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invention is directed to a nethod of making a catal yst

sin an internedi ate pore size zeolite,
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20 |ncI ude ZSM 48, ZSM 57, SSZ-20,EU- |, EU 13,
Ferrierite, SUZ-4, theta-1, 21 NU- 10, NU 23,
Nu-87, 1Sl -1, | SIBACKBROEUND ®RF-THE2RVERIONS. Pat. No.
5,252,527 and 5,053,373 disclose a zeolite such as
SSZ- 24 32 which is prepared using an N-|ower
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vhintermesiaie mr@mqﬁ%ar seves surbdasLINHo
098647088 NSAPBIY 1 “O&EO sM@'sﬁ\ﬂ'ﬁ T?‘l%&%@h?#d}%a?\atéq%{b%-

can I nc net al’ cations, g.,
asmie&ilve@i@ua»(m@ id welbkabwn. @ﬂwﬂyﬂalcalszédmmsr usafyltinidewvaxing

e 252?852 f0. 5T T ranBenitio 00k theta: 1

NNU-8.NUL23, Nu-87,ISI-1, ISI-4,KZ-1,and KZ-2.

U.S. Pat. No. 5,252,527 and 5,053,373 disclose a zeolite such as SSZ-
32 which is prepared using an N-lower alkyl-N'-isopropyl-imidazolium cation
as a template. 5,053,373 discloses a silica to alumina ratio of greater than 20
to less than 40 and a constraint index, after calcination and in the hydrogen
form of 13 or greater. The zeolite of 5,252,527 is not restricted to a constraint
index of 13 or greater. 5,252,527 discloses loading zeolites with metals in
order to provide a hydrogenation- dehydrogenation function. Typical
replacing cations can include metal cations, e.g., rare earth, Group llA and
Group VIl metals, as well as their mixtures. Of the replacing metallic cations,
cations of metals such as rare earth, Mn, Ca, Mg, Zn, Cd, Pt, Pd, Ni, Co, Ti,
Al, Sn, Fe and Co are particularly preferred. A method for preparation of
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9 internediate pore size nol ecul ar sieve. One 17
enbodi nent of the S i I ording to

10 the foll ow ng steps: 2 TRE |q-ri:t(jﬁng 10 ring

11 nol ecul ar si eve havi ng one-di nensi onal 20 pores, said
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step( ¢) ;
17 em%(odiment of the catalyst is prepared according to the following steps:

18
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19 (a)  synthesizing 10 ring molecular sieve having one-dimensional
20 pores, said pores having a minor axis between about 4.2 A and
21 about 4.8 A and a major axis between about 5.0 A and about 7.0
22 A;

23

24 (b)  mixing said molecular sieve with a refractory inorganic oxide
25 carrier precursor and an aqueous solution to form a mixture;

26

27 (c) . extruding or forming the mixture from step (b) to form an

28 extrudate or formed particle ;

29

30 (d)  drying the extrudate or formed particle of step(c ) ;

31

32 (e)  calcining the dried extrudate or formed particle of step (d) ;

33
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31 32 (e) calcining the dried extrudate or forned
particle of step (d) ; 33 -2 WO 2004/ 085445

weERONANS@04/ 007378 1 (f) inpregnating the cal BCTES2004/007378

extrudate or fornmed particle of step 2 (e) with at
| east one nmetal selected fromthe group consisting of
3 Ca, (), Myimpregaatiag the salciked exgruniate o formapd marticleeelstep

| oaded 4 ext r.ud j : -
arying of (HVHERBaRon i RRHLEHEM fho cholyloonsisting of
particl e ofCs&CEMg,7a,BE)Na,Br,S9,K, landfNd tdprepanp aegetal losgled
of the netal |oaded extrudate or formed 10 particle

of step(g) Swirudals asfemed/PertidRital to prepare a

catalyst 11 precursor; 12 13 (i) drying the catal yst
precursor of step (h); 14 15 (j) calcining the dried
catal ¥g) pdeding sbtheomekal dgaddd) extoudade or formes! parkiclerd@tep
bound dewa 41 ng catalyst. 17 18 DETAI LED DESCRI PTI ON

OF THE PREFERRED EMBODI MENT 19 20 Cat al yst

preparation 21 22 The catal yst of the instant

invention is conprised of a nolecular 23 sieve(s) such
as thdbk difsthersepregnatingafdhe atelploadedsiibydaterformed

comprSe, | S Byl SRt ResI G0 2 ctaye
such as SAFngdur@or;SAPO 31, SM3,SM6 as well as

zeolite type 26 materials of the MIT or TON type.
They may al so be of the FER type. 27 Mol ecul ar

Cer m Wi (450 BES Pec i R eB I v o

variations thereof refers to the franmework

) calcining the dried catalyst precursor of step (i) to form a
finished bound dewaxing catalyst.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Catalyst preparation

The catalyst of the instant invention is comprised of a molecular
sieve(s) such as those discussed here. The catalyst employed may comprise
from 5 to 60wt% zeolite or molecular sieve. Molecular sieves may be of the
AEL type, such as SAPO-11, SAPO-31, SM-3,SM-6 as well as zeolite type
materials of the MTT or TON type. They may also be of the FER type.
‘Molecular sieves’ as used herein can include ‘zeolites’. The terms MTT type
zeolite, MTT molecular sieve, or variations thereof refers to the framework
structure code for a family of molecular sieve materials. The Structure
Commission of the International Zeolite Association (IZA) gives codes
consisting of three alphabetical letters to zeolites (a type of molecular sieve)
having a structure that has been determined. Zeolites having the same
topology are generically called by such three letters. The code MTT is given
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application S.N. 10/ 186905, "Zeolite SSzZ-54 14
Conposition of Matter and Synthesis Thereof." 15 16
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silicate-series stalli'ne mcroporous nma
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S(MTTATON) stidiiare! détalld-SRicBfestalt metallo-aluminosilicates mean
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I u
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structure other than silicon and oxygen,

f%}FU W h@f’fhﬁln Cﬁﬂrﬁn dyexygennforiexgmple.ajuminuim, gatiium, iron,
bﬁ?céﬁﬁ‘]m 352)?1 00 b%\!tnﬁ g pﬁéélH aﬂﬂ%@&hﬂm\lé% REfein defined as

herei n eteroa
heteroatoms.

The molecular sieve described above is converted to its acidic form
and then is mixed with a refractory inorganic oxide carrier precursor and an
aqueous solution fo form a mixture. The aqueous solution is preferably acidic.
The solution acts as a peptizing agent. The carrier (also known as a matrix or
binder) may be chosen for being resistant to the temperatures and other
conditions employed in organic conversion processes. Such matrix materials
include active and inactive materials and synthetic or naturally occurring
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titania-zirconia as well as ternary conpositions
s iredttartdneéntionathenprefdrred matix materials are alumina and silica. ltis

il ica-al unmna-zi - i 13 .
RSPt A Bt TS enfipntSiatt stlsPeeai hadteriiysuring
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nmetal salt solution, and 19 preparation of a slurry in

a salt solution. The sl urry may be filtered to
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sieve In the finish catal yst are desirab

acesulist grecaahieveidedn |th$ present invention the preferred level of molecular
sieve is between 5 and 60 wt %. Preferred levels of molecular sieve may vary

for different molecular sieve types.

Inactive materials can suitably serve as diluents to control the amount
of conversion in a given process so that products can be obtained
economically without using other means for controlling the rate of reaction.
Frequently, zeolite materials have been incorporated into natufally occurring
clays, e.g., bentonite and kaolin. These materials, i. e., clays, oxides, etc.,
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26 Calcination temperature may range from 390 to 1100 F.Calcination

w 0O ~N o o A~ wWw N =

T U T VR G G G

27  may occur for periods of time ranging from 0.5 to 5 hours, or more, to produce

28  a catalytically active product especially useful in hydrocarbon conversion

29  processes.

30

31 The calcined extrudate or formed particle is then loaded with at least

32  one metal selected from the group consisting of Ca, Cr, Mg, La, Na, Pr, 5r, K

33 and Nd. These metals are known for their ability to modify performance of the
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on the catalyst and 2 thereby lowering the selectivity
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dat e or
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75 Bpbanon m GiResd L4A0 257 pRa . fln 2 foryHendhge can take

gﬂgcéélltﬁéftt%?o@cﬁ' AR théE Bk dteRIrPaRid€ s calcined. Calcination is
epresentat i ve i on_exchange techni ques are

d:asmdneuﬂimawtemmrawreaame froef4@ateht®) ifcl uding 12
U S. Pat. Nos. 3,140, 249; 3,140, 251; and 3, 140, 253.
| on exchange can take 13 place either before or after

t he exidilgd@iecaitastawith tHeesalbsslation bfthe dediidnaplaeing Sation,
14 carried out in a tenperature range from400 to 1100

rhe pxtrudaterqrnasivlads chiedaatitemperatures reapinasfert14sh dp about
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coi npregnate a Fod é‘y| ng netal an
metal is preferably platinum, palladium or a mixture of the two. After loading ,
the material can be calcined in air or inert gas at temperatures from 500 to

900 F.
Feeds

The instant invention may be used to dewax a variety of feedstocks
ranging from relatively light distillate fractions such as kerosene and jet fuel up
to high boiling stocks such as whole crude petroleum, reduced crudes,
vacuum fower residua, cycle oils, synthetic crudes (e.g., shale oils, tars and
oil, etc.), gas oils, vacuum gas oils, foots oils, Fischer-Tropsch derived waxes,
and other heavy oils. Straight chain n-paraffins either alone or with only
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Pt Rl NerefiPAr hakEs, THel880B0. Iibthon be 2 Cro*
Jostistetk geredraliypboiBfy abote abobb350Mginse dightersiils withasually be
etro].eum. reduced cr um t ower,

|
(5% ¢l S spe UBRIES ShhPneraBogneliss Haey el B RrSess s

| it ; ' ' ENIe8Ssiocks
Beftiouldrfy AP ReRY st dtocRPSudH o8 NG RS stoc

anduding gas ledayvkeroseres, snddetiivelss hairicating afl stegkss heating oils

e ThofuanRS iabhods Boda phyr BraR B SERRSRY nesy 19 PRns

hﬁéﬁhfﬂlé&ﬁwﬂhin%@irﬁ%mabmﬁniw el zbrioaitin idﬂﬁﬁocks will
referred to herein as waxes. The feedstock will often

wengrafiydeilpiovedsitidedldedéraideg] boi marg uabaleakeue15[ded]
: N j : _

O EoPRET T on Lo Lok Ual Lol ER8080t stocks o
tthis Kiicbars alsosofotpar distildtafagtioseinte theyhneaxaily contain
ST g RO WaNY.Br BSERbE ThedepUEiopher e Brosent process
'a’_vm hbfrf\é!lﬁﬂ A, St @%b&ock%ﬁtdﬁﬁing'da?affiﬁs,aélgﬁﬁ’é, Kibhthenes,

I St at’e ?rac1t| ons whose pour oint and viscosit
rerethatio aind retenacyclin cardpounas ancwith & substesdial ipmqréfhn of

BB A oy VS
Aohedute i@tHe waRPREEREbf the fectisicRPTERRSEE pTbESdEInditie n-

a conveni ent source of stocks of 11 this kind and
Dareffios apdiibe stighiy brancbed parafiiohyndeigosame grackinge! v

TR ol M (AT bR de Wb dBR e Bl
R ol Ty oot s 0 St e
a ) { ) .

vﬁ&'t’i‘%“&ﬂ@'@&ﬁtﬂ"_ﬁ‘ﬂ”?fﬁ 6a¥ing; g Points belgwdhet el ‘5&3&%‘#30%
VI r Mol tRAEBY prdierARg e bBGhdkicAIMIE B theMREASIOLRS

contribute to“the waxy nature o
feedstock. During the processing, the n- 17 paraffins

and t sl i ght ranched raffins undergo so .

ot acki e aessloeBrHaR TN AI VGG aAgES olt,

NRRbirddted W< Bil PATIhAteBUb&gHtStoRKkS, AWbricating oil stocks, synthetic
oils, foots oils, Fischer-Tropsch synthesis oils, high pour point polyolefins,
normal alphaolefin waxes, slack waxes, deoiled waxes and microcrystalline

waxes.
Conditions

The conditions under which the isomerization/dewaxing process of the

present invention is carried out generally include a temperature which falls

within a range from about 392°F to about 800°F, and a pressure from about
-8-
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19 viscosity product. The degree of cracking which
occurs is, however, limted 20 so that the yield of

w@e@dog4ss havi ng boiling points bel ow t hat of P¢EUS2004/007378

feedstock 21 is reduced, thereby preserving the
econom ¢ val ue of the feedstock. 22 23 Typica
fédasthouk 8000 prigd dVibkedpreferablydhie presside ét iraakakpuid$0 to

Aoefreath BHE! SRS o stce PR i poptagting s

@e‘n@rallnyﬁt{rﬁ a@FUS?.1EbSaﬁwt %gr PSS blrefETuUrI:}eﬁ?mf atdut 0. htghbout
our point polyolefins, : , ,

1. abne eentestingBgireiebcesTem AU dRe FyRERIGhwarcgen. The

BRI Hp R T BBETEh o0t oo

o edent 10,000 staratard subimfeetld, pat bareldnairbgarbno] mdee a

ok SoguoasoreOiee s AL s Bl FPAEGEC: B0
gg@%(%g&z,t_s PCT/ US2004/ 007378 1 15 to about 3000

g. Mire preferably the pressure is fromabout 100
to 2 about 2500 psig. The liquid hourly space velocity

duri ng..cont act | i ] L.l

about 36 Piggrct b &rety WNSiotisbey B My Chsdel 2o pv
ShydFomising aThengdrsinisang canbe comvenhtichallytcarred bat in the
presence of hydrogen. The_ 5 hydrogen to hydrocar bon

rpiepengs eff e mgkallic hydrogepation gatalyshige exampiea PAIINUIHBH

6 . . '

iR Ehe SaHisDIrEREGH o EHiert ot o ErRBlgfy% GFirom about

ﬁbﬁlﬁ t&élﬁgﬂ:tﬁﬂ&ﬁmwa oussard ebfrotlalmait 408rpsig to 8bout 3000
rocarbon, .9 10 The product of. the present

i gﬁ)@n&ygrpfwahu%lr}mﬁ W@ﬁngg léé:{q;&nggd Epyeorléxample, U.S. Pat.

W,@SQTZO?'W?W% inEB/ MGy fifierefBe be

conventionally carried out in tthe 12 presence of a

netal | i ¢ hydrogenati on catal yst, for exanple, platinum

on 13 alum na. The hydr of Lgi,st}{ can be carried out
at a tenperature of from ggﬂbigﬁ 374F to about 644F

and a pressure of from about 400 psig to about 3000 15
psig. Hydrofinishing in this manner is described in,
fEXg\Md%ix&;ne, U.S. Pat. 16 3,852,207 which is

| ncor p?ﬁ@h%’ro%%rrﬁé&a%nro?fngﬁ&bcd%cane is tested in terms of looking

for catalysts which give a high selectivity to isomerized nC -16 over cracked
products. These results can be anticipated to be of value in selecting useful
catalysts for n-paraffin isomerization of molecules of C1p and greater. An
initial test of this type has been described in U.S. Pat. No. 5,282,958.(see col.
5, lines 25-55).

Here reactions were run under isothermal conditions to remove
temperature effects. Conversion could be adjusted with changes in space
velocity. All materials were first reduced in flowing hydrogen at 630" F for 2
hours. Once the run was begun the conditions were to use 0.50 grams of
catalyst loaded with 0.5 wt% Pd prepared as 20-40 mesh chips and packed

0-



17 18 EXAVMPLES 19 20 EXAMPLE | 21 The

hydr oi soneri zati on of n-hexadecane is tested in terns
w@bookosddeng 22 for catal ysts which give a hi ghCT/US2004/007378

selectivity to isonerized nC -16 over cracked 23

products. These results can be anticipated to be of

1 wrdb@edawnfloay easdtory Thaehydrogen peegsalrg vias 12400 psigafiewing st
5 i1§ﬁrrelri zlati on of nol ecul es of Coo and greater. An 25
[ tma{m?'est of this type has been described in U S.
3 Pat. No. 5,282,958.(see col. 26 5, lines 25-55). 27
28 Here reactions were run under, isothernal congi éi, S
4 to refbeLdincoraration wes et oyt Didsmvichiargeai o grélOfa
' ' i Ne vel ack P ,
5 B oot S PR LA RRRSR Pk, S dendkaicinetion ot
6 @O F.for 2 31 hours. Once the run was begun the
conditions were to use 0.50 grans of 32 catal yst
7 loaded with 0.5 w % Pd prepared as 20-40 nesh chips
g and p%ﬁﬁm%‘? tt??s% -4 Q ¢0R&HEAAS, tRETEIRE0RAOPI FRIIESZ 2 catalyst
into a downfl ow reactor. The hydrogen pressure was
0 1aoeopeiiged NCowiMag GA% 2t ae@nwErsion af 93%. 4 The Pd
10 i ncorporation was carried out by ion-exchange at 160 F
for a 5 mninmumof 5 hours followed by filtration,
11 V@shiiPgE @irying and calcination at 6 900 F. 7 8
Under these reaction conditions, the selectivity of a
12 pPd SSA ppdfiada$$<t32 catplyst was meade by treeieniawits goagditional
Co o Lt
1o SARASIARIP B B T ek ange cou
14 &ﬁblllijéécbal arocetRirewiaal followaw df (1) intneducinglil 0 gramstdfeeolite into
zeolite, In cases wher.e. igQn-exchan could 14 used
15 2500 o ahuabr SaSacLI0 ke (81 S0 Tor T e eg o GF e
ihg fh 3 MRIOAE e, 1.00 Glafs of
16 ?E@s |"lr]g? ?nnég ger“ %gfmpgﬁ%gggngﬁ?s) thgﬁ}ﬁ’ 0 @a °0
17  Ca(OH), was added and the resulting exchange efficiency turned out to be
18  70%.
19
20 After filtration, washing and drying the material was calcined to 900°F

21  before Pd treatment as in Example 1. Running the catalyst as demonstrated
22  in Example 1 but at 570° F resulted in a selectivity of 80% for isomerized nCs
23 at 93% conversion which compares with the catalyst of Example 1 yielding a
24  selectivity of 69% under the same conversion and temperature of run. The
25 treatment of the zeolite with Ca(OH), has resulted in an improved
26 isomerization catalyst for nC1¢ feed.
27
28 EXAMPLES 3-11 A series of catalyst were made as in Example 2 but
29  using different modifying metals to demonstrate the range of conditions which
30 might be considered. The addition of modifying metals was selected such
31 that a ratio of 0.3-0.4 metal/Al sites in the SSZ-32 zeolite was achieved. The
32 zeolite used had SiO./Al,O3 of 35.
33

-10-



16 introducing the netal salt for exchange. In one
exanple, 1.00 grans of 17 Ca(OH)2 was added and the

wOo e®ulosi4my exchange efficiency turned out to bRCT/LIS2004/007378
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

70% 19 20 After filtration, washing and drying the
material was calcined to 900F 21 before Pd treatnent
as in Exanple 1. Running théaklgttl yst as denonstrated
2BxisA Exanp jout at 570 resulted in

O]E)QS#]O%fOI‘ !\/;E(;ﬂnerl zed nC16" 9% at 93% con_@e@@k%'@ﬁ
conpar es wi atidede catal yst CONVEXRSIOR | y$ELBOTOVEY 24

| ecti vi ty of 69% under t S conversjon and
grrperature € run. The gze@ Génk of (h& zeolite

wyt h Ca(OH) @ahas resul ted g4qqan i nproved g%@ EAVPLES

i sonerization catalyst for nCl6 feed.

3911 A seriBE of catal yst smme nade as |n8’96arrpl e 2

but 29 usi different nodifying netals to
dgmnnstrat eQFhe range of c‘?‘ﬂfﬂ%ti ons whi ch-}é)éo m ght be
cﬁnsi dered.Ldhe addition odgmedi fyi ng nmetay® was

| ect ed such 31 that a ratio of 0.3-0.4 netal /Al

tes in thWOSSz-32 zeol i t¥@M@s achi eved.79%e 32

z olite usegd,had Si Q2/ Al 2%@ 35. 33 -1

2004/ 085445QBCT/ us2004/ 00 é 1 Table 1% # METAL

n10:16 | SOVERI ZATI ON 3 addsesin&ONVERSI ON SEt%CTIVITY 4
one 92%&5570 F) 74%5 4 Ca sane 83% 6 5 Pr sane

S8 B e Gt Thu 8 3 Eears 0% B%y same 79%
10 9 Na sanme 79% 11 10 K sane 77% 12 11 Cr sane 76%

It can be seen that several metal treatments can improve the
isomerization selectivity for n C4s by amounts typically as great as 5 %. In.
general, the effect observed seems to be that the metal modifier has an. ability
to affect the combined Pd/zeolite catalyst in a manner which reduces

hydrocarbon scission to make light gases, thereby enhancing isomerization.
EXAMPLE 12

A sample of TON zeolite was made as described in Nakagawa and
Zones ( US 5, 707,600, col.10, lines 50-61). The zeolite was then treated as
in Examples 1 and 8. Running the zeolites as in Example 8 in the
hexadecane conversion test, it was found that modification of the TON zeolite
with metal also led to improved isomerization selectivity. The improved
catalyst gave a 69% selectivity over a basecase ( no metal added ) of 64% for
this particular TON sample . Again a roughly 5% improvement was seen.
This experiment demonstrates that other 1D, 10-ring zeolites can be
advantageously modified.

EXAMPLE 13-16

11-
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14 It can be seen that several netal treatnents can
i nprove the 15 isonerization selectivity for n Cl6 by

w@ewyngB4i ypically as great as 5 % In 16 geneP@l/pS10n€007378

ef fect observed seens to be that the netal nodifier
has an. ability 17 to affect the conbined Pd/zeolite
cat al yismadifyiagrthe zeelitatyithadditiosalanelsi bas beepseen that

BEUTRIT R e B rod B J5PREA A

ToUSwz iBOT aldle 2\itafsdesash tdesfn*rldoed tre'atmdehagm\/aubmqum
Zones (US 5, 707,600, col li ngé 50- ) Thg%_ )
Sobet Cosng 3B Exrasle da eroased ad Ceirestis,ip ipproved
T cjﬂ%ﬁﬁ@%ﬁbltgiﬁg r@tsd édsdt?rjll.zi)‘i@% Be%dﬂ&g%ﬁdatt@%t a number of

was foun
tivel ofhec aétals me;dahqalé’ﬁ.l-ﬁewllli ghew 26&imilaberewvidr, tiosgh the

OJrrpr zation sel ectivity. The
Oﬁ’S Wg‘@/@i 'Q@B{'%aqé@%a‘s"éfa‘@%‘?. vity over a
basecase ( no net al added ) of 64%for 28 this
particular TON sanple. Again a roughly 5% i nprovenent
was seen. 29 This experined@blfedonstrates that other 1

D, 10-ring zeolites can be 30 advantageously
nodi fied. 31 32 EXAMPLE 13-16 33 -11 WO 2004/ 085445

PCT/ U204/ 0073 T/ Al in 8SIesl2 f yinn@ygt he zeol i t elsendrization
additional netals it has been seen that 2 o ti

| evel s can be dé¥emiu@dor or no&%%@éﬁ"i"@)n tS;enEectmty
exanplg which 3 follyqyin Tablyg It can be n
t hat f1d%r a Ca treat mecqb and subsequent 4 cat alfs?/;%%3
testirg as in Exanpl €.25 incre&88& addition off 7&a

results in inproved 5 isonerizatjon selectivity up to -
a poin 1% It can be ar‘Hii pat edél%t/%lt a nunber §%/0 6 the
other metals in Exanplgg 4-11 @bk show a sinmgheg

behavi or, though the 7 optinization value will not be
identical in each case. 8 9 Table 2 10 11 Ex # Ca/

A xSé\Zmp & 15 d:eplcts% e opﬁmﬁ?n WBtio for Ca/Al on Pd/Ca/H-SSZ-32.
Optimum ratios will vary for different metals used on SSZ-32. For example,
0.35 Sr/Al on SSZ-32 might not result in the best conversion and selectivity.
Optimum ratios vary for each zeolite and metal pairing. ‘

EXAMPLE 17

These metal modification treatments can be of value on zeolites which
were bound with alumina, silica or other refractories. The H-8SZ-32 zeolite
was bound with alumina by use of Catapal B and a peptizing procedure
(HNO3) as is typically practiced by those skilled in the art, and is described in
US Pat No. 5,376,260, col. 9, lines 65-Col. 11, line 19). The extrudate was
prepared from forcing the peptized mixture through a die to produce 1/16 inch
material. This was subsequently dried and then calcined to a variety of
temperatures. The subsequent freatment with Pd and then testing for
hexadecane isomerization showed that a catalyst made from extrudate
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12 Atomc ratio Conversion Selectivity 13 13 0.00 93%
69% 14 14 0.25 93% 77% 15 15 0.35 93% 82% 16 16

wO2®8/08:3% 80% 17 18 Exanpl e 15 depicts the opPCTN2004/007378

ratio for Ca/Al on Pd/ Ca/H SSzZ-32. 19 Optinmumrati os
will vary for different netals used on SSZ-32. For
eadalmptiebelovm 10035 ( &rrbtier dypiGal2xdidategbalcimation eésmbperdtare )
’E% ({/ nverS| on and selectivity. 21 Optinmum
r?? Q?tg for each zeolite and netal pairing. 22 23
EXAI\/PLE 17 24 25 These netal nodification treatnments

can be of value on zeolites which 26 were bound with
aI um Rellovdngtiepemcedurree Ex@ma@t of i arsextiMidatemasosned at

| Jale BAVY! f, Ca

S84/ 24 MR R E SRR P55l B e
m—eait:nnedd ﬁmothémmw% Wé@@regarédil frof this 8RPudSie where a
des&ll bed | 29 Pat No. 5, 376,260, col. 9, lines

ng Fﬁq‘la ﬁ@dﬂgsi before thg sHbseduenidd stepspiégar ed
ioBcafb o SR (REDHETCH Matbiraid iF 40 Bfie St 5. The

igoimedization Belentmall for ﬂ'@deHeallmm)ureﬁﬁt@éysfiérﬁ vls:/)lghoutdmetal
te tures uent tre t an
gﬁ'cﬁ 9‘7’5}3 2t B M GRian o hle i mosiieg sagbled

3 A PCT/ VESS %gt)m%%ﬁéj%é@glccﬂnﬁﬁ' \qgelTh's Prageie
fé%mpaﬁmteSttW tbaladeaniagaatod mfstalcmndmcatron emmer‘a&-ung 1D

o3 Fal | ow t he oce ure
fodifcs GToRRb o padvin (Rl (B Grooti ks
caphbility everdvien theP afe belisd withherdfictérs o@di:féed and t he
material 6 re-calcined. Another catal yst was prepared
fromthls extrudate where a 7 nodi fying netal was

lgefgre the subsequent Pd steps. The 8 o

m)dl |cat|on was such that the Ca/ Al atomic ratio in
the zeolite was 0.45. The 9 isonerization selectivity

Pd/ zeol i t e/ ext r udat st em w t hout netal
For t&r? exﬁuéate vlvas prepare as ?n ample 17 but the zeolite content

was reduced to 45%. This material was split into 2 portions. One was
processed through to a catalyst as in Example 17 for the Pd-only material.
The second portion contained both Ca and Pd and was prepared as its
counterpart in Example 17. The non-metal modified catalyst at 45wt% zeolite
content 55wt% alumina performed below that of Example 17, giving only
about 50% isomerization selectivity at 93 % conversion. However, the same
45% zeolite material, modified with calcium showed a jump in selectivity to
near 75%. In comparison with Example 17, these results show that the metal-
modification approach is effective in raising the isomerization selectivity for a
zeolite in a binder even as the zeolite content is changed.

EXAMPLE 19-21

The performance of the extrudate can also be beneficially affected by
carefully selected steaming. The sequence of extrudates was steamed at
13-
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10 nodification was 67% at 92% conversion, while the
nodi fied catalyst 11 inproved to a selectivity of 76%

wapaensuee sane conditions. This exanple 12 PCT/US2004/007378

denonstrates that the advantages of netal nodification
of the 10-ring 1 D 13 zeolites can inprove their
gpairafor arsariesof rinz titnes randf then Coovaried irde gisishpd ratalysts and

C il even when they.are with a refractory
tﬁ?@&fﬂ%lﬁ@%ﬂmrﬁ%&@% ‘extrudat e was
prepared as in Exanple 17 but the zeolite content 19
was reduced to 45% This material was split into 2
portions. One was 20 procé&BedBthrough to a catal yst
as in Exanple 17 for the Pd-only material. 21 The
second portion contained both Ca and Pd and was

m{ gpared #HOURS SPELAMIED erpart i n BXGRpl e 1TSOWHERIZATION
non-netal nodified catal yst a % ite

content 55wt % al um na perfor n@ﬁ%éﬁ%éﬁat oﬁﬁﬂi}/&w
b7 giving only 24 about 50% i somepbzati on sel ect gyegy
at 93 % conversion. However, the sane 25 45% zeolite
atat erial, nodiflied with cal ciumsh8&« a junp in 50%
selectivity to 26 near 75% In conpagi son wth Ex e
117, these resufts show that the ne gl/‘l’ 27 nodi fi cgtz%an
approach is effgective in raising tlggoy sonerizati omfQ%
selectivity for a 28 zeolite in a binder even as the
zeolite content is changed. 29 30 EXAMPLE 19-21 31
32 The performance of the extrudate can al so be
beneficially affected by 33 carefully selected

steam ng. The sequence of extrudates was steaned at
-13 WD 2004/ 085445 PCT/ US2004/ 007378 1 900F for a
series of run tinmes and then converted into finished
catalysts and 2 tested for n Cl16 isonerization
selectivity at 570F. 3 4 Table 3 5 6 EX # HOURS
STEAMED n C16 | SOVERI ZATI ON 7 CONVERSI ON SELECTI VI TY
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8 19 0 92% 67% 9 20 1 92% 50% 10 21 4 92% 64% 11 22
8 92% 70% -14 WD 2004/ 085445 PCT/ US2004/007378 1

WORMT0$SB4CLAIMED |1S: 2 3 1. A nethod of preparCTgSa04/007378

dewaxi ng catal yst suitable for use in a 4 process for
dewaxi ng a hydrocarbon feed to produce an isonerized
SYVHAFASAELAMEDI®ed i ncl udi ng strai ght chain and
slightly branched chain 6 paraffins having 10 or nore
carbon atons, the nethod of preparation 7 conprising

the f i 3 ! :

dhe- f waatdbrging’s devRind dltaBEdbe for use i a

one- diPiRgess dordevwarieg 2 pairdcarbordedvhiic prpdaceiandsomeriged
bet ween bout, 4.2 A and about 4.8 A a nmaj, or )
i o Beadi A2 ittt SR el st S#3BTwPraEs et shein
(b) mparafinsaadngabeGhale EArBYR atbhb, ReRéhaidYeparation
i norgani ¢ oxide, 15 carrier precursor and an agueous

sol ut campPrisingdhenfellowing gteps:the 16 nixture having a

nol ecul ar sieve content fromabout 5 to, about 17 60
w% 18 19 (c) extruding or formng the mxture from

step (&) teyihthesirian a @feeihensiahsal 10 rihg MEECar §iE0é Baving
the extrudate or formed particle of

21 22 (d) dr)g,ﬂgg , 1 ¢
step (c); OPSUACHYEPNRINUEAI $RIC PRESTRAYRD @xPingd aKis stween
formed par gheles 6f ' Ay
cal ci ned ext rllljdaitgéﬂ‘ %’tr.'&%gégree%ep%r% Péﬁrgg[g% %&g%&%(}%&ﬂ %%t 5.0
with at | eAsandoaoutdt@lA sel ected fromthe group
consi sting of
(b)  mixing said molecular sieve with a refractory inorganic oxide.
carrier precursor and an aqueous solution to form a mixture, the
mixture having a molecular sieve content from about 5 to.about

60 wt%;

(c)  extruding or forming the mixture from step (b) to form an
extrudate or formed particle ;

(d)  drying the extrudate or formed particle of step (c);

(e)  calcining the dried extrudate or formed particle of step (d) ;

(f) modifying the calcined extrudate or formed particle of step (e)
with at least one metal selected from the group consisting of
Ca,Cr,Mg,La,Ba,Na,Pr,Sr,K, and Nd to prepare a metal modified

extrudate or formed particle;

(9)  drying of the metal loaded extrudate or formed particle of step

(),
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28 Ca, Cr, My, La,Ba, Na,Pr,Sr,K, and Nd to prepare a
netal nodified 29 extrudate or fornmed particle; 30

W@ 1004035445 yi ng of the nmetal | oaded extrudate oPCT/U82004007378

particle of step 32 (f), 33 -15 WD 2004/ 085445
PCT/ US2004/ 007378 1 (h) loading of the netal nodified
ext rufint e loadingrefdtie paetal modifisd exivdapd gj fonmed partklewd

aryi ng. 1 nesEREGETe HrBufRUAnGh & SpRsa caishiel grplursor;

calcining the dried catal yst precursor of step (i) to
forma 7 finished bound dewaxing catalyst. 8 9 2. A
cat al {kt p%/w@@ qRjalyplepieatrsed cbstep (iim 1. 10 11 3.
The nethod of claim1, wherein the nol ecular sieve is
selected from 12 the group consisting up

SAPO- (i}, SAPAERINGSARQIrEL calidlyat preduRMr of 3tep (i)lib foirh 4.
The net hod_of, cl wherein at | east one nodifying

metal sel efifighed %@”'F grverindsatalystonsi st ng of Ca,

C, My, La, Ba, Na, Pr, Sr, K and Nd 17 is added to
the nmol ecul ar si eve during step (a), during step (b),
8r at A cedalyshwrepaiiedt by thebmetheehofstlaim (a) and step (b).
19 20 5. The nethod of claim4, wherein steps (f)
-(j) of claiml are elimnated 21 and replaced by the

Bol | oThawnsthea®f cRén 12$vr{e‘réml tﬁéqlﬁdslecmér én@@e r@éalected from
nodi fi ed extrudate or forned £§ icle of ste

wi th Hheareup consisting tgl SABOpt é\«P@-&m%Iaoﬁ SM 3 and SM-
precugsor; 25

4. The method of claim 1 wherein at least one modifying metal selected
from the group consisting of Ca, Cr, Mg, La, Ba, Na, Pr, Sr, K and Nd
is added to the molecular sieve during step (a), during step (b), or at
some point in between step (a) and step (b).

5. The method of claim 4, wherein steps (f) —(j) of claim 1 are eliminated
and replaced by the following steps:

(M loading of the metal modified extrudate or formed particle of step

(e) with a Group VIl metal to prepare a catalyst precursor;
(g)  drying the catalyst precursor of step (f);

(h)  calcining the dried catalyst precursor of step (g) to form a
finished bound dewaxing catalyst.

6. The method of claim 1, wherein steps (f)-(j) are eliminated and
replaced by the following steps:
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26 (g) drying the catalyst precursor of step (f); 27
28 (h) calcining the dried catal yst precursor of step

w@ ggo40gs4idrm a 29 fini shed bound dewaxi ng cat BAES2008W7378

31 6. The nethod of claim1, wherein steps (f)-(j) are
elimnated and 32 replaced by the follow ng steps: 33
-16 ) 2004 i8S S CAEREYIIQUAAROF308Mel pefricie ofdiapy(e) with

the cal ci ned extrudate or formed artl cl e of e)
W T 2" it aass oneas e belecigel BT ap BHOHH ps Sl of

consi st nq;g&rﬁﬂggga@f N ectrﬁg, YRS R 2Pl 4% leastbriddman

at | east oné net fromGoup VIII to
prepare a seicby ForpGeaupy Vit to Breparg g)catlysimyeeweor;
catal yst precursor of step (f); 7 8 (h) calcining the
dried catal yst precursor of step (i) to forma 9

finils(g @gtﬂe%t@l p?ééﬁb&ﬁéfstéﬁ(f)ll 7. The met hod

of ¢ erein t nol ecul ar sieve synthesized in
12 step (a) |s selected fromthe group consisting of

ER. ; I " of
cI ai n&g\l v&?e?"e'inﬂ tpﬁ%réggaﬁlg@ Qré rﬁérpoﬁ%n‘ér(ﬁstg%é Zg32
16 ZSM 23, firffitheBhourf déwagingd défalgst. 17 18 9. The
met hod of claim 7, wherein T(]\I zeolites further

conprise Theta-1, 19 1SI-1, KZ-2, NU 10, and ZSM 22.

0 2 08 of B BhRE LSRR syAMkbIRE i
?Urt t‘?&g‘oe&%n ge E[ﬁﬁg thgélgéﬁfg%o' 1S?€Sl5an§§NU- 23. 2"%
step (a) is selected from the group conSIstlng of MTT, TON, or FER

zeolites.

8. The method of claim 7, wherein MTT zeolites further comprise SSZ-32,
ZSM-23, EU-13, ISI-4, and KZ-1.

O. The method of claim 7, wherein TON zeolites further comprise Theta-1,
ISI-1, KZ-2, NU-10, and ZSM-22 .

10. The method of claim 7, where FGR zeolites further comprise FU-9,
ZSM-35, 1SI-6 and NU-23.

11.  The method of claim 1,wherein the aqueous solution of step (b) is
acidic.

12.  The method of claim 1, in which the calcination of step (e) occurs at a
temperature of no greater than 1100 F.

13.  The method of claim 12, in which the calcinations of step (e) occurs at

a temperature of no greater than 700F.
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20
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22
23
24
25
26
27
28
29
30
31
32
33

24 11. The method of claiml1,wherein the aqueous
solution of step (b) is 25 acidic. ,26 27 12. The

woredohoss4es claim 1, in which the cal ci nati on oPCHUS04/007378

(e) occurs at a 28 tenperature of no greater than
1100 F. 29 30 13. The nethod of claim 12, in which

1yhe %b%é‘@\bﬂ%%lé?ﬁr FLif WHiE tHRCeRBsIRY mc&éaﬂrc oxide is
tenperature of no greater than 700F. 32 -17 WO

2004 568 HRtEreaTthesrooa consisting 0f13|!l!m‘na'ﬁ8dﬁélcﬁod of

claiml, in which the refractory inorganic oxide is 2
sel ected fromthe group consisting of alum na and

19.! | e mathdldt.cldiirel hehéreth thie ettaidatd js steemedrpridido metal
extrudate is steaned prior to netal 5 loading. 6 7

16. TPrRdipg.ocess of claim 1, wherein Goup VIII netals
are selected from 8 the G oup consisting of pI ati num
and pal |l adium and/or mxtures 9 thereof. 10

e precpesesoof deimxi, m@reeerh@‘pupéﬂbcmefﬁlﬁe%fet&ﬁl?fﬁ@@ fioan

an 12 isonerized prod the f u

chai ihg OEPPBH?ang?gp%WQHEH@H?§%E%Pﬁ hghﬁg$ihg%T%por
nor e ypafdypn atons, conprising 14 contacting the feed
under |soner|zat|on conditions in the presence of 15

hydrogen with catal yst conprising an internediate pore

I I
6" ol BratsSh iy Sy s £ e o R SERFERoRES o 0
ri ng @@rneﬁzé@pr@dwr ethbdgéd mommﬁgr streigst ohaih anﬁgslrgdatlyﬁs
said pores having a m nor, _axis

50 abbanched paratims BAVRGGD amereA RER AtaBByeorsoreg
and a@&ﬂéct?ngothe%eé‘hnaér isomerization conditions in the presence of

hydrogen with catalyst comprising an intermediate pore size molecular
sieve which is prepared according to the following steps:

(a)  synthesizing 10 ring molecular sieve having one-dimensional
pores, said pores having a minor axis between about 4.2 A and
about 4.8 A and a major axis between about 5.0 A and about 7.0
A;

(b)  mixing said molecular sieve with a refractory inorganic oxide
carrier precursor and an aqueous solution to form a mixture

having a molecular sieve content from about 5 to about 60 wt%.

(c)  extruding or forming the mixture from step (b) to form an
extrudate or formed particle ;

(d)  drying the extrudate or formed particle of step (c)
(e) calcining the dried extrudate or formed particle of step (d);
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23 (b) mxing said nolecular sieve with a refractory
i norgani c oxide 24 carrier precursor and an aqueous

wGaolwpssamsto forma m xture 25 having a nol ecup@r/usioeyen73rs

content from about 5 to about 60 wt% 26 27 (c)
extruding or formng the mxture fromstep (b) to form
an 2@)ext mmdia’ymgdhefoafdlnﬂﬁ @x:trudaté or fordted Battickd)of step (e)

drying the e or fo rticle of step (c);

3132 (e) wiif fkﬁ%%ﬁéﬂ%‘@ %%iee TR tae GrouR,soRsisting of
article o

PeT Usoo0ar Bae g B3 Nagﬁr heshi i ng:mggd giepdfios metal modified

extrudate @th’lﬁdﬂtﬁ&ﬂfm&d paiclet step (e) 2 with at
| east one netal selected fromthe group consisting of
3 Ca, Cr, My, La, Ba, Na, Pr,Sr, K, and Nd to prepare a netal

modi f (@d  drving oEhatiaen Mwﬂ&ﬂemmdatébeforﬁwe&pérﬁble of step
drying of the netal nodified extrudate or forned

particle of)step 7 (f), 8 9 (h) loading of the netal
nodi fied extrudate or forned particle of 10 step(Q)
wth a Goup VIII netal to prepare a catal yst

precu Ei’ﬁ;)r ; loatiingL &f th')e)m@[}ayh'@giiftehmmmg@ﬁa' gt fqmrr@lcitﬁaﬂ*ﬁéletﬁf
step ;13,14 | al cini,n e dried cata

pr ecur sor 6pp§5)e\%|§|{ ?‘)értoéi‘pf\m' rﬂg%tar%meipﬁr%ﬁ@aﬂqwrmecur sor,
dewaxi ng catalyst. 16 17 18. The process of claim 17,
wherei n the nol ecular sieve is selected from 18 the

gr oup(ir onstlgingtheotatgyPpreclrsosAPSiepI(RBAPO 41, SM 3
and SM 19 6. 20

i) calcining the dried catalyst precursor of step (i) to form a
finished bound dewaxing catalyst.

18.  The process of claim 17, wherein the molecular sieve is selected from
the group consisting of SAPO-11, SAP0O-31,SAP0O-41, SM-3 and SM-
6.

19.  The process of claim 17 wherein at least one metal selected from the
group consisting of Ca, Cr, Mg, Lé, Ba, Na, Pr, Sr, K, and Nd is added
to the molecular sieve during step (a), during step (b), or at some point
in between step (a) and step (b).

20.  The method of claim 17, wherein steps (f) —(j) of claim 17 are
eliminated and replaced by the following steps:

() loading of the metal modified extrudate or formed particle of step

(e) with a Group VIl metal fo prepare a catalyst precursor;
(g)  drying the catalyst precursor of step (f);
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21 19. The process of claim 17 wherein at |east one
nmetal selected fromthe 22 group consisting of Ca,

wW@r04MB44ia, Ba, Na, Pr, Sr, K, and Nd i s addeRrCT/BS2004007378

the nol ecul ar sieve during step (a), during step (b),
or at sonme point 24 in between step (a) and step (b).
25 261)20. calbmingetheadttieaf catblgshpretursdnef step &f) épforaf &
-(j) of clagim 17y are, 27 elimnated and repl aced by
the follo "F&'g}“%‘g bpund §§Wa§*§)‘9(c‘f%tg‘b’6‘adi ng of the netal
nodi fied extrudate or forned particle of step 30 (e)
wth a Goup VIII netal to prepare a catal yst

il ecull Bemetied of glaing)1 7d mpiergintsieps €)-6) ges elmisetadsand of

te . 019 04/ 085445 PCT/ US2004/ 007378 1
?h) pcg;:)IC?%c?iQﬁ%’y%lﬁeefoﬁﬁv@% %%E?%I yst precursor of step (Q)

to forma 2 finished bound dewaxi ng catalyst. 3 4 21.

The hod of claim 17, wherein steps (f)-(j) are )
el i m'n&ilt edlogging @erq%&la@éaWatﬁ@rff@ﬂm%paéwﬁi efpdep ge) with

7 (f) | oadi i ; :
particle o?p%ta Egs?é;é?{e\?\% l{%%cgé%fﬁd easté’f%}{é%ﬁ@?%}mg of
sel ect ed f Cart,deg,lgr,BapxPnSi,& and Nd 3l9d at :east one metal
Ca, Cr, My, La, Sa Pr,.Sr, K and Nd and at ast one
metal 10 SUPEIEIPTIQIRPE MO Brenare s eyt Bregursor:
catal yst precursor; 11 12 (g) drying the catal yst
precursor of step (f); 13 14 (h) calcining the dried
cat al (@t peedng tercalalyst precyisprobstepr{f);a 15 fi ni shed
bound dewaxi ng catalyst. 16 17 22. The process of
claim 17, wherein the nolecul ar sieve synthesized in

18 st @p (agalchimpthecdrizd datalyst pecrsordf etsps(istol fem &f
MIT, TAQN, or FER
finished bound dewaxing catalyst.

22.  The process of claim 17, wherein the molecular sieve synthesized in
step (a) is selected from the group consisting of MTT, TON, or FER
zeolites.

23.  The process of claim 22, wherein MTT zeolites further comprise SSZ-
32, ZSM-23, EU-13, ISI-4, and KZ-1.

24.  The process of claim 22, wherein TON zeolites further comprise.
Theta-1, 181-1, KZ-2, NU-10, and ZSM-22 .

25.  The process of claim 22, wherein FER zeolites further comprise FU-9
ZSM-35, ISI-6 and NU-23.

26.  The process of claim 17, wherein the aqueous solution of step (b) is
acidic.
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19 zeolites. 20 21 23. The process of claim 22,
wherein MIT zeolites further conprise SSZ- 22 32,

WQEBMNHASH4EU- 13, 1Sl -4, and KZ-1. 23 24 24. TheCpUSmese7378

of claim 22, wherein TON zeolites further conprise.
25 Theta-1, ISI-1, KZ-2, NU-10, and ZSM 22. 26 27 25.

The pilThe¢sscas aflchim 135 ?Y\éWdTleirﬁd;sgd F@;@i ﬁgﬁzl%dtég gf)h‘g%H@é roup
conprise FU9, 28 ZS , -6 an 3. .
Ther pFoRSine ¢ hidipiealed TGRS AR G SYSmERAIEN lube

of st | G Q. u ; :

peT) USBBUIASS o5t Syt Shai by i Sit, foots
wher epits, Fasahefrdedpsch sthkesie dil$,rligh poar goiatipolydlefins, normal
consi sting, of hydrotreated or  hydrocracked, gas oils, .
myr obPBARsn S SR epefr AouiRse e S HidoRtystatine

| ubri gakes®g oil stocks, synthetic oils, foots 4 oils,

Fi scher-Tropsch synthesis oils, high pour point
pol yol efins, normal 5 al phaol efin waxes, slack waxes,

[ ] | ki 7 .
e pros SR IE WHRbRGI BUERERR: ardedpEiy om
sel ectredGtaupTorsisting cBtatinuee B Sidlingiuad, dhdddd miknraad
pal | agi um_and/or m xtures 10 thereof. 11 12 29. The

proce¥€T®8¢f cl ai m 17 wherein said contacting is carried
out at a 13 tenperature of from 450 -800F, and a
pressure in the range from 14 about 15 psig to about
2000 phegrogesss digladon 17Tivberaio csagkcarftactirag is1c2@riedvoet af a

a0 BSSHh el fiof 456 -80HR2aht Hhreddu iR e HGL RO

to ab
about 15 psig to about 3000 psig.

30.  The process of claim 29, wherein said pressure is in the range from
about 100 psig to about 2500 psig.

31.  The process of claim 29, wherein the liquid hourly space velocity during
contacting is from about 0.1 to about 20.

32.  The process of claim 31, wherein the liquid hourly space velocity is
from 0.5 to about 5.

33.  The process of claim 17, wherein the hydrocarbon feed is hydrotreated
prior to isomerization at a temperature in the range from 325 to 800° F.

34.  The process of claim 17, further comprising a hydrofinishing step
following isomerization.

35.  The process of claim 34, wherein hydrofinishing is carried out at a
temperature in the range from about 325 to about 590° F and a
pressure in the range from about 400 psig to about 3000 psig.
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18 19 31. The process of claim?29, wherein the liquid
hourly space velocity during 20 contacting is from
W@bomuns4l to about 20. 21 22 32. The processPoOf/UsI0a4/0n7378
31, wherein the liquid hourly space velocity is 23
fromO0.5 to about 5. 24 25 33. The process of claim
17, wherein the hydrocarbon feed is hydrotreated 26
rior_to isonerjzation at . a tenperature in.the range
r omTBeProgessoef gaim 3 ,fy@'ﬂhg&?or%ﬁes'ﬁﬂge@&%ﬂ%ﬁh'@? of m 17,

furtk ST b a hydrofinishing step 29 foll ow ng
ison@??gatlodw%ggg;Bl 35. The process of claim 34,

wherein hydrofinishing is carried out at a 32
tenperature in the range from about 325 to about 590 F
and a 33 pressure in the range from about 400 psig to
about 3000 psig. -21 WD 2004/ 085445 PCT/ US2004/ 007378
1 2 36. The process of claim 17, further conprising
hydrof i ni shing of 3 isonerized product. -22
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