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C h e m ic a l I n d u s t r y  in  th e  W ar

C J areful reading of B ernard M. B aruch’s recent book on industrial mobiliza­
tion (“ American Industry  in the W ar,”  Prentice-Hall, 1941), serves as a timely 
reminder of the vital p a rt played by chemicals in our first W orld W ar eifort. 
As early as A pril 1917 a chemicals committee had been formed under the raw 
materials division of the old Council of National Defense. When, later, the W ar 
Industries Board was organized, Mr. Baruch insisted tha t the chairman of this 
chemicals committee should serve as his technical advisor and become an official 
member of the Board. That man was Leland L. Summers, a consulting engineer, 
who, since 1915, had been prominently identified with the purchase of chemical 
munitions for the Allied governments. D uring all of the B oard’s activities, Mr. 
Summers sat as one of its eight members, sharing industrial representation with 
only Mr. Replogle, the steel adm inistrator, and Mr. Peek, commissioner of finished 
products. Mr. Summers also insisted on remaining the adm inistrative head of 
both the explosives and chemical divisions—the form er directed by March F. 
Chase and the la tter by Charles H. MacDowell, ably assisted by approxim ately 
twenty sectional chiefs drafted from the executive ranks of the various chemical 
industi'ies.

This much of history is reviewed here to point a contrast and perhaps as the 
basis for some questions about our representation in the current war effort. Obvi­
ously chemicals are no less im portant now than they were twenty-five years ago, 
although it is true that today we are much better prepared because of our highly 
developed chemical industry. B ut does that mean there is no longer the need for 
adequate and aggressive representation of our industry  by some of its top execu­
tives serving on the various planning boards th a t are now directing the war 
program? Must chemicals continue to be subordinated to other industries, 
shrouded with mystery and m isunderstanding ? Perhaps such questions may seem 
ungenerous or unfair to the many patriotic, competent and hard-working tech­
nologists who have ably represented chemical industry in OPM and OPA. Cer­
tainly th a t is not intended. Rather, these questions reflect an impression tha t is 
ra ther widely prevalent in chemical industries. Many people are beginning to 
ask, perhaps inadvisedly, why the names of the members of the various chemical 
advisory committees have not been made public, why the organization and pro­
cedures of the chemical units are not better understood, why everything ‘ ‘ chem­
ical”  is a m ilitary secret which can be shared only with those in the inner circles?

Tanks, planes and battleships are units that can be readily understood and 
visualized by anyone. They are made largely of metals and there seem to be no



secrets about war requirements for steel and copper, 
aluminum and magnesium. Our needs for uniforms, 
shoes, and sim ilar supplies are a simple m atter of 
arithmetic. But when it comes to smokeless powder 
and TNT, or even their basic chemical ingredients, 
there is little or nothing known except to those 
within the charmed circles. Yet if the United States 
is soon to p u t the victory program  into full opera­
tion, there may well be some advantage in carrying 
inform ation of this sort to engineers and managers 
of chemical enterprises all over the country. Cer­
tainly the expanding needs for additional per­
sonnel, as well as production facilities, would seem 
to argue in  favor of more general release of such 
inform ation as would not be of help to our enemies.

Our big job in 3942 is to achieve a full mobiliza­
tion of American chemical industry. In  the words 
Donald Nelson addressed to a group of busiiiess- 
paper editors on December 19, this “ means drastic 
changes in our existing industrial economy. We 
must now think only in terms of out-producing a 
powerful enemy; and anyone who under-estimates 
the ability of the enemy to produce is only kidding 
himself.”  This job of converting chemical industry 
into a great, efficient war machine is one tha t calls 
for the united effort and support of all of us, 
whether in small companies or large corporations, 
whether now producing war m aterials or essential 
civilian goods.

American chemical industry served with great 
distinction in the last war, despite the fact th a t it 
was young and inexperienced. So fa r in the present 
effort it has done its share and has set fine records 
for efficient production as well as whole-hearted 
cooperation with the government. B ut we can and 
must go a lot fa rther and faster. We need to mobilize 
every chemical resource in manpower, m aterials and 
plan t facilities. We need strong and vigorous leader­
ship.

BILLIONS FOR DEFENSE

As o f  Jan u ary  1, 1942, according to the OPM 
Bureau of Research and Statistics, there have been 
approximately 71 billion dollars of appropriations, 
contracts and authorizations in the defense pro­

gram. The largest single item in the tabulation is 
for ordnance, including naval ordnance, which 
accounts for 16.5 billions or 23 percent of the total 
program. Other munitions add 3.5 billions, stock­
piles, equipment and supplies, 6.6 billions; so that 
a t least 37 percent of our money has been earmarked 
for materiel of direct concern to chemical engineers. 
J u s t  what proportion of this staggering total is 
represented by chemicals and explosives, as such, 
has not been shown, bu t we would estimate it as at 
least a fifth of the total for these three items.

The same Bureau reveals that from the beginning 
of the defense program  through September 30,1941, 
industrial facilities for defense financed by the 
government and privately, totaled $5,260,463,000. 
Here chemicals, including explosives, accounted for
13.8 percent, petroleum, coal and gas, 0.7 percent, 
and ammunition, shells and bombs an additional 
16.2 percent. Again it seems safe to estimate th a t 
chemical engineering construction has accounted for 
a t least a fifth of the industrial facilities for defense. 
This figure of approxim ately a billion dollars is 
about ten times the normal building program  in our 
field. And it m ust be greatly increased as the vic­
tory program  swings into full operation.

So, with $15,000,000,000 already appropriated for 
chemical munitions, with at least another billion in 
new defense plants, and more in the offing, “ billions 
for defense”  is not ju s t an idle boast. I t ’s chemical 
in d u stry ’s biggest order for 1942 delivery.

ADJOURN REFORM

R e f o k m  has not been adjourned for the war. One 
would think th a t official W ashington would lay 
aside its hobbies and get down exclusively to war 
business. U nfortunately this is not the case. Com­
plete licensing of explosives producers, distributors 
and users has begun. The government is taking over 
more power properties nominally for defense, 
actually to get operating control. The President 
has named a new paten t board to figure out how the 
patent system can be revised. An obvious objective 
is to get more control of patents, not to make 
patents more the servant of industry  and the pub­
lic. And Secretary Ickes outdoes himself in reform
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Chemical &  M etallurgical Engineering  is 
the successor to Metallurgical 6* Chemical 
Engineering, which in tu rn  was a consoli­
dation of Electrochemical &  Metallurgical 
Industry  and Iron  &  Steel Magazine , effected 
in July, 1906.

The magazine was originally founded as 
Electrochemical In d u stry , in September, 1902, 
and was published monthly under the editorial 
direction of D r. E . F. Roeber. I t  continued 
under that title  until January , 1905, when it 
was changed to Electrochemical & M etallur­
gical Industry. In  Ju ly , 1906. the consolida­
tion was made with Iron  &  Steel M agazine,

which had been founded eight years previously 
by D r. A lbert Sauveur. In  January , 1910, the 
title  was changed to Metallurgical &  Chemical 
Engineering, and semi-monthly publication was 
begun Sept. 1, 1915. On Ju ly  1, 1918, the 
present title was assumed and weeklv pub­
lication was begun Oct. 1, 1919. Monthly 
publication was resumed in M arch, 1925.

D r. E. F . Roeber was editor of the paper 
from the time it was founded until his death 
on Oct. 17, 1917. A fte r a brief interim  
he was succeeded by H . C. Parmelee. Ten 
years later, Nov. 1, 1928, M r. Parmelee
assumed other responsibilities in the McGraw-

Hill Publishing Company and Sidney D. 
K irkpatrick was appointed editor.

The present editorial staff of the magazine 
comprises, in addition to M r. K irkpatrick: 
Jam es A. Lee, m anaging editor; H . M. B at­
ters, m arket editor; T. R. Olive, associate 
editor, J . R. Callaham and L. B. Pope, 
assistant editors. R. S. M cBride, W illiam 
E. Becker, E. S. S tatcler and Earle M auldin 
are editorial representatives in W ashington. 
P . C., on the Pacific Coast, in Chicago, and 
in A tlanta, respectively. [A ll rights to above 
magazine titles are reserved by M cGraw-Hill 
Publishing Co.]
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effort as lie takes over his duties as solid fuels czar 
and greatly extends his disciplinary rules over the 
petroleum industry. Using wartime authority for 
reform seems to be a hobby of the In terior D epart­
ment.

SYSTEMATIC VS. SPORADIC SAVINGS

M o s t  people, especially .since December 7, don’t 
need to be told why they should buy more defense 
bonds. We know it is a patriotic duty as well as a

personal privilege to invest our savings in  the 
fu tu re  of America. B ut some of us p u t it  off, or 
contribute sporadically, for the simple reason we 
have no definite plan of procedure. I f  tha t is the 
case in your organization, you will do well to in­
vestigate the voluntary pay-roll allotment plan tha t 
is now being widely adopted ¡by small as well as 
large companies in our industries. Remember th a t 
France left it to hit-or-miss—and missed. L e t’s hit 
and h it hard, week by week, month by month, until 
our combined efforts result in American victory.

WASHINGTON HIGHLIGHTS

ALLOCATIONS proceed apace. A l­
ready there ¡ire 15 or 20 commodities 
you can’t  own or process without 
Uncle Sam’s OK. Most of them are 
imported strategics like rubber, tin, 
and chromium. But the equivalent 
procedure will apply to more and 
more chemicals as mandatory alloca­
tions replace priorities. W hat has 
already happened to chlorine, metha­
nol and ferro-alloys shows what to 
expect for other chemicals.

SABOTAGE, incendiarism and enemy 
air raids, but the greatest hazard of 
them all in chemical industry, is 
sabotage. Read in this month’s Chem. 
<0 Met. repo rt (pp. 101-8) the best 
advice the editors have been able to 
glean from  the Olïice of Civilian De­
fense, the Chemical W arfare Service, 
the Federal Bureau of Investigation 
and numerous other sources.

SUBCONTRACTING ill most chemical 
m anufacturing is not so easy. But 
Washington expects more process 
industries to share in the defense 
load. This means that small plants, 
even those not commonly doing pi'oc- 
ess work of the needed sort, can make 
their contribution to defense produc­
tion. Such operators will not be a 
permanent p a rt of our industries. But 
they can help now when even a small 
step in advancing goods toward com­
pletion fo r m ilitary use is desirable, 
in fact, necessary.

CHEMICAL PROMOTERS are not
wanted in W ashington. Direct action 
by executives of process industries in 
dealing with government officials is 
preferred. There is a place for the 
W ashington representative in legal, 
tax, and technical matters. But he 
cannot safely, particularly a t this 
time, be substituted for executive ac­
tion by those who can speak directly 
on company policy. Government offi­

cials prefer to deal with career mem­
bers of a staff, not temporary ex­
ponents of some “cause.”

WASTE ELIMINATION, especially in 
use of metals and certain chemicals, is 
most vital. Even where it takes more 
labor, or causes increased cost, econ­
omy in consumption is sought. The 
United States had suddenly achieved 
an economic relationship like that 
which has long prevailed in Europe. 
This tem porary situation means that 
we can waste" labor to save material. 
We must pursue a policy of ruthless 
economy on materials. Nor must wo 
lose sight of the fact that there are 
opportunities for simplification of 
specifications and the elimination of 
costly frills and excessive refinements.

PRICE r e g u l a t io n  will come. In  
general, it will apply principally to 
consumers’ prices. Thus, those indus­
tries like the fertlizer manufacturers, 
who sell to ultimate users, may be the 
first to be pinched. But also there 
will be many more specific industrial- 
commodity price-control orders such 
as those recently issued for alcohol, 
butanol, acetone, and glycerine. As 
these price controls develop it will be 
particularly im portant for engineers 
and executives of the chemical indus­
tries to know and identify clearly all 
new elements of cost. Generallv 
speaking, only such new costs, espe­
cially those imposed by war condi­
tions, will be assumed to justify  price 
advances.

t a x e s  to supply one-third, perhaps 
more, of needed war money will be 
the ambition of Congress. This means 
that some of the extreme ideas previ­
ously reported as mere proposals of 
Washington come closer to reality 
week by week. The first tax law of 
1943 may actually double the tax col­
lector’s “take” in many industries.

WAR CONTROLS must be recog­
nized. Speed-up is expected. Demand 
for more continuous p lan t operations 
is certain. Better scheduling of hours 
of work, as in the Gray plan described 
on page 8G, is worthy of immediate 
study. B ut with all the pressure of 
speed up, we must still watch out for 
the vital element of safety of p lant 
and personnel. That alone can take 
precedence over increased output in 
these times.

U. S. MINISTRY OF SUPPLY, long 
delayed, is now in the making. Evi­
dence tha t the government is becom­
ing increasingly im patient with pres­
ent procurement policies is accumu­
lating. The President’s demand fo r a 
$50 billion per year spending pro­
gram may sway the decision toward 
civilian control of purchasing. W ith 
needs mounting on such a grand 
scale, it’s almost safe to say that 
chemical industry can’t possibly plan 
for too much production of m ilitary 
necessities. Not so, of course, for 
civilian goods.

TANK CAR shortages are expected. 
Obviously there will not be as many 
tankers as needed for petroleum or 
molasses carriage. Even more obvi­
ously, the burden on rail transporta­
tion by increased business is already 
overloading our liquid-carrying facili­
ties. This means tha t economy in tank 
car usage, prom pt unloading, quick 
return, and simply doing without, will 
all be necessary. As statistics are 
issued regarding tank car supply, it 
will be im portant to note tha t the 
Association of American Railroads 
claims that a car is idle when it is not 
actually on their rails and moving. 
Hence, a tank car that is rendering 
full service, is classified as idle fo r a 
substantial percentage of its time, 
with weird statistical results on occa­
sion.
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Our Enemies, Chem ically Speaking
KARL FALK, Fresno Stale College. Fresno. Calil.

' Chem . & M et. I N T E R P R E T A T I O N  1

Because the present W orld W ar is being fought in the industrial as  
w ell as the military sphere, this tim ely review  of the econom ic and  
technical positions of the Axis chem ical industries is distinctly in  
order. It has been  prepared for Chem. <£■ Met.  largely  by Dr. Falk, 
w ho formerly represented this m agazine in Europe. W hile it clearly  
show s that w e have form idable opposition in prosecuting both the 
war and the subseguent p eace , nevertheless, the trem endous pre­
ponderance of basic raw m aterials, plants and personnel availab le  
to the non-Axis pow ers should more than counter-balance the initial 
advantages of close collaboration during alm ost a  decade of chem ical 
preparedness by our enem ies.— Editors.

Ge r m a n y ,  I t a l y  a n d  J a p a n ,  poor 
in resources but rich in ambition, 
have organized their industries under 

government direction to make the 
greatest possible use of available raw  
materials while trying to develop 
militarily independent and blockade- 
proof economies. In  the Reich, les­
sons from the first W orld W ar were 
carefully studied and this accounts 
fo r the emphasis placed on synthetics 
even before the outbreak of this war. 
German chemicals were also used as 
an im portant medium of exchange to 
obtain on world markets reserve sup­
plies of vital materials in which the 
Reich was deficient. This was pos­
sible since Germany’s normal chem­
ical exports are two to three times 
chemical imports. The Axis partners, 
Italy  and Japan , normally im port 
more chemicals—at least raw ma­
terials—than they export.

Before the outbreak of W orld W ar 
IT, in total chemical production the 
Great Powers ranked as follows: 
United States, Germany, United K ing­
dom, France, Japan, Italy, and the 
U.S.S.R. United States accounted for 
two-fifths of world chemical produc­
tion, while Germany supplied less 
than one-fifth. In  ivorld trade in 
chemicals, however, the order in 1938 
w as: Germany, United States, United 
Kingdom, France, Japan , Italy, 
U.S.S.R., with the Reich supplying 
between one-fourth and one-third the 
total and the U.S. one-sixth. The 
United States has been the world’s 
largest chemical importer, and Ger­
many the world’s largest exporter.

Assuming that exports represented

roughly a surplus over domestic needs 
and that raw  materials were avail­
able—which is not always the case— 
and that war damage no more than 
cancelled out new p lan t construction 
since .1938, a breakdown of leading 
chemical traders into Anti-Axis, Axis, 
and countries accessible to the Axis 
(with im portant reservations for 
Switzerland’s unique position, and 
fo r occupied parts  of the U.S.S.R.) 
would be roughly as shown in Table I.

This breakdown, of course, fails to 
show the importance of British Em ­
pire and Latin American chemical 
raw material sources, but it also does 
not include the growing production of 
Scandinavian and Balkan countries 
which are accessible to the Axis.

GERMANY'S STRONG POSITION

Germany, as the largest Axis chem­
ical m anufacturer, bases its produc­
tion chiefly on available raw materials, 
coal, lignite, potash, limestone, salt, 
wood, magnesite, and other raw ma­
terials. The Reich normally depends 
on foreign sources for vegetable oils, 
naval stores, crude drugs, phosphates, 
natural rubber, borax, sulphur, 
pyrites, carbon black, natural oil and 
petroleum, and other less im portant 
items. Some of these have now been 
successfully replaced by substitute or 
alternate materials. Germany’s lead­
ing chemical exports normally are 
coal-tar dyes, potash, medicinals, 
ammonium sulphate, nitrogenous fer­
tilizers, pigments, paints and var­
nishes, synthetic resins, insecticides, 
and other agricultural and industrial 
chemicals.

In certain chemicals the Reich is 
the world’s chief producer. Of the 
1939 world output o f approxim ately
200,000 metric tons of dyestuffs, Ger­
many accounted fo r the largest share, 
exporting about one-third of: its pro­
duction and supplying 56 percent of 
the total international trade-in  these 
products. In  normal years the Reich 
exports 50 percent and more of its 
dye output.

Of the world’s 3 million metric ton 
output of nitrogen in 1938-9, German 
synthetic ammonia plants with a 
capacity of 1.4 to 1.5 million tons 
supplied the largest share. Most of 
the Reich’s production of synthetic 
ammonia is from brown coal water- 
gas and is manufactured in I.G. 
plants a t Leuna and Oppau near 
Ludwigshafen.

Germany is also the world's largest 
producer and exporter of potash, 
having strengthened its monopoly still 
fu rther through recent incorporation 
of 11 Alsatian potash mines. In  1937 
Germany produced 62 percent and 
France 15 percent of the world’s 
potash.

Although figures are no longer ac­
curate, Germany claims to have been 
the world’s largest producer of alumi­
num in 1938, with 165,000 tons. In 
1939 it produced 210,000 tons or 32 
percent of the world output, which has 
increased considerably since then. 
Raw materials fo r this m ilitarily im­
portan t metal are not found in the

Table I—Foreign trade of principal
countries in chemicals and allied

products*
Im ports Exports 

(millions) (millions)
A N TI-A X IS
United S ta te s ......................
United K ingdom ................
C anada..................................
U.S.S.R. (1937 estimate)

$146.0
117.3
38.4

0 .7

$158.5
131.7
20.5
13.4

T o ta l.................................. $308.4 $324.1

AXIS
G erm any...............................
J a p a n .....................................
I ta ly .......................................

$S4.2
46.1
29.5

$263.3
34.8
29.7

T o tal.................................. 5159.8 $327.8

ACCESSIBLE TO AXIS
F rance ...................................
N etherlands..........................
Belgium.................................
Switzerland..........................
D enm ark............. .................
Poland and D anzig ............

$64.5
55.0
48.4
24.5
26.6 
14.2

$90.6
48.6 
62.2
40.7 

3 .9  
6 .1

T o ta l .................................. $233.2 $252.1

•From “World Chemical Developments in 
193S," U. S. D epartm ent of Commerce.
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Reich, but bauxite is available from 
Hungary and Yugoslavia, France and 
Italy. Germany is also an im portant 
magnesium producer, especially with 
control of magnesite supplies of Aus­
tria  the world’s second largest p ro­
ducer.

In  1939 the Reich produced 2.8 mil­
lion metric tons of sulphuric acid, a 
new peak for Germany caused by in­
creased demands fo r m anufacturing 
artificial fibers, mineral oils, nitration 
products, fertilizers and munitions. 
I t  also imports considerable sulphuric 
acid and the raw  materials, sulphur 
and pyrites, from Italy, Spain, Nor­
way, Sweden, and Yugoslavia. Pyrite 
and iron ore from Sweden, northern 
France and elsewhere will probably 
enable Germany to keep up  steel pro­
duction, which was 23 million tons 
in 1938.

Germany is behind the United 
States, however, in the output of 
plastics and rayon, but leads in syn­
thetic rubber, synthetic motor fuels, 
and staple fiber. Although production 
of these items has expanded tremen­
dously in the last five years the Reich 
is still unable to fulfill domestic re­
quirements with synthetic products. 
Synthetic rubber, chiefly Buna types, 
accounted for only 40 percent of the 
rubber consumed in the Reich in 1939. 
Of necessity, the percentage is prob­
ably higher now, and the same ratio 
would probably hold for synthetic

textiles. In 1941, 30 plants in the 
Reich produced around 30 million bar­
rels of synthetic motor fuels, thereby 
trebling the 1938 output. In  that 
year, however, Europe consumed 200 
million barrels of oil and produced 
only 75 million itself, not counting 
Soviet production, little of which was 
available fo r export. The rest had to 
be imported from overseas.

Although the Reich exports super­
phosphates, it must im port phosphate 
rock. Normally this has come from 
the United States, but in war time is 
available from France and Italy. The 
Reich is fa r  behind the United States 
in this fertilizer item as well as in 
output of chlorine and alkalies such 
as soda ash and caustic soda, needed 
for m anufacture of artificial fibers 
and other synthetics.

The Reich chemical industry, with 
a production valued a t well over 6,000 
million RM per year, ranks among 
the first five industries in Germany, 
and accounts fo r approxim ately one- 
fifth of that country’s exports. 
Through the annexation of A ustria 
and most of Czechoslovakia in 1938-9, 
before the outbreak of the w ar the 
chemical industry acquired an addi­
tional annual production of 400 mil­
lion RM, and it is impossible to esti­
mate what share other voluntary and 
involuntary Axis partners have con­
tributed in the meantime in the chem­
ical field. Poland has considerable

capacity and raw materials, and 
France and Belgium are among the 
world’s leading chemical producers. 
I t  must be remembered that condi­
tions are in  a constant state of flux, 
and it would be a mistake to assume 
these countries as operating a t full 
capacity, while the changing theatres 
of war and adaptation of production 
to war time needs has changed the 
Reich’s own production. As fa r  as 
the other countries arc concerned 
Germany supplies or withholds raw 
materials as its own needs dictate.

Reich chemical and allied indus­
tries, employing over 600,000 per­
sons, have experienced a new boom 
since the outbreak of the war. P ro­
duction had reached a new peak in 
1939. A t the outbreak of the war the 
publication of all statistical data was 
discontinued for m ilitary reasons. I t  
is known, however, that the output 
receded in such lines as dyes, paints 
and pigments, soaps and other con­
sumer goods, while it increased greatly 
in industrial chemicals required for 
producing domestic substitute or 
alternate materials or fo r the manu­
facture of munitions and other mili­
ta ry  needs. Marked gains are re­
ported, fo r example, in the manufac­
ture of sulphuric, nitric, acetic, and 
other industrial acids, alkalies, elec­
trochemical products, carbon bisul­
phide, coal-tar derivatives, and re­
lated materials. An indication of the

Men and m aterials for w ar, a s  graphically presented by  the 
National Industrial Conference Board in its Economic Record 

for December 24, 1941. See also Table I on page 82

ALLIES

MIS

1(3.9

MALE POPULATION 16-35 YEARS Of AGE,OF 
2 «  SELECTED BELLIGERENT NATIONS, JULY 1,1941

IN MILLIONS SO U RCE: B U R EA U  o r  TH E CENSUS.
rm u R E S  n o t  c o r r e c t e o  rot) c a s u a l t i e s

WORLD PRODUCTION OF SELECTED WAR ESSENTIALS
IN PERCENTAGES OF TOTAL WORLD PRODUCTION

SO U R CE: B U R EA U  O F  THE C EN SU S
■ * ------------------ALLIED COUNTRIES----------------- *-

UNITED OTHER AXIS
KINGDOM ALLIED AXIS 0CCU- OTHER

U.S. ANDPOSS. . U.S.S.R.

WHEAT

POTATOES

SUGAR

PETROLEUM

COAL

IRCH ORE

COUNTRIES POKERS PIED COUNTRIES

PERCENTAGE OF NATIONAL INCOME 
DEVOTED TO DOMESTIC WAR EXPENDITURES 

APRIL, 1940-MARCH, 1941
SO U R CE: L EA G U E  O r  NAT ION S

UNITED
STATES

CANADA

21

¡I
JAPAN GERMANY

SELF-SUFFICIENCY 
OF SELECTED BELLIGERENTS

RETAINED MERCHANDISE IMPORTS, 1929 
AS PERCENTAGE OF 

NET NATIONAL INCOME, 
1925-1934

SOURCE: ROYAL IN ST IT U T E  
O F  INTERNATIONAL A FFA IR S

w m m m m m

321.4

AUSTRALIA

24.7

25.6

27.»

CHEM ICAL & M ETALLU RGICAL EN G IN EE R IN G  • J A N U A R Y  19.>,2 1— 81



extent of further production increases 
since the war started may be taken 
from the recently published report of 
the German A.G. Dynamit Nobel, 
m anufacturer of explosives, celluloid, 
plastics, etc., which announced that in 
1940 production had been 50 percent 
higher than in 1939.

Continental Plans— German plans 
to make Europe self-sufficient in the 
chemical field were revealed in the 
middle of 1941 by I.G. Farbenindus- 
trie, which has just boosted its capi­
talization to 800 million EM  in order 
to increase participation in foreign 
industries. Since France and England 
have been largely eliminated as com­
petitors on the continent under war­
time conditions, some of the “New 
Order” plans have already been put 
into effect. They call for complete 
continental reorganization of the

chemical industry, with Reich inter­
ests taking over financial control in 
some instances, building new plants 
or expanding old ones in areas best 
suited by reason of location of raw 
materials or cheap power or labor. 
P lants requiring an abundance of 
electricity would be located in Scandi­
navian countries. For example, Nor­
way could supply synthetic fertilizers 
and aluminum to France, Spain and 
the Balkans. In  return, France could 
send bauxite needed for aluminum 
production to Norway. Yugoslavia, 
able to build an electrochemical in­
dustry on the basis of cheap power, 
labor, river transport, and possessing 
copper (German interests have re­
cently acquired the formerly French- 
owned Bor mines), bauxite, chrome, 
antimony, lead, zinc, and timber as 
raw materials would become the

center of the Balkan chemical indus­
try, with Bulgaria and other south­
eastern European countries supplying 
additional raw materials.

In Rumania a specialized chemical 
branch would be built around the 
mineral oils (form erly Anglo-Dutch, 
American, and French-owned) and 
vegetable oils found there. A fter care­
ful studies of the economic structure 
of southeastern Europe, I.G. Farben 
around 1935 started financing and 
supplying technical assistance to de­
velop soya bean growing in Rumania. 
The proceeds from crops, purchased 
completely by Germany, were used 
for im porting chemicals manufac­
tured by I.G. In this way, while ex­
panding the sale of chemicals, this 
firm also acquired foodstuffs and raw  
materials for the Reich, and I.G. 
economists have gone further and 
estimated that by raising per capita 
im port purchasing power of the 
Balkans to one-half that of Germany, 
a billion mark gain of chemical ex­
ports to the Balkans would result, the 
bulk of which would presumably be 
supplied by the Reich.

In  France, bauxite deposits would 
be developed further, and the existing 
well-rounded organic and inorganic 
industry would be expanded. France, 
it will be remembered, is the fourth 
largest chemical producer in the 
world. German financial penetration 
there was revealed with the announce­
ment in December 1941 that I.G. 
Farben has obtained control of three 
leading French concerns, Kuhlmann, 
National Coloring M atters and Chem­
ical Products Co., Ltd., of St. Denis, 
and French Chemical Products Co. of 
St. Clair du Rhone.

ITALIAN CHEMICAL PRODUCTION

Italy , although possessing a con­
siderable electrochemical industry of 
her own which is rapidly being ex­
panded, fits into the Axis picture as a 
supplier of certain manufactured 
chemicals to Danubian areas, but 
more as a source of raw  materials, 
mercury, sulphur, pyrites, zinc, and 
bauxite. In  the case of mercury Italy  
has become the world’s largest p ro­
ducer (45 percent of the world total 
in 1937) when Spanish production 
was crippled during its year and a 
half of civil war. As the world’s 
second largest producer of sulphur 
(10.7 percent of the world’s total in 
1937, 80 percent being U. S. pro­
duced), and fourth  largest producer 
of pyrites (8.6 percent of world’s 
total in 1937), Italy  has a large sur­
plus of raw materials for sulphuric 
acid.

Ita ly ’s chief sources of supply for
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T H E  W O R L D ............................................................... 2,133 52,231 40.9 100 100 100 100 100 100

P R IN C IP A L  A N T I-A X IS  B E L L IG E R E N T S
United S tates (Including Possessions)...........
United Kingdom (Including Possessions).........

151 3,734 40 14 4 15 63 34 38
501 13,354 37 13 4 22 2 24 10

U.S.S. R ussia............................................................. 170 8,167 21 27 26 9 10 9 15
C hina............................................................................ 412 3,784 109 10
N etherlands In d ies ................................................... 69 735 94 5 3
Thailand ...................................................................... 15 200 75

T o ta l.................................................................... 1,318 29,983 44 64 34 51 78 67 63

P R IN C IP A L  AXIS B E L L IG E R E N T S
Germ any (including A ustria)............................... 76 214 356 3 23 8 14 3
F inland ........................................................................ 4 148 25 1
H ungary (Trianon T errito ry )............................... 9 36 252 1 1
I ta ly ............................................................................. 45 120 378 5 1 1 1

19 111 175 2 1 3
Japan  (including Korea and Form osa)............. 102 247 411 1 1 4 4

M anchukuo........................................................ 43 503 86 1 1
Bulgaria (including So. D obrudga).................... 7 43 156 1
A lbania...................... .................................................. 1 11 97

T o ta l.................................................................... 306 1,433 214 14 28 13 3 19 4

P R IN C IP A L  AXIS O C C U PIE D  A REAS
Belgium ....................................................................... S 12 700 1 1 2
Czechoslovakia (before Sept., ’38 )...................... 15 54 281 1 5 2 1 1
D enm ark..................................................................... 4 17 225 1 1
E ston ia ........................................................................ 1 19 59
France.......................................................................... 42 213 197 4 6 3 3 12
Greece.......................................................................... 7 50 142
L atv ia .......................................................................... 2 25 7S 1
Lithuania (including M einel)............................... 3 22 118 1
N etherlands................................................................ n 13 679 1 1 1
Norway........................................................................ 3 125 23 1
Poland......................................................................... 35 150 232 1 16 2 3
Yugoslavia................................................................. 16 96 164 1 1
French Indo-C hina.................................................. 24 2S6 S2

T ota l.................................................................... 168 1,082 155 4 33 ió 10 14

R E SO U R C E S  M O R E  LIKELY AVAILABLE 
T O  A N T I-A X IS G R O U P
Balance of N orth America (except U. S. anc 

C anada).................................................................. 37 1,780 67 13 9

South America (except foreign controlled) 94 6,921 14 3 5 9 1
E g y p t........................................................................... 17 386 43 1 1
Ira n ............................................................................. 15 634 24 1 4
Ira q ............................................................................. 4 117 32 0

T ota l.................................................................. 167 9,838 17 5 19 17 1

R E S O U R C E S  M O R E  LIK ELY  AVAILABLE 
T O  AXIS G R O U P
Spain.......................................................................... 26 194 134 1
Sweden...................................................................... 6 173 37 1 1 9

T o ta l.................................................................. 32 367 88 1 2 9

European and Asiatic T urkey  has a  population of 17,870,000; occupies 297,000 square miles; has a density  of 60: 
produces 2 percent of the world’s wheat. This tabulation  does not a ttem p t to  compute the proportion of normal Russian 
resources now controlled by G erm an occupation nor the proportion of Chinese resources controlled by Jap an  as a result 
of occupation. Production figures shown will no t always total 100 percent because productions of les* than  one percent 
are not included.
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the chemical as well as other indus­
tries have become Germany and Yugo­
slavia, which has now been divided 
into the Kingdom of Croatia, ruled by 
the Italian  Duke of Spoletto, Serbia, 
and in parts of Yugoslavia incor­
porated into the Reich by way of 
A ustria, and those occupied by Bul­
garia and Hungary. Form er Yugo­
slavia had a surplus of cereals, meat, 
timber, copper, lead, chrome, and 
antimony, but the Reich is bidding 
against Italy  for some of these items. 
In present wartime trade Germany is 
providing the southern axis partner 
with coal, steel, potash, and mag­
nesite, and in return  is receiving hemp 
and silk in addition to sulphur and 
mercury. Total trade between the 
two axis partners was reported in 
December 1041 to have tripled since 
193!) and is supposed now to exceed
2.000 million RM.

The chemical industry has long 
been organized on a military basis by 
means of confederations and trade 
associations, with prices, exports, re­
search, etc., all being government con­
trolled. F or both Italy  and Germany 
the transition from  a “W ehrwirt- 
schaft” ( “defense economy” ) to a 
“K riegsw irtsehaft” ( “war economy” ) 
was therefore easily accomplished. 
The same relative position occupied 
by I.G. Farben in Germany is held in 
Italy  by Monteeatini, Societa Generale 
per l’Industria M ineraria ed Agri­
cola, Milan, largest chemical and 
mining concern of southern Europe, 
in which French, Swiss and German 
capital were still also represented as 
late as 1937. The present extent of 
foreign participation in this or any 
other chemical concern in Europe is 
not known, since such matters, along 
with production and operation figures 
that might be of military importance 
or of value to competitors, have 
always been carefully guarded secrets. 
Monteeatini operates more than 200 
plants either directly or as subsidi­
aries and affiliates, and accounts for 
the largest p art of Italian  chemical 
production. Its  mining and metal­
lurgical activities include numerous 
pyrite, sulphur, lead and zinc, lignite 
and bauxite mines.

Italy, with 9.G percent of the 
world’s total in 1937, follows France 
and H ungary as Europe’s third 
largest bauxite producer. Monteeatini 
produces roughly one-half of Ita ly ’s 
aluminum. Total Italian aluminum 
output was about 32,000 tons in 1939,
40.000 tons in 1940, and is predicted 
to reach 65,000 tons by 1942-3, with 
an eventual goal of 100,000 tons.

Magnesium production is compara­
tively recent, Ita ly ’s requirements

having been imported until 1936. The 
Milan automotive and airplane 
Frasehini interests through the 
“ SAM IS” organization started pro­
ducing magnesium from  dolomite in 
M arch 1940 and have two plants run­
ning and a third under construction 
in Bolzano, South Tyrol. Monteeatini, 
which also erected a factory in Bol­
zano in 1938 is producing magnesium 
from the same raw  material as well as 
by way of magnesium chloride from 
sea water. Total Italian  magnesium 
production in 1942, however, will only 
be around 3,000 tons.

Thanks to synthetic production, the 
southern Axis partner is self-suffi­
cient in nitrates, but deficient in 
potash and phosphates, phosphatic 
rock ordinarily being imported from 
the United States. Fertilizers are, 
of course, of great importance in 
I ta ly ’s drive to raise more farm  prod­
ucts, especially wheat. Nitrogen fixa­
tion and synthetic nitric acid manu­
facture have expanded rapidly in 
recent years, although Italy  is still 
behind Jap an  in total capacity. 
Domestic resources, such as coal, lig­
nite, shale, and asphalt rock, have 
been utilized increasingly, chiefly by 
Monteeatini, for making synthetic 
motor fuels. Production is still fa r 
behind the Reich. Rayon as well as 
staple fiber production, especially 
from casein, has also been expanded 
in the past few years. Production of 
essential oils, and organic and inor­
ganic chemicals for export is well de­
veloped. Italy is the world’s second 
largest producer of olive oil (24 per­
cent of world’s total in 1938-9), but 
is deficient in other vegetable oils.

JAPANESE CHEMICAL INDUSTRY

Ja p an ’s chemical development dur­
ing the past ten years has been re­
markable. Although still importing 
considerable chemicals, partly  for 
military reasons, Japan  in the past 
few years has also become an im­
portan t exporter, especially in E ast­
ern markets. The production value of 
Japanese chemicals and allied prod­
ucts was 851,000,000 yen ($238,800,- 
000) in 1934. From 1935 to 1937 
chemical output increased by more 
than 50 percent to a total of 1,424,594 
yen ($400,000,000), of which indus­
trial chemicals had a value of 506,950,- 
000 yen; fertilizers 379,883,000; 
pharmaceuticals 123,574,000; soap, 
perfum ery and toilet preparations, 
109,631,000; and dyes and intermedi­
ates, 70,730,000 veil. Exports reached 
a peak of 188,300,000 yen ($48,000,- 
000) iii 1939, while imports dropped 
from  a 1937 peak of 211,510,500 yen 
($60,915,000) to 139,000,000 yen

($36,000,000) in 1939. The higher 
im port figure was attributable partly  
to higher prices and partly  to ab­
normal demands resulting from mili­
tary  activity. In  1938, 58 percent of 
Ja p a n ’s chemical exports went to the 
ven-bloc Japanese-dominated areas 
of China, Kwantung Province, and 
Manchuria, while sharp declines were 
recorded to other countries such as 
the United States.

Jap an ’s chemical industry, like that 
o f the other Axis members is chiefly 
in the hands of a few large concerns 
as the Mitsui, Mitsubishi, Sumitomo, 
and electric enterprises. F or price 
control and other official regulating 
functions the industry is divided into 
22 m ajor subdivisions, and in many 
eases is government subsidized, espe­
cially in undertakings outside of 
Jap an  proper or in unprofitable pro­
duction.

Ja p a n ’s chemical industry is based 
on its available raw materials, ordi­
nary coal (not cokable), sulphur, 
pyrites, chrome, magnesite (in Man- 
clmkuo), and some copper and tim­
ber. In  common with Axis partners 
it lacks cotton, wool, petroleum, and 
rubber. F or fertilizers Jap an  has 
sufficient synthetic nitrate plants 
(over 8 percent of the world’s in­
stalled capacity), but must im port 
potash, phosphates, and soya bean 
cakes, partly  from its mandated 
islands, and Korea and Manehukuo.

Jap an  is now self-sufficient in am­
monium sulphate and some is even 
available for export in years when 
power shortages due to droughts do 
not occur as in 1934 and 1935 and 
1939. Ammonium sulphate capacity 
in Ja p an  proper, Chosen (Korea) 
and Manehukuo in 1935 was 1,625,800 
tons, and has undoubtedly increased 
in the meantime. Superphosphate 
capacity is around 2 million tons, but 
raw materials have to be imported.

Since Ja p an  has some copper it has 
not had the same incentive to develop­
ing aluminum as an alternate ma­
terial as Germany and Italy. As a 
result of m ilitary needs, however, 
Ja p an  has had to carry on extensive 
research to overcome the handicap of 
having no domestic bauxite resources.

Some aluminum companies are 
now taking up magnesium output 
along with the prim ary magnesium 
producers, some of whom use German 
patents. Jap an ’s magnesium raw  ma­
terial basis is considerably better 
than for aluminum since adequate 
quantities of magnesite are available. 
A t first sea water was used, but now 
magnesite from Manchuria and K orea 
is the principal raw material. Man- 

(Please turn to ¡xige 95)
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Petroleum ’s Past, Present and  Future
ROBERT P. RUSSELL Executive Vice President, Standard Oil Development Co.

C hem . & M e t  I N T E R P R E T A T I O N

At a  dinner sponsored by ihe Junior Chem ical Engineers of N ew  
York during the Chemical*Exposition, the author g ave  this remark­
ably  com prehensive review  of the oil industry. It contrasts petroleum, 
from a  tonnage basis, with som e of the other industries so often 
regarded as outstanding exam ples of Am erican m ass production 
methods. Chem ical engineers w ill be interested in see in g  how  
favorably this great chem ical process industry com pares with those 
in w hich m echanical operations largely  predom inate. The answ er  
is  found in the former's dependence upon research and engineering  
developm ent.—Editors.

Ik  try in g  to make a guess as to the 
position which the petroleum in­

dustry may be in following the war 
it seems simplest first to take a look 
a t the status of the industry today, 
then to take a brief backward glance 
arid from  these two vantage points 
attem pt to take the look ahead.

The petroleum industry  in  the 
United States in 1941 will have re­
fined about 1,400,000,000 bbl. of crude 
oil which is at the rate  of about 200 
million tons per year. About 44 per­
cent by volume of the crude run  to 
stills will wind up as gasoline, mak­
ing the 1941 gasoline production ap ­
proximately 90 million tons. This 
gasoline will be sold at about $16 per 
ton as it leaves the refinery. The steel 
industry, which is generally looked 
upon as the greatest o f the “tonnage”

industries in 1941 will make about 
84 million tons of steel which will 
sell a t the mill gates fo r approxi­
mately $38 per ton. I t  is interesting 
also to compare the petroleum ton­
nage figures with tonnages of other 
industries now very much in the 
limelight. F or example, take alu­
minum which, if  hopes arc realized 
may, in 1942 produce 600,000 tons or 
about l/1 5 0 th  of Our gasoline ton­
nage.

Consider the situation fo r 100- 
octane number gasoline: This mate­
rial contains about 50 percent of a 
m aterial which in itself is a synthetic 
organic chemical and which ten or 
fifteen years ago sold fo r nearly 
$10,000 per ton. I t  is estimated that 
almost 2,500,000 tons of 100 octane 
number gasoline will be produced

At the left, a  new  fluid catalyst cracking p lant under construction. 
At the right, a  polymerization unit for high-octane motor fuels

during 1941 and will be sold at the 
refinery gates fo r about $50 per ton. 
I f  present expansion plans are com­
pleted, the industry will be producing 
a t the rate of some 7,000,000 tons per 
year at the end of 1942.

These tonnage and price figures for 
petroleum production appear all the 
more remarkable when one considers 
that the oil must first be found, that 
expensive wells must be drilled to 
secure the crude oil, tha t this crude 
must be collected, sent through mam­
moth pipe line systems into terminals, 
and then transported by the enor­
mous tanker fleet to the refineries 
where, finally, it must be refined in 
equipment of great technical com­
plexity. All this has required capital 
investment by the industries of the 
United States of something in the 
order of $15,000,000,000 and the year- 
round efforts of some million people 
whose annual “take-home” is in ex­
cess of $1,500,000,000.

The technical complexity of the 
operations involved in the oil indus­
try  is indicated by the fac t that the 
petroleum industry employs a little' 
more than 10 percent of all the re ­
search and development workers in 
the United States. All of the chem­
ical and allied industries together, 
which normally would be expected to 
require technical endeavor many times 
greater,' employ less than twice as 
many people as the oil industry alone. 
Since 1927 the number of technical 
people employed in the research and 
development end of the oil industry 
has increased seven-fold. During this 
same period, the chemical and allied 
industries have increased only three­
fold, the rubber industry has ex­
panded to only twice its form al level 
and the electrical and communica­
tions industries have stayed almost 
constant. (See “Growth of Re­
search” by George Perazich and 
Philip M. Field, Chem. & Met., Sept. 
1939, pp . 523-25.)

In  addition to the technical com­
plexity of the oil business itself, it 
must be realized tha t petroleum frac­
tions proride the raw materials on
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which a large chemical industry is 
based. Alcohols, glycols, ketones, 
aldehydes, organic acids, plastics, 
solvents, synthetic rubber, and nu­
merous other products are produced 
in large volume even today. Under 
the stimulus of war requirements, this 
chemical industry is in the process 
of rapid and im portant expansion. 
Although accurate figures are not 
available, it is likely that the present 
gross volume of this particular chem­
ical business is well in excess of 
$100,000,000 a year and it is conceiv­
able that it will reach several times 
this volume in the course of the next 
two or three years.

In  the refining of oil, rapid ad­
vances in the technology of chemical 
engineering have made it possible 
to produce increasingly greater yields 
of more valuable products, and at 
the same time effect substantial im­
provements in quality. Twenty years 
ago gasoline yields on crude were 26 
percent, whereas today they are 45 
percent. Over this period crude runs 
have increased four-fold and gasoline 
production has increased seven-fold. 
Quality has steadily improved to meet 
the requirements of high compression 
motors characterized by improved 
performance and economy. Accept­
ing ASTM octane number as a meas­
ure of anti-knock quality, the aver­
age gasoline supplied to the Ameri­
can public in  the last 16 years has 
increased from  approxim ately 50 oc­
tane number to 73 octane number to­
day, accompanied by increase in vola­
tility to improve starting and acceler­
ation. In  regard to aviation fuels, 
the development of 100 octane gaso­
lines has given an increase in power 
of approxim ately 20 percent over the 
87 octane grades in commercial use 
a t present, and an increase of 50 per­
cent over the 70 octane gasolines in 
use 10 years ago.

Other products have been made 
available fo r new economic uses. The 
increase in distillate oil fo r household 
heating, with attendant cleanliness 
and economy, is evidenced by the fact 
that over two million oil burners are 
in use in American homes today. The 
consumption of heating oils has al­
most doubled in the last five years. 
Industry  in general owes much to 
the development of economic, high 
quality lubricants, and marine ship­
ping has been greatly advanced 
through the economic use of fuel oil. 
In  the field of oil transportation, the 
widening use of crude oil pipelines 
and more recently the development 
of gasoline pipelines have facilitated 
the economic distribution of petro­
leum and its products, which distri-
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Gas manufacturing plant In a  large Eastern refinery which sup­
plies the petroleum hydrocarbons used for industrial chemicals

bution has been aided by increasing 
efficiency in the ocean transportation 
of oil by tankers.

That the benefit of improvement 
in technique and lowering of cost has 
been progressively passed on to the 
consumer is illustrated by the fact 
that in 1920 the average gasoline 
price in 50 m ajor American cities was 
29.74c. per gal., without taxes. In 
1932 it was 13.3c. per gal. Today it 
is 14.04c. per gal. In  the 21-year 
period the taxes have increased from 
0.09e. a gal. to 5.95c. a gal. Thus, 
lowering the price has been sufficient 
over the period to absorb the whole 
tax increase, and pass along a net sav­
ing of approxim ately 10c per gal. to 
the motorist. In  comparison with 
other commodities—taking 1923 as an 
index, present prices of gasoline have 
been reduced by 37 percent since that 
time. During this same period, the 
average price of essential commodities 
(food, clothing, housing, fuel, etc.) 
decreased by only 15 percent, or by 
substantially less than the reduction 
in the cost of gasoline to the public.

WHAT AEOUT THE FUTURE?

W hat is ahead for the industry and 
for the public which uses the indus­
try ’s products? A large number of 
very large capacity processing units 
employing most modern catalytic 
technique are either already installed 
or will be installed immediately to 
meet the necessities of the defense 
program. W ithin the next two or 
three years it is expected that cata­
lytic cracking units capable of trea t­
ing something in the order of 500,000 
bbl. per day, will be in operation. 
These units will be capable of con­
verting about 50 percent o f the m ate­
rial charged to the catalyst into SO

motor octane or 90-95 research octane 
gasoline. These 250,000 bbl. per day 
(30,000 tons per day) of extremely 
high octane number gasoline should be 
considered in the light of present re­
quirements for premium grade motor 
gasoline which fo r 1941 was approxi­
mately 180,000 bbl. per day.

In  addition to the catalytic cracking 
units there is tremendous expansion 
in such lines as hydroforming, alkyla- 
tion, isomerization, and others. Thus 
afte r the war there will be available 
tremendous volumes of superior qual­
ity  motor gasoline constituents which 
for a time a t least would presumably 
be available for use in automobile en­
gines since aviation gasoline require­
ments may drop sharply for some pe­
riod a t least following the cessation of 
hostilities. I f  these superior quality 
materials do go into motor gasolines, 
automobile engines designed to take 
full advantage of them could be im­
proved to give economy 50 percent 
better than that now realized, or 
power output from  70 to 100 percent 
greater than is now obtained. A fter 
the war tremendous quantities of both 
aliphatic and aromatic chemicals can 
be made from  the petroleum fractions 
which will be produced from the in­
stalled capacity of these new proc­
esses.

W ith the tremendous increase in 
utilization of the newer and more in­
tricate catalytic operations, with the 
tremendous expansion in chemicals 
produced from petroleum, the petro­
leum industry which already has been 
a tremendous user of technical man­
power, probably will be one of the 
m ajor ( if  not the most im portant) 
users of the chemists, chemical engi­
neers, physicists, graduated from  our 
technical institutions.



A Work-Week Plan lor Chemical Industry
ROBERT R. LYMAN The Gray Chemical Co., Roulette, Pa.

DONALD F. OTHMER Polytechnic Institute of Brooklyn

— — — — —  Chem. & M et. I N T E R P R E T A T I O N  —— — — — — —

With the labor situation becom ing steadily  more com plicated by  
federal and state law s, and in v iew  of W ashington's call for doubled  
and quadrupled production of war m aterials the Gray system  of 
scheduling continuous shift work is  now worth specia l consideration. 
This progressive rotation system  for four shifts on a 32-hour cycle  and  
a 168-hour work w eek  has stood the test of four years continuous use 
and com parison by actual operation with numerous other schem es. 
The authors state that none approach it in advan tages — Editors.

A  W ORKING schedule for seven 
day, full-time operation of a 

factory which provides exactly the 
same conditions fo r all workers and 
gives each man five full days of 24 
hours off every week has been in suc­
cessful practice fo r over four years 
a t the Gray Chemical Co., a well in­
tegrated, modern wood distillation 
p lant m anufacturing charcoal, re­
fined acetic acid, various grades of 
methanol, activated carbon, and rough 
and finished lumber. The novel plan 
is really based on the substitution of 
new .time units fo r the usual ones: 
instead of a 24-hour day, a 32-hour 
cycle (four 8 hour s h if ts ) ; instead 
o f a seven-day week, a four-day ro ta­
tion; and instead of a calendar month, 
four weeks (2S days of seven ro ta­
tions) which period acts as a common 
denominator ot' days, shifts, cycles 
and weeks.

1B8 WORK-WEEK

In  operations requiring 16S hours 
of work per week, scheduling is usu­
ally done with four operators, one 
of whom must always be a t the post. 
On equal division of time, each worker 
must spend one quarter or 42 hours 
per week. The problem is to allot 
time to treat fairly  the four men and 
have the minimum disadvantages in 
changing schedules. Habits, outside 
activities, sleeping considerations, 
wage-hour laws and many other fac­
tors must be considered.

The Gray plan of progressive-rota-

tion follows the simplest possible pa t­
tern. A man works eight hours, is 
off 24 hours and repeats indefinitely 
without change. Thus out o f 32 hours, 
A is on eight, off 24 and tends the 
post one quarter of the time. B takes 
over at the end of A’s sh ift and then 
is also always on eight hours and off 
24. C follows B identically and D 
always follows C to complete the 
cycle. There are never any “shift

FEATURES OF GRAY PLAN

1. Every man alw ays has a t least 5 
full days off every week.

2. No relief men are  required.
3. Every man alw ays has three out of 

four Sundays off for church, and 
three out of four of every other 
w eekly recurring times.

4. No long shifts on or short periods 
off and no weekly change of shifts 
with accompanying disruption of 
sleeping habits, barely  acquired from 
last change.

5. Every man may have off at least 
half of the day time everyday; and 
desirable sleeping time every night.

6. The simpliest possible pattern; no 
printed schedules necessary.

7. Overtime reduced to theoretical mini­
mum and bookkeeping minimized.

8. Same men a lw ays working together 
every day.

9. Supervisors see every man at least 
once every four days.

10. No man ever works over 8 hours in 
any calendar day  or consecutive 32 
hours.

changes” ; every man’s lot is always 
identical; and they all “progress” and 
“rotate” consecutively.

Since there are three shifts of eight 
hours per day and four of these in 
the four-man cycle, at the end of 
four days the rotation is complete and 
every man starts his shifts at the 
same hour as he did the first day; 
and each man has worked each of the 
three shifts. U nfortunately, however, 
the days of the calendar week are 
seven; and four-day rotations and 
seven-day weeks will not end together 
oftener than every 28 days.

THE PATTERN

The pattern  is illustrated by the 
chart where the time on duty of each 
man is indicated by the corresponding 
letter (e.g. A is indicated in bold­
face). The other letters indicate that 
the other men are taking their turns 
and that A is off duty. I t  is assumed 
in this ease that the week begins at 
12 midnight Sunday morning. The 
eight-hour shifts run  from 12 mid­
night to 8 a.m., from  8 a.m. to 4 p.m., 
and from  4 p.m. to 12 midnight. B 
follows the same schedule one day 
la ter; C, two days later, and D, three 
days la ter; or pu tting  it differently, 
A follows the schedule that B worked 
the preceding week, that C worked 
two weeks previously, and tha t D 
worked three weeks previously. Re­
gardless of starting  time, every man 
has had the same treatm ent within 
four weeks, and will have the same 
pay. F o r companies using a four- 
week month or “13-period year” this 
is a considerable additional advantage 
if synchronized thereto. F u rthe r­
more, each man will always have three 
out of four weekly recurring hours 
off, such as church time, union meet­
ing hour, night school class, etc. Be­
cause of the length of time off, it 
has been found simple in  an emer­
gency for one of the partners to work 
p art or all of a m an’s shift if  he must 
be absent, and this without working 
a hardship on the substitute.

A m ajor advantage discovered is 
that the several men in a departm ent 
in a larger plant, or the several de­
partm ents of a small p lan t having
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Sample Shift Schedule of Gray Plan

1st. W eek 2nd. Week 4th . Week

M dt.— 8 AM 
S A M —4 P M . . . .  
4 PM — M d t.........

The tim e of shift changes m ay be adjusted to  best suit conditions.
* This sh ift represents the  pixth or “ overtime” shift in this particular arrangem ent which each m an has one week in 

four. O ther arrangem ents give two weeks w ithout overtime and tw o weeks with overtime adjustable in any desired way 
so th a t sum is eight hours.

each of his partners work only theonly one man per shift a t each post, 
always have the same team of men 
operating a t any one tim e; and this 
group of men working always to­
gether, build up a better sp irit of 
cooperation than if the group is con­
tinually broken up by non-uniform 
shift changes. Of equal importance 
is the fact that the supervisor, work­
ing only during the day time, will 
see every man a t least once in four 
days, while in schedules changing 
shifts weekly, it may be several weeks 
before a supervisor sees certain men.

FIVE SHIFTS PER WEEK

One im portant consideration is the 
requirement of the W age-Hour Law 
that all time over 40 hours in any 
week is paid as overtime. Any sched­
ule giving one man less than 40 hours 
increases the overtime to another, al­
though eight hours overtime must be 
paid every week. No m atter when 
this schedule starts every man will 
work at least five full shifts or 40 
hours. In the diagram, A works six 
shifts or 48 hours the first week and 
thus receives all of the overtime, while

regular 40 hours; but each receives, 
one week in four, the full eight hours 
overtime. There could be nothing 
simpler since a man either works five 
or six shifts weekly.

There are no variations of the uni­
form pattern ; but the question “When  
does it start” is im portant. The dia­
gram  indicates the calendar week be­
ginning and ending with a man com­
ing to work and one leaving. I f  the 
p lant week does not s ta rt a t mid­
night Saturday night, or if  the shifts 
do not sta rt a t midnight, 8 a.m. and 
4  p.m., the program may be moved 
forward any desired number of hours 
to give different overtime arrange­
ments, (always two weeks without 
overtime, and the other two weeks 
dividing eight hours, as 4-4, 5-3, (i-2, 
7-1, or 8-0.)

Gray employees prefer to sta rt at 
noon, 8 p.m., and 4 a.m., as this al­
ways gives them at least half of the 
daylight off every day (morning or 
afternoon), for their own pursuits; 
and divides up the night in such a 
way that it is easy to get to sleep.

Furtherm ore, all shift workers can 
have their noon dinner a t homo at 
about the normal time. Also, the day- 
working supervisors contacts two sets 
of shift workers each day.

The plan was first used in the 
chemical plant, where one man han­
dles his post without relief throughout 
his shift and eats his lunch without 
leaving and on company time. In  
some cases it is desirable tha t he stop 
his work to eat. By allowing 23 min­
utes off per shift fo r lunch, however, 
a man will average 40 hours a week. 
A longer lunch period may be worked 
out to minimize overtime, if  the sched­
ule is used wherein a man works five 
and one-half shifts fo r two consecu­
tive weeks (or really 11 shifts within 
the two calendar weeks) and then 
two weeks of five shifts each. I f  
the eight extra hours are divided into 
rest periods, there results 11 such pe­
riods of 43.64 minutes. Streamlining 
this to a 45 minute lunch period will 
give two work weeks of 39J hours 
each and two work weeks of 30J 
hours each, with no overtime to be 
paid. The simplest system, with one 
hour off for lunch, would reduce time 
to seven hours of pay for each tr ic k ; 
or 38£ hours for each of two weeks, 
and 35 bom's for the other two.

A three man combination working 
nine-hour shifts with one hour off 
fo r lunch and coming back in 18 
hours, instead of 24, will work a 27- 
hour cycle, instead of 32, which re­
turns to starting  point in nine weeks. 
I t  averages a little less than 50 hours 
a week.

The work-week plan has been operating successfully for sev­
eral years at the Roulette, Pa., plant of the G ray Chemical Co.
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A lu m inum -M agnesium  A lloys
L. J. BENSON AND R. B. MEARS Research Laboratories, Aluminum

Company of America, N ew  Kensington. Pa.

   ........................ C hem . b  M et. I N T E R P R E T A T I O N  ........

In recent years m any a lloys h ave com e into prom inence for the con­
struction of chem ical engineering equipm ent, am ong them are the 
alum inum -base m aterials containing varying am ounts of m agnesium . 
In m any cases they h ave m arked resistance to the corrosion of 
alkalis. Recently, the authors have com pleted a  series of tests 
w hich throw additional light on this resistance to ch em icals.—Editors.

T h e  w i d e s p r e a d  i n c r e a s e  in de­
mand fo r aluminum in the past 

50 years undoubtedly has been re­
alized because of two main factors. 
The first was H all’s discovery of the 
electrolytic method for obtaining 
aluminum by the reduction of alumi­
num oxide, while the second was the 
exploitation of the alloying charac­
teristics of the metal itself. The 
importance of the first discovery can­
not be over-estimated since it shortly 
resulted in a reduction in cost o f from 
$8 to $2 per lb.1 and, together with 
other subsequent improvements in 
manufacture and greatly increased 
consumption, has resulted in a basic

Fig. 1—Eiiect of change in magnesium 
content on ra tes of attack of Al-Mg a l­
loys in 0.1 and 1 percent caustic at 31 
deg. C.

price of about $0.15 per lb. In  
connection with the second factor, 
it is of interest to note tha t more 
than 30 years ago a statement was 
made that “it is not improbable that 
the alloy producing capacity of alum­
inum may eventually prove its most 
valuable characteristic.”2 As a m at­
ter of fact, this characteristic has 
resulted in the production of alloys 
suitable for use in the chemical in­
dustry, in structural applications, as 
well as in the expanding a irc raft 
industry.

Among the alloys that have come 
into prominence during the past few 
years are aluminum-base alloys con­
taining varying amounts of mag­
nesium. These alloys not only possess 
the characteristics of lightness in 
weight inherent in both metals, but 
also exhibit in many cases marked 
resistance to the action of alkaline 
media.''8’11 The authors have shown 
in a recent publication7 tha t small 
additions of magnesium to aluminum 
do not result in improved resistance 
to attack by sodium carbonate solu­
tions but tha t alloys containing 4 per­
cent or more magnesium are much 
more resistant to attack in such solu­
tions.

More recently, comparisons of the 
resistance of the same alloys to cor­
rosion by solutions of sodium hy­
droxide have also been made. The 
results are substantially in agree­
ment with those obtained with the 
sodium carbonate solutions, inas­
much as alloys containing less than 
3 percent magnesium showed less re­
sistance than did certain aluminum 
alloys . containing no magnesium,

while alloys containing more than 4 
percent magnesium exhibited im­
proved resistance to corrosion. I t  
was also found tha t alloys of alumi­
num containing more than 3 percent 
magnesium were less resistant to solu­
tions of sulphuric acid than were 
those containing lesser amounts of 
magnesium. In  other words, alloys of 
aluminum containing more than 3 
percent magnesium appear to exhibit, 
in a measure, the corrosion character­
istics of magnesium itself. In  alka­
line solutions where magnesium itself 
is resistant, they showed improved 
resistance, while in acid solutions 
where magnesium is readily attacked, 
they showed lowered resistance.

METHOD OF TEST
The investiga tion  was conducted in 

a m anner s im ila r to  th a t  prev iously

Fig. 2—Effect of change in m agnesium 
content on ra tes of attack of commercial 
and experimental alloys exposed in 0.1 
and  1 percent caustic a t 31 deg. C.
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described.’ A lloys con ta in ing  0.00, 
0.46, 1.01, 1.54, 2.05, 3.08, 3.99, 5.17, 
6.10, 7.25, 8.77, and  10.13 percent m ag­
nesium  were used in te s ts  m ade w ith  
0.001, 0.010, 0.10, 1.00 and 10.0 percent 
so lu tions of sodium  hydroxide and  su l­
phuric  acid. The a lum inum  base used 
in  m aking  these alloys was 99.984 p e r­
cent pure , co n ta in ing  0.004 percen t s il i­
con, 0.008 percent iron , and 0.004 p e r­
cent copper, w hile sublim ed m agnesium  
co n ta in in g  0.01 percen t a lum inum  and
0.01 percent G roup 2 m eta ls  w as used 
fo r th e  m agnesium  additions.

The a lloy  in go ts were given a  hom o­
genizing  anneal, hot ro lled  to  0.64 
cm., given an  in te rm ed ia te  anneal, and 
then  cold rolled to 0.064 cm. thickness. 
The sheet m ate ria l th en  w as stored  a t  
room tem perature- for six  y ears before
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R esist A ttack
being used in th is  te s t. D uplicate speci­
mens, 1.9 x G.4 cm., of th e  alloys, were 
cu t from  th e  sheet and were degreased 
tw ice in carbon te trach lo rid e  imme­
d ia te ly  before exposure to the action 
of the  sodium  hydroxide or su lphuric  
acid solu tions. T ests were also made 
w ith a  num ber of comm ercial and ex­
perim en ta l w rought a lum inum  alloys.

C.p. sodium  hydroxide and su lphuric  
acid (sp. gr. 1.84) and d istilled  w ater 
were employed in m aking the  solu tions 
used in th is  investigation . In  o rder to 
prevent possible con tam ination , the  so­
lu tio n s were no t exposed to  labora to ry  
a ir  for any  extended period of tim e 
prio r to use in the test.

The te s t  w as conducted by p a r tia lly  
im m ersing th e  specimens in 100 cc. 
volumes of th e  m edia contained in Pv- 
rex g lass beakers which were kept in 
desiccators in an  a ir  cham ber m ain ­
ta ined  a t  31 deg. ±  1 deg. C. A stream  
of purified a ir  (m ain ta ined  a t  25 cc. 
per m in.) was d raw n th ro u g h  th e  desic­
cato rs d u rin g  th e  tim e the  te s t  was 
under way. T his a ir  was purified by 
“w ashing” w ith  10 percent (by w eight) 
su lphuric  acid and 10 percent sodium  
hydroxide solu tions. Each desiccator 
contained a  sm all am oun t of d istilled

Fig. 3—Effect of time of exposure on 
ra les of attack of Al-Mg alloys by  1 
percent caustic at 31 deg. C.

Fig. 4—Rates of attack on Al-Mg alloy 
specimens exposed for 24 hr. in caustic at 
31 deg. C.

w a te r  to  p reven t evaporation  of the  
te s t solutions.

The specim ens were weighed before 
exposure and  a f te r  c e rta in  preselected 
in te rvals , and th e  te s ts  were te rm in a ted  
w ith  th e  d ifferent so lu tions as follow s: 
0.01 percent su lphuric  acid a f te r  one 
week; 0.1, 1.0, and  10.0 percent su l­
phuric  acid so lu tions a f te r  24 h r .;
0.001, 0.01, and 0.1 percen t sodium  
hydroxide so lu tions a f te r  one w eek; 1.0 
percent sodium  hydrox ide a f te r  24 h r .;  
and 10.0 percent sodium  hydroxide a f te r  
2 h r.

RESULTS

The results o f tests with the sodium 
hydroxide solutions are shown in 
Fig. 1, 2, 3, and 4. Fig. 1 shows 
that the amount o f attack with a 
group of special alloys in 0.1 percent 
sodium hydroxide fo r one week, and 
in 1 percent sodium hydroxide for 
24 hr., is appreciably higher with 
alloys containing between 0.49 and
3.08 percent magnesium than with 
alloys containing greater amounts of 
magnesium, or even with aluminum 
containing no magnesium; while al­
loys containing 9 or 10 percent mag-
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nesium are definitely less attacked 
than pure aluminum. In Fig. 2 are 
shown the results obtained in the 
same solutions with a series of com­
mercial and experimental alloys. I t 
is of interest to note that the maxi­
mum attack again was produced on 
alloys containing less than 4 percent 
magnesium, and that the alloy con­
taining 10 percent magnesium was 
less attacked than the alloys which 
did not contain any magnesium. The 
results obtained in the other solutions 
are not plotted, since with the more 
dilute solutions the losses were not 
appreciable, and with the 10 percent 
sodium hydroxide solution, specimens 
of all of the different compositions 
corroded a t nearly the same rate. 
Kxposuro in the 0.001 and 0.01 per­
cent sodium hydroxide solutions 
resulted either in an irridescent 
staining or in the formation of a 
dull brown or black film. In the 
other solutions Hie attack on the 
alloys containing 4 percent or more 
magnesium was of a uniform  etching 
type. W ith certain of the other 
alloys of lower magnesium content, a 
non-uniform type of attack had oc­
curred, resulting in some cases in 
actual perforation.

In Fig. 3 is shown the relationship 
between duration of exposure and 
rate of attack in the 1 percent solu­
tion of sodium hydroxide at 31 deg. 
C. For alloys containing up to 7.25 
percent magnesium the ra te  of attack 
is substantially constant with time, 
but for the alloys containing 8.8 and 
10 percent magnesium it appears that 
the rate of attack falls off with in ­
creasing duration of exposure.

The effect of increased concentra­
tion is clearly shown in Fig. 4. No 
appreciable weight losses were ob­
tained in the 0.001 and 0.01 percent 
solutions. W ith the 0.1, 1 , and 10 
percent solutions a very marked ac­
celeration of attack resulted.

SULPHURIC ACID

In  the exposure to sulphuric acid 
solutions, the results varied charac­
teristically from those obtained with 
the sodium carbonate and sodium 
hydroxide solutions. The decreased 
resistance to the acidic media with 
increasing amounts of magnesium is 
clearly shown in Fig. 5, 6, and 7. 
Fig. 5 shows that the attack in 1 or

Fig. 6—Rates of attack on Al-Mg al­
loys exposed 24 hr. in sulphuric acid at 
31 deg. C. 10.13 Mg alloy entirely dis­

solved in 10 percent acid in 24 hr.

Fig. S—Effect of change in magnesium 
content on rates of attack of Al-Mg a l­
loys exposed in I and 10 percent sul­

phuric acid for 24 hr. a t 31 deg. C.

10 percent sulphuric acid solutions 
does not assume appreciable pro­
portions until a magnesium content 
in excess of 3 percent is reached. 
From Fig. G it can be seen that the 
stim ulating action of magnesium is 
not appreciable until sulphuric acid 
concentrations of 1 percent o r above 
have been attained. In  the 1 percent 
solution of sulphuric acid,' the rela­
tion of duration of attack and rate

of attack is shown in Fig. 7. Here 
again it can be seen that only when 
the magnesium content becomes 
greater than 3 percent does the attack 
of the sulphuric acid solution become 
appreciable. The 0.001 and 0.01 per­
cent solutions produced only a non- 
uniform staining on all specimens, 
while in the 0.1, 1 , and 10 percent 
solutions, the attack was of a uni­
form etching type.

SULPHURIC ACID INHIBITED

Another test was made with three 
of the commercial and experimental 
alloys to determine their behavior in 
solutions of sulphuric acid “inhibited” 
with sodium dichromate. Since sul­
phuric acid solutions are commonly 
used fo r dissolving flux residues from 
welded aluminum articles, some con­
tamination by chlorides (from  the 
flux residues) naturally is encoun­
tered. Consequently, this test also 
included sulphuric acid solutions con­
taining a definite amount of chlorides 
(as sodium chloride) with and with­
out an addition of sodium dichromate. 
The results are given in Table I  and 
show :

1. W ith increasing magnesium con­
tent a decrease in corrosion resistance 
resulted, which was in agreement with 
the results previously discussed.

2. The addition of chlorides as 
sodium chloride had no appreciable 
effect upon the corrosiveness of the
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sulphuric acid solution, as measured 
by weight changes.

3. The addition of sodium dichrom- 
ate served as an “accelerator” of 
attack rather than an inhibitor. 
W hen added to the sulphuric acid 
solution, the attack was trip led ; while 
with the sulphuric acid and sodium 
chloride solution the attack was be­
tween 25 and 30 times as great.

The stim ulating action of dichrom- 
ate additions is in agreement with 
results obtained by Evans with 
chromic-sulphuric acid solutions on 
iron’, as well as with those obtained 
by other investigators.0'10 The attack 
on the aluminum in the sulphuric 
acid, the sulphuric acid and sodium 
dichromate, and the sulphuric acid 
plus sodium chloride solutions was 
of a uniform etching type. However, 
in the sulphuric acid-sodium chloride- 
sodium dichromate solution, the a t­
tack was largely of a severe, non- 
uriiformly distributed p itting  type. 
Similar severe pitting  sometimes re­
sults when insufficient additions of 
inhibitor are made to chloride solu­
tions to which iron, steel, zinc, and 
aluminum specimens are exposed.0

DISCUSSION

The reason for the ra ther abrupt 
change in the rates of solution of 
aluminum alloys containing less than 
3 or 4 percent magnesium as com­
pared with rates fo r alloys of higher 
magnesium contents is not definitely 
known. Microscopic examinations of 
the specimens indicated tha t particles 
of the aluminum-magnesium constitu­
ent were present in those alloys con­
taining more than about 2 percent 
magnesium. The change in behavior, 
therefore, does not quite coincide with 
the apparen t magnesium solubility 
limit. Under equilibrium conditions 
the solubility of magnesium in alumi­
num a t room tem perature is evi­
dently rather low (under 0.5 percent) 4 
so that finely divided particles of 
the aluminum-magnesium constituent 
may have been present in alloys con­

taining even less than 2 percent mag­
nesium, although this could not be 
verified microscopically.

I t  is interesting to note that the 
alloys of higher magnesium contents 
were definitely not single phase ma­
terials, although they were much 
more resistant to attack. Evidently, 
i f  corrosion in alkaline solutions is 
electrochemical in nature, local cell 
action was not stimulated by the 
presence of constituent particles.

PROTECTIVE FILM

Probably the reason that the alloys 
of higher magnesium contents are 
less attacked in alkaline solutions is 
because of the protective nature of 
the film which is formed. I t  has also 
been noted that aluminum alloys con­
taining substantial additions of mag­
nesium are definitely more resistant 
to the action of alkaline soap solu­
tions or solutions of ammonium hy­
droxide than are aluminum alloys of 
lower magnesium content. This su­
periority of the aluminum-magnesium 
alloys is exhibited in both hot and 
cold solutions. Thus, it appears that, 
in general, where resistance to alka-

Fig. 7—Eliect of time of exposure on 
rates of attack of Al-Mg alloys by 1 

percent sulphuric acid at 31 deg. C.

line environments is desired the alu­
minum alloys containing more than 
about 4 percent magnesium should 
be given consideration.

In  contrast to this, the aluminum 
alloys containing more than about 3 
percent magnesium are definitely 
more rapidly attacked by acid solu­
tions than are alloys of lower mag­
nesium content. This has been con­
firmed under actual service conditions 
where alloys such as No. 43 or No. 
406 have withstood the action of 
dilute sulphuric or hot citric acid 
solutions much better than have 
alloys B214 (3.8% Mg, 1.8% Si, bal­
ance Al) or 214 (3.8% Mg, balance 
A l).

CONCLUSIONS

1. In tests conducted a t 31 deg. C 
the rate  of attack becomes appre­
ciable only in concentrations of 0.1 
percent and above of sodium hy­
droxide or sulphuric acid on high 
purity  aluminum, high purity  alumi­
num base alloys containing mag­
nesium, and on certain aluminum- 
magnesium alloys of commercial 
purity.

2 . Aluminum-magesium alloys con­
taining 4 percent and more mag­
nesium are equally or more resistant 
to the action of 0.1 and 1 percent 
solutions of sodium hydroxide than 
are alloys containing lesser amounts 
of magnesium. This effect was not 
evident in the 10 percent sodium hy­
droxide solution.

3. Alloys containing 4 percent and 
more magnesium are less resistant 
to the action of 0 .1 , 1 , and 10 per­
cent sulphuric acid solutions than are 
alloys having lower magnesium con­
tents.

4. An addition of sodium dichrom­
ate to a 10 percent sulphuric acid 
solution accelerated the attack some­
what, while a sim ilar addition to a 
sulphuric acid-sodium chloride solu­
tion served to produce a very m aterial 
acceleration of attack.
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Table I—Effect of addition of Sodium Dichromate to Sulphuric Acid Solutions in 
Contact with 2S, 52S, and 56S Aluminum Alloys

Alloy
Nominal 

magrnesium 
content, %

Loss, mg./sq.cm.

10% H2SO4
10% H2SO.1

+ 1.0%
Na2Cr2Ó7

10% H2SO4 
+ 1 0 g / l  

NaCl

10% H2SO4 
+ 1 0  g / l  

NaCl + 1 .0 %  
Na2Cr207

2S 0 .0 0.21 0.69 0.24 6.94

52S 2 .5 0.33 0.78 0.36 8.12

56S 5 .2 0.75 1.98 0.76 8 .08

Specim ens exposed for 24 h r. a t  room tem perature . V alues given above a re  averages from  3 specim ens, 0.16 
cm. x 2.5 cm. x  10.0 cm. These specim ens were im m ersed to  a  dep th  of about 5.0 cm.
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How Friction and Forced Draft Aifect 
Stratification in  K ilns and Dryers

EDWARD LEDOUX Civil Engineer. Latrobe. Pa.

— — — —  Chcm. & M et. I N T E R P R E T A T I O N  — — — —

This article and one which preceded it (C hem . & Met., Oct. 1941, pp. 
83-85) are the result of an  extensive study which the author conducted  
for the purpose of determ ining the best m eans of improving heat 
distribution in convection-heated kilns and dryers. The earlier article 
studied the stratification of g a ses  in such equipm ent under the sim ­
plifying assum ption of frictionless g a s  flow  in an em pty, natural-draft 
tunnel drier. This article show s effects on stratification of g a s  fric­
tion, of loading and of forced draft, a s w ell a s  the combination of 
natural and forced draft, and draw s a  number of conclusions regard­
ing the m eans for elim inating or m inimizing stratification and the 
bad effects that follow  from such a  condition.—Editors.

Su c c e s s f u l  operation of s u c h  
widely diversified types of 

equipment as chemical product fu r­
naces, tunnel and periodic dryers, 
kilns, metallurgical furnaces and re­
cuperators, depends upon uniform ity 
of tem perature or the controlled dis­
tribution of heat to the material 
undergoing treatment. This applies 
with equal force to all sorts of equip­
ment in which heat is transferred  by 
convection. In  such equipment s tra ti­
fication of the heating gases often 
occurs and upsets the design calcula­
tions. I t  was, therefore, the author’s 
purpose in carrying out the study 
which resulted in this, and an earlier 
article (Chem. <& Met., Oct. 1941, pp. 
83-85), to examine both causes and 
means of preventing stratification and 
the ways whereby performance of 
the equipment could be improved.

In  the earlier article the situation 
was studied under the simplest condi­
tions, assuming no friction of the 
gases, an empty dryer, and natural 
draft operation only. The present 
article removes these restrictions and 
examines the effects of friction, of 
loading, and of the use of forced 
draft, either alone or as a supplement 
to natural draft.

Initial operation of a natural d raft 
dryer finds it filled with cold air 
which during operation is eliminated, 
all or in part, as more and more hot 
air is passed through it. Fig. l a  
shows the cross section of the dryer 
studied in the earlier article. The hot

a ir is of density cl, and the cold air 
of density D. Atmospheric pressure 
a t the top of the stack is taken as p, 
the overall height of the stack as II, 
the height of the cold stratum  in the 
dryer as h, and the distance from the

stack top to the bottom of the hot 
stratum  as h'. Hence, atmospheric 
pressure at the ground outside the 
dryer and under the heating coils is 
p  +  (h' -|- h )D  or, since R  — h' +  h, 
it may be w ritten p  +  III).  Similarly, 
inside the dryer above the coils, the 
pressure is p  + (h' +  li)d =  p  +  Hd.

Frictionless flow is of course purely 
theoretical and in practice the total 
pressure difference a t the dryer inlet 
must not 011I3' create the outlet veloc­
ity but also overcome the friction 
resulting from the flow so that the 
same pressure difference will supply 
a smaller d ra ft than tha t theoretically 
possible. This is expressed by (p  +  
IID )  — (p  +  H d)  =  dv*/2g +  F  in 
which the velocity v is smaller than 
the value of V  given in the first a r ti­
cle. The quantity F  is that p a rt of 
the total pressure difference available 
which is not transform ed into velocity 
pressure because it is required to 
overcome friction. I t  shows up in the

Fig. 1—G raphical analysis, repeated  irom the author's first article, showing condi­
tions with respect to static and velocity p ressures in a  theoretical (frictionless) 
dryer: (a) cross section ol dryer, identilying various points and elevations; (b) p res­
sure diagram  at moment of establishing natural draft under frictionless conditions; 

(c) pressure diagram  with cold stratum  elim inated under frictionless conditions
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Fig. 2—Pressure diagram  showing eiiect of friction in a  natural draft dryer, assum ­
ing a  constant gas density and no stratification

Fig. 6—Pressure diagram  in a  combination forced and natural draft dryer, with the 
total pressure difference increased to the limit

«f>V  C’

form of additional static pressure in 
(he hot stream. This additional pres­
sure difference decreases as the air 
travels, of course, since it is used up 
in overcoming friction due to motion. 
I t  is equal to zero at the outlet of the 
system (top of the stack) bccause the 
total friction which has been over­
come a t that point is F. The friction 
is a function of the velocity and it is 
customary to consider its variation as 
being proportional to the square of 
the velocity, expressing it as F  =  fcV 
or F  =  kdv^/ig. In  the la tter formula, 
which features the velocity head, k is 
the coefficient of resistance of the 
system. I t  would be a constant if  the 
square law held fo r all velocities. Such 
is not the case, however, and for low 
velocities the variation is proportional 
to a smaller power of v, the value of 
which varies with the system and the 
velocity.

• In  any event, on account of fric­
tion, the static pressure of the hot 
stratum  at any given point on the 
separation plane Between it and the 
cold air is increased by the quantity /, 
which is the friction remaining to be 
overcome between the point consid­
ered and the stack outlet. This extra 
pressure f  of the hot stream is com­
municated to the cold a ir below, so 
that at ground level the static pres­
sure of the la tter is p  +  h'd -\-hD +  
f .  Now, equilibrium requires tha t the 
static pressure of the cold air remain 
constant down the dryer. Since f  de­
creases down the dryer, the hot air 
stratum  must contract. I f  we call A  
the internal height of the dryer; x  the 
stratum  depth and /  the friction re­
maining to be overcome; and x0 and /„

   the same quantities immediately to
''^ ih e  right of p o in t ,/ ( Fig.ln) , we have 

: +  xd +  f  +  (.1 — )I) =  p  +  x*d

+  / 0 +  ( A —x„)D. This expression, 
which afte r changing signs reduces to 
x  — x0 — (fo—f ) / ( D ~ d ) ,  shows that 
the cold air pressure remains constant 
and also that the decrease in stratum  
depth, which is proportional to the 
friction, would be linear for a con­
stan t friction loss per foot travelled. 
The constant ground level pressure of 
the cold air is p  +  li'd 4- liD +  f 0.

Since F  is the total friction of the 
system, the suction a t point I  (Fig. 
la )  will be caused by the difference 
( p  -f- l i 'd  -j- h i )  -f- /„) —  ( p  -f- h 'd  -{- 

h d  +  F ) ,  or (p  -+• h 'd  +  h O )  -  [p +  
h 'd  +  h d )  — (F  — /„). This is com­
pared with the difference of (p  +  h 'd  
+  h D )  — (p  +  h 'd  +  h d )  which 
would hold in the case of frictionless 
flow. In other words, friction will in 
this respect retard the evacuation of 
the cold air. However, the difference 
F —f„ is very small and this effect is 
negligible.

On the other hand, the pressure of 
the inside cold air is higher than in 
the case of no friction by the quantity 
f 0 ,  so the difference with respect to 
the outside is reduced by the same 
amount and the inrush of cold air 
from  the outside will be less.

Moreover, the friction encountered 
in the system is composed of two 
distinct factors—the friction against 
the walls and ceiling of the dryer and 
that against the cold air. Since the 
walls and ceiling are immovable, the 
first item is just a plain loss. In  the 
second case, however, the cold air is 
free to move under the force of re­
action set up against the friction and 

^  this circumstance gives rise to en- 
trainm ent o f cold a ir  a t the stratum  
limit, favoring the evacuation of the 
cold air in the dryer. Since the ve­
locity in the hot stratum  and there­

fore the friction decreases as the layer 
depth increases, it will be seen that 
the entrainm ent effect becomes less 
and less im portant as the stratum  
expands.

On the whole, friction will diminish 
stratification both by reduction of the 
leakage and by increase of the evacu­
ation.

I t  will be noted that in the case of 
natural d ra ft alone, the inside static 
pressure will always be lower than the 
outside, since its maximum value is 
given by p  +  l i d  +  F  =  p  +  I ID  — 
dv’/2g. In other words, with natural 
d ra ft alone, air will always enter 
through any possible leaks and every 
time the doors are opened. This will 
be seen on Fig. 2 which shows g raph­
ically the static and velocity pressure 
variations for a constant density and 
no stratification. The slope in the 
dryer is equal to its coefficient of re­
sistance, while GC is the total resis­
tance of the stack. In  the case con­
sidered, the velocity pressure in the 
dryer is a quarter of that in the stack. 
The drop DE  is the friction loss a t 
entrance of the stack, assumed equal 
to one velocity head (k =  1 ).

I t  will be noticed, by the way, that 
the smaller the velocity increase when 
the air enters the stack, the greater 
will be the velocity in the dryer; 
hence the advantage of a  large stack, 
although exaggeration in this respect 
will render difficult the establishment 
of the operating d ra ft upon starting.

EFFECT OF WARE

W hen material to be processed is 
p u t into the dryer, it will obstruct the 
flow of the stratum  and, like the 
baffling mentioned in  the first article, 
will cause a backing-up in fron t of 
the ware to an extent determined by 
the fact that, fo r all practical p u r­
poses, the flow area remains the same 
through the ware as through the 
empty dryer. In  other words, the 
back-up ratio  will be equal to that of 
the free areas of flow with and with­
out the ware. This is illustrated in 
Fig. 3 and expressed by I I / h  =  S /s ,  
in which I I  is the stratum  depth be­
fore and in the ware, h is the depth 
when the dryer is empty (depth as­
sumed behind the w are), s is the free 
area of flow when the dryer is loaded 
and S  is the free area when empty.

The above form ula brings out the 
great importance of reducing s as 
much as possible by close setting of 
the ware and reducing to a minimum 
the free space between the load and 
the walls and ceiling.

The baffling effect of the ware will 
cause considerable turbulence in the 
flow through partial transform ation
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of velocity pressure into static pres­
sure as the air strikes the ware. The 
result of this turbulence a t the lower 
lim it of the stratum  will be a certain 
amount o f mixing with cold air which 
will to some extent favor diffusion.

DENSITY VARIATION

Previously, we have considered the 
density of the stratum  as remaining 
constant throughout. In practice, of 
course, there is a considerable density 
increase as the a ir travels on account 
of heat loss through the walls and 
ceiling, but principally through heat 
exchange with, and evaporation from, 
the ware. The result is a contraction 
of the hot layer. However, the stratum  
is limited on three sides by the ceiling 
and walls of the dryer so that the 
contraction will occur half vertically 
(decrease in depth) and half hori­
zontally (decrease in velocity). The 
weight flow being constant, the ve­
locity and depth a t any point are 
therefore inversely proportional to 
the square root of the density at that 
point, as expressed b y : v /v 0 =  H/II*  
— (du /d)w, in which JI0 and r„ are 
the depth and velocity a t the point 
where the density is c?„ (i.e., conditions 
at the inlet to the ware, for instance). 
F or example, if  before the ware the 
depth is 48 in. and the a ir is dry at 
210 deg. F. (density =  0.059), a tem­
perature drop down to 110 deg. and 
a humidiflcation to 50 percent rela­
tive humidity (density =  0.068) will 
reduce the depth to 48(5.9 /6 .8)54 — 
44.J5 in.

This contraction caused by density 
variation is cumulative with that 
caused by friction.

CONSEQUENCES OF STRATIFICATION

I t  is well known that the tempera­
ture and humidity variations of the 
air and ware in a dryer are con­
trolled by the flow of air per pound 
of ware present in the dryer, and

the rate  of output of the ware. Sup­
posing now that only half the ware is 
in the stratum , then only half of it 
will be treated and the output per 
pound present in the stratum  will be 
the same as in the design calcula­
tions which assume that the a ir  fills 
the dryer completely. However, the 
amount of air in  the stratum  will be 
that provided in the calculations for 
the entire load in the dryer so that 
the quantity per pound of ware pres­
ent. in the stratum  will be double. 
Furtherm ore, the velocity of the air 
will be twice that intended and the 
coefficients of transfer greatly in­
creased. The result will be much more 
rapid  drying in the upper p a rt of the 
dryer than called for by the design 
and the ware in this p a r t will be 
overdried, while the tem perature drop 
of the a ir  will be increased. Hence, 
the contraction of the stratum  on ac­
count o f density variation will be 
greater than would be expected from 
the design figures.

In  a properly designed dryer, the 
a ir  outlet conditions are determined 
so that the dew point will be lower 
than the tem perature of the ware as 
it enters the dryer (usually atmos­
pheric tem perature). The purpose of 
this point of design, of course, is to 
avoid condensation which reduces con­

siderably both the drying capacity 
and efficiency of the process, while it 
may also be harmful to the ware.

Now, in the case where stratifica­
tion occurs, the outlet tem perature of 
the air will be lower than desired and 
the air may reach saturation with 
form ation of fog. Furtherm ore, even 
if saturation is not reached, the fact 
that evaporation from  the ware is 
greater than called for in the design is 
likely to raise the dew point above 
the tem perature of the ware and 
cause condensation. The extent to 
which fog and condensation will oc­
cur depends upon the dew point m ar­
gin adopted in the design and the de­
gree of stratification.

The foregoing discussion brings out 
the fact that stratification will not 
only leave part of the ware untreated 
but also will cause wasteful and in­
efficient processing of the treated 
part since it will be unnecessarily 
overdried, while fog and condensa­
tion are made probable.

STRATIFICATION OF HUMIDITY

Disregarding diffusion, the humid­
ity picked up by the stratum  will 
remain in it fo r the same reason that 
hot air stratifies, that is, because it 
is lighter than the cold air below. 
Diffusion will occur, however, and

Fig. 3—Effect of w are in dryer on backing-up of hot stratum 
Fig. 4—How heat and humidiiy diffuse in a  tunnel dryer 

Fig. 5—P rrssu rs differences in a  dryer using forced plus natural draft
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instead of an abrupt change in hu­
midity a t the stratum  limit, the varia­
tion will be more or less gradual ac­
cording to the rapidity  of the counter­
flows. In  any ease, since the rate 
of diffusion increases with the vapor 
pressure, the depth of the humid 
stratum  will increase down the dryer 
because of the gradual increase in 
vapor pressure in that direction. If 
fog forms, either 011 account of stra ti­
fication or because of faulty design, 
the cloud will collect against the ceil­
ing and increase in depth.

Since the tem perature of the 
stratum  decreases down the dryer, ii 
will be noted that diffusion of heat 
will lie more pronounced at the hot 
end. The effect of diffusion of heat 
and humidity is shown in Fig. 4.

FORCED DRAFT

When air circulation through the 
dryer is due to natural d raft only, 
the drying process is very slow be­
cause the available velocity head at 
inlet is limited by the heating tem­
perature. Furtherm ore a higher pres­
sure cannot be maintained inside than 
out, a necessary condition to suppress 
the inrush of cold air through leaks.

The combination natural and forced 
d raft system is shown 011 Fig. 5; 
P  is the total pressure created by the 
fan. The pressure a t fan  intake is 
atmospheric pressure, i.e., p  +  HD, 
so that the total pressure under the 
heater is p  +  H D  +  P  and the avail­
able velocity head is (p +  HD  + P )  
-  (p  +  I I  d +  F ')  -  dv'~/2 g. The 
pressure a t ground level of the cold 
air in the dryer is p  +  h'd  -f liD +  / '; .

Since P controls the velocity head, 
the flow can be set a t will by proper 
selection of the fan. I t must tie kept 
in mind however, that the resistance 
of the dryer and stack increase at 
the same time as the velocity head so 
that the static pressure increases. I f  
the resistance is assumed to vary as 
the square of the velocity, the avail­
able velocity head will vary in direct 
proportion to the total pressure d if­
ference, which is expressed by

(V +  IIP +  P) -  (?) 4- Hd +  F’)
(p +  HD) -  (P +  Hd +  F )

_  dv'2/ 2(7 _  i»'2 
dv*/2g t>2

Owing to the simultaneous increase 
in static pressure, there is a limit to 
the desirable increase in P and as 
the la tter increases, the usefulness 
of the stack and natural d raft de­
creases. The limit is reached when 
the static pressure a t the entrance to 
the stack has reached atmospheric 
pressure, i.e., p  +  III).  Then the stack 
becomes useless as fa r  as d raft is

concerned. I f  the fan pressure is 
raised above the limit, the stack be­
comes not only useless but actually 
detrimental since, without it, the pres­
sure P  could supply more flow.

This is illustrated 011 Fig. fi in 
which the total pressure difference 
of the system shown 011 Fig. 2 has 
been raised to the limit of desira­
bility, that is to the extent where B 
has risen to point A  (Fig. 2). The 
ratio of the limiting available total 
pressure difference to that with nat­
ural d raft is equal to AC/BO,  (Fig. 
2) the value of which is 1.37 in this 
particular case. It will be seen 011 
Fig. 6 that, with or without stack, the 
flow would bo the same. I t  will also 
be observed that, the larger the cross 
section of the stack, the lower will be 
point B  and the higher will be the 
limit fo r P.

In  a rationally designed combina­
tion forced and natural d raft dryer, 
the ware inlet end will therefore al­
ways be below atmospheric pressure 
to an extent which depends upon the

OUR ENEMIES
(Continued from page S3)

chukuo follows the IJ.S.S.R. and Aus­
tria as the world’s largest magnesite 
producer, with 13.5 percent of world 
output in 1930. Production of mag­
nesium started in 1931 in Japan , and 
is now believed (o be around 3,(100 to
4.000 tons with an ultimate goal of
17.000 tons a year.

Japan  has also been usin" the 
Fischer-Tropsch synthetic fuel proc­
ess. Nipponese long-range plans 
called for a production of 2 million 
tons of synthetic fuel in 1941, but 
probably only one-fourth this amount 
was actually realized. At the bosrin- 
ins: of 1941 there were 21 plants 
either building or in operation, in­
cluding 12 in Japan  proper, 2 in 
Sakhalin, 2 in Korea, and 5 in Man­
churia. Japan  is also an im portant 
producer of synthetic fibers, rayon 
and stanle, as well as of plasties, of 
which 90 percent of the Japanese out­
put is represented by phenolic resins. 
Japanese dye production is relatively 
recent, and utilizes many German 
patents. Output increased by 30 per­
cent in 1939 as compared with 1938, 
110 figures being released for 1940. 
Quality is often reported to be unsat­
isfactory for Japanese dyestuffs as 
well as synthetic fibers.

There h>'s been considerable collabo­
ration of the three Axis powers in the 
chemical field, at least to the extent

proportion of forced d raft used. Con­
sequently, air will leak in under the 
door at the ware inlet end but not at 
the outlet. When the ware inlet door 
is opened, air will rush in until a t­
mospheric pressure is reached and the 
dryer will therefore operate 011 forced 
d raft alone. Since the operating pres­
sure of the fan  will have increased, 
less air will be delivered. Conversely, 
when the ware outlet door is opened, 
hot air will rush out.

The foregoing discussion shows that 
stratification, which is caused by the 
continuous or periodic admission of 
cold air, can be avoided by use of 
forced d raft alone. When both forced 
and natural d raft are used, stratifica­
tion can be limited through close set­
ting of the ware, airtight door con­
struction and a loading schedule 
designed to reduce the number of 
openings to a minimum. The provi­
sion of inlet and outlet locks will of 
course reduce the amount of cold air 
admitted, although such a scheme to 
some extent complicates operation.

that German patents have been made 
available to them. All three have in 
common the fact that they have de­
veloped their chemical production 
during the past ten years strictly un­
der government control with a view 
to m ilitary and economic self-sulli- 
ciency. This has meant coordinated 
research and the development of a 
variety of substitute or alternate ma­
terials, some of which will probably 
be dropped at the end of the war and 
some of which will undoubtedly be 
kept and developed further in all 
countries.

In military production it is signifi­
cant that aluminum and magnesium 
output for a irc raft and precision in­
struments was vigorously pushed at 
an early date by the to talitarian gov­
ernments in spite of high production 
costs, thereby giving the Axis certain 
advantages here. In view of the im­
portance of nitrogen in explosives 
manufacture, it is also obvious why 
the Axis powers have built up a syn­
thetic ammonia p lant capacity twice 
that of the rest of the world combined.

SUMMARY

While the above-mentioned factors 
seem to favor the Axis, the tremen­
dous preponderance of natural raw  
materials available to 11011-Axis 
powers, the United States, and Great 
Britain as an Empire, and the Soviet 
Union, if  properly developed and 
applied during a long run  war, should 
more than counterbalance the initial 
advantages of the Axis powers.
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Equipment in  the Lim elight—II
EDITORIAL STAFF REPORT

■...........     C hem . & M et. I N T E R P R E T A T I O N  — .— — —

This article, which is a  continuation of one w hich appeared in our 
Decem ber number, com pletes our report of new  developm ents which  
w ere found by Chem. & Met.  editors at the C hem ical Show in 
Decem ber. In our Novem ber issue a  21-page article dealt with 
developm ents in new  equipm ent and construction m aterials for 
process plants w hich had been  introduced in the two year period  
since the last Chem ical Exposition. Information w a s secured from 
the Show exhibitors, a s  w ell a s  m any non-exhibitors. H owever, 
m any other developm ents w ere uncovered at the Show, and it is  
these that the present report seek s to cover Editors.

Co n t i n u e d  from pages 83 to 86 
of our December number, this 

article completes our repo rt on new 
equipment and construction mate­
rials for chemical and process plants 
exhibited at the Chemical Show in 
December. The types of equipment 
covered in the earlier report included 
those for drying, heating and cooling; 
dust collecting; filtering; grinding 
and disintegrating; controlling, regu­
lating and weighing.

Materials o f  Construction—Among 
(he new developments of Amer­
ican H ard Rubber Co., was an 
improved hard rubber pail featuring 
a specially reinforced bottom to avoid 
distortion afte r continued use. An­
other innovation was an improved 
rotating seal fo r use on hard rubber 
centrifugal pumps in place of the 
conventional stuffing box and pack­
ing. A hard rubber sleeve on the 
shaft, sealed to the shaft by a soft 
rubber sleeve which also acts as a 
spring, is forced into liquid-tight 
engagement with a composition disk 
supported in the pump casing.

Another improvement shown by 
American H ard  Rubber Co. was a 
new method of rubber-lining iron 
pipe to avoid producing a flow-dis­
turbing bump a t the end of the pipe. 
The pipe, afte r attachment of the 
flange, is chamfered so tha t the 
rubber lining can be brought out of 
the pipe and turned over the chamfer. 
The entire face of the flange is then 
rubber-covered to avoid bending 
stresses in the flange.

New industrial glassware shown

by the Corning Glass W orks, in addi­
tion to the new forms of Vycor 96 
percent silica glass and the new 
small Corning-Nash Pyrex glass cen­
trifugal pump described in our No­
vember Preview, included a glass 
float fo r use in unit humidifiers fo r 
operating the water control valve, and 
fo r other float-valve applications. 
Another showing was of a recently 
developed Pyrex glass plug-type 
valve employing a hollow glass plug 
to insure easy operation in p lant ap ­
plications.

An im portant point regarding the 
present situation in ply-metals em­
ploying stainless steel was brought 
out by the Jessop Steel Co. I t  was 
pointed out that the OPM allocation 
on stainless steel affects only those 
alloys containing 3 percent or more 
of chromium. A 20 percent plymetal 
using 18-8 stainless steel thus con­
tains less than 3 percent of chrome 
and a t present is not subject to 
allocation.

A new method of constructing 
chemical stoneware-lined tanks, em­
ploying this company’s synthetic 
plastic sheeting, Pyroflex, was shown 
by Maurice A. Knight. Called Pyro­
flex Fused-on Tile construction, the 
new method of lining first coats the 
inner surface of the steel tank with 
Pyroflex, then applies the lining tiles 
to the thermoplastic Pyroflex by 
heating the Pyroflex' with a blow­
torch and pressing the tiles against 
the fused surface. A fter the tile 
has been placed, the joints are pointed 
with any suitable corrosion-resisting

cement. I t  is claimed that tile cannot 
fall out even if  the joints let go. 
Another new development with this 
company is Pyroflex-impregnated 
glass fabric which is used fo r  gaskets, 
for certain lining applications and 
for drip shields.

Indicative of the trend toward the 
development of new non-metallic ma­
terials of construction was a line of 
tubing fittings made from Seran, 
Lucite and Tenite, fo r use with Dow’s 
Seran tubing, and a t present avail­
able from  P arker Appliance Co. in 
sizes from  4 to $ in. The new fittings 
employ the P arker standard type of 
flared joint. This company also ex­
hibited a new high-speed flaring ma­
chine for flaring the ends of ferrous 
and non-ferrous tubing fo r making 
up joints on a production basis.

Materials Handling, Power Trans­
mission, Welding—Economy Engi­
neering Co. exhibited an improved 
platform  elevator equipped with ex­
tremely shallow7 base bars and rollers 
to allow the platform  to come close to 
the floor. In  this design the platform  
comes within 2^ in. of the floor in 
the lowest position, compared with a 
standard height of 6 in. fo r  a ma­
chine with 5-in. base wheels. Thus 
drums and barrels may be readily 
rolled onto the platform  without 
using a ram p or skid.

Developed in Switzerland and 
available on the Continent for a 
number of years, the line of Castolin 
Eutectic low-temperature welding 
rods is now being produced in the 
United States by Eutectic W elding 
Alloys, Inc. These alloys arc de­
signed to operate a t temperatures 
below the melting point of the paren t 
metal. Alloys are available fo r use 
with cast iron, nickel, Monel metal, 
all types of steel including stainless, 
aluminum, bronze and copper alloys, 
magnesium and its alloys, and other 
metals. I t  is claimed to be possible 
to make welds which will not initiate 
electrolytic action; which will match 
the parent metal in color; which have 
high tensile strength; decrease w arp­
ing; and require less preheating.

The Falstrom  Co. showed its new 
barrel lift, a simple device for hand­
ling barrels or drums of any size. A 
two-wheelcd truck with mechanism
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fo r attaching to the barrel is rolled 
up to the barrel as it stands on end. 
The barrel is then locked to the lift, 
elevated slightly by tipping the 
handle back, and moved to its new 
position.

A simplified type of package ele­
vator -was shown by the Lamson 
Corp. This elevator is readily por­
table and is adjustable to any oper­
ating angle from horizontal to a tilt 
of 30 deg. I t employs a 14-in. con­
tinuous belt without belt side guards 
so that overhanging loads can be 
handled. Operating at a speed of 70 
f.p.m., it requires 4 lip. and can 
handle loads to 100 lb.

F urther evidence of the spread of 
plastic compositions in industrial ap ­
plications is the new ABK resinoid 
wheel now being employed by Rapids 
Standard Co. for industrial truck 
applications where a wheel is needed 
that is both easy on the floor, and 
proof against organic and dilute min­
eral acids as well as oils, greases and 
temperatures to 200 deg. F . In  these 
wheels the tread is formed of canvas- 
laminated plastic while the web and 
hub, molded simultaneously, is of 
plastic reinforced with mascerated 
canvas.

In  addition to new developments 
in its Redler conveyors, described 
in our Chemical Show Preview, 
Stephens-Adamson Mfg. Co. showed 
several improved members of its line 
of Sealmaster ball bearings. One 
new type is a  cartridge unit for 
standard and medium duty, another 
a non-self-aligning type, permanently 
sealed and prc-lubricated, with an 
extended inner ring. A pre- lubri­
cated self-aligning type designed for 
use as a hangar'bearing  for screw 
conveyors was also introduced, and 
a non-self-aligning type fo r use on 
conveyor carrier rolls, return and 
gravity  rolls. New take-up bearings 
for conveyor head pulleys, mounted 
in frames for screw adjustment, 
were also shown.

Several new m aterials handling 
developments were exhibited by the 
Philadelphia Division of Yale & 
Towne Mfg. Co. Among these was 
the Midget K ing electric hoist, avail­
able in capacities from £ to 1 ton.

This hoist is light in weight and 
portable, and is equipped with an ti­
friction bearings throughout, a motor 
brake, a load brake, safety limit 
switch and other features available 
in larger hoists. A new hydraulic 
hand-lift truck fo r heavy loads, a 
midget fork truck, and an improved 
hand truck were also exhibited.

Mixing—An improvement now 
standard on its colloid mills was 
shown by Chemicolloid Laboratories. 
Ibis is an air cooled thrust bearing 
which has been moved close to the 
motor and as far away as possible 
from the mill head. The new design 
is claimed to be particularly suitable 
fo r high tem perature applications.

K ent Machine W orks exhibited its 
latest type of motor driven liquid 
mixer of the change can type, de­
signed for handling batches up to 
135 gal. This large unit has a 
structural steel column supporting 
the mixer proper, which can be ele­
vated for clearing the top of the 
batch can. The mixer arm is counter­
balanced. The 3-bp. motor is bolted 
near the base to keep the center of 
gravity of the mixer as low as pos­
sible.

F or use in all kinds of mixing 
operations where continuous single­
pass treatm ent is not essential, the 
Prem ier Mill Corp. has developed 
a portable mixer available in three 
sizes, the working principle of which 
is identical with that of this com­
pany’s colloid mills. The new mixer 
is claimed to do more than simple 
mixing or agitating because all p a r­
ticles in the mixer pass several times 
through the clearance between the 
rotor and the stator and are broken 
down almost to the extent possible 
with a colloid mill. This company 
also showed a new 2-in. rotor ! • -ora­
tory colloid mill with 1£ lip. universal 
motor specially designed for opera­
tion at 13,500 r.p.m.

The Asbury fluid impact mill for 
dispersion and homogenizing applica­
tions, described in our May 1940 
issue, was shown by the Milton Roy 
Pump Co. which has now taken over 
distribution of this mill in the smaller 
sizes up to a rotor diameter of 9 in. 
Larger mills, with rotors 12 in. in

diameter and above, are now being 
distributed by Patterson Foundry & 
Machine Co. This mill employs a 
horizontal disk rotating a t high speed 
with feed a t the center. M aterial is 
thrown outward, impacting against 
suitably arranged ridges or teeth on 
both the disk and the stator. Dis­
charge is at the periphery. Close 
clearances are not required in this 
mill.

Packaging—A new idea for the 
handling of glass carboy jugs was 
shown by Carrier-Stephens Co., 
chemical m anufacturers. The new 
device, which was developed by the 
company lor its own use, is now on 
the market fo r the handling of glass 
containers both of carboy size and of 
5-gal. size. It consists of a. wire 
“bird-cage” supporting the brittle in 
a flexible manner. The weight is said 
to lie 40 lb. less Ilian a regulation 
carboy box. The device is known as 
the Steel-X carrier and has been 
designed fo r easy stacking of the 
filled carboys.

A completely automatic capping 
machine for the application of vari­
ous types and sizes o f screw and 
pressure caps to containers was 
shown by Elgin Mfg. Co. The only 
attention during operation required 
by this machine is filling of the cap- 
supply hopper. The cans are auto­
matically sorted and led. Variable 
speed is available for handling from 
18 to 52 caps per lninnle, with in­
stant adjustm ent possible for apply­
ing closures varying as much as 30 
mm. in diameter. This requires but 
one setting, w ithout changes to the 
hopper or chute.

Horix Mfg. Co. showed its new 
Model II15 VJ 8 automatic rotary 
filling machine for the filling of con­
tainers with liquids nt speeds up to 
125-150 r t .  per minute. All parts 
coming in contsct with the liquid 
are of stainless steel. A variable 
speed drive pulley perm its synchron­
izing the machine with adjacent 
equipment. No labor is required 
except for changing from one size 
container to another. Safety devices 
automatically stop the machine in 
case a defective container comes into 
position or if  a jam  occurs in the



conveyor leading either to or from
the filler.

Piping, Packing, Valves'—Barling 
Valve & Mfg. Co. has introduced a 
new line of double-disk parallel-seat 
gate valves in a variety of materials 
especially for use in the chemical 
industry. These valves, known as the 
Speciallov line, may be produced in 
any castable alloy. They incorporate 
a unique revolving disk feature, with 
(lie disks free to revolve throughout 
their entire travel. A simple ar­
rangement of disks and wedges 
avoids possibility of incorrect as­
sembly or placing in the valve.

An improvement in its line of 
stainless plug valves was exhibited 
by the Duriron Co. Formerly, Duri- 
met-body plug valves were fabricated 
using this alloy fo r both the body and 
the plug. I t  has been found that 
the combination of a Duriron plug 
with a Durimet body produces a non­
sticking valve which ordinarily does 
not need lubrication. F or special 
applications a lubricating fitting is 
readily attached and also a device 
fo r loosening stuck plugs.

Among developments introduced 
since the last Exposition, and shown 
by the Garlock Packing Co., was the 
company’s new Lattice Braid pack­
ing. Every braiding strand passes 
diagonally through the body, giving 
a unified structure, braided internally 
as well as externally. Greater 
strength, better flexibility, controlled 
porosity and semi-automatic adjust­
ment to the stuffing box are advan­
tages claimed. Another new product

shown was this company’s Flange- 
Jacks, a simple tool fo r prying apart 
p ipe flanges fo r the replacement of 
gaskets without danger to the flanges.

Ilills-M cCanna Co. exhibited sev­
eral new versions of the Hills-Mc- 
Canna Saunders diaphragm valve. 
One was a motorized valve of Saun­
ders construction, made by Barber- 
Colman Co. Another was a carbon- 
body valve made of National Car­
bon Co.’s Carbate impervious carbon. 
In  the past, standard construction of 
the Ilills-M cCanna Saunders valve 
has been to use a non-rising stem. 
The valve is now available in a 
rising-stem type to facilitate judg­
ing the degree of opening. Still 
another version of the valve substi­
tutes a quick-opening handle for the 
hand-wheel. This operates a steep- 
angle cam which actuates the dia­
phragm, perm itting opening and 
closing in ISO deg. of movement of 
the handle.

An interesting new rotating  pres­
sure joint, described as the Packless 
swing-joint multiple seal, was shown 
by Packless Metal Products Co. The 
seal, which can be designed for pres­
sures in the range from full vacuum 
to 5,000 lb. per sq.in., is formed by 
a metal cylinder through which the 
fluid passes, within which is a conical 
expander loaded by a spring. Sev­
eral such seals are employed in series. 
The design intends that only the 
first seal shall hold the pressure, 
while succeeding seals are held in 
reserve. The metal cylinders seal 
against a graphite-containing compo­
sition which is said never to require 
lubrication.

Pumps  — A number of design 
changes have been incorporated in 
the H uber pump which, since the last 
Chemical Exposition, has been taken 
over by Downingtown Mfg. Co. This 
pump is now known as the Squeegee 
type. The pumping element consists 
of a rubber or synthetic rubber tube 
held within a casing and progres­
sively compressed from the feed to 
the discharge point by means of an 
eccentrically rocked compressor ring. 
In the improved version the tube is 
formed exactly to the curvature of 
the casing. The rocker ring, which 
was previously free to rotate (al­
though unlikely to do so), is now 
anchored against rotation by a 
swinging arm.

Ilills-M cCanna Co. showed its 
newly designed Type R proportion­
ing pump for low delivery a t high 
pressure. This low-cost construction 
employs a walking beam to actuate 
the two pum ping cylinders. The 
motor oscillates the walking beam

which then reciprocates the pistons 
through a stroke dependent 011 the 
adjustm ent of movable stops on the 
pistons themselves.

A pneumatically actuated dia­
phragm  pum p for the handling of 
abrasive or corrosive slurries was 
exhibited for the first time by Oliver 
United Filters, Inc. E ither com­
pressed air or vacuum applied to 
one side of a floating diaphragm in 
electrically timed impulses transm its 
its energy through the diaphragm 
to the slurry  or solution being 
handled on the other side. All parts 
coming in contact with the material 
pumped are protected by rubber or 
neoprene. Ball-type valves are used 
to prevent possibility of clogging.

A recent development shown by 
F. J . Stokes Machine Co. was a sol­
vent stripper designed fo r use as an 
auxiliary for its oil-sealed vacuum 
pumps for certain types of applica­
tion. This un it employs steam dis­
tillation to remove low-boiling sol­
vents and other volatile compounds 
from  the pump sealing oil in cases 
where the oil contamination cannot 
be removed by the clarifier custom­
arily supplied.

Among several types of proportion­
ing pump exhibited by Wallace & 
Tiernan Co., the most recently de­
veloped variety was a belt-driven 
feeder for use where neither water 
pressure nor electric power is avail­
able. I t  can be operated from any 
available drive shaft, adjustments 
being accomplished by means of a 
hand crank which may be changed 
while the feeder is in operation. The 
pump employs a balanced diaphragm, 
a small valve and hollow shaft being 
used to trap  water a t the line pres­
sure behind the diaphragm so that 
pressure on both sides is equalized 
to avoid strain.

An interesting type of proportion­
ing pump employing a hydraulically 
compressed flexible tube as the pump 
cylinder was exhibited by Wilson 
Chemical Feeders, Inc., under the 
name of “Pulsafeedcr.” A piston 
designed fo r accurately regulatable 
stroke operates in a cylinder, apply­
ing pressure through a liquid medium 
to the walls of a flexible pulsating 
tube made of rubber, synthetic rub­
ber or other materials. A feature 
of the design is that the pulsating 
tube operates under balanced pres­
sure and hence requires no reinforce­
ment.

Reaction and Absorption—An in­
teresting idea fo r the absorption of 
gases in liquids was shown in the 
booth of A ir & Refrigeration Corp. 
In  conjunction with one of this com­
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pany’s capillary air washers for air 
conditioning, a glass-fiber-packed 
capillary washer cell was exhibited, 
having all metal parts covered by 
anode-deposited rubber. This partic­
ular cell was developed fo r washing 
air containing small quantities of 
HC1 gas. Owing to the low resist­
ance and high active surface obtain­
able with such cells, the method 
would appear to have application in 
other gas absorption applications.

Several new models of its tantalum 
hydrochloric acid absorption systems 
have been developed by Fansteel 
Metallurgical Corp. These are all 
intended for producing strong acid 
from  gas containing HC1. Type AK 
is designed fo r a dilute gas contain­
ing a minimum of 50 percent HC1. 
Type ARN requires a minimum of 60 
percent HC1 in the feed gases. Type 
AL is intended for an 80 percent HC1 
gas. All of these types have some­
what similar design features. Gas 
first enters a secondary absorption 
column, consisting of a water-cooled 
tantalum  tube which receives hot 
acid of comparatively low strength 
from  the main absorption tower, 
cools it, and boosts the concentra­
tion to the value desired. The gas 
then enters a packed tower in which 
most of the absorption takes place. 
The tower is surmounted by a tan­
talum condenser which removes p a rt 
o f the heat of absorption and con­
denses vapors out of the vented 
gases.

Known as the Reactivator, a new 
water conditioning system has been 
introduced by Graver Tank & Mfg. 
Co. This system purifies water by 
an improved process of coagulation 
with upward sludge filtration. F or­
eign materials, both suspended and 
in solution, are percipitated and then 
utilized in successive treatm ent zones 
of a single tank. This method of 
upw ard filtration is said to remove 
even the smallest particles and to 
speed up purification greatly.

One of the features displayed by 
Metal Glass Products Co. was a new 
25-gal. still designed for construction 
in Monel metal or stainless alloys. 
The still is jacketed for 60-lb. steam 
and designed for operation under 26 
to 28 in. vacuum. The assembly in­
cludes the still body, a packed column, 
and a condenser and receiver. The con­
denser is particularly adapted to easy 
cleaning of the tubes. Tubes, tube 
sheets and shell are assembled by 
welding into a single unit. The heads, 
of a suitable cast metal, are then 
bolted on to the tube sheet with a 
simple gasket joint.

Safety  and Fire Protection—An

improvement in carbon dioxide fire 
extinguishers first developed by 
W alter Kidde & Co. for use on its 
2-lb. extinguishers has now been 
adapted to its 4-lb. extinguishers. 
This is a trigger-type release valve 
control. P rior to the change in the 
4-lb. unit, control was by means of a 
hand-wheel, making it necessary to 
use one hand for the valve and the 
other hand for the nozzle. The new 
design permits one-hand operation.

In  addition to several improved de­
signs of respirators for dust and 
metal fumes, the Willson Products 
Co. showed a new two-hour, all­
purpose gas mask featuring a molded 
soft-rubber face piece and an im­
proved timer showing the elapsed 
time the mask had been used since at­
taching a new canister. The mask is 
intended for protection against all in­
dustrial gas hazards.

Separation — Several design im­
provements were evident in the Bar- 
Nun sifter shown by B. F. Gump Co. 
This sifter is of the type employing 
a horizontal screening surface gyrat­
ing in a circle. The design has been 
simplified through substitution of a 
V-belt drive for the gear drive for­
merly used. The sifter box is now 
carried on vertical rods supported at 
either end on ball-bearing universal 
joints which are permanently lubri­
cated. In  the older design, the joints 
operated in a bath of oil and pre­
sented a sealing problem.

Allis-Chalmers Mfg. Co. exhibited 
an improvement in its low-head, 
heavy-duty sifters which is now stand­
ard in this class of equipment. Made 
in sizes from 10 to 60 sq. ft. of cloth, 
the improved sifters now permit easy 
removal of the sieves from the side, 
by the loosening of four bolts and a 
tension rod.

Two new developments were shown 
by Richmond Mfg. Co. One of these 
is a production-type laboratory sifter, 
said to give sifting results directly 
comparable with those of large-sized 
machines. The area of. each screen 
is exactly 1 sq.ft. The system may 
be arranged for conducting either 
continuous flow or time-limit labora­
tory sifting tests.

Several installations have already 
been made of the Johnson electro­
static separator which was in devel­
opment at the time of the last Chemi­
cal Exposition. This machine, pro­
duced by R itter Products Corp., is 
available for large-scale applications 
in tonnages as high as 25 to 300 tons 
per hour. I t  is now being applied in 
such fields as the treatment of phos­
phate rock flotation concentrates. 
The new process is based on the dis­

covery that it is possible to reverse 
the polarity of the electrostatic charge 
on many common economic minerals, 
thereby facilitating separation. To 
meet various requirements the com­
pany is now prepared to supply seven 
types of electrostatic separators, with 
three different types of electrical 
equipment.

The most recent development 
among the equipment manufactured 
by Sutton, Steele & Steele, Inc., and 
shown by Separations Engineering 
Co., is called the “A ir-Float Stoner.” 
Designed fo r the removal of stones, 
glass, bits of metal and other foreign 
materials from grains, soybeans and 
similar farm  products, the new stoner 
makes the separation on the basis of 
the difference between the density of 
the stock and its contaminations. Ma­
terial flows downhill across a rapidly 
oscillating deck, being rendered fluid 
by a diffused air-stream from a 
blower passing up through the deck. 
Stones sink immediately, work uphill 
and pass out of a  throat a t the higher 
end.- The clean stock leaves the lower 
end of the deck.

A new application for its mixing 
machinery was shown by Turbo Mixer 
Corp. in the form of a new style sub­
aeration flotation machine. The ma­
chine employs the company’s stand­
ard gas-absorber unit which is said to 
be suitable for use in flotation cells 
from 1 to 11) ft. in dameter, without 
the use of an auxiliary air supply for 
aeration. Larger sized units can be 
produced if necessary by supplying 
air under pressure to the gas absorber 
unit.
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T im esa v in g  Id ea s  for E n g in eers
NEW CHART SOLVES HEAT TRANSFER CALCULATIONS 

FOR FLUIDS IN VISCOUS FLOW REGION

D. O. HUBBARD and J. V. ROTH

Respectively, Hooker Electrochemical Co., Bulialo, and Case School of 
A pplied Science, Cleveland

A  m e t h o d  o f  co rre la tin g  h e a t t r a n s ­
fer d a ta  in the viscous flow re ­

g ion, which is of special significance 
in the petroleum  in d u stry  w here trans-. 
for in th is  region is commonly ex­
p e r i e n c e d ,  is presented here. W hen 
fluid flows th rough  a pipe in  viscous 
flow, its  v iscosity  a t  the h ea t tran s fe r  
surface  varies w idely from  th e  average 
viscosity. Siedcr and  T ate  (In d . Eng. 
C hon., 28, 1930, p. 1429) in troduced 
a corrective facto r which tak es in to  
a c c o u n t  th e  viscosity  g ra d ie n t by 
m eans of the  ra tio  m / j i w, th a t  is, the  
ra tio  o f  a v e r a g e  viscosity  o f  the  m ain 
fluid stream  to  its  viscosity  a t  the tem ­
p e ra tu re  of the  tube wall.

The m athem atical re la tio n sh ip  is:

The accom panying nom ograph g rap h ic ­
a lly  expresses the  fu n c tio n  G as a  
func tion  of th e  Reynolds num ber, Re =  
D up/ ^ ( \ 2 )  (0.000G72). In  the  re la ­
tionsh ip  above, h =  coefficient of h ea t 
tra n s fe r  in B .t.u . per h our, sq. ft. and 
deg. F . ; D =  inside pipe d iam ete r in 
inches; A' =  th e rm al conductiv ity  in  
B .t.u . per hour, ft. and  deg. F .;  Gr —  
specific h e a t in  B .t.u. per lb. and deg. 
F . ; ^  =  average v iscosity  in centi- 
p o ises; f/.w =  v iscosity  a t  tube w all 
in cen tipo ises; u  —  fluid velocity  in ft. 
per sec .; p —  fluid d ensity  in lb. per 
cu. f t . ; and /, =  heated  leng th  of the  
tube in  ft.

As an  exam ple of the use of the 
c h a rt, a  liqu id  is passed th rough  a 
h e a t tra n s fe r  tube hav in g  an  inside 
d iam eter of 1 in. and a  heated  length 
of 4 ft. The flow velocity  is 1.77 ft. 
, or sec., the  liquid d ensity  is 50 lb.

per cu. ft., and the  v iscosity  a t  the 
m ain s tream  tem p era tu re  is 10 cen ti­
poises. I f  th e  th erm al conductiv ity  is 
0.05 B .t.u . pe r hour, ft. and  deg. F . ; 
the  specific h e a t is  0.5 B .t.u. per lb. 
and cleg. F . ; and th e  v iscosity  a t  the  
w all tem p era tu re  is 3 centipoises, w h a t 
is th e  liqu id  film h e a t tra n s fe r  co­
efficient?

S o lu tio n :  Solving fo r th e  R eynolds 
num ber, we g e t (1) (1.77) (50) /  (10) 
(12) (0.000G72) = 1 ,1 0 0 .  A t th is  value, 
pass upw ard  on the  g raph  to  L /D  =  
4, then  ho rizon tally  to  the  G scale. 
C onstruc t L ine 1 connecting G w ith  
D =  1. C onstruc t L ine 2 connecting 
the  f irs t reference line w ith  K  =  0.05. 
C onstruc t L ine 3 connecting th e  second 
reference line  w ith  Op —  0.5. C onstruc t 
L ine 4 connecting th e  th ird  reference 
line  w ith  ^ a =  10. C onstruc t L ine 5 
connecting the  fo u rth  reference line 
w ith  ^ w =  3. R ead th e  answ er, h  =  
23 B .t.u . per hour, sq. ft. and deg. F., 
from the in te rsection  w ith  the  h scale.
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War-Time Protection  
of Industrial  Plants

\

TO CHEMICAL EXECUTIVES, ENGINEERS 
AND ALL PLANT PERSONNEL

;>***

The vital importance of chemicals in the industrial set-up 
of. the nation-has been clearly demonstrated: without an 
adequate supply of chemicals a  plane remains unbuilt, 
a tank lies unused, an army does not advance. And just 
as important as these chemicals are the industrial plants 
and trained men that make them possible. Now that 
America is at war, these plants so precious to the national 
economy must be protected from the double dangers of 
enemy attacks from without and traitorous stabs from 
within. Sabotage, incendiary bombs and incendiarism, 
enemy air raids: these three, but the greatest of these is 
sabotage. And of the many forms of sabotage, fire is the 
most prevalent, the most dangerous, and the most in­
sidious. The plant that immunizes itself against damage 
from fire, whether intentional or accidental, can survive 
unscathed the next few years of danger and destruction.

ENGINEERING * nntgf
m »*» m  I B B B r  m m  '



Way-Time P rotection  of 
Industria l P lan ts

S U M M A R Y  A N D  C O N C L U S I O N S

Sabotage by fire is the m ost dangerous of a ll war-time enem ies of 
Am erican chem ical and process industries. Fortunately, protection  
against such dam age can be had by strict adherence to orthodox 
m ethods of fire prevention, although it w ill b e necessary  to double 
and triple normal peace-tim e m easures. Common sen se  and stern 
precautionary steps are the best protections against a ll types of 
sabotage and esp ionage of industrial chem ical and process plants.

Enemy air raids m ay consist of efforts to cripple or destroy certain  
industrial plants b y  the use of incendiary bom bs. M agnesium  in­
cendiaries are relatively harm less if properly understood and fought. 
A fine spray of water can quickly extinguish them and prevent dam ­
ag e  in most cases. However, it is  first n ecessary  to h ave proper 
equipment in sufficient quantities, properly trained personnel and  
m any sources of w ater in order to fight such bom bs successfu lly .

R easonable protection of equipment and personnel from distant 
effects of high explosive bom bs can usu a lly  b e obtained from light 
w eight shutters and other sim ple m ethods. Blackouts can best be  
accom plished by the use of proper screens or baffles, although most 
plants require individual study before protective steps are taken.

Protection Against Sabotage
As  ON'E m e a n s  of p reventing  indus- 

. t r ia l  sabotage, th e  F .B .I. has been 
engaged in a  p lan t survey p rogram  un ­
dertaken  to  suggest m eans for p ro tec t­
ing th e  facilities of basic in dustries 
whose products are  v ita l to  w ar and 
th e  national security . Some 2,400 
p lan ts a re  on th is  p r io r ity  l is t  and 1,700 
have been surveyed. In  add ition , 12,000 
in d u str ia l p lan ts  m ay subsequently  be 
covered by the  program . Upon request, 
surveys of chemical p lan ts  having gov­
ernm ent con tracts will be m ade by the 
Arm y, N avy or F .B .I. b u t no surveys 
w ill be m ade by th e  Office of C ivilian 
Defense. However, th e  responsib ility  of 
self-protection is largely  up to  th e  in ­
div idual p lan t.

METHODS OF SABOTAGE
Common form s of sabotage ag a in st 

th e  chem ical and process in d u strie s  in ­
clude : (1) dam age to  m achines or
equipm ent by breakage; corrosive chem­
icals, abrasives o r explosives; (2) dam ­
age to power s ta tio n s, w ater supply, gas 
m ains, o r o ther key po in ts : (3) arson,

which includes in ten tio n a l negligence 
and  th e  c rea tion  of specific fire and  
explosion h aza rd s; (4 ) th e f t  or dam age 
to  b lu ep rin ts, fo rm ulas, o r o th er con­
fiden tial m a tte r ;  (5 ) dam age or de­
s tru c tio n  to  ra ilro ad  connections, ves­
sels a t  docks, and o th er m eans of t r a n s ­
p o rta tio n ; (6) dam age to  raw  m a­
te r ia ls  o r finished products and in te r ­
ru p tio n s  o r u p se ttin g  of o p e ra tin g  con­
d itions. The la s t  nam ed is th e  m ost 
vu lnerab le  in th e  chem ical and  process 
industries.

Sabotage Bombs— Bombs used by th e  
sabo teu r a re  u su a lly  e ith e r dependent 
upon physical m an ip u la tio n  o r a re  se t 
to  explode a t  a p redeterm ined  tim e. 
U nder th e  f irs t c lassification  come im ­
pact, t i l t in g , and tr ig g e r  bombs, th e  
firs t two types being ra re ly  used. 
T rigger bombs, if discovered on tim e 
and p ro p erly  handled, m ay  never 
de tonate, and m ay  fu rn ish  valuable 
clues to  th e  id en tity  of th e  saboteur. 
The tr ig g e r m echanism  m ay  be a n y ­
th in g  from  a  s tr in g  stre tched  across a 
p a th  or a ttach ed  to a  door to  a  device

which w ill close an  e lectrical c irc u it or 
set off a  trigger-ham iner m echanism  
when th e  package is opened.

Tim e bombs a re  the  favorite  of th e  
saboteur. These m ay be tim ed  by fuses, 
clockwork m echanism s, or chem icals, 
and are  p a r tic u la r ly  dangerous for 
th e re  is no m eans of de term in ing  when 
they  m ay  explode. Fuses a re  w idely 
used even though  th ey  do n o t alw ays 
bu rn  th e ir  en tire  leng th . I f  a n  o rd in a ry  
a la rm  clock is used, th e  elapsed tim e 
u su a lly  m u st be less th an  12 hours. 
Chem ical bombs depend on th e  length  
of tim e a corrosive acid  tak es to  ea t 
i ts  w ay th rough  a  con ta iner to  come in 
con tact w ith  an explosive m ix tu re . By 
v a ry in g  m ate ria ls  and th icknesses of 
th e  con tainers, ig n itio n  can be se t days 
o r weeks in  advance.

SABOTAGE BY FIRE

Sabotage by fire, th e  m ost common 
and dangerous of a ll m ethods, u su a lly  
involves in terference w ith  the  fire p ro ­
tec tion  of th e  p ro p e rty  p rio r to s ta r tin g  
th e  fire. T h is in te rference  m ay  consist 
of tam p erin g  w ith  fire-fighting equip­
m en t by p lugging  th e  nozzles, em ptying 
the  contents, cu ttin g  the  d ischarge hose 
of ex tingu ishers, o r  rep lacing  th e  fluid 
w ith  flam m able liquids. S tandpipe  and 
sp rin k ler system s can be m ade inopera­
tiv e  by closing valves, rem oving valve 
wheels and dam aging  hose and con­
nections. B u rrin g  a  th rea d  on hose o u t­
le ts w ill m ake th e ir  use im possible u n ­
less su itab le  ad ap te rs  o r un iversal 
couplings a re  carricd  in stock.

Incend iary  M ateria ls— M ost sabotage 
f ire s .a re  s ta r te d  by use of incendiary  
devices o r chem icals sub ject to  spon­
taneous ign ition . F o r exam ple, sodium  
m ay be placed under openings in th e  
roof or a t  th e  bottom  of a  w a te r sp o u t 
so t h a t  ra in  w ould re su lt  in  ign ition  
of th e  sodium  and ad jacen t m a te ria l. 
Or i t  m ay  be w rapped in heavy  paper 
and tossed in to  w ater near piers. Even­
tu a lly  th e  w a ter w ill w ork th ro u g h  th e  
paper covering and  if  th e  floating 
sodium  is  in  co n tac t w ith  oil-coated 
piles un d er a  pier, ig n itio n  of th e  p ier 
m ay  re su lt.

An ingenious device for s ta r tin g  fires 
m ade its  appearance in  th e  la s t  w ar 
and consisted of a sh o rt piece of lead 
tu b in g  in th e  center of which was 
placed a  th in  copper disk  folded to  th e  
tu b in g  a round  th e  periphery . In  one 
end w as placed p icric  acid  and in  the  
o th e r end su lp h u ric  acid. B oth ends of 
th e  tu b e  w ere p lugged w ith  w ax and 
capped w ith  lead. The su lp h u ric  acid 
would e a t th ro u g h  one copper d isk  and 
upon reach ing  th e  p icric  acid, fire would 
occur. The m ost recen t a d ap ta tio n  of 
th is  device is th e  “ incend iary  pencil” , 
w hich h as th e  appearance of an  o rd i­
n a ry  pencil and  is  fitted  w ith  lead and 
e rase r. These pencils m ay  be deposited 
in com bustible m ate ria ls  in tra in s , 
ships, or stored  in  p lan ts .

Gases a re  som etim es used for s t a r t ­
ing fires a lthough  th e re  is danger of 
p rem a tu re  explosion. The usual plan
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is to  leave an  open flame in  the  room 
w here gas is p e rm itted  to  escape. W hen 
th e  gas a rriv es a t  the  fire th ere  is a 
flash back to the  source, which m ay 
s ta r t  a fire in com bustible m ate ria ls  a t  
th a t  point.

Celluloid scrap  is employed chiefly to 
accelerate  a fire. O rd inary  tallow  
candles a re  a  very common device for 
s ta r tin g  delayed-action fires, since they  
b u rn  a t  th e  ra te  of approx im ate ly  1.3 
in. per hour. S tream ers a re  also com­
m only employed w ith  candles. The use 
of vo la tile  and flammable liqu ids has 
become m ore common recently . Rifle 
fire from outside th e  prem ises m ay s ta r t  
fires in h ighly  flam m able chem icals.

Overloading electrical c ircu its  has 
also been used by sabo teurs to  cause 
fire. Since cut-off fuses afford protec­
tion  ag a in st dangerous overloading, the  
use of “jum pers”  or pennies in  the  cu t­
off box in place of the  fuse m ay  some­
tim es be linked w ith  sabotage.

PREVENTING FIRE
E te rn a l vigilance is th e  best in su r­

ance against, fires. These can be k ep t 
to a- m inim um  by insistence upon re ­
moval of a ll rubbish , carefu l and con­
s ta n t  check-up of personnel and m a­
te r ia l  a rriv in g  a t  the  p lan t, and by 
d a ily  inspection of standpipes, fire 
equipm ent, sp rin k lers  and au x ilia ry  ap ­
pliances (ex tingu ishers should be so 
located and sealed th a t  rem oval or 
tam p erin g  would be quickly d e te c ta b le ) . 
Hose couplings should be exam ined fre ­
quen tly  to  insure  p ro tec tion  ag a in st 
in ju red  th read s.

The firs t th in g  th e  saboteur is likely 
to  do is  to close th e  sp rin k ler valves. 
Therefore, a lthough  frequen t inspection 
is a good practice, sealing  coupled w ith 
inspection  or au to m atic  electric  super­
vision is s till  b e tte r.

Thorough stu d y  should be m ade of 
th e  various sources of a u x ilia ry  w ater 
and m ethods of using  these in case of 
dam age to  th e  m ain  supply. U nless the  
w a ter m ain  system  is cross-connected 
and valved, so th a t  an y  broken section 
m ig h t be segregated, serious bleeding of 
w ater m ay re su lt from pipe ru p tu re .

S torages of h igh ly  flam m able m a­
te ria ls , such as gasoline, oil o r certa in  
chem icals should receive special pro­

tection  because of the  serious fire risk  
and the case w ith  w hich saboteurs can 
exp lo it th is  risk . T his m ay involve con­
stru c tio n  of dikes a round  tan k s , place­
m ent of tan k s  underground  or rem oval 
to  a less dangerous location.

PREVENTING SABOTAGE
O ther th an  the e lim ination  of fire 

hazards, the  follow ing steps a re  the 
m ost im p o rtan t for prevention of in ­
d u str ia l sab o tag e : (1) selection and
identification  of op eratin g  personnel; 
(2) re s tric tio n s  and  check-ups on 
v is ito rs ; (3) tra in ed  g u a rd s; (4) p ro­
tective fencing and lig h tin g ; (5) care 
of confidential docum ents.

Personnel Iden tifica tion— Some execu­
tives feel th a t  if  each employee punches 
an  ap p ro p ria te  tim e card  upon en tering  
and leaving the  p lan t, unau thorized  
persons a re  no t likely to en ter the  
prem ises. T his is no t tru e . Each em­
ployee should be provided w ith  a  photo- 
identification  card , p referab ly  of safety  
paper to p revent a lte ra tio n s , bearing 
h is signa tu re , em ploym ent num ber, and 
specific p lan t assignm ent. T his card  
should be enclosed in a  sealed- p lastic  
con tainer and p rom inen tly  disp layed on 
th e  person a t  a ll tim es. Badges w ith 
different colors and shapes to  designate 
p lan t assignm ents m ake i t  especially 
difficult for a  s tran g er to  move abou t a 
chemical p lan t unnoticed.

Section 2 of th e  Act of Ju n e  28, 1940 
provides in  p a r t  “no aliens employed by 
a  con tracto r in the  perform ance of 
secret, confidential or re stric ted  gov­
ernm ent con tracts shall be p e rm itted  to  
have access to  the  p lans or specifica­
tions, or the  work under such con tracts 
or to  p a rtic ip a te  in th e  co n trac t tr ia ls , 
unless th e  w ritten  consent of the  head 
of th e  governm ent d ep artm en t con­
cerned has firs t been obtained, and any 
persons who w illfu lly  v io la te  or th rough  
negligence perm it the v io la tion  of the 
provisions of th is  subsection shall be 
fined no t m ore th an  $10,000 or im ­
prisoned no t m ore th an  five years or 
both .” Chemical m anu fac tu re rs  having 
governm ent con tracts should pay p a r­
tic u la r  a tte n tio n  to th e  above s ta tu te  
as a ll v io la tions are  th e ir  d irec t re­
sponsib ility . M an u fac tu rers m ig h t do 
well to  rem em ber th a t  persons of Ger­

m an descent have a tta in e d  a  p a r ticu ­
la rly  thorough  penetra tio n  in to  tne  
chem ical ind u strie s  of th is  country . 
W hile m ost of these persons a re  u n ­
doubtedly  loyal A m ericans, i t  is inev it­
able th a t  some few m ay be w .lling  to 
c a rry  on subversive ac tiv ities.

Guards and Police— The police chief 
of a chemical, p lan t should be charged 
w ith sa feguard ing  the  p lan t and its  
m ate ria l from  a ll subversive activ ities . 
He should contro l traffic and m ain ta in  
a  c lear ro u te  for fire-fighting equipm ent. 
The h and ling  of explosive m issiles, 
w hether h igh explosive or incendiary  
bombs, should be one of his responsi­
b ilitie s and his men should be given 
special tra in in g  for th is  work.

The beat of g u ard s should be changed 
a t  ir reg u la r  in te rv als . G uards’ sh if ts  
should no t coincide w ith  those of regu­
la r  employees. All g u a rd s  should be 
well tra in ed  in the  efficient use of th e  
firearm s they  carry .

A spot check-up of lunch boxes should 
be m ade a t  frequen t in te rv a ls  and u n in ­
spected packages should never be 
allowed in to  the  p lan t. A g u a rd  should 
be on w atch  as t ra in s  en ter the  p lan t 
prem ises, both a t  the  poin t of en trance 
and also where box-cars a re  opened or 
sealed. An adequate  set-up for safe 
h and ling  of m ail and protection  of mail- 
so rting  personnel should be adopted. I t  
would be a good idea fo r p lan ts  to 
change the  locks on a ll gates, be certa in  
th a t  only au th o rized  persons have keys 
and to a lte rn a te  locks a t  in te rv a ls .

A dequate rep a ir  fac ilitie s  should he 
availab le  and placed in locked sheds a t  
s tra teg ic  locations. N ecessary tool» 
should be so a rran g ed  a s  to be re ad ily  
moved from  place to  place. Open d ra in s 
and sewage lines, especially  those hav ­
ing in te rm itten t flow, should be b a r­
ricaded w ith  a g rill  if the  d iam eter is 
more th an  abou t 2 ft.

PROTECTIVE FENCING
Fencing should be a t  some d istance 

from  th e  a rea  to  be protected , known in 
m ilita ry  term s as the  “ th row ing  d is­
tance.” The purpose of the  fence is to 
provide a  b a rrie r  ag a in s t a  determ ined  
in tru d e r , and  i t  should be erected so as 
to aid in the conservation  of m an power 
if g u a rd in g  becomes necessary. In cases
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Plan of a  typical industrial p lant showing fence, gate and yard  lighting. G indicates 
the guard  shack, T-7.Sk.w. a  constant-current transformer, and M shows the lam ps 
on multiple supply. The fence lighting units are  mounted 25 ft. above ground and 
10,000-lumen, 20-amp. series lam ps are  used  for an  illumination of 0.19 footcandle

where i t  is n o t possible to locate a 
fence around  a p lan t area , screens m u st 
be provided over windows or o ther 
openings in buildings.

P rotective  L ig h tin g — In m aking a r ­
rangem ents for p ro tective  ligh ting , a 
few basic facts should be rem em bered : 
( i ) lig h tin g  or g u ard s alone w ill not 
afford p ro tec tio n ; (2) in d ica tin g  de­
vices th a t  reg is te r the. nresçuce of some­
one in the  p la n t p ro p erty  whçjçe lie 
should no t be a re  no t e f f e c t i v e j , i j  the 
gu ard , if possible, should be ^ a ^ io n e d  
in a shack and have a  telephone anfj a 
m arine-type concentra ting  sea rch lig h t 
of 1,000 w a tts ;  (4) the  gu ard  should 
no t move from place to place; (5) th ere  
should  be no g lare  from  any  direction .

FENCE LIGHTING

P ro p er fence ligh ting  of 0.15-0.2 foot- 
candles enables th e  gu ard  to  see anyone 
lo ite rin g  ou tside  the  fence or a tte m p t­
ing to  get over it. A 25-ft, m ounting 
height is th e  m ost p ractica l for reduc­
ing th e  glare.

H orizontal lig h t d is tr ib u tio n  w ill de­
pend to  a large  extent on local condi­
tions. I t  is good practice  to use asym ­
m etrical d is trib u tio n , concen tra ting  the  
m ajo r p a r t  of the  ligh t along the  fence, 
especially n ear corners.

However, in ad d itio n  to a  safely  .wide 
spread  of lig h t a t  the  gate, there  
should be down lig h t a t  30 deg. from 
th e  vertica l, .aimed a t  th e  cen ter of the 
roadw ay to  m ake identification  quick 
and positive. L igh ts n ear the  en trance  
should be on a sep a ra te  m u ltip le  c ircu it 
for ad d itio n a l re liab ility  and m any 
p lan ts  a re  p roviding a diesel-engine 

. g en era to r set for emergency .use, 
t In side  lig h ts  should never be tu rn ed  

oil and off by the  w atchm an as he m akes 
h is rounds. A low, uniform  illu m in a­
tion  of 0.25 footcandle is sufficient. For 
low bays, 200-w att lam ps on 70-ft. 
cen ters and m ounted 12 Ft. from the 
floor a re  good practice. Sh ipp ing  p la t­
form s a re  unugpjiliy, vu ln erab ly ,s in ce  
men on tru ck s  o r  cars  a re  <.fteii not 
p lan t employees and  large  q u a n titie s  of 
finished products a re 'co n g reg a ted  here. 
One ty p ica l sh ipp ing  p la tfo rm  has 200- 
w a tt lam ps m ounted v e rtica lly  on the 
side w alls 12 f t. above the  p la tfo rm  and 
spaced on 35-ft. centers. Illu m in atio n  is 
about two footcandles. Sh ipp ing  p la t ­
form  ligh ts should burn  a ll night.

S ignalling  S ystem s— S ig nalling  sys­
tem s co n stitu te  an  im p o rtan t line of 
defense ag a in s t sabotage. U n fo rtu ­
nate ly , these services a re  easily  d is­
rup ted . I t  is suggested, therefore, th a t

chem ical p lan ts  u n d ertak e  surveys of 
th e ir  norm al and  em ergency signalling  
system s in o rder to  a sce rta in  w hether 
those services need g u ard in g  or supple­
m enting. Spare  p a r ts  for th e  m ost 
vu lnerab le  pieces of equipm ent should 
be on hand. A survey  in each p la n t will 
determ ine th e  m eans for coord inating  
fac ilities w ith  those of th e  m unici­
pa lity .

U nderground  lines, which a re  no r­
m ally  m ore protected  th an  those over­
head, can be sabotaged by dropping  
acid, bombs or o th er d estructive  
agencies in to  m anholes. These ac ts  are 
less likely to  be observed th a n  would 
those  ag a in s t overhead lines. Hence a ll 
m anhole covers should be locked and 
cables should be covered w ith  acid- 
re s is ta n t shields, where feasible.. Only 
au tho rized  persons shou ld  ever be 
allowed to  open a m anhole, w ork in i t  
or be near i t  when i t  is open.

In  Case o f Sabotage— Any p lan t 
owner, su p erin ten d en t or forem an 
should im m ediately  re p o rt to  the  n e a r­
est office of the F .B .I. d e ta ils  of any 
in fo rm ation  in d ica tin g  th e  possible 
v io la tion  of sabotage or espionage laws. 
No a tte m p t a t  ev a luation  or investiga­
tio n  of the  in fo rm ation  should be m ade. 
Suspicious circum stances should never 
be discussed. P a r tic u la r  a tten tio n  
m ust be paid  to  collecting and  preserv­
ing  a ll possible clues, and d e ta iled  re ­
p o rts  should be w ritte n  on th e  spot as 
these m ay la te r  prove invaluab le  in 
a scerta in in g  and  convicting  th e  sabo­
te u r  and  any accomplices in  the  p lan t.

HANDLING SABOTAGE BOMBS

There is no safe w ay for h an d lin g  an  
unexploded bomb. I t  was delibera tely  
designed th a t  way. Experience, how­
ever, has shown th a t  the  dam age from 
such bombs can be lim ited  by barricades, 
b las tin g  m ats, sand  bags and trenches.

F ir s t  th in g  to do on d iscovering a 
suspected bomb is to  decide w hether or 
no t to  move it.  T his is determ ined by 
th e  am oun t of dam age th e  bomb : is 
like ly  to  do. The am o u n t of unburned 
fuse can often be ascerta ined  a t a 
glance, and  a  guess of the  tim e a v a il­
able based" on th e  fac t th a t  s tan d ard  
sa fe ty  fuse bu rn s a t  a  ra te  o f  one foot 
in 30-40 seconds. If  the  fuse is pulled 
out, speed an d  p rom ptness a re  essen­
t ia l .  The fuse should be th row n in a 
safe d irec tion  in s ta n tly  to  avoid in ju ry  
from explosion of th e  de to n a to r. In 

. a n  open bomb, if the w irin g  and detona­
to r  a re  exposed, th e  lea s t dangerous 
tilin g  to  do is to  cu t th e  two w ires lead­
ing to  the  e lectric  b las tin g  cap as near 
to  the  cap as possible. I f  th e  bomb 
is of disguised  type, no im m ediate  a t ­
tem p t should be m ade to open it.

D eflecting th e^B la st—If the bomb is 
to be left in its,original location, meas­
ures should be taken instantly to de­
flect the blast. Some of these are: (1) 
clear the danger area of all occupants;
(2 ) see that the bomb is not disturbed 
or any nearby objects moved that might 
be connected with a trigger mechanism;



(3) estab lish  an  organized gu ard  
around  the  danger a re a ; (4) open a ll 
doors and windows to allow  any  b las t 
to  d isperse ; (5) su rround  th e  bomb 
w ith  sandbags or fe lt m attresses (w ith ­
o u t m etal springs) to d irec t th e  b las t 
in the  d irection  where i t  will do least 
h a rm ; (0) remove a ll flam m able m a­
te ria ls  from  the a rea  and sh u t off gas, 
electric, steam  and compressed a ir  
lines; (7) salvage valuable m achinery 
or equipm ent.

I f  the  bomb is to  be moved, th e  fol­
lowing suggestions m ay be h e lp fu l: (1) 
avoid tu rn in g  i t  on i ts  side o r upside 
dow n; (2) a  heavy fe lt m a ttress  w ill 
afford a certa in  am oun t of protection  
if k ep t between the  o p erato r and the 
bom b; (3) occasionally a  bomb can be 
moved by dragging  i t  w ith  a  rope a t  
least 50 ft. long; (4) gloves w orn by 
the  operato r w ill a id  in preserving 
fingerprin ts.

N ever P u t Bom bs in  W ater— If  a 
bomb contains an  electrical m echanism, 
w ater m ay cause a sh o rt c ircu it and 
re su lt in detonation . Or i t  m ay con­
ta in  a m etal th a t  b u rs ts  in to  flame in 
con tact w ith  w ater, or an acid th a t  is 
affected by w ater. Even a fuse and 
dynam ite  bomb w ill no t be affected by 
w a ter if a w ater-proof fuse and b la s t­
ing gela tine  a re  used. I f  i t  is essential 
to use some quenching agent, lig h t lub­
r ica tin g  oil o r coal oil a re  th e  best. 
The oil tends to  stop  the  clockwork 
m echanism . G asoline is also recom­
mended as read ily  availab le  and efficient 
in deadening th e  dynam ite.

Ev e r y  c h e m i c a l  and process p lan t 
should a rra n g e  w ith  neighboring 

• p la lits  and com m unities for m utua l 
aid in an emergency by lis tin g  special 
hazardous processes, fire fighting  equip­
m ent and a rra n g in g  for hose ad ap te rs  if 
d ifferent types of th read s a re  used. A 
well-ordered m u tu a l a id  p lan  also in ­
cludes a  ro ste r of skilled w orkers such 
as engineers, m echanics, w elders and 
electricians. One exam ple of such co­
operation  is.gi,y,enj:(y th& .M lisrQhalmers 
Mfg. Co, in W isconsin. This p lan t calls 
th e  en tire  personnel of, th e  m unicipal 
fire departm en t to r a 'p e rs o n a lly  con- 

-  ducted to u r th ro u g h o u t th e  p lan t once a 
year. F irem en likely  to be called to 
th a t  p lan t know w hat to  do immcdi- 

« a te ly .

PRECAUTIONS A G A IN ST  FIRE

However, there  m u st also be inde­
pendent^ o rgan ization  and . tra in in g  of. 
p riv a te  brigades in chem ical p lan ts, 
for the. m unicipal and neighboring fire 
d epartm en ts  w ill no doubt be too busy 
to  help .in the  event of fires from in­
cendiary  bombs.

Ovei* 20 fires th a t  occurred d u rin g  the

Dangers in Opening— I t  is extrem ely 
hazardous for unskilled  persons to  a t ­
tem p t to  open or even handle unex­
ploded bombs. Only th e  expert w ill 
rem em ber th a t  th e  obvious o r intended 
w ay is u su a lly  the  w rong way. A su s­
picious package w rapped in paper and 
tied  w ith  a s tr in g  should be opened by 
leaving th e  s tr in g  in ta c t and c u ttin g  a 
hole th rough  the  paper. I f  i t  is a  box 
w ith  a lid , all catches and th e  lid 
should be left untouched, and  an  open­
ing m ade in th e  end or th e  bottom  
of the  package.

G athering Evidence— E xtrem e care 
should be taken  before and a f te r  an 
explosion to  g a th e r a ll evidence th a t  
m ay a id  in identification  of the  sabo­
teu r. The following steps should be 
ta k e n : (1) care should be exercised
n o t to  add or destroy  fin g erp rin ts ; (2) 
the  bomb should be photographed in 
its  o rig ina l location from various 
ang les; (3) the  package should be exam ­
ined by X -ray, using a fluoroscope, to 
show up objects such as clock-work and 
tr ig g e r m echanism s; (4) extensive 
notes should be taken  on the  spo t; (5) 
w itnesses should be questioned as to the  
sound of explosion, am ount arid color 
< f f l’sh. smoke and violence of th e  con­
cussion as evidenced by rin g in g  of the  
ears ( th is  w ill ind icate  if i t  w as a  low 
explosive such as illu m in a tin g  gas or 
b las tin g  powder, o r h igh explosive such 
as dynam ite, nitro-glycerine, guncotton, 
or T X T ; (6) all fragm en ts of wire, 
clockwork, burned fuse, pipes, etc., 
should be carefu lly  preserved.

firs t six m onths of 1941 which resu lted  
in  dam ages of $200,000-$5,000,000 were 
due to  the  follow ing: (1) excessive
concentra tion  of com bustibles and dam ­
ageable stocks; (2 ) fighting of fire by 
employees instead  of sum m oning the  
fire d e p artm en t; (3) w atchm an’s delay  
in calling  th e  fire d e p artm en t; (4) im ­
proper valve superv ision ; (5) rem oval 
of pro tective  fea tu res such as fire w alls 
and  sp rin k le rs ; (0) lack  of protection  
from special h aza rd s; (7) inadequate  
w a te r-su p p ly ; (8 ) lax ity , of .m anage­
m ent in p roviding rig id  fire pro tection .

Members of the  fire b rigade  should 
realize th a t  in case of fire, th e  sp rin k ler 
contro l valves m u st be exam ined to see 
th a t  th ey  a re  opened wide. Records 
over 50 y ears show th a t  sp rin k ler pe r­
form ance th ro u g h o u t the  co u n try ilia s  
had  an  overall efficiency of 90 percent. 
The fa ilu res  were p rim arily  due to  lack 
of m aintenance o r closed valves. D rills 
should include th e  m aking of hose con­
nections, un reeling  and  stre tch in g  hose 
w ithou t k inks, and coupling and u n ­
coupling.

The best p recau tion  ag a in s t the  
spread ing  of fires is a  sufficient num ber

T able I— E m ergen cy  Incen diary  
F igh tin g  E quipm ent1

Four 3-gal. buckets.
1 hand pump, stirrup type, with 30 ft. of 

^ii-in. hose and dual jet-spray nozzle.
1 extension ladder.
] long-handled shovel.
1 long-handled scoop and hoe.
1 hand ax.
1 pair heavy gloves.
1 large flashlight or oil lantern-.
1 fire-fighting mask.
1 soda-acid fire extinguisher.

»Civil A ir  D e fe n se , b y  A. M. P re n t i s s ,  
M c G ra w -H il l  B o o k  Co., N ew  Y o rk  (1941 ).

of shut-offs for all gas lines, ad d itio n al 
sw itches for e lectrical lines, and by­
passes and valves for w a te r pipes. A 
sufficient am oun t of pipe and fittings 
and e lectrical appliances should be on 
hand for the  p rom pt re p a ir  of a ll lines.

C otton and rubber-lined  hose should 
have w a ter ru n  th ro u g h  them  a t  lea s t 
four tim es per year and  pressu re  te s ts  
should be applied  a t  least once per year. 
L inen hose should be kep t clean and 
dry . P la n ts  hav in g  e lectrica lly  driven 
fire pum ps w ith  power obtained from 
outside  m ay find i t  desirab le  to p u r­
chase an  au x ilia ry  gasoline or diesel 
engine pum p.

N orm al concrete construction  is more 
re s is ta n t to fires th a n  th e  unpro tected  
steel w ork often  found in  chem ical 
p la n t s . : In  some cases i t  m ig h t lie wise 
to cover exposed steel o r wood in h ighly  
vu lnerab le  a rea s w ith  a  m etal la th  
and cem ent p las te r  coat, f  i n  England, 
i t  is reported  th a t  for every ton of 
s tru c tu ra l  steel irrep a rab ly  1 dam aged 
by explosive bombs, 10 tons a re  de­
stroyed by fire.

W oodwork can be protected to some 
ex ten t by th e  use of certa in  inorganic  
sa lts  and fire re ta rd a n t  ¡pain ts. T anks 
sto rin g  flam m able chem icals should be 
m ounded to  avoid sp read ing  burn ing  
liqu ids over larg e  a rea s and adequate 
fire w alls should be provided so as to 
localize fires w ith in  build ings. P ack ­
ing  m ate ria ls , g aske ts and o th er rubber 
stociis, sm all q u a n titie s  of p a in t, rope 
andi w rapp ing  m a te ria ls  when stored  in 
o rderly  fashion are  no t considered a 
serious menace, i Oakum , lam p black, 
some welding, com pounds and  cleaning 
fluids can be sources of fire and  m u st be 
trea te d  accordingly. P a in t  sto rage in 
bi[ij< creates,.,^, special, problem  as the  
use, of wooden b a rre ls  fo r sh ipp ing  re ­
su lts  in leakage of linseed oil.

T able  II— P enetration  of M agn esiu m  
In cen d iary  B om bs1

Inches of Penetration ■

"Weight of 
Bomb, 

lbs.

Rein­
forced

Concrete Sand E arth

Mild
Steel
Plate

2.2 3 .5 -4 6 6 0.25
4 .3 5-6 42 CO 0.38

12.0 57 84
22.0 72 108 1 .0

, C h e m lc a l W a r f a r e  S ch o o l, E d g e w o o d  
A rs e n a l .

■'r' A p p r o x im a te .  R e p re s e n ts  m in im u m  
th ic k n e s s  o f  m a te r i a l  r e q u i r e d  to  r e s is t  
p e n e t r a t i o n .

Protection Against Incendiarism
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S I i d in g  
shutters  

o p en
S lid in g  . 
o h  c f  to rs  
'  closed Shatter 'o f  2 "x4 H 

wood w ith ‘/ i "  steel 
plate slots each side»

Lightweight 
• 's c r e e n

+XCX4  spacing  
blocks under each 
wood m em b e r  '*

O p e ra t in g
c o r d

Lon tern light- Channel guides 
:̂ =rrr.-r-j anchored to wall—

~~ Casem ate window

Outside N Channel 
Shutter^ i op outside

Double
h u n g
Sash
w indow -

G la z in g  0<jr..Scct!on A ‘A

Glass. \i M,
Ventila tor  
\gh t t r a p

Protective> 
s h u t t e rWindow.

Metal & b o lte d  
to g la z in g  ban. Inside

fa c e
Shutter}

Inside

or e a rth  or by a sheet of 20-gage co rru ­
gated  iron  in su la ted  from  the  floor by a 
th in  layer of sand  or earth . Chicken 
w ire  s tre tched  ab o u t 1-2 feet above the  
floor helps in b reak ing  the  im pact of 
the  bomb and in d ispersing  it. R afte rs  
and jo in ts  in th e  a tt ic  or top floor 
should be coated w ith  fire-resistan t 
p a in t or heavy w hitew ash.

E very  sm all bu ild ing  and every S,000 
sq. ft. a rea  of large  build ings should be 
provided w ith  th e  follow ing emergency 
supplies: four 3-gal. buckets, two for 
sand and two fo r w a te r ; one hand  pum p 
w ith 30 ft. of 4 in. hose and a  d ual 
je t-sp ra y  nozzle; one extension lad d e r; 
one long-handled shovel; one long- 
handled scoop and hoe for rem oving 
bom bs; one hand  a x ; one p a ir  of 
heavy gloves; one large  flash ligh t o r oil 
l a n te rn ; one fire-fighting m a sk ; one 
soda-acid chem ical fire ex tinguisher.

The B ritish  have found th a t  a 2-lb. 
incendiary  bomb can p en etra te  4 in. of 
reinforced concrete o r i  in. of m ild steel 
p la te  and i t  therefore  m ay p en etra te  
a p lank-on-tim ber roof, depending on 
th e  slope of the  roof and th e  angle of 
im pact. A bomb will often bu rn  
th rough  a  I  in. board flooring.

E x tin g u ish m en t— I t  is dangerous to 
approach  a m agnesium  bomb for about 
a m inu te  a f te r  ign ition  because of the  
sp a tte rin g  effect; m olten m etal m ay  be 
th row n as fa r  as 50 ft. d u rin g  th is  
phase. A solid stream  of w ater should 
never be d irected  on th e  bomb while the  
th e rm it is burn ing , since i t  produces 
an  explosive effect on s tr ik in g  the  
m olten m ass, th u s  sp read ing  th e  fire. 
W ater sp ray  on b u rn ing  th e rm it h as 
l i t t le  effect since th e rm it supplies its  
own oxygen and canno t be sm othered, 
while th e  h igh  tem p era tu re  of th e  com­
bustion  m akes cooling im possible. A 
stream  of w ater should no t be directed  
on th e  bomb when th e  m agnesium  itse lf 
is burn ing . A solid stream  of w ater 
s tr ik in g  th is  h o t m etal (3300 deg. F .) 
sc a tte rs  th e  m ate ria l w ith  explosive 
force due to  th e  fo rm ation  of steam  and 
to  the  rap id  chem ical reac tion  of w ater 
and m agnesium  to  lib e ra te  hydrogen.

However, a  w a te r  spray  on b u rn ing  
m agnesium  is  very  effective because of 
th e  follow ing a c tio n s : (1) in con tact

F ig . 2— This ty p e  of in tern al s lid in g  
shutter for b lack ou t is  e stim a ted  to cost 

abou t $0.50 per sq . ft. in s ta lled

T able  III— Floor P rotective M ateria ls  
A g a in st Burning M agn esiu m  In cen d iary  

Bom bs’
M inimum Layer 
For Protection,

M aterial in.
Brick d u s t.......................................  1-5
Slate d u s t ........................................  1.3
Foamed slag (ground).................  2 .0
Pumice (ground)...........................  1-3
Household a sh ...............................  2 .3
Boilerhouse aeb .............................  1 - S
Kaolin..............................................  1-5
Limestone (ground)...................... 1.3
Asbestos, wallboard....................... 0 . S
Ash or ballast concrete................ 1-0
GypBum comp, (certain types).. 0 .8

1 2 -lb . s ize . F ro m  " In c e n d ia r y  B o m b s  a n d  
F i r e  P r e c a u t io n s " ,  B r i t i s h  G o v e rn m e n t .

A heavy bomber can ca rry  from  1,000-
2,000 of 2.2 lb. m agnesium  incendiary  
bombs. In  large tow ns, o u t of every 
12 bombs dropped, 10 would probably 
fall in open spaces and burn  w ith o u t 
serious dam age. Of th e  rem ain ing  two, 
one w ould probably glance off a  sloping 
roof or fa il to  function  so th a t  no more 
th an  one ou t of a  dozen would s ta r t  a 
serious fire. Thus 75-80 fires m igh t be 
s ta rte d  along a d istance of abou t 3 
m iles, o r  an average of one fire every 
GO-70 yd.

MAGNESIUM  INCENDIARY BOMBS

Ig n itio n  of m agnesium  incendiary  
bombs occurs on im pact. The s ta r tin g  
m ix tu re  ign ites th e  th e rm it of which 
th e  a lum inum  burns v io lently , robbing 
th e  iron  oxide of i ts  oxygen. This 
fu rn ishes in tense  h e a t for 40-50 sec­
onds and produces m olten iron, the 
p ressure  of which causes sp a tte r in g  of 
the  iron  and of burn ing  pieces of m ag­
nesium . The burn ing  th e rm it ignites 
th e  m agnesium  body, which continues 
to  burn  qu ietly  for 10, 15 or even 20 
m inutes. The burn ing  of th e  m agne­
sium  itself is easily  detected as th ere  is 
less sp a tte rin g  and an  in tensely  w hite 
flame is produced. These bombs often 
c a rry  a high explosive in order to d is­
courage ex tinguishm ent. However, 
a f te r  two m inutes of burn ing  there  is 
lit t le  danger from  such explosives.

P rotection— Floors of a tt ic s  should 
be covered w ith  non-flammable m ate­
ria l such as a 2-2J in. layer of d ry  sand

F ig . 1— T w o g e n e ra l sch em es  for the o b ­
scuration  of sk y  ligh ts in ind ustria l b u ild ­

in g s  are  sh o w n  in th ese  sk etch es

w ith  the  b u rn in g  m etal, th e  w a ter spray  
is converted to  steam , thereby  produc­
ing  a cooling effect; (2) th e  b lanket of 
s team  above th e  fire helps d ilu te  the  
21 percen t oxygen in th e  a ir  to  a  poin t 
below 10 percen t necessary for combus­
tio n ; (3) b u rn ing  of the  bomb is accel­
e ra ted  and th u s  m ay be reduced 10 
m inutes o r m ore; (4) th e  floor and 
su rro u n d in g  com bustible m ate ria ls  a re  
wetted and cooled.

SPRAYING EQUIPMENT

F o r sp ray in g  m agnesium  bombs w ith 
w ater, th e  B ritish  use a s t i r ru p  hand 
pum p equipped w ith  30 f t. of hose 
and  a J in. nozzle g iv ing  a  je t  c a rry in g  
30 ft. or. a sp ray  ca rry in g  15 ft. Two 
o r th ree  people m ay be req u ired ; one 
h and ling  th e  nozzle, one pum ping and 
one rep len ish ing  the  w ater. The man 
w ith the  nozzle approaches th e  bomb 
and firs t ex tingu ishes any  fire which 
m ay have been s ta r te d , by p lay ing  a  
strea m  of w a ter d irec tly  upon the  
secondary fire. As soon as th is  fire has 
been p u t o u t a  spray  is used on th e  
bomb itse lf. I t  is genera lly  necessary 
to use 0-7 gal. of w a ter for each bomb. 
However, th e  s tream  from  a larg e  fire 
hose is sufficiently s tro n g  to  be p layed 
d irec tly  on th e  bomb, arid if th e re  is  
sufficient volum e of w ater, i t  m ay be 
consum ed com pletely in a  few seconds.

The knapsack  type ex tingu isher w ith 
a  5-gal. po rtab le  ta n k  curved to  fit th e  
back is fitted  w ith  a  hand-operated  
p iston  pum p. T his is a  one-man ex­
tin g u ish er and h as proved effective, a l­
though  i t  lias th e  d isad v an tag e  of some­
tim es hav ing  to  be refilled w ith  w a te r 
while in  use. A soda-acid ex tingu isher 
is ab o u t as effective in  ex tin gu ish ing  
m agnesium  fires as p la in  w a ter in 
equ ivalen t am ounts.

Com mercial fire re s is ta n t powders, 
talc , or fine sand, provided th ey  a re  d ry , 
can be used to  cover b u rn in g  m agnesium  
bombs. However, such m ate ria ls  
should be used only' when th e  bomb is 
bu rn in g  on a solid floor w ith  l i t t le  com­
bustib le  m ate ria l nearby. I f  possible, 
the  fighter should be protected w ith  a 
m ask or g as-tig h t goggles and heavy 
gloves. H a lf a  bucket of sand is 
placed on th e  floor n ear th e  bomb, and

F ig . 3— A  s te e l a n d  w o o d  in sid e  shutter  
su ch  a s  this w ill  p rov id e  m ediu m  pro­

tection  from  fragm ents

Courtery Office of C iv ilia n  Dofmtê
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rem ove a n y  of the p ip e  no m atter h o w  far b a ck  crack s m ight exten d . In dem on ­
stration , rep a irs w ere  com p leted  in  IS m in. b y  the u se  of this fitting. O ther em erg en cy  

m ea su res  for c lo sin g  m ain  b rea k s are  d isc u sse d  in  G a s  A g e ,  N ov . 20, 1941

the  operato r places sand around  and 
on top of th e  bomb w ith  a long-handled 
shovel. I t  is then  possible to  shovel i t  
in to  the  bucket on top  of th e  rem ain ing  
sand, and then  cover w ith  sand. The 
bucket is then  removed by use of the 
shovel handle or a  long stick.

The sand m ethod should be used only 
a f te r  all th e rm it lias burned out. 
Sand and o ther abrasive  m ate ria ls

Ev e r y  c h e m i c a l  p l a n t  m u st be p re­
pared  to tak e  care of itse lf w ithout 

ask ing  for m unicipal help a lthough  col­
lective action  by groups of neighboring 
com panies is advisable in in d u stria l 
centers. As th e  Office of C ivilian  De­
fense docs no t recommend im m ediate 
bu ild ing  of large  bomb-proof shelters, 
since w h a t ra id s  a re  expected will prob­
ab ly  be sporadic, p lan ts  should give p a r­
tic u la r  a tte n tio n  to  p ro tection  of pe r­
sonnel. Employees tak in g  defense 
courses a t  in d u s tria l p lan ts  a f te r  w ork­
ing hours should no t expect to  be paid  
fo r such ac tiv ities  if these a re  connected 
in any  m anner w ith  th e  problem  of per­
sonal safety .

In  large facto ries, i t  is a  good idea 
to  assign employees in a p a r ticu la r  sec­
tio n  a  definite color scheme and then 
to  have m ark ings in the  p lan t so th a t  
if  each employee follows h is  own color 
m arkings, he w ill a rriv e  a t  h is desig­
nated  shelter. This scheme e lim inates

should be kep t aw ay from m oving m a­
chinery. G ranulated  pitch, experi­
m entally , oilers prom ise of being an 
excellent ex tinguisher. A snuffer will 
stop flying partic les of m olten m etal 
and w ill confine the  heat so th a t  the 
o p erato r can approach, bu t th e  bomb 
will continue to  burn  vigorously be­
neath  the snuffer and m ay cause serious 
dam age unless soon removed.

verbal in stru c tio n s and prevents men 
from  going to  the  w rong she lte r o r los­
ing th e ir way. The knowledge th a t  safe 
she lte rs have been provided increases 
m orale before and d u rin g  a ir  ra ids.

Shelters  —  Steel o r concrete fram e 
bu ild ings a re  re la tive ly  safe from  an y ­
th in g  bu t a  d irec t h i t  from  a high ex­
plosive bomb. M ost m odern office and 
facto ry  build ings of more th a n  four 
sto ries and of reinforced concrete or 
steel fram e construction  offer su itab le  
locations for she lte rs w ith in  th e  bu ild ­
ing. The room selected for a  refuge 
should have i ts  ceiling stren g th en ed  to  
su p p o rt any  debris which m ay fa ll 
upon it.  E nglish  and G erm an specifi­
cations requ ire  s tren g then ing  to  c a rry  
a  load from 200-400 lb. per sq. ft. in 
m asonry  build ings. In  fram e build ings, 
th is  could probably be som ew hat less. 
L a te ra l p ro tection  can be obtained by 
closing windows and doors w ith  con­
crete, brick or sandbags. No gas or

steam  conduits should en te r o r pass 
th ro u g h  th e  room.

If  m u lti-s to ry  build ings a re  to  be 
used as shelters, th e  follow ing featu res 
should be avoided: large  proportion  of 
voids to  solids in  ex te rn a l w alls ; one­
cell floors w ith  no p a r ti t io n s  between 
ex ternal w a lls ; tim ber floors o r floors 
of weak co n stru c tio n ; bu ild ings of 
doubtfu l la te ra l  s tre n g th ; sky ligh ts o r 
g lass roo fs; heavy objects such as s to r­
age tan k s  or m achinery  on top  floors; 
h igh  chim neys a t  or above the  roof level.

PROTECTION FROM AERIAL BOMBS

Pro tection  from  fragm en ts of bombs 
which fa ll no t closer th an  GO ft. is given 
by 30 in . of e a r th  o r sandbags, 13 in. 
of brick, o r 1.5 in. of steel p la te . G lass 
embedded w ith  w ire mesh is only 
slig h tly  m ore re s is ta n t to b la s t  th an  
p la in  glass, b u t th e  sp lin te rin g  effect is  
considerably less. L am inated  g lass also 
reduces sp lin te rin g  b u t m ay be blown 
o u t completely.

S h u tte rs— A reasonable am oun t of 
p ro tec tion  from  75 percent of th e  f rag ­
m ents from  heavy bombs can be pro­
vided by sh u tte rs  of \  in. m ild steel. 
W ood sh u tte rs  <i in. th ick  w ill provide 
fa ir  p ro tection  from  glass a t  d istances 
from 50-200 ft. where windows a re  
p a r tly  shielded by ad jacen t w alls. To 
w ith stan d  b las tin g  effects, sh u tte rs  
should be held firm ly, p re fe rab ly  in 
steel channels anchored w ith  bolts. F o r 
very large  windows, a  s tro n g  fram e m ay 
be placed on th e  outside  to  b reak  th e  
openings in to  several sm alle r openings 
to  each of which a  sh u tte r  should be 
a ttached .

There is no su re  w ay to  p reven t th e  
breakage of g lass from  d is ta n t  effects, 
such as a ir  b la s t and e a r th  v ibrations. 
However, of th e  several tre a tm e n ts  fo r 
th e  p ro tection  of g lass, those which 
have proved m ost re s is ta n t include b u r­
lap-b itum inous trea tm e n t, w ire mesh 
and  screens, w ired  g lass, and  con tro lla ­
ble sh u tte rs . F o r fu r th e r  construction  
de ta ils , “G lass and G lass S u b s titu te s” 
should be consulted.

P ro tec tio n  of windows from  n ear 
effects of h igh  explosives requ ires the  
consideration  of bo th  th e  b la s t itse lf 
a s  well as fragm ents. F o r th is  reason, 
extensive m easures for such pro tection  
are  necessary and th e  com plete rem oval 
of windows and  th e  use  of su b s titu te s  
such as blocking w ith  brickw ork, gravel- 
filled p lank ing , and  sandbags m ay  be 
necessary. F o r m ost p lan ts, th e  risk  
of n ear effects should be accepted, as 
only pro tec tion  ag a in s t d is ta n t  effects 
is practicable .

REPAIRING M AINS

Broken, bombed or im paired  gas 
m ains can be valved or plugged off by  
th e  use of conical-shaped plugs su s­
pended on a  steel cable across th e  bomb 
c ra te r . The p lu g  can be lowered to  th e  
end of th e  broken m ain  and a  cup- 
shaped piece of steel welded to  th e  p lug  
end of th e  cone enables one m an to  push 
th e  p lug inside  th e  m ain . Gas m ains

Protection Against Air Raids
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can also be ])lugged w ith an a ir-infla ted  
bag. W ith  th e  use of th is  m ethod, i t  
is necessary th a t  standpipes oecur a t  
frequen t in te rv a ls  in  o rder to enable 
the o p erato r to  fit the  bag in to  the  
m ain  quickly. G reasing  off w ill p lug  up 
to 12-in. low -pressure m ains. This 
method has the  d isadvan tage  of leaving 
th e  pipe w ith  a  large am oun t of heavy 
grease  inside w ith  no m eans of rem ov­
ing i t  o th er th an  d igging up th e  m ain.

A new coupling and sleeve, designed 
by Dresser, enables emergency rep a irs  
on a  broken m ain  w ith o u t saw ing off 
th e  jagged ends. T his im proved design, 
known a s  A ir Defense F ittin g  No. 1, is 
shown in an  accom panying draw ing. 
In  dem onstra tion , rep a irs  were made 
in 15 min. by use of th is  fitting .

BLACKOUT O F CHEMICAL PLANTS

To stage a “b lackou t” w ithou t proper 
equipm ent and tra in ed  personnel only 
creates dangerous confusion. Except for 
im m ediate contingencies, l it t le  or 
no th ing  can be done to increase the 
effectiveness of a blackout while a ra id  
is in progress. “ B lackout” (see re fe r­
ences) has been published by the Office 
of C ivilian  Defense to suggest how cer­
ta in  typ ica l in sta lla tio n s m ay be effec­
tively  blacked out. T his in fo rm ation  is 
th e  m ost a u th o rita tiv e  availab le  b u t is 
intended to be modified and adap ted  to 
each specific p lan t.

In  m ost types of construction , opaque 
sh u tte rs  can be b u ilt over a ll w in­
dows, light-loeks provided a t  entrances 
and provision m ade for thorough  vcnti-

M agn esiu m  in cen d iary  b om bs su ch  as  
th is are e x te n s iv e ly  u sed  b y  the G er­
m an s. T hey  ca n  b est b e  ex tin g u ish ed  

b y  a p p ly in g  a  fin e sp ra y  of w a ter

Three 
steef p/ns

S a fe ty  \ 
p in

la tion  and prevention  of condensation. 
O utside lig h ts  should be covered w ith  
blue shades, and  w hite gu ide lines 
should be pa in ted  where necessary.

S im plest way of b lack ing  ou t is to 
sp ray  on p a in t in te rn a lly  o r ex ternally . 
P a in t  selected fo r th is  purpose should 
be w aterproof and sufficiently opaque 
in one coat only. As the  cost of rem ov­
ing o rd in a ry  p a in t m ay be th ree  or 
m ore tim es the  cost of ap p ly ing  it, any 
p a in t used should be rem ovable by a 
convenient and inexpensive process. E x­
te rn a l ap p licatio n  of p a in t by sp ray ers  
is u su a lly  cheapest and best, as i t  p re­
vents g lare  from  the g lass and , if prop­
e rly  selected, w ill a ss is t in camouflage.

A su itab le  p a in t can be m ade up of 
100 lbs. of black g round  in  oil, 50 lbs. 
of p aste  d ry e r, 2 ga l. of tu rp en tin e , 
A gal. boiled linseed oil, and 1 p in t of 
terebene, g iv ing  10 gals, of b lackout 
p a in t.
. A su itab le  s tr ip p e r w ould consist of 

5 ga l. of benzene, 3.3 ga l. of acetone and 
15 lbs. paraffin w ax to give 10 gal. of 
p a in t rem over. G lass can be pa in ted  
w ith  b lackout plack p a in t a t  about 
$12.00tjie r 100 lb. can hav in g  a covering 
cap acity  of 400-500 sq.yd.

A lum inum  pain ted  sto rage  tanks, 
w a ter tow ers, ta n k  cars, m arble or 
o th er l ig h t stone s tru c tu re s , t in  roofs 
or lig h t concrete w alls, and  o ther lig h t 
reflecting surfaces should be pa in ted  or 
o therw ise trea te d  to produce a  d a rk  
rough m at surface.

S u g a r refineries, oil fields and  re ­
fineries, b rick  and  p o tte ry  w orks and 
power and u t i l i ty  p lan ts  m ay produce 
some glow, depending on th e  type  of 
process and  efficiency o f  opérations. The 
iron  and  steel in d u s try  fu rn ishes the  
best exam ple. In  fu ll operation , these 
m ills and  th e ir  s lag ' dum ps are  som e­
tim es visible from  the a ir  a t  a  d istance 
of 25 m iles o r m ore. A nother m ajo r 
problem  is concealing the glow from  
beehive or byproduct coke ovens in op­
e ra tio n . To erect covered obscuring 
sheds over th is  ty p e  of p la n t w ould be 
difficult no r w ould i t  be easy to  ex tin ­
gu ish  these  ovens quickly. The lengths 
of such b a tte rie s  and the  am oun t of 
glow  therefrom  m ake them  easy to  
recognize from  th e  a ir .

G lare from  b la s t furnaces can ,be 
screened by use of large  fireproof 
louvered lioods carried  over th e  ch arg ­
ing p la tfo rm s and k iln  chim neys can 
be d e a lt w ith  by th e  use of asbestos 
sheet baffles. In oil fields, lig h ts  , and 
gas flares can be qu ickly  e lim inated . 
However, heavy gases released w ith o u t 
flaring  in s ti ll  dam p w eather do no t 
rise  rap id ly  an d  co n stitu te  a definite 
fire h aza rd . Iiiu tH is event, operato rs 
should close in th e  j-vfell or extend the  
flare line by a riser. F o r larg e  gas vol­
umes disposed of- th rough  a single line, 
such rise rs  m igh t have to be 40-50 ft. 
high. However, th ere  is no general 
m ethod of p reven ting  glow su itab le  for 
un iversal ap p licatio n  and each p lan t 
m ust be exam ined and d e a lt  w ith  in d i­
v idually  to p revent costly  m istakes.

T able  IV — Protection A g a in s t  Bomb
Fragm ents'

Required 
Thickness, 

M aterial In ch esa
M ild steel p la te .................................... 1.5
Brick w all........................................................13.5
Plain concrete....................................... 15.0
Reinforced concrete 1..........................  12.0
Specially reinforced concrete 10.0
Sand or earth  revetm ent...................  30.0
Gravel or stone between wood

sheathing or corrugated iron . . . .  24.0
1 F r o m  “ P r o te c t iv e  C o n s t r u c t io n " .  S t r u c ­

tu r e  S e r ie s  B u ll . 1. Office o f  C iv i lia n  D e ­
fen se .

2 F o r  p ro te c t io n  a g a in s t  f r a g m e n ts  o f  a  
500-lb . b o m b  a t  a  d is ta n c e  o f  50 f t.

3 N o rm a l s t r u c t u r a l  r e in fo rc e m e n t .
4 R e in fo rc e d  to  r e s is t  h ig h  lo c a l s t r e s s e s  

in  d ia g o n a l  te n s io n .

W arn ing  —  P la n t men considering 
b lackout p rep ara tio n s or o th er a ir  ra id  
p recau tions should no t con tact the 
Oflice of C ivilian  Defense in W ashing­
ton, b u t should first consult w ith  th e ir  
c ity , county  or s ta te  Defense Council. 
P la n ts  hav in g  A rm y and  N avy con­
t ra c ts  and considered vulnerable to an 
a tta c k  have a lread y  received in s tru c ­
tions. U nder any  circum stances, how­
ever, i t  is advisable to  become th o r­
oughly fam ilia r  w ith  th e  in form ation  a l­
ready  availab le  (see b ib liography) be­
fore m ak ing  e laborate  p rep ara tio n s for 
b lackout or p ro tection  from  high ex­
plosive bombs. M istakes a re  easy to 
m ake and can be expensive, tim e con­
sum ing and w asteful of v ita l m ate ria ls .

B ib liograp h y

T h e  Office o f C iv ilia n  D e fe n se  h a s  i s ­
s u e d  a  v a r ie ty  o f p a m p h le ts  a n d  in s t r u c ­
tio n s , a m o n g  w h ic h  th e  fo llo w in g  m a y  
p ro v e  o f m o s t  in t e r e s t  to  th e  c h e m ic a l 
a n d  p ro c e ss  in d u s tr ie s .  A ll re s p o n s ib le  
p la n t  m en  a r e  u rg e d  to  o b ta in  c o p ie s  o f 
th e s e  p u b lic a tio n s .

A H a n d b o o k  fo r  A ir  K n id  W a rd e n s . 
10 c e n ts .

P r o te c t iv e  C o n s tru c t io n . S t r u c tu r e s  
S e rie s , B u lle t in  N o . 1. 25 c en ts .

S u g g e s tio n s  fo r  S ta te  a n d  I^ocal F i r e  
D e fe n se . F i r e  S e r ie s  B u lle t in  N o . 1. 10
c e n ts .

P r o te c t io n  o f  I n d u s t r i a l  P l a n t s  a n d  
P u b lic  B u ild in g s .

O C I) N e w s L e t te r .  O fficial B u lle tin  
o f th e  Office <of C iv ilia n  D e fe n se  is su e d  
a p p ro x im a te ly  fo r tn ig h t ly .

E m e rg e n c y  M e d ica l S e rv ic e  fo r  C iv il­
ia n  D e fe n se . M ed ic a l D iv is io n  B u lle tin  
N o. 1. . ,

A ir  K a id  W a r n in g  S y s te m .
B la c k o u ts .v< 25 c e n ts .
C iv ilia n  P r o te c t io n ; , H o w  to. O rg a n iz e  

i t  iif"y ô ü r  C o m m u n ity .
G la ss  a n d  G la ss  S u b s t i tu te s .  P r o te c ­

tiv e  C o n s tru c t io n  S e r ie s  1. 10 c e n ts .
A C iv ilia n  D e fe n se  V o lu n te e r  O fllcc; 

W h a t  it Is, H ow  i t  is  S e t l ip ,  W h a t  it 
D ocs, H ow  to  O rg a n iz e  i t .

M e m o ra n d u m  on  M u n ic ip a l S ig n a lin g  
S y s te m s . 10 c e n ts .

I n s t r u c to r ’s O u tlin e . F i r s t  .A id  C o u rse  
fo r  C iv ilia n  D e fe n se : I s s u e d 'b y  A m e r i­
c a n  N a tio n a l-  Red-. C ro s s  in  c o o p e ra t io n  
w ith  M ed ic a l D iv is io n , ,O Ç D .

A d v a n c e d  F i r s t  A id  fo r  C iv ilia n  D e­
fe n se .

W h e re  no- p r ic e  is in d ic a te d , o rd e rs  
m a y  be p la c ed  w ith  O ffice o f C iv ilia n  
D e fe n se , W a s h in g to n ,  D . C. W h e re  p r ic e  
is in d ic a te d , p u rc h a se ' s h o u ’d be  m a d e  
f ro m  S u p e r in te n d e n t  o f D o c u m e n ts ,  G o v ­
e rn m e n t  P r in t i n g  Office, "W ash in g to n ,
D . C ., w ith  a d v a n c e  r e m it ta n c e .

R eprints of this 8 -p a g e  report a re  a v a i l­
a b le  a t 25 cen ts  p er co p y . A d d ress  the 
Editorial D epartm ent, C hem . & Met..  330 
W . 42nd St., N e w  York, N . Y.
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Machinery, Materials and Products
Ring Balance Meters

E m p l o y in g  tlie r in g  balance p r in ­
ciple in the construction  of flowmeter 
m anom eters, the  R ing B alance In s tru ­
m ent Co., 740 N o rth  F ra n k lin  St., C hi­
cago, III., has in troduced a  line of 
ind icating , recording and in te g ra tin g  
m echanical flowm eters w hich are  read ­
ily  ad ju s ted  to m eet a range  of capaci­
ties w ith o u t d ism an tlin g  the  in s tru ­
m ent. These in s tru m en ts  a re  b u ilt  in 
two basic types, one for low-differen­
tia l, low -pressure app lications, and the  
o ther for h igh-d ifferen tial, liigh-pres- 
su re  app lications. D ifferential p ressu re  
from  the  p rim ary  elem ent (orifice or 
v en tu ri tube) is conducted th rough  
flexible, self-com pensating tubes to the 
two sides of a r in g  balanced in a ve r­
tica l plane on a knife edge bearing . 
A sealing  liquid in the lower h a lf of 
the  r in g  is displaced p ro p o rtio n a l to 
th e  d ifferen tia l ex is ting  in  th e  two 
cham bers above the  liquid  form ed by 
a  p a r ti t io n  a t  the top of th e  ring . 
A ttached to the  lower side of the  r in g  
is a range w eigh t (which is easily 
changed to  change th e  range of the  
in s tru m e n t) , th is  w eight p roducing a 
torque when the  ring ' moves under the 
influence of an  unbalanced d ifferential 
p ressure  to  achieve a definite equilib­
rium  position for each d ifferen tia l. 
M otion of the  r in g  balance is t r a n s ­
m itted  to  the  recorder pen th rough  a 
cam m echanism  which com pensates for 
the  square ro o t re la tio n sh ip . A sim ple 
in te g ra to r  m echanism  is available,

Ring b a la n ce  flow m eter

o p e ra tin g  on the ra tc h e t p rincip le, 
w hich drives the  in te g ra tin g  counter 
th rough  an index wheel hav ing  1,800 
tee th  and so operated  th a t  a move­
m en t of one too th  corresponds to  b u t 
one-sixth of 1 percent of the  to ta l flow 
reading.

N oise Shields
F or  p r o t e c t i n g  w orkers ag a in s t 

fa tigue, i r r i ta b il i ty  and nervous ex­
haustion , re su ltin g  from excessive in ­
d u s tr ia l noise, Mine S afe ty  Appliances 
Co.. Braddock. Thom as & M eade Sts., 
P ittsb u rg h . Pa., has in troduced a new 
type of ear p lugs known as MSA E ar 
Defenders which are  said to reduce 
loud noises to  about one-tenth th e ir  
fo rm er loudness, yet to  perm it hearing  
of w arn in g  signals and conversation. 
These plugs, in troduced  a fte r  long re ­
search by recognized au th o ritie s  in th e  
field of acoustics and in d u s tr ia l health , 
consist of a  tapered  tube molded from 
surg ical type soft rubber, consisting  of 
two b a rrie rs , an  o u ter one of m etal and 
an  inner one of soft rubber, separated  
by an a ir  space. Design perm its easy 
in sertion  and rem oval w ith o u t danger 
to  th e  ear d rum . E ach p a ir is packed 
in a p las tic  pocket con tainer in which 
the  E ar Defenders m ay  be kept when 
no t in use.

Bellows Pump Seal
S e v e r a l  new featu res a re  incor­

porated  in a new bellows type pum p 
seal developed by th e  C rane Pack ing  
Co., 1800 C uyler Ave., Chicago, 111. As

Bellows pum p sea l

N oise-reducing e a r  p lugs B ullseye in fra-red  lam p

shown in th e  accom panying i l lu s tra ­
tion , th e  seal consists of b u t tw o p a rts , 
a bellows w ith  flanged ends form ed 
from  a  special sy n th e tic  rub b er com ­
pound, and a  sp rin g  bearin g  ag a in s t 
th e  inside shoulders of the  flanged ends 
to hold th e  con tact facings ag a in s t the 
sealing  w asher on the  one end and th e  
d riv in g  base on th e  o ther. S e rra ted  
con tact facings form ed in  a series of 
concentric  grooves and flat-faced rib s 
a re  said to  produce effective sealing  
action . The seal can be in sta lled  
read ily  in  difficult positions, according 
to  th e  m an u fac tu re r, since i t  cannot 
be in sta lled  incorrectly . I t  is sa id  to  
be su itab le  for use in  co n tac t w ith  a  
w ide v a r ie ty  of liqu ids including 
greases, oils, alcohols, etc.

O ven Collecting M ain
A n e w  d e v e l o p m e n t , described as a 

basic im provem ent in byproduct coke 
oven design, has been announced by 
the  O tto  C onstruc tion  Corp., 500 F ifth  
Ave., New Y ork, N . Y. T his is a  com­
pensa ting  collecting m ain  system  which 
balances p ressu re  and con tro ls the  tem ­
p e ra tu re  of th e  gas a t  th e  top  of th e  
charge. The system  conveys the  gas 
from  fresh ly  charged ovens, when the  
gas is rich  and ab u n d an t and comes 
off a t  a  ra te  which builds up  pressure, 
across th e  tops of ovens th a t  a re  in 
th e  final stages of d is tilla tio n . Thus 
i t  decreases th e  tem p era tu re  and  equal­
izes the  p ressu re  and  so keeps the 
en tire  gas take-off p ro p erly  balanced. 
C ontrol of g as flow' in  th e  m ain  and 
in the  oven above the  coal charge  is 
said  th u s  to  be im proved. R egula tion  
is au to m atic , req u irin g  no ad ju s tm en t 
a t  th e  r ise r  pipes d u rin g  operation . 
This system  is said to  increase  th e  
yield of t a r  up  to  ‘10 per cent, to  give 
up to  15 per cen t b e tte r  y ield of benzol, 
and  to  increase th e  p roduction  of th e  
toluol frac tion  up to  20 per cent.

Infra-Red Lamp
F o r  x js e  in h e a tin g  and d ry in g  

op eratio n s em ploying in fra-red  ra d ia ­
tion , th e  B irdseye R esearch L ab o ra to r­
ies of W abash A ppliance Corp., Brook-
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lyn , N. Y., has announced a  new' type  
of ra d ia n t  h ea t lam p, sa id  to m ake 
possible 100 percen t contro l of h ea tin g  
efficiency. The new design p u ts  to  
p rac tica l use for h e a tin g  w h a t is 
term ed the  “ spilled h e a t” lo st in o rd i­
n a ry  com binations of h e a tin g  lam ps 
and comm ercial reflectors. The com­
pany p o in ts ou t th a t  a lthough  m any 
efficient h e a tin g  reflectors provide con­
vergent, p a ralle l or d ivergen t h ea t 
beams as needed, th ere  is s t i ll  an  av er­
age of 25 percen t of the  h e a t ra y s  th a t  
are  spilled ou tside  th e  contro l of the  
reflector. The new lam p, known a s the  
Bullseye type, employs a r in g  lin ing  
of p u re  silver to  p rev en t th is  loss. 
The rin g  is sealed inside th e  bulb a t  
a  location ju s t  below th e  focal p o in t 
of the  filam ent, reflecting th e  form erly  
spilled h e a t ray s  in to  th e  con tro l a rea  
of the  reflector w hich pro jec ts them  
down to  th e  h e a tin g  area . The new 
lam p is of 250-w att size, w ith  tu n g sten  
filam ent, designed to  fit a  s tan d ard  
Edison screw socket.

Drum Opener
O p e r a t i n g  on th e  sam e p rincip le  as 

a  can opener, a  new sem i-autom atic 
drum  opener announced by th e  T u rn er 
& Seym our Mfg. Co., T orring ton , Conn., 
is said  to  be easy and speedy in  use 
and to  e lim inate  the  in ju rie s  asso­
ciated  w ith  th e  u sua l ham m er and 
cold chisel m ethod of opening drum s. 
Know n a s  the  W esteo D rum  Opener, 
the  new m achine cu ts a  smooth-edged 
opening in  stra igh t-ch im e m eta l d rum s 
up  to  35 in. in heigh t. The corruga ted  
c a s t iro n  base can be bolted to  th e  floor. 
F o u r steel u p rig h ts  su p p o rt th e  cu ttin g  
u n i t  w hich is counterbalanced for easy 
ad ju s tm en t to  the  h e ig h t of th e  d rum . 
A fter ad ju s tm en t th e  cu ttin g  u n it is 
locked in  position. By closing th e  c u t­
tin g  u n it  lever, th e  d rum  is perfo ra ted , 
a fte r  which tu rn in g  the  crank  cu ts the 
head out.

Special Conveyors
Two n e w  t y p e s  of conveyors designed 

especially for use in  defense ind u strie s  
have been announced by S tan d ard  Con­
veyor Co., N o rth  St. P au l, M inn. One 
is a wood ro lle r conveyor designed for 
hand ling  explosives in  am m unition  and 
arm am en t p lan ts. Both ro llers and 
fram es a re  m ade of m aple, w ith  m etal 
p a r ts  of b rass or bronze to  p revent 
spark ing . B earings a re  e ith e r of the  
ball type or of oiless bronze. The sec­
ond new conveyor is a  po rtab le  belt 
piler equipped w ith  rubber-tired  wheels 
for p iling , loading and unloading box­
cars. The m achine is read ily  removed 
from  one site  to ano ther by sim ply 
hooking the  lower end to  a  m otor 
tru ck . A crank  on one side is p ro ­
vided for ra is in g  and lowering the 
ca rrie r  w hich in a  typ ical model has 
a  recommended p iling  h e ig h t of 8 ft. 
a lthough  i t  w ill pile to 10 ft., w ith

4 ft. as the m inim um  piling  heigh t. 
The conveyor is equipped w ith  rough- 
top  belting  to  p reven t com m odities 
from  slipp ing  when the  conveyor is set 
for h igh elevation  p iling.

As soon a s  recharg ing  is com pleted, th e  
h igh ra te  is a u to m a tica lly  cu t off and  
a  copper oxide rectifier then  supplies 
a  trick le  charge ju s t  sufficient to  m ain ­
ta in  th e  b a tte ry  fu lly  charged.

Piston-Type Bubble Tray
To f a c i l i t a t e  m aking  up d is tilla tio n  

colum ns for p ilo t p lan ts , developm ent 
lab o ra to ries  and also  sm all p lant-scale  
frac tio n a tio n  operations, Southw estern  
E ngineering  Co., 90 W est S t., New 
York, N. Y., has developed a piston- 
type bubble t ra y  which can be installed  
in s ta n d a rd  pipe to  m ake up a colum n 
of any  desired h e igh t in d iam eters 
ran g in g  from 4 to  24 in. A woven 
asbestos packing is used to  seal th e  
p e rip h ery  of the  t r a y  ag a in s t the  pipe 
w all. The num ber of bubble caps used 
v a ries w ith  th e  size of the  tray , ra n g ­
ing from  one for th e  4-in. size, to  18 
for the  24-in. size. A down-llow pipe 
to c a rry  liqu id  to  th e  n ex t lower tra y  
is form ed in te g ra lly  w ith  each tray . 
T rays and caps a re  m ade of close- 
g ra in ed  g ray  eas t iron  a lthough  cas t­
ings of o th er com positions can be sup ­
plied if  necessary. S ta n d a rd  t ra y  
spacing  is 18 in. bu t down-flow pipes 
of d ifferent leng ths m ay be supplied.

Inspection Door
D e s i g n e d  especially  to  w ith s tan d  

h igh  tem p era tu res , a  new fu rnace  in ­
spection door h as recen tly  been devel­
oped by G ille tte  K iln  Sales Co., 712 
Inv estm en t B ldg., P it tsb u rg h , Pa. T his

12-in. b u b b le  tra y  w ith  five cap s

Em ergency ligh t a n d  
po w er unit

Em ergency Power Unit
To . m e e t  t i i e  n e e d  for emergency 

lig h t and power p ro tection , c reated  by 
na tio n a l defense activ ities , the  E lectric  
S torage B a tte ry  Co., 19th St. and A lle­
gheny Ave., P h ilad e lp h ia , Pa ., has 
announced four new Exide emergency 
lig h t and power u n its  for in d u str ia l 
use. The u n its  a re  sa id  to be sim ila r 
in  p rincip le  to a  large  num ber w hich 
have been m an ufactu red  by an  affili­
a ted  com pany in  E ngland  for use in 
em ergency lig h tin g  in bomb a reas  and 
a ir-ra id  shelters. These u n its  a re  
availab le  in capacities from  3,400 to
10,000 w a tts , while o th er system s m ade 
by th e  com pany a re  b u ilt  in  sizes 
ran g in g  from  240 to 100,000 w a tts . A 
u n it is  used in connection w ith  an  
Exide b a tte ry  of e ith e r the chloride or 
the  fla t p la te  type. An au to m a tic  
tra n s fe r  sw itch in s ta n tly  tran s fe rs  the  
b a tte ry  to th e  em ergency lig h tin g  c ir­
c u it  upon fa ilu re  of the  norm al a.c. 
supply . As soon as a.c. service is 
resto red , th e  emergency lig h tin g  c ircu it 
is in s ta n tly  tran sfe rre d  back to  th e  a.c. 
supply. Im m ediate ly  upon resum ption  
of norm al power, th e  b a tte ry  a u to m a t­
ically  is placed on h igh charge ra te .

C an-opener-type drum  opener

W ooden conveyor for exp losives p lan ts

110— / J A N U A R Y  191,2 •  CHEM ICA L & M ETA LLU R G IC A L E N G IN E E R IN G



Filter Type Thickener
W h a t  i s  s a i d  to  be a  to ta lly  new 

princip le  in devices for the  th icken ing  
of suspended solids is the  new filter- 
press-type th ickener recently  developed 
by T. Sh river & Co., 810 H am ilton  St., 
I la rr iso n , X. J .  The new th ickener 
does no t depend upon se ttlem en t, bu t 
la th e r  upon rem oval of a  p a r t  of th e  
liquid by f iltra tio n  th ro u g h  a  perm e­
able filter m em brane, w hile th e  solid 
suspension is flowing th ro u g h  a  channel 
of g re a te r  o r lesser length . The m ethod 
is sa id  to  be p a r tic u la r ly  su itab le  for 
solids which a re  slow in se ttlin g , e ither 
because th e ir  d ensity  approaches th a t  
of th e  liqu id  in  which th ey  a re  su s­
pended, or because they  a re  in a  finely 
divided s ta te . A nother advantage 
claim ed fo r the  new m ethod is its  
ex trem e com pactness, m aking  i t  su i t­
able for use on rap id ly  se ttleab le  m a­
te r ia l  w here th e  cost of special m a­
te r ia ls  of co nstruction  would be too 
h igh  if  o rd in a ry  th ickeners w ere used.

T his m achine is a  m odification of the  
com pany’s s tan d ard  p late-and-fram e 
filte r press. M any of th e  p a r ts  are  in ­
terchangeable w ith  those of a  filter 
p ress of th e  sam e size. The fram es 
a re  so designed th a t  filter cake 
does n o t build  up on the  filter m edium . 
Instead , a ll solids a re  continuously  
sw ept o u t of th e  u n it  in  a  s tream  of 
s lu rry  w hich is progressively th ick ­
ened. Thus a  con tinuous s tream  of 
re la tiv e ly  th in  s lu rry  en te rs  th e  th ic k ­
ener and continuous s tream s of clear 
liqu id  and th ickened s lu rry  a re  d is ­
charged. There is no need to  stop  the  
u n it  a t  any  tim e for cleaning or re ­
m oval of cake.

E m ploying a s tan d ard  filte r press 
skeleton, the  new u n it  uses special 
types of p la te s  and fram es. Each 
fram e con tains a  sp ira l groove which 
s ta r ts  in  one corner and sp ira ls  to  the  
center w here i t  passes th rough  th'e 
fram e and sp ira ls  ou tw ard  on the 
o th er side of th e  fram e to  a  d ifferen t 
corner. A sp ira l on one side of a  
fram e has th e  reverse ro ta tio n  of th a t  
on the  opposite side. T hickener p lates 
con ta in  sp ira l ribs w hich m atch  the 
rib s betw een th e  grooves of th e  fram e. 
A slig h tly  d ifferent construction  used 
for wood fram es h as v e rtica l wood 
baffles on both sides w ith  v e rtica l chan­
nels feeding from  one side of th e  fram e 
to  th e  o ther. W ood p la tes a re  grooved 
sim ila rly  to  o rd in a ry  wood filter 
p lates.

In  op eratio n  the  s lu rry  to  be th ick ­
ened is pum ped in to  the  u n it, reach ing  
th e  channels of th e  fram e first. From  
the  channels a  po rtion  of th e  liqu id  
passes th ro u g h  th e  filter m edium , issu ­
ing  as clear liqu id  w hich d ra in s  aw ay 
on th e  p lates and thence from  the 
u n it. All suspended solids in the  
o rig ina l feed rem ain  in the  s lu rry  
s tream  in  th e  fram es and are  con­
tin u o u sly  discharged from  th e  u n it. 
S lu rry  velocity  th rough  the  fram es 
prevents bu ild ing  up any  cake. In

N ew  filter-type th ickener

Self-aligning id ler

new door is su itab le  for a tta ch m en t to  
in d u s tr ia l fu rnaces and k iln s haviitg 
continuous tem p era tu res up to  2,500 
deg. F. The door consists of a  cas t 
iron  slide which rid es v e rtica lly  in  a 
cas t iron  fram e assem bly. W hen 
closed, the  slide w ith  its  heat-dissi- 
p a tin g  fins, closes th e  porthole. To 
open, the  slide is ra ised  to  b ring  a 
fram ed rec tan g u la r  piece of Pyrex  
h e a t-res is ta n t g lass opposite th e  p o r t­
hole. S till  fu r th e r  ra is in g  perm its 
in se rtin g  an  in s tru m e n t or tool in to  
th e  furnace. The door is claim ed to  
be easily  in sta lled  on new or ex is ting  
furnaces. E ith e r blue or clear heat- 
re sis tin g  g lass m ay  be had.

Variable Speed Transmission
A s m a l l  variab le  speed tran sm iss io n  

for use w ith  V -belt d rives has been 
announced under the  name of JF S  Cub 
by S tan d ard  T ransm ission  E quipm ent 
Co., 41G W est 8th S t., Los Angeles, 
Calif. The u n it,  w hich is capable of a  
speed range  of 3.3-1, is sm all and lig h t 
in w eight b u t capable of tra n sm ittin g  
as m uch power as m ay be handled by 
an  A-section V-belt ( J x l l /3 2  in .) The 
u n it  com prises a p a ir  of v ariab le  V- 
pulleys, the  pulley spindle being ca­
pable of m ovem ent tow ard  or aw ay 
from  th e  m otor or d riven  m achine, 
thereby  au to m atica lly  changing the  
d riv in g  ra tio  of th e  v ariab le  pulleys. 
Any speed in  the  range of the  m achine 
m ay  be selected by m oving a lever 
along a  sector and locking i t  in  place 
by tu rn in g  a knob.

Self-Aligning Idler
A u t o m a t i c  c o ih ie c t io n  of m isalign ­

m ent of e ith e r the  ca rry in g  or re tu rn  
ru n  of a  non-reversing conveyor be lt 
supported  on flat-roll id lers is possible 
w ith  a  new positive, sw iveling, self­

JFS-Cub variab ie-speed . 
transm ission

a lig n in g  id ler developed by L ink-B clt 
Co., Ind ianapolis, Ind . The new idler 
has a  cen tra lly  pivoted cross member 
which, besides being equipped w ith  the  
flat id le r roll for su p p o rtin g  the belt, 
has a  v e rtica lly  m ounted a c tu a tin g  roll 
a t  each end for lig h tly  con tacting  the  
edge of the  be lt when its  la te ra l m is­
a lignm en t exceeds a  predeterm ined 
am ount. B u t s lig h t p ressure  of the  
belt edge a g a in s t the ac tu a tin g  roll 
serves to  swivel the  idler u n it  on th e  
pivo t sufficiently to guide the  belt a u to ­
m atica lly  back to  p roper alignm ent. 
W hen used on re tu rn  runs, one idler 
is placed close to th e  ta il sh a ft so th a t  
the  belt is guided cen tra lly  on the 
pulley , and ano ther a t  every 10 or 15 
id le r spaces. On the  carry in g  run , 
one id ler is placed ju s t  beyond th e  
loading chute  and one every 10 or 15 
spaces th ereafte r.

Dual Pump Drive
To a s s u r e  u n in te rru p ted  w ater su p ­

ply from deepwell tu rb in e  pum ps, the 
Peerless Pum p Co., 301 W est Avenue 
20, Los Angeles, Calif., has announced 
a dual drive which is norm ally  powered 
by an electric  m otor head, b u t can 
in s ta n tly  be sw itched to  a source of 
stand-by power, such as a  gas, gaso­
line or diesel engine, or a  steam  tu r ­
bine. The stand-by power is connected 
to  th e  u n it by m eans of a  righ t-ang le  
gear, and m ay be brought in to  opera­
tion  e ith e r m anually  or by au to m atic  
control. T his com pany also provides 
dual drive pum ps w ith steam  tu rb ines 
as the  p rim ary  power and an  in te rn a l 
com bustion engine connected w ith  the 
secondary righ t-ang le  gear.

Now fu rnace  inspection  door
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batch  thickening, the  thickened s lu rry  
re tu rn s  to  the supply  tan k  and is  c ir ­
cu la ted  u n til the  desired  th ickness is 
obtained. In  batch  w ashing, m a te ria l 
is recircu la ted  to  the desired  th ickness 
and th en  fresh  w a ter is added to  th e  
supply  tan k  a t  a  r a te  equal to the 
effluent d ischarge u n til  the  m ate ria l is 
adequate ly  washed. The u n i t  is also 
ad ap tab le  to  continuous or in te rm it­
te n t co u n te rcu rren t w ash ing  and leach­
ing. M ultip le  th ickeners, tan k s  and 
pum ps are  employed for such opera­
tions. In  a num ber of such ap p lica ­
tions a lread y  m ade, rem arkab le  de­
creases in processing tim e com pared 
w ith  th icken ing  by se ttlem en t a re  
claim ed by th e  m an u factu re r.

Improved Controller
M o d e l  30 is the  type  num ber given 

to  the  la te s t  design of S tab ilog  con­
tro lle r in troduced by the Foxboro Co., 
Foxboro, Mass. Changes in  th e  new 
in s tru m e n t consist p rin c ip a lly  in  re ­
finem ents, since i t  lias no t been found 
necessary to  a lte r  fundam en ta l p r in ­
ciples of operation . The new Model 30 
employs th e  com pany’s recen tly  de­
signed un iversal re c tan g u la r  case 
which, when panel m ounted, extends 
only J in . from  the panel surface. All 
o p e ra tin g  ad ju s tm en ts  can be m ade 
from  th e  fro n t of th e  case, th e  a d ju s t­
ing m echanism s for change of contro l 
p o in t, th ro tt l in g  range  and rese t r e ­
sistance  being im m ediately  accessible 
when th e  door is opened. The o p e ra t­
ing m echanism , however, is pro tected  
and concealed behind a rem ovable 
p la te . U n it construction  sim plifies any 
necessary rep lacem ent of th e  m easu ring  
system , or change in  th e  type of con­
tro l. The con tro ller incorporates th ree  
p rincipal fu n c tio n s: the  f irs t is p ro ­
po rtio n a l pneum atic  contro l, which is 
ad ju s ted  to  the  sm allest value  th a t  
will re su lt  in  stab iliza tio n  follow ing a  
d istu rbance  of process conditions. The 
second is the  rese t function , ac tin g  
sim ultaneously  w ith  the  first, to  e stab ­
lish  s tab iliza tio n  a t  the  desired  p o in t 
of control. The th ird  function  provides 
a tem p o rary  ad d itio n a l correction  
which is larg e  if th e  r a te  of change 
of the  process v ariab le  is fa st, o r neg­
ligible if  i t  is sm all.

Equipment Briefs
A n e w  photo-electric colorim eter, 

known as the  AC E lectrophotom eter, 
has recen tly  been announced by F ish er 
Scientific Co., P ittsb u rg h , Pa. T his 
model, which operates on a lte rn a tin g  
cu rren t, incorporates a  com pensating 
m eans capable of h and ling  all o rd in ary  
fluctuations in  line  voltage. The u n it 
is com pact, com pletely self-contained 
and designed for sim plified operation . 
I t  employs four d ifferen t illu m in a tio n  
in ten sitie s and can use th ree  different 
types of absorp tion  cell to  cover a wide 
ran g e  of so lu tion  volumes.

F o r  a p p l i c a t i o n s  on in d u stria l 
equipm ent, w here th e  b lind m ounting  
of n u ts  is necessary, E lastic  Stop N u t 
Corp., 2332 V au x h all Road, Union, 
N. J . ,  has announced a  special anchor 
ty p e  v ibration-proof n u t w hich m ay  be 
perm anen tly  riveted  to the  inside of 
th e  s tru c tu re . E ach n u t incorporates 
th is  com pany’s self-locking featu re , 
consisting  of a  fiber locking collar 
which is an  in teg ra l p a r t  of th e  n u t 
and p reven ts the  bolt from  becoming 
loose a f te r  i t  h as been in sta lled  in  the  
n u t, regard less of th e  severity  of v ib ra ­
tion  to which i t  is subjected.

D o w n i n g t o w n  I k o n  W o r k s , Down- 
ingtow n, Pa., has recen tly  set up  a 
sep ara te  d ivision for the  design and 
m an u fac tu re  of h e a t tra n s fe r  equ ip­
m ent. The new h e a t tra n s fe r  div ision , 
which is being housed in  i ts  own b u ild ­
ing, w ill design and build  steel ami 
alloy h ea t exchangers-for va rio u s proc­
ess h e a t tra n s fe r  app lications, includ­
ing h eaters , coolers, condensers, ho t 
w a ter hea te rs , b rine  coolers and re ­
frig e ra tio n  exchangers.

I n  a  r e c e n t  a n n o u n c e m e n t , A m er­
ican  Cyan am id Co., 30 Rockefeller 
P laza , New Y ork, N. Y., h as announced 
expansion of i ts  a c tiv itie s  to cover 
technical service on heavy-m edia (sink- 
and-float) sep a ra tio n  processes. P roc­
esses include those for both non-ferrous
and ferrous m inerals .*

U . S. B u r e a u  o f  M i n e s  approval has 
been accorded to  the  new D ustfoe s in ­
gle-filter re sp ira to r  for d u sts  and  m ists 
recen tly  announced by M ine Safety  
A ppliances Co., B raddock, T hom as and 
M eade S ts., P ittsb u rg h , P a . The new 
filte r elem ent is a ll in  one piece, re ­
p lacing  th e  tw o -p a rt ( fe lt  screen and 
cellulose) filte rs used previously . The 
filte r is m ore porous on the  o u ter side 
so th a t  larg e r d u s t p a rtic le s  a re  filtered 
o u t first, th u s  p reven ting  rap id  bu ild ­
up of b rea th in g  resistance  th rough  
clogging of th e  filter. The u n i t  is lig h t 
in  w eigh t an d  com pact, offering low 
b re a th in g  resistance  and  fu ll vision in  
every d irec tion . A pro tec tive  filter 
cover helps to  p rev en t con tam in a tio n  of 
th e  filte r by grease  and d ir t.

A n e w  l i n e  of d rum  contro llers for 
sm all cranes and  ho ists, hav in g  several

N ew  c o n v e y o r  o v e n
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new fea tu res , has been announced by 
C utler-H am m er, Inc., 315 N o rth  12tli 
S t., M ilw aukee, W is. A rope-operating  
lever, em ploying a  new equalizcd- 
to rque princip le, e lim inates the  sheave 
wheel, rope g u a rd  and ex te rn a l re tu rn  
spring , p rov id ing  sm ooth, easy opera­
tion  when the rope is pulled a t  an 
angle. A new an ti-p lu g g in g  fea tu re  
increases th e  d rum  life by m ak ing  i t  
im possible to  whip th e  d ru m  from  the  
fu ll fo rw ard  to  fu ll reverse  position . 
The d ru m  can be reversed  quickly , b u t 
ye t a  definite  tim e delay  is requ ired  
in the  oil position .

A d d i t io n  of a  series of p a in t and 
lacquer sp ray  hoses in inside d iam ­
e te rs  from  i to  J  in. h as now given th e  
B. F . Goodrich Co., A kron, Ohio, a 
com plete line of sy n th e tic  rubber-lined 
hose from J in. to  10 in. inside d iam ­
eter. The com pany’s p roduct, Am eri- 
pol, is the  sy n th e tic  rubber used. The 
new p a in t-sp ray  hose uses a black oil- 
re s is tin g  com pound, designed for 150- 
lb. w orking pressu re  in  all sizes.

.N a t i o n a l - E r i e  C o r p ., E rie , Pa., lias 
announced new large-capacity  co n tin u ­
ous e x tru d in g  m achines fo r th e  in su la ­
tion  of w ire  and cable w ith  th erm o ­
p las tic  compounds. The new u n its  a re  
availab le  w ith  p las tic iz in g  cylinders 
from  3 i to  12 in. in d iam eter, th e  
cy linders being com pletely jacketed  for 
h igh  tem p era tu re  operation . Im proved 
ax ia l e x tru d in g  heads su itab le  for tubes 
or s tra ig h t  e x tru d in g  of m iscellaneous 
com m ercial shapes a re  s ta n d a rd  equ ip­
m ent. A v a r ie ty  of head co nstructions 
a re  availab le  for in su la tin g  service.

C onveyor O ven
D e s i g n e d  for h eating , d ry in g  and 

h e a t- tre a tin g  in the  tem p e ra tu re  range  
up to  1.250 deg. F., a  new conveyor- 
type convection heated  furnace lias 
been announced by The Gelinricli Corp.-, 
Long Island  C ity, N. Y. W hen desired, 
p reh ea tin g  and cooling sections can 
read ily  be added to  th e  h e a t processing 
cham ber. The fu rnace is constructed  
of a lloy  steel, e lim in a tin g  the  nee:l for 
re fra c to ry  lin ing. The w alls a re  of 
p a ten ted  in su la ted  panels, packed w ith 
m ineral wool b lankets. T hrough m etal 
jo in ts  a re  e lim inated , th u s  reducing  
h e a t losses and  prov id ing  for ready  
expansion and  co n traction  of th e  walls 
and for easy assem bly, en largem ent or 
re location . H e a t is provided by elec­
t r ic  h ea tin g  elem ents and  tran s fe rre d  
to th e  w are  by m eans of a ir  moved 
by a large-capacity  fan  located above 
the  oven which d raw s a ir  from  the  
h e a te rs  and  d ischarges i t  over th e  full 
leng th  and  w id th  of the  oven. The ho t 
a ir  th en  recircu la tes  to th e  heater. 
An ex ternal gas- o r oil-fired h ea ter can 
also  be used if desired. The conveyor 
consists of a wire-m esli b e lt ru n n in g  
over steel d rum s a t  bo th  ends of th e  
oven and driven  by a  m otorized vari- 
able-speed drive.
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Q u e s t io n :  " D o n ' t  you p eo p le  
m oke a n y th ing  b e s i d e s  t h a t  
S t r e a m l in e d  Valve y o u  t a l k  
a b o u t  so m u c h ? "

A n s w e r : " Y e s  Sir;  w e  do!  And 
w e  p r o p o s e  to  p i c tu r e  one o r  
t w o  o f  th e m  h e r e  e a c h  t i m e . "

T Y P E  1000 

P R E SS U R E C a s h  S t a n d a r d  C la s s  D Pressu re  
Reduc ing Yalve; I n e x p e n s i v e ;  
d e p e n d a b le .  Used In reg u la t i n g  
s t e a m ,  h o t  w a t e r ,  co ld  w a t e r ,  a i r ,  
oils,  m a n y  ch em ica ls  a n d  m ost 
g a s e s .  Sixes Vh"  t o  2 " ;  s c r e w e d  
e nd s .
Ini tial  p r e s s u r e s  up to  250  lb s .,  
r e d u c e d  p r e s s u r e s  up to  200 lbs. 
Bodies in iron,  bronxe o r  s t e e l .  
Trim; Iron, b ronze , s ta in le s s  s t e e l ,  
mone l m e ta l ,  o r  n i t r a l lo y .

• The A s p ir a t o r  (c irc le d  in " 1 0 0 0 "

illu stra t io n  a b o v e )  ge ts  the inner 

v a lv e  w id e  open  to  m eet the dem and 

and  ho ld  d e live ry  p re ssu re  constan t.

C ash  S t a n d a r d  T y pe  10 P re s su re  
Regu la ti ng  Valve— s e lf -co n ta in e d ,  
p i lo t  o p e r a t e d .  For  holding  r e ­
d u c e d  p r e s s u r e  w ith in  ex t r e m e ly  
c lo se  limits.
Sixes: 2 "  t o  1 2 " .  Initial p re s s u re s  
up t o  600 lb s . ;  h ig h e s t  r e d u c e d  
p r e s s u r e  250 lbs . For  w a t e r ,  a i r ,  
F reo n ,  a m m on ia ,  a n y  n on -co r ro ­
s ive g a s  o r  oil. Valve o p e r a t i n g  
fluid n o t  w a s t e d :  it  d i s c h a r g e s  to  
o u t l e t  p ipe .
Bodies:  iron , b ronxe ,  s t e e l .  Trims: 
ir on , b ro nx e ,  s ta in le s s  s te e l ,  o r  
mone l m e ta l .  E n d s :  s c r e w e d ,  
f l a n g e d ,  o r  am m o n ia  ♦yr*> ^

• S t r a ig h t  pa th  fo r  the flu id  th ro u gh  

the f lo w  tube— g iv e s  you  b e tte r  p re s ­

su re  co n tro l and  g re a t e r  ca p a c ity .

• S t rea m l in e d  f lo w  a ro u n d  the inner 

v a lv e  —  e l i m i n a t e s  t u r b u l e n c e —— 

t he reby  g ive s  you  be s t  con t ro l  under  

v a r y in g  loads.

B ulle**"5Cash  Standard
k  CONTROLS.. A  

k .  VALVEŜA. W. CASH COMPANY
D E C A T U R ,  I L L I N O I S



P late Glass M anufacture
T h e  c h e i g h t o n  (P a .) p lant of the 

P ittsburgh P late Glass Co. lias the dis- 
tincaon of being first in several respects. 
It is the No. 1 works of the company, and 
one of the iirst plants to m anufacture by 
continuous process. The iirst glass was 
produced in this p lant in 1883, and it has 
been in almost continuous production 
since that time. F o r many years it has 
been producing 7/G4 in. polished plate 
for use iit the m anufacture of laminated 
safety glass.

Raw materials for the production of 
glass consist of sand, soda ash, salt cake, 
limestone and cullet. The batch is 
weighted, mixed and elevated and con­
veyed to hoppers. From here the material 
is fed into the melting end of the furnace 
which lias a capacity of 1,400 tons of glass. 
Molten glass leaves the refining end be­
tween rolls. The glass ribbon is annealed 
in a gas-fired lehr 400 ft. in length. While 
the glass is cooling the edges are trimmed, 
inspected and cross cut. At (bis point the 
rough plate is raised and lowered by 
means of vacuum cups. I t goes either to 
storage racks or to the grinding and 
polishing line.

On the grinding and polishing table the 
plate is embedded in plaster to hold it 
firm. Thirty grinder runners, using sand, 
give a smooth finish on one side and (¡0 
runners polish the glass. It is then 
stripped from the tables, turned over with 
the polished side do.vn and embedded in 
new plaster. The grinding and polishing 
operations are repeated on the second side 
of the plate. It is lifted and placed on 
the washing conveyor. A fter a thorough 
washing to remove dirt the glass is in­
spected, cut to the desired final size and 
packed for shipment.

Shipment of the plate glass is done 
either in box cars or on flat railroad cars. 
Automobile glass is packed in boxes and 
large glass is shipped in gondolas.

The accompanying pictures illustrate 
the essential steps in the process used 
at the Creighton plant of Pittsburgh Plate 
Glass Co.

C H E M IC A L  &  M K T A L T /im filC A l, 
K N G 1 N E K K IN G

Junuary ,
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2 A fter m ixing ra w  m ater ia ls  a re  c o n v e y e d  to the batch  h op p er an d  th en  fed  
into the m elting  end of the fu rn ace so  a s  to k e ep  a  constant le v e l of m olten  g la s s

1  R aw  m ater ia ls , sa n d , so d a  a sh . s a lt  ca k e , lim eston e  a n d  cu lle t, are  w e ig h e d  at 
th ese  h op p ers before  b e in g  carried  b y  co n v ey o r  to the m ixer

ELECTRIC
UNLO AD ING

SHOVEL
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F L O W  
S H E E T

7  At this point the rough p late  is ra ised  an d  lo w ered  b y  vacu u m  cups, 
g o e s  either to storage racks, a s  sh ow n , or to the grinding an d  p o lish in g  lino

6  A fter  in sp ection  the ribbon is  cross cut a n d  s ep a ra ted  into p la tes . Cullet 
fa lls  into a  hop per, is  cru sh ed , a n d  c o n v e y ed  b a ck  to batch

5 The ribbon is coo led  an d  ev ery  sq u are  inch of it is  g iv en  a  carefu l v isu a l in sp ection  
w h ile  p a ss in g  through the inspection  booth on the line

>S The m elting  tank h a s  a  c a p a c ity  of 1,400 tons. The m olten  g la s s  pours 
through the tank throat b e tw e e n  rolls in  the form of a  ribbon

t* The g la s s  ribbon is a n n ea le d  in  a  gas-fired  lehr 400 ft. lon g . T em peratures of 
the lehr are r eg u la ted  at m an y  po in ts a lo n g  the entire len g th  of the tunnel

MELTING
END

REFINING
END

INSPECTION
BOOTH

SATCH
OPPER

COOLING
SECTION Cross

Cutt ing
GAS-FIRED LEHR GRINDING

RUNNERS
RUNNERS

SAN D  DEM VFpy
POLISHING
RUNNERS

GLASS-
STRIPPING

CRANE
USHERS

GRINDER
RUNNERS

"E M E R Y
RUNNERS

M a k in g  r e a d y  
s eco n d  s ide

GRINDING  AND  
POLISHING TABLES

s a n d  RETURN PIPES

SAND

13 P ortab le g la s s  rack s c o n v e y  the product to a  
w a sh in g  m ach in e. The g la s s  is g iv e n  an oth er  In- 
spection  an d  is p a ck ed  for sh ipm en t

12 M arked sh ee ts  or p la tes  p a s s  a lo n g  the line to the cut­
tin g m ach in e  w h ere  th ey  are cut into the s ize s  required by  
the custom erVERTICAL 

INSPECTION RACK
LARGE GLASS 

SHIPPED IN  G O NDO LASPORTABLE 
GLASS RACKS

W ASH ING
M ACH INE INSPECTION 

ETUUUU U g-pTKII
PACK ING  RACKSCUTTING

M ACH IN E
EUNÜ CUTTING BELTS

INSPECTION

11 The w a s h e d  g la s s  p la te  is  p la c e d  in a  v ertica l in sp ection  rack , w h ere  it is  m ark ed  for 
cutters. The p la te  is then in sp ec ted  for d e fec ts  an d  lo w e re d  to the co n v ey o r

¡ide of the p la te  h a v in g  b een  p o lish ed  is stripped from the tab le , turned  
the grinding an d  p o lish in g  op era tion s are rep eated .

9  A bout 30 grinder runners a re  u sed . S ev era l 
em ery  runners g iv e  fin a l sm ooth fin ish

3  B egin n in g  of the gr in d in g  a n d  p o lish in g  lin e  or ta b le . P laster  is  sp rea d  on 
the tab le  a n d  th e g la s s  em b e d d ed  in order to h o ld  it in p osition over,
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H U P  YOU AVOID 

PLANT INTERRUPTIONS...

UN D ER  w ar tim e p roduction  burdens, the 
d an g er o f p ip ing  failures is greatly  in ­

creased. O ne way to  s top  them  is by m aking  
sure valves a re  trim m ed  rig h t fo r the service 
they’re  in. C rane Shop  B ulletin N o. 4, w ith  
its handy guide, show s the r ig h t trim  for 
m ost valve app lica tions in your plant.

C rane Shop B ulletins are aim ed to  give 
you better service from  p ip ing  equipm ent 
now  w hen  rep lacem ents a re n ’t so plentiful.

D esigned  fo r your m aintenance c rew s—they 
help tra in  new  m en, also keep veterans 
“ b rushed-up” on good p ip ing  practice.

P lan ts everyw here use these B ulletins in 
shops and em ployee tra in in g  schoo ls. In  the 
hands o f your m en, they’ll also  help  stop  p ip ­
in g  troubles and p roduction  line shu tdow ns.

Offered free to  aid D efense, th is tim ely Shop 
Bulletin Service may be had th ro u g h  your 
local C rane R epresentative. Call him  today!

R A N  E C R A N E  C O . .  G E N E R A L  O F F I C E S :  

8 3 6 S .  M I C H I G A N  A V E . ,  C H I C A G O

V A L V E S  • F I T T I N G S  • P I P E  

P L U M B I N G  • H E A T I N G  • P U M P S
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