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hi ghl-: }icéous zeolites are characterized by a constraint index in the
approxinmate range of 1-to 12 and a silica to alumna nole ratio of at | east
200. Arternatively the product fromthgogysgpgt invention can be used as
source olefins for other chenical purposes such as conversion to

al cohol's, anq?_Xta;gfeW*rgEo & greqmethanatdergrateryache exniit thydrophabica Arorerisse hisalpvertiat
be, i n_addi t PR J‘:mzéfﬁ%s:ﬁeméﬁ; ST gt ures wi th of her

hydr o€arbons, water, 1nerts, e.g. nitrogen, and any of a nunber of feeds -
from ot/her gsources. These ot her sources include ¢cobwdintgatex St reans from for
exanmple, an FCC, TCC or Riser Crack- ing unit, a C3 dry gas fraction, a C4
m xture from an unsaturat Mgz plant, a gas stream PPom a coking unit and
a gas streamfroma pyrol )ég'Ms_éJnit, just to nention g few. The silica to

al um na nmoje ratio referred to may be determ ned by conventional analysis.
This ratio 55is neant tozsep+eisent, as closely as p8gsible, the ratio in
the rigid anionic framework of the crystal -and to exclude al um nium-in the
bi nder or in cationic or &8Mer'¥ormwithin the channdls. In highly

si | i ceous feolites, the uppggr 44 mt of silica to alughna nole ratio is
unbounded. ZSM 5, is one such exanpl-e wherein the silica to alumna nole
ratio is at |least 5, but esm-as 100, 1,000, 10,000, 45 even greater, i.e.
up.to and including infini txl. he highly silliceous zeolites of this

i nvention are characterizé"py*® 60 silica to alunind nole ratio of at

| east 200 and it is prefeggpd 4grat the silica to alugyna nole ratio be

hi gher, e.g. silica to alumna nole ratios of 500 to 1, 1,000 to 1, 1,400
to 1, 1,600 to 1 and greaUMAOfffdtige preferred zeol ites3.7after activation,
acquire an_intracrystalline sorportion capacity for pqrmal 2 0031 675
hexane whi®h is greater tf&88 that for water, i.e. th8\§ exhi bit

“hydr ophobi c" properties. yldeoles (shdnted that this hydrophobic character is
advant ageous in may instances. Constraint Index (C) values for sone

typi cal substances are: 5REY - 04

t .

Const r ai nt%*| ndex ZSM 4 " . ' 0.5 ZSM5

8.3 10 ZSM 11 Amorphous S«hca-Alumma 8 7 7ZSM 3.62 o
2 15 ¢ ZSkhdhte 38 9.1 ZSM 35
4.5 ZSM 38 2 20 ZSM 48

3.4 TMA Ofsretite Clinoptilolite 3.7 25 34 Bet a

0.6 HZeolen (myrdenite) . . ity 15 A REY citica 1o . . L
a uati here the activity is so low, 1.e,silica to alumina mole ratio approaching

0.4 30 Anor pl?.ﬁ.'fl& ggmé%gﬁrgl(rgml X cannot be adtez'uatelyﬁne(isﬁd,ﬁgiaﬁlﬁn such situations, Constraint

38 35 . Index is to mean the dn&ﬁdﬂ{tllidaﬁ bf fhe same zeolite (same crystal structure a8 déterhiRddCoy

may be si t«akirandffrattonepattére) cini alunbiga-tantadnnd fovm. 1. e., silica to alum na
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111 £ 0.2

100 + 0.2 .
3.85 + 0.07
3.71 £ 0.05

Highly siliceous ZSM—11 is more particularly described in U.S. Patent Applications Serial Nos.
003,143 and 003,145.
" In U.S. Application Serial No. 003,143, filed January 15, 1979, a highly siliceous ZSM—11

composition can be identified in terms of mole ratios of oxides as follows:
5 (0—10)M,,,0 : (0—0.5)A1,0,:(100) SiO,

wherein M is at least one cation having a valence n, and is fufther characterized by the X-ray diffraction
pattern of ZSM—11, as shown .in Table 1 herein. :
60 In the as-synthesized form, this highly siliceous ZSM~-—11 has a formula, on a water-free basis, in
terms of moles of oxides, per 100 moles of silica, as follows: '
(0—10)R,0 : (0—10)M,,,0 : (0—0.5)AL,0, : (100)SiO,

65 wherein M is an alkali or alkaline earth metal, R,0 is an organic compound of Group VB element of the
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40, X-ray ‘di ffraction pattern) in an alufiina-containing form The class of
highly siliceous zeolites defined herein is exenplified by ZSM5, ZSM 11,
ZSM 12, ZSM 48 and other similar materials. Hghly siliceous ZSM5. is
described in dreater detail in U S Patent Re. No. 29,948. The significant
(strong) lines of the X—ray diffractim’oaatm of ZSM5 are as foll ows: 45 .
11.1 +Q. 2 1 05 H| |I|ce

e il B IR (e ;%af Ao }% SR i s
and 003,145 .prdf Q Batwéiid Fﬂé b&BonSﬁdSrh reNPabl 1atfeh e AR byl lgPoup and
1979, a hi ghlsyill giokd refewbly F3Wisla jugtenpy $ntmoomnca1mdoend dent I fi | ed in terns of
nol e rati ds of Ty gy agceptgﬁ 45‘(94\75-11 580 be prepared from a reaction mixture containing a source of

[err] wher e.swcwﬁp pikplmetpl oxide. egyspg] h ‘VF" d-po,added plymina, anghRpsjagcomprsitioRyin
charact er i &85y t"}?a r?sa%f ik g fzg?g i'9 n’ @H""(?f'a%ﬁ/} 1 1, as shown in
Table 1 herein. 60 I n thg\mwssnt hmed for magt:d_:nnthl ghly siliceous

ZSM1 1 ha® a formula, on a warer-free basis, M terms—ul nol es of oxi des,
per 100 ol es of silica, as PORShs: [=er5fj°395 wher®ita2is an al kali or

al kaline earth netal, R20 is gani_c und VB el enent of the
3 0031 675 Peri odi C ChartMa(?/ q%e El'erﬁféé\){gg? Fi SEIHEI‘%CI entific Co., Cat.

No. 5-702+40, 1978, preferabhy/mpotrogen o tpbesph@oous4oeont ai ni ng at | east
one al kyl or aryl roup havi ng between 1 and 7 carbon atons, preferably

bet ween 2 aremin &r w C\&'O‘i'\?feﬁ“ fe roug ¥ o ePertOH | nrt
a C ntaini t
but yl gr oup n%&@é 'cayit .&%L rg ? zl ?% oned agove
conmpound. 2% no alumi ahis%d uﬁ.ﬁm&s .rrampar ed rom
reaction m xture E&SnAgilicdtiog &r strooe 19 filed UmaryRm) 1939, alhlgalyi silkedual Zsavki-de,
e.g., sodi urppmmmt@n cam bejidaasifigd) thetgrmzs Qjmqimratlemf antirous ogidgsowsr § 9@ moles af silise as
of nole ratif®Wsf oxides, falling within the foll owing ranges: REACTANTS

BROAD " PREFERRED | 020 M20/ R20
- 0.0 to & 0. 09 tol@‘%ﬁ%’d‘ﬁ@ﬁ’c”o “b’éez%bé?”*os'odoo}’%oo to 400

wher ei N R20 whereinhd isDatilehet srarcatian hadifg O G&Rten, Ge0R6L) BE0-015, &40.60 LABBlandfs fiskietp
VB of the Pehiraaigrizedvathe Xa'mddifflaw%@aaero@hﬁm&mOm shiown Tabhe1 *hnml IHogrpmnp'a" M
is an al kal f:‘bvrt; é‘P?{‘&F 'Pm 2hrmm°ag€ﬁ A ﬁ%g‘ﬁf"a[fr’ﬂ °'Eﬁ-9“§f§ﬂ 9 st be oreater ';a"

crystal | i Zat] @R tosfper at dr es P EIYLPH 9t B oﬁcﬁ'@s & 9" 520, ar% Feerregietad

ment i oned abov el tmsawﬁésuea A, ithis MgKle Sliiced ezIMRLY 1 Rhd i FoRMUTLRE RERRIre8HE/iS
as an i npuritérins of molds Sf ox¥igys| pes AODOleSanf siliddp .as GBwEA5, fil ed January 15,
1979, a hi ghl y sili ceg(gi éfgl 1 coraigé; tion can be i deniil fied in terns of
nmol e rati 8% of anhydr n G 8059206 111810451 PFP0ns: 25,
[err] wher eiyheMnim ish ahk%!?-&tall&ﬁﬁ:e darth inf2Ei, Wis@g o\'d%n"é%orﬁﬁmﬁd QﬁGraurpVBd'elerhenQ ofPthe
c¢=0. 001-0. 5 Paiddiid Ghaftlfre@Rbly nitrogen or phosphorous containing at least one alkyl or aryl group having
between 1 and 7 carbon atoms, (preferably between 2 and 5 carbon atoms) preferably containing at
40 least one buty! group and still more preferably R,0 is a quaternary ammonium compound containing at
least one butyl group, “a” = 0—4, “b”" = 0—5, and "“¢” = 0.001—0.4. However, “a” and “b" cannot
both be equal to O at the same time. When one equals O the other must be greater than O and greater
than the value of “c¢”.
This highly siliceous ZSM—11 can be prepared from a reaction mixture containing a source of

45 silica, R,0, an alkali metal oxide, e.g. sodium, a chromium or iron compound, water, and no added
alumina, and having a composition, in terms of mole ratios of oxides, falling with the following ratios:

REACTANTS BROAD PREFERRED
50 $i0,/R,0 = 51030 100 20
M,O/R,0 = 0to6 0.91t03.0
- (Cr,0, + '
55 | Fe,0)R0 = 02t1.0 0.2t0 0.4
H,0/R,0 = 100t0500 300 to 400

wherein R,0 is the oxide form of an organic compound of an element of Group VB of the Periodic Chart
60 and can be a compound containing one butyl group, and M is an alkali or alkaline earth metal, and

maintaining the mixture until crystals of the ZSM—11 are formed. As mentioned above, no alumina is

added. the only aluminum present occurs as an impurity. :
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chajy by the X-ray diffraction'pattern of ZSM1 1. as shown in _
. eéin. However, "a" and "b" cannot both be equal to 0O at the sane f
p, wigriione equals O the other nust be greater than 3o the walue of "c".
Thejchreg-um &nd i ron oxi de need not al o ggr@7ss Cr203 or Fe203 but are so
cal ¢ul at@@ in the formula. In the as-syntgf&s%%eg form this highly
silicegus ZSM1 1 has a fornula, A hasd,s, ,Ln terns of noles
of oxi'des, per 100 noles of sili cd;{lﬁgg% I'%Ws’\f:E ﬁﬁ_ﬁ -
[err] Wherein Mis an al kal i iserph@padhey ANt h meRabtiveiéhsing an or ganic
conmpounrid'-of sGoup VB el enent © € Periodic CharT, preferably nitrogen or
phosphar ous, containing at | east 1bAd &l kyl .or aryl gré%p having between 1
and 7 carbon atons, (preferably bgtween 2 and 5 carbon,atons) preferably
contai ning at 4o |east one butyl group and still nore preferably R20 is a
guat ernary agmoni um conmpound conéasri.ng at | east one bmtyl group, "a" =
0-4, "b" = 0-5, and "c" = 0.001-0.4. However, "a" and "b" cannot both be
equal “to 0 at the same tinme. Wheh/BRe! equal s 0 the oter nust be greater
than 0 and greater than the val uggef. yc". This highly siliceous ZSM1 1 can
be priepared,from a reaction m xture’containing a source of 45 silica, R20,
an alkali netal oxide, e.g. sodi&0g+atchrom umor iromw.conpound, water, and
no added al um na, and having a conposition, in ternms of nole ratios of
oxides, falling with the foll owi ff§2#alios: REACTANTS W- BROAD
PREFERRED whgrein R20 is the oxiglegfqsgn of an organic ,gonmpound of an
el enent of Group VB of the Periodic Chart 60 and can be a conpound
contai ni ng one butyl group, and 8B6%.0nh al kali or al kakine earth netal, and
mai ntai ning the m xture until crég als_of the ZSM1 1 are fornmed. As
ment i oned al%g)ve, no alunmina i s atdd& % he onl y al um ndPh present occurs as
an inpurity.” 65 4 0031 675 TABLE +1o£HARACTERI STIC L NES OF ZSM1 1

| nt erpl anar Spacing D (a) Relative Intensity 5 11.2 +.2

m %0. 1 +.2 (37, 8.60) + .05 ' w. 6.73 +.2
w575 +.1 . 81 +.1 ' -w. 5.03
1) %0 w 4 63%% 02 W w20 |
4.39 + .08 The parenthesis around IfYes 3.08Gnd"3.00 fidicate that they are separate and\ifstinct fifed, but
.07 are often superiniposedSTheselealues ware determined by standard techniqusV.Thé daddtiorBw8the
.05 K-alphe d@blet of copper, and a diffractometer equipped @ith a_sgintiilation counter {(or a geiger

' ter ter):a stoip reco a h  hei |, the positions
W’ The t par egf %Eﬁéﬂ:ﬁiﬁsﬁl th rtla,ﬁ%ie{;g thgr ga?ﬁg B:‘g'gy g\gﬁeﬁggr%ségg flgrau%ﬁ:e giﬁutéa‘gtoggge!r chart. From
Separat e an héte,' thé lelatild thtensitidsd! 100IA,, where |, is the intensity of the strongest line or peak, and d {(obs.),
' the interplanar spacing in A, corresponding to the recorded lines, were calculated. The intensity in Table
1 is expressed as follows: ' :

40

m = medium, w = weak and vs = very strong.

ZSM—11 is similar to ZSM—5 with the notable exception that whereas ZSM—5 contains a
doublet at about 10.1, 3.73, 3.00 and 2.01 A interplanar spacing, ZSM—11 shows a singlet at these
45 values. This means that the crystal class of ZSM—11 is different from that of the other zeolites.
ZSM—11 is tetragonal whereas ZSM—>5 tends to be orthorhombic.
The sodium form as well as other cationic forms reveal substantially the same pattern with minor
shifts in interplanar spacing and variation of relative intensity.
Other minor variations can occur depending on the silicon to aluminum mole ratio of the particu-
50 lar sample as well as on its degree of thermal treatment. ‘
' Highly siliceous ZSM—12 is more particularly described in U.S. Patent Applications, Serial Nos.
003,146 and 003,144. . .
In U.S. Application Ser. No. 003,146, filed January 15, 1979, a highly siliceous ZSM—12
composition in its calcined form can be identified, in terms of moles of oxides per 100 moles of silica as
55 follows: . :

(0—10IM,,,0 : (0—0.5)Al,0, : 100 SiO,

wherein M is at least one cation having a valence n, and is further characterized by the X-ray diffraction
- 80 pattern of ZSM—12, as shown in Table 2 herein.
In the as-synthesized form, this highly siliceous ZSM—12 has the formula, on a water-free basis,
in terms of moles of oxides per 100 moles of silica, as foliows:

(0—10IR,0 : (0—10)M,,,0 : (0—0.5}AL,0, : (100} SiO,
65




are often superinposed. These val ues weére determ ned by standard techni que.
The radi ati on was the K-al pha doubl et of copper, and a diffractoneter f?
equi pped with a seintillation counter (or a geiger 35 counter spectroneter)
and a strip chart pen recorder can be sed Tt[}.g peak heights, 1, and the
positions as a function of 2 theta, wh r%”(ﬁg s the Bragg angle, were .
read fr.om t heneleinfR,06 inéRi@éth Bardvitivelof abibMeR QT Glolie Ve, &gk P/ As,i Ib) §rBiablly GiSor P,
[err]vmheren{oerpr ferablthEanthsm;nal liof akhmese’antlongmt line or peak, and d
(obs. )Y the |nt ey fmws'lggg)@ g F?gﬁwmf dfgm? dggaté%ge;;gﬁgg‘i;gé;g;g%%ﬁ of
wer e cal cula

medium w = \%erg ,evrg °_—s ovéjrwes "'"ﬂ w,gé'é i:"% & simlar to ZSM5 with the
not abl e exception that V\hereamsAZMﬁ conBROAB a dowrhtRERRa:b about 10. 1, :
3.73, 3.00 and 2.01 A interplanar spaci n% ZSMFT 1T Shows a singlet at these
45 val ues. This means that th#0 #RPst al =cR488%0f zSHa23 is different from
that of the other zeolites 1 is_t al S ZSM5 tends to be
ort horhonbi c. The sodi um foréﬁél\l%s/&’v?el I as%té{ ﬁg%ncat pgﬁtl[)gqforns reveal
substantially the same pattermoy,0h ni roBOEdd S | Noo RL4oOp! anar spaci ng and
variation of relative intensity. Qher m nor var| ations can occur dependl ng

on the sil fscgEe’ﬂB Rq&’ ?Eﬁg ?ﬁ?g%‘ ?:% iteyrag th E‘E ':_lg t%}%@t Pé?’j?g er%?ﬂ:e
as on its de ) e%‘ |
particul arl yanjmﬁm ;)jéi &:cUsSs a i catl orclfs Ser | 2 03 14 (g'nyd
003, 144. In U S.in IAp@MatmmSQelNo uml4)©3u,|e]ﬂ4.ﬁapuérvI15d19m)mahnyhl\15uaceb9§2$Ma—12
highly sil Pq:e@wsmsMnitz achyrfeasform ean Reriddntifiedcip terna etimeles afodides Ase QQraeied dfisiien,
in terms of ADMUEWHf oxi des per 100 noles of silica as 55 follows: [err]
wherein Mis at |east one gaLgeN HA4idD. A, BN R0, RNBoisip,f ur t her
characterized by the X—rayﬁgl f)fréc?(l\é,on §o(%att rﬁz)of ESM 12,¥ as shown in
Tabl e 2 hessinthe H@hvudaedatatﬁy«herhuesﬁl Badlebniong cdtibn bavirigghlalenei f, rafeeu-s-42$\71-—10—2-5
has the formﬁ; ‘aoxﬁ/?l"él'&ff’ﬁ@éc %ﬁteslzeqwtt‘%?(ﬁ%\f%ﬁm n @attayp ofZGMied2.

ble §

0 d no {
e o o Re i Teena m e edien s R e Sine
ZSM 12 can bgthg,r@,pﬁrbg al;é?r{p,aa”q, cL Xture containi ng a sour

silica, R2& an Talskaghiy m&@k zem—dfz caa tg préiﬁtiuumn ARk &lon afictuld Gomdidiag a source of
al um na, andsificavRi8y aed aiipostaltaxde, 4.gv sbditrer aenrarhiumpdr dron aemping fwatedi ahgie added
falling wit helHmingcand Having 4 qqg‘nppgy@qnolg terREAthlos of oxidespfathipgywithin the followmg ratios:
PREFERRED [err] 15 wherein Absart St OF M OhpidrRpiet r aet hyl
derivativessof an el enent of : and Mis alkali
or alkaline earth metal and rsdgm,0i ni ng 2heson xt ur @ w23 cryst al lization
tenperature until crystals of the ZSM12 are formed. As nentioned above, no
alumina i s added. The only alNW¥%8m pres@Pito89cur sOd$024 i npuri ty. In US.
Appli catiog, Ser. No. 003, 144, If?ifd January 15, 1979, a highly siliceous

ZSM 12 20 conposition inits a:é wH,ous=f oloAe o beoiodesdpsfied, in terns of

nol es of oxides per 100 noles o silica as fol | ows: [err]
_ H,0/R,0 = 80to 500 100 to 400

45 wherein R,0 is the oxide form of an organic compound of an element of Group VB of the Periodic Chart
and can be an orgarnic compound containing at least one ethyl group and M is alkali or alkaline earth
metal and maintaining the mixture at crystallization temperature until crystals of the ZSM—12 are
formed. As mentioned above, no alumina is added. The only aluminum present occurs as an impurity. .
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25 iprthe dehydrated state, wherein Mis at |east one cation having a
val efite n, "a" = 0-4, "b" = 0-5, "¢" = 0.001-0.5 and is further
characterized by ,the X-ray diffraction pattern of ZSM 12, as shown in Tabl
2 herei The chromium and iron need no 031645 ur as [err] but are so
cal cul d in the fornula. However, "a" anglagug"2 cannot both be equal to O
atltbe fsame time.. Wien one i s zerCHARADTERISTHE LINEBSAF Z8M-git@ater than the

val uesof "c". 30 - This highly siliceous ZSM1 2 can be prepared from a
react™6n m xture containing g%%ﬁf‘%ﬁpﬂ‘f‘"g@ Aca Rﬁﬂ?‘%ﬂkﬁﬂﬁ_{g_&ari met al -

oxi de, e.g.%sodium a chronm um o444y, conmpound, watery, and no added

al umi na, and having a conposition, in terms of nole ratios of oxides,

falling within the foll éwi ng ratit@$+ GREACTANTS BROAD

PREFERRED 35 | [err] 50 55 60 65 6

0031 675 TABLE .2 CHARACTERI STI C HRESLF zsm 12 I nterplanar Spacing D (A)
Rel ative Intensity 5 11.9+0.2 429 +0.08 m 0.1 +0.2

m 30” 4776 +0.1 ' w. 4.29 +
0.08 - | vS. 3.98 3.99(0808 m m 3.87 + 0.07
vs. '3,49 + @507 . . 3.38
+0. 07 m 3. 203@\9’6.‘%% Y$ w 3.05 + 0.05
w. 25 2.54 + 0.03 3.49 sWoAhese val ues wege determ ned by

standard techni ques. The radiation was the K-al pha doubl et of copper and a
di ffract oneter equi pped with a s8BAtH9.9&ati on counter and a strip chart pen
recorder was 30 used. The peak hsi ht(g |, and the positions as a function
of 2 theta, where theta is the B &8& ?l%l e, were read fromthe
di ffir act onet er char_t . From theseggobhm.osl ative intensiwies, [err] where
[err] is thesintensity of the strongest line or peak, and d(obs.), the
rpl anar spacing in A correspdAdi®@8to the recorde lines, were
estijmated. In Table 2, the relative,intensities.are-di ' [
_ . ese valu re determinéd by standsarut egmi A€ TR ;\églgthr;&vﬁﬁm-ag a &J&Sn t of
ol S m= ma(Q)'pH a g\’aaimgﬁ}aqmﬁpeﬁ with & sé&tﬁl&lﬁq-coﬁr{te_ 84! sEHpaM PER Feedr@étCvas
that} this X'JbaUseQi.!'lfh_g p84ki HefyRtsPRBAETHE pdSitidnS aé B Alirt6iéredfi 25thb, Wierdithltalid) the Bpsggiaagle,
M1 2 conpesiréadGs thd ditfraathietamchat. frons theed, theaslatelimensitiag.i (OQilL, vberer, is the
revelal subst aninteasity\of thecstrongest iator eeak. andidiobsdthe iFteRianag sparing in A cpiRses Ing F"Ie
spac| ng and vaiErBadlines, frer s e, e e ndETa050E chas ek boy Rbrdoioh pattern
-dependjsn coadditacs| ehs oF Hkh L1t i ] R fter
. s/ cfdiactelisticidf 'all tHedpdcids B ZBM-LYFcoMpdsitioAs. Tie fBlium i mldWell Blothér cationic
sanp] e, as vel formsretdabsuBQgitRtly Bb sifiepatiain withadmaitior skifty/ia iraérbladan spasing efid Yariation
ment i onedinselbhieaneresity. dtisae minpe dariatioriy cah ootpndepengingen tisegilicongesalurgogn mely; ratio
of the particular sample, as well as its degree of thermal treatment. .
Crystallization of the aforementioned substances described in U.S. Application Ser. Nos. 003,143;
40 003,145: 003,146; and 003,144 can be generally carried out at either static or stirred conditions.
Static conditions can be achieved using polypropylene jars at about 100°C or teflon-lined stainless steel
i autoclaves at about 160°C. Static conditions can also be. carried out under pressure in a static bomb
reactor. The total useful range of temperatures is about 80°C to about 180°C for about 6 hours to 150
days. Thereafter, the zeolites are separated from the liquid and recovered. The composition can be
45 prepared utilizing materials which supply the appropriate oxides. Depending on the particular zeolite
formulation desired, reaction mixtures can include sodium, silicate, silica hydrosol, silica gel, silicic acid,
sodium hydroxide, chromic potassium sulfate, or ferric ammonium sulfate. The organic compounds can
include any element of Group VB such as nitrogen, phosphorus, arsenic, antimony, or bismuth, prefer-
ably nitrogen or phosphorous. However, in the case of Application Ser. No. 003,146, the organic
so compounds include the tetraethyl derivatives of Group VB elements.
The preferred compounds are quaternary compounds generally expressed by the following

formula:
R +
5 R—-I_L—R or R,L*
B
60

wherein “L” is an element of Group-B of the Periodic Chart, preferably nitrogen, and each “R”
is an alkyl or aryl group having between 1 and 7 {preferably between 2 and 5) carbon atoms. It may
be preferable in some formulations that at least one “R” group be an ethyl group or a butyl group.

Normally each alkyl or aryl group will be the same, however, it is not necessary that each

ss group have the same number of carbon atoms in the chain. The oxide of the quaternary compound is
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40 003} 145; 003, 146; and 003, 144 can be generally carried out at either /
sfatic or stirred conditions. Static conditions can be achieved using ) r
pol ypropyl ene jars at about 1000C or teflon-lined stainless steel N
aut ocl aves at’ about 160 [err]. St aticcﬁarsc#]é;gns can al so be carried out
under pressure in a static bonb react otal useful range of
t enper at ur esgdngrafP Alpblicdby] iRtrdducih® ined) Mdtreakih MBdurd afcoinpasipnisudh d30té Sthathl (&0
days. “Thereafetretrqtyltalseheeaﬂelmasbqirredrss pacie@ildﬁrqbrmet Hesirbd yBistbrent "F 9@9%@9@*).
The . cdrfposi tﬁ@woeam;w'esah P@ﬁ'a?n SUgﬁ prf tyl o4y dfwr'ﬁ'eq) u |umc grfg:
appropr i at ¢ .sgaﬁﬂé’uﬁaﬂy@%ﬁé o g aﬁﬁ. # bt i &“@%%E

r

e. The other
desired, re A &b wwb&m dim s 86 ams fe s§rh QA0 the
silica gel, sind Maripubivélproseaid teLHﬁbshiyldih@)éhdiﬁar Geéupove meqaoroasmgum Issﬁcmartbe reatized
ferri c amonihamhs gtidextan be Fippligs frpaminere thamo oliSCECBN réagtign iisturerpan be efﬂﬁ‘i'td gither
Group VB suchateluvise qr 19 ° H‘b 'EFsa" ?’ t,'%“a‘i‘ﬁ“? 6"*%‘?‘?% jtigp will vary
prefer - abl'y™ ”’ﬁ’@"q"’ﬁ T as 'é TGy o B 5 Bro 0 ot b e
Ser . fe p%ﬁht@ uﬁ&mld du% s%ﬁrpﬁhea &ﬁd’o&ﬁi Enatacterized by the
deri vat i ves cti‘rm@a MRV&Meer Rf 8nd R ute pelexkenl frontlalieg nubdtinded alky anyasuistinaddyaryl,

conmpounds gemstoalkvlysue;@wﬂe%@e'dal ko andhydfogeér aMrL Wtdﬁf upViB] 8"6@°°Wm;°ﬂe¢ of the

L Loun, B G e ol SR ér;.b:* ot sl it

and 23ch 'R gy 3{?&? Hbicdh L hindra i ‘béSﬁu@ﬁ qnﬁpe i erne 828 Yne

between 2 antha L&@J QO@JM,O dmings or PRospHifeseit ;ﬁmlan SRBMRakyQsr iy wwsn as

that at | eastiaoimes uRholgraddlporbaf @ RgX.hyl group or a butyl group Norrrall

epch al kyl 2&r arZgplitgperppr avm lIs f*!fé"étt?ilbbvstaﬁefesmmf/@r'easfPOPE ?fe’ 01%'

that each 65 ag?al it ef escnbe in U r?ceadtro ggésr %ﬁzoﬁﬁ‘ il Jgatfr:%a 6% Htéct)-
i de of the quajqyng 36 SRS A. S tefms of ﬁ yAIBRES YerS of |ca as

Nt roduci ng isdllo@st he reactlon mxture a conposition such as t he tetraethyl
pr tetrabdtyl as the case may be) droxi de or chloride of the desired VB

ement. |In preparing an @m‘?oh'r-uﬂﬁgp 1oe55IM@ * Ortg M ¢Os¢ (198} BCut ed

Nl ori de, brogidg, MO &bYedkiO8he AhridrSnading fal é n FINPRE ¢ NG L BB RE QR4 Hilkng at
heci es Of t NgasZ 8 hiiffe %féhé.ﬁebkyfha? g 375,';,5' {Ledin a&&hs‘osg%%es g%)’pﬁ%‘ied by the
hosphoni ume cdidtioctivel X-ray digfraotidri panernarrsl ghoﬁesn Tadd 8 bakwa neans of

ncor porating th# i ua@%n'n@r aGo m;rhdehet'h@ezm’moweon Thrtaios hetrahedrenérnmswm

gggr \e/(? th%%{e’?ﬂom FI’!:) atro 3&; %}:igﬂﬂgié Hro 0!1’;! h ? ?@ ’ﬁgd form.
?%mhou e rea | Z t (E\e

C
pt al for astrogen at the o can ‘suppl i ed
om nore than one source. The reaction rmABLEBe can be prepared either

At chwi se or continuously. Crystal size and ¢ gstal |ization tinme of the
pol ite conposition will vary™ 16”%‘%‘#@'5@'%&'{“& OFASM1E8 eaction mixture

pl oyed awgl the crystallization cogndition ernary conpounds need
bt be used as such. They may be g Feiedliind he addition of the
bpropri ate precursors. These precursors conprise a conpound characterized
) the formula [err] where [err] ahd9[err] areWse} ected from al kyl ,
ubsti t ut egs al kyl, aryl, substltutﬁg aryl, cyclﬁflkyl substituted

cl oal kyl and hydrogen and L is an elenent of oup VB and a conpound of
e 15 fornula RAL where R4 is al kyla, substituted al kyl, cycloal kyl,
hbstituted cycl oal kyl, aryl and substituted aryl and L is an
ectroneggfive group. According t 89 speci al eWbodi nent, the nethod of the
col ite preparation can be practicgd using the npound [err] al one. Thus,
n specific enbodi nents one may use as the source of R20, am nes or

nosphi nes either primry, secondasy® or tertiarysas well as diam nes

t hout addition_of any [err 0 Zeollte reparatlon I S faC|I|tated

e presenfe of ETFS (5']6 5 i?r e 'i?'q‘feé é; iggion Keglpha doyhle té’f

&@
p a I ion cou tri pen re s used The peak
eferably athe?géésl %og @gs s’ 9/1% &vé th \ﬁ é@ angle were read
ectr Ashah SFrél Qﬁd'sé relalﬂvéJn nsitgaph 0(53 |vGH%r € Is-thé\Atensity of

!ystal i ne poad
3,142, fil ek sl@nmt lineld?, pediQ @8d d (obs.), the interplaner spacmg in A, correspondmg to the recorded
60 lines, were calculated. In Table 3 the relative intensities are given in terms of the symbols W = weak,
VS = very strong and W—S = weak-to-strong. lon exchange of the sodium ion with cations reveals
substantially the same pattern with some minor shifts in interplanar spacing and variation in relative
intensity. Other minor variations can occur depending on the silica to alumina mole ratio of the particu-
lar sample, as well as if it has been subjected to thermal treatment.
Highly siliceous ZSM—48 can be prepared from a reactron mixture contammg a source of srlrca
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n be identified, in terns of nbles ‘of anhydrous oxides per 100

silica as foIIows 25 [err] wherein Mis at | east one cation

having® valence n, RNis a [err] organic conpound having at |east one
i ne ctioral group of [err] and whe® @31 6%8 conposition is:

characi:®Fi zedpRan i 3 edl bxidld, B! doliGm Sink Whtef at'n{l hétfilg d PrRBLd rﬂt@rﬁ.s%mm rstfas of

% Del OWoxidds, fafing Qamig the \&.hgitang&art I'cul arl y e’ conposi t
cont {_l_; tetrahedral, franework aI um num a fractlon of the am ne

fun groups may eS¢ HMtona in

con ‘onalf notati on, be (RNH) 20 S eqw val stoi chionetry
to + H20. The X-rayz J#cgractlon pattgggogf ZSM 48 ﬁ)géoltoﬂe fol |l ow ng

si gnji ant lines: 35NeAbE 3 CHARACTERDSI2C LI I NES C]:OZSM'14)8 40

d Rel ati ve Inten3|ty 11.9 WS 45

10. 10 w 7 RSO, W=9-4f to 2.0 0.031tg 404, 2

VS Varaio These vald&ggz\gere deter@gsq by standard

tec m gues. The radi aﬁfn Was the K-al pha ubl et of copper, and a

t| | I ati on counter rﬁws&nrorret er wthkiwtodop chart pemeov@®corder was
usedss The p®wak heights and the p05|t|ons as a function of 2 tines
theta, where theta is " %”B‘?@g% angle =PO% ead from ©Oe09Bect ronet er

.Char L. ) From t fein IN]E r@_gi 'M’ an'i(mo ntd'hgﬁéé)@e Eu% Jnal %f I?%l aHd%anrnﬁning
Intensity of  tREmBiurd RORAL280°CunaN ¢ fa3Sr d H N18dded i€ tridle8 388 added in
spacing in #; exass efsthe naies gf hyairdxide addsdoindeidulfihglH #iakipd)\wed OHoalues kiatteth acid(H+)
Tablke 3 the re’PO&{devéOth rltvérnerpmuers vaheéveg fmenr ¢q¢rctmtq¢sar@falwew& @/nige \nydrochloride
p VS = Ver;g:ied I}I?he ly ﬁ nu eang/e\g ccu g:ﬁ im lghlvoﬁqlcgggl@Mﬁ é‘°§B‘ﬂ]"lj‘rﬁ
ionjwi th cations ggy rv%'t'ah Lt‘;'g'ﬂ? @33 oﬁlﬁ@nc@ s%tut ﬂiﬂ:t&ﬁab@o:sé?m?: bBInB Pdactor, at -
fs in ipdesopb awvrc $w&&gmaaﬁ}stwaateab¢aaaed fronk thie AGicy ghdirétlo@diéd. The cofmbbiition can
m nqr vari ati @nsvrerpaned otilzing nuhtquigs aNhi sm'vttheamrdnncva O'aude §hem¢omrmomns mctytie sodiim

t he Jparti cu- Fa‘S' é‘Ydfa@' vatlice ggls sif 'GFC ?‘t'd éh'? |RN is a
tredtment. 65 sm 2% ClLEC é?%gﬁif% rgga}% “;5 .‘;Z?.Zt‘:é‘
m Xtjur e conbﬁlpwr @ore Al fserasb, dd] doryam.nes o A

OXi gé, e.g. sodi umeang thaspatific ‘endtel awcﬂ@dawﬁmmaﬁai’édl iffthe ;bré’sah&l’df&:rgifuc rmioas are

rati os of oxi desuitable|fri ysg hajeinh; lpPﬁStblvebefce}ISP Gbﬂ rlivga*rcafﬁ rgltine fred-SET\l§T& cupied by organic

cations from t

B Bejutien. Su N gnage eutt@mb\blh d" an inert
Corfouns oy BETE T O R AT o S B e

m xgure at 80- Edlutélip bisentfal YoSiha lidrm@tio p&rzéb )of |ﬂﬁas tiofs

aci ¢-added i n ddes appea sofadir trteh@rmathdrezf mafw Myldbane(ofalﬁs spddaidlasslaﬁzaaadedubrauenegmy itis
'‘H+( qdded) and depirablgitqestivate this tynerzee hanaewu'd@smmrh saityén"ewﬂmcwe«naﬂon in
whe

r r Ir ut
. her fre (ﬂ aéqu?‘%ggigﬁ%érﬂ\aéy@g’mﬁ es beg“ﬁven d to hlsg eg?sgg a? us a%tly\?y %isg
mi x{ure of ama ent arigh) SteantHa) Shuraind HtEAIn ahd rasivh
no @l um na i s camBiastiond hRateral yhuﬁlrdmwnumr@a"yese@a t&@ﬁﬂrlﬁcltﬁﬂ‘i Rtietta] blewstgrite, stilbite,
dachiardite, epistilbite, heulandite, and clinoptilolite.

In a preferred aspect, the zeolites hereof are selected as those having a crystal framework densnty

45 in the dry hyrogen form, of not less than about 1.6 grams per cubic centimeter.
Crystal framework densities of some typical zeolites, including some which are not within the
- purview of this description, are: :
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Prefetably, *crystallization is carried out under pressure in an autoclave
static bonb reactor, at 25 80 to 250[err] Thereafter, the crystals are
separated fromthe liquid and recovered. The conposition can be prepared .
utilizing materials which supply the %J?&qu*gte oxi de. Such conpositions
I nclude sodiumsilicate, silica hydrosol, Ica gel, silicic acid, RN,
sodi ym hydroxi de, sodium chloride, etcVoRN is a [ef®Meweani c conpound
cont @ning at | east one anine functi ond®J¥oup of 'E’EELLﬁnd i ncl udes such
conpowhds as [err] pg'rgg,{tg, secondary, ggulciertiary.zggpes, cyclic am nes,
such as pigperidine, pyrrol i done and pi perazi ne, and pol yam nes such as
[err] wherein n is 4Modentdany of the spefi fic zeol 1f7es descri bed, when

prepared in the presence of organic catigns, are uqélditabl e for use herein,

"possi bly because theZ®Mrr2-ctystal line ke space ¥ occupi ed by organic
cations fromthe fornggga ol ution. Such _zeolites ngyg be made suitable by
heating in an inert atnosphere at 540 [err] for one hour, for exanple,

fol |l oned by base exclz&Mge2avi th amoni um-salts 35 f &0 owed by cal ci nati on at

540 [err] in air. The Eées_ence of organig cations i1n/. the form ng solution
may not be, absol utel;';’a ¥dftial to the fTmation of'?hi s type zeolite;
however , t'Re presencg of these cations dges appear 1tg@ favor the formation
of many nenbers of - this special class of zeolite. Mre generally, it is
desirabl e to acti vat €liedptibliteype zeolite -3y base exdWdnge with amoni um
salts foll owed by calci nat.{on In air at %Pout 5400q7f7or from about 15

m nutes t about 24 KBUPL ™0 Nat ural zeolites ‘may sonetines be
converted to this typemzeplonedady variougs activati amsprocedures and ot her
t:reatments such as base exchange, steam ng, alum na extraction and = .
al ci nation, al one oMejlanditanbi nati ons. N8 ural mind8® s which may be so
tireated in¥l ude ferrierite, brewsterite, ,stilbite, ,dgchiardite,
pistilbite, heulandite, and clinoptilolite. In a preferred aspect, the
Zleol ites hereof are st#igd ed as those hasgong a crystssl franework density,
5in the dry hyrogen form of not |ess than about 1.6 grans per cubic

entineterse Crystal f-pehdwork densities # sone tyd'r%al zeolites, including

some which are not wighin the purview of 34 his descriggtion, are: 50 55 60 9

031 675 Void Framewor k Vol une Density Ferrierite
.28 ccl/cc 1. 7@&ngeliciee 5 Mordenite .44 146 .28 1.7
SM 5, -11ss .29 1.79 10 - ZSM12 '
-1 1. 8 Chaliites 47 1.45 2.0
Dachi ardite A .32 5 1.72 15 L1 3 '
.32 1.61 Cinoptilolite .34 1.71 20

Launont i t eg
.38

45

50

55

&5

Y .34 481.77 ZSMIL7 Onega)
1. 65 Heul andite . L . 39 f'LGg -

One embodiment of this invention resides in the use of a porous matrix fogether with highly
siliceous zeolites of this invention. The highly siliceous zeolites can be combined, dispersed or
otherwise intimately admixed with a porous matrix in such proportions that the resulting product
contains from 1% to 95% by weight, and preferably from 20 to 80% by weight, of the highly siliceous
zeolite in the final composite. : ]

The term “porous matrix” includes inorganic compositions with which the highly siliceous zeolites
can be combined, dispersed or otherwise intimately admixed, wherein the matrix may be active or
inactive. it is to be understood that the porosity of the compositions employed as a matrix can either be
inherent in the particular material or it can be introduced by mechanical or chemical means.
Representative matrices which can be employed include metals and alloys thereof, sintered metals and
sintered glass, asbestos, silicon carbide aggregates, pumice, firebrick, diatomaceous ‘earths, and
inorganic oxides. Inorganic compositions especially those of a siliceous nature are prefer_red. Of these
matrices, inorganic oxides such as clay, chemically treated clay, silica, silica-alumina, etc. are
particularly preferred because of their superior porosity, attrition resistance and stabi_lity. )

The compositing of the highly siliceous zeolites of this invention with an inorganic 9x|de_can be
achieved by several methods wherein the highly siliceous zeolites are reduced to a par.tlcle size le.ss
than 40 microns, preferably less than 10 microns, and intimately admixed with an inorgamc.ozude Whl!e
the latter is in a hydrous state such as in the form of hydrosol, hydrogel, wet gelatinous precipitate, or in
a dried state, or a mixture thereof. Thus, finely divided highly siliceous zeolites can be rnixgd directly
with a siliceous gel formed by hydrolyzing a basic solution of alkali metal silicate with an .amd sgch as
hydrochloric, sulfuric, acetic, etc. The mixing of the three components can be accomplished in any
desired manner, such as in a ball miil or other types of mills. The highly siliceous zeolite; also may be
dispersed in a hydrosol obtained by reacting an alkali metal silicate with an acid or alkaline coagul.ant.
The hydrosol is then permitted to set in mass to a hydrogel which is thereafter dried and broken into
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.41 ‘ '~ 1.57 Offretite (K)
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:-'oni_te . _ . 35 1.51 Grelinite -
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d ti I ay drying techmques or dispér8ed through a nozzle
1.2f Gne em@&fﬁ%’éﬁes"ﬁ B R bbb @GipoRting rediUm toLbeairoépheroidelfychepedibeadi

toge \egr Wi t hpa acuhwca&wsi fuelD Bsdes@ibbd lness (?htethNQs 2Lw&+§+ Wﬂ s"'qq?és gAl {jﬁ 9”‘5'"3" is
si | us Zeo#asbegisfrqyaﬁ sblgblg @ﬁltﬂ andthereg

ht of - thﬂ‘u Mfaﬁal éuuﬁﬁnemamzaealetct R annantdnet éuffnaht'to mpodumeumMérop@\mwg'e
poF dus mat r ivpon |dn,®49utke®nvmugarahcmmererugtﬂvcﬁ'igewstzﬁO\m By
si If ceous zaecﬂrglpmlel@éggnm%wtﬂbﬁtﬁ Inigay fs lﬂf@ﬁ@mavqs?“bf‘w'é?qﬂ g% w?tﬁf@atm Bprycipitate or
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In a like manner, t I ghly siliceous zeol i tes may be incorporated with an
al um ni f er ous oxu;ieid SSuttdn gel s and hydrous oxides are well known in the art
and nay be ﬁ?epared for e asraol e by addi ng ammoni um hydr oxi de, ammoni um
carbonate, etc. t éﬁ(st fcdl um num such as al umi num chl oride; al um num
sul fate, alum nunbgg as e, p@kgeted Brgadicsamount sufficient to form al um num
hydifoxi de which, 0.16 parts H,0
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|trogen

Additional Solids

0.14 parts NaCl
60 Additional Liquid

0.029 parts H,0

Procedure )
65 The silicate solution and acid solutlon were mixed in a mixing nozzle to form a gel which was
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pgn drying, is converted to alumina. The highly siliceous zeolites may
'ECorborated with the 10 alumniferous oxide while the latter is in the
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ill 1ite, chl ofPVeS obthe therpygbly wrshed svstaliineinsdyct ific| ude powders of ref raf:t ory
xi des, such as alum na, al pha alumn tc., havi ry | ow internal pore
ol une. Preferably, these materials hg‘éevﬁ'substant i%—ﬁ?}p i nher ent
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he follow ng exanples wil'l sefve to i Tlstrate t%8% nvention. It is to be
nderstoodst hat these exanpleg are merghy illustrgghve and are not to be
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whi ch was

ratios expressed as oxides are the following:

Si0,/AL,0, — 82
Na,0/Al,0, — 52 _
45

The mixture was heated to about 95—110°C. When more than 65% of the gel was crystallized,
the temperature was increased to 150—170°C and held there until crystallization was complete.
Unreacted organics were removed by flashing and the contents cooled.

The zeolite was washed by decantation and dried. The dried zeolite was then mixed with alumina
and water. It was extruded into 1/16" pellets and dried. The extruded material contained 65 parts
ZSM—S5 per 35 parts alumina. :

The dried extrudate was calcined for three hours at 538°C in flowing nitrogen. After cooling, the
extrudate was.contacted with an ammonium nitrate exchange solution (about 0.4 Ib. NH,NO,/Ib.
extrudate) for one hour at ambient temperature. This exchange was repeated until the sodium level was -

55 less than 0.05 wt.%. After this exchange, the extrudate was washed, dried and calcined in flowing air at
538°C for three hours. - ’

50

Examples 3 to 5

In Examples 3 to 5, conventional HZSM—5 catalyst in extrudate form with a silica to alumina
mole ratio of about 70 to 1 prepared according to Example 2 was employed. The chargestock was a
propylene-butylene mixture of the following composition: 57/43 olefin blend of propylene/butylene.

The olefinic feedstock was contacted with 2.65 grams of the conventional HZSM—5 catalystina
5/16" stainless steel reactor at atmospheric pressure with a WHSV of about 2. .

It was necessary to start at a low temperature {(about 450°F [233°C]) with this catalyst to avoid
excessive aromatic formation (with resulting low volume yield). At this temperature the liquid product

&0
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eV| ously added. The gel was whipped by agitation and 0.14 parts Na
ed and thoroughly bl ended. The autocl ave was seal ed and heated to
agitation at 90 rpm and hel @031 6253 hours until

ation was co Iete The contents of the aut ocI ave were
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1 675 discharged into an autoclave to which 0.029 parts water ha@

;- at 1000°( Bl BeH Bhusl Z0M-E5 GO RBORS nbisGRy &Jhaka%»lw%tﬁelagwa%e
(5 gr t's NiblNEBe 3@|cabueatignial m-t—szeoénl ihizipl tsmbera:uhcmraban 520t 288°Q)colFidrcabersion

Iri ed. Exwaphigh,araatie cantentrniow (IesaIkarm 1 cmnsmlt ercent) anid gasaling ptpsluqtcprqnlewm ware
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par 4s sodi ygn aé rﬁﬁéted (k& odtarid nueby .ewtf]. Iy yc MHA-50§ tHoe thigher

pre@ared by nhwhheg 0. 30 parts MEK, 0.18 parts tri-n-propylamne 35 and 0. 15
pargs n-propyl bronide per part water. Th A I Xjure was reacted at about
100¢ 1 10C fr 17 hours. An acid solution was prepared by m xing 1ﬁ,gﬂ,|ygﬁgeg§s
t he organic solution with 2.4 parts water and 6.0 parts ice fohismesd

prt alumna sulfate (1 7.2 w. % [ConvehtiohafHBSMs—8ul furic acid [ eE

H2P4) and 1.3 parts NaCl. 40 Thetadatotitht | ons were mixed in aﬁ"%@ at ed
vesgel and 4.1 parts NaC were added© 3E,'er-ﬁ‘)/'rml ar rati os expr es 2

oxifles are the following: [err] [err] 45 The m xture was heated to about
110 [err].eMprRNgDre than 65% of the gel was grystallized, the 6

t enfper at ure wes—nereased to 150- [err] and held there until crystallization

2’2‘2}23”"#& . Um?@%@vam ﬁQhCEy“ﬁéﬁaé? Yﬁﬁf*iﬁ(&%}?.ﬁhwﬁgﬂdﬁT‘ia@%%ﬁ?iZ

[er*] |nfl6 nitrogen. After cogling, the xtrudate sconta ed wth
. an Jamoni um m‘frarf'e't"ex%hange sol uti gn (about 634 | b. [erg? extrudE e) for
“hour at aodvesbn Wamperature. This exchange was repeated until the
;umlevel was 55 less than 0.05 w.% After this exchange, the extrudate
‘washed,“dri efroaMenecal ci ned in fI4§vm ng air 58t 538 [efP] for thPfe hours.
enpl es 3to 5 Ip rrpl es 3 to 5, ,gonventi oggl HZSM 5 gat al yst |7§|
extrudate formwith a S|I|ca to alumna
‘s Yields, wt.%

C,+C, <0.1 <0.1 <0.1 <0.1

C,'s, Total 32.2 24.4 12.5 . 54

50 Propylene 318 24.1 12.1 47

Propane 0.4 0.3 .04 0.7

,  CisTota | 32.1 267 216 13.3

iso-butane 0.4 0.3 0.4 0.7

- Butylene 31.7 264 21.1 12.2
50 n-Butylehe - <0.1 <0.1 01 0.4
i C’s, Total 36 54 . 104 15.4
65 iso-Pentane: 0.2 0.3 0.2 0.8
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6Q gle ‘rati'o of about 70 to 1 prepared according to Exanpl e 2 was :
enpl oyed. The chargestock was a propyl ene-butyl ene mixture of the follo Q
conposition: 57/43 ol efin blend of propyl ene/butylene. The olefinic g
f eedstock was contacted with 2.65 gr ayp3qfeyhe conventional HZSM 5 cat al<st g\
in a 5/16" stainless steel reactor at atnospheric pressure with a WHSV of .
about 2. It was necessary to start afABLE 4ifantimyedr at ure (about 450 [err]
[233Jerr] with this catalyst to avoid 65 excessive aromatic forpmati.on
(withTesulting | ow vol une yi el d) coMentidHafHAsfpiRgr ature the | i quhégé‘h_ﬂﬁﬁ‘&‘ts

12 contai ned consi der abl e nat eEki@ldateaiithi Ng above the gasol i NexgB@&ith90%
B.P. 484 [err] As the catal yst coll@Au®,and the tenperature was siaised and
t he gasol i ne product becane accepPém/b. Results for Exanples 3 w©b1@04re
given in Table 4. 5 EXampte 61T
thi s exarpl examph®ocat al yst prepar ed3 according, to Exarrplse 1 was reeact ed in
accor dance w-th—the sane conditions® as used ih Examples 3 to 5 and with the
sanme feedstock as enployed in Exanples 3 to 5. The results for Exanple 6
are illustrated ReAtTble 4. In using@ hi gh si%#ceous ZBM5, it w3 not
necessar y1st o st gy, a l'ow tenpergture, as s the 10, case for

convent i onal ZSqI\/{%e.n?athe an initial <?'térrperat u?é\ﬁof abouto']540 [err]o'%l efin
conversi on wasC{tfi gh, aromatic consent | ow (4®ss than dgsgei ght pgggent) and
gasol i ne product properties were excellent (liquid product with 90% B. P. at
388 [err]aowcidlefmn oct ane nunber of 94 R+O . By conparison of Exanple 5
(convent i onBistribizgRAVE)% Wit h Exanple 6 (highly siliceous HZSM5), the

i npr ovenent atggﬂ'enggl e by use of the process, of the ingtant invention is.
readily is denonsStrated. The octand nunber ofitai ned usPng hi ghl y2siliceous
HZSM 5 i st hree-mdighey s hi gher thag that obggi ned usi pg convent jgnal

HZSM 5. This represents a substantial increase in octane nunber. TABLE 4 20

Hi ghly siliceolYethviBiemss Conventi o84l HzZSM 561 72 79Extrudat e
with Extrudate.w th.Si O2/ Al 203 of 70/1 : ' . [err] 25
Exanpl e Np. e“ 'e°°m\,‘\’,1i’§'6"°"' .3 4 5
-6 [err] 13 0031 675 TABLE 4 (Continued) Hi ghly Siliceous Conventi onal
HZSM 5 Paraffins, Total =~ HZSM 365 9 8 7
Extrudate with . Extrudate with [err] .
Si 02/ A12Q3 50 CI'8 s 10 6 T
' normal B 3 ' 1 1
Olefins - 77 88 - 89 93
40 Naphthenes _ 4 . 2 2 <1
Aromatics 3 1 1 <1
Liquid Product 90% -
P B.P. (D—2887) 484°F 434°F 411°F 388°F
Liquid Product ' : .
Octane Number (R+0) — — 91.3 94.3
50
Claims

1. An improved process for producing a gasoline fraction having no more than about 20 percent

§5 by weight of aromatics, said process comprising contacting a C,—C, olefin containing mixture with a

- catalyst comprising a zeolite having a silica to alumina mole ratio of at least 200 to 1 and a constraint

index in the approximate range of 1 to 12 at a temperature between 450°F (233°C) and 800°F

(427°C), an olefin partial pressure between 0.5 psia (4 k Pa) and 100 psia 689 (k Pa) and a WHSV
between 0.1 and 25, and recovering a gasoline fraction containing predominantly higher olefins.

60 SsM 2.42 process according to Claim 1 wherein said zeolite is ZSM—5, ZSM—11, ZSM—12 or
500 3. ?'process according to Claim 1 or Claim 2 wherein said silica to alumina mole ratio is at least
to 1. :

, 4. A process according to any breceding Claim wherein said silica to alumina mole ratio is 1000
65 to 1, = C
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contacting a [err] olefin containing mxture with a tatal yst"co¥#pri si ng
zeolite having a silica to alum na mMO®IREZS of at |least 200 to 1 and a
constraint index in the approximate range of 1 to 12 at a tenperature .
bet ween 450 [err] (233 [err] and 800['@138? 4 epptjnuedly ol efin partial pressure

han about 20 per cent 55 by wei gt of aromat i cs. s3IIMHAITINNS: v @LC
-~

bet v 0.5 psia (4 k Pa) and 100 psia 689 (k Pa) and a WHSV bet ickous
and , and recovering a gasoline ¢dnesrtiond) Hzsmt-a8 Nni ng pr edom nanyzgmhigher
ol efins. &0 2. A process accorEamdpté witltl ai m 1 wherei n- sai d zé&slrudae with

ZSM5, ZSM1 1, ZSM 12 or ZSM 48. S0/A.0 ocess according to O ai $iQ/A40,
Caim2 wherein said silica to al fFi’4 mole ratio is at |east 506 19N 4.
A process according to any preceding Caimwherein said silica to alum na
mole ratid ggmbb.65 to 1. 14 0Q31 675 5040 ainms 1. gAn inprovegd process
for produci rRg—a—gasoline fraction having no nore than about 20 percent 55
by wei ght of aromatics, said procegs conprising contacting a [err]_olefin
cont ai ni ng m xt (Rt h a catal yst c4orrpri Si né-"g zeol i t ¥-havi ng a%flica to
alum na mel e ratip,Rineat | east 20Qdp 1 and g fonstraing,index imghe
approximate range of 1 to 12 at a tenperature between [err] and [err]
Terr] an ol efifgpartial pressure Btween 0.533dsia (4 kKFR) and 18M9psi a 689
(k Pa) and -a WHSV between 0.1 and 25, and recovering a gasoline-fraction
cont ai ni ng Py@edm nantly higher olefins. 60 2. A process according to
Cd ai m 1 whePeiijution Wt%eolite is ZSM5, ZSM1 .1, ZSM12 or [err] 3. A
process accordi,qlgeng% Caiml or Agim2 wheregn said sigica to alymna nole
ratio is at |east 6 to1 4. A process according to-any preceding Caim
wherein sgi d sid-pentene® al umina nol3ratio is34000 65 ©56 1, 14 180031 675
5. A process according to any preceding Claimwherein said silica_ to

al um na nol e r Mgty Peteans | east 1408'to 1. 6.%h process-’%lccordi ng7?o any
precedi ng Coai @ Mekigh,n said silica to alunmina nole ratio is at |east 1600
to 1. 5 4 © 7.wA¥process according to any preceding O aimwhich is :
carried out at a tenperature between [err]. and [err] an olefin partial
pressure betwediraffingsios! (7 kPa) ant® 50 psia (845 kPa) aBd a WHSV Between
0.5 and 15. 8. A, grocess accor di ng,40 any pregeding C aipm whereingsaid
zeolite igg in the hydrogen form 9. A process according to any precedi ng

Cl ai m wherein theogasol i ne fracti ons has a resgarch ro og¢tane nunber with no
added | ead of 92 or above. 10. A process according to any preceding Caim
wherein said z&¥fte is incorporat®d in a nma®8i x. 89 93

£ Naphthenes 4 2 2 <1
Aromatics 3 ' 1 1 <1
Ligu:id Product 90% |
45 B8.P. (D—2887) ' 484°F 434°F 411°F - 388°F
L:quid Product
Octane Number {R+0) — — 91.3 94.3
56
Claims

1. An improved process for producing a gasoline fraction having no more than about 20 percent

55 by wveight of aromatics, said process comprising contacting a C,—C, olefin containing mixture with a

caialyst comprising a zeolite having 3 silica to alumina mole ratio of at least 200 to 1 and a constraint

index in the approximate range of 1 to 12 at a temperature between 450°F {233°C) and 800°F

14273C), an olefin partial pressure between 0.5 psia (4 k Pa) and 100 psia 689 (k Pa} and a WHSV
petagen 0.1 and 25, and recovering a gasoline fraction containing predominantly higher olefins.

60 .y 2. A process according to Claim 1 wherein said zeolite is ZSM—5, ZSM—11, ZSM—12 or
A—48,

500 3. A process according to Claim 1 or Claim 2 wherein said silica to alumina mole ratio is at least

to 1. .

4. A process according to any preceding Claim wherein said silica to alumina mole ratio is 1000
65 to 1. . '
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.'134 ',A brocess according to C aim 10 wherein the anmount of zeol ite in said @

mag¥ix is froml w.%to 95 wt.%of the total. 12. A process ‘according to

Cl g m 11 wherein the amount of zeolite is from20 wt.%to 80 wt.% of 15
thfto | . 13: A process according to paolrg d| ng C ai mwherein said

catzal is in the extrudate form 14. process according to any
preéceding daim \melpmcessseaocﬁm!i tehnypremdihg Clalmyhereir said sllicaaoraluping sk ratio is at least

pr @py{ ene and 'R {4 Ene. F%vendl cati ns 1, Procede anbliore our roduire
g T Mt on o o 08 ARG AR O frosad80 FIRITWRTSR AUF T ‘2 OMENER TRt R oot
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zeflite pr6sekitaiged aWVhiSibpgweemBbandd5de 25 silice A alum ne d'au nmoins 200

et _un i ndi ce 34 REATES ?z‘?cﬂ‘Fé'gd%ﬁg‘/ Pfac W zaplite g intha, hydrogen fefan.
?g%ai TP "eg%f"'éﬂe fraction fasia rgsepreh
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d' gssence renf er ManA pebeess aconiify te Cim Naniheretiate ah@int oiBolBe/PAELIH @ALrRSs frof 1 WA%

pr §cede sel ontd %5 Wé%@fdh%tﬁtﬂ'on 1, dans lequel ladite z6olite est ZSM 5,
ZSpr1 1, 30 Zg%ﬂ 12- B progaskpepgrding to Cjgim bE’B"d%'" theagpuptof Feolite fifommaq wiié 1o 89vydpof
reyehdi Cat ' On 1§aﬂirdc§&%kor& ﬁéj{otanp%%gﬁutg ﬁgihp\}vﬁcﬁelﬁlgalé h;zégse |ﬁn ‘%Jle%r[}(?ateeﬁa‘m
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pr écedent es, dmsptoeﬂerwl andduitleneapport nolaire de silice A alum ne est de

1000 A 1. 35 5. procede sel'on |'une quel conque des revendications.

pr écedent e? B?i‘f?é’d'f’%tfﬁﬁ‘él | edit rapport nolaire de silice a alumne est d' au
mogns 1400 a 1. G, pldbeddaRRASAEpaR bRAuile d.l.@@ra&laﬁh%@gaﬂme%eﬁt%%%m@&mmﬁm 20%
préc6dent es, enpsdd @queduits 8dmatiquas e blocsdsl dhdiRard@ nsdtiré GrEcoPtadt kHBIBNGRFénféimant.
ns 1600 A des OTeflnesnerpﬁpt§deveselh@ntalv5quneo wome eélittagéseataatndi remqr'nanqiawe de

cedent e® nléie e1é1Zé
oc e e Wv T S %ﬁﬂz R

HP entre 0, Séffes u rie es Un pr OC sel On Une que COl’lque

regendi cati ons precadendéds seldas rdverqm:ehod adddre lzgel iatliee esliteSastl ZSMa—5, aZINR—11,
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Patentanspriiche

1. Verbessertes Verfahren zur Erzeugung eine Benzinfraktion mit nicht mehr als etwa 20 Gew.-%
60 Aromaten, dadurch gekennzeichnet, daR man ein C,—C.-Olefin-enthaltendes Gemisch mit einem Ka-
talysator, der einen Zeolithen mit einem Sll|c1umdnox|d/Alum|n|umox1d Moalverhéltnis von wenigstens
200 zu 1 und einem Zwangsindex etwa im Bereich von 1 bis 12 enthéit, bei einer Temperatur zwischen
233°C {450°F) und 427°C (800°F), einem Olefin-Partialdruck zwischen 4 kPa (0,5 psia) und 689 kPa
{100 psia) und bei einem WHSV-Wert zwischen 0,1 und 25 in Berihrung bringt und eine Benzinfrak-

65 tion, die vorweigend héhere Olefine enthélt, gewinnt.
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