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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
on the subject is now available. The following paragraphs overview key work related to the

25  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,
including those in the lanthanum series, in the production of vinyl chloride from ethane.
30  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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t he co- peBditatant chlOl5% ¢nfitled EOXKYSHIORINATION Ol ABKANESd Df  hydr ogen
chlori deMONOCHLOR]NATED OLEFINS” which issued on January 19, 1983 to Robert Reid and
20  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
of vinyl chloride from ethane." The authors further describe that “the products of reaction
25  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

and oxygen. Preferred catalysts are supported copper or iron. An example in this patent
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augment yhelsbdh ATDI2EbRAREEARTH CATALYST” which issued on April 25, 1972 to

William Q. Beard, Jr. and US Patent 3,702,311 entitled “HALODEHYDROGENATION
CATALYST” which issued on November 7, 1972 to William Q. Beard, Jr. both describe a

20  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
production of VCM through conventional thermal cracking. HCI produced in the cracking

25  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 HC] and

Cl; are shown to augment yield of desirable products.

US Patent 3,644,561 entitled “OXYDEHYDROGENATION OF ETHANE” which issued

30  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

oxydehydrogenation of ethane to ethylene in the presence of excess quantities of hydrogen
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increases even as the yield of ethylene decreases.

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

the presence of excess HCI.

US Patent 5,097,083 entitled “PROCESS FOR THE CHLORINATION OF ETHANE”

which issued on March 17, 1992 to John E. Stauffer describes chlorocarbons as a chlorine
25  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.

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

30  patents have resulted from their efforts in development.

EP 667,845 entitled “OXYCHLORINATION CATALYST” which issued on January 14
1998 to Ray Hardman and Ian Michael Clegg describes a copper-based catalyst with a

b4
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is inati ' he .
Stoi chi odSA T PdaaPPe SISy SR PRI B B UCPER PROCESS: Mhighe 1 11 ea
" OXYCHL ORbWNETInOaRROCEBRIS taMlarCRli¢iBeLER g8 And RAS HardmAP@ScussesletthnMis Rag
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chlorine source in the presence of a copper and alkali metal-containing catalyst. HCI is

supplied to the oxychlorination reactor in excess of the stoichiometric requirement for
chlorine.

20
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
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

25  excess of HCI); 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
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
30  direct chlorination reactor. The 1,2-dichloroethane is subsequently cracked at elevated
temperature to yield VCM and hydrogen chloride (HCI). The HCI produced is in turn fed to
an oxychlorination reactor where it is reacted with ethylene and oxygen to yield more 1,2-

dichloroethane. This 1,2-dichloroethane'is also fed to thermal cracking to produce VCM.
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extended%ﬁf The net stoichionetry of the "balanced" plant is:
10 4@H4 + 2012 + 02 4 A4C2H3Cl + 2H20 Et hyl ene cost represents a
significant fraction of the total cost of production of VCMand requires
expensi ve 46sHi s 2@ pQoRdE-HEEhaPH:Qs | ess expensive than ethyl ene, and 15
production of VCM from et hane shoul d, therefore, reasonably |ower the
production cost of VCMin conparison to the production cost of VCM when
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1,2- 20 GAGMSSBEASVERSSHS lopipaunco Eithaseiivless Teensiye than ethwlangeangr oduct i on of
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I—Iydrocarlg)u(%1 e%nmsgﬁz{rxtédggggngyl ey & Sons (New York, 1995), pg 226].

It is common to refer to the conversion of ethylene, oxygen and hydrogen chloride to 1,2-

20  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.,
Molnar, A., Hydrocarbon Chemistry, John Wiley & Sons (New York, 1995), pg 226].
Deacon chemistry refers to the Deacon reaction, the oxidation of HCI to yield elemental

25  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
Associates, Inc., Study 4164A, October 1982, page 1]. The ability of oxychlorination
catalysts to produce free chlorine (Cl,) thus defines them. Indeed, oxychlorination of

30 alkanes has been linked to the production of free chlorine in the system [Selective
Oxychlorination of Hydrocarbons: A Critical Analysis, Catalytical Associates, Inc., Study
4164 A, October 1982, page 21 and references therein]. These catalysts employ supported

metals capable of accessing more than one stable oxidation state, such as copper and iron.
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of two chlorine atons to ethy rrom HCO “or anot uced chlorine
sour ce. Oxpdlarination oftalyists ghlorinetn cd¢fimnmatcanlspo edlk bighet ehlovogarbbu. i Thalksj on

rovi ded. catal.ysts.are 5 presen ich are. c bl.e of production of free
(F:) hl ori né.usgfffﬁ/yi‘?i‘(edf 9%‘1‘?“6\#” F’?Eﬁﬁ?ﬂi&f’e&%‘ieﬂylné{ﬂ&’alf’ﬂgelfsfpgy d?é_elt’%‘ane at
| ow feNDeicAlors@fane APrdte &RE isih 8 BRAMSriBSA cakaldsts HM Rl QRbARBRiMet | e
di sposed to thermally crack to yiteld HO and vinyl chloride.

Oxychl or ¢eninated sddg-pioguets. Ehisas exeaminedingréandetaitan patents so EY G(ER 667H84gher

Uyl Conl 3o a3 88 % s PSS BT R b Elieh ettt eases usi ng.
oxychl or mohichlofina@t 8ldg girsducts timnprodludet @FeCtBe bk gd@6rin£idh @alaNat &dd. In

side-products. This is examned in great detail in patents to EVC (EP
667, 845, congidertigp of thgmboygs agumbgr ofepncenisiregardingshg uye of ethaisi te pregdusey hi gh
| evejs of; Iel SR HeBR YR ct '

oy e or 1 T T e S B RR RUlenh e, e o
concept smpéifiad Meacpnt dagal yseoprrated hasuéfidientlyr o ghee eeriperiGhdsia¢@0°c)) etaanl thodeeen

descri bed preyviou . al yst s .enpl oyed reguently_ar nodi f i ed
Deacon crﬁﬂgﬂr%??eajﬁé?ﬁ@kn toxgai‘l‘?‘iq%t@ﬁgf%jgﬁ&ghé?taﬂ'éﬁﬁ@?%f‘ﬁre ng-rY§ t han
those rganifi@eretate REGIANMsRbMNLEE ALK WethRFddMALdroRe fifs€fAFtranGBER! YSt S used
for ethane-to-VCM nmanufacture are frequently stabilized against the

m grat i ofe@ls, asrdeseribegrand goyiewedhin GB datenpt 492945 GB Patent BAAL.5%E U Piatented i n
B Pﬂf’ en§,6}4’§@12, %&ten@%,fﬁ(ﬁﬁ algd ég Jf’aﬁa%? 5,7539,'95?'[ ent

Use of chlorocarbons as chlorine sources in ethane-to-VCM processes has been disclosed in
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

25  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.

Notwithstanding a relatively qualitative reference in GB Patent 2,095,242, another recent
30 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
CONVERSION OF ETHYLENE TO VINYL CHLORIDE, AND NOVEL CATALYST
COMPOSITIONS USEFUL FOR SUCH PROCESS?”, filed on October 3, 2000 in the
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20 3,644,561; US Patent 4,300,005; and US Patent 5, 728,905. Use of

chl orocarbons as chlorine sources in ethane-to-VCM processes has been

di scl osedwd n1/43@® Pat ent 1, 039, 369; GB Patent 2,101, 596; USCPasernt7700
5,097,083; US Patent 5,663,465, and US Patent 5,763,710. GB Patent

1, 039, 36UnitahBiates Retdiaing\@itiee, Exprése ddibMalliimgMaanba ELEB 683280 S. MBePat ent
2,101,596 is specific to copper catalysts. US Patent 5,663,465 describes a
process G of us appligrtinedeneensyries atiliyn &aspng yeeibisarquanttgsodfety o EDC
prior 1 ogh&eAlMaGH eneQ%K/&ﬁﬁg chi¥idYDArofRE hd the}%%gwﬁaﬁgsg alifdeq relatively
qualitative reference in Pat ent 2, 095, 242, another recent 30

devel opnapproacheeintproenes fa- winylydhlgideaesméstire. HowieveretheicataDowaaneyidlds

44649 to rk E.. Jones, M chael ken, and Daniel A. _H ckman, entitled
T A PROCESITPES ChigE AR Er IR GO TR TS O 9 T RRE BN RE
CATALYST an@eheifaRldM e hidplerdeld) R P tie bR 3 Xey ifsub ebORstvE@RBEn 3. 2000
inthe -7 WO 01/42176 PCT/USQ00/ 27700  United States Receiving Ofice,

Express &ailystismsteinegpailerbieconFeis 3688 de0ndtsnernd ethydanglintetvimyl chloride
application dempnstrates utility i.n.r ti.ng.significant quantities of both
o hane: alOReRRUR SR ThEanGinalaciobiat S h R MrersFRRi IR bl Goor 1 o
new appr Aaahs endble eQsTQTiIDL Equlifeirtd 43)huchits Polsisle Tt 86the! EListiigo¥fYRhentt he

cat al(g/st action yields 5 hydrogen chloride in the reaction product. In

t hi s1G eginay hayraihe gbitignto hendisyadengen chleride pribothemerdstimizieiqnipment degsdrobehl ori ¢
acid) wghi . | LSsu o_he an cat al yst
2yst e c s A8 B RERTe haBe P YbRaLT T nh PRI EUR, oo ne

chl or i deforrelfidli thés nesdxiby broviding anapiratofaref précdsy fortiahalingeydragdnl i ty
construction, there is also a need to enable use of prior equipnent as

mich as PUSEdGE@Crafiirem Semuhane/dhylare-toqunyresttontty stasptipbly dulbcaysingt y t o
hand & NYGFRIRR (ERATMRR L TR lunf tBlaliBd oG PR M/ ARPRAORS vindAV e the

ability to handl e hydrogen chl ori e present I nvention provi des

enboth nereastiorf ssep dnstdgel | i ng t hese needs, by providing an apparatus and
process for handling hydrogen chloride generated fromthe

et hane/ et hyl ene-to-vinyl reactor by essentially fully recovering it from

the reactrpg ilRbhtidheptbyides 4 Methol'oF imandfdctueig vadyll eRloatié, isirfghBe steps of: _
et hane/ et hyl ene-to-vinyl 15 reaction step or stage. The invention provides

a method of manufacturing vinyl chloride, using the steps of:
generating a reactor effluent stream by catalytically reacting together ethane, ethylene,

20  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;

quenching the reactor effluent stream to provide a raw product stream essentially devoid of

25  hydrogen chloride;

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

lights stream; and

30 recycling the lights stream to catalytically react together with the ethane, the ethylene, the

oxygen, and the chlorine source in the generating step.



generating a reactor effluent stream by catalytically reacting together

et hane, ethylene, 20 oxygen, and at |east one chlorine source of hydrogen
chl ori de,wahi/exirvére, or a chl or ohydrocarbon, where the nol peT/UsS/T7@f t he
ethane to the ethylene is between 0.02 and 50; quenching the reactor

ef f | uent Tlst ineennhonal yr wovides amethwd pf othnofacsiring ainyg sblenitle alompridmgahaisteps 25
hydrogen chl ori de; separating the raw product streaminto a vinyl chloride
nononer ﬁfoduct streamand into a lights stream and 30 recycling the
lights streamto catalytically react together with the ethane, the

et hyl ene, the oxygen, and the chlorine source in the generating step. -8
WO 01/ 42generapag AwSBodr2Tiiaamt stideen by vasalyticallyakaasingrtogatiie sthanepetindeneof

manufact uri ng vi,n chlaoride, conprising the,steps_ .of: generating a
enctor ettt dleaihalshREne SPTRS Lot e it et hane.

et hyl eneghloroh Pde¥EaBon, Wiidréth tHeanshr AAB of Bi@ktiafe SOHIE BthlenO¥bBeBBSR (B Or i de,
chlorine, or a chlorohydrocarbon, wherein the nolar ratio of said ethane
to said @diene is between 0.02 and 50; quenching said reactor effluent
streamto provide a raw product stream essentially devoid of 10 hydrogen
chloride; separating said raw product streaminto a vinyl chloride nononer
product gienhelsing adid rédetar effludnt ghdam Sipredde a aad pldauteieah digensiall fdévoid b
streamto catalytically react together with said ethane, said ethylene,
said“bxy@%%?gﬁﬁ%kgékd chlorine source in said generating step. The
invention further provides a nethod of manufacturing vinyl chloride,
conprising the steps of: 20 generating a reactor effluent streamfroma
react or fepamtihgkaid roalproducesiehmrigtotaogeylvhiorelehmoremergirdducesieamoanyiget, a and
at |east . .qgne chlorine source of hydrogen chloride, chlorine, or a
chIorohyH@B%ﬁFﬁHthQherein the nolar ratio of said ethane to said ethylene
is between 0.02 .

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

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

The invention further provides 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
quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream

and a raw product stream essentially devoid of hydrogen chloride;

separating said raw product stream into a lights stream, a water product stream, a vinyl
30  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, and a heavies

" stream;



and 50; 25 quenching said reactor effluent streamto provide a raw cool ed
hydr ogen chl oride stream and a raw product stream essentially devoid of
hydr ogen wbbosiide; separating said raw product stream int BCHUSOZTI® St ream
a water product stream a vin 30 chl ori de nononmer product stream an
ethyl c hnequn@g@tdlblmmogﬂnsphior@edtrcm enden hghysineusgdrydrogen chloride stream
trans-1, dlc%]oroet strean1 a 1, 2-di chl oroet hane stream and

a heavie SR 0 5??25@ 90500/ 27700 recovering a dilute

hydr ogen chlorlde strean1and an anhydrous hydrogen chloride stream from
sai d raw cool ed hydrogen chloride stream recycling said dilute hydrogen
chl or i deresydlmgrfpidlinteshydiogeabiasidestreamnanp saidireantgr efBugnssiedming sai d

anhydy ous hydrogen chloride streamto said reactor; and absorbing and
recycling to said reactor a C2 streamfromsaid Iights stream 10 The

i nvent i oRcdlinghald smhediodefydrogat dhbstidef steamub agitlwedong; midyl chl ori de,
conprising the steps of: generating a reactor effluent streamin a reactor
by catalytically reacting together ethane, ethylene, oxygen, and at |east

one chl Ocrgir gcar Mcﬁ% V\ﬁdclmgxg Eﬁg ?&CEE)P L@ QR rﬂrshfaglgh stfarh?

chl or ohy ar rat1o of sal hane to sai d ethyl ene
is between 0.02 and 50; quenching said reactor effluent streamto provide
a raw co drogen chloride str a raw. product stream essentially
devolt ﬂlwd%géhf%&tﬁ?r&rpwées az@*%l@ﬁ&? manGesng ik OB e GOMPIISEHIG nt 0 a
lights s§g a water product stream a vinyl chloride nonomer product
stream an ethyl chloride stream a cis-1,2-dichloroethyl ene and

trans-1, 2-di chl oret hyl ene bl ended stream a 1, 2-dichl oroethane stream and

a heavi egseneratmg ameac%or effluent stream in a reactor by catalytically reacting together ethane,

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

and 50;

quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream
and a raw product stream essentially devoid of hydrogen chloride;

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

25
hydrogenating said cis-1,2-dichloroethylene and trans-1,2-dichlorethylene blended stream

to provide recycle feed to said reactor;

recovering a dilute hydrogen chloride stream and an anhydrous hydrogen chloride stream

30 from said raw cooled hydrogen chloride stream;

recycling said dilute hydrogen chloride stream to said reactor effluent stream;

-10-



hydr ogenating said cis-|,2-dichloroethylene and trans-I|, 2-dichl orethyl ene
bl ended stream to provide recycle feed to said reactor; recovering a
di l ute hydooge7€hl ori de stream and an anhydr ous hydr ogenPchuseo/zieoost r eam
30 fromsaid raw cool ed hydrogen chloride stream recycling said dilute
hydr ogenrecydlmgisdie anhyé@ns hpdregédchl @édet soreaftd aidnéacsdrt &am - 10 WO 01/ 42176
PCT/ US00/ 27700 recycling said anhydrous hydrogen chloride streamto said
reactor; and absorbing and recycling to said reactor a C2 stream from sai d
lights siyseaig shdlidSydlimnyes 54i@edctdr LIS st AMSIE SaidNiRRRRRLUS for

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

et hyl ene,., 0X n at l.east one chlorine source of dr.ogen chl ori de,
chl or5|e neTh%V%g"%d@ﬁﬁaE%rtﬂfaYlgEsa?‘bmf‘r%ef%fnﬁmff?}‘émﬁﬁg Xy} %PB&OFO@QF‘&‘“&{ hane
to said ethylene is between 0.02 10 and 50; neans for quenching said
reactor effluent streamto provide a raw product streamessentially devoid
of hydr ogeactonfasgeneratinga magios efftnenssrsamatyi eapl ptidatly reastipg capathter sthasam i nt o

a vinyl | Qride. pon r..product stream and into li.ghts stream and
nmeans f o‘?th?ﬂgr_&ey & %?’%eél ’ Ig(?%f IE?SS RPChlprnespurcs 03 giyﬁrqgg'%\?lﬁlBFI.ge’fgkffW& Pifventi on
further gnorohg@scabospitiéih e tblar FAABWE a8t WEHaRe to/ §4KY bthGlth@ i Khewe GO | ST NY:
a reactor for generating a reactor effluent streamby catalytically

reactd ng2tdo¥bt her et hane, ethylene, oxygen, and at |east one chlorine
source of hydrogen chloride, chlorine, or a chlorohydrocarbon, wherein the
nolar ratio of said ethane to said ethylene is between 0.02 25 and 50;
means f omeapsefocduenghingisaidreatdraffledt bini tosiroeidenatrow piaitctgreant @vertiany ed
hydr ogen, chl r#ge strﬁﬁnhgpd a raw product stream essentially devoid of
hydr ogend®Ri%efi Bdrogen dhlafide: f or separating said raw product streaminto a
lights stream a water product stream a vinyl chloride nononmer product
stream an ethyl chloride stream a cis- 1,2-dichloroethylene and

t rank> 1, megtisdbt sgpetatipg eaid rw prudladt Stepmamo avifylBhibradel mometdrpnedust stemm  and

a heavi ez'lsnd iﬁ{oraeﬁgrnts stream; and

means for recycling said lights stream to said reactor.
20  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

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

means for quenching said reactor effluent stream to provide a raw cooled hydrogen chloride

stream and a raw product stream essentially devoid of hydrogen chloride;

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

stream;
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-11 WO 01/42176 PCT/ US00/ 27700 neans for recovering a dilute hydrogen

chl oride stream and an anhydrous hydrogen <chloride streamfromsaid raw
cool ed hydooge17€hl ori de stream 5 means for recycling sardraséoareoohydr ogen
chloride streaminto said reactor effluent streamy nmeans for recycling

sai d anhydrous hydrogen chloride streamto said reactor; and neans for

absorbi ng and. rec cIingaO(m) said reactor, a C2 streamfromsaid |ights
stream MEFSTREICAVEME4 uighy %e“;f&‘éﬂ/id&ége%lﬁ a5 3B ABRYAOYINY dRESDT act ur i ng
vinyl  chbfbli@estreaRPérh $hidGaw? 0bRARL @ érPEthﬁ{l;@&Petahﬂg a reactor effluent
stream by catalytically reacting togetgher et hane, “ethyl ene, oxygen, and at
| east one chl orine source of hydrogen chloride, chlorine, or a 15.

chl orohydrocarbon, wherejn th | ar .ratjo of said ethane tQ said ethylene
i's befwggﬁarbg.a{@@rec&ﬂﬁlg%fd ‘ﬁh’é‘fhgy(gv enhlofidg; g ANt SpidHEReer eHpeni sieamy r eam

to provide a raw cool ed hydrogen chloride streamand a raw product stream
essentially devoid of hydrogen chloride; 20 means for separating said raw
product Bepnsdar resyding saidgnhydeous budrogen edoréde ghreanitotsaidtreassory aml  vi ny|

chl ori de nononer product stream an ethyl chloride stream a
cis-1,2-dichloroethylene and trans-1,2-dichlorethyl ene blended stream a
1, 2- di chheaefbhaiertshg aaecfihgdo bAaYeRfor atT @AM 28mNBRAINEhisAtream.
hydrﬁgenating said cis- 1, 2-dichloroethylene and trans- 1,2-dichlorethylene
bl entted streamto provide recycle feed to said reactor; neans for

recoveri i ut I . r.ous hydr.ogen 30
chl ori de@g% ?’é’gﬁn%td#]rfgrngngﬂfrgaragswﬁg%%ﬁg h@é&ggg?ﬁagﬂflgp%@g%s Ifle%r%o 208 for
recycling said dilute hydrogen chloride streamto said reactor effluent
stream -12 01/ 42176 PCT/ USQQ/ 27700 neans for recycling said anhydrous
hydr ogen® ERFOF fISCRETARAER f3cos phluertiregm. bygatplviicaHy reasting kgsthst aiganmd

recyclinghyens dkJednCafd Aedt bte SNESAVAIRBrRFHDbh IMbHdS hfR Rk, or a

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

and 50;

means for quenching said reactor effluent stream to provide a raw cooled hydrogen chloride

stream and a raw product stream essentially devoid of hydrogen chloride;

20
means for separating said raw product stream into a lights stream, a water product stream, a
vinyl chloride monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene
and trans-1,2-dichlorethylene blended stream, a 1,2-dichloroethane stream, and a heavies
stream;

25

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

blended stream to provide recycle feed to said reactor;

means for recovering a dilute hydrogen chloride stream and an anhydrous hydrogen

30  chloride stream from said raw cooled hydrogen chloride stream;

means for recycling said dilute hydrogen chloride stream to said reactor effluent stream;

-12-



5 The invention further provides vinyl chloride manufactured using a
process conprising the steps of: generating a reactor effluent stream by
catal yti sebby4rieacti ng t oget her et hane, ethyl ene, oxygenpPCrUdoed7700east one
chl orine source of hydrogen chloride, chlorine, or a 10 chl orohydrocarbon,
wher ei n mhansrfot @cyclangiseidanhgdiods kydragen dhboridzi streanhy k&id eedceorpaidveen 0. 02

and 50; quenching said reactor effluent streamto provide a raw product
stream essentially devoid of hydrogen chloride; 15 separating said raw

product gbiRatt hskbbifg MdPetySink 8 sHE rdPRP AR Rfe@RUtdm §£iﬁqi%ms%ﬂgarin.nt 0 a
lights stream and recycling said lights streamto catalytically react

together with said ethane, said ethylene, 20 said.oxygen, and said

chl ord n ource. i i d generati.ng,step. The inyention further provides
vinyl® onFBs Paemien R Bt dde L PloT I Sranu B pits Rgrackis coltRsliedhe 2
gener at i figpsafr eact or effluent stream by catalytically reacting together

et hane, ethylene, oxygen, and at |east one chlorine source of hydrogen
chloride, chlorine, or a chlorohydrocarbon, wherein the nolar ratio of

said eth - Ld.et i et wee 02 _.and 50: 3 uenchi ng said
react or %’?‘ ? {a&ﬁe{ﬁt% qé%rtoerae?r%{'%eglpgtf%a\% g’éc%@ly Q%QQJS?CéWgﬁW%eégﬁ‘agﬁle@?ﬁ%‘@’ stream
and a rawxypgeedindtat Ehasteascebsiaaboatd yf Heeded dBiortlkdéigeRe, 6phori de; -13 WO
01/ 42176 PCT/USOQ 27700 separating said raw product streaminto a |lights
st r e ehlogghydroparben ¢thersip Bgolar fatipyf said gihane tesaithetbiene jsrhstivesn 602 eam
an ethyl,gMgpride stream a cis-1,2-dichloroethyl ene and
trans-1, 2-di ¢hl oret hyl ene bl ended stream a 1, 2-dichl oroethane stream and
a heavies stream 5 recovering a dilute hydrogen chloride stream and an
anhydr ous hgdro e chlorhye stream erH1said raw cool ed hydrogen chl oride
strean duen hing Said reactor effluent stream to provide a raw product stream essentially devoid of
hydrogen chloride;
15
separating said raw product stream into a vinyl chloride monomer product stream and into a

lights stream; 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 vinyl chloride manufactured using a process comprising the

steps of:

25  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;

30 quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream

and a raw product stream essentially devoid of hydrogen chloride;
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recycling said dilute hydrogen chloride streaminto said reactor effluent
stream 10 recycling said anhydrous hydrogen chloride streamto said

react or ; vamdi/4Absor bi ng and recycling to said reactor a CecwpuUs@Trdor om sai d
lights stream 15 The invention further provides vinyl chloride

manuf actS¢pe@ting baid raw prasivetssreamripioi adights stivem, 8 veps podducystreanghiviigyla r eact or
effluent ;streamfroma reactor b atalytically reactin oget her et hane,
et hyl enec,h?%r%gegrgﬂr}org?{é) rgéuc L@, 5‘ﬁ S&B’L?}Hh‘ﬂ"e“%ﬁ} é‘é’séi 57&’3@%‘8@‘&%@% érd de,

chl or i neyamr1,2-d26h168IHTAB YnAEREtRAM, a PR ERhBrédiRandREr84m [ #ldiahedliesai d et hane
to said ethylene is between 0.02 and 50; quenching said reactor effluent
stream t®eMovi de a raw cool ed hydrogen chloride stream and a raw product
stream essentially devoid of hydrogen chloride; 25 separating said raw
product streaminto a lights stream a water product stream a vinyl

chl ori dercomwronga diluediielroghchbifide 3ftefh Bd arf BhH/drsIR hStfRBAthIBride stream
cis-1,2-dichloroethylene and trans-1,2-dichlorethylene blended stream a
1, 2- di chirgfpsaidHanorleddydiosamehlaridesitaags  stream 30 hydrogenating sai d
cis-1, 2-dichloroethyl ene and -1, 2-di chl oret hyl ene bl ended streamto

provi de recycle feed to said reactor; -14 WO 01/42176 PCT/ US00/ 27700

r ecover i egydingishidtdlukeyltydoggen chldride isdears trite aad aeatt@ R ffuwdny ste@us hydr ogen
chlorjide stream fromsaid raw cool ed hydrogen chloride stream recycling
sai d%i I ute hydrogen chloride streamto said reactor effluent stream 5
recycli i ; I . ..sal d reactor; and
absorbiggcgﬂgg€§?3%ﬁ?ﬁgﬁ%@ﬁgggﬁq?ggg%gpkgﬁéggég?%%%??%@nlsaid lights
stream 10 Additional features and advantages of the present invention are

nore ful] arent froma .reading qf the detailed description of the
pr ef er 1 P AREBARIREL R0 19 FALtop Ay ffom Said Tights Sream

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

and 50;

quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream

and a raw product stream essentially devoid of hydrogen chloride;

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

30

hydrogenating said cis-1,2-dichloroethylene and -1,2-dichlorethylene blended stream to

provide recycle feed to said reactor;
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drawi ngs in which: Figure 1 shows characterization, as best understood from
earlier publications, of a 15 contenpl ated et hane-to-vinyl chloride process
enpl oyi ngv@ovatiad yst capabl e of converting ethane to VCWCEUgurE7® shows
an et hane/ et hyl ene-to-vinyl chloride process enploying a catal yst capable
of  convecoyaimgat dibatehydidgen dhoredecstream iaVian aph whguwsdiyddrgenchlovide saearon. 20
Fi gure 3ﬁngpgﬂhe% thg qﬁﬁdehﬁdéfnﬁhlorination process of Figure 2 to show
further Ry&?og NatP B i T FBV%%?hylene and trans-di chl or oet hyl ene
streans to 1, 2- dichloroethane. 25 Figure 4 shows the essenti al

et hane/ et hyl ene-to-vinyl process of Figure 2 where essentially all HC in
t he reactesieling seishaibie byflrpgen ghdoridestrermrio s#fl geactor 5fiteonstraans

et hang/ et hyl ene-to-vinyl process of Figure 4 where EDC generated in the
process is converted to vinyl chloride in a traditional furnace, and HCO

f rom t herdeyelimgoaid @Bydtohs pydrogaschlsriddithmas saidGedcdrt ARl source to the
oxydehydro-chlorination reactor. As noted in the Background di scussi on of
the present specification, oxychlorination is conventionally referenced as

t he oxi datd | L1Lo8: of i at e rom -15 WO
01/ 421769%8# rﬁg% [%L}%l&% t?—lgmcr)érmgo? ﬁeérhesrtfge ﬁlﬁ%{lg @3%&%4?%8{?? ce. Catal ysts
capabl e of performng this chem stry have been classified as nodified
Deac cggalysts d ah, A, Ngggar, A. ,. Hydrocarbon _ Chem stry, John
W | ew & SOALOPNLG ST RN 3éeBIazchHY BO plesemtdnycaHOR Agrmeierfylly aprarantilion fe
Deacon r gaainiz O thel de@ailkYidd@tripPibn 8f tHeprefbRed %rﬁi)gdiﬁ{ceﬁ@'%ﬂg e fctal)ﬁéh n nd

water. 5 In contrast to oxychlorination, the preferred proces ri bed
her ei n pdefvergson ywhigh: | i zes oxydehydro-chlorination in converting
et hane-contai ni ng and et hyl ene-containing streans to VCM at high
selectivity. Oxydehydro-chlorination is the conversion of a hydrocarbon,

usi ng oxyigare Betbwa chbtadfekin@id0us B&t uhdrdoddiromicaaiee gublydkiesaiopgn wherein
the carbons either 10 maintain their initial val ence or have their val ency

redubkd fememplped eigpe-terv Byhshlpadaprocess emplayings eatalystcapatde of eonyptingand sp2
carbons gemnin\iig Of are converted to sp). This differs

Figure 2 shows an ethane/ethylene-to-vinyl chloride process employing a catalyst capable of
converting ethane and ethylene to VCM via oxydehydro-chlorination.

20
Figure 3 modifies the oxydehydro-chlorination process of Figure 2 to show further
hydrogenation of cis-dichloroethylene and trans-dichloroethylene streams to 1,2-

dichloroethane.

25  Figure 4 shows the essential ethane/ethylene-to-vinyl process of Figure 2 where essentially

all HCl in the reactor is converted in the reaction.

Figure 5 shows the ethane/ethylene-to-vinyl process of Figure 4 where EDC generated in
the process is converted to vinyl chloride in a traditional furnace, and HCI from the furnace

30  sub-process is input as a chlorine source to the oxydehydro-chlorination reactor.

As noted in the Background discussion of the present specification, oxychlorination is

conventionally referenced as the oxidative addition of two chlorine atoms to ethylene from
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fromthe conventional definition of oxychlorination whereby ethylene is
converted to 1, 2- dichloroethane, using oxygen and a chlorine source, with
a net i nweasireqy carbon valency (that is, sp2 carbons arerweewsrioed to
spa carbons). Gven the ability of the catalyst to 15 convert ethylene to

vi nyl chH@lodethei tedicdatikaincagerss Canlysacyphide of patfeienpmhadiheadstiyhdvee
oxydehydro-chl orjnation reaction process back to the reactor. The
by pr oducbPensigified @s medifiedddeneon edfolypts [Llhobi AatMeInan daddyirosarbenide et hyl

chlorid eg%[ln%'ﬁr?! fdﬁl‘l Q’Vﬁsf} Q%%_?_Igﬁév?'@oég%g/%'?gblg%ﬁgft IBé(AcSH %h@rﬂgtrpl ; fers. to the

trans-1, or oet hyl“ene. e oxX ination catalyst is ‘also
an act i vBeasaatacsionfthe okidetie ofHGhtd Yieldelenkd@ltal chlonins ahdinatee.d

chl o(r)?(?rgydrocar bons. 20 Recycle of ethyl chloride and 1, 2-dichl oroethane is,
ins cases, advantageously enployed in the production of vinyl

chl ori def, ddiraliaBok nGtirtigR) thé PPe'?érréHBrB«EésE‘é&s%ﬂb&i Q&grigg; ?%%aﬁfy- Ripdycts are

the di chl oroethyl enes. These naterials are, I n one e
hydr ogenexwgtthydroydhiirmation? indiopvéning ethaaereontiinthgindteittorl eret dvanteeniing saedray ge

vol ume c ical .and.is either .sol.d or, recycl.ed. In an alternativ

oar mol VERRe hig bt Ot ChafiSfany S ths coufteiop ok aRudiarirore:

I nt er mediighg oR@eAMRhE ¥ cHEn 96188, t8ATh)ridhidd KydlobiB8n Vhereln dreEaffdhOERGIhane,
et hane, ethyl chloride, and HC; such m xturés are al so appropriate for

recytd e maintaip tasitiasia) vilencsttirdey o dclronlonentdored (Tt iv, npy caonsgemain sp
consi der g 5r8%89\¥en'§h%'5 2 dng SoPLaBHRE s’ of %%ncéﬁ{)é’ ChR 2@85)@3%6% shows

under st ood romedarlier publcations

char act efro#athe 0onv@htiénal defirtiaomd bRbLEEhRIrManE Wwherdby¥thyRAt & dd@d@eidDOESS
enpl oyi ng_ a catal yst capable of converting ethane to VCM in this regard,
t he pr ocHishlogersang gsing oxyigar anda chiqpne seyrces with & nes Herease imearpen walensy

et hyl ene p r e eed- st e-to- VCM
716 v of AT E FEEEYa SR Ty Bon BRI RE Lok hESeEhARC Tl o
al solbe natved etlhddne ts ivinykcldnridd, hais @dvaragenyd to raayeld abylend pdseesltia theof

i at | facturi h t, to the best knqw ed f
the i nveRtBEEYIBEbIPTRaROTEHSIATRPET PBroRILeHbPbo BRS DY Roducelan he

only soufqus;,dérgﬂr@emmﬁmtréacw iBuBOMRY RSB EPLdRtbbe@RRE R YAl | zed. In
this regard, 5 Process 100 is a unified and sinplified approximtion to

pr ocessedichioroatixlengeing rragyi ledwdighlanoethdors. aThepnuyehysire-oblorinatigrecatdlyst it o
ol or 1 depep RS P RSP Rk GRo B HGEER b crsfielimenttt e, 1 e
20  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
and is either sold or recycled. In an alternative embodiment, EDC is hydrogenated
25  completely to yield ethane and HCI. 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.

Turning now to consideration of Figure 1, for ethane-to-vinyl conversion as best understood

30 from earlier publications, Ethane to VCM Process 100 shows characterization of a
contemplated ethane-to-vinyl chloride process employing a catalyst capable of converting
ethane to VCM; in this regard, the process does not provide for input of significant

quantities of ethylene from either recycle streams or feed-streams to the ethane-to-VCM
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Tarrytown, New York); EP 667,845; US Patent 5,663, 465; US Patent 5,728, 905;
and US Patent 5,763,710. 10 In consideration of the details shown in

Fi gure 1 wa@bhanes Reactor 102 outputs a fluid stream to Qenvko2orewm 106

where HCl is quenched fromthe reactor output effluent. Quench Columm 106

f or war dsreactoa®tsdnedctdell 02 Ueshvaldsdlsebemdted fhgsimcSapathane-aaviybsyst em
108. Phase Separ ati on Subsystem 108 outputs a fluid streamto Anhydrous HC
Recover ymam SEEB%?%§3§Fﬁ"196a%@?r@teaﬂﬁféﬁh§1aﬂyﬁﬁ%‘§éﬁ seale Basi nps, toMyedbesthl ori ¢

acid aniyd t

aqlueZ)us st reét Hgé' rv %&grus%h%E%\K/ngtrr)ﬁ/&%@ﬁ é@e%%&%{) Fogﬁé ér)@gr%ﬁ%o to

recycl e mukopslfmmnbd«lyrdemlgwhmhlﬂa&e bekm prevﬁustmnendapaxa?md 1Q%th1afe@arflnhydroust
syste 10, 20 0 outputs water or sequent use or to

vvast %%53358 A %Hvﬁ]re%a%d ﬂapllasiMP&&%&I@&%PWSEWQ@EW% reyiewadi vel y

dilute a&va&a bﬁfcaﬁ@xmr%petme tehwkrsegulo% bfid awe%&nﬂén@s at BVERBpbefidn? Qench

Col umm ench al so tputs a d streamto ng ts Col um
114 vvherﬁll‘ell Chbmﬁs/&hylem@rcbkwmls 91499 - etAngusn 8996 Ghentited SystemsMad; f r om t he

G oam ¢ ST UB R R EPI 6 M OR Set s 3giars Ds ks haB s aafUn) s
added t opglédtactdsy7iohl ori nate ethylene in the lights streaminto EDC

(1, 2-dichl oroethane). EDC is recovered in EDC Recovery Columm 116 for
recyl e to Ethane Reactor 102, and a certai n anmount of the remaining

(car bon RsaRAREELE e B MR P RER . Bt RsPRor WG v bl g (o

shown) f®@rQueseh Oolune 006 Whtre FYCItie qh@cﬁéwtromhﬁmacto@ euufifatntouehcian
appropriate portion of the remaining lights gas for processing via Vent -17

WO 01/ 42@%}@@%30@@%% strgng A} ameons streamgoPha refien Substenst r eam
t t
o b1 ofh B Rtpefin NG S e LipH RS L) AR AR B

from Lights Co procee l'orinati o
Reactioor Sibsgskt@mfld Owereds aquapud hydségentobldoidgi(hgdrSeilisnyis had), 220y drars HEQandl of

vwater; (D) f zltjrretser:]pegrétecti Bttt raw strong HCI aqueous stream.

Anhydrous HCI Recovery Subsystem 110 outputs Stream 130 to recycle anhydrous
hydrogen chloride to Ethane Reactor 102, and Anhydrous HCI Recovery Subsystem 110

20  also outputs water (for subsequent use or to waste recovery). Anhydrous HCI 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
reactor effluent product stream.

25
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
(1,2-dichloroethane). EDC is recovered in EDC Recovery Column 116 for recycle to
Ethane Reactor 102, and a certain amount of the remaining lights gas is recycled to Ethane

30  Reactor 102 as Stream 134 with CO (carbon monoxide) composition instrumentation
providing a measurement (not shown) for use in a control system’s (not shown)

determination of an appropriate portion of the remaining lights gas for processing via Vent
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Purification Colum 122 for separation of VCM product; and then (c)
further, to Heavies Columm 124 for renoval of heavies and generation of
Stream 1320 oBirieam 132 is a blended fluid of cis-1,2-di chiDusardtydoene and
trans- 1, 2-di chl oroet hyl ene, 1, 2-dichl oroet hane, ethyl chloride, and other
chl or i naOgifladog&nitdd 8 t6 gerdenata hiventsatamdoceniwapifat@ICenhadioRpimpasad 10
upon conS| deratl on of the literature, Drying Subsystem 120 renoves water
prior toffPMghe 8Ysta®| unm 114, with the VCM carrying effluent from Lights
Col um 114 being forwarded (a) first, to VCM Purification Colum 122 for
separation of VCM product and then (b) further, to Heavies Colum 124 for
renoval Bffluceafromd igind Cypbmen at4 whiohfdosz naprockd to Direéii Cttﬂbﬂinyatioﬁtkeaatm 132

for ds RCl | orinated o ni cs) Hydro tion Reactor 104 _where
addi t 1t%°f°ﬁwﬂé§35rfﬂ i feppang St HRdETe 20fpreig 1OV 8 Of 5 2 THE 410 oREGM or
102. Tupmmtleewomn&@@.@r&%,e LR AVER @uc%’anﬁQE%H @g\lﬂﬂtﬁef’, b BRabPET er red

enbodi nents of the present eci fi cat Et hane
Oxydehyd€olugin B fnatqrmvaPoﬁmws Zﬁki)g@hmm)na;lﬁ Sheamt13an Stresh\iB2 nea bkendémyl

ct hyl encEd e Lraay aeRy et BEirir hARR A oe Ry APl ZelehIoih . Braf oo

provi descHlefide, afidbthePERISHRHIED bigaRits. Qh’ﬂﬁbltéﬂlﬁ%ecﬁcon&%ﬂ?at@@ BaBsdiald: Bisey! ene
fromeither recycl e streans or feed-streans to the reactor (

Et haHe/ EpAp considmgtivenf the Jideratpas, @rmchtmetqrm h2(Resnaves WaRo zylor to Lights

Et hane/ T h nat| 0 cel i hput
from ZSE?QJBG@QEICAI} gltlt}{gg@ns%é?%a%gmg dl eg %%%ﬁ@ Iiéé elgg Jﬁ’ﬁ'f%?éf

Oxygen Faisd tSMEMnP@Acation Udluchi 021 foe scﬁﬁ@dloﬁtdeM%ﬂSdlﬁﬂﬁdnd then (OCHEDEY,
streans Ethyl Chloride Stream 230, r%gen chloride (HCI) Stream 266, and

lights rcfcaviessialgmml éﬂéorargmwhofaezﬁe@sm rgep¢ratipmef Sireaamh3262 when EDC i s
advant ageousl y used for recycle according to the nmarket and operational
conditions at a particular noment of manufacture. 30 As reflected in Dow
CaselNo. Fihdibyl S tteamM2ifovardoeRCl (vhiohiaeted brgadick eHydmgendiianiRelactdr 104 ckman,
entitled YA P SS THE ERSI CF E LENE. TO V] NYL LORI DE, AND
NOVEL CA‘T’BE?%IQ&E}%P %C@S%{ FWAFling FuBeasorBEE Usoo/ 27700
PROCESS", filed on Cctober 3, 2000 in the United States Receiving Ofice,

Expr ess Mai | Maili ng Nunber EL636832801US, the catal yst used in
Et hane/ EIWV‘FWWI'@ cgappderation of Figure 2, accordmg to the preferred embodiments of the

present specification, Ethane to VCM Oxydehydro-chlorination Process 200 shows an

20  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
202). Ethane/Ethylene To VCM Oxydehydro-chlorination Reactor 202 receives input from

25  (a) 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 (HCI) Stream 266, and lights recycle Stream 248 as well a portion of
EDC Stream 262 when EDC is advantageously used for recycle according to the market and
operational conditions at a particular moment of manufacture.

30
As reflected in Dow Case No. 44649 to Mark E. Jones, Michael M. Olken, and Daniel A.
Hickman, entitled “A PROCESS FOR THE CONVERSION OF ETHYLENE TO VINYL
CHLORIDE, AND NOVEL CATALYST COMPOSITIONS USEFUL FOR SUCH
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Oxydehydr o-chl ori nati on Reactor 202 conprises at |east one rare earth
material. The rare earths are a group of 17 elenents consisting of
scandi umwa@bomige nunber 21), yttrium5 (atom ¢ nunber 39)Pandgsetx7oo

| ant hani des (atom ¢ nunbers 57-71) [Janmes B. Hedrick, U S. GCeol ogi cal
Sur vey PR/Dﬁ?ESSI sfiledbo Oettbend, 200098 the UiRtedeStiias Rbceilahg lOffi¢e, EXpeess Madll y st

on-a sui banine i ELveRRaPLPRLhe BuebL el FieBeitens GVRE e basea on

| ant hanugy d‘e%&ﬂﬂé%hl&ﬁﬁ%ﬁk‘é%toﬁ@s&ﬁ%ﬁwﬁﬂleéiY&EH 29d 44Rh MATRLI URe rifet Fium
gadolinium efrbium ytterbium holmum 10 terbium europium thulium and

| ut et i ungarthisate pgrefippf Edelements sansistingaf ecanalivn {asomicsminber 2hk yttrium

N N R N S

per f or rraeeaog‘camurwymi&mymfaﬁﬁﬁdnal1@9@%@5 BaftloMe@ald §s Thé’@&blryé‘ttﬂaﬁ t han
those that are single valency. For exanple, ceriumis known to be an

oxi dat i obe Previded apeithess apgoss, thik matericher it be suptpgrtqb@leg sulba@ddqswpert 15 3+
the rare earth

and 4+ Sf:l%Perged%%de%&h R &2 {q]osgkés[ed oy Jithdnt trrh,gpn%rghrgﬁodgggmat | east one

mat eri al on cerium al'ys

nor e r ar graggdymigh alyprosiaim) eimidan, yteRim, gatolierhesrdluny, yiefoi@ichdmidhe rare
earths enployed in the catalyst is cerium the cerium is provided in a

nol at0 r aferiumpgiropiym, gudiugy, aad htivnyt Mostprefigred sire sprHemalesials fenysers tlpﬁr esent
in the &0t éﬁﬁhned\?éﬁfl Bﬂ’og%sgré% BRY}%@ Fzﬁ: é%él%‘aﬁt@h{ﬂclﬁﬁegﬁuﬂl

present Int cat al yst tantrally no ceriu t that
any cer i amsidsreidras dping gl vdlemg mdlaml§3Caalym: ppeocemce of muhevilane earth

conponent s, ef er abl Iess th 0 ercent, and no referably | ess
than 10 'éi‘f"@ﬁ%é‘?@’é’ﬁ%t Hessdgpig é%&’?ﬂ Q%‘&Te sngle ¥ @Cdafééﬂrﬁg‘fml’]g nor e

pr ef er ableyivkaRadoWReH bl a;%mwm re%ﬁctﬁﬁ%ﬂﬂlslt' RhviRg %&%ﬁ%m& RREs BB iy es of
these. Mst preferably, | east one of the rare” earthsS used in the

cat al3yst 3 and| Ahﬁtabmwatm&aﬁ@r rivisels ohe reasbrewby HY tr@rrenecﬁ@rth amat¢nied is @esddt 0
VCM pr oc f i | on the C yst is subst iron
and copp(gréerﬁl ttgeﬁaé?’lﬁs?{?u lher Comg Ehd Ee&?t PRI &S efl ewgy%& Ié of
oxi dat i ogeriugd URrefePably,riLekexof thérarueai&slehq%ﬁdfl@thetdmlysaﬁsadeylatn tﬂetceh&m
preferable for the catalyst to al so be substanti al I%éfree of 30 ot her
transiti SPradded g ameler 1 9@%@8&%&“\%@&%@&%& ob RihgaIATR PRt PresenFgy

exanpl e, the XRG nqﬁsrel RABHIBOuk LNl Hﬂalmﬂﬁ@éﬁrﬁn@fs réseH L ﬁ-ﬂmg gxcl uded
fromthe catalyst. stanti al ree 'S ma at t fomratio
of rZre B}ﬁf‘NbStaheﬂtymo ¢em1uméd0»s mteinathat anyt dwum]ﬁ 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.

The rare earth material for the catalyst is more preferably based upon lanthanum,

25  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
general, the presence of materials that are capable of oxidation-reduction (redox) is
undesirable for the catalyst. It is preferable for the catalyst to also be substantially free of

30  other transition metals that have more than one stable oxidation state. For example,
manganese is another transition metal that is preferably excluded from the catalyst. By

“substantially free” it is meant that the atom ratio of rare earth element to redox metal in the
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WO 01/ 42176 PCT/ US00/ 27700 catalyst is greater than 1, preferably greater
than 10, nore preferably greater than 15, and nost preferably greater than
50. As stwodet4abe®ve, the catal yst nay al so be deposited oPCHUSINEINGO
support. Preferred inert 5 supports include alumna, silica gel,

si | i ca- ataiplystds gesater than dagwé@hlzly gheatexitham, 10yepne piekrablyigrdatay thapakd) ok,

titani um oxi de % rconl zirconiumsilicate, and conbi nations

t her eof . %R/Ré'ef&a ngeﬁte Breferred enbodi nent, the support is not a
zeolite. When an inert support is utilized, the rare earth materi al
conponent of the catalyst typically conprises from3 weight percent (w
per cent ) As 6tagd appve éheceataly Bimayradsa byt deposisidgt anghert heppbdt. Faefairgd inegnd

o | notBRErS eRlof Bl e E S Rlsh A e N RBR B DE PR e <

wthint kiﬁc@rﬂ&aillbmléttlthrﬂuﬂﬁQixrtid?fzu&d’iﬂum@Qfd@uﬁrcohldnk silighte dndl coibehatigppor t ed
forms. For exanple, preferable elenental additives 15 i ncl ude al kal i ne

earths, DFSH, HQW@%‘Hh@r%‘BQSt pseferred emBedimenin thegs@pmmﬁt atzr:@lam When an

Zi rconi UIR tgf)ﬁﬁrr{putlﬁ% tac]%?rgrﬁﬂgg?%lggﬁf 8@&1&??& ec?la %% eI ements can

be presen Cc per mance Yon or to

i nprove tdaprises frani Eazlelght p@eeﬂtl(%per(:ém} tosBSanPpedceait bf thtelt@tta} we@hs@fan@e) of

t he terial. 2Q Prior to conbini n% t he et hyl ene-contai ni ng feed, oxygen
sour K&, STRYRHANE SHRROTS glitecatal yst gy besBRRArts opdhe suppotemingbkiaads alieaddi ment
of this (weid®@Partit 1S preferable for the catalyst conposition to
conprise a salt of at |east one rare earth elenent wth the proviso that
the catalyst is substantially free of iron and copper and with the further

provi so that eriumis dt e cat al yst, further rises at
| east on qu\ihoretéeraéféﬁﬂag??uél%wgﬁidCS% coentspiip the lesfﬁ%g%tgp of thr  at
| east 0Nngoroas, BuBdmhtril &H@ﬂf)pdr&d%ﬁﬁse R |e¥a1§€l|eeﬁr§3ﬁ‘§aﬁlé SR MeRlaPaRBfi {3
oxychlorides, rare earth orides, rare ear oxid and conbi nati ons

t her Ebf , ingjudp alkakine parthsi heson tpkosphesousasuivyssilidos, germemnam, |tmr1nymf ree of iron
and coppgi co pﬂg\;ﬂahnu%hglukﬁlgﬁe ngggﬁl\(ﬁnsagonst oGl E cle L UIWF can e? Sr%%%nﬁgg t han

cat al yst F1ses one Nor'e rare eart

cerium Mberrehqoafaﬁlmcalbﬂrmmhm &fah¢ canpgitiohas talmpfoeeﬂ&rmbcmMQMropérdes of the
30 formul a MOCI rein Mis at |east gone rare earth el enment chosen from

| ant hanuffPr e’@@‘rﬂ“%ﬁ‘f“tﬁ’@d&%‘@ﬁ?ﬁ) of)F}&s’Eﬁﬂ?% um dysprosium samarium yttrium
gadolinium erbium ytterbium holmum terbium europium thulium

lutetium or mxtures thereof, with the
20  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 proviso 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

25  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

30  formula MOCI, wherein M is at least one rare earth element chosen from lanthanum,
cerium, neodymium, praseodymium, dysprosium, samarium, yttrium, gadolinium, erbium,
ytterbium, holmium, terbium, europium, thulium, lutetium, or mixtures thereof, with the

proviso that, when cerium is present, at least one more rare earth element other than cerium
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provi so that, when ceriumis present, at |east one nore rare earth el ement
ot her than cerium-20 WD 01/42176 PCT/USOQ 27700 is also present. Most
pref erabiwQ ot/blm76alt is a porous, bul k | ant hanum oxychl or PAERUSWEDBI0)
material. As has been nmentioned, this material beneficially does not

under go igrabegpreseangdsst pféferabbyx drephk is 4 parotis) buliglanthiieum ok coridet @AOM) si tu
in this process, and provides the further bheneficial property of water
sol ubi | .Wterlﬁl tﬁéheﬁ)bﬁe@@ew%r@s M@éeer&rwﬂlyaiosr‘ewtdadaﬂolgwss MEEEC) i s
ini tial | ¥oMBh&iHd, Bse u'rﬁlﬂg}a‘llger?&ll?ﬂ?a{te 1tﬂc§ LiGn ﬁﬁ?grtocgs@tﬁl VotbvidEEhle FQRE
removed froma  fluid |xe react r or ot r process equi prent
or vess elbesrpﬁtlla] Isropamy olewatensluhilityhio lthe ¢w1chxo bf tis¢ priogess aftecnperitdi admad

| abor-inte ani cal techpi ques b i npl f | ushi the s t
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Situ fromumnstaﬂrémaﬁemuﬁa&gés one rare earth el errent In this regard it
is believed that the in situ formed catalyst conprises a chloride of the

rare earth conponent. An exanple of such a chloride is MC13, wherein Mis
arare eqgl eﬁs&ﬁé@fyj@ A indicated in several instances previously, to have mixtures of the rare

20  earths (“M”) within the MOCI composition. For example, M can be a mixture of at least
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 compositians
wherein M is different as between each composition of the MOCI’s in the mixture.

25
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

30 selected from lanthanum, cerium, neodymium, praseodymium, dysprosium, samarium,
yttrium, gadolinium, erbium, ytterbium, holmium, terbium, europium, thulium, lutetium and
mixtures thereof, with the proviso that when cerium is present the catalyst further comprises

at least one more rare earth element other than cerium. Typically, when the salt is a rare
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20  spray-dried catalyst is preferred.

A method currently felt to be preferable for forming the catalyst composition comprising the
rare earth chloride (MCls) 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
25  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
calcined precipitate with a chlorine source. For example, one application of this method
(using La to illustrate) would be to precipitate LaCls 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,
30  and then contact the calcined precipitate with a chlorine source to form the catalyst
composition in situ in the reactor. Catalysts for preferred use are further clarified by a

consideration of examples presented in a subsequent section of this specification.

224



calcined precipitate with a chlorine source. For exanple, one application
of this nmethod (using La to illustrate) would be to precipitate LaCl3
sol uti onwdbvh4Aa7éai trogen containing base, dry it, add itPrPcDUSé7T@act or,
heat it to 400C in the reactor to performthe calcination, 30 and then
cont act Ethen@/Blhylane oV EM Pk ydehgdno-¢hiodnatioh Reactor 30 icddyticullyaeants he

cat al yst c%g{aéﬁition in 31”” in the reactor. Catalysts for preferred use

are f ur t 108PLNET ehanes efYisHe.dydeagrs chiorde B eet 3% shprias alopg sdth atdeastong
SUbseqUef}tc?}aggttréa‘?ﬂto&té?}lhg(e%a%ﬁg?ﬂlfén?§frb29ﬁ-.’232;_2&%dms%%é]§'e%937931%q[£t lotaf 700

Et hane/ Et hyl ene To dro-chlorination Reactor 202 catalytically
reacts tatigelf ktanetohatheglenetényvedfegm hll decslyeém Edtane/ElddgnedboyY€M and chl ori ne

| i th | . | e st to. yjel t ffl St
5. SancOrriinyeGE g Rion ReGver F05t Bhmeriondr Snd s0 Tt Poeh gERob ot hyl ene
derived §g@micHal rati8@fsnyt ﬂoﬁ%ﬁlﬂ%ﬁé%ﬁ?%lﬂ@[i? is-EQes\'{gr?péra%Nﬂ%mlldéEs%t%bor i nation

Reactor 202 is between '0.02 an note that the particular operational
rati o atwihgutiong:iern detdeertrtricaiaty sbiunctenndity. i Repgpdimgtanonarketpmdcess st at us)

wi thout long- termdetripent .tq catalyst. functionaljty. Dependi on _mar ket
and operBrisnaf Bt ORBRrb o BimehCh mimii R b i andet syl ene
i s added2¢DviREasfiere StZdh 289 IRtHY kaned, athedPret8Qed Mdld Ritho éfeginind toa mor e
preferred nolar ratio of ethane to 10 ethylene derived fromall feeds to

Et halk/ Eethylea derived\ioun ek fesdh ik hariEdriang TooNCVRRardebydmechlomnasienween 0. 1

and 10. t.[,O C Y X . I nt of
ranut act SrRyorgR S be ¥t BTS00 Mo AR A el o B BRANoHE 5 palRIBE (',
have a finoweaf ofz@amfamnatef perntit) ehermbaprefetrédmotic BifbaB ylene StidyneXso teler i ved
fromall feeds to_. Ethane/Ethylene To VCM &ydehédr 0-chl ori nati on Reactor

202 to bEeNRYAT trs aahtprahe melaprtip ofgthang i@ cthiiepe deriwrddesraallfedsdn 1 ocal
process andL/EliRfishe 102V M BkyddnlBroCotfib nat GARELARE 267 QN RedrLY ah&?st ream

(Stream 248) corrposition. Even t he Reactor 202 uent stream (Stream
232)15 s geherdawd thyreipalep¢ndentoglonyocag auicesscondgienh eatabtshhfeeqyctet hyl ene,

o] en, and. at |l east, one,chl ori SO of hydrogen chlorjde l.orine, or
oY SbisRtruioREate oIS S (AR LS R NG e DR RER 2 T
conver si gfflugiit stlR@RESHZEnS 3 BANEBerdcPatMEd baaRticdlsy lYctinf tbSdtherGaAL! dRNIERY

| ant hani de- based catal ysts with el enental chlorine. Catalyst selectivity
in the comXesRsingrpt st deskloging sayrse pbhxdrneansehiyideashlpErg. @82 based cat al yst s

al so bengfib %y MIERHEL SIERS AL nGilh Aok P& afy S SANiZRPI the chRVeisles @gs portion

20  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
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

25  advantageously, in alternative embodiments, also used with the VCM process and apparatus

herein disclosed.

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
30 recycle, and any other recycled or feed raw material streams containing, without limitation,
at least one of a chlorinated methane or a chlorinated ethane (for example, without
limitation, carbon tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and

1,1,2-trichloroethane) collectively provide chlorine to the oxydehydro-chlorination reaction;
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ot 11 uent SO o YAl PR Phestush CoBRTRY SetaEh R asbimvialy rARRRGT HyoBlent ol y
no hydr ogedrashprofdicd evapof)tr8amhans REQE 340, A\t@\ObeleaT(ﬁcgéﬂhsi)fhy&orgéﬁﬁhlaﬂ@e A raw
cool ed (aqueous) hydrogen chloride stream (Stream 234) is also output from

Quench CHreaRm(Spoam 236} _ga@#ﬁ%mtér%mwé@qlmn PRASRIrSED P hiSiCORVESERsYy st em
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20  cooled HCIL. Phase Separation Subsystem 206 is, in alternative embodiments, a decanter, a
stripper, or a combination of a decanter and stripper. From 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) HCI
is conveyed as Stream 236 to Anhydrous HC] Recovery Subsystem 208. Anhydrous HCI

25  Recovery Subsystem 208 receives (aqueous) Stream 274 from Vent Oxidation Unit (a
thermal oxidation or other oxidation unit useful for vent stream purification to acceptable
environmental compositions) 214 and (aqueous) Stream 236 and generates output stream
Stream 266 as anhydrous HCI recycle to Ethane/Ethylene To VCM Oxydehydro-
chlorination Reactor 202. Stream 268 outputs water from Anhydrous HCl Recovery

30  Subsystem 208 for subsequent use or to waste recovery. Anhydrous HCI Recovery
Subsystem 208 also returns an aqueous stream of HCI (hydrochloric acid) via Stream 238 to
Quench Column 204. In summary, Anhydrous HCI Recovery Subsystem 208 provides

functionality (a) to recover (1) a dilute hydrogen chloride stream and (2) an anhydrous
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m xtures of water and HC . Quench Columm 204 al so outputs Stream 240
(vapor) to Lights Colum 210 where a lights stream (vapor Stream 244)
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product stream Note that, in contrast to the systemdi scusse'd in Figure 1,
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effecting these final separations is apparent to those of skill, and a substantial number of
20  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
column, although, in one contemplated embodiment, each column could be only a single
25  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
acceptable. In an alternative contemplated embodiment, Drying Subsystem 216 removes
30  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

direct sale function to determine the appropriate amount for either recycle to Reactor 202 or
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it exists fromLights Colum 210, Stream 244 is divide into a first
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Vent Stream 250 so that CO does not accumulate to unacceptable levels in the process.
20
Simulated relative stream flows and stream compositions for Ethane to VCM Oxydehydro-
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
25  details on the preferred catalyst are appreciated from a study of “A PROCESS FOR THE
CONVERSION OF ETHYLENE TO VINYL CHLORIDE, AND NOVEL CATALYST
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
30  Ethylene Feed Stream 289; in this regard, and reprising an earlier point, when market and
operational conditions at a particular moment of manufacture permit, the most preferred
mode is for Ethylene Stream 289 to have a flow of zero. However, under certain conditions

b

Ethylene Stream 289 does contribute an economically beneficial flow.

26-



Stream 246 which, in conbination the first streamportion from Stream 244,
forms Stream 248. C2 Absorption and Stripping Colums 212 also outputs a
purge st weansx7d/ent Oxidation Unit 214 which out puts VerCT/Bserexmo250 and
al so (aqueous) Stream 274 to 15 Anhydrous HO Recovery Subsystem 208. CO
(carbon nonoxi de) conposition instrunmentation provides a neasurenent (not
shown) for use in a control systems (not shown) determnation of an
appropriate portion of the remai ning lights gas for processin via C2

Absor ption and_Stri ppi Coll yim3 234 dndVent, | Otidaf i onfumi § 214 fo
generate Vent| 3t r§lm %@ S0 AL atises | #og @cgﬂgmoe@e‘v:to ﬁn% egpt abl e
| evel s in the p'rocess. 20 e 2 wd Y & 3 Ty E S ream T ows amd "4t eam
conposi tidns flor Ethane|to YCM ()()dehydro- ¢hlloni natli on{Proc¢esgs |200 are
appreci ated frl8n agensi|deagy| 1508 1Akl e | L | sTabke ol ol mRss o | WA LT me unit)
dat a use§3 | abdfat gry- deri eq e A ?et per flonmance |mgasurn enent s on
| ant hanur@joxychl orli de |atl 400 degr eesg Cel|sijug and essentijalll y anbhi ent
pressureQ furt/ber {23 detlai|l $~0@|t he |prlefierr ed [catal yst~ar e etlg{reciated from
a study & "A |BROIESS|RIR|THE | (O\VERSIOR | B w Pl BINE | TPV SCRL ORI DE,
AND NOVElkz CATALYST |COVRPOSI TI ON$ WSHFUL |FOR |SUCH PROCES$S'.| Tahl e 1 shows
sone ro@ as zerg |in the_¢ontext af |the |siimi_aLilon genenat/ing|the data,
but suchpa nun%icaal wed|e | 8I& brbeﬁt%r%o E0creds | & | sobab |ahegage (of flow
or absen of |weed flol a strneam| Tahl@™ does [not|Show 30 |Et hyl ene Feed
Stream 2@; I thils|regard, |and|repr|i i ng |an eanl ijen poi|nt[, {when rarket and
operatiorml ca@i tliang _at |a|paiA]igul|ar Jmarren flgmanuftact ure penmit, the
nmost preferred® m8>69:| g fg(?\‘ ETmPe%e [\St‘r%e[?ﬁ %E% ﬁ%r1§3\§ % H|6W=af |zer o.
However, @inder| cerlt di n condiltiions,| |Et|hyl ene $treqam|289 jdges dontri bute an
econom c& |y Renefli gi al |fllow|ad6 |VWD Q1{|42176 |PCL/US00/ 2710 .. INMONM
MO- 0O omg)o S| 2 | PrIVEDN S | RO YT | R | SORC0E, | P 0P B0k | R <N O N - zt
OOOO@OO OFO D DODOOMO O ~D|O|O|0 |O|V(0|x|"t kn
=2 —_
Q O |olo|o|o|olnlelolo|n|nRlo|RR|clolo|o|ololo|olo
E &) ~ I\ ™ N —
@)
p— O r~ vy r~ O
E 3 ololo|o|o|la|olo|lal|o|Bic|o|o|o|lo|ojc|ole|o
>
g & |ojo|o|ojo|Rlo|o|ciR|c|Ro|Re|olo|o|olo|o|ole|e
7
=
an
= 5 0|00 N N
E 3 oooooggﬁgoooooooooooogoo
E ON oo%—ooo&\coo&\oaofooocoocooo
Lu v
|
5 = ooooog‘\ooﬁl\g@%oooooooooo
.| 0" o QIO O
m — — p— —
<
=
T Qoocogmocgmgmgoooooooooo
O |» ] ] R K] Rl B
§ ANTIO0|CIN|FTIO|RIC|N TR |O(ANT| OIS ITINO|R|F
R RN EN N RN Y B R B R B P P S R R B S R RS R RS ST RS ES
N

-27-



WOUWOOOOOOOOOOONOONOOOOO OOONODOOOUUOOOOO
Ooor- Noooco0OoOo0OOOO zO0OOO NNIrF OONV OO0O0OO0OO0OO0O
0000 WOW/®1IB60 0 O ~t :t OOV) C Oo0 o0.t 000 O O BCcDUSWR277d O O O O
OOONNOONNNONknOOOOOOOOO U>+ 0000O0NNOONN
NOOOOOOOOOOOOOOO 0000 0O0OOOOO0O0D0O0D0OO0O0OO0CN C
W z NV,.0 O 000 0.0 : 00 O\ WM
0000 B er“gdt?VbEY ’%l‘c’Breg’ gt*&“ﬁ t‘b"gl\goc}yge 6hlermwnowmﬁ E{@?’\I"’Fx ., 0000
0000 @cgcﬁ: Brofest 300 %onfQ:sQEtﬁ)ane\(o NCQVI@xngl)QrQCQO nididh Qo@s@ 2%@/191 000
00O0O0O H kr Or- 0000 C 't 0OO0O
000 0DBCE (dlcbmr@hylmne)cblmoggnmlwmt|2|8&®ra(@) lydsbgematiiy @s-N,2-0 a0 cl, 00 N
NN l\il N Mc“o%e%y’%n’éj awdl}lrawzsl}l j\l lehloroethylcl:\rlleN erl\bs/trans 1,2-dichloroethylene

Stream 260 and (b) recycling the output stream to Reactor 202. In an alternative

embodiment, Streams 230, 260, and 262 are separated as one single blended stream in

Heavies Column 220 and the single blended stream is recycled to DCE Hydrogenation Unit

280.

10

Figure 4 shows ethane/ethylene-to-vinyl full-conversion reactor process 400 where
essentially all HCI in the Reactor 202 is converted. Quench Column 204 treats Reactor
Effluent Stream 232 to essentially completely remove residual HCI by quenching the
reactor effluent stream in providing a raw product stream having essentially no hydrogen

15 chloride. A raw cooled hydrogen chloride stream (Stream 234) is also output from Quench
Column 204; Stream 234 is conveyed to Phase Separation Subsystem 206 for removal of
organic compounds from the raw cooled HCI. The removed organic materials are conveyed
to Lights Column 210 via Stream 242. Aqueous HCI is recycled from Phase Separation
Subsystem 206, and Neutralizer 298 treats the waste discharge with sodium hydroxide or

20  another neutralizing compound to provide a disposable waste stream from the waste

discharge of Phase Separation Subsystem 206.

Figure 5 shows VCM-furnace-augmented ethane/ethylene-to-vinyl process 500 where

Process 400 EDC generated in the oxydehydro-chlorination reaction is converted to vinyl
25  chloride in a traditional VCM furnace 293 and recovered anhydrous HCI from VCM

Finishing 295 is input to Reactor 202.

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

30
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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
reactor using traditionally deployed approaches
which are apparent to those of skill.

112

Direct Chlorination

Reactor for the chlorination of ethylene. This is
typically accomplished by injecting the chlorine
and ethylene into the bottom of a vessel containing
EDC. The reactants form EDC; the net product
removed as an overhead vapor. The heat of
reaction provides the driving force for the
vaporization.

114

Product Split

Separation column, with refrigerated condensers at
the top to allow separation of the lights for recycle
from the chlorinated organics.

116

EDC Recovery

Standard distillation columns for the purification of
EDC.

118

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 HCI as a relatively dilute (10 to

29-



Drawi ng Nanme Description
Vertically oriented

El ement 102 React or
reactor systemwth gas feed at bottom and outlet at

Fl ui d bed et hane react

or.

top. Vertweal/4mo®l i ng tubes in bed and internal cycl onesP¢TpPSe0®@7300i n
series) located at the top  Typical diameters up to 20 feet. Hejght of
fluid bed 30 tlo 50 feet, with tot A120%diQttreant) fe0othesases. Thieunitieact or

t enperature of [> 400C requires that| tepidsl efithosa favné threighoyt theechergieal f or
construetion. 104 RC Hydr ogenat i on indusirorpd shauldbe apparentde thbssrof sishver 1 i ng
the unsddUrat ddPwidepounds (nost ar| Prietiodhe finat egaratsanctt theddCM ifemith@

di chl orpet hyl ene or trans-1,2 di chlotheoprodnelsewatyr is cemdved in aghying at ed
derivatives for| recycle to the reactlomn To6preosule anhmBeratmie 47 atfusetd pas
fromthe reactqr is cool ed and t he | sechribh ticarater sepmpeddnf the hottoneofvapor .
The condensatq has both a concent r|dteedlup@ and theslouprodyph sgemeved fram tior gani ¢
phase. 108 Phage Separate (Gavity démaration of the aqueous and orgajic
phases fi¥m Coql&¢MIBBimnins pr ef er abl| Firathirdiesobnwi§ the VGM parduaanpratticeank
provided with ilnternal baffles to |ahindwtityhe heavy phase (nobst likely the
aqueous/ &4 d pHesele Poduasieolmat ur e Aodistillagorpdohswstod&pa it sepurdtior of xart
conposi tion of |organics in the phages)nd oaiyd,2 dicitoreertlylbies andPRC &0ch Of t he
vessel . | The lidhter phase flows oVele Helngerlihighdrendlettiar éightsesaodental | of
t he vessel for [renpval. The aqueous Thhaseversl cohgonentsiare ssaxrethenrbodi nenpt s,
stripped of organics. 110 HC Reco\dyyroddnetianqemeau pribiCh rey¢lmgmo the om t he
separator_is reactor.

-30-



recovered as anhydrous HC for
depl oyed approaches
Chl ori natwont/Raact or for the chlorination of ethyl ene.

whi ch ar eappar

recycle to the

ent to those of skill. 112 Direct

acconpl |
vessel

an over
vapori z
condens
t he chl
for the
achi eve
chlorin
chlorid
relativ
for oth
chem ca
Prior t
removed

d with g
at ed
e.
ely dily
e r

D the fi

hed by injecting the chlorine
cYt ai ni
head vap
at i on.
ers at
pr i nat ed

1

purifig

or
The

uses.
i ndus

in a dr

RpactiDC. The reacta
or. The heat of red
14 Product Split Sej
the top to all ow sef
organi cs. 116 EDC ¥
ation of EDC. 118
n incinerator for th
ganics) to water vaj
ent gas is scrubbed
te (10 to -29 WO 01
This unit is typid
try and shoul d be af
nal separation of tfh
ying colum. The pr

-

Veeloned (upad Abmderi¢s] @X)locderat the et e

g ypixaldifmecen ofthe agamis &Ss thamn20 fidgeki N
) dejghc aff fhidhbediiobetweken 3afitt addydrfegen

wiithha totabtegght 4f@OIf&C tor ee rk¥ctoras a
[ThR fiX&l Hed TS0 0f (Be ®aflor iR@Yerkidl St
akchafigek hyps eatdl gricneactda mathgbtes froinhe
p@ i . irichésalidnieos e The resdtdr] témpetatle OF y
e MO0 ferjairas tHaea high hiekel pl@ycheaissd W
darsongruativg. t enperature are adj ust

reactor using traditionally

ThPeT/usoo/279@i cal |y
and ethylene into the bottomof a
1 Eshylame /b B ydehgdrnehlopnain edactor.e |
¢t lod bl wysiohe prefelred)cdf ithel reggtdr v e

) aeitallyroriembdiragtorsl dtém mwith ighgfeedited
) dp@drn eml with thieutlet ghtiestop.overtietycl e
RecdingtybeStra pokitictiedlinghd beldpdnidomemell

bved as
for the

from
IMmsS
nt i's
0

rean)
ng

At er
bd

S

such th
pr oduct

a204 he wadwench s renoved froj

is reny

ved fromthe

NBf fhe:nbgs Fron the readtdi@s @oledWithand t h
graphite block or graphite tube heat exchanger, and
the cooled gas is absorbed in an absorption tower.
The condensate has both a concentrated HCI
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2 dry

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

HCI Recovery

The aqueous HCI stream from the separator is
recovered as anhydrous HCl 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
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293

Furnaces

These are high temperature gas fired furnaces for
the cracking of EDC to VCM. The EDC is
vaporized and passes through the tubes within the
furnace at temperatures of approximately 600°C to
convert a portion of the EDC to VCM and HCL.
This is typical of fumaces used in industry today.

295

VCM Finishing and HCI
Recovery

VCM finishing and HCI recovery are achieved with
a quench column (or drum) and separation columns
as used in industry today for the recovery of
unconverted EDC, recovery and recycle of the HCI,
and purification of the VCM product.

298

Res. HCI Neutralization

With essentially complete conversion of HCI in the
reactor, the recovery of the residual is not justified.
The aqueous solution is neutralized with any
available alkaline material (caustic, calcium
hydroxide, calcium carbonate, ammonia, etc.). The
effluent is then sent to waste treatment. This
process would most likely be done in a closed tank,
possibly with an agitator. Depending on the
amount of residual HCI, cooling may need to be

provided by a recirculation stream.

10

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 LaCls in

water was prepared by dissolving one part of commercially available hydrated lanthanum
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The particles were placed in a pure nickel (alloy 200) reactor. The reactor was configured
such that ethylene, ethane, HCI, O, and inert gas (He and Ar mixture) could be fed to the

15  reactor. The function of the argon was as an internal standard for the analysis of the reactor
feed and effluent by gas chromatography. Space time is calculated as the volume of catalyst
divided by the flow rate at standard conditions. Feed rates are molar ratios. The reactor
system was immediately fed an ethane-containing stream with the stoichiometry of one
ethane, one HCI and one oxygen. This provides balanced stoichiometry for the production

20  of VCM from ethylene.
Table 3 below sets forth the results of reactor testing using this composition.

Column 1 of Table 3 shows the high selectivity to vinyl chloride when the catalyst system is
25  fed ethylene under oxidizing conditions in the presence of HCI. The composition contains

helium in order to mimic a reactor operated with air as the oxidant gas.

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 HCI. The composition is now

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

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 HCl. The

composition mimics a reactor operated with air as the oxidant gas. There is no ethylene
-33-



20% HC stream for other uses. This unit is typical of those found

t hroughout the chem cal industry and should be apparent to those of skill.
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feed and product stream. In this way the recycle of ethylene is simulated within the reactor

device.
Table 3
Feed Mole Ratios
CzHs 2 3.7 0 3
CzHs 0 0 1
HCI 2 2 1 25
0, 1 1 1 1
Inerts 6.8 0 4 0
T (deg. C) 401 400 401 419
Space time (s) 12.3 5.0 21.8 124
O, conv. (pct) 47.3 53.7 54.8 93.9
Selectivities (Percent)
CzH,4 -- -- 44.7 -
C.H4Cl, 10.7 14.0 0.1 12.8
VCM 76.6 78.1 34.5 68.5

15 Example 2

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

20  (purchased from Avocado Research Chemicals Ltd.) in 6.6 parts of deionized water. Rapid
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Recovery a quench columm (or drum and separation colums as used in

i ndustry today for the recovery of wunconverted EDC, recovery and recycle
of the H®Qo1/a&x1ds purification of the VCM product. 298 ResPCFICB00/27700
Neutralization Wth essentially conplete conversion of HClL in the reactor,
t he recogddiforpwithsarrnggif §ddlammomivm hydexidg ingvaterfdidutad gentifisd 26T teagenti s
neutralized. wi,t.h _an: val |. e al kal i.ne nmatecial, (gaustic, cal.ciu

nydr oxi agbmgh sbf s BRES) Gl 0GB Sy B RRbRe RS iR gene 1o

wast e tr esligxetie.solldi The ¢ulleced gehwil dhidmsti 20 dkeCyprive tsleneinkibrat 35088 (t ank,
possibly with an agitator. Depending on the anount of residual HC,
cool i ng fRIYOWdYrs 19 aje Therespiltinepolig wascawshed andhsieved. dthesinved pxigiss avsre
Specid i cgy.l t | &% 1T ' ti t he
POF ol BB ALY BBl 60 R, AL P bl o BROLIA A e
To denon#i adxygemd , pdiotleedeitlieme ofarvornigtrachidride 4he Heliom cdukl becfadte Epr i Si ng

et hyl ene, a 10_porous,. refract Or¥h conposi tion conpri Si ng_@l ant hanum was

pr epar edT®2al0&oPPACE ifnegp cplguated;as the wplwpe gheatplyshvided by theifloveralg #fg one part
‘ . . i P
b Usoor 0dish Pl ¥ ang pRECE! Beed AR WBlagritos "ENICOREMRonwas 11 g

parts of heke¢dioi 408dlegdl @rd. trealrdopith g é: 1a3 HiIC iGprHenmixtutfor 2 hogrs plioatthai um
hydrg(ﬁi de gto tai ned fromFisher Scientific, certified ACS specification)
to neut r POLOPHYUhi ver sal test paper) caused the formation of a gel. The
m xture was centrifuged, and the solution decanted away fromthe solid. 5
Approximately 150 ml of deionized water was added and the gel was stirred
vi gor ousMhe compekitspreiosmed was sprritdd torprodneesyihylichtpriglelbytfeadingwetbyleaata i f uged

and the gol ution decanted a Thi gin st was repeat ed two
adai t1 ongiofibh8ErEHR G T acliee PRI VhaQL R SRS GRRSBLTE W cen
82 and 163 hours on stream using different chlorine sources. Chlorine is supplied as HCI,
15  carbon tetrachloride and 1,2-dichloroethane. VCM signifies vinyl chloride. Space time is
calculated as the volume of catalyst divided by the flow rate at standard temperature and

pressure. The reactors are operated with the reactor exit at ambient pressure. Both ethylene

and 1,2-dichloroethane are termed to be C; species.

20

25

-35-



for two hours at 120 degrees Cel sius and subsequently cal ci ned at 550 deg.

C. for four

configured s
m xture) cou

an internal s
gas chromat og
divided by th
ratios.
with the stoi
provi des bal a
et hyl ene. Tab
this conposit
chl ori de when
conditions in
order to mm
Tabl e 3 shows
systemis feg
The conpositi
flammability

selectivity t
et hane under

mmcs a reac
-33 WD 01/ 421F
in the reacto
of Table 3 sh

reactor is 5
et hyl ene ente
in this fashi

and only etha

hour s

The rg

ich that
T C ITTUAT

inair.
yi el d pawool/ex7eui t abl e for additional
a solid mtching the X-ray powder diffraction pattern of
particles were placed in a pure nickEabléd | oy 200)

at

[ |

lalaVal

reac
02 and—ine

LaCCl .
tor.

The resulting solid was crushed and sieved to
10 testing. This peDwusava7eoopr oduced

The

The reactor was

at hyvl ana
Tty 11y

CTTITTAATTCT

1 be fed to the 15 react ofFeeqdinol¢ taliosi on of the argE

o

rt aac [
H—gaS

(He and Ar

N Was as

.Hs ow r at e

ard for [the ppalyg

qfard Tor [T 2p:

1 S .d
o

1S otﬁe

al el ot od
a—GctHated

rea f

as the vnl
aS—-hRe—\ o4

eed %? fd e

at dd.@ndar

d cdhditid

ns. &Bed r

ated.@Qre 1

fluent by
al yst
ol ar

for sys

Ry

{ElEClst oi chi

emV@g II’Tt

onet@.§ for

edl 86.@' y
t heD.@r ody

| andonnn

ed et hg

ne- tal
oxvaen
J I

\i Ng stream
i S

ctioh8 20

of MM fr ¢

Dm

l_?CIS bel ow

oh.__ Col um

qet s

rth
1 of "Tabhl g

the sult
3 shows_t

S of eact
he h? "1h N=

or tggting

) using

@he catal yg

t sy‘st)em i

s 260fed

et hyl ene u

lLecti'Vity
J

nder1.0xi di

to vinyl
zing

Heh presena
eact or

e of

nnpr% pd Wi

Ine &ﬁrrpos

i tio cont
'rhpé18>u d

ai ns,  neri

nt 06.'-12 g

umin
| ut€m 2 of

T fleglt)gh s

I ect40(m ty

th %
t o \gogyl d

hli or4cﬂe wh

en t4k1)e cat

al yst

eth IEHE U

e

mder_oxT i

fueq rich

LI g oTTdi

0 hYoi d

LIUII§ Tt

lim Qtlo

e p
S M

sed

SETI(

e of HC.
by

hnd cont ai ns

no hel i lﬁﬁ&ct@ﬁél%ﬂvé”rsi@ﬁs(@é}b&ﬁtg shows tt

H ] Ia
T 1TyT CIn

et zi ng cd

I I UC d.IIU

ndi #Pchs i

thytene—wh

n t #€-%res

CTl l. IIC

encé Sof HC

fAd

1e hi gh
stemis fed
canposition

@H oper at ed

W tdpai r

as tde oxi

dantggas.

T/
U roT7 UOUUI

CCls the prd

7700
Ll [AAYAY}

pT
duct®4& th

-t FE- G
SCTITL LIDLLIRLSL

e pdPtd al

£ P )
C 1TCCTU.

oxi ®#8ti o

1

Ther@ol S 1

n of Q—:ghane .

o et hyl ene
pr esent
Colum 4

wsI,the resy

It when bo

th e@bane

and ggtdyl e

ne agg fed.

The

UpCTlT At CU 11
"'l“ﬁq the reaqa

s
oUlIT AadA 'V

ct or%8nd

yaal—un

exi t9Bg tn

M ot
SUT T "TI1Tatl

e re%ftor

T M=
L TIC  dAdlIlUUTT{

ar e 48dual .

of
Oper at ed

., the ethy

| enggg ves

t he,gqppea

r anggg of

an |3|76yt q

i luent,

la
e TS5 VUeETIly

converted:
Selectivi

IIIU I CDUI

s
l. S OTTUW d

ties based on moles of C, conve

TII

HII y‘rvl [V

of vinyl

VCM

59.6

56.4

86.0

78.5

C.H4Cl,

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 HCI all produce vinyl

Example 3

chloride as the dominant product.

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

10

hydrated lanthanum chloride (purchased from Avocado Research Chemicals Ltd.) 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 and yielded a final pH of 8.85. The mixture was filtered to collect the solid. The

collected material was calcined in air at 550 deg C for four hours. The resulting solid was

-36-



chl oride and 1, 2-di chl oroethane. Argon is used as an internal standard to
insure that the ethylene flux entering the reactor and the ethylene fl ux
exiting tweor/eaces or are equal. The 10 ratio of the ethyl ereTwso7g@N

i ntegrated chromat ographic peak is identical for the reactor feed and
product aushedrnd kievedi haagvedipartickesywdre pbikcedirhy pera idksl (sailnyl Iza(D)edambrt hin the

react or deV| ce. Table 3 Fee t i og C2 3.7 0 6 00 1 2 HC
2 2 1 2. Bheygacter yagcon lgPFFérSPgh %%ée% g0 et 5‘383 Oéyg%in%@emi um and gpace

time (S)arkén ﬁuﬁu%)%%ulﬁb@:?ecﬁotggr&%y (pCt) 47.3 53.7 54.8 93.9
Sel ectivities (Percent) -- C2H4Cl 2 10.7 14.0 0.1 12.8 V™M

76.6 78.1 34.5 68.5 15 Exarrple 2 To further denonstrate the utility of the

it hyl d tivel
var, oty B ARbAYH NG St e Rl e ST et Sk hiies itk «BPieBar ed by
di ssol vi ﬂﬂol@ﬂﬂhrﬁ@é)tenfgnn@QﬁE‘ﬁ%@tbﬁdecb’théYl@k loabihg1enY dk @ing thd RREDARERD chl ori de
20 (purchased from Avocado Research Chemicals Ltd.) I'n 6.6 parts of

dei oni zeshbaranaally mpl dReac@y feads @f.@f&l&mﬂeﬂP@ﬂw&@@@A@ﬁh@U}le HuwestafdtChi t h
stirring uted certi.fied reagent,
obt a1 nede Rtk HOTEPHHFIRT 1< Girbaibiiachl ORISR OB oh Ehs S nivtur e
was filt@aigadyles teml doatlett bénvetdidrtho ehbile €l inBfit@thous cadt otiveg. at 120 deg
C prior to calcination at 550 deg C for four hours in air., The resulting
sol i I waSperatedne this manegreihe gonsprieddpads e gfhnd, exygsnygidechlorine. Both

ethylene and HCI 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.

15

20
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5 placed in a pure nickel (alloy 200) reactor. The reactor was configured
such that ethylene, HCl, oxygen, 1,2-dichloroethane, carbon tetrachloride
and hel i wooowids be fed to the reactor. Space tine is cabPcniatexi7@s t he
vol une of catalyst divided by the flow rate at standard tenperature and
pressure. Feed rates are nolar ratio3ablEh® conposition was heated to 400
deg C and treated with a 1:1:3 HCl:02: He m xture for 2 hours prior to the
10 start of operation. The conposi t| on i:gé@%@/\{%oé)per ated to produce vinyl
chloride by feeding ethylrere;—a—ehtorine—Ssouree—and—pxygen at 400 deg C
The foll owi ng tabl e showgCaht a obt ai ned betw8dn 82 ahd 163 hours on stream
using different chlorine q.prces Chlprine iggsupplied as HCl, 15 carbon
tetrachl oride and 1, 2-di ¢hi-ereethane—VCM-si ghrf+es—H nyl chlori de. Space
time is calculated as thekvol une of fatal ys@5d| vided| by the flow rate at
standard tenperature andiypressure. The reachbgrs are pperated with the
reactor exit at anbi ent pressure—Both—ethylene—andl, 2-di chl oroet hane are
termed to be C2 species. |20 25 -35 WO 01/ 421115 PCT/ US00/ 27700 Table 4
Feed nole ratios C2H4 2. H@ 2 0 2.0 C2He 240 0.0 0 0 0.0 CC14 0.5 0.5
0.0 0.0 C2H4ClI2 0.0 0.0 HCLLQ 0 0 0 001 02 1.0 1.0 1.0 1.0
He+Ar 8.9 9.08.96.7 T '(c(f’ég C) 400 B99 4014@®m0 Space time (s) 8.0 4.0

8.6 4.9 Fractional conveg Séc%qﬁnér?rcnnt) C2R, 340472 .0 18.7 20.1

Fractional conversions (Pct.)

C.H, 1.8
CoHs 27.3
Cl, 99.8
HCI -1.4
0. 96.4
Selectivities (Pct)
VCM 79.0
C.H,Cl, 7.2
C2HsCl 1.7
COy 5.1
C.H, 0.5

In common with all examples herein, VCM signifies vinyl chloride. C2H4Cl» is solely 1,2-

dichloroethane. COy is the combination of CO and COx,.

Example 4 through Example 11

Example 4 through Example 11 illustrate the preparation of numerous rare earth
compositions, each containing only one rare earth material. Data illustrating the

10  performance of these compositions are set forth in Table 6.
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C2H6 0.0 0.0 0.0 0.0 CC14 94.8 78.4 0.0 0.0 C2H4CI2 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
converteWwoOVM130®. 6 56.4 86.0 78.5 C2H4ACI 2 14.8 30.7 0. OreT/BS00ZZHWHC| 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 tetrachl oride,

1, 2-di chl oroethane and HCI all produce vinyl 5 chloride as the dom nant
product. Exanple 3 A solution of LaCl3 in water was prepared by dissolving

one partEQQmﬂ@qmsr cially available 10 hydrated | anthanum chl ori de
(purchase rom Avocado Research Chemcals Ltd.) in 6.67 parts of

dei oni zed water. Rapid addition with stirring of 6 M ammni um hydroxide in

vat ers (dial dahiRdn @2 LaChiif W aReS & QAR byoditRINELohd SIR & ftherofal 1§ AVAildbEd
caused the formation of a gel "and yiélded a final pH of 8.85. The m xture
was fil t bydrated danginbmcthlaride (puichased Troen Addsichddteadcatéicmpaaly) wefs6Tpartsi ofed i n

air at 550 deg, C for,four urs...The.res i ng_sol i S .-,36 01/ 42176
e UsoofSt! Vaieh sRatt 308 Smat RS M BBt b B VB i 1 a
pur e ni clRlutdddettied2003 réagasi Obtained fdni EigkdrFcic@isic FaubéDihe Feknsatioh of Aat

et hyl ene, ethane, HCI, oxygen, and inert (heliumand argon m xture) could

be fed t&elt Hhemizprewas erimfyped & ephlsoithesalid. Wedytinvasdecariad awpy fresdbe wer e

adj ugt ed h f LAut. ri .
renclr EdPR P Bcd "Bod b Rre T RAGER T o SRBUASOMeNM R SAE (o Bibfg |
equal . Relkevalcdleaits ofeliegdi Mhk abllactabigal Stas drisdiahl 20Mdlg @ poif towiR$natibn HCl
entering and exit] ng?l}r e reactor._were substanti al IK equal ..

s . oxygen,
conver si 8P iseLetor PrsgRfty Thedesultingsotid wape Srus %mﬂe%lgwreénylfcf*s skyedl e t he
oni t of | Bhibles GRIANNRH iRGIphKd Aikkel HIGPRIOA ok T e P WA ConfigifeF QA UM
f eeds arg elt ﬁ%ne,@%xygén, tpgnd 1chI %I‘I] e. Ogot h0 ¢ on éh ©
that ethylene, ethane, HCI, oxygen, and inert (helium and argon mixture) could be fed to the
15 reactor. Powder x-ray diffraction shows the material to be LaOCIl. The BET surface area is
measured to be 42.06 m*/g. The specific performance data for this example are set forth

below in Table 6.

Example 5
20

A solution of NdCl; in water was prepared by dissolving one part of commercially available
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
25  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
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 NdOCI. The BET surface area is measured to be

30 22.71 m%/g. The specific performance data for this example are set forth below in Table 6.
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et hyl ene and HC give the appearance of neither being created nor consuned.
Space tinme is calculated as the volune of catalyst divided by the flow
rate at svandaxids t enperature and pressure. The exanpl e fpeT/Aseo/a7rdoust r at es
the use of chlorine gas as a chlorine source in the production of vinyl

chl ori deExample®0 -37 WO 01/ 42176 PCT/ US00/ 27700 Table 5 Feed nole ratios
CH4 2.1 QH6 4.5 Cl12 0.5 HC 2.4 02 1.0 He+tAr 7.4 T (C 400 Space

™ ()Gt v SRONES BB P i e gDy,
CO,, 5. lhydsdidd pPasbodymium chlorlde (Alfa Aesar) in 6.67 parts of deionized water. Rapid
5 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 a pure nickel (alloy 200) reactor. The reactor was configured such that ethylene,
10 ethane, HCI, oxygen, and inert (helium and argon mixture) could be fed to the reactor.
Powder x-ray diffraction shows the material to be PrOCIl. The BET surface area is
measured to be 21.37 m2/g. The specific performance data for this example are set forth

below in Table 6.

15 Example?

A solution of SmCl; in water was prepared by dissolving one part of commercially available
hydrated samarium 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

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. Powder x-ray

25  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

30 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

35  hours. The resulting solid was crushed and sieved. The sieved particles were placed in a
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In common with all exanples herein, VCMsignifies vinyl chloride. C2H4C12
is solely 1,2- dichloroethane. COx is the conbination of CO and CQ2. 5
Exanpl e 4vohr/eigh Exanple 11 Exanple 4 through Exanpl e llpcT/iusera7adoe t he
preparation of nunerous rare earth conpositions, each containing only one
rare earpure nkelr(aloy 20traadtér. Jdhemrerctargvas menfiglﬁeqbemo‘tnhatmnlqdermt ethhes eHCl
conpositions are.set rth in Table 2176 P 27

Exanpl e ¥Y&CKk aélgl”ﬂﬁrf QWHBIP al[‘&é‘igémllﬂl%?)ecro“\%al%e %8 ShE Cg@jﬁ% C("J’vne
part of é?r@mﬁé‘ds@xleh)fo 8y ap! b@bﬁ%g Thedipadiad p kﬁsﬁﬁ@feymﬁhb%as%@aﬁ%g&@@aed from
Al drich Chem cal nmpany) 67 parts of deionized water pid addition
Wi th stlftorthrbgl%‘f mbTbPhlfaﬁTmnl um hydroxide in water (diluted certified ACS

r eag , Obtained fromFisher Scientific) caused the formation of a gel.
The mxture was centrifuged to collect the solid. Solution was decanted
away fromat%e 910 gel and discarded. The gel was resuspended in 6.66 parts
of deionized water. Centrifuging allowed collection of the gel. The

collected gel was dried at 120 deg C prior to calcination at 550 deg C for
f our houfAsolutoniof ErGlhén wetctvas prgparstl byl dissslvingsiegurtafdosinevadly dvedlableeved

articles [ L aced i. ure n y, 200) react The . reactor was
(F:)onfi gu?Q&@u‘iﬁ%l?rﬂﬁﬁloélpﬁ@@ﬁéesaé ka\@ lg?—ﬁ% O%d(f} Qz)é’ﬂ Waé?qu{aﬁéjr ded(tf’fg'l Vit and
ar gorp m stirth@df € M hsntdmivng Hydroxidben Watel RBRACH cerfiRMIRCS ¥edgdMt, @btfafrfeﬁ(ﬁdnﬁ)n
shows the material to be LaOCI. The BET surface area is neasured to be

42.06 neligherfisiengfekeaused the fersnatign eba gelt & hegixtie wagiltrgsildo eoliccsthe forth
bel ow | nﬁ Tlﬁb lﬁe@oll@@d@él %va@ drlgcﬁ) aflﬁh{ gtd porq]:) c%%ﬁyf& %’ﬁ)t Ofe ed\ﬁif repar ed

by di ssolving one cormer cial arl ap
chl or i dehdusd. f"Eheﬁxeslﬂtling B(ﬂlcﬁwﬁﬂcrpﬁfetl&n@fmed&i OThezsieh edafagticlesRagit @lageldlint 4 On

with stirri n q I\/%@(ﬁ:m ium hydrOX| de in water (diluted certified ACS
reagent, P‘HBP fidglloy TR er hSé?%—?Fﬂrl"qu&P“@%}H%‘éél“qhﬁéatfeéwlrﬁtei’ ghans HClgel| .

The 13§ Xté&(f%eﬂ"aa%dflhér{ @%ﬁgmtaﬂd%%&n%&ufrgbeco%ﬁi 5tk 9o th-g}g (%91] l'%(é TJ?E'I‘ Gkaces

dried at prior to calcination in air at
area is measured to be 19.80 m%g. The specific performance data for thIS example are set
forth below in Table 6.
Example 10

20
A solution of YbCl; in water was prepared by dissolving one part of commercially available
hydrated ytterbium 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

25  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
area is measured to be 2.23 mz/g. The specific performance data for this example are set

30 forth below in Table 6.
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four hours. The resulting solid was crushed and sieved. The sieved
particles were placed in a pure nickel (alloy 200) reactor. The reactor
was confivgonee1sach that et hyl ene, ethane, HCl, oxygen, pamusen7700( hel i um
and argon m xture) could be fed to the reactor. Powder x- ray diffraction
shows t hExampledilal to be NdOCI. The BET surface area is neasured to be 30
22.71 m2/ g. The specific performance data for this exanple are set forth
below in Table 6. -39 WD 01/42176 PCT/ US00/ 27700 Exanple 6 A solution of
Pr C13 i nAvsatwionwdY (Js puateniwhsprgparsd by dissplving opapart of commesrialyad viaijable

avai | abl r at.ed asge ium chl oride a Aesar). in,6..67,parts of
dei oni zegy%h%gy &rlﬁgﬁﬁkr eggﬁgﬁ%ﬁﬁ\}\? &?’7 gflﬁtéﬁﬁ% §re W%}Fﬁgﬁg&uﬁﬁ?ﬁ%ﬁﬁ%r oxi de
in wes er witlislitn@hf GeVItantheHluMAGT df Ha@SRtwaterqBilakd eghific@ MAS &A8Ent SHt&AREd T i C)
caused the formation of a gel. The m xture was filtered to collect the

sol i d. THemddsheseisnatilie)canzes the fasmation ebogede Fhenmykiuee wasfibered kmeallesnthen ai r

at 550 f I Sp..: lt1in aolid S he nd. si eved.
The ot el TreRb i) ectarls3ried A0 R0 ¢ TG elel B8 P 507 S Mt or e
react or hews.CON feguiting sslibWad hrathedtany lsened. THOsieiddgnetcléiGhere pXace@ih a and

inert (heliumand argon m xture) could be fed to the reactor. Powder x-ray
di f f r act PYis nigkgligllpn d0Naeatera) Thegessdorpyasconfigyred prch thak sthylenca ethang, 41CI,

measiy ed ) i f f i npl e
o L Cphte andind RS i aReAB b PR bEITRO TR, BB (Bled B BRI S,
was pr epareeis tgasticdsobe 2.2 anlég. pBind spetific perfermingk dytadoniisdlampldwdsat ed
samarium.chl.oride (Al.fa Aesar) in 6.67 parts of deionized water. Rapid
additionoqﬁquﬁdq 7W%§;of 6 M ammoni um hydroxi de in water (dil uted
certified ACS reagent, obtained 20 from 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 C prior to calcination at 500 deg C for
four__hours. The resulting solid was crushed and sieved. The sieved
part}%les were placed in a pure nickel (alloy 200) reactor. The reactor
was configured such that ethylene, ethane, HCI, oxygen, and inert (helium
and argon m xture) could be fed to the reactor. Powder x-ray 25 diffraction
shows the material to be SnOCI. The BET surface area is nmeasured to be
30.09 nR/g. The specific performance data for this exanple are set forth
bel ow i n Tabl e 6.
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These data show the utility of bulk rare earth containing compositions for the conversion of

ethylene 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.

Example 12

A solution of LaCl3 and NdCl; 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 neodymium chloride (Alfa

Aesar) in 13.33 parts of deionized water. Rapid addition with stirring of 6 M ammonium
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fromFisher Scientific) caused the formation of a gel. The m xture was
filtered to collect the 25 solid. The collected gel was dried at 120 deg C
prior towabvinadi on at 500 deg C for four hours. The reBatwkoR73® i d was
crushed and sieved. The sieved particles were placed in a pure nickel
(all oy 20@yoxidamt water (Hilstedeadifed A@%re@gcﬁti chiniged ﬁunhFislhmtSc'Enti’g‘it)amasecbt hane,

HCl , and i.ner and ar m xtur could be fed

r eact or . %gﬁ‘ﬁn’éﬁ?” Qt?‘\g‘é]tcelc h jjfné‘g ?r‘gg a’?g %e%e?@xﬂ‘é? gas W‘é“ﬁ%‘i f%ic

per f or menyrecdAd Solf@ SdIfich @%@d&hﬁe@ﬁ@aﬁﬂbnﬁtﬂe oI dod dpRhRIWd! Thd BIR R ge1 41 WO
01/ 42176 PCT/ USO0Q/ 27700 Exanple 11 A solution of YC13 in water was

pr epar edwipdrifidsa §0vdea § prias t@aal@m@tiorbmrwmatéﬁaldbg Cofpnfduabbers. Ahelresubithgytt ri um

S S Pl s And Beted TREVES Phru Rl b EhosBin i aatiRS FBLAAAES

reagent, regibRi TireadtbOWhSEsilfighredcuenihiaf éthylefd aRde €], brygemt hinedt a gel .
The mixture was filtered to collect the solid. The collected gel was dried

at 120 dégliangpd grgongnickire) seatd bnfed o Beaearsey. GhedFET sirface gengris megynged _
resul ting 30k Pﬁ@g %gg&%%cgge‘?{o%ﬂzé{@fzﬂdatﬂ%? uf& EXMQQQE s;eﬂo?t% BiRRE P! aced in

a pure nickel (al ured such that

et hyl eneTatd¢ pane, HCl, 10 oxygen, and inert (heliumand argon m xture)

coul d be fed to the reactor. The BET surface area is measured to be 29.72

ne/ g: 10 The specific performance data for this exanple are set forth bel ow

in Tabl egf, 21342 WO 01/42176 PCT/ USO0/ 27700 Table 6: Rare Earth

Oxychl or npositions Operated to Produce Vinyl Chloride Exanple 56 7

89101112Feedm)lerat|osC2H43642373636364236 HCl 2.0

+

(% g (% g sg]uﬁtog og LﬁCé agdérrg?lg n water0 W%s grepared ll)y dlssol(\)/m%g o%e part o% 0 HerAr 0.2

commercially available hydrated lanthanum chloride (purchased from Spectrum Quality
15  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
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
20  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
to be 21.01 m*/g. The specific performance data for this example are set forth below in

25 Table7.

Example 14

A solution of LaCls and YCls in water was prepared by dissolving one part of commercially
30 available hydrated lanthanum chloride (purchased from Spectrum Quality Products) and
0.52 parts of commercially available hydrated yttrium 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 8.96. The mixture was centrifuged to collect the solid.
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T (deg C 399 403 401 400 400 400 400 399 Space tinme (s) 8.7 21.3 11.4
17.6 17.7 22.8 23.1 21.3 Fractional conversions (Percent) C2H4 23.7 13.2
22.8 14. WaB/116.4 3.3 13.8 HC 47.6 24.9 40.9 20.8 15.BCPRsSéh/57@ 19. 8

02 58.8 59.4 55.0 53.4 48.1 48.8 21.2 47.8 Selectivities (Percent) VCM

75. 3 74. Soludorpwed dgrag@d3way f@nethe gelsar@i diggarded) zrhtlconemdag@ wis dried 248G 17. 5
8.8 18.8 1-.150 9.4.4 5..CO 4.8 11.8 9.7
224 33 SEIPHODR Hcnation it ol SIS ordPiholfs | TRTSRHITBIRIE ¥k o eart b
cont ai ni g@skedERAsicve@N¥hd gévddhﬁnmav\eéra mae@in a Eu@tMeB(h(ﬂo‘} Q002860
streanms to vinyl chloride. nple 12 throug npl e 16 ExanEIe 12 t hrough

Exanpl e The IelaﬁgsWﬂ&?@ftmmbﬁr%?ﬁhwwngfethmﬁnﬂﬁhs)XVﬁﬁﬂe apchinert (hgdium and
conp ‘ix %ng I’I}lﬁtg?é} c88|1'atb%' 2 R ]:Q[ ﬁﬁ Urfie BET A fcEREL Ik H?%%Fed?lr%% lzl%%

illustra ornmance o data ‘are set

Exanpl e ﬁ@/glﬁ‘héspéﬂlﬁ& pafomfanh@&alaf@mms didABeiare swfcﬁfh waGw i Tatsle gd by

di ssol ving one part of commercially avail able hydrated | anthanum chl ori de
(purchased from Spectrum Quality Products) and 0.67 parts of conmercially
avai | abl g, hydrgtked neodym um chloride (Alfa Aesar) in 13.33 parts of

dei oni ze Rapid addition with stirring of 6 Mamonium -43 WO

01/ 42176 PCT/ USOO/ 27700 hydroxide in water (diluted certified ACS reagent,

obt aimed Af sofitiohios NACI,SEMESAI] ircw ate e septepdrbe b Aissdllvingronefpad ogel . The fi nal
pH was neasured as 8.96. The mi xture was centrifuged to _ collect the solid.

Sol ut i oncelaeEdvatablahydricd Aamh@ugbth%rm (@pgcéaﬁeéefepm Paectps Qulityd gel
was dri eﬁ robicSP rféf&]e%wdf% 'ﬁ%r&@l Cf Jbﬂﬁ%lgrﬂxg&t&f Hol u@ RoA89 (At dm%safr ur
ru e a

hour s. e resu tin sol Sl eve e sieved particles
wer e pl aoets. 331patspufrdeldmuz;:kl@¢atc(ralﬂapm aZﬂO)on wigastiroing ol A meacindrm was

configur ﬁddrcs))l(Ji%Q 1r¥ Dvgtter ?&1PLl¥ede ertlfledtkég reagent obtaf( eg?rom 1@ sger gz:lentlflc) caused

15  the formation of a gel. The final pH was measured as 8.64. 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

20  (helium and argon mixture) could be fed to the reactor. The BET surface area is measured
to be 19.68 m%g. The specific performance data for this example are set forth below in

Table 7.

Example 16
25

A solution of LaCl; and HoCl; in water was prepared by dissolving one part of
commercially available hydrated lanthanum chloride (purchased from Spectrum Quality
Products) and 0.75 parts of commercially available hydrated ytterbium chloride (Alfa
Aesar) in 13.33 parts of deionized water. Rapid addition with stirring of 6 M ammonium
30 hydroxide in water (diluted certified ACS reagent, obtained from Fisher Scientific) caused
the formation of a gel. The final pH was measured as 9.10. 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)
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(helium and argon m xture) could be fed to the reactor.

area i s

exanpl e aveoset17d orth bel ow in
and SnC13 in water was prepared by dissolving one part of

measur ed

The BET surface
to be 21.40 n2/g. The specific performance data for this
Table 7. 10 Exanpl e 13 A Botwsecmr7aef LaCl3
commercially

avai | abl ea¢tydr'Bitcedadtane hacunfigoredoncldehaf ghyleng drné riod), Spegdnt and iQeal ity 15
Product s nd 0.67 parts of c ially avail_ abl drated samariu
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The fi naTat}:L¢-|7was nmeasured as 8.96. The m xture was centrlfuged to collect
t he solid. SoI ution was decanted away fromthe gel and di scarded. The
col | ted WS atlo in_air, at 550
deg C for Jgﬁburs oq%%g%gfq%ﬁ%&t@ﬁb'gﬂ@@%g f%ﬁBHB. %tgd'msThe
si eved pa—rﬁ—ei—es——we e—pracetd—itn—apure—prekel—(atH+oy—2000—+reactor—The
react or VE@MP¥hfi gured ddch that dfthyl ehe, dbhane| HCO16 oxygen, dnd imert
hel i um and argon m xture) could be fe ctor. The BET surfage
grea i's .casurgd tp—be 2)1.01 2i-g Thi*etseggfcé??.re&%%erfw raree—data—foerthis
exanmpl e #rbliset forth bl7ow ih 25§‘ﬁabl el 7. 3Bcanp|e 186 soluti 8P of Lad 3
and YO 3[g@ wat er was arefd b sso|vin ne part copmer [ 30
avai | abl :H..,dr at-ed Q“Pgﬁum = gr: de—{pur c%gjed fongect UM£' i %/‘
Product sjOand 0. 52| par € of ol al y avdl | able hydrated yttlfQ um
chl ori de a Aesal) | 3. 3B pa of deponi zed wa Rapi dqaddi tion
N h St FA e oo M amnun by dal in Ot or | 4s L er-adLar i-0r-odACS
reagent, |ToG€xi ned ffom fkher Smé@ftl fi t:) c4@Bed fhe 899 mat{on 460 a gel .
The fina Asur he xt 5 Cce I fuged coll ect
the soli ?F}yéﬁmgﬁﬂ/l??'%ﬂ DF‘T/II 1’@\?’)77?0 @r’\?nh :n was deg,igjié&g%a%;from
t he gel and discarded. The col | ecFedtigl comeerslone@PeatendO deg C pri or |to
cal ci nat in air At degrC Tpr,foufr ho T The resuiti S
crushed :F??E'“Qi eved Thzggl p\/p’i paﬂflrl es y\ptigpl aced @Ha lrp (rér kel
(all oy 2040! reactor 36.0 13.1 18.1 11.9 15.9

O, 45.9 47.2 52.2 47 1 38.7

Selectivities (Percent)

VCM 75.8 51.0 514 28.9 111

C2oH4Cl, 9.7 7.5 12.4 14.5 20.6

C.HsCI 4.1 11.8 8.9 17.0 23.8

COy 6.9 27.5 25.8 38.9 43.8

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.

10

Example 17 through Example 24

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

other additives present.

15

-46-



The reactor was configured such that ethylene, ethane, HCl, oxygen, and
inert (heliumand 5 argon m xture) could be fed to the reactor. The BET
surface aveal/#d7éreasured to be 20.98 nR/g. The specific perisewvEnme dat a
for this exarrple are set forth belowin Table 7. Exanple 15 10 A solution
of LaC13Exaepled€13 in water was prepared by dissolving one part of
commercially avail abl e hydrated | ant hanum chloride (purchased from Spectrum

it t d t of | ] bl e hydrat ed hol
chior 1 e CARPAS RELafn ey B proparen DVoR <Al om s e ormeRial § iole on
Wi th stigkydrted fintfandinddMetieUPurchbel eohlR]drithW@ietlicdl Hompaa¢) 58747 ﬁdr@d)fACS .

reagent, obtained from Fisher Scientific) caused 15 the formation of a ge
The fi nadeipnizsdhwatap & 4% partsef @reqmumﬁe'dmxxdqﬂ:eshmsmeetrfm)MaagédbcttoOifol | ect

he sol Sol d d di d
col | oot et <SR IS pf A 0. Bt RO E8ulfon AEANRFRMLA B0 g

Cfor f 0¢U’nt2hﬁ>1ldg$mxfﬁ|ﬂ@ WEB Uldd@getB& With Wasing kd/diech @1d ThE E4BRing BBE Si eved
particles were placed in_a pure nickel (alloy 200 react or. ﬁe react or

was conf $QaRIAE SRiEHire Was fikengd aagh e collegterbsolidoyas rqzslnn asrmn 5ptdeg Cdor 4
(hel ium ﬁtﬂﬁis AT sﬂlﬁ%%lﬁ%wé%&hﬂéyeﬁ%naggv&? ”h!i" s1£\%%Ct 1cles were pFT urg; ace
area i s n”easure e S eCI or mance cfaf: nf or this

exanfl e pure nikel (atloy BOB)akaor. r‘il“he'Fazb:ltcﬁ’ was cEnﬁginJe& sﬁrﬁ] th&&tbﬁyléﬂﬂ thaed) HIf1, LaCl3
and HoCl3 in water V\@m prepared by, dissol ving_ one par commer.ci al [ y
avai | abl @Yg5eraaddeert IH’é‘rﬂE‘ﬁa&ﬂ“df‘ix&Ee)(‘iﬂh‘%‘PFa@édofWﬁ?‘Sﬁ@cﬁ%ﬁF@&l ity

Product syeaithafee/ R R tifis kark QAR &f Alrinbeftitid 7 ghydr ated ytterbi um
chl ori deé(AI fg ceAesar ] i ?1 1% @3 parts of eg)@on?é)deggmt er. Rapid addition

wWith stirring of 6 Mammnl um 30 hydroxide in water (diluted certified ACS
reagent, _obt qi d fromFisher Scientific) caused the formation of a gel.
The fi naf® nmeasured as 9.10. The m xture was centrifuged to collect
the gplid. Solution was decanted away fromthe gel and discarded. The

col | ect ed 1gRhanufRSorfiiihRY BpB&itis Gre: &H'u@fngttﬁ’e ﬁl@ih%ﬁ%@kk% lenj #hd g@hnPS0 deg
C for four hours. The resulting so was crushed and 8 'I%e Sl eved

parti cl ewithemeorsr asegestle ta feror efing p%edler( Qe part 20 de growhid mmmzl?a
PCT/ Usooc/:oznzgqugd 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
20  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
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 Example 19

Dried Grace Davison Grade 57 silica was dried at 120 deg C for 2 hours. A saturated
solution of LaCls in water was formed using commercially available hydrated lanthanum
chloride. The dried silica was impregnated to the point of incipient wetness with the LaCl;

30  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
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.
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reactor. The reactor was configured such that ethyl ene, ethane, HC,
oxygen, and inert (heliumand argon m xture) could be fed to the reactor.
The BET swobaern7area is neasured to be 20.98 nR2/g. The speTiukon27700
performance data for this exanple are set forth belowin Table 7. 5 Table
7: Performance of Conpositions Containing Two Rare earth materials Exanple
13 14 15:16 éggoFeed nole ratios C2H4 3.7 3.6 3.6 3.6 3.6 HC 2.0 2.0 2.0
2.0 2.0 ~0-1.0 1.0 1.0 1.0 He+Ar 0.2 0.2 0.2 0.2 0.2 T (C 401 401
400 399 400 Space tine (s) 3.7 15.7 13.7 16.9 20.6 Fractional conversions

450 a7, 3350 BPLECT Ay g oty issBndhd padRefesbigteiity Rudiglt, o g

11. 1 5 CHydt#ed Bainthahurh. dhlckdle4piréhdsed Grotn S%&Hﬁﬂ Qéalik% Plodic) f 6LG7 Pardsof8  CO),
6.9 27.5 25.8 38.9 43.8 These data further show the utility of bulk rare

earth cotfiehipediyatenrpenid eddiHen waRsHITHIZRY 6 Miammpriymdrydrewdds @rveatefar t h
e s e B
are conpgsi Thensixmendvas cannifuped © coHedthhasilier iSolwion wds deodrivat aveaddirbmvrs
present. gejf5and discarded. The gel was resuspended in 12.5 parts of acetone (Fisher Scientific),

10  centrifuged, and the liquid decanted away and discarded. The acetone washing step was
repeated 4 additional times using 8.3 parts acetone. The gel was resuspended in 12.5 parts
acetone and 1.15 parts of hexamethyldisilizane (purchased from Aldrich Chemical
Company) was added and the solution was stirred for one hour. The mixture was
centrifuged to collect the gel. The collected gel was allowed to air dry at ambient

15  temperature 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 to be 58.82

m?/g. The specific performance data for this example are set forth below in Table 8.

20
Example 21

A solution of LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (Alfa Aesar) and 0.043 parts of commercially available HfCly

25  (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
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

30 performance data for this example are set forth below in Table 8.
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-46 WO 01/ 42176 PCT/ US00/ 27700 Exanple 17 A solution of LaCl3 in water was
prepared by dissolving one part of commercially avail able hydrated

| ant hanurw@ hi/exirele (purchased from Al dri ch Cheni cal Conparg)/Usen/B7@7 parts
of 5 deionized water. 0.48 parts of anmoni um hydroxi de (Fi sher Scientific)
was addeBxample235 parts of commercially prepared CeQ2 powder

(Rhone- Poul enc). The | anthanum and cerium containing m xtures were added
together with stirring to forma gel. The resulting gel containing m xture
was filt Arsethtion@f Lh€l;anMatartvend psedarad byadissoliting omlparnofatammerchi( adaipbe f or 4

hours. The, resulting solid crushed si eved. The sieved. rii.cl es
vvelrJe pl aﬁ%%aﬁeayaéltt%g&ﬁ%i&hqe\é@z a‘%egffl{}(??d gg)g? p%“&%B ‘c‘)‘?mm?’f‘féa{q'y\éé(é'tl%’ﬁe %@4

conf i gur grhréhdsdll frABtARS DI LARS) Mt lDaRAes of iionizEKWARR. Rapid ddbfioh wifte! | um and
argon mxture) could be fed to the reactor. The specific performance data

for thi sstaxagpf @M pamoaium bydiexiseliowaten (dihidecestifigk ARSI reagedt, obinkd|feom hanum
t ai ni d using t t hod of Exanpl d
W th a mErPERTARRELOREY F TG0l of et pran et SRR i Bl

powder wedlid. Soihionachswetinted 4dapaointhBadthad ARakaed aré Jolleétb® belGh AURMEIUS| Ng
a nortar and pestle to forman intimate m xture. The | anthanum and barium

cont ai ni APGAEuPENgst priedesdlcingtiomatl HPres kutok 4. howre Breusmrafioer e cal ci ned
at 8Q9 dgg‘rog?-]gﬁ?%%artazgogrthiée?%#%l?,:arT gf(frﬁlst%k&\l' OPTadlBgerial was placed in a

pure nic ) rea reactor was configured such that

et hyl ene, ethane, HCl, oxygen, and inert (heliumand argon m xture) could
be fed tg the _reactor. The specific perfornmance data for this exanple are
set fortﬁ%?—l&%éi n Table 8. 25 Exanple 19 Dried Grace Davison Grade 57
silica was dried at 120 deg C for 2 hours. A saturated solution of Lad 3
in water was forned using commercially avail abl e hydrated | ant hanum

chl ori deA sphaiodof aChiih iwaterwess preparasigryadisss] ing oiepgpoohtonmherciatly pivahible

wet ness wth EﬁeLaClS 0. o(IfA‘i n, .The inpregnated sili was .al lowed to
1 NESS W Aok ROAGI IR R0 105 pIBTRATS) B LGR ERagl L9510,
C for 1 HeOCL, (Jliehds€Stibin Agroirgmi@h inVBEpdHsag @dionikzed waiiie RapidcdRitidnal | 0y
200) reactor. The reactor was configured such that ethylene, ethane, HC ,
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. Solution was decanted away from the gel and discarded. The gel was
20  resuspended in 6.67 parts deionized water and subsequently centrifuged. The solution was

decanted away and discarded. The collected gel was calcined at 550 deg C for 4 hours. The

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

Example 24
25

A solution of LaCl; in water was prepared by dissolving commercially available hydrated
lanthanum 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 LaCls solution. The sample was
30  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.
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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

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. Solution was decanted away from the
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30 performance data for this exanple are set forth belowin Table 8. -48
WO 01/42176 PCT/ US0O0/ 27700 Exanple 22 A solution of LaCl3 in water was

pr epar ed w9 otdixge®l vi ng one part of commercially avai |l abl epChvydoczd7ead

| ant hanum chl ori de (Al fa Aesar) and 0.086 parts of comrercially avail able
Hf C14 5g¢lpoddisasddd.f rosatwseredsoldtigaiof 0$) parts béhzyhriethylamni@iiomichkedideat er .
Rapid addition with sti.rrj of M a ni. um.hydroxi de i n wate di luted
cort: 11 epponsetisgB MandCBAREa CoRRfRrLHEmIS KRET Pre prottdodht he

format i ogo@fiorPwaEidded BEthBIg¥E AldestimRd. aBBCoNduaEt] Was eakingd tit $31degSOkdrd

Sol ution was decanted away fromthe gel and discarded The coll ected gel was

dried ahog® dhgsmeciicaenioghangsrdasyfor thicedaoipkauieset farth s wimglabld ®r Thishour s.

The specific,l rformance. d for this exanple.,are set. forth below in
Tabl o 6. exuslfll B6aC OGS Bt Ak8 oty S R Genberg Fion s et

di ssol vi 5@2\?@%@@” of commercially available 15 hydrated |anthanum
chloride (Alfa Aesar) and 0.043 parts of commercially available ZrQCl12
(purchased from Acros Organics) in 10 parts of deionized water. Rapid
addi ti ongx% E,EZ%“ rring of 6 M amoni um hydroxide in water (diluted
certifie agent, obtained from Fisher Scientific) caused the
formation of a gel. The m xture was centrifuged to collect the solid.

Sol utd on C . fr . .dj | .
osudenA BT AREATLRE IR AR 680l SECRUER ey BTIRe 11
sol ut i onhydrated detiamuacchiovide (@acthaieddeoml 8gectrlineQaality PedRdtsyén 10vpstLatl ci ned
at 550 deg C for 4 hgurs. The s,%isgj fic performance data for this exanple

are set fOPRRCOBERLH Rapitaddigop wibaimirgeoM agmanug) hxdrerdein Waler 3 i n wat er
was prepay; ; . m
o 1 a6 (e RO e BRIl RN SR ALRol YShE 5 fomitliRgy

pr oducedgelziTheomx e wrs$ chntrifwgedinedletrtbesding eDirapat) glacisl atetiedcidtwa350 deg C

over ni ght e part o th i rconju xi de s inpre t ed th 0.4 parts
ot b g 6 e il g ielinneed oBngon T U Solthy FPAE bRt EERBR  af ur o
and t henc&akd theEdrmdlioniof agreddpithtél eBhCsdl@iondwidUet snted BRay aRPMk kbIGwa! | d was
crushed and sieved. The sieved particles were placed in a pure nickel

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

20  earth compounds.

Example 27

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

25  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
(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

30 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
containing gel. The collected gel was calcined for at 550 deg C for 4 hours. The calcined

solid had a BET surface area of 33.05 m*/g. The specific performance data for this example
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(all oy 200) reactor. The reactor was configured such that ethyl ene, ethane,
HCl, oxygen, and inert (heliumand argon m xture) could be fed to the
react or. Wier/sxeci fi ¢ performance data for this exanpl e rewUS@277@r t h
below in Table 8. -49 WD 01/42176 PCT/US00/ 27700 Table 8: Rare Earth
Conposi tarons foith belagdintTabteed. Tuospoaneple shddxsathp lpecphiativd of @ r@t e@zh 23 24 25
Feedrmleratiosag%)l—ma.?.& 3h73'7g7373637 HCl 2.0 2.0 2.0 2.0
2.0 2.0 PRPOSIEN afp cpniiining phosphqrup, a3 pgosphgiey o 1 0 He+Ar 0.2 0.2 0.2 0.2
0.2 0.2 0.20.2 T(C 400 401 400 399 401 400 400 401 sSpace 4.8 20.3 6.7
3.6 7.9 7.8 12.8 16.7 tinme (s) Fractional conversions (Percent) C2H4 18.2
11.7 14 . Bxamaplg288. 5 16.5 18.7 15.2 HC 34.6 22.1 24.4 57.1 40.9 38.2 35.2
21.1 502 55.6 33.2 48.0 52.0 50.3 47.4 50.9 56.4 Selectivities (Percent)

0.6 12, 730y oM 3t PeCRlhlectyaf brejadd 15 Maolying G pildrephieteinly aygfipl, /7o
26. 6 6. OhyfrfteBladthhdum cMoride (Plvehded &lomn Ab@w OrBenipy)anl 6<‘6’6Ip@ﬁs of deioniydd

chloride fromethyl ene containing, streanms using |anthanum based catal ysts
that conVaFh draltiopwarderneddy mixingQ P ptseef. comr@éswﬂrxévgbblq%@&@,manp| e

30 Exanp| g d%éafai'& 8H 2. 5](%% us:(ﬁxlghéé%ﬁ‘ffo%?f@ﬂ %aﬁﬂa‘%eﬂ%?&'lsﬁ'd?s@&l‘vé’d‘ﬁl PREkb! € to

alter the prepa rare earth conpos
10 of deionized water. Rapid mixing with stirring of the two solutions caused the formation of

a gel. The mixture was centrifuged to collect the solid. 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 38.77 m%/g. The specific performance data for this
15  example are set forth below in Table 9. This example shows the utility of an alkyl amine in

the preparation of a useful rare earth composition.

Example 29

20 A solution of LaCls; 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
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

25  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
80.35 m%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

30 rare earth composition.
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10 Exanpl e 25 A solution of LaCl3 in water was prepared by dissol ving one
part of commercially avail able hydrated |anthanum chloride (purchased from
Spect r umv@ai/izige Products) in 10 parts of 15 dei oni zed waP€T/USKReI7@
addition with stirring of 6 M amoni um hydroxide in water (diluted

certifi eBxamedBagent, obtained from Fi sher Scientific) caused the
formation of a gel. The m xture was centrifuged to collect the solid.

Sol uti on was decanted away fromthe -50 WO 01/42176 PCT/US00/ 27700 gel and
di scar ded sohtivatofil aCBdn sateu twas prepfardd. lldipaitisg bm’qi@‘i <bfr dogirhytcatiyamailtble

chl ori de (frpur chased fr?m Al drich ggem cal Co in deionized water was
pr epar edhydrpted langhappmghloggs (Rergheped sranp 4 vgeado eas’?‘? Fhemicatsdddd i PEEt ed gel
was | cj C r for
A T A S R S A S I A
use of addembmﬁﬁMnr Beregeld) svas addddt mpidihandowhp atiminig peaueih g Ithﬂ‘ ’"@rmambrhof a

conposi ti le 26 10. A aCl3 epared by
di ssol vi gl% g'll?ﬁ ?r'r"Pe yps ‘&%‘Fﬁifi‘ég‘&‘f ‘f&/&‘eé 4 ‘P%h?cé‘meHWraé{t &Ee g e[ Y@l ori de
(pur Chas@éjcﬁlé@fﬂraﬁﬁ)‘ﬁ;srdﬂ L Ct Wh@%@ﬂ:ﬂ%%h& Rad 9 BRAY dusfabf ared 8F 9603 &/ gnat er .

Rapid addition with stirring of M ammoni um hydroxi de in water (diluted
certifi eahﬂwcrf@a@eﬁwma@btdatarfedtlm ovankils irerseSortb elofs m)Tarbdm% ef@hishe

for i on of re was centri ed.to collect t olid. One
b 1 T oBraiotshfns B R SRR <O RBirh b SRS fos e Brasin G iy eq.
Addi ti onirddredtih@ MHabsUld. ORIthéughGobditaBy Binca6Rll dSreste@HaS al SuppE & BBl On of a
preci pitate. The solution was decanted away and the solid was calcined at
550 deg Wferinr ta theseprduqulusingeriirpgen GRatFIUNERAS data for this exanple are
set forth belowin Table 9. This exarrpl e shows the preparation of useful

Lﬁ?égﬂémcﬁﬁf‘;?ﬁi E;"?Zﬂ%‘%%}ré%%@ﬁ%@ 1Au8h MRS, 7Sl ut i on of

LaCl3 in water was preparér b'f%g(?l ﬂ'ﬁ'g %mBg? B comerciall y

avai | abl e R5-hydratedtanthanumchlor-de{purchased++rom-Speetrum{uality

Products) i EX@OP'ﬁarts 26 27 28 29 30 31

Feed mole ratios

CoH, 3.6 3.7 3.6 3.7 3.7 - 3.7
HCI 2.0 2.0 2.0 2.0 2.0 2.0
O; 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)

CoH,4 18.8 8.7 15.6 17.4 21.0 9.3
HCI 35.8 7.7 20.0 41.5 48.4 22.3
0, 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
C2H4Cl, 8.7 11.9 7.1 7.3 7.8 46.2
C2HsCl 35 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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dei oni zed water. Rapid addition with stirring of 6 M amoni um hydroxi de in
water (diluted certified ACS reagent, obtained from Fisher Scientific)
caused tiwobosared i on of a gel. The m xture was centrif ugerdrasoccolidoect the
solid. The collected gel was resuspended in 3.33 parts of deionized water.
Subsequehie prgwnt inyantism ks bgaen dessribed inrandHesdiative manags i B regaddhis

(pur chas j . j LEi i 8] L.t
suspended S A eSE SRt i, ke BRRH MNP I L RrBe e IBP ok e Bk cant el
away fr omw heke hodifivatioss tochaipecificregntgdimenthédescibéddledreid vwjeloundspaetirigci ned
for at 550 deg C.for 4 hours. The calcined. solid had a BET surface area of
33. 05 nelrgm theepidtfdhe preseit in shham Sdich srodiffcgHonsare t ke poysiderethwiigin ghe 42176
PCT/ 1$500(84d Bthe BiceShvdnibh Hal @mif&dEeﬁrfboﬁthe§bb§e SAPRLGHRovS the
preparatioh of a'rare earth conposition al’so containi ng phosphorus, as
phosphat gppefdealmpdiss28 5 A solution of Lald 3 in water was prepared by

di ssol ving one part of commercially available hydrated |anthanum chloride
(purchased from Acros Organics) in 6.66 parts of deionized water. A
solution was forned by m xing 0.95 parts of commercially avail abl e DABCO,
or 1,4-diazabicyclo[2.2.2]octane, (purchased from I CN Pharmaceuti cal s)
dissolved in 2.6 parts 10 of deionized water. Rapid mxing with stirring of
the two solutions caused the formation of a gel. The m xture was
centrifuged to collect the solid. The collected gel was resuspended in
6.67 parts of deionized water. The m xture was again centrifuged and the
solution decanted away fromthe gel. The collected gel was calcined for 4
hours at 550 deg C. The calcined solid had a BET surface area of 38.77
n2/g. The specific performance data for this 15 exanple are set forth bel ow
in Table 9. This exanple shows the utility of an alkyl amne in the
preparation of a useful rare earth conposition. Exanple 29 20 A solution of
LaCl3 in water was prepared by dissolving one part of commercially
avai l abl e hydrated | ant hanum chl ori de (purchased from Acros Organics) in
10 parts of deionized water. To this solution, 2.9 parts of comrercially
avai l abl e tetranet hyl ammoni um hydroxi de (purchased from Al drich Chem ca
Conpany) was added rapidly and with
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stirring, causing the formation of a gel. The m xture was centrifuged and
the solution 25 decanted away. The coll ected gel was resuspended in 6.67
parts of wiebomized water. The m xture was agai n centri f upetuvash7vdoe
solution“pe anted away fromthe gel. The collected gel was calcined for 4
hours at Heg C. The calcined solid had a BET surface area of 80.35
n2/ g. The specific performance data for this exanple are set forth below in
Table 9. This exanple shows the utility of an al kyl anmoni um hydroxi de for
f or mat i oh A&fmethod ef mlanufa@uriag eingbehloridm opmpiising the stép oD 01/ 42176

PCT/ US00/ 27700 Exanple 30 A solution of LaCl3 in water was prepared by

di ssol ving one part of commercially available hydrated |anthanum chloride

(pur @asg‘éixefe{tﬁ@aﬂ’é%&d&ﬂﬁ’&ﬁ@ﬁ‘éa_fiﬁ‘b@?mgg@élﬁf tehéling thfetRer@thane RAKJ18nOf

h
dei oni zed water. To this solution, parts of  commercially available 5 N
NaOH sodxpgennandrit ddaet or8shboming spwrye phkydidgindchenpledthloams onat h stirring,

[ ti f | ... The. mi.xt. tr d t
ot ut1 on T erehS0ERAAR, erfln @Gpplc Py RS R FETHBYIHER b e A6z ss0
deg C. Thfisml cined solid had a BET surface area of 16.23 nR/g. The

specific performance data for this exanple are set forth below in Table 9.
This 10 exanple shows the utility of non-nitrogen containing bases for the

for io f tal.ytical i esting. materi . 0 patent i.al Ly
Funclt ond HEHER AR difvent MERPRLNBOEHAEN bRy MK ARL BTG 51
usi ng ni hydrggsn chdmtide; ni ng bases. Table 9: Additional Preparation Methods
for 15 Lant hanum Cont ai ni ng Conpositions Exanple 26 27 28 29 30 31 Feed

nole ratios C2H4 3.6 3.7 3.6 3.7 3.7 3.7 HC 2.0 2.0 2.0 2.0 2.0 2.0 02

13 Top Syt AR R bl ol B £

lights stream; and
15
recycling said lights stream to catalytically react together with said ethane, said ethylene,

said oxygen, and said chlorine source in said generating step.
2. The method of Claim 1 wherein said catalytically reacting step uses a catalyst

20  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 1 wherein said molar ratio is between 0.1 and 10.

6. The method of Claim 1 wherein said molar ratio is between 0.5 and 4.
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time (s) Fractional conversions (Percent) C2H4 18.8 8.7 15.6 17.4 21.0 9.3
HCl 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

Sel ecti viw@er4(iRer cent) VCM 73.4 26.0 72.1 76.8 77.6 17.5rCOPR#A72008. 7 11.9
7.17.3 ;.% 46. 2 HoCl 3.5 22.7 5.6 4.2 2.9 25.6 CO, 9.8 38.6 12.7 7.6
6.3 9.1 /- %he ohed/od $15m beherggpenesaromilormesoyrasde pleqted fromias Feapianetnien

descri begd . 18rigfled eﬂﬁhéﬁﬁdxgmgﬁﬂﬁgﬁemhﬂ:thiS regard, it is evident that
t hose sk|f$ed int e

e art, once given t benefit of the foregoing
di scl osure, may now make nodifications to the specific enbodi nents
[

descri be rei i t.hout departin fromthe spirit of the present

i nventi ogz lﬂ&%lﬂ?w&f?ﬁ%‘éﬁ ?%reéﬂ etsé“{o‘g’l%réﬂ?sﬁoél&eéﬂ seipqtef fomié legstng . of

t he es i i i i L AR : 2 1 i.LLt of
R P R S T B S e
of manuf etbylshloredey il Aydickdhtoethiade and drip2-tredhhgyotthenest eps of : 5 generating a

reactor effluent stream by catalytically reacting together ethane,
et hyl ene, oxygen, and at |east one chlorine source of hydrogen chlori de,

chlorineg, The mhettod FICAMMAT QhRFRON2-MNEEBEMRaLd S ePI& in"s@ld Ra@ingSfipds €t hane
to said ethylene is between 0.02 and 50; 10 quenching said reactor

ef f | uent pwiftaslfer sade.pr ovi de a raw product stream essentially devoid of
hydr ggen chl ori de; separating said raw product streaminto a vinyl chloride
nononer product streamand into a |ights stream and

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

purified for recycle to said reactor.

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

15  purified for cracking in a vinyl furnace.
12. 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;

quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream

25  and araw product stream essentially devoid of hydrogen chloride;

separating said raw product stream into a lights stream, 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, and a heavies

30  stream;

recovering a dilute hydrogen chloride stream and an anhydrous hydrogen chloride stream

from said raw cooled hydrogen chloride stream;
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15 recycling said lights streamto catalytically react together with said
et hane, said ethylene, said oxygen, and said chlorine source in said
gener ati mgost/enze 2. The nmethod of Claim 1l wherein said caratysoencarioy
reacting step uses a catalyst 20 conprising a rare earth materi al
component, with the proviso that the catalyst is substantially free of
iron and n f |so tha he rare earth

mat eri al reggaﬂlg @ﬂlu‘f‘éh'ﬁr&%e%cihﬁe J(%ZS 'S rﬁ? top trﬁaeC T ?Ilittgte%a"at | east one
nore rare earth mat eri al conponent other than cerium 25 3. The method of
Claim 2 mhereln the rare earth material conponent is selected from

| ant hanufFYHBgEaid Ay diops Brdiagsn dverideriareninde spidgeacksi ask . 4. The net hod of
Claing 3 wherein the rare earth material conponent is |anthanum 30 5. The
met hod of Claim1l wherein said nolar ratio is between 0.1 and 10. 6. The
met hod oibsGitdangrarid sehprlimigno sd teacwir arC2 adeam fremBaiduRan sbebmand 4.  -55 WO
01/ 42176 PCT/USOCQO 27700 7. The nethod of Claim 1 wherein one said chlorine
source is selected fromat |east one of a chIorinated nmet hane and a

chi o | naj £OrRd giia of Cilthei WA safd liBaily WARTGL Bof e S¥athy g}fs*t" orine
source is selected fromat |east one o the ate ani c
corrpound@omprmmg:t ramg eath matebalncomgtonemthivah Itltﬂ’.eproih,sﬁ thdt dh:l aata(bystt ikane, et hyl
chl oy de, ,1 oraet ha and 1,2-tri Ioroeth 9. The nethod of
& o T 7 suaebiifl e B S Gop R rpod yaiEt Futer Ao hioiher g e Bt <
purifi edmfi@haﬁ@'ﬂn?yon%ﬁ’t id Gerivkh ehe BRI i@theFLahpPrides WO RL QI dhe Incte HirE BL@ Ot hane
generated in said reacting step is purified for recycle to said reactor.
11. The mateHabcampanenl other thnegesium. 1, 2- di chl or oet hane generated in said
reacting step is 15 purified for cracking in a vinyl furnace. 12. A nethod
of manufacturing vinyl chloride, conprising the steps of: generating a
reactor #4.f Thiemethdt o€ @aifr IGnwikeréifatd Aife EithCbeliyitdoa@onyntliesdédtaDfrb@oet her
et hane, = 20 ethylene oxygen, and at | east one chlorine source of hydrogen
chl oR de an@ﬁplbtp' Iheé) ygHum, praseodymium, and mixtures thereof.

15. The method of Claim 14 wherein the rare earth material component is lanthanum.

16. The method of Claim 12 wherein said molar ratio is between 0.1 and 10.

20
17. The method of Claim 12 wherein said molar ratio is between 0.5 and 4.
18. The method of Claim 12 wherein one said chlorine source is selected from at least one
of a chlorinated methane and a chlorinated ethane.

25

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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chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 and 50; quenching said reactor effluent streamto provide
a raw coowedi/mideé ogen chloride stream 25 and a raw pr oduBCT/S800EM00
essential |y devoid of hydrogen chloride; separating said raw product stream
into a | #yhTke methed of ClaimakZerhgseind.ittickloresignegenemtet in sditl ovacting step dsrer

pr oduct .ehl oride stream a cis-Il,2-dichloroethylene and
trans- 1,é‘ir({}fe?%{)?egg‘?hg(ﬂeaﬁ%%?%ﬁded stream a 1, 2-dichl oroethane stream and
a heavies 30 stream recovering a dilute hydrogen chloride stream and an
anhydrous_hydrogen chloride stream from said raw cool ed hydrogen chloride
stream <25e6lhgomthed of Cirimde wisgeind2-dighloresthaneigsperstsd dn sail teasting step dren

chl orgd de j i ef fluent stream recycling said

anhyddr ou%lﬁLfg/e??(%gﬂfalElgRgg{r?é@%ﬁl?@%?ﬁ to said reactor; and 5 absorbi ng and
recycling to said reactor a C streamfromsaid |lights stream 13. The
method of , daiml erein said catalytically reacting step uses a catal yst
conpri si ‘é“i‘%"%‘f%%?‘?’r‘fﬁ?rﬁg WPyl diggukesampisingtheisierpPbvi so t hat t he
catalyst is 10 substantially free of iron and copper and with the further
provi so that when the rare earth material conponent is ceriumthe catalyst
further gurptingegeator effiwdnt sineanmor Erenctoebgeatblyticatbt readtialg togaipareane ot her

t ha ceriHr? 14. The ngftgod of aim 13 wherein the rare gg)(rﬂ,th mat eri al
conpohent Y '§7% QX ¥ETe 4" FofSt 98° FUARMAIPUFRC s diPsuRflopfe, cBluMRi 9 and

M Xt ur eScHl&@hpdtbcarbén, witteeilBieAlaPFatibl R isu LthaWb &S &lidethDRnE AR eS&M02

mat eri al conponent is |lanthanum 16. The nethod of Caim12 whereln said
mol ar ra#dodGis between 0.1 and 10. 20 17. The nethod of O aim 12 wherein
said nolar ratio is between 0.5 and 4. 18. The nethod of C aim 12 wherein
one said chlorine source is selected fromat |east one of a chlorinated
met hane queticking baidreaedredlehhanam @rovide a raw cooled hydrogen chloride stream

15 and araw product stream essentially devoid of hydrogen chloride;
separating said raw product stream into a lights stream, a water product stream, a vinyl
chloride monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and
trans-1,2-dichlorethylene blended stream, a 1,2-dichloroethane stream, and a heavies

20  stream;

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

to provide recycle feed to said reactor;

25  recovering a dilute hydrogen chloride stream and an anhydrous hydrogen chloride stream

from said raw cooled hydrogen chloride stream;
recycling said dilute hydrogen chloride stream to said reactor effluent stream;
30  recycling said anhydrous hydrogen chloride stream to said reactor; and

absorbing and recycling to said reactor a C2 stream from said lights stream.
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19. The nmethod of Cl aim 12 wherein one said chlorine source is selected
fromat | east one of the chlorinated organi c conpounds consisting of
carbon t ev0avkdios i de, 1, 2- di chl oroet hane, ethyl chl ori dePCT/US00/27700

1, 1-di chl oroethane, and 1,1, 2-trichloroethane. 30 20. The nethod of Caim
12 wher e#%h Themethed b Chemi2irivhajeinspidicetlyticalnrehctinmsetep nepsstcepalyss  purifi ed

for sale, -57. 42176 PCT/ USQOY 2770 21. The hod, of Claim 12
wherein ?nﬁé% %%é%%ﬁlarﬁ%teﬂg{nceogn P \Hﬁgélfecpr%lg&ﬂ}% eyt s purified for

recycl e dubstaatially fe@csfdfon ahd.copped afietWigthe furfleprovisd tHireyRinNhe rare earth
1, 2-di chl oroet hane generated In said reacting step is 5 purified for
cr acki ngMpt§rial GAMBANCRt jp perim thezatalyshfitrthsa comprisas af estne mpre fany Eargth| or i de,

conprg Siﬂﬂ&eﬁgﬁoﬁﬂém%herqg&e&?ﬁhﬁ9 a reactor effluent streamin a reactor

by catalytic y reacting together ethane, 10 ethylene, oxygen, and at
| east one chl orine source of hydrogen chloride, chlorine, or a
chl or ohydr agar bon, mhg%sin the nolar ratio of said ethane to said ethyl ene

i s bet 1eypethgd gf M deHRAEFIR S r e ardiaBisHaleompgasnt istalessed frempr ovi de
a_raw coahdnlii Heaa il 2108 ML Al miRufldndes@w product stream

essentially devord of hydrogen c ride; separating said raw product stream
into a lights stream a water product stream a vinyl chloride nononer

pr odyct rea n,e . | ori de stream a cis-1, 2-dichl oroethyl ene and
tr ag]lsb- 1% dﬁﬁq‘}“&‘%@ ﬂ%/%aﬁ‘é‘ |ehgelg g ragssArthanatenal foppopenids Ratkendmr eam  and
a heavies 20 stream hydrogenating said cis-1,2-dichl oroethyl ene and
trans-1, 2-di chl oret hyl ene bl ended stream to provide recycle feed to said
r eact or ; 2725Teanerhed oh laamdi3| whesein paidongelar @hib oy badeest 0.éamd d8d an anhydr ous
hydrogen chl oride stream from said raw cool ed hydrogen chl oride stream
recycling said dilute hydrogen chloride streamto said reactor effluent

stream 2830Thecraythbd bYCland3anieyrelh Quid Myl @E6 s Bdtlvesd 0§ agiream to said
react or; and absorbing and recycling to said reactor a C2 streamfromsaid

i gh1t55 stream -58
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.

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

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

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

25
32. The method of Claim 23 wherein 1,2-dichloroethane generated in said reacting step is

purified for recycle to said reactor.

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

30  purified for cracking in a vinyl furnace.

34. An apparatus for manufacturing vinyl chloride, comprising:
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WO 01/ 42176 PCT/ USOQ 27700 24. The nethod of C aim 23 wherein said
catalytically reacting step uses a catalyst conprising a rare earth

mat eri al wonpaient, with the proviso that the catal yst ispCcrubsizamio al |y
free of iron and copper and with the further proviso that when the rare
earth nafeaeionforEsReraties e reastog etflugns stisamchyt eata) wicaily redsting tagefher sthenat | east
one nore r I 24010 i . 25.  The net hod
of 2 e e ERuch. ot FIERE b o RTRCRER T Glosb N IR AL Wring 1 om

| ant hanuchlorohgdipoarbon, wiicasia doymblantatiard saithethane so §4i€ e@fene isbedbeenlhe et hod
of Claim25 wherein the rare earth material conponent i1s |anthanum 27.
The met W ¥ O ai m 23 wherein said nolar ratio is between 0.1 and 10. 28.
The method of O aim 23 wherein said nolar ratio is between 0.5 and 4. 15
29. The nmethod of C aim 23 wherein one said chlorine source is selected
from at meastfooqeencbingaaidhtatérresflwoht sedanarepravide a rawippsduoastedmadshanially 30.
The nethgd gg CLa%n123 wheéein one said chlorine source is selected from at
| east on@evospelpydmeeneleideiat ed or gani ¢ conpounds consisting of carbon
tetrachl oride, 1,2- dichloroethane, ethyl chloride, 1,1-dichloroethane, and
1,1,2-trichloroethane. 31. The nethod of Claim 23 wherein

1, 2- di chinearsdohsaperatiog enidtrad produstitgamdamtd vigylsthdgridesmomumérfpredict streasal e.

25 3 The, net h qnof Clainh23 wherein 1, 2-di chl oroet hane generated in said
reac nga%%éﬁ??@% DT 8% or recycle to said reactor. 33. The nethod of
Claim 23 wherein 1, 2-di chl oroet hane generated in said reacting step is 30
purified for cracking in a vinyl furnace. 34. An apparatus for

manuf act Wepnsdorreay¢lingaist lighss steesmppisgidiieactor. 59 WD 01/ 42176 PCT/ USOQ 27700

a reactor for generating a reactor effluent streamby catalytically
reacting together ethane, ethylene, oxygen, and at |east one chlorine

sour ce 085.hyht apamtesvfaClanhe 34 ehbrin $36d reactofuses Al catadfdy d61apadiNOA rarplgtiei n t he

nola{ ratio_o{ said ethane to said ethylene i s between 0.02 .
5 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.

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

lanthanum, neodymium, praseodymium, and mixtures thereof.

37. The apparatus of Claim 36 wherein the rare earth material component is lanthanum.
25  38. The apparatus of Claim 34 wherein said molar ratio is between 0.1 and 10.

39. The apparatus of Claim 34 wherein said molar ratio is between 0.5 and 4.

40. The apparatus of Claim 34 wherein one said chlorine source is selected from at least

30 one of a chlorinated methane and a chlorinated ethane.

-60-



and 50; 5 neans for quenching said reactor effluent streamto provide a raw
product streamessentially devoid of hydrogen chloride; nmeans for

separ ati mposni#xd76 aw product streaminto a vinyl chloride rponVoser27prooduct
stream 10 and into a lights streamy and neans for recycling said lights
st r eam t 4l.sHhedappertusorf Claitn 34 wherppenessaigschddrin€l saiiree 38 selémtedeiromsigiedstr eact or
uses a catalyst ,conprising a rare earth. 15 terial c nepnt, with the
rovi o ot thregapaed Etnig copSuifchrisel caan trERIRRG T thpper and

wi t h t hedithbtdeean®) ¢ty SRIorfa8! 1, Mugdhldrb&ham, nE N DridRloRsdtRdnecOMPONENt is
cerium the catalyst further conprises at |east one nore rare earth

mat eri al conponent other than cerium 20 36. The apparatus of C aim 35
wher ei n e.rare earth terial component, is selected from | anthanum
neod;e/ﬂrri ulr%? %ﬁg %aégﬁgn%oﬁrﬁnn?ﬂélﬁ%fmrﬁn i scplf%léi?’ OrPIPE The apparatus of Caim
36 wherein the rare earth material conponent is |anthanum 25 38. The
apparatus of Claim34 wherein said nolar ratio is between 0.1 and 10. 39.

The appafideassordpr ggngrating 2 igpseredfHuery sweam by catalyticdly waginatesstha othaand 4.
40. The t f i i ' i sSQur i s selected
from at ?tgglg{'@ Ogggeglhg]%o l%%é?%@ﬁéﬁé;ﬁﬁ%tﬁ%gmg%&gogﬁ?’c@lﬂ)ﬁg@ ’e(l(’:f %t hane.
-60 WO OdillddhydroLLhon )Mo R TiOmokhi ratibhué saip paragé ussaid ey RinenisBetwder®@OD one
said chlorjne source is selected fromat |east one of the chlorinated
orgafi c %ftan%Bunds consisting of carbon tetrachloride, 1,2 dichloroethane,
ethyl chloride, 1,1-dichloroethane, and 1,1,2-trichloroethane. 5 42. An
apparatus for manufacturing vinyl chloride, conprising: A reactor for
gener at i mgams foequenohing fhidureadtorstf flemtrs toganct @t b yitle eahw yooled hiyinogert clgetidier

et hane, _ethyl ene, oxygen, and at |least one_.chlorine source of hydrogen
chl ori de?tre@H{acﬂ%iW w Qfg&éa S ?ﬁ%?%?ﬁ%aﬁg'éﬁyﬁlgrﬂf é‘?ge?i“rfhf%lé{erml ar ratio of
said ethane to said ethylene is between 0.02 10 and 50; neans for

quenching said reactor effluent streamto provide a raw cool ed hydrogen
chl o} demeans for separating said raw product stream into a lights stream, a water product stream, a

vinyl chloride monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene
and trans-1,2-dichlorethylene blended stream, a 1,2-dichloroethane stream, and a heavies

stream;

20  means for recovering a dilute hydrogen chloride stream and an anhydrous hydrogen

chloride stream from said raw cooled hydrogen chloride stream,;

means for recycling said dilute hydrogen chloride stream into said reactor effluent stream;
25 means for recycling said anhydrous hydrogen chloride stream to said reactor; and

means for absorbing and recycling to said reactor a C2 stream from said lights stream.

43. The apparatus of Claim 42 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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stream and a raw product stream essentially devoid of hydrogen chloride; 15
means for separating said raw product streaminto a lights stream a water
product svoemmi’@a Vvinyl chloride nmononer product stream panvustdnsioochl ori de
stream a cis-1,2-dichloroethylene and trans-1, 2-dichlorethyl ene bl ended
stream a 1, 2-dichl oroethane stream and a heavies stream 20 neans for

recoveri gy ﬂledarﬁ g;a?uswﬁl geRs GALR ﬂ@@ﬁag af‘@or@%ﬁﬁéﬂfﬁﬂae&wﬁ%%en
chloride strea rom sal raw coo rogen or| ream neans f
recycli nlgn&nanldnmdodymldw,@m@edlymimhorandimlzsmreeahnareqsﬂ o said reactor effluent

stream 25 neans for recycling said anhydrous hydrogen chloride streamto
said reactor; and neans for absorbing and recycling to said reactor a C2

streayn f fOMSAdFatan B BrTISiS 88 Whedh thd R 2RARAA Le‘r'i%l eénr@&hms%tm‘aﬁﬁ' n said
reactor uses a at al yst conprising a rare eart teri al corrponent

with the proviso that the catalyst is substantially free of iron and
copper th th her viso that when the rare earth materi al
corrponen?(gj ﬁ!' [?ﬁ'ls#k‘;ga ﬁgr@g&en}w WQPIE*H}?;J‘Fl geen II‘E‘Qs][b'one nore rare
earth material conponent other than cerium -61 WO 01/42176 PCT/ USOQ 27700
44. The apparatus of Caim43 wherein the rare earth material conponent is
sel ect ed47.r b apparstusenf Gipinnéd shateimiaipmakee oadionis bewean@. andt4ir es t hereof. 5

45. The apparatus of Claim 44 wherein the rare earth material conponent is
| ant hanum  46. The apparatus of Cl aim42 wherein said nolar ratio is

bet ween §8.1Tiesbpifhtustof.Cldine4 2ppafeat oife safd BI@iN® barconeiRédie RO M Wag ratio
is between 0.5 and 4. 10 48. The apparatus of C aim 42 wherein one said

chl ori neowfﬂdéll(?@aéeéilré@b@%f gndgghdernagedeathangne of a chl ori nated net hane and

a chlorinated ethane. 49. The apparatus of C aim 42 wherein one said

chlorine source is selected fromat |east 15 one of the chlorinated

organi c %n‘ﬁlmnmbaraumnﬁi@laihqu oheear esatdadhl @i sontradeas selec@ed flomhik trasiet hane,
hl or.oet hane, . and .1, 1, 2-tr.i chl or 50. An

th hl d h
gppglsa'f ugoer EWﬁﬁrf‘ ?rlgﬁ@‘C\YPWPu‘lﬂﬁICBPﬁlﬁ@g Gﬁfhoflé‘?tﬁaé gﬁ g\n} gactor for

gteﬂer at i Jighidrdcamat.AthychloddB! 1, $di@RbhKacahd Vi iXRichbré@Rakl N9 toget her
et hane,

50. An apparatus for manufacturing vinyl chloride, comprising :

20 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
and 50;

25  means for quenching said reactor effluent stream to provide a raw cooled hydrogen chloride

stream and a raw product stream essentially devoid of hydrogen chloride;

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

stream;
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et hyl ene, oxygen, and at |east one chlorine source of hydrogen chloride,
chlorine, or a chlorohydrocarbon, wherein the nolar ratio of said ethane
to said avdyl/enesi s between 0.02 and 50; 25 neans for quepeTRNR7I@I d
reactor effluent streamto provide a raw cool ed hydrogen chloride stream
and a r aWegsdaLkYdraganatng @s(gelmh Fichlagessbylenemndryansolgtdichinrethylgee neans f or
separati i ghts stream a water product
stream @gm(\ﬁeﬁ Sﬂf:‘rl ‘#y@fa@g}é ttl)énger@%dr O(Lﬁ(ﬁf:qt%cs ream an ethyl chloride stream
a cis-1, 2- dlchloroethylene 30 and trans-1, 2-dichl oret hyl ene bl ended
stream a 1, 2-dichloroethane stream and a heavies stream -62 WO 01/42176
PCT/ USoomeamsdor reppveansrshiug hydspganahiorilesiipam and an anbydapusthydregshy| ene and
trans 1eraoﬁae04%¢e%%xkﬁa?awtal)@l@gﬁg REbPabi® i de fecycle feed to said
reactor; neans for recovering a ut ydrogen chl ori de stream and an
anhydr ous hydrogen 5 chlorlde stream from sai d raw cool ed hydrogen

chl ori de stream ans fo ng.said dilute h dro en hl ori de stream
Co oai d FEMIBT eerangend G Sifosaid! ‘géfre?f@é%ffl%{ Uehh$IEBls

hydrogen chloride streamto said reactor; and 10 neans for absor bi ng and
recycling to said reactor a C strean1fron1said lights stream 51. The
appar at useatfs fof ricyelBIg saldeanbjydrosshpdrogecthdoridesstisam to agidiIrgstorcampri si ng a
rare(earth mat eri al conponent, with the proviso that the catalyst is
subs{antlally free of iron and 15 copper and with the further proviso that

when t hemeadsSfofMsbibiMBARY ledyclin@Th 9418 Péactoy aSY dtkéidin frHiA sertiAdhYsSdrehil t her
conprises at |east one nore rare earth material conponent other than

cerium 52. The apparatus of C|a|n151 wherein the rare earth materi al

conmponeng, i Q u nd
m xt ur esg 2?%%"%%@%%%8%5@%;1 arus o‘?}%b tgP%@%%@mﬁg 5t 9&% ﬁﬁgg araerg]g%t
mat eri al m&nmmmnioneﬁt bvanttllfapmmso et ther‘h&lWﬁBS’u&Etuﬁtlzﬂfy fedeadfiirdmCandher el n

said nolar ratio | tween 0.1 and 10. 25 55. The apparatus of C.ai m50
wher Bl n Sonpar #hd \gﬁth thtfprahqré)r(b@g\),\g@hwbersthgﬁge garth material component is cerium

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

cerium.

52. The apparatus of Claim 51 wherein the rare earth material component is selected from

20  lanthanum, neodymium, praseodymium, and mixtures thereof.
53. The apparatus of Claim 52 wherein the rare earth material component is lanthanum.

54. The apparatus of Claim 50 wherein said molar ratio is between 0.1 and 10.

25
55. The apparatus of Claim 50 wherein said molar ratio is between 0.5 and 4.
56. The apparatus of Claim 50 wherein one said chlorine source is selected from at least
one of a chlorinated methane and a chlorinated ethane.

30

57. The apparatus of Claim 50 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.
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56. The apparatus of C aim50 wherein one said chlorine source is selected
fromat |east one of a chlorinated nmethane and a chlorinated ethane. 30
57. The apparatiae of C aim 50 wherein one said chlorine sparwsonz7®el ect ed
fromat |east one of the chlorinated organic conpounds consisting of
carbon tetrachloride, 1,2- dichloroethane, ethyl chloride,

1, 1-di chLor pet e,.,and 1.2-trichloroethane. -6 01/.42176

bt Usoor 7 60T SagradRRp g g S RO S TP i B P Oy ocess compri si ng
the steps of: generating a reactor effluent streamby catalytically
reacting together ethane, ethylene, 5 ,ox?/gen, ~and at |east one chlorine
source ogengyaiing gapactor ebflpens stredm by cafalytiepllyareagtingdpgabherretvae eihylenther ei n t he
nol arg rat] f [ t t ' s bet 0. and 50;

quenc%i nék}gggﬁdanrﬁgaggetagtr&gg ?' }oﬁfe?lﬁfs g]gr?? ggﬁ?’c{rg&%ég\%r&% ’ éﬁrggr\}\?’ Sgéduct stream
essent i athlgroligdotatboi, whHedeih yish @aRA raidl dishidethane pasad eihgleddighdt@yérpr.oziuct
streaminto_a vinyl chloride nononmer product streamand into a |ights
stream aH%s recycling said lights streamto catal ytically react together
with said ethane, said ethylene, said oxygen, and said chlorine source in
said generating step. 59. Vinyl chloride produced by the nethod of C aim 58
wher ei n gaindhingtsaidyedcoal effffuene sic¢ann g protvidp ause praducedtadaysdssanialy idsvoigoft rare
eartr ma}jgc{ial qchg(g}) nent, with the proviso that the 20 catalyst is
subst®nt h¥rpgen iron and copper and with the further proviso that
when the rare earth material conponent is ceriumthe catal yst further
conprises at least one nore rare earth material conponent other than
cerium &pardiingyiidciv prodiet greaiotoa iyl didoridetthombnadr pBbdrictsti@mrerietona t he
rare earhghlafrrattreri_%l 25 component is selected from | anthanum neodym um

pr aseody i Hflxtures thereof. 61. Vinyl chloride produced by the

nmet hod of Claim 60 wherein the rare earth material conponent is |anthanum

30 62. Vinyl chloride produced by the method of C aim 58 wherein said nolar
rati B i srasxelingesgid laghts sire@mto catalytically react together with said ethane, said ethylene,

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

59. Vinyl chloride produced by the method of Claim 58 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the

20  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.

60. Vinyl chloride produced by the method of Claim 59 wherein the rare earth material

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

61. Vinyl chloride produced by the method of Claim 60 wherein the rare earth material

component is lanthanum.

30  62. Vinyl chloride produced by the method of Claim 58 wherein said molar ratio is between

0.1 and 10.
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-64 WO 01/42176 PCT/USOQ 27700 63. Vinyl chloride produced by the method of
Claim58 wherein said nolar ratio is between 0.5 and 4. 64. Vinyl chloride
pr oduced v ot/k76ret hod of Cl ai m 58 wherein one said chl orpoRUS@R7C® iS 5
selected fromat |east one of a chlorinated nmethane and a chlorinated
et hane. 6%. Viiyhghlotés pioduecddrbidie srethashoft(Haimmdd whereot sail miolar 58ionks deyagnone
sai d chl %5984source is selected fromat |east one of the chlorinated
or gani ¢ conpounds consi sting of carbon tetrachloride, 1,2-dichloroethane,
ethyl chloride, 1,1-dichloroethane, and 1,1,2 10 tichloroethane. 66. Vinyl
chl oride produced by the method of C aim58 wherein 1, 2-dichl oroethane
gener at eéf-i Ninyh clioride prodnepdshyethe imethngraf fGlaimn $&wherginconeiwidsghlonaespurcetis or i de
produged e dd ol NG B oFhdhiB R liRiEIN aha 2 cHicfiibRuNEne  generated in
said reacting s?ep IS purifie or recycle to Said Feactors 68s. Vi nyl
chloride produced by the nethod of C aim58 wherein 1, 2-dichl oroet hane
generated_in.s igpn acting step is purified for cracking. in_a, viny

c ng

furnace. g%oVw. ProdpeRd Riethganstiodaf (rlaiin of wheremn orcoiskehleringdugdery t he
steps of éel&?&?ﬁ@ﬁl'a?%a Jn@%?ttlgch%rma%rtggaﬁﬁéﬁ &}ﬁdga&?&rﬁfﬁl‘ Gkhdpoh €acting

t oget her et hane, ethylene, oxygen, and at [east one c oFi ne source of
hydr ogentetthttdoiidie 1, 2cicbloroethanes ethyl261artde of, byl @roeth o) andvidr2i n t he nol ar
ratiP of sgid e%hane to said ethylene is between 0.02 and 50; quenching
sai d1 ¥ eaF1Gor2FR#Gent streamto provide a raw cool ed hydrogen chlori de
stream and a raw product stream essentially devoid of hydrogen chlori de;
30 separating said raw product streaminto a |lights stream a water product
stream 86.vViyl chletiflopioducedonoire methasicef ¢ilaisn & wireresm1.8tdighlomohthené de stream
=65 Iy\o 1/ 42176 PCT/ US00/ 27700

aytied {53

a cis-1,2-dich|orge |.ene. an
trans-1, gn&r%%c* fc?)lrsgl{c#%% Cetﬁlé Slt)%elgge a 1, 2-di chl oroet hane stream and
a heavi es

15  67. Vinyl chloride produced by the method of Claim 58 wherein 1,2-dichloroethane

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

68. Vinyl chloride produced by the method of Claim 58 wherein 1,2-dichloroethane
generated in said reacting step is purified for cracking in a vinyl furnace.
20

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

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

and 50;

quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream
and a raw product stream essentially devoid of hydrogen chloride;

30
separating said raw product stream into a lights stream, a water product stream, a vinyl

chloride monomer product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and

-65-



stream recovering a dilute hydrogen chloride stream and an anhydrous

hydr ogen chloride stream 5 fromsaid raw cool ed hydrogen chl ori de stream
recycl i ngv@ai/a1dé | ut e hydrogen chloride streaminto sai d penusar27edof | uent
stream recycling said anhydrous hydrogen chloride streamto said reactor;
and 10 abswer-blriiclderdthytemy blandgd sweasmiadl ,2-dmwblonoetban€atreameand f heawiesai d | i ght s
stream 70. Vinyl chloride produced by the nethod of O aim69 wherein said
catal yti %tgﬁafrﬁl reacting step uses a catalyst conprising a rare earth

materi al conmponent, with the proviso that the 15 catalyst is substantially
free of iron and copper and with the further proviso that when the rare
eart h narespyaingaohémieysirogen chéoridgrsiretia and am pyldréusrhydeages shiorids sgeam | east
one re.rare.. earth rial monent ot her than cerium 71. Vinyl

chl opg:)defrﬁﬁlos hdcrglg Cﬁﬁlepﬁ‘é’gf%faﬁggggﬁgar%“}h 70 wherein the rare earth materi al
20 component is selected from | anthanum neodym um praseodym um and

m xtures thereof. 72. Vinyl chloride produced by the nethod of Claim71
wher ei n fas¥clingrsaidedifuimhygip gan chloridesisamapte spig rpagterpAuent soeaE3.  \i ny|
chloride produced by the nethod of Caim®69 wherein said nolar ratio is
between 0.1 and 10. 74. Vinyl chloride produced by the nethod of C aim69
wher ei n sRiyelingdanl anhgilioas hgdrbgémetdoridddstizamnd sdid rédtofpandvi nyl chl ori de
produced by the nethod of C aim 69 wherein one said chlorine source is
seleffed fromat least one of a chlorinated nethane and a chl ori nat ed

et hane. é@@rﬁé%n%cgé\%%gﬁgEgﬂi@%cﬁzﬂg’??regﬁr frofh R @hk%ie%. produced by the

net hod of C in one said chlorine sourc s selected from at
| east one of the chlorinated organi c conpounds consisting of carbon

g_,eg_,r g? hlt ?{)IC %FIBIIJ é’l@l{%ﬁ&%ﬁrgldgée%egyhtﬁg ?ﬁethegdh 3/f|Clgim 85 izvﬂgfeinléa}& gaiugl%&ﬁf?yer%gc?ﬂ% and
step uses a catalyst comprising a rare earth material component, with the proviso that the
15  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.

71. Vinyl chloride produced by the method of Claim 70 wherein the rare earth material

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

72. Vinyl chloride produced by the method of Claim 71 wherein the rare earth material

component is lanthanum.

25  73. Vinyl chloride produced by the method of Claim 69 wherein said molar ratio is between
0.1 and 10.

74. Vinyl chloride produced by the method of Claim 69 wherein said molar ratio is between
0.5 and 4.

30
75. Vinyl chloride produced by the method of Claim 69 wherein one said chlorine source is

selected from at least one of a chlorinated methane and a chlorinated ethane.
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77. Vinyl chloride produced by the nmethod of C aim69 wherein

1, 2-dichl oroethane generated in said reacting step is purified for sale.
78. Vi nylwahi/exirele produced by the nmethod of O ai m 69 whePei/mso0/27700

1, 2-di chl oroet hane 10 generated in said reacting step is purified for
recycl e 1@ ¥aytichlendt producd byvthewiethodlob Glaim ¢ whlereedonsysaidroblarielsodreefis Cl ai m

69 wher ei 2= di ch] oroet hape enerated in said reacting step,is purified
For "or acierle T S1eRSHRRE oF s o Beipated 5T espiengAm ke PO O PR e usi ng. a
process @aEMorsdeNd 2t diehisiRRRANO ethydeRREaE, NP-dthigashate, &id 1 ,yent stream from
a reactor by catalytically reacting together ethane, ethylene, oxygen, and

at | easttrishleresthanei ne source of hydrogen chloride, chlorine, or a
chl orsohydrocar bon, wherein the nolar ratio of said ethane to said ethylene
is between 0.02 20 and 50; quenching said reactor effluent streamto

provi de @ .rvikytenibede pypdiedary thdhethodef €14i6A69 wasdindl ,a¢hpsrosttste St ream
essentially devoid of hydrogen chloride; 25 separating said raw product

st r eam | gAngrated ingpidgeagting sap inpwiEfieskfoppdeluct stream a vinyl chloride
nmonomer product stream an ethyl chloride stream a
cis-1,2-dichloroethylene and trans-1,2-dichlorethylene blended stream a
1, 2- di chi&r Valyhatileridd pedugedayydhanmedrdi of Claigi 6% aheredD], Dydibhdgreetaaneng sai d
cis-_1,2-dichloroethylene and -1, 2-djchl oret hyl ene bl ended streamto
provitie BEAsdinsaidderciingsteg 15 purelics for resycipdy gaid aeeftas. PCT/ US00/ 27700
recovering a dilute hydrogen chloride stream and an anhydrous hydrogen
chloride stream fromsaid raw cool ed hydrogen chloride stream recycling
sai d di | 1?.eVinyticldgede pitodocaddy the methodtad Qaind6? whereor 1,2{didhl@ntthsie ean; 5
recycling said, anhydr ous h}/dr.ogenf.%ﬁljtoori dE. stream said reactor; and
absor bi nge“ﬁﬁa"dr‘&éy? PGB PP BULCPE Frag s R e VB YPHH sai d i ght s
stream 10 81. Vinyl chloride produced by the nmethod of Cl aim 80 wherein
said catalytically reacting step uses a catalyst conprising a rare earth
mat el al 8@ oMphelHeridgynanpufagfaredrusingaddroenss comprisingthel sjeps of's substantial |y
free of iron and copper and with the further proviso that when the

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;

quenching said reactor effluent stream to provide a raw cooled hydrogen chloride stream

and a raw product stream essentially devoid of hydrogen chloride;

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

stream,;

30 hydrogenating said cis-1,2-dichloroethylene and -1,2-dichlorethylene blended stream to

provide recycle feed to said reactor;
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rare earth material conponent is ceriumthe catalyst further conprises at
| east one nore rare earth material conponent other than cerium 15 82.

Vi nyl chivoo ode1ps oduced by the nmet hod of C aim 81 wherei nPp€h@sewarecoeart h
material conponent is selected fromlanthanum neodym um praseodym um
and m xt gceeringerdhte hyd@en\dhinrideshreamiadé ap aoltdead hydrdgee chieridedtredm C ai m
82 wherein the rare ﬁgrtg mat eri al 20 conmponent is |anthanum 84. Vinyl
chl ori de'™BMaIaY 99t hediseh sifopfe 8¢amn 80 wherein said molar ratio is
between 0.1 and 10. 25 85. Vinyl chloride produced by the method of Caim
80 wherein said nolar ratio is between 0.5 and 4. 86. Vinyl chloride

pr oduc edrepyclingesaidedi g ysirogeinadhiarBig sithamdd said meackaietflusht grdame source i s

sel ecr?t ed fromat |east one of a chlorinated nmethane and a chl orinated

et hane. 30 87. Vinyl chloride produced by the nmethod of C aim 80 wherein

one sai dreghdiftg ARl HBYAGEs hpdrogd @téedd drfeai takaii@artorof® of the chlorinated
organi ¢ conpounds consi sting of carbon -68 WO 01/42176 PCT/ US00/ 27700

tetrachl oride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and

1,1,2- tri . . Vi i roduced he net hod of Claim
80 wher e%s%@i,ugé_ %ﬁ{%?ﬂcfﬁggﬁ ?%%aﬁgré%{oéénr&eér)%{egﬁl 1?%183 glﬁﬁlgrhg%sé%efﬁg step is
purified for sale. 89. Vinyl chloride produced by the nmethod of C aim 80

wherein 1, 2-dichl oroethane generated in said reacting step.is purified for

recyll e §b Vinyliclergs poduasy tyghe yicad fiflaim SR whersiLcaYY iFRlYTRIHIE of
0T PSRt P8, AEARGALcnin U 5N TR0 1
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.
15
82. Vinyl chloride produced by the method of Claim 81 wherein the rare earth material

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

83. Vinyl chloride produced by the method of Claim 82 wherein the rare earth material

20  component is lanthanum.

84. Vinyl chloride produced by the method of Claim 80 wherein said molar ratio is between

0.1 and 10.

25  85. Vinyl chloride produced by the method of Claim 80 wherein said molar ratio is between

0.5 and 4.

86. Vinyl chloride produced by the method of Claim 80 wherein one said chlorine source is
selected from at least one of a chlorinated methane and a chlorinated ethane.

30
87. Vinyl chloride produced by the method of Claim 80 wherein one said chlorine source is

selected from at least one of the chlorinated organic compounds consisting of carbon
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tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-

trichloroethane.

88. Vinyl chloride produced by the method of Claim 80 wherein 1,2-dichloroethane

generated in said reacting step is purified for sale.

89. Vinyl chloride produced by the method of Claim 80 wherein 1,2-dichloroethane

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

90. Vinyl chloride produced by the method of Claim 80 wherein 1,2-dichloroethane

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