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-~ certain nic - containing catal yst and a process for the oligoneriza Q g g
of ethylene to a mixture of olefinic products having high linearity using
such catal yst. The production of a m xturejof olefinic products which are
substantially al pha-ol efins and which have a high degree of |linearity are
known. Such ol efins conprise 10 for exanple, those of the C4-Clo range,
useful as comononers for LLDPE or as synthetic lubricants; those of the
Cl12- C20 range, useful as detergents; and higher olefins. The | ower
nol ecul ar wei ght ol efins can be converted to sulfonates or al cohols by
known commercial 15 processes. The Cl12-C20 olefins find use in the

detergent- products area. Lowe EUE i é%p s can be '
esterified with polyhydr| 4¥§$E g ng %g [2% THEQE pl astici zers
for polyvinylchloride. U 8?6, ; réin T-hcorpor ed by 20

ref erence, discl oses the use of an ethylene ol i goneri zation catalyst in the
production of such olefinic products which conprises (1) a dival ent nickel
salt, (2) a boron hydmhde redienfgoagenielatr@d (Yo anao- certain nickel-

di hydr ocar byl phosphi ngbenzoic_acid or alkali netal salt 5 thereof. One
drawback to the 6§§lgﬁnﬁﬁﬁscﬁﬁ? ?%t?né;iMRﬁﬂcess $OBx AT 19ATE d 285 i6hs a
need for a bower c3osthytahal ystalrﬁﬁimdoroeduﬂtelf@ﬂlefpﬁmw efaiviling high
products. 0 6 OCT 2000 WO 02/ 083750 PCTIEP02/03937 - 2

linearity using such catalyst o

The production of a mixture of olefinic products

which are substantially alpha-olefins and which have a

high degree of linearity are known. Such olefins comprise

10 for example, those ef the C4-Cyo range, useful as
comonomers for LLDPE or as synthetic lubricants; those of

the Ci3-Cy0 range, useful as detergeﬁts; and higher
olefins. The Ilower molecular weight olefins can be
converted to sulfonates or alcohois by known commercial

15 processes. The C15,-Cyy olefins find use in the detergent-
products area. Lower molecular weight alcohois can be

# esterified with polyhydric acids, e.g., phthalic acid to

form plasticizers for polyvinylchloride.

U.S. Patent 3,676,523, herein incorporated Ey

20 reference, 'discloses. the use of an ethylene
oligomerization catalyst in the production of such
olefinic products which comprises (1) a divalent nickel

salt, (2) a boron hydride reducing agent, and (3) an o-
dihydrocarbylphosphinobenzoic acid or alkali metal salt

25 thereof.

One drawback to the use of this catalyst, however,
is expense. There exists a need for a lower cost

catalyst in the production of such olefinic products.
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*This invention relates to a process for the oligomerization of (e§ DgT &Qf to

a m )’(turevw‘)ﬁg)/b&g#oni c products having high linearity by usl;ée}g%@lz&g&gl yst 5

conprising a sinple divalent nickel salt; a boron hydride r gent;
“a water soluble base; a ligand selected fromthe group consisting of

o-di hydrocar byl - phosphi nobenzoi c acids and, al kali netal salts thereof;
and a trivalent (three-coordinate) phosphite. 10 It has been found that the
use of a certain ligand provides for a cost effective catalyst useful in
the production of olefinic products. N ckel Salts: In general, any sinple
di val ent nickel salt Tars beirermpioyed fralapeepariong 4 hepratedystfds the
conposition of the invention .provided the nickel salt.i sufficiently,
soluble in the re‘;cjﬁod??%@itdﬁn B?gt & yglgfhe "7 ) emaf‘gﬁir%ntg nPgﬁjng%Cél t
is meant a nickel paddmtadHaigng f arighl vaheneeof by 2 withgondedatarpsigh
ionic or electrovalent |inkages to two singly charged anionic 20 groups
(e.qg., halides) of°TRFITHELGuFLELRaPYBRLSRT it g5 i( & &9F°E‘a¥1166ﬁh$%)

and not conpl exed;am@ir% a di nagedet 0s @b gL s@ddit hegahamelecstas or
ionic species. Sinple divalent nickel salts therefore do not enconpass

conpl ex dival ent kel 46l t sTRALRh HEHERdEF 25°F0 one VrlIBNETAARBAYE-
groups and addi tignaldns Loymlened ,faLoghdl Daked;t Qudiell raky chetatiag:

| igands or groups such as carbon nonoxi de and phosphines. However, sinple
di val ent ni ckel said  fravipdamt tishraer coerdinsked) gdiasphigent ai ni ng wat er

of crystalljgation in gdditd on.t e?&%@rthﬁotiﬂ% gﬁ%ﬁgkcaggggggml ﬂig%%{li on

instances, a sinple divalent nic alt Ity tnther
di luent or sol venpr@6GEE 2605 WD ©025083FFF@ctive catalyst wuseful in the

production of olefinic products.

Nickel Salts: In general, any simple divalent nickel

salt can be employed for preparing the catalyst

15 = composition of the invention provided the nickel salt is
sufficiently soluble in the reaction medium. By the term
"simple divalent" nickel salt is meant a nickel atom
having a formal wvalence of + 2 and bonded through ionic

or electrovalent linkages to two singly charged anionic

20 groups (e.g., halides) or to one doubly charged anionic
. 'group (e.g., carbonate) and not complexed with or
coordinated to any other additional molecular or ionic
species. Simple divalent nickel salts therefore do not
encompass complex .divalent nickel salts which are bonded

25 to one or two anionic groups .and additionally complexed
or coordinated to mneutral chelating ligands or groups

such as carbon monoxide and phosphines. However, simple
divalent nickel salts are meant to include nickel salts
containing water of crystallization in addition to one or

30 two anionic groups.

In most instances, a simple divalent nickel salt

with a solubility in the reaction diluent or solvent
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‘enpl oyed for catalyst per litre (0.001M is catalyst precursor. 8 gC13005
PCT/ EPO2/ 03937 preparation of at |east 0.001 nole satisfactory for use as
“the ni cke™ W% 8 Pity in the reaction diluent or solvent oPCHEPPEESE}
preferred, and a litre (0.05M is 0.01 nole per litre (0.01M is
solubility of at least 0.05 nole nost preferred. Reaction diluents per
and sol vents suitably enployed for catal yst preparation are the polar
organi ¢ solvents suitably enployed for the oligonerization process which
solvents are def FRBHCYRA of@T 10 BuivHbIRr aFamsitd odi Al eht LAREkel - 88}t Bole
include inorganieras;wel | (@So@fgani % 4l et JRi Clegl Sakt 2 thle'mfc@ilve
I norgani ¢ nickel "salts are nickel ha such as nickel chloride, nickel
- brom de and ni ckektalysh dereqinica @arinin&tlelltm leelth@hlrslaaﬁ:eonndckéﬁni.lS

ferrocyani de, a”gr”'s%li% |torfata% “E é‘étbabi"%o rg C %val 'ck
ch ano

salts are nickel salts of carb oxy aci ds suc a es of up
to ten carbdbn apoaﬁ«ar:pascbf eaa@l ) (}fohﬂ::ﬂatsn xoﬁ:aaboriea‘sbrrm 05, gnolm ctzei*
formate, nickel ﬁc tat E%ﬁ pr.o |onate n| c&<eIR20 h.exan g

li ke; nickel oxalate® nre béﬁzgé Hi'Kel FEphtiéna

sui t abl e or gani cssalésts | sal tidel i érkﬁio}baﬂZE@ESUlaf:@Dﬁfbie pﬁepkfehti:dart rafe
ni ckel the polar organic solvents suiltably employed for the

oligomerization process which solvents are defined below.

10 | Suitable simple divalent mnickel salts include
inorganic as well as organic divalent nickel salts.
Illustrative inorganic nickel salts are nickel halides
such as nickel chloride, nickel bromide and nickel

" iodide, nickel carbonate, ‘nickel chlorate, nickel

15 ferrocyanide, and nickel nitrate. Illustrative oréanic
divalent nickel salts are nickel salts of carboxylic
acids such as nickel alkanocates of up to ten carbon
atoms, preferably of up to six carbon atoms, e.g. nickel
formate, nickel acetate,. nickel propionate, nickel

20 hexanoate and the like; nickel oxalate; nickel benzoate

¥ and nickel mnaphthenate. Other suitable organic salts
include nickel benzenesulfonate, nickel citrate, nickel

dimethylglyoxime and nickel acetylacetonate.

Nickel halides, especially nickel chloride, and
25 nickel alkanoates, in part because of their availability
at low cost and solubility in polar organic solvents are

preferred nickel salts.

Dihydrocarbylphosphinobenzoic Acid: The o-dihydro-
carbylphosphino~benzoate ligands employed in the
30 preparation of the catalyst composition of the invention

generally have from eight to 30 carbon atoms, but
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' di met hyl gl yoxi me and ni ckel acetylacetonate. N ckel halides, espegj {fhtﬁﬂlﬁ
ni ckel chloride, and 25 nickel al kanoates, in part because of th ,
avai | abi | |‘P’9 02083780y cost and sol ubility in polar organic soPGERP&/03P%
preferred nickel salts. D hydrocar byl phOSphI nobenzoi ¢ Acid: The o-di hydro-
car byl phosphi no-benzoate |igands enployed in the 30 preparation of the
catal yst conposition of the invention genetatly have fromeight to 30
carbon atons, but 0O60CT2055 WD 02/083750 PCT/ EP02I 03937 - 4 vpreferably
from 14 to 20 carboafexrarhy famth aretpr @Perabbyn a2epresamdedrsy prhretabivl a
(I): R PR COQOM er el S % nt hydrocarbyl group and Mis
hydr ogen or an al ﬁ%%lfés% deh?[hghk/l arggtg\gﬂlgs%%féferabl y hydrogen, sodium or
potassium Illustrative exagples of R groups are hydrocarbon al kyl groups
such as nethyl, i.sébutyl, lauryl, stearyl, cyclohexyl, and 10

cycl opentyl; hydrd | kenyl R groups having aromatic substituents
such as benzyl, p ycl oRexyl, and phenyl butenyl. Aromatic R groups
such as phenyl, toi ﬁélcﬁl% and p-ethyl phenyl. Preferred R groups are
aromatic groups of n carbon atons) especially phenyl, and 15

cycl oal kyl of five to ten carbon atons, especially cyclohexyl _

Il lustrative exanpl es of o-di hydrocarbyl - phosphi nobenzoate |igands of
formula (1) Aare o-

wherein R is a monovalent hydrocarbyl group and M is
hydrogen or an alkali metal. The M group is preferab%y
hydrogen, sodium or potassium. Illustrative examples‘of
R groups are hydrocarbon -alkyl groups such as methyl,
ethyl, isobutyl, lauryl, stearyl, cyclohexyl, and
10 cyclopentyl; hydrocarbon alkenyl R groups having aromatic
substituents such as Dbenzyl, phenylcyclohexyl, and
phenylbﬁtenyl. Aromatic R groups such as phenyl, tolyl,
Xylyl and p-ethylphenyl. Preferred R groups are aromatic

groups of six to ten carbon atoms, especially phenyl, and

15 cycloalkyl of five to ten carbon atoms, especially
cyclchexyl.

Illustrative examples - of  o-dihydrocarbyl-

’ phosphinobenzoate ligands of formula (1) are  oO-

diphenylphosphinobenzoic ' acid, o- (methylphenyl-

20 phosphino)benzoic acid, o- (ethyltolylphosphino)benzoic

acid, o-dicyclohexylphosphinobenzoic acid, o- (cyclohexyl-
phenylphosphino)benzoic acid, cﬁdipentylphosphinobenzoic

acid and the alkali metal salts thereof. A
Preferred benzoate ligands of formula (I) are those
25 wherein the R groups are aromatic or cycloalkyl of six to
ten carbon atoms, particularly diarylphosphinobenzoic
acids, arylcycloalkylphosphinobenzoic acids and the
alkali metal salts thereof. Such aryl- and cycloalkyl-

substituted phosphino-benzoate ligands are preferred



di phenyl phosphi nobenzoi ¢ acid, o-(nethylphei'iyl 20 phosphino)benggg& ?ﬁhd’
o- (et hyl t ol yl phosphi no) benzoi ¢ acid, o-dicycl ohexyl phosphi nobenzoi J

0- (cycl oNex9¥/e83pideny| phosphi no) benzoi ¢ aci d, o-di pentyl phespiErzb®azoi c
acid and the alkali netal salts thereof. Preferred benzoate |igands of
formula (1) are those 25 wherein the R groups are aromatic or cycl oal kyl
of six to -ten carbon atons, particularly & aryl phosphi nobenzoic acids,
aryl cycl oal kyl phosphi nobenzoi ¢ acids and the alkali nmetal salts thereof.

Such aryl - and cydQaliky el | ddH=a¢sRpheeRBbBOt DEAZ 0BL-Bphi §@NESe A f8-0om
preferred O6 OC T 2005 WD 02/053750 PCT/EP02103937 - 5 |largely because

catal yst conposi ta7d Ygceptied HLRSPBRE ARt Tot aP§z WA SBI8 gbPrefi AHABITF tof

ethyl ene to a prgugl, oM i qnqegt a mﬁg ﬁrB%QPtP&Qprtbeg&f\efy 11gOM®Bfs i N
the wuseful Cl12-C20 carbon range. ough

o- d|hydrocarbylphegﬁhﬂnéheﬂboamerb¢ng@ﬂﬂ@ are suitably enployed as the free
acid, bette resul ts ,ar asi o y ob
5 %é:?:by 5 Nald 5%@%%@5%%&2@1@%53& Bt Aate

salts of the o- di hydro enzoi ¢ aci d. salts are -
sui tably prefor rrécig‘amim tadmee beuzoalo;lsacerdpll@ym as e&hﬁerftram tdrigh dAar

met al hydrOXIde %Lsﬁm Olé%éégh fy-té£ta1% %y & araliﬁ#ll metal
alternatively, the carboxy i AT At i generate i NSt t

reaction of equi rmdlars amduntse ofoididyciicbexpylioeneoil artidan ahkalal}maﬁal
hyn o1 de, 19t ol v BT Y Sl S0, MER RLSPRLLAS DS, Sl aluSlcyd e
is at |eastlol: 1, Hy etre&tméﬂ’astw:_(t[me awl elrbtkelmesalll hgdpooideedrf axiemch
mol e of benzoate ljgand,,  Syitable mlArlatlen o ekl skl Lo R e
aci d

the carboxylic acid salt is generated in situ by the

reaction of equimolar amounts of the carboxylic acid and

an alkali metal hydroxide during catalyst preparation.

15 ~When preparing the catalyst, the molar ratio of
nickel salt to Dbenzoate ligand (free acid or salt
thereof) is at least 1:1, i.e., at least omne mole nickel
salt is provided for each mole of benzoate ligand.
Suitable molar ratios of nickel salt to benzoic acid

20 ligand (or salt thereof) range from about 1:1 to about

¥ 10:1, although molar ratios of about 1:1 to about 3:1 are
preferred.

Boron Hydride Reducing Agent: In general, any boron

hydride salt reducing agent of reasonable purity is

25 suitable for wuse in the process of the invention.
Specific examples include alkali metal borohydrides such
as sodium borohydrides, potassium borohydride and lithium
borohydride; alkali metal alkoxyborohydrides wherein each
alkoxy has one to four carbon atoms, sq;h. as sodium

30 trimethoxyborohydride and potassium tripropoxyborohydride
and tetraalkylammonium borohydrides wherein each alkyl
has one to four carbon atoms, such as tetraethylammonium

borochydride. Largely because of commercial availability,



20 ligand (or salt thereof) range fromabout 1:1 to about 10:1, although
nolar ratios of about 1:1 to about 3:1 are preferred. Boron Hydride
Reduci ng Agent: In general, any boron hydride salt reducing agent of6 (CT 2005
reasonabl e purity is 25 suitable for .use in the process of the invention.
Specific exanples include al kali metal borohydrides such as sodium

bor ohydri des, .potassi um borohydride. and Lithium .b ydrj de;_ _al kal i t al
alkoxyborohyéﬁgﬁéé Rt nqgﬁgbyé%%%?§ Ras dﬂﬁeFSQ%ggr‘gggbgﬁ aQﬁﬁ%fguch
as sodi um 30ptreifeetlaex yiorseydin dewotty@oidssi um tri propoxyborohydride and
t et raal kyl ammoni un}lbor oh¥dri des V\,hngkei n_e cr a&kyl has oge to fgur ca]{:bon
atons, such as tef'R&8t hjF SBASASU Sor%ﬂgﬁ Y85 LEPGel YO bREautRtE? ©
comer ci al ayakbabi hijyid® 6s €T 200nikkel kakiiyretal bor olyast depaie
preferred and especially referred i s sodi um bor ogy%r.i d%. When prepari ng
the catial yst 9-£hé -m3h&r s &9 ot mpReehytPi B8 alfied it REPLal 4Rkt at

| east about op O¢Zel pdbene HoOEiBRYNARRKRAT Ladie,a dait Niddy URRANIMIEL on
t he boron hydride/nickel ratio, but for economc reasons it is especially
preferred thieasRasndltarif acseeBeldot Rfebererethdhadbotfe 150iarTHatio -

preferred mobar prat igqeanexbocrlr% hysisidey & 01 ni ekel psalre rirequsialdy et pgen

about 10 0.25:1 and about 5:1; nore preferred is a ratio between about
0.5:1 and abedt bpron Begiridsutesnacesdfs sedt obt annedlwWeRethesiolaovtt i o

is aboyf 2:1g Vater 5p| UQ!)@u@agerl_;A%ff@tqfe%8&9@&? Rasg PaY;Be L USREL L or
pH adj ust nent purpoeses. Exanpl es include 15 potassi um bi carbonat e,
pot assi um nmeehoxitde? . pot asandm akehbxi del - pot BT umyesvptopordie, Poterssi um

hydroxide, 3ad.ROLASHHUR keld wiitAxide A5 el lpggtt Becorresponding . -
Water soluble base: BAny water soluble base may be
used for pH adjustment purposes. Examples include

13 potassium bicarbonéte, potassium methoxide, potassium
ethoxide, potassium isopropoxide, potassium hydroxide,
and potassium tert-butoxide as well as the corresponding
sodium compounds. A preferred water-soluble base 1is
potassium hydroxide.

20 When preparing the catalyst, the molar ratio of
water soluble base to boron hydride salt ranges from
about 0.25:1 to about 5:1. The preferred molar ratio of
water soluble base to boron hydride is usually between
about 0.25:1  and about 2:1.

25 Phosphite: Any trivalent phosphite can be used,
however, alkyl phosphites are preferred and linear alkyl
phosphites are most preferred. Examples of suitable
phosphites are triisopropyl-, triisobutyl-, tri-sec~
butyl~, trimethyl-, triethyl-, tri-n-propyl-, and tri-n-

30 butylphosphite, preferably triethyl =~ phosphite. When

- pfeparing the catalyst,‘ the molar ratio of benzoate

ligand to phosphite can range from about 50:1 to about



‘'sodi um conpounds. A preferred water-soluble base is potassium hydroxide.
20 Wen preparing the catalyst, the nolar ratio of water solublegbargg A@
-bor on hydwQle2/e8a130 ranges from about 0.25:1 to about 5:1. pTH&EPpr/EsoeT r ed
nolar ratio of water sol uble base to boron hydride is usually between
about 0.25:1 and about 2:1. 25 Phosphite: Any trival ent phosphite can be
used, however, al kyl phosphites are prefefred and |linear alkyl phosphites
are nost preferred. Exanples of suitable phosphites are triisopropyl-,

triisobutyl-, trijp3@C1, bPL¥feratiy Mehhyhe, kgt R -srdd | aPaRf OPYd: 1 @B
tri-n 30 butyl phosphite, preferably triethyl phosphite. Wien preparing the
catal yst, the nolagoutad®®:lof benzoate |igand to phosphite can range from
about 50:1 to about WO 02/083750 - 7 0 6 OCT 2005 PCT/ EP02/03937 1000: 1,
preferably in the rangetalfysty oRrabouatio0: 1The cHIRItYs300compGittalarst of

Preparation: The _gat 0NMposi.t.i on .qf LNV ' [ Ltably
prefornmed by ‘conttg%t ?%S%ﬂ:tchle@%cegitéofstl%prsgégrggg{'?P#%%ﬁefw g“{é&téfégg t,
the benzoif aci dhei gemdiltdte. pphosphote, the wat eéhesohibkel bade,antdhehe

boron hydride reducing agent, in th esence_of ethyl.ene in a polar.
organi ¢ sol vent %ﬁpzoglcl %«Sﬁfi) ,i:@a&d?, pg{“ﬁr pgﬁpgg‘gﬁ‘f‘gedi Itt})eent‘évag?rsgp\l}gh%? 10
enpl oyed for thenalsegos®d i zaid obgHRcesydnhiieh ss@uanig reshiasd by t bRe
boron hydride reduci a ' a preferred cg}dification, t he, ni ckel salt,

In gent. 1In
bor ohydri de and FBESETSE eOfo/R B UNtRr SarPeh ATy | BRER{ s pRRFEERtndoF
benzoic acid |igaiduang) f hee 14 valgstaphasphidie ar@lkeRs or solvents

10 employed for the oligomerization process which are not
reduced by the boron - hydride reducing ageﬁt. In a
preferred modification, the nickel salt, borohydride and
base are contacted under an -ethylene atmosphere. The
benzoic acid ligand and the trivalent phosphite are then

15 added. Generally, the catalyst precursors are contacted
under about 10 to about 1,500 psig of ethylene.

. The catalyst is generally prepared at temperatures
of about 0°C to about 200°C, preferably about 0°C to
about 50°C, although substantially ambient temperatures,

20 e.g. about 10°C. to about 30°C, are preferred. Contact

times of about 5 minutes to 1 hour are generally

satisfactory, but can be longer. _

Reaction Conditions: The ethylene is contacted with
the catalyst composition in the 1ligquid phase in the
25 presence of a reaction solvent or diluent or solvent of

up to about 30 litres per mole of ethylene are
satisfactorily employed. Generally, the concentration of
the catalyst, calculated as nickel metal, in the solvent
or diluent is at least 0.001M, but preferably from about
.30 0.002M to about 0.01M.

Suitable solvents (or diluents) are polar organic

compounds such as organic compounds containing atoms such



*15 added. Cenerally, the catal yst precursors are contacted undemﬁgﬁ 5’[0
to about 1,500 psig of ethylene. The catalyst is generally prepa \ 00‘
t enper at urwo 020837&bout OC to about 200C, preferably about OEctmpromémest 50C,
al t hough substantially anbient tenperatures, 20 e.g. about 10C to about
30C, are preferred. Contact tinmes of about 5 mnutes to 1 hour are
generally satisfactory, but can be | onger.gReaction Conditions: The
ethylene is contacted with the catalyst conposition in the liquid phdse in
the 25 presence gf gxfgactiafsolyenlcBbolh! uehl losilovart 1okouBokacaRou!
30 litres per nole of ethylene are satls?actorl y enployed. Generally, the
concentration of imhefwwmttdlopel, gnbepbateechs ad .ckdorneexduple t hydgokyent
or diluent is at 0. ut _pref y fr 3 002
about 0.01M Sui t%@?@%’ol %g%:,f\ésx (’orcglrﬁﬁg%gg" arae&%]f)lﬁgrﬁ?&té}(gag' cno’co%%gﬁds
such as organi ¢ calipglandisicgont di akplaaines suhide,6 OSTaROPbanid)2/ 083X50
PCT/ EP02/ 03937 - 8. as .oxygen, sulfur, nitrogen_and. phqgsphorus_j ncorporated
in function gro‘gjp%ﬂ%aﬁ&/l%ge,’ f%’rliffe%&'r?ﬁ Y1 3P xg,lkga&k%ﬁg,mﬁ?%ll g%fl’,gps’
car bal koxy, al kanoyl @stypataijano,c:ardditatedl kytgahne, dbakyhtod nere anicdely
N-al kyl am de, N, N 5 di al kyl am_de, sul fonyl al kyl and |ike functional groups.
Il lustrative oxygehated GiyaNleasyiy&steTsar 8% BPWFY%%?’@f iaf;'i}??ﬂleﬁofsi}ﬁgyf"s
esters of pol yhydgDxyerddikanas -s¢ehtas HeIAQh trdacekat of t ebhagyhcesters
of erythritol, diethylene glycol diacetate; nonoesters such as ethyl 10
acetate, butyl préptonatiEcana peehy|dgca A€ cPErBaFKSTS &PABr 5 eSfhy!
dioxane, tefy ahydsepydan, RaXAl iy #oHat LINRL Sphénfl »aHtRENORYE BANRS1
dieth}:. ne glycol dinethyl -
: ethers, e.g., dioxane, tetrahydropyran; acyclic alkyl
ethers, e.g., dimethoxyethane, diethj. :ne glycol dimethyl
ether and dibutyl ether, aromatic ethers such as anisole,

1,4-dimethoxybenzene and p-methoxytoluene; aliphatic

15  alcohols such as methanol trifluoroethanol,
hexafluoroethanol, trifluoropropanol, sec-butanol,
perfluorobutanol, octanol, dodecanol, cycloalkanols,
e.g., cyclopentanol, and cyclo-hexanol, polyhydric

acyclic hydroxyalkanes such as glycerol and trimethylene

20 glycol, alkanediols of two to ten carbon atoms such as
* ethylene glycol, propylene glycol, 1,4-butanediol and
k2,5—hexanediol; phenols, such as cresol, p-chlorophenol,
m~bromophenol, 2,6-dimethylphenol, p-methoxyphenol, 2,4-
dichlorophenol; and alkylene carbonates such as ethylene

25 carbonate, propylene carbonate and butylene carbonate.
Illustrative examples of mnitrogen-containing organic
solvents are nitriles, e.g., acetonitrile and
propionitrile; amines, e.g., butylamine, dibutylamine,
trihexylamine, N-methylpyrolidize, N—met@ylpiperidine,

30 and aniline; N,N-dialkylamides, e.g., N,N-
dimethylformamide and N,N-dimethylacetamide. Illustrative
examples of sulfur-containing solvents are sulfolane and

dimethylsulfoxide and illustrative phosphorus-containing

t



‘ether and di butyl ether, aromatic ethers such as anisole, CT. 2005
1, 4- di net hoxybenzene and p-net hoxytol uene; aliphatic 15 al cohol s JL%H L;
met hanol ﬁY?%W@@Fﬂbthanol, hexaf | uor oet hanol , trifl uor opr &&IAB02/03937
“sec-butanol, perfluorobutanol, octanol, dodecanol, cycloal kanols, e.g.,
cycl opentanol, and cycl o- hexanol, polyhydric acyclic hydroxyal kanes such
as glycerol and trinethylene 20 glycol, alRanediols of two to ten carbon
atons such as ethylene glycol, propylene glycol, 1,4-butanediol and

2, 5- hexanedi ol ; pldivelnss suehtak ldndgdiospratkl osophenot ime thvilphwsphenel

2, 6- di et hyl phenql_,. _p- et hox enol, 2,4~ dichlor.ophenol ;: and al kyl ene
car bonat es such %518{%%%85%5 r\_Dear bonaf‘@‘,i propyﬁ%é%gltggg%%sh@?%eand butil{/lfiene
carbonate. ||| usisxakilkglpXasfh@Santfdas sheteasChakanat g piogdhbeamsakvent s

are nitriles, e.g., acetgnitrile and ,propignitrile; amnes,_e.q.
but yl ani ne, di butyl am‘Pﬁ&%e’—T?‘? he%ﬁﬁ&ﬁ%ﬁa, r@%%élFH&prrad}ra di %?%a‘,fef%s are
N- et hyl pi peri di Rgeyo@0adBd aghiddnies BohNvehos kylmpedesilp. brefded are
di met hyl f ormam de _and N, N-di met hyl acetam de. Illustrative exanples of

sul fur - cont ai ni nG'dGRFERPES ar?E sHPEEI are &AcF  SFFRYhy PSAIF oxi e -and 1/ 4~

il lustrative phogpheridsse@ntaisni Ng WR,Q2/083150 -p81aP Br&di20@31vents
PCT[ EPO2/ 03937 solvents are trial kyl phosphate, e.g., trinethyl phosphate,

tri et hyl phosphat @rghditkppbs yagm rregndorheraal RyHph Fssiesesanide®agtich
as hexanet hyl phospharan de. th%%‘i%ﬁ%d J1980He29 -4t L4 NhSoanck SRl yents age
oxygenat ed organic solvents. Especrally preferred are al kanediols of four
to six carbdn at @esensiglly1iasolubkmeth osudned Baitex amddiddluepbBar For
organi c solventsexggglgilugﬂgﬁ are Béfifrr5¥giﬁ¥cl“%%f&%nEhengﬁceﬁﬁ igpart
alkanediol is employed, a two phaée reaction mixture is
formed, i.e., one phase comprising the ethylene
oligomerization product mixture, i.e., the alpha-olefins,
15 " and a second phase comprising the nickel catalyst and the
reaction diluent of solvent. Where a two phase reaction
is formed, the ethylene oligomerization product phase is
separated and the catalyst containing diluent or solvent
phase is utilized for further ethylene oligomerizatibn.
20 Polar organic solvents are also preferred in part because
N the same solvents are employed in catalyst preparation as
defined above. , .
The precise method of establishing Ethyiene/catalyst
contact during the oligomerization reaction is not
25 critical. In one embodiment, the catalyst composition and
the solvent are <charged to an autoclave or similar
pressure reactor, the ethylene is introduced, and the
reactioﬁ mixture is maintained with agitation at reaction
temperature and pressure for the desired reactioﬁ period.
30 In the modification wherein a polar organic solvent is
employed and a two phase reaction is formed, ethylene is
passed iﬁ a continuous manner into a reaction zone

containing the catalyst composition and the diluent while



" because the ethyl ene-oligonerization product mixture is 10 essendif00Ty005
insoluble in such solvents and diluents. Fo3~ exanple, when a polar :

or gani ¢ sdVOdRM08¥ECh as an al kanedi ol is enployed, a two phBEBEP®ASSITON

m xture is formed, i.e., one phase conprising the ethylene

ol i goneri zation product m xture, i.e., the al pha-olefins, 15 and a second
phase conprising the nickel catalyst and +hey +eaction diluent of solvent.
Wiere a two phase reaction is formed, the ethyl ene oligonerization product

phase is separat %@h?@énéhe SalRest zgenbAl Nigkbaideuents a0l VeRich phage
is utilized for further ethylene oligonerization. 20 Polar organic solvents
are al so preferre®@rPAupaft Iecqgseont prnttliire Wohdsars diemenpheyepgarion
catal yst preparatign.as defined above. The precise nethod of establishing
et hyl ene/ catal yst contact during the oligonerization reaction is not 25
critical. In one enbodfpegenetdk, datalofsigorenpesitponpandes el s olorshictade

charged to ap aut %%' AGeQLe & PLl AL RLeSSUre reactor, t h&f&{y)’tee'l%a! ion
i ntroduced, and the reactron mxture 1S nai htarned Wt h agitation a
reacti on tenper at teepandtpresswaeyf afrdune atbesicr et @ eaot iadroyrer 200°C. 3Chlen

the nodification wherein a .polar organic solvent is enployed_and a two
phase react.ion i §e1aS$Pr88, &t h?ﬁriﬂg)l‘é:%ieg Has§&d aitbr?vg C%R%El§5§ T it o
a reaction zone «cbetapredixd hereasaty StisCoApOSiddidricand éde 1dinguesd whiel e

0 6 OCT 2005 WO 02/083750 PCT/ EP02/03937 - 10 _ethyl ene oligonerization
product m xture WAEERTSR ProbUERdlf TR UMM AT VAt Hdawn 1 dm e id

reaction zopne. |phngeseralpithe prbgonPLd ZahhOoRapy0€ess hboGenduciedg R oAt
.noderate tenperatures and pressures. Suitable reaction : )
' about 5,000 psig with the range from about 400 psig to
about 1,500 psig being preferred.
The oligomerization products are separated and
recovered from the reaction mixture by conventional
15 ' methbds such as fractional distillation, selective
extraction, adsorption and the 1like. The  reaction
solvent, catalyst and any unreacted ethylene can be
recycled for furthér utilization. Spent catalyst, i.e.,
catalyst no longer active for ethylene oligomerization,
20 can be regenerated for example, by reacting with
. additional boron hydride reducing. agent and nickel salt
in the molar ratios (based on benzoic acid  ligand)
hereinbefore defined. Additional benzoic acid ligand can
be added to the regenerated catalyst but it is 'nét
25 required to regenerate the spent catalyst. |
During the oligomerization process ethylene is
converted to dimer, trimer, - tetramer, and klarger
oligomers. The products are characterized by a high
proportion (greater than about 95%) of linear terminal
30 olefins with high 1linearity (greater than about 90%).
The particular product composition generally depends upon
the catalyst of the invention employed, the solvent

employed, the reaction conditions, particularly reaction



"tenperatures vary fromabout OC to about 200C. The reaction is cqp@ngqmg
at or' above atnpbsphere pressure. The precise pressure is not critica 0
-long as t WO 0Y¥BABLi on m xture is maintained substantial ly PAT/EPIYEAIM 10
phase. Typical pressures can vary from about 10 psig to about 5,000 psig
with the range from about 400 psig to about 1,500 psig being preferred.
The ol i gonerization products are separatedland recovered fromthe reaction
m xture by conventional 15 methods such as fractional distillation,

sel ective extractietperadapeptdion dANdeteahtikehether tkacddtelystoliv¥enked
catal yst and any ,unreacted et hyl ene c;g be recgcled for further

utilization. Sperf EBEaP§RPIeHEYS O RELEY SFSREORENGET e HSPEEIPIe PR ene

ol i goneri zation, +2Q @apipeqrSINARktLOE, EXBAPEEL 1RYzd@aBripdaewt Ehang
addi ti onal boron hydride reducing. agent and nickel salt in the nolar

rati os (based on9s@dEbienacican| Fgafdly mer AHBEMrEed iy neje AFHltsdnar
benzoic acig |igapd gap be added to the regenerated catalyst but it is not
25 required to regenerate the spent catalyst. During the oligonerization
process ethylene is &baveshlodens dphigoney i mMuQAUCHts afee, mat¢riadger of
ol igoners. The product erjge [ RLOPOT L0 er
t han about 95% S%ql?nzgﬁéﬁeﬁﬁgagf}3%ﬁélg??%saﬁ?t%aﬁighQF?near?€$g g?ééter
t han about 900). ThEhenedretisukan perodtvectrdosivt i omvparterakl y cdépérdssupon
t he catal yst of e._inventi enpl oyed, the_solvent enployed, the reaction
condi ti ons, part?t%mt??l §°%E§%?n%“§y€q68}?°§805 WO 02/ 083750 PCT/ EP02/ 03937
- 11 tenpegtures andydilyent .apd whether the; cat alystjgyseds i tDRe
honogeneous or het erogéneous State. ﬁépenging upon

h "following illustrative embodiments which are provided for

illustration only and are not to be construed as limiting

the invention. '
A series of ethylene oligomerizétion reactions was
15 | conducted with a. nickel catalyst prepared by zreacting
nickel chloride hexahydrate (NiCl,e 6H;0), potassium
hydroxide, a dihydrocarbylphosphinobenzoic .acid, sodium
borohydride and optionally triethylphosphite in a
reaction medium of 1,4--butanediol and ethyiene. In this
20 set of examples, Example 1 illustrates the effect of

triethylphosphite addition in conjunction with reducing

the o-dihydrocarbylphosphinobenzoic chaxrge. Example 2
illustrates the effect of reducing the o-
dihydrocarbylphosphinobenzoic charge only. Example 3
25 represents the normal mode of operation and serves as the

control experiment.
Example 1
This reaction was conducted by charging 0.496
millimoles of mnickel chloride hexahydrate, NiCl,e 6H,0,
30 181 ml 1,4-butanediol and 600 psig of ethylene to a 1-
liter reactor at room temperature, with stirring. After

approximately 10 minutes of sgtirring, 0.657 millimoles of



"the desired product m xture, the optim zed conponents and conditions can
readi'ly be deternined by one skilled in 5 the art. The ethyl eneg@ §golmsy
products aW@ 03B¥FY al s of established utility and many ar ePCHERIDE9S7 Of
commerce. The products can be converted by conventional catalysts to the
correspondi ng al cohols 10 The instant invention will be illustrated by the
followng illustrative enbodi nents which-ane provided for illustration
only and are not to be construed as |limting the invention. A series ‘of

et hyl ene ol i gorer sgadwdn bE&AGHY BiHNASin 15ageeeust edoMithor. witkel 0.225
catal yst prepared by reacting  nickel chloride hexahydrate &Ni 2 6H20)1
pot assi um hydrox'i“ﬂﬁj:l‘&‘ﬂcﬁ%ﬁ' RAAFPLNRo SRFRFIER, ST aSit@r ¥ o GPaRaed to

bor ohydride and ophdopaldtortri ef MY phosRidied @ 1 feakidRaTedi WAkOhsed
1, 4--butanedi ol and ethylene. In this 20 set of exanples, Exanple i

illustrates the efPectlus: thiet Balpréophi irtaddii® oFSastedn) unditer wakh
reduci ng the o-dilydspcarby i.nohgnzai. g W A diol
illustrates the e %ect %?Jreldoagﬁﬁgﬂte%e%g% il%fg?%{fa%b p OSp'%I nglt):gr?go%g

charge only. Exanpbet3iing epresksd s thdlhimohesnodefof opetidtvideowcantyl-
serves as the co xperinent. Exapple 1.Thi i on . nduct by
charging 0.496 n%%%r%ﬁé%eo %ﬁfzckeﬁcé | oride he;é(aé]@(g{é%te?n%éﬁaggzo,gg%
181 m 1, 4- but anetirbétiarichbieiidiseqg oferet hyddelwel t c@ lthet ereactast or at Anoom

emperatbre, W LU HLST or2h IRy 1L e o S LS,
10 solution into the reactor. The reactor pressure was
increased to 800 psig of ethylene and the internal
temperature was xyaised to 83°C. Once the temperature
stabilized, the ethylene pressure was increased to 1300
psig, with ethylene fed on demand to maintain the
15  operating pressure. The reaction was allowed to proceed
until 125 g of ethylene had been consumed. At this
point, the reactor was cooled to 65°C and the ethylene
was vented off. The resulting oligomer product was
isolated and analyzed for carbon-number distribution (K-

20 factor determination) and alpha olefin content.

¥ Example 2 (Comparative)

The procedure given in Examplé 1 was followed with
the exception that the triethylphosphite was omitted.

Example 3 (Comparative)

25 The procedure given in Example 1 was followed with
the exceptions that triethylphosphite was omitted and the
o-dihydrocarbylphosphinobenzoic acid charge was increased
to 0.225 millimoles.

The preceding examples were evaluated on the basis

30 of rate, product distribution (K-factor), and product
quality. Table 1 contains the rate and K-factor data.
Since Example 3 is the control, its rate bhas been

normalized to 1 with the other rates given in relative



'PCT/ EP02/ 03937 sodi um bor ohydri de i n aqueous solution with 0.225 050C14p5
m | linoles of potassium hydroxide were slowy charged to the reactor

-m portion” Bﬂyﬁ 833but anedi ol was used to flush this sol utiRT/ERREIFe
reactor. After an 5 additional 10 mnutes of stirring, .4 g of

1, 4-butanediol containing 0.188 mllinoles of o-dihydrocarbyl -

phosphi nobenzoi c acid and 0.00069 millimol&és “of triethyl phosphite were
added to the reactor. An additional 15 m of 1, 4-butanediol was used to
flush this 10 soltgringn i Heblehe ¢Q§ﬂﬂﬂms tmnepredeperqEﬂb%%quxpM§§sed as

i ncreased to 800 of lL.e nt sed
to 93C. Once thewggﬁgt f%%%£ |zegﬁﬂ% Si y eﬁgggsgéégﬁgdxg%r£%h
i'ncreased to 130@umpsrg, Wi th ethylene fed on denand to maintain the 15
operating pressure. The reaction was allowed to proceed until 125 g of

et hyl ene had been consuned. At this point, the reactor was cooled to 65C
and the ethylene was vented off. The resulting oligonmer product was

i sol ated and anal yzed for carbon-nunber distribution (K- 20 factor

determ nation) and al pha olefin content. Exanple 2 (Conparative) The
procedure given in Exanple 1 was followed with the exception that the
triethyl phosphite was omtted. Exanple 3 (Conparative) 25 The procedure
given in Exanple 1 was followed with the exceptions that triethyl phosphite
was omitted and the o-di hydrocarbyl phosphi nobenzoic acid charge was
increased to 0.225 mllinoles. The precedi ng exanples were eval uated on
the basis 30 of rate, product distribution (K-factor), and product _
guality. Table 1 contains the rate and K-factor data. Since Exanple 3 is
the control, its rate has been



"nornmalized to 1 with the other rates given in relative 060CT20066 OGH2005

02/ 083750 PCTI EP02/ 03937 - 13 terms. Table 2 contains the product quality
expr essed VAR 020887 ht percent |inear al pha olefin for sel ectRI/ER2HGI37
nunbers. 0 6 OCT 2005 WO 02/ 083750 PCTI EPO2/ 03937 14 Table 1. Rate and
K-factor data. ExanpleRelative K-Factor Rate 11.30.728 20.650. 747 31.00. 735
5 Table 2. Weight percent l|inear alpha ol &4 m content by carbon nunber.

Car bon Nunber Exanpl e 1Exanpl e 2Exanpl e 3 1098.297.797.8 1297. 898. 297. 2
1496. 398. 396. 6 16 95.697.695.7 1896.396.994.9 0 6 OCT 205 15 CL Al MS 1.
A cat al yst conpoSebilenlcoRptesamd K-ifactiockdbtproduct produced by reacting
in a polar organic solvent in the presence of ethylene: a) a sinple

di val ent nickel salt haying aremgbel Ity [ofralateast [OxOBdct®r e per litre
in said polar Rate

1 1.3 0.728

2 0.65 0.747

3 1.0 0.735

5 Table 2. Weight percent linear alpha olefin content by
carbon number.

Carbon Number |Example 1 |[Example 2 |[Example 3
10 88.2 - 97.7 87.8
12 57.8 58.2 97.2
14 96.3 98.3 56.6
le - 95.6 87.6 85.7
18 96.3 86.9 %4.9




organi c solvent; b) a boron hydride reducing agent; <c¢) a water SO'U@@F
base; d) a ligand selected from o- dihydrocarbylphosphinobenzoﬂ&‘ﬂﬂi and
""alkali metal salts thereof; and e)1& trival ent phosphite. 2. The catal yst
conposition according to claiml1l in which the nickel salt conprises a

ni ckel halide or a nickel alkanoate. 3. The catal yst conposition according
toclaiml1l or 2 in which the boron hydride reducing agent is _an al kali

metal 1borohydride. 4. The catal yst conposition according to any of clains

1 to 3 in which the water-sol uble basg ASISQ|§Cted from potassium
0 § 1

bi car bonat e, potassi um net hoxi de, = t hoxi de, potassi um

i sopropoxi de, potassium hydroxide, potassiumtert-butox-de, sodium
bicarbonate,Tsodgyn1 Qe;ho i de sod%yn1ethbxide“ sog%%n1is pr.opoxi de,

sodi um hydr dxi dé* aTii- 30T unT T BRPSbatoRi G8PPELISTRE EafalySteloRpGSPGton
accor di ng t 0 paE e £l MBedcr 1199 4ih Nz Wobehrt Beghhk akemnt,cphosphiche is an
al kyl  phosphite. 060CT2005 16 6. The catal yst conposition according to any
of clains 1 PHFESBOGE whi cH-itWee®¢ i val ent phosphite is triethyl phosphite.

[ gane FRALYSL SOTPOSEA N FORSL 0, 200, oL oL BBy 10,0 LGh (e
phosphi nobenzoi ¢ aci df atd Idwsialkaddl medbd Sektsitt8efeofaid polar
organic solvent;

b) a bgrén hydride reducing agent:;

¢) a water soluble base;

d) a ligand selected from o-
dihydrocarbylphosphinobenzolc acids and 2lkali
metal salts'thereof; and

e) a trivalent phosphite.

2. The catalyst composition according to c¢claim 1 in
which the nickel salt comprises a nickel halide or a
nickel alkanoate.

3. The catalyst compos;t;on,according'to claim 1 or.2 in
which the bé;on hydride feduciﬁg;éﬁént is an alkali metal
«borohydride. V_ .

4. The catalyst composition according to any of claims 1
Lo 3 in thchvtﬁeAwater soiuble base is selected from .
potassium bicarbonate, potassium methoxide, potassiunm
ethoxide, potassium isopropoxide, potassium hydroxide,
potassium tert-butoxide, so&ium bicarbonate, sodium
methoxide, sodium ethoxide, sodium isopropoxide, sodium
hydroxide and sodium tert-butoxide.

5. The catalyst composition according to any of claims 1
lo 4 in which the trivalent phosphite is an alkyl

phosphite.



8. A process for preparing a catalyst conposition which process con?rises:
contacting in a polar organic solvent in the presence of' ethﬁHb&EE‘E@ a
"sinple divalent nickel salt having alGolubility of at |east 0.001 nole per
litre in said polar organic solvent; b) a boron hydride reducing agent;
c) a water soluble base; ~d) a |ligand selected fromo- ,
di hydr ocar byl Yho ﬁﬁﬁ%ﬁ%%%% %ﬁmggaéﬁﬂeﬁlﬁEFPrdﬁﬁﬁaﬁos&PﬁéO@hé@é&ﬂF'énd e)
a trivalent phosphid gmnQn A PLocess,acror ghngphore! aismi8ii puhi ch the
ni ckel salt conprises a nickel hal | de orga nf ckel aFkaﬁégﬁé&q 10. A
process accorigspltitael aim- 8 or 9 in which the boron hydride reducing
agent is an a7|kalqjh netajwboroh dride, ,11. A prgcess accordng t o .any of
clainms 8 to 10 i ﬁhfﬁhaﬂﬁﬁ§_ PBre3oFtible3basé F§gs§PeéP§d°er%Pﬁ6Fa§sium
bi car bonat e, gotass] ym 1wt hoxd dei gpohassi wam gkheyi ¢eoy otassium.
i sopropoxi de, potassium hydroxide, potassium tert-butoxide, sodium
bi car bonat e, Eedivmhmetdioiideenzgbdi am.dthoricgté cysadialmyilsopr opoxi de,
sodi um hydroxj.de .and .sodiumtert-butoxide. 0.6_ 2005 17.12. A process
accor di ng toEﬂﬁFHJlQﬁ%ﬁQﬁ?%Ft%ciﬁsiﬁnahgﬁﬁ aggégcjp$ an dsphite i s an
al kyl phosphigrsreb¥ . A process according to any of clains 8 to 12 in which
the trivalent phosphite is triethyl phosphite. 14. A process according to
any of clainmd 8 toPIPdsrwich Preearigand Fatsdlest egmppsition which
d'arylphOSpmﬁy%%%Egmé%mprises:
contacting in z polar organic solvent in the presence of
ethylene: | A
a) a simple divalent nickel salt having a splubility
of at least 0.001 mole per litre in =said polar
organic solvent;
b) a boron hydride redpcing agent;
c) a water soluble base;
d) - a ligand selected from o-
dihydroca:bylphosphinobenzoic acids and alkali
metal salts thereaf; and

e) a trivalent phosphite.

$. A process according to claim 8 in which the nickel

salt comprises a nickel halide or a nickel alkanoate. wg”

. 10, A process according to claim & or S in which the
boron hydride reducing agent is an alkali metal
borohydride.

11. A process according to any of claims 8 to 10 in which
the water soluble base is selected from potassium
bicarbonate, potassium methoxkide, petassium ethoxide,
potassium isoprépoxide, potassium hydroxide, potassium
tert-butoxide, sodium bicarbonate, sodium methoxide,
sodium ethoxide, sodium isoprdpoxide, sodium hydroxide

and sodium tert-butoxicde.



aci ds, arvicycl oal kyl - phosphi nobenzoi e acids and the alkali neégltiihﬁs
thereof, 15. A process for the preparation of a mxture of ole
“products having high linearity conpriging;, ?.j contacting ethylene in a
pol ar organic solvent under' conditions effective to produce Iinear

al pha-ol efins the presence of a c taI ositign_accordin any
of claims 1 t'¢ q%n5%?é%%§e%°%@"%?%?o€%s§ Yag oggﬁﬁﬁs g ﬁﬁngnéno éF ims 8

to 14 thereb r I fiol et r ving high
linearity; aﬁgnggggﬁ%C%ﬁ?hgﬁ%gg gtgf%ﬁlgap?%gggtgqﬁggﬁﬁgéhlgh linearity.

16. A processiaccdormdionpsd anyoonenyftel angsod tbdalbsi A twhileh inherhjrhcess
's carried oyt at. A Lerporalire, Rl (et veen; abayt 2,218,30Qut 200 G
14. A process according to any of claims 8 to 13 in which
the ligand is selected from diarylphosphinobenzoic
acids, arylcyclozlkyl-phosphinobenzolc acids and the
zlkall metal salts thereof. «!
15, A process for the preparation of a mixture of
olefinic products having high linearlity comprising:
X) contacting ethylene in a polar organic solvent under
o conditions effective to.produce linear, alpﬁa—olefins
in the presence of a catalyst compoeition according
to any of claims 1 to 7 or prepared by a process
according to ény eee of clzaims 8 to 14 thereby
producing a mixture of olefinic products having high

linearity; and

w

recovering the olefinic products having high
linearity.

16. A process according to any one of claims 8 to 15 in

which the process 1s carried out at a temperature of

between about 0° and about 200° C.



