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CONGRESSIONAL ENGINEERING

M oke chemical engineering, or what passes as 
such, is going into the Congressional Record than 
ever before in the history of that amazing publica­
tion. The newspapers are running a close second. 
Everybody except chemical engineers themselves 
seems to know just how the butadiene, alcohol, 
synthetic rubber and related problems are to be 
solved. There are partisans for every process as 
well as opponents for every proposal. The man 
in the street has become badly confused. lie  wants 
a new set of tires and he doesn’t care much whether 
the rubber is farm-grown, processed from petro­
leum or coaxed out of coal. His homely advice is— 
“ Quit talking and get going! Push all your proc­
esses as fast as you can and for all they are 
worth!”  And, strangely enough, that is about the 
soundest advice we can get from any disinterested 
chemical engineers who are qualified to pass judg­
ment. They say that only with the maximum effort 
and maximum success along many lines can we 
hope to meet even our most critical needs.

All agree that the rubber program has been 
badly mishandled, almost from the start. In the 
earlier stages there were mistakes of judgment in 
relying too heavily on the selling arguments of the 
Dutch and English syndicates, supported by cer­
tain promises of our own Navy. Then when the 
situation became serious, responsibility was divided 
between different governmental agencies whose 
negotiations were cloaked with unnecessary and 
suspicious secrecy. Congress stepped in and added 
to the confusion. The farm bloc saw an oppor­
tunity to push certain uneconomic and unorthodox 
proposals and did so to the extent of passing a bill 
to set up an independent agency to control that 
portion of the synthetic rubber program produced 
from farm and forest products. Thus the demands 
of the stronger pressure group in our farm-labor 
government were brazenly placed ahead of the 
public interest.

What was to be done? Apparently when Presi­

dent Roosevelt first asked himself that question, he 
hit upon the idea of putting the whole thing up to 
some man or group of men in whom the public 
would have fullest confidence. The findings of such 
a “ Supreme Court” he felt might be accepted as 
the basis for a sound national policy. His selection 
of such men as Bernard Baruch, President Conant 
of Harvard and President Compton of M.I.T. meets 
with wide approval. With a business man and elder 
statesman in war industries as chairman and with 
both chemical and engineering talents ably repre­
sented, there should be a true appreciation of the 
three important phases of the rubber problem.

But it would be a great mistake, in our opinion, 
if the public is led to believe that the President’s 
commission can or will pick any single process or 
raw material source as the sole basis on which we 
are to build our synthetic rubber industry. There 
are too many conflicting factors and variables to 
evaluate. The problem is so complicated and the 
responsibility so heavy that no possible group of 
“ experts”  can bring in a cut-and-dried solution.

Elsewhere in this issue is the announcement of 
the organization of a Referee Board of the Chem­
ical Division of W.P.B. which is made up of twelve ■ 
chemists and chemical engineers. Six of these men 
come from the faculties of American universities 
and six come from industry. None represents a 
single client, industry or viewpoint. There is wide 
geographical spread among their membership. None 
can claim expertness or experience in synthetic 
rubber industry. But despite such apparent qualifi­
cations, we feel certain that these men would not 
welcome, individually or as a group, any commis­
sion that would set them up as a tribunal to pass 
on a single solution for technical, economic and 
political problems involved in the present rubber 
situation. I t  is better that we work our way out, 
pushing all of our processes as hard and as fast as 
we can. The sum of all our efforts will not be too 
much nor too soon.



SETTING SOME RECORDS
A c c o r d in g  to the voluntary code of wartime 
practices established by the Office of Censorship, 
the American press is asked not to publish certain 
specific information “ except when such informa­
tion is made available officially by appropriate 
authorities.”  So we are particularly pleased to 
have as our “ appropriate authority” Mr. Donald 
M. Nelson, whose official statement of July 26 had 
the following to say in reference, to one of the jobs 
that chemical engineers are helping to do for their 
country:

E xplosives and  am m unition a re  being m ade a t  m any 
times the ra te  o f la s t y ear as newly constructed p lan ts  
come in to  operation . T N T  is being m ade a t  a  ra te  five 
times th a t before P e a rl H arbo r. Smokeless pow der 
is being produced a t  a  ra te  alm ost twice th a t before 
P e a rl H arbo r. One new p la n t is m aking m ore TN T 
th a n  the en tire  explosives in dustry  produced in  peace­
tim e and there a re  several o f th is ty p e  o f p lan t.

Major General William N. Porter, Chief of the 
Chemical W arfare Service of the U. S. Army, told 
the American Legion at Asheville, N. C., on June 
21 some things about the sort of bombs that Gen­
eral Doolittle’s boys showered on Tokio. He said: 

By a miracle of production these bombs were rolling 
within a few weeks after we were in the war,—rolling 
not by the hundreds or even thousands, but by the 
millions—and this, I may add, with substitute materials 
where critical materials were being used for other 
purposes until production could catch up. I am proud 
of this achievement—proud of the thousands of men 
and women in the United States who cooperated in 
bringing it about. It was a tribute to ingenuity, indus­
triousness and patriotism.

But we have only started. The fine records Mr. 
Nelson and General Porter have generously 
applauded will seem quite unimportant a few 
months hence when the enemies will feel the full 
force of our chemical program.

RUBBER AND RUBBISH
E l l i o t t  E .  S i m p s o n , the “ independent”  rubber 
man who recently announced that there are still 
millions of tons of scrap rubber lying around in 
the United States, is out to prove to the world that 
there is really no rubber shortage. I t is merely 
a “ m yth”  because (1) the stockpile of crude 
rubber in the United States is the greatest in 
history, (2) the Western Hemisphere contains 
many times more crude rubber in mature trees 
ready to be tapped than is available in all the 
trees of the F ar East; (3) there are 200,000 sq.mi. 
of guayule bushes growing wild in Mexico besides 
a new domestic bush that can be grown any place 
in the south and can produce rubber in six months, 
(4) the United States has vast quantity of rubber 
extenders and chemicals cheaper than any other 
country in the world, and (5) synthetic rubber 
plants can be built to process rubber out of 
petroleum and alcohol available in greater abun­
dance here than anywhere else in the world. Mr. 
Simpson wants it understood, of course, that he is 
in favor of the government’s synthetic rubber 
program—“ but only as good insurance.”  Against 
what, he doesn’t say, but presumably it must be 
the “ interests” that have been keeping the fore­
going “ facts”  so secret.

Who is this learned man with such amazing 
information? He is the duly accredited and paid 
council of the Subcommittee of the United States 
House of Representatives Committee on Coinage, 
Weights, and Measures which is investigating the 
rubber situation! Having obtained the services of 
such a well-informed investigator there would seem 
to be no need for the subcommittee to hold 
hearings. Its members can now sit back and wait 
for Mr. Simpson to write his newest version of 
“ Alice in Wonderland.”

O.C.D. CHANGES THE SIGNALS
J u s t  before the representatives of the American 
Institute of Chemical Engineers were to go on 
the air the other evening to discuss “ Protection 
Against Incendiaries and Poison Gas,”  word came 
from Washington that our script would have to be
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changed. I t seems that recent research by the 
Chemical W arfare Service, confirmed by later 
experiences in Great Britain and New Zealand, 
had convinced the Office of Civilian Defense that 
it was all wrong to spray a burning bomb of the 
thermit-magnesium type. The new procedure 
called for a “ direct jet of water”—a full stream 
from the garden hose rather than the coarse 
sprinkle of the stirrup pump. I t emphasizes speed 
rather than precision as the quickest and surest 
way of putting the bomb out of action. After all, 
the fire that the bomb may start is more danger­
ous than the bomb itself. Only where highly 
flammable material may be sufficiently near the 
bomb to be ignited by the scattering of the burn­
ing magnesium, is the coarse spray recommended. 
Sand or other smothering agent is to be used “ only 
if a bomb falls where it is not likely to start a 
fire, or if water is not available.”

All this, despite its logic and directness, is just 
a little bit confusing. Thousands of air wardens 
have been giving lectures and reading articles and 
pamphlets based on several years of British experi­
ence. Many of us have witnessed very effective 
demonstrations of the older method. On the walls 
of the very N.B.C. studio in which we made our 
broadcast were explicit instructions to avoid a full 
stream while carefully spraying the burning bomb. 
But all that is now as obsolete as the various 
“ standard” and “ approved” types of spraying 
accessories we have all been urged to buy. Times 
have changed and, we hope, for the better.

INDUSTRIAL FIRE FIGHTING
F o r t u n a t e l y  no such fickleness characterizes the 
accepted rules and practices of fire prevention as 
developed for the protection of industrial property. 
Over a period of years, chemical industry has 
established a fine record in the face of serious fire 
and explosion hazards that are inherent in its 
processes and products. Now, more than ever 
before, there is need for caution, careful study and 
effective procedures for fire fighting as well as its 
prevention. The sort of information that we have 
concentrated in this month’s report (see pp. 99 to

104) should be part of every chemical engineer’s 
knowledge and equipment.

WASHINGTON HIGHLIGHTS
S h o r t a g e s  of raw materials have become so severe 
that they are limiting war production in many 
lines. The situation will become worse before it 
gets better. Certain manufacturers are a bit wor­
ried over the reaction of labor when hours are 
cut down and incomes reduced by inability to get 
sufficient material for full-time operation.

No relief is yet in sight. In general, the country 
has more than enough fabricating capacity in many 
lines to absorb all of the materials available, and 
more. Someone has to say who is to receive 
materials and who will not. T hat’s what decided 
the cancellation of the Higgins shipbuilding con­
tract. I t ’s also the major consideration in the 
synthetic rubber program.

Control of purchasing started a related contro­
versy that hasn’t yet been settled finally. The 
real issue at stake is whether the country’s economy 
during wartime is to be run by civilians or by the 
military establishment. To date, the President is 
backing Don Nelson, but pressure from the mili­
tary is enormous. The new WPB setup has got to 
work—or else.

S h i p  b o t t o m s  are still the critical, limiting factor, 
but despite reports to the contrary, no serious 
delays have been experienced in shipping the 
actual munitions of war to our allies. Tonnage 
available has improved during the last month to 
the extent that ships formerly carrying non-essen- 
tial goods have been diverted to carrying war 
goods, and cross-hauls are being eliminated.

No e l e c t r i c  power rationing is*anticipated this 
year. For the first time in years the utilities, 
through the power section of WPB, have a neutral 
agency in Washington through w'hich they may 
deal in planning expansion, interconnections and 
other steps necessary to make the most of the 
power resources wre already possess. With the 
5,000,000 kw. now projected, no critical power 
situation is visible anywhere on the horizon.
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How One Chemical Concern Now 
Meets the War Emergency
JOHN R. CALLÄHAM
A ssis ta n t Editor. C hem ical & M etallurgical E ngineering

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

Here is  the story of how one enterprising chem ical com pany which, 
w hen it found its regular source of purchased phenol raw m aterial 
threatened b y  shortages caused  by the war, used  its chem ical in­
itiative and engineering ingenuity to erect and equip with a  minimum  
of expense and time a  plant to m anufacture this raw m aterial. Recon­
ditioned equipm ent and non-critical m aterials of construction w ere 
used w henever possib le, and work w a s principally done by the 
concern's own engineering personnel and shop facilities. _ Editors.

In t h e  F a l l  o f 1941, the C atalin  
Corp. o f A m erica, long a m ajo r 

fa c to r in  the m anufactu re  o f cast 
phenolic resins, realized th a t the 
shortage o f phenol raw  m ateria l fo r 
these resins was rap id ly  becoming 
critical. Officials o f  the com pany 
foresaw  th a t w ithin a few m onths it  
would be alm ost im possible fo r  them 
to pu rchase any  phenpl a t  all.

In a series o f executive conferences, 
it was decided th a t the com pany 
should m anufac tu re  its o-wn phenol. 
This decision seemed rash, fo r  a t  th a t 
tim e p rio rities  on new equipm ent and 
m achinery m ade it alm ost im possible 
to build and  equip a p la n t w ithin any  
reasonable time. The use of recondi­
tioned equipm ent and  non-critical 
m aterials picked up  from  various 
sources was the only alternative . As 
fo r the process, it  was decided th a t

Phenol p la n t of the  C a ta lin  Corp. located  
a t  M ataw an , N. J. The unit to the right 
w a s  acq u ired  from XJ. S. Tar Products Co.

the sulphonation  o f benzene would, 
under the circum stances, be most 
sim ple and  feasib le and requ ire  the 
m inim um  o f equipm ent.

Accordingly, early  in  O ctober the 
C atalin  C orp. o f A m erica acquired 
certa in  buildings and  fac ilities from  
the p la n t o f the U. S. T a r P roducts 
Co. located outside M ataw an, N. J . 
B y the m iddle of October, construc­
tion was under w ay on new buildings 
to be used in  conjunction  w ith exist­
ing  units. M eanwhile, reconditioned 
equipm ent was being picked up  w hen­
ever and wherever available and 
modified to  fit the processing needs 
a t the com pany's m aintenance shop 
located a t  F o rds, N. J .  Some equip­
m ent designed fo r  o ther uses was 
converted and installed even before 
the final bu ild ing was completed. 
P robab ly  as much as 75 percen t of 
the to ta l equipm ent requirem ents 
w ere obtained from  used m achinery 
sources, as indicated  in the accom­
pan y in g  flowsheet.

A ll engineering  work, p la n t lay ­
outs, equipm ent recondition ing  and  
insta lla tion  o f a p p a ra tu s  was done 
p rin c ip a lly  by the com pany’s own 
personnel. E rection  and  successful 
operation  o f the synthetic phenol 
p la n t rep resen ts  a considerable 
achievem ent, since the com pany had 
the tim e to conduct only very  p re ­
lim inary  experim ents and had little  
p rev ious eng ineering experience w ith

the process. No p ilo t p la n t o r even 
large-scale labo ra to ry  w ork was con­
ducted p rio r  to erection o f the p lan t.

B y M arch of 1942 the p la n t was 
in production . Since th a t tim e i t  has 
continued to sup p ly  substan tia l 
phenol requ irem ents o f the com pany 
w ith  a m inim um  o f opera tin g  diffi­
culties and  delays.

COST AND CAPACITY

Total cost o f the p resen t p la n t has 
been estim ated a t  less than  h a lf  a 
m illion dollars. Officials o f the com­
p an y  concede th a t only a w ar-tim e 
economy has m ade w orthw hile the 
erection of the p la n t and  use o f th is 
p a rt ic u la r  process. Considerable re ­
finem ent and  process im provem ents 
a re  contem plated, however, and  o p ­
era tions will be continued even a f te r  
the chemical w orld re tu rn s  to no r­
malcy. M eanwhile, however, the com­
p an y  continues to get considerable 
phenol and m anufactu re  its regu la r 
line o f phenolic resins fo r various 
essential uses.

R a ted  cap ac ity  o f the p la n t has 
been p laced  a t  several h u n d red  th o u ­
sand  pounds of U .S .P . phenol p e r 
m onth , re p re sen tin g  severa l p e rcen t 
o f the estim ated  to ta l dom estic p h e ­
nol p roduc tion  fo r  1941. T he p la n t 
ope ra te s  seven days p e r  week and  
em ploys a to ta l o f ab o u t 30 o p e ra t­
ing  personnel fo r th ree  sh ifts .

PROCESS USED

In  brief, the- process consists o f the 
trea tm en t o f n itra tio n  g rad e  benzene 
with oleum to p roduce benzene sul- 
phonic acid, w hich is neu tralized  w ith 
sodium  sulphite. The sodium salt 
thus form ed is fused w ith caustic 
soda and  the m ass trea ted  w ith w ater, 
y ield ing  sodium  phenate  and sodium 
sulphite. The solid sodium sulph ite  
is filtered off fo r  re-use and  the 
sodium  phena te  is acidified w ith su l­
phurous acid to give a crude phenol 
which m ust be distilled u nder vacuum  
to produce the U .S .P . p roduct,

Prim arv raw m aterials fo r  the
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+  Na OH

Phenol
P R IM A R Y  C H E M IC A L  REACTIONS

(R e fe r  to flow  sh e e t fo r  location  o f  each rea ctio n

process a re  n itra tio n  g rade  benzene 
and  20 percen t oleum. P reviously, 26 
percen t oleum bad  been used, bu t 
trouble w as experienced w ith the 
Breezing o f th is m ateria l. R econdi­
tioned riveted  unlined steel gasoline 
tanks, housed in  a separa te  build ing  
£01- safety , a re  used as storages fo r  
both benzene and  oleum. E ach  o f  the 
two benzene storages holds 1^ tank  
cars o f benzene, and each o f the two 
oleum storages holds 1£ tan k  cars o f 
acid. Oleum lines a re  lagged and 
traced  w ith steam  lines to p reven t 
freezing, and  benzene is handled  by 
bronze pum ps through iron lines fo r 
sa fe ty  purposes. P um ps and  valves 
th roughout the p la n t a re  largely  
second-hand.

SULPHONATION PHASE

S ulphonation  is carried  ou t in  a 
sep a ra te  new build ing w ith a  con­
crete bottom  floor and  wooden h a lf­
floor. Sulphonation  tanks a re  shown 
in an  accom panying pho tograph .

This building is ou tstand ing  fo r  its 
cleanliness and  the p recau tions th a t 
have been taken  to elim inate fire 
hazards. These include explosion- 
p ro o f m otors on the su lphonation  
units, fire blankets, and  p o rtab le  car­
bon dioxide fire extinguishers.

The two su lphonation  kettles, each 
o f 600 gal. capacity , a re  both  of cast 
iron  construction  provided w ith 400 
r.p .in . ag ita to rs  o f the p rope lle r type. 
The un its  a re  unlined and  a re  r e ­
po rted  to have been used previously 
in  the m anu fac tu re  o f shoe polish. 
The bottom  h a lf  o f each o f  the sul- 
phonato rs has been jacketed  a t  the 
com pany’s F o rds shop to  p rov ide fo r 
steam  o f  80 lb. pressure. E ach  re ­
ac to r is provided w ith a benzene re ­
flux tan k  equipped  w ith cooling coils.

B enzene is m etered in to  the kettles, 
while the oleum is fed  in to  calibrated  
vessels fo rm erly  used as a ir  com pres­
sor tanks. The fu ll charge o f benzene 
is first added a t  room  tem perature . 
Oleum in  excess o f th a t necessary fo r

The ab o v e  equ a tio n s show  the p rim ary  
reactions in the phenol p rocess u se d  by  
the  C a ta lin  Corp. Side reactions a re  not 
show n, nor a re  equ a tio n s stoichiom etric. 
The flow  sh e e t b e low  show s e a c h  step
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Left— Tops of the  two b enzene su lphona tion  kettles, show ing  
tem p era tu re  reco rders , b enzene reflux units an d  oleum  feed 
tanks . Su lphonato rs a re  un lined , ca s t iron  v esse ls  form erly  

used  for the p rep a ra tio n  of shoe  polish

Below— This reconditioned, jack e ted  still is  of un lined  steel 
construction. P henol v a p o rs  p a s s  u p w a rd  th rough  the f rac ­
tionating  to w er to the  right, w hich  is p ac k e d  w ith  Berl sa d d le s  

an d  p rov ided  w ith  a  deph leg m ato r a n d  condenser

Below— C onverter tan k , w hich  is stee l lin ed  w ith  le a d  an d  
then w ith  acid-proof brick. H ere b enzene su lphonic ac id  is 
neu tra lized  w ith  sodium  su lph ite  to lib e ra te  su lp h u r dioxide

Below— This "sp rin g e r"  tan k , p rov ided  w ith  s te am  coils an d  
a  stirrer h a v in g  bo lted  c as t iron  b la d e s , is of un lined  steel. 

C rude pheno l (see reaction  4) is form ed in th is a p p a ra tu s

R ight— P henol still an d , in  the  fo reground , tops of the tw o 
p u re  p h en o l rece iv ers . O ne of these  is  nickel-lined, w h ile  the 
o ther is g lass-lined . Both w ere  form erly  u se d  a s  resin  kettles



the  reaction  is then fed  in  slowly 
over a period  o f several hours. Since 
the reaction  between benzene and 
oleum libera tes a  considerable am ount 
o f heat (110 B .t.u . p e r  lb. o f reac t­
an ts) i t  is necessary to  add  the oleum 
carefu lly  and  even a t  tim es to  pass 
cooling' w ater through the jack e t so 
as to m ain ta in  the tem pera tu re  of the 
reac tan ts  a t about 95-105 deg. F .

BENZENE SULPHONIC ACID

W hen the heat o f reaction  has been 
absorbed, steam  is added to the jacke t 
and the m ass heated u n til the final 
tem pera tu re  is a t  250-265 deg. F . 
U nreacted  benzene s ta rts  to reflux 
and  the reaction  is com plete in  2-3 
hours. The reaction  product, benzene 
sulphonic acid, has a specific g rav ity  
o f 1.45 a t  68 deg. F . and  will solidify 
a t  room tem peratu re . H ence i t  is 
necessary th a t lines to sto rage tanks 
be insu lated  and  traced w ith live 
steam  lines.

Benzene sulphonic acid, dark  from  
iron  im purities, is pum ped  from  the 
su lphonation  u n it to the charging 
tan k  above the converter or 
“quencher”, which is a steel tank  lined 
w ith lead and  then w ith acid-proof 
brick. Sodium  su lph ite  from  the fo l­
low ing operation  is added to the 
benzene sulphonic acid to  form  
sodium  benzene sulplionate, w ith the 
liberation  o f  su lp h u r dioxide. E x ­
cess su lphuric  acid from  the su lphona­
tion reaction  form s sodium su lphate  
w ith p a r t  o f the sodium sulphite. 
This reaction  occurs first, a f te r  which 
the benzene sulphonic acid is reacted  
upon. The reactioh  is carried  to neu­
tralization , w hich requ ires 10-14 hours 
fo r  com pletion. I t  is expected th a t 
th is cycle w ill soon be shortened. No 
freezing  m ust be allowed to occur. 
The m ass contains 60 percen t w ater.

S u lp h u r dioxide liberated  a t this 
p o in t o f the process passes u p  a 
stonew are tow er packed w ith  R aschig 
rings and  flows coun ter-cu rren t to 
sodium phenate  solution.

SALT CAKE BYPRODUCT

S lu rry  from  the converter con ta in ­
ing  p rec ip ita ted  sodium  su lpha te  and 
sodium benzene su lphonate  is pum ped  
through a p ressu re  filter fo r  rem oval 
o f the sodium  sulphate. This filter 
tan k , fo rm erly  used in  the m anu fac­
tu re  of beer, is o f  steel construction  
and  is p rovided w ith  a w ire screen 
filter upon  which sodium su lphate  
builds up  to  a  cake o f 2-3 f t .  in  th ick ­
ness. W hen sufficient cake has been 
bu ilt up , i t  is  then  steam ed fo r  sev­
eral hours to  volatilize residual 
sodium  benzene sulphonate. The 
moist sa lt cake is rem oved m anually

by rakes and  shoveled into a chute 
to the outside o f the building.

F in a l characteristics o f the salt 
cake a re  dependent p rim arily  upon 
the tim e a t  which it  is rem oved from  
the press. I f  i t  is removed while still 
ho t and  m oist, the final cake will be 
g ra n u la r and  friable , while i f  i t  is 
allowed to cool in the press, i t  then 
becomes eom pact and  hard . This salt 
cake carries the iron  im purities p re ­
c ip ita ted  w ith the converter slu rry .

F il tra te  from  the p ressu re  filter, 
con tain ing  the sodium benzene sul­
phonate, is then pum ped to one of 
two evaporators, w here the w ater 
content is lowered to about 50 percen t 
by the use o f steam  coils. I t  is then 
pum ped to one o f two feed tanks 
above the caustic fusion  pots. These 
feed  tanks a re  provided with steam 
coils to p reven t solidification.

CAUSTIC FUSION

The caustic fusion  po ts a re  rede­
signed cast iron  vessels p rovided w ith 
horseshoe type  ag ita to rs. They are  
heated a t  610-660 deg. F . directly  by 
two oil-fired fu rnaces and  the solid 
caustic m elts slowly fo r  2-3 hours. 
Process w ater is first added and  then 
the sodium  benzene su lphonate  solu­
tion is fed  slowly into the hot fused 
caustic to  fo rm  sodium phenate  and 
sodium sulphite. Evolved s te a m 'is  
vented to the atm osphere. The sodium 
phenate  form ed goes in to  solution 
while the sodium su lph ite  rem ains u n ­
dissolved, since excess caustic soda 
serves to depress the so lubility  of 
sodium sulphite. The s lu rry  of 
sodium phenate  solution-sodium  su l­
ph ite  solid-excess caustic soda from  
the fusion  p o u r tanks is pum ped  to 
one or two “sp ringer”  tanks. These 
two units a re  o f  steel construction 
and are  provided w ith w ater and 
steam  coils and  a s t ir re r  w ith bolted 
east iron  blades. They a re  also 
equipped w ith a hea t exchanger tank  
fo r cooling the phenate  charge.

S p rin g e r tanks, the quencher or 
converter and  the SO> reaction  tow er 
a re  all operated  in  conjunction. 
S u lp h u r dioxide generated  in  the con­
v erte r en ters in to  the bottom  o f a 
stonew are tow er approx im ate ly  12 
ft. high and  3 f t .  in  d iam eter and 
packed w ith  R aschig  rings. The SOs 
flows upw ard  coun ter-cu rren t to the 
sp rin g e r liquor, which is pum ped in  
a t the top . This liquor, consisting o f 
sodium phenate  solution, solid sodium 
su lph ite  and  excess caustic soda, is 
gassed by circulation  th rough  th is 
tow er un til the  p H  has been lowered 
from  about 11-12 a t  the beginning to  
7.25. A t th is stage all o f the sodium 
phenate  has been converted in to  crude

phenol, w ith fo rm ation  o f Na^SOn.
A fte r the conversion is completed, 

pum ping  is ceased and  the s lu rry  is 
allowed to sep a ra te  in to  three d istinct 
layers. The first and  top  lay e r con­
sists o f dark  brow n crude phenol of 
about 85 percent streng th . The second 
layer consists o f straw -colored sa tu ­
ra ted  sodium  sulph ite  brine, while 
the bottom  consists o f w hite, c ry s ta l­
line sodium  su lph ite  sludge.

The top layer o f crude phenol is 
draw n off, passes th rough  a  second­
hand filter p ress to rem ove any  solid 
sodium  sulph ite , and then goes in to  a 
small crude phenol sep a ra to ry  tank . 
The bottom  o f th is is conical and is 
provided w ith a valve and  sight glass. 
The crude phenol and  brine a re  here 
easily separa ted , since there is a clear 
line o f dem arcation  betw een the dark  
brown phenol and the straw-colorecl 
brine. The brine is pum ped back to  
the sp rin g e r tank  is to be recycled.

PHENOL DISTILLATION

F rom  the sep a ra to ry  tank , the 
crude phenol goes to  a used storage 
tank  from  where it  is pum ped  to the 
phenol still. This is an  unlined steel 
tank  provided w ith a cast iro n  blade 
a g ita to r and jacketed. Phenol is dis­
tilled off u nder vacuum  and  passes 
upw ard  th rough  a  sm all frac tio n a tin g  
tow er p..eked w ith B erl saddles to 
separa te  .':e phenol from  w ater. This 
tow er is provided w ith a  dephlegm a­
to r a t  the top  and is followed by a 
sm all stainless steel condenser tow er.

Located n ear the phenol still a re  
the two p u re  phenol receivers. One 
o f these is nickel-lined, while the 
o ther is glass-lined. These w ere fo r­
m erly used as reaction  kettles fo r the 
m anu fac tu re  o f resins a t  the F o rd s  
p lan t o f  the C atalin  C orp. These re ­
ceivers have been jacke ted  a t  the bot­
tom fo r  heating  to p reven t solidifica­
tion o f the phenol, w hich is now of 
the U .S .P . g rade. F rom  here th e  final 
phenol p ro d u c t is pum ped to sto rage 
tanks, where i t  is ready  fo r  shipm ent.

Sodium  su lph ite  s lu rry  from  the 
sp rin g e r tan k  is sen t to  the steam  
still, ano ther used piece of equipm ent, 
where i t  is steam ed to drive off d ilu te 
residual phenol, which is re tu rn ed  to 
the process. The su lph ite  slu rry  is 
recycled iii the process and  re tu rn s  
to  the converter fo r  reaction  w ith 
benzene sulphonic acid. P a r t  o f the 
excess sodium su lph ite  from  the op­
erations is m arketed.

The w rite r w ould like to  th an k  M r. 
W . R. Thom pson, technical director, 
and M r. V. W . Moss, p la n t chemist, 
fo r  the ir read y  assistance and fo r  
aid  in  p rov id in g  in fo rm ation  con­
tained in th is article.
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Combating Chronic Poisoning  
in Chemical Operations
WILLIAM M. PIERCE
Su p erv isin g  C hem ical Engineer, E m ployers ' L iability A ssu ra n ce  Corp., Boston, M ass .

 .............   C /iem . & M e t . I N T E R P R E T A T I O N  —

In m any plants the chem ical engineer is ca lled  upon to p a ss  judg­
ment on the hazards w hich m ay result from the use of a  certain 
chem ical. These opinions are generally  sound insofar as corrosion, 
explosions, contam ination of product or acute poisoning are con­
cerned. H owever, the probability of chronic poisoning is often ignored  
b y  m any technical m en. This m ay be due to faulty training a s  w ell as  
to the concentration of industrial h yg ien e literature in  journals not 
w id ely  read by chem ical engineers em ployed in industry— Editors.

H a z a r d s  o p  chronic exposure are  
hidden, difficult to detect, and 

the effects, besides req u irin g  consid­
erable tim e to develop, a re  g rea tly  
m asked by ind iv idual differences in  
susceptib ility . Y et i t  is chronic po is­
oning th a t is typ ica l o f the exposures 
encountered in  industry , w hereas 
technical an d  research  men a re  usu­
ally  exposed to poisoning of an  acute 
na tu re . The em ployee w orking on an  
ind u s tria l job  w ill be exposed to 
m ore or less the same conditions fo r 
years . On the o ther hand , the m an 
doing experim ental o r research  w ork 
m ay rem ain  w ith one m ateria l only 
fo r  a  few  weeks o r a  m onth. I n  m any 
cases the m an who has done develop­
m ent w ork assum es from  liis a p p a r ­
en tly  sho rt exposure to  re latively  
high concentrations th a t the m ateria l 
in  question is harm less. This prem ise 
m ay no t be justified, since he m ay be 
p a rtic u la r ly  re s is tan t to the m ateria l 
o r there m ay not have been enough 
tim e fo r  the developm ent o f  chronic 
poisoning.

SPOTLIGHTING DANGERS

Som ething is necessary to  m ake 
th e  hidden dangers o f chronic po ison­
ing  stand  out, fo r  if  th e  danger is 
recognized the hazard  is a lready  
p a r t ly  controlled. One recen t develop-

T his is the  firs t of a  series of artic les 
designed to acquain t the chemical engi­
neer w ith  the  hazards an d  prevention of 
chronic poisoning in in d u stria l chemical 
■operations. O ther insta llm ents w ill deal 
specifically w ith  heavy m etal poisons, 
fibrosis-producing dusts, and  toxic sol- 
Ten ts .— E di tors.

m ent in  accident p revention  involves 
the sp o tligh ting  o f danger po in ts on 
m achines by the use o f color con­
trasts . A  ligh t color is used on and  
n e a r the tool a rea  and  a d ark er shade 
fo r the rem ainder o f the machine. The 
opera to r w orks m ore efficiently and 
w ith less hazard  because the lighted 
tool a rea  concentrates his a tten tion  
on the w ork and  also spo tligh ts the 
danger spot. This color co n tra st alone 
has been sufficient to decrease the ac­
cident ra te  by 70 percen t. Such re ­
sults indicate the im portance o f  call­
ing  a tten tio n  to hazards and  p u ttin g  
the spo tligh t on them . In  the case of 
chronic poisons, i t  is dillicult to de­
tect the hazards except by chemical 
o r physical m eans. There is usually  
no w arn ing  to the people  who m ay 
be exposed.

B enzene poisoning is a  hazard  o f 
this type. E ven  the nam e tends to 
conceal the danger since the m aterial 
benzine, w hich is o ften  confused w ith 
it, is com paratively  non-toxic. S eri­
ous benzol poisoning m ay occur on 
jobs w here m en have w orked fo r 
m onths w ithout any  d iscom fort or 
w arn ing  o f any  k ind th a t they are  
exposed to dangerous fum es. A p p a r­
ently  w ithout any  reason, the accum u­
la ted  effects o f  the exposure ap p e a r  
in  the fo rm  o f an  anem ia which is 
extrem ely difficult to trea t. Even if  
the victim  lives, he m ay never com­
ple te ly  rega in  norm al health.

Such chronic eases o f poisoning, 
although much less spectacu lar, a re  
m ore num erous and  m ore serious than

acute cases. The dam age from  re ­
peated  sm all doses o f lead over a 
period  o f a y ea r is m ore serious than  
th a t done by one sho rt exposure to  a 
very large concentration . A cute ex­
posure produces serious effects and  
discom fort, b u t does n o t leave any­
where n ear the same am ount o f p e r­
m anen t dam age.

There a re  com paratively  few  cases 
o f industria l poisoning from  m ate­
r ia ls  such as am m onia, su lphu r di­
oxide o r hydrogen sulphide. T his is 
because these m aterials a re  so dis­
agreeable and  so ir r ita tin g  th a t w ork­
men a re  carefu l reg a rd in g  their 
exposure. Cases are  also ra re  w ith 
v iolent poisons, such as hydrogen 
cyanide and carbon monoxide. These 
m aterials a re  extrem ely poisonous 
and  have v e ry  m arked  acute effects. 
K nowledge o f th e ir p ro p ertie s  is 
w idespread  and  p recau tions a re  us­
ually  taken  w herever there  is a 
possib ility  o f exposure. The com para­
tively sm all num ber o f cases occur­
rin g  from  hydrogen cyanide and  from  
carbon monoxide, considering the 
danger, is very  encouraging. I t  ind i­
cates th a t adequate know ledge in  the 
hands of people  who m ight be ex­
posed will go a  long w ay tow ard con­
tro lling  the hazard . I t  is o f utm ost 
im portance, therefore, th a t know l­
e d g e  regard ing  the possib ility  o f 
chronic poisoning should be b rough t 
to the a tten tion  of the people who 
will be exposed to  these m ateria ls as 
well as to those who design equ ip ­
m ent fo r  use w ith these chemicals.

INHALED POISONS

T here is a considerable difference 
between the poisonings which occur 
in  o rd in ary  life  and those which us­
ually  occur in  in dustria l p lan ts. O ut­
side industry , m ost poisons get in to 
the body by being swallowed. In  in ­
d ustria l exposures the poisons are 
generally  inhaled. There is quite a 
difference in  the action of a  poison, 
depending on w hether i t  is swallowed 
o r breathed. I f  a sm all am ount o f 
toxic substance is swallowed, there  is 
a  «good chance th a t i t  can pass 
through the digestive system  and out
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th rough  the in testines w ith only sm all 
am ounts being absorbed. This is p a r ­
ticu larly  true  w ith  com paratively  in ­
soluble m ateria ls, such as lead. I n  the 
case o f large am ounts o f poisons, the 
m a teria l m ay be rejected  by the stom ­
ach. I t  is also possible th a t i f  some 
poison is absorbed the blood m ay be 
p a rtia lly  purified of the m ateria l in 
passing  through the liver.

Thus, in  ingested or swallowed p o i­
sons, some o f the m ateria l m ay pass 
th rough  the body unabsorbed so 
th a t all o f th e  substance taken  in  does 
no t necessarily  contribu te  to poison­
ing. This, o f course, does no t hold fo r 
a  soluble m ateria l such as sodium 
cyanide.

D ust fum es o r vapors breathed  into 
the lungs can only escape w ithout ab ­
so rp tion  by re tu rn in g  the w ay they 
entered. Some of the m ateria l m ay 
lodge in  the back of the th ro a t and 
be swallowed. I f  the dust is very  fine, 
a good po rtion  o f i t  m ay be breathed  
ou t again . H owever, the po rtion  re ­
m ain ing  in  the lungs m ay be absorbed 
directly  in to  the blood, which goes 
from  the lungs to  the h ea rt and  from  
th a t o rgan  to. every p a r t  o f the body 
w ithout first hav ing  to pass through 
the liver. I t  is ap p a ren t, therefore, 
th a t sm all doses which a re  inhaled are  
m ore a p t  to come in  contact w ith the 
various o rgans of the body and to 
cause g rea te r effects th an  m ateria ls 
which a re  swallowed.

Recognition o f the dangers from  
inhaled dusts has con tribu ted  a g rea t 
deal to the contro l of lead  poisoning. 
F o r  a num ber o f years considerable 
em phasis was placed on personal 
cleanliness on the p a r t  o f lead w ork­
ers. E very  possible source of lead 
ingestion  wras elim inated. M en were 
requ ired  to  w ash before  eating  and 
to  take showers on leav ing  the ir jobs. 
They w ere also requ ired  to change 
th e ir  clothes and, in  general, take 
any  and  every precau tion  to  p reven t 
any  lead  en tering  the body by the 
w ay o f  the m outh. The resu lts  from  
this contro l p roduced a very  m arked 
decrease in  the num ber o f lead  po is­
oning cases. H ow ever, on certain  
jobs, lead  cases continued to  occur. 
W ith  the recognition  by  lead  com­
pan ies th a t inhaled  dusts were also 
very im p o rtan t and  should be con­
trolled, the num ber o f cases fell off 
very rap id ly .

INDIVIDUAL DIFFERENCES

One reason wThy engineers are  
o ften  lulled in to  a sense o f fa lse  se­
cu rity  reg ard in g  certain  m ateria ls  is 
the fa c t th a t they m ay personally  
have w orked w ith  some of these m a­
teria ls  fo r  years  w ithout any  ill e f­

fects. H ow ever, ce rta in  people are  
affected by d rugs o r poisons much 
m ore th an  others. A  good exam ple o f 
this is the reaction  th a t a g roup  of 
people w ill obtain  from  d rink ing  the 
sam e am ount o f alcohol. C ertain  peo­
p le  a re  affected by ragw eed pollen ; 
others a re  a llerg ic to shellfish or 
straw berries, and others m ay have 
asthm a when they come n ea r a horse 
o r a  dog. I t  is difficult to explain  
these differences between individuals. 
W e know , however, th a t o f several 
men w orking on the sam e job  and 
exposed to the sam e hazards, one m ay 
die and  the others m ay no t be a f ­
fected  a t  all.

A  very  in te resting  re p o r t which 
brings out th is  difference has been 
m ade by C ap ta in  D udley of the B r it­
ish N avy. There were a  num ber o f 
cases o f ars ine  poisoning on a sub­
m arine as a resu lt o f gas given off 
from  the sto rage ba tte ry , the g rid s o f 
which contained 0.2 p ercen t arsenic. 
On one tr ip , 56 m en form ed a  crew. 
O f th is num ber, 30 w ere sen t to the 
hosp ita l, 15 w ere sick fo r  a few  days, 
10 had  very  m ild sym ptom s. One m an 
did no t feel an y  reaction . A ll o f the 
men w ere exposed to the sam e am ount 
o f fum es fo r  the same period o f time. 
A ll o f these sailors w ere p resum ably  
in  good health  and, considering th a t 
they were on subm arine service, a 
picked g roup  physically. H ow ever, 
the effects varied from  the m an  who 
did no t suffer any  ill effects a t all to 
one who w as com pletely incapacita ted  
fo r  a  sho rt time. In  some cases i t  was 
nearly  six m onths before the blood 
count was up  to norm al.

There is also a case on record where 
fo u r  men w ere caught fo r a few m in­
u tes in  a room  fu ll o f am m onia fum es. 
One of these men died 15 m inutes

la te r, one m an died a f te r  24 hours, 
the th ird  lived u n til the nex t day, and  
the fo u rth  recovered completely.

In  in dustria l exposures, i t  is very 
im p o rtan t to p ro tec t the m ost suscep­
tible individuals. Some people are  
inclined to feel th a t if  one m an out 
of six o r seven is affected by a  given 
operation , then  i t  is the ind iv idual’s 
fau lt and  no action. is necessary to 
p ro tec t aga in s t this p a rtic u la r haz­
ard . I f  i t  were possible to p ick  out 
the m en who a re  re s is tan t to a  given 
poison, th is a ttitu d e  m ight then  be 
justified. I t  can easily be shown ex­
perim entally  th a t anim als show d if­
ferences in  susceptib ility  to poison, 
bu t these differences cannot be a ttr ib ­
uted to personal habits.

CONTROL OF HAZARDS

In  the control o f lead poisoning, 
fo r  exam ple, some m anufactu rers 
have taken  in to , account th is differ­
ence in  ind iv idual susceptib ility . On 
jobs w here the lead exposure m ight 
be n ear the borderline, blood exam in­
a tions a re  m ade a t periodical in te r­
vals to detect signs o f lead ab so rp ­
tion. This is detected by changes in 
the s tru c tu re  o f certa in  of the blood 
cells. The in itia l indication  o f ab so rp ­
tion does no t m ean th a t the o p era to r 
has lead  poisoning, b u t th a t a  cer­
ta in  am ount o f lead is being absorbed 
in to  the system  and th a t he should be 
rem oved from  the exposure before 
definite sym ptom s develop. The same 
type  of contro l is used in  connection 
w ith benzol, where exam inations of 
the u rine  will detect abso rp tion  of 
the m aterial. In  this w ay men can be 
rem oved from  the exposure o r con­
d itions can be im proved as soon as 
signs o f abso rp tion  a re  encountered.

(Please turn  to page  93)
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M otorizing Equipment 
in H azardous Locations
C. W. FALLS E ngineer, Motor Division, G enera l Electric Co.

The necessity  for sp eed  in equipping plants for w ar purposes pre­
cludes developm ent of sp ecia l designs. Therefore, the chem ical 
engineer who has the problem  of motorizing plants producing or proc­
essing  hazardous m aterials w ill find of va lue the author's su g g es­
tions and com m ents on the adaptability of standard types of motors 
that have b een  designed for som ew hat similar conditions.—Editors.

TH E  T K E ilE N D O U S  E X P A N S IO N  of
p lan ts  fo r  m an u fac tu rin g  and  

hand ling  explosive substances has 
swelled the dem and fo r  m otors to be 
used in  hazardous gas and  dust loca­
tions. The technical lite ra tu re  in  the 
p a s t y ea r o r tw o has covered processes 
and m ateria ls  involved in  the m anu­
fac tu re  and use o f some o f the more 
im p o rtan t m ilita ry  explosives, how­
ever, little  has been published about 
the p ro p e r app lica tion  of m otors in 
hazardous a reas o f  such p lan ts . The 
best m eans o f m otorizing am m unition 
p lan ts  w ith types recently-developed 
fo r som ewhat sim ilar conditions is a 
definite problem .

In  some of these new p lan ts  the 
hazardous a reas involve d ifferent sub­
stances p resen ting  questions o f  se­
lection of p ro p e r types of m otors or 
decisions as to p la n t layou t and  m otor 
location. An im p o rtan t fa c to r in  ob­
tain ing  continuous operation , which 
is essential to the w ar effort, is the

selection of m otors su itab le  fo r the 
p a rticu la r hazard  involved. M otors 
m ust not be used in  a reas involving 
explosive conditions beyond the scope 
o f the ir designs.

The more hazardous locations in 
am m unition m anufac tu ring  and  han ­
dling  p lan ts , as well as those p lan ts  
which produce chemical raw  m ate­
ria ls, m ay be classified b roadly  as (1) 
those involving flamm able gases or 
flammable volatile liquids and (2) 
those in which highly explosive or 
com bustible dusts a re  found. Such 
flammable gases and  liquids, from  
which m ay come hazardous vapo r-a ir 
m ixtures, include acetylene, ether, 
hydrogen, acetone, alcohols, toluol, 
benzol and  various petro leum  p ro d ­
ucts. A m ong the explosive or com- 
bustile dusts a re  starch , su lphur, 
pow dered alum inum , m agnesium , 
smokeless pow der, and  black pow der.

Some of these substances are  defi­
nitely  beyond the ab ility  o f the avail -

Explosion-proof m otors e ach  coupled  to cen trifugal pum p o p era tin g  out of doors
in T exas oil refinery

able m otor designs, while others are  
well w ith in  the lim its o f p resen t-day  
equipm ent. In  the case o f m any of 
these substances, the successful use 
of m otors w ith in  the hazardous areas 
is no t p a rticu la rly  a m atte r o f m otor 
design, bu t depends largely  upon the 
users’ a tten tion  to such fac to rs  a s :
(1) avoidance of accum ulations of 
the hazardous m ateria l on the m otors,
(2 ) selection and  carefu l m aintenance 
of p ro p e r  types and sizes o f overload 
relays, (3) p ro p e r  layou t o f the d is­
tribu tion  system, and  (4) choice o f 
b reakers w ith adequate in te rru p tin g  
capacity .

The necessity fo r  speed in the erec­
tion and operation  of these p lan ts  fo r 
w ar pu rposes has precluded the pos­
sib ility  o f leng thy  tests leading to the 
developm ent o f special m otor designs 
best suited fo r  each of the hazardous 
m aterials involved. I t  has been neces­
sa ry  to u tilize the best m otors avail­
able, in  m any instances using special 
arrangem ents o f location or ven tila­
tion. In  o rder to  p erm it the m ost in ­
telligent selection and  app lica tion  of 
available types o f m otors and  to reach 
the best solution o f the problem s in ­
volved, p a rticu la rly  w here new haz­
ardous m ateria ls  ap p ea r, i t  is neces­
sary  to have an understand ing  o f the 
design objectives, construction  fea­
tures, and  tests  fo r  su itab ility  o f the 
various types of m otors fo r  these 
p lan ts.

The m ost obvious solution, b u t one 
which cannot alw ays read ily  be car­
ried out, is isolation of m otors by lo­
cating  them outside of the hazardous 
area  so th a t they  will n o t be exposed 
to the danger. This has been the p ra c ­
tice fo r  m any years in p a rts  of 
pow der m ills, p a rticu la rly  fo r  the 
“corn ing” or “g ran u la tin g ” process 
w here the driv ing  m otors have been 
located behind earthen  b a rrie rs  ou t­
side o f the process buildings. In  areas 
involving m ateria ls which have ign i­
tion tem pera tu res ap p rox im ating  the 
norm al op e ra tin g  tem pera tu re  o f the 
m otors and w here accum ulation o f the 
m aterial on the m otors cannot be p re ­
vented, isolation by walls, p a rtitio n s , 
o r enclosures o f  some so rt is indicated.

S im ilarly , iso lation  is  needed fo r 
hazardous a reas involving gases, such 
as acetylene, th a t upon  explosion m ay 
produce p ressu res o f an  order much 
higher than  those fo r  which industria l 
m otors have been designed. This is 
also tru e  in  the case o f gases like 
carbon disulphide, the ignition  tem ­
p e ra tu re  o f w hich approaches the 
norm al opera tin g  tem pera tu re  o f a 
m otor. E ven though the m otors a re  
rem otely located, it  is  u sually  good 
p ractice  to  use one o f the to tally  en-



Hot-oil ch arg in g  pum p in oil refinery  d riven  b y  inert-gas-filled squ irre l-cage  induction 
motor w ith built-in h e a t ex ch an g e rs

closcd types as a  m eans o£ m inim iz­
ing the fire hazard.

I t  is n o t alw ays feasib le or p ra c ­
tical to locate m otors rem otely or to 
isolate them from  the driven m achine 
and  su rround ing  hazardous area. The 
n a tu re  o f the driven  m achine and the 
desire to elim inate certa in  in term edi­
ate  m echanical d riv ing  devices m ay  
call fo r locating  the m otors on or 
very close to  the driven machines. 
There a re  several types o f enclosed 
m otor construction  which a re  usually  
suggested fo r  these app lications. 
They include such constructions as
(1) p ipe-ven tila ted  m otors, (2 ) inert 
gas-filled m otors, (3) to ta lly  enclosed 
Class I I  m otors, and (4) Class I 
explosion-proof m otors.

Th* N ational E lectrical Code C lassi­
fies H aza rd o u s G as a n d  D ust Locations 
a s  follow»:

Class I, Group A. atm ospheres con ta in ­
ing ace ty len e ;

Class I, Group B, atm ospheres con tain ­
ing hydrogen or gases or vapors of equiva­
len t hazard  such as m anufactured  g a s ;

Class I, Group C, atm ospheres con tain ­
ing e thy l e th er v a p o r ;

Class I, Group D, atm ospheres con tain ­
ing gasoline, petroleum , n ap tha . alcohols, 
acetone, lacquer solvent vapors, and 
n a tu ra l g a s :

Class II , Group E, atm ospheres con ta in ­
ing m etal d u s t ;

Class II, Group P, atm ospheres con ta in ­
ing carbon black, coal or coke d u s t :

C lass II, Group G, atm ospheres con ta in ­
ing grain  dust.

P ipe-ventila ted  m otors a re  re la ­
tively lim ited in  th e ir effectiveness fo r  
app lica tion  in  hazardous locations. 
U sually  they sim ply  a re  enclosed 
m otors with a ir  in takes and outlets

a rranged  fo r  accom m odating p ipes 
fo r ven tila ting  air. W hen flammable 
gases su rround  the m otor, gas accu­
m ulations and  possible explosions on 
the inside m ay be prevented  by pass­
ing  clean a ir  through it. P ip e  ven tila ­
tion obviously does no t p reven t ac­
cum ulation of hazardous m ateria l on 
the outside surfaces o f the m otor 
fram es and  p ip ing . T herefore, the 
heating  of the m otor under norm al 
and  abnorm al load conditions m ust 
be considered. Furtherm ore , au to ­
m atic fire extinguishing equipm ent 
w ithin such m otors and p erhaps 
w ith in  the a ir  ducts m ay be necessary 
to subdue in te rna l fires and  preven t 
heating  of the exterior o f the m otor 
fram e and  p ip ing .

In e r t gas-filled motors, which are  
enclosed m otors w ith  aux ilia ry  equ ip ­
m ent to m ain ta in  gas under slight 
p ressu re  w ith in  the enclosures, have 
been found usefu l in hazardous gas 
locations. Such m otors in  sizes above 
400 or 500 hp. a re  p a rticu la rly  useful 
where it  becomes increasingly  diffi­
cult to obtain to tally  enclosed, fan - 
eooled explosion-proof motors. The 
enclosures a re  tig h t enough to re ­
qu ire  only a sm all supp ly  of “m ake­
u p ” gas, and the p ressu re  preven ts 
en trance of su rround ing  hazardous 
gas.

Enclosed Class I I  m otors fo r  use 
in  com bustible o r explosive dusts are  
o f to tally  enclosed construction, w ith 
or w ithout fa n  cooling. Such m otors 
are  designed on the assum ption th a t 
it  is p rac tica l and relatively  easy to 
m ake m achines dust-tigh t and  hence, 
dust explosions w ithin these m otors 
will no t occur. Such m otors also

should be designed so th a t no external 
p a r ts  w ill sp a rk  or overheat under 
perm issible overloads to the ex ten t of 
ign iting  su rround ing  dust.

These design objectives have been 
obtained in  m otors fo r  Class I I ,  
G roup G, dust conditions by the use 
of tig h t jo in ts  w ith a t  least 3 /lG -in. 
m etal-to-m etal su rface  contact, also 
close clearances o f bearing  housing 
lips a long the sh aft, perm anently  
sealed-in leads, nonspark ing  ex ternal 
fa n  m ateria l, re la tively  s tra ig h t and  
smooth ex ternal ven tila ting  passages 
(o f fan-cooled m otors) to p reven t 
rap id  clogging and  to fac ilita te  clean­
ing. The norm al o p era ting  tem pera­
ture o f the m otors in the usual am bi­
ent and w ith perm issible overloads, is 
well below the ignition  p o in t o f the 
specified dust.

I t  w ill be noted th a t Class I I  m ot­
ors fo r  com bustible dusts a re  not 
necessarily  explosion-proof, since it 
is possible to ob tain  dust-tigh tness as 
well as m eet the o ther design objec­
tives by relatively  th in  enclosing 
parts . I t  is true, however, th a t sev­
eral m otor m anu fac tu re rs have taken 
advantage of the ir explosion-proof 
Class I  m otor developm ent and sim ­
p ly  subm itted  explosion-proof m otors 
fo r  dust tests ra th e r  than  a ttem p t a 
sep a ra te  line o f motors.

Tests fo r su itab ility  o f m otors fo r 
Class I I  dust conditions are  carried  
ou t by p lacing  a m otor in  a tes t cham ­
ber and subjecting  it to d u st-a ir m ix­
tures while the m otor is a lte rnate ly  
heated and cooled by loading and u n ­
loading. Cycles ap p rox im ating  sev­
eral years  o f operation  in an  indus­
tr ia l p la n t are  carried  out before d is­
assembly to observe w hether any  dust 
has entered the enclosure.

A  second test is m ade in  the same 
dust cham ber fo r  the pu rpose  o f de­
term in ing  w hether the tem pera tu re  
a tta ined  when the m otor is blanketed 
w ith  a specified dust w ill be high 
enough to produce serious ch a rrin g  or 
ignition o f the dust. Tests a re  con­
ducted under fu ll ra ted  load, tem per­
a tu res being m easured by therm o­
couples and  the dust in  contac t w ith 
the enclosure being exam ined fo r  evi­
dence of ch a rrin g  or ignition.

Tests o f th is so rt have been carried  
ou t on m otors as la rge  as 400 hp., 
1,800 rpm ., to determ ine th e ir  su it­
ab ility  in g ra in  dust ( Class I I ,  G roup 
G) o f the fineness found  in  elevators 
and  sim ilar locations. These m otors 
have successfully passed such tests 
b u t th e ir successful use fo r  g ra in  dust 
is p red ica ted  on p ro p e r m aintenance 
to avoid excessive accum ulations of 
d u st on the m otors, and  pa rticu la rly  
upon the selection and m aintenance
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of suitable re lays and  sho rt c ircuit 
p rotective devices to disconnect the 
m otor im m ediately in  case o f  exces­
sive overloads, single phasing , or 
stalling.

Tests have also been carried  ou t on 
designs o f enclosed m otors to deter­
m ine th e ir su itab ility  in  m agnesium  
dust. As a  resu lt po lyphase induction  
m otors as high as 100 hp., single­
phase m otors u p  to 10 hp ., and  d.c. 
m otors up  to  30 hp . a re  now available 
fo r  use in  m agnesium  and  in  alum ­
inum  dust locations.

W here dusts o f explosives such as 
TN T, black pow der, and  smokeless 
pow der a re  encountered, successful 
use o f Class I I  m otors, in sp ite  o f 
the ir dust-tightness, will depend a l­
m ost en tire ly  upon p ro p e r relays, 
and  upon  m aintenance which w ill 
p rev en t accum ulation o f such dusts 
on these m otors. I f  these precautions 
can  no t be carried  out, rem ote loca­
tion outside o f the dust a rea  is neces­
sary.

E xp losion-p roof Class I  m otors a re  
to ta lly  enclosed, w ith o r w ithout fa n  
cooling, designed and  constructed  to 
w ithstand an  explosion of a specified 
gas, and  p rev en t the passage of dan­
gerous sp a rk s  or flame from  the in ­
te rio r to  the su rround ing  atm osphere. 
I t  is considered im practica l to m ake 
usual in dustria l m otors tigh t enough 
to exclude gas. T herefore, it is a s­
sum ed th a t explosions can occur 
w ithin an  enclosed m otor through 
fa ilu re  o f a w inding o r where a b ear­
ing  fa ilu re  perm its rubb ing  o f the 
ro ta tin g  m em ber aga in s t the sta tion ­
a ry  mem ber. Consequently, an  ex­
p losion-proof m otor requ ires th a t all 
o f  the enclosing p a r ts  shall be strong  
enough to  w ithstand  an  explosion of 
maxim um  in tensity  w ith in  the motor. 
F urtherm ore , the external p a r ts  o f

T otally  enclosed , fan-cooled, ba ll-b earin g  
squ irre l-cage  induction  m otors, for c lass  
2, g roup  G, locations, each  V -belted to 

conveyor in g ra in  e levato r

the m otor should no t sp a rk  o r a tta .n  
sufficient tem p era tu re  u nder expected 
o p e ra tin g  conditions to ign ite  the su r­
round ing  atm osphere.

These objectives a re  accom plished 
in  the explosion-proof m otors a l­
read y  developed fo r Class I , G roup 
D, conditions by u tiliz ing  enclosing 
fram es and  end shields, strong ly  re in ­
forced w here necessary, to give am ple 
fac to rs o f safety . F langed  jo in ts  giv­
ing  wide m etal-to-m etal fits w ith  sm all 
clearances a re  used as a m eans of 
cooling the flame from  in te rna l ex­
plosions. B olts o f strong  m ateria l and 
closely spaced a re  utilized, and  holes 
w ith rem ovable p lugs a re  avoided. 
Leads are  sealed w ith a  perm anen t 
non-shrink ing  com pound o f  adequate 
stren g th  and  depth  to  w ithstand  ex­
plosion pressures. In terconnecting  
com partm ents o f free  a ir  spaces w ith ­
in  the m otor a re  avoided so th a t suc­
cessive explosions w ith precom pres­
sion and  consequent h igh p ressures 
w ill no t occur. E x te rn a l fan s  o f non­
sp a rk in g  m ateria l a re  provided.

The developm ent o f explosion- 
p ro o f m otors has centered around  
Class I , G roup D. atm ospheres en­
countered in refineries, chemical 
p lan ts , and  sim ilar establishm ents. 
A ctual explosion tests fu lly  dem on­
s tra tin g  the su itab ility  o f m otors fo r  
such conditions have been m ade on 
sizes as large as 500 hp . and 3,600 
rpm .

Tests fo r  su itab ility  o f m otors in  
explosive gases a re  m ade by sub jec t­
ing  the m otors to  the specified gas or 
vap o r-a ir m ixtures over the ran g e  of 
flamm able o r explosive concentra­
tions, so as to cover the m axim um  
p ressu re  effects and  the m axim um  
p ropaga tion  effects o f the specified 
m ixture. To c a n y  ou t such tests a 
m otor is installed  in  a tes t cham ber 
provided w ith gas in le t and  outlet 
connections. The m otor is also tapped  
w ith  threaded  holes fo r  connection of 
in le t and  ou tle t p ipes fo r the explo­
sive m ixture, also fo r  spark -p ro d u c­
ing  devices and  pressure-record ing  
instrum ents.

The explosive m ix tu re  o f accur­
a te ly  determ ined p ro p o rtio n s is al­
lowed to  flow through the m otor as 
well as in  the test cham ber around  
the m otor un til a ll o f the o rig inal a ir  
has been displaced. The in le t and  ou t­
le t valves are  closed and  the m ix ture 
inside the m otor ignited . O bserva­
tions are made to determ ine the vol­
um e of flame escaping, and  pressures 
a re  recorded. A  m inim um  series of 
15 to 20 tests is conducted over the 
flamm able ran g e  w ith th e  m otor ru n ­
n ing  in  some instances. Turbulence 
th rough  fa n  action o f the m otor tends

to b ring  about explosion pressures 
roughly  p ro p o rtio n a l to  the free  vol­
um e inside o f the m otor-enclosing 
case.

E xp losion-p roof m otors, designed 
and  tested  as described, have am ply  
proved  their usefulness in  m any haz­
ardous atm ospheres classified as Class 
I ,  G roup D. These include acetone, 
alcohols, toluol, benzol, h igh-test g as­
oline, lacquer solvents, petro leum  dis­
tillates, and  m any o ther substances.

Such m otors a re  no t generally  u s­
able in  m ore hazardous m ix tures in ­
volving acetylene, hydrogen, and 
ether. In  some cases, the ignition  
tem p era tu re  o f the gas is too low 
fo r  sa fe  use. I n  o ther instances, the 
possible explosion pressu res a re  too 
g re a t and  m ay necessita te different 
m echanical construction.

I t  is no t alw ays p ro p e r  to  assume 
th a t explosion-proof Class I, G roup 
D, m otors a re  dust-tigh t and  suited 
fo r  com bustible dust conditions, a l­
though m ost m an u fac tu re rs  use dust- 
tigh t construction  in  explosion-proof 
designs.

Class I  m otors m ay be applicab le  
in  m any o f the p re lim inary  stages of 
the p roduction  o f explosives, fo r ex­
am ple TN T and  smokeless pow der, 
since the m ateria l then  is in  w et form  
and  involves a considerable volum e of 
solvent o f the Class I , G roup D, 
order. Obviously, w here genuine Class 
I , G roup D, hazard s exist, explosion- 
p ro o f Class I, G roup D, m otors are  
applicable.

In  some instances, the solvent in ­
volved is ether, a Class I ,  G roup D, 
hazard , involving low er ign ition  tem ­
p era tu res  and  h igher explosion p re s­
sures. E x cep t fo r  the frac tional- 
horsepow er Class I ,  G roup C, m otors 
so f a r  developed, the Class I , G roup 
D, explosion-proof m otors a lready  in  
production  no doubt a re  the best 
available fo r  e ther atm ospheres, a l­
though no t p rim arily  designed fo r  it. 
Obviously, no claim  is m ade th a t they 
a re  suited  fo r  opera tion  in  ether 
atm ospheres. Successful opera tion  in 
e ther will depend to  a  m a jo r degree 
on carefu l selection, app lica tion , and 
m aintenance o f overload re lays which 
will p rev en t abnorm al heating  from  
any  conditions o f operation .

In  subsequent stages o f explosives 
m anufactu re , w here the hazard  
changes from  one o f solvent vapors to 
a  condition involving m asses o f  some­
w hat d rier, a lthough  no t dusty  ex­
plosive m aterials, rem ote location of 
the m otors becomes necessary. This 
is p rin c ip a lly  due to  the necessity fo r 
keep ing  heat-p roducing  sources aw ay 
from  high explosives which m ight 
cause w idespread dam age if  ignited.
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Mg by Electrothermic Reduction
H. A. DOERNER, W . FLOYD HOLBROOK, E. DON DILLING, DWIGHT L. HARRIS

M etallurgical D ivision, United S ta tes  B ureau  of M ines, P ullm an, W ash ing ton

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

Recent research and developm ent by the United States Bureau of 
M ines of the so-called Doerner process has attracted w ide attention 
in industrial a s  w ell a s  in governm ental circles. O riginally conceived  
a s part of a  program to utilize the abundant m agnesite resources of 
the Pacific Northwest, the present need  for expanding the production 
of m agnesium  m etal g ives national significance to this work. The 
recent Bureau of M ines Report of Investigations 3635, M ay 1942, which  
is  abstracted in  these p ages, is  an important indication of the direction  
in w hich this research is progressing. It w ill be noted that the experi­
m ental work of these investigators has led  to the design and prelimi­
nary operation of a  continuous, sm all-scale pilot plant em ploying  
liquid hydrocarbons for the shock-cooling of the m agnesium  vapors. 
Operating data on both the units described in this article w ould seem  
to prom ise considerable reduction in both the costs and the hazards 
of processes dependent upon gas-cooling m ethods.— Editors.

T h e  B ureau  of M ines began a study 
o f  the various methods of p ro ­

ducing m agnesium  m etal from  m ag­
nesites in  1936. The first w ork on 
th is p ro g ram  was u n d e rtak en 'a t P u ll­
m an, W ash, in  cooperation  w ith the 
S ta te  College of W ashington. A t th a t 
tim e the p resen t need fo r  expansion 
of the in dustry  had no t y e t been fe lt ; 
the  stu d y  was p rom p ted  by the desire 
to establish a  new m etallurgical in ­
du stry  in  the N orthw est fo r  u tiliz ing  
su rp lu s pow er from  the Bonneville 
and  G rand  Coulee hydroelectric p ro j­
ects. W hen the need fo r  the ex p an ­
sion o f the industry  in  connection 
w ith the defense p rog ram  became 
a p p a re n t, the o rig inal p ro g ram  was 
expanded to include o ther processes 
and  to investigate the m ethods of 
p roducing  m agnesium  oxide from  
low -grade m agnesites and dolomites.

A t the beginning o f th is w ork, a 
study  of various m agnesium  processes 
indicated  th a t the m ost prom ising  
field fo r  research  w as electrotherm ic 
reduction  o f m agnesium  oxide by 
carbon. The o rig inal experim ental 
p ro g ram  w as draw n up  to study  and  
im prove processes of this type.

A fte r  extensive sm all-scale experi­
m ental w ork on the various o p e ra ­
tions o f reduction, shock-cooling and 
d istillation , a  continuous process w as

developed which is described as fo l­
low s: M agnesite ore is concentrated 
by flotation to yield a p roduc t con­
ta in in g  n o t less than  45 percen t MgO 
and no t m ore than  1.5 percen t SiO*. 
This is calcined in a ro ta ry  kiln to 
produce a  calcine con tain ing  no t less 
than  90 percen t MgO.

The calcine is m ixed in a rod mill 
w ith 23 percen t low-ash carbon. The 
m ix tu re  is fed  au tom atically  in to  an 
arc  fu rnace  a t  a  controlled ra te  and 
reacts to  fo rm  m agnesium  vapor and 
carbon monoxide. These p roducts 
issue a t  high velocity through an  o ri­
fice in to  the shock-cooling flue, where 
they encounter an atom ized sp ray  of 
ligh t fue l oil. E vapo ra tion  o f a large 
p a r t  o f the oil cools the fu rnace  gas 
from  2,000 deg. C. to less than  200 
deg. C, alm ost instantaneously.

The ra te  a t  which oil is supplied  is 
so regulated  th a t the unvaporized 
p o rtio n  is ju s t sufficient to form  a 
fluid suspension o f the m etal con­
densate. This regu lation  is controlled 
au tom atically  by the tem pera tu re  o f 
the cooled products. The solid p ro d ­
ucts consist o f m agnesium  m etal, 
m agnesium  oxide, carbon, silieides 
and  carbides o f the ore im purities 
in term ixed  w ith  liquid  oil. The v ap o r 
phase is composed o f oil v apo r and 
carbon monoxide p lus some hydrogen

and  m ethane resu lting  from  the ther­
m al dissociation of the oil.

" The solid condensate and  liqu id  oil 
a re  sep ara ted  as a sludge from  the oil 
v apo r and  gaseous p roducts in a 
c en trifuga l sep a ra to r o f special de­
sign. The oil v apo r subsequently  is 
condensed in  a  w ater-cooled scrubber, 
and  the ligh ter frac tio n s a re  recov­
ered in re frig e ra ted  coils. The exit 
gas contains about 50 percen t CO, 
30 percen t hydrogen and  20 percen t 
m ethane. These have a  fu e l value 
about equal to th a t o f the dissociated 
oil.

The sludge condensate flows by 
g rav ity  from  the sep a ra to r and  is 
pum ped  to the tw o-stage d istilla tion  
furnace, in  which the oil and  m ag­
nesium  are  recovered separa te ly  by 
d istillation. The oil thus recovered 
combined w ith the oil p reviously  con­
densed in  the scrubber is recircu lated  
through the sp ray  nozzle.

The o il-distillation u n it includes a 
horizontal re to r t electrically  heated to 
500 deg. C. The sludge is recovered 
through this re to r t in  p an s  attached 
to  a p a ir  o f chains. The oil vapors 
are  sw ept fro m  the re to rts  to a w ater- 
cooled condenser by a cu rren t o f hy ­
drogen circulated  th rough  the gas- 
tig h t system. The sm all am ount o f 
hydrogen lost th rough  leakage is 
replenished by crack ing  o f the oil.

The rem oval o f oil from  the sludge 
leaves sm all, dry , porous eakes con­
ta in ing  about 50 percen t m agnesium  
m etal. These briquets d rop  ou t o f the 
p an s in to  a  h o p p er from  which they 
a re  fed  in to  cages. The charged 
cages completely' fill a horizontal, 
alloy-steel re to rt, heated by electric 
resisto rs to  1,000 deg. C. The m ag­
nesium  m etal evaporates from  the 
briquets, and  the v ap o r is carried  by 
a  cu rren t o f hydrogen to a condenser, 
from  which the molten m etal is 
tapped .

M ovem ent o f the cages th rough  the , 
re to r ts  and  th e ir re tu rn  to the ■ feed 
a re  accom plished by a ram  and drag- 
chain m echanism , both of w hich op ­
erate  outside the heated zone. The 
charg ing  of b riquets, d ischarg ing  of 
residues, and  all m ovem ents o f the 
cages a re  accom plished autom atically .

A lthough continuous and  u n in te r­
ru p ted  operation  o f the p ilo t p lan t

CHEMICAL & METALLURGICAL ENGINEERING .  A U G U ST 191,2 » S— 85



P lan  v iew  a n d  sec tional e levation  of the m agnesium  reduction  unit assem b ly

has no t y e t been realized, tlie results 
th a t have been obtained show th a t it 
is p rac ticab le  to use oil o r liquid 
hydrocarbons as shock-cooling m edi­
um. Oil has been found  to be as 
effective as gas fo r  shock-cooling 
m agnesium  v ap o r when atom ized in 
a  nozzle o f p ro p e r  design. A t the 
sam e tim e it offers m any advantages 
th a t m ake the equipm ent required  
sm aller and less expensive and  p e r­
m its sa fe r and  sim pler operation .

A sa tisfac to iy  g rade of oil fo r  the 
pu rpose  is ligh t stove oil. O nly 25 lb. 
o f such oil has a  cooling effect equal

to approx im ate ly  1,000 eu .ft. o f gas. 
The to ta l volume of gas and  oil 
v ap o r p e r  pound  o f m agnesium  is 
about 150 cu .ft. a t a tm ospheric p re s­
sure a t  a  tem p era tu re  o f  180 deg. C. 
F o r  shock-cooling w ith  gas, the to tal 
volume o f  exit gases under the same 
conditions is m ore than  ten times 
grea ter. This difference in  volume of 
the gaseous p ro d u c t rep resen ts  con­
siderable difference in  the size and 
cost o f  equipm ent fo r  hand ling  the 
gas and  sep a ra tin g  i t  from  the con­
densates. F u rtherm ore , since the con­
densate from  the reduction furnace

is p ro tected  from  oxidation  by the oil, 
the hazards and  problem s w ith  h an ­
d ling  a py rophoric  substance are, in 
large p a r t , elim inated.

The follow ing da ta  rep resen t an 
average fo r  opera tion  of a un it.

O peration  D a ta  io r Reduction Unit
C apacity , lb. M g p e r  h r .....................  7.11
C onversion , p e rc e n t .............. ............. 76.8
P o w er consum ption , kw h. p er lb.

M g ............................................................12.3
Oil consum ption , lb. p e r lb. M g . . .  0.75 
E lec tro d e  consum ption , lb. p e r lb.

Mg ............................................................ 0.18
MgO in  co n densate , lb. p e r  lb. M g. 0.50 
C arbon  in  co n densate , lb. p e r lb.

M g ............................................................  0.62
B y p ro d u c t g as (CO,Ha,CH<), cu .ft.

p e r  lb. M g ............................................20.5

D evelopm ent o f the tw o-stage con­
tinuons d istillation  process has not
yet p rogressed  to a p o in t w here a 
full-sized comm ercial u n it could be 
designed. O perations of th is u n it 
had to w ait successful operation  of 
the reduction  u n it so th a t develop­
m ent has been slower. The d is tilla ­
tion operation  involves a num ber of 
problem s of design and  heat tra n sfe r 
th a t become increasingly  com plex as 
the capacity  o f the u n it increases, 
m aking  i t  necessary to  a ttem p t only 
g rad u a l developm ent o f successively 
la rg e r un its. F rom  experience w ith 
the sm all d istilla tion  u n it, i t  seems 
likely th a t a  u n it could be developed 
th a t would have a  capacity  o f 100 lb. 
o f m etal p e r hr. w ith an energy in p u t 
o f 150-200 kw. A ssum ing a rad ia tion  
loss o f 10 percen t, i t  is estim ated  th a t 
this u n it would require  0.57 kwh. fo r  
th e  oil d istilla tion  and 1.16 kwh. fo r 
m agnesium  distilla tion , a total of 
1.73 kwh. p e r  lb. o f m etal produced.

F u r th e r  w ork is being carried  out 
to investigate a new type  of d is­
tilla tion  operation , which is expected 
to p erm it considerable increase in 
capacity .

Tw o-stage continuous d istillation  unit in w hich  oil an d  m agnesium  a re  recovered  se p a ra te ly

S e c + io n  B
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M anaging New Product Developm ent 
in Chemical Industry—I
JOHN C. COLLINS C hem ical Engineer, C arbide & Carbon C hem icals Corp., S. C harleston , W . Va.
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C hem ical industry h a s set an outstanding record in the number and  
guality of n ew  products introduced within the last few  decade». How­
ever, little has been  written about the techniques used  b y  chem ical 
m anagem ent in approaching and carrying out these developm ents. 
This phase of industrial expansion and competition w ill take on a  
new  significance w hen p ea ce  finally  com es and executives of those 
concerns that hope to survive and expand must continue their habits 
of planning w ell in advance of anticipated events.—Editors.

On e  g e n e r a l  ap p roach  to new 
p ro d u c t developm ent is, o f 

course, to a p p ro p r ia te  funds, hire 
scientists and then tell them  to go 
to w ork to  discover som ething of 
value to the com pany. T his method 
has not been very  successful because 
it  lacks direction. To secure the best 
results, research  and  developm ent 
m ust be steered, coordinated, and 
m anaged in  a  way consistent w ith 
o ther activities o f the com pany.

H ow ever, new p ro d u c t develop­
m ent is only one phase of the r e ­
search and  developm ent activ ities in 
a la rge  chemical concern. O ther re ­
la ted  objectives include finding new 
uses fo r existing  products, im prov­
ing  p resen t p roducts and processes, 
developing new  processes, and  fu n d a ­
m ental research  to  advance scientific 
knowledge.

In  th e  follow ing sections new p ro d ­
uct developm ent is discussed as a 
series o f logical step s from  the incep­
tion o f  ideas th rough  the p re lim inary  
screening process, the research  and 
developm ent stages to  the final tra n s ­
fe r  to full-scale operations. In  each 
of these steps, both technical and 
economic fac to rs a re  considered.

SOURCES O F IDEAS

F ir s t  step  in p roduc t developm ent 
is to  find good ideas fo r  new  p ro d ­
ucts. A t certa in  times m anagem ent 
searches aggressively fo r  a  good idea 
to fulfill a  specific need, bu t a t  all 
times i t  m ust m ake provision fo r  a 
s teady  influx of ideas. New p ro d u c t 
suggestions come from  m any different 
sources and  i t  is necessary to stim u­

la te  and  develop these a t all times. 
Sources th a t have been found  im ­
p o r ta n t by  executives in  the chemical 
in d u s try  a re  listed according to the ir 
p o in t o f origin.

Research D epartm ent— Since re ­
search m en spend much of th e ir tim e 
w orking on new p roducts it is na tu ra l 
th a t they fu rn ish  m any ideas fo r 
o ther new chemicals. T heir ideas 
usually  ap p ea r in the form  of sug­
gested chemical com pounds and  pos­
sible ways of m aking  them. In  m any 
com panies, this source is stim ulated  
by conferences o f en tire  research  and 
developm ent staffs several times a 
y ear to provide an  o p p o rtu n ity  to 
com pare notes and discuss technical 
problem s. F requen tly  new chemical 
com pounds are  discovered by acci­
dent o r through “ leads” uncovered 
during  the investigation  o f some 
o ther problem , thus tu rn in g  out to  be 
by-products o f o ther research p ro j­
ects. As one executive p u t it, “New 
chemicals o ften  show up  as branches 
on the tree o f ano ther research p ro j­
ect.”

Sales D epartm ent— D ifferent com­
pan ies in  the chemical in d u s try  have 
had different experiences w ith sales­
men as o rig inato rs o f ideas. Com­
m ents ran g e  from  “No good ideas fo r 
new p roducts come from  salesm en” 
to  “ Salesmen are  an im portan t source 
o f ideas fo r new chemicals.” The 
value o f salesm en fo r  this pu rpose 
seems to depend on their technical 
tra in ing , the n a tu re  o f the ir work, 
(w hether p rim arily  selling or sales 
eng ineering ), and  w hether they are  
expected to devote some o f th e ir tim e

to th ink ing  up  ideas fo r  new p ro d ­
ucts, new m arkets and new  uses.

M arket developm ent and  sales 
service m en who do experim ental 
selling and  custom er-contacting seem 
to be very  valuable in  b ring ing  in 
new ideas based on the ir experience 
w ith custom ers’ problem s and the ir 
understand ing  o f  chemical tech­
nology.

Custom ers—M any com panies are  
try in g  to get m ore and  m ore ideas 
fo r  new  p roducts from  their cus­
tom ers. These m ay be funneled  
through salesmen and  m arket de­
velopm ent men or they m ay be 
brought in  by the custom ers them ­
selves i f  they feel th a t the chemical 
concern can actually  do som ething 
about the suggestion. T here is one 
difference in  approach  to new  p ro d ­
ucts which is illu stra ted  by the ideas 
from  research men and those from  
the sales departm en t and  customers. 
Suggestions from  the fo rm er are  
usually  based on specific chemical 
com pounds, and the succeeding de­
velopm ent consists o f developing a 
process and  finding uses fo r the p ro d ­
uct. On the o ther hand, ideas from  
custom ers and salesmen a re  usually  
based on ind u s tria l needs an d  desires, 
and  the developm ent consists in  find­
ing  p roducts to m eet these needs. 
The chemical in d u s try  has o ften  been 
criticized fo r  no t u sing  the “custom er 
need” app roach  m ore frequen tly . 
H ow ever, there  is evidence th a t m ost 
chemical com panies use both a p ­
proaches and  try  to  strike  a balance 
between the two.

Inven to rs— A lm ost all o f the exec­
utives interview ed agreed th a t in ­
ven tors a re  a poo r source o f  new

F or several years the  D epartm ent of 
Business and  E ngineering A dm inistration  
a t  M assachusetts In s titu te  of Technology 
has been studying the problem  of m anage­
m ent of new p roduct research and develop­
m ent. T he presen t study, m ade in p a rtia l 
fu lfillm ent of the  requirem ents fo r the 
degree of M aster of Science, is one of 
several to be m ade in th a t  field. M aterial 
for th is investigation  w as gathered  in a 
series of personal interview s w ith  execu­
tives in several rep resen ta tive  firms in the  
industry . T he au th o r, who Is also a 
g rad u a te  in chemical engineering from  the 
U niversity  of W ashington, w ill conclude 
the series n ex t m onth by discussing m an­
agem ent of large scale development, t ra n s ­
fer to commercial production and m an­
agem ent problem s in general.— Editor».
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product ideas. N evertheless, p rov i­
sion was m ade in  every com pany to 
scrutinize suggestions from  inventors 
in  o rder to avoid overlooking a  good 
o ppo rtun ity . One executive stated, 
“M ost o f the ideas o f inventors a re  
old ones in a new form . I n  addition, 
m ost inventors do no t understand  or 
realize the capabilities o f the com­
pany , such as its  usual raw  m ateria ls, 
m ethods of m anufactu re , p roduc t 
lines, etc.”

E x e c u tiv e s— Ideas fo r new p ro d ­
ucts m ay come from  executives if 
th e ir  tra in ing , experience, and  in ­
terests  lie close to p ro d u c t develop­
m ent activities.

O th er C hem ica l C o m p a n ies— Ideas 
a re  obtained from  o ther chemical 
com panies d irectly  by tra n sfe r or 
sale, o r ind irectly  by m aking an 
analysis o f com petitors’ p roducts 
w ith the object o f finding ou t w hat 
weaknesses o r g ap s a re  ap p a ren t. 
O ther m inor sources o f ideas include 
the technical lite ra tu re , fellow ships 
in universities, and  charts  o f deriva­
tives o f p resen t products.

SCREENING OF IDEAS

N ext step  in the developm ent p roc­
ess consists o f selecting certa in  of the 
m ore p rom ising  ideas fo r  intensive 
research  and  developm ent. This 
necessitates the screening process, in 
which various aspects o f each sug­
gestion are  considered before it  is 
tu rned  over to  the research  and  de­
velopm ent w orkers. M any proposed 
p ro jec ts  a re  re jec ted  in  th is stage of 
exam ination. U sually  several execu­
tives p a rtic ip a te  in  the screening 
process, as i t  is necessary to  consider 
every elem ent th a t affects the chances 
o f u ltim ate  success o f  the new  p ro d ­
uct. The chief research  executive is 
usually  the m ost im p o rtan t person  in 
the selection process since he passes 
judgm en t on technical aspects.

In  some com panies there  is a sepa­
ra te  departm en t, often  called the de­
velopm ent division, which considers 
the economic fac to rs. In  addition, 
most com panies have research  com­
m ittees composed o f executives from  
each of the m a jo r departm en ts of 
the concern. These either contro l the 
selection o f research  p ro jec ts  o r act 
in  an  advisory  capacity  to  the chief 
research  executive. F ac to rs  usually  
considered in  p re lim in a ry  screening 
a re  outlined in the follow ing p a ra ­
graphs.

C o m p a n y  P o licy — This defines the 
field of activ ity  and in terest o f the 
p a rtic u la r com pany and  indicates 
which general classes o f new  products 
should be considered. M ost chemical 
com panies p re fe r  new  products th a t

w ill utilize their own “know-how” 
and  pecu liar abilities, th a t can be 
sold to  the sam e type  o f custom ers 
as those a lready  served, and th a t a re  
chemically re la ted  to  p resen t p ro d ­
ucts.

C hem ica l F ea s ib ility — This fac to r 
is alw ays stud ied  in  the early  stage 
by discussions and  “p a p e r  w ork” and 
frequen tly  by conducting a  few  ex-' 
p erim en ts in  the labora to ry . One 
d irec to r o f research  has been au th o r­
ized to spend  w ithout special p e r­
m ission up  to $500 fo r p re lim inary  
research  on any  one idea.

E n g in e e r in g  F e a s ib ility  —  O rdi­
narily , engineering questions are  no t 
considered in  g rea t de tail a t  th is 
stage unless i t  seems likely th a t they 
will la te r  offer difficulties. The avail­
ab ility  o f su itable m ateria ls o f con­
struction , design o f unusual equ ip ­
m ent and containers, and  sim ilar en­
g ineering  problem s a re  investigated  
in  a p re lim inary  w ay by chemical 
engineers to m ake sure th a t engineer­
ing  difficulties w ill n o t “k ill” the 
p ro jec t a t  a  la te r  stage.

H a za rd s  o f  M a n u fa c tu re  a n d  Use 
— I f  possible, these elem ents are  
studied d u ring  the p re lim inary  
screening stage. U sually , however, it  
is n o t possible to com pletely evaluate 
such hazards un til quan tities o f the 
new  p roduc t have been m ade in  the 
laboratory .

C ost o f  M a n u fa c tu re — This fac to r, 
extrem ely im p o rtan t to any  com pany, 
is studied as com pletely as possible 
during  p re lim inary  screening. U sually 
only rough guesses can be made, 
based on raw  m ateria l costs, theo­
retical yields, and  average allowances 
fo r  o ther elem ents o f cost. The p u r ­
pose o f cost estim ates a t  this stage is 
to avoid undertak ing  research  on 
en tire ly  im practical ideas.

C ost o f  R esea rch  a n d  D e ve lo p m e n t  
— E xecutives agree th a t it  is alm ost 
im possible to fo recast accurately  the 
cost o f developing a new product, 
bu t m ost o f them  do m ake p re lim i­
n a ry  estim ates based on th e ir p rev i­
ous experience.

R e tu r n  on  In v e s tm e n t— A  prelim i­
n a ry  estim ate is usually  m ade of the 
expected re tu rn  on the investm ent in 
research  and  p la n t facilities, since 
this fac to r is o f m ost in te rest to  the 
top  m anagem ent. This re tu rn  is 
based on estim ates o f m arkets, costs, 
and fixed cap ita l. L ike them , i t  is an 
app rox im ation  which m ay  n o t be- 
very  accurate  bu t which is better 
than  no estim ate a t  all.

C o m p e titio n — One o f the duties of 
those selecting new product ideas is 
to consider the s ta tu s  o f  com petitors 
in the field in which the new p roduct

will enter. One executive said th a t 
he tried  to estim ate com petitors’ costs 
and  to fo recast their actions w hen th e  
new p roduc t was released.

S iz e  o f  M a rk e t— It is difficult to 
estim ate in  th is p re lim inary  stage th e  
quan tities o f the new p roduc t which 
could be sold, bu t an  a ttem p t is o ften  
m ade to do so. H owever, p rac tice  in  
the in d u s try  seems to  vary  widely. 
Some com panies w a it un til research  
has been com pleted before estim ating 
the p o ten tia l m arket while o thers 
m ake m arket surveys as the first step  
in  screening ideas. The purpose  o f  
p re lim inary  m arket surveys is to  de­
term ine i f  the p o ten tia l dem and is 
la rge  enough to ju s tify  developm ent 
o f the product.

R a w  M a ter ia ls— I t  w as indicated 
by m ost executives th a t raw  m ateria ls  
a re  no t studied to any  g re a t extent 
a t  this stage. I t  is to be expected, 
however, th a t the p resen t m ateria l 
scarcities will m ake i t  im pera tive  to 
investigate  th is aspect before  exten­
sive developm ent is undertaken.

P a te n ts— A p a te n t a tto rney  fa ­
m iliar w ith the field of the p roposed 
new  p roduc t usually  indicates the 
general p a te n t situa tion  and  the diffi­
culties th a t m ight be encountered.

In  the screening process the object 
is to investigate in a p re lim inary  w ay 
all fac to rs  which m ust be studied 
m ore thoroughly  la te r  as well as to 
locate the stra teg ic  fac to rs and to  
sub jec t them  to carefu l scrutiny . 
One executive sta ted , “ P erh ap s  the 
first s teps in  new p roduc t develop­
m ent m ay be sum m arized by s ta tin g  
th a t the w eakest links a re  sought by 
h igh-spot studies and th a t these a re  
followed to the ‘b itte r’ end. E ven tu ­
ally, o f course, all p e rtin en t fac to rs  
m ust be studied in  considerable detail 
if  the recom m endation is m ade to go 
ahead. On the o ther hand, if  one 
of the ‘w eak links’ in  the chain proves 
to  be unavoidable and  d isastrous, 
m any o ther fac to rs are  never 
studied.”

RESEARCH STAGE

The core of this stage is the chem­
ical labo ra to ry  research  carried  ou t 
by chem ists and  physicists to explore 
w ays o f m aking  the new p roduct on 
a  labo ra to ry  scale. The techniques 
used by research  scientists need no 
explanation . I t  is in teresting , how­
ever, to take a b ird ’s-eye view of the 
en tire  technical developm ent process, 
o f which labo ra to ry  research  is ju s t  
one p a rt.

Executives w ere asked w hether a 
new  chemical p ro d u c t alw ays w ent 
through the five steps o f sm all-scale 
and  large-scale labo ra to ry  w ork, p ilo t
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Chemical and physical 
lab : resec»rch

Application lab , 
re sea rch

Developm ent Stcage

Market, d ev e lo p m en t 
Customer evalu a tio n  
A p p lica tion  s tu d ie s

O ther'econom ic studies

Transfer to  Full Sca le  Operations

Design & construction 
P re lim inary  operation

SOURCES OF IDEAS

T ech n ica l factors 

Chemical feasib ilityr 
Engineering feasibility 

'Hazards of mfg. & use

Company policy 
Cost o f m anu factu r«  
Cost o f  re se a rch  ' 
Com pe+ i+ ion  
S iz e  o f m a r k e t  
R aw  m a te ria ls  
Re tu rn  on  investm ent 
P a te n ts

Research- S ta g e

E conom ic studies 
C osts 

Moi'rkets
Packaging

Pilot- p la n t

p lan t, semi-commercial p lan t, and 
finally full-seale p la n t production . 
A nsw ers ranged  from , “A  new p ro d ­
u c t should alw ays go th rough  all of 
these stages, unless the com pany 
wishes to  gamble,” to “W e try  as fa r  
as possible to elim inate one or more 
of these steps, since we feel th a t a 
sm art research  organization  can use 
only those steps absolutely necessary 
fo r  each new product.” The charac­
teristics o f the p a rtic u la r chemical 
being studied  a re  undoubtedly  the 
contro lling  factors, b u t there is still 
some leeway to  exercise judgm ent in  
deciding w hether to omit one o r m ore 
steps. The reason fo r such an elim i­
nation  is to save tim e so th a t the 
p ro d u c t can be released to the m arket 
a t an  earlie r date. H ow ever, some 
risk  is taken inasm uch as difficulties 
m ay la te r  be encountered which could 
have been found  and elim inated on 
sm aller scale work.

B efore research  activities are  
sta rted , the d irec to r o f research  
usually  p lans the general line o f a t­
tack  so th a t the experim ents are  
d irected  tow ard the p ro p e r  goals. 
One type  o f p lan n in g  consists of 
m aking  u p  a  lis t o f specifications to 
which the final p roduc t should con­
form . In  one com pany th is  lis t is 
called a directive and  includes re ­
quirem ents w hich m ust be fulfilled, 
as well as recom m endations on cer­
ta in  p ropertie s  desirable bu t n o t ab ­
solutely essential. This aids the m an ­
ag er in  deciding when a new  p ro d u c t 
should be tra n sfe rre d  from  the 
labo ra to ry  in to  the p ilo t p lan t.

PROGRESS REPORTS

C ontrol over research  activities is 
exercised in m any ways. In  m ost 
com panies, research  groups a re  re ­
quired  to subm it p rogress repo rts  
once a m onth in addition  to the 
q u a rte rly  and  yearly  repo rts. These 
indicate to the research  d irec to r w hat 
p rogress is being m ade on each p ro j­
ec t and  helps him in d irecting  the 
activities.

F inanc ia l control is usually  exer­
cised through a p p ro p ria tio n s  in  the 
com pany  budget fo r  research  and 
developm ent expenses. There is evi­
dence th a t in m any com panies these 
budgeted am ounts are  very flexible 
an d  do no t constitu te  a tig h t re s tra in t 
o n  research  activities. W hile the a p ­
p ro p ria tio n  m ay  be broken u p  in to  
-assigned am ounts fo r  each pro jec t, 
these am ounts seem to be m ilestones 
by which p rogress is m easured ra th e r 
th a n  s topp ing  places. In  m ost eases 
a research  p ro jec t is no t term inated  
w hen the assigned allocation is spen t.

P a te n t p ro tec tion  fo r  discoveries

made in  research  is procured  by 
staffs o f p a ten t a tto rneys who w ork 
closely w ith the research  scientists. 
Some com panies have staffs o f p a te n t 
a tto rneys which specialize by groups 
o f chemical p roducts so th a t they 
can understand  b e tte r the n a tu re  and  
im portance o f  discoveries made in 
these fields.

ECONOMIC FACTORS

A long w ith labo ra to ry  research, in ­
vestigations are  usually  made of sev­
eral economic facto rs, including 
m anufac tu ring  costs, m arkets, p ack ­
aging and  sh ipp ing  requirem ents. In  
alm ost every com pany, estim ates o f 
the cost o f m anu fac tu re  a re  m ade 
frequen tly  du ring  the process o f re ­
search and  developm ent, each suc­
ceeding estim ate becoming m ore and 
more accurate. These a re  sometimes 
m ade by the research  w orkers them ­
selves, and sometimes by a develop­
m ent staff which specializes in  study­
ing economic factors.

M arke t studies a re  o ften  m ade com­
p letely  in  the p re lim inary  screening 
stage bu t sometimes no t un til the 
p roduc t is in  the p ilo t p lan t. M ost 
o ften  they a re  m ade while the p ro d ­
uct is in  the laboratory . Some com­
panies m ake com plete surveys fo r 
each new product, while others esti­
m ate m arkets p rim arily  on the basis 
o f  the dem and fo r  sam ples o f  the 
new product. In  some concerns there 
a re  “m arket research” staffs ■which 
specialize in  m aking the surveys, in ­
cluding sta tistica l studies o f p roduc­
tion and  consum ption d a ta  and  field 
interview s w ith po ten tia l customers. 
I n  o ther com panies reliance is placed 
on the judgm ent o f the executives 
as to the size o f the m arket.

Packag ing  and  sh ipp ing  requ ire­
m ents usually  requ ire  study  by re ­
search w orkers, engineers, th e  sales 
d epartm en t, and the tran sp o rta tio n  
d epartm en t. W hen stan d ard  con­
ta iners can be used, these problem s 
do no t require  much atten tion . H ow ­
ever, in  o ther cases, special containers 
m ust be designed and  constructed.

There is one distinction between 
synthesizing a new chemical p roduct 
in  the labora to ry  and evaluating  its 
u tility , and th is is o ften  made the 
basis fo r  a separa tion  between the 
research  and the app lications labo ra­
tories. The la tte r  a re  concerned p r i­
m arily  w ith the determ ination of 
p ropertie s  and uses o f the new 
products developed by the research 
laboratories. A n app lica tion  study is 
m ade e ither sim ultaneously w ith  the 
research  w ork o r a f te r  a  substan tia l 
po rtion  o f research has been com­
pleted. The re p o r t o f the app lications
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labo ra to ry  fu rn ishes the executives 
w ith a  valuable evaluation of the new 
chemical as developed in the labo ra­
tory.

A pp lica tions laboratories in  m any 
com panies a re  divided in to  g roups 
dealing w ith allied p roducts fo r cus­
tom er industries. E xam ples include 
such divisions as tex tile  chemical 
laboratories, lacquer laboratories, 
and  rubber chemical laboratories. In  
some large concerns w here there are  
several op e ra tin g  divisions, an  a p p li­
cations labo ra to ry  is m ain tained  by 
each division, while p u re  research  
w ork is centralized in  one m ain 
laboratory . The app lica tions division 
also frequen tly  does custom er service 
work.

A t tunes the app lica tion  study  is 
carried  fu r th e r  by testing  sm all sam ­
ples o f the p roduc t in custom ers’ 
p lan ts. M ost com panies defer such 
testing  un til large quan tities are 
available from  p ilo t p la n t operations, 
bu t in  some cases tests are  m ade d u r­
ing  both research  and  p ilo t p la n t 
stages. The labora to ry  p ro d u c t o f 
one com pany is tested in  a lim ited 
way in custom er p lan ts  by a research  
chem ist from  the p roducing  com pany, 
while the p ilo t p lan t p roduc t is 
tested thoroughly in  custom er p lan ts  
by special “ contac t” men. L arge 
scale developm ent and  testing  o f now 
products in  custom er p lan ts  will be 
discussed fu lly  in a  la te r issue.

D iagram  show ing  the norm al p h a se s  of 
new  product developm ent in chem ical 
industry . Technical a n d  econom ic factors 

a re  in v estig a ted  sim ultaneously



Special Slide Rules Gan Facilitate  
M any Engineering Calculations

G. T. AUSTIN P urdue U niversity , W e st L a fa ye tte , Ind.
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Special single-purpose slide rules designed to solve chem ical engi­
neering equations are va lu ab le  w hen repetitive com putations must be 
m ade, esp ecia lly  by m athem atically unskilled persons. D esign and  
construction of such rules is not difficult. The author describes three 
types of equations w hich can be set up on rules, show ing in detail 
how  each  type is handled. Although m entioning that suitable blanks 
for sp ecia l rules can be purchased, he show s how  blanks can easily  
be constructed from cardboard, w ood or other m aterials.—Editors.

O r d i n a r y  s l i d e  r u l e s  iiave long 
been im p o rtan t m athem atical 

tools o f the chemical engineer. S pe­
cial rules, lim ited in  th e ir ap p lica ­
tion to the solution o f a single 
equation, have been utilized to  con­
siderable advantage in  o ther fields of 
engineering fo r  some tim e, artic les on 
the ir construction  having appeared  
in the lite ra tu re  as early  as 1904. I t  
is ra th e r  su rp ris ing , therefore , th a t 
th e ir  use has not been m ore extensive 
in  chemical engineering, especially 
since the equations used in  heat 
tra n s fe r  and  iluid flow are  quite well 
ad ap ted  to such rules.

N om ographs are  frequen tly  en­
countered in chemical engineering 
work. Since a  special slide ru le  is 
m erely a modified type  o f nom ograph, 
much of the m ateria l now used in 
nom ographic fo rm  could be handled 
on slide rules w ith equal o r better 
accuracy and a considerable increase 
in  hand ling  convenience. Slide rules 
a re  su p erio r to nom ogram s in  being 
m ore po rtab le  and  less sub ject to 
e rro r in  read ing , while they requ ire  
no aux ilia ry  equipm ent.

Tho type  o f slide ru le  described in 
this p a p e r  is no t in tended  fo r  m anu­
fac tu re  and sale, bu t fo r construction 
and  use w ithin an  ind iv idual p la n t o r 
office. W here fa ir ly  com plicated com­
p u ta tions m ust be repeated  f re ­
quently , o r where com putation  m ust 
be placed in  the hands o f m athe­

m atically  unskilled persons, special 
slide rules offer an alm ost ideal 
method of solution. A n excellent 
exam ple o f the sim plicity  o f opera­
tion achieved by using a  special slide 
ru le is shown in F ig . 2. This com­
p u ta tio n  o rd in a rily  requ ires  the use 
o f a  log slide ru le  and, when R ey­
nold’s num ber exceeds 20,000, the 
use o f logarithm s. On the special 
slide ru le  shown, all pow ers a re  au to ­
m atically  taken in to  account and  only 
values o f the variab le  need be set. 
No conversion fac to rs  are  requ ired  
and  the actual values o f the inside 
p ip e  d iam eters need no t be sought in 
a table.

SLIDE RULE PRINCIPLES

Princip les underly ing  the construc­
tion of slide ru les o f all types have 
been know n fo r  some tim e and are  
discussed in several well w ritten  
articles and  texts. These w orks were, 
however, no t w ritten  by or fo r 
chemical engineers and  seem largely  
to have escaped the notice of m ost 
studen ts in  th is  field. In  general, 
m ethods and  term inology used in  th is 
artic le  a re  essentially  those o f  H oel- 
scher, A rnold  an d  P ierce1, although 
m ateria l has been used from  other 
sources.

The basic p rinc ip le  involved in 
th e  construction  o f  slide ru les is the 
add ition  o f  lengths p ro p o rtio n a l to 
the values of fu n c tio n s; the addition

of the lengths being equivalent to 
the addition  o f the functions them ­
selves. This p rin c ip le  is fu lly  d is­
cussed in  several o f the references3,5 
and  needs no discussion here. W hen 
the functions used a re  logarithm ic, 
add ition  of the functions is equiva­
len t to m ultip lication  o f  the v ari­
ables.

M ajo r problem s involved in  lay ­
ing  ou t special slide ru les a re  to find
(1) the ty p e  o f  ru le  necessary, (2) 
the direction in  which the scales m ust 
ru n  and  (3) tho m ethod of p ro p e rly  
subdividing the scales.

T y p e  o f  R u le — M any types o f 
com binations of fixed and sliding 
scales a re  possible, b u t three fu n d a ­
m ental types are  sa tisfac to ry  fo r 
m ost prob lem s: (1) the single slide,
(2) the double slide and  (3) the 
m iddle su p p o rt. These th ree types 
are  illu stra ted  in  Figs. 1, 2 and 3, 
and  4 respectively. E ach ty p e  is 
su itab le  fo r  d ifferen t types o f equa­
tions.

L et f ( x )  be defined as an expres­
sion con tain ing  only the variab le  x', 
fo r  exam ple x ,  Jlog x ,

e'-log  x  +  cos3« 
tanh  3 / x

x * a, etc. This is the custom ary 
algebraic definition o f f ( x ) .

U sing this definition o f f { x ) ,  the 
following- types o f equations m ay be 
solved by rules o f the three types 
previously m entioned as shown be­
low :

Form of Rule Type of Equation

Sinsle Slide fix)  +  /(!/) +  /(*)
+ M - 0  (1)

Double Slide /(*) + /(» )  +  /(*) + /(« )  +
/(p) +  /(«) -  0 (2)

Middle Support /(x) +  !(y) +  /(*) =» f(k) (3a) 
/ ( « + / ( P> + /(9) - / '( * )  (36)

E xam ples of each ty p e  o f rule 
are  given in th is p a p e r  showing a 
typ ica l problem  solved by each rule. 
A ny one term  in the above equa­
tions m ay be rep laced  by zero, in  
which case an  index p o in t replaces a 
scale. The addition  of a constan t 
term  does no t affect the s ta tu s  of 
the equation. The use o f  an  index

90— S A U G U ST 191,2 .  CHEMICAL & METALLURGICAL ENGINEERING



po in t is illu stra ted  in  F ig . 4. Con­
siderable ingenu ity  is som etimes nec­
essary to get given equations into 
one o f the foregoing type  form s
(1 ), (2 ) o r (3 ) .

D irection  o f  Scales— W hen the 
ty p e  of ru le  requ ired  has been de­
term ined, tho d irection in  which the 
values o f the function  will increase 
(i.e., w hether values increase to the 
rig h t o r the le f t)  m ust be deter­
mined. This is a  com paratively  
sim ple m atte r i f  the follow ing rules 
a re  observed:

1. W rite  the equation w ith all 
term s to the le f t o f the equals sign.

2. W rite  the term s of the equation 
in  the o rder in  which they are  to 
a p p e a r  on the slide ru le in  a  vertical 
row, read ing  from  top  to bottom  
of the rule.

3. Prefix  a lte rn a te  p lus and  m inus 
signs to the r ig h t and  le ft o f the 
functions listed.

4. D raw  arrow s in  the d irection of 
the sign prefix ing the term , as w rit­
ten under R ule (1 ) .

The arrow  indicates the direction 
o f increasing  values o f the function . 
I t  should be noted  th a t the o rder 
o f increasing  values o f the variab le  
m ay be reversed from  the order of 
increasing  values o f the function  
(e.g., when f ( x )  =  1 /x ) .  E xam ples 
o f the app lica tion  of these p rincip les 
a re  shown below u nder the indiv idual 
equations fo r  which slide ru les  are  
illustrated .

Leng th  o f  Scales— The length of 
scales is determ ined by the ran g e  of 
values o f  the variab les used in  con­
struc ting  the scales. Since lengths 
o f tho scales a re  p ro p o rtio n a l to  the 
values o f the functions, the range 
o f values is m ultip lied  by a  num ber

m, called the functional modulus, to 
obtain  the scale length. This func­
tional m odulus m ust be the sam e fo r 
all scales on the rule, and  its  value 
is determ ined by the function  which 
has the g rea te st p ro p o rtio n a l range 
of values. S ta ted  m athem atically :

L ,  = m[F(  x) — (4)

where L ,  =  length of scale fo r f ( x ) ,  
in inches; m — functional modulus, 
inches of length p e r  u n it o f the fu n c ­
tion ; F  (# ) =  la rgest value of
/ ( a ) ;  and <t>(x) — sm allest value of 
/ ( * ) •

LAYING OUT SCALES

In  lay ing  ou t logarithm ic scales, 
it  is convenient to have a t  hand a 
series o f logarithm ic cycles o f v a ri­
ous lengths. These m ay be con­
structed  as shown by D avis and  Gen- 
ereaux ', o r by m eans o f an  o rd inary  
slide ru le  and  p ropo rtiona l dividers 
if  these are  available. A ch a rt as 
p rep a red  by A rnold1 is exceptionally  
convenient fo r this purpose.

The above p rincip les o f construc­
tion were utilized in  the construction 
of the ru les illu stra ted  in  F igs. 1 
t o '4 . N one o f the rules illu stra ted  
requ ires a  slider. The operation  in 
each case is to m atch a  variable w ith 
a variab le  un til the final answ er is 
read  opposite the la s t variab le  em­
ployed. As an  exam ple, in  F ig . 2, 
one problem  solved when the ru le  is 
set as shown is : k  =  0.14, D — 1.5, 
¡j, — 25, c =  1.5, R e =  10,000, giv­
ing h =  500.

The m eans o f constructing  the slide 
ru les illu stra ted  herein a re  discussed 
below in some detail in  o rder to 
afford g rea te r c larity  to  the method 
outlined above.

E xam ple  / —R ule w ith  single slide 
(F ig . 1 ). McAdams* gives the equa­
tion h =  (154 +  l.Gf) V°'D~’ 2 fo r 
finding the film coefficient o f heat 
tra n sfe r  fo r  w ater flowing in  tu rb u ­
len t flow inside horizontal pipes. 
H ere  h =  coefficient o f heat tra n s­
fer, B .t.u. p e r hr., sq. f t .  and deg. 
F . ; V  =  velocity, f t .  p e r  sec., based 
on a  density  o f 62.3 lb. p e r  cu. f t . ;  
D  =  inside d iam eter o f p ipe , inches; 
and  t =  tem pera tu re  o f w ater, de­
grees F . I f  we a rran g e  th is equa­
tion in  logarithm ic form , we obtain 
the fo llow ing :

log h +  0.2 log D — log (154 +  1.60 
— 0.8 log V  =  0 (5)

This equation is o f the fo rm  given 
in  E quation  (1 ) , so i t  m ay be re p re ­
sented by a  single slide rule.

L et us suppose th a t we wish to 
use the ru le  fo r  problem s involving 
the follow ing lim its : C < J5 < 1  in., 
2 0 0 < i< 4 0  deg. F ., 5 < T < 0 .5  ft. 
p e r sec., and l,0 0 0 < 7 t< 1 0 0  B .t.u. 
p e r  hr., sq. ft. and  deg. F .

A p p ly in g  E quation  (4) to each of 
the variables in  tu rn , we o b ta in : 
L \  =  m  (log 1,000 — log 100) =  
in =  13.0 in .; L„ =  m (0.2 log 6.025 
-  0.2 log 1.04!)) =  0.152 m  =  2.0 
in .; L y  — m (0.8 log 5 — 0.8 log 
0.5) =  0.8 m  =  10.4 in .; and  L i =  
»»[log(154 +  1.6 X 200) -  log (154 
+  1.6 X 4 0 )] =  0.377m =  4.4 in.

I f  a  b lank slide ru le 14 in. long is 
to be used and  we wish to allow the 
longest scale to ru n  13 in., we m ay 
by inspection  evaluate m  =  13, since 
the longest scale, from  the above 
equations is m  in . long. This value 
o f m  gives the scale lengths given on 
the r ig h t o f  the above equations.

To obtain  the d irection of the

Fig. 1— Single-slide ru le  for solution of w a te r  h ea tin g  p roblem s 

Fig. 2— Double-slide ru le so lves Dittus-Boelter equation  for liquid  h ea tin g
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Fig. 3— D ouble-slide ru le  sim ilar to F ig. 2, for liquid  cooling p roblem s 

F ig. 4— C enter-support double-slide ru le  for rad ia tio n  lo sses irom  p ip es

scales, we ap p ly  to E quation  (5) 
the rules given earlier, and  o b ta in :

(a) — D  H— >- or (b) -<— \r D —
-f- t —  —>- -<— — t -f*

-< V  +  +  V  -  -V -
-<— f- h — — h 4— >-

U sing S et ( a ) ,  then, scales fo r  V  
and  h  m ust increase to the left, those 
of D  and t to  the righ t.

The scales fo r  h  and  t m ay now 
be g radua ted  by using  a  logarithm ic 
cycle 13 in. long. V alues of (154 +  
1.6 () should be laid  out, since f ( t )  
=. 154 +  1.6 t ,  b u t each g radua tion  
should be m arked w ith  the corres­
ponding  value of t ,  no t 154 +  1.6 t, 
this m akes the ru le  d irect read ing . 
V alues o f D  m ay be m easured w ith a 
log cycle 0.2 X  13 =  2.6 in. long. 
I f  values p lo tted  a re  those o f actual 
inside d iam eter o f the p ip e  as de ter­
m ined from  tables, b u t the values 
a re  labeled as the nom inal d iam eter 
o f the p ipe, the ru le  w ill be d irect 
read ing  fo r  s tan d a rd  p ip e  sizes. The 
V  scale is la id  ou t using a  lo g a rith ­
mic cycle 0.8 X  13 =  10.4 in. long.

One set of values m ust now be sub­
stitu ted  into the orig inal equation 
and  a solution obtained. A fte r  the 
scales a re  g raduated , they a re  glued 
to the slide ru le  b lank  in  such a 
m anner th a t the values substitu ted  
above a re  satisfied th roughout. The 
ru le w ill then sa tisfac to rily  solve all 
problem s w ith in  its  range.

E xam ple  I I — Rule w ith double 
slide (F ig . 2 ). This ru le  solves the 
D ittus-B oelter equation fo r finding 
the film coefficient o f heat tran sfe r 
fo r  liquids being heated  inside ho ri­
zontal p ipes. This indicates the use 
o f the double slide rule. The equa­

tion involved is h D /k  =  0.0225 
(R e )0'* {c jtJkY '' w here li =  film co­
efficient o f heat tran sfe r , B .t.u. p e r 
hr., sq. f t . and deg. F . ; D  =  inside 
d iam eter o f p ipe, f t . ;  k — therm al 
conductivity , B .t.u. p e r  hr., sq. f t . 
and  deg. F . p e r  f t . ;  p. =  viscosity 
in E nglish  un its  (eentipoises X 
2 .4 2 ); c =  specific heat, B .t.u . p e r 
lb. and  deg. F . ; and R e =  Reynolds 
num ber, dimensionless.

To ad a p t this equation  to  slide 
ru le  use, it  is modified as com­
pletely  as possible to 1 =  (0.0225 
R e° 'V ''ij°'‘k ° ’) / h p  which, w ritten  in  
logarithm ic form  becomes:

log 0.0225 +  0.6 log k — log D +  0.4 
log m +  0.4 log c +  0.8 log Re — 
log h =  0 (6)

This la s t equation is in the form  of 
E quation  (2 ) , so a  double slide ru le  
is indicated.

L im its eliosen fo r  the variables 
a re : 0 .15> fc> 0 .05 , 242 > / i >  2.42,
100,000 >  R e >  3,000, 0.5055 >  D
>  0.0874 (S td . p ip e  sizes), 1.5 >  c
>  0.2 and  3,000 >  h >  100.

U sing a  functional m odulus o f 9,
obtained by the inspection  method 
shown in E xam ple I , L k =  2.6 in., 
L d ~  6.9 in., L p  — 7.2 in., L e =  
3.2 in., Ln, =  11.0 in. and L h =  
13.3 in.

Seales fo r k , D, p., R e and h in ­
crease to the rig h t, th a t fo r  c in -' 
creases to the left.

By calcu lating  values of a in term s 
of eentipoises, the scale fo r  p. was 
g rad u a ted  to read  d irectly  in  centi- 
poises by a m ethod analogous to  th a t 
employed in  lay ing  out the D scale 
in E xam ple I . The D scale in  this

case was g radua ted  to read  directly  
in  inches nom inal diam eter, although 
laid  ou t as fee t actual d iam eter by a 
sim ilar method.

The scales w ere located on the ru le  
w ith reference to one ano ther by 
calcu lating  ou t one specific case as 
w as done in  the previous exam ple.

The ru le  shown in  F ig . 3 differs 
from  the one of F ig . 2 only in  the 
exponent of the P ra d t l  num ber in  
the equation on which it  is based. In  
the case of F ig . 3, this exponent is
0.3.

E xam ple  I I I — R ule w ith m iddle 
su p p o rt (F ig . 4 ) . This ru le  illus­
tra te s  the use o f an index line and 
un iform  scales. The pu rpose  of the 
m iddle fixed scale is to accom plish a 
tra n sfe r o f the value o f the function  
which i t  rep resen ts  from  one side 
of the ru le  to the o ther. T hus i t  is, 
in  effect, two re la ted  single slide 
ru les on a fixed base. The middle- 
su p p o r t ru le can solve two equations 
sim ultaneously, or m ay be used to 
solve a single equation  o f m ore v a ri­
ables than  can be handled conveni­
en tly  on o ther types by the in troduc­
tion of an  aux ilia ry  variable. In tro ­
duction o f an  au x ilia ry  variab le  is 
used in  th is illu stra tion . The scale 
fo r  this aux ilia ry  variab le  is alw ays 
graduated , bu t is no t usually  cali­
brated.

The equation qr — h r A  ( T , — T r) 
is solved by the ru le  illu s tra ted  in  
F ig . 4, w here g r — h ea t lost, B .t.u. 
p e r  hr. and  linear f t .  o f p ip e ; h r =  
coefficient o f ra d ia n t heat tran sfe r , 
B .t.u. p e r  hr., sq. f t .  and  deg. F . ;  
A  — ex ternal area, sq. f t .  p e r  f t . 
length o f p ip e ; T , — su rface  tem ­

92—S A V G U S T  1942 •  CHEMICAL & METALLURGICAL ENGINEERING



p e ra tu re  of p ipe , deg. F . ;  and. Xr =  
tem pera tu re  of the room , deg. F . 
The aux ilia ry  variab le  k  is in tro ­
duced to m ake the equation  suitable 
fo r  slide ru le  use and  the equation 
then becomes q r/ h rA  =  T , — T r =  k. 
Or,

log q, — log h, — log A  = log k  (7 a) 
T , — T r — k (7 b)

E quations (7a) and  (76) a re  o f the 
form  o f E quation  (3 ) , which shows 
th a t the orig inal equation can be re p ­
resented by a  m iddle su p p o rt ru le.

C onsidering (7 a )  and  (7b) sep ­
a ra te ly , individual single slide ru les 
a re  now p lo tted  on the low er and  
u p p e r  po rtion  of the rule. The 
scales fo r k  on both the low er and  
u p p e r  p a rts  o f the ru le  should be 
m ade to increase in  the same direc­
tion.

The same functional m oduli need 
no t be used on both the u p p e r  and  
low er halves o f the ru le. A s shown, 
a m odulus o f 1 /30  is used fo r  the 
u p p e r  h a lf  o f the ru le and  a  m odulus 
o f 5 fo r  the low er half. The index 
p o in t is located by m eans of a calcu­
lation  so th a t i t  reads correct values 
on the u p p e r  k  scale when set on 
values o f T ,  and  T „

Lines a re  now  draw n connecting 
equal values o f k  on the u p p e r  and 
low er k  scales.

The opera tion  of the ru le  is as fo l­
low s: Set values o f  T r opposite  the 
co rresponding  values o f T ,.  Set h r 
opposite  the value on the low er k  
scale indicated  by the index p o in t 
on the u p p e r  k  scale. (T he lines 
connecting the two k  scales a re  to 
assist in this step .) O pposite  the 
value of I)  read  the corresponding 
value of q r. In  the ru le  shown in 
F ig . 4, the variab le  A  does n o t a p ­
p e a r  but, since it  is a  function  o f D, 
the value o f D  is used, thus elim inat­
ing  the necessity o f calculating  A  
fo r  any  given D.

The above exam ples serve to show 
the general app licab ility  o f special 
slide rules to  chemical engineering  
problem s. The m ethod of construc­
tion  is sim ple and  direct. A ny poin ts 
in  the above discussion th a t a re  no t 
im m ediately clear m ay be m ost re a d ­
ily  cleared up  by p e rfo rm ing  the 
opera tions necessary to  construct a 
sim ple rule. M ore elaborate  tre a t­
m ent o f  some o f the m inor po in ts

Fig . 5— Cross section  su g g e stin g  m ethod 
ol ru le  construction

m ay be obtained in  some of the 
treatises on the sub ject1'3. A  little  
p rac tice  should enable anyone w ith 
eng ineering tra in in g  to construct 
ru les fo r  m any of the m ore common 
form ulas whose solutions a re  re ­
peated ly  required . The au tho r has 
found  the rules illu stra ted  very  con­
venient in  rap id ly  checking the w ork 
o f  students, and  in  certain  sim ple 
design problem s. Such a ru le need 
be used only a few  times to rep ay  
fu lly  the sm all am ount o f labor nec­
essary  to construct it. In  times such 
as the p resen t when calculations 
m ust frequen tly  be p u t in  the hands 
o f young  o r  unskilled w orkers, the 
freedom  from  e rro r  accom panying 
the use o f these sim ple rules in  such 
problem s as acid m ixing should prove 
m ost definitely the ir value.

P rep a red  slide ru le  blanks on which 
to p aste  the scales la id  ou t according 
to  the above directions a re  available*, 
bu t su itable blanks m ay be made 
from  cardboard , h a rd  ru bber o r 
o ther m ateria l a t hand. C ardboard,

CHRONIC POISONING

( C o n tin u ed  fr o m  pa g e  81)

W e have, therefore, in  reg ard  to 
chronic poisoning hazards the fo l­
low ing difficulties:
(1.) Hazards are difficult to detect ex­

cept by chemical or physical means.
(2) Effects of the poisoning are spread 

out over a long period of tim e and the 
results not noticed until the condi­
tion is far advanced.

(3) There is a very great difference in  
susceptibility, so that experience 
w ith  an exposure over a long period 
of tim e is no indication that a new 
man m ight not die after a very short 
exposure to the same material.
The control o f hazards o f this 

chronic type  can generally  be accom­
plished in  the follow ing m a n n e r :
(1) Existence and seriousness of the 

hazard can be determined by chemical 
or physical tests. When the amount 
of a given material in the air and 
the number of hours per day that 
men are exposed to th is material are 
known, it  is then possible to state  
whether or not the danger of chronic 
poisoning exists.

(2) N ext step i s ,  the substitution  
whenever possible of a non-hazard- 
ous m aterial for, the poisonous one.

(3) Exposure should be lim ited to as 
few operators as possible.

(4 ) Operations should be isolated as 
far as possible to protect employees 
not actually working on the job.

(5) Exposure can be minimized by ro­
ta tin g  employees on the hazardous 
job.

sheet resin  or wood w ork out well 
when glued as shown in  F ig . 5.

The au tho r wishes to express his 
g ra titu d e  to P ro fesso rs J .  N. A rnold  
and  C. L. Lovell o f P u rd u e  U ni­
versity  fo r  the ir in terest and  sugges­
tions d u ring  the p rep a ra tio n  o f  this 
m anuscrip t.
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(0) Men can he protected by use of 
ventilation and personal safety  
equipment, such as respirators and 
gas masks.
In  regard  to ventila tion , i t  is im ­

p o r ta n t to  p rev en t the fum es or dusts 
from  ever ge tting  in to  the air. One 
w ay tow ard  accom plishing th is is to 
ventila te  by m eans of local exhaust 
hoods which rem ove the ha rm fu l m a­
terial a t  the p o in t o f generation . This 
is much m ore economical than  a t­
tem pting  to ven tila te  large w orking 
areas.

EXPERT ADVICE

W hen problem s o f chronic poison­
ing  arise, it  is very desirable to con­
tac t au tho rities who have know ledge 
reg ard in g  these hazards. The S ta te  
D epartm en t o f In d u s tria l H ygiene, 
o r in  some sta tes the S ta te  L abor D e­
pa rtm en t, the N ational S a fe ty  C oun­
cil o r rep resen ta tives o f insurance 
com panies all have considerable in ­
fo rm ation  reg ard in g  toxic lim its and  
the control o f toxic hazards. These 
agencies are  alw ays g lad to  cooperate 
in  an y  w ay tow ard  fu rn ish in g  in fo r­
m ation or m aking studies. Such in ­
fo rm ation  and  services are  available 
w ithout charge to p rac tica lly  any  in ­
d ustria l p lan t.

I t  is hoped th a t th is in troduc to ry  
artic le  po in ts ou t in  a ' general w ay 
the problem s encountered in  indus­
tr ia l poisoning and  hazards. Special 
problem s o f various chemicals or 
processes w ill be discussed in  fu tu re  
installm ents to a p p e a r  in  this m aga­
zine d u ring  the nex t th ree m onths.
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Operating V ariables Charted by 
Electrical Recorders

REGINALD TRAUTSCHOLD C onsulting E ngineer, P assaic , N . J.

■■ ' .......... .................-  C hem . & M e t.  I N T E R P R E T A T I O N  '

Records of current load  or voltage on electrical eguipm ent serving  
process applications often supply reliable information on the progress 
of an operation or reaction, on dow n time or faulty functioning of 
eguipm ent w hich cannot be recorded a s  sim ply or conveniently by  
other m eans. The author h as studied severa l such applications for 
standard electrical recorders and h as found that excellent, m oney  
saving results can be ach ieved  in this sim ple fashion, for exam ple, 
in the case  of evaporators, crystallizers, sintering m achines and con­
veyors.— Editors.

M e a s u r i n g  o p era ting  variables 
electrically  is in  m any in ­

stances a m ost effective and  decidedly 
inexpensive w ay  o f  ascerta in ing  c ri­
tical contro lling  conditions, in  indus­
tr ia l m an u fac tu ring  and  processing 
undertak ings. A  few  quite typ ica l 
cases will serve to dem onstrate  this 
fac t— ju s t liow im p o rtan t a role 
s tan d ard  recording am m eters and  
voltm eters p lav  now adays in  keeping 
down opera ting  expenses and  in  su p ­
p ly ing  th a t indispensable guidance 
essential fo r close o p era ting  control 
in  comm ercial p roduction  activities.

Sugar— A t The A m algam ated 
S ugar Co. refinery, Nyssa, Oregon, 
stan d ard  B risto l record ing  am m eters 
a re  inserted  in  the circuits o f the 
m otors d riv ing  crystallizers and  the 
instrum en t postings sup p ly  the in ­
form ation  needed in  contro lling  the 
sa tu ra tion  of the fillmass. The fill- 
m ass in the crystallizers cools and  
becomes m ore highly sa tu ra te d  as the 
process advances, causing the load on 
the m otor to rise and  the am perage 
consum ption to increase. Conse­
quently , the g rap h s  traced by the 
record ing  instrum ents, o f which F ig , 
1 is an  exam ple, give ir re fu tab le  evi­
dence of the w orking quality  o f the 
fillmass and when the process should 
be stopped. The m easure is, quite ob­
viously, one of a tta inm en t ra th e r 
than  o f  the influencing conditions—  
tem peratu res, m achine speed and 
charge p ro p o rtio n s— th a t govern the 
opera tion  o f the crystallizer, so the

single m easure supp lies the quality  
gage by which the best influencing 
conditions a re  em pirically  established.

P yrites— A  som ewhat sim ilar r e ­
cording am m eter app lica tion  a t  the 
p la n t o f The P y rite s  Co., Inc., W il­
m ington, Del., serves the exhauster 
m otor o f a s in te ring  m achine and  
proves a h igh ly  effective and  depend­
able detector o f opera ting  defects. 
The g ra p h  charted  by the instrum ent 
placed in  the fa n  m otor c ircu it (F ig s. 
2a and  2b) provides- a continuous rec­
o rd  o f the load on the exhauster and  
of the condition o f the sin te rin g  bed 
— fu rn ish in g  conclusive p ro o f o f the 
efficiency w ith which the s in tering  
process o f ore reduction  is consum ­
mated.

DETECTING TROUBLE

The general characteristics o f these 
load g raphs, the ir form , likewise 
bring  to ligh t machine difficulties and 
defects th a t im pose w aste burdens 
and  undu ly  elevate opera tin g  ex­
penses. In  the ch a rt o f F ig . 2a the 
load g rap h , while fa ir ly  sym m etrical 
concentrically  (and  hence indicative 
of un ifo rm ity  in  -average, o r m ean, 
pow er dem and) is decidedly “saw- 
toothed” in  outline. Pronounced 
peaks and  valleys a p p e a r  a t  su b stan ­
tia lly  reg u la r in tervals. These v a ri­
ances in  cu rren t requirem ents are  
evidences o f m achine defects, which 
in  th is p a rt ic u la r  case w ere found to 
be occasioned by bad g ra te  bars and 
w earing  strip s . A  correction o f these

fau lts  was m ade and  the load  g rap h  
a t  once took the form  shown on the 
second o f the charts, F ig . 2b.

A ll fluctuations in pow er consum p­
tion w ere no t elim inated, i t  is true, 
bu t the sw ing was reduced from  one 
o f substan tia lly  10 p e r cent p lus o r 
m inus to one of not m ore than  a  fifth 
as much, p lus or minus. T his 80 per 
cent im provem ent b rings about in 
effect a like o r even g rea te r reduc­
tion  in  the w ear and  tear on the drive 
m otor. Com m enting on th is gain , The 
P y rite s  Co. s ta te d : “A ny th ing  th a t 
gives us m ore un ifo rm  operation  in ­
creases the n e t re tu rn  fo r the same 
fixed expend itu re .”

P u lp — Q uite a num ber of sim ilar 
s tan d ard  record ing  am m eters a re  em­
ployed by  one of the large p u lp  and 
p a p e r  m ills where they a re  used fo r 
reco rd ing  the load on disk evap o ra to r 
m otors. I n  the w ords o f the chief 
chem ist o f th is o rg an iza tio n : “By re ­
cording the load on these m otors we 
have a good ind ication  o f the streng th  
of the liquor in the evapora to rs as 
well as a  good record  of the m echan­
ical condition of the evaporators. W e 
find th a t th is record  is very  helpful 
to the opera to rs  as well as a good 
pro tec tion  fo r the m otors.”

F lour— G reater un ifo rm ity  of
p roduc t w ith less o p era ting  expense 
is also repo rted  by the W estern  M ill­
ing  Co. o f P endleton , Oregon. A  re ­
cording am m eter m ain tains a contin ­
uous g rap h  of the load carried  by the 
60-lip. m otor on the head of the es­
tab lishm ent’s m illing un it. This 
posted record  serves as the guide by 
which the opera to rs  keep the ir mill 
ad ju stm en ts a t  un ifo rm  extraction  
settings. N ecessary control o f the 
flour’s m oisture conten t is also re ­
liably  indicated  by the postings of 
the recorder, fo r  as the m oisture con­
ten t rises so also does the pow er con­
sum ption.

Coal W ashing— A t the w ashery of 
the R aym ond C ity Coal & T ran sp o r­
tation  Corp., C incinnati, the load on 
a  flight conveyor d rive is m easured 
and  posted  by a record ing  am m eter, 
which provides a  definite check on 
the w asher service, including the
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Fig. 1— S u g ar crystalliz- 
e r  lo ad  record  show s 
p ro g ress of c ry sta lliza ­

tion

Fig. 3— A m m eter records 
a ssis t this mill to secu re  
a  uniform  p roduct a t 

lo w er cost

.C h a r t Chart

Fig. 2 a— F luctuations in 
sin tering  p la n t lo ad  w ere  
traced  to fau lty  eq u ip ­

m ent

C h a rt

Fig. 2b— A fter re p a irs  
sin tering  p la n t lo ad  b e ­
cam e m uch m ore u n i­

form

Fig. 4— R ecording am ­
m eter se rv es  a s  a u to ­
m atic  time k eep e r a t coal 

w a sh e ry

F ig . 5— V oltage fluc tua­
tions show  m ine con­
vey o r d e la y s ; note a r ­
row s identify ing  d e lay  

cau ses

H O C

Charte courtesy The B risto l Co.
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du ra tio n  of and accurate  tim ing of 
w asher operation . The charted  
g rap h s show the am ounts o f  lost tim e 
and , consequently, have been respon­
sible fo r  corrections in  details o f 
p la n t operation . The charts have also 
accurately  established the various 
capacities o f the p lan t.

A  chart o f this recorder is, in fac t, 
quite an  illum inating  record. N ot 
only is the load on the w asher’s con­
veyor posted continuously, posted as 
and  exactly when i t  occurs, bu t when 
both the conveyor and w asher are  in 
service the g rap h  traced is recorded 
on the ou ter rin g  as a  heavy inked 
line, as in  F ig . 4. W hen the conveyor 
is ru n n in g  b u t no t the w asher, the

g rap h  traced on the inner rin g  is 
heavily inked. A  fine inked line is 
an  indication  th a t the p la n t is shu t 
down.

M ine Conveyors— R ecording volt­
m eters, ra th e r  than  am m eters, are 
em ployed in  the mines of o ther coal 
com panies p rim arily  to p o st mine de­
lays and incidentally  to record m ine 
voltage. The instrum en t is connected 
in the feed line to a cen trally  located, 
underground , loading conveyor over 
which all the mined coal passes. 
W hen the conveyor is no t in service 
there is, na tu ra lly , no voltage to re ­
cord, bu t each tim e the conveyor is 
p u t in use the fac t is recorded on the 
in strum en t chart by a  sh a rp ly  ra d i­

a tin g  load line. O wing to the neces­
sa rily  freq u en t and  sudden s ta r ts  and 
stops o f the conveyor, as well as to 
variances in  load, a veritable sun ­
bu rst o f ray s traced by the sw ing of 
the record ing  pen is form ed, breaks 
in which, as indicated by the direc­
tional arrow s shown about the c ir­
cum ference o f the typ ica l ch a rt illus­
tra ted  in F ig . 5, a re  signs o f m ine de­
lays, which are  often  m arked in  key 
colors to reg is te r the cause or reason 
fo r  the in te rrup tions .

Thus, by the exercise of a little  in ­
genu ity  and  wise p lann ing  much can 
be accom plished through the use o f 
electrical recorders, w ith substan tia l 
savings realized and tim e conserved.



A Plan for Industrial 
Good Housekeeping
FELIX N. WILLIAMS
Production M anager, P hosphate  D ivision, M onsanto C hem ical Co.

, C h e m . & M e t.  I N T E R P R E T A T I O N  ------ -

Inter-plant good-housekeeping competition is the M onsanto C o /s  
method of promoting clean liness in its num erous plants. An annual 
aw ard is  m ade to two having the best records. Improvement of 
clean liness and orderliness is a  m eans, not an end in itself. Improved  
safety  records, em ployee m orale and increased production are the 
result of such cam paigns. The schem e outlined here might even  be  
applied  on an inter-departmental basis in sm all plants— Editors.

Good h o u s e k e e p i n g  in  au  indus­
tr ia l p la n t need no t be justified 

as an  end in  itself. I t  is, on the o ther 
hand, a  p rac tica l m eans to h igher 
p roduction , low er accident ra te s  and  
im proved employee a ttitude . These 
fac ts  a re  o f p a r tic u la r  significance 
now when m anagem ent is u nder tre ­
mendous p ressu re  fo r  increased p ro ­
duction and  the need fo r  good house­
keeping  is a p t to  be overlooked in  the 
p ress o f  m ore u rg en t problem s. 
N eglect o f th is problem  now would 
w ork  tow ard  the defea t o f the ends 
being pursued  so strenuously.

F o r  a num ber o f years  M onsanto 
Chemical Co. has had  in  effect a  p lan  
to encourage good housekeeping by 
stim ula ting  com petition am ong the 
C om pany’s domestic p lan ts . The com­
petition  is on a  y ea r round  basis bu t 
ra tin g s a re  obtained by annua l in ­
spection visits. The p lan ts  are  classi­
fied in to  two groups according to size 
in  o rder to  equalize conditions am ong 
them and  to avoid p lac ing  a p la n t 
em ploying 1,000 men in  d irect com-

Last y e a r  the M onsanto  p e n n an t io r good 
housek eep in g  w a s  a w a rd e d  to the  Sha- 
w in ig an  p lan t. A lter p resen ta tio n , it w a s  

ra ise d  b y  tw o v e te ran  em ployees

petition  w ith  one em ploying 150 men.
The annual inspection is carried  

ou t by two boards, one fo r  each p la n t 
group . E ach  board  consists o f a  gen­
eral staff executive as chairm an, a t 
least one p la n t o p era ting  m an of 
p la n t m anager o r ass istan t p la n t 
m anager ran k  and  a t least one m an 
from  a divisional personnel, engi­
neering  o r research  departm en t. A t 
least one m an  on each com m ittee is 
draw n from  the board  of the previous 
year. The inspection  visits a re  m ade 
a t  a  tim e no t announced previously  
and  the o rder in which they  a re  to 
v isit the p lan ts  is n o t revealed.

The inspections carried  ou t by the 
com m ittees a re  detailed  and  thorough. 
E very  d epartm en t and  every build­
ing  in every p la n t is seen and  ex­
am ined by the en tire  comm ittee. S ix  
po in ts a re  scored :

1. Good housekeeping which deals 
w ith cleanliness, neatness and  
orderliness o f buildings, lab o ra­
tories, first-aid  or m edical rooms, 
and  grounds.

2. S an ita tion  and  personnel serv­
ices including locker facilities, 
ea ting  and  d rink ing  w ater fac il­
ities, to ilet and  w ashing fac ili­
ties.

3. M aintenance of buildings.
4. M aintenance o f equipm ent.
5. C ontrol o f obnoxious o r  tedious 

w orking conditions.
6. Personnel, w ith p a rticu la r re f ­

erence to ap p ea ran ce  and 
am ount and  conditions o f un i­
fo rm  clothing.

Each ' com m ittee m em ber is su p ­
plied w ith a  sheet on which he re ­
cords h is detailed scores. E ach o f six 
genera l heads is w eighted, 200 po in ts 
to good housekeeping, 120 to  san i­
ta tion  and  personnel services, 120 to 
m aintenance of buildings, 320 to

m aintenance of equipm ent, 100 to 
control o f w orking conditions and 
140 to personnel, m ak ing  a  m axim um  
score of 1,000 fo r each p lan t. E ach 
of these general headings is broken 
down in to  a num ber o f subheads 
which a re  assigned w eights in  accord­
ance w ith the ir im portance.

The scoring is based on those fac ­
to rs which a re  controllable by local 
m anagem ent and  on the condition and 
use o f available equipm ent. Also 
taken  in to  consideration  is the n a tu re  
o f  the p roducts produced or handled, 
since i t  is easier to keep a p h a rm a­
ceuticals p la n t clean, fo r instance, 
than  m aking  lam pblack.

The com m ittee m em bers m ake out 
th e ir score sheets and  tu rn  them  in 
to the com m ittee secre tary  im m edi­
ately  a f te r  each p la n t visit. These are  
neither revealed n o r discussed by 
the com m ittee as a  whole un til the 
final general review. One com m ittee 
m em ber does n o t know how the o ther 
m em bers scored each p la n t no r does 
he know  the re la tive  ra tin g s  o f the 
p lan ts  un til the tou r is com pleted. A t 
the end of the tr ip  a general review  
is held by each com m ittee and the 
score o f each p la n t is averaged ' to 
g ive a p la n t score. F ro m  these scores 
the w inning p la n t in  each g roup  is 
chosen.

A  num ber o f steps a re  taken  to 
give recognition to  the w inning p lan t. 
F ea tu re  stories a re  carried  in  the em­
ployee house organ , and  m ention is 
m ade in the general house m agazine. 
A  s ta r  p en n an t is aw arded  each w in­
n ing p la n t and  flown from  its  staff. 
E ach em ployee o f a  w inning p la n t 
receives a  w orthw hile souvenir fo r  his 
accom plishm ent such as a  w allet and  
key set o r inscribed pen and  pencil. 
These a re  p resen ted  a t  genera l em­
ployee m eetings a t  w hich the p resen­
ta tions a re  m ade by  a ran k in g  execu­
tive officer.

The w ork o f the inspection com m it­
tee does no t end w ith the choosing o f 
the w inning p lan t. A  detailed and 
com prehensive re p o r t is tu rned  in  to 
the executive com m ittee o f the com­
p an y  giv ing specific reasons fo r  all 
po in t deductions. These rep o rts  take 
the fo rm  o f criticism s, recom m enda­
tions fo r  local m anagem ent and  gen­
eral recom m endations. The rep o rts  
a re  fo rw arded  to local m anagem ent 
and  fo rm  a p la n  fo r  im provem ent. 
The follow ing y ear the re p o r t serves 
as a  basis fo r  com parison fo r the 
nex t inspection  committee.

The p lan  has been definitely suc­
cessful in  ra is in g  th e  level o f good 
housekeeping th roughout the M on­
san to  Co.’s p lan ts . E very  y ear brings 
consistent im provem ent.
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c HEM & Mfy

Fire Protection Methods 
For Process Plants

TO EXECUTIVES AND ENGINEERS IN PROCESS INDUSTRY PLANTS

N ow  that the war materials plants of the United States are largely  

built, and it is raw materials and shipping facilities that are becom ing  

the bottlenecks, conservation of production facilities and the raw  

m aterials stored and ready for use em erges as a  matter of vital n e­

cessity. If the hazards of enem y action still seem  remote within the 

continental borders of the country, nevertheless, there is a much older 

and more subtle enem y — fire— which is never remote. Times of stress 

only increase its avidity and redoubled vigilance is required as the 

price of fire-safety. On this account, Chem & Met  takes this oppor­

tunity to remind its readers of the ever-present hazard, not so much 

from bom bs and saboteurs, as from normal fire causes, accelerated  

by the pace of the times. In the report which follows w e attempt to 

high-spot the best in protection methods, to outline procedure in 

organizing and training a plant fire brigade, and to show  interested  

engineers where further information can be had.

A



Fire Protection M ethods 
For Process Plants

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

So m uch h as been  published in recent months on the sp ecia l fire 
hazards of war-time that it seem s possib le that the ordinary p eace­
time fire hazards of the chem ical process industries m ay not be  
receiving quite the attention that they deserve. On that account 
this report h a s been  prepared, both to d iscuss the normal hazards, 
and to show  how  fires m a y  be fought. In addition, the report goes  
briefly into the organization and training of the plant fire brigade, 
and into sources of information on industrial fire hazards, fire pre­
vention and protection. h

Several agen cies, notably the N ational Fire Protection A ssociation  
and the Factory Mutual Fire Insurance Cos. Inspection Department, 
h ave cooperated with the editors in supplying the most recently  
ava ilab le  information. Other agen cies a lso , a s  noted herein, are 
ava ilab le  for advice and assistance to the end that industrial fire 
lo sses  be m inim ized in these critical d ays w hen every pound of pro­
duction is v ita lly  needed , and every building and piece of equipment 
lost m ay be difficult if not im possible to replace.

F ih k  PREVENTION, the goal of all who 
arc concerned with the avoidance 
of losses of life and property through 

fires, can rarely be completely achieved 
in  industry, no matter how closely it 
m ay be approached through exercise of 
eternal vigilance, and the use of every 
possible precaution. Engineers in every 
process industry are thoroughly fam il­
iar w ith numerous fire prevention 
methods applying to their ordinary as 
well as their special hazards. Many 
thousands of dollars are spent an­
nually on fire prevention. Nevertheless, 
fires still occur and w ill doubtless con­
tinue to occur, so long as human fa il­
ure and improper functioning of me­
chanical contrivances are possible. Fire 
prevention alone is not enough. W ith  
the best in prevention m ust go the 
best in protection. To the latter aim  
th is report is dedicated.

A fact of great importance in con­
sidering the lire hazards of chemical 
process industries is that, more fre­
quently than not, fire arises in m ost of 
these industries from ordinary rather 
than from special hazards, since the 
latter are more feared, and therefore 
more carefully guarded against. Partly  
for th is reason but also because spe- 

j cial hazard fires hi the m ajority of 
. cases will respond satisfactorily  to the 

same procedures if  they are properly 
chosen and used, the principal em­
phasis of what follows will be given to

the ordinary extinguishm ent methods 
which are in best repute today.

Unfortunately, space is lacking for 
an adequate discussion of the hazards 
peculiar to the various industries of 
the process group. Considerable infor­
mation can be found iu the literature, 
although much of it  has been written  
from the standpoint of the insurance 
inspector rather than that of the chem­
ical engineer or industrialist. (See 
Table II  011 information sources.) In 
lieu of sucli a detailed discussion, 
Table I is presented, which is a con­
densation of a much more extensive 
tabulation prepared by the Factory  
M utual Inspection Dept. Somewhat 
sim ilar tabulations (one in the same, 
and one in much greater detail 011 
fewer m aterials) can be found in the 
Crosby-Fiske-Forster Handbook of Fire 
Protection (see Table I I ) .

EXTINGUISHMENT MATERIALS

Only a relatively few m aterials are 
used for fire extinguishm ent, but there 
are ninny ways of applying them. 
W ater is by far the most important 
agent, and is said to be effective in 
So percent of all fires. I t  may be used 
alone, either as a  solid stream or as a 
coarse or a fine spray, all of which have 
different fire extinguishing properties. 
I t  m ay be mixed w ith foam ing in­
gredients to produce a fire-smothering 
blanket, or it  may have chemicals

added to produce a stream -expelling  
reaction, to yield enhanced extinguish­
ing properties, or to prevent freezing 
in  cold weather. As a solid stream  or 
coarse spray it  is effective on fires in 
ordinary combustibles where the cool­
ing and quenching effects are chiefly 
required. As a fine spray it is effective 
on electrical fires (since iu th is form 
i t  is non-conducting), and on some 
flammable liquids w ith which i t  is 
immiscible.

I 11 addition to water, the other ex­
tinguishing media used in any con­
siderable quantity include carbon di­
oxide, carbon tetrachloride and a dry 
powder based largely 011 sodium bicar­
bonate. Steam is occasionally used, 
and magnesium fire hazards have re­
cently made a place for new extinguish­
ing solids including a proprietary 
power based on graphite, a special 
granular pitch, and granular feldspar. 
To some extent a number of the older 
solid extinguishing m aterials are still 
used, including sand, soda, salt, saw­
dust and talc.

HAND EXTINGUISHERS

Fire-fighting methods may be classi­
fied under the headings of (1 ) first-aid 
equipment; (2) permanently piped 
system s; and (3 ) large-scale portable 
equipment. This la st class is the type 
employed by the regular fire company 
and is in rea lity  a subdivision of Class
(2) in that the fire-fighting medium  
is generally obtained from a per­
manently piped source of supply.

F irst-aid extinguishers are credited 
with the control of well over half of all 
fires. They are obtainable employing 
all of the types of extinguishing media 
previously mentioned. Among the 
sim plest types are water buckets, 
bucket tanks and sand buckets. The 
standard bucket for fire use holds 12 
qt. and is provided w ith a loose-fitting 
cover to prevent evaporation. If there 
is danger of freezing, a calcium  
chloride solution of the desired freezing 
point can be employed instead of water.

Probably more effective than the 
ordinary water bucket is the bucket 
tank or barrel which holds from 25 to 
50 gal. A common arrangement is  to  
nest six  pails inside the tank. One type 
of pail lias a eounterweiglitcd handle 
designed to rise into liftin g  position  
when the next higher pail is  removed 
w ith its filling of water. Bucket tanks 
are generally equipped w ith a tight- 
fitting cover and rubber gasket.

P um p T anks— A pump tank is a 
cylindrical vessel, closed at the top and 
built in 2 i  and 5 gal. sizes. The tank 
is equipped w ith a carrying handle and 
a pump w ith  a length of hose, capable 
of throwing a stream 35-40 ft. I f  de­
sired, a non-freezing calcium chloride 
solution can be used. This equipment 
is suitable for fires in ordinary combus­
tibles and is particularly useful for ex­
tinguishing fires overhead which would 
be difficult to reach w ith a fire bucket.

Soda-Acid E xtin g u ish ers— The soda- 
acid extinguisher is the most commonly
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employed type. I t  is built in sizes 
ranging from 1} to 2  ̂ gal. and consists 
of a vertical cylindrical pressure tank 
containing a charge of dilute sodium 
bicarbonate solution (11 lb. in 2$ gal.) 
and a suspended bottle holding 00 deg. 
Be. sulphuric acid (4 il. oz. per 21-gal. 
extinguisher). When the extinguisher  
is inve'rted, the acid m ixes w ith the bi­
carbonate solution, producing a pres­
sure of carbon dioxide gas, which is 
capable of discharging the contents of 
the extinguisher over a distance of 
30-40 ft. for a period of about 1 m in­
ute. This type is also supplied in a 
wheeled model for industrial use, hav­
ing a capacity of 20 or 40 gal., and 
throwing a stream 45-00 ft. for 3-5  
m inutes. Soda-acid extinguishers are 
used for fires in ordinary combustible 
m aterials but are unsuitable for flam­
mable liquids and electrical equipment.

Gas C artridge E x tin g u ish er— One
type of extinguisher which has been 
used in recent years in the 2J gal. size 
is sim ilar in appearance to the soda- 
acid extinguisher but uses plain water 
or calcium chloride anti-freeze solution  
as the filling and is provided with a 
cartridge of compressed carbon dioxide 
gas which supplies the necessary pres­
sure for expelling the liquid. The ex­
tinguisher is operated by striking the  
top against the floor, causing a pin to 
puncture a seal in the cartridge and 
thus release the carbon dioxide. Per­
formance and use are substantially  
sim ilar to the soda-acid type.

N on-Freezing E xtin g u ish ers—-As a l­
ready noted, both the pump tank and 
the carbon-dioxide-powered water ex­
tinguisher can be provided w ith anti­
freeze solutions. Another type of 
anti-freeze extinguisher has a bottle  
of sulphuric acid and a special potas­
sium carbonate solution in  a sm all 
inner container. The extinguisher  
proper is filled w ith calcium chloride 
solution. When the extinguisher is  
inverted, m ixture of the acid w ith the 
carbonate solution forms sufficient car­
bon dioxide pressure to expel the 
calcium chloride solution. The acid 
in th is extinguisher is protected by 
sealing w ith a layer of non-volatile  
liquid to prevent absorption of water 
vapor and raising of the freezing point.

Ijoacled S tream  E xtin g u ish er—This 
is a type of anti-freeze extinguisher  
made in 1-21 gal. sizes, containing a 
special solution of alkali m etal salts, 
the propelling pressure being provided 
either by a carbon dioxide cartridge  
or by a chemical reaction. These salts  
exert a special extinguishing action. 
On Class A fires they extinguish the  
flame rather suddenly and produce a 
fireproofing effect. On Class B fires, 
w ithout blanketing the fire, they never­
theless produce a chemical action, tend­
ing to inhibit oxidation.

Foam  E xtin g u ish ers  —  Hand-type 
foam extinguishers come in 1J or 21 
gal. sizes and are sim ilar in appear­
ance to the soda-acid type. Larger 
portable foam extinguishers are made 
in 10, 20 and 40 gal. sizes. In all

of these the main tank holds a solu­
tion of sodium bicarbonate to which  
a foam ing agent has been added. A 
secondary tank mounted inside the first 
is a long metal tube containing a  solu­
tion of aluminum sulphate. When the 
extinguisher is inverted, the reaction  
between the aluminum sulphate and 
the bicarbonate solution produces car­
bon dioxide gas, which under the influ­
ence of the foaming agent, produces a 
foam having about 71 to 81 times the 
volume of the original solution. The 
pressure of the gas projects the foam 
from the hose a distance of about 
35-45 ft. for the 21 gal. extinguisher.

Foam forms a blanket which floats 
on the surface of m ost liquids, per­
sisting  for some time and thus prevent­
ing re-ignition of the fire. Ordinary 
foam, however, is relatively ineffective 
on fires in liquids such as alcohols, 
acetone, butyl and amyl acetates. 
These liquids are partly or completely 
soluble in water and apparently tend 
Vo cause partial or complete d isin te­
gration of the foam. Several manu­
facturers now supply special foam 
producing chemicals especially for such 
hazards. These chemicals are, how­
ever, approved only for use iii the so- 
called single-powder generators re­
ferred to below, and not for first-aid 
equipment.

loam  is a good conductor of elec­
tricity and m ust not be used on live 
electrical apparatus. I t  is not as well 
suited to fires in ordinary combustible 
m aterials as water extinguishers. Foam  
solutions are not freeze-proof and 
therefore should not be exposed to 
l reezing temperatures.

Carbon Dioxide —  Portable carbon 
dioxide extinguishers are made in nine 
sizes ranging from 2 to 100 lb. of 
CO.. capacity. These are all of the high 
pressure type in which the carbon 
dioxide is stored as a liquid at a 
pressure of about 850 lb. per sq. in. 
at normal temperature. Tauk-truck 
type carbon dioxide equipment is also 
available in much larger capacities (3 
tons) w ith the liquid CO, maintained  
at a temperature of about 0 deg. F. 
by means of refrigeration and a t a

pressure of about 300 lb. The latter  
type is used in  the fighting of airport 
and certain industrial fires.

The ordinary portable C03 extin­
guisher consists of an I.C.C. approved 
steel cylinder fitted w ith a quick- 
opening valve and a length of high  
pressure flexible hose term inating in 
a specially designed discharge assem ­
bly and conical fiber horn to provide 
for proper expansion of the gas. In 
the 2-lb. type, a swivel tube, is pro­
vided instead of a flexible hose. These 
units discharge a combination of car­
bon dioxide gas and snow, having an 
effective range of from 2 to 8 ft, and 
a continuous discharge of from 15 to 
110 sec. depending upon the size of 
the extinguisher. Most extinguishers 
of recent design can be discharged in ­
term ittently. This method of ex­
tinguishm ent operates by blanketing  
the lire with a heavy inert gas, thus 
depriving it  of the oxygen required for 
combustion. In addition, a small 
amount of cooling is accomplished, 
since the snow is a t a temperature of 
— 110 deg. F.

Carbon dioxide is non-injurious, non- 
corrosive and a non-conductor of elec­
tricity. Such extinguishers w ill not 
freeze nor does the contents deteriorate 
with age. Carbon dioxide can be used 
for extinguishing fires in sm all quan­
tities of flammable liquids and is par­
ticularly suited to applications which 
break down foam. This m aterial is 
also well adapted for electrical fires.

Carbon Tetrachloride—The so-called 
vaporizing liquid extinguisher employs 
a specially prepared carbon tetrachlo­
ride, treated to remove corrosive sub­
stances and to lower its freezing point. 
Ordinary carbon tetrachloride should 
never be used in such extinguishers. 
Extinguishers range in size from 1 qt. 
to 3 gal. They operate by reason of 
the heavy vapor formed when CC1, '  
vaporizes, blanketing the fire. The 
cooling effect of the evaporation is less 
than w ith water. Three types of vapor­
izing liquid extinguisher are available  
including the pump type, the air pres­
sure type and the carbon dioxide 
pressure type. Pump type extinguish­

C arbon  dioxide d isch arg ed  a t a  h igh  ra te  from a  Cardox bu lk  s to rag e  fire truck 
built for C ram p Shipbuild ing  Co. rap id ly  d e a ls  w ith a  g aso lin e  fire



ers are made in sizes from 1 qt. to 2 
gal. and consist of a container w ith  
an integral pump for discharging the 
liquid. The air pressure type is bu ilt 
in sizes fr o m .l to 3 gal. and contains 
a pump by means of which air a t a 
pressure of 100 lb. per sq. in. can be 
stored in the extinguisher, ready to 
discharge the liquid when needed. Such 
extinguishers are equipped with a 
pressure gage and should be inspected 
periodically to detect loss of pressure. 
The third type, made only in the 1 qt. 
size, contains carbon dioxide gas under 
pressure above the surface of a m ixture 
of carbon tetrachloride and m ethyl 
bromide. When the valve is opened the 
liquid discharges. Extinguishers of

the vaporizing liquid type are par­
ticularly suitable for use on electrical 
apparatus and also on flammable liquid 
fires in confined spaces. They should 
not be used, however, where the opera­
tor w ill be unduly exposed to the fumes 
liberated, since carbon tetrachloride 
breaks down at high temperature to  
some extent, forming toxic gases.

D ry Chemical E xtin g u ish ers— The 
only approved dry chemical extinguisher 
a t present manufactured in the United  
States employs a specially prepared 
sodium bicarbonate mixed with other 
m aterials to prevent caking, which is 
discharged from the apparatus through  
a hose under pressure of carbon dioxide  
or nitrogen gas released from a sealed

metal cartridge. When operated, these 
extinguishers discharge a heavy cloud 
of dust on to the burning m aterial, 
blowing away the flame and smother­
ing the fire. The hand type, which  
resembles a soda-acid extinguisher, 
employs a sealed cartridge containing  
(i.i oz. of carbon dioxide. In operation  
this is pierced by turning down a hand­
wheel a t the top and the carbon dioxide 
expels the powder through a hose. In 
the wheeled type, a steel tank holding 
150-3610 lb. of chemical is mounted on 
a carrier, together w ith a cylinder of 
nitrogen to force the dry chemical 
through a 50-ft. hose. Extinguishers 
of this type are suitable, for use on 
flammable liquids in open tanks or on

Table I— Properties of Flam m able M aterials

published by Inspection Dept., Associated Factory Mutual Fire Ins. Cos. Note: 
Numbers in parentheses after material name indicate suitable extinguishing agents. 
(1) Water; water spray behaves differently from solid stream, in general being suitable 
for fires in flammable liouids having flash point above 150 deg. F. (2) Foam. (3) Car­
bon dioxide. (4) Dry chemical. Asterisk (*) indicates material subject to spontaneous

Name
Flash 
Point, 

Deg. F.1

Explos.
Range,

% J

Auto- 
ienition 
Temp., 
Deg. F.

Sp. Gr., 
Water 

=  1

Vapor 
Density, 
Air =  l

Sp. Gr., Vapor
55 3.28-19 799 0.79 1.59

Name
Flash Exploa. Auto­ 59 0.868 3.66
Point, Range, ignition 

Temp., 
Deg. F.

Water Density, 78 _ 0.879 4.00
Deg. F.1 %* =  1 Air=»l Ethyl Chloride (3,4)........................ - 5 8 3.6 -14.8 0.910 2.22

93
50

232

0.890
1.258
1.113

2.07
3.42
2.14

Ethylene Dichloride (1,2,3,4)......... 6.2 -15.9 775
775

- 1 7 4.0 -57.0 365 0.783 1.52 3 -SO 804 0.887 1.52
Acetic Acid (Glacial) (1,3,4)..........
Acetic Anhydride (1,3,4)................

104
121

4.0 1050
752

1.05
1.05

2.07
3.52

Ethyl Formate (2,3,4)...................... - 4
115

3.5 -16.5 0.922
1.03

2.55
4.41

0 2.15-13.0 1118 0.792 2.00 140 2.1 - ___ 739 1.159 3.31
Acetyl Chloride (1,3,4)....................
Aldol (1,2,3,4)..................................

40 .. -__ 1.105 2.70 - 5 0 1.3 -  6 495 0.75 3-4
1S1 1.11 3.04 320

329
739 1.26 3.17

Allyl Alcohol (3,4)........................... 70 3 .0  - . . . . 713 0.S54 2.00 1.332 3.81
76 1.1 - . . . . 714 0.S79 4.49 100-165 490 <1

Amvl Alcohol-prim, iso (3,4).......... 109
168

. . .  ------ 667 
14 IS

0.813
1.022

3.04
3.22

Linseed Oil* (1,2,3,4)......................
Lubricating Oil, Cylinder (1,2,3,4). 
Menhaden Oil* (1,2.3,4).................

435 820
783

0.93
<1

0.927
0.925

Anthracene (1,2,3,4)........................
Anthraquinone (1,2,3,4)..................

250
365

0 .6 3 - . . . . SSI in O3 1.25
1.438

1.15
7.16

435
15 4.1 —¿3 ! 9

828
935 2.5b

Asphalt (Typical) (1,2,3,4)............ 400+ - 905 0.95-1.1 54 6 0 -36.5 878 0.792 1.11
148 _ 1.05 3.66 0 0.699

12 1.4 -  8 1070 0.88 2.77 M ethyl Butyrate (2,3,4).................
Methyl Carbitol (1,3,4)..................

57

ÎÔ7

0 898 3 52
Benzoic Acid (1,3,4)........................ 250

216 '862
1.266
1.06

4.21
5.17 55Î

1.035
0.966

4.14
2.62

213 ' - 817 1.04 3.72 Methyl Ethyl Ether (3,4).............. —35 2 -10.1 374 0.697 2.07
140 l . l 1.103 4.36 30 1.81-11.5 0.805 2.41
149 _ 1.497 5.41 —2 5.0 -22.7 840 0.975 2.07
84 1.7 - . . . . 693 0.806 2.55 214 850 1.182 5.24

104 1.019 3.10 Naphtha, ¿ ¿ e ty  Solvent (2,3,4)... 
Naphtha, V. M. A P. (2,3,4).........

100-110
20-45

174

1.1 -  6.0 
1.2 -  6.0 
0.9 - . . . .

450-500 <1
< 1160 _ 0.968 5.04 450-500

Butyl Propionate-n (2,3,4)............. 90 - _ 800 0.875 5.00 1053 1.145 4.42
20 _ 0.817 2.48 Naphthol, beta (1,3,4)....................

p-Nitroaniline (1,3,4)......................
Nitrobensene (1,2,3,4)....................
p-Nitrotoluene (1,3,4)......................
Oleic Acid* (1,2,3,4)........................
Olive Oil* (1,2,3,4)..........................

307
390
190

1.22 4.97
Butyric Acid-n (1,3,4)..................... 170

150 *87i
0.960
0.999

3.04
5.24 924

1.437
1.2 4.25

Carbitol (1,3,4)................................ 201 _ 0.99 4.62 223 _ 1.286 4.72
Carbitol Acetate (1,3,4).................. 225

-2 2 i.'Ô -50 257
1.013
1.256

6.07
2.64

372
437

685
826

0.891
0.910

540 - 236 _ 0.95
Castor Oil* (1,2,3,4)........................ 445 - S40 0.96 Palm Oil* (1,2.3,4)........................... 421 _ 650 0.92

104 2.6 -15.7 460 0.931 3.10 390 _ 473 0.9
Chlorobeniene (2,3,4)......................
Coal Tar Pitch (1.2,3,4)..................

90
405

... ---- 1.11 3.S8 Paraformaldehyde (1,3,4)................ 15S
< - 4 0 i.'4 - è i ô ‘588 6.631 2.48

420 ... -,... 0.91 Perilla Oil* (1,2,3,4)........................ 522 —. . . . 0.93
Corn Oil* (1,2,3,4)...........................
Cottonseed Oil* (1,2,3,4)................
Creosote Oil (1,2,3,4)......................
o-Cres ’ '1,2,3,4)..............................

490
590

... ---
650

0.92
0.925

Petroleum, Crude (2,3,4)................
Phenol (1,3,4)...................................

20-90
175

... -—
i319

<1
1.07 3.24

165 - 637 > 1 Phenvl Cellosolve (3,4).................... _ 1.109
178 _ 1.05 3.72 _ 500 2.30

p-Cresol (1,3,4)................................ 187
55 2 .95-i5 .5

1.04
0.853

3.72
2.41

Phosphorous (Yellow) (1 )...............
Phthalic Anhydride (1,3,4)............. 305

86 1.82
1.527 5.‘ iÔ

1 1.31- 8.35 0.779 2.90 Explodes
172

- <572 1.763 7.90
117 921 0.80 4.62 Pine Oil* (1,2,3,4)............................ _ 0.86

Denatured Alcohol—95%(3,4) —  
Diacctone Alcohol (comm’l) (3,4)..

60 _ 0.82 1.60 Pine Tar* (2,3,4).............................. 130 - 671
48 - 0.931 4.00 Propyl Acetate-n (2,3,4)................. 58 2.0 0.886 3.52_ 0.769 4.48 Propyl Acetate-iso (2,3,4).............. 43 2.0 - . . . . 860 0.877 3.52

Dibutyl Phtlialate-n (1,2,3,4)........
o-Dichlorobenzene (1,2,3,4)............

315 _ 1.045 9.5S 59 2.5 - . . . . 812 0.804 2.07
151 _ 1.325 5.07 53 2.5 - . . . . 852 0.7S9 2.07
150 _ 1.458 5.07 67 0.79 2.07_ Î224 1.097 3.65 68 1.8 -12.4 iÔ65 0.9S2 2.73

Diethyl Carbitol (1,3,4).................. _ 0.90S Rape Seed Oil* (1,2,3,4)................. 325 836 0.915
77 _ 0.977 4.07 261 _ 1.272 3.79

Diethylene Glycol (1,3,4)................ 255 _ 444 1.119 3.66 Soya Beau Oil* (1,2,3,4)................. 540 _ 833 0.925
65 1.97-22.2 1.035 3.03 3S5 _ 743 0.S47 9.80

- 2 0 1.7 -48.0 366 0.71 2.55 405 _ 450 2.040
220 1.184 5.31 Sulphur Chloride (1,3,4)..................

Tannic Acid (1)................................
245 _ 453 1.6S7 3.31

Dimethyl Aniline (1,2,3,4).............. 145
-4 2

700 0.956 4.17
1.617

... ----
i.667

Dimethyl Sulphate (1,2,3,4)...........
Diuitro Toluene-2, 4 (1,3,4)............

182 _ 1.332 4.35 Toluene (2,3,4)................................. 40 1.27- 7.0 1026 0.866 3.14

¿35
1.52
1.041

6.27
5.31

o-Toluidine (1,2,3,4)........................ 185
ISS

900
900

0.999
0.973

3.90
3.90

Dipheuylamine (1,3,4).................... 307 _ 1.16 5.S2 355 _ 1.13 5.14
239 _ 1.073 5.S6 Tung Oil* (1,3,4)..............................

Turpentine* (2,3,4)..........................
552 _ 855 0.94

< - 2 2 1.7 -27.0 6S0 0.774 95 0.8  - . . . . 488 <1
Kthanolamine (1,3,4)...................... 1.02 2.10 18 SOO

24 2 . IS—11 5 907 0.S99 3.04 4 -22 0.97 2.15
Ethyl Acetoacetate (1,3.4)............. 1S4 1.03 4.48

1 Closed cup method, * Range irom lower to upper limit, percent by volume in air.
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the floor, as well as for ordinary fires 
in electrical equipment. However, the  
m aterial should carefully be removed 
from electrical contact surfaces after 
the fire. This method has a maximum  
range of about 10 ft., thus lim iting  
such extinguishers to relatively small 
fires where re-ignition is not likely to 
take place.

PERMANENT SYSTEMS

S tandp ipes—A usual method of pro­
tection inside buildings is to provide 
one or more standpipes, often installed  
in stair wells, with a hose outlet a t 
each floor level. A standpipe system  
designed for use of the occupants of 
the building generally employs 11 or 
1} in. hose w ith a J or J in. nozzle. 
A standpipe for use by the plant or 
m unicipal fire department has 2£ in. 
outlets. The first type is equipped 
w ith hose and a nozzle permanently 
installed. W ith the second type, the 
hose is generally not kept attached but 
is brought in by the fire department.

Hose— Fire hose is made in two gen­
eral types, (1) rubber-lined, cotton- 
covered and (2) linen hose without 
lining. The first type is employed by 
both plant and m unicipal fire depart­
ments, while the second type, because 
i t  does not deteriorate in  storage inside 
buildings as long as i t  is , kept dry, 
is used for permanent attachm ent to 
standpipes. Rubber-lined cotton hose 
is made in 1J and 2 i in. sizes w ith  
single, double and triple jackets, the 
heavier grades being for rough usage. 
For use around corrosive liquids or 
in  corrosive atmospheres, a rubber-cov­
ered type is available. After use, 
rubber-lined hose m ust be cleaned and 
carefully dried before storing away. 
The standard length is 50 ft. Each 
length of hose is equipped w ith stand­
ard couplings having a sw ivelling  
threaded section operated by a special 
spanner. Today practically all plant 
fire connections are of the same thread 
standard used by m unicipal agencies.

7lo se  H o m es— For outside use around 
the plant, hose houses are often built 
over hydrants. A t least 100-150 ft. 
of 21 in. rubber-lined hose, should be 
permanently attached to the hydrant 
and supported on a shelf, so folded 
forward and backward as to ventilate  
properly. A second shelf w ill carry 
two or more additional rolls of hose. 
In  addition, the .plant fire department 
may be equipped w ith  one or more hose 
carts carrying up to 500 ft. of 2J in. 
rubber-lined hose. Carts should be 
stored in an outside building, such 
as a sm all, ventilated cart house.

Xozzles— The standard 21 in. play 
pipe is a nozzle 30 in. long, equipped 
w ith a 1J in. cylindrical orifice. Two 
handles are provided to a ss is t in  hold­
ing the nozzle. Other types include 
the lever-shut-off type, having a valve  
by means of which the stream can be 
shut off. Several spray nozzles are 
built, one kind being capable of pro­
ducing a spray discharge angle any­
where in  the range between 40 and

Kidde carbon  dioxide nozzles p e rm an en tly  in sta lled  in these  tan k s (nozzles show n 
b y  arrow s) protect the p la n t a g a in s t flam m ab le  so lvent h a z a rd

150 deg. One nozzle which throws a 
solid stream  is adjustable to change 
the size of the stream between 1.} and 1 
in. The type known as the monitor 
nozzle is intended for permanent in­
stallation in outdoor locations where 
large amounts of combustible m aterial 
are stored, for example, log piles a t  
pulp m ills. This nozzle is connected 
directly to the piping, and is designed 
to swivel in any direction desired.

SPRINKLERS

Generally speaking, sprinklers are 
the m ost effective type of fire-fighting 
system  for use where water can be em­
ployed. The)' are of numerous types. 
The ordinary overhead sprinkler em­
ploys many different kinds of sprinkler 
nozzles, as well as several different ar­
rangements for bringing water to the 
nozzles. In addition, there is the fog 
type which has in recent years been 
found effective as a permanent installa­
tion for the extinguishm ent of botli 
electrical fires and fires in flammable 
liquids. Sprinklers are also used for 
outside installation , under cornices, 
over windows, and on roofs, for the 
exposure protection of buildings.

Overhead Sp rin k lers— Sprinklers are 
alm ost always autom atically operated, 
either through a fusible device in­
stalled in each sprinkler head or 
through a therm ostat which opens the 
valve supplying the water. W ater is 
fed to the sprinkler through a system  
of piping ordinarily attached to the  
ceiling, w ith sprinklers placed at in­
tervals along the pipe, generally a t a 
spacing of 80 sq. ft. per sprinkler. 
Heads should be placed in an upright 
position, unless a special pendant type  
is  employed. Where the proper water 
supply is available, sprinklers have 
shown a remarkable record of effective­
ness in fire control.

Depending on the ambient tempera­
ture, sprinklers are available to oper­
ate a t various fixed temperatures 
ranging between 135 and 500 deg. F. 
Three methods of actuation of auto­
m atic sprinkler heads are employed:
( 1 ) The solder type, making use of a 
fusible link; (2 ) the bulb type em­
ploying a quartz glass bulb nearly

filled with a liquid which expands as 
the temperature rises, eventually shat­
tering the bulb at the operating tem ­
perature; and (3 ) the chemical type 
which has a sm all cylinder containing  
a low-melting chemical which fuses at 
the desired temperature. Standard 
sprinkler heads have either a i  in. 
ring type discharge orifice or a -ft in. 
tapered nozzle orifice. The orifice is 
ordinarily closed by a disk which is 
held tightly  in place by means of the  
fusible or frangible element.

Sprinkler system s are of two general 
kinds including the wet-pipe and the 
dry-pipe types. In the wet-pipe system , 
the distribution piping is under water 
pressure a t all tim es. In the dry-pipe 
system , the piping is m aintained under 
an air pressure of 15 to 40 lb., the air 
pressure serving to keep the water 
valve closed. The dry-pipe type is 
employed where there is a possibility  
of freezing. Sometimes, in th is case, a 
wet-pipe system  is provided, using an 
anti-freeze liquid such as a calcium  
chloride or a glycol or glycerine solu­
tion. The wet-pipe type is set into op­
eration by the fusing of one or more 
of the sprinkler heads, whereupon 
water im m ediately issues, rushing  
against a deflector which sprays i t  ef­
fectively over a considerable area. In 
the dry-pipe type, fusing of a sprinkler 
head permits the escape of the air 
which, when the pressure drops suffi­
ciently, allow s the water valve to open, 
after which the water flows through 
the pipe and out of the fused sprinkler 
head. The dry-pipe type, therefore, has 
a short lag which sometimes makes this 
system  undesirable. In some dry-pipe- 
system s, the autom atic water valve is 
designed to use relatively low  air pres­
sure, thus resulting in a shorter lag.

Deluge S y s tem s— For hazards re­
quiring large amounts of water over 
the entire area in which a fire may 
originate, the so-called deluge system  is  
employed. This makes use of a group 
of open sprinkler heads which are gen­
erally controlled by a thermostat. The 
method is used in extreme hazards 
where water damage is not likely to be 
a serious factor. Autom atic control is 
provided either by fixed-temperature
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able in two varieties, one using a single  
foam-producing powder which contains 
all the necessary ingredients and the 
other two separate powders. Finally, 
there is the stored solution system  
which has now to a considerable extent 
been supplanted by generator system s. 
In  this system  the .tw o  foam-producing 
liquids are stored separately in tanks 
and pumped at the tim e of fire by 
means of a twin or duplex pump 
through a duplex piping system  to a 
discharge outlet near the point of use 
where the solutions mix.

M echanical Foam — A recently de­
veloped air-foam system  employs a 
special play pipe and a tank containing  
a foam-producing solution. The play 
pipe exerts an aspirating effect 011 an 
air in let and also 011 a suction pipe 
leading to the solution tank. As the 
solution is  aspirated slowly into the 
water stream at the point where air is 
entrained, foam is produced a t the rate 
of 275-300 gal. per gal. of foam-pro­
ducing solution, and 12 to 14 gal. pej- 
gal. of water. I 11 another air-foam sys­
tem, air, water and a foam-producing 
powder are mixed in a power-driven 
generator operated by a  gasoline en­
gine, motor or turbine. This system  is  
said to obtain up to OS gal. of foam 
per lb. of powder.

Carbon D ioxide— Tw o  types of per­
m anently piped carbon dioxide protec­
tion system s are in use. In the more 
common type, a number of cylinders 
holding usually 50 lb. of the gas are 
connected to the piping system  by a 
manifold. The gas is  piped to the point 
of hazard where i t  discharges through 
flaring horns, either into specific 
hazardous equipment such as covered 
tanks or kettles, or around the walls 
of a room which is to be protected by 
total flooding. Discharge is accom­
plished by a therm ostatic device which 
opens the discharge control valve after 
it  sounds an alarm.

The second system  stores liquid car­
bon dioxide in large quantities,' from 
1 to  125 tons, in a vessel which is  re­
frigerated by means of a sm all self- 
contained refrigerating unit so that the 
temperature of the liquefied gas is 
maintained at about 0 deg. F. and the  
pressure at about 300 lb. Owing to  the 
lower pressure of the second method, 
large quantities of liquefied gas m ay 
be stored in a single vessel o f consid­
erable diameter. Since larger quan­
tities of gas can be stored, a higher 
release rate is possible. I t  is  also  
claimed for the second method that the 
refrigeration of the gas results in the 
production of a greater proportion of 
snow to gas upon expansion to atm os­
pheric pressure, thus giving about 
three tim es the cooling effect possible 
with the high pressure storage system. 
An autom atically timed discharge is 
used. These methods arc suitable for 
the protection of inclosed special haz­
ards such as rooms or tanks containing  
flammable liquids; and for electrical 
equipment of all kinds.

Ordinarily it  is only necessary to

thermostats which function when the 
temperature reaches a certain eleva­
tion, or by a rate-of-rise system  which  
goes into operation only when the tem ­
perature rises more rapidly than a t a 
predetermined rate.

P re-Action S y s tem — One type of 
therm ostatically controlled sprinkler 
system designed particularly for use 
where there is danger of serious water 
damage is  known as the pre-action sys­
tem. In this method the pipes are 
normally dry. The action of a ther­
m ostat releases a pre-action valve, the  
water fills the piping system and an 
alarm is given in advance of the fusing  
of the sprinkler heads. Frequently the  
sounding of the alarm gives an oppor­
tun ity  to extinguish the fire by hand 
before the sprinklers go into operation. 
On the other hand, should one or more 
sprinkler heads fuse im m ediately, this  
system  obviates m ost of the operating 
delay of the ordinary dry-pipe system .

S p rin k le r  A la rm s— Sprinkler sys­
tems are custom arily equipped w ith a 
water-flow alarm which is  designed to 
give warning of the sprinkler’s opera­
tion the instant water flow starts. Both 
water motor alarm s and electric actu­
ated alarms are used. The electric 
alarm has the advantage that it  is able 
to transm it a warning over any desired 
distance.

Fog and S p ra y  S ystem s— Although 
water which docs not contain foam- 
forming chemicals is not ordinarily 
considered as suitable for use on flam­
mable liquids w ith which it  is  not mis- 
eible, nevertheless in recent years ex­
cellent results have been obtained with  
spray producing nozzles. An example 
is the so-called M ulsifyre projector 
originally developed in  England which 
discharges water in  the form of a well 
distributed spray. This strikes with  
considerable_ force on the surface of the 
liquid being protected and is  stated to 
form a temporary oil-in-water emul­
sion. Such projectors are connected to 
specially designed pipe system s and 
spaced a few feet apart, a t distances 
ranging from a few inches to as much 
as 24 ft. from the surfaces being pro­
tected. This system  is claimed to be 
effective 011 all flammable oils and to

be suitable for use on electrical fires. 
I t  operates a t pressures between 45 and 
100 lb. per sq. in. Other fog nozzles are 
available operating at lower pressures. 
In  general, however, these nozzles, 
whether portable for use 011 ordinary 
hose or permanently piped, have not 
been approved by Factory M utual Lab­
oratories for use on flammable liquids 
more hazardous than kerosene. Most 
types are approved for use 011 live 
electrical equipment.

Foam  S ystem s— Perm anently in ­
stalled fire protection system s employ­
ing foam are used very extensively, 
notably in the petroleum industry. 
Foam is gradually broken down by in­
tense heat and by vigorous agitation  
and therefore m ust be applied a t a suf­
ficient rate and in sufficient volume to 
offset these effects. An application  
rate of it gal. of foam per sq. ft. per min. 
is usually  adequate if the foam is ap­
plied to the surface of the flammable 
liquid w ithout much agitation. Foam  
flows readily over open surfaces but 
does not penetrate w ell into cracks.

There are four principal methods of 
producing chemical foam in addition  
to a new mechanical foam method. In 
the first method, two foam producing 
chemical solutions are kept separate 
in the apparatus until ready for use, 
when they are mixed and discharged 
directly  or through piping. This type 
is used for relatively sm all-scale pro­
tection. In the second type the two  
foam-producing chemicals are con­
tained w ithin the apparatus in dry 
form, being mixed into the stream of 
water at the tim e of discharge. This 
type is suited to moderate scale pro­
tection. The third type, the hopper 
type generator, is used both in fixed 
system s and for portable use to supply 
foam hose streams. The inlet of the 
generator is connected to a water sup­
ply of at least 50 lb. pressure and the  
outlet to the discharge system  or hose. 
The stream of water in passing  
through autom atically picks up the  
proper amount of powder from the 
hopper and foam is produced so long 
as powder and water are supplied to 
the unit. This type is used for large- 
scale protection system s. It is avail­

This po rtab le , w h ee led  carbon  dioxide ex tingu isher, m ad e  b y  C-O-Two Fire 
Equipm ent Co., rap id ly  controls a n  e lec trica l equ ipm ent lire in a  transfo rm er vau lt



T able II— Sources of Inform ation
In  ad d itio n  to m unic ipal a n d  s ta te  

a u th o r itie s  w ho a re  g en e ra lly  g lad  to 
coopera te  in  m a tte r s  o f lire  p reven tion  
an d  p ro tec tion , th e re  a re  a  n u m b er of 
o rg a n isa tio n s  in  th e  Held w hich  a re  
re a d y  an d  w illing  to  su pp ly  ex trem ely  
v a lu ab le  in fo rm atio n . Some of these 
o rg a n iz a tio n s  issu e  booklets an d  pam ­
ph le ts  fro m  tim e to tim e a n d  a  la rg e  
am o u n t o f th is  l i te ra tu re  is availab le . 
A m ong these  o rg an iza tio n s  m ay  be m en ­
tioned  th e  fo llow ing :

N a tio n a l  F i r e  P r o te c t io n  A s s o c ia tio n  
— T his o rg an iza tio n , located  a t  60 B a t-  
te ry m a rc h  S t., B oston, is a n  a sso c ia tio n  
o f n a tio n a l in s titu te s , societies and  
o rg an iza tio n s  in te re s te d  in lire p ro tec­
tion, in  ad d itio n  to official an d  sem i­
official d e p a r tm e n ts  a n d  b u reau s, com ­
m erc ia l firm s, lib ra rie s , colleges an d  in ­
d iv id u a ls . A  non-p ro fit o rg an iza tio n , 
th e  N. F . P . A. develops fire p ro tec tio n  
s ta n d a rd s , issues a  q u a r te r ly  periodical, 
an d  p ub lishes a  fire p ro tec tion  h a n d ­
book an d  n u m ero u s b u lle tin s  a n d  p am ­
ph le ts. I t  holds a n  a n n u a l m eeting , 
m a in ta in s  a  s ta l l  o f field eng in eers  who 
w ork w ith  m un ic ipalities an d  it co­
o p e ra te s  w ith  m u n ic ipal lire a u th o ritie s  
an d  w ith  v o lu n tee r  fire g roups. P u b li­
ca tio n s  a v a ila b le  fro m  the  o rg an iza tio n  
cover every  conceivab le  p h ase  of fire 
p ro tection .

N a tio n a l  B o a r d  o f F i r e  U n d e rw r i te r s  
— T h is o rg an iza tio n , located  a t  S5 Jo h n  
St., N ew  Y ork, is  a n  eng ineering , s ta t i s ­
tica l a n d  ed u ca tio n a l o rg an iza tio n  m a in ­
ta in e d  by th e  s to c k  iire  in su ran ce  com ­
panies. A  s ta ff  of tra in e d  eng ineers and  
in v e s tig a to rs  su g g e sts  fire p reven tio n  
a n d  p ro tec tio n  m easu res , a n d  coop era tes  
w ith  local a u th o r itie s . T he o rg a n iz a ­
tio n  p re p a re s  codes an d  issu es public  
ed u ca tio n a l m ate ria l.

U n d e r w r i te r s ’ L a b o r a to r ie s ,  In c .— T his 
n o n -p ro fit o rg an iza tio n , h a v in g  its  m ain  
office an d  te s t  s ta tio n  a t  207 E a s t  Ohio 
S t., C hicago, w as o rgan ized  p rim a rily  
for the  e x am in a tio n  an d  te s tin g  of a ll 
m a n n e r  o f dev ices h a v in g  a  re la tio n  to 
life, fire a n d  c a su a lty  h a z a rd s . The 
o rg an iza tio n  p ub lishes perio d ica l l is ts  of 
tes te d  an d  app ro v ed  p ro d u c ts  in the  
fields o f e le c tr ic a l equ ipm ent, fire p ro ­
tec tion  equ ipm ent, etc., gas, oil and  
m isce llaneous ap p liances, an d  app liances 
r e la t in g  to  ao c id en t h aza rd , au tom otive  
equ ipm en t a n d  b u rg la ry  p ro tection . 
L is ted  p ro d u c ts  a re  follow ed u p  a t  f re ­
q u e n t in te rv a ls . M any  specia l in v e s ti­
g a tio n s  a re  pub licized  in  bu lle tin s.

A s s o c ia te d  F a o to r y  M u tu a l  F i r e  I n ­
s u ra n c e  C os.— T h is  in su ra n c e  system , 
specia liz ing  in in d u s tr ia l fire p ro tec ­
tion, m a in ta in s  a n  inspection  d e p a r t­
m en t an d  fire p ro tec tio n  en g ineering  
la b o ra to ry  a t  184 H ig h  St., B oston . The 
o rg a n iz a tio n  inc ludes a  s ta ff  o f 125 
field eng in eers , w ho p e rio d ica lly  in sp e c t 
m em ber p ro p e rtie s  an d  ad v ise  on h a z ­
a rd s  an d  p ro tec tion . T he la b o ra to ry  
c a rr ie s  ou t o rig in a l d evelopm en ta l w ork  
on fire p ro tec tio n  an d  en g ages in te s tin g  
a n d  ap p ro v in g  of su b m itted  p ro tec tio n

reduce the oxygen content of the a t­
mosphere surrounding the fire to about 
15 percent although certain special 
hazards require reduction to as low 
as about 5 percent.

F ire  A larm s— Several methods are in 
use for the autom atic detection of fire 
so as to sound an alarm or release an  
extinguishing agent. There are two 
general types of thermostat used, the 
fixed temperature type and the rate-of- 
rise type. The first is  used where 
ambient temperatures are not subject 
to great change, the latter in appli­
cations where solar or process heat 
m ight set off a fixed temperature alarm. 
Fixed temperature therm ostats are 
either assemblies of spot devices 
located a t specified intervals along the 
ceiling or roof, or of a continuous 
line type giving the alarm when sub­
jected to a predetermined temperature 
at any point along the line.

e q u ip m e n t N um erous p u b lica tions a re  
issued  by th e  In spection  D ep artm en t, 
covering  th e  en tire  ra n g e  of in d u s tr ia l 
fire p ro tec tio n , inc lu d in g  p am p h le ts  an d  
bu lle tin s on  p ro tec tiv e  equipm ent, w a te r  
supplies, sa fe g u a rd s  fo r  specia l h azard s , 
s ta n d a rd s  o f lire -sa fe  con stru c tio n , elec­
tr ic a l equ ipm en t an d  recom m ended 
m ethods of o rg an iz in g  em ployees fo r 
p la n t  p ro tection .

U. S. B u re a u  of S ta n d a r d s — The 
N a tio n a l B u reau  of S ta n d a rd s  of the  
D e p a rtm e n t o f Com m erce does co n sid er­
ab le  w o rk  b ea rin g  on fire p ro tection , 
e specia lly  is  th e  field o f fire re sis tan ce  
of m a te r ia ls . I t  in v es tig a te s  bu ild ing  
p rac tices an d  b u ild in g  codes an d  d e ­
velops s ta n d a rd s . P u b lica tio n s  a re  
issued on fire cau ses a n d  fire h a z a rd s .

U. S. D e p a r tm e n t  of A g r ic u l tu r e —T he 
B u re a u  of A g r ic u ltu ra l C h em istry  and  
E n g in e e rin g  en g ag es in co n s id erab le  r e ­
se a rc h  w o rk  an d  field in v es tig a tio n s , 
p a r tic u la r ly  on the  su b je c t of d u st 
exp losions in  in d u s tr ia l p ro p erties , and  
on ru ra l  fire p ro tec tio n  a n d  sp o n taneous 
h e a tin g  an d  ignition . P a m p h le ts  a re  
ava ilab le .

N a tio n a l S afe ty  Council— In  genera l, 
th e  p rob lem  of In d u str ia l s a fe ty  is sp lit 
betw een  the  N a tio n a l F ire  P ro te c tio n  
A ssocia tion— w hich  d ea ls  w ith  fire h a z ­
a rd s  an d  fire p ro tec tio n — an d  th e  N a ­
tio n a l S a fe ty  Council, 20 N o r th  W ack e r 
D rive, C hicago— w hich  dea ls  la rg e ly  
w ith  th e  acc id en t h a z a rd s . H ow ever, 
th e  N a tio n a l S a fe ty  Council h a s  p u b ­
lished  co n sid erab le  m a te r ia l on fire p re ­
ven tion , p a r tic u la r ly  w ith  re g a rd  to 
in d u s tr ia l fires.

B u re a u  o f E xp lo siv es— T h is o rg a n i­
za tion , located  a t  30 V esey St., N ew  
York, an d  m a in ta in e d  b y  th e  A m erican  
R a ilw a y  A ssociation , p re p a re s  re g u la ­
tio n s fo r the  tr a n sp o r ta tio n  of explo­
sives an d  o th e r  d a n g e ro u s  a rtic le s , cov­
e r in g  co n ta in e rs , m ethods o f h an d lin g  
a n d  o th e r t ra n sp o r ta t io n  requ irem en ts . 
T he B u reau  o p e ra te s  a  la b o ra to ry  to 
te s t  m a te r ia ls  an d  in v e s tig a te s  fires and  
explosions. I t  a lso  m a in ta in s  a n  inspec­
tion  se rv ice  an d  c a r r ie s  o u t o th e r  a c tiv i­
ties  in th e  in te re s ts  of sa fe  t r a n s p o r ta ­
tion.

Literature Sources
"C ro sb y -F isk e -F o rs te r  H andbook  of 

F ire  P ro te c tio n .” T h is  handbook , now  
in its  9 th edition , is pub lished  a t  five- 
y e a r  in te rv a ls  by  the  N a tio n a l F ire  
P ro te c tio n  A ssociation . T he m ost 
tho ro u g h  an d  com plete  co llection  of fire 
p ro tec tio n  in fo rm atio n  av a ilab le , the  
book covers such  su b je c ts  a s  fire losses, 
fire p ro tec tion  o rg an iza tio n s , law s and 
reg u la tio n s, com m on h aza rd s , specia l In­
d u s tr ia l  h a z a rd s , fire r e ta rd a n t  a n d  re ­
s is ta n t  con stru c tio n , p reven tio n  of w a te r  
d am ag e , w a te r  supplies, fire pum ps, in ­
side and  o u tsid e  p ro tection , fire ex ­
tin g u ish e rs , inspection  a n d  m a in ten an ce , 
p r iv a te  fire o rg an iza tio n s, sa lv ag e , an d  
o th e r  n ecessa ry  in fo rm ation .

“In d u s tr ia l  F ire  H a z a rd s .” T h is  book, 
w ritte n  b y  D a n a  a n d  M ilne in 192S and

Fixed types are designed to operate 
at temperatures sim ilar to autom atic  
sprinklers, for example, 135, 165, 212, 
280 or 360 deg. F. Some use a fusible 
or frangible element such as a link  
or quartz bulb, others a bimetal. One 
type of rate-of-rise alarm is pneumatic, 
having an air leak which vents a slow  
rise in pressure due to temperature in ­
crease, but perm its a pressure increase 
in event of a rapid temperature rise, 
either closing a contact or operating 
controls through a mechanical bellows 
arrangement. Another uses two bi­
m etals, one of wrhich is partially  pro­
tected from the heat source so that on 
a slow  rise they move substantially  
together, but one moves faster than 
the other on a rapid rise, so as to 
close a contact. One type of continu­
ous line alarm  uses a special wire 
with a fusible core. When the core 
melts, it  flows through apertures in

pub lished  b y  L ak ev iew  P re ss , F ra m in g ­
ham , M ass., is now  believed to be o u t 
o f p r in t  a n d  m a y  be difficult to secure. 
H ow ever, if av a ilab le , i t  is a  va lu ab le  
s tu d y , cov erin g  in  co n siderab le  d e ta il 
th e  c h a ra c te r is tic s , p rocesses an d  fire 
h a z a rd s  of num ero u s in d u s tr ie s  an d  of 
m a n y  chem icals a n d  p ro p r ie ta ry  com ­
pounds.

"O rg an iza tio n  an d  T ra in in g  o f In d u s ­
tr ia l  F ire  B rig ad es .” T h is  120-page 
booklet, recen tly  p re p a re d  by  C ap ta in  
Jo h n  C. K llnck  of th e  M em phis F ire  
D ep a rtm e n t, is  a v a ila b le  fro m  th e  p u b ­
lishers , S. C. Toof & Co., P . O. B ox 55, 
M em phis, T enn. a t  a  r e g u la r  p rice  of 
$1 p er copy, w ith  q u a n tity  d isco u n ts  fo r 
In d u str ia l fire b rigades. T he book neces­
s a r i ly  om its  a n y  d iscussion  of specialized  
fire h a z a rd s , b u t describ es in  d e ta il  the  
too ls o f th e  firem en a n d  th e ir  p ro p er use, 
th e  ty p es  of fire p ro tec tio n  equ ipm ent 
em ployed in d u s tr ia lly , inc lud ing  such 
su b je c ts  a s  ex tin g u ish e rs , s tan d p ip es, 
sp r in k le rs  an d  a la rm s , an d  goes a t  co n ­
sid e ra b le  len g th  in to  th e  o rg a n iz a tio n  of 
th e  in d u s tr ia l lire  b rigade , i ts  ac tiv itie s  
a t  fires, bo th  n o rm al and  tho se  caused  
by enem y  action . A lth o u g h  o th e r  l i te ra ­
tu re  sources, su c h  a s  p u b lica tio n s o f th e  
N a tio n a l F ire  P ro te c tio n  A ssociation , 
d ea l to  som e e x te n t w 'ith th e  in d u s tr ia l 
b rig ad e , so f a r  a s  is know n, th is  booklet 
is th e  m o st com plete  tr e a tm e n t of the  
su b je c t c u r re n tly  ava ilab le .

“ P ro te c tio n  fo r In d u s tr ia l  P la n ts ."  
T h is  pam phle t, pub lished  by th e  Office 
o f C iv ilian  D efense , W ash in g to n , D. C., 
w ill p ro b ab ly  be av a ila b le  befo re  th is  
C'hem. <{ M et. re p o r t  re a c h e s  i ts  read e rs . 
I t  is  s ta te d  to  d ea l In co n siderab le  d e ­
ta il  w ith  th e  w hole p rob lem  o f in d u s­
tr ia l  fire p ro tec tio n , p a r t ic u la r ly  w ith  
resp ec t to the  h a z a rd s  of enem y  action .

P erio d ic a ls— Fire Engineering, m o n th ly  
p eriod ica l c irc u la tin g  la rg e ly  am ong 
p ro fessio n a l fire officers, firem en and  
fire p ro tec tio n  eng ineers, pub lished  by 
C ase-S hepperd-M ann P ubl. Corp., 24 
W e s t 40 th  St., N ew  Y o rk ; Q uarterly  of 
th e  N. F . P . A., pub lished  in  Ja n ., Apr., 
J u ly  an d  Oct. o f each  y e a r ;  Volunteer 
Firem en, pub lished  m o n th ly  b y  th e  N. F. 
P . A., specifically  fo r  v o lu n te e r s ; Factory  
M utual Record, pub lished  m o n th ly  by 
A ssocia ted  F a c to ry  M utua ls , d ea lin g  
w ith  fires a n d  causes, equ ip m en t and  
a p p a ra tu s , p reven tion  an d  p ro tection .

P u b lic a t io n s  o f N . F .  p .  A .— L is ts  of 
p u b lica tio n s on  h a n d  fo r  d is tr ib u tio n  a re  
av a ila b le  from  th is  o rg an iza tio n . One 
lis t covers specia l pub lished  m a te r ia l 
dea lin g  w ith  w a r-tim e  Tire p ro tection . 
A n o th e r  covers a ll  a v a ila b le  pu b lica tio n s 
on fires, fire p reven tio n  a n d  fire p ro ­
tection . In  m o st cases, a  nom inal p rice  
is ch arg ed  fo r these  p u b lica tio n s w hen 
o rdered  by  non-m em bers.

P u b lic a t io n s  o f A ss o c ia te d  F a c to r y  
M u tu a ls .— N u m ero u s d a ta  sh e e ts  a re  
pub lished  by  th e  in spection  d e p a r tm e n t 
o f th is  o rg a n iz a tio n  d ea lin g  w ith  specific 
h a z a rd s , co n s tru c tio n  m ethods an d  fire 
p ro tec tio n  m ethods, in  a d d itio n  to  tho 
m on th ly  m en tioned  above.

an insulating sheath between inner and 
outer conductors and completes the 
alarm circuit. The electric eye is  also 
used to some extent for fire and par­
ticularly for smoke alarms.

WATER SUPPLY

P ublic W a ter  S u p p ly  —  Although  
many process plants are able to take  
advantage of public water supply, m ost 
such plants will nevertheless require 
their own water storage to supplement 
the public supply or to furnish the 
primary source of water when public 
supplies are insufficient in volum e or 
pressure or lack dependability. For 
industrial use, the pressure of the  
public supply is  frequently insufficient, 
requiring the plant to have fire pumps 
which m ay be of centrifugal, rotary  
or reciprocating construction. In a 
common arrangement, the pump is in ­
stalled in a bypass line, between the

CHEMICAL & METALLURGICAL ENGINEERING • A U G U ST 191,2 . 8— 103



public main and the plant system . Or 
the pump suction m ay be provided 
with water from a suction tank or 
reservoir, a t  or near ground level, to  
provide a  reserve in addition to the 
public supply.

R eserve S u p p ly — Tanks are used to 
a large extent to supplement public 
supplies. Occasionally a private 
reservoir m ay be feasible, but or­
dinarily an elevated tank high enough 
to provide water to the highest sprink­
ler or capable of projecting a hose 
stream at least 40 ft. above the highest 
building is the best solution. Pres­
sure tanks are sometimes used in con­
gested areas where little  storage space 
is available. When the tank is called 
upon to supply hose lines from hy­
drants, a capacity of 30,000 gal., with  
the bottom not less than 75 ft. above 
the ground, is usually  considered m ini­
mum. W ien  the tank is to supply  
sprinklers, the minimum specified ca­
pacity is 5,000 gal. and the bottom of 
the tank should not be less than 35 
ft. above the highest sprinklers. Con­
siderably larger tanks, however, are gen­
erally used. When an outside gravity  
supply tank is chosen, it  is necessary to  
provide means for heating the tank  
water in winter to avoid the possibility  
of freezing. The commonest method of 
accom plishing this is to provide a 
steam-licated tubular water heater 
which takes cold water from the base 
of the standpipe, heats it  w ith steam  
and induces a thermal circulation up­
ward through a riser having several 
outlets in the tank proper.

Pressure T anks— Such tanks should 
be located above the highest sprinklers 
they supply, except those a t the top 
story of the building. A tank of 3,000 
gal. capacity suffices for ligh t hazards. 
The tank is kept about two-thirds full 
of water with air pressure of a t least 
75 lb. m aintained over the water by 
means of a sm all air compressor.

PRIVATE FIRE BRIGADES

M any plants have found it  expedient 
to organize private fire brigades. Or­
dinarily, the brigade is composed of 
volunteers from various departments of 
the plant, although in very large 
plants it  som etimes takes the form of 
a full-tim e fire departm ent composed 
of professional fire-fighters. Where 
processes are of such a special nature 
as to require extrem ely specialized fire­
fighting knowledge, the private brigade 
is often in a better position to under­
stand the situation than the public 
fire department and thus is available  
to assist and direct the professional 
department if and when it is necessary 
to bring the latter to the plant.

Authorities consider that the or­
ganization of, and responsibility for, 
a private lire brigade are directly in  
the hands of the highest officers of a 
plant. Furthermore, it  is considered 
necessary that the plant fire depart­
ment be recognized by the management 
as an im portant permanent department 
if  its  success is to be assured. The

chief of the fire brigade should report 
to, and be responsible to, the highest 
executive in  the plant organization  
and members of the brigade should be 
made to feel that their membership 
gives them special honor or privilege.

To be effective, a plant fire brigade 
m ust be subject to rigid discipline, it  
m ust be provided w ith  the apparatus 
required by the role i t  is to play, and 
i t  m ust be adequately trained under 
discipline in actual use of the appa­
ratus. I t  should have its own con­
stitu tion  and by-laws and hold regular 
meetings. Its  chief should be a man 
w ith at least some fire training. In  
large plants, the heading of the fire 
brigade should be h is sole job. If 
possible, a man w ith  former fire depart­
ment experience is desirable. Other­
wise, one with mechanical aptitude and 
training, such as the m aster mechanic 
or the maintenance chief, m ay be a 
good choice.

The plant fire chief m ust be given  
full responsibility, not only for train­
ing and drilling of the men, and for 
the maintenance and testing  of the 
apparatus, but also for the conduct 
of actual fire fighting. Furthermore, 
changes in the plant or process should 
be reviewed and approved by him  to 
the extent that they affect the fire 
protection scheme of the plant and its  
fire hazards.

So far as the actual organization is 
concerned, this w ill depend to a con­
siderable extent on the size of the plant 
and the character of its  operations. 
For example, a plant having numerous 
special hazards will require quite a 
different type of fire-fighting organiza­
tion than one in which the bulk of the 
hazards are of an ordinary nature. 
Particularly in the plant having nu­
merous special hazards is  i t  desirable 
to recruit operators from the spccial- 
liazard departments who are thor­
oughly fam iliar w ith the character of 
the hazards, the nature of the equip­
ment, and the location of all valves 
and pipelines.

Every fire brigade, no m atter how 
sm all, should have an assistant chief 
who is able to take over in event of 
the absence of the chief. Larger bri­
gades having more than one company 
w ill also require captains for the sev­
eral companies. A single company 
should ordinarily consist of not less 
than ten men. I t  is  desirable th a t one 
company in larger plants should be 
composed of mechanics having special 
qualifications including electricians, 
steam and pipe fitters, cutting torch 
operators and maintenance men.

In  so far as possible, every member 
of the plant brigade should be made 
fam iliar w ith all special hazards of 
the plant, w ith the extinguishment 
peculiarities of certain processes, prin-

R eprints  of this 8-page Report are  
a va ila b le  a t 25 cents p er  co p y . A d d ress  
the Editorial D ep a r tm en t Chem . & M et.. 
330 W e st 42nd St., N e w  York, N. Y.

eipally those where water should not 
be used, and w ith the location of all 
hydrant houses, chemical engines, hose 
carts, standpipes, sprinkler valves and 
first aid fire extinguishers.

M any books and bulletins are avail­
able to a ss ist in training the brigade, 
some of which are noted in Table II  
on page 103. D rills should be held 
at least twice a month, generally on 
company time. These drills should 
make use of the regular fire-fighting 
equipment and should fam iliarize the 
men w ith all conditions and parts of 
the plant and enable them to deal w ith  
any emergency which m ay arise.

Cooperation w ith  the m unicipal fire 
department is obviously of great im ­
portance. Many plants make a regular 
practice of inviting the local companies 
to the plant a t regular intervals, to  
inspect the property and fam iliarize  
them selves w ith the arrangement of 
buildings and w ith special hazards. 
This is particularly desirable in the 
case of those plants where the require­
ment of . specialized extinguishm ent 
methods makes i t  necessary for the 
m unicipal company to operate only 
under the direction of the plant chief.

One im portant factor in cooperating 
w ith the m unicipal fire departm ent is 
to make certain at all tim es that ap­
paratus can get through the plant 
gates and to the scene of a plant fire 
w ith the least possible delay. Roads 
should be m aintained clear and watch­
men should be instructed to leave yard  
gates open in case of fire and be ready 
to direct fire apparatus to the point 
of trouble. W ien  a plant has railroad 
tracks, it  is  im portant that cars should 
not be left so as to block im portant 
crossings.
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S3 PROCESS 
EQUIPMENT

which cannot produce a straight 
stream. From the shut-off position a  
slight turn of the tip im mediately 
gives a cone spray of 40 deg. Further 
slight rotation produces increasing 
cones up to a full curtain of 150 deg. 
The advantage of the nozzle is th a t it  
is impossible to produce a solid water  
stream inadvertently which m ight be 
applied to a live electric circuit. The 
varying cones are also said to he ex­
cellent for extinguishm ent of heavy 
oil fires and for general cooling pur­
poses. This nozzle, known as Model 
JOF, is available for several hose sizes 
including 2 y2 in. In the 40-deg. spray 
position its capacity is about 95 g.p.m. 
at 50 lb. water pressure.

In its full curtain position, the new  
nozzle is said to provide an effective 
water screen to protect men and prop­
erty. Furthermore, i t  is claimed to he 
more effective on Class A fires than a 
straiglit-bore nozzle.

Flam e Arrester
To p r o t e c t  tanks containing vola­

tile, flammable liquids against fire 
hazards, the Johnston & Jennings Co., 
877 Addison Road, Cleveland, Ohio, has 
announced the Oceco flame arrester 
which permits free passage of vapors, 
hut offers a positive stop against flame 
entering the tank if the vapors should 
become ignited. This flame arrester is 
also employed to prevent the propaga­
tion of flame or explosion through pipe 
lines carrying explosive gases. The unit 
consists of a strong, rigid housing w ith  
a cover, containing an all-aluminum  
flame arrester element. The housing 
of cast sem i-steel can w ithstand direct 
exposure to  heat and flame. The ar­
rester element consists of alternate flat 
and corrugated sheets of aluminum, 
arranged to present vertical straight- 
through passages to the flow of gas or 
vapor and m inim ize pressure drop, as 
w ell as any tendency to retain m oisture  
and foreign m aterials. A net free area 
of the arrester elem ent tw ice th a t of 
the pipe is  provided. Available sizes 
range from 2 to 10 in. U n its carry  
Underwriters Laboratories approval.

Among the claim s made by the manu-

Machinery, M aterials and Products
Fire Protection Pumps

To p r o v i d e  moderate-cost fire pro­
tection for small plants, Fairbanks, 
Morse & Co., 000 South Michigan Ave., 
Chicago, 111., has developed a new  
Underwriters Laboratories approved 
fire pumping unit, consisting of one 
of this company’s 4-in. centrifugal fire 
pumps, driven by a Ford-Mercury en­
gine. The Mercury engine drive, turn- 

' ing at 2,500 r.p.m., is of sufficient 
speed to be direct connected, thus 
elim inating the need for gear drive, 
sim plifying the installation  and m a­
terially  reducing installation  and 
maintenance costs. An incidental ad­
vantage is that the engine can readily  
be serviced at any point in the country.

This company has also announced a 
new portable pumping un it available 
in a number of types, of which a ty p i­
cal example consists of a 2-in. non­
clogging sludge pump, direct-connected 
to a 3 -lip. splaslxproof motor mounted 
on a standard warehouse truck with  
8-in. rubber-tired wheels. A small 
hand-operated • bracket-type pump 
mounted on the truck platform , with  
its  suction connected to the top of 
the centrifugal volute, is  provided for 
priming. The particular un it men­
tioned has a length of 2% in. wire- 
lined rubber suction hose and a length 
of 2'/o in. collapsible cotton fabric d is­
charge hose. Such units are suitable  
not only for various kinds of emer­
gency service, but also for regular 
service in transferring m aterials be­
tween tanks.

Mercury-engine-driven lire pump

S ow ing n ew  Foam glas in su la tion

Cellular G lass Insulation
G l a s s  in a new form, never before 

manufactured, appears in the new cellu­
lar glass insulation m aterial for use 
in cold rooms which has been intro­
duced by Armstrong Cork Co., Lan­
caster, Pa., under the name of Foam­
glas. The new m aterial is  said to offer 
permanent insulating efficiency in nu­
merous low-temperature applications. 
Its  cellular structure results in the 
formation of a slight vacuum w ithin  
the cells which is claimed to provide 
a highly efficient barrier to heat pas­
sage. Furthermore, the m aterial is  
said to be positively proof against in ­
ternal condensation and the passage of 
water vapor. I t  is fireproof and water­
proof, it  has sufficient structural 
strength to support an insulated ceil­
ing and can be readily sawed and 
worked w ith ordinary tools.

This m aterial is  made by firing or­
dinary glass which has been mixed 
with a sm all quantity of pure carbon. 
A t the proper temperature the glass  
softens and the gas formed produces 
a cellular product which cools in hard, 
vitreous slabs. The m aterial was de­
veloped and is made by Pittsburgh- 
Com ing Corp., but is marketed ex­
clusively in the low-temperature field 
by Armstrong Cork Co. Standard 
12xlS-in. blocks are available in vari­
ous thicknesses from 2 to 0 in.

Spray Fire Nozzle
A new  water-spray nozzle, known 

as the Alfcospray nozzle, has been de­
veloped by American-LaFrance-Foam- 
ite  Corp., Elmira, N. Y., to meet de­
mands for a variable, all-spray nozzle

A licosp ray  nozzle set a t 40 deg .

F lam e a rre s te r  for tanks
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No. 42 contro ller

facturer is the statem ent that in nu­
merous test installations o£ this equip­
ment, no tight tank so equipped has 
ever tieen lost by fire, even when lo­
cated in the middle of a blazing tank 
farm.

Non-Indicating Controller
S m a l l  s i z e , sim ple construction and 

accuracy of operation are claimed for 
a new non-indicating controller known 
as Tag No. 42 which lias recently been 
placed on the m arket by C. J . Taglia- 
bue Mfg. Co., Park and Nostrand Aves., 
Brooklyn, N . Y. The instrum ent is 
claimed to be suited to the m ajority  
of autom atic control applications and 
employs thoroughly tested elements re­
designed for compactness and sim ­
plicity. I t  is adapted to both tem ­
perature and pressure control in a 
number of convenient ranges.

The company has also announced a 
new line of self-operating temperature 
controllers suitable for such applica­
tions as hot water storage heaters and 
tanks. The controller is of the type 
deriving its  power from changes in  
the vapor pressure of a volatile  liquid 
in the tube system . Sensitiv ity  is 
achieved through the use of a small 
diameter valve stem equipped w ith  a 
lubricator.

Hard-Facing Rods
To s u p p l y  concerns unable to fur­

nish high priority ratings, the Stoody 
Co., W hittier, Calif., has developed two 
new hard-facing-alloy welding rods 
which are being marketed under the 
trade names of Stoodite K and Stoody 
Self-Hardening K. The first rod pro­
duces deposits having an average hard­
ness on the Rockwell C scale of 54-58, 
and is said to yield smooth dense de­
posits free from porosity and shrink­
age cracks. This rod is recommended 
for hard-facing such equipment as ce­
m ent m ill parts and brick and clay  
equipment. The second rod is slightly  
less hard and is particularly adaptable 
to deposits on manganese steel. De­
posits can be forged at a red heat. 
Applications for this rod include roll, 
jaw  and gyratory crushers, and bucket

New h a rd -iac in g  rod

Closed-type filters

H igh p re ssu re  test pum p

conveyors. Both types are available 
for either alternating or direct cur­
rent welding. Both can be had under 
regular A-10, P-100 ratings. Further 
information can be obtained from Air 
Reduction Sales Co., 00 E ast 42d St., 
New York, N. Y.

Portable Test Pump
R a p i d  t e s t i n g  of pressure vessels, 

piping system s and boilers is  the func­
tion of a new motor-driven portable 
test pump which is now being m anu­
factured by the W atson-Stillm an Co., 
Roselle, N . J. The u n it is inclosed and 
is mounted, together w ith its  motor, 
on a hand truck for portability. The 
pump is of the tlirec-plunger vertical 
type w ith  y3-in. diam eter plungers hav­
ing a 2-in. stroke. Driven by a .3-lip . 
motor a t 100 r.p.m., the pump devel- 
opcs 8,200 lb. per sq.in. maximum pres­
sure a t % g.p.m. capacity. All neces­
sary accessories are included.

Closed-Type Filters
An a c c o m p a n y i n g  v i e w  illustrates  

an improved tvpe of filter developed 
by LeVal F ilter Co., 1319 South M ichi­
gan Ave., Chicago, 111., for applications 
requiring closed system  filters which 
can be cleaned w ithout opening or d is­
m antling, especially in  locations need- 
inging explosion-proof electrical equip-»1 
ment, or where hazardous liquids and 
acids are to be handled. The un its  
shown employ patented filterstones 
made in the shape of a hollow disk  
which in use are coated w ith a filter 
aid. The stones are supported in the 
center of the cylindrical tank and are

Im proved double-arm  mixer

revolved as they are backwaslied and 
sprayed a t the conclusion of the run. 
In itia l tests for flow rates on an in­
sta llation  of this type, handling a  
water-tliin highly corrosive product, 
gave 333 g.p.h. per sq.ft. of filter area 
for a pressure drop of 18 11). across 
the stones. The un its illustrated  each 
contain 20 sq.ft. of filter area.

Improved Mixers
I m p r o v e d  d e s i g n , streamlined ap­

pearance and complete inclosure of the 
gears and stuffing box are featured in 
the redesigned lin e  of Cincinnatus and 
Mastodon double-arm mixers recently 
announced by Paul O. Abbe, Inc., 375 
Center Ave., L ittle  Falls, N. J. The 
Mastodon heavy-dutv-construction m ix­
ers are built in sizes from 3 to 150 
gal. capacity, and the Cincinnatus 
ligliter-construction m ixers in sizes to  
300 gal. The complete inclosure of 
the new m ills reduces required operat­
ing space and assists in keeping the 
machines clean. The company’s over­
lapping design of m ixing blades is said  
to insure fast and efficient m ixing  
action.

Burglar Alarm  Control
F o r  p r o t e c t i o n  against intruders 

and saboteurs seeking to gain entrance 
to industrial plants, a new long-range 
photoelectric burglar alarm  control has 
been developed and made available by 
Photoswitch, Inc., 21 Chestnut St., 
Cambridge, Mass. The new Type A2S-L
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controls are located. As appears from 
the accompanying illustration, the 
arms of the grab are extended and re­
tracted by motor-driven geared slide 
bars mounted on top of the grab. A 
double-hook cable-type electric hoist 
elevates and lowers the grab with a 
minimum of swing. A quick-acting 
electric brake stops and holds the load 
wherever desired.

Belt Aligner
To ixsintF. the longest possible life  

of conveyor belts, Chain B elt Co., 
1000 W est Bruce St., M ilwaukee, W is., 
has announced a new self-aligning idler 
for flat conveyor belts, for use on both 
the return and carrying runs. The 
idler is designed to assist in keeping 
the belt central on its supporting 
idlers, thus avoiding edge wear. The 
operation of the new idler is said to  
he sensitive and instantaneous. I f  for 
any reason the conveyor belt runs to 
one side, i t  has a tendency to swivel the 
idler in a horizontal plane. If this in 
itself is not sufficient to cause the 
idler to sw ing enough to force the 
belt to throw back immediately, the 
belt w ill continue traveling to one side 
until it  contacts a counterweighted  
end disk which is slightly  larger in 
diameter than the idler roll. Contact 
with this disk tends to rotate it, but 
since it. is counterweigh ted, i t  resists  
the tendency to rotate and produces a 
counter force on the idler, causing the  
latter to swivel rapidly and throwing 
the idler more out of line so as to force 
tlie belt to swing the other way im ­
mediately.

Where excessive m isalignm ent of a 
conveyor belt exists, caused by such 
factors as stretch, or weave in the belt, 
uneven loading of m aterial on the belt, 
or sh ifting of the conveyor frame, sev­
eral of these self-aligning idlers spaced 
at intervals between the stationary  
idlers are stated autom atically to bring 
the belt back to central position and 
avoid the possibility of serious injury.

Heavy-Duty Lift Truck
To f i l l  o u t  the company’s present 

line of W eld-Built lift  trucks, the 
W est Bend Equipment Corp., W est 
Bend, W is., has announced development 
of a new 10,000 lb. capacity hydraulic 
lif t  truck designated as Model L. This

5-ton lilt truck

was called upon and the most of frame 
members common to old-fashioned wood 
sash were eliminated. U nits are built 
complete in the m ill and shipped to 
the job for erection, sim ilar to steel 
sash. As units are erected, the mul- 
lions are joined by a coverplate of 
light, pressed m etal with a sm all in ­
tervening space allowed for expansion 
and contraction. Caulking compound 
furnishes complete waterproofing. A t 
the sills  the wood sash is secured by 
metal clips clamped only at the mul- 
lions with regular mullion bolts. The 
design facilitates glazing and m ini­
mizes deterioration of the wood. Owing 
in probable difficulties w ith ventilator  
sections employing wooden framing, the 
new design calls for steel ventilators 
which, however, require only a small 
amount of steel compared w ith the 
amount of fixed wooden sash in a build­
ing. The design makes extreme height 
possible in single units, and thus 
means considerable saving in horizontal 
supporting members, while allowing  
maximum light for the amount of m a­
terial used.

Box Grab-Carrier
A MOTOiwiitivKx guar and carrier, 

designed especially for handling crates 
and boxes in and out of storage, or 
from one elevation to another, is one 
of the most recent developments of 
Cleveland Trainrail Division, the Cleve­
land Crane & Engineering Co., Wick- 
lifl'e, Ohio. The un it enables quick 
stacking or removal of crates a t a 
great height w ith safety, i t  is com­
pletely motorized, w ith all operations 
conveniently controlled by six  buttons. 
If desired, the unit can be provided 
with an operator’s cab in which all

M otor-driven box g rab

A lbert K ahn an d  John Schurm an, d e sig n er 
of the "V ictory S a sh ,"  exam ine section 
of this n ew  stee l-sav ing  facto ry  w indow .

Self-aligning id ler

control is suitable for both outdoor 
and indoor applications over very long 
ranges, employing a ligh t source cap­
able of projecting a practically in v is­
ible beam of lig h t for distances of 350 
to 700 ft. Thus, i t  is possible com­
pletely to surround the plant w ith sev­
eral of these units. If the ligh t beam 
is broken by an intruder, the photo­
electric control contacts close thereby 
sounding an alarm, turning on flood­
lights, closing gates or performing 
other sim ilar functions. The control is 
provided w ith a latching unit which 
latches the alarm in operation once 
the ligh t beam has been momentarily 
broken, until a reset button is op­
erated.

Changes in  local light have no effect 
on the control which is designed for 
operation 24 hours a day.

W ooden Sash
Of ixteurst to all industrial plants 

contemplating new construction is the 
wooden, steel-saving “Victory Sash,” 
recently developed and made available  
to industry by the firm of Albert Kahn 
Associated Architects and Engineers, 
Inc., Now Center Bldg., Detroit, Mich. 
The organization has waived patent 
rights in order that the design m ay be 
available to all and w ill be glad to  
supply blueprints in detail to anyone 
interested.

The new development is said to be 
capable of serving industrial and other 
buildings quite as well as standard 
steel susli. Nevertheless, only a small 
am ount of steel is required. Experience 
gained in the development of steel sash

Photoelectric  in tru d er detecto r
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model lias all standard features com­
mon to other trucks of this company’s 
line, including the company’s shock- 
proof, horizontally mounted hydraulic 
lift  unit. Available in hoth narrow and 
wide platform types, it  employs parts 
capable of handling much heavier loads 
than the specified rating. M oving parts 
are all supplied w ith ball or roller 
bearings for easy handling.

Equipment Briefs
A p o w d e r  known as M agout, devel­

oped by Pulmosan Safety Equipment 
Corp., 108 Johnson St., Brooklyn, N . Y., 
has been announced for the extinguish­
ment of magnesium fires. I t  is claimed 
to be equally suitable for both m ag­
nesium shavings and magnesium incen­
diary bombs. The m aterial is non- 
absorbent, does not deteriorate and can 
therefore be kept on hand eitlier in 
bulk quantities, or in cardboard con­
tainers of a new type.

An i m p r o v e d  plastic pump in which 
the step-valve, in let and discharge con­
nections are made entirely from trans­
parent plastics is being oilered by M il­
ton Roy Pumps, 1300 E. Mermaid Ave., 
Philadelphia, Pa. The pump is recom­
mended for handling alum solutions, 
hypochlorites, weak acids, mineral and 
anim al oils, since the “P lexig las” valve  
is unaffected by m ost inorganic solu­
tions and by alkalis and oxidizing  
acids only in high concentrations. The 
pump has double-ball ground glass 
checks and adjustable stroke for accu­
rate control of volum e from one quart 
per hour up to maximum capacity of 
100 gal. per hr. for the Duplex models 
and 50 gal. per hr. for the Simplex 
models against pressures up to 150 lb. 
per sq. in.

F o r  b l a c k o u t  alarms, Photoswitch, 
Inc., 21 Chestnut St., Cambridge, Mass., 
has developed the Photoswitch Photo­
electric Blackout Alarm control. This 
control is placed in  a convenient loca­
tion so that it  views a centrally con­
trolled street lamp. Through the Plioto- 
switch are connected alarm system s op­
erating inside the factory and when the 
street lights are turned out, the control 
observes th is and the alarm is  sounded. 
The unit is designed to operate inde­
pendent of a momentary flickering of 
the street lamp. I t  w ill provide an 
alarm system  for factories and plants 
in which noise from the din of machin­
ery, etc., makes it  difficult to hear an 
external air raid warning siren.

B l a c k m e r  P u m p  Co., Grand Rapids, 
Mich., has announced a combination 
rotary-centrifugal dual pumping unit, 
comprising a cast bedplate on* which  
is  mounted a 4-hp. motor w ith a gear- 
head on one end to drive the rotary  
pumping unit, and a shaft extension  
on the other end, direct-connected to 
a centrifugal pump. The capacity of 
the first mentioned pump is 44 g.p.m. 
at 50 lb. per sq.in. (on a liquid such

N ew  ab so lu te  p re s su re  reco rder

as o i l) ,  w hile that of the centrifugal 
pump is 75 g.p.m. a t 25 lb. per sq. 
in. (on a liquid such as w ater). The 
unit is employed for applications in 
industrial plants where two dissim ilar  
liquids must be handled together.

To A S S IS T  research workers and 
others seeking instrum ents required in  
their work, but difficult to find, the 
N ational Research Council has recently 
appointed a committee on the location  
of new and rare instrum ents, of which 
D. H. Killeffer is chairman. Those 
needing the services of the committee 
should communicate w ith  Mr. Killeffer 
at 60 E ast 42d St., New York, N . Y. 
On the other hand, the committee 
desires assistance from the owners and 
builders of instrum ents falling w ithin  
the new and rare classifications, which 
m ight be made available to others 
through sale or for temporary use.

T h e  l i n e  of electric furnaces m anu­
factured by H. 0 . Swoboda, Inc., 13tli 
St., New Brighton, Pa., has recently 
been augmented by a new full-muffle 
electric box-type furnace w ith an all- 
refractory hearth, designed prim arily 
for ceramic use a t temperatures up to
2,000 deg. F. A new center-pivoted 
door decidedly sim plifies construction. 
Chamber dimensions are 3 J x 5 ix l2  in.

A bsolute Pressure G age
F o r  t h e  m e a s u r e m e n t  of pressures 

which are low enough to be seriously  
affected by variations in atmospheric 
pressure, Brown Instrum ent Co., P hila­
delphia, Pa., has developed and an­
nounced a new absolute pressure gage, 
said to have exceptionally high ac­
curacy of calibration and a long life. 
In common w ith other instrum ents of 
the type, the gage measurement is the 
sum of the existing atmospheric pres­
sure and the pressure of the measured 
substance above or below that of the 
atmosphere. The actuating elements 
consist of a spring and bellows assem ­
bly, including an upper evacuated bel­
lows (sealed at nearly perfect vacuum) 
which contains a calibrating spring, 
and a lower actuating bellows con­
nected to the source of measured pres-

N ia g a ra  "N o-Frost" 
concen tra to r

sure. The top of the evacuated bellows 
and the bottom of the actuating bel­
lows are fixed w hile the adjacent ends 
of the two bellows are attached through  
suitable linkages to the recording pen.

The action of the actuating bellows 
is the same as that of any ordinary 
bellows-actuated gage. However, the 
evacuated bellows expands or contracts 
with changes in atmospheric pressure 
and thus adds or subtracts a correction 
by producing a force equal but opposite 
to the varying atmospheric force on 
the actuating bellows. The instrum ent 
is available a t  present only as a single­
record recorder or single-record air- 
operated controller. Ranges now avail­
able include 100, 200, 300, 400 and 500 
in. of mercury absolute, and 15 lb. 
per sq.in. absolute.

Low Temperature Conditioner
N ia g a r a  B l o w e r  C o ., 0 E ast 45th 

St., New York, N . Y., has announced 
availab ility  of equipment for the air 
conditioning of cold rooms a t tempera­
tures as low as — 50 to — 80 deg. F., 
for use in processing and experimental 
work. The process, known as the “No- 
Frost” method, provides equipment for 
m aintaining these low temperatures 
and also for introducing fresh make-up 
air w ithout ice or frost forming on 
the cooler coils. Owing to this fact, 
the new equipment is said to give con­
stant operation w ithout interruption  
or loss of capacity. I t  employs th is  
company’s “No-Frost” liquid which is 
stated not to be a brine and not to be 
corrosive. The process employs coolers 
operated in stages, the first stage re­
ducing the temperature to ju st above 
the freezing point of water and remov­
ing m oisture condensing a t this tem ­
perature. The second stage, employ­
ing the “N o-Frost” liquid to remove 
the balance of the m oisture, is made 
continuous by use of a concentrator 
for the liquid, as shown in the ac­
companying illustration. The third  
stage produces and holds the required 
final temperature.
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CUT HEAT TRANSFER TIME TO SECONDS  
W I T H  V O T A T O R !  \

___

T H E  G I R D L E R  C O R P O R A T I O N
VOTATOR D IV IS IO N  • LOUISVILLE, KY.

% 111» t  > ta ? Ï» 4 ' Sî? I;

^ m a :m v w E m m

K E Y  T O  V O T A T O R  F L O W  D I A G R A M — I. Product con- 
nectlons. 2. A n n u la r  space  thru which p roduct passes.
3. H e a t  transfer m edium . 4. H e a t  transfer m edium  
passes thru this annu lar space. 5. H e a t  transfer tube.
6. M u ta to r  shaft. 7. Sc rap e r blades. 8. Insulation,

VOTATOR PERMITS HEATING OR COOL­
ING LIQUIDS AND VISCOUS MATERIALS 
INSTANTANEOUSLY WITH EXTREMELY  
ACCURATE TEM PERA TU RE CO N TROL!

•  If the h e a lin g  or coo ling  of liqu id s or v iscous m aterials 

is s low ing dow n your war production, then the rem arkable 

V o ta to r heat transfer unit will help solve you r problem s!

W ith  the V o ta to r a continuous flow  of p roduct passes 

th rough  the unit, and heat transfer is accom plished  IN  

S E C O N D S l  There is ab so lute  uniform ity o f p roduct be­

cause accurate tem perature control is m aintained at all 

times. D an ge r  from  contam ination  is e lim inated— the 

Vo ta to r is constructed  of stainless steel and is fully en­

closed. V o ta to r also offers the time and cost cutting 

advantage s o f m ixing, em ulsify ing or aerating sim ul­

taneously with heating  or cooling, if desired.

Increase  your war production  
ou tput trem endously bysw itch ­
ing from  slow, batch p ro d u c ­
tion m ethods to  rapid, contin ­
uous Vo ta to r m ethod. Vo ta to r 
units are quickly and easily 
installed in virtually existing 
systems.A  U iijld if. e h p c ie sit, cx u tiU tu au i.

u n it
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The Mining and 
Relining of 
Dialomite

T i l E  deposit o f d iatom ite n ear 
Lompoc, C alif., supplies raw  m a­

terials fo r filter aids, fillers and  in ­
sulations. W here the S an ta  Ynez 
.Range term inates in the hilly  P o in t 
Conception region, lies one o f A m er­
ica’s m ost unique m ineral deposits. I t  
is a g re a t bed o f folded and  stratified  
diatom ite, the to tal thickness o f which 
is 1,400 l't., and  the a rea  about 4,000 
acres. This was first laid  down several 
million years ago. I t  is form ed of fos­
sil diatom s, which a re  little  m icro­
scopic p lan ts  having the capacity  to 
fo rm  shells o f nearly  p u re  opaline 
silica. The individual partic les o f ex­
trem e fineness a re  o f ex trao rd inary  
s tru c tu re  and com plex ornam entation .

A t the Lompoc opera tions of Johns- 
.Manville there  a re  a w ell-integrated 
series o f processes which cover the 
m ining of the crude diatom ite, tra n s­
p o rta tion , p re lim in a ry  drying, m illing, 
c lassifying, and  processing o f pow der 
products, the m aking o f aggregates, 
the fab rica tio n  of insu la ting  bricks, 
etc.

O perations a re  carried  out sim ul­
taneously in a scries o f fu lly  developed 
and selected quarries, m aking avail­
able a  v arie ty  o f  raw  m ateria ls fo r  d if­
fe ren t p roduc ts and  fo r  blending. P r i­
m ary m illing and  blending of the wet 
crudes a re  carried  ou t a t  a centralized 
p lan t located underground  in solid d ia­
tomite. The d is tribu tion  of crudes to 
the sep a ra te  m illing and  processing 
units is by conveyor belts to storage 
and feeder bins. The accom panying 
d raw ing  is a sim plified flowsheet of 
operations beyond th is p o in t fo r one 
o f fo u r sep a ra te  un its. The p ic tu res 
illu s tra te  some o f the essential o p e ra ­
tions in  the process.

The crude, a f te r  p re lim inary  crush­
ing, is dried, milled, purified and  clas­
sified sim ultaneously by a series of 
trea tm en ts w ith pneum atic blowers, 
separa to rs  and  classifiers. U ncalcined, 
calcined and flux-calcined pow ders are  
produced in a num ber o f p artic le  size 
ranges. C alcination is carried  out 
p rinc ipa lly  in ro ta ry  kilns. Subsequent 
steps are  d ispersing, conveying, seper- 
a ting , classify ing  and  packing. Much 
o f the equipm ent is o f special design 
adap ted  fo r diatom aceous silica.

C H E M IC A L , *  M E T A L L T JR G IC  AT. 
E N G IN E E R IN G

August, 19'i 2

i  C rude d iatom ite u n lo ad ed  into s to ra g e  sh a ft for la te r  de liv ery  to mills. 
Some of th ese  ho ld  se v e ra l th o u sa n d  tons ol m a te ria l. S haft is in so lid  d iatom ite

1

C R U D E  ST O R A G E  SHAFTS



Chem & M et 
F L O W  

S H E E T

9  W arehousing  show ing  lift truck a n d  p a lle t m ethods. 
P roducts p ack ed  In 50 lb. p a p e r  b a g s  for shipm ent

5 A portion  of the filter a id  mills, sh ow ing  d ry ing , m illing, c lassify ing  a n d  se p a ra tin g  
equ ipm ent. A la rg e  cliff of d iatom ite  a p p e a rs  in the  b ack g ro u n d

M Stocking dust collectors a id  in c la ssi­
fication of d ia tom aceous p ow ders3  Two of the la rg e  open  cut q u a rrie s  in m ountains of diatom ite. These a re  o p e ra ted  

b y  d ra g  line or p o w er shove ls a n d  trucks. G en era l topography  is show n
! T ransporta tion  of ra w  m a te r ia l from s to rag e  a r e a s  to the mill sites is b y  u n d erg round  
[ectrified tra in s o p e ra tin g  in tu n n e ls  a t mill e levation

B A G  H O U SE
B A G  H O U SEB A G  H O U SE

To Dust Collector THIRD
CLASSIFIER

C YC LO N E
COLLECTOR

C YC LO N E
COLLECT­

ORFOURTH
C L A SS I­

FIERC YC LO N E
COLLECTOR

CLASS IF IER

PACKER
FIRST

C LASS IF IER
PACKERPACKER

FEEDER
B IN S R EA G EN T

FEEDER

Solid  D iatom ite

S EC O N D
C LASS IF IER

BLO W ER

To W arehouse
PACKER

C O OLER

FU R N A C E PACKER

Coarse  Fractions

4  S tart of p rim a ry  cru sh in g  a n d  g rinding. W et crude is d isc h a rg ed  irom  a  b e lt into a  
sp ike roll, an d  then  to ham m er m ills for distribution to secondary  m illing an d  p ro cess in g  units

6  M echanica l p a c k e rs  o p e ra tin g  d irec tly  from  p a c k in g  b ins a re  em. 
p lo y ed  for the p a c k a g in g  of fin ished  products

Entire operations a re  b ased  in h e a rt of diatom ite deposits. Sil-O-Cel In su la t­
ing brick p lan t in foreground. F ilter a id  an d  filter mills in background

O  O ne of the  ro ta ry  calciners, g a s  or oil fired, looking from  feed  end  of kiln. 
P o w d ered  an d  p rocessed  d iatom ite is h ea t trea ted  in units of this type
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INSTALLATION!
g o o d  P IP IN G  s e r v i c e

INSTALL P IP ING R IGHT!

HELP FOR FIGHTER5 
ON THE
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..... *"*;"•
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TREAT  P IP IN G  RIGHT is rule N o . 1 in m ak­
in g  present valves and fittings last lo n ger  
— g iv e  m axim um  se r v ic e . In  " P ip in g  
P oin ters,” Crane tells m aintenance men 
cxactly how  to do it—how  to avoid little  
careless habits that shorten the life o f  
equipm ent—h ow  to prevent replacem ents 
now  w hen replacem ents are harder to get.

P IC K IN G  TH E  R IG H T  V A L V E S  for specific  
services is a sure way to elim inate inter­
ruptions and delays in production lines. 
"P ip in g  P oin ters” give clear d irections  
on  valve selection . W orkers using this 
service know  w hen, where, and why to 
install gate valves—w hen to ch o o se  g lob e , 
angle or check valves.

F O R  T R A IN E E S  O R  V E T E R A N S — M en w h o  
never handled a w rench before quickly  
grasp the i /o ’s  a n d  don 't5 and rights ana  
wrongs in " P ip in g  P oin ters.” T hey keep  
veterans up-to-date on  "k in ks” that speed  
up w ork and step up efficiency o f  p ip ing. 
For plants using this Crane service, it 
m eans few er sh utd ow ns— more production!

O f*t - W f D.E ■ ..S'Ë k  ¥ IC  E T H ftb .U .Q H  &'K„Â H .C ffES ' A N D  W H O L E S  J H M A R  ÉÇE.T5I
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FREE— TO  A N Y  P L A N T - T O  HELP 

SPEED V IC T O R Y ! Your local Crane  

Representative w ill g la d ly  supp ly  

"P ip in g  Pointers” on request. Or, 

w rite to the ad d re ss  g iven  here.

■HBÜ

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 O U T H  M I C H I G A N  A V E N U E .  C H I C A G O

VALVES • F I T T I N G S  • PIPE  • PLUMBING • HEATING • PUMPS
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Solve

R a y m o n d  E q u i p m e n t

P I G M E N T S  . .

IN C L U D IN G  

W H IT E  LEAD, 

LITHOPONE, 

T IT A N IU M  

P IG M EN TS

T o  bring out the desirable characteristics in grind­
ing p igm ent m aterials . . . .  such as lo w  oil absorpt ion,  
high cover ing  p ow er ,  e x t r e m e  f ineness  and  un i ­
f o r m i t y  . . . u se the R aym ond w h izzer-typ e R o ller  
M ill. It p u lverizes and classifies the product to any  
fineness up to 99.97% m inus 325-m esh, producing a 
superior quality finished m aterial. It is easy  to 
regulate and it gives greatly increased  capacities . . . 
25% to 50% on harder m aterials, and up to 100% 
on softer  m aterials.

INSECTICIDES

IN C L U D IN G  

C O PPER  

SULPHATE, 

SPRA Y  LIM E  

A N D  OTHER  

C H E M IC A L S

In processing copper sulphate w ith  the R aym ond  
Im p Kiln M ill, the drying system  of the m ill can be 
controlled  so as to rem ove exactly  f o u r  of the five 
m olecu les o f the w a te r  of  crystal l i za tion.  T h e m ate­
rial is pu lverized  to extrem e fineness in the sam e  
operation. T h e  resultant product is a m ono-hydrated  
copper sulphate . . .  a fine, dry, uniform  pow der, 
very  econom ically  produced. T h is is the standard  
m ethod of m anufacture so su ccessfu lly  used  in m any  
insecticide plants.

FOOD PRODUCTS..

S O Y A  BEANS, 

C H O C O L A T E  

MIXTURES,

DRIED  M ILK  

PO W D ERS

T h e production of ed ib le soya bean flour, both from  
the press cake and the so lven t treated flakes, can be  
handled efficiently w ith  the R aym ond Im p M ill in 
com bination w ith  a M echanical A ir  Separator, oper­
ating in closed  circuit. T h e m aterial is reduced in 
the m ill and discharged to the separator, w h ere it is 
classified to a fineness of 99.5% passing 300-m esh. 
T h e resu lt is a fine com m ercial grade of soya bean  
flour, produced at low  cost.

O U R  T E S T I N G  L A B O R A T O R Y  is at your service
in making experimental runs on your particular product for 

determining the proper equipment and method of produc­

tion for your plant. Inquiries and samples are invited for 

examination.

W rite
for

C a ta lo g s

Rnvmono P u l u e r i z e r  Division
_  CO M B U ST IO N  EN G IN E E R IN G  C O M PA N Y , INC. 
lU l l  North Branch Street C H IC A G O

S a i d  O W < « »  i«* P r i n c i p a l  C i t i f l  »  * •  I n  C s n t d a :  C o m b u ł l i o n  E n g i n e t i i n g  C o r p o r a t i o n , - L t d . ,  M o n l r * * l
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