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EXECUTIVE SUMMARY

The cost of buying, installing and operating the necessary
equipment to redistill approximately 2 million pounds of surplus Army
phosgene would probably be prohibitive. Most industrial contacts who
would comment on this topic indicated that the cost of redistillation
would probably greatly exceed the cost of decontamination (neutralization).
This indicates that surplus Army phosgene should be used for those reactions
that do not require high purity phosgere. Some products that can be made
with low grade phosgene are:

e Carbonates

e Chloroformates

e Chlorothioformates

e Carbamoyl chlorides

e Pesticides A

Materials that require high purity (99 percent) phosgene in
their manufacture are:

e Diisocyanates (TDI, MDI, etc.)

® Polycarbonates

® Peroxycarbonates

® Pharmaceuticals
Manufacturers of these latter materials generally have no interest in low-
grade surplus Army phosgene.

During the course of this investigation, BCD identified 14
companies that have some interest in purchasing surplus Army phosgene.
These companies are identified in the Battelle report. All of these
companies would 1ike to be notified by the Army of any future bidding
announcements. One strategy that might be employed to expedite the removal
of the phosgene from RMA, is to make the phosgene available to any company
on basically the same contractual basis as the successful Arapahoe bid.
The Army could then select the "winning bidder or bidders" according
to the most acceptable removal schedule.
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INTRODUCTION

Phosgene was originally purchased by the Army as a chemical warfare
agent. In the early 1960's, this chemical was declared obsolete. About
5.7 million pounds of phosgene was sold from Rocky Mountain Arsenal (RMA)
to two purchasers before shipments were suspended in 1969. On March 30,
1976 legislation PL 94-251 permitted disposition of the remaining phosgene
by sales. Approximately 1.8 to 2.0 million pounds of phosgene with containers
is available for sale.

Because OPM CDIR does not have the available necessary in-house
capability to perform the tasks required, Battelle was requested to do this
project.

Objectives

The overall objective of this study is to collect and analyze
data about the potential marketability of Army phosgene. The information
obtained will be used to determine the best approach for the sale of the
existing Army inventory of low-grade phosgene.
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To provide the Army with the information necessary to determine
the feasibility and best approach for sale of the existing Army inventory
of low-grade phosgene, the following data was collected.

(1) Production/capcaity

e U.S. manufacturers
- production and/or capacities
- quantities for sale versus captive use

e End products
- quantities used for each

(2) Quality

e Determine quality required for each end product/process

e Outline purification schemes for each quality level
required

e Evaluation of the feasibility of direct use of the
low-grade phosgene in the various uses

(3) Marketability

o Make preliminary estimates of the most suitable
marketing approach based on:
- sale on an FOB-origin versus destination basis
- purification (if needed) at RMA versus contractors site.

Scope

The scope of this project includes the possible sale in the United

States of approximately 1.8 million pounds of phosgene. The study also includes

the possible sale of the following one ton storage and shipping containers
(DOT 106A500X).

Storage containers Shipping containers (with gas tight bonnet)
850 full at RMA 307 full at RMA
368 empty at RMA 12 empty at RMA
Total 1218 _48 full at Arapahoe Chemicals
Total 367
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PRINCIPAL FINDINGS

Over 80 contacts were made to knowledgeable individuals at
40 industrial companies. Fourteen companies (Table 1) expressed an interest
in either the phosgene, the cylinders or both. Several of these companies
are very eager to obtain the surplus Army phosgene and/or cylinders as soon
as possible. A list of all companies contacted is included in Appendix A.

Companies Contacted

The companies contacted were manufacturing companies that produced

one or more of the following products.

Percentage of U.S.
Product - Phosgene utilized

Phosgene =
Diisocyanates (TDT & MDI) 89
Polycarbonates N\ 5
Monoisocyanates
Other chemical intermediates 6
Pesticides
Pharmaceuticals

Gas manufacturers and distributors

Phosgene Manufacturers

Eecause the 1.8 million pounds of surplus Army phosgene
represents only about 1/10 of one percent of the U.S. annual phosgene
capacity, the large manufacturers cannot efficiently use such small
amounts. Also in 17 of the 19 U.S. phosgene plants the production is
essentially limited to captive use. For these reasons phosgene manu-
facturers had little interest in either the phosgene or the cylinders.

——




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

Company

Degree of Interest

Phos

gene

Cylinders

Consolidated Chemical
Chemical Commodities
Jones Chemical

Union Carbide-Linde Division
Manley-Regan

Delta Chem
BASF-Wyandotte
Rubicon

Minerec

Olin

Matheson Gas Products
Chemetron

Union Carbide

Eastman Kodak

= o 2 K & E B E B X X

= 2R 2 2 2 2 L & xE X= B

=

n

Key: High interest

moderate interest

n

low interest

2 rF 32 T
n

"

no interest

Source: Battelle contacts with industry
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Diisocyanate Manufacturers

Toluene diisocyanate (TDI) and methylenebis (4-phenyl
isocyanate) (MDI) manufacturers require phosgene of very high purity
(99 to 99.9 percent) since the final products, TDI and MDI are not
purified 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/decomtamination costs.

Polycarbonate (PC) Manufacturers

PC manufacturers have no interest in surplus Army phosgene
for the same reasons as the diisocyanate manufacturers.

Monoisocyanate Manufacturers

Since most monoisocyanates are volatile and a final puri-
fication (distillation) is normally carried out, impure phosgene can
be utilized since impurities can be removed at this final purification
stage.

Other Chemical Derivative and Intermediate Manufacturers

Other chemical derivatives and intermediates such as carbonates,
chloroformates, chlorothioformates and carbamoylchlorides are also
volatile 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
purity phosgene because of their propensity to decompose, sometimes
violently.

o



Pesticide Manufacturers

Not all companies that produce phosgene derived pesticides
handle phosgene itsel f since many pesticides can be made from previously
mentioned intermediates such as monoisocyanates, chloroformates, chloro-

thioformates and carbamoyl chlorides. Impurities, such as iron salts,

that would arise from using impure phosgene for pesticide manufacture would

probably not be a major problem.

Pharmaceutical Manufacturers

A1l contacts made with companies that produce pharmaceuticals
were adamant about not using impure phosgene. The FDA would probably
not allow it. The major bad actor is the free chlorine. The C12
could result in chlorinating organic molecules and could result in
toxic and/or carcinogenic impurities in the final product. Also
carbon tetrachloride (CC14) is carcinogenic and would have to be
removed completely before the drug could be formulated and sold. For
these reasons possible applications in the pharmaceutical industry were

not pursued in depth.

Gas Manufacturers and Distributors

Some of the larger gas manufacturers and distributors 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 included in
Table 1.

Quality of Phosgene Required

The quality of phosgene required for each end product appli-
cation is indicated in Table 2. It should be noted that the polymer,
peroxide and pharmaceutical applications require very high purity
phosgene and should not be considered further as possible outlets for

e —— ot p——————




surplus impure Army phosgene. It should be noted that equipment for
purifying surplus Army phosgene to meet the requirements of these
applications would probably require one to two years to purchase and
install. Also the capital costs would probably exceed the corresponding
costs for decontamination. For these reasons Battelle suggests that
other areas that do not require such high purity phosgene be pursued

by the Army. These applications are indicated in Table 2 as areas
requiring only about 95 percent phosgene purity.

Purification Schemes

Essentially all industrial contacts indicated that prior
filtration of the phosgene would be very desirable. This was partic-
ularly true with those contacts that have had previous experience with the
RMA phosgene. Several of the latter reported that there was "gummy
polymeric material" in the phosgene that resulted in blocking feed lines
and equipment. One contact said the "first dozen or so" cylinders
received from the Army were good but the rest were bad. A good filtration
prior to delivery would greatly expedite disposition of this material.
Alternatively, the Army could do a simple vapor transfer of
the phosgene from a full cylinder to a clean empty cylinder. This could be
done by connecting the two cylinders together then warming up the full a
cylinder and cooling the empty cylinder. The phosgene would vaporize f
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 (decontaminated). The boiling points of phosgene and
chlorine are +7.6 and ~34.05, respectively. Since chlorine is considerably
more volatile than phosgene, it will tend to vaporize first. If the first
one or two percent of the vapors were decontaminated most of the chlorine
would probably be removed.




TABLE 2.

QUALITY REQUIRED FOR PHOSGENE APPLICATIONS

Phosgene Required Significant Purification
Derivatives Purity Contaminants Required
TDI/MDI > 99% C]Z, Fe Redistillation
Polycarbonates >99 C]Z, Fe Redistillation
Monisocyanates ~ 95 -- Filtration
Carbonates ~ 95 -- Filtration
Chloroformates ~ 95 -- Filtration
Chlorothioformates w95 -- Filtration
Carbamoyl chlorides w95 - Filtration
Peroxycarbonates >99 Fe, C12 Redistillation
Pesticides n 95 -- Filtration
Pharmaceuticals >99 C]Z, €cl Redistillation




The cost of redistillation of the phosgene to meet the require-
ments of polymer, peroxide or pharmaceutical applications would probably
not be justified. All correspondents who would comment on this point
indicated that the cost of distillation would probably exceed the cost
of decontamination. One phosgene manufacturer said that when a below
specification batch was produced, it was decontaminated (destroyed).

(Note that this comment was madé by a representative of a company with
existing distillation equipment.) A second contact with this manufacturer
indicated that the main reason for discarding bad batches of phosgene was
due to plugging of lines when carbon monoxide was added to consume excess
chlorine.

In summary the Army might agree to filter the phosgene in the
process of transferring jt into the shipping containers, if this is
practical. It is probably not necessary for the Army to purify the phosgene
further. Sufficient markets exist for filtered surplus Army phosgene so
that the markets requiring high purity phosgene need not be considered.

Marketability

The potential marketability of surplus Army phosgene appears
high enough, at least initially, to consider only an FOB origin basis. Of
course, the Army should cooperate in any reasonable way to expedite the
transfer, loading and transport of material.

Purification of the phosgene (other than filtration as mentioned
previous]y) by redistillation at RMA should probably not be considered
because of the exceedingly high cast. Purification by redistillation, if
needed, should primarily be considered at the contractors site at his
expense.

A strategy that might be used to expedite the removal of the
phosgene from RMA, would be to make the phosgene available to any company
on basically the same contractual basis as that contained in the successful

v s ——— . S ————— T ——————————————
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Arapahoe bid. That is the price of the phosgene and cylinders could
be the same as the accepted Arapahoe bid, but the Army would be able to
select the successful bidder(s) based on his or their removal schedule
and cylinder return scnedule. It is anticipated that the most acceptable
removal schedule would approximate 25 one ton cylinders per week based
strictly on the Army's filling capability. Actually the optimum removal
schedule is somewhat higher than 25 per week.

Since we understand the Army can fill 25 cylinders per week,
the 850 full storage containers could be transferred into shipping
containers in 34 weeks. There are also 307 full shipping containers at
RMA or a total of 1157 full containers. If all of the containers were
removed in 34 weeks. the average removal rate would be 34 containers per
week. This, of course, assumes that emptied shipping containers would
be returned starting in the second or third week and on a continuing busis
thereafter. Thus the optimum removal rate would be 34 containers per week.
The Army could accept the bidder that could most closely meet this schedule.
It might be necessary to sell phosgene to more than one company, however,
this would probably not be as desirable as having a single contractor.
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RESEARCH RESULTS

An initial literature search was made to determine the U.S.

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

These manufacturing companies were organized according to the following
product classifications:

e Phosgene

e Diisocyanates (TDI, MDI)

e Polycarbonates

e Monoisocyanates

e Other chemical intermediates produced

from phosgene
Pesticides produced from phosgene

® Miscellaneous pharmaceuticals that
can utilize phosgene

e Gas manufacturers and distributors.
Each of the above classes of companies will be discussed

briefly in the following 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
only two (Chemetron and Van De Mark) that 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, Louisiana, and Alabama), and the rest are east of
the Mississippi River. MNone of these plants is close to RMA.

WL
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Chemistry

Phosgene is prepared by passing a mixture of equivalent (molar)
amounts of chlorine and carbon monoxide over an activated carbon catalyst
bed.

c

cl, + (0 —— C(C1-C0-C1

2
An excess of carbon monoxide is usually used so as to consume completely

all of the chlorine. The catalyst bed must be cooled externally,

because the reaction is very exothermic. Most of the carbon monoxide
available for phosgene manufacture in the United States is produced from
natural gas. Trace amounts of unreated methane (CH4) in the carbon mono:ide
are chlorinated to produce carbon tetrachloride (CC14) as a trace impurity
in the phosgene. Traces of moisture in the Army phosgene should have
reacted completely with the phosgene according to the equation:

cicoci + HZOA———~9 2 HCT + CO2
This is an irreversible reaction which should have been ccmplete years
ago, so the analytical documents that indicate that water is present in

the Army phosgene are probably erroneous.

.

7

Manufacturers of Diisocyanates (TDI, MDI)

There are ten U.S. manufacturers of TDI (toluene diisocyanate).
Seven of the ten TDI producers have phosgene plants that are designed to
supply exactly the amount of phosgene required by their TDI plants.
Table 1 lists the phosgene capacity and also the phosgene capacity required
for TDI, MDI, and polycarbonate plants. When these two numbers are equal,

the remainder column in Table 3 is zero. This occurs for 10 of the 19 phosgene

plants. That is, 10 of the U.S. phosgene plants are devoted entirely to
TDI, MDI, and polycarbonate manufacturing (no surplus phosgene is
produced). :

It should be noted that 66 percent of U.S. phosgene capacity is
specifically dedicated to TDI manufacture and 23 percent to MDI. This
leaves only about 11 percent for all other applications.
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Chemistry

Isocyanates are made by reacting phosgene with a primary amine
(RNHZ):

C1\\
RNH, + C=0 ————— RN=C=0 + 2 HC1
2 C]//

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

3 CHy
NH NCO
2 +2 01,00 —> @’ + & HCI
NCO

2

The structure of MDI is: OCN —<<::>—-CH2 ~<(::>~NCO

Reactions of Isocyanates. Isocyanates are very reactive. Some

CH

NH

examples are:

i
RNCO + HOR' ——> RNH - C - OR' (urethane or carbamate)

0
I

RNCO + HNRé —> RNH - C - NRé (urea)

0

] il
RNCO + HSR' ——> RNH - C - SR' (thiocarbamate)

When a diisocyanate such as TDI is reacted with a dihydroxy
compound (glycol), both ends of both molecules can react, and high molecu-
lar weight polymers (plastics) are produced.

If a controlled amount of water is incorporated in the system,
the following reaction also occurs:

P

¢ 3%
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RNCO + HZO —_ RNH2 + C02
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 diisocyanates are made from dia-
mines, 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 actually obtained is an oligomer containing several TDI
or MDI precursor molecules bonded together by urea linkages.

0
]
COCL2 + H2N-R-NH2-—€>0CN—R-NH2 + OCN-R-NCO —>0CN-R-NH-C-NH-R-NCO

Since the molecule is not a single chemical entity, it cannot be purified
by the conventional means of crystallization or distillation. For this
reason, the phosgene used to produce diisocyanates must be very pure, and
the Army surplus phosgene would not be suitable without extensive and very
expensive purification 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 total U.S. phosgene capacity.

GE's entire 60 million pound capacity for phosgene is used in
the manufacture of PC (LexanQD). Mobay uses about 32 million pounds of
phosgene per year for polycarbonates. Mobay's total phosgene capacity is
about 500 million pounds per year. In addition to PC, Mobay makes TDI, MDI,
and 7 miscellaneous isocyanates.

1%\




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:

3 ; P g
HO F OH+Cl -C-Cl—> -0 C 0-C-0
CH3 éHB
M
Bisphenol-A Phosgene PC

PC is a clear, colorless, tough plastic that competes with poly-
methylmethacrylate (PMMA) and specially treated glass in the shatter-
resistant glazing industry.

Like TDI and MDI, PC is prepared directly from phosgene with no
significant purification of the final polymer. PC, therefore, requires a
very high purity phosgene in its manufacture. Surplus Army phosgene
without extensive purification (redistillation) would not be suitable
for PC manufacture.

Manufacturers of Monoisocyanates

Companies that manufacture monoisocyanates from captive phosgene
are indicated in Table 3. Companies that produce isocyanates from either
purchased or captive phosgene are listed in Table 4. Companies that use
purchased phosgene to prepare monoisocyanates are naturally likely pros-
pects for purchasing surplus Army phosgene.

Chemistry

The basic chemistry of isocyanates is outlined briefly in earlier
sections on Chemistry under Manufacture of Diisocyanates and Reactions of
Isocyanates.




17

An important fact is that the monoisocyanates are usually low
olecular weight chemical species and consequently can be purified by
istillation. Thus, impurities in _surplus Army phosgene will usually be

emoved from monoisocyanates during the conventional purification techniques.

or this reason, manufacturers of monoisocyanates could probably use
urplus Army phosgene without prior distillation. Solid particulate matter
ould block Tines, plug valves and gum up equipment, so filtration is

robably desirable.

Manufacturers of Other Chemical Derivatives and
Intermediates Produced from Phosgene

Table 4 also lists companies that produce other chemical
ntermediates produced from phosgene. Some of these intermediates are:
e Carbonates
Peroxycarbonates

®
e Chloroformates

e Chlorothioformates
®

Carbamoyl chlorides.

hemistry

The following equations indicate how the above intermediates

ould be produced from phosgene.
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0
I

+

2ROH ——> ROCOR + 2HC1
dia]Kyl carbonate
0 0

I

c1coct

cicocl

W

H202 + 2ROH —— R0O-C-0-0-C-0R + 2HCI]
dialkylperoxycarbonate

i
I
€C1coC1 + ROH — RO-C-C1 + HC1

alkyl chloroformate

0
I
€1COCT + RZNH —> RZN—C-CI + HC1
dialkyl carbamoyl chloride
0

l
C1COCT + RSH —— RS-C-C1 + HCI

alkyl chlorothioformate

Manufacturers of Pesticides Produced
from Phosgene

Table 5 1lists 11 companies that produce 29 pesticides whose basic
‘aw material is phosgene. It should be noted that all of these companies
0 not necessarily handle phosgene. They might purchase some of the
ntermediates such as chloroformates or carbamoyl chlorides discussed in the

yrevious section.

hemistry

Phosgene has two reactive chlorines that will react sequentially
/ith active hydrogens attached to heteroatoms (i.e., ROH, RZNH, RSH). The
omenclature of the products is indicated in the following tabulation.

e S —————




wN sulwe|ozeLpRLYI-p“E‘| B + auiwe [Ayjauw (N-H) uouniyingay @mv_.&m NI ‘33313Aeje) ALLET 313
wN {-10uk3ng-2-1J-% + aul|lue- |2~ (9-H) uegaeq @m:»a:u Wi .cmu:nmuu: 31n9
W 33euRA20S} |A3Nnq-F + |oudydoutwe-w + auiwe|Ay3awLp (2-H) xopuey
Sl ue4N}02uUaqAx0dphy ®
=/=11AygauwLp=-2°2-04pAYLp-g*2 #+ Bulwe|Ay3auw (9-1) ueanjoque) &_mufzu AN “240d3 PPN W
Il op Lwejade Ayzawip
=N*N- (AY3awoLyl -2-ouLlwixo-2 4 3Jutwe(fyjau {2-1) Qm:v;v tfwexo ’
g BWLX0 2u03ay [AyjawoLyy |Ayjaw + autwe|fyjauw (2-1) 1Awoy3an
HAnvom” auLwe (Ay3awlp + aul|tue-|5-d (n-H) (uodnuow) Jeady
Svom autwe |Ax3yo 240 |Ayzaw 2 + aul|lue (0=H) (uodnpys) esaadn]
(q)0¢ BU pwe jAx04pAY |AY33WLp-N“0 + SUL[LLROLO[YILP-p*E (=H) (uoanut 07
Svon BuLwe | AYI3WLP # BUL|LUROLO YD LP-}*E (n-H) Uoanig X1 “®3404e]
(9-4) (®3®tuaq) @;cocum AM ‘9198 auogdng
Leuoj3 eUIIIV]
Bulwe|AY3awLp 4 BUL|[LUROIOYILP-p°E (N=H) uounig X1 “soide|ed opeJ4O|0)
W autwe A y33wip + 3ul{pueAyY33WoLon {J L4y - (N=H) uoanjawon |4 W *YSOJUIINW
W auLwe |AyjawLp + au} [Luedxouayd-|3-d (n=H) AcoL:xo._oEuv@chco._. CN ‘4aALY Sswo)l
vy dU Lwe [Ax04pAy |Ay3awLp-N“Q + dul|tue-dg-p-|I-€ (fi=H) ?ou:EEnEoESQ_Eo—E W ‘YsSoqulon A6}39-0q1)
spunod auabsoyqd ueyy 43y3zo S|eLaa}ey MY AS?%C JWeN apidp3sagd uol3ed07 Jue|d Auedwo)
uog | Lju
‘A31oede)

AN3DSOHd NO 03SY8 S30IJILS3d 30 SYIUOLIVAONWW “S'0 6 378YL




"Y1 ‘|3tJ4qey "3S je Ipew 0S|y

()

*S3pLJ1qJay eadn ||e J40) S} A3pdoeded s,juogng (9)
91PWRQURIO0LY} = | ‘SJPWRqURI = J ‘B3un = | “opidoibuny = 4 “BpId13I3SU} =] ‘SpIIIQa3Y = H (®)
v ap tweyaoe (Ayjawip
-N‘N- 1AYy33woiy3-z- |Ay3auw-z + autwe |Ayjaw (3-1) (g4eatpye) @itway
001 Loyydeu-{ + aujwe [Ayjaw {9=1) :?S:S@E‘,wm . AM
‘uo3sadey) yInos  3pjqde) uojun
YN autwe|Adoad-U-1p + ueidedsdaw [Adoad-T (1=H Amum_ocgwi@accgg
WN aujwe|Ay3a (A3nq-u 4+ uejdedusw (Adoud-u (1-R) (®3engad) ellLL
WN aulwe(A3nqostip + ueydeddaw |[Ay3d (L-H) (®3e[A3Nng) Rueing
YN ujwe|Ax3yo|24d [Ay3a-N + uejydeousw [Ay3d (1-H) (3380(242) 93aN-0Y
N JuLwjaua [Ayjawexay + uejdedsaw [Ay3a (1-H (33eu} |ow) @__E?_o Y %334 pLO)
. V1 ‘1314989 3§
WN autwe|Adouad-u-|p + ueydeddsw [Ay33 (1-H) Auvnuzmv &:33 Y ‘%834) plod J43j3nels
(9-1) quedtpy W “3LHqou
2 WX0 3u03aY |Ay3awopyl |Ayjaw + aujwe|Ay3auw (2-1) A&_Zgzv LAwoyian 0) ‘43AulqQ L134sS
L Loyooe [Adoados} + aut|tue-|J-T (9-H) (weydaodaoiyd) ao4ny
£ Loyooje |Adoudos} + auj|Lue (2-H) weydouq HO ‘uo03jJ3gaeg 9dd
YN aujweAyjawip + Bu}jue|Ayjawoson | a3~ (N-H) uouanjawon|4 N1 ‘Siydway
l fouayd (oujwy-3uad|Ayjawou jwe |AY3awip)-¢ + auiwe [Ayjaw (3-1) Ao:csosgo:@%n.;u 1 ‘obeay) *by wy a0y
spunod auabsoyd ueyl 48yjo S|R}433K Mey ?V?&:.v weN 3pd}3sad uoj3ed07 JUR|d Auedwo)
uojp L[t
.x.:wmauu
(panuj3uol) 5 378Vl

“

=4




Starting Materials

Reactant 1 Reactant 2
ROH -
ROH R'OH
ROH R'NH2
RNH2 -
RNH2 R'NH2
RZNH -
RZNH RéNH
RSH -
RSH R'SH
RSH R'OH
RSH R'NH2

24

Products
Structure Class Name
ROCOCI chloroformate
ROCOOR' carbonate
ROCONHR' carbamate or urethane
RNCO isocyanate
RNHCONHR' urea
RZNCOC1 carbamoyl chloride
RZNCONRé urea
RSCOC1 chlorothioformate
RSCOSR' dithiocarbonate
RSCOOR' thiocarbonate
RSCONHR' thiocarbamate
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APPENDIX A

COMPANIES CONTACTED




TABLE A-1.

A-1

COMPANIES CONTACTED

Degree of Interest

Company Phosgene Cylinders Comments

Allied N Require 99.9%. Purify by Zn filing:

BASF Wyandotte N Fe a problem

Rubicon N Obtained phosgene free from Mr.
Gershon

Chemetron L L CCL4 a problem, condition of
valves?

Dow N N Cl, worst contaminant. Add CO and

: pags over C bed

DuPont

FMC Discontinued phosgene production
in 1974

GE No interest

Texaco (Jefferson) No longer producing phosgene or
MDI

Minerec M N Would bid jointly with Delta who
wants cylinders

Mobay N N C12 is bad, require 99.9% phosgene

0lin M N Prohibitive cost for redistillation

PPG N N

Stauffer N N Require 99 + % phosgene

Story (Cordova) N N No current interest by Cordove

Union Carbide L N Free chlorine is disastrous for
TDI

Upjohn N N Require very high purity for
pharmaceuticals

Van de Mark

Akzona Purchase chloroformates from
Chemetron

Eastman Kodak L N Purchase small amounts from
Chemetron and Van de Mark

Jakem Indust. N N Uses 100-pound cyliners




A-2

Degree of Interest

Company Phosgene Cylinders Comments

Pennwalt N N Peroxydicarbonates require high
purity phosgene

RSA N

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

Consolidated Chem. H H They now use 9 cylinders/day

Gulf N N They buy isocyanate from Mobay

ETi Lilly N N They use less than 100 1bs./year

Nor Am Ag. N N They buy ready-made pesticides

Shell N N Pesticides and intermediates are
made by Union Carbide

Chem. Commodities H H Now have guaranteed customer
for phosgene

Delta Chem = M

Jones Chemical M H Will sell the phosgene

Matheson Gas Products M N

Scientific Gas Products N N

Air Products & Chem N N

Worthington Steel N N Produce low pressure cylinders only

Manley-Regan N H Interest in storage cylinders for
chlorine

Harsco Corp. N N Small cylinders only

Columbiana Boiler N N Scrap value of cylinders = $45

Union Carbide-Linde

Source: Battelle interviews.




