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HYDRO~UQN UPG~DIJG.PROCESS 

This invention is direc;:ted to:a process for 
upgrading of hydrocarbon s.t;reams and, more 
particularly, to a process':;~:-. upg:t.a.dinq gasoline 
boiling range petroleum fra<:;~ions c<:mtaininq 
substantial proportions of sulfur impurities, 

It is well know-n in the petroleum refininq field 
to catalytically crack heavy petroleum tractions, such 
as vacuum gas oil in order to convert a substantial 
proportion thereof to a wide ranqe of petrolewn 
fractions. It is convention~l ta recover the product 
of catalytic cracking and to_distill, and thereby 
resolve, this product into various fractions such as 
light g.ases; naphtha, including light and heavy 

l'.i gasoline; distillate fractions, such as heating oil and 
Diesel fuel; lube oil base fractions; and heavier 
fractions. 

Where the petroleum fraction being catalytically 
cracked contains sulfur, the p;oducts of catalytic 

20 cracking will also likely contain sul:fur impurities. 
In particular, the heavy gasoline fraction is one 
portion of the product in which sulfu:t:... impurities tend 
to concentrate. It is therefore well-known to subject 
this fraction to desulfurizati9n processes. one 

25 conventional, commercially-pra?ticed desulfurization 
process is hydrotreatinq, in wl:lich the heavy gasoline 
is contacted with a suitable hydrotreatin9 catalyst at 
elevated temperature and somewh~t elevated pressure in 
the presence of a hydroqen atliao_sl)here. Typically, the 

JO hydJ'.'otreatinq catalyst is a coil,bination of a Group Vl:I:t 
and a Group VI element, such a.IS.cobalt and molybdenWll, 
on ·a suitable substrate, suc:h .. a:s,>:for example, alu111ina. 

It is also well known tha:t;~ '.n~phthas, often liqht 
or full range naphthas, can b~:··da~al,ytioally reformed, 

35 generally over a platinuin typ~ .c~.taiyst, so as to 
increase their octane null\Der byconvertinq at least a 
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portio.n thereof to aromatics. i. Fracti·oris to be 
catalytically reformed must.<ll$o·be·4esulfurized 
because the reforminq catalyst.is g~riEl:tally not sulfur 
tolera.J'lt. Thus, naphthas ar!"··.u~ually>p:r:otreated to 

; reduc::ia; their sulfur content l:>~·.fd~e' :i:ktobi.ing. However, 
u.s .... ~~tent 5,04l,208·to Part~'icig,;;;_et

0

al~ discloses the 
direct ·.r~forming and desulfu~{Z-ati911 C?_:f ·olefinic 
gasoli~es derived from catalyt~c_ ... P.r~.C::kin9 processes to 
prov id~ a product a f hiqher ·'octan~ r~~irl.g, using a 

10 larqe pore zeolite catalyst, ·e~9., zeoiite Beta, which 

compris~s noble metal. . .. ·· 
Arom~tics are generally the soux-ce ot very high 

octane numbers, particularly very hiqh r·esearch octane 
numb~rs. Therefore, while, on the one bartd, they are 

15 quite (fesirable components ot.1:,~e 9as.91ine pool, on the 
other hand, aromatics, and pat.ticl;llarly benzene, have 

20 

·. :.·-.· . 

been the subject of severe limitations as a gasoline 
componf!nt because of their adver.se effect upon the 

.. 

environ:ntent. 
To the extent that it is possible, it has became 

desir~bl., to c:reate a qasoline pool in which the hiqher . . . 

octanes~re provided by olefinic.and branched cha.in 
paraffi_nic components, rather than aromatic components. 
:t,ight ,and full ranqe naphthas can contribute 

ZS substantial volu~e to the gasoline pool, but, without 
. :. :.> 

reforming, they d.o not have sUb$tantial octane to 
con tr il>Ute. " : . -· .... 

Cri!C:ked naphtha, as it COlll~~'.>from the catal.ytic 
cracker -~rid without any furthe;· .. t:.reatments, such as 

30 purifyinq,. operations, has a :rel~tiyely hiqh octane 
number a\~- a result of the pres~nc~ of olefinic . 
components~ It ai·so has an exo~llent volumetric: yield. 
As such,.cracked gasoline is an ~l(~ellent contributor 
to the gasoline pool. It contr~btttes a la:rqe quantity 

35 of product at a hiqh blendinq odt~n• number. In some 
cases, tnis fraction may contribute as much as up to 

. . ~ ., 
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half the gasoline in the rEifinery pool. Therefore, it 
i$'.a desirable component of:the qasoline pool. 

> \. Other highly unsaturat~d .f:ractions boilinq in the 
qa'soline boiling range, which,. •are produced in some 

5 refineries or petrochemical 
0 p.lants, include pyrolysis 

gas9line. This is a fracti~n-~hich is often produced 
as cL by-product in the cracking of petroleum fractions 
to J;>;-oduce light unsaturates .. ·such as ethylene and 
propylene. Pyrolysis qasoline has a very hiqh octane .· ··... . 

10 

15 

nu:mb~r but is quite unstable.because, in addition to 
the dlf!!lsirable olefins boilinc; in the <Jasoline boilin<J 
rctn"gt!l, it contains a substantial proportion of unstable 
diol.t!fins. 

<·~Hydrotreating of any of the sulfur containing 
frac'tions which boil in the gasoline boilinq ranqe 
caus.!s a reduction in t.he olefin <;:ontent thereof, and 
ther~fore a reduction in the octane number. Moreover, 
as ~11.·~· degree of desulfurizati~::m increases, the octane 
number of the normally liquid gasoline boiling ranqe 

20 prod~dt.decreases. Some of th~.hyclroqen may also c::ause 
hydroi:rackinq as well as olefin saturation, depending 
on t~econditions of the hydrotreatinq operation. 

Ip any case, reqardless of ~he mechanism by which 
.. '·', 

it happens, the decrease in oc.l::ane which takes place as 
25 . a con~·equence of sultur removci·~:·,:by hydrotreatinq 

creat~s a tension bet\\feen the\gf~winq need to produce . . . . ' ·.;. :· .. ·. ~ , 

30 

35 

qasolfrie fuels with hiqher oct:~,~~( mµnl:>er, and because 
ot cu:r:rent ecological considerations, . the need to 
prod.UC::~ cleaner burninq, less polluting fuels, 
especially low sulfur fuels. Thi~;.o,tension is 
partictilarly pronounced in the'e: ·d:ais when the supply 
of hydt~_carb~ns, parti~ularly -sW~~:t:'.-\hydrocarbons, is 

. . ·.:··· -
· ... ·.· 

. ··,·;·':.". :-.· , ... relatively short. 
~~>have now devised a pro~~~$'; for the treatment o·f 

'·: : . . . 

sulfur/con.taininq gasoline boiling ran9e fractions by 

which th~ -----·-·-·--·--·-------·--·-·---....:.---------
··, .. 

. ·'.· :_-

.·.: ,· 
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acceptable levels without:~~bstantially reduction in 
rese&.rch octane number (R()N) and volumetric yiel.d. In 

favorable cases, the volwn~'l:ric yield and/or the 
research octane number (RON): -of gasoline boilinq range 

5 product is actually increil,j;°ed. 
Accordinqly, the invti!11t:ion resides in a process 

for upqraQ.ing a sulfur col-it~inl,ng feed fraction boiling 
in the gasoline boiling ra~qe which comprises 
contactinq said feed fraction. :with a hydrotreating 

p;;"Z.tH-~ -z..f<M-'l •~-4.'l,~M-~'J ~--"3"1.:Zff4-So ~t-'1-J..,_a.-( ~ 
catalyst, which comprises••. ;a.f a zeolite f-avl 1:19 a 

constraint rndex of J to< ll F b} a Group VI metal, c) a 

Group VIII metal, and d) a refractory support, under 
hydrotreatinq conditions such as to produce a product 

comprisinq a normally liquid fraction which boils in 
L5 substantially the same boiling range as the feed 

fraction, but which has a lower sulfur content than, 
and ll r9earch octane number (RON) .. n~ai:aA't:i.ally no 
I~~~. 

less thank the feea fract~qn. 
The present invention is particularly usefUl in 

20 that it carries out hydrodesulfurization without 

siqnificantly reducinq {even increasing, in some· cases) 
the ~esearch·octane number (RON) of the desulfurized 
product in a sinqle staqe, over a single· catalyst. 
There is no need to remove substantially all sulfur and 

25 nitrogen from the reaction •ystem before effectinq 
octane-restoration (or octa~e increase) treatment. 

30 

The feed to the process of the invention is a 
sulfur-containinq fraction which bails in the gasoline 
boilinq ranqe. suitable fa.eds include a light naphtha 

havin9 a boilinq range of c5 to 166"C (330.P), a full 

ranqe naphtha having a bo~~in9 range 0£ c 5 to 216"C 

(420.l'F), a heavier naphth';~raction boi;i.inq ~n. the 
ranqe of 127 to .211 "C (260°:F to 41.2" I!') , or a heavy 
qasoline fraction boiling: :at;~. or at least within, the 

35 ranqe of 166 to 26o•c (330:\~o SOO"F}, preferably 166 to 
211 ·c (330 to 412"F). The:1D.C,st preferred feed appears 

: ~: .. , . 

. ·.:--.: ,. 

-- ---- --------------------··-------~--~---

: .. -.· 
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at:this time to be a heavy 949.S()line which has resulted 

fro~(the cata1ytic craekinq of a still heavier :feed, 

su~h'as a gas oil; or a liqht or full range gasoline 

:bo~liJ1q range fraction. 
S '< ,ihe catalyst employed in the process of the 

invention comprises: a) a ~eolite having a Constraint 

Ind.'ex .of l. to 12, b} a Group VI metal, usua1ly 
···· .. :· .. :... . 

molybde~um or tungsten, c) a Group VIII metal usually 

n~~k'e.l or cobalt and d) a binder or substr~te •. 
10 · ·',< ~e zeolitic component of the catalyst is 1mi4a.llily 

15 

20 

s:· ,}e:':'ea :::: zg:: zg:~22 zs::~J ZSM-15 r~==<,• ~ e,: 1 

u~i;:, :;: ~cx-22,b~i~ 
p~lrt;iiGU.larly preferred · 

'.zsM-5 is described in u.s. J,102,aa6 and u~s. 

Rel~~~e 29,948. 

·' :'z.s:M-11 is described in u .s. J, 709, 979 • 
. · ;_:' ~ :_ 

<·ZSM-22 is described in U. s. 4, 556, 4 77. 

>•: ZSM-23 is described in t1. s. 4, 076, 842. 

::>· 'ZSM-35 is described in u.s. 4,016,245. 

' .:,,;::.;\,::~::::: ~= ::::~::: ~: : : : : : : ~::: ::: : 
"f·MCM-22 is descril:>ed in TJ.s. S,013,422 • 

. •;;:·-· 

>'irtie binder or substrate is suitably any refractory 

birla~X-: n1aterial. Examples of these materials are well 

2S ~own in the petroleum arts .and include silica, 

silica-alumina, silica-zireania, sil.ica-titania, 
aijmina, titanium dioxide, z:irconium dioxide, and 

ci;y=t'~ . Alumina is particularly preferred. 
····;;'The catalyst el\lployed in the present process 

:!O sh~~hd be selected· to have su:Hicient acid activity to 

ef~ect:the partial crackinq .~r.4: rearranqement of the 

fe~'~ecessary to l:'estore lost'octane. However, it is 
urt~caslrable for the catalyst '·~b have tao hiqh an acid 

35 

actJ.v~ty because this could ~ev-E1re1y reduce the volume 

of :th.~: ~asoline boiling rang~ .• P.roduct. one measure of 

the a~ld. activity of a catalyst is its Alpha Value 
·:· ... -: .. : ;·:_\:.;: 
-.. ~-; :: '.: ..... '. ·:; 

. ··.:': ' :=~: 
.. ,, ·;,-•.· .. '·.,·.: 

. . ~ : f" · ... ; -::-: . : 

---··----- ·--·-------·------------

; .. · 

: i 
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whic~: i~' ,;~~ approximate indication of the catalytic 

cracking': ~<:tivity of the catAlyst compared to a 

stai:\dard'~atalyst and it qiv~s the relative rate 

con.sfant\Jl;:ate of nol;'lllal he~~~- conversion per volume 
5 of ~;.taly~t per unit time) •. It is .based on the 

act'i•/ity ,rj:f, a high-activity silica-alumina cracking 

catalyst J,~ken as an Alpha of l (Rate Constant == 0. 016 l ; '. . .. 
sec - ·'.J •. · ·· '~~ Alpha Test is ~eseribed in u. s. Patent 

3, 35~,'()1a/·:.in the Journal of Catalysis, Vol. 4, p. 527 
lJ (1965),i ·v(iJ;: 6, p. 278 (l966); and Vol. 61, p. 395 

( l9aor~· Th~· experimental condltions of the test used. 
herein,1nbl~de a constant temperature of SJa•c and a 
variabl~,flqw rate- as described in detail in the 

Journal of· Catalysis, Vol. 61, p. 395 (1980). 

ts Pre.fefably, ··,the catalyst of this invention has an alpha 

acti,;ftyd~Tat least 20, preferably 50 to 200. 
Thep~rticle size and the,nature of the catalyst 

will usua1'1l;: .be determined by the type of conversion 
proces~iwhl~ is being carried·out, such as: a 

. . ..... . 

20 down-fldw/:,l~quid phase, fixed bed process; an up-flow, 
fixed b~d,:'-Jtquid phase processr:: an ebulatin9, fixed 

fluidiz~d k',ci liquid or qas phase process: or a liquid 

or gai(~phas~'~' transport, fluidized bed process. As 
noted ~bove>:'all of these dif~~rent process schemes 
are, pEtr Se·/.:·well known in th~';'p4l~roleum arts, and the 

choic~ ·of the ",particular mode ~~f '·ope~ation is a matter 
25 

30 

.J: 

le ft to ~ the'~;di~cretion of the :~pt\rator. · 
T~· c:~haitions employed ih'.".t.he process of the 

inventio'n g~~erally include a t~~perature of 230 to 
4so•c (~So ~d.::900'"F), preferabl,;y,:~90 ta 4Jo•c (550 to 
aoo•F):<~ p:r;e!lsure of 450 to lQ.Oo lqla (50 to 1soo 
psiq), .>~ref~i~bly 2200 to 7000.:kP~ :<lo.o: to 1000 psiq}; 
a spac~ velo,~ity of 0. 5 to 10 qisv.;,: p'rE!ferably l to 6 

LHSV: ~nd a'tiydrogen to hydrocaJ:boh ratio in the feed 
of 18 ~o J60b' ~m3 /m3 (lOO to 2o>op<) SCF/B), preferably 

90 to .90~ N'm~/~? { 500 to !5, ooo S·C_F/B) • 

·: ... '. 
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It is important that the conditions of opera~ion 
and the·catalysts which are chosen for use in this 
invent;on combine to produce a product slate in which 
the qa$9~ine product octane is not substantially lower 

5 than th:~ octane of the feed gasoline boilinq range 
material; that is not lower by more than about l to J 
octane· numbers. l:t is preferred that the catalysts and 
the oi:>e-~ating conditions which are chosen for use in 

10 

15 

this i11yention are such that the volumetric yield of 
the pr~uct is not substantially diminished as compared 
to the .·feed. In some cases, the volumetric: yield 
and/or·o¢tane of the gasolina boilinq range product may 
well be higher than those of t;he feed. In many cases, 
the octar:ie barrels (that is the research octane number 
(RON) of'. the product times the volume of product) of . 
the pro~uct will be hi9her than the octane barrels of 
the feed. 

It :h.as been found that the J:'.esearch octane number 
(RON) of. !ihe product can be enhanced by operatinq at 

20 increas4ad\temperatures, that is greater than 34o•c 
(650"F)°,'.pi:.eterably greater than .r1oo•c (7so•F). 

The, p'rocess of this invention is preferably 
operatec,i:>:Upder a combination of conditions such that 
the d.esuifurization is least a})out 50 % , preferably at 

25 least about .· 7 s t, as compared ~o the sulfur content of 
the feed. 

30 

35 

The ·~inq.le staqe conversion of the present 
inventie>r{ p;~!iuces a product wl_iioh ca.n be separated 
into dif#~:t~~t fractions according to their boiling 
ranqes and,::\1,~s. The predomin~nt fractions are: dry 
qas; LPo/.',fhat, is c 3 and c 4 <I~l!!.e:t; and both heavy and 
liqht · g-as(>,1:i.J'1tl!. The hydroqen sul~ide and/or ammonia 
1:>y-prociuct!S:.~an be separated f,o,r further processing as 
is usualfi·~~~etrolewn refininq;.;.: 'Hyclro9en sulfide can 
be c:on~~ft~Ci')::<J elemental sulf\i~ via the Claus process. :• ........... - . 

NH can be, 1:-ecovered for fertiU;zer applications. 3 . . ·· .. · ·>···. -·-----···-·-·-·-·-·-··---··--··-·-·-····--·-···-···--·-·-.· ::-:-·..-: ·.· ., 
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·:~h~- in~ention will no"W be more parti~ularly 
described ~ith reference to the .following Example and 

;the accon\p~nyinq clrawinqs, in which 

Fi9u.~e l is a plot of qasoline sulfur content as a 

5 fun~ti'on d:l: .operatinq temperatu~e for a process 

aocor4i~q:<~o the Example of the· present invention and 

for a "_'prd<::'E!s"s usinq a conventional, commercially 

availC1.~l~::9¢~0/Al2o3 catalyst, and 

Figure:~ is a plot of clear Research octane-as a 

lO function6t:ciperating temperat;~re. for the process of 

said E~alllpi~:of the present invention and for a process 

using ·a.; c~l'l~~ntional CoMo/A12o3 'catalyst. 
'> IXAMPLI. 

I-_n\"th_i:s·'.::Example, a coMo/MCJll-22/Al2o3. ·catalyst 

l5 accordlhq t~':(the present invention and a conventional, 
comnerdi.alJ.'~'.-:available CoMo/Al2o3 hydrotinishing 

catalyst WEJre' used to hydrotre_~~ a hiqhly aromatic 
h.eavy·cr~cked.naphtha :feed. Tlle properties of the two 
catalystsare listed in Table l.belo\ol: 

20 

25 

TABLE 1 

Cata1yst Properties 

camgosi~i~r{ wti CoHo/HCM-42/Al 0 (l) . 2 3 . ·· .. ·.·, .. ·· .. 
Co . :.>/ 

.::.:·>:: ·.:; 
Mo :'/\: 
Phys icaJ, · fJ:QPt;-t~es 
Particl'~:nens].ty, q/cc 
surface- :Are~·.,< m2 /q 

. . ... 

Pore Volume>:_cc/q 

'.>· .. 

2.0 

9.:,EJ 

0.919 

338 

0.716 

260 

0.55 

····------···-·-·-··-·--·-----··---··---·-··--- ----- ---·-
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TAB'LE 1 

Heavy Fcc<~aphtha 
Gravity, • API 

Hydro9en, wtt 

Sulfur~ wt% 

Nitro9en, pplnw 

Clear Research octane, R+O 

Composition. wtt 
Paraf :fins 
Cyclo Pa.raff ins 
Olefins and Diolefins 
Aromatics 

Distillation. ·F C"Cl 

5%. 

lOt· 

30% 

50, 

70% 

90% 

95% 

23.5 

l0.23 

2.0 

190 

95.6 

12.9 

8.l 
5.8 

73.2 

289(143) 
355(179) 

405(207) 

435(224) 

455(235) 

462(250) 

488(253) 

The.finished CoMo/MCM-22/Al2o3 catalyst had a 
lower metal loadin9 than the CoMo/Al2o3 catalyst. Both 
catalysts,were presulfided and evaluated at the sa~e 
conditions, l.O LHSV and 4240. kPa (600 psig) H

2
, except 

25 tor the hydroqen circulation rate; 180 Nm3;m3 (1000 
scf/b) vs. 570 Nm3;m3 (Jaao· sc~/b). Generally, higher 
hydrogen circulation rates and jl.i~her metal loadings 
provide. better desulturization :~c:~ivity. Reactor 
temperature was chanqed to obta:f~>di:fterent operating 

30 se\rerities. The results are shqWJ1' .-in Fiqures l and 2. 

As will be seen trom Fiqure~·i:;, tbe CoMo/MCM-22/ 

Al2o3 ca.~alyst, havinc; lower m·~a~·: laadinq and 
.evaluated '•at lower hydroc;en cir¢\ila'.t:i.on ·rate, was at 
lea~t as'~'ctive as the CoMo/Al2#:; .~a~alyst for 

35 desulful2,i'Zation. More importantlY~·'a'~ shown in Figure 
2, at hlq~ temperatures, e.9., '~b~e 343 ··c (650.F), 
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the octane of the desulfurized gasoline was higher than 
that of the conventional CoMo/A12o3 catalyst. Above a 
reactor.temperature of 4oo·c (7so•F), the coMo 
MCM-22/Al 2o 3 ~atalyst produced a low-sulfur gasoline 

5 with increased research octane number (RON}, as 

compared to the 95.6 Research Clear Octane Number of 
the raw FCC heavy gasoline. At the same temperatures, 
the octane loss for the conventional CoMo/Al2o3 
catalyst was more than 4 octane numbers (RON). 

----------~----·--·----------···--·-····---·-------
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CQ.DfS: 

l. A process for upgrading a sul~ur containing feed 
fraction boilin9 in ~e qasoliJie,boilinq nnqe 
which comprises contac1;inq said feed fraction with 
a hydrotreatinq catal)':st, which,cC)mprises a) a . 

k)~ 'Mk... ~M·~ ~$,J.(-fl I :z.Ju -:SU·1~1of·.2.'3 'ZtAt~n "J.JH-Sa,Ht:>t .. J,1......, ... _,_a 
5 .J zeol1te AiP'J.R9i{a QeRfll'iE'~a.l'l:t.;, i"R~ 6' l:~e 1a, b) a 

10 

· Group VJ: metal, c) a Group ;vn:J: , 1Detal '· and d) a 
refractory support, u~d.erhydrotreatinq conditions 
such as to produce a: p:r~du~t co'Ulprising a normally 

2. 

liquid fraction which.b~ilS in Substantially the 
same boilinq range as. the feed :fr•ction, but which. 
~s a lower sulfur col'l~ent thaf'o.c'Sl-d, ~aa._. 
octane number (RON) .sl.lb~taRtiall.v no less thanL 
the feed fraction. 

The process as claimed in clailD l wherein said 
feed fraction comprises a light naphtha fraction 
having a boiling range within the ranqe c5 to 
l66"C (JJO"F). 

3. The process as claimed in clailll l wherein said. 
feed fraction C::Olllprises a full ra1t9e naphtha 
fraction havinq a boiling range within the range 
of c5 to 216"C (420"F). 

4. The process as claimed in claim l wherein said 
feed fraction comprises a heavy naphtha fraction 
l4avinq a boilinq ranqe within the ranqe 166 to 
260"C (330 to 500"F). 

5. The process as c::laim~'in clailll l wherein said 
feed fraction compris~s:'il heavy naphthil fraction 
havinq a boilinq rang~: ·~lthin the ra119e 166 to 
211•c (330 to 4l2"P). >< 

-·-----·----------·· -- -------·-- ------ ~----- . 
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'ifte pHeees ae elail!leEl ):~ .e;ny p:l!'e~~di1u1 e*aia 
wherein the zeolite i'~· .. s:•i~ct .. ·· . .. 
ZSM-ll,~~(.:::OllJ-r-Otnll." 

~e process as clai:me~/in ·claim 
1v wherein said 

zeolite is MCM-22. 

The process as claimE!~,~~¥n any precedinq c.laim 
wherein said hydrotreat:inq catalyst comprises 
cobalt and molybdenum~, 

The process as claimed in any precedinq claim . 
wherein said hydrotreat~nq conditions comprise a 
teJDperature of 230 to 4BO"C (450 to 900"1'), a 
pressure of 450 to 104()0,kPa (SO to 1500 psiq), a 
space velocity of o.s .to. lO LHSV, and a hydrogen 
to hydrocarbon ratio in :the feed of 18 to 3600 
Nm3;m3 (100 to 20,000 ;,~CP/B). 

,.·._ 
41 

The process as claimed. An any precedinq 01a1m 
wherein said hydrotreating conditions co111prise a 
temperature 290 to 4Jo··c (550 to aoo•r); a 
pressure of 2200 to 70~()· · kPa (300 to 1000 psiq}; a 
space velocity 1 to 6 ·Ll{~VJ and a hydrogen to . ·.· .. 3 3 hydrocarbon ratio in the:' feed of 90 to 900 N1ll /11. '· :··': . 
(500 to 5,000 SCF/B) •. 

·~·----~--------------.........------~-· 


