c k e r  a n d  
F r a n k  M e s s e n g e r . Trade Information Bulletin ATI. 17 pp. Paper, 10 
cents.

Rayon Industry  of Lucerne, Switzerland. Semi-M onthly Bulletin  19-J, 
Textile Division. 4 pp. Issued M ay 3. 1927.

The Chem ical Industry  in Baden. Special Circular 172, Chemical Division: 
9 pp. Issued April 25, 1927.

B ureau of M in es
Accidents a t M etallurgical W orks in the  United S tates during the  Calendar 

Year 1925. W. W . A d a m s . Technical Paper 412. 40 pp. Paper, 10
cents.

Coal-M ine Fatalities in M arch, 1927. W . W . A dams. Reports o f Investi
gations 2803. 7 pp . Issued A pril, 1927.

Consum ption of Explosives in M arch, 1927. W. W. A dams. Reports of 
Investigations 2804. 9 pp . Issued April, 1927.

Copper in 1925 (G eneral R eport). C. E. J u u h n  a n d  H. M. M e y e r . 
Mineral Resources o f the United Stales, 1925. P a rt I, pp. 347-408. 
Issued April 27, 1927. Paper, 10 cents.

Explosibility of Coal D ust from Four M ines in U tah. H. P. G reenw ai.d.
Technical Paper 386. 20 pp. Paper, 5 cents.

M ethods and Tools for Removing Paraffin from Flowing W ells. C. E.
R e i s t le ,  J r .  Reports o f Investigations 2802. 4 pp. Issued April, 1927.

Petro leum  in 1925. G. R. H o p k in s  a n d  A. B. C o o n s . Mineral Resources 
of the United States, 1925. P a rt I I , pp. 311-84. Issued April 20, 1927. 
Paper, 10 cents.

Production of Sponge Iron . C. E. W il l ia m s , E. P. B a r r e t t , a n d  B. M .
L a r s e n . Bulletin 270. 175 pp. Paper, 35 cents.

Safeguarding W orkm en at Oil D erricks. H . C. M i l l e r . Bulletin 272.
I l l  pp. Paper, 40 cents.

Sand and Gravel in 1925. E. R. P h il l i p s . M ineral Resources o f the 
United States, 1925. P a rt I I ,  pp. 281-303. Paper. 5 cents.

Som e Economic P hases  of the Carbon Black Industry . G. R. H o p k in s .
Circular 6053. 5 pp . Issued A pril, 1927.

Sources and  D istribution of M ajor Petro leum  P roducts: Atlantic Coast 
S ta te s  1925. E. B. S w a n s o n . Circular 6(>Jl. 14 pp. Issued April,
1927.

Stop, Look, and L isten! The Roof Is  Going to Fall. J . W. P a u l . Circular 
6032. 3 pp. Issued April, 1927.

T ests  with Rock D ust for Extinguishing F ire. H. C. H o w a r t h  a n d  H . P. 
G r b e n w a l d . Reports o f Investigations 2801. 5 pp. Issued April,
1927.

The M anganese S ituation from a  D om estic Standpoint. J. W. F u r n e s s .

Circular 6034. 21 pp. Issued April, 1927.
Zinc in 1925 (S m elter R eport). A m y  S t o l l . M ineral Resources o f the 

United States, 1925. P a rt I, pp. 329-46. Issued April 25, 1927. Paper, 
5 cents.

B ureau  of S tan dards
S tandards Yearbook 1927. Compiled b y  the  N a t io n a l  B u r e a u  o f  S t a n d 

a r d s . Miscellaneous Publication 77. 392 pp. C loth, S I.00.
Therm al Expansion of G raphite. P e t e r  H id n e r t  a n d  W . T . S w e e n e y . 

Technologic Paper 335. 8 pp. Paper, 5 cents.

B ureau  of th e  C ensus
Animal and V egetable F a ts  and O ils: P roduction, Consum ption, Im ports, 

Exports, and  Stocks by Q uarters , C alendar Years 1925 and 1926. 16 pp.
Paper, 5 cents.

D ep a rtm en t of A gricu ltu re
A nnotated Bibliography on the  Storage of C ottonseed and of Seed Cotton.

H e n r y  M . S t b e c e . Cooperative Extension W ork in A griculture and 
H ome Economics. 13 pp.

Effect of Soil M icroSrganism s on Paraffin Used as a Coating to Decrease the 
In jurious Action of Lead A rsenate on P lan t Roots. W. E. F lem ing . 
Journal o f Agricultural Research, 34 (F ebruary  15, 1927), 335-8.

Relation of Soil T em perature and Soil M oisture to the  Infection of Sweet 
P o tatoes by the  S tem -R ot O rganism s. L. L. H a r t e r  a n d  W. A. W hit
n e y .  Journal o f Agricultural Research, 34 (M arch 1, 1927), 435-41.

T he D eterm ination  of Organic M atter in Soils by M eans of Hydrogen 
Peroxide. W. O. R o b i n s o n .  Journal o f Agricultural Research, 34 
(F e b ru a ry  15, 1927), 339-56 .

The N itrogen Compounds of the  Rice K ernel as  Compared with Those of 
O ther C ereals. S. L. J o d i d i .  Journal o f Agricultural Research, 34 
(F e b ru a ry  15, 1927), 309-25 .

The Value of Beef Protein  as a Supplem ent to the  Proteins in Certain 
Vegetable Products. R a l p h  H o a g l a n d  a n d  G. S. S n i d e r .  Journal of 
Agricultural Research, 34 (February 15, 1 9 2 7 ),’297-308.

The Vitamin C C ontent of F resh  and C anned P ear. V . C . C ra v e n  and 
M. M. K r a m i j r .  Journal o f Agricultural Research, 34 (February 15, 
1927), 385 -92 .

D ep a rtm en t of C om m erce

Progress in the  Elim ination of W aste. H e r b e r t  H o o v e r . Extract from 
the  F ourteen th  Annual R eport of the  Secretary of Commerce. 29 pp.

G eolog ica l Survey

Contributions to the  Geography of the  U nited S tates, 1926. M. R. Camp
b e l l . Bulletin  790. 46 pp.

Geology of the  C at C reek and Devils B asin Oil F ields and Adjacent Areas 
in M ontana. F r a n k  R e e v e s .  Bulletin  786-B. Contributions to Eco
nomic Geology, 1926. P a rt I I ,  pp. 39 -95 . Paper, 30 cents.

Geology of the  Upper M atanuska Valley, Alaska. S. R. C ap p s. With a 
Section on the  Igneous Rocks. J .  B . M e r t ie , J r . Bulletin 791. 92 pp. 
Paper, 30 cents.

Surface W ater Supply of the  United S tates, 1924. P art IV—St. Lawrence 
River Basin. N . C . G r o v e r ,  S . B . S o u l e ,  A . H .  H o r t o n ,  L a s le y  Lee.
A. W. H a r r i n g t o n ,  a n d  C. H . P i e r c e .  W ater-Supply Paper 584. 147 
pp. Paper, 20 cents.

Pan A m erican  U n ion

Tropical H ardw oods with Special R eference to Their Uses in American 
Industries. Forestry 15. R eprinted front the M arch, 1927, Bulletin of 
the. Pan American Union. 9 pp.

P u b lic  H ea lth  Service
A rsphenam ine-Sodium  Thiosulfate T rea tm en t of Experimental Syphilis. 

C a rl  V o e g t l in  an d  H. A. D y e r . Public Health Reports, 42 (April 15, 
1927), 1045-52.

D efinitions of Pasteurization  and T heir Enforcem ent. L. C. F rank . F. J 
M oss, a n d  P. E. L e F e v re .  Public Health Reports, 42 (April 29, 1927), i 
1152-62. j>

Paris  G reen Applied by Airplane in Control of Anopheles Production. L L 
W i l l i a m s ,  J r . ,  a n d  S. S . C o o k .  R eprin t 1140 from Public Heolti \
Reports. 22 pp. Paper, 10 cents. |

W ater Supplies on Canadian G reat Lakes Vessels. G. H. F ergusor. 
Public Health Reports, 42 (April 22, 1927), 1097-1101.

New Books
Class-Book of Organic C hem istry. Vol. I. F o r First-Y ear Medical Stu

dents and Senior Science S tuden ts  in Schools. J . B . C o h e n .  344 pp. 
T he M acmillan Com pany, New York. Price, $1.60.

E lem ents of Chem istry. H a r r y  N. H o l m e s  a n d  L o u is  W. M atters.
519 pp. T he M acm illan C om pany, New York. Price, $1.80.

F irst Principles of Chem istry. F . W. D o o t s o n  a n d  A. J. B a rr y . 339 pp.
The M acm illan Com pany, New York. Price, $2.00.

Investigation  of th e  Caking Pow er of Coal. J . T . Burdbkin. Fuel Re
search, Physical and Chem ical Survey of th e  N ational Coal Resources. 
No. 8, D epartm ent of Scientific and Industria l Research. 21 PP- H. - • 
S ta tionery  Office, London. Price, 1 s. net.

M ethods of Analysis of Coal. 35 pp. Fuel Research, Physical and Chem
ical Survey of th e  N ational Coal Resources, No. 7, Department of Scien 
tific and  Industria l R esearch. H . M . S tationery  Office, London. Price, 
9 d. net.

Selenium . A L ist of R eferences 1817-1925. Compiled by Mario. 
F o s t e r  D o t y . 114 pp. New Y ork Public L ibrary . Price, 6 5  cents.
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FIRST-HAND PRICES FOR CHEMICALS IN ORIGINAL PACKAGES PREVAH.ING IN THE NEW YORK MARKET ON MAY 15

Acetanilide, tech., bbls................. .27
U. S. P., bbls.......................... .lb . .35

Acetic anhydride, 92-95% , cbys..lb. .29
Acetone, C. P., drum s, w k s .. . . .lb . . 1 2
Acetophenetidine, bbls................. .lb . 1.60
Acid, Acetic, 28% , c /1 , bbls. 100 lbs. 3 .38

58%. c/1, bbls................100 lbs. 6.09
Glacial, c/1 , bbls........... 100 lbs. 11.47

Acetylsalicylic, bbls................. lb. .85
Anthranilic, 99-100% , drums. .lb . .98
Benzoic, tech., bb ls .................. .58
Boric, bbls................................... .lb . .0 8 H
Butyric, 60%, pure, 5-lb. b o t. .lb . .55
Chloroacetic, mono-, bbls.,

w k s . . . . ............................... .25
Di-, cbys........... ...................... 1 . 0 0

Tri-, bbls................................. 2 .50
Chlorosulfonic, drum s, w k s ... .lb. .15
Chromic, pure, 98% , drum s.. .lb . .37
Chromotropic, bbls................... 1 . 0 0
Cinnamic, 5-lb. cans................ .lb . 3 .25
Citric, U .S . P., kegs, b b ls . . . .lb . .43)4
Cresyiic, pale, d rum s............... gal. .60
Formic, 85%, cbys., N . Y . . . . .lb . . 1 0
Gallic, U. S. P., bbls................
Glycerophosphoric, 25% , 1«

.lb . .65

lb. b o t.................................. 1.85
H, bbls., wks............................... .55
Hydriodic, 10%, U. S. P ., 5-

lb. bo t.................................. .lb. .65
Hydrobromic, 48%, cbys., wks.lb. .45
Hydrochloric, 20°, tanks,

wks................................1 0 0 lbs. 1.05
Hydrofluoric, 30% , bbls., wks. .lb . .06

60%, bbls., wks..................... .lb . .13
Hydrofluosilicic, 35% , bbls.,

wks........................................ .lb . . 1 1
Hypophosphorus, 30% , U.

S. P., 5-gal. demis............ lb. .36
Lactic, 22%, dark, bbls........... .05M

6 6 %, light, bbls., wks.......... .lb . .26
Metanilic, bbls........................... .60
Mixed, tanks, w ks.............. N  un it .06

S un it . 0 1
Molybdic, 85%, kegs............... 1.25
Naphthionic, tech., bb ls......... .lb . .55
Neville & W inther’s, bbls....... ,1b. .95
Nitric, C. P., cbys.................... .lb . . 1 2
Nitric, 38°, c/1, cbys., wks.

...................................... 1 0 0 lbs. 5 .50
Oxalic, bbls., w ks...................... .lb. .11)4
Phosphate, b u lk ......................... ton 9 .50
Phosphoric, 50%, cbys ............ .lb . .07
Picramic, bbls.......... .lb. .50
Picric, bbls. c / l ......................... .lb . .30
Pyrogallic, tech., b b ls .............. .lb. .85
Salicylic, tech., bbls.................. .lb. .37

Stearic, d. p., bbls. c/ 1  lb. .11
Sulfaniiic, 250-lb. bbls lb. .15
Sulfuric, 6 6 °, c / 1, cbys., wks.

 100 lbs. 1.35
6 6 °, tanks, wks ton 15.00
60°, tanks, wks ton 10.50
Oleum, 20%, tanks, w k s.. .to n  18.00

40%, tanks, wks ton 42.00
Sulfurous, U. S. P., 8 %, cbys..lb . .05
Tannic, tech., bbls lb. .30
Tartaric, U. S. P ., cryst.,

bbls lb. .33
Tobias, bbls   lb. .85
Tungstic, kegs lb. 1 . 0 0
Valeric, C. P., 10-lb. bo t lb. 2 .50

Alcohol, U. S. P., 190 proof,
bbls gal. 3.70

Amyl, 10%, Imp. d ru m s ... .  .gal. 1.40
Butyl, drums, c/1, w ks................. lb. . 19)4
Cologne Spirit, bbls gal. 3 .90
Denatured, No. 5, Comp, de-

nat. c/1, d rs  gal. .42
No. 1, Comp, denat., d rs . .gal. .44)4

Isobutyl, ref., d rum s......................lb. . . .
Isopropyl, ref., drum s gal. 1.00
Propyl, ref., drum s. lb. 1.00
Wood, set M ethanol

Alpha-naphthol, bbls lb. .65
Alpha-naphthylamine, bbls lb. .35
Alum, ammonia, lum p, bbls.,

wks......................................100 lbs. 3.15
Chrome, casks, wks............100 lbs. 5 .25
Potash, lump, bbls., wks.. 100 lbs. 3 .50
Soda, bbls., wks.............. . .1 0 0  lbs. 3 .25

Aluminum, metal, N . Y.................... lb. .26
Aluminum chloride, anhyd.,

drum s.............................................lb. .35
Aluminum stearate, 100-lb. bb l...lb . .23
Aluminum sulfate, comm’l

bags, wks..........................1 0 0  lbs. 1.40
Iron-free, bags, wks............100 lbs. 1.75

Amidopyrine, boxes lb. 4 .60
Aminoazobenzene, 110-lb. k g s .. .lb .  1.15
Am m onia,anhydrous,cyl., wks. .lb . .11
Ammonia water, 26°, drum s,

wks................................................. lb. . 0 2 ?l
Ammonium acetate, kegs................. lb. .34

Bifluoride, bbls . . . l b .  .21
Bromide, 50-lb. boxes....................lb. .53
Carbonate, tech., casks................. lb. .08)4
Chloride, gray, bbls....................... lb. .05)4

Lump, casks.................................lb. .12
White, bbls...................................lb. .0 5 #

Iodide, 25-lb. ja rs ......................... lb. 5 .20
Lactate, bbls   . . . l b .  .15
N itrate, tech., cryst., bbls............lb. .21

Oxalate, kegs............................... .35
Persulfate, cases........................ .27M
Phosphate, dibasic, tech.

bbls....................................... .18
Sulfate, bulk, wks..............100 lbs. 2 .40
Thiocyanate, tech., kegs......... .40

Amyl acetate, tech., drum s........ .lb . 2 . 0 0
Aniline oil, drum s.......................... .lb. .15
Anthracene, 80-85% , casks, wks..lb. .60
Anthraquinone, subl., b b ls ......... .90
Antim ony, m etal............................ .lb . .14
Antim ony chloride, anhyd.,

d rum s....................................... .17
Oxide, bbls.................................. .lb. .16 X
Salt, Dom., bbls........................ .lb . .18
Sulfide, crimson, bbls............... .lb . .25

Golden, bb ls ........................... .15
Vermilion, bbls...................... .37)4

T artro lacta te , bbls................... .45
Argols, red powder, bb ls ............. .08
Arsenic, m etal, kegs..................... .45

Red, kegs, cases......................... • 10)4
W hite, c /l .  k e g s ....................... •03)4

Asbestine, bulk, c / l ....................... ton 16.00
Barium  carbonate, bbls., bags,

w ks............................................ ton 47.50
Chloride, bags, w ks.................. ton 5 8 . 0 0
Dioxide, bbls., w ks................... .13
Hydroxide, bb ls ......................... .lb. .0 4 H
N itra te , casks............................. .lb. .08

Barium  sulfocyanide, 400-lb.
bb ls ........................................... .27

B arytes, floated, 350-lb. bbls.,
w ks............................................. ton 23.00

Benzaldehyde, tech., d ru m s .. . . .65
F. F . C., cbys............................. 1.40
U. S. P ., cbys............................. .lb . 1.15

Benzene, pure, tAnks, mills.........gal. . 2 2
Benzidine base, bbls...................... .lb. .70
Benzoyl chloride, carboys........... 1 . 0 0

Benzyl aceta te , cbys ..................... 1.30
Alcohol, 5-liter b o t................... 1.40
Chloride, tech., drum s............. .lb . .25

Beta-naphthol, bbls...................... .lb . .24
B eta-naphthylam ine, bbls.......... .lb . .63
Bism uth, m etal, cases.................. .lb. 2 .25
B ism uth n itrate , 25-lb. j a r s . . . . 1.85

Oxychloride, boxes.................... .lb . 3 .10
Subnitra te, U. S. P., 25-lb.

ja rs ............................................ 2 . 2 0

Blanc fixe, dry , bb ls ...................... ton 80.00
Bleaching powder, drum s, wks.

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

Bone ash, kegs...................................lb. .06
Bone black, bbls................................ lb. .08*4
Borax, powd., bbls............................ lb. .04)4
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B o rd ea u x  m ix tu re , b b ls ....................lb.
B ritish  g u m , co m ., c / i ............100 lbs.
B ro m in e , b o t . ....................................... lb.
B rom obenzene , d ru m s ...................... lb .
B ro m o fo rm , 5-lb . b o t . ...................... lb .
B u ty l a c e ta te , 100-gal. d r u m s . . .  gal. 
C ad m iu m  b ro m id e , 50-lb. j a r s . . . .  lb .
C ad m iu m , m e ta l, boxes................... lb .
C ad m iu m  sulfide, cs...........................lb .
C affeine, U . S . P . ,  5 -lb . ca n s ......... lb .
C alc ium  a c e ta te , b a g s ............100 lbs.

A rse n a te , b b ls .................................. lb .
C a rb id e , d r u m s . .   .......................lb.
C h lo ride , d ru m s , w k s . . .  .100  lbs.
L a c ta te , te c h ., b b ls . ......................lb .
N itr a te ,  b b ls ................................... to n
P h o sp h a te , m o n o b as., b b l s . . . .  lb .

T r ib a s .,  b b ls ................................ lb.
C alc ium  ca rb o n a te ,te ch .,b g s . 100 lbs. 

U . S . P .,  p rec ip ., 175-lb. b b l . . . .  lb .
C am p h o r, A m er., b b ls ...................... lb .

J a p . ,  c a se s ......................................... lb*
C ru d e , cases ...................................... lb-

C am p h o r, m on o b ro m , cs................. lb .
C aram el, b b ls ..................................... 8R1*
C arbazo le , b b ls .................................... lb-
C a rb o n  b isu lfide, d r u m s .................. lb.
C a rb o n  b lack , c a se s ...........................lb .
C a rb o n  d iox ide, liq ., c y l ..................lb .
C a rb o n  te trach lo r id e , d ru m s  lb .
C asein , s ta n d , g r., b b ls .................... lb.
C ellu lose a c e ta te , kegs ......................lb.
C erium  o x a la te , k e g s ........................ lb .
C h a lk , p p td .,  ca sk s .
C h a rc o a l, w illow, pow d ., b b ls ----- lb.
C h in a  c lay , im p ., b g s ............. 100 lbs.
C h lo ra l h y d ra te , d ru m s ....................lb.
C h lo ra m in e  T .,  5 -lb . b o t . ................lb .
C h lo rcosane , 5-lb . b o t ...................... lb.
C h lo rine , liq ., c /1 ., c y l ......................lb .
C h lo robenzene , m ono-, d r u m s . . .lb .
C h lo ro fo rm , te ch .. d ru m s ............... lb.
C h lo ro h y d rin , a u h y d ., d ru m s ------lb.
C h rom ium  a c e ta te , 20° so l., b b ls .lb .
C in chon id ine  su lfa te , 100 oz.........oz.
C oal ta r ,  ta n k s , bb ls ., w k s ...........gal.
C o b a lt, m e ta l, k e g s ............................lb .
C o b a lt  ox ide , b b ls ...............................lb .
C od -liv e r o il, b b ls ............................bb l.
C o llod ion , d r u m s ................................ lb .
C o p p era s, c /1 ., b u lk .......................A o n
C o p p er , m e ta l, e le c .................. 100 lb .
C o p p e r c a rb o n a te , b b ls .................... lb .

C h lo ride , b b ls .................................. lb .
C y an id e , d ru m s ............................... lb.
O xide, re d , b b ls ............................... lb .
S u lfa te , c/1 ., b b ls .................. 100 lb .

C o tto n , so lu b le , b b ls ......................... lb .
C rea m  ta r t a r ,  b b ls ..............................lb .
C y a n a m id e , b u lk , N . Y .

 A m m on, u n it
D iam in o p h en o l, k e g s .............. * • * *lb.
D ian isid in e , kegs................................. lb.
D ich lo robenzene , d ru m s ..................lb .
D ie th y lan ilin e , d ru m s .......................lb .
D ie th y lp h th a la te , d ru m s ................ lb .
D ie th y lsu lfa te , te c h ., d ru m s ......... lb.
D im e th y lan ilin e , d ru m s .................. lb.
D im e th y lsu lfa te , d ru m s ................... lb.
D in itro b en zen e , d ru m s .................... lb .
D in itro ch lo ro b en zen e , bb ls .............lb.
D in itro n a p h th a le n e , b b ls ................ lb.
D in itro p h en o l, b b ls ............................lb .
D ip h en y lam in e , b b ls ......................... lb.
D ip h en y lg u an id in e , b b ls ................. lb .
E p so m  s a lt ,  te c h ., b b ls ., c/1 .,

N . Y ................................. 100 lbs.
E th e r , n itro u s , b o t . ............................lb .
E th e r , U . S. P ., d ru m s ..................... lb.
E th y l a c e ta te , 9 9 % , d ru m s ..........gal.

B rom ide , d ru m s ..............................lb .
C h lo rid e , d ru m s .............................. lb .
M e th y l k e to n e , d ru m s ................. lb .

E th y l ben zy l an ilin e , 300-lb . d r s . . lb.
E th y le n e  b ro m id e , d ru m s ............... lb.

C h lo ro h y d r in ,a n h y d .,d ru m s , .lb .
G lycol, c/1 ., w k s ............................lb.

F e ld sp a r , b u lk .....................................ton
F e rr ic  ch lo rid e , te ch ., b b ls ............. lb .
F e rro u s  ch lo rid e , c ry s t . ,  b b ls .......... lb.
F e rro u s  su lfide , b b ls ................100 lbs.
F lu o rsp a r , 9 5 % , b a g s ......................ton
F o rm a ld eh y d e , b b ls ...........................lb .
F o rm an ilin e , d ru m s ........................... lb .
F u lle r ’s e a r th , b ag s , c /1 ., m in e s . . ton
F u r fu ra l,  500-lb. d rs ., c / 1 .............lb .
G la u b e r’s s a lt , b b ls .................. 100 lbs.

.11
4 . 3 7

. 4 7

. 5 0
1 . 6 5
1 . 4 5
1.20

. 7 0
1.20
3 . 0 5
3 . 5 0  

. 0 7 #  

. 0 5 #
21.00

. 3 5
5 2 . 0 0  

. 0 7  

.11
1.00

. 0 6 #

. 7 2

.66

. 6 4
1 . 8 5

.63

. 1 5

. 0 5 #

.12

. 0 6

. 0 7

. 1 8
1 . 4 0

. 3 2

. 0 4 #

. 0 6
1 5 . 0 0  

. 6 0
1 . 7 5

. 5 5

. 0 5 #

. 0 7

.20

. 7 5

. 0 5 #

. 3 5

. 0 7
2 . 5 0  
2.00

4 5 . 0 0  
. 2 3

1 3 . 0 0  
1 2 . 9 0

. 1 6  #  

. 2 8  

. 4 8  

.16# 
4 . 9 5  

. 4 0  

. 2 4  #

1 . 8 0
3 . 8 0
3 . 2 5

. 0 6

. 5 5

. 2 5

.20

. 3 0

. 4 5

. 1 5 #

. 1 5

. 3 2

. 3 1

. 4 5

. 6 8

1. 10
. 9 0
. 1 4

1.10
. 5 0
. 2 2
. 3 0

1 . 0 5  
. 7 0  
. 7 5  
. 3 0

20.00 
. 0 7 #  
. 0 5

2 . 5 0
2 5 . 0 0  

. 11#  

. 3 8
1 5 . 0 0  

. 1 7 #
1 . 0 5

Glucose, 70°, bags, d ry .......... 100 lbs. 3 .14
Glycerol, C. P ., drum s . . . l b .  .27
G sa lt, bbls lb. .50
H exam ethylenetetram ine, U. S. P.,

d rum s....................................... lb. .60
H ydrogen peroxide, 25 vol.,

bb ls ........................................... lb. .0 6 #
Hydroquinone, kegs lb. 1 .25
Indigo, 20% , paste, bb ls  Ib. .14
Iodine, crude, 200-lb. kgs lb. 4 .20
Iodine, resub!., ja r s  lb. 4 .65
Iodoform , b o t lb. 6 .00
Iridium , m e ta l.................................. oz. 110.00
Kieselguhr, bags ton 60.00
Lead, m eta l 1001b. 6 .65
Lead aceta te , bbls., w hite  lb. .15

Arsenate, bb ls ................................ lb. .14
Oxide, litharge, bbls..................... lb. .0 9 #
Red, bb ls  lb. .10
Peroxide, d ru m s lb. .25
W hite, basic carb., bbls...............lb. . 1 0 #
Sulfate, bbls . . . . l b .  .10

Lime, hydrated , bbls.............. 100 lbs. .85
Lime, live, chemical bbls., wks.

.........................................100 lbs. 1.05
Limestone, ground, bags, w ks.. . ton 4 .50
Lithium  carbonate, 100-lb. kgs.. . lb. 1.45
Lithopone, bbls.................................. lb. .0 6 #
M agnesite, c rude  ton 36.00

Calcined, 500-lb. bbls., wks.. .ton  48.00
M agnesium, m etal sticks, w k s ...lb . .85
M agnesium carbonate, bags..........lb. . 0 6 #

Chloride, d rum s ton 37.00
Fluosilicate, cryst., bbls lb. .10
Oxide, U. S. P ., light, b b l s . . . . lb .  .42

M anganese chloride, casks lb. .08
Dioxide, 80% , bb ls  ton  80.00
Sulfate, casks................................. lb. .07

M ercury bichloride, cryst., 25 lbs.lb. 1.58
M ercury, flasks, 75 lbs flask 124.00
M eta-nitroaniline, bbls................... lb. .72
M eta-phenylenediam ine, b b ls .. .. lb . .90
M eta-toluylenediam ine, b b ls . . . .  lb. .72
M ethanol, 97% , ta n k s ...................gal. .82
M ethyl acetone, d rum s.................gal. . 8 8

Salicylate, cases............................ lb. .47
M ethyl chloride, cy linders.............lb. .55
M ichler’s ketone, bb ls  lb. 3 .00
M onoethylaniline, d ru m s lb. 1.05
N aph tha, solvent, ta n k s . . . . . . .gal. .35
N aphthalene, flake, bb ls .................lb. . 0 4 #
Nickel, m eta l......................................lb. .35
Nickel salt, single, bb ls ................... lb. .08

Double, b b ls    lb. .0 8 #
N iter cake, b u lk  ton 4 .50
Nitrobenzene, d ru m s....................... lb. .0 8 #
Oil, castor, No. 1...............................lb. .14

China wood, bb ls ..........................lb. .25
Coconut, Ceylon, tanks.............. lb. . 0 8 #
Cod, N . F ., ta n k s .......................gal. .59
Corn, crude, tanks, mills........... lb. . 0 7 #
C ottonseed, crude, tan k s........... lb. . 0 7 #
Lard , edible, bb ls ..........................lb. . 1 5 #
Linseed, b b ls .................................. lb. .112
M enhaden, crude, ta n k s ...........gal. . 4 7  #
N eat’s-foot, pure, bbls................ lb. . 1 2 #
Oleo, No. 1, bbls........................... lb. , l l j j
Olive oil, denat., bbls gal. 1 . 6 8

Foots, bb ls..................................lb. . 0 9 #
Palm , Lagos, casks.......................lb. . 0 8 #
Peanut, crude, ta n k s ................... lb. .10
Perilla, bb ls .................................... lb. . 1 6 #
Rapeseed, bbls., English.......... gal. . 9 0
Red, bb ls ......................................... lb. . 0 9
Soy bean, crude, b b ls .................. lb. .1 2 #
Sperm , 38°, bb ls......................... gal. . 8 5
W hale, bbls., na tu ra l w inter..gal. . 7 5

Ortho-am inophenol, kegs lb. 2 .20
Ortho-anisidine, d ru m s lb. 2 .35
Ortho-dichlorobenzene, d ru m s. . .  lb. .06
O rtho-nitrochlorobenzene, drum s

 lb. .32
Ortho-nitrophenol, bb ls .................. lb. .85
O rtho-nitrotoluene, d ru m s .............lb. .13
O rtho-toluidine, b b li ........................lb. .27
Palladium , m e ta l oz. 80 .00
Para-am inophenol, kegs lb. 1.15
Paraldehyde, tech., d ru m s............. lb. .27
Para-form aldehyde, cases...............lb. . 5 5 #
Para-nitroaniline, d ru m s................ lb. .52
Para-nitrochlorobenzene, drum s

 lb. .32
Para-nitrophenol, bbls..................... lb. .50
Para-nitrosodim ethylaniline,

bb ls ........................................... lb. .92
Para-nitrotoluene, b b ls ....................lb. .30
Para-phenylenediam ine, bb ls . . . .  lb. 1.20
Para-toluidine, b b ls .......................... lb. .38

Paris Green, 500-Ib. kgs...................lb. 19

Phenol, d ru m s.....................................lb. .16
Phenolphthalein, d rum s.................. lb. 1.30
P henylethyl alcohol, 1-lb. b o t . . . .  lb. 7.00
Phosphorus, red, cases......................Ib. .60
Phosphorus trichloride, cyl.............lb. . 4 5
Phthalic  anhydride, bb ls ................. lb. .18
Platinum , m e ta l.................................oz. 95.00
Potash , caustic, drum s..................... lb. .07%
Potassium  aceta te , kegs...................lb. .29

B icarbonate, casks........................ lb. .09
B ichrom ate, casks........................ lb. .08%
Binoxalate, bb ls............................. lb. .16
B rom ate, c s ..................................... lb. . 3 5
C arbonate, 80-85% , calc.,

casks......................................... lb. .05%
C hlorate, kegs................................ lb. .08%
C hloride...........................................ton 34.55
Cyanide, cases................................ lb. . 5 5
M eta-bisulfite, b b ls ...................... Ib. . 1 1
Perm anganate, d ru m s..................lb. . 1 4 %
Prussiate, red, casks..................... lb. . 3 9

Yellow, casks.............................. Ib. .18%
T itanium  oxalate, bbls................ lb. ^25

Pyridine, d ru m s............................... gal. I . 2 5
Quinine bisulfate, 100 oz................ oz. . 4 0

Sulfate, 100-oz. cans .................... oz. . 4 0

Resorcinol, tech., kegs..................... lb. 1 , 3 0
Rochelle salt, bbls., U. S....P .......... ib. . 21
R salt, bbls.......................................... ib. . 4 5
Saccharin, cans ...................................lb. 1 . 7 5
Salt cake, b u lk .................................. ton 19.00
Saltpeter, gran., bb ls  lb. .06
Silica, ref., bags.................................ton 18.00
Silver n itra te , 16-oz. bot................. oz. .40%
Soda ash, 58% , light, bags, con

trac t, w ks..........................1 0 0  lbs. 1.38
Soda, caustic, 76% , solid, drum s,

con tract, w ks...................1 0 0  lbs. 3 . 1 0
Sodium  acetate , bb ls........................ lb. .04%

Benzoate, bb ls ................................lb. .50
B icarbonate, bb ls............... 100 lbs. 2.00
B ichrom ate, casks......................... Ib. .06%
Bisulfite, bbls..................................lb. .08%
Bromide, bb ls  .lb . .48
C arbonate, sal soda, bbls., 100 lbs. 1,30
C hlorate, kegs................................ lb. .06%
Chloride, bags............................... ton 12.00
Cyanide, cases................................lb. .20
Fluoride, bb ls................................. Ib. .08%
Hyposulfite, reg., crys., bbls.. .lb . .02%
M etallic, drum s, 1 2 # -lb . bricks lb. .27
N aphthionate, bbls lb. .55
N itra te , crude, bags, N . Y.

 1 0 0  lbs. 2.60
N itrite, bbls lb. .08%
Perborate, bb ls  lb. .21
Peroxide, cases lb. .27
Phosphate, triso d  Ib. .04
P icram ate, kegs lb. .69
Prussiate, bbls lb. .12
Silicate, d rum s,tanks, 40°, 100 lbs. .75
Silicofluoride, b b ls ........................ Ib. .04%
S tannate , d ru m s............................lb. .48%
Sulfate, anhyd ., bbls ....................lb. .02%
Sulfide, c ryst., bbls....................... lb. .02%

Solid, 6 0 % .................................. lb. .03%
Sulfocyanide, bbls......................... lb. .40
T ungsta te , kegs............................. lb. .85

Strontium  carbonate, bb ls ............. lb. .08
N itra te , b b ls ................................... lb. .08

S trychnine alkaloid, 100 oz.,
powd.............................................oz. .56

Sulfate, pow der............................. oz. .38
Sulfur, bulk, mines, wks................ ton 19.00
Sulfur chloride, red, drum s............ lb. .05%

Yellow, d ru m s................................Ib. .03%
Sulfur dioxide, commercial, c y l. .  lb. .08%
Sulfuryl chloride, d ru m s................. lb. .65
T hiocarbanilid , b b ls ..........................lb. .22
T in , Amer., s ta n d ............................. lb. .69
T in  bichloride, 50%  sol., b b ls . . . . lb .  .19%

Oxide, b b ls ...................................... lb. .72
T itanium  oxide, bbls., w ks............ lb. .40
Toluene, ta n k s ................................. gal. .35
Tribrom ophenol, cases.....................lb. 1.10
Triphenylguanidine, drum s............lb. .69
T riphenyl phosphate, b b ls ............. lb. .75
T u n g sten  W O iun it 10.50
Urea, pure, cases............................... lb. .18
W hiting, bags ....................................ton 18.00
X ylene, 5°, drum s, m ills.............. gal. .50
X ylidine, d ru m s.................................lb. .37
Zinc, m etal, N . Y...................... 1001b.
Zinc am m onium  chloride, b b ls . . .lb . .06%

Chloride, granulated , d ru m s.. .lb. .06%
Oxide, Amer., b b ls ....................... lb. .07%
S teara te , b b ls .................................lb. *19

Zinc d u s t, bbls., kegs, c /1 ...............Ib. .09


