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OLI GOVERI ZATI ON OF COLEFI NS This invention relates to

oy foneri zati on of ol efins. Conver si on of oI ,ﬂg to
gasol i ne and/ or 5 distillate products is disclosed in U ol 5tents
3,960,978 and 4, 021,502 wherein gaseous olefins in t he range of
ethyllene to pentene, either alone or in adm xture with paraffins,
are converted into an ol efinic gasoline blending stock by
contacting the 10 olefins with a catal yst bed made up of ZSM 5
zeolite. Shape- sel ective ol*jonerization, as it applies

to the conversion of CJerr]-Clerr] olefins over ZSM5, my pr oduce

hi gher olefins up to (err] andnf&%@&nmn oF orerTdEported by Garwood in
"Intrazeolite Chem stry 23", 1 (Amrer. Chem Soc., 1983), reaction
condi ti ons f aTbdsninvenghen raliages te aliapher pzatient ofre | ow
tenperature (200[ esxdrif@Q[err]C.), elevated pressure (about 2000

kPa or greater), and I(&ngI (?:ngo%cgftéifrgng‘l ess %as(fsll{’ﬁ aﬁct‘ n 1l WSV). The

reacti on under these con Kt he
aci d- cat al yzed® st epkstdfllate productgis (ﬂllsﬁéﬁé?‘? pa\d Poﬁ abentsoneri zat i on-
cracking to a m xturssogb78nied redeal X ahboaimudsebus olefins dhefins, and

(3) interpolynerizgid QYanke G¢ %Q:h?lene to pent&id | Hi@HSr bé?l.c’n'engrplz’x)dUCt
containing all carbgn i nal nol ecul ar

25,
configuration of tlgRixture with Ipar%rg;élﬂsz'aFFSncmﬁer%r i i’g‘( | Sanr oduct is
i nfl uenced OlWWlﬁegwlé-nﬁt blrndimg 6F°‘€5hé’yc&f>a1'—%‘%1ng e the

hi gher car bonimunbeletinsh@isi rdichuabysts bedi fade lup af 2sM-30 zeonte.

‘methyl -branched strai 9Ehagéﬁiél@&av@%adlflhgo%i'bz&ﬁ%n, as it ag%ﬁf% the | argest

cross-section of the chal di nensi
zeolite pore. Al thtudhe c°n"er51°§n15f'1a"sz “E1i0s PP ENR OYRT 4R Ror MAY  1--al kenes
as f eedst mddiiceohhgtred owefimd afp f9, §¢Jcﬂnda91€h¢mt eAs or 35

i sobutyl ene, are r%ﬁﬂt\éde I&»ﬁ@éoasust'qrn&ageonte Chen{BHrgr bghs due to {
rapid |soner|f§t|0ﬂmg¥gr h i%%c.tclsaz), reaction condltlons
favoring higher molecular weight product are low
temperature (200°~260°C.), elevated pressure (about
2000 kPa or greater), and long contact time (less
than 1 WHSV). The reaction under these conditions
20 proceeds through the acid-catalyzed steps of
e (1) oligomerization, (2) isomerization-
i " :¢ :: e cracking to a mixture of intermediate carbon number
g - olefins, and (3) interpolymerization to give a
A continuous boiling product containing all carbon
i ﬁf'?“--V!' 25 numbers.
o The final molecular configuration of the
Bl o ' oligomerization-polymerization product is influenced
' by the pore structure ¢f the catalyst. For the
higher carbon numbers,:the structure is primarily a
. 30 methyl-branched straight olefinic chain, with the
maximum cross-sectipﬁfof the chain limited by the
dimension of the largest zeolite pore. Although
emphasis is placed on the normal l-alkenes as
feedstocks, other lower olefins, such as 2-butene or
35 isobutylene, are readily employed as starting
materials due to rapid isomerization over the acidic
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-2- - zeolite catalysts. At conditions chosen to nmaxim ze heavy

distillate and lubricant range products (Clerr]+), the raw aliphatic
product is essentially nono- olefinic. overall branching is not
extensive and may 5 occur at spaced positions within the nol ecul e.

The viscosity index of a hydrocarbon |ube oil is related to its

nol ecul ar configuration. Extensive branching in a nolecule usually
results in a |l ow viscosity index. It is believed that two nodes of 10
ol i goneri zation/ pol yneri zati on of ol efing,can take pl ace over acidic
zeolites, such as HZSM 5. one reactlon sequence takes place at
Bronsted acid sites I nsi de the channels or pores, producing
essentially | inear materials. The other reaction sequence occurs 15
on the outer surface roduci ng nore branched materi al . By decreasing
the surface acid é&?”g ? FAFRLYSES. g AtnCoRHINIPRS SRR tAi BHFPHEranched

products with hehvy ddstdildabdtatidnddbricant range Sersngkst e€xhniques may be
used to increase the 28 alrl%hauaquroatxb@ 0f dsBbheigNSahbline acid sites to
surface active si tgﬁgigg%:hro%te%glf %Eaﬁcg‘ r#rl%r 828, vt ns,_y,\net hdcr stal size

due to geonetric P vol Une. nd superticiaf surface
ar ea. DeSosi PFEHT it EPASER areTitd oRatwyihdpsthy rjlesuds.  formati on can
al so shift the effectimge rdiscesi®s index ¢lf Chgaedcdrbdd fub&adiantis4, 547, 613.

Deal um nation of relatz&q!a tl%soyéi §rC@c§hﬁ|g§9a€§5wC6E§H&fx activity.

Conventi onal techni ques, for eal um |on . |nc u e hydr ot her nal

treatment, niner aPTABFRERDH in &, BAISRMIE V\ﬂa}‘?‘ T 1
Herr]SJerr], antishesitwlindex. tﬁfteatsn%ﬂl%e@ht@@t[‘@r m?d%ﬁ CE'DTA The
treatments ane  olibbhiédGtibf/poliheedSSion Bt BB £iseBan Ofake

deal um nation by the.onsgl, Qt161YSSth 069" ARkl 08 #Wh-5. one
reaction sequence takes place at Brdénsted acid sites
inside the channels or pores, producing essentially
linear materials. The other reaction sequence occurs
15 on the outer surface, producing more branched
material. By decreasing the surface acid activity of
such zeolites, fewer highly branched preoducts with
low VI are obtained.
Several techniques may be used to increase the
20 relative ratioc of intra-crystalline acid sites to
surface active sites. This ratio tends to increase
with crystal size due to geometric relationship
between volume and superficial surface area.
Deposition of carbonaceous materials by coke
25 formation can also shift the effective ratio, as
disclosed in U.S. Patent 4,547,613. Dealumination of
zeolite surfaces can alsoc reduce surface activity.
Conventional techniques for zeclite dealumination
include hydrothermal treatment, mineral acid
30 treatment with HC1, HNO,, and H,SO,, and chemical
treatment with Sicl4 or EDTA. The treatments are
limited, in many cases, in the extent of
dealumination by the onset of crystal degradation and
loss of sorption capacity. U.S. Patent 4,419,220
35 discloses that dealumination of zeolite beta via



| oss of sorption capacity. U S. Patent 4,419,220 35 discloses that
deal um nation of zeolite beta via

-3- treatment with HO solutions is limted to
Sigerr]/Allerr]derr] rati os of 200 to 300 beyond whi ch significant

| osses to zeolite crystallinity are observed. U S. Patent
3,442,795 descri bes a process for 5 preparing highly siliceous
zeolite-type materials fromcrystalline alumnosilicates by neans of a
solvolysis, e.g. hydrolysis, followed by.sa chel ation. In this process,
the acid formof a zeolite is subj ected to hydrolysis, to renove

al um num fromthe 10 alum nosilicate. The alum num can then be

physi cal |y separated fromthe alum nosilicate by the use of

conpl exi ng or chelating agents sych as . .%}{1 |.enedj ami het etraacetic acid
or carboxylic aci 'd’;'eatm%ntt Bl?lbﬁ#alsﬁﬁ“ﬁj’ﬁﬁcb_ %%%ggst %I%ts’aﬂzé#e%i ly
renovabl e 15  froagidse ol 269 rissiBOPchexond Thich sgpiéicant ldissest ed to

t he use of EDTA thrﬁm\iQeaJ;wa'm.nnity are obsdv@d?59 526 di scl oses the use
of deal um nation 4.3 PEOAYUGS 19,4220 sl ‘éeEé}fi:h]eé- a;Pg%cpése.{ Goged
of stea

deal umi nati on_net hod invol ves a c¢dnbi hat’i on 0] treatment and
aci d | eachi ng® or PEPRARIDG highlyt Sdhicecus zeglite-LyPecBAtIR AlGes. The acid
used is preferabl yrem crystallhiztedlalaninhsidicates HyCheah@rar | or

Herr]SQerr], bufoi®hiysis, & $O0nParyBAKSe!, 861ibwedush &ScHdlalicn. acetic,
oxal i c, tartarig .acids and the I |:.1<de.f yﬁsé Pat en L\Io 25 4,388, 177
di scl oses the preg%r SoRTBFER mat tr AT “OTT B A &FPEET Ryt ocr acki ng
catal yst by treat fepiteateghte hydrgiypis, 40 geRreyVe mpapinemifaom theactivity
for contert i apumiroght Lyats.anchedaiamineh | cas thkhabghdhysicalfipai n

hydrocarbons in hydiodeuwaxieng, 3%l 22RMNHR; 30catd R 8bNGe JeCr €aSEd

activity is believed to arise .
complexing or chelating agents such as

ethylenediaminetetraacetic acid or carboxylic acid,
to form aluminum complexes that are readily removable

15 from the aluminosilicate. The examples are directed
to the use of EDTA to remove alumina.

EP-B-259 526 discloses the use of dealumination
in producing zeolite ECR-17. The preferred
dealumination method involves a combination of steanm

20 treatment and acid leaching, or chemical treatments
with silicon halides. The acid used is preferably a
mineral acid, such as HC1, HNO3 or H2504, but may
also be weaker acids such as formic, acetic, oxalic,
tartaric acids and the like. U.S. Patent No.

25 4,388,177 discloses the preparation of a natural
ferrierite hydrocracking catalyst by treatment with
oxalic acid to impart catalytic activity for
converting slightly branched as well as straight
chain hydrocarbons in hydrodewaxing and naphtha

30 upgrading. Increased activity is believed to arise
from romoval of iron, sodium and other impurities by
such treatment.

It is known to use certain basic materials to
deactivate the Brénsted acid sites on the surface of



fromronoval of iron, sodiumand other inpurities by such treatnent.

It is known to use certain basic materials to deactivate the Bronsted
acid sites on the surface of -4-
alumnosilicate catalysts. U S. Patent 4,520,221 and U. S. Patent
4,568, 786, Chen, et al., which are expressly incorporated herein

di scl ose bul ky am nes, such as di-tert-butyl pyridine, as such basic

5 mat eri al s. U.S. Patent No. 5,080,878 describes production

of high viscosity index |ubes by convert+#g ol efins over nedi um pore
zeolites, e.g., ZSM 23, which are surface inactivated by contacting

w th aqueous 10 fluorosilicate salt to replace external zeolite
alumnumw th silicon. U S. Patent No. 4,870,038 discloses the
ulse of t_surfaca@.uinm&éiu\iaaed c?ﬁl'l'ytsﬁisgﬁté.a?_a&ﬁl\é asghe,.l@i_xefdna

ol i goneri zati on progesses I C rqduce, substanti al | V. I near

hydr ocar bons sui tgggé ?%ﬁeq%uﬁégéé;’rﬁgl'kgﬁiﬁ?j r?é".a&" %Tc}‘ ?’éﬁa_ri ng

al kyl benzenes or #RyepHehyrserrRiedsherein digelosy bulsy apines,
surface-inacti vat etkichyas @it-gettashtyl pywidindjuhkysynir bdstie conmpound, e.g.,
2,4,6-collidine. parerials. JNE Present invention seeks to provide a process
20 for producing substantially |inear hydrocarbons by ol i goneri zi ng
a lower olefin over a %utfZ8Eent No. $n080i8/% edo5E0 S PESRYF i

Accordi ngly, the iofveigh oriscesitesindexalpbes bysconvertfiog olefjorseri zi ng an
ol efin which corrpravselsm??&uah §OPE afddilges N Q. 6f k@t{ﬂsi,hwﬁi&l@tﬁéhé_’sh _
conprising a ite ronsted .aci d. acti vi ichis
capabl e of sorbi nsa%ga?%_ lﬁfﬁc%bﬁéeﬁd;tbﬁy?%@% aﬁ%%a'gl& aq%ﬁé%%rr] C and 90 torr
(12 kPa), pert% dripusedtikicaifetrlith to replanre RylRERfN 2PBL#Fe and which has
been treated withaluminum with silicen.

U.S. Patent No. 4,870,038 discloses the use of
surface~inactivated zeolites such as 2ZSM-23 in olefin

oligomerization processes which produce substantially
15 linear hydrocarbons suitable for lubes or alkylating
for preparing alkylbenzenes or alkylphenylsulfonates.
The zeolites are surface-inactivated by contacting
with bulky pyridine compound, e.g., 2,4,6-collidine.
The present invention seeks to provide a process
20 for producing substantially linear hydrocarbons by
oligomerizing a lower olefin over a surface-
inactivated zeolite catalyst.
Accordingly, the invention resides in a process
for oligomerizing an olefin which comprises
25 contacting the olefin with a catalyst comprising a
zeolite which has Broénsted acid activity, which is
capable of sorbing 10 to 40 mg 3-methylpentane at
90°C and 90 torr (12 kPa), per g dry zeolite when in
the hydrogen form, and which has been treated with a
30 dicarboxylic acid under conditions to effect a
reduction of at least 20% in the surface acidity of
the zeolite, as determined by tri-
tertiarybutylbenzene conversion, without substantial
reduction in the overall activity of the zeclite as
35 indicated by alpha value.



30 dicarboxylic acid under conditions to effect a reducti on of at

| east 20% in the surface acidity of the zeolite, as determned by tri-
terti arybutyl benzene conversi on, w thout substanti al reduction in the
overall activity of the zeolite as 35 i ndi cated by al pha val ue.

The preferred catal ysts for use in the process of the invention,
exenplified by ZSM 22, ZSM 23, and ZSM 35, are nenbers of a unique

cl ass of zeolites. They have channel s descri bed by 10-nmenbered rings
of 5 T (=Si or Al) or oxygen atons, i.e., they are i nternedi ate
pore zeolites, distinct fromsnall pore > 8-ring or large pore 12-ring
zeolites. They differ, however, from other internediate pore 10-ring
zeolites, such as ZSM5, ZSM 11, ZSM 57 or stilbite, 10 in having a
smaller 10-ring channel. |If the crystal structure (and hence pore
systen) is known, a  Thecwrefemredtcatedyere &ir tse Thabeebroress-section is

gi ven by thef Y ﬁdl&t thb iﬁ%ﬁerﬁlggwgf%gmrne@wﬁtzmm tzggum; ésahna)]" A lhe tvo
maj or axes o ezt%r gg arees% W IgENg cgr% Jff l!‘_EI e as o

Zeolite Structuré™T
But t erwort hs, publ%ﬁe’ﬁ“%é‘é@ﬁ&etﬂl"teisﬁﬁ'lbi%é’iy HPpmenbered, Zipgs F thi s
product, termé&d tle (ReleofSixlg brdexygen atoms e i.iest ethayn afabl e A

intermediate pore zecolites, distinct from small pore
8~-ring or large pore 12-ring zeolites. They differ,
however, from other intermediate pore 10-ring
zeolites, such as ZéM—S, 2SM-11, 2ZSM-57 or stilbite,

10 in having a smaller 10-ring channel. If the crystal
structure (and hence pore system) is known, a
convenient measure of the channel cross-section is
given by the product of the dimensions (in angstrom
units) of the two major axes of the pores. These

15 dimensions are listed in the "Atlas of Zeolite
Structure Types" by W. M. Meier and D. H. Olson,
Butterworths, publisher, Second Edition, 1987. The
values of this product, termed the Pore Size Index,
are listed in Table A.



[err]

14

£°¢€S €L X €L G- 0dTI¥
8°¥g VL X V'L (y-WSZ) @3t12Z2eN
v°0S T°L X T°L T-oputl
LeLY L°L X 29 (96-0) ®e3sd
G°G¥ 0°L X §°9 93 TUSpPIOU
veze 6°'G X G°G Z1-HS2 : A v
9°62 8°G X 1°G (ot) Ls-WS%Z
6°6¢2 1'9 X 6°V 231491138
9°82 v'G X £°G T1~HSZ
1°62 9°G X €°'G G-HSZ (1} 4 £
9°vZ €°9 X 6°C TT~0d1I¥
L°zT VG X 2°0 GE-HSZ
voee 2°'S X S§°v £Z-WS2Z
2 ve G'G X by 2Z~-HS2 ot 4
8°91 T°v X 1°v ¥ @puri
8T 1°G X 9°¢ 93TUOTIR
vevl B'E X 8°¢ a3tzeqeyd 8 T
T Xepur I I {=11 [V T o) 9311097 9Z1s buty LS
9218 ®a10d aseabae1 Jo sexv asabaen

XopuUl 9zvg odod

a1d



-7- - It can be seen that small pore, eight-ring

zeolites have a Pore Size |ndex bel ow about 20, the I nternedi ate
pore, 10-ring zeolites of 20-31, and | arge pore, 12-ring zeolites
above about 31. It is 5 al so apparent, that the 10-ring zeolites are

gr ouped In two distinct classes; Type 2 with a Pore Size | ndex
between 22.7 and 24.6, or nore broadly bet ween 20 and 26, and Type 3
with a Pore Size |Index between 28.6 and 29.9, or nore broadly,

bet ween 28 and 31. 10 The zeolites yseful for this invention are

t hose of Type 2 with a Pore Size |IndeX of 20-26. The Type 2
zeolites are distinguished fromthe ot her types by their sorption
characteristics towards 3- et hyl pentane. Representative equilibrium
sorption 15 data and experinental conditions are listed in Table B.
Type 2 zeolites sorb it §anrbe meencithat snaldepore, ejightisriyto 40 ny of
3- et hyl pent ane at z&itdes] RavO(la tlre size InbxkPalowldaBBhBYIPerhane, per
gramdry zeolite 'Dnééyie%Qateg&gﬁpggp—;fﬁénzeoigaggQﬁg3§t31T¥&% 3 zeolites

sorb greater ihan ﬁg ane under th
condi ti ons. argel’l?é’rﬁquﬁ PnguARSLIYRS dRoBRtaPRFe3 bt &thdd nost
conveniently i A a 839 mppraenwetthat bhe arceiby 2¢éolitpassragymupkd eam of

inert gas such as tuelﬁwulsnn@@ra;tlalseéag 'ﬁﬂ% BWH’QP@ bQPeV!ﬁ‘zlE the indicated
e

for a tine suff|C|ent ain‘a‘cons
contai ni ng cations %u’dﬁ‘ aéfs%?ﬁ mw%wth & Bﬁ?ﬁLﬁﬁzleoﬁQd%iarb%egonverted to

t he hydrogen form28.6 abhyg 22!9, knowaresituadlys Usdtwaenezg haipga1at
tenperatures hetween 2ghgr Eiomslgggﬁﬁf I€ar™ehlls didih€ion ardRELEI acCi ds,

or with hot ammoni ym.cAlLOLIdE . pore size Index of 20-26.

The Type 2 zeolites are distinguished from the

other types by their sorption characteristics towards
3-methylpentane. Representative equilibrium sorption
15 data and experimental conditions are listed in Table
B.
Type 2 zeolites sorb in their intracrystalline
voids 10 to 40 mg of 3-methylpentane at 90°C, 90 torr
(12 kPa) 3-methylpentane, per gram dry zeolite in the
20 hydrogen form. In contrast, Type 3 zeolites sorb
greéter than 40 mg 3-methylpentane under the same
conditions.
The equilibrium sorption data are obtained most
conveniently in a thermogravimetric balance by
25 passing a stream of inert gas such as helium
containing the hydrocarbon with the indicated partial
pressure over the dried zeolite sample held at 90°C
for a time sufficient to obtain a constant weight.
Samples containing cations such as sodium or
30 aluminum ions can be converted to the hydrogen form
by well-known methods such as exchange at
temperatures between 25° and 100°C with dilute
mineral acids, or with hot ammonium chloride
solutions followed by calcination. For mixtures of
35 zeolites with amorphous material or for poorly



solutions foll owed by calcination. For m xtures of 35 zeolites with

anor phous material or for poorly crystallized

sanpl es, the sorption val ues apply only to the crystalline portion.
This method of characterizing the Type 2 zeol ites has the advant age
that it can be applied to 5 new zeol i tes whose crystal structure has not
yet been det er m ned. TABLE B

Equi | i brium Sorption Data of Medium Pore Zeolites

Anmount sorbed ng/g zeolite 10 Type =8%eolite 3- Met hyl pent ane
[err] 2 ZSM 22 20 ZSM 23

25 ZSM 35 25 3 ZSM 5

61 15 ZSM 12 58 ZSM 57

70 N(ééfg%alllzed samples, the/Sorption ¥hluedlagtfifebrlf 90 torr

(12 kPa) 3-nethyl pent ZSM 22 is nore particularly described
in US 20 Patent® &r?)%%ali‘?'?e P%%\h“?z and its preparation in

m crocrystalline form L’J-‘Qlliﬁgm%#h?ﬁl B rehpangctarsaing thedTyretd ng agent is
described in U S ReditlesNRas the adv#ihgk/¥hatoit REhPOS efpfiietihes pr esent

Theta: 1, Gal | o} Thiﬁé‘?%e‘%&ﬁ%%ﬁ@% I RN TR, et T

particularly descr dekarmined;

TABLE B
ilibrium Sorption Data of Madium Pore Zeolites
Amount sorbed, m eolite
10 Type Zeolite 3-Methzlgentanea)
2 ZSM-22 20 )
ZS8M-23 25
Z8M-35 25
3 ZSM~5 61
15 ZSM-12 58
ZSM~-57 70
MCM-22 79

©a) at 90°C, 90 torr (12 kPa) 3-methylpentane

ZSM~22 is more particularly described in U.S.

20 Patent No. 4,556,477. 2SM-22 and its preparation in
microcrystalline form'using ethylpyridiniunm as
directing agent is described in U.S. Patent No.
4,481,177. For purposes of the present invention,
ZSM-22 is considered to include its isotypes, e.q.,

25 Theta-1, Gallo-Theta-1, NU-10, ISI-1, and KZ-2.

ZSM-23 is more particularly described in U.S.
Patent No. 4,076,842. For purposes of the present
invention, ZSM-23 is considered to include its
isotypes, e.g., EU-13, ISI-4, and KZ-1.

30 ZSM-35 is more particularly described in U.s.
Patent No. 4,016,245. For purposes of the present
invention, 2ZSM-35 is considered to include its
isotypes, e.g., ferrierite, FU-9, ISI-6, NU-23, and
Sr-D. An example of a piperidine-derived ferrierite

35 is more particularly described in U.S. Patent No.



Patent No. 4,076,842. For purposes of the present I nvention, ZSM 23

Is considered to include its | sotypes, e.g., EU-13, 1SI-4, and KZ-1.
30 ZSM 35 is nore particularly described in U S Pat ent No.
4,016, 245. For purposes of the present i nvention, ZSM35 is
considered to include its | sotypes, e.g., ferrierite, FU-9, |Sl-6,

NU- 23, and Sr-D. An exanple of a piperidine-derived ferrierite 35 S
nore particularly described in U S. Patent No.

- 9- 4,343,692. O her synthetic féﬁrlerlte preparations are
described in U S. Patent Nos. 3,933, 974; 3, 966, 883; 4, 000, 248;
4,017,590; and 4, 251, 499. Furt her descriptions of ferrierite are found

in Bibby 5 et al, "Conposition and Catal ytic Properties of
Synthetic Ferrieri#e343,59@r nadthel Smmthatdics fegbierite ppaprati®ds272 (1974).
The zeolite catal yate utdriSedrief 6L 8bIBatdhnt! R3St 3,933,p24f1y in the

ydrogen form e 0s,odEha% afooed.s My o86; HERMA9s Biier metals o
cations thereof, e.g ra?e géarth dations, al’'so”be present. Wen
t he zeol i tes 5?¥FﬁﬁFéBS?%EFHF*°P%eP?n@§§€ﬁ8E1Eﬁ QEFgﬁﬁPﬁﬁ in Biphyi ons,

they may be qufte ewnalt, VCoppssitiby detNaselytic Rrvpertiesmcrfystalline free
iﬁace i's 'occinL ed &y néﬂ&ﬂ:SFerr.f}reQ@@éC"h @%{u‘rﬁa§ bf C&Bttatws%wrﬂsng sol ut 11 0{1
e zeolite eating in an inert or oxi dative
%ot A%l

at nosphere to renne ons, e.g. by heating at over
500[err] Cfor 1 hour Ghengeelite catQ1ﬂ§thyeFégEﬁ1Hﬁﬂfﬁréb#wtﬂﬁeﬁebetobtalned
by base 20 exchapg;etw tih ememydveyeml fornf, okl @nedizsp-ca) aizsat-top,

e 9., al 5000g57] Cob Nl ACi SLibLeRLERIY oFPat S5 enbleor, o.ggal uri nation

and is therefore not ty racti ced r_catjons, e g nmet a
cations, can be %’Sauﬁ%"&"ﬂﬁ ’E?K/é‘rlrﬁ PoR%I PIRRSE*t exc‘ﬂ’aﬁfb -

zeolltes are prepared in the presence of organlc
cations, they may be quite inactive possibly because
the intracrystalline free space is occupied by the

15 organic cations from the forming solution. The
zeolite may be activated by heating in an inert or
oxidative atmosphere to remove the organic cations,
e.g. by heating at over 500°C for 1 hour or more.
The hydrdgen form can then be obtained by base

20 exchange with ammonium salts followed by calcination,
e.g., at 500°C in air. Acid treatment may result in
dealumination and is therefore not typically
practiced. Other cations, e.g. metal cations, can be
introduced by conventional base exchange or

25 impregnation techniques.

In order to cbtain desired olefin
oligomerization activity/selectivity, the zeolite,
preferably in the hydrogen form, should have an alpha
value between 5 and 400, preferably between 10 and

30 100 when used in the catalyst of the present
invention. Alpha value, or alpha number, of a
zeolite is a measure of zeolite acidic functiocnality
and is more fully described together with details of
its measurement in U.S. Patent No. 4,016,218, J.

35 Catalysis, 6, pp. 278-287 (1966) and _J. Catalvysis,



25 . inpregnation techni ques. In order to obtain desired olefin

ol igonerization activity/selectivity, the zeolite, preferably in the
hydrogen form should have an al pha val ue between 5 and 400,
preferably between 10 and 30 100 when used in the catal yst of the present
i nvention. Al pha value, or al pha nunber, of a zeolite is a neasure of
zeolite acidic functionality and is nore fully described together with
details of its measurenent in U S. Patent No. 4,016,218, J. 35
Catalysis, 6, pp. 278-287 (1966) and J.”33talysis,

-10- 61, pp. 390-396 (1980). The experinental conditions

cited in the latter reference are used for characterizing the

catal ysts descri bed herein. The surface acidity of the catalyst
can be 5 deter gilneppby3a®oAfer 619809) of The -experimential ghhditieons

(TTBB), a bul ky nelesdl & tuhal 18e¢eOhkY¥eiRed ate! Gséderor acid sites on

the zeolite cryst %éa%ac ear%,rez1ng the cgggk§¥ésafde%grgﬂeg-;}%§els a facile,

repr oduci bl e neth sur catal ysts.
External 10 surface k¢ cﬁ“Fy“aE%rqu}élﬁiéa%%r"@& éi“éﬂhéﬁ"véaﬁfb‘? nt er nal
activity for BZeol determinidd pgreonicxisiberst iri-teatihrybutyledasthieng

faujasite. As a t?&"raﬁ?a(‘é 'b%kgxbeolec%@ &Yal@@aﬁnoﬂiy -E:E@@toﬁféﬂ that a

constant tenperatur OO[err] C and

preferably in 15 °f‘ﬂes’r%ﬁ?98n zo“%éﬁfe?rr’ﬁs%n& Sutfact) The experi ment al
conditions for th@epbkylafien of TTRReisi & farilgderapnasiusdbbe urethofl 200 err] C
and atnospheric for Re£EHING. sdimacdeatikyint io@ncatalyERB.i SEernaed out in

a gl ass reactgr (%ﬁr%dé b ifTL P darf 80 LU AxB1 2R oe Liiecdadycor[erT]

chip preheater fo cata er Vycor[err]
chips. The r BEERHY s“ﬁ'eé?‘g]d"tteﬁ 98 &%chgﬁm%"tf’récflg ¥ t3¥gen- for 30

including faujasite. As a test reaction,
dealkylation of TTBB occurs at a constant temperature
in the range of from 25 to 300°C and preferably in

15 the range 200 to 260°C.

The experimental conditions for the test used
herein include a temperature of 200°C and atmospheric
pressure. The dealkylation of TTBB is carried out in
a glass reactor (18 ¢cm x 1 cm OD) containing an 8 g

20 14/30 VycorTH chip preheater followed by 0.1 g
catalyst powder mixed with VycorTM chips. The
reactor is heated to 200°C in 30 cc/g nitrogen for 30
minutes to remove impurities from the catalyst
sample. Ten g/ hr of TTBB dissolved in toluene (7%

25 TTBB) is injected into the reactor. The feed
vaporizes as it passes through the preheater and
passes over the catalyst sample as vapor. After
equilibrium is reached the nitrogen is switched to 20
cc/min hydrogen. The test is then run for 30 minutes

30 with the reaction products in a cold trap.

The reaction products are analyzed by gas
chromatography. The major dealkylation product is
di-t-butylbenzene (DTBB). Further dealkylation to ¢t~
butylbenzene (TBB) and benzene (B) occurs but te a

35 lesser extent.



m nutes to renove inpurities fromthe catal yst sanple. Ten g/ hr of
TTBB di ssolved in toluene (7% 25 TTBB) is injected into the reactor. The

feed vaporizes as it passes through the preheater and passes over
the catal yst sanple as vapor. After equilibriumis reached the
nitrogen is swtched to 20 cc/mn hydrogen. The test is then run for
30 m nutes 30 with the reaction products in a cold trap. The
reaction products are analyzed by gas chromat ography. The maj or

deal kyl ati on product is di -t - butyl ben¥¥he (DTBB). Further deal kyl ati on
to t- but yl benzene (TBB) and benzene (B) occurs but to a 35 | esser
extent. Conversion of TTBB is cal culated on a
nol ar carbon basis. Deal kyl ati on product weight % are each

mul tiplied by the approgehutessicar b6NTTREier calculatedt b at@ndlﬁ!&vert to the
equi val ent anmount OfarbbEBpasfs. beslxﬁ@?zox %&! . EEP% @eand B x
18/ 6. These vaI ues t ep %TFS I n_t converS| on
equation where ast et okE® fﬁ’cﬁ%@'ﬁe %y taﬁBﬁ?pzf’t?ttenEarb" nuEberval ent s.
DIBB* + TBB* + B*Fafgo to convmrtohethsi équivalent amount of TTEB, X
100 5 i.e. DTBB x 18VIBP TBEDKBBS/ 10 HRE® s+xBf8/s. These  IN

addi tion, therml bagkgcound t@egmeﬁgs@rktnstne toliRhla  EARIUI L1 || ed Wi LR
Vycor[err] chi ps onI show conversi on 8 {cor[err] or

ot her reactor 15 h%ﬂt ere aSterlskSLllﬂ‘H‘farﬁj’ §83‘F%"c“t§"§c 8i ¥8e of the
above catal ysts eq‘ilgaéﬂfeﬁ:tlve to prevent undesired reactions on the

zeolite surface which are not subject te@rght sshapd-+ g*
10 % Conversion = " x 100

TTBB + DTBB® + TBB® + B* )

In addition, thermal background experiments
using reactors filled with VycorTM chips only show no

TTBB conversion due to VycorTM

or other reactor

15 components.

Limiting surface acidity of the above catalysts
is effective to prevent undesired reactions on the
zeolite surface which are not subject to the shape-
selective constraints imposed upon those reactions

20 occurring within the zeolite interior. According to
the present invention, the zeolite is contacted with
dicarboxylic acid under conditions resulting in a
reduction in surface acidity (as measured by tri-
tertiarybutylbenzene conversion) of at least 20%,

25 preferably at least 50%, more preferably at least
75%, without a significant reduction in overall
activity as measured by alpha test. By significant
reduction in overall activity is meant a reduction in
alpha value of not greater than 20%.

30 Prior to or following contact with dicarboxylic
acid, the zeolite may be composited with a porous
matrix material, such as alumina, silica, titania,
zirconia, silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-

35 titania as well as ternary compositions, such as



sel ective constraints inposed upon those reactions 20 occurring within
the zeolite interior. According to the present invention, the zeolite
i s contacted with di carboxylic acid under conditions resulting in a
reduction in surface acidity (as measured by tri- tertiarybutyl benzene
conversion) of at least 20% 25 preferably at |east 50% nore preferably
at |east ° 75% w thout a significant reduction in overall activity
as neasured by al pha test. By significant reduction in overall

activity is neant a reduction in al pha val ue of not greater than 20%
30 Prior to or follow ng contact w_i_hh_ di car boxylic acid, the
zeolite may be conposited with a porous - matrix material, such as
alumna, silica, titania, zirconia, silica-alum.na, silica-nmagnesia,
silica- zirconia, silica-thoria, silica-beryllia, silica- 35 titania
as well as ternary conpositions, such as . ) .

-12- si | i cidicanrHRimoFRaridy [Sid ACArahimARR 23 ¥ R1a -

si | i ca- al um na- magnesliiea-ahdrisia-regnemigneand-silica-gagreemiiaa. The matri x may
be in the formof 26G0ggka, the FRE-{EhAL ¥E DI WA EbANSOL 260biLe
conmponent and 5 morgimp oxi de gel matrix %& vary g‘?rlg th the
zeolite content rangthgSt?ohiHEERRIA- L8028 e COmPONFdT, P%ﬂ 5 to 80,
percent by wei ght ofnarganéemydisiet gel matrix may Sgrvawideky #ithokdyeic acids
for use in Ithe  z4¥1Q€eSSoridenthkanditi¢e FrbRbdtvelerde X 3loi,Cnof@l Oni c, 10
succinic, glutaric, I, RI,C hi C ari,c eLG, i C,
I sopht hal i c, tereph%%%lllﬁg,sf%ntgroif cp%%@erntt,%n%’?%eggt%%?gg BQ%)(@%AH c acid is
preferred. The di cIPbEARAS SLGRTRP¥YEFCHREIRE FOF USRI *BR, such as an

aqueous di car boxyl iprexesd sbltiisoanvention include oxalic, malonic,

10 succinic, glutaric, adipic, citric, tartaric, maleic,
phthalic, isophthalic, terephthalic, fumaric or
mixtures thereof. Oxalic acid is preferred. The
dicarboxylic acid may be used in solution, such as an
aqueous dicarboxylic acid solution.

15 Generally, the acid sclution has a concentration
in the range from 0.01 to 4 M. Preferably, the acid
solution concentration is in the range 1 to 3 M.

The dicarboxylic acid is generally in a volume
solution to volume catalyst ratio of at least 1:1,

20 preferably at least 4:1.

Treatment time with the dicarboxylic acid
solution is as long as required to provide the
desired reduction in surface acidity. Generally the

- treatment time is at least 10 minutes and preferably,

25 is at least 1 hour.

More than one dicarboxylic acid treatment step
may be employed in the process of the present
invention for enhanced deactivation of surface
acidity.

30 The treatment temperature is generally in the
range 0° to about reflux. Preferably, the treatment
temperature is from 15°C to 93°C (60°F to 200°F), and
more preferably from 49°C to 82°C (120°F to 180°F).



15 . Generally, the acid solution has a concentration i n-the
range from0.01 to 4 M Preferably, the acid sol ution concentration is
in the range 1 to 3 M The dicarboxylic acid is generally in a
vol une solution to volune catalyst ratio of at least 1:1, 20
preferably at |east 4:1. Treatnment time with the dicarboxylic

aci d solution is as long as required to provide the desired
reduction in surface acidity. Generally the treatnment tinme is at | east
10 minutes and preferably, 25 Is at Iea % 1 hour. More than one
di carboxylic acid treatnent step e enployed in the process of the
pr esent I nvention for enhanced deactlvatlon of surface acidity.
30 The treatnment tenperature is generally in the range O[err]
to about reflux. Preferably, the treatnent enperature is from
15[err]C to 93[err] C ( 6BeePLFRrRAFYIHB[IFHY F’Feaﬁ’ﬁ%f‘t may abF B%referably from
49 err] C to 82[ err ¢Cnfikidd edth Fother1864bmipBrion techniques, such as

- 13- Jév@mﬂi aﬁaoméﬂleawfbatt&%awent may al so be
conmbi ned with other de nat{_/\h ech g: %h sit eam ng and
cheni cal treatnent. e 145 lﬂ%t WI é"hl ﬁﬁn & BT By Fheory, it

s 5 believéd thﬁ%lﬁt“fﬂ&i ghatrghefirerhanyd isopiheemhines vith 3| umi numin
the treated zeol it eliudirdudr (hathaldightednzeolitectntfirai ag Spinasa-which is

| arger than the zep_],i#1 nmgsu?églfelascg %}quogg%ggsthg% Eggsg{?@l@gd nmedi um

pore zeolites IS T um natron surface
of these zeolites, Surface P°“T‘P1%°‘"d‘l“ﬁ§o?1%r‘i°?§f‘F6f‘F?ﬂ8’@ 4Wm POTEe present
i nvention invol veszeohitest.i nghis mpseltsiin deedlyningtion only tat the treated

zeolite catal yot abuRrdTRE Bhek& zeolites.

The oligomerization process of the present
invention involves contacting an olefinic feedstock
with the treated zeolite catalyst at a temperature
less than 260°C, a weight hourly space velocity less

15 than 1; and a pressure of at least 2000 kPa, more
preferably at a temperature of 170 to 240°C, a weight
hourly space velocity of 0.05 to 0.40; and a pressure
of 5200 to 11000 kPa, and most preferably at a
temperature of 190 to 220°C, a weight hourly space

20 velocity of 0.1 to 0.3; and a pressure of 6200 to
7600 kPa.

The process of the present invention is
particularly useful for the oligomerization of lower
olefins, preferably C, to C, olefins and most

25 preferapbly propylene and/or butene. When propylene or
butene are oligomerized according to processes
described herein, a mixture of liquid hydrocarbon
products are formed. More particularly, this mixture
of hydrocarbons may comprise at least 95% by weight

30 of mono-olefin oligomers of the empirical formula

c(n + nm)HZ(n + nm)
where n is 2 or 4 and m is an integer from 1 to 6,
said mono-olefin oligomers comprising at least 20
percent by weight of olefins having at least 12
35 carbon atoms, said olefins having at least 12 carbon



| ess~than 260[err] C, a weight hourly space velocity |ess 15 than 1; and a
pressure of at |east 2000 kPa, nore preferably at a tenperature of 170
to 240[err]C, a wei ght hourly space velocity of 0.05 to 0.40; and a
pressure’ of 5200 to 11000 kPa, and nost preferably at a

tenperature of 190 to 220[err]C, a weight hourly space 20 velocity of 0.1
to 0.3; and a pressure of 6200 to 7600 kPa. The process of
the present invention is particularly useful for the oljgonerization
of | ower olefins, preferably (Jerr] T err] olefins and nost 25
preferably propyl ene and/ or butene. Wen propyl ene or but ene are

ol i goneri zed according to processes descri bed herein, a m xture of

| i qui d hydrocarbon products are forned. More particularly, this

m xt ure of hydrtowr bevingrean everarges efafrdmedsB09b80 hyoovmieghyl1 30  of
nono-ol efin ol i gomessuedyrb | thegdn fcBRTH] &aid olefi 1(n +
nml[err](n + nm an \gktiggggz_]zasz %tgér@gland ml_i an if\%%sgéirotflr%%ﬁaéto 6,
sai d nono-ol efin oll d{omars Eom?rl SI'Ng a A ALY percent by wei ght of
ol efins having at |east I¥2vwBLl be;ypdeyrtoednthats Fieghyl esides oraupsg at | east

12 parbon 5 are methyl groups which occupy positignéfEther than atons
having an average Ofnd k@MhPndD JoRifiSHk TR AL £irse '§ﬁ&lelagtot<9§e.ﬁ,§[ hciar bon
an yl .

chain, said ol efins_not hayin ny side gorousothert
It will be underst®naPk ) 8?%?%%% fstgﬁel?fmﬁﬁ CgFB¥ps whi ch
occupy positions otdhainthafhis longpst taarbpnathaigsiisi abse ofefeheed itst and
|%ﬁs; (i.Tﬁ_., | altrwmmndsorfm&)c;segr&omaakm Q:glas.ﬁeof mﬁéiefﬁ{.bonth
T ek R S0Pk, o SRHFL UATskB scshBER 67011
side groups for the e}gf:.ns is preferably within the range 0.80 to .
2.00, and more preferably within the range 1.3 to 1.7
methyls/clz. .
These oligomers may be separated into fractions
15 by conventional distillation separation. When
propylene is oligomerized, olefin fractions
containing the following numbers of carbon atoms can
be obtained: 6, 9, 12, 15, 18 and 21. When butene is
oligomerized, olefin fractions containing the
20 following numbers of carbon atoms may be obtained: 8,
12, 16, 20, 24 and 28. It is also possible to
oligomerize a mixture of propylene and butene and to
obtain a mixture of oligomers having at least 6
carbon atoms.
25 By fractionating an oligomerization product
prepared by processes described herein, a mixture of
hydrocarbons can be obtained comprising at least 95
(e.g., at least 98) percent by weight of mono-olefins
having 12 carbon atoms, a straight backbone chain of
30 at least 10 carbon atoms, and an average of from 0.40
to 2.00 methyl side groups per carbon chain. These
C:a olefins may comprise at least 5 (e.g., from 5 to
40) mole percent dodecene (i.e., a c12 olefin having
no methyl side groups), at least 30 (e.g., from 30 to

35 90) mole percent methylundecene (i.e., a C olefin

12



+ olefins is preferably within the range 0.80 to 2.00, and nore
preferably within the range 1.3 to 1.7 met hyl s/ ( err] These
ol‘i goners may be separated into fractions 15 by conventional distillation
separation. Wen propyl ene is oligonerized, olefin fractions
containing the foll owi ng nunbers of carbon atons can be obtai ned: 6,
9, 12, 15, 18 and 21. Wen butene is ol i goneri zed, olefin fractions
contai ning the 20 foll ow ng nunbers of carbon atons nay be obtained: 8,
12, 16, 20, 24 and 28. It is also pOSSIb|e to ol igonerize a m xture of
propyl ene and butene and to obtai n &% xture of ol i gomers having at

| east 6 carbon atons. 25 By fractionating an ol igonerization

pr oduct prepared by processes described herein, a m xture of

hydr ocar bons can be obtai ned conprising at |east 95 (e.g., at |east
98) percent by weikguingf onermmtilydf side grouphaaridgtlileast Forfeagons, a

strai ght backbone f:ib%i 5 6k £0) modk p&AfEntl@ifdiHy0Be3MT(1i.@0] an average of

fromO0. 40 to . eas)lf véln? s %%Qﬁgge%l%awggpgdfal nm)These Cl2

ol efins may conpri sJe‘Z at | e percent
dodecene (i.e., a { er Apobhex |Wdﬁaﬁ?wn frachipnatiAy| PEg tgF‘BYJ at

| east 30 (e.g.5% franmi%&ure &6 hyd@O¢armsne penpeidingeabyleamtecsne (| a
|012 fl gfl(n e.g:s 3t least 93 gt OB Imt;hy.l oﬁilﬁcji:ﬁxog-BQH?iné‘nd at

eas e.g. rom per en | ecene_ (I

Cerr] olefin havﬂhﬂ”‘l”\ﬁol ggms r Sup fr¥ R Y g‘? fhydrocar bon

fractionation proietieasy b ‘:al?y‘haﬂn‘i“k:t“lfﬁrre3‘61l WGF’GE'E‘F?)CR% fc?@ﬁp%%q ng at
| east 95 (€. gto 2abol pagiy198)idpesreips pyr veargbh cfhaimnoThked i ns
having 15 carpgn a&fs”%le@iﬁé MO RbnppaddPaRe; e B ¢b.g., from s to

40) mole percent pentadecene (i.e., a C15 olefin .

having no methyl side groups) at least 30 (e.g., from

30 to 90) mole percent methyltetradecene (i.e., a Ci5

olefin having one methyl side group) and at least 5

15 {(e.g., from 5 to 40) mole percent dimethyltridecene

(i.e., a C olefin having two methyl side groups).

Anoth:i hydrocarbon fractionation product may be

a mixture of hydrocarbons comprising at least 95
{e.g., at least 98) pércent by weight of mono-olefins

20 having 16 carbon atoms, a straight backbone chain of
at least 14 carbon atoms, and an average of from 0.40
to 2.00 methyl side groups per carbon chain. These
c16 olefins may comprise at least 5 (e.g., from 5 to
40) mole percent hexadecene (i.e., a c16 olefin

25 having no methyl side groups) at least 30 (e.g., from
30 to 90) mole percent methylpentadecene (i.e., a c16
olefin having one methyl side group) and at least 5
(e.g., from S to 40) mole percent dimethyltetradecene
(i.e., 2 C;¢ olefin having two methyl side groups).

30 Another hydrocarbon fractiocnation product may be
a mixture of hydrocarbons comprising at least 95
(e.g., at least 98) percent by weight of mono-clefins
having 18 carbon atoms, a straight backbone chain of
at least 16 carbon atoms and an average of from 0.40

35 to 2.00 methyl side groups per carbon chain. These



at | east 13 carbon atons, and an average of from 0. 40 to 2.00 nethyl
si de groups per carbon chain. These 10 Clerr] olefins may conprise at

| east 5 (e.g., from5 to 40) nol e percent pentadecene (i.e., a (err]
ol efin havi ng no nmet hyl side groups) at |least 30 (e.g., from 30
to 90) nole percent nethyltetradecene (i.e., a (err] ol ef i n having
one nethyl side group) and at |east 5 15 (e.g., from5 to 40) nole
percent dinmethyltridecene (i.e., aderr] olefin having two nethyl

si de groups). Anot her hydrocarbon fractionation product may be
a mxture of hydrocarbons conprising at [gast 95 (e.g., at-least 98)
percent by wei ght of nono-ol efins 20 having 16 carbon atons, a straight
backbone chai n of at | east 14 carbon atonms, and an average of from
0. 40 to 2.00 nethyl side groups per carbon chain. These - Jerr]
ol efi ns may corrprlse at least 5 (e.g., from5 to 40) nol e percent
hexadecene (i.e., &Si6[®}egins| E?YrF%nﬁav?‘hd-eﬁétn%t(ﬁylg i EreomyrSo iros) at

| east 30 (e.g., fram mole PartentdBctavkeemer(dent, raatdl | preftatlecene (i . a

| ef )
from5 to 40) o thay“é‘fg‘ﬁ*%?ge e e gt b (ER, o, (e

Fa
havi ng two net hyl ceRt' 3 %ﬁ&?ﬁ’é?dﬁﬁ?&'f*oéhr%m ¥ Faet i onat i on
product may be3  olafin ayisgofnehy@tbrhrpistes scowpr iagdngt atedsgast 95
(e.g., at |east 98)Xepglcesromby weisght moie rpuieent efimethylhexdtiddeng 18 carbon

atons, a straight gcgborgecchgégboﬂ mgtth egg;_h GSgggb‘gpo!%t ms and an

average of fromo0.40 35 ~ t@a8 ps_per *chain.
These These olegifg m&l" T ?Hﬁ?ﬁlge he 3koyer 5 (e.g.,
from5 to 40) mept oneslr Ceattionriden epmpducte, ,may Gpeuséd alsefisn

having no net hyl Soeéengly YePslerded @a%h Sthdre ollefidd @dkh as various
straight chain olefins (i.e. olefins having no methyl .
side groups) to provide further olefin mixtures.
One use for olefin oligomers described herein,
particularly P fractions of the oligomers, is as
15 alkylating agents in a process for the selective
alkylation of an aromatic compound (e.g., benzene)
with a relatively long chain length alkylating agent
to produce substantially linear phenylalkanes.
Catalysts and reaction conditions for this alkylation
20 process are disclosed in the aforementioned U.S.
Patent No. 4,301,317. The resultant phenylalkanes are
useful as intermediates in the production
alkylphenylsulfonate detergents and surfactants.
The following examples illustrate the
25 oligomerization process of the present invention.
EXAMPLE 1
Preparation of ZSM-23
ZSM-23 was prepared by charging 85.5 parts water
to an autoclave followed by 2.64 parts KOH solution
30 (45% by weight), 1.0 part aluminum sulfate (17.2%
03)_and 0.5 parts 25M-23 seeds (100% basis).
After mixing thoroughly, 14.5 parts of Ultrasil VN3
precipitated silica (Nasilco), then 5.1 parts of
pyrrolidine were added and mixed thoroughly. The
35 autoclave was heated to 160°C with stirring and



30 to 90) nol e percent nethyl heptadecene (i.e., a (Jerr] 5 ol ef i n having
one nethyl side group) and at |east 5 (e.g., fromb5 to 40) nole

per cent di et hyl hexadecene (i.e., a derr] olefin having two nethyl
si de. groups) . These olefin mxtures, particularly the above-
mentioned fractionation products, nmay be used as is 10 or may be bl ended
with other ol efins such as various straight chain olefins (i.e

ol ef i ns havi ng no net hyl side groups) to provide further olefin

m xt ures. One use for olefin oLiggners descri bed herein,
particularly Cl2 fractions of the oligoners, is as 15 aIkyIatlng agents
In a process for the selective al kyl ati on of an aromatic conpound
(e.g., benzene) with a relatively long chain |l ength al kyl ati ng agent
to produce substantially |inear phenyl al kanes sts and reaction
condi tions for tI1|§a%ﬂ$%% ngd; 3h Bgse iﬁ?ﬂﬁﬁ%?“ﬁr%PYﬁ%sEF3§Eiﬂiﬁf atfan

af orenenti oned U. Swas compRatent THe. proBEL 2%, identifded| aaisMoRanyl al kanes

are usef ul aspyynkefdediatLrtibnl heafterdetisidihg the
al kyl phenyl sul fonaégfﬁoef%ggn aggu fw%%t an Efed wash 1?1%:%8' | owi ng

exanpl es |Ilustrat gOirerization ent

i nventi on. and dried. 65 parts of phe\p EE;q_zsw-za were

Preparation of ZSMe@@bined with 35/8MES amasipy epid-exllhyaceodyctgeBS. 5 parts
wat eL O . B 0 ant ablﬁécirﬁi(étf:@ééf Qeeiby) %l%s@aﬁtsdﬁum&ta]rﬁn 38 0 f; 45% Py
wei g part a um sulfa err parts
ZSM 23" seeds (10094 E‘P‘g d'e3 °mA$'{ é %ﬁ H&l?’ﬁ% L‘ﬁ’dﬁ}‘ ")5‘ Sgrts of
Utrasil VN3 BFehZQ)lct-at'é@F Feliers (Wers khen, calcined. &n p%howsn@f

.pyrrolidine wape adflefoquid £61 X2 houberotigslsyc Ihe Bhourauivwcalizvatwas heat ed
to 160[err]C with %ﬁ&réiﬂggtgﬂﬁgrature. The cooled catalyst was
-17- exchanged with 1 N NH4NO3 (5 cc/g catalyst) at room
temperature for one hour then washed with water. The
exchange procedurs was repeated and the catalyst
15 dried at 120°C. The exchanged extrudate was then
calcined at 538°C in flowing air for 3 hours. The
resulting catalyst exhibited an alpha activity of 27
and a surface acidity of 4.s6.
EXAMPLE 2
20 surface Acidity Reduction
A sample of ZSM-23 from Example 1 was treated
with 2 M oxalic acid at 71°C for one hour. The
treated sample was washed with water, dried at 150°C
for 8 hours, and calcined at 375°C for 3 hours. The
25 resulting catalyst had an alpha value of 33 and a
surface acidity of 2.1. While the reduction in alpha
value is within the accuracy of the alpha test, the
reduction in surface acidity represents a significant
decrease.
30 EXAMPLE 3
Ssurface Acidity Reduction
A second sample of 2ZSM-23 from Example 1 was
treated with 2 M oxalic acid at 71°C for two hours.
The treated sample was washed with water, dried at



mai ntai ned at these conditions until crystallization was conplete. The

product was identified as ZSM 23 by X-ray diffraction. After flashing
t he pyrrolidine, the slurry was cool ed, washed, filtered 5 and
dried. 65 parts of the dried ZSM 23 were conbined with 35 parts of
S (H-Sil, a product of PPG I ndustries Chem cal Division, dry
mul | ed and extruded to form 1/ 16 inch pellets which were dried at

120[err]C. The pellets were then calcined in flow ng 10 nitrogen for 2
hours at 538[err]C and 3 hours in air at _;4. the sanme tenperatyre. The
cool ed catal yst was exchanged with 1 N NHerr]NJerr] (5 cc/g

catal yst) at room tenperature for one hour then washed with water. The
exchange procedure was repeat ed and the cat aI yst 15 dried at 120[err]C.
The exchanged extrudate was at 538 Cin flowing air for
3 hours. - The rt‘a%%l‘fﬁ’?é' 8a‘t‘%‘f‘§ﬁst aﬁﬁh‘f%"t‘t‘éﬁd ?1t a’pha 5% idvheyrss 27

and a surface aci di The ofesfilg§ing catalyst had an alpha value ofEXAMRhE 2 20
Surface Acidity Redswttsfde acidity les® &RdWlog10f ZSM 23 from Exanple 1 was

treated with 2 Moxalic acid at 71L #Lg for one hour. The

treated sanple was washed with water 150[err] C for 8 hours,
and cal ci ned at®375[ err] C8pEFace I‘P&&F%ﬁY Reduobion with| €Phfddaeal yst had an
al pha val ue of 33 and aA thirdusdmpde atiTi7Zy of thel zsMhi} ecdtaeyseduction in

U i e b el S e
EXAVPLE 3 treatia’¢ ?C i%l‘tﬂitlgg Lﬁ:tc’f'oﬁatz“wst bY A second

sanpl e of ZSM 23 f resnBekiphethe m@alyst Wifthas ediilftehcolMdiveti ¢ aci d at
71[err]C for two hopértane soldtiord lceatefhidanplesswsy vashiding Whivat er,
dried at is an amount sufficient to poison 25% of acid sites .

present in the zeclite component of the catalyst.

The collidine adsorbed very rapidly and completely to

the catalyst. The catalyst was dried slowly and then
15 purged with nitrogen.

EXAMPLE 5
Oligomerization Propylene with ZsSM-23 at 225°C

The catalysts of Examples 1, 2, 3 and 4 were
evaluated in a semi-batch autoclave for activity,

20 product selectivity, and product structure with
propylene feed on demand for five hours at 5620 kPa
(800 psig) and 225°C. Under the above conditions,
unmodified ZSM-23 catalyst of Example 1 typically
yielded 38 g/hr of liquid product with an average

25 methyl branching of 1.9 methyl branches per Clz’
Collidine-modified 25M-23 catalyst of Example 4
typically yielded 16 g/hr of liquid product with an
average methyl branching of 1.3 methyl branches per
Ciae The semi-batch evaluation is reproducible to +

30 2 g/hr of liquid product.

A sample of ZSM-23 catalyst of Example 3 was
evaluated in a semi-batch autoclave under typical
oligomerization conditions of 225°C, 5602 kPa (800
psig) for 5 hours. The catalyst yielded 109 g/hr of

35 liquid product that had an average methyl branching



150[err]C for 8 hours, and calcined at 375" C for 3 hours. The
resulting catal yst had an al pha value of 29 and a surface acidity |ess
than 0. 1. EXAMPLE 4 5 Surface Acidity
Reduction with Collidine A third sanple of 7.7 g of the ZSM 23
cat al yst fromExanple 1 having a silica/alumna ratio of 110:1

was treated with 0.059g collidine/g of catalyst by ~contacting the
catalyst with a dilute collidine- 10 pent ane sol uti on containing 0.0454 ¢
col I idine which Is an anmount sufficient to poison 25% of acid sites
present in the zeolite conponent of the catal yst. The col i di ne
adsorbed very rapidly and conpletely to the catal yst. The catal yst was
dried slowy and then 15 purged with nitrogen.

EXAMPLE 5 A igonerization Propylene with ZSM 23 at 225[err]C

The catal ysts of Ew&npl®dripckes ea@, 4. wihe actividyapbfatkel 9¥glacseni - bat ch
autocl ave for aCti"éEi%tx%QtedDéQ@HLFy}stSeA@favie&‘i threaatdmps Ottue t struchre
with propyl ene_feed. .o E r fi -ho 2 800
psig) and 225[err] Em?ﬁldfé'regt gggzgg\?é‘gcg‘%%%lgngﬁeé%hégn?rf)l;i?r?el ed ZSM 23
catal yst of Exanpl €oilidisiecapjfied Zs¥ra} fagadesty/Hr EA™PHYut-d product with
an average 25 5 nepbpdudy aechiyhgoxrnchifg et ipk bxalichesigerr<gtedr | .

Col | i di ne-nodi fi ed ZSM 23 abalysliPknEXaubicR1dy targekyBECEld Sayi el ded 16
g/ hr of liquid proguct of 1.3 methyl

br anches per é['@r‘f‘#htyqﬁglne %%ﬁﬁggg%’?g%rgggf%%ﬁ :?ﬁgggk?%plreoduci ble to
[err] 30 2 g/hr chehicpli dnpevdediates. The oxahig ARHdetERaLA\L 23 cat al yst
of Exanple 3 was cataBysd Watieflot Nretuiedi thratabnautiotl avelidider tbypi cal
ol i goner | zat | 4 condptLons..af 4e2Plal Pkokuco4ia; ki, (800 psig) for 5
hours. The catal yst yie deét 18 g/ hr, of 36 Ihqw drpdroduct t hat tiad an
aver age net hyl branchirEPe determination of Branching Iridex 1s a useful .
and sensitive method for assessing the degree of
linearity of a molecule or molecular mixture. The
index is determined as follows: the C6 and C9
15 oligomers are first removed from the sample and the
C12+ fraction is hydrogenated using Pd/charcoal
catalyst in acetic acid. The hydrogenated sample is
extracted from the acetic acid into deuterochlorcform
and the 1H NMR spectrum determined. The branching
20 index is defined as the ratio of the intensity (area)
of the resonance due to CH3 (0.7-1.0 ppm) divided by
the sum of the intensities (areas) of the resonances
due to CH3 (0.7.-1.0 ppm) and CH2 (1.1-1.8 ppm). The
number of methyl groups per molecule is defined by
25 the equation:
Me/molecule = B.I.*(n+l))/150
where B. I. = branching index as defined above and
' n = carbon number of the fraction of
interest.
30 This calculated number of methyls per molecule
includes the two terminal methyl groups. Therefore,
to determine the actual number of methyl side groups,
e.g., mid-chain methyl groups, these two terminal
methyl groups must be subtracted from the total

35 methyl/molecule value calculated.



-19- of 1.5 branches per (err] The activity of the oxalic

acid treated catal yst was over three tines the unnodi fied ZSM 23 and
ower six times that of the collidine nodified ZSM 23 catal yst of
Exanmple 4. 5 Product methyl branching of the oxalic acid treated

catal yst was wthin the branching target of 1.3 to 1.7 methyl s/ Cl2
necessary for preparing desirable chem cal internediates. The oxalic
acid treated catal yst did not require treatnment with collidine to 10
achi eve the desired product quality. -28- The determ nation of
Branching I ndex is a useful and sensitive nmethod for assessing the
degree of linearity of a nolecule or nolecular m xture. The i ndex
is determned as follows: the C6 and C9 15 oligoners are first renoved
fromthe sanple anddaifs: Cl2+ fraction is hydrogenated using

Pd/ char coal catfalyst in acetic acid. The hydrogenated sanple is
extracted fromthe acetic acid i nto deuterochl orof orm and the 1H NMR

spect rum det er m nedt+ Th@& bBregessi for 2tigomggésing atepietin adiche ratio of
the intensity (area) compélgdsecaﬁswmetﬂueoxen%iw a/<htQ1ppf) divi ded

by t he sum of the | e I 8SQNaN due to

CH3 (0.7.-1. Esorr) and Tlg 2 hd q\i ﬁic}]i Hfas gﬁnb (ae?cﬁ%t hyl groups

per nolecul e is defi nedaﬁ§1‘2’§Y' f‘ﬁéc fpBable of sorbing 10 tRe$%ol ecul e =
.*(n+l)) /150 whege3 thethylpefranecbtngothicad a8 thsfx ned wboyve and

n = car bon nunber of thge{,r@gﬂyoae@ilte whehniﬁr@g hy@Fogen! Fog$m¢adgdi! at ed

nunber of methyls per kugﬁ“ 2 s been ncI t'he o %o Lgrm ?fgl et hyl

groups. Therefore, 0 detérmne actu SubEF =BTy fzhzﬁ:" i de

gr oups, e.g., nd- BR8N RRdhfiony d’L?p?,ff?%"esae redpcihiofap met hyl

groups nust belGubtract eédast @ost e tiot aurBbce arsidiyly/ obltheukzeovitale .

cal cul at ed. as determined by tri-tertiarybutylbenzene

conversion, without substantial reduction in the
overall activity of the zeolite as indicated by
alpha value.

15 2. The process of claim 1 wherein said contacting
is carried out at a temperature less than 260°C,
a weight hourly space velocity less than 1; and
a pressure of at least 2000 kPa.

3. The precess of claim 1 wherein said contacting
20 is carried out at a temperature of 170 to 240°C,
a weight hourly space velocity of 0.05 to 0.40:;
and a pressure of 5200 to 11000 kPa.

4. The process of claim 1 wherein said contacting
is carried out at a temperature of 190 to 220°C,
25 a weight hourly space velocity of 0.1 to 0.3;
and a pressure of 6200 to 7600 kPa.

5. The process of claim 1 wherein said zeolite is
selected from ZSM-22, 2ZSM-23, and ZSM-35.

R



-20- CLAI MS: 1. A process for oligonerizing an olefin

whi ch conprises contacting the olefin with a catal yst

caonprising a zeolite which has Bronsted acid 5 activity, which is
capabl e of sorbing 10 to 40 ng 3-net hyl pentane at 90[err] C and 90
torr (12 kPa), per g dry zeolite when in the hydrogen form and
whi ch has been treated with a dicarboxylic acid under conditions
to effect a reduction of at 10 | east 20% in the surface acidity of
the zeolite, as determned by tri-tertiarybutyl benzene
conversion, w thout substantial reduction=2¥ the over al

activity of the zeolite as indicated by al pha val ue. 15 2.
The process of claim 1l wherein said contacting is carried out at
a tenperature | ess than 260[err]C, a wei ght hourly space
velocity less than . anfle process of flimc3iSwhérdin ahid efsdli2@00skPa.

3. The process of clak%ylz¥herein said contacting 20 is carried
out at a tenperature of 0°to 240[err]C, a wei ght hourly space
velocity of 0.05 to O.40; and a pressure of 5200 to 11000 kPa.
4. The process of7cl aifmelpweessi nfselaincdnvhereinysaid surface js carried

out at a tenperature of al9Qitp X Helutddby2at least sasWei ght hourly space
velocity of 0.1 to 0. 3; and a pressure of 6200 to 7600 kPa.

5. The process of claim1l wherein said zeolite js | . sel ected from
ZSM 22, ZSM 23,5 and® ZzSmThs, process of claim 1 wherein said dicarboxylic

acid is contained in an aqueous dicarboxylic
acid solution at a concentration in the range
0.01 to 4 M.

9. The process of claim 1 wherein said dicarboxylic
10 acid is selected from oxalic, malonic, succinic,
' glutaric, adipic, maleic, phthalic, isophthalic,
terephthalic, fumaric, tartaric acid and
mixtures thereof.

10. The process of claim 1 wherein said dicarboxylic
15 acid is oxalic acid.

11. The process of claim 1 wherein said dicarboxylic
acid treatment is effected for a time of at
least 10 minutes, at a temperature in the range
of 15°C to 93°C (60°F to 200°F).

20 12. The process of claim 1 wherein said lower olefin
comprises C, to C, olefin.

O



-21- 6. The process of claim1 wherein said zeolite is

ZSM 23. 7. The process of claim 1 wherein said surface
ac¥dity is reduced by at |east 50% 5 8. The process of claiml
wherei n said di carboxylic acid is contained in an aqueous

di car boxylic acid solution at a concentration in the range
0.01to 4 M 9. The process of claim 1l wherein said dicarboxylic
10 acid is selected fromoxalic, malonic, succinic,

glutaric, adipic, maleic, phthalic, isophthalic, t erepht hal i c,
fumaric, tartaric acid and m xtures thereof. 10. The
process of claim1 wherein said dicarboxylic 15 acid is oxalic acid.
11. The process of claim1l wher &dnrcsRERr ZNTCOR oK VDT INS aci d
treatnment is effected for a tinme of at g7 | east 10 m nutes, at a
tenperature in the range to 93[err] C (60[err]F to
200[err]F). 20 W§°6Fﬁﬁe§%r @F"e‘l‘%ﬁ% sulpeantialdyi Yineawr ol efin

conprises C3 to C6 by@toqa:bons by oligomerizing a lower olefin at
5 elevated temperature and pressure comprises

contacting the lower olefin under oligomerization
conditions with constrained intermediate pore
siliceous acidic zeolite, e.g., 2Z8M-22, -23 or -35,
having Brénsted acid activity The zeolite is pre-

10 treated with a dicarboxylic acid, e.g. oxalic acid,
under conditions to effect a reduction of at least .
20% in the surface acidity of the zeoclite, as
determined by tri-tertiarybutylbenzene conversion,
without substantial reduction in the overall activity

15 of the zeolite as indicated by alpha value.



