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As a first general area of development, ethane-to-vinyl manufacture is of interest to a
number of firms engaged in vinyl chloride production, and a significant amount of literature
25  onthe subject is now available. The following paragraphs overview key work related to the

embodiments presented in the new developments of the present disclosure.

GB Patent 1,039,369 entitled “CATALYTIC CONVERSION OF ETHANE TO VINYL
CHLORIDE” which issued on August 17, 1966 describes use of multivalent metals,

30 including those in the lanthanum series, in the production of vinyl chloride from ethane.
The patent describes use of certain catalysts provided that “steam, available chlorine and
oxygen are used in specific controlled ratios.” The described system operates at a
temperature of between 500 and 750°C. Available chlorine in the described technology

optionally includes 1,2-dichloroethane.
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GB Patent 2,101,596 entitled “OXYCHLORINATION OF ALKANES TO

20 MONOCHLORINATED OLEFINS” which issued on January 19, 1983 to Robert Reid and
David Pyke describes a "process for the production of monochlorinated olefins which
comprises bringing into reaction at elevated temperature a gaseous mixture comprising an
alkane, a source of chlorine and molecular oxygen in the presence of a ... catalyst
comprising compounds of copper, manganese and titanium and is useful in the production

25  of vinyl chloride from ethane." The authors further describe that “the products of reaction
are, in one embodiment, isolated and used as such or are, in one embodiment, recycled ... to
the reactor ... to increase the yield of monochlorinated olefin.” The authors indicate that
mixtures of ethane and ethylene can be fed to the catalyst. No examples are given and the
specific advantages of ethane/ethylene mixtures are not disclosed.

30
US Patent 3,629,354 entitled “HALOGENATED HYDROCARBONS” which issued on
December 21, 1971 to William Q. Beard, Jr. describes a process for the production of vinyl

chloride and the co-production of ethylene from ethane in the presence of hydrogen chloride
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William Q. Beard, Jr. and US Patent 3,702,311 entitled “HALODEHYDROGENATION

20 CATALYST” which issued on November 7, 1972 to William Q. Beard, Jr. both describe a
process for production of vinyl halides in a three reactor system combining a
halodehydrogenation reactor, an oxyhalogenation reactor and a dehydrohalogenation
reactor. The authors describe the halodehydrogenation of ethane to produce ethylene for
subsequent conversion to EDC through oxyhalogenation (oxychlorination) with subsequent

25  production of VCM through conventional thermal cracking. HCI produced in the cracking
operation is returned to the oxyhalogenation reactor in '934 and to the halodehydrogenation

reactor in '311. In the latter patent, the advantages of excess total chlorine, as both HCI and

Cl, are shown to augment yield of desirable products.

30 US Patent 3,644,561 entitled “OXYDEHYDROGENATION OF ETHANE” which issued
on February 22, 1972 to William Q. Beard, Jr. and US Patent 3,769,362 entitled
“OXYDEHYDROGENATION OF ETHANE” which issued on October 30, 1973 to

William Q. Beard, Jr. relate closely to those above and describe processes for the
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t he production o
to ethane is increased, the yield of vinyl chloride and other chlorinated products also

increases even as the yield of ethylene decreases.

20 US Patent 4,300,005 entitled “PREPARATION OF VINYL CHLORIDE” which issued on
November 10, 1981 to Tao P. Li suggests a copper-based catalyst for production of VCM in

- the presence of excess HCL.

US Patent 5,097,083 entitled “PROCESS FOR THE CHLORINATION OF ETHANE”
25  which issued on March 17, 1992 to John E. Stauffer describes chlorocarbons as a chlorine

source in an ethane-to-VCM process. This patent describes methods where

chlorohydrocarbons may be used to capture HCI for subsequent use in the production of

vinyl.

30 EVC Corporation has been active in ethane-to-vinyl technology, and the following four

patents have resulted from their efforts in development.



30 EVC Corporation has been active in ethane-to-vinyl technology, and the
followng four patents have resulted fromtheir efforts in devel opnent. -4
WO 01/ 383vd oPe3e/4JSOQ 27701 EP 667,845 entitl ed " OXYCHLORPONATUB@N7GATALYST"
whi ch i ssued on January 14, 1998 to Ray Hardman and Ian M chael C egg
descri beER6€HPfeentitiad EOXGIRLYRINMITONLCA AN T 2elticloissyeaiainalgaudryrl 4,

Furthor  198RAbRaG Hobisb gden MicHRLCIGRIsHTRGS ¢ ApReBa S ave Vi s pat ent
5,563, 155l ode ARCTAIT Yk Mk MIEKYGH CRL Tl Bl AR i o
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catal yst; recycles 10 the byproducts to the oxychlorination reactor; treats
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" OXYCHL INATI PROCESS" which issued on June 9, 1998 to |lan M chael

Cl egg an #fir dman di scusses cat al ytic oxychlorination of ethane 25 to
VCM by conbl n| ng ethane and a chlorine source in an oxychlorination reactor
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of vinyl ome ene, nost
manufacture in the presence of excess HCI using a copper catalyst. The patent describes a

process of catalytic oxychlorination of ethane between ethane, an oxygen source and a
chlorine source in the presence of a copper and alkali metal-containing catalyst. HCl is
20  supplied to the oxychlorination reactor in excess of the stoichiometric requirement for

chlorine.

US Patent 5,763,710 entitled “OXYCHLORINATION PROCESS” which issued on June 9,

1998 to Ian Michael Clegg and Ray Hardman discusses catalytic oxychlorination of ethane
25 to VCM by combining ethane and a chlorine source in an oxychlorination reactor in the

presence of an oxychlorination catalyst (the reaction conditions selected to maintain an

excess of HCl); separating the VCM products; and recycling by-products to the reactor.

Turning now to art in the derivation of vinyl chloride from ethylene, most commercial

30  processes for the production of VCM use ethylene and chlorine as key raw materials.
Ethylene is contacted with chlorine in liquid 1,2-dichloroethane containing a catalyst in a
direct chlorination reactor. The 1,2-dichloroethane is subsequently cracked at elevated
temperature to yield VCM and hydrogen chloride (HC1). The HCI produced is in turn fed to
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30 processes for the production of VCM use ethylene and chlorine as key raw
materials. Ethylene is contacted with chlorine in liquid
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therefore, reasonably |ower the production cost of VCMin conparison to

the pr odihaianeed cplent isf  VOM when manuf act ur ed primarily from purified and
separated ethylene. 20 It is common to refer to the conversion of ethylene,
oxygen and hydrogen chloride to 1,2- dichloroethane as oxychlorinati on.

Cat al ysts H4o,HL heqy ety idonHA] 4285@i chl or oet hane by oxychl ori nati on of
et hyl ene share many common characteristics. Catal ysts capabl e of
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offered I’grf(l) ct%)ﬁy%m&\/[l o% Iet ane ssnoupde tﬁjetrcl: olreZ ?éz{sgrg]abf); lovvar the production cost of
VCM in comparison to the production cost of VCM when manufactured primarily from
purified and separated ethylene.
20
It is common to refer to the conversion of ethylene, oxygen and hydrogen chloride to 1,2-
dichloroethane as oxychlorination. Catalysts for the production of 1,2-dichloroethane by
oxychlorination of ethylene share many common characteristics. Catalysts capable of
performing this chemistry have been classified as modified Deacon catalysts [Olah, G. A.,
25  Molnar, A., Hydrocarbon Chemistry, John Wiley & Sons (New York, 1995), pg 226].
Deacon chemistry refers to the Deacon reaction, the oxidation of HCl to yield elemental
chlorine and water. Other authors have offered that oxychlorination is the utilization of HCI
for chlorination and that the HCl is converted oxidatively into Cl, by means of the Deacon
process [Selective Oxychlorination of Hydrocarbons: A Critical Analysis, Catalytica
30  Associates, Inc., Study 4164 A, October 1982, page 1]. The ability of oxychlorination
catalysts to produce free chlorine (Cl,) thus defines them. Indeed, oxychlorination of

alkanes has been linked to the production of free chlorine in the system [Selective

Oxychlorination of Hydrocarbons: A Critical Analysis, Catalytical Associates, Inc., Study
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oxychlorination catal yst used. In consideration of the above, a nunber of

concept sUpey@ft3atadg UShe745¥W 5 andURan 03 0l Oprwhiale show/mighHexeds eff ear |y been
d { b i Ay | t f i fled
€SC{4 eg}uRchlerﬂlldﬁrc)%lde%a}é&ﬂc)(sslge???ﬁ@fig%eﬁ%y\}gﬁﬁl&ﬁé&glﬁgﬁ &tlo¥1 Alafyst [H;e%lo 61&)6\ t han

Deacon catalysts operated at su nr%eratur S
those r essideedioh@f per dbovenaatunybiee pecaxypth kepardiag therusé sPdthpe toGrbdlcgst s used

for ethape-to-VCM 20 manufacture are frequently stabilized agai nst the

mi grati oﬁ%é%%PY?S:YI‘W%SQ‘”’?PE\Wq‘i’%gﬁvi%‘ﬁlyne aplystsemploped mmosh HGAUHEY & i ewed i n
GB Pat enfodifftdHcaton c@yﬁ@%@é}ﬁtea at kficiefly MehEat Bptrande Sd 408 thdnbad ent
4,300, 005; and US Patent 5,728, 905.

required to perform ethylene oxychlorination (<275°C). Catalysts used for ethane-to-VCM

20  manufacture are frequently stabilized against the migration of the first-row transition metals,
as described and reviewed in GB Patent 1,492,945; GB Patent 2,101,596; US Patent
3,644,561; US Patent 4,300,005; and US Patent 5,728,905.

Use of chlorocarbons as chlorine sources in ethane-to-VCM processes has been disclosed in
25 GB Patent 1,039,369; GB Patent 2,101,596; US Patent 5,097,083; US Patent 5,663,465;
and US Patent 5,763,710. GB Patent 1,039,369 requires that water be fed to the reactor
system. GB Patent 2,101,596 is specific to copper catalysts. US Patent 5,663,465 describes
a process which uses a direct chlorination step to convert ethylene to EDC prior to feeding it
back to the VCM reactor.
30
Notwithstanding a relatively qualitative reference in GB Patent 2,095,242, another recent
development in ethylene-to-vinyl processes is outlined in Dow Case No. 44649 to Mark E.

Jones, Michael M. Olken, and Daniel A. Hickman, entitled “A PROCESS FOR THE
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Use of chl orocarbons as chlorine sources in ethane-to-VCM processes has
been disclosed in 25 GB Patent 1,039, 369; GB Patent 2,101, 596; US Patent
5,097, 083yo B3Rt ent 5, 663, 465; and US Patent 5,763, 710. PGBUReEMi1
1,039,369 requires that water be fed to the reactor system GB Patent

2, 101, SOCONVERSION OF ETHYIDENE TR:VaNYs!GHLORIPE] AND NOAA3. ¢ATAISeST i bes  a
process which uses a direct chlorination step to convert et hél ene to EDC
prior to GEHEONITIONS SIEFUIFORSWH FREESS ., fiisl obOniobrsd. 2000 itytha
relatively,: ' LS ' 2 Rat. r cent
cevel opmoit oL et ERASE DR ERpich, HEN LS NontPr REG S 2RO R TEES
44649 t o chiatyst & thishppheatiolldehmabtrds Wl in reactthgSignifitanbquddtitiesranbotknt i t | ed

"AP S§ FOR THE -7 WO 01/ 38274 PCT/ US00/ 2770 CONVERSI ON OF ETHYLENE TO
VI NYL mﬁ%&pb@ﬂ %ﬁﬂem_vm%%ée W@sﬁﬂ%ﬁ@é‘)m@ 103193+ PROCESS”
filed on E6laBR% iBproefQes fop vﬁd&@chlb’ﬂhé BnchelRS INGG&I6Y (hE c&hi t_Ca%tiongH(ﬁss
Mai | MailTng NunbeP EL636832801US. The catalyst of this application

denonst r dydsogen chlotige inthe ecctiomprasiugnilh thoaregah ananagdanasnt of hyxbogenschéarftene
and et hyl eng into vinyl chloride. nmer and thereby opens dooy to new
ppr oachd&nd e bbeniBRr SEhGiBRRE ProsE s §% ot & Peevlvar o "o
cat al yst caalysP§ysinetapablety ¢op@slor bf Both ehahdadd&h{1eA& It@ VinRl SHltxgde 1N this
regard, managerent of hydrogen chloride (and affiliated hydrochloric acid)

wi t hilfl t meonemss éswsedl s Inncansgmpladercof inyehlasisig| faaility moaptructionathareyis else g st em
capabl e %fee&f’”%l%ﬁ'%'ﬁl%ggﬁﬁré&m h{p%e*ﬁ?@fmﬁ@t?aﬁ%é(%il‘b%”ng'ef%ts%lﬁ% éi“x%{%;ingghgi@h%ﬁ 10

mononer S used. rrpelqg Ion or - vrny oride facl rucEi on,

mer e i s mdyslava thd‘&tﬁlﬂy&@hﬁiﬂ@hﬁdrbg@h@florm&ha@ﬂ oﬂwnb_ | ieRISENG e%ﬁpﬂilﬂﬁtfdﬁagn@wSSi bl e,
ere sone exi sting equiprment may have the ability to handl e hydrogen

chl or i de bareithsREiy &h@ﬁfertgd&ﬂfpﬁﬁmded E@g DHSENt ipvEREoR n@va&smbydwnﬁsanm e

nydr 00en GIMMINEE helkRedls S34Tby AN B RL AR AT AT MR Sy ghetln

fulfilling these needs, apparatus and proce
hydr d§en ch®ridhigendrated frenethaetuné/etyienbao-einyhreater hy essentidlly fullpyécoveramg or by

essential]y fully recoyerin i ramthe.reactqr effluent in the first
i ¢ operitifemiinedeatspt eane meirsl i bareich ek e Banslefbisredeai™r ' ot age.
The i nvengdclbn Biep\ok §@ge.2 et hod of manufacturing vinyl chloride, using the
steps of.

The invention provides a method of manufacturing vinyl chloride, using the steps of:

20
generating a reactor effluent stream by catalytically reacting together ethane, ethylene,
oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, where the molar ratio of the ethane to the ethylene is between 0.02 and
50;

25
cooling and condensing the reactor effluent stream to provide a raw product stream having a
first portion of the hydrogen chloride and a raw cooled hydrogen chloride stream having a

second portion of the hydrogen chloride;

30  separating the raw product stream into a vinyl chloride monomer product stream and into a

lights stream having the first portion of the hydrogen chloride; and



20 generating a reactor effluent streamby catal ytically reacting together
et hane, ethylene, oxygen, and at |east one chlorine source of hydrogen

chl ori de,wahi/as2rqe, or a chl orohydrocarbon, where the nobar/usavizeoiof the
ethane to the ethylene is between 0.02 and 50; 25 cooling and condensing

t he reacteiychid theaiphtsSstieg@ntd tRalgtioalydead togatharvathubt ethhh€ahe &ibyleng the fir st
portion of theﬁlg}/dro en, chloride and a raw cool ed hydrogen chloride stream

havi ng a ox¥gfippRfl {h§chlosie gpurce in thy SERAYENECHEDI | de; 30 separating the raw
product streaminto a vinyl chloride nononmer product streamand into a

| ights stream having the first portion of the hydrogen chloride; and -8 WO
01/ 38274 TRETWIBAOM 2186 Plovidesayraéthodjof nemd faghtisg sinybehiotide, canptisitg teel stgpsr eact
together with the ethane, the ethylene, the oxygen, and the chlorine
source i ®t he generating step. The invention also provides a nethod of
manuf acturing vinyl chloride, conprising the steps 5 of: generating a
reactor effluent stream by catalytically reacting together ethane,

et hyl ene genaratyngemreaated eftuehesieamdryecatalytwally ecasting tagethier ethairep gdhylenb) or i de,

chlorine, or a l.or ohydr.qcar bon reint | ar. rati o of said ethane
to said é’f‘ﬁ%ﬁneﬁ%&:it}ge gf’&% Ordqeo_?ufcf\(l\?gilxgmgﬁ? 2@8%?’@1%1}8’ Cdhdensi ng sai d
react or ehlokéidtocaiioRawhbRinthe Wiols ratid afsaiRl Qlied toShidesmp1&RVis Betwesn Dio2st
portion of said hydrogen chloride and a raw cool ed hydrogen chloride stream

havi A§ anéélond portion of said hydrogen chloride; 15 separating said raw
product streaminto a vinyl chloride nononmer product streamand into a

| ights stream having said first portion of said hydrogen chloride; and
recycl i ngoslaighnd whiasaig sathtehaoceflatntistreah ity provédita taogabdet stédnh hadhgl

et hane, sajd ethylene, 20 said oxygen, and sai hl orine .source in said
generati ugtt@ﬁtlonrwesai%wﬁegeaﬁghﬁ e 252w epeled ?‘éi&ﬁ?é?fh orfe YHEATFRAVINg i ng

vinyl chl,Qet @R pot@8P6f said 8y drden chloride;
15
separating said raw product stream into a vinyl chloride monomer product stream and into a

lights stream having said first portion of said hydrogen chloride; and

recycling said lights stream to catalytically react together with said ethane, said ethylene,

20  said oxygen, and said chlorine source in said generating step.

The invention further provides a method of manufacturing vinyl chloride, comprising the

steps of:

25  generating a reactor effluent stream from a reactor by catalytically reacting together ethane,
ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

30  cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;



steps of: 25 generating a reactor effluent streamfroma reactor by
catalytically reacting together ethane, ethylene, oxygen, and at |east one
chl ori ne wour/ae7of hydrogen chloride, chlorine, or a chlpeDgavoear bon,
wherein the nolar ratio of said ethane to said ethylene is between 0.02

and 50; 36parainigisayl awdprodud etrsdnm ¢nts amciter pacduot stedhaf, aeiiyl shloeidemionopenvi de a

duct . st h fi i i d id d
W bool QEONFLHBAER AL FIBST FHIarids SEA, RAVT b Ol SREEH RO bE said
hydr ogen gt @bitHelene SleNRddedB24 4, 2PEGThILRRH8L z&eam,l%qgﬁlm& 5@%ns ahd a N3Ws

product streaminto a water product stream a viny ori1 de nononer

product streamahpving sad fiyst portiar ofeiddtydesgan chlocide:- 1, 2- di chl or oet hyl ene and
transz1, 2- dichl oroet hyl ene bl ended stream a 1, 2-dichloroethane stream a
heavi 8s stream and a lights streamhaving said first portion of said

hydr ogen r@da)lv@ﬁ%giﬁi arfhy B8R0 1§ lioden ailoAddMteaflFoaIdaaRTtoblel dyifbges thilgade f r om
sai d raw cool ed hydrogen chloride stream recycling said anhydrous

hydr ogen stéedmy i de streamto said reactor as said hydrogen chloride 10
reactant; and recycling said |lights streamto said reactor. The invention
further provides a nethod of manufacturing vinyl chloride, conprising the
15 st eps redycligeswd atliydgos hydespien chiefitle stegain tif sakbiraétonas aid ipaiedgen dbjoride
catalﬁtically reacting together ethane, ethylene, oxygen, and at |east one
chl odPne r&StAESNE8f hydr ogen chloride, chlorine, or a chl orohydrocar bon,
wherein the nolar ratio of said ethane to said ethylene is between 0.02 20
and 50; cooling and condensing said reactor effluent streamto provide a
raw pr oduwedychng ssadvliplate stnepm 0 faid sactoor t i on of sai d hydrogen chloride and a
raw cool ed hydrogen chloride stream having a second portion of said

hydr ogen chl ori de; 25

The invention further provides a method of manufacturing vinyl chloride, comprising the

15  steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a

chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
20 and 50;

cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having
a second portion of said hydrogen chloride;

25
separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights
stream having said first portion of said hydrogen chloride;

30
recovering an anhydrous hydrogen chloride stream from said raw cooled hydrogen chloride

stream,
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separating said raw product streaminto a water product stream a vinyl

chl ori de nononer product stream an ethyl chloride stream a

ci s-1, 2- wwahi/as2oet hyl ene and trans-1, 2- di chl oroet hyl ene bCEUd®®R73G1r eam a
1, 2-di chl oroet hane stream a heavies stream and a lights stream having
sai d firsécypBhg bAd aftlydsaisthydisben gBIdridd k@eantl & saddreh €16 O¥EYaid gy drogcrthystdeus
hydr ogen chl oride streamfromsaid raw cool ed hydrogen chloride stream
-10 WO OoT¢3EmFA PCT/ USO0/ 27701 recycling said anhydrous hydrogen chloride
streamto said reactor as said hydrogen chloride reactant; dividing said
lights streaminto a purge streamand a recycle gas stream 5 absorbing
hydr ogen divitliagisdid lfghosusandntow gegs streaananda weyre gisst@amagqueous hydr ogen
chl or%de stream conbi ning sai d agqueous hydrogen chloride streamwth said
raw cool ed hydrogen chloride 10 stream absorbing and recycling to said

reactor %b&?rbﬁx%rl?ﬁﬁbée'h@ﬂlo?ﬁlieq}o?ﬂﬁzﬂ@gtﬁfg’e%ﬂ'&m%‘% afa?@¥§£ded39u§ﬁ‘§'cgoée%cy]?| e gas

streamto said reactor. 15 The I nve on further provides a nethod o

manuf act whlonigestrearh; chl ori de, conprising the steps of: generating a
reactor effluent streamfroma reactor by catalytically reacting together
et hane, 20 ethylene, oxygen, and at |east one chlorine source of hydrogen

chl ori decoffbiffig §8d agleods hfdtbgininSH ROt BRARYith\aed Rivicddial edrégenrchldrideOf
said ethane to said ethylene is between 0.02 and 50; cooling and

condéfsi sgedai d reactor effluent streamto provide a raw product stream
having 25 a first portion of said hydrogen chloride and a raw cool ed

hydr ogen chl ori de stream having a second portion of said hydrogen

chl ori deabsepmpand nysknigkorsaitl i@t C2 stréga filohidadd purgekteganpranduct stream a

vinyl chloride nononer
recycling said recycle gas stream to said reactor.
15
The invention further provides a method of manufacturing vinyl chloride, comprising the

steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

20  ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50,

cooling and condensing said reactor effluent stream to provide a raw product stream having
25  afirst portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and #rans-1,2-
30  dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;

-11-



product stream an ethyl chloride stream a cis-1,2-dichloroethyl ene and
trans-1,2 30 dichl oroethyl ene bl ended stream a 1, 2-dichl oroethane stream
a heavi ewa@vr/sam and a |lights stream having said first porwsem7edl said
hydrogen chl oride; -11 WO 01/38274 PCT/ US00/ 27701 recovering an anhydrous
hydr ogen reduveringlan sihydeonsthiydrogemcliloridesteaaot fromisp ok ragecoobdd hydiogen chloridam
recyclin% sai d anhydrous hydrogen chloride streamto said reactor as said
hydr ogen tf®Bride 5 reactant; dividing said lights streaminto a purge
stream and a recycle gas stream absorbing hydrogen chloride fromsaid
purge streamto separate an aqueous hydrogen 10 chloride stream conbining
sai d aquéeaysling spidgelydsonsdridaegen chloside siream snsaid reagior avsaedihydyogangphioride
chlorgde e?&{ﬁa”] 15 hydrogenating said cis- 1,2-dichloroethylene and
trans-l,§-§|g | or oet hyl ene bl ended stream to provide recycle feed to said
reactor; absorbing and recycling to said reactor a C2 streamfrom said
purge stream and 20 recycling said recycle gas streamto said reactor.
The i nvedividng seidtlighis syeam B0 PMSQHFAMAnds TaYClgBRUSIa™r i ng vi nyl
chloride, conprising: a reactor for generating a reactor effluent stream
by catalytically reacting together ethane, 25 ethylene, oxygen, and at

| east onabsitbiapi nelregenrohorale flyml said eargestroam desepaldtoin agueoas hydrogen
chlorghydﬁpc%rbon,.mherein the nmolar ratio of said ethane to said ethyl ene
i s bdPwe&hlopdpstredty 50: neans for cooling and condensing said reactor
effluent streamto provide a raw product 30 stream having a first portion
of said hydrogen chloride and a raw cool ed hydrogen chloride stream having
a second cpmbinngsacd agmous hydiogeypathl@desticam;withlsaidavwod¢adainireaen/coBole 27701
means for, separating said raw product streaminto a vinyl chloride nononer
pr oduct $tr%%m and into a i ghts stream having said first portion of said
hydr ogen chl ori de; and

15  hydrogenating said cis-1,2-dichloroethylene and trans-1,2-dichloroethylene blended stream

to provide recycle feed to said reactor;
absorbing and recycling to said reactor a C2 stream from said purge stream; and
20  recycling said recycle gas stream to said reactor.
The invention further provides an apparatus for manufacturing viny! chloride, comprising:
a reactor for generating a reactor effluent stream by catalytically reacting together ethane,
25  ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;
means for cooling and condensing said reactor effluent stream to provide a raw product

30 stream having a first portion of said hydrogen chloride and a raw cooled hydrogen chloride

stream having a second portion of said hydrogen chloride;
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means for recycling said lights streamto said reactor. 5 The invention
further provides an apparatus for manufacturing vinyl chloride, conprising
a reactomwdorsgenerating a reactor effluent stream by cat pBCpUS@ed771

reacti ng toget her ethane, ethylene, oxygen, and at |east one chlorine
sour ce ofmdays fargeparatimgaidiesw prloldactisream dito a vy chloside mutioaeapldact selegnei n
the molar ratio DL said ethane to_said.eth Ie(PeJFs between 0.02 and 50:;
means f or?if JUP AgLISTeADMaxmg;sAl firsh Rpriced 3id Idrogearphlarideeaitl t o provide a
raw product streamhaving a first portion of said hydrogen chloride and a
raw cool ed hydrogen chloride 15 stream having a second portion of said
hydr ogen medang fardecychrgsrd fightsstpam & saidiresafod r aw product streaminto a

wat er .product stream a vinyl chloride nononer product stream an ethyl
chl orisde stream a cis- 1,2-dichloroethylene and trans- 1, 2-

di chl or ogth@yhwidoR Fgthide ro%de@amapﬁmatuzfdiirﬁdhh%cﬁﬁhfw@yl&%l& conpi@y €s
a

stream and a |ights. 0 stream having said first portion of said hydrogen
chl oride; neans for recovering an anhydrous hydrogen chloride streamfrom

said raw i t 2 . for.rec ing said
anhydr oud PR A ARRD BN Rt ER by FalREM e hledohi il

chl ori de ettgéaicpmtygenuhdretoast dnerchloginy burog ofleydiogdnhllsride] €ldatind, @r gai d
react8r. go The invention further provides an apparatus for, manufacturing
vi nyL0chicBlorehydrocarhon; whergin the molariratio elsaidiethaneoisalg eshylenscis §etween 0 ¥@nt
stream b)gmggf)al ytically reacting together ethane, ethylene, oxygen, and at
| east one chlorine source of hydrogen chloride, chlorine, or a -13 WD

01/ 38274 PCT/ US00/ 27701 chl or ohydrocar bon, wherein the nolar ratio of said
ethane to said e | ene, i s between, 0.02 fglﬂd 50; nmeans for cooling and

t ;
condensi MRS CPeting Fd conensing saud reactpr ¢fHupptSirean ta Proyifes BH ROt st r eam

having a sfréz{tﬁha\ﬂﬁ%hif@ﬁ pRkticiP G IMEIRIRN cRIDLAE WA a 3 cBolb@KY EORdECh16H gl ogen
chloride streamhaving a second portion of said hydrogen chloride; neans
for déparntiedmyawng d secondpodinncaf seidhydragenchlogideat er product stream a vi nyl
chl ori de

means for separating said raw product stream into a water product stream, a vinyl chloride
monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights .

20  stream having said first portion of said hydrogen chloride;

means for recovering an anhydrous hydrogen chloride stream from said raw cooled

hydrogen chloride stream;

25  means for recycling said anhydrous hydrogen chloride stream to said reactor as said

hydrogen chloride reactant; and
means for recycling said lights stream to said reactor.
30  The invention further provides an apparatus for manufacturing vinyl chloride, comprising :

a reactor for generating a reactor effluent stream by catalytically reacting together ethane,

ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
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nmononer product stream an ethyl chloride stream a
cis-1,2-dichloroethylene and trans- 1,2- 10 di chl oroet hyl ene bl ended

stream avapp3sitrchl or oet hane stream a heavies stream anBCHRURBg@ETIE Stream
having said first portion of said hydrogen chloride; neans for recovering

an anhy drclssotescatsn, SRERI HE nf14raaid bf id bk foAWMACAR8EE is BYEFREDD2
chloride stream 15 neans for recycling said anhydrous "hydrogen chl ori de

streamt @1830d reactor as said hydrogen chloride reactant; neans for
dividing said lights streaminto a purge stream and a recycle gas stream
20 neans for absorbing hydrogen chloride fromsaid purge streamto separate

an aqueousecanbYstroogkip oid @hdéisims Jatbrthctoeeffitiefitstre@RN® pfivide Samdpradu@ous
hydrogen chloride streamw th said raw cool ed hédrogen 25 chlori de stream

means>f oSUSHE §RYHNAG THHPoriQnfiseiigivdeesenichlarlsand p raW egoled hydingen gHeEds d
purge st rseadh had ag@ﬁﬁgﬁ% o’ §SY dicfidgiaeycl e gas streamto said
l"l]le FRvent 0 ?t (ﬁﬁr plygg?g%

reactor. 30 T urt es an apparatus for manufacturing
vinyl chloride, conprising -14 WO 01/38274 PCT/USQQ 27701 a reactor for

enerating a reactor.efflpyent streamby.catal ytically reacting.together
O hana: | Mhafs FEAE Rt ot R prObct F i e AR oS! S 8 VY KD SEon

chl ori demdionfh phgiucOdtredm, SRERYOMRISH RCRBRNa c¥D1ES-QlcRIdr8@hBAdnd Abns01, 0]
said ethane to said ethylene is between 0.02 and 50; 5 neans for codling

and d8nddishlergetbylicde blendadtreatns 4 U 2rdicklorasthane streana s hbevias steaanpaod adights
stream hayin first rtion of i.d_hydrogen chloride and a raw cool ed
hydr ogen%gﬁﬂ‘%}l?‘ﬂgg s%‘fi ﬁ%%oﬁh% ‘ﬁda‘?%%’gﬁ%\éﬂ Cﬁg)lr@fi’on of sai d hydrogen

chloride; 10 nmeans for separating said raw product streaminto a water
product stream a vinyl chloride_ nononer product stream an ethyl chloride
stream aansfor recoypriRg o tdyHiqus hxdiggen ehlgrde gtream from said raw cooled

hydrogen chioride stream;
15
means for recycling said anhydrous hydrogen chloride stream to said reactor as said

hydrogen chloride reactant;

means for dividing said lights stream into a purge stream and a recycle gas stream,
20
means for absorbing hydrogen chloride from said purge stream to separate an aqueous

hydrogen chloride stream;

means for combining said aqueous hydrogen chloride stream with said raw cooled hydrogen

25  chloride stream;
means for absorbing and recycling to said reactor a C2 stream from said purge stream; and
means for recycling said recycle gas stream to said reactor.

30

The invention further provides an apparatus for manufacturing vinyl chloride, comprising :
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di chl oroet hyl ene bl ended stream a 1, 2-dichloroethane stream a heavies

stream and a lights streamhaving said first portion of said hydrogen

chl ori de;wabi/smans for recovering an anhydrous hydrogen chCDUS@e273d1r eam
fromsaid raw cool ed hydrogen chloride stream neans for recycling said
anhydr ous reyadordgegenehdtimgiadeaconrafnent otrezmm Hy catabtioslyaeastizigdogéthetratigpmn,

chl oride reactant; 20 s for dividing saj ights. stre i.nto a purge

U eam afETeEYaet 19a Ear et eTIog e pE bt Bt U HFarObene. Chor | de
from sai dhRpsHRrcaFRAMVhO RS hRIA ritio SCHARP Band WARRGRY I i9btdRes bl0gam 25
means for conbining said aqueous hydrogen chloride streamwth said raw

cool ed hydadé8en chloride stream neans for hydrogenating said
ci s-1.2-dichl oroethyl ene and trans- 1, 2-dichl oroetbylene 30 blended stream
to provide recycle feed to said reactor; neans for absorbing and recycling

to sai d meaas fr caolid &id @aderdsinpiatibictctotiéffiacsistreaiito prvide aliawMfPoddt 38274
PCT/ US00/ 27701 nmeans for recycling said recycle gas streamto said

react or . Stresan haviag e sy pogianisaighydragss chloside apdp s2v geolpdihydragenshderidesi ng a
Lsis f i ng. t ffluent st b
Doy AP bAUE A RRR o RN ORR, °oC oL o' Lne o} Lo b

catal yti reacting t me, oxygen, and at |east one
chl orine source of hydrogen chloride, chlorine, or a chlorohydrocarbon,

wherejn the lar ratio of said ethane to said ethylene is between Q.02
and 3@; TEARH A SERAYUMS SABHARHI LAYt SEeam 1nia @ prster dredugtsreart p v 4Kl CBloFAgyi de a

raw pr odwdnofiet BATuBAN RS, at?‘etﬁ%llrc%tlor%rsftﬂe%, QEis§l?i-9icBW6é?Eﬁ9necz{Hd9F&rggl,?—nd a
raw cool ed hydrogen chloride stream having a second portion of sal
hydr ogen dihlaspéthigdene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;

15  means for recovering an anhydrous hydrogen chloride stream from said raw cooled

hydrogen chloride stream;

means for recycling said anhydrous hydrogen chloride stream to said reactor as said
hydrogen chloride reactant;
20

means for dividing said lights stream into a purge stream and a recycle gas stream;

means for absorbing hydrogen chloride from said purge stream to separate an aqueous
hydrogen chloride stream;

25
means for combining said aqueous hydrogen chloride stream with said raw cooled hydrogen

chloride stream;

means for hydrogenating said cis-1,2-dichloroethylene and trans-1,2-dichloroethylene

30  blended stream to provide recycle feed to said reactor;

means for absorbing and recycling to said reactor a C2 stream from said purge stream; and

-15-



15 separating said raw product streaminto a vinyl chloride nononer product
streamand into a lights stream having said first portion of said hydrogen
chl ori de;want3s2ecycling said |ights streamto catal yti cal PgTs@ct77410get her
with said ethane, said ethylene, said oxygen, and said chlorine source in
sai d generebs fig redyeling 8&4d Theycleysntiean td said heyctopr ovi des vinyl chl ori de
manuf actured using a process conprising the steps of: generating a reactor
effluent streamfroma reactor by catalytically reacting together ethane,

il ori e R e B b S R, B B e

to said etdpybEne is between 0.02 and 50; cooling and condensing said
reactor effluent streamto provide a raw product stream having 30 a first
portion of said hydrogen chloride and a raw cool ed hydrogen chloride stream

having  aep@e@iith RAEH Sflueht stiRheh BPAlARRAIE RaefihdibgethtPeMid) dhRad 4

PCT/ US00/27701 " separating said raw product streaminto a watefr product
stream ®@xygeny hindailleast ore urgsraf diydrogen eldaritle, ghlosinhyor chl or i de st ream

a cis-1, i.ghl.oroet hyl ene. apd trans-1,2-.dichl araoet.hyl ene .bl ended ream
2 T 5 af bR AR FASHE Ml NRigo G i dR Sl YRR bERREL A DRew  no
said firghdpoytion of said hydrogen chloride; 5 recovering an anhydrous

hydrogen chl oride stream from said raw cool ed hydrogen chloride stream
recyé i ng said anhydrous hydrogen chloride streamto said reactor as said

hydr ogen - OF | ; | o QRN .sai d
reactor . oty dopdthe Bk Mo PR SHEch APRRIK 4 ¥ Irde e SEAM BRE 1) 4
process adiprpestiomofishrl hylfogehehborile and amaw abolod) hpdrmogarctidoridd ftieaeritaviigr eam
froma reactor, by catal ytical | acting together ethane, ethylene,

oxygen, &rf‘ac%dﬂoéé"s“t‘)fgﬁélbyﬁf‘%ﬁe r?éﬁgﬁlﬁ’r ce of hydrogen chloride, chlorine, or
a

15  separating said raw product stream into a vinyl chloride monomer product stream and into a

lights stream having said first portion of said hydrogen chloride; and

recycling said lights stream to catalytically react together with said ethane, said ethylene,
said oxygen, and said chlorine source in said generating step.

20
The invention further provides vinyl chloride manufactured using a process comprising the

steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

25  ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

cooling and condensing said reactor effluent stream to provide a raw product stream having

30  afirst portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;
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chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 20 and 50; cooling and condensing said reactor effl uent
stream t w@ooss2de a raw product stream having a first popCT/@Ro776&ai d
hydrogen chl oride and a raw cool ed hydrogen chloride stream having a
second poepdramngfaidsmmdprogat ayeam ddtb arw aler; pradiucs etperng hivigy 1 chlotide avonpneduct
streaminto,a water product stream a vinyl.ghloride nononmer roduct
Stream  AROURhieath eBeiLoUpRes oo, &t L4-dichlororby{epe aRY s | dna

trans-1, ZictlboBh9labRUA& Gt RIS diRhiofRMand st}%a%?,dd Irdab % @@w&ragg%tﬁg%gsm a

heavi es stream and a |lights stream having sal irst portion sal

hydr ogen sthamohavieg s&d firssqovieon ofpaskhysndgedcblosiday dr ogen chl ori de stream from
sai d an cool ed hydrogen chloride stream -17 WO 01/38274 PCT/ US00/ 27701
recyclting said anhydrous hydrogen chloride streamto said reactor as said

hydr ogen reddvefinglgn ant§dedus Mydroge chlofige Stadagh froMith Rl raiv @RIMBdI hyuﬁ)c%@n Rhilogife
stream and a recycle gas stream 5 absorbing hydrogen chloride from said
pur ge st SE83t o separate an aqueous hydrogen chloride stream conbining
sai d aqueous hydrogen chloride streamw th said raw cool ed hydrogen
chloride 10 stream absorbing and recycling to said reactor a C2 stream
f rom sai depuliggs#d astaydrowiydrogen yhloridg ssednd to @id/ ehetogassaid hwhogénchd@ided
reactor. 15 The invention further provides vinyl chloride manufactured
usi ngla PF¥EEAonprising the steps of: generating a reactor effluent
streamfroma reactor by catalytically reacting together ethane, 20

et hyl ene, oxygen, and at | east one chlorine source of hydrogen chloride,
chl ori ne regycling said lights stream to said reactor.

The invention further provides vinyl chloride manufactured using a process comprising the

15  stepsof:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a

chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
20  and 50;

cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having
a second portion of said hydrogen chloride;

25
separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights
stream having said first portion of said hydrogen chloride;

30
recovering an anhydrous hydrogen chloride stream from said raw cooled hydrogen chloride

stream,;
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chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 and 50; cooling and condensing said reactor effl uent
stream t w@ooss2de a raw product stream having 25 a firstprpousecar7af said
hydrogen chl oride and a raw cool ed hydrogen chloride stream having a
second paedychmg sHid saliydrénsdrydgegen chloode stegans epsaiditeiactgr ssdad hyalrogenadiloride
streaminto a water product stream a vinyl chloride nonomer product
stream &HWfyl chlioride stream a cis- 1,2-dichloroethyl ene and trans-I, 2
30 dichl oroet hyl ene bl ended stream a 1, 2-dichl oroethane stream a heavies
stream and a lights streamhaving said first portion of said hydrogen
chlori de;dmcilagm%olghmmnﬁmwamgﬂ streagyandragigoya¢ Rasgitieamanhydr ous hydr ogen
chl orkde stream from said raw cool ed hydrogen chloride stream recycling
sai d anhydrous hydrogen chloride streamto said reactor as said hydrogen
chl ori de abSorbiagdiyaindgendhior fliefibns sdid pligg Rirsarfité SepardtdiPagueps BRIrégeneam and a
recycle gas stream absorbing hydrogen chloride fromsalid purge streamto
separ at e CBIOridg §EA® hydrogen 10 chloride stream conbining said aqueous
hydrogen chloride streamw th said raw cool ed hydrogen chloride stream 15
hydrogenating said cis- 1,2-dichloroethylene and trans-1, 2-di chl oroet hyl ene
bl ended sbmbming $add pruzeusikydregenadhéorideasdetm vaith chid sactaled isegenichtpraied

recy bi ng to said reactor a C2 streamfromsaid purge stream and 20

recy ingtrgaé’il’d recycle gas streamto said reactor. Additional features and
advant ages of the present invention are nore fully apparent froma reading
of the detailed description of the preferred enbodi nents and the
acconpanybsugbing andiavyslingtoshidohact@m €2 gueaen froghsavkpwhestengrandat i on, as

best understood fromearlier publications, of a contenplated

et hane-to-vinyl chloride process enploying a catal yst capable of converting

recycling said recycle gas stream to said reactor.
15
The invention further provides vinyl chloride manufactured using a process comprising the

steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

20  ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

cooling and condensing said reactor effluent stream to provide a raw product stream having
25  afirst portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
30  dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;
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ethane to VCM 30 Figure 2 shows an et hane/ethyl ene-to-vinyl chloride
process enploying a catal yst capable of converting ethane and ethylene to
VCM vi a oxgdebseds o- chl orination. -19 WD 01/ 38274 PCT/ USOOPCT/Tedo/27RIIgUr € 3
nodi fi es the oxydehydro-chlorination process of Figure 2 to show further
hydr ogenatdovering aiishydisiRhgaeptnyhiorige st framSsatli oM oRdiHytapee chlofidans to
1,2- dichloroethane. 5 As noted in the Background di scussi on of the present
speci fi c&F8M, oxychlorination is conventionally referenced as the

oxi dative addition of two chlorine atons to ethylene from HCl or other
reduced chlorine source. Catal ysts capable of performng this chemstry
have beeecyclingsdid aeltydasusindidden ¢hloeide sticatatmsdayd teacfoOhasdaid Kydrégen didrider |

A, drocarbon Chenistry, John Wley & Sons (New York, 1995), pg 226].
Deaco cH%%?%?#y refers to the 10 Deacon reaction, the oxidation of HO to
yield elemental chlorine and water. In contrast to oxychlorination, the
preferred process described herein preferably utilizes
oxydehydrdividingsaidrimhtsmtream iowramirgée stepast dnalreerecyele ganstregmand

et hyl ene-containing streans to VCM at high selectivity.
Oxydehydro-chlorination is the conversion of a hydrocarbon, 15 using oxygen
and a chlg§drbmgSIdrégon dhforfledriR k40 phed shrshh a6 ségaede WheqRbls hytRogar bons
either nmaintarntheir initial valence or have their valency reduced (that

i s, dPa chlosdastreanain spa or are converted to Sp2, and Sp2 carbons remain
sp2 or are converted to sp). This differs fromthe conventional definition
of oxychl orinati on whereby ethylene is converted to 1, 2- dichl oroethane,

usi ng oxygmibirngsaid eleotus hedregen chboridu stlgam wiel said eave esated hydeagenahlorileency
20 (that is, Sp2 carbons are converted to spa carbons). Gven the ability
of the cdt8Wst to convert ethylene to vinyl chloride, it is advantageous
to recycle ethylene produced in the oxydehydro-chlorination reaction
process back to the reactor. The byproducts produced in the

oxyddhy dhydwmigkmatingatidaris-i 2adictdoroethylend ené thay -1 2hdiohlochethylgn2-bikndhd stresen hane,
cis-1,2- diChH§JO§%$¥%FHE and trans-1, 2-di chl oroet hyl ene. The
oxydehy drfO PENIG BT 659 Laaf {R9F9s 25 al so an active catalyst for the
elimnation of HC from saturated chl orohydrocarbons. Recycle of ethyl
chloride and 1, 2-dichloroethane is, in some cases, advantageously enployed
in the prabeibmeend sfcyelingto sekl isa¢taza CFeeare fionhsadpwicgsireansamd chl or i nat ed
organi c

20  recycling said recycle gas stream to said reactor.

Additional features and advantages of the present invention are more fully apparent from a
reading of the detailed description of the preferred embodiments and the accompanying
drawings in which:

25
Figure 1 shows characterization, as best understood from earlier publications, of a
contemplated ethane-to-vinyl chloride process employing a catalyst capable of converting
ethane to VCM.

30  Figure 2 shows an ethane/ethylene-to-vinyl chloride process employing a catalyst capable

of converting ethane and ethylene to VCM via oxydehydro-chlorination.
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si de-products are the dichloroethyl enes. These materials are, in one

enbodi nent, hydrogenated to yield 1, 2-dichl oroethane. 1,2-dichloroethane
is a | argeovodszme chemical 30 and is either sold or recycbetusioe7an
alternative enbodi ment, EDC is hydrogenated conpletely to yield ethane and
HCL. | nt digmdBahalifieie okyddhydioagoratation procesy of Rigutt Qrte Shdb further

1, 2-di chl or oet hane, et hane, ethYI chloride, . and HCl; such m xtures are al so
appr opr i dydrogerationgf gt dichlgroefylesg vag fryas-gichirosthylans sieamsdeddr. - 20 w0
01/38274d§%ﬁ&9ﬁﬂ8&27701. Turning now to consideration of Figure 1, for

et hane-to-vinyl conversion as best understood fromearlier publications,

Et hane to VCM Process 100 shows characterization of a contenpl ated

et hane-to-viny]. chl gri de progess .e ing a catglyst capaple of converting
5" 6t hne AVHA e BeeiBo GRS sIoHB B sroed sHeuteato. GRGhIRaBFer B nput o
si gni fi caBhverfidBally fek@dncll aSIRYIxEREVE hdTi6h b0 SE6IE Romb E(ﬁ@fﬁ?leﬁ’é from

feed-streans to the ethane-VCM reactor (Ethane Reactor 102). 1t should

al so be Mitlewt otheatr¢dusedcldonme ssuheen d-atalysts caplablercdipaffacniog ithrig chamsiseyrhave
appropriate normal, manuf.actpri ng scal t, t he, best. know edge of
Che hveeeh v A aviREh BhtRl cBaTSF 58y 28 A MBI g B BeaciB8tar et he
only 10 schenfigsy, Tetin Wilkp& SBiL BNewY6ik, 1995, PELTH]PIDRYEHSheyhi BN eR§ thathk zed.
In this regard, Process 100 is_a unifi ed and sinplified approxi mation to
pr ocd8sePesern keetiane the axédatiensf HG to wisldeglemenfabghleriic apdvatdispect i ve to

I nvestigati ons and devel opnents at EVC Corporation: Vinyl

Chl ori de/ Et hyl ene Dichl oride 94/95-5 (August, 1996; Chem cal Systens, Inc.;
Tar ryt owln coietvastr'or deychlbfin&iton, S prefelsePpioesds des@bad h6iin piSfdrstile ntilizes728, 905;

and US 15 Patent 5,763,710. In consjderation of the details, shown in
Fi gure 1,oxzﬂ%aﬁa)-ﬂéa%a&on1@@@&?&&@@%@&@@1&% a@%ﬁyleae-eﬂgwewg@&ea% 106

where HCly, WM‘A@H@H%Q&&M@. b@l?déh?ﬁﬁ-@dloﬂﬁ‘atti%ti fielcbbeddion HERF&rocdrBbiy 106

forwards a raw strong HCl “agqueousS streamto Phase Separation” Subsyst'em 20
108. 1PhaswinSepygat indrn Bldrmessoeree 1106 dilikrmatesi lydfdoaibnstireegimtheocatbingditbers HCI
Recovery SubsyEt.em.l

ey BBt 5 APV el BB P NPOER
aqueous sk hRABnvAING spUandisp’ REEAY BdiitaiSEpSotSr € BdnyHe Ptd DYt FThisldifgam 130 to
recycl e anhydrous 25 hydrogen chloride to Ethane Reactor 102, and Anhydrous
HCO = Rec ooy thegesyentiepgl defnition of oxychlorination whereby ethylene is converted to 1,2-
dichloroethane, using oxygen and a chlorine source, with a net increase in carbon valency
20  (thatis, sp’ carbons are converted to sp’ carbons). Given the ability of the catalyst to
convert ethylene to vinyl chloride, it is advantageous to recycle ethylene produced in the
- oxydehydro-chlorination reaction process back to the reactor. The byproducts produced in
the oxydehydro-chlorination reactor include ethyl chlofide, 1,2-dichloroethane, cis-1,2-
dichloroethylene and trans-1,2-dichloroethylene. The oxydehydro-chlorination catalyst is
25  also an active catalyst for the elimination of HC] from saturated chlorohydrocarbons.
Recycle of ethyl chloride and 1,2-dichloroethane is, in some cases, advantageously
employed in the production of vinyl chloride. The remaining significant chlorinated organic
side-products are the dichloroethylenes. These materials are, in one embodiment,
hydrogenated to yield 1,2-dichloroethane. 1,2-dichloroethane is a large volume chemical
30  and is either sold or recycled. In an alternative embodiment, EDC is hydrogenated
completely to yield ethane and HCL. Intermediate severity hydrogenations yield mixtures of
1,2-dichloroethane, ethane, ethyl chloride, and HCI; such mixtures are also appropriate for

recycle to the oxydehydro-chlorination reactor.
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al so outputs water (for subsequent use or to waste recovery). Anhydrous HCl
Recovery Subsystem 110 returns a relatively dilute agueous stream of HCL
(hydrochivoobo3saed d) via Stream 128 to Quench Col um 106. pQERai27Gal uim 106
al so outputs a fluid streamto Lights Colum 114 where a |ights stream
containing ethylene is further renoved fromthe 30 reactor effluent
product stream Li hts | umm 4 outp ts the lig !LS streamto Direct

Chl or i nat iUSHNREQWt erwlﬂ Ty ‘%‘HFér B?'F‘ééﬂﬂy ogversionashest ynderstqodct | y
chl ori nat S‘Jiiﬁ'lheé\ﬁ%lc &ﬁeEﬂhh SvEM Ft%@%és '“)9 sE¥s cha%tépgagc% 38474
(1,2-dic

PCT/ USO0 277 l'oroethane). EDCis recovered i n EDC Recovery
Col umm 11:6ntfemplatatg:thi1r£e ttomnﬁtchhmelelﬁemsmmplogmgamatad{yscemahlemfa:nnvmtmg)f t he

r emai rec Iedto Et.hane . Reactor.10 ream 134 with
0 (A bl oY CHEndBs HEENE 1P st HERI AENAF Oping0t of Mg HeHRasur enent
(not ShO\é{ﬁhntﬁt‘{Hs dfeylefe FoaPitiePlecIe s@BArfs b REd-SHOAMAY toThd@hfleoVaM i on of an
appropriate portion of the remaining lights gas for processing via Vent

Oxi dat i oﬁeagmrt(Enh_aae R@agernlé}% 3 SQOMé@iSOShern@mth@r sinemagvethangftosmylc2, and

ot her i Ef fl.u romLi | u 4 whi ch
does notm%r iaésgﬁl oSy e?le?%pﬁfvﬂ%fgger?gpngl a%ct ng %6%%5 &F%@%&’Sg‘( a) first,
to Dryi ngnbwialgs beihe idntars, beempatadonsifuctal gropo§dd) prbedss h'ﬁqs roadh@s ¥€lhe onl
Purification Colum 122 for segar ation of VCM (vinyl ori de nmononer

prodd@t ; sawges fon embodmments wixgh ! a\teob%@mvwskyoqqyﬁ%p@zﬂweﬁor Inthisgogardof
h f | f
eavi es 398'%???&1 Rl ?ﬁéa an§ hﬁ ansJa}%ﬁoégaﬁﬁ%%%dngﬁsgﬁg&&gmetleweﬁ i

cis-1I, or oet hy ene an oroe
1, 2- di chlsevemelttheatloas mspemlvbmm1rﬁest1@ndnmddefevelbpmehusat BN oCgaoiatien: | n an

15 alt ti t d .enb d ti f th
ot r ot uran PR BBl e T B8Rt KBRnFamrebSsrme ol um 114,
with the T\é%&ﬁf NG ToR] EPIE1 849, OTPhEAY, §63C4145ums ﬁ&émfsen%oﬁ%mged (a)

first, to VCM Purification Col’'um 122 for separation of (vi nyl

chl olp de Patembdg63,7p9.0duct and then (b) further, to Heavies Columm 124 for
renoval of heavies and generation of Stream 132. 20 Finall y, Stream 132
forwards to RCl(chlorinated organics) Hydrogenation Reactor 104 where

addi t i on [@tomydbragmrorehd ¢eiik showa Gy Figarst fEBsad Reéaciod@ 02 bdipie 4 Muifsheane
Reactor %(? (%uench Column 106 where HCl is quenched from the reactor output effluent. Quench
Column 106 forwards a raw strong HC1 aqueous stream to Phase Separation Subsystem
20  108. Phase Separation Subsystem 108 outputs a fluid stream to Anhydrous HC1 Recovery
Subsystem 110 where aqueous hydrogen chloride (hydrochloric acid), anhydrous HCI, and

water are separated from the raw strong HCI aqueous stream.

Anhydrous HCI Recovery Subsystem 110 outputs Stream 130 to recycle anhydrous

25  hydrogen chloride to Ethane Reactor 102, and Anhydrous HCI Recovery Subsystem 110
also outputs water (for subsequent use or to waste recovery). Anhydrous HC1 Recovery
Subsystem 110 returns a relatively dilute aqueous stream of HCI (hydrochloric acid) via
Stream 128 to Quench Column 106. Quench Column 106 also outputs a fluid stream to
Lights Column 114 where a lights stream containing ethylene is further removed from the

30  reactor effluent product stream.

Lights Column 114 outputs the lights stream to Direct Chlorination Reactor 112 where
chlorine (Stream 126) is added to directly chlorinate ethylene in the lights stream into EDC
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Turning now to consideration of Figure 2, according to the preferred
enbodi nents of the 25 present specification, Ethane to VCM

Oxydehydmoe ohbsard nati on Process 200 shows an et hane/ et hyPeneseo®7voinyl
chl ori de process enpl oying a catal yst capabl e of converting ethane and
et hyl ene (1 2-dvNbroethane)y B tr eeaelal inBDC Recovieny Chiusnr Elfafod rectytle topr ocess

o o s hiboe 500 16, Bt S ot S st LB RSB AE AN o
Et hane/ EtRgt@P 0T 85 s{@\{kﬂw\%hﬁ TP aoAThORIIR) cBRASSIG6n RBtrdAentation
Et hane/ Et hyl ene To VCM ydehydro chlorinati on Reactor 202 receives input

from (a)préaéidgstmeawsnEnhamobshosad f@tuseams eomrol piiterAsddoshowai 224, O<ygen

d d Chl b
e ro Sonahtion BEfh ShsS0dle npfEt o ik Fam BE RS ERPLERISE B T 1 e
recycl e Shig¢aondAdt B t08leheratdOvdnk Stfeadd for 28mMVQ1 OLCBRZ0H, MATothiApdriniésl EDC

Stream 262 when EDC i s advant ageously used for recycle according to the

mar ket aﬁ'@mWéb'ﬁ?monal conditions at a particular nonment of manufacture.

As reflected in Dow Case No. 44649 to Mark E. Jones, Mchael M d ken, and

Daniel A. 5 Hickman, entitled "A PROCESS FOR THE CONVERSI ON OF ETHYLENE TO
VI NYL Oﬂfﬂﬁ&dbﬁorﬁbl@hN@tEhmﬁATAWh d8dYRO6Prot €S o WhitdetCh Fotina thbd RieacRiROCESS" |

fil t ob 3,. 2000 i .t h ited R
Vi | 1ONa/ T2 el it o 6RupB S1bsS h ATt B Sryetel Qe ater v oL ERE AE i ene To
vau &y%nreétponc@&eﬁfnm'f&nsegm%%f%@%4 ERICHR e Bhodchas] pofd @12 ear th

material. The rare 10 eart re a group el ements consi sting of
scandi umtieat (oyfurthay tdBieaddy Colptrinr i24rfor (eatcvad of heavioeandgynesatwntofi Stream

sarvea 43 SRS, MR deatiid phe IR pBrod Rl ras 12T oot Shyvst

can be Riichtdrdedlylefe,di1-BiRhloRodiRdnRUethylubldtid¥RARTY btBér dhﬂoridatéaacﬂﬁiiﬁcssmpr ted
on a suitable support. Preferred rare earth naterials are those based on

| ant Hénumite@envmmmwdﬁmbpdmmpb@s@é@nmqnﬁdew@pﬂtféhmlmﬁpra@aﬁ,emymg
yttrium ef)
t hul i um Sglﬁ Jf @UMW“%P‘S{O&@ H@rsg&e{h%ﬂa?% WI{I} er :\}zgﬂg @H—&ﬂ% egﬂ%er?tt he
af or enentftammEcghmlpnmdé%)eﬁrgefohaaréeﬁ (m)fitdnasé/ Crr Emeﬁctdthnﬂ(ﬂumamﬂ 22 ¥dri ch are
typically consi sin e eri tic
perfor rraﬁeléar%ﬂ‘onrﬁt}e\%éﬁ)@ iﬁgy"g%ff@ PRF %E‘ég?lg’% fPJég"sr 3% ¥Bl e t han
those thatoldht 134 RéHrémYd1 9 ¥avidsOnd @EAERMiGh of Stream 132.
20
Finally, Stream 132 forwards to RC1 (chlorinated organics) Hydrogenation Reactor 104

where addition of hydrogen effects a recycle stream for forwarding to Ethane Reactor 102.

Turning now to consideration of Figure 2, according to the preferred embodiments of the
25  present specification, Ethane to VCM Oxydehydro-chlorination Process 200 shows an
ethane/ethylene-to-vinyl chloride process employing a catalyst capable of converting ethane
and ethylene to VCM via oxydehydro-chlorination; in this regard, the process provides for
input of significant quantities of both ethane and ethylene from either recycle streams or
feed-streams to the reactor ( Ethane/Ethylene To VCM Oxydehydro-chlorination Reactor
30  202). Ethane/Ethylene To VCM Oxydehydro-chlorination Reactor 202 receives input from
(2) feed streams Ethane Feed Stream 222, HCI Feed Stream 224, Oxygen Feed Stream 226,
and Chlorine Feed Stream 228 and (b) recycle streams Ethyl Chloride Stream 230,
Hydrogen chloride (HC1) Stream 266, and lights recycle Stream 248 as well a portion of
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20 ceriumis known to be an oxidation-reduction catalyst having the ability
to access both the 3+ and 4+ stable oxidation states. This is one reason
why, if tweor/ames earth material is based on cerium the patr/abyexr77diurt her
conprises at |least one nore rare earth element other than cerium

Pr ef er ablEDC Sfrean 262 fwhich &D@ issaade anth feousypised, fod réayclehecardingl ty shie markeeandum
the cerium i.s provided in a [mllar ratio.that.is |l ess than the total anount

of ot her 9PSFaEORE cORLtRSAL @artiqilas gnqrpent of MapBEtUIQ o referably, however,

substantially no ceriumis present in the catalyst. By "substantially no
ceriunt it is nmeant that any ceriumis in an anount |ess than 33 atom
per cent d¥s reflectedimeDen Galse Nonhdiddrto Marls e fereaiViychheldd. Otken, @6l Raroeh fer cent

For o APRRYE LRI ERACI EQROMIECRR G ERNoNor BT p e TR, AfRL '

pr aseody CHIMORIDE] AND' ROVHL Chged.Y PsOMPOSHIONSUSBFULEFOR SUTH of t he
rare earths used in the catalyst is |lanthanum Furthernore, for the

et hyl ene FEOES T, fideds aregctober 3/2009 ivtbe $hited StatgssRecgivang Office, Expressdlailyst i s
bst ant iygl . | - 00/ 27701
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materials appears to be less desirable than those that are single valency. For example,
20  cerium is known to be an oxidation-reduction catalyst having the ability to access both the
3" and 4" stable oxidation states. This is one reason why, if the rare earth material is based
on cerium, the catalyst further comprises at least one more rare earth element other than
cerium. Preferably, if one of the rare earths employed in the catalyst is cerium, the cerium
is provided in a molar ratio that is less than the total amount of other rare earths present in
25  the catalyst. More preferably, however, substantially no cerium is present in the catalyst.
By “substantially no cerium” it is meant that any cerium is in an amount less than 33 atom
percent of the rare earth components, preferably less than 20 atom percent, and most

preferably less than 10 atom percent.

30  The rare earth material for the catalyst is more preferably based upon lanthanum,
neodymium, praseodymium or mixtures of these. Most preferably, at least one of the rare
earths used in the catalyst is lanthanum. Furthermore, for the ethylene-containing feed to

VCM process of this invention, the catalyst is substantially free of iron and copper. In
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It may al so be advantageous to include other elenents within the catalyst
in both of the porous, bulk material and supported fornms. For exanple,
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zirconium, hafnium, aluminum, and combinations thereof. These elements can be present to

alter the catalytic performance of the composition or to improve the mechanical properties

(for example attrition-resistance) of the material.

25  Prior to combining the ethylene-containing feed, oxygen source, and chlorine source in the
reactor for the VCM process embodiment of this invention, it is preferable for the catalyst
composition to comprise a salt of at least one rare earth element with the provivso that the
catalyst is substantially free of iron and copper and with the further proviso that when
cerium is employed the catalyst further comprises at least one more rare earth element other

30 than cerium. The salt of at least one rare earth element is preferably selected from rare earth
oxychlorides, rare earth chlorides, rare earth oxides, and combinations thereof, with the
proviso that the catalyst is substantially free of iron and copper and with the further proviso
that when cerium is used the catalyst further comprises at least one more rare earth element

other than cerium. More preferably, the salt comprises a rare earth oxychloride of the
24-



Typically, when the salt is a rare earth oxychloride (MXCl), it has a BET
surface area of at 15 least 12 nR/g, preferably at |east 15 nR/g, nore
pr ef er ablwo at/3ad2east 20 n2/ g, and nost preferably at | easpCBUSONZ7g01
General ly, the BET surface area is less than 200 n2/g. For these above
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20  that the MOCI phases possess characteristic powder X-Ray Diffraction (XRD) patterns that
are distinct from the MCl; phases.

It is also possible, as indicated in several instances previously, to have mixtures of the rare
earths (“M”) within the MOCI composition. For example, M can be a mixture of at least

25  two rare earths selected from lanthanum, cerium, neodymium, praseodymium, dysprosium,
samarium, yttrium, gadolinium, erbium, ytterbium, holmium, terbium, europium, thulium
and lutetium. Similarly, it is also possible to have mixtures of different MOCI compositions

wherein M is different as between each composition of the MOCI’s in the mixture.

30  Once the ethylene-containing feed, oxygen source, and chlorine source are combined in the
reactor, a catalyst is formed in situ from the salt of at least one rare earth element. In this
regard, it is believed that the in situ formed catalyst comprises a chloride of the rare earth
component. An example of such a chloride is MCls, wherein M is a rare earth component

selected from lanthanum, cerium, neodymium, praseodymium, dysprosium, samarium,
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conprises the follow ng steps: (a) preparing a solution of a chloride salt
of the rare earth elenent or elenents in a solvent conprising either
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20  hydroxide. The solvent in Step (a) is preferably water. Drying of the catalytically-useful

composition can be done in any manner, including by spray drying, drying in a purged oven
and other known methods. For the presently-preferred fluidized bed mode of operation, a

spray-dried catalyst is preferred.

25 A method currently felt to be preferable for forming the catalyst composition comprising the
rare earth chloride (MCl;) comprises the following steps: (a) preparing a solution of a
chloride salt of the rare earth element or elements in a solvent comprising either water, an
alcohol, or mixtures thereof; (b) adding a nitrogen-containing base to cause the formation of
a precipitate; (c) collecting, drying and calcining the precipitate; and (d) contacting the

30 calcined precipitate with a chlorine source. For example, one application of this method
(using La to illustrate) would be to precipitate LaCl; solution with a nitrogen containing
base, dry it, add it to the reactor, heat it to 400°C in the reactor to perform the calcination,

and then contact the calcined precipitate with a chlorine source to form the catalyst
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20  ethane, ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or
a chlorohydrocarbon, it is to be noted that catalyst selectivity in the conversion of these
streams to VCM benefits by, first, conditioning lanthanide-based catalysts with elemental
chlorine. Catalyst selectivity in the conversion of these streams to VCM using lanthanide-
based catalysts also benefits when elemental chlorine (Steam 228) is included as a portion
25  of the chlorine source to Reactor 202. It should also be noted that any other catalyst
systems, which exhibit the capacity to convert both ethane and ethylene to VCM, are
advantageously, in alternative embodiments, also used with the VCM process and apparatus

herein disclosed.

30  Chlorine sources (selected from hydrogen chloride, chlorine, and a chlorohydrocarbon) HCI
Feed Stream 224, Chlorine Feed Stream 228, any portion of EDC Stream 262 chosen for
recycle, and any other recycled or raw material feed streams containing, without limitation,

at least one of a chlorinated methane or a chlorinated ethane (for example, without
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the hydrogen chloride which exited Reactor 202; the raw product (vapor) stream is Stream
20 240.

Stream 234 is conveyed to Phase Separation Subsystem 206 for removal of residual organic
compounds from the raw cooled HCI. Phase Separation Subsystem 206 is, in alternative
embodiments, a decanter, a stripper, or a combination of a decanter and stripper. From

25  Phase Separation Subsystem 206 the removed organic materials (essentially in liquid phase)
are conveyed to Lights Column 210 via Stream 242, and the separated raw cooled
(essentially aqueous liquid) HCl is conveyed as Stream 236 to Anhydrous HC1 Recovery
Subsystem 208. Anhydrous HC1 Recovery Subsystem 208 receives (aqueous) Stream 274
from Vent Oxidation Unit (a thermal oxidation or other oxidation unit useful for vent stream

30  purification to acceptable environmental compositions) 214, Stream 278 (aqueous) from
Lights HC1 Absorption Unit 276, and (aqueous) Stream 236 and generates output stream
Stream 266 as anhydrous HCl recycle to Ethane/Ethylene To VCM Oxydehydro-
chlorination Reactor 202. Stream 268 outputs water from Anhydrous HCI Recovery
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Subsystem 208 for subsequent use or to waste recovery. In sunmary,
Anhydrous HCl Recovery Subsystem 208 provides functionality to recover an
anhydr ousvbydss2gen chloride streamfromthe raw cool ed hpdrogev7ehl ori de
stream and ot her aqueous HCO streans of Process 200. Anhydrous HC
Recover y S8hysten 208 R98ubdeguent assy/ail te svasteerecovieyyd lo sismfmaiyy Anbgdrous HICr i de

th tor. ld b t, tot f skill,
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Li ghts Colum 210 where a 10 Irghts stream (vapor Stream 244) containing

et hyl ene Preces124th ehnhydnosddiC RenoverydSubsystern 208 eksp repynles theaabgdross r eam Not e

that, <in . h tem, dj ssed,in Figure 1 he, et e from
Lighi & CLyaRRESTHofige LABeDYRbaR LB SHREET Ak Shtl BE Sertrnh 5 oS AT T
Oxydehy diitere Btethdrahdtbod oREHE foF sepdrativk bhRyiro@PHTE frdmfixti@e F6IGratdParff t €1
separation of HCl and lights stream (Stream 244) fromthe reactor effluent,

Li ghts HEFlurm 210 forwards Stream 252 for separation of a water product
stream a vinyl chloride nononer product stream (Stream 254), an et hyl
chl oride stream (Stream 230), a cis-1,2- dichloroethyl ene and

t rans- 1, LodlingCondatstry2 Odradsdodiemede Stredr @40n(apor)aamigfiOToluannl2 12-where a

di chl gor oet hane stream (Stre 262), .and_ a_ heavjes stream (Stream 264). The
ma_nni& ofieh5 SHPATB EY4ROg iR 44) wa%al@%aﬁha_ﬁnsa%ﬁ@ewwe%%ro he ﬁ%@_réf
skill, ap@nRnepah@nitksh. Nb‘f@ﬁﬁt,ﬂ{com‘fx‘a@ﬁ%"[ﬁﬁws%ﬁj&i ds&&An FQREFShEni tS can

be deployed in various configurations to achi'eve these sep rations. Drying
Subsyst esthylieae fivamM.zhtsi Colunmni2d0 iCobstiynreatsed asmdcydbato tbaredtuyiene T8 CM

cuch,  snomRer AR Ehenb AR B oS AR R SRBIOBDG ™ ST LAl col um

representing at |east one physical 25 columm, although, in one contenplated

enbodi ment, each columm could be only a single physical colum) for
sepadat i drftesseppration ofiH(dmd dights styepm kb eenme 238t fram thexsactorfflyent, Iaghtsr i de

SUream 230y, 0516 A3k e dhoRbanSHMARS SARADAA0 .« ARA DG PhigAm 262

wi th Heavl es teri ructroh rn’a was
or gani ¢ imonoarer productsstreamn (StreapPfHpan ethel ¢ oddecstreahngSacirh@3 g aeisal ,2-

Rty N R R e ST
Forver ded p S e B S R PRl et o
EDC 24, 2effecting these final separations is apparent to those of skill, and a substantial number of
classically-utilized process units can be deployed in various configurations to achieve these
separations. Drying Subsystem 216, VCM Purification Column 218, and Heavies Column
220 conveniently depict, therefore, the general separation systems (and, as such, should
have the term “column” interpreted as a “virtual column” representing at least one physical
25 column, although, in one contemplated embodiment, each column could be only a single
physical column) for separation of Water Stream 256, VCM Product Stream 254, Ethyl
Chloride Stream 230, Cis/trans-1,2-dichloroethylene Stream 260, and EDC Stream 262,
with Heavies Stream 264 as organic material for destruction in a waste organic burner or
use in an appropriate product where the general properties of Heavies Stream 264 are
30  acceptable. In an alternative contemplated embodiment, Drying Subsystem 216 removes
water prior to Lights Column 210, with the effluent from Lights Column 210 being
forwarded to VCM Purification Column 218. Note again that, with respect to EDC (1,2-
dichloroethane) from EDC Stream 262, market conditions affecting the opportunity for
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di chl oroet hane) from EDC Stream 262, market conditions affecting the
opportunity for -29 WO 01/38274 PCT/ US00/ 27701 direct sale function to
det er mi navo he3gppropri at e anount for either recycle to ReRCT@RO@O2010r
direct sale. In this regard, operation of VCM Purification Colum 218, and
Heavi es @iectrsale fapgidngtoaketesminatthe/aipyoptncanowd fareithentecyay to Reactor 202 or

1, 2-di chl oroet hane.i s purified. for I 1. 2-. di chl.or ogt hane i
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portion finhlerperbeneds putified for recgeledaieadar 207, Endlane) i hdickloeocthany &y
Q<yde§|ydrp%ﬁ%§ g‘{{lc ﬂ?ﬁb%qﬂ%%wl%ng 2 and into a second stream which forwards

first'to t's sorption Unit 276 and then to C2 Absorption and
Stripping Colums 212. Lights HO Absorption Unit 276 outputs aqueous HCl
as Stream 278 to Anhydrous HCl . Recovery Subsystem 208. C2 Absorption and

u
St ri ppi ngetBRBgROWOSireA A a8 Mpxatts frpmdzgh P L0, Siiepmid4dndividedy | ene)
fromthe:faQrt ' t PNy he
recycl e cl)teta1 \ggg%grgarr%?gﬁ a {?}‘%ﬁag&eg@%%lwggg%%ﬁg 4@&@%@% %dreeam gﬁ% whi ch,
15 i n cofxydeltyidoochlogndtionsR eastor 28Papd inté a@sedond Btr&im edichi2bdwartlofirgs tdSt r eam
248. Ab j d Lppi Col 12 al t.puts _a pur stream
to vallc Gistanprs Absadion bt anf i B Geedta e Bbes CBubis Henos pher o
and al somgiﬁyﬁw%so fi6R Unf 246 otp A WRe SUSHCHESISRAGOY B 1% ARk @10 1208.  CO

(carbon nonoxi de) coirposi tion instrunmentation provides-a measurenent (not
shown) f &ecengey Subsysieond(8olChibsasptian qndditrippiog¢iolgonzt2eabsonbamnd stripgf2 an

appropri Lan  of [ I ning Li ght as.f.or processj Vi

AoSor pr 1 Seril e Bha BRI bRFoLL H0GE B30 [ HapP BREERPF OBt 4™
gener at e aveiisureIhé eRPT12 20t Materitlo t6 RRactBn2025¢is UIR &l ele [Shrebtn A6 &tiah)| €
| evels in the process.. Sinmulated relative streamflows and stream

conpd3i t ibFNYigatiqn the fgst sEeapenpitiop demy §iream 244.founs Heans addr 6 dbsorption ar e
! . . e g H0aty C
Ao aaff SIHPRSCORARL 81 856 Slkls AT Lstleam @Y rt OMAMEE Y [l U )

dat a uses rived cat or mance nmeasurenen
| ant hanuonipxtscVn Strdem 250 4@ the degospbsreGad silsoq aquedue)sStematm 214l tg Aarhiy ek

pressure; ther detajls eferred, catal yst. are appreciated from a
B udy of HG\ Hskexarssibeilontat¥ Sl laRldn Robrad Htorins vt O AT GHOER DE, | AND
NOVEL CApAYRSE a measurement (not shown) for use in a control system’s (not shown)
20  determination of an appropriate portion of the remaining lights gas for processing via C2
Absorption and Stripping Columns 212 and Vent Oxidation Unit 214 to generate Vent

Stream 250 so that CO does not accumulate to unacceptable levels in the process.

Simulated relative stream flows and stream compositions for Ethane to VCM Oxydehydro-

25  chlorination Process 200 are appreciated from a consideration of Table 1. Table 1 (mass
unit/time unit) data uses laboratory-derived catalyst performance measurements for
lanthanum oxychloride at 400 degrees Celsius and essentially ambient pressure; further
details on the preferred catalyst are appreciated from a study of “A PROCESS FOR THE
CONVERSION OF ETHYLENE TO VINYL CHLORIDE, AND NOVEL CATALYST

30  COMPOSITIONS USEFUL FOR SUCH PROCESS”. Table 1 shows some flows as a zero
in the context of the simulation generating the data, but such a numeric value is not intended
to mean a total absence of flow or absence of need for a stream. Table 1 does not show

Ethylene Feed Stream 289; in this regard, and reprising an earlier point, when market and
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102 Reactor Fluid bed ethane reactor. Vertically oriented reactor system
with gas feed at bottomand outlet at top. Vertical cooling tubes in bed
and i ntewab1/3229€£l ones (up to 3 in series) |ocated at thertDpsoo/2ly@i cal
dianeters up to 20 feet. Height of fluid bed 30 to 50 feet, with total
hei ght of 80 feet. The reactor tenperature of > 400C requires that a high

ni ckel be used.for stru dro enat.i qn drogenati on
r eact or ‘E%H%{rt?% ﬁeﬁt mlg{}g@‘gb}‘r‘g& Vith €SEZHPBY i nat ed,
such  as 1&'c§clé P?oc@ksciﬂo%&ﬁh@é/ E&‘n@ﬁe 12 VCK@Oﬁy&eh?ydrcﬂétﬁ&‘n%i%ﬁtﬁi‘é(de@sﬂ?do Whht hei r
saturated derivatives for recycle to the reactor. and Scrub

Product dRGE {dichiproethylengy Hydrogenatioo Ut 280dfot frd hydmgdmﬁmgtca béparated from
the v

an- or gandienaetTRIDENERE: SRS T Ot T O RO “ana

organi ¢ SplRamen0fan@ byFeeyding HtbotputRireia i@ ReyctéCl02e MR @n Witédative hori zont al
tank provided with internal baffles to allowthe heavg}@phase (nost likely

t he aque@l}&oé@il@t Sgif?égfé 238,260y pred 2 are sepsratedhas onieadigie péfmﬁt@nntlne eXﬂ.Ct
vesber | Fhavi SRR T addint PReR ASRRY sl By e ST DO I BAERGRD D

t he vess@B0for renoval. The aqueous phase is then, in sone enbodl ment s,
stri Eged of organics. 110 HCl Recovery The aqueous HCO stream fromthe
separator is recovered as anhydrous HCl for recycle to the -33

Table 2 presents further detail in components identified in the Figures.

Table 2 — Component detail

Drawing | Name Description
Element
102 Reactor Fluid bed ethane reactor. Vertically oriented

reactor system with gas feed at bottom and outlet at
top. Vertical cooling tubes in bed and internal
cyclones (up to 3 in series) located at the top.
Typical diameters up to 20 feet. Height of fluid bed
30 to 50 feet, with total height of 80 feet. The
reactor temperature of > 400°C requires that a high
nickel alloy be used for construction.

104 RCL Hydrogenation Hydrogenation reactor for converting the
unsaturated compounds (most are chlorinated, such
as cis-1,2 dichloroethylene or trans-1,2
dichloroethylene) to their saturated derivatives for
recycle to the reactor.

106 Cool and Scrub Product gas from the reactor is cooled and the
condensate separated from the vapor. The
condensate has both a concentrated HCI aqueous
phase and an organic phase.

108 Phase Separate Gravity separation of the aqueous and organic
phases from Cooler 106 is preferably achieved with
a horizontal tank provided with internal baffles to
allow the heavy phase (most likely the aqueous/acid
phase, but the nature of the phases depend on the
exact composition of organics in the phases) to be
removed from one end of the vessel. The lighter
phase flows over the baffle into the second half of
the vessel for removal. The aqueous phase is then,
in some embodiments, stripped of organics.

110 HCI Recovery The aqueous HCI stream from the separator is
recovered as anhydrous HCI for recycle to the
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which are aarent to those of skill.

chl ori natwon1/af27€t hyl ene.

This is

112 Direct Chlorination Reactor f

reactor using traditionally depl oyed approaches

or the

typi cal | y acconpl i shedroyuseyBeili ng t he

chlorine__and ethylene into the bottomof a vessel containing EDC. The
react antjs form EDC; the net product| reaorosing traditiomllpderidyedappragoles. The heat
of reaqtion propvides the driving flowhieh émappanemt toubgepfskilt.i on. 114 Prloduct
Split Sepa?ati onDuedt@hioringdidnh r ef r i gReaatoe tbr derdenssion ofitthylédee Thisfs t 0 |al | ow
separatijon of the lights for recycl etypicallyractdngplshdddyiimjediiag thechlarines. {116
EDC Recqvery Standard distillation caldethyiené orto thhbotpur offai vesstl contaming EDC.
118 Vent| Treatngnt (TOX) Vent treatnEDC. Tse @adums/fodn BDChthanetipagiucter atjor f or
t he oxidation of organics (i ncludi ngreoblalrasaabedheadvgmni Tig)hedtaf wat er |vapor,
carbon di oxi de, |and hydrogen chl or| daction pe@videnthe gasng forcedorthbed wi t
water tqQ recovef HC as a rel ativel lyvapotizatien.(10 to 20% HC stream flor
ot her ugdd4 Thi SPredudt Spkt typi cal of Sdphaden dodunig whth refighiged conbensaham|cal
i ndustry and shpul d be apparent to [these tohlleskicphraticha® tHorlights gorPeciycle tjo t he
final sgparatiop of the VCM from thefromtieehlofinsictli@isicswat er is renoved in a
dryi ng [debum. | EDE Receasur e and t enpaddaiddiQiliatich dtlinis f@dhe mirifiatichaf |t he
water ig renoved fromthe bottom of| Ebge col unm and the dry product ils
renmoved [fin®@m t heVedtaReatrieh?d (M6X Col unvient eatmkntatiichiel @avittodm ifdindrdier fHCM
product [as practiced the oxidation of organics (including chlorinated
organics) to water vapor, carbon dioxide, and
hydrogen chloride. The vent gas is scrubbed with
water to recover HCI as a relatively dilute (10 to
20% HCI stream) for other uses. This unit is
typical of those found throughout the chemical
industry and should be apparent to those of skill.
120 Drying Prior to the final separation of the VCM from the
other products, water is removed in a drying
column. The pressure and temperature are adjusted
such that the water is removed from the bottom of
the column and the dry product is removed from the
top.
122 VCM Columns Final purification of the VCM product as practiced
in industry.
124 Recycle Products Column A distillation column to effect the separation of the
cis and trans 1,2 dichloroethylenes and EDC from
the heavier (higher molecular weight) components.
The recovered components are sent to the
hydrogenation reactor prior to recycling to the
reactor.
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condensate has both a concentrated HCI aqueous

phase and an organic phase.

206

Phase Separate

Gravity separation of the aqueous and organic
phases from Step 204 is preferably achieved with a
horizontal tank provided with internal baffles to
allow the heavy phase (most likely the aqueous/acid
phase, but the nature of the phases depend on the
exact composition of organics in the phases) to be
removed from one end of the vessel. The lighter
phase flows over the baffle into the second half of
the vessel for removal. The aqueous phase is then,
in some embodiments, stripped of organics.

208

HCl Recovery

The aqueous HCI stream from the separator is
recovered as anhydrous HCI for recycle to the
reactor using traditionally deployed approaches
which are apparent to those of skill.

210

Product Split

A separation column, with refrigerated condensers
at the top to allow separation of the lights for
recycle from the chlorinated organics, is preferably
used for this splitting operation.

212

C2 Absorption and Stripper

Recovery of ethane and ethylene in the purge
stream is achieved by absorption into a
hydrocarbon or other absorbing liquid in an
absorber, with a stripping operation in a second
column. The recovered hydrocarbons are then
recycled “back” to the main recycle stream and
further to the reactor. ’

214

Vent Treatment (TOX)

Vent treatment is achieved with an incinerator for
the oxidation of organics (including chlorinated
organics) to water vapor, carbon dioxide, and
hydrogen chloride. The vent gas is scrubbed with
water to recover HCl as a relatively dilute (10 to
20% HCI stream) for other uses. This unit is
typical of those found throughout the chemical
industry and should be apparent to those of skill.

216

Drying

Prior to the final separation of the VCM from the
other products in the raw product stream after lights

have been stripped, water is removed in a drying
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Examples

Specifics in catalysts are further clarified by a consideration of the following examples,

which are intended to be purely exemplary.

Example 1

To demonstrate the production of vinyl chloride from a stream comprising ethylene, a
porous, refractory composition comprising lanthanum was prepared. A solution of LaCl; in
water was prepared by dissolving one part of commercially available hydrated lanthanum
chloride (obtained from J.T. Baker Chemical Company) in 8 parts of deionized water.
Dropwise addition with stirring of ammonium hydroxide (obtained from Fisher Scientific,
certified ACS specification) to neutral pH (by universal test paper) caused the formation of
a gel. The mixture was centrifuged, and the solution decanted away from the solid.
Approximately 150 ml of deionized water was added and the gel was stirred vigorously to
disperse the solid. The resulting solution was centrifuged and the solution decanted away.
This washing step was repeated two additional times. The collected, washed gel was dried
for two hours at 120 degrees Celsius and subsequently calcined at 550 deg. C. for four hours
in air. The resulting solid was crushed and sieved to yield particles suitable for additional
testing. This procedure produced a solid matching the X-ray powder diffraction pattern of
LaOCl.
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216 Drying Prior to the final separation of the VCMfromthe other
products in the raw product stream after lights have been stripped, water
IS renmovedobn3s74dryi ng -35 WO 01/ 38274 PCT/ USOQ 27701 cobPamuSoordteoipr essur e
and tenperature are preferably adjusted such that the water is renoved

f rom t he Tetpadmlafwerhplaced imnpan didkak(atloy 200)adanter. The reantmveas donfgutetie t op.

218 VCM Col by .met hod ract.i ce I n try and
appar ent SPf)ﬁJ §tg§i'gl?e §ﬁ1%lﬁ?'ﬁ§§g> ﬁ\équeéggaézﬁaﬁﬂ&)ﬁéé’@?‘% a‘ﬁroéldst@pfgag‘f@é usi ng
a distillgfcdé ToefktiBion D HRCArESOWh S SERAFM s@QAdLRE f&lathe faﬁ'ﬁym §fme¢eafcfoims
1,2 dichloroethylenes and (b) EDC from heavier (higher nolecular weight)

conponentfeed ama:ffignt hiy gas ghromatagaiphyb Spagsttingnisicalcalatgdeasate wplumeaf satalybber

I . | i 280
Fyr ogendi T BEEdloat BT PeRBRabBRT: h Hh@LaREpSR Briof ShL BN E U e
unsat ur atsgste@omaRdtnnetaliaé1o Féd Meethgne-cdnkaiing stredn wsthahe dichicinedy dfloass 1, 2
di chl or oet hyl enei_% to their saturated derjvatives for recycle to the

react or. Clomd aneioxygenn s proyides balprced stai elipmetry foritheprogyctipn

consi der hqg(M | owi ng exanples, 5 which are intended to be purely
exenpl ar;a/otf arrpqnté%ytfggdermnst rate the production of vinyl chloride froma

stream conpri si ng et hyl ene, a 10 porous, refractory conposition conprising

| ant A_Sol f LaCl3 t d b
i 95 QPui TRV AR o forb e IO 5 PR Lhg RSP Clihanam,

Column 1 of Table 3 shows the high selectivity to vinyl chloride when the catalyst system is
fed ethylene under oxidizing conditions in the presence of HC1. The composition contains
helium in order to mimic a reactor operated with air as the oxidant gas.

15
Column 2 of Table 3 shows the high selectivity to vinyl chloride when the catalyst system is
fed ethylene under oxidizing conditions in the presence of HC1. The composition is now

fuel rich to avoid limitations imposed by flammability and contains no helium.

20  Column 3 of Table 3 shows the high selectivity to vinyl chloride and ethylene when the
catalyst system is fed ethane under oxidizing conditions in the presence of HC1. The
composition mimics a reactor operated with air as the oxidant gas. There is no ethylene
present in the feed. The ethylene present in the reactor is the product of the partial
oxidation of ethane.

25
Column 4 of Table 3 shows the result when both ethane and ethylene are fed. The reactor is
operated in such a way as to insure that the amount of ethylene entering the reactor and
exiting the reactor are equal. Operated in this fashion, the ethylene gives the appearance of
an inert diluent, and only ethane is being converted. The results show a high yield of vinyl

30 chloride and 1,2-dichloroethane. Argon is used as an internal standard to insure that the
ethylene flux entering the reactor and the ethylene flux exiting the reactor are equal. The

ratio of the ethylene to argon integrated chromatographic peak is identical for the reactor
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To further demonstrate the utility of the composition, ethylene is oxidatively converted to

vinyl chloride using a variety of chlorine sources. A solution of LaCl; in water was

prepared by dissolving one part of commercially available hydrated lanthanum chloride

10

(purchased from Avocado Research Chemicals Ltd.) in 6.6 parts of deionized water. Rapid

addition with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent,

obtained from Fisher Scientific) caused the formation of a gel. The mixture was filtered to

collect the solid. The collected gel was dried at 120 deg C prior to calcination at 550 deg C

for four hours in air. The resulting solid was crushed and sieved. The sieved particles were

15

placed in a pure nickel (alloy 200) reactor. The reactor was configured such that ethylene,

HCI, oxygen, 1,2-dichloroethane, carbon tetrachloride and helium could be fed to the

reactor. Space time is calculated as the volume of catalyst divided by the flow rate at

standard temperature and pressure. Feed rates are molar ratios. The composition was

heated to 400 deg C and treated with a 1:1:3 HCI:O,:He mixture for 2 hours prior to the

20

start of operation.
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catal yst systemis fed ethane under oxidizing conditions in the presence of
HCl. The conposition mmcs a reactor operated with air as the oxidant
gas. Themeo w3824 et hyl ene present in the feed. The et hyl papUpseeott in the
reactor is the product of the partial oxidation of ethane. 25 Colum 4 of
Tabl e 3 shows the result when both ethane and ethylene are fed. The reactor
Is operated in such a way as to insure that the anmount of ethyl ene

ent er i ng lhg&ompasitign formed wasioperatpdita @roduge vyl (alrlerl@q%feﬁd@séléhaif 8n this

f ashi on, . | a : ' i, g nly
et hane isCtl glln%%%%%tgk .ﬁ‘?‘ﬁgﬂ)r e%ui't ‘gﬁé‘ﬁcgwwén%fbghe's@?\%89t'gfo‘15€£1|5'r§]e>clilt%§geéﬁ
chl ori de 82ndd 162 hdushinstreah ising differgurchigingsedrcas Ghloring srsnppliesitaadfial; d t o

insure that the hyl ene | enterin react or t.he et hyl.ene fl ux
exi 11 g CRongeeBlortieang hoa S GieTane Y ENE e Sinyf Plaide oAb e i

i nt egr at dicGRIAMRIROTARME 6f BAMK st dvidEEBY tiedlow ite hitRardfRLeRAberat3d aN
01/38274 PCT/ US00/ 27701 feed and product stream |In this way the recycle
of et hyl eressiurs. Jhaudagtossiangiopbiatedtwith theaeactor exijay ambientprossares Bath dthytdng
Ratios C2 0 2H6 0 0 1.2 HCl .2 21 2.5 021111 Inerts 6.8
040 Talé%ééf%&ﬂo%ﬁlaﬂﬁﬁr%ﬁﬁn%l@be%&?@%‘“?ﬁ‘rre (s) 12.3 5.0 21.8 12.4 02

cony. (pct) 47.3 53.7 54.8 93.9 Selectivities (Percent) CH4 -- -- 44.7 --
C2H4ACl 2 10.7 14.0 0.1 12.8 VCM 76.6_78.1 34.5 68.5
10 Table 4
Feed mole ratios
CoH, 2.0 2.0 2.0 2.0
CoHe 0.0 0.0 0.0 0.0
CCl4 0.5 0.5 0.0 0.0
C2H4Cl; 0.0 0.0 1.8 0.0
HCI 0.0 0.0 0.0 1.9
0z 1.0 1.0 1.0 1.0
He+Ar 8.9 9.0 8.9 6.7
T (deg C) 400 399 401 400
Space time (s) 8.0 4.0 8.6 49
Fractional conversions (Percent)
CoHy 404 27.0 18.7 20.1
CoHe 0.0 0.0 0.0 0.0
CCl, 94.8 78.4 0.0 0.0
C2H.Cl, 0.0 0.0 98.3 0.0
HCI 0.0 0.0 0.0 447
O, 68.8 42.0 55.2 37.8
Selectivities based on moles of C, converted
VCM 59.6 56.4 86.0 785
C2H4Cl» 14.8 30.7 0.0 2.2
C2HsCl 0.6 0.4 0.2 1.6

These data show that a variety of chlorine sources can be used in the oxidative production
of vinyl. The use of carbon tetrachloride, 1,2-dichloroethane and HC1 all produce vinyl

chloride as the dominant product.
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5 Exanple 2 To further denonstrate the utility of the conposition, ethylene
is oxidatively converted to vinyl chloride using a variety of chlorine
sour ces. wosobsazrd on of LaCl3 in water was prepared by di BeDUSIy7@ne part
of commercially avail abl e hydrated | anthanum chl oride 10 (purchased from
Avocado Research Chemcals Ltd.) in 6.6 parts of deionized water. Rapid
addition with stirring of 6 M amoni um hydroxide in water (diluted
certifiedXMmBledagent, obtained from Fisher Scientific) caused the
formation of a gel. The mxture was filtered to collect the solid. The

col | ect e, gabvidtsr IHOIPHh Wterl A4S tegr i BY HRSoll Mgk GAidt boifindici ARG agIE f or

four hours in air. he resultin lg! solid was crush e?i) and si eved. "The si eved

parti &l eélydxated lmhpman ellofide ¢ gednfrgreivocade Bysewb)chegwtls)hd JThé.Geact or
was confi ch t e chI et.hane, carbon
tetS rachl :5’ %ﬁ%ﬂlﬁ%qtvatﬁ{ e%atﬁ% ‘E(gn?%gqbgtlﬁfg@go r elglcgf%lp 39 Ride iy

cal cul at aﬁt@s(dfulhed vatife® ATS @ag@k obtaifdvirela EFidhyr Sh@ntﬁﬂid)Walﬁs%H ¢hedformsati@ndar d
terrperature and pressure. Feed rates are nolar ratios. The corrp03|t| on was

heat ed t 6f a@el andgyididetha finalenH ef8. 5 + Kheymixterevasdiltayed 1qecoliestithe #lidorThe hour s
h
prior to thg ed%%a%h&%a a1 R rgta%roa?S?% gg%WOpildufﬁg%r?O“ de%’gﬂﬁ? %?%VSST e

conp05|t|on orne oper a € Vin
et hyll@ne crishedimdmieved. §tha rsreee@pahloheygere plhceddn acjmge ickel loﬂldycﬁ(loq)wang)rt abl e

shows da obt ai ned bet.wee 2 an 63 hours stream n ffe nt
chl or | neﬁsmae&{ wa@%rﬁg gd F‘E%%ﬁ:hﬁ sdeneaehaRs, PPCQ BB ap “r’g@ﬁ’l and
1, 2-di Ch'a@oﬂ%ﬁﬁﬁ@)coﬁ%éfeﬁ%f He§Sad¥oy! chloride. Space tinme is calculated

as the volune of catal yst divi ed by the flow rate at standard tenperature
and pressure. The react ors are operat ed with the reactor exit at anbient

Dr oo o1 B B S EUSHRLBRSB1E BALIE MGl o o
0.0 l@lﬁm@lé/&nﬁepe&e@né)the ceAofieland theQhfk 6F ethyfertd dXiting the reactor were
substantially equal. Reactor feeds were similarly adjusted such that the fluxes of HCI
entering and exiting the reactor were substantially equal. Oxygen conversion was set at
slightly less than complete conversion to enable the monitoring of catalyst activity.
Operated in this manner, the consumed feeds are ethane, oxygen, and chlorine. Both
20  ethylene and HC1 give the appearance of neither being created nor consumed. Space time is
calculated as the volume of catalyst divided by the flow rate at standard temperature and
pressure. The example further illustrates the use of chlorine gas as a chlorine source in the

production of vinyl chloride.
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HCl 0.0 0.00.01.9 021.01.01.01.0 He+Ar 8.9 9.08.96.7 T (deg O
400 399 401 400 Space tinme (s) 8.0 4.0 8.6 4.9 Fractional conversions
(Percent w@atig8240. 4 27.0 18.7 20.1 C2H6 0.0 0.0 0.0 0.0 pCOUS0ZN7@ 78.4
0.0 0.0 C2H4C12 0.0 0.0 98.3 0.0 HC 0.0 0.0 0.0 44.7 02 68.8 42.0 55.2
37.8 Selectivities based on noles of C2 converted VCM59.6 56.4 86.0 78.5
C21-1412 14.8 30.7 0.0 2.2 C2H5CI 0.6 0.4 0.2 1.6 These data show that a
vari ety of chlorine sources can be used in the oxidative production of

vi nyl .
produce vi nyl
PCT/ US00/ 27701 Exanple 3 A sol ution

The use of carbon tetrachl ori de,
chloride as the dom nar% froduct

1, 2-di chl oroet hane and HCl1 al l

-39 WD 01/ 38274

aCl3 in water was prepared by

di ssol vi ng one part of COWW#N ed | ant hanum
chloride (purchased from|Avocado Resear Nf £319S | 4 d. ) in 6.67 parts of

dei oni zed water. Rapid adl@

2Hjlon wth <t|rr|nggpf 6 M anmoni um hydroxi de in

1 Cd.gCIIL ’

water (diluted certified ?

UUL al IICU I "OTIT I_I

&l and vi el ded a %3 nal pH

sher Scientific)
of 8.85. The mi xture

caused the formati on of
was filtered to collect t|mg, solid. Thg

col |l gcged mat eri al

was calcined in

air at 550 deg C for fourhotrs—Thetesutttng—sottd s 10 crushed and
sieved. The sieved partic| were pladed in #%ure nigkel (all oy 200)
reactor. The reactor was|gonfigured such thatgethylepe, ethane, HC,
oxygen, and inert (heliunand

He+Ar 7.4

T (°C) 400

Space time (s) 9.4

Fractional conversions (Pct.)

CoHs 1.8
CzHs 27.3
Clz 99.8
HCI -1.4
0. 96.4
Selectivities (Pct)
VCM 79.0
C2H4Cl> 7.2
C2HsCl 1.7
COx 5.1
CoHy 0.5
5  In common with all examples herein, VCM signifies vinyl chloride. C2H4Cl; is solely 1,2-
dichloroethane. CQy is the combination of CO and CO,.
Example 4 through Example 11
10  Example 4 through Example 11 illustrate the preparation of numerous rare earth

compositions, each containing only one rare earth material. Data illustrating the

performance of these compositions are set forth in Table 6.
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argon m xture) could be fed to the reactor. Table 5 shows data wherein the
reactor feeds were adjusted such that the flux of ethylene 15

(ol es/ mMwaobe}s2ent eri ng the reactor and the flux of ethyl parUss/277olg t he
reactor were substantially equal. Reactor feeds were simlarly adjusted
such t hatExalmpld 4 uxes of HO entering and exiting the reactor were
substantially equal. Oxygen conversion was set at slightly less than
conpl ete conversion to enable the nonitoring of catal yst activity.

Qper at ed A soluhosofleatiiem witheweoprspaned bf dessel vingene phro comxegaally awadable

chlorine.. Both 20. ethyl ene.and HC gjve the appearanpce of nei r beipg
creat ed r?ggfai%‘nléﬁthaﬂ%lx BAC {Ryrehasg BQI‘%@P%H @ﬁerggcafﬁgm%qx)ﬁg%g? PaYE 91 yst
di vi ded hi¢idnediv 0. RabRI AfdittdnaRiiiRsttring 5P 6 M b rAH hyBoRRRUL Yvatethe exanpl e
further illustrates the use of chlorinée gas as a chlofine source in the

product i dAilged gertifipd ARISoeageat, obmineddram FaberScipificdysaged froformatiy of 6 Feed
nol e rati QO . He+tAr 7.4. T (O

400" Space T aegog EhBaed 1o it B safl S6tun Vs deSmpdiEY losbipery | 5
Cl 2 99. 8 geHild didcafded) Th8 GelwaSeb@spbhdedtih 656(pf3et bf deionized water. Centrifuging
allowed collection of the gel. The collected gel was dried at 120 deg C prior to calcination
10 at 550 deg C for four hours in air. The resulting solid was crushed and sieved. The sieved
particles were placed in a pure nickel (alloy 200) reactor. The reactor was configured such
that ethylene, ethane, HCI, oxygen, and inert (helium and argon mixture) could be fed to the
reactor. Powder x-ray diffraction shows the material to be LaOC1. The BET surface area is
measured to be 42.06 m*/g. The specific performance data for this example are set forth

15  below in Table 6.

Example 5

A solution of NdCl; in water was prepared by dissolving one part of commercially available
20  hydrated neodymium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid addition
with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained
from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the
solid. The collected gel was dried at 120 deg C prior to calcination in air at 550 deg C for
four hours. The resulting solid was crushed and sieved. The sieved particles were placed in
25  apure nickel (alloy 200) reactor. The reactor was configured such that ethylene, ethane,
HC], oxygen, and inert (helium and argon mixture) could be fed to the reactor. Powder x-
ray diffraction shows the material to be NdOC1. The BET surface area is measured to be

22.71 m*/g. The specific performance data for this example are set forth below in Table 6.

30 Example 6

A solution of PrCl; in water was prepared by dissolving one part of commercially available
hydrated praseodymium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid
addition with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent,

42-



VCM 79.0 (C2H4C12 7.2 Q@2HsCl 1.7 CO, 5.1 CHA 0.5 5 In comon with all
exanpl es herein, VCM signifies vinyl chloride. CCH4Cl2 is solely 1, 2-

di chl oroav®»anas274C0x i s the conbi nati on of CO and CQ2. Exarpt@sen/a7hriough
Exanple 11 10 Exanple 4 through Exanple 11 illustrate the preparation of
nunmer ous abtmredefeorn lrisheo Spiestifid) omsed decformatidnoofin ged. Thé ynixtoee way flteeed toh

terial. ta ill. ti t he erfo e, of .t hese conmpositiaons e set
T et ol B S R P AR bR PR OTR S5 O
LaCl3 i n gegiCefor Y6t hBﬁFsP%%Qes}%Ytir% o8kt RELsRBLaRAitvedl THE rggg;gha{ikbés wer

avai l abl e "hydrated | ant hanum chl oride (purchased from Al Cheni ca
Conpany) placed irs7 pwgmickeb(allos 200) waiter dThearcestor Ragpian figdaidtsiicinthat ¢thylsné,r r i ng

of 6 anmuoni droxide,in ter (djluted.certifi reagent . obtai ned
From F1 oRUPRe RN BREEE) S e WBGuin ] arbb B bl ze AR RRE o Ve
centri f ugeshdeox 29 dieRiction8hews ihd maderidltd BOPHBRG]. dBBE B durdiRrdaliom t he  gel
and discarded. The gel was resuspended in 6.66 parts of deionized water.
Cent ri f ugnesguredte badb3 ¢ &1 (g cthesnedfic pardomaance fata ferghisexamnleget saiderthir i ed at
120 deg | Qr al cination 10 at 550 deg C for four hours in air. The
resultin%egg{@ﬁpﬁgg&crushed and sieved. The sieved particles were placed
in a pure nickel (alloy 200) reactor. The reactor was configured such that
et hyl ene,_ eth , HCl, oxygen, and inert (heliumand argon m xture) could
be fég téﬁﬁﬁﬁﬁgfeactor. Powder x-ray diffraction shows the nmaterial to be
LaOCl. The BET surface area is neasured to be 42.06 nR/g. The specific

per f or manges1addrPofl SICL hh S af% 4R lpfepafed byRtissbRindloddp RS erd @Y 8vAilable
Exanple 5 A solution of NJdC13 in water “'was prepared Q/ di ssol ving one part
\

of comehyfatadysamasinmahlaeridexdlfay'shsar) dei6.62 patsrplideionibedt water. (Rarfid addiian ) i n
6.67 par R&ﬁthogtinqr?é 8% K/an%hﬁﬁn h}BﬁB&ige ?nd\%ttef P(ﬂluted certified ACS reagent, obtained

15  from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the

solid. The collected gel was dried at 120 deg C prior to calcination at 500 deg C for four
hours. The resulting solid was crushed and sieved. The sieved particles were placed in a
pure nickel (alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI,
oxygen, and inert (helium and argon mixture) could be fed to the reactor. Powder x-ray

20  diffraction shows the material to be SmOCI. The BET surface area is measured to be

30.09 m’*/g. The specific performance data for this example are set forth below in Table 6.

Example 8

25 A solution of HoCls in water was prepared by dissolving one part of commercially available
hydrated holmium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid addition
with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained
from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the
solid. The collected gel was dried at 120 deg C prior to calcination at 500 deg C for four

30  hours. The resulting solid was crushed and sieved. The sieved particles were placed in a
pure nickel (alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI,
oxygen, and inert (helium and argon mixture) could be fed to the reactor. The BET surface
area is measured to be 20.92 m’/g. The specific performance data for this example are set
forth below in Table 6.
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with stirring of 6 M amoni um hydroxide in water (diluted certified ACS
reagent, obtained fromFisher Scientific) caused the formation of a gel.
The m xt weowss74iltered to collect the solid. The col |l ee¢crosSge77mas dri ed
at 120 deg C prior to calcination in air at 550 deg C for four hours. The
resulting solid was crushed and sieved. The sieved particles were placed in
25 a pur g nickel (alloy 200) reactor. The reactor was configured such that
et hyl ene, , HCl, oxygen, and inert (heliumand argon m xture) could
be fed to the reactor. Powder x- ray diffraction shows the material to be
NdOCl . T c
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i n Tabl efﬁihhﬂoﬁxmffpble& A solution of SnCl3 in water was prepared by

di ssol ving one part of commercially available hydrated samarium chloride
(Alfa Aesar) in 6.67 parts of deionized water. Rapid addition wth
stirnsng RhmBieMgammoni um hydroxide in water (diluted certified ACS reagent,
obtai ned I5 Trom Fi sher Scientific) caused the formation of a gel. The

m xture was filtered to collect the solid. The collected gel was dried at
120 deg @& @nitfdn dfoY A, ﬁiﬂﬁﬁet RAs Tﬁx‘ep&@@b‘}‘%@ks&vﬁdﬁr orlePft ofIEQMhﬁr01§mﬁa\faﬂ§HEt' ng

solid was crushed and si eved sieved particles were placed’in a pure
ni ckel ( Ayfretedaterbivasbloside (AHa Aesant inb.6haertsofddienizeddv atar RRaphdadditiony | ene,

et hane,

it stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained
20 from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the
solid. The collected gel was dried at 120 deg C prior to calcination at 500 deg C for four
hours. The resulting solid was crushed and sieved. The sieved particles were placed in a
pure nickel (alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI,
oxygen, and inert (helium and argon mixture) could be fed to the reactor. The BET surface
25  area is measured to be 2.23 m*/g. The specific performance data for this example are set
forth below in Table 6.

Example 11

30 A solution of YCl; in water was prepared by dissolving one part of commercially available
hydrated yttrium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid addition
with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained
from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the
solid. The collected gel was dried at 120 deg C prior to calcination at 500 deg C for four

-44.



oxygen,

Powder x-ray 20 diffraction shows the materi al
area is wasusadito be

and inert (heliumand argon m xture) could be fed to the reactor.
The BET surface

exanple are set forth below in Table 6.
i n wat er hoas. ﬁmepesuhd]gtxplidmsohmhagamimemr tI'hefs1e®edrpzaﬁclieawe§e plyaad ialal e

to be SnOC

30.09 n2/g. The specific performprceuderazdior this

Exanple 8 25 A solution of HoC13

hydr ated hol m | de Aesar) in 6.67 part onlzed wat

Rapi d PRI ?an§ﬁ95 Toe wranio ﬁ%ﬁmﬂﬁur@ﬁ@ﬁi i e et dhanggfl ted
certifiegy E&Pﬂl%ﬂ elfti Qﬁd“eﬁ'gon Bﬁﬂﬁ}ef'céﬁﬁ Fo”tfl Yéa%?orc?ﬁéﬁﬁﬁ%ﬂ
formation of a gel e m xturé was fi tere co ect the sol

col | ect ec&reges measirelt fode 297210 gddbe quwnﬁa)perfammamt:dqurdns exaryfle achesgt C for

f our
parti

and arg
nmeasur e
are set
A sol ut
comer c
parts o
hydr oxi
Sci enti
col | ect

cal ci nat

and si e
200) re
oxygen,

eSO Beop

0
d

anfhl hal

Jafyet

be f.ed

hlnR

t t he

BXVGT’HB”% AReS!

/IQ \Ad

et hane,

(al | oy 200)

HCl ,
r

’\ﬂ1IQQ

£4--RCT

react or.
oxygen,

B3R Brre B SRl ¥

usog/2

77(\1

Itlng solid was crushed and sieved. The sieved
i'n a pure nickel
was configured such that ethylene,

'*@@*%é”%@rs?%%?

a |

ol

I:van‘hl

The reactor
and inert (helium

Wl Chick

S
| e
9

VOeT

BxaBpleEr C13

er Gas

prébared %y li ssbl v

ng16ne

paii

f12

ally available

5

\Anf ar

hydr at

Dgnl d

ed erbhi
dditi—

nn \I\l

l#HéBm

IV'V'

i Slps Al Ta Ae

nn n'F

sar)

n o.6

VVI\I’\I II

OCTOoOTTTZ 0T

d_@zﬁhn wat er

( dBieut

oo

bd G&rt

fidd

\CS 3rﬁea

C
T

;en€3 6 o

btaﬁﬁbd

Vit

Fﬁ#he‘

caused

tha cnli d
L A2 ~JOIT T A,

the ¢ of

Thn fa¥a)

mablzon

| act ad

qé‘

AR C

el OTh(

I’IQ

D

”

ot 12

ur
al rle'n C

e

nrlnr

ed;i@

Pon at 500

deg(b

cTotTto™

or 10ouf

%

" heuls. 1he

redd t

d1Wbs

criddh

19

VAg+Al NE SI ¢
Afdeg Gr t

ave@_zpa
8-GO
heB899n

T gles
e S—6-0
and03ar

Wed.8
gorOii

Ia@ggl
t u#ed

Cou#D b

0
n g2l

f4QD t

CIE
p #0@

(ald oy

red@dor.

h
por f or npaba e (S

Exanpl e
of co
parts o

€aql

7 [Tans e

byt hisl oy

10 A sol uti

on of

YbC13 i

| ( t|‘P.4b$

1?160

By

th Bel

IN&PEL

ow 11 T

RN

L3

n Vegotional@snyersipas (Rergnt)di s

sol ving one

par t

ebai$||y av;

i1 gée

WaT

Rl

<]
d

M

STPL7

Cn{é)J}I

GHT

i /é%fc

BETY

5. 67

ani zed
HCI

47.6

24.9

40.9

20.8

15.9

224

5.0

19.8

02

58.8

59.4

55.0

53.4

48.1

48.8

21.2

47.8

Selectivities (Percent

)

VCM

753

74.4

742

61.0

33.3

44.0

6.1

35.0

C2H4Cly

11.3

2.9

6.1
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C2HsCl
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16.5

COx
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9.7

224

33.8
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26.4

275

10

15

These data show the utility of bulk rare earth containing compositions for the conversion of

cthylene containing streams to vinyl chloride.

Example 12 through Example 16

Example 12 through Example 16 illustrate the preparation of numerous rare earth

compositions, each containing a mixture of rare earth materials. Data illustrating the

performance of these data are set forth in Table 7.
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with stirring of 6 M amoni um hydroxide in water (diluted certified ACS
reagent, obtained 20 from Fi sher Scientific) caused the formation of a gel.
The m xt weowss74iltered to collect the solid. The col |l ee¢crosSge77mas dri ed
at 120 deg C prior to calcination at 500 deg C for four hours. The
resulting solid was crushed and sieved. The sieved particles were placed in
a pure qickel [alloy 200) reactor. The reactor was configured such that

et hyl ene, = HCI, oxygen, and inert (heliumand argon m xture) could
be fed to the reactor. The BET surface 25 area is neasured to be 2.23 n2/g.
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mxture was filtered to collect the solid. The collected gel was dried at

|
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hel i um and arqon_m xtyre) could be fed to reactor. The BET surface
brea 1o Mgt s0ust!pGby Sisimgtionipais sostt dog GanHOkERaRS TR ESHIBRE  hi s
exanpl e r W T y : i de
Compost t 1o B ame Bl B Thes g i s e TS Puedfiartl QG ORT 1 1%,
Feed nol eecactiri dhe Getbr 3va8 canfeiBed7si@hah8B .echyBng, ethéne3HE], di@geR,.addnedt 2. 0 2.0
2.02.0@.}%2.0 02 1.0 1. Ar 0.2 0.2 0.2 0.2

iuft 8nd o ideedseiid b8 b Botaes RaoBEss Tas areh Sapeasprd (o)

0.2 0.2

8.7 24. 3tdBe 21.37 nf/gl 7rhe sPecific Perfdrmrhes data for this example are set forth below in
Table 7.
Example 13

20 A solution of LaCl; and SmCl; in water was prepared by dissolving one part of
commercially available hydrated lanthanum chloride (purchased from Spectrum Quality
Products) and 0.67 parts of commercially available hydrated samarium chloride (Alfa
Aesar) in 13.33 parts of deionized water. Rapid addition with stirring of 6 M ammonium
hydroxide in water (diluted certified ACS reagent, obtained from Fisher Scientific) caused

25  the formation of a gel. The final pH was measured as 8.96. The mixture was centrifuged to
collect the solid. Solution was decanted away from the gel and discarded. The collected gel
was dried at 80 deg C prior to calcination in air at 550 deg C for four hours. The resulting
solid was crushed and sieved. The sieved particles were placed in a pure nickel (alloy 200)
reactor. The reactor was configured such that ethylene, ethane, HCI, oxygen, and inert

30  (helium and argon mixture) could be fed to the reactor. The BET surface area is measured
to be 21.01 m%/g. The specific performance data for this example are set forth below in
Table 7.
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Fractional conversions (Percent) C2H4 23.7 13.2 22.8 14.7 12.7 15.4 3.3
13.8 HC 47.6 24.9 40.9 20.8 15.9 22.4 5.0 19.8 02 58.8 59.4 55.0 53.4
48.1 48. v@by»244/.8 Selectivities (Percent) VCM 75.3 74. BCTASA/B1010 33. 3
44.0 6.1 35.0 (C21-14C12 11.3 2.9 6.1 2.9 14.5 17.5 8.8 18.8 (C2H5CI 3.5
6.9 4.4 10.6 16.8 12.8 37.0 16.5 <co" 4.8 11.8 9.7 22.4 33.8 23.1 26.4 27.5
These daﬁg shﬁfjkhe utility of bulk rare earth containing conpositions for
t he conv 10 et hyl ene containing streans to vinyl chloride.
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15 m?g. The specific performance data for this example are set forth below in Table 7.

Example 15

A solution of LaCl; and HoCl; in water was prepared by dissolving one part of

20 commercially available hydrated lanthanum chloride (purchased from Spectrum Quality
Products) and one part of commercially available hydrated holmium chloride (Alfa Aesar)
in 13.33 parts of deionized water. Rapid addition with stirring of 6 M ammonium
hydroxide in water (diluted certified ACS reagent, obtained from Fisher Scientific) caused
the formation of a gel. The final pH was measured as 8.64. The mixture was centrifuged to

25  collect the solid. Solution was decanted away from the gel and discarded. The collected gel
was dried at 80 deg C prior to calcination in air at 550 deg C for four hours. The resulting
solid was crushed and sieved. The sieved particles were placed in a pure nickel (alloy 200)
reactor. The reactor was configured such that ethylene, ethane, HCI, oxygen, and inert
(helium and argon mixture) could be fed to the reactor. The BET surface area is measured

30 tobe 19.68 m%/g. The specific performance data for this example are set forth below in
Table 7.
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Table 7. Exanple 13 20 A solution of LaCl3 and SnCl13 in water was prepared
by di ssolving one part of comrercially avail able hydrated | ant hanum
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Exanpl e 15 A solution of LaCl3 and HoCl3 in water was prepared by
di ssol ving one part of 20 commercially avail abl e hydrated | ant hanum
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These data further show the utility of bulk rare earth containing compositions containing

mixtures of the rare earth materials for the conversion of ethylene containing streams to

vinyl chloride.

Example 17 through Example 24

10

Example 17 through Example 24 are compositions containing rare earth materials with

other additives present.

Example 17

15

A solution of LaCl; in water was prepared by dissolving one part of commercially available

hydrated lanthanum chloride (purchased from Aldrich Chemical Company) in 6.67 parts of

deionized water. 0.48 parts of ammonium hydroxide (Fisher Scientific) was added to 0.35

parts of commercially prepared CeO, powder (Rhone-Poulenc). The lanthanum and cerium

49

containing mixtures were added together with stirring to form a gel. The resulting gel
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20 25 -48 WD 01/38274 PCT/US00/ 27701 Table 7: Perfornmance of
Conpositions Containing Two Rare earth materials Exanple 13 14 15 16 17
Feed nol avoat/asas4 C2H4 3.7 3.6 3.6 3.6 3.6 HC 2.0 2.0 2.BCcPUS0027001 02 1.0
1.01.0 1.0 1.0 He+Ar 0.2 0.2 0.2 0.2 0.2 T(C 401 401 400 399 400 Space
tinme (s) contdinldy rhixtEeeAvabilRredtand thd-callztiedsalid oanvelcked isaif ReySOate)C (6244
16.8% 11.3 12.5 12.4.9.2  HC 36,0 13 1 1%. ]1@11. 9 &5. 9 . 02 45.9 %7.. 2 52.2
47.1 38. Pourse|Thefespitingsolid pas caishsd apdwicnsdg 1o sigved partiolgs greepplaceddd g 1412

9.7 7.5 é%: . idide] %alglosréﬁ)foej feabhf! ’gﬁe teadtbr @/agc(%if{]gzlréh Seh ?Lr(at @?leﬁe,%ﬂt?zﬁle,SHéﬁ' 8

38.9 43. ese d rther ow the utility of bu e ear
cont ai ni ryygaypodineit¢haiuno adargomqixtniey could bedéd tatbe reacwredhe bpacticer i al s

for the conversion of. et hyl ene. contaihinhg str.e t 5 vinyl chloride.
Exanphe PRIPHRGE AR, ahBIRESHPle At s foR B IRMIl RPle i o 24 ar o
conpositions containing rare earth materials with 10 other additives

present. Exanple 17 A solution of LaCl3 in water was prepared by dissol ving
one part Elmg&ﬁ&srci ally avail abl e

A lanthanum containing composition prepared using the method of Example 5 was ground
10 with a mortar and pestle to form a fine powder. One part of the ground powder was
combined with 0.43 parts BaCl, powder and further ground using a mortar and pestle to
form an intimate mixture. The lanthanum and barium containing mixture was pressed to
form chunks. The chunks were calcined at 800 deg C in air for 4 hours. The resulting
material was placed in a pure nickel (alloy 200) reactor. The reactor was configured such
15  that ethylene, ethane, HCl, oxygen, and inert (helium and argon mixture) could be fed to the

reactor. The specific performance data for this example are set forth below in Table 8.

Example 19

20  Dried Grace Davison Grade 57 silica was dried at 120 deg C for 2 hours. A saturated
solution of LaCl; in water was formed using commercially available hydrated lanthanum
chloride. The dried silica was impregnated to the point of incipient wetness with the LaCls;
solution. The impregnated silica was allowed to air dry for 2 days at ambient temperature.
It was further dried at 120 deg C for 1 hour. The resulting material was placed in a pure

25  nickel (alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI,
oxygen, and inert (helium and argon mixture) could be fed to the reactor. The specific

performance data for this example are set forth below in Table 8.

Example 20
30

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (purchased from Spectrum Quality Products) in 6.67 parts of
deionized water. Rapid addition with stirring of 6 M ammonium hydroxide in water

(diluted certified ACS reagent, obtained from Fisher Scientific) caused the formation of a
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15 hydrated | ant hanum chl ori de (purchased from Al drich Chem cal Conpany) in
6. 67 parts of deionized water. 0.48 parts of amoni um hydroxi de (Fi sher
Sci enti f ived owsse7added to 0.35 parts of commercial ly preprerds@a2oipowder
(Rhone- Poul enc). The | ant hanum and cerium containing m xtures were added

t oget her ot Theinixnire Wehsicenttifiiged ao gélllect e oli@s Bblutiog wae Hecahfed\A@ 2§ ¥ 038 théd
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net hod Ofcm%’?% FaPadd aﬂﬂﬁi@%lun%g WistsBirn@d W&n%rlloﬁf‘dlli%ex%iﬂt@re%sf orma fine

powder. One pa of the ground powder was onbined with 0.43 parts Bad 2
powder arentifugedao collestithet gebi Tl eolleotet el waﬁdalbmedlte atralry ftoammhient i nti mat e

m xture. . The | ant han nd barium ¢ i ni i Xxture ressed..to form
Chanis - HrBrernER BN s TR RN T S SRR Rk . 1R Bufiieriit s

resul ti ngrushBd 8id dbvadasThelsased paicRs mr@?laeéakiﬁ la p(ueé ﬂn@k(e%@l@)y zm@éa@for The
react or was configured such 15 that ethyl ene, ethane {gen

i ner 10 héiheumcénrdv@rcgeﬁgwd(mnhet;lathﬂwlwebéthﬁ% H(J, oxgenranddnest (hekinm aélﬁem fic
per forma t anpl e
15" 20 or Rt Bl dhe iR Bathr, REBLE G HaltaLl b 53,527
hours. A uTks gicifiePetfoimamceidatador thid éxawpleire waxofth belo msn‘abge 8.
comercially avail abl e hydrated | anthanum chloride. The dried silica was

i npregnated to the point of incipient wetness with the LaCl 3 solution. The
irrpregnat]&d@qéi ca was allowed to air dry for 2 days at anbient

t enper at are. was further dried at 120 deg C for 1 hour. The resulting
mat edPal was placed in a pure 25 nickel (alloy 200) reactor. The reactor

vas configusigdorsSEh i) fiw Elh%!isgﬂ%%ar@% B@aRsolvid ? one%’ébf%? @omﬁi&i;blélgﬂwallﬁlgl@l i um

and argon m xture) coul d e’'reacto specific rf or mance
data for htydraseddxnthpﬂnsn ahlerlée(Allfrermrbaidﬂmmmmfeommemalﬂma‘enlz@le HfCly

(purchased from Acros Organics) in 10 parts of deionized water. Rapid addition with

stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained from

20  Fisher Scientific) caused the formation of a gel. The mixture was centrifuged to collect the
solid. Solution was decanted away from the gel and discarded. The collected gel was dried
at 80 deg C overnight prior to calcination at 550 deg C for 4 hours. The specific

performance data for this example are set forth below in Table 8.

25  Example 22

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (Alfa Aesar) and 0.086 parts of commercially available HfCl4
(purchased from Acros Organics) in 10 parts of deionized water. Rapid éddition with

30  stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained from
Fisher Scientific) caused the formation of a gel. The mixture was centrifuged to collect the
solid. Solution was decanted away from the gel and discarded The collected gel was dried
at 80 deg C overnight prior to calcination at 550 deg C for 4 hours. The specific

performance data for this example are set forth below in Table 8.
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30 A solution of LaCd 3 in water was prepared by dissolving one part of
comercially avail able hydrated | anthanum chloride (purchased from
Spect r umvnai/ag2y4 Products) in 6.67 parts of deionized warer/USkerd
addition with stirring of 6 M amoni um hydroxide in water (diluted
certified ACS reagent, obtained fromFisher Scientific) caused the
formation, of -50 WD 01/38274 PCT/USOQ 27701 gel. The m xture was

centri fuM%| | ect the solid. Solution was decanted away fromthe gel
and di scarded. The gel was resuspended in 12.5 parts of acetone (Fisher
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resultin | ' . Stev rii.cles.cwerne placed in
a pure nﬁﬁkisﬁaﬁﬁ%&%ﬁﬁggc o@hﬁé{%g QF%(%%}EE% @ﬁ‘t&gg& ‘{ég‘*ﬁﬁ‘é‘% ggosuch t hat
et hyl ene,colédvateesolidCISolumioy geas deedited aveayt fr¢rhethd gehaaddiscadghnTie gdl wae) coul d
be f to the reactor, The BET surface area is asured to _be 58,82 nR/g.
The gecirﬁésuepeﬁéﬁf mﬁéﬁe@ﬂﬁ%amﬁ WRIgf %édewgmuentgf%eﬂé@@g?%rw 4Rk WaS Tabl e
8. Exanpl@cdited dvayAdAidtal @R, Theleafickied fb1 WAL Eficitied aPS AP b W3 @ A1 N9
one part of commercially available hydrated |anthanum chloride (Al fa
Aesar) arsgedfiOpSfoamanee ddta Carthis esamplepraseaforgbbedowfilCIdble @our chased from
Acros Organics) in 10 parts of deionized water. Rapid addition with
stirring of 6 M amoni um hydroxide in water (diluted certified ACS reagent,
obt ai ned Hxafiple 2P Fi sher Scientific) caused the formation of a gel. The

m Xt Lire was centrifuged to collect the solid. Solution was decanted away
fromlfhe gel and discarded. The collected gel was dried at 80 deg C

over ni ghtA pelii@én 04T B Wikt Wis Fep@B@ byl tisédvinglcofrhebiaRy aﬂmbmg@}d‘tézcg

performance data for this exanple are set forth below in Table
Exanpl e 2Jgnthanum chloride in deionized water to yield a 2.16 M solution. Commercially produced

zirconium oxide (obtained from Engelhard) was dried at 350 deg C overnight. One part of
the zirconium oxide was impregnated with 0.4 parts of the LaCl; solution. The sample was
20  dried in air at room temperature and then calcined in air at 550 deg C for 4 hours. The
resulting solid was crushed and sieved. The sieved particles were placed in a pure nickel
(alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI, oxygen,
and inert (helium and argon mixture) could be fed to the reactor. The specific performance

data for this example are set forth below in Table 8.
25

30
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56.0

76.4

71.8

73.2

55.1

C2H4Cl2

11.5

31.4

9.6

12.7

5.2

7.3

C2HsCl

5.0

2.9

4.0

4.9

49

12.4

COq

10.8

18.6

6.0

7.6

8.8

13.6

241

These data show the production of vinyl chloride from ethylene containing streams using

lanthanum-based catalysts that contain other elements or are supported.

Example 25 through Example 30

Example 25 through Example 30 show some of the modifications possible to alter the

preparation of useful rare earth compositions.

Example 25

A solution of LaCl; in water was prepared by dissolving one part of commercially available

hydrated lanthanum chloride (purchased from Spectrum Quality Products) in 10 parts of
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data for this exanple are set forth belowin Table 8. 25 30 -52 WO

01/ 38274 PCT/ US00/ 27701 Table 8: Rare Earth Conpositions wth Additional
ConmponentwO Bxasrpd e 18 19 20 21 22 23 24 25 Feed nol e rat PORUSRMY7A. 7 3. 6
3.7 3.73.73.73.63.7 HAO 2.02.02.02.02.02.02.02.0 021.010
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401 400 3 401 4Q0. 4 401 S 4.8 20.3 6..7 3 7.9.7.8 12.8 16.7 ti
(s) Fr act@@lﬁ&? c%ﬁ%ﬁ&%orﬁggeep@ﬁa@é?ﬁd)ce ff‘éﬁﬁéﬁhi%.&z‘e‘ltﬁs caugeq theyfognationdlag 5
18. 7 15. Zel Hile tknfie s Lertfifithed fo Lolflt Bhe38lid §§1uao@3va§de&%teﬁ§“%ywth‘é8- 0
52.0 50.3 47.4 50.9 56.4 Sel®ectivities (Percent) VCM 64.5 54.6753.6 56.0
76. 4 71. eranddisarded. CR atudatéd solutbonids. (26 110ar6 teazytr @t/ ldaramdnimnechlordde C2H5C
5.0 1Q0.0 .7. 4, 2. 4.0,4. 9 9 12. 10..8. 18. 26.6 6.0 7.6 8 13.6 24.1
S Tnese daighERE GO AR CRrIE CorGnvyn Eionted aE S R b e ot i it o

streans Wsiufign wagalidnehdad add s@iréd. YEieScollBatd S WA dalc@hdasdt 580 ﬁ%ﬂtf‘ér pr are
supported. Exanple 25 through Exanple 30 10 Exanple 25 throughb anpl e 30
8

show sonwogfs. tThe spesifi¢ perfarmange dss £orshis example reg set fasth piewan debleR. dhiusef ul
rare ear teQaI%Sfmﬁlﬂt}alce%QEe us@%?%&eed a%émonium salts to alter the preparation of rare earth

compositions.
10

Example 26

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (purchased from Spectrum Quality Products) in 10 parts of

15  deionized water. Rapid addition with stirring of 6 M ammonium hydroxide in water
(diluted certified ACS reagent, obtained from Fisher Scientific) caused the formation of a
gel. The mixture was centrifuged to collect the solid. One part glacial acetic acid was
added to the gel and the gel redissolved. Addition of the solution to 26 parts of acetone
caused the formation of a precipitate. The solution was decanted away and the solid was

20  calcined at 550 deg C for 4 hours. The specific performance data for this example are set
forth below in Table 9. This example shows the preparation of useful lanthanum
compositions by the decomposition of carboxylic acid adducts of chlorine containing rare

earth compounds.

25  Example 27

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (purchased from Spectrum Quality Products) in 10 parts of
deionized water. Rapid addition with stirring of 6 M ammonium hydroxide in water

30  (diluted certified ACS reagent, obtained from Fisher Scientific) caused the formation of a
gel. The mixture was centrifuged to collect the solid. The collected gel was resuspended in
3.33 parts of deionized water. Subsequent addition of 0.0311 parts of phosphoric acid
reagent (purchased from Fisher Scientific) produced no visible change in the suspended gel.

The mixture was again centrifuged and the solution decanted away from the phosphorus
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15 A solution of LaCl3 in water was prepared by dissolving one part of
comercially avail able hydrated | anthanum chloride (purchased from
Spect r umv@nai/ag2y4 Products) in 10 parts of -53 WO 01/ 3827HCBCI#480@/ 27701
dei oni zed water. Rapid addition with stirring of 6 M ammoni um hydroxi de in
wat er  ( dohtaingick gedr Thé cellectdS el eageditined firat 6801 dég Grfol4 Bbas. Bhe ediéinéd C)
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was addedompositien gled camteingtg phosphorites pludspbateed gel was cal ci ned at 550 deg
C for_4 hours. The specific performance data for this exanple are set

forth’bel ow in Table 9. This exanple illustrates the use of added anmoni um
salts to&h%[eggwe preparation of rare earth conpositions. 10 Exanple 26 A
solution o a in water was prepared by dissolving one part of

comercially available hydrated | ant hanum chloride (purchased from
Spect r umAgntiqnoffabdy i watey wasiprepaaed By dissalwing«ms past Of copmercialiygyptable

aditi \ A ‘ . il .

2041 00 S i MATIRG! NS c P At o

for mi0i orwandr. &\ sajetion Wwhefoninzd by eniviag 0OSrtarts fofi gedmieccialy dvadible DPABOO] o One
t glacial,. ti i dded t I dth | I, d.

Do o R 3ot 6P o IEN BNl el AR e

preci pi t afBejod26d Halet Rﬁﬂid"iﬁﬁidée\ﬁﬁtpﬁtﬁﬁnQWP?he%% sbfh%ioﬁ?édu?ed’@% fathatidh ‘G'flned

at 550 deg C for 4 hours. The specific perfornance data for this exanple
are set afgst.t Thdopixdwveiwas Tabirduged tTlholiccesharsplié. Thowvellacted got wparestspondesif

useful Ian nu asitions t.ne decomposition of carboxyl.ic acid
adducts df Pnrant REREBRZE WRGE TR NBRE RGN kiR ReR 2B 0T )7 s

sol ut5on dedanketiGlnviy floma@lieegel Waiie PoIRREMIGR] Wis cHlsiaed YiricthReat330de®C. The

comercially avail abl e h¥drated | ant hanum chl ori de_(purchased from

Spect r umcaigtel sqlidhasin BE)surfacei gepar 387 bm/gd dihsspoctic perfermancadasp Eraligi t i on
Wi th sti lekaddifle Afe &t MATDRN, Yrrhmd @p)i'hgseefaﬁlp‘f@sth%g)vs the utility of an alkyl amine in

the preparation of a useful rare earth composition.

20  Example 29

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (purchased from Acros Organics) in 10 parts of deionized
water. To this solution, 2.9 parts of commercially available tetramethyl ammonium

25  hydroxide (purchased from Aldrich Chemical Company) was added rapidly and with
stirring, causing the formation of a gel. The mixture was centrifuged and the solution
decanted away. The collected gel was resuspended in 6.67 parts of deionized water. The
mixture was again centrifuged and the solution decanted away from the gel. The collected
gel was calcined for 4 hours at 550 deg C. The calcined solid had a BET surface area of

30  80.35m%g. The specific performance data for this example are set forth below in Table 9.
This example shows the utility of an alkyl ammonium hydroxide for formation of a useful

rare earth composition.
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30 (diluted certified ACS reagent, obtained from Fisher Scientific) caused
the formation of a gel. The m xture was centrifuged to collect the solid.
The col | avoetd3gzel was resuspended in 3.33 parts of dei onPeEUSeEA7E01.
Subsequent addition of 0.0311 parts of phosphoric acid reagent (purchased
from Fi siBxambts 3Nntific) produced no visible change in the suspended gel.
The m xture was again centrifuged and the solution decanted away fromthe
phosphorus -54 WO 01/ 38274 PCT/ USOQ 27701 containing gel. The coll ected
gel was ¢abdiutietoffTuClain vodiér wiegpreépdred by dissslvimg ohbgant af comedreisibl dvdilisled a
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dissolved in 2.6 parts of deionized water. Rapid mX|m¥ W th stlrrlng of

the two dbe lﬂpmﬁcsp@raug@acet drda fayrthia examplefare ggt @urth befowe iml ghleiPe Thass

centrjfuge ol | oI| e i n

o 57 1B ar SEEPR SEP Y RS e WEetRr Siod e bR RERS 8 O R FY REERAS e b e
sol ution 1ﬂt5reé@£g3mbt%ﬂalaV\&Ythbﬁgh”rpétbﬁlaml@|ﬁm&hﬂalctﬁé l&&ﬂ@ﬁht@ﬁils iRrac@lt ned for
4 hours at 550 deg C. The_ calcined solid had a BET surface area of 38.77
n2/ g. Thén §ﬁ@%ﬁ°fth‘ése[i’é¢¢l’6?%ﬁ%nﬂ@gﬁn £YRaNEDAseS  anpl e are set forth bel ow
in Table 9. This exanple shows the ut|I|ty of an al kyI amne in the

preparat| on of a usefuIT e@&acg:% le 29 A solution of
LaCl3_.in water was prepa ﬁJ %%9’% ommercially
avai l bI e hydrat ed lanth ’ﬁf(%'?ﬂ g@@&'ﬂP 8m Acros Organics) in

10 parts of —detronizpe—water—Fo—this—sotuton—2—9parts—of—conmrergial l y
avai | abl e t FR%AEW& hy| &Bnonj um2Z5 hidr &R de| (p @8chabed 3 om Al dli ch
Chem cal Coprpany) was added rapidly a'F‘éerbr ,bérrl ng, causing the
formati on of—a—gel—Fhe i qdure—wasreentrHpged—andrthe—solption
C2H,4 3 3.7 3.7 3.7
HCI 2.0 2.0 2.0 2.0 2.0 2.0
(07 1.0 1.0 1.0 1.0 1.0 1.0
He+Ar 0.2 0.2 0.2 0.2 0.2 0.2
T (°C) 401 400 400 399 400 401
Space 8.6 20.8 4.7 8.7 6.2 20.0
time (s)
Fractional conversions (Percent)
CzH,4 18.8 8.7 15.6 17.4 21.0 9.3
HCI 35.8 7.7 20.0 415 48.4 223
Oz 53.0 32.6 48.8 50.6 56.8 17.9
Selectivities (Percent)
VCM 73.4 26.0 721 76.8 77.6 17.5
C2H4Clo 8.7 11.9 7.1 7.3 = 7.8 46.2
C2HsClI 3.5 22.7 5.6 4.2 2.9 25.6
COx 9.8 38.6 12.7 7.6 6.3 9.1
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decanted away. The coll ected gel was resuspended in 6.67 parts of deionized
water. The mxture was again centrifuged and the sol ution decanted away
fromthevwebi/3sEhe col |l ected gel was cal ci ned for 4 hoursprar/uS&R7dag C. The
calcined solid had a BET surface area of 30 80.35 nR/g. The specific
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Resear ch ftethecsgiry of the present gventian. Sueh modificaeonsre tagbegpnsiderettovithin the

ol ont 1ioefree REEa InERIDE LR b R0 e BB RY FRAS B8t T om o a

gel . The apperidedelaivas centrifuged and the sol ution decanted away. The
collected gel was <calcined for 4 hours at 550 deg C. The calcined solid
had a BET surface area of 16.23 nR/g. The specific performance data for
this exanple are set forth belowin Table 9. This 10 exanpl e shows the
utility of non-nitrogen containing bases for the formation of catalytically
interesting materials. Al though potentially functional the tested materials
appear to be inferior to those produced using nitrogen containing bases.
Table 9: Additional Preparation Methods for 15 Lanthanum Contai ni ng
Conpositions Exanple 26 27 28 29 30 31 Feed nole ratios C2H4 3.6 3.7 3.6

3.73.73.7 HJ 2.02.02.02.02020 021.01.0 1.0 1.0 1.0 1.0 He+Ar
0.2 0.2 0.2 0.2 0.2 0.2 T(C 401 400 400 399 400 401 Space 8.6 20.8 4.7
8.7 6.2 20.0 tine (s)
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Fractional conversions (Percent) C2H4 18.8 8.7 15.6 17.4 21.0 9.3 HC 35.8
7.7 20.0 41.5 48.4 22.3 02 53.0 32.6 48.8 50.6 56.8 17.9 Selectivities

(Percent )woeMs$234 4 26.0 72.1 76.8 77.6 17.5 (C21-1412 8. 7pad1/v9007271017. 3 7. 8
46.2 C2H5ClI 3.5 22.7 5.6 4.2 2.9 25.6 COX 9.8 38.6 12.7 7.6 6.3 9.1 -56
WO 01/ 38Wécle@T/ USOQ' 27701 The present invention has been described in an
illustrative manner. In this regard, it is evident that those skilled in

the art, once given the benefit of the foregoing disclosure, nay now nake

nodi fi catli gfettddtdFensR e ivin ?W@Hloﬁﬂ@%ﬁmﬁiﬂﬁﬁfg’ thestepesei N wi t hout
departing fromthe spirit of the present invention. Such nodifications are

to be considered within the 5 scope of the present invention which is

limt i I f e .. i 57 WO

01/ 35574 SRS BRSRER B Slant REo BFRESREF bl Phyoiny,

chlori depxygampancsamgast bee clefrse wirde of@parogtn dillofidé, @aRkrde, @fd | uent stream by
catal ytic reacti ng together ethane, ethylene, oxygen, and at |east one
chl ori ne g Bi’c}’ér‘l‘)"'l“"rbﬁ’Fd\"’B@fé’r’i‘ theymolardatio efgayt q-,th@ne tgrsaig etWerﬁ)hWﬁ%QﬁBon
wherein thesgol ar ratio of said ethane to said ethylene is between 0.02

and 50; 10 cool ing and condensing said reactor effluent streamto provide a
raw product streamhaving a first portion of said hydrogen chloride and a

I ed .hyd ht t h t f
y or S SO AT SO0 BB P 755 S 5P PSR A M TRPRAELS G O or o

monomer Brﬂ?ﬁ%lcﬁi sfaa1m @E%%eﬂtcﬁlo%de ARd hir8hc8o1ed hf@TLaAHIA SRl Halvitlg
portion of said hydrogen chloride,
a second portlon of said hydrogen chlorlde

separating said raw product stream into a vinyl chloride monomer product stream and into a

15  lights stream having said first portion of said hydrogen chloride; and

recycling said lights stream to catalytically react together with said ethane, said ethylene,

said oxygen, and said chlorine source in said generating step.

20 2. The method of Claim 1 wherein said catalytically reacting step uses a catalyst
comprising a rare earth material component, with the proviso that the catalyst is
substantially free of iron and copper and with the further proviso that when the rare earth
material component is cerium the catalyst further comprises at least one more rare earth
material component other than cerium.

25
3. The method of Claim 2 wherein the rare earth material component is selected from

lanthanum, neodymium, praseodymium, and mixtures thereof.

4. The method of Claim 3 wherein the rare earth material component is lanthanum.
30

5. The method of Claim ! wherein said molar ratio is between 0.1 and 10.

6. The method of Claim 1 wherein said molar ratio is between 0.3 and 4.
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recycling said lights streamto catalytically react together with said

et hane, said ethylene, said oxygen, and said chlorine source in said
gener ati mgoot/ag274 20 2. The nethod of C aim 1l wherein sai decausbyrr@al |y
reacting step uses a catalyst conprising a rare earth material conponent,
with the proviso that the catalyst is substantially free of iron and

copper a ith th ther proviso that when the rare rth material
component i HheBehfiot Glindrubge P st enlotBRnesee s Slcciedaam gHamoREoF ar o
earth  nmaf GMdrilatdAARBNRYndY dMedridab@eteel um 25 3. The nethod of Caim 2
wherein the rare earth material conponent is selected from | anthanum

neodym um praseodym um and m xtures thereof. 4. The nethod of Caim3

wher ei.n t rare.ear mat.erj al. conpane is | ant han 30 5., The net hod
of 0 8 m WisaPEPAE TR FirinRE Rl SBloriE snithe B Rfifled iom gt 1eqgnfgh o
of O ai mtlle Wh16fiRitEd Grizhsic FOMPOuidicoRsibtinotSF AR terathRife 1 2-didiBordén i, 38274
PCT/ USOCQO 27701 7. The method of Claim I wherein one said chlorine source is

sel ect ed o ghigride.dakdichinsogshaneaandl b2 tigklerpethanpane and a chl ori nat ed
ethane. 5 8. The nmethod of Caim1 wherein one said chlorine source is
selected fromat |east one of the chlorinated organic conpounds consisting
of car bor9. tEtermethbdof rim 1, whetéia | Bdieklobautitane gehdiyted ehbaid kredeting step is

1, 1-di.chl or eégane and 1,1, 2-trichloroethane. 9. The nethod of aim1l
wher &Pn Pusifigd éofisaleoet hane generated in said reacting step is 10 purified
for sale. 10. The nmethod of Claim1 wherein 1,2-dichloroethane generated in
said reacting step is purified for recycle to said reactor. 15 11. The

met hod of10CThemethathafi@am 1 whediio h|2edicEbivetiang geraratt e th sand seattihg eerisi ng

step is ﬁlﬁ'@éﬁﬁg‘}:y%&%%%&% in a vinyl furnace. 12. A nmethod of

manuf act Yonprising the steps of: 20 generating a
reactor effluent streamfroma reactor by catalytically reacting together

et hane, ethylene, oxygen, and at |east one chlorine source of hydrogen
chl odfde,lle mngtleod ijqulalm 1 wherein 1,2-dichloroethane generated in said reacting step is

purified for cracking in a vinyl furnace.
12. A method of manufacturing vinyl chloride, comprising the steps of:

20  generating a reactor effluent stream from a reactor by catalytically reacting together ethane,
ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

25  cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
30  product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;
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chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 and 50; 25 cooling and condensing said reactor effl uent
stream t w@ooss2de a raw product stream having a first popCT/@Ro776&ai d
hydrogen chl oride and a raw cool ed hydrogen chloride stream having a
second paoedaveringén smhydrdug diydgeen clilbndé stesansfrarsaid may aled hydiwgpn oklotite
streaminto a water product stream a vinyl chloride nonomer 30 product
stream A&H®®®hyl chloride stream a cis-1,2-dichl oroethyl ene and trans-1, 2-
di chl oroet hyl ene bl ended stream a 1, 2-dichl oroethane stream a heavies
stream and a lights streamhaving said first portion of said hydrogen

chl or i de;recysbng/pid anipaipaus hyd/gesoblopdy stteam tocsaukreactgr avsaahimydlogenschiyrieogen
chl oricde stream f.rom sai d raw cool ed hydrogen chloride stream recycling
sai d gnh%arcsﬂ?g 9dr ogen chloride streamto said reactor as said hydrogen
chloride 5 reactant; and recycling said lights streamto said reactor. 13.
The met hod of Caim 12 wherein said catalytically reacting step uses a

cat al yst Tecygliegsaid lights gtream ¢ wideeee®r.mat eri al conponent, with the proviso
that the catalyst is substantially free of iron and copper and with the
further proviso that when the rare earth nmaterial conmponent is ceriumthe
cat al yst 18uThbetetloingfiCls@s | 2ivhe@asiaidoRalficlyraiingatdphusesmtfily@l conponent
ot her .than cerium 15 14. The_ net hod of %4 im13 wherein the rare earth

mat elPal CETRHYAS Atane SaLR makray comBRRCnf: Jt BﬁQFﬁVIWéB&VH? eaplypiriaseodymi um
and m xt ] : JqToro e ] | r rth

Tt or i al SRRy 68} of o ald orfE! R0 e AR IT IR Bt B taiR

sai d nol amaterad compendnéiswesnmthd catakystifdrthdtonipnisenati¢astomd mGteaarach@hwher ei n
said nolar ratio is between 0.3.and 4. 18. The nethod of C aim 12 wherein
one sai d @ F%p%fetg‘%{@lagg?ré‘g?ed fromat |east one 25 of a chlorinated
met hane and a chlorinated ethane. 19. The nethod of C aim 12 wherein one
said chlorine source is selected fromat |east one of the chlorinated
orgahfc ddnpgbempthado<ilaim hywhereiathp sare eatth aateriat petaponenpis sclected from

lanthanum, neodymium, praseodymium, and mixtures thereof.

15. The method of Claim 14 wherein the rare earth material component is lanthanum.
20  16. The method of Claim 12 wherein said molar ratio is between 0.1 and 10.

17. The method of Claim 12 wherein said molar ratio is between 0.3 and 4.

18. The method of Claim 12 wherein one said chlorine source is selected from at least one

25  of a chlorinated methane and a chlorinated ethane.

19. The method of Claim 12 wherein one said chlorine source is selected from at least one
of the chlorinated organic compounds consisting of carbon tetrachloride, 1,2-
dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane.

30
20. The method of Claim 12 wherein 1,2-dichloroethane generated in said reacting step is

purified for sale.
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di chl or oet hane, ethyl chloride, 1,1-dichloroethane, and
1,1,2-trichloroethane. 30 20. The nethod of C aim 12 wherein

1, 2- di chivoo oeshane generated in said reacting step i s pupctiosa/fo01 sal e.
-60 WO 01/38274 PCT/ USOCQ 27701 21. The method of Caim 12 wherein

1, 2- di chl2ar qéehraiBodeiClaint €21 wihoresail d-diekdotoettigns p@ferdtad inpdid feh@thgf bdp icecycl e
to said reagtor.. 22. The method of C aim 12 wherein 1, 2-di chl or oet hane
gener at edf! eggqrde?yéé?ctpish'&rﬁcé‘ﬁ'i s 5 purified for cracking in a vinyl
furnace. 23. A nethod of manufacturing vinyl chloride, conprising the steps
of : generating a reactor effluent streamfroma reactor by catalytically
react i ng 220Jéemeathet dfaPieim 12 &heteliry | @rdichlorogthene gamrdited inl seristeaciing stdplior i ne
sour ce of h}tldé?(gen ?(hl ari de, %@Igori ne, or a chlorohydrocarbon, wherein the
mol ar 2 r aPPEE} IL Lraskiedn Ay my) \WLRCE- et hyl ene is between 0.02 and 50:
cooling and condensing said reactor effluent streamto provide a raw
product stream having 15 a first portion of said hydrogen chloride and a
raw cool @d. Wymethgd wf olnofacueng vinyh ehloside,rgmpaispgdbmstepsaft i on of said
hydrogen chl oride; separating said raw product streaminto a water product
stream a vinyl chloride nonomer product stream an ethyl chloride stream
a cis-1, Zeairatidof patisy tNentaidai ot a teattat bybatintRADE AN R BheNéRshe,
stream a1, 2-dichloroethane streamy a heavies stream and a lights stream
havi Y sa&ttylener @tygeprand ghleast ongichloring seyen othdsegeachlarideochderingy ona

anhydr ou | Of : ' I lngri de
v eam  SSHRARRAER, heR B HEMPLIOR S dniitosRg SRichE BRSRe g2

react or asd$8@j d hydrogen chloride reactant; dividing said |ights stream
into a purge streamand a recycle gas stream 30 absorbing hydrogen
chloride fromsaid purge streamto separate an aqueous hydrogen

cooling and condensing said reactor effluent stream to provide a raw product stream having
15 afirst portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and #rans-1,2-
20  dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;

recovering an anhydrous hydrogen chloride stream from said raw cooled hydrogen chloride

stream;
25
recycling said anhydrous hydrogen chloride stream to said reactor as said hydrogen chloride
reactant;
dividing said lights stream into a purge stream and a recycle gas stream,
30

absorbing hydrogen chloride from said purge stream to separate an aqueous hydrogen

chloride stream;
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chloride stream -61 WO 01/38274 PCT/US00/ 27701 conbi ning sai d aqueous
hydr ogen chloride streamw th said raw cool ed hydrogen chloride stream
absor bi ngv@and3s2ecycling to said reactor a C2 stream from Bar/gs@arga stream
and 5 recycling said recycle gas streamto said reactor. 24. The method of
Cl ai m 23 opimbiningsaidpquesas by drogenehlgridessirepiniyitls sash rays esoled bydrogepsahloride
conpri si rkgr&frare earth material conponent, with the proviso that the

cat al yst FSto substantially free of iron and copper and with the further
provi so that when the rare earth material conponent is ceriumthe catalyst
further conprises at |east one nore rare earth material conponent other

t han cer i3Qperbmg angpecy hing tsaid reaptar #{C2 4toMB fonhsaidpurgg sEcaarad mat eri al
conpogent is selected from 15 |anthanum neodym um praseodym um and

m xtures thereof. 26. The nethod of Claim25 wherein the rare earth

mat eri al mopgmgenid recytlaghhstream to s2id reddter. et hod of C ai m 23 wherein said
nolar ratio is between 0.1 and 10. 20 28. The nethod of C aim 23 wherein
said nolar ratio is between 0.3 and 4. 29. The nethod of C aim 23 wherein

one sai d ahHOkiEhGP Cliirh 33 MleRAS SHld EAORYBIIL #ANIngA0S ul o Baghior | natt ed

met hane and a _chI ori nated ethane. 25 30. "The met alm 23 wherein one
sai d chl compeisingarrere dagh sedterial edmpouemt,avith tha provoseethatathe citelyshis or i nat ed

ot Pyt Ocni P EATY FESGT A aPoeshene G U ASSRPURY Biebufrafis i Hsgeds. e
et hod ofm4ebrad] BoRpondir iscdeRiu e dh@aOfuaat r36NANeds€end Mofatt dBRCt | NQ
step is purified for sale. -62 WD 01/38274 PCT/ USOQ 27701 32. The net hod

of O ai mmEeriH spmpanent pther tapsev@hane generated in said reacting step is

25. The method of Claim 24 wherein the rare earth material component is selected from

15 lanthanum, neodymium, praseodymium, and mixtures thereof.
26. The method of Claim 25 wherein the rare earth material component is lanthanum.

27. The method of Claim 23 wherein said molar ratio is between 0.1 and 10.
20

28. The method of Claim 23 wherein said molar ratio is between 0.3 and 4.

29. The method of Claim 23 wherein one said chlorine source is selected from at least one
of a chlorinated methane and a chlorinated ethane.

25
30. The method of Claim 23 wherein one said chlorine source is selected from at least one
of the chlorinated organic compounds consisting of carbon tetrachloride, 1,2-

dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane.

30  31. The method of Claim 23 wherein 1,2-dichloroethane generated in said reacting step is

purified for sale.
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purified for recycle to said reactor. 33. The nmethod of C aim 23 wherein
1, 2-di chl oroet hane generated in said reacting stepis 5 purified for
cracki ngwaonsserqiyl furnace. 34. A nethod of nanufact uri npcviusga27edl ori de,
conprising the steps of: generating a reactor effluent streamfroma

react or B2. dheahgthodel Clpim 23 etheregn 1,3gbchlemethhapeneratddinssahiyleactmg stepyigen,
and at Ieas.% ‘?g{g chl orine. source of hydrogen chloride, chlorine, or a

chl or ohy #PHEET S ACCYHfelPSPid TE#4%Tpl ar ratio of said ethane to said ethyl ene
is between 0.02 and 50; cooling and condensing said reactor effluent
streamto provide a raw product stream having 15 a fi.rst&&c;rtion of said
hydr ogen 38h[Tde inokthedhef Glamadd sderean 1 Aydiedgroathent gerietatedinrsenehctingrstep ia

second port.i-on.of said .hydrogen | oride; separating said raw product
streagﬂ Pf)lhggl&%{tcé%c bnrgol&?‘cv n@?&“@g&ﬁ a vinyl chloride nmononer product
stream an ethyl chloride stream a cis- 1,2-dichloroethylene and trans-1I,2
20 di chl groet hyl ene bl ended stream_ a 1, 2-di chl oroet hane stream a heavies
stream artd Aamiethgrof magnfastuing yinyhghlesifel compsisingdhe steps &f sai d hydr ogen

chl oride; recovering an anhydrous hydrogen chloride streamfromsaid raw
cool ed hydrogen chloride stream 25 recycling said anhydrous hydrogen

chl ori de gsheratinp 4 reas@r dffluearcdtieamefsors airchchyrdyagestytidallp réadting togathtoethane,
dividing said lights streaminto, a purge stfeam and recycle gas stream
30 agéorﬁ?q%’genﬁy?f&gﬁ%rﬁn@ﬁlt s gerhlorine sotep oF Balrescinds. Glpdraceaan
aqueous RyRraaRocafdnOh iﬁhéﬁﬁiﬂrrat@éoﬁ@i@étﬁg’&zﬁaﬁ%ﬁ Q6 8&&@@? 0.2

conbi ni ng sai d aqueous hydrogen chloride streamw t idraw coo

hydr ogen aoéb0ri de stream hydrogenating said cis-1,2-dichl oroet hyl ene and
trans-1, 2-di chl oroet hyl ene bl ended stream 5 to provide recycle feed to
sai d reactor;

cooling and condensing said reactor effluent stream to provide a raw product stream having
15  afirst portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
20 dichloroeth)}lene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;

recovering an anhydrous hydrogen chloride stream from said raw cooled hydrogen chloride
stream;

25
recycling said anhydrous hydrogen chloride stream to said reactor as said hydrogen chloride

reactant;

dividing said lights stream into a purge stream and a recycle gas stream;
30
absorbing hydrogen chloride from said purge stream to separate an aqueous hydrogen

chloride stream;
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absorbing and recycling to said reactor a C2 streamfrom said purge stream
and recycling said recycle gas streamto said reactor. 10 35. The net hod
of Cl ai mwdowbserein said catalytically reacting step usesprarwawed7yeEt
conprising a rare earth material conponent, with the proviso that the

cat al yst dombisngsdidaqueahs ydrogen dfloridestreamdv ittogid ravacebled hydrogen dhilorideer
proviso that when the rare earth material conponent is ceriumthe catalyst
further ngﬁ?)rpises at | east one nore rare earth 15 material conmponent ot her
than cerium 36. The nethod of Claim35 wherein the rare earth materi al
component is selected from |anthanum neodym um praseodym um and

m xt ur es hydegendting2id37s-1;Prdiciierdethylese a@daiam-:}s@-@m&pmqthyﬂm blenrdsd staearn
mat er i.al .conponent i s.| ant ha 38. The nethod of C aim 34 wherein said
nol arlsr at'P 87 eorgm%eetaee@ﬂsa @ge@fm_r, 39. The nethod of C aim 34 wherein said
nolar ratio is between 0.3 and 4. 25 40. The nethod of C aim 34 wherein
one said chlorine source is selected fromat |east one of a chlorinated
met hane a@Reorhingind reqyshingitosiaifbisactona C2 sHeamdionberibPUIeE sreamsAndher ei n one
said chlorine source is selected fromat |east one 30 of the chlorinated
or gani ¢ conpounds consi sting of carbon tetrachloride, 1,2- dichloroethane,
et hyl chl mecydmg sdidlrediyclbigas siefahatosaidaractdr. 1, 2-tri chl or oet hane. -64 WO

01/ 33574 PCT/ USOQ 27701 42. The nethod of O aim 34 wherein

1, 2-dchl or oet hane generated in said reacting step is purified for sale.
43. The st ol hifidd & Chif sukaiclifsdid Galh BBAIRT ek iaNGpaRees ahislsi n sal d
reacting step is 5 purified for recycle’to said réactor. 44. The net hod of
Cl ai m 34 ophwpriging ap®-cdith mhaterod compenapsetiathe proviscsthatthe eatalyshig step i s
purified for cracking.in a yinyl furn . 10,45, An aratus for

Fanu act drPg RS teRdhige Radeosr atd SRfdte B robio PRPSLEN IR sy

react or ehdtbliQRtbmpbiie@ B dYiufrtha cxtalysefultier @agirisBatl@4e bhemotd Add\éarth

et hyl ene, oxygen, and at |east one chlorine source of hydrogen chloride,
chl orlPne maserigd component other than cerium.

36. The method of Claim 35 wherein the rare earth material component is selected from

lanthanum, neodymium, praseodymium, and mixtures thereof.
20  37. The method of Claim 36 wherein the rare earth material component is lanthanum.
38. The method of Claim 34 wherein said molar ratio is between 0.1 and 10.
39. The method of Claim 34 wherein said molar ratio is between 0.3 and 4.
25
40. The method of Claim 34 wherein one said chlorine source is selected from at least one
of a chlorinated methane and a chlorinated ethane.
4]1. The method of Claim 34 wherein one said chlorine source is selected from at least one

30 of the chlorinated organic compounds consisting of carbon tetrachloride, 1,2-

dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane.
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chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 15 and 50; neans for cooling and condensing said reactor
ef fl uent wope38274 0 provi de a raw product stream havi ng ap€T/nseo/portt i on of
sai d hydrogen chloride and a raw cool ed hydrogen chloride stream having a
second pai2t iThe nedthahoftClainml B 6 gerreimll Ardictdoprodthane garserdted inssapbreadtingGtepaisd r aw
product stream.into a vinyl chloride nononmer product stream and into a
lights stpt“é‘gﬁﬁiﬁg\ﬁ?lﬁg said first portion of said hydrogen chloride; and
means for recycling said lights streamto said reactor. 25 46. The
apparatus of Claim45 wherein said reactor uses a catal yst conprising a
rare eart43. Timtnesthed ofcClao A4 mtheram 1 2-ditidometmns gertenated inhmidimectingsstepi is
substanti al .l g kree Oﬁﬁai ron an copper and with the further proviso that
when heprugﬁé ArPH© tf’egfujiﬂ‘liara @ponent is cerium the catal yst further
conprises at |least one nore rare earth material conponent other than 30
cerium 47. The apparatus of Claim46 wherein the rare earth nmateri al
conponent44i dhe @n@&de@f Claard4 méhereira hdrdicl exsdthane genepated modidhicastingzstap is

m xt ur es reof . -65 Q1/ 74 PCT/ USOQ 27701 48. The apparat us of

Cl aim 47 P@bﬁ@?‘i?"ﬁ Ctr%cg(mrgaf @V%Pat Meterial conponent is |lanthanum 49. The
apparatus of Claim45 wherein said nolar ratio is between 0.1 and 10. 5 50.
The apparatus of C aim45 wherein said nolar ratio is between 0.3 and 4.
51. 'i‘ﬁe Appdynanparagss fer aapyfactuipg veyhchipdde SP@PERNSY | ne source is sel ected
fromat |east one of a chlorinated nethane and a chlorinated ethane. 10
52. The apparatus of C aim45 wherein one said chlorine source is selected
from at lagasttor fongenefatinge refdtor éfflad¢m dtreang by icatalytiogburedstinpongéthér atiganef

carbon tetrachloride, 1,2- dichloroethane, hyl chl ori de, )
TG chieUP G S cane o ea g IR e h By e s ok, SBHFR 068 1 or
manuf act yhigaghydrdthtbonvREleifthe &M Th$d BFsaid ethane to said ethylene is between 0.02

15 and 50;

means for cooling and condensing said reactor effluent stream to provide a raw product
stream having a first portion of said hydrogen chloride and a raw cooled hydrogen chloride
stream having a second portion of said hydrogen chloride;

20
means for separating said raw product stream into a vinyl chloride monomer product stream

and into a lights stream having said first portion of said hydrogen chloride; and

means for recycling said lights stream to said reactor.

25
46. The apparatus of Claim 45 wherein said reactor uses a catalyst comprising a rare earth
material component, with the proviso that the catalyst is substantially free of iron and
copper and with the further proviso that when the rare earth material component is cerium
. the catalyst further comprises at least one more rare earth material component other than
30  cerium.

47. The apparatus of Claim 46 wherein the rare earth material component is selected from

lanthanum, neodymium, praseodymium, and mixtures thereof.
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a reactor for generating a reactor effluent streamby catalytically

reacti ng together ethane, ethylene, oxygen, and at |east one chlorine

sour ce ofwoydssagen chl oride, chlorine, or a chlorohydroceebosgo/2i@r ei n the
nolar ratio of said ethane to said ethylene is between 0.02 20 and 50;
nmeans for cooling and condensing said reactor effluent streamto provide a
raw product stream having a first portion of said hydrogen chloride and a
raw cool 8- Ayarppasats f Glamd7 vhardinharaln eithanaeddramperent shlapthagemd
hydrogen chl oride; 25 neans for separating said raw product streaminto a
wat er product stream a vinyl chloride nononer product stream an ethyl
chl ori de 49t Mhamppaats of ClaZmdiSchiienein edild yhelmeratiads betwsar 0.1 agd dd.chl or oet hyl ene
bl ended stream a 1, 2-dichloroethane stream a heavies stream and a

| ights stream having said first portion of said hydrogen chloride; 30 nmeans

for recowgr id raw cool ed
hydr ogen\sghlrrgrgla e st ?ég{%ﬁ% 42W&%€?%ggh7%MP%$?E§S%OI gé%%?%éngans for

recycling said anhydrous hydrogen chloride streamto said reactor as said
hydr ogen neans far. hts streamto

hLori de reac t; an cling sai
oaia P eactohe agashis 5h i 43 MhelSh G et chiOEHE spife B Releciet TREREH T hoes
cat al yst og@aP4 chlofiflated htftn€ aid A ch1BBhREL gdhag@rrponent with the proviso that
the catalyst is substantially free of iron and copper and with the further

provil@o that when the rare earth material conponent is cerium the catal yst

than - 10 S2on ot aerugts pFERm R RuERUS ohe i BRlobie TRLFLIsRew BT PARE e n°"

mat eri al oﬁeﬁﬁthﬁehtorinateﬂeir@fmﬁ(ﬁéhﬁp’o@ﬁds tamisting uMtarbeowyatilondepn @seodym um
and m xtures thereof apparatus of C aim?55 wherein the rare

earth rrald&hll‘ﬁpetb%ﬁ?pémh‘fhl?fédq’ édrchamefﬂethas% angilel. dppedyeroetdaRs: O ai m 53

wherein said nolar ratio is between 0.1 and 10.

15  53. An apparatus for manufacturing vinyl chloride, comprising :

a reactor for generating a reactor effluent stream by catalytically reacting together ethane,

ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a

chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
20 and 50;

means for cooling and condensing said reactor effluent stream to provide a raw product
stream having a first portion of said hydrogen chloride and a raw cooled hydrogen chloride
stream having a second portion of said hydrogen chloride;

25
means for separating said raw product stream into a water product stream, a vinyl chloride
monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and zrans-
1,2-dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a
lights stream having said first portion of said hydrogen chloride;

30
means for recovering an anhydrous hydrogen chloride stream from said raw cooled

hydrogen chloride stream;
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58. The apparatus of Caim53 wherein said nolar ratio is between 0.3 and
4. 20 59. The apparatus of C aim53 wherein one said chlorine source is
sel ected Woomssat4 | east one of a chlorinated nethane and BCTAkavi7mat ed

et hane. 60. The apparatus of C aim 53 wherein one said chlorine source is
sel ect ed meanmfatredyetisg said Snlgydzows hytdnegen lchorida atrexdn ¢o spadhreactooapsuithds

consi st of carban tetrachloride, 1,2- dichloroethane, ethyl chloride,
1, 1- di chlri‘g'p%f)@?ﬁgw&ﬂ%ﬁamﬂtlf‘%&tri chl oroet hane. 61. An apparatus for

manuf acturing vinyl chloride, conprising : 30 a reactor for generating a
reactor effluent streamby catalytically reacting together ethane,

et hyl ene,mesny faiecyghng said lightststresra tesaidrean®rsour ce of hydrogen chl ori de,
chl orikne, or a chlorohydrocarbon, wherein the nolar ratio of said ethane
to said ethylene is between 0.02 and 50; -67 WO 01/38274 PCT/ US00/ 27701

means f ors4c akiapparatng of CRGRIFSI wigersiaisgidrreatdrarseed Etalgsticondiprisg o rardaotii de a
raw product _stream having a first portion of, said hydrogen chloride and a
raw cool dvaterj cemenpncah vt te pravipe it tha ¢ataly stis sebsantialy fice of irep ardy d

hyar 0gen Bb&E SRR bONiDIBAN et AR thrl MBHAMGpALAGALM © 2
water pro t stream a vin chloride nonomer product stream an et hyl

chl ori de tbé¢ caapst fartiar sothpAsadi at Idast @etrhyte emre eantld niateziab eorhpéhedt othbothaet hyl ene
bl enq d stream a 1,2-dichloroethane stream a heavies stream and a

| i ght'S stFE%Hh having said first portion of said hydrogen chloride; 10 neans
for recovering an anhydrous hydrogen chloride streamfrom said raw cool ed
hydr ogen chl ori de stream neans for recycling said anhydrous hydrogen

chl ori de 5t rldgnrpparatws piClhénddorhesesindle wre gabthimalenaeompohentiisiselectelcremt ;

means for,_djvidin ai.d lights st.reamJnto a pur stream and a recycle gas
stream l%ﬂ*&‘ﬁlgn}’ 8?0 B%P%Sewgﬂeﬁndclmxg%e%@e 6'(raﬁm said purge streamto
separate an aqueous 20 hydrogen chloride stream

15  56. The apparatus of Claim 55 wherein the rare earth material component is lanthanum.
57. The apparatus of Claim 53 wherein said molar ratio is between 0.1 and 10.

58. The apparatus of Claim 53 wherein said molar ratio is between 0.3 and 4.
20
59. The apparatus of Claim 53 wherein one said chlorine source is selected from at least

one of a chlorinated methane and a chlorinated ethane.

60. The apparatus of Claim 53 wherein one said chlorine source is selected from at least
25  one of the chlorinated organic compounds consisting of carbon tetrachloride, 1,2-

dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane.
61. An apparatus for manufacturing vinyl chloride, comprising :

30 areactor for generating a reactor effluent stream by catalytically reacting together ethane,
ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;
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means for conbining said aqueous hydrogen chloride streamw th said raw
cool ed hydrogen chloride stream 25 neans for absorbing and recycling to
said reaswon1/382G2 stream from said purge stream and nearsTAS00/272@YCl i Nng
said recycle gas streamto said reactor. 62. The apparatus of C aim 61
wherein said reactor uses a catalyst conprising a rare earth 30 materi al

conponent, with the provisqQ that the cat st is substantially free of -iron
and copp&an hﬁcﬁﬁ)lt“?g qqgiecopa?qsw@rsa ‘@thb‘gjﬂﬁ%t S\Wﬁ%‘ﬁ 9 H@v;%raeragérpﬂu%t eri al

conmponentybain hsvih Q‘ﬁrgtnﬁrt%t&'lsXﬁthgﬁl’Hgteﬂ%hlo‘fﬂgBﬁ& §?§w%olle&ﬁg&ro cHihde rare
earth materi al conhponerit other than cerium -68 WO 01/38274 PCT/ USOQ 27701

63. The apean hgvisg afsecdindiportdd ofiseiddiydrager chimrideeart h materi al conponent is
selected from |anthanum neodym um praseodym um and m xtures thereof. 5
64. The apparatus of Cl aim 63 wherein the rare earth material conponent is

| ant hanufean§for s@ﬂ'ﬁﬁatﬁ%(@[@ﬂawspr@&u@k@édﬂ fhto M&E}'focﬁﬁi §traaRl, @vidydchPrids

between 0.1 and 10. 66. The apparatus of Caim wherein said nolar ratio
i s bet wearnongr graduat stream, grethyiehlerpisatigamsa ofs-13-dich osaetiierecand ans- sai d

hl ori X i f I: d
oot o B acheag e o 1 oS Roro Ml R ORAAL BB 2
chl ori ne lightsrser€arh Siaip 88id éitsti poationadf saRlidsidrogkd chivgidef the chl orinated

organi c conpounds consi sting of carbon tetrachloride, 1,2- dichloroethane,
ethyﬂochloride, 1, 1-di chl oroet hane, and 1,1, 2-trichloroethane. 69. An

appar at Us,d, gt fdﬁ‘%fv@ﬁﬁ%’ﬁ %&gwpfdsﬁ%é ‘rhzgxfri#% 'blﬂSridf QAR ﬂnﬂ%ai%%@. doBRgt or for

generating a reactor € catalytically reacting together
et hane, hgdiogerecdoridestgram; and at | east one chl orine source of hydrogen
chloride, chlorine, or a chlorohydrocarbon, wherein the nolar ratio of
said ethane to said ethylene is between 0.02 and 50; 25 neans for cooling

and condeqah§fbriedydlineaad Qﬁhﬁwdsl@aﬁog@ﬁ CERAME Stréin® W &1 RaéBiag¥arHuct
stream having a first portion of Said hydrogen chloride and a raw cool ed

hydr d§en bydiogen efdoride reaetenthavi ng a second portion of said hydrogen
chl ori de;

means for dividing said lights stream into a purge stream and a recycle gas stream;

means for absorbing hydrogen chloride from said purge stream to separate an aqueous

20  hydrogen chloride stream;

means for combining said aqueous hydrogen chloride stream with said raw cooled hydrogen

chloride stream;
25  means for absorbing and recycling to said reactor a C2 stream from said purge stream; and
means for recycling said recycle gas stream to said reactor.

62. The apparatus of Claim 61 wherein said reactor uses a catalyst comprising a rare earth
30 material component, with the proviso that the catalyst is substantially free of iron and

copper and with the further proviso that when the rare earth material component is cerium

the catalyst further comprises at least one more rare earth material component other than

cerium.
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means for separating said raw product streaminto a water product stream a
vinyl chloride 30 nononer product stream an ethyl chloride stream a
cis-1, 2- wwahi/as2oet hyl ene and trans- 1, 2-di chl oroet hyl ene bCEUd®®R73G1r eam a
1, 2-di chl oroet hane stream a heavies stream and a |ights stream having
said first portion of said hydrogen chloride; -69 WO 01/38274

PCT/ USO0/ 27 neans .recoveri n an _anhydr ous dro chlori stream
From sai 5 A ABERRHS Oh§ B GER ERT B S bR DRt L BoBal
anhy dr ousa il 480 eBodymhit, ?ﬁséddyﬁﬁﬁ%ﬂzﬁhcﬁﬁb@ur@@ﬁ@i&f as said 5 hydrogen
chloride reactant; reans tfor dividing said lights streaminto a purge

stream and a recycl e gas stream neans for absorbing hydrogen chloride

rmeans St o e AT IS AT i FRSUE Ry B A gy SRS BhBbEE. T

cool ed hydrogen chloride stream 15 means for hydrogenating said cis-

1, 2-di chl oroet hyl ene and trans- 2-di chl oroethyl ene blended streamto
provi de 8¢ yldeapparaws obC @&P&lr‘@ﬁéﬂéﬁaldma’smﬂ@ﬂs%‘é’é‘?‘b@ hgéA® recycling to
said reactor a C2 streamfrom said purge stream and 20 neans for
recycling said recycle gas streamto said reactor. 70. The apparatus of

G ai m 69 66hdheiapparatud of i@ wisesin saidahelbymtio ¢obgiweean 0 aad #are earth

mat erjal conponent, with the proviso that the catalyst is substantially
freelBf iron and copper and with the further proviso that when the rare

earth matgar gl a?ﬁd‘r"ﬁ’ﬁﬁ‘ BRE 1% 69 SYcfth one 018 chRdkiRb ¥&ired 14'sbREled HOMPAL 1%@5% at

| east one nore rare earth material conponent other than cerium 71. The
appar at usnepf ccblonnated nicthase and hehlorinateé athahe. mat eri al conponent is sel ect ed
from | anthanum neodym um praseodym um and m xtures thereof. 30 72. The
apparatus of Claim71 wherein the rare earth material conponent is

| ant hanupg. Tha apgdistugppelaah6s witferéh dhes£9 chldeine kbursdis@el¥Bled fron@ht 18ast S
between 0.1 and 10. -70
15  one of the chlorinated organic compounds consisting of carbon tetrachloride, 1,2-

dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane.
69. An apparatus for manufacturing vinyl chloride, comprising :

20  areactor for generating a reactor effluent stream by catalytically reacting together ethane,
ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

25 means for cooling and condensing said reactor effluent stream to provide a raw product
stream having a first portion of said hydrogen chloride and a raw cooled hydrogen chloride

stream having a second portion of said hydrogen chloride;

means for separating said raw product stream into a water product stream, a vinyl chloride
30 monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-
1,2-dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a

lights stream having said first portion of said hydrogen chloride;
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WO 01/ 38274 PCT/ USQQ 27701 74. The apparatus of C aim 69 wherein said
nolar ratio is between 0.3 and 4. 75. The apparatus of C aim 69 wherein one
said chl wone3gource is selected fromat |east 5 one of BCTAkavinat ed

nmet hane and a chlorinated ethane. 76. The apparatus of C aim 69 wherein one
sai d chl angane faraecovering ars ahlgcred hydwgemathlbads streanm &oof satdmwodvotzdi nat ed
organi c %ga?oun S _consisting of carbon tetrachloride, 1,2- dichloroethane,
et hyl chI"¥Fi08en CHIORIYSERIMY oet hane, and 1, 1, 2-trichl oroet hane. 10 77. Vinyl
chl ori de manufactured using a process conprising the steps of generating a
reactor effluent stream by catalytically reacting together ethane,

et hyl ene meaox §ayaecyclinglsaid ahlyadsousdrydragen chlonide soeams ¢o s#id readiooaesaithl or i de,
chl or:sne, r a 1hﬁ CQI orohédrocar bon, wherein the nolar ratio of said ethane
to safd é’?ﬁgﬂg@hg PUIGEPHEBR 0.02 and 50; cooling and condensing said
reactor effluent streamto provide a raw product streamhaving a first
portion of said hydrogen chloride and a raw cool ed hydrogen chloride stream
havi ng 20caas s diyiding spid; lightsoftreasy iptorppin gRy Fcalhd sk 4 eeycle epeitgeMag sai d raw
product streaminto a vinyl chloride nononmer product streamand into a

| ights stream having said first portion of said hydrogen chloride; and 25
recycl i ngneaas €orlabggrbmgshydeagent chlaradesftorh saidplisgersaaah tb ogrardhiean aquebusai d

et haqﬁ, ai.d ethﬁll gne, said oxygen, and said chlorine source in said

generdt i jl’é!dgoig chlogide 1 chl ori de produced by the nethod of daim 77
wherein said catalytically reacting step uses a catalyst conprising a rare
earth material conponent, with the proviso that the 30 catalyst is

subst ant indany fdrrcembofing sadh aquesus bydregenaahdoridet streamewithusaich eaw poaded Inalrogdeat

when t he Eg{r% e&rth mat eri al conponent is ceriumthe catalyst further
conpri seS"EF %% one nore rare earth material component other than
cerium -71 WO 01/38274 PCT/USQCQO 27701 79. Vinyl chloride produced by the
met hod of Claim 78 wherein the rare earth material conponent is selected

£ T omib antmean far bydesagmiting saidrcisdaciisloretialrac and raned. 2 hieklesicthyles. Vi ny|

chl ori de b?Jn%ga‘gt?é%n?% ﬁr%dﬁé@gﬁ fﬁ’éd tgsglid%gc?or\’(\her ein the rare earth materi al

means for absorbing and recycling to said reactor a C2 stream from said purge stream; and
20  means for recycling said recycle gas stream to said reactor.

70. The apparatus of Claim 69 wherein said reactor uses a catalyst comprising a rare earth

material component, with the proviso that the catalyst is substantially free of iron and

copper and with the further proviso that when the rare earth material component is cerium
25  the catalyst further comprises at least one more rare earth material component other than

cerium.

71. The apparatus of Claim 70 wherein the rare earth material component is selected from
lanthanum, neodymium, praseodymium, and mixtures thereof,

30

72. The apparatus of Claim 71 wherein the rare earth material component is lanthanum.

73. The apparatus of Claim 69 wherein said molar ratio is between 0.1 and 10.
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5 conponent is |anthanum 81. Vinyl chloride produced by the nethod of
Claim77 wherein said nolar ratio is between 0.1 and 10. 10 82. Vinyl

chl ori de woodss2ed by the nethod of Claim 77 wherein sai d poT/aRWAINIO S
between 0.3 and 4. 83. Vinyl chloride produced by the nethod of Claim77
wherein one said chlorine source is selected from at Ieast one of a

chl orinated net hane and _a_ chl ori nated ethane.. 15 84. Vinyl chloride
produced ﬂyTﬂlﬁepmaé@%ef%nm@lwhewnwém lar f3fie ishetweerd-3andd: source s
selected fromat |east one of the chlorinated organi c compounds consisting
of carbon tetrachloride, 1,2-dichloroethane, ethyl chloride, 1, 1

- di chl or 6t Taneppaaus bf Clazm 60 wiehdin ooetdidebloria® s@ice iisalgtted Hitont atdeaspr oduced
by thg nmet hod of C a|$1 77 vvher‘gi nlgl,.Z-dé%tﬁl oroet hane generated in said
react? ng8¢ 8 aF]%IOBH‘i‘tF methapganda phloriaged ¢fhans. ch ori de pr oduced by the

met hod of Claim77 wherein 1, 2-dichloroethane 25 generated in said
reacting step is purified for recycle to said reactor. 87. Vinyl chloride
pr oduced 7by Thhepperatne df Clain@i6@iwherein whe sad ohlorige shured isrsolectad fiom gfderst at ed i n

said reacting.st is purified for rackl ip a Vi fur 30 88.
Vinyl " onpb Pree s e freaiomigail fsibe b ripit BianieE i 25 or
gener at i d@hforo@BEieQethef dHisadY, 1 JtdiEAbdettaft, Aand AL Aichidroshhmd. Yt i cal |y
reacting together ethane, et hyI ene, oxygen, and at |east one chlorine

sour & of hydrogen chloride, chlorine, or a 72 WO 01/ 38274 PCT/ US00/ 27701

el or ohy 0 PORLBPIREREH iR IBLAY Bl Ocalo i duetiiguseto sard ot hyl ene

is betwe 'ng a con or ef fl uent

streamto provide a raw product stream haV| ng 5 afirst portion of said

hydr ogen chl ori de and a raw cool n chl oride stream h Vire% a
Be88uct

second pé&fRY" BN reagope ﬁlyamagsﬁn@m B % Es34ting foggthensthanes gl
stream i gkfodd, ¥ feddt Ot GHiorkte S8 o hylh'&één eflbRAd, ¢R1oMRE TR

15  chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

20  asecond portion of said hydrogen chloride;

separating said raw product stream into a vinyl chloride monomer product stream and into a

lights stream having said first portion of said hydrogen chloride; and

25 recycling said lights stream to catalytically react together with said ethane, said ethylene,

said oxygen, and said chlorine source in said generating step.

78. Vinyl chloride produced by the method of Claim 77 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the

30 catalyst is substantially free of iron and copper and with the further proviso that when the
rare earth material cofnponent is cerium the catalyst further comprises at least one more rare

earth material component other than cerium.
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product stream an ethyl chloride stream a cis- 1,2-dichloroethylene and
trans-1,2 10 dichl oroet hyl ene bl ended stream a 1, 2-dichl oroethane stream
a heavi ewostir3ezzn and a |lights stream having said first poavadoon770f sai d
hydrogen chl ori de; recovering an anhydrous hydrogen chloride streamfrom

sai d raw’8odiexd chipsde geasiuged by fheenetheod elitaim 58 méieyein thegrarsegagth anetgred ous
sal . Y| _ . & aw
act ant OpGanE R R RA T 1 An AL DR, ARSI ARG ot

chl oride produced by the nethod of Cl aim88 wherein said catalytically
reacting_.step. uses a catalyst co i Si a rare earth material conponent,
with the3fr Yiid sRiorigE piateed By theyaRthodolClg aﬁwh&rq@th@rré@ c@fthimaseriadng
coppet ap@m ﬁéﬁtfsh@ntﬁ%ﬁﬁlﬂer proviso that when the rare earth naterial
conponent 1S ceriumthe catalyst further conprises at | east one nore rare
25 earth material conponent other than cerium 90. Vinyl chloride produced

by the h f. O aim89 rein the rare earth material . conponent is
sel ect eg‘§1tl T %ﬁﬁh]toﬁiaﬁ Bmduﬁ%&ﬁﬁedﬂ?&?ﬂ %&16592{7 Wnﬁer%ﬁa‘ﬂmlﬁrré n&ﬁﬁ@%@ﬂ 30
91. Vi nyb.1cdidaorp de produced by the nmethod of C aim90 wherein the rare

earth material conmponent is |anthanum -73 WO 01/38274 PCT/ USOQ 27701 92.
Vi nyl chloride produced by the nethod of Claim88 wherein said nolar ratio

o5 wir orn VA ofBfa? Brodiees L B apiEt G 17 R g MGt e Bocte”

pr oducedOByaridie net hod of C ai m 88 wherein one said chlorine source is
selected fromat | east one of a chlorinated nethane and a chlorinated

et hane. 10 95. Vinyl chloride produced by the nmethod of C aim 88 wherein
one sai dgghkgy lgﬁloﬁ%’ ffdubed bfﬁ]leqﬁétﬁgd (f)f’(?ﬁ?n"fuﬁ Weakin QEEeSf?(gc}gBﬁ féblu?cre'i at ed
or gani ¢ conpounds consi sting “of carbon etrachloride, 1,2- PChT or 06t ane,
et hyl chbdedtedbfrom, at {astodiearf aehlaimatedanethdneand-a chlorinated ethane.

15
84. Vinyl chloride produced by the method of Claim 77 wherein one said chlorine source is
selected from at least one of the chlorinated organic compounds consisting of carbon
tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-
trichloroethane.

20

85. Vinyl chloride produced by the method of Claim 77 wherein 1,2-dichloroethane

generated in said reacting step is purified for sale.

86. Vinyl chloride produced by the method of Claim 77 wherein 1,2-dichloroethane

25  generated in said reacting step is purified for recycle to said reactor.

87. Vinyl chloride produced by the method of Claim 77 wherein 1,2-dichloroethane

generated in said reacting step is purified for cracking in a vinyl furnace.

30  88. Vinyl chloride manufactured using a process comprising the steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,

ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
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trichl oroethane. 15 96. Vinyl chloride produced by the nethod of C aim 88
wherein 1, 2-dichl oroethane generated in said reacting step is purified for
sal e. 97.w&bngd27c¢hl ori de produced by the nethod of C ai m B8TARerwien

1, 2-dichl oroet hane generated in said reacting step is purified for recycle
to sai d rhhcthydrocatboagwhefieimythe otvlaymratieofmaidietbant toysaidrethydencho HewfeetDHH2m 88
wherein 1, 2-dichl oroethane generated in said reacting step is purified for
cracki ng 3 3% vi nyl furnace. 99. Vinyl chloride manufactured using a
process conprising the steps of: 25 generating a reactor effluent stream
froma reactor by catalytically reacting together ethane, ethylene,
oxygen, &aelingandegsdensing seiv sa¢toefiventsEeyn to prvidsentapreducy streagmhavingie, or

ot hyl dne A RPREER i Gl BBTidggnEs shF cbOel v ke SRRl RgPlhe
ef f | uent aské@dpor@orpsfaidieydeogedwhriddyct stream having a first portion of

sai d hydrogen chloride and a raw cool ed hydrogen chloride stream having a
second portion of said hydrogen chloride; -74 WO 01/38274 PCT/ USOQ 27701

separ at | Aol Al SOG SEEEHY b Ul PR 44y SRR I oifeP Y

chl ori de pro stream an e eam a
ci s-1, 2- ¢redulcosteeatyyh ethy] elddride sream] a 24s- J2-didhdoroethpieche ared hesntded stream a

S o 1 v OGP ERBAnG DB b IERPBRHEC SFGB NG SFeoih ApAAEE |

hydr ogen bl hhfge $4it SR oFIR sTahA HydWgeRehReidBydr ogen chloride stream 10
recycling said an%ydrous hydr ogen chl oride streamto said reactor as said

hydrogen chloride reactant; dividing said lights streaminto a purge
stream and a r.ecycl as strea 5 .absor bi hydr ogen lornl fr.om.said
purge st Fecovering %qa%riaryg{o&s ilp{dré)égiglg}gnﬁ%, p&g}aﬁgm SXI% 3% coofég hydroggn chidfe
stream;
15
recycling said anhydrous hydrogen chloride stream to said reactor as said hydrogen chloride

reactant; and

recycling said lights stream to said reactor.

20
89. Vinyl chloride produced by the method of Claim 88 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the
catalyst is substantially free of iron and copper and with the further proviso that when the
rare earth material component is cerium the catalyst further comprises at least one more rare

25  earth material component other than cerium.

90. Vinyl chloride produced by the method of Claim 89 wherein the rare earth material

component is selected from lanthanum, neodymium, praseodymium, and mixtures thereof.

30  91. Vinyl chloride produced by the method of Claim 90 wherein the rare earth material

component is lanthanum.
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chl oride stream conbining said agueous hydrogen chloride streamw th said
raw cool ed hydrogen chloride stream 20 absorbing and recycling to said
react or av@Bi/st2ream from said purge stream and recyclinpCcrase/a7emycl e gas
streamto said reactor. 25 100. Vinyl chloride produced by the nethod of

d ai m 99 RRhé¥fieyinchdarids preduskd by ¢l ingthod ot Clang 88swhkasein seid molgrratibysbetween
conpri si e a({Jﬁ@e earth material conponent, with the proviso that the

cat al yst ]s% tantially free of iron and copper and with the further
provi so that when the rare earth material conponent is ceriumthe catalyst
further corrprlses at least one nore rare earth material conponent other

t han ceri%3mVigpl chipride\rirpduced by dha methpd efi(lam 83ywharein spidaelavratici nbgiw e

vvheregn t e earth material conmponent is selected from | ant hanum
neodym um pr aseodym um and m xtures thereof. -75 WD 01/38274
PCT/ USOQ' 27701 102. Vinyl chloride produced by the nethod of O aim101

wherein the rare earth terial conponent .is nt hanum 103. Vi nyl
chl ori de 9Br odnredlosidenredyegd hweolflefépgpﬁcwmmg Iein ORF aalﬁﬁh@rmrzawrse s 5

bet ween Qelject%ﬂ‘i* ohPat 18R onebfWnIGREd BEthRAOSELEh] Q?et ghod of Caim 99
ol ar e Oog A ]

wherein said ratio Is nyI chl ori de
produced by the rret hod of C aim 99 V\/nerel n one said chI orine source 1is

I ed f.r t . le rin d t hane and a ch] ori nat ed.
ot hard: 866 Viurt ottt by B Refon P ERem TBonGac o Coesdd FSBIRABES i one
sai d chl QeleBRd FRI SGeast §n§@fitﬁ@tc1ﬂ@r1ﬁ£t@dirb nicQR&Ipoli Rhsiktiey 6faddnnat ed
organi ¢ conpounds consi sting of carbo tetrachlorlde

1, 2- di chitefrasblonidael ,2-didoroethansy, el chioxldet;hlclhdlghlomelﬂme,, andrlgl,2- 1, 2-

trichlor 7. Vinyl chloride produced by the method of C aim 99
wherein %qémgl%%%]la%?oet hane generated in said reacting step is purified for
sal e.

15  96. Vinyl chloride produced by the method of Claim 88 wherein 1,2-dichloroethane

generated in said reacting step is purified for sale.

97. Vinyl chloride produced by the method of Claim 88 wherein 1,2-dichloroethane
generated in said reacting step is purified for recycle to said reactor.

20
98. Vinyl chloride produced by the method of Claim 88 wherein 1,2-dichloroethane

generated in said reacting step is purified for cracking in a vinyl furnace.

99. Vinyl chloride manufactured using a process comprising the steps of:

25
generating a reactor effluent stream from a reactor by catalytically reacting together ethane,
ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a
chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;

30
cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;
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20 108. Vinyl chloride produced by the nmethod of C aim99 wherein

1, 2-dichl oroethane generated in said reacting step is purified for recycle
to sai d weauat3sz74 109. Vinyl chloride produced by the net rad/wdooi7ai m 99
wherein 1, 2-dichloroethane 25 generated in said reacting step is purified
for cracking in a vinyl furnace. 110. Vinyl chloride manufactured using a

rocess i.Si f.. i tor.effluent stream from
P P eact o Ar AR il orh R Suli 18 B ARY R B SRAL 8V chibFOk mRbORET on
and at | gasducosieamhhoethpectiotidecreain, hygrigydichidibehidae andhodsing. or a

chl orohydr ocarbon, wherein the nolar ratio of said ethane to said ethylene
i s bet wedifhiproethylgpgblepded spigamprn b2rdighlovpethene sicrany, 2ieavies stErgm. apd adights

d i el ayi d d
condegsi gg?agﬁhgvﬁggﬁlgastg%hgdgﬁgtsﬁ@g&%ﬁ g‘hﬁef‘%' e a raw product stream

havi ng Irst p ori'lde and a raw cool ed hydrogen
chl oride stream having a second portion of said hydrogen chloride; 5

separating sai.d raw, product stre i.nto a ter product ream a vinyl
chl ori der‘%ﬁﬁﬁrﬁ%gran ";ﬂhge'i?é‘? ﬁX@rPg%Pn?ahrP% Giticgm Q{pé?lﬁdéwscpplggﬁwgrggeq ghloride
1, 2- di chlkgspet hyl ene and trans- 1,2- dichloroethyl ene bl ended stream a

1, 2-di chl or oet hane stream a heavies stream and a lights stream having
said first portion of said hydrogen chloride; 10 recovering an anhydrous

hyd hlori t i . | ed hyd h id !
recydl gt i b AR nyARsEEonRY AR GipuliaarE Al Pekistn ohladEal o
hydr ogenr&ltaat;i de reactant; 15 dividing said |ights streaminto a purge

stream and a recycle gas stream absorbing hydrogen chloride from said
purge streamto separate an aqueous hydrogen chloride stream 20 combi ning

gﬁ: g r gggaf{g&ﬁ?gggna AIER sGEBIMR IS ptI ST Al 1584 d W sheRLhed hydrogen

15 absorbing hydrogen chloride from said purge stream to separate an aqueous hydrogen

chloride stream;

combining said aqueous hydrogen chloride stream with said raw cooled hydrogen chloride
stream;

20

absorbing and recycling to said reactor a C2 stream from said purge stream; and
recycling said recycle gas stream to said reactor.

25 100. Vinyl chloride produced by the method of Claim 99 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the
catalyst is substantially free of iron and copper and with the further proviso that when the
rare earth material component is cerium the catalyst further comprises at least one more rare
earth material component other than cerium.

30
101. Vinyl chloride produced by the method of Claim 100 wherein the rare earth material

component is selected from lanthanum, neodymium, praseodymium, and mixtures thereof.
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hydrogenating said cis-I,2-dichloroethylene and trans-1I, 2-dichl oroet hyl ene
bl ended stream 25 to provide recycle feed to said reactor; absorbing and
recyclingvoosairdd reactor a C2 stream from said purge streanuserai7ol
recycling said recycle gas streamto said reactor. 30 111. Vinyl chloride
pr oduced 109. Mimylebionidd pofduckdbyrthe racthddbofcClaing 40U wharesn theirarglehsth mateed i ng

step uses_a_cat rising a rare earth material conponent, with the
provi so CPWQ?netnﬁéy@g@ﬁ?% is substantially free of iron and copper and

with the further proviso that -77 WO 01/38274 PCT/US00/27701 when the
rare earth nmaterial conponent is ceriumthe catalyst further conprises at

| east oné03nﬁ(rnevlﬁhmldé@rqduceﬁabyetbﬁaneth@@‘cﬁbm 98 thisrein paidh modariratie 15112, Vi nyl

chl OrSdeb%@e@H%efjaﬁ@'dhe met hod of Claim 111 wherein the rare earth

mat er onen is selected fromlant hanum neodym um praseodym um
and m xtures thereof 113. Vinyl chl or| de produced by the nmethod of Caim
112 wher |n t he r e earth ter| al onent i s |anthanum 10 114. Vinyl
chl ori de Bf‘o e & {NldFIREOdh‘é? ]'@élthﬁfm‘@%ﬂ Glapn Qi arherean sad malgiratio satio i s
bet ween ¢ A9 3Lohq 415. Vinyl chloride produced by the method of Caim110
wherein sgtljwde%rm llar ratio is between 0.3 and 4. 15 116. Vinyl chloride
produced by the nethod of Caim 110 wherein one said chlorine source is

cthant: 195 shERRE sriteh Oue adhod S (iR e BB Ots SiEFASERETFG n one
sai d chl ¢y JeNRtcuo6EQt 1edR ond of &LEIeERsted HRMaAE ah@aShloPNRe@bhbiE chl orinated

organi ¢ conpounds consisting of carbon tetrachloride, 1,2-dichloroethane,
et hyl chlorlde 1, 1-di chl oroet hane, and 1,1,2- trichloroethane. 118. Vinyl

chloride i Ioroethane 25
Goner ot ed 0o VRGNt BodIELB R mdb Berkitg YOS dndel GHRBIOTHAGT
pr oduced 1§35eldcﬁel foimh hoktasifonCoithchldinated roganiclcompbudlls esmetingBecarbon

15  tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-

trichloroethane.

107. Vinyl chloride produced by the method of Claim 99 wherein 1,2-dichloroethane
generated in said reacting step is purified for sale.

20
108. Vinyl chloride produced by the method of Claim 99 wherein 1,2-dichloroethane

generated in said reacting step is purified for recycle to said reactor.

109. Vinyl chloride produced by the method of Claim 99 wherein 1,2-dichloroethane

25  generated in said reacting step is purified for cracking in a vinyl furnace.

110. Vinyl chloride manufactured using a process comprising the steps of:

generating a reactor effluent stream from a reactor by catalytically reacting together ethane,
30 ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or a

chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is between 0.02
and 50;
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generated in said reacting step is purified for recycle to said reactor.

120. Vinyl chloride produced by the nethod of Caim 110 wherein
1, 2-di chivop oesshane generated in said reacting step i s pupcCtiuse/fom
cracking in a vinyl furnace. -78

10

15

20

25

30

cooling and condensing said reactor effluent stream to provide a raw product stream having
a first portion of said hydrogen chloride and a raw cooled hydrogen chloride stream having

a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer
product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
dichloroethylene blended stream, a 1,2-dichloroethane stream, a heavies stream, and a lights

stream having said first portion of said hydrogen chloride;

recovering an anhydrous hydrogen chloride stream from said raw cooled hydrogen chloride

stream,;

recycling said anhydrous hydrogen chloride stream to said reactor as said hydrogen chloride

reactant;
dividing said lights stream into a purge stream and a recycle gas stream;

absorbing hydrogen chloride from said purge stream to separate an aqueous hydrogen

chloride stream;

combining said aqueous hydrogen chloride stream with said raw cooled hydrogen chloride

stream,

hydrogenating said cis-1,2-dichloroethylene and trans-1,2-dichloroethylene blended stream

to provide recycle feed to said reactor;

absorbing and recycling to said reactor a C2 stream from said purge stream; and
recycling said recycle gas stream to said reactor.

111. Vinyl chloride produced by the method of Claim 110 wherein said catalytically

reacting step uses a catalyst comprising a rare earth material component, with the proviso

that the catalyst is substantially free of iron and copper and with the further proviso that
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when the rare earth material component is cerium the catalyst further comprises at least one

more rare earth material component other than cerium.

112. Vinyl chloride produced by the method of Claim 111 wherein the rare earth material

component is selected from lanthanum, neodymium, praseodymium, and mixtures thereof.

113. Vinyl chloride produced by the method of Claim 112 wherein the rare earth material

component is lanthanum.

114. Vinyl chloride produced by the method of Claim 110 wherein said molar ratio is
between 0.1 and 10.

115. Vinyl chloride produced by the method of Claim 110 wherein said molar ratio is
between 0.3 and 4.

116. Vinyl chloride produced by the method of Claim 110 wherein one said chlorine source

1s selected from at least one of a chlorinated methane and a chlorinated ethane.

117. Vinyl chloride produced by the method of Claim 110 wherein one said chlorine source
is selected from at least one of the chlorinated organic compounds consisting of carbon
tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-

trichloroethane.

118. Vinyl chloride produced by the method of Claim 110 wherein 1,2-dichloroethane

generated in said reacting step is purified for sale.

119. Vinyl chloride produced by the method of Claim 110 wherein 1,2-dichloroethane

generated in said reacting step is purified for recycle to said reactor.

120. Vinyl chloride produced by the method of Claim 110 wherein 1,2-dichloroethane

generated in said reacting step is purified for cracking in a vinyl furnace.
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