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111: possible formation of phosgene \\-heti ch1oriri:itcd T hydrocarbons are heated in air has been given much pub 
licity and many papers have dealt with this problem. ;\moiig 
these may be mentioned the work of Biesalski (4) on tlie dwoni- 
position of chlorinated methane, ethane, and ethylcrie com- 
pounds when heated over copper oxide, metal chlorides, :inti 
various other substances. In  every case carbon tetrachloride 
produced the most phosgene, yielding as much a$ 25y0 hy n-eight 
when passed over copper chloride a t  482' F. 

In  1941 Dachlauer (6) mixed vapors of chlorinated liydro- 
carbons with air and passed the mixture through a tube of iroii 
nails heated to 932" F. Carbon tetrachloride was reportctl to 
yield the highest percentage of phosgene and the extent of phos- 
gene formation decreased with decreasing chlorine content in 
the chloromethane compounds. Much smaller amounts of phos- 
gene were produced by the chloroethanc compounds. 

A recent thorough investigation by Sjoberg ( 7 )  has verified 
the earlier work and extended i t  to other compounds and other 
metals, He studied tlie products obtained from vapors of carbon 
tetrachloride, chloroform, trichloroethylene, perchloroethylene, 
dichloroethane, tetrachloroethane, pentachloroethane, and hesa- 
chloroethane in contact with heated copper, aluminum, and zinc 
from 212" t o  932" F. He found tha t  carbon tetrachloride pro- 
duces much larger quantities of phosgene and decomposes a t  
lower temperatures than the other chlorinated hydrocarbons. 
Chlorinated ethanes \\-liicli contain at, least one hydrogen atom 
produced hydrogen chloride more readily than did carbon tetra- 
chloride, chloroform, or hexachloroethane. Sjoherg correctly 
pointed out that  in all cases, except that  of carbon trtrachloritle. 
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lij-clrog(~ii c.liloritle will act as a n  oIi':ictor\- warning agent, long 
l)c+oIc ciiouyli phosgene has formed to hccomc dangerous. 

JIetlij-1 rhloroforni t I ,  1,l-trichloroethane) is similar to t*arI)on 
tc~tr:irliloritlc in its physical and solvent chnracteristics hut in 
1:igiic.r co i i~~i i t ra t ious  c.:m be tolerated in the atmosphere (1-3). 
C'onwclut~iitly, it  is i,r~placing carbon tetrachloride i n  many types 
of c1e:tniiig app1ic:itioiis. -4s no data on its stahilit?- appear to 
I i i i v c ~  I i w i i  publislic~d, the authors have studied its decomposit,iori 
011 viirious nir>tals :ir; a function of tcmpcraturc. Tests h a w  
Iwon c.:irried out u i th  technical methyl rhloroforni a r i d  with a 
iorniulation (Chlorothene) containing inhibitors to pi 
reaction of liquid methyl chloroform with aluminum. Carhort 
tetrachloride was also studied for comparison. 

EXPERIJlEiVTAL TECHSIQUE 

The apparatus (Figure 1) is made up of an air-flow regulator. 
:* vaporization chamher, two U-tubes, three gas-ahsorptioii 
bubblers, and a wet-test meter. riir is brought in  under pressurc' 
through the air-flow regulator, which consists of a manometc,r 
:icross a capillary tube. The  stream is directed toward thch 
bottom of the vaporization chamber, a 250-nil. round-bottomed 
flask equipped with a dropper on top. The  compound to hi, 
tested is introduced through this dropper a t  such a rate that  u 
1.00-ml. sample is vaporized while roughly 20 liters of air passes 
through the s!.stem. The  solvent vapor-sir mixture p:issc> 
through the first U-tube, which is filled with small pieces of the, 
metal under observation. This tuhe is immersed in a coilstant 
trnipc~t'aturc hath 01 \Toad's metal. The  reaction products pass 
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Figure 1. Apparatus for thermal deconiposition of chlorinated hydrocarbons on metals 
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through a second 5-tube, n.1iic.h is f i l le t l  n-it11 niospy zinc (to 
remove hydrogen chloride) whcii pho ne is heing determined, 

sought. The reriiuiiiiiig 
011 Iiubhlers. The atisorp- 

in v-ater, n-hile t h t  for 
hydrogen chloride is 0.l.Y >odium h>-droxide. Fiiidly the gas 
passes through a n-et-tei;t meter. Thirty-three liters of gas is 
passed in each case. 

Phosgene reacts with aiiiliiie t o  produce I ,3-diphenylureaj 
nhic-h ('an re:idily he determined 1))- ultraviolet spcctropliotoni- 
etr>- 1.3. . icetyl chloride, if  present, i? liydrolyzeti and docs riot 
i ~ i t c ~ r l i ~ ~ ~ .  Hytl~ogcri chloritic is tleterniined liy titrating the 
e s w s s  sodium hydroxide with standard 0.1 .\- li!drocliloric :icid. 
The hydrogen chloride results :ire' high wheii large amounts of 

io~get ie  \vas cliecked 1))- breuking :rmpoule;: 
niourits of phosgeiie, s4-eeping the phosgene 

vtilior t Iii~ougli the :ipparntus with air, and tletermining the 
1ieiiylure:i formed. Result.; obtained with no 
tcm 1i:ive liceti reported (3  I ,  Recoveries ranged 
yo :11id indicated that the  :imouiit of phosgene 

deconiposid or lost i n  the apparatus was xiegligilile. 
,ill the  metals used are arni1nl)le commerciall>-. Purified copper 

pellets :111(1 uialytical rengerit mossy zinc were procured from the 
Mdlinckroiit Clirmical \Vorka. Aluminum foil n-as obtained 
from the Rcyriolds l ie ta l s  c'o. The cast iron (used in the form 

rigs) \vas found t o  contain 3.27, cnrlio~r: spectrographic 
~1ion.ed the following percentages: manganese 0.6, 

chroniium 0.1 to  0.2, nic31ic%l 0.04, ropprr 0.03. arid silicioii 1 to  5 .  
Steel, iii the form of cold-roll 1045, contained O . l f 1 7 ~  carbon and 
the follon-iiig percentages hy spectrogr:iphii, analJ-sis: mang:mese 
0.6: chromium 0.07, nickel 0.003. copper 0.03, and molybdenum 
0.05 to 0.1. The ydloii- Iirass n-as found to  contain 0.1 to 1% 
lead and 0.01 to  0.1 yo iron by spectrographic analysis in addition 
to its nominal proportions of 67% copper and 3370 zinc. 

RESULT s 

In agreement with the results of Sjoberg (7'1 and others, carbon 
tctrnrhloride u x s  found t o  produce more phosgene than other 
chloriiiated solvents when the vapors are passed over hrated 
met:il. This effect is particularly great n-ith cast iron, with 
which 1 gram of carbon tetrachloritle yields 275 mg. of phosgene 
at 6.75" F. (see Table I ) .  Iriider th r  same conditions nieth!-l 
c~liloroform produces only 0.74 mg. of phosgene: methyl chloro- 
form! howver ,  j-ields more hydrogen chloride. Carbon tetrn- 
chloride also produces large amounts of ferric chloridr. 

Table 1 .  Decomposition Products of Some Chlorinated 
Solvents with Cast Iron 

3Iilligrams per Gram of Solvent _ _ _ _ . ~  
1Tninhibited Inhibited Carbon 

0 r. I'roduut clilorofuriii cliiorof;rin" chloride 
Temp.,  Decomposition met hy1 met h x - 1  t c t ra -  

Phosgene 
Phosgene 
Pliosgene 
Phosgene 
l'lioscene 
Phosgenr 
I'hosgPnP 
Phosgene 
Hydrogen chloride 

0 007 
5 

0 .049  
0 ,083  

0 . 5 8  
0 74 

. . .  

. . .  
143 

0 000 
n.oic,  
n 014 

n 8.1 

0 ' 7  

0 i 8  

201 

0 48 
8 .87  

52' b 
1 3 3 

(1 Chlorothene produced b y  Don. Chemical Co. 
h Ktlere blanks are sliorvn, no teats were inade.  

The thrrmal decomposition of carbon tetrachloride in rontact 
n-itli stcel \vas much less than n-ith cnst iron. The  esplanation 
for this is not :ipp:irrnt and has not heen investigated. 

The thcrmal decomposition of carbon trtr:icIiloridc wit11 copper 
also produces large yields of phosgene, as shown in T:rhle 11. 

;ipprecial)le cluantities ~ e r c  observed RI t empcwture~  :E low as 
9'35" F. At  temperatures below 600" F. methyl chloroform pro- 
duces miall amounts of an  u ~ i k r i o ~ ~ x  compound n-hich reacats 
ivith aniline t o  form a material siniilar in its ultraviolet absorption 
characteristics to that of :rcetariilide UI.  or-oliloroacet:tnilide. 
.4l)ove 600" F. only trace quantities 01' phosgene are formed. 
-4gain methyl chloroform produces more hi-drogen chloride, but 
the quantity appe:"'s to lw tliniini~lic~d hy the presence of inhil)itol, 
i i i  thi:. ( w r ,  

Table 11. Decomposition Products with Copper 
_ _ ~ _ ~  Lli:ligraitr? per Grain of Solvent 
Uninhibited Inhibited Carbon 

F. Product cliloroforin chloroforrrr chloride 
Teml).. Decomposition i i ie t I i> l  nie thy1 tetra- 

393 Phosgene . . .  . . .  7 . 1 0  
400 Phosgene 0 . 0 0  
402 Phosgene n:Oo 
4 i 0  Phosgene 3 6 ' 4  
345 Phosgene 0 .00  . . .  
5n0 Phosgene 0 ' 00  . . .  
540 Hydrogen chloride 177 3 4 . ,  2 9 . 0  
695 Phosgene n i 4  0.29 . . .  

C'arhon tetrachloride and methyl chloroform are onl). slightly 
decomposed in contact Kith zinc, dumiiium, and brass (Table 
111). Phosgene formation is aliva>.s greater for carbon tetra- 
chloride, while hydrogen chloride form;itiori is greater for methyl 
chloroform. 

Table 111. Decornpositioii Products 
3lilligratns ___ per Grsm of Solvent 

Uninhibited Inhihited C a r b o n  
Temp. ,  Decomposition methyl inethyl tetra- 

0 F. Product chloroforiii chloroforni chloride 

With Zinc 

300 Phosgene . . .  . . .  0 020 
460 Phosgene 0 1.5 n. 11 0 37 
636 Phosgene 1 . Q 2  5 . 6 0  

540 Hydrogen chloride 6 A 6  6 . 6 4  1.98 
840 Phosgene 1:4.5 . . .  . . .  

295 Phosgene 0,083 . . .  0.048 

670 Phosgene 2 056 0 : i i  0 . 3 4  
540 Hydrogen chloride - .  49 2 . 2 1  0 . 7 3  

400 Phosgene 0 045 0.075 

With Brass 
450 Pho.gen? 0 . 1 4  0.033 0.70 
670 Phosgene 0 30 n. I: 5 . 4 3  
540 Hydrogen chloride 8 . 9 0  6 . 0 8  0 . 8 3  

T i t l i  Steel 
460 Phosgene 0 10 . . .  0 . 5 0  
540 Phosgene 0 . 2 2  . . .  1 , 6 8  
670 Phosgene n 33 , . .  5 . 7 2  
540 Hydrogen chloride 193 I F6 8 . 5 2  

I t  is interesting to note the smdl  nmouiits of decompopition 
Iproducts formed on aluminum. This unexpected result can 
possibly lie ascribed to  an oside film protecting the aluminum. 
.iftcr the runs the metal ~ 1 - a ~  still hright. showing no rvidence of 
having heen sttnckrd. The  metal was not kept in contact with 
a liquid phase in these tests: aluminum is knoxvn to rract with 
many chloriiiated diphatic liquids:. 

CO3IPARISOS U I T H  LITEH.4TI'RE D i T A  

A great ninny variations are possible in a study such as this, 
The  principal tiifferencrs hetxwrn the reported TT-ork arid tha t  of 
Sjhherg are three: (1) Sji ihcrp uwtf drirtl air, but thc authors 
nitide no attempt to  control thc hriiiiitlit~.. (2)  Sjiilicrg usril n 
straight glass tube for his mc,t:il I J ~ .  n . l i c i ~ c ~ : i i  :I I7-tul)c TWP u d  
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1 24 P' 
tetrachloride forms a t  least 100 time3 a3 much phosgene as any 
of the other chlorinated hydrocarbons. Methyl chloroform is 
much less readily decomposed to  phosgene and compares favor- 
ably n-it11 such solvents as perchloroethylene and trichloro- 
eth>-lene. 

t 160 

Table 15.. Phosgene Formation from Thermal 
Decomposition of Chlorinated Hydrocarbons 

on Iron at 633" F. 

in the present tests. (3) Sjoberg used a bed of antinioiiy to remove 
any chlorine which may have formed. A small amount of chlorine 
does not interfere Kith the analytical method used by the authors 
and hence was not removed. 

Sjoberg's phosgene results on carbon tetrachloride are graphi- 
cally compared with those of the authors in Figure 2. The 
remarkable agreement indicates that, except possibly a t  l o r  
temperatures, humidity has very little influence on the extent of 
phosgene formation. 

Table IT- lists the amounts of phosgeiie formed when various 
chlorinated hydrocarbons are passed over iron a t  635" F. Carbon 

Mg. 
Phosgene/G. 

Solvent 
27.5 
26Ze a In 

0.7* 
0 . O R  
0.74 
0 78 
1 . I" 

For purpojes sucli :is metal cleaning, the volume of solverit 
wed is likely to  bc of more interest than the mass. Because of 
density differences, the foregoing comparisons turn out even more 
favorably for methyl chloroform if the data are based on the 
volume of liquid vsporized. The densitj- of inrthyl chloroform 
a t  25' C. is 1.325. 

IRON 

A 0 I I I 

400 600 800 
TEMPERATURE, O F .  

Figure 2. Phosgene formation from carbon tetrachloride 
A Data from Sjoberg (7) 

SUMMARY 

The thermal stabilities of methyl chloroform and carbon 
tetrachloride vapors, in contact with heated metals in air, have 
heen investigated and compared with literature data.  With 
respect to phosgene formation at  temperatures up to 700" F., 
methyl chloroform is one of the more stable chlorinated aliphatic 
hydrocarbons. Considerable amounts of' hydrogen chloride a rc  
obtained from methyl chloroform passed over iron, $trcl, o r  
copper a t  540" F. 
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