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I N T E R P R E T A T I O N  ^  This report serves to bring chem ical engineers up to date on
the progress that has been m ade in recent years in the field of 
construction materials. The significant new  developm ents 
and trends are summarized in the article commencing on this 
page. Properties of the ferrous and non-ferrous alloys are 
presented on the accom panying large w all chart. For each  
material is given the manufacturer's name and address, 
physical and m echanical properties, and resistance to corro
sion of several of the most commonly encountered chem icals. 
Comparative prices of stainless steels, an important factor in 
the selection of a  material, are included in this report for refer
ence purposes. Non-metallic materials are grouped accord
ing to type; each is accom panied by such important informa
tion as manufacturer's nam e and address, physical and 
mechanical properties, and in som e cases by corrosion 
resistance data.

New
Developments 
and Trends

JAMES A. LEE, M anaging Editor 

Chemical & M etallurgical Engineering

Pr e p a r a t io n s  fo r national de
fense are going to subject m a
terials fo r the construction of 

chemical engineering equipm ent to 
the most severe test they have ever 
been called upon to meet. As this 
is being w ritten  government officials 
and their industria l advisors are 
working a t a feverish p itch m ak
ing p lans and signing contracts. The 
big “push” is in its form ative stage. 
Shortly the results o f this g reat 
drive will begin to appear in the 
form  o f increasing industrial activ
ity ; new m anufacturing p lants will 
be built, existing ones will be forced 
to the lim it of their endurance to 
produce more and more, pressures 
will be increased, tem peratures 
raised, shut-downs fo r  cleaning, in
spection and rep a ir  will be reduced, 
“capacities” will be exceeded. P lan t 
and equipment will be operated fa r  
beyond what was thought p ractical

or even possible in norm al times.
Can the m aterials of which the 

equipm ent is constructed stand the 
stra in?  One th ing is certain, this 
severe service is going to require 
the best th a t is available. There 
will be no tim e fo r  frequen t replace
m ent of the more readily corroded 
materials. M aterials tha t were once 
considered economical to use because 
of their com paratively low in itial 
cost will no longer be tolerated. 
Shut-downs fo r  replacem ent will be 
too costly. The best available will 
be the most economical and will be 
demanded.

F a r  g rea ter pressure on produc
tive activity  will be experienced dur
ing  the next few years than was 
ever reached during the last W orld 
W ar. Everything will be done on 
a g rea ter scale. M aterials of con
struction th a t were adequate in  1917 
and 1918 would not be able to stand

the demands of 1940 service condi
tions, but unbelievable progress has 
been made in the 22 years. The 
whole field of m aterials o f construc
tion has passed through a transition, 
the significance of which most engi
neers have failed to appreciate. Not 
only have such long established ma
terials as east iron and steel been 
subjected to changes by the addi
tion of other elements, but the re 
nowned stainless steels were almost 
unheard of during the last crisis.

Even a few  years ago, the most 
visionary chemical engineer could 
not have foreseen tha t such m ate
rials as carbon, glass, silver and 
synthetic resins would be used so ex- 
tensively fo r the construction of 
large-scale equipment. The synthetic 
rubber and rubber-like m aterials were 
still laboratory  curiosities. A nd 
great progress has been made in im
proving the characteristics of chemi-
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O perating under partial vacuum , these  
direct-iired, w eld ed  Inconel kettles 
process a  high grade of lin seed  oil

TRENDS AMONG 18-8 ALLOYS

E ver since the 18 per cent chrom
ium-8 per cent nickel alloy contain
ing molybdenum first became avail
able it  has been in  demand due to the 
added corrosion resistance conferred 
by the molybdenum. D uring the past 
two years the demand fo r this m ate
ria l has greatly  increased. Since this 
alloy is susceptible to in tergranular 
corrosion when exposed to a  certain 
tem perature range, industry  has de
manded th a t it be made immune to 
in te rg ranu lar corrosion. This re
quirem ent has been met in the 
straigh t 18-8 alloys, as is well known, 
by the addition of columbium or 
titanium . However, it was only re
cently th a t additions of columbium 
were successfully made to the molyb
denum bearing chromium-nickel al
loys. These columbium bearing 
alloys are now available where the 
ehrome-nickel-molybdenum types are 
necessary and must be free of any 
susceptibility to in te rg ranu lar cor
rosion.

eal stoneware, glass linings, cements, 
refractories, natural rubber, and 
other long established materials.

Volumes m ight be w ritten about 
the evolution through which m ate
rials fo r the construction of chem
ical engineering equipm ent has been 
passing but it would be dull read
ing and of little practical value. 
The chemical engineer is more in te r
ested in the m aterials tha t are at 
p resent available and so we will con
fine our attention  to a discussion of 
the present trends and new develop
ments in the field of materials.

Cast iron has long been a standard  
m aterial but the cast iron of today 
is not the cast iron of five or even 
three years ago, fo r the m etallurgist 
has given it new and im portan t char
acteristics by alloying it w ith nickel, 
chromium, molybdenum, copper and 
other metals. As a result of this 
modification several of the irons are 
sa tisfactory  fo r  use in corrosive 
media and a t higher tem peratures 
than heretofore. A small am ount of 
chromium and nickel stabilize the 
structure of east iron and then in
crease its toughness, strength  and 
abrasion resistance. Larger amounts 
o f these alloying m aterials render 
the iron tru ly  resistan t to attack of 
m any chemicals.

The uses of austenitic chromium- 
nickel steels which are cold worked to 
greatly  increase their tensile p roper
ties fo r high strength, light weight 
applications are broadening rapidly. 
A low-tem perature heat treatm ent 
below 600 dcg. F . (normally prac
ticed between 350-600 deg. F .)  has 
been found m aterially to improve the 
elastic properties of the steel.

There is a trend toward raising the 
manganese in all types of austenitic 
steels to improve the hot ductility 
which is im portant in welding opera
tions. Most of the specifications 
covering austenitic steels have been 
rew ritten recently to allow 21 per 
cent (maximum) manganese. This 
compares with an old maximum of 
0.7 per cent. The increased amount 
of manganese has no detrimental 
effect on corrosion resistance, in fact 
it slightly improves the corrosion re-

requires alloy castings of the 24 per 
cent chromium-12 j)er cent nickel 
type fo r high tem perature app lica
tions such as tube supports. The 
specifications fo r this m aterial are 
unusually severe since they demand 
a m aterial which has a high creep 
strength at tem peratures as high as 
1,800 deg. F . and good ductility a fte r 
operating within a tem perature 
range which normally tends to dras
tically reduce ductility. The indus
try  has been aided in meeting these 
requirem ents by the addition of m an
ganese in amounts of between 4 and 
4J per cent. I t  has also been shown 
that these conditions can be more 
easily met if  p a rt of the carbon is 
replaced by an equivalent am ount of 
nitrogen.

w p o r ts  tha t columbium im- 
the creep strength  of the 4 to 

cent chromium steels have now 
been confirmed. This is of enormoussistanee with no significant chang^.u- 

physicial properties. importance to the petroleum refiner-
The petroleum refinuig.-^iwlr^lYV.» \Swes fo r they are large users of this
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metal in the form  of tubes and a t 
high tem peratures.

A development of more than pass
ing  in terest is the approval and set
ting up  o f specifications covering 
certain  grades of stainless steels fo r 
the construction of unfired pressure 
vessels by the boiler code committee 
of the A.S.M .E. The steels specified 
are types (Iro n  and Steel Institu te  
num bers) 304, 316. 317. 321, 347. 
Their chemical composition may be 
found on page 603-604.

In  recent months stainless-olad 
steel made by a new method was 
made general available. The P lu ra- 
m elt process of the Allegheny Lud- 
lum Steel Corp. produces single in
gots o f two or more compositions, 
integrally  bonded together. These 
clad m aterials m ay be used to ad
vantage fo r certain  types of rela
tively heavy-wall equipm ent where 
solid stainless steel is not necessary 
or the cost would be prohibitive. 
Also fo r m any applications where 
the slight contam ination obtained 
from  ord inary  carbon steel is objec
tionable. A ny of the corrosion-re
sistan t steels are available on a plain 
steel base.

Developed originally fo r  the fab ri
cation of thin stainless steel fo r 
railroad cars and airplanes, the 
“ Shetweld” process has recently been 
applied  to the production of light
weight, high-strength stainless steel 
processing equipment. Because of 
the short time during which the weld 
area is in the dangerous tem perature 
range, “shot” welded equipm ent ordi
narily  does not require subsequent 
heat treatm ent to m aintain a satis
factory  corrosion resistance. A pp li
cations include centrifugal baskets, 
m aterials handling containers, ducts, 
fum e hoods, lids, kettles, tanks in 
wide variety, and rayon machinery.

NON-FERROUS METALS AND ALLOYS

The nickel alloys have been keep
ing up with the progress being made 
among m aterials in general. Ineonel, 
Z nickel and K  Monel have come into 
production in a greater varie ty  of 
shapes. K  Monel, a high-strength 
heat treatable alloy, is now available 
in the form  of seamless tubing. I t  
is useful in such applications as 
pum p shafts, and valve disks and 
stems fo r high-tem perature steam 
lines. A nother use recently developed 
is fo r  corrosion-resisting ball, roller 
and other types of bearings exposed 
to corrosive attack.

Z nickel is said to combine the 
corrosion resistance of nickel with 
the mechanical properties o f heat- 
treated steel | having a  strength  from  
24 to 4 times th a t of o rd inary  struc
tural carbon steel when heat treated.

Ill him and Iiastelloy  C can now 
be obtained in a variety  of rolled 
forms. A nd Iiastelloy  B is avail
able in commercial quantities. Monel 
has been added to the lis t of m ate
rials available in clad form. Monel- 
clad steel is being used fo r drying 
equipm ent in  sa lt refineries and fo r 
other purposes.

Methods fo r the attachm ent of 
sheet m etal to steel surfaces either 
p rio r to or following fabrication  of 
equipm ent are now being applied to 
the high nickel alloys. Considerable 
quantities are being used in petro
leum refineries. The application of 
corrosion resistan t sheet m etal cov
erings on rolls, originally developed 
fo r paper machines, has been ex
tended to covers o f rolls fo r  the 
chemical industry, such as flaker and 
dryer rolls.

The 70 per cent copper—30 per 
cent nickel (eupro nickel) condenser 
tubes used so extensivelv in marine

service are now being applied in the 
chemical industry  to take care of 
abnorm ally severe conditions on 
either the cooling medium or vapor 
side.

There has been a useful addition 
to the N i-Resist fam ily in the form  
of 30 p er cent nickel iron which be
cause of its relatively low expansion 
is used in process industry  equipment 
which is subjected to therm al shock 
associated with rap id  changes of 
tem perature.

Nickel castings are being made 
which have improved gall resisting 
characteristics. They are being used 
in pum ps and other equpim ent where 
it is necessary fo r moving p a rts  to 
run  in close contact, fo r example 
stuffing boxes in autoclaves. There 
is also increasing use of S Monel 
eastings where resistance to galling 
is im portant.

The American Silver P roducers’ 
Research P ro jec t has concentrated on 
the development of a pore-free silver 
plate shipping container. I t  is said 
tha t deposits of 0.001 in. thick on 
deep draw ing steel are readily 
obtainable.

New possibilities in the use of 
light-weight m aterials fo r  m any p u r
poses have been opened by recently 
developed methods fo r  the p la ting  of 
aluminum sheets with nickel and with 
nickel and chromium. This develop
ment makes it possible to utilize the 
mechanical p roperties and light 
weight o f aluminum and widens the 
range o f corrosive conditions where 
aluminum can be used in the chem
ical industries.

A nother development tha t is ju s t 
now completed is the hot d ipp ing  of 
steel sheets in molten aluminum to 
give a coated sheet. I t  should offer 
the strength of the base steel with the 
corrosion resistance of the aluminum.

O ver 12 m iles of hard rubber p ipe and  
fillings in a  rayon plant

Acid-proof brick (laid  in acid-proof 
cement) tank for chromium plating



A 2,000-gal. g lass-lined  s le e l lank for high-pressure operation. Note 
large  number of openings in the top h ea d  once thought im possible

W hen long life in hard  service and 
absolute p u rity  of product are re 
quired, noble-metal clad m aterial is 
now available in a variety  of form s 
(rod, wire, seamless tubing, sheet, 
etc.) and chemical equipm ent is now 
being fabricated  from  these forms.

Seamless composite tubing up to 
11 in. p ipe  size and sheet up to 4 ft. 
x  8 ft. are available; the noble 
m etal layer may be any thickness 
down to 0.002 in. F o r larger pipes 
and vessels liners of noble metal are 
inserted ; the liners m ay be attached 
by soldering or welding, or may 
sim ply be inserted as a separate 
liner. The coatings m ay be platinum , 
iridio-platinum , palladium , gold, 
gold-platinum  alloys, etc., and the 
base metals may be copper, brass, 
nickel and nickel alloys, steel, etc. 
The original cost of such noble clad 
m aterials is na tu ra lly  somewhat 
higher than base m etal but the high, 
readily-realizable scrap value makes 
them  a rea l commercial proposition.

U p to the present time much of 
th is clad m aterial is finding use in 
heat exchangers and sim ilar equip
m ent; also fo r  valves, frangible 
disks, therm om eter wells, electrodes, 
autoclaves. W here special pu rity  is 
needed in certain fine chemicals and 
pharm aceuticals p latinum  clad ves
sels have been found essential.

CHEMICAL STONEWARE AND  
PORCELAIN

The steady im provem ent in the 
long-established equipm ent materials, 
while less spectacular, is no less im
p o rtan t to the chemical industries. 
S tonew are has m any points in its 
fav o r in comparison with other 
equipm ent materials, and it is almost 
invariably much less expensive. The 
common practice in such cases is to 
use stoneware up to the lim it o f size 
th a t is available. I t  seems probable 
that 1.600 gallons is close to the

practicable lim it of size fo r stone
ware vessels as m anufacturing diffi
culties increase enormously w ith in
creased dimensions. However, in 
regular production the lim it is prob
ably between 800 and 1,000 gallons 
depending on the shape and the 
purpose fo r which it is to be used.

The advantage of stoneware as an 
equipment m aterial may often be 
extended to larger units by using it 
in the form  of a protective lining 
fo r shapes bu ilt of concrete, brick, 
metal or other base.

In  recent years much greater ac
curacy is possible in  making stone
ware equipment. The m anufacturer 
is able not only to m aintain dimen
sions within a tolerance of ±  2 per 
cent but by fa r  the greater p a r t of 
his products is kep t w ithin much 
closer limits. This uniform ity makes 
possible the fabrication of extremely 
complicated shapes tha t were here
tofore impracticable and also the 
grinding and polishing of the fin
ished ware to a precision comparable 
with that obtainable with metals.

The most noteworthy achievement 
in the field of chemical stoneware has 
been the development of new ceramic 
bodies to meet the increasingly severe 
operating conditions that the chem
ical engineering progress has de
manded. W are made from  cordierite 
has a therm al expansion much below 
that of the average grade of chemi
cal stoneware and consequently will 
w ithstand therm al abuse tha t would 
be impossible w ith the regular p ro 
duct. This ware has the fu rth e r ad
vantage tha t the absorption is p rac
tically nil, it is much stronger than 
the regular product and has excellent 
resistance to caustic solutions.

Stoneware containing a large 
am ount of silicon carbide is now 
available with much higher therm al 

conductivity, and with an absorption 
comparable with tha t of the regular

grade of stoneware. I t  can be glazed 
either the conventional brown color 
or white and a method has been de
veloped fo r  grinding it. This new 
ware is about four times as strong as 
form er products and will w ithstand 
almost any kind of therm al abuse 
between atmospheric tem perature 
and about 400 deg. C.

A development of the last two 
years is a line of chemical porcelain 
ware which is now available in num
erous types and sizes o f p lan t equip
ment such as pipe, fittings, valves, 
ja rs, kettles, pots, filters and tower 
packings. Described as a true hard  
porcelain, the body employed is o f 
extremely high mechanical strength  
and zero absorption. Being un
affected by all acids except hydro
fluoric, and resistant to alkalis, the 
new ware is being advanced by the 
m anufacturer fo r a wide variety of 
severe applications.

GLASS AND GLASS-LININGS

In  the process industries glass was 
once limited to iise in the laboratory, 
but within recent years although it 
may not be fully realized, glass lias 
become employed to a very consider
able extent as a chemical engineering 
material. This is in p a r t due to the 
improved technique of m anufacture 
which makes possible shapes and 
weights of single pieces previously 
considered impossible.

I t  is only in recent years th a t stills, 
absorbers and columns, valves, 
pumps, industrial p ip ing  and fittings, 
heat exchangers, filter blankets and 
a variety  of other equipm ent made 
of glass have been available fo r  
p lan t service. Glass is perhaps most 
widely used in the form  of p ip ing  
which is available in 1, 1£, 2, 3, and 
4 in. inside diameters, and in lengths 
of up  to 10 ft. Jo in ts are easily 
assembled and of rugged construc
tion. The assembled p ip ing  is suitable 
fo r 100 lb. per sq. in. maximum 
working pressure in the sizes up  to
3 in. and 75 lb. p e r sq. in. fo r the
4 in. size.

An entirely new method of glass 
m anufacture yielding products which 
can be heated to cherry red and then 
plunged into ice w ater w ithout 
breaking was announced a year ago. 
Since then considerable progress has 
been made with this new ultra-low  
expansion glass, Vyeor, and a limited 
supply  of laboratory ware is now 
available. The outstanding signifi
cance of this glass is tha t it offers in 
an economical price range a m ate
rial sim ilar to fuzed quartz. I ts  
therm al expansion per degree centi
grade is 0.080 x lO '5 and the soften-
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ing tem perature is about 2,750 deg. F.
A nother recent development is 

glass fiber fo r use in filtering liquids 
and gases or as therm al insulation. 
Density of packing determines heat 
transm ission.

Glass-lined steel equipm ent for 
use in the chemical process indus
tries has made definite progress in 
development during the p ast year, 
particu larly  as regards a  substantial 
increase in the maximum unit size 
offered fo r servere acid conditions. 
Units of 2,000 gallon capacity  are 
now available as standard  equipment 
and even larger units have been 
fabricated according to special 
design.

This increase in size has been ac
complished by a broadened range of 
related w orking pressures, as p er
mitted by improved technique in fab 
ricating  and enameling where greater 
thickness of steel is concerned.

Y et another com paratively recent 
improvement is the adoption by at 
least one m anufacturer of a f a r  more 
drastic test specification than ever 
before, namely tha t glass enamel fo r 
severe acid service m ust pass a  20,000 
volt electric lest. As a result flaws of 
even microscopic proportions can be 
discerned and corrected. This re 
sults in a  g rea ter service life of 
equipment.

STRUCTURAL CARBON AND GRAPHITE

The use of structu ra l carbon and 
g raph ite  in  recent years lias sharp ly  
increased fo r a wide variety  of p ro 
cess industry  applications. Brick, 
blocks, tile and special shapes of 
carbon and graphite  are being used 
fo r complete towers, fo r lining of 
towers, vats, tanks and digesters, 
fo r atm ospheric condensers and elec
trosta tic precipitators. Tubes and 
p ipes find their applications in the 
handling of corrosive fluids and in 
the construction of heat exchangers 
ranging from  simple to complex.

M any carbon and graphite  articles 
are made impervious by special trea t
ments, which change their charac
teristics to some extent. The product 
known as K arbate has its porosity  
reduced to practically  zero and 
perm eability eliminated. I ts  strength 
is about double th a t of the base 
material. To date K arbates are not 
available in all sizes in which the 
base m aterials are made. However, 
to give some idea of available sizes, 
tower sections up to 24 in. 0 . D. 
can be produced. Large plates, tanks, 
etc., have been produced by cement
ing slabs together. Individual slabs 
run to 6 ft. in length. The widest 
application of K arbates is in p ipe

form . A complete line of p ipe and 
fittings from  k in. I. I), to 6 in. I. D. 
is available. Threaded or flanged 
connections are regularly  used. W ith  
a small am ount of practice, a m ainte
nance crew can cut, thread, and fit 
lines without undue breakage or 
difficulty.

RUBBER AND SYNTHETIC RUBBER

Since the last W orld W ar hard  
and soft rubber linings fo r indus
trial applications have been devel
oped to a po in t where they are being 
advantageously applied  to many 
types of process, storage and convey
ing systems. R ubber compounds 
capable of meeting more severe con
ditions of service have been made 
available to industry. A nd hard 
rubber equipm ent has found an ever 
increasing demand from  chemical 
engineers in the process industries.

The national emergency is focus
ing the attention  of the entire country- 
on the im portance of the synthetic 
rubber-like products. Pyroflex, neo
prene, Koroseal, Pliolite, Resistoflex 
Buna Ameripol and other such 
m aterials are all newcomers. To the 
chemical engineer these interesting 
products not only offer substitutes in 
the event tha t the United States is 
cut off from  the sources of supply of 
na tu ra l rubber, but also make avail
able m aterials with certain charac
teristics not possessed by any  other 
products.

F o r the most p a r t the synthetic 
rubbers are useful in  the chemical 
industries where the physical p ro p 
erties of rubber are desirable along 
with resistance to solvents, hydrocar
bons and other chemicals tha t attack 
natu ra l rubber. They are being used 
alone or compounded with rubber. 
A t present they find their widest 
application in the form  of molded 
articles, hose, hose linings and fabric 
coatings. Several of these new m ate
rials are being used fo r  lining tanks.

W hile the phenolic resins were 
developed in  1907 it  was not un til a 
few years ago th a t they were em
ployed fo r  the construction of equip
ment. Today they are used in the 
heavy chemical, p u lp  and p ap e r and 
other process industry  plants. I f  the 
story  could be told of bow extensively 
this type o f m aterial is being used it 
would surprise many engineers.

The molded resins are resistan t to 
solvents, acids, alkalis, and are tough, 
hard, and durable. The lam inated 
resins serve many purposes. They 
resist the attack  of most chemicals—■ 
acids, solvents and oils. They are 
unaffected by most organic acids and 
dilute m ineral acids.

Phenolic resinous equipment, H a- 
veg, is supplied in one piece molded 
construction in single units ranging 
in size from  a q uart d ipper to a 5,000 
gallon tank. The finished vessels have 
a compact, impervious, homogeneous 
structure with smooth jointless sur
faces. Large equipm ent is provided 
by assembling flanged units to p ro
vide practically  any size or shape of 
tank  required. O ther applications 
include: pipe, valves, absorbing and 
scrubbing towers, agitators and s tir
rers, crystallizing dishes, drying 
trays, evaporating and concentrating 
equipment, fum e duct, and fan  hous
ings, rolls, reels and textile dyeing 
equipment.

Several of the other new plastics 
are finding uses in the process indus
tries. F o r example, cellulose ni
tra te  is being used to shield under
ground p ipe lines against soil cor
rosion. A three-year test on a long 
line, in a soil known to be highly 
corrosive, proved very successful. 
Lucite is used in the fabrication  of 
pum ps and is said to be satisfactory 
fo r handling some chemicals.

Now th a t the vinyl resin fiber 
filter cloth has passed the experi
mental stage, its application to num
erous types of filtration is growing. 
Because of its aeid and alkali resist
ance the use of V inyon filter cloth in 
processes involving strong acid or 
alkali solutions eliminates the ex
pense of frequent replacem ents and 
the cost o f idle equipm ent while 
changing filter blankets. The syn
thetic resin filter fabrics are now 
being used in connection with dye- 
stuffs, bleaches, pigments, pharm a
ceuticals, concentrated caustics, phos
phoric acid and other chemicals tha t 
are often handled.

Synthetic resins are being used as 
protective coatings. The new an ti
corrosive pain ts are based, besides 
general durability, on m oisture and 
alkali resistance and the presence of 
inhibitors in the pigment.

A MASS ATTACK ON CORROSION

Supplem enting the efforts of the 
metal, stoneware, glass, rubber and 
other m aterials o f construction p ro 
ducers to develop new m aterials with 
improved mechanical properties and 
g rea ter corrosion resistance is an in 
vestigation of the subject of cor
rosion by numerous technical socie
ties, government bureaus, research 
laboratories of m aterial producers 
and other organizations. These bodies 
are m aking a  mass attack  on the 
fundam ental and practical aspects o f 
the causes and prevention of cor
rosion.
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So ntunerous have these efforts be
come tha t two years ago the Ameri
can Coordinating Committee on Cor
rosion was form ed to coordinate re
search activities in this extremely in
teresting field. I t  is patterned  afte r 
sim ilar organizations in England, 
Holland, Belgium and other countries 
abroad, and is sponsored by and com
posed of delegates of 20 or more or
ganizations interested in corrosion. 
The purposes of the Committee are : 
(1) To serve as a  clearing house and 
coordinating agency fo r inform ation 
0 11 experience and w ork in progress 
in this country in the field of cor
rosion and corrosion prevention; (2) 
To compile a  list of the names and 
addresses of all individuals in Am er
ica w orking in the field of corrosion, 
together with inform ation as to their 
special in terest (This directory has 
now been com pleted) ; (3) To serve 
as an agency fo r  the exchange of 
corrosion inform ation and experience 
w ith sim ilar foreign agencies such as

the Corrosion Committee of the B rit
ish Iron  and Steel Institu te, and (4) 
to serve as a  medium through which 
individual workers may make con
tact with other investigators here and 
abroad in specific fields of corrosion 
work.

The sp o n so rin g  organ iza tion s are : 
American Chemical Society  
American Electroplaters Society  
Am erican Foundrymen’s A ssociation  
American Gas A ssociation  
American In stitu te  of Chemical En

gineers
Am erican In stitu te  of E lectrical En

gineers
American In stitu te  of M ining and

M etallurgical Engineers
American Society of H eating and

V entilating Engineers
American Society of M echanical En

gineers
American Society of Refrigeration

Engineers 
American Society of M etals 
American Society for T esting Ma

terials
American W ater W orks Association  
B attelle  Memorial In stitu te  
Electrochem ical Society

M ellon In stitu te  of Industria l Re
search

N ational Bureau of Standards
N ational D istr ic t H eating A ssocia

tion
Society of A utom otive Engineers
Technical A ssociation of the Pulp  

and Paper Industry
In addition to these agencies that 

are actively engaged in corrosion in
vestigations, m any producers of ma
terials o f construction have exten
sive research laboratories which are 
engaged in  corrosion studies in an 
effort to improve the resistance of 
the companies’ products and to de
term ine their suitability  fo r various 
corrosive mediums.

M any of the p lan ts of the process 
industries are constantly engaged in 
research and development o f their 
own. The larger companies have 
staffs wTho devote their entire time to 
the consideration of the corrosion of 
equipment and to the application of 
the recently introduced m aterials that 
are offered to prevent attack from  
acids and other chemicals.

M E T A L S  A N D  A L L O Y S
Of all available m aterials of con

struction, the group composed of 
metals and alloys is by fa r  the most 
extensively used. M any of the physi
cal and chemical data and much trade 
inform ation which chemical engineers 
need to know about those corrosion, 
heat and abrasion resisting m aterials 
have been condensed fo r the large 
wall which has been folded and in 
serted under the fro n t cover of this 
issue of Chem  <£• Met .

PRICES OF STAINLESS STEELS

One of the determ ining factors in 
the selection of a m aterial from 
which to construct equipment fo r  use 
in the chemical industries is price. 
W hen several m aterials are of equal

suitability  from  all other considera
tions the engineer naturally  chooses 
the one that is obtainable at the low
est cost. F o r the purpose of assisting 
in the selection, the current prices of 
some of the stainless steels in wrought 
form  are given in the accompanying 
table. W hile these prices may change 
slightly from  time to time it is 
probable tha t their relation, one to 
another, will continue as at present. 
I t  is essential to keep in mind that 
these are base prices of the steels in 
the form  of plates, sheets, cold i-olled, 
strip , and so forth . And while the 
prices are comparable and therefore 
offer a useful guide, when selecting 
m aterials of construction other fac
tors enter into the delivered cost of

the alloy steel sheet, bar, wire, or 
other form. To the base price of the 
steel must be added extra charges 
that are due to such factors as quan
tity  of the m aterial ordered, the de
gree of surface finished specified 
and whether one or both sides are 
polished, width, length and thickness. 
I t is sometimes necessary to specify 
other requirem ents tha t add to the 
cost. Among those tha t should be 
mentioned a re : close tolerance, test
ing, packing, machining, perforation, 
cutting to size, and in  the case of 
bars, shape. W hile this list o f extras 
m ay appear to be long the average 
added cost fo r  extras rarely  prohibits 
the use of the steel fo r  the purpose 
in mind.

COMPARATIVE PRICES OF STAINLESS STEELS

Type
No.

Carbon Chrome Nickel O ther Elem ents
Bars 

Drawn Wire 
S tructurais

P la tes Sheets
Hot

Roiled
Strip

Cold
Rolled

Strip

Forging
Billets

301 .0 9 - . 20 16 .00-1S .00 7 .0 0 -  9 .00 M n. 1 .25  M a x ......................................... 24c 27c 34c 2Q lic 2 5 H e 20.40c
302 Over .0 S -. 20 17 .50-20 .00 S .00-10 .00 M n. 1 .25  M a x ......................................... 24c 27c 34c 2UŚC 2Sc 20.40c
302 B Over .OS 17 .50-20 .00 S .0 0 -10 .00 Si 2 .0 0 -3 .0 0  M n 1 .25  M a x ............... 24c 27c 34c 2 1 ^ c 28c 20.40c
303 .2 0  M ax. 1 7 .50-20 .00 S .0 0 -10 .00 S o r Se .07 M in  or M o .60 M ax___ 26c 29c 36c 27c 33c 22.10c
304 .OS M ax. IS .0 0-20 .00 S .00-10 .00 M n. 2 .00  M ax ......................................... 25c 29c 36c 23 H e 30c 21.25c
308 .OS M ax. 19 .00-22 .00 10 .00-12 .00 M n. 2 .0 0  M ax ......................................... 29c 34c 41c 28 H e 35c 24.65c
309 .20  M ax. 2 2 .00-26 .00 12 .00 -1 4 .0 0 36c 40c 47c 37c 47c 30.60c
3093 .OS M ax. 2 2 .0 0 -2 6 .0 0 12 .00-14 .00 40c 44c 51c 41c 51c 34.00c
310 .25  M ax. 2 4 .0 0 -2 6 .0 0 19 .00-21 .00 49c 52c 53c 4 8 K c 56c 41.65c
311 .25  M ax. 1 9 .00-21 .00 2 4 .0 0 -2 6 .0 0 49c 52c 53c 4 8 ^ c 56c 41.65c
312 .25  M ax. 2 7 .00-31 .00 8 .0 0 -1 0 .0 0 36c 40c 49c 30.60c
315 . 15 M ax. 17 .00-19 .00 7 .0 0 -  9 .5 0 C u . 1 .0 0 -1 .5 0  M o 1 .0 0 -1 .5 0 ........... 36c 42c 46c
316 . 10 M ax. 16 .00-1S .00 10 .00-14 .00 Mo 2 .0 0 -3 .0 0 ......................................... 40c 44c 4Sc 40c 4Sc 34.00c
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C O M P A R A T I V E  P R I C E S  O F  S T A I N L E S S  S T E E L S  ( C o n t i n u e d )
I

Type
No.

Carbon Chrom e Nickel O ther E lem ents
Bars 

Drawn W ire 
S tructu rais

P la tes S hee ts
Hot

Rolled
Strip

Cold
Rolled
Strip

Forging
Billets

317 .10  M ax. 1 8 .0 0 -2 0 .0 0 10 .00-14 .00 M o 3 .0 0 -4 .0 0 .......................................... 50c 54c 58c 50c 58c 42.50c
321 . 10 M ax. 1 7 .00-20 .00 7 .0 0 -1 0 .0 0 T i M in 4 x C ............................................... 29c 34c 41c 2 9H c 38c 24.65c
325 .2 5  M ax. 7 .0 0 -1 0 .0 0 1 9 .00-23 .00 C u 1 .0 0 -1 .5 0 ........................................... 26c 30c 37c 2 6 H c 34c 22.10c
327 .25  M ax. 2 5 .0 0 -3 0 .0 0 3 .0 0 -  5 .0 0 31c 36c 42c ZOHc 41c 26.35c
329 . 10 M ax. 2 5 .0 0 -3 0 .0 0 3 .0 0 -  5 .0 0 M o 1 .0 0 -1 .5 0 .......................................... 36c 40c 44c 36c 45c 30.60c
330 . 25 M ax. 1 4 .0 0 -1 6 .0 0 3 3 .0 0 -3 6 .0 0 49c 52c 53c 4 1 .65c
347 . 10 M ax. 1 7 .0 0 -2 0 .0 0 8 .0 0 -1 2 .0 0 C b lO xC...................................................... 33c 38c 45c 33c 42c 2S.05C

1 1 .50-13 .00 21 H e 24 H e 29 H e 2 lH c 27c 18.275c
1 1 .5 0 -1 3 .5 0 A1 .1 0 - .2 0 ................................................. 20c 23c 2Sc 1934c 25 H c 17 00c
12 0 0 -14 .00 A1 4 .0 0 -4 .5 0 ............................................ 23c 26c 31c 22% c 31c 19 55c
10 0 0 -14 .00 18H c 21 H e 2 6 H c 17c 22c

414 .1 5  M ax. 1 0 .00-14 .00 2 .0 0  M ax. 18H c 2 lH c 26H c 17c 22c 15.725c
416 . 15 M ax. 12 .0 0 -1 4 .0 0 S or Se .07 M in or M o .0 0  M a x .. . . 19c 22c 27c lSV^c 23 H e 16.15c

1 2 .00-14 .00 W 2 .5 0 -3 .5 0 ............................................
12 .0 0 -1 4 .0 0 24c 28M c 33 H e 2 3 ^ c 36 H c 20.40c

420F Over .15 1 2 .00-14 .00 S or Se .07 M in or M o .60  M ax— 24 M e
12 M ax. 1 4 .0 0 -IS .0 0 19c 22c 29c 17H c 22H c 16.15c

430F .12  M ax. 1 4 .0 0 -1 8 .0 0 S or Se .07 M in or M o .60  M ax .. . 19Mc 22H c 29 H e IS H c 24 H e 16.575c
431 . 15 M ax. 1 4 .00-18 .00 2 .0 0  M ax. 19c 22c 29c 17 H e 22 H e 16.15c

12 M ax. 16 .00-18 .00 W 2 .5 0 -3 .5 0 ............................................
439 .5 0 -.6 5 S .00 W  8 .0 0 ........................................................ Prices quoted  upon application

Over .12 1 4 .0 0 -IS .0 0 24c 2SH e 3 3 H c 23K c 3 6 H e 20.40c
441 Over . 15 1 4 .00-1S .00 2 .0 0  M ax. 24c 2SMc 33 H e 23*<c 3 6 H c 20.40c

18 .00-23 .00 2 2 H c 25H c 32 H e 24c 32c 19.125c
2 3 .0 0 -3 0 .0 0 2 7 H c 30 H c 36 H e 35c 52c 2 3 .375c

4 00-6  00 Sc 12c 12c 7 20c
502 . 10 M ax. 4 .0 0 -6 .0 0 9c 13o 16K e 13c ISc 8.10c

W hen carbon con ten t .11 o r u nder is specified or required  in Types 301, 302 and  302B, the  price of T ype 304 applies.
N o specific com position lim its w ith in  the  above ranges m ay  be placed on Types 3 0 1 ,3 0 2 ,302B an d  303 except th a t  carbon m ay  be specified to  a  four point ran^e  w ithin the  above limits.

G L A S S ,  G L A S S - L I N E D  A N D  F U S E D  S I L I C A
PHYSICAL PROPERTIES OF LOW-EXPANSION GLASSES, FUSED QUARTZ AND FUSED SILICA
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1
B orniilicatc g la s s . .  . . 2 .23 12.4 10,000 9S 0 .3 2 2 4 .5 0 .2 0 1 505 3,200(0.1 in .) 4 .6 1.47 T , TL S, R , T , o th er
96%  silica  g la s s ......... 2 .18 12.7 0.0S 0 2 ,7 5 0 ± 9 0 3 .0 0 0 4 .0 1.458 T R , T , o th er

App-ox.
F used  q u a rtz ................ 2 .2 0 12.6 4 ,000 105-126 4 .9 0 .054 35 0 .2 5 2 ,600 500 ( K  in.) 3 .S 1.459 T S, R , T , o ther
Fused s ilic a ................ 2 .07 13.4 400-800 94-114 0.054 25 2,600 250 ( K i n . ) 3 .7 T L , 0 S, R . T , o ther

*  H ard n ess: 2.5 m m . ba ll, 25 kg. load , d e p th  in  1/200 m m . f  T  = tra n sp a re n t;  T L  =  tran s lu cen t; O = opaque. ** S = sheets ; R =  to d s ; T  = tubes.

MAKERS OF GLASS, GLASS-LINED AND FUSED SILICA EQUIPMENT

M ANUFACTURER 
(N am e and  Address)

Com position, Form s Available MANUFACTURER 
(N am e and Address)

Ccm position, Form s A railable

Alsop Engineering  Co., M illdale, C o n n ..........
Am crsil C orp ., H illside, N. J ..............................

C orning  G lass W orks, C orning, N . Y . . . . . . .

E rtc l Engineering Co., New York, N . Y -----
G en era l E lectric Co., Schenectady , N . Y —

G laseóte P roducts, In c., Euclid , O h io ............

G lass-lined stee l tan k s  a n d  m ixers 
F used  silica  w are such  as  pans, pipes, gas 

coolers, absorbers 
Special h e a t- a n d  corrosion-resisting  boro- 

silicate glass supplied  in v arious form s: 
pipe, colum ns, etc. Also 96 per cen t high 
silica glassw are now av ailab le  for lab o ra 
to ry  use 

Gla3s-enam eled tanka
T ran sp a ren t fused q u a rtz  in various small 

sized a rticles 
G lass-enam eled steel equ ipm ent

H an o v ia  C hem ical & M fg. Co., N ew ark , N . J . 
M etal-G lass P ro d u c ts  Co., B elding, M ich___

Owens-Corning F iberglas Corp., Toledo, Ohio 
T he Pfaud ler C o., R ochester, N . Y ...................

A. O. S m ith  C orp ., M ilw aukee, W is.................
T he T herm al Synd icate , B rooklyn , N . Y ___

V itreous Enam eling  & S tam ping  C o., New 
Y ork, N . Y ..............................................................

T ra n sp a re n t fused  q u a rtz  in a ll shapes 
G lass-enam eled steel equipm ent

F ib rous glass filter c loths a n d  d u s t filters 
W ide v a rie ty  of s ta n d a rd  and  special glass- 

enam eled s teel equ ipm ent —  various fo r
m ulas

G lass-enam eled s teel equ ipm ent 
F used  silica (n o n -tran sp a ren t)  supplied  in 

v arious large form s; fused q u a rtz  ( tra n s 
p a re n t)  in  sm alle r sizes 

Enam eled specialties, tau k s
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CHEM &  M E T S TH “ MATERIALS OF CONSTRUCTION”  REPORT

— C H E M I C A L  S T O N E W A R E ,  P O R C E L A I N ,  C E M E N T S
PHYSICAL PROPERTIES OF CHEMICAL STONEWARE AND PORCELAINWARE

Chemical Stoneware
T he accom panying tab le , which h as  been p repared  for u s  by  th e  G eneral C eram ics Co., gives th e  physical properties of 

a n  average g rade  of chem ical s tonew are. I t  shou ld  be emphasized here t h a t  “  chem ical s tonew are ”  is n o t th e  nam e of a 
definite m ateria l, such as an  alloy, b u t a  generic term  applied to  a  wide v a rie ty  of ceram ic com positions, an d  hence th a t  in 
a n y  p a rticu la r  com position designed to  give op tim um  properties in  one respect, i t  will o rd inarily  be im possible to  secure 
op tim um  p ro p erties  in a ll  o th e r  respects.

Specific g ra v ity .............................................................  2 .2  M odulus of e la s t ic i ty ,  lb . per sq . i n , ...................  8 ,000 ,000
H ardness, sc leroscope................................................  100 Specific h e a t ...................................................................  0 .2
U ltim a te  tensile s tre n g th , lb. per sq. i n   2 ,000  Therm al cond., B .t.u . p e r  h r ., sq. f t.,a F . , i n .  10.0
U ltim a te  com pressive s tre n g th , lb . per s q . i n . . SO,000 L inear th erm al expansion, per ° F ........................... 0.0000020
M odulus of ru p tu re , lb. per sq . in ......................... 5 ,000  W ater abso rp tion , per c e n t i ..........................  0-4

MAKERS OF CHEMICAL STONEWARE, PORCELAIN, ACIDPROOF BRICK AND STONE

M ANUFACTURER 
(N am e and Address)

M ateria ls MANUFACTURER 
(N am e and Address)

M ate ria ls

C hem ical S tonew are
G eneral C eram ics C o., New Y ork, N . Y ...........
M aurice  A. K n ig h t, A kron, O h io ..........................
U n ited  S ta te s  S tonew are Co., A kron, O hio___

Chem ical Porcelain
C oors Porcelain  Co., G olden, Colo .......................
L app  In su la to r  Co., LcR oy, N . Y ........................

Acidproof Brick and O ther
Acme B rick  Co., F o r t  W orth , T e x .......................
A labam a C lay  P ro d u c ts  Co., B irm ingham , Ala. 
A lberene S tone C orp. o f  Va., New  Y ork, N . Y. 
A tlas M ineral P ro d u c ts  Co., M crtz tow n, P a . .
B elden  B rick  Co., C a n to n , O h io ..........................
Buckeye P o tte ry  C o., M acom b, I II .....................
C h arlo tte  C hem ical L abs., C h arlo tte , N . C . . .
C lay craft Co., Colum bus, O h io .............................
C usto d is  C onstruc tion  Co., New  Y ork, N . Y . . 
E lectro-C hem ical Supply  à  Eng ineering  Co.

P ao li, P a ....................................................................
F iltro s , Inc., E a s t  R ochester, N . Y .....................
G eneral R efrac to ries Co., Ph ilade lph ia , P a ___

Com plete line, see note  below 
Com plete line, see no te  below 
Com plete line, see note  below

Porcelain labora to ry  ware 
Chem ical porcelain w are  of a ll types

Acidproof b rick  
Acidproof brick  
A cidproof stone 
A cidproof b rick  construction  
A cidproof b rick  
A cidproof ceram ics 
A cidproof b rick , rings 
A cidproof brick
A cidproof b rick  construction , tow ers, tan k s

Acidproof brick  and  m asonry  construction  
Acidproof m ineral as  p lates, cylinders, etc. 
A cidproof tow er packing , brick

H arbison-W alkcr R efracto ries C o . P ittsb u rg h ,
P a ...............................................................................

B. M ifflin H ood Co., D aisy, T e n n .....................
I ro n to n  F ire  B rick Co., Iro n to n , O hio.............
Keagler B rick  Co., S teubenville, O hio ..............
Kew aunee M fg. Co., K ew aunee, W is ..............
Laclede-Christy  Clay P ro d . Co., S t. Louis, M o
M cL ain  F ire  B rick  Co., P ittsb u rg h , P a ...........
M cLcod & H en ry  Co., T ro y , N . Y ...................
M etropo litan  P aving  B rick  Co., C anton , Ohio. 
N atio n a l C arbon Co., In c., C leveland, O h io ..
N ukem  P roducts C orp ., Buffalo, N . Y ..............
P arker-R ussell M ining  & M fg. Co., S t. Louis,

M o ..............................................................................
P a tte rso n  F o u n d ry  & M achine Co., E a s t

Liverpool, O h io .....................................................
Q uigley Co., New Y ork , N . Y .............................
Robinson C lay  P ro d u c t Co. of N . Y ., New

Y ork, N . Y .............................................................
S ou thern  C lay  M fg. Co., C h attan o o g a , T enn. 
T h o rn ton  F ire  B rick  Co., C larksburg , W . Va. 
U hl P o tte ry  C o., H un tin g to n , I n d ....................

Acidprocf brick

A cidproof b rick  tower packings, flooring tiles
A cidproof brick
A cidproof brick
K arc ite  acidproof ceram ic ware
A cidproof brick
A cidproof brick
A cidprocf brick
A cidproof brick
C arbon brick
Acidproof brick  (see K eagler)

Acidproof brick

Acidprocf lining blocks and grinding  balls 
Acidproof brick

Acidproof and  vitrified sewer tile 
Acidproof brick 
Acidproof brick 
Acidproof ceram ics

N o te : M akers of com plete lines of chem ical stonew are supply such equipm ent a s  acid  p la n ts ;  ball m ills ; brick and  tile - blow ers and  ex 
h au s te rs  ; coils ; l i l t e r s ; acid-proof labo ra to ry  sinks, d ra in  an d  ven t lines ; ja r s  ; j u g s ; k e t t le s ; pipe, fittings and  v a l v e s s t i l l s  • to n rills  • 
tow ers, tow er lin ings and  tow er p a c k in g s ; and  m any types of special equipm ent.

MAKERS OF CEMENTS AND PUTTIES FOR ACIDPROOF BRICK AND STONEWARE

M ANUFACTURER 
(N am e and Address)

T rade Nantes Com positions, Applications, Types

W ater-, acid-, a lkali-, o il-resisting concrete mix 
C em ent fo r corrosion and  tem p .-re sis tan t concrete 
T hiokol-sulphur-base, chem ical-setting silicate  and  resin-base 

and  o th er cem ents fo r all acidproof construction  
S tan d ard  and  chem ical-setting silicate  cem ents; acidproof p u tty  
A cidproof cem ent

S yn the tic  resin , sodium  silica te  & phenolic base cem ents, resp. 
Cem ents for a ll acid conditions; also w ater a n d  steam  
Acidproof cem ent
Silicate cem ents a n d  linseed oil- an d  asphalt-base pu ttie s  
R ubber-base p u tty
Self-hardening phenolic resin  cem ents fo r acids
A cidproof cem ent
S ilicate cem ents for s tro n g  acids
S ulphur-base cem ent for acids, resin  cem ents
A cidproof cem ent
S ilicate cem ent for s tro n g  acids
Slow- a n d  qu ick-dry ing  cem ents an d  e lastic  p u ttie s  fo r acids 
C hem ical-setting s ilicate  cem ent for acids; self-hardening  resin 

cem ents for acids and  alkalis 
Sodium  silicates for reg u lar an d  q u ick -se tting  acidproof 

cem ents

A tlas L u m n itc  C em ent C o ., New  Y ork , N . Y ......................................
A tlas M ineral P ro d u c ts  Co., M ertztow n, P a ........................................

C h arlo tte  Chem ical L abs., C h arlo tte , N . C ...........................................

L um nite  cem ent.............................................................................
Tegul-V itrobond,-M ineralead , T ileset, Korez, G. K.,

o th ers ............................................................................................
C harlab , Acipruf, C aro lina ........................................................

C ustod is C onstruction  Co., Inc., New  Y ork, N . Y ............................
E lectro-C hem ical Supply  à  E ngineering  Co., P aoli, P a ...................

C ustodis resin  cem ent, Penchlor, A sp lit ...............................
D uro  S tan d ard , T rip le X ...........................................................

G eneral C eram ics Co., New  Y ork , N. Y ................................................

N ukem  P ro d u c ts  Co., N ew  Y ork, N . Y ...................... ........................... B asolit, N u-M astic  a sphalt, P lasu l-B aso lit.........................

P a tte rso n  F o u n d ry  & M ach ine Co., E a s t  Liverpool, O hio ..............
Pccora  P a in t  Co., P h ilad e lp h ia , P a ..........................................................
P en n sy lv an ia  S a lt  M fg. Co., P h ilade lph ia , P a .....................................

P h ilad e lp h ia  Q u artz  Co., P h ilade lph ia , P a ............................................

Porox C em ent................................................................................
A citite , Acichlor, C ushion P u t ty ...........................................
Penchlor acid-proof cement, Asplit, C a u sp lit ....................

“  S ”  B ran d  a n d  N 38 Special S odium  S ilica te s .................

Chemical Porcelainw are

D a ta  supplied  by  L ap p  In su la to r  Co.
Specific g ra v ity .............................................................  2 . 4 1

U ltim ate  tensile  s tren g th , lb. per sq . i n   5,-S.OOO
U ltim ate  com pressive s tre n g th , lb . per sq . i n . .  100,000
M odulus of ru p tu re , lb. p e r  sq . i n .......................  12 ,-15 ,000
M odulus of e las tic ity , lb. per sq . in ...................... 10,400,000
Specific h e a t ............................................................................  q o
Therm al cond., B .t.u . p e r  h r .,  sq . f t . ,  ° F . ,in  8 .4
L inear therm al expansion, p e r ° F .........................  o 0000023
W ater absorp tion , per c e n t......................................  q
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M A K E R S  O F  C E M E N T S  A N D  P U T T I E S  ( C o n t i n u e d )  
 ^

MANUFACTURER T rade Nam es Compositions, Applications, Types

Quigley Co., New Y ork, N . Y .........................................................................
R eardon C em ent Co., C in c in n a ti, O h io .......................................................
T he Sullivan Co., M em phis, T e rm .................................................................
Sauereisen C em ents Co., S harpsburg , P a ....................................................
U nited  S ta te s  S tonew are Co., A kron, O h io ................................................

A cidproof Nos. 1 a n d  2 ...............................................................!
B ed fo rd ............................................................................................. j

! Acidol, S ulsilo .................................................................................
In sa -L u te  Nos. 31, 48, 46, 4 4 ....................................................

¡ U. S. S ta n d a rd , P re-M ix t, C a lk tite  an d  o th e rs .................

S ilicate cem ents for acid gases a n d  m ineral acids 
Acid an d  a lka li resisting  cem ents a n d  p lastics 
P ouring  cem ents an d  p re-m ixed s ilicate  cem ents for strong  acids 

j Q uick-setting, air-d ry ing , su lp h u r and  b itu m astic  cem ents 
! S ilicate cem ents of a ll types, resin  cem ents, pu ttie s, e tc .

C O R R O S I O N - R E S I S T A N T  P L A S T I C S
REPRESENTATIVE MAKERS OF MOLDING AND CASTING RESINS FOR CHEMICAL PLANT USE

MANUFACTURER T rade N am e and Type M ANUFACTURER T rade Name and Type

M OLDING AND EXTRUSION M ATERIALS M onsanto  Chem ical Co., In d ian  Orchard, M onsanto, polystyrene

A m erican C yanam id  Co., New Y ork, N . Y . . . M elam ac, mclaininc M ass, R esinox, phenolic

Bakelite Corp.*, New  York, N. Y ........................ Bakelite, phenolic and  polystyrene Reiclihold C hem icals, Inc., D etro it, M ich ........ Beckacite, phenolics

Carbide & C arbon Chem . Corp.*, N ew  Y ork  . . Vinylite, vinyl chloride and  accta tc Reilly T a r  <fc Chem ical Co., Indianapolis, Indur, phenolic

C ontinental D iam ond F ibre  Co., N ew ark, D el. C eleron, phenolic Ind.
Crystalite, acry late

Styron, polystyrene
Saran, vinylidene chloride CAST R E SIN O ID S

E . I .  d u P o n t d e  N em ours & Co., W ilmington, Lucite, m ethacrylatc B akelite Corp.*, New Y ork, N . Y ....................... Bakelite, phenolic

Del. C atalin  Corp., New  York, N . Y ........................... Catalin, phenolic

Durez Plastics <fc Chem. Inc., N . T o n aw anda, Durez, phenolics E . I. d u P o n t de N em ours «fe Co., W iliningtoii, Lucite, m ethacry latc

N . Y. Del.

H ercules Pow der Co., W ilm ington, D e l............. H ercules, e thyl cellulose M arb le tte  Corp., Long Island  C ity , N . Y ......... M arblette , phenolic

H eresite  & Chem ical Co., M anitowoc, W is___ H eresite, phenolic M onsanto  Chem ical Co., In d ian  O rchard, M onsanto, phenolic

Irv in g to n  V arnish à  In s. Co., Irv ing ton , N. J . Cardolite, cashew n u t d erivative M ass.

* Unit of Union Carbide & C arbon Corp. Rohm  & H aas Co., Philadelphia, P a .................. P lexiglas, acry late

R E F R A C T O R Y  M A T E R I A L S
PHYSICAL PROPERTIES OF REFRACTORY MATERIALS

(Com plete revision of earlier Chem . & M et. data , compiled by L J. T rostel, G eneral R efractories Co., Baltimore)

Type of Brick Silica

High H eat 
Duty 

(N o. 1) 
F ireclay

High Heat 
Duty 

(No. 1) 
Kaolin

Super
Duty

Fireclay

Alurnina- 
D iaspore, 

70 P e rC en t 
AI2 O3

Silli-
m anite

(M ullite)
Chrom e

U nburned
Chrome

M agne
site

U nburned
M agne

site

Bonded 
Silicon 

Carbide 
(G rade  A)

Bonded
Fused

Alumina

Insul.
Firebrick
(2,600°F.)

Typical composition, per cent
S i0 2.............................. 96 50-57 » 53 52 i 22-26 35 6 5 3 5 7-9 8-10 50-57

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

FcO . . . 15 12

A I2 O 3 ................................. 1 36-42 42 43 68-72 62 23 18 2 7 .5 2-4 85-90 36-42

TiO* 1 .5 -2 .5 2 2 3 .5 1.5 I 1 .5 -2 .2 1 .5 -2 .5

C a O .. . 2 3 2

M g O .. . 17 32 86 64
38 30 10

SiC  . 85-90
Flux2. 1-3 5 ] 2 1 -1 .5 0 .5 1 .5 0 .8 -1 .3 1 -3 .5

P .C .E . (w ith approx. equivalent 31-32 31-33 33-34 33-34 36-37 37-38 41 + 41 + 4 1 + 41 + 39 3 9 + 29-30
tem p., °F .)3 (3 ,0 5 6 - (3 ,0 5 6 - (3,173- (3 ,1 7 3 - (3,290°) (3 .3 0 S - (3 ,578°+ ) (3 ,57S °+ ) (3 ,5 7 8 °+ ) (3 ,5 7 8 °+ ) (3,389°) (3 ,3 8 9 °+ ) (2 ,9 8 4 -

3,092°) 3 ,1 7 3 °) 3,200°) 3,200°) 3,335°) 3 ,002°)

D eform ation under load ,4 per Shears 2 .5 -1 0 * 6-7 2-4  f l - 4 f 0 .0 - 0 .5 f S hears S hears Shears S hears 0-1 1 0 .3
cent (a t lb. per sq. in . and 25 p.s.i. 25 p .s . i 25 p.s.i. 25 p.s.i. 25 p.s.i. 25 p .s.i. 28 p.s.i. 28 p.s,i. 28 p.s.i. 28 p.s.i. 50 p .s .i. 50 p .s .i. 10 p.s.i.

tem p ., 0  F ., shown) 2 ,900° ’ 2 ,460° 2,640° 2 ,640° 2 ,640° 2 ,640° 2 ,740° 2,955° 2 ,765° 2 ,940° 2,730° 2 ,730° 2 ,200°
R esistance to spalling, per c e n t9 P oor 5-20 5-15 0-4 N o loss N o  loss P oor F a ir P oor F a ir Good Good Good
P erm an en t linear change on re  (4 -)  0 .5-.S (d=) 0-1 .5 C—)0—l .5 ( + )  0-1.5 ( —) 2 -4 ( - )  0-0 .8 ( - )  0.5-1 ( - )  0 .5-1.0 ( - )  1-2 C—) 0.5—1.5 ( + )  2 8 ( + )  0.5 ( - J 1 . 5 «

heating  5 (after 5 h r. a t tem p., 2 ,640° 2,550° 2,550° 2 ,910° 2 ,910° 2 ,910° 3 ,000° 3 ,000° 3 ,000° 3 ,0 0 0 ° 2,910° 2,910° 2,550°
°F ., shown)

P orosity (as open pores), per cent 20-30 15-25 24-28 12-15 27-36 20-25 20-26 10-12 20-26 10-12 13-28 20-26 75

W eight per brick (std . 9 in. 6 -6 .5 7 .5 7 -7 .5 S .5 7 .5 -S .5 S .5 11 11.3 10 10.7 8 -9 .3 9 -1 0 .6 2 .2 5 -3

s tra ig h t) , lb.
Specific hea t (60-1 ,200°F .)........ 0 .23 0 .2 3 0.22 0 .23 0 .2 3 0 .23 0 .2 0 0 .21 0 .27 0 .2 6 0 .2 0 0 .2 0 0 .22

Relative slag res is tan ce  7
Acid s teel s la g .......... Good F a ir F a ir F a ir G ood G ood Poor P oor P o o r Poor Good G ood P oor

Basic s tee l s l a g . . .  . P o o r P oor Poor Poor F a ir F a ir G ood G ood Good Good Good Good Poor

Mill s c a le ................... F a ir P oor F air Good F a ir F a ir Good Good G ood Good F a ir F a ir Poor

Coal ash  s la g ............ P oor F a ir F a ir F a ir F a ir F a ir F a ir F a ir Good Good G ood Good Poor

1 H igher in som e districts. 5 Includes CaO +  M gO +  alkalis. 3Pyrom etric  Cone E qu iv a len t; term s “  fusion,”  “  softening,”  41 deform ation,”  an d  ”  m elting ”  po in ts heretofore loosely used. 
«D a ta  m arked  (*) a re  from  A .S.T .M . te s t  C  16-36 w ith H igh H e a t  D u ty  tim e-tem p eratu re  schedule; those m arked  ( f)  a re  from  sam e te s t  w ith  Super D u ty  tim e-tem peratu re  schedule; o thers 

determ ined  b y  o th er com m only used  tes ts . 5 ( + )  m ean s expansion; ( —) m eans sh rinkage. 6 O xidizing a tm osphere . 7 R a tin g s  affected som ew hat by  v ary ing  tem p era tu res  and type of 
a tm osphere prevailing. R esistance to  coal ash s lag  affected by  furnace tem pera tu re  as well as analysis and  fusion poin t of slag. 8 A fter 24 hr. 9 Loss in  appropriate  A .S.T .M . P anel Test.
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R E F R A C T O R Y  M A T E R I A L S  ( C o n t i n u e d )

REPRESENTATIVE MAKERS OF REFRACTORIES AND HIGH TEMPERATURE MORTARS

M ANUFACTURER

Acme B rick Co., F t .  W orth, T e x .........................
Albcrenc S tone Corp. of Va., New York, N. Y.
Am erican Crucible Co., Shelton, C o n n ..............
A rm strong C ork Co., Lancaster, P a ....................

A tlas L u m n ite  C em ent Co., New York, N . Y.

Babcock & Wilcox Co., New  Y ork, N . Y .........

B artley  C rucible & Refr. Co., T renton , N. J . . 
Bctson P lastic  F ire  B rick Co., Buffalo, N . Y . .
Botficld R efractories Co., Philadelphia, P a___
P hilip  C arey Co., Lockland, O hio........................
Carborundum  Co., P e rth  Am boy, N . J ..............

Cham pion Spark  Plug Co., D etro it, M ic h . . .
C o rh a rt R efrac to ries Co., Louisville, K y ___
C orunditc  R efractories, Inc., M assillon, Ohio.

D enver F ire  C lay Co., D enver, Colo ................

W . S. Dickcy C lay M fg. Co., K ansas C ity , Mo. 
Joseph D ixon Crucible Co., Jersey  C ity, N . J . 
E h re t M agnesia M fg. Co., Valley Forge, P a . . . 
E lectro R efrs. & Alloys Corp., Buffalo, N . Y . . .

Em sco Refractories Co., Vernon, C a lif ..............
T he Exolon Co., Blasdell, N . Y ............................
General A brasive Co., N iagara Falls, N . Y . . .
G eneral Ceramics Co., New Y ork, N. Y ...........
General R efractories Co., Philadelphia, P a ___

G ladding, M cBcan & Co., Los Angeles, C a l if . .

A. P. Green Fire B rick Co., M exico, M o .....

H arbison-W alker R efrs. Co., P ittsburgh , P a . .

H aw s R efractories Co., Johnstow n, P a .

Principal Types

Firebrick  and  clay, h .t. ccm ents, plastic refrs. 
R efractory linings
G raphite  crucibles, silica and m ullite refrs. 
R cfr. insul. brick, h .t. m ortars, 1,800 deg.

insul. block and  cement 
C em ent for refr., heat-resisting and insul. 

concrete
Glass p lan t refrs., h .t. m ortars, plastic refrs., 

insulating and kaolin refrs.
G raphite  crucibles, firebrick, m agnesite refrs. 
H .t. m ortars, plastic refrs.
Chrom e, firebrick, plastic refrs., h .t. m ortars 
H .t. m ortars, insulations 
Silicon carbide, alum inum  oxide, m ullite  and 

fused cast refrs. and  h .t. m ortars 
S illim anite p lastic refrs., electric furnace refrs. 
H .t. m ortars, electro-cast m ullite refrs. 
Firebrick, h .t. m ortars, plastic refrs, alum ina, 

silica and m ullite refrs.
Firebrick, diaspore and sillim anite refrs., h .t.

m ortars, plastic refrs., fireclays 
Fireclay refrs.
G raphite  crucibles 
IL t. m ortar 
M ullite, fused alum ina, silicon carbide and 

m agnesia refrs.
F irebrick, glass p lan t refrs., h .t. m ortars 
Silicon carbide, alum ina refrs.
Alum ina and  silicon carbide 
Special refrs.
F ired  and unfired chrom e and m agnesite, fire

brick, h .t. m ortars, plastic and silica refrs. 
F irebrick, insul. brick and  p lastics, h .t.

m ortars, plastic refrs., fireclays 
F irebrick, insul. f.b., h .t. m ortars, plastic and 

castable refrs., fireclays 
R efrs. of m ost types incl. reg. and  super fire

clay, high-aluraina, silica, chrome, magne
site, Fosterite  brick; clays; insul. firebrick 
and  m ortars; h .t. m ortars 

F irebrick of all k inds, silica brick, fireclays

M ANUFACTURER

Illinois Clay Products Co., Jo lie t, III .

Iron ton  F ire  Brick Co., Iron ton , Ohio 
Johns-M anville, New York, N. Y ......................

Laclede-Christy C lay Prod. Co., S t. Louis, Mo.

E. J . La vino & Co., Philadelphia, P a ...............

M assillon Refractories Co., M assillon, O h io ..

M cL ain  F ire  Brick Co., P ittsburgh , P a ...........
M cLeod <fc H enry Co., T roy , N . Y ...................
M ullite Refractories Co., Shelton, C o n n .........
N ational Carbon Co., Inc., Cleveland, O hio ..
Niles F ire  Brick Co., Niles, O hio .......................
N orth  Am erican Refrs. Co., C leveland, O h io ..

N orton  Co., W orcester, M a ss ..............................

Pacific Clay P roducts Co., Los Angeles, Calif.
P yro  Clay Products Co., Oak Hill, O hio.........
Quigley Co., Inc., New York, N. Y ..................

R am tite  Co., Chicago, III......................................
Rcfractory& Insulation Corp., NewYork, N . Y  
Robinson Clay Product Co. of N . Y ., New

York, N . Y ............................................................
Ross Tacony Crucible Co., Philadelphia, P a . .

S t. Louis F ire  Brick k  Insu lation  Co., H u n t
ington Park, C alif................................................

Seaboard Refrs. Co., P e rth  Amboy, N . J . . . .

Chas. T aylor Sons Co., C incinnati, Ohio.........

The U nited S ta tes Stoneware Co., A kron, Ohio 
M . D. Valentine & Bro. Co., W oodbridge, N .J . 
V itrcfrax Corp., Los Angeles, C a lif ...................

Principal Types

Firebrick, h .t m ortars, insulating ccm ents 
coatings and  brick 

Fireclay refrs., refr. cem ents, fireclays 
Bonding m ortars, castables, ram m ing mix

tures, p lastic and  insul. refrs.
Firebrick, h .t. m ortars, plastic  refrs., glass 

p lan t refrs., fireclays 
Chrom e and  m agnesite refrs., h .t. m ortars, 

silica refrs., fireclays 
F irebrick, h .t. m ortars, plastic refrs., special, 

compositions 
Various
Firebrick, h .t. m ortars, p lastic refrs., fireclays 
H .t. m ortars, p lastic refrs., m ullite  refrs. 
C arbon refrs.
F irebrick, insulating refrs.
Fireclay, super, insul. and silica brick, h .t.

m ortars, plastic refrs., fireclays 
H .t. m ortars, silicon carbidc, fused a lum ina 

and magnesia, raw  m ateria ls , cem ents, rcfr. 
shapes 

P lastic  refrs.
G lass p lan t refrs.
Firebrick, insulating refrs., super firebrick, 

h .t. m ortars, p lastic refrs.
H .t. m ortars 
II. t. m ortars

H .t. m ortars, firebrickand clay, insulating re frs . 
G raphite  crucibles and stopper heads, m ague- 

site  refrs.

Various
Firebrick , h .t. m ortars, plastic and insulating 

refrs., silicon carbide and  m ullite refrs . 
F irebrick , glass p lan t and insulating refrs., 

sillim anite 
P lastic  and castab le  refrs.
Firebrick
Glass p lan t refrs. firebrick, h .t. m ortars, plastic 

refrs., fireclays

S T R U C T U R A L  C A R B O N  A N D  G R A P H I T E
CHEMICAL RESISTANCE OF IMPERVIOUS CARBON AND IMPERVIOUS GRAPHITE

R esistan t to T hese Reagents

Acetic a c id .................................
Acetic an h y d rid e .....................
A cetone.......................................
A ir.................................................

(S) A ir................................................
Am m onia....................................
Ammonium th iocyanate . . . .
Amyl alcohol.............................
A niline.........................................
A rsenic a c id ..............................
B enzene......................................
Boric ac id ...................................

(S) B rom ine w ater.........................
Butyl alcohol.............................
Butyl cellosolve.......................
Cam phor. . . ..........................
Cam phor a n d ............................

Sodium  hydrox ide............
Carbon d io x id e—  w ate r___
Carbon m o nox ide—  w ater.
Carbon te trachloride..............
Cellosolve .................
Cellosolve .......................

Concentration 
P e r  cent

Glacial
100
100

20
25

100
100
75

100
25

S a t’d.
100
100
.0 8 .
. o s ’

3
S a t'd .
S a t’d.

100
100
25

Temp. 
Deg. C.

B. P t. 
B. P t .  
B . P t. 

175 
200 

R . T .
95 

B . P t. 
110 
125 

B . P t .  
B. P t.

65 
B. P t. 

110 
50 
50 
50 

to  100 
to  100 
B . P t. 

110 
110

R esistan t to T hese R eagents

(S) C hlorethylbenzene...............
Chlorine, d ry ..........................

(S) Chlorine w ater.......................
Chloroform ..................
Citric ac id ................................
Cupric ch loride......................
D ioxan ......................................
Ethyl alcohol..........................
Ethyl m ercap tan —  water.
Ethylene d ichloride.............
F erric ch loride.......................

(S) Ferric ch lo ride .......................
Ferrous ch loride...................
Ferrous su lp h a te ..................
Formic ac id .............................
Formic acid a n d , ..................

Potassium  dichrom ate .
Freon - 11 (C F C b )................
Freon - 12 (CFs C b ) ............
G aso lin e ..................................
G lycerine .................................
Hydrobromic ac id ................

Concentration 
P e r  cent

Tem p. 
Deg. C.

Tech. 125
Gas R . T .

S a t’d. R . T.
100 B . P t .
25 B . P t .
10 95

100 B . P t .
95 B . P t .

S a t’d. to  100
100 B . P i .

15 to  B. P t.
25 B . P t.
40 B. P t.
25 B. P t.
90 B. P t.

3 70
1 70

100 II. T .
100 R . T.
100 B . P t.
100 135

40 B. P t.
(Continued next paye)

CHEMICAL & METALLURGICAL ENGINEERING * SEPTEMBER 191,0 607



S T R U C T U R A L  C A R B O N  A N D  G R A P H I T E  ( C o n t i n u e d )
A

R esistan t to T hese  R eagents
Concentration 

P er cent
Tem p. 
Deg. C. R esistan t to T hese R eagents

Concentration 
P e r cent

Tem p. 
Deg. C.

( Continued from  preceding page) 85 135
20 B . P t. 3 R . T .

15 B. P t . 10 R . T.
8 Rayon Solutions 

Na 2 S O 4 .................................................................................10 I t  T . 12-20 60
5 H 3 S 0 4 ............................................. 8-12

S a t'd .
100

to  100 Mg S O 4................................................................................. 4-6
B. P t. 1

100
100

B . P t . 25 B. P t.
B  P t. 5 R . T .

100 to  100 10 R . T.
25 B. P t. to  80 to  135
15 95 3 50
25 B. P t. .08 50

100 B. P t. 3 R . T .

100
100

10

B. P t. 3 R . T .
B. P t. 0 .1 R . T .

96 3 R . T.

300 g ./l . 30 g ./l. 
30 g ./l .

318 g ./l . 
10.5 g ./l.
30 g ./l .

2

50 0 .1 R. T .
50 5 R . T .

110
75 5 110

25 110
R , T . 5 110

10
100

R . T. 30 121
135 15 121

Tech.
100

B P t. 15 B. P t.
135 100 135

25 135 to  75 to  135
R . T . 96 to  80

0 .3
100

R . T . 96 to  150
110 96
110 45

100 125 S a t'd .
100 160 7 R .T .

100 110 25 B. P t.

25 110 10 96
25 B. P t. W ate r.......................................................................................... 100 to  100
50 135 53 120

N o te : T bese resistances are  for K arb a te  N o. 1 (Im pervious C arbon) and K arb a te  N o. 2 (Im pervious G raphite) except for reagents m arked (S) where specially trea ted  K arb a te  is required.

PHYSICAL CHARACTERISTICS OF CARBON AND GRAPHITE PRODUCTS

Apparent
D ensity

W eight
L b ./cu .ft.

S trength , Lb. per Sq. In Elastic
M odulus Specific

R esistance

K
(T herm al
Expansion,

Therm al
Conductivity

B .t.u ./h r ./

Tensile Compressive T ransverse
Multiply 
by 10*

O h m s./In .5 See Note) sq .ft./°F  
per ft.

Carbon Cylinders
8 inch dia....................................................................... 1.54 9 6 .0 660 2,920 1,320 5 .5 0.0013 13 6 .0
10-14 inch. dia. inc.................................................... 1.525 9 5 .0 470 2,120 950 5 .4 0.0013 12 6 .0
17-24 inch. d ia .in c .................................................... 1.54 9 6 .0 400 2,200 790 5 .4 0.0014 13 6 .0
30-40 inch. dia. inc.................................................... 1.54 9 6 .0 400 1,910 810 4 .3 0 .0026 12 6 .0

Carbon Blocks
4x4 inch to 6x6 inch inc........................................... 1.57 9 7 .8 840 4,100 1,670 9 .4 0 .0018 14 4 .0
6x6 inch to 20x20 inch inc...................................... 1 .55 96.7 500 2,140 990 7.1 0 .0016 15 4 .0
15x30, 24x30 & 24 inch sq ......................................

Carbon T ubes
1.54 9 6 .0 400 1,910 810 4 .3 0 .0026 12 4 .0

y *-4 inch 1. D. inc..................................................... 1.51 9 4 .2 SS5 10,200 2,700 2 1 .0 0.0014 15 3 .0
5-10 inch 1. D. inc................................................... 1.49 9 3 .0 980 S .140 2,550 17.0 0.0016 21 3 .0

C arbon Brick
Dependent on Application...................................... 1.56 9 6 .7 -9 7 .S 970-1 ,530 5,340-8,320 1.950-3,070 S .9 -1 0 .3 0 .0015-0 .0016 13-14 3 .0

Graphite Cylinders
To 5-Ji$ inch dia. inc................................................. 1.56 9 7 .3 760 3,050 1,750 S .8 0.00036 5-12 8 4 .0
6-12  inch d ia. inc....................................................... 1 .55 9 6 .7 610 3,420 1,810 8 .0 0.00037 6-12 79.0
14 inch d ia..................................................................... 1.53 95.3 5S0 3 , ISO 1,490 6 .7 0.00039 S—12 70.0
16 & 18 inch dia. .................................................. 1 .53 9 5 .3 500 3,180 1,490 6 .7 0 . 0 0 0  to 8-12 7 0 .0
20 inch d ia..................................................................... 1 .53 95.3 440 3 , ISO 1,490 6 .7 0.00040 8-12 7 0 .0

G raphite Squares and S labs
To 5 inch thick inc..................................................... 1 .56 97.3 700 3,050 1,750 S.S 0.00036 5-12 9 4 .0
6 inch thick to 144 sq. in ......................................... 1 .55 9 6 .7 700 3,420 1,810 8 .0 0.00037 6-12 84.0
Over 144 sq. in. section ......................................... 1.53 95.3 570 3 , ISO 1,490 6 .7 0.00039 S—12 7 9 .0
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S T R U C T U R A L  C A R B O N  A N D  G R A P H I T E  ( C o n t i n u e d )

Apparent
Density

Weght
LS./cu.ft.

S trength  Lb. per Sq. In. Elastic 
M odulu t 

L b ./sq .in .  
M ultiply 
by 10»

Specific
K

(T herm al 
Expansion, 
See Note)

Ih e rm a l 
Conductivity 

B .t.u ./h r . 
sqf*t./°F 

per ft.Tensile Compressive T ransverse
O h m s ./ln .1

G raphite Tubes
4 inch. I. D. inc.................................................. 1.68 104.7 780 4,550 2,820 14.0 0.0003 12 9 4 .0

S-10 inch. I. D. inc........................................... 1.67 104.0 870 5,100 2.9S0 13.0 0.0003 12 84.0
Graphite Brick, S tandard  s ire s ............................ 1.56 97.3 700 3 ,050 1,750 8 .8 0.00036 5-12 8 4 .0
K arbate No. 1 (im pervious Carbon)*

T ubes 2 inch 1. D. inc..................................... 1.77 110.0 1,700 10,500 4,170 2 9 .0 0.00164 27 3 .0
Over 2 inch I. D......................................... 1.76 110.0 2,000 10,500 4,640 26.0 0.0016 33 2 .8

K arbate  No. 2 (Im pervious Graphite)*
Tubes 14~2 inch I. D . inc....................................... 1.86 116.0 2,600 8,900 4,650 23.0 0.00034 23 S5.0
Over 2 inch I. D ....................................................... 1.91 119.0 2,350 10,500 4,980 21.0 0.00033 24 75.0

Carbocell (Porous Carbon)**
G rade C (F in est)....................................................... 1.34 84.0 500 1.530 2,700 > 1 .2 0 .0020 6 3 .0
G rade 60....................................................................... 1.05 69.0 190 600 850 > 1 .2 0 .0070 27 1 .5
G rade 5 0 ......................................................... 1.05 69.0 180 500 830 > 1 .2 0.0070 27 1.4
G rade <10...................................... 1.04 69.0 120 320 900 > 1 .2 0.0057 27 1.0
G rade 30................................................... 1.04 69.0 100 250 770 > 1 .2 0.0070 27 1 .0
G rade 2 0 ............................................................ 1.03 68.0 90 240 700 > 1 .2 0.0070 27 1 .0
G rade 10..................................................................... 1.03 68.0 80 160 300 > 1 .2 O.OOSO 27 1.0

Graphicell (P orous Graphite)**
Grade C (F in est) ........................................................
G rade 60 .......................................................................

1.35
1.05
1.05

84.0
69.0
69.0

600
110
110

1,080
250
250

1,680
500
500
500
520
310
270

0.00045
0.0012
0.0012
0.0013
0.0017
0.0020
0.0020

6
21
21
21
21
21
22

6 0 .0
5 0 .0  
4 5 .6
45.0
4 0 .0
3 0 .0
2 0 .0

1.04 69.0 100 190
2001.04 69.0 80

1.03 68.0 60 140
G rade 10........................................................................ 1.03 6S .0 50 140

C arbon and  graphite  products a re  resistan t to  m ost acids and alkalis. •  Sec preceding tab le  for chemical resistance. • •  See following tab le for additional data . 
N O T E : Coefficient of Therm al Expansion: T o T em peratu re  t°F  =  (K  =  0.003 (t°F ), 10"7; to  T em peratu re  t°C  9 =  (1.8 K - f  0.007 (t°C ), 10-7.

PHYSICAL PROPERTIES OF POROUS CARBON AND POROUS GRAPHITE

Porosity 
P er Cent

Average Pore D iam eter Filter Action 
M in. D iam eter

Av. W ater * 
Perm eability

Av. Air *• 
Perm eability 

a t 2 inches H 2 O 
P ressu re  

C u .ft./sq .ft./m in .Inches Microns

Particle R etained 
Inches P ressu re

G a l./sq .f t./m in .

Carbocell
3 6 .0 0.0002 5 0.30
48 0.0013 33 0.00047 14.0
4S 0.0019 48 0.00079 3 0 .0
4S 0.0027 69 0.0009S 4 5 .0 4 .0
4S 0.0039 99 0.00173 SO.O 8 .5
48 0.0055 140 0.00300 120.0 17.0
48 0.0075 190 0.00590 175.0 3 3 .0

Graphicell
36 0.0002 5 0 .30
48 0.0013 33 0.00047 14.0
4S 0.0019 48 0.00079 3 0 .0
48 0.0027 69 0.0009S 45.0 4 .0
48 0.0039 99 0.00178v 80.0 8 .5
48 0.0055 140 0.00300 120.0 17.0
48 0.0075 190 0.00590 175.0 33 .0

N ote: Carbocell can  be trea ted  so as  to  be wettable for use in  caustic filtration. B o th  are  resistan t to  m ost acids an d  a lk a l i .
*  W ater a t  70 deg. F , 1 inch th ick  p late . * *  Air a t  70 deg. F  and  760 m m . H g. pressure 15 per cen t rela tive  h u m id ity  1 inch th ick  plate.

MAKERS OF STRUCTURAL CARBON AND GRAPHITE PRODUCTS

M ANUFACTURER 
(N am e and  Address)

Products M ANUFACTURER 
(N am e and  Address)

Products

Acheson G rap h ite  C orp ., New  Y ork , N . Y -----
In te rn a tio n a l G rap h ite  & E lectrode Corp., St.

G raph ite  electrodes and various shapes

G rap h ite  electrodes and various shapes 
Carbon and  g raphite  b rick , tile , tow er pack

ing, tubes, pipe, special shapes, electrodes

C arbon and  g raph ite  brick, p lates, blocks, 
tubes, cylinders, bushings, shapes 

Various carbon and  g rap h ite  products

are  lis ted  u nder “  R efractories.”

S tackpo le  C arbon Co., S t. M ary ’s, P a .............

N ote: M anufacturers of g raphite  crucible
N ationa l C arbon Co., Inc ., C leveland, O h io .. .
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R U B B E R  and L I K E  P R O D U C T S .
a

CHEMICAL PROPERTIES OF RUBBER-LIKE MATERIALS
E D IT O R ’S  N O T E :  The fo l lowing para
graphs describing the chemical propert ies  
of  some o f  the sy n the t ic s  have been sup
plied to us by the manufacturers .  They  
are in tended to give an indication o f  the  
possibilities  and the l im ita t ions  of these 
materials. However, fo r  a particular appli
cation it  is  general ly advisable to contact  
the m anu fac turer  and have specific tests  
made.

NEOPRENE
N eo p ren e  is  a  b a s ic  th e rm o se tt in g  (n o t 

th e rm o p la s tic )  r a w  m a te r ia l  w h ich  is 
m ixed  w ith  com p o u n d in g  in g re d ie n ts  a n d  
p ro cessed  in to  fin ished  p ro d u c ts  by  r u b 
b e r  m a n u fa c tu re rs .  T h e re  a r e  se v e ra l 
d iffe re n t b as ic  ty p e s  o f n eo p ren e  w h ich  
h a v e  w idely  v a ry in g  p ro p e r t ie s  (see  ta b le  
o f p h y sic a l p ro p e rtie s  fo r  b ro a d  r a n g e ) . 
N eo p ren e  is a v a ila b le  in  b lack , w h ite  an d  
co lors, o d o rle ss  w h en  specified.

A n im al, v e g e ta b le  a n d  p e tro le u m -b a se  
p ro d u c ts  c a u se  s l ig h t  sw e llin g  b u t  h a v e  
lit t le  effect on th e  p h y s ic a l p ro p e rtie s . 
N eo p ren e  does n o t d isso lve , becom e 
g u m m y  o r  s lo u g h  ofT.

In  g en e ra l, neo p ren e  m a y  be  used  in 
c o n ta c t w ith  in o rg a n ic  ch em icals . S a lts  
h a v e  l it t le  effect. E v e n  s tro n g  a lk a lis  
m a y  be su c c e ss fu lly  h an d led . M in e ra l 
a c id s  c au se  d e te r io ra t io n  w h en  u se d  in 
co n cen tra tio n s above 50 p er cent. S trong  
o x id iz in g  ac id s , su c h  a s  su lp h u r ic , n i tr ic  
a n d  ch ro m ic , sh o u ld  be avo ided . H a lo g en s  
c au se  e m b r itt le m e n t in liqu id  fo rm  ; h o w 
ever, d ilu te  g a s  a n d  a q u e o u s  so lu tio n s 
m a y  be h a n d le d  sa t is fa c to r i ly .

N eo p ren e  r e s is ts  th e  a t t a c k  o f m o st 
o rg a n ic  com pounds, th e  m o re  h ig h ly  
s a tu ra te d  co m p o u n d s h a v in g  less  effect 
th a n  th e  less  s a tu ra te d .  N eo p ren e  is n o t 
reco m m en d ed  fo r  u se  w ith  th e  c h lo r in a te d  
h y d ro c a rb o n s  o r w ith  creo so te . C e r ta in  
a ro m a tic  so lv e n ts  su ch  a s  benzo l a lso  
c au se  ra p id  sw elling .

THIOKOL
T he m an u fac tu re rs  of T hiokol sy n th e tic  

ru b b e rs  s ta te  t h a t  a  n u m b e r  o f d iffe ren t 
o rg a n ic  p o ly su lp h id e  p o ly m ers  t h a t  v a ry  
in c h a ra c te r is t ic s  f ro m  so f t  to h a rd  ru b 
b e r  a re  m a d e  u n d e r  th is  n am e. H ow ever, 
unlike n a tu ra l rubber, the p roducts a re  
p ra c tic a lly  u n a ffe c ted  by  p e tro le u m  h y d ro 
c a rb o n s  a n d  m o s t c o m m erc ia l so lv en ts . 
T h ey  a r e  r e s is ta n t  to  a lcoho l, e s te rs  an d  
ketones. T he sw ell of these p ro d u c ts  in 
a ro m a tic  h y d ro c a rb o n s  v a r ie s  fro m  p ra c 
t ic a lly  no sw ell to  a ro u n d  100 p e r  cen t

Solvent Resistance of Thiokol F
(Im m ersion tes ts  a t  room tem pera tu re  for one year. 

Percentage swell determ ined from increase in length  of 
1 /4  x 1/16 x 4-in. te s t  strips.)

Solvent P e r Cent 
Swell

Condition

M otor gasoline......................... 1.0 OK
S0/20 gasoline/benzol

(by v o l.) ................................ 3 .0 OK
5 0/50 gasoline/benzol

(b y  v o l.)................................ 6 .3 OK
Benzol......................................... 25 .0 Firm
Kerosene..................................... o . s OK
SA E N o. 30 m otor o il........... 0 .5 OK
No. 4 fuel o i l ............................ 3 .5 OK
D rip  o il ....................................... 13 .S OK
Linseed oil ( ra w ).................... 1 .3 Surface hardened
Cottonseed o i l .......................... 0 .0 OK
A cetone....................................... 2 .5 OK
M ethyl alcohol......................... 1 .3 Surface slightly

affected
C arbon te trach lo ride ............. s . s OK
E thy lene  dichloride................ D estroyed

in c re a se  in volum e, depending: on th e
type. Even when T hiokol sw ells in a ro 
m a tic  so lv e n ts , i t  s t i l l  r e ta in s  good 
p h y sic a l c h a ra c te r is t ic s .  I t  is  n o t m a te 
r ia lly  a ffec ted  by  c a rb o n  te tr a c h lo r id e  b u t  
is a ttack ed  by ethy lene dichloride in 
v ary ing  degrees. T hiokol is n o t affected 
by  su n lig h t, a ir ,  ozone o r  u ltra -v io le t.

I t  c a n  be com pounded  to  g iv e  v a r io u s  
h a rd n e ss e s  a n d  c h a ra c te r is t ic s  su ita b le  
fo r  e a c h  p a r t ic u la r  a p p lic a tio n . W h ile  
n o t p o sse ss in g  o r ig in a l te n s ile  s tr e n g th  a s  
g r e a t  a s  n a tu r a l  ru b b e r, it is s ta te d  f a r  
to  exceed n a tu r a l  ru b b e r  in bo th  s tr e n g th  
a n d  a b ra s io n  re s is ta n c e  w h en  in  c o n ta c t 
w ith  g a so lin e  a n d  oils. S ince  i t  h a s  ex 
tre m e ly  low p e rm e a b ility , th e re  is p r a c 
tically  no diffusion loss through  T hiokol 
w h en  co n d u c tin g  v o la tile  so lv e n ts . In  
c e r ta in  com p o sitio n s i t  c a n  be m ad e  in to  
m o ld in g  p o w d er an d  liq u id  d isp e rs io n s .

T hiokol can be used a t  tem p era tu res 
r a n g in g  f ro m  200 to  -4 0  deg. F . In  
a d d itio n  to  b e in g  used  a s  ru b b e r, it  can  
be used  to  p la s tic iz e  o th e r  ru b b e rs  an d  
s im ila r  m a te r ia ls  w h ere  a n  in so lub le  
p la s tic iz e r  is  d es ired .

PERBUNAN
P e rb u n a n  is a  sy n th e tic  ru b b e r- lik e  

m a te r ia l  w h ich  can  be p ro cessed  an d  
v u lcan ized  w ith  su lp h u r  in m u ch  th e

Solvent Resistance of Chemigum
(Samples immersed at room temperature for 12 days)

Solvent P e r Cent 
Sw ell

Condition

S0/20 gaso line/benzo l..................... O.SO OK
Lacquer th in n e r ................................ 100 OK
T u rp e n tin e ......................................... 27 OK
B enzo l................................................... 105 OK
K erosene (room  te m p .) .................. 0 .2 0 OK
K erosene (212 deg. F . ) ................... 1 .50 OK

sa m e  w ay  a s  n a tu r a l  ru b b e r. L ik e  th e  
la t te r ,  i t  can  be com pounded  to g ive  
v a ry in g  p h y s ic a l p ro p e rtie s  d e p en d in g  on 
th e  p a r t ic u la r  ap p lic a tio n  in m ind . W ith  
a c tiv e  c a rb o n  b la c k  it c a n  be re in fo rced  
to g iv e  com pounds o f h ig h  te n s ile  s tr e n g th  
a n d  su p e rio r  a b ra s io n  re s is ta n c e . In  
ad d itio n , i t  h a s  h ig h  e la s tic ity  a n d  r e 
s i lie n t e n e rg y  (low  h y s te re s is  lo ss ), an d  
h a s  good re s is ta n c e  to p ro longed  s tr e s s  
( s l ig h t  creep  u n d e r  p ro lo n g ed  lo a d in g ) . 
T h e  h e a t  co n d u c tiv ity  is a b o u t 20 p er 
c e n t  h ig h e r  th a n  th a t  of n a tu r a l  ru b b e r.

P e rb u n a n  h a s  ex ce llen t a g in g  p ro p e rtie s  
an d  p o ssesses good h e a t  a n d  fa t ig u e  re 
s is ta n c e . I t  c a n  be  used  a t  te m p e ra tu re s  
up to  300 deg. P ., an d  w ill re m a in  flexib le 
a t  te m p e ra tu re s  a s  low a s  -4 5  deg . F .

P e rb u n a n  is u n affec ted  by w a te r , d ilu te  
acids or a lkalis, o r sa l t  so lu tions of any

Solvent Resistance of Perbunan
(Samples immersed at room temperature for 24 days.)

Solvent
P e r Cent 

W eight 
Increase

Tear
R esistance

n -IIep tan e ...................................... No effect Good
Varsol (heavy n a p h th a ) ............ 20 Good
T u rp en tin e ..................................... 25 Good
SA E 30 M otor o i l ....................... N o effect Good
N u jo l................................................ No effect Good
Cottonseed o il.............................. N o effect Good
A cetone........................................... 97 Very poor
B enzene........................................... 214 Very poor
Carbon d isu lp h id e ...................... 97 Poor
Amyl a c e ta te ................................ 53 Poor
M ethyl alcohol............................. N o effect Good
D iethyl e th e r ................................ 23 Good
C arbon tetrachloride.................. 160 Very poor
E thy lene d ichloridc.................... 387 Very poor
Aniline............................................. 2S0 Very poor
Glacial acetic ac id ....................... N o eltect Good

Solvent Resistance of Extruded Resistoflex PVA
(Samples immersed at room temperature for 240 hours.)

Solvent
Specific 
Gravity 

at 72° F.

P e r Cent 
S hrinkage 
or E xpan

sion in 6 in.

Tensile  
S treng th , 

L b ./sq . in.

P e r Cent 
Elongation 

in 2 in.

H ardn
(Duróme

1.259 5,236 213 85
66%  Gasoline, 24%  ethanol, 10%  benzene, by

volum e.................................................................................. 1 .195 - 1 . 0 5 ,057 ISO 86
1.260 —0 30 5,255 220 85

K erosene................................................................................... 1 .255 + 0 .3 0 5,247 220 84
B enzol....................................................................................... 1.251 + 0 .3 0 5,290 225 84
X y lo l......................................................................................... 1 .260 + 0 .2 0 5,351 220 84
A cetylene g a s ......................................................................... 1.256 + 0 .1 0 5,340 220 85
M ethylene dichloride........................................................... 1.261 - 0 .4 0 5,110 225 S4
T rieh lorethylene .................................................................... 1.253 + 0 .1 0 5 ,140 225 S6
C arbon  te trach lo rid e ........................................................... 1.259 0 .00 5,084 145 S4
M onochlorbenzol................................................................... 1.25S + 0 .1 0 5,026 190 84
M ethanol (an h y d ro u s)........................................................ 1.203 - 6 .5 0 5,9S0 195 86
E thano l (an h y d ro u s)........................................................... 1.181 - 4 .3 0 5,779 190 S7
E thy lene  glycol...................................................................... 1.186 + 4 .7 0 4,335 1S5 77
A cetone..................................................................................... 1.246 - 1 . 2 0 5,203 175 87
Petro h o l.................................................................................... 1.224 - 1 . 3 0 5,971 165 89
F u rfu ra l.................................................................................... 1.250 - 2 .0 0 5,890 175 SS
M ethyl a c e ta te ........................................... ........................... 1.269 - 0 .7 0 5,403 1S5 85
E th y l ace to ace ta tc ................................................................ 1.258 - 0 . 5 0 5,491 205 85
D iethyl e th e r .......................................................................... 1.260 - 0 . 3 0 4,9S0 230 86
D ioxane.................................................................................... 1.271 - 1 . 3 0 5 ,272 195 85
Freon g as ................................................................................. 1.270 - 0 . 5 0 5 ,636 205 86
B utane gas ............................................................................... 1.26S + 0 .3 0 5 ,352 200 86
P ropane gas ............................................................................. 1.267 + 0 .2 0 5,529 200 87
Sulphur dioxide...................................................................... 1.269 + 0 .5 0 5,497 215 86
A niline......................................... ............................................. 1.256 - 0 .7 0 5,557 1S5 S6
F o rm am id e ..................................................................... ......... 1.201 - 4 . 0 0 3.S45 195 77
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R U B B E R  a n d  L I K E  P R O D U C T S  ( C o n t i n u e d )r           —  ------------------
c o n c e n tra tio n . I t  sw ells v e ry  s lig h tly  in 
a lip h a tic  h y d ro c a rb o n s , v e g e ta b le  an d  
a n im a l o ils a n d  fa ts . T h e  red u c tio n  in 
p h y sic a l p ro p e r t ie s  a s  a  r e s u l t  of sw elling  
is sm a ll, m a k in g  P e rb u n a n  e sp ec ia lly  
s u ita b le  f o r  g aso lin e  a n d  o il- re s is ta n t  
a p p lic a tio n s . In  a ro m a tic  h y d ro ca rb o n s ,

P e rb u n a n  sw ells to  an  e x te n t  co m p arab le  
to n a tu r a l  ru b b e r, b u t i t  is su p e rio r  to 
n a tu r a l  ru b b e r  fo r  g aso lin e -b en zo l m ix 
tu re s . C h lo r in a te d  h y d ro c a rb o n s  an d  
o rg a n ic  b a se s  h a v e  a  s tro n g  sw e llin g  
a c tio n  on P e rb u n a n . K e to n es , o rg a n ic  
ac id s , a lco h o ls  a n d  e s te rs  h av e  a  g r e a te r

sw e llin g  effect th a n  on n a tu r a l  ru b b e r.
I t  sh o u ld  be p o in ted  o u t th a t  th e  be

h a v io r  of P e rb u n a n  in  m o s t p r a c tic a l  
a p p lic a tio n s  d ep en d s up o n  p ro p e r  com 
p o u n d in g  a n d  p ro cess in g , a n d  d efin ite  
conclusions sh o u ld  on ly  be d ra w n  fro m  
a c tu a l  se rv ice  te s ts .

PHYSICAL PROPERTIES OF RUBBER AND RUBBER-LIKE MATERIALS

PR O PER TY
Ameripol,

O il-resisting,
Soft

Ameripol, 
T ire Type, 

Soft

Ameripol
H ard

Chemigum 
T ire Cpd.

Koroseal
Neoprene 

(all forms)
P erbunan Pliolite 

No. 40

Resistoflex 
M olded & 

Ext.

Natural Rubber

Hard Soft H ard Soft

Specific g rav ity .............. 0 .9 9 -1 .6 0 .9 6 -1 .2 0 1 .1 -1 .3 1.19 1 .3 -1 .4 1 .2 -1 .3 1.27-1.30 0 .96 1.06 1 .26 1 .1 7 -1 .1 8 0 .9 3 -1 .1 7
T ensile  streng th , lb. per

aq. in .............................. 1,000-4,500 1,000-4,000 4,000-10,000 4,000 2,000-9,000 500-2,500 1,000-4,000 500-5,000 4,000-5,000 2,000-5,000 4,000-11,000 1,000-6,000
H ardness, Shore duro-

m ete r............................. 15-90 50-80 SO-lOO 65 S0-100 30-S0 15-95 30-90 70-100 3 0 -SO
M axim um  tem perature

for use, °F ................... 260-300 240-2S0 260-300 4 5 0 + 212 190 300 300 160-24 S 250 220 150-1 SO
Dielectric strength ,

30,000- 15,000- 6 00Ö-
50,000 30,000 10,000 150,000 55,000

Softens Softens Softens
slightly D et.

Abrasion re s is ta n c e .. . . Excellent Good Excellent Good Good Equal to Excellent Good Good Excellent
rubber

Slight Discolors D eteriorates
rubber iorates

Effect of ag ing ................ H ighly resistan t, stiffens None N one N one None B ette r than Highly None N one N one H ighly
slightly rubber resistan t resistan t

M achining q ualities. . . C an  b e  ground Excellent Excellent Good Can be C an be C an  be Can be
ground ground ground Excellent ground

REPRESENTATIVE MAKERS OF INDUSTRIAL RUBBER PRODUCTS AND RUBBER-LIKE MATERIALS

M ANUFACTURER 
(N am e and Address)

Am erican H ard  R ubber Co., New  York, N . Y.

A tlas M ineral P roducts Co. of P a., M erzetown, 
P a .................................................................................

B oston  W oven IIosc  & R u b b er Co., Boston, 
M a ss  .............................................................

C rane Packing  Co., Chicago, 111...........................
C ustcd is C onstruction  Co., N ew  Y ork, N . Y . .

D ay ton  R ubber M fg. Co., D ay ton , O h io ..........

E . I . du  P o n t de N em ours & Co., Neoprene
D iv., W ilm ington, D e l.........................................

F irestone T ire  & R ubber Co., Akron, O h io . . .  
G arlock Packing  Co., P a lm y ra , N . Y .................

G ates R ubber Co., D enver, C o lo .........................
L. H . G ilm er Co., T acony, Philadelphia, P a . . .
B . v  Goodrich Co., Akron, O hio .....................

G oodyear T ire  & R ubber Co., Akron, O h io .. .

H ew itt R ubber Corp., Buffalo, N . Y ..................

H ydrocarbon Chem ical & R u b b er Co., Akron,
O hio .................................................................... ..

Jenk ins Bros. R ubber D iv., Bridgeport,. Conn.

Products

H ard  and  soft rubber, neoprene and  Thiokol 
linings, pipe, fittings, shapes, pails, pumps, 
rubber pain t, etc.

Rewbon seam less rubber linings and Zerok 
syn thetic  resin linings

Conveyor and transm ission belts, hose, 
mechanical rubber goods 

R ubber and syn thetic  rubber packings 
C ustoplast soft rubber and neoprene tank  

linings
Oilproof rubber belts, transm ission belting, 

syn thetic  rubber products

Neoprene polymerized chloroprene rubber 
P erbunan  synthetic  rubber 
R ubber packings, transm ission belting, 

m olded gocds 
Transm ission and conveyor belting 
Transm ission belting
Acid- and abrasion-resistant linings, hose, con

veyor and transm ission belting, packings, 
hard-rubber pipe and  m olded goods, rubber 
p a in ts, Koroseal plastic, Anode process, 
Ameripol tires and  m echanical goods 

Hose, conveyor and  transm ission belting, 
packings, linings, m echanical rubber goods, 
Pliolite modified rubber plastic, Chem igum  

Hose, transm ission and  conveyor belting, 
packings

Synthetic rubbers (Ameripol)
M echanical rubber goods, packings, m olded 

and extruded shapes

MANUFACTURER 
(N am e and Address)

T he Osborn M fg. Co., Jo hns Conveyor D iv., 
Cleveland, O hio......................................................

M aurice A. K night, Akron. O hio .........................

L inear P ack ing  <k R ubber Co., Philadelphia,
P a ................................................................................

Luzerne R ubber Co., T renton , N . J ....................

M an h attan  R ubber M fg. D iv., Passaic, N . J .

M iller R ubber Co., Akron, Ohio...........................
Param ount R ubber Service, Inc., D etro it, 

M ic h ...........................................................................

Resistoflex Corp., Belleville, N . J .........................

Self-Vulcanizing R ubber Co., Chicago, 111.. . . .

S tandard  Oil D evelopm ent Co., E lizabeth , N .J.
Jos, Stoke3 R ubber Co., T renton , N . J ..............
Thcrraoid R u b b er Co., T ren ton , N . J ................

Thiokol Corp., T renton , N . J ................................

U. S. R ubber Co., New York, N . Y ....................

U. S. S tonew are Co., Akron, O hio .......................

Vulcanized R ubber C o^ New York, N . Y .........

P roducts

Johns rubber and  syn the tic  ru b b er “  moving 
pipe-line ”  conveyors 

R ubber and  neoprene-lined rubber drum s, 
Pyroflex resin-base ta n k  linings

R ubber and  syn the tic  rubber packings 
H ard  rubber pipe, fittings, valves, shapes, 

tan k s, rayon ap p ara tu s  and  o ther equip
m ent

Transm ission and  conveyor belting, blocks, 
hose, piping, rolls, b rake  lining, bearings 

Hose, m olded products, linings and  coverings

Seamless rubber linings, rubber pa in t, molds, 
coatings and  insulations 

Rubber-like oil-resisting resin —  tubing , hose, 
sheets, m olded shapes, gloves 

L iquid and  plastic  rubber self-vulcanizing 
coatings and lining m aterials 

P erb u n an  syn thetic  rubber 
M olded h a rd  rubber p roducts of a ll kinds 
Hose, belting , packing, m echanical rubber 

goods
Thiokol olefine polysulphide syn the tic  rubber 

—  crude sheet, m olding powder an d  liquid 
dispersions

R ubber-lined pipe, hard , sem i-hard and  soft 
linings, abrasion-resistan t linings, hard  ru b 
ber pipe, acid hose, packings, m echanical 
rubber goods and belting 

Resilon and  T ygon polym er ta n k  linings, 
rubber latex  linings 

H ard  and  sem i-hard ru b b er m olded products
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W O O D  F O R  C H E M I C A L  E Q U I P M E N T
PHYSICAL PROPERTIES OF WOODS COMMONLY USED FOR EQUIPMENT AND PLANT STRUCTURES

Cypress Douglas Fir (Coast.) L. L. Y. Pine Redwood Sugar M aple W hite Oak

Lb. per cu. it. (12%  m oistu re).................................. 32 34 41 28 44 47
Tensile  str.,*  Ib. per sq. in. (12%  m o istu re ) . . . . 7,200 8,100 9,300 0,900 9,500 7,900
Com pressive str.,*  lb. per sq. in. (12%  m oisture) 4,740 0,450 0,150 4,500 5,390 4,350
Therm al cond., B.t.u. per sq. ft., h r., °F., in . . . . 0.S3 0 .77 0 .90 0.70 1.10 1.22
H a rd n e ss ........................................................................... M ed. M ed. H ard M od. hard M ed. H ard

•A t p roportional lim it, in  sta tic  bending, and  compression parallel to  grain, respectively.

CONDITION OF WOODS AFTER 31 DAYS' IMMERSION IN COLD SOLUTIONS*
(Exam ined a fte r  7 days drying)

Fir Oak Oregon P ine Yellow Pine Spruce Redwood M aple Cypress

Hydrochloric Acid, 5% ....... NAC NAC N A C SS SS SS NA C N A C
Hydrochloric Acid, 10% . . . . NAC NAC NAC SS SS SS NAC NA C
Hydrochloric Acid, 50% . . . . SS.SIÎ.SW F SS,W F S,W F S.W F S,W F S,W F S,W F S,W F
Sulphuric Acid, 1% . . . . . . . . NAC N A C NAC SS SS NAC N A C SS,SB
Sulphuric Acid, 5% ............ SS SS SS SS as,SB SS.SB NAC SS.SB
Sulphuric Acid, 10%.  ......... S.FSD S.FSD S,FSD S,FSD S.FSD S.FSD S.FSD S.FSD
Sulphuric Acid, 25% .......... SSp,FSD SSp,FSD SSp.FSD SSp,FSD SSp,FSD SSp,FSD SSp,FSD SSp.FSD
Caustic Soda, 5% . . ........... S.NAC MSI),SW p SS SS.FSD SSp.FSD SSp,FSD M Sh SSp,FSD
Caustic Soda, 10% ............ S.FSD M S h,W F,H orny SS SS.SB.FSD SS,SB,FSD SS.SB.FSD M Sh S,SB,FSD
Alum, 13% ....................... NAC NAC NA C N A C NAC NAC NAC N A C
Sodium  Carbonate, 10%. . . . SB.GC NA C GC SB.GC SB.GC SB.GC GC SB.GC
Calcium Chloride, 25% ...... NA C NA C NA C NAC N A C NAC N A C NAC
Common Salt, 2 5 % ................ NAC NAC NAC SS.GC SS.GC SB.GC NAC NAC
W ater........................................... NAC NAC NA C NAC NAC NAC NAC N A C
Sodium  Sulphide...................... SS.SB M Sh.W F SB SB SB SB M Sh,FSD F SD

CONDITION OF WOODS AFTER 8 HOURS BOILING IN SOLUTIONS*
(Exam ined a fte r  7 days drying)

Fir Oak O regon Pine Yellow P ine Spruce Redwood M aple Cypress

Hydrochloric Acid, 10%  . .  . . SB,S FSD FSD FSD FSD FSD FSD F SD
Hydrochloric Acid, 5 0 % . . . . FD .C h.B .R .N G FD ,C h ,B ,S ,N G FD ,C li,B ,S ,N G FD ,C h,B ,S ,N G FD ,C h,B ,S ,N G F D .C h .B .S .N G FD .C h .B .S .N G F D ,C b ,B ,S ,N G
Sulphuric Acid, 4 % ............ SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC SB.GC
Sulphuric Acid, 5 % ............ SS.GC SB.GC SB.GC SB.GC SB .FSD SB.GC SB.GC SB .FSD
Sulphuric Acid, 10% . . . . . . . SS.GC B F D .W pd.N G S p.F D .N G B ,S p ,F D ,N G B ,S p ,F D ,N G SB .FSD SB .FSD B ,F D
Caustic Soda, 5 % . . . . . . . SS M Sh S G C S.GC S,GC Sh SSp
Alum, 1 3 % ................................ SB .GC N A C NAC SB.GC SB.GC SB.GC NA C SB.GC
Sodium  C arbonate, 1 0 % .. . . SB .GC GC GC GC GC G C G C SB.GC
Calcium  Chloride, 2 5 % ......... SB .GC SB,SS.GC NAC SB.GC SB.GC NAC NAC SB.GC
Common S alt, 2 5 % ............ NAC NAC N A C SB.GC N A C SB.GC NAC N A C
W ate r........................................... NAC NAC NAC SB.GC N A C N A C NAC NA C

• T he tw o tab les describing the  condition of e ight varieties of woods used for tan k s  and  o th er chem ical-resistant uses a re  based on  a rep o rt of Jam es  K . S tew art, consulting chem ist, to  th e  
M ounta in  C opper Co., M a r t in e t  Calif. T ests  were conducted on sam ples 1 x 4 x in. in size, seasoned and chosen so  as  to  be as nearly  as possible in th e  sam e physical condition as th e  woods 
would be when used for equipm ent construction. R esu lts  of th e  tes ts  a re  described by  term s explained in the  following key: 1 »

A bbreviation Key F SD  —  F iber S lightly  D isin tegrated  S —  Softer SSp —  Slightly Spongy
G C —  Good C ondition SB —  Slightly B rittle  SW F —  Slightly W eakened F iber

B —  B rittle  M Sh —  M uch S hrunk Sh —  S hrunk SW p —  Slightly  W arped
Ch — Charred N A C — N o A pparent Change Sp —  Spongy W F — W eakened Fiber
F D  —  Fiber D isintegrated N G  —  N o  Good SS —  Slightly Softer W pd —  W arped

Representative Makers of W ood Tanks and Pipe for Chemical Applications
A cm e T an k  Co., New York, N . Y.
A lert P ipe & Supply  C o., B ay  C ity , 

M ich.
A tlan tic  T an k  Corp., N o rth  Bergen, 

N . J .
Axtell Co., F o rt W orth , Texas
B altim ore C ooperage T an k  & Tow er 

Co., Baltim ore, M d.
B lack, Sivalls & Bryson, Inc., O kla

hom a C ity , Okla.
C. F . B raun  & Co., A lham bra, Calif.
W . E . Caldwell Co., Louisville, K y.
Challenge Co., B a tav ia , III.
C aspar L um ber Co., H o b art Bldg., 

San Francisco, Calif.
A. J . C orcoran, Inc., Jersey  C ity , N .J .
C ypress T an k  Co., Shreveport, La

D em pster M ill Mfg. Co., B eatrice 
N eb.

D rane T an k  Co., F o rt W orth , Texas 
D rum m ond M fg. Co., Louisville, K y. 
D unak T an k  W orks, Inc., M il

waukee, Wis.
G . E lias & B ro., Buffalo, N . Y. 
Engle T an k  Co., Chicago, III. 
Federal P ipe & T an k  Co., S eattle 
F lem ing T ank  Co., P ittsb u rg h , P a . 
F luor Corp., L td ., Los Angeles 
F ib re  C ondu it Co., O rangeburg, N . Y. 
F oster W heeler Corp., New York 
G eneral T an k  Corp., K earny , N . J .  
Amos H . H all <fc Sons, Philadelphia 
H a rry  Cooling & E q u ip m en t Co., 

D oylestown, Pa.

H auser-S tander T an k  Co., C in
cinnati, Ohio 

H am m ond & L ittle  R iver Redwood 
Co., Sam oa, Calif.

H enderson Bros Co., W aterbury  
R . R . Howell & Co., M inneapolis 
Jam es H u n te r  M achine Co., N orth  

Adam s, M ass 
Johnson & Carlson, Chicago, 111. 
K alam azoo T an k  & Silo Co., K ala

m azoo, Mich.
L incoln T an k  Co., Shreveport, La. 
Lille-Hoffm an Cooling Towers. Inc., 

S t. Louis, M o.
M arley  Co., K ansas C ity , Kan. 
M ichigan Pipe Co., B ay C ity , M ich. 
N ational T an k  Co., Tulsa, Okla.

N ational T an k  <fc P ipe Co., P o r t
land , Oregon

New E ng land  T an k  «fc Tow er Co., 
E v e re tt, M ass.

Pacific C ooperage Co., Portland , 
Oregon

Pacific W ood T an k  Corp., San 
Francisco, Calif.

Pacific T an k  <fc P ip e  Co., O akland, 
Calif.

Parkersburg  R ig  Reel Co., 
P arkersburg , W est Va.

F red  C. Pfeil, Inc., Buffalo, N . Y.
J . F . P ritch a rd  & Co., K ansas C ity , 

Mo.
Redwood M frs. Co., San Francisco, 

Calif.

Win. B . Scaife & Sons Co., P i tt s 
burgh  D ist., O akm ont, Pa.

S chubert-C hristy  Corp., S t. Louis
A. T . S tearns L um ber Co., B oston
Treadw ell C onstruction  Co., S ta tio n  

A., M idland, P a .
U nion L um ber Co., C rocker Bldg., 

San Francisco, Calif.
U. S. W7ind Engine <fc P u m p  Co., 

B atav ia , 111.
W endnagel Co., Chicago, 111.
C. H . W heeler M fg. Co., N o rth  

P hila ., Pa.
G . W oolford W ood T an k  Co., D arby , 

Pa.
A. W yckoff & Son Co., E lm ira, 

N . Y.

612 • SEPTEMBER 19Ą0 • CHEMICAL & METALLURGICAL ENGINEERING


