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SUMMARY
,

Carbonyl fluoride has been identified as the dominant product during
pyrolysis of polytetrafluorethylene (PTFE) at temperatures of 490 to 650·C. As
an end-use product, production of carbonyl fluoride is judged to be small,
probably less than 10,000 pounds annually. It is used for a variety of fluoro­
syn thesis reac tions.,

Acute exposure' to lethal doses of carbonyl fluoride (LC50, 350-450 ppm x
1 hour) or PTFE pyrolysis produe ts resul ts in lung injury in animals that is
reversible if the exposure dura tion is short (1 hour). Carbonyl fluoride is a
respiratory irritant gas that is about as toxic as hydrogen fluoride. The long
term effects of carbonyl fluoride are related to its capacity to act as a
fluoride-liberating agent in the body since it is rapidly hydrolyzed in the body
to yield carbon dioxide and 2 moles of hydrogen fluoride. Repeated exposure to
carbonyl fluoride causes liver damage in animals. No specific cases of human
health effects attributable to carbonyl fluoride exposure have been reported in
the li tera ture •
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1. Chemical Name: Carbonyl Fluoride

2. Chemical Structure:
/F

o=c'F

3. Synonyms: Carbon fluoride oxide
Carbon difluoride oxide
Carbon oxyfluoride
Carbonic difluoride
Carbonyl difluoride
Difluoroformaldehyde
Fluophosgene
Fluoroformyl fluoride
Fluorophosgene

4. Chemical Abstracts Service (CAS) Number: 353-50-4

5. Registry of Toxic Effects of Chemical Substances (RTECS) Number: FG6125000

6. Chemical and Physical Properties:

Description:

Molecul~" Weight:

Boiling Point:

Mel ting Point:

Vapor Pressure:

Solubili ty:

Specific Gravity:

Stability:

7. Production

pungent, colorless gas

66.01

-83.1 oC

_114°C

ins tantly hydrolyzed by water

1.139 (at _114°C)

unstable in presence of water
nonflammable

No production figures for oarbony1 fluoride are available. Based on use,

end-use production is judged to be small, probably less than 10,000 pounds

annually (SHC estimate).

At t.':1e present time, the chief source of exposure to carbonyl fluoride

resul ts from the thermal deoomposi tion of polytetrafluoroethylene (PTFE) in air

(ACGIH, 1979). The amount of carbonyl fluoride genera ted annually by this

decomposi tion ill not availbele.



B. Use

Various pa tent 11 tera ture indicates that carbonyl fluoride is useful for

synthesizing fluoroalkanes, difluoroisocyanates, and fluorina ted alkyl

isocyana tes. It is also probably used for other similar types of fluore-

syntheses reactions.

9. Manufacturers and Distributors

The following companies are listed as manufacturers of carbonyl fluoride

(SRI International, 19BO):

G.D. Searle and Co.

(Will Ross, Matheson
Gas Products Division)

SCM Corp.
(PCR, Inc., Subsidiary)

Cucamanga, CA

East Rutherford, NJ
Gloucester, MA

Joliet, IL

La Porte, TX

Morrow, CA

Newark, CA

Gainesville, FL

G.D. Searle no longer manufactures carbonyl fluoride (Kozlowski, written

communication, 19BO)

The only lllanufac~urer of carbonyl fluoride listed by the U.S. EPA (1980) is

DuPon~ (Wilmington, DE); the production range is unavailable.

In addition to the previously listed manufacturers, the following are dis-

t!'ibutors (-Chem Sources--US-A, 1980):

Atomergic Chemetals
Chemical Procurement Labs.
Columbia Organic Chem.
ICN/K and K
Pfal t:z and Bauer
Synthatron Corp. (producer of high-purity

carbonyl fluoridel



10. Manufacturing Processes ,
The commercial methods of manufacture for carbonyl fluoride are not found in

the literature. A variety of methods are described, ho~ver, particularly by

patents.
,

Pure carbonyl fluoride, COF 2 , is difficult to prepare directly from carbon

monoxide and fluorine. However, carbonyl fluoride can be prepared by the action

of silver flueride on carbon monoxide (Hawley, 1977) or by blowing carbon

monoxide in to anhydrous hydrogen fluoride and manufacturing elec trolytically

(Nagase e t al., 1970).

Carbonyl fluoride may also be manufactured from carbonyl chloride

(phosgene). By treating phosgene with sodium fluoride in an inert but polar

me:iium such as ace toni trile, tetramethylene sulfone, ni tromethane, dimethyl

sulfate, or ethylene carbonate, over a five-hour period at 30·C, a 95% pure

carbonyl fluoride can be obtained (Fawcett and Tullock, 1963). Similarly,

phosgene can be reacted with NHl/F or NHl/HF in acetonitrile for an hour at 70·C to

yield 89.8% carbonyl fluoride. The reaction of phosgene and hydrogen fluoride

also yields carbonyl fluoride; the by-product hydrogen chloride is absorbed by a

_metal fluoride, S03~ or P20S (Tullock, 1958).

Carbonyl fluoride may also be prepared by the following methods. Equimolar

amounts of C2F4 and oxygen are reacted at 200 to l/50·C in a stainless steel pipe

which has previously been circulated with COF2' Residence time in the reaction

zone is from 1 to 10 seconds. The reac tion product contains the following:

carbonyl fluoride, 98.36 mol %; oxygen, 0.23; CF4 , 0.08; CO2 , 0.08; C2F4 , 0.30;

CF
3

COF, 0.42; and CF
3

0COF, 0.53 (DuPont, 1965). In another manufacturing method,

pulverized CaF2 , . lampblack, and Ti0
2

are mixed in approximate ·stoichiometric

proportions in an electric arc furnace and heated to 2800 to 3500·C under an



Argon atmosphere. The gaseous carbonyl fluoride passes out of the furnace, is

condensed in a liquid nitrogen trap, and can be purified by fractional distilla­

tion and absorption (Langer, 1967).

Carbonyl fl~oride is supplied as a liquified gas in steel cylinders (Hawley,

1977; PCR, 1978).

11. Impuri ties or Addi tives

Potential impuri ties, as sugges ted in Section 10, include oxygen, tetra­

fluoromethane, CO2 , C2F4 , CF
3

COF, and CF
3

0COF.

12. Occupational Exposures

The National Occupational Hazard Survey does not provide an estimate of the

number of workers who are potentially exposed to carbonyl fluoride.

13. Control Technology and WO!'k Practices

Specific factors that may contribute to or prevent employee exposure to

carbonyl fluoride were not found in the literature searched •

.l4~ Biological Effects

Interest in the toxic effects of carbonyl fluoride has resulted from the

identification of the compound in the pyrolysis products of polycarbon mono­

fluoride (Yoshida et a1., 1977) and polytetrafluoroethylene (PTFE: Teflon,

Halon, Fluon). Du..'"ing the pyrolysis of PTFE in air at temperatures of 490 to

650·C, carbonyl fluoride is the dominant product, and aceounts for as much as 63%

of the products (Coleman et al., 1968). Carbon dioxide is also a major PTFE

pyrolysis product at high temperatures, but it should be noted that the afore­

mentioned temperatures are higher than those COllmonly used in PTFE fabrication

processes. At lowar temperatures,' howaver, the predominant products are higher

lIlolecular weight fluorocarbons. The toxicity of carbonyl fluoride has been

addressed both in studies using carbonyl fluoride exposures and in studies using

exposures of the PTFE pyrolysis products.
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a. Animal Studies

(1) Acute Exposures

Available LC50 data suggest that, in r:ats, the lethal effect is a

function of exposure concen tra tion mul tiplied by the time of exposure (Scheel

et a1., 1968a). Scheel et a1. (l968b) noted that, in rats, the signs of toxicity

which preceeded death included extreme malaise and weakness. The acute toxic

effects of carbcnyl fluoride are summarized in Table 1.

Exposure of rats to the vapors emitted during oxidative pyrolysis

of PTFE at 550·C produced animal lethali ty similar to that resul ting from expo­

sure to carbonyl fluoride (Coleman et al., 1968; Scheel et a1., 1968a). Scheel

et a1. (1968a) determined the LC50 of these pyrolysis products for a one-hour

exposure to be 370 ppm (as carbonyl fluoride) in rats. Coleman ~ al. (1968)

observed increased mortality in rats as the concentra tiOD ofca.....oonyl fluoride

increased in the PTFE pyrolysis products; these investigators concluded that the

toxici ty of PTFE pyrolyzed in air at 550·C ;as due to the presence of carbonyl

fluoride.

Scheel et al. (1968a) exposed mice, rats, guinea pigs~ rabhits~,

- and dogs to carbonyl fluorine, and noted similar pathologic changes in all the

species. Lung injury, observed in tissues from animals sacrificed 24 hours after

a 1-hour exposure to 310 ppm carbonyl fluoride, consisted of focal hemorrhages

and pulmonary edema. Extensive pe=ent damage did not occur; rapid organiza­

tion and clearing of the edema from the lung was observed 48 hours after the

single-dose exposure. An irreversible portion of the injury consisted of

residual focal emphysema and interstitial fibrosis.

(2) SUbchronic Exposures

Scheel et al. (1968a, 196Bb) also examined the toxic effects

resulting from subchronic exposure to PTFE pyrolysis products. It must be
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emphasized, however, that the pathologic changes described by Scheel 11~. are

the result of exposure to the pyrolysis products, and although carbonyl fluoride

was identified and is considered the principal component of the products (Coleman

et al., 1968; Arito and Soda, 1977), the changes may not be solely attributable

•
to carbonyl fluoride. Other fluoride-containing gases and particles may have

been presen t.

Scheel et al. (1968a) exposed Greenacres Controlled Flora rats,

mice, guinea pigs (20 animals each), 6 rabbits, and 4 dogs to the products

emitted during pyrolysis of PIFE at 550°C. Daily l-hour exposures were given for

5 consecutive days. Pa thologic changes were produced in the respira tory trac t

and in the livers of the exposed animals, and were similar for all the species.

Following three daily l-hour exposures to pyrolysis products containing 50 ppm

carbonyl fluoride, a yellow-brown pigment was seen in mo.st of the alveoli of the

lungs. Atrophy of the alveolar lining cells was also present. A macrophage

response around the pigment with periarteriolar inflammatory cells and focal

ez:physema bega.'1 to develop 3 days af tel'" the fifth daily exposure. Pyrolysis

particulate matter accumulated in the alveoli after the fifth daily l-hour expo-

_sure, and a macrophage response around this material was al.so observed. The

lung irri ta ti.on persi.sted for at least 7 to In days following inhalation, but

this effect was attributed to the particulate material. After five 1-hour

exposures to PIFE pyroly.si.s pr.oducts with a cumulative dose of 185-ppm hours of

carbonyl fluoride, fa tty liver degeneration marked by fa t--filled vacuoles in the

cytoplasm of the cells and enlarged nuclei \ie1"e observed.

Scheel et g. (1968b) also subjected 20 male and 20 female

Greenacres Controlled Flora rats to five daily 1-hour exposure.s of PIFE pyrolysis

products containing 52, 43, 29, 25, and 9 ppm of carbonyl fluoride. These

•

exposures increased the fluoride in the urine from 3 lJglml to 112 lJglml ill 5 days,

/0



and coincidentally decreased body weight by 30%. An increase in activity of the
•

fluoride-sensitive enzyme succinic dehydrogenase was observed in the lungs (the

target organ for exposure), but not in the kidneys (where no pathologic changes

were noted). The liver tissues of exposed ra ts showed enlarged nuclei and fa tty

infil tra tion of' the cells. The exposures also produced changes in blood

leukocyte composi tion (but not in total count), and caused protein, glucose,

ketones, and occul t blood to appear in the urine.

(3) Chronic Exposures

No information was found in the literature searched.

(4) Carcinogenici ty

No information was found in the 1i tera ture searched.

(5) Mutagenici ty

No information was found in the literature searched.

(6) Tera togenici ty

No information was found in the li tera ture searched.

(?) Reproductive Effects

No information was found in the li tera ture searched.

(8) ot.'1er Relevant I.nfcrma-tion

When carbonyl fluoride comes in contact with water, it rapidly

hydrolyzes to form CO2 and 2 moles of hydrogen fluoride. Scheel ~ al. (19~8b)

.found that the toxic syndrome in ra ts resul ting from the inhala"tion of' FITE

pyrolysis products was compatible with descriptions of fluoride poisoning.

Scheel and coworkers concluded that carbonyl fluoride genera ted during the

pyrolysis of PTE hydrolyzed in the body fluids and produced fluoride toxicity in

the exposed rats.

When PIFE is pyrolyz~ll in the absence of silica (eliminating

produc tion of silicon te trafluoride), the pyrolysis produc ts are slightly less

toxic (Scheel ~ al., 1968a)~

J)



jb. Human Studies

(1) Pharmacokinetics

No information was found in the literature searched.

(2) Heal th Effects

No information on human heal th effects attributable to carbonyl

fluoride exposure was found in the literature searched. In humans there has

..

never been a death reported attributable to the pyrolysis of PTFE (Polakoff

e tal., 197~). A 1-day syndrome known as "polymer-fume fever" has been reported

on numerous occasions (Lewis and Kirby, 1965), but it is apparently caused by

inhalation of some particulate matter evolved during PTFE pyrolysis (Waritz and

Kwon, 1968).

(3) Target Organ Toxicity

No i!"'..fcrmation was found in the li :.erature searched.

(~) Epidemiology

No information \E.S fOll.'1d in the l.iteratu.'"e searched.

15. On2oing Studies

No cur-rent toxi.-cologi-cal or envirozmrental studi-es of carbonyl fluoride we·re

found.

16. Exposure Standards

The ACGIE has adopted a Time Weigbted Average-Threshold Limit Value

(TIiA-'l'L'V) of 5 ppm (15 mglm3) for carbonyl fluoride, and recently proposed a

change of the TWA-TLV to 2 ppm (5 mg/m3 ) (ACGIH. 1979). 'rhe proposed Short.-Term

Exposure Limit (STEL) value is 5 ppm (15 mg/m3).

17~ So~-ces of Additional R~levant :nfo~ation

A NICS?' Health Hazard Evaluation rela ting to carbonyl fluoride has been

conducted at the Digi tal Equipment Corp., Colorado Springs, CO (llliE No.

79-127-64~).

)'J,



18. Other Pertinent Data ,
No other information which may aid in the assessment of carbonyl fluoride as

an occupational hazard was found in the literature searched.
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