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MATERIAL AND MATERIEL

B ACK 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 by inadequate supplies of raw
materials, everyone is asking,—‘Are these real
shortages, or are we suffering temporarily from
maldistribution and unbalanced 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 adjustments 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,
but we have built 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 many top ratings for too little supply, particu-
larly for steel and other critical construction mate-
rials. Is it any wonder that some inventories are
badly unbalanced, that often substantial quantities
of materials are tied up for want of one or two
parts or products? We have heard reports of a
million-dollar wur project held up for want of
$20,000 worth of alloy steels. Meanwhile other
plants to supply complementary materials must
shut down or mark time to keep from piling up
““too much and too soon.’’

Donald Nelson, who has lately had to ficht off
his eritics with his back almost to the wall, had
the only common-sense answer. ‘‘The big job
ahead of us right now,’”’ he said on August 22nd,
‘‘is to bring our program into balance and to make
sure we use our materials and our facilities as

wisely as possible.”” Whether 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. But when it
comes to requisitioning and redistributing goods
already in private hands, something more than
general directives from Washington 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 part 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 want 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 sigcht 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 limita-
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 right 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 byproduet credit for helping
to build a better post-war economy. In that proc-
ess of meeting today’s problems and preparing for
tomorrow’s, we hope that this Tenth Materials of
Construction issue of Chem. & Met. will serve as a




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

LIFE BEGINS

Forry 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 has undergone significant
changes. First there was the budding industry
that sprang up around Niagara Falls as cheaper
hydro-electric power first became available. Elec-
trometallurgy followed closely on the heels of elec-
trochemistry and in 1905 the field of the magazine
was extended in that direction.

‘“Engineering’’ first became a part of our name
in January 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.”’

It is interesting to note that the same editorial
forecast the unit-operation concept of chemical
engineering when it remarked that all those ‘‘en-
caged 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 . . . ete.”’

Chemical engineering arose to meet the challenge
of the first World War and that ascendancy was
duly noted July 1, 1918, when, ‘“Met. & Chem.”’

faced with new problems and responsibilities. We
on Chem. & Met. consider ourselves fortunate to
be allied with a resourceful industry and profession
that offers so many opportunities for serving our
country in its present need. ‘We are encouraged
to believe with Professor Pitkin that ‘‘Life Begins
at Forty.”’ '

GET IN THE SCRAP!

WaLTER CARPENTER, 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 eannot do a satisfactory job of production
without more serap materials than are normally
available. There is needed an extraordinary
cleanup of our factories, involving recognition of
the fact that if a machine or pipeline, a heating
plant, a building . . . is not absolutely essential for
procduction at this time, then consideration should
be given to scrapping it. If we don’t win this
war, most of our factories will be serapped 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.
Write or wire the Conservation Division, War Pro-

became “Chem. & Met.”’
ter of a century ago.

That was almost a quar-
Today all of us are again

Washington.

duetion Board,

Railroad Retirement Building, in

Washingion Highlights

PRIORITY policies now pinch severely
on research and control laboratories
which use as much as $5,000 per
quarter of scarce metals. This makes
the laboratory director responsible
for P.R.P. quarterly filings and the
pursuance of the rest of 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 of a bit on effi-
ciency.

CONCENTRATION of 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. If a single
producer has facilities to manufaec-
ture all the needed quantity of some
chemical, there ought to be means by
which anti-monopoly rules can be
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suspended to permift that efficient
plan of operation, if it is really of
benefit in saving skilled manpower.
But long transportation and con-
fusion in supply for essential users
must not ereep in as a secondary ef-
fect or the benefits of concentration
of produetion will be overshadowed
and the war program hurt rather
than helped. Probably only a few
chemical cases will really qualify for
this program.

GUARANTEES of both quality and
price for domestic soap supplies is
undertaken in recent actions of
0.P.A. One wonders how the quality
of 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 technies to
help the much buffetted soap ex-
perts. We wonder.
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RECORD PRODUCTION of synthetic
organic chemicals in 1941 is reported
by the preliminary statisties of U. S.
Tariff.: Commission, issued in mid-
August. This division of the chem-
icals industry sold $724,000,000
worth of goods last year. This was an
inerease of 50 percent over the previ-
ous year's sales which had been the
highest on record. The rate of growth
and the adequacy of synthetic chem-
icals supply probably surprises no
one, except, we believe, our Axis con-
temporaries.

NEW COSMETICS are virfually 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.




Materials of Construction for
Today and Tomorrow

SUMMARY AND CONCLUSIONS

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
specity, 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

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-

simplicity in handling.

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.

Conservation of Materials

excessive wearing of piping and

& EIIHE CIVILIAN ECONOMY is fast

Tgoing on a minimum subsist-
ence  standard, vital materials no
longer ean be used except for war,
and for the maintenance of those
things necessary to earry on the war.
The past months have heen 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 of our fighting forces. Industry
must get ready to ‘Patch and Pray’
to keep existing equipment at work,”
warns W. L. Batt, chairman of the
Requirements Committee of WPB.
Just as long as the emergeney exists
the metals and their alloys, with the
exception of lead, which the chemical
engineer has become accustomed to
depend upon for the construetion of
his process equipment will be difficult
to obtain unless he 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 on chem-
ical stoneware, glass, wood, and the
other non-metallic materials, never-
theless, the heavy demand makes de-
livery of new equipment slower than
it is in normal times.

As Mr. Batt warned, the engineer
must be resourceful in conserving the
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supplies of strategic materials and in
prolonging the life of 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
caveful 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
casily substituted.

Favorable design should be con-
sidered which will provide against
the presence of crevices, pockets, or
other areas that might promote aceu-
mulation of 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 piping frequently is due to inade-
quacies of design. Reduction in rates
of flow, or slight changes in direction
of flow, might be sufficient to reduce
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valves. Excessive wear of pump parts
might be due to use of improper al-
loys for wearing members; as well as
to improper or inadequate lubrica-
tion.

The design and location of vapor
connections should be such as to pro-
vide against refluxed condensate run-
ning down the walls of the vessel
instead of 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 oceurring, 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 galvanie corrosion.
In the cases where necessity demands
that dissimilar metals and alloys be
used together in corrosive environ-
ments there are cerfain definite rules
to follow in order to assure success of
the combination. When 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

& METALLURGICAL ENGINEERING



other copper-base alloys. In combina-

tions with plain and low-alloy steels
and cast irons, and with aluminum,
zine, 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 vomparison with
that of 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 forming the couple.

It is good practice whenever fea-
sible to coat large surfaces of the
more noble metal in a galvanie couple
with an insulating paint so as to re-
duce the effective area of the cathode
in the galvanic cell. The use of ca-
thodie protection, either from applied
current or by sacrificial corrosion of
a less noble metal such as zine, 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.

“AN OUNCE OF PREVENTION"

Many means may be used for ex-
tending the life of equipment already
in serviee. Periodie and careful clean-
ing of 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 of wire mesh and
other process equipment utilizing
metal in small sections it is of the ut-
most importance that acid cleaning
agents be thoroughly flushed and
rinsed off after the desired cleaning
has been aceomplished. This is im-
portant because the presence of di-
luted acid in restricted areas, away
from free flow of 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
of joint is likely to be such as to pro-
vide a crevice.

Other  precautions that will
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lengthen the life of 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 hydrochlorie acid
and other chemicals, but several
authorities contend that even greater
use could be made of these interesting
agents.

STAINLESS STEELS

The service life of stainless steel
equipment can be lengthened by fol-
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. Work for
uniformity 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 of these compounds may be re-
tarded or avoided by making solutions
alkaline. If this is not possible, avoid
long contact of compounds with the
mefal and clean frequently. Be sure
to avoid corrosion fatigue. This is
usually the result of a combination of
eyelic stresses and weld corrodents.
The remedy is to make the equipment
sufficiently strong to withstand any
stresses which may be encountered. If
this is not possible, the equipment or
unit should be so constructed as to
permit freedom of movement of the
entire unif.

NICKEL

In the case of nickel and the family
of high-nickel alloys, cleaning may
be done with any of the alkaline clean-
ers. Dilute acid cleaners, such as sul-
phurie and hydrochlorie, are also used
extensively, and when so employed in
correct strengths and at warm tem-
peratures are not detrimental to the
life of the materials. With some ex-
ceptions, nickel, Monel, and other
nickel alloys which do not contain
substantial amounts of chromium
should never be eleaned with nitrie or
other oxidizing acids since these are
corrosive to nickel and the other al-
loys mentioned, and will cause loss of
metal through corrosion.

Scouring of 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 he
used on nickel and nickel alloy equip-

ment since their use presupposes the
likelihood that fine particles of steel
will become embedded in the metallie
surfaces with later development of
rusting, and occasionally localized
attack under the rust deposits. If
biushes 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 serubbing or
seouring is indicated.

The use of organiec inhibitors, of
the types added to steel pickling acid
solutions, with the cleaning acids em-
ployed on nickel alloy equipment is
recommendzd.

The use of improper welding ox
brazing rods in making repairs oun
nickel and nickel alloy equipment
frequently leads to trouble since the
weld metal being of different composi-
tion from that of the parent metal
may if less noble suffer accelerated
galvanie corrosion. Fabrication and
repairs are of course best made with
rods of composition identical with
that of 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 restriet unnecessary movements
of the metal or by exercising reason-
able care to prevent mechanical in-
jary 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

Life of stainless steel may be lengthened
by removal of adhering materials

i
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points where stresses may oceur.
Proper support not only reduces the
possibility of meehanical failure but
also restriects movements of 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. Ver-
tical pipe lines may be held in posi-
tion with steel straps, spaced 18 in.
or so apart and securely bolted to a
rieid supporting structure. Another
method of supporting lead pipe,
cither vertically or horizontally, is by
inserting and expanding it in stand-
ard steel pipe. Users of 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
of lead, so in the treatment of lead
equipment in service avoidance of
physical injury and a proper regard
for the metal’s mechanieal limitations
are the guiding prineiples.

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 erystals, scales, crusts
and the like, the removal of which is
a common source of injury to linings.
Workmen entering the tank should
wear rubbers or other shoe coverings.
Shovels, hoes, rakes and similar tools
should be used with an appreciation
of the necessity for careful handling
to avoid trouble.

Where heating coils are employed,
turning on of the steam should be done
eradually through the use of needle
ralves. A sudden surge of pressure
may distort the eoils, rupturing the
protective coating as well as weaken-
ing the metal structurally. The in-
stallation of thermostatic or pressure
controllers which guard against ex-
cessive pressures and temperatures
frequently prevents damage to coils
through carelessness. The use of 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 chromie acid.
While the former takes longer to raise
the solution to the desired tempera-
ture, corrosion of the coil itself is
retarded.

ALUMINUM

For most applications there is little
or no reaction between aluminum and
the substances being processed. In
other cases, some reaetion may occur.
In cases of this type, it is often pos-
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sible to extend the life of equipment
appreciably by suitable protective
measures (H. J. Fahrney and R. B.
Mears, Chem. & Met., Vol. 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.

Bach of these methods has special
fields of usefulness. Cathodie 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 of the metal ex-
posed in contact with the liquid can
be cathodically protected. In cases
where it is applicable, eathodie pro-
tection is usually the cheapest and
most effective method of preventing
attack.

Chemical inhibitors are particu-
larly useful in reecireulated 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 cathodie 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 produets
settle out on the metal surface and
adhere tenaciously to it. It is gener-
ally of little use where the liquids
being processed uniformly dissolve
the metal surfaces which they contact.

RUBBER

How to conserve rubber equipment
was diseussed in a recent article
(0. S. True, Chem. & Met., Vol. 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 full and ac-
curate information concerning service
conditions. Specifications differ ap-
preciably and the life of any installa-
tion may depend greatly on the
completeness of the original informa-
tion.

In the case of 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 of welding sparks or tools
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dropping into the tank from construe-
tion overhead. If 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. Hard 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 of pipe han-
dling should not be used. Pipe lengths
should be fully supported, strap
wrenches should be used for drawing
threaded ends together, and tempera-
tures and pressures should be within
a range suggested by the manufae-
turer. Such pipe should be kept away
from points where there is an excess
of traffic and especially away from
hand trucks, ete.

CARBON AND GRAPHITE

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

It is a good idea to earry in stock
repair couplings and slab material.
If 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 earbon manufacturers.
Should the broken pieces be too small
to justify this type of repair it can
be made by using the slab stock in
store. Carbon slabs ecan easily be
shaped to proper dimensions and ce-
mented over the opening in the vessel.

GLASS LININGS

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 if the following instrue-
tions are followed the life of linings
can be lengthened materially:

1. When ready to clean, cool the
equipment by flooding the jacket with
cold water, then rinse the inside with
cold water to remove deposits from the
surface.

2. Serub the glass lined surface with
detergent solution. Use a commercial
detergent which contains only a fine
abrasive and soap. Take one part
detergent and two or three parts
water. mix and boil. (When boiling
with direct steam in solution, use only
two parts water.) Permit solution to
cool, stirring occasionally to keep
abrasive powder in suspension. Solu-
tion will form jellylike mass with
abrasive evenly suspended.

ENGINEERING



3. Dip wet brush into detergent solu-
tion and scrub equipment. Do not put
detergent solution in the vat.

4. After equipment has been serubbed
thoroughly, rinse with cold water.

5. Then rinse with hot water.

6. Sterilize according to normal pro-
cedure, either by heating through the
jacket or directly with a steam hose.
In case of the latter procedure, keep
the end of the hose at least 12 in.
from the glass-lined surface. Do not
use hose with metal nozzle or metal
weight on end of hose.

FUSED SILICA AND STONEWARE

Vitreous silica industrial equip-
ment gives little trouble, but there
are a few precautions that if followed
will add length to its life. Avoid use
of rigid joints between fused silica
and other materials, all of 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 eritical
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 be 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 full advantage of the extremely
high compressive strength that is
characteristic of the ware.

SYNTHETIC RESIN

Tanks or other pieces of phenolic
resin equipment, damaged in transit
or by aceidents 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 of the ways by which the ex-
tremely limited stocks of strategie
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 throngh the
emergency. Every success that is thus
achieved helps in winning the final
Victory.

Bliternate Materials

OST CONSTRUCTION materials
problems,met in the design of
equipment and buildings for chem-
ical process industries are capable of
a number of 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-
tieular, as well as rubber and plastics,
are becoming inereasingly difficult to
secure, partly on account of actual
shortages, and partly because of ex-
cessive inventory stocking on the part
of some manufacturers. Certain of
the scarcest materials are already sub-
jeet 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 War Production Board
moves are carried through, it is prob-
able that such materials will 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
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materials, or new ways of using them
can be disecovered. 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-satisfactory
properties, were ruled out before the
preferred materials became unavail-
able. Tt is in the last group of pos-
sibilities that the great preponder-
ance of solutions will be found.
Unfortunately, many of the con-
struetion materials that are being ad-
vanced as alternates are themselves
hard to get today, owing to difficul-
ties in transportation, or lack of suf-
ficlent production capacity to meet
the present inflated demand. With
many, the demand is now so large
that reasonably rapid delivery can be
made only to holders of 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-
ply 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 case of lead, which a few
months ago was one of the scarce
metals. At present, lead is listed in
the War 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 prospeets for adequate sup-
ply are found with those materials
which require the least manufacture,
and make use of 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 dif-
fieult to obtain anywhere.

Conversely, manufacturing bottle-
necks in the case of 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
struetural earbon and of industrial
glassware. Several of the plasties
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-
ties, as well as synthetiec rubbers and
rubber reaction products. With the
exception of natural rubber, all of
these materials are of domestic origin,
but competition with other war prod-.
uets for necessary raw materials and
intermediates, and competition for
the finished plasties, has made them
unavailable for all but exeeptional
uses.
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The higher alloy steels together
with copper, nickel, aluminum, mag-
nesium and their alloys can, of 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 of lean alloy steels,
known as the NE (National Emer-
geney) steels have been developed
by the steel industry and accepted by
the War Production Board, and such
steels must now be specified by metal
fabricators for all uses where the
need for higher alloys eannot be def-
initely established. Even these steels,
however, can be obtained only with
WPB permission, for the supply
must be eonserved for essential uses.

In the process industries, obviously,
many construction materials are se-
lected for their corrosion or heat re-
sistanee, 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 WPB Order
M-21-g, which sets the maximum alloy
content for a variety of 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 fabrieators,
the foundries which consume more
than $5,000 worth of 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.

METALS FOR METALS

Although most metals used for cor-
rosion resistance, for alloying and for
plating are on the eritical list, there
are several metals which can still be
secured for use as substitutes. Also,
of course, there is always the possibil-
ity of 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 contaet with hydro-
chlorie acid where good heat transfer
must be secured. Gold is available for
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These three boiling tanks are built of Karbate structural carbon which is used for wall
slabs, heater tubes and heads and the pipes, valves and fittings

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.

As 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-METALLIC ALTERNATES

Carbon—Applications of strue-
tural carbon have developed rapidly
in recent years. Ample 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 of heat exchangers. All-
carbon ecentrifugal pumps are being
made, together with small vessels,
eylindrical tower sections, valve bod-
ies, fittings and pipes and a variety
of other fabricated forms.
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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 of these
were based on rubber, many now ob-
tainable with greater or lesser dif-
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. Films
of this eoating, 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 of concrete
tanks, linings of chemical stoneware
and poreelainware, 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 ean be seeured 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 duets and
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stacks. For more severe duty, cement-
asbestos pipe is now being produced
with resin-base coatings designed for
a variety of degrees of service
severity. Several manufacturers sup-
ply cement-asbestos pipe, together
with a variety of fittings and coup-
lings for working pressures up to
150 Ib. per sq.in. or even higher.

Chemical Stoneware — Chemieal
stoneware, one of the old standbys
of the chemical industry, and its
newer cousin, chemical porcelainware,
are produced in all of the forms in
which structural earbon is available,
as well as some additional forms
which are possible because of the bet-
ter working properties of 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 of 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 he 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. Ves-
sels are regularly built for internal
pressures as high as 300 1b. per sq.
in., while experimental autoclaves
have proved successful under internal
pressures as high as 1,000 lb., with
temperatures to 600 deg. F.

Glass—Glass 1s an excellent ex-
ample of an old material for which
new forms and many new uses have
recently been found through ageres-
sive research on the part of several
leading manufacturers. An 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 of pipe, now in process
of development, will doubtless extend
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this application much farther. The
same type of 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 precision-bore tubing
for flowmeters, in cooling coils and
heat exchangers, and in other forms.

Glass bloeks, in recent years, have
become important adjunets to build-
ing construetion, owing to the fact
that they are eapable of transmitting
light while at the same time they give
considerable heat insulation and are
:apable 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
making a conspicious contribution to
the war effort. Fibrous glass can be
woven into acid- and high-tempera-
ture-resistant filter cloths for liquid
and gas filtration. Tt 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, batt, and
also in rigid forms. The last, one of
the new produets intended partieu-
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 of various
kinds. This produet is a foamy form
of glass, the bubbles of which are
non-communiecating, yielding a ma-
terial which is totally impervious to
moisture absorption. Weighing about
10-11 1b. per cu.ft.,, the new glass
has a heat transmission coeflicient of
0.45 B.t.u. per sq.ft., deg. F., hour
and ineh of thickness and has suf-
ficient strength to impart considerable
struetural 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 conecrete 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 obfainable on priority
ratings and ean frequently be used
in place of galvanizing or for the im-
parting of ecorrosion resistance to
equipment constructed of the more
plentiful materials. Some drying oils,
resins and pigments are eritical but
adequate substitutes are available for
use by the paint industry in the
manufacture of most ordinary pro-
tection materials.

Plastics—The range of plasties
now produced is extremely broad, but
it 1s significant that several of these
are required directly by the war pro-
gram. For example, acrylic and
methaerylate resins, recently used to
a considerable extent in pump ends
and step valves for proportioning
pumps and in a variety of small
equipment where visibility of the con-
tents was necessary, are now going
largely into airplane cockpit covers
and bomber windows. Listed by the
WPB in Group I (the scarcest ma-
terials) are the phenol-formaldehyde,
polystyrene and polyvinyl chloride
plasties, and in Group IT (the some-
what less searce materials), the urea-
formaldehyde, vinyl, and vinylidine
chloride plastics. Nevertheless, when
they ean be seeured on sufficiently
high priority, some of the polyvinyl,
vinyl and vinylidine derivatives are
being offered in interesting forms for
substitution for metal pipes. Three
such types include Saran, a vinylidine
chloride derivaftive, Tygon, a vinyl
chloride produect, and Resistoflex, a
polyvinyl aleohol derivative.

Saran is now being made in pipe
sizes to 2 in. The material can be cut
and threaded, coupled with compres-
sion-type eouplings, or welded by
heating the adjacent ends to the fus-
ing temperature and then pressing
them together. Saran is now being
mentioned prominently as a possible
substitute for brass and copper pipe
in general piping 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-
ganiec compounds, acids and aleohols,
except eyelic oxygen eompounds and
concentrated alkalis. Tygon is said to
be more resistant to oxygen-contain-
ing eompounds 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 ree-
ommended for weak brines, acids and
alkalis.

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

Sulphur—Sulphur ¢an be produced
to meet any likely demand. In recent
years various combinations of sul-
phur with inert materials and with a
variety of 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 of these sulphur compositions
are now under investigation for a
rariety of metal-replacing uses as yet
unannounced.

Synthetic Rubbers—With the ex-
treme shortage of natural rubber, a
vaviety of applications for which no
material but another rubber-like sub-
stance can substitute will necessarily
fall in the provinee of the several
synthetic rubbers. These at present
can be obtained only in small quan-
tities, but later will be produced on a
large tonnage basis. The principal
types to be manufactured will include
the older synthetic rubbers, neoprene
and Thiokol, together with Buna S,
Buna N, and Bufyl 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 of 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 will 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 important 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 dif-
ferent classes of 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 of Resistoflex.

Wood—Although in recent months
construction sizes of lumber have
been difficult to secure in many local-
ities, the situation has varied so much
from place to place that no general
statement about availability can be
made. Adequate material for wood

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

Wood is also being employed in a
variety of fabricated forms. For ex-
ample, one oil company has an-
nounced the development of a ply-
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 ply-
wood for speecial strength-requiring
applications is understood to be in
process of development.

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

Materials of

ACK IN THE FOOLISH DAYS OF

1929 a group of research metal-
lurgists met in a smoke-filled room at
the Book-Cadillac in Detroit to solve
the future problems of one of our
great industries. Before their surrep-
titions supply of synthetic stimulants

had been exhausted, they had evolved.

complete specifications for a new
alloy they christened “automobilium.”
We have since forgotten most of 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 of the automobile industry,
somehow got lost in the depression.
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Tomorrow

But the story now has a modern
and more suceessful sequel. On a hot
Wednesday afternoon last July, a
WPB executive telephoned the office
of the American Iron & Steel Insti-
tute in New York. “We're holding a
meeting here in Washington a week
from Saturday to establish new steel
specifications for . . .,” and here the
WPB man named certain important
war produets. “We'd like to have
your alloy steel ecommittee get busy
and present at that meeting a series
of new alloy steels which (1) can be
made entirely from serap with almost
no addition of virgin alloying ele-
ments, and (2) can be used in place
of the steels now doing the job with-
out any change in design of the parts.
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Can it be done?”

The answer is that the seemingly
impossible was accomplished. Work-
ing their laboratory staffs night and
day for ten days, the top-flight metal-
lurgists of five prominent alloy steel
producing companies licked the prob-
lem and presented their report on
schedule in Washington. Today the
new steels, officially approved for war
use, are in commercial production.
They are expected to do their job
fully 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 on the part
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of the metallurgical producers has 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 of the future.

MAGAL AGE APPROACHES

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

Something more than the bare out-
lines of this Magal Age are already
visible. By the end of 1943 we will
have produced over 2 billion pounds
of aluminum—~6.5 times the produe-
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 formerly had of aluminum,
and more tons of both metals than we
had of copper and zinc together in
1940. When we consider the different
specific gravities of these metals and
their relative effectiveness ton for ton
in meeting 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 of aluminum down from 20 to
15¢. per lb., and magnesium from
37.5 to 22.5¢., there is an entirely dif-
ferent cost basis on which these
metals will compete, once they are re-
leased from war uses. Caleulated on
the basis of equalized volume, with
steel at 2e. per lb., the relative price
for the same unit of volume for mag-
nesium is 5.1c., for aluminum 5.45¢.,
for zine, 7.3c., and for copper 13.1ec.
And we must remember that the long-
time trend of Magal prices is in one
direction only—downward.

What can these lighter metals do
for the chemical process industries?
We can only project into the post-
war future some of the trends and
developments of the immediate past.
Here are some present accomplish-
ments that point toward the future:

Synthetic rubber bag converts box car into tank car

These cells represent the rubber industry’s latest effort to solve the fuel transportation
problem. Here you see a worker inspecting a cell following installation in the first
experimental box car

1. An important manufacturer of
vacuum pumps makes certain eccentric
cams from magnesium alloys. They
weigh but 2 1b. 10 oz. as against 9 1b.
12 oz. if they were made of cast iron.
These lighter cams greatly reduce vi
bration, give better performance and
longer equipment life.

2. A high speed laboratory centrifuge
formerly had heads made of bronze
that weighed 51 1b. The same design
made of Magal weighed only 21 1b.,
greatly reduced starting inertia and
wear on thrust bearings. The new
equipment was easier to handle and
actually cost less to manufacture.

3. Railway Express Agency wanted
portable conveyors of the gravity tvpe
that could be used to unload their
trucks and express cars. They had
to be of light-weight construction yet
able to stand up under constant and
hard usage. Again, one of the new
light alloys solved the problem. The
new conveyor in sections 10 ft. long
and 18 in. wide with 30 ball bearing
rollers weighs only 68 1b. One man
can carry it under his arm.

Aluminum stream-lined trains give
us something else to think about. We
have barely begun to use the light
alloys on the scale their properties
warrant. A freight ear weighs 45,000
1b. and carries a load of 30,000 Ib.
One of the same capacity can be built
to weigh only 15,000 1b. and should
some day reduce transportation costs
considerably.

PLASTICS TO THE FORE

In defining the limits of the Magal
Age, Dr. Hale reminds us that the
same conditions, which are now ush-
ering light alloys into wider indus-
trial use, will eventually demand even
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areater strength with still further de-
crease in weight. It so happens there
is no metal lichter 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 organie
chemical field. In fact, he predicts
that by 1950 someone will have sue-
ceeded in incorporating partially
oxidized silicon into the molecular
structure of a new plastic that will
thus combine the advantages of or-
ganic and inorganie compounds. Such
“materials of 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, plasties are finding many
novel and valuable applications. A
pump impeller made with a ecombina-
tion of a special phenolie plastie and
an acid-resisting alloy has increased
the efficiency of the pump in handling
corrosive acids, at the same time re-
ducing the weight of the impeller by
75 percent. This is typical of what is
happening as designing engineers ap-
preciate the faet that plasties are
man-made materials and have zgreater
versatility than most other structural
materials. They ean be literally “tail-
ored” to fit almost any pattern of
needs.

One of the most striking of such

WD
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applications is seen in the current an-
nouncement of a new plastic pipe.
Made of Dow’s vinylidine chloride
plastie, it is highly resistant to mois-
ture and most chemicals and solvents.
Because it is thermoplastic, it can
veadily 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 of 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 eouplings are coming
along soon. Thus vital metals and
rubber are released for more urgent
war needs and the chemical engineer
has another new raw material with
which to build his industries of the
future.

TONS OF SYNTHETIC 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 of our little world
rolls on this remarkable material.
Now we are busy in a prodigious ef-
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
2ood a job we do in our synthetic
rubber plants, how greatly we can
reduce the cost and improve the prod-
uet. Assuming we are as successful as

Glass pipe can now be jointed on the

job by electric welding using pin-point

oxy-hydrogen flames to carry the high-
frequency current

New plastic pipe welded in less than a minute

Pipe ends are first placed on a hot plate at 375 deg. F until melting begins, then firmly
pressed together and allowed to cool for ten seconds. Resultant weld has greater joint
strength than pipe itself

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

“THROUGH THE GLASS—DARKLY"”

One of 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 of materials—
glass. Fortunately, we did not have
to start from serateh. In the past 15
or 20 years chemical engineers have
installed literally miles of glass pip-
ing and have been building larger and
more intricate equipment of this use-
ful 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 piping
and fittings. Simple leak-proof meth-
ods of 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 of 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-frequeney current
which will weld pipe ends together
quickly and efficiently, thus eliminat-
ing all of 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.” Pipefitting may yet become a
lost art!

Quartz is in many ways the ideal
of the glassman who wants to serve
industry. He worships it for its amaz-
ing strength and resistance to thermal
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shoek, even though he knows how dif-
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
awfully 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. With 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 shoeck 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 autoelaves. Trouble
can not hide very long in transparent
equipment, and there are obvious ad-
rantages 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.

* L - - - *

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 of construec-
tion. In a world gone mad with
destruetion 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 of reconstruetion” with
which to build better and more efli-
ciently in the future.
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NON-METALLIC MATERIALS

CHEMICAL, STONEWARE, PORCELAIN, CEMENTS

Physical Properties of Chemical Stoneware and Porcelainware

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. It should be emphasized here that * chemical stoneware ” is not the name of a
definite material, such as an alloy, but a generie term applied to a wide variety of ceramic compositions, and hence that 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.

Bpecific gravity. o i e 2.2 Modulus of elasticity, Ib. per sq.in............ 8,000,000

Hardness, scleroscope.........oeiveininnns 1004 Specific heat A et el 0.2
Ultimate tensile strength, Ib. per sq. in...... 2,000-3,000 Thermal cond., B.t.u. per hr., sq. ft., °F., in... 10-35
Ultimate compressive strength, Ib. per sq. in. 80,000 Linear thermal expansion, per °F............. 0.0000020
Modulus of rupture, Ib. persq.in........... 5,000-13,000 Water absorption, percent. ................. 0-2

Chemical Porcelainware

Data supplied by Lapp Insulator Co.

Specific gravity vt i s anns s oo 2.41
Ultimate tensile strength, Ib. per sq. in.. .. 5,-8,000

Ultimate compressive strength, Ib. per sq. in. .. 100,000
Modulus of rupture, Ib. per sq. in 3

Modulus of elasticity, b, per sq. in.
Specific heat. .. A or %
Thermal cond., B.t.u. per hr., sq. ft., °F., in... 8.4
Linear thermal expansion, per °F

Water absorption, per cent

Makers of Chemical Stoneware, Porcelain, Acidproof Brick and Stone

MANUFACTURER Materials MANUFACTURER Materials
(Name and Address) (Name and Address)
Chemical Stoneware
General Ceramics Co., New York, N. Y.. ... Complete line, see note below Harbison-Walker Refractories Co., Pitisburgh,
Maurice A. Knight, Akron, Ohio............ Complete line, see note below e A e e s e TR Acidproof brick
United States Stoneware Co., Akron, Ohio...| Complete line, see note below B. Mifflin Hood Co., Daisy, Tenn............ Acidproof brick tower packings, flooring tiles
Ironton Fire Brick Co., Ironton, Ohio........ Acidproof brick
Chemical Porcelain . Keagler Brick Co., Steubenville, Ohio...... .. Acidproof brick
Coors Porcelain Co., Golden,Colo........... Porcelain laboratory ware Kewaunee Mfg. Co., Kewaunee, Wis......... Karcite acidproof ceramic ware, and Kem-

Illinois Electric Porcelain Co., Macomb, III. ..
Lapp Insulator Co., LeRoy, N. Y............

Acidproof Brick and Other

Acme Brick Co., FortWorth, Tex....... T
Alabama Clay Products Co., Birmingham, Ala.
Alberene Stone Corp. of Va., New York, N. Y,
Atlas Mineral Preducts Co., Mertztown, Pa..
Belden 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. i ers el
Filtros, Inec., Fast Rochester, N. Y.
General Refractories Co., Philadelphia, Pa....

Chemical porcelain ware of all types
Chemical porcelain ware of all types

Laclede-Christy Clay Prod. Co., St. Louis, Mo.
McLain Fire Brick Co., Pittsburgh, Pa.......
McLeod & Henry Co., Troy, N. Y........ ...

Acidproof brick Metropolitan Paving Brick Co., Canton, ()hlo
Acidproof brick National Carbon Co., Inc., Cleveland, Ohio...
Acidproof stone Nukem Products Corp., Buffalo, N. Y........
Acidproof brick construction Parker-Russell Mining & Mfg. Co., St. Louis,
Acidproof brick ] (e i I P R R G2 & T U S o

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

Patterson Foundry & Machine Co., East

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

G S S R T e e RS A
Southern Clay Mfg. Co., Chattanooga, Tenn.
Thornton Fire Brick Co., Clarksburg, W. Va.

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 witrified sewer tile
Acidproof brick
Acidproof brick

Uhl Pottery Co., Huntingburg, Ind.. ........ Acidproof ceramics

Note : Makers of complete lines of chemical stoneware supply

such equipment as acid plents; ball mills; brick and tile: blowers and

exhausters coils; filters; acid-proof laboratory sinks, drain and vent lines; jars; jugs; kettles; pipe, fittings and valves; stills ; tourills;
towers, tower linings nnd tower packings; tanks and pumps; and many types of special equipment.

Makers of Cements and Putties for Acidproof Brick and Stoneware

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, Pa..... . . ...

Charlotte Chemical Labs., Charlotte, N.C....... ... .. ...,
Chemical Construction Corp., New York, N. 3. R
Custodis Construction Co.. Inc., New York, N.Y..............
Electro-Chemical Supply & Engineering Co., Paoli, Pa. ... ....

Filtros, Inc., East Rochester, N. Y....o..ooooooi i iiiiain,
General Ceramics Co., New York, N. Y..................... .
B. F. Goodrich Rubber Co., Akron, Ohio. ....................
The Haveg Corp.;:Newark, Del. . ool ot i . va
M. W. Kellogg Co., New York, N. Y............. ...
Maurice A. Knight, Akron, Ohio......................cooiit.

‘AnticHydrodetmia oo alios e s T Ul
Lumnite cement
Tegul-Vitrobond,-Mineralead, Tllcset I\orez. Gt K,
others Srot e T TR e R A e e
Carolina Acid-Proof Cement. = Acid-proof putty......
AP e L R R R
Custodis resin cement, Penchlor, Asplit......... ...
Duro Standard, Triple X, Syntho, Brimsto, hcmmtc
Alk-Li-Pruf

Acidproof Nos.1; 6,7, 8.5 rovosoiinlofeisnatn s
Plastikon..........

Havegit 41, 43, 50. .

CeRRp S D
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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, sodium silicate & phenolic base cements, resp.

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
{ Continued next page )
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Makers of Cemenis and Puities (Continued)

MANUFACTURER
(Name and Address)

Trade Names

Compositions, Applications, Types

Nukem Products Co., Buffalo, No Ye.ioooiiiiiiiiimmennanas

Paraffine Cos., San Francisco, Calif.
Patterson Foundry & Machine Co., East Liverpool, Ohio.......
Pecora Paint Co., Philadelphia, Pa.. .ccseniniiiiiniiiinsnnns
Pennsylvania Salt Mfg. Co., Philadelphia, Pa............ SR aee

Philadelphia Quartz Co., Philadelphia, Pa..........coiveiniin.
Quigley Co., New York, N. Y.
Reardon Cement Co., Cincinnati, Ohio. .
The Sullivan Co.," Memphis, Tenn.. i i it iiiiiisrassnssasans
Sauereisen Cements Co., Sharpsburg, Pa. ............c.couann.
United States Stoneware Co., Akron, Ohio.
Union Bay State Co., Cambridge, Mass.............0ivvuan s

Basolit, Plasul, Basolit, Hydro-Plasul, Nukem R

Cements, Nu-Mastic, Nukem Primer, Nukem Enamel

Acidol, Sulsilo. ...

Insa-Lute Nos. 31, 48, 46, 44........

Portite, Pre-Mixt, Calktite and others :

N Series (neoprene base) cements, and special base
CEMENLS . . i Tiii i venlsnvansvevienesseseass

Rubberized Sulphur Cements, acid 2ad 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 elastic 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 cements and plastics

Pouring cements and pre-mixed silicate cements for strong acids

Quick-setting, air-drying, sulphur and bitumastic cements

Silicate cements of all types, resin cements, putties, ete.

Neoprene and special base cements. For painting metals,
rubber, wood, or concrete. Coating cloth. As adhesive

STRUCTURAL CARBON AND GRAPHITE

Representative Physical Properties of Porous Carbon and Porous Graphite

Grade R e e Filter Action Av. Water.® Av. Air 22
Porous Carbon (*Carbocell””) Porosity s Rl Min. Diameter Permeability Permeability
7 Paaeany Particle Retained at 5 Lb./sq.in. at 2 inches H:0 .
Porous Graphite (‘‘Graphicell”’) 3 Inches Pressure Pressure
Inches Microns Gal./sq.ft./min. Cu.ft./sq.ft./min.
36 0.0002 5 —es'd e 0.30
48 0.0013 33 0.00047 14.0 o
48 0.0019 48 0.00079 30.0
48 0.0027 69 0.00098 45.0 4.0
48 0.0039 99 0.00173 80.0 8.5
48 0.0055 140 0.00300 120.0 17.0
48 0.0075 190 0.00590 175.0 33.0

NOTE: “Carbocell” products can be treated 5o as to be wettable for use in caustic filtration. Both “Carbocell” and “Graphicell” products are 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.

Representative Physical Characteristics of Carbon and Graphite Products

5 Elastic a Thermal
Densky Strength, Lb. per;Sq. In. Modulus Specific (Thermal Conductivity
Lb./sq.in. Resist E it B.t.u./hr./
Multiply Ohms./In.? Sce Note) sq.ft./°F
G./c.c. | Lb./cuft. | Tensile | Compressive| Transverse by 10° per ft.
Carbon Cylinders
L3 L e e e B s e R R 1.54 96.1 660 2,920 1,320 5.5 0.0013 13 6.0
10=14 Inch. din ines i sl Vst ha e e s i s s ok 1.525 95.2 470 2,120 950 5.4 0.0013 12 6.0
11=24 inchdidia . Bncs s T TS e s e s 1.54 96.1 400 2,200 790 5.4 0.0014 13 6.0
39-40 Inch® dialiine o R S e L 1.54 96.1 400 1,910 810 4.3 0.0026 12 6.0
Carbon Beams and Blocks
Ax4 Inch te 8x8:inch ineltoi i et LAN S r e TIR 1.57 98.0 840 4,100 1,670 9.4 0.0018 14 4.0
6x6 inch to 20x20 inch inc.. ... .. ... ooiiiiiiin .55 96.7 500 2,140 990 7.1 0.0016 15 4.0
15x30, 24x30 & 24 inch sq........cvvinniniinnns 1.54 96.1 400 1,910 810 4.3 0.0026 12 4.0
Carbon Pipe and Tubes
1.51 94.2 885 10,200 2,700 21.0 0.0014 15 3.0
1.49 93.0 950 8,140 2,550 17.0 0.0016 21 3.0
Carbon Brick
Standard sizes; Tl TR T S b s ta et U Ta s s Sinte 1.55 96.7 1,530 8,320 3,070 10.3 0.0016 13 3.0
Graphite Cylinders
To 5-14 inch dia. inc. 1.56 97.3 760 3,050 1,750 8.8 0.00036 5-12 84.0
6-12 inch dia.inc......... 1.55 96.7 610 3,420 1,810 8.0 0.00037 6-12 79.0
14 Inch dia R R S S R s s g Tt sk 1.53 95.5 580 3,180 1,490 6.7 0.00039 8-12 70.0
16:&:18 ‘inch dia e RS ke 1.53 95.5 500 3,180 1,490 6.7 0.00040 8-12 70.0
20 inch dias e R e e P 1.53 95.5 440 3,180 1,490 6.7 0.00040 8-12 70.0
Graphite Beams and Blocks
To'S inch thick ines S ik b s say 1.56 97.3 700 3,050 1,750 8.8 0.00036 5-12 94.0
6 inch thick to 144 sq. in.. 1.55 96.7 700 3,420 1,810 8.0 0.00037 6-12 84.0
Over 144 sq. in. section. . ... ..oieiiiiiiiin i, 1.53 95.5 570 3,180 1,490 6.7 0.00039 8-12 79.0
Graphite Pipe and Tubes
344 inch L D inc s s s s Oy o 1.68 104.8 780 4,550 2,820 14.0 0.0003 12 94.0
5-10 inche ke Ds ines o G S e 1.67 104.2 870 5,100 2,980 13.0 0.0003 12 84.0
96—9 e SEPTEMBER 1942 e CHEMICAL & METALLURGICAL ENGINEERING



Structural Carbon and Graphite (Continued)

. Elastic Thermal
Deisty RHIR R Modulus Specibe a Conductivity
Lb./sq.in. Resistance (Thermal B.l.u./hr./
Multiply Ohms./Int | Expansion, sq.ft./°F
G./cc. Lb./cuft. | Tensile |Compressive | Transverse by 108 See Note) per ft.

Graphite Brick

Standard sizes N O R 1.56 97.3 700 3,050 1,750 8.8 0.00036 5-12 84.0
“Karbate”’ Pipes and Tubes, 10 Series*

3462 inchj i Dine. S S bt S e R 1.77 110.0 1,700 10,500 4,170 20.0 0.00164 27 3.0

Over 2iinch! 1 D R SR A 1.76 110.0 2,000 10,500 4,640 26.0 0.0016 33 2.8
“Karbate’’ Pipe and Tubes, 20 Series*

162 snch 1L Diine S 1.86 116.0 2,600 8,900 4,650 23.0 0.00034 23 85.0

Over 2/inch 15 Dt St aR i S e s s 1.91 119.0 2,350 10,500 4,980 21.0 0.00033 24 75.0
““Carbocell’’ (Porous Carbon)t

Grade; Ci(Finest) it oS i i s S e ovsis e ole 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 65.5 180 830 500 >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 77 250 >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 0.0080 27 1.0
“Graphicell” (Porous Graphite)t

Grade C (Finest) 1.35 84.3 600 1,680 1,080 3 0.00045 6 60.0

Grade 60............ 1.05 65.5 110 500 250 0.0012 21 50.0

Grade 50.......... 1.05 65.5 110 500 250 0.0012 21 45.0

Grade 40 i s o T v s e S s s SR 1.04 64.9 100 500 190 0.0013 21 45.0

Crad e 30 e s e n e e e e Lia T A et an s ¢ ol 1.04 64.9 80 520 200 0.0017 21 40.0

Grade 20.. 2 1.03 64.3 60 310 140 0.0020 21 30.0

Gradet] 0 S S e e S 1.03 64.3 50 270 140 0.0020 22 20.0

Carbon and graphite products are resistant to most acids and alkalis.

NOTE: Coefficient of Thermal Expansion per Degree: To Temperature t°F = [a4-0.0039t (°F)] 10-7; to Temperature t°C = (1.8 a+-0.007¢ (°C)] 10-%,

Makers of Structural Carbon and Graphite Products

* For chemical resistance see table in Chem. & Met. Sept. 1940, p. 607. 1 See preceding table for additional data.

MANUFACTURER
(Name and Address)

Products

MANUFACTURER
(Name and Address)

Products

Acheson Graphite Corp., New York, N. Y. ...
International Graphite & Electrode Corp., St.

National Carbon Co., Inc., Cleveland, Ohio. . .

Graphite clectrodes and various shapes

Graphite electrodes and various shapes
Carbon and graphite brick, tile, tower pack-
ing, tubes, pipe, special shapes, electrodes

Note:

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

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

Carbon and graphite brick, plates, blocks,

tubes, cylinders, bushings, shapes
Various carbon and graphite products

Manufacturers of graphite crucibles are listed under ** Refractories **

SYNTHETIC RUBBER

Chemical Properties of Synthetic Rubber

EDITOR’S NOTE: The following para-
graphs describing the chemical proper=
ties of some of the synthetics have been
supplied to us by the manufacturers.
They are intended to give an indica-
tion of the possibilities and the limita-
tions of these materials. However, for
a particular application it is generally
advisable to contact the manufacturer
and have specific tests made.

BUTYL RUBBER

Butyl rubber is a hydrocarbon poly-
mer obtained by the copolymerization
of an olefin and a diolefin. The chemi-
cal unsaturation is much less than that
present in natural rubber and is usually
between 1 and 5 percent of natural rub-
ber. Buty! rubber undergoes thermal
curing in the presence of sulphur and
aided by many of the common rubber
accelerators as well as by zinc oxide
and fatty acids its tensile strength is

greatly increased, its cold or hot flow
properties surpressed, and its elonga-
tion reduced. After thermal curing

butyl rubber compounds resemble nat-
ural rubber compounds in many of their
mechanical properties. In the uncured
state or ‘“as received” butyl rubber is
of a consistency equivalent to moder-
ately well broken down natural rubber,
It can be processed and generally han-

CHEMICAL & METALLURGICAL
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dled much the same as natural rubber
using the same type of equipment.

The general physical properties of
vulcanized butyl rubber compounds can

be compared with natural rubber as
follows:
Elasticity and extensibility in the

range of natural rubber—resilience
lower than natural rubber at room tem-
peratures but increases remarkably with
increasing temperatures.

Abrasion resistance—equal to natural
rubber for some services and slightly
inferior for other services.

Compression set—somewhat higher
than natural rubber.

Tear resistance—equal to natural
rubber.

Flexibility at low temperatures—equal
to natural rubber.

Butyl rubber is far superior to natural
rubber for:

1. Resistance to water absorption.

2. Aging in storage and sunlight.

3. Resistance to the action of air and
ozone.

4. Resistance to deterioration by heat.

5. Resistance to the action of nitrogen-
containing solvents such as nitrobenzene
and aniline.

6. Resistance to oxygenated solvents
such as ethers, alcohols, and esters.

7. Resistance to swelling in vegetable
and animal oils.

SEPTEMBER 19)2 e

8. Resistance
chemicals.
9. Extremely low gas permeability.

to

many

corrosive

Exposure 2 Weeks At Room Temperature

Hydrochloric acid
Sulphurie acid

Nitric acid

Phosphoric acid
Ammonium hydroxide
Sodium hydroxide

Lactic acid

31%

25%
30%
85%

95.5%
71.5%
859

Effect
Slight
None
Not serioJs
Slight
Slight
None
None

Swelling in Vegetable and Animal Oils

38 mo. exposure in

Olive oil ;55255 &l s

Oleic acid

Hyear is
resistant

Natural
Rubber

124
106
199
111
121
196

84

HYCAR

available in
(OR) and oil

Perbunan

Butyl
17.2 10
4 6
0 4
o 10
.9 12
.0 108
i9. 10

GTwooCo

3

two types, oil
soluble (0O8S).
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Rubber and Like Products

Either type can be compounded to give
a wide range of physical properties,
depending on the qualities desired.
Hycar OR is extremely resistant to all
petroleum products, vegetable oils, fats,
paint and ink driers. It is quite re-
sistant to benzol and carbon tetrach-
loride, but is badly swollen by acetone.
It hes a high resistance to water as
compared to natural rubber and may be
used where resistance to dilute acids
and alkalis is important. Crdinary com-
pounds of Hycar OR have excellent
heat resistance and special compounds
designed specifically for heat resistance
are outstanding. It can be used at tem-
peratures of 300 deg. F. and in a few
limited applications can be considered
for use up to 400 deg. F. _Stiffening
occurs at temperatures of —50 deg. F.,
but pliability is recovered immediately
when temperature rises. Abrasion and
age resistance are much superior to
natural rubber. Ability to absorb
energy is much better than natural
rubber and flex life is comparable, mak-
ing it excellent for vibration dampening
service.

Hycar OS is equal to OR in resistance
to heat, cold, sun, abrasion, aging,
but gives somewhat lower tensiles.
While not especially resistant to petrol-
eum products, it is less affected by
aliphatic hydrocarbons than natural
rubber, It is superior to Hycar OR in
elasticity and rebound and in general
more nearly resembles natural rubber
than other synthetics. Hycar OR and
OS can be blended together to form
many desirable compounds. Likewise
they are compatible with poly vinyl
chloride and many similar materials and
usually in the blend the better proper-
ties of both are found.

NEOPRENE

Neoprene is a basic thermosetting raw
material which is mixed with compound-
ing ingredients and processed into fin-
ished products by rubber manufacturers.
There are several different basic types of
neoprene which have widely varying
properties. Neoprene is available in
black, white and colors, odorless when
specified.

Animal, vegetable and petroleum-base
products cause slight swelling but have
little effect on the physical properties.
Neoprene does not dissolve, become
gummy or slough off.

In general, neoprene may be used in
contact with inorganic chemicals. Salts
have little effect. Iven strong alkalis
may be successfully handled. Mineral
acids cause deterioration when used in
concentrations above 50 per cent. Strong
oxidizing acids, such as sulphuric, nitric
and chromic, should be avoided. Halo-
gens cause embrittlement in liquid form ;
however, dilute gas and aqueous solu-
tions may be handled satisfactorily.

Neoprene resists the attack of most
organic compounds, the more highly
saturated compounds having less effect
than the less saturated. Neoprene is
not recommended for use with the
chlorinated hydrocarbons or with creo-
sote. Certain aromatic solvents such as
benzol also cause rapid swelling.

The Union Bay State Co. has com-
pounded and the G.tes Engineering Co.
has developed a technique for applying
Gaco-Neoprene linings to tanks by sim-
ply brushing it on in the form of solu-
tions of highly concentrated surfacing
compound over suitable primers. The
primer will not soften below 260 deg. F.
which prevents blistering and falling
when the temperature accidentally rises
a little too high. By this means tanks
may be corrosion proofed on the job at
relatively low cost. The neoprene lining
thus applied may be allowed to vul-
canize itself at room temperature or
cured immediately by means of steam or
hot water. The process only requires
about 14 to 14 as much neoprene as is
required by the sheet method of mining
tanks. The linings are very satisfactory
for resisting the following chemicals:

Probable Safe

Chemical Cone. Maz. Temp.
Chlorine water........... Up to 3% S2F
Hydrochloric acid......... Up to20% 212
Hydrochloric acid. : Over 20% 82
Phosphoric acid . . . . Up to 85% 220
Sulphurie acid.... ... .. Up to 50% 220
Aluminum chloride........ Up to 25% 160
Ammonium nitrate........ Up to 50% 220

(Continued)

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 hy¢roxide Up to 70% 220
Sodium sulphide Any 200

r Boiling Pt.
Up to 40%
aqueous sol. 82

Acetone -
Formaldebyde............

PERBUNAN

Perbunan is a synthetic rubber-like
material which can be processed and
vulecanized with sulphur in much the
same way as natural rubber. Like the
latter, it can be compounded to give
varying physical properties depending
on the particular application in mind.
With active carbon black it can be re-
inforced to give compounds of high
tensile strength and superior abrasion
resistance. In addition, it has high
elasticity and resilient energy (low
hysteresis loss), and has good resistance
to prolonged stress (slight creep under
prolonged loading). The heat conduc-
tivity is about 20 per cent higher than
that of natural rubber.

Perbunan has excellent aging proper-
ties and possesses good heat and fatigue
resistance. With proper compounding
it can be used at temperatures up to
300 deg. F. and will remain flexible at
temperatures as low as —45 deg. F.
Perbunan compounds of the ebonite or
hard rubber type can be used for much
more severe temperature conditions than
natural rubber ebonite compounds.

Perbunan is unaffected by water di-
lute acids or alkalis, or salt solutions of
any concentration. It swells very
slightly in aliphatic hydrocarbons, vege-
table and animal oils and fats. The
reduction in physical properties as a
result of swelling is small, making
Perbunan especially suitable for gaso-
line and oil-resistant applications. Crude
Perbunan or uncured Perbunan com-
pounds are soluble in aromatic hydro-
carbons. However, cured compounds
swell to a much lesser extent than cured
natural rubber compounds. ItEeis
superior to natural rubber for mixtures

Physical Properties of Synthetic and Natural Rubber

Tensile Hardness, Max. Dielectric
Specific Strength, Shore Temp. for Strength, Effect Abrasion Effect Effect Machining
Material Gravity 1b./sq. in. Durometer Use, °F. v./mm. of Heat Resistance | of Sunlight of Aging Qualities
Buna §.. .. R el 0.94 3,500 15-90 300552 [t St Stiffens Equal to | Slight Equal to Can be ground
rubber rubber
Butyl Rubber. ... ...5.......... 0.91 500-3,000 15-90 250-300 25,000 Softens Good None Better than | Can be ground
slightly rubber
Chemigum, Oil Resistant. ., .. 1.0-1.5 $00-4,000 30-90 300 ias [asaiedt s 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 F N RGN
Hycar, OR or OS, hard.. ... .. .. 1.1-1.3  |4,000-11,000 | ..... 300 Softens at | Good Very None xcellent
300 F. slight
Hycar, i ORFsolt i Soetensinii 0.99-1.6 1,000-4,500 15-95 300 s Stifens Excellent | Shight Highly Can be ground
slightly resistant
Hyear; 0S;7solt ¥ s s 0.96-1.20 1,000-4,000 20-95 280 Stiffens Excellent | Slight Highly Can be ground
shghtly resistant
Koroseal, hard ... ............. 1.3-1.4 2,000-9,000 80-100 212 30,000-50,000 Softens Good None None Good
Koroseal,*soft 5 L. Gl ioinvn 1.2-1.8 500-2,500 30-80 190 15,000-30,000 | Softens Good None None Can be ground
Neoprene: csiciia il ool 1.25-1.30 | 1,000-4,500 10-95 30072 | ustinels Stiffens Excellent | None Highly Can be ground
slightly resistant 2
Perbunan | i sl et bt i 0.96 500-5,000 30-90 300 et Stiffens Excellent | Slight Highly Can be ground
resistant
Pliolite, No. 40. . . 1.06 4,000-5,000 | ..... 160-248 |  ...... Softeng 72 | 22020 27000 None None
Resistoflex. . ... i 1.26 2,000-5,000 | ..... 250 6,000-10,000 | Softens Good None None
Thiokel FAG S o R0Tm R0t 1.34 1,400 25-90 20055 | MRSy Hardens Fairly None None Excellent
shightly good
Tygon ! T o= oD Ry 1.33-1.36 9,000 S| st s 175 35,000-50,000 | Softens Good None et | il Excellent
Yistanex, Medium_ . 0.9 200 ix=5| Sps RS TR | ORIl S SR e et | SERSTIN Sl | gt e None Better than | Cannot be
rubber mach.
Vistanex, High' < minaon 0.9 BB s | | e ot | eh e s R | e e e e None Better than | Cannot be
rubber mach,
Natural Rubber, hard. ... .. ... .. 1.17-1.18 4.,000-11,000 70-100 220 Softens Good Discolors None Excellent
Natural Rubber, soft. .. ... . .. 0.93-1.17 1,000-6,000 30-80 150-180 Softens Excellent Deteriorates| Highly Can be ground
and det. resistant
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Rubber and Like Producits

of gasoline with aromatic hydrocarbons.
Chlorinated hydrocarbons and organic
bases have a strong swelling action on
Perbunan. Ketones, organic acids, alco-
hols and esters have a greater swelling
effect than on natural rubber.

VISTANEX

Vistanex is the name of a series of
polymers formed by the low-temperature
polvmerization of isobutylene. The
chemical unsaturation of Vistanex is
substantially nil, and consequently it is
unattacked by the strongest chemicals,
such as sulphuric acid, nitric acid and
caustic soda. Hot concentrated nitric
acid, however, after prolonged treat-
ment, yields a yellow, sticky, oxidized
product. Vistanex is also inert to ozone
and is therefore useful in improving the
ozone resistance of rubber compounds.
Lacking in unsaturation, it therefore
cannot be vulcanized and must be used
in the raw gum state or with compound-
ing agents to impart structural strength.
It is soluble in all hydrocarbon solvents
and oils and it may be precipitated from
these solutions by the addition of low
molecular weight alcohols, ethers or
ketones. -

Rubber compounds containing 50 per
cent of Vistanex show no cracking with
ozone within 10 to 20 min. while natural
rubber shows considerable. A similar
relation is observed in the action of sul-

rubber for resistance to water absorp-
tion, aging in storage, sunlight and all
atmospheric conditions, resistance to
ozone, resistance to strong chemicals,
alkalies, salts and the usual oxidizing
agents.

THIOKOL

The manufacturers of Thiokol synthe-
tic rubbers state that a number of dif-
ferent organic polysulphide polymers
that vary in characteristics from soft to
hard rubber are made under this name.
However, unlike natural rubber, the
products are practically unaffected by
petroleum hydrocarbons and most com-
mercial solvents. They are resistant to

(Continued)

TYGONS

The Tygons are synthetic materials,
resembling rubber in many physical
characteristics, yvet entirely different in
chemical structure. They consist of a
series of modified halid polymers and
diene derivatives compounded to various
formulas to produce materials with a
wide range of properties. Tygon may
be compounded to be resistant to all in-
organic acids (except fuming nitric),
all inorganic salts, all organic acids
(except glacial acetic), alkali solutions,
and most of the hydrocarbons and sol-
vents, It is unaffected by mineral oils,
gasolines, fresh or salt waters.

Surface Affect of Immersion in Solu-

phuric

pounds. Vistanex is superior to

Representative Makers of Industrial Rubber Products and Rubber-Like Materials

acid on rubber-Vistanex com-

natural

alcohol, esters and ketones. The swell tions for 7 Days at 25 Deg. C. for
of these products in aromatic hydro- Tygon T. i
carbons varies from practically no swell K
to around 100 percent increase in
volume, depending on the type. Even 30% Sulphuricacid. .. ....,.. None
when Thiokol swells in aromatic sol- 3% Sulphuric acid.......... i
vents, it still retains good physical 10% Nitric acid........... “
characteristics. It is not materially 10% Hudisihloreands «
affected by carbon tetrachloride but is =07 Kl am e A
attacked by ethylene dichloride in vary- Q70 COMOROIC s ak wat o ol i
ing degrees. Thiokol is not affected by 10% Sodium hydroxide.......
sunlight, air, azone or ultra-violet, 109 Ammon. hydroxide...... &

It can be compounded to give various 109% Sodium chloride........ e
hardnesses and characteristics suitable Distilled water.............. «
for each particular application. While 509 Ethy “

2 . 50% Ethyl aleohol.......... .

not possessing original tensile strength i Dissnlved
as great as natural rubber, it is stated e °l """""" S e
for to exceed natural rubber in both Ethylene dichloride. ......... 2
strength and abrasion resistance when LolueneViSulal SES O Solt, rubbery
in contact with gasoline and oils. Gagolin el s eeyioines None

MANUFACTURER
(Name and Address)

Products 1

MANUFACTURER
(Name and Address)

Products

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

Atlas Mineral Products Co. of Pa., Mertztown,

Crane Packing Co., Chicago, Ill............

Custodis Construction Co., New York, N. Y...
Dayton Rubber Mfg. Co., Dayton, Ohio. . ...

E. I. du Pont de Nemours & Co., Neoprene

Div., Wilmington, Del......... .. ...,
Firestone Tire & Rubber Co., Akron, Ohio.. ..
Garlock Packing Co., Palmyra, N. Y.........

Gates Rubber Co., Denver, Colo............
L. H. Gilmer Co., Tacony, Philadelphia, Pa...

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

Rewbon 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
molded goods

V-belts, molded rubber goods, hose

Transmission belting and special molded parts

belting,

B. F. Goodrich Co., Akron, Ohio............

Goodyear Tire & Rubber Co., Akron, Olio. ..

Hewitt Rubber Corp., Buffalo, N. Y.........
Hycar Chemical Co., Akron,

Jenkins Bros. Rubber Div., Bridgeport, Conn.

The Osborn Mfg. Co., Johns Conveyor Div.,
Cleveland i Ohio S S s s ileroasnnh

Maurice A. Knight, Akron, Ohio. ...........

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, ete., mechanical rubber goods,
molded goods, Pliolite modified rubber
plastie, Chemigum

Hose, transmission and conveyor belting,
packings

Synthetic rubbers (Hycar)
Mechanical rubber goods, rubber and syn-
thetic rabber 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. Pyroflex

Linear Packing & Rubber Co., Philadelphia,

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

Manhattan Rubber Mfg. Div., Passaic, N. J.

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

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

Resistoflex Corp., Belleville, No Jo.ooooattn.

Self-Vulcanizing Rubber Co., Chicago, 1ll.....

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

Thermoid Rubber Div., Thermoid Co., Tren-

[hiokol Corp., Trenton, NoJooooooiina.ninn

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

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

Union Bay State Co., Cambridge, Mass. .. ...

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

resin-base tank linings

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-belts 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 polysulphide 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 Principal Plastics Used as Engineering Materials

(From forthcoming book, ‘‘Plastics for Industrial Us

e”, by John Sasso, McGraw-Hill Book Co., 1942)

Impact Strength, Thermal Thermal Dielectric
Tensile (s Flexural Izod Conductivity, Distortion Expansion, S“"‘ifl‘- w‘l".
Materials Strength, Strangth Strength (Ft.-lb. per in. | 1074 cal./sec./ Point, (In. per in. (Short l"“'.’ .M’“"Vh“'“
(Lb. per sq. in.) | (Lb. per sq 'in) (Lb. per sq 'in) slistch, bheCav/ degite peridoxiCy) ,'.ohl e il (Esrcantin
¥ Foie) : v S M1 | 14514 in. bar) | (deg. C./cm.) (31079 14 in. Thickness, 24 hours)
1,000,000 cycles)
Fhenolic:
Wood-flour filled......... 4,000-11,000 | 16,000-36,000 | 8,000-15,000 0.15-0.25 4-12 240 5.5 300-500 0.2-0.6
Mineral-filled............ 4,000-10,000 | 18,000-35,000 | 8,000-20,000 0.13-0.72 8-20 290 3.2 250-400 0.01-0.3
Fabric-filled............. 5,000-8,000 | 20,000-32,000 | 8,000-13,000 0:8—4,8 0 i L. 4 150-450 0.5-2.5
Cast phenolic. ............. 5,000-12,000 | 10,000-30,000 | 9,000-14,000 0.3-0.4 =5 ety L I T et | RS 300-450 0.01-0.5
Laminated Phenolic:
Paper base i it ioe. 7,00018,000 | 20,000-40,000 | 13,000-20,000 0.6-7.6 58 2 e o T ot | Gl SRR S 400-1,000 0.3-9.0
Cotton base . ............ §,000-12,000 | 30,000-44,000 | 13,000-30,000 1.4-15 D=8 izt | MR P T TRE | SRl IR 150-800 <7 Sttt iy
Asbestos base........... 7,000-12,000 | 18,000-45,000 | 10,000-35,000 1.8-11 g F22 S S B SR L Ce ] R e T3 et 100~150 S5 SRSH RN
Phenol-furfural:
Wood-flour filled......... 6,000-11,000 | 28,000-36,000 | §,000-15,000 0.30-0.56 SedEhisd I e T 3 400-600. | @ ..i...
Mineral-filled............ 5,000-10,000 | 24,000-36,000 | 26,000-30,000 0.32-0.74 10-20 F Sl | NS Or 2 200-500 25 |0 AU A
Fabric-filled. .. .......... 6,000-8,000 | 26,000-30,000 | 10,000-13,000 1.20-4.60 D=8 Mt | SR Ty 5 200-500""" |- L ohe
Urea-formaldehyde......... 5,000-13,000 | 24,000-35,000 | 10,000-15,000 0.28-0.32 7 260 3 650-720 1-3
Vinyl chloride......... veeaef 8,000-10,000 | 10,000-12,000 { 12,000-14,000 0.6-1.2 4 140 TIEAT | BT T A 6 | I R A
Vinylidene chloride......... 5,000-7,000 7,500-8,500 | 15,000-17,000 2.0-8.0 2.2 240 16 500 0.0
Me. methacrylate. . ........ 4,000-7,000 10,000-15,000 | 10,000-15,000 0.2-0.4 4-8 160 8 500 0.4-0.5
Polystyrene............... 5,000-9,000 11,500-13,500 | 14,000-19,000 0.35-0.50 3-5 170 7 500-525 0.0
Ethyl cellulose. .. .......... 6,000-9,000 10,000-12,000 | 4,000-12,000 0.6-6.5 5-6 140 12 3050 | Reeh e v 0.5-1.5
Cel. acet. butyrate. .. ...... 2,500-7,500 7,500-22,000 | 2,800-13,000 0.8-5.5 5-8 150 13 i a] | et e LSt | SR YR
Cellulose acetate, .. ........ 3,000-10,000 | 7,000-27,000 | 3,700-10,000 0.7-4.2 5-8 150 12 350-900 1.3-6.9
Types. Trade Names and Manufacturers of Principal Plastics®
Types Trade Names Manufacturers ‘ + Types Trade Names Manufacturers
Phenolic materials. ... Bakelite Bakelite Corp,, N. Y. Vinylidene Chloride... Saran Dow Chemical Co., Midland, Mich.
Cardolite Irvington Varnish & Ins. Co., Irvington, N. J. Polystyrene.......... Bakelite 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.
EN-Y: Cellulose Acetate. .. .. Bakelite Bakelite Corp., N. Y.
Durite Durite Plastics, Philadelphia, Pa. Cellulate National Plastics Co., Detroit, Mich.
Haveg Haveg Corp., E. Newark, Del. . Fibestos Monsanto Chemical Co., E. Springfield, Mass.
Heresite Heresite & Chemical Co., Manitowoe, Wis. Gemloid Gemloid Corp., N. Y.
Indur Reilly Tar & Chemical Corp., Indianapolis, Ind. Lumarith Celanese Celluloid Corp., N .Y.
Insurok Richardson Co., Melrose Park, Il 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. 1. duPont de Nemours & Co., Arlin=ton, N. J.
Templus Bryant Electric Co., Bridgeport, Conn. Tenite I Tennessee Eastman Corp., Kingsport, Tenn.
Textolite General Electric Co., Pittsfield, Mass. Cellulose Acetate Buty-
Phenolic, cast......... Bakelite Bakelite Corp., N. Y. rate L e Al Tenite IT...... Tennessee Eastman Corp., Kingsport, Tenn.
Catalin Catalin Corp., N. Y. Ethyl Cellulose. . ..... Ethocel Dow Chemical Co., Midland, Mich.
Gemstone A. Knoedler Co., Lancaster, Pa. Hercules Hercules Powder Co., Wilmington, Del.
Marblette Marblette's Corp., L. I. City, N. Y. Laminated Materials.. Aqualite National Vuleanized Fibre Co., Wilmington, Del.
Opalon Monsanto Chemical Co., E. Springfield, Mass Cellanite Continental Diamond Fibre Co., Newark, Del.
Prystal Catalin Corp., N. Y. Celeron Continental Diamond Fibre Co., Newark, Del,
Urea....... s sns o asiz Bakelite Bakelite Corp., N. Y. Coffite Formica Insulation Co., Cincinnati, Ohio
Beetle American Cyanamid Co., N. Y. Corresite S. Blickman, Inc., Weehawxken, 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.
Melamines. .......... Melamace American Cyanamid Co., N. Y. Formica Formica Insulation Co., Cincinnati, Onio
Malamine Plaskon Co., Toledo, Ohio ! Insurok Richardson Co., Melrose Park, IIl.
Acrylics....vvvvenen.,  Crystalite Rohm & Haas, Phila., Pa. Lamicoid Mica Insulation Co., N. Y.
Lucite E. 1. duPont de Nemours Co., Arlington, N. J. Lamitex Frankiin Fibre-Lamitex Corp., Wilmington, Del.
Plexiglas Rohm & Haas, Phila., Pa. Micarta Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa.
Nnylelat s sovawAlvar Shawinigan Prod. Corp., N. Y. Panelyte Panelyte Corp., N. Y.
Butacite E. 1. duPont de Nemours Co., Wilmington, Del. | Ohmoid Wilmington Fibre Specialty Co., Wilmington, Del.
Butvar Shawimgan Prod. Corp., N. Y. Phenolite National Vulcanized Fibre Co., Wilmington, Del
Formvar Shawinigan Prod. Corp., N. Y. { Spauldite Spaulding Fibre Co., Tonawanda, N. Y,
Gelva 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. : Textolite General Electric Co., Pittsfield, Mass:
Tygon U. S. Stonewear Co., Akron, Ohio Ucinite Ucinite Co., Newtonville, Mass,
Vinylite Carbide & Carbon Chemicals Corp., N. Y. Vulcoid Continental Diamond Fibre Co., Newark, Del.
* In this table only the more usual engineering plasties materials are construction for chemical engineering equipment. The engineer may find list-
listed by trade name and manufacturers, No attempt has been made to ings of molders and extruders as well as other valuable data in the forth-

include all types of plastics materials, as that is beyond the scope of
this issue of Chem. & Met., which is concerned primarily with materials of
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coming beok by John Sasso, ‘‘Plastics for Industrial Use,” MeGraw-Hill Co.,
(1942), from which this list was largely compiled.
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Determining the Most

The ‘Plastics Comparator” has been
prepared by the Bakelite Corporation to
serve as a guide in selecting the plastic
or plastics to consider for industrial use.
it rates the materials numericaily without
any attempt to indicate relative differ-
ences. Thus, the number (1) indicates
the most suitable, and the larger numbers
the order of suitability. The difference
between (1) and (2) may in some in-
stances be negligible and in others appre-
ciable. The ratings are made taking into

Plastics (Continued)

Suitable Plastics for use as

consideration the most commonly used
materials of each type. Special formulas
under any one type might change the
order of suitability. Thus, exact techni-
cal interpretation of it should be avoided.
After using it as a guide, “stop, look and
listen” by examining closely the detailed
technical data published elsewhere on
each specific group of materials before
proceeding. Remember that progress is
being made constantly in improving the
properties of practically all plastics.

Engineering Materials

The ratings given in the Comparator
may not in all instances confirm published
data, including that appearing in this
issue of Chem. & Met. The materials are
rated here according to usage experience,
as well as to test data. For example,
urea on the basis of A.S.T.M. water
absorption tests would warrant a Dbetter
rating. However, on continuous exposure
to high humidity or water, the rating
shown in the Comparator is 8

PLASTICS COMPARATOR

P [ D
< o & < ) ~ =
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S S o/ & 5 < P o & .0 £ ¢ °
g/ & SULSS > & ST Y/ & ) S & £ Y
L/ 8 & N & B ER AR/ N v/ $ & < S /AE
- N 0 o o - o o 9 N () N > NN
s/ S ) S/ ) SN E) ) ) ENSS S8/ 5/ )/ D)E/Sy
o O N -~ - L W N X g
S/ S/ ) SIS &) 5 N)ENES) &) S/ sNE)5/)F[SS
PLASTIC SR/ 2 S/ 9o/ D > 3 $/ 8 NES/ES/) & 5 S & o R AR AT
MATERIAL // &/ S/ /S )X/ E/) /s /38/ 8 & $ A
KOS (B S/ S O/ G X/ OGS s G &) R 8 3T
Phenolic:

General Purpose

Phenolic:
Low-Loss

Phenolic:
Heat-Resistant

Phenolic: Acid and
Alkali-Resistant

Phenolic:
Shock-Resistant

Phenolic:
Transparent

Urea

Polystyrene

O®®®O0I®O|Q)]

Cellulose-Acerate

Aceto-Butyrate

Ethyl-Cellulose

Methyl-Methacrylate
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Copyright, 1940, Bokelite Corpn, New York

Effect on Plastics of Immersion for 7 Days in Chemical Reagents at 25 Deg. C.

Phenol-
Phenol-  Phenol-  Formal-
Formal- Formal- dehyde
dehyde  dehyde Lami-
Molded Cast nated

Urea-
Urea-  Formal-  Vinyl Methyl
Formal-  dehyde Chloride-  Vinyl Metha-  Styrene Ethyl- Cold-
dehyde Lami-  Acetate Butyral crylate Resin  Cellulose Cellulose Celluloss Molded  Casein

Molded nated Resin Resin Resin Molded  Nitrate

Acetate  No.1 Phenolic  Plastic

19, Sodium hydroxide Surface

30%, Sulphuric acid Surface  None Edges
roughened swollen

3%, Suphuric acid Surface None Edges
roughened swollen

10% Nitric acid Surface None Edges
roughened swollen

10% Hydrochloric acid Surface None Edges
roughened swollen

5% Acetic acid None None Edges
swollen

Oleic acid None None None
109, Sodium hydroxide Decom- Decom-  Delami-

posed posed nated
Decom- Edges
roughened  posed swollen

Surface  Surface None None None None None  Crazed;  None None  Rubbery
roughened attacked softened
Surface  Surface None Cloudy None None None Swollen None None Swollen;
roughened attacked rubbery
Surface  Delami-  None Cloudy None None None  Decom-  None None  Swollen;
roughened  nated posed cracked
Surface  Delami- None Cloudy None None None Decom- None  Cracked Swollen:
roughened  nated posed ondrying eracked
None None None  Cloudy  None None None  Swollen  None None  Rubbery;
split
None None None Tacky None None None None Decom-  None ,\'xonc
posed
None Surface None None None None Crazed  Decom~ None Decom-  Decom-
attacked posed posed posed
None None None  Slightly None None Crazed  Surface None Decom-  Brcken
cloudy attacked posed up
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Plastics (Continued)

Effect on Plastics of Immersion for 7 Days in Chemical Reagents at 25 Deg. C. (Cont'd.)

Phenol- Urea-
Phenol-  Phenol- 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 Cellulose Molded  Casein
Molded Caast nated Molded nated Resin Resin Resin Molded  Nitrate  Acetate No.1  Phenolic  Plastic

10% Ammonium hydroxide Surface Dis- Dis- None None None Opaque None Dis- Crazed;  Opaque;  None None Swollen:

dulled  colored  colored; colored dis- soft split

edges colored
swollen :

29, Sodium carbonate None Dis- Dis- None None None Slightly None None None Swollen None None Swollen;
colored  colored cloudy rubbery

109, Sodium chloride None None Edges None None None None None None None None None None None

swollen

39, Hydrogen peroxide None Dis- None Surface  Delami-  None Cloudy None None None None None None  Swollen;
colored dulled nated rubbery
Distilled water None None None None None None Cloudy Noane None None None None None  Swollen;
rubbery
50% Ethyl alcohol None None None None None None  Swollen;  Slightly None None Partly  Swollen; None = Swollen;
rubbery  swollen dissolved cracked rubbery

95% Ethyl alcohol None None None None None None  Dissolved Surface None  Dissolved  Partly Dissolved  None None

attacked dissolved
Acetone None  Softened Blistered ~ None None  Dissolved Swollen; Dissolved Dissolved Dissolved Dissolved Dissolved  None None
opaque
Ethyl acetate None None None None None Decom-  Decom- Dissolved Dissolved Dissolved Dissolved Dissolved  None None
posed posed
Ethylene chloride None None None None None Dissolved Decom- Dissolved Dissolved Partly Soft;  Dissolved  None None
posed dissolved  swollen
Carbon tetrachloride None None None None None None  Swollen; Surface Dissolved  None None  Dissolved  None None
3 rubbery  attacked
Toluene None None None None None Soft;  Swollen; Dissolved Dissolved Partly None  Dissolved  None None
rubbery  rubbery dissolved
Gasoline None None None None None None None None Partly None None Swollen; None None
dissolved cracked

From a paper, Resistance of Plastics to Chemical Reagents, by G. M. Kline, R. C. Rinker and H. F. Meindl presented bef. hica
meeting of A.ST.M. June 24, 1941, Slore chicagy

Properties of Phenol-Formaldehyde-Asbestos Plastics Chemical Resistance of Phenol-Formalde-
— hyde-Fiber Glass Plastics
Properties Haveg | Haveg | Haveg Recom- | Also Not Ch"‘_’k" resistance:  Chlorine and its compounds, hydro-
11 43 50 Corrosive Materials mended | Satis- | Satis- chloric acid, dilute sulphuric acid, phosphoric acid, organic
> Grade | factory | factory acids, solvents, trichlorethylene, carbon tetrachloride
Specific gravity........... 1.6 1.6 1.6 ethylene, chlorhydrin, hydrocarbons, metal salt solutions
Tensile strength, psi 2,500 | 2,500 1,500 Ferric salts. o s it vitaaasses 41 43-50 TS ete.
Compressive strengtlf. psi.. 10,500 8,000 6,000 licrrox.x§ xj'ult.s. ! 41 43-50 Ak Physical properties:| Specific gravity 1.35.. Tensile strength
Flexural strength, psi...... 5,600 | 4,500 3,500 l-‘luos.lhcnc’acld ........... 43 41-50 35,000, 1b% pee aq i in' Impact atremgth 16 [L1 Ib pee imeh
Shearing strcngtl? )tk 3,500 | 3,000 2.500 Formic acid | 4t 43 £42 of notch. The material may be used for working tempera-
Modulus of elasticity...... 1,000,000 {850,000 | ...... Gasoline (sour)............. 41 43 50
ey pelion £ tures up to 275 deg. F.
Thermal conductivity Hydrobromic acid. ...... ... 41 43-50 B
BTU/sq.ft./°F./hr./ft...|  0.203 | 0.607 | 0.203  Hydrochloric acid.. 41 43-50 [ ... Available Forms: Pipes and fittings, rectangular and
C oefficient of expansion Hydrofluoric acid. . . . 43 e 41-50 cylindrical tanks, and other large-size chemical plant
Inches per inch of length or [per deg. F. 0.000018 (18x10—%) Hydrofluosilicic acid. | 48 $E5E 41-50 Gt
Feat per foot of length  per deg. C.0.000033 (33x10~%) ~ Hydrogensulphide.......... 41 43-50 Data supplied fort Corresite by . S: Biici:
Lacticand it iiraaenny 41 43 man, Inc., Weehawken, N. J.
: Lead acetate. ... ] o4 43-50
‘Chemical Resistance of Phenol-Formalde- Muriaticacid. . .......... .. 41 43-50 | .... 3 2 5
hyde-Asbestos Plastics (Haveg types)  Oxalicacid................. 41 43-50 | ... Chemical Properties of Acrylic Plastics
::hz:sl.loric;m(:. ] G .t :1 :;‘g Immersion Solution ? Percent Weight Gain *
otassium bisulphate - 7, K
Recom- | Also Not Potassium chloride. .. a4 43-50 | .... ;g; gu:p:ur?c amg (:g
Corrosive Materials mended | Satis- | Satis- Potassium hydroxide........ 50 41-43 10{; Hu: “:; 2 i 0'7
Grade | factory | factory Potassium sulphate. . ....... 41 43-50 e ; VOIS G o v
Salt brine 41 43-50 10% Sodium hydroxide.......... 0.8
........... % 3 %
Aceticacid..... ... ...vs tldl 43 50 Sodium acid sulphate. . 41 43-50 “l)g S\?dt:'m h%dronde. AR :)g
Aleohol... .. ... Joa 43 50 Sodium bicarbonate. . .......| 41 43-50 o :" ‘F iy s s e
Aluminum chloride.......,-. 41 43-50 |75 Sodium bisulphate.......... 41 43-50 o t; S:; g bo 0 te ) l‘O
Aluminum sulphate. ........ 41 43-50 | ... Sodium carbonate........... 41 43-50 | ... la"? Sod;umc:ll. ,:s o 0'9
Ammonium chloride. .. 41 43-50 | ... Sodium hydroxide. | 5550 41-43 10‘/‘? i LRl o: ;d """" 0‘9
Ammonium hydroxide. . 41 43-50 | .... Sodium sulphate............ 41 43-50 | ... 3:3 Hm‘!;lomum ' fgn LR A 1'0
Ammonium sulphate .......| 41 43-50 | ... Sodium sulphite............. 41 43-50 | ... 1006’7" D'y t;u"g;" pc;om O : 0.0
Aniline hydrochloride. ... ... 41 43 {0 Sodium thiosulphate. ....... 41 43-50 | ... O oL iy =
Benxol g as sy e 41 43 50 Sulphur dioxide 41 43-50 | .... 1 Approved tests of the Committee on Plas-
Boric acid. .. 41 43-50 | ... Sulphuric acid (up t0 50%)..| 41 43-50 | ... tic? ‘}f th;’ Amrr!cnn ‘Sg;?:ﬂt}'lf?l‘l TeStlry,'iMa-
. . q - eria > < .
Calcium chloride............ 41 43-50 | ... Sulphurous acid. ........... 41 43-50 | ... ([,?{2% si:'s ’}ﬁtﬁlf;eﬂ,‘,’m,mea in tge}‘varlr:)uz
Carbon tetrachloride, . ...... 41 43 Tannio acid. v o) s encesion 41 43-50 | .... chemical solutlloqs rlor 1b9:2 )ﬁr.hat 2{5’}{0. D(x:;ta
Chlorine gas............0o. n, |4 s Tartaric acid. .....ooee a1 | 4 LA S e e O B
Chlorine water. ............ 41 43 Tinchloride................ 41 43-50 2AN con(ti:entlrla.tdions given in percent by
STy : s end? e weight in distilled water.
Citrio asid {22 tas e raivoices 41 45! Trisodium phosphate........ 41 43-50 | ... %'A RN nseleh Dot fonel percention lesais
COpPRras. scvcverannrsensns 41 43-50 VIDeFALL i T Ly st v 41 43-50 | ... considered negligible except in unusual ap-
Copper sulphate. ........... 11 43-50 | ... Zine chloride............... 41 43-50 | ... nlit‘nliun?i None gf the above solutlonstamlre);
. . 1'.: V' Rt - e & S Zt
Cupric chloride. . .......... a |30l . Zinc sulphate............... a0l etaddion AR R B L e il Bt
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Plasfics (Continued)

Chemical Resistance of Cellulose Acetate Molding Materials®

Chemical Resistance of Saran Pipe at
Room Temperature After Three Months.

Class 1 Class I
Awr';gt;Watcr Absorption — (Injection molded bar 5 in. x 14 in. x 14 in.) Pe;c;(x;t I’:-rr;)nt Reagent Stability Rating
e LG s 98% (Cone.) HaS04. ........iuiin,. Good
48 hours. . 2.75 2.00 o
ot £ 009 HeSO« < il ia i el piiia Excellent
96 hours. ... 3.75 2.7 3097 H.SO Exeell
Acids and Alkalies — Dilute. Slight effect Slight effect .10;’? H:O‘ """"""""" ExCeuent
Concentrated Decomposes Decomposes 0 Nl s SR xcellent
e 22 : X g 35% (Con t YHCL . n s Vi i Excellent
Effect of: Slight on aging Slight on aging 102, HCL
Slight Slight (o Toxsellens
X 4 65% (Conc.) HNOs: i o i il il Excellent
Slow burning rate  Slow burning rate 10 HNO Excell
Solvents — Both Class I and Class II are soluble in ketones and esters, i.e., acetone, methyl acetate, the **Cellosolve” Gl::ﬁial-ac:t;c: """" Excenent
solvents affected slightly by alcohol. Insoluble in hydrocarbons, i.e., benzene, toluene, styrene, carbon 109 Acetic 2 Exceuent
tetrachloride and oils. Elevated temperatures influence the action of both solvents and non-solvents inducing AR RS Ee e
S BB HS0s S NN Excellent
E Z. 50% NaOH S zas eo il Fair
1095 NaOH s asis ettt Good
Chemical Resistance of Polystyrene Molding Materials® 289 NH. ol sy Unsuitable
07,
Resistance to Non-Oxidizing Acids — Excellent Resistance to Alkalies — Excellent ITU/]OIN ’]h P I: s
Resistance to Oxidizing Acids — Discolors Slightly Resistance to Hydrochloric Acid — Good = e S e e L e }',x.ccllent
. > Ethyl Beetate o2 0o oG e s, Fair
Dissolved or Attacked by: e E
Styrene Toluene Ethyl Acetate Ethyl Benzene *“Cellosolve” Acetate Gasoline \; eﬂ:n:n;: i b 2 l }\ """"""""" F"fr
Benzene Dioxane Turpentine Ethylene Chloride  Carbon Tetrachloride ~ “Cellosolve” Solvent S 8 cdlo) 2 ghone Fair
Unsfodlhy: Carbon tetrachloride. ............... Good
Acetic Acid Sodium Hydroxide (30%) Salt Water i';fh’;‘f',‘f ‘f;f“““d” """"""""" ko
Formic Acid Potassium Hydroxide (309%,) Bleaching Solutions D!—c S S G s R onml
Butanol Ethylene Diamine Photographic Chemicals B Im'umc """""""""""""" Lr{su.ltnble
Octyl Alcohol Writing Inks Most fats, animal and vegetable oils o s s e oy Ty Fair
O-dichlor benzene............c...... Poor
Triethanolamine. ., ........0...00.. 03
Chemical Resistance of Vinyl Copolymer Injection Molding Compounds Br;;z:i:‘:::e {?:;ﬁllx:;ll:h
Reagent Reaction Reagent Reaction Chlorine water. ool i nia o Unsuitable
Wealk noids Pt Cuiiiainshieins: Excellent Eetergio ol il et Poor — dissolves Bleaching solution. ................. Excellent
Strongacidsicy: il sty Excellent Aromatic hydrocarbons. Poor — swells 10% Zince hydrosulphite. .. ....... ... Excellent
Weak alkalis. . Excellent Aliphatic hydrocarbol Excellent 16% CaCls e o v e i Excellent
Strong alkalia’ N o i Excellent Mineral oilsi Tl S in e Excellent 15% Be8ON e et e Good
Alcohols v o Excellent Animal oils F=5ibes S iR sc s Excellent YT s R S g Excellent
Ketones. .. Poor — dissolves Vegetable oilss o5l s=nutie ot Excellent 7N gy enitin b oy iy S o B AR S e Excellent

*Data supplied by Bakelite

Corporation, New York.

GLASS, GLASS-LINED AND FUSED SILICA

Physical Properties of Low-Expansion Glasses, Fused Quartz and Fused Silica

é e = ‘T =, 5~ ¥ p ‘E o §
- s slisg= Ll B 2 | ® :
z g3 =i 22T Gl e o = S Z £ e 2
MATERIAL Z 8% ¥o | mat g 5| Bg £ eis) = = 3 z z z
£ e e 5 iz . HiR eSS e o, £ 3 it ° g z
& > Ak Hie P e e T =3 w0 3 25 = £ i
) o8 ® & 338= ] Er— 2 = g = ] 3> S, =3 Z S
€ | &3 | 35 | 352 | & |BRE| Bi.2 | 3 z g3 38| 3 & 2
2 35 g3 Bas T | 3f2 | s&Be 85 = 32 =3 £ 2 £
o 7 = = - = = £ A = a = = £
Borosilicate 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 | 8, R, T, other
96 % silica glass_ . . .. 2.18 12375 e s e g 0; 080 ] B tantint 2eE e ncs 2,750:90 3,000 4.0 1.458 iy R, T, other
Approx.
Fuzed quartz........ 2.20 12.6 4,000 105-126 4.9 0.054 3.5 0.25 2,600 500 (¥4 in.) 3.8 1.459 L S, R, T, other
Fused silica. ... . ... 2.07 13.4 400-800 94-114 0.054 25 e e Lot 2,600 250 (14 in.) 3.7 TL, O | 8, R, T, other
* Hardness: 2.5 mm. ball, 25 kg. load, depth in 1/200 mm. 1 T=transparent; TL= translucent; O = opaque. ** 8 =sheets; R =rods; T = tubes.

Makers of Glass, Glass-Lined and Fused Silica Equipment

MANUFACTURER
(Name and Address)

Composition, Forms Available

MANUFACTURER
(Name and Address)

Composition, Forms Available

Alsop Engineering Co., Milldale, Conn....... Glass-lined steel tanks and mixers Hanovia Chemical & Mfg. Co., Newark, N. J.| Transparent fused quartz in all shapes
Amersil Corp., Hillside, N. J................ Fused silica ware such as pans, pipes, gas||Metal-Glass Products Co., Belding, Mich. ... Glass-enameled steel equipment

coolers, absorbers Owens-Corning Fiberglas Corp., Toledo, Chio| Fibrous glass filter cloths and dust filters
Corning Glass Works, Corning, N. Y........ Special heat- and corrosion-resisting boro-|| The Pfaudler Co., Rochester, N.Y........... Wide variety of standard and special glass-

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

Glascote Products, Inc., Euclid, Obio

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

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

Vitreous Enameling & Stamping Co., New
York, N. Y..... e PR
Vitreous Steel Products Co., Cleveland, Ohio. .

enameled steel equipment— various for-
mulas

Glas led steel equi

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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WOOD FOR CHEMICAL EQUIPMENT

Physical Properties of Woods Commonly Used for Equipment and Plant Structures

l Cypress Douglas Fir (Coast) L. L. Y. Pine ’ Redwood ' Sugar Maple White Oak
Lb. per cu. ft. (129 moisture)...........o0ns 32 34 41 28 44 47
Tensile str., * Ib. per sq. in. (129, moisture).... 7,200 8,100 9,300 6,900 9,500 7,900
Compressive str., * Ib. per sq. in. (129, moisture) 4,740 6,450 6,150 4,560 5,300 4,350
Thermal cond., B.t.u. per sq. ft., hr., ° F., in.. .. 0.83 0.77 0.96 0.76 1.16 1.22
Hardness s 2 i ne s as s i sa s A, Med. Med. Hard Mod. hard Med. Hard
*At proportional limit, in static bending, and compression parallel to grain, respectively.
ym 7 - . . *
Condition of Woods After 31 Days’ Immersion in Cold Solutions
(Examined after 7 days drying)

Fir Oak Oregon Pine Yellow Pine Spruce Redwood Maple Cypress
Hydrochloric Acid, 5%. ... NAC NAC NAC SS SS SS NAC NAC
Hydrochloric Acid, 10%. ...| NAC NAC NAC SS SS SS NAC NAC
Hydrochloric Acid, 50%. ...| 8S,8B,SWF SS,WF S,WF S,WF S,WF S,WF S,WF S,WF
Sulphuric Acid, 1% ....... NAC NAC NAC S8 S8 NAC NAC 58,8B
Sulphuric Acid, $%........ 88 88 85 SS 88,38 SS,SB NAC 8S,SB
Sulphuric Acid, 10%. ...... S,FSD §,ISD S,FSD S,FSD S,I'SD S,I'SD S,FSD S,FSD
Sulphuric Acid, 25%....... SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SS8p,FSD
Caustic Soda, 5%.......... S,NAC M8h,SWp SS SS,FSD SSp,FSD SSp,FSD MSh SSp,FSD
Caustic Soda, 10%......... S,FSD MSh,WF,Horny | SS S58,SB,FSD 88,58,FSD SS,SB,FSD MSh 5,8B,FSD
Alum, 139 SE g 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 Salt, 25%......... NAC NAC NAC S88,GC SS,GC SB,GC NAC NAC
Water iy it ansiadln NAC NAC NAC NAC NAC NAC NAC NAC
Sodium Sulphide. ......... 83,SB MSh,WF SB SB SB SB MSh,FSD FSD

wge ay= = - *
Condition of Woods After 8 Hours Boiling in Solutions
(Examined after 7 days drying)

Fir Oak Oregon Pine Yellow Pine Spruce Redwood Maple Cypress
Hydrochloric Acid, 10%. ...| SB,S FSD FSD FSD FSD FSD FSD FSD
Hydrochloric Acid, 509....| FD,Ch,BSNG | FD,Ch,B,S,NG FD,Ch,B,SNG FD,Ch,B,SNG | FD,Ch,BSNG | FD,Ch,B,S,NG | FD,Ch,B,SNG | FD,Ch,B,S,NG
Sulphuric Acid, 4%. .. ..... SB,GC SB,GC SB,GC SB,GC 8B,GC SB,GC SB,GC SB,GC
Sulphuric Acid, 5%. ....... 85,GC SB,GC SB,GC SB,GC SB,FSD SB,GC SB,GC SB,FSD
Sulphuric Acid, 10%,....... S88,GC BFD,Wpd,NG Sp,FD,NG B,Sp,FD,NG B,Sp,FD,NG SB,FSD SB,FSD B,FD
Caustic Soda, 5%.......... 85 MSh S GC S,GC S,GC Sh SSp
Alum, 13%................] S8B,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, 25%. . ... SB,GC SB,SS,GC NAC SB,GC SB,GC NAC NAC SB,GC
Common Salt, 25%........ NAC NAC NAC SB,GC NAC SB,GC NAC NAC
WalersiZiaiaguaeinaiiios NAC NAC NAC SB,GC NAC NAC NAC NAC

* The two tables deseribing 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 }{ 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 — No Good SS — Slightly Softer Wpd — Warped

Representative Makers of Wood Tanks and Pipe for Chemical Applications

Acme Tank Co., New York, N. Y. National Tank & Pipe Co., Port- Wm. B. Scaife & Sons Co., Pitts”
Alert Pipe & Supply Co., Bay City, land, Oregon bargh Dist., Oakmont, Pa.

Dempster Mill Mfg. Co., Beatrice Hauser-Stander Tank (o., Cin-
Neb. cinnati, Ohio

Mich. Drane Tank Co., Fort Worth, Texas Hammond & Little River Redwood New England Tank & 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

Axtell Co., Fort Worth, Texas

Baltimore Cooperage Tank & Tower
Co., Baitimore, Md.

Black, Sivalls & Bryson, Inc., Oxla-
homa City, Okla.

C. F. Braun & Co., Alhambrs, Calif.

W. E. Caldwell Co., Louisville, Ky.

R. R. Howell & Co., Minneapolis

James Hunter Machine Co., North
Adams, Mass.

Johnson & Carlson, Chicago, Iil.

Kalamazoo Tank & Silo Co., Kala-
mazoo, Mich.

Lincoln Tank Co., Shreveport, La.

Oregon

Paciic Wood Tank Corp., San
Francisco, Calif.

Pacific Tank & Pipe Co., Oakland
Calif.

Parkersburg Rig & Reel
Parkersburg, West Va.

waukee, Wis.
G. Elias & Bro., Buffalo, N. Y.
Engle Tank Co., Chicago, Ill.
Federal Pipe & Tank Co., Seattle
Fleming Tank Co., Pittsburgh, Pa.
Fluor Corp., Ltd., Los Angeles
Fibre Conduit Co., Orangeburg, N. Y’

A., Midland, Pa.

Union Lumber Co., Crocker Bldg.
San Francisco, Calif.

U. S. Wind Engine & Pump Co.,
Batavia, Il

Wendnagel Co., Chicago, IIl.

C. H. Wheeler Mfg. Co., North

Co.,

Challenge Co., Baavia, Ill. 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. Wyckof & Son Co., Elmira,

Cypress Tank Co., Shreveport, La. Doylestown, Ps. National Tank Co., Tulsa, Okla. Calif. NYo
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Metals and Alloys for Construction of Chemical Engineering Equipment

2 S el Ml'chin- Methods . Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxide Sodium Hypachlorite Resistance
No. Material Manutacturer 5 Piiceai 2 Qu";gl Fib ol o Forms Available n i
A e bty Temp.  05% 25% 10% 25% 60% 95% | Temp.  025% 1% 5% 20% Conc. | Temp.  0.5% 5% 20% 65% | Temp 0.5% 10% 80% 1009 | Temp. 10% 50% 85% | Temp.  05% 509 70% | Temp. 5% free CI 20% free CI| Heat | Abrasion
ERROUS ALLOYS ; T i . i ; :
1 301 SEinleu Sizelreusht Note: Physical and chemical propcrtiu for those Fe; Cr, 16-18; Ni, 6-8; C, 0.08-0.2; Mn, 2.0 max. Fair B,DD,F,R,W | B,CR, D, HR, P, S, W ggﬁﬁ: g g II§ {% Room R R R R Good Good 1
2 stainless steels in wroupht form which have been _ : g z - 28 GRS
i , wrought assigned type numbers by the American Tron &/ Fo; Cr, 17-19; Ni, 8-10; C, > 0.08-0.20; Mn, 20 max. | Fair B,DD,F,R, W | B,CR, D, HR, P, §, W, T, R Room R R R R |Room R SRR R e =
2 202 Stakilass ek yrout Steel Institute are grouped herewith at the sug- ; Boiling R R R R S Kale g
gestion of the Stainless Steel Technical Com- - - - - R T — — L 2 o | DOV | S
3 302B Stainless Steel, wrought mittee of the producers. These stainless steels| 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 i sl 5 3 5 L 3
4 | 303 Stainless Steel, wrought in wrought form are generally available from the|"po "¢ 1719, i, §-10; C, 0.2 max.; S or Se, 0.07 min. or| Good . | B, W B, CR, D, HR, P, §, W R RS TR R e e - |- e
following producers: : {0, 0.60 max. Boing R R R R
Allegheny-Ludlum Steel Corp., Pittsburgh, Pa. E o e [ R N RS Rt | Fo e o O e e 5 —alceat TR R ) i iy
5 304 Stainless Steel, wrought Alloy Metal Wire Co., Prospect Park, Pa. Fe; Cr, 18-20; Ni, 8-10; C, 0.08 max.; Mn, 2.0 max. Fair DD,F,R,W |B,CR,D, HR,P,R,8, T, W Room R R R Room R R R R | Room R R R R Room R R R | Room R R 5
American Rolling Mill Co., Middletown, Ohio Boiling R R R R Boiling Re R Boiling R R
6 | 308 Stainless Steel, wrought Habootk & WleakjTube Ca. Beavee Ealle 14 Fe; Cr, 19-22; Ni, 10-12; C, 0.08 max.; Mn, 2 max. Poor DD,F,R,W |B,CR D, HR P,R,ST,W | Room R R R Toom R R R R |Rom R R R R |Rom R R R [Room R R Room R o
» Bethlehem Steel Co., Bethlehem, Pa. Boiling R R R R Boiling R R
A. M. Byers Co., Pittsburgh, Pa.
inless Steel, ht Carpenter Steel Co., Reading, Pa. Fe; Cr, 22-26; Ni, 12-15; C, 0.20 max. Fair B, DD, F, R, W | B, CR, D, HR, P, R, 8, W Room R R R R | Room R R R R | Room R R R | Roo R R R 3 ¢
7 309 Stainless Steel, wroug| Cooper Alloy Fry. Co,, Elizabeth, N. J. Boitg R x 3 R m oom R Good Good 7
j % N. Y.
8 | 309S Stainless Steel, wrought Ornsible Stesl o Cljf‘{\vz:f;ﬁ N Fe; Cr, 22-26; Ni, 12-15; C, 0.08 max. B, CR, D, HR, P, 8, W Room R R R Room R R R R | Toom R Re Ry z
Firth Sterling Steel Co., McKeesport, PQ. oiling R R R R .
9 | 310 Stainless Steel, wrought Forging and Casting Corp,, Ferndale, Mich. Fe; Cr, 23-26; Ni, 19-22; C, 0.25 max. Fair DD,F,R,W |B,CR, D, HR P,R 8T, W | Room R R R Room R R R R |Room R REBERIER Room R R R | Room R CGood | Fair 9
Henry Disston & Sons, Philadelphia, Pa. Boiling R R R R Boiling R R R
Ingersoll Steel & Disc Div., Borg-Warner Corp., - - T
10 311 Stainless Steel, wrought New Castle, Ind. Fe; Cr, 18-20; Ni, 24-26; C, 0.25 max. Good DD, F, R, Yl B, CR, D, HR, P, S, W Room R R R Room R R R R Room R R R R Room R R R 10
Jessop Steel Co., Washington, Pa. Boiling R R R R
s Latrobe Flectric Steel Co., Latrobe, Pa. - TN R10: D W R R R o RS
11 312 Stainless Steel, wrought Michiana Products Corp.: Mickigan City, Tnd. Fe; Cr, 27-31; Ni, 8-10; C, 0.25 max. ' B, D, P, S, B:ﬁir:’lg {% {: ﬁ }t 00m R 11
Midvale Co., Philadelphia, Pa. ‘ |
12 316 Stainless Steel, wrought Spang Chalfant Div., Nat. Supply Co., Pittsburgh, Pa.| 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, R, 8, T, W Room R R R R R Room R R R R Room R R R R Room R R R | Room R R Room R R CGlood Good 12
Timken Roller Bearing Co., Canton, Ohio Boiling R Boiling R R R R Boiling R R R R Boiling R R Boiling R R
7 Republic Steel Corp., Cleveland, Ohio o 7 = = = =
13 317 Stainless Steel, ht 5 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 Room R R R R Room R R R R Room R R R Room R R R R R Good Good b
kel Rustless Iron & Steel Corp., Baltimore, Md. . ; - Boiling = JIR Boiliige. R " R R". R |iBoilisgz R R C'R.R |Balingli@ R R Bolling: = R R ot b o 2
Superioc Steel Corpis Oarneges PRt + | e TR e el PR Ol e | R | i e o | Boline S e s ibd e SR RS | S s e o o e |iBoline R ROE SRS P e RG] (Roiling IR B Ve RBEAR G| Bolling i ei ROSISR o i [Bolling U RIESSRen e e
14 | 321 Stainless Steel, wrought United States Steel Corp,, Pittsburgh, Pa. 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,ST W Room R R R Room R R R R | Room R R R R | Room R R R | Room R 14
Universal Cyclops Steel Corp., Bridgeville, Pa. i Boiling R R R R Boiling Re R Boiling R
¥ i lloys Steel Co., Latrobe, Ps. : s -
1575|1325 Siainlecs Steal wroaght amydu e 2 s Fe; Cr, 7-10; Ni, 19-23; C, 0.25 max.; Cu, 1-1.5 R W B, CR, D, HR, P, S, W Room REGS RSy R T
16 327 Stainless Steel, wrought Fe; Cr, 25-30; Ni, 3-5; C, 0.25 max. B, CR, D, HR, P, 8, W Room R R R R Room R R R R Room R R R 16 3
i = Boiling R R R R
17 329 Stainless Steel, wrought Fe; Cr, 25-30; Ni, 3-5; C, 0.10 max.; Mo, 1-1.5 Good B, DD, F, RW B, CR, D, HR, P, 8, W Room R R R R Room R R R R Room R R R R Room R R R | Room R 17
Boiling R R Boiling R R R R Boiling R R R R Boiling R R Boiling R
18 330 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-temperature applications Good 18
19 347 Stainless Steel, wrought Fe; Cr, 17-20; Ni, 8-12; C, 0.10 max.; Cb8xC Fair B,DD,F,R, W | B,CR, D, HR, P, R, 5, T, W Room R R R Room R R R R Room R R Room R R R | Room R R R Good Good 19
- Boiling R R R R Boiling R¢ R Boiling R
20 403 Stainless Steel, wrought Fe; Cr, 11.5-13; C, 0.15 max. Fair DD, F, R, W 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 B, CR, D, HR, P, S, W 21
22 406 Stainless Steel, wrought Fe; Cr, 12-14; C, 0.15 max.; Al, 4-4.5 - B, CR, D, HR, P, S, W { 22
23 410 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; Nj, 2.5 max.; C, 0.15 max. B, DD, F,W B, D, HR, P, R, 8, W j 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| Good Welding, foriing | B, CR, D, HR, P, R, ST, W Fair Fair 25
max. ; L7
1)
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, 8, 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 28
29 | 430 Stainless Steel, wrought Fe; Cr, 14-18; C, 0.12 max. Fair B,DD,F,RW | B, CR, HR, P, R, S, T, W Room R Room R B 'R R |'Room R R Room R Fair Fair 2
{ 4 Boiling R R R R Boiling R
30 430F Stainless Steel, wrought Fe; Cr, 14-18; C, 0.12 max.; S or Se, 0.07 min. or Mo, 0.60| Good B,RRW *~ B, CR, D, HR, R, W 30
max.
31 431 Stainless Steel, wrought Fe; Cr, 14-18; Ni, 2.5 max.; C, 0.15 max. B, CR, D, HR, P, 5, W Room R Room R R R R Room R R 31
Boiling R R R R
32 440 Stainless Steel, wrought Fe; Cr, 14-18; C, > 0.12 Fair B,R, W B, CR, D, HR, R, S, W Fair Ciood | —3?__
33 | 441 Stainless Steel, wrought Fe; Cr, 14-18; Ni, 2.5 max.; C, > 0.1 B, W . |B,CR, D, HR, P, R, S, W Fair Good | 43
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, § Room R Room R R R R |Room R R Room R 3
Boiling R R R R Boiling R
35 446 Stainless Steel, wrought Fe; Cr, 23-30; C, 0.35 max. Fair B, FR W B, CR, D, HR, P, R, 8, T, W Room R Room R R R R Room R R Room R R R | Room R Eixcel. Good 35
L Boiling R R R R Boiling R
36 | 501 Stainless Steel, wrought Fe; Cr, 4-6; C, > 0.10 Fair DD,F,R, W |B,CR D HR PR,ST, W Fair Fair 36
37 | 502 Stainlebs Steel, wrought Fe; Cr, 4-6; C, 0.10 max. Far | DD,F,R, W | B, CR, D, HR, P, R, 8, T, W l Lo
38 CA-14 Stainless Steel, cast® *See next page for manufacturer's name and address.| Fe; Cr, 11-14; Ni, 1 max.; C, 0.14 max. Good 4 Castings Principal uses are valves and fittings, and pumps in oil refineries Room b3 R Room R R Room R Fair Fair I‘ _E‘__
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 R R Fair Fair | 39
40 | CB-30 Stainless Steel, cast® Fe; Cr, 18-22; Ni, 2 max.; C, 0.30 max. ~ | Castings Room R R R R | Room R R R R Room R R R | Room R R R | Short immersions at room tempera-| Fair Fair ’ 40
s Boiling R R R R Boiling R R Boiling R R R ture
41 CC-35 Stainless Steel, cast* Fe; Cr, 27-30; Ni, 3 max.; C, 0.35 max. Fair FW Castings Room R Room R R R R | Room R R R R Room R R R | Room R R R | Short immersions at room tempera-| Geod Fair hieal
H Boiling R R R R | Boiling R R Boiling R Boiling R ture f
42 | CD-10M Stainless Steel, cast* ! Fe; Cr, 27-30; Ni, 3-6; C, 0.10 max.; Mo, 2.00 max. 3 Castings Room R R RiGER Room R R R R | Room R R R R | Room R R R | Room R 42
| Boiling R R Boingt R R R R | Boiling R R R R | Boiling REZ R Boiling R s o e

1 Stable solutions only.

2 Depending on service,

2 Composition given is for castings.

¢« Higher carbon if specified. -

& With molybdenum,

¢ Total in mersion only.

Terms Used

Composition

“Iissential nominal chemical com-
position” refers to the principal con-
stituents and the approximate pro-
portion present.  When “Fe” ig
shown without percontage it many be
assumed that it ropresonts the bal-
ance of the composition,

Forms Available
B = bars

C = castings
CR = cold rolled
D = drawn

HR = hot rolled
P = plates

R = rods

S = gheots

T = tubes

W = wire

Methods of Fabrication
B = brazing

DD = deep drawing

F = flanging

R = riveting

W = welding

Corrosion Data

R indicates that the metal or alloy
should give reasonably good resist-
ance under the conditions of concen-
tration and tomperature spocified,
but it does not imply any guarantes
of satisfactory service.  The figurcs
following the It aro the reported ro-
sult of laboratory corrosion test in
inches penetration per year, Whero
space is left blank either there are
insufficient data available toindicate
the extent of resistance or more com-
plete information concorning the ser-
vice required is nocessary .

Footnotes
Superior numbers refer to footnotes,
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Continued
i s Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance
3 Essential Nominal Chemical Composition, Ma_chm- Metheds = 5 et | i R T > = = No.
N Maierial Manufacturer Poizent ing of | Forms Avaiiabla
o e Qualities Fabrication Temp. 057 2.5 109, 259, 609, 95% | Temp. 0.25% 1% 59, 207 Conc. | Temp. 0.5% 5% 209% 65% | Temp. .5Y% 100, 80%, 1007 | Temp. 109 507 85% | Temp. 0.59% 507 707 | Temp. 59 free Cl 209 free Cl Heat Abrasion
1
43 CE-30 Stainless Steel, cast Note: These are the standard designations of cast| Fe; Cr, 27-30; Ni, 8-11; C, 0.30 max. Fair Castings Room R R.004 .03 Room .08 Iggﬁ:::g ﬁ {% % ﬁ {;123::“ Ilg }% R 0]‘35 Room R R R g:ﬁﬂx % % R |*Room R Good Fair 3
compositions for nickel-clhromium alloys publ'ul’nuf : i : EA¥ER
by the Alloy Casting Institute. Ther nded| 0 i O AT o atl i Room R Raz-R &R Room R R R R.0005 | Room R t  R.001] Room R R R | Room R R Fair Poor 44
44 | CP-7 Stainless Steel, cast uim im o S pipe published data of| ¥ei Cr, 18-20; Ni, $-10; C, 0.07 max. Fair Castings Room R RO2 0.7 Room R RhEs R S e R R 00 | ot R i R R
individual producers. These positions are M AT P S - <
i i : Ni : ai i R R R R R Rs R* R R® | Room R R R Room R R R Room R R Fai Fa 45
45 CF-10 Stainless Steel, cast ?\'ml(x;ble from one or more of the following| Fe; Cr, 18-20; Ni, 8-10; C, 0.10 max. Fair Castings Room RS Re R® Room R R %:ﬁﬁg R x i = Bgitl)’:ﬁg Rs (| Ks  Ré . Rs | Bogng e i Botn X > R | borm = % ‘air air
oundries:
Allegheny Ludlum Steel Corp., Pittsburgh, Pa. o Cr, 18-20; Ni, $-10; C, 0.16 max. T R, W g Roo R R R R [Room R [ R R R [Rom R R R |Room R R R |Room R R Fair Fair 40
46 CF-16 Stainless Steel, cast American Mangancse Steel Div. of the American| F'ei Cr, 18-20; Ni, 8-10; C, 0.16 max. Good B, IR, W Castings Room R R R Room R R Boil;lr:g X & X R | Dot I R i R ot H X Bogm = I B | Boem R B
Brake Shoe & Fdry, Co., Chicago Heights, Ill, .
: American Steel Ca!t?llkﬂ Co., Newark, N. J. Fe; Cr, 18-20; Ni, 8-10; C, 0.20 max. Fair Castings Room R R R R Room R Room R Fair Poor 47
27 CRe20 St alede Slenlcort Atlas Foundry Co., Irvington, N. J. K o Y Boiling R R R R Boiling R Boiling R
Babeock & Wilcox Co., Barberton, Ohio = = <o o = .
48 CF-7Se Stainless Steel, cast Chicago Steel Foundry, Chieago, Il Fe; Cr, 18-20; Ni, 8-10; C, 0.07 max.; Se, 0.20-0.55 Castings 1 48
5 Ceoper Alloy Foundry Co., Elizabeth, N, J. ot e R A > = 5 e R R R R R R R R ‘R Rhom R R RE 'hoem R R R Fair Fair 7
40 CF.7C Stainless Steel, cast Crins Cot Ohicagain]e Fe; Cr, 18-20; Ni, 8-10; C, 0.07 max.; Ch, 10XC R, W Castings Room R R Boiling R R R R | Boling RUZER Reiling R
Driver Harris Co., Harrison, N, J.
3 Y 5 : Ni, 8-10; C, 0.07 max.; : Pai i ; ] R ReUSine ERig Room R IR R R0001| Room R R R.0002 Room R RiR | Room R R Fair Poor 50
50 CF-7M Stainless Steel, cast guu;?rlgly\' ((::.. Ié‘:rlt.t[i)a:;.t ::1&()11‘10 Fe; Cr, 18-20; Ni, 8-10; C, 0.07 max.; Mo, 2.5-3.5 Fair Castings ggﬁzza R R .002 R .003 R | Room R R .0007 Bgﬁﬁg B B R R 01| Beging R iR R RO | Botng R i Boiling 3 2 3
Electrio Stu:l Fox;ndry Co., Portland, Ore. T = = ; - ’ = =
51 CF-10M Stainless Steel, cast Electro-Alloys Co., Elyria, Ohio Fe; Cr, 18-20; Ni, 8-10; C, 0.10 max.; Mo, 2.5-3.5 Poor B, W Castings : . . - - . . — . - _ air Fair 51
5 Empire Steel Castings, Inc,, Reading, Pa. -20: Ni, 8-10; < Mo, 2.5 i I Room R R R R | Room R4 oom oom oom R R Good Good 52
52 CF-16M Stainless Steel, cast G‘;’;‘r 2 Alloys Co. g‘wwn. i Fe; Cr, 18-20; Ni, 8-10; C, 0.16 max.; Mo, 2.5-3.5 Castings ggﬁ:g ﬁ R RESER R Boom R R ReaR| o RoIR = R comy 5 & Room = 4
Hoskins Mfg. Co., Detroit, Mich. - - i
53 CF-TMC Stainless Steel, cast Lebanon Steel Foundry, Lebanon, Pa. Fe; Cr, 18-20; Ni, 8-10; C, 0.07 max.; Mo, 2.5-3.5; Cb, 10XC Castings ; : 7
Michiana Products Corp., Michigan City, Ind. == R . = q x _ I R R R R R 'R R R Room I i Y R R o T 4
CG-7 Stainless Steel, cast Michigan Steel Casting Co., Detroit, Mich. Fe; Cr, 20-22; Ni, 10-12; C, 0.07 max. Poor F,R W Castings Room R R R ggﬁﬁg }{ = & R oom | B > i oom
Midvyale Co., Philadelphia, Pa. o = = = i = i = = = = 5 = i = = = = !
i Nati lloy Div. of the Blaw-Ki i BIBRIOK, | (o} ; Ni ;G : ; f i R oom : oom gom air air 55
55 CG-10 Stainless Steel, cast I\:;&::nnl Alloy Div. of tho Blaw-Knox Co., Blawnox,| pe; Cr, 20-22; Ni, 19—12. C, 0.10 max. Good B,F,R W Castings Room R R R Bgﬁg:g & & & x Poom. 5 b X i Boom = 3 B = : 5 4 a
Ohio Steel Foundry Co., Lima and Springfield, Ohio|— = - :
56 CG-16 Stainless Steel, cast Otis Elevator Co., Buffalo, N, Y. Fe; Cr, 20-22; Ni, 10-12; C, 0.16 max. Castings i 56
7 X Sivyer Steel Casting Co., Milwaukee, Wis. oo D 3 7 7 s 5 5
b7 CG-16Se Stainless Steel, cast Standard Alloy Co., Cloveland, Ohio Fe; Cr, 20-22; Ni, 10-12; C, 0.16 max.; Se, 0.20-0.35 Castings I § . - - - - - . - . . ; - . -
58 i Symington-Gould Corp., Rochester, N. Y. ‘e; Cr, 20-22; Ni, 10-12; C, 0.07 max.; Cb, 10XC ; I ti Room R R R Room R R R R | Room ey oom oom 0om Fair Fair 58
SS51LCOTC Stalniass Slsl, cael T ARG TR & B Cos High Erdes NoT | il L0521 Oy b0 mex OB 1K) Dood e E RN ez Boiling Boiling REGR: R CIRY | iBoiling - RoAC BR S EERE SR liBoling: sV R R Bailife leiRe. R R | Boling iR R
Warman Steel Casting Co., Huntington Park, Calif. - 5 - :
50 | CG-TM Stainless Steel, cast Utility Elcctric Steel Foundry, Los Angeles, Calif.| Fe; Cr, 20-22; Ni, 10-12; C, 0.07 max.; Mo, 2.5-3.5 Castings ‘ 5
s < P 99: Ni .0 R D 7 i R R R R wR Ri R ‘R R R Room R R R Room R R R Room R R Fai Fair 60
60 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 R R R R | Room R R B:{ﬁg & . 8 o Bgﬂinr:g i & 8 Boom 2 = R [‘Eoem R > i [ Doeml R R air a B
i e; C 2; Ni RL&H(1E X.; M .5-3. Y Jasti I R R R R R R Room R IR R R Room R R R | Room R R Room R R 61
61 CG-16M Stainless Steel, cast Fe; Cr, 20-22; Nj, 10-12; C, 0.16 max.; Mo, 2.5-3.5 R, W Castings %f,’ﬁ?,fg E R REER Bﬁﬂi’ég > B ok R liRem) PR 5 o e " 5 R - "
62 CG-TMC Stainless Steel, cast l“el:og_‘.{ré 20-22; Ni, 10-12; C, 0.07 max.; Mo, 2.5-3.5; Cb, Castings ‘ 62
63 CH-10 Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.10 max. R W Castings Room R R R Room R R RZR Room R ‘R R R 63
: Boiling R R R R s I
i e; C ~26; Ni 3 C, 0. X. Fai R R .002 R Ri I .06 R R RiEFRE=R. Roo R IR R R Room R R R | Room R R R Room R Good Fair 64
64 CH-20 Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.20 max. Fair B, C Room 25 R .005 Room R Bgﬁm , - R Boilil:ll 5 iR | B 5 Lodip K R R | Room R
g g i 4
85 CH-10C Stainless Steel, cast Fe; Cr, 23-26; Ni, 10-12; C, 0.10 max.; Cb, 10XC Castings | 65
Fe; Cr, 23-26; Nj, 10-12; C, 0.10 .3 Mo, 2.5-3. "al £ Casti Room R<.004 R<.004 R<.004 R< R< R Room R R Room R R R R Room R ‘R R R Room R R R | Room R R R Fair Good 66
e S : 2 s o " Seses 004 .004 .004| Bolling R R .0030 Boling. ' R R R R0180| Boiling Rio fR. R R | Bailing R R Boiling R Rit R
K | cast Fe; Cr, 23-26; Ni, 10-12; C, 0.20 max.; Mo, 2.5-3.5 Fai B, C Room R R.0001 R.001 R | Room R R .0001 Room R REGERUGIR Room R R R R | Room R R R | Room R R R | Room R R Good Fair 67
o S e ik e 2 Boiling R .08 4 Boiling R R .004 Boiling R RTR R .01 Boiling R ‘R R R.0017 | Boiling R R Boiling R R R | Boiling R
68 CH-10MC Stainless Steel, cast l"el;o({_ré 23-26; Ni, 10-12; C, 0.10 max.; Mo, 2.5-3.5; Cb, Castings 4 68
3 i Fe; Cr, 23-26; Ni, 19-21; C, 0.25 max. [ Casti Room R R R Roo R R R R |Roo R §R R R Room R R R | Room R Fair Fair 79
e e ' i ol i : Boling ™ (R R: R R % Boiling R R R
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 | % 5 71
72 HC Stainless Steel, cast ‘[Fe; Cr, 27-30; Ni, 3 max. Fair Castings Room R ROERZR I Room R Good Good 79
Boiling R R R '
73 HD Stainless Steel, cast Fe; Cr, 27-30; Ni, 3-6 Castings }B{(,Sm ﬁ }% % % i R : R R R Room R R R 79
oiling ! ;
74 | HE Stainless Steel, cast Fe; Cr, 27-30; Ni, 8-11 Castings | 1
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 | Room ‘R Room R Good Fair 75
Boiling R R R R ] Boiling R
70 HK Stainless Steel, cast Fe; Cr, 23-26; Ni, 19-21 Good W Castings Used for its resistance to high temperatures Good Poor 76
7 HL Stainless Steel, cast Fe; Cr, 28-32; Ni, 19-21 Castings | f 77
78 HP Stainless Steel, cast Fe; Cr, 28-32; Ni, 20-31 Castings «x 75
79 HS Stainless Steel, cast Fe; Cr, 8-12; Ni, 20-32 Castings 5
80 HT Stainless Steel, cast Fe; Cr, 13-17; Ni, 34-37 Good Castings Used primarily for high-temperature applications Good Fair 80
81 HU Stainless Steel, cast Fe; Cr, 17-21; Ni, 3740 Good W (Castings Used primarily for heat resistance ‘ Good Good 81
82 HW Stainless Steel, cast Fe; Cr, 10-14; Ni, 50-62 Good Castings Room R R R R R R | Room R R R R R Room R R R R | Room R R R R Primarily for heat resistance Room R R R Good Fair 82
Boiling R R Boiling R R Boiling R R Boiling R R R R Boiling R R R ;
83 HX Stainless Steel, cast Fe; Cr, 15-19; Ni, 65-68 Good | Castings Primarily for high-temperature applications Room R R R R Room R R R R Room R R R | Room R R R Good Fair ~ ‘ 83
| Boiling R R R R Boiling R R i

1 Stable solutions only, 2 Depending on service, *Composition given is for castings. 4 Higher carbon if specified. & With molybdenum,

e

Terms Used

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 be
assumed that it represents the bal-
ance of the composition.

Forms Available
B = bars

C = castings
CR = cold rolled
D = drawn

HR = hot rolled
P = plates

R = rods

S = sheets

T = tubes

W = wire

Methods of Fabrication
B = brazing

DD = deep drawing

F = flanging

R = riveting

W = welding

_Corrosion Data

R indicates that the metal or alloy
should give reasonably good resist-
ance under the conditions of concen-
tration and temperature specified,
but it does not imply any guarantee
of satisfactory service.  The figures
following the 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 available to indicate
the extent of resistance or more com-
plete information concerning the ser-
viee required is necessary.

Footnotes
Superior numbers refer to footnotes.
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Rt i R

: Sulphuric Acid Mydrochloric Aci itric Aci o
i . : it Machin- Methods ydrochloric Acid Nitric Acid Acetic Acid Phosphoric Acid Sodium Hydroxid : : it
No. Matecial Manafacturer E I N ;;rL t I Composition, ing of Forms Available —_ pedee X bl L) Sodium Hypochlorite Resistance
ercen Qualities Fabricatio Temp 0.5 257 300 o i = : s No
550 5% o 25% 60% 95% | Temp. 0.25% 1% % 207 Conc. | Temp. 0.5% 5% 20% 65% | Temp. 0.5% 10% 80% 1009 | Temp. 107, 507, 859 | Temp. 0.5% % 10% | Temp. 5% free Cl 209 free CI Heat Abration y
84 | Abrasion Resisting Lukens Stee! Co., Coatesville, Pa. Fe; C, 0.4-0.5; Mn, 1.80 max. Fair R HR, P
85 Alchrome 3 Wilbur B. Driver Co., Newark, N. J. : Fe; Cr, 20; Al 3 Fair R, W Primarily used for electric heat resisting application Fair Good 2 _“i—
86 | Alchrome 6 Wilbur B. Driver Co., Newark, N. J. Fe; Cr, 20; Al 6 Fair R, W Primarily used for electric heat resisting application i 85
87 Allegheny Metal 20-255 Allegheny Ludlum Steel Corp., Pittsburgh, Pa. Fe; Cr, 19-21; Ni, 24-26; C, 0.11 max. R, W Castings 86
S8 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 Castings —_— i ol 87
89 Allegheny Metal 12 Chr. Allegheny Ludlum Steel Corp., Pittsburgh, Pa. Fe; Cr, 10-13.5; Ni, 1 max.; C, 0.15 R, W Castings E 58
90 Allegheny Pluramelt Allegheny Ludlum Steel Corp., Pittsburgh, Pa. (Sce footnote 13) : 89 Terms us e d
= T NG ; 90
91 Alray D Alloy Metal Wire Co., Prospect Park, Pa. Fe; Cr, 35; Ni, 15 B, R, W lljtgﬁﬂg % R Ro_qm R R R Room R R R R oo 5 R = = e 5 = = o = = = “R §
= Boiling R R Boiling R+ R ‘R “R | Boiling R R R R | Boiling R R R |Boiling R T e & ool U | Composition
92 Amsco Hardface-Self Hardening Amer. Mangancse Steel Div., Amer. Brake Shoe &| Fe; C; Cr; Mo; Mn Poor w Can be welded to carbon steel and forged — Resists extreme shock and abrasion . “Essential nominal chemical com-
Rdey: o3 Oiongo Mo T1 et Fair Good 02 position” refers to the prineipal con-
i . Manganese Steel Div., Amer. Brake Shoe &| Fe; C; Cr; Mh; W; Mo Poor Welding rod For resisting ext i . - ; : o stituonts and_ the approximate pro-
93 Amsco Hard Facing Rod 217 At%:;ry- [(,:‘(;‘.F‘Cn]ﬁccag;olt!cigl:;s, ml'ncr rake Shoe e r; Mh i isting extreme abrasion at temperatures up to 1000 deg. F. not recommended where extreme shock or impact is involved Good Good 03 p‘““'“" _ll‘lrm""l. Whoen "Fe” s
= g = shown without porcentage it may he
94 Amsco Hard Facing Welding Rod 459 Amer. Manganese Steel Div., Amer. Brake Shoe &| Fe; C; Cr; Mn; Mo Poor f Welding rod Hard facing for all wearing parts not subjected to temperatures over 800 deg. F. assumed that it reprosonts the bal.
Fdry. Co., Chicago Heights, 11l I Fair Good 04 ance of the composition,
95 Amsco Manganese Steel Amer. Manganese Steel Div., Amer. Brake Shoe &| Fe; C, 1.05-1.20; Mn, 12.5-13; Si, 0.4-0.6 R, W
s Fdry. Co., Chicago Heights, Ill. = oo Good 05 Forms Available
: o wi B =
96 | Amsco Ni-Mn Welding Rod Amer. Manganese Steel Div., Amer, Brake Shoe &| Fe; C, 0.75-0.95; Mn, 13-15; Ni; 3.5-4.5 Welding wire o c)::::ilmn
Fdry. Co., Chicago, Heights, 1lL. i b Pt Good 06 OR isroati ralled
97 B & W 5150 Babeock & Wilcox Co., New York, N. Y. Fe; Cr, 1.4; C, 1.0; Mn, 0.4; Si, 0.25 b ::li__, drl"“;" o
N = hot rolled
98 | Bethlehem 235 Bethlehem Steel Co., Bethlehem, Pa. Fe; C, 0.35-0.50; Mn, 1.20-1.75; Si, 0.15-0.25 Fair | » Good ) P plates
s 2 ¢ a4 (& & R = rod:
09 Buflokast Gray Iron Buffalo Fdry. & Machine Co., Buffalo, N. Y. Fe; C, 3.2-3.6; Ni, 2 max.; Si, 1-2; Mn, 0.6-0.9 Good Castings ,V.‘,).‘fd 2 b /= :,:_":a
3 ; 3 : G R
100 | Carbon-Molybdenum Steel Lukens Steel Co., Coatesville, Pa. Fe; C, 0.18-0.28; Mo, 0.4-0.6; Mn, 0.5-0.9 Good KR W | [HRPS dood T 20| 290 '\1\’ ::E':
101 Causul Metal Lunkenheimer Co., Cincinnati, O. Fe: Ni, 18-22; C, 2.2-2.8; Cu, 3.5-5.5; Cr, 1.4-1.9; Mn, Castings Room R R R ‘ Good 100
Q515 — L R R R 212F. R R R 101 Methods of Fabrication
A . 2 S O N s V| B, CR, HR, P, R, S, W R R B = brazin
102 Chromax Driver Harris Co., Harrison, N. J. Fe; Cr, 19; Ny, 35 Good B, DD, F, I ,» R, oom R R R R R | Room R R R R R Root R R R R | Roo s 4
o m R R R I y = deo Al
B Bolling R R Bolling R REZR Boiling R R Balng ch R0 petep Faelc Ri R BT Lk o2 | PP ||“l|l,:;i .'.’.(llm“ i
103 Chromel C Hoskins Mfg. Co., Detroit, Mich. Fe; Cr, 16; Ny, 61; C, 0.10 Good B,F, R, W i B, CR, D, HR, R, W Primarily for heat resistant parts and heating elements o} R = rivoting
; = G ; Foawelil
104 4-6 Chrome Spang Chalfant Division, Pittsburgh, Pa. Fe; Cr, 4-6; C, 0.10 max.; Mn, 0.5 max.; Ti, 4-6 x C Good F, W | | HR,T iood 103 W = welding
= g 3 = ~ BT 1 - Fair 104
105 | 46 Chrome Spang Chalfant Division, Pittsburgh, Pa. Fe; Cr, 4-0; C, 0.20 max.; Mn, 05 max. Good |FW | [HRT Caution! In the Use of Laboratory Corrosion Data!* e v | tie L
=3 = . 3 s g 3 n i 12 indio:
106 Chrome-Copper-Nickel Steel Lukens Steel Co., Coatesville, Pa. Fe; Cr, 0.65-0.85; N1, 0.75 max.; C, 0.12 max.; Cu, 0.45-0.65| Fair FR W | [HRPS Primarily for impact resistance at sub-zero temperatures S . 3 S s el ol gu:"l‘l‘fl":i“v: ‘r""::":::ﬁ,")"";"') ;"rﬂ‘:"..‘
2 : 3 : S oratory tests made with chemically pure reagents In writing to manufact f 1 inf P'uir 106 > R Y BOOU 81
N i to: Cr. 0.50: A .00: C, 0. Fi F, R, W HR, P, 8 g nufacturers for supplementary informa- G 3 Tor then ¢ pE
107 Chrome-Manganese Steel Lukens Steel Co., Coatesville, Pa. Fe; Cr, 0.50; Mn, 0.90; C, 0.40 air o under carefully controlled conditions seldom 1lf ever tion in regard to specific problems Chem. & Met, urgently Faie e ;1::::;‘:::1‘I:|r"l( l;::::::frl:.lt(:::t\(',‘«;‘1:':;:(:;
108 Circle L1 Lebanon Steel Fdry., Lebanon, Pa. Fe; C, 0.30; Mn, 1.35; Va., 0.10 Good W | Castings Used for high-pressure valve bodies approach actual operating conditions of service. At best ;ecommends the submission of the very fullest information o5 211; —1{ but it dees not imply any guarantee
7 7 A RV 8 sutisfao Hod e vt
o v e ot i o hrs o e a8, (085l e el ey stird sl B i o il e
3 5 = , ) g 3 ; T to be used only as an indicati Goud 19 th 4 i
110 Circle L3 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 1.0; C, 0.45; Mo, 0.40 Fair W | Castings Good abrasion resistance makes it satisfactory for crusher segments, and similar uses service tests 01'Y trial in lmll‘ {i i 'od “.’heﬂ’lel’ ofgnol of an impurity or amount of aeration, agitation, cc - ol PRl '.‘"I: of l“b”'"lf"’ Sarononiesviin
g T T ; 6 ] : ? stallations are advisable. In no  {ration and temperature, may result in the selection of Good [ | auciics PeocurRblon poriyears: W hora
1 Circle LS Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 0.8; C, 0.30; Ni, 2; Mo, 0.35 Fair W | | Castings Used for pumps and fittings for high-pressure hot oil in refinery service case should they be used to calculate a depreciation rate an improper material v:rlth :eedleu BT Ry e T = T f‘hu(‘;‘l i Iu[tl blank cither there are
: - = e S z : e~ air 11 insufficient data available to indicate
112 Circle L 10 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 4-6; C, 0.20; Mo, 0.50 Good W | |\ Custings Oil still parts and high pressure steam fittings or o estimate the life of equipment. THE EDITOR. == s T the'extontiof reslstinde or ,::.,r,; l,'(,l:,:.
7 i rEy u W o i (i boneeeil
113 Circle L 19 Lebanon Steel Fdry., Lebanon, Pa. Fe; Ni, 2.75; C, 0.18 Good W 3 Castings Applications include low-temperature dewaxing pumps and fittings Bt ald et b fn (R ] ?E:.l,nr:"::),::ull::":.: :.:.:lx:r.;m..“ the Bors
a i 7 > “ai / as ili Fuir 113 b 84
114 Circle L 34 Lebanon Steel Fdry., Lebanon, Pa. Fe; Cr, 20; Ni, 30; C, 0.07 max.; Mo, 3; Cu, 5 Fair W Castings Boiling R .036 Room R .0084 Y T e ————— 5 Flsa
L Boiling (50%) | Boiling R 0086 Solliag R.037 Poor Fair 114 | Footnotes
115 Colonial 610 Vanadium-Alloys Steel Co., Latrobe, Pa. Fe; Cr, 16-18; Ni, 1; C, 0.12 max.; 8, optional; Mn, .25-4. | Fair W, B B, D, HR, P, R, §, W Room R R R R | Room R R 13 I Superior numbers refer to footnotes,
e " ),
- — Boiling R R R R | Boling R R }}gﬁ;:g }} }{ ;:::’ﬂg {: Good Poor 115
116 Coopet 21'A-B-C Cooper Alloy Fdry. Co., Elizabeth, N. J. Fe; Cr, 15-20; Ni, 20-25; C, 0.07-0.10; Mo, 3; 8, 1.5 Good Castings An alloy primarily used for hot sulphuric acid | Satisfactory for certain applications handling hydro- = =3
| chloric acid Poor Fair 116
17 Cooper 22-P-M Cooper Alloy Fdry. Co., Elizabeth, N. J. Fe; Cr, 29; N1, 9; C, 0.2-0.5; Mo, 3 Good F. R, W | | Castings The sulphite pulp industry uses this alloy for digester fittings, pumps, valve fittings, and piping g b e
et 1ood wir 117
g : an Franci Nali 3-1.0: Si . 7 Castings Room R R R 1 $ads
118 Corrosiron Pacific Foundry Co., San Francisco, Calif. Fe; C, 0.8-1.0; 8i, 14.50; Mn, 0.50 Fair ok R R R | Room R R R Room R R R R | Rcom R R R St ' e
| Bolug R R R R R R |Bog R R Bolling i R - TR-UUR) - RliBaling W /R RL R k| dem i 2RSS REE R Toem SR R Room R Fair | Good | 118
119 Crane 5-Cr-Mo Cast Steel Crane Co., Chicago, Ill. Fe; Cr, 4-6; C, 0.30 max.; Mo, 0.55 Fair W | Castings Valves, fittings and piping for general corrosion and heat resistance : Fai
5 N comow x FomdL i Fair ‘uir 119
120 Croloy 2 Babeosk & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 2; C, 0.15 max.; Mo, 0.50 Fair DD, F, R, | B,C, HR, P, S, T, W Low cost alloy steel having good creep strength. Principal use tubes in petroleum refineries —_— | :
i % o g Fair [ nir 120
121 Croloy 214 Babeock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 2.25; C, .15 max.; Mo, 1 Fair DD, F, R, | | B, C HR, P, S, I High creep strength, low alloy steel.  Principal use in tubes for petroleum refineries and for superheating steam 5 7 :
< i = 3 IRAP % s 7 C eilatiat “air ‘nir 12
122 Croloy § Babeock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 4-6; C, 0.15 max.; Mo, 0.45-0.65 Fair DD, F, R, | B, C, IR, D, P, S, R, T, W Nominal cost intermediate alloy for elevated temperature applications. Used principally for tubes for oil cracking, and for steam superheaters ’l' i y
: - s S [Fuir ‘air 22
123 Croloy 7 Babeock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 7; C, .15 max.; Mo, .55; Si, .50-1 Fair DD, F, R, | B, C, HR, P, 5, T Alloy steel for petroleum refinery application, having excellent resistance to hot oil corrosion 2 e | :
' 3 r QIO % Fair “air 123
124 | Croloy9 Babeock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 8-10; C, 0.15 max.; Mo, 1.2-1.5 Fair DD, KR, || B CPSRT,W Semi stainless alloy specifically developed for oil — cracking and hydrogenation — 0 = 1
L ‘air ‘nir 24
125 Croloy 16-13-3 Babeock & Wilcox Tube Co., Beaver Falls, Pa. Fe; Cr, 17; Ni, 13; C, 0.10 max.; Mo, 2.75 Fair DD, F, R, || B.C CR, HR, P, § R, T, W This alloy is used for sulphite liquors and catalytic oil cracking T TR 2R R R R 'Room R R R oo ;. = T 125
S Je H— Bilg R R R R |Boijg R R K R |Boiing s Ll e g e ! b A e T :
126 Dopploy 30 Sowers Manufacturing Co., Buffalo, N, Y. Fe; Cr, 2.35; Nj, 18.50; C, 2.85; Mn, 1 Good Castings {I(on -0_12 Room 105 ¢ R AR o, 0019 — o b 2 - —
A e R ot o S l_lmlmg 142 Boiling "0033 Il;gﬁil:g 85‘&3 Good 126
- - Co. S : de: Or. 24-26+ Ni. 19-21: C, 0.20: 9. ‘al Castings Room R R R ] B . % PRlEERl . % blayii] sy e
127 Duraloy 25-20 Mo Duraloy Co., Scottdule, Pa. Fe; Cr, 24-26; Nj, 19-21; C, 0.20; Mo, 2-3 Fair 0! R R R 1 Bl S DR ) S ‘ -
T i jooe Bolling iR < Balne. =R R iR R pames - mn R s B Ragivn)on RS RE Al (o X o |
T o Duton o Dayton  Pa. Fe; C, 0.85; Si, 14.5; Mo, 3; Mn, 0.3 Poor | W S ggi‘;;’;z 2 & ) i R R R R R |Room RESR RS R o oon R T e e =25% = P P (PR BT
{ { 4 Boiling R R R R | Boiling R R R R Boiling l{ i{ it ggi(l,':?lg {% 5 2 };gﬁﬁg l}§ R I oo Jig

13 Allegheny Puramelt (clad) stainless steels are available in many of the standard compositions.



or Construction of Chemical Engineerin uipment
Continued Metals and Alloys for Constructi ic gi ring Lquip
Sulphuria’Acid Hydrochloric Acid Nitric Acid Acdc Acid Phosphoric Acid l Sodium Hydroxide Sodium Hypochlorite Resistance
. . 5 Machin- Methods
; i Mo ductrce Essential N | Chemical Composition, ing of Forms Available : o7 o7 , ’ No.
No. Material Percent Qualities | Fabrication Temp.  05% 25% 109 25% 60% 95% | Temp. ~ 025% 1% 5% 20% Conc. | Temp.  0.5% 5% 20% 65% Temp.  05% [10% 80% 100% | Temp.  10% 50% 85% | Temp.  0.5% 50% 70% | Temp. 5%free Cl 20%free Cl| Heat | Abrasion
Tt e B e g Ao TP 1 oy . , ‘ : R R R | Room RGNS RER i
| e i na. (1 i 15 ) / ) 5 R | R I 13 R R It R R It | Room R oli oom R R R | Re 1 1 s .
120 | Durimet T Duriron, Uo., Dayton, 0. Fe: Cr, 19; Ni, 22; €, 0.07 max.; Mo, 3.5; Cu, 1 Fair W B, C, D, HR, P, R, 5, W {}2{1’;".‘.,; ﬁ %{ {% B B e : & = Boiling R R R R | Boiling R R R Boiling R R R | Boiling R R R o R R Good Fair 120
e s 7 A 5 i ’ tasti I ReZE R RS ER R RiGHRE R R | Room R R R R | Room R | R R R | Room R R R | Room R R R | R R 3 i :
130 | Durimet 20 Duriron Co., Dayton 0. Fe; Cr, 203 Ni, 207 C, 7 max.; Cu.4; §i, 1; Mo, 3.5 el A e Remi b R e Rl Riom (e R N o R S R T clBolng R CURLR:IBalne U CRER R e R | iOiod | Faic 130
Boiling R R R R R
- : : > y Sasti REEIR 2R R i Roo R R .003 .006 .010 | Room R R R R |Room R |R R R |Room R R R [Room R R R | Room R
131 | Duriron Duriron Co,, Dayton, 0. Fe; C, 0.80; 8i, 14.50; Ma, 035 Pooc il S el TR i e Sl & Roome K R R R [Botimg R |R R R |Boling R R R |Boling R R | God | Good 131
132 | Elverite A Baboock & Wilcox Co., New York, N. Y. Fe; C, 3.00-3.5; Mn, 0.35; Si, 0.25-1.0 Used for its abrasion resistanco for pulverisers (Coal, cement, cte.) Good 132
9 TR Tabeook & Wilcox Co,, Now York, N. Y. Fe: Cr, 1-1.8; Ni, 3.75-4.75; C, 3-3.5; i, 0.25-1 Used for its abrasion resistance for pulyverizers (Coal, cement, etc.) Good 133 T erms US e d
A3 ke e 5 5 5 = ety i ion resistance for pulverizers (Coal, cement, ete. :
7 aris Babeook & Wilcox Co,, New York, N. Y. Fe: Cr, 1-1.8; C, 3-3.5; 8i, 0.25-1; Ni, 3.75-4.75 | : Used for its abrasion resistance for pulverizers (Coal, cemen ) Good 134 oty
135 | Empire 8 S Fmpire Steel Castings, Reading, Pa. Fe; Cr, 1-1.25; C, 0.30-0.35; Mo, 0.25-0.3; Mn; .6-8 Fair W | Castings Good 135 1 “Essential nominal chemical com-
A = 7 5 = S position” refers to the principal con-
136 Empire 11 Empire Steel Castings, Reading, Pa. Fe; Cr, 1-1.25; Ni, 2.25-2.75; C, 0.25-0.3; Mo, .3-35 Fair W Castings Good 108 | e e npproximnpt‘:) o
- R 7 TET Py 7 20-0.30¢ ¥ 7 Fai W Castings Fair 137 portion present. When “Fe" is
137 Empire 12 Tmpire Steel Castings, Reading, Pa. - Fe: Cr, 4.5-6.0; C, 0.20-0.30; Mn, 0.40—0.70 "Tr - : . / A e
138 Empire 23 Empire Steel Castings, Reading, Pa. Fe; Cr, 13-17; Ni, 34-37; C, 0.15-0.25; Mn, 0.40-0.70 Fair W Castings Poor 138 as«um; 'd}ﬂmt i
= % ance of the composition.
130 Genesee 255 Symington-Gould Corp., Rochester, N. Y. Fe; Cr, 5; C, 0.20; Mn, 0.70; Mo, 0.50 Fair | =
140 Genesee 4-12 Symington-Gould Corp., Rochester, N. Y. Fe; C, 1.10; Mn, 11-14 Poor Castings | Good * 140 Il-;o,m; ‘Available
i = hars
141 Ing Aclad Stainless Clad Steel 302 Ingersoll Steel & Diso Div,, Borg Warner Corp., Fe; Cr, 18-20; Ni, 8-10; C, 0.20 max. ? 141 O e
Shicago, il 5 = 5 = = T R R Room R Roo S CR = cold rolled
t ¥ , o 3 % ; ¢ 0om oom 01 om . Ty i
142 | Ing Aclad Stainless Clad Steel 304 In o‘rpoll Stlcl'lcl & Dise Div,, Borg Warner Corp.,| Fe; Cr, 18-20; Ni, 8-10; C, 0.20 max. Fair B,DD,F,R,W | HR, P, 8 Room R R Boiling R LR R |Boiling R R Boiling R Biiling R R Good Fair 142 4 :rll::t"r e
“hicago, TIL
: - = = : R W R Room R R R R [Room R R R |Room R Room R P = plates
143 | Ing Aclad Stainless Clad Steel 309 Ins&rsoll Slltl‘lel & Disc Div., Borg Warner Corp.| Fe; Cr, 22-26; Ni, 12-14; C, 0.20 max.; Mn, 2 max. Poor B,DD,F,R, W | HR, P, 8 Room R R Boxing R R R R |Bomne R R R |\ Boiling R Boiig B Good 143 g = rlods
*hicago, Il : = sheets
" - T =
144 Ing Aclad Stainless Clad Steel 316 lngt-'rsoll Sll(l'lel & Dise Div., Borg Warner Corp.,| Fe; Cr, 16-18; Ni, 10-14; C, 0.10 max.; Mo, 2-3; M, 2 max. 144 A ﬂc:g(:
Chicago, Il
A= " i ; R, W 5 R Room R R R R |Rom R [R R R | Room RETER Room R
145 Ing Aclad Stainless Clad Steel 317 Ingersoll Steel & Disc Div., Borg Warner Corp.,| Fe; Cr, 18.20; Ni, 10-14; C, 0,10 max.; Mpn, 2 max.; Mo, 3—4| Poor B, DD, F, R, W | HR, P, S Room R R Boiling R Ro R R | Boiling R IR R R Boiling R R Boilisg R Good 145 | Methods of Fabrication
Chicago, Ill. B = brazing
146 Ing Aclad Stainless Clad Steel 321 Ingersoll Sllocl & Dise Div., Borg Warner Corp.,| Fe; Cr, 17-20; Ni, 7-10; C, 0.10 max.; Ti, 10 x C; Mn, 2 max. 146 II?D ,E deep drawing
Chicago, 1Il. " = flanging
byt T ; > ol m % 7 R Room R R R R | Room R |[R R R Room R R R | Room R | R = riveting
147 Ing Aclad Stainless Clad Steel 347 lnﬁx}r_soll Sl[(ITI & Dise Div., Borg Warner Corp,, Fe];OCr,Cla—QO; Ni, 8-12; C, 0.10 max.; Mn, 2 max.; Cb,| Poor B,DD,F, R, W | HR, P, § Room R R Boiling R RUGERS R [‘Boiling R IR R R Boiliigoi R R GRS | Boiling R Good U1 Wi welding
“hicago, 1L X
sl Key Co., E. 8t. Louis, Ill. 2 Fe; Cr, 4-6; C, .30 max.; Mo, .05 Castings Fittings for general corrosion and heat resisting service in oil refinery TRk Conianiinats
z D | Pes O § . tastings Fittings for general corrosion and heat resisting service in oil refinery R indicates that the metal or alloy
o | K8 Koy Co., E. St. Louis, Tll. ¥ Cr, §-10; €, 16 max; Mo, 15 Catnes - stbic - = e senli | s Sasod esiar
150 K-9 Key Co., E. St. Louis, 1ll Fe; Cr, 2; C, .30 max.; Mo, .5 Castings Tittings for general corrosion and heat resisting service in oil refinery 150 | ance under the conditions of concen-
o .y B St , 1L H . — — Z — S 7 tration and temperature specified,
151 K13 5 Key Co., E. 8t. Louis, IIL. Fe; Cr, 18; Ni, 8; €, .15 max.; Co Castings Fittings for gencral corrosion and heat resisting service in oil refinery 151 Lt Dol P iarsates
> ¥ ¢ % ot . r o imarily is , particularly in sulph tmosph: d electrical heating elements at extreme temperatures up to 2,400 R f satisfactory service. The figures
152 Kanthal A C. 0. Jelliff Manufacturing Corp., Southport, Conn. | Fe; Cr, 20-25; Co, 1-3; Al 6 Fair B, R, W R, W These alloys are primarily used for heat l'(ﬁ.bm“t parts lmttl‘ arly tn sulphurous atmospheres an l'. ; 4 p - ool 152 ?Ol;:w ;n:cglleylt ;mcuw sl u:l :o-
153 Kanthal D 2 0. Jellift Manufacturing Corp., Southport, Conn. | Fe; Cr, 20-25; Co, 1-3; Al, 4-5 Fair B, R, W R, W These alloys are primarily used for heat resistant parts, particularly_in sulphurous atmospheres and electrical heasing elements at extremo temperatures up to 2,400 °F. Good 153 | sult of laboratory corrosion test in
2184 : e : S fasta i) - - T i s inches penetration per year. Where
154 Manganese-Molybdenum Steel Lukens Steel Co., Coatesville, Pa. Fe: C, 0.25 max.; Mn, 1.5 max.; Mo, 0.75 max.; Si, 0.25 max.| Fair F, R, W HR, P, § Fair 154 | space is left blank cither there are
165 | Mayari R Bothlehem Steel Co., Bethlehem, Pa. Fe: Cr, 0.2-1.0; Ni, 0.25-0.75; C, 0.12 max.; Cu, 0.5-0.7; Good B, F, R, W B, CR, HR, P, R, §, T, W, shapes| About 6 times greater resistance to atmospheric corrosion than plain carbon stecl Fair Fair 155 l"ﬁ:“({r“""&"“o‘f’ﬁ:li‘;’::ﬁfi‘,’ ,t,?(::'::r:,:,e
Mufy ) - e plete infermation concerning the ser-
156 Midvaloy ATV 3 Midvale Co., Nicetown, Philadephia, Pa, Fe; Cr, 14; Ni, 26.5; C, 0.48; W. 3.5 Good B, C, forgings = - & Good Fair 156 | vice required is neccssary.
; - ; | T R R R R R | Room
187 | Milwaukee 28-12 Milwaukeo Steel Foundry, Milwaukee, Wis. Fe; Cr, 27-30; Ni, 11-13; C, 0.25 max. Poor R, W Castings Rohugs: (R RL R R % 157 | Footnotes
- T BT Superior numbers refer to footnotes;
158 Milwaukee 15-26 Milwaukee Steel Foundry, Milwaukee, Wis. Fe; Cr, 14-17; Ni, 25-28; C, 0.45 max. Fair R, W ('iki“fm“ Primarily a heat resisting alloy Good 158
159 Milwaukee M 3 Milwaukee Steel Foundry, Milwaukee, Wis. ¥e; Cr, 13-15; Ni, 0.50-1; C, 0.12-0.20 Good R, W Castings Primarily for paper mill equipment where good resistance to sulphite, sulphate liquors is desired S T
160 Milwaukee M 4 Milwaukee Steel Foundry, Milwaukee, Wis. Fe; Cr, 13-15; Ni, 0.50-1; C, 0.12-0.20; Mo, 0.90-1 Good R, W Castings Primarily for paper mill equipment where good resistance to sulphite, sulphate liquors i3 desired 160
161 Milwaukee K-G Wear Resistant : Milwaukee Steel Foundry, Milwaukee, Wis. Fe; Cr, 11-12; C, 1.45-1.60; Mo, 0.90-1; Va, 0.20-0.25 Poor R Castings Primarily for abrasion resistance where extreme wearing qualities are desired T o
162 Milwaukee Si-Cu Milwaukee Steel Foundry, Milwaukee, Wis. Fe; C, 0.25 max.; Si, 2-2.5; Cu, 1-1.25 Castings 162
163 | Milwaukee 22 Cr-1.20 € Milwaukee Steel Foundry, Milwaukee, Wis. Te; (‘; 02_0-22; Ni, 0.25 max.; C, 1.25-1.50; Mo, 0.50-0.60;| Poor R Castings Primarily for abrasion resistance Good 163
&, 20-2.5 S5
' 7 SR z . ¥ ol i R R 7
164 Miscrome 4 Michigan Steel Casting Co., Detroit, Mich. Fe; Cr, 11.5-13; C, 0.12 max.; Ni, 0.80 max. Good Castings Principal uses are valves and fittings, and pumps in oil refineries Room : - i Fair T
7 P : 3 x 5 < ; q W R R R R Room R R R R | Room Room R ¥
165 Nichrome Driver Harris Co., Harrison, N. J. Fe; Cr, 15; Ni, 60 Good B, DD, F, R, W | B, CR, HR, P, R, 8, T\ W %&K % % R RESRI=ER g:ﬁixﬁg o : ipcitind 3 > Boom. R R Boom. X I% }{ Good Poor T
100 29 Nickel Steel Lukens Steel Co., Coatesville, Pa. Fe; Ni, 2.0 min,; C, 0.20 max. Poor F, R, W HR, P, S Fair 166
167 Ni-Hard International Nickel Co., New York, N. Y. Fe; Cr, 1.4-1.6; Ni; 4.4-4.6; C, 2.75-3.6; Si, 0.5-1 Poor Castings 5 = = = Good 167
3 r . R R R R | R R oom R
108 | Nilstain Wilber B. Driver Co., Newark, N. J. Fo; Cr, 18-20; Ni, 8-10; C, >.20; Mn, 2 max. Good W D, HR, R, W Room {}g;;g;g ey Botling RRCSRIOR o R R R Good 168
? z e {rmr : ; .0117 R.012 Room R 0208 Room Room R
169 | Ni-Resist International Nickel Co., New York, N. Y. Fcl; ﬁl‘ 513-15; Cu, 55-7; C, 2.95-3.10; Cr, 1.5-2.5; Mn, Good Castings ggﬁi::s % R.0044 R.0010 Room R R R.0L7 Botg R it : % % T
T
170 Pyrastecl 20 Chicago Steel Foundry Co., Chicago, 11l Fe; Cr, 16-18; Ni, 35 170
—Tﬂ Pyrasteel 2000 Chicago Steel Foundry Co., Chicago, Iil. Fe; Cr, 26; Ni, 12-14 171
172 Pyrasteel 18 Chicago Steel Foundry Co,, Chicago, 111, Fe; Cr, 16; Ni, 25 | 172
173 Pyrasteel 14 Chicago Steel Foundry Co,, Chicago, Il Fe; Cr, 6; Mo, 0.40-0.60 | 173

1 Stable solutions only.
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E ; 5 . s Machin- Methods i i rochloiciAcid Nitric Acid Acetic Acid Phosphoric Acid Sedium Hydroxide Sodium Hypochlorite Resistance
7 “ssential Nominal Chemical Composition, < F Availabl
No. Material Manufacturer paeasny Qu“;gt o ?w.nl' orms Available &
alities ‘abrication ’ vy ’ > > Aos s i o A . o o 7 g v i 5 i
Temp. 0.5% 2.5% 109 25% 60% 95% | Temp. 0.25% 1% 5% 209 Conc. | Temp. 0.5% 5% 207 65% | Temp. 0.5%, 107, 80% 1009, | Temp. 109 509 85% | Temp. 05%  50% 70% | Temp. 5% free CI 209 free ClI Heat Abresion
2 ac ., San Franci if. Fe; Cr, 22-30; C, 1.75-2.0 Good Castings Room R R R R ! ) i i G
174 Pyrocast Pacific Fdry. Co., San Francisco, Calif, T, i Boting RoR o gﬁ:r:l ; I% }i l§ ]I}g;mg lé ;{ }% }{ Room R R | Room R R R Good Glood 174
175 04 Otis Elevator Co., Buffalo, N. Y. Fe; 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. I} Good Fair 175
176 0-16 Otis Elevator Co., Buffalo, N. Y. Fe; Cr, 14-18; C, 0.12 max.; Mn, 0.5 max. Good Room R Eog;gn K F ; }l K Room R Room R R R i Good Poor 176
oiling R R x
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 i Good 177
178 Spang Chalfant 1 Spang Chalfant Div., Nat. Supply Co., Pittsburgh,| Fe; C, 0.15; Cr, 1.75-2.25; Mn, 0.3-0.6; Mo, 0.45-0.65 Good F, W HR, T Faic 78
Pa.
179 | Spang Chalfant 2 Sp;ng Chalfant Div., Nat. Supply Co., Pittsburgh,| Fe; C, 0.1-0.2; Mn, 0.3-0.6; Si, 0.25 max. Good F,W HR Fair 179 '.I'er ms Used
a.
5 7 7 - : R > z 5 S5 0.25 mas W HR Composition
180 Spang Chalfant 3 Spang Chalfant Div., Nat. Supply Co., Pittsburgh,| Fe; C, 0.1-0.2; Mo, 0.45-0.65; Mn, 0.3-0.6; Si, 0.25 max. Good F, : Fair 150 2 L :
Pa. ' Acknowledgment of Source senrential nominal chemieal_ oory
i A3 imke i o , Ohi Fe; Cr, 15.5-17; Ni, 12.5-14.5; C, 0.13 max.; Mo, 2.5-3.25;| Fair DD, F, R, W B, D, HR, R, T, W Used primarily for its high-temperature strength and corrosion resistance up to 1500 deg. I, Ly § $0 the principal con-
181 Timken 16-13-3 Timken Roller Bearing Co., Canton, Ohio Inf 15 mnx'. " a5 5 e At the repeated demand of its readers for concrete information on \ Good Poor 181 stituents and the SUDIOXIMA (e pro
AT : s the resistance to corrosion, heat and abrasion of the various materials ok portion & presont. =i When “Fo' ‘s
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 available for the construction of chemical engineering equipment, 15z | thown without percontago it may bo
— - Chem. & Met. has, with the cooperation of manufacturers, compiled e : 2 assumed that it represents the bul-
183 Timken 27} Cr-0.5% Mo Timken Roller Bearing Co., Canton, Ohio Fe; 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, ete. this tabulation of the properties of the metals and alloys. Falr 183 ance of the composition,
- - = 7 = . £ T T e 1 = " N = All information on mechanical, physical and chemical properties
184 Timken 5 Cr-Mo plus Ti Timken Roller Bearing Co., Canton, Ohio Fe‘i‘iC;. :Cﬂ‘n%;l Oolgmn:;:;‘, Mn, 0.50 max.; Mo, 0.45-0.65;| Good F, W B,HR, R, T For petroleum refinery and steam superheater tubes as well as indication of reasonably good resistance to corrosion are 184 Forme Available
, 43 ., 0. X. i made on the authority of the manufacturers to whom questionnaires B = bars
185 | Timken DM Timken Roller Bearing Co., Canton, Ohio Fe; 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 o ttad, % Faie 185 | © = castings
: - = = = e - Corrosion Data—The generally accepted unit of *inches penetra- b CR = cold rolled
186 Timken Sicromo 55 Timken Roller Bearing Co,, Canton, Ohio Fe; Cr, 4-6; C, 0.15 max.; Si, 1-2; Mn, 0.5 max.; Mo, 0.45~| Fair F, W B,HR, R, T For air preheater tubes, petroleum refinery applications, superheaters, and furnace parts tion per year” has been used by the manufacturers in reporting Good 186 D = drawn
0.65 : resulis of 1cox'lc'los.iiir.uzx :ﬁsts. Conditions of tax;peraluro and concentration HR = hot rolled
- - ; - = : e ‘were outline n e questionnaire and except where otherwise - — 3
187 Timken Sicromo 7 Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 6-8; C, 0.156 max.; Si, 0.5-1; Mn, 0.50 max.; Mo,| Good DD, F, R, W B, D, HR,R, T, W An intermediate alloy steel at low cost i specified, it is understood the tests wero not ue’:med. But since no Cood 187 P = plates
0.45-0.65 s . stcmdm-db{est %;ocetélure is \;n&varsully used the data are not always :‘ s "“‘l-“
7 3 ; W = ey - TR - T e comparable. i icated in th TS 8 = shoot
188 Timken Sicromo 7TM Timken Roller Bearing Co., Canton, Ohio Fe; Cr, 6-8; C, 0.15 max.; Mo, 0.9-1.1; Mn, 0.50 max.; Si | Good DD, F, R, W B, D, HR, R, T, W For applications at elevated temperatures where good load carrying ability and corrosion resistance are desired,  In petroleum refineries on lx;ﬁs ch:rt. lh:rl;a‘);:ra?:ryn rlecsc:xletg s?w‘ul‘:l x;Joo‘oui(a; a:xﬁ;nt: lsi:‘gi):::‘t‘: Good 188 T = qul,(l‘,;:
0.5-1 i = = whe\hl: ni'dm:vl(z ser;ico hsclls or (rilul 1lnsmllalions are advisable. In no W o= wire
189 | Timken Sicromo M Timken Roller Beating Cor, Canton, Ohio Fe; Cr, 8-10; G, 0.15 max; Mn, 0.0 max; Mo, 09-1.1 | Good | DD, K, R, W | B, D, HR, R, T, W High temperature strength with corrosion resistance for oil refining up to 1,400 deg. F. eriseTuarimetel s Eexact tIe ot e ot otat ot e e e i Good 5 |y
- — - : = e & Complete information regarding methods of testing and the bases for : ethods of Fabrication
190 | Tisco 41 Taylor Wharton Iron & Steel Co., High Bridge, N. J.| Fe; C, 0.5; Cr, 1; Mn, 0.7 W Castings 2 | ot ;1 decision of suitability can usually be obtained from the manu- 190 B = brazing
191 Tisco 53 Taylor Wharton Iron & Steel Co., High Bridge, N. J.| Fe; Cr, 5; C, 0.25; Mn, 0.60; Mo, 0.50 Good W Castings : acturer on request. = :3” ? d“{" it
- itz £ © = flanging
102 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 - oy = {{‘ i
: —em i " = weldin
193 Tisco 150 Taylor Wharton Iron & Steel Cos High Bridge, N. J.| Fe; Cr, 28-32; Ni, 1-1.5; C, 2.5-3 Castings Good 193 o
P Wilbee B. Driver Co,, Nowark, N. J. Fe: Ni, 60; Cr, 15 D, HR, R, W Reom R Room R R R R |Room R R R R |Room R Room R R AR Corrosion Data
ophe 4 Boiling R R R R | Boitmg ¢ R R R R ’ Boiing R R R Hocd 15 R indicates that the metal or alloy
- - : = : O = should give reasonably d resist-
195 | Tophet D Wilber B. Driver Co., Newark, N. J. Fe; Ni, 35; Cr, 18.5 Good B, CR, D, HR, RW Primarily used for heat resisting parts and heating elements Good 105 - | ance under the :(,,,(';i{;f,,,,'f‘:;} mf,‘;:,':,,_
106 | 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 still parts — temperatures not over 1,100 °F. Fair Good 100 :"‘t".‘z“l I ‘t"'.“"“]““""’ apecilod,
. . ' v hut 1t does not imply any guarantee
97 iloy 12 Utility Electric Steel Foundry, Los 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 o Fai of satisfactory servico.  The figures
197 | Utiloy y Far Salg 197 | tollowing the R aro tf d
3 e : 5 wing the I o ro-
198 Utiloy 12N Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 11-13; C, 0.12 max.; Ni, 1.75-2.50 Good W Castings Valve trim — abrasive resistant Tate Qoo o5 Anii ‘l‘ulmruto :; Ono:uc:?(l;‘:r::; g r;"
— g : e e 3 T z inches penetration per ye W here
i Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 18; Ni, 8; C, 0.15 max.; 8i, 0.90; Mn, 0.50 Good \\% Castings Room R it R R | Room R R R R Room R n R R R R St Inches | por year, 1
199 | Utiloy X ity Electric : Ni, 8 C, i Boiling] 0 REG R R RC | Roiing ¢ 0 RIREE R SR [iBoling 2 Re R Bolimgs B 0k m |mma R i - Fox 199 | spaco ix left blank cither thoro aro
. i Pect oy ingufficient data available to indicate
200 Utiloy XX 1 Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 18; Ni, 8; C, 0.07 max.; Mo, 3.5-4.5 Fair W Castings Room R R R R R R [ Room ., R R Roem R R R R | Room R R R R Room R R R | Room R R R | Room R R Fair Fair 200 tho oxtent of resistanco or more com-
Boiling R R R R Boiling R R 13 R Boiling R R Boiling R R R | Boiling R R plete information concerning the ser-
201 Utiloy H Utility Electric Steel Foundry, Los Angeles, Cal. Fe; Cr, 23629(' I‘(I)l,l 211-13; C, 0.28-0.32; Si, 0.90-1.10; Mn,| Fair W Castings Heat resisting for oil still supports — High creep strength Good Poor 201 vics required Iy riooessary.
0.60-0.80; N, 0. - ”
— Footnotes
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 S Good 202 Superior numbers refer Lo foolnotes,
5 : Worthington Pump & Machinery Corp., Harrison,| Fe; Cr, 20; Ni, 24; Cu, 1.75; C, 0.07; Si, 3.25; Mo, 3.0; Mn,| Good W B, C, HR, R Room R R R R R R |Rom R RGERE IR Reom U4 REGESREVARE VR [ Room R R RASHIRE [ Room i R ORI R Ty R R I : : ;
1 | echs T e L 0.60 s : <0001 <.0001 0002 .0003 .0006 .0007 0015 010 028 020 <0001 <.0001 <0001 <.0001 <0001 <.0001 <.0001 <.0001 <0001 <.0001 <0008 "™ <0001 <0001 <.0001] "™ : | 4
176 F. R R R R R | 176 F. 176 F. R R R R 176 F. R R R R 176 F R R R 176 Fy {4 ¢
0001 .010 026 .024 048 <.06001 <.0001 <.0001 .004 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 :
204 Wrought Iron, Genuine A. M. Byers Company, Pittsburgh, Pa. Fe; C, 0.02; Mn, 0.03; P, 0.12; §, 0.02; 8, 0.15 Good IF, R, W B,HR,P, R, 8, T Reasonably good resistance to 77.6% acid and Room R R R Good Good 204
over up to boiling point Boiling R R R
NON-FERROUS ALLOYS _
dmiralt Generally available Cu, 70; Sn, 1; Zn, 20 Fair B,DD,F,R,W | CR, D, P,§ T Room R R R R R R |Rom R RGREGR Room R R R R |Room R R R |Room R Ri-n Fai 20
205 | Admiaty enceally avalable i Hoapahel) ; Bollinge R R R Boiling R R ‘R Boiling i R R Bolling == R Hollinghl o R ! 7
206 Adnic Scovill Mfg. Co., Waterbury, Conn. Cu, 70; Ni, 29; Sn, 1 Fair B,DD,F,R,W | CR,D,R, T, W e ; Good 206
207 | Advance Driver Harris Co., Harrison, N. J. Cu, 55; Ni, 45 Good B,DD, F, R, W | B, CR, HR, P, R, §, W This alloy used primarily for thermocouple wire, electrical resistance Good Poor 207
208 Alcoa 25 Aluminum Co. of Amer., Pittsburgh, Pa. Al, 99 min; Good B,DD,F,R, W | B,C, CR, D, HR, P, R, 8, T, W | Room R.O06  R.01 R.O16 R.O25 2 Al Average penetration of aluminum alloys in 95%| Room 11001  R.001 R.001 R.0004 Room .09 Good Fair 208
acid at room temperature is .001 in. per yr.| 122 F, 01 009 005 R.003
209 Alcoa 38 Aluminum Co. of Amer., Pittsburgh, Pa. Al; Mp, 1.2 Good B,DD,F,R,W | B,CR, D, HR,P, R, S, T, W Room .03 Average penetration of aluminum alloys in 95| Room .01 R Room 08 Good Fair 200
acid at room temperature is .001 in. per yr.
210 | Alcoa 525 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, 8, T, W Room 03 Averago penetration of aluminum alloys in 95%]| Room R.001 Room 15 Good Fair 210
acid at room temperature is .001 in. per yr.
211 | Aloa 538 Algminum Co, of Amer., Pittsburgh, Pa. Al; Mg, 1.3; 8, 0.7; Cr, 0.25 Good B,DD,F,R,W | B,CR, D, HR, P, R, §, T, W Room 028 Room L0103 1 30 Average penetration of aluminum alloys in 95%) Room R.001 Room A7 Good Fair 211
acid at room temperature is .001 in. per yr.
212 | Alcoa Alclad (725) 38 Aluminum Co. of Amer., Pittsburgh, Pa. (See Footnote §) Good DD, F,R,W |D,BST ' Applications include equipment or parts used in contact with neutral corrosive Average penctration of aluminum alloys in 95% G Fair 212
solutions where resistance to perforation by corrosion is desired acid at room temperature is .001 in. per yr.
213 | Alcoa 43 Aluminum Co. of Amer,, Pittsburgh, Pa, Al; 8, 5 Fair B, R, W Castings ' Used for castings of moderate strength and moderate resistance to corrosion Average penetration of aluminum alloys in 95% Good Fair 213
acid at room temperature is .001 in. per yr.

7 In cast form known as Alcoa 100. ® Surface layer of aluminum alloy which is anodic to the core and will therefore protect the latter electrolytlcally. © Aerated. 1°No measurable penetration. I Coin (Ag, 90; Cu, 10), sterling (Ag, 92.5; Cu, 7.5), and clad are also available. ® Copper and copper alloys are available from such companies as the following: American Brass Co., Waterbury, Conn.; Bridgeport Brass Co.,
Bridgeport, Conn.; Bristol Brass Corp., Bristol, Conn.; Chase Brass & Copper Co., Waterbury, Conn,; Mueller Brass Co., Huron, Mich. ; New England Brass Co., Taunton, Mass. ; Phelps Dodge Copper Products Corp., New York, N. Y.; Revere Copper & Brass, Inc.,, New York, N. Y.; Riverside Metal Co., Riverside N. J.; Scovill Mfg. Co., Waterbury, Conn, ; Seymour Mfg. Co., Seymour, Conn. ; Wolverine Tube Co., Detroit, Mich.
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Continued
Essential Nominal Chemical Composition Machin- Methods i il e o A Aceti: Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance
No. Material Manufacturer Piicant : Qu.l';ixliu Fnbr?:llion Forins Available 3 e
; Temn 5% 25% 0% 25% 6% 95% |Temp.  025% 1% 5% 0% Conc. |Temp  05% 5% 20% 65% |Temp. = 05% [10% 8% 100% | Temp.  10% S0% 8% Temp.  05% 50% 70% | Temp. 5%free Cl 20%free Cl| Heat | Abrasion
i Co. of Amer., Pittsburgh, Pa. Al; Mg, 3.8; 8i, 1.8 Good R, W Castings Castings of moderate strength and good resistance to corrosion by neutral or Averago penetration of aluminum alloys in 95% 3
g plasRa Alumisiim Co, of A PG e S ; slightly alkaline solutions acid at room temperature is .001 i{. per yr‘f Good Fair 214
3 ._l. i 0. of ., Pittsburgh, l' ‘ 1 Al; Mg, 10 | Good R W Castings Cast parts and fittings of high strength and good resistance to neutral or Average penetration of aluminum alloys in 95% T
gy Alesa 229:5.4 Ahiinun Co; of Aot Fliasrgioi » slightly alkaline solutions acid at room temperature is .001 in. per y/ro. Good Fair 215
216 Alcoa 356 Aluminum Co. of Amer., Pittsburgh, Pa, Al 8i, 7; Mg, 0.3 Fair B, R W Castings Castings of moderate strength and moderate resistance to corrosion Averago penetration of aluminum alloys in 95% Good Fai 216
acid at room temperature is .001 in. per yr. : by
217 Alcon 406 Aluminum Co. of Amer., Pittsburgh, Pa. Al; Mn, 2 Good B, R, W Castings Fittings and parts of moderate strength and good resistance to neutral or Average penetration of aluminum alloys in 95% Good Fai o17
acid solutions acid at room temperature is .001 in. per yr. : e
218 Alcumite Duriron Co., Dayton, Ohio Cu, 89.75; Al, 9.0; Fe, 1.25 Good B, W Castings Room R R R R Room R R Room R Room R Good Fair 218 Te rms Us e d
All 0. 0, Jellift Mfg, Corp., Southport, Conn, Ni, 78-80; Cr, 20 max.; 8i, 1.5 max. Good B, DD, F, R, W | CR, D, HR, R, W Room R R R R R R |Room R R REIR Room R R R R |Rom R R R Ry ; “ai iti
219 oy A SN @) L 0Dy OO 2 3 Boiling R R Boiling R R Boiling Ri GGRUER Boiling Pk R B e 5 ggﬁilgg ﬁ R RS £ i o fu A C;’““”"“;’"
" . 3 . “Essential nominal chemical com-
220 | Alloy C €. 0. Jellift Mfg. Corp., Southport, Conn, Ni, 58-62; Cr, 14-18; §i, 1.5 max. Good | B,DD,F,R, W | CR, D, HR, R, W Room R R R R R R |Room R RapERIEER Room R R R R |Rom R R R R |Room R Room R R R | Room R R Good | Fair 920 | position” refers to the principal con-
Boiling R R Boiling R Boiling R R R Boiling R R R R Boiling R R R stituents and the approximate pro-
2 1. 0. Jellilt Mfg. Corp., Southport, Conn. Ni, 30-35; Cr, 16-20; §i, 1.5 max. Good B, F, R, W CR, D, HR, R, W Room R R R R R R | Room R R R R Room R REFGR ERE|IR portion present.  When “Fe is
221 Alloy D C ellifft Mfg. Corp., Southport, Conn. : Baling R R Riling R Boiling R R Bgﬁ?;g % ﬁ ﬁ lé ggi(l,il::g g R IB‘gi‘ilil:g ﬁ § ﬁ Room R Good 221 shownc‘»;'nlllout. percentage it may be
; = S R i T T assumed that it represents the bal-
222 Alloy 45 %, 0, Jelliff Mfg. Corp., Southport, Conii. Ni, 45; Cu, 55 Good D, HR, R, W This alloy is primarily used for thermocouple wire, electrical resistance Good Poor 52 ance of the composition.
203 Alray A Alloy Metal Wire Co., Prospect Park, Pa. Ni, 80; Cr, 20 Poor Wire, Rod & Strip Room R R R Room R R R R R Room R R R R | Room R R R R Room R R Roo! s ‘ 09 .
;s Boiling R Boiling R R Boiling R R R R | Boiling i R R R | Boiing MRy Holling i 2ok e L o g“'"‘; Available
7 T = 5 = bars
224 Aluminum Bronze American Brass Co., Waterbury, Conn. (u, 82-05; Al, 5-0.5; Fe; Mn; Ni; Sn Fair B, DD, F, R C,CR,F,HR, P, R, 5 T, W Room R R R R R R | Room R R R R R Room R R R R Room R R R | Roos R 3 one o C = castings
Balisgi Bt 2 R R* R Balingl @R R AR R Holling f RE- {'R'. "R Ri!| Bollingsidi SRt 0 R L e e Bl o | e 2 | OR = eld rlled
Alumi B Hills MeK: Co., Chicago, 1L, Cu, 85-89; Al, 9-10; Fe, 1-4; Mn, 0.5 Good Castings Room R R R R = = D = drawn
225 uminum Bronze ills MeKanna Co., Chicago, A Boiting R R ll}gﬁ::g ﬁ R Room R Good Fair 225 HR = hot rolled
AP 8 P = plates
220 AMuminum Bronze 5 Revero Copper & Brass, Now York, N, Y. Cu, 95; AL § Fair T Used almost exclusively for heat exchanger applications utilizing high velocity corrosive cooling waters o R = rods
bk ira Ak Fair o Frm
227 Aluminum Brass Generally available # Cu, 76; Zn, 21.5-22; Al, 2-2.5 Fair B, DD, F, R CR, D, T Used primarily for condenser and heat exchanger tubes Fair Py :]. ;"t:ﬁ::
228 Ambrae 350 American Brass Co., Waterbury, Conn, Cu, 76; Ni, 20; Zn, 5 Fair DD, F, R, W,B | B,C, CR, D, HR, P, R, 8, T, W | Room R R R R R R | Room R R R R R Room R R R R I TN = > W = wire
Boiling R R Ri- R Boiling R R R R Boiling R B SRESR liﬁﬂi‘“ug ﬁ ig ggﬁ{gx = " ﬁ %ﬂﬁf‘,}g ﬁ R Fair Fair 228
229 Ampeo 16 Ampeo Metal, Milwaukee, Wis, Cuj Al, 9.3-10.3; Fe, 3.0-3.75 Generally satisfactory for handling of sulphuric, hydrochloric, acetic and phosphoric acids, also resists sodium hydroxide under = Methods f’[ Fabrication
certain conditions 229 B = brazing
| 7 % %) . DD == deep drawing
230 Ampeo 18 Ampeo Metal, Milwaukee, Wis. Cu, 84.6; Al, 11.3; Fe, 3.7; Ni, 0.2 Good B R W B,C Generally satisfactory for handling of sulphuric, hydrochloric, acetic and phosphoric acids, also resists sodium hydroxide under Good Good 230 I = flanging
certain conditions R = riveting
231 | Ampeo 20 Ampeo Metal, Milwaukee, Wis. Cuj Al, 114-12.2; Fe, 3543 Gcnel;:l_l)‘ wlasfmwr) for handling of sulphuric, hydrochloric, acetic and phosphoric acids, also resists sodium bydroxide under B W = welding
certain conditions s 2
s r 1 . R . g ¥ : Z . 3 Corrosion Data
232 Ampfoloy Ampeo Motal, Milwaukee, Wis. Cu; Al, 10-11; Fe, 1,25 max. Good B, R, W Castings Generally satisfactory for handling of sulphuric, acetic and phosphoric acids, also resists sodium hydroxide under certain conditions Good Good 232 l} im?iim!cs that the metal or alloy
293 Antimonial Admiralty Chase Brass & Copper Co., Waterbury, Conn. Cu, 72; Zn, 27; Sb, 0.07; 8n, 1 Fair 8T, W Room R R Roo R R Ri R = = should give reasonably good resist-
Boling X Bo‘d?l:g 5 oom ﬁgﬁ;ﬁg ﬁ % ggﬂﬂilg ﬁ Iﬁ Il% }}gﬁi!ﬁg ﬁ Fair 233 ance under the conditions of concen-
S : e - - tration and temperature specified,
234 Arsenical Adm}nlly American Brass Co., Waterbury, Conn, Cu, 70; Zn, 28.95; Sn, 1; As, 0.05 B, F,W T Used principally for heat exch tubes in oil refineries 234 but it. does not imply any glf;e:anlee
235 | Arsenieal Copper Gonerally Available 1* Cu; As, 0.15-0.75 Fair B, F, R, W D, T Principal applications includ d and heat exchanger tubes Poor 235 ?gli::vi‘ng lthoyl?;::)c:ixe rix?:r&%“:ﬁ
230 | Beraloy Wilbur B. Driver Co., Newark, N. J. Cu; Be, 1.9; Co, 0.5 Geod B, CR, D, HR Primarily used for springs, diaphragms, switch parts, welding parts = sult of laboratory corrosion test in
o 1 N N T SR 236 inches penetration per year. Where
237 Beraloy 175 Wilbur B. Driver Co., Newark, N. J. Cu; Be, 1.9; Ni, 0.5 max. Good B, CR, D, HR Primarily used for springs, diaphragms, switch parts, welding parts 237 space is left blank either there are
Borrtll : Yo W | = 10+ Bo. 2.95: Ni. 0.4 Nt z 2 : : : ; o : insufficient data available to indicate
28 Beryllium Copper American Brass Co., Waterbury, Conn, Cu, 97.40; Be, 2.25; Ni, 0.35 Fair DD, F B, C, CR, D, HR, P, R, 8, W Us&ls _lior springs, diaphragms, switch parts, tools, welding apparatus, gears, pinions, etc., where high strength and corrosion resistance are Good Good 238 llx;lscu(‘::‘cnnl off;tiiz:‘t:lll:e :r !?l(;:’lv ::t"(:
plete info_rmulion concerning the ser-
230 Beryllium Copper ; Riverside r\lu(ﬂ So., Riverside, N, J. Cu, 97.65; Be, 2.00; Ni, 0.35 Fair B,DD,F,R, W | B,CR, D, P, R, 8, W Used primarily for its non-sparking characteristic for contact springs, diaphragms, switch parts welding apparatus, gears, pinions Geed 239 vice required is necessary.
240 | Cadmium-Copper Phelps Dodge Copper Prod. Corp., New York Cu, 99; Cd, 1 B, DD, F B, CR, D, HR, R, W 240 Footnotes
241 Chromel A Hosking Mfg, Co,, Detroit, Mich. Ni, 78; Cr, 20; Mn, 2 max,, C, 0.06 Good B, F, R, W B, CR, D, HR, R, W Primarily used for heat resisting parts and heating elements Good T Superior numbers refer to footnotes.
242 Colimonay & Wall-Colmonay Corp., Detroit, Mich, Ni, 63-73; Cr, 15-22; B, 3-5 Poor B, W B, C, R A coating for shaft sleeves, plungers, seal rings, gudgeons, cams, valves, lifters, cte. Balls and seats, mixers, screws, filter bars Good Good 242
243 Chromium Copper American Brass Co., Waterbury, Conn. Cu, 99.05; Cr, 0.85; §i, 0.10 Fair DD, F B, C, CR, D, HR, P, R, 5, W Room R R R R R R | Room R R Rt R Room R R R R Ri
. bf 0 5 s o 01 1 i 0om R R R | Roo R I 3 241
Boiling R R R R Boiling R R R R Boiling R R R R | Boiling R Boilg:g R : e % Gload 2
244 Commercial Bronze F, C. Chase Brass & Copper Co., Waterbury, Conn, Cu, 89; Zn, 9; Pb, 2 Good R Room R R R R R oom R Room R R R R Room R R i o 5 i
Boiling R R Boiling R R Bouing R R R | Boiling R
245 Cupron Wilbur B, Driver Co., Newark, N. J, Cu; Ni, 45 Good Wire B, CR, D, HR Primarily used for thermocouple wire and electrical resistances 3 T
240 20% CuPr?LNkkol Generally available Cu, 80; Ni, 20 Fair B,DD,K,R,W | P, T Primarily used for condenser and heat exchanger tubes, and condenser plates Fair 246
M7 304, Cupro-Nickel Generally available Cu, 70; Ni, 30 Fair B.DD,F, R, W | B, C, CR, D, HR, P, B, 8, T, W Primarily used for condenser and heat exch tubes, and cond plates =T i Ve
248 Dioxidized Copper Generally available 12 Cu, 99.9+; P, 0.01-0.3 Tough B,DD,F, R, W | B, C, CR, D, HR, P, R, 8, T, W | Room R R R R R R | Room R R R R R ¥
3 L &y v Uy 3 " 0 A% R e .
Bofigs' RY ¢ REES R R Balingies R- L Ri. RUZR ek et i S e ol e e Bf R R on R Fair 248
02 Dewmelal & Dow Chemical Co., Midland, Mich. Mg; Al 9.0; Mo, 0.1; Zn, 20 Excellent | R, W Castings Suited for equipment to handle chromic acid and its salts, and hydrofluoric acid and salts Boimm = REE R Good | Fair 249
olling
05 | Devmeial ] Dow Chisnical Go., Midland, Mist. Mg: AL 8.5; Ma, 0.3; Zn, 1.0 Excellent | DD, R, W B, CR, HR, P, R, 8, T Suited for equipment to handle chromic acid and its salts, and hydrofluoric acids and salts Room Eenuan Good | Fair 250
= . ; oiling
251 Dowmetal M Dow Chemical Co., Midland, Mich, Mg; Mn, 1.5 Excellent | DD, F, R, W B, C, CR, HR, P, R, 8, T Suited for equipment to handle chromic acid and its salts, and hydrofluoric acid and salts Room R R R Good Fair 251
= Ay T 7 | Boiling R
52 Dowmetal O Dow Chemical Co., Midland, Mich. Mg; Al 8.5; Mn, 0.2; Zn, 0.5 Excellent | R, W B, R, T Suited for equipment to handle chromic acid and its salts, and hydrofluoric acid and salts l ﬁo‘im ﬁ R R Good Fair 252
) v S - oiling
353 0 | Durce Ue10 Durirou Co., Dayton, Obia Ni, 87; Cr, 23; Cu, §; Mo, 4; W, 2; Mn, 1 Fair Castings | Room REEGR e R TR RAR | Room RCIRESR R Vair 253
| Boiling R R R R R | Boiling R R R R | |
254 Everdur 1000 American Brass Co., Waterbury, Conn, Cu, 94.9; 8§, 4; Mp, 1.1 Fai N | | | - il i
B A B, W Castings i aoom Ee RoZ Re R RT-RijRoom REEGRESIREER R Room R R R R |Room R R R |Room R R R |Room ¥ ai 5
\ | Roo or or R ¥ | 254
\ | | Boling R R R R Boiling R R R R Boiling R R R R | Boling R Boiling R ! 2 J
v '\ TR A s

1 Copper and copper alloys are ay
N. X,; Riverslde

otal Co,, Rivers

allable from such companies as the following: Awerican Brass Co., Waterbury, Coun.; Bridg 8.0 e
le, N, J.3 Seovill Mty. Co., Waterbury, Conu.; Seymour Mg, Coy Seymour, Conn. ; i\"oxvr.;rﬁfep%ﬁbgrﬁ%i Lﬁ’é’ulo‘ftl,d pY peieh

: Bristol Brass Corp., Bristol, Conn.; Chase Brass & Copper Co., Waterbury, Conn.; Mueller Brass Co., Huron, Mich.; New England Brass Co., Taunton, Mass.; Phelps Dodge Copper Products Corp., N

ew York, N. Y.; Revere Copper & Brass, Inc., New York,
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Gonfiaued Metals .and Alloys for Construction of Chemical Engineering Equipment

Bl N e = Machio- Methods Sulphuric Acid Hydrochloric Acid Nitric Acid Acetic Acid I Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite ’ Resistance
No. Material Manufacturer Percent & e i’l|"' A of Forms Available No.
Qualities Fabrication Temp. 0.5% 25% 10% 25% 609, 959% Temp. 025% 1% 5% 20% Conc. Temp. 05% 5% 20% 65% | Temp. 0.5% 10% 80% 1009 I Temp. 109% 50% 85% | Temp. 0.5% 50% 70% | Temp. 5% Iree Cl 209 free CI Heat ’ Abrasion
255 Everdur 1010 American Brass Co., Waterbury, Conn. Cu, 95.8; Si, 3.1; Mn, 1.1 B,DD,F,R,W | B,CR, D, HR, P, R, S, T, W Room R R R R R R | Room R R R R R Room R R R R Room R REERE R0 §
Boiling R R R R Boiling R REEIRSER Boiling R R R R |Beine R Boitme g R R | Room R Fair 255
256 Everdur 1015 American Brass Co., Waterbury, Conn. Cu, 98.25; Si, 1.5; Mn, 0.25 Fair B,DD,F,R, W | B,CR, D, HR, P, R, S, T, W Room R R R R R R | Room R R R R R Roo R R R R R R R it
: Boig R R R R Boling R R R R Boling B c R RL R | hanis R Yl b B R R Reom £ Ao )
257 Frontier § Frontier Bronze Corp., Niagara Falls, N. Y. Cu, 89; Al 10; Fe, 1 Tough Castings Room R R R R R R R R R 9
! Bollingd i S REGEERE RIS R SR Boling R | ohi: B R Good | Good 251
258 Frontier 11 Frontier Bronze Corp., Niagara Falls, N. Y. Cu, 88; Ni, 5; Sn, 5; Zn, 2 Good Castings Good Good 258
259 Frontier 40 Frontier Bronze Corp., Niagara Falls, N, Y. Cu; Zn, 5; Mg, 0.5; Cr, 0.5; Ti, 0.2 Excellent Castings Good 250
20 | Gold Baker & Co., Newark, N, J. Au, 99.99 i [SRPE B COoR DIRR PR W e neeE s e e n R R R e Roti S R L IR RSRRE [ Room 0 R R RS R R s [ Mo i g R Terms Used
Bolling Ty RE RRR NG SRR FRUTRY |iBollingiil SRaL SRR SR AR [(hame S ERIER RIERE | Balling . 5 RGORISERUSOR T Baling ) 'R ) Re Ri[iBoiing R IRa R Bowmg R i e o
261 Hastelloy A Haynes Stellite Co., Kokomo, Ind. Ni; Mo; Fe Good DD, F, W B,C, HR, P, R, S, T, W Room R R R R R R | Room R R R R R R R R R R Roos R R . Composition
ks 2 0027 0015 0004 0002 036 L0240 .007 004 i 002 0004 |0 oo oo onss i Bl R S| i IR
UL R R R Boiling R R R R Boiling R R Boiling R R R position™ refers to the principal con-
036 .048 .002 0084 026 032 816 = stituents and the approximate pro-
262 . | Hastelloy B Haynes Stellite Co., Kokomo, Ind. Ni; Mo; Fe Fair DD, F, W B,C. HR, P, R, §, T, W Room R R R R R R | Room R R R R R Roo R R R R | Room R REESRY IR 2al portion  presont, ~ When “Fo” is
; 4y L0018 ,0012 .0004 .0001 A .0036° 0084 %,0036 % ,002 ¢ m 0015 .0007 .0002 i R R R Good Fair 262 shown without percentage it may be
Boiling R R R R Boiling R R R R R Boiling R R R R ° | Boiling R R R Boiling R R R assumed that it represents tho bal-
£ g L0024 .0018 .034 .46 -0096.0012 021 .017 0018 .0017 .0015 ance of the composition,
203 Hastelloy C Haynes Stellite Co., Kokomo, Ind. Ni; Mo; Fe; Cr Fair DD, F, W B,C, P, 8 T Room R R R® R R R | Room R R R R R Room R R R R | R 10 R 10 0 | ¥ R0 I cai
stelloy , 2 o o 00029 00729 0130 otes i oom R R R Room .w%l R .00%1 Room R R R | Room R R Good Fair 263 Forme Avallabla
Boiling R R R R Boiling Boiling R RE5718 Boiling Rw R© R0 Rw | Boiling R R Boiling R R R | Boiling B = bars
.050 047 .312 0014 003 048 C = castings
264 | Hastelloy D Haynes Stellite Co., Kokomo, Ind. Ni; 8i; Cu Poor W B, C Room R R R RRRE RS [iRoon R RS R IR G R R R T R RZCR R 'Roa N CR = cold rolled
. s j 5 -0024 0012 .0001 .0001 | L0249 0243 .030° 013 v s N .m%s 0 0l oo 0003 7 5 St 1% o 1D = drawn
Boiling R R R RESER Boiling R R Boiling R R R R | Boiling R R Boiling R R R HR = hot rolled
: .013  .0089 .031 0.42 .0096 : 0045 0004 0028 050 328 }’ = plates
265 Hardware Bronze Scovill Mfg. Co., Waterbury, Conn. Cu, 89; Zn, 8; Pb, 2; Ni, 1 Good B, R D, R, W I = i s‘:;](.i:s
260 | Herculoy A Rovere Copper & Brass, New York, N. Y. Cu, 96; Si, 3; Mu, 1; Sn, 0.5 Fair B,DD,F,R, W | B, CR, D, HR, P, R, S, W Room R R R R R R |Room R RS RIES R iy R R ai o9 | T = tubes
erculoy ¥ Boiling R R R R Boiling R R R Bgmg g ﬁ % ﬁ s > o 20 W = viro
267 b Herculoy B Revere Copper & Brass, New York, N. Y. Cu, 98; Si, 1.75; Sn, 0.25 Fair B, W B,CR, D, HR, P, R, S, T, W Room R R R R R Room R R R R R Room R R R R Room R P Fair 207 Methods of Fabrication
2068 High Brass Generally available Cu, 66; Zn, 34 Room R Room R Room R Fair 268 B = brazing :
Boiling R Boiling R ; L)l) =! doeep drawing
= ; s | R il
209 High Silicon Bronze Phelps Dodge Copper Prod., Corp., New York, N. Y.[ Cu, 97.3; Sn, 1.65: Si, 1.05 Fair B, DD, F B, CR, D, HR, R, W o R n'l‘!:‘r(z:lllli
270 ium G 2 : Burgess-Parr Co., Freeport, IlI. N i.b.55660; Cr, 18-24; Cu, 5-8; Mo, 5-8; Fe, 5-8; Mn, 1.5; Fair w B.C, T Room R R1 R Ruw 0(1)%5 R | Room R R 1(()04 Room R RIZHR R | Room R R® R R Room R R 'R |{Room R R R Good Good _Eo—’" W = welding
Si; s 4 < <.001 <.004
Boiling R R R R Boiling R R R Boiling R R R R Boiling R R R | Boiling R R R Corrosion Data
<.004 <004 <015 015 <.004 <.004 0.065 <004 <015 <.001 <.001 <.001 ¢ R indicates that the motal or alloy
271 llium R i Burgess-Parr Co., Freeport, Il Ni, 55-60; Cr, 18-24; Mo, 5-8: Fe, 5-8: Cu, 2-6; Mn, 0.5-| Good DD, R, W B,C.,CR,P,R,S. T, W Room R R R R R R | Room R R R Room R R R R | Room R R R R Room R R R | Room R R R Good Good 271 should give roaxunu‘h!y good resist-
1.75; 8i; C Boiling R R R R Boiling R R R Boiling R R R R Boiling R R R | Boiling R R R alico undnrdtho conditions of cm.u.'er;-
0.065 <.001 <.001 <,001 tration and tomperature spocified,
Fer T . ————| but it does not imply anto
272 Inconel International Nickel Co., New York, N. Y. Ni, 79.5; Cr, 13; Fe, 6.5; Mn, 0.25; Si, 0.25; C, 0.08; Cu, 0.20| Fair B,DD,F,R, W | B, C.CR, D, HR, P, R, S, T, W | Room R R R RESER Room R R Room R R R R | Room R R R R Room R R R | Room R R R Good Good 272 (;;Is::(i;f:mo’:; sl(;‘\lv;c:\.mly']“l(:;“;;:rg
. <005 <.005 <.010 <.010 .046 0.271 2 <.005 <.01 <01 .02-08 <.005 <.005 <005 <.005 <01 <.005 <.005 <.005 <.01 <.0001 <.0001 <.0001 Tollgag She e e oot
Boiling R R Boiling R Boiling R Boiling R R R R Boiling R R R ollowing the o tho reported ro-
<.005 0103 0.24 0.64 0.43 <.005 <.030 <.001 <.015 <.015 <.010 <.0001 <.0001 <.005 fdul:. of lnh.:m:flry corrosion t\‘;,"lt in
[ Inches penetration per year, ere
273 Inconel Clad Steel Lukens Steel Ces, Coatesville, Pa. Ni, 79.5; Cr, 13; Fe, 6.5; Mn, 0.25; Si, 0.25; C, 0.08; Cu, 0.20| Fair F, R W HR, P, S Room R R R R R Room R R Room R R R R | Room R R R R Room R R R | Room R R R Good Good 273 spaco is left blank either there are
5T <005 <.005 <.010 <.010 .046 0.271 <.005 <.01 <.01 .02-.08 <.005 <.005 <005 <005 <01 <.005 <.005 <.005 <.01 <.0001 <.0001 <.0001 insufficient data available to indicate
Boiling R R Boiling R Boiling R Boiling R R R Boiling R the extent of resistance or more com-
<005 0103 0.24 0.64 0.43 <005 <.030 <001 <015 <.015 <.010 <0001 <.0001 <.005 plctelinformx\ﬁhn c‘oncorning tho ser-
274 | Indium Metal American Smelting & Refining Co., New York, N. Y.| In Poor DD, F, W B,C,CR,R, S, T. W Used for bearings in order to prevent oil corrosion Room R R R R Poor Poor 274 vice reauired is necessary,
275 | Iridio Platinum Baker & Co., Newark, N. J. y Pt; Ir, 5-30 Good . | B,DD,F,R, W | B,C,CR, D, HR,P,R,5, T, W | Room R R R R R R |Rom R R R R R o hoom REGIRSZ R RY Moom R R R R |Room R R R |Room R R R | Room R R Good [ Good | 275 | Postrotes
; . : Boiling R R R R R R | Boiling R R R R R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R | Boiling R R {tbesy
Superior numbers refer to footnotes,
276 109 Iridium Platinum J. Bishop & Co., Malvern, Pa. Pt, 90; Ir, 10 Fair B,DD,F, R, W | B, C, CR, D, HR, P, R, S, T, W | Room R R R R R Room R R R R R Room R R R R Room R R R Room R R R | Room R R R | Room R R Good 276
Boiling R R R R R R | Boiling R R R R R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R
277 30% Iridium Platinum J. Bishop & Co., Malvern, Pa. Pt, 70; Ir, 30 Good B,DD,F,R,W | B, C, CR, D, HR, P, R, S, T, W Room R R R R R R | Room R R R R R Room R R R R | Room R R R R Room R R R | Room R R R | Room R R Good Good 277
Boiling R R R R R R | Boiling R R RECR R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R | Boiling R R
278 Lead, Antimonial Amer. Smelting & Ref. Co., New York, N. Y. Pb, 94; 8b, 6 Good DD, F. W C,CR,D,R,§, T, W Room R R R0007T R R R.0012| Room R R.0012 R.0012 Room R R R Room R R Room R Fair Poor 278
e National Lead Con New Tork, N. Y. bt i Boljg R R R R : 212°F. R R00I12 ROOT NNF B RGIR
279 Lead, Antimonial Northwest Lead Co., Seattle, Wash. Pb, 93.02-93.06; Sb, 6; Cu, 0.04-0.08 Good F, W B,C,5, T, W Room R R R R R R | Room R R R R R Room R R Room R R Room R R R Poor Poor 279
‘ R nberude oo Bolig R R R Boling it REACR SR SR R Boliog R R Bolimg R R R
250 Acid Amer, Smelti f. Co., New York, N. Y. Pb; Cu, 0.06; Bi, 0.02 Fair DD, F, W ,CR, R, S, T, W Room  R.0002 R.0005 R.001 R.001 R.001 R.001 5 Room  R001 R.00I R.002 P 280
Lead, Asarco Aci mer, Smelting & Ref, Co., New Yor u, i C, CR, R, ) Boiing K005 RO01. Roos Hows Boms RO : poym R OLER Cos it a0t
281 Lead, Chemical - Smelting & Ref. Co., New York, N. Y. Pb, 99.93; Cu, 0.06 Good DD, F, W B,C,CR,R,8, T, W Room R R.002 R R R R | Room R.006  R.O012 R.012 Room R.020 R.0I8 Room R R Room R Fair Poor 281
e Nataal s et Gog Naw Tack, 2 o Bolliog’ /" R. = °R: . ‘R 'R 'R 212F. RO006 RO036 R.036 212F. R R
282 d, i N v ., Seattle, Wash. Pb, 99.92-99.96; Cu, 0.04-0.08 Good F W B,C, 8T, W Room R R R R R R | Room R R R Room R R Roo R R Roo R Poor Poor 282
8! Lea (Ehenmal Northwest Lead Co ttle, Was u Bogins R R R R R Boiing B i Boiliu;g X - m
2 Lead, Telluri ; . S i Ref. Co., New York, N. Y. Pb, 99.88; Cu, 0.08; Te, 0.045 Good DD, F, \v B,C C S, T, W Room R R.002 R R R R | Room R.006 R.012 R.012 Room R.020 R.0I8 Roos R R Room R Fair Poor 283
o ot ie -I"lum f‘:':]t(;::mf]f}:;?lgcﬁ).. g\'bwo 'ori:”.\' ‘0{_‘ 5: Qo = b Boiling R R R R R 212°F.  R.006 R.036 R.036 212"!1}". R R .
284 d luri N ves ., Seattle, Wash. b, 99.88; Cu, 0.06; 045 Good DD, F, Fleie) 3Ly W, Room R R.002 R R R R Room R.006 R.012 R.012 Room R.020 R.018 Roo R R Room R Fair Poor 284
8 Lead, Tellurium Northwest Lead Co., Seattle, Was Pb, 99.88; Cu, 0.06; Te, 0.04 W B R, R, S, oy B 3 3 B R APF, | RO Rots Now 00! ernk % X
285 Molybdenum P. R. Mallory & Co., Indianapolis, Ind. Mo, 99.8-99.9 Poor B R, S, W Primarily used for furnace elements and mercury switch electrodes Good Fair 285
28 Monel i Nickel Co., New York, N. Y......... Ni, 67; Cu, 30; Fe, 1.4; Mn, 1; C, 0.15; Si, 0.1 Fai B,DD,F,R, W | B, C, CR, D, HR, P, R, §, T, W | Room R R R R R Room R R R R R Room R Room R R R R Room R R R | Room R R R Good Good 286
% e e euauoos VARl LMo o T S oL M s 5 b O D <010 <010 <010 <.005<.005 .080 < 005 <.010 <.030 <.045 <010 <005 <005 <.005 <.005 <005 <.005 <.005 <0001 <.0001 <.0001
Boiling R R R Boiling Boiling 025 Boiling R R R R Boiling R R R | Boiling R R R
<.010 .003-.03 .002-.2 -130 <.005  <.005 <.005 <.010 <.0001 <.001 <.005
3 s Steel Co., Coatesville. Pa. Vi, 67; Cu, 30: Fe, 1.4; Mu, 1; C, 0.15; Si, 0, x F, HR, P, § Room REGEREE R R Room R R R | Room R Room RAGESUR SR R Koo RO R ER| Room RERER Good | Good 267
287 Monel Clad Steel Lukens Steel Co., Coatesville. Pa. Ni, 67; Cu, 30: Fe, 1.4; Mn, 1; C, 0 15; Si, 0.1 Fair R, W R, . <010 <010 <010 <.005<.005 080 2 <010 <.030 <015 ; 2010 <005 <005 <.005 <05 008 =005 =003 <.0001 <.0001 <0001
Boiling R R R Boiling Boiling 025 Boiling R R R R Boiling R R R Boiling R R R
<.010 .003-.03 .002-.2 130 <005 <005 <.005 <.010 <0001 <.0001 <.005

? Aerated. ° No measurable penetration, It Coin (Ag, 90; Cu, 10), sterling (Ag, 92.5; Cu, 7.5), and clad are also available. 12 Copper and copper alloys are available from such companies as th‘e tollovg ing: Americurz Brass Co., \\ﬁ‘nt(-rburg': Conn. ; 'B‘rlqu‘)ort Brass Co., Bridgeport, Conn. ; Bristol Brass Corp., Bristol, Conn.; Chase Brass & Copper Co., Waterbury, Conn.; Mueller Brass Co., Huron, Mich. ; New England Brass
Co., Taunton, Mass.; Phelps Dodge Copper Products Corp., New York, N. Y.; Revere Copper & Brass, Inc, New York, N, Y.; Riverside Metal Co., Riverside, N. J.; Scovill Mfg. Co., Waterbury, Conn.; Seymour Mfg. Co., Seymour, Conn.; Wolverine Tube Co., Detroit, Mich,

e R
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Continued Metal d All for Construct f Ch i
eLdisS damn OYS IO LONSIiruciion O eImnica ngineering Uuipimein
Essential N | Chemical C e Machin- Methods Sulphuric Acid Hydrochloric Acid Nitric Acid Aceti Acid Phosphoric Acid Sodium Hydroxide Sodium Hypochlorite Resistance
No. Material Manulcturer ' PRl i 4 Qui';‘l o of Forms Available No.
i icati 5
mesod e Temp. 05% 25% 10% 25% 60% 95% | Temp.  0.25% 1% 5% 20% Conc. | Temp. 05% 5% 20% 65% | Temp. 05% W% 80% 100% | Temp. 10% 50% 85% | Temp. 05% 50% 70% | Temp. 5% free Cl 20%free Cl| Heat | Abrasion
288 Muntz Generally available 12 Cu, 60; Zn, 40 Good B, DD, F R, S, T, W | 288
280 ! National Alloy 40 National Smelting Co., Cleveland, Ohio Al; Cu, 4 Good Castings i | 289
260 ‘ National Alloy 40 M National Smelting Ca,, Cleveland, Ohio Al; Mg, 4 Fair Castings | 5 Fair 200
‘_2751‘_‘}‘ tlnlioml Alltiy-ﬂﬁw e National Smelting Co,, Cleveland, Ohio Al; Cu, 4,0; 8i, 2.0 | High strength casting alloy | 201
292 | National Alloy 70 S National Smelting Co., Cleveland, Ohio Al 8, 7.5 Fair Castings | 5 Fair 202
203 National Alloy 5 Si National Smelting Co., Cleveland, Ohio Al; 8i, 5.0 | I Castings of moderate corrosion resistance 203
204 | National Alloy Red X 10 | National Smelting Co., Cleveland, Ohio Al; 8i, 10; Cu, 1.5; Mu, 0.6; Mg, 0.5 Good | Castings I e Good 204 Terms Used
206 National Allay Y National Smelting Co., Cleveland, Ohio Al; Cu, 4; Ni, 1.5; Mg, 1.5 Good | Castings | Good 295
200 | National Aluminum 99+ National Smelting Co...Clayeland, Obio Al 004 Poorre | Castings l Poor 295 | Composition
bt i “Essential inal chemi
,iﬂL_ - National Aluminum 98-99 o National Smelting Co,, Cloveland, Ohio Al; 08-99 Poor | Castings : Poor 207 po_sili:n!?ro;lc?'xsmtz th:p‘:-,i?:lcci:!al c;’n;
—__'{U_\‘_ i Naval Brass Generally available 12 Cu, 60, Zn, 39.25; Sn, 0.75 Fair | D, R, T. W Applications include valves and condenser tube sheets Siood 2 :z:;lif::lm :l:gsetx:lte npx{{’%::n%};ogrql;
209 Nichrome V Driver Harris Co., Harrison, N. J. Ni, 80; Cr, 20 Good { B.DD.F,R,W | B, CR, D, HR, P, R, §, T, W Room R R R R R R | Room R R RiZ R Room R R R R | Room R R R R Room R R R Good Poor 299 shown without percentage it may be
i ; Boling R R Boliig R R Bolling R R Boling R R R R Boliig R R R e uaTiL: Fopcsal the el
anc
300 Nickel International Nickel Co., New York, N, Y. Ni, 99.4; C, 0.1; Cu, 0.1; Fe, 0.15; Mn, 0.2; 8i, 0.05 Fair B,DD,F,R,W | B,C,CR, D, HR, P, R,S, T, W Reom R R R R R Room R R R R R Room R Room R R R Room R R R | Room R R R Good Good 300 S comp(l)snlon.
2 <.005 <.005 <.005 <.005<.010 0.070 <.005 <.010 <.015 .040 060 <.010 <.005 <005 <.015 <.005 <.005 <.005 <.015 5 <.0001 <.0001 <.0001 F s
Boiling R R Boiling R R Boiling R R R R Boiling R R R orms Available
010 .01-.03 016 035 <005 <010 <.020 <.015 <.0001 <.0001 <.005 Ié = bars
i 2 3 A ¥ . p ¢ ¥ 7 > = castings
301 | Nickel Clad Steel Lukens Steel Co., Coatesville, Pa. Ni, 90.4; C, 0.1; Cu, 0.1, Fe, 0.15; Mn, 0.2, §i, 0.05 Fair F. R, W HR, P, § Room REZGE RIGEE RIS RUER S | Room R R R R R .|Room R Room R 'R R R _|Room R R R | Room R REEER Good = | Good 301" | CR'= cold ralled
& <.005 <.005 <.005 <.005<.010 0.070 <.005 <.010 <.015 .040 .060 <.010 <005 <005 <.015 <.005 <.005 <.005 <.015 N <.0001 <.0001 <.0001 Dim drawn
Boiling R R Boiling R Boiling R R R R Boiling R R R HR = h
: 010 .01-03 016 035 <005 <010 <.020 <.015 <.0001 <.0001 <.005 paac oo
" "y {( \H " . - t b Svoe
302 | Nickel Silver 18% Generally available 12 Cu, 65; Ni, 18; Zn, 17 Fair B.DD,F,R,W | B,C,CR, D, P, R, 8, T, W Room R R R R R R | Room R R RE =R R Room R :ER R R | Room R R R | Room R R R | Room R R Fair Good 302 R = l:ods
_ Boiling R R R R Boiling R R REECR' Boiling R R R R | Boiling R R R | Boiling R R R | Boiling R §'= sheets
303 Nickel Silver 189, Generally available 12 Cu, 55; Zn, 27; Ni, 18 Fair B,DD,F,R,W | B,C,CR, D, P, R, 8 Room R R R R R R | Room R R R R R Room R R R R Room R R R | Room R R R | Room R Fair Good 303 "I“{:tubes
proshaiey | Boiling R R R R Boiling R R RizeiR Boiling R R R R Boiling R R Boiling R R yite
304 Nirex Driver Harris Co., Harrison, N, J. Ni, 80; Cr, 14; Fe, 6 Good B.DD,F, R, W | B, CR, HR, P, R, 8§, W R(}.:ixt:'hco{rgion of organic acids in food and dairy products, and oxidations at high temperatures. Used as sheath for wire eloments in heat- Good Poor 304 Methods of Fabrication
ng devie A
s B = brazing
305 OFHC Scomet Engincering Co., New York, N. Y. Cu, 99.985 Fair B,DD,F,R,W | B,C,CR, D, HR, P, R, 5, T, W Immune to attack of dilute sulphuric acid and acetic acid in complete absence of air. In general copper can be used with dilute acids and Fair Fair 305 DD = dee_p drawing
: = caustic alkalis F = flanging
306 Olympic Bronze Chase Brass & Copper Co., Waterbury, Conn, Cu. 06; Si, 3: Zn, | B,DD,F,R,W | B,C, CR, D, HR, P, R, 5, T, W | Room R R Room R R Room R Room R R R R Room R R R | Room R 306 ::’ :r:\w.;;:;‘x:i
o Boiling R R Boiling R Boiling Ri:RR Boiling R R R | Boiling R
307 P D CP Copper Phelps Dodge Copper Pro. Corp., New York, N. Y. | Cu, 09,085 Fair B,DD,F,R, W | B,C, D,CR, HR, R, T, W Immune to attack of dilute sulphuric acid and acetic acid in complete absence of air. In general copper can be used with dilute acids and Fair Fair 307 Corrosion Data
L caustic alkalis i 3 R indicates that the metal or alloy
808 | Palladium Baker & Co., Newark, N. J. Pd, 09.001 Poor B, DD, F,R, W | B, C, CR, D, HR, P, R, §, T, W | Room RERS R e R e net e iRoom R R R R R |Rom R R R R |Rom R R R R |Rom R R R |Room R R R |Room R R GoodZ| Pooctil {13087 )| (sbould, givo reasonably good reelsk-
o Boiling R R RiGoRES R Boiling R REGERPOUR Boiling RiGAR Boiling R R R R |Boling R R R | Boiing R R R | Boiling R R ; ance under the conditions of concen-
500 R R TERR T : ; — - - - s F tration and temperature specified
» ienerally available Cu, 94.8-05.5: 8n, 4.3-5.0; I Fair B, DD, F, R, W | B, CR, D, P, R, 8, T, W Room R R R R R R |Rom R REESRGLRIEER Room R R R R |Room R R R |Room R R R | Room R Good 309} but it does not imply any guarantee
b Boiling R R R R Boiling R R R R Boiling R R R R Boiling R Boiling R of satisfactory service. The figures
310 Phosphor Bronze C Generally available 12 Cu; Sn, 7.00-9.00; P, 0.03-0.25 3 310 following the R are the reported re-
v 0 sult of laboratory corrosion test in
311 Phosphor Bronze D Generally available Cu, §0.5-00; Sn, 10-10.5: P Fair B,DD,F,R,W | B, CR, D, P, R, §, T, W Room R R R R R R | Room R R RizaeR R Room REGER R R | Room R R R | Room R R R | Room R Good 311 inches penctration per year. Where
& i Boiling R R R R Boiling R R Rée<R Boiling Ri 3R R R Boiling R Boiling R space is left blank either there are
312 Phosphor Bronze F. C. denerally available 2 Cu, 88; Zn, 4; Sn, 4; Pb, 4 Good B B, CR, D, P, R, 8 Room R R R R R R ERoon: R R R R R Room R ER R R Room R R R | Room R R R | Room R Good 312 :.llllzug:::?tto?:::i ::::l:l:: ;?(::ed;;‘:f
e PO Boiling R R R R Boiling R R R R Boiling R R R R Boiling R Boiling R plow. information concerning the ser-
813 | Phosphorised Admiralty Scovill Manufacturing Co,, Waterbury, Conn, Cu, 70; Zn, 29; Su, 1; P. .03 Fair B, DD, F,R, W | T Primarily used for condenser and heat exchanger tubes ' Good | Fair 313 7 | vicorequired is necessary.
314 | Pionecer Pioneer Alloy Prod. Co., Cleveland, Ohio Ni, 65; Cr; Mo: Fe Good | Good 314 SISER
815 | Platinum Baker & Co., Newark, N. J, Pt, 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 |Room R R R R R |Rom R R R R |Rom R R- R R | Room R R R |Room R R R | Room R R Good Poor 315 | Superior numbers refer to footnotes.
b I Boiling R R R R R R | Boiling R R R R R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R | Boiling R R
316 Platinum J. Bishop & Co., Malvern, Pa. Pt, 90.95 Poor B. DD, F, R, W i B,C, CR, D, HR, P, R, 5, T, W | Room R R R R R R | Room R R R R R Room R R R R | Room R R R R Room R R R | Room R R R | Room Good Poor 316
LR i | Boiling R R R R R - R | Boiling R R R R R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R
_317 Red Buu_ __' Generally available 12 Cu, 85; Zn, 15 | Fair B,DD,F.R,W | B,CR, D, P, R, § T, W Primarily used for cond i heat exeh tubes, piping, flexible hose Fair Fair 317
318 | Rhodio Platinum Baker & Co., Newark, N, J. Pt; Rb, 5-40 | Good B, DD, F, R, W | B, C, CR, D, HR, P, R, 8, T, W | Room R R R R R R | Room R R R R R | Room R R R R | Room R R R R | Room R R R | Room R R R | Room R R Good Good 318
_____ £ Boiling R R R R R R | Boiling R R R R R Boiling R R R R | Boiling R R R R Boiling R R R | Boiling R R R | Boiling R R 3
319 | Roofloy Amer, Smelting & Ref. Co.,, New York, N. Y, Pb; Sn, 0.25; Ca, 0.02, Mg, 0.02; Bi, 0.02 Fair CR, R, T Room  R.0003 R.0005 R.001 R.002 R.003 R.004 Room R.001 R.002 R.003 Fair 319
320 | Silver, Fine 1 Baker & Co., Newark, N. J, Ag. 99.9+ | Room R R R R R R |Room R REEIR S REGR Room R (R R R |Room R R R |Rom R RE R bl
| Boiling REGEER R R Boiling R R R R Boiling R Boiling R R R |
JBLE ] Slleer Floo Hundy & Harpnn, Bridgeport, Goun. Ag, 0.9+ * Fair B.DD.F,R,W | B, C, CR, D, P, R, §, T, W | Room R R ROO7 R R R |Rom R REEURE Riu R Room R R R R |Room R R R | Room R R Poor | Poor 321
: | 158° F. R R.0047 Boiling R R R R R Boiling R R R R Boiling R R R { |
322 Slellil-i.l Haynes Stellite Co., Kokomo, Tud, Co; Cr; W Poor | B, W Chradrod | Room R R R R R R Room R Re R R 10 Room R Good | Good 322
' P / j Boiling R Ro R Rw ‘
323 Stellite § Haynes Stellite Co., Kokomoy Ind, Co; Cry W Poor B, W ; Weld rod Room R R R R SER Room R R R R 1 Good | Good 323
' AN . | | . 004 Boiling R Roo3 R ROl |
324 Super Nickel Clad Steel Lukens Steel Co,, Coatesyille, Pa. EiSic F, R, W i HR, P, 8 ' Room R R R R R R | Room R R R R R 1 st
| | Boiling R R R R Boiling R R RAGER
325 Tantalum Fansteel Metallurgical Corp., N, Chicago, 1l Ta, 09.94- Toot | DD, F, W DR, ST, W HRoom R0 R R® R® R R¥ Room R® R©® R R® R® | Room R R1 R R Room R0 R® R R | Room R® R® R Rooar R R | Poor ! Fair 325
: | | ! Boiling Rw R R Rw R Boiling R0 R Rw® R R Boiling R Rw Rw» R Boiling R R®e R R | Boiling R Rw 2 i
320 o e Co Wattrbuey O e o ' ; ; : T
it Tobin Bronze _.f\|11Lrlcan Brass Co., Waterbury, Conn, Cu, 60; Zn, 30.25; 8Sn, 0.75 I B, F, W | B, CR, D, HR, P, R, §, T, W Used largely for its resistance to corrosion by sea water and for welding rod | | ] a8
392 ' TR SRRy Q) “ | | |
7| Tophet A Wilbur B, Driver Co., Newark, N. J. Ni, 80; Cr, 20 5 1 D, HER. R W S R Rooms B R R R R R Rezin R | Ren R R R R R Good | 327
| | | Boiling R R R R | Bolling R R R Rk Boiiing R R R | {
328 SO : A = % i ! - ‘
& _Tunulm I_P‘ R. Mallory & Co., Indianapelis, Ind, W, 00.8-990.9 | Poor l B R, 8, W | Primarily used for electrical contacts and furnac: elements | 1 | \ Good | Fair | 328
‘329 _(\1.!:2111 ("orim; ng}\f ! Wolverine Tube Division, Detroit, Mich, Cu, 90; Zn, 10 | Fuir ! DD T i 1 I l % 329

10 No measurable penetration,

ton, Mass,; Phelps Dodge Copper Products Corp., New

1 Coin (Ag, 90; Cu, 10), sterling (Ag, 92

B3 Cu, 7.5), and clad are also available. 2 Copper and copper alloy i [ such ¢ i A ] > ; B¢ S 3 ;B : - 2 f ‘ : : e
“Revere C ! s DR pper alloys are available from such companies as the following: American Brass Co., Waterbury, Conn,; Bridgeport Brass Co,, Bridgeport, Conn.; Bristol Brass Corp., Bristol, Conn,; Ch : ; orb Conn. ; Mueller Brass Co., Huron, Mich. ; New England Brass Co., Taun-
York, N, X.} Revere Copper & Brass, Inc,, New York, N, Y.; Riverside Metal Co., Riverside, N. J.; Scovill Mfg, Co., Waterbury, Conn.; Seymour Mfg. Co., Seymour, Conn.; Wulverh;e Tube Co., Detroit, Mich, : : St S LA R I et Gt ' :



Post-War Industry
in the Making

SIDNEY D. KIRKPATRICK Editor, Chemical & Metallurgical Engineering

Chem. & Met. INTERPRETATION

Corrosion-resistant metals and alloys have made possible the suc-
cessful commercial development of the vapor-phase process for the
nitration of petroleuxh hydrocarbons, thereby producing basic raw
materials for future chemical industiries. The nitroparaifins 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, Ill,
and to show by typical flowsheets how chemical engineers are using
these versatile materials to produce miany valuable derivatives.

Other equally important applications await exploration.—Editors.

ANEW FAMILY of 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 of new
derivatives and many of these are
finding jobs as building stones in
present and post-war projects. Thus
the whole development is following

CHEMICAL & METALLURGICAL

the familtar pattern of industrial
growth as an entirely new field of
organic chemistry widens its ecircles
of usefulness and influence.

How many of us realize, however,
that the nitroparaffin industry itself
would scarcely have been possible
had it not been for the modern cor-
rosion- and heat-resistant materials
available for plant and equipment
construction? A new process of
vapor-phase nitration required the
handling of nitric acid at tempera-
tures far above its boiling point—a
field in which there was practically

ENGINEERING e SEPTEMBER 19}2

.

Hidden away in one corner of one of the ‘huge works of
the Commercial
unit for the vapor-phase niiration of parafifn hydrocarbons

Solvents Corporation is this inleresting

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 construetion of the first commer-
cial plant in the world to produce
the nitroparaffins by vapor phase
nitration. It has been in commercial
cperation since April, 1940. At pres-
ent it produces the four best known
of the NP’s—nitromethane, nitro-
ethane, l-nitropropane and 2-nitro-
propane—as well as approximately
20 of their important derivatives.
As is well known to most Chem. &
Met. readers, the vapor-phase nitra-
tion process has been based on re-
sults of research at Purdue Univer-
sity earried out during the past dozen
vears by Prof. Henry 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 of the vapor-
phase nitration process. Research on
this process was started immediately
in the corporation’s laboratories at

5--129
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Terre Haute, Ind., and at the same
time various fellowships were estab-
lished at Purdue University, prin-
cipally to work on the derivatives of
the nitroparaffins. ‘

By 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 construe-
tion during 1939 of the first commer-
cial plant at Peoria, Ill. 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."

Construction was unusually costly
due, as previously mentioned, to the
large amount of expensive alloys that

Hydroxyl Ammonium Acid Sulphate and

_—

Column RE Propionic Acid
Materials Process Boedlucts
|| I-Nitropro- ——*{ I1-Nitropropane I
pane Column i -
2=NitEc propane 1o Propionic
2-Nitropro- [ propone B RO
High Boilers

.

Manufacture of 2-Nitro-2-Methyl— |- Propanol : Hydroxy!-
Roaw and Productive Deoeacs Products and Reaction ommonium
Materials Byproducts sulphuric Kettle Acid
s ALl Sulphate
feraaavs Fi T I m—
36.5% by wt. et (Discarded) i
l T Hydroxyloammonium Sulphate
Lime Roaw
1 Reactor d Unreacted : Process Products
(Cotalyst) Concs i ] e e Materials
Distilled ] Sl , fila(fesycled)
Water I [Me+ho«nol }_ C;_y;si-ol : | Hydroxy!—
|, Il Methanol Lo L Jommonium
| 2-Nitropropane ,—- (From formaldehyde! Sulphate 5
ater
Carbon Dioxide Gertcerugal T I Reaction
[ sream 1} s (Recycled) e
recycled Hyodlroxyl- r Mother
Gasiin _[ ammonium I | Liquor for
W(:ﬁ'er-g Crystallizer Crystalline /I\C'd+ P T Methanol
2-Nifro-2-Methyl Sulphate g recovery
I Butanol Il -1-Propanaol
Manufacture of 2— Amino-2-Methyl - 1-Propanol

Raw and Productive

Process

Products and

Materials Byproducts
2-Nitro-2-Methyl
1-Propanol l
Decoin-
l Methanol } e %Zig\ll;gid
[ woter '} g
Recovered
= Methans!
Catalyst | _J Wekar
L
Clari- (Discorded)
|Cooling Water } fier St
1 2-Amino -2-Methy!
I Steam I‘ ~-1-Propanol

were required to resist the severely
corrosive conditions. As is so often
the case, laboratory corrosion tests
were not generally applicable to plant
conditions. Hence it was necessary to
carry on considerable experimenta-
tion in the construction of the pilot
plant, To get the benefit of as much
experience as possible from the metal
suppliers, the stainless steels and
other alloys were purchased from a

t A\ much larger plant is on the drafting
boards for post-war construction. S.D.K.



number of different manufacturers.
All were given an opportunity to
test out their products and to bid for
part of the business. This process of
splitting 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 of 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 ecorrosion studies are
still being conducted in the Peoria
installation. It is not uncommon to
find different sections of various ecol-
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 of different manufae-
turers are being studied.

The process used at Peoria for the
commercial production of the nitro-
paraffins consists of three steps or
stages: (1) The high-temperature
nitration of propane in vapor phase;
(2) separation of reaction products
and recovery of unreacted materials
for recycling and (3) fractional dis-
tillation and purification of the nitro-
paraffins. Thus it will be seen that
the two principal raw materials are
propane and nitrie acid. Both are re-
ceived at the plant in tank ecars, 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 of the nitric acid, which is
pumped to process in Labour cen-
trifugal pumps, also of chrome iron.

The nitration unit itself, or re-
actor, as it is called, is housed be-
tween reinforced masonry walls and
consists of a gas-fired, refractory-
lined furnace builf by the Surface

Aluminum storage tanks, stainless steel
fractionating towers and piping, asbes-
tos-cement buildings—help the chemical
engineer to solve corrosion problems in-
volved in nitroparaffin manufacture

{

3
)
i
[}

{
]




Combustion Co. Here the nitric acid
is heated to about 400 deg. C. and the
vapors are mixed with propane under
pressure of about150 psi. The highly
exothermic reaction takes place in-
stantly and unless the products of
the reaction are rapidly cooled, there
is a progressive oxidation of the
hydrocarbons to CO and CO: This
cooling is accomplished with water in

a long tubular heat exchanger and
condenser.

In ' addition to the nitroparaflins
the condensate confains water intro-
duced with the nitrie acid: and that
formed by the reaction. Nitro-
paraffins still remaining in the gas
are removed by counter-current serub-
bing operations, after: which the
crude NP’s are recovered from the

' v

o Y

7] A

serub 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. As will be noted from the ac-
companying flow diagram (I'ig. 1),
there are six fractions—the four com-
mercial NP’s—nitromethane, nitro-
ethane, 1-nitropropane and 2-nitro-
propane—and the low and high boil-
ing fractions. Nitration gases from
the condenser and nitroparaffin ab-
sorber contain unreacted propane
and oxides of nitrogen which are re-
covered and recycled.

Successful operation of a contin-
uous vapor-phase nitration plant re-
quires the maintenance of uniform
temperatures, pressures and flows
throughout the system. The nitration
process, the product condensation
and recovery, the distillation of the
crude paraffins and the recovery and

Chrome-steel tanks for nitric-acid storage

in foreground. Notice also concrete

barriers shielding the gas-fired furnace
in which the nitration is effected

Open-type construction made possible by
use of corrosion-resistant materials

recyeling of the unconsumed react-
ants must all operate steadily and in
constant balance with one another.
This ecan only be accomplished by
complete instrumentation and maxi-
mum use of automatic control. Some
idea of the magnitude of the control
problem and the number and variety
of the instruments needed can be
gathered from the faet 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 antomatic
controls that make it possible for
two men per shift to operate the en-
tire plant.

Before desceribing 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.
We naturally think of them first as
solvents for they have much in their
favor in this field. They are medium-
hoiling, 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 pitehes, coat-
ing materials, oils, fats, dves and



organic chemicals. Sometimes the
solubility is increased (“‘activated’)
by the presence of aleohol. As soly-
ents for cellulose acetate, they have
certain advantages over low-boiling
materials that cause poor flow or
“blushing” of 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. As will be noted
from the accompanying illustrations,
the equipment in this plant is that of
o thoroughly medern factory for the
production of fine chemicals. At pres-
ent approximately 20 derivatives are
being made at Peoria but the plant
has been equipped to provide ex-
treme flexibility in all of its opera-
tions.

Typical of the amino-hydroxy de-
rivatives, of which five are now pro-
duction, is the manufacture of 2-
nitro-2-methyl-1-propanol shown in
the accompanying flow diagram (2).

Typical of the animo-hydroxy der-
ivatives, of which five are now pro-
duced at Peoria, is the manu-
ture of 2-amino-2-methyl-1-propanol
shown in Fig. 3. This is one of the
most versatile of ~the emulsifying
agents available today for the prep-
aration of water dispersions of fats,
oils, waxes and resins. Cosmetic
creams and lotions made from this
Below—Many new nitroparatfin deriva-

tives are made in this model chemical
plant

product are said to show exception-
ally high stability in respect to. color
and consistency. Cemparable advan-

tages are 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 of chem-
ical reactions and arve therefore
widely used in synthesis.

One of the simplest of echemieal
compounds—in the borderland be-
tween the organic and inorganic king-
doms—is hydroxylamine, NH.O.

It has been known for many years
as a useful, active reagent for chem-
ical synthesis but its application has
been restricted hecause of its high
price and limited availability. Now,
however, it can be readily made in
the form of its salts merely by the

Above—Control panel almost 50 ft. long,
with 30 controlling devices and over 50
indicating devices

hydration of nitropropane in the
presence of an acid (See Fig. 4).
The cheapest of these salts now avail-
able is hydroxyl ammonium acid sul-
phate. This is an economical base for
the synthesis of dyestuffs, pharma-
ceutieals, resins, flotation agents and
many other organie chemicals. In re-
actions where high purity is of im-
portance, hydroxyl ammonium sul-

phate, produced by reaction with
methanol  (See Fig. 5) is recom-
mended.

These are only a very few of many
derivatives of the NP’s that are being
made at Peoria or in the Terre Haute
plant of Commercial Solvents. They
will doubtless suggest some of the
other processes and applications
which are daily extending these prod-
ucts into ever wider fields of useful-

ness.

Below—This maze of piping is required
to maintain uniform temperature, pres-
sure and flow of materials
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FORD Makes Magnesium

GERALD ELDRIDGE STEDMAN webster Hall, Detroit, Mich.

Chem. & Met. INTERPRETATION

“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.—Editors.

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
the first automobile trailer to be made
of Dowmetal. This was finally evolved
into a fleet of chassis-less semi-
trailers, each weighing 5,700 1lb., yet
capable of carrying three good-sized
automobiles. This same interest in
magnesium led ultimately, under the
challenge of the Vietory Program, to
the building and operating of Ford's
own foundry for molding magnesium
alloy eastings. A magneto adapter
for aireraft engines was poured on
Jan, 14, 1941, as the first magnesinm

Under the sheltered section of this building, the first furnace was producing magnesium while roof sections and steel framework
were being put in place for the rest of the building. Less than s x months after the first construction work began, the first section
of the building was virtually completed and workmen were pushing construction of the second

IGHLIGHTING the importance of
H aircraft in warfare, the “little
World War” 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 Wintershall potash group, who
together provide the entire German
output, had done so wel 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
clectrolysis of fused magnesium
chloride obtained either in the waste
liquors of the Stassfurt potash indus-
try, or from selected carnallite ores.
Japan, too, began to imitate its Axis
partner in 1932; when its produetion
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was only 24 tons, but by 1933 the'

Japs were producing 1,200 tons, most

of it by the Nichiman compaﬁy at its

Ube plant in Yamaguchi Prefecture,
again using the electrolytic process
on magnesium : chloride recovered
from brines or obtained by chlorinat-
ing ealcined magnesite.

Our own magnesium. industry, as
previously reported in Chem.&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. of Midland, Mich. The gO\ern-

ment has reported that production in -
1940 had reached 6,250 tons, and |

even before Pearl Harbor plans were
announced for mulhplymv this out-
put by ﬁfty fold. i =V e
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" casting of ‘that; now mmmnoth plant

“Sad day £or“];‘Iftler

Meanwhile; the Ford chemical and

% metalluwleal laboratories continued

to explore all phases of magnesium
production, as‘well as its apphcatlon
As the government magnesium pro-
gram developed,®it had become evi-
dent that other magnesium produc-
tion processes would be needed to

furnish® qulck and certain production .«
with" 2 minimum use of power and -

critical chlorine. A special committee
of the National Academy of Sciences
was formed to hunt for other meri-
torious’ processes. Its conclusion was
that the ferro-silicon process, which

. had beén developed in the Canadian

« National \ Research Laboratory (see
(’hem cf’Met .Aprll 1942, p. 87)




would give the best results with the
minimum time-cost risk.

On Dee. 24, 1941, the N.A.S. Mag-
nesium Committee, headed by Dr.
Zay Jeffries of 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 of his own engineers had
pointed toward the further develop-
ment of a carbo-thermic process as
the most promising and economie,
Mr. Iord agreed to accept the com-
mittee’s recommendation that the
ferro-silicon process should he used.
His only desire was to do what the
government wanted done to meet its
war needs.

Within a week after the N.A.S.
Committee’s visit, special iron ecast-
ings were made to serve as a retort
and experimental production of mag-
nesium was started by the ferro-
silicon process. This convinced Ford
engineers that the metal could be pro-
duced on a full production basis,
and within three days after the letter
of intent of the Defense Plant Corp.
was received (Jan. 13, 1942) npile
drivers were operating on a new
plant site. Having 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

First magnesium casting made in Ford
foundry Jan. 14, 1841 was this magneto
adapter for an airplane engine

Experimental production of magnesium
was being conducted in a pilot furnace
while construction of the magnesium
plant was under way. Retorts of different
alloys and various sizes were tested to
find a retort that would produce mag-
nesium most efficiently and economical-
ly. Water coolers were used at first to
condense the metal vapor, but later tests
proved air cooling was just as efficient

about a month after the initial ap-
proach by the N.A.S. Committee.

In the Spring of 1942, gas fires
were lighted in the first furnace and
magnesimmn 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 of furnaces, and
the smelter began its round-the-clock
schedule to the Victory effort.

While construction tempo was
proceeding, retorts of 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
coneluded to find the most economical
methods. Eventually a retort of 22
ft. in length, with 10-in. i.d., made
from chrome-nickel steel, proved
most satisfactory.

The ferro-silicon process of pro-
ducing magnesium  metal is rela-

tively simple—at least in outline.

Dolomite, the naturally oceurring eal-
cium-magnesium carbonate, is one of
the most abundant of our limestones,
with  deposits  widely  seattered
throughout the United States. Ferro-
silicon, of course, is made in the elec-
tric furnace from silica, iren and
carbon. The combination of the
dolomite and ferro-silicon, properly
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 of the silicon.

The produection flow at the Ford
plant proceeds in two stages—calein-
ing and smelfing, as shown in the
accompanying sketch. TFrom the
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Flowsheet for the production of magnesium from dolomitic limestone by the ferro-silicon
process as used by Ford Motor Co. A fgrn_)ér cement plant is used for calcining the Michigan

dolomite. Half the weight of lhéﬁ.lone is removed as CO, during calcining
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Michigan quarries, dolomitic lime-
stone is brought to a former cement
plant to be dehydrated, powdered and
saleined.  The burning process re-
moves approximately 50 percent of
the weight of the raw stone in the
form of carbon dioxide.

The ecalcined dolomite and pre-
crushed ferro-silicon are propor-
tioned into large compartment ball
mills which have the dual function of
powdering and mixing both materials.
They further compact the mixture so
that there is less tendency for segre-
eation during storage.

This dehydrated dolomitie lime and
ferro-silicon mixture is stored, trans-
ported by trucks to the magnesium
smelting plant, where, in the briquet-
ting unit, the dolomitic lime (mixed
with 75 percent of ferro-silicon in a
ratio of slightly less than 6-to-1) 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 of such enormous quantities
of briquettes. The nature of the ma-
terial caused special design of 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
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are arranged in a number of rows.
Each furnace is 19 ft. high, 16 ft.
wide, and 18 ft. long. Through the
middle of each runs two tiers of
Nichrome pipe, 11 to each furnace,
banked six on the bottom row, and
five on the top. These are the retorts.
They are 22 ft. long, 13 ft. of which
is in the heat zone, and 31 in. of
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 briek arches. Split
steel sleeves fit inside each retort on
the ends projecting from the furnace.
It is on these that the magnesium
condenses and erystallizes,

Smelting must be carried out in a
high vacuum. This is accomplished
by manifolding each retoi‘{*intn a
vacuum pump. A 1.5-in. pipe leads
from each retort and into one of four
furnace manifolds, which, in turn,
lead to the floor beneath each furnace
where they connect with four vacunum
pumps cach driven by a 5-hp. electric
motor. These pumps, rated at 100
cu.ft. of 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

By fruck fo
smelting
burlding
ﬁ

Slag removed by
railroad car

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 1b. The end caps
are then attached and the vaecuum
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
aporize. An 8-hr. cycle releases the
greater proportion of the metal. The
vacuum, aside from its necessity in
the chemical reaction, tends to draw
the magnesium vapors to the ends of
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 of the tubes.

After 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 of
briquette weight should be deposited
as magnesium. This would represent
70 1b. of metal per charge.

After the magnesium covered
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sleeves have been extracted from the
retorts, the residue is cleaned out.
Because of its high lime content, this
could be used for agricultural pur-
poses. Nothing has yet been at-
tempted along this line.

Because of the lack of mechanical
equipment, it has been necessary
during the first few months of 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 seraped out with
long-handled hoes. The mechanization
of these tasks is proceeding, and ad-
ditional daily tonnage per furnace
can be expected from such mechan-
ical charging. Censorship prevents
disclosure of magnesium smelting
production per furnace per day, but
it is high, and the furnace operates

Above — Close-up of furnace showing
iron sleeves on which the magnesium is
deposited
Right — In the smelting of magnesium,

briquettes of calcined dolomite and ferro-
silicon are charged into long Nichrome
retorts. Pure metal is vaporized from the
charge and condensed on two-piece iron
sleeves lining the ends of the retorts.
After eight hours most of the metal is
deposited. The sleeves are then with-
drawn and the magnesium removed

Below — Four vacuum pumps are re-
quired for each furnace. Each is driven
by a 5-hp. motor and can remove 100
cu. ft. per min. of air from the retorts

24 hr. each day on eight-hour firing
cycles.

This, then, is the story of one of
Ford’s war achievements, deseribed 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 of the metal he produces.
Ultimately his metallurgists may well
develop special alloys of even greater
merit than those known. Thus, the
completeness of Ford’s integrated
facilities in producing, casting, ma-
chining and fabricating this war
metal can give the United States an-
other lifting assurance of ultimate
victory. And magnesium is destined
to ereate many revolutions in peace-
time mechanical design once its pres-
ent job is done.




Clays and High-Silica Bauxites
For Alumina Production

EDITORIAL STAFF SUMMARY

Chem. & Met. INTERPRETATION

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 Jeffries, 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 su_.ﬁ;cxent alumina for the war
effort without reliance on continued bauxite imports or undue‘deple-
tion of the known domestic supplies of low-silica bauxite. —Editors."

ABUU’J 2 1b. of alumina of high
purity is required for the pro-
duction of each 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 of aluminum in the United
States has been obtained from baux-
ite. Part of the bauxite was mined
in the United States—chiefly in Ark-
ansas—and part was imported from
Duteh Guiana. All of it was chem-
ically treated in the United States to
separate the greater part of the
aluminum oxide from the bauxite.
The chemical treatment was effected
by alkaline solutions, employing the
Bayer process. The ingredients of the
bauxite other than alumina, such as
the compounds of iron, titanium and
silicon, constitute the tailings of 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 of the bauxite, the effectiveness
of the treatment and, in particular,
upon the amount of silica originally
present in the bauxite. High-silica
bauxites result in lnvh alummq loss
in the red mud.

Because of this relahonshlp be-

tween the silica content of, the baunx-
ite and the alumina lost in the Bayer
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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 of aluminum and for
other purposes. While some of the
higher silica bauxite has been ‘mined
for chemical purposes, most of it re-
mains in the ground. Although there
is no sharp dividing line between low-
silica and high-silica bauxite, a few
vears ago an upper limit of about 5
percent silica was used to distinguish
Bayer-process from high-silica banx-
ite. In recent years, however, mate-
rial containing more than 7 percent
silica has been used as Bayer . plocess
feed.

All the alumina ploduﬂ.ﬁku in the
United States at present “ig;uarle by
the Bayer process. There afo . three
operating plants: two run;tﬂ .the
Aluminum Co. of America, 3§l one
by the Reynolds Metals Co
Aluminum Co. plant is in I}
the other in Alabama; while the?
nolds plant is also 1n “Alabama; 1Thc
effective operation of these plantc
depends on a supply of 10\\-5111&:
bauxite, a substantial part ofifvhich
at present is imported flomﬁv
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Guiana. Since there is a possibility
that the flow of Dufch 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 fo 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 maferial for the production of
alumina is high-silica bauxite. Certain
high-silica bauxites ean be treated by
a washing process with a recovery of -
60 to 80 percent of 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 of processing as a re-
sult of lower yields. While there
may be a possibility of producing
low-silica bauxite from high-silica
bauxite by flotation or other benefi-
ciation 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 Defense 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 will 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 proe-
ess treatment will remove about 70
percent of the contained alumina. The
tailings, or red mud, will then be sub-
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Jjected to the lime-soda sintering op-
cration.

The Bayer red mud will contain
soda, but will contain little, if any,
added lime. It will contain practically
all the silica of the original bauxite
and a considerable amount of alum-
ina. Lime will be added in the form
of pulverized limestone and sufficient
soda will be added to bring the mix-
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 of 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 of 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. If no red mud were available a
certain amount of eclay 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 eclay could be
used in proportion fo the original
bauxite is not now known, but labora-
tory tests indicate that the amount
should be substantial. It will be de-
sirable to find out the maximum
amount of 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 of 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-
thurden stripping and many under-
iground mining developments. Furth-
.ermore, much of 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 of low-silica bauxite from the
high-silica bauxite. For the most ef-
-fective use of domestic raw materials
for the production of alumina, there-
fore, it would seem desirable to:con-
sider having lime-soda sintering

CHEMICAL & METALLURGICAL ENGINEERING

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 of 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 of kaolin elay. This red mud is
already mined and pulverized. The
new soda consumption of this plant
would be reduced as a result of the
soda recovery from the red mud.

The report therefore suggested that
a study be made of 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, if more
than the current production of 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 construetion
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 of 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 of 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.

If 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 of clay for the production of
alumina. This program would appear
to offer the best means of conserving
domestic bauxite and at the same

time offer the best means of utilizing .

existing alumina equipment in the
manufacture of alumina from eclay.
It should be made clear, however,
that the changing of a Bayer plant
to a combination Bayer-lime-soda
plant involves mueh more than the
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mere addition of a set of kilns. The

" use of high-silica bauxite will result

in an inereased amount of red mud,
and the lower lime content may iu-
crease filtering difficulties. Amonyg
other things, additional mud-handling
equipment will be needed, and means
must be provided for controlling the
moisture content of the mud, for in-
corporating the lime and soda, for
proportioning the kiln feed and con-
frolling the liquors. Although the
conversion of a Bayer plant ap-
proaches a major operation, no other
program seems S0 promising.

CLAY PROCESSES

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 eclay 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 of 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 of a produec-
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 of $100,000 to the War
Metallurgy Committee for the instal-
lation of equipment for a test plant,
and for its operation. It was ascer-
tained that the Eastern Experiment
Station of the U. S. Bureau of Mines
at College Park, Md., would probably
have space for the test plant and it
was suggested that the test plant be
located there, if suitable arrange-
ments could be made. It was also
recommended, that the War Produec-
tion Board assist in the procurement
of equipment for this test plant. If
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 of acids.
This is a goal much to be desired.
The construction and operation ‘of a
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plant requiring no acids offer many
advantages over plants in
acids are required.

The Eastern Experiment Station
of the Bureau of Mines is already
working on the lime-soda sintering of
clay. Work on the modified Pedersen
process should be in addition to the
other work on alumina at the Experi-
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, Ine., is proceeding with
a plant. for the production of alumina
from alunite. The committee sug-
gested that the completion of the
first unit be speeded as much as pos-
sible so that practical experience can
be gained with a minimum loss of
time. The Kalunite plant probably
can treat 2-3 tons of clay for each
ton of alunite without using more
sulphuric acid than can be obtained
from the sulphur in the alunite.

Kalunite, Inec., also has a pilot
plant in Utah, funds for the opera-
tion of which were supplied by the
Defense Plant Corp. on recommenda-
tion of the War Production Board.
The report recommended that the
War Metallurgy Committee be given
the responsibility for the operation
of this pilot plant to facilitate coordi-
nation of the alumina experimental
program.

The committee believes that the
Kalunite proecess, 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 Defense Plant Corp. through
the War Metallurgy Committee,
comes within the eclassification of a
potash alum process.

Another acid process is one which
is being worked on in the pilot plant
stage by the Tennessee Valley Au-
thority at Wilson Dam, Ala. In the
earlier stages of the operation, ac-
cording to the report, the alumina
produced was not nearly pure enough
for the manufacture of aluminum.
The committee made various sugges-
tions for improving the grade of
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
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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 of 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 produet from
calcined clay. Since large quantities
of bauxite could be conserved by
restricting its use in alum making,
the committee suggested that this
matter bhe 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
of millions in the long run.

Guinea Pigs For Tank Cars

To DETERMINE which chemicals
can be carried efficiently in alum-
inum tank cars, the Aluminum Com-
pany of America is employing an
adaptation of the traditional labora-
tory ‘“guinea pig.” Developed by
A. H. Woollen of the Development
Division in New Kensington, 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 178-T sheet
riveted to the inside wall of the con-
tainer is applied with aluminum
rivets, and represents the edge of the
alelad plates which are exposed to
the chemicals carried inside a. tank
car. The three rivets attaching this
piece to the side of 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 of 17S-T plate
attached by a rivet to the bottom
represents the plates which are used
in the bottom of the tank car to
back up the anchor rivets. Of course,
the rivets in the center of this disk
are proportionate to the real exposed
area for the anchor rivet heads.

Similar 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
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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
1s 50 small that it would take about 30
yvears to decrease the cross-section
of standard aluminum plates to a
material degree. Furthermore, the
product of the corrosive attack by
nitric acid does not contaminate the
liquid. It is therefore considered en-
tively safe to ship the acid in alumi-
num tank cars.

Through the use of these same
guinea pigs, the satisfactory per-
formance of aluminum alloys for
I.C.C.,, 42B drums, barrels, and
other containers has been established.

Proportions of various alloys in this
“guinea pig” simulate a tank car or
other container for corrosion tests
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Preventing Heavy Metal Poisoning
in Industrial Operations

WILLIAM M. PIERCE

Supervising Chemical Engineer, Employers’ Liability Assurance Corp., Boston, Mass.

Chem. & Met. INTERPRETATION

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.—Editors.

LL OCCUPATIONAL diseases are
A 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 of certain people to pollen can-
not be called true poisoning. How-
ever, some of the metals and their
salts, such as lead, cadmium, anti-
mony, arsenie, 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 of
the same order.

Since it would be impossibleto 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 of this group because
of its very wide industrial use over a
long period of time.

LEAD COLIC

Lead poisoning may oceur 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 of identifying it as the ecause
of illness. It is so similar to many
other complaints that its effects are
_ sometimes masked by another dis-
ease. The diagnosis of lead poisoning
can be fairly well established by a
history of lead exposure, blood ex-
amination, urine examination, the
existence of the lead line, and colic
or other symptoms mentioned.

CHEMICAL & METALLURGICAL ENGINEERING

Symptoms of 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 feel that if
constipation can be avoided, they
will never have lead colic. This form
may be the first sign of lead absorp-
tion and it increases in intensity after
a day or two. It is an indieation that
poisoning is oceurring 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 of lead
poisoning oceur as a result of 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 of lead en-
tering the body and also by just what
is happening to the stored lead. For
example, if considerable lead is be-
ing absorbed but is being stored in
the hones as rapidly as it enters the
body, then the symptoms will not be
too severe. If the exposure has been
reduced and the lead entering the
body is quite small but lead is leaving
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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
caleium. For this reason, a high cal-
cium intake with the use of 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 frouble 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 boftle of milk a day is not a
substitute for an exhaust system.

ARTHRALGIA AND PALSY

Lead workers may complain of
muscular cramps and pains in -the
large joints. The pain may be as
severe as in the case of lead colic but
often is of short duration. It usually
oceurs as one of the symptoms of lead
poisoning but not as the only one.
The description of these joint pains
generally occurs in the case history
after several attacks of colic.

Palsy generally oceurs after sev-
eral attacks of 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 of which the eon-
dition known as “wrist drop” is a
fairly 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 left in the hand itself
except for the flexing back of the
wrist. When this condition oceurs,
the exposure has gone on for some
time and lead poisoning is fairly well
advanced. Tt is an indication that eon-
siderable lead is circulating in the
blood stream and affecting the vari-
ous parts of the body.

Encephalopathy is the type of lead
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poisoning that involves the brain.
The symptoms are mental confusion,
delivium, hallucinations and faulty
speech. Death may result from apo-
plexy during delirium. Blindness and
loss of color perception have also
been reported. After the violent men-
tal signs have disappedred, the pa-
tient may be sluggish mentally. The
sympfoms deseribed are alarming
and leave no doubt that everything
possible should be done fo control the
hazards.

OCCURRENCE OF HAZARDS

It is, of course, important to know
where to look for lead poisoning and
how to identify exposure in poten-
tially dangerous occupations. Al-
though lead is generally considered
an occupational hazard, it is inter-
esting that nearly 60 percent of the
cases reported in a recent survey
were non-occupational. This partie-
ular survey indicated a number of
cases resulting from the use of 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 forms of lead poisoning
occur in occupations where appar-
ently no exposure exists. A typiecal
example of this was an epidemic of
lead poisoning resulting from the use
of 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 of were severe muscular
pains in the forearm and calf of the
leg. There was also a dead and numb
feeling, similar to paralysis. Cramps
and abdominal pains were also pres-
ent. If the manufacturer of the nails
had given consideration to this prae-
tice of 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 of the
hazards in any of 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
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analyzed may be taken by the Green-
burg Smith impinger for lead dust
and collected with an electric precipi-
tator for fumes. Descriptions of the
sampling methods and the analysis
are given by Jacobs.!

Table I—Some Common Occupations
Having Definite Lead Hazards

Painters

Red lead workers
Storage battery makers
Printers

Insecticide makers
Lead burners

Glaze dippers

White lead workers
Putty makers

Some work has been done in this
laboratory using a respirator with
replaceable *filter as a sampling de-
vice. An 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 fo only the ex-
posure during the sampling 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 of checking
atmospheric contamination in plants
which do not have enough work to
warrant the investment in an im-
pinger or precipitator. :

In the case of (2), the worker did
a job of dismantling some old duct
work which was not picked up by
the impinger as the work was not
carried on during the sampling pe-
riod. In the case of (4), the correct

Table II—Comparison of Impinger and
Respirator as Sampling Instruments for

Lead
‘Impinger
Respi- mg/10
rator cubie
Operation mg/day meters
(1) Lead burning....... T 6
(2) Repair work in lead
plantss et 65 5
(3) Repair work in lead
plan ta RN st 4 4
(4) Putty manufacturing 3 12
(5) Sweeping ......... 10 15

Milligrams per day = Milligrams per 10
cubic meters.

weighting was not given to the in-
termittent nature of the work. The
impinger sample was taken during a
period of high concentration, and
this was not representative of frue
conditions. Although the results do
not check with those of the impinger,
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it is felt 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 of two
milligrams per 10 cubic meters of
air, which represents a day’s expo-
sure, there is definite danger of lead
poisoning. Of course, if 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 of
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.

DANGER FROM FUMES

One of the more common types of
lead exposure which oceurs in sev-
eral of the occupations named is the
production of fumes from the melt-
ing of lead. When 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 eurrents or by mechanical
agitation of the surface. Caleulation
of the vapor pressure of lead indi-
cates that theoretically, no injurious
concentration would be given off be-
low 900 deg. F. We have found,
however, that if there is considerable
mechanical agitation, such as exists
in certain dipping or pouring opera-
tions, the concentrations of lead may
be 100 times that which would other-
wise be expected at the same temp-
erature.

The proper respiratory protection
from the fine lead oxide which results
from the heated metal is a lead fume
respirator of the mechanical filter
type. Masks depending on charcoal
are useless, as the fumes are not a
zas but are extremely fine particular
matter, %

It is desirable to detect signs of
lead absorption before this condi-
tion develops into serious poisoning.
It is possible to get an indication of
possible absorption by an examina-
tion of the blood of workers. If this
examination is conducted at regular
intervals, it will 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
specifiec, but it does offer a fairly
simple method of checking on
changes in the circulating blood. An-
other method which has been sug-
gested for checking on incipient lead
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poisoning is the determination of lead

in the urine by use of the polaro-

graph.

METHODS OF CONTROL

Steps in dealing with control of
lead poisoning are as follows:

1. Determine chemically the amount
of lead in the air if there is any ques-
tion of exposure.

2. Reduce the lead content in the
air by means of exhaust equipment to
the lowest practical point. This can be
done by enclosing the dust producer
and exhausting so that a slight nega-
tive pressure is maintained. Local ex-
haust hoods are preferred to general
ventilation.

3. If there is any question about the
efliciency of the exhaust equipment,
protective equipment such as respira-
tors approved by the Bureau of Mines
should be furnighed. In the case of
metallizing employing lead, a positive
pressure helmet should be used.

4. Hazardous operations should be
isolated so as to expose as few em-
ployees as possible.

5. The employer should see that the
men wear suitable clothing, such as
overalls and jumpers. These should be
thoroughly washed at least weekly.
The employer should provide a suit-
able place for the men to clnm"c their
clothes.

6. Sanitary (lrinking fountains
should be used and no other supply of
water should be permitted in work
rooms where any lead process is in
operation.

7. The employer should provide suit-
ably heated and lighted wash rooms,
separate from the work or eating
rooms. These wash rooms should be
provided with running hot and cold
water and be adequate for the number
of employees.

8. Shower baths should be provided
with running hot and cold water. The
employer should provide a suflicient
supply of soap, bath towels, and hand
towels for each employee.

9. The employer should require each
man to wash his hands and face before
eating lunch and at the close of the
day’s work.

10. Men should be required to take
a shower bath before leaving the plant.

11. A suitable place must be pro-
vided for the employees to leave their
lunches. No one should be allowed to
eat in any room where lead operations
are being carried on. It has been found
that special lunch rooms, equipped with
suitable tables and benches, are an
excellent method of control.

12, Use of tobacco in any form
should be prohibited during working
hours due to the possibility of the
tobacco becoming contaminated with
lead dust or fumes.

13. Sweeping, if done at all, should
be performed wet and at the end of
the shift.

CHEMICAL & METALLURGICAL

14. Wherever possible, Z‘lenning op-
erations should be by vacuum system.
Floors and walls should be so con-
structed that there would be little ac-
cumulation of dust and dirt. Rafters
and beams which might catch sus-
pended materials should be cut down as
far as possible. In some plants tri-
angular pieces of metal are placed on
the rafters so that dust will not be
retained.

15. Periodic physical examinations,
together with blood tests, should be
made to check on'the efficiency of the
control methods.

This list of eontrol 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 ecases 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 of lead dust, the importance of
personal cleanliness and the limita-
tion of ingestion cannot be O\elem-
phasized. -

The purpose of this article is not

to emphasize the hazards of lead but

to point out that it can be used with
safety if certain of its propertles are
recognized.

If the question of 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 Counecil or representatives of
insurance companies all have con-
siderable information regarding toxie
limits and the control of hazards.
These agencies are glad to cooperate
in any way foward furnishing in-
formation or making studies. Such
information and services are avail-
able without charge to practically
any plant.
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Managing New Product Development
in Chemical Indusiry—XI

]OHN C. COLLINS Chemical Engineer, Carbide & Carbon Chemicals Corp., S. Charleston, W. Va.

Chem. & Met, INTERPRETATION

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
o full scale production are all discussed.—Edilors.

uEre 18 a fairly sharp dividing
line between the research and
the development stages of a new
chemieal produet. In the former,
the general objeet is to find out if the
product ean be made and if it should
be made, while in the development
stage an effort is made to work out a
satisfactory commercial process and
to prepare tor full-secale marketing.
Technieal development takes the
form of making the produet in small-
seale production units. The words
“pilot plant” and ‘‘semi-commercial
plant” are sometimes used synono-
mously. In this article the distine-
tion is made that the produet from
the pilot plant is not sold to the
market, while a part of the output
of the semi-commercial plant is sold
on a small secale.

PILOT PLANT

The pilot plant is a small-seale
production unit set up for the fol-
lowing purposes:

1. To determine if the laboratory
process for making the chemical will
work on a larger scale in industrial
equipment.

2, To raise yields, improve quality
and lower costs by refining the process.
Pilot plants are frequently used for
this purpose by the production depart-
ments of chemical firms to improve
present full-scale operations. However,
the pilot plant discussed here is under-
stood to be one used in the develop-
ment of new products.

3. To gather engineering data for
use in designing the full-scale plant.

4. To make a sufficient quantity of
the product for testing and distribut-
ing as samples.

5. To obtain more accurate estimates
of manufacturing costs.
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. To train personnel for operating
the full-scale plant.

There s usnally a change of per-
sonnel when the produet is trans-
ferred from the laboratory to the
pilot plant. Chemieal engineers often
form an integral part of 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 familiar with all of
the details of the process. The study
of the product and process by chemi-
al engineers constitutes an evalua-
tion from a different point of view
than that of 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 of suffi-
cient quantities of the new chemical
to permit sales in small lots. How-
ever, the semi-commercial plant is
still experimental, and its purposes
also inelude all those listed under the
pilot plant.

SEMI-COMMERCIAL PLANT

A distinetion 1s- 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 fairly economieal production
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so that the produet can be sold at
the cost of manufacture. This per-
mits the company to “break even”
on the costs of operation.

Data for the design of the semi-
commercial plant are gathered in the
laboratory. The size of the semi-
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
of 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-commer-
cial plant is operated at an increasing
percent of its capacity. When full
capacity is reached, preparations are
made to fransfer the product to a
large, full-scale plant.

MARKET DEVELOPMENT

Desirability of using a semi-com-
mercial plant after, or in place of,
a pilot plant depends on many fac-
tors, including the economics of pro-
duetion costs, possibilities of getting
necessary design data in the labora-
tory, and importance of introducing
the new chemical to the market.

Market development, the prelimi-
nary iniroduction of new chemicals
to the trade, is another activity car-
ried on during the development stage.
It is closely associated with evalua-
tion of 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 inereasing. These men
are technically trained and indus-
frially experienced. They do most
of their work in the field, talking
with customers’ research and produe-
tion men. They are usunally responsi-
ble for handling new products from
the fime of 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
produets to customer needs, and to
uncover uses for new products. In
one company, there is a staff of five
market development men, each of
whom specializes in one customer in-
dustry and handles all new products
infended for use in that industry.

Exact organizational set-up and
funetions performed by market de-
velopment staffs vary considerably,
but there is a recognized need for
a specialized group with the patience
and technical knowledge of the re-
search men plus the sales ability of
the salesmen.

CUSTOMER EVALUATION

Customer evaluation is the process
of testing and evaluating new chem-
ical produets by potential customers
or in customers’ plants. The conduct
of this seems to be a very contro-
versial and perplexing question in
the chemical industry. Practice varies
from avoiding it as much as possible
until the produect is placed on the
market to distributing samples while
the produet is still in the laboratory
stage. The following are objections
to customer evaluation expressed by
execufives:

1. Samples of new chemicals are a
nuisance to customers, who may feel
that they are being asked to do re-
search for the distributing company.

2. The customer may decide that the
product is excellent and that he would
like to purchase quantities of it, only
to find it not yet available in com-
mercial lots.

3. The customer may get a bad im-
pression of the new chemical while it is
still in the experimental stage and re-
tain that prejudice even after it has
been improved.

4. Patent protection of the manu-
facturing process and product uses
may not be complete.

5. If the product is given only to a
few companies, this constitutes dis-
crimination in favor of those concerns,
which may bring repercussions later.

On the other hand, there are im-
portant reasons and advantages for
customer evaluation:

1. It constitutes an evaluation of
the product by the ultimate user, who
is expected to buy it in large quanti-
ties later:

2. Difficulties and “bugs” not fore-
seen in research and development
studies are brought to light.

3. Information for improvements
necessary or desirable hefore the prod-
uct is placed on the market is de-
veloped.
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4. Information for establishing dif-
ferent grades of products can be ob-
tained.

5. Data are usually provided for a
check on market surveys.

Because of these advantages, chem-
ical companies have sought ways to
secure customer evaluation without
the disadvantages. Three general
methods have been tried:

1. Evaluation within the producing
company from the point of view of the
customer is being used as far as pos-
sible by many concerns. This is ac-
complished by specialized application
laboratories and by market develop-
ment men and sales engineers well
acquainted with the needs and desires
of customer industries.

2. Cultivating a few friendly cus-
tomers who will be glad to cooperate
is actually only a modification of the
original concept of customer evalua-
tion. By careful selection and cultiva-
tion of a few customers, many of the
disadvantages may be minimized. The
cultivation may include adhering to
careful policies on distributing samples,
offering the customer something in
return, having men from the producing
company conduct the tests in the cus-
tomer’s plant, or purchasing an in-
terest in the customer concern.

3. Some companies submit a sample
to chemical consultants, asking them
to determine if it is applicable to par-
ticular “customer” industries. The ex-
perience of chemical consultants with
chemical consuming industries is valu-
able in making such evaluations.

An interesting problem that arises
in application research is determin-
ing how many uses should be studied,
developed, and patented bhefore the
new chemical is released generally to
the market. By continuing research
and application study many of these
possible uses may be investigated,
but this takes time and delays the
introduetion to the market. On the
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cther 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 produet 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 of other economic
factors are continued so that these
are completely understood by the time
the product is transferred to semi-
commercial or full-secale production.
Istimates of the cost of manufacture
are further vefined, checked by de-
velopment men and sometimes by cost
accountants. The raw materials sit-
uation is serutinized thoroughly, data
being gathered on prices, quantities
available, loeations of important sup-
pliers, transportation costs, and other
factors.

Specifications for containers are
savefully checked fo make sure they
are adequate for shipping large quan-
tities of 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 of manu-
facture, competitive prices, geograph-
ical distribution of customers, quanti-
ties purchased, cost of marketing,
amounts which will be purchased at
various prices, and many other faec-
tors. Executives from several de-
partments of the company frequently
cooperate in the task of 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 produe-
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tion, or before a semi-commercial
plant is built. This appraisal is
usually ecomprehensive becaunse of 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 produet can be trans-
ferred from the pilot plant to full-
scale production.

FULL-SCALE OPERATIONS

Final stage in the development of
a new chemical produet is the trans-
fer to full-secale operations. This in-
cludes design, construetion, and pre-
liminary operation of 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
of 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 of time and effort;
while for other produects which are
similar to those previously produced
by the company, such activities may
consist only of adapting present
equipment to the manufacture of the
new product. If the development
1s “big” enough fo require a separate
plant, then all factors of plant lo-
cation have to be considered hefore
construetion is undertaken.

A compromise must sometimes be
made between the size of plant re-
quired for optimum produetion 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 will inerease sufficiently
to permit operation at a reasonable
percent of ecapacity.

‘After the plant has been con-
structed, there follows a period of
preliminary operation during which
members of the research and develop-
ment staff are present to study and
remedy any problems that arise. In
one company, a radically new prod-
uet was recently developed and the
management felt 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-
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pany, the pilot plant is operated by
a selected group of regular produe-
tion workers who thus become fa-
miliar with the production technique
on a small seale. 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-seale plant.

On the marketing side, a transfer
is made from the market develop-
ment men to the regular salesmen in
those companies which have spe-
cialized market development staffs.
If the technical characteristics of 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
produetion and marketing present
many problems of coordination, co-
operation, and balance. Various
methods which are used by chemieal
companies fo accomplish a smooth
transfer include: (1) use of market
development staffs for experimental
marketing, (2) use of a semi-com-
mercial plant between pilot plant and
full-scale production, and (3) use of
speeial liaison officers to coordinate
the efforts of research, production,
and sales.

GENERAL MANAGEMENT

Evaluation of monetary returns
from the research and development
program are very difficult, primarily
because results cannot be measured
accurately in dollars and cents. Ex-
ecutives have indicated that this dif-
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 ineurred
during research and development.
However, most executives feel that
these figures do not tell the whole
story. A sound evaluation of the re-
sults of research can be made only in
a qualitative way by pointing out the
importance in the company’s aetivi-
ties of new products contributed by
research and development.

Executives emphasized the impor-
tance of “knowing when to stop,” of
being able to recognize ‘“dead-end”
projects. It is difficult to foresee what
may be disecovered ‘“just around the
corner” if research work should be
continued. Usually 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 proj-

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 FACTOR

The time necessary to develop a
new chemical commodity varies con-
siderably from produet to produect.
Most executives agree that for a
basically new chemical, from seven
to twelve years are required for com-
plete development. For produects
similar to those already being made
by the company, this time is eon-
siderably shorter.

IExecutives of one concern have
found that for new chemicals quite
similar to present ones, only about
a year for complete development
is somefimes 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 of time
required for development present
quite a challenge to aggressive man-
agement in the chemical industry.
Most executives admit that they are
continually frying to find short-cuts.
Many managerial methods discussed
previously are intended to shorten
this development period. Among
those specifically mentioned were:

1. Conducting “high-spot” studies to
find crucial factors, then completely in-
vestigating these factors.

2. Making market surveys
projects are undertaken.

3. Providing a staff of market de-
velopment men to introduce new prod-
ucts to the trade. :

4. Not adhering to any standard
procedure in development, but in each
specific case selecting only those steps
absolutely necessary.

5. “Promoting” each project by
bringing it to the attention of the
proper executives at the right time.

before

One company has an assistant to
the president who acts as a liaison
officer and whose duties include the
“promotion” of new developments.
As that officer expressed it, “The time
it takes fo develop a new produet is
an inverse function of the ‘oomph’
behind it.”
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Timesaving Ideas for Engineers

NOMOGRAPH FOR QUICK SOLUTION OF EFFICIENCY EQUA-
TIONS OF ELECTROLYTIC ALKALI AND CHLORINE CELLS

J. C. COLE Engineer, Diamond Alkali Co., Painesville, Ohio

ANY different types of electroly-

tic caustic and chlorine cells are

now in commercial operation, but in
order to analyze each cell critically
several efliciencies must be calculated.
These calculations, although relatively
simple, may require considerable re-
view work by the engineer who has not
been called upon to make such calcula-
tions for several years. Also the engi-
neer who is familiar with electrolytic
cell operation will spend considerable
time in calculating these efficiencies,

and often in certain cases the engineer
must calculate the efliciencies of a
number of cells each day.

Probably no series of equations offer
themselves more adaptably to nomo-
graphic or alignment chart solution
than do the electrolytic alkali cell cal-
culations. Very important in the eco-
nomics involved in cell operation char-
acteristics are these three efliciencies—
percent current efficiency, percent volt-
age efliciency, and percent energy or
power efliciency. For the executive who
wants something concrete and realistic,
the energy efficiency is expressed in a

of chlorine or hydrogen produced, or
the NaCl decomposed.

According to Faraday’s Law, one of
the most exact laws known, one Fara-
day or 96,480 coulombs will deposit,
liberate, or is equivalent to 1 gram

2.0
E different way, that is, kilowatt-hours equivalent of any substance at each
of electricity required to produce 1 lb. electrode. Since 1 coulomb is defined as
1.9—= of NaOH, which may readily be con- the quantity of electricity passing when
= verted from units of caustic to units 1 ampere flows for 1 second, it is pos-
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Fig. 2—Chemical equivalent diagram relating NaCl decomposed with NaOH, chlorine
and hydrogen produced

sible to calculate the theoretical quan-
tity of NaOH that should be formed
when a specific quantity of electricity
is passed through the cell. Because of
certain definite and numerous reasons
that will not be discussed here, it is
found in commercial practice that the
actual weight of caustic made is al-
ways less than the theoretical quantity
as calculated from the quantity of elec-
tricity passed through the cell. By
definition then, the percent current
efficiency is defined as the product of
100 times the ratio of the pounds of
NaOH actually made per hour, to the
theoretical weight of NaOH that is
equivalent to the quantity of electricity
passed through the cell. Then

L

(4) (3,600) (40.005)
(96,480) (453.6)
Lh

(Ka)

where (Ce) = percent ‘current effi-
ciency; L = pounds of NaOH actually
made per hour; A = amperes passing
through the cell; and (Ke) = Kilo-
amperes — A -+ 1,000.

Many investigators have attempted
to caleulate by the Gibbs-Helmholtz
equation and prove the absolute mini-
mum voltage potential needed to de-
compose NaCl in solution into its
component elements, Many factors en-
ter into this derivation and conse-
quently some discrepancy was found
among the various investigators for
the value of this decomposition poten-
tial. Suffice it to say that the maxi-
mum discrepancy, fortunately, was
only about 0.1 volt, and that after
considerable investigation and thought
many companies accepted the value of
2.31 volts for the decomposition po-
tential of NaCl in solution. The per-
cent voltage efficiency is, therefore,
equal to the product of 100 times the
ratio of 2.31 to the actual voltage drop
across the cell, or

(Ce) = 100

3.039

(Ve) = 1002—“:,"—1

where (Ve) = percent voltage efli-
ciency; and V = the actual voltage
drop across the cell.

Knowing the percent current and
voltage efliciency, the percent energy
efficiency (Pe) of the cell is found to
be the product of the percent current
efficiency and percent voltage efficiency
divided by 100, or

o (Cei oi) Ve)

The number of kilowatt-hours of
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.Power-Efficiency

electricity needed to make 1 1b. of
NaOH is found by the following:

(453.6)
(96,480)
E = 231 (40.005) =
€
(3,600 (1,000) o
g 70105
@9

where (Pe) = percent energy efficiency;
and E = kilowatt-hours per pound of
NaOH' produced. These relations ap-
pear in the nomographic chart, Fig. 1.

The horizontal lines of Fig. 2 give
the chemical equivalents of caustie, or
in other words they give the quantity
of chlorine and hydrogen made and
the quantity of NaCl decomposed when
a specified quantity of NaOH (L) is
formed, thus

Pounds of chlorine made per hour =

35.455 .
20.005 L = 0.8863 L

Pounds of hydrogen made per hour =
1.008

Pounds of NaCl decomposed per hour =
58.452
mL = 14611 L

TYPICAL CALCULATIONS
Quantitative tests were made on an
electrolytic alkali cell and the follow-
ing data obtained:

Amperage — 1,250 amp. (1.25
kiloamp.)

Voltage drop across cell = 3.2
volts .

Weight of NaOH made per hour =
4.0 Ib.

From these data obtain the percent
current, voltage, and energy efficiencies
of the cell, and the number of kilowatt-
hours of electricity used per pound of
NaOH produced. Also find the number
of pounds of chlorine and hydrogen
made and the number of pounds of
NaCl decomposed.

Solution—Connect 1.25 on the Kilo-
ampere scale ‘with 4.0 on the Pounds-
NaOH-per-Hour scale, extending the
line to the Current Efficiency scale and
read 97 percent current efficiency. Then
connect 97 on the Current-Efficiency
scale with 3.2 on the Voltage scale, the
intersection on the Power-Efficiency
scale being 70 percent, which corres-
sponds to 1 kw-hr. per pound of NaOH,
as found on the scale adjacent to the
scale. The percent
voltage efficiency is found on the scale
adjacent to the Voltage scale, and for
a voltage drop of 3.2 it is found to be
70 percent.

To find the equivalent for 4.0 Ib.
of caustic per hour, a vertical line is
drawn through the 4.0 on the NaOH
top horizontal scale of Fig. 2 and ex-
tended to intersect the lower horizontal
scales. Reading the various scales we
find that when 4.0 lb. of NaOH is
made per hour, there is also 3.55 Ib.
of chlorine and 0.1004 1b. of hydrogen
made per hour, and that 5.85 Ib.
of NaCl is decomposed per hour.

Nomograph for Equivalent
Diameters of Annuli

D. S. DAVIS, Chemical Engineering Dept.
Wayne University, Detroit, Mich. ]
T HE Dittus-Boelter equation [Univ.
Calif. Pub. Eng., 2, 443 (1930);
McAdams, “Heat Transmission”, p. 169
(1933) and “Elements of Chemical

Engineering”, p. 134, New York, Mec-
Graw-Hill Book Co.]:

5 'k (Dup\t c_#)o.-n
h—0.0225D( = ) (k

is used in estimating the film coefficient
of the fluid flowing in the annular space
between standard iron pipes although
it was originally developed to cover
turbulent flow inside clean, round pipes
where D is the inner diameter of the
pipe in feet. For annuli, D is replaced
by the equivalent diameter as given by
the expression,

D% — D

12 D,
where D, is the outer diameter of the
inner pipe and D, is the inner diameter
of the outer pipe, both in inches.

While actual diameters must be used
in the latter equation the accompany-
ing nomograph permits convenient cal-
culation of the equivalent diameter in
terms of the nominal pipe sizes. The
use of the chart is illustrated as fol-
lows: What is the equivalent diameter
of the annulus between 33-in. and 5-in.
standard iron pipes? Connect 5 on the
D. scale with 33 on the D, scale and
read the equivalent diameter as 0.197
ft. on the D scale.

D =

Nomograph giving equivalent diameters for
annular spaces between concentric pipes
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Machinery, Materials and Products

Blackout Blinds

New  industrial blackout blinds,
manufactured of heavy crepe fiber, have
been announced by Clopay, 1207 Clopay
Square, Cincinnati, Ohio. These blinds,
claimed to be completely lightproof,
are said to be available at one-seventh
the cost of opaque cloth. They are of
the cord type, raising and lowering
readily, when the control cords are
pulled. A practical method of over-
lapping is employed, which makes the
blinds adaptable to windows of any
size or number. A flameproofing proc-
ess makes them incapable of supporting
combustion.  The same crepe fiber
material is available for outside instal-
lation on skylights and for effectively
blacking out sawtooth buildings with-
out the usual reflections resulting from
most methods.

According to the manufacturer, the
original installation cost of such blinds
is about the same as paint which, of
course, becomes ineffective when the
glass is broken.

Coal-Fired Heater

To ENABLE industrial concerns to
comply with government requests for
conversion from oil to coal for heat-
ing purposes, the Dravo Corp., Pitts-
burgh, Pa., has designed a new direct-
fired coal-burning unit heater made in
eight sizes from 750,000 to 4,000,000
B.t.u. output per hour.

As in the case with other direct-
fired heaters made by this company,

Fiber blackout blinds

T

o
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the unit is entirely self-contained, hay:
ing its own combustion chamber, and
distributing warm air either directly
from outlet vents into the area to be
heated, or when partitions or obstrue-
tions make it necessary, through a
simple duct system.  An  underfeed
stoker for either bituminous or anthra
cite coal is available in both hopper
and bin-feed types. The unit is also
obtainable for hand-firing. A cor-
rugated combustion chamber is em-
ployed, having fins and deflectors which
make possible heat transfer to a mov-
ing air stream at about the same rate
per square foot of surface as is ob-
tained in a boiler, according to the
manufacturers.

The new unit may be installed dur-
ing plant construction and used for
temporary heat, after which it is re-
tained as a permanent system. Owing
to the simple method of warm air dis-
tribution, and to the construction of
the unit itself, a 40-50 percent saving
in steel as compared with a boiler
plant is affected, according to the
manufacturer.

Plastic Window

DEvELOPED by the Plastics Division
of Monsanto Chemical Co., Springfield,
Mass., a new transparent plastic, lami-
nated with wire mesh, is available for
use instead of glass in the windows
of military establishments and indus-
trial plants situated in potential air
raid zones. This material, developed
by the company in cooperation with
the U. 8. Navy, is claimed to with-
stand the explosion of a 150-1b. bomb
§ ft. away and to withstand a 28-in
racuum  without appreciable damage.
Although a }-1b. ball dropped from a
height of 20 in. smashes ordinary glass,
a 2-1b. ball dropped from 42 in. is
necessary to penetrate a pane of the
new material. -

Hydraulic pipe bender

PROCESS
EQUIPMENT

This pane consists of standard 16-
mesh wire screening sandwiched be-
tween two sheets of Vuelite, this com-
pany’s transparent cellulose acetate
sheeting originally produced for fluo-
rescent lighting fixtures. The material
is as clear and transparent as a
screened window of glass, and can
easily be installed in any conventional
multi-paned steel or wood sash. Eight
standard panel sizes are available.
Standard panels are drawn with a -
in, flange which can easily be stapled
to a wood sash, then puttied to form a
weather-tight permanent installation.

Pipe Bender

BeEnps up to 180 deg. in iron and
steel pipe, as well as in solid bars of
mild steel from § to 2 in., can readily
be made without heating or filling by
means of a new portable hydraulic pipe
bender introduced by Tal’s Prestal Ben-
der, Inc., Milwaukee, Wis. The ma-
chine comes equipped with seven dif-
ferent sizes of formers, the total weigh-
ing 158 1b. The machine alone, with
the 2 in. former shown in operation
in the accompanying view, weighs but
98 1b. The machine consists of a pipe
holder frame, hydraulic jack, and a
former attached to the plunger of the
jack. Three minutes or less-is required
to produce bends in any size of pipe up
to the capacity of the machine, accord-
ing to the manufacturer.

High Pressure Meter

ULTRA MIGH-PRESSURE flow measure-
ment is possible, according to the
Cochrane Corp., 17th St. and Alle-
gheny Ave., with a new high-pressure
flowmeter manometer of the ring bal-
ance type which has recently been in-
troduced. . A manometer of this type
requires no stufling box, float or pres-
sure-tight bearing. A stainless steel
ring, 15 in. in diameter, balanced on
a knife edge, contains mercury as the
manometer fluid. The ring is parti-
tioned at the top, connections being
made to the two sides by nickel torsion
tubes, located at the center of rota-
tion. The ring tilts 10 deg. for the
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full differential which may be between
4 and 9 in. of mercury, depending on
the cam weight supplied. As in other
ring balance meters of this company’s
design, a cam and weight arrangement
i3 provided to extract the square root
relationship so as to express the flow
directly in uniform increments on a
36-in. indicating seale and/or 12-in.
cireular chart.

Such meters are tested under 7,500
Ib. per sq.in. pressure and are being
employed in several synthetic ammo-
nia plants at pressures above 5,000
1b. per sq.in.

Industrial Wood Fence

To compLy with steel restrictions in
fencing, the Rock Island Sash & Door
Works, Rock Island, Ill., is manufac-
turing a new industrial wooden fence,
which weighs 20.4 1b. per lin.ft., per-
mitting the shipment of 2,000 lin.ft.
per car. According to the manufac-
turer, this fence has the approval of
the Army Engineering Corps and has
been given a thorough tryout.

Pneumatic Transmitter

A NEWLY DEVELOPED pneumatic de-
vice for the transmission of differen-
tial pressures to a remote indicating
or recording instrument is heing
offered by Moore Products Co., H and
Lycoming Sts., Philadelphia, Pa. This
device measures and amplifies small
differential pressures, producing an
output pressure proportional to the
differential which can be transmitted
over a considerable distance to a re-
ceiving meter calibrated in the units
measured.  The new transmitter is
said to give true linearity of response
and a constant ratio of amplification,
the latter being varied to suit the
specific requirements and depending
only on the fixed ratio of areas of a
high-pressure and low-pressure bel-
lows. No levers or sliding elements
are used. A separate pilot is provided
where a long transmission distance is
required.

The instrument consists of a cham-
ber in which is a bronze or stainless
steel bellows, the low pressure tap
connecting to the space outside the
bellows, with the high pressure tap
connecting inside. Air from a filtered
and regulated supply enters the inside
of a small diameter bellows concentric
with the larger one. This air bleeds
from an exhaust nozzle at a rate con-
trolled by the balance point achieved
by the large bellows under the existing
differential pressure. The regulated
pressure within the small bellows is
then transmitted by tubing to the in-
dicating instrument.

This method is described by the
manufacturer as the pneumatic equi-
valent of the electric null system in
that it is independent of bellows cha-
racteristics. The system can readily
be checked for zero point and can be
supplied with liquid seals if necessary.
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Differential pressure transmitter

It is suitable for transmission of in-
(ications in connection with liquid
level, interface level, flow in pipes,
ratio flow control, specific gravity, tem-
perature compensation of specific gra-
vity, or temperature measurement.

Plastic-Mesh Fabric

TEN-MESH FABRIC, the openings of
which are filled with a transparent
plastie, is available under the name of-
Ceco safety cloth from Colloid Equip-
ment Co., 50 Church St., New York,
N. Y. This material, which is non-
shattering in the event of bombing,
may be used instead of window glass,
or may be applied inside, over the regu-
lar window glass, to minimize the
shattering effect of a nearby explosion.
The safety cloth is said to transmit 89
percent of the light of 4,000 angstrom
units range and 76 percent of the ultra-
violet light of 3,600 angstrom units
range. It is weatherproof, flexible and
easy to handle. It can be cut with
scissors and tacked up on a wooden:
sash, using unskilled labor. For use
over steel sash, the material may be
set up in special frames or secured by
metal strips screwegl into holes drilled
in the sash. The cloth comes in rolls of
300 ft., 28 in. wide.

Inclosed Motor

Cowr-CoorLep is the name of the

latest fan-cooled motor developed by’

Crocker-Wheeler Electric Mfg. Co.,
Ampere, N. J. The motor is totally
inclosed, and especially adapted for
use in dusty locations. As appears
from the accompanying illustration,
the frame carries a number of heavy
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External-cooled inclosed motor

ribs parallel to the shaft. At the right
hand side, a cowl ring covering the
fan wheel will be observed. Air is
drawn into the fan at the center of the
cowl ring and then blown over the
external ribs. There are no internal
passages for cooling air, and thus the
motor is claimed to be particularly
suitable for service in destructive
fumes, abrasive dusts, oil or dirt.
This motor is built with either sleeve
or ball bearings, in the same frame
sizes used for open motors of corre-
sponding  horsepower ratings and
speeds, and in sizes up to 20 hp.

Blackout Light Control

SWITCHING EQUIPMENT intended to
provide low intensity light during
blackouts has recently been made avail-
able by Automatic Switch Co., 41 East
11th St., New York, N. Y. In many
applications it is desirable to provide
low intensity light for essential move-
went with safety, whenever the main
lighting is turned off during a black-
out. The new equipment consists of a
switching arrangement having two sets
of contacts so arranged that, being op-
erated by the same mechanism, when
the contacts for normal lighting are
closed, the special blackout lights are
disconnected, whereas when the normal
lighting contacts are disconnected, the
blackout lights go into operation. The
unit can be controlled either manually,
or remotely from one or more push-
button stations. Customarily a second
source of power should be provided for
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the blackout light, for control and
communications. Automatic transfer
switches should be provided to insure
continuity of operation from either
available source.

Standard Bearing Covers

WITH THE APPROVAL of all leading
manufacturers of ball and roller bear-
ings, R-S Products Corp., 4530 Ger-
mantown Ave., Philadelphia, Pa., has
commenced the marketing of a line of
standard , covers designed to form a
dust- and grease-tight closure to the
bearing housing. These covers, avail-
able in a complete range of types and
sizes, are low in cost and are said to
simplify materially the problems of
the designer and draftsman and to
eliminate the costs of patterns, fixtures,
gqages, ete.

Fast-Stabilizing Control

Hyper-RESET is the name of a new
control funetion which is now available
in the newly designed Model 30 Stabi-
log controller, manufactured by The
Foxboro Co., Foxboro, Mass. In tests
of instruments in which this function
was incorporated, it is claimed that
process stabilization following an up-
set was reestablished in one-quarter
of the time, and with only one-half of
the upset effect, as compared with a

Model 30 Stabilog
with Hyper-Reset
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similar controller having only the
usual reset. Hyper-Reset is said to
reduce the effect of a process disturb-
ance by making initial temporary ad-
ditional corrections which are propor-
tional to the rate of change of the
measured variable caused by the dis-
turbance. The normal reset follows,
establishing stabilization.  However,
the several control functions carried
out by the device are simultaneously
and automatically adjusted. No tun-
ing-in is necessary, and no more than
two process adjustments are required,
proportional and Hyper-Reset.

Check Valve

IMPROVEMENTS in a new line of check
valves have been announced by the
Williams Gauge Co., 2018 Pennsylvania
Ave., Pittsburgh, Pa. These valves are
available in a wide variety of metals
and sizes. Designated as the Williams-
Hager Flanged Silent Check Valve, their
rated pressures range from 150 to 2,500
1b., their sizes from 1 to 20 in. Sim-
ple, compact and rugged design has
been employed. Only two parts are
subject to wear, the valve disk and
the seat, hoth of which are easily re-
movable and renewable, reseating ‘be-
ing possible without special tools. As
appears from the accompanying illus-
tration, the spring ring is built as an
integral part of the body.

According to the manufacturer,
these valves are particularly suited
for use in water service, oil refining,
chemical manufacture and other non-
return flow lines. In general, they
can be used in all pump lines hand-
ling water, oil, gas, certain acids, al-
kalis, and other liquids.

. Motor for magnesium-
dust locations

Flat-disk check valve

Axial Flow Fan

A RECENT ANNOUNCEMENT of the
B. F. Sturtevant Co., Hyde Park, Bos-
ton, 'Mass,, describes the company’s
new Vietory Axiflo fan which is
claimed to offer features in perform-
ance, quietness of operation, saving of
weight, space and power, which have
never before been approached in fans
of the axial flow type. The fan is not
yet available for industrial use, since
the entire production at present is
required by the U. S. Navy for use in
heating, ventilating and mechanical
draft service. :

The new fan is claimed to have an
exceptionally high mechanical efficiency
of 90 percent; and to be extremely
quiet in operation, as well as light in
weight and small in size. It weighs
only about 60 percent as much as other

fans for comparable service. Pressures

range from } to 6 in. w.g. in the motor-
driven type, with turbine-drive models
available for pressures as high as.(60
in. w.g. After the emergency, a wide
range of sizes will be available for
industrial use. vh

Several novel features characterize
the design of the new fan. A special
motor is supported in the center of
the duct section by a number of
“Streamvanes” which are welded to
the motor and the inside of the fan
housing, serving not only to cool the
motor, but also to straighten the air
flow from the rotor, reducing turbulence
and resistance in connected ducts. The
rotor itself is of a novel stream-lined
design, the blades being shaped in such
a fashion that the same amount of
work is performed at every radius,
thus giving great flexibility of volume
without change in pressure.

Magnesium-Dust Motor

SurraBLE for use under magnesium-
dust conditions, a new motor labelled
as acceptable for Class II, Group E
hazardous locations has been announced
by General Electric Co., Schenectady,
N. Y. These new polyphase induction
motors are made in sizes from 1 to
20 hp: and are intended particularly
for use in plants handling fine magne-
sium powders, as in the manufacture
of incendiary bombs. The motors are
tetally inclosed, with a non-ventilated
construction in the smaller ratings, and
a fan-cooled construction above 2 hp.
Dust-tightness is said to be achieved
without complications. The motors
feature non-sparking bronze external
fans; relatively straight and smooth
external ventilating passages in - the
fan-cooled motors; permanently sealed-
in leads; and a rotating labyrinth
seal at the shaft opening.

Equipment Briefs

A puiLr-IN chain reducer, with the
vutput shaft in exact alignment with
the input shaft, is now being offered
in combination with a variable speed
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transmission, in a special design man-
ufactured by the Reeves Pulley Co.,
Columbus, Ind. Output speeds may
either be increased or decreased, as
compared to the variable speed shaft
of the transmission. They are, of
course, infinitely variable within pre-
determined limits by turning the speed
control hand wheel. The chain drive
operates in a bath of oil.

For UsSE where electric operation
seems best fitted to the job, Clark True-
tractor Division of Clark Equipment
Co., Battle Creek, Mich., is now pre-
pared to supply electric-powered fork
trucks, platform trucks and tractors.
Formerly this company manufactured
only gas-powered trucks. The new ma-
chines lift from 2,000 to 7,000 1b. using
a hydraulic vane-type pump driven by
a special series-wound motor. The same
pump operates the tilting unit which
enables the operator to tilt the load
back 10 deg. in 5 second for safe rid-
ing, or tilt it forward 3 deg. in 1 sec-
ond for tiering. Four speeds in either
direction up to 6 m.p.h. under full
load are standard.

A USEFUL ACCESSORY for heavy weld-
ing is a new holding magnet or mag-
netic welding clamp now available
from Stearns Magnetic Mfg. Co., Mil-
waukee, Wis. The magnet is available
in various sizes. TFor example, one of
10 in. diameter, weighing about 70 Ib.,
exerts a pull of 2,000 1b. on § and
1 in. steel plates. Through use of such
a clamp it is said to be possible to
draw the plates to level alignment with
the edges brought flush against the
perfect surface of the magnet. By
tacking welds to the plates on either
side of the magnet, the welder is able
to maintain alignment readily and
achieve quick results.

Two NEW PIECES of air raid equip-
ment are available from Specialties
Mig. Co., 35 Farrand St., Bloomfield,
N. J. One is a 20-gal. barrel pump
extinguisher mounted - on  wooden
wheels, with carrying handles to per-
mit its being carried upstairs by two
people. The barrel is provided with
a tight cover to prevent evaporation
and a stirrup pump with a 12-ft. length
of hose, An ax is included in the
assembly.  The other unit is a portable
sand barrel for the extinguishment of
incendiary bombs,  Like the pump
barrel, this consists of an open top
barrel of approximately 24 cu.ft. ca-
pacity, mounted on wheels and ‘equipped
with handles for carrying upstairs. A
long-handled shovel and an ax are part
of the assembly.

Packing Material

RESILIENT packing material made of
kraft paper stock, expanded into a
honeycomh pattern so as to resemble
expanded metal, has been introduced as
a shipping packing material by Re-
search Products Corp., Madison, Wis.
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The material is light, uniform and easy
to handle. The expansion process gives
it a third dimension, and hence re-
silience. As shown in the accompanying
view, it can be wrapped around double-
curved objects, such as the chimney
and bulb shown.

Motor-Operated Valve

For PrOCESS WORK where close regu-
lation is required in the handling of
steam, water, oil or gas, Barber-Col-
man Co., Rockford, Ill., has introduced
the new Microvalve, a motor-operated
valve with a proportioning type opera-
tor. The valve operator consists of one
of this company’s Microtrols, with the
addition of an eccentric cam which
operates the valve plunger. Valves are
built in single-seat V-ported, double-
seat V-ported, and double-seat, three-
way designs. S

Impact Crusher

A NEW CRUSHER designed to operate
almost entirely by impact, with a
minimum of attrition and abrasion,
has been introduced under the name
of Reversible Impactor by the Penn-
sylvania - Crusher Co., Liberty Trust
Bldg., Philadelphia, Pa. According to
the manufacturer, such a mill causes
a particle rupture much like that pro-
duced by an internal explosion, nor-
mally giving a different particle shape
than is obtained by plain, slow com-
pression breaking. It is claimed to
minimize over-grinding and to permit
high reduction ratios.

The new mill consists of a rotor
carrying swing hammers, on either
side of which are arranged a group of
heavy anvils against which the feed is
batted by the hammers. The mill has
no cage and thus material cannot he
held in the mill and subjected to attri-
tion. The larger pieces rebound into

Kraft paper packing material
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the beater circle and are repeatedly
thrown against the anvils. Fines are
removed from the mill by an air
stream, and for best results the mill
should be operated in closed circuit.
The novel feature of this design is
the use of two groups of anvils, one
arranged on either side of the ma-
chine. TFeed enters at the center over
the rotor and the direction of rotation
determines which group of anvils is
active. A reversing switch is provided
so that the direction of rotation can
be selected and -either set of anvils
used, in effect, giving two mills in one.
Handwheels are provided at either
side for quick adjustment of the anvils.

Automatic Scale

SEVERAL interesting features are ob-
tainable in a new automatic weighing
scale designed for rapid and accurate
handling of coal and other free-flow-
ing bulk materials, and manufactured
by Beaumont Birch Co., Philadelphia,
Pa. Material is conveyed from the
feed hopper to a weighing hopper by
means of a vibrating metal feeder deck
which eliminates all rubber belts, pul-
leys and other rotating mechanisms.
The scale is totally inclosed in a dust-
tight, welded steel case, and is built
in three standard sizes for handling
quantities ranging from 1 to 30 tons
per hour. On special order, larger
sizes having weighing capacities up to
60 tons per hour can be furnished.

Electric-operated
control valve
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