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EXECUTIVE SUMMARY

The cost of buying, install i ng an d operatin g the necessar y
equ ipmen t to redis ti l l approxima tely 2 m i llion poun ds of surplus Army
phosgene woul d probabl y be prohi bit ive . Most in dustri al contac ts who

woul d commen t on this top ic in dica ted tha t the cost of red i sti llat ion
woul d proba bl y greatly exceed the cost of decontamination (neutralization).

Thi s indicates tha t surpl us Army phosgene sho ul d be used for those reactions
tha t do not require high purity phosger~e. Some products tha t can be made
with low grade phosgene are:

• Carbona te s

• Chloro fo rma tes

• Chioro thiofo rma tes

• Carbamo yl chlor i des

• Pesticides

Ma terials tha t require high purity (>99 percent) phosgene in

the i r manufa cture are :

• Di i socyanates (TDI , MDI , etc .)

• Pol ycarbona tes

• Peroxyca rbona tes

• Pharmaceu tical s

Manufacturers of these latter ma teria ls gene rall y have no interest in low-
grade surp lus Army phosgene .

During the course of this investigation , BCD identified 14
com panies that have some interest in purchasing surpl us Army phosgene .

These companies are i dentifi ed in the Battelle report. A ll of these

companies woul d like to be notified by the Army of any future bi dding

announcemen ts. One stra tegy that might be emplo yed to ex ped i te the remova l
of the phosgene from RMA , Is to make the phosgene ava i la ble to any compa ny
on basical ly the same contrac tual basi s as the successful Ara pahoe bid .
The Army coul d then se lect the “winning bidder or bidders ” a c c o r d i n g

to the most acceptabl e remo va l schedule.
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INTRODUCT I ON

Phosgene was originall y purchased by the Army as a chem ical warfare
agent. In the earl y 1960 ’ s , this chemical was declared obsolete.  About
5.7 m illion pounds of phosgene was sold from Rocky Mountain Arsenal (RMA )

to two purc hasers before sh i pmen ts were suspended i n 1 969. On March 30,
1976 l egi slation PL 94-251 permi tted disposition of the remaining phosgene

by sales. Approxima tel y 1.8 to 2.0 million pounds of phosgene with conta i ners

i s ava i la ble for sale .
Because OPM CDIR does not have the ava ilabl e necessary in-house

ca pabil ity to perfo rm the tasks require d , Battelle was requeste d to do th i s
project.

Obj ectives

The overall objective of this study is to collect and anal yze

da ta about the potential marketabi l i ty of Army phosgene . The info rmation
obtained wi l l  be used to determine the best approach for the sale of the
exist ing Army inventory of low-gra de phosgene.
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To provide the Army wi th the info rmation necessary to determine

the feasib ility and best approa ch for sale of the existing A rmy i nventor y
of low-grade phosgene , t h e  f o l l o w i n g  da ta was col lected.

(1) Production/capcaity

• U.S. ma nufac turers
- production and/or capaci t ies
— quantities for sa le versus capt ive use

• End products

- quantities used for each
(2) Quality

• Determine quality required for each end produc t/process

• Ou tline puri fication schemes for each quality level

requi red

• Eval uat ion of the feasibi lity of direct use of the

low—grade phosgene i n the var i ous uses
(3) Marketabi l i ty

• Make preliminary estima tes of the most suitabl e

marke ting approach based on:

— sal e on an FOB-origin versus destination basis

— purification (if needed ) at RMA versus contractors site.

Scope

The scope of this project includes the po ssibl e sale in the United

Sta tes of approxima tel y 1 .8 mil l ion pounds of phosgene . The study also m d  iides
the possible sale of the following one ton storage and shipping containers

(DOT 1O6A 500 X) .
Sto ra ge containers Shipping containers (with gas tight bonnet)

850 ful l at RMA 307 full at RMA
368 empty at RMA 12 empty at RMA

To ta l 121 8 48 full at Arapa ho e Chemicals
To ta l 367
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PRINCIPAL FINDINGS

Over 80 contacts were made to knowledgea bl e individuals at

40 in dustrial companies. Fourteen companies (Table 1) expressed an interest

in either the phosgene , the cy l inders or both . Severa l of these companies
are very eager to obtain the surp lus Army phosgene a nd/or cyli nders as soon
as poss ib le. A list of all companies con tac ted is inclu ded i n A ppen di x A .

C o m p a n i e s  C o n t a c t e d

The companies contacte d were manufacturing companies that produced
one or more of the following products.

Percentage of U.S.
Product Phosgene uti l ized

• Phosgene -

• Diisocyanates (TDT & MDI) 89

• Polycarbonates ..
‘ 

5
• Monoisocyanates

• Other chemical intermediates 6
• Pestici des

• Pharmaceuticals

• Gas manufacturers and distributors

Phosgene Manufacturers

Because the 1.8 million pounds of surplus Army phosgene

represents only about 1/10 of one percent of the U.S. annual phosgene

capac ity , the large manufacturers cannot eff iciently use such small

amOunts. A lso in 17 of the 19 U.S. phosgene plants the production is

essential ly limited to captive use. For these reasons phosgene rnanu-

facturers had li t t le interest in either the phosgene or the cylinders .

--—---..-
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TABLE 1 . COMPANIES INTERESTED IN SURPLUS ARMY PHOSGENE
AND/OR CYLINDERS

Degree of Interest
Company Phosgene Cylin ders

Consol idated Chemical H H

Chemical Commodities H H

Jones Chemica l M H

Union Carb ide-Linde Division L H

Manley -Regan N H

Del ta Chem L M

BASE-Wyan dotte M N

Rubicon M N
Minerec M N
Ol i n M N
Matheson Gas Products M N
Chemetron L I
Union  Carbide  L N

Eastman Kodak L N

Key : H = High interest
M moderate interest
I = low interest

N no interest

Source : Battel le contacts with industry

- - -V . . . ~~~~~~~~~~~ - — ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - - -. ~~~~~~~~~~~~~ . . -
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Dilsocyana te Manufacturers

Toluene dilsoc yanate (TDI) and methylenebis (4-phenyl

isocyanate ) (MDI) manufacturers require phosgene of very high purity

(99 to 99.9 percent) since the final produc ts , TDI and MDI are not
puri fied and any impurities would end up in the product. The cost of

purifying 1 .8 million pounds of phosgene would be prohibitive according to

some contacts and would probably cost more than disposal/decontamination costs .

Polycarbonate (PC) Manufacturers

PC manufacturers have no interest in surplus Army phosgene

for the same reasons as the diisocyana te manufacturers .

Monoisocyanate Manufacturers

Since most monoisocyanates are volatile and a final puri-

fication (distillation ) is normally carried out , im pure phosgene can
be utilize d since impurities can be removed at this final purification

stage.

Other Chemical Derivative and Intermediate Manufacturers

Other chemica l derivatives and intermediates such as carbonates ,

chloroforma tes, chlorothioformates and carbamoy lchlor id es are also

vola tile and can be purified by distillation. Companies that produce

these derivatives could probably also use surplus Army phosgene without

purification except for filtration . Peroxycarbonates require high

pur ity phosgene because of their propensity to decompose , sometimes

violently .
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Pes ti c id e Manufa c tu rers

Not  all companies that produce phosgene derived pesticides

handl e phos gene itsel f since many pes ti c id es can be ma de from p rev i ousl y
men tioned intermediates such as mono i socyanates, chloro formates, chloro —

th iofo rma tes an d car bamoyl chlorides. Impurities, such as iro n salts,

tha t woul d arise from using impure phosgene for pesticide manufacture woul d

probabl y not be a major problem .

Pharmaceut ical Manufacturers

All contacts made with companies that produce pharmaceuticals

were adamant about not us ing impure phosgene. The FDA would probably

not allow it . The major bad actor is the free chlorine. The Cl 2
coul d result in chlori nating organic molecules and could result in

toxic and/or carcinogenic impurities in the final product. Also

carbon tetrachloride (CC1 4) is carcinogenic and woul d have to be

removed completely before the drug could be formulated and sold. For

these reasons possi ble applications in the pharmaceutical industry were

not pursued in depth .

Gas Manufac turers and Di stri bu tors

Some of the larger gas manufacturers and distributo rs were

contacted to determine if they had interest in either the gas cylinders

or the phosgene. Several of these companies expressed definite interest

in cylinders or phosgene or both . These companies are incl uded in

Tabl e 1.

Quality of Phosgene Required

The qualit y of phosgene required for each end product appl i-

cation is indicated in Table 2. It should be noted that the polyme r,

peroxide and pharmaceutica l applications requ ire very high purity

phosgene and should not be considered further as possib le outlets for



sur plus impure Army phosgene . It shoul d be noted that equipment for

purifying surp lus Army phosgene to meet the requirements of these

applica tions would probabl y require one to two years to purchase and

i nstall . Also the capital costs would pro ba bl y exceed the corresponding

costs for decontamin ~ition . For these rea sons Battelle suggests that

other areas tha t do not require such high purity phosgene be pursued

by the Army . These app l ications are indicated in Tabl e 2 as areas

requiring onl y about 95 percent phosgene purity .

Purification Schemes

Essent i all y all industrial contacts indicated that prior

fi l tration of the phosgene woul d be very desira ble. This was partic-

ularl y true wi th those contacts tha t have had previous experience with the

RMA phos gene. Several of the latter reported tha t there was “ gurnmy

pol ymeric ma terial” in the phosgene that resulted in blocking feed lines

and equipment. One contact said the “first do zen or so ” cylinders

received from the Army were good but the rest were bad. A good fi l tration

prior to delivery wo ul d greatl y expedite di sposition of this materia l .
Al ternativel y, the Arm y could do a sim ple vapo r transfer of

the phosgene from a ful l cyl inder to a cl ean empty cylinder. This co ul d be

done by connecting the two cylinders together then wa rming up the ful l

cylinder and cooling the empty cyl i nder . The phosgene woul d va po ri ze
then recondense in the empty cylinder. This should remove all solids and

high boiling contaminants . However , it would not remove the chlorine

(the worst  contaminant according to most contacts ) unless a precut were
taken and discarded (decontamina ted). The boiling points of phosgene and

chlor ine are +7 .6 and —34.05, respective l y. Since chlorine is considerabl y

more volatile tha n phosgene , it w i ll tend to vaporize first. If the first

one or two percent of the vapors were decontamina ted most of the chlorine

t~~uld pro babl y be removed .
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TABLE 2. QUALITY REQUIRED FOR PHOSGENE APPL ICATIONS

Phosgene Required Significant Purification
Deri vat ives Purity Contaminants Required

TDI/MD I >99% Cl 2, Fe Redis tillation

Polycarbonates  >99 Cl 2, Fe Redistilla tion

Monisocyanates iv95 —— Fi lt r a t i o n

Carbonates ‘~‘95 —- Filtration

Chloroformates ,u95 —— Filtrat ion
Chiorothioforma tes N95 —— Filtration

Carbamoyl chlor id es /V 95 —— . Filtration
Peroxycarbonates >99 Fe, Cl 2 Redist illation

Pesticides &95 —— Filtration

Pharmaceu ticals >99 Cl 2, Cd 4 Redist i lla tion
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The cost of redistillation of the phosgene to meet  the r e q u i r e-
ments of pol ymer , peroxide or pha rmaceutical app l icat ions woul d pro babl y
not be justified. All correspondents who woul d comment on this point

indicated tha t the cost of distillation woul d proba bl y exceed the cost

of decontamina tion . One phosgene manufacturer said that when a below

spec i fication ba tch was produced , it was decontaminated (destroyed).

(Note tha t this comment was made by a repre sen tative of a compa ny with

e x i s t i n g  distillation equipment.) A second contact wi th this manufacturer

indicated tha t the main reaso n for di scarding bad batches of phosgene was
due to pluggi ng of li nes when car bon mo nox id e was a dded to consume excess
chlorine.

In s ummary the Army might agree to fi lter the phosgene in the
process of transferring it into the shipping containers , if this is

p r a c t i c a l . It is pro ba bl y not necessary for the Army to puri fy the phosgene

fur ther. Sufficient markets exist for filtered surpl us Army phosgene so

tha t the markets requiring high puri ty phosge ne need not be considered .

Marketabi 1 i~ y

The potential marketabi l i ty  of surp lus Army phosgene appears
hig h eno ugh, at least initiall y, to cons i der onl y an FOB origin basis. Of

course , the Army should coopera te in any reaso nable way to expedite the

transfe r, loading and transport of material .

Purification of the phosgene (other than fil tration as mentioned

previousl y) by redist i l lat ion at RMA shoul d proba bl y not be considered
becaus e of the excee di ngl y high cost. Purification by redistillation , if

needed , shoul d primaril y be considered at the contractors site at his

expense.
A stra tegy that might be used to expedite the remova l of the

phos gene from RMA , woul d be to make the phosgene availabl e to any company

on bas i call y the same contractual basis as tha t conta i ned in the successful
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Arapaho e bid. Tha t is the price of the phosgene and cy l inders coul d
be the same as the accepted Ara paho e bid , but the Army woul d be abl e to

sel ect the successfu l bi dder(s) based oi his or their remova l schedule
and cylinder return scnedule. It is anticipated tha t the most acceptable

removal schedu le woul d approximate 25 one ton cy l inders per week based
strictl y on the Army ’ s filling capability . Actua ll y the optimum removal

schedul e is somewhat higher than 25 per week.

Since we understand the A rmy can fill 25 cyl inders per wee k ,
the 850 full storage containers coul d be transferred into shipping

conta iners in 34 weeks. There are also 307 full shi pping containers at

RMA or a total o f 11 57 ful l con tainers . If all of the con ta i ners were
remove d i n 34 wee ks . th e avera ge removal ra te woul d be 34 con ta i ners per
week. This , of cours e, assumes tha t emptied shipping containers would

be re turned s tar ting i n the second or thir d week and on a continui ng b~.sis

thereafter . Thus the optimum removal rate woul d be 34 containers per week.

The Army coul d acce pt the bi dder that coul d most closel y meet th i s sc hedule .

It mi ght be necessary to sell phosgene to more tha n one company, however ,

this would pro ba bl y no t be as desira b le as hav i ng a s i ngle con trac tor .
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RESEARCH RESULTS

An init ial literature search was made to determine the U.S.

companies that may have an interest in either the phosgene or the containers.

These manu facturing companies were organized according to the following

product classifications:

• Phosgene

• Diisocyanates (TDI, MDI )

• Polycarbonates

• Monoisoc yanates

• Other chemical intermediates produced

from phosgene

• Pestici de: produced from phosgene

• Miscellaneous pharmaceuticals that
can utilize phosgene

• Gas manufac turers and distributo rs.
Each of the above classes of companies will be discussed

briefly in the fol l owing sections. of the report.

Manufacturers of Phosgene

There are presently 17 U.S. manufacturers of phosgene and 19

plants . These plants and their capacities are listed in Table 3.

Phosgene plant capacities range from about 5 million pounds to about

300 million pounds. Of the 17 manufacturers of phosgene there are

onl y two (Chemetron and Van De Mark) tha t are well recognized merchant

marketers of phosgene. The other 15 companies (17 plants) produce

phosgene for captive use. Almost half of the plants (9) are in the

Gulf states (Texas , Lou i siana , and Ala bama), and the rest are east of

the Mississip pi River. None of these plants is close to RMA.

— .1
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Chemi stry

Phosgene is prepared by passing a mixture of equivalent (molar)

amounts of chlorine and carbon monoxide over an activated carbon catalyst

bed.

Cl 2 + CO C 
‘ Cl-CO-Cl

An excess of carbon monoxide is usually used so as to consume comp letel y
all of the chlorine . The catalyst bed must be cooled externall y,

because the reaction is very exothermic. Most of the carbon monoxide

avai la b le for phosgene manufac ture in the Un i ted States is p roduced from
natura l gas. Trace amounts of unreated methane (CH4 ) i n  the  carbon  mono~zide
are chlorinate d to produce carbon tetrachloride (CC1 4) as a trace impurity

in the phosgene. Traces of moisture in the Army phosgene should have
reacted completely wi th the phosgene according to the equation:

C1COC1 + H
20 ——> 2 HC1 + CO2

Thi s i s an i rrevers ib l e reac ti on which shoul d have been comp le te years

ago , so the analytica l documents tha t indica te that water is present in

the Army phosgene are probab l y erroneous .

Manufacturers of Di isocyanates (TDI, MDI)

There are ten U.S. manufacturers of TN (toluene diisocyanate).

Seven of the ten TDI producers have phosgene plants that are designed to
supp ly exactly the amount of phosgene required by their TDI plants.
Table 1 l is ts the phosgene capacity and also the phosgene capacity required
for TDI , MD I , and po lycarbonate plants. When these two numbers are equal ,
the remainder column in Table 3 is zero . This occurs for 10 of the 19 phosgene
plants. Tha t is , 10 of the U.S. phosgene plants are devoted entirely to
TDI , MD I , and  po lycarbonate  m a n u f a c t u ri n g  (no su rp l u s  phosgene is

produced ).
It shou ld be noted tha t 66 percent of U.S. phosgene capacity is

specifica lly dedicated to TO! manufacture and 23 percent to MDI. Th is

leaves only about 11 percent for all other applications.

-~~~~~ . -
. 

~~~~~~~~~~~
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Chemistry

Isocyanates are made by reacting phosgene wi th a prima ry amine

(RNH 2 ):

Cl
RNH + “C=O — RN=C=O + 2 HC1

2 C1’

TOl is made from an aromatic diamine according to the equation:

NH2 
+ 2 C12CO 

~ ~~~~~~~NCO + 4 HC1

NH 2 NCO

The structure of MDI is: OCN —~~~~-~-CH 2 
__.©-._NCO

Reactions of Isocyana tes. Isocyanates are very reactive . Some

examp les are :

0
II

RNCO + HOR’ ) RNH - C - OR’ (urethane or carbama te )
0

$ II
RtICO + HNR~ ~ RNH - C - NR~ (urea)

0
• Il
RNCO + HSR ’ ~ RNH - C - SR’ (thiocarbamate )

When a diisoc yanate such as ID! is reacted with a dihydroxy

compound (g lycol),  both ends of both molecu les can react , and h i g h  molecu-
lar weight polymers (plast ics) are produced .

If a controlled amount of wa ter is incorporated in the system,

the following reaction also occurs :

• 

_
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RNC O + H 20 — RN H 2 + CO
2

The CO2 is a gas and causes the polymerizing mixture to foam as it
solidifies . This is the way polyurethane foam cushions for furniture and

automobiles are made .

It should be noted that , when dii socyana tes are made from dia-
mi nes , the isocyanate groups can react with amine groups before all of

• these have been converted to isocyanate groups by the phosgene. For this

reason the product actua lly obta ined is an oligome r containing several TO!

or MDI precursor mol ecules bonded together by urea linkages.

COCL 2 + H
2N-R-NH 2 —>OCN-R-NH2 + OCN-R-NCO —~~OCN-R-NH-C-NH-R-NCO

• S ince the molecule i s not a s ingle chem ical entity, it cannot be purified

by the conventional means of cry s tal l izat ion or dist i l lat ion. For this
reason , the phosgene used to produce di isocyanates must be very pure , and
the Army surplus p hosgene woul d no t be su itabl e wit hout ex tens i ve an d ve ry
expensive purif ication prior to use.

Manufacturers of Polycarbonates

Two U.S. companies (GE and Mobay ) manufacture polycarbonates (PC)
in three plants (see Table 3 ) .  The capacity for the manufacture of PC
requires an annual capacity of 92 million pounds of phosgene or about 5

percent of tota l U.S. phosgene capacity .

GE’s entire 60 mill ion pound capacity for phosgene is used in

the manufacture of PC (Lexan ® ). Mobay uses about 32 m illion pounds of

phosgene per year for po lycarbonates. Mobay ’ s tota l phosgene capac i ty  is

about 500 mi llion pounds per year. In addition to PC , Mobay makes TO ! , MDI ,

and 7 miscellaneous isocyanates .
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Chemistry

Polycarbonates are made by reacting a diol (glycol ) directly

with phosgene. The only diol of important commercial significance is

bisphenol-A. The equation is:

~~~~~~~~~~~~~~~~~~~~~ + Cl - C - Cl—~ ~~~~~~~~~~~~~~~~~~~~~ 
- - 

OJ

Bisphenol- A Phosgene PC

PC is a clear , colorless , tough plastic that competes wi th poly—
methylmethacrylate (PMMA ) and specially treated glass i n the shatter-
resi stant glazing industry .

Like TN and MN , PC is prepared directl y from phosgene wi th no
si gn ificant purification of the final polymer. PC , therefore , requires a
very hi gh purity phosgene in its manufactu re . Surplus Army phosgene
without extensive purifi cation (redistillation) would not be suita bl e

for PC manufac ture .

Manufac turers of ~‘1o ioisocyanates

Companies that manufacture monoisocyanates from captive phosgene

are indicated in Table 3. Companies that produce i socyanates from either

purchased or captive phosgene are listed in Table 4. Companies that use

purchased phosgene to prepare rnorto i socyanates are naturally likely pros-

pects for purchasing surplus Army phosgene.

Chem istry

The basic chemistry of isocyanates is outlined briefly in earlier

sections on Chemistry un der Manufacture of Oiisocyanates and Reactions of

Isocyanates.

~~
• — ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~
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An im portant fact is that the monoisocyanate s are usuall y low
olecula r we ig ht chem i cal s pec ie s an d conse quently can be purified by

i still ation. Thus , impur i ties i n .sur pl u s Army p hos gene w i ll usuall y be
ernoved fro m mono isocyanates during the conventiona l puri f icat ion techniques.
or th i s reaso n, manufa c turers of mono i soc yanates coul d p ro ba bly use
urplus Army phosgene wi thout prior distillation . Solid particulate matte r

oul d block lines, pl ug valves and gum up equipment , so filtration is

robabl y desirable.

Manufac turers of Other Chemi cal Derivatives and
Intermediates Produced from Phosgene

Table 4 al so lists companies that produce other chemical

ntermediates produced from phosgene. Some of these intermediates are :

• Car bonates

• Peroxycarbonate s

• Chioro forma tes

• Chl orothiofo rmates

• Car bamoyl chlor id es .

hemi stry

The following equations indicate how the above intermediates

ul d be produce d from phos gene .
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C1 COC1 + 2RUH ROCOR + 2Nd
dial ky l carbonate

0 0
I’

C1COC1 + H202 + 2ROH , R0-C-O-O-C-OR + 2HC1

dial kyl peroxycarbona te

______ 

ci
C 1COC 1 + RON > RU-C-Cl  + N C 1

a lkyl chioroforma te
0

C 1COC 1 + R 2 NH > R~N -C-Cl + HC 1

dialky l carbamoyl chloride

• ci
C1 COC 1 + RSH > RS-C-Cl + HC1

alk yl ch loro thi oformate

Manufacturers of Pesticides Produced
from Phosgene

Table 5 l ists 11 companies that produce 29 pest icides whose basic

•aw mater ial is phosgene •. It should be noted that all of these companies

o not necessa ril y handl e phosgene . They might p~irrhase some of the

nterme di a tes suc h as c h loro forma tes or car bamoyl chlorides discussed in the

Irevious sec tion.

Phosg~ne has two reactive chlorines that w i l l  react sequentially

,ith active hydrogens attached to heteroatoms (i.e.., RON , R2NH , RSH). The

sornencla ture of the products is indicated in the following tabul ation. 
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Star ting ~aterials Products

Reactant 1 Reactant 2 Structu re Class Name

RON - ROCOC1 chloroforma te

ROH R’O N ROCO(~R’ carbonate

RON R’ NH 2 ROCOUNR ’ c a r b a m a t e  or ur e t h a n e

R UN 2 
- RNCO isocyanate

RUN 2 R U N 2 
RNNCOUHR5 urea

R2NH 
- R2UCOC1 carbamoyl chlor id e

R2NH R~NN R2NCOUR~ urea

RSH - RSCOC1 chiorothioformat e

RSH R’SH RSCOSR’ dithiocar bonate

RSH R5OH RSCOOR5 th iocarbonate

RSH R5NH
2 

RSCONHR ’ thiocar bamate

—— -.—.- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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TABL E A - i .  COMPANIES CONTACTED

~egree of Interest
Company Phosgene Cy linders Comments

Allied N - N R e q u i r e  99.9%. Puri fy by Zn fll ing ~
BASF Wyando tte M N Fe a problem
Rubi con M N Obtained phosgene free from Mr .

Gershon

Chemetro n L L CCL4 a problem , condition of
v a l v e s ?

Dow N N Cl wors t contaminant. Add CO and
- pa~ s over  C bed

D u P o n t  N N

FMC N N Discontinued phosgene production
in 1 974

GE N N No in terest
Texaco (Jefferson ) N N No longer producing phosgene or

MDI
Minerec M N Woul d bid jointl y wi th  Del ta who

want s  cy l inders
Mobay N N Cl 2 is bad , require 99.9% ph osgene

Olin M N Prohibit ive cost for redist i l lation
PPG N N

Stauffer N N Require 99 + % phosgene
Sto ry (Cordova ) N N No curren t i nteres t by Cordo va
Union Carbi de L N Free chlorine is disastrous for

TD I
Upjohn N N Require very high purity for

pha rmaceuti cal s
Van de Mark  N N

Akzona N N Purchase chl o ro fo rmates from
C hemetro n

Eastma n Kodak L N Purchase small amounts from
C hemetro n and Van de Mark

Jakem Indust .. N N Uses 100-pound cy liners

— . -
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Degree of Interest
Company Phosgene Cyl i nders Commen ts

Pennwa l t N N Peroxydicarbonate s require hig h
p u r i t y  p h o s g e n e

RSA N N

Ciba Geigy N N C-G discontinued phosgene route
10 years  ago

Consolida te d ChBI1. H H They now use 9 cy l inders/day
Gul f N N They buy i soc yana te from Mo bay
Eli Lilly N N Th ey use less than 100 lbs ./year
Nor Am A g. N N They buy ready-made pesticides

Shel l N N Pest ic ide s and intermediates are
made by Union Carbi de

Chem . Commodi ti es H I-i Now ha ve guaranteed cus tomer
for phosgene

Del ta Chem I M

Jones C h e m i c a l  M N W il l sell the phos gene
Matheson Gas Products M N

C Sc i en tif i c Gas Products N N
Air Products & Chem N N
Worthingto n Stee l N N Produce low pressure cylinders onl y
Manle y-Rega n N H Interest in storage cyli nders for

chlorine
Harsco Corp. N N Small cy l i n d e r s  onl y
Cohimbiana Bo iler N N Scrap va l ue of cyl inders = $45
Union Carbi de -Linde L H

Source: Bat tel le interviews .
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