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Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de ml firma, 
domiciliada en Bogota, en la Carrera 11 No. 86-53, piso 6, obrando como apoderada 
de la sociedad Occidental Chemical Corporation., con dornicilio en Dallas, Texas, 
Estados Unidos de America, solicitante de la patente de la referencia, pido a usted 
que se proceda a examinar si la invención, cuya patente se trarnita en el expediente de 
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NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicación 
en la gaceta de Propiedad Industrial, deberâ solicitar y cancelar el examen de 
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establecido en el ArtIculo 44 de la Decision 486/2000. 
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[57] ABSTRACT 

A novel method for manufacturing 1,1.1.3.3.3-
hexachioropropane. Tetrachioromethane is reacted with 1,1 - 
dichioroethene In the presence of a catalyst comprising 
copper and a solvent selected from a C3 to a CS alkaneni-

thin. The 1.1.13.3.3-hcxachloropropanc 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. 

33 Claims, 2 Drawing Sheets 
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METHOD FOR THE MANUFACTURE OF 3,1, 
1,V,3-REXACHLOROPROPANE 

BACKGROUND OF TIlE INVENTION 

1. Field of the Invention 
The present invention relates to a method foe manufac-

turing 1.1.1333-hexachlceopropane and to a method of 
recovery and purification thereof. The inventive method 
further allows for the recovery and recycle of catalyst 
solvent and uncoassumed reactants.. 

2. Description of the Related Art 

I .l.133,3-hexachloropropane (HCPr) is of aaneast inter-
est as a potential feedstock in the manufacture of hydrof-
tuorocarbots compounds to replace ozone depleting chlorof-
luorocarbons (CFC s) and hydrochlorofluorocnrboas 
(RCFCs). CFC’s and I4CFC’s ore used in a variety of 
applications, e.g.. refrigerants. propellants. blowing agents 
and solvents. 

It will be appreciated that the formation of 1.1.1333-
hexaetslompropane is described its the literature, both patent 
and otherwise. For example. among the known methods for 
manufacturing 1,L1333-hexachtorotsropane. M. Belbachir 
Ct al. in Telonaerizsation of t4stylidesse ChJor4c, Makeomol. 
diem.. Vol. 185, No. 8 (1984). pp. 1513-1595, discloses 
reacting 1.1-dichloroclhenc (CH5=CCIe) with tetmchlo-
rssmethane (Cdt4) is the presence of a copper chloride 
catalyst and acetomtrite solvent according to the following 
reaction: 

(CaCI4) . a mixture of cuprous ctekvidc and cupric chloride. 
or cuprous iodide. 

The above described processes for forming HCPr suffer 
from various disadvantages. For example. when an aceto-
nitrite solvent is used with a copper chloride catalyst. large. 
hard, solid thanks are formed. Generally, these solid chunks 
are of a size ranging from lines to about …. lorIs is diameter. 
Such solid chunks can give rise to serious handling prob-
lems. For example. transfer of such a solvent-catalyst mix-

10 tare into a reactor can be especially problematic, ether 
clogging of process piping and pump damage result from the 
chunks. 

When using amines as solvents in the formation of HCPr, 
it is known that a reaction disadvantageously occurs with 

ss chlorocarbotts. especially in the presence of transition metal 
compounds such as copper chloride (see. J. R. Lindsay 
Smith et a]. Reacrios, of Pn,eaare A,niae.r with Carbon 
Tetrachloride in the Presence of Copper (11) Aorrate J. 
(Isem. Soc. (B) (1970). pp. 617-623. and presumably, iron 
chlorides.. 

When used as n solvent. dimethylfonssamidr is known to 
be incompatible with chlorinated hydrocarbons as aresult of 
violent reactions. (See. Sara Dangerous Properties of 
industrial Mare,’ials, Ed. R. 1. Lewis. Jr.. 8th Ed. (1992). p. 

ze 1378). Dimetbylsuldoxide was Found to disappear. appar. 
catty due to decomposition, during preparation of HCPr 
using a copper catalyst. In addition, alcohols, such as 
isopropassol, react in the presence of chtorocaebons and 
transition metals, thereby forming hydrochloric acid, ethers.. 

o olthns and water. 

CttuCCla CCI5 ccoocunato L,t.dahloe-ranerhtoo-> 
SUMMARY OF THE INVENTION 

0500 nsothae 
12Y C 54 ir Accordingly, a major object of the present invention is the 

provision of a simple and economical method for forming 
CHIC,llsccta o CbCHsa 1.1.13.3,3-hexuthloeopcopanc. which overcomes the above i.st 

. whlmepeupaae35 
described disadvantages associated with the prior art. 

Briefly, the present invention ftou anitvdFai4l for 
The reaction products are 1.1.133.3-lsexathloeapropan 

and other higher weight by-products. such as 1.1.133.5.5. siwh-and-l1disithcJiljIP pors. 
5octae1sloropeIttane (OCPe). The overall yield of the prod-
acts as disclosed as beang about 91%.based on the olefin fed. 40 wttreatia the 

The selectivity of HCPr versus the higher molecular tetract.lcrometbane. l.t.dictsloeoc necanalyst and solvent 
weight by-products. e.g.. OUae, was found to be dependent are present in relative amounts sufficient to produce I.I.I. 
upon the feed ratio of the t.l.did,loroctltene to telracitlo- 333.hefflempts,,e. 
romethane. Selectivity was further found to be strongly 45  It has been surprisingly and unexpectedly determined by 
influences] by the specific solvent used. In than regard. the present inventors that superior results can be obtained 
Belbaclsie et a] disclose that selectivity decreases for the when a CS to a C.5 alkanenilrile is employed as a solvent in 
following solvents in the order stated: the reaction of teteacislocomethaa.e with 1.1.dlchioeoethcne 
dimethyltulfoxdemacoronitrile>tetrahydrofuran>>tricthylamilic. in the presence of a capper daloeide catalyst. Mixtures of 

Furthermore. according to M. Kotora et al. in Se/retire w such a solvent with copper chloride catalysts were found to 
Additions of Polyhologenaibd Compounds to Cltloer Sub- form homogeneous solutions or fine slurries, which are 
ut/acted Ri/tears Catalyzed by a Capper Conspieai React, especially easy to transfer into a reactor. This is especially 
Kiatet. CalM. Len.. Vol. 44. No, 2 (1991). pp. 415-419. surprising in vim of the fact that prim art processesesflPloy’ 
teerachloecmethane was reacted with 1.I-diclaloroetlaenc in log acetonitnije, for example, result in the formation of large. 
the presence of a cuprous complex catalyst with 55 hard solid chunks. Since theuseofacctonitri.le.as well axthe 
inopropylamine, to produce 1.1.1333-lsexaehloropropane. other convitntionally used sotvents, result in disadvantages 
The yield in disclosed as being almost exclusively 30%. in a process for preparing l.1.1333-ttenachicsnoprcpane. 

Asahara et a], Telonterszatiost. II. N.M.R. Analysis of there would have been no motivation for one skilled in the 

Tariouswra Prepared From Batyf Caaspoanda and Carbon art to employ a CS to CS alkanernttile solvent in a process 
Tetrachloride. Kogyo Kagaku Zasshi. 72(7) (Japan) (1969), an as claimed. Nor would there have been any expectation of 

pp. 1516-20, discloses formation of 1.1.1.3.3.3- the superior results obtained by using such solvents. 
bexachloropeopatte by reacting telrachloroinelltane with 1.1- Titv-Livintive-method-fitrthcr  
didsloroetheae an the presence of a ferrous chloride catalyst ponflcaison-ofthe1 1 13,53 tsrxactsloropropaee IF--
and a butaeeamine solvent. rcacdoir.by5pr0ducts,.utdiuiiitdif’?2iiiiatalysr.15all 

In U.S. Pat, No. 5395,997. to Van Dee Pay et at. For 6tgoJit8I7 
forming HCPr. acetonitrile is a preferred solvent with a Moreover, in accordance with the inventive method, one 
catalyst comprising cuprous chloride (CuCI). caprie chloride or more of the catalyst, the solvent, the uereacted 
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trtrachloromethane. and the unroacird 1.1-dlct,lertaethcne 
can be recovered and recycled back to the rescuer. 

BRIEF DIISCPJFrION OF THE DRAWINGS 

The iriseuliov will be described in greater derail with 
reference to the accotnpaas.ying drawing. wherein: 

FIG. 1 is a schematic representation of a process flow 
according to one aspect of the present invention. 

FIG. 2 is a schematic representation of n process flow 
according to a second aspect of the present invention. 

[JETAtLIII) DBS(]tJ3°FION OF ’figIt 
PREFERRED EMBODIMENTS OF THE, 

INVENTION 

1. Manufacture of l,1.1333-Isezacblrrrpropane: 
More particularly, recording to the present invention, 

1.1.I3.33-hexachtoroprupane is produced by the liquid 
phase reaction of tetrachlorosnethaae with I.!-
dichtoroethnee. The re.ucbos. Lakes place in the presence of 
a copper chloride catalyst and solvent. 

Preferably, the catalyst it eithr cuprous chloride (Cud), 
cupric chloride (CuCl0). tn a mixture of cuprous and cupric 
chlorides -

The solvent used in the inventive method is o CS to CS 
alkanenilrile. such as propanenitcile (ethyl cyanide. 
C5H5CN). bsitaeenilrile (peopyl cyanide. CH,(CH,)5CN) 
and peatanenitrilr (butyl cyanide. C315(CH5)5Ct4). ReLa-
tively inexpensive. stable CS to (’.5 alkanexitrile solvents 
lsavingbolhingpoitrts less than 208° C_ cc.. the boiling point 
of 1.1.1333-lxcsachloropropane. are preferred. These 
alkanenitxiles maybe substituted or unsubstieuseal. Examples 
of suitable subs.lilssents includr alkyl and alkosy groups. As 
used herein. "alkyl" refers to cyclic. branched, or straight 
chain alkyl groups containing only carbon and hydrogen 
"Alkoxy" refers to straight or branched chain alkosy groups. 
such as methoxy and ethoxy. For example. 
2-methylpropanrnithle and 3-methoxypropaneuittiie are 
suitable solvents. Fluorine can also be used as an alka.nee.i-
Ide suhstittierst. Batanenitrile is the preferred solvent of the 
present invention. 

While the amount of solvent used is not aitical, the 
solvent is employed in an amount sufficient to promote the 
reaction at a commercially useful rate. The 
(elracltlos’omnlhane. 1.1-dicblorocthcaar. copper chloride 
catalyst and solvent are all present in relative amounts 
sufficient to produce I .1.1 333-laexachloropr’xpane. 

The reaction is preferably carried out at a temperature in 
the range of from about 80° to 159’ C More preferably, the 
temperature is in the range of from about 110° to 150° C. 

The molar fried ratio of tetcachloromeuhane to 1.1-
dithloeoethene should he sufficiently high to provide an 
acceptable selectivity for 1.1,1333-hcxacldoropropane 
versus the 1.1.13353,5oatachdcwopentarse byproduct. By 
acceptable selectivity of HCPr versus OCFc in intended 
weight ratio of HCPr.00Pe in the reaction product of 
greater than 10:1. Aprefetred selectivity is 14:1 and a more 
preferred srltap)yity _Ls ,.l.fcl. 

While selectivity increases with increasing molar fend 
ratio of letrodsloromethane to I. L-dichloroethese, it is also 
inversely related to conversion. t… example. at a given teed 
ratio of tetrarhlorcamethane:I . l-dicltloroctlicne. a higher 
selectivity is obtained at loss conversion than of high coo-
version. ooversion. Hoseever, lower conversion requires mote extensive 
recycling of carbon tetrackioride. 

With the above in mind, molar ratios in the rarge of down 
to about 0.5:1 to about 3.31 trtzactslsteometbune:1.1-

didsioroettiene work well, but at low cetoveesicro levels. 
Thus, taking both conversion and selectivity into 
consideration. molar ratios in the range of from about 1.0:1 
to about 3.3:1 tetrathtorosssetlaarse:1,l-diclalsxoethene ace 
preferned, with molar ratios in the range of from alxssst 1.1:1 
to 2.0:1 tetracbloeomethane: 1,1-siichloroethrnr being more 
preferred. 

Also, the copper chloride catalyst to 1,1-dickloroethene 
molar feed ratio is prrfaably selected so as to provide a 

tO suitable reaction tale to enable production of the desired 
product in an economical manner. In general, the molar Feed 
ratio is in the range of from about 0.01:1 to 0.50:1 copper 
chloride: l.l-dictitoroethene. preferably about 0.06:1 to 
0,24:1. llowevec, in practice, optimal ratios are to be deter-

15 mined by economic considerations- such as reactor size and 
the cost of copper chloride catalyst recycling. 

A suitable reaction rote for the process of the invention is 
generally in the range of from about 0.05 to 2.0 gmnoleihr-
liter, and preferably in the range of about 0.210 1.2 gmolel 

° tar -liter. 
Moreover. the molar feed ratio of the solvent:l.l-

dichlocoethene is preferably sufficient to allow an adequate 
amount of copper cisicaide catalyst to be dissolved in the 
liquid. In general, molar ratios in the range of from about 

° 0.05:1 to 10:1, preferably about 0.5:1 103,0:1. are cocoon-
passed by the invention, while molar ratios in the range from 
about 1.4:L to 2.0:1 were found to be particularly preferable. 
Higher molar ford ratios may be used. However, the process 
of the invention will then require additional subsequent 

Ct) separation steps. making the process less economical. 

It has also been dethsmined that the inventive method is 
particularly flexible in the manner in whirls the reaction can 
performed. For example, the reaction can he performed in a 

35 
belch mode, to such a case, the reactants, catalyst and 
solvent can be first charged into the reactor, and then the 
reaction performed. Upon completion of the reaction. the 
contents of the reactor are removed, 

Additionally, the reaction can be rim in a seansbatth mode. 

40 
whereint one or more of the reactants. catalyst or solvent are 
added to the reactor either continuously or periodically. For 

example. the Ietrathloromethasae, copper chloride and sol-
vent can be initially charged into the reactor, while the 
I. 1-did,torcethene is added to the reactor either continu-

45 
ously or intermittently. 

The reaction can further be run in a continuous mode. In 
such a nine, the reactants, catalyst sad solvent are contsno-
ously introduced into a reactor, while the reaction products 
are continuously removed therefrom. 

so 2. Separation/Purification of 1,1.1.3.3,3-
hexachtocopropane: 

A further aspect of the present invention involves a 

method for the recovery and p.utllcatiou of the 1.1.1333-
hexaohloropropasae formed through the above described 

se liquid phase reaction. This aspect of the process allows for 
the recovery and recycle of the catalyst, solvent and nate-
noted 1,1.dicl.loroethene and tetraclx.loronsethane. As a 
rrstalt, 1,1,13.33-hexadsloa’oprottane of high purity can be 
obtained, and the process can be efficiently and economi-

so tally ran. 
This aspect of the invention will now be described with 

reference to FIG. 1, which illustrates the primary process 
steps of the inventive method. The system On which the 

inventive method is practiced comprises reactor 20, vamum 

as flash device or column 30, settling vessel. titter, 
hydrocyclone. centrifuge or other suitable solids separation 

device 40, and distillation columns 50 and 60. 
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The reactants described above. I. l-dicbtoroc*hrne and In order to fm-finer illustrate the present invention and the 
tetrachloronsetbune. ate fed to reactor 20 through tines I and advantages thereof, the following specific examples are 
2. respectively. In reactor 20. the reactants are contacted in given, it being understood that same are intended only as 
the liquid phase in the presence of the copper chloride illustrative and in no way limitative. 
catalyst and C3 to CS alkanenitrile solvent, to form ltCPr 
and a small amount of OCPe. 

EXAMPLE I: 
Reactor dfllar.st 5 is fed to a vacuum flash vessel or 

column 30. The reactor effluent is then separated into at least 32 g of cuptous chloride was mixed with 547 g of 
two portions. ’line first portion comprises components bus. butaxenitrile. The mixture was then poured into a one-gallon 
ing a bolting point lower than that of HCPr. and the second In Pfaudler glass-lined reactor through nIh snob pipe ripening. 
portion comprises components having a boiling point greater Next. 1637 g of teteachlorometlraae and 516 g of II -
titan or equal to that of HCPr. The components in effluent 5 dsdsloroethene were added to the reactor. The headspacr of 
having a boiling point lower than HCPr. i.e.. the first portion, the reactor was purged of ale by repealed pressurization and 
are flashed overhead as stream 6, which can optionally be depressurization steps with nitrogen. The mixture was then 
recycled to reactor 20. The components in effluent   having heated at about 99° C. for 1.7 hours, cooled, and then 
a boiling point lower than HCPr are 1. 1-diehloroethene. withdrawn from the reactor through the bottom nozzle 
carbon tetrachloride and the C3 to CS solvent. thereof (also 

‰ inch pipe size). 
The bottoms I from vactram finch vessel or column 30. The reactor effluent was a black liquid containing traces 

i.e.. the second portion, consists of a liquid phase containing of solids. Analysis by gas chromatography showed the liquid 
both HCPr and OCPe, as well as n solids phase of fine to contain 4.l wt. % l.l.13.33-hexadsloropropane and il.02 
copper chloride particles. The bottoms 7 can be cooled, and we % I.1.1.3.3.53.5.octachloropeniane. by weight. The 
the solids removed therefrom by. e.g.. sedimentation and/or yields of HCPr and OCPe. estimated using a forced-weight 
tfltrnliae, using a nestling vessel, filter. bydrocyclone. era, mass balance calculation, were 8.2% and 0.06%. 
ttifuge or other suitable solids separation device 40. respectively, bused on the weight of l.l.dichtoeocthct.e fed  

Pirferably, the solids separation device is   settling vessel 
25 

Moreover. The space-time yield of 14C.Pr was 0.12 g.moles 
and a filter. After filling the settling vessel with bottoms 7. per liter per hour. and the weight ratio ofltCPrtoOCPein 
the solids are allowed to settle oat. Then, the liquid is drawn the product was 203. The results are summarized inTable 1. 
off and filtered. Solvent can then be added to dissolve the 
copper chloride. EXAMPLES 2-13 

The settling vessel can be provided with an agitation 30 The procedure used in Example 1 was repeated, except foe 
device: to mix the solids and solvent. The recovered copper the difference that temperature and feed ratios of the rear-chloride can bere.dissolved by the solvent. i.e., the C3 to CS taws were varied to observe the effect thereof on HCPr and 
ulkanetsiteile. contained in the light ends 6 from the vacuum OCPe yields. as well as on the selectivity of the reaction. 
flash vessel or column 30. This solvent and redissolved As can be seen from Table 1, IlCPr and OCPe yields 
catalyst in line 3 can then be optionally recycled to reactor35  generally increase with an increase in letnperat.are. In 
20. contrast, feed ratios were band to have a relatively minor 

Subsequent to removal of the solids, liquid stream   can effect on yield. 
be fed to distillation column SI. where the lower boiling 

Moreover, n general trend for selectivity. as measured by point compound(s). including HCPr. are distilled overhead 
the weight ratio of HCPr to OCPe obtained. was found to as line 9. The higher boiling oatnpaunsls. primarily OCPe. is 4o 

in removed in bottoms 10. decline with an increase conversion 

The overhead product 9 from distillation column 50 can EXAMPLE 14 
next be fed to distillation column 60. where remaining 
quantities of tower boiling compounds 4 can be distilled 34 g of eripsoos drianide was mixed with 477 9 of 
overhead as line 4. These compounds can then be recycled 45 propanemtrile, and this mixture was then added to the 
to reactor 20. Purified HCPr remains as bottoms product 11. Pfaudler reactor. 1745 g of tetrarhloromethatre and 540 

Persons of ordinary skill in the axe can readily understand grams of l.l’didrioroethrne were next added to the reactor. 
that various modifications of the separations equipment can The headspaee was purged of air, and the mixture was first 

be made within the scope of the invention. For example, it heated at 1000 C. for 2.2 hours, and next at 1100 C. for 2.6 
is envisioned that the sequence of columns 50 and 60 can be hours. Afire allowing the reaction mixture to coot, the 

reversed, such that the lower boiling compounds are 
reactoreffluent was removed and found Co be a black liquid 

removed pilot to removing the higher boiling compounds. tottlasatng trnceu of solids. The solids were Less than I mm 

Similar additional modifications, for example, can also be in tine, and the concentration was approximately less than 
made for the present invention. 0.1% based on the total weight of reactor effluent. The yields 

A further embodiment of the invention is described below 35 
and selectivity wean as shown in Table I. 

with reference to PIG. 2. According to this embodiment. EXAMPLE IS (Comparative) 
distillation column 70 can be added to the process described 
above, with reference to FIG. I. to separate vinylldene The procedure used its Example I was repeated, except for 
chloride and carbon tetrachloride from the solvent. Over- the difference that the catalyst and solvent used were 73 g of 
head product 6 from the vacuum flash vessel or column 30 an cuprous chloride mixed with 372 g of ucelonitrile. 
is fed to distillation column 70. Column 70 separates the Unlike the examples using a peopauenitnile or butaneni-
I. 1-dichloroetbene and carbon tetrachloride overhead as idle solvent, the mixture of acetonitnile and cuprous chloride 
tight ends 13 from the solvent an bottom 12. Light ends 13 contained large hard chunks of solids. The solids were 
from column 70 and light ends 14 from column 60 can be sufficiently large to plug a Va lads pipe having an inner 
optionally recycled to the reactor Moreover, the solvent in 65 diameter of about 0.6 inch. The particles ranged in size from 
bottoms 12 can be used to redissolve the copper Chloride as fines to about 14 inch in diameter. The solids constituted 
stream 3, which ran then be recycled to reactor 20. about 2.5% of the total materials charged to the reactor. 
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These solids collected and clogged the inlet nozzle of the According to these experinsetits, liquid was relbaxed tinder 
reactor. The mixture was added to the reactor after disas- vacuum in glass equipment for set periods and at various 
sernbllttg the inlet piping and reconfiguring it in a shorter temperatures. Samples were taken and the compositions 
and straighter manner. The chunks were tamped through the thereof analyzed at the beginning and end of each Period-

riod.pipirg pipingwith a roil. The reaction was completed as described 5 For purified tTCPr, corresponding to stream 11 in HG. 1. 
above in Example I.. the decomposition rate of llCt°r was  found to be less than 

The product was in the feces of a shiny, and significantly 0. St/hour at 140.9° C. (300° F.) based on the weight of 
less material was rerovtrred than was initially added to the HCPr fed. However, for temperatures of 1767° C. (350° F.) 
reactor. During subsequent rirrsiasg of the reactor (a standard and 204,40 C. (400°F.). the decomposition rate rose to levels 
procedure in all of the examples), the bottom outlet of the to of about 2.4%/hour and about 5.0%/hoar, respectively. 
reactor was clogged with solids.Thc results are summarized FnrItsermnore, increased levels of 1.1.1.3.3. 
in Table 1. pentachloropropene. the expected dehydrorhloeination 

As can be seen in this table, selectivity of 1.1.1.13,3- product of tlCPr. were observed in those experiments taking 
hexnchloroptopnne was significantly lower for this corn- place at temperatures of 176.7° C. (350° C.) and 204.4° C. 
parative example than in Example 3 according to the inveu- ’ C.i 
live troethod in which the solvent. bratanenitrile, was used EXAMPLE 17’ 

Moreover, the serious handling problems experienced 
with ac-elonailulle were surprisingly not experienced when Similar experiments to those described above with respect 
axing either pecipanenitcile or butanenitalie as solvents. In 20 

to Example 16 were performed in order to determine the rate 
decomposition contrast to the aertonitrileicatalyst mixture of the courpara- of thermal of HCPr and OCPe in an unpu. 

five example, the mixtures of propanenitrile or butaneniteile oiled streatti. In these expetitnents, the material sampled 
solvents with copper chloride catalysts were found to form was that corresponding to streams B. i.e.. the material remain-
homogeneous solutions or fine slurries. Consequently, the ing after filtering the bottoms 7 from the flashing neil 30. 
solvent/catalyst mixture was eaxity transferred into the OCI°rdecomposition was  found tobe 11%/bourat121.1° 
tractor, with no blockage or dogging of the reactor piping. C. (250° 8°.). rising to 43%/hour at 148.9° C. (300° F.). and 

C" / TABLE L 
/ - 11 

Esnascir t 2 3" 4 3 6 7 a 

Titan (Ha) 1.7 1.73 tnt 1.60 5.60 1.60 tnt tnt 
Pea. lIrsnprausns (°C./ 99 97 127 132 131 99 99 1520 
Max. Tnaprenuee (IC.) ins too tos 137 139 102 102 tan 
Fn l.t.diclIreresttvrti (ennn) 516 93t.0 320. 6 1) 414 581.0 571.0 446.0 576,1 

boamnaij, (alma) 547 186.2 5560 403.4 699.0 4193 608.7 794.1 

mctrvr Ceo cloloddu (arlan) 32 32.3 64.2 42.2 tl9.8 74,4 30.7 72,1 

- (a-) .- 

- 

- 

- 

- 

- - - - 

lanncbtememrtt,ane (gmnnn) 1637 1630.6 1642.3 1139.6 t679.4 1861.5 1510.7 1026.8 
llrtal Sbttma cC Elech (linea)I 2.15 2.039 2.208 2.300 2.431 2.t9t 2.181 2.137 
Fred CC1,oClt0-CCI0 tnninast) I.990 1,510 20072 3.253 1.922 2.030 2043.  1.122 
Rutim Cst:C74,-’CCir (notunstb 0.061 oasa 5.t19 OtiS) 0.202 0.126 0.064 0.122 

mlrmeCt{,otCl, (ect.’met) 1.4*3 0.201 1,472 1.651 1.668 IOta 2.013 1.021 
Yrrldr’ taCO (W) 8.19% 1)9% 4202% 08.61% 69.65% 3.21% 80309, 14.98% 

OCPc (%) 006% 0.99% 2,71% 5.56% 0.53% 0L19% 0.17% 006% 
Starr-tune Yield HCOe )aarntflo-Iitrr) 0.12 o.m- 0.65 8.79 107 0009 0.15 0.26 
Pmadaet Ouster t{CPI-.00t’n t8a) 503 42.5 22.4 59.2 11.7 24.0 120.3 233.0 

Eaanpit 9 to 11 12 53 14 15 

Elupnsdl’nae (SOs’) 1.6 1.6 1.6 16.8 1.6 4.0 1.6 
.40g. Trsoresatooe (’C.) 103 ISO tSO 97 142 50 121 
Maa.Ten.saenoeel’C.) 109 135 137 504 143 119 125 
Faerh t,1.diebtarsrd.osr(gr.ne) 766 415 466 576 499 548 600 

bsaaasedmnilu (grwn) $53 ass 672 832 668 - - 

.ecpper(I)cltior9de(a,eamn) On 36 59 72 116 34 73 
.re,miailr (at-asas) .- - - -. - - 372 
pinpanresedili (gr-nur) .- - - - 

-
 477 - 

.niesrhmeniuerbnme (annua) 1364 1642 1509 1028 1491 1743 1035 
StOut Stilsoen of Fends (Stoo) 2. [9 2.22 2.10 2.18 226 2.17 2,t8 
Fend CY1,1CIS0=°CCI,  (uaaL’mnt) 1.123 Iota 2.002 1.117 1*52 2.066 2.032 
Ration CaCLC1ta’CC6 (einlurasl) 0.062 0.950 0.123 0.123 0.236 0,061 0.119 

ns1enauCIO1=..’CCI5 (Inalmot) 1.016 1.915 2.025 2.025 1.931 8.532 1.466 
Ytcatn’ HCF (%) 3.94% 5t.08% 70.43% 49.38% 70.21% 64.40% 35.33% 

OCl’n(%) a02%’ 12.43% 7.169, 4.75% 7.17% 10.23% 3.23% 
span.tico’s’)ehi 33(2°1 (amnThr.Iilrr) ala 33.91 109 0.08 1.10 0,64 0.63 
Psndmn8RaHCOc0CFr(8i1) 505 6 IS 15 16 9 16 

ra’rnOis an toad an 1,1 .dirltlmsretheee tot 

EXAMPI.E 16 124%/hour at 176.7°C. (350° F). HCPr decomposition rates 
65 were also measured for these samples. HCPr decomposition 

A series of experiments were conducted to determine the rate was 0.1%/hour at 121.17 C. (2500 F.). 1.5%/boor at 

thermal decomposition rate of HCPr in the purified stream. 148.90 C. (3000 F.). and 6.7%/hour at 162.8° C. (3250 Ii). 
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The higher decomposition rates of llCPr obtained in these 
experiments. isa comparison to Ilsose obtained in the experi-
ments described above. for the purified product are believed 
to be a result of the presence of iron contamination in the 
stalling bottoms material, Although iron concentration was 
not measured, several hundred parts per million of iron was 
likely present While the absolute rate of thermal decompo-
sition of OCPe in an roan-free system is not available. ills 
clear from the experiments that OCPe is snuck more sus-
ceptible to thermal decomposition than HCPr. 

While temperatures up to about 204.40 C. (4000 F.) can be 
used in the inventive separation/purification process, tem-
peratures exceeding U7.80 C. (280 F.) are preferably 
avoided, since thermal decomposition of lICl’r and OCPe 
results its the toss of }lCPr and in the formation of undesir-
able by-products. Removal of such by-products would 
require further steps to produce a purified HCPr product 
Such additional purification steps would require additional 
equipment and would greatly increase the cost of the overall 
reaction- 

XAMPLE IS: 
Distillation experiments were performed for the removal 

of lower boiling components from HCPr. higher boiling 
components and cuprous chloride. The analysis caere-
spossdeal to flash unit or column 30 with the feed consisting 
of the effluent homreactor 20. A32-tray Oldershaw column. 
corresponding to unit 30, was used in the experiments. 

A reactor product consisting of 2065 g organic compo-
nents and 58 g of CuCI catalyst was charged to the bottom 
reservoir of column 30. Batch distillation was conducted 
using a 1:1 ratio of rcflui to overhead liquid draw. The final 
overhead pressure was 26 tore, and site final bottoms tern-
peralsurc was lll..P C. (232 F). The resulting separations 
of organic components is illustrated below in reference to 
Table 2. 

TABLE 2 

Queue ttottmn Dntilta*e 

’tlm1sathta(psasa) 2665 sun 5667 
Coanpmatase(et%) - - - 
Vnylatoeah66ite 2.2 00 3.6 
cm-tr5rtsbbriste 34.7 0055.4 
OvaueeisrMe 26.4 2.t 410 

0.51 00 00 
PmurhIo.eptspese 
OstseeIiutunsla on 00 0.0 

1.1,33,33- 34.6 925 0.0 

1,1,1.5.3,5,5,5- 2.0 5.2 0.0 

0c5sae 
Odes temp stain 0.1 0.2 0.0 

Tt ow 5000 502.0 100.0 

The bottoms were observed to be free-flowing, and con-
tained fine cuprous chloride solids which sealed rapidly and 
were easily filtered. The solids recovered frost, filtering the 
distillation bottoms were found to dissolve readily into a 
solution of approximately 50% carbon tetrachloride and 
butasseniluite, corresponding to the distillate (stream 6 its 
FIG. I). The resulting solution of recovered cuprous chlo-
ride in batanenilrlle was used successfully as a feed to 
reactor 20 in  subsequent reaction process. Accordingly. the 
inventive nseebod for purifying HCPr is particularly eco-
nomical in view of the fact that the starting materials for the 
reaction can be recovered and reused, 

While the invention has been described in terms of 
various preferred embodiments. the skilled artisan will 

10 
appreciate 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 equivalents thereof. 

What is claimed is: 
1. A method for producing 1,1.1.3.3.3-

hex.achloropropane. comprising reacting tetracisboaromethane 
and 1.1-dirhtoroefhseae in the presence of a copper chloride 
catalyst and a solvent selected from a CS to a CS alkunetsi-

10 lade in a reactor, wherein the tetrnchlorouatethaac. 1.1-
didtloeoetfsroe, catalyst and solvent are present in relative 
amounts sufficient to produce 1,1.1.3,3,3-
tsexachloropropane. 

2. The method according Its claim I. wherein the copper 
Is chloride catalyst is cuprosas chloride, cupric chloride, or a 

mixture thereof. 
3. The method according to claim I. wherein the solvent 

selected from a CS to a CS alkaneniteile is substituted with 
an alkyl or alkoxy group or a fluorine atoot, 

no 4. The method according to claim 1, wherein the solvent 
selected from a C3 to a CS alkaetenitrile has a boiling point 
less than 206 C. 

5, The method according to claim 0, wherein the saslvrnt 
is propanenitrile, hntanessitrite. petatananitrite. 

25 2.rnethylpropanenitaile or 3.methoxypropanetaitrile. 
6. The method according to claim 5. wherein the solvent 

is butinetsitrlle. 
7. The method according to claim I. wherein the reaction 

sakes place at a temperature in the range of from about 80 
to 1500 C. 

3° 8. The method according to claim 7. wherein the reaction 
takes place at  temperature In the range of from about tl0 
to 150° C 

9. The method according to claim 1. wherein the terra-
dnlonsnuethane and 1.1.dich.loroetheae are introduced in a 

33 molar ratio in the range of from about 1.0:1 to 33:1. 
tctenehlceometbanirLl-dictlteroethcnn 

II. ’liar method according to claim 9. wherein the tetea-
clalaromethane and 1.1-dichloroethene are introduced in a 
molar ratio In the range of from about 1.1:1 to 210:8, 

40 tetraclakromelhnne: t,l-dichlcuoctbene, 
11. The method accenting to claim I. wherein the catalyst 

and 1.1-dichloenetheae are introduced in a molar ratio in the 
range of from about 0.01:1 to 0.5:1. catalyst:l.l-
dlthlaroethene, 

45 12. The method according to claim 11. wherein the 
catalyst and 1.1-dictsl000ethene are introduced in a molar 
ratio in the range of front about 0.06:1100.24:1. catalyst:]. 
1-didslctoethette. 

13. The method according to claim 1. wherein the solvent 
so and 1.1-didtjoroethcne are introduced in a molar ratio in the 

range of from about 0.05:1 to 10:1. solvenl:t.l-
didsloroctbmse. 

*4, The method according to claim 13, wherein the 
solvent and 1.1-dicblceoethcne ace introduced in a molar 

55 ratio in the enngeof from about ll.5:lto3.ltl. solvent: l.l-
didslotuethene. 

15. The method according to claim 14. wherein the 
solvent and 1,1.didttoroethenr are introduced in a molar 
ratio in the range of from about 14:1 to 2.0:0. solvent:1,1-

60 dithlaroethene. 
16. The method acceding to claim 1, wherein the traction 

is performed in a batch mode. 
I’S. The method according to claim 1. wherein the reaction 

is performed in a nctm’batcla mode. 
us 18. The method according to claim 17. wherein the 

1.1-slirlsleoethaenc is fed continuously to the reaction mit-
turn 
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19. The method according to claim 17, wherein the 
1.1-olichloroethene is intermittently fed to the reaction mix-
ture. 

21 The method according to claim 1. wherein the reaction 
is performed continuously. 

2*. The method according to claim I. wherein a reaction 
ettttseat is isolated, said reaction elilsietat comprising the 
I. 1.1.3.3,3 .hexachtoropeopaae. any omnacted teteaclslo-
rotuetbane and/or 1.1-dichlocoethcne. the catalyst, and the 
solveat, the method further comprising substantially sepa-
rating the 1.1.1.3 3.3-hexachioroproysane from the 
lttrachlssromelhaae, the 1,1-dicltloroethette. the catalyst. and 
the solvent. 

22. The method according to claim 21. further coregaising 
recovering and recycling to the reactor at least a portion of 
one or more of the tetrarhtoromethane. the LI-
dicisloroethene, the ratalyst, and the solvent. 

23. The method according to claim I. wherein a reaction 
effluent is separated into two portions, the first portion 
comprising any unreacteal tdrachlcaometlsane and/or 1.1-
didticsnoethenc, and the solvent and the second portion 
comprising the catalyst, the 1,1,1333-hexarhlocsspropane. 
and a 1.l.133.5.5.5.oct.nrhloropentane byproduct, if 
Present. 

24. The method according to claim 23. wherein the 
reartioo effluent scp’atntion is performed in a vacauma flash 
vessel or column, and the first portion is flashed overhead 
and the second portion is a vessel or column bottoms. 

23. The method acceding to claim 23. further comprising 
separating catalyst particles in the second portion from a 
liquid comprising the t.l.l3,33.bexncliloropropanc and 
1.1.133333-octacialoropeattaoe. 

26. The method acceding to claim 25, fin’tttm careprmsitsg 
recycling the separated catalyst particles to the reactor. 

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

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

28. The method according to s-muss 26. wherein the first 
portion is introduced into a distillation cottons, and the 
unrcacicd teteathleeomeihane and/or 1,1-slic(doroetbette is 
separated overhead from the solvent, and the solvent is a 
column bottoms, and further comprising redissolving the 
separated catalyst particles is at least a part of the column 

ta 
 

bottoms, thereby forming a first recycle stream, and recy-
cling the first recycle stream comprising the separated 
catalyst particles to the reactor. 

29. The method according to claim 25, further comprising 

Is redissolving the separated catalyst particles in at least a part 
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. 

30. The method areas-ding to claim 25. fnsxllaer comprising 
no separating the liquid comprising the 1.1.1.3.3.3-

hexaclsloropt’opane and 1,1 .133.5.5.5-ocsuchlaseopentune 
by distillation into no overhead product comprising the 
1,1.13,33-laexadsloropecpane and a bottoms comprising 
the 1.1.1.33.533-octadtloropcntann 

25 31. The method according to claim 34, wherein the 
1.1.133.3-hexadsloropeopane is farther piarifled by distil-
lation. 

32. The method according to claim 21. wherein the 
l.t.t333-hexadslaropropane separation is performed at a 

30 temperature of about 204.4°  C. or less. 
33. The method according to claim 32. wherein the 

1. l.l.333-hexadsloropropaae separation is performed at a 
temperature of about 137.8° C. or less. 
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