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1 sulfur shortage is upon us and promises to he around for TI'" home time. While the brimstone producers slog thiuugh 
1,ouisinna swamps seeking new sulfur domes, petroleum refiners 
:it,(: looking at their acid sludgcs us a possible source of more sul- 
furic acid; ore refiners are vie\ving sulfurous stack gasrs with new 
iiitwrst, and coke oven oper:ttoix aye recalculating the economivs 
of sulfur iecovory from thrii, ofT-gtrsc.s hg long established tnot.11- 
ocls. Surfare ~ul fur  deposits, pyrites, and even anhydritcfi, 
rioglc~cted as long as the c~si l j '  mined domes held out, are  no^ the* 
locus of intense interest. 1 1 1  other words, Sulfur, like gold, is 
\vhoi.t, you find i t ,  and sulfuric arid consumers are missing no het,s. 

:\t the same time, hytlrogw cyanide, long a slow-moving prod- 
uct c*ommercially, has sutldcnI>. acquired new interest with fJht: 
iitlvcnt of the arrylonitrilr fihers and the discovery of a new nylon 
prowss, both of which require the deadly gas as a fundamental 
i u w  iu;Lteriul. I! too has bern the subject of intense tcchnical and 
c:conomic* rcsearch. In 1948 two lwiniary producers, Du Pont and 
.\nici,ican Cyariatnitl, mnde less than 40,000,000 pounds. Pit>ts- 
IJurgtl Cokc anti (:hemica1 rc!c:ovc~rcd less than 1,000,000 pounds 
l ' i ~ i i i  coke g:tscs. The: 1!J4X ~~roccsws v,.ere based on sodamidc, 
I'orrn:tniidc, : t r d  cyuriiLrniclc. I3y the cnd of this year thrcc 1iew 

', Rohi  & II:ias, Carhidn and Carbon, and 
I < o I J ~ J ~ ! ~ ~ s ,  \vi11 t w  i t i  t tw ~ i i c ~ f n t v  : i i t t l  w i t t i  cymiisiori tiy thr origin:tl 

t w o  producers will boost t.ot,al produr!tion to close to 05,000,000 
pounds. Sext  year Moiisanto will get into tho act and Du  Pont's 
ni:imnioth fj0,000,000-ton plant st Aleniphis, T~IHJ., will come 
o i l  st rcam ; Itohm & EIaas and Anic?rican Cyanamid will expand 
iigairi to bring the total output to at least 200,000,000 pounds. 
.4ll this new cvtp:rcit.y, with the oxception of the American Cyan- 
:trnitl expansion, which will u8e the cyanamide process, will uti- 
lize :t rciaction hetwwii mt!thanc and ammonia. All but one of 
the other new installations will introduce natural gas and ani- 
nionia into :i reactor and apply high temperatures to mako the 
reaction go to completion. The one exception is the Koppers 
plant. The Koppcrs people, like all coke makers, know that this 
roaction occurs spontaneously in a coke oven. High ternperatuw 
coke oven gases contain about 60 grains of hydrogen cyanide per 
100 cubic feet or about 0.7 pound per ton of coal coked. Dis- 
posal of this hydrogen cyanide has actually been a problem for al- 
most as long as coke has been inadc. .Usually the hydrogen 
ryanitle has txen cleconiposetl, reacted to produce another prod- 
uct, or simply discharged to the atmosphere or to the sewers. .4 
rciv rriurlucers in Euiupe and Pittsburgh Coke and Chemical in 
this country have recovt:iwl it as the pure gas, but the processes 
were not attractive c:cononiically, ~)atticularly when the m:trltet 
for thr rrtatririnl WLF iton(: too cvit1iusi:istic. 
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TEMPERATURE OC 

Figure 1. Vapor Pressure or lfjdrogen C)anide 

t h i t  msuir c-ontinuous inhibition in h t h  liquid : ~ n d  w p o r  ph:~stis 
:it :ill 1)oints in t h r  process stream. Thv :icitl inhibition of thv 

K E : \ H Y Y .  'Y. .I., t'I,AN'T OF KOPPERS (10.. IV(:. 

is rrc*yclccl to th r  aptnys in the c~okrx ov(~n g:ts outlrts. T h r  fiush- 
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tiriuous specific gravity meter on the reflux line provides a 
(sonstant vheck on the purity of the produvt. 

hhout 0.1% of phosphoric: acid (0.0235 gallon per hour) is 
added to the hydrogen cyanide on the rc+iusing apparatus to 
iiihjhit polymerization both in the protiucet anti in the stripping 
st,ill. The phosphoric, acid is vommerrial gradch and is pumped 
from t h e  50-gallon storage tank by two parallel, positive tlis- 
placement, pulsating diaphragm type metering pumps (TIC). 

Stabilizing 

Tha liquid hydrogen cyanide product is piped to one of three 
l)rinc-jacket,ed, 250-yallon, receiving tanks. The three tanks art' 
used sequt.nt,ially and will earh hold about 8 hours' production. 
The tanks are stirred with a double-propeller agitator driven by R 

1-hp. motor a t  350 r.p.m. As soon as a tank is filled it is analyzed 
for stahilizf~r vonteiit. If the analysis shows Irss than 0.2% of 
phosphoric. avid, a&l is added to makc up the, diffrrcticc. Sta- 
tdized hatches are pumped ( 8 E )  to t~ mcster tank, t)rine-cooletf to  
i h u t  2' C. From the meter tank tho liquid hytlrogrn cyanide 
niay be diverted either to the cylintlw-filling dcyartmmt~ or to 
thc reactors in which sodium cyanid(% is p r c l ~ a r ~ l .  If it is to I x  
shipped as liquid hydrogen cyanide it is transfrrred to a I)rine- 
cooled ( 2 ° C . )  loading or surge tank from which it is drawn directly 
into chilled shipping flasks. 

At present Koppers is riot shipping any c.ylintlertvf hydrogen 
csyanide from Kearny. The entire output of t h r  pltint is  old as 
30% aqueous sodium c.yanitle solut.ioii. l'rocwsing to this entl 
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product eliminates the fire and explosion hazard of storage and 
handling of liquid hydrogen cyanide. 

Sodium Cyanide Production 

To make the sodium cyanide solution about 400 gallons of com- 
mercial 5oy0 aqueous caustic solution are introduced into a reac- 
tor and diluted with water to 23 to 29y0 depending on the atmos- 
pherir temperature. Hydrogen cyanide is then introduced from 
t.he meter tank through a dip pipe a t  a derreasing rate until 
almost all the sodium hydroxide has reacted. The rate of addi- 
tion of the cyanide must be controlled carefully and the rea(-tor 
charge agit,ated vigorously to ensure that the hydrogen cyanide 
introduced reacts immediately with sodium hydroside. If a 
local concentration of sodium cyanide should build up around the 
dip pipe, free hydrogen cyanide would collect momentarily and, 
i n  the alkaline solution, would begin to polymerize. Although 
the polymerization would not progress very far before the hydro- 
gen cyanide would he reacted, enough polymer would form to dis- 
color the sodium cyanide solution. 

As the sodium hydroxide is depleted by reaction to sodium 
q.anide the added hydrogen cyanide does not react as quickly and 
the rat? of addition must be reduced. The progress of the reac- 
tion is followed by frequent density determinations until the end 
point is approached. The final addition is calculated from a 
titrimetric analysis. The product contains about 2y0 free 
sodium h].drosides to ensure that the stoichiometric point is not 
esreeded. 

Measurement of solutions is by visual observation of calibra- 
tions on the feed tanks. The standard batch produces 1000 
gallons of 28 to 35Y0 sodium cyanide varying with the time of 
year. In the winter the low concentrations must be used to avoid 
solidifiration in transit. In the warmer months the concentra- 
tion is increased to save on shipphg costs. All billing is on a 
sodium cyanide content basis. 

Performance 

The Kearny plant produces about 172 pounds per hour of 
98.5Y0 hydrogen cyanide from a feed rate of mixed gases of about 
12,000 standard cubic feet per hour. 

Under optimum conditions the yield of hydrogen cyanide cal- 
culated on the feed to  the hydrogen cyanide absorber is about 
99%. The major product loss is incurred in the maximum of 1.6 
pounds per hour of hydrogen cyanide that  is lost in the bottom 
discharge of the stripper column. 

Hec*ently the operators of the plant discovered a serious corro- 
sion problem in the absorber and the lower sections of the strip- 
ping still. Although the Type 304 stainless steel used for this 
equipment appears to  be adequately resistant to the necessary 
concentrations of sulfuric when tested in the laboratory, rapid 
corrosion has been experienced in actual use. It is possible that 
this corrosion was caused by experimental runs in which acetic 
acid or other supplementary inhibitors were added to  the dilute 
acid absorbent. If acetic acid is used as a vapor phase inhibitor 
i t  may be necessary to  find some more resistant material for the 
construction of the process vessels. However, there is some 
possibility that  reducing the acidity of the absorbent will elimi- 
nate the corrosion problem without impairing the absorbing effi- 
ciency of the column. 

It is 
hoped that  an acid solution with pH as high as 3.5 will give the 
same absorbing efficiency. 

Polymer formation in the equipment containing pure hydrogen 
cyanide or aqueous solution of hydrogen cyanide in concentra- 
tions greater than 50y0 by weight has apparently been completely 
eliminated by proper engineering design and the addition of 
phosphoric acid inhibitor. However, a slow accumulation of 
polymer has occurred in the absorber section of the recovery 
plant where dilute solutions of hydrogen cyanide are involved. 
Although the formation is slow and does not entail any explosive 

Previously the absorbrnt was held a t  pH’s as low as 2.3. 

I .  I ransfer Pumps 

Suhrnerged mounting of pump and off-cenrer intrnduotion of 
agitator as seen from top of receiving tanks 

hazard it affects operating condition\ a n d  has necessitated srvet a1 
shutdowns. This polymer formation seems to be primarily 
vaused by dead spots in the equipmmt which are not continually 
flushed by fresh solution. Under such conditions the acid inhibi- 
tor is gradually exhausted by reaction ‘M. ith ammonia released by 
slow polymerization, and the autocatalytic phase of the poly- 
merization is attained. Vapor phase inhibition of the poly- 
merization by the introduction of sulfur dioxide solutions and 
sulfur dioxide gas haR not been effective in eliminating the poly- 
mer formation. Acetic acid added to  the sulfuric acid in the 
absorbent for the same purpose also seemed to have little inhibi- 
tory effect on the polymerization and may have increased the 
corrosion of the absorber. The most promising remedy for this 
condition seem8 to be a modification of the internal arrangement 
of the equipment involved to ensure that faesh solution reaches 
all surfaces continuously. 

Operating experience has shown that the simplest and most 
straightforward start-up procedure is both the safest and most 
efficient. In  lighting off the plant the absorber is first purged 
with steam to eliminate air and then filled with coke oven gas to 
prevent air from leaking back in. Acid absorbent is admitted to  
the top of the absorber, passes down the column and through the 
reboiler, and is discharged to the sewer. Steam is passed through 
the reboiler a t  the regular operating rate and mixed gases are 
admitted to  the absorber. Steam to the reboiler may be adjusted 
manually to  bring the absorber-rectifier to standard operating 
conditions as quickly as possible. When the discharge from the 
reboiler is free of hydrogen sulfidr it is assumed that the absorber 
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11:~s tlttaiiled opelatirig equilihiuiii; overhead gases are sent to 
tlie acid plant, and the foul solution from the bottom is admitted 
to  the stripper column. Steam is admitted to the stripper at the 
standard rate and water is passed through the dephlegmator at 
the inaximuni cooling rate. This usually provides a'dephlegma- 
tor discharge at about 40' C. The overhead vapors enter the 
cnriching column, and the reflux ratio is immediately set at 1 : 1. 
The  initial product contains less than 10% water, rand after a few 
niinutes of reflux operation the product has attained the  stand- 
:ut1 strength of 98.5% hydrogen cyanide. 

To shut down the unit the mixed gas feed is by-passed to the 
stack. The stripper remains operating a t  standard conditions 
until there is no more overhead discharge. The  flow of absorbent 
through the absorber and into the &ripper is continued until all 
hydrogen cyanide has been removed from the system. If it is 
necessary to enter any of the process equipment the vessels ai'c 

filled with the dilute sulfuric acid absorbent, drained, and purged 
with steam before they are opend .  If the plant was to remaiii 
idle for a period of several days this proredure would also be fol- 
lowed to prevent polymer forniatioit by residual h 

Acid flushing and steam cleaning are used 
plant to clean lines and vessels. S o  alkaline detergents a w  u w l  
at nny time. 

III the event a pipe that  carries hydrogen cyanide must be re- 
placed or repaired, the section of line is isolated and operators ill 
gas niasks and rubber gloves loosen the adjacent flange ronnec- 
tioiis until the hydrogen cyanide begins to drip out. A water 
hose is played on the connection until the dripping stops and then 
the line is removed. 

Vent System 
All vents from the hydrogen cyanide recovery unit iiicluding 

tliosc from the relief valves are connected to  a 60-foot flare stack. 
The stack has two se arate flares, one for sulfide gases and one for 
cymide, with a sing6 ignition system. The sulfide flare is con- 
nwted to manual vent valves on the inlet knockout and the 
h\drogen sulfide knockout drums, to  a relief valve set for 10 to 12 
])(~unds per square inch on the hydrogen sulfide knockout, and to  a 
15 pound per square inch relief valve on the absorber reboiler. 

The other flare serves manual vents on the cyanide condenser, 
thc reflux weir, the absorber reboiler, the stabilizers, cylinder load- 
ing, and meter tanks, all through a vent line catch pot. Most of 
tlie vent lines are 4-inch stainless steel although a few are 2 
iiic.lies. Flame arresters on both flares prevent a blowback into 
the system. The stabilizer, loading, and meter tanks also have 
aluminum rupture disks calibrated to release a t  10 to 15 pounds 
per square inch gage. The stabilizers have 8-inch disks; the 
others use &inch. The rupture disks have individual stacks that 
rise about 10 feet above the vessel. 

Auxiliary Equipnictit 
Refrigeration for the plant is provided by two 20-hp. units 

using Freon refrigerants (IOE). The cooling effect is trans- 
mitted (SE)  to the jacketed pipes and tanks by calcium chloride 
hrine with a specific gravity of 1.2. 

All instruments and automatic valves are air operated. The  
ILir for this service is taken from the general plant service line and 
dried in a double tower gas dryer. Each tower contains 65 
r)ounds of silica gel. They operate alternately on 24-hour drying 
:ind regenerating cycles. Regeneration is by internal steam coils. 
The unit has ti cbnpacity of 25 cubic feet of air per minute to  a dew 
point of 9' C. 

re available to  replace 
the instrument air in case of coinpresser failure or other casualty. 
I1:ac.h cdinder ran  upp ply air f o r  tlie entire instrument sytem for 
(i ininutcx 

Materials of Construction 
Prarticdly all the equipment in the recovery plant whirh will 

mme in contact w-ith high concentrations of either hydrogen 
cyinide or hydrogen sulfide is fabricated of Type 304 stainless 
stcd ( I E ) .  Although such construction is not ahsolutely neces- 
sary, it prevcnts discoloration of the product by corrosion prod- 
ucts. The sewer that serves the stripper is also of stainless steel 
since it must handle dilute acid a t  100" C .  Other sewers are 
ceramic'. Phosphoric acid lines and pum s are of Monel metal. 

All proceas piping is joined by bo l t e l  flange joints similar to  
those romnionly used with small soft tubing (9E) (Figure 6). 
Pipe is flared to a conical shape by special tools on the job. Ease 
of dismantling and replacing sections of line so connected more 
than (+ompensate for its relatively high initial cost, according to  
Iioppers' c A n  g' ineers. 

High temperature lines are steam traced and magnesia lagged. 
Glass-wool insulation is used on the brine lines and other pipe 
(*wrying streams below atmospheric temperatures. Process 
vessels have 2 inches of lass wool or 85% magnesia insulation 
plus R weatherproof asphaytic coating. 

Two banks of three nitrogen cylintiei 

Safety Features 
The major safety provision of the installation is a system of 

quick-acting valves that  make i t  possible to  drop the contents of 
any container holding liquid hydrogen cyanide into water almost 
instantaneously. 

The three stabilizer tanks, the meter tank, and the cylinder 
loading tank are all equipped with 4-inch dump valves that  will 
completely empty them into a 6500-gallon horizontal quench tank 
in 10 seconds in the event of run-away polymerization. The 
quench tank is always filled with 4500 gallons of water, enough to  
quench the contents of all the hydrogen cyanide vessels in the 
event of trouble It is equipped with two 420-r.p.m. agitators 
each with two 16-inch square pitch, horizontal paddles (6E) 

- .- " 

Figure 6. Flanged (:onical End Fittings 



I I I  atidition to the polymcar rasplosion hitziml, hytlrogt~n cy:itiidc 
ir also conihustihlc, rsaplosive i n  the usu:rl scnsc, and, of (wursc~, 
])oisonous. I t  has 311 ignition ternpc~raturc. of 585" c. ail({ is 
cb\plosivcs in  c~oticentt.ittioiis i)c~t\wc~ii 1 I :inti 60% (22) .  It has :L 
toxic: limit of 50 p.p.m. :in11 in:ty t)e :tl)sorl)ed through the, skiti, 
.\lthough as :L g : i ~  i t  is lighti~i~ ttiait :iir autl has it Ion. pei~sistctiicc, 
i t  is a liquid L)elo\v 20' ('. i i i i i l  iis sur11 \vi11 1)oisist for Ioiig pClriods. 

Koypc~rs' s:ifetj. c~iigiiic~c~i~s ~~c(~o~iini(?nd iviiter as the t)wt t i t.(, 

isstinguislier for  h~.dtoyc~ii c~ . : tn id(~  since it will dissolve the 
inaterial a s  ~ w l l  as cool it. '1 tn:rnually-triggercd spriitklur sys- 
t v i n  fed from a 75,000-g:111oi1 tank protwts the stahilizer t:tnk,s. 
.i dike arour:d those vwsels \vi11 contain :1 major spill for :i:ltlctl 
I)rot,ectioi;. 

The tosicity hazard has heen beaten by rigid enforcement of 
i~,gulations regarding t h c  use of gas masks and rubber gloves antl 
(yiecially close attention to the prevention of skin absorption 
irom contaminated clothing. All handling of hydrogen cyanid(%, 
even in small sample quantitiep, must be done within sight of an- 
other man. Safety showers and ryewash fountains have been 
provided generously. 

I t  
is explosive when present in the air from 4 to 46%, and it will 
ignite a t  about 350" C. Furthermore, its toxic limit in the at- 
mosphere is even lower than that of hydrogen cyanide, although 
its strong odor makes it easier to detect. However, the hydrogen 
sulfide is handled very little once it is isolated from the mixed 
gas; it goes directly to the sulfur burner and, consequently, does 
not introduce as widespread a hazard as the cyanide. 

A monthly inspection of all vessels and lines is made to detect 
structural weaknesses and accumulations of polymer. Checks 
with cyanide test paper and then an actual gas aiialysis are made 
before anyone enters a process vessel. 

The hydrogen sulfide provides its share of headaches also. 

Chemical Control 

Most chemical analyses on the recovery process are run once a 
day. The mixed gas feed to the hydrogen cyanide absorber is 
assayed for hydrogen sulfide, hydrogen cyanide, carbon dioxide, 
and ammonia. The gas going to the sulfuric acid plant is checked 
for hydrogen cyanide and carbon dioxide. The stripping column 
feed is analyzed for hydrogen sulfide and hydrogen cyanide, and 
hydrogen cyanide is run on the stripper bottoms. 

While hydrogen cyanide is being run into a stabilizer the tank 

Qicrnch Tank 
Any vessel  containing ACN can be dumped into this 6500-gallon 

wnter tank in 10 seconds 

is checked hourly for cyanide conceiltuat.iol1 by specific gravit?. 
mid :wid content hy titration. If a charge is allowed to stay in 
the stabilizer for an extended pc~riod it is checked for acid sta- 
bilizer content once during each shift. 

After a stabilizer tank h:ia been filled it is sampled for specific- 
gravity, hydrogen cyanide, total inhibitor content (base titrx- 
tion), phosphoric acid, sulfuric. avid, sulfur dioxide, hydrogel1 
sulfide, color, noncondensitltlea, and a standard stability test 
involving color change after addit ion of ammonium hydroxide. 

POTENTIAL 81.' THE PKQGESS 

The coke oven installation of the Koppers Co. a t  Kearti?. is ,z 

small one as coke oven I)attei,ies go these days. SoKe of the 
plants associated with stec~l mills process several times the coke 
handled at  Kearny. Hoivever, the Kearny operation is large 
enough to afford typical operation conditions for a study of the 
hydrogen cyanide-hydrogen sulfide recovery system. The 
operating history now available indicates that the recovery oper:i- 
tion will be economical. For simple hydrogen sulfide recover>. it 
must compete with a number of other systems. However, that 
phase of the operation has been available as the "vacuum. car- 
bonate purification process" for some time and has proved its 
competitive position. I ts  adaptability to cyanide recovery no\v 
gives it an added advantage. It is obvious from the much- 
lamented current state of sulfur supplies that sulfur recovery from 
hydrocarbon gases will enjoy increasing importance in the years 
to come. 

The present stimulation of the market for cyanides c-aused 1)). 
the introduction of acrylonitrile fibers promises the hydrogen 
cyanide recovery operation a strong market for its product. 
The new cyanide plants springing up throughout the country 
give ample evidence that the chemical industry ie expecting a 
boom in the demand for cyanide. 

Although the use of cyanide in  the forin of a 30% sodium cya- 
nide solution is unfamiliar to most consumers, Koppers' marketing 
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Chemical Analysis Equipment 
Equipment adjaccnt to receiving tanks permits frequent and quick 

determination8 of stabilizer in liquid HCN 

experience to date indicates that enough cyanide applications 
can be modified to use this form of the material to absorb all 
potential production from coke oven gases. Pittsburgh Coke and 
Chemical Co. has had little trouble disposing of the solutions they 
have produced for the past 9 years to large unit consumers within 
short hauling distance of their plant. Similarly, Koppers has 
found a ready market for their high purity solutions, particularly 
among manufacturers of dyestuff intermediates and other fine 
chemicals. Of course there are some cyanide markets-such as 
the heat treating of steel which now represents the major single 
market for sodium cyanide and the recovery of preciouR metals- 
in which the cyanide solutions can never compete. Some of the 
solution has been sold to the plating industry. 

It is not yet apparent whether the solution will be suitable for 
use in the production of acrylonitrile or adiponitrile for synthetic 
fiber; however, as fiber production absorbs large portions of the 
primary hydrogen and sodium cyanide supply, the sodium cya- 
nide solutions should find ample applications as a replacement. 

The solutions enjoy certain positive advantages, primarily in 
handling, over both gaseous hydrogen cyanide and 
cyanide. The solutions do not present as serious a 
ard as the gas and are much more easily assayed, measured, and 
metered than the solid. Furthermore, they can be shipped to  the 
consumer and transferred within the plant with greater ease and 
less danger. 

The gross economics of this process, like that of any by-product 
recovery, are exceedingly difficult to  calculate. In  most gas- 
producing operations i t  is essential that  hydrogen sulfide be re- 
moved from the product either to  avoid air pollution or corrosion 
of pipes and tanks or in the rase of open-hearth operations to  

avoid sulfur contamination of the furnace charge. Hydrogen 
cyanide effluents, either as a gas or in solution, also present a pol- 
lution prohlem although their concentration is usually low enough 
to avoid being a public nuisance. Both of these gases are highly 
corrosive and gas plant operators say that their presence in the 
air a t  thc plant site increases measurably the rate of evternal 
corrosion or surface coating failure. 

The benefits derived from the elimination of hydrogen sulfide 
find hydrogen cyanide as plant efffuents are at best intangible. 
Their value will vary with the atmospheric conditions around a 
given plant and with the pollution control regulations under which 
it must operate. However, preliminary calculations from the 
Kearny experience indicate that even disregarding these intan- 
gihle benefits, the hydrogen sulfide and hydrogen cyanide recovery 
system should pay for its operation and amortize its initial cost 
within a reaqonable plant life a t  the present market prices for the 
recovered materials. Should increased demand raise these prices 
or should regulations demand thnt these gases be removed from 
the plant effluents the operation will offer R definite economic 
advantage. 
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Processing Equipment 
T 

(1E) American Iron & Steel Institute, New York, N. Y., (ASTM 
A167-44, Grade 3), C = 0.20%: Mn = 2% max.; P = 
0.035% rnax.; S = 0.030% max.; Si = 1.0% max.; C? = 
18-22%; Ni = 8-11%. 

(2E) Fischer I% Porter Co., Hatboro, Pa., Rotaweir flow propor- 
tioner. 

(3E) Harris Pump and Supply, Greenville, S. C., 1-inch, DS6-2, 
Dayton Dowd type. 

(4E) Heresite and Chemical, Inc., Manitowoc, Wis., Herecol. 
(5E) Industrial Process Engineers, Newark, N. J., gear motor drive 

(6E) Ingersoll-Rand, New York, N. Y., Cameron No. 1 Class 
MCS, single-stage pump. 

(7E) Lapp Insulator Co., Inc., LeRoy, N. Y., Lapp Pulsofeeder 
CPS-1, piston type, Monel. 

(8E) Tabor Pump Co., Buffalo, N. Y., Vertical Type No. C-2, 1-hp. 
sump pump. 

(9E) Tri-Clover Manufacturing Co., Kenosha, Wis., Tri-Clover 
pipe connections. 

(10E) York Corporation, York, Pa., 363W York 20-hp. refrigeration 
units. 
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