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METHOD OF | SOVERI ZI NG ALPHA- OLEFINS TO LENEAR | NTERNAL 2 OL{g-dNgaMy Jdd3

M NI MAL SKELETAL | SOVERI ZATI ON USI NG 3 B’" W’m ED ON S1LI CAI'ALUM NA
CATALYSTS 4 Wwbhgbsde THE | NVENTION 5 Th ention reL3rRSehR
met hod of isonerizing alpha-olefins to 6 |ineawses nternal olefins wmth -

m ni mal skel etal isomerization. 7 BACKGROUND OF THE | NVENTION 8 O efins,
either al pha-olefins or internal olefins, and either |inear or branched, 9
have been used in drilling fluids used in the drilling of subterranean oil
and 10 gasiwel | SMETH@D IORISOMERIZINGI ALPHAIOLERINS IO LEIMEARSINTERNALI | i ng
procedures. 11 Workers in the olefins field are searchizr}gnfor better, nore

d
ef ficient, 2l ess coQRLEFING YEH MINIMALSKELEBALRROMERIZATION USING
i‘'nternal ohkefins wt in im' |y kol ??T 4 Sever al
met hods aré known V\himgﬁkaéclh?'eve |§g§eﬁ39§{31$¢'ﬁ%l%@iewlﬂrgﬁbg reslnot 15
?Jccessful in mnimzing branched ol efin content and/or have other 16
i sadvant ages. For exanple, it i i ﬁt [m%ﬁﬁn!theti ¢ hydrocarbons 17
can be pre%ared by ofi goneri zi ngglé‘ﬂ?w n l l nononers, such as 18
t hose nononers having a chain length of fromC2 to C 4. 19 A known net hod
for | somergzi ins. Uil i Ne)
ol ccal ar 5 evEnSbreRivehbGigafis o S MBS R Fg 2ERa B 5,
i ncor por at 8d Hireair intbsnat efedingrwith minimab Ekéletal FobiirRatidncat al yst is used to
22 partially isonerize a feed containing C-4 to C18 olefins, preferably
| inear 23 olefins, and nore preferably nornmal al pha-ol efins. The product is
a mxture gf 24 linear and bremCKeROURD OF THE IMVENTUON natel y internal
olefins. This catalyst 25 is not effective to achieve a mxture which is
essentially conpletely |linear ~e~e~~wWN WD 00/0396l -2 15 January 2003

PCTI US99/ 087460 kfing} &ithst algh&bidims draktdatal ofofims 9and eRASE irkridr®Rafénddie
product is branched and/or 2 al pha-olefins. 3 O her nmethods are known which

have sim| 8 di Hged in ddlling fidids| used4n the-ddlling of aubtefeaeanrileAtnt No.
4139552) ach. ' ' . j: SO '
i cropot oS a1 3t HoR 88 Nt ShelpRliRG AR baiBaiss S ST RaiT0R e
al kene-cont ai ni ng hydrocarbon m xture. 7 Khare et al. (U S. Patent No.

5, 304, 696) 4t e o j ' fini u

cont acti né1an6\g\{bé?€r§itfé%%%@ugﬁj@ﬁé?%@%ddﬁﬂggg%&{ﬁr @%rrﬁgg C r&%? &%Hy
Heckel shen@ ( Uv8ys fRaisenterize.alBid23EliRp to éincirdnternal\adefinswithoutdhefeasingl

hydr ocar bqQn, such as p ?I?él ene and/or butane) to at | east one other olefin
12 hydr ocjgbont?raé‘ﬁgﬁdgie Menes) in a catalytic conversion process
utilizing 13 simultaneous or sequential contacting of an olefin reaction
cat al yst d 14 skeletal isonerization catalyst. 15 Suzukano et al.
_(Japaneseaigat gﬁ?vﬂér"@i'@ﬁéﬁjéfﬁk'i%w [SREYGVE '%@"‘SF‘EW%O @'ef'HF(g’%faﬁbP%t
nternal gl fisodelsfillth RARARE biAnchettish @aﬁgﬂgﬁ@wﬁé}/@m@f ed by 17

S
heating at 200-450 degrees In ah inert gas an a nmet a i de and
A 203 18 et rdisadantages.afronkkamplenitia known thatsuchsynttiatici narecarbons! augh

(Ger man Patent 3 ).} eac . dou bond isaqnerization of 20_nor mal
S kenes atl 720 FBLEEIF A B FRENE AR BbE b fifSe SIRE iwoRoniite: Byhat 21
activat ed 1@ unihosegadrdraerd Radhg aaireth Rngth b0sra GYtoIRQ: 700 degrees in a 22
nonoxi di zi ng at nosphere). 23 The present Applicants have found that nickel
supported on a silicalalumna 24 catal yst can be used for the al nost

conpl et e i1gomeAikngwrometiodfdp isorabgiing dldins 2ilizeGalinim SIPPOted @i ans Wi th
m ni mal formatégn of branched olefins. Such a 26 finding is a major

devel opmeQ i nSARO-4! dnelgsular siaye qatalysls dn Gae of alkdd-S. P@@WM&#@GG@),- 3
supportedogn anshid | i i : b6 i

ot evi ousl - uselcopd(eR! neReoy RrBlrEle rb ARIATARITOM 1 SalisP Rl Ligu I,

tat al yst s 2% edpaitially isoinsenizeng féaxhcortaBindVBR Yo @ s DiEfinsNgENErabiy lineane

nbodi th ' £ | ates t thad | i zi ng .al ph
olefins 1 &r oalshBSATH T Sreterahiy Befat Al alelpsorNepragiE R & MR 8L
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contains only one 10 isonerization pronoter consisting of between 1 wvieight
percent a® 10iSRqtgifective to achieve a mixture which is essentially completely linear
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percent of nickel nonoxide. In a preferred enbodi nent of the present
invention, the tenperature of the heating step in the abovesuahtiag 2083from
100 to 250C I.n..anot her preferred enbodi nent of the prese nvention,

t he heati ngw(i&)éoﬂpqin t he above nethod is either a batch or cghﬂlﬁg%@é“f l-ow
reaction. In yet another preferred enbodient of the present invention, the
m xture in the 20 above nethod is at |east 80 weight %/linear internal
olefins. In still another enbodi nent of the present invention, the present
i nvention fel ii 1+Z1 j a
i xt ur o compr 1o mal SeAnEZF PR s SRR r Uk AR REOrRERE IR D
heati ng CA&2t oalphaadlefires.ol efins in the 25 presence of ZSM5 zeolite which
contains only one isonerization pronoter consisting of between 1 weight
percent and 10 wei ght percent of nickel nonoxide. In a preferred enbodi nent
of the pre3enDthenmaathoas,aretkrominavhich havetsimilabdisadvahtagdsc Fgrrexaamplat

| east 90 ight % |ineay.interna fi n a.nore preferred

enbodi ne n}tlfof Eﬁﬁgerp?tége{ﬁermﬁfbﬁﬁi%\i ,Naot ﬁg aﬁrﬁggh{@qﬁds?ﬁ@ “EBB% OFT&'?HBQNGS
conpr i ses § st (sBflkendeh Sl RPN B ATHEERoSH A Bhaly SONRA Thert 9dS
January 2003 WD 00/ 03961 ch/ US99/ 09746 - 4- q In a yet rTXre pre er?ed
enbodi ment6 of hydwgenanehalkens-eantaining hiydrodatbon enikture. t he above met hod
conprises less than 5 weight %residual alpha olefin. 3 In yet another
preferred enbodi nent of the present invention, the heating 4 step in the
above net hdod Khapatiaic (6. Ratant Nops,8a4,1696) heactedoubletbentdlisbnisixation of
DETAI LED DESCRI PTI ON OF THE | NVENTI 7 The.present inyvention . proyides a
ot hod of Br o QIR aTRRUNES PhEaniaeing Ao gl Spftheuit A8 s B Lgi ng

ni ckel / al ugi neifeéra ahidyst. 9 EXAMPLES 10 _ The invention will be further
illustrated by the foll ow ng exanples) which set 11 forth particularly
advant ageous met hod enbodi ments. \Wile the Exanples 12 are provided to

i Il ustrat egt heidpkeaBatg (LNSS PateHNG. BBe3579) réacner%tﬁi%@ti%%ahldl@ﬂn it. 13
Exanple 1 14 Linear CI6 al pha olefin is contacted wth 100 granms of a

ni ckel caldl y$ydeearbors ssichiasarapyienaandierdiuytene; to at leaat one otheralefin

react or to,pr [ i ' | ef | Rl L.ani fi £l

| ner easi ng2t ndEEaOtEReh Re3dnybheR, i p P Githuotal ArbGE ulfggno
(VWHSV) i s18r osifultariesou$.dr.sefoentigingontadtingeofi an bletim réaclon chtalyihd dabl e 1
is a su ry \%Lﬁth?,data_obiai ned in a continuous flowi 9 reactor. 15
January 2063 wreletal ispsparization calalyat. 1 pcT/ US99/ 09746 WHSVTenp (C) Run
duration hoursGCl RSkel etal isonerization%

Al phal. 52002150. 2944. 961. 52002411. 593. 341. 52002441, 273. 291. 52002641, 682. 771
. 5200292. 32. s$zykame Al @1 dapaneseBaten dim LI918027) teactvisemmsizingaleln 4191

3730, 9165905 hg5 e Uil DI ) e préprdhof ol Saspsiei prdpaed )~

i somer i zal7on heating dti200-450rdagrees imen inart gas andalkathmptal BydriderandAfbdsat i ve
bat ch expegi nments. .a.catalys s conmbined. with 100 of 5 C-6
al pha- ol eﬁén ipﬁetééaégg ‘?‘%ah@“’aﬁ'ﬁ?‘ﬁgﬁ?#é@? oﬁ'ﬂlé‘"f"é‘ﬁ ‘fon m xture was

19  Slaugh (German Patent No. 2336138) teaches double bond isomerization of
20 normal alkenes at 20-100 degrees over a catalyst composed of a K salt on an
21 activated alumina carrier (pretreated 2-16 hours at 350-700 degrees in a

22 nonoxidizing atmosphere).

23 The present Applicants have found that nickel supported on a silica/alumina
24  catalyst can be used for the almost complete isomerization of alpha-olefins to
25 linear internal olefins with minimal formation of branched olefins. Such a

26 finding is a major development in the olefins field, because the nickel



6 heated to the working tenperature and stirred for the appropriate
reaction = 7 tine. The results are shown in Table 2 below. In Experinents
1-3, Chevron 8 LISO a nickel on alunmina catalyst) is usedSnéngary 2003
described further in 9 Exanple 4. In Experinent 4, HIC-500, a solid nickel
on alum na catalyst 10 fromCrosfield, is used. In Experinent 5 N -3288, a
solid nickel on =~ WD 00103961 -6 15 Januad?y 2003 PCT/ US99/ 09746 1
silical/alum na catal yst from Engel hard, is used. In Experinent 6, SAPO 11 (
a 2 nol ecul asupsporied,oni ssilicetalumidhaatziyst B dixeGadbmicas blfsmhative do prevjolisiye

(hours) Tenmp (C) % Al pha Skel etal, i sonerd z. ation*0St andar.d , .
00N AbaHIRHETPENE andie Sy o kefiBlb Shorr A wead with e

L1 S06220012. 8éhofidiTC- 500342009305N i - 3288342009206SAPO- 1134170117.3 4

*\Wei ght percentage of skeletal isomerization introduced during

i sonmerization. 5 Exam-(e 3 6 Linear C-8 alpha olefin is contacted wth a

ni ckel on5silical/alum na cat alSUMMARYOF TRIETNVENTIONT | ow reactor to produce
linear internal olefins without significantly 8 increasing the branch

ol efin content. Weight Hourly Space Velocity (WHSV) 9 is fromO0.72 to 1.52.
The t enper at i ene embodimeif) thet reeril Giventidr relates o aaméthod isumearizingfalgize dat a
obtained in a continuqus flow reactor. 15 January 2003 WD 00/.03961

PCT USeo/ 067 R8T o A & i gk iarEalp AR, Bn 2Py R, BA T so

cat al yst Run atphamlefins in the presence of a pentisil zeolite which contains only one

(days) Tegn. WHSVY nt . %Al phadd/i nyl C#C3s 1195C0..7897. 560, 521, 923. 722195C0. 7298.
010 okt T8,V haindRbo B ORstng 5) DatNR BT eI s 840 10 WE BB ac 90 0o o8
97.491. 011. 492rc268dfHidke! maAgxide/0. 861. 572. 069180C1. 6089. 919. 240. 851. 0310183C
1.2097.221.541. 241.5611180C97. 011. 251.741. 2514175C97. 191.391.421.4215170C1.
2897.031.901.070.9816170C1.1696. 792.121.1018170C94. 714. 221. 060. 8519170C1. 47

89. 0110. 220. TV pbdértdd &Ghodit@ht of A& preSent8rientid® 204 tehipelatbfe FAShd4lng5925180

C96. 182. 461. 360..9726180C1. 4391. 877. , oR227i

85C95. 893. oﬁ%ﬂ%&ﬁ%&yg."6%%‘."%'@%%’6%@8@3%@5&653. 231.12 15 January 2003 WD
001 039611#PCT/ US99149746 8 1 Exanple 4 2 PreQaration of the Chevron LI SO
ni ckel on silicalal umna catal yst Jhe catal yst .is Ni ckel .pronmoted

pent asi f zeol't FEfe TG ef BibtiFlent of e areoet Vel Pa Rt b PLRpS

pr epar ed accabdvegethadtiheities addatangs cohtiruo8s flpatreartiob. No. 3, 702, 886)
"Crystalline Zeolite ZSM5 and Method of Preparing the 6 Sane", R Argauer
and G Landolt, assignors to Mobil QI Corporation. The 7 preferred

conposi ti on ilrsyet anethler pesféread emgbadiBeftaf Ai2d@send lirventiad, ithe ofxt 86 int ihe90. 8 The

zeolite Lg C i tq. he.qr.gapi ¢ t I and then 9

i on- exchgﬁge%%\égt%%gwﬁl}% %ﬁg%/%g@iv%'&gy/gﬁ eearﬁjrﬁg@?f%n I'®mineral acid such as 10
Hydrogen Chloride (HCI) to reduce the Sodium (Na) content to |less than 11
100 ppm by | ght j i J e i . i 2
al'um na povedh At anoff effBolcidh ofirk prttehe FRSHEH e BrédbeRolifion i, |5
m xture of 7@-rBékod ebisomerizing Cyksi Qhtaldtasilefingpo afnextatd gomMBiEjngaatdea®0880% dry

i 4 weight basi U N els apl 08 J.S i Y 1xed in a
15 bl onder , Pt ) AR RnsRORERPAT heat @ tor BERABIENS 1 iMb <0, of
nitric a2dbd peeskeoce pbpSMbazdotite wifich bantaihsionlyane Bonmerizatianupremiotert hen

extruded, pel ! L ki |lﬁ:9%¥n to

t hose skill egbﬁ%&tﬁﬁﬁof&%@eﬁﬁlﬂg\&%gmﬁe g%é]rt rgré%tlﬁg}re ﬁh:i Egrgg*edjﬁcgggﬁ%, I ch may
be and by use of an extruder of the 19 type manufactured by Bonnet Conpany.
The extrudat A i ; - SN (o) otary, or
belt cal ci ne?r?a%egerg%q g’ﬂﬁgﬂgfﬁp%ﬁ(ﬁér Eﬁggeé%ngggﬁggﬂ}%%ﬁr%égﬁ%5(9(5) Vévi th a

ni ckel salt swdthed comprisey iatledst=D0nveight % dfeardntexiatieleimnt ent of 1- 10% by

wei ght ogothe final catalyst) and calcined at a

In a more preferred embodiment of the present invention, the mixture in the above
method comprises less than 5 weight % catalyst-caused skeletal isomers.



23 m ni num of 450C. 24 The above procedure results in a catal yst having the
fol |l ow ng properties: 15 January 2003 WD 00/03961°'-9 1 Chfguéh@bryzom
Properties of LISO Catalyst PCT/US99/ 09746 Chem cal Conp. of LI SO

Cat al yst Wi YROY3%Bhsi s at 537.8CNi 6.0 + 1.0Si0266.0 1. 0Al 20IEUH9094pNq,
ppnk 150Fe, ppnx 50DMy, ppnk 500Ca, ppnx-$H00C, ppnx 300 2 3 Ph~rsical -
Properties of LI SO Catalyst FornExtrudateSi zel/ 16", 1110" CDS,

11 8" Conpacted Bul k Density, Ibs/ft342 3Crush Strength, |bs./m®» 2. 0BET
Surface ea, , ! stance
CASTI < 20 4 B o s e I P

r ef er ence2t o tbe@bove m@hedﬁommas desq thap Sppight 86 residual alphaedrfin.t o cover

t hose various changes and 7 those nmay make those substitutions skilled in
the art without departing from8 the spirit and scope of the appended

cI ai ms 315 luaneuanethecpeeferreaanmnmenpcfrmesg@sewmemtm Jdthgtheatihgl ~ t

met hod of i scﬁir%w'}m‘?ga%ﬂvmemogflﬁ ﬁQnPBCIﬁPo%&@"apWrﬁrt@%’Fepl13%)a?n$/5t er naI

ol efins, whidaywerises heating the alpha olefins in the presence of a
pentisil zeolite which contains only one isonerization pronoter consisting
of between 1 weight percent and 10 wei ght percent of nickel nonoxide. 2.
The nethod of claim1 { ST - steps is from
100 to 250C. 3. The net FALEDDE N OE Héhﬁvwgbstwep is either a
batch or.continuous flow reaction. The nmethod of claimi wherein the

pr oduct tur

met hod o;r? i soﬁ‘eér Ee?’rﬁn{ %gaf‘“‘ﬁ?ﬁ ?th#aﬁf??b{écmc?ﬁré] %%%é%@gnn%l |°§e|f'r§{§ at

| east 80 Bei QMm%I;bhaﬂeMlnsmﬂsmgnabkell&kﬁmilmmcamysts.ng heating C9 to C4p

al pha olefins in the presence of ZSM5 zeolite which contains only one

i sonerization pronoter consisting of . between 1 weight percent and |0

wei ght pe@cent of nickel nonoxide. 6.EXANPIEE according to claimb
wher~el n the m xture conprises at feast 90 weight %/ inear internal

ol efins. Anended cl ai ns : . . 15 January 2003 03-05-2000

PCT/ US99097 4fhé invention will be further lustrated by the fellowing examples) which'set ~i **
nmet ho

aceord nd1to foHhRasiGHRARAVENI09RUS meéh%ﬁmogéaew@s Whilathe Ex@irrgqi?s %

tal yst
wherein e oo REGUELT, lERER) e profendipWEnNA, EF i halintehdecplomefit
9. The nethod according to claimb5 wherein the heatl ng step is conducted at

a tenper gikhure between 100 and 250C. Al ai s
. Ane. A@%\It‘_a As, . ASl . A E. AS. AnL. Al H, . AF%igggjgprwy: P

14  Linear Cy¢ alpha olefin is contacted with 100 grams of a nickel catalyst on a
15 silica/alumina catalyst in a continuous flow reactor to produce linear internal
16  olefins without significantly increasing the branch olefin content. Weight

17  Hourly Space Velocity (WHSV) is from 0.9 to 1.5. The temperature is from

18 100 to 250°C. Table 1 is a summary of the data obtained in a continuous flow

18 reactor.



t

Gzupkf a\ W ca] ca] ca] ca] ca] ca] cal] ca] cRa] ca] ca] ca] ca] ca] ca] caﬂgcj‘aa]hgg]m];c’\a] C
aU] ca] caU] ca] caU] ca] ca] calU] ca]calUlca]jca G
p: *FZC6hz{ v@lgaleddst cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca],@la,bggg}og%ca] ca
]cal cal]ca U]l c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @r UH
| wgl gb] XSI g] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ¢t ca] caU] ca] cal] ca] cal] cal] ca
U] c”a] ca] caU] ca] ca] ca] ca] c’\a] ca] ca] c”a] ca] ca] c”a

c talitprne®

"CESEEISESS"

" (OK(-

na] ca] c”alical] ca] ca] caU] caU] ca
U c”a] caU] caU] ca] ca] ca] c*a] ca] ca] caU] ca] ca

Ul c”a] ca] ca] ca

D.Y..
Table

1
ca

.zuoj e [ Vgb] XSl g] c] ca] ca] ca] ca]ca]c

/1171001WL112*%2- 252222222234" 444K5} vl gb] XS| g] ca] ca] ca] ¢

aJcaJ ca] ca

U] c”aU] cal] ca] c3
Na] ca] cal] ca Kb§
TMIO7[ 7q777i 8883¢<
U c”aU] cal] ca] ¢4

aU] ca] cal] ca] ca

10968 () -1 G 10%

"100G8 ()- ,:!1

WHSV
U] caU| cal]
1666677777

24 AAAKKEY vy

C a.]r(ec%‘]ﬁ] c

1 (hours)

NPT

] ca] cg]%a] caj

eal ol

IR
c”a] ca] ca] g

aU] calc

kai ‘r‘r‘rl\\.}j \'4
Ul ca]ca]c
cal] cal ca

o 1h-111

Kkl <L
1 uul AN
| ca] cal]
| cal] ca]

0oRPQ ) -

cal] ¢

La] ca] ca] c

uu.] bv] \l(.

[ ]

°8 Skeletal
apomﬁrizamm/&

SAL apdeE "

% Alpha

100839 () -

v 1@0@{() 2

O/P
P :‘géﬁ 109

9 ()- Y 1008 ()- Y

& () -

| N/ 3( 10%& ()

3(10vE () -

fr'ﬂ AL NP

X/
WA

_@S"10% u&’

-1
10G' s<10%G& 8

15

2000% &'24tY) [
31009 !
7200 ‘éﬁz ;

50) - 3

100G 110G

" 1098840) -

t

3.29

| /
IE
t
g2GJE_@ 10% & ()
0% u& () -z

~m H E0%

1B (206H

0% 384 ()

13 5|—"11:gge oF

) - oo 397 Ug

' () - 3L

& (
dE_@" 10% u& ()-

©#10% & (

- ,%Q.Q)O/e

1&' 8925541

0% u&l-88- " " 10

% & 4-$8m " 1

0% u&' (

)-m pbCl0%&' () -

10%&!:5) S

TOYE5G ) -

F"Slé)f@i’ ()

R

2.83

10-°3"10% & () -
109 () - 109%& (

)-s1b8& ()}

S 300&

) - AR (

) - 910847 () - F2

dBbdl.£e"

109 () - STL0%& ([]

“TIPE U

208 (

“TIEEE ()

“YIOU% &) - Ood

BOCISZOY& |

) - 010%&

"()-- 109& ()-!
109& () - S( 3109&

() - 850w

)80

, &14Y8-+&

()-!, k#09%m3n3

& ()3.380 10

105

1098 ()-14 109&

1 1098 () - 3! 1094

) - #10%&' ()-s# 10

= ZEO7& ()

_59%1 0

& (315s"10

290 b

g;'gg?]”g&m‘ ng% (-2
pap81@ &

) 10%% &7~
=l

10%382(7)4

109B& () -! 3l 1098
gl09B& ()- gl09@
g109B&’ () -

B 7S
0.9

)=

&!
0785 (T
85

PR

678.5

U/ 1UY
0,

0.21

1
2.04

0,

@ gIBE )
-y Hr@ 100 (

3.73

#109& (

)

0.9

185

705.5

0

3.97

0.9

185

749.5

0.06

3.65

© O N O O A

10

Example 2

LISO, a nickel on alumina catalyst, is used which is described further in
Example 4. In Experiment 4, HTC-500, a solid nickel on alumina catalyst
from Crosfield, is used. In Experiment 5, Ni-3288, a solid nickel on

*Weight percentage of skeletal isomerization introduced during isomerization.

In comparative batch experiments, a catalyst was combined with 100 ml of
C16 alpha-olefin in a 250 ml round bottom flask. The reaction mixture was
heated to the working temperature and stirred for the appropriate reaction
time. The resuits are shown in Table 2 below. In Experiments 1-3, Chevron



glo9B& ()-)?v 'e glovB& ()- glovB& ()- glovB& ()-y_@@glovB& glouB& () -
G109 ()-) 2y & S109BE' () g10%E ()- GLO%E ()- Wg@gg"g&a"-wmo
310%3&'() M&%H?V e 310%3&'()- 310%3&'()- gloc%é& () - 9‘%‘%@%&&? yc¥e)
g109B& gl0%B& ()- gl09B& ()-)?v 'e glOovB&B-)- glovB& ()-

gl09B& ()-EINSTX\y @@ gl0%B& gl0uB& ()- glouB& ()-)?v 'e glouB& ()-
gl09B& ()- gl09B& ()-\bgl nguy @@ gl0%B& gl0¥B& ()- glo¥B& ()-)?v 'e
g1l098B& () -1 916ME&/alumirail OaBE/s( Jroby EVgdh@d) 1OUBSd. g1 BXBérithent 6, SAPO-11, a

2 molecular sieve, is used.

3 Table 2
Exp Catalyst Amt. Time Temp | % Alpha %
° Skeletal
(grams) | (hours) (°C) isomeriz
ation*
0 Standard 1-Cyg 0 0 N/A 93 0
1 Chevron LISO 6 2 220 1.1 2.65
2 Chevron LISO 6 2 130 93 0
3 Chevron LISO 6 2 200 12.8 0.4
4 HTC-500 3 4 200 93 0
5 Ni-3288 3 4 200 92 0
6 SAPO-11 3 4 170 1 17.3

4 *Weight percentage of skeletal isomerization introduced during isomerization.

5 Example 3

Linear C1s alpha olefin is contacted with a nickel on silica/alumina catalyst in a
continuous flow reactor to produce linear internai olefins without significantly
increasing the branch olefin content. Weight Hourly Space Velocity (WHSV)
is from 0.72 to 1.52. The temperature is from 100 to 250°C. Table 3is a

10 summary of the data obtained in a continuous flow reactor.
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Table 3

Isomerized Cig=Catalyst: 100 g Chevron LISO catalyst

Run time | Temp. WHSV %Int. | %Alpha | %Vinyl | C#Cgs
(days)

1 195°C 0.78 97.56 0.52 1.92 3.72
2 195°C 0.72 98.01 0.55 1.44 3.76
3 195°C 1.32 97.69 0.98 1.33 2.41
4 195°C 0.90 98.08 0.72 1.20 2.66
5 190°C 0.78 97.49 1.01 1.49 1.96
8 190°C 0.72 97.57 0.86 1.57 2.06
9 180°C 1.60 89.91 9.24 0.85 1.03
10 183°C 1.20 97.22 1.54 1.24 1.56

11 180°C 97.01 1.25 1.74 1.25
14 1756°C 97.19 1.39 1.42 1.42
15 170°C 1.28 97.03 1.90 1.07 0.98
16 170°C 1.16 96.79 2.12 1.10

18 170°C 94.71 4.22 1.06 0.85
19 170°C 1.47 89.01 10.22 0.77 0.55

21 170°C 1.40 88.70 10.48 0.84 0.51

22 175°C 1.20 86.30 13.10 0.59

25 180°C 96.18 2.46 1.36 0.97

26 180°C 1.43 91.87 7.22 0.90 0.82

27 185°C 95.89 3.09 1.02

28 185°C 96.06 2.79 1.16

29 185°C 95.65 3.23 1.12
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2 Preparation of the Chevron LISO nickel on silica/alumina catalyst

The catalyst is a Nickel promoted pentasil zeolite having an alumina binder.
The pentasil zeolite is prepared according to the teachings of U.S. patent
No. 3,702,886, “Crystalline Zeolite ZSM-5 and Method of Preparing the
Same”, R. Argauer and G. Landolt, assignors to Mobil Oil Corporation. The
preferred composition is a zeolite having a SiO,/Al,O3 molar ratio of 80 to 90.
The zeolite is calcined to remove the organic template, and then

© o N O O b~ W

ion-exchanged to the H-form (acid) by use of strong mineral acid such as

10  Hydrogen Chloride (HCI) to reduce the Sodium (Na) content to less than

11 100 ppm by weight. The zeolite is then compounded with a low sodium

12 alumina powder and formed into an extrudate, sphere, peliet or tablet. A

13  mixture of 70-80% zeolite dry weight basis (preferably 75%) and 20-30% dry
14  weight basis alumina powder (preferably 25%) is intensively mixed in a

15  blender, followed by addition of water, optionally containing 2-5% of nitric acid
16 for peptization of the alumina. This mixture is then extruded, pelletized,

17  spheroidized, or tabletted by methods known to those skilled in the art. The
18 preferred form is an extrudate, which may be and by use of an extruder of the
19 type manufactured by Bonnet Company. The extrudates are dried and

20 calcined at 450-550°C in a box, rotary, or belt calciner. The calcined

21  extrudates are then impregnated with a nickel salt solution to yield a nickel

22 monoxide content of 1-10% by weight of the final catalyst, and calcined at a
23  minimum of 450°C.

24 The above procedure resulits in a catalyst having the following properties:
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1 Chemical Properties of LISO Catalyst

Chemical Comp. of LISO Catalyst Weight % Basis at 537.8°C

Ni 6.0+ 1.0
SiO, 66.0 + 1.0
Al,O; 264 +1.0
Na, ppm <150
Fe, ppm <500
Mg, ppm < 500
Ca, ppm < 500
C, ppm <300

3 Physical Properties of LISO Catalyst

Form Extrudate

Size 1/16", 1/10" CDS, 1/8"
Compacted Bulk Density, Ibs/ft® 42+ 3

Crush Strength, Ibs./mm >2.0

BET Surface Area, m?g > 275

Pore Volume (Hg), cm¥%g 0.30-0.45

Attrition Resistance (ASTM) <2.0

While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and
those may make those substitutions skilled in the art without departing from
the spirit and scope of the appended claims.
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CLAIMS:
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1. A method of isomerizing alpha olefins to
produce a mixture of linear internal olefins, which
comprises heating the alpha olefins in the presence of

a pentisil zeolite which contains only one isomerization

promoter consisting of between 1 weight percent and 10

weight percent of nickel monoxide.

2. The method of claim 1 wherein the temperature of the heating steps is

from 100 to 250°C.

3. The method of claim 1 wherein the heating step is either a batch or

continuous flow reaction.

4. The method of claim 1 wherein the product mixture is at least
80 welght % linear internal olefins.

5. A method of isomerizing C; to C4y alpha

olefins to a mixture comprising-at least 80 weight %

linear internal olefins comprising heating C; to

Cq4p 2lpha olefins in the presence of ZSM-5 zeolite which

contains only one isomerization promoter consisting of

nickel monoxide.

between 1 weight percent and 10 weight percent of

6. A method according to claim § wherein the mixture comprises at least

90 weight % linear intemal olefins.

Amended claims
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