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FGURE 1

(57) Abrege/Abstract:

Processes for the production of chlorinated propenes are provided. The processes proceed through the production of cyclic
Intermediate that Is thereafter readily converted to a desired chloropropane, e.g., via selective pyrolysis. The process may be
conducted using starting materials that are readily commercially available and/or that may be reacted safely in standard laboratory
equipment so that capital cost savings may be seen. The process does not require the use of catalysts and yet, process conditions
less extreme than many conventional processes for the production of chlorinated propenes are suitable, so that raw material and
utility cost savings are also possible.
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FIGURE 1

(57) Abstract: Processes for the production of chlorinated propenes are provided. The processes proceed through the production of
cyclic intermediate that 1s thereatter readily converted to a desired chloropropane, €.g., via selective pyrolysis. The process may be
conducted using starting materials that are readily commercially available and/or that may be reacted sately m standard laboratory
equipment so that capital cost savings may be seen. The process does not require the use of catalysts and yet, process conditions less
extreme than many conventional processes for the production of chlorinated propenes are suitable, so that raw material and utility
cost savings are also possible.
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FiRELD

130017 The present mvention relates to processes for the production of chlormated

Propencs.
BACKGROUND

(30021 Hydrofluorocarbon (HFC) products are widely ufithized in many applications,
mciuding refrigeration, aw conditioning, foam cxpansion, and as propellants for aecrosol
products mohihng medical acrosol devices. Although HFC s have proven to be more chmate
iriendly than the chlorotivorocarbon and hydrochlorotluorocarbon products that they
replaced, i has now been discovered that they exhibit an appreciable global warming

potential (GWP),

30031 The scarch for more acceptable alicrnatives to current fiuorocarbon producis has
icd to the emergence of hydrotiuoreoietin (HFO) products., Relative to their predecessors,
HFOs are expected to exert less impact on the atmosphere in the form of a lesser, or no,
detrimental mmpact on the ozone layer and thew much lower GWP as compared to HEC s,

Advantageously, HFO’s also exhibit low flammability and low toxicity.

004 As the environmental, and thus, cconomic mmportance of HF(Q’s has developed, so
has the demand for precursors utilized 1o theiwr production. Many desirable HFO compounds,
¢.g., such as 2,3,3,3-tetrafluoroprop-1-ene or 1,3,3,3- tetrafluoroprop-1-ene, may typically be
produced utihzing feedstocks of chlorpcarbons, and i particular, chiorinated propencs,
which may also find use as feedstocks for the manufacture of polyurcthane blowing agents,

biocides and polymers.

0057 Unfortunately, many chiormated propenes may have limited commmercial
availability, and/or may only be available at prohibitively high cost, due at least 1o part to the
suboptimal processes typically utilized n their manufacture. Conventional processes for the
manufacture of chlormated propenes may fypically mvolve multipie chlormation procedures
on less substituted propane precursors, which may require the use of extreme operating
conditions and/or expensive calalysis or reagents. Even if such conditions, catalysts and/or
reagents arc utilized, many conventional processes for the production of chlorinated propenes
may yet suffer from low selectivity and/or low vield. Any of these alone, much less all of

them combined, can render the conventional production of chlorinated propenes prohibitively

SUBMTITUTE SHEET (RULE 26)
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expensive on the large scale requured 10 be usehul as feedstocks for the production of

downstream products.

00061 1t would thus be deswable to provide mmproved processes for the production of
chlorocarbon precursors usetul as feedstocks i the synthesis of retfrigerants and other
commercial products.  Muore particularly, such processes would provide an mmprovement
over the current state of the art it they were less costly 1 starting matenals, while vet

providing higher selectivity and/or yield.
000717 BRIEF DESCRIPTION

0081 The present mvention provides such processes. More particularly, the present
processes are capable of continuous operation and produce a cyclic mtermediate that s
thereatior readily converted to a desired chioropropane, ¢.2., via selective pyrolysis. The
process may be carried out m etther the gas or hqud phase, and results m the formation of
only trace amounts of impuritics. As a result, product scparation/purification is simplitied.
The process requires conditions less extremie than many conventional processes tor the
production of chiormated propenes, so that utility cost savings are possible. Exotic matenals
are not required, and mdeced, the process may be conducted using starting materials that are
readily available and/or that may be reacted safely mn standard laboratory equipment so that
capital cost savings may be scen.  Indeed, the process docs not require the use of catalysts,

and raw material savings may alsoe be realized.

0091 o a first aspect, a process for the production of chiorinated propenes 15 provided.
The process operates continuously, and results 1 the production of a cychic intermediate that
1s thercafter converted to the deswed chlormated propene. The cyclic mtermediate may be a
cyciopropane, and in some cmbodimenis, may comprise 1,1,2,2-tetrachiorccyclopropanc.
The cyclopropance 1s preparcd from reactants conmprising a genunally chiornated alkenc and a

carbene.

30107 In some cmbodiments, the gemunally chiormmated alkenc comprises vinylidene
chlonide, perchioroethyiene, inchloroethylene, 1,1-dichloropropene, 1,1,2-trichloropropene,
or a combination of these. The carbene may be, ¢.g, methylene, dichlorocarbene,
dibromocarbene, chlorobromocarbene, or a combination of these and i some embodiments,
may be generated in sifu, ¢.g., using sodium trichloroacetate, diazomethane, chloroform. In
embodiments wheremn chlorotorm 1s used, the process advantageously does not require the

usc of caustic to produce the reactive dichlorocarbene.

AW
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30111  The process may be conducted in cither the gas or higud phase, or both, In some
cmbodiments, the reactants may be provided in the higuid phase and then prcheated or
vaporized, prior to being brought mio contact with cach other. In those ecmbodiments of the
process wherem chloroform is used as a reactant, for example, the chloroform may desirably
be preheated to a temperature of greater than 2007C, or to a temperature of from 2507°C o
400°C, or from 230°C to 350°C. In those embodiments of the process wherein vinylidene
chloride 1s used as a reactant, for example, the vinylidene chioride may be preheated 1o a
temperature of greater than 307C, or to a temperature of from 50°C to 200°C, or from SU°C to
100°C. At such temperatures, chiorotorm and vinyhidene chloride, respectively, are expecied
to vaporize and may be mtroduced mio an appropnate reactor so that the process proceeds n

the gas phase.

{30121 Whatever the reactor, it may advantageously be operated at conditions appropriate
tor a gas phase reaction between the chosen reactants. For example, 1 some embodiments,
the vaporized reactants may be passed through a hot tube reactor. For those embodiments
wherem the reactants comprise chioroform and vinyhidene chioride, a hot tube reactor may be
operated at temperatures greater than 250°C, or greater than 356°C, of from 4007C 10 600°C.
in such embodiments, the chloroform and vinyvhidene chionde are desirably brought mto

contact prior to being heated to temperatures above 400°C.

0131 Appropriate operating pressures for a hot tube reactor used in the present process
may gencrally be less than 20 psig, or from O to 10 psig, or from 0 {0 5 psig. A carrier gas
may be used, if desired, to assist the progress of the reactanis/products/byproducts through
the reactor, and i such cmboduments, nirogen and/or any other inert gas may be used. The
deswred chloropropene may be produced after only one pass through a hot tube reactor

operated under such conditions.

J014]  Appropriate separation techruques may be applied to recover the desired product
and unreacted reactants, ¢.g., chloroform, vinyhidene chlonde, and/or the cyclopropane

mtermediate, may cither be recycled or disposed of.  In some embodiments, the desired

chlorinated propenc may comprise from 3 to 5 chlorine atoms.

30157 The process may also be conducted 1n the liguid phase and if the same 18 desired, a
cychic mtermediate, e.g., cvclopropane, may be prepared from reactanis comprising sodim

trichloroacetate and vinyhdene chioride, or diazomethane and perchiorocthyliene.

SUBMTITUTE SHEET (RULE 26)
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13016] Due to the ssmphicity of the process, and ready commercial avatlability of suntable
reactants and ccononmcal prices, the present process is advantageously used to produce
chlorocarbon precursors uscful as feedstocks in the synthesis of refrigerants and other
commercial downstream products such as, e.g., 2,33 3-tetratluoroprop-l-ene or 1,3,3,3-
tetrafiuoroprop-1-ene. The advantages provided in the present process are thus expected {o
carry forward inio processes for the production of such refrigerants, and the same 18

contemplated.
DESCRIPTION OF THE FIGURES

0017 FIG., 1 shows a schematic representation of @ process according 10 one

embodiment; and

0181 FIG. 2 shows a schematic representation of a process according t0 a further

embodiment.

DETAILED DESCRIPTION

0191 The present specification provides certam definitions and methods to better define
the present nvention and to guide those of ordinary skall i the art m the practice of the
present invention. Provision, or lack of the provision, of a definition for a particular term or
phrase 1s not meant to imply any particular importance, or lack thercot. Rather, and unless
otherwise noted, terms are 10 be understood accordmng to conventional usage by those of

ordinary skill in the relevant art.

{30281 The terms “hrst”, “second”, and the hke, as used hercin do not denote any order,
quantity, or importance, but rather are used to distinguish one clement from another. Also,
the torms “a” and “an’” do not denote a lumutation of quantity, but rather denote the presence
of at least one of the referenced stem, and the terms “front”, “back™, “bottom”, and/or “top”,
anless otherwise noted, are merely used for conventence of description, and are not himted to

any one posttion or spatial orientation.

30211 It rangces are disclosed, the endpomts of all ranges directed o the same component
or property are nclusive and mdependently combinable {e.g., ranges of “up 10 25 wi.%, or,
more specifically, 5 wt% to 20 wit.%,” 15 mclusive of the endpoints and all mtermediate
values of the ranges of ©5 wt.% 10 25 wt.96,7 etc.). As used heremn, percent (96) conversion is

meant to mdicate change in molar or mass flow of reactant 1 a reactor in ralio to the
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meoming tlow, while percent (%) selectivity means the change m molar flow rate of product

i1 & reactor in ratio to the change of molar flow rate of a reactant.

30221 Reference throughout the specification to “one embodiment” or “an embodiment”™
means that a parficular feature, structure, or charactenistic described in connection with an
embodiment 18 meluded in at least one embodiment. Thus, the appearance of the phrases “m
one embodiment” or “in an embodiment” 1n various places throughout the specification 1s not
necessarily referring to the same embodiment. Further, the particular features, structures or

characteristics may be combined 10 any suttable manuer in onc or more embodiments.

30231 As used berein, the torm “vicld” means the amount of a spectfic chemical species
present within the post-pyrolysis stream as a percentage of the tofal amount of maternial
present, and the term “selectivity” means the combined vields of desired products and
mtcrmediates that would ultimately give the desired {fetrachloropropene intermediate

corrected for recovered starting material,

(30241 The present mvention provides eificient processes for the production of chlorinated
propenes via the production of a cvelic imtermediate that readily converts to the desired
chliormated propene.  Although facile conversion of cychic intermediates to provide
chlorinated propenes has been explored m the art, the processes m which 1 has been
cmployed have been relegated to batch-wise operation, and oven then, under exireme
conditions, 1.e., of hugh temperatures (femperatures of S500°C or greater) or pressures {greater
than SU psig), and/or using oxotic and/or expensive reactants. In contrast, the present
processes make use of readily avatlable and economical reactants, and utihizes mild reaction
conditions, 1.¢., teraperatures of fess than 500°C, and pressures of {ess than 50 psig. Catalysts
or mitiators are not requared, although they may be employed 1 some embodiments, if

desired.

30251 Duoe at least i part to the use of mild reaction conditions, the present processes,
whether conducted m the gas or hqund phase, and in the presence or absence of optional
mttiators, result 1 the formation of ondy frace amounts of mmpurnitics. And so, whereas
conventional processes for the production of chlorinated propenes via production of a cyclic
mtermediate may exhibit selectivities of 30% or less 10 the deswred product, the present

processes exhibit selectivities to the desired chiormated propene of greater than 50%, or

LI
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orcater than 70%, or greater than 809, or cven greater than 84%, based upon the amount of

cyclhic mtermediate formed.

{30261 In other words, in conventional processes wherein much higher temperatures,
pressures and/or catalysts arc utihized, the rates of all reactions taking place m the process are
affected, meluding side reactions, so that higher concentrations of byproducts are formed and
selectivity 10 the desired product can thus be reduced. For example, one conventional
approach for providing, ¢.g., 1,1,2,3-tetrachloropropene, mvolves the formation of a cychic
micrmediate followed by pyrolysis of the same at temperatures of 500°C or greater.
Aldthough the selectivity of this high temperature conventional process 18 82.5%, vield to the

desired chloropropene 1s only 27.8%.

130271 In contrast, m the present process, milder reaction conditions, and i some
cmbodiments, no catalysts, are uftlized. As a result, while lower conversions may resuli,
once the cvelic itermediate 1s formed, extremely high conversions to the desired chlormated
propene may be scen. Indeed, most, 1f not all, byproducts formed m the present process are
tormed 1 connection with the n sifu formation of the carbene provided for m some
cmbodiments. Thus, while selectivitics of the present process can range from 50% to 84%,

viclds to the desired chloropropene of at least 30% are seen.

130281 The present processes also make use of less exotic reactants than conveniional
processes for producmg chiormated propenes via a cyche intermediate.  For example, one
conventional process {or the tormation of 1,1,2, 3-tetrachioropropene via formation of a ¢yehe
intermediate calls for the reaction of chloroiluorosilane compound, or bronmunated mercury
with an alkene. In contrast, the present process may be conducted with a gemmally

chlornated alkene and a carbene.

0291 In some embodiments, the geminally chlornated alkene may be one i which both
carbon atoms connected by a double bond are geminally chlorinated, although this 18 not
required.  Sutiable gemunally chlormmated alkencs thus include, but are not hmmited to,
vinvliidene chlonide, perchlorocthyiene, trichloroethviene, 1,1,-dichioropropene, and 1,1,2-

trichloropropene.

00307 Suitable  carbenes mclude,  for  example, methylene, dichlorocarbene,
dibromocarbene, and chiorobromocarbene. While any of these, or combmations ¢of these are

suttable, dichlorocarbene ofters the advantage of also being genunally chlorinated, while
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methyiene, dichlorocarbene and dibromocarbene also offer the capability of bemg produced
i st — methylene via the thermal degradation of diazomethane and dichlorocarbene or
dibromocarbene via the thermeoelysis of chioroform or fnbromomethane, respectively.

Precursors to etther the gemunally chlorinated alkene or carbene, and m particular those

(v,

capable of undergomg in sifw conversion to cither, are thus alse suttable for use m the

process, and contemplated to be within 1ts scope.

10031] Catalysts are not required in the present process. Indeed, abhough many
conventional processes for the production of chiormated propenes through a cvchoe
mitermediate assert that the process occurs via a free radical mechanism, and thus, require the
use of free radical mntiators, it has now been surprisimgly discovered that free radical catalysts
in fact, have no, or very little, impact on the present process.  In order to confum this
surprising result, free radical mhubitors were added to the present process, and resulted i no

discermible mhubition of the process.  Since the present process was thus confirmed as
proceeding via a mechanism other than via a {ree radical process, free radical mitiators have
no eiffect on the reaction rate, and are not necessary i the present process. Exclusion of the

same 18 thus contemplated, and cost savings thus provided.

{30321 Insome embodiments, one or both the geminally chlorinated alkene and carbene are
advantageously preheated i order 10 vaporize them and/or mcerease thewr respective reactivity
within the cyclopropane forming reaction. In some embodiments, €.2., wherein the carbene 1s
deswrably tormed im sifu a5 may be done i the case of methylene and dichlorocarbene,
preheating at least the carbence forming reactant can assist m its formation. For example, in
those embodiments wherein one reactant comprises chloroform, preheating the same can
result i its thermal degradation to provide dichiorocarbene. Although some conventional
methods tor formng dichiorocarbene from chloroform call tor the use of caustic 1o assist
this reaction, caustic 1s not requived 1n the present process, and elimination of the same can

result i additional cost savings.

{30331 In other cmbodiments, either or both the gemunally chlornated alkene and/or
carbene may be provided i the hqund phase. And, cmbodiments are contemplated wherem
one reactant 1s deswrable vaporized, if only to provide tor the iz situ formation of the reactant,
while the other remaimns m the hagud phase. In such embodiments, one or more phase fransier
catalysts may desirably be utilized 1 order 1o assist in the reaction of the two phases. Those

of ordmmary skill 1 the art are tamiliar with such catalysts and any useful for this purpose may
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be used. DSutable nonhmiting examples include guaternary ammonigm and quaternary

phosphonium salts.

130341 If some or all of the process is desirably carried out m the liquid phase, solvents
may be used, if desired. Desirably, if a solvent 1s utilized, 1t will imncrease the accessibility of
the reactants to each other, whale not intertering with the reaction thereot. Those of ordimnary
skill in the art are capable of determining suitable solvents based upon the chosen reactants
andd reaction conditions without undue experimentation.  Suitable nonlimiting examples
mclude methanoel, dimethyiethyl cther, bis-dimethvicthyl cther, tetrahydroturan, chioroform,

watcr, acetone, or combinations of these.

{30351 The processes may be conducted in any suitable reactor, and advantageously may be
carried out 1n a symple reactor, such as a simple hot tube reactor. In some embodiments,
packing may be provided to increase the surface arca, and thus assist with heat transfer,

within the reactor, 1f desired.

{30361 Particular conditions within the reactor will depend to some extent on the particular
reactants chosen and the chiorinated propene desirably produced, and those of ordmary skl
m the art are capable of determuning the same. Generally speaking, the temperature within
the reactor 18 desirably kept below, ¢.g., 500°C, to mimmze the formation of byproducts and
so that sclectivitics of greater than 50% to the desired chlorinated propence can be scen.
Excessive pressure 18 not required, and mdeed, ambient pressure 1s preferred. 1t a pressurized

environment 15 desired, €.2., 1o assist m the control of feed of the reactanis, suitable pressures

arc desirably less than 50 psig. Because muld conditions are utilized, specialized reactors,
and or reactor modifications, €.€., jackets and high pressure fines, valves, pumps, ic., arc not

required.

00371 Once the cyclic mtermediate 15 formed, pyrolysis o the deswred chlormated propene
happens quickly at the described conditions and residence time within the reactor 1s not long.
Suttable residence times for the reactants can range from milliseconds 1o seconds. Flow of
the reactants may be assisted through the reactor, if desired or required, by provision of a

carrier gas, ¢.g., nitrogen, or any other mert gas.

00381 As the reaclants, byproducts and deswred products move through the reactor, they
are expected o cool and condense so that the product stream from the reactor 18 substantially

Liguid. Nonetheless, active cocling may also be provided, if desired, in order 6 reduce the
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femperatore of the product stream, ¢.2., to the lowest condensation temperature of the species
i the product stream. For example 1n those embodiments of the present mvention wherein
vinylidene chioride 1s used as the geminally chlorinated alkene, it would be expected 1o have
the lowest condensation temperature of the species present 1n the product stream at 35°C and
active cooling to provide the entirety of the product stream with this temperature may be

used, and may be provided by any suitable cooling apparatus.

30391 One or more separation techniques may then be applied to the product stream to
isolate and/or punify the deswired product, and in some cmbodiments, unreacted reactants
which may then be recyceled to the process, or provided to a downstream process for use as
raw material therein. Multiple simple distillations could be performed, 1.e., multiple 5 to 10
stage distiliation columns could be used until the desired purity/dewatering is seen, of, fower
more complex, separation technigues, ¢.g., divided wall colummns, could be cmployed. Once
presented with the composition of the product stream, those of ordinary skill in the art are
capabic of determining the appropriate type and number of separation techmques to provide
the product, and re-usable unreacted reactants, as well as the parameters tor cach, without

undue experimentation

{30401 The present processes advantageously can proceed continuously. o contrast,
conventional processes for the production of chlormated propenes via a cyche mitermediate
are conducted m a batch-wise fashion, which can result m extended and/or unnecessary
cxposure of the products to the extreme condittons and even further reductions m selectivity,
not 1o mention the satety concerns that can be rawsed when attempling to collect the heated,
potentially pressurized, products of a reaction mvolving halogens and/or mercury. In those
cmbodimments wherem the present processes are conducted m a batchwise fashion, as is
contemplated, safety issues are mininuzed and product recovery can be less complex due o
the relatively less exotic reactants than ¢.g., halogenated silanes and/or mercury, used m

conventional batch wise processes.

00417 A schematic thustration of one embodiment of such a process 1s shown mn FIG, |
As shown m FIG, 1, process 100 mcorporates boldimg tanks 102 and 104, preheaters 106 and

108, carnier gas source 110, reactor 112, and separationumits 114, 116, 118, 120 and 122.

10042] In operation, the desired reactants would be fed from sources 102 and 104 1o

reheaters 106 and 108, respectively, wheremn they are preheated, and desirably vaporized., In
o - - 4 }’

i’@
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the exemplary cmbodiment wherein vinyhidene dichloride and chloroform are used as
reactants, vinylidence chioride may be fed from boldmg tank 102 to preheater 106 and heated
to a temperature greater than 30°C, or to a temperature of from 5G7C to 200°C, or from 50°C
to 100°C. Chloroform may be fed from holding tank 104 (o preheater 108 and heated 1o a
temperature of greater than 200°C, or {0 a temperature of {rom 230°C {0 400°C, or from

2507 C 10 350°C.

30431 Once preheated and/or vaporized, the reactants are provided to reactor 112, which
may be, ¢.g., a2 hot tube reactor. Movement of the reactants through reactor 112 may be
assisied via the provision of a carrier gas, such as, e.g., mirogen and/or any other mert gas
from carnier gas source 11,  In some examples it may not be necessary or deemed

cconomically advantaged {0 use an mert carrier gas.

100441  Reactor 112 may be operated at any suitable condifions, which may appropnately be
chosen based upon the reactants and desired chiorinated propene being produced.
Advantageously, the conditions ulilized need not be extreme — 1.e., excessive temperatures

and pressures are not required.

130451 For example, for the embodiment wherein chloroform and vinylidene chioride are
reacted to provide, e.g., 1,12 3-tetrachloropropene via the cyclic mntermediate 1,1,2,2-
tetracyclopropane, reactor 112 may be operated at temperatures greater than 250°C, or greater
than 350°C. In some such embodiments, reactor 112 may be operaled at temperatures of
from 2507C 1o 6007C, or from 4007C to S507C. Pressures less than 20 psig are suitable, as 1s
ambicnt pressure. In some emboduments, reactor 112 may be operated at pressures of {from O

psig to 10 psig, or from { psig to 5 psig.

30461 At such reactor conditions, chlorotorm s expected to decompose to form
dichlorocarbene which 1s further expectled 10 react guickly with the vaponzed vinyhdene
chloride {o form the cyclic mmtermediate — i this case 1,1,2,2-tetrachlorocyclopropane. The

cychic wtermediate, n turn, undergoces selective pyrolysis to torm 1,1,2,3-tetrachloropropene.

130471  As the reactants, mtermediates, products and byproducts progress through reactor
112, they are expected to undergo cocling and condense, so that the product stream from
reactor 112 15 hquid. Active coohing at the outlet of reactor 112 may also be provided, ¢.g.,
via an external heat exchanger (not shown). In such embodiments, the product stream from

reactor 112 would also be expected to comprise some amount of chloroform, some 1,1,2,2-
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fetrachlorocyclopropane, some 1,1.2,3-tetrachloropropene and hight and heavy byproducts
from the degradation of chloroform, such as methyiene chlonide, perchlorocethylene, 1,1,2.2-
tetrachloropropane,  pentachlorocthane,  bhexachiorocthane,  1,1,2,4.4-pentachlore-1,3-

butadiene, and hexachiorobenzene.

100481 This product stream 15 fed to separation umt 114, which may be operated at
conditions effective to provide vinvhidene dichlonide, chlioroform, methyiene chlonde and

other light byproducts m a top stream that 15 provided o separation ot 116,

30491 Separation oot 116 is operated at conditions effective o provide unreacted
vinviidene chioride and lighter by products in a top stream, which may be recycled to reactant
source 102, or fransported to a downstream use of storage. The bottoms stream of separation
amit 116, expected to comprise unreacted chlorotorm and heavier byproducts 15 provided to
separation umt 118, operated at conditions cttective to provide substantially pure unreacted
chiorotorm through a top stream that may be recyclied 10 reactant source 104, or provided to a
downstream use or storage.  The bottoms stream from separation wmt 118, expecied (o
comprise byproducis heavier than chloroform, for example carbon tetrachionide or 1,1,2,2-

tetrachicropropane may be appropriately disposed of.

[0S0} The bottom stream  from  separation umt 114, expected to  comprise
tetrachioropropene, any cvelic micrmediate that did not decompose and heavier byproducts is

fed 1o separation unit 120.

051 Separation umit 120 18 operated at conditions effective to provide a fop stream
comprising the (any) cyclic intermediate that may be disposed of as waste, or recyeled to
reactor 112, and a bottoms stream comprising |,1,2,3-tetrachloropropene and heavier by
products. The bottoms stream from separation unit 120 15 provided o separation unit 122,
wiiach would then provide a substantially pure stream of 1,1,2,3-tetrachloropropene i an

gverhead stream and the heavier byproducts out a waste bottoms stream,

00521 Process 10U shows multiple separations using simple separation units, €.g., having
from 5 to 10 plates. In other embodiments, 1t may be possible to combine separation units
116 and 118 inioc one separation unit, as well as separation units 114, 120 and 122, More
parficularly, 1t may be possible to replace separation wnuts 116 and 118 and separation units
114, 120 and 122 with one separation umil having more numerous plates, or a divided wall

column. Although domg s would require more complex separations to be carried out in a

i
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single unit, and perhaps require more sophasticated separation units  and/or  capital

cxpenditure, time and utility costs may be provided by doing s0.

30531 A scheomatic llustration of an additional embodiment of the process 1s shown in
FIG. 2. As shown m FIG, 2, process 200 mmcorporates reactor 201, quench unit 205, preheater

206, reactor 212, carrier gas source 210, and separation units 203, 214 and 216.

00541 In operation, the desired reactants would fed be to reactor 201, operated at
conditions 10 generate the cyclic mtermediate therefrom. For example, n those embodiments
wherein the reactants comprise, e.g., sodnnm inacetate and vinyhdene dichloride, the same
would be provided to reactor 201, optionally along with a solvent and/or a phase franster

catalyst.

0551 The product stream from reactor 201, expected to comprise the cychic micrmediate,
¢.g., 1,1.2,2-tetrachiorocyclopropane in the case of sodium acetate and vinyhidene chlonde
reactants, as well as unreacted vinvhdene chlonde and sodmm acctate, solvent e.g.
chicroform, phase transicr catalyst if used, and trace amounis of the same hight and heavy
byproducts histed above, 15 provided to separation unit 203, Separation unit 203 1s operated at
conditions effective to provide an overhead stream comprismng unreacted vinyhidene
dichloride and solvent, whach may be recycled to reactor 201, The bottoms stream from
separation unit 203, expected to comprise the cyclic intermediate, unrcacted sodium
trichloroacetate, sodum chlonde, phase transfer catalyst if used, and byproducts 18 provided

to quench unit 205,

1305617 Water 1s fed to guench umit to solubihize the sodium chloride, which s then provided
as a waste stream from quench unit 205, The product stream from guench anit, comprising
the cychic mtermediate and byproducts is fed o preheater 206, operated at conditions
cticctive to vaponze the hghter organics and allow for the removal of heavier, nonvaporized

byproducts as a bottoms stream.,

100571 The product stream from heater 206 15 fed to reactor 212, and the flow therethrough
that may be assisted with an inert carmer gas as may be provided by carrier gas source 210,
As m process 100, reactor 212 may be a bot tube reactor, and may be packed, if desired. The
product stream theretrom s expected to comprise §,1,2,3-tetrachioropropene and heavier by

products and 1s provided to separation unit 214,

12
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0058]  Separation umit 214 15 operated at conditions effective 1o provide a top stream
comprising the {any)} cychic mntermediate that may be disposed of as waste, or recyeled to
reactor 212, and a bottoms stream comprising 1,1,2,3-tetrachioropropene and heavier by
products. The bottoms stream from separation unat 214 1s provided to separation umt 216,
which would then provide a substantially pure stream of 1,1,2,3-tetrachloropropene i an

overhead stream and the heavier byproducts out a waste botioms stream.

00591 Process 200 thus requires fower separation steps than process 100, due at least {0 the
removal of unreacted vinvhidene dichlonide via the overhead stream of heater 203 as well as
mimimal byproducts formed by the neutral aqueous generation of dichlorocarbene in reactor

2

10064)]  The chlomnated propencs produced by the present process may typically be
processed to provide further downstream products including hydrothuorcolefins, such as, for
cxample, 1,3,3,3-tetrathuoroprop-i-ene (HFO-1234z¢). Since the present invention provides
an improved process for the production of chlormated propencs, it 15 contemplated that the
improvements provided will carry {orward to provide mmprovements to these downstream
processes and/or products. Improved methods for the production of hydroflucroolefins, ¢.g.,

such as Z2,3,3,3-tetratluoroprop- 1 -ene (HFO-1234v1), are thus also provided herein.

100611 The conversion of chiorinated and/or  fluormmated propenes to  provide
hydrofluorooieling may broadly comprise a sigle reaction or two Of more reactions
mvolving floormation of a compound of the formula COXOCCHY LCH X, 1o at least one
compound of the formula CF.CF=CHZ, where cach X, Y and 7 1s mdependently H, F, CL 1
or Br, and cach n1 15 mdependently 1, 2 or 3 and n1s O or 1. A more specific example might
mvolve a multi-step process wherein a feedstock of a chlormated and/or fluormated propene
is tigornated 1 a catalyzed, gas phase reaction 1o form @ compound such as i-chlore-3,3,3-
trifhuoropropene (1233zd). Catalytic bydrotiuorination of 1,-chiore-3,3,3-tritluoropropene
would give 1-chlore-2,3,3,3-tetrathuoropropene. The I-chlore-2,3,3, 3-tetrafluoropropang 1s

then dehydrochlonnated to 1,3,3,3-tetratluoropropene via a catalyzed, gas phase reaction.

100621 The selechivities reported herein have been calculated by analyvzing the outlet
stream to quantily the amount of all species present and removing the starting materials. The
percent of the cyclic intermediate and all species dertved theretrom is then calculated based

upon the outict stream content, nunus the starting materials. For example, an outiet stream
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»
&

consisting ot 45.58% vimvlidene dichlonide, 53.549%  chiorotorm, Q.03% 2,3.3
tetrachloropropene, 0.51% 1,1,2,2-tetrachlorocyclopropane, 8.09% pentachlorocthane, 0.16%
1,1,2,3-tetrachloropropene, 0.02% hexachiorecthane, and (.029% hexachlorobutene was
calculated to have a selectivity of 73.3% (0.03% + 0.51% + 0.09% + 0.16% + 0.08% +
(.02% = (1L.8Y%; 0.03/0.8Y = (.033 (2333); 0.51/.89 = 0.537 (1122); 0.09/ 89 = (.10 (penta};
(0.16/0.89 = 0.18 (1123); 0.08/.89 = (.0% hexa); .02/0.89 = 0.02 (hexa) 3.3% + §7% + 18% =
78.3%)

Example #1

0631 A higuid feed of chlorotorm pumped at a rate of 1.0 mulhiliters per minute 1s vaporized
and preheated to 300 °C. A scparate hiquud feed of vinylidene chloride pumped at a rate of
0.4 mulliditers per nunute 18 vaporized and preheated to 100 °C. The two gaseous teeds are
mixed under adiabatce conditions and carried through a hot-tube reactor operating at SO0 °C

and S psig by a nitrogen stream flowing at 10 standard cubic centimeters per minute,

30641 The output gas stream 1s condensed m a collection tlask and the resulting bquid s
analvzed by gas chromatography coupled with mass spectrometry for identification of the
components in the product mixture. The major species 1 the product muxture are found 1o be
26.6% 1,1,2,3-tctrachioropropene, 19.4% chioroform, 17.3% vmmylidene chioride amongst
various other chlorocarbon byproducts.  Proton nuclear magnetic resonance spectroscopy
confirms the vield of 1,1,2,3~tctrachiocropropene to be 67%, accounting tor recovered starting

material,
Example #2

0651 A hiqud feed of chlorotorm pumped at a rate of 2.0 nuthiiters per minute 18 vaporized
and preheated (o 250 °C. A separate hguid feed of vinyvhidene chloride pumped at a rate of
0.2 mullihters per munute s vaporized and preheated to SO °C. The two gaseous feeds are
mixed under adiabatic conditions and carried through a hot-tube reactor operating at 4030 °C

and 5 psig by a mitrogen stream flowing at 10 standard cubic centimeters per mumite.

{30661 The ocutput gas stream is condensed m a coliection flask and the resulting liguid s
analyzed by gas chromatography coupled with mass spectrometry for wdentification of the
components i the product mixture. The product nuxture 18 found to be Y9% recovered
starting matenal, 0.55% 1,1,2,2-tetrachlorocyclopropane, 0.18% 1,1,2,3-tetrachloropropence,
and a balance of chiorocarbon residues. This example shows that utilization of lower

temperatures, and particularly a lower femperature than used m Example #1, provides bhigh

14
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selectivity towards the desired tetrachlorocyclopropane and acyehie tetrachloropropene with

mininal tormation of chioroform thermal degradation byproducts.
Example #3

0671 A hgquad feed of chlorotorm pumped at a rate of 1.0 nuthiiters per mmnute 15 vaporized
and preheated to 300°C. A separate hquid feed of viny hidene chloride pumped at a rate of 0.4
nnilihters per mimite 18 vaponzed and preheated (o 100%C. The two gaseous feeds are mixed
under adiabatic conditions and carried through a hot-tube reactor operating at 450°C and 5

psig by a nifrogen stream flowing at 14 standard cubic centimeters per minute,

{30681 The cutput gas stream 1s condensed m a collection flask and the resulting hiquid s
analyzed by gas chromatography coupled with mass spectrometry for identification of the
components in the product mixture. The product nuxture 15 found to be §4% recovered
starting material, 8.19% 1,1,2,3-tetrachloropropene, and 2.4% 1,1,2,2-tetrachiorocvciopropane.
This Example provides the best combined vield and selectivity of all Examples, and shows
that temperature can provide a sensiive adjustment {0 the yvield of the acvehe

tetrachloropropene.
Example #4

00691 A 100 mL round-bottom tlask equipped with reflux condenser, magnetic stir bar, and
mincral o1l bubbler is charged with 0.63 ¢ of tetrabutylammonium chloride, 10 g of sodium
trichioroacetate, 25 mi. of chlorotorm, and 12 mb of vinyhidene chioride. The reaction
mixture 18 heated to rethix and allowed to stiv for 12 hours. Afier this time, the reaction
mixture 1 cooled to ambient temperature and the organic fraction is coliectied by decantation.
Dryving of the organic fraction and removal of excess solvent allows for the recovery ot 5.6 g
of materal that, according to proton nuclear magnetic resonance speciroscopy, coniains

12.4% 1,12, 2-tetrachlorocyclopropane and a large amount of unreacted starting matenal.

00701 This Example shows that the process can be carried o the ligund phase, and that doing
5o can allow for removal of unreacted vinyhdene dichlonde. Removal of excess vinylidene
dichloride will, m birn, reduce the number of byproducts produced thercby, and as a
conscquence, the number of downstream purification steps necessary ¢ recover product from

the process.
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CLAIMS:
1. A process for the production of chlorinated propenes, wherein process operates

contingously and results in the production of a cyclopropane ntermediate that 1s converted (o

the desired chlorinated propene.
2. The process of claim 1, wherem the cyclopropane comprises 1,1,2,2-cyclopropane.

3. The process of claim 2, wherein the cvclopropane is prepared from reactants

comprising a geminally chlormated alkene and a carbene generated in siti.

4, The process of claim 3, wherein the gemunally chlormated alkene comprises
vinvlidene chioride, perchiorocthyiene, inichloroethylene, 1, 1-dichloropropene, 1,1,2-
trichloropropene, or a combination of these.

I~

5. The process of clavm 3, wherem the carbene comprises methylene,

dichlorocarbene, dibromocarbene, chiorobromocarbene, or a combination of these.

6. The process of clamm 5, whereimn the carbene i1s generated from, or using, sodium
trichloroacetate, diazomethane, chioroform, or a combmation of any number of these.

7. The process of claim 3 or 6, wheremn the cyclopropane 18 prepared from chioroform
and vinyhidene chioride.

3. The process of claim 6 or 7, wherem the chlorotorm is preheated to a temperatare
of trom 2507°C to 400°C.

9. The process of claim 7 and 8 wherem the chloroform and vinylidene chlonde are

passed through a hot tube reactor.

~~

1{), The process of claim Y, wherein the chioroform and vinylidene chioride are nuxed

prior to bemng heated above 400°C.

i1 The process of claim 9, wherem the hot tube reactor 1s operated at temperatures of

trom 4007C to 6007 C.

12, The process of claim 9, wherem the hot tube reactor is operated at pressures of

from 0-10 psig,

s

i3. The process of claim 9 or 10, further comprising passing a carrier gas through the

hot fube reactor.

16
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{4, The process of claim 3, wherein the cyclopropane s prepared mn the hguid phase

from: sodium trichlorcacetate and vinylidenc chloride.

13, The process of claim |, wherem the chlormated propene comprises 1,1,2,3-

tetrachloropropene.

17
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