THI OETHERI FI CATI ON PROCESSES FOR THE REMOVAL OF MERCAPTANS FROM GAS STREAMS
Field of the Invention 1001] The present invention relates to
thioetherificati on processes for the renoval of mercaptans in charge gas
streansl n one enbodi nent the invention relates to thioetherification
processes for the renoval of ntreaptans using a catal yst conprising

pal | adi um and sil ver. Background [002] Thermal cracking of petroleumrel ated
materi al s produces a variety of organic chem cal conponents, including

mer capt ans. One of the products of the thermal cracking process is a

gaseous st reani IO BHE R W ICA TIOSIPROEGESSESFYTTHEREMO¥NL, Pnt ai ni ng
various Cl to Co hydr OC%EWAPW!(&gQﬁ@OMQ}%Tﬁﬁ%Wr ocar bon portion of

t he charge gas stream contarns a N xture of oterrns, drol efins and

attetyl enic conponents. The charge gas stream al so typically contains
various sul fur containing byprodhiddofghe fiyenttamacki ng process, including
117S and vari ous nercaptans, such as nethyl, ethyl, propyl and butyl

mer capt ans. 10031The charge gas streamresulting fromthermal cracking my
contai n conl@8ht r at i ohBe psp Ny LD OVatp MRS Progersealet dseara!l known
to poi son or deactivate noble netal selective hydrogenation catalysts. The
presence ofofmepicapiansy cwrser sutsampe lof ¢@ctlﬁbf@¥i@@§, dadinygrfien gelalgqtal ytic
hydr ogenati on reactors, essential parts of conventional charge gas

purifi cati ohicatdifzepar atdceniepiondes sepyalExi wticagans awsigi « cadyUisbeprising
technol ogy of charge gas streans effective for renmoval of [i2S and CO,, is
i nef f ecti vepaladiuhhed sibepval of nercaptans. 1004] Most i ndustrial processes
can tolerate nmercaptan concentrations of up to 1000 ppm defin selective
hydr ogenati on systens are designated as either "front-end" (upstream of
hydrogen renoval ) or "back-end" (doBagtarewnsh of hydrogen renoval) In
conventional back-end or front-end ethyl ene plants, the nercaptans are
separated fromthe charge gas by distillation before they reach the

hydr ogenat i [8#2]st age. Theimshekeclkdng ofyestrelgem-relefed tronterhids poiiqepg poicht obf

mer capt ans, the nercaptans are contained within the C5+ stream and

t her ef or e emeknigpchiericaheompyapass.sndbding matchmmmnss dyei A ihcamaguctsradrihe Hermal

hydr ogenati on catalyst. In the first stage of the pygas purification
section, |iqukdhgphrases by droagenatirom,itgpipelyf ofemed tass rig“dalye ghs Pdeat20. 499 or
a N -based sul phur tolerant catalyst. In the second stage of the pygas
puri fi cati cenpinbgessipug@stoghagdotayidmedegwighandi Xt iTha hydb@8)onipsrtpenf or ned
using Co-M> or N -M catal ysts specifically designed to reduce total

sul phur to thechargeoguslsewt@h sontains a mixture of olefins, diolefins and acetylenic components.

The charge gas stream also typically contains various sulfur containing byproducts of the
cracking process, including H,S and various mercaptans, such as methyl, ethyl, propyl and

butyl mercaptans.

[003] The charge gas stream resulting from thermal cracking may contain
concentrations of up to 1000 ppm mercaptans. Mercaptans are known to poison or
deactivate noble metal selective hydrogenation catalysts. The presence of mercaptans can
reduce the effectiveness and life of catalytic hydrogenation reactors, essential parts of

conventional charge gas purification and separation processes. Existing caustic scrubber



[005]In one type of front-end system where the overhead of a depropanizer
is fed into a front-end hydrogenation reactor, only nethyl-nmercaptan is

| i ght enough to have an effect. Because the concentration of \

met hyl -nmercaptan is normally in the Iow pprn level at that point, it is
expected to have sone effect, but this effect can he mnimzed by the use
of higher catal yst |oading or higher operating tenperatures. The rest of

t he nercaptans and ot her sul phur conpounds are elinmnated in the pyuas

stabilization section as previously described, 1006 d.ndust rial
processes cﬁﬂﬁ8§g¥8fgpéF§aﬁﬂF@Q5F[hdeﬁﬁ‘éﬁTPﬁ@Pb%g>%¥§3gfﬁdngﬁﬁﬁﬁfﬂpm
These processes, such as the front-end CD-Hydro and ol efin netathesis
reactions, WEHHPE VEEFPBE 1 evel s of mercaptans in the feed. In the
front-end CD-Hydro process, hydrogenation takes place top,ether with

distillatiaﬁ %efore kﬂg hgavl§r nercaFtan§ have been rempved. The CD-Hydro
catal yst, Mh is aMsblndusied AroeRERrFs PG AT AR FUIEM YO Tl t Pat ed

unl ess nerc&gtans have been,r? ved fromthe fegd,As % result, it is
preferred t HRP pRBy eQfsfafcrgialgdiopenaien pakls aredstenteheshticat e fess t han
5 ppm A traditional solution used cormercially to renpve oxygenates and
sul phur conBtnas & romscrsuraRarlbsh Weksats(dpeniisaape Sy bepcgiary bed made of
a zeolite material. This is not a viable alternative for these processes
because t heconveghionadekapitoy figrt-aR&thylsas plantgdle PesePisrre Totited Hemped,
rapidly making it ineffective. [007] The olefin nmetathesis process al so has
very stri ngdnteegegu digtanesbdor thepecarh thedptapcabyeitage] i pass-chéadicnBased on
their boiling point, certain mercaptans, such as nmethyl and

et hyl - ncr eapiean the piding oainadimedcaping, e re4captaas im centpipgtnvitiathef(egdscanhe
met at hesis reactor. Currently, an adsorber bed with a zeolite nol ecul ar

si eve mat erdndl thirsfous e tp in éhoyeeaexipgdnaioesseaims swlyphorn Gorpduadstidromthis
stream However, mercaptans can potentially |ower the effectiveness of

t hese guar ccabiyds hahoXpgenst  thepggeapuriiRemserignt gl drerasaptdasezesoivpounds
upstreamfromthis process in the charge gas treatnment area will reduce the
absor bent vekfumeedretgi alegied (<ndo) rarddseedtshiphef blechi wenes sinohe tdebsl guar d
bed i n oxygenate renoval. 10081The extraction of nercaptans from

hydr ocar borstgkr eams pgeaw weilfiyatioh agrbies€ dgds nphaed ihpdmdesulpheiaomelDEalid y known
process, MEROX At), is described in U S. Patent Nos. 2,988,500, 4,626, 341
and 5, 424, Q&kiforeaickingfComib o Ni-8oharaRy spadapodaizael byedice efl elpee in its
entirety. MEROXO, as well as the related Thiol cx process, uses caustic
regener at i opraRd hag, been used in fuel gases, cracked gasoline, 1,PG
streans and heavier fractions. These streans are nostly liquid and have a
relatively low olefinic and diolefinic content (i.e.. they are not very
reactive). [Gosirge gas omeiyfche frohthmt syradg] wheash@owieyd bl glepobafiicnisdedcont ent
with a significant anmount of diolefins and acetyl m1.es making these
scrubbi ng meichogsntichghi@6tdniigon £RALH] Iy eleh®r-mbrchptarcdllighterdagh beaare used for
the renoval of rnercaptans fromrefinery streans. For instance, U S. Patent

No. 6, 231, 78R( tHieaRPtHechn@fioWldt Ghihlsmbesebys haraRnpor @t et fyn Icefiar ence)
descri bes the renoval of nercaptans froma |ight naphtha stream as part of

a Catal ytigqpfisti lil @i RBeh ki OSdthd &TebZ BLtAN MM PERIR MBIMNELddyNhe RaSed
catalyst. This process takes advantage of the thioetherifieation reaction

For “sul phury;pemovial o \baidod PRHLBpedfinh 8aYkra UL P M SREGIRSMELIRARERE S and
their remova thﬁough tﬁépggﬁégngmbfm?he %%talytig distillgtion col umm.
However, thgLisaih e RARRECACLEARLIRENAR SIS Okl LEEANG! AOviols, onl y
ef fective ?ﬁ?kéﬁﬁéﬁb I ?ﬁm%ﬁﬁﬁgﬁﬁﬁgu g??@ uréhgeﬁe énd(?sopreg% %aﬁ/react
W th nercag%gg%e%o produce thioethers such as butyl-ethyl or C5-ethyl
sulfide. U 'S’ Patent Nos. 6,849,773 and 6,919,016 (the entirety of each of
whi ch is hereby incorporated by reference) describe the sane process for a
C4 stream



[0010] U.S. Patent No. 5,851,383 (the entirety of which is hereby

i ncorporated by reference) describes a diolefin

hydr ogenati on-thi oetherification process over a N -based catal yst on a
C3-05 FCC stream A conbination of a fixed bed hydrogenation reactor and a
distillation colum are disclosed for the renoval of heavy sul phur
conponents. This systemis a back end systemin which hydrogen is fed as a
separate stream at a lowlevel, wth the C3-05 streamin a fixed bed
reactor. The feed streamused in the systemdescribed in U S patent No.
5,851, 383 i H¥0fuch | owemeiHupEY PFGouc SRl KCTR 41T CHAR HRCEHQIOPSEOMP 5 such;
there exists an ongoing and unnet need in the industry for processes to
renove ner cAPVapiEn f r Bgtec RRFHecs g alesh stsr Bartort-SuintrBriyy o9 2nh olafmyepieihess

[0012] The present invention relates to processes for renoving nercaptans

f r om char gercgeins tre@aaweryl lawdens!sad peetaptapthie thalesat TomerfengewsCPdlalrpr ocess
conprising the steps of feeding a gas phase m xture conprising hydrogen,
hydr ocar bongrogasel hydnogapti@niskeswhice et tierntidikdijtman@defdry the dpacirexrragpehs as
diotefins and acetylenics, to a reactor conprising a catalyst which is
capabl e of batatgnzingvetihdht ADaétdherad yseathiadins ohomemeaptaghst, tan thhicted bers to
produce El reactor product m xture; feeding the reactor product mxture to
a distil | at booteautinatedcomgss ingraagta@nhayppedn seoledhoante decdower a sealtj oris whi ch

i s capable of separating |ower boiling point hydrocarbons fromthe

t hi oet her s Watred mhat herdapwerievesi ini thg f@oiad ahydicacatibonsssathen sufisd.anti al |y
contained in the upper section and the thiocthers arc substantially

cont ai ned i Madithmall OWEBbn sQAticbame@dndy fReAYRT dxygeratte ahdwBIhub@inl JotgdsFint

hydr ocarbons fromthe upper section. [0013]1n another aspect, the invention
rel ates to wydpice®es Sudafs ik emadongr pRk€ Bt @G SONRoligl Ngertdne TaisEPSot0f
feedi ng a gas phase conprising hydrocarbons and nercaptans to a

di stillati ofabl@hiter @I HeBprbdehse@bdchiiss thcaRirAk Yt i\ B8 cHaszeGapabl ¢i10f
catalyzing the thioetherification of nmercaptans to thiocthers, (ii) a gas

phase m xt ufg hesd, RRIIN maldndi (efridiv@n upper section and a | ower section.
The distillation unit is capable of separating | ower boiling point

hydr ocarbons fromthe thioethers. The |lower boiling point hydrocarbons are
substanti al jog7icont ai mae olefin hlt@HEBP @FoceL Glso s 3R strli@chihtQ@tRens far ke
substantially contained in the | ower section. The feed point is positioned

bet ween t hemficsin LAlAlYEL ad BRI bOWRL RaG Rt 2ndainNBetHMRE, POk hi ng
poi nt hydrocarbons are recovered fromthe upper section. 100141l n yet

anot her aspgghyl it ehPL S MHiar, MY @R ih@lcat SelRu@aRHRERES (hOMmehRRYI NY
mer capt ans conprising the steps of feeding a |iquefied petrol eum gas

m xture COnpLdisi n@ur‘i‘éﬁﬂ%ﬁ&fiécﬁg&@r B0 IR L CRRH NS QLR slef@RRhiaCRMREA 34 NT @

catal yst which 1s capable of catalyzing the thioetherification o

Mer capt ans Je%o%{ié%%ﬁ%sa&h SHIBmgH& oifhdf ‘Fr@r%ttﬁirs sﬁEa‘?ﬁ“F{Bw@M}&f&@a té@(@%érﬁi n the

reactor is supp rogen gas, feeding the reactor product

m xture to LSt | ' LS p t] n | r
Mot on i B LA bl sl e A RRRL S e L AN A A LT
Lo o SRR RIS OO T DL Il DA ORRLP0RE B ©
At o BB Bk el P ST e i O L QMR s LS by

ons ro
in oxygenate removal.

{008] The extraction of mercaptans from hydrocarbon streams is widely practiced
in refining. One commercially known process, MEROX®, is described in U.S. Patent

Nos. 2,988,500, 4,626,341 and 5.424,051, each of which is hereby incorporated by
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10015] One advantage of the present invention is that nercaptans present in
charge gas streans, including liquefied petroleumgas, at relatively high
| evel s, such as about 1000 ppm are reduced to relatively lower |evels,
such as about |ess than 5 ppm The ntrcaptan reduction essentially
elimnates the poisoning effect of these nercaptans on sul phur sensitive
processes and materials, such as the CD-Hydro catal yst and netat hesi s
catal yst, nmaking both nore efficient and econom cal Another advantage of

the present invention is the reduction of |ight captans, such as the
reducti on of!HECHN InETELbt ’W%&érﬁn‘f@“&fdk% Cé%‘ﬁ@f@@é’h‘i?& t B F85¢t or s
when used between the front-end, depropani zer and the g{dro‘g}en@ﬂ on. reactor.
Li ght mer cajseas ey trd has Pesmpsediielict Hees fipgked gasolipe G tHEADS 44t NHEs e
front-end acetyl ene converter reactors These advantages are given_ by way of
non-1 i miti niacéikesplibess serAnys aramastidiiotd B arvereRBH YYSs loahel cTau Akt Byelénini 11 be
readily apparent to those skilled in the art in view of the description set
| ort h her ei ¢pnteBy {iaf tBr g ipteomestivOhEpiawrngs thoohglrnGURE 2 Fepyshigh

schematic flow chart illustrating an enbodi ment of the present invention
for the renuvialic chniprercidlptasisnibyant hinoet hdrdiplctey pesh ac001IF1IPRICIURES is a
schematic flow chart illustrating an enbodi nent of the present invention

for the renpwabinginchedemptfemse.by t hi oet herification wherein a first
catalyst is used in the formof distillation packing as a lower bed in a
catalytic distillation reactor. [0018]FIGURE 3 is a schematic flow chart
illustratin@0%n enbodhivethtrilshtiarhéapbessepntediinydhi irgpovab ol tragcapemp ViEI™ of
mercaptans fromliquefied petrol eum gas feed by thioetherification.
Det ai | ed Destndrpsircamsofot instancayéSt Paent No04.9} The (recsnéirety oinvlaelt isdarebel at es
to th oethe Tication processes for the renoval of nercaptans in charge gas
st r eans. Conwemnpérandlby cafssinb®, sorilpbahe systvelns! awmdapidsofrphi @hghtewhhihgues
used to renove sul phur from charge gas streans have very | ow nmereaptan
removal capabhidsypartTéfea laeseint DistiNeging iFydrgsnidwizdes: pocess mpmewetii-basephur
renoval from these streans.

catalyst. This process takes advantage of the thioetherification reaction for sulphur

removal via formation of heavy sulphur species components and their removal through the
bottoms of the catalytic distillation column. However, the liquid phase reaction
mechanism for this technology is only effective for diolefins. In particular, butadiene and
isoprene can react with mercaptans to produce thioethers such as butyl-ethyl or Cs-ethyl
sulfide. U.S. Patent Nos. 6,849,773 and 6,919,016 (the entirety of each of which is hereby

incorporated by reference) describe the same process for a C4 stream.

[0010] U.S. Patent No. 5,851,383 (the entircty of which is hereby incorporated by
reference) describes a diolefin hydrogenation—thioetherification process over a Ni-based
catalyst on a C3-Cs FCC stream. A combination of a fixed bed hydrogenation reactor and a

distillation column are disclosed for the removal of heavy sulphur components. This

system is a back end system in which hydrogen is fed as a separate stream, at a low level,



(00201 The present invention differs fromconventional systens and
techniques in at |least the follow ng way. The present invention uses
reactions between conponents already in the charge gas to renove sul phur
The thioetherification reaction renoves nercaptans fromthe charge gas
stream by converting themto | ess volatile conpounds which may then be
readily separated fromthe charge gas streamby fractional distillation. In
particular, the reaction joins the nmereaptan to ol efins, dioletins, and/or
acetylenics contained in the charge gas and produces higher nnlecular

wei ght t hi o&thée-Grigay dsufiyed by Ieﬁﬁ@ r' @8 ACE B oHEE tﬁﬁ REGPElESIREt i si ng
hi gh boiling point thioethers. 100211Thi oet herificati on has been used for
the renoval of-Sneaierapipan® 11384 i mechilapsaryn sedieamecichthehehapagses The present
invention differs fromthe prior art thioetherification processes in at

| east the follow ng ways The present invention can effectively reane

ner capt ans 408k f eed AFasicBoipEsPtiitons GBeite copise neidghi fliec laﬁwy i gher
olefinic and diolefinic content and wi der nol ecul ar wei ght ranges, such as
hydr ogen gaBrogEsers @ reny VBRIt dnbdnRe ehatictannot ef fectivel y be renoved
by prior art processes. The present invention also uses a catalyst
conprising palladiumand silver as opposed to N -based catalysts used in
the prior art processes. 10022ﬁﬁw“ﬂW3‘ﬂHHHﬂWWﬁWﬂ the present invention
invol ves a process conprising the steps of (a) feeding to a reactor a gas
phase m xture conprising hydrocarbons and inercaptans to produce a react or
product ni xt0tE, wher'df rh”@%ﬂtdn‘feé‘é‘b“t GRIE IAPFICeEs QT EHRAIRESTCRARMN YD capabl e
of catalyzing the th octherification of nmercaptans to thioethers; (b)

feedi ng t heclREsc P d ke PremsRechrtes nyensior Felalss| tp ARSI BRI SEPhg an
upper section and a | ower section; (c) separating |ower boiling point

hydr ocar bonef fedna ¢ #as Phfe FurHECeMRHEREIKIA® NYiRerdBeiRRG mgrcprsaTt which
hydrocarbons are substantially contained in the upper section and the

t hi oet her s @&rechsinbstcaing ispdcioy sednesailinsling And prstyllenger lose etarion comprriang( d)
recovering the |l ower boiling point hydrocarbons fromthe upper section.
100231FI GURBtdyst syhghseévenatrt pcafdypimeahathioeiheliisatiomefi mycaptras énthodibeee  of t he
process of the present invention for the renoval of mercaptans by

t hi oet her i f prodice enedlive pfoded misuch feadingthe hzacye pgds-t strteany a dstiflatign (4i2) i nto
the thioetherification reactor (15) The feed may conprise hydrogen gas,
hydr ocar bonsympmising aot wpsr seadormiandt el @eer tshaioe ofhichThecapabdlr o sephienisg topypt cal |y
range from Cl to C6. The hydrocarbons may al so conprise ol efins, diolefins,
acetyl eni ¢ eohimowods Enidocaibsturfesn ttherepbthdhewhetiaapiansvet ypdilid) |pginconpri se
| i ght mercaptans, such. as nethyl -nmercaptan, ethyl-nmercaptan,

propyl - mer Ciak @b oa drebsitbytantily captaans .in Iud pPhper sl 88 tdchicahekiZae My

al so he present. [00241The nercaptans nay be present in the charge gas
stream at capeenialatdogamegrigahenowdiaRc@douhd TedpPeing Tihpi leatl Yoilihfieompount  of
mer captans present in the charge gas streamis greater than about 10 ppm
and nore twgmgﬁhﬂﬁnﬁﬁ@ﬁﬁﬁh@ sédignpresent in the charge gas stream at
concentrations of greater than about 50 ppm The nercaptan concentration
may be as high as 1000 ppmor nore in the charge gas stream [0025] The
reactor (15)pocynpri ses motat akpest, , ths Uighentisn arefaiexed bBegrocat afoy semolihe

mercaptans comprising the steps of feeding a gas phase comprising hydrocarbons and
mercaptans to a distillation unit comprising (i) a first catalyst which is capable of
catalyzing the thioetherification of mercaptans to thioethers, (i) a gas phase mixture feed
point, and (iii) an upper section and a lower section. The distillation unit is capable of

separating lower boiling point hydrocarbons from the thioethers. The lower boiling point



preferred catal yst of the present invention conprises palladiumand silver.
Preferably, the anmount of palladiumpresent in the catalyst is greater than
about 100 ppm More preferably, the amount of palladium present in the
catal yst is greater than about 200 ppm Most preferably, the anmount of

pal | adi um present in the catalyst is greater than about 500 ppm

Preferably, the anmount of silver present in the catalyst is greater than
about 50 ppm More preferably, the anount of silver present in the catalyst

is greater than about 100 p The preferred nolar ratio of. palladiumto
silver int 'r%ﬁﬁQP@§F’8$B@‘ghbﬁ€§%Wg§P%0%hPW§hSF%W@éﬁ“f&BHLQ%@ﬂ? Y1to
about 10. More preferably, the nolar ratjo._of ,aLIadlun1§ silver .in the
cat al yst of“@W@“ﬁ“é§@ﬁ?“%ﬂ9éﬁ??%ﬁ”?%ﬁ@egh?%8%?&56&?“3“@6 gmﬁﬁﬁh]eﬁﬁ‘wbst
preferably, the nolar ratio of palladiumto silver in the catalyst of the
present i nverRlyoAdanlpes soeom aBdigtlogerdotline apsitydeearbopsroo e WEEd ESE t or

(15) is preferably operated at pressures, tenperatures and in an atnosphere
capabl e of thatmpeyqchgnt he t hi oet herification of nercaptans to thioethers
The reactor (15) may al so be operated at pressures, tenperatures and in an
at nosphere capabl e of hydrogenati on of unsaturated hydrocarbons, such as

di ol ef i ns al!Hcet yI énhyegnothq agpedy BF BICFEH NEFBIGHTHEF O APHECFLATERPYINS
operated at a pressure of between about 100 psig and 250 psig, at a

t enper at ur emefcapitnsPMPRORE the sEBOHE. feadympar usEed pARICE 5 FUUEE WMeFEire is fed
(22) to a distillation unit (25) conprising an upper section (26) arid a

| ower sect i byiir¢capns Tk nreeapewr lopk deRGEOr cainEiting aj @tadyss tihigheld @pethe hat t he
| i ght er hydrocarbons are recovered in the overhead (32) and the renaining
conmpounds, tatdyaidi thg thibétioeitfheios,of exirdapians tohibiobbes darerody®)a reppief piogslly: t he
distillation unit is operated at a pressure of between about 100 psig and
250 ps g, ambawtewperiattlic ecofor aboutplch@Dfedt it 5odogdRr gfse feabing, tht heactover head
stream (32) has a nercaptan concentration of |ess than about 5 ppm The
over head st peamt mEytulawea distitatioapharcosprisentn apparseaion| mgsa tovan sedtiout 2

ppm and in sone enbodi nents the mercaptan concentration may be | ess than
about 1 ppmvhichQ284ableast sdphratinpatowee beitibg gioine nlydrotdieonsrieseribe itmaelntsd, on

i nvol ves a process for renoving nmereaptans conprising the steps of (a)

feedi ng to ahékigtthé ll@bdr Adillbgi foird lyaScpbas are coRpRiidiyngnhydddeahdopgerand

mer capt ans, wherein said distillation unit conprises a First catal yst which
i s capabl e ekiepiml ez innguicheard Rivoekhay ichitgatd @nhofowareseapt; and rdcovering

t hi oet hers. an upper section, a |ower section, and a gas phase m xture feed
poi nt, wher gic MW b BE PRI Btirob&bRR Sl O eshebamg@en the first catal yst and
the | ower section; (b) separating | ower boiling point hydrocarbons fromthe
t hi oet hers wherein the | ower boiling point hydrocarbons are substantially
cont ai ned i potdle UPPEmeS@EhtpNoBRE plehdt hémieh hehst rdreapsinb stesdt inadbhige
contained in the |l ower section; and (c) recovering the |ower boiling point
hydr ocar bongasf i@fhd, hﬁclﬁm@%enq@ﬂ@a ip&ifoleuD Q29 aF HBdRELy 2i IS ledelS ChieaE iabot] ow
chart illustrating this alternative enbodi nent of the process of the '

present i nvenjol Gk, WReFR1ddao fitihSlel,CRI@I ¥Stls,| SichSdbdul 1dshiehah oy ppraf The
distillation packing as a lower bed in a catalytic distillation reactor.

T.he f eed, . SHl%lQaﬁéq ?edﬁaﬁ)rng%segﬁﬁlys@lrrﬁﬁéﬁi #2) oisbﬁi_?%%@feétrﬁmh@e%r@dpﬁng Gn
distillation tower (45) at a feed point (fﬁ). e feed nmay conpri se

( : .
hydr ogen ga 1pﬁ&¥gén9ff@£ Az S@%ﬁ%ﬂér%ﬁ? s %é(égtﬁysdr& bﬁﬁl?ﬁfan@%lﬁlﬁe\éisoug y
descri bed. e catalytic distillation tower (45) conprises a

descr 'bed. THe _ ver (- ot

(55) The 6 sl b e BRI e R RGL o oe BRRIGHEE Pilelon
ti 35 t. I . [ i Std: i h

i oet ner i 1 IRLTRH Seetr B bRARLP Ryt USRSl gl B,

type previ obsy, desribed. LO0R0LING ptd onal paseand. alalyslmtakon (9

is preferabl’y ween e ‘thioetherificatron sectl

t he upper secti,on 6) . The second, catal yst may be any desired tal,yst to
promote fur e Qg%f’%eéﬂn%‘f retaﬁt@r‘hyh?ggﬁé?%%aﬁta%%ﬂ%cﬁl@ﬂt RO atlﬁ?le] d-i anndt‘he

feed streamto obtain the desired products [he positioning of the
thi oet herification section (35) above thRe feed point (14) nay be used to
guard the optional second catal yst



section (55) located higher in the tower (45) fromfouling and deactivation
fromthe nereaptans. Because the nereaptans will react over the
thioetherification section (35) to form heavier thioethers, the ntrcaptans
will not act as a catal yst poison to the sections |ocated higher in the
tower. [0031]1In yet another enbodi nent the present invention involves a
process for renoving taaercaptans conprising the steps of (a) feeding to a
reactor a liquefied petroleumgas m xture conprising hydrocarbons and

mer capt ans, wherein said reactor conprises a catalyst which is capabl e of
cat al yzi ng PHETPHICHEE WEH FPEART BNEMC ARV EEPTEHE T o | RNF BOLABES; AT By

suppl enenting the reactor wth hydrogen gas to produce a reactor product
mxture; (c)y reedf mgntipaingenemples gpldat addivanar kenelys ndirdtaniaest Vdnbauni t
conprising an upper section and a | ower section; (d) separating |ower

boi | i ng poi wedilydpaeribdass skilofrinttheart hiviret plebsdogtivtien it {Hd hesier boi | i ng
poi nt hydrocarbons are substantially contained in the upper section and the
thi oethers are substantially contained in the |ower section; and (c)

recovering the |ower boilingBpefBescrpirroddhbBrevirgsom t he upper secti on.
[0032] FIGURE 3 is a schematic flow chart illustrating this enbodi nent of

the process of the present invention for the renoval of nercaptans from

li quefied pdPtAl eum FHEURY It 1i veteeptq flewishan Huphaingeay cpiaymend gl ihgs a

| i quefied petroleumgas, is fed into the thioetherificat on reactor (15).
The feed (5Rysenepvesmplor 8w reipeiabefererepgins by @iosEai H6HSY ner capt ans and

m xtures thereof as described previously. In a preferred enbodi nent, the
feed is a back-end C3-05 LPG The thioetherifmation reactor preferably
contains a BBIAg cat AIGMRE oF sphecheppies gpevingihilystraiangcsn ™Iy e33f n this
enbodi nent, thc thioctherification reactor (15) is supplenented v_ith

hydr ogen gaesFhleimgdioagen tepasemvag! plemsispptsnbhtiderthen ieHion rehietinr Byt
addi ti on of hydrogen gas §62) into the feed (52), by addition of hydrogen
gas (63) digadtst ip uses intibe tomineé disbHation pagkingrpspdawerdied (s yatalgic gytillHen tion to
both the feed and the reactor. Preferably, the nolar ratio of hydrogen gas
to the feedcadorges from about 0.001. to about 0.5. Mre preferably, the
nolar ratio of hydrogen gas to the feed ranges from about 0.01 to about
0.2, and nost preferably, the ratio of the amount of hydrogen gas to the
anount of fl@@btﬁrangeEIGlﬂ%mowcmm@tlc flow et @trating gpswpIheeteddior (15)
is preferably operated at pressures, tenperatures and in an atnosphere
capabl e of weseal zémign tihe thehtoetdhof infareatnofonf idvefchptimirsm gstibrt her s.
The reactor (15) may al so be operated at pressures, tenperatures and in an
at nospher e tbmpthbiilecabén.hydr ogenat i on of unsaturat.ed hydrocarbons, such as
diolefins and acetylenics. In a preferred enbodi nent, the
thioetherification reactor is operated at a pressure of between about 100
psig and 150 psig, at a tenpPetadedPescoptighedthe Ipgationy 250F. 10035] The
reactor product mxture is fed (72) to a distillation unit (25) conprising
an upper section (26% and a | ower section (27).. The reactor product m xture
is distilld8@08ich t hdhe piseent inyprtiop reigiey ©bippbRdicalios HeeHvefoa e AMpYe

over head (82) and the remaining conpounds, including thioethers, exit in

t he bot t omsof( 9RicaptPrsefrechiiby gas Htreaisst | Fangentiopal upiivstic scruphst aygematnd a
pressure of between about 100 psis and 250 psig, at a tenperature of about
120F t o 250FsorPtien teohwequep sistdy i saloly sdplewr s cha s eebetisraninger vy Jay
pentane and |ighter conponents in the overhead stream, which allows the C4
and C5 di enescamah tdvevaerapapiigns The ppass inhenoay lprohdes clat ahyrsvedz oghuand t he
t hi oethers (which are C6 fractions) are renoved with the bottons.

Pr ef er abl y, reinheal fieaoiex adeamwser head conpounds contains a 13




mer capt an concentration of |ess than about 5 ppmthe overhead stream may
have a nercaptan concentration of |ess than about 2 ppm and in sone
enbodi ments the nercaptan concentration nmay be | ess than about 1 ppm

[ 0036] One skilled in the art will recognize that nunerous variations or
changes may be made to the process described above w thout departing from
the scope of the present invention. Accordingly, the foregoing description
of preferred enbodi nents and foll owi ng exanpl es are intended to descri be
the invention in an exenplary, rather than a limt

[0037] Appl i €4t speéh??@%PlV‘WW@%FBBP&F@‘fWEGQHW?“%ggBﬁ?%i?dBW“QTV]C|ted
references in this disclosure. Further, when an anpunt, concentrati on, or
ot her val ueldeasparalrbeens gy gi e rpresenteinyggpn é.‘sersd’ﬁﬁéonspl?eé‘f%ﬂr“rcé’ﬂ’pt‘)a‘r‘i’&e
i st of upper preferable values and | ower Freferable values, this is to be
under st ood asadpisciht|cbaiet adics oSt iypaT  FigntieshepiGEen RS r of
any upper range limt or preferred value and any lower range Iimt or
preferred waﬁu%mmséqardke@gﬁéﬂﬂmﬁé@ﬁéﬂ’%@NQQQL§E61 welgsr wially comrenésed.
Where a range of nunerical values is recited herein, unless ot herw se
stated, thewhigngey ilsnibnterddestptrotcil fiohmudecltangs sndpoimsiachier dfstillaing. al |
integers and fractions within the range. It is not intended that the scope
of the inventpaoitube (henkdcéon fond the spewiahi to defingedioredios. tand/onmaediyldeti ni ng a
range. [0038] EXAVMPLES [ 0039] EXAMPLE 1: A gas phase m xture of hydrocarbons
and hydr ogeqonitied pass ebbrgvers aad piokeds bighkr ofoldryldr egighatiodhercal bisysultat t ot al
pressure of 150 psig. The nolar conposition of the feed is given in Table
1. ' Fabl e i} tKospei @rddudahidmnmg: (obiprisiydinigyeeilidBpOhidétharogen

[0021] Thioetherification has been used for the removal of mercaptans from

refinery streams in the past. The present invention differs from the prior art

thioetherification processes in at least the following ways. The present invention can

effectively remove mercaptans from feed gas compositions that comprise significantly

higher olefinic and diolefinic content and wider molecular weight ranges, such as hydrogen

gas and C, to Cg hydrocarbons that cannot effectively be removed by prior art processes.

The present invention also uses a catalyst comprising palladium and silver as opposed to

Ni-based catalysts used in the prior art processes.

[0022] In one embodiment, the present invention involves a process comprising the
steps of (a) feeding to a reactor a gas phase mixture comprising hydrocarbons and
mercaptans to produce a reactor product mixture, wherein said reactor comprises a catalyst
which is capable of catalyzing the thioetherification of mercaptans to thioethers; (b)
feeding the reactor product mixture to a distillation unit comprising an upper section and a
lower section; (c) separating lower boiling point hydrocarbons from the thioethers wherein

the lower boiling point hydrocarbons are substantially contained in the upper section and
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26. 230 Carbon Mnoxi de 0.060 Et hyl-Mereaptan 0.002 Et hyl ene 28. 554
Acetyl ene 0.073 Propane 0.217 Propylene 17.832 n-Butane 0.037

the thioethers are substantially contained in the lower section; and (d) recovering the lower

boiling point hydrocarbons from the upper section.

[0023] FIGURE 1 is a schematic flow chart illustrating one embodiment of the
process of the present invention for the removal of mercaptans by thioctherification. The
feed, such as a.charge gas stream., is fed (12) into the thioetherification reactor (15). The
feed may comprise hydrogen gas, hydrocarbons, mercaptans and mixtures thereof. The
hydrocarbons typically range from C; to Cg. The hydrocarbons may also comprise olefins,
diolefins, acetylenic compounds and mixtures thereof. The mercaptans typically comprise
light mercaptans, suoh. as methyl-mercaptan, ethyl-mercaptan, propyl-mercaptans and

butyl-mercaptans. Sulphur species such as H,S may also be present.

[0024] The mercaptans may be present in the charge gas stream at concentrations
greater than about S ppm. Typically, the amount of mercaptans present in the charge gas
stream is greater than about 10 ppm, and more typically mercaptans are present in the
charge gas stream at concentrations of greater than about 50 ppm. The mercaptan

concentration may be as high as 1000 ppm or more in the charge gas stream.

[0025] The reactor (15) comprises a catalyst, such as a fixed bed catalyst. The
preferred catalyst of the present invention comprises palladium and silver. Preferably, the
amount of palladium present in the catalyst is greater than about 100 ppm. More
preferably, the amount of palladium present in the catalyst is greater than about 200 ppm.
Most preferably, the amount of palladium present in the catalyst is greater than about 500
ppm. Preferably, the amount of silver present in the catalyst is greater than about 50 ppm.

More preferably, the amount of silver present in the catalyst is greater than about 100 ppm.



Propadi ene 0.281 T-2-Butene 0.724 1-Butene 5.889 C-2-Butene 0.228 |
, 3- But adi ene 0. 929 Met hyl acetyl ene 0.399 |soprene 0.311

The preferred molar ratio of palladium to silver in the catalyst of the present invention
ranges from about 0.1 to about 10. More preferably, the molar ratio of palladium to silver
in the catalyst of the present invention ranges from about 0.2 to about 1. Most preferably,
the molar ratio of palladium to silver in the catalyst of the present invention ranges from

about 0.2 to about 0.5.

[0026] The reactor (15) is preferably operated at pressures, temperatures and in an
atmosphere capable of catalyzing the thioetherification of mercaptans to thioethers. The
reactor (15) may also be operated at pressures, temperatures and in an atmosphere capable
of hydrogenation of unsaturated hydrocarbbns, such as diolefins and acetylenics. In a
preferred embodiment, the reactor is operated at a pressure of between about 100 psig and

250 psig, at a temperature of about 120°F to 250°F.

[0027] The reactor product mixture is fed (22) to a distillation unit (25) comprising
an upper seclion (26) and a lower section (27). The reactor product mixture is distilled
such that the lighter hydrocarbons are recovered in the overhead (32) and the remaining
compounds, including thioethers, exit in the bottoms (42). Preferably, the distillation unit
is operated at a pressure of between about 100 psig and 250 psig, at a temperature of about
100°F to 250°F. Preferably, the overhead stream (32) has a mercaptan concentration of
less than about 5 ppm. The overhead stream may have a mercaptan concentration of less
than about 2 ppm, and in some embodiments the mercaptan concentration may be less than

about 1 ppm.

[0028] In an alternative embodiment, the present invention involves a process for

removing mercaptans comprising the steps of (a) feeding to a distillation unit a gas phasc
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100401Gas sanples of the feed and product were collected at specified tine
intervals, in sanple bags and anal yzed for hydrogen, hydrocarbons and

sul phur conpounds. An RCA GC was used to test for hydrogen and a FID GC for
hydrocarbons. The effluent streanms fromthe | aboratory adsorption unit
were al so anal yzed by gas ehromat ograph equi pped with a sul phur

chem | um nescence detector (SO GC). ldentification of select conmponents in
sonme sanpl es was achi eved by anal yzi ng those sarrpl es by GC-Ms. [0041] A | ow
Pd (140 ppmw) A 380 my) cat al YSt for ti.on was used. The t est
was run at Cf?@ﬁs‘&%\g‘,"ﬁg%ﬂ ‘F*Rb‘arﬂ!’{/)”?ﬁél&‘@”vé“c’ici”t%?‘( Ol S SF1Y 1S The
presence of onIY pmof nereaptan in the feed had a significant inpact
on the cat af¥Axst yeich V|C@8ﬁb1%f Cat?larnn% He tlﬁ?‘d’éFu'@Pi”iPi“Wmék?ﬁli’t@%ﬁgel“\)\‘/i’ef’}*”r‘sef‘hyl
mercaptan in the feed was initially 35%of the productivity with the

sul phur fr e&PPPeSEElion, héawep Aicjiorantp gaophapeeitig feod PaingnitFicERit [ dpit o | ess
than 10% of its original activity was observed as a result of ethyl

mer capt an déeaetiiiangt beimeerRés dirdt sataly e asd thedp veresdction: (habtperapng epwswboiling

[ 0042] EXAMPLE 2: A high Pd catal yst was used with 0.4% (i.e. 4,000 ppm Pd
and no Ag. pohitdyiirgcabaonter tb'reallliO@Laftrawy@tindéfsIog\ﬁab@tinasoimes'd@cworsume Cheni e.
This test was done 176F and a GHSV of 12,000 IIl wth 20 ppm of

et hyl - mer eappbaimtiallheort@sdd ihalt: tppebectiamardtthathmediershirg hdstasgipdiceovelnoti ty
since it is a nmuch nore reactive catalyst and the exotherm had to be

cont r ol | ed.inThelovwes s¢dionf anihisret@stingflteelow80bditisg wast lpbocakosd irghtthy (10%)

| ower productivity with the sul phur conpared to the productivity we had
achi eved widppertsagioaul phur free feed. This should be contrasted to the
behavi or of the catalyst in Exanple 1, which had showed a very significant
drop (65% 1 o0ss in productivity) imediately after exposure to the ethyl

mer capt an fl@eéxp] 1004BILTHE 2 muedheaxpioslomehaf iltuheatipg 8rCuleataalystbadondanhi s f eed
was naintained in order to identify any |onger term deactivation effects.
After conpl&tthaigrot2Q diche presdnt ifvestiamghertinea drsopathlysiciatuatdy st thayidmogén
productivity was | ess than 20% But adi ene conversion had only dropped from
95 to 90% atidillatet ydcking ac anwedr dedin § canly89 disollMidfaecaloe dTeatkdvath ana becane
much faster between 120 and 1SO hrs with FE productivity dropping to about
10% of t he WriggigAatiredml (WR), is el entc atcalaysit dibanmtdnvakirqnsy AtacfestisoiMUCE). S| ower
(150 his) than the Exanple 1 catalyst (24 hrs). No unknown sul phur
conpounds VigHeGfedlieh@F E@6brish hidiegdar @CUGHrodsbiig, Mekagknsanalnyisiutes Hh@fnesul t's
are summari zed in Table 2 bel ow. [0044] EXAMPLE 3: The catal yst used in this

exanmpl e comp&issy E9QiHePMTAE cRdliytic distillation tower (45) comprises a thioetherification
section (35) and, optionally, a second catalyst section (55). The feed point (14) is
positioned between the thioetherification section (35) and the lower section (47) of the
distillation tower. The thioetherification section preferably comprises a Pd/Ag catalyst of

the type previously described.

[0030] The optional second catalyst section (55) is preferably positioned between
the thioetherification section (35) and the upper section (36). The second catalyst may be
any desired catalyst to promote further reaction of the hydrocarbon components contained
in the feed stream to obtain the desired products. The positioning of the thioetherification

section (35) above the feed point (14) may be used to guard the optional second catalyst

11



and 1000 ppm of Ag. The catal yst was tested for its effect on 20 ppnv
ethyl -tnercaptan at 176F and a GHSV of 3,800 IIl. In contrast to the | ow
sul phur tol erance of the Exanple 1 catal yst (which was essentially
conpletely inactive after 30 hrs of testing), the Exanple 3 catal yst

exhi bi ted good acetyl ene hydrogenation activity even after 70 his of
testing (60% acetyl ene conversion from 100% for the fresh catalyst). The
]E)ut aﬁl ene iand i soprene conversions were around 5% down from 90% for the
resh cata

st. And, the MA conyersion was 200 down from.90% f, e fresh
g?It ?: yﬁ; . [%63(8’] f?vtéﬁ‘icflﬁgtlﬁl 4l Sﬁgtof’ﬁle(“l\tglzi{tof“_ & lﬁ et a%{)g&muﬁué‘% hi?orsm t(t:lfa}t al yst
Stabi | 1 ved aercsgot Doy T o1 A000 Fortne 5. B BBl FoFARAEEN R

erformance n

but adi ene and i soprene conversions were around 20% (down from 99% for the
sul phur ( S) forp he'igdhipeperante ncRaR Ay ‘éf‘? IR a%‘u%?ﬁ‘%(@a PPROTOb TS S?@Bléﬁ ow.
Table 2 Exanple | Exanple 2 Exanple 3 CEI SV 3800 12000 3800 S-Free H2
Product i vi t pcdtedrgicesythplorst/ hr)

[0031] In yet another embodiment, the present invention involves a process for
removing mercaptans comprising the steps of (a) feeding to a reactor a liquefied petroleum
gas mixture comprising hydrocarbons and mercaptans, wherein said reactor comprises a
catalyst which is capable of catalyzing the thioetherification of mercaptans to thioethers;
(b) supplementing the reactor with hydrogen gas to produce a reactor product mixture; (c)
feeding the reactor product mixture to a distillation unit comprising an upper section and a
lower section; (d) separating lower boiling point hydrocarbons from the thioethers wherein
the lower boiling point hydrocarbons are substantially contained in the upper section and
the thioethers are substantially contained in the lower section; and (¢) recovering the lower

boiling point hydrocarbons from the upper section.

[0032] FIGURE 3 is a schematic flow chart illustrating this embodiment of the
process of the present invention for the removal of mercaptans from liquefied petroleum
gas by thioetherification. The feed (52), such as a liquefied petroleum gas, is fed into the
thioetherification reactor (15). The feed (52) may comprise hydrogen gas, hydrocarbons,
mercaptans and mixtures thereof as described previously. Ina preferred embodiment, the
feed is a back-end C3-Cs LPG. The thioetherification reactor preferably contains a Pd/Ag

catalyst of the type previously described.
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0. 005 007 0.008 Acetylene Conversion (% 100 100 100 Ethylene Gain/Loss
(% -34 BD Conversion (%

10033] In this embodiment, the thioetherification reactor (15) is supplemented with
hydrogen gas. The hydrogen gas may be supplemented in the reactor by addition of
hydrogen gas (62) into the feed (52), by addition of hydrogen gas (63) directly to the
thioetherification reactor (15), or by addition to both the feed and the reactor. Preferably,
the molar ratio of hydrogen gas to the feed ranges from about 0.001. to about 0.5. More
preferably, the molar ratio of hydrogen gas to the feed ranges from about 0.01 to about 0.2,

and most preferably, the ratio of the amount of hydrogen gas to the amount of feed ranges

from about 0.01 to about 0.1.

[0034] The reactor (15) is preferably operated at pressures, temperatures and in an
atmosphere capable of catalyzing the thioetherification of mercaptans to thioethers. The
reactor (15) may also be operated at pressures, temperatures and in an atmosphere capable
of hydrogenation of unsaturated hydrocarbons, such as diolefins and acetylenics. In a
preferred embodiment, the thioetherification reactor is operated at a pressure of between

about 100 psig and 150 psig, at a temperature of about 120°F to 250°F.

[0035] The reactor product mixture is fed (72) to a distillation unit (25) comprising
an upper section (26) and a lower section (27). The reactor product mixture is distilled
such that the lighter hydrocarbons are recovered in the overhead (82) and the remaining
compounds, including thioethers, exit in the bottoms (92). Preferably, the distillation unit
is operated at a pressure of between about 100 psig and 250 psig, at a temperature of about
120°F to 250°F. The tower is typically operated as a dehexanizer (i.e. pentane and lighter
components in the overhead stream), which allows the C4; and Cs dienes and the
mercaptans to pass through the catalyst zone and the thioethers (which are Cg+ fractions)

are removed with the bottoms. Preferably, the recovered overhead compounds contains a
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95i 98 99 S -Feed SOR H2 Productivity (Il bnoles/Ib cat/hr) 0.0017 0.05 0.005
Acetyl ene Conversion (% 97 98 100 Ethylene Gain/Loss (%

mercaptan concentration of less than about 5 ppm. The overhead stream may have a
mercaptan concentration of less than about 2 ppm, and in some embodiments the

mercaptan concentration may be less than about 1 ppm.

[0036] One skilled in the art will recognize that numerous variations or changes
may be made to the process described above without departing from the scope of the
present invention. Accordingly, the foregoing description of preferred embodiments and
following examples are intended to describe the invention in an exemplary, rather than a

limiting, sense.

[0037] Applicants specifically incorporate the entire content of all cited references
in this disclosure. Further, when an amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of upper preferable values and lower
preferable values, this is to be understood as specifically disclosing all ranges formed from
any pair of any upper range limit or preferred value and any lower range limit or preferred
value, regardless of whether ranges are separately disclosed. Where a range of numerical
values is recited herein, unless otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range. It is not intended that the

scope of the invention be limited to the specific values recited when defining a range.
[0038] EXAMPLES

[0039] EXAMPLE 1. A gas phase mixture of hydrocarbons and hydrogen was
passed over a fixed bed of hydrogenation catalyst at total pressure of 150 psig. The molar

composition of the feed is given in Table 1.
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-25 BD Conversion (% 40 95 97 S-Feed EOR H2 Productivity (lbnoles/Ib
cat/hr) 0.0002 0.003 0.003 Acetylene Conversion (%

Table 1
Component Volume (%)
Hydrogen 18.200
Nitrogen 26.230
Carbon Monoxide 0.060
Ethyl-Mercaptan 0.002
Ethylene 28.554
Acetylene 0.073
Propane 0.217
Propylene 17.832
n-Butane 0.037
Propadiene 0.281
T-2-Butene 0.724
1-Butene 5.889
C-2-Butene 0.228
1,3-Butadiene 0.929
Methylacetylene 0.399
Isoprene 0.311
[0040] Gas samples of the feed and product were collected at specified time

intervals, in sample bags and analyzed for hydrogen, hydrocarbons and sulphur

compounds. An RGA GC was used to test for hydrogen and a FID GC for hydrocarbons.
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12 34 90 Ethylene Gain/Loss (%9 0.1 0.0 BD Conversion (¢ 17 4
Duration (hrs) 24 9 0 Run

The effluent streams from the laboratory adsorption unit were also analyzed by gas
chromatograph equipped with a sulphur chemiluminescence detector (SCD GC).
Identification of select components in some samples was achieved by analyzing those

samples by GC-MS.

[0041] A low Pd (140 }j;pm\.v) - low Ag (380 ppmw) catalyst formulation was used.
The test was run at 176°F and gas hourly space velocity (GHSV) of 3,800 h'. The
presence of only 20 ppm of mercaptan in the feed had a significant impact on the catalyst
activity. At 176°F the productivity achieved with ethyl mercaptan in the feed was initially
- 35% of the productivity with the sulphur free feed. A fter only 24 hrs of testing, a
significant drop to less than 10% of its original activity was observed as a result of ethyl

mercaptan deactivation. Results are summarized in Table 2 below.

[0042] EXAMPLE 2: A high Pd catalyst was used with 0.4% (i.e. 4,000 ppm) Pd
and no Ag. This is a commercial catalyst designated as G68-C by Sud Chemie. This test
was done 176°F and a GHSV of 12,000 h™' with 20 ppm of ethyl-mercaptan. The test had
to be run at a much higher space velocity since it is a much more reactive catalyst and the
exotherm had to be controlled. The result of this test after 30 hrs was only a slightly (10%)
lower productivity with the sulphur compared to the productivity we had achieved with the
sulphur free feed. This should be contrasted to the behavior of the catalyst in Example 1,
which had showed a very significant drop (65% loss in productivity) immediately after

exposure to the ethyl mercaptan feed.

[0043] Continued exposure of the G68-C catalyst to this feed was maintained in

order to identify any longer term deactivation cffects. After completing 120 hours of
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150 230 [00461The sul phur analysis of the product showed there was a shift
in the sul phur product distribution fromethyl-mercaptan to heavier sul phur
speci es which was quantitative. Identification of the unknown heavier
sul phur peaks, about 4 or 5 peaks, in the CA-C6 region in the product was
performed. Using GC-Ms, the unknown conpounds were identified as C4 and C5
thioethers both straight chain and cyclic. The nost abundant product was
di ethyl -sul fide followed by ethyl-propyl-sulfide and nethyl-tetra-hydro-
t hi ophene These products are a result of Cl) O C3 olefins or diolefins
react on wiEHingt Hyl fiep ciaptaghyst by g amﬁﬁﬂﬁéfﬁﬁﬁi?Fbﬁ?Pd%”?ea@P@%ﬁW
[ 0047] The conponents and their distribution arc provided in 'Fable 3. Table
3 Conponent co@ensen hacatrilo AroPRviaBt Pt Y% and prstyipk copsisiieom 89 & 97%.

The deactivation became much faster between 120 and 150 hrs with Hy productivity

dropping to about 10% of the original value. The catalyst deactivation rate was much

slower (150 hrs) than the Example | catalyst (24 hrs). No unknown sulphur compounds

were detected in the product using SCD GC analysis. The results are summarized in Table

2 below.

[0044] EXAMPLE 3: .The catalyst used in this example comprised 800 ppm of Pd
and 1000 ppm of Ag. The catalyst was tested for its effect on 20 ppmyv ethyl~mercai>tan at
176°F and a GHSV of 3,800 h™'. In contrast to the low sulphur tolerance of the Example 1
catalyst (which was essentially completely inactive after 30 hrs of testing), the Example 3
catalyst exhibited good acetylene hydrogenation activity even after 70 hrs of testing (60%
acetylene conversion from 100% for the fresh catalyst). The butadiene and isoprene

conversions were around 5%, down from 90% for the fresh catalyst. And, the MA

conversion was 20% down from 90% for the fresh catalyst.

{0045] Even further along the test, after 200 hrs, this catalyst still had good
acetylene hydrogenation activity. Acetylene conversion stabilized at about 90% (from
100% for the S-free performance) and butadiene and isoprene conversions were around
20% (down from 90% for the sulphur (S) -free performance). Results are summarized in

Table 2 below.
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D -ethyl-sulfide 6.0 CH3-CH2-S-Cl112-Cl I3

Table 2
Example 1 | Example2 | Example3
GHSV 3800 12000 3800
S-Free H, Productivity 0.005 0.07 0.008
(Ibmoles/lb cat/hr)
Acetylene Conversion (%) 100 100 100
Ethylene Gain/Loss (%) 4 34 -8
BD Conversion (%) 5 o8 99
S —Feed H, Productivity 0.0017 0.05 0.005
(Ibmoles/Ib cat/hr)
SOR
Acetylene Conversion (%) 7 o8 100
Ethylene Gain/Loss (%) 0 25 1
BD Conversion (%) 40 3 7
S-Feed H, Productivity 0.0002 0.003 0.003
(Ibmoles/1b cat/hr)
EOR
Acetylene Conversion (%) 12 34 20
Ethylene Gain/Loss (%) | O 0.0 0
BD Conversion (%) ! 17 40
Run Duration (hrs) 24 150 230
[0046] The sulphur analysis of the product showed there was a shift in the sulphur

product distribution from ethyl-mercaptan to heavier sulphur species which was
quantitative. ldentification of the unknown heavier sulphur peaks, about 4 or 5 peaks, in
the C4-Cg region in the product was performed. Using GC-MS, the unknown compounds
were identified as C4 and Cs thioethers both straight chain and cyclic. The most abundant

product was diethyl-sulfide followed by ethyl-propyl-sulfide and methyl-tetra-hydro-
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Et hyl -i sopropyl sulfide 2.2 Cl143- CH2- S- C1- 12-(1112-0- 13 Et hyl - n- propyl
sul fide 2.4 Cl-13-Cll 2- S- C11- (C1- 1102 Methyl tetra-hydro-thi ophenes 5.0
Di et hyl -di sul fide

thiophene. These products are a result of C or C; olefins or diolefins reaction with ethyl-

mercaptan through a thioetherification reaction.

[0047] The components and their distribution are provided in Table 3.
Table 3
Component Concentration Structure
ppmv
2-methylthietane 1.8 S
Di-ethyl-sulfide 6.0 CH;3-CH,-S-CHy-CHjs
Ethyl-isopropy! sulfide 2.2 CHj3-CH,-S-CH,-CH,-CH;
Ethyl-n-propy! sulfide 2.4 CH;3-CHy-S-CH-(CHa)
S
Methy! tetra-hydro-thiophenes 5.0
Diethyl-disulfide 2.0 CHj3-CH;-S-S-CH,-CH3
Total 19.4
[0048] The most abundant product was diethyl-sulfide followed by ethyl-propyl-

sulfides and methyl-tetra-hydro-thiophene. These products are potentially a result of
unsaturated C, or C3 compounds with ethyl-mercaptan through a thioetherification
reaction. The presence of diethyl-sulfide in particular is an indication that a C,

hydrocarbon either acetylene or ethylene, very much in abundance in the feed, are



2.0 CH3-CH2-S-S-C1-12-CF13 Total 19.4 [ 0048] The nost abundant product was
di ethyl-sulfide foll owed by ethyl-propyl- sulfides and

met hyl -t et ra- hydro-t hi ophene. These products are potentially a result of
unsaturated C2 or C3 conpounds with ethyl-nmercaptan through a
thioetherification reaction. The presence of diethyl-sulfide in particular
is an indication that a C2 hydrocarbon either acetyl ene or ethylene, very
much in abundance in the feed, are contributing to the reaction with the
mer capt an. Based on these results a conbination of Ag and Pd can catal yze
these reactioniutiprefter atipnwhbrihboetsantet abaschp 5ieSEit 4 ®WIoURFPEent iy
hi gh enough concentrations (> about 800 ppnm). What is clained is: 1. A
process forApemdvidngnneratapt hrrs Ercomsa peaalphagen okt gickls a§nEseal Hy t he
steps of: (a) feeding to a reactor a gas phase m xture conpri sing

hydr ocar bons:fansehtipigh apdi@hsoncediettiens(>taheit Béertnor conpri ses a cat al yst which
is capable a catalyzing the thioetheri ("cation of mercaptans to thioethers
to produce a reactor product mxture; (b) feeding the reactor product

m xture to a distillation unit conprising an upper section and a | ower
section;
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(c) separating | ower boiling point hydrocarbons fromthe thiocthers wherein
the I ower boiling point hydrocarbons are substantially contained in the
upper section and the thioethers are substantially contained in the |ower
section; and (d) recovering the | ower boiling point hydrocarbons fromthe
upper section. 2. The process of claim1, wherein the catal yst conprises
greater than 100 ppm by wei ght pal |l adium and greater than 50 ppm by wei ght
silver. 3. The process of claiml1l, wherein the catalyst conprises greater

t han 500 ppm by wei ght pall adium and greater than 100 ppm by wei ght silver.
4. The proc¥dstioflawiediim 2, wherein the nolar ratio of palladiumto silver
is between 0.1 to 10. 5. The process of claim2, wherein the nolar ratio of
palladiumto silver is between 0.2 to 0.5. 6. The process of claiml,
wherein the reactor is operated at a pressure of between 100 psig to 250
psig and a tenperature of 120F to 250F. 7. Q rocess for. enmvi N

ner capt ans fréﬁﬁ%ﬁﬁé@“ﬁ%9§%€ﬁ$%?ﬁ@ﬁf“@b%%?@ ﬁ JHHE %?55§m5f636?af f eedi ng
to a distillation unit a gas phase conprising hydrocarbons and nercaptans,
wherein thecgli gtdihd & h Gcdnbtgas ORRE nS@8re(donpaisihi hsdrocabak yst nwidaptans. s
capabl e of catalyzing the thioetherifi t|o Qf ner capt ans Hq,thlogthers
(ii) an upp®hergBctlicoreactdr| FYRIsFovierc? flb ih akd S{H % a’ gasptidse i xture
f eed pO'nt’rMQﬁkﬁh&mBP@ﬁ%&@%u@@hﬂhmkﬁm@@ﬁ@b&&ﬂ@d&betw@ennhhﬁuktrst cat al yst
and the |ower section, (b) separating |ower boiling point hydrocarbons
fromthe thioethers wherein the | .ower h drocar S

subst anti al (% %8H&éPﬁéﬁmPhpFH@“dﬁb@Ff@éﬁi?gﬁg%ﬂﬂqpﬁmW Ri"6ét ni %233?@?

subst anti al Ly £entakaed. in the | ower section; and (c) recovering the | ower
boi i ng point hydrocarbons from the upper section 8. The process of claim

7, wh th t al 0 | adi
T e el 0 S SLBLY B EOTRLL 555 ARt JBRA00,PROL B OO il 2 U

wher ein theb&ﬁﬁ@hﬁﬁﬁlﬁ@maﬁhﬁﬁaxgmeamammnhamnﬁﬁaimpmmbypmmnghtmpakﬂad|un1and
greater than 100 ppm by ght silver rocess of claim8, wherein

10
the nol ar rﬁ’t“ie@’eﬁﬁfari)%‘lbi;t%lﬁiauw‘tnéa‘%qdl‘WQ’Fl?%erﬁ%ctt%eaﬁdo 1 to 10.

(d) recovering the lower boiling point hydrocarbons from the upper section.

2. The process of claim 1, wherein the catalyst comprises greater than 100 ppm by weight

palladium and greater than 50 ppm by weight silver.

3. The process of claim 1, wherein the catalyst comprises greater than 500 ppm by weight

palladium and greater than 100 ppm by weight silver.

4. The process of claim 2, wherein the molar ratio of palladium to silver is between 0.1 to

10.

5. The process of claim 2, wherein the molar ratio of palladium to silver is between 0.2 to

0.5.

6. The process of claim 1, wherein the reactor is operated at a pressure of between 100

psig to 250 psig and a temperature of 120°F to 250°F.

7. A process for removing mercaptans from a gas phase mixture, comprising the steps of:
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11. The process of claim8, wherein the nolar ratio of palladiumto silver
is between 0.2 to 0.5. 12. "[he process of claim7, wherein the reactor is
operated at a pressure of between 100 psig to 250 psig and a tenperature of
120F to 250F. 13. A process for renoving rnercaptans froma gas phase

m xture, conprising the steps of: (a) feeding to a reactor hydrogen gas and
a liquefied petroleumgas m xture conprising hydrocarbons arid nmercaptans
to produce a reactor product mxture, wherein the reactor conprises a

catal yst which is capable of catalyzing the th|0f8£er|f|cat

ner capt ans {® bﬁ@@%ﬁ%éﬁ@m‘m“@bW”fbéﬁHﬁ@”ﬁﬁ@PPE&C 0FR9at &t HF%tﬁW? to a
distillati OQhHQ?ntthe Mﬁfaﬁbﬁuﬁln‘%nﬂh%'(lb b &k @ﬂal}*ﬁkﬁncﬁqmbhlﬁ§ oBdatdpRIthsect i on
and a | ower section; (c) separating |ower oi nt._hydrocar bons from
t he thi oet hénasthwtigeasion of nsrdapiarsr o Bp¢harg (pbinhtlppﬁyéﬁcg%r(b%ﬁs‘%?fesect‘on
substanti al | ) t e thediheebdiREs 1BE C
substantlalF%jggﬁ%%&%hgggﬁk@ﬁ)kaagg égﬁ?ﬁ@ﬁqgaﬁ&ﬂn pﬁ)recovering the | ower
boi I i ng poi Ktst bydysoear tholvsvef seotmnt he upper section. 14. The process of
claim 13, wherein the catal yst conprises greater than 100 ppm by wei ght

pal | adi um a r Q t (Ve lhioethl®- wild@n REOGRES Of
claim 13, mﬂgf% %ﬁﬁﬁéoggt§1égkgggwgﬁrfggggrgi?ér than 500 ppm by wei ght
paIIadlun1ahd1ggeat@ﬂwﬂmanmmeaﬂppHVﬁwﬂﬂé’g%ﬂmﬁﬂlveﬂm Uﬂﬁls¢ﬁénﬁW6dE%s of

cl aim 14, n th , silver is between 0.1 to
10. 17. ng“m}fgﬁg%gggggﬁg?%?%%%ﬁaéggg#ﬁggﬁggkgﬁér ratio of palladiumto
silver is betmeen 0.2 to 0.5. 18. The process of claim 13, wherein the
reactor is (peratvethghe Rwsr klingrneinghydsedarhoanIBOpEPY SEGP50 psig, and a
tenperature of 120F to 250F. 19. The process of claim8 wherein the
distillatioq gl yeest Y HRET7, CRABRN HESutAyS SRR LataYEn MOSbRIbY Wdight second

catal yst is p05| ioned between the first catalyst and the upper section.
palladium and greater than 50 ppm by weight silver.

9. The process of claim 7, wherein the catalyst comprises greater than 500 ppm by weight

palladium and greater than 100 ppm by weight silver.

10. The process of claim 8, wherein the molar ratio of palladium to silver is between 0.1to

10.

11. The process of claim 8, wherein the molar ratio of palladium to silver is between 0.2 to

0.5.

12. The process of claim 7, wherein the reaclor is operated at a pressure of between 100

psig to 250 psig and a temperature of 120°F to 250°F.
13. A process for removing mercaptans from a gas phase mixture, comprising the steps of:

(a) feeding to a reactor hydrogen gas and a liquefied petroleum gas mixture comprising
hydrocarbons and mercaptans to produce a reactor product mixture, wherein the reactor

comprises a catalyst which is capable of catalyzing the thioetherification of mercaptans (0

thioethers;
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20. The process of claim 13 wherein the hydrogen gas is mxed with the
Ilquefled petrol eum gas m xture prior to being fed to the reactor.

(b) feeding the reactor product mixture to a distillation unit, wherein the distillation unit

compries an upper section and a lower section;

(¢) separating lower boiling point hydrocarbons from the thioethers wherein the lower
boiling point hydrocarbons are substantially contained in the upper section and the

thioethers are substantially contained in the lower section; and
(d) recovering the lower boiling point hydrocarbons from the upper section.

14. The process of claim 13, wherein the catalyst comprises greater than 100 ppm by

weight palladium and greater than 50 ppm by weight silver.

15. The process of claim 13, wherein the catalyst comprises greater than 500 ppm by

weight palladium and greater than 100 ppm by weight silver.

16. The process of claim 14, wherein the molar ratio of palladium to silver is between 0.1

to 10.

17. The process of claim 14, wherein the molar ratio of palladium to silver is between 0.2

to 0.5.

18. The process of claim 13, wherein the reactor is operated at a pressure of between 100

psig to 250 psig and a temperature of 120°F to 250°F.

19. The process of claim 8 wherein the distillation column further comprises a second
catalyst wherein the second catalyst is positioned between the first catalyst and the upper

section.

20. The process of claim 13 wherein the hydrogen gas is mixed with the liquefied

petroleum gas mixture prior to being fed to the reactor.
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