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This invention relates to a solvent comprising methyl 

chloroform containing a mixture of inhibitors effective to 
prevent decomposition of the methyl chloroform when the 
vapors thereof are in contact with metallic zinc surfaces 
and to prevent corrosion of the zinc and zinc alloys. 

It is Well known that the common chlorinated hydro 
carbons which are employed in the degreasing of metals, 
dry cleaning, and other purposes are subject to decompo 
sition upon contact with metal Surfaces and cause corro 
Sion of Such surfaces. It has been long customary to add 
stabilizing amounts of inhibitors to such solvents to sta 
bilize them against metal induced decomposition and to 
Suppress or prevent corrosive attack upon metal surfaces 
with which they come in contact. A great multiplicity of 
agents have been proposed as corrosion inhibitors for such 
chlorinated solvents but it is generally recognized that the 
effectiveness of a particular inhibitor or a particular chlo 
rinated solvent cannot be predicted. This is especially 
true of methyl chloroform as special problems exist with 
this solvent that do not exist with other chlorinated sol 
vents and it is known that inhibitors which are very effec 
tive in stabilizing other chlorohydrocarbons are not effec 
tive as stabilizers for methyl chloroform. 

Methyl chloroform is recognized as an excellent sol 
vent and there has been a continuing need to render it 
inert to the presence of metals under the conditions of 
vapor degreasing. Stabilizers are known which are effec 
tive in stabilizing methyl chloroform against decomposi 
tion induced by contact with iron and aluminum even at 
elevated temperatures. It is now known, however, that 
while pure uninhibited methyl chloroform at elevated tem 
peratures is relatively inert to the presence of zinc, methyl 
chloroform which is stabilized against decomposition due 
to contact with other metals, particularly iron and alumi 
num, tends to decompose badly in the presence of zinc 
and cause substantial corrosive attack on the zinc metal. 
Decomposition of the solvent and corrosion of the zinc 
occur only when the zinc is exposed to the hot vapors of 
methyl chloroform stabilized against iron and aluminum 
induced decomposition. Zinc below the surface of the 
boiling solvent will remain virtually unaffected. This is 
due to the fact that these inhibitors, which stabilize methyl 
chloroform against iron and aluminum, catalyze the at 
tack of methyl chloroform on zinc in the boiling vapors 
of the solvent. This undesirable property causes a restric 
tion of the utility of methyl chloroform particularly as a 
solvent in the vapor degreasing field as galvanized equip 
ment is common and many of the articles to be degreased 
are zinc, zinc alloy, such as brass or galvanized iron. 
An additional need for a stabilizer system to render 

the hot vapors of methyl chloroforminert to Zinc surfaces 
is found in the recovery of used solvent. Methyl chloro 
form may be used in the cold degreasing of metals until 
it becomes saturated with dirt, grease and other impuri 
ties from the metal being cleaned. Spent solvent without 
the stabilizer system hereinafter proposed cannot be recov 
ered by distillation in the zinc-lined stills commonly used 
in the industry without damage to the lining thereof. 

It is therefore an object of this invention to provide a 
solvent which is substantially stable in the presence of 
zinc and non-corrosive to zinc and its alloys as well as 
other metals. It is a further object of this invention to 
provide a solvent which is substantially stable to Zinc and 
its alloys in the presence of other stabilizer systems. It 
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is a still further object of the present invention to provide 
a stabilized methyl chloroform solvent which will not in 
the vapor phase attack zinc. Other and related objects 
may appear from the following description of the inven 
tion and the claims thereto. 

It has now been discovered that the corrosive action 
of methyl chloroform on zinc when the methyl chloro 
form is stabilized against decomposition by other metals 
and the accompanying decomposition of methyl chloro 
form in the presence of zinc may be prevented by the 
addition thereto of a vicinal epoxide. 
Methyl chloroform where used as a vapor degreasing 

solvent contains minor amounts of certain additives or 
stabilizers to prevent decomposition of the solvent induced 
by its contact with metals such as aluminum and iron. 
Inhibitors such as 1,4-dioxane alone or in combination 
with nitromethane, secondary butyl alicohol, or monohy 
dric acetylenic alcohols are commonly employed. Such 
stabilizers are quite effective in rendering the solvent inert 
to attack of the metal by the degradation products, but 
greatly increase the ability of zinc, in the boiling solvent 
vapors, to cause degradation of the solvent and con 
comitantly increased attack of the metal. This undesir 
able property of the solvent may be eliminated, however, 
by the addition thereto of a vicinal monoepoxide in the 
amount of from about 0.01 to 5.0 percent by Weight of 
the solvent mixture. It is preferred to employ the epox 
ide in the amount of from about 0.10 to 1.5 percent by 
weight, however. If an amount less than 0.01 percent is 
employed no effective stabilization is achieved. Amounts 
greater than 5 percent may be employed but no advantage 
is achieved thereby. 

In order to achieve the objects of this invention and to 
produce a suitable solvent for vapor degreasing of metal 
it is necessary that the methyl chloroform be inhibited 
against decomposition induced by contact with metals 
such as iron and aluminum. If it is not thus stabilized 
the presence of an aliphatic vicinal epoxide will not pre 
vent the degradation of the solvent. Inhibitors for use 
against iron and aluminum degradation are shown in pat 
ents such as U.S. 2,811,252 and U.S. 2,838,458. The 
preferred concentrations of these inhibitors are from 0.5 
to 10 percent of 1,4-dioxane and from 0.01 to 3.0 per 
cent nitromethane, secondary butyl alcohol, or mono 
hydric acetylenic alcohol. 

Vicinal epoxides as used herein refers to aliphatic epox 
ides containing an ethylene oxide group. While many 
vicinal monoepoxides are operable to some extent it is 
desirable to employ vicinal monoepoxides containing from 
4 to 6 carbon atoms, for example, 1,2-butylene oxide, iso 
butylene oxide, cis-2,3- and trans-2,3-butylene oxide, 3,4- 
epoxybutene trans- and cis-2,3-pentene oxide, 2-methyl 
2,3-epoxybutane, 1,2-epoxycyclopentene and 2,3-dimeth 
yl-2,3-epoxybutane. 
The following examples illustrate the present inven 

tion but are not to be construed as limiting: 
Example l 

To demonstrate the relative stability of uninhibited 
methyl chloroform to zinc a test run was made as fol 
lows: 
A flask was partly filled with uninhibited methyl chlo 

roform and strips of zinc, galvanized iron and brass were 
suspended in both the liquid and in the vapor space 
above. The whole was then heated to boiling. After 
seven days of continuous boiling, the test strips were re 
moved and examined, and the methyl chloroform was 
analyzed for inorganic chloride. Little or no corrosion 
of the test strips was found and the methyl chloroform 
was found to contain 5 p.p.m. inorganic chloride. The 
chloride determination used would show both HCl 
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formed due to decomposition of the solvent and ZnCl2 
formed by corrosive action of the solvent on the zinc. 

Example 2 
In the same equipment, and under the same conditions 5 

employed in Example 1, a sample (1) of methyl chloro 
form containing 4 percent by weight of 1,4-dioxane, a 
sample (2) of methyl chloroform containing 4 percent 
by weight of 1,4-dioxane and 0.05 percent by weight of 
secondary butyl alcohol and a sample (3) of methyl 10 
chloroform containing 4 percent by weight of 1,4-diox 
ane and 0.5 percent by weight of nitromethane were 
boiled for seven days. The test strips in every case were 
found to be badly corroded. The methyl chloroform, 
sample (1) was found to contain 110 p.p.m. chloride, 15 
sample (2) was found to contain 150 p.p.m. chloride, 
and sample (3) was found to contain 10 p.p.m. chloride. 
However, the zinc strips in sample (3) were corroded 
more severely than in the other two test strips. 

Example 3 20 
In the same equipment and under the same conditions 

employed in Example 1, samples of methyl chloroform 
were tested employing vicinal monoepoxides in combina 
tion with various stabilizers as shown in the following 25 
table: 

Concen 
Inhibitors tration 

Weight 30 Percent 

1,4-dioxane-------------- 
A----------------------------- nitromethane ------------- 1,2-epoxybutane---------- { 1,4-dioxane---------------- sec.-butyl alcohol 

1,2-epoxybutane 
C {:};- - - - - ... . . . . . . . - - - - - - - - - - - - - - - - - - - - 1,2-epoxybutan 

(39.'- - - - - 1,2-epoxybutane---------- 
E.- - - - - - - - - - - - - - - - 

35 
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nitroInethane----- 1,2-epoxybutane 40 
1,4-dioxane----- 

F----------------------------- Initromethane 1,2-epoxy hexane---------------------- 

As a result of exposure of zinc for seven days to the 45 
solvent action the total chloride content of each con 
bination above listed was less than 0.50 p.p.m. In all 
cases the zinc strips were bright and unaffected at the 
end of the exposure. 

I claim: 50 
1. A composition of matter comprising methyl chloro 

form containing a minor amount of 1,4-dioxane and hav 
ing dissolved therein a stabilizing amount of a vicinal 
monoepoxide having from 4 to 6 carbon atoms. 

2. A composition of matter comprising methyl chloro 
form containing a minor amount of 1,4-dioxane and a 
minor amount of a compound selected from the group 
consisting of nitromethane, secondary butyl alcohol and 
a lower monohydric acetylenic alcohol and having dis 
solved therein a stabilizing amount of a vicinal aliphatic 60 
monoepoxide having from 4 to 6 carbon atoms. 

3. A composition of matter comprising methyl chloro 
form containing a minor amount of nitromethane and 
dissolved therein a stabilizing amount of a vicinal mono 
epoxide having from 4 to 6 carbon atoms. 65 

4. A composition of matter comprising methyl chloro 
form containing a minor amount of secondary butyl al 
cohol and having dissolved therein a stabilizing amount 
of a vicinal monoepoxide having from 4 to 6 carbon 
atoms. 70 
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5. A vapor degreasing solvent composition comprising 

methyl chloroform containing a small stabilizing amount 
of 1,4-dioxane and having dissolved therein from 0.05 to 
5 percent by weight of a vicinal monoepoxide having from 
4 to 6 carbon atoms. 

6. A vapor degreasing solvent composition comprising 
methyl chloroform containing stabilizing amounts of 1,4- 
dioxane and nitromethane and having dissolved therein 
from 0.05 to 5 percent by weight of a vicinal monoepox 
ide having from 4 to 6 carbon atoms. 

7. A vapor degreasing solvent composition comprising 
methyl chloroform containing stabilizing amounts of 1,4- 
dioxane and secondary butyl alcohol having dissolved 
therein from 0.05 to 5 percent by weight of a vicinal mono 
epoxide having from 4 to 6 carbon atoms. 

8. A vapor degreasing solvent composition comprising 
methyl chloroform containing stabilizing amounts of 1,4- 
dioxane and a monohydric acetylene alcohol having dis 
solved therein from 0.05 to 5 percent by weight of a vicinal 
monoepoxide having from 4 to 6 carbon atoms. 

9. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of 1,4-dioxane and 
from 0.10 to 1.5 percent by weight butylene oxide. 

10. A composition of matter comprising methyl chlo 
roform containing a stabilizing amount of 1,4-dioxane 
and from 0.10 to 1.5 weight percent of amylene oxide. 

11. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of 1,4-dioxane and 
from 0.10 to 1.5 weight percent of hexylene oxide. 

i2. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of nitromethane and 
from 0.10 to 1.5 weight percent of butylene oxide. 

13. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of nitromethane and 
from 0.10 to 1.5 weight percent of amylene oxide. 

14. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of secondary butyl 
alcohol and from 0.10 to 1.5 weight percent of butylene 
oxide. 

15. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of a secondary 
butyl alcohol and from 0.10 to 1.5 weight percent of 
amylene oxide. 

16. A composition of matter comprising methyl chloro 
form containing a stabilizing amount of secondary butyl 
alcohol and from 0.10 to 1.5 weight percent of hexylene 
oxide. 

17. In a process for stabilizing methyl chloroform con 
taining 1,4-dioxane against decomposition in the presence 
of zinc, the improvement which comprises adding from 
0.05 to 5 weight percent of butylene oxide thereto. 

18. In a process for stabilizing methyl chloroform con 
taining 1,4-dioxane against decomposition in the presence 
of zinc, the improvement which comprises adding from 
0.05 to 5 weight percent of amylene oxide thereto. 

19. In a process for stabilizing methyl chloroform con 
taining 1,4-dioxane against decomposition in the presence 
of zinc, the improvement which comprises adding from 
0.05 to 5 weight percent of hexylene oxide thereto. 
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