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(571 ABSTRACT

A novel method for manufacturing 1.1.1.3.3.3-
hexachloropropane. Tetrachloromethane is reacted with 1.1-
dichloroethene in the presence of a catalyst comprising
copper and a solvent selected from a C3 to a CS alkaneni-
trile. The 1.1.13.3.3-hexachloropropane can be separated
from the reaction by-products. unconsumed reactants and
catalyst and solvent. which components can be recovered
and recycled back to the reactor.
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1

METHOD FOR THE MANUFACTURE OF 1,1,
1,333-HEXACHLOROPROPANE

BACKGROUND OF THE INVENTION

1. Field of the Inveation

The present inveation rclates to a method for manufac-
turing 1.1.1333-hexachioropropane and to a method of
recovery and purification thereof. The inveative mecthod
further allows for the recovery and recycle of catalyst
solvent and unconsumed reactants.

2. Description of the Related Art

1.1.1.3,3 3-hexachloropropane (HCPr) is of current inter-
est as a potential feedstock in the manufacture of hydrof-
luorocarbor compounds to ceplace ozone depleting chlorof-
luorocarbons (CFC's) and hydrochlorofluorocarbons
(HCFC's). CFC's and HCFC's are used in a varicty of
applications. e.g.. refrigerants, propeliants. blowing agents
and solvents.

1t will be appreciated that the formation of 1.1.13.3.3-
hexachloropropanc is described in the literature, both patent
and otherwisc. For example, among the known mcmods for

f: ing 1,1.1333-h M. i

et al. in Telomerization of Vinylidene Chlande, Makromol.
Chem.. Vol. 185, No. 8 (1984). pp. 15831595, discloses
reacting L.1-dichlorocthene (CH,=CCl,) with tetrachlo-
romethane (CCl,) in the presence of a copper chloride
catalyst and acetonitrile solvent according to the following
reaction:

CHa=CCh cel,

11-dicblro- ¢ etrchlor- et
ethene -
CHyCHLCl +  CCHCHCCHCHCCh
1,1,1,33,3 |\'ll§§‘ hk

The reaction products arc 1.1,03.3.3-h i

2
(CuCl,) . a mixture of cuprous chloride and cupric chloride.
or cuprous iodide.

The above described processes for forming HCPr suffer
from various disadvantages. For cxampic. when ar aceto-
nitrile solvent is used with a copper chloride catalyst. large.
hard. solid chunks are formed. Generally. these solid chunks
are of a sizc ranging from fines to about %. inch in diameter.
Such solid chunks can give fise to scrious handling prob-
lems. For example. transfer of such a solvent-catalyst mix-
jo ture into a reactor can be cspecially peoblematic. since

clogging of process piping and pump damage result from the
chunks.

“w

When using amines as sotvents in the formation of HCPr.

it is known that a reaction disadvantageously occurs with

s chh b ially in the p of transition metal

compounds such as copper chlund: (see. J. R Lindsay

Smith et al. Reaction of Primary Amines wiih Carbon

Tetrachloride in the Presence of Copper (I} Acetate, J.

Chem. Soc. (B) (1970). pp. 617-623. and presumably. wron
20 chierides.

‘When used as a sotvent. dimethylformaroide is krowa to
be incompatibie with chlosinated hydrocarbons as a result of
violent reactions. (See. Sax’s Dangerous Properties of
industrial Materials, Ed. R. 1. Lewis. Jr.. 8th Ed. (1992). p.

25 1378). Dimethylsulfoxide was found to disappear, appar-
ently due to decomposition. during preparation of HCPr
using a copper catalyst. In addition. alcohols, such as
isopropanol, react in the presence of chlorocarbons and
trapsition metals, thereby forming hydrochloric acid. cthers.

30 olefins and water.

SUMMARY OF THE INVENTION
Accordingly. a major object of the present invention is the
provision of a simple and economical method for forming

1 1 1.3.3.3—hcn(adtloropropanc, which overcomes the above

iated with the prior art.
Bricfly. me ment invention fERNITEs a novel motficy for
HeRaCh OO oA, COmp

and other higher weight by-products. such as 1.1, 133 5. 5
5-octachlompen'rane {OCPe). The overall yicld of the prod-
ucts is disclosed as being about 31%. based on the ofefin fed.

The selectivity of HCPr versus the higher lecul
weight by-products, ¢.g.. OCPe, was found to be dependent
upon the feed ratio of the 1,1-dichloroethene to chl

and solveat
are prescnt in rcumve amounts sufficient to produce 1.1.1.

romethanc. Selectivity was further found to be strongly
influenced by the specific solvent used. In this regard.
Belbachir et al disclose that selectivity decreases for the
following solvents im the order stated:

bt e [Fox i o hodrnf

333

4s It has beca sulpnsmgly and unexpectedly determined by
the preseat inventors that superior results can be obtained
when aC3toa CS alkanemtnlc is cmployed as a solvent in
the ion of thanc with 1.1-dichloroethene

tle ¥ an>>wricthylamite. iy the presence of a copper chloride catalyst. Mixtures of

Furthermore, according to M Kotora et al, in Selective
Additions of Polyhaiog d Compounds to Chloro Sub-
stituted Ethenes Caral)zed by a Copper Complex, React.
Kinet. Catal Lett.. Vol. 44, No. 2 (1991). pp. 415419,
tetrachloromethane was reacted with 1.1-dichloroethenc in
the presecnce of a cuprous complex catalyst with
isopropylamine, to produce 1.1.1.3.33-hcxachl

s¢ such a solvent with copper chloride catalysts were found to
form homogeneous solutions ar fine slurries. which are
especially casy to transfer into a rcactor. This is especially
surprising in view of the fact that prior art processes cmploy-
ing acetonitrile, foar example, result in the formation of large.

55 MwhdmnmSmmm:uxofMMMe aswell as the
other con ionally used sofs . result in disad

The yield is disclosed as being almost cxcluswcly 30%.

Asahara et al, Telomerization: ll. NM.R. Analysis of
Telomers Prepared From Vinyl Compounds and Carbon
Tetrachloride, Kogyo Kagaku Zasshi. 72(7) (Japan) (1969),
pp. 1516-20, dlSClOSCS formauon of 1.1.1.333-
hexachlorop rethape with 1.1-
dachlm’oethcnc in lhc prcscnoc of a ferrous chioride catalyst
and a butaneamine sotvent.

In US. Pat. No. 5395.997. to Van Der Puy et al. for
forming HCPr. acctopitrile is a preferred solvent with a
catalyst comprising cuprous chioride (CuCl). cupric chloride

in a process for preparing [.1. 1333 hcmhlororxopam-.

there would have heen no motivation for one skilled in the

art to employ a C3 to C5 alkancnitrile solvest in a process

60 as claimed. Nor would there have boen any expectation of
the superior results obtained by using such solvents.

The {fiventive method-furth Mi&srﬁfmm

mmwoﬂbmo,l.L 1.3:33hexachloropropane mc
reacti ol by-products . 0ACOASUmSd ' reactants. catafysty

escsoIVeERT?
Morcover. in accordance with the inventive method. one
or morc of the catalyst. the solvent. the unceacted

5.792.893

3
t=trachioromethane. and the uereacted 1.1-dichloroethene
can be recovered and recyded back to the reactor.

BRIFF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail with
reference to the accompanying drawing. whescin:

FIG. 1 is a schematic representation of a process flow
aocording to onc aspect of the present invention.

FIG. 2 is a schematic represeotation of a process flow
according to a second aspect of the present inveation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

1. Manufacture of 1,1.1.333-hexachl oropropane:

More particularly, according to the present imvention.
1.1.1.3.3.3-hexachloropropane is produced by the liquid
phase reaction of tetrachloromethame with 1.1-
dichlorocthene. The reaction takes place in the presence of
a copper chloride catalyst and solvent.

Preferably. the catalyst is either cuprous chloride (Cu(l).
cupric chloride (CuCl,). or a mixture of cuprous and cupric
chiorides.

The solvent used in the inventive method is a C3 1o CS
alkaneaitrile. such as propamenitrile {cthyl cyanide.
C,H,CN). butanenitrile (propyl cyanide, CH,(CH,),CN)
and peatapcnitrile (butyl cyanide. CH3(CH,),CN). Rela-
tively incxpensive, stable C3 to CS alkancnitrile solvents
having boiling points less than 208° C.. L.e.. the boiling point
of 1.1.1.333- hcxaehloropropanc are preferred. These
alk jtriles may be substi bstituted. BExamples
of suitable substituents include alkyl and alkoxy groups. As
used berein, “alicyl™ refers to cyclic. branched. or straight

chain alkyl groups costsining only carbon and hydrogen 3

“Alkoxy” refers to straight ar branched chain alkoxy groups.
such as methoxy and cthoxy. For examplec.
2-methylpropanenitrile and 3-methoxypropancnitrile are
suitable solvents. Flucrine can also be used as an alkancni-
trile substiuent. Butanenitrile is the preforred sofvent of the
present invention.

While the amount of solvent used is not critical, the
solvent is emplioyed in an amount sufficient to promote the
reaction at a commercially uscful rate. The
tetrachl th 1.1-dichl hene, copper chloride
catalyst and solvent are all present in relative amouets
sufficient to produce 1.1.1333-h hl

The reaction is preferably carvied out at a lcmpu:uun: in
the range of from about 80° to 150° C. More preferably. the
temperaturc is in the range of from about 110° to 150° C.

The molar feed ratio of tetrachloromethane to L.1-
dichioroethene should be sufficiently high to provide an
acceptable sclectivity for 1.1,13.33-hexachloropropane
versus the 1.1.13.3.5.5 S-octachiaropentanc byproduct. By
acceptable selectivity of HCPr versus OCPe is intended a
weight ratio of HCPr.OCPe in the reaction product of
greater than 10:1. A preferred selectivity is 14:1 and a more
peeferred seleetivity is 19:1.

While sclectivity increases with increasing molar foed
ratio of tetrachloromethane to 1.1-dichloroethene, it is also
inversely related 1o conversion. For ¢xaraple, at a given feed
ratio of terrachloromethane:1.1-dichloroethene. a higher
selectivity is obtained at low comversion than at high con-
version. However, lower conversion requires more extensive
recycling of carbon tetrachloride.

With the above in mind, molar ratios in the range of down
w0 about 0.5:1 to about 3.3:1 tetrachloromethane:1.1-

4
dichlorocthene work well. but at low coaversion levels.
Thus. taking both coaversion and selectivity into
consideration. mofar ratios in the range of from about 1.0:1

to about 3.3:1 1. 1-dichi h are
preferred. with molar ratios i the range of from about 1.1:1
to 2.0:1 tetrachl h 1.1-dichl hene being mere

preferred.

Also. the copper chloride catalyst to 1.1-dichlorocthene
molar fecd ratio is prefexably selected so as to provide a
suitable reaction ratc to cnable production of the desired
product ie an cconomical manacr. In geoeral. the molar feed
ratio is in the range of from about 0.01:1 10 0.50:1 copper
chloride:1.1-dichloroethene. preferably about 0.06:1 to
0.24:1. However, ia practice, optimal ratios are to be deter-
mined by cconomic coasiderations. such as reactor size and
the cost of copper chloride catalyst recycling.

A suitable reaction rate for the process of the invention is
generally in the range of from about 0.05 to 2.0 groole/hr-
liter. and preferably in the range of about 0.2 to 1.2 gmole/
hr-liter,

Morceover, the molar feed ratio of the solvenul.l-
dichlotoethene is preferably sufficient to allow ap adequate
amount of copper chloride catalyst to be dissolved in the
liquid. Tn gemeral. molar ratios in the range of from about
0.05:1 to 10:1. preferably about 0.5:1 to 3.0:1. are encom-
passed by the invention, while molar ratios in the range from
about 1.4:1 to 2.0:1 were found to be particularly preferable.
Higher molar feed ratios may be used. However. the process
of the invention will then rcquire additiosal subscqueant
separation steps. making the process less economical.,

It has also been determined that the inventive method is
particularly fiexible in the manner in which the reaction can
performed. For exampie, the reaction can be performed in a
batch mode. Io such a case, thc reactants. catalyst and
solvent can be first charged into the reactor. and then the
reaction perfformed. Upon completion of the reaction. the
contents of the reactor are removed.

Additionally. the reaction can be run in a scrpibatch mode.

«0 wherein one or more of the reactants. catalyst or solvent arc

60

65

added to the reactor either continuously or periodically. For
example. the tetrachloromethane. copper chlaride and sol-
vent can be initially charged into the reactor. while the
L.1-dichloroethene is added to the reactor cither continu-
ously or intermittcotly.

The reaction can further be run ie a continuous mode. In
such a case. the reactants, catalyst and solvent are continu-
ously introduced into a reactor. while the reaction products
are continuously removed therefrom.

2. Secparation/Purification of 1.1.1.3.3.3-
hexachtoropropane:

A further aspect of the present imvention involves a
method for the recovery and purification of the 1.1.133 3-
hex: formed th gh the above described
Lliquid phasc mcnon This aspect of the process allows for
the recovery and recycie of the catalyst. solvent and unrc-
acted 1.1-dichiorocthene amd tetrachloromethane. As a
result, 1,1,£3,3 3-hexachloropropanc of high purity can be
obtained, and the process cas be cfficicndy ard economi-
cally run.

This aspect of the invention will now be described with
reference to FIG. 1. which illustrates the primary process
steps of the inventive m!:!hod. The system on which the
inveative method is practi np reactor 20,
flash device or column 30. settling vessel. filter,
hydrocyclone. centrifuge ar other suitable solids separation
device 48, and distiliation columns S0 and 69.

.
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The reactants described above, 1. 1-dichloreethene and
tcrachloromethane, are fed to reactar 20 through lines 1 and
2. respectively. In reactor 20, the rcactants are contacted in
the liquid phase in the presence of the copper chloride
catalyst and C3 to C5 alkanenitrile solvent. to form HCPr
and a small amount of OCPe.

Reactor cffiueat 5 is fed to a vacuum flash vessel or
columa 30. The reactor efftuent is then separated into af least
two portions. The first portion comprises components hav-
ing a boiling point lower thaa that of HCPr. and the second
portion comprises componcnts having a boiling point greater
than or cqual to that of HCPr. The components in effluent §
having a boiling point lower than HCPr. i.c.. the first portion.
arc flashed overhead as stream 6, which can optionally be
recycled to reactor 20. The components in ¢ffluent § having
a boiling point lower than HCPr are 1.1-dichl h

6

Tn order to further illustrate the prescnt invention and the
advantages thereof, the following specific examples are
given. it being understood that same are intended oaly as
illustrative and in no way limitative.

EXAMPLE 1:

32 g of cuprous chloride was wmixed with 547 g of
butanenitrile. The mixture was then poured into a one-gatlon
Pfandler glass-lined reactor through a Y2 inch pipe opening.
Next. 1637 g of tetrachloromethane and 516 g of i.1-
dichlorocthene were added to the reactor. The headspace of
the reactor was purged of air by repeated pressurization and
depressurization steps with nitrogen. The mixture was then
heated at about 99° C. for 1.7 hours. cooled. and then

ithd: from the reactor through the bottom nozzle

carbon tetrachlotide and the C3 to C5 solvent.

The bottoms 7 frem vacuum flash vessel or column 30.
i.c.. the second portion, consists of a liquid phase containing
both HCPr and OCPe. as well as a solids phasc of fine
copper chlotide particles. The bottoms 7 can be cooled. and
the solids removed therefrom by. e.g.. sedimentation and/or
filtration, using a scttling vessel. filter. hydrocyclone. cen-
trifuge or other suitable solids separation device 40.

Preferably, the solids separation device is a setling vessel
and a filter. After filling the settling vessel with bottoms 7.
the solids are allowed to setle out. Then. the liquid is drawn
off and filtered. Solveat can then be added to dissolve the
copper chloride.

The scttling vessel can be provided with an agitation
device to mix the solids and sotvent, The recovered copper
chloride can be re-dissolved by the solvent. i.e.. the C3to C5
alkanenitrile, contained in the light ends 6 from the vacoum
flash vessel or column 30. This solvent and redissolved
catalyst in line 3 can then be optionally recycled to reactor
20.

Subsequent ta removal of the solids, liquid stream 8 can
be fed to distillation column 59, where the lower boiling
point compouad(s). including HCPr. are distilled overhead
as line 9. The higher boiling compounds. primarily OCPe. is
rermoved in bottoms 10.

The oveshead product 9 from distillation column 56 can
next be fed to distillation columo 60, where remaining
quantities of lower boiling compounds 4 can be distilled
overhead as line 4. These compounds can then be recycled
to reactor 20. Purified HCPr remains as bottoms product 11,

Persons of ordinary skill in the art can readily understand
that various modifications of the separations equipment can
be made within the scope of the invention. For example. it
is cavisioned that the seq of 506 and 60 can be
reversed. such that the lower boiling compounds are
emoved prior to removing the higher boiling compounds.
Similar additional modifications. for example, can also be
made for the present invention.

A further embodiment of the invention is described below
with ref to FIG. 2. A ding to this embodiment,
distillation column 70 can be added to the process described
above, with reference to FIG. 1. to separate vinylidene
chloride and carbon tetrachioride from the solvent. Over-
head product 6 fram the vacuum flash vessel or column 30
is fed to distillation column 70. Column 70 scparates the
1.1-dichloroethene and carbon tetrachloride overhead as
light ends 13 from the solvent as bottoms 12. Light ends 13
from column 7@ and light ends 14 from column 60 can be
optionally recycled to the reactor. Morcover, the solvent in
bottoras 12 can be used to redissolve the copper chloride as
stream 3, which can thea be recyded to reactor 20.

thereof (also % inch pipe size).

The rucux effluent was 2 black liquid containing traces
of solids. A is by gas chy hy showed the liguid
to contain 4.1 w( % 1.1.1 33 3-hexachloropropane and 0.02
wt % l.l.lj.3.5.5.5-ocwdxlompcnlanc. by weight. The
yiclds of HCPr and OCPe, estimated using a forced-weight
mass balance calculation. were 8.2% and 0.06%.
respectively. based on the weight of 1.1-dichlorocthene fed

25 Morcover. The space-time yield of HCPr was 0.12 g-moles

30
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per liter per hour, and the weight ratio of HCPr to OCPe in
the product was 203. The resuits are summarized in Table 1.

EXAMPLES 2-13:

The procedure used in Example 1 was repeated. exoept for
the difference that temperature and feed ratios of the reac-
tants were varied to observe the effect thexeof on HCPr and
OCPe yields, as well as on the selectivity of the reaction.

As can be scen from Table 1, HCPr and OCPe yields
generally increase with an increasc in temperature. In
contrast. feed ratios were found to have a rclatively minor
effect on yield.

Moreover, & general trend for selectivity. as measured by
the weight ratio of HCPr to OCPe obtained. was found to
decline with an increase in conversion.

EXAMPLE 14:

34 g of cuprous chloride was mixed with 477 g of
propancnitrile. and this mixture was then added to the
Pfaudler reactor. 1745 g of tetrachioromethane and 548
grams of 1.1-dichlorocthene were next added to the feactor.
The headspace was purged of air. and the mixture was first
tieated at 100° C. for 2.2 hours. and next at 118° C. for 2.6
hours. After allowing the reaction mixture to cool. the
reactor cffluent was removed and found to be a black Liquid
comtaining traces of solids. The solids were less than 1 mm
in size. and the concentration was approximately less than
0.1% based on the total weight of reactor efflucat. The yiclds
and sclectivity were as shown in Table 1.

EXAMPLE 15 (Comparative):

The procedure used in Example 1 was repeated, except for
the difference that the catalyst and solvent used were 73 g of
cuprous chloride mixed with 372 g of acctonitrile.

Unlike the ples using a proy itile or b i-
trile solvent, the mixture of acetonitrile and cuprous chloride
contained large hard chunks of solids. The solids were
sufficiently large to plug a % inch pipe having am inner
diameter of about 0.6 inch. The particles ranged in size from
fines to about %4 inch in diamcter. The solids constituted
about 2.5% of the total materials charged to the reactor.

5.792.893
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These solids collected and clogged the inlet nozzle of the
reactor. The mixture was added to the reacior after disas-
sembling the inlet piping and reconfiguring it in a shorter
and straighter manner. The chunks were tamped through the
piping with a rod. The reaction was completed as described
above in Example .

The product was in the form of a slurry. and significantly
less material was recovered than was initially added to the
reactor, During subsequent rinsing of the reactor (a standard

5

8

According to these cxperiments. liquid was refiuxed under
vacuum in glass equipment for set periods and at various
termperatures. Samples were taken and the compositions
thercof analyzed at the beginaing and end of each period.
For purificd HCPr. corresponding to stream 11 in FIG. 1.

the decomposition rate of HCPr was found to be less than
0.1%/hour at 148.9° C. (300° F.) based on the weight of
HCPr fed. However. for temperatures of 176.7° C. (350° F)
and 204.4° C. (400° E.). the decomposition rate rose to fevels

procedure ip all of the examples)., the bottom outlet of the 10 of about 2.4%/hour and about 5.0%/hour. respectively.

reactor was clogged with solids. The results are summarized
in Table 1.

As can be seen in this table, sclectivity of 1.1.133.3-
hexachloropropane was significantly lower for this com-

Furthermore, increased levels of 1.1.1.3.3-
pentachloropropene. the expected dechydrochlorination
product of HCPr, were observed in those experiments taking
place at temperatures of 176.7° C. (350° C.) and 204.4° C.

perative example than in Example 3 acoording to the inven- ¥ (400° C.).

tive method in which the solvent. butanenitrile. was used.
Morcover. the serious handling problems experienced
with acetonitrile were surprisingly mot expericnced when
using either propancaitrile or butanenitrile as solvents. in
contrast 1o the acetonitrile/catalyst mixture of the compam—
tive mple. the mi of p iteile or but i
solvents with copper chloride catalysts were found to form
homegeneous solutions or fine shurries. Consequently. the
sclvsnt/catalyst mixture was casily tansfemred into the
reacior, with no blockage or clogging of the reactor piping.

EXAMPLE 1T:
Similar experiments to those described above with respect
to Example 16 were paformed in order to determine the rate

2 of thermal decomposition of HCPr and OCPe in an unpu-

rificd stream. In these experiments. the matexial sampled
was that corresponding to stream 8. i.c.. the material cemain-
ing after filtering the bottoms 7 from the flashing unit 30.

OCFc decomposition was found to be 11%/hour at 121.1°
C. (250° F.). rising to 43%/hour at 148.9° C. (300° F.). and

v / TABLE 1 Ve . - ,
Exemple 1 2 3 4 s 6 7 8
Ehpsed Time (Hr) 17 175 160 1.60 160 160 160 160
Avg. Teaxperarare (°C.) 9 9 12 132 131 9 9 100
. Temperanwre {°C.) 105 100 19 137 139 102 102 107
Foeds  1,1-dichlorosthene (grams) 516 931.0 5296 a0 5810 578.0 4660 5763
baranezitrik: (greas) 547 1862 5560 4874 650.8 4195 668.7 7941
copper () chloride (grams) 32 323 64.2 422 1938 744 303 721
e (grems) — — — — — — — —
itrile (grams) — _ — — — — — —
e 1637 16396 16823 21396 16794 18615 15107 10268
Total Vohame: of Eeeds (irs) 215 2 2.208 2.308 2431 2191 2181 2.137
Foed  CCL:CHp=CCl, (mol:mol) 1999 1110 2002 3257 1822 2.080 2043 1122
Retiocs  CuCl:CH,=—CCl, (mok:tmof) 0.061 00M 0.119 0.100 0202 0126 0.064 0122
solveat:CH,=CCl, (mol:mol) 1.487 0.281 1472 1651 1.668 1018 2013 1931
Yickis* HCP (%) 8.19% 010%  4202% 6861%  69.63% 321%  1056%  1498%
OCPe (%) 0.06% 0.00% 271%  3.16% 855%  0.19%  0.13% 009%
Space-time Yickd HCPr (groifhr-liter) 012 0.00 0.63 079 107 0.05 0.15 026
Product Ratios HCPr-OCPe (g:5) 208 azs 24 19.2 n7 20 1203 n30
Example 9 10 1 12 13 "4 15
Elapacd Tiano (Hr) 16 1.6 16 168 L6 48 16
Avg. Tempersture (°C.) 109 130 130 97 2 10 21
Maz. Temperanze (°C.) 109 135 137 104 147 119 126
Feeds L, 1-dichloroe thene (grams) 54 615 466 576 480 548 600
butenenitrile (grams) 5853 835 672 832 668 — —
ecpper () chioride (grans) .3 36 59 72 116 34 73
Pl (grms) — -— — — - -— 372
propancnitrile {gram) - — — — — a7 —
setrachioromethane (grams) 1364 1092 1509 1021 1491 1745 1503
Total Vohare: of Feeds (liters) 219 wn 219 218 220 217 218
Feod  CCL:CH~CCl, (mokmol) 1125 1.068 2042 1117 1957 2.006 2002
Ratios  CuCLCH,=CCl, (motmol) 0.062 0.058 01n 0123 0.236 0.061 o.ne
sotvent:CH,;=CCl, (molmof) 1016 1.905 2025 2025 L9s1 1532 1.466
Yickia® HCP (%) 7.94% SL0B%  T645%  49.98% 78.21% $4.44% 35.33%
OCPc (%) 002% 7 12.43% 716% 4.75% 117% 10.25% 3.25%
Spuce-time Vield HCPr (gmolhr-lites) 018 091 105 008 L10 064 0.63
Product Ratios HCPrOCPe (g:8) 535 6 13 15 16 9 16
*Yiclds are besed oo 1,1 dichlorocthene fod <
EXAMPLE 16: 124%fhour at 176. 7" C (350" E). HCP( dccomposmou rates

65 were also RCPr deo

A scrics of experiments were conducted to determine the
thermal decomposition rate of HCPr in the purified stream.

rate was Q. l%mour at 121 L° C {250° F), 1. S%Ihour at
148.9° C. (300° E). and 6.7%/hour at 162.8° C. (325° K).

/4
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The higher deoompositlon rates of HCPr cbtained in these
experiments. in comparison to those obtained in the experi-
ments described above, for the punﬁcd product are believed
0 be a resuit of the p of iron jon in the
starting bottoms malmaL Although iron concentration was
not measured, scveral huadred parts per million of iron was
likely present. While the absotute rate of thamal decompo-
sition of OCPc in an iron-free system is not available, it is
clear from the experiments that OCPe is much more sus-
ocptible to thermal decomposition than HCPr.

While temperatures up to about 204.4° C. (400° F.) can be
used in the inventive separation/purification process. tem-
peratures exceeding 137.8° C. (280° E) are preferably
avoided. since thermal decomposition of HCPr and OCPe
results in the loss of HCPr and in the formation of undesir-
able by-products. Removal of such by-products would
require further steps to produce a purified BCPr product.
Such additional purification steps would require additional
equipment and would greatly increase the cost of the overall
reaction.

EXAMPLE 18:

Distillation experiments were performed for the removal
of lower boiling componcnts from HCPr. higher boiling
components and cuprous chloride. The analysis coere-
sponded to flash vait of colurn 34, with the feed consisting
of the efflucnt from reactor 26. A 32-tray Oldershaw columa.
corresponding to uait 30, was used in the cxperiments.

A reactor product consisting of 2665 g organic compo-
pents and 58 g of CuCl catalyst was charged to the bottom
reservoir of column 30. Batch distillation was conducted
using a 1:1 ratio of refiux to overhead liquid draw. The final
overhcad pressure was 26 tosr. and the final bottoms tem-
peraturc was 111.1° C. (232° F.). The resulting separations

5
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apprccnal: that various modifications, substitutions.
omissions. and changes may be made without departing
from the spirit thereof. Accordingly. it is intended that the
scope of the present invention be limited solely by the scope
of the following claims. including equivatcnts thereof.

What is claimed is:

1. A mecthod for producing 1.1.1.3.3.3-
hexachloropropane, comprising reacting tetrachloromethane
and 1.1-dichtoroett in the pr of a copper chloride

o catalyst and a solvent selected from a C3 to a C5 alkaneni-

trile in a reactor, wherein the tetrachlororoethanc. 1.1-
dichloroethenc. catalyst and solvent are present in relative
amounts sufficient to produce 1.1.1.3.3.3-
hexachloropropanc.

2. The method according to claim 1. wherein the copper
chloride catalyst is cuprous chloride, cupric chloride. or a
mixture thereof.

3. The method according to claim I, wherein the sotvent
selected from a C3 to a CS alkancoitrile is substituied with
an alkyl or alkoxy group or a fluorioe atom.

4. The method according to claim 1. wherein the solvent
selected from a C3 to a C5 alkapenitrile has a boiling point
less than 206° C.

5. The method according to claim 1. wherein the solvent
is propnncnm'llc hulancnitrile penlancnitrilc.
2 ile or 3 hoxyprop

6. The method aocording to claim 5, whesein the solvent
is butancnitrile.

7. The method according to claim 1. wherein the reaction
takes place at a temperature in the range of from about $0°
t0 150° C

8. The method according to claim 7. wherein the reaction
takes place at a temperature in the range of from about 118°
to 150° C.

9 The mcthod mconimg to claim 1. whcrcm the le(xa—

th and 1.1-dichi d in a
molar ratio in the range of fromabou( 1.0:1 to 33:1.
tetrachioromethane: 1. 1-dichlorocthene.

18. The method acoordmg o dmm 9 whercio mc tetra-
chic th, and 1.1-dich duced in a
molur ratm in the ra.ngc of fromnhoul 1.1:1 to 2.0:1.

1.1

of organic comp is ik d below in refi to
Table 2.
TABLE 2
Charge Bottoms Distiilate
Total weight (grema) - 265 998 1667
Composition (wt %) —_ —_ —
Vinylidere chioride 22 00 36
Carboo tetrachloride 347 2.0 554
Butanenitrile 264 21 410
LL133- o0 0o 00
Pextachloropropene
Other light ends on 00 a0
L1333 M6 25 0.0
Hezachloropropane
1,11,335,55 20 5.2 00
Octachioropentine
Qtber beavy eods ot 02 00
Total wt % 1000 1000 100.0

as

11. The method acoordmg 10 claim 1. wherein the catalyst
and 1.1-dich duced in a molar ratio in the
range of from about O 01:1 to 0.5:1. catalyst:1.1-
dichlorocthene.

12. The method according to claim 11. wherein the
catalyst and 1.1-dichlorocthene arc introduced in a molar
ratjo in the range of from about 0.06:1 to 0.24:1. catalyst:1.
1-dichloroctheae,

13. The method acca’dmg to claim 1. wherein the sotvent
and 1.1-dichlorocthene are duced in a molar ratio in the
rangc of from about 0.05:1 to 10:1. solvent:l.1-

The bottoms were observed o be free-flowing. and con-
tained fine cuprous chioride solids which settted rapidly and
were easily filtered. The solids recovered from filtering the
distillation bottoms were found to dissolve readily into a
solution of approximately 50% carbon tetrachloride and
butanenitrile, comresponding to the distillate (stream 6 in
FIG. 1). The resulting sotution of recoversd cuprous chio-
ride in itrile was used fully as a feed to
reactor 20 in a subsequeant reaction process. Accordingly. the
inventive method for purifying HCPr is panticularly eco-
nomical in view of the fact that the starting materials for the
reaction can be recovered and reuscd.

While the invention has bocn described in terms of
various preferred erabodiments, the skilled artisan will

55

14. The method according to claim 13. whercin the
solvent and 1.1-dichloroethene are introduced in a molar
ratio in the range of from about 0.5:1 to 3.0:1, solvent:1.1-
dichloroethene.

15. The method acoording to dmm 14, wherein the
solvent and 1.1-dichl h arc duced in a molar
ratio in the range of from about 1.4:1 to 2.0:1. solvent:1.1-
dichlorocthene.

16. The method according to cdaim 1. wherein the reaction
is performed in a batch mode.

17. The method according to claim 1, wherein the reaction
is performed in a semibatch mode.

18. The mcthod according to claim 17. wherein the
1.1-dichl th is fed i 1y to the reaction mix-
ture.

5.792.893
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19. The method according to claim 17, whercin the
L.1-dichlaroethene is intermittently fed to the reaction mix-
ture.

29. The method according to claim 1. wherein the reaction
is performed continuocusly.

21. The method according to claim 1. wherein a reaction
effluent is isolated. said reaction cfluent comprising the
1.1.1.3,3.3-hexachloropropanc. any unrcacted tetrachio-
romethane and/or 1.1-dichlorocthenc. the catalyst. and the
solvent, the method further comprising substantially sepa-
rating the 1.1.1.3.3.3-hexachloropropane from the
tetrachloromethane, the 1,1-dichlorocthenc. the catalyst. and
the solvent.

22. The method according to claim 21. further corprising
recovering and recycling to the reactor at least a portion of
one or more of the tetrachloromethame. the L.i-
dichlorocthene, the catalyst. and the solvent.

23. The method according to claim 1, wherein a reaction
effluent is separated into two portions, the first portion
comprising any uarcacted tetrachloromethane and/or L.1-
dichlotoethene, and the solvent. and the second portiom
comprising the catalyst, the 1.1.1.3.3 3-hexachloropropanc.
and a 1.1.1.3.3.5.5.5-octachloropeatane bhyproduct, if
present.

24. The method accoarding to claim 23. whercin the
reaction effluent separation is performed in a vacuum fash
vessel or column. and the first portion is flashed overhead
and the second portion is a vessel or colump bottoms.

2S. The method according to claim 23, further comprising
separating catalyst particies in the second portion from a
liquid comprising the 1.1.13.33-hexachloropropance and
1.1.13.3.5.5 S-octachloropcatane.

26. The method according to claim 28, further comprising
recycling the separated catalyst particles to the reacter.

27. The method according to claim 26. further comprising
redissolving the separated catalyst particles in at least a part

20

23

12
of the first portion. thereby forming a first recycle stream.
and recycling the first recycle stream comprising the sepa-
rated catalyst particles to the reactor.

28. The method according to claim 26, whexein the first
portion is introduced into a distillation column. and the
unrcacted tetrachloromethane and/or 1.1-dichioroetbene is
scparated overhead from the solvent. and the solvent is a
column bottoms. and further comprising redissolving the
separated catalyst particles in at Jeast a part of the column
bottoms, thereby forming a first recycle strecam. and recy-
cling the first recycle stream comprising the scparated
catalyst particles to the reactor.

29. The method according to claim 25, further comprising
redissolving the scparated catalyst particles in at least a part
of the first portion. thereby forming a first recycle stream.
and recycling the first rocycle stream comprising the sepa-
rated catalyst particles to the reactor.

30. The method accerding to claim 25. further comprising
scparating the liquid comprising the 1.1.1.3.3.3-
hexachloropropane and 1.1.0.3.3.5.55-octachloropentane
by distillation into an overhead product comprising the
1.1.1.3.33-hexachl P and a2 b comprising
the 1.1.1.335.5 S-octachioropentane.

31. The method accordiag to claim 38, wherein the
1.1.1.33.3-hexachloropropane is fusther purified by distil-
lation.

32 The method according to claim 21. wherein the
1.1.13.3.3-hcxachloropropane separation is performed at 2
temperature of about 204.4° C. or less.

33. The mcthod according to claim 32, whacin the
1.1.1.3 33-hexachloropropanc separation is performed at a
temperature of about 137.8° C. or less.
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