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MATERIAL A N D  MATERIEL

B  a c k  in the dismal days of the depression, we 
argued endlessly about whether our troubles were 
caused by over-production or under-consumption. 
Today when some essential war industries are be­
ing slowed down In’ inadequate supplies of raw 
materials, everyone is asking,—“ Are these real 
shortages, or are we suffering tem porarily from 
m aldistribution and imbalanced inventories?”  
The answer, now just as it was ten years ago, is 
that it is academic to argue over nomenclature. 
We face, as we did then, a definite situation. We 
must make immediately the necessary corrections 
and adjustm ents so that we can get going again at 
the highest overall rate for the things we need 
most. That that means maximum production of 
war goods and absolute minimum of everything 
else, now goes without saying.

We know that we have not made the best use 
of our material resources in the past two years, 
bu t we have bu ilt a tremendous war industry in 
much shorter time than  any other nation in the 
world. Time has been of the essence and we have 
had to fight for everything we needed to do the 
job assigned to us. The priority  system itself en­
couraged competitive acquisitions. There have been 
too m any top ratings for too little supply, particu­
larly  for steel and other critical construction mate­
rials. Is i t  any wonder th a t some inventories are 
badly unbalanced, tha t often substantial quantities 
of m aterials are tied up for want of one or two 
parts or products? We have heard reports of a 
million-dollar war project held up for want of 
$20,000 worth of alloy steels. Meanwhile other 
plants to supply complementary m aterials must 
shut down or mark time to keep from piling up 
“ too much and too soon.”

Donald Nelson, who has lately had to fight off 
his critics with his back almost to the wall, had 
the only common-sense answer. “ The big job 
ahead of us righ t now, ’ ’ he said on A ugust 22nd, 
“ is to bring  our program  into balance and to make 
sure we use our m aterials and our facilities as

wisely as possible.”  W hether such good advice is 
going to be followed voluntarily by industry is 
an open question. A workable system of inventory 
control through complete allocation of production 
requirements might be the answer. B ut when it 
comes to requisitioning and redistributing goods 
already in private hands, something more than 
general directives from W ashington will be needed. 
Definite policies must be established and enforced 
by the government. Here is a job that calls for 
stronger, more direct action than any we have yet 
had from this administration.

One blind spot in many of our calculations is 
the large percentages of the output of certain raw 
materials that have been and are still going out 
of the country. This is p a rt of a grand strategy, 
which apparently  has the approval of the military 
authorities. Yet in cases where critical war pro­
duction in this country is held up for w ant of 
materials being exported under Lease-Lend, it is 
obvious that we are not following that “ wisest” 
course in utilizing our own great resources.

In our concern with the immediate situation, 
which we hope is already in the process of being 
corrected, let us not lose sight of the fact that we 
are in a period of transition to a different and 
more abundant materials economy. We are op­
erating many basic industries at higher levels than 
ever before in history. We are just beginning to 
realize some of the advantages as well as lim ita­
tions of a greatly expanded volume of business. 
For the first time we are seeing what our science 
and ' technology can do when the production en­
gineer is given the righ t of way with the throttle 
wide open !

So, as we push ahead to produce the tremendous 
supplies of materiel required for our war effort, 
we may take some byproduct credit for helping 
to build a better post-war economy. In  tha t proc­
ess of meeting today’s problems and preparing for 
tomorrow’s, we hope th a t this Tenth M aterials of 
Construction issue of Chem. & Met. will serve as a



useful and practical source of reference—both for 
information and inspiration. I t  tells many stories 
of material and materiel of whieli the chemical 
engineering profession may well be proud.

LIFE BEGINS
F o r t y  years is not very long in the history of Amer­
ican industry. Yet since Vol. 1 No. 1 of this maga­
zine appeared as Electrochemical Industry  in Sep­
tember 1902, its field lias undergone significant 
changes. F irs t there was the budding industry  
that sprang up around Niagara Falls as cheaper 
hydro-electric power first became available. Elec­
trom etallurgy followed closely on the heels of elec­
trochemistry arid in 1905 the field of the magazine 
was extended in that direction.

“ Engineering”  first became a p art of our name 
in Jan u ary  1910 because, said the editor, “ we 
wish to emphasize that this journal is not, on the 
one hand, a trade paper, nor on the other hand a 
periodical representative of pure science. Rather, 
we are concerned with . . . what is needful in the 
work of the engineer in the conduct and manage­
ment of . . . chemical works.”

I t  is interesting to note tha t the same editorial 
forecast the unit-operation concept of chemical 
engineering when it remarked tha t all those “ en­
gaged in engineering practice in industrial estab­
lishments are more or less interested in the same 
processes—in crushing and grinding, concentration 
and separation, drying and evaporation . . . etc.” 

Chemical engineering arose to meet the challenge 
of the first W orld W ar and th a t ascendancy was 
duly noted Ju ly  1, 1918, when, “ Met. & Cliem.” 
became “ Chem. & M et.”  That was almost a quar­
ter of a century ago. Today all of us are again

faced with new problems and responsibilities. We 
on Chem. tf: Met. consider ourselves fortunate to 
be allied with a resourceful industry  and profession 
that offers so m any opportunities for serving our 
country in its present need. We are encouraged 
to believe with Professor P itk in  tha t “ Life Begins 
at F o rty .”

GET IN THE SCRAP!
W a l t e r  C a r p e n t e r , able president of the du Pont 
company, is helping the American Industries Sal­
vage Committee to carry its program  into every 
company in the chemical industry. He has urged 
his fellow executives to get behind the work of the 
Industrial Salvage Section of W.P.B. “ This is a 
situation ,”  he said, “ wherein by helping our Gov­
ernment, we are also helping ourselves; because 
industry  cannot do a satisfactory job of production 
without more scrap m aterials than are normally 
available. . . There is needed an extraordinary 
cleanup of our factories, involving recognition of 
the fact tha t if a machine or pipeline, a heating 
plant, a building . . .  is not absolutely essential for 
production at this time, then consideration should 
be given to scrapping it. I f  we don’t  win this 
war, most of our factories will be scrapped any-
way ! ”

In  1,200 different communities, W .P.B. has set 
up general salvage committees. In  400 industrial 
centers there are representatives of its Industrial 
Salvage Section ready to help in organizing effect­
ive salvage work in factories, offices and labora­
tories. This assistance is yours for the asking. 
W rite or wire the Conservation Division, W ar Pro­
duction Board, Railroad Retirem ent Building, in 
Washington.

W a s h i n g t o n  H i g h l i g h t s
PR IO R ITY  policies now pinch severely 
on research and control laboratories 
which use as much as $5,000 per 
quarter o f scarce metals. This makes 
the laboratory director responsible 
for P .R .P . quarterly filings and the 
pursuance of the rest o f the Prefer­
ence Rating ritual. Obvious remedy 
is to adapt old facilities to new pur­
poses in the lab as well as in the 
works, whenever this is possible, even 
with the sacrifice o f a bit on effi­
ciency.

C O N C E N T R A T IO N  o f production in a 
few  plants is to be extensively prac­
ticed in metal-working industries. 
There may be a few  cases where this 
practice can be helpfully applied in 
the chemical industries. I f  a single 
producer has facilities to m anufac­
ture all the needed quantity o f  some 
chemical, there ought to be means by 
which anti-monopoly rules can be

suspended to permit that efficient 
plan o f operation, i f  it is really of 
benefit in saving skilled manpower. 
B ut long transportation and con­
fusion in supply for essential users 
must not creep in as a secondary e f­
fect or the benefits o f concentration 
o f production will be overshadowed 
and the war program hurt rather 
than helped. Probably only a few  
chemical cases will really qualify for  
this program.

G U A R A N T EES of both quality and 
price for domestic soap supplies is 
undertaken in recent actions o f
O.P.A. One wonders how the quality 
o f certain detergents can be guaran­
teed when almost essential raw ma­
terials like coconut oil are obviously 
not available. Maybe O.P.A. will pro­
vide some new laboratory technics to 
help the much bufTetted soap ex­
perts. W e wonder.

RECORD PR O D U CT IO N  o f synthetic 
organic chemicals in 1941 is reported 
by the preliminary statistics o f U. S. 
Tariff’ Commission, issued in mid- 
August. This division of the chem­
icals industry sold $724,000,000 
worth o f goods last year. This was an 
increase o f 50 percent over the previ­
ous year’s sales which had been the 
highest on record. The rate o f  growth 
and the adequacy of synthetic chem­
icals supply probably surprises no 
one, except, we believe, our A xis con­
temporaries.

N E W  C O SM ETICS are virtually prohib­
ited by the regulations restricting  
containers and the use of container 
materials. Comparable policy is sug­
gested by W .P.B. actions on more 
important industrial materials. But 
fortunately there is no tendency to 
discourage new chemicals which have 
a real war-time service value.
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Materials for the Construction of 
Chemical Engineering Equipment

The war is having a tremendous effect on all materials, in particular 
aluminum, stainless steels, nickel, copper, rubber, and others which 
the chemical engineer has become accustomed to specify for construc­
tion of his equipment. The source of natural rubber is in the hands of 
the enemy, stainless steels are in demand for ships, guns, and tanks; 
copper for shells; aluminum for airplanes; rubber for jeep tires and a 
thousand other uses. The process industries must share the supplies of 
these strategic materials. It is essential that the limited amounts be 
conserved and made to stretch as far as possible, that life of present 
equipment be prolonged throughout the period of the emergency, and 
that substitutes be used whenever practical. For the success of the 
Victory Program depends in no small measure on their availability for 
the construction of equipment so badly needed to swell the supplies of 
synthetic rubber, 100-octane gasoline, and chemical warfare agents 
for the armed forces. Chem. & Met.'s Tenth Materials of Construction 
Issue should serve a timely and useful purpose. It presents the ways 
and means for conserving and protecting materials and equipment. Its 
data sheets bring up to date the basic information on manufacturers, 
composition, and corrosion, heat and abrasion resistance. In effect, it 
is a complete mobilization of available information.



M aterials of C onstruction for 
T oday an d  Tom orrow

S U M M A R Y  A N D

Realizing the seriousness of the present situation 
in materials for corrosion, heat and abrasion re­
sistance, the editors in this report have suggested 
means by which engineers can get most out of 
what they now have. For the benefit of those who 
can not obtain the materials they would normally 
specify, the availability of substitutes or alternates 
is discussed. The world upheaval is necessarily 
having a tremendous influence on the entire field 
of materials and has called for a look at the mate­
rials of tomorrow.

Properties of metals and alloys are presented for 
the first time on a series of fold-out inserts for

C O N C L U S I O N S

simplicity in handling. For each material are 
given the manufacturer's name and address, the 
composition, and resistance to abrasion, to heat, 
and to commonly encountered chemicals. The 
trend towards adoption of standard uniform no­
menclature for all alloys has been given further 
inpetus by development of a system of designa­
tions for heat and corrosion resisting castings by 
the Alloy Castings Institute. The influence of the 
war is reflected in the tabulations of information 
on non-metallic materials. A vast new synthetic 
rubber industry is in the making and new plastics 
are available to the engineer for the first time.

C on servation  o f M ateria ls
t  t r r i H E  CIVILIAN ECONOMY is fast 

JL going on a minimum subsist­
ence standard, vital materials no 
longer can be used except for war, 
and for the maintenance o f  tliose 
things necessary to carry 011 the war. 
The past months have been relatively 
easy, the military has taken from the 
civilian to meet its needs. This pool is 
nearly dry, from here on out it will 
be a continuous problem to meet the 
needs o f our fighting forces. Industry 
must get ready to ‘Patch and P ray’ 
to keep existing equipment at work,” 
warns W. L. Batt, chairman o f the 
Requirements Committee o f W PB. 
Just as long as the emergency exist? 
the metals and their alloys, with the 
exception of lead, which the chemical 
engineer lias become accustomed to 
depend upon for the construction of 
his process equipment will be difficult 
to obtain unless lie is fortunate 
enough to possess a high priority. 
This situation is not limited to the 
metallic materials, for rubber is in 
the same category. And while there 
are not the same restrictions 011 chem­
ical stoneware, glass, wood, and the 
other non-metallic materials, never­
theless, the heavy demand makes de­
livery o f new equipment slower than 
it is in normal times.

As Mr. Batt warned, the engineer 
must be resourceful in conserving the

supplies o f strategic materials and in 
prolonging the life o f present equip­
ment. When new equipment is 
planned much can be done to stretch 
the supply of strategic metals. In  
some instances this may be accom­
plished by specifying linings over a 
base metal. Probably the greatest con­
servation can be obtained by more 
careful study of each item, and use of 
the lowest possible alloys which are 
now in commercial production, as 
V. W. Whitmer recently stated before 
the A.S.T.M . For example, there are 
undoubtedly many applications using 
chromium-nickel alloys where the 
straight chromium could be very 
easily substituted.

Favorable design should be con­
sidered which will provide against 
the presence o f crevices, pockets, or 
other areas that might promote accu­
mulation o f deposits or stagnant 
liquors. In cases where excessive cor­
rosion at one or more points in a 
vessel has been troublesome it is well 
to examine carefully for the presence 
of those areas which might be re­
sponsible for this susceptibility to 
corrosion.

Excessive wear in vessels, pumps 
and p ip ing frequently is due to inade­
quacies o f design. Reduction in rates 
o f flow, or slight changes in direction 
o f flow, might be sufficient to reduce

excessive wearing o f pip ing and 
valves. Excessive wear of pump parts 
might be due to use o f im proper al­
loys for wearing members; as "well as 
to im proper or inadequate lubrica­
tion.

The design and location o f vapor 
connections should be such as to pro­
vide against refluxed condensate run­
ning down the walls o f the vessel 
instead o f dropping freely  into the 
liquid. Improvements frequently re­
sult through changing the location of 
critical parts to points outside the 
condensation zone, or by process 
changes which limit the region in 
which condensation is occurring, as 
for  example by reduction in process 
temperature, jacketing the vessel, or 
similar operation readjustments.

Use of the same type of metals to­
gether where possible is recommended 
in order to avoid galvanic corrosion. 
I 11 the cases where necessity demands 
that dissimilar metals and alloys be 
used together in corrosive environ­
ments there are certain definite rules 
to follow' in order to assure success o f 
the combination. W hen dissimilar ma­
terials are to be used together it is 
best to determine beforehand that 
both have adequate resistance to cor­
rosion by the process liquors under 
normal conditions. Nickel, Monel and 
the other high-nickel alloys may nor­
mally be used together with safety, 
and with copper, bronze, brass and
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other copper-base alloys. In  combina­
tions with plain and low-alloy steels 
and cast irons, and with aluminum, 
zinc, and other metals less noble than 
nickel opportunities for appreciable 
galvanic corrosion may exist, and the 
proposed metal combinations should 
be considered carefully before new  
installations or changes in existing 
equipment are made.

Combinations of the relatively 
noble nickel and high-nickel alloys 
with less noble materials, such as steel 
and cast iron, are usually satisfactory  
when the exposed area of more noble 
material is small in comparison with 
that o f the less noble.

When it is impossible to avoid 
using galvanic couples suspected as 
being dangerous non-metallic insula­
tion in the form of gaskets, sleeves, 
and washers are recommended. These 
insulating gaskets should be applied 
in a manner to provide complete elec­
trical insulation between the mate­
rials form ing the couple.

I t is good practice whenever fea ­
sible to coat large surfaces o f the 
more noble metal in a galvanic couple 
with an insulating paint so as to re­
duce the effective area o f the cathode 
in the galvanic cell. The use of ca- 
thodic protection, either from applied  
current or by sacrificial corrosion of 
a less noble metal such as zinc, may 
serve to lessen galvanic corrosion 
which otherwise might occur. In some 
instances where galvanic corrosion is 
not a problem the application of a 
protective current may serve to pro­
long equipment life  or reduce metal­
lic contamination where such is an 
important factor.

"A N  O U N CE O F  PR EV E N TIO N "

M any means may be used for ex­
tending the life  o f equipment already 
in service. Periodic and careful clean­
ing o f equipment is a most important 
factor in assuring greatest possible 
life. Be sure to use cleaning agent 
recommended for the surface mate­
rial. In  the case o f wire mesh and 
other process equipment utilizing 
metal in small sections it is o f the ut­
most importance that acid cleaning 
agents be thoroughly flushed and 
rinsed off after the desired cleaning 
has been accomplished. This is im­
portant because the presence o f di­
luted acid in restricted areas, away 
from free flow o f process liquors, 
might promote concentration cell cor­
rosion. This same precaution is neces­
sary in large vessels especially around 
seams and connections where the type  
o f jo in t is likely to be such as to pro­
vide a crevice.

Other precautions that will

lengthen the life o f equipment should 
be mentioned. Be sure that the metal 
is recommended for use in the pro­
duction and handling of the particu­
lar chemical or combination of chemi­
cals. Inhibitors are widely used to 
prevent attack by hydrochloric acid 
and other chemicals, but several 
authorities contend that even greater 
use could be made of these interesting  
agents.

STAINLESS STEELS

The service life  o f stainless steel 
equipment can be lengthened by fo l­
lowing certain precautions. Remove 
materials and deposits that tend to 
adhere to the surface, especially in 
crevices and corners. Cleanliness can 
not be stressed too strongly. W ork for  
uniform ity in regard to solutions, 
temperatures, agitation, concentration 
and surface conditions. Avoid pro­
longed standing of chlorides, bro­
mides, thiocyanates and iodides in 
stainless steel equipment, especially if  
acid condition exists. The pitting ac­
tion o f these compounds may be re­
tarded or avoided by making solutions 
alkaline. I f  this is not possible, avoid 
long contact o f compounds with the 
metal and clean frequently. Be sure 
to avoid corrosion fatigue. This is 
usually the result o f a combination of 
cyclic stresses and weld corrodents. 
The remedy is to make the equipment 
sufficiently strong to withstand any 
stresses which may be encountered. I f  
this is not possible, the equipment or 
unit should be so constructed as to 
permit freedom of movement o f the 
entire unit.

NICKEL

In the case o f nickel and the fam ily  
o f high-nickel alloys, cleaning may 
be done with any o f the alkaline clean­
ers. Dilute acid cleaners, such as su l­
phuric and hydrochloric, are also used 
extensively, and when so employed in 
correct strengths and at warm tem­
peratures are not detrimental to the 
life  o f the materials. W ith some ex­
ceptions, nickel, Monel, and other 
nickel alloys which do not contain 
substantial amounts o f chromium 
should never be cleaned with nitric or 
other oxidizing acids since these are 
corrosive to nickel and the other al­
loys mentioned, and w ill cause loss o f  
metal through corrosion.

Scouring o f nickel and nickel alloys 
is best accomplished with abrasive 
cleaners, such as finely divided pum­
ice, or with those preparations com­
pounded for household use. Steel wool 
or steel wire brushes should never be 
used on nickel and nickel alloy equip­

ment since their use presupposes the 
likelihood that fine particles o f steel 
will become embedded in the metallic 
surfaces with later development of 
rusting, and occasionally localized 
attack under the rust deposits. I f  
brushes are to be used with the abra­
sive cleansers a stiff type of fiber 
brush is the best choice. Metallic wool 
scouring pads of nickel and Monel are 
commercially available and should be 
used where more severe scrubbing or 
scouring is indicated.

The use o f organic inhibitors, o f 
the types added to steel pickling acid 
solutions, with the cleaning acids em­
ployed on nickel alloy equipment is 
recommendsd.

The use o f improper welding or 
brazing rods in making repairs on 
nickel and nickel alloy equipment 
frequently leads to trouble since the 
weld metal being o f different composi­
tion from that of the parent metal 
may if  less noble suffer accelerated 
galvanic corrosion. Fabrication and 
repairs are o f course best made with 
rods o f composition identical with 
that o f the material being joined.

LEAD

Lead’s resistance to corrosion de­
pends in part on the extent to which 
its protective surface layer can be 
kept continuous and unbroken. By  
designing equipment in such a way 
as to restrict unnecessary movements 
of the metal or by exercising reason­
able care to prevent mechanical in­
jury to the protective coating lead 
will often last for a long time.

Regarding installation, the impor­
tant point to remember is that lead 
requires adequate support at all

L ite of s ta in le s s  s te e l  m a y  b e  le n g th e n e d  
b y  re m o v a l of a d h e r in g  m a te r ia ls
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points where stresses may occur. 
Proper support not only reduces the 
possibility o f mechanical failure but 
also restricts movements o f the metal 
which, as pointed out above, are a 
contributing factor in corrosion.

Lead pipes in the horizontal posi­
tion are usually supported by placing 
them in steel or wooden troughs. V er­
tical p ipe lines may be held in posi­
tion -with steel straps, spaced 18 in. 
or so apart and securely bolted to a 
rigid supporting structure. Another 
method o f supporting lead pipe, 
either vertically or horizontally, is by 
inserting and expanding it in stand­
ard steel pipe. Users o f this proce­
dure report that it is not only more 
satisfactory but cheaper than angle 
iron or wooden supports.

As in the handling and installation  
o f lead, so in the treatment of lead 
equipment in service avoidance of 
physical injury and a proper regard 
for the metal’s mechanical limitations 
arc the guiding principles.

For example, when depositing or 
removing objects from a tank, care 
should be taken to avoid unnecessary 
contacts with the lining which might 
nick the lead or abrade its protective 
coating. Again, chemical solutions 
often deposit crystals, scales, crusts 
and the like, the removal o f which is 
o, common source o f injury to linings. 
Workmen entering the tank should 
wear rubbers or other shoo coverings. 
Shovels, hoes, rakes and similar tools 
should be used with an appreciation  
of the necessity for careful handling 
to avoid trouble.

W here heating coils are employed, 
turning on of the steam should be done 
gradually through the use o f needle 
valves. A  sudden surge o f pressure 
may distort the coils, rupturing the 
protective coating as well as weaken­
ing the metal structurally. The in ­
stallation o f  thermostatic or pressure 
controllers which guard against ex­
cessive pressures and temperatures 
frequently prevents damage to coils 
through carelessness. The use o f hot 
water instead of steam as the heating 
medium is another method of pro­
longing coil life , particularly where 
moderate temperatures are employed 
with chemicals such as chromic acid. 
W hile the form er takes longer to raise 
the solution to the desired tempera­
ture, corrosion of the coil itself is 
retarded.

ALUM INUM

For most applications there is little 
or no reaction between aluminum and 
the substances being processed. In  
other cases, some reaction may occur. 
In  cases o f this type, it is often pos­

sible to extend the life o f equipment 
appreciably by suitable protective 
measures (H . J . Fahrney and R. B. 
Hears, Chem. & Met., Voi. 49, pp. 86- 
89, July, 1942).

Several protective measures which 
have proved beneficial are available. 
These methods include: (1) cathodic 
protection, (2) coatings, (3 ) chemi­
cal inhibitors, and (4) periodic 
cleaning.

Each of these methods has special 
fields o f usefulness. Cathodic protec­
tion is particularly suitable for pre­
venting attack by unrecirculated 
waters and by nearly neutral or 
slightly acid salt solutions. The liquids 
must have a relatively high conductiv­
ity  and only areas o f the metal ex­
posed in contact with the liquid can 
be cathodically protected. In  cases 
where it is applicable, cathodic pro­
tection is usually the cheapest and 
most effective method o f preventing 
attack.

Chemical inhibitors are particu­
larly useful in recirculated waters or 
in cases where the same material is to 
be stored for relatively long periods 
of time in the equipment under con­
sideration. As with cathodic protec­
tion, only the metal areas below the 
liquid level are normally protected by 
inhibitors.

Protection against more severe con­
ditions, such as the stronger acids, 
can best be obtained by coatings. 
These can be applied most readily to 
new equipment or to units which can 
be easily handled.

Periodic cleaning has proved most 
useful in  cases where solid products 
settle out on the metal surface and 
adhere tenaciously to it. It is gener­
ally o f little use where the liquids 
being processed uniform ly dissolve 
the metal surfaces which they contact.

RUBBER

IIow  to conserve rubber equipment 
was discussed in a recent article 
(0 .  S. True, Chem. <0 Met., V ol. 49, 
pp. 88-89, Mar., 1942). In the plan­
ning which precedes the actual in­
stallation of rubber-lined equipment, 
the engineer should be careful to give 
the rubber manufacturer fu ll and ac­
curate information concerning service 
conditions. Specifications differ ap­
preciably and the life  o f any installa­
tion may depend greatly on the 
completeness o f the original informa­
tion.

In  the case o f rubber-lined equip­
ment, if  it is necessary to enter, work­
men should wear rubber-soled shoes 
to avoid abrading and cutting the lin ­
ing. Care should be taken against the 
possibility o f welding sparks or tools

dropping into the tank from construc­
tion overhead. I f  there is a possibility 
of mechanical damage to the lining, 
it should be protected by wood 
bumper strips or brick linings set 
with acid-proof cement. H ard rubber- 
lined equipment should be protected 
against external shock— particularly  
in cold weather.

In the case of solid hard rubber 
material, operators should be in­
structed that the material is brittle 
and that normal methods o f pipe han­
dling should not be used. P ipe lengths 
should lie fu lly  supported, strap 
wrenches should be used for drawing 
threaded ends together, and tempera­
tures and pressures should be within 
a range suggested by the manufac­
turer. Such pipe should be kept away 
from points where there is an excess 
of traffic and especially away from  
hand trucks, etc.

CA RBO N  A N D  G R A PH ITE

Carbon and graphite piping must 
be handled with a minimum use of 
high-prèssure tools. It is recom­
mended that pipe be handled and 
tightened by hand or with assistance 
of a rope wrench.

It is a good idea to carry in stock 
repair couplings and slab material. 
I f  a break does occur the broken 
pieces can be collected, fitted into 
original position and cemented to­
gether using carbonaceous cements 
recommended for the particular pur­
pose by the carbon manufacturers. 
Should the broken pieces be too small 
to justify  this type o f repair it can 
be made by using the slab stock in 
store. Carbon slabs can easily be 
shaped to proper dimensions and ce­
mented over the opening in the vessel.

G LA SS LIN IN G S

Glass-lined equipment that receives 
reasonable care is long-lived. There 
are many installations in good work­
ing order that have had continued use 
for over 20 years. The manufacturers 
report that i f  the follow ing instruc­
tions are followed the life  o f linings 
can be lengthened materially:

1. W licn read y  to  clean , cool th e  
equ ipm ent b y  flooding th e  jack et w ith  
cold w a ter , then  rinse the  inside w ith  
cold w a ter  to  rem ove d ep osits from  the  
surface.

2. Scrub th e  g la ss  lined  su rface w ith  
d etergen t so lu tio n . U se  a com m ercial 
d etergen t w hich  con ta in s on ly  a fine 
ab rasive and soap . T ake one part 
d etergen t and tw o  or three  parts  
w a ter , m ix  and boil. (W hen boiling  
w ith  d irect s tea m  in  so lu tion , u se  on ly  
tw o  p a rts  w ater .)  P erm it so lu tion  to  
cool, stirr in g  o ccasion a lly  to  keep  
a b rasive  pow der in  suspension . S o lu ­
tion  w ill  form  je lly lik e  m ass w ith  
ab rasive  ev en ly  suspended.
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3. D ip w et brush in to  d etergen t so lu ­
tio n  and  scrub equipm ent. Do n ot put  
d etergen t so lu tio n  in  tlie  v a t.

4. A fte r  equ ipm ent h a s been scrubbed  
th orough ly , rinse W ith cold w ater.

5. Then rinse w ith  h ot w ater.
0. S ter ilize  according to  norm al pro­

cedure, e ith er  b y  h ea tin g  through the  
ja ck et or d irectly  w ith  a  steam  hose. 
In case o f the  la tter  procedure, keep  
the end o f the  hose a t  lea st  12 in. 
from  th e g lass-lin ed  surface. Do n o t  
u se hose w ith  m eta l nozzle or m eta l 
w eig h t on end o f hose.

FUSED SILIC A  AN D  STO N EW A R E

Vitreous silica industrial equip­
ment gives little trouble, but there 
are a few  precautions that i f  followed 
will add length to its life. Avoid use 
o f rigid joints between fused silica 
and other materials, all o f which have 
higher thermal expansion, if  the joint 
is to be subjected to high tempera­
tures. It is advisable to avoid the use 
of hard setting cement on fused silica 
equipment at high temperatures for  
the same reason.

This equipment is suitable for op­
erating temperatures up to 1,000- 
1,100 deg. C. in the absence of certain 
mineral salts or reducing gases which 
may accelerate breakdown due to de­
nitrification. Temperatures as high as 
1,350 deg. C. are possible if  critical 
temperature zones between 1,250 deg. 
C. and 1,300 deg. C. and below 300 
deg. C. are avoided.

Failure of chemical stoneware 
equipment may usually be traced to 
the use of the wrong body or to faulty  
installation. Stoneware bodies differ 
in their physical properties as widely 
as do different grades of steel and 
must lie selected with equal care with 
particular reference to the service ex­
pected of them. The equipment should 
be installed so as to allow for expan­
sion and contraction, to minimize 
vibration and tensile stress, and to 
take fu ll advantage of the extremely 
high compressive strength that is 
characteristic o f the ware.

SYN TH ETIC RESIN

Tanks or other pieces of phenolic 
resin equipment, damaged in transit 
or by accidents in  operation in such 
a manner as to produce holes or 
breaks may be refilled with some of 
the same type of resin and made as 
good as new without excessive cost. 
Minor repairs can be made on the 
premises by the user’s own men and 
the equipment can be placed in serv­
ice again after only a few  hours. Sur­
face damage need cause no concern as 
the material possesses uniform chemi­
cal resistance throughout.

The foregoing attempts to suggest 
a few  o f the ways by which the ex­
tremely limited stocks o f strategic 
metals and alloys may be made to go 
farther and means for protecting 
what equipment we already have in 
an effort to make it last through the 
emergency. Every success that is thus 
achieved helps in winning the final 
Victory.

A ltern ate  M ateria ls

Mo s t  c o n s t r u c t i o n '  materials 
problems,met in the design of 

equipment and buildings for chem­
ical process industries are capable of 
a number o f different solutions, and in 
normal times the engineer’s task is to 
discover those materials which come 
closest to the ideal. These, however, 
are not normal times. Metals in par­
ticular, as well as rubber and plastics, 
are becoming increasingly difficult to 
secure, partly on account o f actual 
shortages, and partly because of ex­
cessive inventory stocking on the part 
of some manufacturers. Certain of 
the scarcest materials are already sub­
ject to complete allocation, and others 
are sure to be added to the list. At 
present allocated materials can be had 
only for the most essential purposes 
and when nothing else, in the opinion  
of the authorities, can be substituted. 
But if  current W ar Production Board 
moves are carried through, it is prob­
able that such materials w ill not be 
available at all for production equip­
ment, but only for the manufacture 
of offensive weapons.

To an ever larger extent, therefore, 
chemical engineers are finding it nec­
essary to use materials which are in­
herently more plentiful, or in less 
demand, than the ones they may have 
been accustomed to use. Sometimes 
new materials can be found which 
will perform as satisfactorily as the 
old materials, or even better. In other 
cases, new uses are possible for old

materials, or new ways of using them 
can be discovered. In general, how­
ever, the question of alternates comes 
down very largely to the application  
of well-known materials, which for  
reasons of personal preference, higher 
costs, or certain not-so-satisfactorv  
properties, were ruled out before the 
preferred materials became unavail­
able. It is in the last group of pos­
sibilities that the great preponder­
ance o f solutions will be found.

Unfortunately, many o f the con­
struction materials that are being ad­
vanced as alternates are themselves 
hard to get today, owing to difficul­
ties in transportation, or lack o f su f­
ficient production capacity to meet 
the present inflated demand. W ith  
many, the demand is now so large 
that reasonably rapid delivery can be 
made only to holders o f relatively 
high priority ratings. Still, this state­
ment is true only in a number of 
cases, and does not apply to all ma­
terials, nor to all equipment manu­
facturers. Each case must be checked 
individually. Furthermore, the sup­
p ly  situation is in a constant state of 
flux, and generalizations which are 
correct at one time may be untrue a 
week or a month later. An example 
is the ease o f lead, which a few  
months ago was one o f the scarce 
metals. At present, lead is listed in 
the W ar Production Board’s Ma­
terials Group III, which includes ma­
terials available for substitution.

Capacity to produce, rather than 
the availability of raw materials, is 
the limiting factor with most alter­
nate materials. As a general rule, 
the best prospects for adequate sup­
p ly  are found with those materials 
which require the least manufacture, 
and make use o f the least metal. 
Wood, cement and clay products are 
in this category, although even these 
may be scarce in some localities, while 
certain types such as structural lum­
ber and refractory brick may be d if­
ficult to obtain anywhere.

Conversely, manufacturing bottle­
necks in the ease o f other materials 
which ordinarily are easy to obtain 
have become fairly  pronounced at 
present, and may become even more 
severe. Chemical stoneware, espe­
cially the more highly fabricated  
forms, requires materially increased 
delivery time. The same is true of 
structural carbon and o f industrial 
glassware. Several o f the plastics 
which would ordinarily be considered 
as available for alternate use are even 
harder to get than metals, including 
phenol-formaldehyde, acrylic and 
methacrylate, and vinyl chloride plas­
tics, as well as synthetic rubbers and 
rubber reaction products. W ith the 
exception of natural rubber, all of 
these materials are o f domestic origin, 
but competition with other war prod-, 
ucts for necessary raw  materials and 
intermediates, and competition for  
the finished plastics, has made them 
unavailable for all but exceptional 
uses.
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T h e se  th re e  b o ilin g  ta n k s  a r e  b u il t  of K a rb a te  s t ru c tu ra l  c a rb o n  w h ic h  is  u s e d  lo t  w a l l  
s la b s ,  h e a t e r  tu b e s  a n d  h e a d s  a n d  th e  p ip e s ,  v a lv e s  a n d  iittin g s

The higher alloy steels together 
with copper, nickel, aluminum, mag­
nesium and their alloys can, o f course, 
be obtained only on allocations. To 
save alloying elements in those steels 
which emphasize mechanical and 
physical properties, rather than tem­
perature or corrosion resistance, sev­
eral new series o f lean alloy steels, 
known as the NE (National Emer­
gency) steels have been developed 
by the steel industry and accepted by 
the W ar Production Board, and such 
steels must now be specified by metal 
fabricators for all uses where the 
need for higher alloys cannot be def­
initely established. Even these steels, 
however, can be obtained only with 
W PB  permission, for the supply  
must be conserved for essential uses.

Tn the process industries, obviously, 
many construction materials are se­
lected for their corrosion or heat re­
sistance, rather than for mechanical 
properties, and so with alloys it is 
generally impossible to achieve the 
necessary resistance and still scale 
down the alloy content to any con­
siderable extent. This situation is in 
part recognized in W PB  Order 
M-21-g, which sets the maximum alloy 
content for a variety o f heat-resisting 
applications.

The situation regarding cast iron 
seems to vary considerably. Some 
foundries appear to have plenty of 
material and are able to give rapid 
service, whereas others are demanding 
and getting high priorities for the 
work they perform, in  any event, 
together with other metal fabricators, 
the foundries which consume more 
than $5,000 worth o f metal per 
quarter must now submit their de­
tailed quarterly requirements for gov­
ernment approval under the Produc­
tion Requirements Plan. Presumably, 
as this plan becomes more effective 
through application of the experience 
now being gained with it, cast iron 
may become somewhat less freely ob­
tainable.

M ETALS FO R  METALS

Although most metals used for cor­
rosion resistance, for alloying and for  
plating are 011 the critical list, there 
are several metals which can still be 
secured for use as substitutes. Also, 
o f course, there is always the possibil­
ity o f conserving the scarcer metals 
by using them as 10 or 20 percent 
plymetals. One interesting substitu­
tion that has recently been proposed 
to replace tantalum is to use platinum  
plated on copper or brass tubes for  
applications in contact with hydro­
chloric acid where good heat transfer 
must be secured. Gold is available for

such applications and may be em­
ployed either as a plated coating or in 
the form of a plymetal. Silver, orig­
inally believed to be adequate in quan­
tity for substitution, is now almost 
entirely under allocation.

A s has already been noted, lead is 
now quite plentiful, which applies 
also to certain of its alloys used for  
equipment construction purposes, 
such as tellurium and antimonial lead. 
Another available material is a new 
high strength lead alloy, designed 
particularly for water-service piping.

NON-M ETALLIC A LTERNATES

Carbon— Applications of struc­
tural carbon have developed rapidly 
in recent years. Am ple raw material 
is available despite the enormous de­
mand for carbon electrodes. The 
present chief deterrent to more wide­
spread use of structural products lies 
in facilities for producing finished 
materials. Carbon can be obtained 
in both ordinary and impervious 
forms, as well as in a porous variety 
for filtration and bubble-producing 
applications. It is being fabricated 
in a wide variety of standard brick 
and block shapes, the latter so large 
as materially to reduce construction 
time of large equipment. Carbon 
tubes are being used extensively for  
their high heat transfer ability in the 
assembly o f heat exchangers. All- 
carbon centrifugal pumps are being 
made, together with small vessels, 
cylindrical tower sections, valve bod­
ies, fittings and pipes and a variety 
of other fabricated forms.

Concrete— Many ways have been 
developed for the use of concrete in 
tanks and vessels for liquids. Many 
proprietary compounds have been in­
troduced for waterproofing concrete 
and for making it proof against other 
substances. Although some o f these 
were based on rubber, many now ob­
tainable with greater or lesser d if­
ficulty are plastic-base materials. For 
example, a new coating for concrete, 
wood or metal is made from a fur­
fural type plastic said to be obtain­
able in quantities limited only by 
present production equipment. Film s 
of this coating, built up by a num­
ber of brush applications, are thick 
enough for use in contact with all 
solvents, mineral and oxidizing acids 
in moderate concentration, vegetable 
and mineral oils and high octane 
fuels, according to the manufacturer. 
This coating, known as Tygon F , is 
intended for use up to 350 deg. F.

For other applications o f concrete 
tanks, linings o f chemical stoneware 
and porcelainware, or of structural 
carbon, may be used where the service 
is too severe for coatings. Most of 
the cements required for laying up 
these linings can be secured without 
difficulty, as well as the bituminous- 
base types of sheet lining material 
which are sometimes employed as a 
cushion and liquid proofing between 
the tile and the concrete wall.

Owing to metal shortages, cement- 
asbestos pipe has come into great de­
mand, particularly for the handling 
of water and mildly corrosive solu­
tions. as well as for fume ducts and
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stacks. F or more severe duty, cement- 
asbestos p ipe is now being produced 
with resin-base coatings designed for  
a variety o f  degrees o f service 
severity. Several manufacturers sup­
ply  cement-asbestos pipe, together 
with a variety o f fittings and coup­
lings for working pressures up to 
150 lb. per sq.in. or even higher.

Chemical Stoneware  —  Chemical 
stoneware, one of the old standbys 
o f the chemical industry, and its 
newer cousin, chemical porcelainware, 
are produced in all o f the forms in 
which structural carbon is available, 
as well as some additional forms 
which are possible because of the bet­
ter working properties o f clays as 
compared with carbon during the 
forming stage. For example, large 
single-piece storage vessels are built 
in sizes to several hundred gallons. 
Chemical stoneware is resistant to all 
corrosive agents with the exception  
of hydrofluoric acid, and in some 
modifications has good resistance to 
heat-shock. Recently developed types 
are much superior to the earlier 
grades in heat transfer and, with  
proper installation and use, modern 
materials o f these types are not un­
duly fragile.

Enamel— Enamels, particularly the 
highly acid-resisting glass enamels 
which are proof against all acids ex­
cept hydrofluoric (and sometimes 
phosphoric), are time-tried materials 
for producing an acid resisting coat­
ing on the more readily available base 
metals, including cast iron and low- 
carbon steel. A wide variety of 
processing equipment can be pro­
duced in glass-enameled metal, in­
cluding kettles in all sizes up to 
2,000 gal., or even larger; valves, 
pipes and fittings; storage tanks; 
stills and columns; pans and evap­
orators; and heat exchangers. V es­
sels are regularly built for internal 
pressures as high as 300 lb. per sq. 
in., while experimental autoclaves 
have proved successful under internal 
pressures as high as 1,000 lb., with 
temperatures to GOO deg. F .

Glass— Glass is an excellent ex­
ample of an old material for which 
new forms and many new uses have 
recently been found through aggres­
sive research on the part o f several 
leading manufacturers. A n example 
is the 96 percent silica glass which 
comes close to fused quartz in its re­
sistance to thermal shock.

Industrial glass pipe has now be­
come widespread, such pipe being 
made at present in diameters up to 4 
in. An electric welding process for 
field erection o f pipe, now in process 
o f  development, will doubtless extend

this application much farther. The 
same type o f chemically resistant, 
low-expansion glass has been em­
ployed in the manufacture of a stand­
ard design of all-glass centrifugal 
pump, in the fabrication of distilling 
column sections in diameters up to 23 
in., in valves, in prccision-bore tubing 
for flowmeters, in cooling coils and 
heat exchangers, and in other forms.

Glass blocks, in recent years, have 
become important adjuncts to build­
ing construction, owing to the fact 
that they are capable o f transmitting 
light while at the same time they give 
considerable heat insulation and are 
capable of carrying a moderate load. 
An important advantage at present 
is that windows constructed from such 
units require metal only if  movable 
sashes are to be installed.

FIBROUS GLASS

Fibrous glass is another important 
way in  which this versatile material is 
m aking a conspieious contribution to 
the war effort. Fibrous glass can be 
woven into acid- and high-tempera­
ture-resistant filter cloths for liquid 
and gas filtration. It is being used to 
a large extent in the manufacture of 
electrical tapes and wire insulations. 
It is available for heat insulation in 
loose, pelleted, blanket, bait, and 
also in rigid forms. The last, one of 
the new products intended particu­
larly for cold insulation, is impreg­
nated for moisture proofness.

Perhaps the newest form of glass 
is the cellular product recently intro­
duced for insulation, particularly in 
the low-temperature field, and for  
corrosion resisting floats o f various 
kinds. This product is a foam y form  
o f glass, the bubbles of which are 
non-communicating, yielding a ma­
terial which is totally impervious to 
moisture absorption. W eighing about 
10-11 lb. per cu.ft., the new glass 
has a heat transmission coefficient of
0.45 B.t.u. per sq.ft., deg. F ., hour 
and inch of thickness and has su f­
ficient strength to impart considerable 
structural rigidity and load-carrying 
capacity.

One novel use for glass has re­
cently been suggested and appears to 
have possibilities as a war-time sub­
stitute for large metal pipe intended 
for  operation at high pressures. The 
scheme is to blow or otherwise form  
pipe of suitable diameter and incase 
it in concrete to give adequate 
strength for such applications as 
over-land pipelines. Another sugges­
tion for the same use is to substitute 
terra cotta pipe for glass, likewise in­
casing the terra cotta in concrete for 
strength.

Paints and Coatings— Chlorinated 
rubber is under allocation and hence 
is not regularly available for chem­
ically resistant finishes. Resin coat­
ings, such as the phenolies, are also 
scarce but are obtainable on priority 
ratings and can frequently be used 
in place o f galvanizing or for the im­
parting o f corrosion resistance to 
equipment constructed of the more 
plentiful materials. Some drying oils, 
resins and pigments are critical but 
adequate substitutes are available for 
use by the paint industry in the 
manufacture of most ordinary pro­
tection materials.

Plastics— The range of plastics 
now produced is extremely broad, but 
it is significant that several o f these 
are required directly by the war pro­
gram. For example, acrylic and 
methacrylate resins, recently used to 
a considerable extent in pump ends 
and step valves for proportioning 
pumps and in a variety o f small 
equipment where visibility o f the con­
tents was necessary, are now going  
largely into airplane cockpit covers 
and bomber windows. Listed by the 
W PB  in Group I  (the scarcest ma­
terials) are the phenol-formaldehyde, 
polystyrene and polyvinyl chloride 
plastics, arid in Group II  (the some­
what less scarce m aterials), the urea- 
formaldehyde, vinyl, and vinylidine 
chloride plastics. Nevertheless, when 
they can be secured on sufficiently 
high priority, some o f the polyvinyl, 
vinyl and vinylidine derivatives are 
being offered in interesting form s for 
substitution for metal pipes. Three 
such types include Saran, a vinylidine 
chloride derivative, Tygon, a vinyl 
chloride product, and Resistoflex, a 
polyvinyl alcohol derivative.

Saran is now being made in pipe 
sizes to 2 in. The material can be cut 
and threaded, coupled with compres­
sion-type couplings, oi’ welded by 
heating the adjacent ends to the fu s­
ing temperature and then pressing 
them together. Saran is now being 
mentioned prominently as a possible 
substitute for brass and copper pipe 
in general p ip ing applications. The 
material is suitable for temperatures 
up to about 175 deg. F . and is said to 
be satisfactory for contact with 
brines, hydrocarbons, solvents, or­
ganic compounds, acids and alcohols, 
except cyclic oxygen compounds and 
concentrated alkalis. Tygon is said to 
be more resistant to oxygen-contain- 
ing compounds and strong alkalis, 
but is unsatisfactory with solvents 
such as benzol and chlorinated hydro­
carbons. This material also is appli­
cable at temperatures up to about 175 
deg. F . Resistoflex, which is suitable
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for temperatures to 285 deg. F., re­
sists oils and solvents, but is not rec­
ommended for  weak brines, acids and 
alkalis.

Silica— Fused silica, another o f the 
old standbys of the chemical industry  
for use where great resistance to 
thermal shock and to all acids except 
hydrofluoric is required, is still avail­
able in adequate quantities, in spite 
o f the fact that much o f it is im­
ported from  England. The material is 
also fabricated in the United States.

Sulph ur— Sulphur can be produced 
to meet any likely demand. In recent 
years various combinations o f sul­
phur with inert materials and with a 
variety o f hydrocarbons have been 
offered for  use as acid-resisting ce­
ments for the setting of chemical 
stoneware units. Such materials con­
tinue to be available. Furthermore, 
some o f these sulphur compositions 
are now under investigation for a 
variety o f  metal-replacing uses as yet 
unannounced.

Synthetic Rubbers— W ith the ex­
treme shortage o f  natural rubber, a 
variety o f applications for which no 
material but another rubber-like sub­
stance can substitute w ill necessarily 
fa ll in the province o f the several 
synthetic rubbers. These at present 
can be obtained only in small quan­
tities, but later w ill be produced on a 
large tonnage basis. The principal 
types to he manufactured w ill include 
the older synthetic rubbers, neoprene 
and Thiokol, together with Buna S, 
Buna N, and Butyl rubber. In gen­
eral, these materials are characterized 
by a higher degree of resistance to 
solvents and other hydrocarbons than 
natural rubber. Generally, their tem­

perature and aging resistance are 
better, their abrasion resistance rela­
tively poor. However, the art o f com­
pounding synthetic rubbers for pur­
poses similar to the principal uses of 
natural rubber is now developing 
rapidly in the United States, and 
present limitations on their applica­
tions w ill doubtless be overcome. Such 
necessary products as essential syn­
thetic rubber linings, hose, tubing 
and gaskets will continue to be avail­
able. For example, neoprene coatings 
and linings, suitable for temperatures 
up to 220 deg. F ., can be applied to 
metal equipment for resistance to 
strong oxidizing agents, aromatic and 
chlorinated hydrocarbons, and many 
other organics including certain ke­
tones, esters, and phenols. Since such 
coatings can now be applied by 
brushing on a neoprene solution, they 
can effect an im portant saving of 
material amounting to two-thirds or 
three-quarters as compared with sheet 
linings.

Other plastics and synthetic rub­
ber-like materials are also made for  
similar purposes. For example, 
Tygon, a name covering several d if­
ferent classes o f coating and lining  
materials, is produced in one form  
for the sheet lining of various types 
of equipment, and in another form  
for brushing on. Tygon gaskets are 
being manufactured, as are gaskets 
made o f Resistoflex.

W ood— Although in recent months 
construction sizes o f lumber have 
been difficult to secure in many local­
ities, the situation has varied so much 
from place to place that 110 general 
statement about availability can be 
made. Adequate material for wood

tanks seems to be in the hands o f most 
tank manufacturers and builders of 
cooling towers. W hen construction 
lumber is not to be had in one type dr 
size, other types can often be 
adapted through changes in design or 
through the use of modern lumber 
connectors, which permit the fabrica­
tion o f many forms o f built-up 
trusses and beams.

W ood is also being employed in a 
variety of fabricated forms. For ex­
ample, one oil company has an­
nounced the development of a p ly­
wood drum for the marketing of 
greases which will save some 2,000 
tons of steel per year. The inner sur­
face is chemically treated to prevent 
grease from penetrating the pores of 
the wood. Sheet plywood can be em­
ployed for many constructional pur­
poses, but is hard to get in many 
localities, especially those waterproof 
types having a restricted binder. A  
high strength, super-compressed p ly ­
wood for special strength-requiring 
applications is understood to be in 
process o f development.

Wood, one o f the oldest o f all con­
struction materials, has many desir­
able properties from  an engineering 
standpoint. W ith the exercise o f in­
genuity, it  can be adapted to many 
chemical industry uses as a substitute 
for metals. W ood tanks, without lin ­
ings, are resistant to relatively severe 
attack from many chemicals. Linings 
o f lead, sheet plastics, brushed-on 
plastics and ceramic materials can 
easily be applied. Even such applica­
tions as the construction of distilling  
columns ( Chem. cf- Met., May, 1942, 
p. 129) are possible with this versatile 
material.

M ateria ls of T om orrow

Ba c k  i n  t h e  f o o l i s h  d a y s  o f  

1929 a group of research metal­
lurgists met in a smoke-filled room at 

the Book-Cadillac in Detroit to solve 
the future problems o f one o f our 
great industries. Before their surrep­
titious supply of synthetic stimulants 
had been exhausted, they had evolved 
complete specifications for a new  
alloy they christened “automobilium.” 
W e have since forgotten most o f its 
properties, but still recall that it was 
to be as light as aluminum, as malle­
able as lead, as hard as a diamond, 
more machinable than butter, and as 
cheap as dirt— or thereabouts. Need­
less to say, this alloy, to solve all alloy 
problems o f the automobile industry, 
somehow got lost in the depression.

B ut the story now has a modern 
and more successful sequel. On a hot 
Wednesday afternoon last July, a 
W PB  executive telephoned the office 
of the American Iron & Steel Insti­
tute in New York. “W e’re holding a 
meeting here in W ashington a week 
from Saturday to establish new steel 
specifications for . . .,” and here the 
W P B  man named certain important 
war products. “W e’d like to have 
your alloy steel committee get busy 
and present at that meeting a series 
o f new alloy steels which (1 ) can be 
made entirely from  scrap with almost 
no addition o f virgin alloying ele­
ments, and (2) can be used in place 
o f the steels now doing the job with­
out any change in design of the parts.

Can it be done?”
The answer is that the seemingly 

impossible was accomplished. W ork­
ing their laboratory staffs night and 
day for ten days, the top-flight metal­
lurgists o f five prominent alloy steel 
producing companies licked the prob­
lem and presented their report on 
schedule in W ashington. Today the 
new steels, officially approved for war 
use, are in commercial production. 
They are expected to do their job 
fu lly  as well as the steels they re­
placed, and in some respects even 
better.

Steel men may be justifiably proud 
of records such as these. Since 1939 
they have practically trebled alloy 
steel production— from three to over 
eight million tons last year. And the 
curve is still going up !

All this resourcefulness 011 the part
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S y n th e tic  ru b b e r  b a g  c o n v e r ts  b o x  c a r  in to  ta n k  c a r  
T h e se  c e lls  r e p r e s e n t  th e  r u b b e r  in d u s t ry 's  la te s t  e ffo rt to s o lv e  th e  fu e l tr a n s p o r ta t io n  
p ro b le m . H e re  y o u  s e e  a  w o rk e r  in s p e c tin g  a  c e ll  fo llo w in g  in s ta l la t io n  I n  th e  firs t

e x p e r im e n ta l  box  c a r

of the metallurgical producers lias its 
significance to chemical engineers who 
are looking ahead to the post-war 
period. Already we can visualize 
many new and superior steels tailored 
to fit the severest requirements of 
chemical processes. This war will 
leave us with a vast fund of metallur­
gical knowledge and experience on 
which we can build the chemical in­
dustries o f the future.

M A G A L A G E A PPR O A C H E S

Steel’s dominant position as a ma­
terial o f construction is not likely to 
be challenged immediately, but a new 
competition with other metals and al­
loys, plastics and glass, is certainly in 
the offing. Dr. W illiam J. Hale, who 
became famous when he coined that 
useful word “chemurgy,” predicted 
back in 1933 that we would shortly 
pass from the “Iron A ge” to the 
“Magal A ge”— when magnesium and 
aluminum and their alloys would best 
characterize our industrial progress.

Something more than the bare out­
lines o f this Magal Age are already 
visible. B y the end o f 1943 we will 
have produced over 2 billion pounds 
o f aluminum— 6.5 times the produc­
tion in 1939. Our magnesium output 
is variously estimated at 50 to 100 
times the pre-war peak. In other 
words, on a purely weight basis we 
will have more tons of magnesium  
than we form erly had of aluminum, 
and more tons of both metals than we 
had o f copper and zinc together in 
1940. W hen we consider the different 
specific gravities o f these metals and 
their relative effectiveness ton for ton 
in m eeting various uses, it becomes 
obvious that the light alloys will offer 
increasingly severe competition to 
their older rivals on a volume, rather 
than weight, basis.

Now that the war has brought the 
price o f  aluminum down from 20 to 
15c. per lb., and magnesium from  
37.5 to 22.5c., there is an entirely d if­
ferent cost basis on which these 
metals w ill compete, once they are re­
leased from war uses. Calculated on 
the basis o f equalized volume, with 
steel at 2c. per lb., the relative price 
for the same unit o f volume for mag­
nesium is 5.1c., for aluminum 5.45c., 
for zinc, 7.3c., and for copper 13.1c. 
And we must remember that the long­
time trend of Magal prices is in one 
direction only— downward.

W hat can these lighter metals do 
for the chernical process industries? 
W e can only project into the post­
war future some of the trends and 
developments o f the immediate past. 
H ere are some present accomplish­
ments that point toward the future:

1. An im portan t m anufacturer of 
vacuum  pum ps m akes certain  eccentric  
cam s from  m agnesium  a llo y s. They  
w eigh bu t 2 lb. 10 oz. a s  a g a in st  !) II). 
12 07.. if  th e y  w ere m ade of ca st iron. 
T hese ligh ter  cam s g r e a t ly  reduce vi 
bration , g ive  b etter  perform ance and  
longer equ ipm ent life .

2. A  h igh  speed laboratory cen trifu ge  
form erly  had heads m ade of bronze 
th a t  w eigh ed  51 lb. T he sam e design  
m ade o f M agal w eighed on ly  21 lb., 
g rea tly  reduced sta r t in g  in ertia  and  
w ear on thrust bearings. T he new  
equipm ent w as easier  to  handle and  
a ctu a lly  cost less to  m anufacture.

:i. R a ilw a y  E xp ress A gen cy  w anted  
portable conveyors o f th e  g r a v ity  ty p e  
th a t  could he used  to unload  their  
tru ck s and express cars. T h ey  had  
to  be o f  lig h t-w eig h t construction  y e t  
able to  stan d  up  under co n sta n t and  
liard usage. A gain , one o f  the new  
lig h t a llo y s  solved  th e  problem . The  
new  conveyor in  section s 10 f t . long  
and IS in. w ide w ith  30 ball bearing  
rollers w eigh s on ly  08 lb. One man 
can carry it  under h is  arm .

Aluminum stream-lined trains give 
us something else to think about. W e 
have barely begun to use the light 
alloys on the scale their properties 
warrant. A freight car weighs 45,000 
lb. and carries a load of 30,000 lb. 
One o f the same capacity can be built 
to weigh only 15,000 lb. and should 
some day reduce transportation costs 
considerably.

PLA STICS TO THE FO RE

In defining the limits o f the Magal 
Age, Dr. H ale reminds us that the 
same conditions, which are now ush­
ering light alloys into wider indus­
trial use, will eventually demand even

greater strength with still further de­
crease in weight. It so happens there 
is no metal lighter than magnesium  
which is stable under atmospheric 
conditions. Hence the next step, in his 
opinion, must be outside of the 
domain of metals and into the organic 
chemical field. In fact, he predicts 
that by 1950 someone will have suc­
ceeded in incorporating partially  
oxidized silicon into the molecular 
structure o f  a new plastic that will 
thus combine the advantages o f or­
ganic and inorganic compounds. Such 
“materials o f tomorrow” he believes 
will exhibit tremendous strength, 
rigidity and resistance to weathering 
and oxidation. Most important, they 
should be cheaper and lighter in 
weight than any plastics now used as 
engineering materials.

In a metal-hungry economy such as 
ours today, plastics are finding many 
novel and valuable applications. A 
pump impeller made with a combina­
tion of a special phenolic plastic and 
an acid-resisting alloy has increased 
the efficiency of the pump in handling 
corrosive acids, at the same time re­
ducing the weight? o f the impeller by 
75 percent. This is typical o f what is 
happening as designing engineers ap­
preciate the fact that plastics are 
man-made materials and have greater 
versatility than most other structural 
materials. They can be literally “tail­
ored” to fit almost any pattern of 
needs.

One of the most striking o f such
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applications is seen in the current an­
nouncement o f a new plastic pipe. 
Made o f Dow’s vinylidine chloride 
plastic, it is highly resistant to mois­
ture and most chemicals and solvents. 
Because it is thermoplastic, it can 
readily be heated and bent, and, of 
perhaps the most interest to plant 
engineers, it can be readily welded. 
For those who want to stick to the 
more orthodox procedures o f the pipe 
fitter, the new plastic pipe can be 
threaded with ordinary iron pipe dies. 
Fittings, except for standard flanges, 
are not yet available, but threaded 
ells, tees and couplings are coming 
along soon. Thus vital metals and 
rubber are released for ingre urgent 
war needs and the chemical engineer 
has another new raw material with 
which to build his industries o f the 
future.

TO N S O F  SY N TH ETIC RUBBER

Back in 1939 we celebrated the one 
hundredth anniversary of the vulcani­
zation of rubber. Since then we have 
been made to realize all too poign­
antly that most o f our little world 
rolls on this remarkable material. 
Now we are busy in a prodigious e f­
fort to make in the next two or three 
years almost twice as much rubber as 
we ever imported in a single year. 
Most of it we hope will be better—at 
least for certain purposes— than is 
the natural product.

Whether or not we shall ever re­
turn to the latter will depend on how 
good a job we do in our synthetic 
rubber plants, how greatly we can 
reduce the cost and im prove the prod­
uct. Assuming we are as successful as

G la s s  p ip e  c a n  n o w  b e  jo in te d  o n  th e  
jo b  b y  e le c tr ic  w e ld in g  u s in g  p in -p o in t 
o x y -h y d ro g e n  f la m e s  to  c a r r y  th e  h ig h - 

lre q u e n c y  c u rre n t
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N e w  p la s t ic  p ip e  w e ld e d  in  le s s  th a n  a  m in u te

P ip e  e n d s  a r e  firs t p la c e d  o n  a  h o t p la te  a t  375 d e g .  F u n ti l m e ltin g  b e g in s ,  th e n  firm ly  
p r e s s e d  to g e th e r  a n d  a l lo w e d  to coo l for te n  s e c o n d s . R e s u lta n t w e ld  h a s  g r e a t e r  jo in t

s tr e n g th  th a n  p ip e  itse lf

we hope we may be, our post-war 
economy is going to have another 
great new material resource.

"TH R O U G H  THE G LA SS— DARKLY"

One o f the lasting benefits likely to 
come out of our “ersatz” program in 
the United States is greater knowl­
edge and valuable experience in using  
that most versatile o f materials—  
glass. Fortunately, we did not have 
to start from scratch. In the past 15 
or 20 years chemical engineers have 
installed literally miles o f glass p ip ­
ing and have been building larger and 
more intricate equipment o f this use­
fu l material. Centrifugal pumps that 
will deliver 100 g.p.m. of corrosive 
acid against a  65-ft. head are already 
here and pumps for higher pressures 
are coming. Tubular heat exchangers 
have been constructed with hundreds 
of 20 ft. lengths of thin-walled pip ing  
and fittings. Simple leak-proof meth­
ods o f jointing are used on glass 
pipes up to 4 in. i.d. handling pres­
sures up to 100 p.s.i. The next jump  
is going to be 6-in. pipes for use at 
slightly lower pressures.

Now comes the promise in the not 
very distant future o f electric welding  
on the job  as the equipment is being 
erected. Engineers with Corning 
Glass Works have been experiment­
ing with portable equipment using 
oxy-hydrogen flames to act as con­
ductors for a high-frequency current 
which will weld pipe ends together 
quickly and efficiently, thus eliminat­
ing all o f the plant operator’s head­
ache associated with gasket troubles, 
leakage, corrosion' and production 
contamination. Once this equipment 
is available and its operation is made 
fool-proof, nearly every plant will 
want to train its own “glass plumb­
ers.” P ipefitting may yet become a 
lost a r t!

Quartz is in many ways the ideal 
of the glassman who wants to serve 
industry. H e worships it for its amaz­
ing strength and resistance to thermal

shock, even though he knows how d if­
ficult it is to melt and shape to useful 
purpose. Recently, however, he has 
learned to put to industrial use the 
new 96 percent silica glass that comes 
aw fully close to his prayer for  
quartz-like glass or glass-like quartz. 
Furthermore, the material is readily 
shaped and can easily be produced in 
intricate forms. W ith it he has been 
able to make things that could never 
before be accomplished—for exam­
ple, thermocouple protector tubes 
that will stand up to 1,000 deg. C. in 
highly corrosive atmospheres, cen­
trifugal pump seals that will run 
“dry” in almost red heat, and then 
withstand the thermal shock when 
cold liquid is again drawn into the 
pump.

Looking farther into the future 
the chemical engineer visualizes a 
greater place for glass as a material 
for the construction of reaction ves­
sels, kettles and autoclaves. Trouble 
can not hide very long in transparent 
equipment, and there are obvious ad­
vantages in the visual control of 
many chemical reactions— particu­
larly in the fine chemical and pharma­
ceutical fields. To prevent corrosion 
and resultant contamination of mate­
rials is the motive that will lead to 
ever-greater use of all-glass and glass- 
lined steel equipment.

So, “through the glass darkly” we 
look ahead to the post-war period con­
fident that there will be an ever in­
creasing and more ingenious use of 
all the newer materials o f construc­
tion. In a world gone mad with 
destruction there is consolation and 
encouragement to be gained from the 
fact that the war has brought us con­
structive  achievements. • They stand 
out as a challenge to the chemical 
engineer who is looking for new 
“materials o f reconstruction” with 
which to build better and more effi­
ciently in tlie future.



N O N - M E T A L L I C  M A T E R I A L S

CHEMICAL, STONEWARE. PORCELAIN, CEMENTS

Physical Properties of Chem ical S tonew are an d  Porcelainw are

Chemical Stoneware
The accompanying table, which has been prepared for us by the General Ceramics Co., gives the physical properties of 

an average grade of chemical stoneware. I t  should be emphasized here tha t "  chemical stoneware ” is not the name of a 
definite material, such as an alloy, but a generic term applied to  a wide variety of ceramic compositions, and hence tha t in 
any particular composition designed to give optimum properties in one respect, it  will ordinarily be impossible to  secure 
optimum properties in all other respects.

Specific gravity.................................................  2.2 Modulus of elasticity, lb. per sq. in....................  8,000,000
Hardness, scleroscope.......................................  100 Specific heat.............................................................  0.2
Ultimate tensile strength, lb. per sq. in  2,000-3.000 Thermal cond., B.t.u. per hr., sq. ft., °F., in . . . 10-35
Ultimate compressive strength, lb. per sq. in. SO,000 Linear thermal expansion, per °F.........................  0.0000020
Modulus of rupture, lb. per sq. in................... 5,000-13,000 Water absorption, per cent.................................... 0-2

Chemical Porcelainware

Data supplied by Lapp Insulator Co.
Specific gravity....................................... 2.41
Ultimate tensile strength, lb. per sq. in .  5. -S , 000
Ultimate compressive strength, lb. per sq. in . . .  100,000
Modulus of rupture, lb. per sq. in........ 12,-15,000
Modulus of elasticity, lb. per sq. in................ .... 10,400,000
Specific heat............................................  0.2
Thermal cond., B.t.u. per hr., sq. ft., PF., in ... S .4
Linear thermal expansion, per °F......... 0.0000023
Water absorption, per cent...................  0

M akers of Chem ical S tonew are, Porcelain, Acidproof Brick a n d  Stone

MANUFACTURER 
(Name and Address)

Materials MANUFACTURER 
(Name and Address)

Materials

Chemical Stoneware
General Ceramics Co., New York, N. Y . . . . . ,
Maurice A. Knight, Akron, Ohio......................
United States Stoneware Co., Akron, O hio...

Chemical Porcelain
Coors Porcelain Co., G olden,Colo...................
lllinoi3 Electric Porcelain Co., Macomb, H I.. 
Lapp Insulator Co., LeRoy, N. Y...................

Acidproof Brick and Other
Acme Brick Co., FortWorth, Tex......................
Alabama Clay Products Co., Birmingham, Ala. 
Alberene Stone Corp. of Va., New York, N. Y. 
Atlas Mineral Products Co., Mcrtztown, Pa..
Beiden Brick Co., Canton, Ohio........................
Charlotte Chemical Labs., Charlotte, N. C .. . .
Claycraft Co., Columbus, Ohio..........................
Custodis Construction Co., New York, N. Y .. 
Electro-Chemical Supply & Engineering Co.,

Paoli, Pa............................................................
Filtros, Inc., East Rochester, N. Y...................
General Refractories Co., Philadelphia, Pa___

Complete line, sec note below 
Complete line, sec note below 
Complete line, see note below

Porcelain laboratory ware 
Chemical porcelain ware of all types 
Chemical porcelain ware of all types

Acidproof brick 
Acidproof brick 
Acidproof stone 
Acidproof brick construction 
Acidproof brick 
Acidproof brick, rings 
Acidproof brick
Acidproof brick construction, towers, tanks

Acidproof brick and masonry materials 
Acidproof mineral as plates, cylinders, etc. 
Acidproof tower packing, brick

Harbison-Walker Refractories Co., Pittsburgh,
Pa.................................................................

B. Mifflin Hood Co., Daisy, Tenn...............
Ironton Fire Brick Co., Ironton, Ohio........
Keagler Brick Co., Steubenville, Ohio........
Kewaunee Mfg. Co., Kewaunee, Wis..........

Laclede-Christy Clay Prod. Co., St. Louis, Mo.
McLain Fire Brick Co., Pittsburgh, Pa............
McLeod & Henry Co., Troy, N. Y...................
Metropolitan Paving Brick Co., Canton, Ohio. 
National Carbon Co., Inc., Cleveland, Ohio...
Nukem Products Corp., Buffalo, N. Y .
Parker-Russell Mining <fc Mfg. Co., St. Louis,

Mo......................................................................
Patterson Foundry & Machine Co., East

Liverpool, Ohio................................................
Quigley Co.. New York, N. Y............................
Robinson Clay Product Co. of N. Y., New

York, N. Y........................................................
Southern Clay Mfg. Co., Chattanooga, Tenn. 
Thornton Fire Brick Co., Clark?burg. W. Va. 
lUhl Pottery Co., Huntingburg, Ind..................

Acidproof brick
Acidproof brick tower packings, flooring tiles 
Acidproof brick 
Acidproof brick
Karaite acidproof ceramic ware, and Kem- 

rock chemical resistant stone 
Acidproof brick 
Acidproof brick 
Acidproof brick 
Acidproof brick 
Carbon brick
Acid and alkali proof construction 

Acidproof brick

Acidproof lining blocks and grinding balls 
Acidproof brick

Acidproof and vitrified sewer tile 
Acidproof brick 
Acidproof brick 
Acidproof ceramics

N o te :  M a k e rs  o f  c o m p le te  l in e s  o f  c h e m ic a l  s to n e w a r e  s u p p ly  s u c h  e q u ip m e n t  a s  a c id  p l a n t s ;  b a l l  m i l l s ;  b r ic k  a n d  t i l e :  b lo w e rs  a n d  
e x h a u s t e r s ;  c o i l s ;  f i l t e r s ;  a c id -p ro o f  l a b o r a to r y  s in k s ,  d r a i n  a n d  v e n t  l i n e s ;  j a r s ;  j u g s ;  k e t t l e s ;  p ip e , f i t t in g s  a n d  v a l v e s ;  s t i l l s ;  t o u r i l l s ; 
to w e rs ,  to w e r  l in in g s  a n d  to w e r  p a c k i n g s ; t a n k s  a n d  p u m p s ; a n d  m a n y  ty p e s  o f  s p e c ia l  e q u ip m e n t .

M akers of C em ents a n d  Putties for Acidproof Brick a n d  S tonew are

MANUFACTURER 
(Name and Address)

Trade Names Compositions, Applications ,Types

Anti-Hydro Waterproofing Co., Newark, N. J. 
Atlas Lumnite Cement Co., New York, N. Y. 
Atlas Mineral Products Co., Mertztown, P a ...

Charlotte Chemical Labs., Charlotte, N. C......................
Chemical Construction Corp., New York, N. Y..............
Custodis Construction Co.. Inc., New York, N. Y .........
Electro-Chemical Supply & Engineering Co., Paoli, Pa.

Filtros, Inc., East Rochester, N. Y............
General Ceramics Co., New York, N. Y ... 
B. F. Goodrich Rubber Co., Akron, Ohio.
The Haveg Corp., Newark, Del.................
M. W. Kellogg Co., New York, N. Y. 
Maurice A. Knight, Akron, Ohio...............

Anti-Hydro....................................................... ...................
Lumnite cement..................................................................
Tegul-Vitrobond.-Mineralead, Tilesct, Korez, G. K.,

others................................................................................
Carolina Acid-Proof Cement. Acid-proof pu tty .........
A cipruf................................................................................
Custodis resin cement, Penctilor, Asplit.....................
Duro Standard, Triple Xt Syntho, Brimsto, Kemitite, 

Alk-LJ-Pruf
Filtros........................ .......................................... ...............
Acidproof Nos. 1, 6, 7, 8 .....................................................
Plastikon...............................................................................
Havegit 41, 43, 50...............................................

K night..

Water-, acid-, alkali-, oil-resisting concrete mix 
Cement for corrosion and temp.-resistant concrete 
Thiokol-sulphur-base, chemical-setting silicate and resin-base 

and other cements for all acid and alkali proof construction 
Acid-proof cements and putty 
Acidproof cement
Synthetic resin, ¿odium silicate & phenolic base cements, reap. 
Cements for all acid and alkali conditions; also water and steam

Acidproof cement
Silicate cements and linseed oil- and asphalt-base putties 
Rubber-base putty
Self-hardening phenolic resin cements for acids and alkali
Acidproof cement
Silicate cements for strong acids

(C ontinued  nert page)
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Makers of Cements and Putties ( C o n t i n u e d )

MANUFACTURER 
(Name and Address)

Trade Names Compositions, Applications, Types

Nukem Products Co., Buffalo, N . Y................................................. Basolit, Plasul, Basolit, Hydro-PIasul, Nukem Resinous 
Cements, Nu-Mastic, Nukem Primer, Nukem Enamel

Rubberized Sulphur Cements, acid and alkali resin base cements 
and others for complete acid-proof construction and protection 

Acidproof cement 
Silicate cement for strong acids
Slow- and quick-drying cements and clastic putties for acids 
Chemical-setting silicate cement for acids; self-hardening resin 

cements for acids and alkalis 
Sodium silicates for regular and quick-setting acidproof cements 
Silicate cements for acid gases and mineral acids 
Acid and alkali resisting ccmcnts and plastics 
Pouring cements and pro-mixed silicate cements for strong acids 
Quick-setting, air-drying, sulphur and bitumastic ccmcnts 
Silicate cements of all types, resin cements, putties, etc. 
Neoprene and special base ccmcnts. For painting metals, 

rubber, wood, or concrete. Coating cloth. As adhesive

Patterson Foundry & Machine Co., East Liverpool, Ohio............
Pecora Paint Co., Philadelphia, P a . . . ..............................................
Pennsylvania Salt Mfg. Co., Philadelphia, Pa.................................

Philadelphia Quartz Co., Philadelphia, Pa.......................................
Quigley Co., New York, N. Y............................................................

Porox Cement.......................................................................
Acitite, Acichlor, Cushion P u tty ......................................
Penchlor acid-proof cement, Asplit, Causplit..................

“ S ” Brand and N38 Spccial Sodium Silicates...............
Acid-proof, black, gray, quick setting ...................... ........

Sauereisen Cements Co., Sharpsburg, Pa..........................................
United States Stoneware Co.. Akron, Ohio......................................
Union Bay State Co., Cambridge, Mass..................................... ..

Insa-Lute Nos. 31, 48, 46, 44.............................................
Portitc, Pre-Mixt, Calktitc and others.............................
N Series (neoprene base) cements, and special base 

cements..............................................................................

STRUCTURAL CARBON AND GRAPHITE
R epresen tative Physical Properties of Porous C arbon an d  Porous G raphite

Grade
Porous Carbon ( CarboceU”) Porosity

Percent

Average Pore Diameter
Filter Action 

Min. Diameter 
Particle Retained

At. Water * 
Permeability 

at 5 Lb./sq.in.

At. Air ••  
Permeability 

at 2 inches HiO .

Porous Graphite (‘’Graphice!!’*) Inches Microns
Inches Pressure

Gal./sq.ft./min.
Pressure

Cu.ft./sq.ft./min.

36 0.0002 5 0.30
48 0.0013 33 0.00047 14.0
48 0.0019 48 0.00079 30.0
48 0.0027 60 0.0009S 45.0 4.0
48 0.0039 99 0.00173 SO.O 8.5

Grade 20....................................................................................................... 48 0.0055 140 0.00300 120.0 17.0
Grade 10 .................................................................................................. 48 0.0075 190 0.00590 175.0 33.0

NOTE: "Carbocell” products can be treated so as to be wcttable for use in caustic filtration. Both “Carbocell" and "Graphicell” products arc resistant to most acids and alkalis.
• Water at 70 deg. F, 1 inch thick plate. • •  Air at 70 deg. F and 760 mm. Hg pressure, 15 per cent relative humidity, 1 inch thick plate.

R epresentative Physical C haracteristics of C arbon  a n d  G raph ite  Products

Density Strength, Lb. per Sq. In. Elastic
Modulus
Lb./sq.in.

Specific
Resistance

a
(Thermal

Expansion,

Thermal
Conductivity
B.t.u./hr./

G./c.c. Lb./cu.ft. Tensile Compressire Transverse
Multiply 
by 10 5

Ohms./ln.3 See Note) sq.ft./°F 
per ft.

Carbon Cylinders
1.54 96.1 660 2,920 1,320 5.5 0.0013 13 • 6.0
1.525 95.2 470 2,120 950 5.4 0.0013 12 6.0
1.54 96.1 400 2,200 790 5.4 0.0014 13 6.0
1.54 96.1 400 1,910 810 4.3 0.0026 12 6.0

Carbon Beams and Blocks
1.57 9S.0 840 4,100 1,670 9.4 0.0018 14 4.0
1.55 96.7 500 2,140 990 7.1 0.0016 15 4.0
1.54 96.1 400 1,910 S10 4.3 0.0026 12 4.0

Carbon Pipe and Tubes
1.51 94.2 SS5 10,200 2,700 21.0 0.0014 15 3.0
1.49 93.0 980 8,140 2,550 17.0 0.0016 21 3.0

Carbon Brick
1.55 96.7 1,530 8,320 3,070 10.3 0.0016 13 3.0

Graphite Cylinders
1.56 97.3 760 3,050 1,750 8.8 0.00036 5-12 84.0
1.55 96.7 610 3,420 1,810 8.0 0.00037 6-12 79.0
1.53 95.5 5S0 3, ISO 1,490 6.7 0.00039 8-12 70.0
1.53 95.5 500 3, ISO 1,490 6.7 0.00040 8-12 70.0
1.53 95.5 440 3, ISO 1,490 6.7 0.00040 8-12 70.0

Graphite Beams and Blocks
1.56 97.3 700 3,0.50 1,750 8.8 0.00036 5-12 94.0
1.55 96.7 700 3,420 1,810 8.0 0.00037 6-12 84.0
1.53 95.5 570 3, ISO 1,490 6.7 0.00039 8-12 79.0

Graphite Pipe and Tubes
1.68 104. S 780 4,550 2,820 14.0 0.0003 12 94.0

5-10 inch. I. D. inc.......................................................... 1.67 104.2 870 5,100 2.9S0 13.0 0.0003 12 84.0
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Structural Carbon and Graphite (C o n t in u e d )

Der sity Strength, Lb. per Sq. In. Elastic 
Modulus 
Lb./ sq.in. 
Multiply 
by 10»

Specific
Resistance
Ohm s./ln.6

a
(Thermal 

Expansion, 
See Note)

Thermal
Conductivity
B.t.u./hr./ 
*q.ft./°F 
per it.G ./ C.C. Lb./cu.ft. Tensile Compressive Transverse

Graphite Brick
Standard sizes................................................................. 1.56 97.3 700 3,050 1,750 8.8 0.00036 5-12 84.0

“ Karbate” Pipes and Tubes, 10 Series*
\tr-2 inch 1. D. inc........................................................... 1.77 110.0 1,700 10,500 4.170 29.0 0.00164 27 3.0
Over 2 inch 1. D .............................................................. 1.76 110.0 2,000 10,500 4,640 26.0 0.0016 33 2.8

“ Karbate" Pipe and Tubes, 20 Series*
J^-2 inch 1. D. inc........................................................... 1.86 116.0 2,600 8,900 4,650 23.0 0.00034 23 85.0
Over 2 inch 1. D.............................................................. 1.91 119.0 2,350 10,500 4.9S0 21.0 0.00033 24 75.0

“ Carbocell”  (Porous Carbon)f
Grade C (Finest)............................................................. 1.34 83.6 500 2,700 1,530 > 1 .2 0.0020 6 3.0
Grade 60.......................................................................... 1.05 65.5 190 850 600 > 1 .2 , 0.0070 27 1.5
Grade 50.......................................................................... 1.05 65.5 ISO 830 500 > 1 .2 0.0070 27 1.4
Grade 40.......................................................................... 1.04 64.9 120 900 320 > 1 .2 0.0057 27 1.0
Grade 30.......................................................................... 1.04 64.9 100 770 250 > 1 .2 0.0070 27 1.0
Grade 20.......................................................................... 1.03 64.3 90 700 240 > 1 .2 0.0070 27 1.0
Grade 10.......................................................................... 1.03 64.3 80 300 160 > 1 .2 0.00S0 27 1.0

“ GraphiceM” (Porous Graphite)f
Grade C (Finest)............................................................. 1.35 84.3 600 1,6S0 1,080 0.00045 6 60.0
Grade 60........................................................................... 1.05 65.5 n o 500 250 0.0012 21 50.0
Grade 50........................................................................... 1.05 65.5 110 500 250 0.0012 21 45.0
Grade 40........................................................................... 1.04 64.9 100 500 190 0.0013 21 45.0
Grade 30........................................................................... 1.04 64.9 80 520 200 0.0017 21 40.0
Grade 20........................................................................... 1.03 64.3 60 310 140 0.0020 21 30.0
Grade 10........................................................................... 1.03 64.3 50 270 140 0.0020 22 20.0

Carbon and graphite products are resistant to most acids and alkalis. * Fcr chemical resistance see table in Chem. «fc Met. Sept. 1940, p. 607. + Sec preceding table for additional data. 
NOTE: Coefficient of Thermal Expansion per Degree: To Temperature t°F =  la-f0.0039t (°F)] 10-7; to Temperature t°C *  (I.S a-f0.007t (°C)] 10-7.

M akers of S tructural C arbon an d  G raphite  Products

MANUFACTURER 
(Name and Address)

Products MANUFACTURER 
(Name and Address)

Products

Aehcson Graphite Corp., New York, N. Y. . . .  
International Graphite A Electrode Corp., St.

Mary's, Pa..........................................................
National Carbon Co., Inc., Cleveland, Ohio. . .

Graphite electrodes and various shapes

Graphite electrodes and various shapes 
Carbon and graphite brick, tile, tower pack­

ing, tubes, pipe, special shapes, electrodes

Speer Carbon Co., St. Mary’s, Pa...................

Stackpolc Carbon Co., St. Mary's, Pa............

Note: Manufacturers of graphite crucib

Carbon and graphite brick, plates, blocks, 
tubes, cylinders, bushings, shapes 

Various carbon and graphite products

es are listed under “  Refractories "

SYNTHETIC RUBBER
Chem ical Properties of Synthetic

E D I T O R 'S  N O T E :  T h e  f o l l o w in g  p a r a ­
g r a p h s  d e s c r ib in g  th e  c h e m ic a l  p r o p e r ­
t i e s  o f  s o m e  o f  th e  s y n t h e t i c s  h a v e  b e e n  
s u p p l ie d  to  u s  b y  th e  m a n u f a c tu r e r s .  
T h e y  a r e  in te n d e d  to  g i v e  an  in d ic a ­
t io n  o f  th e  p o s s i b i l i t i e s  a n d  th e  l i m i t a ­
t i o n s  o f  th e s e  m a t e r ia l s .  H o x o e v e r ,  f o r  
a  p a r t i c u l a r  a p p l i c a t i o n  it i s  g e n e r a l l y  
a d v i s a b l e  to  c o n ta c t  th e  m a n u f a c tu r e r  
a n d  h a v e  s p e c i f ic  t e s t s  m a d e .

BUTYL RUBBER

B u ty l  r u b b e r  Is a  h y d r o c a r b o n  p o ly ­
m e r  o b t a i n e d  b y  t h e  c o p o l y m e r i z a t i o n  
o f  a n  o le f in  a n d  a  d io le f in .  T h e  c h e m i ­
c a l  u n s a t u r a t i o n  is  m u c h  le s s  t h a n  t h a t  
p r e s e n t  in  n a t u r a l  r u b b e r  a n d  is  u s u a l l y  
b e tw e e n  1 a n d  5 p e r c e n t  o f  n a t u r a l  r u b ­
b e r .  B u ty l  r u b b e r  u n d e r g o e s  t h e r m a l  
c u r i n g  in  t h e  p r e s e n c e  o f  s u l p h u r  a n d  
a i d e d  b y  m a n y  o f  t h e  c o m m o n  r u b b e r  
a c c e l e r a t o r s  a s  w e l l  a s  b y  z in c  o x id e  
a n d  f a t t y  a c id s  i t s  t e n s i l e  s t r e n g t h  is  
g r e a t l y  i n c r e a s e d ,  i t s  c o ld  o r  h o t  f lo w  
p r o p e r t i e s  s u r p r e s s e d ,  a n d  i t s  e l o n g a ­
t i o n  r e d u c e d .  A f t e r  t h e r m a l  c u r i n g  
b u t y l  r u b b e r  c o m p o u n d s  r e s e m b le  n a t ­
u r a l  r u b b e r  c o m p o u n d s  in  m a n y  o f  t h e i r  
m e c h a n ic a l  p r o p e r t i e s .  I n  th e  u n c u r e d  
s t a t e  o r  “ a s  r e c e iv e d ”  b u ty l  r u b b e r  is  
o f  a  c o n s i s t e n c y  e q u i v a l e n t  to  m o d e r ­
a t e l y  w e ll  b r o k e n  d o w n  n a t u r a l  r u b b e r .  
I t  c a n  b e  p r o c e s s e d  a n d  g e n e r a l l y  h a n ­

d le d  m u c h  t h e  s a m e  a s  n a t u r a l  r u b b e r  
u s in g  th e  s a m e  ty p e  o f  e q u ip m e n t .

T h e  g e n e r a l  p h y s i c a l  p r o p e r t i e s  o f  
v u l c a n iz e d  b u ty l  r u b b e r  c o m p o u n d s  c a n  
b e  c o m p a r e d  w i th  n a t u r a l  r u b b e r  a s  
f o l l o w s :

E l a s t i c i t y  a n d  e x t e n s i b i l i t y  in  t h e  
r a n g e  o f  n a t u r a l  r u b b e r — r e s i l i e n c e  
lo w e r  t h a n  n a t u r a l  r u b b e r  a t  r o o m  t e m ­
p e r a t u r e s  b u t  i n c r e a s e s  r e m a r k a b l y  w i th  
i n c r e a s i n g  t e m p e r a t u r e s .

A b r a s i o n  r e s i s t a n c e — e q u a l  to  n a t u r a l  
r u b b e r  f o r  s o m e  s e r v ic e s  a n d  s l i g h t l y  
i n f e r i o r  f o r  o t h e r  s e r v ic e s .

C o m p r e s s io n  s e t — s o m e w h a t  h ig h e r  
t h a n  n a t u r a l  r u b b e r .

T e a r  r e s i s t a n c e — e q u a l  t o  n a t u r a l  
r u b b e r .

F l e x i b i l i t y  a t  lo w  t e m p e r a t u r e s — e q u a l  
t o  n a t u r a l  r u b b e r .

B u ty l  r u b b e r  i s  f a r  s u p e r i o r  to  n a t u r a l  
r u b b e r  f o r :

1. R e s i s t a n c e  to  w a t e r  a b s o r p t i o n .
2. A g in g  in  s t o r a g e  a n d  s u n l ig h t .
3. R e s i s t a n c e  to  th e  a c t i o n  o f  a i r  a n d  

o z o n e .
4. R e s i s t a n c e  to  d e t e r i o r a t i o n  b y  h e a t .
5. R e s i s t a n c e  to  th e  a c t i o n  o f  n i t r o g e n -  

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

6. R e s i s t a n c e  to  o x y g e n a te d  s o lv e n t s  
s u c h  a s  e t h e r s ,  a l c o h o ls ,  a n d  e s t e r s .

7. R e s i s t a n c e  to  s w e l l i n g  in  v e g e t a b l e  
a n d  a n i m a l  o ils .

Rubber
8. R e s i s t a n c e  t o  m a n y  c o r r o s iv e  

c h e m ic a l s .
9. E x t r e m e l y  lo w  g a s  p e r m e a b i l i t y .

E x p o su re  2 W e e k s  At Room  T e m p e ra tu re
Effect

Hydrochloric acid................. • 37% Slight
Sulphuric acid........................ 95.5% None

. 71.5% Not serious
Phosphoric acid..................... . 85% Slight
Ammonium hydroxide......... .. 25% Slight
Sodium hydroxide................... 30% None
Lactic acid............................. ,. 85% None

S w e llin g  In V e g e ta b le  a n d  A n im a l O ils
Natural

S mo. exposure in  Rubber
Linseed oil............................... 124
Rapeseed o il........................... 106
Soya bean oil.....................  199
Lard oil...............................  I l l
Olive oil..............................  121
Oleic acid............................  196
Cotton seed o il.......................  84

HYCAR

H y c a r  is  a v a i l a b l e  in  tw o  ty p e s ,  o il 
r e s i s t a n t  ( O R ;  a n d  o il  s o lu b le  ( O S ) .

Perbunan Butyl
17.2 10
0.4 6
0.0 4
0.7 10
2.9 12

35.0 108
— .9 10
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Rubber and Like Products ( C o n t i n u e d )

E i t h e r  t y p e  c a n  b e  c o m p o u n d e d  to  g iv e  
a  w id e  r a n g e  o f  p h y s ic a l  p r o p e r t i e s ,  
d e p e n d in g  o n  th e  q u a l i t i e s  d e s i r e d .  
H y c a r  O H  is  e x t r e m e l y  r e s i s t a n t  t o  a l l  
p e t r o l e u m  p r o d u c t s ,  v e g e t a b l e  o i l s ,  f a t s ,  
p a i n t  a n d  in k  d r i e r s .  I t  is  q u i t e  r e ­
s i s t a n t  to  b e n z o l  a n d  c a r b o n  t e t r a c h ­
lo r id e ,  b u t  is  b a d l y  s w o l le n  b y  a c e to n e .  
I t  h a s  a  h ig h  r e s i s t a n c e  to  w a t e r  a s  
c o m p a r e d  to  n a t u r a l  r u b b e r  a n d  m a y  b e  
u s e d  w h e r e  r e s i s t a n c e  to  d i l u t e  a c id s  
a n d  a l k a l i s  i s  im p o r t a n t .  O r d i n a r y  c o m ­
p o u n d s  o f  H y c a r  O R  h a v e  e x c e l l e n t  
h e a t  r e s i s t a n c e  a n d  s p e c i a l  c o m p o u n d s  
d e s ig n e d  s p e c i f i c a l ly  f o r  h e a t  r e s i s t a n c e  
a r e  o u t s t a n d i n g .  I t  c a n  b e  u s e d  a t  t e m ­
p e r a t u r e s  o f  300  d e g . F .  a n d  in  a  f e w  
l im i t e d  a p p l i c a t i o n s  c a n  b e  c o n s id e r e d  
f o r  u s e  u p  to  4 00  d e g . F .  S t i f f e n in g  
o c c u r s  a t  t e m p e r a t u r e s  o f  — 50  d e g .  F . ,  
b u t  p l i a b i l i t y  is  r e c o v e r e d  im m e d i a t e l y  
w h e n  t e m p e r a t u r e  r i s e s .  A b r a s io n  a n d  
a g e  r e s i s t a n c e  a r e  m u c h  s u p e r i o r  to  
n a t u r a l  r u b b e r .  A b i l i t y  to  a b s o r b  
e n e r g y  is  m u c h  b e t t e r  t h a n  n a t u r a l  
r u b b e r  a n d  i l e x  l i f e  is  c o m p a r a b le ,  m a k ­
in g  i t  e x c e l l e n t  f o r  v i b r a t i o n  d a m p e n in g  
s e r v ic e .

H y c a r  O S  is  e q u a l  to  O R  in  r e s i s t a n c e  
to  h e a t ,  c o ld ,  s u n ,  a b r a s i o n ,  a g in g ,  
b u t  g iv e s  s o m e w h a t  lo w e r  te n s i l e s .  
W h i l e  n o t  e s p e c i a l l y  r e s i s t a n t  to  p e t r o l ­
e u m  p r o d u c t s ,  i t  is  le s s  a f f e c te d  b y  
a l i p h a t i c  h y d r o c a r b o n s  t h a n  n a t u r a l  
r u b b e r .  I t  is  s u p e r i o r  to  H y c a r  O R  in  
e l a s t i c i t y  a n d  r e b o u n d  a n d  in  g e n e r a l  
m o r e  n e a r l y  r e s e m b le s  n a t u r a l  r u b b e r  
t h a n  o th e r  s y n th e t ic s .  H y c a r  O R  a n d  
O S  c a n  b e  b le n d e d  t o g e t h e r  to  f o r m  
m a n y  d e s i r a b l e  c o m p o u n d s .  l i k e w i s e  
th e y  a r e  c o m p a t i b l e  w i th  p o ly  v in y l  
c h l o r id e  a n d  m a n y  s i m i l a r  m a t e r i a l s  a n d  
u s u a l l y  in  th e  b le n d  th e  b e t t e r  p r o p e r ­
t i e s  o f  b o th  a r e  fo u n d .

N EO PR E N E

N e o p r e n e  is  a  b a s i c  t h e r m o s e t t i n g  r a w  
m a t e r i a l  w h ic h  i s  m ix e d  w i t h  c o m p o u n d ­
in g  i n g r e d i e n t s  a n d  p r o c e s s e d  in to  f in ­
i s h e d  p r o d u c t s  b y  r u b b e r  m a n u f a c t u r e r s .  
T h e r e  a r e  s e v e r a l  d i f f e r e n t  b a s i c  t y p e s  o f  
n e o p r e n e  w h ic h  h a v e  w id e ly  v a r y i n g  
p r o p e r t i e s .  N e o p r e n e  is  a v a i l a b l e  in  
b la c k ,  w h i t e  a n d  c o lo r s ,  o d o r l e s s  w h e n  
s p e c i f ie d .

A n im a l ,  v e g e t a b l e  a n d  p e t r o l e u m - b a s e  
p r o d u c t s  c a u s e  s l i g h t  s w e l l i n g  b u t  h a v e  
l i t t l e  e f f e c t  o n  th e  p h y s i c a l  p r o p e r t i e s .  
N e o p r e n e  d o e s  n o t  d i s s o lv e ,  b e c o m e  
g u m m y  o r  s lo u g h  off.

I n  g e n e r a l ,  n e o p r e n e  m a y  b e  u s e d  in  
c o n t a c t  w i th  i n o r g a n i c  c h e m ic a l s .  S a l t s  
h a v e  l i t t l e  e f fe c t .  E v e n  s t r o n g  a l k a l i s  
m a y  b e  s u c c e s s f u l l y  h a n d l e d .  M in e r a l  
a c id s  c a u s e  d e t e r i o r a t i o n  w h e n  u s e d  in  
c o n c e n t r a t i o n s  a b o v e  50 p e r  c e n t .  S t r o n g  
o x id i z in g  a c id s ,  s u c h  a s  s u lp h u r i c ,  n i t r i c  
a n d  c h r o m ic ,  s h o u ld  b e  a v o id e d .  H a l o ­
g e n s  c a u s e  e m b r i t t l e m e n t  In  l i q u id  f o r m  ; 
h o w e v e r ,  d i l u t e  g a s  a n d  a q u e o u s  s o lu ­
t i o n s  m a y  b e  h a n d l e d  s a t i s f a c t o r i l y .

N e o p r e n e  r e s i s t s  t h e  a t t a c k  o f  m o s t  
o r g a n i c  c o m p o u n d s ,  th e  m o r e  h ig h l y  
s a t u r a t e d  c o m p o u n d s  h a v i n g  le s s  e f f e c t  
t h a n  t h e  le s s  s a t u r a t e d .  N e o p r e n e  is  
n o t  r e c o m m e n d e d  f o r  u s e  w i t h  t h e  
c h l o r i n a t e d  h y d r o c a r b o n s  o r  w i t h  c r e o ­
s o te .  C e r t a i n  a r o m a t i c  s o lv e n t s  s u c h  a s  
b e n z o l  a l s o  c a u s e  r a p i d  s w e l l i n g .

T h e  U n io n  B a y  S t a t e  C o . h a s  c o m ­
p o u n d e d  a n d  th e  G . . t e s  E n g i n e e r i n g  C o. 
h a s  d e v e lo p e d  a  t e c h n iq u e  f o r  a p p l y in g  
G a c o - N e o p r e n e  l i n in g s  to  t a n k s  b y  s i m ­
p ly  b r u s h i n g  i t  o n  in  t h e  f o r m  o f  s o lu ­
t i o n s  o f  h ig h l y  c o n c e n t r a t e d  s u r f a c i n g  
c o m p o u n d  o v e r  s u i t a b l e  p r im e r s .  T h e  
p r im e r  w i l l  n o t  s o f t e n  b e lo w  200  d e g .  F .  
w h ic h  p r e v e n t s  b l i s t e r i n g  a n d  f a l l i n g  
w h e n  th e  t e m p e r a t u r e  a c c i d e n t a l l y  r i s e s  
a  l i t t l e  to o  h ig h .  B y  th i s  m e a n s  t a n k s  
m a y  b e  c o r r o s io n  p r o o f e d  o n  t h e  jo b  a t  
r e l a t i v e l y  lo w  c o s t .  T h e  n e o p r e n e  l i n in g  
t h u s  a p p l i e d  m a y  b e  a l lo w e d  to  v u l ­
c a n i z e  i t s e l f  a t  ro o m  t e m p e r a t u r e  o r  
c u r e d  im m e d i a t e l y  b y  m e a n s  o f  s t e a m  o r  
h o t  w a t e r .  T h e  p r o c e s s  o n ly  r e q u i r e s  
a b o u t  Vi to  % a s  m u c h  n e o p r e n e  a s  is  
r e q u i r e d  b y  th e  s h e e t  m e th o d  o f  m i n in g  
t a n k s .  T h e  l i n in g s  a r e  v e r y  s a t i s f a c t o r y  
f o r  r e s i s t i n g  th e  fo l l o w in g  c h e m i c a l s :

Probable Safe
Chemical Cone. M ax. T e n  p.

Chlorine w ater....................  Up to 3% S2F
Hydrochloric acid...............  Up to 20% 212
Hydrochloric acid...............  Over 20% 82
Phosphoric acid..................  Up to 85% 220
Sulphuric acid...................... Up to 50% 220
Aluminum chloride  Up to 25% 160
Ammonium nitrate.............  Up to 50% 220

Calcium chloride.................  Up to sat. 220
Ferric chloride..................... Up to 25% 200
Silver plating sol.................. Standard 220
Sea water.............................. 220
Sodium chloride..................  Up to sat. 220
Sodium hydroxide............... Up to 70% 220
Sodium sulphide.................. Any 200
Acetone............................ .. Boiling Pt.
Formaldehyde.....................  Up to 40%

aqueous sol. S2

PERBU N A N

P e r b u n a n  is  a  s y n t h e t i c  r u b b e r - l i k e  
m a t e r i a l  w h ic h  c a n  b e  p r o c e s s e d  a n d  
v u lc a n iz e d  w i t h  s u l p h u r  in  m u c h  t h e  
s a m e  w a y  a s  n a t u r a l  r u b b e r .  L ik e  th e
l a t t e r ,  i t  c a n  b e  c o m p o u n d e d  to  g iv e  
v a r y i n g  p h y s i c a l  p r o p e r t i e s  d e p e n d in g  
o n  t h e  p a r t i c u l a r  a p p l i c a t i o n  in  m in d .  
W i t h  a c t i v e  c a r b o n  b la c k  i t  c a n  b e  r e ­
in f o r c e d  to  g iv e  c o m p o u n d s  o f  h ig h  
t e n s i l e  s t r e n g t h  a n d  s u p e r i o r  a b r a s i o n  
r e s i s t a n c e .  I n  a d d i t i o n ,  i t  h a s  h ig h  
e l a s t i c i t y  a n d  r e s i l i e n t  e n e r g y  ( lo w  
h y s t e r e s i s  l o s s ) ,  a n d  h a s  g o o d  r e s i s t a n c e  
to  p r o lo n g e d  s t r e s s  ( s l i g h t  c r e e p  u n d e r  
p r o lo n g e d  l o a d i n g ) .  T h e  h e a t  c o n d u c ­
t i v i t y  is  a b o u t  20 p e r  c e n t  h ig h e r  t h a n  
t h a t  o f  n a t u r a l  r u b b e r .

P e r b u n a n  h a s  e x c e l l e n t  a g i n g  p r o p e r ­
t i e s  a n d  p o s s e s s e s  g o o d  h e a t  a n d  f a t i g u e  
r e s i s t a n c e .  W i th  p r o p e r  c o m p o u n d in g  
i t  c a n  b e  u s e d  a t  t e m p e r a t u r e s  u p  to  
300  d e g .  F .  a n d  w il l  r e m a i n  f le x ib le  a t  
t e m p e r a t u r e s  a s  lo w  a s  - 4 5  d e g .  F .  
P e r b u n a n  c o m p o u n d s  o f  t h e  e b o n i t e  o r  
h a r d  r u b b e r  ty p e  c a n  b e  u s e d  f o r  m u c h  
m o r e  s e v e r e  t e m p e r a t u r e  c o n d i t i o n s  t h a n  
n a t u r a l  r u b b e r  e b o n i t e  c o m p o u n d s .

P e r b u n a n  is  u n a f f e c te d  b y  w a t e r  d i ­
l u t e  a c id s  o r  a l k a l i s ,  o r  s a l t  s o lu t i o n s  o f  
a n y  c o n c e n t r a t i o n .  I t  s w e l l s  v e r y  
s l i g h t l y  in  a l i p h a t i c  h y d r o c a r b o n s ,  v e g e ­
t a b l e  a n d  a n i m a l  o i l s  a n d  f a t s .  T h e  
r e d u c t io n  in  p h y s i c a l  p r o p e r t i e s  a s  a  
r e s u l t  o f  s w e l l i n g  is  s m a l l ,  m a k in g  
P e r b u n a n  e s p e c i a l l y  s u i t a b l e  f o r  g a s o ­
l in e  a n d  o i l - r e s i s t a n t  a p p l i c a t i o n s .  C r u d e  
P e r b u n a n  o r  u n c u r e d  P e r b u n a n  c o m ­
p o u n d s  a r e  s o lu b le  in  a r o m a t i c  h y d r o ­
c a r b o n s .  H o w e v e r ,  c u r e d  c o m p o u n d s  
s w e l l  to  a  m u c h  l e s s e r  e x t e n t  t h a n  c u r e d  
n a t u r a l  r u b b e r  c o m p o u n d s .  I t  is  
s u p e r i o r  to  n a t u r a l  r u b b e r  f o r  m i x t u r e s

Physical Properties of Synthetic a n d  N atural R ubber

Material
Specific
Gravity

Tensile 
Strength, 
lb.'sq. in.

Hardness,
Shore

Durometer

Max. 
Temp, for 
Use, °F.

Dielectric
Strength,
v./mm.

Effect 
of Heat

Abrasion
Resistance

Effect 
of Sunlight

Effect 
of Aging

Machining
Qualities

0.94 3.S00 15-90 300 Slight Can be ground
rubber rubber

Butyl Rubber ................................ 0.91 500-3.000 15-90 250-300 25,000 Softens Good None Better than Can be ground
slightly rubber

Cheinigum, Oil Resistant 1.0-1.5 S00-4,000 30-90 300 Stiffens Excellent Equal to Stiffens Can be ground
rubber

Chemigum, Tire 1.0-1.15 1,000-4,000 50-65 450 ....... Stiffens Excellent Deteriorates None ...........
1.1-1.3 4,000-11,000 300

300 F. slight
Hycar, OR, soft............................. 0 .99-1.6 1,000-4,500 15-95 300 .... ~. Stiffens Excellent Slight Highly Can be ground

slightly resistant
Hycar, OS, soft............................. 0.96-1.20 1,000-4,000 20-95 280 Stiffens Excellent Slight Highly Can be ground

slightly renistant
Koroseal, h a r d .............................. 1.3-1.4 2,000-9,000 S0-100 212 30,000-50,000 Softens Good None None Good
Koroseal. soft. ............................. 1. 2- 1.3 500-2,500 30-S0 190 15,000-30,000 Softens Good None None Can be ground

1.25-1.30 1,000-4,500 10-95 300 Can be ground
slightly resistant

Perbunan........................................ 0.96 500-5,000 30-90 300 Stiffens Excellent Slight Highly Can be ground
resistant

1.06 4,000-5,000 160-24S
1.26 2,000-5,000 250 6 ,000- 10.000
1.34 1,400 25-90 200

slightly good
1.33-1.36 9.000 175 35,000-50,000

0.9 200
rubber mach.

0.9 550
rubber mach.

1.17-1.18 4.000-11,000 70-100 220
0.93-1.17 1.000-6,000 30-80 150-180 Can be ground

v id  dot. resistant
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Rubber and Like Products ( C o n t i n u e d )

o f  g a s o l i n e  w i th  a r o m a t i c  h y d r o c a r b o n s .  
C h l o r i n a t e d  h y d r o c a r b o n s  a n d  o r g a n i c  
b a s e s  h a v e  a  s t r o n g  s w e l l i n g  a c t i o n  o n  
P e r b u n a n .  K e to n e s ,  o r g a n i c  a c id s ,  a l c o ­
h o ls  a n d  e s t e r s  h a v e  a  g r e a t e r  s w e l l i n g  
e f f e c t  t h a n  o n  n a t u r a l  r u b b e r .

V ISTA N EX
V i s t a n e x  i s  t h e  n a m e  o f  a  s e r i e s  o f  

p o ly m e r s  f o r m e d  b y  t h e  l o w - t e m p e r a t u r e  
p o ly m e r i z a t io n  o f  i s o b u ty l e n e .  T h e  
c h e m ic a l  u n s a t u r a t i o n  o f  V i s t a n e x  is  
s u b s t a n t i a l l y  n i l ,  a n d  c o n s e q u e n t ly  i t  is  
u n a t t a c k e d  b y  t h e  s t r o n g e s t  c h e m ic a l s ,  
s u c h  a s  s u l p h u r i c  a c id ,  n i t r i c  a c id  a n d  
c a u s t i c  s o d a .  H o t  c o n c e n t r a t e d  n i t r i c  
a c id ,  h o w e v e r ,  a f t e r  p ro lo n g e d  t r e a t ­
m e n t ,  y i e ld s  a  y e l lo w , s t i c k y ,  o x id iz e d  
p r o d u c t .  V i s t a n e x  is  a l s o  i n e r t  to  o z o n e  
a n d  i s  t h e r e f o r e  u s e f u l  in  im p r o v in g  th e  
o z o n e  r e s i s t a n c e  o f  r u b b e r  c o m p o u n d s .  
L a c k i n g  in  u n s a t u r a t i o n ,  i t  t h e r e f o r e  
c a n n o t  b e  v u l c a n iz e d  a n d  m u s t  b e  u s e d  
in  t h e  r a w  g u m  s t a t e  o r  w i t h  c o m p o u n d ­
i n g  a g e n t s  to  i m p a r t  s t r u c t u r a l  s t r e n g t h .  
I t  is  s o lu b le  in  a l l  h y d r o c a r b o n  s o lv e n t s  
a n d  o i l s  a n d  i t  m a y  b e  p r e c i p i t a t e d  f r o m  
th e s e  s o lu t i o n s  b y  t h e  a d d i t i o n  o f  lo w  
m o l e c u l a r  w e i g h t  a l c o h o ls ,  e t h e r s  o r  
k e to n e s .

R u b b e r  c o m p o u n d s  c o n t a i n i n g  50 p e r  
c e n t  o f  V i s t a n e x  s h o w  n o  c r a c k i n g  w i th  
o z o n e  w i t h i n  10 to  20 m in .  w h i l e  n a t u r a l  
r u b b e r  s h o w s  c o n s id e r a b l e .  A  s i m i l a r  
r e l a t i o n  is  o b s e r v e d  in  t h e  a c t i o n  o f  s u l ­
p h u r i c  a c id  o n  r u b b e r - V i s t a n e x  c o m ­
p o u n d s .  V i s t a n e x  i s  s u p e r i o r  to  n a t u r a l

r u b b e r  f o r  r e s i s t a n c e  to  w a t e r  a b s o r p ­
t io n ,  a g i n g  in  s to r a g e ,  s u n l i g h t  a n d  a l l  
a t m o s p h e r i c  c o n d i t io n s ,  r e s i s t a n c e  to  
o z o n e , r e s i s t a n c e  to  s t r o n g  c h e m ic a l s ,  
a l k a l i e s ,  s a l t s  a n d  t h e  u s u a l  o x id i z in g  
a g e n t s .

THIOKOL

T h e  m a n u f a c t u r e r s  o f  T h io k o l  s y n t h e ­
t i c  r u b b e r s  s t a t e  t h a t  a  n u m b e r  o f  d i f ­
f e r e n t  o r g a n i c  p o ly s u lp h i d e  p o ly m e r s  
t h a t  v a r y  in  c h a r a c t e r i s t i c s  f r o m  s o f t  t o  
h a r d  r u b b e r  a r e  m a d e  u n d e r  t h i s  n a m e .  
H o w e v e r ,  u n l i k e  n a t u r a l  r u b b e r ,  th e  
p r o d u c t s  a r e  p r a c t i c a l l y  u n a f f e c t e d  b y  
p e t r o l e u m  h y d r o c a r b o n s  a n d  m o s t  c o m ­
m e r c i a l  s o lv e n t s .  T h e y  a r e  r e s i s t a n t  to  
a lc o h o l ,  e s t e r s  a n d  k e t o n e s .  T h e  s w e l l  
o f  t h e s e  p r o d u c t s  in  a r o m a t i c  h y d r o ­
c a r b o n s  v a r i e s  f r o m  p r a c t i c a l l y  n o  s w e l l  
to  a r o u n d  100  p e r c e n t  in c r e a s e  in  
v o lu m e , d e p e n d in g  o n  th e  ty p e .  E v e n  
w h e n  T h io k o l  s w e l l s  in  a r o m a t i c  s o l ­
v e n t s ,  i t  s t i l l  r e t a i n s  g o o d  p h y s i c a l  
c h a r a c t e r i s t i c s .  I t  is  n o t  m a t e r i a l l y  
a f f e c te d  b y  c a r b o n  t e t r a c h l o r i d e  b u t  is 
a t t a c k e d  b y  e t h y l e n e  d i c h lo r id e  in  v a r y ­
in g  d e g r e e s .  T h io k o l  i s  n o t  a f f e c te d  b y  
s u n l ig h t ,  a i r ,  a z o n e  o r  u l t r a - v i o l e t .

I t  c a n  b e  c o m p o u n d e d  to  g iv e  v a r i o u s  
h a r d n e s s e s  a n d  c h a r a c t e r i s t i c s  s u i t a b l e  
f o r  e a c h  p a r t i c u l a r  a p p l i c a t i o n .  W h i le  
n o t  p o s s e s s in g  o r i g i n a l  t e n s i l e  s t r e n g t h  
a s  g r e a t  a s  n a t u r a l  r u b b e r ,  i t  is  s t a t e d  
f o r  to  e x c e e d  n a t u r a l  r u b b e r  in  b o th  
s t r e n g t h  a n d  a b r a s i o n  r e s i s t a n c e  w h e n  
in  c o n t a c t  w i th  g a s o l i n e  a n d  o ils .

TY G O N S
T h e  T y g o n s  a r e  s y n t h e t i c  m a t e r i a l s ,  

r e s e m b l in g  r u b b e r  in  m a n y  p h y s i c a l  
c h a r a c t e r i s t i c s ,  y e t  e n t i r e l y  d i f f e r e n t  in  
c h e m ic a l  s t r u c t u r e .  T h e y  c o n s i s t  o f  a  
s e r i e s  o f  m o d if ie d  h a l id  p o ly m e r s  a n d  
d ie n e  d e r i v a t i v e s  c o m p o u n d e d  to  v a r i o u s  
f o r m u l a s  t o  p r o d u c e  m a t e r i a l s  w i th  a  
w id e  r a n g e  o f  p r o p e r t i e s .  T y g o n  m a y  
b e  c o m p o u n d e d  to  b e  r e s i s t a n t  t o  a l l  i n ­
o r g a n i c  a c id s  ( e x c e p t  f u m i n g  n i t r i c ) ,  
a l l  i n o r g a n ic  s a l t s ,  a l l  o r g a n i c  a c id s  
( e x c e p t  g l a c i a l  a c e t i c ) ,  a l k a l i  s o lu t i o n s ,  
a n d  m o s t  o f  th e  h y d r o c a r b o n s  a n d  s o l ­
v e n t s .  I t  is  u n a f f e c t e d  b y  m i n e r a l  o il s ,  
g a s o l i n e s ,  f r e s h  o r  s a l t  w a t e r s .

S u r f a c e  A f f e c t  o f  I m m e r s io n  in  S o lu ­
t i o n s  f o r  7 D a y s  a t  25 D e g . C . f o r  
T y g o n  T .

30%  S u lp h u ric  a c id   . . .  N one
3 %  S u lphu ric  a c id .....................  “

10%  N itric  a c id ...................  . . .  “
10%  H y droch lo ric  a c id   “

5 %  A cetic a c id ............................  u
10%  S odium  h y d ro x id e   “
10%  A m m on, h y d ro x id e   “
10%  S odium  ch lo r id e .................  “
D is tilled  w a te r ............................... “
50%  E th y l a lcoho l.......................  “
A ce to n e ............................................. D issolved
E th y len e  d ic h lo r id e .....................  “
T o lu e n e ............................................ . S oft, rub b ery
G aso lin e ............................................  N one

R epresentative M akers of Industrial R ubber Products a n d  Rubber-Like M aterials

MANUFACTURER 
(Name and Address)

American Hard Rubber Co., New York, N. V

Atlas Mineral Products Co. of Pa., Mertztown 
Pa........................................................................

Boston Woven Hose ¿c Rubber Co., Boston, 
Mass.................................................................

Crane Packing Co., Chicago, 111......................

Custodis Construction Co., New York, N. Y. 

Dayton Rubber Mfg. Co., Dayton, O hio .. ..

E. I. du Pont de Nemours & Co., Neoprene
Div., Wilmington, Del.....................................

Firestone Tire & Rubber Co., Akron, Ohio—  
Garlock Packing Co., Palmyra, N. Y.............

G ates Rubber Co., Denver, Colo.....................
L. H. Gilmer Co., Tacony, Philadelphia, Pa..
B. F. Goodrich Co., Akron, Ohio................

Goodyear Tire & Rubber Co., Akron, O hio..

Hewitt Rubber Corp., Buffalo, N. Y................

Hycar Chemical Co., Akron,
Ohio....................................................................

Jenkins Bros. Rubber Div., Bridgeport, Conn.

The Osborn Mfg. Co., Johns Conveyor Div., 
Cleveland, Ohio................................................

Maurice A. Knight, Akron, Ohio.

Products

Hard and soft rubber, neoprene and Thiokol 
linings, pipe, fittings, shapes, pails, pumps, 
rubber paint, anode process, etc.

Rcwbon seamless rubber linings, Neobon and 
Zerok synthetic resin linings

Conveyor and transmission belts, hose, 
mechanical rubber goods 

Rubber and synthetic rubber packings and 
seals

Custoplast soft rubber and neoprene tank 
linings

Oilproof rubber belts, transmission belting, 
synthetic rubber products

Neoprene polymerized chloroprene rubber 
Perbunan synthetic rubber 
Rubber packings, transmission belting, 

molded goods 
V-bclts, molded rubber goods, hose 
Transmission belting and special molded parts 
Acid- and abrasion-resistant linings, hose, 

conveyor and transmission belting, pack­
ings, hard-rubber pipe and molded goods, 
corrosion resisting paints, Koroseal, Anode 
process, Ameripol tires and mechanical 
goods

Hose, conveyor and transmission belting, 
packings, linings, Plioweld rubber lined 
tanks, pipe, etc., mechanical rubber goods 
molded goods, Pliolite modified rubber 
plastic, Chemigum 

Hose, transmission and conveyor belting, 
packings

Synthetic rubbers (Hycar)
Mechanical rubber goods, rubber and syn­

thetic rubber packings, valve discs, molded 
and extruded products, friction and insu­
lated tape and tire valves

Johns rubber and synthetic rubber“ moving 
pipe-line ” conveyors 

All-rubber acid shipping drums. Pyroilex 
resin-base tank linings

Linear Packing & Rubber Co., Philadelphia,
Pa.......................................................................

Luzerne Rubber Co., Trenton, N. J ..................

MANUFACTURER 
(Name and Address)

M anhattan Rubber Mfg. Div., Passaic, N. J.

Miller Rubber Industrial Prod. Div., B. F. 
Goodrich Co., Akron, Ohio............................

Paramount Rubber Co., Detroit, Mich............

Rcsistoflex Corp., Belleville, N. J ......................

Self-Vulcanizing Rubber Co., Chicago, 111........

Standard Oil Development Co., Elizabeth, N.J. 
Jos. Stokes Rubber Co., Trenton, N. J .............

Thermoid Rubber Div., Thcrmoid Co., Tren­
ton, N. J ............................................................

Thiokol Corp., Trenton, N. J ...................

U. S. Rubber Co., New York, N. Y........

U. S. Stoneware Co., Akron, Ohio..........

Union Bay State Co., Cambridge, M ass..

Vulcanized Rubber Co., New York, N. Y.

Products

Rubber and synthetic rubber packings 
Hard rubber pipe, fittings, valves, shapes 

tanks, rayon apparatus and other equip­
ment

Transmission and conveyor belting, blocks, 
hose, piping, rolls, brake lining, bearings

Rubber and synthetic rubber hydraulic oi 
packings and seals 

Seamless rubber, neoprene and Paramount 
plastic linings, rubber paint, molds, coat­
ings and insulations 

Rubber-like oil-resisting resin— tubing, hose, 
sheets, molded shapes, gloves, aprons, 
solutions

Liquid and plastic rubber self-vulcanizing 
coatings and lining materials 

Perbunan synthetic rubber 
Hard rubber and synthetic molded and 

extruded products

Transmission belting, multiple V-belt? and 
drives, conveyor and elevator belting 
wrapped and molded hose, packings, indus­
trial brake linings and friction products 
rubber covered rolls, pulley lagging 

Thiokol olefine polypulphide synthetic rubber 
— crude sheet, molding powder and liquid 
dispersions

Hose; conveyor, elevator and power trans­
mission belting; packings; molded and 
extruded rubber; rubber bonded to metal; 
rubber linings (hard, semi-hard, soft for 
tanks, pipe, fittings, chutes and valves) 

Tygon synthetic resin products: tank linings, 
gaskets, tubing, acid-proof paints, cements, 
molded or extruded goods. Molded or 
extruded mechanical rubber goods, rubber 
linings

Gacco (neoprene base) compounds for tank 
surfacing and similar corrosion proofing 
purposes

Hard and semi-hard rubber molded products
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PLASTICS AS ENGINEERING MATERIALS

Physical Properties of P rincipal Plastics Used a s  E ngineering  M aterials
(From forthcoming book, “ Plastics for Industrial Use”, by John Sasso, McGraw-Hill Book Co., 1942)

Materials
Tensile 

Strength, 
(Lb. per sq. in.)

Compressive 
Strength, 

(Lb. per sq. in )

Flexural 
Strength, 

(Lb. per sq. in.)

Impact Strength, 
Izod 

(Ft.-Ib. per in. 
of notch,

Y í/J Á  in* bar)

Thermal 
Conductivity, 
10~4 cal. sec./ 

sq. cm./ 
(deg. C./cm.)

Distortion 
Point, 
deg. F.

Thermal 
Expansion, 
(In. per in. 

per deg. C.)
(X 10-*)

Dielectric 
Strength, 

(Short time, 
▼olts per mil, 
in. Thickness, 

1,000,000 cycles)

Water 
Absorption 
(Percent in 
24 hours)

Phenolic:
4.000-11.000
4.000-10,000

16.000-36.000 S.000-15,000 0.15-0.25 4-12 240 5.5 300-500 0 .2-0 .6
Mineral-filled..................... 18,000-35,000 S,000-20,000 0.13-0.72 8-20 290 3.2 250-400 0.01-0.3

5.000-8,000
5.000-12,000

20.000-32,000
10.000-30,000

5 .000-13,000
9.000-14,000

0.S-4.S 4 150-450 0.5 -2 .5
0.3-0.4 3-5 300-450 0.01-0.5

Laminated Phenolic:
7,00018,000
8 ,000- 12,000
7,000-12,000

20.000-40,000
30.000-44,000
18.000-45,000

13.000-20,000
13.000-30,000
10.000-35,000

0 .6 -7 .6 5-8 400-1,000 0.3 -9 .0
1.4-15 5-8 150-600
1.8-11 7-9 100-150

Pbenol-furiural:
6 ,000- 11,000
5.000-10,000
6 .000-8,000 
5,000-13,000

28.000-36,000
24.000-36,000
26.000-30.000
24.000-35,000

8,000-15,000
26.000-30,000
10.000-13,000
10.000-15,000

0.30-0.56 3-5 3 400-600
0.32-0.74 10-20 2 200-500
1.20-4.60 5-8 5 200-500

Urea-f or maldehy de............... 0.2S-0.32 i 260 3 650-720 1-3
S, 000-10,000 
5,000-7,000

10,000-12,000
7,500-S,500

10,000-15,000
11,500-13,500

]? ,000-14,000 0. 6- 1.2 4 140
15,000-17.000 2 .0 -8.0 2.2 240 16 500 0.0

4.000-7,000
5.000-0,000

10,000-15,000 0 . 2-0 .4 4-8 160 S 500 0 .4 -0 .5
14,000-19,000 0.35-0.50 3-5 170 7 500-525 0.0

6.000-9,000 
2,500-7,500
3.000-10,000

10,000- 12,000
7,500-22,000
7,000-27,000

4,000-12,000
2,800-13.000
3,700-10,000

0 .6- 6.5 5-6 140 12 0 .5 -1 .5
0 .8 -5 .5 5-8 150 13

Cellulose acetate.................... 0.7-4.2 5-8 150 12 350-900 1.3-6.9

Types, T rade N am es a n d  M anufacturers of P rincipal Plastics*
Types Trade Namea Manufacturers Types Trade Names Manufacturers

Phenolic m aterials.. . .  Bakélite Bakelite Corp., N. Y. Vinylidene Chloride. . . Saran Dow Chemical Co., Midland, Mich.
Cardolitc Irvington Varnish A Ins. Co., Irvington, N. J. Polystyrene.................. Bakelitc Bakelite Corp., N. Y.
Celeron Continental Diamond Fibre Co., Newark, Del. Loalin Catalin Corp., N. Y.
Coltrock Colt’s Patent Fire Arms Mfg. Co., Hartford, Conn. Lustron Monsanto Chemical Co., E. Springfield, Mass.
Durez Durez Plastics & Chemicals, Inc., N. Tonawanda, Styron Dow Chemical Co., Midland, Mich.

‘N. Y. Cellulose Acetate......... Bakelito Bakelitc Corp., N. Y.
Duritc Durite Plastics, Philadelphia, Pa. Cellulate National Plastics Co., Detroit, Mien.
Haveg Haveg Corp., E. Newark, Del. Fibestos Monsanto Chemical Co., E . Springfield, Mass.
Hercsite Heresite k  Chemical Co., Manitowoc, Wis. Gemloid Gemloid Corp., N. Y.
Indur Reilly Tar «t Chemical Corp., Indianapolis, Ind. Lumarith Celanese Celluloid Corp., N .Y.
Insurok Richardson Co., Melrose Park, 111. Macite Manufacturers Chemical Corp., Jersey City, N. J.
Makalot Makalot Corp., Boston, Mass. Nixonite Nixon Nitration Works, Nixon, N. J.
Resinox Monsanto Chemical Co., E. Springfield, Mass. Plastacele E. I. duPont de Nemours A Co., Arlington, N. J.
Tcmplus Bryant Electric Co., Bridgeport, Conn. Tcnitc I Tennessee Eastman Corp., Kingsport, Tcnn.
Tcxtolite General Electric Co., Pittsfield, Mass. Cellulose Acetate Buty-

Phenolic, cast......... Bakelite Corp., N. Y. ra te ............................ Tcnite I I ........ Tennc3sec Eastman Corp., Kingsport, Term.
Catalin Catalin Corp., N. Y. Ethyl Cellulose............ Ethoccl Dow Chemical Co., Midland, Mich.
Gemstone A. Knoedlcr Co., Lancaster, Pa. Hercules Hercules Powder Co., Wilmington, Del.
Mar blette M arblcttc’s Corp., L. I. City, N. Y. Laminated M aterials.. Aqualite National Vulcanized Fibre Co., Wilmington, Del.
Opalon Monsanto Chemical Co., E. Springfield, Mass Cellanito Continental Diamond Fibre Co., Newark, Del.
Prystal Catalin Corp., N. Y. Celeron Continental Diamond Fibre Co., Newark, Del.

Urea......................... . .  Bakélite Bakelite Corp., N. Y. Coffite Formica Insulation Co., Cincinnati, Ohio
Bcctlc American Cyanamid Co., N. Y. Corrc3itc S. Blickman, Inc., Weehawken, N. J.
Cibanoid Ciba Corp., N. Y. Dilecto Continental Diamond Fibre Co., Newark, Del.
Plaskon Plaskon Co., Toledo, Ohio Dilectene Continental Diamond Fibre Co., Newark, Del.
Uformite Resinous Products & Chemicals Co., Phila., Pa. Duraloy Detroit Paper Products Co., Detroit, Mich.

Mclaminos.............. . . .  Melamac American Cyanamid Co., N. Y. Formica Formica Insulation Co., Cincinnati, Onio
Malaminc Plaskon Co., Toledo, Ohio Insurok Richardson Co., Melrose Park, III.

Acrylics................... Rohm «fc Haas, Phila., Pa. Lamicoid Mica Insulation Co., N. Y.
Luc i te E. I. duPont de Nemours Co., Arlington, N. J. Lamitex Franklin Fibre-Lamitex Corp., Wilmington, Del.
Plexiglas Rohm Haas, Phila., Pa. Miearta Wcstinghousc Elec. & Mfg. Co., E. Pittsburgh, Pa.

Vinyls..................... Shawinigan Prod. Corp., N. Y. Panciytc Panelyte Corp., N. Y.
Butacitc E . I . duPont de Nemours Co., Wilmington, Del. Ohmoid Wilmington Fibre Specialty Co., Wilmington, Del.
Butvar Shawinigan Prod. Corp., N. Y. Phenolite National Vulcanized Fibre Co., Wilmington, Del
Formvar Shawinigan Prod. Corp., N. Y. Spauldite Spaulding Fibre Co., Tonawanda, N. Y.
Gel va Shawinigan Prod. Corp., N. Y. Synthane Synthane Corp., Oaks, Pa.
Koroseal B. F. Goodrich Co., Akron, Ohio Taylor Taylor Fibre Co., Norristown, Pa.
Resistoflex Resistoflex Corp., Belleville, N. J. Tcxtolite General Electric Co., Pittsfield, Mass.
Tygon U. S. Stonewear Co., Akron, Ohio Ucinite Ucinite Co., Ncwtonville, Mass.
Vinylite Carbide A Carbon Chemicals Corp., N. Y. Vulcoid Continental Diamond Fibre Co., Newark, Del.

* In  th is  tab le  only th e  m ore usual eng ineering  p la sties  m a te ria ls  a re  co n struc tion  fo r chem ical eng ineering  equipm ent. T he eng ineer m ay find lis t-
lis ted  by tra d e  nam e and m an u fac tu re rs . No a tte m p t has been m ade to iugs of m olders and  ex tru d ers  as w ell a s  o th e r valuable d a ta  in  th e  fortli-
include a ll types of p la s tic s  m a te ria ls , as  th a t is beyond the  scope of coining bcok by John Sasso. “ P la s tie s  for In d u s tr ia l U se ,”  M cG raw -H ill Co.,
th is  Issue of t 'hem. d M et., w hich  is  concerned p rim arily  w ith  m a te ria ls  of (1 9 4 2 ), from  w hich th is  l i s t  w as la rgely  com piled.
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Determ ining the Most Suitable Plastics for use as  Engineering M aterials

Plastics ( C o n t i n u e d )

T h e  “ P l a s t i c s  C o m p a r a t o r ”  h a s  b e e n  
p r e p a r e d  b y  th e  B a k e l i t e  C o r p o r a t io n  to  
s e r v e  a s  a  g u id e  in  s e le c tin g -  th e  p l a s t i c  
o r  p l a s t i c s  t o  c o n s id e r  f o r  i n d u s t r i a l  u s e . 
i t  r a t e s  t h e  m a t e r i a l s  n u m e r i c a l ly  w i t h o u t  
a n y  a t t e m p t  to  i n d i c a t e  r e l a t i v e  d i f f e r ­
e n c e s .  T h u s ,  t h e  n u m b e r  ( l )  i n d i c a t e s  
t h e  m o s t  s u i t a b l e ,  a n d  th e  l a r g e r  n u m b e r s  
t h e  o r d e r  o f  s u i t a b i l i t y .  T h e  d i f f e r e n c e  
b e t w e e n  (1 )  a n d  ( 2 )  m a y  in  s o m e  i n ­
s t a n c e s  b e  n e g l ig ib l e  a n d  in  o t h e r s  a p p r e ­
c i a b le .  T h e  r a t i n g s  a r e  m a d e  t a k i n g  in to

c o n s i d e r a t i o n  th e  m o s t  c o m m o n ly  u s e d  
m a t e r i a l s  o f  e a c h  ty p e .  S p e c i a l  f o r m u l a s  
u n d e r  a n y  o n e  ty p e  m i g h t  c h a n g e  t h e  
o r d e r  o f  s u i t a b i l i t y .  T h u s ,  e x a c t  t e c h n i ­
c a l  i n t e r p r e t a t i o n  o f  i t  s h o u ld  b e  a v o id e d .  
A f t e r  u s in g  i t  a s  a  g u id e ,  “ s to p ,  lo o k  a n d  
l i s t e n ” b y  e x a m in i n g  c lo s e ly  t h e  d e t a i l e d  
t e c h n ic a l  d a t a  p u b l i s h e d  e l s e w h e r e  on  
e a c h  s p e c i f ic  g r o u p  o f  m a t e r i a l s  b e f o r e  
p r o c e e d in g .  R e m e m b e r  t h a t  p r o g r e s s  is  
b e in g  m a d e  c o n s t a n t l y  in  im p r o v in g  t h e  
p r o p e r t i e s  o f  p r a c t i c a l l y  a l l  p l a s t i c s .

T h e  r a t i n g s  g iv e n  in  th e  C o m p a r a t o r  
m a y  n o t  in  a l l  i n s t a n c e s  c o n f i r m  p u b l i s h e d  
d a t a ,  i n c lu d in g  t h a t  a p p e a r i n g  in  th i s  
i s s u e  o f  C h cm . <£ M et. T h e  m a t e r i a l s  a r e  
r a t e d  h e r e  a c c o r d i n g  to  u s a g e  e x p e r i e n c e ,  
a s  w e ll  a s  to  t e s t  d a t a .  F o r  e x a m p le ,  
u r e a  o n  th e  b a s i s  o f  A .S .T .M . w a t e r  
a b s o r p t i o n  t e s t s  w o u ld  w a r r a n t  a  b e t t e r  
r a t i n g .  H o w e v e r ,  o n  c o n t in u o u s  e x p o s u r e  
to  h ig h  h u m i d i t y  o r  w a t e r ,  t h e  r a t i n g  
s h o w n  in  t h e  C o m p a r a t o r  i s  8.

PLASTICS C O M P A R A T O R
< r /

P IAST IC
MATERIAL S  /

Phenolic:
G en era l Purpose ©©©©©©©©©©©©©©©©©©©

Phenolic:
low -Lo ss ©©©©©©©©©©©©©© ©©©©©

Phenolic:
Heat-Resistant (?)©©©©©©©©©©©© ©o ©©©

Phenolic: A c id  and  
A lkali-Resistant ©©©©©©©©©©©©©©©o ©©©

Phenolic:
Shock-Resistant ©©©©©©©©©©©©©©©o ©©©

Phenolic:
T ransparent ®©©©©©©©©©©©©©©©©©©

Urea ©©©©©©©©©©©©©©©©©©
Polystyrene ©©©©©©©©©©©©©©©©©©©
C ellu lose-Acerate ©©©©©©©©©©©©©©©©©©©
Aceto-Butyrate ©©©©©©©©©©©©©©©©o ©©
Ethyl-Cellulose ©©©©©©©©©©©©©©©©©©©

Methyl-Methacrylate ©©©©©©©©©©©©©©©©o ©©
Vinyl (No Filler) ©©©©©©©©©©©©©©©©©©©

C opyright, 1940, Bakelite C orpn , N ew  York

Effect on P lastics of Immersion for 7 Days in Chem ical R eagen ts a t 25 Deg. C.
•

Phcnol- Urea-
--------

Phenol- Phcnol- Formal- Urea- Formal- Vinyl Methyl
Formal- Formal- dehyde Formal- dehyde Chloride- Vinyl Metha­ Styrene Ethyl- Cold-
dehyde dehyde Lami­ dehyde Lami­ Acetate Butyral crylate Resin Cellulose Cellulose Celluloso Molded Casein
Molded Cast nated Molded nated Resin Resin Resin Molded Nitrate Acetate No. 1 Phenolic Plastic

30% Sulphuric acid Surface None Edges Surface Surfacc None None None None None Crazed; None None Rubbery
rougheued swollen roughened attacked softened

3% Suphuric acid Surface
roughened

None Edges
swollen

Surface
roughened

Surface
attacked

None Cloudy None None None Swollen None Nono Swollen;
rubbery

10% Nitric acid Surfacc
roughened

None Edges
swollen

Surface
roughened

Delami­
nated

None Cloudy None None None Decom­
posed

None None Swollen;
cracked

10% Hydrochloric acid Surfacc
roughened

None Edges
swollen

Surface
roughened

Delami­
nated

None Cloudy None None None Decom­
posed

None Crackcd 
on drying

Swollen: 
cracked

5% Acetic acid None None Edges
swollen

None None None Cloudy None None None Swollen None None Rubbery;
split

Oleic acid None None None None None None Tacky None None None None Decom­
posed

None None

10% Sodium hydroxide Decom­
posed

Decom­
posed

Delami­
nated

None Surface
attacked

None None None None Crazed Decom­
posed

None Decom­
posed

Decom­
posed

1% Sodium hydroxide Surface
roughened

Decom­
posed

Edges
swollen

None None None Slightly
cloudy

None Non*? Crazed Surface
attacked

None Decom­
posed

Brcken
UD

( Continued on next p a g s)
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Plastics (C o n t i n u e d )

Effect on Plastics of Im m ersion for 7 D ays in C hem ical R eagents a t 25 Deg. C. (Cont'd.)

Phenol- 
Formal - 
dchyde 
Molded

Phenol-
Formal­
dehyde

Ca3t

Phenol-
Formal­
dehyde
Lami­
nated

Urea- 
F ormal- 
dehyde 
Molded

Urea-
Formal-
dehyde
Lami­
nated

Vinyl
Chloride-
Acetate

Resin

Vinyl
Butyral
Resin

Methyl
Metha­
crylate
Resin

Styrene
Resin

Molded
Cellulose
Nitrate

Cellulose
Acetate

Etbyl- 
Cellulose 

No. 1

Cold-
Molded
Phenolic

Casoin
Plastic

10% Ammonium hydroxide Surface
dulled

Dis­
colored

Dis­
colored;
cdge3

swollen

None None None Opaque None Dis
colored

Crazed;
dis­

colored

Opaque;
soft

None None Swollen:
.split

2% Sodium carbonate None Dis­
colored

Dis­
colored

None None None Slightly
cloudy

None None None Swollen None None Swollen;
rubbery

10% Sodium chloride None None Edges
swollen

None None N one None None None None None None None None

3%  Hydrogen peroxide None Dis­
colored

None Surface
dulled

Delami­
nated

None Cloudy None None None None None None Swollen;
rubbery

Distilled water None None None None None None Cloudy None None None None None None Swollen;
rubbery

50% Ethyl alcohol None None None None None None Swollen;
rubbery

Slightly
swollen

None None Partly
dissolved

Swollen;
cracked

None Swollen;
rubbery

95% Elhyl alcohol None None None None None None Dissolved Surface
attacked

None Dissolved Partly
dissolved

Dissolved None None

Acetone None Softened Blistered None None Dissolved Swollen;
opaque

Dissolved Dissolved Dissolved Dissolved Dissolved None None

Ethyl acetate None None None None None Decom­
posed

Decom­
posed

Dissolved Dissolved Dissolved Dissolved Dissolved None Non»*

Ethylene chloride None None None None None Dissolved Decom­
posed

Dissolved Dissolved Partly
dissolved

Soft;
swollen

Dissolved None None

Carbon tetrachloride None None None None None None Swollen;
rubbery

Surface
attacked

Dissolved None None Dissolved None None

Toluene None None None None None Soft;
rubbery

Swollen;
rubbery

Dissolved Dissolved Partly
dissolved

None Dissolved None None

Gasoline None N one None None None None None None Partly
dissolved

None None Swollen;
cracked

None None

F r o m  a  p a p e r ,  R e s is ta n c e  o f  P la s t i c s  
m e e tin g  o f  A .S .T .M . J u n e  24, 1941.

to  C h e m ic a l  R e a g e n ts ,  by G. M. K lin e , R . C. R in k e r  a n d  H . P . M e ln d l p re s e n te d  b e fo re  C h ic a g o

Properties of Phenol-Formaldehyde-Asbestos Plastics

Properties Haveg
41

Haveg
43

Haveg
50

Specific gravity.................... 1.6 1.0 1.6
Tensile strength, psi........... 2,500 2,500 1,800
Compressive strength, p s i.. 10,500 S,000 6,000
Flexural strength, psi......... 5,600 4,500 3,500
Shearing strength, p s i........ 3,500 3,000 2.500
Modulus of elasticity.......... 1,000.000 850.000
Thermal conductivity 

B T U /sq .ft./°F ./h r./ft... 0.203 0.607 0.203

Corrosive Materials

0  oefficient of expansion 
Inches per inch of length or fper deg. F. 0.000018 (18x10“*) 
Fe«t per foot of length (per deg. C. 0.000033 (33x10“#)

C h em ica l R e s is ta n c e  o l P h e n o l-F o rm a ld e -  
h y d e -A sb e s to s  P la s tic s  (H a v e g  ty p e s)

Recom­ Also Not
Corrosive Materials mended Satis­ Satis­

Grade factory factory

Acetic acid............................... 41 43 50
Alcohol..................................... 41 43 50
Aluminum chloride................. 41 43-50
Aluminum sulphate................ 41 43-50
Ammonium chloride............... 41 43-50
Ammonium hydroxide............ 41 43-50
Ammonium sulphate ............ 41 43-50
Aniline hydrochloride............. 41 43
Benzol....................................... 41 43 50
Boric acid................................. 41 43-50
Calcium chloride..................... 41 43-50
Carbon tetrachloride.............. 41 43
Chlorine gas............................ 41 43
Chlorine water........................ 41 43
Citric acid................................ 41, 43
Copperas.................................. 41 43-50
Copper sulphate...................... 41 43-50
Cupric ch loride....................... 41 43-50

Ferric salts.............................
Ferrous salts ..........................
Fluoailieic acid.......................
Formic acid............................
Gasoline (sour)......................
Hydrobromic acid.................
Hydrochloric acid.................
Hydrofluoric acid..................
Hydrolluosilicic acid.............
Hydrogen sulphide................
Lactic acid.............................
Lead acetate..........................
Muriatic acid........................
Oxalic acid.............................
Phosphoric acid.....................
Potassium bisulphate...........
Potassium chloride................
Potassium hydroxide............
Potassium sulphate..............
Salt brine...............................
Sodium acid sulphate...........
.Sodium bicarbonate..............
Sodium bisulphate................
Sodium carbonate.................
Sodium hydroxide.................
Sodium sulphate....................
Sodium sulphite.....................
Sodium thiosulphate.  ........
Sulphur dioxide.....................
Sulphuric acid (up to  50% ;.
Sulphurous acid....................
Tannic acid............................
Tartaric acid..........................
Tin chloride...........................
Trisodiuon phosphate............
Vinegar...................................
Zinc chloride..........................
Zinc sulphate.......................

Recom­
mended
Grade

Also
Satis­

factory

41 43-50
41 43-50
43
41 43
41 43
41 43-50
41 43-50
43
43
41 43-50
41 43
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50
41 43
41 43-50
41 43-50
41 43-50
41 43-50
41 43-50

Not
Satis­

factory

41-50

50

41 50 
41-50

C h e m ic a l R e s is ta n c e  of P h e n o l-F o rm a ld e - 
h y d e -F ib e r  G la s s  P la s tic s

Chemical resistance: Chlorine and its compounds, hydro­
chloric acid, dilute sulphuric acid, phosphoric acid, organic 
acids, solvents, trichlorcthylene, carbon tetrachloride 
ethylene, chlorhydnn, hydrocarbons, metal salt solutions 
etc.

Physical properties: Specific gravity 1.35. Tensile strength 
30,000 lb. per sq. in. Impact strength 16 ft. lb. per inch 
of notch. The material may be used for working tempera­
tures up to 275 deg. F.

Available Forms: Pipes and fitting3, rectangular and 
cylindrical tanks, and other large-sire chemical plant 
equipment

D a ta  s u p p lie d  f o r  C o r re s l te  b y  S. B llc k -  
m a n . In c ..  W e e h a w k e n , N . J .

C h em ica l P ro p e r tie s  of A c ry lic  P la s tic s 1 

Immersion Solution 5 Percent Weight Gain 1

30% Sulphuric acid........................ 0 .6
3%  Sulphuric acid........................ 1.0

10% Hydrochloric acid.................  0.7
10% Sodium hydroxide.................  0.8
1% Sodium hydroxide.................  1.0

10% Nitric acid.............................. 0.9
5% Acetic acid.............................  1.0
2% Sodium carbonate.................  1.0

10% Sodium chloride....................  0.9
10% Ammonium hydroxide  0.9
3%  Hydrogen peroxide...............  1.0

100% Distilled water....................... 0.9

1 A p p ro v e d  te s t s  o f  th e  C o m m itte e  o n  P l a s ­
t i c s  o f  th e  A m e r ic a n  S o c ie ty  f o r  T e s t in g  M a ­
t e r ia l s  u s in g  p ie c e s  o f  m a te r i a l  1 in . x  3 In. x 
0.125 in . t o t a l l y  im m e r s e d  In th e  v a r io u s  
c h e m ic a l  s o lu t io n s  f o r  192 h r .  a t  25° C. D a ta  
s u p p lie d  f o r  P le x ig la s  by  R o h m  & H a a s  Co.. 
P h i la d e lp h ia ,  P a .

2 A ll c o n c e n tr a t io n s  g iv e n  In p e r c e n t  by 
w e ig h t  in  d is t i l le d  w a te r .

3 A g a in  in  w e ig h t  o f  o n e  p e r c e n t  o r  le ss  is 
c o n s id e re d  n e g l ig ib le  e x c e p t  in  u n u s u a l  a p ­
p lic a t io n s .  N o n e  o f  th e  a b o v e  s o lu t io n s  a p p r e ­
c ia b ly  a f f e c ts  th e  a p p e a r a n c e  o r  s t r e n g t h  
c h a r a c te r i s t i c s .
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Plastics f Continued,)

Chemical Resistance of Cellulose Acetate Molding Materials*
Class I
Percent

2.00
2.75
3.75 

Slight effect 
Decomposes 
Slight on aging
Slight
Slow burning rate

Class II
Percent 

1.50 
2.00 
2.70 

Slight effect 
Decomposes 
Slight on aging 
Slight
Slow burning rate

Average Water Absorption— (Injection molded bar 5 in. x }■>> in. x in.)
24 hours.....................................................................................................
48 hours.........................................................................................................
96 hours.........................................................................................................

Acids and Alkalies— Dilute...............................................................................
Concentrated...................................................................

Effect of: Time...................................................................................................
Sunlight.............................................................................................
H eat...................................................................................................

Solvents— Both Gass I and Class II arc soluble in ketones and eaten-', i.e., acetone, methyl acetate, the "Cellosolve’ 
solvents affected slightly by alcohol. Insoluble in hydrocarbons, i.e., benzene, toluene, styrene, carbon 
tetrachloride and oils. Elevated temperatures influence the action of both solvents and non-solvents inducing 
swelling.

Chemical Resistance of Polystyrene Molding Materials*
Resistance to  Non-Oxidizing Acids — Excellent Resistance to Alkalies — Excellent
Resistance to Oxidizing Acids— Discolors Slightly Resistance to  Hydrochloric Acid — Good

Dissolved or Attacked by:
Ethyl Acetate Ethyl Benzene
Turpentine Ethylene Chloride

Styrene 
Benzene 

Unaffected by:
Acetic Acid 
Formic Acid 
Butanol 
Octyl Alcohol

Toluene
Dioxane

"Cellosolve” Acetate 
Carbon Tetrachloride

Gasoline
“Cellosolve” Solvent

Sodium Hydroxide (30%) 
Potassium Hydroxide (30%.) 
Ethylene Diamine 
Writing Inks

Salt Water 
Bleaching Solutions 
Photographic Chemicals 
Most fata, animal and vegetable oils

C h em ica l R e s is ta n c e  of V in y l C o p o ly m e r In jec tio n  M o ld in g  C o m p o u n d s
Reagent Reaction

Weak acids..........................................  Excellent
Strong acids .............................. Excellent
Weak alkalis........................................ Excellent
Strong alkalis......................................  Excellent
Alcohols................................................ Excellent
Ketones................................................  Poor — dissolves

Reagent Reaction
Esters...................................................  Poor— dissolve
Aromatic hydrocarbons...................... Poor — swells
Aliphatic hydrocarbons...................... Excellent
Mineral oils.......................................... Excellent
Animal oils..........................................  Excellent
Vegetable oils...................................... Excellent

C h e m ic a l  R e s i s ta n c e  o f S a r a n  P ip e  a t  
R o o m  T e m p e r a t u r e  A f te r  T h r e e  M o n th s .

Reagent Stability Rating
98% (Cone.) HiSO* .................... . . . .  Good
60% HjSOi.............................................. Excellent
30% HsSO*..............................................  Excellent
10% H2SO4.............................................. Excellent
35% (Con <.) HC1 ..............................  Excellent
10% HCl.................................................  Excellent
•>5% (Cone.) HNO3................................ Excellent
10% HNO3.............................................. Excellent
Glacial acetic .........................................  Excellent
10% Acetic.............................................. Excellent
5% H2SO3................................................ Excellent
50% NaOH.............................................  Fair
10% NaOH.............................................  Good
28% NII3.................................................  Unsuitable
10% NH,................................................. Poor
Ethyl alcohol..........................................  Excellent
Ethyl acetate.........................................  Fair
Acetone.................................................... Fair
Methyl iso-butyl ketone........................ Fair
Carbon tetrachloride.............................. Good
Ethylçne dichloride................................ Poor
Di-ethyl ether.........................................  Poor
Dioxane...................   Unsuitable
Benzene................................................... Fair
O-dichlor benzene...................................  Poor
Triethanolamine.....................................  Excellent
Bromine water........................................  Unsuitable
Chlorine water........................................ Unsuitable
Bleaching solution.................. ............  Excellent
10% Zinc hydrosulphite........................ Excellent
15% CaClj..............................................  Excellent
15% FeSO«.............................................. Good
Water.......................................................  Excellent
Air............................................................  Excellent

• D a ta  s u p p lie d  b y  B a k e l i t e  C o rp o ra t io n ,  N ew  Y o rk .

GLASS, GLASS-LINED AND FUSED SILICA
Physical P roperties of Low-Expansion G lasses, Fused  Q uartz an d  Fused Silica
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Borosilkate glass. . . 2.23 12.4 10.000 98 0.32 24.5 0.20 1.505 3,200 (0.1 in.) 4.6 1.47 T, TL S, R, T, other
2.18 12.7 0.080 2,750±!I0 3,000 4.0 1.458 T R, T, other

Approx.
Fuzed quartz.............. 2.20 12.6 4,000 105-126 4.9 0.054 3.5 0.25 2,000 500 {}/£ in.) 3 .8 1.459 T S, R, T, other
Fused silka................ 2.07 13.4 400-800 <>4-114 0.054 25 2.000 250 (H  in.) 3.7 TL. O S, R, T, other

• Hardness: 2.5 mm. ball, 25 kg. load, depth in 1/200 mm. t  T= transparent; TL= translucent; 0  = opaque. ** S = sheets; R = rods; T  = tubes.

M akers of G lass, Glass-Lined a n d  Fused Silica Equipm ent

MANUFACTURER 
(Name and Address)

Alsop Engineering Co., Milldale, Conn............
Amersil Corp., Hillside, N. J ..............................

Corning Glass Works, Corning, N. Y ...............

Ertel Engineering Co., New York, N. Y..........
General Electric Co., Schenectady, N. Y ........

Glascote Products, Inc., Euclid, Ohio..............

Composition, Forms Available

Glass-lined steel tanks and mixers 
Fused silica ware such as pans, pipes, gas 

coolers, absorbers 
Special beat- and corrosion-resisting boro- 

silicate glass supplied in vanous forms: 
pipe, columns, etc. Also 96 per cent high 
silica glassware now available for labora­
tory use 

Glass-enameled tanks
Transparent fused quartz in various small 

sized articles 
Glass-enameled steel equipment

MANUFACTURER 
(Name and Address)

Hanovia Chemical & Mfg. Co., Newark, N. J.
Metal-Glass Products Co., Belding, Mich........
Owens-Cornlng Fiberglas Corp., Toledo, Ohio 
The Pfaudler Co., Rochester, N.Y....................

A. 0 . Smith Corp., Milwaukee, Wia.................
The Thermal Syndicate, Brooklyn, N . Y ........

Vitreous Enameling & Stamping Co., New
York, N. Y .................... ! .................................

Vitreous Steel Products Co., Cleveland, Ohio..

Composition, Forms Available

Transparent fused quartz in all shapes 
Glass-enameled steel equipment 
Fibrous glass filter cloths and dust filters 
Wide variety of standard and special glass- 

enameled steel equipment — various for­
mulas

Glass-enameled steel equipment 
Fused silica (non-transparent) supplied in 

various large forms; fused quartz (trans­
parent) in smaller sizes 

Enameled specialties, tanks 
Enameled trays and specialties
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W O O D  FOR CHEMICAL EQUIPMENT

Physical P roperties of W oods Com m only Used for Equipm ent a n d  P lant Structures

Cypress Douglas Fir (Coast) L. L. Y. Pine Redwood Sugar Maple While Oak

Lb. per cu. ft. (12% moisture).............................. 32 34 41 28 44 47
Tensile str., * lb. per sq. in. (12% moisture)---- 7,200 8,100 9,300 6,900 9,500 7,900
Compressive str., * lb. per sq. Ln. (12% moisture) 4,740 0,450 0,150 4,500 5,390 4,350
Thermal cent!., B.t.u. per sq. it., hr., 0 F ., in . . . . 0.S3 0.77 0.96 0.76 1.16 1.22
Hardness.................................................................. Med. Med, Hard Mod. hard Med. Hard

*At proportional limit, in static bending, and compression parallel to grain, respectively.

Condition of W oods After 31 D ays' Im m ersion in Cold Solutions*
(Examined after 7 days drying)

Fir Oak Oregon Pine Yellow Pine Spruce Redwood Maple Cypress

Hydrochloric Acid, S % .. . . . NAC NAC NAC SS SS SS NAC NAC
Hydrochloric Acid, 1 0 % .. . . NAC NAC NAC SS SS SS NAC NAC
Hydrochloric Acid, 5 0 % .. . . SS.SB.SWF SS.WF S,WF S,WF S,WF S.WF S,WF S,WF

NAC NAC NAC SS SS NAC NAC SS.SB
Sulphuric Acid, 5 % ......... SS SS SS SS SS.SB SS.SB NAC SS.SB
Sulphuric Acid, 10%............ S.FSD S.FSD S.FSD S.FSD S.FSD S.FSD S.FSD S.FSD
Sulphuric Acid, 25% ............ SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD
Caustic Soda, 5% ................. S,NAC MSh,SWp SS SS.FSD SSp,FSD SSp,FSD MSh SSp,FSD
Caustic Soda, 105i................ S.FSD MSh,WF,Horny SS SS,SB,FSD SS,St),FSD SS.SB,FSD MSh S,SB,FSD
Alum, 13%............................ NAC NAC NAC NAC NAC NAC NAC NAC
Sodium Carbonate, 10% .. . . SB.GC NAC GC SB,GC SB.GC SB.GC GC SB.GC
Calcium Chloride, 25% ...... NAC NAC NAC NAC NAC NAC NAC NAC
Common Sail, 25% .............. NAC NAC NAC SS.GC SS.GC SB.GC NAC NAC
Water .................................... NAC NAC NAC NAC NAC NAC NAC NAC
Sodium Sulphide................ SS.SB MSh.WF SB SB SB SB MSh,FSD FSD

Condition of W oods After 8 Hours Boiling in Solutions*
(Examined after 7 days drying)

Fir Oak Oregon Pine Yellow Pine Spruce Redwood Maple Cypress

Hydrochloric Acid, 1 0 % .. . . SB,S FSD FSD FSD FSD FSD FSD FSD
Hydrochloric Acid, 5 0 % .. . . FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG FD,Ch,B,S,NG
Sulphuric Acid, 4 % .............. SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC
Sulphuric Acid, 5 % .............. SS.GC SB.GC SB.GC SB.GC SB,FSD SB.GC SB.GC SB.FSD
Sulphuric Acid, 10% ............ SS.GC BFD,Wpd,NG Sp.FD.NG B,Sp,FD,NG B,Sp.FD.NG SB.FSD SB.FSD B,FD
Caustic Soda, 5% .................. SS MSh S GC S,GC S,GC Sh SSp
Alum, 13%............................. SB.GC NAC NAC SB.GC SB.GC SB.GC NAC SB.GC
Sodium Carbonate, 10% ___ SB.GC GC GC GC GC GC GC SB.GC
Calcium Chloride, 2 5 % ,. . . . SB.GC SB.SS.GC NAC SB,GC SB.GC NAC NAC SB.GC
Common Sail, 25% .............. NAC NAC NAC SB.GC NAC SB.GC NAC NAC
Water...................................... NAC NAC SB.GC NAC NAC NAC NAC

* The two tables describing the condition of eight varieties of woods used for tanks and other chemical-resistant uses are based on a report of James K. Stewart, consulting chemist, to 
the Mountain Copper Co., Martinez, Calif. Tests were conducted on samples 1 x 4 x M  in. in size, seasoned and chosen so as to be as nearly as possible in the same physical condition as 
the woods would be when used for equipment construction. Results of the tests are described by terms explained in the following key:
Abbreviation Key FSD — Fiber Slightly Disintegrated S — Softer SSp — Slightly Spongy

GC — Good Condition SB — Slightly Brittle SWF — Slightly Weakened Fiber
B — Brittle MSh — Much Shrunk Sh — Shrunk SWp — Slightly Warped
Ch — Charred NAC — No Apparent Change Sp — Spongy WF — Weakened Fiber
FD — Fiber Disintegrated NG — NoGood S3 — Slightly Softer Wpd —  Warped

R epresentative M akers of W ood Tanks an d  Pipe for Chem ical A pplications
Acme Tank Co., New York, N. Y. Dempster Mill Mfg. Co., Beatrice Hauser-Stander Tank Co., Cin- National Tank & Pipe Co., Port- Wm. B. Scaifo & Sons Co., P i t t s ' 
Alert Pipe «fc Supply Co., Bay City, Neb. cinnati, Ohio land, Oregon borgh Dist., Oakmont, P a .

Mich. Drane Tank Co., Fort Worth, Texas Hammond Little River Redwood New England Tank «fc Tower Co., Schubert-Christy Corp., St. Louis
Atlantic Tank Corp., North Bergen, Drummond Mfg. Co., Louisville, Ky Co., Samoa, Calif. Everett, Mass. A. T. Stearns Lumber Co., Boston

N. J . Dunck Tank Works, Inc., Mil- Henderson Bros. Co., Waterbury Pacific Cooperage Co., Portland, Treadwell Construction Co., Station
Axtcll Co., Fort Worth, Texas waukee, Wis. R- R- Howell & Co., Minneapolis Oregon A., Midland, Pa.
Baltimore Cooperage Tank & Tower G. Elias & Bro., Buffalo, N. Y. Jame? Hunter Machine Co., North Pacific Wood Tank Corp., San Union Lumber Co., Crocker Bldg.

Co., Baltimore, Md. Engle Tank Co., Chicago, 111. Adams, Mass. Francisco, Calif. San Francisco, CaJif.
Black, Si vails Sc Bryson, Inc., Okla- Federal Pipe & Tank Co., Seattle Johnson & Carlson, Chicago, 111. Pacific Tank <fc Pipe Co., Oakland U. S. Wind Engine & Pump C o .,

horna City, Okla. Fleming Tank Co., Pittsburgh, Pa. Kalamazoo Tank & Silo Co., Kala- Calif. Batavia, 111.
C. F. Braun & Co., Alhambra, Calif. Fluor Corp., Ltd., Los Angeles mazoo, Mich. Parkersburg Rig & Reel Co., Wendnagel Co., Chicago, III.
W. E. Caldwell Co., Louisville, Ky. Fibre Conduit Co., Orangeburg, N. Y Lincoln Tank Co., Shreveport, La. Parkersburg, West Va. C. H. Wheeler Mfg. Co., North
Challenge Co., Baiavia, III. Foster Wheeler Corp., New York Lille-Hoffman Cooling Towers, Inc., Fred C. Pfeil, Inc., Buffalo, N. Y. Phila., Pa.
Caspar Lumber Co., Hobart Bidg., General Tank Corp., Kearny, N .J . St. Louis, Mo. J. F. Pritchard & Co., Kansas City, G. Woolford Wood Tank Co., Darby.

San Francisco, Calif. Amos H. Hall & Sons, Philadelphia Marley Co., Kansas City, Kan. Mo. Pa.
A .J. Corcoran, Inc., Jersey City, N .J  Harry Cooling & Equipment Co., Michigan Pipe Co., Bay City, Mich. Redwood Mfrs. Co., San Francisco, A. Wyckoff & Son Co., Elmira, 
Cypress Tank Co., Shreveport, La. Doylcstown, Pa. National Tank Co., Tulsa, Okla. Calif. N . Y.
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Metals and Alloys for Construction of Chemical Engineering Equipment
No. Material Manufacturer Essential Nominal Chemical Composition, 

Percent
Machin­

ing
Qualities

Method»
of

Fabrication
Forms Available

Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance

Temp. 0.5% 2.5% 10% 25% 60% 95% Temp. 0.25% 1% 5% 20% Cone. Temp. 0.5% 5% 20% 65% Temp 0.5% 10% 80% 100% Temp. 10% 50% 85% Temp. 0.5% 50% 70% Temp. 5% free Cl 20% free Cl Heat Abrnsiun
No.

1
FERROUS ALLOYS

301 Stainless Steel, wrought Note: Physical and chemical properties for thost 
stainless steels in wrought form which have beer 
assigned type numbers by the American Iron d 
Steel Institute are grouped herewith a t the sug 
gestion of the Stainless Steel Technical Com 
mittee of the producers. These stainless steels 
in wrought form are generally available from the 
following producers:

Allegheny-Ludium Steel Corp., Pittsburgh, Pa.
Alloy Metal Wire Co., Prospect Park, Pa.
American Rolling Mill Co., Middletown, Ohio 
Babcock & Wilcox Tube Co., Beaver Falls, Pa. 
Bethlehem Steel Co., Bethlehem, Pa.
A. M. Byers Co., Pittsburgh, Pa.
Carpenter Steel Co., Reading, Pa.
Cooper Alloy Fdry. Co., Elizabeth, N. J.
Crucible Steel Co., New York, N. Y.
Wilbur B. Driver Co., Newark, N. J.
Firth Sterling Steel Co., McKeesport, Pa.
Forging and Casting Corp., Ferndale, Mich.
Henry DLsston & Sons, Philadelphia, Pa.
Ingersoll Steel & Disc Div., Borg-Warner Corp., 

New Castle, Ind.
Jcssop Steel Co., W’ashingtcn, Pa.
Latrobe Electric Steel Co., Latrobe, Pa.
Michiana Products Corp., Michigan City, Ind. 
Midvale Co., Philadelphia, Pa.
Spang Chalfant Div., Nat. Supply Co., Pittsburgh, Pa. 
Timken Roller Bearing Co., Canton, Ohio 
Republic Steel Corp., Cleveland, Ohio 
Rustless Iron &, Steel Corp., Baltimore, Md.
Superior Steel Corp., Carnegie, Pa.
United States Steel Corp., Pittsburgh, Pa.
Universal Cyclops Steel Corp., Bridgeville, Pa. 
Vanadium Alloys Steel Co., Latrobe, Pa.

*Sce next page for manufacturer's name and address.

Fe; Cr, 16-18; Ni, 6- 8; C, O.OS-O.2; Mn, 2.0 max. Fair B, DD, F, R, W B, CR, D, HR, P, S, W Room R R R R 
Boiling R R R R

Room It R It It Good CukmI 1

2 302 Stainless Steel, wrought Fe; Cr, 17-19; Ni, 8-10; C, >  0.0S-0.20; Mn, 2.0 max. Fair B, DD, F, R, W B, CR, D, HR, P, S, W, T, R Room R R R R 
Boiling R R R R

Room R R It It Good Fair 2

3 302B Stainless Steel, wrought Fe; Cr, 17.0-19; Ni, 8-10; C, >  0.08; Si, 2-3; Mn, 2.0 Fair B, CR, D, HR, P, S, W ------—
3

4 303 Stainless Steel, wrought Fe; Cr, 17-19; Ni, 8-10; C, 0.2 max.; S or Se, 0.07 min. or 
Mo, 0.60 max.

Good B, W B, CR, D, HR, P, S, W Room R R R R 
Boiling R R R R

Room It R Good 4

5 304 Stainless Steel, wrought Fe; Cr, 18-20; Ni, 8-10; C, 0.0S max.; Mn, 2.0 max. Fair DD, F, R, V B, CR, D, HR, P, R, S, T, W Room R R R Room R R R R 
Boiling R R R R

Room It It R It 
Boiling It ‘ It

Room It R It Room It R 
Boiling R R 5

6 308 Stainless Steel, wrought Fe; Cr, 19-22; Ni, 10-12; C, 0.0S max.; Mn, 2 max. Poor DD, F, R, W B, CR, D, HR, P, R, S, T, W Room R R R Room R R R R 
Boiling R R R R

Room R It R It Room It It R Room It It 
Boiling R R

Room R 6

7 309 Stainless Steel, wrought Fe; Cr, 22-26; Ni, 12-15; C, 0.20 max. Fair B, DD, F, R, W B, CR, D, HR, P, R, S, W Room R R R 11 
Boiling R R R R

Room R R R It Room It It It Room It It Room It Good Good 7

8 309S Stainless Steel, wrought Fe; Cr, 22-26; Ni, 12-15; C, O.OS max. B, CR, D, HR, P, S, W Room R R R Room R R R R 
Boiling R R R R

Room It It It It 8

9 310 Stainless Steel, wrought Fe; Cr, 23-26; Ni, 19-22; C, 0.25 max. Fair DD, F, R, V B, CR, D, HR, P, R. S, T, W Room R K R Room R R R It 
Boiling It R R R

Room R It R It Room It It It 
Boiling R It It

Room R Good Fair 9

10 311 Stainless Steel, wrought Fe; Cr, 18-20; Ni, 24-26; C, 0.25 max. Good DD, F, R, V B, CR, D, HR, P, S, W Room R R R Room R R R It 
Boiling R It It It

Room R It It It Room It It It 10

11 312 Stainless Steel, wrought Fe; Cr, 27-31; Ni, 8-10; C, 0.25 max. B, D, P, S, W Room R It It It 
Boiling R R It R

Room R R 11

12 316 Stainless Steel, wrought Fe; Cr, 16-18; Ni, 10-14; C, 0.10 max.; Mo, 2-3 Fair B, DD, F, R, W B, CR, D, HR, P, It, S, T, W Room R R R R R 
Boiling R

Room R It It It 
Boiling It R It R

Room It It It It 
Boiling R R R R

Room It It It 
Boiling It It

Room It It 
Boiling R It

Room It It Good Good 12 Í

13 317 Stainless Steel, wrought Fe; Cr, 17.5-20; Ni, 10-14; C, 0.10 max.; Mo, 3-4 Fair B, DD, F, R, W B, CR, HR, P, R, S, T, W Room R R R R R 
Boiling It

Room It R R It 
Boiling It It It It

Room It R R R 
Boiling R It R It

Room It It It 
Boiling It It

Room It It 
Boiling It It

Room It R Good Good 13

14 321 Stainless Steel, wrought Fe; Cr, 17-19; Ni, 8-12; C, 0.10 max.; Ti, min, 4xC Fair DD, F, R, W B, CR, D, HR, P, R, S, T, W Room R R 11 Room It R R It 
Boiling It It It It

Room R R It It 
Boiling It * It

Room It It It Room It 
Boiling It

14

15 325 Stainless Steel, wrought Fe; Cr, 7-10; Ni, 19-23; C, 0.25 inax.; Cu, 1-1.5 R, W B, CR, D, HR, P, S, W Room R R R R R 15

16 327 Stainless Steel, wrought Fe; Cr, 25-30; Ni, 3-5; C, 0.25 max. B, CR, D, HR, P, S, W Room R It It It 
Boiling It It It It

Room R R It It Room It It It 16

17 329 Stainless Steel, wrought Fe; Cr, 25-30; Ni, 3-5; C, 0.10 max.; Mo, 1-1.5 Good B, DD, F, R W B, CR, D, HR, P, S/W Room R R R R 
Boiling R R

Room It It It It 
Boiling It R It It

Room It It It It 
Boiling It It It It

Room It It It 
Boiling It It

Room It 
Boiling It

17

LS 330 Stainless Steel, wrought Fe; Cr, 14-16; Ni, 33-36; C, 0.25 B, F, R B, D, HR, P, S, W Primarily used for furnace parts and other high-te nperature applications Good 18

19 347 Stainless Steel, wrought Fe; Cr, 17-20; Ni, 8-12; C, 0.10 max.; CbSxC Fair B, DD, F, R, W B, CR, D, HR, P, R, S, T, W Room R R R Room R It It R 
Boiling It It It R

Room It It 
Boiling It* R

Room It R It Room It It It 
Boiling It

Good Good 19

20 403 Stainless Steel, wrought Fe; Cr, 11.5-13; C, 0.15 max. Fair DD, F, R, F B, CR, D, HR, P, R, S, T, W 20

21 405 Stainless Steel, wrought Fe; Cr, 11.5-13.5; C, 0.08; Al, 0.10-0.20 - B, CR, D, HR, P, S, W 21

22

23

406 Stainless Steel, wrought Fe; Cr, 12-14; C, 0.15 max.; Al, 4-4.5 B, CR, D, HR, P, S, W 22

410 Stainless Steel, wrought Fe; Cr; 10-14; C, 0.15 max. Fair B, DD, F, R- W B, CR, D, HR, P, R, S, T, W Fair Fair 23

24 414 Stainless Steel, wrought Fe; Cr, 10-14; Ni, 2.5 max.; C, 0.15 max. B, DD, F.W B, D, HR, P, R, S, W - ............... ....  ■ Fair Poor 24

25 416 Stainless Steel, wrought Fe; Cr, 12-14; C, 0.15 max.; S or Se, 0.07 min. or Mo, 0.60 
max.

Good Welding, for) jng B, CR, D, HR, P, R, S, T, W Fair Fair 25

26 418 Stainless Steel, wrought Fe; Cr, 12-14; C, 0.15 max.; W, 2.5-3.5 26

27 420 Stainless Steel, wrought Fe; Cr, 12-14; C, >  0.15 Fair B, DD, F, R w B, CR, D, HR, P, R, S, W Fair Fair 27

28 420F Stainless Steel, wrought Fe; Cr, 12-14; C, >  0.15; S or Se, 0.07 min. or Mo, 0.60 max. Good B, R, W 2S

29 430 Stainless Steel, wrought Fe; Cr, 14-18; C, 0.12 max. Fair li. DD, F, R jw B, CR, HR, P, R, S, T, W Room R Room R R It It 
Boiling It It It R

Room K R Room It 
Boiling R

Fair Fair 29

3030 430F Stainless Steel, wrought Fe; Cr, 14-18; C, 0.12 max.; S or Se, 0.07 min. or Mo, 0.60 
max.

Good B, R  W B, CR, D, HR, R, W

31 431 Stainless Steel, wrought Fe; Cr, 14-18; Ni, 2.5 max.; C, 0.15 max. B, CR, D, HR, P, S, W Room R Room It It It It 
Boiling It It R R

Room R R 31

32 440 Stainless Steel, wrought Fe; Cr, 14-18; C, >  0.12 Fair B, R  W B, CR, D, HR, R, S, W Fair Good 32

33 441 Stainless Steel, wrought Fe; Cr, 14-18; Ni, 2.5 max.; C, >  0.15 B, W B, CR, D, HR, P, R, S, W Fair Good 33

34 442 Stainless Steel, wrought Fe; Cr, 18-23; C, 0.35 max. Fair B, DD, F, R -W B, CR, D, HR, P, R, S Room R Room R R R R 
Boiling R It It R

Room It R Room R 
Boiling It

34

35 446 Stainless Steel, wrought Fe; Cr, 23-30; C, 0.35 max. Fair B, F, R  W B, CR, D, HR, P, R, S, T, W Room R Room R R It R 
Boiling R R It It

Room It R Room It It It Room R 
Boiling It

Excel. Good 35

36 501 Stainless Steel, wrought Fe; Cr, 4-6; C, >  0.10 Fair DD, F, R, V, B, CR, D, HR, P, R, S, T, W Fair Fair 36

37 502 Stainless Steel, wrought Fe; Cr, 4-6; C, 0.10 max. Fair DD, F, R  ^ B, CR, D, HR, P, R, S, T, W 37

38 CA-14 Stainless Steel, cast* Fe; Cr, 11-14; Ni, 1 max.; C, 0.14 max. Good Castings Principal uses are valves and fittings, and pumps in oil refineries Room It It Room R R Room It Fair Fair 38

39 CA-40 Stainless Steel, cast* Fe; Cr, 11-14; Ni, 1 max.; C, 0.20-0.40 Good Castings Principal uses are valves and fittings, and pumps in oil refineries Room It It Fair Fair 39

40 CB-30 Stainless Steel, cast*

i

Fe; Cr, 18-22; Ni, 2 max.; C, 0.30 max. Castings Room R R R It 
Boiling R It R It

Room It R R R 
Boiling R R

Room It It It 
Boiling R R It

Room R It R Short immersions at room tempera­
ture

Fair Fair 40

4141 CC-35 Stainless Steel, cast* Fe; Cr, 27-30; Ni, 3 max.; C, 0.35 max. Fair F, W Castings Room R Room R R R It 
Boiling R R R R

Room It R R R 
Boiling R R

Room R It R 
Boiling R

Room It It R 
Boiling It

Short immersions at room tempera­
ture

Good Fair

42 CD-10M Stainless Steel, cast* Fe; Cr, 27-30; Ni, 3-6; C, 0.10 max.; Mo, 2.00 max. Castings Room R R R R 
Boiling R R

Room R It It R 
Boiling R R It R

Room R R R It 
Boiling R R It R

Room R It R 
Boiling R It

Room R 
Boiling It -------

42 r

T erm s U sed
Composition
“Essential nom iim l chom icnl com­
p o s itio n '' refer« to  tlio p rin c ip a l co n ­
stituents a n d  the approximate p ro ­
p o rtio n  present. When " I V  is 
sh o w n  w ith o u t  porcontago i t  may bo 
assu m ed  th a t  i t  ropr<wunt.s tho bal­
ance of th o  comiKx-iition.

Form* Available
H => bars 
C =  castings 
CR “  cold rolled 
1) =  drawn 
HR «  hot rolled 
I* *=» platos 
U *=* rods 
S “  sheets 
T  ™ tubes 
\V =  wiro

Method« of Fabrication
B =  brazing 
1)1) »  deep drawing 
F =* flanging 
H »■ rivoting 
W == welding

Corrosion Data
R indicates that tho mntal or alloy 
should givo reasonal>ly good refúst- 
ance under tho conditions of concen­
tration and temperature specified, 
but it dees not imply any guarantee 
of satisfactory service. Tho figures 
following tho R are the reported ro- 
suit of laboratory corrosion test in 
inches penetration |>er year. Whero 
space is left Mantc cither there are 
insufficient data available toindicato 
tho extent of resistance or more com- 
pleto information concerning the ser- 
vico required is necessar).

Footnotes
Superior numljers refer to footnotes.

r *  I
( j J jg J J j

1 S ta b le  so lu tio n s  on ly . 3 D epend ing  on serv ice . s C om jiosltlon  g iven  Is fo r  c a s tin g s . ‘ H ig h e r  c a rb o n  if  specified. 5 W ith  m olybdenum . “ T o ta l  in  m ersio n  only .
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Continued M etals and  A lloys for C onstruction of C hem ical E n gin eerin g  Equipm entE<
No Material Manufacture! Essential Nominal Chcmical Composition; 

Percent
Machin­

ing
Qualities

1

Method;
of

Fabrication
Forms Available

Sulphuric Acid Hydrochloric Acid Nitric Acid Acct c Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance

No.
Temp. 0.5% 2.5% 10% 25% 60 Vo 95% Temp. 0.25% 1% 5% 20'.,', Cone. Temp. 0.5% 5% 20% 65% Temp. 0.5% 10% 80% 100% Temp. 10% 50',', 85%, Temp. 0.5% 50% 70' '0 Temp. 5% free Cl 20% free Cl Heat Abrasion

43 CE-30 Stainless Steel, cast Xoto: These are the standard designations of cast 
corn]x>sitions for nickcl-chromium alloys published 
by tiie Alloy Casting Institute. The recommended 
uses have been assembled from published data of 
individual producers. These compositions are 
available from one or more of the following 
foundries:

.Allegheny Ludlum Steel Corp., Pittsburgh, Pa. 
American Manganese Steel Div. of the American 

Brake Shoo & Fdry. Co., Chicago Heights, III. 
American Steel Castings Co., Newark, N. J .
Atlas Foundry Co., Irvington, N. J.
Babcock Wilcox Co., Barberton, Ohio 
Chicago Steel Foundry, Chicago, 111.
Cooper Alloy Foundry Co., Elizabeth, N. J.
Crane Co., Chicago, 111.
Driver Harris Co., Harrifon, N. J.
Duraloy Co., Scottdale, Pa.
Duriron Co., Inc., Dayton, Ohio 
Electric Steel Foundry Co., Portland, Ore. 
Electro-Alloys Co., Elyria, Ohio 
Empire Steel Castings, Inc., Reading, Pa.
General Alloys Co., Boston, Mass.
Hoskins Mfg. Co., Detroit, Mich.
Lebanon Steel Foundry, Lebanon, Pa.
Michiana Products Corp., Michigan City, Ind. 
Michigan Steel Casting Co., Detroit, Mich.
Midvale Co., Philadelphia, Pa.
National Alloy Div. of tho Blaw-Knox Co., Blawnox, 

Pa.
Ohio Steel Foundry Co., Lima and Springfield, Ohio 
Otis Elevator Co., Buffalo, N. Y.
Sivyer Steel Casting Co., Milwaukee, Wis.
Standard Alloy Co., Cleveland, Ohio 
Symington-Gould Corp., Rochester, N. Y.
Taylor Wharton Iron & Steel Co., High Bridge, N. J. 
Wurman Steel Casting Co., Huntington Park, Calif. 
Utility Electric Steel Foundry, Los Angeles, Calif.

___ ___

Fe; Cr, 27-30; Ni, 8-11; 0 , 0.30 nuix. Fair

Fair

Castings Room R It .004 .03 Room . 08 Itoom R R It It 
Boiling It R It It

Room R 
Boiling It

It It R 
It .035

Room It R R Room R It It 
Boiling R R

Room R Good Fair 43

44 CP-7 Stainless Steel, cast Fc; Cr, 18-20; Ni, 8-10; C, 0.07 max. Castings Room R R 0.2 0.7 Room R Room R It It It 
Boiling It It It It ,008

Room R 
Boiling It

It It R.0005 
R .09

Room It It It .001 
Boiling It

Room R It R 
Boiling R R

Room R R Fair Poor 44

45 CF-10 Stainless Steel, cast Fe; Cr, 18-20; Ni, 8-10; C, 0.10 max. Fair Castings Room R s R & It * Room R It Room It It It R 
Boiling It It It It

Room I t 5 
Boiling R 6

I t 1 I t 4 R * 
I t 4 It » H s

Room It It R 
Boiling R It

Room It It R 
Boiling It It It

Room It R 
Boiling It It

Fair Fair 45

40 CF-16 Stainless Steel, cast Fe; Cr, 18-20; Ni, 8-10; C, 0.1 (i max. Good B, F, R, W Castings Room It R R Room It It Room It It It It 
Boiling It It It It

Room It 
Boiling It

It It R 
R It It

Itoom It R It 
Boiling It It

Room It R R 
Boiling It It It

Room It R 
Boiling It It

Fair Fair 40

47 CF-20 Stainless Steel, cast Fe; Cr, 18-20; Ni, 8-10; C, 0.20 max. Fair Castings Room It It It It 
Boiling It It It It

Room
Boiling

R
It

Room It 
Boiling It

Fair Poor 47

48 CF*7Se Stainless Steel, cast Fc; Cr, 18-20; Ni, 8-10; C, 0.07 max.; Se, 0.20-0.35 Castings 48

40 CF-7C Stainless Steel, cast Fe; Cr, 18-20; Ni, S-10; C, 0.07 max.; Cb, 10XC R .W Castings Room It It R Room R It R It 
Boiling R It It It

Room It 
Boiling It

R
It

Itoom It It It Room It It R 
Boiling It

la ir Fair 49

50 CF-7M Stainless Steel, cast Fc; Cr, 18-20; Ni, S-10; C, 0.07 max.; Mo, 2.5-3.5 Fair Castings Room R R .002 R .003 R 
Boiling R

Room R R .0007 Room It It It It 
Boiling R It It It .018

Room R 
Boiling It

It It R.0001 
It It R.003

Itoom It It R.0002 
Boiling It It

Room It It R 
Boiling It It R

Room It It Fair Poor 50

51 CF-IOM Stainless Steel, cast Fe; Cr, 18-20; Ni, 8-10; C, 0.10 max.; Mo, 2.5-3.5 Poor B, W Castings Fair Fair 51

52 CF-16M Stainless Steel, cast Fe; Cr, 18-20; Ni, S-10; C, 0.10 max.; Mo, 2.5-3.5 Castings Room R R R R R 
Boiling It

Room It It It It 
Boiling It It It It

Room It 
Boiling R

R It It 
It It It

Itoom It It It 
Boiling It It

Room R It 
Boiling It It

Room It It Good Good 52

53 CF-7MC Stainless Steel, cast Fe; Cr, 18-20; Ni, S-10; C, 0.07 max.; Mo, 2.5-3.5;Cb, 10XC Castings 53

54 CG-7 Stainless Steel, cast Fe; Cr, 20- 22; Ni, 10-12; C, 0.07 max. Poor F, R, W Castings Room R R R Room It It It It 
Boiling R It It It

Room It It R  It Room It* It It Room It It 
Boiling It It

Room R 54

55 CG-10 Stainless Steel, cast Fe; Cr, 20- 22; Ni, 10-12; C, 0.10 max. Good B, F, R, W Castings Room R It R Room It It R R 
Boiling It It It It

Room It 
Boiling It

It It It 
It It It

Room R It It 
Boiling It It

Room It It R 
Boiling It R It

Fair F air 55

50 CG-16 Stainless Steel, cast Fe; Cr, 20- 22; Ni, 10- 12; C, 0.16 max. Castings 56

57 CG-16Se Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.16 max.; Se, 0.20-0.35 Castings 57

5S CG-7C Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.07 max.; Cb, 10XC Good F, R, W Castings Room It R R 
Boiling

Room It It It It 
Boiling It R It R

Room It 
Boiling R

It It It 
It It It

Itoom It It It 
Boiling It It

Itoom It It It 
Boiling It It R

Itoom R R 
Boiling R R

Fair Fair 58

50 CG-7M Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.07 max.; Mo, 2.5-3.5 Castings 59

00 CG-10M Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.10 max.; Mo, 2.5-3.5 Good B, F, R, W Castings Room R R It R R R Room R R Room It It It It 
Boiling It It It It

Room R 
Boiling It

It It It 
R It It

Room It It It 
Boiling It It It

Room It It R 
Boiling R  It It

Room It It 
Boiling It It

Fair Fair 60

01 CG-16M Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.10 max.; Mo, 2.5-3.5 R, w Castings Room R It R R R 
Boiling R

Room It It R R 
Boiling R R It R

Room R 
Boiling R

R It It 
It It It

Itoom It It R 
Boiling R It

Room R It 
Boiling It It

Room R R 61

02 CG-7 MC Stainless Steel, cast Fe; Cr, 20-22; Ni, 10-12; C, 0.07 max.; Mo, 2.5-3.5; Cb, 
10XC

Castings 62

03 CH-10 Stainless Steel, cast Fe; Cr, 23-20; Ni, 10-12; C, 0.10 max. It, W Castings Room R R R Room R R It R 
Boiling It It It It

Room It R It It 63

04 CH-20 Stainless Steel, cast Fe; Cr, 23-20; Ni, 10-12; C, 0.20 max. Fair B, C Room It R .0025 R  .005 Itoom It .00 Room It It It It 
Boiling It It It It .009

Room It 
Boiling R

It It It
It .06

Room R R R 
Boiling It

Itoom It It R 
Boiling R R It

Room It 
Boiling It

Good Fair 64

65 CH-IOC Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.10 max.; Cb, 10XC Castings 65

06 CH-IOM Stainless Steel, cast Fc; Cr, 23-26; Ni, 10-12; C, 0.10 max.; Mo, 2.5-3.5 Fair W Castings Room RC.004 RC.004 Ii< .004 R <  R <  R <
.004 .004 .004

Room R R 
Boiling R R .0030

Room It It It It 
Boiling R It It R.01S0

Room It 
Boiling R

It It It 
R R R

Room It R R 
Boiling It It

Room It It R 
Boiling It It It

Fair Good 06

67 CH-20M Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.20 max.; Mo, 2.5-3.5 Fair B, C Room R R .0001 R .001 R 
Boiling R .08 .4

Room R R .0001 
Boiling It It .004

Room It It It It 
Boiling It It It It .01

Room It 
Boiling It

R It It 
It It R.0017

Room It It It 
Boiling i t  It

Itoom It It R 
Boiling It It It

Room It It 
Boiling R

Good Fair 67

68 CH-IOMC Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.10 max.; Mo, 2.5-3.5; Cl>. 
10XG

Castings 68

6969 CK-25 Stainless Steel, cast Fe; Cr, 23-26; Ni, 19-21; C, 0.25 max. R, W Castings Room It It R Itoom It It It It 
Boding It It It It

Room It It R It ltooin R R R 
Boiling It It It

Room R Fair Fair

70 CM-25 Stainless Steel, cast Fe; Cr, 8-11; Ni, 19-21; C, 0.25 max. Castings 70

71 HB Stainless Steel, cast Fe; Cr, 18-22; Ni, 2 max. Castings 71

72 HC Stainless Steel, cast (Fe; Cr, 27-30; Ni, 3 max. Fair Castings Room R It R It 
Boiling It It It R

Itoom It Good Good 72

73 HD Stainless Steel, cast Fe; Cr, 27-30; Ni, 3-6 Castings Itoom It It R It 
Boiling R It R R

Room R R It R Itoom R R R 72

74 HE Stainless Steel, cast Fe; Cr, 27-30; Ni, S -ll Castings T4

75 HH Stainless Steel, cast Fe; Cr, 23-27; Ni, 10-13 Fair Castings Furnace parts, tube supports and other heat resistant parts Room R R R R 
Boiling R It It It

Room R Room R 
Boiling R

Good Fan- 75

70 HK Stainless Steel, cast Fe; Cr, 23-20; Ni, 19-21 Good W Castings Used for its resistance to  high temperatures Good Poor 70
77 HL Stainless Steel, cast Fe; Cr, 2S-32; Ni, 19-21 Castings 77
78 HP Stainless Steel, cast Fe; Cr, 2S-32; Ni, 29-31 Castings 78
79 HS Stainless Steel, cast Fe; Cr, 8- 12; Ni, 29-32 Castings 79
SO HT Stainless Steel, cast Fe; Cr, 13-17; Ni, 34-37 Good Castings Used primarily for high-temperature applic3tio is Good Fair SO

8181 HU Stainless Steel, cast Fe; Cr, 17-21 ; Ni, 37-40 Good W Castings Used primarily for heat resistance Good Good
82

83

HW Stainless Steel, cast Fe; Cr, 10-14; Ni, 59-62 Good Castings Room R R R R R R 
Boiling R R

Room R R R R R 
Boiling R R

Room It It It R 
Boiling It It

Room R 
Boiling R

It R R 
It It It

Primarily for h«at resistance Room R It R 
Boiling It It It

Good Fair 82

HX Stainless SteeJ, cast Fc; Cr, 15-19; Ni, 65-48

-
Good Castings Primarily for high-temperature applications Room It It It It 

Boiling R R It It
Room It R It It Room R It It Room R It It 

Boiling R It
Good Fair ^ 83

T e r m s U sed
Composition
“Essential nominal clicinical com­
position'' refera to the principal con­
stituents and the approximate pro­
portion present. When “ Fe" is 
shown without percentage it may be 
assumed that it represents the bal­
ance of the composition.

Forms Available
B «  bars 
C =  castings 
CR =  cold rolled 
I) =* drawn 
HR »  hot rolled 
1* «  plates 
R =  rods 
S =» sheets 
T =» tubes 
W °» wiro

Methods of Fabrication
B “  brazing 
I>D =» deep drawing 
F =» Hanging 
R =» riveting 
W ** welding

Corrosion Data
R indicate* that the metal or alloy 
should give reasonably good resist­
ance under the conditions of concen­
trât ion and temperature specified, 
but it does uot imply any guarantee 
of satisfactory service. The figures 
following tho R are the reported re­
sult of laboratory corrosion tost in 
inches penetration per year. Whero 
space is left blank either there are 
insufficient data availaNo to indicate 
tho extent of resistance or more com­
plete information concerning the ser­
vice required is necessary.

Footnotes
Superior numbers refer to footnotes.

> S ta b le  s o lu tio n s  only . ’ D epen d in g  on serv ice . J C om position  given is fo r  c as tin g s . • l l lg b e r  carbon  If specified. 6 W ith  m olybdenum .



Continued  M e t a l s  O l i d AlII03É

No. Material Manufacture!
Essential Nominal Chemical Composition, 

Percent
Machin­

ing
Qualities

Methods
of

Fabricatio

S4 Abrasion Resisting Lukens Steel Co., Coates ville. Pa. Fc; C, 0.4-0.5; Mn, 1.80 max. Fair It

85 Alchrome 3 Wilbur B. Driver Co., Newark, N .J . Fc; Cr, 20; Al, 3 Fair

80 Alchrome 6 Wilbur B. Driver Co., Newark, N. J. Fc; Cr, 20; Al, 6 Fair

S7 Allegheny Metal 20-255 Allegheny Ludlum Steel Corp., Pittsburgh, Pa. Fe; Cr, 19-21; Ni, 24-26; C, 0.11 max. R, W

88 Allegheny Metal 20-25 SM Allegheny Ludlum Steel Corp., Pittsburgh. Pa. Fe; Cr, 19-21; Ni, 24-26; C, 0.11 max.; Mo, 2-3 R, W

80 Allegheny Metal 12 Chr. Allegheny Ludlum Steel Corp., Pittsburgh, Pa. Fe; Cr, 10-13.5; Ni, 1 max.; C, 0.15 It, w

90 Allegheny Pluramelt Allegheny Ludlum Steel Corp., Pittsburgh, Pa. (Sec footnote 13)

91 Alray D Alloy Metal Wire Co., Prospect Park, Pa. Fe; Cr, 35; Ni, 15 B, It, W

92 Antsco Hardface-Self Hardening Amcr. Manganese Steel I)iv., Amer. Brake Shoo Ac 
Fdry. Co., Chicago Heights, III.

Fe; C; Cr; Mo; Mn Poor w

93 Anisco Hard Facing Rod 217 Amer. Manganese Steel Div., Amcr. Brako Shoe k 
Fdry. Co., Chicago Heights, 111.

Fc; C; Cr; Mh; W; Mo l ’oor

94 Amsco Hard Facing Welding Rod 459 Amer. Manganese Steel Div., Amcr. Brake Shoe it 
Fdry. Co., Chicago Heights, 111.

Fe; C; Cr; Mn; Mo Poor

95 Amsco Manganese Steel Amcr. Manganese Steel I)iv., Amcr. Brake Shoe A 
Fdry. Co., Chicago Heights, 111.

Fe; C, 1.05-1.20; Mn, 12.5-13; Si, 0.4-0.6 R. W

90 Amsco Ni-Mn Welding Rod Amer. Manganese Steel I)iv., Amcr. Brako Shoe & 
Fdry. Co., Chicago, Heights, 111.

Fe; C, 0.75-0.95; Mn, 13-15; Ni; 3.5-4.5

97 B & W 5150 Babcock <fc Wilcox Co., New York, N. Y. Fe; Cr, 1.4; C, 1.0; Mn, 0.4; Si, 0.25

9S Bethlehem 235 Bethlehem Steel Co., Bethlehem, Pa. Fe; C, 0.35-0.50; Mn, 1.20-1.75; Si, 0.15-0.25 Fair

99 Builokast Gray Iron Buffalo Fdry. <fc Machine Co., Buffalo, N. Y. Fc; C, 3.2-3.0; Ni, 2 max.; Si, 1-2; Mn, 0.6-0.9 Good

100 Carbon-Molybdenum Steel Lukens Steel Co., Coa tes ville, Pa. Fe; C, 0.18-0.28; Mo, 0.4-0.6; Mn, 0.5-0.9 Good F, R, W

101 Causul Metal Lunkenheimer Co., Cincinnati, O. Fe; Ni, 18-22; C, 2.2-2.S; Cu, 3.S-5.5; Cr, 1.4-1.9; Mn, 
0.9-1.5

102 Chromax Driver Harris Co., Harrison, N. J. Fe; Cr, 19; Ni, 35 Good B, DD, F, 1

103 Chromei C Haskins Mfg. Co., Detroit, Mich. Fc; Cr, 16; Ni, 61; C, 0.10 Good B, F, R, W

104 4-6 Chrome Spang Chalfant Division, Pittsburgh, Pa. Fc; Cr, 4-6; C, 0.10 max.; Mn, 0.5 max.; Ti, 4-6 x C Good F, W

105 4-6 Chrome Spang Chalfant Division, Pittsburgh, Pa. Fe; Cr, 4-6; C, 0.20 max.; Mn, 0.5 max. Good F, W

106 Chrome-Copper-Nickel Steel Lukens Steel Co., Coates ville. Pa. Fc; Cr, 0.65-0.85; Ni, 0.75 max.; C, 0.12 max.; Cu, 0.45-0.65 Fair F, It, W

107 Chrome-Manganese Steel Lukens Steel Co., Coatesville, Pa. Fe; Cr, 0.50; Mn, 0.90; C, 0.40 Fair F, It, W

108 Circle LI Lebanon Steel Fdry., Lebanon, Pa. Fe; C, 0.30; Mn, 1.35; Va., 0.10 Good W

109 Circle L2 Lebanon Steel Fdry., Lebanon, Pa. Fc; Cr, 0.75; C, 0.30; Mn, 1.35; Mo, 0.35 Fair W

110 Circle L3 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 1.0; C, 0.45; Mo, 0.40 Fair W

111 Circle L 5 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 0.8; C, 0.30; Ni, 2; Mo, 0.35 Fair W

112 Circle L 10 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 4-6; C, 0.20; Mo, 0.50 Good W

113 Circle L 19 Lebanon Steel Fdry., Lebanon, Pa. Fc; Ni, 2.75; C, 0.18 Good \\

114 Circle L 34 Lcbauon Steel Fdry., Lebanon, Pá. Fe; Cr, 20; Ni, 30; C, 0.07 max.; Mo, 3; Cu, 5 Fair W

115 Colonial 610 Vanadium-Alloys Steel Co., Latrobe, Pa. Fe; Cr, 16-1S; Ni, 1; C, 0.12 max.; S, optional; Mn, .25-4. Fair W, B

116 Cooper 21 A-B-C Cooper Alloy Fdry. Co., Elizabeth, N. J. Fc; Cr, 15-20; Ni, 20-25; C, 0.07-0.10; Mo, 3; Si, 1.5 Good

117 Cooper 22-P-M Cooper Alloy Fdry. Co., Elizabeth, N. J . Fe; Cr, 29; Ni, 9; C, 0.2-0.5; Mo, 3 Good F. U, W

118 Corrosiron Pacific Foundry Co., San Francisco, Calif. Fe; C, 0.8-1.0; Si, 14.50; Mn, 0.50 Fair

119 Crane 5-Cr-Mo Cast Steel Crane Co., Chicago, 111. Fe; Cr, 4-6; C, 0.30 max.; Mo, 0.55 Fair W

120 Croloy 2 Babcock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 2; C, 0.15 max.; Mo, 0.50 Fair DD, F, R,

121 Croloy 2*4 Babcock & Wilcox Tul>e Co., Beaver Falls, Pa. Fe; Cr, 2.25; C, .15 max.; Mo, 1 F air DD, F, R,

122 Croloy 5 Babcock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 4-6; C, 0.15 max.; Mo, 0.45-0.65 Fair DD, F, It,

123 Croloy 7 Babcock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 7; C, .15 max.; Mo, .55; Si, .50-1 Fair DD, F, It,

124 Croloy 9 Babcock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 8-10; C, 0.15 max.; Mo, 1.2-1.5 Fair DD, F, R,

125 Croloy 16-13-3 Babcock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 17; Ni, 13; C, 0.10 max.; Mo, 2.75 Fair DD, F, It,

126 Dopploy 30 Sowers Manufacturing Co., Buffalo, N. Fc; Cr, 2.35; Ni, 18.50; C, 2.85; Mn. 1 Good

127 Duraloy 25-20 Mo Duraloy Co., Scottdalc, Pa. Fe; Cr, 24-26; Ni, 19-21; C, 0.20; Mo, 2-3 Fair

128 Durichlor Duriron Co., Dayton, Pa. Fe; C, 0.S5; Si, 14.5; Mo, 3; Mn, 0.35 ! Poor W

M etals an d  Alloys lor C onstruction o i C hem ical E ngineering Equipm ent
Forms Available

HR, P

R, W

R, W

Castings

Castings

Cas tings

Welding rod

Welding rod

Welding wire

Castings

HR, P, S

Castings

B, CK, HR, P, It, S, W

B, Clt, D, HR, R, W

H it, T

HR, T

HR, P, S

HR, P, S

Castings

Casings

Castings

Castings

Castings

Castings

Castings

B. D. HR, P, R, S, W

Castings

Castings

Castings

Castings

B, C, HR, P, S, T, W

B, C, HR, P, Ś, T

B, C, HR, 1), P, S, R, T, W

B, C, Hit, P, S, T

B, C, P, S, R, T. W

Sulphuric Acid

Temp 0.5% 2.5% 10% 25% 60% 95%

Hydrochloric Acid

Temp. 0.25% 1% 5% 20% Cone.

Primarily used for electric heat resisting application

Primarily usod for electric heat resisting application

Room
Boiling

Nitric Acid

Temp. 0.5% 5% 20% 65%

Acetic Acid

Temp. 0.5% 10% 80% 100°

Phosphoric Acid

Temp. 10% 50' ; 85%

Room
Boiling

Can be welded to carbon steel aud forged — Resists extreme shock and abrasion

Room
Boiling

For resisting extreme abrasion at temperatures up to 1000 deg. F. not recommended where extreme shock or impact Is involved

Hard facing for all wearing parts not subjected to temperatures over 800 dcg. F.

Room 
150 F.

Room
Boiliog

Room
Boiling

Primarily for heat resistant parts and heating elements

Ił, C, CR, HR, P, S, It, T, W

Primarily for impact resistance at sub-zero temperatures

Used for high-pressure valvo bodies

Applications include crank shafts, connecting rods

Good abrasion resistance makes it satisfactory for crusher segments, and similar uses

Used for pumps and fittings for high-pressure hot oil in refinery service

Oil still parts and high pressure steam fittings

Applications include low-temperature dewaxing pumps and fittings

Boiling It .036

An alloy primarily used for hot sulphuric acid

Room
Boiling

R .0084 
(50%)

Satisfactory for certain applications handling hydro­
chloric acid

The sulphite pulp industry uses this alloy for digester fittings, pumps, valve fittings, aud pipiping

Room
Boiling

Room
Boiling

It

Valves, fittings and piping for general corrosion and heat resistance

Room
Boiling

Room
Boiling

It It Room
Boiling

Room
Boiling

Temp.

Sodium Hydroxide 

0.5% 50%

Room
Boiling

212F.

Room
Boiling

Sodium Hypochlorite Resistance

Temp. 5% free Cl 20% free Cl

Room

C aution! In  th e U se of L aboratory  C orrosion Data!
L a b o ra to ry  te s ts  m a d e  w ith  c h em ica lly  p u re  re a g e n t«  

u n d e r  c a re fu lly  co n tro lle d  cond itions  s e ld o m  ii ever 
a p p ro a c h  a c tu a l  o p e ra tin g  cond itions  of s e rv ic e .  A t b e s t  
th e  la b o ra to ry  d a ta  re p o r te d  h e re  b y  m a n u fa c tu re r s  a r e  
to b e  u s e d  o n ly  a s  a n  in d ica tio n  a s  to w h e th e r  o r n o t 
s e rv ic e  te s ts  o r tr ia l in s ta lla t io n s  a r e  a d v is a b le .  In  no  
c a s e  s h o u ld  th e y  bo  u s e d  to c a lc u la te  a  d e p re c ia t io n  r a te  
o r to  e s tim a te  th e  life of eq u ip m e n t.

In  w rit in g  to m a n u fa c tu re rs  for s u p p le m e n ta ry  in fo rm a­
tion  in  r e g a r d  to sp e c if ic  p ro b le m s C h em . & M et, u rg en tly  
re c o m m e n d s  th e  su b m iss io n  of the v e ry  fu lles t in fo rm ation  
in  r e g a r d  to th e  a c tu a l  cond itions en co u n te red  in the  p lan t. 
F a i lu r e  to r e p o r t  a  m in o r con stitu en t su ch  a s  the  p re sen c e  
of a n  im p u r ity  o r a m o u n t of a e ra tio n , a g ita tio n , concen ­
tra t io n  a n d  te m p e ra tu re ,  m a y  re su lt in the  selec tion  of 
a n  im p ro p e r  m a te r ia l  w ith  n e ed le s s  loss to the  u se r—  
THE ED ITO R.

Boiling R .0086

Room
Boiling

Room
Boiling

Low cost alloy steel having good creep strength. Principal use tubes in petroleum refineries

High creep strength, low alloy steel. Principal use in tubes for petroleum refineries and for superheating steam

Nominal cost intermediate alloy for elevated temperature applications. Used principally for tubes for oil cracking, and for steam superheaters.

Alloy steel for petroleum refinery application, having excellent resistance to hot oil <

Semi stainless alloy specifically developed for oil — cracking and hydrogenation

Castings

Castings

Castings

This alloy Is used for sulphite liquors and catalytic oil cracking

Room .012
Boiling .022

Room It
Boiling R

Room R
Boiling R

Room
Boiling

.105

.142

Room it R

Room
Boiling

Room
Boiling

Room
Boiling

Heat

Fair

Abrasion

Good

Good

Fair

Good

Fair

Poor

Poor

Good

Good

Good

Fair

Fair

Fair

Room
Boiling

Rcom
Boiling

Room
Boiling

Room .0019
Boiling .0033

Room
Boiling

Room It
Boiling It

It
It

Boiling It.03 7

Room
Boiling

Room
Boiling

It It 
It

ltootn It It

Room R
Boiling R

Room
Boiling

Poor

Room
Boiling

Room
Boiling

Room
Boiling

It It

Room .0)05
Boiling .0006

Room It

Itoom

Good

Poor

Good

Fair

Fair

Fair

Fair

Fair

Short immersions at room tempera­
ture

Fair

Fair

No.

84

85.

86

87

88

Good

Good

Good

Good

Good

Good

Good

Good

Poor

Fair

Fair

Fair

G o.xl

Good

Fair

Fair

Fair

Fair

Poor

Fair

Fair

Good

Fair 

I-air 

Fair

Fair

90

91

92

93

1)4

97

08

99

100
101

103

104 

I ■)•*>

106

197

1J8

! lit 

110 
111 
112
113

114

115

117

118

119

120

121

122

123

124

Fair

Room It
Boiling R

It ! Room

It i Room
Boiling It R

Good

Good

Fair

125

126 

127

Good

T erm s U sed
Composition
"Essential nominal chemical com- 
ixwition*' refers to tho principal con­
stituents and the approximate pro­
portion present. When "FoM is 
shown without percentage it may Imj 
assumed that it represents the hul­
ance of the composition.

Forms Available
B «« bars 
C ^  castings 
CR =3 cold rolled 
I) ** drawn 
HR «  hot rolled 
P — plates 
It «  rods 
S *» sheets 
T  — tubes 
W «« wire

Methods of Fabrication
B =  brazing 
1)1) «* deep drawing 
F «  flanging 
It *• riveting 
W =* welding

Corrosion Data
R indicates that the metal or alloj 
should give reasonably good resist­
ance under tho conditions of concen­
tration and temperaturo specified, 
but it dees not imply any guarantee 
of satisfactory service. The figures 
following tho R are tho reported re­
sult of laboratory corrosion test in 
inches penetration per year. Where 
space is left blnmt either there are 
insufficient data available to indicate 
tho extent of resistance or moro com 
plete information concerning the snr- 
vieo required is necessary.

Footnotes
Sujwrior numbers refer to footnote.

« A lle g h e n y  P u r a m e lt  (c la d )  s ta in le s s  s te e ls  a re  a v a i la b le  in  m any  o f th e  s ta n d a rd  com positions.



Equipm entM etals and  A lloys lor C onstruction of C hem ical E ngineering
I Sulphuric Acid

Continued
Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance

Hydrochloric Acid
Methods

of
Fabrication

Machin*
ing

Qualities
AbrasionForms AvailableEssential Nominal Chemical Composition, 

PercentManufacturerM aterial

Room
Roiling

Rim mi
BoilingRoom

RoilingRoom
Boiling

RoomRoom
Boiling Room

Boiling
Duriron, Co., Dayton, 0 . Room

BoilingRoom
Boiling

Durimet T Room
BoilingRoomRoom 

176° F. 
Boiling

Castings
Fc; Cr, 20; Ni, 29; C, .07 max.; C u .4; Si, I; Mo, 3.5Duriron Co., Dayton 0.Durimet 20 Room

Boiling
Room
BoilingRoom

Boiling
Room
BoilingRoom

Boiling
Castings

Duriron Co., Dayton, 0 .Duriron T erm s U sedUsed for its abrasion resistanco for pulverizers (Coal, cemcnt, etc.) 

ITsod for its abrasion resistance for puherizers (Coal, cemcnt, etc.) 

Used for its abrasion resistance for pulverizers (Coal, cemcnt, etc.)

GoodFc; C, 3.00-3.5; Mn, 0.35; Si, 0.25-1.0 

Fc; Cr, 1-1.8; Ni, 3.75-1.75; C, 3-3.5; Si, 0.25-1 

Fc; Cr, 1-1.8; C, 3-3.5; Si, 0.25-1; Ni, 3.75-4.75 

Fc; Cr, 1-1.25; C, 0.30-0.35; Mo, 0.25-0.3; Mn; .6-.S 

Fc; Cr, 1-1.25; Ni, 2.25-2.75; C, 0.25-0.3; Mo, .3-.35

Fe; Cr, 4.5-6.0; C, 0.20-0.30; Mn, 0.40—0.70______ _

Fe; Cr, 13-17; Ni, 34-37; C, 0.15-0.25; Mn, 0.40-0.70

Fc; Cr, 5; C, 0.20; Mn, 0.70; Mo, 0.50______________

Fc; C, 1.10; Mn, 11-14 _______________

Babcock & Wilcox Co., New York, N. Y._________

Babcock <fc Wilcox Co., New York, N. Y.__________

Babcock A Wilcox Co., New York, N. Y. ________

Empire Steel Castings, Reading. Pa. __________

Empire Steel Castings, Reading. Pa. _

Empire Steel Castings, Reading, Pa.

Empire Steel Castings, Reading. Pa. ______ __

Symington-Gould Corp., Rochester, N. Y._________

Symington-Gould Corp., Rochester, N. Y. ________

Ingcrsoll Steel & Disc Div., Borg Warner Corp., 
Chicago, 111. ___ _____________ __

Ingcrsoll Steel & Disc Div., Borg Warner Corp., 
Chicago, III. ______________

Ingersoll Steel «fc Disc Div., Borg Warner Corp., 
Chicago, III. _________

Ingersoll Steel & Disc Div., Borg Warner Corp. 
Chicago, 111. ________

Ingersoll Steel & Disc Div., Borg Warner Corp. 
Chicago, 111. _________

Ingersoll Steel & Disc Div., Borg Warner Corp. 
Chicago, 111. ___________

Ingersoll Steel & Disc Div., Borg Warner Corp. 
Chicago, 111. ______

Klverite A
Composition
‘.‘Essential nominal chemical com­
position" refers to the principal con­
stituents and the approximate pro­
portion present. When “Fe" is 
shown without percentage it may bo 
assumed that it represents the bal­
ance of the composition.

Elverite B

Klverite C Castings

Empire 8 Castings

Castings

Castings

Empire 23 Forms Available
B =  bars 
C =  castings 
CR ** cold rolled 
I) => drawn 
HR =» hot rolled 
P  «  plates 
R =» rods 
S «  sheets 
T tubes 
W =  wiro

Genesee 255 Castings

Genesee 4-12

Room
Boiling

Ing Aclad Stainless Clad Steel 302 Room
Boiling

Room
Boiling

Room
Boiling

Room
Boiling

Ing Aclad Stainless Clad Steel 304 Room
Boiling

Room
Boilingmax.; Mn, 2 max.

Fe; Cr, 16-1S; Ni, 10-14; C, 0.10 max.; Mo, 2-3; Mu, 2 max.
Room
BoilingRoom

Boiling
Methods of Fabrication
B =  brazing 
DD *= deep drawing 
F =  Hanging 
It =  riveting 
W ■» welding

Room
BoilingMn, 2 max.; Mo, 3-4

Ing Aclad Stainless Clad Steel 317

Room
Boiling

Ing Aclad Stainless Clad Steel 321 Room
BoilingRoom

Fc- Cr 17-20; Ni, S-12; C, 0.10 mas.; Mn, 2 max.; Cb, 
10 x C147 Ing Aclad St.lnle*» Cl.d Steel M l Corrosion Data

It indicates tha t the metal or alloy 
should givo reasonably good resist­
ance under the conditions of concen­
tration and tcmperaturo specified, 
but it docs not imply any guarantee 
of satisfactory service. The figures 
following the R ate the reported re­
sult of laboratory corrosion test in 
inches penetration per year. Where 
space is left blank either there aro 
insufficient data available to indicate 
the extent of resistance or more com­
plete information concerning the scr-

Cas tings
Fe; Cr, 4-6; C, .30 max.; Mo, .05 

Fc; Cr, S-10; C, .16 max.; Mo, 1.5 

Fc; Cr, 2; C, .30 max.; Mo, .5 

Fe; Cr, 18; Ni, 8; C, .15 max.; Co

Castings

Castings

Fc; Cr, 20-25; Co, 1-3; AI, 6 

Fe; Cr, 20-25; Co, 1-3; AI, 4-5

C. 0 . JellifT Manufacturing Corp., Southport, Conn. 

C. O. Jell iff Manufacturing Corp., Southport, Conn.
Kanthal A

Fe;C, 0.25 max.; Mn, 1.65 max.; Mo, 0.75 max.; Si, 0.25 max.

Fe; Cr, 0.2-1.0; Ni, 0.25-0.75; C, 0.12 max.; Cu, 0.5-0.7; 
Mn, 0.5-1 ____________ _

Lukens Steel Co., Coat es ville. Pa. 

Bethlehem Steel Co., Bethlehem, Pa.
About 6 times greater resistance to atmospheric corrosion than plain carbon steelManganese-

B, C, forgings 

Castings
RoomMidvale Co., Nicctown, Philadephia, Pa. 

Milwaukee Steel Foundry, Milwaukee, Wis.

Room
Boiling

Footnotes
Superior numbers refer to footnotes;

Midyaloy ATV 3

Milwaukee 28-12
Primarily a heat resisting alloy_________________   —

Primarily for paper mill equipment where good resistanco to sulphite, sulphate liquors is desired 

Primarily for paper mill equipment where good resistance to sulplnte, sulphate hquors m desired 

Primarily for abrasion resistance where extreme wearing qualities are desired____________

Castings
Fe; Cr, U-17; Ni, 25-2S; C, 0.45 n m . 

Fe; Cr, 13-15; Ni, 0.50-1; C, 0.12-0.20

Milwaukee Steel Foundry, Milwaukee, Win. 

Milwaukee Steel Foundry, Milwaukee, Wis. 

Milwaukee Steel Foundry, Milwaukee, Wis.
Milwaukee M 3 

Milwaukee M 4
Castings

Milwaukee Steel Foundry. Milwaukee, Wis.Milwaukee K-G Wear Resistant
Castings

Milwaukee Steel Foundry, Milwaukee, Wis.Milwaukee S»*Cu 

Milwaukee 22 Cr-1.20 C
Primarily for abrasion resistanceCastings

Milwaukee Steel Foundry, Milwaukee, Wis.
Principal uses are valves and fittings, and pumps in oil refineries

Room
BoilingFe; Cr, 11.5-13; C, 0.12 max.; Ni, 0.80 max.Michigan Steel Casting Co., Detroit, Mich. 

Driver Harris Co., Harrison, N .J .

Room
BoilingMiscrome 4 Room

BoilingRoom
Boiling

Nie brome

Fe; Ni, 2.0 min.; C, 0.20 max.Lukens Steel Co., Coatesville, Pa. 

International Nickel Co., New York, N. \
Castings

Room

Wilber B. Driver Co., Newark, N. J. Room
Boiling

Nilstain
RoomRoom

BoilingCastings
luternational Nickel Co., New York, N. YNi-Resist

Chicago Sted Foundry Co., Chicago, 111. 

Chicago Steel Foundry Co., Chicago, III.

Pyrastecl 20 

Pyrasteel 2000 Fe; Cr, 26; Ni, 12-14

Chicago Steel Foundry Co., Chicago, 111,172 Pyrasteel IS

173 j Pyrasteel 14 Chicago Steel Foundry Co., Chicago, 111.

i  S ta b le  aoluttonB  on ly



Continued M etals an d  A lloys for C onstruction ' of C hem ical E n gin eerin g Equipm ent
No. Material Manufacturer F.ssential Nominal Chemical Composition, 

Percent
Machin­

ing
Qualities

Methods
of

Fabrication
Forms Available

Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance

No.Temp. 0.5% 2.5% 10% 25% 60% 95% Temp. 0.25% 1% 5% 20% Cone. Temp. 0.5% 5% 20% 65% Temp. 0.5% 10%, 80% 100% Temp. 10% 50% 85% Temp. 0.5% 50% 70% Temp. 5% free Cl 20% iree Cl Heat Abrasion

174 Pyrocast Pacific Fdry. Co., San Francisco, Calif. Fc; Cr. 22-30; C, 1.75-2.0 Good Castings Room R R R 
Boiling R R

Room K R It 
Boiling It R R

Room R It R R 
Boiling R R It R

Room R R Room R R R Good Good 174

175 0-4 Otis Elevator Co., Buffalo, N. Y. Fc; Cr, 4-8; C, 0.15-0.35; Mo, 0.25-2; Mn, 0.45-0.85 Good Used in petroleum refineries and in conditions involving pressures and temperatures up to 1,200 deg. F.J
Good Fair 175

170 0-16 Otis Elevator Co., Buffalo, N. Y. Fe; Cr, 14-18; C, 0.12 max.; Mn, 0.5 max. Good Room It Room R R R R 
Boiling R R It R

Room R Room R R R Good Poor 176

177 Sivyer 5% Cr Sivyer Steel Castings Co., Milwaukee, Wis. Fe; Cr, 4.5—6.5; C, 0.25 max.; Mo, 0.45-0.65 Good Castings
Good 177

17S Spang Chalfant I Spang Chalfant Div., Nat. Supply Co., Pittsburgh, 
Pa.

Fe; C, 0.15; Cr, 1.75-2.25; Mn, 0.3-0.6; Mo, 0.45-0.65 Good F, W HR, T

____
Fair 178

179 Spang Cbalfant 2 Spang Chalfant Div., N at. Supply Co., Pittsburgh, 
Pa.

Fe; C, 0.1-0.2; Mn, 0.3-0.G; Si, 0.25 max. Good F, W HR
Fair 179

ISO Spang Chalfant 3 Spang Chalfant Div., N at. Supply Co., Pittsburgh, 
Pa.

Fe; C, 0.1-0.2; Mo, 0.45-0.05; Mn, 0.3-0.6; Si, 0.25 max. Good F, W HR

A ck n ow led gm en t of S
A t tho  r e p e a te d  d e m a n d  of its  r e a d e r s  fo r co n c r

ource Fair ISO

181 Timken 16-13-3 Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 15.5-17; Ni, 12.5-14.5; C, 0.13 max.; Mo, 2.5-3.25; 
Mn, 1.5 max.

Fair DD, F, R, W B, 1). HR, R, T, W Used primarily for its high-tcmpcrature strength and corrosion resistance up to 1500 deg. F.
s te  in fo rm a tio n  on Good Poor 181

182 Timken 2512 Timken Roller Bearing Co., Canton, Ohio Fe; Ni, 4.75-5.25; C, 0.20 max. Good T Applications include tubes in black liquor evaporators for sulphate pulp industry ------ a v a i la b le  fo r th e  co n s tru c tio n  of c h e m ic a l e n g in e e r in g  e g u ip m e n t, 
C hem . ¿r M et. h a s ,  w ith  th e  c o o p e ra tio n  of m a n u fa c tu re r s ,  co m p ile d  
th is  ta b u la t io n  of th e  p ro p e r t ie s  of th e  m e ta ls  a n d  a l io y s .

A ll in fo rm a tio n  on  m e c h a n ic a l,  p h y s ic a l  a n d  c h e m ic a l p ro p e r t ie s  
a s  w e ll a s  in d ic a t io n  of r e a s o n a b ly  g o o d  re s is ta n c e  to c o rro s io n  a re  
m a d e  on  th e  a u th o r i ty  of th e  m a n u fa c tu re r s  to  w h o m  q u e s tio n n a ire s  
w e re  s u b m it te d .

C o rro sio n  D a ta — T he g e n e ra l ly  a c c e p te d  u n it of " in c h e s  p e n e t r a ­
tio n  p e r  y e a r "  h a s  b e e n  u s e d  b y  th e  m a n u fa c tu re r s  in  re p o r t in g  
re s u lts  of co rro s io n  te s ts .  C o n d itio n s  of te m p e ra tu r e  a n d  c o n c e n tra t io n  
w ere  o u tl in e d  in  th e  q u e s t io n n a ire  a n d  e x c e p t w h e re  o th e rw ise  
sp e c if ie d , it  is  u n d e rs to o d  th e  te s ts  w e ro  n o t a e r a te d .  B ut s in ce  no 
s ta n d a r d  te s t  p ro c e d u re  is  u n iv e r s a l ly  u s e d  th e  d a t a  a r e  n o t a lw a y s  
c o m p a ra b le . T h e re fo re , a s  in d ic a te d  in  th e  n o te  of c a u tio n  e is e w h e re  
on th is  c h a r t ,  th e  la b o ra to ry  re s u lts  s h o u ld  b e  u s e d  o n ly  to  in d ic a te  
w h e th e r  o r  n o t s e rv ic e  te s ts  o r t r i a l  in s ta l la t io n s  a r e  a d v is a b le .  In  no  
c a se  s h o u ld  th e y  b e  u s e d  to c a lc u la te  a  d e p re c ia t io n  r a t e  o r  o th e r ­
w is e  e s tim a te  th e  e x a c t life  of a  m e ta l o r a l lo y  in  a c tu a l  s e rv ic e . 
C om plete  in fo rm a tio n  r e g a r d in g  m e th o d s  of te s t in g  a n d  th e  b a s e s  for 
a  d ec is io n  of s u i ta b i l i ty  c a n  u s u a l ly  b e  o b ta in e d  from  th e  m a n u ­
fa c tu re r  o n  r e q u e s t .

182

183 Timken 2% Cr-0.5% Mo Timken Roller Bearing Co., Canton, Ohio Fc; Cr, 1.75-2.25; C, 0.15 max.; Mo, 0.45-0.65; Mn, 0.30-0.60 Good F, W B, HR, T Petroleum refineries use this alloy steel for tubes, etc.
Fair 183

184

1S5

Timken 5 Cr-Mo plus Ti Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 4.6; C, 0.12 max.; Mn, 0.50 max.; Mo, 0.45-0.65; 
Ti, 4 X C min., 0.70 max.

Good F, W B, HR, R, T For petroleum refinery and steam superheater tubes
184

Timken DM Timken Roller Bearing Co., Canton, Ohio Fc; Cr, 1-1.5; C, 0.15 max.; Mn, 0.3-0.6; Mo, 0.45-0.65 Good F, W B, HR, R, T Petroleum refinery applications, and high-temperature steam
Fair 185

186 Timken Sicromo 5S Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 4-6; C, 0.15 max.; Si, 1-2; Mn, 0.5 max.; Mo, 0.45- 
0.65

Fair F, W B, HR. R, T For air preheater tubes, petroleum refinery applications, superheaters, and furnace parts Good 186

187 Timken Sicromo 7 Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 6-8; C, 0.15 max.; Si, 0.5-1; Mn, 0.50 max.; Mo, 
0.45-0.65

Good DD, F, R, W B, D, HR, R, T, W An intermediate alloy Btcel a t low cost
Good 187

188 Timken Sicromo 7M Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 6-S; C, 0.15 max.; Mo, 0.9—1.1 ; Mn, 0.50 max.; Si 
0.5-1

Good DD, F, R, W B, D, HR, R, T, W For applications a t elevated temperatures where good load carrying ability and corrosion resistance nro desired. In |>etro!eum refinerie3 Good 188

189 Timken Sicromo 9 M Timken Roller Bearing Co., Canton, Ohio Fe; Cr, S—10; C, 0.15 max.; Mn, 0.50 max.; Mo, 0.9-1.1 Good DD, F, R, W B, D, HR, R, T, W High temperature strength with corrosion resistí nee for oil refining up to 1,400 deg. F. Good 189
190 Tisco 41 Taylor Wharton Iron à  Steel Co., High Bridge, N. J. Fe; C, 0.5; Cr, 1; Mn, 0.7 W Castings

------ 190
191 Tisco 53 Taylor Wharton Iron & Steel Co., High Bridge, N. J. Fc; Cr, 5; C, 0.25; Mn, 0.60; Mo, 0.50 Good W Castings

191
192 Tisco 80 Taylor Wharton Iron & Steel Co., High Bridge, N. J. Fe; Ni, 2; Cr, 1.5; C, 0.45; Mn, 0.7; Mo, 0.35 Fair Castings , Good 192
193 Tisco 150 Taylor Wharton Iron & Steel Co£ High Bridge, N. J. Fe; Cr, 28-32; Ni, 1-1.5; C, 2.5-3 Castings

Good 193
194 Topbet C Wilber B. Driver Co., Newark, N. J. Fe; Ni, 60; Cr, 15 D, HR, R, W Rcom R Room R It R R 

Boiling It R R It
Room , R It R It 
Boiling ^ R It R It

Room R Room It R R 
Boiling R It it

Good 194

195 Topbet D Wilber B. Driver Co., Newark, N. J. Fc; Ni, 35; Cr, 18.5 Good B, CR, D, HR, RW Primarily used for heat resisting parts and heating elements Good 195
195 Utiloy 46 Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 4-7; C, 0.25 max.; Mo. 0.50; Mn .75; Si, 0.40 Good W Castings Refinery valves, fittings, oil Btill parts — temperatures not over 1,100 °F. Fair Good 196
197 Utiloy 12 Utility Electric Steel Foundry, Ix« Angeles, Cal. Fe; Cr, 11-13; C, 0.12 max.; Mn, 0.40; Si, 0.90 Good W Castings Hot oil pumps, valves and valve trim Fair Fair 197
198 Utiloy 12 N Utility Electric Steel Foundry-; Los Angeles, Cal. Fc; Cr, 11-13; C, 0.12 max.; Ni, 1.75-2.50 Good W Castings Valve trim — abrasive resistant Fair Good 198
199 Utiloy X Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 18; Ni, 8; C, 0.15 max.; Si, 0.90; Mn. 0.50 Good W Castings Room R R R R 

Boiling R R R R
Room R R R R 
Boi.ing R R It It

Room R R 
Boiling R It

Room R R It 
Boiling it R R

Room R R 
Boiling R R

Fair Poor 199

200 Utiloy XX ¿Utility Electric Steel Foundry, Loe Angeles, Cal. Fe; Cr, 18; Ni, 8; C, 0.07 max.; Mo, 3.5-4.5 Fair W Castings Boom R R R R R R Room R R Room R R R R 
Boiling R R It R

Room It R R R 
Boiling It It it It

Room R R It 
Boiling R It

Room It It It 
Boiling R R R

Room It It 
Boiling It It

Fair Fair 200

201 Utiloy H Utility Electric Steel Foundry, Loe Angeles, Cal. Fe; Cr, 23-26; Ni, 11-13; C, 0.28-0.32; Si, 0.90-1.10; Mn, 
0.60-0.80; N, 0.12

Fair W Castings Heat resisting for oil still supports — High crecp strength Good Poor 201

202 Warman 5M Warman Steel Casting Co., Los Angles, Calif. Fe; Cr, 5-7; C as specified; Mo, 0.50-0.60 Good W Castings Good 202
203 Worths« Worthington Pump <fc Machinery Corp., Harrison, 

N. J.
Fe; Cr, 20; Ni, 24; Cu, 1.75; C, 0.07; Si, 3.25; Mo, 3.0; Mn, 

0.60
Good W B, C, HR, R Room R R R It R R 

<.0001 <.0001 .0002 .0003 .0006 .0007 
176 F. R R R R R 

.0001 .010 .026 .024 .048

Room It R R R 
.0015 .010 .028 .029

176 F.

Room R R R R 
<.0001 <.0001 <.0001 <.0001 

176 F. It R R R 
<.G001 <.0001 <.0001 .004

Room R It It R 
<.0001 <.0001 <.0001 <.0001 

176 F. R R It R 
<.0001 <.0001 <.0001 <.0001

Room R R R 
<.0001 <.0001 <.0001 

176 F; It R R  
<.0001 <.0001

Room R It It 
<.0001 <.0001 <.0001 

176 Fj R R R 
<.0001 <.0001 <.0001

Room R Good Good 203

204 Wrought Iron, Genuine A. M. Byers Company, Pittsburgh, Pa. Fe; C, 0.02; Mn, 0.03; P, 0.12; S, 0.02; Si, 0.15 Good IF , R, W B, HR, P, R, S, T Reasonably good resistance to 77.6% acid and 
over up to boiling point

Room It R It 
Boiling It R It

Good Good 201

205
NON-FERROUS ALLOYS

Admiralty Generally available11 Cu, 70; Sn, 1; Zn, 29 Fair B, DD, F , R, W CR, D, P, S, T Room R R R R R R 
Boiling R R R

Room R R R R 
Boiling R R R

Room R It it R 
Boiling R It

Room R R It 
Boiling It

Room R R It 
Boiling It

Fair 206

206 Adnic Scovill Mfg. Co., Waterbury, Conn. Cu, 70; Ni, 29; Sn, 1 Fair B, DD, F, R, W CR, D, R, T, W Good 200

207 Advance Driver Harris Co., Harrison, N. J. Cu, 55; Ni, 45 Good B, DD, F, R, W B, CR, HR, P, R, S, W This alloy used primarily for thermocouple wire electrical resistance Good Poor 207

208 Alcoa 2S Aluminum Co. of Amer., Pittsburgh, Pa. Al, 99 rnin. Good B, DD, F, R, W B, C*, CR, D, HR, P , R, S, T, W Room R.000 R.01 R.016 R.025 2. .1 Average penetration of aluminum alloys in 95% 
acid a t room temperature is .001 in. per yr.

Room R.001 R.001 R.001 R.0004 
122 F. 01 .009 .005 lt.003

Room . 09 Good Fair 208

209 Alcoa 3S Aluminum Co. of Amer., Pittsburgh, Pa. Al; M n, U Good B, DD, F, R, W B, CR, D, HR, P, R, S» T, W Room .03 Average penetration of aluminum alloys in 95% 
acid at room temperature is .001 in. per yr.

Room R.001 R Room .08 Good Fair 209

210 Alcoa 52S Aluminum Co. of Amer., Pittsburgh, Pa. Al; Cr, 0.25; Mg. 2.5 Good B, DD, F, R, W B, CR, D, HR, P, R, S, T, W Room .03 Avcrago penetration of aluminum alloys in 95% 
acid at room temperature is .001 in. per yr.

Room R.001 Room . 15 Good Fair 210

211 Alcoa 53S Aluminum Co. of Amer., Pittsburgh, Pa. Al; Mg, 1.3; Si, 0.7; Cr, 0.25 Good B, DD, F, R, W B, CR, D, HR, P, It, S, T, W Room .028 Room .001 .03 1 30 Average penetration of aluminum alloys in 95%
acid at room temperature is .001 in. per yr.

Room 11.001 Room .17 Good Fair 211

212 Alcoa Alelad (72 S) 3 S Aluminum Co. of Amer., Pittsburgh, Pa. (See Footnote 8) Good DD, F, R, W D, P, S, T Applications include equipment or parts used in 
solutions where resistance to perforation by cc

contact with neutral corrosive Average penetration of aluminum alloys in 95% 
rrosion is desired acid a t room temperature is .001 in. per yr.

Good Fair 212

213 Alcoa 43 Aluminum Co. of Amcr., Pittsburgh, Pa, Al; Si, 5 Fair B, R, W Castings I'sed for castings of moderate strength and moderate resistance to corrosion Average penetration of aluminum alloys in 95%
acid a t room temperature is .001 in. per yr.

Good Fair 213

T erm s U sed
Co in posit ¡on
“Rssontiiil nominal chemical com­
position" refers to the principal con­
stituents and the approximate pro- 
portion present. When “ ÏV 1 is 
shown without percentage it may Imj 
assumed that it represents the bal­
ance of tho composition.

Forms Available
B *» burs 
C =3 castings 
CR — cold rolled 
1) *=* drawn 
IIR ®  hot rolle<i 
I* =  plates 
R «* rods 
S =» shoots 
T «  tubes 
W ■* wire

Methods of Fabrication
B — brazing 
1)1) “  deep drawing 
F =* Hanging 
R — riveting 
W =* welding

Corrosion Data
R indicates that tlio motal or alloy

    ■ u i
tratiOn and temperaturo specific*!, 
but it does not imply any guarantee 

‘ ifactory servico. The figures

\\  here

Footnote*
Superior numbers refer to footnotes.

7 In  c a s t  f o rm  k n o w n  a s  A lc o a  1 0 0 . •  S u r f a c e  l a y e r  o f  a l u m in u m  a l lo y  w h ic h  is  a n o d ic  t o  th e  c o r e  a n d  w i l l  t h e r e f o r e  p r o t e c t  th e  l a t t e r  e l e c t r o ly t l c a l l y .  9 A e r a te d .  10 N o  m e a s u r a b le  p e n e t r a t i o n .  11 C o in  (A g , 9 0 ;  C u , 1 0 ) ,  s t e r l i n g  (A g , 0 2 .5  ; C u , 7 .5 ) ,  a n d  c la d  a r e  a l s o  a v a i la b l e .  12 C o p p e r  a n d  c o p p e r  a llo y s  a r e  a v a i la b l e  f ro m  s u c h  c o m p a n ie s  a s  th e  f o l l o w i n g : A m e r ic a n  B r a s s  C o., W a te r b u r y ,  C o n n , ; B r id g e p o r t  B r a s s  C o ., 
B r id g e p o r t ,  C o n n . ;  B r i s to l  B r a s s  C o rp .,  B r i s to l ,  C o n n . ;  C h a s e  B r a s s  A  C o p p e r  C o ., W a te r b u r y ,  C o n n . ;  M u e lle r  B r a s s  C o ., H u r o n ,  M ic h . ;  N e w  E n g la n d  B r a s s  C o ., T a u n to n ,  M a s s . ;  P h e lp s  D o d g e  C o p p e r  P r o d u c t s  C o rp .,  N ew  Y o rk ,  N . Y . ; R e v e r e  C o p p e r  & B r a s s ,  I n c . ,  N e w  Y o rk , N . Y . ; R iv e r s id e  M e ta l  C o ., R iv e r s id e  N . J . ; S c o v il l  M fg . C o ., W a te rb u ry ,  C o n n . ;  S e y m o u r  M fg . C o., S e y m o u r , C o n n . ;  W o lv e r in e  T u b e  C o., D e t r o i t ,  £ i i c h .



Continued
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T erm s U sed
Composition

Essential nominal chemical com­
position" rotors to tlio principal con­
stituents and the approximate pro­
portion present. When “ FeM is 
shown without percentage it may be 
assumed that it represents the bal­
ance of the composition.

Forms Available
B -  bars 
C “  castings 
CR =» cold rollod 
1) =  drawn 
IIH =» hot rolled 
P =  plates 
R =  rods 
S =» sheets 
T =  tubes 
W =  wire

Methods of Fabrication
B =  brazing 
DD =* deep drawing 
F =  flanging 
it =  riveting 
W =* welding

R indicates tha t the metal or alloy 
should givo reasonably good resist­
ance under the conditions of concen­
tration and temperature specified, 
but it does not imply any guarantee 
of satisfactory sorvice. Tho figures 
following tho R are the reported re­
sult of laboratory corrosion test in 
inches penetration per year. Where 
space is left blank either there are 
insufficient data availablo to indicate 
the extent of resistance or more com­
plote information concerning the ser-

Footnotes
Superior numbers refer to footnotes.

.v a i ln b le  f r o m  »ucli c o m p a n ie s  u s  th e  f o l lo w in g :  A m e ric a n  B ra s s  Co., W a te rb u ry ,  C o n n . ;  B r id g e p o r t  B r a s s  Co., B r id g e p o r t ,  C o n n . ;  B r i s to l  B r a s s  C o rp . ,  B r i s to l ,  C o n n . ;  C b u s e
-   * ---------- " ------------------------------------- ' * '  '  “  -      M ich .

» ■ C onner a n d  c o p p e r  a l lo y s  a r e  a v a i la b l e  f r o m  s u c h  c o m p a n ie s  a s  th e  f o l l o w in g : A m erican  B ra s s  Co., W a te rb u ry , C o n n . ;  B r id g e p o r t  B ra s s  Co., B rid g e ] 
N . l . j  R iv e r s id e  M e ta l  C o., R iv e rs id e , X . J , ; S c o v il l  M fg . C o., W a te r b t r y ,  C o n n . ;  S ey m o u r M fg. Co.. S ey m o u r, C o n n . ;  W o lv e r in e  T u b e  C o., D e tr o i t ,  M



lu o o 'u q iu D -o o ja u v w M M

M êla is an d  A lloys for C onstruction of C hem ical E n gin eerin g Equipm ent
Continued

Sulphuric AcidEssential Nominal Chemical Composition, 
Percent

Machin- Methods
°l

Fabrication

Hydrochloric AcidManufacturer
Phosphoric Acid Sodiu m Hydroxide lium Hypochlorite Resistance

American Brass Co., Watcrbury, Conn.

Room
Boiling

Room
Boiling

American Brass Co., Watcrbury, Conn.

Frontier Bronze Corp., Niagara Falls, N. Y
Castings

Frontier 11 Frontier Bronze Corp., Niagara Falls, N. Y
CastingsFrontier 40 Frontier Bronze Corp., Niagara Falls, N. Y

Excellent Castings
Baker <k Co., Newark, N. J.

Hastelloy A Haynes Stel lite Co., Kokomo, Ind. T erm s U se d
Composition
“Essontial nominal chomica! com­
position'’ refers to tho principal con­
stituents and tho approximate pro­
portion prosont. When "Fe" is 
shown without porcontuge it may bo 
assumed that it roproionts tho bal­
ance of tho composition.

Hastelloy B Haynes Stcllitc Co., Kokomo. Ind.

Boiling
Haynes Stellite Co., Kokomo. Ind.

Room

Boiling

llaynea Stellite Co., Kokomo, Ind. Forms Available

1 castings 
** cold rolled
• drawn
=  hot rollod 
plates 
rods 

shoots 
tubes

* wiro

Boiling
Hardware Bronze Scovill Mfg. Co., Watcrbury, Conn.

Revere Copper à  Brass, New York, N. Y.

Herculoy B Revere Copper & Brass, New York, N. Y 

Generally availablexi

Methods of Fabrication
B “■ brazing 
DD =* deep drawing 
F =  flanging 
R — riveting 
W »  welding

High Silicon Bronze Phelps Dodge Copper Prod., Corp., New York, N. Y

Burgess-Parr Co., Freeport, 111,

R 10 R R i» Room 
.0005 Room

Burgess-Parr Co., Freeport, III.

Inconel International Nickel Co., Now York, N. Y.

Boiling
Inconel Clad Steel Lukens Steel Cth, Coates ville, Pa.

Room

Boiling
Indium Metal American Smelting A Refining Co., New York, N. Y

l.scd for bearings in order to prevent oil corrosion

Room
Boiling

Footnotes
Superior numbers refor to footnotes.Room

Boiling
30% Iridium Platinum J. Bishop 4  Co., Malvern, Pa.

Room
Boiling Room

Boiling
Amer. Smelting & Ref. Co., New York, N. Y. 
National Lead Co., New York, N. Y.

Lead, Antimonial Northwest Load Co., Seattle, Wash.

Lead, Asarco Acid Amer. Smelting & Ref. Co., New York, N. Y.

Lead, Chemical Arner. Smelting & Ref. Co., New York, N. Y 
National Lead Co., New York, N. Y.

Northwest Lead Co., Seattle, Wash.

Lead, Tellurium Amcr. Smelting & Ref. Co., New York, N. Y 
National Lead Co., New York, N. Y. Room

Boiling j i a j nRoomLead, Tellurium Northwest Lead Co., Seattle, Wash.

Molybdenum

Monel
P. R. Mallory <t Co., lndiana|K)lis, Ind. 

International Nickel Co., New York, N. Y Primarily used for furnace elements and mercury switch electrodes

R °°m <  on'- J L  A v ,  A ,  Koom K K R i t  I  ¡ T

< r < r  < r < T < T
.................................   . _________  <.0001 <.001 <.005

Room R R R R Room R R R Room R P k

Boiling ?  < r  t  a * ,  T T 5 < r  < & « < ä , < ä .
_____________< 'OOS < 0 0 5  <  W5 < 010______________  <.0001 <.0001 <.005

B r i s to l  J jra b b  C o rp ., B r is to l ,  C o n n . ; C h a s e  B r a s s  & C o p p e r  C o., W a te r b u r y ,  C o n n . ; M u e lle r  B r a s s  C o., H u r o n , I I i c h . ; N ew  E n g la n d  B r a s s

Monel Clad Steel Lukens Steel Co., Coatesville. Pa.
Room Room

Boiling
Boiling

ry , C o n n . ; B r id g e p o r t  B ra s s  C o.. B r id g e p o r t ,  C on n . 
W o lv e r in e  T u b e  C o., D e t r o i t ,  M ie li.D e t r o i t ,  M ieli,
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No.

288

Material Manufacturer Essential Nominal Chemical Composition, 
Percent

Machin­
ing

Qualities

Methods
of

Fabrication
Forms Available

Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance

No.

Temp. 0.5% 2.5% 10% 25% 60% 95% Temp. 0.25% 1% 5% 20% Cone. Temp. 0.5% 5% 20% 65% Temp. 0.5% 11% 80% 100% Temp. 10% 50% 85% Temp. 0.5% 50% 70% Temp. 5% free Cl 20% free Cl Heat Abrasion

Murrt i Generally available ** Cu, 00; Zn, 40 Good 13. DD, F R, S, T, W 28S

289 National Alloy 40 National Smelting Co., Cleveland, Ohio Al) Cu, 4 Good Castings .... 289

290 National Alloy 40 M National Smelting Co., Cleveland, Ohio AI; Mg. 4 Fair Castings
Fair

291 National Alloy 42 National Smelting Co., Cleveland, Ohio Al ; Cu, 4.0; Si, 2.0 High strength casting alloy
291

292 Nntional Alloy 70 S National Smelting Co., Cleveland, Ohio AI; Si, 7.5 Fair Castings
1-air 292

293 National Alloy 5 Si National Smelling Co., Cleveland, Ohio Al; Si, 5.0 Castings of moderate corrosion resistance
293

294 National Alloy Red X 10 National Smelting Co., Cleveland, Ohio Al; Si, 10; Cu, 1.5; Mn, 0.0. Mg. 0.5 Good Castings Good 294

205 National Alloy Y National Smelting Co., Cleveland, Ohio Al, Cu, 4; Ni, 1.5; Mg, 1.5 Good Castings Good 295

290 National Aluminum 994- National Smelting Co., Cleveland, Ohio Al; 99+ Poor Castings
Poor 290

297 National Aluminum 98-99 National Smelting Co., Cleveland, Ohio Al; 08-99 Poor Castings
Poor 297

298 Naval Bras* Generally available11 Cu, 00, Zn, 39.25; 8n, 0.75 Fair D, R. T. W Applications include valves and condenser tubo heets
Good 298

299 Nicltrome V Driver Harris Co., Harrison, N. J. Ni, 60; Cr, 20 Good B, DD. F, R, W B, CR, I), HR. P. R, S. T, W Room R R R R R R 
Boiling R R

Room It R R R 
Boiling R It

Room R R R R 
Boiling R R

Room It 
Boiling R

R II li 
R R It

Room R R R 
Boiliug R It 11

Good Poor 299

300 Nickel International Nickel Co., New York, N. Y. Ni, 99.4; C, 0.1; Cu, 0.1 ; Fe, 0.15; M d, 0.2; Si, 0.05 Fair B, DD, F, R, W B. C, CR, I), HR. P, R, S, T, W Room R R R R R
<.005 <.005 <.005 <.005 <.010 0.070 

Boiling R R 
.010 .01-.03

Room R R R R R 
<.005 <.010 <.015 .040 .000 

Boiling R R 
.010 .035

Room R 
<.010

Room R 
<.005 

Boiling R 
<.005

R it It 
<.005 <.015 <.005 

li R II 
<.010 <.020 <.015

Room R It R 
<.005 <.005 <.015

Room It R R 
<.0001 <.0001 <.0001 

Boiling R R It 
<.0001 <.0001 <.005

Good Good 300

301 Nickel Clad Steel Lukens Steel Co., Coatesville, Pa. Ni, 99.4; C, 0.1; Cu, 0.1, Fc, 0.15; Mn, 0.2, Si, 0.05 Fair F. R, W HR, P, S Room R R R R R
<.005 <.005 <.005 <.005 <.010 0.070 

Boiling R R 
.010 .01-.03

Room R R R R R .
<.005 <.010 <.015 . 040 . 000 

Boiling R R 
.010 .035

Room R 
<.010

Room R 
<.005 

Boiling R 
<.005

R It R 
<.005 <.015 <.005 

R R R 
<.010 <.020 <.015

Room It R It 
<.005 <.005 <.015

Room R R R 
<.0001 <.0001 <.0001 

Boiling R It R 
<.0001 <.0001 <.005

Good Good 301

-----------
302 Nick cl Silver 18% Generally available 11 Cu, 85; Ni, 18; Zn, 17 Fair B. DD. F. R, W B, C. CR, D. P, R, S, T, W Room R R R R R R 

Boiling R R R R
Room R It R R R 
Boiling R R R It

Room R 
Boiling R

R R R 
R R 11

Room It It It 
Boiling It It It

Room R It R 
Boiling R It It

Room It R 
Boiling R

Fair Good 302

303 Nickel Silver 18% Generally available 11 Cu, 55; Zn, 27; Ni, 18 Fair B, DD. F, R, W B, C, CR, D, P, R, S Room R R R R R R 
Boiling R R R R

Room R R R It R 
Boiling R R R R

Room R 
Boiling R

R 11 R 
R it It

Room It It R 
Boiling It It

Room R R R 
Boiling R It

Room R Fair Good 303

304 Nirex Driver Harris Co., Harrison, N. J. Ni, SO; Cr, 14, Fe, 6 Good B. DD, F, R, W B, CR. HR, P, R, S, W Resists corrosion of organic acids in food and dai 
iug devices

ry products, and oxidations at high temperatures. Uscd as sheath for wire elements in heat* Good Poor 304

305 OPHC Seomet Engineering Co., New York, N. Y. Cu, 99.985 Fair B, DD. F, R, W B, C, CR, I), HR. P, R, S, T, W Immune to attack of dilute sulphuric acid and acetic acid in complete absence of air. In general coppcr can be used with dilute acids and 
caustic alkalis

Fair la ir 305

300 Olympic Bronze Chase Brass A Copper Co., Waterbury, Conn. Cu. 90; Si, 3; Zn, 1 B, DD, F, R, W li, C, CR, D, HR, I», R, S, T. W Room R R 
Boiling R R

Room R R 
Boiling R

Room R Room R 
Boiling R

R It R 
R

Room R It R 
Boiling R It R

Room R 
Boiling It

300

307 P D C P Copper Phelps Dodge Copper Pro. Corp., New York, N. Y. Cu, 99.985 Fair B, DD. F, R, W B, C, 1), CR, HR, 11. T. W Immune to attack of dilute sulphuric acid and acetic acid in complete absence of air. In general cc 
caustic alkalis

jpper can be used with dilute acids and I  air Fair 307

308 Palladium llaker A Co., Newark, N. J. Pd, 99.991 Poor B, DD. F, R, W B, C. CR, D, HR. P, R, S, T, W Room R R R II R R 
Boiling R R R R R

Room R R R R R 
Boiling It 11 R It

Room It R It It 
Boiling R R

Room R 
Boiling R

It R R 
R R R

Room It It It 
Boiliug R It It

Room R It R 
Boiling It It It

Room It R 
Boiling It R

Good Poor 308

309 Phosphor Bronze A Generally available,s Cu. 94.8-95.5; Sn, 4.3-5.0; P Fair B, DD. F, R, W 11, CR, D, P, 11, S, T, W Room R R R R R R 
Boiling R R R R

Room R R R R R 
Boiling R R It R

Room R 
Boiling R

R R R 
R It It

Room It It It 
Boiliug It

Room R It R 
Boiling R

Room R Good 309

310 Phosphor Bronze C Generally available11 Cu, Sn, 7.00-9.00; P, 0.03-0.25
310

311 Phosphor Bronze D Generally available 11 Cu, S9.5-90; Su, 10-10.5:1* Fair B, DD, F, R, W B, CR, D, 1\ R, S, T, W Room R R R R R R 
Boiling 11 R R R

Room R It It R R 
Boiling It It R It

Room R 
Boiling R

R It R 
R It R

Room It It It 
Boiling It

Room R R R 
Boiling R

Room R Good 311

312 Phosphor Bronze F. C. Generally available11 Cu, 88; Zu, 4; Sn, 4; Pb, 4 Good li B. CR, 1), P, R, S Room R R R R R R 
Boiling R R R R

Room R R H R  R 
Boiling It It It It

Room R 
Boiliug R

R R R 
It R It

Room R It R 
Boiling It

Room R R R 
Boiliug It

Room R Good 312

313 Phosphor weil Admiralty Scovill Manufacturing Co., Waterbury, Conn. Cu, 70; Zu, 29; Sn, 1; P. .03 Fair B, DD, F. R, W T Primarily used for condenser and heat exchange tubes
Good Fair 313

314 Pioneer Pioneer Alloy Prod. Co., Cleveland. Ohio Ni, 65; Cr; Mo; Fe Good
Good 314

315 Platinum Baker & Co., Newark, N. J. l’t, 99.99 Poor B, DD. F. R, W B, C, CR, D. HR, P. R, S, T, W Room R R R R R R 
Boiling 11 R R R R R

Room R R It R R 
Boiling It R R R R

Room It R R It 
Boiling R R R It

Room R 
Boiling R

R It It 
R R It

Itoom It It It 
Boiling It It It

Room It It R 
Boiling R It R

Itoom R R 
Boiling R R

Good Poor 315

3IÖ Platinum J. Bishop it Co., Malvern, Pa. Pl, 99.95 Poor B. DD. F, R, W B, C, CR, D. HR, P, R, S, T. W Room R R R R R 11 
Boiling R R R R R R

Room It R R R It 
Boiling R R R R R

Room R It It It 
Boiling R R  It It

Room It 
Boiling It

R It It 
It It It

Room R It R 
Boiling R It R

Room R It 11 
Boiling R It R

Room It R Good Poor 310

317 Red Brass j Generally available Cu, 85; Zn, 15 Fair B, DD, F, R. W B, CR, 1). P. Il, S, T, W Primarily used for coudenser and heat exchange tubes, piping, flexibie'hose Fair Fair 317

31S Rhodio Platinum Baker A Co., Newark, N, J. P t; lili, 5-40 Good B, DD, F, R, W B, C, CR. D, IIR, P. R, S, T, W Room R R R R R R 
Boiling R R R R R R

Room R R R R R 
Boiling R It R R R

Room It It It R 
Boiling It R R R

Room R 
Boiling It

R R It 
R It It

Room It It R 
Boiling It It R

Room It R R 
Boiling R It R

Room R R 
Boiling R R

Good Good 318

319 Roofloy Amer. Smelting A Ref, Co., New York, N. Y. Pb; Sn, 0.25; C», 0.02. M r . 0.02; Bi, 0.02 Fair CR. R, T Room R.0003 R.0005 R.001 R.002 R.003 R.004 Room It.OOl 11.002 R.003 Fair 319

320 Silver, Fine »» Baker A Co., Newark, N. J. Ag. 99.9+ Room R R R R R R 
Boiling It R R R

Room R R R R R Room R 
Boiling R

It it It 
R It R

Room It R R 
Boiling It

Room R R R 
Boiling R It R

320

321 Silver, Fine 11 Handy A Harman, Bridgeport, Couu. Ag, »9.9+ ‘ Fair B, 1)1). F, R, W B. C, CR. D, P, R. S, T, W Room R R R.0007 R R R 
158° F. R R.0047

Room R R R R R 
Boiling R R R R R

i Room It 
! Boiling R

It-" R R 
it It It

ltooiu It R R Itoom It R R 
Boiling R R It

Poor Poor 321

322 Stellite 1 Haynes Stellite Co., Kokomo, Ind. Co; Cr; W Poor B, W C. weld rod Room R R R R R R Room R 
Boiling R

Rio H 11“  
It i" It It »

Room R 10 Good Good 322

323 Stellite 6 Haynes Stellite Co., Kokomo, lnd. Co; Cr; W Poor B, W Weld rod Room R R R R R R 
.004

Room R 
Boiling R

It R R 
K.003 It lt.011

Good Good 323

324 Super Nickel Clad St*ol Lukens Steel Co., Coatesville, Pa. Fair F, R, W HR. P. S Room R R R R R R 
Boiling R R R R

Room R R R R R 
Boiling R R R R

324

325 Tantalum Faulted Metallurgical Corp., N. Chicago, 111. Ta, 99.9-f Poor DD, F, W 1), R, S. T, W Room R 10 R 10 R lu lt>° R>» R K 
Boiling R 10 R »  R 10 l i 10 R

Room R ,a R 10 R 10 R w R 10 
Boiling R 10 R 10 R 10 R 10 R 10

Room R 10 R 10 R »  R > 
Boiling R 10 R 10 R»« R*

| Room I t 10 
Boiling R w

It i» R i» R 10 
K 10 R 10 It

Room I I '0 R '“ 11 
Boiling R IU R 10

Room R 10 R 1J Poor : la ir 325

320 Tobin Bronze American Brass Co., Waterbury, Conu. Cu, 60; Zn, 39.25; Su, 0.75 B, F, W B, CR, D. HR, P. R, S, T, W Used largely for its resistance to corrosion by sea water aud lor welding rod | 320

327 Tophet A Wilbur B. Driver Co., Newark, N. J. Ni, !>0; Cr, 20 1), HR. R, W Room R Room R R R It 
Boiling R R R R

Room R 
Boding It

It R It 
R It R

ltoom It Room R R R 
Boiling R R R

Good 327

328 Tungsten P. R, Mallory A Co., Indianapolis, lnd. W, 99.8-99,9 Poor U R, S, W Primarily used for electrical contacts and furnace elements
I

1
j Good la ir ! 328

329 'Wolverine Comm. Bronze Wolverine Tube Division, Detroit, Mich. Cu, 90; Zn, 10 Fa'r DD T
-1 ............i . 1 1 ------------------------- 1 -------- 1 329

T e r m s  U se d

When "Fe" is

> bars

= drawn 
i *-« hot rc 
» plates 
= rods
* sheets
* tubes 
=  wire

° brazing 
=  deep dr 

« flanging 
= riveting 
■ welding

The ligures

»  -No m e a s u ra b le  p e n e t r a t i o n .  >i C o in  ( Ag, !*0 ; C u , 1 0 ) ,  s t e r l in g  < Ag, U2.5 ; C u, 7 .5 ) , a u d  c la d  li re  a ls o  a v a i la b le .  "  C o p p e r  a n d  C onner a l lo y s  a r e  a v a i la b l e  f ro m  su e li  c o m p a n ie s  a s  th e  fo l lo w in g  . A m e r ic a n  B r a s s  C o ., W a te rb u r y .  C o n n . ; B r id g e p o r t  B r a s s  Co., B r id g e p o r t ,  C o n n . ; B r i s to l  B r a s s  C o rp .,  B r is to l ,  C o u u .; C h a s e  B r a s s  & C o p p e r  C o ., W a te r b u r y ,  C o n u . ; M u e lle r  B r a s s  C o ., H u r o n ,  M i c h . ; N ew  E n g la n d  B r a s s  C o ., ' i a u n -  
to u ,  -M ass .; 1 h e lp s  D odge C o p p e r  P r o d u c t s  C o rp ., N ew  l u r k ,  N. 1 . ;  U ev ere  C o p p e r  & l l r a s s ,  In c ., N ew  l o r k ,  N, 1*.; R iv e r s id e  M e ta l  Coi, R iv e r s id e ,  N . J . ;  S c o v il l  M ................................................................... ~  ~   ’   ”  —M fg . Co., W a te r b u r y .  C o n n . ;  S e y m o u r  M fg . C o., S e y m o u r , C o n n . ;  W o lv e r in e  T u b e  C o., D e t r o i t ,  M ich .



Post-W ar Industry 
in  the M aking

H id d en  a w a y  in one  c o rn e r  of o n e  of th e  h u g e  w o rk s  of 
th e  C o m m erc ia l S o lv e n ts  C o rp o ra tio n  is th is  in te re s tin g  
u n it fo r th e  v a p o r -p h a s e  n itra tio n  of p a ra f f in  h y d ro c a rb o n s

SIDNEY D. KIRKPATRICK Editor. C hem ical & M etallurgical Engineering

■ Chem. & M et.  I N T E R P R E T A T I O N  —— — — ——

Corrosion-resistant metals and alloys have made possible the suc­
cessful commercial development of the vapor-phase process for the 
nitration of petroleum hydrocarbons, thereby producing basic raw 
materials for future chemical industries. The nitroparaffins and their 
derivatives are already demonstrating their usefulness in a wide 
range of chemical and process applications. This article is the first 
to describe their production in the new model plant at Peoria, 111., 
and to show by typical flowsheets how chemical engineers are using 
these versatile materials to produce many valuable derivatives. 
Other equally important applications await exploration.—Editors.

A n e w  f a m i l y  o f organic chem­
icals is making its bid for indus­
trial recognition. A  few  years ago 

they were regarded as laboratory 
curiosities— new playthings for the 
research chemists and molecule jug­
glers. Today the nitroparaffins are be­
ing shipped in tank cars to serve as 
the basic raw materials for new indus­
tries. Exploratory research is con­
tinuing to develop hundreds o f new  
derivatives and many o f these are 
finding jobs as building stones in 
present and post-war projects. Thus 
the whole development is following

the fam iliar pattern of industrial 
growth as an entirely new Held of 
organic chemistry widens its circles 
of usefulness and influence.

How many o f  us realize, however, 
that the nitroparaffin industry itself 
would scarcely have been possible 
had it not been for the modem cor­
rosion- and heat-resistant materials 
available for plant and equipment 
construction? A new process of 
vapor-phase nitration required the 
handling o f nitric acid at tempera­
tures far above its boiling point— a 
field in which there was practically

no experience on which to draw. The 
problem was further complicated by 
the reaction products that behaved 
badly at high temperatures. Fortu­
nately in the period directly after the 
first World War we had learned a 
lot in this country about the use of 
high chromium iron and the chrom- 
ium-nickel steels. It was this knowl­
edge, increased by costly research and 
experimentation, that made possible 
the construction o f the first commer­
cial plant in the world to produce 
the nitroparaffins by vapor phase 
nitration. It has been in commercial 
operation since A pril, 1940. At pres­
ent it produces the four best known 
of the X P ’s— nitromethane, nitro- 
ethane, 1-nitropropane and 2-nitro- 
propant— as well as approxim ately 
20 o f their important derivatives.

As is well known to most Chem. <£' 
.1 le t .  readers, the vapor-phase nitra­
tion process has been based on re­
sults o f research at Purdue Univer­
sity carried out during the past dozen 
years by Prof. H enry B. Hass and 
his associates in the Purdue Research 
Foundation. About 1935 the Commer­
cial Solvents Corp. arranged with the 
Purdue Research Foundation for the 
commercial exploitation o f the vapor- 
phase nitration process. Research on 
this process was started immediately 
in the corporation’s laboratories at

CHEM ICA L & M ETA LLU RG ICA L E N G IN EE R IN G  • S E P T  KM II Ell  . .9— 120
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Terre Haute, Ind., and at the same 
time various fellow ships were estab­
lished at Purdue University, prin­
cipally to work on the derivatives of 
tbe nitroparaffins.

B y 1937 the project was ready for  
its first pilot plant, which was set up 
in Terre Haute. Experience thus ob­
tained led to the design and construc­
tion during 1939 o f the first commer­
cial p lant at Peoria, 111. It was built 
by E. B. Badger & Sons of Boston as 
a self-contained unit, dependent 
only upon the general plant for 
steam, water, electricity and sewer 
facilities.1

Construction was unusually costly 
due, as previously mentioned, to the 
large amount o f expensive alloys that

4

5

were required to resist the severely 
corrosive conditions. As is so often 
the ease, laboratory corrosion tests 
were not generally applicable to plant 
conditions. Hence it was necessary to 
carry on considerable experimenta­
tion in the construction o f the pilot 
plant. To get the benefit o f  as much 
experience as possible from the metal 
suppliers, the stainless steels and 
other alloys were purchased from a

* .\ m uch  la rg e r  p la n t  is  on th e  d ra f t in g  
bonnl*  fo r  p o s t-w a r co n s tru c tio n . S .P .K ,
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A lu m in u m  s to ra g e  ta n k s ,  s ta in le s s  s te e l  
f r a c tio n a tin g  to w e rs  a n d  p ip in g , a sb e s -  
to s-cem en t b u ild in g s — h e lp  th e  c h e m ic a l 
e n g in e e r  to  s o lv e  c o rro s io n  p ro b le m s  in ­

v o lv e d  in n i t ro p a ra f l in  m a n u fa c tu re

number o f different manufacturers. 
A ll were given an opportunity to 
test out their products and to bid for  
part of the business. This process o f 
sp litting up the contract proved to 
have both advantages and disadvan­
tages. It helped the corporation’s en­
gineers as well as the suppliers to 
evaluate the materials under condi­
tions of actual service. In a few  cases, 
however, inexperienced concerns 
found it necessary to replace their 
products and costly delays resulted. 
No single alloy was found to be out­
standing for all applications. Some 
large pieces o f equipment made of 
alloys that satisfactorily handled hot 
vapors were seriously damaged by 
superheated nitric acid in liquid 
phase. In other instances the reverse 
happened. Gradually, however, the 
corrosion problems that appeared to 
present almost insurmountable diffi- 
culties have been overcome.

Long-range corrosion studies are 
still being conducted in the Peoria 
installation. It is not uncommon to 
find different sections o f various col­
umns composed of different alloy 
steels. Likewise, performance studies 
are being made in nearly every place 
where spare pieces of equipment have 
been installed or where duplicate 
units can be used for the same pur­
pose. Thus the equipment as well as 
the materials o f different manufac­
turers are being studied.

The process used at Peoria for the 
commercial production o f the nitro­
paraffins consists o f three steps or 
stages: (1 ) The high-témperature
nitration o f propane in vapor phase; 
(2) separation o f reaction products 
and recovery o f unreacted materials 
for recycling and (3) fractional dis­
tillation and purification of the nitro­
paraffins. Thus it w ill be seen that 
the two principal raw materials are 
propane and nitric acid. Both are re­
ceived at the plant in tank cars, the 
former coming from a mid-continent 
petroleum refiner and the acid from a 
nearby chemical manufacturer. 
Chrome-iron tanks are used for the 
storage o f the nitric acid, which is 
pumped to process in Labour cen­
trifugal pumps, also o f chrome iron.

The nitration unit itself, or re­
actor, as it is called, is housed be­
tween reinforced masonry walls and 
consists o f a gas-fired, refractory- 
lined furnace built by the Surface



scrub liquor and condensate by steam 
distillation. The crude nitroparaffins 
are decanted from  the condensed 
steam and separated into the indi­
vidual components by continuous 
vacuum distillation and fractiona­
tion. A s will be noted from  the ac­
companying flow diagram (F ig . 1 ), 
there are six fractions— the four com­
mercial N P ’s— nitromethaue, nitro- 
ethane, 1-nitropropane and 2-nitro- 
propnne— and the low and high boil­
ing fractions. Nitration gases from 
the condenser and nitroparatlin ab­
sorber contain unreaeted propane 
and oxides o f nitrogen which are re­
covered and recycled.

Successful operation of a contin­
uous vapor-phase nitration plant re­
quires the maintenance o f uniform  
temperatures, pressures and flows 
throughout the system. The nitration 
process, the product condensation 
and recovery, the distillation o f the 
crude paraffins and the recovery and

C h ro m e-s tee l ta n k s  fo r n itr ic -ac id  s to ra g e  
in  fo re g ro u n d . N o tice  a ls o  c o n cre te  
b a r r ie r s  s h ie ld in g  th e  g a s - f ire d  fu rn a c e  

in w h ic h  th e  n itra tio n  Is e ffec te d

O p e n -ty p e  c o n stru c tio n  m a d e  p o s s ib le  by  
u s e  of c o rro s io n -re s is ta n t m a te r ia ls

recycling o f the unconsumed react­
ants must all operate steadily and in 
constant balance with one another. 
This can only be accomplished In­
complete instrumentation and m axi­
mum use o f automatic control. Some 
idea o f the magnitude o f the control 
problem and the number and variety 
o f the instruments needed can be 
gathered from the fact that the con­
trol panel for the Peoria plant is 
nearly 50 ft. long and contains 30 
recording and controlling instruments 
and over 50 indicating devices, in ad­
dition to the numerous automatic 
controls that make it possible for  
two men per sh ift to operate the en­
tire plant.

Before describing the adjoining  
plant for the production of deriva­
tives, it may be of interest to list 
some of the many rapidly increasing 
uses for the nitroparaffins themselves. 
W e naturally think o f them first as 
solvents for they have much in their 
favor in this field. They are medium- 
boiling, mildly odored and have 
strong dissolving power for many 
difficulty soluble materials. For ex­
ample, the nitropropanes will dis­
solve hundred of waxes, natural res­
ins and gums, tars and pitches, coat­
ing; materials, oils, fats, dyes and

Combustion Co. H ere the nitric acid 
is heated to about 400 deg. C. and the 
vapors are mixed with propane under 
pressure o f  about 150 psi. The highly 
exothermic reaction takes place in­
stantly and unless the products of 
the reaction are rapidly cooled, there 
is a progressive oxidation o f the 
hydrocarbons' to CO and CO:. This 
cooling is accomplished with water in

a long tubular heat exchanger and 
condenser.

In addition to the nitroparaffins 
the condensate contains water intro­
duced with the nitric acid, and that 
formed by the reaction. N itro­
paraffins still remaining in the gas 
are removed by counter-current scrub­
bing operations, after which the 
crude N P ’s arc recovered from the



organic chemicals. Sometimes the 
solubility is increased (“activated” ) 
by the presence o f alcohol. A s solv­
ents for cellulose acetate, they have 
certain advantages over low-boiling 
materials that cause poor flow or 
•‘blushing” o f lacquers and over the 
high-boiling, slowly-evaporating solv­
ents that delay the final hardening of 
the film. The nitroparaffins are among 
the most powerful solvents known 
for vinyl acetate-vinyl chloride poly­
mers and can be advantageously used 
with the higher ketones in most vinyl 
resin-solutions.

Immediately adjoining the NP  
plant is the large three-story build­
ing in which many of the more im­
portant chemical derivatives are now 
being manufactured. A s will be noted 
from the accompanying illustrations, 
the equipment in this plant is that of 
a thoroughly modern factory for the 
production o f fine chemicals. A t pres­
ent approxim ately 20 derivatives are 
being made at Peoria but the plant 
has been equipped to provide ex­
treme flexibility in all o f its opera­
tions.

Typical o f the amino-hydroxy de­
rivatives, o f which five are now pro­
duction, is the manufacture of 2- 
nitro-2-m ethyl-l-propanol shown in 
the accompanying flow' diagram (2).

Typical o f the animo-hydroxy der­
ivatives, o f which five are now pro­
duced at Peoria, is the manu- 
ture of 2-am ino-2-inethyl-l-propanol 
shown in P ig . 3. This is one of the 
most versatile o f -th e  em ulsifying  
agents available today for the prep­
aration of water dispersions of fats, 
oils, waxes and resins. Cosmetic 
creams and lotions made from this

B elow — M a n y  n e w  n i t ro p a ra f l in  d e r iv a ­
tiv e s  a r e  m a d e  in  th is  m o d e l c h em ic a l 

p la n t

product are said to show exception­
ally high stability in respect to. color 
and consistency. Comparable advan­
tages arc claimed for automobile 
cleaner-polishes, shoe and leather 
dressings, mineral oil emulsions and 
other textile finishing compounds. 
The amino-hydroxy derivatives also 
readily undergo a variety o f chem­
ical reactions and are therefore 
widely used in synthesis.

One o f the simplest of chemical 
compounds— in the borderland be­
tween the organic and inorganic king­
doms—is hydroxylamine, N ÍI.O] I. 
It has been known for many years 
as a useful, active reagent for chem­
ical synthesis but its application has 
been restricted because of its high 
price and limited availability. Now, 
however, it can be readily made in 
the form of its salts merely by the

hydration of nitropropane in the 
presence of an acid (See F ig. 4 ). 
The cheapest o f these salts now avail­
able is hydroxyl ammonium acid sul­
phate. This is an economical base for 
the synthesis o f dyestuffs, pharma­
ceuticals, resins, flotation agents and 
many other organic chemicals. In re­
actions where high purity is o f im 
portanee, hydroxyl ammonium sul­
phate,' produced by reaction with 
methanol (See F ig. 5) is recom­
mended.

These are only a very few o f many 
derivatives o f the N P ’s that are being 
made at Peoria or in the Terre Haute 
plant o f Commercial Solvents. They 
will doubtless suggest some o f the 
other processes and applications 
which are daily extending these prod­
ucts into ever wider fields of useful­
ness.

A b o v e — C o n tro l p a n e l  a lm o s t 50 ft. lo n g , 
w ith  30 c o n tro llin g  d e v ic e s  a n d  o v e r  50 

in d ic a tin g  d e v ic e s

B elo w — T his m a z e  of p ip in g  is re q u ire d  
to m a in ta in  u n ifo rm  te m p e ra tu re ,  p r e s ­

s u re  a n d  flow  of m a te r ia ls



FORD M akes M agnesium
GERALD ELDRIDGE STEDMÄN W e b s te r  H all, Detroit, M ich.

'C h e m . & M et.  I N T E R P R E T A T I O N -

"Somewhere in Michigan" another plant gets under way for the com­
mercial production of the silvery white metal that means so much to 
our war effort. Behind this development lies the keen personal inter­
est of Mr. Henry Ford, who was among the first to put the new light 
alloys of magnesium to practical application on a large scale. Behind 
it also lies the genius and resources of the chemical and metallurgical 
laboratories of the Ford Motor Co., which accepted the government's 
challenge to build and operate a plant using the ferro-silicon process 
recently described in these pages. Within the limits of voluntary 
censorship, Mr. Stedman tells a story in this article that spells addi­
tional trouble for our enemies.—E d ito rs .

.Mr. Henry Ford traces his early 
interest in magnesium to his great 
friendship for the late Dr. Herbert
H. Dow. Many years ago he bought 
ihe first automobile trailer to be made 
of Dowmetal. This was finally evolved 
into a fleet o f chassis-less sem i­
trailers, each weighing 5,700 lb., yet 
capable of carrying three good-sized 
automobiles. This same interest in 
magnesium led ultimately, under the 
challenge of the Victory Program, to 
the building and operating o f Ford's 
own foundry for molding magnesium  
alloy castings. A  magneto adapter 
for aircraft engines was poured on 
Jan. 14, 1941, as the first magnesium

m ultiplying this out- National Research 
d. - Chcm.i-Met., Apr;

CHEMICAL k  METALLURGICAL

U n d e r Ihe  s h e l te r e d  sec tio n  oi th is  b u ild in g , th e  f irs t fu rn a c e  w a s  p ro d u c in g  m a g n e s iu m  w h ile  roof sec tio n s  a n d  s te e l  f ra m e w o rk  
w e re  b e in g  p u t in  p la c e  fo r Ihe  re s t  of th e  b u ild in g . L ess  th a n  s  x m o n th s  a f te r  th e  firs t co n s tru c tio n  w o rk  b e g a n ,  th e  f irs t s ec tio n  

o l th e  b u ild in g  w a s  v ir tu a l ly  c o m p le te d  a n d  w o rk m e n  w e re  p u s h in g  co n s tru c tio n  of th e  se c o n d

Hi g h l i g h t i n g  the importance of 
aircraft in warfare, the “little 

World W ar” stimulated interest in 
the light alloys. Germany, in par­
ticular, went about expanding its 
capacity for magnesium production. 
The I. G. Farbenindustrie, A.G., and 
the W intershall potash group, who 
together provide the entire German 
output, had done so well by 1938 that 
further extension of productive ca­
pacity was prohibited by law. Meth­
ods of production varied, but both 
groups depended primarily upon the 
electrolysis o f fused magnesium 
chloride obtained either in the waste 
liquors of the Stassfurt potaBh indus­
try, or from selected carnallite ores. 
Japan, too, began to imitate its Axis 
partner in 1932, when its production

was only 24 tons, but by 1938 the casting of that% now nVainmoth plant.
Japs were producing 1,200 tons, most Sad day for - Hitler,
of it by the Nicliiman company at its Meanwhile, the Ford chemical and
Ube plant in Yamaguchi Prefecture, metallurgical laboratories continued
again using the electrolytic process 
on magnesium chloride recovered 
from brines or obtained by chlorinat­
ing calcined magnesite.

Our own magnesium industry, as 
previously reported in Chem.d'Met. 
(Nov. 1941, p. 76-85) was started 
in 1915 by several producers, but 
since 1927 the major commercial out­
put has come from the Dow Chemical 
Co. o f Midland, Mich. The govern­
ment has reported that production in 
1940 had reached 6,250 tons, and 
even before Pearl Harbor plans were 
announced for 
put by fifty
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to explore all phases of magnesium  
production, as-well as its application. 
As the government magnesium pro­
gram developed, it had become evi­
dent that other magnesium produc­
tion processes would be needed to 
furnish quick and certain production 
with a minimum use of power and 
critical chlorine. A  special committee 
of the National Academy o f Sciences 
was formed to hunt for other meri­
torious processes. Its conclusion was 
that the ferro-silicon process, -which 
had been developed in the Canadian 

Laboratory (see 
1942, p. 87)
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would give the best results with the 
minimum time-cost risk.

On Dec. 24, 1941, the N .A.S. M ag­
nesium Committee, headed by Dr. 
Zav Jeffries o f the General Electric 
Co., and Dr. Howard W. Russell, of 
Battelle Memorial institute, visited 
the Ford Motor Co. to find out what 
it would do about producing mag­
nesium in quantities. Although the 
work o f his own engineers had 
pointed toward the further develop­
ment of a carbo-thermic process as 
the most promising and economic, 
Mr. Ford agreed to accept the com­
mittee’s recommendation that the 
ferro-silicon process should be used. 
H is only desire was to do what the 
government wanted done to meet its 
war needs.

W ithin a week after the N .A.S. 
Committee’s visit, special iron cast­
ings were made to serve as a retort 
and experimental production o f mag­
nesium was started by the ferro- 
silicon process. This convinced Ford 
engineers that the metal could be pro­
duced on a fu ll production basis, 
and within three days after the letter 
of intent o f the D efense Plant Corp. 
was received (Jan. 13, 1942) pile 
drivers were operating on a new 
plant site. H aving no pattern to 
study in the United States or Canada, 
Ford engineers originated their own 
plan and copying the tar-paper 
cocoon shelter from the Airplane 
Engine Plant, contractors started to 
pour cement on January 27, just

F irs t m a g n e s iu m  c a s tin g  m a d e  in F o rd  
fo u n d ry  Jan . 14. 1941 w a s  th is  m a g n e to  

a d a p t e r  fo r a n  a i r p la n e  e n g in e

E x p e r im e n ta l  p ro d u c tio n  of m a g n e s iu m  
w a s  b e in g  c o n d u c te d  in  a  p ilo t fu rn a c e  
w h ile  c o n s tru c tio n  of th e  m a g n e s iu m  
p la n t  w a s  u n d e r  w a y .  R eto rts  of d iffe ren t 
a l lo y s  a n d  v a r io u s  s iz e s  w e r e  te s te d  to 
fin d  a  re to r t  th a t  w o u ld  p ro d u c e  m a g ­
n e s iu m  m o st e ff ic ie n tly  a n d  e c o n o m ic a l­
ly . W a te r  c o o le rs  w e re  u s e d  a t  f irs t to 
c o n d e n s e  th e  m e ta l  v a p o r ,  b u t la te r  te s ts  
p ro v e d  a i r  c o o lin g  w a s  ju s t a s  e ffic ien t

about a month after the initial ap­
proach by the N .A .S. Committee.

In the Spring o f 1942, gas fires 
were lighted in the first furnace and 
magnesium was first produced on a 
commercial basis shortly afterward, 
less than two months after the first 
furnace brick were laid. Meanwhile, 
workmen were pushing construction 
on the next section o f furnaces, and 
the smelter began its round-the-clock 
schedule to the V ictory effort.

While construction tempo was 
proceeding, retorts o f varying alloys 
and sizes were tested in a pilot fur­
nace to determine the most efficient 
mass production set-up. A 20-in. 
diameter was first tried, but the time 
required to raise the tube to the 
proper temperature was too long. 
Other diameters from 6 in. to 20 in. 
were experimented with and more 
than a thousand different runs were 
concluded to find the most economical 
methods. Eventually a retort o f 22 
ft. in length, with 10-in. i.d., made 
from chrome-niekel steel, proved 
most satisfactory.

The ferro-silicon process o f pro­
ducing magnesium metal is rela­
tively simple— at least in outline.

Dolomite, the naturally occurring cal- 
cium-magnesium carbonate, is one of 
the most abundant o f our limestones, 
with deposits widely scattered 
throughout the United States. Ferro- 
silicon, o f course, is made in the elec- 
trie furnace from silica, iron and 
carbon. The combination o f the 
dolomite and ferro-silicon, properh  
proportioned in a vacuum at a high 
temperature causes the magnesium to 
be driven off as a vapor. Coming into 
contact with a cool surface, this con­
denses while the iron rides along on 
the coat-tails o f the silicon.

The production flow at the Ford 
plant proceeds in two stages— calcin­
ing and smelting, as shown in the 
accompanying sketch. From the
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Michigan quarries, dolomitic lime­
stone is brought to a former cement 
plant to be dehydrated, powdered and 
calcined. The burning process re­
moves approxim ately 50 percent of 
the weight o f the raw stone in the 
form of carbon dioxide.

The calcined dolomite and pre- 
crnshed ferro-silicon are propor­
tioned into large compartment ball 
mills which have the dual function o f 
powdering and m ixing both materials. 
They further compact the mixture so 
that, there is less tendency for segre­
gation during storage.

This dehydrated dolomitic lime and 
ferro-silicon mixture is stored, trans­
ported by trucks to the magnesium  
sm elting plant, where, in the briquet­
ting unit, the dolomitic lime (mixed 
with 75 percent o f ferro-silicon in a 
ratio o f slightly less than 6 -to-l) is 
compressed into handy shape. The 
finished briquettes are then ready for 
the smelter.

Ford’s experience in briquetting 
glass batches was helpful in the pro­
duction o f such enormous quantities 
o f briquettes. The nature o f the ma­
terial caused special design o f aux­
iliary equipment and presses were 
developed as rolls with briquette-mold 
recesses in them, the charge being 
formed into briquettes at the bite of 
the rolls.

The magnesium smelting furnaces

are arranged in a number of rows. 
Each furnace is 19 ft. high, 10 ft. 
wide, and 18 ft. long. Through the 
middle of each runs two tiers of 
Niehrome pipe, 11 to each furnace, 
banked six on the bottom row, and 
live on the top. These are the retorts. 
They are 22 ft. long, 13 ft. o f which 
is in the heat zone, and 31 in. o f  
which projects from each end of the 
furnace. Furnaces are designed to 
use either 10- or 12-in. i.d. retorts. 
These are supported inside the fur­
nace by refractory brick arches. Split 
steel sleeves fit inside each retort on 
the ends projecting from the furnace. 
It is on these that the magnesium  
condenses and crystallizes.

Sm elting must be carried out in a 
high vacuum. This is accomplished 
by m anifolding each retort-in to  a 
vacuum pump. A 1.5-in. p ipe leads 
from each retort and into one o f four 
furnace manifolds, which, in turn, 
lead to the floor beneath each furnace 
where they connect with four vacuum 
pumps each driven by a 5-hp. electric 
motor. These pumps, rated at 100 
cu.ft. o f air per min., remove the 
air from the retorts. Metal caps 
placed over the retort ends facilitate  
in maintaining the high vacuum.

The briquettes are preheated above 
the furnace proper before loading 
into the retort. Furnace exhaust gases 
are circulated through this area on

their journey to the chimney, and the 
briquettes are thus heated. As the re­
torts open for charging, these pre­
heated briquettes are loaded into the 
22-ft. long tubes, the load weight 
per retort being 350 lb. The end caps 
are then attached and the vacuum 
pumps started.

Each furnace is fired by numerous 
gas jets from each side. They burn 
purified coke-oven gas and maintain 
the necessary temperature inside the 
furnace. This heat, assisted by the 
vacuum, causes the magnesium to 
vaporize. An 8-hr. cycle releases the 
greater proportion o f the metal. The 
vacuum, aside from its necessity in 
the chemical reaction, tends to draw 
the magnesium vapors to the ends o f  
the retorts. Here, after some experi­
menting with water-cooling, it was 
found that cooler air temperatures at 
the end-tube portions of the retorts 
were sufficient to cause the necessary 
condensation. The metal is deposited 
on the split iron sleeves lining the 
extremities o f the tubes.

A fter eight hours of firing, the 
sleeves, with their magnesium de­
posits, are withdrawn from the re­
torts and the crystallized metal re­
moved. Theoretically, 20 percent o f  
briquette weight should be deposited 
as magnesium. This would represent 
70 lb. o f metal per charge.

A fter the magnesium covered
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sleeves have been extracted from the 
retorts, the residue is cleaned out. 
Because o f its high lime content, this 
could be used for agricultural pur­
poses. N othing has yet been at­
tempted along this line.

Because o f the lack of mechanical 
equipment, it has been necessary 
during the first few months o f oper­
ation to load, tap and clean retorts 
manually. At first, briquettes were 
not preheated, but were merely shov­
eled into a scoop that could be fun- 
neled into each retort. Iron sleeves 
were pulled from tubes by long 
hooks. Slag was scraped out with 
long-handled hoes. The mechanization 
o f these tasks is proceeding, and ad­
ditional daily tonnage per furnace 
can be expected from such mechan­
ical charging. Censorship prevents 
disclosure o f magnesium smelting 
production per furnace per day, but 
it is high, and the furnace operates

A b o v e  —  C lo se -u p  of fu rn a c e  sh o w in g  
iro n  s le e v e s  o n  w h ic h  th e  m a g n e s iu m  is 

d e p o s ite d

R igh t —  In th e  s m e ltin g  of m a g n e s iu m , 
b r iq u e tte s  of c a lc in e d  d o lo m ite  a n d  fe rro - 
s ilico n  a r e  c h a r g e d  in to  lo n g  N ich ro m e  
re to r ts . P u re  m e ta l  is  v a p o r iz e d  from  th e  
c h a r g e  a n d  c o n d e n s e d  o n  tw o -p iec e  iron  
s le e v e s  lin in g  th e  e n d s  of th e  re to rts . 
A fte r  e ig h t h o u rs  m ost of th e  m e ta l is 
d e p o s ite d . T h e  s le e v e s  a r e  th e n  w ith ­

d ra w n  a n d  th e  m a g n e s iu m  re m o v e d

B elow  —  F o u r v a c u u m  p u m p s  a r e  r e ­
q u ire d  fo r e a c h  fu rn a c e . E a c h  is d r iv e n  
b y  a  5 -hp . m o to r a n d  c a n  re m o v e  100 
cu . ft. p e r  m in . of a ir  from  th e  re to rts

24 hr. each day on eight-hour firing 
cycles.

This, then, is the story of one of 
Ford’s war achievements, described as 
closely as censorship permits. The 
fact that Ford has maintained a 
mammoth magnesium alloy foundry 
for better than a year now permits 
his complete utilization of the ad­
vantages o f the metal he produces. 
Ultimately his metallurgists may well 
develop special alloys of even greater 
merit than those known. Thus, the 
completeness o f Ford’s integrated 
facilities in producing, casting, ma­
chining and fabricating this war 
metal can give the United States an­
other liftin g  assurance o f ultimate 
victory. And magnesium is destined 
to create many revolutions in peace­
time mechanical design once its pres­
ent job is done.



Clays an d  H igh-Silica B auxites  
For A lum ina Production

EDITORIAL STAFF SUMMARY

C h e m . & M et.  I N T E R P R E T A T I O N

The article below is an abstract of a report prepared by the Advisory 
Committee on Metals and Minerals at the request of the War Pro­
duction Board and recently released by the National Academy of 
Sciences and the National Research Council. The report, signed by 
Zay leffries, reflected the conclusions of the alumina subcommittee, 
including Francis C. Frary, Oliver C. Ralston, Robert S. Sherwin and 
John D. Sullivan, and provides an excellent’ summary of current 
thinking on the problem of providing sufficient alumina for the war 
effort without reliance on continued bauxite imports or undue deple­
tion of the known domestic supplies of low-silica bauxite. — Editor's.

A b o u t  2  lb. o f  alumina o f  high 
purity is required for the pro­
duction of eaeh pound of metallic 

aluminum. Projected production of 
metallic aluminum in the United 
States is now seven to ten times the 
peacetime rate a few  years ago.

In the past, all the alumina for the 
production o f aluminum in the United 
States has been obtained from baux­
ite. Part o f the bauxite was mined 
in the United States— chiefly in Ark­
ansas— and part was imported from 
Dutch Guiana. AU of it was chem­
ically treated in the United States to 
separate the greater part o f the 
aluminum oxide from the bauxite. 
The chemical treatment was effected 
by alkaline solutions, employing the 
Bayer process. The ingredients o f the 
bauxite other than alumina, such as 
the compounds o f iron, titanium and 
silicon, constitute the tailings o f the 
Bayer process, and are called “red 
mud.” Lime and soda, used in the 
processing, are also present. Varying  
amounts of alumina remain in the red 
mud, depending upon the character­
istics o f the bauxite, the effectiveness 
of the treatment and, in particular, 
upon the amount o f silica originally 
present in the bauxite. High-silica 
bauxites result in high alumina loss 
in the red mud.

Because of this relationship be­
tween the silica content o f the baux­
ite and the alumina lost in the Baver

process treatment, there'has been an 
incentive in the past to use low-silica 
bauxites. Much of the Dutch Guiana 
bauxite is low in silica and hence is a 
splendid Bayer process feed. In the 
domestic bauxites the silica content 
varies all the way up to 25 or 30 per­
cent. Bauxites having a low silica con­
tent have been mined here for more 
than 40 years to provide alumina for 
the production o f aluminum and for  
other purposes. While some o f the 
higher silica bauxite has been mined 
for chemical purposes, most o f it re­
mains in the ground. Although there 
is no sharp dividing line between low- 
silica and high-silica bauxite, a few  
years ago an upper lim it o f about 5 
percent silica was used to distinguish 
Bayer-process from high-silica baux­
ite. In recent years, however, mate­
rial containing more than 7 percent 
silica has been used as Bayer process 
feed. . , ^

All the alumina prodik^&.u'n the 
United States at present “fe  lunde by 
the Bayer process. There afe^,three 
operating plants: two rutr.iJy-. the 
Aluminum Co. o f A m erica,'iunl one 
by the Reynolds Metals C ontone  
Aluminum Co. plant is in Ilffi.|is , 
the other in Alabama; while th$f'Ji-ey- 
nolds plant is also in AlabamaviThc 
effective operation o f these plants 
depends on a supply of low-silica 
bauxite, a substantial part oijft&ieh 
at present is iinported from'ijgpfch

Guiana. Since there is a possibility  
that the flow of Dutch Guiana baux­
ite may entirely cease, and since 
there are no known available deposits 
of bauxite in Canada, Mexico or other 
accessible foreign countries, it seems 
advisable to consider the steps neces­
sary for the production of our entire 
alumina requirements from domestic 
raw materials. It may also be neces­
sary to export some alumina to 
Canada.

Next to low-silica bauxite, the best 
raw material for the production of 
alumina is high-silica bauxite. Certain 
high-silica bauxites can be treated by 
a washing process with a recovery of 
60 to 80 percent o f  the original feed  
in the form of low-silica bauxite. The 
ashed bauxite is then treated by the 
Bayer process. Furthermore, high- 
silica bauxites can be treated by the 
Bayer process at an additional cost 
for chemicals and freight and at an 
additional cost o f processing as a re­
sult o f  lower yields. W hile there 
may be a possibility of producing 
low-silica bauxite from high-silica 
bauxite by flotation or other benefi- 
eiation methods, a special Research 
Council subcommittee which studied 
the question did not find the prospect 
very promising.

One process discussed is a lime- 
soda sintering treatment for high- 
silica bauxites. Steps are now being 
taken to put this process into partial 
operation at a new D efense Plant 
Corp. plant in Arkansas which is to 
be operated by the Aluminum Co. 
The original scheme was to add lime­
stone and soda to the high-silica baux­
ite and sinter the mixture, but the 
procedure has now been changed, 
and it is planned first to put all the 
bauxite directly through the Bayer 
plant. The plant w ill be run entirely 
on high-silica bauxite. The average 
silica content is at present unknown 
but is estimated to be in the neighbor­
hood of 13 percent. The Bayer proc­
ess treatment will remove about 70 
percent o f the contained alumina. The 
tailings, or red mud, will then be sub­
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jected to the lime-soda sintering op­
eration.

The Bayer red mud will contain 
soda, but will contain little, if  any, 
added lime. I t  will contain practically 
all the silica of the original bauxite 
and a considerable amount of alum­
ina. Lime will be added in the form  
o f pulverized limestone and sufficient 
soda w ill be added to bring the m ix­
ture to the proper composition for 
sintering. The sintered product will 
then be leached and the liquors will 
be added to the Bayer process liquors. 
The tailings from this operation will 
contain very little alumina and the 
weight of alumina recovered from a 
ton o f high-silica bauxite at this 
plant should be about comparable to 
the recovery from a ton of low-silica 
bauxite when treated by the Bayer 
process alone. Thus it may be said 
that substantial amounts o f alumina 
will be produced from the clay in the 
bauxite processed at this plant.

For the purpose of this discussion, 
the red mud from the Bayer operation 
at this plant may be considered as 
clay. I f  no red mud were available a 
certain amount o f clay could be 
treated by the lime-soda process and 
the liquors could be added to the 
Bayer process .liquors and thus, lit­
erally, alumina would be produced 
from clay. How  much clay could be 
used in proportion to the original 
bauxite is not now known, but labora­
tory tests indicate that the amount 
should be substantial. It w ill be de­
sirable to find out the maximum 
amount o f red mud, clay or red mud- 
plus-clay that can be utilized by the 
combination Bayer-lime-soda process.

BAUXITE RESERVES

Although on the basis o f simple 
arithmetic the combined reserves of 
low- and high-silica bauxite in the 
United States would appear to be 
more than adequate for the present 
war, including some exportation to 
Canada, still, to mine all the known 
bauxite would require vast over- 
fburden stripping and many under­
ground mining developments. Furth­
ermore, much o f the low-silica baux­
ite is intermingled with high-silica 
bauxite. This is a problem that must 
be studied in detail by experts in 
order to appraise the various factors.

There can be little doubt, however, 
about the advantage of operating a 
plant without the need of separating 
pockets o f low-silica bauxite from the 
high-silica bauxite. For the most e f­
fective use o f domestic raw materials 
for the production o f alumina, there­
fore, it would seem desirable to con­
sider having lime-soda sintering

plants constructed at each of the 
Bayer process plants. At the Illinois 
plant, in addition to the current pro­
duction of red mud, there are mil­
lions of tons o f red mud which has 
accumulated during the past 30 or 
more years. The amount of alumina 
in this red mud is equivalent to that 
contained in about 1 million tons of 
bauxite and the alumina is higher in  
proportion to the silica than in kaolin 
clay. Lime and soda are also present. 
To prepare, this red mud for the lime- 
soda sintering operation would re­
quire less added lime and soda per 
pound of alumina than in the treat­
ment o f kaolin clay. This red mud is 
already mined and pulverized. The 
new soda consumption of this plant 
would be reduced as a result o f the 
soda recovery from the red mud.

The report therefore suggested that 
a study be made o f the possibility of  
constructing a lime-soda plant at the 
Illinois installation to operate in 
combination with the Bayer equip­
ment. This would enable the plant to 
use high-silica bauxite and, i f  more 
than the current production o f red 
mud could be used in the combination 
process, the excess could be supplied  
from the vast accumulation and thus 
conserve bauxite.

It was also suggested that consid­
eration be given to the construction 
of a lime-soda sintering plant in 
Alabama to operate with the Reyn­
olds Bayer plant at that point. High- 
silica bauxite is easier to obtain than 
low-silica material at this plant. 
Hence, if  the Reynolds installation is 
not converted, a supply o f low-silica 
bauxite should be held for it.

Possibly sufficient low-silica baux­
ite can be obtained in the United 
States to operate the Aluminum Co.’s 
Alabama plant. It was suggested, 
however, that the company be asked 
to make a study o f the possibility of 
constructing a lime-soda sintering  
plant, to operate in combination with 
its Alabama Bayer plant, so that the 
plant could operate efficiently on 
high-silica bauxite if  necessary.

I f  all these plants should be 
equipped to operate on high-silica 
bauxite they would, at the same time, 
be equipped to utilize a substantial 
amount o f clay for the production of 
alumina. This program would appear 
to offer the best means o f conserving 
domestic bauxite and at the same 
time offer the best means of utilizing  
existing alumina equipment in the 
manufacture o f alumina from clay. 
It should be made clear, however, 
that the changing of a Bayer plant 
to a combination Bayer-lime-soda 
plant involves much more than the

mere addition of a set o f kilns. The 
use of high-silica bauxite will result 
in an increased amount o f red mud, 
and the lower lime content may in­
crease filtering difficulties. Among 
other things, additional mud-handling 
equipment w ill be needed, and means 
must be provided for controlling the 
moisture content o f the mud, for in­
corporating the lime and soda, for  
proportioning the kiln feed and con­
trolling the liquors. Although the 
conversion o f a Bayer plant ap ­
proaches a major operation, no other 
program seems so promising.

CLAY PR O CESSES

From the information now avail­
able, it would appear that the lime- 
soda sintering process can be used 
effectively on kaolin only in conjunc­
tion with a Bayer plant. There should 
be one or more processes ready for 
operation for the production of 
alumina from clay in which there is 
no dependence on a Bayer plant. The 
committee gave consideration to this 
matter and felt that a modified Ped­
ersen process offered the greatest 
promise for such a process. In skele­
ton form, this process consists in sin ­
tering the clay with lime and subse­
quently leaching with soda. There are 
many variations to be studied, not 
only in the sintering and leaching, but 
in the treatment of the liquors as 
well. Results o f  many laboratory ex­
periments, both in the United States 
and abroad, give promise that the 
process will be operable, but it will 
be desirable to carry out additional 
work on a test plant basis to obtain 
data for the construction o f a produc­
tion unit.

In order to gain this needed infor­
mation as soon as possible, the com­
mittee recommended that the War 
Production Board allocate up to a 
maximum o f $100,000 to the W ar 
M etallurgy Committee for the instal­
lation o f equipment for a test plant, 
and for its operation. It was ascer­
tained that the Eastern Experiment 
Station of the U. S. Bureau o f Mines 
at College Park, Md., would probably 
have space for the test plant and it 
was suggested that the test plant be 
located there, i f  suitable arrange­
ments could be made. It was also 
recommended, that the W ar Produc­
tion Board assist in the procurement 
of equipment for this test plant. I f  
the results should be as expected it 
■would be possible in the future to use 
clay in producing alumina of a suit­
able grade for the manufacture of 
aluminum, without the use o f  acids. 
This is a goal much to be desired. 
The construction and operation o f a
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plant requiring no acids offer many 
advantages over plants in which 
acids are required.

The Eastern Experiment Station  
o f the Bureau o f Mines is already 
working on the lime-soda sintering o f  
elav. Work on the modified Pedersen 
process should be in addition to the 
other work on alumina at the E xperi­
ment Station.

Although the committee prefers the 
alkaline process in the treatment of 
high-silica bauxite, red mud or clay, 
it believes that an acid process is 
preferable in the treatment of alun- 
ite. Kalunite, Inc., is proceeding with 
a plant-for the production of alumina 
from alunite. The committee sug­
gested that the completion o f the 
first unit be speeded as much as pos­
sible so that practical experience can 
be gained with a minimum loss of 
time. The K alunite plant probably 
can treat 2 -3  tons of clay for each 
ton o f alunite without using more 
sulphuric acid than can be obtained 
from the sulphur in the alunite.

Kalunite, Inc., also has a pilot 
plant in Utah, funds for the opera­
tion o f which were supplied by the 
D efense Plant Corp. on recommenda­
tion of the War Production Board. 
The report recommended that the 
War M etallurgy Committee be given 
the responsibility for the operation 
o f  this pilot plant to facilitate coordi­
nation of the alumina experimental 
program.

The committee believes that the 
Kalunite process, or other processes 
dependent on the utilization of potas­
sium alum, are the best available acid 
processes for the production of 
alumina. The Morenci tailings proj­
ect, work on which is being sponsored 
by the D efense P lant Corp. through 
the W ar M etallurgy Committee, 
comes within the classification of a 
potash alum process.

Another acid process is one which 
is being worked on in the pilot plant 
stage by the Tennessee V alley A u­
thority at W ilson Dam, Ala. In the 
earlier stages o f the operation, ac­
cording to the report, the alumina 
produced was not nearly pure enough 
for the manufacture o f aluminum. 
The committee made various sugges­
tions for im proving the grade o f 
material produced, but results 
achieved by these suggestions were 
not available at the time the report 
was prepared.

The report noted the fact that the 
Aluminum Co. now has a pilot plant 
for investigating the lime-soda sint­
ering process to gain the necessary 
data for the design and operation of 
the new Arkansas alumina plant. The

committee considered it advisable 
that pilot plant work be speeded on 
the treatment of clay and therefore 
recommended that the Aluminum Co. 
be urged to install an additional pilot 
plant leaching unit for this purpose, 
if  the equipment is obtainable, and 
suggested that the War Production  
Board provide assistance. Possibly 
an even better plan would be to use 
an available kiln and building at the 
Aluminum Co.’s Illinois plant, adding  
to it the equipment needed for a red- 
mud treating pilot plant. The plant 
could be in operation soon, after 
which the company’s smaller pilot 
plant could be turned over to the 
study of clay.

In conclusion, the report recom­
mended means for the conservation 
of bauxite. Most alumina abrasives

require substantial amounts of spe­
cial low-silica bauxite and it may be 
desirable to earmark the necessary 
quantities o f such domestic material 
for the production of such abrasives 
as are essential for the war effort. 
Furthermore, most aluminum sul­
phate made in the United States is 
made from bauxite, but one company 
at least is making this product from  
calcined clay. Since large quantities 
o f bauxite could be conserved by 
restricting its use in alum making, 
the committee suggested that this 
matter be considered.

As a final proposal, it was sug­
gested that prospecting for new 
domestic deposits be carried out vig­
orously, since a few  million dollars 
spent so would doubtless save tens 
o f millions in the long run.

Guinea Pigs For Tank Cars

TO d e t e r m i n e  which chemicals 
can be carried efficiently in alum­
inum tank cars, the Aluminum Com­

pany o f America is em ploying an 
adaptation of the traditional labora­
tory “guinea p ig .” Developed by
A. H . W oollen o f the Development 
Division in New K ensington, Pa., the 
guinea pigs are neat-looking alumi­
num cans, about the size of that 
humidor on your smoking table. 
Insofar as the proportion of different 
metals in these containers is con­
cerned, it is the same as an 8,000-gal. 
tank car built of 17S-T alclad plates, 
with 17S-T rivets and anchor backup 
plates.

The small piece of 17S-T sheet 
riveted to the inside w all o f the con­
tainer is applied with aluminum  
rivets, and represents the edge o f  the 
alclad plates which are exposed to 
the chemicals carried inside a tank 
car. The three rivets attaching this 
piece to the side o f the container, as 
well as the three rivets on the oppo­
site side, are exactly proportionate 
in area to the rivet heads exposed 
to the lading in the full-sized tank. 
The small round disk o f  17S-T plate 
attached by a rivet to the bottom 
represents the plates which are used 
in the bottom o f the tank car to 
back up the anchor rivets. Of course, 
the rivets in the center o f this disk 
are proportionate to the real exposed 
area for the anchor rivet heads.

Sim ilar cans have been made using 
3S alloy, 52S alloy, 53S, and 61S. 
By placing chemicals in these con­
tainers accurate answers are obtain­
able in a relatively short time as to

whether the chemical will corrode 
aluminum, or the aluminum will con­
taminate the chemical. Nitric acid, 
for example, makes a slight attack on 
aluminum containers, but this attack 
is so small that it would take about 30 
years to decrease the cross-section 
of standard aluminum plates to a 
material degree. Furthermore, the 
product o f the corrosive attack by 
nitric acid does not contaminate the 
liquid. It is therefore considered en­
tirely safe to ship the acid in alumi­
num tank cars.

Through the use of these same 
guinea pigs, the satisfactory per­
formance o f aluminum alloys for
I.C.C., 42B drums, barrels, and 
other containers has been established.

P ro p o rtio n s  o l v a r io u s  a l lo y s  in  th is  
" g u in e a  p ig "  s im u la te  a  ta n k  c a r  o r 

o th e r  c o n ta in e r  io r  c o rro s io n  te s ts
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Last month the author dealt with the general problems that chemical 
engineers encounter in combating chronic poisoning in chemical 
operations. Herein he deals with the causes, symptoms and pre­
vention of heavy metal poisoning, as exemplified by lead. Future 
articles will treat specifically of fibrosis-producing dusts and toxic 
solvents and with methods of combating hazards from these.—E dito rs .

A r .ii o c c u p a t i o n A i i  diseases are 
not caused by poisons. For ex­

ample, the fibrotie condition of the 
lungs, caused by silica and asbestos, 
could not be considered poisoning. In 
a similar manner, the allergic reac­
tion o f certain people to pollen can­
not be called true poisoning. H ow ­
ever, some o f  the metals and their 
salts, such as lead, cadmium, anti­
mony, arsenic, manganese and selen­
ium are true poisons. Their action, 
quite definite and not limited to a 
few susceptible individuals, varies. 
However, the means of entry to the 
body is similar and the toxicity is o f 
the same order.

Since it would be impossible to dis­
cuss all these materials in detail, this 
paper is limited to a discussion of 
lead as a typical metal poison. More 
is known about this metal than the 
other materials o f this group because 
o f its very wide industrial use over a 
long period o f  time.

LEAD CO LIC

Lead poisoning may occur as colic, 
arthralgia, palsy, or encephalopathy. 
The fact that the symptoms of lead 
poisoning may appear either in the 
stomach, in the joints, as paralysis, 
or in the brain, indicates the diffi­
culty o f identifying it as the cause 
o f illness. It is so similar to many 
other complaints that its effects are 
sometimes masked by another dis­
ease. The diagnosis o f lead poisoning  
can be fa irly  well established by a 
history o f lead exposure, blood ex­
amination, urine examination, the 
existence of the lead line, and colic 
or other symptoms mentioned.

Symptoms o f colic include a severe 
pain in the abdomen, which may 
cause the patient to double up or fall 
to the ground. This attack may come 
without warning but is generally pre­
ceded by gastric discomfort, lack of 
appetite, constipation and nausea. 
Old-time smelter men feci that i f  
constipation can be avoided, they 
will never have lead colic. This form  
may be the first sign o f lead absorp­
tion and it increases in intensity after 
a day or two. I t  is an indication that 
poisoning is occurring and that steps 
should be taken to eliminate the entry 
of lead into the body.

That the patient appears to be re­
covered from an attack does not 
mean that he is cured, since it is pos­
sible that lead is being stored in his 
bones, which will decrease the lead 
actually circulating in the blood 
stream. This stored lead is harmless 
as long as it stays in this inactive 
state. The serious symptoms o f lead 
poisoning occur as a result o f the 
lead circulating in the blood. This 
may be increased by a discharge of 
lead from the bones when the worker 
is run down and cause serious lead 
symptoms at a time when the patient 
is least able to fight it.

Amount of circulating lead is de­
termined by the amount o f lead en­
tering the body and also by just what 
is happening to the stored lead. For  
example, i f  considerable lead is be­
ing absorbed but is being stored in 
the bones as rapidly as it enters the 
body, then the symptoms will not be 
too severe. I f  the exposure has been 
reduced and the lead entering the 
body is quite small but lead is leaving

the bones from a previous exposure, 
a person may develop a severe case 
of lead poisoning with little or no 
exposure.

It has been said that lead follows 
calcium. For this reason, a high cal­
cium intake with the use o f milk is 
often used to relieve serious lead 
symptoms. However, lead which may 
still be stored up in the bones is 
potential dynamite. Very possibly  
this stored lead may never cause any 
damage, but the trouble which it 
might cause is so serious that every­
thing possible should be done to 
avoid this condition. Hence, it is not 
desirable to depend on the use of  
milk and a high calcium intake to 
prevent lead poisoning: everything  
possible should be done to keep down 
the lead exposures as much as prac­
tical. A  bottle o f milk a day is not a 
substitute for an exhaust system.

A R TH R A LG IA  A ND PALSY

Lead workers may complain of 
muscular cramps and pains in the 
large joints. The pain may be as 
severe as in the case o f lead colie but 
often is o f short duration. It usually 
occurs as one o f the symptoms of lead 
poisoning but not as the only one. 
The description o f these joint pains 
generally occurs in the case history 
after several attacks o f colic.

Palsy generally occurs after sev­
eral attacks o f colic and long expo­
sure to lead. The condition affects 
those muscles most used. Painters, 
for example, will be affected in the 
wrists and fingers o f which the con­
dition known as “wrist drop” is a 
fa irly  common example. The hand 
hangs down when the arm is ex­
tended nor is it possible for the man 
to bend his hand back even though 
there is force le ft  in the hand itself 
except for the flexing back o f the 
wrist. When this condition occurs, 
the exposure has gone on for some 
time and lead poisoning is fa irly  well 
advanced. I t  is an indication that con­
siderable lead is circulating in the 
blood stream and affecting the vari­
ous parts o f the body.

Encephalopathy is the type of lead
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poisoning that involves the brain. 
The symptoms are mental confusion, 
delirium, hallucinations and faulty  
speech. Death may result from apo­
plexy during delirium. Blindness and 
loss o f color perception have also 
been reported. A fter the violent men­
tal signs have disappeared, the pa­
tient may be sluggish mentally. The 
symptoms described are alarming 
and leave no doubt that everything 
possible should be done to control the 
hazards.

OCCU RR EN CE O F  HAZARDS

It is, o f course, im portant to know  
where to look for lead poisoning and 
how to identify exposure in poten­
tially dangerous occupations. A l­
though lead is generally considered 
an occupational hazard, it is inter­
esting that nearly 60 percent o f the 
cases reported in a recent survey 
were uon-occupational. This partic­
ular survey indicated a number of 
cases resulting from the use o f stor­
age battery casings for fuel. Another 
large group were children who ac­
quired lead poisoning by chewing ob­
jects painted with lead pigment.

Use of lead is widespread and con­
sequently the operations where lead 
poisoning occurs are also numerous. 
It appears that, at the present, the 
more serious form s of lead poisoning  
occur in occupations where appar­
ently no exposure exists. A  typical 
example o f  this was an epidemic of 
lead poisoning resulting from the use 
o f lead-coated nails by shinglers. 
These men held the nails in their 
mouths and, in this way, absorbed 
the lead. The symptoms which were 
complained o f were severe muscular 
pains in the forearm and calf o f the 
leg. There was also a dead and numb 
feeling, similar to paralysis. Cramps 
and abdominal pains were also pres­
ent. I f  the manufacturer o f the nails 
had given consideration to this prac­
tice o f the shinglers, the product 
would not have been put on the 
market. Also, if  the men had real­
ized that the nails were coated with 
lead, they would not have exposed 
themselves to the hazard.

Operations where lead poisoning 
may exist are too numerous to list, 
but Table I indicates some of the 
more common occupations where 
there is a definite lead exposure.

LEAD DETECTION

In determining the extent o f the 
hazards in any o f  these potentially  
dangerous industries or others which 
may be suspected, an accurate deter­
mination should be made of lead in 
the air. The sample which is to be

analyzed may be taken by the Green- 
burg Smith impinger for lead dust 
and collected with an electric precipi­
tator for fumes. Descriptions o f the 
sam pling methods and the analysis 
are given by Jacobs.1

T a b le  I— S om e C om m on O c c u p a tio n s  
H a v in g  D e fin ite  L e a d  H a z a rd s

P a in te rs
R e d  le a d  w o rk e rs  

S to rag e  b a t te ry  m akers  
P r in te r s
in sec tic id e  m ak ers  
L ead b u rn e rs  
G laze d ip p e rs  
W h ite  lead  w o rk e rs  
P u tty  m akers

Some work has been done in this 
laboratory using a respirator with 
replaceable "filter as a sam pling de­
vice. A n approved type respirator is 
worn for a day or two. The replace­
able filters are then removed and 
their lead content determined. The 
value is converted to milligrams of 
lead per day, equivalent to milligrams 
per 10 cubic meters used for impinger 
samples.

This method gives the entire ex­
posure as compared to only the ex­
posure during the sam pling period 
given by the impinger. Operations 
may vary so that the average expo­
sure may differ widely from that in ­
dicated by an impinger or precipita­
tor sample. This method has value 
as an economical means o f checking 
atmospheric contamination in plants 
which do not have enough work to 
warrant the investment in an im­
pinger or precipitator.

In the case o f  (2 ) , the worker did 
a job o f  dismantling some old duct 
work which was not picked up by 
the impinger as the work was not 
carried on during the sam pling pe­
riod. In the case of (4 ) , the correct

T a b le  II— C o m p a ris o n  of Im p in g e r  a n d  
R e s p ira to r  a s  S a m p lin g  In s tru m e n ts  for 

L e a d
Im p in g er 

R espi- m g /10 
r a to r  cubic 

O p e ra tio n  m g /d a y  m e te rs
(1 )  L ead  b u rn in g ..............  7 6
(2 ) R ep a ir  w ork  in lead

p la n t  ........................  C5 5
(3 )  R ep a ir w ork  in  lead

p la n t  ........................  4 4
(4 )  P u t ty  m a n u fa c tu r in g  3 12
(5 ) Sw eeping  ................... 10 15

M illigram s per day =  M illigram s per 10 
cubic m eters.

weighting was not given to the in­
termittent nature o f the work. The 
impinger sample was taken during a 
period o f high concentration, and 
this was not representative o f true 
conditions. Although the results do 
not check w ith  those o f the impinger,

it is fe lt that they represent the ac­
tual conditions at the time of expo­
sure, which is most important.

It is generally considered that if  
the air contains lead in excess o f two 
milligrams per 10 cubic meters of 
air, which represents a day’s expo­
sure, there is definite danger of lead 
poisoning. Of course, i f  the lead con­
centration is below this amount, it is 
still necessary to give the utmost care 
to sanitation regarding drinking 
water, washing facilities, proper type 
of lunch rooms and every type o f  
precaution to prevent ingestion. The 
fact that the lead in the air is within 
a safe limit does not eliminate the 
hazard from ingestion through care­
lessness by the employees.

D A N G ER FR O M  FUM ES

One of the more common types o f 
lead exposure which occurs in sev­
eral o f the occupations named is the 
production of fumes from the melt­
ing of lead. W hen this metal is 
melted and exposed to the air, there 
is a scum of lead oxide formed on 
the surface which may get into the 
air by air currents or by mechanical 
agitation of the surface. Calculation 
of the vapor pressure of lead indi­
cates that theoretically, no injurious 
concentration would be given off be­
low 900 deg. P . W e have found, 
however, that i f  there is considerable 
mechanical agitation, such as exists 
in certain dipping or pouring opera­
tions, the concentrations o f lead may 
be 100 times that which would other­
wise be expected at the same tem p­
erature.

The proper respiratory protection 
from the fine lead oxide which results 
from the heated metal is a lead fume 
respirator o f the mechanical filter 
type. Masks depending on charcoal 
are useless, as the fumes are not a 
gas but are extremely fine particular 
matter.

It is desirable to detect signs o f  
lead absorption before this condi­
tion develops into serious poisoning. 
It is possible to get an indication of 
possible absorption by an examina­
tion o f the blood o f  workers. I f  this 
examination is conducted at regular 
intervals, it w ill serve as a check on 
the engineering control methods and 
also on the care taken by the workers 
to prevent the entry of lead into the 
body. Absorption results in an in­
crease in  the number of basophilic 
cells. This condition may not be 
specific, but it does oiler a fairly  
simple method of checking on 
changes in the circulating blood. A n­
other method which has been sug­
gested for checking on incipient lead
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poisoning is the determination o f  lead 
in the urine by use o f the polaro- 
graph.

M ETHODS O F CO NTROL

Steps in dealing with control of 
lead poisoning are as follow s:

1. D eterm in e ch em ica lly  the am ount 
of lead in  th e  a ir  if  there is  an y  ques­
tion of exposure.

2. R educe th e  lead content in the  
air  by m eans of exh au st equipm ent to  
the low est practica l point. T h is can he 
done by en closin g  the d u st producer 
and ex h a u stin g  so th a t a s lig h t  n ega­
t iv e  pressure is  m aintained . Local ex ­
h a u st hoods arc preferred to  general 
ven tila tio n .

3. I f  there is  any q uestion  about the  
efliciency of the ex h a u st equipm ent, 
p rotective equipm ent such  as resp ira­
tors approved by the B ureau  of M ines 
should  be furnished . In  the case of 
m eta lliz in g  em p loyin g  lead , a p ositive  
pressure helm et should  be used.

4. H azardous operations should be 
iso la ted  so as to expose as few  em ­
ployees a s possible.

5. The em ployer should  see th a t the  
men wear su itab le  c lo th in g , such as 
overa lls and jum pers. These should be 
thorough ly  w ashed  a t lea st w eek ly . 
The em ployer should  provide a s u it ­
able p lace for the men to change their  
clothes.

(i. S a n ita ry  d rin k ing  foun ta in s  
should  be used and no other su p p ly  o f  
w ater should be perm itted  in  work  
room s where an y  lead process is  in 
operation .

7. T he em ployer should  provide s u it ­
ab ly  heated  and ligh ted  w ash room s, 
separate  from the work or eatin g  
room s. These wash room s should  be 
provided w ith  ru n n ing  h ot and cold  
w ater and be adequate for the number 
of em ployees.

8. Show er baths should  be provided  
w ith  ru n n ing  h o t and cold w ater. The 
em ployer should  provide a sufficient 
su p p ly  o f soap, bath  tow els, and hand  
tow els for each  em ployee.

9. The em ployer should require each 
m an to wash h is  hands and face before 
ea tin g  lunch and a t  the close o f the  
d a y ’s work.

10. Men should  be required to  take  
a show er bath before lea v in g  th e  p lant.

11. A su itab le  place m ust be pro­
vided for the em ployees to leave  the ir  
lunches. N o one should be allow ed to  
ea t in an y  room where lead operations  
are being carried on. I t  has been found  
th a t specia l lunch room s, equipped w ith  
su ita b le  tab les and benches, are an 
excellen t m ethod of control.

12. U se  of tobacco in an y  form  
should be prohib ited  d u rin g  w ork ing  
hours due to  the  p o ss ib ility  o f the  
tobacco becom ing contam inated  w ith  
lead d u st or fum es.

13. Sw eeping, if  done a t  a ll, should  
be perform ed w et and at th e  end of 
th e  sh ift.

14. W herever possible, clean ing  op ­
erations should be by vacuum  system . 
Floors and w alls should be so con­
structed  th a t  there w ould be lit t le  ac­
cum ulation  of d u st and d irt. R afters  
and beam s w hich m ight catch su s­
pended m ater ia ls should  be cu t down as  
far as possible. In som e p lan ts tr i­
angu lar pieces o f m etal are placed on 
the rafters so th a t d u st w ill not be 
retained.

15. P eriod ic physical exam in ation s, 
together w ith  blood tests , should he 
m ade to check on the efficiency of the  
control m ethods.

This list of control measures is not 
complete, but it does indicate the 
consideration which has been given  
to the problem. It is the result of 
long experience acquired by the lead 
industry. It is because of control 
measures such as these that the num­
ber of lead poisonnig eases in occu­
pations which are known to be 
definitely hazardous have been nearly 
eliminated. Although at the present 
time stress is being placed on con­
trol o f lead dust, the importance of 
personal cleanliness and the limita­
tion o f ingestion cannot be overem­
phasized. •

The purpose o f this article is not 
to emphasize the hazards of lead but 
to point out that it can be used with 
safety if  certain o f its properties are 
recognized.

I f  the question o f chronic lead 
poisoning arise, it is desirable to con­
tact those authorities who have 
knowledge regarding these hazards. 
The State Department of Industrial 
Hygiene, or in some states the State 
Labor Department, the National 
Safety Council or representatives o f 
insurance companies all have con­
siderable information regarding toxic 
limits and the control o f hazards. 
These agencies are glad to cooperate 
in any way toward furnishing in­
formation or making studies. Such 
information and services are avail­
able without charge to practically 
any plant.
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M an agin g  Mew Product D evelopm ent 
in  C hem ical Industry—II
JOHN C. COLLINS C hem ical E n g in ee r , Ccrróic’c  í  C a rb o n  C hem icals Corp.. S. C harleston. W . V a.

— — ---------------------------C fiem . 0  M e t.  I N T E R P R E T A T I O N  -------------------------------

Last month the author introduced the subject of management of new 
product development in the chemical industry by discussing the 
problems, technique and management of the research stage, includ­
ing sources of ideas, preliminary screening of ideas and initial tech­
nical-economic investigations. In this concluding article the problems 
connected with the pilot plant, semi-commercial plant and transfer 
to full scale production are all discussed.—Eaiiors.

T h e r e  i s  a fairly sharp dividing 
line between tbe research and 
the development stages o f a new 

chemical product. In the former, 
llic general object is to find out if  the 
product can be made and ii' it should 
be made, while in the development 
stage an effort is made to work out a 
satisfactory commercial process and 
to prepare for full-scale marketing.

Technical development takes the 
form of making the product in small- 
scale production units. The words 
•‘pilot plant” and “semi-commercial 
plant” are sometimes used synono- 
mously. In this article the distinc­
tion is made that the product from 
the pilot plant is not sold to the 
market, while a part o f the output 
of the semi-commercial plant is sold 
on a small scale.

PILOT PLANT

The pilot plant is a small-scale 
production unit set up for the fo l­
lowing purposes:

1. To determ ine if the laboratory  
process for m aking  the chem ical w ilt 
work cm a larger scale  in in d u str ia l 
equipm ent.

2. To raise y ie ld s, im prove q u a lity  
and low er costs by refin ing the process. 
P ilo t  p lan ts are frequently used for  
th is  purpose by the  production depart­
m ents o f chem ical firm s to im prove  
p re se n t  fu ll-sca le  op eration s. H ow ever, 
the p ilo t p lan t d iscussed  here is under­
stood to  be one used in the develop­
m ent of new products.

3. To gather engineering data  for 
use in d esig n in g  the fu ll-sca le  p lant.

4. To m ake a sufficient q u a n tity  of 
the product for te st in g  and d istr ib u t­
ing as sam ples.

5. To obtain  m ore accu rate estim ates  
of m anufacturing  costs.

ii. To train personnel for operating 
the full-scale plant.

There is usually a change of per­
sonnel when the product is trans­
ferred from the laboratory to the 
pilot plant. Chemical engineers often 
form mi integral part o f the group  
operating and observing pilot plant 
operations. However, in many com­
panies the pilot plant group is headed 
by the research chemist previously 
in charge of the laboratory research, 
since he is most fam iliar with all of 
the details o f the process. The study 
of the product and process by chemi­
cal engineers constitutes an evalua­
tion from a different point o f view 
than that o f the research chemists. 
Many executives emphasize the im­
portance of the pilot plant for this 
reason.

The semi-commercial plant, larger 
than the pilot plant, has as its pri­
mary purpose the production o f sufli- 
eient quantities o f the new chemical 
lo permit sales in small lots. How­
ever, the semi-commercial plant is 
still experimental, and its purposes 
also include all those listed under the 
pilot plant.

SEM I-COM M ERCIAL PLANT

A distinction is sometimes made 
between new chemicals already made 
by competitors and those which are 
entirely new and must be introduced 
to the market. For the former, a pilot 
plant just large enough for experi­
mental purposes is used. For en­
tirely new products, a semi-commer­
cial plant is designed larger than 
necessary for a purely experimental 
pilot plant and yet large enough to 
permit fa irly  economical production

so that the product can be sold at 
the cost o f manufacture. This per- 
mits the company to “break even” 
on the costs o f operation.

Data for the design of the semi- 
commercial plant are gathered in the 
laboratory. The size of the sem i­
commercial plant is estimated by the 
director of development, who has 
previously conducted market surveys 
and customer tests. The output is 
introduced to the market by a staff 
o f market development men who spe­
cialize in such work. The price is 
naturally higher than that ultimately 
possible, but it is low enough to 
permit limited sales to users who 
have the greatest need for it. As 
the demand grows, the semi-eommer- 
eial plant is operated at an increasing 
percent o f its capacity. When full 
capacity is reached, preparations are 
made to transfer the product to a 
large, full-scale plant.

M ARKET DEVELOPM ENT

Desirability of using a semi-com­
mercial plant after, or in place of, 
a pilot plant depends on many fac­
tors, including the economics o f  pro­
duction costs, possibilities o f getting  
necessary design data in the labora­
tory, and importance o f introducing 
the new chemical to the market.

Market development, the prelimi­
nary introduction of new chemicals 
to the trade, is another activity car­
ried on during the development stage. 
It is closely associated with evalua­
tion o f new products by customers 
and with application studies. Such 
work is carried on by different staffs 
in different companies: by salesemen, 
by sales service men, or by special 
market development staffs attached 
either to the sales or to the research 
department.

The use of specialized market de­
velopment men in chemical companies 
seems to be increasing. These men 
are technically trained and indus­
trially experienced. They do most 
o f their work in the field, talking 
with customers’ research and produc­
tion men. They are usually responsi­
ble for handling new products from  
the time o f  chemical development
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until they are turned over to the reg­
ular salesmen for full-scale market­
ing. In essence, they do “experi­
mental marketing.” Their job is to 
“educate” customers, to adapt new 
products to customer needs, and to 
uncover uses for new products. In 
one company, there is a staff o f five 
market development men, each of 
whom specializes in one customer in­
dustry and handles all new products 
intended for use in that industry.

E xact organizational set-up and 
functions performed by market de­
velopment staffs vary considerably, 
but there is a recognized need for 
a specialized group with the patience 
and technical knowledge o f  the re­
search men plus the sales ability of 
the salesmen.

CUSTOM ER EV A LU A TIO N

Customer evaluation is the process 
o f testing and evaluating new chem­
ical products by potential customers 
or in customers’ plants. The conduct 
of this seems to be a very contro­
versial and perplexing question in 
(he chemical industry. Practice varies 
from avoiding it as much as possible 
until the product is placed on the 
market to distributing samples while 
the product is still in the laboratory 
stage. The follow ing are objections 
to customer evaluation expressed by 
executives :

1. Sam ples o f new  chem icals are a 
nuisance to  custom ers, who m ay feel 
th a t th e y  are being asked to  do re­
search for the d istr ib u tin g  com pany.

2. The cu stom er m ay decide th a t  the  
product is  excellen t and th a t  he would  
like to  purchase q u a n tit ie s  of it , only  
to find i t  not y e t  a va ilab le  in com ­
m ercial lots.

3. The custom er m ay g et a bad im ­
pression  of th e  new  chem ical w h ile  it  is 
s t i l l  in the exp erim ental sta g e  and re­
ta in  th a t prejudice even a fter  it  h as  
been im proved.

4. P a ten t protection  of the m anu­
factu rin g  process and product uses  
m ay not be com plete.

If the product is  g iven  on ly  to a 
few com panies, th is  co n stitu tes d is ­
crim in ation  in favor of those concerns, 
which m ay bring repercussions later.

On the other hand, there are im­
portant reasons and advantages for  
customer evaluation :

1. It co n stitu tes an eva lu ation  of 
the product by the u ltim a te  user, who 
is expected to buy it  in large  q u a n ti­
ties  later.

2. D ifficu lties and “ bugs” n ot fore­
seen in research and developm ent 
stu d ies are brought to  lig h t.

3. In form ation  for im provem ents  
necessary or d esirable before the prod­
uct is  placed on the m arket is  de­
veloped.

4. In form ation  for estab lish in g  d if ­
ferent grades o f products can be ob­
tained.

5. D ata  are u su a lly  provided for a 
check on m arket surveys.

Because o f these advantages, chem­
ical companies have sought ways to 
secure customer evaluation without 
the disadvantages. Three general 
methods have been tried :

1. E va lu ation  w ith in  the producing  
com pany from the poin t o f v iew  of the  
custom er is being used as far as pos­
sib le  by m any concerns. T his is ac­
com plished by specia lized  ap p lication  
laboratories and by m arket develop­
m ent men and sa les engineers well 
acquainted  w ith  the needs and desires  
of custom er in d ustries.

2. C u ltiv a tin g  a few  frien d ly  cu s­
tom ers who w ill be glad to cooperate  
is  a c tu a lly  on ly  a m odification of the  
o rig in a l concept o f custom er eva lu a­
tion. B y  carefu l se lection  and cu lt iv a ­
tion of a  few  custom ers, m any of the 
d isad van tages m ay lie m inim ized. The  
cu ltiva tion  m ay include adhering to  
carefu l p o lic ies on d istr ib u tin g  sam ples, 
offering the custom er som eth ing  in 
return , having  men from  the producing  
com pany conduct the te s ts  in  the c u s­
tom er’s p lan t, or purchasing an in ­
terest in the custom er concern.

3. Som e com panies subm it a sam ple  
to chem ical con su ltan ts, a sk in g  them  
to determ ine if  i t  is app licab le to p ar­
ticu lar  “cu stom er” in d ustr ies. The ex ­
perience of chem ical con su ltan ts w ith  
chem ical co n su m in g  in d u str ies  is  va lu ­
able in m aking such eva lu ation s.

An interesting problem that arises 
in application research is determin­
ing how many uses should be studied, 
developed, and patented before the 
new chemical is released generally to 
the market. By' continuing research 
and application study many o f these 
possible uses may be investigated, 
but this takes time and delays the 
introduction to the market. On the

other hand, the developer will suffer 
if  other companies should investigate 
and patent uses for the chemical. 
The patent department naturally 
wants all possible uses explored be­
fore the product is placed on the 
market. The usual practice is to in ­
vestigate and patent only the most 
important uses before the product 
is announced.

While the new product is in the 
pilot plant, studies o f other economic 
factors are continued so that these 
are completely understood by the time 
the product is transferred to semi- 
commercial or full-scale production. 
Estimates of the cost o f manufacture 
are further refined, checked by de­
velopment men and sometimes by cost 
accountants. The raw materials sit 
nation is scrutinized thoroughly, data 
being gathered on prices, quantities 
available, locations o f important sup­
pliers, transportation costs, and other 
factors.

Specifications for containers are 
carefully checked to make sure they 
are adequate for shipping large quan­
tities o f the commercial commodity. 
The problem of pricing is ironed out 
at this stage. This is extraordinarily 
complicated, for the selling price 
must be related to the cost o f manu­
facture, competitive prices, geograph­
ical distribution of customers, quanti­
ties purchased, cost o f marketing, 
amounts which will be purchased at 
various prices, and many other fac­
tors. Executives from several de­
partments of the company frequently 
cooperate in the task o f setting  
prices. One common practice is to 
inform the customer that the price 
of the new product will be lowered 
later when the demand increases.

A financial appraisal is usually 
made just before the transfer from  
the pilot plant to full-scale produc­
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tion, or before a semi-commercial 
plant is built. This appraisal is 
usually comprehensive because o f  the 
considerable investment in equipment 
that is necessary. In one company, 
a complete report on each project 
must be submitted to a budget «com­
mittee before a product can be trans­
ferred from the pilot p lant to full- 
scale production.

FULL-SCALE O PE R A T IO N S

Final stage in the development of 
a new chemical product is the trans­
fer to full-scale operations. This in­
cludes design, construction, and pre­
liminary operation o f a full-scale 
plant and transfer to full-scale mar­
keting.

Detailed design and construction of 
the plant is usually handled by a 
separate design or mechanical engi­
neering department, although much 
o f the data may have been gathered 
by the chemical engineers working 
on the pilot plant. For radically 
new products made by complicated 
processes, design and construction re­
quire a great deal o f time and effort; 
while for other products which are 
similar to those previously produced 
by the company, such activities may 
consist only o f adapting present 
equipment to the manufacture o f the 
new product. I f  the development 
is “big” enough to require a separate 
plant, then all factors o f plant lo ­
cation have to be considered before 
construction is undertaken.

A  compromise must sometimes be 
made between the size o f plant re­
quired for optimum production costs 
and the size dictated by the probable 
market demand. The most economi­
cal plant, production-wise, will often 
have a larger capacity than the pres­
ent market demands. This may re­
sult in the construction of a large 
but economical plant with the hope 
that demand w ill increase sufficiently 
to permit operation at a reasonable 
percent of capacity.

■After the plant has been con­
structed, there follow s a period of 
preliminary operation during which 
members o f  the research and develop­
ment staff are present to study and 
remedy any problems that arise. In 
one company, a radically new prod­
uct was recently developed and the 
management fe lt that the plant 
should be located within a reasonable 
distance of the research laboratories 
so that the research personnel would 
be available to study and remedy all 
difficulties.

Operators are often trained for  
the full-scale plant by having them 
operate the pilot plant. In one com­

pany, the pilot plant is operated by 
a selected group of regular produc­
tion workers who thus become fa ­
miliar with the production technique 
on a small scale. Usually a few  of  
these “payroll” workers will stand 
out as being most adept, and one of 
them is selected as foreman of the 
full-scale plant.

On the marketing side, a transfer 
is made from the market develop­
ment men to the regular salesmen in 
those companies which have sp e­
cialized market development staffs. 
I f  the technical characteristics o f the 
product are important, this involves 
training the salesmen and a gradual 
transfer from special, “experimental” 
marketing to a more extensive selling  
program.

Transfer of the product from ex­
perimental operations to full-scale 
production and marketing present 
many problems of coordination, co­
operation, and balance. Various 
methods which are used by chemical 
companies to accomplish a smooth 
transfer include: (1 ) use o f market 
development staffs for experimental 
marketing, (2) use o f a semi-com­
mercial plant between pilot plant and 
full-scale production, and (3 ) use o f 
special liaison officers to coordinate 
the efforts o f research, production, 
and sales.

G EN ERA L M AN A G E M E N T

Evaluation o f monetary returns 
from the research and development 
program are very difficult, prim arily 
because results cannot be measured 
accurately in dollars and cents. E x­
ecutives have indicated that this d if­
ficulty lies in the fact that in each 
new development contributions are 
made by the sales, production, legal, 
and financial staffs as well as by the 
research and development depart­
ments. In most companies arrange­
ments are made to charge research 
expenses to specific projects, and to 
compare the sales and profits on new 
products to the expenses incurred 
during research and development. 
However, most executives feel that 
these figures do not tell the whole 
story. A sound evaluation of the re­
sults o f research can be made only in 
a qualitative w ay by pointing out the 
importance in the company’s activi­
ties o f new products contributed by 
research and development.

Executives emphasized the impor­
tance o f “knowing when to stop,” of 
being able to recognize “dead-end” 
projects. I t  is difficult to foresee what 
may be discovered “just around the 
corner” i f  research work should be 
continued. U sually research and de­

velopment workers want to continue 
work on new projects, feeling that 
the obstacles encountered will be 
overcome by more research; but re­
search executives must exercise re­
straint to keep from “throwing good 
money after bad” by continuing p roj­
ects which will never be productive. 
Various techniques have been used to 
assist in making decisions on whether 
or not to continue a given project. 
Many companies apportion funds to 
projects in such a way that when one 
allotment has been spent, then the 
whole project must be reviewed.

TIME FA CTO R

The time necessary to develop a 
new chemical commodity varies con­
siderably from product to product. 
Most executives agree that for a 
basically new chemical, from seven 
to twelve years are required for com­
plete development. For products 
similar to those already being made 
by the company, this time is con­
siderably shorter.

Executives o f one concern have 
found that for new chemicals quite 
similar to present ones, only about 
a year for complete development 
is sometimes necessary. In another 
company, one new chemical was de­
veloped within two weeks from the 
time the sales department reported 
a demand to the time drums were 
being shipped to the customer.

The relatively long periods o f time 
required for development present 
quite a challenge to aggressive man­
agement in the chemical industry. 
Most executives admit that they arc 
continually trying to find short-cuts. 
Many managerial methods discussed 
previously are intended to shorten 
this development period. Among 
those specifically mentioned 'were:

1. C onducting “h igh -sp ot” stu d ies to  
find crucia l factors, then com pletely  in ­
v e s tig a tin g  these  factors.

2. M aking m arket su rveys before 
p rojects are undertaken.

3. P rov id in g  a stafT of m arket d e­
velopm ent men to  in troduce new prod­
u cts to th e  trade.

4. N o t adh erin g  to an y  standard  
procedure in developm ent, but in each 
specific case se lectin g  on ly  those step s  
a b so lu te ly  necessary.

5. “P rom otin g” each project by 
bringing  it  to the  a tten tio n  of the  
proper execu tives a t  the r ig h t tim e.

One company has an assistant to 
the president who acts as a liaison 
officer and whose duties include the 
“promotion” o f new developments. 
As that officer expressed it, “The time 
it takes to develop a new product is 
an inverse function of the ‘oomph' 
behind it.”
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T im e s a v in g  Id e a s  for E n gin eers
NOMOGRAPH FOR QUICK SOLUTION OF EFFICIENCY EQUA­

TIONS OF ELECTROLYTIC ALKALI AND CHLORINE CELLS

I. C . COLE E n g in e e r , D iam ond A lk a li  Co.. P a inesville , Ohio

M a n y  d ifferent types of e lectro ly­
t ic  ca u stic  anil ch lorine ce lls  are 

now in com m ercial op eration , but in 
order to an alyze  each cell cr it ica lly  
several efficiencies m ust be calcu lated . 
These ca lcu la tion s , a lthou gh  re la tiv e ly  
sim ple, m ay require considerable re­
v iew  work by th e  engineer who has not 
been called  upon to m ake such ca lcu la ­
tions for several years. A lso  the  en g i­
neer who is  fam iliar  w ith  e lectro ly tic  
cell op eration  w ill spend considerable  
tim e in ca lcu la tin g  these efficiencies,
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and often  in  certa in  cases the engineer  
m ust ca lcu la te  the efficiencies of a 
number of ce lls each day.

Probably no series of equations offer 
them selves more ad ap tab ly  to nom o­
graph ic or a lign m en t chart so lu tion  
than  do th e  e lectro ly tic  a lk a li cell ca l­
cu la tion s. V ery im portant in  the eco­
nom ics involved  in  cell operation  char­
a c ter istics  are these three efficiencies—; 
percent current efficiency, percent v o lt­
age efficiency, and percent energy or 
power efficiency. For the execu tive  who 
w ants som eth ing  concrete and rea listic , 
the energy efficiency is expressed in  a 
different w ay, th a t  is , k ilow att-hou rs  
of e lec tr ic ity  required to  produce 1 lb. 
of N a O il, w hich m ay read ily  be con­
verted from u n its  o f cau stic  to un its

of chlorine or hydrogen produced, or 
the N aC l decom posed.

A ccording to F arad ay’s Law , one of 
the m ost exact law s know n, one F ara ­
day or 00,480 coulom bs w ill deposit, 
liberate, or is  eq u iva len t to 1 gram  
eq u ivalent of an y  substance a t  each 
electrode. Since 1 coulom b is defined as 
the q u a n tity  o f e lec tr ic ity  p ass in g  when 
1 am pere flows for I second, it is pos-
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F ig . 2— C hem ica l eq u iv a le n t d iagram  re la tin g  N aC l d ecom p osed  w ith  N aO H , ch lorin e
an d  h y d r o g en  prod uced
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si lilt? to ca lcu la te  the theoretica l quan­
t ity  o f NaOH th a t  should  he formed  
when a specific q u a n tity  o f e lec tr ic ity  
is passed through tile  cell. Because of 
certain  d efin ite and num erous reasons 
that w ill not be d iscussed  here, it  is 
found in com m ercial practice  th a t  the  
a ctu a l w eigh t of cau stic  m ade is  a l­
w ays less th a n  th e  theoretica l q u a n tity  
as ca lcu la ted  from  th e q u a n tity  o f elec­
tr ic ity  passed through the cell. B y  
d efin ition  then , th e  percent current  
efficiency is defined as th e  product of 
1(10 tim es the  ra tio  o f the pounds of 
NaOH a c tu a lly  m ade per hour, to  the 
theoretica l w eigh t of NaO H  th a t is 
equ iva len t to  the q u a n tity  o f e lec tr ic ity  
passed through the  cell. Then

(Ce) =  100 (3 600) (40.005) =

(90,480) (453.6)

L  
' ( K a )

where (C e) == percent 'current effi­
ciency; L  —  pounds of N aO H  a ctu a lly  
m ade per hour; A  =  am peres p assing  
through the ce ll;  and ( K a .) =  Kilo* 
am peres =  A  1,000.

M any in vestig a to rs have attem pted  
to  ca lcu la te  by the G ibbs-H elm holtz  
equation and prove the  ab so lu te m in i­
mum vo ltage  p oten tia l needed to d e­
com pose N a C l in  so lu tio n  in to  its  
com ponent elem ents. M any factors en­
ter in to  th is  d eriva tion  and conse­
q u en tly  som e d iscrepancy w as found  
am ong the  variou s in v estig a to rs for 
th e  va lu e  o f th is  d ecom position  p oten ­
tia l. Suffice i t  to  sa y  th a t  the m axi­
mum discrepancy, fortu n ately , w as 
on ly  about 0.1 vo lt, and th a t a fter  
considerable in v estig a tio n  and thou gh t  
m any com panies accepted th e  v a lu e  of 
•2.31 vo lts  for the decom position  po­
ten tia l o f  N a C l in  so lu tion . The per­
cent v o lta g e  efficiency is , therefore, 
equal to the product o f 100 tim es the  
ratio  of 2.31 to  th e  actu a l vo ltage  drop  
across the cell, or

, 2.31 
V

where ( Ve )  =  percent v o ltage  effi­
ciency; and V  =  the actu a l voltage  
drop across the cell.

K now ing  the  percent current and 
voltage efficiency, the percent energy  
efficiency {Pe)  o f th e  cell is found to 
lie the product o f the  percent current 
efficiency and percent v o lta g e  efficiency  
divided  by 100, or

(Ce) (Ve)

(Fe) =  100'

e lec tr ic ity  needed to m ake 1 lb. of 
NaO H  is found by the fo llow in g:  

(453.6)

E  =  2.31 .
(40.005)

(96,480)

(3,000) (1,000)

or E 70.195
(Pe)

(Pe)
( 100)

w here ( Pc )  =  percent energy efficiency ; 
and E  =  k ilow att-hou rs per pound of 
N aO H  produced. These re la tion s ap ­
lica r in the nom ographic ch art, F ig . 1.

The h orizontal lin es of F ig . 2 g ive  
the chem ical eq u iva len ts o f ca u stic , or 
in other words they g iv e  th e  q u a n tity  
of ch lorine and hydrogen m ade and 
the q u a n tity  o f N a C l decom posed when  
a specified q u a n tity  of N aO H  (L ) is  
form ed, thus

Pounds of chlorine made per hour =

S S ¿ = o8863i
Founds of hydrogen made per hour =

=  0 0252 ¿
Founds of NaCl decomposed per hour =  

58.452 .
40.005

L  =  1.4611 L

(Pe) 100
The number of k ilow att-hou rs of

TYPICAL CALCULATIONS
Q u an tita tive  te sts  w ere m ade on an 

e lectro ly tic  a lk a li cell and the fo llow ­
ing d a ta  obtained:

Am perage =  1,250 am p. (1.25  
kiloam p .)

V oltage drop across cell =  3.2  
v o lts

W eight o f NaO H  m ade per hour =  
4.0 lb.

From these d ata  obta in  the  percent 
current, vo ltage, and energy efficiencies 
o f the ce ll, and the  num ber of k ilo w a tt-  
hours o f  e lec tr ic ity  used per pound of 
NaO H  produced. A lso  find the num ber  
of pounds o f  ch lorine and hydrogen  
m ade and the num ber of pounds of 
N a C l decom posed.

S o lu t io n — Connect 1.25 on th e  K ilo- 
am pcre sca le  w ith  4.0 on th e  Pounds- 
N aO H -per-IIour scale , ex ten d ing  the 
line to the Current Efficiency scale  and  
read 97 percent current efficiency. Then  
connect 97 on th e  Current-Efficieney  
scale w ith  3.2 on the V oltage scale , th e  
in tersection  on th e  Pow er-Efficiency  
sca le  being 70 percent, w h ich  corres- 
sponds to  1 kw-hr. per pound of NaO H , 
as found on the sca le  ad jacen t to  the  
Power-Efficiency scale . T he percent 
vo ltage efficiency is  found on th e  scale  
adjacent to the V oltage  sca le , and for 
a vo ltage  drop of 3.2 i t  is  found to  be 
70 percent.

To find the eq u iva len t for 4.0 lb. 
of ca u stic  per hour, a vertica l line is 
draw n through the 4.0 on the  NaOH  
top horizon ta l sca le  of F ig . 2 and ex ­
tended to in tersect th e  low er horizon ta l 
sca les. R ead ing  the various sca les we 
find th a t when 4.0 lb. o f NaO H  is  
m ade per hour, there is  a lso  3.55 lb. 
of ch lorine and 0.1004 lb. of hydrogen  
m ade per hour, and th a t  5.85 lb. 
of N aC l is decom posed per hour.

Nomograph ior Equivalent
Diameters of Annuli

D. S. D A V IS , C hem ical E ngineering  Dept. 
W a y n e  U niversity. Detroit, Mich.

T H E D ittu s-B o elter  equation  [U n iv . 
C alif. Pub. Eng., 2, 443 (1 9 3 0 );  

M cA dam s, ‘‘H ea t T ransm ission ”, p. 109 
(1933) and “E lem en ts o f C hem ical 
E n gin eerin g”, p. 134, N ew  Y ork, M c­
G raw -H ill Book C o.]:

( « | - £ )  • ( ' ; ) ■
is  used in es tim a tin g  the  film  coefficient 
of the fluid flow ing in  the an n u lar  space  
betw een stan d ard  iron pipes a lthou gh  
i t  w as o r ig in a lly  developed to  cover 
turbu len t flow in sid e  clean, round pipes 
where U  is th e  inner d iam eter of the  
pipe in feet. For an n u li, D  is  replaced  
by the eq u iva len t d iam eter as g iven  by 
the expression ,

12 D i
where D , is  the outer d iam eter o f the  
inner pipe and U 2 is  th e  inner d iam eter  
of th e  ou ter  p ipe, both in  inches.

W hile  a ctu a l d iam eters m u st be used 
in th e  la tter  equation  the  accom pany­
in g  nom ograph p erm its conven ient ca l­
cu lation  of the  equ iva len t d iam eter in 
term s of th e  nom inal p ipe sizes. The 
use of th e  ch art is  illu stra te d  as fo l­
low s: W hat is  th e  eq u iva len t d iam eter  
of th e  an nu lus betw een 3^-in. and 5-in. 
standard  iron p ipes?  Connect 5 on the  
I ) ,  sca le  w ith  3J on the  D t sca le  and  
read the  eq u iva len t d iam eter as 0.197  
ft. on th e  D  scale.

N om ograp h  g iv in g  e q u iv a le n t d ia m eters  for 
a n n u la r  s p a c e s  b e tw e e n  con centric p ip es

•0.0

■0.1 ¿ 
o'

■0.2C

-0.3.1
a

■0.4 ;

0.5
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Machinery, Materials and Products

Blackout Blinds
N e w  in d u str ia l b lack ou t blinds, 

m anufactured  of h eavy  crepe fiber, have  
been announced by C lopay, 1207 C lopay  
Square, C in cin n ati, Ohio. T hese b linds, 
claim ed to  be com p letely  ligh tp roof, 
are sa id  to he a va ilab le  a t  one-seventh  
the cost of opaque cloth . T hey are of 
the cord type, ra is in g  and low erin g  
read ily , when the control cords are  
pulled. A practica l m ethod of over­
lap p ing  is em ployed, w h ich  m akes the  
blinds ad ap tab le to  w indow s of an y  
size  or number. A  flam eproofing proc­
ess m akes them  incapable o f sup p ortin g  
com bustion . The sam e crepe fiber 
m ater ia l is  ava ilab le  for o u ts id e  in s ta l­
la tion  011 sk y lig h ts  and for effectively  
black ing o u t saw tooth  b u ild in gs w ith ­
o u t the u su al reflections resu ltin g  from  
m ost m ethods.

A ccording to the  m anufacturer, the  
o r ig in a l in sta lla tio n  co st o f such  b linds  
is  about th e  sam e as p a in t w hich , of 
course, becom es ineffective w hen the  
g la ss  is  broken.

Coal-Fired Heater
To e n a b l e  in d u str ia l concerns to  

com ply w ith  governm ent requests for  
conversion  from  o il to  coal for h ea t­
ing purposes, the  D ravo Corp., P it t s ­
burgh, P a., lia s d esigned  a new  direct- 
fired coal-burning u n it heater m ade in  
e ig h t sizes from  750,000 to 4,000,000  
B .t.u . o u tp u t per hour.

A s in  the case w ith  other d irect- 
fired heaters m ade by th is  com pany,

Fiber b lack ou t b lin d s

S toker-eq u ip ped  unit h ea ter

the u n it is  en tire ly  self-contained , h av­
in g  its  own com bustion cham ber, and 
d istr ib u tin g  w arm  a ir  either d irectly  
from o u tle t  vents in to  the area to be 
heated, or when p a rtitio n s or obstruc­
tions m ake it  necessary, through  a 
sim ple d u ct system . An underfeed  
stoker for eith er  b itum inous or antlira  
e ite  coal is  ava ilab le in both hopper 
and bin-feed types. The un it is  a lso  
obtainable for hand-firing. A cor­
rugated com bustion cham ber is em 
ployed, h av in g  fins and deflectors which  
m ake possib le heat transfer to a  m ov­
in g  a ir  stream  a t  about the sam e rate  
per square fo o t of su rface as is  ob­
ta ined  in  a boiler, according to the  
m anufacturers.

The new  u n it  m ay be in sta lled  dur­
ing p lan t con stru ction  and used for 
tem porary heat, a fter  w hich  i t  is  re­
tained  as a perm anent system . Owing  
to the sim ple m ethod of warm  a ir  d is ­
trib ution , and to the construction  of 
the u n it  itse lf , a 40-50 percent sav in g  
in  stee l as com pared w ith  a boiler 
p lan t is  affected, according to the  
m anufacturer.

Plastic Window
D e v e l o p e d  by the P la s t ic s  D iv ision  

of M onsanto Chem ical Co., Springfield , 
M ass., a  new  tran sp aren t p lastic , lam i­
nated  w ith  w ire  m esh, is  a va ilab le  for 
use in stead  of g la ss in  the w indow s  
of m ilita r y  estab lish m en ts and in d u s­
tr ia l p lan ts s itu a te d  in  p o ten tia l air  
raid  zones. T h is m ater ia l, developed  
by the com pany in  cooperation  w ith  
the U . S. N avy , is  claim ed to  w ith ­
stand the exp losion  of a 150-lb. bomb 
8 ft. aw ay  and to  w ith sta n d  a 28-in  
vacuum  w ith o u t  appreciable dam age. 
A lthou gh  a i- lb . ball dropped from  a 
h eigh t o f 20 in . sm ashes ord inary g la ss , 
a 2-lb. ball dropped from  42 in . is  
necessary to  penetrate a pane of the  
new m ateria l.

H yd rau lic  p ip e  b en d er

fig PROCESS 

EQUIPMENT

T his pane con sists of standard  10- 
m esh w ire screening sandw iched  be­
tw een tw o sh eets o f V u elite , th is  com ­
pany’s tran sp aren t ce llu lose  acetate  
sh eetin g  o r ig in a lly  produced for fluo­
rescent lig h tin g  fixtures. The m ateria l 
is as clear and tran sp aren t as a 
screened w indow  of g la ss , and can  
ea sily  he in sta lled  in  an y  conventional 
m ulti-paned steel or wood sash . E igh t  
standard panel sizes are ava ilab le. 
Standard  panels are drawn w ith  a  J- 
in. flange w hich  can ea s ily  be stap led  
to a wood sash, then p u ttied  to form  a 
w eath er-tigh t perm anent in sta lla tio n .

Pipe Bender
B e n d s  up to 180 deg. in iron and 

stee l p ipe, as w ell as in  so lid  bars of 
m ild  stee l from  £ to 2 in ., can read ily  
be m ade w ith o u t h ea tin g  or f illin g  by 
m eans of a new  portable h yd rau lic  pipe  
bender introduced by T a l’s Prestn.1 B en ­
der, Inc., M ilw aukee, W is. The m a­
chine com es equipped w ith  seven d if ­
feren t sizes of form ers, the to ta l w eig h ­
ing 158 lb. T he m ach ine a lone, w ith  
the 2 in . form er show n in  operation  
in th e  accom panying view , w eigh s but 
98 lb. The m ach ine co n sists  o f a p ipe  
holder fram e, h yd rau lic  jack , and a 
former attach ed  to the  plunger of the  
jack . Three m inu tes or le ss- is  required  
to produce bends in  any size  o f p ipe up  
to  th e  cap acity  of the  m achine, accord­
ing to the m anufacturer.

High Pressure Meter
U l t r a  h i g h -p r e s s u r e  flow m easure­

m ent is possible, according to the  
Cochrane Corp., 17th S t. and A lle ­
gheny A ve., w ith  a  new h igh-pressure  
llow m eter m anom eter o f  th e  r in g  b a l­
ance type w hich  has recen tly  been in ­
troduced. , A  m anom eter o f th is  type  
requires no stuffing box, float or pres- 
su re -tig h t bearing. A  s ta in le ss  steel 
ring, 15 in. in d iam eter , balanced on 
a k n ife  edge, con ta in s m ercury as the  
m anom eter fluid. The r in g  is p a r ti­
tioned a t the top , connections being  
m ade to the  tw o sid es by n ickel torsion  
Lubes, located  a t th e  center of ro ta ­
tion . The ring t i lt s  10 deg. for the
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fu ll d ifferen tia l w hich m ay be between  
4 and i) in. o f m ercury, depending on 
the cam  w eigh t supp lied . A s in other  
ring balance m eters o f th is  com pany's 
design , a cam  and w eigh t arrangem ent 
is  provided to ex tra ct the square root 
rela tion sh ip  so a s to  express the flow  
d irectly  in  un iform  increm ents on a 
30-in. in d ica tin g  scale a n d /o r  12-in. 
circu lar  chart.

Such  m eters are tested  under 7,500  
lb. per sq.in. p ressure and are being  
em ployed in severa l sy n th etic  am m o­
n ia  p la n ts a t  pressures above 5,000  
lb. per sq.in.

Industrial Wood Fence
To c o m p l y  w ith  stee l restr ic tio n s in 

fencing, the  Rock Islan d  S asli & Door 
W orks, Rock Islan d , 111., is  m anu fac­
tu r in g  a new  in d u str ia l wooden fence, 
w hich w eighs 20.4 lb. per lin .ft ., per­
m itt in g  th e  sh ip m en t o f 2,000 lin .ft . 
per car. A ccording to th e  m anu fac­
turer, th is  fence has the  approval of 
the A rm y E n gin eerin g  Corps and has  
been g iven  a  thorough tryou t.

Pneumatic Transmitter
A n e w l y  d e v e l o p e d  pneum atic  d e­

vice for th e  tran sm iss io n  o f  d ifferen­
tia l pressures to a rem ote in d ica tin g  
or recording in stru m en t is  being  
offered by M oore P roducts Co., H  and 
Lycom ing S ts ., P h ila d e lp h ia , P a . T his  
device m easures and am plifies sm all 
differen tia l pressures, producing an 
o u tp u t p ressure p roportional to  th e  
differen tia l w hich  can be tran sm itted  
over a considerable d istan ce  to  a re­
ce iv in g  m eter ca librated  in  the  u n its  
m easured. The new  tran sm itter  is 
sa id  to g iv e  true lin e a r ity  o f response  
and a  con stan t ra tio  o f am plification , 
the la tter  being varied  to su it  the  
specific requirem ents and depending  
on ly  on the fixed ra tio  of areas o f a 
high-pressure and low -pressure b el­
low s. N o  levers or s lid in g  elem ents  
are used. A  separate  p ilo t  is  provided  
where a lon g  tran sm iss ion  d istan ce  is  
required.

The in stru m en t con sists o f a  cham ­
ber in w hich  is a bronze or sta in le ss  
stee l bellow s, the low  pressure tap  
connecting to  the space o u tsid e  the  
bellow s, w ith  the  h igh  pressure tap  
connecting inside. A ir from a  filtered  
and regu lated  su p p ly  en ters the  in sid e  
of a sm all d iam eter b ellow s concentric  
w ith the larger one. T h is a ir  bleeds 
from an ex h a u st nozzle a t  a rate con­
trolled  by the balance p o in t achieved  
by the large bellow s under the ex is tin g  
differen tia l pressure. The regulated  
pressure w ith in  the  sm a ll b ellow s is 
then tran sm itted  by tub in g  to the  in ­
d ica tin g  in stru m ent.

T h is m ethod is described by the  
m anufacturer as the pneum atic  eq u i­
valen t o f  th e  e lectr ic  n u ll system  in 
th a t it  is  independent o f bellow s ch a­
racteristics . T he system  can read ily  
be checked for zero p o in t and can be 
supp lied  w ith  liq u id  sea ls  if  necessary.

i..*CC«\«1KW lueiNO
IX

MlTtUrD h Bf.■ _̂si-rFLi _
D ifferentia l p ressu re  transm itter

It is su itab le  for tran sm ission  of in ­
d ica tio n s in connection  w ith  liquid  
level, in terface level, flow in pipes, 
ra tio  flow control, specific g r a v ity , tem ­
perature com pensation  of specific g ra ­
v ity , or tem perature m easurem ent.

Plastic-Mesh Fabric
T e n -m e s h  f a b r ic , the openings of 

w hich are filled  w ith  a  transparent 
p lastic , is  ava ila b le  under the  nam e of 
Ceco sa fe ty  cloth  from Colloid E q u ip ­
m ent Co., 50 Church S t., N ew  York, 
N . Y. T h is m ater ia l, w h ich  is non- 
sh a tter in g  in  th e  even t o f bom bing, 
m ay be used in stead  of w indow  g lass, 
or m ay be applied  in sid e, over the  regu ­
lar w indow  g la ss , to m in im ize the  
sh a tter in g  effect o f a nearby exp losion . 
The sa fe ty  c lo th  is sa id  to  tra n sm it 80 
percent o f th e  l ig h t  o f 4 ,000 angstrom  
u n its  range and 70 p ercent o f the u ltr a ­
v io le t l ig h t  o f 3,000 angstrom  u n its  
range. I t  is  w eatherproof, flexible and  
easy  to handle. I t  can be cu t w ith  
sc issors and tacked up on a wooden  
sash , u sin g  u n sk illed  labor. For use  
over stee l sash , the  m ater ia l m ay be 
se t  up in specia l fram es or secured by 
m etal s tr ip s screwejl in to  holes drilled  
in th e  sash . The cloth  conies in ro lls of 
300 ft., 28 in. wide.

Inclosed Motor
C o w l -C oo led  is  the nam e of the  

la te st  fan-cooled m otor developed by 
Crocker-W heeler E lec tr ic  M fg. C o - 
Am pere, N . J . The m otor is to ta lly  
inclosed , and esp ec ia lly  adapted for  
use in d u sty  locations. A s appears 
from the accom panying illu stra tio n , 
the fram e carries a number of heavy

E xternal-cooled  in c lo se d  motor

ribs p ara lle l to the sh a ft. A t the righ t  
hand side, a cow l r in g  covering the  
fan w heel w ill  be observed. A ir is  
drawn in to  th e  fan  a t  the  center o f the  
cow l r in g  and then  blown over the 
ex tern al ribs. T here are no in ternal 
passages for coo lin g  a ir , and thus the  
m otor is claim ed to  be p articu lar ly  
su ita b le  for service in  d estru ctive  
fum es, ab rasive d u sts , o il  or d irt.

T h is m otor is  b u ilt  w ith  eith er  sleeve  
or ball bearings, in th e  sam e fram e  
sizes used for open m otors o f corre­
sponding horsepow er ra tin gs and 
speeds, and in sizes up to 20 lip.

Blackout Light Control
S w i t c h i n g  e q u i p m e n t  in tended  to  

provide low  in te n s ity  l ig h t  during  
b lackouts lia s  recently  been m ade a v a il­
able by A u tom atic  S w itch  Co., 41 E a st  
l l t l i  S t., N ew  Y ork, N . Y . In  m any  
a p p lica tion s i t  is  d esirable to  provide  
low  in te n s ity  lig h t  for e ssen tia l m ove­
m ent w ith  sa fe ty , w henever the m ain  
l ig h tin g  is turned off d u rin g  a b lack ­
out. The new  equ ipm ent co n sis ts  o f a 
sw itch in g  arrangem ent h a v in g  tw o se ts  
of con tacts so arranged  th a t, being o p ­
erated by the sam e m echanism , when  
the con tacts for norm al lig h tin g  are  
closed, th e  sp ec ia l b lackout lig h ts  are  
d isconnected , w hereas w hen  th e  norm al 
l ig h tin g  con tacts are d isconnected , the  
blackout lig h ts  go in to  op eration . The 
u n it  can be con trolled  either m anu ally , 
or rem otely  from  one or m ore p u sh ­
b utton  sta tio n s . C u stom arily  a  second  
source o f power should  be provided for
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the b lackout lig h t, for control and  
com m unications. A u tom atic  transfer  
sw itch es should  be provided to  insure  
c o n tin u ity  of op eration  from either  
a vailab le source.

Standard Bearing Covers
W i t h  t h e  a p p r o v a l  of a ll lead ing  

m anufacturers of ball and roller bear­
ings, R-S P rod ucts Corp., 4530 G er­
m antow n A ve., P h ilad elp h ia , P a ., has 
com m enced the  m ark etin g  of a  lin e  of 
stan d ard  , covers d esigned  to form  a 
dust- and g rea se-tig h t closure to the  
bearing hou sin g . T hese covers, a v a il­
able in  a  com plete range of types and  
sizes, are low  in co st and are sa id  to  
s im p lify  m a ter ia lly  the  problem s of 
the designer and d raftsm an  and to  
e lim in a te  the  costs of pattern s, fixtures, 
gages, etc.

Fast-Stabilizing Control
H y p e r -R e s e t  is  th e  nam e o f a new  

control fun ction  w hich is now availab le  
in the new ly designed M odel 30 Stabi- 
log controller, m anufactured  by The 
Foxboro Co., Foxboro, M ass. In  tests  
of in stru m en ts in w hich th is  function  
was incorporated , it  is  claim ed th a t  
process sta b iliza tio n  fo llo w in g  an up­
se t  w as reestab lish ed  in one-quarter  
of the tim e, and w ith  on ly  one-half of 
the upset efFcct. a s com pared w ith  a

M odel 30 S tab ilog  
w ith  H yper-R eset

sim ilar controller h aving only the 
usual reset. H yper-R eset is  sa id  to  
reduce the  effect o f a process d istu rb ­
ance by m aking  in itia l tem porary ad ­
d itio n a l corrections w hich are propor­
tiona l to the  rate of change o f the  
m easured variab le caused by the  d is ­
turbance. The norm al reset fo llow s, 
esta b lish in g  sta b iliza tio n . H owever, 
the several control fun ction s carried  
ou t by the device are sim u ltan eou sly  
and au tom a tica lly  adjusted. N o tun- 
ing-in  is necessary, and no m ore than  
tw o process ad ju stm en ts are required, 
proportional and H yper-R eset.

Check Valve
I m p r o v e m e n t s  in a new lin e  o f check  

valves have been announced by the  
W illiam s G auge Co., 2018 P ennsylvan ia  
Ave., P ittsb u rgh , P a. These v a lves are  
availab le in  a w ide v a r ie ty  of m etals  
and sizes. D esignated  a s  the W illiam s- 
H ager F langed  S ilen t Check V alve, the ir  
rated pressures range from 150 to 2,500  
lb., their  sizes from  1 to 20 in . S im ­
ple, com pact and rugged design  has  
been em ployed. Only tw o parts are  
subject to  w ear, the  va lve  disk  and 
the sca t, both of w hich  are easily  re­
m ovable and renew able, resea tin g  be­
ing possib le w ith o u t specia l too ls. A s 
appears from  the accom panying i l lu s ­
tration , the sp rin g  ring is b u ilt  as an 
in tegra l p art of the body.

A ccording to  the  m anufacturer, 
these valves are p articu lar ly  su ited  
for use in w ater service, o il refining, 
chem ical m anufacture and other non­
return flow lin es. In general, they  
can be used in all pump lin es hand­
lin g  w ater , o il. gas, certain  acids, a l ­
k a lis, and other liquids.

. Motor for m agn esiu m -  
dust location s

Axial Flow Fan
A RECENT A NN OUNCEM ENT of tile

B. F. S tu rtev a n t Co., H yde P ark , B o s ­
ton, M ass., describes the  com pany’s 
new V ictory  A xiflo  fan  w hich is  
claim ed to  offer featu res in  perform ­
ance, qu ietn ess o f op eration , sa v in g  of 
w eight, spacc and pow er, w hich  have  
never before been approached in  fans  
of the ax ia l flow type . The fan is  not 
y e t  a va ilab le  for in d u str ia l u se, since  
the en tire  production a t  present is 
required by the U . S. N a v y  for use in 
h eating, v e n tila t in g  and m echanical 
d ra ft service.

T he new  fan is claim ed to have an 
excep tion a lly  h igh m echanical efficiency  
of 90 percent; and to be extrem ely  
q u iet in  op eration , as w ell as lig h t in 
w eight and sm all in size. I t  w eighs  
o n ly  about 00 percent as m uch as other  
fans for com parable service. P ressures  
range from } to 0 in . w .g . in the  m otor- 
driven type, w ith  turbine-drive m odels 
availab le for pressures as h igh  a s  00 
in. w .g. A fter  the  em ergency, a  w ide  
range of sizes w ill be ava ila b le  for 
in d ustria l use.

Several novel fea tu res characterize  
the design  of the new fan. A special 
m otor is supported in  th e  center of 
the duct section  by a number of 
“S tream van es” w hich  are welded to 
the m otor and the in sid e  of the fan  
h ou sin g , serv in g  n o t on ly  to  cool the  
m otor, but a lso  to  stra ig h ten  the air  
flow from  the rotor, reducing turbulence  
and resistan ce  in  connected d u cts. The  
rotor it se lf  is  of a novel stream -lined  
d esign , the blades being shaped in  such  
a fash ion  th a t the sam e am ount of 
work is perform ed a t  every rad ius, 
thu s g iv in g  grea t f lex ib ility  o f volum e  
w ith ou t change in pressure.

Magnesium-Dust Motor
S u i t a b l e  for use under m ngnesium - 

(lu st con d ition s, a new  m otor labelled  
a s acceptable for C lass I I , Group K 
hazardous locations h as been announced  
by G eneral E lec tr ic  Co., Schenectady, 
N . Y. T hese new  polyphase induction  
m otors are m ade in sizes from  1 to  
20 lip. and are intended p a rticu lar ly  
for use in p lan ts h an d lin g  fine m agne­
sium  pow ders, as in the m anufacture  
of incend iary bombs. T he m otors arc 
to ta lly  inclosed , w ith  a n o il-ventilated  
construction  in  the  sm aller  ra tin g s, and 
a fan-cooled construction  above 2 lip. 
D n st-tig litness is sa id  to be achieved  
w ith o u t com plications. The m otors 
fea tu re  non-sparking bronze external 
fans; re la tiv e ly  s tr a ig h t and sm ooth  
external v en tila tin g  p assages in the  
fan-cooled m otors; p erm anently  sealed- 
in lead s; and a ro ta tin g  labyrin th  
seal a t  the sh a ft  opening.

Equipment Briefs
A b u i l t - in  chain  reducer, w ith  the  

o u tp u t sh a ft in  exact a lign m en t w ith  
the in p ut sh a ft , is  now  being ofl'ered 
in  com bination  w ith  a variab le speed
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tran sm ission , in a specia l design  m an ­
ufactured  by the  R eeves P u lley  Co., 
Colum bus, Ind. O utput speeds m ay  
either be increased  or decreased, as 
com pared to the  variab le  speed sh aft 
of the tran sm iss ion . They are, of 
course, in fin ite ly  variab le  w ith in  pre­
d eterm ined  l im its  by tu rn in g  the speed 
control hand w heel. T he chain  drive  
operates in  a bath of o il.

F o r  u s e  w here electr ic  operation  
seem s best fitted  to  the job, Clark Truc- 
tractor D iv isio n  of C lark Equipm ent 
Co., B a tt le  Creek, M ich., is now  p re­
pared to su p p ly  electric-pow ered fork  
trucks, p latform  trucks and tractors. 
F orm erly  th is  com pany m anufactured  
on ly  gas-pow ered trucks. The new  m a ­
chines l i f t  from 2,000 to 7,000 lb. u sin g  
a  h yd rau lic  van e-typ e pum p driven  by 
a  specia l series-w ound m otor. T he sam e  
pum p operates the t i lt in g  u n it  w hich  
enables th e  operator to  t i lt  th e  load 
back 10 deg. in  5 second for sa fe  r id ­
ing, or t i l t  i t  forw ard 3 deg. in  1 se c­
ond for tier in g . Four speeds in  either  
direction  up to 0 m .p.h. under fu ll  
load -are standard .

A u s e f u l  a c c e s s o r y  for h eavy  w eld ­
in g  is  a new  h o ld ing  m agnet or m ag­
n etic  w eld ing  clam p now  a va ilab le  
from S tearn s M agnetic M fg. Co., M il­
w aukee, W is. The m agnet is  ava ilab le  
in  v ariou s sizes. F or exam ple, one of 
10 in . d iam eter , w e ig h in g  about 70 lb., 
e x erts  a  p u ll o f 2,000 lb. on |  and  
1 in . stee l p la tes. Through use of such  
a clam p i t  is  sa id  to be p ossib le  to  
draw  the  p la te s to level a lig n m en t w ith  
the edges brought flush a g a in st  the  
perfect su rface o f the  m agnet. B y  
tack ing  w elds to  the  p la tes on either  
side of the m agnet, the w elder is  able 
to m a in ta in  a lign m en t rea d ily  and  
ach ieve quick  resu lts .

T w o n e w  p i e c e s  of air raid equ ip ­
m ent are a va ilab le  from  S p ec ia ltie s  
M fg. Co., 35 Farrand S t., B loom field , 
N . J . One is a 20-gal. barrel pum p  
ex tin g u ish er  m ounted  on wooden 
w heels, w ith  carry in g  h an d les to per­
il] i t  its  being carried u p sta irs by tw o  
people. T he barrel is  provided w ith  
a l ig h t  cover to  prevent evaporation  
and a stirru p  pum p w ith  ¡1 12-ft. length  
of hose. An a x  is included in the  
assem bly. T he other u n it is a portable  
sand barrel for th e  ex tin g u ish m en t of 
incen d iary  bombs. L ike the pump  
barrel, th is  co n sis ts  of an open top  
barrel of ap p roxim ately  2 i  cu .ft. ca­
p a c ity , m ounted on w heels and equipped  
w ith  handles for carry in g  u p sta irs . A 
long-handled shovel and an ax are part 
o f the assem bly.

Packing Material
R e s i l i e n t  packing m ateria l m ade of 

k raft paper stock , expanded in to  a 
honeycom b pattern  so as to  resem ble  
expanded m eta l, has been introduced  as  
a sh ip p in g  p ack ing m ater ia l by R e­
search P rod ucts Corp., M adison , W is.

The m ater ia l is  lig h t, uniform  and easy  
to handle. The expansion  process g ives  
i t  a th ird  d im ension , and hence re­
silien ce . A s show n in the accom panying  
view, i t  can be wrapped around double- 
curved objects, such as th e  chim ney  
and bulb show n.

Motor-Operated Valve
F or  p r o c e s s  w o r k  w here close regu ­

la tion  is  required in  the  h an d lin g  of 
steam , w ater, o il or g a s, Barber-Col- 
mnn Co., R ockford, 111., has introduced  
the new  M icrovalve, a m otor-operated  
valve  w ith  a p rop ortion in g  ty p e  op era­
tor. The va lv e  operator co n sis ts  of one 
of th is  com pany’s M icrotro ls, w ith  the  
ad d ition  of an eccentric cam  w hich  
operates the v a lv e  p lunger. V a lves are 
b u ilt in sin g le -sea t V -ported, dou b le­
sea t V -portcd , and double-seat, three- 
w ay designs.

Impact Crusher
A  n e w  c r u s h e r  designed  to  operate  

a lm o st en tire ly  b y  im pact, w ith  a 
m inim um  of a ttr it io n  and abrasion , 
has been introduced  under the  nam t 
o f R eversib le Im pactor by the P en n ­
sy lv a n ia  Crusher Co., L iberty  T rust  
B ldg., P h ila d e lp h ia , P a . A ccording to  
the m anufacturer, such a m ill causes  
a p article  ru p tu re m ueli lik e  th a t pro­
duced by an 'internal exp losion , nor­
m ally  g iv in g  a d ifferen t p a rtic le  shape  
than  is obtained  by p la in , slow  com ­
pression breaking. It is  claim ed to  
m inim ize over-grind ing and to perm it 
high reduction  ratios.

The new m ill co n sists  of a rotor  
carry in g  sw in g  ham m ers, on either  
sid e  of which are arranged a group of 
heavy a n v ils  a g a in st  w h ich  the feed is 
batted  by the ham m ers. The m ill has  
no cage and th u s m ateria l cannot he 
held in th e  m ill and subjected  to  a t tr i­
tion . The larger pieccs rebound in to

Krait p a p er  p ack in g  m ateria l

the beater circle  and are repeatedly  
throw n a g a in st  th e  a n v ils . F in es are  
rem oved from the m ill by an air  
stream , and for best resu lts the m ill 
should be operated in closed circu it.

T he novel fea tu re  o f th is  design  is  
the use of tw o groups of a n v ils , one 
arranged  on e ith er  side of the  m a­
chine. Feed enters a t  th e  center over 
the rotor and th e  d irection  of rotation  
d eterm ines w hich group of an v ils is  
a ctive . A  reversin g  sw itch  is provided  
so th a t  the d irection  of ro ta tion  can 
be selected  and either se t of a n v ils  
used, in  effect, g iv in g  tw o m ills  in one. 
H andw heels are provided a t either  
side for quick ad ju stm en t of the  an vils.

Automatic Scale
S e v e r a l  in terestin g  fea tu res are ob­

ta inab le  in a new  a u tom atic  w eigh in g  
sca le  designed for rap id  and accurate  
h and lin g  o f coal and other free-flow ­
in g  bulk m a ter ia ls , and m anufactured  
by Beaum ont B irch Co., P h ilad elp h ia , 
Pa. M ateria l is  conveyed from  the  
feed hopper to a w eigh in g  hopper by 
m eans of a  v ib ra tin g  m eta l feeder deck 
w hich e lim in a tes a ll rubber b elts , p u l­
leys and other ro ta tin g  m echanism s. 
T he sca le  is  to ta lly  inclosed  in a dust- 
l ig h t, welded stee l case, and is b u ilt  
in  three stan d ard  sizes for hand lin g  
q u a n tities  ran gin g  frpm 1 to 30 tons  
per hour. On sp ec ia l order, larger  
sizes h a v in g  w eig h in g  ca p a c ities  up to 
00 tons per hour can be furnished .

E lectric-operated  
control v a lv e
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