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2 Claims. (C. 260-648) 

This invention relates to the treatment of a mixture 
of benzene hexachloride isomers to enhance the gamma 
isomer concentration therein, and more particularly to 
a method for extracting the gamma isomer from crude 
BHC and thereafter crystallizing an enriched gamma 
isomer fraction therefrom. This application is a con 
tinuation-in-part of my co-pending applications Serial No. 
287,019, filed May 9, 1952, and Serial No. 287,020, filed 
May 9, 1952, both now abandoned. 

It is known that benzene hexachloride (1,2,3,4,5,6- 
hexachlorocyclohexane), frequently called BHC, occurs 
in a number of isomeric forms. For example, in the 
addition chlorination of benzene, at least five such iso 
mers are formed having approximately the weight dis 
tribution: o, 65 percent; 8, 8 percent; ty, 13 percent; 5, 
10 percent; e, less than 1 percent; and the remainder, 
heptachlorocyclohexane and other impurities. It is also 
known that the gamma isomer is by far the most insec 
ticidally active isomer. Accordingly, it is desired to 
concentrate isomer mixtures with respect to the gamma 
isomer to facilitate the preparation of improved insec 
ticidal formulations by the elimination of the inert iso 
mers and odoriferous constituents thereof. 

Prior methods have been disclosed for concentrating 
the gamma isomer in isomer mixtures by extraction and 
fractional crystallization. In the extraction step, a sol 
vent is employed having a limited solubility for the ox 
and 3 isomers, and thus large quantities of these isomers 
may be separated from the saturated gamma-containing 
extract. For example, when extracting a crude benzene 
hexachloride isomer mixture having the composition noted 
above with lower aliphatic alcohols, an extract is ob 
tained having approximately six parts of y isomer, two 
parts of c isomer, and one part of 5 isomer. 

Lower aliphatic alcohols, at or about room tempera 
ture, have a relatively high solubility for the gamma 
isomer; and, accordingly, when employing only enough 
solvent to dissolve the gamma isomer, the resulting ben 
zene hexachloride:solvent slurry is excessively thick for 
pumping, centrifuging and otherwise processing with 
known process equipment. For this reason, it is in 
perative that the extraction process be carried out at 
relatively low temperatures, below about 15° C. and 
preferably below about 0. C., wherein the solubility 
in the solvent is substantially decreased. In addition, 
when attempting to carry out an extraction in accord 
ance with prior methods, I have now found that there 
is but a single benzene hexachloride to solvent weight 
ratio for any one temperature which will provide optimum 
extraction conditions to give both a high yield and high 
purity. Thus, a low temperature of operation must be 
so selected as to permit both efficient operation and prac 
tical slurry compositions which may be processed with 
known process equipment. 

However, such low temperature operation necessitates 
the use of expensive refrigeration equipment, increases 
operational costs, and renders the exacting control re 
quired for efficient operation difficult to achieve. These 
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2 
factors, in practice, must be balanced against the ad 
Vantages of refrigerated operation noted above. It has 
been found that the extraction must normaily be carried 
cut at a maximum temperature of 15 C. 

Crystallization and separation of a high gamma isomer 
product is also difficult to prior processes due to the 
viscosity of the slurry, resulting in appreciable degrading 
of the crystaline produce due to adherence of large 
quantities of impure mother liquor. To minimize this 
condition, prior processes were conducted at refrigerated 
temperatures to reduce the viscosity of the slurry from 
which the product is separated. 

It is accordingly an object of this invention to provide 
an improved process for producing an enhanced gamma 
isomer product from crude BHC. 
Another object is to provide an improved extraction 

and crystallization process of the above type wherein 
an optimum purity product can be obtained in exceed 
ingly high yields over a wide range of temperature con 
ditions. 
Another object is to provide a process in which the 

crude BHC can be extracted with a wide range of sol 
vent to BHC weight ratios so as to allow easy and efficient 
handling of the resulting slurry. 
Another object is to provide the process in which an 

exceedingly high purity product can be obtained using 
a process in which the degree of concentration of the 
eXtract solution and the final crystallization temperature 
is less critical than in prior processes. 

Other objects and advantages of the present invention 
will become apparent as the description proceeds. 

it has now been found that the use of aqueous metha 
nol as the solvent in both the extraction and crystalliza 
tion steps materially improves the yields and processabil 
ity in the extraction step and permits the recovery of 
substantially higher purity products in correspondingly 
good yields in the crystallization step. The presence of 
water in the methanol has been found to give greater 
flexibility to the process, permitting the use of a wide 
variety of solvent to BHC weight ratios (slurry composi 
tions) for essentially any desired temperature of extrac 
tion and reduces the criticality of both the degree of 
super-saturation of the extract solution (concentration 
of the solution) and crystallization temperature on the 
product purity and yield of the valuable gamma isomer 
from the crude mixture. 

in general, the process comprises extracting crude BHC 
with a limited quantity of aqueous methanol, sufficient 
to dissolve essentially all of the gamma BHC isomer 
while leaving a relatively large quantity of the BHC 
undissolved. This is preferably carried out in a suitable 
vessel by slurrying the BHC with the aqueous methanol 
for a sufficient period to permit essentially equilibrium 
conditions. During this extraction, the slurry is prefer 
ably agitated to aid solvation of the gamma BHC iso 
mer. Following extraction, the liquid (gamma isomer 
extract) and solid phases are separated, and the extract 
is then supersaturated to effect crystallization. This is 
accomplished at east in part by the addition of water 
to the extract, and usually by also removing part of the 
methanol. After this concentration, the water content 
is adjusted in accordance with this invention, discussed 
more completely below, and the gamma BHC is per 
mitted to crystallize. This enhanced purity product is 
then separated from the crystallizer mother liquor and, 
if desired, can be further purified by one or more re 
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crystallizations. 
Although the use of water is highly desirable in both 

the extraction and crystallization step, the quantity of 
water based on the methanol is different in the two steps. 
It is possible to employ temperature conditions in the 
extraction and crystallization steps in which the concen 
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tration of the extract (by removal of methanol and some 
water), will automatically give the preferred water 
methanol ratio for the crystallization operation. How 
ever, generally, it is necessary to add additional water 
to the concentrated extract, prior to crystallization of the 
desired gamma isomer product. 
The quantity of water to be employed in the methanol 

in the extraction operation is dependent upon the quan 
tity of gamma isomer in the crude mixture to be ex 
tracted, the methanol to BHC weight ratio and the tem 
perature of the extraction operation. Normally the ex 
tracting solution should contain between 6 and 16 per 
cent by weight of water, although it is preferred in most 
operations to employ between about 8 and 14 percent. 
Within this range, it is necessary to employ from 0.5-6 
parts of methanol per part of BHC. For optimum re 
suits, the water concentration must be correlated with the 
methanol-BHC ratio, the water concentration increasing 
(within the range noted) essentially directly with increases 
in the methanol-BHC ratio, also in the range noted. 
The range of water concentration given above, i. e., 

6-16 percent is critical and surprisingly effective since a 
minimum gamma BHC loss is obtained in this range due 
to solvent disproportionation of the mother liquor which 
adheres to the cake during separation. This is shown 
graphically in the figure. 
A more detailed correlation of the quantity of water to 

be employed with different methanol to BHC ratios 
and at different temperatures are given in the following 
formula: 

P=a log R-b 
wherein P is the weight percent of water in the methanol, 
a is a number having a value of about 23, R is the weight 
ratio of methanol to crude BHC and b is a number having 
a value between -10 and 15 and preferably between 
-0.5 and -1.5 at 30° C. The range of the value of a 
is independent of temperature. 
The value of b for optimum results should vary in ac 

cordance with the temperature in C. as given by the 
following formula: 

wherein bo is the value at 30 (between -10 and 15) 
and t is the actual temperature of extraction. 

In the crystallization step, the percent water preferably 
should be between about 5 and 20 percent by weight of 
water when employing methanol to BHC ratios be 
tween about 1.5 to 1 to about 2 to 1. Within these 
ranges, optimum results are obtained when these variables 
are correlated in essentially direct relationship, i. e., em 
ploying the lower water concentrations with the lower 
methanol-BHC weight ratios. 
The crystallization is generally carried out at a tem 

perature of 0° C. to 40 C., preferably within the range 
of about 20 to 35° C. For economic reasons, it is 
normally preferred to conduct the crystallization at about 
room temperature. 
The time of crystallization required depends primarily 

on the degree of concentration of the extract solution and 
the quantity of water employed. In general, shorter 
crystallization times are preferred when using the higher 
water concentrations. In general, the crystallization time 
can be between about 5 minutes to ane hour, preferably 
of the order of 10 to 25 minutes. 

During crystallization, it is normally preferred to 
employ agitation to increase the rate of crystallization of 
the valuable gamma isomer. The degree of crystalliza 
tion is not critical but effects somewhat the particle size 
of the crystals. In general, the higher the degree of 
agitation, the smaller the crystal size of the product ob 
tained. 
The high gamma benzene hexachloride product, as well 

as the low gamma extracted cake, can be separated by 
any of the well known means such as decantation or 
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4 
filtration. It is normally preferred to use centrifuga 
tion, however, to assure the lowest possible adherence of 
impure mother liquor to the high gamma crystals. 
The following are typical examples which illustrate 

the process of this invention. In these examples all units 
are given in parts by weight. 

Example I 
A mixture of BHC isomers (20 parts) having the fol 

lowing isomer distribution: o, 65 percent; (3, 8 percent; ty, 
13 percent; 6, 10 percent; e, less than 1 percent and the 
remainder heptachlorocyclohexanes and other impurities 
was treated at 30° C. with 100 parts of methanol. Suf 
ficient water was added to this solution to give a 12.7 
percent water-in-methanol extract. After separation of 
the liquid and solid fractions, the filtrate contained 15 
percent water-in-methanol and 5.9 parts of BHC having 
38 percent gamma isomer purity. Approximately 90 
percent of the gamma isomer was recovered in the filtrate. 
The filtrate was then saturated by removal of a quantity 
of the methanol at a temperature of about 65° C. to 
give a methanol to BHC ratio of 1.7 to . The water 
concentration in the mixture was then adjusted to 15 
percent. This mixture was then cooled to a temperature 
of 15° C. in a period of between 15 to 30 minutes. Nine 
and one-tenth (9.1) parts of crystallized product was ob 
tained having an 85 percent gamma isomer purity. This 
represents an 82 percent yield of the gamma isomer based 
on the gamma isomer content in the extract solution. 

Example II 
Example I was repeated except that the solids from 

the extract was recovered and redissolved in anhydrous 
methanol and thereafter crystallized at the same tem 
perature and in the same time as Example I. In this 
example, the methanol to BHC ratio was 1,46 to 1. 
With the addition of water, only 25 parts of crystallized 
product was obtained of the same purity product. This 
corresponds to only 56 percent yield compared with the 
82 percent yield obtained in Example I. 

Example III 
Example II was repeated except that the extract solu 

tion contained 9.7 percent water and the methanol:BHC 
ratio was 1.46:1. In this example, an 82 percent purity 
product was obtained in 83 percent yield. 

Example IV 
Example III was repeated except that no water was 

employed and the yield of 33 percent gamma isomer 
product was reduced to only 42 percent of the gamma 
isomer content in the extract solution, 

Example V 
Example I was repeated except that the extract solu 

tion contained only 6 percent water prior to crystaliza 
tion and the methanol to BHC ratio was 1.17:1. In this 
example, an 85 percent gamma isomer purity product was 
obtained in a yield of 82 percent. 

Example VI 
Example V was repeated except that no water was em 

ployed in the extract solution and the product (84 per 
cent purity) was obtained in only 55 percent yield. 

Example VII 
Example I was repeated except that the extract solu 

tion contained 9 percent water and the finetia;; gi:BHC 
ratio was 1:1. The product had a purity of 80 percent 
and was obtained in 80 percent yields based on the gam 
ma isomer in the extract solution. 

Example VIII 
Example VI was repeated except that no water was em 

ployed and the product was obtained in only 36 percent 
yield. 
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Example IX 
Example I was repeated except that the extract solu 

tion contained 8 percent water and the methanol:BHC 
ratio was 1.32:1. The product had a purity of 84 percent 
and was obtained in 70 percent yield based on the crystal 
lizable gamma isomer in the extract solution. 

Example X 
Example IX was repeated except that no water was 

employed in the extract solution. The product contained 
only 80 percent gamma isomer and was only obtained in 
40 percent yield. 

Example XI 
Example I was repeated except that the extract solution 

contained 8.5 percent water and the methanol:BHC ratio 
was 0.66:1. A product containing 85 percent gamma 
isomer was obtained in 51 percent yield. 

Example XII 
Example XI was repeated except that no water was con 

tained in the extract solution. The product contained 85 
percent purity but was only obtained in 10 percent yield. 
The following examples illustrate variations in the ex 

traction process in accordance with the present invention. 
Example XIII 

A mixture of BHC isomers (50 parts) having a similar 
isomer distribution to that of Example I was treated at 
30° C. with 100 parts of methanol, followed by addition 
of a sufficient quantity of water to provide a 6 percent 
aqueous filtrate solution, on the solid-free basis. This 
mixture was thereupon stirred until equilibrium was at 
tained. The filtrate, after separation from the solids, 
contained 16.28 parts of benzene hexachloride having 35 
percent gamma isomer, corresponding to 89 percent of 
the total gamma isomer in the crude product. 

Example XIV 
A mixture of benzene hexachloride isomers (33.3 

parts), having substantially the same isomer distribution 
as the mixture of Example I, was treated at 30° C. with 
100 parts of methanol, followed by the addition of suffi 
cient water to give a 9 percent water-in-methanol solution 
in the filtrate. The solution was stirred until System 
equilibrium was attained. The filtrate, after separation 
from the solids, contained 10.2 parts of benzene hexa 
chloride having a purity of 36.5 percent in a yield of 91 
percent. 

Example XV 
A mixture of benzene hexachloride isomers (25 parts), 

having essentially the same isomer distribution as that of 
Example I, was treated at 30° C. with 100 parts of meth 
anol containing in addition sufficient water to give an 11.5 
percent water-in-methanol in the extract and, after filtra 
tion, a 13 percent water-in-methanol filtrate solution. The 
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extract and Solids were stirred until system equilibrium 
was attained. The yield of the gamma isomer in the 
filtrate, based on the original mixture, was 93 percent. 

Example XVI 
A mixture of benzene hexachloride isomers (20 parts), 

having essentially the same isoner distribution as that of 
Example I, was treated at 30° C. with 100 parts of meth 
anol. Sufficient water was added to this solution to 
give a 12.7 percent water-in-methanol extract. After 
separation of the liquid and solid fraction, the filtrate 
contained 15 percent water-in-methanol and 5.9 parts of 
benzene hexachloride having a 38.7 percent ganama isomer 
purity. Approximately 90 percent of the gamma isomer 
was recovered in the filtrate. 

claim: 
1. A process for producing an enhanced gamma ben 

Zene hexachloride product from a crude mixture of 
benzene hexachloride isomers in which the gamma isomer 
is recovered in a high purity and yield, comprising ex 
tracting said crude benzene hexachloride with aqueous 
methanol in a quantity only sufficient to dissolve essen 
tially all of the gamma benzene hexachloride, thereby 
leaving undissolved a substantial quantity of the crude 
benzene hexachloride, separating the liquid extract from 
the undissolved solids, concentrating said extract by re 
moving a quantity of the methanol therefrom, and there 
after cooling said extract to crystallize a product contain 
ing an enhanced proportion of gamma benzene hexa 
chloride from said concentrated extract, the aqueous 
methanol extracting solution containing between about 6 
and 16 percent by weight of water and containing between 
/2 part and 6 parts of methanol per part of crude benzene 
hexachloride, the aqueous methanol concentrated extract 
solution containing between about 5 and 16 percent by 
weight of water and containing from 1 part to 2 parts of 
methanol per part of benzene hexachloride, the crystalli 
zation temperature being between 0 and 40 degrees C., 
and the water, methanol and crude benzene hexachloride 
weight ratios during the extraction being such that 

P=23 log R-n--0.345 (t-30) 
where 

P is the weight percent of water in the methanol 
R is the weight ratio of methanol to crude benzene hexa 

chloride 
n is between -10 and --15, and 
t is the temperature in degrees C. 

2. The process of claim in which the crystallization 
temperature is between 20 and 35 C. 
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