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T he First Generation
" ÏS 7IT H  the present year the first generation of the twen- 

’ * tieth century will have passed into history, and it has 
therefore seemed to us worth while to offer the results of a 
little stock-taking in this issue of I n d u s t r ia l  a n d  E n g i
n e e r i n g  C h e m is t r y . This we have endeavored to do 
through a group of special articles in which will be found 
discussed the best practice now prevailing in the design and 
construction of certain chemical equipment. The story 
is by no means complete, and in subsequent issues we plan 
to present additional discussions along the same line. Here 
and there will be found reference to difficulties still to be 
overcome by the equipment manufacturer to meet the speci
fications of the chemical and allied industries. Also trends 
are indicated which may suggest to those in research and 
development work fruitful lines for their investigation.

It is rather fascinating to think over and note what has 
been accomplished in chemistry and the chemical industry 
since so recent a date as 1900. Commercial achievements 
based upon research conducted within that time comprise 
a list startling in its magnitude and significance, and en
couraging as indicating how the possibilities unfold as 
our stock of truth accumulates. The influence upon our 
habits of thinking is undisputed and the next generation 
will see many things accomplished which even the present 
has hesitated to undertake, deterred by the apparent im
possibility of success.

R esponsibility for Hazards
'T 'H E  effort to have the duty on sodium chlorate removed 

on the ground that it is useful and effective in destroying 
harmful weeds on the farms has brought to our attention a 
situation which borders on the appalling, when one considers 
the hazards involved in the use of this material and the re
sponsibility of those who have urged it upon men not tech
nically trained. It is not surprising that tariff revision for 
agricultural benefit should be made the occasion to seek the 
removal of duty on this material, but it seems to us that 
these are unrelated matters. Sodium chlorate, among 
other materials for weed eradication, has been used with 
considerable success on railroad rights of way, but here 
methods of applying the material can be standardized and 
carried out under the supervision of those who know the 
hazards with which they are dealing and can take suitable 
precautions. But think of the potential menace to life and 
property when an open keg or drum of chlorate is stored in 
the old barn, where it may readily come in contact with 
organic dusts. Think of the hazards that remain after its 
use, even though the exceptional farmer may have taken 
the trouble to read the warning label on the container.

There is no difficulty in storing sodium chlorate safely 
under standardized conditions, and warehouses have no 
trouble about insurance, for they know what precautions

should be taken. But it seems to us that all of this changes 
when the package is opened on the farm.

We are informed that many thousands of dollars of damage 
have already resulted from the use of this chemical in the 
fields. In one instance, a few days after the application of 
sodium chlorate a man was walking through the area that 
had been sprayed. The sun was hot, the plot was dry, 
and suddenly the man found himself on a bed of fire. Luckily 
he lost no more than the cuffs of his trousers. The same day 
the vehicle that had been used to carry the solution and 
spraying equipment was being driven along a road. The 
men on the wagon were startled to find the rear end on fire, 
probably caused by the intense heat of the sun or the jar 
and friction on the wagon boards where the sodium chlorate 
had dried in the wood. There have been other cases where 
the chemical dried on the clothing of those applying it and 
later burst into flame, causing serious burns. Buildings 
have been destroyed by fire apparently resulting where the 
solution dried or -where dusts accumulated with the chlorate.

Sodium chlorate, may we reiterate, packed according to 
standard practice in metal containers, is safe as long as it 
remains in those containers, and of itself is not dangerous, 
inflammable, or explosive. It acquires these undesirable 
characteristics so far as the farm is concerned when mixed 
with organic or other combustible matter, and every pre
caution has to be taken, therefore, to prevent such admix
ture.

In view of these well-known facts, it  seems to us exceedingly 
strange that some agronomists, county agents, and experi
ment station men should have shared in the responsibility 
of advocating the use of so hazardous a material in the hands 
of inexperienced operators. Labels may give legal protection, 
but there is an abundance of proof that “caution,” “warning,” 
“poison,” and other sorts of labels are seldom carefully 
read, and sometimes the truth of their statements is not 
appreciated. Methanol affords another example.

An incidental objection to sodium chlorate on the farm 
arises from the probable decomposition of that salt into its 
equivalent of harmful sodium chloride. A quantity of 
chlorate sufficient to kill prevailing weeds thus would ruin 
some soils in the dry farming region. This menace is, of 
course, insignificant as compared with the more serious one— 
danger to both life and property in the storage of chlorate 
in open containers, where dust and other combustible matter 
may easily come in contact with it.

By all means let us do our utmost to overcome weeds. 
We can begin with clean seeds and an educational campaign 
to convince the farmer how much he loses if weeds are allowed 
to  flourish. But let us not destroy the farm and burn down 
its buildings, thereby emulating those who would bum  
down the house to destroy the rats. Our friends who are 
advising agricultural folk can always without great difficulty 
obtain the advice and cooperation of their colleagues in 
chemistry. Such contacts will greatly further the desirable 
application of chemistry to farm work and eliminate un
necessary hazards.
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Uncle John’s Sermon
IN  TH E impressive series of monographs sponsored 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 ,  the fiftieth of which 
is now being announced, one would not expect to find a ser
mon to chemists. But our Treasurer, John E. Teeple, in 
his discussion of the industrial development of Searles Lake 
brines, fortunately includes a number of interesting things, 
among which we find a sermon for the younger men.

The text has been found in some of the special features of 
the difficult problem presented in the utilization of Searles 
Lake. Even those who are not particularly interested in 
the separation of so complex a mixture of salts as this dry 
pocket presents would do well to read that part of the mono
graph which gives the history of the development and the 
difficulties overcome.

Doctor Teeple clearly sets out his basis for distinguishing 
between the chemist, the chemical engineer, the physical' 
chemist, and the physicist, classifying them according to 
“the amount of material they need to have in hand in order 
to be at their very best level of thought.” He says the 
chemist does best when working in grams, the chemical 
engineer demands tons, the physical chemist “is one who 
works best and thinks best with molecules rather than grams 
or tons, probably not to exceed ten or a dozen molecules 
at one time, and the modern physicist is at his very best 
inside the spacious confines of a single atom.”

Now for the sermon, penned out of Doctor Teeple’s ex
tensive and varied experience:

M y lecture to young men who are about to assume a position 
giving them some authority over other technical men runs about 
as follows:

(1) Don’t strut; the fact that you now have a certain title 
or position is extremely unimportant to everyone but yourself. 
It doesn’t prove anything. Maybe in selecting you some one 
made a mistake which will be rectified later. The essential 
thing is, what can you do, what can you contribute, how much 
better are you than a vacancy in the office? Crazy Ludwig 
was king of Bavaria, and Caligula’s horse was consul of Rome. 
These were important events to Ludwig and maybe to the 
horse, but they can hardly be counted as factors in successful 
progress.

(2) Never hesitate to make a decision. Never pass it up 
to your superiors unless it involves factors quite outside your 
province and beyond your control which might adversely affect 
other departments. Likewise insist on your subordinates making 
their own decisions whenever humanly possible. It may make 
you feel tremendously important to hold conferences and issue 
edicts, but it isn’t  good for the men, nor in the long run is it 
good for the business. Help them whenever you can, advise 
with them on matters where your judgment or experience may 
be better than theirs, see that they have the vision of what you 
are aiming at, but be very chary about issuing orders, and never 
place responsibility on a man without at the same time giving 
him adequate authority. Have a genuine respect for other men 
who are really doing anything, whether your subordinates, asso
ciates or superiors. Every one of them is probably a better and 
abler man than you are in some particular kind of work. See 
to  it that there is some work that you do better than any of them  
in order to maintain their respect, too. The man who has not 
a  real appreciation for the work of other men should be allowed 
to depart from an organization quietly and quickly.

(3) Don’t overwork the push button, and don’t be a fusser. 
When men are on the carpet in your office they are not doing 
the work for which they are paid, and weeks afterwards they 
may be resenting unfair things you said, instead of doing con
structive work.

(4) Play fair; no alibis. If something goes wrong don’t 
hesitate to take the blame. We can forgive honest mistakes 
when a man tries to do something. What we can’t forgive is the 
mistake of the man who is afraid to do anything. If the thing 
happens to go just right then remember that you probably didn’t 
accomplish it all alone and entirely unaided. Maybe there 
were others present. A position of responsibility means an 
opportunity for leadership. If you haven’t the quality of leader
ship, all the authority in the world will not confer it on you; it 
must be developed inside yourself.

The foregoing is really a part of the Searles Lake develop
ment story and, as Doctor Teeple says, it may be particularly 
useful to young men “at this time when business is so perme
ated with glorified office boys who call themselves executives.”

We are always glad to stress fundamentals in these columns, 
and we believe those which Doctor Teeple has laid down 
are very important, not only to the younger men, but to 
some of those whose graduation is years behind them but 
who have never learned these cardinal points.

Research the Trust Buster
A FEW  years ago, when reputations were made through 

the gentle art of compelling combinations to dissolve 
and reorganize their business affairs, the activity gained 
the name of “trust busting.” In those days it had to be 
done through the courts, but today there are other' methods, 
and consequently the consumer’s attitude toward mergers 
and combinations has changed.

In discussing the control of oil production, the Chicago 
Tribune- recently said editorially:

Combinations in restraint of trade no longer hold the menace 
in the consumer’s mind which they once had. For one thing 
the technological advances of the last twenty years have left 
only the fewest commodities for which there are no adequate 
substitutes available at only slightly higher prices. If a com
bination controlling a commodity attempts to bleed the public 
which must buy it by raising prices beyond reasonable levels, 
the probability is that a substitute commodity will seize the 
markets. If such a commodity is not already known, its dis
covery can be predicted with something amounting to certainty.

There is much in experience to substantiate this point of 
view. Research has become one of the greatest factors 
opposed to stabilization, and those who employ it to the full 
are the only ones who look to the future with confidence, 
realizing that, while tomorrow they may not be manu
facturing what they do today, they will nevertheless be 
prominent among those present in the particular field with 
which they are identified.

The great corporations, if they would, could not monopolize 
scientific thought, and the constant increase in appreciation 
of the work of the scientist tends to strengthen the con
sumer’s faith in the laboratory as a means for saving him 
from the pressure of any over-greedy merger, trust, or 
cartel.

T he Value of Publication
n P H E  satisfactory increase in the circulation of I n d u s t r ia l  

a n d  E n g i n e e r i n g  C h e m is t r y  might be taken to indicate 
a growing appreciation of the publication of technical articles, 
particularly in the chemical field, and such is undoubtedly 
the case. But there is another sort of value in publication 
which we are reminded to stress after reading the addresses 
of F. B. Jewett, president of the Bell Telephone Laboratories, 
and of Willis R. Whitney, director of the Research Labora
tories of the General Electric Company.

If the younger men of the type so necessary in industrial 
progress are to produce the utmost for their employers, 
they must be given satisfactory surroundings in which to 
work, ideal conditions of association with their fellows, 
suitable tools, and, to quote Doctor Jewett, “we must see 
to it that a just recognition of their achievement is accorded 
them.” This does not mean simply an adequate monetary 
return, which, though necessary, sometimes ranks second 
in importance to the individual, who wishes his fellows 
to know what he has been enabled to accomplish. Now  
to quote Doctor Whitney: “Publication in some form to
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bring recognition by one’s peers is the nearest equivalent 
to the artistic painting, the beautiful poem, the enduring 
sculpture, and the splendid architecture of other creators. 
The most altruistic and far-seeing leaders realize the im
portance of this encouragement and even those who have 
never analyzed it instinctively feel its value.”

And yet in how many laboratories is this fact disregarded? 
Some of the nicest work in the country has progressed and is 
progressing under conditions which, so far as their colleagues 
know, leave those engaged just where they were when they 
accepted their employment. Many firms have not yet 
learned that the real difference between competitors is a 
difference in their ability to apply to their own production 
problems the data secured through research. In every 
piece of research there is something which can be published 
to advantage without disclosing those details which are 
properly regarded as the confidential information of the con
cern. And such publication is of value, not only to our . 
profession, but to the individual worker and therefore 
directly to his employer. Were we to choose a slogan for 
I n d u s t r ia l  a n d  E n g in e e r i n g  C h e m is t r y , we would be 
strongly inclined toward “Share your knowledge.”

Common Sense in Conservation
TN THESE days of conservation the tendency to argue 
^ from the specific to the general is illustrated by the popular 
notion that, no matter what we do with our natural re
sources, science—and particularly chemistry—will come 
to the rescue in ample time. We have frequently pointed 
out that chemistry is not a substitute for common sense, 
and that, while the record is a magnificent one, whatever 
may be done through research is no excuse for the improper 
management of such resources as we now have.

The burden already placed upon chemistry to turn waste 
organic material into humus for denuded soil indicates one 
field in which failure to use good judgment has allowed a 
mildly acute and easily corrected condition to become one 
that is both chronic and serious. We refer to what is taking 
place in some parts of the West in permitting some grazing 
lands to be turned into desert wastes. In that part of our 
country containing the higher water sheds there are vast 
areas unsuited for agriculture but satisfactory for timber, 
for grazing, or for both. If the grazing is moderate, there 
is direct benefit, for the grass receives a needed trimming and 
the fire hazard is diminished. If adequate rainfall follows 
soon after the grazing, Nature will restore itself even though 
the grazing may have been excessive. If, on the other hand, 
the grazing has been even slightly excessive and is followed 
by one of those frequent periods of drought, the very roots 
of some of the grass lose their vitality. If further grazing 
follows together wdth the trampling of sharp hoofs, the de
struction is complete. With the vegetation gone the soil 
begins to move and, as semi-arid regions have torrential 
rains, the soil movement becomes pronounced. The high 
elevations are robbed of valuable soil and the lower levels 
which receive the silt become water-logged. This question 
of stream-borne silt is of grave importance in irrigated areas 
and consequently to the country as a whole, since nearly one- 
third of our agricultural lands depend to some extent upon 
water transported from far-away mountains to the more 
easily accessible lowlands.

This may be illustrated by a hypothetical case of a stream 
having a gradient of five feet per mile throughout a hundred- 
mile length. With such a fall the stream will keep its channel 
scoured, but if heavy accessions of silt are received the stream 
begins to meander. This may easily lengthen the stream 
to two hundred miles with a gradient of two and one-half

feet per mile. The stream can keep 110 channel. It fills 
more and more. Water tables rise. Evaporation takes 
place at the surface. The soil becomes alkaline with salts. 
And now the chemist is consulted. Already the middle 
Rio Grande Valley has undertaken a reclamation .project, 
not primarily to get water for irrigation but rather to get 
rid of seepage. The work, which will cost about ten million 
dollars when completed, will leave the land no more pro
ductive than it was before the erosion on the high lands 
started to fill the valleys. The project to correct conditions 
in this mile-high valley was started with the slogan, “United 
we drain, divided we drown.”

The lack of vegetation to help regulate drainage from the 
highlands results in excessive cutting of stream beds, so that 
streams once suitable for irrigation are now so deep in their 
banks as to make the water unavailable except by pumping.

It will be seen, then, that the simple matter of unregulated 
grazing on private lands and on the vast public domain—  
for grazing is regulated in the national forests—contributes 
to a destruction of natural resources in many directions. 
Valuable soil is lost to the highlands and water sheds, to 
which it cannot be restored, silt is carried into the valleys 
where it presents a variety of difficulties, and the utility of 
some stream beds is maintained only at greatly added ex
pense, if at all. We have here a national problem calling 
for the application of good judgment while the situation, 
though acute, may still be remedied. After ultimate de
struction has taken place it is too late for even the chemist 
to be of service.

A  N ew  Coagulant
Q T R IC T L Y  speaking, ferric chloride in solution is not a 
^  new coagulant, but for many industrial purposes its 
price has prohibited its use. It frequently happens that the 
adoption of a material for a particular large-scale use leads 
to its manufacture in such quantities as to bring the price 
within the reach of others long interested but not able to 
buy. It is in this connection that we note with interest a 
contract recently awarded the Pennsylvania Salt Manufactur
ing Company by the Sewerage Commission of the City of 
Milwaukee, calling for between 2000 and 2500 tons per year 
of ferric chloride in solution at a price of S2.08 per hundred 
pounds on the anhydrous basis, delivered at the sewage plant. 
The solution will be transported in rubber-lined tank cars 
and will replace chlorinated copperas heretofore used. The 
availability of ferric chloride in solution in quantities that 
will greatly reduce its price would seem to open up a number 
of possible applications and make it a direct competitor 
with the older coagulants. Subsequent developments should 
afford much of interest.

Bind a Spare Set
r P H E  material included in the S o c ie t y ’s  publications is 

being found so valuable by the management and research 
staffs of industry, as well as by those who consult libraries, 
that in many places the bound volumes show appreciable 
wear. The librarians and research directors wonder how 
long these journals will last and realize that their replace
ment may be difficult. The publications of the S o c ie t y  will 
grow rather than diminish in value. The price today of 
securing and binding a spare set to be put in the archives 
until needed is very small. The cost of replacement in future 
is sure to be high if, indeed, some numbers are obtainable 
at all. Foresight would seem to indicate the desirability 
of binding a spare set.
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Autom atic Plating M achinery1
Edwin M. Baker

D e p a r t m e n t  o f  C h e m ic a l  E n g i n e e r i n g , U n i v e r s it y  o f  M i c h ig a n ,  A n n  A r b o r , M i c h .

IT IS a comparatively few years since the use of automatic 
plating machinery was exceptional, and the usual 
method was for workmen to carry the articles to be 

plated from tank to tank for the various operations. Today 
both automatic and semi-automatic handling of plating opera
tions are common. This tendency towards automatic opera
tion is undoubtedly due primarily to the recent demands for 
large quantities of plated materials, which might be more 
economically produced by the use of equipment which greatly 
lowers the labor required. Contributing factors are the 
development and technical control of more rapid plating 
methods, and the requirement on the part of purchasers of 
plated goods of more uniform quality of electrodeposited 
coatings.

This requirement usually takes the form of a specification 
that the plated articles shall successfully withstand the action 
of an accelerated corrosion test for a stated number of hours. 
The most widely accepted test is the salt spray test,2 and 
the usual requirement for articles of steel, plated with nickel 
or chromium, is 15 hours, though 50 hours is specified by 
some large concerns. It has been shown by Baker,3 Thomas 
and Blum,4 and Baker and Pinner6 that the protective value 
of electrodeposits composed of such metals as copper, nickel, 
and chromium depends primarily on the thickness of the 
deposits. Without extending this paper to review the earlier 
work, it may be briefly stated that if the article is finished 
in nickel the total thickness of the electrodeposited coating 
should be not less than 0.001 inch, and that it should be made 
up of two layers, copper and nickel, or preferably three layers, 
nickel, copper, and nickel. However, if the final coat is 
chromium, the thickness of the preliminary plating with 
copper and nickel may be decreased to perhaps 0.0006 inch, 
if the thickness of chromium is from 0.00001 to 0.00002 
inch.

The relationship of labor costs, thickness of deposits, and 
sequence of operations to automatic plating methods will 
subsequently be discussed. It is desired, first, however, to 
indicate in a general way the considerable number of opera
tions involved in both preparing an article for plating, 
and in the actual plating process. This description is not 
intended as an actual specification of operations to produce 
a particular finish or given degree of protection, but rather 
as an indication of the amount of labor which must be per
formed in plating by manual methods, and of the intricacy 
of the mechanism required for automatic operation.

Preparation of Articles for Plating

A great many articles go from the manufacturing process 
to the plating department without the necessity of any imme
diate preparation such as polishing, tumbling, or sand-blast
ing to remove scale. Other articles will require such treat
ment to remove heavy scale from prior manufacturing opera
tions such as heat-treating or forging, and may also have to  
be polished so that a bright or lustrous finish can be secured 
upon at least a portion of their surface.

1 R eceived M arch  11, 1929.
2 See B ur. S tandards , Circ. 80, o r R aw don, "P ro tec tiv e  M etallic  

C oatings," Chem ical C atalog  Co., 1928.
1 B aker, J .  Soc. Automotive Eng., 14, 127 (1924).
« T hom as and  B lum , Trans. A m . Electrochem. Soc., 48, 69 (1925); 

51, 271 (1927).
6 B aker and  P inner, J . Soc. Automotive Eng., 22, 231 (1928); see 

also Trans. A m . Electrochem. Soc., 54, 337 (1928).

Polishing is usually done by means of built-up cloth wheels 
on the surface of which there is glued the proper abrasive. 
Several years ago Turkish emery was the principal abrasive 
used. This is still employed for some fine polishing, but at 
present aluminous artificial abrasives are almost exclusively 
used for heavy polishing. The polishing operation is divided 
into several steps, using first coarse abrasive and working 
down through various grades to the finest abrasive required. 
A better finish is secured from the last polishing by using a 
polishing grease which may be applied either to the surfaces 
to be polished or, less economically, to the surface of the 
polishing wheel. The abrasive is worn from the wheels in a 
few minutes or hours of operation, dependent upon the nature 
of the polishing operation, and the wheels are then returned 
to the wheel set-up room, where they are dressed or cleaned 
off and have another coat of abrasive glued to them. They 
are then dried from 8 to 48 hours, practice varying in dif
ferent shops, are balanced, and are again ready for use.

F ig u re  1— S e m i- A u to m a t ic  P l a t in g  T a n k  
Loading end in foreground. Variable-spced driv ing  m echanism  for 

conveyor in  background.

After the articles enter the plating room they are usually 
placed on plating racks for the series of operations which are 
to follow. These operations will depend upon the base 
metal and of course upon the plate that is to be applied. 
If the articles are of steel and are to be finished as nickel- 
plated articles, the sequence of operations wall be somewhat 
as indicated below.

(1) Clean in an alkaline cleaning solution.
(2) Rinse with water and scrub with finely powdered 

pumice if necessary.
(3) Rinse with water.
(4) Dip in dilute hydrochloric or sulfuric acid (about 2 N) 

to remove the film of oxide on the metal.
(5) Rinse in water.
(6) Plate in a nickel-plating solution.
(7) Rinse in water.
(8) Plate in an acid copper-plating solution.
(9) Rinse in water.

(10) Plate in a nickel-plating solution.
(11) Rinse in cold water.
(12) Rinse in hot water so that the articles will dry quickly 

upon being removed from the rinse.

The next operation, if a lustrous surface is desired, is to  
buff the polished surfaces to bring out the required luster.
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In place”of the above sequence of operations, the first nickel 
plating'^ may be omitted and plating with copper from a 
cyanide^copper solution substituted. In that case the plating 
with copper from the acid copper solution may also be omitted. 
In either case the articles may be buffed after copper plating, 
and then racked and returned to the plating room for the 
final nickel plate. If the article is to be plated with zinc 
or cadmium, the cleaning operations will be somewhat as 
above, but the plating operations will be entirely different.

M anual Plating Equipm ent

In the older" books and articles dealing with plating one 
will find descriptions almost exclusively of plants in which 
the various tanks are arranged so that the operator carries 
the work by hand from one tank to the next. Today such 
plants are for the most part in operation only when the total 
volume of work to be plated per day is small.

Sem i-A utom atic Plating Equipm ent

Perhaps the first step in the evolution of automatic plating 
and methods was the substitution of what is known as “semi
automatic” plating tanks for the older “still” plating tanks. 
These tanks are furnished by practically all manufacturers 
of plating equipment, are alike as regards operation, and differ 
only in mechanical details. Such a plating tank is shown in 
Figure 1. I t  is substantially an ordinary plating tank 
equipped with a chain conveyor so that the operator can 
hang the work to be plated on the chain at one end of the 
tank, after which it will travel slowly down the tank between 
two rows of anodes, around a sprocket at the far end of the 
tank, and again travel slowly to the operator. I t  is apparent 
that this arrangement will save something in labor, because 
the operator can load and unload the entire tank at a single 
point, and save the time of walking back and forth with work.

Figure 2 shows diagrammatic layouts which might be used 
in plants equipped, respectively, with still-plating tanks and 
a semi-automatic plating tank for nickel plating. In this 
diagram there is indicated the difference in labor required 
to keep the numerous small tanks operating as compared 
with the one larger 
s e m i- a u t o m a t i c  
tank. This, how
ever, is only one of 
a number of advan
tages possessed by /  
th is  e q u ip m e n t. /
While the motion of 
the work th r o u g h  
the solution is rela
tively slow, it is suffi- 
c ie n t  to  a v o id  to  
some degree the set
tling of the sediment 
from the s o lu t io n  
upon the upper sur- 
fa c e s  of the work.
F in e  p a r t ic le s  of 
sediment settling on 
the work in this way 
result in a rough sur- 
fa ce , o f te n  incor
rectly characterized 
as a burnt deposit.
It will be difficult or 
im p o ss ib le  to buff 
th is  d e p o s it ,  and 
even if the buffing 
can be accomplished

the deposit will be relatively porous and of poor protective 
value. The slight motion of the work in the solution also 
tends to sweep away gas bubbles which would otherwise form 
and remain at single points, resulting in pitted deposits.

Moreover, some anodes may project out into the solution 
farther than others, and in other cases anodes w'hich may 
appear to be in good condition, as viewed from the top of 
the tank, may actually have become very small under the 
solution and may consequently give a low current density to 
work opposite them. If the work is stationary, anodes which 
are too close will give rough or burnt deposits, while anodes 
which are under-sized or farther away will give a deposit 
thinner than the average. When the work is moved in 
succession past all such anodes, every piece of work in turn is 
subjected to the same conditions. It is not exposed to anodes 
which would tend to give a burnt deposit long enough for 
this condition to become serious, nor is any one piece under
plated because of being continuously opposite anodes which 
give low current density. Furthermore, if the operator 
places the work in the ordinary plating tank and later with
draws it, there is no assurance that the time of plating will 
be the same on all articles. Since with other conditions 
such as current density fixed, the time of plating directly de
termines the thickness of plate, and a uniform time of plating 
is essential. If the articles are loaded into one end of a 
semi-automatic plating tank, they will, of course, be plated 
for just the amount of time that is required for the conveyor 
to move them from that position throughout the entire 
length of the tank and back again. Although the speed 
of the conveyor is variable and subject to adjustment, it is 
comparatively easy to assure a uniform time of plating. 
Under these conditions, too, the plating tank is ordinarily 
filled with work, except at the beginning and close of the day 
when the tank is started up and shut down. It is therefore 
possible to maintain a steady or uniform current on the tank, 
and this means a more or less uniform current density for 
each type of article, although articles of different configura
tion may receive different current densities. To summarize, 
then, semi-automatic tanks possess an advantage over simple 
plating tanks in that they should and do give more uniform

plating conditions 
and lower percent
ages of rejections.

In this connection
---------- it should perhaps be

N \  \  mentioned that the
j \ cathode or work rods
i ■ j ] on som e p la tin g  

tanks are fitted with 
j equipment to give 

them an oscillating 
motion, either longi
tudinally or verti
c a l ly  in the tank. 
T h is  m o tio n  will 
cause a movement of 
work past the solu
tion and therefore 
possess some of the 
advantages of th e  
s e m i- a u t o m a t i c  
tank. It is appar
ent, however, that 
th e  tw o  are n o t  
equivalent. Such  
oscillating e q u ip 
ment has one special 
advantage in certain 
c a ses  in  t h a t  the
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T Y P IC A L  L A Y - O U T  O F  H AN D  T A N K  P LA T IN G  P L A N T
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F ig u r e  2—D ia g r a m m a t ic  L a y o u t  o f T w o  P la n t s  o f E q u a l  C a p a c i ty ,  O n e  w ith  M a n u a l ly  
O p e ra te d  P la t in g  T a n k s  a n d  th e  O th e r  w i th  a  S e m i- A u to m a t ic  P la t in g  T a n k ,  I l l u s t r a t 
in g  D iffe ren c e  i n  R e q u ire d  L a b o r
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movement can be made relatively rapid so that the agitation 
is more effective than in the continuous or semi-automatic 
tank.

Along ■udtli the semi-auto
matic plating tank, washing 
machines have come into use.
These machines as a class are 
alike in principle but may dif
fer considerably in regard to 
construction. In their essen
tials these washers consist of 
a housing through which the 
work is passed either on racks 
hung on a conveyor or on a 
simple apron conveyor. The 
bottom of the housing contains 
a tank which holds the clean
ing solution. This is heated 
either with closed steafn coils 
or by the direct injection of 
live steam. Pumps capable of 
handling a large volume of solu
tion at low heads draw the hot 
c le a n in g  solution from the 
tank and discharge it through 
nozzles onto the work to be cleaned. In this way the natural 
action of the solution, in emulsifying grease on the work, 
is greatly augmented by the force of the impact of the solu
tion. When machines of this type are used, it should never 
be necessary to supplement the cleaning by scrubbing the 
work with powdered pumice.

It is usual to have two zones in the washer, one for the 
actual cleaning operation described above, and one for a 
similar operation in which the work is sprayed with hot 
water to rinse off the cleaning solution.

A combination of a continuous washer and a number of 
semi-automatic plating tanks, together with a few ordinary 
tanks for dip or rinse operations, will do much to lower the 
labor cost, and also to assure uniformity of cleaning and 
uniformity of plating. B y a proper grouping of equipment, 
operators should be able to handle the work through the 
process without being required to walk more than a few 
steps between successive operations.

place the work to be plated on racks on a conveyor at the 
loading end of the equipment and remove it after plating 
and final rinsing from the discharging end. Here again all 
the equipment is alike in principle and the differences are 
found in the methods of transferring work between operations 
and in carrying it through the tanks in which the operations 
take place. The arrangement may be such that the equip
ment is in one continuous line, the work entering at one 
end and being discharged at the other. In other cases the 
work may move away from the operator in one row of tanks, 
make a U  turn, and return through a second line of tanks 
placed parallel to the first. The charging and discharging 
ends are thus brought close to each other.

Such an arrangement in use for the plating of the safety 
razors by Gillette Razor Company is shown in Figure 3. The 
particular conveyor shown is the overhead type manufactured 
by the Hanson-Van Winkle-Munning Company. The parts to 
be plated are placed on the plating racks on racking-up tables, 
as are shown in Figure 4. These are hung on the carriers, 
which are shown in Figure 3. The carriers in turn are con
veyed in a horizontal direction by a conveyor chain similar 
in many respects to that of the semi-automatic equipment. 
In the upper central portion of Figure 3 is shown a cam

device which is synchronized 
w ith  th e  c o n v e y o r  chain. 
When one of the rack carriers 
reaches the proper point, it is 
picked up by this cam device, 
raised almost vertically, car
ried forward at a higher level, 
and lo w ered  onto the con
veyor chain at a point some
what ahead of that from which 
i t  w as picked up. In this 
way the work is moved, for 
ex a m p le , from  the loading 
end into the first tank of the 
series. In like fashion other 
cam s or “transfers” remove 
the work from this tank and 
place it in the next, and so 
on. T h e c o n v e y o r  ch a in  
moves quite slowly, but it is 
essential that the transfer act 
rapidly so that the work will 
not have a chance to dry off 

as it is being moved from one operation to the next. The

F ig u re  4—R a c k in g  T a b le s  W h e re  P a r t s  o f G il le t te  R a z o rs  A re 
P la c e d  o n  R ac k s  fo r  P la t in g

Full A utom atic Plating Equipm ent
“Full automatic” plating equipment refers to equipment 

in which the transfer of work between operations is all done 
by machinery. It is merely necessary for the operators to

F ig u re  5—O ld  M a n u a l ly  O p e ra te d  P la t in g  T a n k s  U sed  in  P la t in g  
G i l le t te  S a fe ty  R a z o rs
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Gillette plant has three of these full automatic conveyors 
which are used, respectively, for nickel plating, silver plating, 
and gold plating. The gold plating plant is the largest of its 
class in the world. It now is plating approximately 50,000 
razors per day and is capable of doing 50 per cent more. 
The installation of this equipment has reduced the amount 
of labor to approximately 10 per cent of that used with still-

F ig u r e  6— F u l l  A u to m a t ic  C o n v ey o r U sed  fo r  P la t in g  M e te r  B ases

plating tanks. A part of the old plating plant, which was 
in use before the installation of the automatic equipment, is 
shown in Figure 5, and the difference in the two installations 
is most striking.

Another full automatic plating tank of the same type and 
make, which is in use at the Fort Wayne Works of the General 
Electric Company for the plating of meter bases, is shown in 
Figure 6. This photograph illustrates particularly well the 
U turn at the end of the automatic conveyor opposite the 
loading and unloading end.

Figure 7 illustrates the type of full automatic plating 
equipment manufactured by the.U. S. Galvanizing and.Elat
ing Equipment Corporation. The material to be plated 
enters on racks at the near end and these are unloaded from 
the far end. The method of transfer is illustrated at the left- 
hand side of the figure, where a number of transfers are used 
in sequence without intermediate horizontal movement. The 
arms shown rotate, and have their position and movement 
so synchronized with the horizontal conveyor chain that they 
may pick up one of the cathode bars illustrated and transfer 
it, together with the work hung upon it, from one tank to 
the next.

Figure 8 shows the discharge end of another “straight
away” full automatic plating plant. In this machine transfer 
from tank to tank is accomplished by arms, actuated by 
large cams, which pick up the cathode bars and attached 
work, raising these from one tank, moving them forward, 
and setting them down in the next tank, the cathode bars 
again being in position to be carried forward by the conveyor 
chains on both sides of the equipment.

The cathode bars, after removal of the radiator shells, 
are carried by the conveyor chain under the tanks back to 
the loading end. This equipment was manufactured by 
the Mitchell Engineering Corporation, and is in use by the 
Pontiac-Oakland Motor Car Corporation. The sequence of 
operations is as follows: The shells are washed, before and 
after polishing, in a power washer through which they are con
veyed on a separate mechanism. The operator then hangs 
the shells, three in a row, on the conveyor of the automatic 
plating machine. They pass in turn through an electrolytic 
cleaning operation, a water rinse, a sodium cyanide dip, a

cyanide copper “strike,” where they are plated for a moment 
at high current density, a cyanide copper-plating tank, a rinse, 
a nickel-plating tank, a cold-water rinse, and a hot-water rinse. 
The shells are subsequently buffed and chromium plated.

In another type of full automatic equipment, manufactured 
by the Meaker Company, transfer of cathode bars and work 
from tank to tank is by means of chains instead of cams.

Application of Different Types of Plating Equipm ent

Full automatic plating equipment has all the advantages 
of the semi-automatic equipment plus a further saving in 
labor and an assured fixed time for each operation involved 
in the sequence. The time in any operation is determined 
by the speed of the conveyor and by the length of the tank 
in which the operation is carried out. Since the conveyor 
is equipped with a variable-speed drive, it is possible to regu
late the time of an operation. This, however, necessarily 
varies the time of all other operations in proportion. This has 
its advantages and disadvantages. It requires that the 
scheme of plating be thoroughly worked out in the first 
place, but after that is done the equipment assures that 
operators cannot over-time some operations and under
time others. On the other hand, should changing circum
stances require a modification of the ratio of the time for one 
operation to that for another, this variation can only be 
obtained by changing the lengths of those units requiring a 
different ratio of time and this means rearranging much of 
the equipment.

It is apparent that equipment for automatic plating in
volves a greater investment, and it is upon this question 
of investment and labor savings that the decision of the 
type of equipment to be installed will usually depend. Phil
lips and MacCauley,6 in discussing the full automatic plating

F ig u r e  7— F u ll  A u to m a t ic  C o n v ey o r U sed  fo r  Z in c  P la t in g  M e te r  
B ases

equipment shown in Figure 8, give the following comparison, 
based on the copper plating and nickel plating of 1500 Pontiac 
radiator shells per day:

F l o o r  S p a c e
K in d  o p  E q u ip m e n t  R e q u ir e d

Square feet
M anually  operated  tan k s  7902
Sem i-au tom atic  m achines 1634
F u ll-au tom atic  m achines 1040

Continuing further, they state:

When the cost of handling and trucking the radiator shells 
between buffing operations and the actual buffing costs are 
taken into consideration, the saving made in favor of the full- 
automatic machines is much greater.

With the manually operated tanks, the quality of plate was 
variable, with an exceptionally high number of rejections due 
to burns, digs, and scratches. The salt-spray test indicated 
that the thickness of no two plates was the same, and, under 
test, failure resulted in from 5 to 10 hours.

6 Phillips and  M acC auley, A nnual M eeting, Society of A utom otive 
Engineers, Jan u a ry , 1929.

N u m b e r  o p  
M e n

18
9
2



The semi-automatic machines produced much more uniform 
plate and rejections were reduced at least 10 per cent as com
pared with the product of the manually operated tanks; but 
there was still a large rejection on account of scratches, bums,
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and digs from handling and scrubbing. The salt-spray test 
indicated that many spots were breaking down where the copper 
plating had been cut through in the buffing operation, with 
only a thin nickel plate over parts of the steel. Where the 
copper plating had been cut through, the nickel had a tendency 
to be gray and the buffer naturally put more pressure at these 
spots to get the color on the nickel; the resulting plate was 
therefore very thin. The salt-spray test, however, indicated 
a plate much superior to that produced in manually operated 
tanks; under test, the plating lasted 10 to 12 hours.

The plate resulting from the full automatic machines is ex
ceptionally uniform, with almost no rejections because of plate 
imperfections. The salt-spray test showed this plate to be of 
exceptional quality; under test, the plate lasted well over 
15 hours.

On the basis of labor-saving alone the full automatic equip
ment would have paid for itself in less than a year. If full 
credit were given for reduced rejection, cost of rework, and the 
indefinite but nevertheless material benefits resulting from 
assured production and improved quality, it is seen that 
the equipment would have paid for itself in a few months. 
This comparison is not exceptional; rather it represents fairly 
well the average case where a large volume of the same class 
of work is to be plated.

In a particular case it is not difficult to compile predeter
mined costs if the sequence of operations and the time for 
each have been definitely set. The equipment which will 
prove most economical in operation can then be selected.

It is possible to make a few general statements. Still- 
plating tanks are justified only if the volume of work is small 
or if the plating time is extremely short. Semi-automatic 
tanks cost only a small percentage more, if the comparison 
is made on the basis of the completed installation, including 
generators, and semi-automatic operation usually will elimi
nate at least 50 per cent of the labor required for still tanks.

Full automatic equipment has its application in the plant of 
the large manufacturer. I t  is usually not suitable for even a 
large-sized job plating plant, and in some instances the articles 
to be plated may be of such size and shape that they cannot be 
well handled in automatic plating equipment, even though it 
is otherwise ideal.

Installation of full automatic equipment requires prior 
painstaking investigation of all problems likely to arise in 
operation: solutions for and time of cleaning and rinsing, 
sequence of actual plating operations, time of plating, solu
tions for plating, permissible current densities, tendencies 
toward burned or pitted deposits with the methods of racking 
that must be used if the installation is adopted, and so on. 
Contemplated full automatic installations should be passed 
on by competent electrochemical, electrical, and mechanical 
engineers, to eliminate all hit-and-miss guess work. If, 
however, the process is sufficiently worked out in advance, 
and is adaptable to full automatic equipment, it has’ the 
advantage of: (1) saving labor, eliminating up to 90 per cent 
of that required for hand methods; (2) insuring more nearly 
uniform quality than can be had by other methods; (3) 
reducing required size of generating equipment, since this can 
be continuously kept under full load, with resultant elimi
nation of peak or overload capacity otherwise required to 
compensate for idle time involved in manual methods; (4) 
reduction of percentage of work rejected, and (5) predeter
mined productive capacity for a fixed working period. How
ever, unless the production is reasonably uniform and of 
sufficient volume to warrant the larger investment required 
for full automatic equipment, the latter may prove an ex
pense rather than an economy.
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Record Production of Dyes in 1928
Preliminary figures compiled by the United States Tariff 

Commission show that the domestic production of coal-tar dyes 
for the calendar year 1928 exceeded that for 1927 by approxi
mately 1,400,000 pounds. In 1928 production by forty-seven 
firms of approximately 96,000,000 pounds was an increase of 1.5 
per cent over the production in 1927. Sales in 1927 were 93,300,- 
000 pounds, valued at $39,790,000.

The outstanding features of American dye production in 1928 
were increase in production of vat and other fast dyes, production 
of many new vat and specialty dyes, reduction in the number 
of domestic manufacturers from fifty-five to forty-seven, increase 
in unit price of sales of all dyes, in exports, and in dye imports.

The production of fast dyes in 1928 established a new record 
with a total of more than 6,300,000 pounds as compared with 
5,961,688 pounds in 1927. This increased consumption of vat 
dyes indicates the growing realization by the public that, although 
the fast dye is more expensive, the cost of dye per yard of fabric 
or per garment is, in general, but a small fraction of the total

cost and that it is far more economical to invest in fast-dyed 
fabrics or garments.

D o m e s tic  P r o d u c t io n  a n d  S a le s  o f C o a l -T a r  D yes

Y e a r
P r o d u c t io n S a l e s

Q u an tity Q u an tity Value

1914
Pounds
6,619,729

Pounds

1920 88,263,776
$39,283,9561921 39,008,690 47,513,762

1922 64,632,1S7 69,107,105 41,463,790
1923 93,667,524 86,567,416 47,223,161
1924 68,679,000 64,961,433 35,012,400
1925 86,345,438 79,303,451 37,468,332
1926 87,978,624 S6,255,836 36,312,648
1927 95,167,905 98,339,204 38,532,795
1928 96,625,000 93,302,000 39,790,000
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M anufacture and Properties of Regenerated 
Cellulose Films1

W illiam  L. Hyden

T e c h n i c a l  D e p a r t m e n t ,  D u  P o n t  C e l l o p h a n e  C o m p a n y ,  I n c . ,  B u f f a l o ,  N. Y.

T HE commercial production of films of regenerated 
cellulose in sheet form, such as Cellophane, has been 
steadily increasing during the past few years. Cello

phane is used chiefly as a wrapping material. Being trans
parent, lustrous, durable, flexible, and impervious to air, 
grease, germs, and dirt, it makes a highly protective as well 
as an artistic wrap.

Note— “ C ellophane” (“ cello ,” cellulose; “ ph an c ,”  glass) is the  registered 
trad e -m ark  of th e  D u P o n t Cellophane C om pany, Inc ., used to designate 
its  tran sp aren t cellulose sheets and  films. S im ilar films are m anufac tu red  
by  several E uropean  corporations.

The raw material for Cellophane is cellulose in the form of 
purified wood or cotton pulp sheets. By the viscose2 process 
these pulp sheets are put into colloidal solution and the cellu
lose is regenerated into continuous transparent films.

History

Although Beadle3 and others prepared cellulose films ex
perimentally, the industry of manufacturing transparent

* R eceived M arch  13, 1929.
* Cross, B evan, and  Beadle first described th e  p repa ra tion  of viscose, 

Ber., 26, 1090, 2524 (1893).
* M argosches, “ D ie Viskose,”  p. 79, Klepzig, 1906.

films of regenerated cellulose was founded by Brandenberger,4 
of Neuilly sur Seine, France, in 1908. Brandenberger first 
specialized in the chemistry of dyeing, printing, and finishing 
of cotton cloth. He believed that the beauty of cotton fabrics 
could be greatly enhanced if they could be given a luster like 
that of silk. He attempted to achieve this result by applying 
viscose, at that time a new cellulose solution, to the cloth and 
by imprinting the viscose he hoped to impart lustrous designs 
to the fabric. The first experiments of this nature were un
successful. Although the cloth had increased luster, it  was 
too stiff and entirely unfit for garment or other use. He then 
conceived the idea of making a thin, lustrous cellulose film 
separately and afterward applying it to the cloth. His effort 
to produce the cellulose films separately led to the idea of their 
commercial manufacture.

The first machine for the continuous manufacture of trans
parent films was designed and built by Brandenberger at the 
Blanchisserie et Teinturerie de Thaon-les-Vosges, France, in 
1908. The product of this machine was thick and brittle and 
was not very useful. By 1912, however, Brandenberger had 
succeeded in producing thin, supple films comparing in thick-

4 B randenberger, U. S. P a ten ts  981.368 (Ja n u ary  10, 1911) and 
1,601,289 (S ep tem ber 28, 1926).



406 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY Vol. 21, No. 5
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ness with the lighter weight present-day Cellophane (approxi
mately 0.02 mm.). This development resulted in the pro
duction of a. salable, film. Numerous other improvements 
have since been made and the applications of Cellophane are 
constantly increasing.

M anufacture

For the preparation of Cellophane it is essential to use 
purified wood or cotton pulps. Although transparent films 
of regenerated cellulose have been made from cuprammonium 
solutions5 of cellulose, the viscose process has proved more 
adaptable and economical for commercial use.

The flow sheet for the manufacture of Cellophane by the 
viscose process6 is given in Figure 2. Bleached pulp in rec
tangular sheets of from SO to 90 per cent alpha-cellulose con
tent are placed in steeping presses into which is introduced an 
18 to 20 per cent sodium hydroxide solution. The tempera
ture is maintained constant during the soaking process. 
During this treatment the fibers swell and form a rather un
stable alkali-cellulose compound and at the same time the 
hemicelluloses dissolve in the caustic. The excess sodium 
hydroxide solution, containing the dissolved hemicelluloses, is 
pressed out until the weight of the pressed alkali-cellulose 
sheets is about three times that of the dry pulp.

The alkali-cellulose is shredded into a fluffy amorphous state 
by machines illustrated in Figure 3. Since the viscosity of

* Zeith  and  Ziegler, U. S. P a te n ts  1,590,601 and  1,590,602 (June 29, 
1926).

6 F o r description of the  m anufac tu re  of viscose see M argosches, “ Die 
V iskose,” K lepzig, Leipzig, 1906; A vram , “ T he  R ayon  In d u s try ,”  D . V an 
N o stran d  Co., New Y ork , 1927; H o ttcn ro th , “ D ie K u n tse id e ,” S. H irzel, 
Leipzig, 1926; H euser, “ Cellulose C hem istry ,”  M cG raw -H ill Book Co., 
New Y ork, 1924.

the viscose depends upon the aging time, the alkali-cellulose 
is stored in covered containers for a period of time at a care
fully controlled temperature. The alkali-cellulose aging time 
and temperature have a marked effect upon the viscose vis
cosity (Figure 4).

The aged alkali-cellulose is next converted into an ester, 
cellulose xanthate, by the action of carbon disulfide. The 
reaction is carried on in double-walled, tightly closed, rotating 
barrel-like containers (Figure 5). During the interaction the 
white alkali-cellulose is converted into orange-red cellulose 
xanthate.

/()—Coil -jO*
CeHsOsNa +  CS2---->C—S<

XS—Na

The temperature, concentrations, and time are controlled 
factors in xanthation. Cellulose xanthate readily forms 
colloidal solutions in dilute caustic soda.

The freshly prepared xanthate is mixed with dilute sodium 
hydroxide solution until a uniform colloidal solution, known 
as viscose, is formed (Figure 0). As in the manufacture of 
rayon, before the viscose can be successfully coagulated and 
regenerated, it must be “ripened.” During ripening, which 
is conducted at a constant temperature (usually in the range 
of 15° to 25° C.), a series of complex reactions occur which 
are not fully understood, despite the fact that many investi
gators have studied the process. It is known that the mole
cule becomes more complex and that the ratio of sodium and 
sulfur to cellulose changes. Reactions occurring during the 
ripening of viscose may be represented by the following equa
tions:7

O(C0H 3O4)2OH /OH 

+  2H20 — =>-2C=S +  2C =S (A)
\ s  Na 

/O H
+  H20 — > C = S  +  C==S (B)

\ q TvTo \ c

y/O  CßH 9O4
4C==S 

\ s —N a  
/ 0 (C 6H s0 ,)20H

-> 2 C = S  
^ S N a  

/OfCcHsCfiMOH),
2 C = S

\ N a •SN a NS N a
A t the same time side reactions proceed according to the 

equations:
/OH

C = S  — >■ NaOH +  CS2 (C)
\ N a

2CS2 +  4NaOH *-Na2COj +  N a2CS2 +  H2S +  H20  (D)
N a2CSs +  3H20 — > N a 2C 03 +  3H2S (E)

F if tu re  3— S h re d d e rs

While ripening, the viscose is filtered several times to re
move dirt, fibers, and other foreign matter. The state of 
ripening is closely followed by determining the “salt number” 
by a method somewhat similar to the one first published by

7 H euser, "C ellulose C hem istry ,”  p. 66.
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Hottenroth8—namely, the determination of the concentration 
of a sodium chloride solution necessary to start coagulation of 
small quantities of viscose solution. When the desired state

of coagulability  is 
reached, the viscose is 
cast. To insure the 
production of a uni
form film, free from 
gas bubbles, a ll in 
corporated gases are 
removed from the vis
cose by vacuum just 
prior to its transfer to 
the casting machines.

Casting Viscose into  
Film s

I

•S'»
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/
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/
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/
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%cAaod? off/sror//(/1fc/jrtV/7 /Ç ofe70 Acars
I A 1 K  ' ■) 11 Decrease /n r/scos/ft/ —•*- 
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F ig u re  4— C h a n g e  in  V isco s ity  o f V iscoses 

P re p a re d  f r o m  th e  S a m e  A lk a li-C e llu lo s c  
A ged f r o m  15 to  70 H o u rs

Numerous patents 
have been issued and 
methods described for 
the m ech a n ism  of 
producing continuous 
films of regenerated 
c e llu lo se  from vis
cose. In all methods 
v isc o se  under pres

sure is forced to the casting apparatus, commonly called 
a hopper. One type of hopper illustrated in Figure 7 is 
equipped with non-corroding, smooth-surfaced lips (2 and 2') 
which are accurately adjusted by the mechanism (3, 4, 5, 6, 
7, 8) to control the dimensions of the aperture (11). A uni
form sheet of viscose is extruded between the lips into a co
agulating bath (usually sulfuric acid and salts), where the 
cellulose xanthate solution is regenerated into a cellulose 
film.

A second means of casting continuous films is illustrated by 
Figure 8. A hopper (3, 4) of fixed clearance is suspended 
directly above a rotating roll (5), which is partially sub
merged in a coagulating bath. Viscose is extruded upon the 
smooth surface of the moving roll, which is continuously 
moistened by a film of coagulating bath. The viscose is trans
ferred in uniform thickness to the bath and, after being regen
erated into a film of cellulose, is stripped from the roll (5), 
since the film is led over rolls (8 and 9). Figure 9 illustrates 
a modification of Figure 8. In this case the viscose is laid in 
uniform layers from the hopper (15) upon a continuous smooth 
belt (11) instead of a roll. As the belt moves around the 
partially submerged rolls (12 and 13) a long supported bath 
travel is afforded the film. It is stripped from the belt by 
being led over roll (18) and transferred to the succeeding tank 
by the following roll (19).

As shown in the diagrammatic sketch of the casting machine 
(Figure 10), after the regenerated cellulose film is formed in 
tanks 1, 2, and 3, it is transferred by rolls into succeeding 
tanks filled with fresh warm water, which removes the residual 
acid in the film carried over from the casting tank. The film 
is next passed through a solution (commonly NaOII, Na2S, 
or NajSOa) for the purpose of removing the sulfur deposited 
in the film by the decomposition of the cellulose xanthate. 
The film is further washed and bleached, using sodium 
hypochlorite. Finally it is passed through a solution of 
glycerol of high purity.

Because of its hygroscopicity, glycerol, which is adsorbed 
and tenaciously retained by the film, imparts softness and 
pliability. The film at this stage is completely formed and is 
dried by passing it over heated rolls, the desired temperature 
being maintained by automatic control. As the film proceeds

• H o tten ro th , Chem.-Zlg., 39, 119 (1915).

through the drier, it  comes in contact with drafts of warm air. 
Finally, the Cellophane is wound on cores into rolls of any 
desired weight.

F inishing Processes

Cellophane from the casting machine is cut into sheets 
approximately one meter square. Each sheet is carefully 
inspected and if any sheet contains imperfections, or is of low 
transparency, it is rejected.

D y e i n g  a n d  E m b o s s i n g — Cellophane may be dyed any 
desired color with either mordant dyes or direct colors (Figure 
11). When dyed with direct colors, the operation consists 
merely of passing wet film through a dye bath of the correct 
concentration and temperature to produce the shade of color 
wanted. After suitable washing, the film is passed through a 
glycerol solution and dried. When mordant dyes are used 
additional baths are required, but it is possible to obtain 
shades of color which cannot be duplicated with direct dyes.

Cellophane can be embossed by pressure rolls or stamps 
of desired designs. Finishes similar in appearance to “linen” 
cloth, “morocco” leather, silk fabric, and other embossed 
patterns are possible.

M o i s t t o e p k o o f  C e l l o p h a n e —Moistureproof Cellophane, 
which has been recently developed in America, is lustrous and 
highly transparent. The following table is a comparison of 
the moistureproof quality of this Cellophane and samples of 
waxed papers. The moistureproof quality is determined by 
sealing a piece of the material to be tested over a glass dish 
containing water and determining the loss in weight when the 
test dish is placed in an air oven at 100° F. The air in the 
oven is circulated by a fan and desiccated by concentrated 
sulfuric acid kept in flat trays. By carrying out the test at 
100° F. the rate of diffusion is much greater than at lower 
temperatures and the test is thus accelerated.

D i f f u s i o n  o f  W a t e r  
M a t e r ia l s  V a p o r  a t  1 0 0 °  F .

Mg. per sq. m. per hour 
M oistureproof C ellophane 2 7 0
W axed brow n p ap er0 4 0 0
W axed glassine p a p er“ 5 3 0
A verage of fifteen waxed papers 2 2 ,2 0 0

° R epresen ts  highest q u a lity  waxed papers w hich have been tested .

F ig u re  5—R o ta t in g  B a r re ls  In  W h ic h  A lk a li-C e llu lo s e  Is  C o n 
v e r te d  i n to  C e llu lo se  X a n th a t e  by  C a rb o n  D isu lfid e

Moistureproof Cellophane is particularly desirable as a 
wrapper for food products which lose or absorb moisture when 
exposed to the atmosphere. As an illustration, a test made 
by sealing 40 grams of soda-eracker biscuits in a large paper 
envelope and exposed at 70° F. and 70 per cent relative hu
midity for 48 hours showed a gain in weight of 3.1 grams. A 
similar test using Moistureproof Cellophane showed a gain of 
only 2.0 grams after 6.5 months’ exposure.
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ward movement of the film through the casting machine. 
The transverse direction is perpendicular to the longitudinal 
direction.

I t  will also be seen that the tensile strength is greater in the 
longitudinal direction while the elongation is greater in the 
transverse direction. These characteristics can be employed 
to advantage in wrapping articles by so placing the Cello
phane sheet that the greatest strain will come in the longi
tudinal direction. The “yield value,” defined as the force 
which may be applied without permanent distortion, is rep
resented graphically by the point of departure of the curves 
from the abscissa.

T r a n s p a r e n c y  t o  O r d in a r y  a n d  U l t r a -V i o l e t  L ig h t —  
Transparency is the chief characteristic of Cellophane and 
permits its use for the protection of materials when display 
is desired.

One of the interesting optical properties of Cellophane de
scribed by Pfund9 is its transparency to ultra-violet light. 
This property makes Cellophane a practical material for 
windows,10 which will allow approximately 70 per cent of the 
shortest waves reaching the earth to be transmitted. Pfund 
describes a Cellophane window suitable for treatment of

9 P fund , Johns  H opkins H osp ital, Bull. 40, 228 (April, 1927).
10 P fund , J .  A m . M ed. Assocn., 9 1 , 18 (1928).

The character of the surface of Moistureproof Cellophane 
is such that ordinary glues and adhesives cannot be used for 
sealing it and an entirely new type of adhesives has been de
veloped to fill this need.

Physical Properties of Cellophane

W e i g h t  R e q u ir e d  t o  
B r e a k  1 6/ s- I n c h  S t r i p  B u r s t in g  

(S c o t t  M a c h i n e ) S t r e n g t h

M a t e r ia l T h ic k n e s s direction direction T e s t e r )
Inch Lbs. Lbs. Lbs. per sq. in.

C ellophane 0 .00098 15 .7 7 .3 20 .9
Cellophane 0.00141 19.7 8 .8 3 3 .8
Cellophane 0.00193 2 0 .8 13.2 4 2 .1
Sulfite paper 0 .00102 13.7 7 .7 0 .1
A ll-rag high-grade paper 0 .00212 2 2 .5 14 .5 21 .0
Sulfite bond paper 0 .00290 4 3 .0 23 .2 2 4 .9
E x tra  high-grade paper 0.00412 73 .1 5 5 .5 8 4 .4

F ig u re  6— M ix in g  R o o m  W h e re  C e llu lo se  X a n t h a t e  Is  
M ixed  w ith  C a u s t ic  S o d a  S o lu t io n  to  F o r m  V iscose

T e n s i l e  S t r e n g t h  a n d  E l o n g a t io n —Three weights of 
Cellophane, 33, 45, and 60 grams per square meter, are regu
larly produced. These vary in thickness from approxi
mately 0.001 to approximately 0.002 inch. When thicker 
sheets are desired, they are made by plying together several 
thinner sheets using suitable gelatin or dextrin adhesives.

The tensile strength of Cellophane and some papers as 
measured at 60 per cent relative humidity and 70° F. by the 
Scott machine and Mullen tester are compared in the follow
ing table:

F ig u r e  7— H o p p e r  U sed  fo r  C a s t in g  V iscose 
(B ritish  P a te n t 3929)

It will be observed that strength does not increase in direct 
ratio to increased thickness. To make comparisons of the 
strengths of Cellophane and other materials it is desirable to 
reduce the values to a unit thickness basis; usually such com
parisons are made on thicknesses of 0.001 inch.

The serviceability of Cellophane is enhanced by its elastic 
properties. Figure 12 exhibits the relation of tenacity, elonga
tion, yield values, and force in pounds.

From the above data it is noted that to define the physical 
properties of Cellophane it is necessary to designate the values 
in both the longitudinal and transverse directions, just as in 
paper description one must specify whether the quantity is 
measured with or against “the grain.” The longitudinal 
direction may be defined as the dimension parallel to the for-

F igure  9—TJ. S. P a te n t 1,590,999 
A p p a ra tu s  fo r  C a s t in g  C o n t in u o u s  F i lm s

Figure 8 —U. S. P a te n t 1,590,999



May, 1929 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY 409

TRANSFORMING
WASH/MG

COAOULAT/ON.

WASHING £
n n  n n r .

WASWNG 7PESULFURAT/ON G

WASHING 8 ¿O bleaching.

WASHING

DRYING

F ig u re  10—D ia g ra m  o f C e l lo p h a n e  C a s t in g  M a c h in e  
(U. S. P a te n t 1,648,864)

disease by heliotherapy which will last at least one year and 
which can be replaced for a nominal sum. The curves shown 
in Figure 13, taken from the experiments of Pfund, evidence 
the fact that the transparency of Cellophane to light waves 
in the curative region 2900 Â. to 3100 A. is about 70 per cent, 
and that, unlike some special ultra-violet transmitting glasses 
which lose a large fraction of their transparency on prolonged 
exposure to ultra-violet rays,11 the transparency of Cellophane 
decreases but slightly after an exposure to sunlight for a year.

O t h e r  O p t i c a l  P r o p e r t i e s —There appear to be two 
optical axes in Cellophane, such that when one observes a 
point of lumination through a perfectly clear film, the direc
tion of the greatest tension during casting can be detected 
since the diffraction of the transmitted light is at right angles 
to this direction.

Cellophane exhibits the anisotropic properties of cellulose. 
Being thus doubly refractive, very interesting 
color effects are observed when Cellophane is ex
amined with polarized light and a Nicol’s prism.
The polarized light passing through a Cellophane 
sheet is refracted and the light waves retarded 
according to the thickness of the film, so that a 
separation of the light waves results and color be
comes evident. Numbers representing in millimi
crons the distance retardation values have been 
assigned to each color and correlated with Cello
phane thickness.

P e r m e a b i l i t y —Cellophane permits the rapid 
penetration of water vapor and of readily water- 
soluble gases such as ammonia and carbon dioxide.
On the other hand, sparingly water-soluble gases, 
such as hydrogen, diffuse only very slowly 
through it as shown by the following table:

Note— Gold b e a ter’s skin is considered sa tis 
fac to ry  for balloon linings when i t  perm its  the  
passage of 0.125 lite r or less of hydrogen per 
square  m eter per hour.

In such work it is necessary to apply 
the Cellophane to a fabric to support it  
sufficiently to withstand the strains to 
which it is subjected. This requires 
sp e c ia l te c h n ic  an d  special adhe
sives.

Cellophane may also be used as mem
branes for ultra-filters, permitting the 
separation of molecules of widely differ
ent dimensions. In dialysis work a re
generated cellulose film has been found 
adaptable for certain liquids where there 
is not excessive acidity or alkalinity.

D i e l e c t r i c  P r o p e r t i e s —Cellophane 
that is dry, free from salts, glycerol, 
metallic particles, and other impurities 
has excellent d ie le c tr ic  p r o p e r t ie s .  
When free from glycerol the film is not 
very pliable, however, and its successful 

use for condensers and other electrical equipment has not yet 
been developed.

In the following table are recorded data showing the di
electric values for Cellophane:

N um ber of layers 6
Thickness.^ inch 0 .0039
P e rm ea tiv ity , u n trea ted  4 66
Pow er factor, o il-treated , per cen t 0 .366
Corona form ation, o il-treated ,-vo lts  per m il 1560
B reakdow n stren g th , volts per mil 1970

E f f e c t  o f  A g i n g — Cellophane a number of years old has 
been found relatively unaltered in its properties except 
through the changes in moisture and glycerol which have 
occurred during that period. In other words, there is not the 
deterioration which is often noted in some sulfite pulp papers. 
Slight loss of percentage elongation is all that seems to result 
from the ordinary aging of Cellophane.

This characteristic permits the use of Cellophane as a semi
permeable membrane for the separation of gases from a mix
ture.

Cellophane, because of its relative impermeability to hy
drogen, may be used as a lining for gas cells of lighter-than- 
air craft.

11 B ur. S tandards , Tech. News Bull., O ctober, 1927.

Chemical and Physiological Properties

Cellophane is a very pure regenerated cellulose and is more 
active chemically than natural unpurified cellulose. It under
goes the typical cellulose reactions, such as nitration, éthyla
tion, xanthation, and swelling with caustic solution. Cello
phane burns in air with a flame in a manner similar to cotton. 
It has been classified by the Underwriter’s Laboratories

G a s  D i f f u s i o n

Liters per sq. m. per hour 
H ydrogen 0 .004  to  0 .02
A m m onia A pprox. 79
C arbon dioxide A pprox. 1 F ig u re  I I — C e l lo p h a n e  D y e in g  M a c h in e
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(Guide No. 540-125) as having the same combustion hazards 
as common newsprint in the same form and quantity.
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F ig u r e  12— P h y s ic a l  P r o p e r t ie s  o f C e l lo p h a n e

The following table gives a comparison of data from com
bustion tests of Cellophane and newspaper:

(Average of four flaram ability  te sts  m ade on strip s 36 by  I s/« inches)

M a t e r ia l

P lain T ran sp a ren t Cellophane 
M oistureproof Cellophane 
N ew spaper

T i m e  o f  
I g n i t i o n  

Second 
1 
1 
1

F l a m e

Inches
12
20
20

Application

Cellophane as a utility wrap is used on a variety of products 
including baked goods, meats, frozen fish,12 fruits, confections, 
nuts, coffee, textiles, tobacco, and drugs. Among other 
articles, Cellophane is used for making artificial flowers, tape 
for stock market tickers, trimmings for millinery, and band
ages for surgical dressings.

T im e  o f  
C o m b u s t i o n  

Seconds 
17 
13 
15

B i o l o g i c a l  E x p e r i m e n t s —Animals may be fed both 
Plain Transparent and Moistureproof Cellophane without 
harmful physiological effects. Experiments in feeding guinea 
pigs with Moistureproof Cellophane showed no evidence of 
toxic effects.

F ig u re  13—C o m p a r is o n  o f L ig h t - T r a n s m i t t i n g  Q u a l i t ie s  of 
C e l lo p h a n e  a n d  W in d o w  G la ss

Each year the uses for Cellophane are extended into new 
fields so that the demand for both the Plain Transparent and 
Moistureproof varieties is constantly increasing.

12 Howe, N ation’s Business, p. 43 (F eb ruary , 1929); see also B irdseye, 
p. 414, th is issue.

A utom atic C ontrol in the Chemical Industries1
Ismar Ginsberg 

113 W e s t  4 2 n d  S t r e e t ,  N e w  Y o r e ,  N .  Y .

PROGRESS in the chemical industries has usually been 
considered to be due to the establishment and develop
ment of the basic chemical and physical principles 

upon which a manufacturing process is founded, and to the 
design and construction of machinery for carrying out the 
operations. Chemical advancement is, therefore, dependent, 
not only upon the chemist, but upon the engineer as well. 
It is true that without the service that has been rendered 
the chemical industries by the manufacturer of equipment 
and apparatus, these industries could not have attained the 
positions that they occupy at the present time. On the other 
hand, the best designed apparatus is useless unless the chemi
cal principles of the process carried out in it are known and 
applied under control, so that the best results are obtained at 
least cost.

It appears that the function which is played by instruments 
that make possible this required control has not been alto
gether understood or appreciated by the chemical manufac
turer. He cannot avoid the use, in the plant, of instruments 
that measure temperature, pressure, humidity, speed, etc., 
but he has not used these instruments to the best advantage. 
The role that the measuring and recording and also the con
trolling instrument plays in modern industry, and in the 
chemical industries particularly, is becoming of greater im
portance from day to day. This is particularly true of the 
controlling instrument, for its use involves certain economies 
and increased efficiencies of operation which are very welcome 
in these days of intensive competition.

x R eceived F e b ru a ry  21, 1929.

While our theme is the automatic controlling instrument, 
it  is impossible to consider it without saying something about 
the other instruments as well. Indicating or simple measuring 
instruments merely indicate the temperature, pressure, etc., 
through the movement of a pointer around a circular scale 
as in the pressure gage and dial thermometer, by the rise of 
a column of liquid as in the glass thermometer, or in other 
ways. Indicating instruments do not interest us here, and 
we can leave them with just this word.

The usefulness of the dial thermometer, which measures 
and indicates temperature, has not been entirely appreciated 
by the chemical industries. The dial part of this instrument 
is connected by flexible tubing to the bulb, which is perma
nently fixed in the medium whose temperature it is desired 
to measure. The dial can therefore be located at any con
venient point and is easily read, much more so than the col
umn of mercury in the glass thermometer. When the tem
perature of masses contained in open kettles, evolving clouds 
of steam during the operation, has to be determined, the dial 
thermometer is a much more convenient and more accurate 
instrument than the ordinary long-stemmed glass ther
mometer. Reading temperatures on such a thermometer 
over an open kettle with steam condensing on the glass stem  
is not an easy or a comfortable job, or one that is conducive 
toward accurate readings. There are many operations in the 
chemical industries where the dial thermometer can be used 
to far greater advantage that the ordinary glass thermometer.

Controlling or regulating instruments, which automatically 
keep temperature, pressure, humidity, etc., at certain definite
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and desirable points, merely control the physical conditions, 
and do not afford any record of the operation of the apparatus 
on which they are used. The recording instrument, the re
cording thermometer, recording pressure gage, recording 
tachometer, and the like, produce an indelible record of the 
entire operation of the apparatus. Such a record is of great 
importance, for it will not only tell that the temperature or

p ressu re  has been main
tained at the proper points 
during the process, but it 
will also show how well the 
apparatus was used produc
tively. The breaks in the 
recorded line will indicate 
time spent in charging and 
discharging the apparatus, 
an d  w ill  thus show how 
m uch of th e  o p e r a tin g  
period is taken up with non
productive work. Further
more, the recorder will check 
the controller, and it has 
been found that the ideal 
installation is that in which 
both a recording in s tr u 
ment and a controlling in
strument are used.

A utom atic Temperature 
and Pressure Controllers

B y far the most impor
tant automatic controlling 
in s tr u m e n ts  used in the 
chemical and allied indus
tries are the automatic tem
perature controller and the 
a u to m a tic  pressure con-

Â nr;CronerP MCi i ° nb;r'n;ePecon-re troller- The automatic tem- 
s o i id a te d  A sh c ro f t  H a n c o c k  perature controller includes

Company both instruments used for
controlling low temperatures, and those used at high tem
perature, the automatic pyrometer controller. Sometimes, 
for example, in the vulcanization of rubber, it is necessary to 
control both time and temperature. Time-temperature con
trollers are used for this purpose. These instruments are 
designed to shut off the heating medium—steam, for ex
ample— after the temperature has been maintained for a defi
nite period of time.

There are two general systems on which controllers of 
temperature and pressure are designed and operated—air- 
actuated and self-contained types. The self-operated type 
is actuated by the medium that it controls. The advantage 
of this instrument is that no compressed air or other auxiliary 
force is required for its operation. The motive power which 
opens and shuts the valve is supplied directly from the thermo
static system in the case of the temperature controller or by 
the controlled pressure in the case of the pressure controller. 
This motive power actuates the motor (diaphragms), which 
in turn operates the valve stem by expansion and contraction, 
thus opening or closing the valve to the heating or cooling 
medium. The disadvantage of the self-operated type of 
temperature controller is that it lias a narrow range, only as 
high as 370° to 390° F. as a maximum. It is also not so ac
curate an instrument as the air-operated type, but where 
temperatures are low and where it is not required to main
tain them within more than a 5-degree range, this instrument 
will work satisfactorily. The same conditions apply to the 
use of the self-opera ted pressure controller. This instrument 
is particularly useful in installations where steam is used as

the heating medium. It is also used for reducing pressures 
in steam and air lines.

The air-operated type of controller both for temperature 
and pressure is an instrument which represents the finest 
skill and workmanship of the instrument maker. It can be 
made to control temperatures within a range of 1° to 2° F. 
Recently, new types of this instrument have appeared on the 
market under the name of precision controllers, and these 
instruments will be found satisfactory where the most strin
gent conditions of uniformity of temperature have to be met.

There are four general types of air-operated instruments. 
The first is known as the expansion stem type. Its principle 
is the expansion and contraction of two metals of different 
coefficient of expansion. This instrument does not require 
flexible tubing. It can, however, be used with temperatures 
below 100° and above 500° F. Its usefulness is, however, 
limited, and it is best employed in controlling the temperature 
of rooms and enclosures by being suspended therein.

The second type of air-operated instrument is known as 
the vapor tension type. It is actuated by the pressure of the 
vapor of a volatile liquid which is contained in the actuating 
system, which pressure has a definite relation to the tempera
ture of the medium surrounding the bulb and is affected by 
slight temperature changes.

The third type is actuated by gas, this gas filling the actuat
ing system and the pressure of the fluid, as it changes with 
temperature, operating the instrument.

The fourth type is the mercury-actuated instrument. This 
is by far the best of all the types, since mercury is a liquid 
which is extremely susceptible to temperature changes and

A m e ric a n  P re s s u re  C o n tro l le r  M ad e  by  T h e  C o n s o lid a te d  
A s h c ro f t  H a n c o c k  C o m p a n y
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whose expansion and contraction over a wide range of tem
perature remain constant. Mercury is positive and certain 
in its action, and is the most accurate of all the temperature 
controllers. The reason which makes the mercury-actuated 
controller so valuable an instrument is the same which makes 
the mercury thermometer so superior over other types of ther
mometers.

Air-operated controllers are not actuated directly by the 
change in temperature or pressure, but the pressure opens 
an air valve which admits compressed air to what is called

T e m p e r a tu r e  C o n tro l le r  fo r  C h r o m iu m - P la t in g  P ro cess

the diaphragm motor valve, causing it to close in part and 
thus decrease the flow of the heating medium. The heat 
acts directly upon a diaphragm chamber which accomplishes 
this effect by expanding, and when it contracts it has the 
opposite effect, for then the pressure exerted against the coiled 
spring of the air valve is decreased because the space within 
which this pressure is exerted by the compressed air is in
creased and the result is that the motor diaphragm valve is 
opened and the flow of heating medium is increased. The 
instrument acts in the reverse manner when a cooling medium 
is controlled; rise in temperature causes the flow of more 
cooling medium and decrease in temperature reduces the flow.

There are variations in the design and construction of both 
the simple temperature and the simple pressure controller. 
There are instruments which will control both, the pressure 
and the temperature simultaneously. Others will control 
two temperatures at the same time. Still another type of 
instrument acts as a differential controller, which means that 
it simultaneously controls two sources of heating or cooling 
or one source of heating and one source of cooling. Control
lers are also provided with electrical and other connections 
for operating electromagnets and the like, so that they can 
open and shut steam valves, gas valves, electric circuits, etc.

Pressure controllers are also made in various types. Thus 
a single-system pressure controller will automatically control 
the pressure of steam, air, gas, or liquid. The twin-system  
controller will do the same for two different media. The 
differential pressure controller is used for controlling simul
taneously two relative pressures. Pressure controllers are 
also of the vacuum type—that is, they will control a vacuum 
within an apparatus just as well as pressure.

Other Controlling Instrum ents

Among other controlling instruments mention should be 
made of the automatic hygrometer, which controls humidity. 
This is a very useful type of instrument and is largely em
ployed in controlling the humidity of air in drying operations.

Another very useful instrument is the automatic liquid-level 
controller which is designed to control the level of liquids in 
tanks, evaporators, e tc . . The automatic pyrometer controller 
is merely a type of temperature controller used at high tem
peratures.

M echanism  of Controllers

The controllers can work in one of two ways. Either they 
will snap open a valve or snap it shut, or they will gradually 
open and close it—that is, throttle the valve. The self-con
tained controllers are of the latter type, while the air-operated 
are of the former. The selection of the proper controller 
m il depend entirely upon the use to which it is going to be 
put, on the accuracy with which the temperature or pressure 
must be regulated, and upon the condition wherein the heat 
must be entirely shut off or gradually reduced. The use of 
the air-operated instrument also necessitates the availability 
of compressed air at at least 15 pounds and not more than 
50 pounds pressure. This is, however, a condition which is 
easily satisfied in most plants, but where compressed air is 
not available the self-contained type of instrument must be 
used.

Uses of Pressure and Temperature Controllers

The pressure controller and the temperature controller 
find many uses in the chemical and allied industries. These 
uses, however, are not nearly so well defined in the strictly 
chemical industries—that is, the manufacture of organic 
and inorganic chemicals, dyestuffs, synthetic drugs, perfumes, 
and the like— as in the allied industries—the rubber, textile, 
petroleum, and food industries, for example. The reason 
for this is that the uses to which the instruments are put in

A m e r ic a n  T e m p e r a tu r e  C o n tro l le r  U sed  to  R e g u la te  
t h e  T e m p e r a tu r e  in  a  S te a m  Box fo r  S e t t in g  th e  T w is t  
in  S ilk  a t  W ilk e s-B a rre  S ilk  C o ., W ilk e s -B a rre , P a .

chemical operations are often guarded as secrets. Neverthe
less, the principle of the operation of the instrument and the 
results that have been obtained with them in other industries 
clearly indicate that they can and probably are being used for 
certain standard chemical operations.

Temperature controllers are used with good results in dis
tilling operations. They may be used directly on the still
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to control the flow of heating medium, the bulb of the instru
ment being preferably inserted in the outlet leading the dis
tilled vapors out of the still. The location of this bulb is very 
important and must be carefully selected if the controller is to 
regulate the temperature of the apparatus properly. It has 
been found advisable to locate the bulb in this case in the

A m e r ic a n  T e m p e r a tu r e  C o n tro l le r  R e g u la t in g  F lo w  o f 
W a te r  I n to  a  G a s  C o n d e n s e r ,  In  a  L a rg e  N ew  Y o rk  C ity  
G a s  W o rk s , to  A ssu re  C o o lin g  o f G as  to  a  U n ifo rm  T e m 
p e r a tu r e  So t h a t  T a r  E x t r a c to r  C a n  E ffec tiv e ly  R em o v e  
T ar f r o m  G as

outlet pipe. In fact, this practice is followed in many 
other installations. There is likely to be a lag in the action 
of the controller due to the mass of metal which is close to the! 
bulb. However, a simple test will enable the operator to tell 
just how far back he has to set the controller to compensate 
for this lag. There will probably be a similar lag when the 
bulb of the controlling thermometer is placed within a well— 
as for example, in nitrators, sulfonators, digesters, and the 
like. The space between the bulb and the walls of the well is 
commonly filled with a good heat-conducting liquid. What
ever lag there is in such an instance can be easily determined 
and allowance made for it, and should not be considered a 
fault of the instrument.

Temperature controllers have been used with good results 
on alcohol stills, on benzene stills in gas works, and on oil 
stills in the oil refinery. They can be used for all kinds of 
distilling operations where a definite temperature must be 
maintained throughout the entire process. Controllers have 
been used on water coolers attached to petroleum stills, rather 
than on the stills themselves. The controller in this instance 
regulates the flow of cooling water through the coils, so that 
the temperature is maintained just at that point where the 
ingredient that is being recovered will pass over in vapor form 
to a condenser while the other lower boiling constituents drop 
back in liquid form into the still.

Automatic temperature controllers—in this instance they 
are also called pyrometers because temperatures are high— 
are being used with considerable success in controlling other 
operations in the oil refinery, such as tower operation on 
cracking unit and tube still, on furnaces, pipe stills, and the 
like.

Temperature regulators have been used on all sorts of 
kettles, both of the open and closed type, for carrying out 
chemical reactions, such as nitration, sulfonation, reduction, 
etc. In all these cases a heating medium may be required to 
give a certain temperature beyond which bad results will be 
obtained. The controller will prevent too high temperatures 
in the apparatus. Sometimes the operation is such that the 
materials are first brought up to a definite temperature, when 
the steam must be shut off and the contents cooled down to 
a lower temperature or cooled to maintain them at the same 
temperature, the cooling being required to absorb the gener
ated heat. A differential temperature controller may be used 
in this instance, first to control the flow of heat to bring the 
contents of the autoclave up to the desired point, and then 
to regulate the flow of cooling water to bring the temperature 
down to the desired point. This differential instrument 
finds many important uses in industrial operations.

Self-operated temperature controllers are particularly valu
able on hot-water heaters, exhaust boxes, driers of all sorts, 
dry kilns, bottle washers, platen presses in the vulcanization 
of rubber, and the like. In fact, controllers have been found 
to be very efficient in regulating temperature of drying. This 
operation is an important one in many chemical plants, and 
when drying dyestuffs and other chemical products, which are 
easily and adversely affected by too high drying temperatures, 
the controller will prevent the temperature from rising too 
high and spoiling the product.

The pressure controller is used to regulate the flow of steam  
to the platen press in rubber vulcanization, to retorts, proc
ess kettles, continuous cookers, sterilizing tanks, and the like. 
The combination time and temperature instrument is used 
largely for controlling vulcanization operations in rubber 
plants. The combination pressure and temperature control
ler is used in the pasteurization of milk.

S y lp h o n  T e m p e r a tu r e  R e g u la to r  I n s ta l l e d  o n  S to r a g e  T a n k  of a  
H o t-W a te r  H e a t in g  S y s te m

Controllers are used largely in the textile industry for regu
lating dyeing, bleaching, washing, souring, scouring, dcgum- 
ming, and many other operations. The fact that delicate 
materials are being handled makes the use of some sort of 
control essential, and automatic control is far more certain 
than human control.

Controllers are used for general purposes in the boiler plant 
of chemical works. One interesting use here.is in the conver
sion of one kind of steam into another by removing the super
heat. The controller regulates the operation of the desuper
heater so that steam with a constant degree of superheat is 
obtained.
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The paper industry uses controllers for various purposes. 
The instrument is used to regulate the operation of the 
grinder. The controller is also employed on the paper-mak
ing machine itself to regulate the flow of steam to the drier 
rolls so that paper with just the correct amount of moisture is 
obtained. This is an important matter to the paper maker, 
for too high moisture may mean that the paper will spoil in 
storage while too little will make the paper brittle.

Among the many high-temperature operations in which 
controlling pyrometers are employed may be mentioned 
galvanizing, carburizing of steel, gas-fired and oil-fired heat- 
treating furnaces, the blast furnace in the steel plant, core 
ovens in the foundry, annealing furnaces, etc.

In conclusion, it may be said that wherever heat is used 
and where temperature, either low or high, is important, there 
is a possible use of the automatic temperature controller.

Some Scientific Aspects of Packaging and Quick- 
Freezing Perishable Flesh Products1

I—More Rapid Freezing M eans Better Preservation
Clarence Birdseye

G e n e r a l  F o o d s  C o m p a n y , G l o u c e s t e r , M a s s .

IT IS the purpose of this article to contrast the character
istics of air-frozen and quick-frozen products. For pres
ent purposes air-frozen, slow-frozen, and sharp-frozen 

will be considered as synonyms referring to products frozen 
in modern “sharp freezers” with a minimum temperature of 
about 10° or 15° F. below zero ( —23.33° or —26.67° C.). 
"Quick-frozen” will be used to designate products that have 
been frozen by direct immersion in a liquid refrigerant such as 
sodium chloride brine, or by indirect contact with a very cold 
liquid refrigerant such as calcium chloride brine.

Animal flesh is made up largely of countless elastic-walled 
cells filled with a semi-liquid protein gel. This gel contains a 
large percentage of water in which are dissolved appreciable 
quantities of sodium, calcium, potassium, magnesium, man
ganese, iron, and zinc salts in the form of chlorides, phos
phates, sulfates, bromides, and iodides. Water in which 
these salts are dissolved does not freeze homogeneously. In
stead, fresh water ice begins to freeze out of the cellular and 
intercellular material when the temperature of the product is 
lowered to about 31° F. ( —0.56° C.), and, as the temperature is 
lowered still further, more and more fresh water ice is formed, 
leaving an ever more concentrated solution of the various 
salts. The water content of fish is not entirely frozen until 
the temperature of the flesh has been reduced to approxi
mately - 7 0 °  F. ( -5 6 .6 7 °  C.).

Percentage of Freezing at Various Temperatures

Complete figures are not available to show exactly what 
percentage of the moisture content of fish is frozen at various

1 R eceived F eb ru a ry  8, 1929.
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temperatures, but from the fragmentary evidence at hand it 
may fairly be inferred that a very large part has been solidified 
by the time the temperature has been lowered to 25° F. 
( —3.89° C.). From Figure 1, which shows the time required 
to thaw a fillet in the center of a filled 50-pound insulated 
shipping container, it will be noted that the temperature rise 
is very rapid from —10° F. ( —23.33° C.) to 25° F. ( —3.89° 
C.), the curve thereafter remaining comparatively flat until 
the temperature has reached about 31 ° F., after which it again 
shoots up very rapidly. Figure 2 shows that the time-tem- 
perature curve in sharp-freezing a carton of fillets is very much 
the same shape as that in Figure 1. Taylor2 says that at 5° F. 
(—15° C.) about 15 per cent of the water remains unfrozen; 
while at 31 ° F. (35° C.) below zero, about 2.5 per cent remains 
liquid. Plank3 has ascertained that at 29.3° F. ( — 1.5° C.) 
only 42 per cent of the water is frozen; while the very last of 
the water, which is more closely bound to the muscle colloids 
than the rest, is not frozen until a temperature of at least 
68.8° F. (57° C.) below zero is reached. These facts have 
been used in the preparation of Figure 3.

Crystal Form ation

During the period in which the bulk of the moisture content 
is being frozen, the individual ice crystals are continuously in
creasing in size, by accretion. After the temperature has 
reached 25° F. ( —3.89° C.), by which time most of the 
water has probably been frozen, the growth of individual

* T ay lor, “ R efrigeration  of F ish ,”  Appendix V II I  to  R ep o rt of U . S. 
Com m issioner of Fisheries for 1926, p. 501, W ashington , 1927.

•P la n k , Z. ges. K M e-In d ., 32, 141 (1925).

F ig u r e  1—T e m p e r a tu r e  R ise  d u r in g  T h a w in g  P e r io d  In  C e n te r  
P a c k a g e  of a  5 0 -P o u n d  I n s u la te d  C o r ru g a te d  S h ip p in g  C o n ta in e r  of 
H a d d o c k  F il le ts
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crystals apparently largely ceases. Therefore, we may for 
convenience refer to the temperature zone from 31 ° F. ( —0.56 ° 
C.) down to about 25° F. ( —3.89° C.) as the “zone of maxi
mum crystal formation.” And since, when substances 
crystallize, the size of the crystals depends upon the time 
allowed for them to form, it is obvious that the more quickly 
flesh is passed through this zone of maximum crystal forma
tion the smaller the crystals in the frozen product will be. '

F ig u re  3— P e r c e n ta g c - T e m p e r a tu r e  C u rv e  o f C ry s ta l l iz a t io n  in  
F re e z in g  F le s h  P r o d u c ts

In usual sharp-freezer practice fish is frozen in from 12 to 48 
hours, the heat being removed from the surface principally by 
convection air currents. The heat transfer is so slow that 
moisture at the center of the fish begins to crystallize almost 
as soon as that near the surface, the whole mass of the fish 
gradually becoming first firm and then hard. From Figure 2 
it will be seen that if a 2-inch (5-cm.) package of fresh fish 
requires 10 hours to freeze hard in a sharp freezer, a small 
group (about 1 cc.) of cells in the center of the package will 
require approximately 6 hours to pass through the zone of 
maximum crystal formation. It is thus evident that in sharp- 
frozen fish a great deal of time is allowed for the formation of 
large ice crystals, which are sometimes as much as an inch 
(2.5 cm.) in length.

Effect on Tissues

The formation of these large sharp-pointed ice crystals 
within and between the cells results in a more or less serious 
rupture of the more delicate of the tissues and a compression 
of the tougher and more resistant fibers into dehydrated 
layers or bundles.4 Moreover, this badly ruptured sharp- 
frozen flesh autolyzes more rapidly,5 and is more susceptible 
to bacterial decomposition than fresh undamaged flesh.

During the comparatively slow process of sharp-freezing, a 
considerable amount of moisture is lost by evaporation from 
the surface.0 Exact figures on the amount of this loss are 
not available; but it probably averages from 1.5 to 4 per cent 
on fish frozen in blocks, 3 to 7 per cent on singly frozen fish, 
and 2 to 6 per cent on bulk-frozen meats.

When flesh products are quick-frozen by direct or indirect

i  Cook, Love, V ickery, and  Y oung, Austra lian  J .  E xp tl. Biol. Med. 
Sci., 3, 15 (1926).

5 T ay lo r, Op. cit., p. 523.
« Peterson , Refrigerating World, Septem ber, 1924.

contact with a very cold liquid refrigerant, heat is extracted 
from them with such extreme rapidity that, instead of being 
dulled almost uniformly throughout their bulk, the freezing 
zone advances toward the center as a sharply defined line, on 
one side of which the flesh may be frozen hard while on the 
other crystallization has not commenced. B y referring again 
to Figure 2 it will be noted that the package of fish which re
quired 10 hours to harden in a sharp-freezer needed only l 1/* 
hours to quick-freeze. The chart also shows that, although 
the whole package required 6.66 times as long to sharp-freeze 
as it did to quick-freeze, 1 cc. of tissue at the center of the 
quick-frozen package passed through the zone of maximum 
crystal formation in 25 minutes, or fourteen times as fast 
as in the sharp-frozen package.

Thus quick-frozen flesh is passed through the zone of maxi
mum crystal formation so very rapidly that the resulting ice 
crystals are too small to be capable of materially rupturing 
or compressing the tissues. The contrast between sharp- and 
quick-frozen flesh is clearly illustrated in Figure 4. A is a 
photograph of a piece of sharp-frozen haddock fillet cut 
“across the grain.” This fillet was taken from near the 
center of a 30-pound tin of parchment-wrapped fillets of a 
well-known brand frozen in 36 hours in a large Boston plant. 
Even a casual glance at this illustration shows the serious 
damage done by the crystals. Much of the tissue was reduced 
to an amorphous mass which escaped at the cut surface when 
the product thawed. The remaining flesh has been compressed 
into tough bundles utterly incapable of re-absorbing the mois
ture from the melted crystals. Such a sharp-frozen piece of 
flesh spoils rapidly; and even when cooked immediately after 
being thawed, is dry, pulpy, lacking in nutrient value, and 
totally without the delicious flavor of the fresh product.

Figure 4-B  shows a section of quick-frozen flesh from the 
center of a 10-pound package of haddock fillets. It is perfectly 
obvious that no large crystals were formed when this fish was 
frozen, and that no damage has been done to the flesh. Such 
a fillet, even though it may have been held in storage for 
several months, is still truly fresh fish.

F ig u re  4 — (A ) S h a rp - F ro z e n  H a d d o c k  F i l le t ;  (B ) Q u ic k -F ro z e n  
H a d d o c k  F i l le t

Figures 5 to 10 illustrate microphotographically the damage 
which large ice crystals cause to individual cells of sharp- 
frozen haddock fillets and beef tenderloins. These photo
graphs were taken under the supervision of R. P. Bigelow, of 
Massachusetts Institute of Technology. The cells of the 
fresh, unfrozen product are entirely normal in appearance; 
the quick-frozen cells show not the slightest damage from ice 
crystals; but the sharp-frozen cells are obviously badly rup
tured. It is interesting to note that the sharp-frozen and 
quick-frozen haddock cells came from the fillets illustrated in 
Figures 4-A and i-B ,  respectively.

Professor Bigelow made a further careful study of muscle 
tissue from fresh, sharp-frozen, and quick-frozen haddock 
fillets, and the following extract from his report is illuminat
ing:
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F igure  8— Cells from  fresh unfrozen beef. F igu re  9—Cells from  beef frozen in 30 
m inu tes in quick-freezing ap p ara tu s. N ote  
th a t  cells a re  unbroken.

B eef T e n d e r lo in

F igure  10— Cells from  beef frozen by  
o rd in a ry  com m ercial cold-storage m ethods

On examination, the fresh haddock appears to be well pre
served. The structure of the muscle fibers is well seen, the 
fibrillae being quite distinct and in places the striations are 
visible. Between the fibers is the connective tissue. Blood 
vessels and capillaries can be seen, containing nucleated blood 
corpuscles, and in several places very beautiful pictures are 
seen of nerve fibers showing clearly the axis cylinder and the 
sheath.

The quick-frozen haddock showed apparently some dis
integration of the connective tissue between the fibers, probably 
due to a slight maceration during the. handling between the 
death of the fish and the commencement of freezing. But in 
some places the nuclei of the connective tissue can be seen and 
the blood vessels show distinctly the nuclei in their smooth 
muscle fibers. The striated muscle fibers of the muscle appear 
to be in good condition, showing distinctly both the fibrillae 
and the cross striations. In this material, as well as in the fresh 
haddock, the nuclei within the muscle fibers are not very dis
tinct.

The slow-frozen haddock has a very different appearance in 
cross section under the microscope, as well as when seen in the 
hand. The muscle fibers seem to be swollen. Together with 
the differences in size, these muscle fibers show very different 
structure. In the first place, they are firmly pressed together 
so that only a very narrow space appears between them, and 
they are not evenly distributed throughout the specimens as 
in the case of the fresh and the quick-frozen fish. Between 
these masses of pressed fibers were large empty spaces, or large 
spaces filled with an amorphous material which may be the 
result of the disintegration of connective tissue. The connective 
tissue seems to have entirely disappeared as such from the 
specimen. This makes it very difficult to prepare a block for 
section cutting, because as soon as one attempts to cut a small 
piece of the flesh it falls apart. I think these slides show a 
very big difference between the slow-frozen haddock on the one 
hand and the quick-frozen and the fresh material on the other.

Shrinkage

For obvious reasons, loss of weight by evaporation during 
quick-freezing by any of the better known methods is very 
much less than in sharp-freezing. When the products are 
properly protected by highly vapor-proof packages before 
being frozen, the shrinkage is negligible. At one large quick- 
freezing plant the average shrinkage in freezing haddock fillets 
wrapped in Moistureproof Cellophane and packed in 10- 
pound cartons is less .than 0.25 per cent.

Table I shows that there was practically no shrinkage in 
various packaged dressed meat products experimentally 
quick-frozen at the above plant.

T a b le  I —L o ss  o f W e ig h t  d u r in g  Q u ic k -F r e e z in g  o f C e r ta in  
P a c k a g e d  M e a ts  

P r o d u c t  B e f o r e  F r e e z i n g  A f t e r  F r e e z i n g
Lbs. Oz. Lbs. Oz.

Sirloin steaks 11 4 1/# 11 4 1/»
P ork  chops 6 12*/* 5 12l/ i
Beef tenderlo in  5 10*/* 5 10*/4
L am b chops 5 121/}  5 121/*
L am b kidneys 6 Q1/ j 6 6*/a
Calves liver 0 3*/4 6 3*/4

Other Advantages of Quick-Freezing

When certain forms of meats and poultry are sharp-frozen, 
the extensive drying of the surface, sometimes apparently as
sociated with a partial oxidation of the fats in and immediately 
under the skin, causes an effect known as “freezer-bum,” 
which considerably lowers the value of the products. 
Freezer-burn was entirely absent in the packaged meats con

F igure  5— Cells of fresh unfrozen h ad 
dock. N o te  th a t  th e  cells a re  perfect and  
have a  full rounded  appearance.

F igu re  6— Cells from  quick-frozen haddock. 
N o te  cells perfect in every  way.

H a d d o c k

Figure  7— Cells from  a  haddock fillet 
frozen in th e  regu lar m anner. N o te  ru p 
tu res caused by ice c ry sta ls  an d  fia t em pty  
appearance of cells.
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sidered in Table I, and did not occur even with such bulk 
products as green pork bellies frozen in direct contact with 
the metal belts of the quick-freezing apparatus. Perhaps 
equally important, from the marketing point of view, was the

fact that the color and odor of the packaged meats whs not 
changed at all by the quick-freezing. “Drip”— leakage of 
moisture from the product during the thawing process—was 
very slight indeed.

Recent Developm ents in the M anufacture of 
Sulfuric Acid1

S. F . Spangler

C m 'in c A L  C o n s t r u c t i o n  C o ., C h a r l o t t e , N .  C .

AN Y  review of recent developments in the manufacture 
of sulfuric acid that aims to point out the present trend 
and predict future developments must necessarily 

recognize the changes in the use of this most important 
chemical in the last few decades. Sulfuric acid has been 
recognized since the beginning of chemical industry as being 
one of the most important chemicals and a necessary material 
in the manufacture of very many other chemicals.

Chamber Plants

A t the beginning of this century about half of the sulfuric 
acid produced was used in the manufacture of phosphate 
fertilizers and the remainder in the manufacture of explosives, 
oil-refining, the pickling of steel plate, and the preparation of 
heavy chemicals. For most of these purposes the lead cham
ber plant producing an acid of 60° BA (77 per cent H 2S 0 4) 
strength was the most suitable and most common type of 
plant, since only 52° B6. strength of acid is required in the 
fertilizer trade. The stronger “oil of vitriol” or 66° B6. 
(93 per cent H 2S 0 4) acid was made, when required, by con
centration of 60° BA acid by direct heat in retorts or cascade 
concentrators. If an especially pure, strong acid was de
sired, such concentration was effected in glass or platinum 
vessels. The comparatively small requirements for fuming 
sulfuric acid—i. e., acid of over 100 per cent H2S 0 4 strength—  
were taken care of by a few scattered contact plants employing 
platinum mass as the catalytic agent, with none too satis-

sulfuric acid. The “mixed acid” used in the manufacture of 
explosive nitro compounds required sulfuric acid both as one 
of its direct constituents and indirectly in the manufactbre of 
nitric acid, the other constituent. For the manufacture of 
nitric, a sulfuric acid of 66° BA strength was requiredwhile 
fuming acid was the most suitable form of the sulfuric acid 
used as a direct constituent of the mixed acid. The result 
of the war demand was to compel operation of all existing 
chamber plants in excess of their normal capacity, the rapid 
building of various types of concentrating plants to produce 
66° BA acid from chamber plant acid, and a large increase 
in the number of contact acid plants. This period saw the 
successful application of acid-proof masonry in this country 
to the construction of the Glover and Gay-Lussac towers of 
chamber plants and of tower types of concentrating plaiits on 
a large scale and the shift from pyrites to brimstone'as the 
principal source of sulfur dioxide gas. This latter shift was 
accompanied by the replacement of brick furnaces by' more 
efficient types, such as the rotary Glens Falls burner and the 
Vesuvius burner. Such plants as continued to use pyrites as 
a source of sulfur dioxide generally replaced their brick ;ovens 
with mechanical furnaces of the Herreshoff or Wedge' type. 
The contact acid plants continued to use platinum as the 
catalytic agent and the sudden scarcity of platinum caused 
by the war demands will not soon be forgotten by the chemical 
industry.

With the close of the war the demand for 66° BA and fujn-

C o n ta c t  A cid  P l a n t  S h o w in g  V ery  C o m p a c t  A r r a n g e m e n t  C o m p a re d  w ith  C h a m b e r  P l a n t  o f  E q u a l C a p a c i ty  in  B a c k g ro u n d -

factory an efficiency. The usual source of the sulfur dioxide 
gas used in both chamber and contact plants was iron and 
copper sulfides (pyrites), which commonly were roasted in 
brick ovens. To a small extent brimstone was used as a 
source of the sulfur dioxide gas by direct combustion in similar 
ovens.

The rapid development of the explosives industry during 
the war period caused an enormous increase in the demand for

1 R eceived M arch  11, 1929.

ing sulfuric acids declined rapidly, though the subsequent 
growth of the dye industry eventually brought a resumption 
of the demand for mixed acid. The fertilizer industry con
tinued to demand chamber plant acid, but the depression in 
the fertilizer trade forced many of the weaker plants out of 
business and prevented expenditure of funds for all but the 
more urgent repairs. A new factor came into the industry in 
the increase in the demand for sulfuric acid from the rapidly 
expanding oil industry. This called not only for additional
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quantities of sulfuric acid to be manufactured, but for better 
recovery and concentration of the weak sulfuric acid con
tained in the acid sludges produced by the treatment of the 
oils with strong sulfuric acid. In addition, a change in the 
character of the oils treated called in many cases for a stronger 
acid and brought contact plants into the acid departments of 
oil refineries. All this was accompanied by a growing demand 
for more efficient and economical plant operation, with the 
result that the old processes were subjected to searching ex
amination and radical modification by the leaders of the acid 
industry.

A m m o n ia  O x id a tio n  U n i t  I n s ta l l e d  In  C h a m b e r  
P l a n t  o f a  F lo r id a  F e r t i l iz e r  W o rk s

During the last few years the most noticeable change at 
sulfuric acid chamber plants has been the substitution of am
monia for nitrate of soda as a source of nitrogen oxides. 
This substitution has been quite general during the past year, 
especially at the larger chamber plants. Several companies 
now offer complete ammonia oxidation units installed at 
fixed prices with guaranteed results. These units can be 
furnished to operate with either anhydrous ammonia or am
monia liquor. As several articles have appeared recently de
scribing these oxidation units in detail, such description will be 
omitted in this review. It might be stated that the majority 
of the oxidation units now in successful operation in this 
country employ the cylindrical or Parsons type of platinum 
gauze as the catalytic agent. The use of pure anhydrous 
ammonia offers the advantage of reduced freight expense on 
receipts of ammonia, since the strongest ammonia liquor 
transportable contains only 30 per cent N H 3, but has the dis
advantage of requiring expensive high-pressure storage tanks. 
In addition, the units employing ammonia liquor are simpler 
to control— a decided advantage with the average grade of 
chamber plant operator—and their platinum gauzes are less 
quickly poisoned by impurities in the air, since the air is sub
jected to an alkaline washing by the ammonia liquor in the 
stripping column. A recent development in connection with 
ammonia oxidation units has been the perfection of a simple 
mixing nozzle through which anhydrous ammonia may be 
discharged into water inside an ordinary closed cylindrical

tank and converted into ammonia liquor with only a negligible 
loss. The use of this nozzle permits the installation of the 
more efficient ammonia-liquor type of oxidation unit and the 
cheaper ammonia-liquor storage tanks to be combined with 
the purchase of the ammonia as anhydrous ammonia at ad
vantageous freight rates, and probably foreshadows the set
tlement of the question of the most suitable type of oxida
tion unit for chamber plants.

The other change of interest at chamber plants has been a 
gradual reduction of chamber space per unit of acid production 
capacity. In the majority of cases this has been done by the 
introduction of closely packed intermediate towers between 
the chambers, but two manufacturing companies have 
adopted the Mills-Packard system of chambers, a system of 
externally water-cooled conical lead chambers giving an in
tensive reaction and requiring a limited floor space. In the 
case of one of these companies, Mills-Packard chambers have 
been installed at three different plants and a considerable in
crease of production per unit of chamber space has been se
cured. Unfortunately, this is also attended by increased 
operating difficulties, which necessitate closer supervision. 
The other intensive European systems, such as the Gaillard 
turbo-disperser and the Schmiedel roller box, have not found 
favor in this country, principally because they require too 
close technical supervision. As previously pointed out, the 
chief field of the chamber plant in this country is as a source 
of supply of weak sulfuric acid for the fertilizer industry, and 
the fertilizer industry as a whole is still in the stage of rule- 
of-thumb methods as far as acid-making is concerned. There 
are, of course, some notable exceptions, but they are among 
the larger plants. For the smaller plants dependent on cheap 
labor, the use of any extremely intensive chamber system is 
inadvisable, as possible operating losses can quickly over
balance savings in original investment.

Im provem ents in  Concentration

Before considering the developments in contact acid plants, 
it seems desirable to devote a few lines to the recent improve
ments in the concentration of moderate strength sulfuric acid 
to strong sulfuric acid. As previously stated, the growing 
requirements of the oil industry have been responsible for 
the greatest improvements in this line. The older processes of 
concentration, such as direct heat under dishes and retorts 
singly or in cascades, and even the tower systems so popular 
during the war under the names of Gaillard, Gilchrist, and 
Kalbperry, failed to give satisfactory results with the separated 
sludge acids of the oil refineries. The difficulty lies in the 
tendency of the sludge acid to foam at a certain stage of con
centration, owing to the decomposition of the acid by the 
carbonaceous materials present in even the most carefully 
separated sludge acid. This was first successfully overcome 
in 1920 by the use of the two-stage submerged-pipe process. 
In this process combustion gases from a forced-draft oil fur
nace are forced at a temperature of about 1100° F. under the 
surface of the acid contained in a covered acid-proof masonry 
pan communicating with an acid-proof masonry preheating 
tower, where the gases escaping from the pan rise through and 
preheat the descending supply of feed acid. Evaporation 
takes place in the pan at less than the ordinary boiling point 
of the acid, since the effect of blowing the hot gas through the 
acid is similar to operating under a partial vacuum. The proc
ess is divided into two stages with identical pans and towers, 
and both stages are usually supplied from one oil furnace. 
In the first stage the acid is concentrated from about 30° or 
35° B6. to between 50° and 55° B6. strength, and much of the 
carbonaceous matter is removed by either volatilization or 
oxidation. This 50-55° B6. acid, after passage through an 
intermediate storage tank, where some of the remaining car
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bonaceous matter is re
moved mechanically, be
comes the feed acid for 
the second stage, where 
it is concentrated to 66°
136. strength. The waste 
gases leaving the towers 
of both stages are com
bined and passed through 
a Cottrell electrical pre
cipitator to condense any 
sulfuric acid mist as weak 
acid which is returned to 
the process.

During 1928, the com
pany c o n tr o ll in g  th e  
basic patents of the two- 
stage submerged-pipe system has introduced a modifica
tion known as the drum type of sulfuric acid concentrator, 
which has several advantages over the earlier tower type. 
In the drum-type concentrator the arrangement may be de
scribed as being a “series” flow as compared with a “parallel” 
flow in the older type. In the new type the exit gases from  
the high, or second, stage are passed into the low, or first stage, 
whereas, in the older type both stages received hot gases sepa
rately from the furnace. The expensive high preheating 
towers are eliminated entirely. The apparatus consists es
sentially of a long, horizontal steel drum divided into three 
compartments. The front compartment is lined 'with in
sulating and fire brick and equipped with an oil or gas burner 
operated under forced draft furnished by a centrifugal air 
blower. The other two compartments are lined with heavy 
sheet lead and acid-proof brick and cement. The hot gases 
leave the combustion chamber at a temperature of around 
1100° F. and enter the middle or high-stage compartment, 
where they are released beneath the surface of the acid bath. 
The gases leave this chamber at about 450 0 F. when acid of 
66° B6. is being made in the high stage. These gases, con
taining a small quantity of sulfuric acid mist, then enter the 
rear or low-stage compartment 
where they are again released 
beneath the surface of the acid 
and emerge at a temperature 
of 200° to 300° F., depending 
on the strength of the feed acid 
supplied to this compartment.
The gases from the rear com
partment are cleaned before be
ing released to the atmosphere 
by passage through an electrical 
precipitator or some e q u iv a 
lent absorption or scrubbing 
tower. The flow of acid is 
countercurrent to the flow of 
gases. The weak acid is fed 
continually into the rear or low- 
stage compartment by an air 
lift or pump. When fresh or 
moderately clean sulfuric acid 
is being concentrated, the acid 
from the rear compartment flows by gravity through luted 
passage into the middle compartment. When a sludge acid is 
being handled, the acid from the rear compartment flows into 
an intermediate storage tank through a skimmer, where the 
non-volatile carbonaceous matter can be skimmed off, after 
which the resulting intermediate strength acid is pumped by 
an air lift into the middle compartment. From the middle 
compartment the strong finished acid is drawn off through a

cooler into storage tanks. 
The operation is continu
ous, since the violent agi
tation of the acid inside 
the compartments caused 
by the passage of the hot 
gases prevents the set
tling out of any residue 
inside the drums. Obvi
ously, the use of the waste 
gases from the high stage 
as a source of heat for the 
low stage gives greater 
heat economy than was 
p o ss ib le  in the earlier 
tower system, where the 
low-stage unit received 

direct furnace gases and the gases from the high-stage unit 
escaped. Control of the entire operation is from one central
ized control board provided with necessary indicating or re
cording pyrometers, gages, etc. While the drum type of con
centrator has been available only since the beginning of 1928, 
nearly a dozen are already in operation. The majority of 
these are in connection with oil refineries, but several are in use 
handling the residual sulfuric acid produced in the concentra
tion of nitric acid as an adjunct of synthetic nitric acid plants.

An interesting development in connection with Cottrell 
electrical precipitators for sulfuric acid mist has resulted di
rectly from the use of the drum-type concentrators with re
sidual sulfuric acid from nitric acid concentration plants. 
This residual sulfuric acid is liable to contain a small trace of 
nitric acid, which is dangerous to the lead tubes and chambers 
of the ordinary type of precipitator. Recently four electric 
precipitators have been completed where the chambers are of 
acid-proof masonry and the tubes of high-silicon iron. The 
electrode wires remain lead as formerly, but occasional re
placement of these wires is a simple matter compared with 
replacement of lead tubes and chamber walls. These pre
cipitators have proved so satisfactory that high-silicon iron

tubes are being chosen for all 
precipitators built in connec
tion with drum-type concen
trators, whether or not there is 
danger of the presence of nitric 
acid, because of the longer life 
of the iron tubes.

The only other process now 
being installed to any extent 
in new plants for the concen
tration of separated sludge acid 
is the vacuum process. Two 
different vacuum concentrators 
are available from reputable 
construction companies. It is 
the writer’s opinion that neither 
is especially adapted to pro
ducing satisfactorily an acid of 
66° Bć. strength because of 
mechanical difficulties. Where 
a product of only 60° to 63° 

B<5. strength is required, the vacuum process has the decided 
advantage of not requiring any precipitator or equivalent 
fume eliminator, but the tendency in the treatment of oils is 
toward the use of acid of 66° B6. and stronger.

Contact Process

By far the most noteworthy recent change in the contact 
process for the manufacture of fuming sulfuric acid has been

D ru m - T y p e  C o n c e n t r a to r

P r e s s u r e - T y p e  F u r n a c e  f o r  M o lte n  S u lf u r
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the adoption of vanadium compounds as a substitute for 
platinum as a catalyst. The use of vanadium compounds as 
catalysts for the oxidation of sulfur dioxide has been known 
since 1895, but only during the last few years have they been 
employed successfully on a commercial scale in this country. 
Credit for this development should be given to A. 0 .  Jaeger 
and his associates, whose preliminary work in the laboratories 
of the Monsanto Chemical Company, of St. Louis, led to the 
erection of five different contact acid plants located in East 
St. Louis, 111., Oklahoma, Pennsylvania, and Wisconsin— all 
employing what has come to be called the Monsanto vana
dium mass. Doctor Jaeger subsequently became associated 
with the Selden Company, of Pittsburgh, Pa., where further 
research developed an improved vanadium mass now mar
keted as the Selden vanadium mass. The first plant employ
ing the Selden mass was placed in operation at Baltimore, 
January, 1928, and since then construction of eight plants 
having a combined capacity in excess of 800 tons of 100 per 
cent acid per day has been begun, while plans are being pre
pared for several other large installations. As compared with 

■ platinum mass, the vanadium mass possesses the advantages 
of cheapness, immunity to poisoning by arsenic and sub
stances detrimental to platinum mass and, when used in 
properly designed converters, the high average conversion 
efficiency of 97 to 99 per cent. While it has been claimed that 
platinum mass freshly activated and under extremely close 
technical control may give equally high conversion efficiency, 
there appears to be no question that the average conver
sion efficiency in actual operation in commercial plants with  
platinum mass is rarely over 92 per cent due to the ease with 
which platinum mass is poisoned by the common impurities 
present in sulfur dioxide gas.

Exclusive rights to the erection in this country of plants 
using the Selden mass are held by one construction company 
whose engineers are responsible for some interesting de
partures from the conventional arrangement of contact plants 
using platinum mass. Probably the most important new 
feature is the use of a patented type of sulfur furnace, burning 
molten sulfur sprayed in through a burner which in many re
spects resembles the common mechanical oil burner. Air, 
thoroughly dried by passage through a scrubbing tower fed 
with strong sulfuric acid and then freed of any acid mist by 
passage through a packed filter tower, is forced into the fur
nace, by a centrifugal blower. This blower furnishes all the 
air required for combustion and all the pressure required for 
driving the gases through the rest of the system. The 
strength of the sulfur dioxide gas produced in the furnace can 
be regulated perfectly by control of the air supplied'by. the 
blower and the quantity of sulfur burned can be regulated by 

. the variable speed of the sulfur pump. The hot sulfur dioxide 
gases from the furnace pass through a boiler, where they serve 
to, generate the steam used in melting the sulfur. This boiler 
fit the same time reduces the temperature of the burner gases 
to such an extent that only a comparatively small additional 
sulfur dioxide cooler is required to reduce the gas to a tempera
ture suitable for entering the converters. Melting the sulfur 

, before introducing it into the furnace removes, by settling out 
in the melting tanks, most .of the dirt, sand, etc., present in 
the,sulfur. To remove any dust mechanically carried over, 
the combustion gases are passed through a packed filter 
tower, which, however, is of far smaller and cheaper construc
tion than is necessary in the conventional arrangement. The 
converters used in this process are of a newly developed design 
especially adapted for use with the vanadium contact mass 
and involve heat exchanger tubes inside the body of the con
verter which permit close regulation of converter tempera
tures. These converters have been successfully operated in 
sizes up to 40 tons equivalent 100 per cent H2SO4 per day. 
Like the other new features of this process, they are fully

covered by patents granted or pending. From the converters 
the now oxidized gases pass through a “SO3 cooler” and then 
into a series of three packed towers through the first two of 
which acid is circulated to absorb the sulfur trioxide, while 
the third tower is a coke-packed filter tower which removes 
any acid mist before the gases finally escape into the air. 
Operations can be easily controlled to give acids of 109, 104, 
or 98 per cent H2S 0 4 strength. Control is from one central 
room containing the recording pyrometers, gas analytical 
instruments, etc., which results in a saving of labor so that 
only one operator with a helper for wheeling sulfur, oiling 
motors, etc., is required per shift. The entire plant occupies 
considerably less ground space than the older types of contact 
acid plants or than chamber plants of equivalent capacity. 
Owing to the lower initial investment, it  is possible to produce 
66° BA acid, and even in most cases 60° B6. acid, by dilution 
of the fuming acid produced in this new type of contact plant 
at less cost than by the older chamber process.

The use of vanadium mass instead of platinum mass has 
been universal in all new contact acid plants erected in this 
country during the last year, with the possible exception of 
enlargements of former plants made by certain of the larger 
chemical companies with long experience and heavy invest
ments in platinum-mass type plants. As a result of their 
past experience, these companies are in the best position of any 
to secure maximum efficiences and low costs with platinum- 
mass type plants, and their present heavy plant investment 
operates to prevent any sudden change to the newer type. 
For the present this question may best be passed by observing 
that the new vanadium-mass type plants are being erected in 
market territory formerly considered the exclusive preserve 
of these older companies.

Future Trends

While the advances in sulfuric acid technology during the 
past few years which this article has attempted to outline have 
been of considerable extent, it  must not be assumed that per
fection has been attained. There is still room for great im
provement, not only in major details of the processes, but 
in the accessory equipment. I t  is always dangerous to 
prophesy future trends, but it may be interesting to attempt 
it. The ability of the new types of contact acid plant to  
produce cheap 66° BA acid definitely foreshadows the passing 
of the sulfuric acid concentrating plant except for the handling 
of sludge and spent acids. It probably eliminates the cham
ber plant as a source of marketable acid—why pay freight 
on water?—and reduces the probability of building new cham
ber plants at fertilizer plants except where small require
ments, ready access to sources of sulfur and distance from ex
isting contact acid plants combine to raise the cost of pur
chased fuming acid. The logical trend appears to be the 
building of large vanadium-mass-type contact acid plants at 
central locations, and the shipping of fuming acid from these 
to scattered fertilizer plants, where it would be diluted to the 
desired degree, thus reducing the acid problem of the fertilizer 
industry to the matter of a few storage tanks. For the oil 
industry there is a growing tendency to use strong acid (66° 
B6. and 98 per cent H2S 0 4) in treating which points logically to 
contact acid plants combined with concentrators capable of 
bringing the weak separated sludge acid up to full 66° BA 
strength, which can then be used either as the absorbing acid 
in the contact plant or fortified with fuming acid to give a 
98 per cent acid or used as 66° BA acid.

At least one major problem remains unsolved and its cor
rect solution may upset all current predictions regarding sul
furic acid. The waste liquor from the pickling tanks of the 
steel industry contains an enormous quantity of ferrous sul-



fate. If this can be economically converted back into sul- problem in recent years, and it  is understood that sevelal
furic acid, conditions in the industry will be materially possible processes are now ready for trial on a commercial
changed. Considerable research has been done on this scale.
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Mechanical D ispersion by Means of the Colloid Mill1
Pierce M. Travis

T r a v is  C o i. i .o id  R e s e a r c h  C o m p a n y , I n c . ,  a n d  T r a v is  P r o c e s s  C o r p o r a t io n , 1 1 9  B r o a d  S t .,  N e w  Y o r e , N .  Y .

T HE application of mechanical devices in the process 
industries is constantly making possible today what 
was impossible yesterday. So rapid has been the 

progress that the best methods of ten years ago are now anti
quated, as probably within five years more the best methods 
of 1929 will have been supplanted with still better ones. In 
our hurry to keep up with the stream of contemporary de
velopments we are, however, often subjected to the hallucina
tions of overenthusiastic salesmen. One of the really im
portant devices which has suffered greatly from false claims 
and ill-conceived applications is the so-called “colloid mill.” 
This article will attempt to explain the true nature and 
function of the colloid mill, indicating its limitations as well 
as its points of particular significance to the chemical engineer.

In the first place it would be well to state the basic view
point that the mechanical equipment which is referred to as 
a “colloid mill” represents not more than 20 per cent of any 
problem involving its use, the remaining 80 per cent repre
senting the fundamental knowledge of physical chemistry 
which is necessary for the successful application of this 
equipment to mechanical dispersion. A t present there is a 
lack of trained technicians in this new field, and the colloid 
mill has accordingly suffered. Where it has been used im
properly it has failed, and the result has been unjust and bitter 
criticism of the mechanical apparatus, instead of just criti
cism of the ignorance of fundamental scientific principles 
commonly exhibited by equipment salesmen.

The colloid mill began its existence under an unfavorable 
star, for its very name has been the basis for much misunder
standing. It was at first thought that mechanical dispersion 
of material to colloidal dimensions was feasible; hence the 
name “colloid mill” was applied to the apparatus intended to 
accomplish this dispersion. The generally accepted upper 
limit of particle size for the colloidal state is, however, a di
ameter of 200 mM, whereas the colloid mill rarely disperses to 
a particle diameter of less than In. Particles of this size are, 
to be sure, in a sort of twilight zone in which they exhibit 
many of the properties of the colloidal state. I t  would be 
much more accurate, however, to refer to the mechanical 
equipment which produces them as a dispersion mill rather 
than a colloid mill. The name “dispersion mill” further 
serves truth by indicating that such equipment is, in reality, a 
dispersing mechanism, and not a fine grinding mill as it is 
popularly misconceived.

The History of the Colloid Mill

Although Plauson2 has generally received the credit for 
building the first colloid mill, the literature shows that the 
idea wras anticipated by von Weimarn as early as 1906,3 and 
the latter has stated that he built a colloid mill for laboratory 
use in 1912. It was originally von Weimarn’s belief that

1 Received A ugust 4, 1928.
a P lauson, U . S . P a te n t 1,500,845 (app lica tion  A pril 22, 1921; 

g ran te d  J u ly  8, 1924).
* Von W eim arn, J . R uss. Chem. Soc., 38, 460, , 470 . (1906); 39, 619 

(1907).

colloidal dispersions could be obtained by mechanical grinding 
or shearing actions if some stabilizer were present to exert a 
protective action on the particles produced.

About 1916, also before any commercial development of the 
Plauson mill, inventors were busy with the question of dis
persing solid hydrocarbons in oils for the purpose of making 
liquid fuels. There are frequent references during this 
period to “high-speed” mills, some optimistic but erratic 
individuals proposing peripheral speeds of 200,000 feet per 
minute. At this time it was recognized that high speeds were 
necessary to obtain proper hydraulic shearing action, the 
action which has since become the most important factor in 
the development of the colloid mill.

The Plauson machine, which in spite of von Weimam’s 
prior claim on the idea of a colloid mill nevertheless deserves 
great credit as the first actual attempt at a machine for in
dustrial use, has never been used to any extent in this country. 
Subsequent to its appearance, however, rapid development of 
other types of mills began, both in Europe and in the United 
States. In the following section a classification of colloid 
mills will.be made on the basis of the mechanical details of 
the working surfaces.

Classification of Colloid M ills

A sharp distinction should be drawn between the pressure 
type of homogenizer and the colloid or dispersion mill. The 
well-known pressure type of homogenizer, utilizing pressures 
of from 2000 to 3000 pounds per square inch, has been used 
for many years in the dairy industry, and has also been 
applied in pharmacy to the making of simple emulsions. It  
is not suitable, however, for the dispersion of solids or for the 
émulsification of heavy liquids. This type of equipment has 
been confused with the colloid mill because some of the modem  
machines of the latter type have been described as" homogen- 
izers,” an appellation which is undoubtedly true in itself 
but by its connotations leads to unfortunate confusion be
tween two entirely different types of apparatus. The pres
sure homogenizer will not be discussed in this article.

The colloid or dispersion mill, as referred to herein, is a 
machine that depends essentially for its dispersive action upon 
hydraulic shearing forces exerted on particles suspended in a 
fluid medium. Although some pressure is created within the 
machine, it  is much lower than that necessary for the opera
tion of the pressure homogenizer and is secondary instead of 
being the main factor in producing dispersion.

Colloid mills may be classified in three main groups with 
regard to the mechanism utilized for producing dispersion. 
These groups may be called the beater type, the smooth- 
surface type, and the rough-surface type.

B e a t e r - T y p e  M i l l s —The beater type includes the origi
nal Plauson machine and some of the modified machines 
derived from it. In these mills the particles to be dispersed 
are subjected, not only to hydraulic shearing stresses, but 
also to impact stresses produced by revolving blades entering 
and leaving the spaces between fixed blades. The power
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requirements of the original Plauson were excessively high 
and it was operated only as a batch machine—factors which 
opposed its adoption in industry, although the results ob
tained vwith it were excellent. The various modifications of 
this type of machine have attempted to overcome its original 
defects, the Oderberg machine recently described4 claiming a 
power requirement decrease to one-seventh of that of the 
original Plauson mill for equal capacities.

F ig u r e  1— S m o o th -S u r f a c e  T y p e  o f C o llo id  M ill w ith  
T r u n c a te d - C o n e  W o rk in g  S u r fa c e s  

A — M ateria l in le t; B — W orking surfaces; C— M ateria l ou tle t

S m o o t h -S u r f a c e  T y p e —This type of machine depends 
only upon hydraulic shearing forces for its effect. Machines 
of this type consist of a smooth moving surface which passes 
a smooth fixed surface at a high velocity (2 miles per minute 
or higher) and with a small clearance (0.002 inch minimum). 
The adsorption of films of fluid upon each of the wofking sur
faces causes tremendous shearing stresses in the rest of the 
thin layer of liquid between them. These stresses are re
sponsible for the dispersion of the particles of material sus
pended in this layer. Operation is continuous with these 
mills, but the rate of flow between the working surfaces differs 
in different machines. One variation maintains a steady 
flow of material past the working surfaces by means of cen
trifugal force, while a second modification has its working sur
faces so shaped as to delay the movement of material past 
them. While the time that the material is actually on the 
working surfaces is only a fraction of a second in any case, it  is 
several times longer in the second case than in the first.

Centrifugal smooth-surface mills have as their working 
surfaces either a truncated cone rotating within a fixed cone 
or flat disks rotating in opposite directions. This class of mill 
is generally mounted on a vertical shaft, as in the truncated- 
cone type shown in Figure 1. In the particular mill illus
trated the material is fed from the bottom, passes between the 
working surfaces, and is thrown off at the top owing to the 
increase in centrifugal force as the diameter of the rotating 
surface increases. The flat-disk type of machine, sometimes 
known as the English Plauson, is shown in Figure 2. This 
machine is fed through its axis, the material passing between 
the oppositely rotating disks, and being thrown off from their 
periphery into a chamber, from which it is removed by 
gravity.

Delayed-action smooth-surface mills have cylindrical or 
nearly cylindrical working surfaces and are usually mounted 
on a horizontal shaft. Inasmuch as the peripheral speed 
varies but slightly over the working surfaces, the material 
being treated tends to remain between these surfaces a longer 
time than in the centrifugal-type machines. Figure 3 shows 
a cross-sectional view of a delayed-action colloid mill with

« A u s p i tz e r ,  I n d . E n g . C h b m .,  2 0 , 4 1 3  (1 9 2 8 ) .

smooth, nearly cylindrical surfaces. Material is fed to the 
working surfaces through channels in the rotor.

R o u g h -S u r f a c e  T y p e —The third .class of colloid mills is 
distinguished by the use of roughened working surfaces, 
which add to the hydraulic shearing action a second dispersing 
action of intense turbulence and beating produced by eddy 
currents in the liquid between the irregular surfaces. Aside 
from the use of roughened surfaces, this class of mill is quite 
similar to the centrifugal smooth-surface type, as the working 
surfaces are arranged either as truncated cones or opposed 
disks. Figure 4 illustrates in cross section a mill in which 
conical working surfaces covered with grooves are used, 
while Figure 5 shows the parts of a machine in which the 
working surfaces are disks.

T u r b i n e - T y p e  M il l —A  machine which embodies features 
of both the smooth-surface and rough-surface types is shown 
in Figure 6. This mill is called a turbine-type machine. It  
is somewhat handicapped by the fact that the clearance can
not be adjusted to take up wear, but has the advantage of an 
intensive and prolonged dispersing action.

Industrial U tilization of Colloid Mills

It has been claimed by the manufacturers of some colloid 
mills that their machines actually produce disintegration of 
solid particles. After a large number of experiments with 
various materials, the author is convinced that this is incor
rect and that no colloid mill actually grinds or breaks down 
solid particles to any extent. What a colloid mill does ac
complish is the deflocculation of particles, originally discrete, 
which have formed loose aggregates on packing. The colloid 
mill disperses these aggregates in the presence of a liquid, but

F ig u re  2— S m o o th - S u r f a c e  T y p e  o f C o llo id  M ill w ith  
O p p o se d -D is k  W o rk in g  S u r fa c e s  

A — M ateria l in le t C— M ate ria l o u tle t
B — W orking surfaces D— C ooling-w ater in le t

E — C ooling-w ater o u tle t
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F ig u r e  3— S m o o th -S u r f a c e  T y p e  o f C o llo id  M ill w i th  
N e a r ly  C y lin d r ic a l  D e la y e d -A c tio n  W o rk in g  S u r fa c e s
A — M ateria l in le t D — C ooling-w ater in le t
B — W orking surfaces E — C ooling-w ater o u tle t
C— M ateria l o u tle t F — C learance ad ju stm en t

it  does not disintegrate. To illustrate this point, we may take 
the example of zinc oxide. When this is first produced it is in 
a state of extreme subdivision, but when packed the fine parti
cles group together in aggregates of various dimensions. 
These aggregates are easily dispersed again in the presence of 
oil by the action of the colloid mill, a large part of the action 
being the complete wetting of the individual particles by the 
oil so that they can no longer come in contact. The paint 
manufacturer generally considers this to be a fine grinding 
job, but it is really a quite different proposition.

The deflocculation of solid material, as described above, is 
one of the most important industrial applications of the colloid 
mill. Pigments such as chrome yellow, iron and zinc oxide, 
umber, and lampblack, for use in paints and enamels are 
treated with good economy and high capacity in these ma
chines. Paints such as outside whites and flat whites can be 
prepared in a colloid mill at a rate of from 250 to 300 gallons 
per hour, a capacity far beyond that of the roller mill. Lac
quers of high grade may be prepared by the colloid mill if a 
supercentrifugal clarifier is used following the mill to remove 
any relatively large particles not dispersed in the latter. 
Mica, clays, and dyes have also been treated with excellent 
results in the colloid mill.

Although the deflocculation of solid material is important, 
the application of colloid mills to emulsification processes is 
even more extended. Oils, resins, and waxes of all kinds are 
readily treated. Creams, sauces, blended extracts, and simi
lar foodstuffs in general find the colloid mill an economical 
means of production. Milk is reconstituted in colloid mills 
from milk powder, sweet butter, and water. Fresh milk and ice
cream mixes are homogenized, and animal and vegetable fibers 
and tissues are subjected to efficient extraction processes. An 
interesting application of the colloid mill indirectly to the 
separation of materials is in the production of carbolic and 

, cresylic acids from tar oils. The tar oils are first emulsified 
with water in a colloid mill. The emulsion is then broken and

the carbolic and cresylic acids remain dissolved in the water 
phase.

Both the dispersion of solids and the production of emul
sions depend for their success upon an accurate knowledge of 
the principles of colloid chemistry. Among the factors which 
exert particular influence in industrial work are hydrogen-ion 
concentration, temperature, and the utilization of protective 
colloids as stabilizing agents.

As a demonstration of the effect of hydrogen-ion concen
tration consider the specific case of a vegetable-oil emulsion, 
such as technical olive oil containing a small quantity of free 
oleic acid. If 0.25 per cent of gum karaya is added to the 
water phase and the technical olive oil is poured in slowly with 
rapid agitation, a fair emulsion will be formed, particularly if 
the material is passed through a colloid mill. This emulsion 
will not coalesce readily, but it is not so good as may be ob
tained. It will show a reading of, say, pH 4.7. If to this 
emulsion one adds sodium hydroxide solution until a pH of
8.0 is obtained, the emulsion shows a decided improvement. 
Now, if one continues to add sodium hydroxide, the effect is 
finally detrimental. On increasing the pH to 12.0, the emul
sion will become less stable and less finely divided than when 
i t  was taken slightly over the neutral point with a pH reading 
of 8.0 or slightly greater. Microscopic examination will show 
the emulsion under this condition to be better than when the 
pH is either higher or lower.

The example above is given merely to indicate the impor
tance of pH adjustment in the making of emulsions. Of 
course, with other types of emulsions and with different oils 
the necessary optimum pH varies over a considerable range. 
As a general rule, if one wishes to make emulsions of the oil- 
in-water type stable over long periods of time, the hydrogen- 
ion concentration should be adjusted slightly on the alkaline 
side. In industrial work accurate control of pH frequently 
means the difference between satisfactory emulsification and 
a worthless product.

Notwithstanding the importance of hydrogen-ion concen
tration in emulsification processes, it is the single factor most 
frequently neglected in practice. This has been due largely 
to the complicated apparatus required for its determination 
by electrical methods, and to the unsatisfactory results ob-

A — M ateria l o u tle t D — C ooling-w ater in le t
B — W orking surfaces E — C ooling-w ater ou tle t
C— M ateria l in le t P — C learance a d ju s tm en t

tained by the use of colorimetric pH methods on turbid dis
persions. Recently, however, a simple method for determin
ing hydrogen-ion concentration in colloidal or semi-colloidal 
dispersions has been developed.6 This method is sufficiently 
accurate for practical purposes and may be used with turbid 
suspensions as well as with clear solutions or dispersions. 
Even in the hands of an inexperienced person a reading may 
be obtained in less than two minutes.

6 T rav is, “ M echanochem istry  and the  Colloid M ill,’' Chem ical C a ta 
log Co., 1928.
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,n ,A|thQugb,hydrogen-ion concentration is the most important 
factor in many industrial processes, proper control of tem
perature is likewise of vital importance in the preparation 
of emulsions and dispersoids. For example, in cases where 
albumin is used as a stabilizing agent, the accidental attain
ment of a temperature of 90° C. in the colloid mill would cook

F ig u re  5—R o u g h e n e d -S u r fa c e  T y p e  o f C o llo id  M ill w ith  
O p p o se d -D lsk  W o rk in g  S u r fa c e s

the albumin and destroy its value as a stabilizer. The im
portance of temperature is also illustrated in the case of cod- 
liver oil emulsions made by the usual pharmaceutical methods, 
using gum tragacanth and acacia. If the temperature of the 
material passing through the colloid mill used for dispersion is 
allowed to exceed 35° C., the product is unstable and quite 
likely to separate into oil and water phases after short periods 
of standing. Some emulsions are also affected by the ab
sorption of carbon dioxide from contact with the air, but this 
effect has been found to be negligible below 15° C. In each 
of the cases cited above, proper control of temperature is of 
fundamental importance.

The decrease in stability of many dispersions with increase 
in temperature sometimes limits the choice between various 
types of colloid mills or limits the rate at which a certain mill 
may be run for a certain process. In general, the more vig
orous action'of roughened-surface machines causes them to 
heat up to a decidedly greater degree than the smooth-surface 
machines. This tendency toward heating can sometimes be 
corrected by increasing the surface of the cooling jacket, but 
in other instances it may be necessary to use only the smooth- 
surface type of mill. Overheating has been a real problem, 
for example, in the preparation of lithopone paints by colloid 
mills, but the smooth-surface type of machine has been able 
to produce highly satisfactory results.

The use of protective colloids is the third important factor 
which must be considered by the chemical engineer using a 
colloid mill for émulsification. Most common emulsions are 
of the oil-in-water type, which in general necessitates the use 
of a protective colloid whenever the concentration of the dis
persed phase exceeds 1.5 per cent, in order that the emulsion 
may be stable over long periods of time. Frequently, how
ever, the material to be dispersed carries its own protective 
colloid. For example, the cocoa fat of chocolate emulsions is 
stabilized both by fine solid particles of cocoa powder and by 
proteins naturally present in the material. In many other 
cases'it is imperative, however, that some material be added 
as an emulsifying agent to aid in the maintenance of the 
dispersion produced in the colloid mill. Some of the water- 
soluble colloids most used industrially are the sodium and 
potassium soaps; egg albumin, pectin, glue, and other pro
teins; gum arabic; Irish moss; starch; saponin and various 
bark extracts.

The protective colloid or stabilizing agent is a material

which opposes the aggregation or flocculation of the particles 
of dispersed material. It is generally an emulsoid colloid, but 
it may also be a finely divided solid material, such as the cocoa 
powder cited above, which must be insoluble in both of the 
phases.

An excellent common illustration of the effect of colloidal 
protection is ordinary milk, where the casein, which by itself 
gives an unstable dispersion, is stabilized by lactalbumin. 
Gelatin is frequently cited as one of the best protective col
loids and is used extensively in ice-cream mixes. For other 
purposes other materials prove far more suitable—for ex
ample, sodium lycalbinate and sodium protalbinate. In fact, 
in the present state of our knowledge it is necessary to carry 
on constant investigation to determine the best protective 
colloid for use in each specific case.

T he C olloid M ill and  th e  E ngineer

Emphasis has previously been placed on the fact that the 
colloid mill is a dispersing and not a grinding mechanism. If 
this point is granted, there are some important corollaries deal
ing with the operation of colloid mills. In the first place, the 
colloid mill should never be required to handle solid particles 
which are larger than the clearance between the working 
surfaces, unless these particles are of an extremely soft ma
terial. If you feed a colloid mill with particles larger than its 
clearance, you try to make a grinding mill out of it, with the 
result that you waste power, produce overheating, and wear 
the working surfaces of the mill much more rapidly than if 
proper conditions were maintained. Solids which are to be 
dispersed in colloid mills should practically always have a 
preliminary grinding to 80 mesh or smaller, depending on the 
clearance used in the specific mill.

Together with the preliminary grinding of material, the 
mill itself should be operated at a clearance of from 0.006 to  
0.008 inch in most cases, in spite of the claims made for some 
mills that they may be operated at a clearance of 0.002 inch. 
The actual clearance employed for any specific case depends 
largely upon the viscosity of the dispersing medium and the

F ig u r e  6—T u r b in e  T y p e  o f C o llo id  M ill
A — M ateria l in le t; B — W orking surfaces; C— M ateria l o u tle t

properties of the material to be dispersed. In some cases 
these factors may require much larger clearances than those 
quoted above.

Because colloid mills are operated at speeds of 3600 r. p. m. 
or higher, there is inevitable wear on the working surfaces 
even when conditions are the best. Mills used for émulsi
fication are naturally subject to less wear than those used for 
the dispersion of solids, but in all cases wear does occur. 
Mills which allow, first, for the adjustment of the clearance 
to compensate for wear, and finally for the ready replacement 
of the working surfaces, enjoy an advantage over mills not so 
advantageously designed.

Unsatisfactory results obtained with a colloid mill should
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not be laid at the door of the machine itself until it  is definitely 
determined that the mill is being correctly used, and that the 
factors of hydrogen-ion concentration, temperature, and 
protective-colloid action have been carefully studied. It

should be reiterated in conclusion that the mechanism is only 
one-fifth of the problem and the knowledge and correct appli
cation of physical chemistry is the important four-fifths of the 
utilization of the colloid mill.

W elding in the Chemical and Process Industries1
W. Spraragen

A m e r i c a n  B u r e a u  o f  W e l d i n g , 2 9  W e s t  3 9 t h  S t . ,  N e w  Y o r k ,  N .  Y .

W IT H IN  the last ten or twelve years welding has 
been accepted by industry as one of its most im
portant production and repair processes. For

merly welding was employed principally to repair broken parts 
of machinery and other metal parts, but until comparatively 
recent years its value as a standard method of joining metal 
pieces in general manufacturing was not fully appreciated. 
During the World War, however, the various welding proc
esses came into their own rapidly because speed of production 
in every metal-using and metal-fabricating industry became 
a  vital matter.

At first welding was limited to use on small or less important 
parts, but as favorable experience soon showed the desirability 
its  field of application was gradually extended to heavier 
and more important construction and repair work. Many

to
100°

D e sig n  o f F lu e d  O u t le ts  w i th  R e in fo rc in g  P a d s  O x y a ce ty le n e  W eld ed

practical demonstrations of the utility of welding focused 
attention on its marked economic advantages, with the result 
that now all welding processes are widely used in all branches 
of manufacturing. Welding is employed for an almost limit
less number of applications, from the manufacture of such 
small articles as watch stems to the largest metal-fabricated 
structures—ships, locomotives, trunk oil and gas pipe lines, 
gas tanks, and the largest turbine electric generators.

Before considering the applications of welding a brief 
description will be given of the various methods by which it 
is accomplished. This will be followed by a discussion of the 
fundamentals of welding which are more or less common to all 
its  applications in important construction work, and finally 
with problems that are peculiar to the chemical and process 
industries.

W elding Processes

F o r g e  W e l d i n g —Until about forty years ago this was the 
only available method, and it has been in use to some extent 
for centuries. After properly shaping the two surfaces to be 
joined, the parts are heated to welding temperature in a forge 
or furnace and then hammered, rolled, or pressed together, 
usually with the aid of some fluxing material.

A r c  W e l d i n g —There are several divisions in this method, 
as will be indicated below. Several of these divisions may 
be further subdivided as to whether the current is direct or 
alternating and whether the operation is manual, semi-auto
m atic, or automatic.

Metal Arc Welding with Bare Electrodes. In this method an 
arc is struck between the wire or rod of suitable composition, 
called the electrode, and the parts to be welded. The parts 
to be joined are made one side of an electric circuit, the other 
being the electrode. The parts to be welded should be prop
erly shaped and are usually beveled on both edges in the case 
of plates to be joined in the same plane by a “butt” weld. 
The metal is fused at both ends of the arc and the fused elec
trode deposited in the joint until the latter is properly filled. 
The power is usually supplied by a suitable transformer or by 
an arc-welding generator which delivers an open-circuit volt
age ranging from 35 to 75 volts. The arc should be as short 
as possible in order to avoid oxidation of the metal and the 
inclusion of harmful gases and to secure the proper penetra
tion.

Metal Arc Welding with Coated Electrodes. These have 
been used in some form almost from the beginning of arc 
welding. In general, the coatings serve as a fluxing or deoxi
dizing medium, or provide a protective vapor around the 
arc.

Arc Welding in a Reducing Flame. In this method a cylin
drical jet of gaS surrounds the electrode and burns around the 
arc. Pure hydrogen, water gas, alcohol vapor, and a number 
of other gas combinations have been tried with considerable 
success. These welds are, in general, superior to the bare 
electrode welds, particularly as regards ductility. The reduc
ing flame generally serves the same purpose as the electrode 
coatings and apparently with somewhat better results, al
though this method is still in the experimental stage.

Atomic Hydrogen Arc Welding. A fine jet of hydrogen is 
forced through an arc formed between two tungsten elec
trodes. The high temperature of the arc breaks up the hy
drogen molecules into hydrogen atoms, which recombine into

R e c e iv e d  M a r c h  5 , 1 9 2 9 .

molecules after passing through the arc, giving up. the heat 
absorbed during dissociation in the arc. The welding wirę 
is fused in this flame and deposited in the joint exactly as in 
the case of gas welding, described elsewhere, ■ The intensely 
reducing character of this hydrogen flame results in a nearly; 
perfect wreld.

Carbon Arc Welding. In this method, invented in 1881, 
an arc is struck between a carbon (or-graphjte) electrode and 
the parts to be welded. _ The welding wire’ is then fed into 
the arc and fused into.,the jęiąh .; J?o^Jha,nd opejpttiQiL jtbis
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requires two hands as in the case of gas welding or atomic 
hydrogen arc welding. In fact, it differs from gas welding 
only in the source of the heat, the gas flame being replaced 
by the arc. In some cases the welding rod is laid in the joint 
groove and the carbon arc passed slowly along the joint until 
the fusion is complete.

Electronic Tornado Welding. This name is applied to a 
magnetically controlled carbon arc which produces welds with 
good ductility. Oxidation is largely prevented in this proc
ess. Great speeds are possible, although the application is 
limited to “downward” welding.

F r a c t io n a t in g  T o w e r  In  P e t r o l e u m  R e f in e ry  w ith  
O x y a c e ty le n e -W e ld e d  J o in t s  E v id e n t th r o u g h  I n 
s u la t io n

G a s  W e l d in g — This process of fusion welding is generally 
carried out by the heat produced by the burning of acetylene 
in the presence of commercially pure oxygen, the flame tem
perature so attained being probably about 5500° F., which, 
in view of the concentrated flame, is high enough to melt any 
metal locally, and so allows pieces to be easily fused together. 
It is necessary, when welding thick materials, to bevel the 
edges to be joined so they form a V, which is filled up by 
melting into it a rod of suitable composition, the weld metal 
also being fused to the base metal.

Torch. An oxyacetylene welding torch is an instrument 
that thoroughly mixes the two gases, oxygen and acetylene, 
in the proper amounts and that permits easy adjustment and 
regulation of the flame and the application of the intense heat 
so produced to the edges of the metal parts to be joined so 
that they will be brought to the molten or fluid state quickly, 
caused to fuse or run together, and upon cooling result in a 
joint or union having strength and chemical qualities approxi
mately the same as those of the original parts. The welder 
requires a small flame and little heat for welding thin-gage 
metals and a large flame and much heat when welding heavy 
sections. This is the reason for the separable interchange
able tips furnished by the torch manufacturers in several 
sizes ranging from the smallest to the largest practicable to 
use.

R e s i s t a n c e  W e l d i n g —In this method, invented about 
forty years ago by Elihu Thomson, the parts to be joined, after 
proper shaping, are pressed together. A large current is then 
passed through the joint until it has reached welding tempera

ture, when further'pressure is applied, upsetting the joint 
and completing the weld.

As the electrical resistance of the contact surface is much 
greater than that of the solid metal, most of the heat is gener
ated at the joint surface where it is desired. The larger the 
current the more rapid the heating, the less the heat extends 
back from the joint into the metal, and the less the upset.

The voltage required is so low and the current so high that 
the only convenient source is an alternating-current trans
former built into the welder and as close as possible to the 
jaws which hold the parts and transmit the current to them.

Butt Welding. The simple type of resistance welding de
scribed above is usually known as butt welding, and has been 
applied to join sections of widely varying shapes up to 36 
square inches in section.

Parts to be welded are clamped in dies of welding machine 
giving equal or nearly equal projections to both parts, the 
primary circuit closed, and the ends of parts brought together 
slowly. When these ends actually touch each other, they 
will “flash”—that is, minute particles of molten metal will 
fly off; this flashing is continued until the entire faces of 
abutting ends have reached a welding heat, when rapid and 
heavy pressure is applied, forcing ends together and complet
ing weld, at the same time opening primary circuit. The 
above is, without doubt, the preferred method of welding, as 
the power and time consumption is considerably less and the 
personal equation of the operator enters to a much less degree 
than in any other type of weld, thus producing more uniform 
results.

Spot Welding. Where air-tightness is not required, a lap 
seam may be welded in spots by clamping the seam overlap 
between two (usually circular) electrodes and passing the 
necessary current between them and through the overlapping 
edges of the plates. As the electrical resistance of the surface 
contact is least in the region under pressure, most of the cur
rent, and therefore the weld, is confined to a spot of about the 
same area as that of the electrodes.

For relatively thin metal this method is much more rapid 
and economical than any other known method of making a 
joint where mechanical strength alone is required. The me-

W eld ed  P r e s s u r e  S t i l l  C o m in g  O u t  o f A n n e a lin g  F u r n a c e
Still, 7 feet 7 inches in d iam eter, 33 feet 2 inches long
T hickness of p la te  sheet, 4Va inches
T hickness of e lliptical heads, 4 5/*  inches
W eight, 89.5 tons
T ested  to  1580 pounds

chanical strength obviously depends upon the number and size 
of the spots. With a double row of staggered spots it is easy 
to make the joint strength equal to that of the sheets them
selves.

Seam Welding. The overlapping edges of sheet metal are 
passed between two narrow roller electrodes, the speed, cur
rent, and pressure being so adjusted as to produce a continuous
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seam weld. This method is usually limited to relatively thin 
sheets, but is readily applicable to either straight seams or to  
circular seams as for the flanged heads of cylinders. The em
ployment of this method for the manufacture of barrels, 
moderate-sized transformer tanks, and numerous other similar 
containers has resulted in a very large saving in cost. Thou
sands of such welded containers are made every day.

A l u m in o - T h e r m ic  ( T h e r m it ) W e l d in g — T h e r m i t  is  a  
t r a d e  n a m e  f o r  a  m ix tu r e  o f f in e ly  d iv id e d  a lu m in u m  a n d  i r o n  
o x id e , w h ic h  w h e n  ig n i t e d  r e a c t s  t o  p r o d u c e  a  s u p e r h e a te d

S a m p le s  W eld ed  by  F lu id  F u s io n  P ro ce ss

liquid steel at 5000° F. The underlying principle of this 
process is the high chemical affinity of aluminum for oxygen. 
Up to a temperature of 2800° F. thermit is an inert mixture. 
A t that temperature, however, the aluminum unites with the 
oxygen of the iron oxide, and the iron is set free and comes 
down as a highly superheated liquid steel at a temperature 
of approximately 5000° F., or about twice the temperature of 
ordinary molten steel. It is obvious that if steel at this tem
perature is poured around the sections to be united, especially 
if the sections have previously been preheated to a bright 
red heat, it will melt those sections and amalgamate with 
them so that the whole will cool to form a single homogeneous 
mass or, in other words, a fusion weld.

F u n d am en ta l E lem en ts o f W elding

S e l e c t i o n  o f  P r o p e r  M a t e r ia l s —The selection of suit
able materials is important in the application of welding to 
any industry, but is increasingly important in the chemical 
industry because we must have in mind the requirements of 
the specific application and we must have a material in which 
we can produce a sound, dependable weld. For example, 
in order to withstand the corrosive effect of acid or alkali 
solutions we would perhaps consider one of the newly de
veloped corrosion-resisting alloys. Some of these corrosion- 
resisting alloys are more readily weldable than others. In 
some cases where the corrosion-resisting property is dependent 
on special heat treatments, excellent welds can be produced 
from the standpoint of mechanical strength, but the welds 
may not be able to withstand the corrosive action involved 
unless they are given special heat treatments or made in 
special ways. The economics of the situation must also be 
carefully considered, because it may be preferable to use 
thicker sections of low-carbon steel even though this steel 
may be less resistant to corrosive action, because it is cheaper, 
more readily weldable, and owing to the thicker section will 
last as long as vessels made from some more expensive alloy. 
The considerations given .above apply in some cases with 
equal force to vessels that must resist elevated temperatures or 
vibratory stresses or a combination of these. For example,

it has been found in the oil-cracking industry that the best 
steels are the plain carbon steels, because the strength in
crease obtained in using the ordinary alloy steels at elevated 
temperatures is not sufficient to cover the higher costs of the 
steel and increased costs in fabrication. The advantages 
gained in corrosion resistance for such alloy steels do not be
come apparent until very expensive alloys are used. Some 
of these have very high chromium content, which have 
the disadvantage of becoming exceedingly brittle at the 
high temperatures involved. In some alloy steels, however, 
this difficulty of brittleness is overcome by certain additions 
of nickel. In some cases ordinary carbon steels are coated 
electrically with a deposit of chromium or with inert siliceous 
materials.

The problems of a suitable material therefore possess a 
great deal of ramification and can only be considered in detail 
for specific applications.

The selection of a suitable welding rod is equally as im
portant, for the resultant welds are expected to have certain 
chemical and physical properties. Specifications have been 
prepared by the American Welding Society for welding or
dinary materials. Special Mires, however, may in some in
stances give better results.

All materials are suitable for welding, although by special 
technic and welding wire difficulties at first considered insur
mountable may sometimes be overcome. Low-carbon steels 
and a great many alloys as well as non-ferrous metals can be 
satisfactorily welded by one or more of the fusion welding 
processes.

It is generally agreed that a carbon content of not over 0.25 
per cent lends itself most readily to ■welding. The greater 
ductility of this material minimizes distortion and the develop
ment of local stresses due to the heat of welding. Steel plate 
of fire-box quality should be specified for all important work. 
This steel is generally free from impurities of various kinds that 
are harmful to welding, 
g a t io n s  and lamina
tions, must be avoided.

P r o p e r  D e s ig n —It 
is a wrong basic princi
ple to substitute weld
ing for riveting in a 
structure originally de
signed for riveting. Al
though such a course 
can sometimes be justi
fied as a temporary ex
pedient, it is not fair to 
judge welding from re
sults obtained in such 
cases. The structures 
that will be fabricated 
by welding should be 
designed with full rec
o g n it io n  of these cir
cumstances. As an ex
ample of the need for special designs which recognize the 
fundamentally different bases of the two methods of joining 
metals, it may be noted that, whereas for riveted joints it is 
necessary to overlap the plates or employ straps, the use of 
welding often permits butt joints to be used. This effects a 
considerable saving beyond that which could be made if the 
overlap necessary with riveting were retained.

The Carnegie Institute of Technology has made some tests 
for the Westinghouse Electric and Manufacturing Company in 
order to determine the various types of connections required 
in the steel frames of buildings to be fabricated by arc welding, 
among which are some comparative tests on three specimens,

Defects in steel plates, such as segre-

P o r t io n  o f J a c k e t  H a d  B een  R em o v ed  to  
R e p a ir  I n n e r  L in in g
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W eld in g  S t a to r  F r a m e  o f  40 ,000-kw . G e n e r a to r  fo r  
C o n o w in g o  P o w e r D e v e lo p m e n t,  B u i l t  by  th e  

G e n e r a l  E le c tr ic  C o m p a n y

fabricated as girders on comparable materials. The results 
were as follows:

U l t i m a t e  
S t r e s s  a t

L e n g t h  W e i g h t  Y i e l d  a t : F a i l u r e  
Feet Pounds Pounds Pounds

R iveted  girder 15 798 55,000 08,900
W elded girder of rive ted  design 15 785 05,000 77,200
W elded girder of welded design 15 795 00,000 110,350

The girder designed especially for welding was made up en
tirely of flat plates. A suitable web plate was welded to two 
flange plates with small flat plates used as stiffeners and a 
suitable cover plate was also welded to the flange plate. No 
angle irons were used. It can be seen, therefore, that welding 
in many cases requires special designs and not merely a sub
stitution in a riveted design.

The use of clip angles, gusset plates, brackets, and angle 
iron may sometimes be eliminated entirely in welded struc
tures.

Vessels made with riveted joints cannot be satisfactorily 
tested at hydrostatic pressures exceeding about one and one- 
half times the working pressure because of the serious leakage 
at the joint. The welded joint, on the other hand, may be 
tested up to its breaking point. In experiments carried out 
in the laboratories of one or two companies, it was found that 
there were several weak spots in vessels fabricated according 
to previously accepted principles of design. Zones of unex
pected weakness were found at several important points—  
notably at the knuckle of the dished heads, at the manhole 
openings, and at nozzles. Investigations show that the cor
rect design for eliminating high local stresses is an ellipsoid 
with a ratio of 2 to 1 between the major and minor axes.

Design fiber stresses of 8000 to 9000 pounds may be used if 
qualified welders are available. The higher figure should 
only be used with special materials or methods. Where 
the size of the vessel permits, it is desirable to construct the 
shell in one course. Where girth seams are necessary, the 
longitudinal welds should be staggered an equal number of 
degrees. Several approved methods have been developed for 
welding nozzles and nipples. An unreenforced manhole open
ing decreases the strength of a thick-walled vessel by 40 per 
cent. The minimum thickness of head should be at least 
equal to the thickness of the cylinder.

An ordinary dished head requires a thickness about one and

one-half times the thickness of the main cylinder in order to  
approximate the strength of the vessel cylinder. This is a 
disadvantage because of the stress effect of the joint between 
the plating and the thicker head.

Q u a l i f i e d  W e l d e r s —It is now generally recognized that 
on important work only qualified welding operators should be 
used. It is not sufficient to judge a man by experience alone, 
but he must be required to make up test coupons using the 
same materials and thicknesses that he will be called upon to  
weld in service. A skilled operator on thin work may not be 
able to do satisfactory work on thicker materials, or if he is 
skilled in welding in a downward position he may not be able 
to make an equally strong weld in a vertical or some other 
position without additional training.

Test coupons taken from welds in mild steel made by a 
welder with wire conforming to the A. W. S. specifications 
should average 45,000 pounds per square inch and with this 
combination a design pressure of 8000 pounds may be used. 
With some special wrelding wires an average of 50,000 pounds 
per square inch may be obtained, in which case a design pres
sure of 9000 pounds may be used. Very skilled welders can 
also obtain this strength with good grades of wires conforming 
to the A. W. S. specifications.

S u i t a b l e  A p p a r a t u s —A great deal may be said on this 
subject. There are a number of reliable manufacturers of 
apparatus used in the several w'elding processes. Special 
automatic apparatus has been developed for some classes of 
work. Other methods and technic are designed to give 
welds of extreme ductility. Manufacturers who contemplate 
the use of welding should make a thorough study of this 
phase and adopt types of apparatus most suitable for their 
specific needs.

P r o p e r  T e c h n i c — Proper welding technic should be de
veloped after the most careful study by competent experts. 
In complicated structures, by the adoption of a suitable order

J a c k e te d  A u to c la v e  o f 800 G a llo n  C a p a c i ty  f o r  P ro ce ss  I n d u s t r i e s ,  
W eld ed  by  th e  A. O . S m i th  C o rp o ra t io n

Inside  d iam eter 54 inches, over-all length  11 feet, in n e r body  3 inches 
in th ickness an d  the  ja c k e t 2 inches. T h e  w eight is app rox im ate ly  
35,000 pounds and  the  vessel is m ade to  opera te  a t  from  600 to  900 
pounds p ressure  while heated  by  m eans of live steam  in th e  jack e t.

of welding, trouble due to stresses and distortions may often 
be completely avoided. Number of layers, use of jigs, proper 
current, proper-sized tips, gas pressures, methods of as
sembling the work are all important factors which may deter
mine the success or failure of a specific application. In gen
eral, except for automatic work the longitudinal seam should 
be of a double-V construction, the outer V being welded first. 
Before welding the inner V, burrs, globules, or oxide forma
tions should be removed by a chisel. It is recognized that
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for heavy vessels 1 inch in thickness or over it is desirable to 
anneal the structure. This is not necessary on thinner walled 
vessels.

C o m p e t e n t  S u p e r v is io n  a n d  I n s p e c t io n —There must be 
a competent supervising and inspecting force to see that all 
the elements which enter into the making of a successful weld 
arc carried out. This involves inspection of the material and 
its preparation for welding. For example, the edges must be 
free and clean from dirt, oil, or grease. Inspectors must also 
see that the proper currents or gas pressures are employed 
and that all the details entering into the correct technic of 
welding are carefully follow'ed.

T e s t in g  o f  t h e  F i n i s h e d  P r o d u c t —It is customary to 
test the welded vessel hydrostatically to three times the 
working pressure with the application of a hammer test 
at one and one-half times the working pressure. Exact pro
cedure has been worked out for the weight of the hammer and 
method of application of the test.

Specific R eq u irem en ts of C hem ical In d u stry

R e l i a b i l i t y  o f  W e l d s —Reliability of welds is important 
in construction work, where failure might result in loss of life 
or property. If all the elements enumerated above that enter 
into the making of a successful weld are closely followed, the 
variation of the finished product should be no greater (per
haps less) than with other methods of fabrication. Only 
experienced welding engineers should be responsible for the 
design and selection of materials and apparatus. Qualified 
welders and competent inspectors and supervisory force 
should be used.

There are in existence today hundreds of vessels which are 
called upon to withstand the most drastic.service conditions. 
Some are operating at extremely high temperatures at heavy 
pressures. Other vessels are undergoing constant reversal 
of stresses. Vessels made by reliable companies have with
stood these tests and are in daily commercial use, as will be 
indicated by a number of the illustrations.

H ig h  T e m p e r a t u r e s  a n d  P r e s s u r e s —Some chemical 
processes depend upon their success for high temperatures and 
pressures. W ithout the aid of welding it has been difficult 
and sometimes impossible to construct vessels that are able 
to meet these very severe requirements. For example, it has 
become recognized that 900° F. is a temperature around which 
oil-cracking operations can economically be carried out. The 
butt joint is generally considered the best for this class of 
work, which can, of course, be readily made by one or more of 
the fusion welding processes but not so readily by other meth
ods of fabrication. At first great fears were expressed that 
the welds would not be able to withstand these high tempera
tures. Preliminary short-time investigations, made under 
the auspices of the American Bureau of Welding, indicated 
that good arc and gas welds follow very closely the properties 
of fire-box steel from room temperature to 1000° F. There 
seemed to be a gradual increase in strength in both the parent 
metal and the welded joint up to about 600° F., with a rapid 
falling off in strength after that temperature, so that at 1000 0 
F. the strength of the joint and of the parent metal was about 
half of that at room temperature. Long-time tests have not 
yet been made by the Society, but other experimenters have 
found that at high temperatures the falling off in strength of 
welded joints will be about the same as that of the low- 
carbon steels. In some tests reported by these investigators 
the decrease in strength at about 900° F. in long-time tests 
was to 25 per cent of the ultimate strength at room tempera
tures. There are hundreds of welded vessels made by one 
company alone for oil-cracking, which requires both high tem
peratures and pressures.

C o r r o s io n - R e s is t in g  P r o p e r t i e s — I t  h a s  b e e n  s a id  t h a t

a bibliography of articles on corrosion would occupy a good- 
sized volume in itself. Problems involving corrosion must 
be studied individually. It is possible to weld most of the 
corrosion-resisting alloys satisfactorily, although special tech
nic and materials are sometimes needed. Welding apparently 
has the advantage as a method of fabrication in most applica
tions involving corrosion. The problem is somewhat com
plicated if temperatures and repeated stresses are involved, as 
high temperatures in many instances increase the rate of cor
rosion, whereas corrosion often lowers the endurance limit. 
As pointed out elsewhere in this article, it is sometimes ad
vantageous to use ordinary carbon steels with a deposit of 
chromium. This is sometimes done in the oil-cracking in
dustry.

2 2 5 -T o n  K e tt le ,  F a b r ic a te d  by  P e t r o l e u m  I r o n  W o rk s
14 feet inside d iam eter b y  6 feet 9 inches deep. T hickness of p la te , 

l lA  inches. W eight, 11.3 tons fire-box steel.

E n d u r a n c e  L im it — The endurance limit of materials is 
often affected by corrosion and temperature. Where these 
factors are not involved, the endurance limit of welds made in 
ordinary steels may be taken at about 18,000 to 20,000 pounds. 
It is customary to use these figures with a design factor of 
safety of two. Several companies, however, claim to have 
been able to produce welds with an endurance limit as high 
as the parent metals themselves, although these are special 
cases and in general these welds are quite superior in ductility, 
soundness, and microstructure.

P i p i n g —A  piping system cannot be purchased all ready 
to install like a piece of machinery, but it must be fabricated 
in place. Lengths must be cut and connected to obtain a 
continuous line and outlets for branches and connections pro
vided.

Innumerable tests demonstrate that a properly welded joint 
is as strong as the pipe wall itself and to all intents and pur
poses becomes an integral part of the pipe. Therefore, the 
j oint will last without maintenance as long as the pipe. Thus, 
on account of the strength of the joint, higher pressures may 
be safely carried than would be permissible with screwed, 
flanged, or any other type of joint. Owing to its great tensile 
strength it is largely able to resist expansion and contraction 
stresses caused by changes in temperature.

Economies effected by welding are not limited to the making 
of the joint itself, but begin at the pipe mill and extend be
yond the installation, continuing throughout the entire life 
of the line. Savings due to welding of pipe start at the mill. 
M ost mills formerly made pipe of approximately 20-foot 
lengths to facilitate handling, cutting, and threading. They 
are now responding to public demand and manufacturing pipe 
in 40-foot lengths, because welding has made it possible to 
take advantage of the obvious economies of using the longer 
lengths.
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Any special fitting can be fabricated by cutting with a torch 
and welding with the torch or arc right on the job. No 
thought on the part of the designer need be given connections

R lv e tle s s  S te e l  H o p p e rs  C o m p le te ly  F a b r ic a te d  b y  A rc  W e ld in g . 
F a b r ic a te d  b y  M iss is s ip p i V alley  S t r u c t u r a l  S te e l  C o m p a n y

between pipe lines if the pipe is to be welded. Welding can 
be used to advantage whether the job is to be completely 
welded or whether only specials such as headers are to be 
fabricated by this process. There are no delays necessary in 
waiting for special fittings. N o special expensive tools or 
dies used in threading are needed.

The covering contractor will cover or lag a welded pipe line 
for a much lower price than he will an identical screwed pipe 
line, as the former does not require molded fittings. The 
finished job is also more efficient. The American Society of 
Heating and Ventilating Engineers recently conducted an 
investigation to determine the efficiency of pipe coverings. 
Their tests indicated that a pipe line with bare flanges, but 
insulated along the body of the pipe, loses half as much heat 
as a completely uninsulated line.

Circulation of gases or liquids through a welded pipe line 
is maintained with less friction than when fittings are used. 
Operating experience in pipe-line work has shown that welded 
lines have somewhat greater carrying capacity than other 
types of the same diameter, and the reason may be traced di-

W eld ed  S t r u c t u r a l  S te e l T o p  F r a m e  fo r  73 ,000-V olt O il C ir c u i t  
B re a k e r

rectly to reduced friction of the flow. The factor of flow re
sistance becomes increasingly important as pipe size de
creases.

A further advantage of welded construction is evident when 
it  is desired to make changes in an existing line, to add a new 
outlet, or to extend the line to another department. Where 
the line can be conveniently shut down for a few minutes, a 
new branch connection is made simply by cutting a hole in the 
main line with the cutting blowpipe and the welding in a 
short length of pipe carrying a shut-off valve. As soon as 
welding is finished, service may be resumed on the main line. 
There is thus a minimum loss of service. Perhaps of even

greater importance is the improved service which such pro
cedure allows the contractor to give. If all piping must be 
fabricated to exact length, as is the case unless welding on the 
job is done, it  means that measurements for a portion of the 
piping at least cannot be taken unless the apparatus, such as 
boilers, turbine, and auxiliaries are in place and lined up. 
It is then necessary to order these materials, get them fabri
cated, and ship them often at an extra added expense and with 
consequent actual delay in time of starting of the pipe plant.

For the high-pressure and liigh-temperature fines where 
cast-steel fittings are usually required, another element which 
has an important bearing on service enters into the proposi
tion. The manufacture of steel fittings and cast-steel headers 
is a somewhat speculative undertaking. The several fittings 
and headers of this kind required for a given job may be 
ordered weeks and sometimes months in advance. When 
finally cast there is always the possibility that one or more 
castings wifi be found defective and will tie up the entire job. 
Defects in the casting may not become apparent until ma
chine operations are well along and often such defects do not 
show up until after the material is completely installed and 
tested. This feature often results in the discovering of de
fective material at the last moment with delays caused by 
reorders and remanufacturing running to weeks and months.

The methods of welding of pipes and fittings have now be
come s ta n d a r d iz e d .
Exact technic has been 
developed for making 
joints, templets h a v e  
been prepared for fabri
cating comiections, and 
jigs have been worked 
out for f a c i l i t a t in g  
welding.

P r e s s u r e  V e s s e l s —
There is no application 
of welding that requires 
more complete control 
and closer adherence to 
the fundamental princi
p le s  of welding than 
d o es  th e  welding of 
pressure vessels. It can 
now be said that vessels 
of almost any thickness 
of materials commer
cially required can be 
satisfactorily welded although, of course, materials more than 
V /2 inches thick as yet require special processes.

Within the last few years more than two hundred pressure 
vessels, ranging in diameter from 3 to 8 feet having wall thick
nesses up to  l l/^ inches, and carrying working pressures up to  
300 pounds per square inch, have been oxyacetylene-welded 
under the supervision of one company alone and have proved 
entirely satisfactory under service conditions.

Another company, which has developed a special technic 
and method for arc-welding oil-cracking stills and other high- 
pressure vessels, has built seven hundred vessels using
45,000 tons of plate averaging close to 3 inches in thickness. 
This process is a fusion operation in a reducing atmosphere, 
which completely eliminates oxide inclusions and other im
purities from the weld, leaving a metal of greater refinement 
than that of the plates joined. This company states that 
test bars, machined out of the deposited metal in a weld join
ing 0.20-0.30 carbon steel plates, have regularly given the 
following results:

U ltim ate  tensile s tren g th  66,000 pounds per square  inch
E lastic  lim it 50,000 pounds per square  inch
Elongation  27 per cent
R eduction  in area  53 per cent
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Endurance tests reported by this company on joining 
0.20-0.30 carbon-steel plates showed the endurance limit 
of the deposited metal to be at least 10 per cent above that of 
the plate material. The metal immediately adjacent to the 
________________ ___  _  weld showed an  im 

provement of about 4 
per cent, and at no 
point was there any de
crease in the endurance 
limit, below the value 
given for the plate itself.

Still a third company, 
using special technic in 
welding, covered elec
trodes of large diameter 
with s p e c ia l  a l lo y s ,  
peening each layer, em
ploying heavy currents, 
and keeping the metalE llip s o id a l H e ad s

in a molten state for an appreciable length of time has 
satisfactorily demonstrated its ability to build vessels of al
most any commercial size or thickness. The physical prop
erties of the welded joints approximate those given above. 
Both of these companies anneal the vessel after its completion. 
It should be noted that these are special methods and the or
dinary arc welds made by hand operators do not possess these 
desirable characteristics. Several methods are, however, 
available for commercial use that give welds of good ductility.

Particular attention is called to the desirability of the use

of the double-V weld for the longitudinal seams and the de
sign of head mentioned elsewhere. Careful and rigid pro
cedure has been worked out for the exact technic to be fol- 
lowed,in the fabrication of vessels by gas and arc welding.

Welding in M aintenance and Repair

Welding probably received its first impetus in repair and 
maintenance work in railroad shops. The several welding 
processes are annually saving the railroads of the United 
States millions of dollars. Almost every modern industrial 
plant of large size is now equipped to do its own repair and 
maintenance work.

The cost of routine maintenance and repairs can be sub
stantially reduced by the intelligent use of welding and cut
ting. Innumerable cast-iron and steel parts, including large 
castings, which so often are scrapped, can be recovered, and 
in many instances welded right in place in the machine at a 
very small fraction of the original installation cost. In the 
emergency job, welding and cutting equipment in the hands 
of a competent man can do work in minutes which would 
necessitate delays of weeks if new repair parts were not avail
able.

In repair work the welding engineer does not have the op
tion of selecting materials best suited, but he must do his 
best on the “job” at hand. Almost all metals and their al
loys can now be satisfactorily welded, but each requires its 
own technic. Some repair jobs call for gas welding, others 
for arc, still others of large sections for thermit welding, and 
sometimes in repetitive work for resistance welding.

Phenol R ecovery and T reatm ent W orks of the 
Ham ilton Coke and Iron  Com pany’

B. F. H atch2

S t a t e  o f  O h i o  D e p a r t m e n t  o f  H e a l t h ,  C o l u m b u s , O h i o

FOR the past five years the attention of administrative 
authorities has been constantly directed toward elimi
nation of tastes and odors in public water supplies 

caused by phenol or other tar acids produced in the destructive 
distillation of coal. During this period unceasing effort to 
solve this troublesome problem has been made by the by
product coke industry in cooperation with health officials. 
Various methods of recovery and treatment have been at
tempted and, although a large measure of success has attended 
the efforts to protect public water supplies, the result has been 
accomplished at great cost in some instances and an operating 
burden of considerable magnitude has been placed on the 
industry as a whole. Consequently new methods of handling 
the problem are of especial interest to both health authorities 
and coke-plant officials. For this reason we present this 
paper describing the phenol recovery and treatment works re
cently placed in operation by the Koppers Company at the 
by-product coke plant of the Hamilton Coke and Iron Com
pany, of Hamilton, Ohio.

Since the Koppers Company is fully protecting this process 
and apparatus by patents and further information may be 
obtained from that organization, no attempt will be made to 
explain minute details of design, but rather the information 
set forth at this time will be of general nature and as non
technical as possible.

1 R eceived F e b ru a ry  16, 1929.
2 A ssis tan t engineer in charge S tream  Po llu tion  and  In d u s tria l W aste 

Investiga tions.

This phenol recovery system has already excited consider
able interest and inspections of it have been made by repre
sentatives of a large number of by-product coke companies. 
In addition, the works has been visited by the chief engineers 
of the departments of health of West Virginia and Indiana in 
company with the chief engineer and the writer of the Ohio 
Department of Health. On these inspection trips informa
tion regarding the coke plant and the phenol recovery works 
has been given by J. T. Whiting, general manager of the Ham
ilton Coke and Iron Company, C. L. Haldeman, superintend
ent of the coke plant, and J. A. Shaw, research chemist of 
the Koppers Company. The cooperation and courtesy of 
these gentlemen in arranging for the inspection trips and in 
giving detailed information with regard to the coke plant and 
the phenol recovery process are gratefully acknowledged.

Location of Coke Plant

The blast furnace and by-product coke plant of the Hamil
ton Coke and Iron Company are located about 4 miles north 
of Hamilton, Ohio, on the west bank of Miami River. This 
stream is one of the larger tributaries of Ohio River and joins 
it  about 30 miles southwest of the coke plant. Phenolic 
wastes from this plant, if discharged to Miami River, would 
first affect the water supplies of two small municipalities in 
Indiana which are situated on Ohio River close to the Ohio- 
Indiana boundary line, then that of Louisville, Ky., and other 
cities farther downstream.
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Description of Coke Plant

This coke plant is of the Koppers type and was placed in 
operation in April, 1928. The plant has 45 ovens 14 to 16 
inches in width with a rated capacity of 1200 tons of coal coked 
per 24 hours. At the present operating schedule 1175 tons 
of coal are coked per 24 hours with a coking time of about 13‘/ 2 
hours. Ammonia is recovered by the direct process as am
monium sulfate. The light oils are refined to produce motor

D e p h e n o liz ln f i A p p a ra tu s ,  H a m il to n  C o k e  a n d  I r o n  C o ., 
H a m il to n ,  O h io

benzene and the heavy’- tars are sold as such. The gas after 
the by-products have been extracted is purified and sold to a 
distributing company for domestic consumption. The coke 
produced is sold principally for domestic and foundry use, al
though sufficient furnace coke for the local plant is manufac
tured.

The weak liquor condensate is returned to the hydraulic 
main for flushing purposes at a temperature of about 76° C. 
A t present the draw-off from the weak-liquor storage tank to 
the ammonia still amounts to from 15 to 20 gallons per ton of 
coal coked per 24 hours. The volume of waste water from 
the ammonia still a t this plant will be accurately determined 
by weir measurements, but probably amounts to about 30 
gallons per ton of coal coked or 35,000 gallons per day. The 
volume of waste water from the benzene plant is probably 
less than 5000 gallons per day. Thus far under normal con
ditions there has been no draw-off from the final cooler re
circulation system. In fact, owing to evaporation which 
occurs in the cooling tower, it  has been necessary to add some 
make-up water to this system. The plant water supply is 
pumped from a group of wells located adjacent to the plant 
and normally is at a temperature of 12° C.

Originally the sewer system for the coke plant was laid out 
and constructed in such a manner that all phenol-contami
nated waste water could be diverted to a sump near the quench
ing tower and used for coke quenching. This plan was later

modified by the construction of a phenol recovery works and 
the diversion of the dephenolized ammonia still wastes, the 
benzene plant wastes, and any excess water from the recircula
tion system of the final coolers to a pond located in a gravel and 
sand formation some 300 feet from the river bank. The pond 
has no direct outlet and the waste water may reach the river 
adjacent to the plant only by percolation through the soil.

Description of Phenol Recovery Process

The phenol recovery and treatment works at Hamilton is 
the first of its type operated on a full plant scale. An experi
mental installation was operated by the Koppers Company for 
a short time at Seaboard, N . J., using about 10 per cent of the 
volume of partially distilled ammonia liquor from a 3000-ton 
coke plant using the direct process of ammonia recovery.

The proce.ss consists essentially in passing inert gas satu
rated with steam in closed cycle round and round through the 
hot, partially distilled ammonia liquor. At one point in the 
gas cycle there is placed a scrubbing section containing hot 
caustic soda solution. The phenol passes from the ammonia 
liquor into the steam and gas mixture by virtue of its vapor 
pressure and in the caustic section is converted into sodium 
phenolate, which by reason of its much lower vapor pressure, 
remains in the caustic solution. Since the ammonia liquor 
and the caustic solution are both held at or immediately below 
their boiling points and since the tower and piping are covered 
with insulating material, there are virtually no heat losses.

A t Hamilton the physical equipment consists of a steel 
tower 7 feet in diameter and 95 feet in height, a small blower, 
four small liquor pumps, two storage tanks, and the necessary 
piping. The operation temperatures are automatically con
trolled.

Operation of Recovery Works

In operating the recovery works the partially distilled 
ammonia liquor is taken from the bottom of the free still be
fore it enters the lime leg. The dephenolized liquor returns 
by gravity to a point immediately below the point of take-off.

The partially distilled ammonia liquor containing phenol 
and other tar acids is pumped to the top of the upper section 
of the steel tower and introduced by means of sprays. This 
tower section is filled with spiral vitrified tile in order to break 
up the flow into small droplets and disperse it evenly over the 
entire area. Against the flow of partially distilled ammonia 
liquor in countercurrent manner is blown a mixture of about 
90 per cent steam and 10 per cent air or other inert gas. As 
previously stated, the temperatures in the tower are held at or 
just below the boiling point. As the steam and gas mixture 
passesup through the top or dephenolizing section of the tower, 
the tar acids are vaporized and carried off. The steam and gas 
mixture is then drawn off from a point above the liquor sprays 
by the blower suction, passes through the blower, and is intro
duced into the lower part of the bottom section of the tower.

The tower at Hamilton has four sections, the top section 
being the dephenolizing section while the other three are for 
caustic-soda scrubbing. The three caustic-soda scrubbing 
sections are filled with steel lathe turnings to insure good dis
tribution and intimate contact of the gas mixture and the soda 
solution as they pass through.

The fresh caustic-soda solution is introduced into the system  
at the top of the third caustic scrubbing section intermit
tently; enough being used to keep the steel turnings in the 
third section constantly wet. This caustic solution trickles 
down through the section and spills through an opening in the 
bottom into the top of the second caustic scrubbing section. 
I t  then passes down through this section, collecting in a well 
at the bottom. The caustic is drawn from this point by 
means of a pump and introduced back into the top of the
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same section through sprays. When the drainage from the 
third caustic scrubbing section raises the level of the well in 
the second to the overflow, a portion of the caustic solution 
drops into the top of the first caustic scrubbing section. Here 
again it trickles down through the packing and collects in a 
well. Another recirculating pump elevates the caustic liquor 
from this well to the top of the same or first caustic scrubbing 
section and introduces it through sprays.

The draw-off from the caustic scrubbing system is taken 
from the well at the bottom of the first caustic scrubbing sec
tion by means of an overflow to a sodium phenolate storage 
tank. The sodium phenolate is sprung with stack gas, and 
the phenol drawn off in salable form.

The steam and gas mixture containing phenol vapor, which 
is drawn from the top of the dephenolizing section by the 
blower suction, is introduced into the lower part of the bottom  
scrubbing section. The mixture then passes in a counter- 
current manner through the first, second, and third scrubbing 
sections, successively, gradually losing its load of phenol vapor 
as it passes along. The steam and gas mixture freed of its 
phenol load, passes from the third caustic scrubbing section 
into the bottom of the dephenolizing section ready to receive 
more phenol vapor, and thus the process is continuously re-

F/ow Char-t o f Phenol Recovery 
by Koppers Process 

Ohio Department o f Healih 
D e c e m b e r  I 9 2 B

~ 0 ~  d e p h e n o U z e d  a m m o n i a  f i q u o r  
— # — a m m o n i a  J i c y u o r  c o n t a i n //?<? t a r  a c id s  
—O -  f r e s h  c o c as  t i c  s o d a  s o / u t i o n  

c o u s l i c  l i q u o r  r e c i r c u l a t i o n  
—M ■ c o u s t i c  l i q u o r  r e c i r c u l a t i o n  Z

peated. As stated previously, the dephenolized ammonia 
liquor returns by gravity from the bottom of the dephenolizing 
section to the lime leg of the ammonia still immediately below 
the point where the phenol contaminated liquor was originally 
removed. The liquor is then further distilled with lime to re
cover fixed ammonia.

Costs

Apparently the operation costs of this process are not bur
densome. The phenol-contaminated liquor coming from the 
free still is at or just below the boiling point, and consequently

the only heat loss is that required to raise the temperature of 
the fresh caustic solution introduced into the system to the 
tower temperature and radiation loss. Since the tower and 
piping are fully insulated, the radiation loss is low. Other 
costs of operation consist of power used in operating the 
motors which run the pumps and blower and a very small 
amount of labor. Under normal conditions the recovery works 
may be operated by the same men who have charge of the 
operation of ammonia stills. Caustic soda costs at this plant 
are largely charged off because of methods that have been de
veloped for utilization of the soda in combination as sodium 
phenolate. Construction costs data for this works are not 
available. However, the cost of equipment, exclusive of over
head, should not be excessive. Under average conditions such a 
plant could be completed ready for operation in about 90 days.

Efficiency of Recovery Process

From the standpoint of efficiency the method is very prom
ising, The phenol content of the weak ammonia liquor at 
Hamilton is between 2.5 and 3.0 grams per liter at the present 
time. With this process the phenol content of the dephenol
ized liquor has usually been below 100 p. p. m. and a 95 per 
cent removal or better is readily practicable. In some in
stances for an extended period the outlet concentrations have 
been considerably below those mentioned above.

Final DisposaUof Wastes

As previously stated, the ammonia still wastes together 
with the benzene plant wastes are ponded in a gravel pit ad
jacent to the plant. This ponding of the wastes is an addi
tional factor of safety at this plant against the pollution of 
Miami River, the stream which would normally receive the 
treated wastes. This stream at Hamilton has a drainage area 
of approximately 3660 square miles.

The U. S. Geological Survey maintains a stream-gaging 
station on Miami River at Venice, Ohio, about 14 miles down
stream from Hamilton. The drainage area at this point is 
3780 square miles. The lowest minimum daily flow on record 
at this station occurred in November, 1923, when the flow was 
315 second-feet. During the cold-weather months of D e
cember, January, and February the lowest daily flow occurred 
in December, 1923, when the flow was 427 second-feet. The 
lowest yearly mean flow occurred during' the period from Oc
tober 1, 1922, to September 30, 1923, when the average flow 
was 2480 second-feet. The lowest mean monthly flow during 
the cold-weather months mentioned above occurred in D e
cember, 1917, when the flow was 920 second-feet.

Assuming a total phenol-contaminated waste-water dis
charge from a coke plant of this type of 40,000 gallons per 
day with a phenol content of 100 p. p. m., the flow in second- 
feet required to provide a dilution of 75 million parts water to 
1 part phenol is approximately 463.

Conclusion

From the foregoing it would appear that this process is 
universally applicable and may be used at any coke plant 
which is located on a stream or body of water of sufficient size 
to afford the necessary dilution for the small amount of phenol 
contained in the resultant waste. The efficiency of phenol re
moval is high, the operation of the works is simple, the ground 
space required is small, the costs of operation appear to be at
tractive; and since’this process is essentially one of steam dis
tillation, the phenol obtained should be of exceptional quality. 
Therefore, it  would seem that with this type of apparatus ad
vantage can be gained by constant striving for high operation 
efficiency, and consequently the process gives promise of being 
of especial merit in locations where the continuous and certain 
protection of adjacent public water supplies is a matter of 
necessity.
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R ecovery of Bromine from  Sea W ater1
C has. M . A. S tin e

E. I. d u  P o n t  d e  N e m o u r s  &  C o m p a n y , W i l m i n g t o n , D e l .

T HE chief, if not the sole, source of bromine in the United 
States has been the bromides recovered from salt brines. 
Up until a few years ago its supply was ample for the 

needs of industry. A new use for the element appeared, 
however, when it was incorporated with tetraethyl lead as 
a constituent of Ethyl fluid, which is blended with gasoline 
to form Ethyl gasoline. It shortly became apparent that 
the demand for bromine for this use might in time exhaust 
the then kno^vn sources, and the Ethyl Gasoline Corporation 
began to give consideration to new sources of the element 
which would be inexhaustible. In 1924 their laboratory, 
in cooperation with the General Motors Research Laboratory, 
devised a process for the recovery of bromine as tribromo- 
aniline, which was successfully operated on a laboratory 
scale on brines as dilute as sea water, and which seemed to 
have possibilities for large-scale application.2 Thereafter 
the du Pont Company and the Ethyl Gasoline Corporation 
undertook the development of this process for the recovery 
of bromine from the ocean. The results of this develop
ment will be described in the present paper, together with 
a brief discussion of the theoretical aspects of the problem.

A m ou n t o f B rom ine in  Sea W ater

Bromine occurs in sea water to the extent of 60 to 70 parts 
per million (0.006 per cent), provided there is no coastal 
dilution with fresh water from the rivers. The area of the 
oceans of the globe is 139,295,000 square miles— compared 
with 57,250,000 square miles of land—with an average ocean 
depth of 3 miles. That this is truly an inexhaustible supply 
of the various chemicals contained in sea water, provided 
that suitable methods for their recovery could be devised, 
is evidenced by the fact that a plant producing 100,000 pounds 
of bromine per month would require 392 years to exhaust 
the bromine available in 1 cubic mile of sea water.

1 R eceived M arch  9, 1929.
3 E dgar, U. S. P a te n t 1,662,305 (M arch  13, 1928); A ndrew , U. S. 

P a te n t 1,662,355 (M arch  13, 1928).

The most authoritative work on the composition of sea 
water was that done by Dittmar about fifty years ago 
with samples obtained on the four-year cruise of the Chal
lenge-r, 1872-6. Expressing Dittm ar’s results as ions, we 
have:

P. p. m. Per u n i  o f  total salts
Sodium 10,722 30 .64
M agnesium 1,316 3.76
Calcium 420 1 .20
Potassium 382 1 .09
Chlorine 19,324 55.21
Sulfates 2,696 7 .7 0
C arbonates 74 0 .21
Brom ine 66 0 .19

35,000 100.00

Sea water also contains traces of other elements combined 
with the various salts, but so far as is generally known, gold 
only has been seriously considered as of possible commercial 
interest, and as the concentration is of the order of 3 parts 
per billion, worth about 1 cent per thousand gallons, nothing 
has yet come of such proposals.

When not diluted by fresh coastal waters, sea water is 
remarkably constant in composition, the salinity varying 
from 3.301 per cent to 3.737 per cent, according to Dittmar. 
This variation in salinity is the chief difference in sea water, 
the ratio of the salts to each other being practically constant. 
Chlorine has an average value in sea water of 55.3 per cent 
of the total salts, with a ratio of bromine to chlorine of 0.34 
to 100. These figures correspond to a variation in bromine 
concentration in sea water of 62 to 70 p. p. m., depending 
on the total salinity of the sea water.

The salinity and bromine content of various samples of 
sea water obtained principally from the North Atlantic 
Ocean at various points along the east coast of the United  
States are given in tabular form herewith, according to our 
determinations. The effect of fresh-water dilution is es
pecially noticeable in connection with those samples taken 
close to shore.
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S a m p l e
T o t a l
S a l t s

T o t a l
H a l i d e s

R a t io  
H a l i d e s  
t o  S a l t s

B r o m i n e  
0 .0 0 1 8 8  X 

T o ta l 
salts

b y  F a c t o r  
0 .0 0 3 4 0  X 

T o ta l 
halides

R ehoboth , Del.
Per cent 

3 .0 5 4
Per cent 

1 .6 S 0 0 .5 5 0
P. p. m. 

57
P . p. m. 

57
O cean C ity , M d. (a 

je tty ) 3 .1 4 2 1 .7 1 8 0 .5 4 7 59 5S
Ocean C ity , M d. (1 

mile off shore)“ 2 .5 S 0 1 .4 1 0 0 .5 4 6 49 4 8
M iam i, F la. 3 .6 3 6 2 .0 0 4 0 .5 5 1 6 8 6 8
Pablo  B each, F la . 3 .2 2 6 1 .7 S 5 0 .5 5 3 61 61
Jacksonville , F la. 3 .7 1 0 2 .0 4 5 0 .5 5 1 7 0 7 0
H ouston , Texas 3 .1 8 3 1 .7 4 1 0 .5 4 7 6 0 59
B eaufort, N . C. (1 

mile off shore) 3 .4 8 0 1 .8 9 8 0 .5 4 5 6 5 6 5
B eaufort, N . C. (near 

shore) 3 .3 3 2 1 .8 0 7 0 .5 4 2 6 3 61
B eaufort, N . C. (well 

on beach) 2 .7 4 3 1 .4 9 7 0 .5 4 6 5 2 . 51
M yrtle  Beach, S. C. 

(1 mile off shore) 3 .4 2 8 1 .8 7 9 0 .5 4 8 6 4 6 4
“ T aken  off the m o u th  of th e  in le t th rough  v̂hich fresh w ater flows

from  th e  back  bay .

T h eoretica l C onsiderations

Bromine exists in sea water in the form' of its ion, the con
version of which into molecular bromine constitutes the first 
step required for its recovery by the tribromoaniline process. 
This is accomplished by means of chlorine, which effects 
a practically complete liberation of bromine. If aniline is 
added to such a mixture, however, only one-half of the bro
mine forms tribromoaniline, the remainder being reconverted 
into bromide ion. The remaining bromine can be recovered 
by successive additions of chlorine and aniline, but it is quite 
feasible to add at the beginning two equivalents of chlorine 
for each equivalent of bromine ion. Under these conditions, 
when aniline is added, the reaction is (in the absence of any 
side reactions):

3Br“ +  3C12 +  C6H6N H 2 =  C6H2Br3N H 2 +  3H+ +  GC1~

Because of the hydrolysis resulting in dilute solution, oxi
dation reactions must be prevented, since HOC1 and HOBr

are very strong oxidizing agents. A chlorine solution in 
pure water in a concentration equal to that employed in the 
treatment of sea water is 99.99 per cent hydrolyzed; in other 
words, is essentially a hypochlorous acid solution. Since it 
is necessary to employ an excess of one equivalent of chlorine 
over the bromine present, in order to take care of the hydro- 
bromic acid formed in the bromination of aniline, and since 
this excess chlorine partially hydrolyzes, there is some loss 
in yield. The formation of hypochlorous acid from the excess 
chlorine is controlled in part by virtue of the fact that both 
chloride and hydrogen ions depress the hydrolysis. With 
ordinary sea water the hydrolysis is reduced from 99.99 per 
cent to 72.75 per cent. We further reduced this hydrolysis 
by adding hydrogen ions in the form of sulfuric acid. Jakow- 
kin3 gives the following data covering the variation in the 
hydrolytic constant for chlorine with temperature:

H+ +  Cl" +  HCIO
Cl2 = X

T em p., ° 
K  X 10-

C. 0
1.56

15
3 .1 0

25
4 .4 8

39.1  
6.86

53 .6
9 .0 2

Calculations have shown that in the treatment of a sea water 
under standard conditions at 25° C. (77° F.) containing 200 
parts sulfuric acid per million, the maximum proportion of 
the chlorine employed that could be hydrolyzed to hypo
chlorous acid was approximately 15 per cent of one equivalent 
based upon the bromine treated. Two equivalents of chlorine 
are actually added, one being required for the oxidation of 
the bromide ion resulting from the reaction of bromine and 
aniline.

Employing the above data and calculating the hydrolysis 
under various temperatures for the same acid concentrations, 
we have the following figures:

* Jakow kin , Z . phystk. Chem., 29, 613 (1899).

2'Cenmfugal Pumps 
2‘0cean line 180 ft on Jertg^

dj
Foot Valve submerged'
6 ft. at Low Tide.

Thermometer* Plug

frothing Box. 

F ig u r e  2

BROMINE RECOVERY FROM SEA WATER • 

• OCEAN CITY,MARYLAND. • 

EXPERIMENTAL PLANT FLOWSHEET*
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T e m p e r a t u r e  
° C.
0.0

15 .5
2 5 .0
3 2 .0

K  X 10“

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

H y d r o l y s i s  

Per cent 
6 .23

11.72
15.73 
19.13

From these figures it can easily be seen that 
the temperature plays an important part, 
since oxidation of aniline by hypochlorous 
acid reduces the yield of tribromoaniline. 
Runs made at three temperatures on syn
thetic sea water in the laboratory actually 
yielded tribromoaniline as follows:

° C. 
2 9 .4  
12 .8  
0

Per cent o f theory
66 to  67
67 to  68 
78 to  80

A 10 to 15 per cent increase in the yield is 
indicated by operating with sea water at 32° 
instead of 65° F.

On the other hand, it  must not be for
gotten that the percentage of chlorine hy
drolyzed can be reduced by the use of larger 
amounts of acid, the limits being set only 
by a balance of the yield of product against 
the amount of acid employed. Thus the 
acid requirement to maintain a constant 
hydrolysis of 11.72 per cent at different tem
peratures may be calculated as follows:

T e m p e r a t u r e

° C .
0.0

15 .5
2 5 .0
3 2 .0

K  X 10-*

1.6
3 .2
4 .5
5 .7

H s S O i  R e q u i r e d  

P . p. m.
90

200
282
360

From these figures may be obtained some 
idea of the variation of the acid required to 
maintain a given limited hydrolysis of chlo
rine with a variation in temperature.

It will be noted that the aniline is em
ployed in the form of a salt, preferably the 
sulfate for economy, although the reaction 
may be conducted with a dilute aniline solu
tion. Its use in the form of a salt has two 
advantages: (1) Solutions of 15 per cent 
strength can easily be prepared of aniline 
sulfate and later diluted for the reaction 
(the solubility of aniline in water is quite 
low); and (2) the alkalinity of a dilute 
aniline solution, which would tend to increase 
materially the hydrolysis of chlorine with 
its unfavorable oxidizing effects, need not 
be prevented by increasing the amount of 
sulfuric acid employed for the original acidi
fication of the sea water.

The conditions then required for the opti
mum recovery of bromine by the tribromo
aniline process may be summarized as fol
lows:

(1) The reactants must be regulated to  
equivalent ratios of 1, 3, and 6, respectively, 
for aniline salt, bromide ion, and chlorine; ex
cess of either aniline or chlorine over the ratios 
given with respect to the available bromide ion 
being treated results in decreased yields of 
tribromoaniline.

(2) The sea water must be acidulated prior 
to chlorination so as to contain at least 200 
p. p. m. of sulfuric acid or its equivalent in hy
drogen ion. Improvements in the yield of tri- 
bromoaniline result from the use of higher acid 
concentrations.
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(3) The reagents must be added separately in the order 
acid, chlorine, and aniline salt, and each brought to maximum 
dilution in its respective solution before combination.

(4) The mixing of the acidulated chlorine solution with the 
aniline salt solution must be as rapid as possible to bring all 
reactants to the proper equivalent ratios with respect to the 
bromide ion treated; otherwise losses of reactant materials 
occur through oxidation.

Semi-W orks Developm ent

In 1924, consideration was first given to the nature of the 
equipment necessary for the installation of a small experi
mental plant at Ocean City, Md., to determine. the nature

F ig u r e  4 — H eav y  C h e m ic a ls  S to r a g e  o n  S . S .  E t h y l

of the difficulties which might be encountered in attempting 
to recover bromine from sea water as tribromoaniline. A 
week or two of laboratory work, which had verified the earlier 
experiments, had preceded this discussion, and during the 
installation of the necessary equipment at Ocean City fur
ther laboratory investigation was under way, involving a 
study of such questions as the method of adding chlorine 
to the sea water, the optimum hydrogen-ion concentration, 
the best method of addition of acid, the effect of adding 
aniline at different points of the process, the evaluation of 
time factors, and the effect of temperature and time upon 
the amounts of side reactions. As a result the essentials of 
the chemical process were well in hand when the Ocean City 
plant was ready, and a great deal of miscellaneous physical 
and chemical data had been accumulated.

D e t a i l s  o p  E x p e r i m e n t a l  P l a n t —The layout of the 
experimental plant is illustrated in Figure 2. The sea water, 
containing 59 p. p. m. of available bromine, was introduced 
on the suction side of a centrifugal pump, H, into a 2-inch 
pipe line, A, at a rate of from 25 to 26 gallons per minute. 
At point B  dilute sulfuric acid was introduced for the acidu- 
lation of the water and the solution thoroughly mixed by 
passage through the lead coil, C. A t D  the calculated amount 
of chlorine was introduced as a solution by means of a Wallace 
and Tieman chlorinator, after which it  passed through a 
second lead coil, E, for a further mixing. The calculated 
amount of aniline sulfate was next added at F in the form 
of a dilute solution in previously treated water at a rate of 
10 gallons per minute, and the reaction mixture then passed 
through iron coil G and pump II  to the pressure side of line 
A. Here at /  a portion was returned through line K  to the 
chlorinator and aniline sulfate mixing tank and the remain
der, regulated by valve L  to a flow of from 25 to 26 gallons 
per minute, was delivered to the recovery system.

The dilute sulfuric acid solution introduced at B  was made 
up to an approximate strength of 1 per cent from 60° BA 
sulfuric acid and sea water, and. the feed so arranged that

its introduction could be made at various rates above and 
below the equivalence of 194 parts 100 per cent sulfuric acid 
per million of sea water treated. The chlorine was accurately 
measured within 2 per cent and introduced as a solution in 
treated water by means of a Wallace and Tiernan wet type 
of water chlorinator. The water required for the operation 
of this apparatus was taken from the return line K  by way 
of the line M  through a heating coil, N , where the tempera
ture of the water was raised to 40° F. Preheating of the 
water was found to be necessary to prevent the formation 
of chlorine hydrate, a solid crystalline material that inter
feres seriously with the feed regulation in the chlorinator, 
since the water temperatures at Ocean City during the experi
mental operations varied from 38° to below 32° F. The 
operating pressure of the water feed on the chlorinator was 
approximately 26 pounds.

The aniline sulfate was introduced into the system as a 
1.5 per cent solution in treated water and was measured 
accurately from the solution tank through a weir into the 
mixing tank, where it was further diluted with treated water 
before introduction into the reaction mixture at F.

The equipment and method of operation above described, 
while not ideal in all respects, represents the simplest and 
most economical continuous procedure that could be de
vised from the equipment available and within the limited 
time allotted for its experimental development and study.

Y i e l d s  o f  T r i b r o m o a n i l i n e —The yields of bromine ob
tained in the operation of this equipment were determined 
from samples taken during the course of three carefully con
trolled runs made under the following set of operating con
ditions:

(1) The sea water employed contained 59 p. p. m. of bromine, 
but was treated as containing only 55 p. p. m. to avoid difficulties 
arising from the variable delivery of the pump. The treatment 
was at the rate of 25.67 gallons per minute.

(2) The sea water was acidified prior to its chlorination 
with an approximately 1 per cent sulfuric acid solution in sea

F ig u re  5— O n e  o f th e  M ix in g  C h a m b e r s  o n  th e  S . S .  E th y l

water, the feed of which was so arranged that the acid addition 
could be varied from 97 to 388 parts of 100 per cent acid per 
million parts of water treated. Both the chlorine and aniline 
sulfate solution were regulated to feed as accurately as possible 
(probably within 3 per cent each) the required equivalent quan
tities of each for a treatment of 55 p. p. m. of bromine.

(3) Samples of 5 gallons each of treated water were taken 
when equilibrium had been established in the system as shown 
by a constant value for free halogen in the treated water at the 
discharge. Analyses were made by filtering oil the crude tri
bromoaniline, extracting the product obtained with ether, and 
determining the bromine in the total solids thus obtained.

The operating conditions, analyses of samples, and calcu
lated yields are summarized in the following table:
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CtOCULATlON PUMP 
<C-ff ANILINE FEED CHAMBER

IIU NE-SÜU W E illXIMG 
l, CHAMBEß.

INTAKE

, Ssoaaa. »ooogp’i

5UCTK3M
HCAO

2 5 -A N IU N E -SULPHATE FEEDTANK

rflfT TD irmt?MEDIATE 370GAGE

NAIM SUCTION PUMP
1 0 ( 0 5  B P M  ®  3 0 0 0 GPM  
lOGOPPM«* SOOOCPN

TIME SCALE 3H0V/ING VELOCITY THROUGH 
SYSTEM  IN SECONDS AT BATE OF 5000 
GALLONS PEE MINUTE\ AND SOOO 
GALLONS PEE MINUTt.

ALSO PCCSSUEC AT VAQJOUS POINTS IN 
L6S_PCE s q  IN. FOB RATES OP FLOW.

5 0 0 0  gallons pce  minute-
S O O O  G A L L O N S  P E R  MINUTC.

INTAKE
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O P E R A T IN G  C O N D ITIO N S
2 5 .6 7R ate  of w ater'flow , gallons p e r m inu te  

Brom ine tre a ted , pounds per hour 
66° B6. sulfuric acid, pounds p e r hour 
Sulfuric acid, p. p. m.
C hlorine, pounds per hour 
Aniline su lfate, pounds per hour 
F ree  halogen in discharge calcu lated  upon 

chlorine charged, per cen t
SA M PLE

W eight, gram s
R ecovered e ther-soluble, gram s 
B rom ine b y  analysis, per cent

CA LCULATED

Yield in per c en t brom ine tre a ted  
Brom ine recovered, pounds per hour 
Tribrom oaniline m ade, pounds per hour

0 .7 0 1 2
1 .3 3 5

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

9 . 4
î

1 6 ,3 0 0
0 .6 2 6 6

5 6 .9 3
Y IE L D S

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

R u n  2

2 5 .6 7
0 .7 0 1 2

2 .6 7
1 94

0 .6 1 8 8
0 .4 2 1 1

5 .6 4

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

5 3 .7 1

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

R u n  3

2 5 .6 7
0 .7 0 1 2

4 . 7 4
3 8 8

0 .6 1 8 8
0 .4 2 1 1

4 . 6 2

1 5 ,6 0 0
0 .6 1 5 1

5 8 .0 7

4 3 .2 4
0 .3 0 3 2
0 .4 1 7 1

The yields obtained of 41.33 and 51.54 per cent, respectively, 
for acid ratios of 97 and 194 parts per million of sea water 
treated, show, as would be expected, an increasing yield with 
an increase of acid. The lower yield obtained in run 3 is 
not in line and no explanation can be satisfactorily offered 
for the low value obtained unless it is assumed that an error 
was made in the recovery or analysis of the sample.

The percentages of free halogen found in the discharge 
further emphasize the necessity for accurate control of re
agents and the provision for adequate means of mixing, 
since it may be seen from the table that increasing the acid 
ratio did not completely eliminate a considerable propor
tion of unused halogen.

The yields in percentage of bromine treated, while not 
equal to the best performances obtained in laboratory batch 
treatments (70 per cent), demonstrate the possibilities of a 
continuous pipe-line process and illustrate a few of the fac
tors, the control of which is necessary to the successful opera
tion of a continuous process, in which the maximum dilution 
of reagents is less and the time of reaction shorter than for 
a batch operation. The filter cake obtained from the vari
ous experimental runs at Ocean City was very high in foreign 
matter, a typical analysis showing: 47.6 per cent tribromo
aniline, 45.1 per cent ash, and 7.3 per cent organic material.

The ash proved to contain, among other things, 64 per cent 
silica (sand) and 18 per cent iron.oxide. It is believed that 
difficulties in filtration that developed later were caused to 
a large extent by the gummy nature of the combination of 
very fine sand, always in suspension along the seashore, and 
the organic material discharged into the ocean by the rivers 
and their connecting tributaries.

M e t h o d s  o f  A n a l y s is  f o r  B r o m in e —The analysis of 
bromine on all samples of water examined was made by an 
indirect volumetric method in which the total halides were 
determined by the Volhard silver nitrate titration and a fac
tor was taken as representative of the bromine content. 
This method was devised by Dittmar, who, in the exami
nation of representative samples of sea water, found that 
there was a variation of only 0.1 per cent between the true 
bromine content as found by direct analysis and by apply
ing his factor to the total halides.

In operating a continuous process for the recovery of bro
mine, the variation in the volume of water handled by the 
pumps is estimated at from 2 to 5 per cent. The feed of 
reagents is probably limited to an accuracy of from 1 to 2 
per cent, so that there is an unavoidable average variation 
of close to 3 per cent for which allowance must be made in 
the treatment of the water. This difficulty is practically 
solved by undertreating the water sufficiently to insure that 
the treatment is never made in excess of the actual bromine 
content. Under .these .conditions .any .slight error arising 
from an indirect determination of the bromine content of 
the water by the use of Dittm ar’s factor becomes negligible.

C o n c l u s io n s  f r o m  S m a l l - S c a l e  O p e r a t io n —Altogether 
the experimental work at Ocean City demonstrated that 
bromine could be recovered from sea water, but it also indi
cated clearly that the success of the process depended upon 
substantially complete dispersion of accurately controlled 
amounts of the necessary chemicals, and upon as rapid as 
possible dispersion. I t  also indicated that serious difficulties 
would arise from operating on water containing any appre-

S  o r £h05E  FPOM - 1
CHLORINE POOH
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ciable amount of suspended matter. It was largely the last 
problem, coupled with the advantages of flexibility in scene 
of operation, that suggested that the next stage of develop
ment should be placed upon a ship.

Large-Scale Develop
m ent

T h e  S. S. E t h y l — A  
number of s te a m sh ip s  
w ere in s p e c te d  and a 
lake-type cargo steamer,
The L a k e  Harminia, a 
s t e e l  b o a t 253  feet 8 
in c h e s  long, 43 feet 8 
inches beam, 4200 tons 
dead weight, was pur
chased (Figure 1). This 
boat was delivered to the 
Bethlehem Shipbuilding 
Corporation’s plant in 
Wilmington on February 
12, and her conversion 
into a floating chemical 
p la n t  was begun. On 
April 18 her overhauling 
and the installation of the 
chemical equipment had been completed and the ship was on 
her way down the Delaware River for a preliminary mechani
cal test, which was carried out April 18, 19, and 20. The 
test proved in every way satisfactory, and the ship was re
turned to the Harlan plant for the completion of a number 
of minor details left unfinished pending the tryout of the major 
equipment. A week later the ship proceeded to the du Pont 
Company’s D ye Works wharf to take on chemical supplies, 
and a day or so later put to sea. Process runs were accom
plished on M ay 2 and 3.

E q u ip m e n t — Capacity. The capacity of the equipment 
was based upon an estimate of a recovery of 100,000 pounds 
of tribromoaniline. If it is assumed that the water con
tains 70 p. p. m. of bromine, that a yield of 70 per cent may 
be obtained, and that the ship would operate 25 working 
days per month, it is a simple matter to calculate that 7000 
gallons of sea water per minute must be treated. This volume 
of water practically excluded every type of equipment but 
a pipe line and also excluded such filtration systems as would 
involve settling basins, etc. It was necessary to develop 
special equipment for extremely rapid mixing on a large 
scale and an accurate and simple control of the chemicals 
required for the process. Details of this equipment will be 
discussed below.

General Plan. Figure 3 shows the general arrangement of

F ig u r e  8— F ll te r - P r e s s  D eck  o n  th e  S . S . E t h y l

the equipment in the ship, and Figure 4, a photograph taken 
in the after storage hold of the boat, shows how this hold was 
utilized for the storage of the various chemicals required in 
the process. Storage capacity for approximately 500,000 
pounds of 66° B 6. (93.19 per cent H 2SO4) sulfuric acid and
50,000 pounds of aniline were provided in steel tanks placed 
underneath the “ ’tween decks.” The liquid chlorine storage 
installation was planned to consist of 1-ton drums, having 
a total capacity of 66 tons of liquid chlorine. This was cal
culated on the basis of a month’s supply.

Considerations of safety made it imperative to construct 
all acid and storage tanks without bottom outlets. The 
piping arrangement was such that both acid and aniline 
could be moved from storage to points of consumption by 
means of compressed air. In view of the stresses and strains 
to which the storage tanks would be subjected when the 
ship was at sea, these tanks were placed in deep saddles to 
which welded lugs, attached to the tank, were securely bolted. 
In addition, large strap bands were laced around the tanks 
and suitably and securely attached to the tanks’ supporting 
members.

Mixing Devices. An 
important feature of the 
process was the type of 
mixing device developed 
for practically in s ta n 
taneous mixing of the sea 
water with the various 
chemicals required. The 
injection and turbulence 
chamber shown in Figure 
5 illustrates this device. 
The basis for this design 
was the assumption that 
relatively large injection 
rings must be provided 
to spread out the water 
f lo w in g  th r o u g h  th e  
sy s te m  and that sub
s e q u e n t ly  it must be 
fo rc ed  th r o u g h  tu r 
b u le n c e  ch a m b ers in  
order that th e  m ix in g  

might be sufficiently effective. The turbulence chamber illus
trated in Figure 5 represents in principle the device used 
throughout the mixing system for: (1) the dilution of the 
6 6 ° B6. acid to approximately 1 per cent and the disper-

F ig u re  9 —C h lo r in e  C o n tro l  R o o m  o n  th e  5 . 5 . E th y l
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sion of this weak acid throughout the mass of the water 
being processed; (2) the injection and dispersion of the 
chlorinated water as supplied to it by the Wallace and 
Tiernan chlorinators; and (3) the injection and dispersion 
of aniline sulfate.

The general arrangement of the chemical treating system  
with the various points of injection of the chemicals is shown 
diagrammatically in Figure 6. In this connection it  is interest-

D uration  of ru n .....................................................................  3 hours
W eight of w et p roduct, filter cak e ................................  1616.5  pounds
M oistu re  in cak e ................................................................... 6 9 .5  per cen t
W eight of crude d ry  p ro d u c t...........................................  4 9 3 .0  pounds
B rom ine c o n te n t...................................................................  59 .26  per cen t
Tribrom oaniline  co n te n t....................................................  81 .52  per cent
Ash— ferric oxide..................................................................  2 .8 3  per cent
U ndeterm ined  m a tte r .........................................................  15 .65  per cen t

T heoretical yield from  tre a tm e n t a t  ra te  of 2377
pounds of chlorine per 24 hou rs ................................. 489 .9  pounds b rom ine

A ctual recovery   292 .2  pounds brom ine
Y ield ..........................................................................................  59 .64  per cen t

Treated water contained a fine white precipitate which micro
scopic examination revealed to be a collection of fine needle 
crystals—average diameter 0.0001 to 0.0002 inch, length 
0.0008 to 0.0010 inch. These crystals appeared in collec
tions of small flocks or groups.

Treated water filtered through 4500 square feet of filter
ing surface under pressure of 30 pounds per square inch gage 
to yield a clear slightly pink filtrate.

Water leaving the chlorinators contains dissolved chlorine 
gas determined by the rate of feed for which the machines 
may be calibrated on the basis of pounds per day. Six' of 
the machines installed were of the constant-feed type rated 
at 750 pounds per 24 hours, while the other two can be con
trolled to feed from 750 to 300 pounds and from 360 pounds 
to zero, respectively. With this arrangement any desired 
rate of chlorine feed could be obtained. The chlorinated

F ig u r e  10— E q u i p m e n t  i n  P la c e  o n  th e  S . S .  E th y l

ing to note that the total time elapsing during the passage 
of the water at a rate of 5000 gallons per minute (rate actually 
used on ship’s trial trip) from the point at which all the chemi
cals had been added to the filter process was approximately 
5 minutes. An important part of the installation consisted 
of the arrangement for recirculating approximately 40 per 
cent of the treated water through the annular ring mixing 
chamber, so that at the time of contact between the acidified 
and chlorinated sea water and the sea water containing the 
aniline sulfate, aniline sulfate may have as great a disper
sion in the circulating and mixing system as possible. It 
has previously been pointed out that the bromine content 
of sea water is 70 p. p. m. Theoretically, then, for each 3 
atoms of bromine, 6 atoms of chlorine and 1 molecule of 
aniline should be simultaneously presented at the point of 
combination. Since the atomic weight of bromine is 79.916, 
7000 gallons of sea water must contain approximately 1.576 
pounds of aniline uniformly distributed throughout this 
volume of sea water. This is a high dilution to attempt to 
produce as nearly instantaneously as possible.

R e s u l t s  o f  T e s t  R u n s — A  lo g  s h e e t  o f  o n e  o f t h e  t r i a l  
r u n s  is  a s  fo llo w s:

D e s c r ip t io n  o f  P r o c e s s  U s e d  o n  S h ip b o a r d —The essen
tial ingredients for the treatment of sea water for the re
covery of bromine in the form of tribromoaniline are: 66 
BA sulfuric acid, liquid chlorine, and aniline sulfate.

The 66° BA acid is held in bulk tank storage in the after 
hold, the daily requirements being blown by air to process 
storage tank in forward hold. From this tank it is fed 
through a constant-head float-controlled feed box to the 
suction line of a positive-pressure Blackmer type pump, 
which delivers it to the sulfuric acid dilution mixer, the dis
charge of which, of approximately 1 per cent acid, goes to  
the main sulfuric acid mixing and turbulence chamber, when 
it is dispersed uniformly in 3 seconds (at the rate of 8000 
gallons per minute flow) to a dilution approximately 200 
p. p. m. Liquid chlorine is stored in 1-ton containers which 
are approximately 2 feet 6 inches in diameter and 6 feet 8 
inches long. Liquid chlorine weighs 90 pounds per cubic foot 
and the containers at 68 ° F. will be at a pressure of 100 pounds 
per square inch. Provision has been made to store sixty-six 
1-ton containers (gross weight 3300 pounds) between decks 
in the forward part of the after hold. The liquid chlorine 
is fed from two or more containers through a header and feed 
line to Wallace and Tiernan type M. S. V. chlorinators, eight 
in number, located between decks in the after end of the 
forward hold. Immediately preceding the chlorinators are 
evaporators, steam-heated, to insure the delivery of chlorine 
to the chlorinators being in the form of gas. The chlorin
ators are vacuum-operated by means of a water jet forming 
part of the water to be chlorinated.

R u n  1— M ay 2, 1925
R ate  of w a ter flow........................................... 4750 gallons per m inute
Brom ine c o n te n t............................................  6 7 .7  p. p. m. b y  w eight
Acid tre a tm e n t ...............................................  223 to  500 p. p. m. by  weight
C hlorine............................................................. 3477 pounds per 24 hours
Aniline su lfa te—regulated  approx im ate ly  to  b est appearing  conditions 

of tre a ted  w ater—i. e., to  th e  form ation  of m axim um  cloud of p recip ita te . F ig u r e  11—E q u i p m e n t  i n  P la c e  o n  S . S .  E t h y l
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water discharged from the chlorinators is delivered through 
rubber-lined armored hose to a rubber-lined chlorinated water 
feed tank to the bottom of which is connected an Olivite 
(rubber-lined) pump, which in turn delivers, by means of 
an eight-lead manifold, the thoroughly mixed chlorinated 
water (about 0.5 per cent of chlorine) to the chlorine mix
ing and turbulence chamber. Complete dispersion of the 
chlorine to a dilution of about 64 p. p. m. is obtained in 3 
seconds.

Aniline (for the manufacture of aniline sulfate) is stored 
in steel tanks in the after hold, the storage capacity being 
approximately 50,000 pounds. It is delivered by air to a 
small measuring tank in the forward hold, from which it  
goes to the lead-lined aniline sulfate mixing tank underneath, 
at which point the proper amount of sulfuric acid and sea 
water is added to give the desired strength to the aniline sul
fate formed by the reaction. Normally it is planned to pro
duce aniline sulfate of about 15 per cent strength. After 
the reaction is completed (which operation is performed 
daily), the aniline sulfate is blown across the ship to the 
aniline sulfate storage tank. From this tank it is fed through 
a constant-level float-controlled feed box to the aniline sul
fate feed pump, which delivers it to the aniline sulfate dilu
tion mixer, which in turn injects through thirty-six nozzles 
the diluted aniline sulfate into the aniline sulfate mixing and 
turbulence chamber, and thence to the storage tanks. The 
dilution is brought about by recirculating about 2600 gallons 
per minute of the processed sea water through the aniline 
sulfate dilution chamber.

The mixing of the dilute aniline sulfate with the acidified 
and chlorinated sea water results in the formation of tribromo
aniline crystals which are about 0.001 inch long and one- 
fifth of this in diameter. The reaction is practically instan
taneous in that samples taken 1 second after going through 
the mixing chamber showed the reaction to be completed. 
The total time through the various mixing chambers, for a 
rate of 8000 gallons per minute is about 10 seconds, during

which the three different chemicals must be consecutively 
added and completely dispersed before the complicated re
action resulting in tribromoaniline takes place. From the 
storage tanks the processed water is delivered by steam- 
turbine-operated compound centrifugal pumps to ten recessed- 
type, wood-plate Schriver filter presses of fifty plates each, 
located between decks in the forward hold. These presses 
were dressed with X X  chain filter duck and also ordinary 
weave, with the indications that either grade of filter cloth 
would be effective. The filtrate was at all times clear with 
the operating pressure of 30 to 35 pounds per square inch 
remaining constant throughout the run. It is believed that 
a press could be operated on an 8-hour cycle, during which 
time approximately 70 pounds of filter cake would be pro
duced, which would contain from 65 to 70 per cent moisture. 
The dry cake would in turn be approximately 80 per cent 
tribromoaniline.

Allowing 1 hour for cleaning and getting back into service, 
a filtering rate of 1000 gallons seems conservative, so that 
if the ship were operated at a rate of 8000 gallons per minute, 
as proposed, eight presses in service would permit of one 
being down for repairs and one being cleaned.

C o s t s—The cost of essential materials, based on a yield 
of 70 per cent and a bromine content of the sea water of 68 
p. p. m., would be S0.1770 per pound of bromine. The 
total of the other charges is problematical, since the ship 
was operated only a short time.

General Com m ents

A number of minor difficulties were encountered in con
nection with the operation of the bromine ship, such as fluc
tuating rate of sulfuric acid feed, due primarily to the orifice- 
regulating valve at the outlet on the float control feed-box 
being made of hard rubber, which decomposed under the 
action of the acid. There was some corrosion at various 
points. It will be recalled that the ash content of the tri-
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bromoaniline was 2.83 per cent ferric oxide. This corre
sponds to a rate of corrosion amounting to about 3 pounds 
of iron per hour. This actually resulted in eating through 
the short iron nipple at the point at which the chlorine water 
was introduced into the pipe line, because the rubber lining 
originally provided was faulty and broke away completely 
from the iron. It is believed, however, that the corrosion 
problems can be satisfactorily met by rubber-lining pipes 
and mixing chambers, and that this difficulty could there
fore be permanently eliminated.

It is believed that the plant would operate satisfactorily 
in practically any weather up to half a gale. It may be 
stated that the Wallace and Tiernan chlorinators performed 
in a satisfactory manner even when the ship was rolling at 
an angle from 5 to 10 degrees from the vertical. Figure 9, 
a photograph of the chlorine room, shows this installation 
as actually set up. The armored rubber hose leading from 
each individual control conveyed the chlorinated water to 
the mixing chambers. Figures 10 and 11 show the chemical 
equipment actually in place on board the S. S. Ethyl.

Figure 12 shows the route the ship followed on her first 
and only actual operating cruise. The figures plotted on

the chart are the bromine content of the samples of sea water 
taken at various stations.

Altogether it would appear from the results obtained on 
the S. S. Ethyl that the recovery of bromine from sea water 
is quite feasible by a continuous pipe-line process, pumping 
huge volumes of water through the system at high velocities. 
There should, therefore, be no reason to fear exhaustion of 
the world’s bromine resources, no matter how great the in
dustrial demand for this element may become, so long as the 
“eternal sea” awaits the chemist’s demands.
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Stainless-Iron N itric  Acid Equipm ent1
W alter M. M itchell

C E N T R A L  A I.I.O Y  S T E E L  C O R PO R A T IO N . M A S S IL L O N , O lI IO

THAT ammonia may be converted into nitric acid by an 
oxidation process has been known as a theoretical 
possibility for many years,2 but it is only within the 

last few years that the process has been developed to the 
point of commercial production. The success of this develop
ment should not be considered as due solely to the skill and 
ingenuity of the chemist. It is due as well to the availability 
of suitable materials which, satisfactorily resisting the cor
rosive action of the acid and capable of fabrication into the 
required forms, have made possible the construction of the 
necessary plants and equipment. These materials3 are the 
iron-chromium alloys containing 16 to 20 per cent chromium 
and known, because of their low carbon content, as stainless 
irons.

Nature and Properties of Stainless Iron

Stainless steels, alloys of iron and chromium containing 11 to 
13 per cent chromium with sufficient carbon (0.30 to 0.40 per 
cent) to confer hardening properties, have been known in the 
form of cutlery for some fifteen years, but owing to their 
intrinsic hardness cannot be produced in forms suitable for 
the construction of chemical plant equipment. The desire 
for a more workable material— one that could be produced in 
such forms as sheets, tubing, wire, etc.— led to the develop
ment of the stainless irons. Since the corrosion resistance of 
the stainless alloys depends upon the ratio of chromium to 
carbon content, and since carbon was not desirable on ac
count of the hardening effect produced by it, stainless irons 
have been produced by lowering carbon and increasing chro
mium content.

Experiments and tests with stainless iron showed remark
able resistance to oxidation and in particular to nitric acid. 
The first stainless iron produced may be considered an off-

1 R eceived M arch  2, 1929.
* T ay lo r, I n d .  E n o .  C h u m .,  1 9 , 1250 (1927).
* M itchell, Trans. A m . Soc. Steel Treating , F eb rua ry , 1929.

spring of the original stainless steel and was made with virtu
ally the same chromium content (12 to 14 per cent) but with 
materially lower carbon (0.12 per cent maximum). This 
alloy is resistant to a great degree to all concentrations of 
nitric acid, but not sufficiently so to the more dilute acids. 
To obtain the necessary resistance to the more dilute acids, 
it has been found necessary to increase the chromium content 
(16 to 20 per cent), and specifications for stainless iron for 
nitric acid equipment virtually all demand a minimum of 
16 per cent chromium. Higher chromium (above 20 per 
cent), while increasing corrosion resistance to a slight degree, 
does not improve mechanical properties of the alloy, so that fab
ricating difficulties may be increased. To lessen the harden
ing tendency carbon should be maintained low, under 0.10 
per cent. Other elements, with the exception of nickel or 
silicon, are present in stainless iron largely as impurities and 
should be maintained as low as is consistent with good melting 
practice.

A word of caution at this point is advisable. While the 
12 to 14 per cent chromium stainless irons cost less than those 
of higher chromium content, a reasonable margin of safety 
as regards corrosion resistance is a most desirable precaution. 
Resistance to nitric acid increases with chromium content, 
and the insurance of longer plant life by the use of a higher 
chromium alloy will more than compensate for the question
able advantage of a slight saving in the initial cost of the 
installation.

The stainless irons are suitable only for the construction of 
plant equipment for acid that is produced from ammonia. 
The acid prepared from Chile saltpeter has too high a content 
of chlorides, iodides, etc., and unless these impurities are 
removed stainless iron will be attacked.

Developm ent of Use in  Nitric Acid Industry

The first experiments with stainless irons in connection with 
their application to the nitric acid industry began in the sum-
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mer of 1923 when the du Pont Company commenced plant 
corrosion tests on these alloys. About a year later a small 
ammonia oxidation unit was constructed, and the successful 
completion of this experiment led to the designing and con
struction of a large plant at Gibbstown, N. J., containing up
wards of 200 tons of stainless equipment. This plant has now 
been in operation for over two years and has apparently 
been entirely successful.

Shortly after experiments were begun by the du Pont 
Company, similar experiments were made independently by

the Atmospheric Nitrogen Corporation, a subsidiary of the 
Allied Chemical and D ye organization. The satisfactory 
results of their experiments resulted in the construction of a 
large unit at Hopewell, Va., in which upwards of 500 tons 
of stainless equipment were used. Since that time additional 
plants have been erected by the du Pont Company, the Gen
eral Chemical Company, the Newport Company, the Grasselli 
Chemical Company, the Hercules Powder Company, the 
Atlas Powder Company, and others. The total stainless 
iron now in service in nitric acid equipment is between 4000 
and 5000 tons, and represents a value of upwards of $5,000,000.

selves was learned. Fortunately, such difficulties have now 
been overcome and stainless-iron plates may be riveted to
gether with joints, which careful tests show to be fully as 
strong and enduring as if made from ordinary boiler steel. 
However, care is required in the heating of rivets, and riveted 
structures have been confined to such size as could be fabri
cated in the shop and transported to the plant site. For this 
reason field fabrication has not yet been attempted. Figures 
1 and 2 are riveted absorption towers and show what may be 
done in this direction. The tower in Figure 1 is 10 feet in 

diameter and 52 feet high, and represents about 
the practical limit in size, because of the difficul
ties of railway transportation of larger pieces of 
equipment.

Production of seamless drawn tubing presented 
many difficulties, both in the piercing of the billets 
and the subsequent drawing operations. Careful 
control of temperature is absolutely essential, as 
is thorough annealing between successive draws. 
A t present the external diameter of drawn tubing 
is limited to 5Vs inches maximum; but there is 
no inherent reason why larger tubing cannot be 
drawn provided there is a sufficient demand to  
warrant the outlay for the larger and heavier 
machinery necessary. Seamless tubing larger 
than 5 V2 inches outside diameter is at present ob
tainable, but this is produced either by forging a 
pierced billet on a mandrel, in the same manner as 
large gun forgings are made, or by turning up the 

outside of a large cylindrical billet and removing the core by 
a trephining operation—in either case a laborious and costly 
procedure.

Large-size pipe for conduits is successfully made by riveted 
construction, as shown in Figures 3 and 4. While this re
quires skill and careful work on the part of the fabricator, 
it is an entirely feasible proposition. Such pipe can be 
caulked so as to be both gas- and water-tight.

Generally speaking, stainless iron of the proper analysis 
for nitric acid plant construction can be fabricated into any

F ig u r e  1— R iv e te d  A b s o rp tio n  T o w e r. E n d u r o  “ A ”  S ta in le s s  I r o n  P la te s  a n d  R iv e ts  
F ab rica ted  b y  S tru thers-W ells  Co., W arren, Pa.

M ethods of Fabrication

Equipment for an ammonia oxidation plant includes 
absorption towers, heat exchangers, converters, pipe lines, 
valves, etc., etc. The first question encountered in the con
sideration of stainless irons for plant construction was the 
fabrication of the equipment. Could large-size plates be 
rolled, single-piece flanged and dished heads of large diameter 
be formed, was seamless drawn tubing available, etc.? And, 
if these articles were procurable, could they be welded or 
riveted together in permanent fashion? Fortunately, the 
production of large plates and single-piece dished heads pre
sented no unexpected difficulties. The procurement of these 
articles is now limited only by the range of the equipment 
available for their production and by the willingness of the 
steel mills to cooperate with the expectant customer.

The usual methods of fabrication are welding and riveting. 
When fabrication of stainless equipment was first considered, 
welding was at once ruled out because of the very unsatis
factory state of the art at that time. The production of 
rivets that would stay put also presented difficulties, because 
of the propensity of the straight iron-cliromium alloys to be
come brittle if overheated. Workmen accustomed to driving 
ordinary steel rivets heated the stainless rivets to the usual 
temperatures (1900° to 2100° F.) only to find that when cold 
the heads snapped off spontaneously or at the slightest blow 
of the hammer. Many experiments were necessary before 
the proper processing of the rivet stock and the rivets them-

F ig u r e  2— S ta in le s s  I r o n  B u b b le r  T o w e r 
F ab rica ted  by  D ow ningtow n Iro n  W orks, D ow ningtow n, P a .

form or shape which can be made from ordinary boiler steel, 
provided due regard be given to the individual peculiarities 
of the metal. In handling this metal it must be remembered 
that it is both harder and tougher than steel. Forming and 
bending operations should therefore be conducted more slowly 
than with plain steel; furthermore, excessive temperatures 
must be strictly avoided. Figures 5 and 6, showing a heat
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ex c h a n g er  and a tray plate, 
i l lu s t r a t e  what can be done 
with proper handling.

There has been much discus
sion on the relative merits of 
w e ld in g  and  r iv e t in g  as a 
m eth o d  of fabrication. The 
majority of the chemical manu
facturers, the larger companies 
in particular, absolutely bar 
welded construction for any of 
the larger equipment unless it 
is physically impossible to pro
duce the desired piece of equip
ment in any other way. The 
high temperatures of welding 
produce a crystalline structure 
essentially different from that 
in the adjacent m e ta l. In  
addition, there is always op
portunity for inclusions of slag, particles of oxide, etc. In 
the straight chromium alloys it is practically impossible to 
produce a homogeneous structure in the weld and the ad
jacent metal by any process of heat treatment. Therefore, 
there may be, and generally is, localized corrosive attack, 
either in the weld itself or in the 
metal closely adjacent to it.
In addition to the probability 
of local attack, there is to be 
considered the brittleness, or 
lack of ductility, due to the 
coarse crystalline s tr u c tu r e  
formed during welding, which 
is characteristic of s t r a ig h t  
iro n -ch ro m iu m  alloys, and 
which, as already stated, can 
be removed to a limited ex
tent only by heat treatment.
Naturally, there has been a 
great improvement in welding 
technic since the stainless irons 
were first in tr o d u c e d , b u t  
limitations due to the char
acteristics of the metal neces
sarily remain. The stainless 
irons with added nickel are far
superior in this respect, and will be discussed in some detail 
later.

Flanges, nozzles, valves, and pipe fittings are made from 
forgings or castings. Castings are made with higher carbon 
than plates, tubing, etc. The low-carbon analysis, when cast, 
will usually have b lo w h o le s ,  
porosities, etc., and to over
come this, carbon must be 
raised to 0.30 to 0.40 per cent.
With this high carbon, resist
ance to nitric acid, provided 
the chromium is maintained 
h ig h , is  a p p a r e n t ly  n o t  
affected. Casting technic has 
improved greatly in the last 
four years and reasonably good 
castings may now be procured 
from a number of foundries 
which specialize in s t a in le s s  
metals.

Welding, plugging, or caulk
ing of defective castings is usu
a lly  p r o h ib ite d . This has

F ig u r e  3—L a rg e - D ia m e te r  S ta in le s s  I r o n  C o n d u i t
F ab rica ted  by  D ow ningtow n Iro n  W orks, D ow ningtow n, Pa,
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F ab rica ted  by  S tru thers-W ells  Co., W arren , Pa.
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caused almost endless contro
versy between the foundries, 
who desire to salvage as many 
castings as possible, and the 
chemical manufacturers, who 
do not desire material which 
may eventually prove defec
tive. Much can be said on 
both sides and the decision will 
depend largely upon the nature 
of the defect.

Forgings are used for flanges, 
pipe fittings, p um p  s h a f t s ,  
nozzles, and similar pieces of 
equipment where a better metal 
than that obtainable in castings 
is required. Forgings present 
no p a r t ic u la r  difficulty in 
manufacture other than that 
introduced by the greater stiff

ness of the metal as compared with ordinary carbon steel. 
Forgings may be made from billets or bar stock of the same 
analysis as plates and tubing and, if properly made, are free 
from such defects as blowholes or porosities. If high pres
sures are to be withstood, forgings have a great advantage

over castings in their freedom 
from such defects. However, 
ow in g  to  th e  considerable 
machine work required, pipe 
fittings, such as ells, tees, etc., 
made from forgings will be 
high in price compared to cast
ings.

Stainless-Iron Tank Cars

For bulk shipment of acid, 
stainless-iron tank cars have 
been under consideration for 
some time, but their high cost 
has prevented actual construc
tion until very recently. A
number of these are now on
order and the first stainless- 
iron tank car was put in ser
vice by the du Pont Company 
a b o u t  e ig h t  m o n th s  ago. 

Fabrication of tank cars presents no difficulties above those 
incurred in the construction of stationary tanks. The con
tainer tank only is made from stainless iron. The frame
work and trucks are of the customary steel construction.
Naturally, because of the shocks and vibrations to which the

tank car is subjected, great 
care must be observed in the 
inspection of the materials, 
and the general design must be 
sufficiently heavy to insure suf
ficient strength and stability.

Alloys C ontaining Nickel

All of the equipment, so far 
described, has generally been 
made from the straight iron- 
chromium alloys. But for cer
tain purposes, where welding 
is unavoidable, the stainless 
irons with added nickel have a 
notable advantage. Alloys of 
this kind will usually run 18 to 
20 per cent chromium, 7 to 10
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per cent nickel, and carbon under about 0.16 per cent. They 
were introduced by Strauss, of the Friedrich Krupp Com
pany, in Germany about fifteen years ago, but until recently 
have attracted little or no attention in this country. Their 
advantages are now beginning to be appreciated and they 
are rapidly supplanting the straight iron-cliromium stainless 
irons. The addition of nickel results in a number of advan
tages: first, increased corrosion resistance; second, preven
tion of coarse crystalline growth at elevated temperatures; 
third, it produces what is metallurgically known as an “austen- 
itic” alloy. Such alloys, of which manganese steel is a

F ig u r e  6— S ta in le s s  I r o n  T r a y  P la te  
F ab rica ted  b y  S tru thers-W ells  Co., W arren , Pa.

well-known example, are characterized by great toughness 
and ductility, entire freedom from any tendency to hardening 
on sudden cooling, and the property of being non-magnetic.

These alloys possess higher resistance to both hot and cold 
nitric acid than the straight iron-chromium alloys. As they 
are practically free from the grain growth associated with 
high temperatures, welds remain tough and ductile, and fabri
cation by welding is a reasonably safe procedure as far as 
maintenance of physical properties is concerned. The ques
tion of preferential corrosion resistance, however, remains; 
but it is possible to heat-treat these alloys so that structural 
differences between the weld and the adjacent metal may be 
greatly broken down, thus materially lessening the tendency 
to localized attack. Patents covering the heat treatment of 
this alloy were granted to Strauss, as well as patents covering 
the analysis.

Shipping drums for nitric acid have been somewhat of a 
problem since their suggestion some five years ago. The 
glass carboy, long a standard shipping container for acids, is 
far from ideal. Hence, stainless irons were welcomed by 
chemical industries as the potential means of solving the 
transportation phase of the nitric acid problem. The straight 
iron-chromium alloys were originally used for construction of 
experimental drums, but owing to the brittleness of the welds, 
by which the drums were of necessity fabricated, it was found 
practically impossible to meet tests imposed by the Bureau of 
Explosives and the Interstate Commerce Commission, not
withstanding that various types of construction were used.

Because of the greater ductility and toughness of welds 
made from the chromium-nickel stainless alloys, later ex
periments have been made with drums constructed from them 
and these drums have passed successfully all varieties of 
mechanical tests that could be devised. In use, however, the 
first lot experimentally made showed the effects of unrelieved 
strains in the metal after some six or seven months in service. 
This is thought to be the result of insufficient annealing after 
welding. Other drums, which have had a more complete 
annealing treatment, are now in service. It is believed that 
these will be satisfactory, although the time in service is too 
short for confirmation of this. They are constructed of vari

ous sizes, usually 15-, 30-, and 55-gallon capacity, and provided 
with cast or forged flanges and bungs. The Hackney, or 
two-piece construction (Figure 7), with equatorial weld, 
has proved the best type in all mechanical tests.

O utlook

Looking toward the future, any prediction of what may be 
expected is extremely hazardous. When we consider the ad
vances made in metallurgy of corrosion-resisting alloys during 
the last five years, any assertion of what can or what cannot 
be done is manifestly unwarranted. The two years’ successful 
operation of the first du Pont plant indicates that stainless irons 
have attained an established position in nitric acid manufac
ture. However, the greater advantages of the chromium- 
nickel stainless irons over those containing chromium as the 
only alloying agent indicate that they will be carefully con
sidered in the future, and may replace the latter altogether. 
It is rather doubtful if new alloys will be produced with qualities 
widely different from those at present known. The combina
tions of chromium, nickel, iron, silicon, etc., which produce 
workable alloys are fairly well known. Numerous experi
ments have determined the limits of the useful composition 
ranges with considerable certainty. There is a possibility 
that small additions of some other metal, such as molybdenum 
which is known to increase resistance to mineral acids, will 
prove desirable. But until the present equipment has been 
subjected to longer tests in service, we do not know that such 
additions are even necessary.

F ig u r e  7—3 0 -G a llo n  E n d u r o  KA2 (C h ro m iu m -  
N ic k e l S ta in le s s  I ro n )  S h ip p in g  D ru m  

F ab rica ted  by  Pressed  Steel T a n k  Co., M ilw aukee, Wis.

If any improvements are to be expected, these lie in the 
direction of improved quality of metal, which may be looked 
for with increased demand and resulting increased tonnage 
production. Increased tonnage will result in mills and equip
ment devoted exclusively to the production of these alloys, 
and under such advantageous conditions improvement in 
quality should inevitably follow.

Thermal Expansion of Tantalum—The Bureau of Standards 
will shortly publish the results of an important investigation on 
the expansion of pure tantalum for various temperature ranges 
between —310° and + 930° F. Tantalum expands more than 
tungsten or molybdenum, but less than iron.

It is highly resistant to chemical corrosion and is finding 
use for dental instruments, surgical tools, pen points, filament 
wire for incandescent lamps or thermionic tubes, cathodes for use 
in electrochemical analysis, and electrolytic valves for the manu
facture of rectifiers.



446 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY Vol. 21, No. 5

Present T rends in D ust R ecovery
E verett P. P artridge1

1 4 4 0  E a s t  P a r k  P l a c b ,  A k n  A r b o r . M i c h .

DUST resulting from industrial operations has been re
garded from three successive viewpoints. It was first 
considered somewhat in the light of an unavoidable 

nuisance. Dust-producing plants, such as cement mills, lo
cated themselves as far as possible where there were no neigh
bors to complain of the objectionable conditions which they 
produced. They then went into operation with calm resigna
tion to the inevitable high rate of labor turnover, the gradual 
destruction of equipment, and the loss of material resulting 
from this policy. When the plant happened to be a flour 
mill and a stray spark started things going, the company 
either went out of business or built a second plant as dusty 
as the first.

This attitude, reminiscent of the way our ancestors of the 
Middle Ages regarded disease, gave way gradually as it came 
to be realized that it represented neither good engineering 
nor good business. It was natural that the viewpoint toward 
industrial dust should then grow to be that of prevention 
only. Equipment was developed to reduce or to eliminate 
the produc
tion of free 
dust, and to 
c o l le c t  the 
d u s t  from  
o p e r a tio n s  
in which its 
prod u ction  
seemed inev
itable. This 
attitude re
garded dust 
a s  a n u i 
s a n c e ,  in  
some c a se s  
as a positive 
danger, but 
as essential
ly  n o th in g  
more than a 
waste mate
rial.

Recently, 
however, en
gineers with 
in v e s t ig a 
tive m in d s  
and im a g i
nation have 
been diseov- 
er in g  th a t  
there is no 
such th in g
as a waste material. In the field of dust elimination 
they have found frequently that the finely divided material 
taken out of circulation was either a valuable fraction of the 
main plant output or a by-product worth more per unit of 
weight than the main product. They have also been dis
covering that dust-collecting apparatus may form a very effi
cient unit process in the preparation of such materials as

1 Associate editor, I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m i s t r y .

dried milk and fruit juices, gas black and bone black, pulver
ized coal, and dyes. As a result of this development new 
stimulus has been given to the design and application of 
ingenious systems to still other fields.

Types of E qu ip m en t for D u st C ollection

The various types of apparatus for the removal of dust from 
gas streams may be conveniently classified for discussion on 
the basis of what can be done with the dust after it is collected. 
Certain systems, intended chiefly for the removal of ordinary 
incidental dust from the atmosphere, do not allow of ready 
recovery of the separated material. It is obvious that these 
systems might be applicable to some cases where a dust re
sulting from a manufacturing process had negligible value 
but must be removed in order to prevent a nuisance. Some 
of them are also used for the recovery of precious metal dust, 
but for general use economic considerations necessitate the 
types of apparatus allowing simple recovery.

Care must be exercised in analyzing any particular prob
lem of dust 
c o l l e c t io n  
f r o m  t h e  
viewpoint of 
the value of 
the material 
c o l l e c t e d ,  
since it is en
tirely possi
ble that an 
ap p aren tly  
w o r t h l e s s  
d u s t  m a y  
h a v e  som e  
p r o f ita b le  
m e a n s  o f  
u tiliza tion . 
One firm en- 
g a g e d  in  
p r o d u c 
ing crushed 
l im e s t o n e  
f o r  r o a d  
g ra v e l in 
s t a l l e d  a 
d u s t  r e 
m o v a l and 
c o l le c t i  on  
apparatus in 
order to ob
tain a bonus 
for dust-free 
g r a v e l. It

subsequently developed that the fine dust collected had suffi
cient value as agricultural limestone to pay for the equip
ment within a year.

S y s t e m s  f o r  D u s t  C o l l e c t i o n  w i t h o u t  R e c o v e r y —  
Only brief mention will he made of those types of equipment 
which are intended chiefly for the removal of incidental dust 
from air, and which leave the separated material in a condition 
from which it cannot readily be recovered. Two general

Courtesy oj the Ousi Recovering and Conveying Company  
F ig u re  1— E le v a tio n  of C ru s h e r  P l a n t  M a k in g  R o a d  G rav e l 

Air filters recover d u s t from g y ra to ry  crushers, scalp ing  screens, and  chu tes to  storage bins. T h is d u st is sold as 
ag ricu ltu ra l lim estone. Enough was recovered du ring  the  first y ear of operation  to  p a y  for th e  filter in s ta lla tion , 
while the  dust-free  gravel produced com m anded a  special bonus.
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types exist. The'first type depends upon a water spray, 
arranged in any one of a number of ingenious ways, through 
which dust-laden air is passed, with removal of those particles 
that are wetted by the spray. The second type, loosely styled 
a “filter,” depends upon passing the air to be cleaned through 
small, tortuous channels, the surfaces of which are covered 
with some sticky medium which holds all particles impinging 
upon it. Use is found for equipment of these two types 
chiefly in cleaning the cooling air supplied to motors and 
generators, and in purifying the air circulated in public 
buildings or used in such special processes as the drying of 
gelatin, in which contamination by atmospheric dust and air
borne bacteria must be minimized.

S y s t e m s  f o r  D u s t  C o l l e c t i o n  w i t h  R e c o v e r y —All 
types of equipment for dust collection other than the two 
mentioned above allow the ready recovery of the fine material 
separated out. Such recovery is, of course, not always prac
ticed, not even when it might be profitable. It is possible, 
however, and where recovery becomes an important factor in 
the choice of equipment the following types find application.

Equipment for the recovery of dust from gas streams may be 
classified on the basis of the principle utilized. The four follow
ing types result: (1) sedimentation by gravity; (2) separation 
by centrifugal force; (3) electrical precipitation; (4) filtration.

Sedimentation by gravity is the oldest and simplest principle 
used for the removal of dust from gas streams. The settling 
chamber has been a familiar nuisance in the smelting industry 
for years. It is now practically obsolete as an agency for dust 
removal, though it still serves as a cooling flue for hot gases. 
Fair separation of large particles can be obtained in the set
tling chamber under carefully controlled conditions of rate of 
flow, turbulence, and temperature of the gas stream. The 
inadequacy of the method is evident, however, when it is 
realized that a spherical particle of unit density and a diameter 
of 1 X lO-2 cm. settles at a rate of only 30 cm. per second in 
absolutely still air. Such a particle represents merely the 
largest range of industrial dusts. Although a settling chamber 
will serve for the practical removal of such particles, the 
space requirement for the sedimentation of fine dusts is pro
hibitive and the separation is unsatisfactory.

Centrifugal force is utilized for dust collection in the cyclone 
separator, which exists in many varieties, all of which have 
the common characteristic of passing a dust-laden stream of 
gas in a spiral path at a velocity sufficient to cause the sus
pended particles to be thrown out against the containing 
wall, down which they drop by gravity into a container at the 
bottom. Cyclones are generally constructed as a cylindrical 
housing ending in a conical bottom, with a tangential inlet to 
the upper part of the cylindrical section and an outlet for 
cleaned gas through an internal axial duct leading out through 
the top. The various dimensions of cyclones are adapted to 
give gas velocities suitable for the separation of various 
materials, or of various sizes of these materials. Velocities 
as high as 1500 feet per second are claimed for some special 
cyclones of small diameter.

Although cyclone separators operate most efficiently upon 
gases containing particles of uniform large size, it is possible 
to use two of them in series for the simultaneous removal and 
partial sizing of dust having a considerable range of particle 
diameter. As in the case of the settling chamber, however, fine 
dusts cannot be efficiently recovered in a cyclone separator.

One advantage of the cyclone is its simple and rugged con
struction without moving parts. It can be fabricated from 
special alloys to handle streams of corrosive gases, and it can 
handle hot gases. I t  is, in fact, frequently found good prac
tice to use a cyclone for cooling a hot gas stream and simul
taneously removing the coarser particles from it, as a pre
liminary to complete dust removal in a filter, which can only 
be used at low temperatures.

Electrical precipitation describes the principle upon which 
the Cottrell system operates. It removes suspended particles, 
either solid or liquid, from a gas stream by producing an elec
trical charge upon the particles and then utilizing the pull of 
a powerful electrical field to cause them to travel to an op
positely charged surface to which they adhere. By the use 
of a special transformer and mechanical rectifier, a unidirec
tional corona discharge is obtained at a potential of from
50,000 to 75,000 volts. This discharge takes place from wire 
electrodes placed in the gas stream. These electrodes are 
placed axially in a pipe or are suspended between plate sur-
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Courtesy o f the D ust Recovering and Conveying Company  
F ig u r e  2— E le v a tio n  o f S m a ll  D r ie d -M ilk  P l a n t  

A ir filters recover com pletely  th e  valuable  m ateria l carried  o u t of the  
sp ray  d rie r by th e  effluent a ir stream .

faces, the pipe or plates being connected to the opposite side 
of the high-potential line. The suspended particles in the 
gas stream passing through the corona discharge are charged 
by adsorption of ions from the ionized gas and then move 
toward the oppositely charged surfaces upon which they de
posit, being removed either by gravity or by mechanical 
cleaners.

The efficiency of removal of suspended particles is a func
tion of the length of exposure of the gas stream to the elec
trical field within the precipitator, but is practically inde
pendent, within ordinary limits, of the concentration of the 
suspended material. The efficiency guaranteed for ordinary 
installations is 90 per cent, although units may be built to 
give practically complete recovery if it is desired. The power 
consumption varies from 5 to 10 kilowatt-hours per million 
cubic feet of gas treated.

The Cottrell apparatus has two fields of operation in 
which it is unrivaled. The process of electrical precipita
tion is not affected by temperature; hence it may be designed 
for-operations up to 650° C. or 1200° F., and its construction 
is so simple that it may be readily made from corrosion- 
resistant materials and employed for the treatment of acid 
gases, particularly acid mists. Electrical precipitation is 
therefore the general solution for the removal of suspended 
particles from a gas stream which is corrosive or must be 
treated while hot. Since cyclone separators also can operate 
under these conditions, they are sometimes used as prelimi
nary separators in series with Cottrell units.
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Of the processes 
in which electrical 
precipitation finds 
a p p lic a t io n , the 
recovery of oxides 
and of acid mists 
from  s m e lt in g  
o p er a tio n s , of 
potash dust from 
cement kiln gases, 
and the removal of 
tar from manufac
tured gas may be 
cited as typical.
A recent adapta
tion of the Cottrell 
process has been 
for the removal of 
fly ash from the 
s t a c k  g a se s  of 
boiler plants fired 
w ith  p ow d ered  
coal.

Filtration of gas 
streams for the removal of dust was first practiced on a 
large scale in the smelting industry, which developed the 
baghouse, the now obsolete progenitor of the modern air 
filter. Some modern filters still use the baghouse system  
of positive pressure—that is, the forcing of dust-carrying 
gas through a filter medium against the pressure of the 
atmosphere. The air filter on the housewife’s vacuum  
cleaner is a homely example of this type of filter. Industrial 
filters of this type, however, are open to the serious objection 
that the fan pushing the gas stream through the filter must 
handle dusty air. Where the dust is abrasive, the life of the 
fan is liable to be uneconomically brief. In other cases, 
where dust of a combustible nature is to be handled, the use 
of a fan on the dust-carrying air stream introduces a serious 
explosion hazard.

The objections to the pressure type of air filter have been 
met by placing the fan on the clean-air side of the filter and 
using it as an exhauster rather than as a pusher. Practically 
all industrial air filters are of this vacuum type. They 
are built in two chief styles. The first is adapted from the 
plate-and-frame filter press used for the filtration of liquids, 
and uses a large number of cloth-covered wooden frames set 
up tightly within a metal shell and dividing this shell into two 
compartments, one for the admission of dusty air and the 
periodic removal of the dust collected by the filter frames, the 
other for the removal of filtered air.

The frame style of vacuum air filter is not used so exten
sively as is the stocking type, in which the filter medium con
sists of a number of cylinders of filter cloth mounted vertically 
within a cylindrical metal shell ending in a cone bottom. 
These filter cloth cylinders are open only at the bottoms, 
which are attached to holes in the lower sheet of the cylindri
cal shell. D usty air is introduced within the cone bottom  
below this lower sheet, passes up within the cylindrical filter 
stockings, which retain the dust and allow clean air to pass 
into the body of the shell, from which it is exhausted by a 
fan. The dust collected within the filter stockings is re
moved periodically by automatic shaking, accompanied by 
cut-off of the incoming dusty air, and in many cases by the 
blowing of air through the filter stockings in a direction re
versed from that of filtration. The dust shaken from the 
filters settles into the cone bottom, from which it may be 
removed as desired through discharge gates or by a continu
ous conveyor.

The use of cloth filters imposes a temperature limit on the

gas stream. The 
maximum allow
a b le  v a lu e  for  
c o t to n  f ilte r s  is  
95° C. or 200° F. 
This limit can be 
raised slightly if 
wool cloth is sub
stituted for cotton, 
but even then the 
temperature must 
not exceed 115° C. 
or 240° F. An
other factor that 
must be carefully 
controlled is hu
midity, since con
densation of water 
f r o m  t h e  g a s  
stream upon the 
filters may com
pletely upset their 
operation by clog
ging. The linear 

air velocity across the filter cloth area is variable, depending 
upon the characteristics and amount of material to be re
moved, but generally varies between 2.5 and 10 feet per second.

It is obvious that none of the air filters described can be 
operated continuously. The optimum cycle of operation de
pends largely upon the concentration of suspended material 
in the gas stream, upon the particle size, and upon the tend
ency of the particles to cohere and thus build up a resistance 
to gas flow. A filter might, for instance, operate satisfac
torily for eight hours upon fine silica dust in the effluent air 
from a cyclone separator, but develop high resistance in thirty 
minutes upon gas black. In order to obtain the equivalent 
of continuous operation, it is necessary to use two or more 
filter units in parallel, so that while one unit of a group is cut 
out for cleaning filtration may still be carried on. Since, 
for any given set of conditions, efficient filtration depends 
largely upon the velocity at which the gas stream passes 
through the filter, it  is important that this velocity be held as 
nearly constant as possible. This result can be approximated 
with increasing accuracy as the number of filter units in paral
lel is increased. One very excellent installation handling the 
dust from tumbling barrels in a large foundry uses groups of 
ten filter units each.

U tiliza tion  of D u st Recovery E q u ip m en t as a  U n it Process

The possibilities latent in the field of dust collection are 
only beginning to be realized. Industry in general still holds 
the second attitude mentioned at the beginning of this article, 
that of controlling dust because it is a nuisance or a hazard or 
an economic loss. Thus we have equipment applied to the 
collection of dust from the operations of mixing, crushing, 
grinding, drying, and packing, generally only with the thought 
of preventing the waste or contamination of material. In 
certain cases, however, imaginative engineers have expanded 
the function of apparatus for dust collection until it  takes new 
rank as a unit process.

One of the first developments of dust collection as a neces
sary integral part of a manufacturing process was in the pro
duction of gas black. The old, cumbersome, inefficient 
method of obtaining this material by deposition on metal 
plates hung over open gas burners, with subsequent scraping 
to remove the product, could be replaced by a compact, con
tinuous burner of high efficiency only if some way could be 
devised for separating the elusive product from the stream of 
burned gas. Owing to the extreme fineness of the particles,

r  HOOD.
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Courtesy o f the D ust Recovering and Conveying Company 
F ig u r e  3—E le v a tio n  o f G r in d in g  U n i t  w i th  D u s t  R e co v e ry  S y s te m  

Cyclone sep ara to r and  a ir filter in series e lim inate  d u s t and  p rovide 99.5 per cent recovery  of fines 
from  ball mill. C yclone separa to r handles larger partic les and  p a rtia lly  cools gas stream . A ir filter 
rem oves fine d u st n o t trap p ed  by cyclone separa to r. T herm osta tic  contro l of em ergency a tm ospheric 
a ir  in le t p reven ts  overheating  of c lo th  filters.
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filtration seemed the only possible solution. The first in
stallation in this country was built to filter the gas while 
hot, and consisted of an ordinary unit of the vacuum type 
in which the cloth filter stockings were replaced by cylinders 
of monel-metal filter screen. This filter screen was not in
tended as the actual filtering medium, however, but merely 
as the foundation for it. Owing to the coherence of the 
particles, the gas black itself built up an efficient filter layer 
on the screens. Cleaning was accomplished by pistons, which 
moved vertically witlun the cylinders at intervals and scraped 
oS all of the deposited material in excess of a certain thick
ness which was left permanently on the filter. This installation 
has been in operation six years. Since it was designed it has 
been found practicable to cool the gases leaving the burner to a 
point at which cloth filters may be used, and a gas black plant 
has recently been put in operation with this type of equipment.

Another field in which dust collection has become a stand
ard unit process is the manufacture of dried milk. Here the 
function of the air filter is to remove all of the powdered 
product from the air stream leaving the drier. Since this air 
stream contains a considerable amount of moisture, it cannot 
be returned through the system, and a relatively large amount 
of air must be filtered. The dried milk removed by the filter is 
returned to the shell of the drier on a continuous conveyor, the 
final product being removed from the bottom of the drier.

In grinding operations giving a very fine product, the air 
filter again serves as a valuable unit, since it retains all of 
the fines, while preliminary 
removal of coarser particles 
may be effected by a cyclone 
separator operated in closed 
circuit with the grinding or 
pulverizing equipment. By 
tapping off a portion of the 
effluent air from a cyclone 
separator to an air filter in 
this way, it  has been possible 
to produce bone black con
sistently finer than 350 mesh 
without loss of material.

The air filter again serves 
as an indispensable adjunct 
in cases where pneumatic 
conveying is applied to ma
terials that dust readily. In 
some installations—for in
stance, in handling grain— it 
is desirable to separate the' 
dust developed during han
dling, while in others—for 
ex a m p le , th e  tr a n s fe r  of 
finished cement—it is impera
tive that all the fines be 
retained in the product. The 
first situation may be m et by 
using a cyclone and an air 
filter in series with separate 
d isch a rg e , w h ile  for th e  
second situation the same 
equipment would be used 
with a common discharge. In 
either case the cyclone is nec
essary to handle the bulk of the load and separate the larger par
ticles, while the filter is necessary to capture the fines, whether 
nuisance or values, which are carriedthrough the cyclone.

Proposed A pplications of Air F ilters

Two new developments, not yet applied commercially but 
deserving consideration, have been suggested in the application

of the air filter. The first of these is concerned with the re
duction of the explosion hazard in connection with the grinding 
of combustible materials. It is proposed that the stack gases of 
the plant in question shbuld be cooled by the use of economizers 
or air preheaters to a temperature sufficiently low for filtration 
in cloth filters. After cleaning in the filters, this gas would 
then be circulated at a slow rate through the grinding ap
paratus to maintain an inert atmosphere in contact with the 
material being ground. The effluent gas from the grinders 
would then be passed through another set of filters to prevent 
loss of product and then exhausted clean to the atmosphere.

A  second ingenious application of the air filter is suggested 
for the use of central-station power plants. One of the ob
jections to the use of powdered coal at present is the difficulty 
of reducing the ash nuisance in the stack gases to a point that 
is satisfactory for modern urban standards. Another one, 
more serious from the standpoint of operation, is the difficulty 
encountered in pulverizing coal that is wet, owing to its tend
ency to ball up in the grinders. It is proposed to overcome 
both of these objectionable features by the use of air filters. 
Stack gases, carrying a large percentage of the total ash pro
duced in the combustion of the powdered fuel, must first be 
cooled by the use of economizers and air preheaters to a tem
perature that will allow the use of cloth filters. The ash 
would then be completely removed in these filters, and the 
cleaned stack gas would be passed through the coal pulveriz
ers, where it would serve the double purpose of preventing ex-

plosion and drying the coal during grinding. The gas from 
the pulverizers would be filtered again to retain powdered 
coal, and would finally be exhausted to the atmosphere in a 
thoroughly clean condition. One of the problems in the 
development of such a scheme would be the maintenance of 
the gas stream above the condensation point, since all the 
combined water of the coal, plus the water produced by com

S ID E  ELEVATION. * --------------------------------------------------  END ELEVATION —  A - A .

Courtesy o f the D ust Recovering and Cotiveying C ompany  
F ig u re  4— L a y o u t  o f M e ta l  O xide R eco v ery  S y s te m  

F urnace  gases carry in g  oxide fum es pass th rough  coolers to  a ir  filters w here oxide is com pletely  rem oved, e lim i
n a tin g  nuisance and recovering valuable  m aterial. T herm osta tic  contro l of em ergency atm ospheric  a ir  in le t p re
vents overheating  of c lo th  filters. V ertical U -tube coolers requ ire  little  space.
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F l& ure 5— F la n  o f  P la te -T y p e  E le c tr ic a l  P r e c ip i t a t io n  U n i t  U sed  fo r  R e m o v a l o f A sh  D u s t  f r o m  S ta c k  G ase s  
U n its  of th is  type  give 90 per cen t recovery of the  fly ash  from the  s tack  gases of a large cen tra  Istation using boilers of 2000 to  3000 ra ted  

horsepower driven a t  200 to  300 per cen t of ra tin g  an d  fired w ith  pow dered fuel.

bustion of its net hydrogen, plus the moisture removed in 
drying, must pass the second filter and must do so at a tem
perature above the dew point to prevent clogging of the filter. 
The air filter in entering this field will have to compete with 
the electrical precipitation process, which has already been 
adapted to the removal of fly ash from powdered-fuel boiler 
installations.

A nalysis o f Problem s in  D u st C ollection

The choice of equipment for dust recovery is a matter likely 
to be complicated by secondary considerations. The actual 
design of equipment is, of course, the job of the man who 
knows something about it; in the present state of the art it is 
largely a matter of experience and experiment.

In considering a dust problem the factor of completeness 
of recovery desired is the fundamental point of attack. This 
frequently is affected by other than strictly economic con
siderations; for example, lead oxide is a health hazard and 
cement dust is a nuisance, in addition to any loss of valuable 
material. Whatever the basic reason for recovery, the degree 
of efficiency required may determine the type of equipment 
without recourse to other considerations, since the cyclone 
separator, the electrical precipitator, and the air filter repre
sent increasingly complete recovery, in the order in which 
they are named.

In cases on a strictly economic basis it may be necessary to 
draw a close balance between the value of the recoverable 
material and the difference in cost between the inexpensive 
cyclone separator and the more costly electrical precipitator or 
air filter. Modern manufacturing methods, however, will 
increasingly tend to use the cyclone only as a preliminary 
separator, with final recovery in one of the other two types of 
equipment, the choice depending upon the characteristics of 
the product and of the process by which it is made.

T a b le  I— T o ta l  A n n u a l  C o s t  f o r 'S o m e  I n s t a l l a t i o n s  o f E le c tr ic a l  
P r e c ip i ta t io n  U n its  

R a t e d  C a p a c i t y  K i n d  o p  D u s t  C o l l e c t e d  A n n u a l  C o s t
p e r  c u .  f t . / m i n .

Cu. f t . /m in .  
1,500 

20,000 
70,000

500,000

N on-corrosive d u s t $0 .33
V aluable d u st from polishing operations 0 .2 0  
P recious-m etal d u s t from  refining opera

tions 0 .076
A sh d u st 0 .0 6

Although it is impossible to lay down general cost figures for 
dust recovery equipment, owing to the wide diversity in the 
requirements of individual installations, some data of specific 
units of various capacities have been made available to the 
writer. Table I shows the data for four installations of Cot
trell electrical precipitators. The figures for annual cost per

cubic foot per minute capacity include interest and deprecia
tion on the installation cost, power for operation, repairs and 
renewals, and a small allowance for labor, which with the 
Cottrell precipitator has been found to be nominal. As has 
been stated before, the power requirement for electrical pre
cipitators varies between 5 and 10 kilowatt-hours and the 
repair costs are low.

Information concerning three filter installations is shown 
in Table II. In this table, however, only the actual installa
tion cost per cubic foot per minute capacity is given, instead 
of the annual cost as in Table I.

T a b le  I I — I n i t i a l  E q u i p m e n t  C o s t fo r  S o m e  F i l te r  I n s ta l l a t io n s
K i n d  o f  D u s t  I n i t i a l  C o s t

R a t e d  C a p a c i t y  C o l l e c t e d  p e r  c u . f t . / m i n .

Cu. f t . /m in .
12.000 Pow dered m ilk $0 .80
15.000 Ash d u s t 0 .5 0

400.000 Zinc oxide 0 .5 0

Under proper operating conditions the annual replacement
cost for air filters should not exceed 810 to $20 per 1000 cubic 
feet per minute capacity. The power cost is small, since 
properly designed filters cause a pressure drop of only 2 to 3 
inches of water.

In connection with the economic aspect of the problem of 
choosing dust recovery equipment, the matter of local condi
tions may frequently play an important part. A plant lo
cated in a desert does not have to worry about the pending 
lawsuits of a community outraged by its dust nuisance. 
On the other hand, it may have to provide extraordinarily ex
cellent working conditions in order to obtain labor. Simi
larly, it may be profitable for a public utilities corporation to 
install the most elaborate equipment for dust recovery on 
plants burning powdered coal, simply because of the intangible 
return in good will from such a public policy, even though the 
ash collected is at present a waste material with no great 
promise of utilization.

It should be emphasized, in conclusion, that the application 
of dust-collecting equipment to any specific process is more 
than a problem in sheet-metal construction and more than a 
problem that can be solved painlessly by the installation of 
two or ten or a hundred units of a perfectly standardized ap
paratus built to satisfactorily fit all conditions. In the present 
state of the art the engineer in the field of dust recovery is a 
specialist selling consulting service rather than selling cy
clones, or air filters, or electrical precipitators. The firm 
which insists on buying equipment rather than such consulting 
service is liable to discover the old truth that the best ap
paratus in the world Mil not perform efficiently under condi
tions for which it was not intended.
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Evaporation1
P hilip  D e W olf

J o u b i î r t  &  G o s w n  M a c h i n s  &  F o u n d r y  C o . ,  N e w  Y o r k , N .  Y .

“ T 7 1  VAPORATION,” used in the sense that the chemical 
H  , industry applies it, means the boiling off of water, and 

water alone, from a solution containing water. If any
thing but water is boiled off, the operation is called “distilla
tion”— the dividing line being so drawn for no better reason 
than that it has always been so drawn.

This evaporation may be done by heating a liquid in a 
kettle over a fire, by passing hot gases over the liquid in a flat 
pan, by passing hot gases up a tower while the liquid runs 
down, by spraying from the periphery of a rapidly revolving 
disk through hot gases, or by exposing to the sun. All these 
methods find legitimate application in the chemical industry. 
However, most of the evaporation in industry is done in 
closed vessels, which hold the liquid, the heat being applied 
through a steam coil or some modification of it, immersed in 
the liquid, and the vapors resulting from the evaporation 
being taken away to some form of condenser. To such a 
machine the term “evaporator” is applied. In multiple effect 
the condenser is the heating coil of the next vessel, until the 
last one, which is an actual condenser.

Such a series takes advantage of the facts that the lower the 
pressure the lower is the boiling point and that heat flows from

boils the liquor in the last effect. It is necessary, of course, 
to have the heating vapor enough hotter than the liquor to be 
boiled to do the job economically, and that is one of the most 
important features of design. Inasmuch as the limitation 
of space precludes doing justice to the subject of heat trans
fer in this connection, this paper will be confined to de
scriptions of operating conditions, and their effect upon de
sign, for the local conditions do not in any way affect the 
fundamental conditions.

P rincip le o f O peration

Boiling points of solutions vary at different concentrations. 
This and other factors must be worked out and, in addition to 
the heat necessary to take care of them, the heating vapors 
must be 15° F. higher than the liquor, to insure a good boil. 
So, assuming in the case under discussion that an average of 
12° F. is necessary to take care of the factors mentioned, the 
vapor coming to each steam chest (or eallandria) must be at 
least 27 0 F. higher than the vapor from the liquor it is to boil. 
If you have 10 pounds of steam at 240° F., and your condenser 
runs at 27 inches, for which the temperature is 116° F., you 
have an over-all heat drop of 124° F. Divide this by 27, and

 F e e d - !25oo g /h  - 3 . 9
!45°F . 111.700* to la  I  1 7 8 0 0 * S o l id s  p -,

q j
* /  hea fe r  ,7G7QOOO B tu

S' Yap o r (  IF* 2-00 **

F ig u r e  1— E v a p o ra to r  F lo w  S h e e t  
L iquor is viscous a t  high concen tration  so i t  is passed th rough  Nos. 2. 3, 4, and  finished in  N o. 1 a t  higher tem pera tu re .

rem oval n o t shown.
C ondensate

the warmer to the colder object. The condenser creates a 
high vacuum (or low pressure) in the last “effect,” as each 
vessel is called, and the liquor therein boils at a correspond
ingly low temperature. Vapor at a higher temperature and 
pressure comes into the steam chest of the last effect from 
the boiling liquor in the next to the last effect; it  is condensed 
apd its latent heat passes through the steam-chest walls and

1 R eceived F e b ru a ry  9, 1929.

you get 416/27. Y ou would use the even number and install a 
four-effect machine—a quad.

Figure 1 shows a typical layout, with the temperatures and 
pressures of the vapors and liquids.

The whole point is that the heating steam is condensed on 
the wall of the eallandria, which is kept cool enough to do this 
by the liquor to be evaporated, and in condensing gives up its 
latent heat. This latent heat and the sensible heat due to



452 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY Vol. 21, No. 5

the higher temperature on that side pass through the wall 
and are sufficient to boil the liquor -which, because of the 
lower pressure in that side, has a lower boiling point than the 
just condensed vapor. Actually the latent heat is moved 
along, vaporizing water, being carried over into the next 
callandria, given up when the vapor condenses, through to 
new liquor and repeated.

As the latent heat increases with each drop in boiling point, 
a little of the sensible heat has to go in just to help boil the 
liquor—to make up its full quota of latent heat.

The object is to evaporate as much water as possible writh 
as little steam as possible. There is little increase in amount 
of evaporation as the number of effects increases only it is 
done with less steam. For instance, a triple effect will do 
about 15 per cent more work than a double effect, all vessels 
being the same size, but it will require about 30 per cent less 
steam to do it. A quad will do about 10 per cent more than 
a triple, but wall do it with 25 per cent less steam.

O peration of M ultip le-E ffect Evaporators

The usual practice with multiple-effect evaporation is to feed 
the weak liquor to the first, which is also the hottest, effect. 
Steam is fed to the callandria, and liquor to the vessel; conden
sate and non-condensable gases are removed from the callan
dria; vapor to the next callandria, and partially concentrated 
liquor, to the next effect. Also some heat is lost by radiation, 
the input of matter (liquor and vapor) and of heat exactly 
balances the output of matter and heat.

The partially evaporated liquor flows to the next effect and 
is hotter than the liquor in that effect. This additional heat 
evaporates some water; it  is said to “flash off.” Because of 
this phenomenon, each successive effect evaporates more 
water than the preceding one in about this proportion: first 
1.0, second 1.1, third 1.2, fourth 1.3, fifth 1.4, and sixth 1.5. 
The heat contained in the condensate may be used to provide, 
by flashing, additional vapor for the lower pressure effect, or 
it may heat the entering liquor by heat exchangers, or it may 
go to the plant process water.

The above does not, of course, apply to single-effect evapo
rators, but they are only used where a difficult boiling condition 
arises and steam economy is not the most important factor.

♦ F igures 2 a n d  8, rep rin ted  from  “ E v a p o r a t i o n , ”  b y  W ebre and  
R obinson, published  by the  C hem ical C atalog  Co., Inc .

D esign  o f M ultip le-E ffect Evaporators

Multiple-effect evaporators may have from two to any 
practicable number of effects. Twelve is the largest number 
the writer has ever heard of, and that was on a ship with 300 
pounds of steam available to make distilled water from sea 
water. The vacuum maintained in this condenser, of course, 
will influence the number of vessels. When evaporating 
liquors that give off a considerable amount of non-condensable 
gases, it is not economical to carry too low a vacuum, because 
of the great investment and power costs. For example, raw 
sugar juices give up enough gases so that it has become stand
ard practice to carry the vacuum at 3 inches below the barome
ter. On the other hand, with mineral salt solutions V /i  
inches below is striven for, and the last inch there will increase 
capacity of the evaporators up to 15 per cent. Each case is a 
separate one, and must be figured on its own merits.

It is said that about fifty variables must be taken into ac
count in designing a multiple-effect evaporator. Most of 
these are so small that they are ignored in practice but, assum
ing good workmanship in the shop, enough remain to permit 
considerable range to the designer’s fancy and no two men will 
turn out the same design to do the same work.

H eat T ransfer Factor

Heat flows through metal with a speed varying with the 
kind and thickness of the metal, difference in temperature be- 
tw'een the two sides, average temperature of the metal, and 
other relatively unimportant factors. A general average of 
the B. t. u. per 0 F. difference in temperature of the two sides 
that will flow through 1 square foot of metal of 1 foot thick
ness in 1 hour is called the transfer unit for that metal, and 
it varies widely with the metal. Copper is a good heat con
ductor and has a unit of 238. Steel is not so good, the unit 
being 25. These heat transfer units are well worked out, so 
it  would seem to be a comparatively simple matter to fig
ure the size machine to transfer (or transmit) the heat re
quired.

But an evaporator has liquid on one side of the dividing wall 
and either vapor (steam) or liquid (condensed steam) on the 
other. On the metal surface is a film of the liquid or vapor 
and the heat passes into this film on the hot side, through it  to
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F ig u r e  3—T u b e  L a y o u t

the metal, through the metal to the film on the cool side, 
through it, and then into the liquid to be heated. Much re
search remains to be done, but we know that the heat transfer 
is very slow through this combination—so much slower than 
through the metal alone that the heat transfer factor of the 
metal is really a small item. For example, in an evaporator 
for salt brine, with copper tubes, the over-all heat transfer 
unit will be about 1, which is 4 per cent of the straight steel 
and about 0.42 per cent of the unit for copper.

While this heat transfer factor is made up of the combined 
resistance to flow of the two films, the metal wall, and the 
boundary planes between them, nowhere near enough work 
has been done on the separate films. Evaporators are de
signed on data worked out from actual practice, the unit 
being a pound of water per square foot heating surface per

hour evaporated under 
such conditions.

The metal wall does 
not change except as it 
may corrode, but the 
films change rapidly, and 
their changes affect pro
foundly the flow of heat. 
On the steam side the 
top of the tubes in a 
machine with vertical 
tubes has little liquid on 
it— only the condensate 
from  th e  s te a m  con 
densed there. B u t as  
you go down the tube 
there is the steam con

densed at any certain place plus the water that has run down 
from above. The path the steam takes through the cal- 
landria affects this film. Anything brought over by entrain- 
ment in the vapor may stick to the tubes.

On the liquor side crystals may form, dirt may deposit, and 
the rate of flow of the liquor may vary. In general, the faster 
the flow of liquor the thinner is the film. If solids are de
posited on the wall, the heat must pass through these solids 
also, and is of course retarded.

So good design of an evaporator is a matter of the proper 
size, of the right materials, with a callandria that drains well 
and distributes steam well, and that on the liquor side is 
easy to keep clean and provide for good circulation of the 
boiling liquor.

Air mixed with the steam, or carbon dioxide resulting from 
decomposition of the liquor, or any other non-condensable 
gases collect in the callandria and simply blank off the 
space they cover. A good illustration of this principle 
is in a radiator; if the air valve is not working the back 
end becomes air-bound. The removal of these non-con- 
densable gases is always important, and cases have arisen 
whereupon this proper removal depended the proper work
ing of the machine.

The usual means of removing these gases is through pipes 
inside the callandria, with small (Vi6 inch) holes in these pipes 
at the bottom and top of the callandria and as far away from 
the steam inlets as possible. Some gases are heavier than 
steam, some lighter, and this provides for both. These pipes 
are carried either to the condenser or the liquor side of the 
same effect. The latter is bad practice, as the same vapors go 
into each callandria in turn and have to be removed, and as 
the volume increases with the drop in pressure they may be a 
serious matter in the last effect. All that can be saved by  
this method is a little piping, and it will not pay.

Any well-designed evaporator, of any recognized type, will 
transfer the same amount of heat per unit area, provided the 
conditions, such as cleanliness of surface, circulation, tempera

tures, and pressures, are the same. So the type of machine 
must depend upon conditions existing; every evaporator job 
is a separate engineering problem.

The two greatest factors for economy are the amount of 
steam used on the job and the cost of apparatus, always as
suming good engineering practice such as choice of materials 
and shop work.

The operator can make or mar the performance of an evapo
rator, however. It is usual practice to figure that a quad on 
raw sugar juice will evaporate 6 pounds of water per square 
foot per hour. This company built a quad that is installed in 
the mountains in Cuba, where the barometer is a little below 
that at sea level, and this quad has been running for several 
years at an average rate of 10.5 pounds per square foot per 
hour, or 75 per cent overload. It is needless to say that the 
operation there is excellent.

Coil as H eatin g  E lem en t

The simplest heating element is a coil of pipe, with the- 
steam inside. The milk evaporators are the only ones now 
using this design to any extent, although in other industries— 
sugar, for instance—a coil is sometimes added to another 
type of machine to give some additional heating surface. The 
objections are many. If many coils are used, the circulation 
of the liquor is not good, and the coils are hard to clean. If 
the coils are few and small, the heating surface and the ca
pacity are cut down. In any event, the lower end of the coil 
is always too full of condensed steam that has run down from 
above to do good work. I t  is difficult to remove the non- 
condensable gases properly. The coils are supported upon 
brackets that provide small recesses from which dirt is difficult 
to remove; in the case of foodstuffs, such as milk or sugar, this 
dirt may be bacteria.

V ertical-E flect Evaporators

The standard vertical effect gives greatest heating surface 
per dollar of investment, best circulation of liquor, and is the

Valve dosed yesterday 
Valve open today

Valve open yesterday 
■'Valvedosed today

F ig u re  4 — D is t i l le ry  S lo p  E v a p o ra to r

easiest to keep clean. It is used more than all others. Its 
construction is as shown in Figure 2. The body is built of 
cast-iron, sometimes steel, flanged rings, or belts, which are 
bolted at the flanges. For very large machines these belts 
have to be made in several pieces, so the railroads can handle 
them, joints are always to be avoided as they are potential 
leaks. It is unusual to ship any belts, even up to 10 feet in
side diameter, all in one piece, although it is sometimes ac
complished.
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The 13-foot inside diameter quadruple effect built for 
the Gulf States Paper Company, at Tuscaloosa, Ala., has 
rings all in one piece, some being 8 feet from face to face 
of flanges. Such an evaporator holds its vacuum well. 
The upper and lower tube sheets are bolted between the 
flanges of the steam belt and adjoining sections, the center 
downtake welded or riveted to these sheets, and the tubes 
expanded at each end into the sheets. The circulation is up 
through the tubes, where heat from the steam on the outside 
of the tubes is absorbed; the vapors rise and pass through the 
vapor line to the next effect, and the unevaporated liquor 
flows over the tube sheet to, and then down, the center down
take. When cold, the liquor stands about two-thirds of the 
way up the tubes when a 4-foot long tube is used; when 
running, the liquor should cover the tube sheet, no two 
liquors or two evaporators work best with identical condi
tions.

To get the maximum heating area, the tube sheets are 
drilled to the outside size of the tube plus l/ t ,  inch, the holes 
being centered on a pattern of equilateral triangles, with sides 
the size of the tube plus E/s  inch. (Figure 3) The smaller 
the tubes the greater number can be used, and the heating 
surface goes up until about 1 Vs-inch tube is reached. (Figure 
3) Smaller than that the Vs-inch bridge wall is out of all pro
portion and there is a loss in area. So for free circulating liq
uors that do not dirty the tubes too much, 13/< inches o. d. seam
less drawn tubing is used; gage will run from 14 to 17 gage, 
depending upon the material and other conditions. For steel, 
16-gage is a good average. Where crystals form easily or 
other forms of matter are likely to stop up the tubes, up to
4-inch tubes are used. Examples are the concentrators for 
caustic soda and the final effects and concentrators for sugar. 
As salt (NaCl) is crystallized out in each effect, because the 
operation is started with a saturated solution, and it begins

to crystallize out as soon as any water is removed, 3 l/2 or 4 
inches is the usual size of tube in that industry.

The longer the tube the greater is the area. The friction is 
also greater, and when the tubes are really long the weight of 
the column of liquor, the static head, becomes a factor. So 
tube length is determined by experience. The standard ma
chine for raw sugar juices has copper tubes, 16 or 17 gage, 
l 3/ 4 inches by 4 feet.

The downtake size is also determined by experience. A 4- 
foot diameter (always inside diameter) would have an 18-inch 
downtake. But in the larger sizes it is not the area of the 
downtake, but the length from wall to downtake, that de
termines its size. It can be taken as a safe rule that the dis
tance from inside of shell to downtake must not be over 5 feet 
6 inches, or the circulation will not be good. If the central 
downtake is continued down as shown, the circulation is 
considerably improved.

Instead of a central downtake, some designers use several 
large tubes 4 or 6 inches in diameter, scattered about through 
their smaller tubes. This does not give the best circula
tion.

A propeller—regular ships’ propeller type—is sometimes 
installed either in or just below the central downtake. Such 
a design as a Woods type impeller, which is a multi-blade 
propeller with the edges of the blades overlapping, speeds up 
circulation. It is doubtful if the propellers installed in the 
space below the downtake do help the circulation much. As 
an illustration, one large set of standard vertical effects, with 
a propeller below, evaporating and crystallizing in the same 
effects, was guaranteed by its builders to have a velocity of 
liquor through the tubes of 6 feet per second; the purchaser’s 
engineers found it to about 6 inches per second not much over 
8 per cent of the guarantee. The propeller had its uses, how
ever, for it kept the liquor sufficiently agitated to keep the

F ig u re  5— Q u a d ru p le -E f fe c t  E v a p o ra to r s  w ith  H o r iz o n ta l  T u b e s
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small crystals in suspension until they could grow; when they 
became large enough they settled out.

For one particular condition that the writer has worked 
upon, a velocity through the tubes of 3 feet 6 inches per 
second is sufficient to prevent any large quantity of crystal 
formation inside the tube, thus insuring clean tubes and a 
good rate of heat transfer. But the figure will vary, and 
can only be found for each set of conditions by direct ex
periment.

An evaporator to handle distillery slop had to contend with 
a deposit on the tubes of the first effect sufficient to almost 
stop circulation in 48 hours. This deposit was easily soluble, 
however, in the strong liquor of the fourth effect. So the 
four effects were set at the corners of a square, instead of in a 
straight line as usual, and the condenser was put in the middle, 
connecting and valving the vapor piping so that any effect 
might be used as No. 1. The operation developed, and still in 
use after about fifteen years, is to run 24 hours and then shift 
valves so that No. 1 becomes No. 4, and the strong liquor 
cleans the tubes; what was No. 2 becomes No. 1, the other 
two effects are changed to correspond, and it runs well another 
24 hours. Figure 4 will make the layout clear.

To clean tubes in the standard vertical effect, a man stands 
on the top tube sheet and works down with a stiff brush or 
any other kind of tube cleaner. A brush will not always do 
it, however. In salt evaporation, where the gypsum precipi
tates out, the tubes must be drilled out with an air drill. 
In sugar it is necessary to boil out with caustic soda every 
week or so. No matter what boiling out must be done, the 
standard vertical-effect arrangement of tubes is the most ac
cessible of any so far devised.

The subject of forced circulation is still controversial. A 
lot of power is required, and only experiment can show 
whether it will pay in any given case.

B ask et-T ype C allandria

The basket-type callandria has its tube sheets forming the 
ends of a cylinder, the tubes being expanded into each one as 
in the standard effect. There is no central downtake, as 
when the basket is hung by brackets in the effect a ring is 
left between the basket and the outer shell. Circulation 
through this ring is good. There are more joints which may 
leak than in the standard effect, and with usual proportions 
less heating surface. Therefore, the cost will be greater per 
unit. The operation is the same as the standard effect.

H orizon ta l-T u b e Evaporators

In certain sulfate pulp mills it  has been noticed that the 
tops of the tubes corrode very rapidly, from the steam side. 
Although the writer believes that this is due to the improper 
removal of gases, this fact is not yet established. Of course, 
a tube with the top 10 per cent gone is not much good, and 
must be entirely replaced. It is therefore thought to be 
economical to install horizontal tubes; the upper 10 per cent 
may then be eaten away and the lower 90 per cent not 
touched. There are many other conditions where a hori
zontal tube is required.

Figure 5 shows the general scheme. The ends of the 
tubes are not expanded into the tube sheets, but are held 
in place by rubber gaskets, and clamps, each clamp hold
ing a nest of 4 to 8 tubes, and being bolted to the tube sheet. 
The tubes can be drawn out by removing the covers. (Fig
ure 6)

If clean, this machine will evaporate as much water per 
unit of heating surface as the vertical, but it is difficult to 
clean, and as the circulation is none too good, it dirties up 
easily. The usual way of cleaning dirty tubes—that is, if 
the dirt is hard—is to remove them and tumble them in a 
rod mill.

Design capacity has been taxed to the limit to get as much 
area as possible in such a machine, as it is well below the 
vertical effects in' this respect. The photograph (Figure 7) 
shows one effect of the machine for the Gulf States Paper 
Company, which has 6650 square feet of heating surface in a 
13-foot machine—a very large amount. This has been 
achieved by widening the tube sheets to the limit of the steam 
chest, but still retaining good circulation.

K estner Evaporator

The Kestner evaporator is a long-tube (22 to 24 feet) 
vertical machine, in which the liquor only stands 18 inches 
or so up in the tubes. (Figure 8) The long tube makes a 
flue up which the vapors race, carrying the unevaporated

F ig u re  7—T w o  E ffec ts  o f H o r iz o n ta l -T u b e  M a c h in e

liquor by entrainment. Above the tubes is a baffle so ar
ranged as to separate the vapor and entrained liquor, letting 
the vapor go to heat the next effect, the liquor draining into 
the liquor space of the next effect also. There is no down
take, as the liquor is passed through each effect only once, 
although the outside piping may be arranged so as to return 
the liquor for reëvaporation. Circulation is very rapid, and 
evaporation rate is high.
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Lille Evaporator

The Lille is a horizontal-tube machine, with tubes U-shaped 
and long. The liquor space is at one end of a' cylinder, the 
one tube sheet holds both ends of the tube, and the other end 
of the cylinder is the steam space. In general the operations 

are similar to those in the Kestner, only 
part of the tube being full of liquor.

New Designs

Two new designs have come out re
cently, the effort being in each case, to 
increase the rate of circulation, with its 
cutting down of deposits of solids and 
thinning the film on the liquor side of 
the tube, thereby increasing the rate of 
evaporation.

One is a long tube machine with a 
pump below, as shown in Figure 9. The 
Swenson Evaporator Company made 
such a machine first, connecting the 
bottom of their basket to the outlet of 
the pump, and returning the overflow to 
the inlet. Such a machine is very effec
tive for viscous liquors, ones that would 
not circulate by thermal circulation. It 
is used as a single effect, or as a finishing 
effect to a multiple effect, taking steam 
at 50 to 100 pounds, discharging its vapor 
to the first effect of the multiple, so 
having a high-temperature drop, and 
receiving its liquor from the last effect 
of the multiple. It is, as the name 
implies, a “high concentrator,” and a

Courtesy o f  Kestner good one.
Evaporator Com pany  °  e 1 ■
F ig u re  8—K e s tn e r  An illustration of its usefulness is in 

S in g le -E ffe c t E v ap o - a kraft paper mill, where it concentrated 
the black liquor much higher than any 

other machine could, thus sending a fuel to the black liquor 
furnaces that is much more economical to handle.

The Buffalo Foundry and Machine Company is putting out 
a long-tube vertical effect, but carrying the liquor level above 
the top tube sheet. The tubes are over 20 feet long, but the 
dreaded bogie of “static head” does not seem to interfere with 
the excellent circulation and general operation of this machine, 
which is run in multiple effect.

Materials Used

With the cheapening of nickel and alloys of iron, nickel, 
and chromium and more knowledge of heat-treating and

fabricating them has 
come a great deal of 
good work on proper 
m a te r ia ls  for evapo
rators. S u lfu r ic  acid 
is still handled, not 
very satisfactorily, in 
e ith e r  so lid  lea d  or 
lead-lined evaporators. 
Milk evaporators are 
going rapidly to nickel, 
for sanitary reasons, 
while makers of caustic 
soda are coming fast to 
nickel tubes and tube 
sheets both to protect 
the apparatus and to 
make a caustic free 
from copper, as is de
manded by the rayon 
industry.

Welded nickel tube 
sheets have been in 
sendee long enough to 
prove that they are 
sa t is fa c to r y . They 
are, of cou rse, o n ly  
used where the sheet 
is too large to be made 
from a single sheet. 
On co m p lex  liquors, 
lik e  th o s e  of p ap er  
mills, it is increasingly 
the practice to put in 
a half dozen tubes of 
v a r io u s  a llo y s , and  
after a year or so take 
the tubes that have 
s t o o d  u p  b e s t  a s  
standard. The differ
ence in heat transfer 
factor for the various 
a l l o y s  c a n  b e  neg
lected.

The fundamentals in 
m u lt ip le  evaporation 
have not changed in 
eighty years, but the 
details have and each 
y e a r  s e e s  b e t t e r  
machines. C o n c e n tr a to r

Paper Research at Bureau of Standards

The Paper Section of the Bureau of Standards has been in
vestigating the permanence of paper, employing the standard age 
treatment (72 hours at 100° C.). One sample showed consider
able change in alpha-cellulose content, copper number, and color. 
However, this paper appeared satisfactory from the standpoint 
of durability, but did not rate so high for permanence.

A report on the quality of purified wood fibers has been com
pleted for presentation at the 1929 meeting of the Paper Technical 
Association. Commercial cornstalk papers made by the Kala
mazoo Vegetable Products Company, composed of approximately 
60 per cent cornstalk fiber and 40 per cent sulfite wood fibers, was 
examined and found to compare favorably with sulfite wood 
fiber papers, although containing specks which evidently were 
due to incomplete defibering of the stalks.

Considerable interest centers about the barrel tester for post
age stamps, the object being to ascertain what proportions of 
stamps would become detached after very rough handling of the 
envelope. The barrel tester is to be used in connection with 
complaints regarding defective stamps, and if, with a standard 
method of affixing, the stamps are not shed from kraft envelopes 
in a test that wears out the envelope, the sticking qualities are 
not to be considered poor enough to justify complaint.

The section has also studied the Mullen tester to obtain the 
effect of the size of the aperture and the age of the rubber dia
phragm upon its results. Other tests have been made on the 
Schopper folding tester, temperature tests on postage stamps, 
and on the official methods of certain technical associations.
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D ry Q uencher O peration at Rochester, N. Y .1
Frederick J. Pfluke2

R o c h e s t e r  G a s  &  E l e c t r i c  C o r p o r a t i o n , R o c h e s t e r , N . Y.

T HERE have been published three articles describing 
the dry coke quencher installation and the results 
obtained with it at Rochester, N. Y .3 These articles 

were written after the quencher had been in operation only 
a short time and naturally many operators have been inter
ested to know whether the results could be sustained over a 
period of time or whether difficulties would develop which 
would make the process less attractive than the first six 
months’ operation indicated. For this reason it has been 
thought advisable to review the operating results over the 
two-year period during which the dry quencher has been in 
continuous operation with the exception of periods during 
which repairs were being made. During this time a number 
of changes in operation have been made which will be men
tioned at various points. A later paper presented by Wilson4 
at the Coal Conference in Pittsburgh covers primarily the 
possibilities of the process in a new installation.

Description of Dry Quencher

As the dry quencher has been described in great detail in 
previous articles, only sufficient description will be given here 
to  refresh the memories of those interested.

H ot coke, as taken from the carbonizing unit, is dumped 
into a steel hoist bucket in the skip pit, as shown in the 
accompanying sketch. The bucket of hot coke is raised by a 
motor-driven cable hoist to the top of the hoist tower, where 
the hot coke is discharged into the top chute, through which 
the coke is guided to a steel brick-lined container of 40 tons 
capacity. A water-sealed door on the top of the container 
closes after the coke has entered the container. A fan, which 
is running continuously, draws the hot gases from the top of 
the container through the top boiler and the top section of the 
bottom boiler, back through the bottom section of the lower 
boiler where the heat is absorbed in producing steam, through 
a  dust chamber where the dust is separated out, and into the 
fan. From the fan the gas is discharged through the gas duct 
into a gas distributor in the bottom of the coke container, 
which distributor diffuses the gas. It then passes through the 
hot coke, where it removes the sensible heat of the coke and 
then repeats the cycle. The container is kept full of coke, 
and just previous to the charging with hot coke enough cooled 
coke to make room for the hot load is withdrawn through a 
self-sealing gate and dumped on the wharf. The temperatures 
a t  the various points in the system are indicated on the sketch. 
There are two complete independent containers with fans and 
boilers, both charged by a single hoist car.

Circulating Gases

The medium of heat transfer is inert gas, chiefly nitrogen. 
It is not necessary to supply this gas, as the oxygen in the air, 
which is in the container at the start, is consumed very soon 
after the first hot load is introduced, leaving nitrogen and 
carbon dioxide. The system being practically air-tight, no 
appreciable loss of gas takes place. As far as can be deter
mined, there is no loss of coke by combustion due to air in-

1 R eceived Jan u a ry  9, 1929.
* A ssis tan t engineer.
* Beebce, Gas Age-Record, 59 (M arch , 1927); Gas J .  (Canada), A ugust, 

1927; Proc. A m . Soc. Mech. Eng., Fuel D ivision, O ctober 10, 1927.
* W ilson, Gas Age-Record, 62 (N ovem ber, 1928).

filtration while the quencher is in operation. The reason for 
this can be readily seen by referring to the sketch. The only 
points through which air can enter are at the discharge door 
and the charging door. Only one of these doors is open at 
once. The opening then becomes a point of zero pressure and 
theoretically nothing either enters or leaves the chamber. 
Actually there is a surging, swirling action at the point of 
opening at the top when charging, so that some air is drawn 
into the container. However, this small amount of air very 
desirably burns the volatile matter distilled from the coke 
which accumulates in the circulating gases instead of burning 
the coke. This combustion takes place before the boiler, 
thereby increasing steam production without any combustion 
of coke, as will be discussed later. This combustion takes 
place almost entirely at the top opening, as the bottom dis
charge door is open only a few seconds to discharge coke and 
the amount of air infiltration at this point is practically 
nothing. The possibilities of an explosive mixture in the 
container are very remote if carefully controlled, as has been 
brought out in the previous articles, and it should be sufficient 
to say here that at no time during the two years of operation 
has a dangerous condition been discovered, although there 
have been many varying conditions encountered, during which 
times the circulating gases have been carefully analyzed. 
Care in operation when starting up and shutting down, how
ever, is very necessary to avoid possible dangers.

Under the operating conditions the circulating gases have 
the following average analyses as obtained from gas samples 
taken over a period of several days from the gas duct at the 
bottom of container:

C a r b o n  C a r b o n
D i o x i d b  O x y g b n  M o n o x i d b  H y d r o g b n  
Per cent Per cent Per cent Per cent
Before charging, a t  which tim e th e  coke is coolest

1 3 .0  0 .6  5 .0  Less th a n  10
D uring  charging, top  door open and  m axim um  a ir in filtra tion  

14 .3  0 .6  1 .7  Less th a n  10
A fter charging, doors closed tig h t 

10 .9  0 .3 7  6 .6  Less th a n  10

Capacity and Steam  Production

According to the guarantee made by the designers of the 
dry quencher, the capacity of the two units was 425 tons of 
coke per day, which was to produce 375 pounds of steam per 
1000 pounds of coke of specified temperature, ash content, and 
breeze content. A test of 6 months’ duration showed a steam 
production of 431 pounds per 1000 pounds of coke when 
running at the guaranteed rate. Immediately following the 
6 months’ test it  was decided to attempt to put the entire coke 
production of 525 tons per day through the dry quencher. 
This was done and it was found that the 525 tons could be 
handled and the temperature of the coke discharged was only 
slightly increased. The steam production rate has actually 
been increased from 431 pounds to 506 pounds per 1000 
pounds of coke. The increases in capacity and in steam  
production have been obtained as a result of the following 
changes:

(1) The gas circulation through each container has been in
creased from 17,000 to 21,000 cubic feet per minute by speeding 
up the fans. The fans are driven by variable speed motors and 
it is possible to obtain various circulation rates up to 21,000 cubic 
feet per minute maximum.
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(2) It was found that owing to channeling some of the coke 
in the portion of the container over the discharge chute passed 
through the container twice as fast as the remainder. This re
sulted in some hot coke being discharged, which lowered the 
steam production. The difficulty was overcome by installing 
baffles in the discharge openings. As near as can be determined, 
all the coke now passes through the containers at a uniform rate 
and practically no red-hot coke is discharged.

(3) The largest increase in steam production is due to the 
burning of the combustible gases present in the circulating gases 
as a result of the distillation of any green coke entering the 
container which results from green ends or uncarbonized por
tions of a charge. The heat required for this distillation is sup
plied by the sensible heat of the coke. It has been found that the 
volatile in the dry-quenched coke is 0.5 to 1 per cent less than 
in the wet-quenched coke. That combustible gases are being 
distilled off the coke is proved by the fact that, if the top door of 
the container is closed as soon as the hot charge has been dumped, 
the hydrogen content of the circulating gases eventually builds 
up as high as 60 per cent. During the time the charging door of 
the container is open, this point becomes a point of zero pressure 
and a sort of swirling action takes place, causing air to be drawn 
in and some gases to be expelled. The air drawn in burns the 
hydrogen and the products of combustion are drawn through the 
boiler. This heat is then recovered in the form of steam. By 
delaying the closing of the top charging door of the container, 
therefore, the amount of air drawn into the container can be 
regulated to keep the combustible below 10 per cent, which 
makes operation safe and at the same time gives greater steam 
production. The analyses during this interval (given above) 
show that the oxygen drawn in is entirely consumed before it 
enters the boiler, and there is no increase in the oxygen content 
of the circulating gases entering the coke container so that coke 
combustion does not take place. It has been found at Rochester 
that the desired results are obtained by leaving the charging 
door open 80 seconds. This is accomplished automatically by 
a time-delay relay which can be set for any time delay desired.

It is interesting to see how the total heat recovered compares
with the heat available in the coke. Coke enters the containers 
at 1780° F. and is discharged at 600° F.

B. t. u.
Steam  a t  140 pounds pressure 1194
H e a t in feed w a ter 170

H e a t from  coke per pound s team  1024
1024 B. t. u. X 0.500 pound  steam  per pound coke ** 518 B. t. u.

R ad iation  loss, 5 per cent
^  - t  U-- *= 544 B. t. u. to ta l h ea t transferred  from  coke 

0.9o
A vailable h e a t in R ochester coke betw een 1780° and  600° =* 478 B. t. u. per 

pound coke
544 B. t .  u. — 478 B. t .  u. «= 66 B. t .  u. per pound

This heat comes from combustion of volatile gases which are 
distilled from the coke. Our tests show 0.5 to 1.0 per cent loss 
in volatile gases of coke in passing through the container, the 
combustion of which will account for nearly double this amount 
of heat.

Cost of M aintenance

The question of maintenance cost is one in which all oper
ators are interested. In the previous articles, the mainte
nance was estimated at SO.04 per ton. However, over the
2-year period of operation it has amounted to SO.058 per 
ton of coke as follows:

Boiler repa irs  $0 .018
H oist and  o th e r repairs 0 .040

T o ta l 0 .058
E stim ated  c red it due to  saving on coke-car and  w et-quench

ing  equ ipm ent m ain tenance 0 .0 2

E stim a ted  n e t m ain tenance cost $0 .038

We expect that this figure will be materially decreased 
in the future, as it  includes the cost of a large number of ma
jor changes which have been necessary to correct faulty de
sign. Most of the difficulty has been with the skip hoist. 
Several changes have been made in the hoist and it is ex
pected that its maintenance cost will be materially reduced 
in the future. The maintenance on the boilers has been 
very small. There has been no wear on the tubes and they  
look as good as new after 2 years’ service. There has been

some, though not serious, wear on the fan casings and im
pellers due to the abrasive dust in the circulating gases. 
This wear may be reduced by a change in design of the dust 
traps. The container brickwork is in excellent condition 
and should last for years. It is believed that the future 
maintenance could be reduced to SO.04 per ton by redesign
ing the hoist. However, the changes which have already 
been made in the hoist construction should decrease the 
maintenance at least SO.01 per ton. As will be discussed 
later, coke-car and quenching equipment maintenance has 
been reduced to an insignificant item. Although there are 
as yet no reliable data as to the extent of this saving, it seems 
reasonable to predict that it will amount to at least S0.02 
per ton of coke. As this saving is due to the dry-quenching 
process, it should be credited to the dry quencher. If the 
credit is applied to dry-quencher maintenance, the mainte
nance cost of a well-designed dry quencher should not be 
over S0.02 per ton in excess of wet-quencher equipment and 
coke-car maintenance.

Investm ent Cost

The greatest cost of the dry-quenching system has been 
the investment cost. However, a recent test run at Roches
ter indicates that this cost may be cut in half. The quencher, 
the first to be built in United States, was designed with a good 
factor of safety, but it was not known until recently just 
how large this factor was. As a result of the test it has been 
found that the two Rochester units, which were designed 
for 212 tons each, are capable of handling 525 tons each with 
no changes whatever. Running at this capacity reduces 
the steam production to 475 pounds per thousand pounds 
of coke and increases the temperature of the outlet coke 
from 550° F. to 700° F., which can be easily handled. The 
quencher was actually operated under these conditions dur
ing the test; that is, the entire coke production of 525 tons 
per day was cooled in one container with the results as noted 
above. Inasmuch as it was impossible to increase the gas 
circulation rate above 21,000 cubic feet per minute with the 
present equipment it was impossible to prove by test that 
the steam production of 506 pounds per thousand could be 
maintained with increased gas circulation. However, con
siderable data were obtained by noting temperature condi
tions at various rates of circulation under 21,000 cubic feet 
per minute and curves were plotted which when extrapo
lated indicated that the present steam production may be 
economically maintained at the faster rate of quencher opera
tion. By increasing the circulation rate to approximately
35,000 cubic feet per minute, which requires an additional 
investment of $10,000, the same steam production of 506 
pounds per thousand could be maintained. It is impossible 
at this time to state what the ultimate capacity of the dry 
quencher is and what the limiting factors are.

Thus we see the greatest objection to the dry-quenching 
process—namely, high investment cost—has been eliminated, 
and the process becomes a very attractive one from the eco
nomic standpoint as well as others which -will be mentioned 
later.

Effect on Quality of Coke

The effect of dry quenching on coke quality is very im
portant to producers of both domestic and industrial coke. 
The question of size is probably the most important to oper
ators producing industrial coke, although the objections to  
small sizes are rapidly becoming less weighty. The quencher 
as installed at Rochester produces smaller average sizes of 
coke than the wet-quenching process but it produces a coke of 
stronger characteristics and more resistant to further handling. 
However, it  is just as certain that the breakage to a very
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large extent is unnecessary and with proper design of the 
equipment it could be reduced greatly. For producers of 
domestic coke breakage is desirable. Tests made at Roches
ter show that sizes of the wet-quenched coke after crushing 
are very similar to the sizes of the dry-quenched coke and 
that there is no increase in breeze as a result of dry quenching. 
The subject has been thoroughly covered in the previous 
papers and recently further tests have been run which verify 
the original data.

Cleanliness of Coke

Of greatest importance in the production of domestic coke 
is cleanliness of the coke. The dry-quenched coke is un
doubtedly much cleaner than wet-quenched coke, for the 
reason that a large part of the very fine dust which adheres to 
wet-quenched coke is removed in the dry quencher and the 
coke is conveyed to the storage bins free from most of the 
dust which is always seen clinging to the wet-quenched coke. 
A large part of the dust discharged with the coke from the 
quencher is removed by the producer fuel screens. Of course, 
there is a small amount of very fine dust left in the coke and, if 
the coke is delivered to the customer dry, it is objectionable. 
To remove this objection all coke is sprayed with water at 
the storage bins after screening for the fines.

Efficiency of Burning

Another point of very great importance to industrial users 
of coke, such as water-gas, producer, and blast-furnace oper
ators, is the fact that dry-quenched coke is more efficiently 
burned than wet-quenched coke, the theory being that in 
wet quenching water is drawn into the heart of the coke. 
When this coke is used in a water gas machine or producer, 
the surface moisture 
only is driven off the 
coke at the top of 
the fuel bed. The 
m o istu r e  in  th e  
heart of the coke is 
not driven off until 
the coke reaches the 
reaction zone. The 
temperature of the 
r e a c t io n  zon e is 
th e re b y  lowered, 
which reduces the 
s te a m  decomposi
tion, thus affecting 
t h e  e f f i c i e n c y .
A lth o u g h  s o m e  
operators may ques
tion the theory, the 
fact remains that 
there is an actual 
fuel saving in using 
d r  j r . q u e n c h e d  
ra th er  th a n  wet- 
quenched coke. At 
Rochester we have 
had a v e r y  good  
o p p o r t u n i t y  t o  
prove this point in 
our producer opera
tion, as we have 
been able to operate 
on both kinds of 
coke. The follow
ing data were ob
tained over a three-

week period for dry-quenched coke operation and two weeks 
for wet-quenched coke operation:

D r y -
Q u e n c h b d

F u e l

W e t -
Q u e n c h e d

F u e l

M oistu re  in fuel w hich consists of two-
th ird s  breeze, per c en t 6 .4  11.4

Fuel used per ton  coal carbonized, pounds
d ry  245 .8  252.1

D ifference betw een w et and  d ry  fuel, pounds + 6 .3
Ash con ten t of p roducer fuel 17 .8  15 .9
C arbon per ton coal carbonized, pounds 202 .0  211 .9
Difference betw een w et and  d ry  carbon ,

pounds per ton  + 9 .9
Theoretical fuel required  to  evapo rate  excess

m oisture in wet producer fuel, per cent 0 .6
Theoretical carbon required  to evaporate

m oisture 211.9 X  0.006. pounds per ton  1 .3
T o tal actual ex tra  carbon required  because

of m oisture in producer fuel, per c en t 4 .7

As indicated in the above tabulation, the theoretical fuel 
required to drive off all moisture is 1.3 pounds per ton or 
0.6 per cent of the total carbon. We must therefore ac- 

, count for 8.6 pounds of carbon, the additional fuel required 
when using wet fuel, which we explain by the decreased fuel- 
bed temperature theory. Since this test the actual daily 
underfiring figure has been much lower—230 to 240 pounds 
of fuel per ton of coal carbonized—this with producer fuel 
of 3 to 4 per cent moisture.

Dry producer fuel results in a much more uniform fuel bed, 
making it "possible to use a larger proportion of fines than is 
possible when using wet fuel. This is also a big advantage, 
as it means that more of the low-value fuel may be used, 
and salable coke is released for the domestic market.

It will be observed in the above table that the moisture 
of the dry-quenched coke is 6.4 per cent. This is high, owing 
to the necessity of wetting the coke during the test period,

because of difficul
ties which were be
in g  ex p e r ie n c e d  
with dusty coke at 
th e  s to r a g e  b ins. 
These d if f ic u lt ie s  
h a v e  now  b een  
remedied, and the 
producer fuel mois
ture is held below 
4 per cen t. T h is  
m o i s t u r e  is , o f  
c o u r s e ,  su r fa c e  
moisture, as it is 
applied in the dis
charge chute to re
duce the dust con
dition after the coke 
has been cooled to 
600° F. in the dry 
quencher, and there
fore if our theory is 
correct it should not 
affect the fuel bed 
te m p e r a tu r e  as  
m u c h  a s  w e t -  
q u en ch ed  coke of 
the same moisture 
content.

Intangible Benefits 
of Dry Quenching

(1) C o k e - c a r  
m a in te n a n c e  has 
been reduced to al
most nothing. Dur-
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ing the two years of dry-quencher operation there have been 
no major repairs to the quenching cars. Practically all 
maintenance has been confined to brakes, air compressors, 
and motors. The steel work shows no signs of corrosion, 
and with the exception of some cracked plates the cars look 
as good as new.

(2) There has been no maintenance on quenching appara
tus. Of course, the quenching equipment has been used 
only occasionally, and could be much smaller, which would 
reduce capital expenditure.

(3) With wet quenching, winter operation of conveyor 
belts was always attendant with serious difficulties, such 
as frozen belts, ice building up on pulleys, belts pulling apart 
on starting owing to frozen idlers and pulleys, increased 
power cost due to slipping, and greater resistance offered 
by stiff belts. With dry-quencher operation all these difficul
ties have been avoided. The coke, being warm and dry, 
eliminates all ice troubles, and should result in longer life 
of belts. With wet-quencher operation it was always neces
sary during severe weather to have at least one extra man 
per shift on belt operation. Last winter, with dry-quencher 
operation, no extra help was necessary and maintenance 
was no greater than in the summer.

(4) Ice formation on coke-car tracks after the wet 
quencher and on the wharf is eliminated with dry quenching.

(5) As has been pointed out previously, there is a reduc
tion of approximately 0.5 to 1 per cent volatile matter in the 
coke in the dry quencher. Carbonization of green ends and 
tops is completed in the quencher, and the possibility of 
“green” coke reaching customers is reduced to a minimum.

(6) There is an appreciable saving of coke-car operators’ 
time. The wet-quenching operation requires about l'A  
minutes at least with 2 to 3 minutes for draining. All this 
time is saved with a dry quencher, as it  takes practically 
the same length of time to dump a hot load into the quencher 
bucket as it does to dump a wet load on the wharf. This 
is an item of great importance where a plant is operating 
on a fast schedule, although it does not mean so much at 
present to us, where we are operating on a 12-minute schedule. 
It does permit us to use the coke-car man for cleaning up, 
as his regular operation of receiving the hot coke, running 
to the quencher, dumping, and returning requires only 4 
minutes.

(7) There is a considerable saving in coke-crusher power 
cost and maintenance, due to the much less crushing require
ments of the dry-quenched coke.

(8) The dry-quenched coke is stronger, and will resist 
further handling better without degradation.

(9) Dry-quenched coke screens more easily, and gives 
a cleaner product.

(10) Dry-quenched coke gives superior results in pro
ducer or water gas machines, as previously discussed.

Objections to Dry Quenching

To summarize the objections to the dry-quenching proc
ess, there are only two, both of which have been mentioned.

(1) The coke, being dry, is dusty. To overcome this ob
jectionable feature, sprays have been installed in the dis
charge chutes of the quencher. Only enough water is added 
at this point to “lay the dust.” The moisture of the pro
ducer fuel, which is 65 per cent fines—that is, material under 
3/s  inch—is kept down to 4 per cent or less. The salable 
coke is further sprayed as it goes into the storage bins, so 
that the moisture will average 8 to 10 per cent. Our coke 
sold is corrected for this excess moisture to a 4 per cent basis. 
This eliminates the cause of many complaints which were 
received from customers before this practice was started, 
and yet does not penalize the customers for the water added.

(2) The breakage of coke in the dry-quenching process is

due to the method of charging and discharging the quencher 
and, if important, could easily be prevented by proper de
sign. The resultant coke, however, is stronger and will 
resist further handling better.

Breakage is an advantage to us with our domestic market, 
since it reduces our crushing charges and yet does not in
crease our breeze production.

Economic Developm ent of Process at Rochester

Of course, the greatest advantage of dry quenching is its 
economic advantage. It is very interesting to follow through 
the development of this advantage at Rochester since the 
installation of the process, and to look into the future possi
bilities. To do this four economic set-ups have been ar
ranged:

(1) One showing the earnings of the process operating on the 
basis of the original contract.

(2) One showing the earnings of the process as it is now op
erating after making some minor changes to improve the effi
ciency.

(3) One showing the earnings of the process operating on the 
same throughput of coke, but using new maintenance and labor 
figures which we expect will prevail in the future. The main
tenance during the first 2 years is much higher than we feel is 
necessary in the future, for the reason that included in the figure 
is the cost of a large amount of experimental work and changes 
in design. These changes are expected to reduce maintenace 
costs materially. The operating labor will be cut in half shortly. 
At present it is necessary to have, in addition to the dry-quencher 
boiler tender, an operator to handle the discharge of the coke 
from the containers and the control of the hoist bucket as well as 
a wharf operator. All these operators have a large amount of 
free time. Changes are now being made, so that it will be pos
sible to feed coke off the wharf from the dry-quencher operator’s 
platform. As soon as these changes are completed, the dry- 
quencher operator will handle both his own and the wharf opera
tions, eliminating one man per shift. Credit has been given the 
dry-quencher operation for this saving, inasmuch as a wharf 
man is necessary whether there is a dry quencher or not.

(4) In this set-up we look into the future and predict the 
economic value of the dry quencher, basing our capacity figures 
on the tests which we have run and which prove that we can 
operate our quencher at twice its present capacity with a small 
reduction in steam production and indicate that by increasing the 
gas circulation the present steam production rate may be main
tained.

The assumptions made in the four set-ups are:

(1) Fixed charges, which include 8 per cent on money in
vestment, insurance, taxes, are taken as 16 per cent.

(2) For 525 tons per day operation it is assumed there will be 
2 weeks per year lost for shutdowns, including time for over
hauling and daily missing of loads in the quencher due to minor 
troubles. In oven operation we adhere closely to a pushing 
schedule, and in case of trouble on the dry quencher the load is 
wet quenched and put on the wharf. At slow operating rates of 
425 tons per day the lost time is considered as 2 weeks, while for 
1000 tons per day operation it is assumed as 3 weeks.

(3) The value of steam is taken as SO.50 per thousand.
(4) The power requirements per ton of coke have been as 

follows:
%

Kilowatt-hours 
H o ist 0 .2 2
F an s  2 .5 5

T o ta l 2 .77
Pow er cost $0 .01  per k ilow att-hour

(5) In set-up (4) the maintenance figure S0.05 per ton has 
been used, which we believe will be realized due to changes made 
as previously mentioned. The maintenance cost used for 425 
tons operation is taken as the cost over our 6 months’ test period 
during which we operated at 425 tons rate. The cost used for 
525 tons operation in set-up (2) is taken as S0.058 per ton, the 
maintenance cost over the entire 19 months’ operating life of the 
quencher. The cost in set-up (3) is taken as S0.05 per ton.

(6) In these set-ups no credit has been given the dry quencher 
for the intangible benefits. If we were to take credit for savings 
on wet-quenching equipment and coke-car maintenance, a con
siderable portion of the dry-quencher maintenance cost, at least
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S0.02 per ton, would be canceled. The saving on crushing equip
ment is also considerable.

(7) The steam production figure for the 6 months’ test period 
averaged 431 pounds per thousand pounds of coke quenched. 
The steam production at present averages 506 pounds per 
thousand. These figures are for boiler conditions of 140 pounds 
pressure and 170° F. feed water.

(8) Labor cost is taken as S0.7292 per hour, which is the 
lowest rate paid for shift work in our plant.

(9) In all items but fixed charges allowance has been made for 
the idle periods. Fixed charges must be paid whether the equip
ment is in operation or not, and are so considered in these set-ups.

Conclusions

1—The dry quencher makes smaller coke, which to pro
ducers of domestic coke is a distinct advantage because of 
the saving of crushing costs. The dry-quenched coke, how
ever, is stronger and will resist further handling. To pro
ducers of blast furnace or foundry coke, this may be an ob
jection.

2—What little dust is left in the coke is very light, making 
it  necessary to spray the coke upon entering the domestic 
distribution bins.

3—Dry-quenched coke is cleaner from the standpoint of 
fines and volatile, and is stronger to resist further handling.

4—There are many intangible benefits from the dry quench
ing, such as improved condition of surrounding steel work, 
less coke-car and conveyor-belt maintenance, saving of coke- 
car operator’s time, and saving of crusher costs.

5—Dry quenching results in an appreciable saving of pro
ducer gas and water gas fuel, due to increased fuel-bed effi
ciency with dry fuel.

6—From the tabulation it may be seen that, although the 
dry quencher is a very attractive economic proposition at 
present, showing a return of over 20 per cent on the invest
ment without considering any benefits other than steam pro

duction, it will become more attractive as the coke produc
tion is increased. We may increase the dry-quencher ca
pacity to at least 1000 tons per day with an increase in capital 
expenditure of only $10,000.00. The earnings will then be
come some 50 per cent on the investment.

Se t -u p  1 Se t -u p  2 Set -u p  3 S et -u p  4
425 tons 525 tons 525 tons 1000 tons
per day per day per day per day

6 present new m ain te new m ain te
m on ths’ operating nance and la nance and  la

te s t results bor figures bor figures
Investm en t cost

per day $96.40 $96.40 $98.50 $103.01
L abor cost per day:

O perato r 16.80 16.80
Boiler tender 16.80 16.80 16.80 16.45

Pow er cost per day 11.42 13.96 13.96 26 .04°
R epairs per day 2 7 .6 5 b 31.06b 25.20c 47.00c
T o ta l operating

cost per day 169.07 175.02 154.46 192.50
T o tal pounds s team

produced per day 366,350 531,300 531,300 1,012.000
N e t steam  p ro 

duced per day .
D eduction  loss
due to  sh u t
downs 351,696 510,048 510,048 951,280

Value of s team  a t
$0.50 per M_ $175.84 $255.02 $255.02 $475.64

T o ta l operation
cost per day $169.07 $175.02 $154.46 $192.50

Saving per day $6.77 $80.00 $100.56 $283.14
Saving per year $2471.05 $29,200.00 $36,704.40 $103,461.10
8 %  money in-

vested per year $17,000.00 $17,600.00 $18,000.00 $18,800.00
T o ta l earn ings $20,071.05 $46,S00.00 $54,704.40 $122,261.10
E arn ings on in 

vestm en t, per
cent 9 .1 21 .2 2 4 .3 52 .0

C ost of s team  per
M  pounds $0.4807 $0.3431 $0 .303 $0.202

° For a  new  insta lla tion  undoubted ly  changes in th e  boiler, gas ducts, 
and  coke con tainer design would reduce resistance to  gas flow an d  therefore 
reduce power cost.

b In  these m aintenance costs no cred it has been allowed for savings on 
coke-car and w et-quenching m aintenance due to  d ry  quenching, w hich we 
estim ate  a t  $0.02 per ton  of coke. If th is c red it is allowed, th e  d ry-quencher 
m aintenance will be reduced approxim ately  34 per cent.

c As in set-ups 1 and 2, no allowance^ has been m ade in th is  figure for 
savings on coke-car and w et-quenching m aintenance. If  we m ake th e  sam e 
cred it of $0.02 per ton  th is  figure will be reduced 40 per cent.

Calcination1
W. S. Dickie

V u l c a n  I r o n  W o r k s , W i l k e s - B a r r e , P a .

ALCINATION,” as defined in a dictionary, is the 
act or process of reducing to powder by heat; thus the 
calcination of lime is the reduction of limestone, shell, 

or chalk to lime. This confines the art to rather narrow limits, 
as is proved by a short summary of things being accomplished 
today in various industries. The commercial definition of 
the word will include such operations as the manufacture of 
Portland cement, the burning of lime, the recovery of lime 
from sludge emanating from a number of chemical operations, 
the manufacture of paints, the manufacture of refractories, 
the making of plaster, the reduction of coke, in fact, calcina
tion has its part in the manufacture of a great percentage of 
chemical, metallurgical, and other products.

Developm ent of Rotary Kiln

Probably when thinking of calcination, one unconsciously 
has in mind a rotary kiln. It is well known that nearly 
all calcining is done in either a rotary kiln or some modi
fication of such a kiln which will make it suitable for a par
ticular operation. The fact of the matter is that the first 
rotary kiln was more like the special modifications of today 
than the form which the kiln usually takes.

Where the idea of a rotary kiln originated is hard to deter
mine with any accuracy, but from various sources of informa-

1 R eceived F e b ru a ry  27, 1929.

tion the earliest authentic record of the use of a rotary kiln 
was in the chemical and not the cement industry as may have 
been supposed. In 1848 an English engineer invented and 
built a revolving furnace for the treatment of black ash. His 
furnace did not prove successful, probably owing to defects 
in design and the financial inability of the inventor to con
tinue his experiments. That he had a fundamentally sound 
idea was proved by the development of a successful revolving 
black-ash furnace a few years later, although its developers 
had many difficulties to overcome. The “revolver” became 
quite popular and was used generally throughout the alkali 
works of England, as well as in other countries. This evi
dently was the earliest form of rotary cylinder used for treat
ment of materials while in motion, using a flame or heated 
gases passing over the surface of the load. However, in these 
early machines the charging and discharging of the cylinder 
were intermittent, the ends being practically closed.

Processes Utilizing Calcination

W ithout doubt the cement industry has done most to ad
vance the art of calcination. In this, as well as in practically 
all industries where fuel is used, the cost of the fuel is the 
largest item in the cost of producing the finished material. 
This fact in itself has caused engineers and operators to apply 
themselves to the saving of fuel and to find means and
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methods of utilizing what was formerly wasted heat. This 
has been accomplished by accurate control of air for combus
tion, the use of the best equipment, and the installation of 
boilers for the recovery of some of the heat which in older 
plants was allowed to go up the stacks. The latest develop
ment contemplates employing an arrangement of water tubes 
around which the calcined and finished material is passed, 
thus causing it to give up its heat, making steam provided the

E a r ly  T y p e  o f S o d a  A sh  R ev o lv e r

material is hot enough when passed through the equipment. 
In addition the treated material is cooled as well, which is 
desirable in most materials after calcination. If the material 
should not be hot enough to make steam, but it is desired to 
cool it, this may be done by passing cold water through the 
tubes continuously.

Calcining is done in processes where oxidizing is to be done, 
where materials are to be reduced with or without a reducing 
agent, where materials are made into new compounds by 
partial fusion, where materials are changed physically by 
heating, and in the reclamation of valuable materials from 
waste. Oxidizing is best illustrated in the burning of lime and 
gypsum; reducing in the treatment of barytes and lithopone; 
the third use, in the burning of cement; the fourth, in the 
sintering of iron and copper nodules; and the last, in the re
burning of lime from paper-mill sludge.

The use of the rotary kiln, as stated before, in its standard 
or modified design, is called for in nearly all operations where 
calcining is to be done and naturally enough when an experi
ment in one industry has been successful, another industry, 
either kindred or dissimilar, is inclined to experiment. The 
closer cooperation of chemical and mechanical engineers in 
the working out of problems has been more marked of late 
years and is reflected in the solution of problems which often 
includes the use of calcining machinery resulting in the making 
of new products, the lower cost of operation, and the reclama
tion of materials from waste.

Description of Rotary Kiln

The rotary kiln, furnace, roaster, or retort is a horizontal 
or slightly inclined gear-driven cylinder, lined with fire brick 
when internally or direct fired and unlined otherwise, revolv
ing upon two or more tires or riding rings supported on rollers, 
through which moves a constant or intermittent stream of ma
terial under heat treatment at various temperatures. The 
heat is applied by means of the flame and gases from fuel 
combustion coming in direct or indirect contact with the 
material that is traveling through the cylinder. These 
heated gases usually pass through the cylinder and over the 
load in either the opposite or same direction as the flow of 
material, which is known as the direct method of treatment,

but they may also be applied indirectly by conducting them  
through a combustion or heating chamber surrounding the 
shell prior to their exit into the atmosphere. When the heat 
application is direct either an oxidizing or reducing flame may 
be employed, although the former is by far the more com
monly used.

Use in C em ent and Lim e Industries

The most common type of kiln is that used in the cement 
industry. It is a cylinder varying in diameter from 2 to 15 
feet and in length from 20 to 350 feet, usually lined with fire 
brick or some other refractory material to protect the shell 
from the high temperatures which are ordinarily employed. 
The cylinder is inclined from the horizontal at a pitch of from 
1/ t  to 3/ i  inch per foot; is supported by means of tires or 
riding rings, which are in turn supported on roller bearings; 
and is revolved by a train of gears, the last pinion of which 
engages with a girt gear surrounding the shell. This com
mon type is modified for some uses by having its ends closed 
or nearly closed. In some cases the feeding and discharging 
are done intermittently through holes in the periphery of 
the shell and in others continuously through small openings 
in the end heads. These latter types are known as Bruckner 
roasters and at one time were used very extensively in this 
country for calcining and desulfurizing copper ores. They  
later were also generally used for the reduction of barytes.

The cement industry does much more calcining than any 
other one industry and probably led in development and ex
perimentation. Following is the lime industry. Both verti
cal and rotary kilns are used in both industries, although the 
use of the vertical kiln in making cement is confined almost 
altogether to foreign countries. The use of the rotary kiln in 
lime-burning is not by any means new, but it was taken up 
slowly until the last few years, when some new lime plants, 
after weighing the advantages of both types, installed the 
rotary type. The development in these two industries prob
ably prompted the chemical and metallurgical engineers to  
consider similar equipment for their manufacturing problems 
and today these industries are leading in experimenting.

I n s t a l l a t i o n  o f R o ta r y  K iln  in  a  C e m e n t  P l a n t

Other Applications

The earliest experiments in the use of'the rotary kiln in 
operations other than the cement and lime industries were 
conducted about the year 1900. Various metallurgists were 
trying out the possibility of using the kiln for nodulizing blast
furnace flue dust, for desulfurizing and nodulizing the fine 
materials coming from the concentrating tables used in numer
ous operations, and for drying fine ores of iron and altering 
their physical condition by heat into particles or nodules of
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sufficient size to permit their use in blast-furnace reduction 
or for other purposes. Edison was one of the first experi
menters, working out the possibilities of nodulizing the fine 
concentrates coming from magnetic separators; and as these 
early experiments began to show results, many companies 
built plants in which the rotary kiln was used for the above- 
mentioned purpose and it was not long before its use was 
extended to many other industries of a like nature.

P u r i f i c a t i o n  o f  O r e s —Some iron ores contain a larger 
percentage of sulfur than is permissible; since ore shippers are 
penalized proportionately for excess sulfur, it is not surprising 
that experiments were conducted with the idea of eliminating 
the excess sulfur by calcination. A number of companies in
stalled kilns and are now desulfurizing their ores. Copper 
pyrites may be roasted and the sulfuric acid recovered; the 
residue can then be leached for the copper and the iron oxide 
nodulized and sold to blast furnaces, this last being taken 
directly from the leaching tanks to the kilns. Copper ores 
containing high sulfur may be successfully desulfurized and 
fine copper ores and smelter flue dust have been treated in a 
rotary kiln. The treatment of this material has been a serious 
question because of its fine condition when coming from the 
concentrating tables. It has also been proved a profitable 
investment to nodulize the Eranklinite zinc ores, and nodules 
containing more than 20 per cent zinc were obtained from ore 
containing about 17 per cent zinc with little or no loss of metal.

Aluminum and bauxite ores are being calcined, the first 
experiment being conducted in 1902. In some cases the 
treatment of this material is more of the nature of dehydra
tion, although kilns rather than driers are used because of 
the high temperatures necessary. Very likely all of the alumi
num used today has been treated in a rotary kiln and perhaps 
the same can be said of all bauxite products.

A l t e r a t i o n  o f  B a r y t e s —In the treatment or, as it is 
more commonly known, the alteration of barytes calcination 
plays its part. In the olden days—and in fact in some plants

O ld -S ty le  B ru c k n e r  R o a s te r

today—the alteration of barytes to barium sulfide was ac
complished in what was known as a Bruckner roaster. Bary
tes or barium sulfate is only soluble in acid and the practice 
was to crush the sulfate and mix it with from 25 to 30 per cent 
of ground coal or coke and calcine it in a reducing atmosphere. 
Because of the low temperature required, it was possible to  
use a hand-fired furnace, although of course all joints between 
furnace and roaster and roaster and gas flue had to be kept 
tight to prevent air leaks. With the Bruckner roaster the 
charging and discharging were done through manholes and,

as might be supposed, the operation was of necessity slow. 
In this industry marked progress in calcination is shown. It  
is turning slowly but surely to the use of a rotary kiln for the 
alteration, thus gaining what was first thought to be the ad
vantage of continuous operation, but what has proved also 
to be the more economical operation. For not only was there 
the saving in time which resulted from the continuous opera
tion, but there was also the reduction in labor and in carbon 
added to the crushed barytes as well as a considerable saving

S e a l in g  D evice  f o r  a  L i th o p o n e  K lin

in the fired fuel. The first experiments in this operation were 
conducted about 1914 and a great many difficulties had to be 
surmounted. The best proof of the success of the first ex
periment is the fact that the company that made it installed 
a second rotary kiln a few years ago.

C a l c i n a t i o n  o f  L i t h o p o n e —It was a short step from the 
alteration of barytes to the calcination of lithopone, princi
pally because lithopone is part barium sulfide and the users of 
rotary kilns on barytes were naturally the first to try calcining 
lithopone. Again we have a reducing problem and one even 
a little more difficult, because any excess air leaking into the 
kiln discolors the lithopone and makes it useless. This diffi
culty was overcome by the use of sealing devices at both ends 
of the kiln shell to make them absolutely air-tight. Several 
other paint products bearing a close relationship to lithopone 
are calcined in rotary kilns, the products being known by 
trade names and the operations being more or less secret.

U s e  i n  S u g a r - R e f i n i n g —In two of the leading sugar 
refineries in the country calcination has taken the form of 
revivification, where material used in refining the sugar is used, 
revivified, and re-used, with a small addition of virgin ma
terial from time to time. In one plant the bone black, after 
it has gathered up organic matter in its part in the refining of 
sugar, is sent to the rotary kiln where the organic matter is 
burned out. Eventually the bone black must be discarded 
but, as can be seen, a considerable saving is effected. This 
installation is unique also in that part of the fuel gases are 
returned to the firing end of the kiln to make doubly sure of 
a reducing atmosphere. In the other plant a foreign process 
is being employed in the making of sugar from beets, which 
includes the use of barium silicate. The user alters his 
barytes in a small kiln and revivifies the barium silicate in 
larger kilns. Again it is necessary to have a reducing at
mosphere and organic material is burned out. The treat
ment in the kilns also brings about the return of the barium
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silicate to its original physical state which had been changed 
in its use in the sugar mill.

R e c o v e r i n g  M a t e r i a l s  i n  P a p e r  M i l l s  a n d  E l s e w h e r e  
—Every year additional kilns or revolvers are put in paper 
mills, the former being used in reburning lime from sludge and 
the latter for the recovery of alkali from waste liquor. In lime- 
reburning the sludge originating in the manufacture of paper 
by the sulfate process is filtered on a mechanical, continuous 
filter, generally of the rotary type, and the filter cake is fed 
into the upper end of the kiln. The operations in the kiln 
consist of driving off the water in the cake, burning off the 
organic matter which has been gathered in the treatment of 
the wood pulp, and finally calcining the remaining solids.

S h e ll fo r  a  S o d a  A sh  R o ta ry

A  small loss of lime is noted in each cycle, but the deficiency is 
made up in new lime. The reburning of lime in this applica
tion of calcining overcame a difficulty that paper manufac
turers had previously encountered—namely, the disposal of 
the sludge—and at the same time effected considerable saving 
in  the amount of fresh lime required. A modified type of 
kiln is used in paper mills employing either the soda or sulfate 
process for recovering the alkali or black ash from waste or 
black liquor. After the liquor is concentrated, it is fed into 
the revolver at one end and leaves the other, an ash. The 
concentrated liquor will support its own combustion and 
therefore movable fireboxes are used, being set on a traverse 
track in front of the various revolvers to start combustion and 
also to maintain it at times. A decided saving in operating 
costs in paper mills is effected by these two calcining opera
tions.

While the paper mills are the greatest users of lime-reburn- 
ing equipment, there are other places where it would be a 
money saver. In practically all cases the lime sludge is a 
waste product from an operation which calls for the use of lime 
as a causticizer. Among these there is lime used in the manu
facture of soap, in the treatment of sewage, in the making of 
magnesia insulating products, and in the manufacture of 
rayon. N ot always is lime recovered or even recoverable, 
but the possibility should never be overlooked.

C a l c i n a t i o n  o p  G y p s u m —As is well known, until a few 
years ago all gypsum was calcined in stationary kettles. 
These kettles were in effect vertical cylinders in which the 
crushed gypsum was placed and usually mechanically agi
tated or stirred. The kettles were heated by means of a 
furnace, the heat being applied both at the bottom and 
through tubes or flues running through the rock. The 
bottoms of the kettles were a source of continual trouble, call
ing for frequent replacements due to the fact that the heat 
necessary for calcination had to be passed through them.

This, of course, was a batch process and calcination by batches 
does not prove profitable if there is any possibility of making 
it a continuous process.

The first experiment in calcination of gypsum in a rotary 
kiln gave the operators the usual amount of trouble. Because 
of the low temperature required and the fact that tempera
ture control was desirable, if not imperative, it looked as 
though more could be accomplished with a combustion cham
ber which approximated an ordinary Dutch oven furnace 
rather than a firing hood, except that special means were taken 
to keep any of the fuel or ashes from getting into the product. 
Subsequent work with the kiln, as well as the experiments of 
other gypsum companies, proved that the ordinary, or a 
slight modification of the ordinary, firing hood would give 
better results and without high first cost or upkeep charges. 
It is probable that most of the gypsum calcined today is 
produced in rotary kilns and, further, that future installations 
of calcining machinery will be rotary kilns rather than kettles. 
In addition to the advantage of continuous operation gained 
b y the use of rotary kilns, there is a better product produced 
at a lower cost because of the reduced cost of fuel and labor. 
It appears that these advantages have been gained without 
losing temperature control, or uniform mixing or heating of the 
material, which were previously claimed as advantages for the 
kettle.

D e h y d r a t i o n  o f  F u l l e r ’s  E a r t h —In the dehydration of 
fresh or “green” fuller’s earth, it is treated in a rotary kiln, 
the free moisture being removed and in some cases the water 
of combination also eliminated. The earth is used as a de
colorizing agent in the filtration of oil and after having been 
used a number of times becomes clogged with the tarry color
ing matter of the oil. It may then be revivified by reburning 
in a rotary kiln—in fact, by the same one which first treated it. 
Temperature control is necessary, as overburning ruins the 
fuller’s earth for further use. The material has the unique 
quality of increasing in weight with each reburning up to the 
sixth, after which it is discarded. However, it  is plainly 
seen that calcination, or in this particular instance revivifica
tion, is a matter of much economy in the production of oils.

I n d i r e c t  C a l c i n a t i o n  i n  A l k a l i  I n d u s t r y —As was 
mentioned in the beginning of this article, calcination may also 
be accomplished indirectly by passing the heat through some 
other material before it reaches that being treated. In the 
alkali industry the rotary cylinders used are of very heavy 
construction, as rather high temperatures are required and the 
heat must be passed through the steel plate shell of the cylin
der in order to treat the material, as the direct application of 
the flame would be detrimental to the product.

O t h e r  A p p l i c a t i o n s —A number of firms in other indus
tries are calcining their product either as the complete treat
ment for the material or as one of the steps in its manufacture, 
where the process, or at least the caloining part of it, is secret. 
Among these are some operations for which it would take a 
stretch of imagination to call them calcination—to wit, the 
detinning of ordinary tin cans in a double-shell cylinder, the 
inner tube of which is perforated and through which the cans 
are passed. An intense flame is passed over the load and the 
solder and tin are melted off and pass through the perforations 
to the outer shell, running down to the discharge end and out. 
Other secret processes include what is truly calcination, such 
as the preparation of clay for certain kinds of fire brick, the 
coloring of certain shales for roofing, the treatment of cinnabar 
ore to recover mercury, the continuous production of coke 
from bituminous coal and from the heavy crude oils, the 
recovery of gold, silver, and other metals from ores, and 
many others. There is no doubt as to the progress made and 
no more doubt as to the future application of this, one of the 
oldest of arts.
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T he C onversion of Batch into Continuous Processes1
John Van Nostrand Dorr

T h e  D o r r  C o m p a n y , I n c ., 2 4 7  P a r k  P l a c e , N e w  Y o r k , N .  Y .

FROM the earliest days the basic idea behind the work 
of the Dorr Company has been the conversion of 
intermittent batch methods into continuous automatic 

operation. Twenty-five years ago the resistance to the intro
duction of continuous methods was more widespread than 
it  is today, for engineers of the early nineteen hundreds were 
inclined to ridicule the suggestion that any mechanically 
operated continuous device could replace an apparatus 
having no moving parts which accomplished the same purpose. 
The metallurgical industry went through a meta-change 
during the first decade of the century from batch to continu
ous methods, and heavy chemical manufacture has seen a 
similar, though not as yet so extensive, change more recently. 
History has shown, however, that the change from inter
m ittent to continuous methods in a given industry is in
evitable once the machines have been developed and the 
technical men shown the far-reaching beneficial effect of 
continuous processing.

Today, while there is still room for improvement, whatever 
skepticism used to exist regarding machines and continuous 
operation has been largely removed. It has been shown that 
not only do machines perform the same work as that per
formed by the best and most skillful operators, but they 
actually do better work with virtually no attention, since the 
results are uniform from day to day and are little affected by 
the diligence or negligence of the operators. The mechani
cally operated industrial process, far from being one which 
requires a skilled mechanic to operate it, as its critics used to 
contend, has now become practically automatic and foolproof.

The work of this 
company may be said 
to deal w ith  th r e e  
principal unit opera
t io n s ,  or unit proc
esses as they are fre
quently called:

(1) The separation 
of a portion of the solids 
from the remainder and 
the bulk of the liquid 
— i. e., gravity classi
fication or s e l e c t i v e  
settling.

(2) The separation 
of all the solids from the 
largest portion of the 
liquid—i. e., sedimenta
tion and filtration.

(3) Mixing or keep
ing in suspension all of 
the solids in a mixture 
of solids and liquid— 
i. e., agitation.

A few generalizations may possibly amplify the preceding 
statements regarding these operations. In the first place, 
this work tends to make all processes continuous, and some
times self-regulating, with obvious advantages. Secondly, 
with, few exceptions the equipment operates slowly so that 
the actual power consumed is small. Finally, the work has 
shown that when conducting any unit operation on a fine 
solid-liquid mixture, it is profitable to conduct it, where

^ R e c e i v e d  M a r c h  5 , 1 9 2 9 .

possible, with mechanical means, thus giving a positive 
action which avoids the delicate adjustments and the neces
sity of close attention to meet each change in conditions.

Interrelation of Industries through Common Unit 
Processes

Experience has shown that few industries are so specialized 
and sufficient unto themselves that they cannot profit from 
machines, methods, or ideas developed in others. We hear 
less today “that idea may be all right for the manufacture of
 , but our business is so different that it would never
work in our plant.” Having seen an idea, originated in 
gold and silver metallurgy, adopted universally in the recovery 
of all the common metals, not only hold in all groups of 
metallurgy but actually spread through the broad range of 
chemical engineering, and establish itself firmly in such 
unrelated fields as sugar, pigments, and sewage disposal, we 
feel that there is no limit to the influence that may be exerted 
by a new idea, device, or process in generally modifying 
industrial technic.

The possibilities with present-day equipment for replacing 
batch processes with continuous ones are practically un
limited. It will be seen that the three basic unit processes 
mentioned above have proved to be virtually universal ones 
in industrial process work, and that improvements made in 
them in a given industry have had a far-reaching effect in 
replacing batch processes with continuous ones in other in
dustries which might at first be considered totally different 
from that in which the idea was first demonstrated.

Separation of a Por
tion of Solids from  

Remainder

This unit operation 
has always been an 
important one in hy
d r o m e ta llu r g y , in  
w h ich  industry me
chanical devices were 
first introduced for  
p la c in g  this impor
tant operation on a 
continuous self-regu
lating basis. There 
is today scarcely an 
industry of any con
sequence, employing 
wet methods and hav
ing a problem of this 
character, which has 

not profited from the use of continuous processing for the 
step.

M e t a l l u r g y — In the early days of the cyanide process for 
the metallurgy of gold and silver, a rough separation of the 
wet crushed ore was desired in order that the coarse sand con
stituent might be treated by percolation and the fine slime 
constituent by decantation. Separation of the slime from 
the sand was effected by allowing the crushed ore, suspended 
in water, to flow through a crude wood box with a trap door 
in the bottom. The slowly settling slimes passed out of the

O ld -T y p e  C lay  C la s s ify in g  T r o u g h  P e r io d ic a lly  C le a n e d  b y  H a n d



466 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 21, No. 5-

box suspended in the water overflow, while the quickly 
settling sands segregated out upon the tank bottom. The 
slimes were eventually collected in batch settling tanks, 
while the sands were dropped periodically through the trap 
door in the bottom of the wood box into the percolation vats 
below.

Cone classifiers and pointed boxes were later introduced for 
this work. Although they operated continuously, their

separation was obtained only when certain specific operating 
factors, such as feed rate, dilution, etc., were carefully main
tained. The spigot through which the sands were dis
charged was not self-regulating, tending either to choke up 
and cause sands to overflow with the slimes, or to discharge 
too rapidly causing both sands and slimes to pass out through 
the sand discharge.

Difficulties attending the profitable operation of the Lund- 
berg, Dorr, and Wilson mill in South Dakota, because the 
existing equipment failed to give a slime-free, readily leachable 
sand, led to the development of a mechanically operated con
tinuous device for separating the crushed ore into two prod
ucts—a slime-free sand and a sand-free slime. This ma
chine was the forerunner of what is now known as the Dorr 
classifier. Consisting essentially of a shallow inclined tank 
with an overflow weir at the lower end and a variable speed 
reciprocating mechanism for advancing the coarse settled 
material up the inclined bottom to the point of discharge, it 
gave a leachable sand and changed an unprofitable mining ven
ture into a financial success.

The first engineers to see the classifier pronounced it an 
interesting device but considered it applicable only to local 
conditions. Within a very few years its use became standard 
practice in cyanidation in most gold and silver camps. With 
the introduction of the “all-slime” process in gold and silver 
metallurgy, wherein all of the ore is ground wet to a slime 
finer than 100 or 200 mesh, the Dorr classifier came to be 
operated in closed circuit with the grinding mill, the fine 
classifier overflow going to the decantation plant and the 
coarse rake product being returned to the mill continuously 
for further grinding. With the advent of the flotation 
process for copper, lead, zinc, and other ores and the need of 
grinding much finer than for gravity concentration, the 
Dorr classifier and the “closed-circuit” grinding system were 
adopted in preference to less efficient methods in the milling 
of virtually all the metalliferous ores.

The Dorr classifier has greatly modified mill practice. 
From the original unit with a capacity of 50 tons per day it 
has been developed to a point where a single Dorr bowl classi
fier 20 feet wide and 42 feet long with a 28-foot diameter

bowl can handle easily 3000 tons of ore per day. In the 
metallurgical industry the system of closed-circuit grinding 
made possible by the continuous mechanical classifier has on 
a very conservative basis reduced the unit cost of grinding 
30 to 40 per cent and has reduced the consumption of steel 
balls and mill liners 15 to 25 per cent. The tonnage handled 
in this manner in the United States is approximately 100 
million tons per year or 90 per cent of the total ore milled.

P i g m e n t s —Fine pigments, such as whiting, 
ocher, sienna, baryte, red iron oxide, and clay, 
are generally prepared by water-floated methods. 
The dilute water-pigment mixture used to be 
flumed through long troughs, the velocity be
ing such that the undesirable coarse particles 
settled out to the exclusion of the desirable fines, 
which eventually passed out of the trough to 
settling tanks, and later to filters and driers. 
Periodically the troughs were taken out of ser
vice to permit laborers to shovel out the ac
cumulated waste material, which invariably con
tained a large amount of valuable fine material 
entrained with it.

The similarity of pigment floating and ore 
classification is evident. In all of these pigments 
the Dorr bowl classifier has shown surprisingly 
good results, making in most cases separations 
from 200 to 325 mesh on a continuous auto
matic basis with no shutdowns for manual clean
ing and with no appreciable loss of product in 

the sand reject.
A Virginia ocher producer abandoned 300 feet of flume and 

laid off two negroes whose job it was to provide agitation by 
shuffling back and forth all day in the flume, and pui in a 
bowl classifier. Formerly he used to pass the water-floated 
ocher through a silk lawn, but he does not need that now as 
his bowl overflow is all through 300 mesh. A North Carolina 
clay producer replaced 700 feet of manually cleaned flume 
with a single bowl classifier and reports that not only has he 
laid off three men per shift, who formerly kept the flumes 
clean, but he also gets a better price for his clay and recovers 10 
to 15 per cent more clay from the same tonnage of run of mine.

S i z e  R e g u l a t i o n  o f  C h e m i c a l  P r o d u c t s — Lithopone, the 
white pigment precipitated by the interaction of barium sul
fide and zinc sulfate solutions, after calcining and quenching 
must be ground to pass a 300- to 325-mesh screen. Former 
practice called for wet grinding of the quenched product in

D o rr B ow l C la ss ifie r W h ic h  R e p la c e d  700 F e e t  o f S e t t l in g  F lu m e ,  
T h e re b y  R e d u c in g  O p e ra t in g  L a b o r  a n d  Im p r o v in g  P r o d u c t

batch tube mills, periodic discharge of the milled product with 
a large amount of dilution water into pointed boxes, and col
lection of the box overflow as finished product, while the 
lithopone settling on the box was removed and reground with

F
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a subsequent batch. The uneconomical aspects of batch 
grinding in this manner are reflected in operating results at 
one plant studied. With 99 per cent 300-mesh finished litho- 
pone as the goal, it was found that a 90 per cent 300-mesh 
product was obtained in one hour’s grinding, but that eight 
additional hours of grinding were required to produce a 99 per 
cent 300-mesh product. This was a natural result of batch 
grinding methods in which a large percentage of the charge 
must be ground much finer than the desired size in order 
that all of it might pass a screen of this size, as well as the 
fact that failure to remove finished material as soon as pro
duced prevents the balls from performing useful work on the 
coarse material owing to the surrounding mass of fines.

M ost of the larger manufacturers of lithopone, recognizing 
the advantages of the grinding technic developed in the field 
of metallurgy, have adopted continuous grinding of lithopone 
with the continuous tube mills close-circuited with Dorr 
classifiers and Dorr hydroseparators. With a continuous 
feed and continuous discharge of finished lithopone, appre
ciable savings have been made over batch methods. The 
mill is fed at several times its batch capacity and the dis
charge contains only a small portion of sufficiently ground 
lithopone, for size separation is now centered at the classifier 
and the hydroseparator, not at the mill, and every effort is 
made to remove the finished product from the system as 
soon as formed. Savings in power costs, grinding media, and 
labor are considerable and conform closely to those being 
obtained in representative metallurgical operations.

S e w a g e  T r e a t m e n t —Sanitary e n g in e e r in g  
might at first appear to be a profession so unrelated 
to metallurgical engineering that neither could gain 
any worthwhile ideas from the other; yet experi
ence has shown that they have much in common.
Grit, sand, and other inorganic matter associated 
with municipal sewage have always p r e s e n te d  
difficulties at the sewage treatment plants. They  
lodge in pipe lines, cause excessive wear on mechani
cal equipment such as screens and pumps, and 
occupy valuable space which is needed for bio
logical purposes.

Common practice up to a year ago was to provide 
a number of grit chambers in the influent channel to 
the treatment plant. The cross section of the 
chambers was such as to reduce the velocity of the 
incoming sewage to a point where the grit settled 
out to the exclusion of the organics. From time 
to time the grit chambers were cut out of service 
in sequence and the deposited material removed 
by hand or by grab buckets. Although these 
chambers did protect the equipment which fol
lowed, they were far from ideal—first, because 
they were expensive to clean; second, because a 
multiplicity of units was needed in order to main
tain uniform velocity with varying flows; and third, be
cause so much putrescible organic matter was carried down 
with the grit that the removed material was unsightly and 
highly odorous.

Tests conducted with a Dorr bowl classifier indicated that 
the classifier principle was applicable to continuous grit re
moval and washing. Experimental work in a flume through 
which water was allowed to pass at different rates, and in 
which sand of variable sizes was fed at variable rates, estab
lished the underlying physical data on the basis of which the 
Dorr Detritor (automatic grit chamber) was designed. This 
machine utilizes the bowl classifier principle, but has a square 
bowl with a reciprocating rake compartment along one side 
in order to conform to sanitary practice and the rather special 
requirements of this particular problem.

In the Dorr Detritor the grit is deposited in the square

collecting tank as the sewage’flows across the tank at a greatly 
reduced velocity. The settled grit is raked outward by a 
special mechanism and deposited in the grit-cleaning channel, 
where it is given mild mechanical agitation by the classifier 
mechanism which releases any entrained organics. The grit 
is raked up the incline to the point of discharge, being first 
permitted to drain on the above water section of the in
cline.

Batch grit removal used to involve multiple units and 
manual labor and produced a 50 to 60 per cent moisture resi
due containing from 13 to 25 per cent putrescible organic 
matter. Continuous grit removal in a Dorr Detritor over a 
period of several months showed that duplicate units were not 
required, labor was only that of handling the grit containers, 
moisture content averaged 25 per cent, and putrescible 
organics were reduced to less than 5 per cent.

Separation of All Solids from Largest Portion of Liquid

This unit operation is one of almost universal application. 
There is scarcely a branch of the process industries which is 
not at one point or another confronted with a problem of this 
sort which may be handled more profitably on a continuous 
automatic basis than by batch methods.

M e t a l l u r g y — In the cyanide process the slimes were 
handled in intermittent décantation tanks equipped with 
spigots for the discharge of the settled slimes and siphons 
for decanting the supernatant clear solution. While engaged

in the remodeling of the Mogul Mining Company’s mill at 
Pluma, S. D., the writer developed the Dorr thickener for 
continuously dewatering the classifier overflow. This ma
chine was adopted generally in cyanidation, and later its use 
became practically standard practice in other branches of 
metallurgy— chiefly copper, lead, zinc, etc.—where the thick
ener rapidly established itself for dewatering flotation con
centrates, and tailings. More recently it has been used for 
effecting a change of solution between steps in selective flo
tation.

Washing the slimes after cyanidation was an operation 
which used to be carried out by batch settling, decantation, 
and repulping of the sludge, first with weak wash solution and 
finally with water, until a removal of pregnant solution to a 
commercial degree had been secured. Settling cones had 
been tried for carrying the work out continuously, but trouble

T w o  D o rr  D e t r i to r s  C o n t in u o u s ly  R e m o v in g  a n d  W a s h in g  S ew ag e  G r i t
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invariably resulted from the accumulation of solids on the 
sides of the cone and the impossibility of securing a con
tinuous, dense discharge.

B y means of the continuous thickener continuous counter- 
current décantation was made a success and resulted in 
changing the cyanide process from a batch process to a con
tinuous one. A row of Dorr thickeners arranged in series on 
slightly different elevations constituted the “C. C. D .” 
plants, as they later became known. The agitated slimes, 
suspended in gold-bearing solution, entered the first thickener, 
the overflow from which was sent to precipitation of gold by 
zinc dust or shavings, while the sludge was pumped through 
the remaining thickeners, being mixed after each settlement 
with a stream of wash solution cascading from one thickener 
to the other in the opposite direction. Wash water, intro
duced in the last thickener, flowed by gravity toward the 
head end of the plant, being enriched in dissolved values by 
coming in contact with progressively richer sludges. This 
enriched wash solution finally overflowed from the second 
thickener and, after the addition of cyanide, was used in 
grinding new ore. Similarily, the sludge in its passage 
through the various stages of décantation came in contact 
with progressively weaker wash solution and was accordingly 
impoverished in the dissolved values.

A continuous countercurrent décantation plant, consisting 
of five series of four thickeners, showed a great improvement 
over batch methods, which it replaced. The gold losses in 
the tailings were only 9.57 cents per ton, equivalent to an over
all recovery of about 99 per cent of the values in the $8.92 
per ton ore being milled.

C h e m i c a l  M a n u f a c t u r e —With the successful demon
stration of the countercurrent décantation principle in metal
lurgy, it became increasingly evident that the same principle 
was applicable to those chemical operations of a leaching, 
digestion, or precipitation nature in which the solution is 
subsequently separated from the suspended solids, either for 
the recovery of all of the valuable solution through washing 
the solids or for preparing a solid product of value free from 
a contaminating solution. The countercurrent principle was 
recognized in the chemical industry, but continuous process
ing had not yet made much headway. Common practice 
called for batch settlement after the reaction, décantation 
by siphon or draw-off cocks, and as many washings of the 
settled material as were 
required. The w ash ed  
s lu d g e  was eventually 
sluiced out through an 
opening in the tank bot
tom, while some of the 
wash solutions were util
ized for making up fresh 
batches or diluting the 
strong liquor from the 
first décantation.

A progressive manu
fa c tu r e r  of phosphoric 
acid was the first to use a 
C. C. D . plant for chemi
cal work. By installing 
five acid-resisting thick
eners in his plant, he was 
e n a b le d  to  produce a 
single strong phosphoric 
acid solution and con
tinuously wash the pre
cipitated calcium sulfate 
with the water w h ich  
he subsequently needed 
for the acid d ig e stio n

of his phosphate rock. Other manufacturers of phosphoric 
acid have adopted the method of continuous sludge washing 
with the result that not less than 60 per cent of the phosphoric 
acid produced by the acid method in the United States today 
is made in this manner.

Continuous phosphoric acid plants, utilizing not only 
C. C. D . but also continuous digestion in a series of three agi
tators, produce acid at about 75 per cent of the cost with 
batch methods. The following figures show wherein oper
ating savings are secured:

M e t h o d
C ontinuous
B atch

E x t r a c t i o n  
P 2O i 

Per cent

9 7
9 4

W a s h i n g  
E f f i c i e n c y  

Per cent

9 8
9 3

O v e r - A l l  
R e c o v e r y  

Per cent

9 5
87 .5

S t r e n g t h  
P h o s p h o r i c  
A c i d  ( P i O j)  

Per cent

22
17

C o n t in u o u s  C o u n te r c u r r e n t  D é c a n ta t io n  P l a n t  a t  a  K r a f t  P u lp  M ill P r o d u c in g  
C a u s t ic  L iq u o r  fo r  D ig e s tin g  P u lp  W ood

The success of the C. C. D . system of sludge washing in the 
case of phosphoric acid led to its introduction in other similar 
chemical operations. Aluminum sulfate (alum) was handled 
successfully in the same manner, the pulverized bauxite after 
digestion with sulfuric acid yielding a fine silica residue 
which could be washed advantageously in the continuous 
thickeners which followed. In alum manufacture it was 
demonstrated that continuous methods not only improved 
extraction of aluminum oxide and washing efficiency, but 
also produced a more concentrated and hotter liquor (35° 
Bé. and 95° C.) which resulted in large savings in its subse
quent evaporation to 59° B6.

Continuous countercurrent décantation made considerable 
headway in the manufacture of caustic soda by the lim e- 
soda ash process. One plant which adopted this system  
several years ago obtains such a thoroughly washed calcium 
carbonate precipitate that it has developed a market for it 
as whiting. Barium sulfide, used in the manufacture of 
lithopone and prepared by leaching reduced barjdes cinder, is 
another chemical now made in large quantities in C. C. D. 
plants. In the older technic, batch leaching by percolation 
or intermittent décantation, there were two chief difficulties: 
(1) I t  was difficult to employ laborers owing to the depila
tory qualities of the liquid and the irritating qualities of the 
vapors; (2) high-strength solutions were difficult to handle 
because of the solidification which occurred in the cooling 
incident to batch handling methods. About 64 per cent of the

barium sulfide made in 
the United States is pro
duced in countercurrent 
décantation p la n ts  in 
which the solution and 
solids are handled me
chanically in covered and 
insulated thickeners, con
nected by insulated and 
closed pipe lines. The 
usual advantages of con
tinuous producing are in 
this case enhanced by the 
protection afforded the 
laborers and the stronger 
and hotter solution which 
may be handled without 
danger of solidification.

The i same principles 
have been applied suc
cessfully to the prepara
tion of chemical precipi
tates, in which the solid 
portion of the mixture is 
the valuable constituent. 
B ariu m  sulfate (blanc
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fixe), barium carbonate, titanium pigment, and lithopone are 
representative of those chemical precipitates which may be 
washed countercurrently on a continuous basis to free them  
from the last traces of soluble salts.

S a n i t a r y  E n g i n e e r i n g —In probably no field were con
tinuous settlement' batch cleaning methods of separating from 
liquids so firmly entrenched as in sewage treatment and water 
purification. Up to ten or twelve years ago sedimentation 
was accomplished by passing the material through rectangular 
concrete tanks, the 
overflow from which 
was relativety clear.
The a c c u m u la te d  
s o l id s  w ere with
d raw n  periodically 
b y h an d  or grab  
buckets or through 
draw-off connections 
in the tank bottom.

A modification of 
the Dorr thickener, 
th e  D orr clarifier, 
w a s in tr o d u c e d  in  
the sanitary e n g i
neering field and was 
instrumental in ini
tiating a general ac- 
c e p ta n c e  there of 
continuous methods.
The Dorr clarifier 
is installed in square concrete tanks with the feed entering 
through submerged ports along one side and the clarified 
effluent passing out across^a weir along the opposite side. 
The traction mechanism arm oscillates on its central support
ing column so that the corners of the tank may be effectively 
swept by the plow blades.

In sewage treatment the continuous collection and dis
charge of the solid matter prevents the septic action which 
sets in when raw sewage sludge is allowed to accumulate. 
The immediate removal of this organic matter prevents gas 
formation and the building up of scum and floating material 
on the surface. Furthermore, the entire tank volume is 
available for sedimentation and the removal of solids is not 
progressively reduced, as it used to be, by the steady accu
mulation of sludge.

About 5 per cent of the municipal sewage in the United 
States is purified wholly or in part in some type of sewage 
treatment plant. The most widely used treatment methods 
are the activated sludge process and straight sedimentation 
followed by sludge digestion, in both of which settling and 
clarification are essential steps. The Dorr sewage clarifier is 
used in the treatment of one billion gallons of sewage per 
day, which is about one-third of the sewage in the United 
States subjected to treatment of any sort. Among the large 
municipalities which have adopted continuous sedimentation 
are Chicago (North Side Plant), 275 million gallons per day; 
Milwaukee, 85 million gallons per day; Syracuse, 57 million 
gallons per day.

In municipal water purification, especially at midwestern 
cities along inland rivers, the city water supply may require 
special treatment for the removal of suspended solids such 
as clay and silt or for the removal of hardness by the pre
cipitation of dissolved calcium or magnesium salts. In either 
case clarification by sedimentation is employed to remove 
the bulk of the solids before final treatment on filters. Large 
rectangular batch settling tanks used to be common at water 
treatment plants. Periodic shut-downs for cleaning out the 
accumulation and the necessity of supplying duplicate units 
to carry the load while tanks "were out of service were con

sidered necessary evils of water-works practice. The intro
duction of the continuously mechanically cleaned Dorr clari
fier has greatly simplified practice and has resulted in worth
while operating savings.

The older of the two water works at St. Louis has nine in
termittent settling tanks, each 23 feet deep at the center and 
holding 30 million gallons. During a recent semiannual shut
down for cleaning, the first of these basins was found to con
tain 67.500 tons of mud, which extended to within 6 inches

of the top. In the 
cleaning of such a 
basin, which is 670 
f e e t  lo n g  and 400 
feet wide, men with 
h o rse s  and wagons 
entered the tank and 
hauled the sediment 
to one side, where it 
was flushed into a 
sewer leading to the 
Mississippi R iv e r .  
The cleaning of such 
a tank used to take 
several weeks.

T h e new  w a te r  
works on the Mis
souri River carries 
out the treatment on 
a continuous basis in 
four 150-foot square 

Dorr clarifiera. Two of these act as preliminary settlers of the 
raw water and two as settlers of the chemically dosed raw water 
overflowing the preliminary units. The settled sludge flows 
back into the Missouri continuously, thus making costly shut
downs for cleaning and duplicate units unnecessary.

Kansas City recently built a new water-purification plant. 
Four 200-foot Dorr clarifiera now continuously presettle 100 
million gallons of water a day, removing therefrom 4000 tons 
of impurities. Beverly Hills, Calif., Edmonton, Alberta, 
Fostoria and Newark, Ohio, Miami, Fla., and Mamaroneck, 
N. Y., have adopted the same type of water-treatment equip
ment, but of course on a much smaller scale.

Mixing and Keeping in Suspension Finely Divided Solids 
in  Liquids

Batch mixing or agitation is probably one of the oldest 
unit operations known to science. It goes back beyond the 
earliest days of metallurgy and chemical engineering, as 
shown by the paintings of the ruins of Egyptian temples. 
I t  is only fairly recently, however, that continuous agitation 
has been developed to a point where it compares favorably 
with batch agitation in the case of products requiring close 
chemical control.

Continuous agitation of slimes was established in cyani- 
dation about the same time as the introduction of continuous 
countercurrent décantation. Air having a beneficial effect 
on the dissolution of values, the agitators used at first de
pended exclusively on compressed air for mixing. The 
unit generally used consisted of a tall, narrow tank with a 
conical bottom. A central air-lift column extended from 
top to bottom and lifted the pulp to the top of the tank, thus 
inducing a general circulation of the contents. The pulp in 
process of agitation flowed through a series of these tanks, 
each one being located slightly lower than the preceding one 
in order to permit gravity transfer. The total cubic volume 
of these agitators bore such a relation to the hourly flow of 
pulp from the grinding system that the pulp was retained 
in the agitation process for the number of hours dictated by its 
leachability.

A n O ld -S ty le  W a te r -W o rk s  S e d im e n ta t io n  T a n k  S h u t  D o w n  fo r  M a n u a l  R em o v a l o f
S e d im e n t
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The Dorr agitator was developed in order to keep the coarse 
segregating solids more effectively in suspension by a com
bination of air and mechanical means and to make it possible 
to utilize tanks of larger diameter and more moderate height. 
This agitator embodied the advantage of the previously intro
duced Dorr thickener in that a slowly revolving mechanism 
moved settled solids to the center. In place of the solid 
shaft of the thickener there was a revolving hollow column 
at the tank center which served as an air lift to raise the 
collected segregating solids to the surface, whereupon they  
were evenly redistributed over the surface by revolving 
troughs attached to the air-lift column. With this com
bination of mechanical and air agitation, operation could be 
continued indefinitely without fear of the shutdown caused 
by the settlement of coarse solids, which in the past had 
periodically interrupted continuity of agitation. Since me
chanical agitation supplemented the air, tanks could be 
constructed with diameters as great as 50 feet, whereas the 
limit with straight air agitation was from 15 to 20 feet.

The older type of batch agitation installation consisted of 
several separate agitators into which the materials were 
charged in rotation in given proportions. Agitation was 
maintained for a specified period of time and under precise 
conditions controlled by an operator, whereupon the charge 
was released to subsequent treatment. In continuous agita
tion the materials are added to the first of at least three 
series of connected agitators and the treated product flows 
from the final unit in a continuous, uniform stream. Owing 
to the large volume provided, frequently sufficient for a pulp 
detention of 24 to 72 hours, occasional analyses of the dis
charge from the last agitator permit corrective measures being 
taken at the head end of the system before the change in 
average pulp conditions can become serious.

C h e m i c a l  M a n u f a c t u r e —The idea that continuous agi
tation of bauxite with sulfuric acid could be applied to the 
preparation of aluminum 
sulfate (alum) was at first 
ridiculed. It was pointed 
out by the critics that 
ch em ic a l manufacture 
was “a different type of 
b u s in e s s  from  metal
lurgy,” and that continu
ous agitation could not 
give a u n iform  alu m  
liquor with an average 
basicity of 0.2 per cent 
with a permissible varia
tion not to exceed 0.02 
per cent either way. In 
order to settle this point, 
the first continuous alum 
plant was arranged so 
that the agitators might 
be o p e r a te d  either in 
series for  c o n t in u o u s  
agitation or in parallel for 
batch agitation. The plant was started on the continuous 
system seven years ago and the management never found 
the product variation sufficient to consider a trial of the batch 
system. All C. C. D . alum plants supplied since then have 
employed continuous agitation.

The same thing held true in the case of caustic soda manu
facture. Here continuous agitation was questioned, because 
it  was believed that it lacked those means of chemical con
trol which were considered essential in the production of a 
high causticity solution without the use of an excessive 
amount of time. The uniformly high causticities being ob
tained at half a dozen continuous caustic plants have shown

that these objections were groundless and that excess lime 
need never exceed permissible limits.

In the manufacture of phosphoric acid continuous agita
tion has been used successfully, although it is true that several 
companies still employ batch methods. Experience has 
shown that with continuous agitation there is no difficulty 
in securing a complete use of the sulfuric acid and a limi
tation of the S 0 4 radical in the phosphoric acid to an amount 
not exceeding 0.75 per cent.

W a t e r  P u r i f i c a t i o n —Continuous dosing of turbid water 
for coagulation of suspended solids and continuous chemical 
treatment for the precipitation of dissolved salts in hard 
water presented special problems. The floes formed in 
treatment of this sort are extremely delicate and fragile, 
breaking down quickly when agitated violently. A study 
of the time element in fioc coagulation and the maximum 
velocity of flow which did not destroy floes led to the de
velopment of a special type of water-treating agitator.

By supplying two or three large, series-connected concrete 
tanks, each fitted with a very large central-draft tube and a 
slowly revolving, large diameter propeller, effective water 
dosing is carried out continuously. Detention up to several 
hours may be provided in these units even when a city’s 
entire water supply must be treated. The important design 
feature is the ability of the propeller to turn over these im
mense volumes of water, yet never permit the water velocity 
to exceed 1 foot per second, which is about the maximum 
velocity for floe retention.

General Observations on Continuous M ethods

Experience has shown that there are very few industrial 
operations which cannot be handled more advantageously on 
a continuous mechanical basis than on an intermittent non
mechanical one. Recent years have witnessed general pros

p e r ity  b o th  h ere and 
abroad, a p r o sp e r ity  
which is no doubt due 
largely to mass produc
tion and the use of me
ch a n ic a l devices which 
reduce greatly the labor 
cost per unit of product. 
Those who a few years 
ago deplored the indus
trial era would be sur
prised today to see how 
beneficial has been the 
inevitable replacement 
of men with machines. 
N ot only has manage
ment benefited but also 
the workers, who have 
b een  r e lie v e d  from  
m a n u a l labor in large 
q u a n t it ie s  and placed 
in charge of m a ch in e s  

which have greatly increased their productivity and earn- 
ings.

An intimate association with many different industries has 
shown us that most of them are interrelated in one way or 
another through similar unit processes. Metallurgy, chemical 
manufacture, sewage and water treatment, sugar, iron, and 
paint manufacture are all viewed in a new light, when it is 
seen that each has a similar solid-liquid separation problem 
which has been solved successfully in the same manner in each 
case. The heavy chemical manufacturer and the metal mill 
operator in many instances are so well versed in certain com
mon processing methods that a fertilizer manufacturer pro-

O n e  o f t h e  F o u r  2 0 0 -F o o t D ia m e te r  D o rr  T r a c t io n  C la r if ie rs  W h ic h  D isp lac e d  
I n t e r m i t t e n t  S e t t l in g  T a n k s  a t  K a n s a s  C ity  W a te r  W o rk s
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during phosphoric arid and superphosphate in the South 
would be quite at home in a gold-milling plant in Northern 
Canada and vice versa.

Whatever progress has been made in converting batch to 
continuous processes will continue in the future more rapidly 
.as technical men in different lines of industry realize that

advances made in one field may point the way to improve
ments in their own. The need today is for the intelligent 
direction of our great industrial enterprises by men who 
accept no method blindly because it has always been used and 
reject no new fundamentally sound method simply because 
it has never been tried out in their own particular field.

Metallic Materials of C onstruction for Chemical 
Engineering Equipm ent

Everett P. Partridge1

1 4 4 0  E a s t  P a r e  P l a c b , A n n  A r b o r , M i c h .

THE era of chemical industry is passing in which it was 
the general policy to build equipment of the cheapest 
materials available, regardless of other economic fac

tors. The old policy once was excusable because there were 
so few materials really available for the fabrication of appara
tus for the process industries. Today, however, the chemical 
■engineer planning an installation is more likely to be embar
rassed by the conflicting claims of a multitude of materials 
than by a dearth of available metallic or non-metallic sup
plies.

This article is intended to review in a brief manner some of 
the more important types of metallic materials in use at the 
present time, indicating in each case by a few examples their 
suitability for certain fields of service. The information has 
been largely supplied by the various manufacturers whose 
assistance is acknowledged at the conclusion of the article, 
while the writer has also drawn on the sources in the appended 
list of references.

Factors Influencing the Choice of a Material

Before discussing the various metals and alloys available 
at the present time, it may be well to note briefly the factors 
which should be considered in choosing a material for a 
specific piece of equipment. These factors may be summed 
up as follows:

P e r m a n e n c e  o p  P r o c e s s —Obviously, if a process has an 
anticipated life of five years, it is scarcely necessary to consider 
an expensive material which will last twenty-five years. Tech
nical research is moving so rapidly that obsolescence, not only 
of specific pieces of equipment, but of whole processes of manu
facture of a given product, must be given serious consideration.

M e c h a n i c a l  P r o p e r t i e s  a n d  F a b r ic a t i o n  P o s s i b i l i t i e s —  
The new technology is no longer satisfied to work at low tem
peratures and pressures, if it can speed up reactions and increase 
yields by boosting either or both of these factors. Mechanical 
properties under high temperature are coming to rank even with 
corrosion resistance in importance. The availability of a 
material in a variety of forms and the ease with which it can be 
fabricated in the plant go hand in hand with its mechanical 
properties.

C o r r o s io n  f r o m  S t a n d p o in t  o f  P u r i t y  o f  P r o d u c t —In 
general, the contamination of the product through corrosion 
of the material of the equipment is less important than injury 
to the equipment itself, but in many cases—for example, the 
manufacture of pharmaceuticals, fine chemicals, dyes, rayon, 
etc.—contamination of the product must be given great weight 
in the comparison of possible materials of construction.

C o r r o s io n  f r o m  S t a n d p o in t  o f  S e r v i c e  L i f e  o f  M a 
t e r i a l —When the life of the equipment, rather than the purity 
of the product, is the controlling factor, an economic analysis 
of the over-all cost of a wide range of materials would be ad
visable, in case it is possible to obtain even approximate data 
on corrosion resistance under service conditions, or to deduce

1 A ssociate ed ito r. I n d u s t r i a l  a n d  E n c i n b b r i n o  C i i b m i s t r y .

this information from careful laboratory tests under conditions 
approximating as nearly as possible to those of actual service. 
In case corrosion resistance information is available, a fair index 
of comparison between various materials is given by the relation:
C om para tive  cost index ■*

( /  L abor and  shut-dow n \
Initial'S  -f- I charges for repairs an d  J — /  In tr in s ic  value \

cost )_____ \  replacem ent /  \o f  scrap  m a te ria l/
Probable  service life of m ateria l

R e p l a c e m e n t  F a c i l i t i e s —The availability of a material 
in a wide range of standard forms comes into consideration 
again here. The rapidity with which special forms may be 
obtained, and the possibility of repair fabrication in the plant, 
as by welding, are tremendously important, as they may fre
quently swing the decision toward a cheaper and less durable 
material which can be readily repaired, and away from a material 
which has better corrosion resistance but is expensive and difficult 
to fabricate or to obtain in special forms.

Given the necessary information, a fairly rational choice 
between materials might be made by balancing these factors 
against each other. Often enough it is impossible to get the 
fundamental information to be rational about. As a conse
quence many engineers refuse to take a chance on more ex
pensive materials and stick to a steady program of repair and 
replacement of equipment made of our universal cheap ma
terials—iron or steel. Although these materials have per
fectly justifiable and extremely wide use in all the process 
industries, they will naturally be replaced in various processes 
by more suitable materials as the general knowledge of the 
possibilities of alloys increases.

IM P O R T A N T  T Y P E S  O F  M E T A L L IC  M A T E R IA L S

The following sections will list some of the fields of applica
tion of the various metals and alloys which are most impor
tant to the chemical engineer at the present time. Each sec
tion will include brief references to the fabricating possibili
ties of the materials. The composition and average tensile 
properties of most of the materials will be found in Table I, 
which has been compiled from manufacturers’ statements 
and data in standard engineering handbooks. The values in 
Table I should be regarded as only approximate. Readers 
desiring more complete data on materials developed prior 
to 1924 are referred to the extensive tables published in the 
Proceedings of the American Society for Testing Materials for 
that year in connection with the symposium of this organiza
tion on corrosion-, heat-, and electrical-resistant alloys.

Iron and Steel

Armco Iron—E quipment to be subjected to severe chemi
cal corrosion is not generally built of iron. Commercially 
pure Armco iron, containing not more than 0.16 per cent
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impurities, is, however, used in a large number of places in 
chemical engineering works—for example, as hoods and ducts 
for pickling tanks, kettles, glue cookers, beater hoods in 
sulfite paper plants, lids for ammonia centrifuge in tar dis
tillation plants, crystallizers for Epsom salts, gas holders for 
carbon dioxide, caustic soda tanks, and as factory siding and 
smoke stacks. Pure iron resists the attack of dry hydrogen 
chloride, but must not be used for this gas where it may come 
in contact with any moisture. In the petroleum industry 
pure iron is used for oil tanks, agitators, pipe lines, weak acid 
towers, and other equipment.

Armco iron produces sound, homogeneous welds by either 
the electric or oxyacetylene processes, is excellent for cold- 
working, and may be hot-worked well, except in the range 
from 850° to 1050° C., where it is red short.

W r o u g h t  I r o n —Mixed acids, below 20 per cent water, 
are handled satisfactorily in wrought iron, and this material 
is also used for caustic. Wrought iron is fabricated into 
equipment for anhydrous organic condensation reactions 
utilizing aluminum chloride, and for the production of form
aldehyde. Wrought-iron piping and tubes are utilized to a 
large extent in the petroleum industry.

M i l d  S t e e l —Steel is used universally at present through
out the process industries for hundreds of purposes for which 
it is not particularly adapted from the standpoint of corro
sion, but for which it is nevertheless considered to be eco
nomical, in spite of high replacement costs, because of its 
low initial cost as compared with more resistant materials. 
A few of the applications for which steel is now used would be 
justified even in the event of great reduction in the price of 
alloys. For example, concentrated mixed acids containing 
less than 20 per cent water are handled satisfactorily in steel, 
as is perfectly dry sulfur dioxide.

Steel is available in the greatest diversity of forms of any 
metallic material, and is readily fabricated, machined, and 
welded.

C a s t  I r o n — Concentrated sulfuric acid (above 80 per 
cent) and caustic can be used in cast-iron equipment. Am
monia, either dry gas or liquid anhydrous, can also be handled 
in this material. Cast iron has been largely used in furnace 
parts—for example, as rake blades in Wedge and Herreshoff 
furnaces— but its use in this field is now being curtailed 
somewhat by the development of special heat-resistant alloys.

H igh-Silicon Iron

Duriron, containing 14.5 per cent silicon, is representative 
of the high-silicon irons, which are extremely valuable be
cause they are practically unaffected by sulfuric, nitric, 
acetic, phosphoric, and cold hydrochloric acids, alum solu
tions, and many other corrosive substances. The resistance 
of these materials causes them to be used for acid pumps, 
acid-mixing nozzles for pickling tanks and oil refineries, acid- 
sludge-concentrating equipment, circulating steam jets, and 
welded coils for heating pickling tanks and chromium-plating 
baths, rake blades for Dorr classifiers in wet metallurgical 
processes, tubes for Cottrell precipitators handling acid mists, 
and equipment for handling rayon dope. Mixing nozzles of 
this same material are excellent for introducing chlorine into 
caustic to produce hypochlorite bleach. Another applica
tion of high-silicon iron is as anodes in the electrolytic re
fining of copper or of cadmium.

High-silicon iron is available only in the cast form, and is 
so extremely hard that it cannot be machined, but must be 
finished by grinding. The development of super-hard tool 
materials, such as Carboloy and Borium, may make possible 
the simple machining of Duriron castings, but success has 
not yet been achieved along this line. High-silicon iron may 
be welded with the oxyacetylene flame. The design of cast

ings is limited by the necessity of eliminating large plane 
surfaces and of using heavily supported sections. Pipe and 
fittings, valves, cocks, fans, pumps, and jacketed and un
jacketed kettles of capacities up to 650 gallons are standard 
items of equipment. Complete tubular heat exchangers are 
built up by welding from Duriron pipe.

Chrome-Iron Alloys

For convenience, the chrome-iron alloys applicable to  
chemical engineering problems may be classed in four groups 
on the basis of their chromium content:

(1) Alloys containing from 12 to 15 per cent chromium with 
a minimum carbon content of 0.3 to 0.4 per cent. These are 
the “stainless steels.” The stainless properties are developed 
only after heat treatment, which is also necessary after hot- 
working to prevent brittleness. Chrome-iron alloys with the 
above chromium content and 1 to 2 per cent carbon are very 
hard and resistant to abrasion, and arc put to good account in 
the wearing parts of crushing and grinding machinery, agitators, 
etc.

(2) Alloys containing from 12 to 15 per cent chromium, 
with low carbon content, usually under 0.12 per cent. These 
"stainless irons” are really mild stainless steels, since they also 
air-harden after hot-working, and care must be taken to properly 
anneal them after such work.

(3) Alloys containing 16 to 20 per cent chromium, with 
carbon usually below 0.10 per cent, and silicon usually present 
up to over 1 per cent. These have slight air-hardening tendency 
and may be classed as actual stainless irons. The alloys of 
this class have good resistance to corrosion, high ductility and 
workability, and good strength.

(4) Alloys containing more than 20 per cent chromium, of 
which the most common representatives run between 24 and 
30 per cent. As the resistance to corrosion of the chromium- 
iron alloys increases with increase in chromium content, these 
alloys offset their increased cost by increased resistance to  
attack, such as corrosion and oxidation at high temperatures. 
They may be fabricated only after proper heat treatment, but 
are readily cast. Alloys containing chromium upward of 2 
per cent together with high carbon, from 2 to 3 per cent, have 
great abrasion resistance.

Of the varied and important applications of chrome-iron 
alloys in the process industries, perhaps the most important 
is their use for equipment in the ammonia oxidation process 
for making nitric acid. Since this subject is treated in detail 
in another article in this issue,2 only brief reference will be 
made to it here. Chrome-iron tubing is used in this process, 
where it must stand the combined action of pressure, tem
perature up to a red heat, and the attack of nitric acid gases. 
Nitric acid towers built from 16 to 20 per cent chromium 
alloys, with or without appreciable amounts of silicon, have 
proved eminently satisfactory, and hot, concentrated nitric 
acid is handled well in this same material.

Chrome irons of high chromium content have a great 
resistance to the attack of sulfur dioxide and other sulfur 
compounds, even at elevated temperatures. Rabble arms 
of Duraloy, or other chrome irons in the 24 to 30 per cent 
chromium class, installed in Herreshoff and Wedge furnaces 
used in copper and zinc smelting plants have shown long 
service lives. The same type of material is used for skid 
bars in billet-heating furnaces, eliminating the water-cooled 
construction necessary with steel or cast iron, and thereby 
lowering heat losses. An extremely important application 
of the same material is in the construction of metal recupera
tors for recovering the sensible heat from the waste gases of 
billet and forge furnaces and from glass-melting tanks, some 
such recuperators having been in satisfactory operation now 
for five years without attention.

Mixed acids used in rayon manufacture, and in cellulose 
work in general, have been handled in high-chromium alloys, 
but the results in this field have been somewhat uneven.

5 M itchell, p. 442, th is  issue.
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Table I—Selected Data on M etals and Alloys
E lastic L im it  (E)

T en sile P roportional  L im it  (P) R eduction
M a terial T em per a tu r e0 C ondition S trength Y ield  P o int  (Y) E longation in  Area

° C. 1000 lbs./sq. in. Per cent Per cent
I ron and  S t e e l :

Arinco iron, m ax. im purities  0.16% H ot-rolled 42-48 26-37 (Y) 38-22 78-65
Cold-rolled 60-63 57-59 (Y) 11 -7 .5 71-66
Average p la te 46 30 2S

W rought iron 48-53 28-32 (Y) 40-30 45-35

M ild steel, 0.10 C. 46 35 (Y) 37 72

C as t iron M alleable 35-57 20-45 (Y) 15-5 15-5
G ray 25-38

H igh -S ilicon  Iron :
D uriron , 14.5 Si C ast 10

C hrom e- I ron  Alloys:
G roup 1* C rucible S tainless A 1800° Q, 572° T 223 194 (E) 9 28
G roup 2:

Ascoloy 33, 12-16 Cr Annealed 72-85 40-50 (E) 32-37 70-78
Crucible S tain less 12, 11.5-13 Cr Annealed 6S 30 (E) 11 28

1750° Q, 750° D 166 116 (E) 22 68
E n duro  S, 12.5-14.5 C r H ot-rolled 100-110 75-85 (Y) 5-8

Box-annealed 85-95 60-70 (Y) 14-18
G roup 3:

Crucible Stain less 18, 17-19 Cr Annealed 72 45 (E) 30-35 60-70
E n duro  A, 16.5-18.5 Cr • H ot-rolled 85-95 60-80 (Y) 9-11

G roup 4:
Ascoloy 55, 26-30 Cr Annealed 75-100 45-60 (E) 25-35 45-65

C ast 40-80 30-70 (E) 2-5 2-6
1150 5

Crucible S ta in less 24, 23-30 Cr As rolled S0-90 55-65 (Y) 22-27 40-50
D uraloy , 27-30 C r C ast 40-50 30-40 (E) 1-0 2-0

Rolled 80-90 60-65 (E) 27-10 45-15

C alite  S Rolled 95 24 49
900 Rolled 5 67 96

CnROME-NiCKEL-lRON Alloys:
Allegheny m etal, 17-20 Cr, 7 -10  Ni Annealed 90 45 61 75

1100 11 45 67

E nduro  KA2, 17-20 Cr, 7 -10  Ni Annealed 85-90 33-38 (Y) 55-60
R czistal No. 2, 17-19 Cr, 8 -10  N i, 1-3 Si Softened 90-100 45-55 (Y) 55-65 50-70

Hot-rolled 150-175 85-105 (Y) 30-40 30-40

Ascoloy 44, 22-25 Cr, 10-13 N i Annealed 100 60 68
1100 13 33 47

Rezistal No. 4, 17-18 C r, 25-26 N i, 2 -3  Si 109-113 62-90 (Y) 38-31 53-49
R ezistal No. 7 91-129 45-83 (Y) 33-16 41-28
C alite  A C ast 67 2 3

1100 C ast 15 16 31

C alite  E Rolled 89 61 76
900 Rolled 25 35 56

C alite  N C ast 51 2 1
1100 C ast 15 7 7

C alite  B C ast 63 0 0
1000 C ast 18 4 4

P ure  M etals:
Lead C ast 2

Rolled 3

Alum inum C ast 12-14 8-10  (P) 29-15 36-22
Annealed sheet 13 .5 8 .5  (P) 23 25

C opper (99.6% ) C ast 25 20 60
Rolled 50 20 (P) 5 8
Annealed 35 50 60

N ickel (9S.5% ) C ast 38 24 (Y) 6 6
Rolled 92 11
A nnealed 76 35

N on-F errous  Alloys:
M onel m etal, 65 N i, 30 C u, 5 o ther m etals C ast 65-80 30-40 (Y) 25-35

H ot-rolled 89-83 42-60 (Y) 46-37

A lcum ite, 87.5 C u, 7.5 Al, 3.5 Fe, 1.5 Ni C ast 75 25 (Y) 30 35
H ot-rolled 85-100 40-60 (Y) 25-15 25-20
Annealed 76 28 (Y) 40 45

A m brac, 75 Cu, 20 N i, 5 Zn
B arberite , 88.5 C u, 5 N i, 5 Sn , 1.5 Si C ast 50-65 44-49 (Y) 3-13
E verdu r, 95 C u, 4 Si, 1 M n C ast 50 30 (E) 24 35

C as t and  forged 64 40 (E) 54 60
H ot-ro lled  rod 75 48 <E 56 53
Cold-draw n rod 110 70 (E) 15 22

a R oom  tem p e ra tu re  w here n o t specified.

Chrome-iron alloys are attacked by sulfuric acid, but it  
has been found that they sometimes stand up well in handling 
acid mine waters, probably owing to the presence of consider
able amounts of iron or copper sulfates in the acid water. 
Pump impellers, shafts, and casings have given very good 
service in many cases.

At chromium contents as low as 12 per cent the chrome- 
iron alloys are resistant to the attack of sulfur compounds.

Alloys of the composition noted are used in the petroleum 
industry for such equipment as oil-valve parts and bubble- 
tower caps.

Chrome irons are now available in a wide variety of forms, 
including seamless tubing. They may be forged, cold-rolled, 
stamped, and deep-drawn, either hot or cold, and may be 
welded by either the electric arc or the oxyacetylene flame. 
Alloys falling in the first three groups give welds which tend
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to be brittle but are subject to improvement on beat treat
ment, the third class being most satisfactory. The high- 
chromium alloys of the fourth group can be welded only with 
difficulty, the welds showing brittleness which is not removed 
by heat treatment. Equipment fabricated from this type of 
material should be riveted or bolted, whenever possible, in
stead of welded. In general, equipment for high-tempera- 
ture work should be welded because of the tendency of 
rivets to loosen up, while other equipment should be riveted 
if possible. Alloys of the third group rivet most satisfac
torily, but even in using this type of material care should be 
exercised that the riveting temperature is not too high.

Chrome-Nickel-Iron Alloys

Developing subsequent to the “stainless” alloys, the 
chrome-nickel-iron combinations have shown great poten
tialities for the chemical engineer. The best known type of 
material is the 18 per cent chromium, 8 per cent nickel alloy, 
which appears as the English Staybrite Steel, as Allegheny 
Metal, and as Enduro KA2. Seamless tubes of these alloys 
are finding important uses in high-temperature, high-pressure 
oil-cracking stills. They resist nitric acid, mixed acids, 45 
per cent boiling phosphoric acid, boiling acetic acid, and 
boiling caustic solutions, as well as fruit acids and lactic and 
fatty acids. They are finding wide use in the chemical in
dustries, in dairy equipment, in the manufacture of soft 
drinks, in the cooking and packing equipment of large can
neries, and in equipment such as evaporators and crystal- 
lizers for the manufacture of citric and tartaric acids from 
cull oranges and lemons.

One of the important uses of the 18 chromium-8 nickel 
alloy is for drums for shipping nitric acid, which have been 
recently approved. Two other specific applications are in 
sulfite digesters and in dyeing tanks.

High-chromium, high-nickel alloys containing approxi
mately 3 per cent silicon are included in the line of Rezistal 
steels. An alloy containing 17 per cent chromium, 25 per 
cent nickel, and 3 per cent silicon is used for carburizing 
boxes and furnace parts, and gives an extremely long service 
life. Another alloy approximating in composition 25 chro
mium-20 nickel-3 silicon can be used for boiling acetic acid 
in all concentrations, and for boiling sirupv phosphoric acid. 
Alloys containing appreciable amounts of silicon are said to 
be superior in their resistance to sulfur dioxide and to acid 
mine waters.

Chrome-nickel-iron alloys are available in many standard 
forms, are very ductile and tough, and are completely non
hardening. This last quality is extremely valuable from the 
standpoint of fabrication, since these alloys can be welded 
without any tendency for the weld to become hard and 
brittle. These alloys may be forged, cold-rolled, and stamped 
and deep-drawn, either hot or cold, but are somewhat difficult 
to machine. Welding may be done with either the electric 
arc or the oxyacetylene flame.

Pure M etals Other than  Iron

L e a d —Wherever sulfuric acid is handled, lead is the tradi
tional resistant material of construction. Miles of lead pipe 
are used in both the chamber and contact processes for the 
manufacture of this acid, and the former process depends 
upon lead as the lining for the chambers. Sulfuric acid up 
to 60° BA concentration has only a slight action on lead even 
when heated nearly to the boiling point, and concentrated 
acid (96 per cent) still has but little action in the cold.

Pure chemical lead has very little strength. Hard leads, 
containing antimony or other alloying substances, have 
greater strength but less resistance to corrosion. Where 
both strength and chemical resistance are required, special

Crawlproof lead is used, which is chemical lead reenforced 
with hard lead. For still higher strength requirements, lead 
is used as a lining for iron or steel equipment. This will be 
mentioned in a subsequent section dealing with metallic coat
ings.

Lead also finds a limited use in contact with acids other 
than sulfuric, on the grounds of serviceability and economy 
in spite of gradual corrosion over extended periods of time. 
For example, lead is used with cold concentrated nitric acid 
and with cold dilute hydrochloric acid, whereas dilute solu
tions of alkalies have but a slight effect on it. Lead is prac
tically the only metallic material available for handling moist 
ammonia. It finds other uses in the general handling of 
phosphoric acid and acid sulfite liquors, in evaporators for 
alum, pumps for concentrated acetic acid, and in contact 
with various other substances.

One of the great advantages of lead for chemical plant 
equipment is that a competent lead burner can fabricate, in 
the plant and on short notice, almost anything under the 
sun, while lead equipment can likewise be speedily repaired 
in the same way.

A l u m i n u m —This metal is resistant to the action of pure 
acetic and pure nitric acids, sulfur compounds, lactic, citric, 
tartaric, and the fatty acids. Evaporators for pure acetic 
acid are frequently built of aluminum, as are the drums used 
in the shipment of this substance. Aluminum is used in 
Europe for the shipment of air-nitric, but cannot be used for 
nitric acid made from Chile saltpeter because the metal is 
attacked by the impurities present. In the petroleum refin
ing industry aluminum is used in equipment subject to sulfur 
corrosion—for example, bubble-tower caps, heat exchangers, 
and the roofs of petroleum-storage tanks. Calorized (alumi
num-surfaced) tubes are used in cracking stills; this will be 
discussed in a subsequent section on metallic coatings. The 
property of resisting the attack of sulfur compounds makes 
aluminum a valuable material in the rubber industry, where 
it is used in making mandrels for inner tube manufacture, 
and in molds for all sorts of rubber articles. Turpentine 
stills and stills for the destructive distillation of wood are 
also constructed from aluminum.

Although aluminum is not the most resistant material 
available for the purpose, it is used extensively as stretcher 
rods for handling rayon during washing and drying. Alumi
num stands up well in the dairy and food industries, where 
the fact that its salts are non-poisonous makes it particularly 
valuable, while the colorless character of its salts similarly 
gives it an advantage in such industries as the making of fine 
candles, the drying of dyes, and the manufacture of varnish. 
Aluminum is fabricated into crystallizing pans for citric and 
tartaric acids, condensers and deodorizers for vegetable oils, 
milk tanks and coolers, and kettles of various types, to men
tion some of its specific applications.

Aluminum is obtainable in a large number of standard 
forms, and is fabricated with extreme ease. In castings for 
chemical equipment silicon or manganese hardeners are 
usually used to alloy the aluminum. Cast forms are in gen
eral somewhat less resistant than wrought forms.

C o p p e r —The traditional field of alcohol distillation, both 
on a private and on an industrial basis, is associated with 
copper equipment. This metal stands up well against hot, di
lute acetic acid, and crude acetic, containing formic acid, which 
cannot be distilled in aluminum, is usually handled in copper. 
This material is also used to some extent for caustic. D e
oxidized copper tubes have had quite a vogue in sugar evapora
tion, and copper dairy equipment is used extensively. Two 
special uses of this metal are the handling of benzoic acid 
vapors and of para-nitrophenol. Copper, however, is be
coming more important in the form of alloys than in the pure



May, 1929 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY 475

state. These alloys include the brasses, bronzes, aluminum 
bronzes, monel metal, etc.

Pure copper is available in sheets, tubing, rod, and other 
forms, and is easily machined and fabricated.

N i c k e l —The dairy industry uses large amounts of nickel 
for tanks, preheaters, and pasteurizers. Much food-canning 
equipment is also constructed of nickel, which is resistant to 
acetic and fruit acids. Although nickel is ordinarily con
sidered as readily attacked by sulfur compounds, it is used 
extensively for strainers in oil wells producing high-sulfur oil 
because nickel strainers give long life and do not plug up. 
Nickel evaporator tubes and baskets and whole evaporators 
of nickel have been constructed for use on caustic. Recently 
nickel has been adopted for parts of the regenerative system  
of a well-known zeolite water softener, because of its resist
ance to corrosion by the concentrated salt solutions used. 
Nickel is also valuable in the handling of benzoic acid vapors, 
chloroacetic acid, and rayon dope.

Nickel is available in the standard, and in many of the less 
usual, fabricated forms, including tubing. It has excellent 
mechanical properties and can be worked and machined.

Non-Ferrous Alloys

M o n e l  M e t a l —This is an extremely important material. 
On one hand it is resistant to dilute sulfuric acid, and is 
therefore used widely in pickling equipment—as tanks, crates, 
baskets, acid pumps, mixer shafts, and ventilator hoods, 
ducts, and fans. On the other hand it is an excellent material 
for the handling of caustic, and is used accordingly for severe 
duty as caustic fusion pots in dye manufacture and for equip
ment handling strong solutions in the manufacture of caustic. 
Evaporators, crystallizers, and filters for this purpose are 
built in whole or in part from monel metal. Similar equip
ment is built for the concentration of fruit juices and of black 
liquor from sulfate paper processes. Varnish kettles, liners 
and flights in salt driers, centrifugals for clarifying fruit 
juices, and filter cloth for a wide range of purposes are made 
from this material. Monel metal has largely replaced wood 
as a construction material for dyeing vats. It is used for 
tanks and pumps for hydrofluoric acid, in bleaching equip
ment for textiles, as still plugs for high-temperature high- 
pressure oil-cracldng stills, and extensively in the food indus
tries for processing and packaging equipment.

Monel metal has very good mechanical properties. It can 
be readily machined, and is available in a remarkable range 
of fabricated and machined forms.

S p e c i a l  B r o n z e s —It is impossible, within the scope of 
this article, to mention all the various alloys represented in 
the brass and bronze groups. Specific reference to four par
ticular alloys of interest to the chemical engineer will be 
made. Alcumite is a well-known representative of the 
aluminum-bronze group; Ambrac is a copper-nickel-zinc 
alloy; Barberite contains copper, nickel, tin, and silicon; 
and Everdur is a manganese-silicon bronze.

Alcumite finds important applications in pickling equip
ment, in handling acid mine waters, and in the handling of 
practically all corrosive vapors except strong nitric acid 
fumes. Alcumite and other alloys of the copper-aluminum- 
iron or copper-aluminum series can be cast, rolled into any 
desired forms, and readily machined. These alloys cannot 
be welded.

Ambrac is used in handling hypochlorite bleach solutions, 
for salt evaporator tubes, and for pickling equipment or other 
dilute sulfuric acid service, to mention some of its specific 
applications in chemical engineering processes.

Barberite is recommended by its makers for use with any 
strength of sulfuric acid at temperatures up to 96° C., and for 
general service in contact with caustic solutions, arsenious,

tannic, crude salicylic, and the fatty acids, and many organic 
compounds, including formaldehyde, phenol, acetone, and 
carbon tetrachloride. It is available in valves used in 
handling sulfuric acid and for use in special castings.

Everdur is a new type of alloy with an approximate com
position of 95 per cent copper, 4 per cent silicon, and 1 per 
cent manganese. It has good resistance to sulfuric acid, 
either cold up to 95 per cent or hot up to 50 per cent, in the 
absence of oxidizing agents. Everdur is also resistant to all 
strengths of hydrochloric acid in the absence of air, and finds 
considerable use in this field of service. Everdur may be 
cast, fabricated into a variety of forms, machined readily, 
and welded by either the electric arc or the oxyacetylene 
flame.

Stellite, a cobalt-chromium-tungsten alloy, is extremely 
resistant to attack by many chemicals, but cannot, because 
of its cost, be considered from an economic standpoint for 
industrial chemical equipment, except for small valve or 
pump parts. Its unusual hardness gives it important appli
cations as an abrasion-resistant surfacing material, which 
will be discussed in a later section. Alloys have been de
veloped from stellite for handling hot, concentrated hydro
chloric acid.

Zilloy is a high-zinc alloy recently developed for roofing 
and siding in industrial plant construction.

Rare and Precious M etals

Platinum-gold and palladium-gold spinnerets have been 
used in the rayon industry, their high first cost being largely 
offset by their intrinsic value when scrapped. Tantalum is 
entering this same field. This material also resists attack by 
hydrochloric and nitric acids, aqua regia, dilute sulfuric acid, 
and caustic alkali solutions.

Silver has been used in some instances for the distillation 
of acetic acid, and is generally used in the manufacture of 
acetanilide.

m e t a l l i c  c o a t i n g s

When a certain metal possesses specific corrosion resistance 
valuable in a given process, it  may frequently be applied as 
a coating upon some base material when either the cost or 
the mechanical properties of the pure metal place it out of the 
running for use by itself. Metallic protective coatings suffer, 
however, from the fundamental disadvantage that, once 
broken through at even a minute point, they may cause the 
ruin of a whole piece of equipment. This puts metallic 
coatings upon the same basis as enamel ware. At present 
there seem to be more proposals than achievements in the 
field of metallic coatings for use in the process industries. 
Some of the more important developments will be mentioned, 
however.

Coatings Produced on M etals by Chemical Action

Parkerizing, or the formation of a surface film of iron 
phosphate on steel or iron, is not, in general, important from 
the standpoint of resistance to corrosion in chemical engineer
ing processes though it affords excellent protection against 
atmospheric corrosion.

The formation of a nitrided layer on the surface of steel is 
important from the standpoint of abrasion resistance, and 
also to some degree from that of resistance to weak corrosive 
agents.

Coatings Produced by Diffusion of Metal, Spraying, or 
Dipping

Calorizing is the process of coating steel with a thin layer 
of aluminum which is bonded to the steel through an inter
mediate region in which the aluminum and iron are alloyed.
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Calorized steel tubes have the mechanical properties of steel 
combined with the surface properties of aluminum. They 
are employed in oil-cracking stills because of their resistance 
to oxidation and general corrosion up to a temperature of 
900° C. Other refinery equipment, such as valves, burner 
tips, header plugs, and bubble tower caps, are also calorized. 
Salt and lead hardening pots for steel are also calorized to 
resist the attack of high-temperature furnace gases.

Chromized steel castings are available for high-temperature 
work. These present the surface resistance to oxidation of 
high-chromium alloys, but are less expensive than complete 
alloy castings.

Galvanized iron is used as a cheap material in handling 
many neutral salt solutions.

Lead may be deposited on iron or steel by hot dipping  or 
spraying. Other metals are also applied by spraying, by 
processes such as the Schoop method. A general defect of 
this type of application when regarded from the standpoint 
of resistance to severe corrosion conditions is the tendency 
toward small discontinuities in the completed coating.

Coatings Produced by Casting, Welding, or Rolling

Chrome-iron and chrome-nickel-iron alloys may be welded 
to cast iron or steel. A relatively thin lining of either of 
these types of material may thus be used in a heavy-pressure 
vessel or in ordinary equipment to obtain corrosion resistance 
at reduced expense. This process offers apparent possibili
ties, although it has not yet been worked out to the point 
where satisfactory results can be guaranteed.

I t  is possible to weld stellite to cast iron or steel, building 
up a thin, continuous layer of this material on small articles 
for which the advantage of such a surface overbalances the 
cost. It is not generally applied in such a manner for the 
purpose of resisting corrosion, but it is used in the construc
tion of wearing parts because of its extreme hardness and 
resultant resistance for abrasion. Hammers in hammer mills, 
grinding rings in roll mills, pulverizer plow arms, screw con
veyor edges, drag chain shafts, and rider blocks are all faced 
with stellite. This material is applied preferably by oxy- 
acetylene welding.

The lining of equipment with lead has been developed to 
the point where very good results are consistently obtained. 
Lead-lined pipe, flanges, valves, stirrers, agitators, tanks, 
coils, kettles, stills, pumps, evaporators, drums, etc., are 
quite standard for processes in which lead is indicated as the 
proper material. Larger surfaces are now lead-lined by 
processes which give good adherence of the coating to the 
base metal, such as the Zeitler wire-mesh reenforcement 
process, and which are also free from minute holes.

Aluminum is applied to the surface of duralumin or other 
aluminum alloys to produce materials of the Alclad or Alautal 
type, extremely light in weight, of excellent mechanical prop
erties, and with the surface resistance of pure aluminum.

Coatings Produced by Electrodeposition

Electroplated deposits are not ordinarily relied upon to 
stand severe chemical corrosive action. In some cases, how
ever, silver- and nickel-plated coatings have been utilized, 
as in the silver-plated copper buckets used for photographic 
dope. Recently there has been much talk about the possi
bilities of chromium plating, but many of the predictions 
have been proved somewhat over-optimistic. Chromium 
plating has been able, however, to materially reduce the 
corrosion in evaporator tubes handling waste sulfate pulp 
liquor, and the corrosion due to sulfur attack in oil cracking 
chambers.

Zinc and cadmium plating are much used for resistance to

atmospheric corrosion, but are not suitable for many purposes 
where they will be exposed to more severely corrosive con
ditions.

Conclusion and Acknowledgm ents

In this necessarily very sketchy review, very little detailed 
information concerning any one material could be included 
for reasons of space. Anyone interested in the general field 
of materials of construction will find more specific details 
available in the appended references to the recent literature, 
and from the following concerns which supplied information 
and assistance to the writer during the preparation of this 
article: American Rolling Mill Company, Duriron Com
pany, Allegheny Steel Company, Central Alloy Steel Com
pany, Industrial Welded Products Company, Crucible Steel 
Company of America, Duraloy Company, Calorizing Com
pany, National Lead Company, Aluminum Company of 
America, International Nickel Company, American Brass 
Company, Haynes Stellite Company, Barber Asphalt Com
pany, and New Jersey Zinc Company.

References

1— Chem ical Engineering C atalog—-1928, Chem ical C atalog  Co.
2— C alcott, W hetzel, W hittaker, "C orrosion  T ests  and  M ate ria ls  of C on

stru c tio n  for Chem ical Engineering A ppara tu s,”  D . V an N o stran d  
Co., 1923; rep rin ted  from  Trans. A m . In st. Chem. Eng., 15, 1 (1923).

3— H am lin  and  T u rner, "C hem ical R esistance of E ngineering M ate ria ls ,” 
C hem ical C atalog  Co., 1923.

4— Speller, "C orrosion: C ause and  P rev en tio n ,” M cG raw -H ill Book C o., 
1926.

5—M ateria ls  of Chem ical E q u ip m en t C onstruction  Sym posium , I n d . 

E n g . Chum ., 15. 467 (1923).
6— M ateria ls  for E qu ip m en t C onstruction  (Sym posium ), Chem. M el. Eng., 

28, 676 (1923).
7— Alloys R es is tan t to  Corrosion (Sym posium ), Trans. Faraday Soc., 19, 

156 (1923).
8—Sym posium  on C orrosion-R esistant, H eat-R esistan t, and  E lec trica l-R e

s is ta n t Alloys, Proc. A m . Soc. Testing M aterials , 24, P t .  I I ,  189 (1924). 
Included  in th is  sym posium  arc  extensive tab les  of th e  com position, 
available  com m ercial form s, recom m ended uses, m achining, forging, 
welding, and  brazing  qualities, physical, therm al, electrical, and  co r
rosion d a ta  for a  large num ber of alloys.

9—Sym posium  on Corrosion, Trans. A m . In s t. Chem. Eng., 18, 1 (1926).
10— M ateria ls  for E x trem e C onditions (Sym posium ), Trans. A m . Electro- 

chem. Soc., 50, 35 (1926).
11—Severe Service Issue, Chem. M et. Eng., 33, 585 (1926).
12— H atfield , "C orrosion  as Affecting th e  M eta ls  Used in the  M echan i

cal A rts ,”  Engineer, 134, 639 (1922); Engineering, 114, 747 (1922).
13—K elley, "C hrom iz ing ,” Trans. A m . Eleclrochem. Soc., 43, p rep rin t 

(1923).
14—Furness, "A cid- and  “R ust-P roof M ateria ls  for C hem ical W orks,”  Chem. 

Age (London), 9, 198 (1923).
15—Rowe, "R esistance  of In d u s tria l Alloys to  Corrosion b y  L iqu ids,” 

M etal In d . (London), 20, 263 (1922).
16— Clarkson and  H e thering ton , “ M etallic  Corrosion in C oncen tra ted  P hos

phoric A cid,”  Chem. M el. Eng., 32, 811 (1925).
17— H atfield , "M o d ern  D evelopm ents in  Steels R es is tan t to  C orrosion ,’* 

Engineering, 120, 657 (1925).
18— M erica, "N ickel In d u s try ,”  Bull. Can. In s t. M in . M et., 166, 173 (1926).
19— G rounds, "C orrosion-R esisting  M ateria ls  for C hem ical P la n t C on

s tru c tio n ,”  Ind . Chemist, 2, 296 (1926).
20— N elson, "R ec e n t D evelopm ents in th e  Use an d  F ab rica tio n  of C or

rosion-R esistan t A lloys,” Proc. A m . Soc. Testing M aterials, 26, P t. I I ,  
2S1 (1926).

21— A nonym ous, "F e rro u s  M eta llu rgy  and  C orrosion,”  Chemistry Industry, 
46, 209 (1927).

22— Strauss, "A lum inum  B ronze,” Trans. A m . Soc. Steel Treating, 12, 69, 
239 (1927).

23—K enyon, "A rm co In g o t Iro n ,” Ib id ., 13, 240, 435 (1928).
24— G uertle r, "C orrosion  of M eta ls ,” Ib id ., 13, 759 (1928).

New Synthetic Ammonia Plant for Soviet Union—The Amtorg 
Trading Corporation, which represents the Soviet Union in the 
United States, announces that plans for the construction in the 
Soviet Union of a factory estimated to cost ten million dollars 
and to produce synthetic ammonia fertilizers are being prepared 
by the Nitrogen Engineering Corporation, of New York.
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Renaissance of the A bsorption R efrigeration Cycle1
Frederick G. Keyes

D e p a r t m e n t  o f  C h e m i s t r y ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y , C a m b r i d g e , M a s s a c h u s e t t s

T HE earliest machines for producing refrigeration me
chanically were of the type where operation depends 
upon the absorption of the refrigerant gas in a liquid. 

The possibility of an absorption refrigerating cycle will there
fore be perceived to begin with the discovery of gases which 
dissolve abundantly in readily obtainable liquids of low vapor 
pressure at ordinary temperatures. Thus ammonia, discov
ered by Joseph Priestley in 1774, and methylamine are possi
bilities to be considered in designing an absorption cycle 
wherein the dissolved gas in water may be driven out of one 
vessel (absorber-generator) and collected in a second vessel 
(evaporator), hermetically sealed to the first. Cooling of 
the generator causes the vessel first mentioned to function 
as an absorber and the liquid refrigerant in the evaporator 
is caused to evaporate, thereby cooling the evaporator. 
When the refrigerant has completely returned to the cooled 
absorber, heat is again applied to the absorber, whereupon 
it  functions as a generator and the cycle of operations is recom
menced.

Principle of Absorption Refrigeration

The general principle upon which the functioning of a typi
cal absorption refrigerating machine rests is clearly the dif
ference in solubility exhibited by gases in cold and hot ab
sorbing liquids of relatively low vapor pressure. A low vapor 
pressure of the solvent liquid is desirable, since operation is 
simplified when during the heating cycle as little of the sol
vent as possible is carried over to the evaporator.

Evidently the absorption machine is in principle exceedingly 
simple, requiring but two pressure vessels with means for 
applying cooling water, a certain amount of piping, and no 
moving parts are involved. I t  will be made clear below that 
the effort to produce an entirely automatic absorption ma
chine capable of “sensing” its cooling and fuel needs, at such 
times and in such amounts as are required to maintain a 
specified temperature within a refrigerator, reasonably inde
pendent of the temperature of the surroundings, has resulted 
in a few accessories being added to the simple equipment de
scribed above. The automatic self-regulating absorption ma
chines now on the market have already arrived at the point, 
however, where the inherent simplicity of operation and 
structure is retained with a minimum of simple control appara
tus of a highly ingenious design.

The forms of energy which may be used to operate the 
absorption machine are as numerous as the sources of energy 
available. Heat is the form of energy directly applied to the 
generator, and this may of course be obtained electrically or 
from the combustion of gas, oils, etc. An absorption type 
of machine can therefore be adapted to many diversified re
quirements, although the machines on the market at present 
operate with heat from electricity and gas only. The develop
ment of machines to operate with liquid fuel will eventually 
be completed and already one development (refrigerator car) 
is employing liquefied propane in tanks as a source of fuel.

The cooling medium thus far used has been water. The 
companies interested in absorption refrigeration develop
ment have been designing air-cooled units for a considerable 
time and quietly testing the performance under all possible 
conditions of use. It is a safe prediction that within a few 
years at least air-cooled machines will be available, winch

1 R eceived F eb ru a ry  21,1929.

from the point of view of efficiency of operation and cost will 
be everything that can be desired. The water-cooled ma
chine is preferred by the writer whether the refrigerating 
unit is of the absorption or motor-compressor type. A few 
of the reasons for this preference are that the unit is more 
compact, somewhat more efficient, more quickly responsive 
to sudden changes in outside temperatures, and less liable 
for service when once installed.

The absorption machine thus far is the more common type 
wherein a liquid is used to absorb the refrigerant gas. There 
are, however, other and later types equally important and 
interesting. There has been an attempt to use a solid salt, 
such as ammonium nitrate2 or ammonium thiocyanate, either 
of which is exceedingly soluble in ammonia. Now it is well 
known that the vapor pressure of the solvent of a salt solu
tion is lower than the vapor pressure of the pure solvent. 
With the salts mentioned, however, the vapor pressure of 
ammonia is tremendously lowered. There is presented, there
fore, the prospect of obtaining not only an absolutely non
volatile solvent for the absorption cycle but a solvent (am
monium nitrate) which absorbs heat or cools when the re
frigerant dissolves, thereby leading to increased efficiencies. 
There are, of course, difficulties still to be overcome before 
the advantages of this type of absorption machine may be 
realized. The difficulties would probably yield, as usual, to 
sustained effort on the part of those especially apt in perceiv
ing the practical applications of physico-chemical principles.

The recent developments in the knowledge of the phe
nomena of adsorption (a special term for absorption on sur
faces) and adsorptive materials have led to the introduction 
of still another type of absorption machine, which might 
very appropriately be termed the “adsorption” machine. 
This machine operates by virtue of the fact that a gas such 
as ammonia, absorbed, or better “adsorbed,” by charcoal 
is retained very tenaciously and at very low pressures. The 
application of heat increases the pressure and the ammonia 
may be driven out and condensed to be reevaporated and re
adsorbed in the charcoal (adsorbent).

There are many adsorbents, but one whose application 
has been found especially well suited is silica gel. The prepa
ration of this material was developed by Walter A. Patrick, 
of Johns Hopkins University, and is manufactured by the 
Silica Gel Corporation, which has assigned rights for the use 
of the material in small units to the Copeland Products Com
pany, of Detroit. The latter company, it is understood, 
is developing practical units for household application. 
Meanwhile, the substance has been used in an interesting 
application—that of the artificially refrigerated freight car.3

Silica gel is a hard, glasslike material composed of pure 
silicon dioxide. It is produced by precipitation from sodium 
silicate and the process of its manufacture has been continu
ously improved to the point where a considerable augmen
tation in the adsorptive characteristics has been realized. 
There are other gels also which may in time be brought into 
a preferred physical state especially useful for certain im
portant specific purposes.

There remains to be mentioned the possibility of employ
ing in a refrigeration cycle the chemical substances which

* See, for exam ple, K eyes, U. S . P a ten ts  1,258,017 and  1,267,772 
(1918).

* Hulse, Refrigerating Eng., 17, 41 (1929).
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form “associated compounds,” 
among which h y d r a te s  an d  
ammines (BaClo.SNIT) are ex
amples. Thus the am m on ia  
pressure over the latter com
pound has a relatively low pres
sure at ordinary temperatures 
and is readily driven out by heat 
to be reabsorbed when the salt 
is cooled. It happens that the 
rate of absorption of ammonia 
and other factors make barium 
chloride not the most desirable 
of salts to choose for the purpose, 
but there are other salts which 
form  ammonia addition com
pounds, and one practical house
h o ld  r e fr ig e r a t in g  machine4 
employs a combination of ab- >
sorbing elements based on the 
ad d ition -com p ou n d -form in g  
property of certain salts.6 The special difficulties of poor 
heat conduction, slow absorption rate, permanency of preferred 
physical state, and capacity have been entirely overcome 
without sacrificing in any way the important advantages pre
sented in the use of such addition compounds. Among the 
advantages to be noted is the possibility of employing am
monia, in many respects an ideal refrigerant, in the anhydrous 
condition, thereby eliminating entirely any form of rectifier 
as with a water absorption unit. The use of anhydrous am
monia incidentally permits the use of copper tubing in the
construction of the unit, and the compact and fireproof na
ture of the absorbent is a further advantage.

Im provem ents in Sm all W ater Absorption Units

In 1900 a patent was issued to Geppert6 in which a novel 
idea was incorporated in the design of the water absorption 
machine. It was proposed, in essence, to convert the well-

4 Ice-O -L ator un it, m anufac tu red  b y  th e  N a tio n a l R efrigerating  
C om pany of New H aven , Conn.

* K eyes, U. S. P a te n ts  1,622,519 to  1,622,523, inclusive (M arch , 1927).
• G eppert, U. S. P a te n ts  622,690 (N ovem ber, 1900) and  780,096 (Jan u 

ary , 1905).

known water-ammonia absorp
tion machine into a constant- 

eyaporator Pressure system by adding air 
or a permanent gas. Geppert’s 
embodiment of the idea shows a 
pump for circulating the air over 
the liquid ammonia in the evapo
rator, bringing about a “forced” 
or accelerated evaporation. The 
inert gas also functions as a kind 
of expansion valve, since the 
ammonia may be condensed by 
the pressure of the inert gas and 
passed directly to the receiver, 
or even the evaporator, depend
ing on the size and design of the 
machine.

Comparatively recently Gep
pert’s idea has received modifi
cation at the hands of Platen 
and Munters, who made use 

of the small density of hydrogen relative to ammonia vapor 
(1 to 8.5) to bring about a natural circulation of the inert 
gas over the surface of the liquid ammonia in the evaporator. 
The circulating pump is thus eliminated and the water ab
sorption machine converted into a continuously operating 
machine as contrasted with the older intermittent distillation, 
water-absorption cycle unit.

The constant-pressure hydrogen-water absorption machine 
as designed by the Electrolux-Servel Company is represented 
in diagram in Figure 1. The function of each part of the 
machine is labeled in the figure and .circulation of the cool
ing water, the ammoniacal liquor, liquid ammonia, ammonia 
vapor, and hydrogen may be readily followed. Through 
the central tube of the generator a Bunsen flame is allowed 
to burn, causing the evaporation of the ammonia from the 
strong liquor siphoning into the lower part of the generator 
from the absorber. The weak liquor from the generator 
passes by gravity from the generator to the upper part of 
the absorber, spreading itself over the trays, which are cooled 
by water flowing continuously in the coils surrounding the 
evaporator. The cooled strong liquor collecting in the bot
tom of the absorber passes back to the generator through
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a heat exchanger to be deprived of its ammonia in the gen
erator. The ammonia evolved in the generator condenses 
a t the temperature of the condenser and under the pressure 
exerted by the inert gas. After rectification, the liquid am
monia is led to the evaporator flowing over the trays, where 
the vapor of the ammonia mixes with the hydrogen forming 
an ammonia-rich mixture. This mixture is heavier than the 
corresponding mixture in the absorber, since the hydrogen 
in the latter has been deprived of its ammonia by absorp
tion in the weak liquor flowing over the trays. A natural 
circulation due to difference in density accordingly sets in, 
the ammonia-rich mixture sinking in the evaporator to be 
replaced by relatively ammonia-free hydrogen entering at 
the top of the evaporator from the absorber.

It is easily seen that there results from this design a ma
chine capable of continuous operation, completely or hermeti
cally sealed, and possessing no moving or wearing parts. 
Of course, to control the amount of refrigeration delivered 
from such a machine to suit climatic or such conditions as 
the user desires, certain automatic control devices are re
quired. Provision must also be made for automatic safety 
features, all of which have been worked out satisfactorily.

Before entering into the operation costs of the absorption 
machines, one other type already referred to will be briefly 
described. It should be stated also that a considerable num
ber of different types of absorption machines have been re
ported especially designed for the household field. Many 
of these are adaptations of the old intermittent water-absorp- 
tion type. The present article would be over-extended, 
however, if these numerous units were described in detail. 
It may be remarked that no household machine of the purely 
adsorptive type is yet available for public purchase. A re
frigerator car, using an adsorptive cycle, has been already 
mentioned and will again be referred to in concluding the 
paper.

A m m inc-G om pou nd  A bsorption  M achine

The proposal to employ an addition compound in a refrig
erating cycle seems to have been first made by Puplett and 
Rigg.7 No practical utilization in the form of a marketed 
machine appears to have been made until the appearance of 
the Narco machine8 in Boston in 1923.

Successful utilization of the ammine-forming salts in a re
frigerating cycle depends on the existence of a salt ammine 
which possesses the proper pressure-temperature relation. 
Thus an ammine whose ammonia pressure was too high 
at ordinary temperature (ammonia boils at 32° F. under 
a pressure of 65 pounds) would be impractical for producing 
temperatures low enough for the freezing of ice cubes, the 
preservation of ice cream, etc. On the other hand, one 
whose temperature of decomposition was too high would 
endanger the stability of the ammonia or make the refrigera
tion cycle inefficient owing to the excessive amount of heat 
required for operation. Two salts which are suitable are 
calcium chloride and strontium chloride, the former being 
preferable from the point of view of cost.

The proper choice of salt settled, there remains the de
velopment of a process of putting the salt in the preferred 
physical state. Among the more important factors involved 
in using an ammine-forming salt may be mentioned the large 
volume change occurring when the ammine passes to the salt 
during the decomposition or heating part of the cycle, the main
tenance of a desirable porosity to permit easy diffusion of the 
refrigerant throughout the material, the avoidance of segre
gation in the material, and the elimination of the tendency

7 P u p le tt and  R igg, B ritish  P a te n t 507 (N ovem ber, 1889).
8 T h e  N arco  m achine was tak en  over as a  subsid iary  (N ational R e

frigerating  Co.) of th e  W inchester R epea ting  A rm s C om pany in 1925 and 
since m arke ted  under th e  nam e ‘T ce-O -T ator.”

of fine particles of the salt being carried out of the generator 
by the rapidly moving gas stream. The material is char
acterized by poor heat conductivity and the design of the 
generator must be such as to permit a uniform heating of 
the ammine throughout the generating part of the cycle, as 
well as uniform cooling during absorption. If a good de
sign is not realized, local overheating will (at 750° F.) gradu
ally decompose the ammonia, resulting in a serious lowering 
of the efficiency of the refrigerating cycle.

Assuming that the problem of putting the ammine in a pre
ferred physical state by the addition of suitable substances 
and subsequent treatment is solved, together with the work
ing out of an efficient generator, there exists the basis for a 
simple refrigerating unit. A rectifier is not required, for 
anhydrous ammonia of very high purity is circulated. Fur
ther, no moving parts are needed with their inevitable wear 
and ultimately noisy functioning.

The automatic control of the cycle of operations is the re
maining portion of the task in realizing a long-lived, noise
less, and cheaply operated refrigerating unit. The cycle 
of operations to be automatically performed consists of the 
turning on of the gas (or electricity) at the moment that the 
refrigerant has been completely absorbed by the generator 
or, if the temperature of the refrigerator is sufficiently low, 
the turning on of the gas must be responsive to a temperature- 
controlled signal. In any event, at the instant the gas is 
lighted the cooling means must be transferred from the gen
erator to the condenser. A t the conclusion of the heating 
period, which must be timed to just empty the generator 
of its refrigerant content, the gas must extinguish and the 
cooling means transfer from the condenser to the generator, 
which now becomes an absorber.

The refrigerator box interior once set for a desired tempera
ture (45° F.) should not deviate more than a few degrees 
(=*=2° F.) night or day independently of the temperature 
prevailing outside the refrigerator. Of course, if the tem
perature of the room falls to zero, special provision would 
have to be made to heat the interior of the refrigerator box. 
In several instances coming under the writer’s attention this 
has been done by suitably connecting a carbon filament lamp 
into the regulating circuit of the refrigerating unit.

Suffice it to state that the marketed machines of the 
adsorption type are entirely automatic, self-regulating, and 
protected from the consequences of accidental failures in 
either gas or other energy applied to heat the generator, or 
the cooling means. This has been rendered possible by the 
development of extraordinarily simple and ingenious devices, 
with the result that the absorption machines are reliable, 
efficient, durable, silent, and easily serviced. A diagram of 
one of the Ice-O-Lator units is given in Figure 2, where the
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The data presented are from tests on two types of refriger
ating units— the Electrolux,9 hydrogen-water-ammonia ab
sorption, continuously operating unit, and the Ice-O-Lator 
intermittent automatic refrigerating unit. The heat input- 
efficiency10 capacity chart for cooling water at 70° F. for 
the Electrolux unit is shown in Figure 3. I t  will be noted 
that both curves, efficiency-heat input and capacity-heat 
input, show a maximum. The maximum in the former is, 
however, very flat, showing but a relatively small variation 
in efficiency between an energy input of 1800 B. t. u. per hour

• D a ta  furnished by  R o b ert S. T ay lo r, of th e  E lectro lux  Com pany.
10 T he efficiency percen tage as used in th is  paper is th e  ra tio  of the  

energy corresponding to  th e  refrigerating  effect realized (energy of m elting  of 
one pound  of ice tim es pounds of ice produced) d iv ided by  th e  to ta l energy 
applied  to  th e  u n it m ultip lied  b y  100.

In conclusion, the attention of the reader is again called 
to the very interesting article by Hulse3 on the artificially 
refrigerated freight car. There is provided here an example 
of a system of refrigeration based on the property known as 
adsorption or surface condensation in which the adsorbent 
is silica gel. The description, illustrations, and details given 
by Mr. Hulse are very complete and the results obtained 
in trial trips are convincing evidence of the splendid results 
to be obtained by the installation of mechanical refrigeration 
in freight cars conveying perishable goods. Figure 53 is a 
diagram of the actual mode of installing the unit, and the 
original article giving complete details should be consulted 
by the reader interested in this important development.

11 H ainsw orth , Refrigerating Eng., 13, 245 (1927).

and 2600 B. t. u. per hour. The capacity, on the other hand, 
shows a more abrupt maximum at 2900 B. t. u. per hour. 
Over a considerable range of the variables, however, the ca
pacity increases nearly linearly with increasing energy input.
: Precise figures relative to the effect of varying the tempera
ture of the inlet cooling water, for units of specific design, 
are not available for the Electrolux unit. As with every 
refrigerating device, however, whether of the absorption or 
compression type, the refrigerating effect diminishes as the 
temperature of the cooling means increases.

The cost of operation for the. Ice-O-Lator unit may be 
obtained from Figure 4 .11 Here the cost of refrigeration 
based on 100 pounds of ice equivalent refrigerating effect 
is given for absorption machines of five different efficiencies; 
three gas units (Ice-O-Lator) and one electric absorption 
unit (Ice-O-Lator) are compared with data based on the re
sults of tests on a number of compression units. The “20 
per cent” gas unit may be taken as an average, and it is evi
dent that the cost of operation is more favorable than either the 
compression unit or the electrically operated absorption unit.

It is obvious that the average householder is not neces
sarily greatly concerned with costs of operation. Service 
costs might easily wipe out a considerable difference in run
ning charges. It is, however, precisely in the element of 
durability and freedom from service that most is to be ex
pected from the absorption machines, because of the absence 
of an electric motor and wearing parts. It may be added 
that, while the absolute cost of operation of the household 
machine as compared with silence of operation and free
dom from service, may not primarily interest the householder, 
the grocer, butcher, florist, drink dispenser, etc., are con
cerned with costs, which again makes for interest in the gas- 
operated absorption unit.

A dsorption  F reigh t Car R efrigerating  U n it

parts of the machine are labeled to facilitate following the 
cycle of operations.
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W orks C ontrol and L aboratory Equipm ent1
Arthur Schroder

F i s h e r  S c i e n t i f i c  C o m p a n y ,  P i t t s b u r g h , P a .

T h e  reason why we arc on a  m ore im agina tive  level is n o t because 
we have finer im aginations b u t because we have b e tte r  in s tru m en ts . In  
science, the  m ost im p o r tan t th in g  th a t  has happened du ring  th e  la s t fo rty  
years is th e  advance in  in s tru m en ta l design.* * *

A fresh in s tru m en t serves th e  sam e purpose as foreign trav e l; i t  shows 
th ings in unusual com binations. T h e  gain is m ore th a n  a  m ere add ition ; 
i t  is a  tran sfo rm atio n .— A. N . W h i t e h e a d

FOR THE last generation technical control has had for 
its milestones the development and standardization of 
scientific testing methods and apparatus. A survey 

of the developments in the technical control of products, both 
in the plant and through the laboratory, shows certain marked 
tendencies:

(1) The producing and consuming public are becoming 
"scientific-minded,” and believe in testing as a means of estab
lishing common basis of exchange of commodities.

(2) Works control equipment is becoming more and more 
simplified and standardized.

(3) There is an ever increasing utilization of the measure
ment of one specific physical property of a product, as an index 
of the quality of that product in each step of its manufacture.

(4) There is now evident a new attitude of cooperation 
between the manufacturers and users of scientific testing ap
paratus.

These tendencies will be briefly discussed and then some of 
the more outstanding developments in the various fields of 
works control and laboratory apparatus will be described.

A “Scientific-M inded” Public

The World War probably did more for the advancement of 
the manufacture of scientific apparatus in the United States 
than did anything else. Our sudden realization of our almost 
utter dependence upon foreign sources for testing equipment 
made us aware of the need of such an industry within our own 
borders. As a result of this, the average man in the street has 
become interested in science and, as a sequel to this, has 
carried his interest into his business. Where once a labora
tory was considered, like insurance, a necessary evil thrust 
upon an organization by a manager who wanted to ride a 
hobby, today we find the average consumer demanding a 
uniformity in his product which can be guaranteed only by 
scientific control of its production. The publicity given the 
Chemical Warfare Service during and immediately after the 
war has awakened public interest in chemical and allied sci
ences. This has led to the formation of laboratories in indus
tries in which they were unheard of before the war.

In 1920 the National Research Council2 listed about 300 
industrial research laboratories. This number is now3 over 
1000. The Bureau of Standards4 reports some 270 commer
cial testing laboratories. From a more recent private survey, 
there are in the United States about 5000 industrial labora
tories and about 1200 public health laboratories controlling 
sanitation through water and food analysis. In addition, 
some 2500 colleges and about 8000 high schools are giving 
courses in chemistry and allied sciences. The work done in 
these laboratories is permeating the public to the extent that 
it  now realizes what chemistry can do, and is just beginning 
to hope, and almost expect, that it can do anything.

1 R eceived M arch  2, 1929.
* N a tio n a l R esearch  Council, Bull. 2.
*Ibid„  Bull. 60.
4 B ur. S tan d ard s , M isc. Pub. 90.

With this scientific interest on the part of the public has 
come an increasing realization on the part of producers of the 
need of a control laboratory, and also a more recent realization 
that the laboratory must be responsible for the quality of pro
duction.

It was not so long ago that supplies for laboratories were 
frequently specified by the laboratory and then purchased on 
the open market through a purchasing department, which was 
usually under pressure to buy equipment at the cheapest 
possible price. Rarely did that department realize the in
tricacies involved in the manufacture of scientific testing 
equipment. Material was purchased by name only, regardless 
of the accuracy necessarily involved in a particular piece of 
apparatus. The purchasing department could hardly have 
been expected to act otherwise. In  order to meet this con
dition of decreased selling price, manufacturers of scientific 
apparatus were compelled to save wherever possible and, we 
are sorry to say, sometimes saved to the detriment of the ulti
mate utility of the apparatus. This brought about a con
dition which was almost intolerable from the technical control 
viewpoint. Within the last five years a marked change on 
the part of many users in demanding specified apparatus, and 
on the part of the manufacturer in building up corresponding 
specifications, has been observed. When definite specifica
tions are laid down for various tests, the accuracy and repro
ducibility of the tests are increased. But by standardizing 
the tests and the apparatus along with the tests the cost of the 
apparatus is greatly reduced, because specially made types 
are no longer necessary and larger production can be em
ployed. Now the tendency is to incorporate in specifications 
for equipment only the essentials and leave the unessentials 
to the manufacturer for his solution.

With the increasing number of laboratories springing up 
throughout the country, and with this changed attitude, has 
come a need of a clearing-house for information on methods of 
testing and testing equipment. This need is being met by an 
ever increasing number of technical associations. There are 
now something like 250 trade associations operating technical 
laboratories of one sort or another for the mutual benefit of 
their members. Needless to say, the American Society for 
Testing Materials is the father of them all.

An idea of the scope of the activities of these societies can 
be obtained from a report of the American Society for Testing 
Materials,5 in which almost 2000 pages covering 340 standard 
specifications have been published. Since that time some 200 
more6 specifications are in the process of development. 
These cover the testing of everything from crude petroleum 
to a bar of highly refined special alloy steel. Both the ap
paratus and the methods to be used in testing cement, rubber, 
copper, non-ferrous alloys, materials of construction, asphalts, 
road materials, thermometers, etc., come in for their own 
groups of specifications. One can almost say that nothing 
can be purchased on the open market without its having been 
tested some time during its production.

Sim plification and Standardization of Testing Apparatus

As a result of the work of these various technical associa
tions has come a realization of the danger of duplication by

‘ A. S. T . M . Y ear Book. A ugust, 1928.
• A. S. T . M . T en ta tiv e  S tandards, 1928.
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various manufacturers or technical organizations, and con
sequently an attempt is being made to simplify and standard
ize the method of test and the specification for the apparatus 
to  be used. This can be amply illustrated by a reference to 
such a simple instrument as a thermometer. Commercial 
testing laboratories were required to have 150 to 200 different 
types of thermometers in order to be equipped for testing the 
average run of technical products. Today only about 30 
different types are required. About five years ago there were 
over 40 control types of gas apparatus on the market, which

producer has reduced the testing of products to an absolute 
minimum. This has led to the development of highly special
ized testing apparatus. There is an increasing utilization of 
the measurement of one specific property of a substance in
volved in production, as a test of the quality of the product. 
This has invariably meant the development of an instrument 
designed to measure only one property of a substance and do 
this in a minimum of time and in the most convenient manner. 
Where once analyses of products required several days, today 
the entire output of a plant can be controlled by a single in-

F . & F . P y r o m e te r  
A s tan d ard  d irect-read ing  py rom eter for the  h igh -tem pera tu rc  range

types wereVonsidered more or less acceptable and standard. 
A study of these soon showed that there was a needless dupli
cation of equipment, all designed to accomplish the same ulti
mate results. This meant that a manufacturer would have to 
carry in stock all parts for the 40 types of gas apparatus and 
be ready to supply replace units at a moment’s notice. As a 
result of standardization and simplification a complete gas- 
analyzing apparatus for almost any gas can be assembled in 
about five minutes from standard parts carried on the shelves 
of the manufacturers.

W ork of A. C. S. C om m ittee  on Standard ization

The Committee on Standardization 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 , cooperating with the Scientific Apparatus 
Makers, found 126 different kinds of laboratory burners. 
I t  also found that different manufacturers made the sup
posedly same style of burner, bearing the same name, with 
different proportions, such as height, size of gas connection, 
diameter of tube, etc. By considering as different burners 
only those that differed in controlling specifications, there 
were 230 different laboratory burners.

The A m e r i c a n  C h e .m i c a l  S o c i e t y ’s  committee could find 
no need for this array of different burners, nor could it dis
cover any reason for the existence of the majority of them, 
other than the fact that it had been the practice, first abroad, 
then in this country, for each decade to conserve the burners 
inherited from the last decade and to add a few more. As a 
result of this standardization work the retention of only 32 
burners was recommended. These have since fulfilled all the 
requirements of laboratory work.

The item of burners is only one which was simplified and 
standardized by this committee. Others are still under con
sideration. As a result, the appliances retained have been 
improved, manufactured in larger quantities, and their 
prices materially reduced.

strument involving very little technical skill and requiring 
only a few minutes for a complete test. Wherever possible 
the test itself is made automatically. This is probably one 
of the most outstanding developments in the laboratory and 
works control apparatus in the last generation. Some of these 
are cited below.

M anufacturers C ooperating w ith  U sers o f In stru m en ts

Another factor in the development of works control and 
laboratory testing apparatus is the new attitude of coopera
tion between the manufacturers and users of testing equip
ment. Fifteen years ago the criticism was made, and with 
some justification, that the American scientific instrument and 
chemical reagent industries were indifferent to the sporadic 
and odd needs of research, particularly those which required 
considerable extra time for the development of equipment and 
involving insignificant sums of money. Today all the leading 
concerns in both fields are continually developing new prod
ucts to meet specific needs. Their desire to develop new 
and better products is just as sincere as their endeavors to 
find greater applications of old products. A few years ago 
the laboratory apparatus industry relied for its consumption 
upon the activities of salesmen and an excessively heavy ad
vertising budget. Today we see, instead of the salesmen, en
tire forces of technically trained men, each one a specialist in 
his own line, ever ready to meet the customer in his own works 
and help him solve his problem as it arises. We know of one 
company which employs technical graduates, and which ex
pects each one in its service department to be able to act as a 
technical adviser, not only in questions of apparatus, but also 
in methods of use. What is being done in the laboratory 
supply industry is being done in the works control industry 
in general.

C ontrol In stru m en ts

A S ingle C ontrol In s tru m en t for E ach T est ^  discussion of this type would not be complete without a
With the enormous increase in specifications for products, reference to some of the fine instruments recently developed,

and the consequent increase in time consumed in testing, the Obviously all cannot be described. Those which have been
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chosen axe typical of their field, and are grouped according to 
the function they perform as control instruments.

C o l o r i m e t e r s —Colorimetric analysis, color analysis, and 
color fading have recently been receiving much emphasis. 
Among the colorimeters7 in prominence today from a works 
control viewpoint are: (1) the liquid depth colorimeters like 
the Kennicott-Campbell-Iiurley, the biological type made by 
Bausch and Lomb and Spencer Lens Company, the Saybolt, 
the Robinson, etc.; (2) the standard glass type like the Lovi- 
bond and Union. These are all essentially color comparators, 
in which the unknown color is matched against an arbitrary 
standard. The tendency is to employ glass standards wher
ever possible, so as to minimize possible error due to fading of 
the standards.

The color analyzers being used today are the Ives tint- 
photometer with its primary glass standards, the Eastman 
Universal colorimeter, and the Harvey automatic spectro- 
analyzer, which employs a light sensitive cell. Each has its 
field and own set of followers. Each machine has its advan
tages, but limited production has restricted their use somewhat 
in routine laboratories. The degree of blackness or grayness 
of a cloth or pigment can be determined either alone or in 
conjunction with an undertone of one of the primary colors in 
the Ives and Eastman instruments, while grayness can now 
be indexed on the Johnson nigrometer.8 This late arrival 
has already established itself in the paint, enamel, ink, and 
carbon black industries. Sheen, which has so often interfered 
with color analysis, is now being recognized as a separate 
property of materials and is being measured and studied on 
the Ingersoll glarimeter.9 Cloth, silks, crystals, celluloids, 
paints, enamels, and glasses are all being controlled by means 
of these instruments. New instruments are still needed to 
solve color differences which can now be detected by the eye, 
but for which there is at present no measuring instrument. 
Perhaps, when the fundamental principles of colorimetry are 
better understood, such instruments will be forthcoming.

The fastness of dyes on clothing, silks, tapestries, and even 
the color of glasses and enamels are being controlled and still 
studied through the use of the ultra-violet and arc lamps. 
Rubber is now artificially aged with these, so as to foretell its 
probable length of life.

H u m i d i t y  C o n t r o l l e r s —Industrial humidity controllers 
have been available for some time. Several companies are 
now in the field. Their machines have come to stay. Very 
recently a small laboratory-size humidifier and indicator has 
appeared. It is so new one can hardly foretell its many uses. 
The paper, paint, textile, clay, and lacquer industries rely 
upon it as the governor of their rates of production.

H e a t  I n d i c a t o r s  a n d  C o n t r o l l e r s — In plant control 
heat measurements have finally settled to a definite, reliable 
basis. The thermocouple still holds the field for wide-range, 
long-distance indicating and recording instruments. An 
interesting development has been the harnessing of the feeble 
current generated in a thermocouple to warn the operator, 
by lights, bells, or other signals, of the conditions of the unit 
at all times and to control, through relays, an entire plant. 
M ost of the instruments on the market are direct reading, 
very reliable, and reasonably cheap both as to initial cost and 
routine upkeep. The old stand-by, the platinum resistance 
thermocouple, still maintains its former prestige as reference 
standard, but is rapidly being displaced by the base-metal 
thermocouple for control purposes. Standard samples of tin, 
zinc, aluminum, copper, etc., with known melting points are

7 Snell, “ Colorim etric  A nalysis,” p. 2, D . V an N o stran d  Co., N ew  Y ork,
1921.

* The Laboratory, 2, 21 (1929); Johnson, P aint, Oil Chem. Rev., 86, 14 
(1928).

9 Ingersoll, Paper In d .,  2 (1921); H arrison , J . A m . Ceram. Soc., 49 
(1927).

now obtainable from the U. S. Bureau of Standards. These 
are recommended as standards for the calibration of thermome
ters and pyrometers.

The vapor pressure type of pyrometer is rapidly invading 
the field of the thermocouple pyrometer, but because of its 
nature is somewhat restricted in its range. New models of 
radiation pyrometers are always appearing. Their tendency 
to give false readings, when used by inexperienced operators, 
has brought this type into some disrepute. However, edu
cation of the user by the manufacturer is gradually improving 
conditions.

Optical pyrometers of the disappearing-filament type 
occupy the predominant position for the higher ranges of 
temperature and have been accepted as standards. One of 
these is direct reading. Their one drawback, that of requiring 
black body radiation conditions for optimun accuracy, still 
limits their usefulness in some respects. Manufacturers real
izing this have issued tables of corrections to be applied to 
take care of the various conditions obtaining in works control. 
But for duplicating satisfactory results the use of the correc
tion table can be eliminated.

Pyrometer upkeep has developed a pyrometer engineer—a 
man solely responsible for maintainence, accuracy, and cali
bration. Most manufacturers are employing trained men in 
their service departments, and distribution centers throughout 
the country.

F is h e r  U n iv e rs a l G a s  A n a ly z e r

Thermometers have become pretty well standardized within 
the last few years. Thirty years ago almost any calibrated 
glass tube containing an expanding liquid was considered 
satisfactory. About twenty years ago the fundamental prin
ciples underlying thermometry began to be studied and ther
mometer manufacture was reformed. Theory rather than 
use was emphasized and spec fications for thermometers were 
made by the thousands. Specifications became so numerous 
that, while fulfilling some, others just had to be ignored if
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commercial production were to be considered. Meanwhile 
the number of thermometers specified increased by leaps and 
bounds. Conditions became so bad that manufacturers 
became desperate.

Thanks to the cooperation between the American Society 
for Testing Materials,10 the International Congress for Testing 
Materials,11 the Bureau of Standards,12 and some of the manu
facturers, the theoretical aspects have been viewed in,the light 
of manufacturing difficulties and reliable thermometers have 
evolved. This evolution is still continuing. Specifications 
are still being made as necessary, but the number of ther
mometers being specified is gradually growing smaller and 
smaller.

There has been one very interesting recent development in 
thermometers. A quartz thermometer,13 filled with gallium 
or a mercury alloy, for use up to about 1000° C., has been 
developed by the General Electric Company, although as yet 
it  is not being produced commercially. This fills the gap 
between the cheaper glass thermometers for low temperature 
range and the more expensive thermocouple and optical 
pyrometers for the higher ranges. There is yet, however, a 
definite need for a cheap, accurate, rugged temperature in
dicator covering a range of about 500° C. up, which would 
not have the disadvantages of the present types.

L i q u i d  a n d  G a s  M e t e r s —In liquid measurement we have 
seen many new instruments developed. Liquid depth, veloc
ity, capacity, pressure, and density meters are appearing in 
numbers. Most of them are direct reading, many are re
cording, some are dynamic, some static, some pneumatic, and 
some electric. Almost any kind for any purpose is available.

G a s  A n a l y z e r s —Gas analyzers for use in the laboratory 
have been described above. Industrial gas analyzers have 
been developed for a number of different gases, but are as a 
rule specific in their application. Analyzers and a number of 
recorders for flue gas, hydrogen, oxygen, sulfur dioxide, carbon 
dioxide, and even carbon monoxide are on the market. Most 
of these have appeared within the last few years. They have 
all proved their worth within a short time after installation.

A c i d i t y  a n d  A l k a l i n i t y  M e t e r s —Industrial hydrogen- 
ion concentration and conductivity meters and recorders have 
only recently come into prominence. Paper, electroplating, 
sewage disposal, water purification, leather tanning, textiles, 
and foods are all being studied with a view to ultimate auto
matic control. Many installations are in service. Aside 
from the increased value of more uniform products due to the 
use of these instruments, the saving of material due to their 
installation has paid for their original cost many times over.

For laboratory steel analysis the hydrogen-electrode titra
tion outfits still hold the field against all newcomers. In other 
analyses the quinhydrone electrode is preferred, and other 
electrodes for specific conditions are being developed daily. 
Colorimetric pH comparators employing liquid standards are 
available for the entire range of pH. The tendency of the 
standards to fade, particularly in the strongly acid and 
strongly alkaline ranges, had led to the gradual displacement 
of this type by one employing permanent non-fading glass 
standards. Convenient portable outfits in both types are 
available in all ranges.

V i s c o m e t e r s —For viscosity control the Saybolt viscome
ter for lower ranges and the iW o l for slightly higher ranges 
still are paramount. These can now be obtained in auto
matic models. For viscous materials like lacquers, paints, 
rubber cements, the Gardner-Holt mobilometer14 is being

*° A. S. T . M . S tandards , 1927, P a r t  I I ,  p. 996.
“  In te rn . Cong. T esting  M ateria ls , 1927, P a r t  I I ,  p. 689.
15 B ur. S tan d ard s , Circ. 8 and  66.

B erry , Trans. Iliu m . Eng. Soc. (N . Y .) ,  21, 552 (1926).
“  The Laboratory, 1, 36 (1928).

rapidly recognized as a handy control unit. Plasticity  
measuring machines have appeared, but their use is still some
what limited.

S c a l e s  a n d  B a l a n c e s —Uniformity of product always 
depends upon the relative weights of the ingredients. Time- 
and labor-saving scales are being developed continuously. 
There are now available automatic recording weighing ma
chines which, to satisfy the fastidious, even have automatic 
samplers attached. All industrial sizes are available. In the 
field of little things a new keyboard analytical balance, which 
looks somewhat like a typewriter, has made its appearance. 
This is a real time saver for control weighings differing from 
each other by fractions of a gram. For still finer weighings 
a micro-balance weighing to 0.001 mg. is in daily use in several 
laboratories.

Two outstanding developments of last year were the 
Knowles glow tube, and Wensley’s Robot.18 B y changing 
the capacity of a Knowles tube, which looks like an overgrown 
radio bulb, relays are activated and limitless power can be 
controlled. In a recent demonstration a man waving his hand 
over the bulb in his office in the East started an all-electric 
rolling mill in Homestead, Pa. This same type of bulb con
trols the moisture content of paper. The Robot, based essen
tially on tuned radio circuits, responds to a sound of definite 
pitch and controls through relays processes miles from the 
source of the sound. These are as yet in the experimental 
stage, but who would dare predict what technical process 
could not be controlled by these almost human machines.

L aboratory G lassw are, P orcelain , and  C hem icals

In discussing control and laboratory apparatus, one cannot 
help but think of laboratory glassware and the chemicals 
which go to make up the bulk of the every-day supplies of the 
chemist. In the perfection of these, great strides have been 
made. Foreign glassware, both graduated and ungraduated, 
was considered the best until about 1914. Domestic pro
duction, suffering from lack of protection, was sadly dis
couraged and production limited to a very few lines. When 
thrown on its own resources, America just had to produce its 
own laboratory equipment or the very field equipment of our 
armed forces, which depended on this for its production and 
control, could not have been produced. Scientific education 
and public health activities could not have been continued. 
This sudden shortage proved a blessing in disguise.

Glassware was the first to require immediate attention. 
While the first produced in this country was not all we might 
have desired of it, it did tide us over until we could work out 
the details. Today we have a laboratory glassware industry, 
producing a chemical- and heat-resistant glass that compares 
very favorably with the best foreign ware. Graduated glass
ware, burets, cylinders, pipets, etc., are now made with the aid 
of new dividing and engraving machines, with a uniformity 
and accuracy never equaled abroad. Chemical porcelain 
ware, one of the very difficult products for Americans to 
develop because of relatively 110 experience in this line of pro
duction, has come through with high chemical, heat, and 
mechanical shock resistance, wonderful uniformity of size 
and shape, and is now reaching a large-scale production basis.

Before the World War Germany was the only producer of 
special chemicals. Today one manufacturer alone makes 
2450 different organic chemical reagents, hardly any one of 
which can be considered as having reached the commercial 
production stage, but each one virtually essential to chemical 
research or control in one phase or another. Another manu
facturer has put out a complete line of analyzed chemical 
reagents, of a degree of chemical purity on a par with the best

11 F ree , World*s W ork , F eb ru a ry , 1929, p. 47.
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foreign makes. Other houses are developing similar lines. 
Much has been already accomplished—much still remains 
to be done.

Prices have on the average been reduced about 25 per cent 
on organic and about 20 per cent on inorganic chemicals. 
Porcelain itself experienced a 40 per cent reduction not very 
long ago. The entire line of laboratory equipment, in spite 
of the many improvements, is now about 18 per cent cheaper 
than in 1920.

Conclusion

As new products are put on the market, the manufacturer 
is continually faced with the problem of finding means whereby

those products can be controlled and tested. New meth
ods must be devised and frequently new materials developed. 
In all this, the manufacturer of such testing equipment is in 
a position to render real service. He develops the instru
ments which stand guard over the traffic of materials through 
a plant and mean profit or loss to an industry.

One of the most encouraging signs of the advancement and 
application of science in America is the fact that the American 
scientific instrument industry is no longer a matter of mere 
merchandising, but is now the performance of a vital func
tion— the design, manufacture, and supply of the proper sci
entific tools with which the scientist can obtain the particular 
result he desires.

Chemical Prices React to  Technical Advances1
W illiam s Haynes 

C h e m i c a l  M a r k e t s , 25 S p r u c e  S t . ,  N e w  Y o r k , N .  Y .

CHEMICAL market prices fluctuate, as the saying is, 
“high, wide, and handsome.” There is a reasonable 
explanation for this economic phenomenon, since the 

function of price is to maintain a balance between supply and 
demand, and in the chemical markets one of these elements is 
quite inflexible.

The gluts of overproduction are cured by falling prices, 
which tend to check productive activity, and at the same time 
stimulate greater purchases. Contrariwise, higher prices, 
in a time of goods famine, encourage production and discour
age consumption. Plainly, if consumption is but little af
fected by price, the burden of adjusting supply to this staple 
demand will fall upon the producers themselves, and it follows 
naturally that price fluctuations will be much more frequent 
and more severe.

Although these conditions obtain in the field of chemical 
price making, and indeed constitute one of the chief and basic 
hazards of any chemical enterprise, nevertheless there are 
longer periods over which broader, more significant price 
trends may be traced. These general movements of chemical 
prices arise from fundamental conditions. Usually their 
origins are far removed from the direct influence of the chemi
cal industry, such as the general decline in all price levels in 
the period between our Civil and our Spanish wars or the sharp 
up-swing of all prices during the World War, but there is one 
highly effective factor in chemical price making that is wholly 
chemical. It lies, in fact, in the hands of the chemist and the 
chemical engineer. It is technical advance which, as William 
M. Rand has pointed out, is the cause of most of the truly 
revolutionary chemical price changes.

Today new developments in chemical manufacturing tech
nic dominate the trend of chemical prices. In 1920, when the 
bubble of the post-war price inflation burst, there was initiated 
a painful period of price deflation. Mercifully this critical 
stage was not of too long duration. Though aggravated by a 
serious overproduction (built up during the war), it was gen
erally past by 1924. But the trend of chemical prices has 
continued downward. Long after deflation proper is fin
ished, after the worst of our overproduction has been cured, 
technical advances are having their direct economic effect, 
not only in opening up new markets, but also in lowering the 
cost of important groups of chemical raw materials for a score 
of important industries.

I t could hardly be otherwise. The decade since the close 
of the World War has been marked by an astonishing indus-

* R eceived M arch  26, 1929.

trial development in chemical fields. Synthetic nitrogen has 
won control of the world’s market. More than this, it has 
introduced into commercial practice an entirely new chemical 
engineering technic, that of gases in reaction under high 
pressures under carefully controlled temperatures with or 
without the use of catalysts. This technic not only has given 
us synthetic ammonia, and as direct result a new process for 
nitric acid, but it is also indirectly responsible for a synthetic 
process for the manufacture of methanol; it promises the 
commercial synthesis of ethyl alcohol, the larger employment 
of the rich chemical stores in natural gas, new methods of 
manufacturing acetic acid and its allied products, and has 
already opened up new commercial opportunities for hydro
gen, chlorine, and a score of other chemical products.

The Brewster process for the direct recovery of acetic acid 
from wood distillation liquors, improved technic in the han
dling of the brines at Searles Lake, Calif., new catalysts for the 
sulfuric acid contact process, and marked improvement in the  
methods of producing and handling esters are but four of a 
number of widely different strictly chemical developments- 
that have had far-reaching commercial effects. Phenol, 
phthalic anhydride, aniline oil, phosphoric acid, and acetic 
anhydride are all being manufactured today by new, improved 
processes which have directed prices downward.

In quite another direction technical advance has affected 
chemical quotations. The whole of the artificial fiber and the 
cellulose plastic lacquer industries have been built up during 
the past decade. They have created tremendous new chemi
cal demands. The growth of the automobile industry has 
resulted in a bewildering expansion of the market for so-called 
artificial leather and for tires, the latter in turn being responsi
ble for the notable advances in the field of chemical accelera
tors. Chromium plating, radio, and color photography have 
created new chemical industries selling new chemical products 
in new markets to new consumers.

Even to record a bare list of the technical developments of 
commercial importance during recent years would trespass 
over the limits of this paper—indeed, this whole issue of 
I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m i s t r y  is devoted to such 
a review of progress—and there are few of these which have 
not had their repercussions upon chemical price quotations. 
Without doubt these technical developments are the dominat
ing influence upon chemical markets today, and it is fairly 
obvious that this technical era is still only in its beginnings. 
I dare to prophesy—in full knowledge of the dangers that lurk 
in any system of price forecasting— that unless some unfore
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seen factor disturbs the basic economic situation, chemical 
prices during the decade to come will continue to decline, and 
that the impetus of this downward price movement will be 
furnished by the successful results of extended chemical re
search in industrial fields.
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Knowledge of such a basic trend in chemical prices is full of 
important implications. The switches and swings in the 
quotations of any individual chemical item are full of fascinat
ing interest. They have a historic value, and they are of grav
est concern to those who produce, or handle, or consume that 
particular chemical.

The market for mercury, for example, is today the result of 
a bitter fight for control between the dealers in London and 
the producers in Spain and Italy, a battle which paradoxically 
has raised the price to a point where it is feasible for American 
mines, whose costs are high, to produce. To understand this 
situation it is necessary to know that the biggest and most 
economical producer is the Almaden mine owned by the 
Spanish government. This output, until 1922, was marketed 
by the Rothschild syndicate, which bought the output until the 
Spanish government canceled their old agreement and began 
open selling to the highest bidder. This turned the entire 
market over to unscrupulous speculators, so two years ago the 
government sold its output to a new syndicate controlled by 
a small group of London dealers. The quantity to be bought 
was specified in the contract, but the buyer was given an op
tion at the same price on all excess production. Because the 
London group was able to make exorbitant profits, the con
tract was not renewed this year, but the Spaniards entered 
into an agreement with the three Italian mines, controlled by 
the government bank in Rome, to market directly all their 
own quicksilver during 1929. Having a large stock available 
and being strongly backed financially, the English syndicate 
determined to make the path of the new direct-selling organi
zation as rocky as possible by means of iron-bound contracts 
with consumers around the world and by running the price as 
high as possible in order to create all the possible buying re
sistance. The mines have cut the price sharply, but it is still 
sufficiently high to allow a reasonable margin of profit to the 
half dozen small American mines, which have been producing

A m m onium  Sulfate  an d  Sodium  N itra te

Trisodium  P hosphate

Glycerol C opper Sulfate
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in sufficient quantities to have an appreciable effect upon our 
domestic market.

While all chemical prices are not quite so romantic as this 
mercury situation, still each quotation is the result of the inter
play of direct influences. Although these influences often 
touch several different chemical products, nevertheless any 
one is always an individual case. They are isolated and 
rapidly changing examples of the practical economics of price 
making, but of little value to any save those intimately con
cerned. N ot so, however, with the influences that control 
the broader price trends.

Appreciation of the control which technical advancements 
will exercise over chemical price movements in the immediate 
future has wide application. To the chemical manufacturer 
it means that the destiny of his business lies in the research 
laboratory. The same lesson is plain to the forward-looking 
executive in any industry employing chemical raw materials 
in chemical processes. For the banker a plant without a good 
laboratory becomes thus a “poor risk.” For the chemist and 
the chemical engineer this commercial importance of research 
holds a golden opportunity. An academic acquiescence in the 
fundamental importance of research on the part of executives 
and financiers is one thing. It is quite a different thing for 
them to be able to translate technical developments directly 
and promptly into the terms of profit and loss, success of their 
enterprise or its failure.

P rice C harts2
A c e t i c  A c id  a n d  A c e t a t e  o f  L im e —The bulk of our acetic 

acid is produced from the acetate, but the historic relationship of 
the two prices has been upset by the increasing output of acid 
produced direct from crude wood liquors and by the synthetic 
production since last summer at Niagara Falls. Without these 
and greatly increased output in the South, the rapidly growing 
demands of the solvent and rayon industries would have run the 
price even higher.

B e n z e n e —Our tremendous expansion of benzene production

* P rice  ch arts  p lo tted  by  E lm er F . Sheets.

during the war period has been taken up by the motor fuel blend
ers, who now take in 80 per cent of our 12 to 15 million gallon out
put. Since 1924 the growing use of toluene by the lacquer in
dustry has tended to stiffen the benzene market, which is now 
governed by steel industry activity ior supply and the gasoline 
price for demand.
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B o r a x — Borax prices stand today at virtually 25 per cent of 
the post-war inflation peak and at half of what has long been con
sidered the normal price level—a direct result of improved tech
nology and determined efforts to expand the market for this mild 
alkali by bringing the price down.

S u l f u r i c  a n d  M u r i a t i c  A c i d s —The mineral acids have long 
been famous for the stability of demand which during the past 
two years has resulted in a generally firm and quiet market. But 
there are indications of changes. Muriatic is increasing in supply 
and the manufacture of nitric by the direct oxidation of ammonia 
imay be expected to upset the price equilibrium in this group. 
B etter methods of transport will widen the sales marketing area 
and will disturb the geography of the industry.

M e r c u r y — Mercury prices represent the fight between the 
London dealers and the producers in Spain and Italy for control 
of the market—a commercial battle which has carried the price 
upward to a point where American high-cost mines have been 
brought into operation—an unusual situation discussed more 
fully in the text.

G l y c e r o l —A  by-product and with appreciable stocks im
ported, glycerol has long been subject to marked variations in 
price which have doubtless contributed to the cordial reception 
given by consumers to glycerol substitutes. While glycol 
has not captured the dynamite market, as was forecast, it has 
cut appreciably into glycerol consumption, as also has invert 
sugar in the pharmaceutical field. The failure of glycerol pro
ducers to move big tonnages into the antifreeze market has been 
the final element of weakness in glycerol prices.

A m m o n iu m  S u l f a t e  a n d  S o d iu m  N i t r a t e —The period 
covered by the chart saw the control of nitrogenous fertilizer 
material prices pass from Chile nitrates to synthetic compounds, 
although the sulfate, being a by-product, must always be ab
sorbed whatever the price Of late sulfate has been firm and 
nitrate weak, although stiffened somewhat by higher ocean 
freights and promises of help from the Chilean government.

T r i s o d i u m  P h o s p h a t e —Although imports of trisodium phos
phate have increased from 5 to nearly 20 million pounds since 
1925 and two new large producers have come into the domestic 
market, nevertheless the market has held firm, although subject 
to considerable undercover price-cutting during 1927 and early 
in 1928, prompted largely by importers. The prospects that the 
tariff will be increased more adequately to offset differences in 
American and European production costs are considered excellent 

. in Washington.
C o p p e r  S u l f a t e — Prices of this chemical, which is finding an 

expanding market as a soil conditioner and insecticide, are predi

cated directly upon price of the metal, and the continued rise of 
copper during 1928 and the first quarter of 1929 is reflected in the 
advancing price of the salt, following a lean period when there 
were very heavy imDorts from Germany.

A m m o n ia —Aqua ammonia prices tell the story of the invasion 
of this market by synthetic material, the sharp cut during the fall 
of 1925 being a tardy attempt on the part of sellers of by-product 
material from the gas and coke industries to check this onslaught. 
After two years of extreme weakness ammonia prices have stif
fened markedly owing to increased use in the fertilizer industry 
and in nitric acid manufacture by direct oxidation, a tendency 
toward higher prices which even the increased production from 
Hopewell has not checked.

C i t r i c  A c id — For the past couple of years the domestic pro
ducers have ruled the market and the recent announcement of an 
improved process of manufacture promises but the more firmly 
to establish domestic control—a pretty example of the stabilizing 
effect upon the price of what has traditionally been a highly 
speculative item.

E t h y l  A c e t a t e — The rise in ethyl acetate prices during the 
years 1922-23 reflects the insistent demands of the rapidly ex
panding lacquer and rayon industries. Its decline since then has 
been under the influence of a flood of imported acetates. Its 
recent upward turn is due to obscure market influences associated 
with periodical shortages of potassium hydroxide in the New  
York market.

M e t h a n o l  a n d  A l c o h o l —The drop in methanol prices in 
1924 represents the arrival of German synthetic material—an 
invasion stopped by the President’s tariff action—while the dip 
during the last half of 1927 tells of the first domestic synthetic 
production. While alcohol prices have been maintained at steady 
levels during the past two years, the elimination of price slashing 
through mergers and the Doran limitation of output has greatly 
improved the general tone of the market.

C h l o r i n e  a n d  B l e a c h i n g  P o w d e r —Since 1923 the produc
tion positions of chlorine have been almost completely and di
rectly reversed; chlorine has jumped from 62,000 tons to close to
200.000 tons, while bleaching powder has fallen from 150,000 to
55.000 tons. Chlorine prices have come down and down in re
sponse to increased production, and although there has been a 
tremendous increase in consumption the marketing problem is 
still perplexing.

B e t a - N a p h t h o l  a n d  A n i l i n e  O i l —-These important inter
mediates furnish splendid examples of the tremendous strain of 
deflation which the coal-tar chemicals, including the dyes and the 
pharmaceuticals, went through in the post-war period and the 
measure of stabilization on the rock-bottom basis of costs which 
this branch of the industry has achieved.

C a r b o n  B i s u l f i d e  a n d  C a r b o n  T e t r a c h l o r i d e — Carbon 
bisulfide consumption has gone up rapidly with the development 
of the artificial silk industry, so that even the entrance of a new and 
aggressive producer into the market last year did not openly dis
turb the price quotation, though there was some price shading on 
big contracts. The tetrachloride market, after a bad case of 
overproduction, has established an equilibrium of supply and 
demand.

B a r i u m  C h l o r i d e —Since the tariff was raised a year ago on 
the carbonate and the Tariff Commission has investigated com
parative costs of production on the chloride, this material has 
continually stiffened in its market position and imports have 
dwindled somewhat, leaving the American producers in control 
of the market, which appears to be in a strategic rather than in a 
statistical position.

B u t a n o l  a n d  A c e t o n e —The steady downward tendency in 
the price of butanol is the result of the fixed policy of the producer 
to reduce prices in order to widen the market and to forestall 
competition, both direct and indirect, through derivatives. The 
constantly increasing strength of acetone has suggested the in
teresting possibility that the two products might revert to the 
relative importance that was obtained during the war period.

C a u s t i c  S o d a  a n d  S o d a  A s h —After the proverbial seven 
years of weakness, the market position of these most important 
of all alkalies has become very firm since the revival of general 
industrial activity a year and a half ago. There have been even 
brief periods during recent months when there have been actual 
spot shortages of these basic materials in certain local markets.

L i n s e e d  O i l — Last year witnessed a record consumption of 
linseed oil, in defiance of the threat that lacquers would materially 
cut its use in paints; and unless there is a marked advance in the 
tariff (which is likely) there appear to be no market factors tend
ing to higher prices in this highly speculative commodity.

T u r p e n t i n e —Any decline in the demand for turpentine in the 
paint industry has been offset by new terpene products, although 
the improved technology of the naval stores producers has en
abled them to increase their production and improve their 
quality.
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Mechanical Handling of Materials in and about the 
Chemical Plant—I1

A. K. Burditt and W. F. Schaphorst

45 A c a d e m y  S t. ,  N e w a r k , N .  J .

WHAT is tlie most economical mechanical handling 
method for us to use? This question is commonly 
asked by officials of chemical concerns. Chemical 

plants are among the foremost users of mechanical handling; 
yet information on the subject as applied to these plants is 
particularly scarce.

In searching for data we have found that as a rule manu
facturers of material-handling equipment are more willing to 
assist with data than are the chemical institutions themselves. 
The feeling seems to prevail with many manufacturers, not 
alone in the chemical industry, that when the most economical 
method of manufacture is attained facts pertaining to it 
should not be given to the world lest competitors take ad
vantage of it.

Facts in abundance are already available on the general 
problems of handling materials, all of which are applicable to 
the handling of many materials used by chemical companies. 
For example, adequate data covering speeds of operation, 
carrying capacity, power requirements, and operating costs 
covering several types of con
veyor systems for handling 
various solids in bulk form 
have been prepared by Traut- 
schold.2

The present article will at
tempt only to show representa
tive types of equipment for 
handling solid materials in bulk 
as well as in containers, and 
briefly to describe their opera
tion. Based on this prelimi
nary background, subsequent 
articles will go into more detail 
in analyzing the application of 
each type of equipment in rep
resentative chemical plants.

I t  is difficult to make a 
systematic analysis of material- 
handling equipment in 
the chemical field be
cause this field is so di
verse in character and, 
therefore, in require
ments. No one type 
of equipment can be 
considered as the “one 
best way” of handling 
a certain material in a 
certain form. T h ere  
are so many factors in
volved that what is true 
for one plant may not 
hold true for another.

1 R eceived M arch  5,
1929. O ther articles in th is  
series will follow in succeed
ing issues.

* See L iddell's "H a n d 
book of Chem ical Engineer
ing ,"  Vol. I.

The broad back of the day laborer was the original means 
for handling solid and even liquid materials. The principal 
reason for superseding this means with mechanical handling 
of materials is the expense and limited capacity of the laborer. 
So long as horse power is cheaper than man power, compe
tition makes mechanical handling necessary. The problem 
of the plant operator is not so much whether to adopt me
chanical handling of materials as to determine the most 
economical method of handling after making an analysis of 
the conditions and requirements of his particular plant.

The applications of mechanical-handling equipment are 
many, and include the unloading of freight cars or other cargo 
carriers; the bulk storage of materials; the withdrawal of 
materials from storage; handling of materials through proc
ess; packaging, sacking, or bottling of products; the storage 
of finished products; and, loading or shipment of products.

Among the types of equipment available to handle the vari
ous materials are belt conveyors and elevators; bucket, apron, 
slat and scraper, or flight conveyors and elevators; spiral or

screw conveyors and eleva
tors; gravity roller systems; 
chutes; pneumatic conveyors 
and elevators; drag scrapers; 
skip hoists; and cranes of vari
ous types. Most of this equip
ment can be had in portable as 
well as in permanent forms.

It  is easier to provide for 
material-handling equipment 
that is thoroughly efficient in 
operation in the design of a 
new building than it is to de
sign a conveyor system to con
form to the restrictions of an 
older building. P r o d u c tio n  
and material handling can be 
synchronized to best advan
tage w hen  th e  b u ild in g- is  

d esig n ed  to provide 
th is  synchronization.

In adaptingmaterial- 
handling equipment to 
a p la n t  a l r e a d y  in  
operation, it is neces
sary to ascertain the 
required capacity, tak
ing into consideration 
future needs, the space 
available for the equip
ment, the distance of 
portage, the materials 
to be handled, proper 
tie-in between different 
types of e q u ip m e n t,  
low maintenance cost 
and dependability, re- 
s i s t a n c e  to  w e a r , 
expense of operation, 
and convenience. On

F ig u r e  1— H a n d l in g  C a r to n s  o n  C h u te s  a n d  G ra v i ty  R o lle rs

F ig u r e  2— O v e rh e a d  G ra v i ty  R o lle r  S y s te m  fo r  C a r to n s
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Courtesy L in k -B e lt Co. 
F ig u re  3— 3 0 -In c h  B e l t  C o n v ey o r fo r  C o n v e y in g  S a l t

Courtesy International N ickel Co.
F ig u r e  5— M e ta l  B e l t  C o n v ey o r fo r  “ B e lo w -Z e ro ”  O p e ra t io n

these factors will depend the choice of the types of equipment 
that will make up the entire system.

Gravity System s

When the direction of flow is down, advantage can be taken 
of gravity in moving material. Movement along a level or 
the elevating of material requires power. The most elemen
tary system for handling solid materials is a chute of some 
form or other, requiring no power. The gravity roller con
veyor is another type of equipment requiring no power. 
Figure 1 illustrates both of these systems, the one supple
menting the other.

The speed of the gravity conveyor and of the chute is con
trolled only by the angle of inclination and cannot be varied 
without changing the angle. The gravity roller system is 
limited to the handling of containers or solids fairly large in 
bulk and smooth in surface. The length of portage is limited 
by the vertical distance available to provide the necessary 
angle of inclination. The angle of inclination is again 
governed by the speed at which it  is desired to move the 
material. The same principle, of course, holds for the chute.

Gravity systems are particularly efficient in buildings of 
multiple-story construction where the processing or produc
tion is begun on the top floor and continued through the lower

Courtesy L ink-B elt Co. 
F ig u re  4— C a r ry in g  S m a l l  J a r s  f r o m  t h e  F i l l in g  M a c h in e s

Courtesy International N tckel Co. 
F ig u re  6 —E le v a tin g  S a l t  o n  a  B e l t-T y p e  B u c k e t  

E le v a to r

floors. Figure 2 shows such an application of a gravity con
veyor as well as the view shown in Figure 1. Installations 
such as the one shown in Figure 2 are frequently supported 
from the_ceiling.

B elt Conveyors

Belt conveyors and elevators represent a common type of 
material-handling equipment. There are two principal varia
tions, the flat belt and the troughed belt. The belting canjbe 
of various materials according to its service—leather, rubber, 
textile, or composition being among the more common types. 
Even metal belts are frequently used for the flat belt type. 
As a rule loose materials are carried on the trough type of 
conveyor, and containers or merchandise on the flat belt type.

Belt conveyors are especially adapted for heavy capacities 
and reasonably long hauls. The belt speeds are commonly 
as high as 200 to 400 feet per minute according to the material 
conveyed. For elevating materials on the belt conveyor 
the maximum inclination is usually about 25 degrees. Too 
great inclination causes slippage and excessive wear on the 
belt.

The material being handled, in the case of bulk solids, can 
be discharged over the end of the conveyor, or it can be picked 
up at any point along the belt and distributed. Belt trippers 
are frequently used for distributing materials over storage
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flat belt type for handling small jars. The jars are brought 
in single file from the filling machines on a narrow belt and 
transferred to a wide belt that moves them to the inspection 
and then to the packing departments. The installation shown 
in Figure 5 is of the metal belt type. This belt is of monel 
metal and the conditions under which it operates are un
usually severe. The conveyor operates through a temperature 
45° F. below zero and is designed to resist corrosion from 
brine.

F light Conveyors

Courtesy Standard. Conveyor Co.
F ig u r e  7— S la t  C o n v ey o r S y s te m  fo r  E le v a tin g  C a r to n s

bins, etc. The belt tripper can be moved either by hand or 
automatically along the 
belt to pick up the 
material and to dis
charge it over the sides 
of th e  c o n v e y o r .
A n o th e r  com m on  
method for discharging 
material is to pass the 
belt under a plow that 
guides the material off 
the belt at the point 
desired. A typical ex
ample of the troughed 
type of belt conveyor 
is shown in Figure 3.
This one handles salt.
To prevent incrusta
tion and corrosion, all 
the idlers are gran- 
itized. Figure 4 shows 
an installation of the

The term “flight conveyor” is difficult to define clearly. 
We have arbitrarily included in this class those types in which 
a series of carrying units is mounted, ordinarily, on a chain 
or pair of chains. Apron, chain, scraper, cable, bucket, tray, 
and slat conveyors are flight conveyors. There are many 
other varieties and many other names for these types.

Flight conveyors as a rule are more economical on shorter 
hauls and lower capacities than belt conveyors. They are 
obviously more complicated than the belt type of conveyor so 
there is more to wear out on the flight conveyor. They have

the advantage, how
ever, of being more 
universal in applica
tion. There is no limit 
to the angle of inclina
tion. The same bucket 
conveyor, for instance, 
can be used not only 
for horizontal move
ment but also for ele
vating.

The ease of adaption 
is responsible for the 
many types in this class 
of conveyor. The spe
cial requirements of the 
user can readily be met 
to secure the greatest 
efficiency of operation. 
The installation shown 
in Figure 6 is a special

Courtesy Standard Conveyor Co. 
F ig u r e  8—S to r a g e  a n d  R e c la m a t io n  o f S a c k s  o f F e r t i l iz e r

Courtesy standard  Conveyor Co. 
F ig u r e  9— M e th o d  o f E le v a tin g  S a c k  o n  

C o n v ey o r S y s te m

Courtesy International N ickel Co. 
F ig u r e  10— T y p ic a l S c rew  C o n v ey o r I n s t a l l a t i o n  fo r  

H a n d lin g  S a l t
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adaption of the bucket type of elevator for use in a salt plant. 
To avoid corrosion the buckets are made from monel metal 
and mounted on a belt instead of a chain. Figure 7 shows a 
more typical example of the flight type of conveyor, being 
mounted on a chain.

A very special type of flight conveyor is shown in Figure 8. 
It can readily be seen that the handling of so large a quantity 
of sacks in storage is a real problem. The equipment shown 
can be used both for piling the sacks and for removing them  
again to be loaded for shipment. The installation is of unit 
construction so that it can be easily shifted. Because these 
conveyors are portable, they are sometimes called “portable 
conveyors.” The boom at the end of the unit shown in Figure 
8 can be raised or lowered according to the height of the pile. 
Figure 9 shows a permanent mounting of the same type of 
conveyor for elevating similar sacks to an upper floor.

Apron conveyors are similar in construction to the slat 
type of conveyor shown in Figure 7, but present a continuous 
platform for moving materials. The wood type of apron 
conveyor is analogous in function to the gravity roller con
veyor and is widely used for moving containers such as boxes, 
cartons, and barrels. Steel apron conveyors are frequently 
used for handling loose materials.

The bucket conveyor and elevator is very old and widely 
known. Similar to it in principle is the tray conveyor. The

An entirely different principle is utilized in the scraper type 
of conveyor, where the material being handled is simply 
scraped along through a trough by plates. Loose solids can 
be handled and dropped out through valves in the bottom  
of the trough wherever desired. In the chain conveyor the 
principle is very similar. Instead of being scraped through 
the trough, the material is carried along by ordinary conveyor 
chains set in the bottom of the trough.

Screw Conveyors

A fourth class of material-handling equipment is the screw 
or spiral conveyor, as shown in Figure 10. These conveyors 
are adapted particularly for handling loose materials on a 
horizontal plane for short distances. They can be loaded at 
any point along the screw through a chute and can likewise 
be discharged at any point through valves in the bottom of 
the trough. The advantage of this type of conveyor where it 
is desired to distribute bulk solids in large storage bins can 
readily be seen.

There is little variation in the types of screw conveyors. 
There are several designs of flights or screws ranging from the 
long, continuous-flight type to the small, sectional-flight type, 
where each section is made from a single disk, and from the 
open-flight type having only a spiral edge and open core to 
the solid type as shown in the illustration. For some sub-

Courtesy D ust Recovering and Conveying Co. 
F ig u r e  11— D ia g ra m  S h o w in g  H a n d lin g  o f S o d a  A sh  w ith  P n e u m a t ic  S y s te m

trays are simply flat-bottom, shallow buckets. There is 
little distinction, if any, between the tray conveyor and the 
pan conveyor in which the carrying units vary in design from 
the flat tray to what amounts to a continuous-bucket type, 
and the selection between these types depends on the capacity 
required and the material handled. They are particularly 
useful for carrying heavier loose solids as well as solids that 
have a high moisture content.

stances to be handled in the chemical industries special ma
terials of construction are required.

Pneum atic Conveyors

For handling loose material with a low moisture content 
the pneumatic conveyor is sometimes economical. The 
pneumatic conveyor consists of a vacuum pump that draws
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air through a hose to an air-filter station and then discharges 
it  into the atmosphere. Loose material can be picked up and 
carried through the hose with the air as far as the filter station, 
where it is filtered out and dropped into a hopper for further 
distribution.

A typical pneumatic conveyor installation is shown in Fig
ure 11. It shows how materials can be picked up either from 
a railroad car or from a storage bin, discharged into a screw 
conveyor, and distributed over a live storage floor, where it is 
ready for processing. Distance is of comparatively little 
importance in pneumatic conveying, since the material once 
in suspension in the air requires little additional power to move 
it  over long distances. Pneumatic systems are frequently 
used to move materials from one building to another 400 to 
500 feet away. The conveying lines can be either overhead 
or underground.

Installations of this kind have already been made in a

number of chemical plants for handling such materials as 
lithopone, arsenic blue fume, phosphate rock, white clay, 
acetate of lime, soda ash, granulated alum, sodium bisulfate, 
lead oxide, etc.

Other Types of Conveyors

There are other types of conveying equipment considerably 
less common in the chemical field, but which are being adapted 
to this service as the needs develop. Among these are the 
drag scraper for storing and reclaiming coal and for handling 
sand, and the skip hoist which has been a common means for 
handling coal and ashes in the power plant. These have been 
applied in the chemical plant for handling large quantities 
of such materials as salt and sulfur in storage or for loading 
and unloading railroad cars, and will be discussed at greater 
length in a subsequent article.

T he T rend  of Filtration1
Arthur Wright 

F i l t r a t i o n  E n g i n e e r s , I n c . ,  N e w a r k , N .  J .

THE unit process of filtration is a part of the manufacture 
of so many chemicals and allied products that to make 
a generalization of the present trend of the art would in

deed be both bold and erroneous. There are, however, some 
outstanding tendencies that point to the future and are proba
bly best appreciated by a r6sum6 of the progress made to date.

Progress in  Filter Construction

If we were to go back to the end of the last century, we 
would find that filter manufacturers were developing best me
chanical means for accurate machining of plate-and-frame and 
recessed-plate filter presses. These machines constituted at 
that time a big advance in the filter art by accommodating a 
large filter area in a small floor space. The filter area of a 
suction-box filter was but a small fraction of the area of a filter 
press requiring the same floor area. This advantage is still a 
real consideration for many chemical manufacturers. Also, 
it  must be remembered that accessibility to and changeability 
of the filter cloth in the plate-and-frame press are important 
advantages as evidenced by its continued use and demand in 
so many of our progressive plants.

George Moore, the inventor of the Moore leaf filter, was the 
first to appreciate that a filter could do a greater duty than 
“separate solids from liquids.” His monumental work at 
the beginning of this century, in the recovery of the gold dis
solved in the cyanidation of gold ores from the filter cake, 
established the washing phase of the duty of filters.

David Kelly, of Kelly filter press fame, and E. J. Sweetland, 
of first the Sweetland Filter Press Company, then the United  
Filter Press Corporation, and now the Oliver United Filters 
Corporation, expanded Moore’s work to accomplish the same 
ends with a greatly reduced filter area by housing the leaf 
construction within pressure shells.

E. L. Oliver, of Oliver Continuous Filter Company (now 
Oliver United Miters Corporation), made practical continuous 
filtration of Moore’s idea of unrestricted cake formation and 
displacement washing. The thousands of Oliver filters in 
daily operation are proof of Oliver’s contribution to the art 
of filtration.

Filtration Engineers, Incorporated, has helped along the
1 R eceived M arch  16, 1929.

cause of better filtration in the conveyance of cake from the 
filter to automatic drier and in ingenious cake compression and 
non-atomizing wash.

If we take a proper appraisal of these advances we can ap
preciate that each step has been prompted by economic con
ditions. The reduction in floor space of the plant-and-frame 
presses made possible many filter stations that would never 
have been economically practical were the same capacity to 
be handled on gravity, bag, or bed filters. Moore’s filter re
vived the cyanide industry, and even made profit in refilter
ing old tailing piles rich in gold lost under the former system. 
Kelly and Sweetland reduced labor costs in many processes and 
enabled American manufacturers to meet labor costs of foreign 
competition. The tremendous capacity per unit filter area 
on Oliver’s filters, in addition to the minimizing of labor, filter 
cloth renewals, power, and other costs of filtration, made eco
nomically possible the establishing and maintaining of many 
plants. The American Continuous filter, at first simply a 
competing unit to the Oliver, is still in demand wherever large 
areas in small floor space are desired for continuous filters.

The FEinc filter was born out of the economic idea of unit
ing in one machine the two unit process of filtration and 
drying. Its principle of cake conveyance and cake condition
ing makes this filter successful in the pottery, paper, cement, 
sugar, and chemical industries, as well as in the dewatering 
of municipal sewage solids.

If economic considerations have been at the base of filter ad
vancement, they are likely to mold the trend of the filters in 
the future. We can predict that, whereas the duty of filters 
has progressed from “separating solids from liquids” or “get
ting a good hard cake” to the combination of one or all of 
the phases of clarification and simple dewatering—i. e. cake 
washing and cake dewatering; cake conditioning for drying 
or calcining—the duty may be expanded to include a possible 
leaching of solubles, impregnation of the cake, or other proc
essing of the solids. We know, however, that discharging 
the cake from the filter cloth will ever be the fundamental of 
every successful filter.

Discharge

Complete discharge of the cake is today the most vital con
sideration in filter operation. We may have advanced in our
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efforts to effect automatic filtration, but no progress has been 
or will be possible unless the specification of “porous filter me
dium” is obtained and maintained. No manufacturer of 
filters and no chemical engineer with experience would think 
of applying automatic filters where the filter cloth is liable to 
be plugged up or become impervious. There are instances 
where “bull dog” tenacity has prolonged the use of continuous 
filters by renewing filter cloth every few days, but from the 
viewpoint of good operation this is no advance to the art.

A utom atic Filtration

Where properly applied, automatic filtration represents 
the present trend of the art and must be the line of attack for 
the future. If truly automatic, the operator becomes merely

O liv e r C o n t in u o u s  F i l te r

an observer and the operation independent of the observer’s 
personal efficiency. When the control is kept in the hands of 
the plant executives, constant uniformity of results is a possi
bility. What greater work can there be for a piece of equip
ment than to deliver always a uniform product at uniform or 
controllable rates?

If the machine can deliver this uniform product, in what 
condition shall that product be? Here lies the controlling 
factor in present-day filtration. With a definite objective as 
the goal for the work to be performed by the filter, the designer 
has a clean-cut job and the operation every chance of success. 
To have an indefinite objective is the surest means of effecting 
an unsatisfactory installation.

Clarification

If clarification is the main duty required, then the emphasis 
in the design is for quality of filtrate and maximum period of 
filtration. In intermittent filters this will require a technic 
of operation to obtain a coating upon the filter cloth that will 
insure the desired clarity. The time cycle of filtration will 
be prolonged to the economical limit— that point beyond 
which the flow is too small for maximum production. In 
automatic filters the design will require that the cloudy filtrate 
be separately collected and returned for refiltration and the 
submergence of the drum increased to 70 to 75 per cent or 
more, where possible.

When handling sugar liquors, corn sirups, malt liquors, and 
other food products, clarity of filtrate is a prime objective of 
the filter installation. In metallurgical work the clarity of 
the dissolved metal solution determines the quality of the 
reduced metal and is obviously a vital point in the flow sheet. 
When clarifying waste waters, either to prevent stream pollu
tion or to recover valuable products (as stock in white water 
in paper manufacture), the clearer the filtrate the better the

operation. Chemical manufacturing abounds in examples 
where clarification is positively necessary. In the textile in
dustry it is also a prime requisite, as in the manufacture of 
the cellulose products, rayon, celanese, etc.

Washing

The progress to date in freeing the solids in the filter cake 
of the soluble in the voids of the cake has been outstanding. 
We are accustomed to think of this success as an ordinary 
everyday achievement and yet we continue to make further 
advances. The trend will ever be toward that goal— wash- 
%vater consumption equal to the volume of the voids of the cake. 
We are experiencing many plants whose wash-water consump
tion is equal to or slightly less than the volume of the cake. 
Often this achievement will not lower the density of the com
bined strong and weak filtrates 1° B<5.

In intermittent filters the technic of withdrawing the excess 
unfiltered slurry and filling with wash water is simplified by 
filling with a clouded wash water. In automatic filters the 
design requires that the wash water be applied before the cake 
surface loses its uniform resistance and that the wash water 
application be sufficient. By applying excess water to the 
surface of the cake every square inch is thoroughly wetted. 
In such a design provision is made to shed off the excess water 
to prevent contamination of the unfiltered liquor.

Washing filter cakes is a common practice in practically 
every industry in which a valuable liquid must not be lost in 
the wasted cake; where a pigment or other valuable solid is 
depreciated by the presence of a water-soluble; or where the 
discharge of an otherwise sticky, tacky, and difficult material 
is rendered easy after washing the cake. In the zeal to ob
tain better washing of the cake, it must not be forgotten that 
the adsorption power, capillary attraction, and those other 
forces that hold surface liquor are better removed after some 
upsetting condition as repulping, neutralizing, etc.

Dewatering

Whether we wash the cake and then dewater, or dewater the 
cake only, we find the automatic filter is designed to provide 
sufficient time for this work. Filters of as low as even 20 per 
cent submergence are the rule.

A m e r ic a n  C o n t in u o u s  F i l te r

The dewatering of a filter cake is the extraction of the liquid 
from the voids of the cake. If the voidal space is minimized, 
the job of dewatering is small. Here lies one of the secrets of 
the dewatering efficiency of plate-and-frame presses. In 
automatic filters prevention of crack formation by flappers or
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by cake compression, and crack closing by compression belts 
and rolls function to deliver drier cakes.

The value of cake dewatering is quite obvious when the 
cake is subsequently dried or calcined. In many plants maxi
mum dewatering is just as essential, however, in order to get 
the best soluble recovery.

I t  is interesting to note the value of adequate dewatering 
for those manufacturers who feed the cake to kilns or cal- 
ciners. Removal of even 0.5 per cent moisture may be 
sufficient to prevent that sticky texture of cake which is so 
prone to ball up, ring up, and spill back, and deliver a friable 
product free from tackiness.

Function in the Flow Sheet

The dependence of good kiln operation or good drier prac
tice upon good dewatering effect on the filter marks a trend in 
filter development. Unit processes are seldom independent 
operations and this is particularly true of filtration. There
fore, in the flow sheet the filter lies between two other processes. 
To make each unit dovetail so that the operation of the plant 
is easily controlled, efficient, and economical is a matter of 
good engineering as well as design of machines.

When there is an optimum condition of the slurry for best 
filter operation, this must be obtained and retained. Perhaps 
the case calls for a critical control of the pH; it  may be a 
matter of critical temperature, of concentration of solids, 
thorough mix of all solids of suspension, etc., etc., in order to 
get good filter performance. There is little excuse today for 
failure to maintain such conditions. Automatic chemical 
feed devices are used to hold a constant pH as determined 
by a potentiometer, in such a variable as raw sewage. Auto
matic temperature controls are likewise successes and thick
ening devices, improved agitators, etc., are almost common
place.

A filter is a mechanical unit and all its functions are mechani
cal. It is no worker of magic, capable of agglomerating col
loids, feeding in a neutralizing agent, or introducing heat

F E in c  F i l te r s  D e w a te r in g  R a w  C e m e n t  S lu r ry  P r e p a r a to r y  to  
F i r in g  In  K iln

units. It must take the slurry fed to it and handle it. Its 
capability is obviously dependent upon the proper functioning 
of prior processes.

When the objective of the filter is to clarify the liquid of 
the slurry for subsequent evaporation, distillation, precipita
tion, or whatever process follows, the clarity must be uniform. 
The trend in this phase of filter work is to put more and more 
dependence upon the initial solids filtered on the cloth rather 
than on the cloth itself as the filter medium. Thus, when a 
filter aid is used, we find greater quantities used per ton of

liquor. Economy requires recovery of this aid and recovery 
plants are now the vogue.

When recovering the soluble from the cake, it is not enough 
to minimize the loss in cake by washing, but this must be ac
complished without undue consumption of water. There are 
many instances where displacement wash is used for a rough 
recovery, the cake being repuddled and refiltered. This is to  
many plants a recent departure made attractive by the use 
of automatic filters, with which the repulping and refiltering.

C o n t in u o u s  R e c ir c u la t io n  D rie r , T a k in g  C ak e s  D ire c t  
f r o m  F i l te r

are continuous and automatic. The ideal wash is, of course,, 
true displacement of the soluble in the voids of the cake by 
the percolating wash water. The approach to this goal is a 
matter of water application. The cake must be maintained 
in its equi-resistant condition and the water uniformly dis
tributed. To overwet the surface of the cake without eroding- 
the cake with the excess is the trick winch has proved of real 
benefit.

When final drying of the cake calls for maximum dewater-, 
ing, recent practice dictates that we maintain an equilibrium 
with the other objective— capacity of the filter. A product 
may be dewatered 0.5 per cent more by lengthening the time 
of dewatering 50 per cent, but when this requires more ma
chines, more power, and increased filter cloth and renewal 
expenses, it is a loss and not a gain. The product leaving 
the filter should be in prime condition for drying,.and as dry 
as is economical. The economical limit in mechanical de
watering is reached when the operating and capital charges for 
the filter operation exceed the operation and capital charges of' 
the drier lifting the water by B. t. u. transfer.

Conclusion

The present trend is to introduce automatic filters for their ■ . 
ability not only to save labor, filter cloth costs, and other 
such tangible savings, but to insure continuity and uniformity 
of product independent of the personal efficiency of the opera
tor. With this we find that filtration is an intermediary unit 
process, the functioning of the filter depending upon the con
dition of the product being fed to it, and its end products 
should be in a condition best for the subsequent process. The  
objective of the filter must be definite so that the design may 
be adequate, the construction correct, and the operation eco- - 
nomical and efficient.

The future is bright for better filtration.



496 IN D U S T R IA L  A N D  ENGINEERING CH E M ISTR Y Vol. 21, No. 5

T he Progress of Industrial Heating by Oil 
C irculation1
Alexander B. M cKechnie

P a r k s - C r a m e r  C o m p a n y , 1 1 0 2  O l d  S o u t h  B l d g . ,  B o s t o n , M a s s .

INDUSTRIAL heating by oil circulation has been suc
cessfully applied to high-temperature heating processes 
in many industries for about fifteen years. Naturally 

the equipment has gone through many important changes 
toward improvement, but the basic principle of operation 
is unchanged. The size of installations has increased as 
well as the number of processes to which it has been applied.

T h r e e  S y s te m s  I n s ta l l e d  in  a  C h e m ic a l P l a n t  in  1919

ing fluid and its tendency to carbonize when overheated in 
an improperly designed system.

The absorber, or oil heater, should properly be considered 
the most important piece of equipment in the entire assem
bly making up a complete system, although there are other 
parts of major importance from both an engineering and 
operating standpoint which will be touched upon later. A 

correctly designed absorber must heat the circu
lating oil uniformly throughout its entire mass, 
and without overheating any portion of it. To 
do this, the oil must be kept moving at a high 
velocity over the heating surface and the film of 
oil in contact therewith must be frequently 
changed by a proper arrangement of oil passages. 
Tliis requirement takes into account the length 
and diameter of the heater tubes and the means 
for connecting them together, also the relation 
of the heating surface to the heating furnace. 
The design must also provide for high efficiency 
in the generation of the heat, as well as its ab
sorption, and all parts must be readily accessible 
for inspection or repair.

The circulating oil pump should produce a 
positive and non-pulsating discharge, so as to  
maintain a uniform and high velocity through 
the absorber tubes. Only pumps of the most 
substantial construction, designed for operation 
under the high temperatures required, can be 
successful in this Work.

There are many commercial oils that have a 
high flash point, but other properties have to be 
considered in the selection of the right oil for 
this work. Some of these are the viscosity of the

A heating system in which a high-flash oil is 
used as the transmitter of heat is analogous to a 
hot-water heating system, but instead of depend
ing upon thermal circulation to carry the heated 
oil to the point of heat consumption, a circulating 
pump is employed to give a high velocity of flow. 
These systems operate at practically negligible 
pressures of about 10 to 15 pounds on the hot-oil 
supply and return mains. Because of the low pres
sures it was at first considered a very easy task to 
build a heating plant and distributing system of 
this kind. Actual experience, however, proved the 
fallacy of this thought, and it was soon learned 
that circulating oil under high temperatures up to 
600° F. (316° C.) could only be handled in equip
ment of the most rugged construction, properly 
designed to avoid leakage and provide for expan
sion stresses.

In addition to the problems brought about by 
the fugitive properties of high-temperature oil, 
there was also another requiring greater considera
tion—namely, the delicate nature of the circulât-

1 R eceived F e b ru a ry  25 , 1929. S e c t io n a l  V iew  o f A b so rb e r  S e t t in g  w i th  D o w n w ard  D ra f t

Description of System
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O il-H e a te d  T a n k  C a r ;  W e ig h t o f C o n te n t s  80,000 P o u n d s ;  R a ise d  to  430° F .

oil, particularly its cold test, also its percentage of dis
tillation at a fixed temperature, and the amount of free 
carbon produced when the oil is distilled to dryness. The 
oil recommended for this work is known as “ Meprolene,” and 
has been used successfully since these systems were first put 
into service. Meprolene has the following physical properties:

Specific ç ra v ity  a t  60° F . 
F lask  poin t 
F ire  po in t
Specific h e a t a t  00° F . 
Specific h e a t a t  600° F .

0 .905  
597° F. 
653° F. 

0 .4 6  
0 .7 1

With the exception of a rare instance or two, it has not been 
found necessary to withdraw the circulating oil from a sys
tem and recharge with a fresh supply.

For convenient and satisfactory operation there are a 
number of special and patented features, such as 
the arrangement of the piping in the absorber 
room between the pump and the heater, with a 
by-pass loop around the pump to relieve the 
system from excessive pressure during the start
ing period, also relief valve location, air separa
tors, safety automatic shut-off valves, etc.

temperature, but has also improved the quality 
of the finished product.

A number of installations are in operation 
for tank-car heating, with materials that are 
only sufficiently fluid to pump at temperatures 
far beyond the range of steam. These particu
lar installations require from 375° to 450° F. 
in the tank car, and the entire tank is raised to 
the full temperature before any of the material 
is pumped from it. The tank cars are especially 
designed with coils for circulating oil and are 
properly insulated so that the entire heating 
process is a very efficient one. These instal
lations are for one or more tank cars per day, 
and the piping is so arranged that any number 
of tanks can be connected to the same system  
if necessary.

It will be noted that many of these materials, 
such as asphalt, rosin, wax, etc., are substances 
which are ordinarily solid and require a high 
temperature to produce a state of fluidity that 
will render them easily transportable through 
pipe lines. As an accessory to the high-tempera- 

ture oil heating system, there is a full line of jacketed 
piping, cocks, and fittings, made in sizes ranging from I 1/* to 
4 inches, and larger sizes would be made on demand. In 
liigh-temperature installations the jacketed piping is heated 
with circulating oil; for medium temperatures steam is 
ordinarily used; and in other cases, such as chocolate and 
sirups in the confectionery trade, where only a mild tem
perature is required, hot water has proved to be entirely 
satisfactory.

To meet the demands of the industries, these systems are 
built in many sizes ranging in capacity from 100,000 to 2,800,- 
000 B. t. u. per hour, and several absorbers may be connected 
in battery where necessary. Each different capacity is 
standardized with its own circulating oil pump and piping, 
expansion tank, and all specialties of the proper size.

Application in Chemical Plants
J a c k e te d

These systems have found wide use and large 
application in many, chemical plant processes, 
particularly for high-temperature heating, evaporating, dis
tilling, and subliming.

In connection with asphalt, it  has been used in the high- 
temperature work such as from 350° to 550° F. required for 
impregnating transformer coils, cable insulation, saturation 
of felts for asphalt shingles, paved culvert, coated and du
plex papers, molded products, shipping cartons, battery 
boxes, etc.

The starch industry has made several installations for 
starch roasting in the manufacture of gums and dextrins.

Wax melting and heating in molded products and the high- 
temperature heating in rosin purification have taken several 
systems.

Two installations were made for distillation in the manu
facture of toxic gases.

In the vegetable oil industry, where it is necessary even 
under high vacuum in the deodorizer to obtain temperatures 
in the vegetable oil ranging from 450° to 550° F., the system  
has not only proved satisfactory as a means for obtaining

P ip in g  3 X 4  In c h e s  w i th  C o ck s C o n n e c te d  to  T w o  J a c k e te d  T a n k s .  
T a n k s  a n d  P ip in g  A re  H e a te d  w ith  H o t  C ir c u la t in g  O il

A fair idea of the size and long life of some of these installa
tions can be gained from the following table:

N o. B . t. u. per hour 
1 1,200,000
3 1,600,000
1 1 ,200,000
2 1,200,000
2 1, 200,000
1 1,200,000
1 1,200,000
5 800,000
1 200,000
3 2,800,000
3 300,000

Years
C hem icals 13
A sp h a lt shingles and  roofing 13
M olded wax p roducts  12
S tarch  roasting  8
T ransform er coil im pregnation  5
Vegetable oil deodorizing 8
C oated  papers 8
C hem icals 9
A sphalt m olded p roducts  11
V egetable oil deodorizing 5
C hem icals 10

This list only touches upon a few installations, but is repre
sentative of them all.

The only moving parts of an installation are the circu
lating oil and the pump, and the oil naturally protects all 
metal with which it comes in contact. There is therefore 
no corrosion taking place, and as the systems are vented 
to the atmosphere and operate under extremely low pres
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sures, there will be no reason for condemning them after a 
given number of years, as is the case with pressure equipment. 
From the condition of the systems which have now been

operating for twelve to fifteen years, there is nothing to indi
cate any general wear, and there is every reason to believe 
that their life will be indefinitely long.

Crushing and Pulverization1
Lincoln T. Work

D e p a r t m e n t  o p  C h e m ic a l  E n g i n e e r i n g , C o l u m b ia  U n i v e r s i t y , N e w  Y o r k , N .  Y .

AS A basic operation useful to the engineering industries 
in the preparation of materials, crushing presents an 
interesting diversity and similarity of problems. 

Mineral ores are disintegrated to prepare them for roasting, 
leaching, or flotation; coal is crushed to render it suitable 
for firing; rock minerals are pulverized to make them useful 
as fillers in rubber and in paints, and as ingredients of glass 
and pottery; and many other materials are reduced to 
powder to prepare them for further treatment. Yet, with 
but few exceptions, the chief aim is to produce surface. 
Equipment is equally diversified in the many types and 
construction features of mills. Nevertheless, the problem 
always before engineers is to select the machine that will 
deliver the desired product at lowest power, maintenance, and 
labor cost.

By its very complexity crushing has not been amenable to 
fundamental scientific analysis. Such a study was limited 
in the past by the lack of exact methods of measurement; 
for, at least until recently, it has not been possible to measure 
fineness accurately below sieve sizes or to evaluate the 
resistance of any material to grinding. Nevertheless, prog
ress in the development of machinery has been made by 
empirical methods, keen observation, and the available 
methods of measure
m en t. Closed-cireuit 
crushing with the aid 
of liquid or air classi
fy in g  equipment has 
come into common use.
M ark ed  advancement 
is to be noted in the 
field of the colloid mill.
The demand for finer 
products or for more 
uniform ones is being 
m e t. Y e t  th e  e v i 
dence now available in
dicates a g r e a t  lo ss  
of energy in  cr u sh 
ing and p u lv e r iz in g .
The trend of the future 
w ill undoubtedly be  
toward a more scien
tific study of the fundamental principles of crushing and 
of classification, to lower power costs and to produce the 
desired type of fineness; toward the wise selection of 
materials and the design for simplicity to insure mini
mum maintenance; and toward the scientific selection of 
suitable size units and the use of automatic controls to mini
mize operating labor.

Principles of Crushing

Recent studies in the fundamental principles of crushing 
have followed three fines: measurement or calculation of

1 R eceived M arch  5, 1929.

surface and its comparison with energy, the fineness char
acteristics of the product as determined by its inherent 
nature and by the processes of crushing, and the behavior of 
materials under the forces of crushing.

The old yet unsolved question involved in the Kick vs. 
Rittinger dispute has been again revived and subjected to- 
new test. Martin2 has compared the energy consumption in 
a ball mill with the new surface developed. Silica sand was- 
crushed with 1-inch steel balls in an 18 X 18 inch mill, and 
surface was measured by the rate of solution in hydrofluoric- 
acid. The energy input was recorded as the difference- 
between that required for driving the mill with and without a 
charge of sand. As a result of comparing those values with 
the corresponding new surface developed, he concluded that 
“in ordinary tube mill grinding the surface produced is accu
rately proportional to the work done.” Recognizing that 
possible errors might be introduced in the measurement of 
work done in ordinary mills, Gross and Zimmerley3 have- 
crushed sand by utilizing the energy of a freely falling body. 
They have measured surface with their modification of the  
hydrofluoric acid solution method, and they have found 
that the new surface produced varied with the energy input. 
It is their conclusion that “when crushing quartz, the new

surface produced is in 
direct proportion to the  
work input in accord
ance with the Rittinger 
la w  of c r u s h in g .”  
However, it should be  
borne in  m in d  th a t  
these crushing methods 
m easu re the over-all 
en e r g y  accompanying 
disintegration, and that 
the dissolution test has- 
not yet been r ig id ly  
p ro v ed  to m ea su re  
surface.

Furthermore, energy 
in p u t h as b een  co m 
p ared  w ith  su r fa ce  
energy and found to 
be greatly in excess of 

the calculated energy needed to develop the new surface.
S u r f a c e  E n e r g y C r u s h in g

O b s e r v e r M il l C aled, by: V alue E f f i c i e n c y

Ergs/sq. cm. Per cent
G audin Rolls E dser 920 1 .3
M artin Ball M artin 310 0 .0 6
Gross and  Zim m erley S tam p E dser 920 3 .0
Gross and  Zim m erley S tam p M artin 310 1 .0

The values of surface energy are somewhat in doubt; 
but their order of magnitude indicates that a large proportion 
of the energy input is dissipated as heat or sound.

* M artin , T rans. In s t. Chem. Eng. (B rit.), 4, 42 (1926).
* Gross and  Zim m erley, Am. In s t. M ining  M et. E ng., Tech. Puhl. 127 

(1928).

% F ig u r e  1— C o n ic a l D isk  M ill 
A  and  B, crushing disks D, pulley
C, sh aft and  casing E, eccentric  bearing

R eprin ted  from  “ Princip les of Chem ical E ngineering ,” by  W alker, Lewis, and  M cA dam s, 
pub lished  by  M cG raw -H ill Book C om pany.
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where y  is the percentage by weight in the sieve interval x 
to p x  millimeters, and dz represents the amount in a uniform 
interval from x  to (x  +  dx). C and K  are constants. When 
the rock is not homogeneous, breakage takes place pre
ponderantly at crystal size.

These two relations represent different portions of the 
fineness curve of a crushed, homogeneous material. The 
writer6 has developed for ground sand a dual relation to  
cover the entire range of fineness. In coarse sizes, usually 
the upper three-quarters of the range, the relation proposed 
by Martin and co-workers bolds true as a primary function:

N  =  a(10)_te

The plot of logarithm frequency against diameter deviates 
from a straight line in the finer sizes, and there is added to 
the primary a secondary relation the cumulative effect of 
which is expressed for this region as:

N  =  a (lO )-6* (10)«/r x - '/r

F ig u re  2—R o lle r  P la te  M ill (B e th le h e m  P u lv e r iz e r) .
B e th le h e m  S te e l C o m p a n y

These studies have shown: (1) that over-all energy input 
in crushing quartz is proportional to dissolution rate and 
probably new surface developed; and (2) that the actual 
energy needed to develop new surface is but a small pro
portion of that which is applied in crushing.

Other investigators have studied the fineness of the ulti
mate material. That is of interest in its bearing on the 
nature of crushing. Such terms as compression, beam action, 
shear, impact, abrasion, attrition, and numerous others have 
been used to picture the typical action of any mill, frequently 
in cases where no marked characteristic of fineness can be 
seen in the product. Mathematical analysis of these rela
tions has been attempted, but the variables are so numerous 
that only probability or statistical formulas have been applied. 
Martin, Blythe, and Tongue4 have proposed an exponential 
relation for quartz ground in the ball mill:

N = a e -!“

where a  and b are constants from the primary function, and 
q and p  are new constants from the secondary function. 
The relation has been developed for homogeneous rock and 
is limited by the presence of unused feed, extreme sizing 
action in the mill, and classifying action during crushing. 
These would require supplementary analysis.

Equations of this kind may be used for calculations of 
surface, average .diameter, and other constants; and they 
indicate the likelihood of less complex functional relations 
than are implied in the many types of milling action.

With the increase in exactness of measurement and in 
demands for fineness, the resistance of materials to pulveri
zation has become significant. Take coal as an example. 
The differences are so pronounced that a mill which will

6 W ork, d isserta tion  for doc to ra te , C olum bia U niversity , 1928;

where N  equals the number of particles in a unit interval of 
average diameter x, and a  and b are constants for each con
dition of grinding. .Gaudin6 has represented data on the 
jaw crusher, rolls, rod mill, and ball mill, for quartz, galena, 
and granite in terms of graded sieve apertures and the per
centages included in the sieve intervals. With a double 
logarithmic plot he found a consistent paraboloid loop in 
the coarse sizes and a 
straight-line relation in 
the fines. He has ex
pressed the latter rela
tion mathematically for 
c a lc u la t io n s  into the 
finest ranges:

y  =  Cxk 
C

or dz — - — 7 xl  ldx 
p -  1

* M artin , B l y t h e ,  an d  
T ongue, Trans. Ceram. Soc., 
23, 61 (1924).

* G audin , T r a n s .  A m . 
In st. M in ing  M et. Eng., 73, 
253 (1926). Figure 3—Conical Ball Mill with Air Classifier. Hardlnge Company
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F ig u re  4— A ir-S w e p t T u b e  M ill w i th  C la ss ifie r. K e n n e d y -V a n  S a u n  M a n u f a c tu r in g  
a n d  E n g in e e r in g  C o rp o ra t io n

adequately meet the demands ■with bituminous coal may not 
even produce a combustible powder when grinding anthracite. 
In another case the capacity of the mill was actually reduced 
more than half by a change from bituminous to anthracite 
coal. Noticeable differences in mill capacity and in power 
per ton are had with different samples of bituminous coal. 
Until recently, grindability has been estimated in terms of 
the hardness scale or tested roughly with a falling ball. 
These methods are not adequate. The industry recognizes 
this and is now calling mills by number rather than in terms 
of capacity.

But grindability must be evaluated more exactly. There 
has been some effort to do this by measuring the change in 
fineness of a material after a definitely timed action in a 
pebble mill. Change in surface is one criterion, but equally 
significant is the elimination of coarse material. This is 
illustrated by data of three samples of the same kind of prod-

breaking, also produced the greatest amount of fine pow
der.

I t  is not merely in the manner of disintegration that 
grindability is significant. Moisture, plastic nature of the 
material, and susceptibility to heat may affect mill capacity, 
power per ton, and quality of product; and they may necessi
tate special types of mills or special processing procedures 
if they do not altogether prevent milling. Surface moisture 
decreases mill capacity. Preliminary drying is often effec
tive; or if it  is not undesirable, further wetting and w et 
grinding m ay be done. In mill systems where fine dust is 
swept out with air, there is a definite drying action in the 
mill, and its extent may be controlled by the temperature of 
the incoming air. Some materials become plastic with  
increase in temperature. Salts containing water of crystal
lization may be decomposed on heating, with the result that 
the water which is evolved acts as surface moisture in im
peding crushing. Materials which are near their melting 
points may be softened with heat—as, for example, sulfur 
and asphalt. Organic dyes may be injured or decomposed 
by elevation of temperature. In such cases it is usual (1) 

to choose a type of mill to deliver the desired 
fineness with a minimum of heat; (2) to re
frigerate in order to increase grindability and 
to lessen the effect of heat; or (3) to pass the- 
material through the mill rapidly, remove the- 
portion which is sufficiently fine by sieves or- 
ah- separation, and return the oversize to the- 
mill for further reduction.

There is undoubtedly need for a thorough, 
study of grindability and the correlation of 
this with actual crushing data. I t  is particu
larly necessary in those fields where milling, 
costs are a large proportion of the total, as. 
with pulverized fuel and Portland cement. 
With the successful conclusion of such an in
vestigation, there will be less difficulty for the 
purchaser to specify the proper size of pul
verizer, and there should result greater mean
ing to the contract guarantees of the mill

manufacturers.j

Types of M ills

uct.

S am ple 1 S am p le  2 Sam ple  3
M e s h Before A fter Before A fter Before A fter

Per cent Per cent Per cent Per cent Per cent Per cent
O n 16 9 .27 3 .4 3 10.55 0.66 12.53 3 .4 6
16-20 8 9 .23 68 .18 87.81 21 .15 67 .12 28 .18
2 0-24 1 .23 10.84 1 .24 4 2 .24 18.36 31 .15
2 4-35 0 .1 5 6 .1 8 0 .17 16.95 1.19 15 .50
3 5-50 0 .0 6 2 .46 0 .17 5 .29 0 .4 8 6 .2 5
M inus 50 0 .06 8 .91 0 .0 6 13.71 0 .3 2 15.46

The initial materials are essentially of the same size. 
Sample 2 shows much more pronounced elimination of coarse 
material than Samples 1 and 3; yet Sample 3, which resisted

As a consequence of the limited knowledge of mill action 
and on account of the great diversity in crushing problems, 
there are many designs of crushers and pulverizers for use 
in the chemical and related industries. These can be classi
fied roughly according to the nature of their action. Such a 
classification is presented here to portray the entire range of 
crushing machinery. Special note will be made of new 
developments and future trends.

D i r e c t  P r e s s u r e  M i l l s —The material to be crushed is 
compressed between two faces. The usual examples of that 
type are the jaw and gyratory crushers. The former consists ■ 
of one fixed plate and one movable plate at an angle to it, 
between which the pressure is exerted. The latter consists of 
a conical spindle moving on an eccentric within a tapered 
outer shell. In addition to these, one of the disk mills oper
ates with both plates revolving at the same speed, and effects 
crushing by the changing distance between the plates. These 
machines are.used for relatively coarse crushing and deliver a 
product having appreciable amounts over 4 mesh. The 
angular relation of the plates in these crushers makes possible 
a large reduction in diameter, for breakage first takes place 
in the wider section and further reduction takes place in the 
narrower section.

R o l l e r  M i l l s — Crushing takes place between a roller- 
and a fixed or moving surface. The action may be directly-



M ay, 1929 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY 501

applied to the piece or, as with the crowding at finer sizes, 
it  may be between particles as well. The single roll is a 
coarse crusher which breaks the material against a rigid face. 
Rolls are usually used for intermediate grinding, and they  
crush the material between the surfaces of two rotating cyl
inders. In differential rolls, which consist of pairs of rolls 
revolving in opposite directions, material is finely pulverized 
between the faces. For fine sizes of certain materials the 
Chilean mill, which consists of a heavy wheel revolving in a 
pan, is used with a wet or dry charge. Several mills of the 
roller type are used for pulverization. They depend upon 
the action of rollers operating on spindles in a die-ring, large 
balls being pushed in a die-ring, or rollers or large balls acting 
on a rotating plate.

T u b e  M i l l s —Machines of this general class act by the 
tumbling of crushing members together with the charge 
in a slowly revolving drum. The ball mill is a cylinder filled 
with balls 2 to 4 inches and more in diameter. A longer 
mill with smaller balls or slugs is used for finer grinding and 
is  known as the tube mill. When balls of many sizes are 
'rotated in a conical-shaped drum, the large balls segregate 
themselves at the larger diameter and the smaller ones at 
the end. It is claimed that such a mill exerts a classifying 
action on the material, passing only the finished sizes. The 
rod mill, and more recently the self-aligning conical-end rod 
mill, employs a charge of rods. As its action is more analo
gous to the roller mill, the rod mill eliminates coarse par
ticles rather than producing fines.

These machines may be used as batch or as continuous 
mills. In the former event the desired product is secured 
by operating for a specified time; in the latter case rate of 
feeding solid determines the fineness. The charge may be 
ground dry or wet with a fluid such as water or oil. They 
are all pulverizing mills.

B e a t e r  M i l l s —Machines of this type consist of a rapidly 
revolving beater in a casing. The hammer mill is so named 
for the bars or paddles attached to the rotor, which beat the 
material about within the casing to cause breakage. These

F ig u r e  5— H a m m e r  P u lv e r iz e r .  R a y m o n d  B ro th e r s  I m p a c t  
P u lv e r iz e r  C o m p a n y

mills are designed for intermediate breaking or for coarse 
pulverization of easily fractured materials. Another ma
chine of this type is the cage ihill, which consists of concentric 
cages revolving in opposite directions at high speeds. The 
material is beaten to finer size as it passes by the cage bars. 
This mill is used on materials where disintegration of clusters 
or agglomerates is required rather than actual pulverization.

R e v o l v i n g  P l a t e  M i l l s —In such machines material is 
disintegrated between the faces of two plates revolving in

opposite directions, or with a differential of speed. Disk  
mills are used in the intermediate to fine range. For finer 
materials stone mills are used. The solid or paste is fed 
through the center of one stone. B y the action of the grooves 
and by centrifugal force, the material feeds outward between 
the plates and is discharged from the surface. Mills for 
disintegration of pulps to colloidal sizes are usually of the 
revolving plate type. They are operated at high speed with 
positive feed and with close clearances, the viscous flow of the 
fluid being the force for disintegration.

F ig u r e  6— C o llo id  M ill.  P r e m ie r  M ill C o rp o ra t io n
A , conical ro to r  C, feed pipe E , o u tle t pipe
B , fixed crushing  face D, casing

Developm ents in Crushing M achinery

The more significant recent developments in crushing and 
pulverizing are: new designs of mills, more wear-resistant 
materials, simplification for repairs, new applications of 
closed-circuit grinding, air-sweeping of mills, and automatic 
control.

The newer mills are those of the revolving-plate type, the 
conical-end rod mill, and the colloid mill. In addition, many 
of the older mills have been redesigned. Continuity of opera
tion and minimum maintenance cost are the reasons for 
those changes. Chilled iron, manganese steel, chrome steel, 
or other abrasion-resistant alloys are used for wearing parts. 
As a further illustration, soft rubber has been successfully 
used as a liner for ball-tube mills. This problem is also 
especially important in the case of high-speed mills, where 
maintenance represents a large proportion of the total cost. 
In this instance abrasive blocks have been proposed, but the 
general tendency is to reduce the mill speed and to depend 
upon attrition rather than impact for pulverization.

Mill design has been materially improved to facilitate 
replacement of worn or broken parts. In the new roller 
plate mills a crushing unit may be withdrawn quickly and the 
mill continued in operation. In one tube mill a make-up 
charge of balls may be fed without shutdown.

Closed-circuit grinding, which has been extensively used on 
slimes in the mining industry, has been tested and is now be
ing advocated for the cement industry. In this scheme a 
pulp of cement rock and water is passed rapidly through the 
tube mill. There is but 30 or 40 per cent finished product in 
the solid, but that is separated by settling in a classifier and 
returning the coarse sediment to the mill for further crushing. 
The product contains less fines but also less coarse material 
than is obtained by single-pass grinding. It produces good 
clinker, as particles coarser than 200 mesh lessen the com
pleteness of the reaction. Mill capacity is increased 50 per 
cent, while wear on liners and grinding media is reduced 25 
per cent.

The same principle has been applied where the product must 
be dry. Roller, beater, and tube mills are often swept with 
air to remove the fines and leave the coarse material for 
further grinding. In addition to the savings in power and
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maintenance, the air may be used to dry the feed. The coal 
used in firing the marine boilers was at times dripping wet 
at the feeder; and although the capacity was lowered, the 
mill showed a satisfactory performance. Inert gases are 
used in place of air to reduce combustibility, as for sulfur 
and occasionally for powdered coal. Most of the mills em
ploying air classification do not effectively eliminate the 
coarser particles. Air separation and classification is a 
field of great promise. It has effected economies in fuel 
pulverization and should do likewise in the final grinding of 
cement. It has made possible the economical production of 
fine coal which will bum  under the cold wall and limited 
volume conditions of the Scotch marine boiler. The analo
gous application to locomotive boilers is likely.

The movement of solids through a mill is usually continuous 
and the discharge adjusts itself to this rate of feeding. In 
such a case the fineness varies; and to correct this, slight 
adjustments of the feeder are made by hand. Those systems 
in which the discharge is limited by closed-circuit classi
fication or by the lifting action of air make possible the 
crowding of the mill with feed. When mill demand varies, 
the problem is intensified. For example, the rate of feeding 
of pulverized coal directly to the burner varies with the load 
on the boiler. Efforts to reduce the mill-attendance labor 
now necessary and to secure optimum grinding efficiency by 
automatic controls have not been entirely successful. The 
increased current that is required of the mill motor to meet 
production demands with a crowded machine is a possible 
answer with certain types of pulverizers.

The state of the art and the present trends have been out
lined, with illustrations from the more important fields.

The applications of milling to  many kinds of products are 
too numerous to mention and can be found in trade catalogs. 
Costs are so largely influenced by the material, its initial 
and final fineness, its grindability, its moisture content, 
that the limited figures which could be given here might 
easily be misleading.

Conclusions

1— Recent studies have shown that the over-all energy of 
crushing quartz is proportional to the dissolution rate and 
probably the new surface developed and that the energy 
theoretically necessary to develop new surface is but a small 
proportion of that actually used.

2—With the more exact methods of measurement of fine
ness, mathematical analysis of fineness curves has become 
possible. The statistical relations so far developed are 
available for calculations of surface and other functions. 
They suggest less complex relations than have been applied 
to milling.

3—The fundamental resistance to pulverization of any 
material and the resistance under operating conditions are 
important and unmeasured properties, which must be quanti
tatively evaluated.

4—A rough classification has placed the mills of interest 
in the chemical and related industries as (1) direct-pressure 
mills, (2) roller mills, (3) tube mills, (4) beater mills, and 
(5) revolving plate mills.

5—New developments in crushing and pulverizing are: 
novel designs of mills, more wear-resistant materials, sim
plification for repairs, new applications for closed circuit grind
ing, air-sweeping of mills, and automatic controls.

M anufactured W eather1
An Aid to Modern Industry, H ealth, and Efficiency

D. C. Lindsay

C a r r i e r  E n g i n e e r i n g  C o r p o r a t i o n , N e w a r k , N .  J .

LOOKING backward is of value primarily to aid us in 
laying out future plans. Of course, it is a pleasant 
pastime to reminisce, but this is hardly the time and 

place. So in trying to present to the reader an understanding 
of the place which the comparatively new science of air con
ditioning holds in the field of human endeavor today, we may 
pass very quickly over the few years and events which have 
made it  possible for us now to create and maintain within 
doors almost any desired atmospheric conditions with refer
ence to temperature, humidity, air purity, and air move
ment.

The crude forms of ventilation existing slightly over a 
quarter of a century ago could not be classified as the science 
of air conditioning. We had some fans for air movement; 
automatic temperature control for heaters was in its early 
stages of development; in some industries manually controlled 
methods of humidification through the ejection of steam or 
water into the air within the room had been practiced. The 
physical laws governing the quantity of moisture existing 
under various conditions in our atmosphere had been sub
jected to very little investigation except as a factor in outdoor 
weather. The effect of atmospheric moisture and tempera
ture variations upon many materials had been observed and 
had been responsible for the few devices and attempts which 

1 R eceived  M arch  18, 1929.

had up to that time been applied to counteract these influ
ences.

In 1902 Willis H. Carrier, an engineer just out of college, 
was given the problem, in the course of his employment by 
a well-known manufacturer of fans and heating equipment, of 
devising a means to reduce and control the humidity in the 
plant of a lithographer. The purpose was to eliminate the 
many difficulties arising in the application of several successive 
colors to paper which varied in size according to humidity 
variations between impressions. The solution of this problem 
opened the road to investigations and the development of 
equipment which have today assumed vast importance and 
which form the basis of the science which we now term “air 
conditioning.”

The now common spray-type, central-station humidifier 
was then evolved. The dew-point control, by which the 
moisture content of the air leaving the spray chamber is fixed 
through the thermostatic control of the temperature of the 
spray water, was a part of this development.

The same experiments soon brought about the discovery 
that the most efficient method for cooling and dehumidifying 
—i. e., reducing the moisture content of air—is to subject it  to 
a finely atomized spray of water cooled to a predetermined 
temperature; this, in contrast to some earlier cumbersome sets 
of pipe coils through which refrigerant was passed and over
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which the air was blown, depositing frost and dirt on the 
surface of the pipe.

These investigations likewise led to an understanding and 
the mathematical rationalization of the laws governing the 
heat and moisture content of our atmosphere. This rationali
zation was presented several years later by Mr. Carrier before 
the American Society of Mechanical Engineers.2

Industries were waiting for these developments. As 
early as 1905 textile mills seized upon central-station air con- 
ditioning and humidification to create and maintain at
mospheric conditions suitable to the handling of the delicate 
hygroscopic fibers of cotton and silk. Textile mills had al
ways been fighting this problem. It had made necessary 
the location of mills only in favorably humid climates. But 
new problems had arisen. High-speed machinery had arrived 
and with it the liberation of great quantities of mechanical 
heat to counteract the normal climatic humidity within the 
mills. There is today no modern textile mill without some 
means of air conditioning or controlled humidification, and 
this development has made possible the erection of great 
mills in the midst of the cotton fields in the South, without 
regard  to  what previously would 
have been forbidding climatic con- 
■ditions.

Other industries followed in the 
adoption of air conditioning as a fac
tor in efficient and controlled produc
tion. Today we can  n u m b er by  
rather broad classification nearly two 
hundred and the individual installa
tions may be counted in the thou
sands

Air conditioning—the automatic 
control, establishment, and mainte
nance of conditions of temperature, 
humidity, air movement, and air 
purity—is applied broadly for three 
purposes. Hundreds of materials in 
the process of manufacture must at 
some stage be dried or have water or 
other liquid removed by evaporation.
The reverse of this is occasionally 
demanded. It is frequently neces
sary or desirable to subject materials 
to a moist atmosphere for the purpose of absorbing water

S u b je c t io n  o f S h o e  U p p e rs  to  C o n d it io n e d  A ir 
P r io r  to  S t r e t c h in g  o n  L a s ts .  I n t e r n a t io n a l  S h o e  
C o m p a n y

C o n tro lle d  A tm o s p h e r ic  D ry in g  a n d  P ro c e s s in g  o f T o b a c c o . 
B a y u k  C ig a rs , In c .

either to make it more workable or to bring it to some stand
ard weight for test or sale.

Then there are numerous manu
facturing operations in which the 
quality of the final material or the 
efficiency of the operation, or both, 
is highly sensitive and variable to  
the atmospheric conditions. Now  
it  is possible to create and control 
th e  c o n d it io n s  best suited tojjall 
phases of the operation.

F in a l ly ,  air conditioning is ap
plied to create and control atmos
pheric conditions best suited to the 
h e a lth , comfort, and efficiency of 
people within doors, and the advan
ta g e s  of a ir  conditioning applied 
primarily to control a manufactur
ing operation have frequently proved 
an incidental benefit and profit of 
ev e n  g r e a te r  importance in their 
effect upon the health and efficiency 
of the workers.

Air C on d ition in g  for D rying and P rocessing of M aterials

IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY

Drying, as the word is commonly used in many industries, 
most frequently implies processing, in that the removal of 
water or other volatiles from materials is always accompanied 
by physical, and often by chemical changes which influence 
the character of the product.

The most important consideration in determining the effect 
of drying or processing upon the final characteristics of ma
terial is the rate of moisture removal during the various stages. 
The control of this rate introduces-the necessity for controlled 
atmospheric humidity, controlled temperature, controlled air 
movement—in other words, air conditioning. The old, and 
not yet entirely abandoned, methods of drying were wasteful. 
Slow drying in the normal atmosphere most frequently means 
the standing of large quantities of material representing a 
great investment, occupying large floor areas, and hampering 
the efficiency of successive operations. The earlier attempts 
at the forced circulation of heated air over materials resulted 
in an appreciable loss through breakage and spoilage caused 
by uncontrolled evaporation.

We now have an understanding of evaporation, and to the 
manufacturer air-conditioned driers are available which auto
matically control and vary the conditions of temperature and 
humidity according to a predetermined schedule, and this in

5 Proc. A m . Soc. Mech. Eng., 33 (1911).

U n i t  A ir C o n d i t io n e r  in  F is k  R u b b e r  C o m p a n y  L a b o ra to r y ,  
W h e re  A ll S ta n d a r d iz e d  T e s ts  fo r  T i re  F a b r ic s  a n d  R u b b e r  A re 
M ad e  u n d e r  C o n s t a n t  T e m p e r a tu r e  a n d  H u m id i ty
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W in d in g  R o o m  in  R a y o n  P la n t  o f t h e  A m e r ic a n  B e m b e rg  C o rp o ra t io n  
C onditioned a ir is d istribu ted  th ro u g h o u t the  d e p artm en t th rough  diffuser o u tle ts  

shown in the  m etal d u c t near the  ceiling.

complete independence 
of w e a th e r  and sea
sonal variations. The 
modern drier meets the 
schedules of the other 
manufacturing o p era 
t io n s  in  th e  p la n t .
Most often the time re
q u ired  for  d r y in g  
is  g r e a t ly  red u ced  
through retarding the 
rate of e v a p o r a t io n  
during the early stages 
only to accelerate it at 
the proper point when 
the danger of injury to 
the material has passed.
Most often, to o , th e  
modern air-conditioned 
drier means a great sav
ing in floor space.

A manufacturer of 
s a n ita r y  potter}’- had 
planned to erect a new 
building with the pur
pose of d o u b lin g  h is
production. The proposed investment involved a sum of 
nearly §200,000. An installation of modern drying equip
ment in his plant, involving an investment of 325,000, speeded 
up his schedule and liberated enough floor space so that his 
production of finished material was doubled without follow
ing his original plan for building expansion.

A Pacific coast manufacturer of roofing tile, by the installa
tion of modern drying equipment, reduced his drier breakage 
from an average of 8 per cent to less than 0.25 per cent.

A cigar manufacturer formerly used an entire floor and the 
labor of twelve men to dry his filler tobacco in a non-controlled 
but heated room. The installation of a modem insulated 
drier with ejector air circulation reduced the required floor 
space to less than one fifth, reduced the labor to the part-time 
services of eight men employed in the moving of trucks and 
spreading tobacco on trays, reduced the drying time from an 
u n c e r ta in  period of 
several days to a fixed 
schedule of 36 hours, 
and reduced the scrap 
or tobacco broken from 
overdried leaves from 
20 per cent to less than 
2 per cent. Since the 
installation of th e se  
driers this m a n u fa c 
turer has applied air 
conditioning, d r y in g ,  
and processing systems 
to every process from 
the preparation of to
bacco to the final pack
ing and storage of cigars 
in all his factories. He 
is making more than a 
million cigars per day.

In the manufacture 
of shoes it is highly de
s ir a b le  to moisten or 
condition the shoe' up
pers prior to stretching 
them on the lasts pre

paratory to soling. A  
fixed moisture content 
in the leather and uni
form pliability of the 
upper is quite necessary 
to the standardization 
of s iz e s  an d  to the 
avoidance of damaged 
shoes or “ s e c o n d s .”  
Previous to the instal
lation of a controlled 
conditioning room the 
average number of “sec
onds” per day in a New  
England shoe fa c to r y  
was twenty-five pairs. 
Controlled condition
ing has virtually elimi
nated this loss.

Air C on d ition in g  in  
M an u factu rin g  

O perations

A u to m a t ic  P a c k in g  a n d  W ra p p in g  D e p a r tm e n t  In  P l a n t  o f t h e  P o s tu m  
C e rea l C o m p a n y , W h ere  A c c u ra te  A tm o s p h e r ic  C o n tro l  Is  M a in t a in e d  fo r  
H a n d l in g  W e a th e r - S e n s i t iv e  P r o d u c ts

The effects of air con- 
d it io n in g  as applied 
in  m a n u f a c t u r i n g  

operations have been no less remarkable than those in drying 
and processing. Rates of production have been made uni
form, production efficiency has been increased, and the quality 
of the product improved.

We have remarked that air conditioning, or at least con
trolled humidification, is quite essential to the modern textile 
manufacturing methods. Within the last twenty years the 
world has acquired an absolutely new industry in rayon. 
Rayon is a textile, to be sure, but its production is chiefly a 
series of chemical processes. In 1928 more than 110 million 
pounds of rayon were used in the United States, of which 
about 98 million pounds were produced within our own shores. 
Almost from the first process step and up through to the last 
in this gigantic new industry, air conditioning is an essential 
factor.

The printer and lithographer are turning to air-conditioning
equipment to remedy 
fickle weather condi
tions in their effect up
on w eather-sensitive  
paper, gelatin rollers, 
and inks.

The ancient industry 
of flour milling is be
co m in g  modernized. 
High-speed machinery 
and large centralized 
mills are replacing the 
old countryside grist 
mill. High-grade flour 
is being demanded by 
the public. The weight 
and moisture content 
are fixed by government 
regulation. Standardi
zation is again neces
sary in order th a t  
reputations m a y  be 
built through a period 
of y e a r s  u n d er  n a 
t io n a l ly  a d v e r t is e d  
trade names. Air con-
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ditioning has entered this field to cleanse the air coming 
in contact with the stocks in the flour mill, to maintain 
the moisture content in the stocks which ptove most suit
able for efficient and economical milling, and to maintain 
a final moisture content in the products such that the miller 
will not suffer from the invisible loss of evaporation. An

A ir C o n d i t io n e r s  in  F lo u r  M ill o f J .  A llen  S m i th  
C o m p a n y

engineering survey in collaboration with the owners of an 
air-conditioned flour mill in a southern state, where about 1800 
barrels of flour are manufactured each day, showed a tangible 
saving of §21,000 during the first year on an investment in air- 
conditioning equipment amounting to S17,000. This saving 
took no account of the many intangible advantages, among 
which were the improved health, comfort, and efficiency of the 
operatives.

Non-shatterable glass is becoming standard equipment on 
automobiles. The lamination of sheets of glass with cellu
loid is accomplished effectively and efficiently only under the 
most favorable atmospheric conditions, which are now being 
maintained in some of the most important factories produc
ing this material.

A relative humidity of 10 per cent and below at tempera
tures in the neighborhood of 100° F. is being maintained in 
rooms where telephone toll cables are being wound, in order 
to maintain the lowest possible moisture content and thus 
the highest insulating properties in the paper surrounding the 
fine wires encased in the cable. This condition is not dupli
cated by out-of-door climate even in the most arid regions 
of our globe.

Lacquer and other cellulose coatings on fabrics and metals 
have assumed industrial importance. The evaporation of the 
volatile solvents used in these coatings introduces evaporative 
cooling, which frequently causes the condensation of atmos
pheric moisture on the surface. Trouble follows— blushing, 
blistering, defective surfaces, and delayed operation. Cooling 
and dehumidification—air conditioning—are being applied 
to remedy these difficulties.

Modern industrial production has ridden forth on the devel
opment of automatic machinery. Wherever there are pack
ing, wrapping, and sealing to be done, the automatic machine 
has largely replaced hand labor, has led to standardization, 
has improved conditions of sanitation. B ut where delicate

mechanical fingers are involved, wherever hygroscopic ma
terials such as paper, cardboard, and glue are being handled, 
variable weather conditions cause trouble. Temperature, 
humidity, and air cleanliness are being controlled by air-con
ditioning equipment in many modern plants depending upon 
such machines for their production.

Air C on d ition in g  for Health,- E fficiency, and  C om fort

When we approach the subject of air conditioning as applied 
primarily for the comfort, health, and efficiency of people 
within doors, we are dealing with factors quite intangible in 
comparison to the actual evaluation upon which we may lay 
our finger in manufacturing operations. There is little doubt, 
however, that people who are physically comfortable are more 
likely to be happy and efficient in their work. We know, too, 
that perhaps the greatest economic and industrial loss which 
we experience is through sickness, most often the common 
cold, accompanied by idleness and wasteful labor turnover. 
It is only common sense also to say that it is quite as desirable 
to live in an atmosphere of clean air maintained at conditions 
of temperature and humidity which are comfortable as it is 
to drink only pure clean water.

We mentioned previously that many manufacturers have 
discovered that the air-conditioning system installed primarily 
to effect a uniform condition for their products has had some 
remarkable effects upon their employees. Within recent 
years this understanding of the human relation to atmospheric 
comfort has grown tremendously and we have no doubt that 
the application primarily for human comfort within industrial 
plants and offices has only begun. The public has become 
mindful of air conditioning through its introduction into many 
of the large motion-pieture theaters in all parts of the country. 
There are now several office buildings which offer with all 
offices complete air conditioning; air that is washed, cooled, 
and dehumidified during the summer, air that is cleansed, 
warmed, and healthfully humidified during the winter.

Recent developments have made air conditioning for the 
home a reality. A system is available which cleanses, warms, 
humidifies, and circulates the air to all parts of the house. 
Shortly equipment will be available which will add to this 
system the possibility of cooling and dehumidifying all or a 
portion of the home during the summer.

O n e  o f t h e  S tu d io s  o f t h e  N a tio n a l  B ro a d c a s t in g  C o m p a n y , 
N ew  Y o rk , a  S o u n d - P ro o f ,  W ln d o w le ss  R o o m  in  W h ic h  C o n d i
t io n s  o f C o m fo r t  A re M a in t a in e d  fo r  th e  P e r f o rm e rs  t h r o u g h  a  
C o m p le te  A ir - C o n d it io n in g  S y s te m

W hat air conditioning combined with the kindred fields of 
illumination, invisible spectrum radiation, and sound insula
tion will ultimately mean in industry, in the office, in the hotel, 
the hospital, the department store, the home, requires only 
a little speculation.
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C orrosion—A Problem  in Protective Coatings1
F. N . Speller

N a t i o n « ,  T u b s  C o m p a n y , P i t t s b u r g h , P a .

THE large and increasing tonnage of metals subject to 
corrosion in tlie industries has brought the question of 
conservation to the front as a major engineering prob

lem. In pipe lines, tanks, and oil refineries, for example, a 
recent census shows that losses and cost of maintenance 
am ountto more than one hundred million dollars a year in the 
oil industry alone. In modern cracking stills ordinary steel 
tubes often last only three or four months. Prevention of 
corrosion may be worked out along three lines: by developing 
more resistant metals, by reducing the corrosive character of 
the environment, or by the use of more stable protective 
layers of materials which are cheaper and much more resistant 
than the metal.

Twenty years ago the prevailing opinion was that the rate 
of corrosion of metals, like their common physical properties, 
depended mainly on certain inherent characteristics. While 
it is probably true that in some cases the solution pressure or 
tendency to corrode is very different in different metals—such 
as platinum and iron to take extreme examples—this does not 
explain fully the difference in rate of corrosion of different 
kinds_of iron, aluminum, brass, and other of the more common 
and less durable metals. For the immediate discussion let us 
confine our attention to the various well-known ferrous 
alloys. As a result of experience it is now generally conceded 
that the rates of attack of wrought iron, cast iron, and the 
various forms of ordinary steel in soil and water are, as a rule, 
but little different; in the atmosphere more variation is found 
in these metals.

R elative C orrosion of W rought Iron, S teel, and  Pure Iron

It is surprising how much has been taken for granted with
out any real evidence on the question of the relative merits of 
wrought iron, steel, and pure iron. A little frank discussion 
of the facts of the case may not be out of place at this time.

Large investments are now being made in low-cost methods 
of making so-called wrought iron by mixing molten cinder with 
hot steel particles without the use of the labor formerly re
quired in the old hand-puddling process. Before using syn- 
thetic^vrought iron on a large scale, it would seem advisable 
to determine whether the old iron was materially better than 
modern steel, as some claim it to be, and also whether the new 
iron made by radically different methods is as good as the old. 
The evidence from comparative tests is certainly not convinc
ing as to the alleged superiority of the older material. How
ever, widespread advertising has founded and maintained 
industries where the public are unable to check the claims 
readily. For example, a large eastern gas company used 
wrought iron from 1898 to 1906 and steel pipe from 1906 to 
1916. They published the number of services which failed 
each year during this period with respect to the time in ser
vice.2 These data were charted and published by a manufac
turer of wrought-iron pipe on the basis of failures of both ma
terials, for each year of service per 10,000 services installed.

The method of presenting these data leads to the conclusion 
that after several years the steel corrodes four or five times as 
rapidly as the iron. This method of comparison ignores the 
fact that the pipes were laid at different periods and in differ-

1 P resen ted  before th e  M o n trea l C h ap ter of th e  A m erican Society fo r 
Steel T rea tin g , J an u a ry  14, 1929.

J Proc. A m . Gas Assocn., 6, 1234 (1924); supp lem ented  by  d a ta  in 
la te r rep o rts  of A m erican G as A ssociation D is trib u tio n  C om m ittee .

ent localities. It is well known that soil conditions vary con
siderably in large cities, but the fact that this company is still 
using steel pipe exclusively indicates the erroneous nature of 
this comparison. Their real conclusion from this experience 
and tests is “that there was very little difference in the corro
sive effect of soils on wrought-iron and steel pipe,”—very dif
ferent from the one expressed in the report of these tests as 
issued by the wrought-iron interests.

Figure 1 gives another analysis of these data accepted by 
the gas company and based on the probable average life of 
services for each year of installation where sufficient data are 
available. This was obtained by estimating by probability 
curve calculations the average life of the services installed in 
each year from 1898 to 19143 from the failures recorded for 
each year. The failures to date of steel pipe installed 
after 1914 are too few to give an accurate estimate. It will 
be seen from this figure that the wrought-iron pipe in
stalled prior to 1903 shows a somewhat longer life than steel, 
after this date there is very little difference. This lias been 
explained by the fact that previous to 1903 most of the ser
vices were laid in virgin soil, whereas after that time as the 
city limits were extended most of the services were placed in 
filled ground.

It is significant to note that the United States Bureau of 
Standards soil tests indicate no material difference between 
wrought-iron, copper, steel, and other kinds of commercial 
steel pipe.in  many typical soils, in various parts of this 
country. The variable factors in soil corrosion are more 
numerous and harder to control than in water or air, so that 
the agreement of the general averages of these two sets of 
data, one from actual experience and the other from measured 
corrosion in a wide variety of soils, is significant. Most of the 
large gas and oil companies which use thousands of miles of 
line pipe, have come to the conclusion that there is practically 
no difference between these materials.

C orrosion and  E lectroch em ica l T heory

Early investigations by the writer indicated that ordinary 
segregation of foreign materials in steel had no influence in 
controlling the location of the areas attacked (anodic areas), 
but that the external potential, such as that induced by rela
tively large areas of mill scale, was sufficient to direct and 
maintain the attack on certain anodic areas and cause in time 
perforation of the metal.

Before considering certain preventive measures, it  may be 
well to state briefly the principle of the electrochemical theory 
of corrosion which is now generally accepted in explanation 
of the initial corrosive attack at normal temperature. At 
high temperatures and occasionally at temperatures not far 
above normal, direct chemical attack may occur. The initial 
reactions when metal is first exposed to water and oxygen are:

I M (metal) +  2 H + (ionic) =  M + + (ionic) +  2H (atomic)
II (a) 2H (atomic) +  V20 2 =  H20

(b) 2H (atomic) =  H2 (molecular)

As a result of these reactions the solution tends to become
alkaline at cathodic areas and acid at the anodes. Most 
metals when first exposed to water show initially a high rate of 
solution, which quickly slows down as the polarizing film of

* K endall, A m . Gas Assocn. M onthly, 10, 493 (1928).
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hydrogen forms on cathodic areas, and the reaction can only 
continue by removal of the atomic hydrogen film either by  
combination 'with free oxygen or as hydrogen gas.

In case corrosion products are insoluble, surface films form 
which greatly retard and sometimes stop the reaction. The 
metal surface may thus become completely covered with a 
film of corrosion products ranging in thickness from an atomic 
layer to one of measurable dimensions. These films may form 
on anodic or cathodic areas. After a film forms over an 
anodic area, the potential may be reversed, and this change of 
potential may occur repeatedly, resulting in fairly uniform 
corrosion.

Ordinary corrosion is dependent upon the maintenance of 
a supply of free oxygen and water at the metal 
surface and is influenced largely by temperature, 
rate of motion, hydrogen-ion concentration, local 
changes in potential due to oxygen concentration 
cells or dissimilar metals in contact, protective 
films, and many other variables. The retardation 
of corrosion is most generally brought about, how
ever, by the formation of more or less imperme
able protective films on anodic areas. These 
films start to form shortly after the metal comes 
into contact with a corroding solution. They 
consist essentially of the products of corrosion 
and attain their maximum protective power after 
a certain period of time. This may be looked 
upon as a self-healing property possessed by 
some metals without which they would have 
a considerably higher rate of deterioration and 
be much less useful. It should be our aim to cultivate 
this valuable property in metals. In fact, it  seems to the 
writer that metals having high corrosion resistance may be 
better developed by a scientific study of the stability and 
formation of surface films than by the old qut-and-try 
method of making and testing the effects of various alloy
ing elements. Some work has already been done on the 
study of the electrical resistance of these films, but more 
knowledge of the initial rate of attack and the rate at which 
corrosion is retarded by the alloying of certain elements with 
iron should be helpful in explaining the mechanism of the 
resistance to corrosion.

When clean iron, aluminum, zinc, and many other metals 
are exposed in a corroding medium (either in a solution or a 
gas at ordinary or higher temperatures), the rate of attack is 
usually rapid at first and slows down quickly in a short time 
to a lesser rate, which may be comparatively uniform unless 
there is some change in the corroding medium. The rate of 
attack is retarded at a rate depending upon the capacity of 
the metal to form a self-protecting film, which is very rapid 
in the case of such metals as high-chrome iron and aluminum, 
and much slower with other metals, depending in all cases 
very much on the corroding reagents and the nature of the 
products of corrosion. This is a very significant observation, 
which requires much more experimental work before it can be 
stated as a law in more precise terms, but it can be confidently 
said at present, based on a large amount of experimental evi
dence, that external influences predominate in controlling the 
corrosion rate of any metal. This being true, it is important 
to understand the various ways in which the rate of attack is 
governed by changes in external conditions, including the 
surface films that naturally form on a metal surface and tend 
to re-form when broken by a self-healing process.

N atural Protective Film s

For lack of space the subject of deaeration and other means 
by which corroding media may be rendered much less active 
will be passed over here, except that it should be noted that

such means are sometimes more economical than other pre
ventive measures.

A few examples of protection of metals by building up 
natural protective films null now be considered.

A natural protective skin is often formed under atmospheric 
condition at normal temperature. In 1909 the writer re
ported a study of old French iron and steel on the Panama 
Canal site.'1 Some of this old material was thoroughly pro
tected by an adherent oxide but showed no evidence of paint
ing. However, when the surface skin was machined off and 
the clean metal was exposed with modern steel similarly pre
pared, they both corroded rapidly at about the same rate. 
Evidently the initial cycle of weather conditions (wetting and

F ig u re  1

hot-drying) has much to do with the ultimate life of the metal, 
depending upon whether or not a stable protective film is 
formed.

Evans6 reports an investigation which he made on some old 
galvanized-iron roofing sheets which had resisted exposure to 
sea spray in the Scilly Islands successfully for fifteen years. 
He showed definitely that the older material was more re
sistant than new galvanized sheets and that this was due, not 
to any essential superiority in the older zinc coating, but to a 
permanent protective film that had evidently been acquired 
during the initial period of exposure. There is considerable 
evidence like this pointing to the fact that the conditions pre
vailing when the metal is first exposed, such as the physical 
character and adherence of the early products of corrosion, 
have considerable influence on the subsequent life of the 
metal.

Evans6 artificially produced a protective film on a zinc- 
coated steel surface by alternately spraying with 0.01 N  sul
furic acid or 0.5 N  sodium chloride and drying, which in
creased the resistance of the metal when later immersed in 
0.5 N  sodium chloride.

Certain inhibitors reduce the rate of solution of metals in 
acid solutions. It has been shown that this is due to an in
crease in the hydrogen overvoltage which is generally assumed 
to be due to formation of a film of discharged inhibitor sub
stances adsorbed on the cathodic areas. The theory of in
hibitor action has been well stated by one group of investi
gators as follows:6

When immersed in acid, iron goes into solution at the anode 
areas, forming ions and discharging hydrogen ions at the cathode 
areas. These cathode areas may be said to occur principally 
in the narrow spaces of the grain boundaries in steel or between 
the metal and slag in wrought iron. M ost inhibitors are either 
bases, such as quinoline, or positively charged colloids, and 
when these are present they travel to the cathode areas with

.< Speller, Proc. A m . See. Testing M aterials, 9 , 440 (1909).
‘ E vans, "C orrosion  a t  D iscon tinu ities in M etallic  P ro tec tive  

C oatings,”  presented  a t  In s titu te  of M etals , Liverpool, E ng land , S eptem ber, 
1928.

• C happell, R oetheli, and  M cC arth y , I n d . E n g . CiiEm., 2 0 , 596 (1928).
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the hydrogen. When the positively charged heavy particles 
are discharged, they cannot escape by gaseous evolution, and 
accordingly are adsorbed on the surface, building up a pro
tective layer.

Another well-known example of film protection is found in 
the action of alkalies in solution. Some work clone a few 
years ago by the writer and one of his associates7 indicated 
that the initial rate of corrosion of iron in water having various 
concentrations of caustic soda did not vary materially, but 
that several minutes later the corrosion rate had decreased to 
a fixed minimum depending upon the hydroxyl concentration. 
This is explained by the lower solubility of ferrous hydroxide 
in the more alkaline solutions.

The relationship between the equilibrium values for alka
linity expressed as calcium carbonate and the pH value in 
distilled water and in Baltimore tap water has been plotted 
from experimental data obtained by Baylis.8 For any defi
nite alkalinity a calcium carbonate scale tends to form when 
the pH value is raised above the equilibrium value for any 
particular water. This method of controlling corrosion and 
preventing “red water” has been successfully put into practice 
in the city of Baltimore.

Sodium silicate has been found useful in some waters to 
assist in building up protective layers consisting of the prod
ucts of corrosion, silicates and carbonates from the water; as 
little as 10 p. p. m. is sufficient in some cases to prevent “red 
water.”9 This treatment has often been found useful in 
waters from which scale-forming constituents have been dis
placed by the zeolite process. The solution of lead may be 
stopped by the use of a small amount of soluble silicate in the 
same way. Silicate layers build up slowly and break down 
after a certain period of time, when the water treatment is 
discontinued.

M ay and Carpenter10 give some interesting examples of the 
building up and repair of broken surface films on non-ferrous 
condenser tubes and trace the formation of these films by a 
series of measurements of the film potential.

Passivity is induced in iron and ferrous alloys, zinc, alu
minum, copper, and other metals when they are subjected to 
the action of strong oxidizing reagents such as strong nitric 
acid, chromic acid, or a rather strong solution of chromates.11 
A metal may also be rendered passive to corroding reagents 
by anodic attack. To form such a film the voltage must be 
sufficiently high to cause evolution of oxygen at the anode.

So long as a certain low concentration of the passivifying 
reagent is in contact with metal, it is kept immune from at
tack under the action of corrosive solutions, even with alter
nating stresses that in the absence of the inhibitor would cause 
rapid destruction of the metal. McAdam12 has shown that 
the endurance limit of iron and some other corrodible metals 
is greatly reduced by the combined action of cyclic stresses 
and corrosion produced by a stream of water impinging on the 
stressed specimen. The present writer and his co-workers 
have shown that 200 p. p. m. of sodium chromate in ordinary 
tap water will completely overcome this effect, evidently by 
maintaining the passive film.13 In reporting their experi
ments on cyclic stress and corrosion, particular attention was

7 Speller an d  T cx ter, I n d . E n g . C n i jM .,  1 6 , 393 (1924).
* B aylis, A m . Water W orks Assocn., 15, 598 (1926).
• Speller, “ C orrosion— C auses an d  P rev en tio n ,“  p. 350, M cG raw -H ill 

Book Co., 1926.
10 M ay  and  C arpen ter, “ T he  Corrosion of C ondenser T u b es ,”  p re

sen ted  a t  In s ti tu te  of M etals , Liverpool, E ng land , S eptem ber, 1928.
11 E . L. C happell, of ou r R esearch  D ep artm en t, has show n th a t  ho t- 

d ipped zinc-coated p ipe, when quenched in  w ater carry ing  a  sm all am o u n t of 
ch rom ate , is m uch m ore re s is ta n t to  corrosion th a n  when th e  ch rom ate  
is n o t added .

** M cA dam , Proc. A m . Soc. Testing M aterials, (p rep rin t) 41, 29 pp ., 
Ju n e , 1928.

11 Speller, M eC orlde, M um m a, Ib id ., R eprin t N o. 42, 9 p p ., June, 
1928.

called to the fact that a narrow band of lacquer or loose rubber 
surrounding the test piece caused failure, evidently due to a 
localized acceleration of corrosion, which was sufficient to 
overcome the passivifying effect of the inhibitor, which other
wise gave good protection under the same stress.

All these observations and experiments indicate that pas
sivity is due to invisible film protection. Evans11 showed 
that some of these invisible passive films may be raised off the 
metal surface and rendered visible.

It is not surprising that these very resistant films are so thin 
as to be invisible, as corrosion under these conditions is 
quickly arrested and the growth of the film must then cease. 
Evans14 has shown that oxygen uniformly distributed over the 
surface of a metal in water tends to passivify iron. This may 
explain the abnormal resistance occasionally found in old iron 
and steel, and zinc-coated iron and steel. On the other hand, 
the present writer has found that variations in oxygen con
centration have a marked tendency, to break down protective 
films. There is therefore good ground for considering pas
sivity of all kinds, including the slow corrosion of special steels 
resistant to corrosion, as due to film protection.

The accelerating influence of contact between dissimilar 
metals may be offset more or less by the use of passivifying 
reagents. To passivify metals, in practice, it is most eco
nomical to use sodium dichromate with sufficient caustic soda 
to form the normal chromate. The writer has applied this 
treatment to stop corrosion in water cooling systems where 
the water is recirculated over and over. About 200 p. p. m. 
of the dichromate are usually sufficient, although the amount 
required varies with the composition of the water, particularly 
its chloride content. This treatment is also useful in retard
ing the action of refrigerating brines on plain and galvanized 
steel. A 20 per cent brine requires 1500 p. p. m. of dichromate 
and 400 p. p. m. sodium hydroxide. Naturally the surface 
film is harder to maintain in high-chloride solutions, but 
practical experience for more than a year at several ice plants 
has demonstrated the value of this treatment by which the 
corrosion of equipment is reduced by 80 per cent.16

Protection with Thick Coatings

Thick coatings of more or less inert material are often ap
plied economically to protect the more expensive steel con
struction such as underground pipe. As a rule, paints are 
hardly worth the expense of application, except where ex
posure is to the atmosphere.

In this class of protection we have Portland cement, con
crete, and reenforced bituminous coatings. Cement-lined 
pipe and fittings are now available for water service at ordi
nary temperature in all the common sizes. The coating is 
applied by centrifugal action for the larger sizes and by draw
ing a mandrel through the pipe for the smaller sizes. Neat 
cement with 25 per cent fine sharp sand is usually employed. 
For a few months the water passing through cement-lined 
pipe will be slightly harder and more alkaline, but as the free 
lime becomes leached out this effect disappears. In New  
England fifty or sixty years of service have been obtained from 
cement-lined water pipe.

A new process (Talbot) of centrifugally lining water mains 
with an asphalt mastic (70 per cent sand and 30 per cent 
asphalt) has been developed in England and plant for 
lining up to 30-inch pipe has been erected by the National 
Tube Company in the United States. This gives a very 
durable coating but is somewhat more expensive than cement. 
Enamel- and rubber-lined pipe are also available for special 
purposes.

The protection of pipe lines from soil corrosion is being

“  E vans, / .  Chcm. Soc., 1 9 2 7 , 1020.
“  Refrigerating E ng., 12, 22 (Ju ly , 1928).
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studied in detail by representatives of the American Petro
leum Institute and the American Gas Association. Thick 
bituminous coatings are generally used, frequently reenforced 
with saturated fabric to hold the bitumen on the metal. The 
Petroleum Institute’s corrosion committee has recently issued 
a tentative code of good practice for the coating of pipe.16

M ore R esis ta n t M etals

Having considered a few examples of unstable metals which 
may be made less corrodible by the formation of a protective 
layer on the metal surface without any change in the metal 
itself or by application of protective coating, let us now con
sider what can be done towards prolonging the life of the 
metal by alloying it with other metals.

When the electrolytic theory was first discussed, some were 
led to the conclusion that a high degree of purity and a more 
homogeneous structure would give longer life to ordinary 
steel. Greater purity of the metal has not proved to be the 
answer except under acid attack. We now know that ex
ternal factors usually control the rate of corrosion and that 
all commercial grades of iron arc much alike in being naturally 
more corrodible under some conditions than chromium, 
nickel, or copper. Fortunately, iron can alloy with most of 
these more resistant metals, forming solid solutions that are 
in many cases much more resistant than the alloying metals 
themselves. The essential characteristics of a rust-resisting 
metal are apparently that it would have a low solution pres
sure and form impermeable, tenacious, and stable surface 
films in combination with corroding media. These films 
should be, and usually are, much more stable than the metals 
which enter into their structure, but as they are attacked 
differently under different conditions, it is not to be expected 
that a metal will soon be found that is equally resistant under 
all conditions. Gold and platinum are at present the only 
metals that are resistant to nearly all corroding reagents.

Let us take the case of steel with the addition of 0.25 per 
cent of copper, which is now well established commercially. 
Long-time exposure tests in service have shown an increased 
life of from two to four times in atmosphere by the addition 
of this amount of copper to ordinary Bessemer steel, whereas 
the same steel under water or in corrosive soil is apparently 
no better than ordinary steel without copper. In the former 
case, when the metal first goes into solution, copper is precipi
tated in  silu  and a double oxide of copper and iron is formed. 
In water, on the other hand, the rust is loosely formed and 
less dense, suggesting that the small amount of copper is 
carried away from the corroding surface when the metal 
dissolves and therefore plays no part in the formation of a 
protective layer. I t  is a curious fact that copper forms a 
denser film on the more impure forms of steel, so that copper- 
bearing Bessemer steel is more resistant in certain atmos
pheres than open-hearth steel or commercially pure iron with 
the samé copper content.

For most purposes where large tonnages of metals are in
volved, the world is interested in the use of iron as a base for 
a more durable metal having useful physical properties. 
Small additions (1 or 2 per cent) of chromium, nickel, or silicon 
to iron have not given encouraging results, under ordinary 
corrosion, but when the amount of chromium or silicon ex
ceeds 12 or 14 per cent a very marked stability is produced, 
particularly under atmospheric exposure or where the metal 
is exposed to strong oxidizing conditions. This amount of 
chromium in solid solution in iron forms a very resistant oxide 
film which is self-healing except under those conditions where 
the film is destroyed, as in the presence of an excess of chlo
rides. High-chromium iron when immersed in copper chloride 
solution after careful cleaning in the absence of oxygen goes

18 Proc. A m . Petroleum In s t., D ecem ber, 1928.

into solution and precipitates copper liko ordinary iron. The 
addition of 8 per cent or more of nickel still further increases 
the stability of the surface film under a wider range of con
ditions. An attractive field of research is open in the study  
of the stability of films made up of combinations of oxides. 
More fundamental information is also desirable on the initial 
rate of corrosion of these alloys, which appears to depend upon 
the type of anodic film protection produced in the corroding 
medium.

These are fundamental problems worthy of the close atten
tion of physical chemists. The nature of the bond which 
holds these passive films on the metal is also an interesting 
field of speculation. It may be, as Guertler17 points out, that 
the unsatisfied attractive bonds of the surface ntoms of the 
metal bind oxygen atoms to the metal and thus form a pri
mary protective layer (an atomic priming coat as it were) to 
which a more protective oxide layer is often attached.

High-chromium steel (stainless steel) has been shown by 
Friend18 to resist the action of sea water very much better 
than ordinary steel similarly exposed, except where the 
samples were partially protected in a wooden rack. All the 
metals so protected were deeply corroded at that place, prob
ably owing to the difference in oxygen concentration. Small 
particles of scale on the surface of chrome iron also induce a 
difference of potential which results in pitting, so that to get 
the best results the metal should be polished. High-chro
mium steel is also subject to pitting in corrosive soils. This 
and other circumstantial evidence, as pointed out before in 
this paper, leads to the conclusion that the superior resistance 
of such steels is due to the surface film formed rather than to 
any great reduction in the solution pressure of the metal by 
the chromium addition. As the life of the steel is so materially 
influenced by small variations in surface potential, the surface 
film hypothesis seems highly probable.

All this being true, it follows that to improve the durability 
of iron, the compounds of iron and other metals that are most 
resistant under certain conditions of service should first be 
investigated, and then the most likely ones selected in an 
endeavor to form solid solutions of iron and other metals that 
will form these resistant films when the metal corrodes. The 
chief alloying metals available in practice are copper, nickel, 
chromium, silicon, and aluminum. Since double compounds 
of these metals are as a rule more stable, a research of this kind 
is likely to take some time and patience. However, much lias 
already been learned by experience and useful alloys of iron, 
chromium, and nickel are now available for various purposes 
where first cost is of secondary importance. A low-priced 
alloy is needed which will be two or three times as durable as 
ordinary iron in air, soil, or natural waters without much 
additional cost. Experience with the iron-chromium, iron- 
nickel, and iron-silicon series points to the necessity of a large 
amount (over 13 per cent) of these alloying metals in solid 
solution and does not offer much promise of the early develop
ment of a low-cost rust-resisting iron alloy.

Aluminum is an example of a metal that quickly forms a 
stable oxide film and on this account possesses high resistance 
to atmospheric corrosion. In contact with chloride solutions 
this film is soon penetrated and destroyed, and, in consequence, 
under these conditions the metal has a comparatively short 
life. Aluminum in considerable amounts (perhaps with other 
metals) may prove to be a useful alloying agent in iron for 
certain kinds of exposure.

Variations in water, local differences in surface potential, 
and other factors may affect the stability of the film formed on 
metals, so that tests should be made under service conditions 
or by using the same controlling factors that are found in

17 G uertler, Trans. A m . Soc. Steel Treating, 13, 759 (1928).
18 F riend , Carnegie Scholarship M em ., 16, 131 (1927).
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practice. Too often the impatient investigator resorts to an 
acid test and misleading statements are prematurely published 
which tend to discredit other work. Popular advertising of 
special alloys of iron with a dash of this or that and a cryptic 
name should be viewed with suspicion until satisfactory tests 
under specific conditions of service are obtained. Thus far 
no low-priced iron alloy has been put on the market that 
seems worth the difference in cost except for atmospheric ex
posure, and ordinary Bessemer steel with a little copper seems 
to be at least as durable as any other for that type of ser
vice.

Conclusions

1— Corrosion is determined and controlled by influences 
external to the metal which either form or destroy surface 
films on the metal.

2—Protective films form more readily in air than in water 
or soil.

3—Where the metal is continuously in contact with soil

or water, commercial steel or wrought iron suffers about the 
same under the same conditions of exposure irrespective of 
method of manufacture or the amount of foreign material 
present, ■within wide limits.

4—When exposed in air, however, copper in amounts over 
0.15 per cent has a marked effect in forming a stable surface 
coating of oxides which increases the life of the metal at least 
two or three times. This is the result of tests in service ex
tending over a period of more than ten years. There is no 
such evidence as yet that other additions give additional 
life.

5—For highly corrosive conditions where the first cost of 
metal is not of prime importance, suitable metals are now 
available, such as the 18 per cent chromium-8 per cent 
nickel alloy, but in selecting the most economical alloy for 
any particular purpose it is important first to study the en
vironment and select a metal that contains the elements that 
will be most likely to form a stable surface film under condi
tions of service.

AM ERICAN CONTEM PORARIES

THE truism that "we build the ladder 
by which we rise” finds striking ex
emplification in the subject of this 

sketch. While ultimately this structure is 
an individual product, the reliance on in
dividual initiative and resources in the early 
stages of its building may vary widely.
Some have the timber for it selected and 
furnished them with little effort; others have 
encouragement and material help in framing 
the lower rungs and getting the structure 
well under way; but as it rears in height it 
reflects the measure of the man. Homer J.
Wheeler began at the bottom, and supplied 
the moral and intellectual fiber for his rise.

Reared on a farm in Berlin, Mass., he 
made the most of the local school oppor
tunities and became imbued with a desire 
for a college education which would give him 
a larger intellectual outlook and oppor
tunity, regardless of what his future voca
tion should be. When he set out for the 
Massachusetts Agricultural C o lle g e  in  
1879, this ambition and an indomitable will were his chief 
assets, for he had scant financial support and he knew he must 
depend mainly on his own efforts. So, like many another, he 
worked his way through college, ringing the chapel bell, milking 
at the barns morning and night, helping in the greenhouses, and 
doing such other work as the farm afforded at different seasons 
of the year.

It was a stiff pace with many hardships, including those of 
boarding himself, but he stuck to it through the four years. He 
was a good student but not a "grind,” and he found time to take 
his part in the student activities. He graduated second in his 
class, a credit to himself and an inspiration to others who profited 
by his courageous example.

In his college course he had come under the influence of Charles 
A. Goessmann, professor of chemistry and a former pupil of 
Wohler. Goessmann had long been carrying on agricultural ex

periments and investigations with meager 
resources, and working for the establish
ment of an experiment' station. Shortly be
fore Wheeler graduated, such a station was 
authorized by the Legislature and a small ap
propriation provided. Wheeler became one 
of the assistants in the chemical laboratory, 
and served in this capacity for four years. 
During that time he continued his chemical 
studies under the direction of Goessmann, 
acquiring a vision of the exact and pains
taking German methods of scientific re
search and a desire for a university course. 
But his meager salary had permitted him 
to save only a small part of the required 
fimds, and so in his predicament he turned 
to a member of the board of trustees for a 
loan. This was granted when the only se
curity he could offer was his high character 
and an insurance policy on his life. But
Wheeler proved a good risk, and his bene
factor must have felt proud of his part in 
aiding this worthy effort.

He studied two years at Gottingen, working under Tollens on 
the chemistry of carbohydrates and under von Koenen in geology, 
receiving his doctor’s degree in 1889. Fortunately the position 
of chemist at the newly organized agricultural experiment station 
in Rhode Island awaited him on his return, for he was imbued 
with the spirit of research and anxious to get to work.

In this position he entered with zeal upon the study of soil
problems and plant nutrition, soon establishing himself as a
leader. He instituted a system of laboratory, pot, and field 
experiments which in connection with chemical studies resulted 
in outstanding contributions to the knowledge of soil fertility, 
notably the nature, cause, and cure of so-called acid soils, which 
he showed to be widespread in this country, and the effect of one 
crop on another in rotation. He studied intimately the action of 
various fertilizing materials, the nutritive requirements of plants 
and methods of determining these needs, sodium salts and their

Homer J. W heeler

H . J .  W h ee le r



May, 1929 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY 511

functions in soils and plants, the relations of lime and magnesia 
to plant growth, and the effect of the soil reaction on various 
crops and on the prevalence of such diseases as potato scab. 
In that connection he contributed to the differentiation of acid- 
tolerant crops from those unsuited to acid soils and showed the 
relation of soil treatment to acidity. He was the first to note 
the effect of sulfate of ammonia in increasing the acidity of soils 
deficient in lime.

Wheeler had the courage to doubt some of the things long ac
cepted as true, and the discernment to devise and carry through 
studies which he could interpret understandingly. His work was 
his hobby. He took'it seriously and threw his intense nature 
into it. He concentrated on a few lines and stuck to them. Suc
ceeding pieces of investigation were obvious parts of a whole—  
the development of a plan or the following up of suggestions 
that came from his results. The broad, fundamental character 
of his research was due to this fine quality of concentration, 
close observation, and constructive thinking. It was this that 
served to make a relatively small station a conspicuous leader in 
its field, and give it international reputation.

In his twenty-three years’ connection with the Rhode Island 
Experiment Station, Doctor Wheeler rose to the position of direc
tor in 1901, was professor of agricultural chemistry and of geology 
in the Rhode Island State College, and at one period was acting 
president. He was prominent in the college faculty and in the 
agricultural affairs of the state, and held important positions in 
leading scientific bodies. However busily occupied, he always 
found time to give sympathetic counsel to a student or an inquir
ing farmer who sought his help. He maintained close contact

with the farmers, and was in demand in other states for addresses 
in his special field. For what he knew he was able to impart 
clearly, and his word carried conviction. He never was happier 
or more at home than when he was discussing with farmers their 
particular problems and explaining the applications of his find
ings.

But through it all he has found time for diversion. He loves 
human intercourse, and he never has lost his love of play. In 
his younger days he was a good tennis player. Later his dog and 
his gun were his great diversion. He was fond of boating and of 
anything that led him out into Nature’s playground. When he 
took up golf it was with the enthusiasm of youth, and it is one of 
the things which keeps him young.

In 1912 Doctor Wheeler was offered the position of manager of 
the Agricultural Service Bureau of the American Agricultural 
Chemical Company, which he has occupied ever since, with credit 
to himself and profit to his organization. He carried into his in
dustrial position the spirit and the ethics of science, exemplifying 
the same high type of student and investigator that he earlier did 
and keeping in close touch with the progress of scientific investiga
tion in agriculture. These traits have preserved his recognition 
in the organizations he was so long associated with, and accorded 
him a position of honor. He is a fine example of the scholar in 
industry.

A forceful speaker and writer, w ith a charm ing personality, 
kind, big-hearted, and generous, he has left a strong impress on a 
wide circle of younger m en and m ade lifelong friendships. He 
has led a fine, fruitful life, full of work and full of pleasure, for 
his work is his greatest satisfaction. E. W . A l l e n

N O TES AND CORRESPONDENCE

“Stability of Metals at Elevated 
Temperatures”

E ditor of Industrial and Engineering Chemistry:

M y attention has been called to the review by H. J. French 
[Ind. E ng. Chem., 21, 193 (1929)] of the bulletin by Clark and 
White entitled, "The Stability of Metals at Elevated Tempera
tures.”

The reviewer criticizes the authors for not including stress- 
strain curves. In fact, he devotes one entire paragraph to this 
criticism. Possibly a mistake was made in not including at 
least one stress-strain curve, though we have stress-strain curves 
for every one of the tests on which we obtained proportional- 
limit values, and these are available for persons who care to 
examine them. This particular type of criticism seems to be an 
obsession with this particular reviewer, in view of the fact that 
this is not the first time he has made such a criticism.

Again, the reviewer criticizes the authors for failing to furnish 
supporting evidence with regard to their theories advanced to 
explain the difference in stability of various metals and alloys. 
We quite agree that this phase of the bulletin can be developed 
further, though in some cases it may be several years before 
proper supporting evidence is advanced. If it should take the 
trend that our iron-carbon equilibrium diagram has taken, or 
that our various theories with respect to hardness have taken, it 
may be many, many years before full evidence with regard to 
these theories can be advanced, for even yet there is no one gen
erally accepted iron-carbon equilibrium diagram nor no one 
generally accepted hardness theory. The theories advanced for 
stability should be viewed from the standpoint of theories as an

attempt to develop a rational explanation of stability, and the 
authors should not be criticized for their failure to support all of 
their contentions with absolute evidence.

The reviewer objects to the expansion tests, apparently on 
the basis that they are not accurate. We recognize that creep 
tests on straight bars of metal as performed in some one or more 
of the customary manners may be slightly more accurate than 
expansion tests, though we were ourselves surprised at the close
ness with which our expansion tests and the creep values as 
obtained by reputable investigators coincide. Likewise, the ex
pansion tests were undertaken with the purpose in mind of doing 
work which we felt would be of application to central stations, for 
practically all of the material used for high-temperature purposes 
is of tubular section and we desired, therefore, to find the char
acteristics of this type of stock without having to go through the 
transpositions that would be necessary if we used straight stock.

The reviewer has absolutely overlooked the mathematical 
relationship which was developed between stress, temperature, 
deformation, and time. We feel this is a very valuable contri
bution. In fact, it is the first attempt made to put on a rational 
mathematical basis the relationships in question. Further, he 
has made no comments about the theories beyond the fact that 
they were not supported with proper evidence. So far as we 
know, this is the first time any theories have been advanced, 
and we felt, and still feel, that it is wise to advance theories, 
even in the absence of convincing evidence, as it gives an oppor
tunity for all the investigators in the field to carry on work, if 
they see fit, in accordance with the theories suggested.

The reviewer states that in its present form the book does not 
add many new facts to current information. This statement is 
true with respect to certain data, but there is a considerable
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amount of material to which this statement does not apply. We 
believe the reviewer has lost the point of view from which the 
bulletin was prepared-—namely, the purpose and intent to place 
under one cover information and data on this subject that might 
be of use to the general public, particularly to the users of power- 
plant equipment. We feel that if we should take the stand that 
no material except that which includes only new facts should be 
published there would be a material reduction in the technical 
literature. We are not sure but that such a step would be de
sirable, though, beyond question, it would materially handicap 
many engineers and scientists who wish to familiarize themselves 
with various fields beyond those in which they maintain acute 
interests. We do feel, however, that the book has added new 
facts. It has advanced a theory explaining stability of metals 
at elevated temperatures; it has developed the mathematical 
relationship between stress, temperature, deformation, and time; 
and it has given data on a considerable number of new alloys

which have not hitherto been recorded except through certain of 
our own technical publications.

U n i v e r s i t y  o r  M i c h i g a n  A. E. W HITE
A n n  A r b o r , M i c h .
F e b ru a ry  11, 1929

Ignition Temperature of Carbon Bisulfide— 
Correction

Editor of Industrial and Engineering Chemistry:
It has been brought to my attention that the work of Masson 

and Hamilton [Ind. E n g  Chem., 19, 1335 (1927)] was in
correctly quoted in my paper entitled "Auto-Ignition Tempera
tures of Flammable Liquids,” Ibid., 21, 134 (1929). The value 
of 343 ° C. quoted as the ignition temperature of carbon bisulfide 
is acknowledged to be an error.

F a c t o r y  M u t u a l  L a b o r a t o r i e s  N . J. Thom pson
B o s t o n , M a s s .
A pril 1, 1929

BOOK REVIEW S

International Critical Tables of Numerical Data, Physics, Chem
istry and Technology—Volume V. E d w a r d  W. W a s h b u r n ,  
Editor-in-Chief. Prepared under the auspices of the Inter
national Research Council and the National Academy of 
Science by the National Research Council of the United States 
of America, ix +  470 pages. McGraw-Hill Book Co., 
Inc., New York, 1929. To be published in 7 volumes. Price, 
§84 per set on orders per set only; payable at the rate of $12 
per volume as issued.

Volume V of International Critical Tables treats the following 
subjects: viscosity and fluidity; kinetics of physical processes; 
mechanical equivalent of heat; specific heat; thermal effects 
accompanying physical and chemical processes; thermal con
ductivity; radiometry; spectroscopy; photometry; mechanical 
equivalent of light; photography; and properties of soaps and 
their aqueous solutions. An index for Volumes I to V is included.

The completeness of the data is somewhat variable; thus, 
the viscosity data include only a few pure liquids (the remainder 
to appear in a later volume), but the data on viscosity of solu
tions, aqueous and non-aqueous, seem quite complete. The 
thermal data seem to be the most important part of this volume, 
and appear to be quite up to date, as the reviewer found data 
published as late as 1929! The full bibliography of absorption 
spectra of solutions will also be wrelcomed. A number of short 
chapters on highly specialized subjects, such as "electrically 
exploded wires,” “pole effect,” "emission of light by spark 
discharges in liquids,” contain data not usually included in 
books of tables, and which will be useful only to the specialist.

Naturally, International Critical Tables becomes increasingly 
valuable as each new volume appears, and a final index will 
certainly double the usefulness of the series to the average 
consultant, since the system of arrangement of data is not always 
simple to the uninitiated.—G r a h a m  E d g a r

Photometric Chemical Analysis. Volume II—-Nephelometry. 
B y  J o h n  H . Y o e . With contributions by H a n s K le in -  
m a n n .  xvi +  337 pages. 44 figures. 1 5 X 2 3  cm. John Wiley 
and Sons, Inc., New York, 1929. Price, S4.50.

A novice with regard to a new procedure is confronted with a 
host of questions as to technic and limits of application. This 
book has obviously been planned for the novice as well as for 
one experienced in nephelometry. The contents are outlined 
in the goal set by the author as follows: (1) to give an accurate
account of the development of nephelometry, (2) to present an 
impartial discussion of the present status of the theory of nephel
ometry, (3) to give detailed working directions for using a pre
cision nephelometer, (4) to discuss nephelometric research, (5) 
to give procedures for the determination of a number of inor
ganic and organic constituents, and (6) to give an accurate and 
fairly complete survey of the literature on nephelometry.

This book fills a definite place in the literature of rapid and 
micro methods. It is in the latter field that so much has been 
accomplished with so little material. The use of such methods 
has resulted in important contributions to our knowledge, espe
cially of biological processes; nevertheless one stands in awe of 
the possibilities of error in manipulation. The value of this 
book is enhanced by the particular appreciation of the possi
bilities of technical error.— P a u l  E. H o w e

Heat Transmission. B y  M a r g a r e t  F i s i - i E n d e n  a n d  A. F.
D u f t o n .  Department of Scientific and Industrial Research,
Building Research, Special Report 11. H. M . Stationery
Office, London. Price, 9 d. net.

The report is a well-presented resume of the present status 
of our knowledge of the basic factors influencing the rate of heat 
transmission through walls. A limited amount of data gathered 
from various sources dealing with thermal resistance of various 
walls, heat transfer between surfaces, and effect of meteorological 
conditions on these surface coefficients is presented. The 
general principles developed are applied to a discussion of heat 
losses from buildings under natural weather conditions. Further 
experimental work is being done to gain more systematic informa
tion on the effect of meteorological conditions on the rate of heat 
losses from buildings.—E. C. L a t h r o p

Conduction of Electricity through Gases. Volume I— General
Properties of Ions, Ionization by Heat and Light. B y  J. J.
T h o m s o n  a n d  G. P. T h o m s o n .  3rd edition. 491 pages.
The Macmillan Company, New York, 1928. Price, 38.50.

Rarely has a book had such a profound stimulating influence 
on the development of a branch of science as that of the second 
edition of J. J. Thomson’s classical book which appeared in 1906. 
It not only recorded the progress in this field up to the time of 
its publication, but it introduced a new point of view into the 
study of the constitution of matter and the nature of electricity. 
Great interest is thus attached to the advent of this third edition 
after an interval of over twenty-two years. The new volume 
was started by Sir J. J. Thomson about fifteen years ago and was 
partly in type when the war broke out. The publication of the 
present edition is the result of the cooperation of his son, G. P. 
Thomson. It covers in 482 pages the subject matter of the 
first ten chapters of the second edition, which there occupied 
290 pages. AH but about 50 pages out of these 290 are retained 
without change (except terminology—electron for corpuscle, 
etc.) in the new edition, so that more than half of this edition 
is new material. The subject of the mobility of ions is brought 
up to date in a new chapter of 108 pages. Twenty-four pages 
are devoted to positive ray analysis, including Aston’s work on 
isotopes. Millikan’s determination of electronic charge is 
treated in 10 pages.
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The chapter on Ionization by Incandescent Solids is increased 
from 40 to 61 pages. The great development in this field would 
seem to warrant more space, but perhaps it  is not so pertinent to 
the subject of the conduction of electricity through gases.

The spirit as well as the form of the book is the same as in the 
earlier editions. The plan is essentially an application of the 
classical kinetic theory to  the phenomena of gaseous conduction. 
It is thus natural that no attempt is made to treat the collisions 
of electrons with atoms or ions from the standpoint of the quan
tum theory. Ionization potentials are mentioned practically only 
in one place (page 472) and quanta only in connection with 
Einstein’s photo-electric equation.

The present value of the classical methods is, in general, amply 
demonstrated by this book, and by the numerous cases where 
the more rigorous methods of the new mechanics have not yet 
been, or cannot yet be, applied to the solution of practical prob
lems. The book is thoroughly recommended, not only to those 
interested in the historical development and the present status 
of the subject matter, but to those who still desire to have 
"physical pictures” to aid them in understanding phenomena.—  
I r v i n g  L a n g m u i r

The Discovery of the Rare Gases. B y  M .  W . T r a v e r s .  126 
pages. Edward Arnold and Company, London; Longmans, 
Green and Company, New York, 1928. Price, S6.00.
This book will be welcomed by the chemists of all nations. 

"The Gases of the Atmosphere,” by Ramsay, outlined the 
history of the discovery of the rare gases, and gave to the world 
a picture of the work and problems which were successfully 
surmounted by Ramsay and his assistants. It was impossible, 
however, for Ramsay himself to put the personal touch into his 
account that has been possible for Doctor Travers to do in the 
present volume. Historically this book is of great value and it is 
full of interesting details that will be greatly appreciated by 
chemists who desire an intimate account of Ramsay’s monu
mental discoveries.

The author describes the original controversy that existed 
among chemists as to the relative credit that should be given 
to Ramsay and Rayleigh in connection with the discovery of 
argon. As the book is read one marvels at the slowness with 
which chemists accepted the evidence for the existence of the 
new element. And one marvels equally at the attempts to 
cloud this great discovery with a controversy that involved 
the two scientists who were themselves beyond such petty  
jealousies. The correspondence between Rayleigh and Ramsay 
here published shows plainly that each one was keenly interested 
in seeing that the other obtained full recognition. The present 
reviewer was at a dinner at University College, London, in 1908, 
given in honor of the completion of Ramsay’s twentieth year as 
professor at University College. Lord Rayleigh presided and 
on that occasion went out of his way to give most of the credit 
of the discovery of argon to Ramsay, and Ramsay in his reply 
was equally generous to Rayleigh.

Doctor Travers has had the benefit of the files of Ramsay’s 
original correspondence, his notebooks, and other laboratory 
records, and has taken full advantage of his opportunities. 
The book is full of reproductions of original drawings and original 
notes. The whole controversy in connection with metargon 
is described in a fair and satisfactory manner and the book as a 
whole is an inspiration to all research workers whether in this 
particular field or not.

Doctor Travers has been very modest in describing his own 
connection with Ramsay’s work. He deserves the thanks of 
all chemists for writing this book and he is to be congratulated 
upon the results.—R. B. M o o r E

A Comprehensive Treatise on Inorganic and TheoreticarChem- 
istry. Volume IX—Arsenic, Antimony, Bismuth, Vanadium, 
Columbium, and Tantalum. B y  J. W. M e l l o r .  967 pages. 
Longmans, Green and Company, New York, 1929. Price, 
S20.00.
This volume marks another milestone in what promises to be 

one of our most important handbooks in chemistry. These 
volumes are fittingly dedicated "to the privates in the great 
army of workers in chemistry,” but to bring together the work 
of these "privates” in a systematic and connected whole is an 
exceedingly valuable service which increases the value of the 
work of the privates many fold. The references are compre
hensive and were painstakingly worked out. The sections on 
the history and uses of the elements present interesting reading 
for all. Indeed, one working on a particular problem will find 
great profit in reading the sections dealing with the substances 
with which he is concerned, for it will bring to light many ques

tions and suggestions, as well as questions as to the validity of 
some of the statements. In fact, it would be exceedingly inter
esting if some one could put his finger on the statements in our 
literature which are in error. Perhaps it may come to a point 
where an army of privates will be needed to ferret out and correct 
"wrong facts.” This process, of course, is going on more or less 
in the search for new facts and such treatises as the ones being 
given to us by Professor Mellor are certainly an exceedingly im
portant tool and aid in our investigations. No chemical library 
is complete without these volumes.— G e o r g e  A. H u l e t t

Organic Syntheses. An Annual Publication of Satisfactory 
Methods for the Preparation of Organic Chemicals. Volume 
IX. B y J a m e s  B. C o n a n t ,  Editor-in-Chief. vii +  108 pages. 
John Wiley and Sons, Inc., New York, 1929. Price, $1.75.
The arrangement of subject matter is the same as that em

ployed in the first volume, which consists, in brief, of a detailed 
statement of the method of procedure for each preparation, fol
lowed by notes, after which references to other methods are 
given. At the end of the volume is a collection of later refer
ences to preparations described in preceding volumes, followed 
by a subject index comprising material from all volumes of the 
series. It is to be regretted that an author index, which appeared 
in the sixth, seventh, and eighth volumes, has been omitted from 
this one.

In the opinion of the reviewer, the chief value of all the volumes 
of the series is that they contain specific directions, including the 
precautions necessary to insure successful results, yields to be 
expected, etc., for the preparation of compounds seldom de
scribed in the laboratory guides usually employed in routine 
course work. These features commend it to the research stu
dent, who sometimes finds, upon reference to original papers for 
methods of preparation of starting material that he needs, that 
the yield and other necessary information regarding the com
pound under consideration have not been recorded.

The present volume gives directions for the preparation of 
twenty-nine compounds. I t  is printed on good paper, in pleas
ing type, and seems to be exceptionally free from typographical 
errors.— L. C h a s .  R a i f o r d

Données Numériques sur les Colloïdes et l’Adsorption. Extract 
from Volume VI of Tables Annuelles de Constantes et Données 
Numériques (1923-1924). Edited by R. A u d u b e r t  and 
M. Q u rN T iN . 56 pages. 22 X 27 cm. Gauthier-Villars et 
Cie., Paris, 1928. Price, bound, 50 francs; paper, 34 francs.
This is an extract (pages 1169 to 1225) from the Annual Tables, 

as indicated in the title. The first part consists of ten chapters 
on colloids and the second part consists of four chapters on 
adsorption.

It is very interesting to see that colloid chemistry is slowly 
emerging from the qualitative age. While it cannot be said 
that we have fully arrived at the quantitative age, this compila
tion at least shows that -we are on the way. Reproducible 
quantitative data in colloid chemistry are very difficult to get, 
and of course if data arc not reproducible they are of no particu
lar value. The colloid chemists, at least many of them, now 
realize this difficulty and better technic is developing.

While the data here given are interesting, particularly in the 
way of showing what has been done, a careful reading of the 
original article would be necessary in most cases in order to un
derstand the precise conditions under which the data were se
cured. Naturally all these conditions cannot be given in the 
Annual Tables, and occasionally they are not given in sufficient 
detail even in the original article.

Although there is a difference of opinion among colloid chem
ists as to the value of such tables, the reviewer feels they are 
worth while, though their limitations must be kept in mind. 
Colloid chemistry is not yet an exact science.—J. II. M a t h e w s

M éthodes et Procédés Métallurgiques. By M. R é g n a u l d .  
342 pages. Gauthier-Villars et Cie., Paris, 1929. Price, 60 
francs.
The title of this book is somewhat misleading as, apart from 

a dozen pages devoted to the minerals from which half a dozen 
other metals arc extracted, it deals entirely with iron and steel. 
The author, who is chief engineer of naval artillery, planned to 
set forth methodically the principal facts of (French) iron- and 
steel-making practice, and in this he has been reasonably suc
cessful; the book is an assembly of general information for the 
interested outsider, but not a discussion of principles or even of 
details of practice for the chemist or metallurgist.



514 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 21, No. 5

The reader can probably best judge its usefulness to him from 
the following list of main headings, with the number of pages 
allotted to each topic: refractories (17); minerals of the princi
pal metals and their treatment (19) ; iron alloys (4) ; fuels and 
gas producers (14); combustion (14); blast furnace (22); con
verters (5); electric furnaces (10); open-hearth and other fur
naces (32); pig iron (23); steel making (28); costs (11); molds 
and ingots (40); forging and rolling (31); heat treatment (36). 
There is a bibliography of twelve entries, the smallness of this 
number perhaps being accounted for by the author’s statement 
that “metallurgy is a science of which but a small part can be 
learned from books.”—J o h n  J o h n s t o n

La Gomme de Balata. Un Volume de l’Encyclopédie du Caout
chouc et des Matières Plastiques. B y  A . L>. L u t t r i n g e r .  
47 pages. A. D. Cillard, Editeur, 49 Rue des Vinaigriers, 
Paris, 1929.
This book is a brief but reasonably complete compendium of 

information regarding balata. In 47 pages it covers for balata 
the botanical origin, habitat, method of collection, packing, 
shipment, and purification, as well as yields, costs, markets, 
commercial uses, and methods of chemical analysis. While, as 
might be expected in a work so condensed, technical detail—  
particularly that which has to do with structure and special 
physical behavior—is not greatly elaborated, the information 
given seems to be accurately derived from reliable sources and is 
combined in a very readable and logical fashion.

To the rubber technologists of this country, the explanation of 
the situation with regard to the imminent destruction of many of 
the important sources of supply and the extreme improbability 
of development of plantation sources will be of considerable in
terest. The reasons for variation in the quality of balata ob
tained from different countries is also clearly explained and 
should be helpful in judging future possibilities.

This little book serves a useful purpose and would be worth the 
reading of anyone interested in the subject.— R .  P .  D i n s m o r e

Textilchemische Erfindungen. B y  A d o l f  L s h n e .  Lieferung 
II—-1 Juli-1 Dezember, 1927. vii +  70 pages. Lieferung 
HI— 1 Januar-30 Juni, 1928. viii +  74 pages. A . Ziemens 
Verlag, Wittenberg, Germany, 1928. Price, each part, 1.50 
marks.
It is a pleasure to welcome the second and third parts of this 

work, the first part of which appeared a little over a year ago. 
In Part II there are two patents on finishing, thirty on dyeing 
processes, seven on printing, fifty-nine on new dyestulfs of 
various groups, and six on artificial fibers and carbonizing. 
Part III covers six patents on finishing, thirteen on dyeing meth
ods, six on printiug, fifty-five on dyestuffs of various classes, 
and nine on artificial fibers and carbonizing.

The general style of treatment in these two new issues is the 
same as in the first part. In the review of that part it was sug
gested that a more complete discussion of the patents, while 
still keeping their treatment within the limits of a brief summary, 
might improve the book. Doctor Lehne makes clear, in a short 
preface to the third part, the essential value (he puts it on the 
score of purpose; the word “value” is our estimate) of a brief 
treatment such as he has thought best. In his words,

T h e  favorable  reception  of th e  first p a rt,  in  th is co u n try  and  ab road , has 
show n th a t ,  in  th e  circle of th e  m any  workers in te res ted  in th e  progress of 
th e  tex tile  in d u s try , th e re  has existed a  dem and  for speedy in fo rm ation  re 
g ard ing  th is  progress, step  by  s tep , in so fa r as  advances have been m ade 
know n th rough  th e  procedures of p a te n ts  which have been g ran ted . T he  
a u th o r  has ap p aren tly  succeeded in  so a rrang ing  th e  copious m ateria l th a t  
a n  expert can quickly  find th e  p a te n ts  w hich a re  of special in te re s t to  him .

These remarks do indicate the great value of his method of 
treatment—viz., the ability to inform one’s self rapidly as to the 
general bearings of recent patents. The reviewer has already 
found the first part to be of much value and convenience in de
termining the existence or non-existence of very recent patent 
literature upoii certain topics, but he cannot help again expressing 
the wish that the patents of other countries might be included. 
But, without question, this would make it impossible to keep the 
work up to date without serious omissions and unavoidable de
lays; and it is worth while noting that, with the issue of the 
present third part, we arc in touch with the German patent 
literature up to only six months before that part was received—  
a record in keeping up to date which it might be hard to equal.

If some expert were to supplement Doctor Lehne’s work by a 
similar digest, as well worked up, of the patent literature of 
other countries, the textile industry would find itself in possession

of an invaluable means of progress. We shall welcome, value, 
and use the succeeding issues of Doctor Lehne’s work.—F r e d 
e r i c k  S. B e a t t i e

Halbmikromethoden zur automatischen Verbrennung or
ganischer Substanzen und ebullioskopischen Molekularge- 
wichtsbestimmung. B y  E d u a r d  S u c h a r d a  a n d  B o g u s l a w  
B o b r a n s k i .  37 pages, 6  illustrations. Heft 94, Sammlung 
Vieweg. Friedrich Vieweg & Sohn, A. G., Braunschweig, 1929. 
Price, 2.75 marks.
Only within the last few years have our analytical control 

laboratories begun to appreciate the great losses they have sus
tained through failure to employ microchemical methods of 
analysis. This neglect has been due largely to the fact that 
these methods have not been sufficiently exploited, have not yet 
become standardized, and their proponents have failed to em
phasize the time-, labor-, and material-saving qualities of micro- 
chemical methods but have stressed ability to analyze very small 
amounts of material. This last point of view appears to be the 
one deemed of most importance by the authors of this latest 
contribution to micro-analytical methods, although the reader 
is led by implication to read rapidity and economy into the 
methods described.

In the true micro methods of analysis developed by Donau, 
Emich, Nicloux, Pregl, and others, the weight of substance used 
for the analysis does not exceed milligrams; a supersensitive, 
expensive microbalance is essential, and a certain delicate 
manipulative dexterity must be acquired before dependable re
sults can be obtained. Emich pointed out that if the quantity of 
material employed was raised to centigrams our ordinary ana
lytical balances could be employed and we could still keep 
within the range of economical methods. For these methods 
he proposed the term "semi-micro methods” (Halbmikro
methoden). The authors of this pamphlet have followed 
Emich’s terminology.

Methods are described for the determination, in organic com
pounds, of carbon and hydrogen by combustion in oxygen, and 
for the determination of nitrogen by a modified Dumas method. 
These methods are applicable to both solids and liquids with a 
probable error of 0.2 per cent. The authors also describe an 
ingenious apparatus for the determination of molecular weights 
by the rise-of-boilmg-point method.

The directions given are clear, concise, and complete. They 
constitute a real contribution to micro-analytical methods.—  
E. M . C h a m o t

Maszanalytische Verfahren und deren Anwendung in Zellstof
fabriken; mit Anhang chemische Einwirkung der schwefligen 
Säure auf organische Stoffe in der Sulfitablauge. B y  E r i k  
O e m a n ;  translated into German by W. S c h m i d t .  119 pages. 
Verlag von Zellstoff und Papier; Carl Hofmann, G.m.b.H. ,  
Berlin, 1928.
This book consists of five papers, published by the author in 

Swedish and translated by the publisher into German, on the an
alysis of solutions used or obtained as waste liquor in the cellulose 
industry. Part V gives also the results of a special study of the 
action of sulfurous acid on organic substances in white water.

The first part deals with the determination of sodium hydroxide 
in sulfide liquor from the sulfate process, the titration of the 
hydroxide in the presence of carbonate and alkali sulfide. By 
the application of N ile blue as an indicator the author is able 
to obtain a fairly accurate approximation of the hydroxide 
content. The second part, dealing with indicators for the 
cellulose industry, gives analytical details on the volumetric 
analysis of the sulfite liquor. It should be remarked that the 
iodometric titration of sulfide described on page 24 leads to 
erroneous results. The third part gives a general outline of the 
hydrogen-ion concentration, especially with regard to the appli
cation of indicators in neutralization analyses. Moreover, the 
titration error is discussed. The fourth paper is analytical 
again and describes titration methods for black liquor.

For those particularly interested in the analysis of digestion 
liquors used or obtained after the process in the cellulose industry, 
the book will give valuable information. The appearance, 
print, and translation are excellent.— I. M. K o l t h o f f

P roceed ings of th e  T h irty -F irs t A nnual M eeting , A m erican Society fo r T est
ing  M ateria ls . Volum e 28. P a r t  I— C om m ittee R eports. N ew  and  
R evised  T en ta tive  S ta n d a rd s . 1184 pp . P a r t  I I— T echnical P apers . 
904 pp . A m erican Society for T estin g  M aterials , P h iladelph ia . Price, 
each p a rt, paper, $6.00; clo th , $G.50; half-leather, $8.00.
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N ew er C h e m ic a ls

A cetaldehyde, d rum s, lc-1., w ks. ..lb .
A cetaldol, 60-gal. d ru m s................... lb.
Acetylene te trach lo ride , see T e tra- 

chlorocthane
Aldol, c/1., w ks.................................... lb.
Am yl f u roate , 1-lb. tin s    lb.
B u ty l carbito l, see D iethylene 

glycol m onobutyl e ther
Cellosolve, see E thy lene  glycol 

m onobutyl e ther
F u roate , tech ., 50-gal. d ru m s, .lb .

C arbito l, see D icthylene glycol 
m onom ethyl e ther

Cellosolve, see E thy lene  glycol 
m onoethyl e ther

A cetate , re í E th y len e  glycol 
m onoethyl e th e r a ce ta te

Cellulose ace ta te , 50-lb. kegs lb.
C rotonaldehyde, 50-gal. d ru m s .,  .lb .
D ichloroethylether, 50-gal. d rum s, lb.
D iethylene glycol, d ru m s ................. lb.

M onobuty l e ther, d ru m s.............. lb.
M onoethy l e ther, d ru m s...............lb.
M onom ethyl e ther, 50-gal. 

d ru m s.............................................. lb.
D iethylene oxide, 50-gal. d ru m s ...lb .
D ioxan, see D ie thy lene  oxide
D ipheny l, c /1 . ...................................... lb.
E th y l ace toaceta te , 50-gal. 

d ru m s.............................................gal.
C arbonate, 90% , 50-gal.

d ru m s.............................................gal.
C hlorocarbonate, 50-gal. drum s 

.........................................................gal.
E th er , absolute, 50-gal. d ru m s...lb .
F u ro a te , 1-lb. t in s ........................... lb.

E thy lene  chlorhydrin , 40-, 60-, 
gO-gal. d ru m s ................................lb.

D icbloride, 50-gal. d ru m s lb.
Glycol, 60-gal. d ru m s.....................lb.

M onobu ty l e ther. drum s,
w ks...............................................lb.

M onoethyl e ther, d rum s, wks.
.......................................................lb.

M onoethy l e th e r ace ta te ,
d rum s, w ks............................... lb.

M onom ethyl e ther, d ru m s . . .Ib. 
Oxide, cy l....................................... lb.

F u riu ram ide  (tech .), 100-lb. d rum s.lb .
F u rfu ry l ace ta te , 1-lb. t in s ...............lb.

Alcohol, 100-lb. d ru m s.................. lb.
F u ro ic a d d  (tech.), 100-lb. d ru m s.lb .
H elium , 1-liter b o t ........................... liter
L ead d ith io fu roa te, 100-lb. drum s..lb .
M agnesium  peroxide, 100-Ib. c s ...Ib .
M eth y l ace ta te , d ru m s.....................gal.

Cellosolve, see E th y len e  glycol 
m onom ethy l e ther

F u ro ate , tech ., 50-gal. d rum s., .lb .
P araldehyde, 110-55 gal. d rum s..lb .
Phosphorous oxychloride, 175 cy l., lb.
P ropy l furoate , 1-lb. tin s .................. Ib.
S tron tium  peroxide, 100-Ib. d rum s.lb .
Sulfuryl chloride, 600-Ib. drum s, 

c ru d e ................................................lb.
D is tille d ......................   lb.

T etrach lo roe thane , 50 gal d rum s, .lb .
T richloroethylene, 50-gal. d rum s, ,1b.
T rie thano lam ine, 50-gal. d ru m s . . ,1b.
V inyl chloride, 16-lb. cyl...................lb.
Zinc d ith io fu roa te, 100-lb. d ru m s.lb .

P erbo rate , 100-lb. d ru m s Ib.
Peroxide, 100-lb. d ru m s................ lb.

C h e m ic a ls  P re v io u s ly  Q u o te d

. 1 8 «
.27

.27
5 .0 0

.50

1 .25
.32
.0 5
.10
.28
.13

.17

.40

.65

1 .85

.35

.50
5 .0 0

.75

.05

.25

.24

.17

.20

.20
2 .0 0  

.30
5 .0 0  

.50  

.50
25 .00
1.00 
1.25

.95

.50

.20«

.35
5 .0 0
1 .25

.10

.35

.09

.10

.55
1.00 
1.00
1.25
1.25

A cetanilide, U . S. P ., bbls.. ............lb. .36
A cetic an hydride , 92 -95% , cbys. .lb . .29
Acetone, C . P ., d rum s, wks ............ lb. .15
A cetophenetidine, b b ls ......... ........... lb. 1 .40
A d d , acetic, 28% , c/1, bbls.. . 100 lbs. 4 .13

56% , c/1, b b ls ................... 100 lbs. 7 .3 5 A lum inum  sulfate, com ra’I, bags,
G lacial, c/1, b b ls ............... 100 lbs. 13.68 w ks......................................... 100 lbs.

Acetylsalicylic, b b ls . ......... ......... Ib. .85 Iron-free, bags, w ks............ 100 lbs.
A nthranilic , 99-100% , d rum s....lb . .98 A m inoazobenzene, 100-lb. k eg s., .lb .
Benzoic, tech ., b b ls ............ ......... lb. .57 Am m onia, anhydrous, cyl., w ks...Ib .
Boric, b b l s . . . ...................... ..........lb. . 0 5 ^ Am m onia w ater, 26°, drum s, w ks..lb .
B utyric , 60% , pure, 5-lb. b o t. . . lb . .55 Am m onium  ace ta te , k e g s .. . ..........lb.
C hloroacetic, m ono-, bbls., wks..lb. .21 Bifluoride, b b ls ................ ..........lb.

D i-, cbys............................ ..........Ib. 1 .00 Brom ide, 50-lb. b o x e s .. . . ..........lb.
T ri-, b b ls ........................... 2 .5 0 C arbonate, tech., c a s k s ...

C hlorosulfonic, d rum s, w ks........ lb. .05 Chloride, gray, b b ls ............ 100 lbs.
C hrom ic, pure, 98% , d ru m s ...  .lb . .21 Lum p, casks..................... ..........lb.
C innam ic, 5-lb. cans.......... 3 .2 5 Iodide, 25-lb. ja r s ............... ..........lb.
C itric , U. S. P ., kegs, bbls .46 N itra te , tech ., c ry s t., bbls. ......... lb.
Cresylic, pale, d ru m s......... .72 Oxalate, kegs........................
Form ic, 85% , cbys., N . Y........... lb. .11 Persulfate, cases...................
Gallic, U . S. P ., b b ls ......... ..........lb. .74 Phosphate, dibasic, tech ., b b ls ...lb .
G lycerophosphoric, 25% , 1-lb. Sulfate, bulk , w ks................, 100 lbs.

b o t ................................... ..........lb. 1 .40 T hiocyanate , tech ., keg3 .. ..........lb.
H , bbls., w ks........................ .68 Am yl ace ta te , tech., d ru m s . .
H ydriodic, 10% , U . S. P. , 5-Ib. Aniline oil, d ru m s...................

b o t ................................... ..........lb. .67 A nthracene, 80 -85% , casks, w ks..lb .
H ydrobrom ic, 48% , cbys., w ks..lb . .45 A nthraqu inone, subl., b b ls .. ......... lb.
H ydrochloric, 20°, tan k s , wks. A ntim ony, m e ta l..................... ..........lb.

. 100 lbs. 1 .10 A ntim ony chloride, an hyd ., drum s
H ydrofluoric, 30% , bbls., w ks.. .lb . .06

60% , bbls., w ks............... ......... lb . .13 Oxide, b b ls ............................
H ydrofluosilidc, 35% , bbls., S alt, dom ., b b ls ...................

w ks.................................. ..........lb. .11 Sulfide, crim son, b b ls .........
H ypophosphorus, 30% , U . S. P., Golden, b b ls .....................

5-gal. dem is.................. ..........lb. .85 Verm ilion, bbls................ ..........lb.
L actic, 22% , d a rk , b b ls . . . • 0 4 K T a rtro lac ta te , bbls............. ..........Ib.

66% , light, bbls., w k s .. ..........lb. .26 Argols, red  pow der, b b ls . . . . ..........lb.
M ixed, tanks, wks................ .07 Arsenic, m etal, kegs ............... ..........lb.

S  un it .01 R ed, kegs, cases.................. ..........lb.
M olybdic, 85% , kegs........ 1 .25 W hite, c/1, kegs................... ..........lb.
N aphth ion ic , tech ., b b ls .. ..........lb nom. Asbestine, bulk , c /1 .................
N itric , C. P ., cbys............. ..........lb. .12 B arium  carbonate, bbls., bags,
N itric , 38°, c/1, cbys., wks. w ks........................................

. 100 lbs. 5 .00 C hloride, bags, w ks.............
Oxalic, bbls., w ks................ .11 Dioxide, bbls., wk3............ ..........lb.
Phosphate, b u lk ................... 9 .0 0 H ydroxide, b b ls ................... ..........lb.
Phosphoric, 50% , cbys. . . ......... lb. .08 N itra te , casks.......................
Picram ic, b b ls ...................... .65 B arium  sulfocyanate , 400-lb.. bbls.
Picric, bbls., c /1 ................... .30 ......... lb.
Pyrogallic, tech ., bbls. . . . ......... lb. .86 B ary tes, floated, 350-lb. bbls. , wks.
Salicylic, tech ., b b ls ........... ..........lb. .37 ................................................ . . . .  ton
S tearic , d. p ., bbls., c /1 .. . .14M B enzaldehyde, tech., drum s.. ......... lb.
Sulfanilic, 250-lb. b b l s . . . . .15 F . F . C ., cb y s .......................
Sulfuric, 66°, c/1, cbys., wks. U. S. P ., cb y s .......................

. 100 lbs. 1 .35 Benzene, pure, tanks, m ills ..
66°, tan k s, w ks................ 15.50 B enzidine base, b b ls ............... ..........lb.
60°, tanks, w ks................ 11 .00 B enzoyl chloride, cbys...........
O leum, 20% , tanks, w k s . . . . to n 18.50 B enzyl ace ta te , cb y s ..............

40% , tanks, w ks......... . . . .  ton 42 .00 Alcohol, 5-liter b o t .............
Sulfurous, U. S. P ., 6% , cbys.. .lb . .05 Chloride, tech ., d r u m s . . . .
T ann ic , tech ., b b ls ............. ......... lb. .35 B eta-naph tho l, b b ls ................ ..........lb.
T a rta r ic . U . S. P ., c ry s t., bb ls.. .lb . .38 B eta-naph thy lam ine , b b ls . . . ......... Ib.
T ungstic , kegs...................... ......... lb. 1 .00 B ism uth , m etal, cases............
Valeric, C. P ., 10-lb. b o t. . ......... lb. 2 .5 0 B ism uth , n itra te , 25-lb. jars.

Alcohol, U . S. P ., 190 proof, bbls. O xychloride, boxes............. ......... Ib.
2 .6 9 H S u b n itra te , U . S. P ., 25-lb. ja rs .lb .

Amyl, 10% , Im p. d ru m s .. 1 .75 B lanc fixe, d ry , b b ls ............. .. . . .  .to n
B uty l, d rum s, c/1., w k s ... ..........lb. .1 7 X B leaching pow der, drum s. wks.
Cologne sp irit, b b ls ............ . . . .  gal. 2 .67 . 100 lbs.
D enatu red , No. 5, com p, denat., Bone ash, kegs ..........................

c/1, d ru m s..................... . . .  .gal. .48 Bone black, b b ls ...................... ..........lb.
No. 1, com p, den a t., d rum s, gal. .49 Borax, b ag s ................................ ......... lb.

Isoam yl, d ru m s.................... 3 .5 0 B ordeaux m ix tu re, b b ls ......... ......... lb.
Iso b u ty l, ref., d ru m s ......... ..........lb. 1 .00 B ritish gum , com., c/1.......... .. 100 lbs.
Isopropyl, ref., d rum s. . .  . 1 .00 Brom ine, b o t .............................
P ropy l, ref., d ru m s............. ......... lb. 1 .00 Brom obenzene, d ru m s...........
W ood, see M ethanol Brom oform , 5-lb. b o t ............. ..........lb.

A lpha-naphthol, b b ls ............. ..........lb. .65 B u ty lace ta te , 100-gal. d ru m s . . .  .gal.
A lpha-naph thy lam ine, b b ls . ,.......... lb. .32 C adm ium  brom ide, 50-lb. j a r s . . . .  lb.
Alum, am m onia, lum p, bbls., wks. C adm ium , m etal, boxes........ ......... lb.

. 100 lbs. 3 .2 5 C adm ium  sulfide, cs ............... ......... lb.
C hrom e, casks, w ks.......... . 100 lbs. 5 .2 5 Caffeine, U. S. P ., 5-lb. cans ...........lb.
P o tash , lum p, bbls., wks. . 100 lbs. 3 .0 0 Calcium  ace ta te , bags........... .100 lbs.
Soda, bbls., w ks.................. . 100 lbs. 3 .7 5 A rsenate, b b ls ......................

A lum inum , m etal, N . Y ........ ......... lb. .240 C arbide, d ru m s ....................
A lum inum  chloride, anhyd ., drum s Chloride, d rum s, w ks.........

.35 Cyanide, 100-lb. d ru m s ... ......... lb.
A lum inum  s tea ra te , 100-lb. b b l . . . lb . .23 L ac ta te , tech ., bb ls .............

1 .40
1 .95
1 .15  

.14 

.03 

.34 

.21 

.48 

.09
5 .4 0  

.11
5 .2 0  

.08 

.35  

.31 

.13
2 .30  

.40
1.65  
.16« 
.60  
.85  
. 0 9 «

.17

.10

.26

.2 5

.16

.38

.45

.08

.50

.09

. 0 3 «
15.00

68.00
6 5 .00  

.12 

. 0 4 «  

.0 8 «

.27

23 .00  
.65

1.40
1.16  

.23 

.70
1.00
1 .30
1 .40 

.25 

.24 

.63
1 .70
1 .80
3 .1 0
2 .0 5

80 .00

2 .00
.06
.0 8 «.02«
.10«

4.37  
.45 
.60

1. 66
1.38
1.20 

.65
1.00
2 .8 0
4 .6 0

.07

.05
20.00

.30

.35
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N itra te , b b ls ................................... ton 52 .00 K ieselguhr, b ag s .............................. .ton 60 .00 P la tinum , m e ta l................................ .oz. 6 8 .00
P hosphate, m onobas., bb ls......... lb. .07 Lead, m e ta l.......................... 100 lbs. 7 .0 0 Potash , caustic , d ru m s ................... .lb . ■ 07}*

T ribas., b b ls .................................lb. .11 Lead ace ta te , bbls., w h ite . . . . . . . .lb . .13 P otassium  ace ta te , kegs................. .lb . .29
C alcium  carbonate, tech ., bgs. A rsenate, b b ls ............................... .lb . .13 B icarbonate , casks ....................... .lb . .13

................................................100 lbs. 1 .00 Oxide, litharge, b b ls................... .08M B ichrom ate, casks........................ .lb . .09}*
U. S. P ., precip., 175-lb. b b l. ..  .lb . .06M Peroxide, d ru m s . .............. .lb . .25 B inoxalate, b b ls ............................ .16

C am phor, J ap ., cases.........................lb. .60 R ed, b b ls ......................................... .00% B rom ate , cs .................................... .35
C am phor, m onobrom , c s ..................lb. 1 .85 Sulfate, b b ls ................................... .lb . .08% C arbonate, 8 0 -85% , calc., casks
C aram el, b b ls ..................................... gal. .63 W hite, basic carb ., b b ls ............ .lb . .09 .05 H
C arbazole, b b ls .................................... lb. .15 Lim e, h y d ra ted , b b ls ...............100 lbs. .85 C hlorate , kegs................................ .08}*
C arbon, a c tivated , d ru m s ................lb. .05 Lim e, live, chem ical, bbls., wks. C hloride............................................ ton 34 .55
C arbon bisulfide, d ru m s...................lb. .o s j* ................................................ 100 lbs. 1 .05 C yanide, cases............................... .55
C arbon black, cases........................... lb. .10 Lim estone, g round, bags, w k s .. . .ton 4 .5 0 M eta-b isu lfite, b b ls ..................... .lb . .12
C arbon  dioxide, liq ., cy l...................lb. .06 L ith ium  carbonate , 100-lb. kgs... .lb . 1 .45 P erm anganate , d ru m s................ .16
C arbon te trach lo ride , d ru m s.......... lb. .07 Lithopone, b b ls ............................. • 05% P russia te , red, casks................... .39
Casein, s tand , gr., b b ls ..................... lb. .14}* M agnesite, c ru d e ............................. .to n 36 .00 Yellow, casks ............................ .18}*
Cellulose ace ta te , kegs...................... lb. 1 .25 Calcined, 500-lb. bbls., w k s... .to n 48 .00 T itan iu m  oxalate, b b ls ............... .21
C erium  oxalate, kegs......................... lb. .32 M agnesium , m etal sticks, w k s .. . .lb . .85 Pyrid ine, d ru m s ................................. gal. 1 .75
C harcoal, willow, pow d., bb ls........ lb. .03 M agnesium  carbonate , bags........ .lb . .06 Quinine b isu lfate, 100 oz............... .oz. .40
C hina clay, im p., bags............100 lbs. 15 .00 C hloride, d ru m s.......................... .to n 36 .00 Sulfate, 100-oz. c an s ................... .oz. .40
C hloral h y d ra te , d ru m s.................... lb. .70 Fluosilicatc , c ry s t., b b ls ............ ..lb . .10 Resorcinol, tech ., kegs............... 1 .20
C hloram ine, U . S. P ., 5-lb. b o t . . .lb . 1 .75 Oxide, U . S. P ., light, b b ls . . . . .42 Rochelle sa lt, bbls., U. S. P ......... .lb . .23

01 }* lb .08 R  salt, b b ls ..........................................
Chlorobenzene, m ono-, d ru m s . . .  .lb . .09 D ioxide, 80% , b b ls .................... . ton 80 .00 Saccharin, cans ............................. 1 .75

.20 .lb . .08 S a lt cake, b u lk . . : ........................... 19 00
Chrornbim  ace ta te , 20° soln., bbls..lb. .05}* M ercury  bichloride, c ry s t., 25 lbs ...lb. 1 .58 Sa ltpe te r, g ran ., b b ls ....................... • Ib. .06}*
Coal ta r ,  tanks, bbls., w ks............ gal. .07 M ercury , flasks, 75 lb s ................. flask 124.00 Silica, ref., b ag s ................................ ton 2 2 .00
C obalt, m etal, kegs ............................ lb. 2 .5 0 M eta-n itroan iline , b b ls ................... .lb . .72 Silver n itra te , 16-oz. b o t ............... . oz. • 40 X
C obalt oxide, b b ls ...............................lb. 2 .1 0 M eta-phenylenediam ine, b b ls .. . . .lb . .84 Soda ash , 58% , light, bags, con
Cod-liver oil, b b ls .............................bbl. 39 .50 M eta-to luy lened iam ine, b b ls . . . . .70 tra c t, w ks............................100 lbs. 1.32
Collodion, d ru m s.................................lb. .23 M ethano l, pure , d ru m s.................. gal. .67 Soda, caustic , 76% , solid, drum s,
C opperas, c/1., b u lk ..........................ton 13.00 D enatu ring  grade, ta n k s ........... gal. .60 con trac t, w ks.....................100 lbs. 2 .9 0
C opper, m etal, elec.................. 100 lbs. 18.50 M ethy l acetone, d ru m s.................. .gal. .83 Sodium  ace ta te , b b ls ....................... .05}*
C opper carbonate, b b ls .................... lb. .19 Salicylate, cases............................ .42 B enzoate, b b ls ............................... .50

Chloride, b b ls ...................................lb. .25 M eth y l chloride, cy linders ............ .lb . .55 B icarbonate , b b ls ................. 100 lbs. 2 .2 5
C yanide, d ru m s...............................lb. .55 M ich ler's  ketone, b b ls .................... 3 .0 0 B ichrom ate, casks........................ .07}*
Oxide, red, b b ls . ............................. lb. .18 M onoethylaniline, d ru m s .............. 1 .05 Bisulfite, b b ls ................................. .04
Sulfate, c/1., b b ls ..................100 lbs. 6 .5 0 N a p h th a , solvent, ta n k s .............. .gal. .35 Brom ide, bb ls ................................ .42

C otton , soluble, b b ls ..........................lb. .40 N aph thalene , flake, b b ls ................ .lb . .05 C arbonate, sal soda, b b ls .. . 100 lbs. 1 .30
C ream  ta r ta r ,  b b ls ..............................lb. .27}* Nickel, m e ta l...................................... .35 C hlorate , kegs............................... .06  H
C yanam ide, bulk , N . Y. N ickel salt, single, b b ls .................. .13 C hloride, bags................................ ton 12.00

.......................... Am m on, u n it 1 .67}* D ouble, b b ls ................................... .lb . .13 C yanide, cases............................... .18
D iam inophenol, kegs......................... lb. 3 .8 0 N ite r  cake, b u lk .............................. 13 .00 F luoride, b b ls ................................ .08}*
D ianisidine, kegs.................................lb. 3 .0 0 N itrobenzene, d ru m s ...................... • 10% M etallic , d rum s, 12>i-lb. bricks
D ib u ty lp h th a la te , d rum s, w k s .. .  .lb . .29}* Oil, casto r, N o. 1 .............................. .13 .27
D iethylaniline , d ru m s....................... lb. .55  . C hina wood, b b ls ......................... , .lb . A M N ap h th io n a te , b b ls . ................... .55
D iethylene glycol, 1. c. 1. lots, C oconut, C eylon, ta n k s ............ . . lb . .08% N itra te , crude, bags, N . Y.

d ru m s ..............................................lb. .11 Cod, N . F ., ta n k s ...................... .gal. .60 .................................................100 lbs. 2.22}*
C arload lots, d ru m s.......................lb. .10 C orn, crude, tan k s, m ills........ . . lb . . 0 8 ^ N itrite , b b ls .................................. .08

D iethy l p h th a la te , d ru m s ................lb. .24 C ottonseed , crude, ta n k s ........ . . lb . • 08% P erbo rate , b b ls .............................. .20
D ie thy l su lfate, tech ., d ru m s......... lb. .20 L ard , edible, b b ls ......................... • 15% Peroxide, cases.............................. .27
D im ethylaniline, d ru m s ................... lb. .30 Linseed, b b ls .................................., .lb . .102 P hosphate, triso d iu m ................. • lb. .04
D im ethy lsu lfa te , d ru m s ................... lb. .45 M enhaden , crude, ta n k s ......... -gal. .52 P icram ate , kegs............................ .69
D initrobenzene, d ru m s..................... lb. .15}* N e a t’s-foot, pure, bbls.............. . .lb . .15 P russia te, b b ls ............................... • lb. .12
D initrochlorobenzene, b b ls............. lb. .15 Oleo, N o. 1, b b ls .......................... • U % Silicate, d rum s, tanks, 40°
D in itronaph tha lene , b b ls .................lb. .35 Olive oil, den a t., b b ls ............... .gal. 1 .25 ................................................100 lbs. 1 .65
D initrophenol, b b ls ............................ lb. .31 Foots, b b ls ............................... . • 10% Silicofluoride, b b ls . ...................... .lb . .05}*
D iphenylam ine, b b ls ......................... lb. .45 P alm , Lagos, casks......................, .lb . .09 S tan n a te , d ru m s........................... .lb . • 41}*
D iphenylguanidine, b b ls .................. lb. .36 P ean u t, crude, b b ls .................... nom. Sulfate, anhyd ., b b ls .................. •02}*
Epsom  salt, tech ., bbls., c/1., N . Y. Perilla, b b ls ..................................... .lb . .18 Sulfide, c ry s t., b b ls ..................... • 02}*

................................................100 lbs. 1 .70 R apeseed, bbls., E ng lish ......... • gal. .88 Solid, 6 0 % .................................. .03}*
E th er , n itrous, b o t ..............................lb. .90 R ed , b b ls ......................................... • 11% Sulfocyanide, b b ls ....................... .40
E th er , U . S. P ., d ru m s ..................... lb. .38 Soy bean, crude, b b ls ................. • 12% T hiosulfate , reg., c ry s t., b b ls .. ■ lb. • 02}*
E th y l a ce ta te , 85% , d ru m s .......... gal. .95 Sperm , 38°, bbls......................... .gal. .84 T u n g s ta te , kegs............................ .70

B rom ide, d ru m s.............................. Ib. .55 W hale, bbls., n a tu ra l, w inter, .gal. .78 S tro n tiu m  carb o n ate , b b ls ............. • lb. .07}*
Chloride, d ru m s.............................. lb. .22 O rtho-am inophenol, kegs............. . . lb . 2 .2 0 N itra te , b b ls .................................. • lb. .09
M ethy l ketone, d ru m s..................lb. .30 O rtho-anisidine, d ru m s.................. , .lb . 2 .5 0 S trychn ine  alkaloid, 100 oz.,

E thy lbenzy lan iline , 300-lb. drum s.lb . 1 .05 O rtho-dichlorobenzene, d ru m s .. . .lb . .08 pow der........................................ .46
E thy lene  dichloride, ta n k s .............. lb. .05 O rtho-nitrochlorobenzene, drum s Sulfate, pow der............................. .38

C hlorohydrin, au hyd ., drum s.. .Ib. .75 . .lb . .32 S ulfur, bulk, m ines, w ks................. ton 18.00
Glycol, c/1., w ks............................. Ib. .25 O rtho-nitrophenol, b b ls ............... .. . lb . .85 Sulfu r chloride, red, d ru m s ........... .05

E th y l e ther, d rum s, c a r s . . .  .gal. 1 .79 O rtho-n itro to luene, d ru m s.......... . .lb . .17 Yellow, d ru m s............................... • lb .03}*
F eldspar, b u lk .....................................ton 20 .00 O rtho-to lu id inc, b b ls ..................... . . lb . .27 Sulfu r dioxide, com m ercial, c y l . . ■ lb. .08
Ferric  chloride, tech ., b b ls ..............lb. .07 Palladium , m e ta l.............................. 46 .80 S ulfu ry l chloride, d ru m s................ • lb. .10
Ferrous chloride, cry st., b b ls ......... lb. .05 Para-am inophenol, kegs............... . .lb . 1 .15 T hiocarbanilid , b b ls ........................ .22
Ferrous sulfide, b b ls ................ 100 lbs. 2 .50 Para-d ich lo robenzene.................... . .lb . .17 T in , A m cr., s ta n d ............................. • lb. .45
F luorspar, 9S% , b ag s ...................... ton 41 .0 0 P ara-fo rm aldehyde, cases............ . .lb . .40 T in  bichloride, 50%  sol., b b ls .. . . ..lb . .14}*
Form aldehyde, bb ls ........................... lb. .09}* P ara ldehyde , tech ., d ru m s ......... . .lb . .26 Oxide, b b ls ...................................... • lb. .56
Form aniline, d ru m s........................ .lb . .38 Para-n itroan iline , d ru m s ............. . .lb . .48 T itan iu m  oxide, bbls., w ks........... ■ lb. .40
F uller 's  earth , bags, c/1., m ines, .to n 15.00 P ara-nitrochlorobenzcne, drum s T oluene, ta n k s ...................................■ gal. .40
F u rfu ra l, 500-lb. d rum s., c / l ..........lb. .17}* . .lb . .25 T ribrom ophenol, c ase s ................... • lb. 1 .10
G lauber’s salt, b b ls .................. 100 lbs. .70 P ara-n itrophenol, b b ls .................. . . l b . .50 T ripheny lguan id ine, d ru m s ........ ...lb . .65
Glucose, 70°, bags, d ry .......... 100 lbs. 3 .1 4 Para-n itrosod im ethy lan iline, bbls. T ripheny l phosphate , b b ls ............ .lb . .70
Glycerol, C. P ., d ru m s ......................lb. .15 . .lb . .92 T u n g s ten ................................... WOj u n it 14 .00
G salt, b b ls ............................................ lb. .50 Para-n itro to luene, b b ls ................ . .lb . .30 U rea, pure , cases............................... • lb. .25
H exam ethy lene te tram ine , tech.. P ara-phenylenediam ine, b b ls . . . . .lb . 1 .15 W hiting , b a g s ................................... . ton 18.00

d ru m s..............................................lb. .62 P ara-to lu id ine, b b ls ....................... . .lb . .40 X ylene, 5°, d rum s, m ills ...............■ gal. .40
H ydrogen peroxide, 25 vol., bbls. .lb . • 06}* P aris  G reen, 250-lb. kegs............. . . lb . .25 X ylidine, d ru m s................................ ■ lb. .38
H ydroquinone, kegs...........................lb. 1 .25 Phenol, d ru m s ................................. • 13% Zinc, m etal, N . Y ..................... 100 lbs. 7 .0 0
Indigo, 20% , p aste , b b ls ..................lb. .15 P henolph thale in , d ru m s............... 1 .10 Zinc am m onium  chloride, b b ls ... • lb. .05}*
Iodine, crude, 200-lb. kgs ................ lb. 4 .2 0 P h eny le thy l alcohol, 1-lb. b o t. . . .lb . 7 .0 0 C hloride, g ranu la ted , d ru m s..,. . lb . .06}*
Iodine, rcsubl., j a r s ............................lb. 4 .6 5 Phosphorus, red , cases.................. .60 Oxide, Am er., b b ls ...................... .lb . .07}*
Iodoform , b o t ....................................... lb. 6 .0 0 Phosphorus trich loride, c y l........ . . lb . .35 S tea ra te , b b ls ................................. ■ lb. .25
Irid ium , m e ta l..................................... oz. 2S0.00 P h th a lic  anhydride, b b ls ............. . .lb . .18 Zinc dust, bbls., kegs, c / I ............. • lb. .08}*

rj I p  , N.
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If some stockholders
knew what some refin
ery operating- officials 
know, there would be 
only one cracking pro- 
cess used — the one 
which operates on fuel 
oil and produces no fuel 
oil for sale

Universal Oil Products Co /feSM jp H  Dubbs Cracking Process 
Chicago, Illinois \ f i  I" 1 7  /  O w ner and L icensor
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A row of "K nock-F ighters”

T h e  litt le  b o ttle  on  th e  ex trem e r ig h t con ta ins 
less th an  a teaspoonfu l o f  E th y l  flu id , the activé 
in g re d ie n t o f  E th y l  G aso line . Y e t th is  sm all 
a m o u n t is as effective as th e  m u ch  la rg e r q u an ti
ties o f  th e  o th e r  chem icals.

■AniûhÉ'

ETHYL
E T H Y L  G A S O L I N E  C O R P O R A T I O N  

z5 Broadway, New York City 
56 Church Street, Toronto, Canada 

36 Queen Anne’s Gate, London, England

G A S O L I N E

The Step to 
H igh Compression 

Performance
TH O U S A N D S  o f chem ical co m b in atio n s 

w ere te s ted  in th e  G en era l M o to rs  
R esea rch  L ab o ra to r ie s  to  see w h e th e r  th ey  
w o u ld  e lim in a te  th e  fuel "k n o ck ” in gaso line 
en g in es  w h ich  w as re ta rd in g  th e  ad v an ce 
m en t o f  h igh  com pression  engines. In  the  
p ic tu re  ab o v e  a re  a few o f  th e  com pounds 
th a t  h a d  a n ti-k n o c k  v alue . T h e y  i l lu s tra te  
th e  g ra d u a l p rogress to w ard  m ore an d  m ore 
effective e lim in a tio n  o f  th e  "k n o ck .”

T h e  l i t t le  b o ttle  on th e  r ig h t co n ta in s  
E th y l flu id  w hich  is th e  ac tiv e  in g red ie n t in 
E th y l G asoline. I t  is th e  m o s t effective o f 
th em  all. T h e  a m o u n t in  th e  l i t t le  b o ttle  
is eq u iv a le n t in a n ti-k n o c k  v a lu e  to  th e  
am o u n t o f  o th e r  chem icals co n ta in ed  in th e  
la rg e r b o ttle s .

I t  is so effective th a t  even  a  teasp o o n fu l 
ad d ed  to  a gallon  o f  gaso line m akes E th y l  
G asoline— th e  s ta n d a rd  h igh  com pression  
fuel w hich  h a s  m ad e  possib le  th e  new  high  
com pression  cars. A n d  i t  also b rings o u t th e  
m ax im um  p erfo rm an ce  o f  w hich  ca rs  o f 
av e rag e  com pression  are  capab le .

R id e  w ith  E th y l to d ay .

@ E . G. C. 192-9
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C o ., I n c .
N e w  J e r s e y

- _ , —

worth the see
SPECIAL feature of our exhibit will be Baker 
Spinnerettes for rayon manufacturers. This 

little instrument through which a solution of cellu
lose becomes a textile fibre is a marvel of modern 
mechanical skill. The holes are so minute as to be 
all but invisible to the unaided eye. Yet every one 
is perfectly round and smooth and 1-10,000th of an 
inch is the limit of difference allowed in their size.

You will have the opportunity to examine these holes 
yourself, through the microscope, and see what 
specialized modern machines are capable of produc
ing. There will be examples of the various forms of 
spinnerettes most in use and if you are directly 
engaged in the textile industry, our people at the 
Exposition will be happy to go into details with you 
and explain what we can accomplish for you, how we 
can aid you in experimenting with precious metal 
alloys for spinnerettes and how ready we are 
consult with you in determining the arrangement, 
size, and shape of holes best suited to your
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LABORATORY RUBBER TUBING S
M ade according to  our specifications and fo r lab o ra to ry  uses 

d is tin c tly  superior to  o rd in a ry  tu b in g s

O' ©1

LABORATORY RUBBER TUBINGS
»4M to ou« m tiiO T ii«  u n  »ttrwcnv TO «toca

••>0. LABORATORY WHITE SPECIAL TUBING, THICK WAU.

OB31. LABORATORY WHITE SPECIAL TUBING. THIN WALL 0040. A. C. TRANSPARENT PURE OUM TUBING

IÍÍÜ ¡lililí
803? LABORATORY REO SPECIAL TUOING ~ iw w  084J. NITROMETER TUBING

l l l l l II I I II
6B34. r. S. BLACK PURE CUM TUBING, THICK WALL , t

lilillTi* ill
•844 PRESSURE TUBING, BLACK SEMI-PURC OUM 8040. BAND TUBING, TOR GOOCH CRUCIBLES

(Alii f i l l
•OU

A R THUR H. T H O M A S  C O M PANY
RETAIL—WHOLESALE —EXPORT

LA B O R A TO R Y  A P P A R A T U S  A N D  R E A G E N T S
WttT WASHINGTON SQUARE 

~~f—*71, PHILADELPHIA, U.S.A.

A few more rubber tubing sample boards, size 19-3^ x 29-3^ inches, as illustrated above, are 
available upon request. They have been found convenient and helpful to those already provided 
with them.

The tubings thereon are all made in accordance with our specifications and have proved distinctly  
superior in laboratory use to ordinary tubings of similar appearance.

The atten tion  of large consumers is called to our discounts for quantities— a detailed price list is 
given on the back of the sample board— as these often result in a lower net price per foot than  is 
charged for ordinary tubings.

Sole D is t r ib u to r s

ARTHUR H. THO M AS COMPANYRETAIL—WHOLESALE—EXPORT
LABORATORY APPARATUS AND REAGENTS

WEST W ASHINGTON SQUARE 
PH ILA D ELPH IA , U. S. A.

Cable Address, "BALANCE,” Philadelphia



May, 1929 IN D U S T R IA L  A N D  ENGINEERING CH E M ISTR Y 127

LOOK FOR TH E NAME
A IN S W O R T H

ON A BALANCE

IT  IS THE MARK OF QUALITY  
A  SYMBOL OF RESEARCH

And represents the accum ulated experience of fifty years in the m anufacture of precision balances.

ON OUR TYPE TC BALANCE 
WITH KEYBOARD OPERATED WEIGHT CARRIER

the gram and -all fractional weights m ay be placed on the hanger or removed therefrom individu
ally or collectively, and when thru  weighing, depressing the reset lever removes all weights from 
the hangers simultaneously.

The weights owing to their shape collect a minimum of dust and being units of mass m ay 
from time to time be adjusted  against your laboratory standards.

The saving in time and in the cost of lost and damaged fractional weights will quickly pay 
the added cost of the K eyboard W eight Carrier.

FOR YOUR LABORATORY STANDARDS
Use AIN SW O RTH  Grade A1 Precision One-Piece W eights in Bakelite boxes, conforming to 
Class M B ureau of Standards Specifications.

A sk  fo r  B u lle tin  A-16 S how in g  th e  L ine.

WM. A IN SW O R TH  & SONS, INC.
THE PRECISION FACTORY

2151 Lawrence Street Denver, Colorado, U. S. A.
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W E A NNOUN CE T H E  PU BLICA TIO N  OF OUR N EW  
CATALOGUE NO. 35 of Laboratory Apparatus selected for the use of 
Chemists, Metallurgists, Bacteriologists, Biologists, etc., and also our 
CHEMICAL PRICE LIST NO. 40 containing chemicals, reagents, stains, 
solutions, etc.

Our new APPARATUS CATALOGUE NO. 35 is, we believe, the 
largest and most exhaustive catalogue published in this country and will un
doubtedly be of great interest and service to those interested in a work of this 
character. We have endeavored to include in this book the latest developments 
in laboratory apparatus as well as a complete listing of general laboratory 
materials.

Simultaneously with our new apparatus catalogue we-are publish
ing and distributing our new CHEMICAL PRICE LIST NO. 40 containing 
chemicals, reagents, stains, solutions and the latest developments in prepa
rations for special purposes.

In applying for copies please state your connection with scientific 
work and if connected with a laboratory where many workers are engaged 
kindly state what laboratory and your official position.

S E V E N T Y - S E V E N  Y E A R S  I N  B U S I N E S S

(4065)

E.H. SARGENT & CO.
• •: 1 5 5 - 1 6 5  E a s t  S u p e r i o r  S t r e e t  - • ♦ C H IC A G O , III,*

" L A B O R  A T  O R Y  . i S U P P L l . E  S
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COORS 
U.S.A.

CHEMICAL 
AND SCIENTIFIC 

PORCELAIN

Coors P orcelain Co.
GOLDEN, COLORADO
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The Three Accelerators

W eather-Ometer
Accelerated W eathering Tests with W eather-Om eter tell in a few days the 
story of the weathering reaction of any m aterial th a t could only be obtained 
from outdoor tests requiring weeks and often m onths. And these tests are 
dependable, reproducible, can be made to embrace any set of conditions— in 
any sequence—in any degree of intensity— to cover the study of any m aterial 
or product. An interesting, new Booklet giving valuable information re
garding W eather-Om eter and accelerated weathering tests will gladly be 
mailed on request.

Fade-Ometer
Accelerated tests of the color in a product under exposure to sunlight 
can only be made accurately with the Fade-Ometer. In  forty-three 
hours with Fade-Ometer a reaction is effected equal to a full m onth 
of continual June sunlight. And with the new and improved models 
these tests are made under perfectly controlled conditions of hum idity 
and air currents. More than 1200 leading industries and commercial 
and scientific laboratories depend upon Fade-Ometer for color deter
minations. Let us tell you the complete story— write for literature.

Lau nder-Ometer
Accelerated Laundering T ests are m ade w ith Launder-Ometer. One hour in 
Launder-Ometer is equivalent to tw en ty  trips to the commercial laundry. 
T his Standard M achine for Laboratory W ashing T ests answers definitely  
and at once ju st  w hat can be expected o f  any fabric under a series o f  washings 
and Launder-Ometer has m any other uses in laboratory and industry. Com
plete descriptive inform ation is available regarding Launder-O m eter and its 
applications.

Y ou should know fully the Three Accelerators— Weather-Ometer— Fade-Ometer—  

Launder-Ometer. They should be safeguarding yo u r interests. Investigate Today.

Atlas Electric Devices Company
B r i t i s h  O ffice  H om e o ff ic e  and  Factory

w i l l m o t t ,  s o n  & P h i l l i p s  360 West Superior Street, Chicago, Illinois
124-127 M in o r le s

L o n d o n ,  E . I .  D ivision al Offices
N ew  Y o rk  B o s to n  P h i la d e lp h ia

Exclusive M anufacturers and Distributors of H igh Grade Instrum ents for 
Testing Fastness to Light—W ashing—W eathering

G e rm a n y  
M . J .  G O L D B E R G  & S O H N E  

P o ts d a m e r  S t r a s s e  7 
B e r l in ,  W 9
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W e  will he glad to receive you 

in our Boot!», N o . 341 at the 

EXPOSITION OF CHEMICAL 

INDUSTRIES ♦ May 6tH =■ lith

The L  ine Between
accurate and inaccurate results 
often depends on the efficiency 
of your laboratory ware 
♦ ♦ ♦ The cost of exchanging 
old, worn utensils for new, 
dependable P R E C I S I O N  
P L A T I N U M - W A R E  is 
moderate.

Send f<or prices and data

PRECISION PLA TIN UM  W A R E
a  p r o d u c t  O F  S IG M U N D  C O H N

44 G O L D  STREET 
N E W  YORK CITY



132 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y Vol. 21, No. 5

L ite ra tu re  se n t on  req u est  
Sole Distributors

A katos, Inc.
Engineering Bldg. 114-118 Liberty St.

New York City

F rick  Com pressors in  a  Success
fu l R ayon  P la n t

For the m anufacture of explosives, artificial 
silk, glue, rubber, oils, carbon-dioxide snow, 
films, and m any other chemical products, Frick 
Refrigeration offers im portant advantages over 
old fashioned methods of cooling.

Frick. C arbon-dioxide C om pressor a t 
A . C. S p a rk  F la g  Co. p lan t, F lin t, 

M ich.

The recommendations of Frick engineers are 
based on the • Com pany’s 47 years’ experience 
in industrial refrigeration. Ammonia and carbon- 
dioxide systems, all types and sizes. L iterature 
and estim ates on request.

“ N e w ” 
Recording Pendulum  Viscosimeter

for oils, paints, etc.

F ig .  2
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Albany
Birmingham
Boston

THE GRASSELLI CHEMICAL CO.
Incorporated

Established 1839 C L E V E L A N D
N e w  Y ork O ffice  and E xport O ffice: 3 4 7  M adison A v e .

BRANCHES A N D  WAREHOUSES:
Brooklyn Cincinnati Newark Paterson
Charlotte Detroit New Haven Philadelphia
Chicago Milwaukee New Orleans Pittsburgh

SA N  FRANCISCO —  Chemicals, 576 Mission S t.— Dry Colors 8C Pigments, 274 Brannon St. 
LOS ANGELES —  Chemicals, 363 New High S t.—Dry Colors ÔC Pigments, 2034 Bay St.

G4 Standard 9/eld f̂íigh for 90 (fears
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CHEMICAL PL A N T  APPARATUS
is one class o f  Equipm ent  tha t  should 
never be bought on a B arga in-Counter  
Basis.

“ B E T H L E H E M - B U I L T ”
Chemical Castings and Apparatus will 
be Economical in the long run.

Bethlehem  Foundry & M achine Co. 
Bethlehem, Pa.

FILTROS THE
POROUS

MINERAL
MEDIUM

ACID PROOF, RIGID AND STRONG, 
UNIFORMLY POROUS

Transformer Efficiency  
in the  C ottrell P rocess

A FEW FILTROS SHAPES

FILTROS is furnished to fit tanks or containers 
of any size or shape.

GENERAL FILTRATION CO., Inc.
CUTLER BLDG. ROCHESTER. N Y

EF F IC IE N T  o p e r a t io n  o f  t h e  C o ttr e ll P r o c e ss  o f  
P r e c ip ita t io n  d e p e n d s , in  a  la r g e  m e a su r e ,  

u p o n  t h e  tr a n s fo r m e r  u s e d . M a n y  le a d in g  p u b lic  
u t i l i t y  a n d  o th e r  in d u s tr ia l  p la n ts*  h a v e  fo u n d  
t h a t  A m e r ic a n  T r a n sfo r m e r s  g iv e  t h e  m o s t  e ffi
c ie n t  a n d  e c o n o m ic a l serv ice  fo r  th e  C o ttr e ll P ro c 
e s s . A  n u m b e r  o f  th e s e  c o m p a n ie s*  are  s t i l l  u s 
in g  th e  o r ig in a l A m e r ic a n  T r a n sfo r m e r  in s t a l la 
t io n s  a fte r  te n  y ea rs o f  serv ice! D a ta  c o n c e r n in g  
th e s e  in s t a l la t io n s  to g e th e r  w ith  B u lle t in ]  1110-E  

d e sc r ib in g  t h e  la t e s t  ty p e ,  
w ill b e  s e n t  u p o n  r e q u e s t .

^ T h e r e  Is a n  A m e r ic a n  T r a n s f o r m e r ^  
fo r  ev ery  i n d u s t r i a l  s e rv ice . T h e  
a d v ic e  o f o u r  e n g in e e r s  o n  y o u r  
p ro b le m  e n ta i l s  n o  o b l ig a t io n .

\  A
♦N am es upon request

A m erica n  T ran sform er  
C om p an y

188 E m m et S t. N ew ark, N . J .

T h e s e  t r a n s f o r m e r s  a r e  b u i l t  In  s izes  
f r o m  k v a . to  50 k v a ., a n d  th e  s t a n d 
a r d  h ig h - t e n s io n  v o lta g e s  a re  75000, 70000, 
65000, 60000 a n d  55000.


