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ACETYLENE REMOVAL METHODS AND APPARATUS
CRCSS- REFERENCE TO RELATED APPLI CATI ONS BACKGROUND OF

WA REBSONIENTI ON 1. Field of the Invention The pPERER1005/010150

invention relates to an apparatus and net hods for
removi ng acetylene froma cracked gas m xture; and in
parti cul ACETYLENEJEEMAN . METHODSANDARPARMIVE!  of
acetylene froma cracked gas m xture using a palladi um
contai ning catalyst. 2. Background Art Cracking is a
chemi cal pICERESSSREFERINGE AOJRELATEEr APRIKIEATONSpI i ed
to break apart and convert heavi er hydrocarbons in

| i ghter hydrocarbons. Various hydrocarbons and
hydrocarbon m xtures are cracked to prepare a nunber

of | ower al kenes which may be used in a nmultitude of
chem cal manufacturing processes. In particular,
cracki ng processes are used in the production of

et hyl ene, an inportant precursor to nany types of

pl astics. After BAGCKGRQND OF AtHE BNYENTIONr ocar bon
conpounds that nust be subsequently purified is the
result. The renoval of acetylene from ethyl ene

proguci NgelplofaRIsRStilop Of particul ar concern because
of the difficulty in renoving this conmpound.

Currently, a nunber of processes exist for the renoval
of_acet yl ene 1ht AR EH IR PLARC IO AnREBAERS Sia kiEfls for
processes include, tronten e- propani zer acetyl ene

r enmeuBling nacetylepé AlRbN) a Enackekl- ead ndetuet; hendi ine parfiRilar, andan

tail -end ARU. Front-end de-propanizer. ARU typically .

o rATB RS B G P ey e AP G PR (ALl g pincure
| oca@ipth Slladii® doh@Ringostalyaf distillation train)

de- propani zer overhead stream This ARU hydrogenates

all of the acetylene alrl1d rm§t of the nethyl .
scehyl RGBT (VD) on 3 propeane and L onter
Cracking is a chemical process in which high temperature is
applied to break apart and convert heavier hydrocarbons in lighter
hydrocarbons. Various hydrocarbons and hydrocarbon mixtures are cracked to
prepare a number of lower alkenes which may be used in a multitude of
chemical manufacturing processes. In particular, cracking processes are used in
the production of ethylene, an important precursor to many types of plastics.
After cracking, a mixture of hydrocarbon compounds that must be subsequently
purified is the result. The removal of acetylene from ethylene producing
processes is of particular concern because of the difficulty in removing this

compound.

Currently, a number of processes exist for the removal of

acetylene from ethylene producing processes. Such processes include, front-
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ARU, a Pd catal yst acetyl ene hydrogenation system
| ocated on the front-end (of distillation train)

waleoosibmms zer overhead streamis typically useRCT/UK2085/010150

ARU hydrogenates all of the acetyl ene, but not MAPD on
an et hane and lighter stream |f a plant of this t¥lpe
i s ¢Rsx derbwiparjzesr asipilens eremerd ity | (“AREEDa fppendgappethanizer
hyd nati on_ r [ I | b : b
rernd B PR, DSk E B R MU RLAR ey o
r eqPd r @thlysT hezetydink - kyddogeastioy| eysenr dowesl osyteefront-end (of

usual |y enpl oys a Pd catal yst, acetyl ene rqgenati o
oy BiaH6E GrBh CoRrRB e R RS FE ot ARG eRigs i of
wheig 4cB§ 1€ -8l Nakkk Z8Mthd $netiBf At@Flel/pr8padidi® (“MAPD”) on a

de-nmethani zer in the distillation train. This ARU _
hy dpriogansaansislight¢r sifeamhe de @ropewpeutiliing Hepniiipd Deokthanizer
str Rrd mar | 0 :

vor S8V PG ARl S bl Y RFop-enc ot
gr eéistiltition rteamyvéd-ethatiice mvecddherced 3rigpioaily sdedea®his ARU
Furthernore, if a plant of this type is maxim zi n% )

pr opyAresraaie cvelr o agelepar B PoUABOP Ry o Ggentiane pid lighter

r eagtdm, S AR 1ROSHE BE YaRindlZiIRE Drétylent GERV Sy, YehaHe
on théeaﬁlcsyﬁég)gglﬂlct ét%@m Lmal;l lbe 1rgglrfigﬁryeecrzll. Eachyof the

aceMARIn dydrogenatipn pragioe syesn aeds pessiblida ginsn @il egpgialeystem
t he i lization of ex sive_ processi ng equi pnent.

Mor %rg%/hgr¢3 pé%éﬁpsot¥ea¥lh%gyg?lrgﬂulgfat acetyl ene renoval
processes utilize a catalyst for the selective
reduction of acetyl ene. Experience has taught that

such catal ystEheatad-e5d cetyleae remavah s yHEm : RIS fayyd
pot gpiil,@! alcé!tgféﬁé’ $9dRHARGE SR 1RIRETAL HE QielhSRiZ8f overhead

excursion. Start upof the acetylene renmpval units,
espsitdaal, | whevet thef deethandzer alsylotated afthe the rde-mdikanizeheigethe

react . are.nmst. s i bl e to.runawa

cadriiioR KBy abisghDS SWiioderti AUl B Bhuipre. by g MaPD.
pri oM addtteamOprirdtily pfiPyRd ofetiags andbtyRpOaNMbE6ved] tail-end
removi ng acetylene froma cracked gas m xture with

r edBREUSYsteBIst Rarmakiy, FisER e Eerd ¢l ragiual mistem Py the Geproduct
'S @rddge dF\ﬁr‘ﬁ{enﬁﬁre', fmf@%ﬁﬁ%f bRe ﬁgg i PRk RRRY @rgﬂflﬁﬁe?{%a(éovery, ,

starting up such acet ene reroval units a
a separate MAPD hydrogenation reactor system and possibly a green oil

removal system on the C; product stream may be required.

Each of the acetylene removal processes described above
requires the utilization of expensive processing equipment. Moreover, each of
the prior art acetylene removal processes utilize a catalyst for the selective
reduction of acetylene. Experience has taught that such catalysts are prone to
runaway reactions that may potentially cause a dangerous temperature rise or
excursion. Start up of the acetylene removal units, especially with fresh
catalyst is the time when these reactors are most susceptible to runaway

reactions.



10

15

20

25

30

case of a thermal runaway for shutting down acetyl ene
renmoval units. SUMMARY OF THE | NVENTI ON The present

WO pooéq9ioesr over comes one or nore probl ens of tPEI/p§100$/010150

art by providing in at |east one enbodi nent of the
present invention, a nethod and apparatus for renoving
acetylene froma gaseous m xture conprising hydrogen,
nmet hane, eth t hyl.ene, .acet e . :
propyl ene, bu gﬁgﬁg u#@%%%?ﬁgﬁfégfgw%?%éﬁggg?‘éP“EE“%Pd

hi ghethodsyahidoppibns of rétheyinpeidagteneffrdnhne ckatkanhgdsanixture with
utilizes a front-end acetyl ene renpval, unit %"ARU')
| o5t EEd SAPEA CQUBREN FOstGa SPETHEs st 5 3 RgRs dof an improved

acehyh§and %ﬂﬁa?itfr‘é: ?(jrvs?irbfng 85 4E@acelGe TEHLHOA u?lftsl Li¥ein the

i nvention achi eves sel ective reduction of acetyl ene by
usiqase ef pihepnilenraway Chreshnising Bhwh hégtgere remoya giits.

pal | adi um based catal yst. The method of the invention
conprises cracking a hydrocarbon feedstock in one or

more cracking fur SUSRMARY OPMHERINVENTIGN Ked gas
m xture conprising hydrogen, nethane, ethane,
et hyl ene, acetyl ene, propane, propylene, butane, one

or nore butengs,-alg Hyt h%@ﬁoﬂigﬁ 01‘3@%‘ “l A E%I&?ssof the
ed Wt a nmult

m xture i s then conpress I -stag
conpressbby pndwidiag ie a; least eone rarbgdingas of deppressoinyention, a

Mhicnhif t hen coq%acéed wth a gﬁlladiun}containing.
catBrPeY ¢ SPRPFHY oL MO e PAPIFE A0 pt SRSTTFS Lie
t hadongprisiigt | 1BArdgen.e. meta®f eetbhy, esigedk] ahdeyylale! ) pfpane,

the acetylene in the raw cracked gas mxture is
corRFEPYIERS: thytage nhutenss, butpdiensy apd @ihgmCe otit HEher dydrocarbons.

catAley Hethcti ©PNh&! iBGG b Lﬁﬁ‘i%‘es% HBA& nﬁcgée%')’l&fgere'}m\/ Fhit
units. Finally, the acetylene renoval units are
pr oVAREH) Wdated aftbr ®cliarger gas egepressat edwhial atepydéneds sedectively

tinme.i | | to. ter than.
t e et b e tes i BT A ey e loge
fi rgtustd popaetityt Chev iR MHANHEE 86k daBASuriibyded cRalysine

met hod of the invention also utilizes a novel startup
procedure, a novel energency shutdown procedure, a

novel maxi murpyeqQly, SOYNHP g%ggéﬂ GOmﬁ'ﬁgs BralANE L h%fﬁfo*g%on

nonoxi de nonitoring proce
feedstock in one or more cracking furnaces to form a raw cracked gas mixture

‘comprising hydrogen, methane, ethane, ethylene, acetylene, propane,
propylene, butane, one or more butenes, and butadiene. The raw cracked gas
mixture is then compressed with a multi-stage compressor unit (i.e., the charge
gas compressor) which is then contacted with a palladium-containing catalyst at
a sufficient temperature and pressure such that a portion (i.e., preferably
essentially all) of the acetylene in the raw cracked gas mixture is converted to
ethylene. The palladium-containing catalyst is contained in one or more
acetylene removal units. Finally, the acetylene removal units are provided with
a fresh or regenerated catalyst at a time interval equal to or greater than one

year from the time at which the palladium containing catalyst is first contacted

-3 -



BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a
schemati ¢ of the cracked gas purification apparatus
w0 bas/ogrex ut es the nmet hod of the present i nvenP¢DOS2005/010150

10

15

20

25

30

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBQODI MENT( S)

Ref erence will now be nade in detail to presently

pr evish thedrawoerpdsil epoméxtete. eRisou¢thed oktha daveniien alds ubkizes a

the h c

or P B hrofab & 385, ferkl) BB BAERLR, a move

I nvaationg cdéel dowrepemdiurentndfa hdvel pakbsenhonoxideninonitoring

anoﬁgge%at us and related nethod for renoving acetyl ene
Hwv cracked gas mixture is provided. The

apparatus and nethod of the invention is nost

advant ageously used when the cracked gas m xture

conpri si ng hy BRIFEDESERIIRON QFf RHEDRAWINGSne,

acetyl ene, propane, propyl ene, butane, butenes, and

but adi ene. Mreover, the cracked gas m xture may al so

contain C4 arfIGOREhdr ihydiscieaations. theheraokidieds Qlurifibstion

invention utilizes a front-end acetyl ene renoval unit

(" Aﬂ:@B@‘)at‘{?d’f*&t&?‘?ﬁuF?@ the HEtBest PldbePIpSaBh BYFRIPPhi | 1 i ps E

series palladium based catal yst |ocated after a

mul ti stage charge gas conpressor in which acetylene is

sel ecPEVAIVEP R RIPTION IO} EHE PRI ERREIFEYIRRDIMENT(S)

cracked gas purification apparatus 10 incl udes

cracki ng furnaces 12, 14, 16, 18, 20, 22. A

hydr ocar bon freg@dsiceckill sownbe addeaal detfilotc pastitiygpreferred
furnaces, 12-22 at inlet ports 24, 26, 28, 30, 32, 34
andCARosiiars P emhedlipnis rapﬁ Pethpdn 9E & inyertionwhichy comgtiyte

gaStBipXd WRle i ﬁ@&femgrthéﬁ,%eﬂw E))RQ&R Hﬁ%ﬁ@@ﬁm ifleRRRE

et hyl ene, acetyl ene, "propane, propylene, butane, one
or nore butenes, and butadlene Cracking is achieved

by heating t hydr o edstock. at a suffi
RO R A A T S Rk
ol eitddamewdi glot r6@6TaaL REeyha FrofD BPals eratd  @Wnixmure is
cracked (gas m xture. The cracked gas m xture Is

conpiPEideddThe enpars ¥l methed b s Brattien is mageadvantaggougly
mul {dbg SHRGEE WREES ¢ niikiute cHBptisingt IfrGEACKEIDES ethane,

ethylene, acetylene, propane, propylene, butane, butenes, and butadiene.
Moreover, the cracked gas mixture may also contain C, and higher
hydrocarbons. The method of the invention utilizes a front-end acetylene
removal unit (“ARU”) containing a proprietary Chevron Phillips E series
palladium based catalyst located after a multistage charge gas compressor in

which acetylene is selectively reduced.

With reference to Figure 1, cracked gas purification apparatus 10
includes cracking furnaces 12, 14, 16, 18, 20, 22. A hydrocarbon feedstock is
introduced into cracking furnaces 12-22 at inlet ports 24, 26, 28, 30, 32, 34 and

cracked in the cracking furnaces to form a cracked gas mixture which

- 4 -
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we ovpnegdsed with additi onal

m xture is scrubbed with caustic scrubber 38 and then
preferably dried with drier 40 and then further

mul ti-stage conpression unit. The raw cracked gas is
then contacted with a palladi um containing catal yst
contodipises hydregeat pedaee, etoy ethylpset apeylene Apropaneg propylene,

suf l%dtgﬂe ?Be of 'Epo% %i.ltléﬁes %Hcg thra(%gI? u!ﬂ(ﬁrﬁc;l&g] ! Qgi ev?ch léy heating

por erabl'y essen

ac eﬂhyl h:ytbocanbdnh éeedstmkk ad egaaffmentt Uni geh itﬁnlﬁb@z[tumr tced:ratclﬁ the
eth ne, Acetylene renoval un 6 include inlet
por%@f siggk g éi‘%olo‘é’ﬁﬁ PgtecHar feie *2001899““3& {hef cpmpifenge raw
thr ghadq ?hﬂh@ﬁe ThE BR¥RId Q'rﬁ&tufe"m cﬂ&p?@%d%lﬁ?&%dorgﬁ’&e

m xture (which has now had acetyl ene renoved) is
contomriresdiop\stages 2 pla muylti-gagst coamswremet rMeficthe oracked gas

p%ﬂnﬁéuﬁ% 18 S(t,ll%gbgde m ecal?snlgz ru'i)biry é%( glsé#eég{f?pytedg%d with

rocarbon conpoun I e crac

in ddlrdmt@darblythblh Grkheb 8omb1tess&t1 |v¢1thbﬁd&mﬁle@n§ir&d§10h hedlge AD&f
ace%gl ene renoval upit may_al so be used as well as

R SR COIRRIESI08 ity é'FPS\Fé‘T’ ctackedseardy thea codadeq with 2

Pr agdiaGiuRGednbieniRg 8PS doRUBRE P ReeryleRalehlotall @its 44, 46 at a
advant age of the preSent invention is that the one or

mor ®ifgdent y feamperatusproansl pmwtrs iele thatpabpertioh fignn pmjerably

for t eryal at er_t han .about
yorr ST TSN e i Bl S B P 2B %o
t heethylémd. yAtetyqeﬁdwrefmoemmrﬁtamal y@inc)uda'hlhlSt port¥ess, B30 @hy ahitlet
i s measuregfromthe date at which the cat al i

t
fi rRAScYnPAcOEEF WPYRE theugh aretvisae gaaovghpmifs ‘t% 26tﬂ;1"1§1‘§afdfﬁd
whi g} hiRBeNAVRLE RS IR)fW ﬁd&%o@t@%m@ Een'fﬂ%@) 1@%@{%&@@@3 series of

renoval units is performed. Mre preferab one
or mt-@cead@tey resivetiqne poritigrs uﬂnatt gempve aod ng née atamgtituent

(or the cat al thfresh ca

P R Ro 3 Pmbingt 3 B S i R S G e
f r owillt breeagpirdtiatalt thihing Aicétiiend fdoRgli usin may also be used as well as
cont ai ni ng-cat al yst was first cont acted wth cracked

gasmeFexan &wo &PF‘leﬁ'i:‘?s’feHWélf WHEBTaY, be Wed dR@resticingthe present
aceihyén%ﬂﬁ rﬁ']ﬁi’tﬁ!ul F@H@a%ta%@ ot %?&‘? RVetiGis(R% the one or

replacing the catalyst wth fre catalyst) for a tine
| ntmpmaﬂcetmuarermwabmmkg ragatapable hbrunhing fyremtime ﬁmﬂml equal to

T I I R T e
Vi fdamﬂ'sk m&nﬁtedny@tmay bonis figedintedrk i§ hRhsueddafks thdife at
which the catalyst is first contacted with the cracked gas until the time at which
regenerating of the one or more acetylene removal units is performed. More
preferably, the one or more acetylene removal units are not regenerated (or
replacing the catalyst with fresh catalyst) for a time interval equal to or greater
than eighteen months from the time at which the palladium containing-catalyst
was first contacted with cracked gas mixture; and most preferably, the one or
more acetylene removal units are not regenerated (or replacing the catalyst with

fresh catalyst) for a time interval equal to or greater than two years from the

- 5 -
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di stribution of hydrocarbons may be used in the
practice of the invention, preferred hydrocarbon

wo ewds9meks i ncl ude, for exanple, ethane, propBCEPS2005/010150

but ane, hydrocarbon |iquids, and m xtures thereof may

be used as the feedstock. Still referring to Figure 1,
a péne ebwhish thepalladinpyr contpining e yph &apfixy Gowagtad With cracked

pr e%%%rrﬁﬁlt&fe.p%lﬁﬁq B %RM%‘ ﬁ%g#'&f)ca@lgonafeg@focﬁr{ﬁit%&% into a

f rom conpressi on tage I ng nornal operation,
secdisidibptert iob rhydfochihens armpriessed ior the kmaictrcavof gﬂ\s lnventlon
m xture i.s

{1 owebrrednaipaeRey %tOE%rE}E o dBf R R Saﬂﬁpa?g i,

62 hitakeQ NhydRbdagsbnb Yiqiiak v @fd Oflixte&s \Whtir&dt ke b@dﬁéd as the
nguter control. The two cracked gas m xtures are
rec

fAditerkd before entering heater 70 at position 68.
Heater 70 allows for reheating of the cracked gas
m xture. A useful heater for this purpose uses steam
as the heat shillr eferriv@ltoBigi2 tonpontibs of e ddmguessdd raw gas
steamto heater 70. The copbination of fipst cool.ing
t heMEWEKk Y %fﬁiﬂ%h?&t pAsEedy OPab °°r°£€1'ﬁe§9| ATt (fEneggiag ~from
al | rEQ[ont B8 APPeDRtiHE SndkBalPEpdRR, AC Sddbid ?)bbhon of the
cont | ed before the cracked gas m xture is

i nt epnatre&syci ensekadap\eab mixieds 440 allggvedgp fowethropgh hypasy 62.
I [ o

horas Bl 08 Rtk BN HHPARIer ) fndMipadl 05 sblbiB by

ac eVeszesrﬁe 66 whéhtazel uhder edmplterehtrols T:ireetbve rcedeksd g ahitres

flow n hcooler 74 durin rpmal__operati on.

R NS G g G A A R R

t hr puedinBYdrems cflked BSs Hiaureof Atdierut hagkerhr RS ﬁﬁ}ﬁgséj fukes

t hrough cool er 74 and bypass 76 is controlled

val stean 718 hegheaptsPurhe.ar\élve &b cantipds the dlﬁp\upfestemm medter 70.
In “?he ﬁuit%ﬂ ?ff rgtr&%olﬁ% RE thac erd %QHI)&HI‘C at%d rﬁ?enr}gﬁleaﬂgg the

appar a or co
pr ogasdﬂtbwsww hthe eémpemufe too chlnglné elcduratalyp@jntrbm béfotehthe
xture is referab

GREESL RO VI S I——"
st agieer 4nfidlg Frcie %@é’iﬂeﬁhoférﬂd%‘l diO¥8da portion of the cracked gas
mixture (which now has had some of the acetylene converted to ethylene) is
preferably cooled by flowing through cooler 74 during normal operation. A
second portion of the cracked gas mixture also flows through bypass 76. The
flow of the cracked gas mixture through cooler 74 and bypass 76 is controlled

by valves 78, 80 which are also under computer control.

In a variation of the present invention, a method and apparatus
for cooling the cracked gas mixture is provided. With reference to Figure 1, a
portion of the compressed raw gas mixture is preferably passed through cooler
60 after emerging from compression stage 42 and a second portion flowed

through bypass 62. Similarly, after emerging from acetylene removal unit 44,

- 65 -
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t hrough bypass 62. Simlarly, after enmerging from
acetyl ene renoval unit 44,the cracked gas m xture is

waelewsde4.agai n wherein a portion flows throughP€DUob®n5/010150

74 and a second portion through bypass 76. The
tenperatures within acetylene renoval units 44, 46 are
cart@¢ gtackedensimisiueel isiividehgramaviarein aaastinn Sy sdbrougl sooler
82, M= ¢ . - .
e/ E51 Sspte s g B R RS ST Bl RF e
gasrearowalguiilg 441 dfnamcaksfhiBnmonicored/ by tetipetasurd Aneadiing levices
measur ed by tenperature nmeasuring devjces 94, 96
posti¥néh: &% ChParosisignedsat ygriousyleves indhe caphysly o Mpreover,
MeagH hERRRBreAbf AW tReF ERAH R piE8 FroRPAdefy1GR Ik MByal units 44,
apparatus to detect the occurrence of a'tenperature
exctfr & mrasiiedeby tenipsratenepesasuningedevicse 94 aB6 \pesitioned at outlet
predet er.gi n val ue.) Tenperature measurin evi ces

B0 BREED: B and M A L p B AT el fE ' E0Rge oo
Sucpuriiatibre ippacmuspioiteantie BIddsrenddhefSticnpeiaaratiiuésion (i.e.,
nmeasuri ng devi ces are advant ageousl Y mul tipl ex )
meadE P HBEIA Eisss 309N Rapredaigrpyted valugt)c Hemperstyp measuring

t enpet At Weos &y B rnh%l%g&P% Wi B @}at%FE‘"a%QMinigsdevﬁce such as

initiated I1's progra a conhtro vice such as a
PLGheimgrouples] @wic (REHRy of Thehe teewpmiuat umeasnsns udeieent are

is achieved thro a_voti.ng ,st.rat ._For ~exa €0 1.
wh RSP R Sttt g2 1S B e By R v ih
t engipatatiire seEFSht YRich hr drdewahis dniderd Ge phdtsimAed &€ a
that a high tenperature rise has occurred. Simlarly,

whefPEro rdegicexsuchetnic Skl e aproveippequercy sely thepderppprature
of ﬁlgfsu}éﬁ{e%? id %&H@\regt MF&gH%%Hﬁ%%%@g{yf s %Hﬁﬁpl@ when a

devi ce nust agree that atenper i se above the
set dypdéxnthetmaccouple us ned, eShalf the wod ienpesturanegsurensy &sm

t hat spurious. hi gh_t erature readi does not,.. .

! i PR AR CE T AR A IS TP TS BT GEOEE. rSilRgy.
f r OWherbal kripl&t therrhdtowble ¢k RIMDRistuséd G¥cddut Yof EHeGhree temperature
tenperature is read fromthe tenperature neasurin

devingasuremsnts; fiem puced degceppus AeEieyhat ¢ tamperaure fisfeabove the
Pr egeRbint MYEBELLR. ¢ BEndk §3L ' i

excur gi 1(]:ralnli]llgs dur]i%ng start 3’2 gégtr%t%ﬁ%ﬁrg{mgr&éaggﬁu?gﬁ ghgh
of tehpembre yealmg despwa linitaie sshutSbwgnditchapudnd teedings can
S poxtegul% r%}n 'Ib(lenz?lrgj out" in which an artificially high temperature is read from the

temperature measuring device.

For the E-Series Pd catalysts used in the present invention, the
greatest risk of a temperature excursion is during startup and initial
pressurization of the acetylene removal units. Stagnation and hot spots that lead
to a runaway condition may occur with these catalysts. Two distinct startup
scenarios exist:

1. startup with a fresh (new) catalyst and
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w@2d0560%1948 new) catal yst and2.

to a runaway condition may occur with these catal ysts.
Two distinct startup scenarios exist: 1. startup wth

trip (Le, the system has shut down because of the
occurrence of an energency condition). \Wen acetyl ene
removal unit £. 4artupl frogy an &RIBENSH AP (ike, ksasystermeleds shut down

Cab%ké(xtié of Hg'el éﬁr‘?en‘c@ OP&L %&g&l&%ﬁ{xc{ﬁém' s paramount for

preven reac ch catal ysts, as
un3Ehet atayzlleh\e/ demﬁ‘im barics bl etfulages stpaisds withr m:mg,h ﬁtahe catalyst
whi ch i s not ass i vat e t he.cat al

catahﬁ 1% %% "
v e PGB (GRPEANIGGPRIrglji é’PS?mtanﬁ PFYFRting ¢ reaction.

r e&&ith Wich lcBafistsh@s ﬁ%ﬂ@feﬂ%yd%ﬁfboﬁ hEIERELsApAdE @hrbh the
above a first redeternrned val ue occurs, a cracke

gasatadist (weyclp m@é dassivaies)),i th catalysids vauyi astive amskmdregld@ly to

cool in rocedur t 0. as nHX|nun1 00
Du %ll’llrgla.%aa[) aé,r t%(l:,lt%oél Cel{lt?lSI sg%nano FV\I/I a éej;npe ure IISQ gbove a

adjfurst pﬂédablmhné& adluabtcudd, 4 hracked aak edolgx’gSprb&dﬁﬂeQMﬁitlated
t hrough coaol er 60, Heating .provi ded by heater 70 is
st aaﬁearaclr@&aﬂaﬁ coQfing; BRgcedURdpHEFTERd 10 BRASHRYR coglfg. During

acel ¥hBeRnIrE FRMAko! ndaﬁ\%s %4 664§pe a\ﬂﬁisﬁég %u&isbhataﬁl @F tBe cracked
adj ust ed such that al the cracked gas is flowed

t hrgaegh flowefl éhrovigh C&oir:r 6<he Heafeg ipesyidedl bsahhal;ﬁm 70 is stopped

cat used esent_invention

oy 6o e firitE A elaRghl s BIeRRLin S s8R Ui b, 36 wgves
F 78, Bhargidjudidtesueh @at BY ofeeRodtkelegaris Betle@®dighicsoler 74.
sufficient for bringi ng npst tenperature excursions

é:érf berf-Patics peiadRmnraalyye aved a1 P preped inveafieesthe first
e&etf@rﬁm‘feg%ﬁlg&aﬂu% ﬁs 66256 ]zﬁ) dduIdongi Ng a runaway

re ction un ontro I'n such circunstances, an
ener gency shut down procedure is initiated when the

tenperature r abov eco redet

enper at ur o PHABTRE 10y e Rt GERPL REFTBHEATIRES seisisar for
pr edeteaieninid ERpReuAl lék@m&er ubdee EHB0I, ethefRahted @blefifially
catal ysts used in the present invention, this

t e FiEHERSERGEs | vhenytBiscaplipe iy Waffeasisetn BODLINS AoUABY readipn
F. U?MQP c&iirf ”Bfngﬁﬂﬁycg%ﬂfﬁktgﬁéé@ B ke %Hﬁ%gﬂﬁ@%ﬁ@ﬁcedure is

diverting the crac gas mxture t
initiated when the temperature rises above a second predetermined temperature

that is typically higher than the second predetermined temperature. For the E-
series palladium catalysts used in the present invention, this temperature is
typically from about 300° F to about 330° F. Such an emergency shutdown
procedure comprises diverting the cracked gas mixture through the bypass
conduit 100 by openirlg valves 102, 104, isolating the one or more acetylene
removal units by closing valves 106, 108, 110, and then removing at least a
portion of the cracked gas contained in the one or more acetylene removal
units. Preferably, most of the cracked gas mixture is removed from the
acetylene removal units by opening valves 112, 114 and then pass through a

flare in which it is burned before release into the environment. The acetylene

- 8 -
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conduit 100 by opening val ves 102, 104, isolating the
one or nore acetylene renoval units by closing val ves

wae®so908 110, and then renoving at | east a ppCT/USI00H610150

t he cracked gas contained in the one or nore acetyl ene
renoval units. Preferably, nost of the cracked gas
m xemeval junits arayvilen pe dhathes cogled tapf amesed diyollewing B tigerhgas
op n Y e

S B KRBT e putet R biRC P10 RRGeh oy Re Serhd it
e Nvls 4M rmd(tidltmTiaEcmag yhé pergargpofaicetyient sennmvyl tikie nnatyalso be

furthe cool and ed by flow ng an.i as

s PHVE 6 Bh o PP RO R ger e o Digh GegHTacty SHch as
ac %{mh@ﬂ%ni Eﬁi%\é%hpﬁl?'lﬁl@ 14§athr’c‘)§gh &&glﬁﬂeqeﬁbvﬁ QQltd M 48ndin
pur gi ng of acetylene renoval units may al so be

pr 8 gentelly ag e gifeinta gasfthadopyneirends avith thaddwaterragalysts
hi gxt]th? LSRG EVa § Qﬁh as ethane from purge supply
line %g ?ﬁ Ih aceﬁ" [

rou yl'ene renoval units 44, 46. In
this context, an inert gas is a gas that does not

react with the Pd- base catal ysts jn the acetyl ene

enpval  uni t 407 PG e oRARD E8F Sealisg Iﬁa%e‘i%cﬁnidrfﬁe emergency

Pr QRREH R pritdatiBea PIRY GRNMuSIHULSHNOR BE A b tefipBkfares
cont i nuousl y monitors the reactor bed tenperatures and

t hend th\?p@nwpmt@e rmealr the feait @f ieachofeadias Hhe det flom, totthereactors
inl f. . :
or SRR o o SO 18 P SindlE P Y o

t hatagis dhdigaion dincié oharge gtm eofipr@ssgs, HadPCD @tmuesamr the kig@al
DCE status, and the signal fromthe DCS an
| hsaPESrvd pead- Wawgwt?%h%@ Saﬂﬁch%gduﬁma dlant operations.

opef alyl Fdese! doniderRd égﬂ:?e?? aft HIRRIAENS i nﬂ £k rr&n@t}al %mts

initiation to trip acetyl ene renoval ts 44, 46
PL@4adq, mhatPésC thiyaesrdregamre gensh shuidown systene i iteach 1maaihr
i nitiator ere.are ecific criteria.that

ot B! s i nBP Bk b RO W 3D e
Theris bt&gi@ﬂm my&h@tmnoﬁ sydhén mfel&puesdnnv:@eﬁtwmnalai SiGnitors the
rmnltors the performance of other, systens in the

cr REUPTRATSE a?fpom%égsée%% e rthes pEacking  plar| udBesenethempyistems

T T
st ggesom3pressiz, whivh db@@r'semqmream sagas 06, 43, the DCS status,
Bﬁ%ﬂ% %t\é&ltsc& e%}dys%vutcﬁa atusatﬁat dah l'lg %gett%el%nr%m%%ﬁo u\éﬁls 44, 46.
When a shutdown is initiated, multiple events occur to protect not only
acetylene removal units 44, 46, but also the compressor. When the emergency
shutdown program is initiated, acetylene removal units 44, 46 are bypassed,
isolated, and depressurized. First, ARU bypass valves 102, 104 are opened to
prevent deadheading the compressor. At a predetermined time (about 3 to 5
seconds) after the bypass valves are opened, acetylene removal units 44, 46 are
isolated by closing the ARU inlet valve 106 and outlet isolation valves 108,

110. After a second pre-determined time (about 10 to 15 seconds) acetylene

removal units 44, 46 are depressurized. Acetylene removal units 44, 46 are
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W@DL®6/0919d8 conpr essor.

When a shutdown is initiated, nultiple events occur to
protect not only acetylene renoval units 44, 46, but

programis initiated, acetylene renoval units 44, 46
are bypassed, isol at ed and depr essurl zed. First, ARU
by pdved ayiffellarg golves b2, Akt OYRbYREd 1201 Ht eREIrRimultancously and

I, I, I t
(aggﬂgs@ged&gb&ﬂere&%fp t§% fre. t?@ Es@l‘éﬁ&@ JHieE bt thERontrol

3 to 5 seconds ypass val ves are
opealess, aradetydreinel foelowdherario fal ddhe A®par positenl at ed by
closing the ARU inlet valve 106 and outlet isolation
val ves 108, 110. After a second pre-deternined tine

(about 10 tODdﬁngSQlﬁ‘eOféﬂx‘éBgeﬁéftsYlhﬁﬁﬁnr ik, Winh uc,44valve-
46 are depressurized. Acetyl ene renova units 4

ar reckingprearan isilsp|ipitiated ko p@@a@ﬂhe systean fogapipesolation ‘nd re-
11
$aQP 8 nikd | %ﬁgﬁl&ﬁéﬁgﬁg i g b SHF 78 sﬁ&ttdtlwﬁte@gfe%,s

toaflare es on t con
vakntmskamoeslyl cemtser giszett twpat tovhet PES) indichizng which tskep has

8‘% C(?EUP? C{,gﬁ%ﬁj @Yow,s &eg}@%gﬁﬁgﬁgc‘%b rseg:ﬁl dl})e cQrEegt position

I NEdri RbREnd ChePPEO IR HRAE SIRVELRM ProframPh® bl @niphiled@ Nkbr
re start. ile the PLCis initiating each step of the

s heagmif wh@c@gsl?m opeisiyPrahEdiey 0% eHsusdngp seleeaid, the

creiE

QoD whfise i, it PRI VAR &P 17R BEE i places

t hthecalvescih thesbtreanfafleafe r];s&s&tdnl fogy I'eifeﬁn@LtheaPIt(é rfort ktertup.
down h b ted F

¢ SRR DO B AR V3R e R e cOGRAR' 58 ot Chen S ShoR iy g he

t hgir ESpIw th ltheS €ntioh €a198 @Ja@&e%'n&@%d tRrih QhéJYe@étS $ach of the
val ves ‘at 100% open. This places the valves in the

COPEIEENdyaj Fhusdopen pproigramsn fesr  idased | agd t remple@df owithin
st %&Hﬁn}a% %5 V&CLSO%HS tan(? apey %@agl%%a! &8{) \Q@e r&la&)ﬁ gatcﬁgn by

soaQt ol enord valve
C orgntaMingy &iev&aatm&s ragd ehe heatz dmdthei ngcttnh gydtas.eFacilktis hand

of the, energen down pr grans are initiated and
coRfaCeduEes WFe (1:%/? %@ﬁﬁg &{nﬁﬁlﬂi@ YyPuree ShecTsAciSTsayiih gitiogen, and

degh Wsth-r& %&&Bcérb@n HEMaY, hedet I8Pl B R Aol a
reactants and the heat fromthe reactor system

Fatinewvey ¢&p.ahlbe pmergeniyr dwtdeayie systeso and U toonirels gairioy be
PUL3& Jrﬁ]? afl %rq;? E(?I{(I%UOVMIS thhvenélégrgg,eﬂid #0 %perator manually resets the

PLC emergency shutdown program on the DCS.

Accurate temperature measurement is of paramount importance
in detecting a temperature excursion before either the maximum cooling or
emergency shutdown procedure is implemented. The expense of a spurious
determination of a temperature overrun should be avoided. During normal
operation, a distributed control systerm ("DCS") is the primary controller for the
maximum cooling system. (Alternatively, the PLC may also be used as the

primary controller.) Temperature readings from each ARU reactor and from a
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all trip conditions have cleared, and the operator

manual |y resets the PLC enmergency shutdown programo n
t he MOSEON Agarthe it 1Qf paelr ARMH Eeagion i eanbArom g KL to the DCS.
par | B det ' ar & Tocations t
Rt LIRBLLARE i A IR B octins o
e e ngexmoym sleoligpiemperadore deirintsisedrpl mitiarg éiik mddeeof operation.

expense of spur.ious determination Q enperatyre..
over BregiaRE BUCRVE FHas B thaS Hotha P S EPHAHY Sojiats
di strhdxmtn@odBAd. I OFheSyiSic@Minveien Msb prdvideshd LéHioY strategy in
control ler for the maxi mum cooling system

( Al tvé¥eihtthe edcguragyh of pp Gempgragire orehdng sié dirgpyotade by redundant
pri rokler. ature r 1. NQs C .
AR Tk B0he 01 e STRRLTEY o 8P Uh 9 e Sparng
ARU deeiaed oSpedificaligntduplenmrariple€ tempthmrGBasufing da¢ises (e.g.
conpares th Lum t enper at ur e asured fro he

0 ARTBREO S RHRR) Mg, e e npRrrauEat Wi duplex
usednda@uridyl téadeeist k&, AR awof te@pefatiré QReashiden®@nts from such a
tenmperature indicator exceeds this set point, the DCS

i mredgvige anyst jagieg itheles MRGTAIIA Ei6®labeiy. thFhest-peiak bas occurred.
i nv [0 ' ] rol . sty Y. in i

the erbR BHR3, BEBH:AGE Ra SRR B 5 TEEY il sllHF By e
r eduerdpardtureeAasasnearals GHmt ieh tae dpareainustesrésy thatVd t&hperature
nor e, tenperat ure neasyring devj ceé. Sl% ci fical Igg

GuplTS DIPVE (hpI ExPRlar ALGHES o aORFTHRY udpprued (emeprare
t herf®ieHRg &SachiETE8 by atifhdtS8GuitiAg MRE Y Bmb&Giure measyrements
tenperature. Wen a dupl ex nmeasuring devicCe is used,

t he ff therdupleat or driplen sisvisae beswithiona spredetermiedi ingerval as
must h a t ri i he_set - poi nt
s coRgE8 " M S BN Hekulibat RS SRR are
deviaceepied asaedhratt @ypiehlly,abotitt88° F)r s e8P edq@irethent safeguards
measur.enents from such a device nust agree that a

t emPEHA A Y08 h’zﬁi’o{Féd% deingt the SrHt Mz benkey theggocouple. or
Optipomsl |y, inproved tenperature nonitoring is

achi eved by further requiring that the tenperature
nmeasurenents fromthe duplex or triplex devices be

W thin a pr edﬁhﬁﬁéﬁ {Illgdmgﬁhl%nv%looﬁnsg mode of operation, the DCS

automatically routes all of the cracked gas through the feed pre-cooler and

through the mid-bed cooler(s) to chill the gas to both reactors as much as
possible. The DCS also closes the valve on the steam to the reactor pre-heater
(if present) to prevent heating the gas after it has been cooled. Maximum
cooling mode offers a first-line protection against a runaway reaction. It is
designed to slow down or stop the hydrogenation reaction and subsequent
temperafure increases associated with a runaway reaction. The maximum
cooling mode of operation stays under DCS control until the operator resets the

DCS maximum cooling program. This program only resets if all of the
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conpared to each tenperature neasurenent before the
nmeasurenents are accepted as accurate (typically,

W@Rb@manIB@F.) This latter requirenment saf eguarB&I/US2005/010150

agai nst a spurious high reading being the result of a
br oken t hernmocouple or RTD. During the maxi mum cooling
noéetiasrs dpse gleated, (all Hempyrgugey taseralel @vathey magimuss ceplingoset-

he . . -G d .
¢ nFoiBn Tt AlERT: LIREAL IS SGP O IG FEeAe cxpupign
I etetenesgasy shicdowassypwasioatreilediye tHo@d Giviibtagk 0s@s t he

valve on the steamto the reactor pre-heater (if
present) to prevent heating the gas after it has been

cool ed. Maxi BURAARE ! drBaIRAE oPfth& reRnf idvehridd, & improved
protecti.on agai nst a runaway reaction. It is designed

t oPEIcedyrel furslasingsthe peattienchipoiond) anethpd et fersie ebaye inppvided.
su l?‘ﬁg gtldﬁ[ﬁ% g}%:sfelrﬁg ﬁgpqﬁgﬁraemétﬂgé Sfagtgrg 'r%stﬁé %ﬁl(gt?j gzqtg}’\fn}pgovaed safety

runaway r e nmaxi mum cC

Opéaalréson SoRlyBetdl@inale OVl FeFlerdntd td Fighe: Pl RkArgas is
resets. the DCS maxi mum cool,i.n%_ program This program
onHgWEEslrughs crckedyt 2ash @PHIgARRorPHAWE dPedPed cevFling

t CBREHoAtAHES ThESnde %&vnmemfmg% g’d?iﬁgé%%ri ibes 85 R 18 )of the

I f maxi mum cool i ng does not st

r e@]@rgmﬂm@mﬁssggmné bfrﬁassu Esngurt, 1Q|(h?1dgnesrcgeg cyrlldmulﬂome
syst.e (o) e e. over. In .
an %%ggrc%el%oggf“ﬁ%nfe%\g?hqgh%c’n Plé\gg%t' i e HETtoRS Kpflowed until

| npoopreskop stage Rl gy ph e contidit 100)anidRcRgial Wostet 1 8IeNalp to
met hod, set forth above is provided, The startup system
dePPOYE B PIFENEOd BIPIlyy thifds RRRTORRUALGHt the | PRSFsYedt which
sat@ted SRIIEESatdR BpRHaths! SR, '

refer een c%‘%tﬂgh%iggur e&’ ,eraglrsl lllaﬁxgrﬂt%%lg;% I'S |"é‘¥%‘1& r}% ﬁrregtlfé I%han
cr e d0Q)asig plpraféraiztabon 4Qp1680 atigs) Malven 64, 6€c1H0, i104), 134

conf i ation. The.iner as . flo t hr ou conpr.essor .
co Bk 5 Ao K b o By e O L s i
by pasiext eesandlh gaslbel aid noeryal it teontil st cdtdined e a@Bfene
recycl es through recycling conduit 132. The inert gas

i STRIVREBRIS 10 oftpFiedis gFCysting B orion IyiRaoPTESHERithe inert

108as RndidwRavs! ﬂcfl»? iﬁt@neﬁgfgkné?fgm@(/ﬁ West %,Oﬁfr afleNBetylene

préssure. Typically, this is approxinatel’y the

pr eszaypleunits avhiatlbwed to come up to operating pressure (same as above).
After coming up to pressure, cracked gas is formed in the cracking furnaces 12-
22 and allowed to flow into acetylene removal units 44, 46. Finally, acetylene
removal units are allowed to heat up so that reduction of acetylene is allowed to
occur. Typically, this temperature is from about 120° F to about 220° F. In

other variations, this temperature is from about 120° F to about 150° F.

Suitable inert gases include gaseous low sulfur alkanes and
nitrogen gas. Low sulfur (ppb level) natural gas is particularly useful because
of its low price and ready availability. The inert gas is preferably passed

through the charge gas compressor. If a fresh catalyst is present in acetylene
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cracked gas purification apparatus 10 normal |y
operates which is greater than about 400 psig.

w@ prospegmabl y about 400-600 ps g.) Valves 64, GPCT/LSDN5/010150

104, 134 control the flow through bypass 100 and

recycling conduit 132. Inert gas in this context neans

a ge@mvn vnitfods 4o sunpiarentahicaion MOTEBIG|spurcey aiet addpd do the
| ene [

por rort EATBATE 52 pollbh 35 oot Whaurflch 3 o] FHEL' 18 o

fl oamsuru‘ ohamcmb ydagium mmmomdalcoumntratldm is 4<ﬁlff1(ﬁh1& to prevent a

acetyl ene renpov units are_ all

op P AT e T e A gl G E Presart Buhiin Tguey the

Pr egVEIE dod%ri%ﬁ Kﬁ)@rﬂ %%uﬂss I‘ﬁé?(’i nfﬁé’ 1riePt bhewl agk! d’éﬁaon monoxide
furnaces lowed to flow into acetyl ene

r entsvels ig railo\sedrltp, ﬂa‘s.thmughlapgtylem: cepphangte fdy 46. ukhe gigh
ar e @|e1' oped 42 Hl%ﬁ(t)xi(lllél)_ At Ih@ss{v?%“ ?ﬁé (H]ssﬁ)f ?‘aﬁf&tyﬂe‘%&% the
is allowed™t yplca(l)l Y, th| Gt

O occur. nper a
f r oimt@idodtion120 ckacked ganutAfE?Qhé. cai‘hbmtdimroxldar t@icemtrdion is

this t ture is fro b 120Fto about 150_F,

sui eetilishad e g@e%bOPh@@a?@%é E0) 384 s pregire s sufficient for
al kapesidangd.en BG(PQﬁ)npﬂ%asthe lePAM |ff1§'ﬁacé§@f?: bRVEAY on-line with
natural gas is particu use because of its | ow

pri gdnigal suleﬁadyu@tdalil Itabkdeptcyarbdnhmqnnélrle lgeads ihggh so that the

pr egl.ﬁ)fpr es%ﬁa? @z?rgﬁ?rgmgﬁ&g&ggukg f'n? %Eﬂget%aﬁshnﬁgﬁ%e\%’ﬁor{ ¢racked

'S presen ener enova
u ni p&s HAfirsd Gntrmmp@i edradkedl gae grubifita thaan appaﬂﬁus aor Rerftaine the

added to the crack ture osition 136 j ust
upsff%aé‘éffﬂ%@fﬂ%d&% %923 t 24956 19 dmeﬂﬂgﬁf: dgpgeniiop reactions.

car pRGePRNaNd dEniGRAL ?é?ﬁﬂe%tlh@ Nis i 1finifetf by Cdo%ﬂ&nsﬁt@orp bEVEN Feed
a runaway reaction. The inert gas is allowed t

pr es@upaeniy, aediifingohe h)p@a@h thh @Sﬂe ayaxfineuino gqmlfngr and begin
several t he | h,carbo

o et S peatEE el GgbAikSs PR Siibith bR raRaice

r enthedted) Mcreisihd ,the%@mpé?ﬁ@rehﬂogshlﬂ a@MQé thefcoa@ddfivn limits causes
nonoxi de acts to passivate the fresh catal yst before
t heDP MR fafR corceEtsa b §rad rataf e ACIHENG iyl units 44,

noNgy is@BilzO GRS ﬁ)tvd ﬁGw's%t— hallel ShE6h flonbxi %1? "I’&QY% reduced

about 1000- 2000 ppn) and e pressure I's sufficient
f or by pémdnatiog thé sepplentdea @omrcpsmngl infehgng saliki wgthe furnaces.
furgaces_are br

i nj ectl o™t Sosaﬁyeg%g%@r %@ﬁ‘lﬂhg“ﬁf’ Ogré mE‘%fa l h“'isrécllfegogatshgt first
t heintroduced into acetylene removal units 44, 46), sulfur injection is provided to
the hydrocarbon feed stock with sulfur injectors 140, 142, 144, 146, 148, 150
to provide additional control of the carbon monoxide concentration. At this
point, the inlet gas temperatures are slowly increased to initiate acetylene
hydrogenation.  Preferably, normal operation of cracked gas purification

apparatus 10 is achieved within four hours of cracked gas addition to acetylene

removal units 44, 46.
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suppl enent al carbon nonoxi de source can qui ckly be
el im nated. When cracked gas is first introduced,

w@e@sket4gyas purification apparatus 10 is | ef tPCTUS1965/010150

maxi mum cool i ng node set forth above to mnimn ze
hydr ogenati on reactions. However, the m ni num
t errper at ur e s anopher eembsditeesm defn $be iDERseRF pVRLigrRE@ carbon

conpe QpeRs %dongsw r hB8od RGa gagsg Qriot e ﬁﬁﬁ»zg e‘gm'&yaﬁed gas

cool1ng an eg| I ncreasi e reacto
t eppefiction eppardits 10su pfaviziedntThe aribon nmmogide denitoring eystem

d the tenmperature t tay .above the
coRteRa G B eridriaer i Mook e dbfls AR et R raw gas
CORERAAE to fife dcley1éRadmbad1emit.0 SAGHTE YIREQ 52 eIV dl56WHichhon
44, 46 stabilize above a Iom1f|om13et-p0|nt i he

cameAxidpdekstas 138vald sanple theedobyl@.| I reft GapP 1 meonoxide
>URe e&HF'TB@\ﬁreﬁ Stthiehi cﬂ§ﬂ§1a€éde&t a?ﬁ e§xg|c;fbgr%ctk?ng %ﬁ‘?naces 12-22.

furnaces
af tGarbdnheormokide I«Eﬂbogﬁs 15& 1f6l6ras¢ eachtrm@tdi-lstréaﬂn Gﬂa?nalyzers which

ace | ene r units sul fur injection is
Ay Bep %{m é’?h%"}SBE%% g5 °$8‘810§]t SRacies ippddifiomy fo carbon

' anﬁﬁlbﬁﬁ§ 1HRse iy zdid Aneabdi@, plﬁﬁL&vellg’Qb&P nihe¥idefrom each
addi tional control of the carbon nonoxid

corﬁ'er@mer akheopnalpgers Hyege pdsisigned tipre 2j mu@tnugla@ycle time so that
S i i At

S TSRARLERAS AL AL QEEABRE T Ahll oy and e

of ﬂmr acdeswdrg aewistredom cablanged appafr atetgledd regtds hami/ed other

wi thi.n four hours of cracked ition to, acetyl ene
U BRO R o R P o HOT . B SGSAL anelysers

Pr §ReNtish MeAldPRboR £RfyRAB 1@%%1' ST 4@ I RE 08 Baon
and apparatus to be utilized with cracked gas

pumionpxide japHyzesp Hftaisuipstaled seq@rtbmed@@nceﬁh é)ymsumndult 100,
gﬁgéfegﬁngpﬁkt&%ﬁenpen’?&@f gxm sPAL 216deﬁ‘a1%o oxh geadnalvger 170

on nonoxi | ev 'n 1 e cra

gasallpwo vhed eptritort toehae edry " Bv@nt ReoDyY"a medfliréBent Sﬂ’fTﬁ)lhee carbon
tubes 152, 154, 156, of carbon npnoxi de detector
andWGKAT SoncgHaationin the gracked gap fed igrasefilens ﬁw‘d@ anits 44,

detygCiRh iR 1t ?ea%ﬁ&r@ﬁl%%y%a s aRiRces: tore(ﬁl‘fltﬂ% &4 dngnned

cracklng furnaces 12-22 rbon nonoxi de detectors
15&ip. 1Bes arab/mal@ hrlnmltsmcs itralaws (€ aperakor e petioipaite ltheaaceivity

gljzelqrtellc gﬁ ?1%" Saéfa%r wi- g rc'a?a‘%ys?t I'hegl ccrgc rend Cg%'s i§ Qn“atrocfuced No the
reactors. A second infrared carbon monoxide analyzer 172 1is installed
downstream of reactor feed control valve 106, just upstream oOf acetylene
removal units 44, 46. A multi-stream GC analyzer 176 is added to the ARU
system to measure the ppm-level acetylene in the feed at the inlet to acetylene
removal unit 44 via sample tube 178, at the outlet acetylene removal unit 44 via
sample tube 180, and at the outlet of acetylene removal unit 46 via sample tube
182. Each of these analyzers are critical to safe operation, product quality,

operational stability and optimum selectivity of the acetylene removal apparatus.

As carbon monoxide is a temporary poison to the palladium-based catalyst, it
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nonoxi de. These anal yzers neasure ppm| evel carbon
nmonoxi de from each furnace. The anal yzers were

waemsgemdas f or a m ni mum cycle tine so that opePEL/U8M05/010150

can adjust the furnace operations, receive tinely

f eedback and make the necessary downst r eam changes on

t hé?Va‘b HERATERE ihatagqnénol of e GFOW: meroxideupTadEeRd inothg dapaces
on t e I 1fur-

N D T D e S e R e

unictcsitadding A®mplonhd as esdleaazelyomjamdomtcd ehearadckingr furdfres Snto

|nst$ ged n ar the entrance to %gas(i C d tc%}%o ..
upsYt&ar &6t %‘bé‘}%‘}‘f”é‘ﬁ% CESTHYA MRS, Gjontaining
ND RSN vz f&7&aﬁ{ﬂleOVhﬁteftﬁ%r—&ﬁ?F %l%ulh@e heyep), di-t-
"1 nst ant aneous” rreasurerrent of the carbon nonoxi de

c ormeapinodtsubidle; nhydregey awkiidg, gdncthsd swliideet gineaiyldisulfide,

r er&ig@l 1 Hg dESanAﬂ4¢omAb§ atf%}{se ﬁle Fnﬂlﬂesefe ef el e%tlgﬁ of Ihe sulfur-
pass g duri f ? i Ng an un an

Th |cx>nmimlng sompmmdmrmnd@sai msne rroleust indadfﬁamt prioecse pemtﬁilor

to anticipate the activity |level of the

pal | adi um based catal yst when cracked gas is

i ntroduced t QoidBngR@AL Apset oﬁt&e@@eﬁesl d&&i@&e@st@ﬁr&e@ in the

monoxi de anal yzer "172 is instal downst r eam of

r e PNt figeaRtionris rtht optalysiés Ib)l@ity fcmsmthatpyﬂr@émm dfops in the

v

ana%{%(g?l%f{}(gﬂ&) S@g%}gﬁldﬁ reac% r ‘5" ﬁigﬁﬁc SyS% ruﬁ;%\%a‘iﬁlje%cggn in front-

t h@:mlpmd:tense it ﬂd)ehweé nhatltlma <ta|na&ysft e @tomietdipeprombet(s} ménimize
ﬁ‘%l ene r unit 44 via sanple tube 178, at_ the

R @aﬁl%ﬁdv Ahe G Wanaxids cORRBIEPH0E thyertalyst

an Gudtact IBZ rﬁaliﬁtlai%n e 3EBbY hRASxieMal: aURlidimAt V@ near the
sanpl e tube 182. Each of these analyzers are critical

t o reagtiono gisasat Thos, mlprrmm cctarhqmamongmdm penmrem prevents the
st ahbi |t n ity of t
r e%%\(/:é% %f ﬁa?et&éde%c ar%gnn R bevﬁleWHen %ﬁ? 8 Flée pvel is

poileon téﬂthbh@ fel Eaekidsneabdmadoftat @byssiess iviBgespect to sudden
i nper ati ve that control of the carbon nonoxide

pr GBS P $7rpHl THOBPKidEe SRS THBOXIAF 20ROl il earamount to

Cal-PRRing0f Pxdrd @fﬂc?en%b%?z[ckﬁg ﬂl&htr' BF thepresent invention, several
sul furcént aini ng conpound s selectively injected into

t heashercppnexideamogitoes aderplasedwiti kel pasitiensiortheronadsngl plant.
excursion has occurred. Suitable sulfur-containing
conpounds include, for exanple, ditertiary-butyl

pol ysul fi de (InTBRStiding dihet present piabatsivhf idgh levels of carbon

monoxide which would inhibit catalyst activity are reduced by the injection of a
sulfur containing compound to one or more of the cracking furnaces. TBPS
proved to be the most convenient and safe form of sulfur addition for carbon
monoxide control. Since each furnace is individually equipped with a TBPS
pump, TBPS injection may be targeted to just the furnaces in which the carbon
monoxide levels are too high.  This selectively targeting of the cracking
furnaces enables better control of the carbon monoxide level at the ARU

resulting in better control of the activity and selectivity of the catalyst. TBPS

- 15 -



hydr ogen sul fide, dinmethyl sulfide, dinethyldisulfide,
di et hyl sul fide, and conbi nations thereof. This

W@ eisovioe i njection of the sul furcontaini ng cROPUSINS/010150
provides a nore robust and efficient process contro
One inportant aspect of the E-Series catalyst system
us edflditipnt tethp femiacps Hapwaeitendn biesoneqf t&atrapgtﬁfegtwe forms of
abi Jehé ér c%nt\%lt %Eﬁrfﬂrrﬁ&d %?%dﬁ&[’?yﬁdé‘ Jrh B’ 990n monoxide
nonoxi de | evel the reac ut causi ng runaway
r eafcussions ecduront end reactors. IS believed that the
catal yst's proprietary momNeMs)lnnlmzethe|rmam
of fluctuations in the carbon nonoxi de concentration
on the catal ys¥niRWniRRendNYs Gﬁth'étlﬁ{réh'tlﬂlg htab@ e&d BARirated and
nonoxi de | evel at a mninmum | evel near the reaction
S| t dascritrd; & winet maiended thps these aokpdmens nldtamatmmcb fescribe all

t e

Si t%o%%)r;évilgﬂﬁ V\ﬁictﬁg ?rﬁregtg%ne[‘lg tﬁéréxﬂeg%/bgflst 1?868 ‘ﬁ tﬁe %%Hg%&l%l are
t hewérds arfi descripgival rgidies tlmﬁfl&mtauob usﬁcheas wndbh;td’oﬂsmaCVarlous
to sudden draops of carbon nonoxi de, carbon nonoxi de
cont2Bees; Way b mage, withouy fenaging, Hqn giea SRirgpnd scope of the
ef finGb@pRey cracking plant. In the present invention,
several carbon nonoxide nonitors are placed at key
positions in the cracking plant. In practicing the
present invention, high | evels of carbon nonoxide
whi ch woul d inhibit catalyst activity are reduced by
the injection of a sulfur containing conpound to one
or nore of the cracking furnaces. TBPS proved to be
t he nost convenient and safe form of sulfur addition
for carbon nonoxi de control. Since each furnace is
i ndi vidual ly equi pped with a TBPS punp, TBPS injection
may be targeted to just the furnaces in which the
carbon nonoxi de | evels are too high. This selectively
targeting of the cracking furnaces enabl es better
control of the carbon nonoxide |evel at the ARU
resulting in better control of the activity and
selectivity of the catalyst. TBPSaddition to the
furnaces has proven to be one of the nost effective
forms of reactor control when furnace swaps are nade
or other carbon nonoxi de excursions occur.
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Whi | e enbodi nents of the invention have been
illustrated and described, it is not intended that

wao beseomapodi nents illustrate and descri be al | PEDES1005/€10150

fornms of the invention. Rather, the words used in the
specification are words of description rather than

| i fiEPat L8nCLAHYEPt i s understood that various changes
may be nade without departing fromthe spirit and

scope of the invention. WHAT | S CLAIMED : 1. A nethod

of selectively rempihadgoheeestivelye remeying aeeiviens fored raw
gas_nm.xture,. the h C 1.5l ng: cracking a

hy&?aolaégzgr acs)ﬁm%(télg%’stggc%rl?%%ﬁ Cg{rﬁr]@h%l?&'nore crackdng furnaces
to formthe ¢ragking ag Kgdr@asoni febdst@ke anane Soingnore cracking
hydr ogen, net hane, ethane, ethyl ene, acety|epe,

pr SHARES 19 IRy HinERW Biafledesas gRishuss cww%b&ﬁ&&m Hgpare,
buteadhe Nyl &R ITBE&FRE! %pr&ﬁh%e! PUpGIRE, kfhn8 asndb fndfEbutenes,
with a multi-stagé corpriessor uhit; contacting the raw
cr apkbdadiess; mi xture with a pal |l adi untont ai ni ng

catal yst at Caosufgi.ci net t&mpegkg ure and pressure ﬁlqgtg e
that a porti on B e c&yl SREST P HEraw or acked gasg
m xbupesdos ugignverted to ethyl ene, the

pal | adi um cont ai nj ng cat al yst being caontained in one,

or nore acet SAPEREINE Sy BAY LFRTREd 8330 HEYE &Yt jon gaiadim-

ONQ iR GiafkElaY h &I G PRl eritBiet shd@reRurel S¥Bh i3t 8P#tion
equal to o r ‘greater than one year fromthe tine at
whiof lthet frstybenk | iadihe maw orreckiedigag) ngxtue ipstonvertedi tostthylene, the

contacted w.t.h. raw cracked s. mxture. 2. The nmethaod
of PETASieoYpiging R B5iRE cHMEing IR ey m YRR el
univhBs;am& not regenerated for a tinme interval equal to
or greater than eighteen nonths fromthe tinme at which
the pal | adi UTFEEBFRER DS PRIE APt achiylens irppvaE ith at & glme

Wi tif}e @l fub Ao $idg@aer HaX OHE Gear from the time at which the palladium

containing catalyst is first contacted with raw cracked gas mixture.

2. The method of claim 1 wherein the one or more acetylene
removal units are not regenerated for a time interval equal to or greater than
eighteen months from the time at which the palladium containing-catalyst wwas

first contacted with raw cracked gas mixture.

3. The method of claim 1 wherein the one or more acetylene
removal units are not regenerated for a time interval equal to or greater than
two years from the time at which the palladium containing-catalyst was first

contacted with raw cracked gas mixture.
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3. The method of claim1l wherein the one or nore

acetylene renoval units are not regenerated for a tine
to or greater than two years fPONUS1965/010150
time at which the palladi um containi ng-catal yst was
first contacted with raw cracked gas m xture. 4. The

met hod of cl%i m 1Thhersthodt 98 RYHER od aMbersit ol s hpgRcaIbon
sel f; i St f e

Bt e P AR B FAH Ebsing of AP proBiph AP,
Théydmcirbdn hfuidb.ainch mixfures thereotonpri si ng cool i ng at

| east a portion of the raw cracked gas m xture before
the raw cracked gas m xture is contacted with the

pal I adi um cost ai NirAg el ofTlaimb- fufther doRipMRAgVookilgdt Meast
5 further conprising heating the raw cracked gas )
m Aok B¢ raer ErprRdre paforpibetray eracked g mixture is
an - ; l.xture i s contacted

i CRAEREY Bif I Ao Sl Vs ' . “The et hod

of claim1 further conprising cooling at |east a

portion of the raw cracked S mxture as the raw
cracked gas ™ xt u&(Qe Bﬁ%&’§§fggﬂ\g}eﬁ“ 'ﬁcqﬁ’m@fmpﬁé‘e%wg_ﬂ& Taw
NDIceacREE b4 BRI IE MY BHe W difoke gasT RSB iNEEhIS ardll RiFdFElihe
further conprising neasuring the tenperature at one or

oW CEeked 298 snixhire frecapppsted witipthe palladiu-eondainiageetallyst.-
units and at the outlet ports of the one or nore

acetyl ene renoval units. 9. The nethod of claim8
further conpt.i sin@he methodtafretpira Ir fawher @alpedingasoling at least

coalin rocedur e en a tenperature neasurenent

e PO G Sl e RERE PRHie o For ket B papees
Cl akiWeSn WAtAIoRkRe biCor MOREICAHIHE réthovaNgni@Ne or nore

| ocations i s neasured by two or nore tenperature

nmeasuring devices. 11. The nethod of claim 10 wherein

the tenperatgre nggs ng‘ﬁig\(;c\ig&foérlﬁmdle%[@ Q(?Ig%t&sg?gegﬁggs%gng the

predet erm ned val te i nor e 1 ndivi
t engrepeaitureet nBA DU e Ricsticag fethetdnator oes festak @Emdvae tinits

val u ¢ hgs .
and at the outlet ports of the one or more acetylene removal units.

0. The method of claim 8 further comprising initiating a raw
cracked gas cooling procedure when a temperature measurement exceeds a first -

predetermined value.

10. The method of claim 9 wherein the temperature at the one

or more locations is measured by two or more temperature measuring devices.

11. The method of claim 10 wherein the temperature
measurement is determined to exceed a predetermined value if two or maore
individual temperature measurements agree that the predetermined value has

been exceeded.
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been exceeded. 12. The nethod of claim 10 wherein the
raw cracked gas cooling procedure conprises: routing

wa@bkdosod79adhe raw cracked gas through a cool er | PCHUSNOS/010150

upstream of the one o r nore acetyl ene renoval units.
13. The nmethod of claim 12 further conprising: routing
all of the raw cracked gas m xture through one or nore

axillary coolers ?ﬁg%&%&%gwﬁﬁﬂ fRGReRin E%E;ragxﬁg}a)élé@egas

renmoval units if ere are two or nore ace
r ervovldig procedsre camaprisestsi ng heating of the raw cracked

gas if such heating.is. being provided. 14. The t hod

of claimg fdPtHes %EO(I)’Fp‘?’FSirgﬁ’ ‘frﬁ%ﬁ‘tegagtaf ﬁérogglg Mog)?eéfc Eoé?ated
gagipsieahl HAhPERCSEHMOR: MEhR EaFReuAtur € neasur ement
exceeds a second predeterm ned val ue. 15. The net hod

of claim14 further conprising: diverting the raw

cracked gas g xt unfe LGOAD LG OXRARS 6ORGURE:

i solating the one or 'nore acetylene renov
renovi ng at fwmesg al pohe irawm cpdcked gas mintre akidoagh gas or more
' nore acetyl ene renoval units.

contgl ned mthe one or
16.3"%@’ PRI 6@0*&(33(9637%? £agh ot the Fce&aﬁ‘t?r‘ie%lioﬁﬂ units 1f there are

SeRabat flare BRI leRBviiNBiemNt of carbon nmonoxi de
present in the raw cracked gas m xture energi ng from

each of the emsingrheating o thectawhera¢hedrgas é such7heatifge is being
met hodqf claim 16 further conprising injection of a
sulfur contai ni ng compound into the feed gas entering
any of the one or nore cracking furnaces from which

the energing raw c¢racked gas, m xture i sobserved.to
have a car bof 'm)n%;?? E@thtf’gr?gé?ﬁ’tnflét‘?“Efﬁerg“f’gﬁ’[“éﬁngﬂﬁgﬁ“ég a raw:
Pr eERked Fh1RFo1M@! Yocedure when a temperature measurement exceeds a

second predetermined value.

15. The method of claim 14 further comprising:

diverting the raw cracked gas mixture through the bypass
conduit;

isolatinng the one or more acetylene removal units; and

removing at least a portion of the raw cracked gas contained in

the one or more acetylene removal units.

16. The method of claim 1 further comprising separately
monitoring the amount of carbon monoxide present in the raw cracked gas

mixture emerging from each of the one or more cracking furnaces.

17. The method of claim 16 further comprising injection of a
sulfur containing compound into the feed gas entering any of the one or more

cracking furnaces from which the emerging raw cracked gas mixture is
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18. The nmethod of claim 17 wherein the sulfur
cont ai ni ng conpound conpri ses a conponent sel ected

WO p@s09719d8 gr oup consisting o f ditertiary- but yPCT/US2005/010150

pol ysul fi de, di-t-nonyl pol ysul fide, hydrogen sulfide,

di met hyl sul fide, dinethyldisulfide, diethylsulfide,
andbssoredita deveon sabhe meobxidd goncAntasioh @ecatsl teanaa predegeraitned
acef, éene renoval system which conprises: one o r nore
crae i'ng furnaces; a nultistage conpressor in

communi cation with the one or nore cracking furnaces

for conpressjng the raw cracked gas; one o r

, mre ..
acetyl ene retfoval Tihimedhadn o slgni/caPes tet frliphsontaining
MU BOAGCCARTRSSE oy BAE BAZIaH 80, RRITONGD Wiluing o

conprising: a palladiumcontaining catalyst tha

s eldaertipyeuyylr pdived §dea cdittydoapipolysultidd ylh}elmenvwgigi@i mlfimeﬁbyl
tyl ene. it
op v i FaRaE i S elRe. RlchiiforBagus, °

bef ore regenerating of the palladiumcatalyst i s
necessary and wherein the raw cracked gas flows from .
the one or nbte craBkhedof sarigasd acetylehe IRVl Sisigge Which
cog&{lﬁ%%gr and then through each of the one or nore
acetyl ene renoval units; a bypass conduit for

di verting theerammoreaviakihgnfasnangsxt ure such that the

raw cracked gas {n'txture does not fl ow {‘.hroqghhthe one
or nore acet%%‘é‘r%és PEETOTRI ST QMUY DR T Yt e one ormore
POstackiag fyrh@Re fdLebisire RihgAke idw ehskell @hs;separ ating aad
purifying hydrocarbons contained in the raw cracked

gas m xt ur e ¥Fter MeErsEhaens eB@ultungs in geramynicgiopayifhdne

CoRitidach 06RDRUMPSIACRAILLORARE S Ihifultng:

posacet ene reducti on lers 1or recyc

t hat has f| cavpalladiwm wghtainiie dayabyss shat seiehtiively oeduchy angtylene

t h(tao gtﬂ?legé, w errgina&l%t alnleecg}em%xeengeégfllen%nrie}n%va ountth %re capable of
operating for a perxiod of not less than one year before regenerating of the
palladium catalyst is necessary and wherein the raw cracked gas flows from the
one or more cracking furnaces to the multistage compressor and then through
each of the one or more acetylene removal units;

a bypass conduit for diverting the raw cracked gas mixture such
that the raw crackeed gas mixture does not flow through the one or more
acetylene removal units.

a series of post-acetylene reduction purifiers for separating and
purifying hydrocarbons contained in the raw cracked gas mixture after acetylene
reduction; and

a recycling conduit located upstream from the series of pos-
acetylene reductionn purifiers for recycling gas that has flowed through the

bypass conduit or through the one or more acetylene removal units to the

multistage compressor,
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whypassgeondui t,

mul ti stage conpressor,the nethod conprising: flow ng
an inert gas through the nultistage conpressor, the

sufficient tine that the acetyl ene renoval system
achieves a sufficient operating pressure; allow ng at

| edlst methpdednmisingf i nert gas to flow through the one

or nore acetylene renmoval upits.until t acet yl ene
Femoval un tAOGOR £ R gy Brbfagh ot subUeiC Sty o e
an c&%pa@& EOMINME] AW tBe edcRElitREoRdW RS dulfficerlt figneCBAMNE S®O lene
such that at |east a portion of the cracked gas flows

t hryRQiel SYFEeThecBieyPehBITfidoRs PRITAEAL PESSSWS,  The net hod of
claim19 me{deé Qqea{spgk)%rtigﬁﬁf GOIPEAsSE 103 ﬁﬁﬁﬁ%ﬁl’ﬂﬁe one or
conponent selected fromthe group consisting of | ow
sulniare ambtiyEne semovdl rogemumidshe anttyderbranaivabmgits achieve a
t her eo net hod .of claim2 0 wherein the inert

f. 21 The meth
gaSHlGIER; PReEAng PS8 gas. 22. The method of claim

19 wherein thgod@ings afked GRSgad Kotk tSmpFORbL dudh hey at
to contacting the one or nore acetylene renoval units.

23 leatireperieheithe £ragked gas flowsiheregintbe seaplanmismexplawmits s
added to the inert gas prior to contacting the one or
nore acetylene renoval units if one or nore of the

acet yl ene redbval Thenndtsodcafreladmnkd whersin thatimitygb coBgrises a

SRS hel SR S SOTRLEADA, LSCHGIUEDS,

COMR ﬂgbﬁ]hﬁdt&iﬁbiﬁaﬁiﬂnﬁiﬁl&‘ékﬁd gas mxture. 25. The
met hod of claim2 3 further conprising increasing the

tenperature to a sufficient tenperature to conmence

acetyl ene r eﬁifJCt i ixﬁghodTmla%t{tpghglfeincﬁlgiir[&tzés :@Ab;&ﬁf)ﬁéeg a

the tenperatire o e raw cracked gas m Xtur
i notettanedad. 0 a tenperature from about 120 F to about
15Q0F.

22.  The method of claim 19 wherein the raw cracked gas

mixture is cooled prior to contacting the one or more acetylene removal units.

23.  The method of claim 19 wherein carbon monoxide is
added to the inert gas prior to contacting the one or more acetylene removal

units if one or more of the acetylene removal units contains fresh catalyst.
24.  The method of claim 23 further comprising reducing the
carbon monoxide or injecting a sulfur containing compound into the raw

cracked gas mixture.

25.  The method of claim 23 further comprising increasing the

temperature to a sufficient temperature to commence acetylene reduction.
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27. A cracked gas purification apparatus for renoving
acetylene froma raw cracked gas m xture conpri si ng

whyasogoss net hane, et hane, ethyl ene, acetyl enkCT/US2005/010150

propane, propylene, butane, one or nore butenes, and
but adi ene, the apparatus conprising: one or nore

cracki ng f ur¥acesTheengthodt phchRim@P X wheraoetheaeinperatuzg of the
inlet port.through which a drocar bon feed sto hS

i ot o Rty e A ERRRl i $hAR 1207 F 1o
hydpagastran feedstock is heated to a sufficient
tenperature to formthe raw cracked gas m xture, and

an outlet port out of which the crack gas m xture

flows; a muli4 stage r e Mok 1ol Wi .
the one or rr%yr'e ??a?: g{r%g gsf é%:llé@ca?lor c&gtr?'pérﬂéésgﬁpﬁg e%rE)gmg
r awcaylank éehngasiawonrcked pasr mixoet ybmpasing rigdedgennintethane,
in communj cation with the multistage conpressor, each
0 STl AV ISR ProREH PRI, RURF it Qbre bitenes,
corah@bﬂdaﬂﬁgnegaﬁ@dpgg{ﬁmg bahprsgigect i vel y reduces acetyl ene
to ethylene, an ARU inlet port; an ARU outlet port;

wher ei n the BHfeCTdROTABTAEking BrYICERecach fEACkIng fpmace having:
capabl e of rynnhRg Jodl 1oRG! 'cﬂf?rg}cﬂr&?ﬁﬁon”f?éh tq.ﬂ)lglé is

year before regenerating of the pa um cat alys
necmssmesd, and wherein the raw cracked gas flows from

the one or nore cracking furnace 0 the Ltist.age
compr ossor b e At LBl duh budrOeoy ek g fted to
acetsffenst feaipermire ok thedd® BatiRass neaiybhd f or
di verting the raw cracked gas m xture such that the

&

raw cracked Huguhf Rarbow of Baishibe crackgas miwgHIoMe one
or nore acet y ﬂ%ta g% .eSSHP irl: éomaﬁnlcgég&l @RH %ﬁea&ﬂésor%cre

claim 27 further cOnprising one Or no
cracking furnaces for compressing the raw cracked gas;

one or more acetylene removal units in communication with the
multistage compressor, each acetylene rem oval unit comprising:

a palladium containing catalyst that selectively reduces acetylene
to ethylene,

an ARU inlet port;

an ARU outlet port;
wherein the one or more acetylene removal units are capable of running for a
period of not less than one year before regenerating of the palladium catalyst is
necessary and wherein the raw cracked gas flows from the one or more
cracking furnaces to the multistage compressor and then through each of the one
or more acetylene removal units; and

a bypass conduit for diverting the raw cracked gas mixture such
that the raw cracked gas mixture does mot flow through the one or more

acetylene removal units.
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w@ouos/09f94¢ he one or nore cracking furnaces.

carbon nonoxi de nonitors, wherein at |east one carbon
nonoxi de nonitor is in the vicinity of each outl et

apparatus of claim28 further conprising one or nore
sul fur injection units, wherein at |east one sul fur
i nj ection urd® i sThoespnagatus of dldim 37 ferthertopmptisiag @Re or more

I nl EI'E)OXS 8‘{05 )856 B?c?m %Pse rW%)fl'an atelt %Sj;‘. %ﬁé( &J}QOII HLOH(%&C?@ I’nOI%PO'I' I}]Sg in

Thé¥3pparat er conprising

uniHte \flﬁﬁlt}COR)dabllig)utlBlePdrﬁw the aﬁé@xdmgm&rmkntgtfaﬂlamo n
occurrence of a predeterm ned condition, the cooling
unit being | ocated upstream of one or nore acetyl ene

renmoval unitg 3lypdhe,ARPas@lMs ﬁffuﬁh@lr' d&%@isfrx@%ﬁ@@f more
Con'prl Si ng one _or nore auxi [ ary cool i ng units for

suppfuyi 1mgctmmm1tso wdieredm o leasg ood sulfve 1m¢czw@n iuni iykesategh gn the
occurr.en term ned con n,. wherein the
oS et ial el 8 ol o Ff R gt et

t wo acetyl ene renoval units and wherein the auxiliary
cooling units are interposed between each of the

acetyl ene retfbval T!}WaPBaratS? o ﬂ?@na?ﬂp%wa%goraml%%ﬁ #Peing
fu ruhf‘t‘eforc eszn Sifig v e@lra&lﬁ:/g %Qé tfxBire T ﬁ;%lﬁxatdc&‘&rén@@ of a

raw cracked gas m xture eating unit being

| Odeeitdrmupsd ceaditioh, dmecmhngmret heing Yoaared wpstreana|of one or
Osreacrg3 18 O\Qmstorve f the cooling unit. 33. The

apy%rafl IS TEERVA WUSF ur t her conpri sing a carbon

nmonoxi de noni tor upstream of the cooling unit and

downstr eam of the nul ti stage caonpressor. he
appar at us of3ll aj ﬂ%h%QPRatﬁ%tt“’n%frCl%‘@n%)rfi“§h?¥g¢°§‘%‘é’1n5Sﬁe Or more

mREXi tIR &itidlAPcddRAL b the WRick
The app rat ug'ﬁ;n f?)al ﬁéﬂzﬁﬁ%rﬁer %on‘pél s?lﬁg a mﬁ%as upon
pI @ccallrlrenge off the qmpéqrtanmn@l cesigion] mherdiavihe @se posidre aceidene
ac é?rg}(f)vgﬁ él%{ls E%& &ﬁ at I WS alce vl‘éneere(r)r?o%a uniq:rsogu(led wherein the

auxillary cooling wnits are 1nterposed between each of the acetylene removal

units.

32. The apparatus of claim 30 further comprising a heating
unit for reheating the raw cracked gas mixture, the heating unit being located
upstream of one or more acetylene removal units and downstream of the cooling

unit.

33. The apparatus of claim 32 further comprising a carbon
monoxide monitor upstream of the cooling unit and downstream of the

multistage compressor.

34. The apparatus of claim 32 further comprising a carbon

monoxide monitor downstream of the heating unit.
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36. The apparatus of claim27 further conprising one
or nore tenperature neasuring devices positioned near

W b@spxions port of the one or nore acetyl ene reP@©I/EB2005/010150
units.

35.  The apparatus of claim 27 further comprising a plurality
of temperature measuring devices positioned at a plurality of locations in the

one or more acetylene removal units.
36.  The apparatus of claim 27 further comprising one or more

temperature measuring devices positioned near the exit port of the one or more

acetylene removal units.
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