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PROCESS FOR THE DEEP DESULFURI ZATI ON OF HEAVY
PYROLYSI S GASOLI NE The present invention is directed

wao eooa/oproocess for the deep desul furization of PERUS2008/075914

pyrol ysis gasoline to produce a very |ow sul fur
content gasoline or gasoline blending stock wwith a
relatively high octane nunber. Heavy pyrolysis
gasoline (also referred to as "heavy pygas") is a
liquid by-prodiss miR iTHE PEE2NDESVICRUHIZAPIONESS (O
make et hyl ene andupaopybeRELYSISAGASPYLINEYSi S gasoline
is a highly unsaturated hydrocarbon m xture (carbon
range of about C7-C 10- 11) which contains diolefins

and atlhl‘ée?¥bs@ﬁ@nﬁwé}_§ti(o%- ds, astyé@Ne)o sapr¥Bblsagor the
nmono ol efins and a high content of aromatics, the

TR elesof fhi et He HedicrdBl BYFPL ¥ Hat dosey 1eent? i Higdice a

18- her alhakhvebyndigh Qebange nyhers Afi lBedy¥nding stock
pyrol ysis gasoline. In addition, heavy pyrolysis
Wesbld Aeleant al nsh idesitPaBl BURRET oat om cont ai ni ng

hydr earhops - sUeh: 88, 0/93RLC (gUbS Ure LOMRAURES 2 s WL LR,
must be reduced to low levels in order to allow the
RigE 0f) Readylpyrol yoi $rgaseri pé &y £ iFagoliraekproducicess

O 9as0ling) bl endi 09,3406 K HoMEYEY ﬂiﬁoﬁ'}%i%egéﬂ%il b is a

of organic sul fur conpodnds to very l'ow l'evel s, it
hiaidnt amsat haat ¢ @viordisice rtRppnit ¥ leuconfseuRgs, rahdept about

optrihute;to high o gig%lg@ﬂf‘?@am@ra%&%&109981@5{%25 to

i
ess desirable conpoun One early proceéess for t

hy/dr-ogenatPon) of apyrdily sissmgagobleieinss adidsel bseld ¢antent
&%%r ?’ma%??s?s@h Tf%jtsceq'r QGesf; Lacl udes Lva, steps Wi chey
the diolefins of the pyrolysis gasoline being
swltegiowrel yohyide ogelratioe livnhible $itraste suapeandf heavy

f.ter ydr ocarbon fr f ep. |
R A el o T debom Lre p iyt Ty Gyime
uzedthing botthsofalb e Hyyrdoegenat oore istigps hivsirnobileometsalch

§¥1§% éﬁi%”%ﬂ??%?9&%%%u%%%90%hicﬁﬂﬁx§F%%tEgguégquﬂxé%
pyrolysi's gasol T ne,
levels in order to allow the use of heavy pyrolysis gasoline
as a gasoline product or gasoline blending stock. However in
the reduction of organic sulfur compounds to very low levels,
it is important that favorable aromatic compounds, which
contribute to high octane number, are not converted to less
desirable compounds.

One early process for the hydrogenation of pyrolysis
gasoline is disclosed in U.S. 3,556,983. This process
includes two steps with the diolefins of the pyrolysis
gasoline being selectively hydrogenated in the first step
and, thereafter, the hydrocarbon from the first step is
further hydrogenated in a second step. The catalyst used in
both of the hydrogenation steps is noble metal on an aluminum
spinel support. The starting feed, i.e. pyrolysis gasoline,
is desulfurized to an appreciable extent in addition to

having the olefins removed.
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is desul furized to an appreci able extent in addition
to having the olefins renoved. U. S. 3,691, 066 di scl oses

wW@2@e08®eE for the sel ective hydrogenati on of REBUB100&075914

produced by thermal cracking, i.e., pyrolysis

gasoline, that contains diolefins, nonoolef ins ,
aromati cs and sul fur conpounds, to reduce the diolefin
content and organic sul fur content. The catal yst used

In thi.$.pROEessNEs @ sUPRekt edphh &k ©at ahystel1dhteive
catal yst contains from1l to 50% wt nickel on a ,
P0Gy CBUPh TS Uit PREIRF_k Y Héistgeat Craastng, 1-e-»

Pardiialilsy gsubiigled adih c@nsahﬁyrdmféﬁlns@t RBh6oTatirs,
in the range of from0.01 to 0.4. U.S. 059, 504

HTE GSEs aPHeS%H%tQWOHVQFog%‘ha‘ﬁ’%ﬁ:e‘ofthﬁl Ehese &y

aBicapt anasykiar: conhaiiedohPe Ar Py ¥sits19880Lid® M this
a process using a catalyst that is cobalt-tungsten

RifAd95Fe 1Supporreer it allvikgh SaFhee ar®g sPGATnat .contains

e 14.:3130003 di soloses, a LuerStep- Preeesstifltn the
hydrotreating a pyrolysis gasollne cont ai ni ng di enes

AR TerGABEant SLA 11t SATHaPLY SEU LT P prEFhdessFbruT nickel

Q@ﬁ&@PE@@léukﬁuﬁhéeﬁﬁﬁk QR Wsbig anay nokl e meta
catal yst. The first step is followed by a second step

thatLbﬂovﬁd8§9f%ﬁ4(ﬂ%ﬁﬂ%oﬁééuéh?cﬁ?lﬁﬂqﬂjeahﬁ@bP@@@ﬁﬁ%ﬂn of

gadalysty fbecyhel ded pedugh L s, doctor %‘Q@SEysié‘ YALWine
of the requirenents for gasolines and gasoline

B endinegestoeksnNY @ haré lgsgntkataht |gpHadheirungvets pflfide
Sildditced BAre 4808 heuneed Loethevartofor a process

reduce the sulfur content of heavy
yr olUksi.s 4gasol phe dipalesys| ewveveley, rgogess| &8s t han

ea% ggpgg%§%§ﬁ §ﬂ§ %ﬁéoibﬁ@ 35% 1n§”g$%Hésebnd

n| i cant n of -Iits octane nu
mﬂ@SﬂﬁEﬂlﬁvéﬁﬁroﬁﬂpfdVﬂ@@SSSthPHNdeéﬁ d@sumeu¢aaaﬂlon

ﬂl%gtzsf:ed I%?x?r&‘éieﬁ | %‘é‘ﬁ”%]&?ﬂeav% 1d%%t§1§590 Alrst

desulfurization of a rolysis gaso |ne
$@£ﬁgmo¢b;lowed by a second step that prov1des for diene

reduction using a noble metal catalyst. The yielded product
is doctor sweet.

In view of the requirements for gasolines and gasoline
blending stocks to have significantly lower levels of sulfur,
there is the need in the art for a process which will reduce
the sulfur content of heavy pyrolysis gasocline to very low
levels, e.g., less than 30 ppm, and preferably less than 15
ppm, without a significant reduction of its octane number.
The present invention provides such a deep desulfurization
process.

The present invention provides a process for the deep
desulfurization of a heavy pyrolysis gasoline feedstock,
containing diolefin compounds, organic sulfur compounds and a
high concentration of aromatic compounds, in a manner which

allows for the removal of the diolefin and organic sulfur
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cont ai ni ng di ol efi n conpounds, organic sul fur
conpounds and a high concentration of aromatic

W@ i9posmeEs, in a manner which allows for the reemUsi0$675914

the diolefin and organic sul furconpounds to very | ow

| evel s whil e not hydrogenating significant anounts of
t he octane boosting aromatic conmpounds . The inventive
process provides for the deep desul furization of a
heasurRyr 8bysé sy gasollicie 15eedst © cho € antsaiopkngt ang

di ol efin concentration, an organi c sul fur ,

PAET BRCANE LThitgR SF6RRT i CTINCEneralfbhc by
heatd@issai d heavy pyrolysis gasoline feedstock to a
tenperature sufficient to provide a heated pyrolysis
gasolife 118805t 6e P HAASTg PACEHBRE arftd di'Sp6FEPon t hat
§SsUE A 1gas eoHSo PhasR ARd pgnet Per s sjthshanti abeporddion
that is in a liquid phase; introducing said heated
PBYHIAYSNS gadePiwe T codseHEk EhAR, 1% (9F9said PRyt

égﬁﬁé%t%%@iéﬁign@a§aﬁM§1@@@ﬁﬁti@t&bﬁbéﬁ%%%EQBnV§§Sﬁ%atﬂHg
nmore than one reactor vessel in series flow

B rhnGerenPy e hat L T sisailngcal iyt syendti onteaparysire

éﬁE%ﬂdie%@eE@tﬁgoéﬂm@eﬂQMBEEQWbyﬂgﬁﬁﬂﬁka%%ﬁhﬂg Bad gk tock
heat ed pyrol ysis gasoline feedstock in the presence of
v adgded shydFegertt meattigasthavi vy dh eHZgseous phase and

§KHEH3F'E%BEQQHQIaprdf%¥%E %Qgtpfgn&ﬁMézhi%@Eg phase;
hydrogenation catalyst at a noderate tenperature

gondiquicondepfedtheaad ryeberti veddshyidicogendpeoek that 1s
ﬁybssgigﬁtﬂiahlie%ﬂéw a%lfd %B?gdgé’é@&d St ahpgd, i nsai g

heat ed pyrol ysis gasoline feedstock to nonool efins and
e sifist ant inake poran omeofrephecorgatial sul fariea Shiwl

heat ol ysis gasal.ine_f : :

at 5E%g%%gfa¥§%§ to sﬁé%i i§g§§+€£ﬁ§%%€gggg?épgﬁeQHH o

@poreteidc icoapdonsl comodienedon ha sl reatedepyedlysiclysis

%ﬁsoolliln%e f‘%SSQ%é&?km yeh%l g%ggeﬁ{;g%@aa{ndaﬁ%lggt Rgldflggc’échel’creat
r nore than one reactor vessel in series Tlo

@y argementn &Y eactentedtiouems aandesepar @l ipmgvH2Sth

$%g%vg%§§§%%9t989r&ﬁ%ﬂdé%ogksgiﬂm&S%ﬁkp%e%££££€9%ea”d
condition effective to selectively hydrogenate a substantial
portion of the diolefins contained in said heated pyrolysis
gasoline feedstock to monoolefins and a substantial portion
of the organic sulfur in said heated pyrolysis gasoline
feedstock to H;S, but not at a temperature to significantly
hydrogenate the aromatic compounds contained in said heated
pyrolysis gasoline feedstock; yielding from said reactor
vessel, or more than one reactor vessel in series flow
arrangement, a reactor effluent; and separating H;S and
unreacted hydrogen from said reactor effluent and recovering
from said reactor effluent a low-sulfur pyrolysis gasoline

product that contains less than 30 ppm organic sulfur

compounds.



10

15

20

25

30

fromsaid reactor effluent a | ow sul fur pyrolysis
gasol i ne product that contains |ess than 30 ppm

woe@answ2eul fur conpounds . Figure 1 is a flow BCHYS208/075914

in schematic form of one enbodi nent of the present
process for the deep desul furization of heavy

pyrol ysis gasoline which utilizes a single reactor
vessel operated in a downflow (trickle flow node and
utilirZesra st eam healw exehangeintoctheat-itheotresstaek
to a tenperature it is substantially in both liquid
AP Gasesus f phas X FGr 8T2CRES af $1 dWedid&§Pam i n

schamatdicatorm of ranather,-enbodi olafnet hEiphesentizes a
deep desul furization process whic utlllzes t wo

oo C7EE8E| e vl AREd A A%al ot E Lo | {ekic1e ™)

e apd ot bzess adddnedcheat gindydieat hhgefegddst ock
to a tenperature so as to prOV|de the feedstock that

f%?@ﬁﬂ9§$aﬁ9|élF@mR%FQiﬂﬂﬁ quEFdS%ﬁﬁF%ﬂ£§éé&§ phakedh liquid
he Jeedukophhse present process conprises a C7+
yro 'si s gasoline stream (hereafter referred to as
hea V9P PoFySF 52 gllstl idRe Yy aRavh ngreditélcefpam of another

SRNCEMMAL beNeh@L U QAR Gesdl fuky cancenthahi fRoa0Lk dhich
hi gh content of aromatics . CGenerally, the heavy

Wy G13psi $WgaseR e comseilsesPayRrvt drbansonpt g mckle
fiB%’r%%@% dif @E@fg§§ﬂ %Qrgg:ﬁéb@g¥ngo %@gtog%e f%ghstock

thus can have an initial boiling tenperature of about
90 DCeAREratiraato e Itongroeaper taureeCshigcormy of

ahout, 290,0¢ i Usdng 1‘&%%99”55&‘1 é%@d%ﬁqﬁ%%é of

measur enent . nor e typl cal INng range tor t he
heav;ﬂ”hﬁyrfgleyst@ @aﬁs,dm%@nltspf:@@macr@mlts@szaocﬂc

J{k%l? 9@%580?%‘{@%‘&%% h"e?@ P@@f’yr r‘%'e}ﬁs‘cé gasaldng,

I ncl ude, for exanp suc npounds as
pofalerse,s gayoén@e”eﬂhwhb@naedeola@heNENKEOMEﬂel@md an

8§ qﬁ_ s%!ku%upgﬁééﬁgfg%lgﬁ %ﬁge qgggp%gg%enl gf aromatics.

At Cs concentration pyrolysis
@ﬁnaﬂahda,lsh3|@$m¢y(ﬂMnDlaﬁdsn9§8¢&ﬂna1ddm@rlses

hydrocarbons boiling in the range of from about 90 °C to
about 250 °C, and, thus, can have an initial boiling
temperature of about 90 °C and a final boiling temperature
(end point) of about 250 °C, using recognized ASTM methods of
measurement. A more typical boiling range for the heavy
pyrolysis gasoline is from 100 °C to 230 °C.

The aromatic compounds of the heavy pyrolysis gasoline
stream may include, for example, such compounds as toluene,
styrene, ethylbenzene, xylene, cumene and other alkyl
substituted benzene compounds. The aromatics concentration of
the heavy pyrolysis gasoline is significant and may be in the
range of from 30 wt? to 85 wt% of the heavy pyrolysis
gasoline stream. While it is preferable for the aromatics

content to be as significantly high as is possible, it is
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range of from30 wt%to 85 wt % of the heavy pyrolysis
gasoline stream Wile it is preferable for the

W@ e@pmsdoes content to be as significantly hi ghPEEUBZ08/075914
possible, it isnore typically in the range of from 40
w%to 75 wt% and, nost typically, it is in the range
of from50 wt%to 70 wt% . The sul fur conpounds
contained in the heavy pyrolysis gasoline stream nay
héved ud@ichol yexane, raigecapt ansm M sulef ickdess wts, and,
nonosul fi des and thi ophenei ¢ conpounds. The organic

B (YPAGAE &Kt DF tthe ThéAfy TBYFDI§sils Pas8l Fhe Feetd 6™ -

the pnesent rpf 06&sSoudsl codenenad | yn e heathepyadges:s
of 75 ppmw to 2000 ppmw, and, nore particularly, from

BF P 62000 PHNECIBEE, FBF eI Cal PPICERRART gani ¢

S f1uri geancephs atl OMdsS anl theokdge Ofcchibeth8d. ppoav
to 500 ppnmw, and nost typically, from 100 ppmw to 400

VAR CTYRILE AF | SO tadv P Tpjr6| Jersy qugsilivise sdppeetine feed

{4 amea pskeam cpaskd g Uit Wehir& 59 ¢RNLAl Bhd range of 75
significant anount of unsaturates including diolefins
R dlokeRYP BPBfmtadts. "SHehPhF ght YL ekt ifvemcefrpoiitits o

1dbEiggkfi eant goncentyiakhens, cid |d-peliyvmenr zg-and
cause catal yst bed pluggi ng and pressure drop
Bty tiandi s hiey tden redaer Phutecnt @ kaparysp 500 ppmw,

éjf?c?%ds\ﬁattiy?ﬂcaif%,or%m tl@On:bErimm tZ@ 4dU %ipm'wt IS
preferred’that the heavy pyrolysis gasoline feedstock
to tHeppresent pratesyriee vsubj eetedinco carperoy from a

QMQ&PQ&%%&EHQtuHﬂ9%EJH?%qs8°89ﬁﬁéfﬂ“% Qig%ifiggﬁﬁsémount of
stage" hydrogenation) to convert a significant
irgrdtiremesf 1nheudiol eficdsfand ah&emderarlommprinesi¢on. Such
ﬁDJholﬁP'r%%'c%vé‘”Qo Mdﬁ&%”@&%ﬁ%ﬁ' LERPROLLYAL Yar TS, 111
the present process can be vi wed as a "second st age
pyldmegenat poA protessitadivatebe e hemiyopypndl yséssure drop

oline feed k.to t P | . .
1%%§#LP§6|?8§a§%8§ﬁ¥ga&§ggégﬁsﬁ§3%%t¢%§§?§ trgg%%&ﬁﬁﬁflon'
Iheomtieal ¢bi niaiwizd kdnyl, atomatpostaonridentatotie | lowery

B B L Byt B AR eyl 000
subjected to a prior hydrotreatment under mild conditions
(i.e., “first stage” hydrogenation) to convert a significant
fraction of the diolefins and alkenyl aromatics to mono
olefins and alkyl aromatics, respectively. Thus, the present
process can be viewed as a “second stage” hydrogenation
process, since the heavy pyrolysis gasoline feedstock to the
present process will preferably have already been
hydrotreated to reduce the diolefin and alkenyl aromatics
content to a lower concentration level of in the range of
from 0.01 wt% (100 ppmw) to 5 wt%. It is preferred for this
hydrogenation step to provide a diolefin concentration in the
heavy pyrolysis gasoline feedstock to the process of the

invention of less than 3 wt%. Thus, for example, the diolefin

concentration may be in the range of from 100 ppmw to 3 wt?%,
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hydr ogenati on step to provide a diolefin concentration

in the heavy pyrolysis gasoline feedstock to the
wee@ee3®w20f the invention of |ess than 3 w % . PATIUS2008/075914

for exanple, the diolefin concentration may be in the

range of from 100 pprmw to 3 wt % nore preferably, the

diolefin concentration is less than 2 wt %, e.g.,

from200 ppnwto 2 w% and, nost preferably, it is

hess drear ribW % t1es ¢ii S1e@AM260n ppiavdta oh W% esfthan 2 wt

Important feature of the present process is for the

Tred®n? -pyFEPYsF 0 RIRIYI ite 2f Bedst ek W PePREAEEFCtY &L 15

tedmanathuneyso, as.d 0 Mavde gpheed tihaksi.s introduced

into the reactor vessel that I1s partially in the

|i quid pRRSETaME RtITa Py FRctPee adesfSCpRAsES for the

K2ng/ yviythe pesceniagecattberdd nhd inguikdaphase Wl
be in@tylﬁe ?ange@of flrom 20 wt%to 90 wt% wth the

FARRFE SGMIEr 6fn 30 Wt BT 186 W Ieei i torléf épFeaduesd 1nto

tihe Rercent agesof diead iisanBgigﬁﬁfOiHﬁ_t@l%aiﬁqMJﬂp}Qfsé ’ind
the range of from10 wt%to 80 wt% w th the range of
BFOMAE YWE 9o £0° 607 SR WSh e ARG pr et et 1d.Y NsPRaPPycerRge of

feed i hhoheanpsidy shinatbe bhauhd Phage o@sribnl $0 wes to
charged to the reactor vessel at the start of a run
Q@5 Fitsh Bbouta Bl ©F aB6Ut 4857 i %° &9d "RDsPE{RY n

Phase atethe end.gb gerdid 6.0trnbr gavaboutnle
to about 75 wt% . The heavy pyrolysis gasoline feed
Yollt e preseat rpracess fmayp be Weatled &0 vithe déshrigee range

4 £MeLAbLYr %t@yt&'seﬁ)e‘%ft%a%iﬁl;}i L abtL- heat g Oeans,  flreeqy

exanpl e, a steam heat exchanger, a fired heater, or by
Wnldi fectoheay exchende anithprké$¢ ventit iemchhege@alet grhe

e ' le.stre r a [ i
e et T ML s At P hier o b orandr ey o0
Pordt G ottt henpyraitisi $ngasettne Flesdsvockhentediglg a run
gé‘eg r%%%h%b?&tiib liguid phase, as well as in the
aseous phase, the tenperatuie of the heavy pyrolysis
gasollhee hteed emt@ryNng theoléaet Dred md hbeppresestit process

r&%p%%§%egkgh Qgr{ﬁglé@s%%eho%g&pé£g¥hre by use of any
suitable heating means, for example, a steam heat exchanger,
a fired heater, or by indirect heat exchange with effluent
from the reactor vessel or other suitable stream, or by a
combination thereof.

Because it is important that a substantial portion of
the pyrolysis gasoline feedstock entering the reactor be in
liquid phase, as well as in the gaseous phase, the
temperature of the heavy pyrolysis gasoline feed entering the
reactor in the present process will normally be lower than
the temperature in conventional gaseous phase pyrolysis
gasoline desulfurization processes. For example, suitable
temperatures for the heavy pyrolysis gasoline feed entering
the reactor vessel in the present process will be in the

range from 175 °C to 275 °C, preferably from 200 °C to 260 °C.
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the tenperature in conventional gaseous phase
pyrol ysis gasoline desul furization processes. For

W@@ns®20 sui t abl e tenperatures for the heavy PYr/Uob3088/675914

gasoline feed entering the reactor vessel in the
present process will be in the range from 175 0C to
275 0C, preferably from200 0OC to 260 OC . The heated
heavy pyrolysis gasoline feedstock, partially in

I'i quitthephasecantepar tdvalliysip gaseous pRaserodpPpartially
entering the reactor vessel flows downwardly through
Phet 1 irpoPaaPf xa s 161 L¥at Bl §331°qUS &asen FP?Q&&Qierlng

floWeherevitsds Ctachad by, a&@k@ﬂjglﬁy@h@g@ﬁ hd@atrixed
gas containing a mninmm]level of hydrogen sulfide (H

%i% Gt 2601 pphv * Ft-ef éPaEWCk%%efJFE‘B "&¢&F th the

&MGJ&%@ t7 eat 2 883 Wyldroben150: pp aéira:omazégn@pml%mum
nor e. is an |nportant feature of the inventive

Jp?‘fﬁ:le% PERreae” hyridgen (freatofgdd Ot BPREver B Sy, the

€@NGepLalh ohd M RRAeEnt halat hycatiahyst 0fo thew up to
£§ocess Wi th which the hydrogen treat gas is contacted

QIPngnﬁan@B%pletely sul fided and to ensure catal yst

sel ectd Vist ¥nbYmbd M NG ALAMBLL £ 1RALWARLEODe bloddSs for
been found that the selectivity of the catal yst can

decreageonnt irhydroterrt hede gasiH2SoseREeRt Fit o order

bevelsd eueb1bban, AAQPpMYe Ul FD il HOSULE b} 8- SOIP
unwant ed aromatics saturation (on the order of 29%

Wadt @aconeoRPr Bt dberdas senplbctarmd aveiyepudfiderk and to
&0, 9280k LA §s9r9<gi’é35tl%rl@ty' B afer{‘@lerﬁj I &lgkn%t%gﬁ%@ﬁf&t%on.

i ncrease across the reacftor cata yst
B dreett ibesnsaburatitorr ae bessciinvioct arfe thenberatyst bwn

volded QTXtHah{?{;lﬁéog{Hd”Qr%E% gggrﬁz@@ggﬁggsgrg@mﬂwgw
content in the en treat gas . e upper limt
IqwenIﬂ@aHZSO@mmgantw&n&@nwuélth©mgh1iUOSD@eauomm@UQDOO

PPNV Ql g %S%P%Qﬂ%’[ o ch$ BE%SQEF%E%Q g*ﬂ%hHZrS
concentration e at |east ppnv, and, nost
prreferirted; aecr@33I120©cppnv niibdr tdfe thresedt gpsociess

é‘%oﬂﬁ‘ct aH%SC%?ﬂér?' 09 Ry ds ogen, Lreat,,.9as ,and 8.l 0% oss the

wperature
reactor catalyst beds. Such aromatics saturation and loss in

octane number can be avoided by maintaining the
aforementioned minimum H,S content in the hydrogen treat gas.
The upper limit for the H;S concentration is thought to be
around 2000 ppmv or even higher. It is preferred for the H,S
concentration to be at least 150 ppmv, and, most preferred,
at least 200 ppmv. With the present process using a H;S-
containing hydrogen treat gas and a low temperature and
moderate pressure operating condition, it is possible to
limit octane loss between the heavy pyrolysis gasoline feed
and the low-sulfur pyrolysis gasoline product of the
inventive process to one octane number (i.e., (R+M)/2) or

less.
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noderate pressure operating condition, it is possible
tolimt octane |oss between the heavy pyrolysis

w@a®osaeo f eed and the | ow sul fur pyrolysis gaROl/Us08/075914

product of the inventive process to one octane nunber
(i.e., (R*tM/2) or less .Various nethods can be used

to maintain the desired m nimum H2S |l evel in the
hydrogen treat gas, including, for exanple, injection
of awibugi gt BgeNtcasueh aseOSMO.nA f-eherheddesired
sulfiding agent_ is di-sulfide oil (DSO froma Merox
B Gz ent Ve THis PP Bie° Gt ddicrEnE28f tHe P5Hésent o
Pf0GASS DIPE61bM] eCtedualrigdey OigdMY & R8I BESDEMO I he
process in an anmount sufficient to ensure the proper
PERAATEM FRSTE A R he ydr dgefiTPehtipadil pRepg) from a

wesyl fidciazahbonn of . the sheawny oY r &ysiiscg@seki Pe present
feedstock is preferably acconplished in the present
PFOEESs PR &S st mtft & e adt 6PCoperEt e HR LRI eR| B¢ IR Cess

Howey @houht de8kfethn e chBane 0N BREHET 1.PEEfeF abkyin
e

connected in series flow arrangenent, can also b
e diyIrRGS? ARetherdenbodi ment of the invention

i nvolpees, theuuser Ofai W, ega%@rhéfae@s%y%_lg@w pes ated
e flow) node. g e

in a downflow (or trickl Usi n i ther the

pIRdsteadt 6F PEFEXIE Y GwCeyBt epfedrin Héet Repeaktfocess

1richkdig hlbow systempy.oduees, a: pynoly shsJagolbing:, ir
product "having very low sulfur levels, e.g., less than

T ippmdl, mpref Brablgpd esscthan 15 Pprmblwicohpacted in
sd.gnid irgant .1 pss,QfeAct ang pupber. thv.ough,aronBl i Gy

saturation. A preferred feature of the present process
¢mpadigenthe fhelawyl ipiarslipsi sngadots e esdspbckyo ateadior
\§%]sasretl'sgf P%HH’ be.-ighlsy, di Spersed, ag,. ttrg%ﬁssfw&)‘)%e.
the catalyst beds in the frrst and second reactor
Yeigseleg th@hathé somearsta dypr” hirghkle dilspesyedeni sot hdte two

e N P R R e L
surdace havéagofethel watsallyst bedeisn & .wannéess than 30
ppmv, preferably less than 15 ppmv, without a significant
loss of octane number through aromatics saturation.

A preferred feature of the present process is that the
heavy pyrolysis gasoline feedstock, at the start-of-run, be
highly dispersed as it passes through the catalyst beds in
the first and second reactor vessels. What is meant by
“highly dispersed” is that the hydrocarbon feedstock is
distributed across the cross sectional area of the vessel and
onto the top surface area of the catalyst bed in a manner
that minimizes the radial non-uniformity of fluid flow to and
through the catalyst bed.

There are many suitable methods and means known to those
skilled in the art for providing the highly dispersed flow of
hydrocarbon feedstock to a catalyst bed such as those used in

the present process. Any suitable fluid distribution means
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that mnimzes the radial non-uniformty of fluid flow
to and through the catal yst bed. There are many

WG iopakd020 net hods and neans known to those skiPCBTSions/075914

the art for providing the highly dispersed flow of

hydr ocarbon feedstock to a catal yst bed such as those
used in the present process. Any suitable fluid

di stribution nmeansfor dispersedly distributing the
hydracarekendt gedsd ek @t hgssht heydoprasiohaeee0ftddie across
catal yst bed may be used in the present process. Sone

eartsiPes u6f 25| ‘f%\b“r}é% QAP YA SPT BRY & HESRsIT nictude,

$ds exapRbees HOrsntalanphatesr thatrane penfarat &-ivution
with orifices, or apertures, or holes, providing for

1920 Y 1CORAE hef @t tHrEEgR - aﬁ@rhé?ntz%lnt%atﬁlsaFéét t et

B 6 ARekat i,V eh Yo eorh faped ow bBeB@@Zé§S,oroﬁo@@¥\ﬂClﬁf@Fﬁjmg
or conduits, that provide for fluid flow therethrou

erf lsdch fdavi eearadtsmray apg st zmdat ailatas o%l‘ilazteraé—'e
?é’ra&%xﬂéi?deéﬁlﬁé’@d filiwind ndi st £L bW owiRBRE rEOT o

ersing the dr ocar bon f eedst ock across the top

SUFHEE 0 h?ﬁepjé%‘fja‘i%/§torbééi111@1 hEtv ShaFsresceeh vaFisusuch

S}tk %sfEHkadﬁ@%flé%u%hgnfﬂ@@@saﬁgﬁiﬂ$r%chg§ege'ﬁ%ed as
U.S. Patent No. 5,484,578 and the patent art cited
liferidivnd 0L stEibuFgremeans. fer 4@usre iing ithe ol pér ataadon

herein By refer ence.. (I her chLui de dirsd rdaLElétlB/QB Béé{lySOther
that may suitably be Used are those taught by

PaagresNef 526351481 idmé1E. SluPatEmt PRt iRG. mws are
&gggyéyg%7Z§9U §Otﬁﬂ9%m§§@h g'@@hQ?Hf%ﬁm@%ﬁg patent art

I ncor por at ed herein by reference.” The f
chi51d itheteon- tV ays. degenitbed.- i by iese Spubl loaripmsated

d a distribution tray that is
1 G 4 %g Eg%ﬁ@éﬁ&?ural ' I butl y '

provid ity of openings or downconers
for ﬂt@edoﬁ/hmdddidwb@fclanftmwtmt may beigably be used

I trphose, byl &y ppaciiclorly erofenied thhdy poren:

tribution’neans thdt nay sui e "use
hilgh Nahi. spér g8Doh/ @F3 1T He  hbaty pyrmqtsld&sqasebme are

fr?ceodrfést ockaspLi fl i er%%%gg the, £atal;¥st; beds, Ly dhe
nt process 1s

trays described in these publications include, for example, a
distribution tray that is provided with a plurality of
openings or downcomers for the downward flow of a fluid that
may be a multi-phase fluid. A particularly preferred fluid
distribution means that may suitably be used to obtain high
dispersion of the heavy pyrolysis gasoline feedstock as it
flows through the catalyst beds in the present process is the
fluid distribution tray and system described in the U. S.
Patent Application filed on 18 April 2006 and entitled “Fluid
Distribution Tray and Method for the Distribution of a Highly
Dispersed Fluid Across a Bed of Contact Material,” and having
an Application No. 11/406419, which disclosure is

incorporated herein by reference.
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fluid distribution tray and system described in the U
S . Patent Application filed on 18 April 2006 and

W@ p0bbe8e " Fl ui d Di stribution Tr ay and Met hod PCT/US1088/075914

Distribution of a Highly D spersed Fluid Across a Bed

of Contact Material," and having an Application No.

11/ 406419, which disclosure is incorporated herein by
reference. Catal ysts that are useful in the present
processailRetydenanyaty disegenat h ot & alrlsyst papadte 0fciude
substantiall¥§convert|n the organi c sul fur conpounds

I tEITRYPBRYSPS GHsTIYShe CRBEEST gtk THSH28TARU Y he

ehenes ing the oy ?&lﬁ's@l@@%obbrﬂﬁoﬁr&ﬁﬁi&o%ﬁet Bytbeydis
respective nonool efins or al kanes, w thout
S YHificc AREPYEAYHr oy dhat ARG tai“re‘orijértelnt?s’cbPrpTE)hu%’\c&YrOlYSlS

5@4&11@1@' aeb)ss4Et abl ercat-al ¥ shscCOM3Rolefins or
ni ckel / nol ébdenum or cobal t/ nol gbdenum on a refractory

XTSI UPPBRPUT steH i ANl nAY d53 9§ 106 prematic

AdH Qs T bhapl @1t &ﬁ%ﬁhh@abﬁgdcm%t lengrt her eof .
M xt ures of supported nickel/nol ybdenum and

r@dﬂ@tﬁﬂﬁé@%@%ﬁ%ﬁ@&ﬁ%f §O¢HPIRA Wo Pe eiplf 6yetorm oxide

pasdd.qul apky pief aried catak yst éf'llfBaC‘é%énHH!a}’bQ%Uﬂa,
on an al um na support, such as whi

corAferei afhy avehieblioner sheceef erMWU@ﬁapﬁsﬁupported

5%HHE¥V%01§B8e§H@LHHd‘85H31%Kﬁ61§%@¥ﬂﬂh1Q%Q%h%skg @§§féﬂso be
catal ysts may be in the range of from about 0.01 wt%

P I at- ﬁopw%mplr@ﬂefr @Bpﬁerw@rﬁ@aﬂmt%lﬁo 8 wt %
melmtlﬁ;%@ﬁ&ﬁa&l Yan T %Eﬁhﬂxa%@ﬂ&tﬁ %%h %tBNIi@)

W % cal cufated assum ng the netal” is in the netal

wmczive ifsocamandc bakled eoritthele of adm iEiigistriofh Ehealyst
@a| The amount of nol ybdenumthat is in the

cat “éét may be in the range of from3 w%to 30 wt %

pr ef dhablegouht opd 4etkShlt eng7owt &gbalid inmeseful catalysts

f.er abl f %._t % M thet o
B Reastimag™ heherar ™ o i vl e B
¥rorimrabd ybasedn oh. T he #t ottal Swet ghtaraf, tmetcatafglmbly,

from 1 wt®% to 6 wt%, with the wt% calculated assuming the
metal is in the metal oxide form and based on the total
weight of the catalyst. The amount of molybdenum that is in
the catalyst may be in the range of from 3 wt% to 30 wt%,
preferably, from 4 wt% to 27 wt%, and, most preferably, from
5 wt% to 20 wt%, with the wt% calculated assuming the metal
is in the metal oxide form and based on the total weight of
the catalyst.

While many of the conventional hydroprocessing catalysts
that include a molybdenum component and either a cobalt
component or a nickel component, or both such components,
that are supported on an inorganic oxide support in the
aforementioned concentrations can suitably be used as a
hydrogenation catalyst of the inventive process, a number of

other novel catalysts may also be employed in the process.
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Wil e many of the conventional hydroprocessing
catal ysts that include a nolybdenum conponent and

W@Ra0hes9020 cobal t conponent or a nickel conmponePET/UB008/075914

bot h such conponents, that are supported on an

i norgani ¢ oxide support in the aforenentioned
concentrations can suitably be used as a hydrogenati on
catal yst of the inventive process, a nunber of other

new elnseahakystse yAalse Besefpboyethd Rupheyed in the
process. For instance, the catalg&; descri bed and

RRIGFe @ PRSP R prbdkss pRESBRt AP Al isn PaPento-

Appd iozatyizan, Pube i Naea 20R6h033734 5% hemfditl-edve Met hod
for the Selective Hydr odesul furi zati on of an O efin

HEBHCSISTIAG U Hy &7 Bt I59n SFeedst oo ko IfavitAg 4YPEDCa BRitte
ofednteher 26vi2906,puthi hpubti satdn ks, n6ok porated

her ei n by reference, may suitably be used in the
?Wﬁkﬂﬂﬁtv@npﬁ60%%%P%ﬁoﬁﬂﬁgg BPselBstF e ferRerenefpy suitably

watalystis that i By Suid abbycbe dseadhin dike1baved! ieer
process are those as described or clained in U S.

IpﬁféﬁﬁaAﬁﬁFﬁCE@@%ﬁmﬂh§U1N6b12d05ﬂﬁﬁ¥he®9thén??Y?%ﬁﬁve

Péc%%s%r@nghg% aés}’%esfc%bhliem_seé%:&de\be iHydr egepatd an
o Diolefins Contained in an Oefin Containing Stream

kol ot iche PRemoN@l 4810 SAPS &AP 89 THareftlem aRdoase MetHBH

&f  Making Such. Gat Al yStye" shavb g, 2 RUb o D8t §1 0%
January 20, 2005, and U.S. Patent Application Pub.

COUG1066051021 eptd HiredonkRgRingt §iviqap and for the Removal
syaradesul EHékéﬂérpgan(aataaM¥§Bod%Wm%go%uyﬁkéglgaﬁ/st ”

H gh Activity Hy esul furization Catalyst, and
Rroicess fob - Maatd ottt weinmgran2U t2@03,08n8ulf Gk Patent

P06 bt ('S Bhb. 2 NeY 3808 CorAeas (e Bup LY

ENGMIZGG@AGOBG5QCHQHeﬁaﬂadaﬁporat%&thﬂﬂwyﬂwayingf@r%hﬁe.

&tvllecsvpﬁ%%% Ql?ﬂ% Za iHHr bzat] on. pr %egsl?réggss for
I ne £0 an

pyroly aso ck 7s”cont’act ed w t
M@HﬁﬁaﬂUmrmngganywwm@%ﬂAWWéaﬁfgalestﬁﬂiateeacoducwekéehdng

%f%sghrngtgggét ﬂqé’e&%’ J oW heapergiyrg And, godgrate
2005/0014639 and U S Pub. No. 2006/0060510 are incorporated
herein by reference.

In the present deep desulfurization process, the
pyrolysis gasoline feedstock is contacted with an H;S-
containing hydrogen treat gas in the reactor vessel(s) at a
relatively low temperature and moderate pressure operating
condition. A low temperature and moderate pressure operating
condition is meant to be a temperature in the range of from
175 °C to 275 °C, and a pressure of from 400 psig to 800
psig. The preferred operating condition for present process
is a temperature in the range of from 200 °C to 260 °C and a
pressure in the range of from 425 psig to 650 psig. Since the
hydrogenation of organic sulfur compounds is an exothermic

reaction, there generally will be a temperature differential
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condition. A low tenperature and noderate pressure
operating condition is neant to be a tenperature in

wo b@otsgoge of from 175 0C to 275 0C, and a prPGEUSM®0%/675914
from 400 psig to 800 psig. The preferred operating
condition for present process is a tenperature in the
range of from 200 OC to 260 OC and a pressure in the
range of from 425 psig to 650 psig. Since the
hyypgenat tafaDfsOnganisg , Sul tur cieonpounds bstas:
exot herm c reaction, t her e generally will be a

’f%?ﬁ?e‘ra&flﬁ?enapf“fﬂe]rﬁérﬁqléigaéPE?%‘éhi‘%éljcqé%@él §§f§mbe]a? sygactor

widy ttheoeeaetos. outlet tenperature normally being
somewhat hi gher than the reactor inlet tenperature.

The fINGwiraterate viti o iche tA8alSA Y IoILPdivs 1 gadetd hige feed

feed diseahangegl t 419 eactns £%védﬁ%ven$%BEey§ is
process is generally such as to provide a |iqui

FOFIA LepaEED VT 0ed (RFOVEASVR AT HE Joaide 6PAFR off oty

hEHS]V tQnl10nBrrdnge e d@pMy" L i geitdchoLs IN-Spage term
ve 00|t%_ " means the nunerical ratio of the
PérﬁétepaqqrWﬁ%QEﬁéyperm?ﬁﬁﬁ thet nWAPERCgheratio of

m@%myneewel sagasald ne feedpl s harged (Aithecne nheavy
reactor of the inventive process divided by the vol ume

R r Tlatsalsy ge sebhtai el it§ FhergedctortheTheapref ep ¥ ddie
iﬁ#gﬂﬂf%e|Brgggséagﬁﬁid@a Ekoghg ébfﬁmeld%océtgﬁﬁét éHH%alned

nost preferred, fromO.8
hydrtsgenarreat Yas mtrd@rdcBelBfY signif itbanranydrofetron
UJ'HIW hy at- easy, a}ggy% Jloeﬁ’e‘}‘rlé@e pecgents ofthe, o 5

rogen treat gas being nol ecular hydrogen. 1t
he preferred for the purity of the hydrogen treat gas

Lo exgy egr §§o¥§+]“{‘£eea°cerg%%msh9é{£’£ gxgé?guof %Q%nlﬂcéﬁt “ﬂoﬁ:ogen

preferre e purity to exce vol'une perce
mW@MngenthThuSle¢$@eﬂydﬁo@énV©l@mﬂ rrascenitl bf fe added

@fc%‘fﬁrg% 8856‘% ?';Pél‘% ul an PM%P%‘ ﬂ'o% E?he Eagge%%%;rred

9 picallTy, of Trom75 fo ol %
fﬂr'mMWGMEypycefrvmedwdﬁpgﬂnSDre@tQﬁHStwob&&eéﬁeﬂivolume

er %f hxgéﬁgﬁgq %ti%a%o§QQ§Qa§ I%QtheaVMe purity to

exceed 8O Volume percent hydrogen. Thus, the hydrogen treat
gas will, in general, contain molecular hydrogen in the range
of from 70 to 99 wvol%, typically, of from 75 to 98 wvol%, or,
more typically, of from 80 to 97.5 vol%. The amount of
hydrogen treat gas added to the heavy pyrolysis gasoline feed
should be in the range of from about 100 standard cubic feet
(SCF) per barrel (bbl) of heavy pyrolysis gasoline feed to
about 5,000 SCF/bbl, preferably, in the range of from 250
SCF/bbl to 3,000 SCF/bbl, and most preferably, from 500
SCF/bbl to 2,000 SCF/bbl.

Another embodiment of the present invention
involves the use of a “hot hydrogen strip” to extend the
catalyst life. The “hot hydrogen strip” will serve to remove

gums and fouling material from the catalyst beds that cause
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should be in the range of from about 100 standard
cubic feet (SCF) per barrel (bbl) of heavy pyrolysis

w@a®olse0 f eed to about 5,000 SCF/ bbl, preferabtTyUS1008/075914

the range of from 250 SCF/bbl to 3,000 SCF/ bbl, and
nost preferably, from 500 SCF/ bbl to 2,000 SCF/ bbl .

Anot her enbodi nent of the present invention involves
the use of a "hot hydrogen strip" to extend the

Cadad sl birbesuddeirdiet abydeogeme stdddd orWish | aﬁ@rt\!@ ftore
renmove guns and fouling material fromthe cataly
HaHfs Athat ecanseyher das pP¥§§%$%P%ﬁ%%%C€E€6¥§t Wﬁﬁt is

18ACtRr a( $hsand &0 Iesteee;§0MEe ofydhRcacki¥ht ¥f tond hRavy
hydr ogenati on_catal yst that is lost as a result of its

R ¥ ithe2RG Ut vy erfd®on of the heavy pyrolysis

gasolienheed er&E%'yﬂklﬁyQEQQEQ Stddp1m8Ychen
acconpl i shed é di sconti nuing the contactin ¥ t he

HEWRAT Pyrorgstiie gaEdigaté "Peed Wit Mede Wapggéh%u%ﬁ@line
et alyst Byer eppvino fraed Eagm%@@ ¥LaGkek 1 ¥gSs&la (Som

and, thereafter, contactin the hy drogenatlon

et aﬂe;?§ttoér veshet (s & PAE# hF oWy Er ben Btk ghe
ﬁ§ﬂf§§éﬁ%&Xoh'Qgtéﬁﬂﬁﬁkﬁt%&ﬁe@@ﬁs@nxﬁﬁﬁﬁ%khﬁﬁ Q@ﬁfcﬁkdybgen

tinme to renove gum deposits and other fouling material
3% omcHe thyat bgerdt iteireaparyst fandnt ¢ifestere reriod of

i 8ast. A PARLLOPuRTed NG ilastngat alystrAAL hYi hYtlPidNerom
hydr ogenati on catal yst. The hot hydrogen strip can

Bl duise ogsadt ton rerovie siti quidt hyeh Yeribel apdst a portion
sthseayent! ¥, 8Ly, out, ét'l%l‘E?t abyste Bef,2d Leact Ofaralyst

systemprior to a unit shutdown. The hot" hydrogen
Bha ippi Mgdsheenh dsthelc orduet ed h@lmtgschtm gkopuei tiquid

Wgn. 008RA! LEAM alodch QUL Notihalnd LaCORLALNEA and

n
i cant concentr tion OP % dr ogen su
madtor efysthe mnioman@@@nlStﬁhgmﬁmmlgas shoul d be

o 170 76 5786  Tul oy TP BT rani T Fam 785 58 Tors; °
Mthlnwﬂatpréﬁéremﬂ@/SﬁnaamlSﬁat0197aﬁuvdm%ihattitscqﬂuains
éqp%ﬁh.lcangrcéﬁbe ratlon of hydrogen sulfide. The purity
of the hot hydrogen stripping gas should be such that it
contains molecular hydrogen in the range of from 70 to 99
vol%, preferably, from 75 to 98 vol%, or, more preferably,
from 80 to 97.5 vol%. It is also important for the hot
hydrogen stripping gas to have a significant hydrogen sulfide
concentration that is at least about 350 ppmv, but it is
preferred for the hydrogen sulfide concentration to be at
least 400 ppmv, and, most preferred, it should be at least
500 ppmv. An upper limit to the concentration of hydrogen
sulfide in the hot hydrogen stripping gas is around 2000
ppmv, or even a lower concentration of 1500 ppmv or 1000
ppmv.

It is also important for the temperature at which the

hot hydrogen stripping gas to be contacted with the
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hydrogen stripping gas to have a significant hydrogen

sul fide concentration that is at |east about 350 ppnv,
wWhei09s9026 preferred for the hydrogen sul fi de PCT/US2008/075914

concentration to be at |east 400 ppnmv, and, nost

preferred, it should be at |east 500 ppmv. An upper

limt to the concentration of hydrogen sulfide in the

hot hydrogen stripping gas is around 2000 ppnv, or

Wcﬁ_’fbg@da@\zﬁ@h €9PLBMY, atireB rof + 15O v 1eed1080cippny .

is also inportant for the tenperature at which the

WﬁﬁrQ%ﬁ?@GQQHnE¥??ﬁﬁﬁﬁgC6a§h?oh%%v%dﬁ@%8ﬁ@6Smﬂ?ﬁOllne feed,

thehydr egepat {ony catal yshpeabt€Fc ids has 1keen uS&E: i3I0 °C,
t he hydrogenation treatnent of the heavy pyrolysis

RidsoliFEeFaRdy 2o He @acl At Pvély TRIFGhPERRpEtUr & tofeast

#o lceastn@ab@dtr 32Qr@Cap1 PUtat preefer abby ©f at ubeast 1imit
370 0C, nore preferably, at least 390 0C, and nost

5@%ﬁé¥5@P§ln%t hedit 400iroeen AR pIped OB t1EBrthe
H&HE&@@HaQQoBh@a%@i%$WQ%0g%Bu§&rV@P“@Q gasiad hedhe soo °c,

hydr ogenati on cat is around 700 OC, or less than
BOCETC 1e6F Bu@h 1¥5sCthan 500 OC . The ampbunt of hot

hydr agen .860hPP At @a% habehSs PASSEG P¥8E Ehet 1s passed
hydr ogenati on catal yst shoul d be sufficient to renove

e dast hgdpeeeraonl Of e lyam deposi e ardfieueihgo

PRI %E51E5991£H§nh%ﬁ%9%%néhé0 r&@kﬁk%ﬁ%saﬁgdtfbullng
restore at l[east a portion of t | ost catal yst

eyt iiotlyp ﬁéomh‘éh%)mﬂ}g?@ﬁéﬁfcéﬁnc%ﬂ%ﬂwt a@enép af ¢ y5orche t
fale %t pY’!t}'tEQnW? 1t hydr 9%‘8&1%{ 'a%‘x‘ﬂlrx‘zgtgaﬁo snpassed

over the rogenatl on catalyst Is such as to provi de
Taycy%tm@élmucwahwoe Cpakoelty, that fadei ptthelieange hot

}%;drfc{g&?t QI L {%{3 slq(% BE e%o%wtt% L}h %“?1 98 LOD: s on

cat Mﬁth R oge I ppi ng
eras fyort aStsneho¢sﬂneannwnﬂep@rgaﬂﬁquﬁamowglsuﬁpa©¢ent

P €7 ot Thb Tirtrendunt fon Satalyer and gl FE.
Tlesthoce ogepert t poncafa livise hestreataﬂysﬁhaahevhoy.hﬂdwqgen
£%¥ﬁgﬁang gas for a time or treatment period that is
sufficient to remove at least a portion of the gums and
fouling materials from the hydrogenation catalyst and to
restore a portion of the lost catalyst activity. This may be
for a treatment period in the range of from 0.1 hour to 96
hours, but, more typically, for a treatment period in the
range of from 1 hour to 72 hours, and, most typically, from 4
hours to 50 hours.

Referring to Figure 1, in this embodiment of the
invention, a heavy pyrolysis gasoline feedstock, which has
been previously subjected to first stage hydrogenation to
remove a significant fraction of the diolefins and alkenyl
aromatics, is passed through line 1 into a series of

feed/effluent heat exchangers 3 wherein the temperature of

the feedstock is raised by heat exchange with reactor
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for a treatnment period in the range of fromO0.1 hour

to 96 hours, but, nore typically, for a treatnent
w@ernoshoen t he range of from 1l hour to 72 hourBCT/HR2H08/075914

nost typically, from4 hours to 50 hours. Referring to

Figure 1 , in this enbodinment of the invention, a

heavy pyrol ysis gasoline feedstock, which has been

previously subjected to first stage hydrogenation to

¢ eNMMMe ta esk gRL hid cad  HazacbkoRa Bfe t he rdicakef L nse and

al kenyl aromatics, is passed through line 1 into a

%@ﬁoé?“oitrfaé%d‘?%? f ivﬁ@ﬁth Redt llé‘k%‘l"%d@r%’céemh&*é‘?%erf Hed

herpeathytecoént hendfaedsheckyh sef airsehigby 1heat2 and mixes
exchange with reactoreffluent entering the heat

eXdhdigerd AR ot Y & OF VST Ryt Hyei' e F€&E §ASOT wH ch

&R kel wde E@@aﬁéﬁm&ﬁog@ata@;@c A4p 3Ny drogemle heat
enters the systemthrough line 2 m xes with the

PG FREATYC pyP B yRECS fgﬁgoﬁpﬁehy%we& it6pat od@ht R IRF

iﬁﬁbféﬁ%@ﬁEEEhHeéﬁcHHﬁ§éreMCnﬁ89§fi%ﬁis faremethgehead to 2
exchangers the conbi ned feed and drogen treat gas

Rigsestivgeolst eath et texdhanget"d @F5|sCfLWQQﬁﬁUPOH
%g%ﬁ%gpkgtﬁoﬁeﬂpe&ﬁiQE%deEm$§ﬁoﬁﬂﬂﬁi %&%hCéQBQh@POUt

wher eupon only a portion of the feed is
vaporErzéd]l wPEhiahothemnesibstantial, porri 6A 6F%thHe 90 wts)

E&&qr{l%%gm froma2 Ms%t%gocm@né@r@r@amg bgréwﬂydm

phase he conbi ned stream partially in gaseous and
peradugl leydi Ratt ut v piiadé duedt eras ¢ e fotter svEsaeton vaRgel

6 | ons dowavardh @ it | C'ﬁ'r%cﬂé?\’\ffﬁ%ﬂ%otd%r QHQQu%geor% or

nore fixed catalyst beds . The effluent fromt
nagctidxredessehl o dshr dhgheFfhee Tt tigrofre slif ef ¢4 wlerit

eﬂe%§%%$g§ﬁ§o§ fyﬁé Hh@g %QéTfégkﬂde%% ﬁeg?f%£5%angers

reactor effl uent drum 10 reactor e uent
31 astd dhem 10rowoh hhl@ee@b@du meatreacton pfdéuphaselash drum

pairh%tq: g€ encto%‘?t §¥1| @Qun(?gldqyl Qgen ?ﬂ}godlment is

I ght er hy rocarbons, is recovere recyc
& hrroggh rhere &apaxﬁudmeWM¢deogeﬂ,sgqn&ﬂﬂtlﬁbeOE|Qymxbgen and

fyq{e%%gﬁlgﬁgo%%&%, %tsre%g‘o$é£é§ I PSR Y0 ¥R 1ine
11 to the hydrogen system The liquid hydrocarbon product
stream exits flash drum 10 via line 12 and flows into to
stripper column 13 where H;S and lighter hydrocarbons are
stripped from the liquid hydrocarbon product and exits the
stripper column via line 14. A sour agqueous stream containing
ammonium salts leaves the reactor effluent flash drum via
line 16. The low-sulfur pyrolysis gasoline product exits the
bottom of the stripper column through line 15 and after
optional drying can be used as a gasoline or gasoline
blending stock. The present invention will allow for the
production of a pyrolysis gasoline product with a total
organic sulfur content of 30 ppmv or less, and preferably 15

ppmv or less.
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stripper colum 13 where H2S and |ighter hydrocarbons
are stripped fromthe |iquid hydrocarbon product and

wW@00003%0bke stripper colum via line 14. A sourPErUSM0%075914

stream cont ai ni ng anmoni um salts | eaves the reactor
effluent flash drumvia line 16. The | ow sul fur
pyrol ysis gasoline product exits the bottom of the
stripper colum through line 15 and after optional

dryi ngeCaBabeodSesk a8 angasoki 8eaflgaselcbngsbbeadingore
stock. The present invention will allow for the

PRGUGR MBRATOY B PR INPdivEIgHEB| PR PlbddcCahp t Rl The

tatalnRrgani ensubddirs)cenhent 9hpRO-PRMLRR ol €884/ &N ow
preferably 15 ppnv or |ess .The reactor vessel in this

EXenpity geataras lorfe’RdrCarnl BTBRERT BT fOSEl FCRPEketle

Famisdidenum ope abdmma Gakal ystos The g epai pglersfg tike
bed(s) can be support nmaterial and/or low activity

BRHdithg? ALEYHT calla e far uPe® | i Se Er 6§3ctRes at the
£€aGt QJ5S Whl lsbe) onddecarder : of %g% A0 QF (o . Jhe feed ¢

is nostly in I|qU|d phase (e.qg. in the reactors
td tHe readEOBF - run (SOR), and m)stly in vapor phase

(e. gEmc%s%%tgi §%Kkég %u@nggﬁad wf%ﬂﬂhfﬁﬁt@h¥§ér§43%'5%ay
equi pped Wlth% gh dispersion tray 9 in order to
2nisurce dgni £er ﬁﬁlWlé%é%%f@ﬁmoﬁl?R%rffﬂéétjé%fo@]kqeaé%%%tqqi(e

o surhace of sthe catal yat 9§9a13?§£e gegactor will
generally be operated at a noderate pressure, e.g.,

bet weée abedtou00l psiggreaaabpube 8aTsSicY, apr ef epabiafe
FL o425 5559 t@e%no%'b%ut&lw%% t%t %‘b%u@%?](‘}”bsig,

pressure rop across the reactors be in the range
wfe fargimlabofitoB80 2o mgp§pg65@n]@18389 1 ;PpltwaIlCéhdsmrir wf run

eesssstﬁf edggg 95 teh%e5288£9rxx§ll 'ﬂe he, lcﬂetP§ nd&NGge
froma to about previ ous
ﬁwcsm:mgld 3éntq> o resart, faeat@lr‘ey@icatlh@n@r @§enunpwme

éﬁﬁinﬁééégegﬁ bﬁé ﬂgfy %HﬁhHgg I%%EV Eé about
pre era y greater tha O pp
4heo about 50 psig.

As previously discussed, an important feature of the
present process is that there be a minimum H,S concentration
of 100 ppmv H;S (preferably greater than 150 ppmv H,S) in the
treat gas going to the reactor vessel. In the embodiment
shown in Figure 1, this H;S concentration is accomplished by
injecting through line 5 sufficient amounts of a sulfiding
agent such as di-sulfide oil (DSO) from a Merox treating unit
into the combined feed/hydrogen treat gas stream. The
presence of minimum levels of HyS in the treat gas will
ensure the catalyst will remain fully sulfided and avoid
aromatics hydrogenation, thereby minimizing octane loss in
the final pyrolysis gasoline product.

Another embodiment of the invention involving a two-step
trickle flow reactor system is shown in Figure 2. In this

embodiment a heavy pyrolysis gasoline feedstock, which has
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treat gas going to the reactor vessel. In the
enbodi nrent shown in Figure 1 , this H2S concentration

WO 200908%02p| i shed by injecting through |ine 5 seET/U810081075914
anmounts of a sulfiding agent such as di-sulfide oil
(DSO) froma Merox treating unit into the conbined
feed/ hydrogen treat gas stream The presence of
mnimum |l evels of H2S in the treat gas will ensure the
sadralprsty ikl y r e drdad by sul§t dech@andiyaveyénation to
aromati cs hydrogenation, thereby mnimzing octane
TS A ERENHT WAy TSI SPE §astld e Prddict 2N Andt Hary *
erodiinent i of pdhieed nrerfig@n 1 AYORYI NG A at WerSEePot heat
trickle flow reactor systemis shown in_Fi %ure 2 . 1n
THEEREGd PReE S e HedVP pFFBRYRTS Yatol i Re TRPEEHSTTEK,S
whi s hasheed prevdushy tsubbested drifichst c8t@88ng the
hydrogenation to remove a significant fraction of the
Qﬁ%ﬂ(9ﬁcﬁ§ngﬁHSaT@%ﬂyﬁléﬁ&ﬁa?ﬁcs?Y?%xﬁﬁb§éﬁaFhﬁ%%gﬂﬁuCh
hd e 2l Bt 0cay SES 118510 eheﬁhdeﬁm_ﬁl%dgggwﬁr@rﬁ{brs the

y

the tenperature of the feedstock is raised eat

BRAPANGETAER R 2@Ff Rbshf ehitferiltg [eRE1AeRRaVY
srchanger 8581 oMghrddne 30, Eydeogen {1y eat gasqfaiGhine

may i nclude recycle hydrogen and nmake-up hydrogen)
rtersxcREgSySt tHBughel Paet 2= drd 9sirRes i epmiHeed

tdqyi g heguyopyf ol ¥sits g%%sﬁhéé‘gs feed, RQr nbQ-eptf i ng
the feed/effluent heat "'exchangers 23 . Fromthe heat
exdthigertsri heheonbitned fas@ihand dpichogentbreatt gean enter

PASSeS Rt Q. f pedsheater 24ntagtifad %ﬁp_@@at%@f &lid.,

is further heated so that it can enter first reactor

yegsein 2674t "¢ meddesi/Ped Ct efiper ediirigiede s§reabepsesss in a
7 . omhi;ne a asses. | :

Foi G2 el 1B OMBLECE AHBEBA8 R0t d Bcea

fabedd s¢ababysin beus fiirstthectttst reactlopndeskeh aals

Eméc{hl %@ﬁet By ough, 1pe S%Zohat Pe#‘teorsev%%gglr%‘%?ére it
vess where 1t passes through one or nore
raddids ghabught ahy sir beds agdiniom a @owd veobedoragain in

LA ko TR A esgbar, vessel T this

Each reactor vessel in this example contains one or more
beds of mostly nickel/molybdenum on alumina catalyst. The
remainder of the bed(s) can be support material and/or low
activity grading. A typical temperature rise across the
reactors will be on the order of 5 to 50 °C. The feed is
mostly in liguid phase (e.g., 60%) in the reactors at the
start of run (SOR), and mostly in vapor phase (e.g., 75%) at
end of run (EOR).

Each catalyst bed is equipped with high dispersion tray
29 in order to ensure uniform dispersion of the feedstock
across the top surface of the catalyst bed.

The reactors will generally be operated at a moderate

pressure, e.g., between about 400 psig and about 800 psig. A

typical pressure drop across the reactors will be in the
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beds of nostly nickel/nol ybdenum on al um na catal yst.
The remai nder of the bed(s) can be support nateri al

W@rwhos90kdw activity grading. A typical tenperB€UD82008/075914

rise across the reactors will be on the order of 5 to
50 0OC . The feed is nostly in liquid phase (e.g., 60%
in the reactors at the start of run (SOR), and nostly
i n vapor phase (e.g., 75% at end of run (EOR) . Each

catal yst rhedl bisoegu pRredowokhghighsal sper sken 10 ayo 29
in order to ensure uniformdispersion of the feedstock
RithDSE €8 top surface of the catal yst bed. The

r eacty@r @r%hbugﬁge:h@ldwésa@ , ORET afesh-tatnta FAREerat &F the
pressure, et ween about 400 psig and about 800

Eﬁ)%%sg?ntAptr?ﬁiéE%tl Lhrigeduredrope at ross e Ofedt? oP ™R

tﬁ%éﬂbﬂ%%@&amg@ Sbmf o) abput r&tt 4A04Bshg & R tor
from10 to 50 psig at EOR A s previously discussed,

5 5 9or £ANERE eHERAE Gt REOPP eSleht 5t GEESEPT 85k PROY
irhféceclbl% auRE N na ofnclOQ sppEva H2S fiprefenabhy ;é& as di-

in treat gas going to the reactor vessels.

?Wﬂﬁ#ﬁ? @ﬁ%oépﬁ%htf%ﬁ%WhNFﬁP§ FsededonpItiisheatpythe

é&whk?l‘hte'dngeéliﬂh&&%@@%@'&sgé’é S SUhf idir-BggAIEM e SN The
as di sulfide oil froma Merox treating unit

PRSI O offb Hadn fléwllswé r Bgeri 1t £t tgast staearhll
4 ough ki Bgtgﬁysghﬁlﬁr esence efi N niynnskevels ofo2S

in the treat gas wll ensure the catalyst will remain
Fanatisgl hivdedoamt @roi dharehat hMesihydinggeaasnonoss .

theraby mieRhglzi ng Qetane sLessy Jhes@ff luent 1 £o ghe

second reactor vessel flows through [ine 30 to t
floed/odf flinend0 heatthex disgadgef sl aemt thrart ©ehcbagaers n@oslthen

o g neact 8 £F flpent. thashe Arum32..,Ihe B?ﬂﬂﬁt@é The

effluent flash drumin this enbodi nent is a threephase
sepdrat ef fwhere @hsﬂlcbm@usn|hgl@faﬁymhg@en apda three-

t d
¢ aht el pE¥QE8g%?e°PeS 'ﬁ 3888%{ ey%tem %X%S and, lighter

roug Ko ne 35 to the rogen s
MWdhqnambboﬁ pL@dmmgowana§aﬁnd recycled through llne 35 to

the hydrogen system. The liguid hydrocarbon product stream
exits flash drum 32 via line 33 and flows into to stripper
column 36 where H;S and lighter hydrocarbons are stripped
from the liquid hydrocarbon product and exits the stripper
column via line 37. A sour agueous stream containing ammonium
salts leaves the reactor effluent flash drum via line 34. The
low-sulfur pyrolysis gasoline product exits the bottom of the
stripper column through line 38 and after optional drying can
be used as a gasoline or gasoline blending stock. This
embodiment of the invention will also produce a pyrolysis
gasoline product with a total organic sulfur content of 30

ppmv or less, preferably 15 ppmv or less.
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exits flash drum32 via line 33 and flows into to
stripper colum 36 where H2S and |ighter hydrocarbons

w@e@ssepped fromthe |iquid hydrocarbon prodRCT/Usauds/075914

exits the stripper colum via line 37. A sour aqueous
stream cont ai ni ng anmoni um salts | eaves the reactor
effluent flash drumvia line 34. The | ow sul fur

pyrol ysis gasoline product exits the bottom of the
stripper colum through line 38 and after optiona
dryi ng can be used as a gasoline or gasoline blending
stock. This enbodi nent of 1t herimvention will al so
produce a pyrolysis gasoline product with a total
organi c sul fur content of 30 ppnmv or less, preferably

15 PRPsceEs| ess. hd dRelp MeSulrur APi06ess EOhelhe deep
desul furization of a heav% pyrol ysis gasoline
I

PEetstSsck 988t & i TRF R tAICs BPT Re Eotitent FACLBAI " an

éHéEHHﬂ%d%HBEUFa&Qﬂ&ﬁﬁh&ﬁ%b@@u@n@bﬁbéHﬂyétébﬁnﬁhaCa high
concentration, wherein said process conprises: heatlng

%%ﬂ@fq%§aﬁ9nﬁ?F6¥®%ﬂQ$'g&§§F?h@ PeEdistiesiespocamprises:

temperatung sufdicdant JhQoRyevE %ﬂ%t edcRYIOLYSIS &
gasol i ne feedstock having a substantial portion that

FYIeT s Ugas eBUS1 piite tand@rafisthet Ramiscapyial vpbt tdasipline
thadsdoz i Haélh?qy'§LH¥F§%%uain%6£%H6H'H%d%ahg D%aéeﬂaseous

pyrol ysis gasoline feedstock that 1s in said liquid
pitise cadd 2a8atk e gasevignshaserP nt oo thedctior 1vessklquist
£ .than one reactor vessel in series flow
arrangement, that contains a hydrogenation catal yst
andim§r@§@¢%nqxﬁaq¢ dedoanf Powe hode, Jeent acei fepddiagk that

featy S% g}ﬁ g 518 Lng fsgﬁg%z%é%ds”E&%@epﬁé@”&%e%fctor

an a oge treat gas having an
Yﬁﬁﬁ@éntpatmgneoth%n dn@agpaQQQrpmﬁﬁﬁqﬁtﬂm sairdes flow

gagt OFhEE@t@A%SJm%t ah?& (%&gaﬁ:l ”BS‘EQEgég and is

con ion éffective to se ogenat
Q@Hnauwmualap@@Wmﬁhwoﬁmthe dloleflns contained in said

hea%%gt8¥£9$§§&%xg%%gkgaepyrolysis gasoline feedstock in

the presence of an added hydrogen treat gas having an H;S
concentration of at least 100 ppmv with said hydrogenation
catalyst at a moderate temperature condition effective to
selectively hydrogenate a substantial portion of the
diolefins contained in said heated pyrolysis gasoline
feedstock to monoolefins and a substantial portion of the
organic sulfur in said heated pyrolysis gasoline feedstock to
H;3, but not at a temperature to significantly hydrogenate
the aromatic compounds contained in said heated pyrolysis
gasoline feedstock;

yielding from said reactor vessel, or more than one
reactor vessel in series flow arrangement, a reactor
effluent; and

separating H,S and unreacted hydrogen from said reactor

effluent and recovering from said reactor effluent a low-
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feedstock to nonool efins and a substantial portion of
the organic sulfur in said heated pyrolysis gasoline

wo ewdsswek to H2S , but not at a tenperature tBCT/US2008/075914

significantly hydrogenate the aromati c conpounds
contained in said heated pyrolysis gasoline feedstock;
yielding fromsaid reactor vessel, or nore than one
reactor vessel in series flow arrangenent, a reactor

aifdwentyroandi s epaddatiineg pH3guand-way ergtrednBy dé 9gedthan 30

fromsaid reactor effluent and recovering fromsaid

PRI QORI PUEhEE £LIBWEFur pyrol ysis gasol i ne

pr oduct that cont ains |less than 30 ppm organic sulfur
npounds . A process as recited in claim1l

%\lneﬁ’ éﬁrﬁc§§§da§u’b%‘f]d'fﬁq ar portfob ofrs&ia Raafleguostantial

pyrlysics gasel hae S edsbogkithgdsdisi den reahdrgaseons: is
phase is in the range of from10 wt%to 80 wm % of said

Heatdd FYFEPYSi RIS GIS e Feedstek Andredi d0aret Her ©0

wubsiantiial npordd ony .0 sakdgheat ek puLlsysks gagoldne
feedstock that is in said liquid phase is in the range

FIOTEMS2OS e Ib 1 B OIS oP L sar lented pyrelysis gasoline

Q@é@ée&% feedstock, s3iq AiBLPSESSaAS LG edei RaLdAidp
, Wherein said noderate tenperature condition

flfﬂﬂ @@eé’ta eontactingt eapér beaFed IRV HE sEangas@f 199 om
A5 QG L0 275 0C , and wherein said reactor vessel is
operated at an operating pressure in the range of from
400 psig to 800 psig. 4 . A process as recited in any

oNe, ofr LlALMEs 1z 31 A4y LREL 1G0AP{ 1 $) ng: ALSEont Loy, ng

the contacting of said heated pyrol ysis gasoline
feddsttec kenpehasaidd dopdridgenat nohidst & yontaahdng

EQ&L&%“&% hﬁ‘){‘ﬂ@%ir{;% i ?rBMd{?Q%aEhoﬁhg%a' %R
hot hydrogen ream conpri si ng hydrogen and a
worcenmt sat.idoneaftdR Fepfsedt ibeastra pymeanabprarating

@@%Q&%” ih! %ﬁ‘é ”Pﬂiget P&LaLULEo s A JLA%h BLP,0C and

treatne

4. A process as recited in any one of claims 1-3, further
comprising: discontinuing the contacting of said heated
pyrolysis gasoline feedstock with said hydrogenation
catalyst; and, thereafter, contacting said hydrogenation
catalyst with a hot hydrogen stream comprising hydrogen and a
concentration of H;S of at least 400 ppmv at a hydrogen
treatment temperature of at least 370 °C and for a treatment
period sufficient to remove gum deposits and fouling material
from said hydrogenation catalyst and to restore at least a
portion of lost catalyst activity of said hydrogenation

catalyst.
5. A process as recited in any one of claims 1-4, wherein

said diolefin concentration is in the range of from 100 ppmw

to 3 wt®% of said heavy pyrolysis gasoline feedstock, said
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period sufficient to renove gum deposits and fouling
material from said hydrogenati on catal yst and to

WO e@wos®2@mt | east a portion of |ost catal yst aeCi/Ub1098/075914

of said hydrogenation catalyst . 5 . A process as
recited in any one of clains 1-4, wherein said

di ol efin concentration is in the range of from 100

pprmw to 3 wm % of said heavy pyrolysis gasoline
$eedstock,) ral dor@atiGtSuhf U cONCENtH=alGkoB i SréM Thepmw
raggg}of from75 ppnw to 2,000 ppnw, and said high

£ U0c §PEBRCRM reticomits PROTHe: TAFGE Cof F # bR B0 St
fad a-ByWb¥o of o ey tat al twesghfitofosaid heawy weight of
pyrolysis gasoline feedstock. 6 . A process as recited

T AAPATHePBFO LY Bt Tl P 8 1NRhEp e H-¥Hi-d hydr ogenati on
catal yst conprises nol ybdenum and either cobalt or

ni ckel, or both, supported on an inorganic oxide .
SuppaOCces? as A YtidcEs s Pag et & iH2afy bner ofherein
§Afﬁ'H%d%b@en&@@é@'ébé&yy%t|@&h?ﬂliég frRk¥s LS SRsAiter
product has a concentration of diolefins of |ess than
THPFMRE 81 kAL projeedhas SPERPE R i91 afy 1AEIBR ¢l AiHRe
dagporwherein said reactor vessel includes said nore
than one reactor vessel in series flow arrangenent

whi ch includes a first reactor vessel that contains a

71 stodvdeogenald on £aLal Y8t aAd dhah Jigisopepat sl ddiy
sai d downfl ow node and a second reactor vessel that
YoM diows sgl§ee opdr Mypdricgenapt one catelysst haAdat hat s

onerated i By Sgk dy oMl ow rode. s wher ey saj.g process

conprises: contacting said heated pyrolysis gasoline
feedstock in the presence of said added hydrogen treat

a id_ flrst [0 at l.yst -at sai -
G irbeedd B et ALOaRDaOh O PRTS! 18Y S ein
farStraegacroreyeskelncd Udepstareanty téfefnl geat reactor

sonacting saLd FH 5t eaeheL, eT L Usnt A hhE presence
reactor vessel that contains a first hydrogenation catalyst
and that is operated in said downflow mode and a second
reactor vessel that contains a second hydrogenation catalyst
and that is operated in said downflow mode, wherein said
process comprises:

contacting said heated pyrolysis gasoline feedstock in
the presence of said added hydrogen treat gas with said first
hydrogenation catalyst at said moderate temperature condition
and yielding from said first reactor vessel a first reactor
effluent;

contacting said first reactor effluent in the presence
of said added hydrogen treat gas with said second
hydrogenation catalyst at a desulfurization condition
effective to hydrogenate a substantial portion of the organic
sulfur compounds contained in said first reactor effluent to

H,S, but not at a temperature to significantly hydrogenate
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of said added hydrogen treat gas with said second
hydr ogenation catal yst at a desul furization condition

w@Ldensd0ee t o hydrogenate a substantial porti oPCDUS1008075914

organi ¢ sul fur conpounds contained in said first
reactor effluent to H2S , but not at a tenperature to
significantly hydrogenatethe aronmati c conpounds
contained in said first reactor effluent; and yielding

tHomsaiad i seconsbieactontvessel im seeoprd rkeactOttor
effluent as said reactor effluent. 9 . A process as
¢Ecit®d i n28Ay one of claims 1-8, wherein said heavy

ﬁﬂélQJi)h%* srgasokinesdesdst-acktbasybean preveds! Yeactor
%gdrogenated to selectlvelg convert diolefins and
Iyt afofatf csca g Hord foreffns and al kyl aromati cs.
10. The process as recited in any one of clains 1-9,
wherein the heavy pyrolysis gasoline feedstock is
hedt eFoichsa 3 eBtR HeAt 1ExEREANGR? .CAL1ATHE procedsersin

£ ted Viynpanyl 9oes ofael1ahes rdadbsoherel Bebhepreacdhon v
vessel contains a fixed catal yst bed equi pped wth a

WGP SHE s BNS T ¥ VG LinFPBFY Ay HidEditBat enghelkenyl

PV siss tgagohs ne freedstagkaagy ossrdhig 1kap of the
fi xed catal yst bed.

10. The process as recited in any one of claims 1-9, wherein
the heavy pyrolysis gasoline feedstock is heated in a steam

heat exchanger.

11. The process as recited in any one of claims 1-10, wherein
the reactor vessel contains a fixed catalyst bed equipped
with a high dispersion tray to uniformly distribute the
pyrolysis gasoline feedstock across the top of the fixed

catalyst bed.
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