WD 01/ 38272 PCT/ US00/ 27689 PROCESS FOR VI NYL CHLORI DE MANUFACTURE FROM
ETHANE AND ETHYLENE W TH SECONDARY REACTI VE CONSUMPTI ON OF REACTOR
EFFLUENT w{&b1/582Thi s i nvention is directed to an apparat uspengsaroesss for
produci ng vinyl chloride nononer from ethane and et hyl ene. Especially,

t hi s i nvent PROGESSAFrORAN RO It CHUGREYS MRANGFA CHURI EROM HTHANE A NDI de
nmononer ( VEMHWHENE WITHSEONDARNY REAITIVE €ONSUMPTION IUFRREACIOR et hyl ene
are present in input streans to tBeF@JENTIHtEd reactor and (2) hydrogen
chloride 10 is oxychlorinated in a second reaction after the

et hylgne/ et hane-to-vinyl reaction. Vinyl chloride is a key material in
nodern conmerce, and nost processes depl oyed today derive vinyl chloride
f rom 1, 2Thiis ¢leatioreishitireete( BDAT) apgaeates druepr&taSs fa produingdeniMshtbrfdeom
ethylene; so, froman abstracted reference frane, at |east a

t hr ee- opBPEeTeEh r‘&i’\‘}«?ﬁ"&PFa @%‘Séﬁp?-sE&I@C@Qé’dh{séf‘W‘Péﬂés direstadgpiprrpeyses for

hydrocar H§cin%§ﬁlpp&ﬁ§ﬁ§@&bﬁoﬂﬂr%ﬂm5 Wﬁérestﬁﬁsggﬁiﬁeaqtgwa@tﬁe@%f bbtd gﬁ% and

then EDC to vi chl oride). ere 1s anin ent ng-tfelt need 1 n the
i ndust r yandoetindeore dropessentan irgup stozaais totler filiatay keactur and (2 hydraden ichleddeor e

di l'y. and 1 cal | ' b i t hout. dt
Fi o0 meisara G nany pr g e AGREE e RHer U TEEURB ¢ bene |

related to this vision has inspired a significant 20 anount of
devel opnent. As a first general area of devel opnent, ethane-to-vinyl
manuf act ¥l cklogde jsrtkayasateriy im madgminemmdres,iandenashpeagesses deployeditodayl or i de

producti Qn,. ar ianifi cant.,. unt of JLijeratur t subj e i S now
bvai 1 bl BB SRR e S PR g L LT MBS e PG b e S BT e 25
enbodi meethglens; 86 idr@dniabsttdteednerelRy ElaaRERNESt Othrithopsaeseoierdl salasiyre. GB

Patent 1,039, 369 entitled "CATALYTI C CONVERSI ON OF ETHANE TO VI NYL

CHLOR DEvsegi¢thKlens Bomgprgpanyhydeocarbpns, popendrsarthy vashaimal errcking:tethpdenent
netal s, (4 udi I . h : i i | i on of
Uyl ohl PP e el BT Soinl §Flch e, SRS inffent ink 16, PEHE] D

cat al yst mdpstovtiodeaiettheard' st approach waictealih g obhldrgieiinderaved mak irectlyaarel used i n

i fi t | ed ti . The .descr.i bed system operates at .
© Brper at SOOI RELR a0 hydiPoRetE AYRT BOReR o ArsRrsaric e fed By i bed

t echnol ogyylefftah® Bl ihNerbMGcHAG RicbeRefitir6lale@tO &i ¥R has inspired a significant

20  amount of development.

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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GB Patent 2,101,596 entitled “OXYCHLORINATION OF ALKANES TO

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

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

30
US Patent 3,629,354 entitled “HALOGENATED HYDROCARBONS” which issued on

December 21, 1971 to William Q. Beard, Jr. describes a process for the production of vinyl
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HCO pr odugsagfggardgs@t@ha@c{@m}g operation is returned to the oxyhal ogenati on
reactor in 4 and to the hal odehydrogenation reactor in '311. In the
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20  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
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

25  subsequent conversion to EDC through oxyhalogenation (oxychlorination) with subsequent
production of VCM through conventional thermal cracking. HCI produced in the cracking
operation is returned to the oxyhalogenation reactor in '934 and to the halodehydrogenation
reactor in '311. In the latter patent, the advantages of excess total chlorine, as both HCI and
Cl, are shown to augment yield of desirable products.

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



30 US Patent 3,644,561 entitled "OXYDEHYDROGENATI ON OF ETHANE" which i ssued
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both ethylene and VCM in a mixture. This patent describes that a chlorine source is present
from 0.1 mole to 10 moles per mole of ethane. In general, as the ratio of hydrogen chloride
to ethane is increased, the yield of vinyl chloride and other chlorinated products also

20  increases even as the yield of ethylene decreases.

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

the presence of excess HCI.

25
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
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
30  vinyl.
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US Patent 5,728,905 entitled “VINYL CHLORIDE PRODUCTION PROCESS” which
issued on March 17, 1998 to Ian Michael Clegg and Ray Hardman discusses ethane-to-vinyl
20  manufacture in the presence of excess HCI using a copper catalyst. The patent describes a
process of catalytic oxychlorination of ethane between ethane, an oxygen source and a
chlorine source in the presence of a copper and alkali metal-containing catalyst. HCl is
supplied to the oxychlorination reactor in excess of the stoichiometric requirement for
chlorine.
25
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

30  excess of HCI); separating the VCM products; and recycling by-products to the reactor.
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4C,H4 + 2C1, + O, = 4C,H;5Cl1 + 2H,0

20  Ethylene cost represents a significant fraction of the total cost of production of VCM and
requires expensive assets to produce. Ethane is less expensive than ethylene, and
production of VCM from ethane should, therefore, reasonably lower the production cost of
VCM in comparison to the production cost of VCM when manufactured primarily from
purified and separated ethylene.

25
It is common to refer to the conversion of ethylene, oxygen and hydrogen chloride to 1,2-
dichloroethane as oxychlorination. Catalysts for the production of 1,2-dichloroethane by
oxychlorination of ethylene share many common characteristics. Catalysts capable of
performing this chemistry have been classified as modified Deacon catalysts [Olah, G. A,

30 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

chlorine and water. Other authors have offered that oxychlorination is the utilization of HC1



Deacon chem stry refers to the Deacon reaction, the oxidation of HCl to
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oxychl or %r@?etn't Whichida hél és’;%i% df’ﬂ?@JdEHBﬁ ¥t ﬂE@HﬂSﬁ‘nJ‘ SR catafil sqgfn%hgg}a (EP

si de- products exani ne reat detail 1n patent
667, 845, etRPlehiStos], E@&h&kﬁﬁahhﬁ ﬁlm&rﬂmatumd AltJSlghm?@ﬁlpEﬂdﬁ)rﬁs,VV(,ﬂ ch show hi gh
nultlchlo cts. bei.n ced o t he

| d
oizﬂﬁsor fl ﬁglPFQ’fH‘aBSt"Vé 5 ‘SBQ%C t° &%‘iaﬁlé F%Y‘ngrﬁéf VALY &%‘dea nunmber of
concept SOk pAétafign thal (g@%hwrlnakmlé ﬁla&rrfaﬁ%%unMigwehanero%h%ﬁi yTtQﬁe 3

descri bed previously. sts enployed nost frequently are nodif
Deacon cmhaswéhﬁe@péﬁm\@éemo Lafdighdorepthpye, mrg';l]ehlorléweqoavm@sto(lmmg t han

those 25tr{e ﬁﬁ) 6ert %&%%Egeg{l%g%?%éh?&?na?lé %!all @s%s ul?ﬁere laftPrchl?cg hert al yst s

used for ane- 1 re are re PIZE gal nst the
m grati Odihlﬂxﬁndtdftﬁsliﬂe -priductoWThisanexdniiaed 1nr’@éz&|d$tallaﬁ pdl&ﬁ@l’tb B a6 ES4SWed i n
B 5 ©Mls’s 665463, s 5728 505 and 05 5.763710), which show high levels of
multichlorinated side-products being produced over the oxychlorination catalyst used. In
consideration of the above, a number of concepts regarding the use of ethane to produce
VCM have clearly been described previously. Catalysts employed most frequently are
modified Deacon catalysts operated at sufficiently higher temperatures (>400°C) than those
25  required to perform ethylene oxychlorination (<275°C). Catalysts used for ethane-to-VCM
manufacture are frequently stabilized against the migration of the first-row transition
metals, as described and reviewed in GB Patent 1,492,945; GB Patent 2,101,596; US Patent

3,644,561; US Patent 4,300,005; and US Patent 5,728,905.

30  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



3,644,561; US Patent 4,300,005; and US Patent 5,728,905. 30 Use of

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

di scl osedvd n1/32R Pat ent 1, 039, 369; GB Patent 2,101, 596; USCPasernt7689
5,097,083; US Patent 5,663,465, and US Patent 5, 763,710. GB Patent

1, 039, 369 steay UGBdatenhat10Wabeérs dpecifiedo tappeheatalystst UIS Paten\0),663/488 Aé&ribes
PCT/ US00/ 27689 system (GB Patent .2, 101,596 is cific to co ro .

cat al yst PIOCESITERYSeS 2 diseu Bl atgs FEaLs conve sRBIGe R O peaEb Fetinacty
chl ori nagicRio feeWCMorea@pvert ethylene to EDC prior to feeding it back to

the VCMreactor. 5 Notwithstanding a relatively qualitative reference in GB
Pat ent 2, 095,242, another recent devel opnent in ethyl ene-to-vinyl

processes i S l.ined J w Case No. 44649 r one M chael M
3 ko ang Bt S el o R Rt el 2 s Midhanit & EN o
ETHYL ENEdeMeloghi¥iit inChyTElello viAYIprokdvtds i akhhadSh DEKIATREENS! 449 WSk EFOR

SUCH PROCESS", filed on Cctober 3, 2000 in the 10 United States Receiving

O fice, oogs.ddichasdiM. Qiken.iang D&y Hiclgngp sl % PROCESSFAQRYIHE of t hi s
oo g TR ; FUS St o oth
Fhane. CNIREHER ORI 1L ENE Yo MINIZEHUER RE Db SOVERCREALYST oot o

new appCoMPESITIONS GSEBSE FGR SUGHFROCHSS!| filed oa dtetet 81 2000HawWev er, t he
cat a] yst ac%gn iﬁiel_ds hydrogen chlorjde.in the reaction product. In this

regarf, HAR egtiving dribgeExpress Ma MadingiembgrE L6348 &P M idr ol ori ¢

gard, TH! ‘ _ . . oL
aci d) wi édﬂélg?ttg'?g%lpﬁﬂﬁﬁﬁéod GerforsEtel Eﬁ Mealeﬁn%ﬁgft?@ﬁ.gnqg\aﬁ%saof%&f ys

syst em capa conversion of both ethane an Into viny
chl ori deetharomdrethydengsei. vihyl chlomide mpdreimeo and fhexabyyopendd doarde néwci ity

construction, . there is | sa need, t o enabl e e of prior. equipnent as
much as FRRCRIBEI RipsRes dgmand P de ot Howetsr e seactiim i 1y to
handl e hyidldet9arozbh BilbAE: ANHe RiabEén Froldadti MY RS RRIE Han 22108 RRtrofEave the
ability to handlg Pf)idr%ﬂgn chl oride. The present invention provides

ng gitfliapad

enbod neehtlerideand affiliaradihygrachlosis agish agthimthepreseisslisrgearissap pabataselvedhd
Process {vﬁé Q@&%E&%te%ﬂﬁ;%g Bt %HDVQFS'ioqleofgo%ﬂ?%tﬁ&?e?ar{dre%lér{%emto vin%l .
et hane/ et hyl ene-t o- Vi ny eactor by essentrally ful'ly-“fecoverihg it from
t he reactmorigd mbn@nér ik nsedhdn tomtsinplatioh od peybltilondetfatiity EdBtrat ) elegd Ry | ene-
to-vinyl reaction stelg or stage. 25 , .
also a need to enable use of priof equipment as much as possible, where some existing
equipment may have the ability to handle hydrogen chloride and other existing equipment
20  does not have the ability to handle hydrogen chloride. The present invention provides
embodiments for fulfilling these needs, by providing an apparatus and process for handling
hydrogen chloride generated from the ethane/ethylene-to-vinyl reactor by essentially fully
recovering it from the reactor effluent in the first unit operation after the ethane/ethylene-
to-vinyl reaction step or stage.
25

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

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

50;



The invention provides a nmethod of manufacturing vinyl chloride, using the
steps of: generating a first reactor effluent streamby catalytically
reacti ngwogeser et hane, ethylene, oxygen, and at | eastpron&Sald’esd ne
source of hydrogen chloride, chlorine, or a saturated 30 chl orohydrocarbon,
wher e t heoohipE and candessing therersiaeheipeeitluentistream ity provislej asraperodent s@e02 and

50; -8 0] 272 PCT/ LUS0Q/ 27689 oal i ng _and caondensing the.first reactor
of 11 uent TRITLAR Botiohar 18 WafSRER shlie g o FRX sPARAGTRG Bk 115ia0¢ S3hel on o
t he hydriggeny @h&c@m}E@ni@ﬂ@fqlerw@g@ﬁlcﬂm)ﬁhy,dr ogen chloride stream having a
second portion of the hydrogen chloride; 5 separating the raw product
streaminto a vinyl chloride nononer product streamand into a |ights
stre havi i i.on. . ide; catalytically
et ng ek M oy Epo RS eRLinRS o YIS BHBHAORRRGHL b sGRIT A

| i ghts REgltesmednohpriny thddire ppauinst thehgdrogeredilbtidsnt essential |y devoi d of
hydr ogen chl oride; and 10 recycling the second reactor effluent to
catalytically react together with the ethane, the ethylene, the oxygen,

and the gy r IRy ; : ' ' I rovi des
=" ret odt by LN SRUERCRIMIRGTRE Bl Bt nydiiReh PHEALE BTG T
gener at i stgpaen toi previde eaedoad rexictdr géfhiens tssemimllyydeeaid alf yidesgdeh chioerlef amb
togegger et hane, ethylene, oxygen, and at |east one chlorine source of

hydrogen chloride, chlorine, or a saturated chlorohydrocarbon, wherein the
mol ar 1 afekpc1Rfs thakckoRd RABR: EARA! @ Bldtlane fréalét RELAEARI P He%thad, @Bd S0;

cooling and condensing said first reactor effluent streamto provide a raw
product ehyleaenthhexyaey. andfthe ehtlomeg sdusee iofthes géndratipgdstegen chl ori de and a raw
cool ed hydrogen chloride stream having a second portion of said hydrogen
chl oride; 25 separating said raw product streaminto a vinyl chloride

nonomer PROMVehtiGH d&AProIAds & Riethod of It ngingeany1RBlorig, otisidg e seestion
of said hydrogen chloride; catalytically reacting essentially all of said
firstd poPfion of hydrogen chloride in said lights

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

20 and 50;

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

25
separating said raw product stream into a vinyl chloride monomer product stream and into a

lights stream having said first portion of said hydrogen chloride;

catalytically reacting essentially all of said first portibn of hydrogen chloride in said lights

30  stream to provide a second reactor effluent essentially devoid of hydrogen chloride; and



30 streamto provide a second reactor effluent essentially devoid of

hydr ogen chloride; and -9 WD 01/38272 PCT/ US00/ 27689 recycling said
second rewoboss2ef fl uent to catalytically react together weehusa/est hane,
said ethylene, said oxygen, and said chlorine source in said generating
st ep. ThECYHingreidsscong repeipr ¢flucitde satalyheallyogac togethnn Mt s3td sihang, sajd

hlorid LSl . . 0of. | ISt t ffl t
Ctr oam 15 bR A e nd 2y ERRn hou SRR AROlns bkl " Clhane, "ot iyl ene,

oxygen, and at | east one chlorine source of hydrogen chloride, chlorine, or
a satura ed,chlorohygrocanbon, wherein the nolar ratio of said ethane to

sai d et hlyfh%we/ewnlf@ft eiRieYAcD? oethod of mepnutagiring y iy ghlosidaciomimigingdhe i r st
reactgr g%ﬁgagnt streamto provide a raw product stream having a first
portion of said hydrogen chloride and a raw cool ed hydrogen chloride stream
having a second portion of said hydrogen chloride; 15 separating said raw

product streaminto a wat roduct stream a viny] chloride nmonoper
product SEIEUME 2dHSHERGPT %ﬁPg}tiSHEa‘Btﬁi"é‘h?rfea&“’EP}é 93%5-Uam>hwea%atﬁg?tgﬁ§fe and

trans-1, gmagh %fh'y%@%x@%&ﬁi nadal RAARHA %Bfoﬁﬁ@l;o@cé@f%ﬂw%%%hﬁﬁfd@?&ﬁoﬁ&eﬁ Bpm a
heavi es stream "and a"lights stream having said first portion of said

hy dr ogena s#thatddod)] oroly drecobay, whgreamthermheler ratie ofisadd epene midant ¢thigest iseam f r om
sai d aw%%ooleﬁ ggdrsgen chloride stream recycling said anhydrous
hydrg%en ERICEY P32 %8¢ P¥am t o said reactor as said hydrogen chioride 25
reactant; catalytically reacting with oxygen in an oxychlorination reaction
essentially all of said first portion of hydrogen chloride in said |ights
st r eam t 6o0Qing\and sordesgiag said fusiaeentoratflngns streans tsprayidg jal rgw eedictistefarhy dr ogen
¢ ?_l)o ride ha\?lﬁ';g a %Qst E)Sﬁ%ﬁlolf @gd%§7h9)g§§ gﬂ%ﬂdé GREL Aw gngéd’jﬁ};Hroée% c%%r%ers?r%gﬁlo r.

having a second portion of said hydrogen chloride;

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

20

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

stream,;

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

25 reactant;

catalytically reacting with oxygen in an oxychlorination reaction essentially all of said first
portion of hydrogen chloride in said lights stream to provide a second reactor effluent
essentially devoid of hydrogen chloride; and

30

recycling said second reactor effluent to said reactor.

-10-



WO 01/38272 PCT/ US00/ 27689 The invention further provides an apparatus for
manuf acturing vinyl chloride, conprising: a first reactor for generating a
first reavoor3eff|l uent stream by catal ytically reacting tpgRUREr2768 hane,

et hyl ene, oxygen, and at |east one chlorine source of hydrogen chloride,

chl or i neThamvénteondatthergireddesdnoapphmadsdoamboufactuliieg gingl thieride camprisingo of
said ethane to said ethylene is between 0.02 and 50; neans for cooling and
condensing said first reactor effluent streamto provide a first raw
product SEreRRRY I Mnbralihg 8 Firdd Rdctd? Beftfend &tAnWHERAGHc A (PAkIHE 1Uthe T aw
cool ed hydrogen 10 chloride stream having a second portion of “said

hydr ogenetbirieoethyllene rxygen, fand aslegstont Cgrisasairdd ofdtydrepan ghloddetchdrimeaon i nt o

Cehctr § ot RRIGRDRRR G Ry bR e ottt AP HY Se ShpRER AR  on of

hydr ogenperwBéon.0glend Bo;sai d |ights streamto provide a second reactor
effluent essentially devoid of hydrogen chloride; and nmeans for recycling
said second reactor effluent to said first reactor. 20 The invention

R TR R AT e R

a first or °geneéra i r'st C y

cat al yti gtihdt stre@f hanigg aagatpoetion ¢ftshidnsdraefhie a0d ¥ 980 codbd hpdrop@ast one
chl ori ne source of hydrogen chloride, chlorine, or 25 a saturated

chi of®hyellerds Besam hevareet yeconkparpmef said hydregensdilerides hane to said et hyl ene
is between 0.02 and 50; neans for cooling and condensing said first

reactor effluent streamto provide a raw product streamhaving a first
porti on measdosdpuditiogeaid dirstaaw geodundsteearmaintoco piimdryhyghtogeamcdnidar sedend 30
stream havi ng.a second portion of said hydrogen chloride; -11 WD 01/ 38272
PCT/USOOW@?@%@u“ﬁEEﬂE;for separating said raw product streaminto a water
product stream a vinyl chloride nononmer product stream an ethyl chloride
stream a cis-1,2-dichloroethylene and trans- 1, 2-di chl oroet hyl ene bl ended
st rebim asccond diactor forcetahyiivelly raactmg esaeizdly ialof saiddish poatieh &f hydiqgens st r eam

havi ng Sa{lgricfiel irnssta.idpl?grhksI sgrré:ar%f to Sp?(')vcljdeh:}/ gercggc? peagtb)lr gfflu%gf essentially devoid of

hydrogen chloride; and

means for recycling said second reactor effluent to said first reactor.
20

The invention further provides an apparatus for manufacturing vinyl chloride, comprising:

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

between 0.02 and 50;
means for cooling and condensing said first reactor effluent stream to provide a raw product

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

30 stream having a second portion of said hydrogen chloride;

-11-



5 nmeans for recovering an anhydrous hydrogen chloride streamfromsaid raw
cool ed hydrogen chloride stream neans for recycling said anhydrous

hydr ogen vebosd2de streamto said reactor as said 10 hydrpgensald7ess de
reactant; a second reactor for catalytically reacting essentially all of

sai d fi rmeansdot separating haid roy productvtsrindstoi awatai prodigfistrearat a eiapi ¢hdonpdeovi de a

second reactor effluent essentially . devoid of. ydraqgen . chl oride; and 15

Teans. f oopByarpret 2 2B A0 Saet i A she TeTRe S e ebd Flantt or | The

i nvent i on2fdidhiBY8EthpIeAY bRAGed/itR¥m, & Nl 08icHIBrdBRtAL 3Gt athdaVied siRERE DA a

conpr|5|£§1the steps of: 20 generatln% a first reactor effluent stream by
ny

cat al yt i bgiits straagplavingysaidfest pertionoh smé hydrnogsn eeride;oxygen, and at | east one
chl or§' ne source of hydrogen chloride, chlorine, or a saturated
chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethyl ene

i s bet wegparf. fO2recaVstingQin adhy&0® hylo@ndthicHidensamronabad tdw séolégact or
ef fl uent streamtoidprow de a raw product stream having a first portion of
&

sai d hydryhesenchlasidedéeaid a raw cool ed hydrogen chloride stream having a
second portion of said hydrogen chloride; 30 separating said raw product
streaminto a vinyl chloride nonomer product streamand into a lights

st ream hmeamsgosfcdclfrigrsaid snbiioanhpdrogal chlbrydly sogam t6 Rhidréateor as 32dWO 01/ 38272
PCT/ US00/ 27689 catalytically reacting essentially all of said first
por t ibn Bydregearciaidedhictdntde in said lights streamto provide a second
reactor effluent essentially devoid of hydrogen chloride; and recycling
sai d second reactor effluent to catalytically react together with said

et hane, ssicdnd Eeaetohyoranalytzally raxygeesserdiatly silliof saidlfosti poeticoefilgdrogensai d

gener at | g ShEB: G NEAL! S hrduias PELooRS RS BV il s frapur act ur ed
hydrogen chloride; and
15

means for recycling said second reactor effluent to said first reactor.

The invention further provides vinyl chloride manufactured by a process comprising the
steps of:

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

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

having a second portion of said hydrogen chloride;

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

lights stream having said first portion of said hydrogen chloride;

-12-



steps of: 10 generating a first reactor effluent streamfroma reactor by
catalytically reacting together ethane, ethylene, oxygen, and at |east one
chl ori ne wour/ae7npf hydrogen chloride, chlorine, or a satpPCBUSE/27689

chl orohydrocarbon, wherein the nolar ratio of said ethane to said ethyl ene
is bet vwentalylcally reavting @sseathaltyoad] ofirngidafimit partide nShytyogeai dhldridesh saidaligids

effluent streamta,provide a raw.product stream. havi a first portion of
sai d hyciBIEHOMPBAT aeccond réelonsfiitsa exeniuty d5usid Oh AThsEn shloBYR ¥Mavi ng a
second portion of said hydrogen chloride; separating said raw product
streaminto a water product stream a vinyl chloride nmonomer 20 product
stream maydingsaidsierend idecter efflnent tacahlyticallyreait sbgetres eithydasheshaneed said

transs- 1, 2; ]di chl ar get hr?ll ene ‘ctfl @Eded stream £ 1, 2-.di chl or oet hane stream a
heavi‘es EPYIERmSASFYET AR AT CHPRES USRI g 3G 8¥Ppor ti on of sai d
hydrogen chl ori de; recovering an anhydrous hydrogen chloride streamfrom
said raw cool ed_hydrogen chloride 25 stream recycling said anhydrous
hydr ogenThhingentéps fgthetppyidesenyl chéeridegpanpdacsisied bi p dresgencampréningidie

react ant ét%é%soofcat alytically reacting with oxygen in an oxychl orination
reaction sentially all of said first portion of hydrogen chloride in
said lights streamto provide a second reactor effluent essentially devoid
of hydrogen chlorjde; and -13 WD 01/38272 PCT/ US00/ 27689 recycling said
secoftl r Baerasingariirsifsptton ffluent gtream fiogt a reag@r by stalyticdlbt gretingdaaethefvant ages

of the pétﬁ&x?e’,‘%th' I%_\ﬁ@,%dgg&,%m ama?& oBthléggPP&lerJ‘%f HydP8Beft chioride a1 gheObr t NE

detail ed description the preterre odi nent s “and” t he acconpany

dr awi ngsa satusatridathioréhyglio@riions Wbereirc thamatenatia af sad ethase toessid ethylenesisood from
earlier publi c&h?onﬁs of a contenpl ated ethane-to-vinyl chloride process
enpl oyi ngetﬁ'e?:‘b' 788 8apabl e of converting 10 ethane to VCM Figure 2
shows an et hane/ et hyl ene-to-vinyl chloride process enpl oying a catal yst
capabl e of converting ethane and ethylene to VCM vi a

oxydthy deeslinglasd cordensing wiid firgt reasgerredifluent stream to provide a raw product stream

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

having a second portion of said hydrogen chloride;

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

stream having said first portion of said hydrogen chloride;

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

25  stream;

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

reactant;
30 catalytically reacting with oxygen in an oxychlorination reaction essentially all of said first

portion of hydrogen chloride in said lights stream to provide a second reactor effluent

essentially devoid of hydrogen chloride; and
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oxychlorination reactor. 15 Figure 3 shows a hypothetica

et hane/ et hyl ene-to-vinyl chloride process enploying a catalyst capable of
converti mgoet/sane and et hyl ene to VCM vi a oxydehydr o- chl opCvasoom@1689n a
first reactor with a second stage reactor system 20 Figure 4 shows a
hypot heti cal ethane/ethyl ene-to-vinyl chloride process of Figure 3 with an
incorpor%;qghy%g%gefu%qagqquﬁ v%n%lmfiggfhing operation As noted in the
Backgrounay IS S S BN P I e B PEL &Rt §5e8(¥ication, oxychlorination is
conventionally referenced as the oxidative addition of two chlorine atons
to ethylene from 25 HC or other reduced chlorine source. Catalysts
capabl e Afdiyepaldeatings andadvaptiges eftthg presem inveakian elegBereffildylapparens dion ed

CeRc B33l B oo KOSt Pt KASRERLBE PRI,

Deacon réaoingrin whivh: oxi dati on of HO to yield el emental chlorine and
water. 30 In contrast to oxychlorination, the preferred process descri bed
herein preferably utilizes oxydehydro-chlorination in converting

et hane-c | i e: i 0 . Lgh
selectiv?&@&!gggﬁgﬁ%gﬁg%@%%ggfﬁggg%ﬁﬁ?%ﬂgﬁgﬁéﬁﬁggrg%@%M%Pbgiﬁ?hrocarbon

- 14 WO 0ddnidhplateBE€HabiSOR Y yb&8oridisprogess eygpdoyimnal catalgktl capabie of carvegingt 0 a
chl oy i nat ed qéqh&ﬁgrbon wherein the carbons either mnmamintain their initial
val erite a e ir valency reduced (that is, spa carbons remain spa or
are converted to sp2, and sp2 carbons remain sp2 or are converted to sp).
This differs fromthe conventional definition of oxychlorination whereby
et hyl eneFigurecdhshoovstanc:thane/elylheep ot yd cbbrida peqcesssimpoying geatadysticapablel adr i ne

source, Wth a net increase in on val,enc that.is,. 2 car,bons are
comvor t ctbivBrdhgithae aEA €5 et o S SRS phbRB e S B Beqe Cony or
ethyleneopﬁmukﬂmﬁoﬁhhgbhde, it is advantageous to recycle ethyl ene produced

in the oxydehydro-chlorination reaction process back to the reactor. The
byprbducts produced in the oxydehydro-chlorination reactor include ethyl

chl ori deg; 1 Ghl ot Hol &E% Q.di chl pr | .
trans-l,gg%fc%ggggéﬂhgﬁgﬁgaﬁfﬁgh%§y er%g?gé ﬁf@?ﬁﬁ%?*gﬁgggﬁggvg%ais al so
an act i veatalgttalapsile bconvireingleilane atd ethylehic HOVCM et osatlehyat@ dhlorination in

chl or ohydr.ocar bons..  Recyc| e of ethyl chl oride and 1, 2-di chl oroet hane is,
in sone @o&t §‘?“5’dx¥ﬂﬂ‘t*’a§8 jtgee reactor system.

20  Figure 4 shows a hypothetical ethane/ethylene-to-vinyl chloride process of Figure 3 with an

incorporated vinyl furnace and vinyl finishing operation

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
25  HCI or other reduced chlorine source. 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 chlorine and water.
30 In contrast to oxychlorination, the preferred process described herein preferably utilizes

oxydehydro-chlorination in converting ethane-containing and ethylene-containing streams

to VCM at high selectivity. Oxydehydro-chlorination is the conversion of a hydrocarbon,
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enpl oyed in the production of vinyl chloride. The remaining significant
chlorinated organic side-products are the dichloroethylenes. These

mat er i al svaon®e3s82rn one enbodi nent, 15 hydrogenated to yi el BCT/US00/27689

1, 2-di chl oroet hane. 1, 2-dichloroethane is a |arge volune chemcal and is
ei t her sbiieg orygeeeyé pehloripg seicalte achlaringted bydyosirhemwhereDOhe caibpds eiffenat ed
conpl etely. .el.d. n oln |, at erity hydro i0ns
yierd m et s e VR Rl hein e B LA BB E I b S OB

such ni xbrdre somfetted ks’ aidr PP chrdbis edain Ipe oy ale@ohertddao sp). This differs
oxydehydro-chl orination reactor. 20 Turning now to consideration of Figure
1, for efrpeyiBe cenvgniignal defiidp phox ygBlopaation whereby ehylene sgipnserkad tarl .2-
publigat | . . 0 i i

Cont opl S BrocRiaBe 1R oxtiebh BhEE BB AC uiad WHnEIVRR BEEHAEL SR iR pab
of conv@hitiisigpetaneom arocodSbited w dphaboegativentthe apilioceftae daglystot provi de

for input of 25 signifjcant quantities of ethylene fromeither recycle
streams BIMVEEEHYSEIELR MY chlprde.dt is adwantagepns tedeqysie qthylpngmroficedipfhe1 02) . 1t

shoul d ab?ﬁeﬁ?drﬂ%hﬁgﬁntaﬁ@ﬁ re ééiWﬁoé&s %Eaﬁat’g%]é Ra¥oPYThe Hﬁ}'g(fh%gst 1%4'53!{1}%851 stem

of appropriate normal nmanufacturing sca as not, to S edge
of the i theenydehydrdsedoriyatonaearsenindtuddethyrobposied] Brdcdemetppe,edeh@s are the

only. sourc f or enbodi nent.s i ch have been previ ously conceptualized. In
ohi 31§ coieRrosdhysitsand sy 2 Liebledbethy e sty B AR -clioBRRi et & i o
processegisg ah h@fkicuRlpst fR the¥Rfinafion SENET RbmRURIAECAERIBRhyARRAS6RI. Ve T O

i nvestigations and devel opnents at EVC Corporation: Vinyl

Chl or i deReeyeld efrrthybichleride iané 1 @4didlgoethang iss in som@o@sesChdvantrgEo®)st ens, | nc. ;

- / . / . "arr) York) .. . : :
5, 663, 465D OR Bt e 008 0 RIP e e )RS R OGRS iy o

of the dsidaiptsiusiavathe didhl@uélylknedtThrREemReaakare, 1) dn®emhbediment, f | ui d stream
5 to Quench Columm 106 where HCl is quenched fromthe reactor output

ef f 1 znt hydspgsiaked teyielhh21behlproethanss1-4-didhlpresthangyis|adnres yobmeschemiedm t o
Phase Se i e’%gmgd' Lan outputs a
fluid st E@%ﬁ%&tg&ﬁﬁﬁgﬁﬁ%}?mﬁcﬁﬁ%g E%rﬁgv u sd?;@% @mE%ﬁﬁgﬁg%%ag%eous

hydr ogencahpleteiyde yi¢li dihaot hod HELabitehnedanhsedemtysh ydgenatinohs ywad erixtares of

separat e?,Ztc{i&mogogt%arrlgvgthsa%é,Oet l'gﬂor%g,uegl%li-fﬂ? ts&c%arrrﬂxtures are also appropriate for

recycle to the oxydehydro-chlorination reactor.

20
Turning now to consideration of Figure 1, for ethane-to-vinyl conversion as best
understood 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

25  significant quantities of ethylene from either recycle streams or feed-streams to the ethane-
VCM reactor (Ethane Reactor 102). It should also be noted that, since an ethane-to-vinyl
manufacturing system of appropriate normal manufacturing scale has not, to the best
knowledge of the inventors, been yet constructed, proposed process approaches are the
only sources for embodiments which have been previously conceptualized. In this regard,

30  Process 100 is a unified and simplified approximation to processes collectively reviewed in
several publications respective to investigations and developments at EVC Corporation:

Vinyl Chloride/Ethylene Dichloride 94/95-5 (August, 1996; Chemical Systems, Inc.;

-15-



10 Anhydrous HCl Recovery Subsystem 110 outputs Stream 130 to recycle
anhydrous hydrogen chloride to Ethane Reactor 102, and Anhydrous HC
Recovery vBobsyrrem 110 al so outputs water (for subsequenpCD®s00@R76890 wast e
recovery Anhydrous HC Recovery Subsystem 110 returns a relatively
dilute aé@éﬁ@’é’nsN?‘éaYﬁrb} EEQ67(84pu S datant 56634868, U Patens5,%28,88mand &S o
Quench C%fgﬁnj .}&67 QJench Col um 106 al so outputs a fluid streamto Lights
Col um whére”’ a i ghts stream containing ethylene is further renoved
fromthe reactor effluent product stream Lights Colum 114 outputs the
lights streamto Direct Chlorination Reactor 112 where 20 chlorine (Stream

126) is Hoepsgidertign pEeheldptatly showmi EgeteHy Ediae Reagtae102 gtipys gtfkuyhmqam o EDC

1, 2-dic
Focyel o RsdbetEh T 0P kR CAEYEhETed ol e KEERY b PR, KhfoneRg
l'i ghts gaslunt r@cfpededs b eavcstiaieHCRepebOY stikda 10 Phatd Bparalidf SubsyRiead (car bon
NONOXi dez1 conposition_instrunentati on providing a neasurenent (not shown)

for use 108 aPhasnbrRAraligpsTubYSsern ABY OBWBW?)ﬂQQ sdeane fnfAplydrews BE! Bacovery
appr opri §El&¥9t‘3{nt 119"y 1Re b 0[1?H?dr@%éﬁgchhér%t(ﬁ%(ﬂﬁéhlgxﬁée %@\E}P ﬁlg)?d % H{%f}{& 2}[1 q

Oxi dati on It 118 to geherate a vent strea

ot her i nmpater hteessparhted fronhthesystseong B hquesots §tream. Li ght s Col umm 114 whi ch

does ot proceed to Direct Chlorination Reactor 30 112 forwards (a) first,
D}@l ng Subsystem 120 for renoval of water; (b) further, to VCM

Pur 1] CahhAON HOPRCR HPSuRGREMAN DR RS M 1/30%' re@ﬁh@e{d ggrdaenorfer )

product; and then (c) furthef, to Heavies Colum noval
heavi es byﬂtog@méﬂmdedﬂ EgffangReaeior 102 amAmmydi@WHGPtR‘étm&mS@lm&@m 3R,

Stream 132 i s 1, 2-di chl or.oet hyl.ene rans-1, 2-

ai ohi or odenyiieRs R subitsPelun b i e SieRlr ARV HB R BV or § nat e
or gani csSubsystafh 118l re@Ersad ﬂemvelgrmlamcdq@bm seehadf M (hbaselodPaid) via
consideration of the literature, i ng SubSést em 120 renoves water prior

to Liyht Strezm &%%tq@aencmq%umhé @cﬂvwﬂlr@qlwné f lelserputpmits 3 Buidistigando Col umn
114 b
separ at | LENSrOQREIR 11 Bned § fEhes Pealiborthbinl AN SEUMPRerdSieg Rimne

Heavi es re@aiouaﬁﬂuiﬂt@rbmrctsmawal of heavi es and generation of Stream 132.

Lights Column 114 outputs the lights stream to Direct Chlorination Reactor 112 where

20  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
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)

25  determination of an appropriate portion of the remaining lights gas for processing via Vent
Oxidation Unit 118 to generate a vent stream for removal of CO, CO,, and other impurities

from the system.

Effluent from Lights Column 114 which does not proceed to Direct Chlorination Reactor
30 112 forwards (a) first, to Drying Subsystem 120 for removal of water; (b) further, to VCM
Purification Column 122 for separation of VCM (vinyl chloride monomer) product; and

then (c) further, to Heavies Column 124 for removal of heavies and generation of Stream
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Finally, Stream 132 forwards to RCl (chlorinated organi cs) Hydrogenation

Reactor 104 10 where addition of hydrogen effects a recycle streamfor

f orwar di mgovo3rhane Reactor 102. Turning now t o consi depar/iuson/xbsoFi gur e
o the preferred enbodi nents of the present specification,

2, according t [ _ _
Et hane t ’cﬁlx/%ae@sxy@élﬁy ablended Bridmdcisoh2 midderssthylvoe apdgneah.2-

hane/ ej: -4 Q-Vi By ' ' , | . bl f
Conver 1 e erRaNAEE) e B PORORAE IR VLR iR TiabisERAN. © 7

thi s regatethativheoprmpbsa] qnituditlest bassd upohRUhsidérasoof the Gtsitu@yBYingi es of
both eth lg)g and ﬁéhyl ene fromeither recycle streans or feed-streans to
the reactYeyyemlRQameyasyyaerries ta/xghisdyefempdila. with dis WeM-ssryeaeifient 202) |

Et hange/ I =Rl ord i ] . 20 ej i nput
From (A 0h s s ot B e el Al e § O R S BRI e
Feed St reaanadd®of YOM (dn@hvhiorideendreatrShrodamadd thear(t) {ubther, ecehdest r eans

Et hyl Chlori de ngfr eam 230, W.dror?(ﬁgp chloride (HCl) Stream 266, and lights
recycl e ‘SPMBWN2248r temayal of headiss ¢ nsfatiopESEEIBAR2262 when EDC i s

advant ageously used for recycle according to the nmarket and operational
conditions at a particular noment of manufacture. 25 As reflected in Dow
Case No. Fiadlby StieamNBRKosvardoted®C] (vhlohiagkd Mga@ickeHydrapehabaniRehctdr 1044 ckman,

) it TR B T SR ERE O S, A0

2000 in the United States Receiving O fice, Express Mail Miling Nunber
EL636832801US, the catal yst used in Ethane/Ethylene To VCM 30
Oxy dehy dFémit] om tepongiderber poFisRe 2, eerppding és thetpréfersd emhedimgnts ofahet h

mat eri al .ear 17, el erent s conshsting of

seandi it o BTG S BIE Rro o iBTE 553 0hGho g

| ant hani elbae(eal enectorvinylahsorfalé-prock}s ¢niplovingB. catieybt capablebfSonvekiin¥\@h@dd 38272
PCT/ SOO/@% Ge({}é) ical Survey - Mnerals Information - 1997,

" Rar - EatdrFtiveeng Y CMpra oxydelydrarchiormatipes ip iy regad. she ripegss proyigssfons,

bul k mat ghh@df sinifidant §thnBGeSHURIN Etﬁgné);{hdactlé%ﬁeat?cl)rﬁ eﬁH&Q@%); e stfdafifsred rare
earth materials are those based on | anthanum cerium ne cfym um

pr aseodyfeedistreamysstorths feaetpr 6 Brimané/Gthylepetliol VGM Qagddhiydiodchlommdsion Reagtbt er bi um

eart h A% ey EE REVERL O TPomaten sof B alE e RrEpit Bomon -
those r aapfeeakirbard Biand BesdtBtfAman22, HYPIFe@d Siteam 224, Oxygen Feed Stream 226,
20  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.

25  Asreflected 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 United States Receiving Office, Express Mail
Mailing Number EL636832801US, the catalyst used in Ethane/Ethylene To VCM

30  Oxydehydro-chlorination Reactor 202 comprises at least one rare earth material. The rare
earths are a group of 17 elements consisting of scandium (atomic number 21), yttrium

(atomic number 39) and the lanthanides (atomic numbers 57-71) [James B. Hedrick, U.S.
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considered as being single valency materials. Catal ytic performance of
multi-valency naterials appears to be |ess desirable than those that are
si ngl e vavenoss27For exanple, ceriumis known to be an oxpPdmus@m7sducti on
catal yst having the ability to access both the 10 3+ and 4+ stable

oxi dat i oHedlpgicalsSuryey sMiinergp infpanaion -W997, 'Rare-Kerth Meatale'dr The patelysi @in i s

car i of Srpnrid8is bofer Rk by Mok of BERY b Fibefed B Sonfitie Mo e

enpl oy edPieferiddakadasth Yigdteriads 48 thds8badell®nAghithatim, cBrimONédd9hiuR, a nol ar
ratio that is less than the total anobunt of other rare eafths present in

t he cat aPseedyBHB, dysprosiugh symaigpexisium, ggdelininm; enbiun,niteddvumupelmiumpy esent
ne _ oo o e Hot
cor i oim 1 ertehburodr Sl SHE A Bl AMUS: SiEfedT ol A SoE R e

conponeniferenpneibaedWCM begssstaitbased otz pat esl clemeals Wi¢h arpigfiedIBbl y | ess
than 10 atom percent. The rare earth materjial for the catalyst is nore

pr ef er abfaPsEsESRs Dsthg singhe ralensmaterile ot Yo Pep PERESE PhMWH-BRIERT Kt ur es of
h . : - Ly.th
these Wﬁ{er@%%ﬁnﬁézﬁ‘? {oVbe 18ls JeSstie BRR fﬂg{se Etlﬂg aléeta{%l%le @Qj'éﬁé(}ﬁ Bh %Qarhﬂlf: €

catalyst Is anum Furt her nor e, ene-containing feed to
VCM pr ocessinofs knbiwa to be @n bk dationt-teductédredayAystihaving boist #bilityad hycebs egth olie i r on

and copper. | neral, the presence of materials that are capabl e of
oxi i 1 on A SIROTRRIRSS s Thin6Be FeasPs Whor 1 ot faghyRteriqids pased
prefer abl)l?cé(rﬁfm,ttﬂ@céié’i?ﬁlhfh(ﬁltlertcgn@h% 2 FeaSURRIAOe r@leledrih EREeR! oBer @ber

transition netals thaf have nmore than one stable oxidation state. For
exanpl e, cerivangRueasably sif anpofrtbe rare eardistemployestialthe ¢atetlyst $s qrimfre tizhdeyivexcl uded

fromthe, catalyst. By, "substantially free" it is ant that the afomratio
of rar o SERRo By ST it i S RL ambupcr FBR foce Stnsndoelh B 1

pr ef er abihy cataBat. eMotdgofetsbly, Home vl aftefaabhlyy 86 et istpfiédenidi, thabslalysDst
preferably greater than 50. 30 As stated above, the catal yst may al so be

depokl t eBY ofhbatanfialdy Bo eqipywbT it 1s 1peant Byaf aky ¢aybym 1s i5 @p geonat lessdhani@3 aoomi na,
P SRR S o ey . 18 W0
o1 365730565t} LB B HEh ampBhcnts BreRARRT TG U Bipc AR Frost | 0 X e,

zi r coni upreferdhly &tse thaan@® avonpemadti ons t hereof. However, in a nost preferred

enbodi nent, the support is not a zeolite. Wien an inert support is
utilized, the rare earth material conponent of the catalyst typically

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

20  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

25  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
catalyst is greater than 1, preferably greater than 10, more preferably greater than 15, and
most preferably greater than 50.

30 .

As stated above, the catalyst may also be deposited on an inert support. Preferred inert

supports include alumina, silica gel, silica-alumina, silica-magnesia, bauxite, magnesia,
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conprises from3 weight percent (wm percent) to 85 wt percent of the total
wei ght of the 5 catal yst and support. The catal yst nay be supported on the
support wedng3srel hods al ready known in the art. It nay aPeDUB®/27689

advant agequs to include other elements within the catalyst in both of the
por ous, Bl Gaghidsjtigniyp @xlgppisranitm Pyidaszircpaiunesitiegst.and spmbinatibhse

el ement i ) 10 ' ant n h h@r,ous
ut tur, etk HOXEE: Aokt bl SRbgReRE oo e R Rt A PR BN
conbi nat inensuppverie afilizelh draael carh midei:A BoMpoiBnesLME chalystlypesallyhe catal ytic

per formance of Ehe conposition or to inprove the mechani cal properties
(for exatfFPRIISES P WRIEhERGIERN AMERerasnt} 19l Sk RerGeal of ths tesal weightoofdberbi ni ng

the of hy«#a‘?ﬂ?ﬂ%ﬂﬁ'%@ﬁ&tﬂ@“h@%@ﬂggggﬁg%@ st Og&gﬁpg@%@gﬁ?&kmg @@H&&%léegq he

reactor tor-the process ment ion, iI'S preterabl e
for the katval inghe artonposition to conprise 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 ceriumis enployed the

cat al yst byt fIGT beCRNRIth &8s &} inkRiAS bitkPBleMRAE WitHif tfedatdlystiith&Rbf Hener 20

tfedal
than cerium’ The salt of at |east one rare eart elﬁerarlen i's pre{erably
sel ect edpdrowsnbnkrreatenaltahd sepppoctet dotinthe For ezareplegpreferabid eleindetal addaivesear t h

oXi , and copbj.nations thereof, with e .proviso that the catalyst is
cubsne Pafel ARRLEE SRR oo bR ash B s o SRR ST Bu1 s0” ¢ ha
when cer}ig®niuin, e fiuh hAuGaiudd, sl chbibida8bnCRBRbS, TB8seAlleh&RS LarPREp @R td ar €
earth elenent other than cerium Mre preferably, the salt conprises a

rare eardier dhearalyid pesfosnandeeof 25 ¢amprsitionviDe impiee Biermedhasicalt prbpaties one
rare eari SLAMRMRASEI.bAATLE ARLARONM  Cerium neodym um praseodymi um
dysprosium ‘samarium  yttriu ga&o inium erbium ytterbium hol mum
terbium europium thulium lutetium or mxtures thereof, with the

provj so .ceriumis present, at |east one nore rare earth el enent

hat, wh
ot hel t hé‘h(?rct@ FPW%H%tha_F@dleﬁP@é)@mmnmé, Pryerriamrs, and RO fouree i ther ous,
bul k| anfhaBrdr W?Npﬁﬂo%s ChdOmens 8f mﬁbérﬁio}q, s @%{?ﬁ?f’h%@&{t@?&d’ this

mat eri al beneficially does not undergo gross change exanp

f ract ur i eaghpostion te hdwpriseat sdt dfrat &astioniemare leiagh pleoreswith ardprpvisy itlde shet he
T GRAFL S BIRAR R Ao S e BT <
initiallaerivat Blemiphsel t @}alyst Gurthidcompasdstht FRGHYne GRS kM eafR R nlecht Hfer
' em)2\6ed tfh;r? (r:grﬁlm. 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
25  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
is also present. Most preferably, the salt is a porous, bulk lanthanum oxychloride (LaOCl)
30  material. As has been mentioned, this material beneficially does not undergo gross changes

(for example, fracturing) when chlorinated in situ in this process, and provides the further

beneficial property of water solubility in the context of this process after a period of use
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fluidized bed, fixed bed reactor or other process equi pnent or vessels,
this can be done w thout hydroblasting or conventional | abor-intensive
mechani cavovestmt ques by sinply flushing the spent cat al petr/ubsomrsgohe

reactor in guestion with water. 5 ;Iq’gpi cally, when the salt is a rare earth
oxychl or (I&@hmﬁ)‘a}llﬁ watprzinselupe) sethat sheuld pragt eatalyst need sebe temaypd from a

pref erab Mid?ztedlbg&sﬁx%g)eggéag?org%ﬁlepﬁ%fc&rsgﬁlé%g%%n &ﬁ%ﬁéel@%i?@é@be % most

preferably at | east nera surface area s I'ess than
200 n2/ gwithout hytdtubdastiag ov eonvertsarrab iboi-Bitersive nidchagigdnech@siep by eitnplgot her m

was rrearsTHrgfi a&}ﬁ??K and the 10 surface area was cal culated fromthe
i sot her ni/BsHS heisPen cAglYSHizomthe fRaciRbH qUBSUMLYEL Walst.  Emmett, P.H., and
Telleg, E., J. Am Chem Soc., 60, 309 (1938)). In addition, it is noted

that the MOC -phases possess characteristic powder X-Ray Diffraction (XRD)
pat t er nsTypiaslly, svhen thestaltne 8 rdre oarth tveychictisle ghEES,.it 14 d BET sudhceargostsitbl e,

as i ndicated . n,several . instances,previously, to have mxtures of the rare
earths ("“ffY W?ﬁiﬂﬁeéﬁbl@asﬁﬁﬁﬁé&’ HO%PW%?"%Q%@P rﬂ/zi}%:é‘ﬁglﬁ‘é)sé m xture

of at | eggferabl\t reagt%_oeaﬂr/g.h@e%hla?ﬁtt@sﬁr@mfs&%@@i@%_tﬁﬁride%%/g.ep&ym um
praseodym um dysprosium  samarium yttrium gadolinium erbilm

yt t er bi utheshahore mmpasurempits,rthe alirogpn adsorptivalisathermawds medsarédian778i andltbe | y, it

is also possible to have mxtures. of different. | i{jons 20 wherein
v oGt RETER frede’ B B ESinRbet pasR Bt PR Er Feiod CRER R St o
Once t heEginwd, @1e; saiTaien MOJ. fARAChax YR 600309c@ N3N ALCiddid) & iS5 Asege are
conbined in the reactor, a catalyst is forned in situ fromthe salt of at

| east onthat HedMESH phases persess characteristic pawsdgaXdRay Dififractien (CeRBYpatieans thie in
situ for rqi%qh ercﬁilr%%tthgﬁmﬂ)}?%és.a chloride of the rare earth 25 conponent.
e a chlo

An exanple of suc e I's MC13, wherein Mis a rare earth conponent
sel ected from | ant hanum cerium neodym um praseodym um dysprosium
samafjium . yttriu adoJ.inium erbium ytterbium hol mum terbjum

our o ug}t it ﬁ'ﬁ? OIS 6 Gl e s PHUFWSH; QRavR KBS UDSEIE hat
when cer EatRsi(eMPY @ Rtthd Nﬁ)@%pﬁ%ﬁi&ﬂ%t‘@ianﬁﬁif%'cﬁﬁﬁe a?}ﬂixhﬁ@§f atQ&Hse NOr €

rare earth elenment other than cerium Typica , when the salt is a rare 30
eart h chiver fadecqriisisglpcted fromalenthaBER, Ginfraoeodyméamopras¢odyesasm, GyspRisgym,
preferably at |east 10 1 re eferably at |east 15 nR/g, re
o of or abryrdort-dEhma gyt R f ShERE Aoty BN m o B 5o

and lutetium. Similarly, it is also possible to have mixtures of different MOCI compositions

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

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 sifu formed catalyst comprises a chloride of the rare earth

25  component. An example of such a chloride is MCl3, wherein M is a rare earth component
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

30 earth chloride (MCls), it has a BET surface area of at least 5 mz/g, preferably at least 10
m?/g, more preferably at least 15 m2/g, more preferably at least 20 m%/g, and most

preferably at least 30 m?/g.
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WO 01/ 38272 PCT/ US00/ 27689 In light of the disclosure herein, those of
skill in the art will undoubtedly recognize alternative nethods for
prepari ngvasessal2 cat al yst conpositions. A nethod current| pCct/aheo/17689 be
preferable for form ng the conposition conprising the rare earth
oxychloride (MXCl) 5 conprises the follow ng steps: (a) preparing a

sol ution |.of .Of e . r elenents in a
ol vent SR PE el R GeiRpbASr Y b FURERRa) ROFUET ° (D)

addi ng aalmiridtivgenctbaiitfai piepgingaseful cateFss@nipdsitions. Mtrh@RodEurgenply g€lk B t at e;
and (c) collecting, drying and calcining the precipitate in order to form
t he MOCI bawpretsrable for feyming sq gpmpogisionicorpHaing dmtags sirgxyskleride MLt ed

from ”"Pcﬂ'h rxi de y i . i . i ne, al kyl
anmo njlaum y@? ggy-%ef?ﬁg\gg"lg Sar%%bk@%%ﬁf}ag %1%0@%&5}1 Og%@gpfgg%?}igﬁﬂ%ﬁ% }'aﬁgn%@gr oxi de,
and m xt elemsnttdreleendnts ihhesoivent cgeprisingéiticnwagrhasdcotvy, or alismrdsahgeofyi ded as
a mxture of .a nitrogen-containing base with other_ bases that do not

contai n Y AAGHEAMIERENGORINE P«'ﬁé?ﬁmwss&&nf-oem%ﬁ Aiyepsac; adel r a- al ky!
amon! ol fife a{wealéliglnggﬂn% pleBipRhin bRl IoPRShERASEYmARSL - Drying of

the catal ytically-uSef ul Ion can one 1 n any nanner,
i ncl udi n§yyallyp theynitioganacpntainipg basei in seleqied frenh ammaoniuaridydodide, akiybamine,

nmet hods. For the sentl.y-preferred. fluidi zed bed node of operation, a

spr a&?dr ?régarBH\ea‘T"&La?kyﬁ§mb‘¥ee$@‘P'I @H@ON“H%@%BXI_@&W@&WO%HW e preferabl e
for for MWk anmadrihHlyd R IEROSIE BRuEORFdos] THe hitdger Cofit@inth st thaghl or i de
(MC13) conprises the foll ow ntghsteps: (a) preparing a solution of a

chl or i dealsabe pvidedas paniatusa pt hniglogerepentaining basewith other hases|thatdo nobnpri si ng

ei t her . n I |y1.0h i xtures 1 herepf.: . adding a .

o rogencuii afthes BRI b M ethEBpbils Plss it @28 Brlivupe. (o)

col | ect i hydroxidy. The soldert @ Siepi(i)ds preferpblgciddért Ah§ingasTdhd chral¢GeHlgaiseRy t he
calcined precipitate with a chlorine source. For exanple, one application
of thls FRIDPRSYIISap beidqge inpanydnanney; degludiag byspray dpdng.glrpingdn ppukged overcl 3

sol uti on,yy §he 3w RAREIS G M PrBQntl -%?é?err Muiidfz’ed B4 nolde bP oé}%gtti (ﬂ'g %Ct or,

heat it to 400C in the reactor to pertormthe calcrnation, a

cont act sprey-daedcaiggstps prifgpiadate with a chlorine source to formthe

catal yst conposition in situ in the reactor. Catalysts for preferred use
are further clarified by a consideration of exanples presented in a

subsequeRtm&aed t@rer@ly fElRtSbSHeferdbl€ fr if@in QleFéaMyg%&hPadi@&ecoT@pr}ég\é the
Oxydehydro-chl orinati on Reactor 202 catalytically reacts
20 " 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
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
25  (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,
and then contact the calcined precipitate with a chlorine source to form the catalyst
composition in sifu in the reactor. Catalysts for preferred use are further clarified by a
consideration of examples presented in a subsequent section of this specification.
30
Ethane/Ethylene To VCM Oxydehydro-chlorination Reactor 202 catalytically reacts

together ethane, ethylene, hydrogen chloride, oxygen, and chlorine along with at least one
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t oget her et hane, ethylene, hydrogen chloride, oxygen, and chlorine al ong
with at | east one -21 WD 01/38272 PCT/US00/ 27689 recycle streamto yield
React or BYdbusswr2 Stream 232; and it is of special note thetTwRe/2T88%r
ratio of ethane to ethylene derived fromall feeds to Ethane/Ethylene To
VCM  Oxyiseyse pecamioayipld R qagier Réuenp Strorpp 232 apdtite @f seecoR natedh®0hq motae t hat
the partjcul raki l, . rati t t 1 by issues in
operati o}r?glp Og?%‘é‘gegg) ghg%ﬁgfeé%ﬁ ‘?%@Lall?%ﬁg%) gﬁ'gp?n t?r}e?rfe()%& 0 catal yst

f unct i on@kydehydidegigdiination Readmr k62 isaitdwe N ®O2bhd B ndtOthdt the @aficatar a
particul ar nmpment of manufacture, ethylene is added to Reactor 202 via
Et hyl eneoBSrational r2H9 at fny MRMmeNY is dgtermingd Ry issugsria foperaignatoregesy 4 of et hane

to hy i .

&ydgi]ydlrvgﬁ@ﬁlq%ﬁ \r{éﬂ} %‘{ﬁﬁm@a%t%faﬁggﬁﬁ’?%‘%@m&%&&“%a%ﬁ’dl %(l)(.gt%en mar ket and
oper at i oogdrattomatiédndtivgs @ad partipalat momeat of kRanubaceunt, @hylsraisfaddédioReapwE m t,

t he nost refertg)ﬁd node is for Ethylene Stream 289 to have a flow of zero
and for 2¥eviaditirensttreanbe8% (Indhie rées e amete pectemed Mol ratinelathanedds to

Etn gag,e/ E%&H%ﬂ}le]:ﬁ@&erj dYi¥h 9[Y&%@Y@E&hﬁ%ﬁ&?leﬂ@Wo‘Y‘CﬁP?ﬁ%%88%2(;1{1Qri giohet ween 1

vari ance therein dependent upon |oca ess conditions and
cat al yst Readt@-202a$ betweem8ildaddOi Misen ket sl dpeestiBealatonditip0L (at b fphrientar

stre (Stream 232) s nerated by 15 catal ytically reactjng taqgether
ot hafb,  BORpREHaT ANy Befa. e P Brertul b TRE L RE Sugim B ogen
chl ori depaveld fRSv BEzer8and frah&ifidlde Pat f b rRERAY & 0RO eriVdd from A fh&Is ROt ed
that catalyst selectivity in the conversion of "these streans to VCM

benef i t sEdhane/Ethytane ToohdM Oapideiydra-cherination &epetoed0L t bl betweenwl artd &l enent al
oo BB R (OB B,

usi ng | anthani de-base SREf | “¥0°chl ori ne

( St eam 2&dhsidesations.| Baachsahe Refddit 20Qrefient feeagh (Sifdafit2 B U gmefatedipact or 202.
It should alsg be noted that any other catal yst systens, which exhibit the
capat? t ycatgJydeptlydeacting sogether sBsac. sthylaengivgsn. ang ayegst eechlptipgsewgeshisi vy,

[ al e Rl v GRS BRDh e, oPLSBurdSEt b bEN RIORERSAN BRAGLal Us

herein disclose Chl ori'ne sources elect m hydr ogen c
chl or i neselentigtity irs e wonvasion ohthesosised me caVioivh behiits b ditsStomehmod@g, Chl ori ne

ot ner 1 eBy A g R i floment! ePbHSmCAaaRt ALY TheRottersion oF ¢ 2
limtati fse AfeamSdSVCMasAE 1antedniRIbARed edalyht ARBDeRéritd whih elelieatagd et hane
20  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 advantageously, in alternative embodiments, also

used with the VCM process and apparatus herein disclosed.

25  Chlorine sources (selected from hydrogen chloride, chlorine, and a saturated
chlorohydrocarbon) HCI Feed Stream 224, Chlorine Feed Stream 228, any portion of EDC
Stream 262 chosen for recycle, and any other recycled or raw material feed streams
containing, without limitation, at least one of a chlorinated methane or a chlorinated ethane
(for example, without limitation, carbon tetrachloride, 1,2-dichloroethane, ethyl chloride,

30 1,l-dichloroethane, and 1,1,2-trichloroethane) collectively provide chlorine to the
oxydehydro-chlorination reaction; these streams are individually variable from moment to

moment in real-time operation for providing the stoichiometric chlorine needed for VCM
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(for exanple, without limtation, carbon tetrachloride, 1,2-dichloroethane,
ethyl chloride, 30 1,1-dichloroethane, and 1,1, 2-trichl oroethane)

col | ecti weby1/g20xi de chlorine to the oxydehydro-chl ori naPCDUSe0EE689% ON;
these streans are_individually variable fromnmonent to nonment in real-tine
oper at i o#Pnveisiqi: M ithliresgeat tie EDCofiremiEIpe Stieam 62 omarket ¢raditas affectiy@vhe - 22 WO
01/ 38272 7689 . conversion. Wth respect.to. EDC fr St ream
262, s REOTEBTART R sl BRATY B aoishlub EIRER of BRricabR R B EE or i ne

t he appr 22 oradifecesahINA flirther @plibrefor LEEYEA Bortion BEED DS treadD 26N depbindent sale. A
further option for use of a portion of EDC Stream 262, dependent upon the
par t i cul Bronrthe ppiticylar fagilityyris fos depslsioek ta & VA Mo wssvior fynans. ufHasegard.n this
regard, i i |t ar [ y8l v, S t. (a)
15 PR Rt 200 AR ATy el (o ARAMMSG FineSRab il

1, 2- di chinRezetdna02 iganifiedtfetsale) (RelgZ-Uivhlotb&thare geperateliie®ehaor Z@Xigcl e to
Reactor 202, and/or (c)_1,2-dichl oroethane generated Reactor 202 is .

puri fi edPyréfieddrEacyelg 1@ Reacter 290 and/erdgk b2-di¢hlproethprggansrated Renctr 208ds EDC i s

al so, at_Qecasd N ; a 4 ori ne
oo RERREREAL I ISy PAVRRL SSCEURL I RUEEPRREDCE, MEE et
out put s fRmas tadvariEidebudnpurcBised don 18 As hehfoeimd s@oot.i ng Condenser 204. Cool i ng

Condﬁgser 204 treats Reactor Effluent Stream 232 to provide (a) a raw
product (vapor) stream having a first portion of hydrogen chloride and (b)

a raw COE{h%ﬂe/E?fﬂ»‘l’&@@VCWOS@Q@W&M&H&%&%W&%P@O@ &Ep&t?ﬁeﬁ&ﬁ?ﬁffﬁﬁht of 15
t he hydrogen chl'ori de which exifed Reactor 202; the raw product (vapor)

st ream i 8tr&tm @32rto 4@ CoglingGondzBseri294 ¢ iovbyedondenRiraddd t8epdteation EffBuntyst em
206 for gemv f_residual organi cO unds fromthe raw cgoled HCO .
Phase SeRPAY 2on RipBEs LU B POt (v BRI R Bt 08 Tir st SRR

decant er chl8ridd drdip®h raw todled QiGEdIR) hftoén ¢hlstedeaiietin RNThgIhe iePRBider bF OM
Phase Se i on Subsystem 206 the renpved organic materials (essentially

in 11Jui @%ES;Q%)% chlpede whirdyrated Beaqtei0s; thsiravnprodugt (Maporstresmipdipeamynd t he
separ at eg gaw cooled (essentially aqueous liquid) HCL is conveyed as
Stream 2 % to Anhydrous HCl1 Recovery Subsystem 208. Anhydrous HCl Recovery
Subsystem 208 recei ves (aqueous) Stream 274 25 from Vent Oxidation Unit (a
ther mal §€§é§ﬁ"‘5§i’ 1ns C%EVE%’%Q ?or P}?zéiz gg}%&irgtri]onu &l;sygtg%ffd)% fI)rO rrem\{)%atofsrgsrigl?aq]organic
compounds from the raw cooled HCl. Phase Separation Subsystem 206 is, in alternative
20 embodiments, a decanter, a stripper, or a combination of a decanter and stripper. From
Phése Separation Subsystem 206 the removed organic materials (essentially in liquid phase)
are conveyed to Lights Column 210 via Stream 242, and the separated raw cooled
(essentially aqueous liquid) HCl is conveyed as Stream 236 to Anhydrous HCI Recovery
Subsystem 208. Anhydrous HC] Recovery Subsystem 208 receives (aqueous) Stream 274
25 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 HCl recycle to Ethane/Ethylene To VCM
Oxydehydro-chlorination Reactor 202. Stream 268 outputs water from Anhydrous HCI
Recovery Subsystem 208 for subsequent use or to waste recovery. In summary, Anhydrous
30 HCI Recovery Subsystem 208 provides functionality to recover an anhydrous hydrogen
chloride stream from the raw cooled hydrogen chloride stream and other aqueous HCI

streams of Process 200. Anhydrous HCI Recovery Subsystem 208 also recycles the
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purification to acceptabl e environnmental conpositions) 214, and (aqueous)
Stream 236 and generates output stream Stream 266 as anhydrous HCl recycle
t o Et hanay@ohsd2ene To VCM Oxydehydro-chl ori nati on React oPCPOR00/8b68%cam 268
out puts water from Anhydrous HCI Recovery Subsystem 208 for subsequent use
or to wasthydrasdydrogen chiosdetvapyr) sitermy dy thase8rHES siRebdbe appatny sydibesn 208

provi des nctjonality to yecover an anhydrou dr chl oride.stream
fromt heoésg\%iéh‘?ﬂg atf ?{%F’&ﬁé‘?ﬁ(ﬁ?ﬁ“& 'OBée@f%{’élﬁlﬂng}‘fgx'ﬂ)st ﬁgfpraalfé‘%%reﬂ@f Walgt 1 eans
of Proceggi BOP. Anhydrous HCl Recovery Subsystem 208 al so recycles the -23

WD 01/38272 PCT/ US00/ 27689 anhydrous hydrogen chl oride (vapor) streamto
the reactor. As should be apparent to those of skill, there are other

th | pgi t] Cl f ) of ter and HCA .
o ool s ne el BahT 4l S BRI SHE ETab T Fietsirdiomd 2P ikt wor urm
210 wher Rgi@ts strdavapst StAM ﬁmra@ﬁtafnﬁﬁ%ee@tﬁy@ﬂébs foARdrabmbRdl R6MYhERActod _
further renoved fromthe reactor effluent product stream After separation

of HCl a¢fdlupnighioducs stessim ( St ream 244) fromthe reactor effluent, Lights 10
Col um 210 forwards Stream 252 for separation of a water product stream a
vinyl chloride nononmer product stream (Stream 254), an ethyl chloride

st ream ( Sfteesdparition of HCOthsd lights seléaei (Sireat 2u4) €fdven tBdeactor effluent, Lights
trans-1, 2-di chl oroet hyl ene bl ended stream (Stream 260), a 1, 2-"

di chl®r ol K} fosyprs Stream A2 byrsepaademofieyreRrodeftslRM St Yidhelgdde  The
manner Obon@ﬁ)fsxegtroh&g g@gﬁﬁ ﬁ&éfg?‘b?zg?&lﬁ& ) bt de 3BBRS G m 5S0), hoge of skill,
I nunber e

and a substanti classically-utiliz process ‘units ‘can be
depl oyeddichloveathders andnfangurZtichhsodtioylachblendzdtsiresa (Ssepaéd), an- Dryi ng

Subsyste 6, VCM Purifjcati Col umn 218, and avi um 220
conveni eH]'Fﬁﬂi’r%Fé'bantsfre‘lrﬁ téqamg&)tﬂlél MP&I“%%‘E)M@%@H?“P%@, as
such, shegdingiRese finBBsehSafidnsG® hppient td HREOHLIGE A aRubMthdtial #hmSel $fm”
representing at |east one physical colum, although, in one contenplated

enbotfi neelassicadlytntidigediprecess ynds ban kendepleyediimyareoudgopfiguraidens te echiaye) thessr

St T oam 29etioll Phidl §785Nei g, SEMEREHE ot G 228 anflibnies S Bl 362

W th Heagi@sonSenieaiy dictathe@f@althe gbdrarsepdrafi® syd@adsr(ded, ia@Budh) sitod@st e
organic burner or use in an ag{ir opriate product where the general |
propert i baveghe [gamy celumyy’ itgipretgd as gvirtual column” representing at least one physical

column, although, in one contemplated embodiment, each column could be only a single

20  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

25  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 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 direct sale. In this
regard, operation of VCM Purification Column 218, and Heavies Column 220 is

30 alternatively conducted so that (a) 1,2-dichloroethane is purified for sale, (b) 1,2-
dichloroethane is purified for recycle to Reactor 202, and/or>(c) 1,2-dichloroethane is

purified for cracking in a vinyl furnace.
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acceptable. In an alternative contenpl ated enbodi nent, Drying Subsystem 216
renmoves 25 water prior to Lights Colum 210, with the effluent from Lights
Col um 2¥obessrgz forwarded to VCM Purification Col um 21BCT/NSto2768yai n
that, with respect to EDC from EDC Stream 262, market conditions affecting
the opportunity for direct sale function to determne the appropriate

t f t .18, hi d,
oper at | ok uFGE wif SHer 2 BRI il CORERA DESBgmas! Bairvde B8
al t er nat fothyles®0d yetlethBidnRuattof 2§2 Whete dix ¢Edn0k adddtipai@ dnSoxgulilofih@tbnf or

sale, (b) 1,2- dichloroethane is purified for recycle to Reactor 202,
and/ or  ( Eepctionefigcieq) %‘Ftbéffﬁ‘élﬁémilé“)"ﬁﬁ?nﬂaiﬂéﬂ cpiglyskiogorpge the balk e el and nace.

240 O eSO O R EPR F ld

Oxychl or Btiedm 08¢ teeRestidral H@Mlmmmtdkygm whichdciabs alﬂbdreaﬂuﬁJDHChﬂr@mI nati on
reaction effe(é:éfél?filj\“h a traditional 1§(chl orination catalyst to consune
the bul kS&any O@P‘&éﬁéﬁeé’t‘t‘@ YEBEssepHa HBAYFQHS P EﬂthﬁP@ﬁé{CI as Stream

Oxychl or i @Qr Cl

T et mont S O PO ReR, REGakR HATHBLAER 15y 2 P Pt gy alemphnd

out puts Eskiemt 2% WIyeraﬁirm&laClwehm e saparastd awfiorwarledonBryiig as Stream
288 i(g W%%'ge treatment. Residual HC Treatnment Unit 286 al so outputs stream
290 SY¥5 292 where Crude EDC Stream 294 i s separated and
forwarded to Drying 10 Subsystem 216. Qutput from EDC Col um 292 (Stream
273)is divided into a first streamgortl on forwarded directly in Stream

248 to EDhmuéfrEnWDGr@lqmn\;’@ﬂﬂ(@xfwe Kﬁdrsalvcxﬂubmtmaﬁmrstrﬂeac@r@uonm@var@nﬂd into
a second a rd tr| i ng, Col u 212.
&2" 16 Ao LB AT S UK 2 B0 B mbn R 1 B B B B PR e SR 7 o

(et hane amtlined hydcond Jtreait wmchtfervmdmr@aﬂbﬁﬁpﬁmdarfdtStﬁgﬁmgmdmrﬁms D2, Stz eam
244 and insure the recycle_ of the materials to Reactor 202 via

Recyb e Abpupiiomas! NEPERS thmee-h%h %@@Plibrﬁnflﬁglﬁ 7 sateriglpigiang ard Ftamleﬂ%m
Stream 244 hOFF atei§8Bnd4fea Q{frswe . agﬁﬁ h@ge ge 32 also
out puts a purge streamto Vent ation n|t whi ¢ uts ent Stream

250 to 2mMatehielsab Resphez@ \a'adlm@gcl(s@quemlﬂéﬁ vﬁticleémmumaoomrhbfdstcmsamld

ool Gt aR Rt Sty 244, Sorrls ST X ABDrp S TR SckipBihe CHAmATETS 21 O

provi desP
also outputs a purge stream to Vent Ox1dat10n Unit 214 which outputs Vent Stream 250 to

20  the atmosphere and also (aqueous) Stream 274 to Anhydrous HCI Recovery Subsystem 208.
CO (carbon monoxide) composition instrumentation provides 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 C2 Absorption and Stripping Columns 212 and Vent
Oxidation Unit 214 to generate Vent Stream 250 so that CO does not accumulate to

25  unacceptable levels in the process.

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

30 lanthanum oxychloride at 400 degrees Celsius and essentially ambient pressure; further
details on the preferred catalyst are appreciated from a study of “A PROCESS FOR THE
CONVERSION OF ETHYLENE TO VINYL CHLORIDE, AND NOVEL CATALYST
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for use in a control system's (not shown) determ nation of an appropriate
portion of the remaining lights gas for processing via C2 Absorption and
Strippi ngv@ol/ssrms 212 and Vent Oxidation Unit 214 to genP€BUSINERR9 Stream
250 so that CO does not accumulate to 25 unacceptable levels in the

pr ocess. COMRDSIAIEANSAIEFVE FOR SHGH PRASESSY. Fabledrshownposi floanss haeroEt hane

to VCM Oxydehydro- .chl oripation Process, 20Q are appreciated froma

cons der SRS RATEpS Bt hnufih Benerh e BE g ohul ot irarieS Vel i ngblagended

| abor at ofoymelfrd el abRhad ¥iSflow 8F AIRENBRTRcBR st W EERAL TabR'1 &RsindniHeanum
oxychloride at 400 degrees Cel sius and essentially anbient pressure;

furt her Edwleat Feedbiredme28?;ah dhis eagavianed septisiag en aphicepoiat, evheh maarket asdudy of
"AP SS FOR THE .. CONVERSI OF ETHYLENE TO VI NYL CHLORI D NOVEL
CATALYSTOPEr SO DAJUB85 Pt BRenFYahmP B TRMASHer PP TORRt PrERRES U
PROCESS" modeh! for Ethy tavS us ame28h to WavedStlow 58&0. HoweREr, afddre%itaidfcohi€ons,

simul ati on generating the data, but such a nuneric value is not intended
to nean Etfrygmaﬁtram 8 dlop¥ cantighte an egvnemicallyoeneficdgalilow.a stream Table 1
does not show Ethylene Feed Stream 289; in this regard, and reprising an
earlier point, when market and 5 operational conditions at a particular
nonment of manufacture permt, the nost preferred node is for Ethylene
Stream 289 to have a flow of zero. However, under certain conditions,

Et hyl ene Stream 289 does contri bute an econom cally beneficial flow -26 WO
01/ 38272 PCT/ US00/ 27689 00 rn O NMOOO 00 if) C~ +I~ OMW) rn O00 ~t
OO0 nMOQ a\ ~O0rn kr) r- r- aN OO N 00
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PCT/ US00/ 27689 Even as the preferred enbodi nents of new processes
presented thus far been nmade possible by devel opnents in catalysis,

cat al yti gydesghOpitFtedtnitRalhaiS oty 54 dnf QA Rsdigfeat i on
of approp\rll ate dgrl veegcyprocessesoﬁli cﬁ%a%géstvllﬁg%lne i nu%ggg%lnTgxt 39%

cat al yst bpderetiparantsinicatalyaisecadpabevetdpmena direcipne tleanggaed fedrhfhirgree whi | e
essentially. fully reactin the HO fed to Reactor 202. Figures 3 and 4

or esent -SATNITSH of RERTPYER dEigaSpssar R HaHbare VARl Fyhe NN G BPobess
POSSigi | {yfsteis WhicRBfel GhRAE bPRaQingChdileYahll YR IVARIRRI WY Rty BRRREY! | Y
will enable essentially full HC “consunption in either two reactors’in

seri es otheiHClded 8 Regdotor203ctihgured 8 aid # presgninmbertspeduilgively iggdtdbetbdret hyl ene
to VCM Oxydehydro-chl ori nation.Dual Reactor _.System 30Q nodifies, Ethane to
VoM Ocy R EETITGGeeT B BPSES SR o G iof MR eV e RBeh s "ot or 296
bet ween AN/ wihiasrRess@uiMGMINAEREnApaHH B ikl ivireBasfliRkericd®t iRAd
Cool i ng Condenser 204. Stream 244 is also divided into a first stream which
is 15 fosingledeagtati rectly in Stream 248 to Ethane/ Et hyl ene To VCM
Oxydehydro-chl orination Reactor 202 and into a second stream which
forwards to C2 Absorption and Stripping Columms 212. C2 Absorption and
Stri ppi NPuGod Vs to2Biguelds BthuanafBthdére tp VE@MN®% wieh ¢drs-chiorpatibhBubloRsmtgted
portion of Stream 244 and insure the recycle of the C2 nmaterials to

React or Sp¥en) 380 modifigs\Fthanedp M Ourgehyiio-shlosinationBrocess 28849 HierPese and
Strippin I f 0 OX i Len Unit
214 whi R BU P e g ey B AP T8 Ot B AT G O R, o
need f or2@himddCorlmgHlindBeeo@4.\Stresmiikiviss also dD8desl intoen fassgramawhighmo HC i s

Clows Fr nise i e Ba St Raney B R ] s SR By dsacrifiatat  on
Dual ReaRbgiorMRtAMIMER subdid sHemm wilkikh RIrRaRIIko £ AHsBHRioR aﬁ@@?ﬁzﬁ@mfg%

effluent. Quench Colum 204 treats Reactor Effluent Stream 232 to
essent i aFplpmysAdRe(@l 4bsorption and Stripping Columns 212 absorb and strip C2 materials

N d-
N N
N N

from the forwarded portion of Stream 244 and insure the recycle of the C2 materials to
Reactor 202 via C2 Recycle Stream 246 and Stream 248. C2 Absorption and Stripping
20  Columns 212 also outputs a purge stream to Vent Oxidation Unit 214 which outputs Vent
Stream 250 to the atmosphere. Note that there is no need for Anhydrous HCl Recovery
Subsystem 208 since essentially no HCl is present in Stage 2 Reactor 296 effluent.

Figure 4 shows VCM-Furnace-Augmented Ethane/Ethylene to VCM Oxydehydro-

25  chlorination Dual Reactor System 400 with some HCI present in Stage 2 Reactor 296
effluent. Quench Column 204 treats Reactor Effluent Stream 232 to essentially completely
remove residual HCI by quenching the reactor effluent stream to provide a raw product
stream essentially devoid of hydrogen chloride. A raw cooled hydrogen chloride stream
(Stream 234) is also output from Quench Column 204; Stream 234 is conveyed to Phase

30  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 HCl is recycled from Phase Separation Subsystem 206 to Quench Column 204,

and Neutralizer 298 treats the waste stream from Phase Separation Subsystem 206 with
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renove residual HC by quenching the reactor effluent streamto provide a
raw product stream essentially devoid of hydrogen chloride. A raw cool ed
hydr ogen ve@boss2de stream (Stream 234) is al so output fropCcTUseeedT6880! unm

204; Stream 234 .is. conveyed to Phase 30 ar at i.on Sybsyst em 206 f or
removal AR Gydrogide 8%%%h%fsapplﬁ°&ﬁﬁafelﬂqur3]\ﬁaE‘86 pPedjtipgy gystem 400 alsg$Be™dr gani ¢
mat er i al e dfdeRANEMEH tleidd BDESS kI8 8 XnYi 'ﬁlr%c%%?geeﬁl 3 afdOyERps HCO i's
recycl ed from Phase Separation Subsystem 206" to en um 204, and
Neut r al i BiorshagP ysteonl® tolgenevatstsepplemeataryt VEM pmlw #8d méwoadni amhy&obsﬁﬂl em 206
with -28 WD 01/.38272 / US00/ 27689 sodi um hydr oxi de or anot her
approprlséfeénhtg elaﬁtf)f% lon additive. System 400 al so shows the

enbeld i shment of treating EDC Stream 262 in Vinyl Furnace System 293 and
VCM Finishing System 295 to generate suppl enmentary VCM product and al so an
anhydr ouSabhe? presents fyrthico dReid én comp@@ntsideryisied iRtherflagwas.s further detail in
conponents identified in the Figures. Table 2 - Conponent Detail Draw ng
Nane Description Elenment 102 Reactor Fluid bed ethane reactor. Vertically
ori ent edTiagtaCompsHeptDetailt h gas feed at bottom and outlet at top.

Vertical cooling tubes in bed and internal cyclones (up to 3 in series)

| ocated at the top. Typ| cal dianmeters up to 20 feet. Height of fluid bed
30 to 50nf g total—tery B0 feet—The reactor—tenperature—of >
400C rqultiﬁlg \g«a;déa hi gh nicke Pe%é?jpg% be wused for construction 104 RCL

Hy dr ogefrggom i ggemat on ""'"Fhl?db'd%ihafr ! L eal 51 nente %'c%sc‘s«em

conpounds (nost| are chl ori nat ed g or

trans-1} 2 dichlloroet hyl ene) to Eﬁ q Et és ¥ to\émsene p to
the reactor. 106 Cool and Scrub etgpéuﬁilcglacﬁa ete9 920 fl:e):e?‘ 1t-191ght ?)ﬂm% eﬁ?d and
the condensate 30 to 50 feet, with total helght of 80 feet. The reactor
temperature of > 400C requires that a high nickel alloy be
used for construction.

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

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

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

b

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

29.




separated fromthe vapor. The condensate has both a concentrated HC

aqueous phase and an organi ¢ phase. 108 Phase Separate Gravity separation
of the aqmouwzand organl c phases from Cool er 106 is prePevr/aIb1b0/z7ex9hi eved
wi th a poritzontfat—tank——provide avy

phase (host lilkely the aqueous 7a¥)cbb(§§rbﬁn32f§%af'd) dro ﬁflﬂ}?’ atv ly ?Eﬁﬁies

depend pn the gxact conpositi on, @?r{ %ore Ver pr ed
fromone end of| the vessel. The' é:) Sreﬁahg gro Frus ;%' nt Sty a? e into
thos oun th 1]

the secbnd hal f| of the vessel {or It twhos o, f]r qu ou bﬁ’asagd OUdhbgn in
sonme enpofh III::IIL —St |J|qu of B atlll CS: ]ﬁ. """" i’l ""hLeGUS HC
[Ortp (¢ Tinal sey y’gr"[}’ f'f‘v’ theothSici e tg t he

stream fromt heg sréﬁérator isre
reactor{ using tlraditionally de To %Céﬁ ﬁﬁ’ fscf‘éﬂl,‘ﬁ "\/\?n;cy, i Fﬁsurf’o
those of skill.| 112 Direct Chl( FPYA 16‘15“"? SFehtt %i%ﬁ'?‘?
ethylene. This|is typically a( "Tg tgﬁ' ecﬁlug’é’taf’ tdWepre b THRCVEN

et hyl en Ato—Hh & ’"‘*ltcm of—a Bontaini-rg—EDC—TFhe—reactant 1cf"m
EDC  th 2m+ e FCN Solymme e 1 I:ma WﬁsatwagﬁtﬁqXﬁMproma L agpragticed in industy i oy
or ovi deb ¥he dr |Ftﬁ°¥fé; PIgieE £ or ‘B‘r‘i"%‘ﬂ tgitect the ¢ SWB’&G&P“S?)F‘F?“"
Separat| on col UfP"WM th refri gefd %b BWH@ﬁ@é‘F’éﬁsé{‘d ERE frogpthe peavier {higher

separ at | on of tlhe i ghts for reSPEacelas veaht eampepingy iTha fesavershoampReats 1 |16
EDC Recpvery Stlandard distil | af RGics? thah¥drpgsnationdeasior PRereaecisiingfo tEDC.

118 Vent—Treatrent {(TOX)—Vent 1F85Phent is achieved with an incineratod for
the oxidation of organics (including chlorinated organics) to water -29 WO
01/ 38272 PCT/ US00/ 27689 vapor, carbon di oxide, and hydrogen chloride. The
vent gas is scrubbed with water to recover HCl as a relatively dilute (10

to 20% HC1 stream) for other uses. This unit is typical of
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phase a

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 HCI for recycle to the reactor using traditionally
deployed approaches which are apparent to those of skill.

210

Product Split

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

212

C2 Absorption and
Stripper

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

214

Vent Treatment (TOX)

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

216

Drying

Prior to the final separation of the VCM from the other
products in the raw product stream after lights have been
stripped, water is removed in a drying column. The pressure
and temperature are preferably adjusted such that the water is
removed from the bottom of the column and the dry product is
removed from the top.

218

VCM Columns

VCM is purified by methods as practiced in industry and
apparent to those of skill.

220

Heavies Column

Heavies are separated using a distillation column effecting the
separation of (a) the cis and trans 1,2 dichloroethylenes and

(b) EDC from heavier (higher molecular weight) components.
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Second Stage Reactor

ol
F Plﬁg ecovery oﬁ.mconverte recovery an
recyc o the ﬁCl and purification of the \
This is a visioned secondary reactor for reacting remaining
HCI to near completion. In alternative envisioned contexts,
this reactor is either fixed or fluid bed; and in some envisioned

embodiments, it incorporates a standard commercially
available oxychlorination catalyst.

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.

299

Quench

Effluent gas from the reactor is cooled with a graphite block
or graphite tube heat exchanger, and the cooled gas is
absorbed in an absorption tower. The condensate has both a

concentrated HCI aqueous phase and an organic phase.

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
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stripped, water is renoved in a drying colum. The pressure and
tenperature are preferably adjusted such that the water is renoved from
t he bott ovo of/32he col utMm and t he dry product is renoved Pcnmsmdmw%p. 218
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out| & a4 gélh&ht opixturd/ens wnahfugemIandhgletswh&ﬁmareeardwmeﬁﬂomnhé tgidoed and
I nternal . cyc| ones % ptag in series) are |ocated at the top. Typical
di amet er &PPOXjraalelyl §ﬁﬂlz>(§ deigaized yrier ners grdedoandithe g6l WasHUBEd vigprousst Ween 30

and 50 f t | bed
yst om | Soternnh ROl Ple BRI Bl nuiUbed IR (L SAEAS areiplel 1)

Remai ni n@th@laslﬁmgmeprveaslr@eatedﬂvomddmosairtuhﬂ;seéﬂmmdllmmﬂ Sashdd gedwias dliedaed f or
oper at o159 hes a1 2t e GBSk Prratroh Sl 550 Sos teiprisuRbormese
operatio

are fy ghmta‘?ﬁpﬁ{eq{ewlﬁngﬁﬁldf\#zfs@usﬁ]@(ﬁ Qﬁ’&ﬁ@vé@t’b yidl§ 8%1@E§ %l'ﬁ@hblé)for BiitibRa VM
The EDC i s vaporized a passes through the tubes wthin the furnace at

t enper at igsting. oThlapI;@r:@dur«naméwed 600d majcliog ther X-ray povdear diffftiorhpat€dDCof o VCM
and HCl . T(gg is typical of furnaces used in industry today. 295 VCM
Fi ni shing and VCM fini shing and HCl recovery are achieved with a quench

The particles were placed in a pure nickel (alloy 200) reactor. The reactor was configured
15  such that ethylene, ethane, HCI, O, and inert gas (He and Ar mixture) could be fed to the
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
20  ethane, one HCl and one oxygen. This provides balanced stoichiometry for the production

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

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

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
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HCI Recovery columm or drum and separation colums as used in industry
today for the recovery of unconverted EDC, recovery and recycle of the
HCl, and wapi/ss2cati on of the VCM product. 296 Second St ageCREsarws89This is

a visioned secondary. reactor for reacti.n emai.nin to near

Compl et | DRIk T sk Foee AbT el TAE SO F PRl e o Thsa o €Bient e
fixed orpfebdsit ¢h e deedaMheleth y36H¥EHrERM 15 tRORGCctof RS pFIAGESS thd pdrfigIor por ates a
standard commercjally availabl'e ox chlorination catalyst. Ié98 Res. HCI
Wth essexdtin of eshampl et e conversion of HOJ in the reactor, Neutralization
the recovery of the residual is not justified. The aqueous solution is
neutralized wwth any avail able al kaline material (caustic, calcium

hydr oxi d€olug@l £ bEmatklaB Baevas te résiiltovtien, botteéthane anliehyaédd dte fdd. iThetiBstorsient to
waste treatnment. This process would nost likely be done in a closed tank,
possi bl yoPsiatedh ira$ich @ wat asrto imsifscthef the amauatad e&n%@:wten@rmgé@q @aePr ¢d |

cool i ng i aqreei eyl ati r C

Er11 uen “tuk FRdedcudfe BUAY. OfctaRY B iCRLE &b LT RATInchbeURd |
t ube heahn pxehiilnger andonly ethancBdety @aseriesl. Thesesuhe dhow adighayiskdrgitviron

tower. The condens has both a concentrated HCl aqueous phase and an

te
or gani ¢ PHed .andekg-ﬁibqf\é%m@p@&- FATEEN i 1ised 25 A HYternal sk tRaRsuEG Bat ficed by a
consjgler at.l . i j 0 purely
cxcory ar VRl Bl LRErhelicahad AU R Rene Rulbhile Heeb b aROEATTHE Flom &
st r eam coatioraf shenggh @t/ loemgon iatepOatgbelvomatogeiphaqgieak ys idempakfdr itlenreadopr i si ng
| ant hanum was prepared. A_sqgl.ution of LaCl3 j -32. 01/ 3827
PCT] Us001%59 250 Brafieeamms 15 b POy Sty FRe BabmBare "R Bimieresial | y
avai | abl gehydr at ed | ant hanum chlori de (obtained fromJ.T. Baker Chem cal
Conmpany) in 8 parts of deionized water.

Table 3

Feed Mole Ratios
C:H,4 2 3.7 0
C.He 0 0 1
HCI 2 2 1 2.5
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 12.4
O, conv. (pct) 47.3 53.7 54.8 93.9

Selectivities (Percent)
C:H, - -- 44.7 -
C2H.Cl, 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 LaCls in water was

20  prepared by dissolving one part of commercially available hydrated lanthanum chloride
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Dropwi se addition with stirring of ammoni um hydroxi de (obtained from Fi sher
Scientific, <certified ACS specification) to neutral pH (by universal test
paper) cavaeeds®he formation of 5 a gel The mxture was cwtmsdwngesﬁ and
the sol ugd,emh.decadth o 2 &l Py Qafdr.
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et hapg- cagdiéd 1di400 def Ceai tdatdd Willea 31103 prmlmtﬂé MixdhiredBL2 BBuSpiane thene HC
and one oxygen. This provides bal anced stoichionetry for the production of
VCM f r onPl@ttiof bpefationfabl e 3 bel ow sets forth the results of reactor testing
using this conposition. 25 Colum 1 of Table 3 shows the high selectivity
to vinyl chloride when the catal yst systemis fed ethylene under oxidizing
condi ti orl“he bmpdsmlcpfﬁesmertmobpdﬂﬁbd to predea@nyiongli chi@idedyrfeeding ethiglehé,am i n

order to mmc a reactor o t as the oxi dant S, | um 2 of
Tabl e 3 SPlguEe fcrvécwijxgg?rg .qeﬁ\% ﬂﬁafﬁbpwm ‘&’IF aﬁo‘w@fﬁa gﬁ‘émég?’a‘l%{‘
systes i g a§@16§ﬁ'olff‘§ BIY bigden Hﬁﬁ'@&f%r@bﬁl‘oﬂﬁe CAUREM st 'G?{‘énﬂe“is"sﬁ'ﬁpli%ﬁ%ﬁ@e of
HCl . The conposition i s now rich to avoid [imtations | nposed b

f | anmabi karbyn tetrdcld ondeainds], Mldhécbrp@maneCoVGmlsnﬁes Viapl chlFidchSpece imehs gh

I | ¢ehl 'd h wh h | is fed
at hane urtEne Bk I el AT R RS A e G R AR ISAT ° T

01/ 38272 pRisir&ISORE 24688 ar€ @p&}@t&uwlmrthmm:@s exXit heaehiont ReRtR! Bbthethpleatr as

t he oxi dant as. There is no ethyl ene
and 1,2-dichloroethane are termed to be C; species.

20

25
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pr esent
the parti al

in the feed. The ethyl ene present
oxi dation of ethane.
when bot webvhase2 and et hyl ene are fed. The reactor

way as to insure that the anmount of

exiting the reactor are equal.

t he appear anc
The results s
Argon is used
entering the
The ratio of
i dentical for
of ethylene i
Rati os C2H4 2
040 T (deg
cony. (pct)
C2H4Cl 2 10.7
further denpn
converted to
solution of L
comercially

ol

in the reactor
5 Colum 4 of Table 3 shows the result

i's

I's the product of

oprCRUSE/I7TA8ISUCh a

'4?”9 entering the reactor and

Oper I'n this fashion, the ethyl ene gives
oo o g oot ooyt TSt BREEDS L P08, CORVET Lo
Gblsan i ntefnal 2@anddrd t30insdre tH@At tHe 1R.@t hyllene fl ux
SN T AN G R AT A I Wl

t o—argoenR—+ntegrated chrot aphi pak 1S
Q¢kareactor f B9 and prdddict qtredd In th|§)Qay “{he recycle
{éﬁugulated !&tgjﬁ Eh? rﬁﬁ£68r9 ?e;{ﬁg.nla?l$(90Feedng?l§ 6 8
HG&) 401 400 4010.a19 |SpadkOting (s)0.02.31|5.0 29.8 12.4 02
A P A R R
He+dre the ytil 89 of theShOnp05|t|dh9 et Nyl er®7i s oxi datively
JC08S) vt dr wd0020° 0y enP8d Dy cli 441 vi g i‘n’k_}bﬁzf of
Baick sibleqshydr at&ed | ant hanaon chilori des
Fractional conversions (Percent)
C2oH4 40.4 27.0 18.7 20.1
CzHs 0.0 0.0 0.0 0.0
CCl, 94.8 78.4 0.0 0.0
C-H,Cl, 0.0 0.0 98.3 0.0
HCI 0.0 0.0 0.0 447
0O, 68.8 42.0 55.2 37.8
Selectivities based on moles of C, converted

VCM 59.6 56.4 86.0 78.5
C,H,Cl, 14.8 30.7 0.0 2.2
C.HsCl 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
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-34 WD 01/ 38272 PCT/ US00/ 27689 (purchased from Avocado Research Chem cal s
Ltd.) in 6.6 parts of deionized water. Rapid addition with stirring of 6 M
amoni umwgdr/sserde i n wat er (diluted certified ACS reagenpCT/USEvEb$Yed from

Fi sher | ShaRHIDH Sk, EEUPRELIR LATIRY B0 pRLeRi by FRe[TbYASO R L | € o7 o

col l ec he sol &“col ecte prror to
CaI ci nat Tireadtobwlls cladighrdd Juol tHaOéthy]i&ﬂ&l lethan®, HCI, ox ¥k, ﬁﬁﬁiﬁbhl(l‘ﬂ@uﬁ@hndj was
crushed and sieved. The sieved particles were placed in a pure nickel
(al | oy 2089N PbsEEe)coulhs fediathereagios configured such that ethyl ene, HQ
oxygen, 1, 2-dichl oroethane, carbon tetrachloride and heliumcould be fed to
t he reactor. Space tinme is calculated as the volune of catal yst divided by
t he f3 owlitde 6 shdws didtamdiarein thenpetatfends vancladjnssd such. thitakelflnabEahgere nol ar

ition was 10 heat d to 4 Cand treated with a 1:1:3

rati os. The cor 0
HC1: 02: r@nwf%émﬁﬁréesﬁfearer@gﬁweéﬂar anght FS“‘{‘ ﬁéegglear EXIGNE AhscteagtPHmereThe
conposi t é%@taﬁ@él%u‘éﬁsl{&gﬁfr # R wehe REHALYE gdj\ﬁgtear ku&nhgrthﬁ ?lu?é/s cff‘if@l' ng

et hyl ene, ne source and oxygen at ow ng table
shows datmerig aidrexdtingethevesator MrGBleauadtlalE&qluah r@xygen soneasiousianeetdi f f er ent

hl or | chl . etrachloride and
Tt cnpEdeina en Coamd gover T bieaghE Din wprisE Medalt AENST ' Cal cul at ed
as tfig vobheraRdh ahRhN&! thdicuhfatdIvedshee dhaw, by Rn2hnBdANIR! Bduenper at ure

and pressure. The reactors are operated with the reactor exit at anbient
pr essur ecthBenhand H| give theaappearapcedif aigither deinganmeated rortaonsised: SSpaee dme is

speci es. 2 5 1/ 2 CT 00Q({ 24689 _Tahl e .4 Feed | e ratios
b 5 oeiged? s b8 eyt it Bl dod Y ihe A8 kaue W Blafata W feriRicarkD, O3
0.0 0.0 PreSsubks.OThe example further illustrates the use of chlorine gas as a chlorine source in the

production of vinyl chloride.

15

20
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HCl 0.0 0.00.01.9 021.01.01.01.0 He+Ar 8.9 9.08.96.7 T (deg O
400 399 401 400 Space tinme (s) 8.0 4.0 8.6 4.9 Fractional conversions
(Percent w@atigs24D. 4 27.0 18.7 20.1 C2H6 0.0 0.0 0.0 0.0 rCOUS0I6D® 78. 4
0.0 0.0 C2H4C12 0.0 0.0 98.3 0.0 HCG 0.0 0.0 0.0 44.7 02 68.8 42.0 55.2
37.8 Selectivities based on noles of C2 converted VCM59.6 56.4 86.0 78.5

C2H4AC12 14.8 30.7 0.0 2.2 C2H5C 0.3. g|4 0.2 1.6 These data show that a
vari ety of chlorine sources can be u 8818 t he oxidative producti on of
vinyl. The use of carbon t-etrachloride—1-2-di-chloroef hane and HO all
produce vinyl 5 chloride as the doni nafee¢moteuetios Expnpl e 3 A sol ution of
LaCl3 in water was prepargd, by dissolying ong part of commercially

avail able 10 hydrated | aftHanum chlofide (piUrchased from Avocado Research
Chemicals Ltd.) in 6.67 |Pets¢s of deipnized wdter. Rapid addition with
stirring of 6 M ammoni umg%‘grom de Tnl water  diTute certified ACS

reagent, obtained from Fi r Scientific) cauSed the formation of a gel
and yielded a final pH oflH81 85. The nm xture ®Ras filtefed to collect the
solid. The collected matjgrial was cal ci ned aiT at| 550 deg C for four

hours. The resulting solifd2was -36 W0 Q1/382 PCT/ USPO/ 27689 crushed and
si eved. The sieved parti gHesAmere plated in &.4pure nigckel (alloy 200)
reactor. The reactor wag g figured such th26oethyie|e, et hane, HCl
oxygen, and inert (heliun

Space time (s) 9.4
Fractional conversions (Pct.)
CoH4 1.8
CzHs 27.3
Cl, 99.8
HCI -1.4
0. 96.4
Selectivities (Pct)
VCM 79.0
C2H,Cly 7.2
C.HsClI 1.7
CO, 5.1
C.H, 0.5

In common with all examples herein, VCM signifies vinyl chloride. CoH4Cls is solely 1,2-

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

Example 4 through Example 11

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

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

(ol es/ mMwaobe}s2ent eri ng the reactor and the flux of ethyl pPaERUSKILTE8YY t he
reactor were substantially equal. Reactor feeds were simlarly adjusted
such that the fluxes of HCl entering and exiting the reactor were

subst ant Erdthple@qual . Oxygen conversion was set at slightly Iess than
conpl ete conversion to enable the nonitoring of catalyst activity. 10
Operated in this manner, the consuned feeds are ethane, oxygen, and

chl ori neA sBRition oL AEl;6h Qva@didvdsl@re;ﬁtédﬂa)l dissodipe ahepatofdoniélc Ay absildbie
created nor consuned. Space tine is calculated as the volune of catalyst

di vi ded bydrateé IWWHTaﬂthéOféée (@urchangd drome AbdsicAtCheaniggl Compaay s re67 maits dxanpl e

further I e in the
urier, WAL BE? Rifadnn,Bh S e SRS Pl A0 RIS, L0 " 1
5 Feed r’r'(.ﬂllatd’daierthSed ARSHeagedt, obidined 4rol Fiche? Sientifititaugedithe @@rmiatin ofig+Ar 7. 4
T (C 400 Space tine (s) 9.4 Fractional conversions (Pct.) C2H4 1.8 QC2H6
27.3 () gelgdhg migjure was Qpntrlfuged to collect the solid. Solution was decanted away from the

gel and discarded. The gel was resuspended in 6.66 parts of deionized water. Centrifuging

10  allowed collection of the gel. The collected gel was dried at 120 deg C prior to calcination

at 550 deg C for four hours in air. The resulting solid was crushed and sieved. The sieved

particles were 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 LaOCI. The BET surface area is

15  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
solid. The collected gel was dried at 120 deg C prior to calcination in air at 550 deg C for

25  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 NdOCl. The BET surface area is measured to be
22.71 m*/g. The specific performance data for this example are set forth below in Table 6.

30

Example 6

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

hydrated praseodymium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid
-39-



02 96.4 Selectivities (Pct) VCM79.0 C2H4Cl2 7.2 C2H5CI 1.7 CO( 5.1
C2H4 0.5 In comon with all exanpl es herei n, VCM signifies vinyl chloride.
C2HACI 2 iwosDB®lry 1,2- 5 dichloroethane. CO is the conbi par/iusen/689CO and

CQ2.  ExapgiiGorwiih @tlr'iglge oE6NTRhfndntufoh EB&gdgﬁn%Eé}%gputg&@%hgd é&S’ 1Jelfa (rate

t he preparation o rous rare ear conpositions, each con n| ng
onl y oneobtained ﬁanﬂFlshmtSermaflc) daateal thé farstatian bhHg gelh &heprixfure wanfikeretl td hese

f T bl e 1/ 38272 PCT/ US00/ 27
E‘x’;’pngf'et épqpsgtﬁfﬂ a?lfin“eﬁ?cr Izeied g Fﬁwwr@fi %@20 %%%ma tgycaleipation iy .aﬁ@t 33@ part
of commeygi @lférwoamdr@btﬁe re@ulhﬂ% tHEHad &GéﬂéﬁrAHﬁ‘sféb&PrTﬁ@mé\%r %apl ﬁmﬁeom

Al drich Chem cal Conpany) in parts of deionized water. dition
with Bti pllachgn @fpuge hickehfalhoy2iM yehctoxi dbe reracmw\as conﬁlguuedasilobehat iefhiybohe ACS
reagent, caus magl on of a gel.

d from Fi sher ientific r
The o i BRI T T T TR R etebh TS cpouBbbe 10 tidaciic ant o
avay fropywieg x- ﬁ?'dlﬂ’f’&(é'tl&i msds@maﬂéh@l 1B%e P&-@@lr?ﬁé@m‘k‘i’ﬁﬂcé Refib6 parts of
dei oni zed water. Centrif g@lo al l owed collection of the gel. The

col | ect emegs@rednabe@rhﬁdndg T Smglcwepﬁormanqedlatﬁeﬂocﬂnacxmplealtesstﬂiortheg C for
f our hougeoWm 1 The resulting solid was crushed and si eved. The sieved
particles were pngced in a pure nickel (alloy 200) reactor. The reactor was
configured such that ethylene, ethane, HC, oxygen, and inert (helium and
argon m xture) could be fed to the reactor. Powder x-ray diffraction shows
t he mat eExampled be LaOCI. The BET surface area is 15 neasured to be 42.06
n2/ g. The specific performance data for this exanple are set forth below

in Tabl e AGofe6APseC; 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

15  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
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,

20  oxygen, and inert (helium and argon mixture) could be fed to the reactor. Powder x-ray
diffraction shows the material to be SmOCI. The BET surface area is measured to be

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

Example 8

25
A solution of HoCls in water was prepared by dissolving one part of commercially available

hydrated holmium chloride (Alfa Aesar) in 6.67 parts of deionized water. Rapid addition
with stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained
from Fisher Scientific) caused the formation of a gel. The mixture was filtered to collect the
30  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
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20 A solution of NdC 3 in water was prepared by dissolving one part of
commercially avail able hydrated neodym umchloride (Al fa Aesar) in 6.67
parts of wiebosi2zed water. Rapid addition wth stirring oPCHUNETEENI UM

hydr oxi d&‘rehfk%@atsgﬁ:d(tﬂbé gb@é n??%t’rlﬁé @gcﬁ%effgﬁ%%& )t(i%lt%?éﬁvt\}gks&ﬁrﬁfp QIR étshef

Scientific) caus ormation of "a gel ere

col | ect fonth bedot irdTabldé. col | ected gel was dried at 120 deg C prior to
calcination in air at 550 deg C for 25 four hours. The resulting solid was
crushed and sieved. The sieved particles were placed in a pure nickel
(al'loy 2p@Ampiga@ct or. The reactor was configured such that ethylene, ethane,
HCl, oxygen, and inert (heliumand argon m xture) could be fed to the
reactor. Powder x- ray diffraction shows the material to be NdOCI. The BET
surface Arsehution ofiEaSlyliedated wae prepared byrd2dsglvinghenegecofidomnpetially awdilabledat a

for this a are set. forth belowin Table 6. . 30 Exa Ie6Asqut|on
of " pr L hir AR ELIEHE Gl ARy 8 GE BPYRTR] dstiniasantaes Repihkdion wiih
i | abl f
o on ve iy Of 80 AmMAREE Yok SIS Ao ASERES et BELRRG IR
stirri ngFisher@cMnatﬁmbmuaa:d thy dommxiticha of a gelatBre rickiture twed fidteredi thicellecA@S r eagent ,
obt edfro Fis ci.entifi used,t he for t|on The m xture
S 1P el " DI blet S ey SV S b toebnayen o sef el G or b 50 dog

C prior h&ursalrké RAEILAE sbIi Whi crdbheadd sROEd. CTlflé)ilexfe‘aLHartlih‘?(‘:’sr were pPRed fSil ting
solid was crushed and sieved. The sieved particles were 5 placed in a pure

ni ckel (pueayckeb@jloy éa@trgactorrﬂaierremwrwamsﬁgvemd ey that eshidhng, ktanatHyl, ene,

eLane, Sen 4S5 Rl PRI D AL oMY R4 Bl 1,

BET surf aee isaneauted to b8 a9.8064f/&. OThespedifid peffBirganc ataSPLGiid éxaurphs ailﬁrséﬁinc e
data for this exarrfle are set forth belowin Table 6. 10 Exanple 7 A

sol ulY onfasth beley @Bt er was prepared by dissolving one part of
commercially available hydrated samariumchloride (Alfa Aesar) in 6.67
parts of deionized water. Rapid addition 15 with stirring of 6 M ammoni um
hydr oxi dExampledOer (diluted certified ACS reagent, obtained

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

20  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
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

25  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 m%g. The specific performance data for this example are set

forth below in Table 6.

30 Example 11

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

The resulting solid was crushed and si eved. The

si eved pFableth: eRaY@E@rtﬁ'@%ﬁ%ldrfdeaCoﬁip’o@m@% kperbfld RYPfILe AR HIoridEe
reactor was configured such that ethylene, ethane, HC, oxygen, and I nert
(hel i um m xturg) caoul d be-fed The rgactjo hg BETL 3surfaceqg -40
WO 01/ B 100) 2reds  Rred o mohsufed Lo Ba a0 a3 ngl g he nedific
performance data for this exanple are séted mole datibel ow i n TabI e 6. Exanple
9 5 Asolption off BEFLCI3 Tar reparad SSol Vi erpart, of
com‘rerri@qH“y availlahl é:é vdr%\? \fﬁ?u r‘z‘ arli d(:\éIPAI ig 2lrén 6 é'ﬁ parts
of dei griiCed water| Rapi d acziBtijon2@th =20ir|ri r@Oof 6 Marmaiwm hgdr gxi de
in watgr (diruated [Cer Tled re n taineg fTjo gher rentiflic)
caused the formatilon o Thpqgﬁ HFiB s f Ptpr9d1 Q FOFPP( gﬁ% 10
sol i d. [THe+Arol | ect ed el vvasO.Elrl ed 02 1200deg C Q]EI qr t@2cgl comati on.2at| 500
deg C f 0 THEe TeSul(tiT g wWas C fed _and L0 P
si eved SEF elthF)es esgrg’l (f%l%n a 4 Lr df el ( Iov regq,q r.3%he
r eact or| Sgetiond (sp ureai7such2t|haat ethyl pne7.ethang.7 I-’ICI 228 | 231| 21.3
Fractional conversions (Percent)

C:H,4 23.7 13.2 22.8 14.7 12.7 15.4 33 13.8

HCI 47.6 249 40.9 20.8 15.9 22.4 5.0 19.8

O, 58.8 594 55.0 53.4 48.1 48.8 21.2 47.8

Selectivities (Percent)

VCM 75.3 74.4 74.2 61.0 33.3 44.0 6.1 35.0

CoH,Cl, 11.3 2.9 6.1 29 14.5 17.5 8.8 18.8

C.H:sCl 3.5 6.9 4.4 10.6 16.8 12.8 37.0 16.5

CO, 4.8 11.8 9.7 22.4 33.8 23.1 264 |275

10

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

15

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

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

performance of these data are set forth in Table 7.
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oxygen, and inert (heliumand argon m xture) could be fed to the reactor.
The BET surface area is neasured to be 19.80 n2/g. The specific

per for maveodaa2 f or this exanple are set 15 forth bel owCTVUT@76896.
Exanpl e 10 A solution of YbCl3 in water was prepared by dissolving one part
of commercially available 20 hydrated ytterbiumchloride (Alfa Aesar) in
6. 67 parts of deionized water. Rapid addition wth stirring of 6 M
anmoni um_h drOﬁide in water (diluted certified ACS reagent, obtained from
Fi sher ggﬁéﬂ@ﬁ#@c) 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

cal ciqat AQBhion W P.ad8hnE N, ilcncWﬁter \D%J%rl%pargﬁ‘ By H%§6lgi:n% e 29}1 @ was crushed

and sieved. The sieved particles were aced in a 25 pure nickel (alloy

200) r eacaomercidlly avedatiohydrated dantiiangoy edoridec(putchaded étomy SpentrumeQbalty, HCI ,

, ' | i d i d fed to .th tor.
o Ber BpEEM Qb R Ry Fraloble Ty ol peodion GR ehBring CALET or nnce
dat a f or Ab&Hr$inersaBRh£tsJF Aeidfized hvatdr N RBFIIAId]tHdn Tak Rirfing 806 Mk amRRivkt A
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Chl ori de Exanpl e 11 12 Feed nole ratios
Table 7.

Example 13
20

A solution of LaCl; and SmCl; in water was prepared by dissolving one part of
commercially available hydrated lanthanum chloride (purchased from Spectrum Quality
Products) and 0.67 parts of commercially available hydrated samarium chloride (Alfa
Aesar) in 13.33 parts of deionized water. Rapid addition with stirring of 6 M ammonium

25  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
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)

30 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
Table 7.
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CH4 3.6 4.2 3.7 3.6 3.6 3.6 4.2 3.6 HCO 2.0 2.3 2.02.02.02.02.32.0
021.01.01.01.01.01.01.01.0 He+Ar 0.2 0.2 0.20.20.20.20.20.2
T(deg C) w8091/8232 401 400 400 400 400 399 Space tine (s) BCTURM/Besvl. 4 17.
17.7 22.8 23.1 21.3 Fractional conversions (Percent) CH4 23.7 13.2 22.8
14.7 12.7 15.4 3.3 13.8 HC 47.6 24.9 40.9 20.8 15.9 22.4 5.0 19.8 02

58.8 59.Bx&bple 183. 4 48.1 48.8 21.2 47.8 Selectivities (Percent) VCM 75. 3
74474261033344061350 C21-14C12 11.3 2.9 6.1 2.9 14.5 17.5 8.
18.8 Q2H5Cl 3.5 9 4.4 10.6 16.8 12.8 37.0 16.5 CO, 4.8 11.8 9.7 22.4

33.8 23. ésszbltwn@ﬂschf@dmw WaieRWahBiRPRied bl dissplvingame partiof camaneaeipiy,
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each cont a mxture of rare earth materials. Data illustrating the
per f or ma “Eﬁ‘ qdnwater. diapid additianewith stirrng of odAremenium Ay dygsidsrinagaten
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prepared by dissolving on& part o commer ci a
| ant han ugnlc Ahe tflmdprQ pas oleaseed dy £66.Sphe trﬁxtmdmasl oehgnfugafdldu:otlsét tiengblid. 67

7 1) SaSHEDE Gt desasfan gt L Eekal dIscHi (1 SRIEReLEs et dgegnt B0
ammni UNYeg 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 20.98

15 m%g. The specific performance data for this example are set forth below in Table 7.

Example 15

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

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

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

30  to be 19.68 m%/g. The specific performance data for this example are set forth below in
Table 7.



hydroxide in water (diluted certified ACS reagent, obtained from Fisher
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These data further show the utility of bulk rare earth containing compositions containing

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

vinyl chloride.

Example 17 through Example 24

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

10

Example 17

other additives present.

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

15

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

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

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

containing mixtures were added together with stirring to form a gel. The resulting gel
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hydroxide in water (diluted certified ACS reagent, obtained from Fisher
Scientific) caused 10 the formation of a gel. The final pH was neasured as
9.10. Thavooxss2re was centrifuged to collect the solid. Bolwsenmresnas

. i > d | i
decant S YR A0LA08, 081 R AP T, ST L st Bt =

resul t i ngours.0OTherev@sing olsh@ds aishedli2ad 8idved MEhesiiew@dhapadlés we plased én 1 aced
in a pure nickel fal I 06/ 200) reactor. The reactor was configured such that
et hyl enePuremikak(allp?00)grycsen, Thergagtereras cosfigwred isueh Badethylgenm ehians. e
coul d be t.o it of . ' .0 _be 20.98
n2/ g. Th?a{ g’caﬁl iC péhr%? g}rnn%]r(]ic%&glaltﬁgﬁr%r&{uﬁge %@3@6@%& §§ :fetfedsfpte)rl@ R bel ow in
Tabl & 7. péformabce dadbfoMhi® ek BBRIE AreET BB AV aBDabld8bl e 7: Per f or mance of
Conpositions Containing Two Rare earth materials Exanple 13 14 15 16 17
Feed nole ratios C2H4 3.7 3.6 3.6 3.6 3.6 HC 2.0 2.0 2.0 2.0 2.0 02 1.0
1.0 1.0 gyOndeGg HetAr 0.2 0.2 0.2 0.2 0.2 T(C 401 401 400 399 400 Space
time (s) 3. .7 13.7 16.9 20.6 Fractional conversions (Percent) C2H4
16.8% 11.3 12.5 12.4 9.2 HCA 36.0 13.1 18.1 11.9 15.9 02 45.9 47.2 52.2
47.1 38. A laikhmai totitiindg doRgiosieioh preyaidd 15ing thd m@thod.of EX8mPlelslwas giodad 14C12
9.7 7.5 12.4 14.5 2g.6 C2H5Cl 4.1 11.8 8.9 17.0 23.8 A
10 with a mortar and pestle to form a fine powder. One part of the ground powder was
combined with 0.43 parts BaCl, powder and further ground using a mortar and pestle to
form an intimate mixture. The lanthanum and barium containing mixture was pressed to
form chunks. The chunks were calcined at 800 deg C in air for 4 hours. The resulting
material was placed in a pure nickel (alloy 200) reactor. The reactor was configured such
15  that ethylene, ethane, HCI, oxygen, and inert (helium and argon mixture) could be fed to the

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

Example 19

20  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 LaCls
solution. The impregnated silica was allowed to air dry for 2 days at ambient temperature.
It was further dried at 120 deg C for 1 hour. The resulting material was placed in a pure

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

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

Example 20
30

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

(diluted certified ACS reagent, obtained from Fisher Scientific) caused the formation of a
47-



co, 6.9 27.5 25.8 38.9 43.8 These data further show the utility of bulk
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to form el. The resyplt] el. -46 WD 01/38272 PCJ/USQ0/ 27689 contai ni ng
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C for 4 chmfuged DWIkaSHE éélUQ‘h%lelgcte}’(%l‘(WaaF?nGQe@fmaiFH Vzﬁ%mb-i@fiﬁes' eved

particles were placed in a pure nic oy 200) reactor. The reactor
was conf tegnpeeaurs peiar tchealciratioplinni,at 85hdexC féiGopr haxy.g€he reawlting selid wahel i um

and argon_ m xture) cou be fed tq the reactor. The. ifi erformance
data for oM BRIFE e Bt e Ui alrh ranrg WAl fllonapd Ban
| ant P@nUIThe Bt @I Mal BorFRRAEICh @iht BIHRAE &dhdhs] ACL ISR LA thedf (hEXANRAE 5 Was
ground 10 with a nortar and pestle to forma fine powder. One part of the
ground p@iggaemingise) cepidhefad taghe ieagtor 3 ThaBES Bafatoansawimeasared to be SBS2 gr ound
using a . - 1.0f 1.t L xture. Thelanthanum and
bari um cgﬁ@aﬁmﬁeﬁg&mﬁgﬁ@&v@%ﬁ {lfgégasr gglste g%ﬁgra?rﬁ %:yﬁu% sgel‘ﬁ{em gﬁ@ﬁ 5 were
calcined at 800 deg Cin air for 4 hours. The resulting material was
pl aced iE a Eurﬁ ni ckel (alloy 200) reactor. The reactor was configured
such 15 yl ene, ethane, HCO, oxygen, and inert (heliumand argon
m xtuge) could be fed to the reactor. The specific performance data for
[ f.orth low in Table 8. Exanple. 19
this exagp s,lo?utl%gleof i%&h ig v&aterl%veas p\{'\éplared by dissolving one [r)rzPrt of commercially available
hydrated lanthanum chloride (Alfa Aesar) and 0.043 parts of commercially available HfCly
(purchased from Acros Organics) in 10 parts of deionized water. Rapid addition with
stirring of 6 M ammonium hydroxide in water (diluted certified ACS reagent, obtained from
20  Fisher Scientific) caused the formation of a gel. The mixture was centrifuged to collect the
solid. Solution was decanted away from the gel and discarded. The collected gel was dried
at 80 deg C overnight prior to calcination at 550 deg C for 4 hours. The specific

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

25 Example 22

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

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

performance data for this example are set forth below in Table 8.
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20 Dried G ace Davison Gade 57 silica was dried at 120 deg C for 2 hours.
A saturated solution of LaCl3 in water was forned using conmmercially

avai | abl avaydssared | ant hanum chloride. The dried silica mapusomm7esgnat ed t o
t he point of incipient wetness with the LaCl3 solution. The inpregnated
silica was allowed to air dry for 2 days at anbient tenperature. It was
further Hxample@B 120 deg C for 1 hour. The resulting material was placed in
a pure 25 nickel (alloy 200) reactor. The reactor was configured such that
et hyl ene, ethane, HO, oxygen, and inert (heliumand argon m xture) could

be fed t . .- ifi : i e are
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in water il (N SaGent i 178 i Cl i fic)
caused t‘k)lvqetﬂfS gﬁ@?}lfgﬁqo#&%&g?@%% 01/ 1%8\5217&2&%%{}'@%%%%7 ‘g%‘?ﬁ&gg‘?é %@B%{ xture
was cent frofmueter Soicavfi¢)aatsedbe fwinatdon 804 ptli dhe wastutewantedrifnged/ td r om t he

el and discarded. T el was resyspended in 12.5 parts of acefone (Fisher
2ot ent! 1 PURECIhEGRd- TR Wi deceRed Bhau o be a5t g Boaiednd ek AR ed.  The
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acetone. The gel was resuspended in 12.5 parts acetone and 1.15 parts of

hexamet hj¢adnted awvagned discardedasEre ¢allsatedizelr Washcalthiead a8 50 dep kpfanyg howrsThalded
and the sol ytion. was stirred.for one haour.. T i Xt s centrifuged to
ol 1 ect simglsafrrolfdh el Bt mn Gl S8 onB ey BT B 2. “anbi ent

tenperature 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 n le | 1 oy 200) reactor. 10 The reactor was configured such that
et hyljs¢ne, ethane, HCl, oxygen, and inert (heliumand argon m xture) could
be fed to the reactor. The BET surface area s neasured to_be 58.82 nR/g.
The specifsolutioa of dafrlrit & afpapsmasparest by dssehving copmerciallyr ayailpblp Bydigtedn Tabl e

8. Exanp|futhumtRloride 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

20  dried in air at room temperature and then calcined in air at 550 deg C for 4 hours. The
resulting solid was crushed and sieved. The sieved particles were placed in a pure nickel
(alloy 200) reactor. The reactor was configured such that ethylene, ethane, HCI, oxygen,
and inert (helium and argon mixture) could be fed to the reactor. The specific performance

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

30
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A solution of LaCl3 in water was prepared by dissolving one part of
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(purchased from AcPOBUSHZERSICS)

in

10 parts of deignj rl?f"? M armoni um
hydr oxi de in wat er (gl \Ifi\a%rgcliE cer bﬁ]p%%ﬂl égq’gte%églt“%h{)? H‘%@ﬁgpgom 20 Fi sher
Sci enti fio) bauacu the—formration—of T The—mxture—was—<entrt+fuged to
col | ect |[EK&MPlgp| i 88 spl ul? on| wa deta bd awad? f riom#he |gel24and di%xcarided.
The col | ect ed gel was dried at 80 dﬁge@n{b‘y@ﬂ’aﬂbght prl or to calcinatian at
550 deg for—4—hours—FHhe—speetHHerperforpance—data—For—ths "Aaup: €-jar e
set fortl/R2ldel ow i H7Tabl 3.8, | 253-Exaphpl®7 22| AZHI ut i &’ of | LARA3 i n 3t er was
prepar edyy di ‘;soé_w ny ong parto @f comgrcl ald y avaid @bl e driat
| ant hanum—echt-eti-de—{(AHa—Aespr—ana-0-—086—parts ' ei-alHytavar-dbl e
Hf C14 (|Par chaged! Pr ofn AbPos Oyani £s)19n 10 Wartls dt0 deji orfi.@ed welt@r .
Rapi d adgi.t hpn|w 30 rrin fp mrpnigin hlydrpxi de | ery 4 difl uted
Cerpt| f| GM n:\@ignf Cu?a! '\ng)'. rno ] ch 1t | 'FI r\\ r\ec‘{?c\;\ﬁm t honé
formati g (@) a ge400 The 48i1xt (r elOfas| c@90r i fugéd to 4«00l elct 40be | sdDid.
Sol ut i on =ca a fro hel g angd card I e[ct el was
dried at; §e %%OVPFHI ght pﬁ'Zr oe:%:?al C ngzt?on at -’ SOEdggbC fo?gz hour s.
The sper‘ tfnr manhce data for this examle ar set florth hel ow jn [Tabl e
8. -48 \WD 01/38272 PCT/ US00/ 275&9tlor5xaomJem|&% (ReB:@ht)tl on of LaCl3 in water
was prep d by Tt OMTET, t ed
| ant hant ﬁ?ﬁ‘hl ot i (§S$A f:Jq ar)1El nd| Q 6%2 ar é of &gﬁmarc?gg alAFl apl e
Zr OC12 (|pioi chagedd4te ofn Aerios| Ozgani £sp7itn 104p.arts 08.2dej os5.2ed| vatar .
Rapi d adgjtion T ST LT {6 M agnon| unL yd e]r—grmted
certifigf?2ACS rp\;g(jp t] SR%i he ber %él shke géré Jf’l c) Cgﬂg e
formatign of a gel. The m xture vvasSeleaMtlefslqaademg) col l ect the solid.
Sol ut i o yW@s decartred Y ther g Sca fed-The i 10
resuspe in 6a6275e \tg%de 51?769(1 wgstgr angl3 ezg'gnt | y7gént [ g?réed. The
sol ut i onCyELCl, lecdrs ezl asey andodi scasded. | Thes coI | egtzed gejzwas ad ci [ned
at 550 for our Th ecific.perfo nce data for ml—s—gga'mple
are set F)'F';q hel B9 i f ?ng el 8 7 xamli924 40" 48 4.9 12. '

COy 10.8 18.6 26.6 6.0 7.6 8.8 13.6 24 1

10

15

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

hydrated lanthanum chloride (purchased from Spectrum Quality Products) in 10 parts of

deionized water. Rapid addition with stirring of 6 M ammonium hydroxide in water

(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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15 A solution of LaCl3 in water was prepared by dissolving commercially
avai |l abl e hydrated | anthanumchloride in deionized water to yield a 2.16 M
sol uti onw@ons®rzi al |y produced zirconi um oxi de (obt ai neBct/usonEngpel har d)

or conetdarg RRBeg P EuRh DhuotHPOST BhyEhongl Mo Gl I RHR55 57 o

in air atpufchased fesraevlaticd Ehéhidall C@Np4d) & Maenikey water @hs pePardegThe f or 4
hours. The resultingtsolid was crushed and sieved. The sieved particles

were pl atderiomwas gided tnihejgel and(stiredy The ogllqcisgcachivas galeingd alct ¥ degds for 4
confi gurg r?.u”}"ﬁ% %J&?ﬁicﬁggﬁ}élgﬁﬁ}%e dﬁ{?*}@f‘ﬁﬂs e%?@nple?%ég&rforth ?91%“1 iﬂﬁaﬁole(é!%ﬁiym and

argon m xture 0 the reactor. Speci fIc perfornance data
for thi sexexd@ipllsaites hetusé of Added @mavenium Talkd t© alter tAB prepratiéf of\Ard 2488272

PCT/ US00/ 27689, Table 8: Rare Earth Conpositions with Additional Conponents
Exanpl e 9BNAGIBANS2]1 22 23 24 25 Feed nole ratios C2H4 3.7 3.6 3.7 3.7 3.7
3.73.63.7 HJ 2.02.02.02.02.02.02.02.0 021.01.01.01.010
1.0 1.0 1.0 He+Ar 0.2 0.2 0.2 0.20.20.20.20.2 T(C 400 401 400 399
401 400 ER4mgleP6 Space 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 14.1 24.6 18.5 16.5 18.7
15.2 HC 34.6 22.1 24.4 57.1 40.9 38.2 35.2 21.1 02 55.6 33.2 48.0 52.0
50. 31017. A solutn5F 14C1;Se medriwas tpreapmrddRer diesol Yiny/Ghd fatt &f coinifierdbRll§ aSbildble/ 6. 4

1.8 73. l%yd?’gt'egi 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. One part glacial acetic acid was

15  added to the gel and the gel redissolved. Addition of the solution to 26 parts of acetone

caused the formation of a precipitate. The solution was decanted away and the solid was
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 LaCl; in water was prepared by dissol;/ing 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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cH4Cl 2 11.5 15.2 10.0 31.4 9.6 12.7 5.2 7.3 CH5C 5.0 10.0 7.4 2.9 4.0
4.9 4.9 12.4 COX 10.8 18.6 26.6 6.0 7.6 8.8 13.6 24.1 These data show the
product i owoof/3s2rnyl chl oride from et hyl ene contai ni ng st rPaVESUEI7H8Y

Exanpl 6 D5 % R o CR Pl SO ERRTE S the B EHERL oF bl Come of

t he nodidonoaiitionsaljpasatairieg picosphéras, dsiphosphaepar ati on of useful rare earth
conpositions. 10 Exanple 25 A solution of LaCl3 in water was prepared by
di ssol ving one part of conmercially available hydrated |anthanum chloride

(pur chaslg,gldnflﬁlgggSpectrum Quality Products) in 10 parts of 15 deionized

water. Raplrd addition with stirring of 6 M amoni um hydroxi de in water
(dildted certified ACS reagent, obtained from Fisher Scientific) caused the
f or mat i ofy solutign 0§ BACL: Thwater stas prepired byathssol vingyent past afaomendreialy agalabte.

Sol ut i ted y, f t he .- 50, WD 01/ 38272 / US00/ 27689 | and
ai scar e EReE G IPRED UGS PERMPE gomragtas Lhedun 1 bopaevy PodoTh .
chl or i dewatepUA GbRSIOA wak eorhRdhyirkiRifg ®os pats SPQUERAMMLall P a0Bi8R BABCWIRr Was

prepared. The solution was added to the gel and stirred. The collected gel
was cal cl.frebpzabicydol2bgloctanapurchisgd from N Phperdcpiticalse dissolvethine2. 6 aaus f or

(1P SR S8k DO LS e L R ostes e

conposi ta g¢ls ThExtrrewaScehtrifbgsdiowollest thd sdlRCIThe dallv@t® el Was rpduspaided by
di ssol vi ,ngsqgne Fart of . .commercially available hydrated | anthanum chloride
. S

(pur chas# _7r S}:féiétqnt]ﬂ' QAR The IPF’%SEFﬁé’(@)agﬁiﬁ ce rﬁﬁ'ageldsanéﬁhe Rt zed water.
Rapi d_adgichi @ aWhl frofit i EEN IR oM@ BRI Me 84 Iﬂ@jﬂs 0 359 @ . ghe Ut ed

certifie reagent, obtai ne rom cl enti cause
for mat i oculafedssoligaiad aBIET stirkicaneawd $858 mb¥g.f Thespetdicqetfoentndehiatasfot itds  One
par t15g | a&a?rlplea gr%ts!atcfogtﬁ Ibglovv\\@i% 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 LaCl; in water was prepared by dissolving one part of commercially available
hydrated lanthanum chloride (purchased from Acros Organics) in 10 parts of deionized
water. To this solution, 2.9 parts of commercially available tetramethyl ammonium
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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15 added to the gel and the gel redissolved. Addition of the solution to 26
parts of acetone caused the formation of a precipitate. The sol uti on was
decant ed vvovay3saznd t he solid was cal cined at 550 deg C fopcWukana7es9 The
specifinP?ﬁﬁg gance data for this exanple are set forth belowin Table 9.
Thi s exanﬁ?élséoms the preparation of useful |anthanum conpositions by the
deconposition of carboxylic acid adducts of chlorine containing rare

20
eart h cogpounds. le 27 A solution of 1aCl3 in er was. prepa by
i ssol vi ngoUNET oL FREGRh Fafsas Pielr ) frsohfae oS Simatiiialy RIFIGH
chl ori denydpated hagRdumrcbiorideepirchi¥e Q@i AYodddo Recéaidh CRerdRaRdltd § ir06.67
dei oni zed water. Rapid addition with stirrin(% of 6 M ammoni um hydr oxi de in

éd

wat e®  (RANSf deiopized iwatesd Tadlgs selgtjemt . 6parts A sgmmeseialty avadlabled NAN4QH ¢)
caused t r ' .Of. . I m re. centri. C ct t.he
col  d. g (FRhEES Bt w8E aacpl K Gt S ARGk OGP 1 o
Subsequegdl. Tdelntikre whs énfidhiedpaiditie odlupibrodgiantet awagl ThdOoltezadail was
(purchased from Fisher Scientific) produced no_ visi change _i

d bl h h
S Da pondeehgjafd for Fieur ot S Goas ThE Shlsined iohd Pt BT R iarRaretnhil g 3 Mk ant ed

away fr ] Tl p ..cal ci ned
for at gg%é %gal@%q%géraﬂﬁé&ﬁglﬁl%%% hgg ég(g@?én%!&ggﬁﬁgkﬁgdﬁgraggpgﬁﬁs ace area of
33. 0B n2éxgpmplhshosypahe fiility pé nboniterger cdathmirfgibasehfos trextanphteon Graidytizhll$8272
PCT/ US00/ 27689 ar e.aiet {Iortg bel QV\g iF Tablag 9. Th(;s ex.airpl e sho:gs t he

pr epar at fsessng Materials. Althgpeh poiFnpally funsuanal thetesied, MRS ARBEBHB Pfis, as
phosphat gferfef #ioSe BRdudedAsii difrb%éﬁ @htdifihd Badel Water was prepared by

di ssolving one part of conmercially available hydrated | anthanum chl ori de
(purchased from Acros Organics) in 6.66 parts of deionized water. A

sol ution was fornmed by Tabld 8g Adldi®nahPreparatico Mathedsafdry avai | abl e DABCO,
or 1II5 4-di azabi cycl o[ 2. 2. Rhnttiaanm Coptaimihng<aampositiohs$©N Phar maceut i cal s)
dissolved in 2.6 parts 10 of deionized water. Rapid mxing with stirring of

the two sol|gidfpe qausggl the fgymatjionogf [a ggy. The gpxt u|re Was _
cent ri f uged—to—cotH'eet—the—sot+d—Fhe—coHected—gel—was—resuspended in
6.67 parts |of deionized water. The ni keeft®@olgdatiefyai n centrifuged and the
solution cH, 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 47 8.7 6.2 20.0

time (s)

Fractional conversions (Percent)

C.H, 18.8 8.7 15.6 17.4 21.0 9.3

HCI 35.8 7.7 20.0 415 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

C,H.Cl» 8.7 11.9 7.1 7.3 7.8 46.2

C,HsCl 3.5 22.7 5.6 42 2.9 25.6

COy 9.8 38.6 12.7 7.6 6.3 9.1
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decanted away fromthe gel. The collected gel was cal cined for 4 hours at
550 deg C. The <calcined solid had a BET surface area of 38.77 n2/g. The
speci fi c wenf/as2zmance data for this 15 exanpl e are set forpariséomwson Tabl e
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 pr ephicprespnt divesiadn/hasdpeomdesgribed infangUnsteative aanperalmihisapgad, hydr at ed

| ant h .chl gri d f A ' i.n 10 t f dei oni zed
water T o ek ot PHETSGE pitr Pt BF B SheRABIL| e SaFriab s PatieateY nyl -
anmoni Unhowike xicdeidapuhEloare shetifRBntodihéts o Absdfher&arMigi d¥pstimdded

rapidly and with stirring, causing the formation of a gel. The m xture was

cent ri f uigem thhepitihefl the pres¢nsnn eBtige caish arpdafiepyionsTire te bt bensidegedyeithinghe
resuspen i o f dei,oni: r he m xture. again
centrif u%gge gﬁé‘ gtp Eegeﬁtﬁﬁﬁfqn‘éﬁ “&Z%halrslthéﬁggmsgi?%f P%%etsﬁ%peg@d. Sp*fﬁ\é\)@itbel | ected gel
was cal cippefidddadlaithshours at 550 deg C. The cal cined solid had a BET surface
area of 80.35 nk/g. The specific performance data for this exanple are set
forth belowin Table 9. This exanple shows the utility of an al kyl
ammoni um hydroxi de for formation of a useful 30 rare earth conposition.
-52 WD 01/ 38272 PCT/ US00/ 27689 Exanple 30 A solution of LaCl3 in water was
prepared by dissolving one part of commercially available hydrated

| ant hanum chl ori de (purchased from Avocado Research Chemicals Ltd.) in 6.67
5 parts of deionized water. To this solution, 1.63 parts of comrercially
available 5 N NaOH solution (Fisher Scientific) was added rapidly and with
stirring, causing the fornmation of a gel. The m xture was centrifuged and
the sol ution decanted away. The collected gel was calcined for 4 hours at
550 deg C. The calcined solid had a BET surface area of 16.23 n2/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
formation of catalytically interesting materials. Al though potentially
functional the tested materials appear to be inferior to those produced
using nitrogen containing bases. Table 9: Additional Preparation Mthods
for
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15 Lant hanum Cont ai ni ng Conpositions Exanple 26 27 28 29 30 31 Feed nole
ratios C21-14 3.6 3.7 3.6 3.7 3.7 3.7 HC 2.0 2.02.02.02.020 0210
1.0 1.0 woot3274.0 He+Ar 0.2 0.2 0.2 0.2 0.2 0.2 T(CO HOLUSG®R7480 399
400 401 w@nage,:8-6 20.8 4.7 8.7 6.2 20.0 tinme (s) Fractional conversions
(Percent) C21-14 18.8 8.7 15.6 17.4 21.0 9.3 HC 35.8 7.7 20.0 41.5 48.4
22.3 02 53.0 32.6 48.8 50.6 56.8 17.9 Selectivities (Percent) VCM 73.4
26.0 72. C2HAC 11.9 7.1 7.3 7.8 46.2 C2H5CI 3.5
22.7 5.6 4Azm%¢h@fZ gBmgnitaesring yimBelbonds. sompesias Siegieps ofs3 W 01 38272

PCT/ USO0/ 27689 The present invention has been described in an illustrative
manner. In this regard, it is evident that those skilled in the art, once
gi verP t hgeriseatimgiatfirtf readier dffineysireqm By setalysioaley, reaetyng mgMﬂBd(lmmmihﬂienat i ons

to the specific enbodi nen descri be rei artln romthe
spirit of*Hie AL G35t IR, é?ﬁ'i“{%ﬁouréﬁﬁh#ﬁ%%@!‘%% ghISF‘% t°<5‘1‘l§%t i der ed
wi t hi n t Bforoh§@dEar8bn, VR rélh BRERblat PRSP HnE o baid leﬂhglehgqjs w0y the
scope and spirit of t'he appended cl ai nms. -54 WO 01/38272 PCT/ USOO/27689

We cl ai nand 50;

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

having a second portion of said hydrogen chloride;

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

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

catalytically reacting essentially all of said first portion of hydrogen chloride in said lights

stream to provide a second reactor effluent essentially devoid of hydrogen chloride; and

20  recycling said second reactor effluent 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
comprising a rare earth material component, with the proviso that the catalyst is

25  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.

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

30  lanthanum, neodymium, praseodymium, and mixtures thereof.

4. The method of Claim 3 wherein the rare earth material component is lanthanum.
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1. A nethod of manufacturing vinyl chloride, conprising the steps of: 5
generating a first reactor effluent streamby catal ytically reacting

t oget her ve0 hass272 et hyl ene, oxygen, and at | east one chl oPCnES®@IFEYe Of
hydr ogengc i i . vdr rbon, wherein the
nol ar ra?]?hg eggpéﬁg%ﬁg%gawgﬁéhgﬂfg%ﬁé?%ﬁgsP%Qk%§&g€%l .02 and 50; 10
cooling and condensing said first reactor effluent streamto provide a raw
product stream _havi a first,p%h%ion of . sai d hydrogen chloride and a raw
cool ed hdFBYBKOHI0S Glaim kivhetsiA sahpelag ratiode Semeepdratdén of sai d hydrogen
chloride; separating said raw product streaminto a vinyl chloride nononer
product streamand into a 15 lights stream having said first portion of

sai d hyd7.ofbnmethodraf d&ainc htvhksein ol daid chdarttel sogroeds saiédted frymait leastfonsaif d

first portjon of hydrogen chloride in said |lights streamto provide a
second r%ﬁ@?ﬂ?m@4F%g@ﬂga@§§8W@P8@F@e£%W%id of hydrogen chloride; and 20
recycling said second reactor effluent to catalytically react together with
said ethane, said ethylene, said oxygen, and said chlorine source in said
gener at i BigThe eethod.of ThamewhertirodneGlaad chidringseneiens ssdeaed froml ay teastadnkeyof

reacting,st uses a catalyst . conpri.sin rare rt terial conmponent,
wth ¢ hongeBhriEaRR ot Siionss SR s 8 et frpctipigh. ArsebiPracigiband
coppey asdyMitlidriden €, 1fHER1IBRtHARO NG Q, L Raich1die&tnidie rare earth materi al
conponent Is ceriumthe catalyst further conprises at |east one nore rare

earth material conponent other than cerium 3. The nethod of Claim?2

wherein gh 7 . Lal nent.is selected from .30 | ant hanum
et ui Tht Bl ClaliPt Ghlfun FARARGRLNAT. SRERRLR shlCfhcrig sty
wher ei n pinéfigdafoesgart h material conponent is | anthanum -55 WO 01/ 38272
PCT/ US00/ 27689 5. The nethod of Cdaim1l wherein said nmolar ratio is

between 0.1 and 10. 6. The nethod of Caiml wherein said nolar ratio is

bet wpen io.a’ﬂ?e Rethad bf CII: ﬁl%l%ﬁa Ri-dghfdrggﬂar}g}g%@a&dqg%%ﬁf}}h&iﬁg 's@éiige

source is selected fromat |east one o chl®orinate ane~an

chl or i napwifistfoareeyclg to Jheéremtonod of C aim 1 wherein one said chlorine
source is selected fromat |east one of the chlorinated organi c conpounds
consi sting of carbon tetrachloride, 1,2-dichloroethane,

11. The method of Claim 1 wherein 1,2-dichloroethane generated in said reacting step is
purified for cracking in a vinyl furnace.
20

12. A method of manufacturing vinyl chloride, comprising the steps of:

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

between 0.02 and 50;

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

30 having a second portion of said hydrogen chloride;

separating said raw product stream into a water product stream, a vinyl chloride monomer

product stream, an ethyl chloride stream, a cis-1,2-dichloroethylene and trans-1,2-
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10 ethyl chloride, 1, 1 -dichloroethane, and 1,1, 2-trichloroethane. 9. The
met hod of Caiml wherein 1,2-dichloroethane generated in said reacting
step is waopi/ss2zed for sale. 15 10. The nethod of C aim 1 MIBUSINNRT6S9

1, 2- di chj I j | j p., | purifie of. cycle
o sai d VERBRSIANG BARERLEGM b £P s bl ooyt ihd Pl
gener at estrdam Iswing sagbfitst portish epsdid hygrogérf éhdorideor cracking in a vinyl
furnace. 20 12. A nmethod of nmanufacturing vinyl chloride, conprising the
steps of: generating a first reactor effluent streamfroma reactor by
catal yti ; i Solgﬁ{r st one
chlori nepeg{))te)rhg %g]‘:a mﬁ dPE(l)gen J(Szl%;'nocrh ?(glgi,%@gﬁ?rggf&%@gFa\@%&g&ég@g&ﬁ%&%

chl orohysire@oar bon, wherein the nolar ratio of said ethane to said ethyl ene
is between 0.02 and 50; cooling and condensing said first reactor effluent
streamto provide a raw product stream having a first portion of said

hydr ogenree il @i ARGdRus A6 afforitedu@aRno CAHEAcHS a8 Tséi@%?ﬂlro%@n BRvLBY 2
second portion of said hydrogen chloride; separating said raw product

st ream i reagfaet; wat er product stream a vinyl chloride nonomer product
stream an ethyl chloride stream a cis- 1, 2-dichloroethylene and trans-
1,2 -56 WO 01/38272 PCT/ US00/ 27689 di chl or oet hyl ene bl ended stream a

1, 2- i chtpsl9aidiFreactin SaN oxygbe AVireskyehlofiMfiortreactidn! dsEHitially 81 bEa higyi ng
said first portion of said hydrogen chloride; recovering an anhydrous

hydr ogenP@HP® ef Bedregenedieridedmsaidi dghtasiraapotoaqdotigel p sepond cercearieffduens st r eam
recyclin i dr ..chlagride streamto said reactor as said
hydrogengsg rﬁ%@?’glgb&gé)gc ggl%’%@ﬁ%gﬁ%gg,;%}n@“ cally reacting with oxygen in an
oxychlorination reaction essentially all of said first portion of hydrogen
chloride in said lights streamto praqvide a second reactor effluent

essent i aY"ICWH‘g\FBichCg?“WG‘F Flughte said&eactond recycl i ng sai d second react or

efflpyent to said reactor.

13. The method of Claim 12 wherein said catalytically reacting step uses a catalyst
comprising a rare earth material component, with the proviso that the catalyst is
substantially free of iron and copper and with the further proviso that when the rare earth
material component is cerium the catalyst further comprises at least one more rare earth

20  material component other than cerium.

14. The method of Claim 13 wherein the rare earth material component is selected from

lanthanum, neodymium, praseodymium, and mixtures thereof.

25 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.
17. The method of Claim 12 wherein said molar ratio is between 1 and 6.

30

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.
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15 13. The nethod of Claim 12 wherein said catalytically reacting step uses
a catalyst conprising a rare earth material conponent, with the proviso
that thewevnbsesr is substantially free of iron and coppeeT/asa/2mioh t he
further 0N ; ial.c t is, . ceriumthe
cat al yst ufpedeBEbrthER 12 n @R Thh Rk BhRl | IR ek o
conponendf e kilorihitad opaniclosmpbdndsiduasisihotkatbonGeaidhldridden@r ei n the rare
earth materjal conponent is selected from | anthanu neodym um

pr aseody fictlerocthge rfthy! ghlogiden b whighlorogthame, aﬁ%é’lr?eir%nlj)r@ffth@eai m 14 wherein
the rare earth material conponent is |anthanum 16. The nethod of C aim 12
wherein said nolar ratio is between 0.1 and 10. 17. The nmethod of C aim 12
wher €3 n 2@ Ghemlethiod A Clami K Widreimen2-Hichtdodihane3@ndi@ted Th@aidwédecidg ekep @ ai m 12
wherein one.said chlorine source is selected fromat |east one of a

chl ori naP¥dfistHeRsAle and a chlorinated ethane. -57 WO 01/ 38272

PCT/ USOQ' 27689 19. The nethod of Claim 12 wherein one said chlorine source
is selected fromat |east one of the chlorinated organic conpounds

consi sti A dhe mathiodof Cétimalhwhereniel ,2-djchlorditbdrieqgeoertatedrie saidtréacting kepiis de,
l,l-dichlo%ggfpane and 1,1 2-trichloroethane. 5 20. The nethod of Claim 12
wher ei n PUBIeH OB TGV IE fRSHATHEIET ated in said reacting step is purified for
sal ejp 21. The nethod of Caim 12 wherein 1, 2-dichl oroethane generated in
said reacting step is_ purified for recycle to said reactor. 10 22. The

met hod o#2.ClTh¢ methpd wh &laimnl 21wherdinch?-dichbaroeihanegesnenateddu siid reastidg stepdt i ng
step is ﬁﬁ%&f&ﬁgm%ﬂﬁ ﬁ{ggﬁgpguhﬁma vinyl furnace. 23. An apparatus for
nanufactBring VI ny CRIOT | g, conprising 15 a first reactor for generating
a first reactor effluent streamby catalytically reacting together ethane,

et hyl ene, oxygen, and at |east one chlorine source of hydrogen chloride,
chl ori ne,23-010‘n apparatus for manufacturing vinyl chloride, comprising :
15
a first reactor for generating a first reactor effluent stream by catalytically reacting together
ethane, ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or
a saturated chlorohydrocarbon, wherein the molar ratio of said ethane to said ethylene is
between 0.02 and 50;
20

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

chloride stream having a second portion of said hydrogen chloride;

25  means for separating said first raw product stream into a primary lights stream and a second

raw product stream;
a second reactor for catalytically reacting essentially all of said first portion of hydrogen
chloride in said lights stream to provide a second reactor effluent essentially devoid of

30  hydrogen chloride; and

means for recycling said second reactor effluent to said first reactor.
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a saturated chl orohydrocarbon, wherein the nolar ratio of said ethane to
said ethylene is between 0.02 and 50; 20 neans for cooling and condensi ng
said firswooeaevnr effluent streamto provide a first raV\PCﬂUsd]mBS%tream
having a on: Of n.chloride nd raw.cool ed hydrogen
chl ori dezist ?‘@%nﬁﬁ%ﬁs &&am?% %&Q}é}%ﬁ g Feagidr Bigs C}%‘y&¥56§%rﬁprc}ﬂf‘%?|r%{8 f2% nmeans

for Sepafratdriagccﬁﬁpd‘heﬁl Mﬂh thcaptoprsodhmtthéédtzﬂ?mls ubetadtifly @ of ikdrddilds stream
and a second raw ﬁroduct streanm a second reactor for catalytically

react i ngC¥PseAtd With fhefurthesrprawisejthat when tsraresarth matsrinl sgmponephisseriv® i n
o7 90 PRaB P AMHELANAEAG: RaSBRORd FRCLAM RLLHH A ERSRI S hoh devo! @

of 30 hydrog or | means recyc sali cona reactor
efflUﬁntcmnnmald first reactor. -58 MD 01/38272 PCT/ US0O0/ 27689 24. The
apparatus of Claim 23 wherein said reactor uses a catal yst conprising a
rare earth material conponent, with the proviso that the catalyst is

subst ant bal frye Iilgﬁ?atﬁ)sf of! G181 ?ﬁ] U he PR rard M rthinfdfe f 8%1{135&%?{5 s@{egéégﬁ'ﬁqné ?at

when the rare mat eri al conmponent s cerium e catalys

conpr i seknttanhmastodymiumppreseodymivmarant nimtuees théreconponent ot her than 5
cerium 25. The apparatus of Claim24 wherein the rare earth materi al
conmponent is selected from |anthanum neodym um praseodym um and

M Xt Uy €S26 eheDfparatés c?fQIlafﬁlT'QS %@ﬁa‘i@fﬂé%m@fea@) Maerizd c¥h 6[%11913“5'[&115[%2@ earth
material conponent is |anthanum The apparat us of O ai m 23 wherein

said nolar ratio is between 0.1 and 10. 28. The apparatus of C aim 23

wherein i & ol ar ratd ratus of Caim
23 vvherelﬁ‘rit gplea%pgf%us Iéi)]?]ir%%?sg“ﬁfeé%sqlgmé)ngr&tf%ﬁiﬁ%%f’&hle?%g one of a
chlorinated nethane and a chlorinated ethane. 30. The apparatus of C aim 23
wherein one said chlorine source is selected fromat |east 20 one of the
chi ori na?®dThe gpmsratuciiaiomda vosren sid pylanataisthsivaecatlradii. ori de, 1, 2-
di chjgproethane, ethyl chloride, 1,1-dichloroethane, and
1,1, 2-trichl oroet hane.

29. The apparatus of Claim 23 wherein one said chlorine source is selected from at least

one of a chlorinated methane and a chlorinated ethane.

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

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

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

between 0.02 and 50;

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

stream having a second portion of said hydrogen chloride;
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31. An apparatus for manufacturing vinyl chloride, conprising : 25 a first
reactor for generating a first reactor effluent streamby catalytically
reacti ngwogeser et hane, ethylene, oxygen, and at IeastPUIVEﬁM7&9i ng
source - ! ' - | or nocar bon,
wher of n TRASIS, @B il Ry pERLE W iy o Bn P hioHE e VR BN "G
and 50; @6nomanmodwtt seexm,iangtiahdhlocde enﬂ&irr]mgt asal ,d—dfi&:ﬂlsﬁoeﬂ@mbtahd er]fahk-uegt
streamt ‘qyide a raw product streamhaving a first portion of sai

hydr ogenEET%‘g‘X‘i’rGEthé{lr?Be gllepé‘?ﬁ L58Mea Ry dicBIgEssthanr sirpae a heavies sirepiy. ang 2a
second P QR b8 A0BGROR BF Ofi idron 8PN/ 38272 PCT/ LS00/ 27689
nmeans for~ separating sald raw product s re§n1|nto 4 water product stream a
vinyl5 chlori de nononer product stream an ethyl chloride strganl a
cis-1,2-dichloroethyl ene and, trans- 1, 2-di chl oroethyl ene bl ended stream a
S oG D e A sy ChIBIHAE ST AT SO £ E09 8hm havi ng
sai d firgidro@ntdnfitidefsyeahd hydrogen chloride; 5 nmeans for recovering an
anhydr ous hydrogen chloride streamfrom said raw cool ed hydrogen chloride
stream neans for recycling said anhydrous hydrogen chloride streamto said
reactor as_salid 10.hydrogen chloride reactant; a secqnd reactor, for

catal yti 15'8?118310 %eﬁxai'ﬂ%a‘é‘s@ﬁﬁ?ﬁoa? ﬁv&rggefn orcgisafe?@rtglsm 5P Stidhy dr ogen
chl org denydiogedl dhldriddht sty eam to provi de a second reactor effluent
essentially devoid of hydrogen chloride; and 15 neans for recycling said
second reactor effluent to said first reactor. 32. The apparatus of C ailm
31 where] i r 3 caommti si.ng .a rare eaft mat eri a
corponert eeayt FeebRE st frlh LSSt R DY Buc e R Aol o [ on
and 20 cepéde iandiddights dileemftopidiede Psedvhd eeativatfflesestdigialladevaaiof h

material co on%nt,'s cerium the catalyst further conprises at |east one
nmor e rar@“@g£¥‘ Hﬁﬁ%i@&ﬁ conponent other than cerium 33. The apparatus of
Claiyg 32 wherein the rare earth material conponent is selected from

means for recycling said second reactor effluent to said first reactor.

32. The apparatus of Claim 31 wherein said reactor uses a catalyst comprising a rare earth
material component, with the proviso that the catalyst is substantially free of iron and

20 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.

33. The apparatus of Claim 32 wherein the rare earth material component is selected from

25  lanthanum, neodymium, praseodymium, and mixtures thereof.
34. The apparatus of Claim 33 wherein the rare earth material component is lanthanum.
35. The apparatus of Claim 31 wherein said molar ratio is between 0.1 and 10.

30

36. The apparatus of Claim 31 wherein said molar ratio is between 1 and 6.
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25 | ant hanum neodym um praseodym um and m xtures thereof. 34. The
apparatus of Claim33 wherein the rare earth material conponent is
| ant hanurwo 083%827The apparatus of Cl aim 31 wherein sai d nobPar/us@uizess s

ot voen 9, 1y lim TG0, St MR it P

appar at usneodf ddhdorinaitd mirasss andanchlardiatedodihanel ne source is sel ected from at
| east one of a chlorinated nmethane and a chlorinated ethane. 38. The
appar at us of Claim 31 wherein one said chlorine source is selected from at

least  S3@nenOlpdafifucdt @b i anﬁ%g% f on

t et rachl or| de, pf,td d| C g?ggtaﬁgne &w%y(f chl ori gr&q§§éjl.éé& Iglra(gz tgne, and
1,1, 5t r orehofaheeilhenaed 8@anivi cnmpoumﬂsmondetmgamﬂdemuetmi:hhmda hRocess

conpri si { he st eps or effluent stream by

cat al ytl‘é&1 {loerﬂéaé‘&‘?waqlﬁﬁ’éif’h ner gthg‘éc’hwiﬂ;zeggéw&éhamand at | east one

chl orine source of hydrogen chlorlde chl ori ne, a saturated

chl or ohydr ocar bon, wherein the nolar ratio of sai d et hane to said ethyl ene
i s betwedh Uirof.l_’chlaride sRnufastuddlyi aproessd compdeing ithegstepaiod: fi rst react or
effluent streamto provide a raw product stream having a first portion of
sai d hydrogen chloride and a raw cool ed hydrogen chloride stream having a

secoryl pgédetRihgaf firsereatbystoas Rusdth *B&'cdﬁl tiRSIPAfeathfkoghét ertmepétﬁ Eﬁé
streaminto a vinyl chloride nonomner uct streamand into a I'i’ght's

st r eam hexygss, 3wl lqaptrane chlorine spurge of @om@g&@ @hipum @easetatemq/tu cal ly
react ' ngctfi&%%%lﬂ[ogiujgérf%sv!/l%égfl tl?eeﬁjnglai btl‘%tofggldteltl?aglf: ?c]; S gt'hoeﬁg [1 he*:t\?ngé d@g# n said

ghts rea second reactor ueht d of
hydr ogenaah$®@ri de; and 25 recycling said second reactor effluent to
catalytically react together with said ethane, said ethylene, said oxygen,

and said chlorine source in said generating step. 40. Vinyl chloride

pr odigedoRyin %Qﬁd PBAdeAGn S SaiP Rl R R Por Uil B &) [ﬁ@{/l@l}e Wb Brddiicf GAGH] N9

step uses a Catalyst conprising a rare earth nmateria onent, wth the
provi so hévang a Fiest peﬂlooaﬁam;i@wdnogelsulldstlémndaa tay ¢aodasl qudrogemrchmmﬂecstrpmar and
with the further rowso gre earth material conponent is

ceri um t AY"%&¢ 85 ‘ilp?lﬁllof]l?i?algg%ﬁpg?é&qg? $east one nore rare

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

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

catalytically reacting essentially all of said first portion of hydrogen chloride in said lights

stream to provide a second reactor effluent essentially devoid of hydrogen chloride; and

25  recycling said second reactor effluent to catalytically react together with said ethane, said

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

40. Vinyl chloride produced by the method of Claim 39 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the

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

earth material component other than cerium.
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earth material conponent other than cerium -61 WO 01/38272 PCT/ US00/ 27689
41. Vinyl chloride produced by the nethod of Caim40 wherein the rare
earth nmatveobass27zonponent is sel ected from | anthanum neoRgIUSN 27689

pr aseody. t f | [ hy the

et hod. of of Rl bbeed i 3he Blenog i b iG wAGE R B LRAN LAY

| ant hanuompkienivs sglkcted from ldethprumadueedyhinn, peassed ynoidmg indChndvk tare8 Shesbt ei n
said nolar ratio is between 0.1 and 10. 10 44. Vinyl chloride produced by
the method of Claim39 wherein said nolar ratio is between 1 and 6. 45.
Vinyl ¢ r t i chl orine
source 15 SaLNGHT BRI g R A MAHANEL el AR 2

chl orS nateapaehandantifmuts. Vi nyl chl ori de produced by the nethod of Clalm
39 wherein one said chlorine source is selected fromat |east one of the
chl ori nated organi c conpounds consisting of carbon tetrachloride,

1, 2-di Ch&?"V%hé’rﬂ@nd@%ﬂ&the@*ﬂﬂﬁé ARetholl-of CRAiFIMPLAEENARR mBRE - %1011 Petween
trichl oroet hane Vinyl" chloride produced by the metho ? Clarm 3

wher ei n @12ndil8hl or oet hane generated in said reacting step is purified for
sale. 48. Vinyl chloride produced by the nmethod of Caim39 wherein

1, 2-dichl oroethane 25 generated in said reacting step is purified for
recym e 40 Vilyllchl8a8¢ piodudt.by\héletholdl 011 sieh P9 RHbrefkalymbhe rdRtiD8gwekn C ai m
39 wherein 1, % di chl oroet hane generated in said reacting step is purified
for crackpid®in a vinyl furnace. 30 50. Vinyl chloride manufactured by a
process conprising the steps of: generating a first reactor effluent stream
froma reactor by catalytically reacting together ethane, ethylene,

oxygen, 4hdVaiyl tidadde produedbgrthermetodrot €lsim 3y dhegmonehhidr dhil@inesbheiine, or
-62 WO 01/ 3827f20 PCT( US00/ 27689

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

15
46. Vinyl chloride produced by the method of Claim 39 wherein one said chlorine source is
selected from at least one of the chlorinated organic compounds consisting of carbon
tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-
trichloroethane.

20

47. Vinyl chloride produced by the method of Claim 39 wherein 1,2-dichloroethane

generated in said reacting step is purified for sale.

48. Vinyl chloride produced by the method of Claim 39 wherein 1,2-dichloroethane

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

49. Vinyl chloride produced by the method of Claim 39 wherein 1,2-dichloroethane

generated in said reacting step is purified for cracking in a vinyl furnace.
30  50. Vinyl chloride manufactured by a process comprising the steps of:

generating a first reactor effluent stream from a reactor by catalytically reacting together

ethane, ethylene, oxygen, and at least one chlorine source of hydrogen chloride, chlorine, or
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a saturated chl orohydrocarbon, wherein the nolar ratio of said ethane to
said ethylene is between 0.02 and 50; cooling and condensing said first
react or afdbussrz streamto provide a raw product stream SPaBwseIR7689 i r st

portion i drogen chloride. and a.raw.copel ed hydrogen chl oride stream
havi ng aé)gsaé'gr%{neg Cg%orr?}il}gﬁo%a%boéla?v ¢ i/@#’géléorxarcrﬁfl%Pfﬁé&e@gﬁ%ﬁpgﬂdnﬁﬂ%lﬁ?edlsr aw
product Bdtwean.0ptad gowat er product stream a vinyl chloride nonomner

product stream an ethyl chloride stream a cis-I,2-dichloroethyl ene and
trans-1,2 10 dichl oroet hyl ene bl ended stream a 1, 2-dichl oroet hane stream

a heavi es, a |l I ald first porti of said
hydr ogenéoc? Elﬁlg?ilﬁl e?r?dr%g(s:lg%éllg E%ﬁé?\a%gdr’{%y re%ﬁé’t’r%}%fo grg\ﬁlds RIS ip&ﬁécfugfs?g:gm from
sai d & avhavaed eflrsopditiogef saitihgdiogen clsibfiéamd 4w esy&l hhydgognihlriibkHEaHS
hydrogen chl oride streamto said reactor as said hydrogen chloride

r eact ant D2Vang 2p6ren¢ BPTEN Of sad hydrogen ehlesigeien i n an oxychl ori nation reaction
essentially all of said first 20 portion of hydrogen chloride in said
lights streamto provide a second reactor effluent essentially devoid of
hydr ogensephtating d&ifl raw pradacytichmgn®ai Wasepoddctrseashpa viekf dhieide hongaéd
reactor. 25 51. Vi n%/l ﬁqlcﬁ i,o(lig groduce_d by the nethod of C aim 50 wherein
sai d cat BPJYTISHPIN): PSRy B’” SHPAMeEs-3- Zcdichloyesthydenepinddiang-122-r are earth
mat ey al 4iERIRRASKne Biédded sHEarR! LV 5 A% hi Bl hitSstreG At 2h¥slies s%r\%ixﬂ?ﬁcﬂi‘ﬁglﬁk' y
free of iron and copper and with the turther proviso that en the “rare
eart h nastesaimahavonghohérst porsion of sairhydregomttddydst; furt her conprises at | east
one nore rare earth material conponent other than cerium 30 52. Vinyl

chl oride produced by the nethod of Caimb51 wherein the rare earth nateri al

CoNMponenfechveri@l a@GhBHIrbl ORY drégeinbAlbHEe sREAHY I 8id PAASEAEY AY d#8Eerddiiborilext Ur es
thereof. -63 WD 01/38272 PCT/ US00/ 27689 53. Vinyl chloride produced by

the nmet hB¥aBE Cl ai m 52 wherein the rare earth material conponent is
| ant pjanum

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

reactant;

catalytically reacting with oxygen in an oxychlorination reaction essentially all of said first
20  portion of hydrogen chloride in said lights stream to provide a second reactor effluent

essentially devoid of hydrogen chloride; and
recycling said second reactor effluent to said reactor.

25  51. Vinyl chloride produced by the method of Claim 50 wherein said catalytically reacting
step uses a catalyst comprising a rare earth material component, with the proviso that the
catalyst is substantially free of iron and copper and with the further proviso that when the
rare earth material component is cerium the catalyst further comprises at least one more rare
earth material component other than cerium.

30
52. Vinyl chloride produced by the method of Claim 51 wherein the rare earth material

component is selected from lanthanum, neodymium, praseodymium, and mixtures thereof.
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54. Vinyl chloride produced by the nmethod of C aim 50 wherein said nolar
ratio is between 5 0.1 and 10. 55. Vinyl chloride produced by the nethod
of Cl ai mveOowsserei n sai d m)l ar ratio is between and 6. P(m/USﬁ)jzﬂmnyl
chlorlde r of .Gl a ne said chlori

source 1 & LEERafds pEER NEfe Feyina ity 1Y Shelch 8 P Enh B &
chlorlnat@ﬂpﬁkha@emnﬁﬁmnV'nyl chl oride produced by the nethod of C aim 50
wherein one said chlorine source is selected fromat |east one of the
chl ori nated organi ¢ conpounds consi sting of carbon 15 tetrachloride

i o or S5t naLenEgaf b Aol ChESTHABIATRE Bl sfiohBrmess

wher e n 0J2mdﬂ0h|oroethane generated in said reacting step is purlfled for
sale. 20 59. Vinyl chloride produced by the nmethod of C aim50 wherein
1, 2-di chl oroet hane generated in said reacting step is purified for recycle

to said ?_?g_ﬁ ! Cﬁll'tlggde %((RMEC(P@ i %ﬂtoﬁr&gﬂgﬁgS@ Ht%‘liar%tloqs%emegg

wher ei n or oe ane 5 generated In sa| rea |ng tep 1's purified
for crackiang6in a vinyl furnace. -64

10 56. Vinyl chloride produced by the method of Claim 50 wherein one said chlorine source is

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

57. Vinyl chloride produced by the method of Claim 50 wherein one said chlorine source is
selected from at least one of the chlorinated organic compounds consisting of carbon
15  tetrachloride, 1,2-dichloroethane, ethyl chloride, 1,1-dichloroethane, and 1,1,2-

trichloroethane.

58. Vinyi chloride produced by the method of Claim 50 wherein 1,2-dichloroethane
generated in said reacting step is purified for sale.

20
59. Vinyl chloride produced by the method of Claim 50 wherein 1,2-dichloroethane

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

60. Vinyl chloride produced by the method of Claim 50 wherein 1,2-dichloroethane

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