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puever, becaysg, g)e.”]c,t eoqaerarﬂoﬁrﬁ@ 161308 BT Rbehdkhk, toluene,

: ' and xylenes), as well as EB (ethylbenzene). Inasmuch as
the C, to C, aromatics have a higher value commercially than

20 C,’ aromatics, the conversion of C,° aromatics in heavy
naphthas to Cs to C, aromatics is highly desirable.

Cs¢ to C, aromatics contribute to the octane rating of
the gasoline pool in a refinery, and are commonly produced
in refinery processes such as catalytic reforming which

. 25 have been a part of the conventional refinery complex for

| many years. However, recent concerms about volatility and

toxicity of hydrocarbon fuel and the resultant environment

1 damage has prompted legislation that limits the content and
composition of aromatic hydrocarbong in such fuels. Some

30 of these limitations relate specifigally to benzene which,
due to its toxicity, will be substantially eliminated from

the gasoline pool. o
However, because C4 to C, aromaplcs are commercially
desirable petrochemicals, it would be desirable to provide
: 35 a process for reforming lower value. heavy naphtha
i feedstocks which produces low aromatics content gasoline,




desirabl e petrochemcals, it would be desi rable to provi de 35 a process
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Cerr] to CJerr] aromatics which can be tzhereafter extracted fromthe
ref ormat e product. Ref ormat es can be prepared by conventi onal

t echni ques by contacting any suitable material such as a naphtha 5

charge material boiling in the range of CJerr] or Clerr] up to about
380 [err] F (aBD3fedilr |asCCs ko hCh rorammgdyicisn whdchacanwbehtheyeafterconventi onal

- reformng cahalpited from the YePorhate Podfic®27.521 to Chu discloses a
process for or et reating. naphtha prior to reformng, by contacting with

10 a zeolite chefigymates gan be,prepaged by 6An¥eRFHgnal Feehniques one
noblje met alh_hqnd:cﬁ‘tt-:_ddtaﬁigl : ;omq sulitiablecinakerial §ﬁet|1_'as a Phdapweiea of y
produci gg hi i . Ll and Clerrl.  ga ne - . S.
Pat . Nol.?’ 5, %q{?é n*%a:%%li(_e%tlc g@?%lé%"_’a?g glh §(; %%ggg §9 b’ osl:‘p rcdc'ggst?o?b‘mé
upgr adi ng a 3BQYREr (B3F Chgwith {hydregeni in eprtaact seittdl yanytal |y cracked
napht ha by RHRIRSIHAY! reFor@fing cathykeyed by contact with an
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ol efins. 20 pretreatiing maphtha priemt tonrefbaming} cbpncomtack tgdriwcess
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preparéd from(err] aromati cs-coitaining Teed whfch conprises:
1) pretreatiRf 2939 matadnandeadsieagh obft alkaky meea}| for theomatics [ ]
and sul fur lpurgdeads pFoducing) higher yhwlasdesutfuahaatjtogasatahgst under
hydrodesulfurlzaEL%ﬂ Pat. No. 5,320,742 to Fletcher et al. discloses a
- process for upgrading a higher boiling sulfur-containing -
15 catalyticallyﬁcraCRéd'naphtha-by hydrodesulfurization
followed by”contaét'with-an-interﬁediate~poré zeolite,
e.g., zéolite beta, under conditidnSZWhich'drack low octane
paraffins to form higher octane lighter paraffins and
olefins. ' : :
20 ‘The present invention relates to an integrated process
for increasing C; to C, aromatics content in reformate
prepared from C,* axématiCs-Containing.feedfwhich'comprisés:
1) pretreating a raw naphtha feedstream containing C,*
aromatics and sulfur by contacting'with a) a
25 hydrodesulfurization catalyst under hydrodesulfurization
conditions to produce a hydrodesulfurized feedstream and
thereafter b) cascadihg said hydrodesulfurized feedstream
over'a'noble metalé and/or Group VIA metal-containing
porous crystalline inorganid'oxide'catalyst'comprising
30 pores having openings of 12-member rings under conditions
sufficient to effect conversion of C;* aromatics, thereby
providing a pretreated effluent stream of enhanced Cy
" aromatics content relative to that obtained in the absence
of said cascading; and A ' .
35 _2) reforming at least a portion of said pretreated
effluent stream to provide a reformate stream.
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conditions to produce a hydrodesul furized feedstream and thereafter b)
cascadi ng sal d hﬁ%odesul furized feedstream over a nob{,&.&ggﬂ aemand/ or
G oup VI A W9 tai ning porous crystalline inorgani C OXide Catal yst
conprising 30 pores having openi ngs of 12-nenber rings under conditions
sufficient to effect conversion of (CJerr] "aromatics, thereby

providing a pretreated effluent stream of enhanced (err] aromati cs
content relative to that obtained in the absence of said cascadi ng;
and 35 2) reformng at |east a portion of said pretreated
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ref or mat e- Contﬁz‘dad&@rﬁ‘&kphaphthaprm %ﬁ@r‘i&ﬁ.ﬁbﬂa further conprising:
5 3) distill |n %o% stfreamto %r CltoC4
hydr ocar b&n- cont ai M % ]s rean %ﬁdP&?XFBSn stream

and a (err] ciei:or catlwdxnaarhbn;—tcminxng overheé)d @timeant,i &g Gaid Cerr]

reformate bot t
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streamtqQ prov]de a gasoline boiling.ran duc

present %ent%or??%?’aﬁ%%e t%t’fi S5 S %&a*ﬁﬁa% §8r8 Lh v?‘]%%m?'ﬁ]ha fayeag i's
pretreated toa:‘,orummatm eantl materials (Clerr] ) into lighter
naphtha in an exi Stdn) Q:fﬁlﬁﬁ h% said R, Chy8Rb8ArYSRUstPéam with said

hydr odesul furi zati o
raffinate stream to provide a gasoline beoiling range

product.
15 The present invention relates to a process wherein a
raw naphtha feed is pretreated to convert back-end
: materials (C,*) into lighter naphtha in an existing naphtha
pretreater used for hydrodesulfurization. The process
employs a noble metal- and/or Group VIA-promoted porous
20 inorganic oxide catalyst downstream of the
hydrodesulfurization catalyst.

Inasmuch as noble metal promoted catalysts are
generally sensitive to hydrogen sulfide poisoning which
strongly inhibits hydrogenation activity of the noble

25 metal, the ability of the noble metal-containing catalyst
to retain its hydrogenation activity while contacting the
i H,S-containing effluent from the hydrodesulfurization step
’ is unexpected.
The Figure is a process flow diagram depicting a pre-
30 ferred multistage embodiment of the present invention
wherein raw naphtha is pretreated in two stages prior to
stripping, refofming of the C," stripper bottoms,
fractionating the reformate to provide a C,~ overhead, a C;
hydrocarbon stream, and a C;’ bottoms stream from which is
35 extracted BTX, and combining the C, hydrocarbon stream with
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H2S- contai ning effluent fromthe hydrodesul furization step S

- unexpect ed. The Figure is a process flow di agram depicting a pre-
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above 5.0 m)bgr:c:em:.' C, to C, paraffinic hydrocarbons such as

isocheptane and isodctane_can-also be present. The exact
composition of the raw naphtha feedstream will.depend'on

15 its source. It may be formed by blending all or a portion
of the effluent of several different petroleum processing
units.- Two such effluents are the bottoms product of the
stripper column used in FCC gas concentration units and
stabilized reformates which contain C, to C; aromatic hydro-

20 carbons. C . o . _

The raw naphtha contains,sulfur.f Products of catalyt-
ic cracking usually contain sulfur impurities which
normally require removal, usually by hydrotreating, in
order to comply with the relevant product specifications.

25 These specifications are expected to become more stringent
in the future, possibly permitting no more than 300 ppmw
sulfur in-mbtor:gasolines. As a practical matter, the
sulfur content will exceed 50 ppmw and usually will be in
excess of 100 ppmw and in most cases in excess of 500 ppmw.

30 For the fractions which have 95 percent points over 193°C
(380°F), the sulfur content may exceed 1,000 ppmw and may
be as high as 4,000 6r 5,000 ppmw or even higher, as shown
below. The nitrogen content is not as characteristic of
the feed as the sulfur content and is p;efe:ably not

35 greater than 20 ppmw: although higher.nitrbgen levels
typically up to 50 ppmw may be found in certain higher
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preferably 166 C to 211°C (330°F to 412°F). The present
invention is suited to use with feeds containing at least

15 10 wt% C,* aromatics, preferably at least 15 wt% C;°
aromatics, e.g., 19 wt%¥ C,’ aromatics.

The raw naphtha may be obtained from straight run
distillation or from a coker or FCC unit. Alternatively,
pyrolysis gasoline may be used as well. However, diene-

20 containing streams should be treated to reduce or remove

sources of gumming, as necessary.

ocess Confiquratijo
Referring to the Figure, the raw naphtha feedstream 1

containing sulfur compounds, nitrogen compounds, benzene

25 and G, aromatics is passed to a pretreater 2 where it is
first treated in a first hydrotreating zone 3 by contacting
the feed with a hydrotreating catalyst, which is suitably a
conventional hydrotreating catalyst, such as a combination
of a Group VI and a Group VIII metal on a suitable

30 refractory support such as alumina; e.g., Co/Mo on alumina,
under hydrotreating conditions, i.e., at elevated tempera-
ture and somewhat elevated pressure'in the presence of a
hydrogen atmosphere. More specifically such conditions
include temperatures of 204°C to 454°C (400°F to 850°F),

35 preferably 260°C to 427°C (500°F to 800°F) with the exact




5 sulfur-and CJerr] aromatics-containing petroleumfraction which

~boils in the gasoline boiling range. Feeds of this type I ncl ude |ight
napht has WOMMO y havi ng a boiling range of d err] PCI/USHS[14757]) C
(330[err]F), full range naphthas typically having a boi l i ng range of
C5 to 216[err]C (420[err]F), heavier nap8tha 10 . fractions boiling in the
range of 127[err]C to 211[err]C (260[err]F to 412[err]F), or heavy
gasoline fractions boiling at, or at |east wi thin, the range of
166[err]C to 260[err]C (330[err]F to 500[err]F), - preferably 166[err] C
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800[err]F) wth _thé exact
PCT/USQ /14;§Fu1t of the stepwise troductlon of the feed. The

hydrogen to hydrocarbon ratio in- the feed is typically 90
to 900 nll"! (500 to 5000 scfb), usually 180-to 445 nll1™
(1000 to 2500 scfb), again based on the total feed to
hydrogen volumes. Lo
20 ' The conditions. in the. hydrotreatlng zone. should be
adjusted not only to obtain the:desired degree of
desulfurization but to produce the required inlet
temperature for the secohd step of the process so as to
promote the desired C," conversion reactions.
25 ' Under these conditions, at least some of the sulfur is
separated7from~theafeed molecules and converted to hydrogen
' sulfide, to produce a hydrotreated product and hydrogen
'sulfide. One suitable family of éatalysts which has been
widely used for this service is a combination of a Group
30 VIII and a Group VI element; such as cobalt and molybdenum,
" on a suitable substrate, such as alumina.
The=hYdrodésu1furized'effluent-from the. first
pretreater zone is cascaded to a second pretreater zone 4
‘which contains a noble metal-containing.Porqus_inorganic
35 oxide catalyst having pore openings of:12-member rings.
Such porous inorganic oxides have pore windows framed by 12
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par aneters including, for exanple, 5 hydr ogen pressure and cat al yst
activity. Low to noderate pressures nﬁy be used, typically from 445
10443 kPa (50 to 1500 psig), preferably 2170 to 7000 kPa (300 to
1000 psig). Pressures are total system pressure, reactor inlet.
Prlessure will normally be chosen to maintain the desired 10 aging rate
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ave pore w ndows f'fﬁgez(?oﬂ’i'e jﬁatal component, where present, is

: preferably dispersed on the catalyst to provide a H/noble

i metal ratio of at least 0.8 as measured by hydrogen

: 20 chemisorption, preferably at least 1.0 H/Pt metal ratio.
l
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The hydrogen chemisorption technique indicates the extent
of noble metal agglomeration of a catalyst material.
Details of the analytical technique may be found in
Anderson, J.R., 8tructure of Metallic Catalyst, Chapter 6,

25 P. 295, Academic Press (1975). 1In general, hydrogen
chemisorbs selectively on the metal so that a volumetric
measurement of hydrogen capacity counts the number of metal
adsorption sites. Preferably the noble metal-containing
catalyst has an alpha value higher than 100 and is

30 unsteamed. The high acidity permits operation at lower
temperatures so as to minimize thermodynamic constraints on
benzene saturation. Alpha value, or alpha number, is a
measure of zeolite acidic functionality and is more fully
described together with details of its measurement in U.S.

35 Patent No. 4,016,218, J. Catalysis, 6, pp. 278-287 (1966)
and J. Catalysis, 61, pp. 390-396 (1980).
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-7- tetrahedral nmenbers and include but are not limted to
zeolites WOIATMB fromthe group consisting of zeolite PCTIUSOS1478%0l i t e
L, zeolite X, ZSM 12, ZSM 18, ZSM 20, . nordenite and boggsite, zeolite
beta being preferred. 5 Fauj asites sut®ras Rare Earth Y (REY),

Deal umni zed Y (DAY), Utrastable Y (USY), Rare Earth Containing
Utrastable Y (RE-USY), Si-Enriched Deal um ni zed Zeolite Y (LZ-210)"
(disclosed in U S. Patents 4,711,864, 4,711,770 and 4,503, 023) are

al so suited to uspréébggec&{@f@fgnslqn ¢ ﬁg% g reaction 50‘5@?#}?&3@’&

can contain fromQ prete rom G oup
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referred a f p.Iatl m aIIalum Ich are
IrOeS| st ant t}’%%#+ p%?is%énén?gd{a% ad¥, Hn &°§Gnﬁ§nent where -
present Sis aromatpx@ &%I%@Sﬁ)mgﬁn tdmsmlpa:li)mt. t!l'hpr estdd a H noble
t al t b e e o]
metal ratio ﬁes”éuﬂ‘@aéid ity PeEad 1D e 03 Rat0be (HCTRS Eg%ggt o

preferably a ast rat | Q. en c

t echni que i it t"?‘%e‘;e_‘/ ’brﬁ‘mventl@fnar}olﬂa@hﬁ&aapr Fé Pqtlon of a .
cat al yst matm'oaaésses, e Bpt Ai90s kFa ttee 5500 m:acqhobesbm %HQ By be found in

Ander son, efe%a[}:gb)? %]e_,r?o ene?t%l 4 gmcitpgl rﬁ%o 98@ ﬁf-g p. 295,

Academ_c Pr ydroge r58%aL| ecti vel y on
the metl® s&?@%ﬁu’%ﬁ'\/olﬁ'ﬂﬁlr iRressurends3, hydwegens paytiiajcpressare) y counts

t he ‘nunber Qiariﬁiéﬂhigher 395 Yid¥ld DenziehRS sakueheiah! ¥st 88s1P84E More

et al - contal éﬁflcally such conditions for the second pretreating
zone include those which provide for conversion of C,*
aromatics to lighter aromatics, e.g.,. by dealkylation.

15 Typically, temperatures of 204°C to 540°C (400°F to
1000°F), preferably 260°C to 427°C (500°F to 800°F). These
temperatures are average bed*temperatures~and will, of
coufse, vary according to the feed and other reaction
parameters including, for example, hydrogen pressure and

20 catalyst .activity. A convenient mode of operation is to
cascade the hydrotreated effluent into the second reaction
zone and this will imply that the outlet temperature from
the first step (hydrodesulfurization). will set. the lnltzal
temperature for the second step. Thus, the process can be

25 operated in an integrated manner. Typically, pressures
from 790 kPa to 5500 kPa (100 psig to 800 psig), preferably
1135 kPa to 4240 kPa (150 psig to 600 psig) total pressure
are used. Pressures are total system pressure, reactor

_ inlet. Pressure will normally be chosen to. maintain the

30 desired aging rate for the catalyst in use. The space
velocity for the hydrodesulfurization step overall is
typically 0.5 to 10 LHSV, preferably 1 to 6 LHSV, based on
the total feed and the total catalyst :volume although the
space velocity will vary along the length of the reactor as

35 a result of the stepwise introduction of the feed. The

| _hydrogen circulation rate in the feed is typically 89 to



catal yst has an al pha val ue higher than 100 and is 30 unst eanmed. The

hi gh acidiﬁ&vpernits operation at |ower tenperatures so as to mnimze
t hér nodynathods83%8: r ai nt s on benzene saturation. A phaPSHPE4WY al pha
number, is a measure of zeolite acidi¢c functionality and is nore fully
described together with details of its mea%urenent in U.S. 35 Patent No.
4,016,218, J. Catalysis, 6, pp. 278-287 (1966) and J. Catalysis, 61,
pp{ 390-396 (1980). WD 96/ 17040

PCY/ US95/ 14757 - 8- Process

condi ti ons i nggbensLrosos ce6 5600 Z0PE/viepanshally 198 2q0l71 aghal pidoo

acfivity and fee ogitjon. The err] r tics cqonversjon should
be|linmited toLﬂogﬂﬁagg?f/alﬁi sodgain bqﬁﬁif%? a"'t}'f%/q‘r tq%fr‘li 3'6% Yi‘i}'cﬁed\er to
avoi d | oss ofvobumesromati cs and excess hydrogen consunption. The total

prgssure and hydr oggg RakoRMaRl ASSEA LA SRR QPR inarglinihose

used in conventional naphtha Pretreatlng processes, e. a to
5500 kPa § 1009%8@e Satgiyst of jthe segand meprtidon zene mpnibe Leadesoo
psig) total l@ithereisutike sdmé atequtsns W {rsdpatiar@e repitord pressure)
cah be higher_J benz ' ' i red. re R
specifically g%%ﬁgg%ﬁ i ?llqo%gg ?%%ﬁ?‘%@%&%%h%ﬁgt rlg.‘catﬁrnéé%ge sef(?rﬁ?'qlr?&'ude
t hpse whi ch provi dBhecefEusnk f ofra e rsqocond pretaeatiess zome idgliser

arfimat ¢S, ¢ Gaasbt €62 ALV o Snortl SOhiohid TRl AL o1 1]
e cnd OO ] e ST el SEYLIIE0

427[ err 7€ 500
t epper at ur es Bhne strippef bottomo 8 se \parsseat day @i ngfiormiere 9f.eed and ot her

reacti on par + ] 0C IO QL . e ng_20
cajal yst activi ty%ﬁ%ﬁé@néf%%é%onoée%? og‘@éﬁ 3‘%&1%%0%?&%%%%%%5 eq' e
hydir ot r eat ed Ere|xange|of of ¥ 4RLCENIBPET) item 538°C (1000°F),

preferably from 477°C (890°F) up to 527°C (980°F), liquid
15 hourly space velocity in the range of from about 0.1 to
about 10, preferably from about 0.5 to about 5; a pressure
in the range of from atmospheric up to 4900 kPa (700 psig)
and higher, preferably from 700 kPa to 4200 kPa (100 psig
to 500 psig); and a hydrogen-hydrocarbon ratio in the
20 charge in the range from 0.5 to 20 and preferably from 1 to
10. For maximizing BTX and EB production, continuous
catalytic reforming (CCR) is preferred over fixed-bed
reformer.
The reformer effluent 10 is passed to a distillation
25 unit 11 wherein C, to C, hydrocarbons 12 are taken off as
overhead and a C; hydrocarbon stream 13 is removed. The
reformer effluent 14 is then passed to an extractor 15
wherein a BTX and EB stream 16 is extracted. The raffinate
17 is combined with the C, hydrocarbon stream 15 to provide
30 a combined gasoline boiling range product.
The following example is provided to illustrate the
invention.
Example
Two zeolite beta catalysts were evaluated under condi-
35 tions compatible with conventional naphtha pretreating
processes. The zeolite catalysts were evaluated in a




zone and this will inply that ‘t_he outlet tenperature from the first

step (hydrodesul furization) wll set the initial erature for t he

second stW®9%/1M#s the process can be 25 oper at ed |n a ('T’HF

manner. Typically, pressures from790 kPa to 5500 kPa (100 pS| g to

800 psig), preferably - 1135 kPa to 7D kPa (150 psig to 600 psigQ)
“total pressure are used. Pressures are total system pressure, reactor.

inlet. Pressure will normally be chosen to naintain the 30 .desired aging
~rate for the catalyst in use. The space velocity for the

hydr odesul f wa%h'e%m&heazawbal(hnswzeonwm&e&iys@ @éﬂaﬂ(ﬁh
preferably 6 LHSV ot al cat al yst

vol ume al t h&?@ﬁ‘etrﬁé'a C°M§6§g@89ef:8§?i"¥s§n ind €lé? %ﬁ‘bﬁ%“l ?{bt h of the
reactor as FatalystesulTheokxpbrimenpsi werencondlumtedmimfa tfﬂa:éda'ehad The
hyd |

9% / 53828 Cl IfouniF10%," dug1 PehBeokepi1be LyPECa 'i‘IYe ?&o&s%%xﬁi?%l? Hpg/\O

-9- 5 cedalyst] wasodopdedodp she/ Si—rsﬁsﬁa??vliﬁ“? dtha zeglite 000

t0 ‘4000 scf/dpntaddding katadyst dbenserahmf frRdatsedynd agsactor invd Ups.
The hydrodesul fur| zat | E@Ség %BX%F ggawgtlpgégﬁm C,rhé %J.P St dghfe g/ st of

t he second r sane reactor or
in separate ap:az(atads in a capeadei nngnwatbagéauetﬂm'éathram@ sduge

separati on. remove zeoli-Elée calkhhyaet pélfsbﬁﬁlhéhﬁmﬁ&iﬂé‘daﬁ% @Pdgdn zone 4 is

d t t yd sulfid 10 d t
Crerr] ydr soHldidie rom She fazatopencherypErtammty e namatr; coor'!
bOtél O{TB 8 ar m&-@ mrﬁntelfonsrmer& 4.0 LHSV oveRcHDS malgprhgsztatz]:éy ‘
condartions |1 I‘ e

(800[ err] F) ﬁ?‘éé’g’  FRp %o%? EF 718°ni 2190e800 " ?f?oﬁ%gjfiférr]c
(890[err] F) mplmgmq t(lwop-'é e}, Frnd| P&BPdkPa (5 30 psig) t

pressure. The HDS catalyst was kept- at a constant 343°C
15 (650°F) while the_zeolite temperature was varied from 204°C
to 413°C (400°F to 775°F) to obtain a wide range of
conversioﬁ conditions. Table 1 lists properties of the two
naphtha feeds used in the experlments.
Some impurities in the feed such as. hydrogen sulfide,
20 ammonia and organic nitrogen and_sulfnr compounds will
deaétivate the catalyst. - Accordingly, feed pretreating in
the form of hydrotreating is usually employed to remove
these materials. Typically feedstock and reforming
products or reformate have'the-following analysis set out
25 = in Table 1 below:



15 hourly space velocity in the range of fromabout 0.1 to about 10,
preferably fromabout 0.5 to about 5; a pressure int from
at nospheriwq.?ﬁ'l?”%%o kPa (700 psig) and hi gher, prepg?ﬁﬁgsgﬁﬁﬁgm 700

kPa to 4200 kPa (100 psig to 500 psi% ,_ and a hydrogen-hydrocar bon
ratio in the 20 charge in the range fro .5 to 20 and preferably from1l
to 10. For maxi m zing BTX and EB production, continuous catal ytic
reformng (CCR) is preferred over fixed-bed ref or mer. The
reformer effluent 10 is passed to a distillation 25 unit 11 wherein
Clerr] to C[err] hydrocarbons 12 arpagpken off as over head and a
Cerr] hydrocarbon stream 13 is renbve r r effluent 14 is

t hen passed to an extractor 15 V\hg?'%gﬁ% BTX Mstream 16 is

extracted. ThaPLaGtawvity, °API17 is conbPhe?d with th®6F err] hydrocarbon
stream 15 to BLAKbgen30wtsa conbined gaspiize boiling rgmge product.

The follow ng_exanple is provided to illustrate the i nventi on.
Exanpl e 5 “sulfury PPE¥|ite beta catalI®s were e2¥Uted under condi- 35
ti ons conpati Nitrwgeh, cppment i onal naphtb@ pretreati2g processes. The
zeplite catal yst al.yateed in a WO 96/,14040
PCT/ US95/ 1475%s &Wt%&/' v 1.4 -1 +5
hydr odesul f ur fz ATRAYTSD/ Mol¥ t e cat al Wot2 system ui-dg a commer ci al
CoMb/ A1203 capalpmsdmeapsiddle wtegul furi zat isnn cat al,gst. The experinents
were conducted in a f.ixed-bed, down-fl ow, dual .reactor pilot unit.
The comm®? ci afs AFSRATiqHE, 3?'5/3%[ was | 0ad®d3in the fi¥Pse reactor and the
zeol ite- DishidlatingncbD28§3) , towngtFramin a second reactor in a 1/2
IBP -18  (-1) 19  (66)
10% 57 {135) 64 {148)
50% 118 (244) 123 (253)
15 20% 206  (402) 181 (358)
EBP 279 (534) 220 (428)

CATALYSTS

| Two catalysts were evaluated in the second

' pretreatment zone and their properties are set out in Table
| - 20 2 below. Catalyst A was an unsteamed Pt/Beta/alumina

; catalyst and Catalyst B was a steamed Mo/Beta/alumina

catalyst used for comparative purposes.
IABLE 2
Catalyst A Catalyst B
25 Zeolite, wt$% 65 65
Alumina, wt% 35 35
Platinum, wt% 0.5 -
Molybdenum, wt% - 3.6
Alpha' 350 110
30 Surface Area’, m’/g 459 _ 422
n-C, Sorption, cc/g 14.7 13.9
H/Pt 0.83 -

* Prior to metal addition



vol unetric HDS/ zeolite catalyst ratio. The pilot unit was operated in

a cascade node without interstate separation to renove zeolite

cat al yst WOPEEhg ammoni a and hydrogen 10  sul fide fronPERUSIYMIYT  eact or
effluent. The normnal operating conditions were 4.0 LHSV over HDS

catal yst, 2.0 LHSV over zeolite caTd®yst, 712 nl/l (4000 scf/bbl) of
hydrogen circulation rate,. and 3900 kPa (550 psig) total pressure.

The HDS cat al yst was kept at a const ant 343[err] C 15 (650[err]F) while

the zeolite tenperature was varied from204[err]C to 413[err]C
(400[err]F t&%%ﬁ{ qﬂq%go obtain a w de range of conver si on

condi ti ons. properties of the phtha feeds used in .

the experinents. Feed-A naphthfe waspexapiped Hstlﬁ‘@ P@&H QBEﬁ1¥§tﬁ§d?B§en
sul fide, 20 caﬁuygu-ea.and organi ¢ nitrogen and sul fur conpounds w ||
deactivate t @I dingly, feed pretreating in t he form of
hydrotreati ed to renove these materials. Typically-
f eedst o0& and refmenmtreatqm Ferfiormancec conpardspascargesnonashrad

anal ysi s setjpuparife 3 ige1GWP! € Ak Mo in Table. ¥o QﬁélﬁﬁéP}mc
PCT/ US95/ 14757

TABLE 1 catalyst systenm increased C,* %tﬁcs con[yggﬁlgn as \p
Gravity, [er¢dmifired to tHe! HDS alone Tasé. In bdditjen, Gatalyst-A

14.27 %é&vuéireé >4(§"|é ‘”%&Pa[%cs conzvz?rsn.on e[t %g?xpxratures Qﬁg@e

Ni t r ogen,
1.4 "% " 2&8'3: (550 Mewhile Sakalyst-R reguired. tempeyatures higlze#

Clerr] Aronegh£%.399°80(750°F). Under these cﬁm&:.tions, chemistry for
the C,* aromatics conversion may - :|.nvolve ‘hydrogenation,
hydrocracking, ring-opening, and side-chain dealkylation
reactions. The Pt-prombted catalyst may be more active

15 than the Mo-promoted catalyst for hydrogenation and
hydrocracking reactions. -



10 Clerr] Aromatics, w.% 18.5 16. 3 Distillation

(D2887),[err] C r F) | BP -18 ( (66)
10% Wb Ho‘icg (135) 64  (148) 50% PoIUsOSIilST 118
(244) 123 (253) 15 90% 206 (402) 181 (358)
EBP 279 (534) 220 ( 438) CATALYSTS Two
catal ysts were evaluated in the second pretreatnment zone and their
properties are set out in Table 20 2 below. Catalyst A was an unsteaned
Pt / Bet a/ al um na catal yst and Catal yst B was a steaned M/ Bet a/ al unm na
catal yst used for conparative purposes.
TABLE 2 Catal yst A Catal yst B 25
Zeblite, W% 65 65 Alum na, W%
35 35 JFhati num w % 0.5
-- Mol ybdenum % oo 3.6 Al pha*
350 11430 s, rfage Ar ea*' ?r(’l‘,"/g 459
422 n-Clerr] Sorgtion, cc/g 1 13.9 H Pt
0. 83 -- 2 * Pri or to netal addition WO 96/ 17040
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Feed- A Napht ha Feed- A napht ha was exam ned usi ng both Cétalyst-A

and Cat al yst - B. . HDS/ HDC Per f or mance 5 The pretreater

per f or mrarl¥© 96/4818d&r i sons are sunmari zed in Tabl e 3 bePEWUS#1435Yown i n
Tabl e 3, the HDS/ HDC - catal yst systemincreased Cl[err] aronmatics
conversi on as conpared to the HDS aléne case. In addition, Catalyst-A
achi eved >40% ([ err] aromatics conversion at tenperatures above 10
288[err] C (550F) while Catal yst-B required.tenperatures higher t han
399[err]C (750[err]F). Under these conditions, chemstry for t he
Clerr] aromatics e, acyBleLR Budr 268RE! tBbe veﬁh¥é€f9éaCk' ng,
ri ng- openin e, Pt-pronoted

and si de- chaln deal§£ ation reactions

g
catal yst mayE%e ¥hA CONMETRIons ofh Fhe ROOVET (hofkamsy cHhds unigye
hydr ogenat i (Hbﬁwllty allowd contdniudys’ eathilgtic reformid P6CRY D46

Eg¥;8§gg;ij7 ed-bed reformer to pr%%ess heaviLgrELed, partixﬁigﬁi}704o

5 for feeds rich in heavy aromatlcs, such as heavy FCC
gasoline and heavy coker naphtha.
t ation ormer _
The impact of reforming [ raffinate was examined
based on kinetic models that simulate commercial semi-

10 regenerable fixed-bed reforming performance and continuous
catalytic reforming (CCR) performance.__ The reforming ‘
simulations were set at conditioens to produce C,' reformates '
with an octane of 100 R+0. Table 4 illustrates the
reforming performances of the cetalyetQA_SYStems. As shown

15 in Table 4, reforming significantly ihereaSed"aromaties
yields, including BTX and EB, as expected. The
HDS/Catalyst-A pretreating case produced more BTX and EB at
42% C," aromatics conversion (or 32% 149°C* (300°F")
conversion) than'the'oonventional]HDS pretreating case.

20 The BTX and EB yields declined at more severe conditions.

For this particular naphtha,.Catalyet-B'produced less BTX
and EB than the HDS alone.



-14- Furthernore, Catalyst-A was found to be very active
for the conversion of the 300[err]F[err] bottonms. This unique activity
al | ows contWOaglM®4at al ytic reform ng (CCR), or fi xed- REAMUSSYBATBEr to
process heavier feed, particularly 5 for feeds rich in heavy aromatics,
such as heavy FCC gasol i ne and heatd+ coker napht ha. I nt earation
Wth Reforner The inpact of reformng (Jerr] raffinate was

exam ned based on kinetic nodels that sinmulate commercial sem - 10
regenerabl e fixed-bed reform ng perfornmance and conti nuous catal ytic
reformng (CCR) performance. The reformng sinmul ati ons were set at
copditions to produce CJerr] reformtes with an octane of 100 R+QO
Table 4 illustrates the reform ng performances of the Catal yst-A
systens. As shown 15 in Table 4, reformng significantly increased
aromatics yi el ds, incl@di ng BTX aggl EB, as expect edg, ghe
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cohversion) than thg nventional HDS pretreating case. 20 The BTX and EB
yi el ds declined at rporg severe conditions. For this particular
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[err] WO 96/ 17040

PCT/ US95/ 14757 -16-

Feed- B NaPi® 947040 Cat al yst-B was eval uated with FecRCIBISIVI4IST t he
simlar procedures descri bed above for Feed-A. Results for the

sem -regenerable reformng are summari zéd6T Table 5 below. 5 Catal yst-B
achi eved 42% C[err] aromatics conversion at 653[err]F. At these
conditions, the integrated process produced nore BTX and EB than the
conventional HDS/reform ng process. At nore severe conditions, the
total CJerr]-Cferr] aromatics yiel -B Lned as observed previously.

10 TA Per f or mance of
Catal yst-B Usi ng catalyst-B was evaluated with Feed~B under the similaps

only Caratgdurés describdved ratpovs finr fRegdICe Kesults for the

Gisoii]E  soBEibpmrabie R Yl pumgesieca in Tastg  pelow

Cycl o- q%rr]Cata yst-B achieved 42% C) aromatics. qonversion at 653°F.
At these condltions, the integrated process produced more
BTX and EB than the conventional HDS/reforming ‘process. At
more severe conditions, the total c;«; aromatics yield
declined as observed previously.

10 TABLE 5 3 ‘
Performance of Catalyst-B Using Feed-B '
HDS
only tal -
Pretreater ger.fgg_l-ance L N _

15 ' _ ' 345°C 386°C
Zeolite Temp. - 653°F 726°F
Process Yield, wt.% _

CG CYCIO-CS 0.1 ] 0 .. 1 0.1

20 Cyclo=~Cq 1.7 1.7 0.6

: CeA , 1.1 1.1 0.9
C,A . - 2.5 2.7 2.8
CeA 5.1 4.8 5.1
C,'A 20.3 10.9 8.8

25 . C,’A Conversion, % =10 41 2.

149°C* (300°F') Conv., % 2 39 69

at Process Performance
Process Yield, wt.%

C:A . 2.6 3.4 3.0

30 C,A 13.0 l6.1 14.5

C.A l16.9 17.3 14.4

Total BTX and EB Yield wt % 31.9 34.5 24.6

In a preferred embodiment ‘the 1nvention provides a
process integrated 1nto the reformer section of a refinery
'35 for the manufacture of BTx_and gasoline. The invention can
improve the economics of meeting the benzene specification
of the gasoline pool, preferably reddoing the pool benzene
content below 1% or 0.8%, while at the same time providing



20 Cyclo-Cerr] 1.7 1.7 0.6

Cerr]A 1.1 1.1 0.9 Cerr]A
2.5 Wo0r96/17040 5 g Clerr] A PCT/US9S/143571
4.8 5.1 Clerr]A 20. 3 10.9
8.8 25 Clerr] A Conversion, % -17- .10 41 2
149[err]Cerr] (300[err]F[err]) Conv., % 2 39

69 | nt egrated Process Performance Process Yield, w.%
Clerr]A 2.6 3.4 3.0 30 Clerr]A
13.0 16. & stre&ﬁ Ghich cgﬁeéihé BTX and EB. This stream canlﬁe

17.3 14. 4 oty a g ﬁ 31 5
24.6 ProceRsga, FUFERFE R RORRRERE Hb PADERRS onColBeRaesKilenes

process integaaﬂeéthyﬁbehheneeéompenenﬁstusmngfcanvemthemqlSﬁrocésseshe
manufacture of BTXTﬁQd QQEth”Envlﬂéxbﬁv QH@QsC@ﬁ‘e %)f'o?%e gago?l he pool .

econoni cs_of neeting enzene specification
pref erabl ¥ reB&éVﬁQrtﬁéPBBBF QﬁﬁzﬁﬂeenhancﬁénP%ﬁk'%%¢0%P§EG€#1Qﬂ89©IMM|Ie

at ‘the sane t agaigptioni,dhegvy FcC ga¥6) PAé 1dRdOcoker heavy naphtha can be
PCJT/ US95/ 14757

whi ch contalngoB?fogﬁasEg w*ﬁ*s°2?¥%%ﬁ+3%ﬂl %aphthaprd%%ggé%F?Lﬁ?%
separate out beavynbaphthaeare xythnis heavyaudomatw¢$emmin@anoﬂmmthars

usi ng Conve”thﬂaﬁhaﬂéoﬁﬁﬁsﬁ§oduction. BdE&uLs eéﬁ@tt§6%§§§é Nederpe (s the

processi ng of heavl er agﬂa due_ t 0, enhanced conversion. In
addi ti on* heaF?rFéE§g8§BIPKes LR oRePIRSING A APHPSLESAR (Rertion of

conventional HDS catalyst in a pretreater reactor with
porous inorganic oxide catalyst having pore openings of 12-
member rings, it provides a relatively low capital cost
method to increase heavier aromatic throughputs in a

15 refinery.



co-processed with conventional naphtha. Both FCC and coker heavy

naphtha are rich in heavy aromatics and can further I ncrease BTX
producti oWOMMse the invention can be 10 carried out REI/EIHIFL7

repl aci ng a downstream portion of conventional HDS catalyst in a
pretreater reactor with por ous inor'glaﬁﬁc oxi de catal yst having pore
openi ngs of 12- menber rings, it provides a relatively | ow capital

cost met hod to i ncrease heavier aromatic throughputs in a 15

refinery. ' WO 96/ 17040
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cascadi ng saatomptiedcantfl sulfag bpedshtaeting w:.ttv&t) anobl e netal - and/or
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provi de a reporouse crystalkline inorganic oxide catalyst comprising ‘[
pores having openings'of 12-member rings under conditions
sufficient to effect conversion. of. c, aromatlcs, thereby
providing a pretreated effluent. stream of enhanced C,
15 aromatics content relative to that obtained in_the absence
of said cascading; _ |
2)'reforming at least a portion'of_said pretreated
effluent stream to provide a reformate stream.

2. The process of claim 1 wherein step 1) is carried
20 out in a single reactor.

3. The process of claim 1 wherein step 1 is carried
out in two reactors.

4. The process of claim 1 further comprising
stripping said pretreated effluent stream from step 1) to
25 remove hydrogen sulfide, ammonia and C,” hydrocarbons prior
to step 2).
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2.' The process of claim1l wherein step 1) is carried 20 out in a single

reactor. 3. The process of claim1 wherein step 1 is carried
out in twoWQEHAT0s 4, The process of cl ai m RCT/USISHETS?
conpri sing stripping said pretreated effluent streamfromstep 1) to
25 renove hydrogen sul fide, ammoni a and3®err] hydrocarbons prior to
step 2). WO 96/ 17040
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The process of claim4 further conprising: 3) distilling
safd reformate strgam tph@roVbEes2 of claﬂ;«{ rdudthed q_'r#%? ising:

hydr ocar bon-cont ai ni ng overhead stream_a errli drocaron stream
and a Jerr] reformte dbtEbpikliing §aid reformate stregm &a proviide sai d

Cerr] refornef ed,t AgarstagbohtGontaini@Voverivedd Gtdedw, @ &, |
aromati cs-conf aini r r&aqn + err] raffinate stream
cont ai ni ng C[nfé?‘??&?%r%r%{‘%%%- aron%’i%cgr%%%rmge tt%%‘?'ﬁs asr%ﬁm'cs; and
5) conmbi M ng said J err$) gxkracking sakkdhi wefowwmte Mptdans |strsdani et e
stkeam t 0 progig¢ide 9256, e POatbist {@dEontainiid Eiflract stream and & .
The process o ,cla|E15 ergln said nopl g netal - cont ai nj | nor gani c
oxi de cat al ysts c5RpFARaLe, 8hFeam °°nta+FéW?1gcﬂp§Pe§svﬁ’?‘h’%’b‘é’Pﬁ?£§5 dnd
12; menber ri nQs arbmatidsfrand

' 5) combining said ¢, hydrocarbon stream with said

10 C;' raffinate stream to provide a gasoline boiling range

product.

6. The process of claim 5 wherein said noble metal-
containing inorganic oxide catalyst comprises zeolite
having pores with openings of 1l2-member rings selected from
! 15 the group consisting of zeolite beta, zeolite L, zeolite X,
zeolite Y, Dealuminized Y, Ultrastable Y, Ultrahydrophobic
¥, Si-Enriched Dealuminized Y (LZ-210), 2SM-12, ZSM-18,

' ZSM-20, mordenite and boggsite.

7. The process of claim 6 wherein said noble metal-
20 containing zeolite comprising pores having openings of 12-
member rings is zeolite beta.

8. The process of claim 7 wherein said catalyst
contains from 0.1 to 1 wt % noble metal selected from the
group consisting of platinum, palladium, iridium, rhodium

25 and ruthenium.

9. The process of claim 8 wherein said catalyst
contains from 0.3 to 0.7 wt% platinum.

10. The process of claim 7 wherein said catalyst
contains from 0.1 to 1 wt % metal selected from the group
30 consisting of chromium, molybdenum, and tungsten.
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15 the group consisting of zeolite beta, zeolite L, zeolite AP
zeolite Y, Dealumnized Y, Utrastable Y, U trahydrophobic
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(57) Abstract

f An integrated process for increasing Cg to Cg aromatics content in reformate prepared from Cy* aromatics-containing feed comprises:
! 1) pretreating a raw naphtha feedstream containing Co+ aromatics and sulfur by contacting with a) a hydrodesulfurization catalyst under
f hydrodesulfurization conditions to produce a hydrodesulfurized feedstream and thereafter b) cascading said hydrodesulfurized feedstream
over a noble metal- and/or Group VIA metal-containing porous crystalline inorganic oxide catalyst comprising pores having openings of 12-
member rings under conditions sufficient to effect conversion of Cy* aromatics, thereby providing a pretreated effluent stream of enhanced
Cg~ aromatics content relative to that obtained in the absence of said cascading; and 2) reforming at least a portion of said pretreated efftuent
stream to provide a reformate stream,




