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| i near diykeniersylatibe (oxo synthesis); alcohols of carbon number less than eleven are used in
the synthesis of plasticizers whereas those of carbon number greater than eleven are
20 used in the synthesis of detergents. Hydroformylation also can be used to prepare
aldehydes as the major products which in turn can be oxidized to afford synthetic fatty
acids, especially those with an odd carbon number, useful in the production of lubricants.
Linear alpha-olefins also are used in the most important class of detergents for domestic
use, namely the linear alkylbenzenesuifonates, which are prepared by Friedel-Crafts
25 reaction of benzene with linear olefins followed by sulfonation.

Another important utilization of alpha-olefins is radical hydrobromination to give
primary bromoalkanes which are important intermediates in the production of thiols,
amines, amine oxides, and ammonium compounds. Direct sulfonation of the alpha-olefins
afford the alpha-olefin sulfonates, a mixture of isomeric alkenesulfonic acids and

30 alkanesulfones, which are effective laundry agents even in hard water and at low
concentrations. Linear alpha-olefins, particularly those of eight carbons and under also
are used as comonomers in the production of high density polyethylene and linear low
density polyethylene.

Although linear olefins are the product of dehydrogenation of linear alkanes, the

35 major portion of such products are the internal olefins. Preparation of alpha-olefins is

based largely on oligomerization of ethylene, which has as a corollary that the alpha-
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4,668,823. Using such catalysts under conditions where the Schulz-Flory distribution
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Although the oligomeric olefins formed in a linear alpha-olefin process are largely

25 terminal olefins, significant amounts of branched olefins and internal olefins also are
formed as undesirable by-products which lower the value of the product. The linear
alpha-olefins are used in detergent manufacture, either by direct sulfonation to
alkylsulfonates, or via alkylation of aromatics followed by sulfonation to afford linear
alkylbenzenesulfonates. In either case, linearity of the alkyl chain is a critical aspect of

30 biodegradability. Where oligomers are used in, for example, polyethylene formation, the
presence of internal oligomers leads to reactivity problems with respect to polyethylene
formation; the presence of either branched or internal olefins also leads to subtle

differences in properties of the resulting polyethylene, differences which are usually



~on oligoner productivity. However, in a systemwhere the catalyst is % 00
transition netal salt and |igands, and where an activator also is en% d%ﬁgoz
‘In conjunction with the catalyst, 25 we nmade the ancillary observation that
-such a decrease in productivity can be offset, at least in part, by
increasing the catal yst concentration pr activator concentration. Thus, the
overall effects of adding water to the reaction system are beneficial.
SUMVARY The purpose of the invention is to increase the purity of ethylene
oligonmers in an 30 oligonerization process catalyzed by a transition netal
catal yst system di ssolved in an organic polar solvent. An enbodi nment

conpri ses adding water to the organic pol ar 2 6 SEP 2002 s 5 solvent in
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We also observed that increasing the concentration of water has an adverse effect

on oligomer productivity. However, in a system where the catalyst is a transition metal
salt and ligands, and where an activator also is employed in conjunction with the catalyst,
25 we made the ancillary observation that such a decrease in productivity can be offset, at
least in part, by increasing the catalyst concentration or activator concentration. Thus, the

overall effects of adding water to the reaction system are beneficial.
SUMMARY

The purpose of the invention is to increase the purity of ethylene oligomers in an
30 oligomerization process catalyzed by a transition metal catalyst system dissclved in an

organic polar solvent. An embodiment comprises adding water to the organic polar



6 5.US-A-3,661,803 and US- A-3, 686, 159. Since transition netal catalyﬁgs P 2002
" systens for ethylene oligonerization are well known in the art they eg
"not be further discussed herein. Typical catalyst concentrations are in the
. range of 10 to 1,000 wt. ppmof transition netal in the solvent. Sone of

the nore active catalysts give quite htgh reaction rates at 10 40 ppm and

a broader range of catal yst concentration is between 0.1 to 1,000 ppm In a
preferred node of practicing the invention catalyst concentrations range
between 15 and 300 wt. ppm W prefer using the catal yst system descri bed

in US-A-4,689,437, which is the reaction product of a transition netal
conpound, a catalyst activator, and an organophosphorus ligand. N ckel is
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The process of our invention deals with the oligomerization of ethylene as
catalyzed by transition metal catalyst systems. See, for example, Ullman's Encyclopedia
of Industrial Chemistry, 5th Ed., V. A13, pp. 245 et. ff., VCH (1989). A particularly
25 desirable transition metal catalyst system is that described in
US-A-4,689,437, all of which is incorporated herein. The transition metal catalyst system
described there is a reaction product of three components; a transition metal compound,
a catalyst activator, and an organophosphorus sulfonate ligand. Other transition metal
catalyst systems are described in, e.g., US-A-3,635,937, US-A-3,637,636, US-A-
30 3,644,563, US-A-3,644,564, US-A-3,647,915,



~al pha-ol efins having fromfour to over 20 carbon atons and whi ch have] § 80P 2001
solubility in the polar solvents utilized, especially where sulfolane is

"the solvent for the transition netal catalyst systens of our invention.
Consequently, oligomer formation is acconpanied by formation of a separate
hydr ocar bon phase whose constituents age ethylene oligoners 15 with

rel ative proportions closely followng a Schul z-Flory distribution. Prior

art practice of this invention has included maintaining the water
concentration in the polar organic liquid solvent as | ow as possi bl e,
preferably on the order of ppm but certainly no nore than several tenths

of a percUbtA-AE6418030and | USenB686,168. diSinmet trangitiont raetpl toatalyst gysteons dort

Contal ni ng e i85BerfRBE 4 Wi wichar B ReR Hey Mt o8 Bl e Foed%et o 5

w % wat eheremnd nost preferably from3 to 4 w %water. W have found that
sul f ol ane cont_ai ni Psﬁt hese amounts of water is g 8art cul arly desirable and
ca 4

preferred vari alvet ConReMtEatans aregn it iABEE PEA0 (R 1 RGO A PR CAITGRTILON f
this i nvepetdpth the doint. eSBﬁr'eaéflfﬁ@rﬂoPé aEtHA! ca@ye’é)gﬂ}e Jute HigH BTN BRES at
concentration Is in the range from1 up to ht percent. 25 EXAMPLE 1
Ef f ec10 of 4Q\apey ansha lbroaster raxgend cdialyst eorrentiration ls\bebvﬂernrﬁja)msw@a(ppm IByBst em

cotal ysr  piterfedhbid BEp AL ftiinytflh 2ilyRbeeRiriidrtlafas BEteR AR
of 160 g/ 500 @t. phéh 4erplefc LSRG ths bathystésysient deserinéd IS svkfeabuae, whiohts on,

ol igoneri¢ prodyct, and. unreacted eth ne 30 s conduycted fromth
react or vﬁ‘i ?%E%rﬂoq’q%eé}tﬁ transiion, 5%6?(? CqpRPW If%lcéf?iyséo?‘ﬁ'ﬁ’ia@ﬁ gfd an

catal yst %énéﬁ@éﬁh@r@sﬂr@aﬁ&em&éﬂ% He ﬁﬂé@erFé&ﬁtréHsﬂléH%ét@t fb‘:‘rHG\r\?@ hH?/éth'JhG anas

drawn off. The catal yst sol ution was prepared by adding part nol e of
the s?li uRerehydridss eg- diogivenerehyisisei tmbqaﬂ@sn@wlye#ﬁslreuefa«;ﬁvaﬁoac eweysl. 2
parts nickel rat al
ni ckel co$rgllget)rt13{l ?‘gét ?%']nﬂo ﬂ%@ gaﬁﬂéb' An agtg ﬁ\fegt% %%s‘?;l %th ghéo at@ﬁﬁﬁn\;\argés@{ hen
added at catalyst syste‘mslgeraarrallyooSmhydheszhearteowell desaribediickie¢ prisddittricodethiled

| i gand, ni.ckel and S]Etlvator were added in dry sulfolane in a 2:4:1
proporti oﬂs%lifsl?ﬂl'%n?%?séﬂ'y S et hyl ene conversions in the 10-50 wei ght

per cenéI range. Tthgbﬁ%ﬂtatﬁiﬁ mw@@duet Irﬂlcﬁ;bhaﬁa réactidng Bnd (I;reer cét@l@ﬂtd:grbe/\lag
carri out exce at the catal ol ution are in
par t s2thi c‘R’B]e’figﬁg'é?‘{s (lo? 8RYPHE SP?g%d&SI'%ﬁr 'SH'dcﬂ“eqsL '%e 'Bme tﬂ%ﬁ'%éﬁ‘? P%%l?‘é'?‘gu n
sul f ol aneinfést hepdite Eé’taﬁ@tl 8 ddsolvad i adbsemaltictPls a polar organic liquid. The

2- di phenyl phosphi no- 1- napht hal ene sulfonic acid with an ac?l vat or sol ution
of 1 partSqigntuneadsdic beylinest dpepracess commonante kand caRRasatis aundan BoCe¥out
15 ppm LigGridnshi F%ﬁl@éléf s@fafie? BBI'TY%Q mmsﬁldgdgse%dv@n& dntend® 35 be

pr OpOI’tI ons 1 n sul e contalnin ercent water to ensure
et hyl ene rebrasentativesrather than teixelugige,S56cluge ghifolpre (feinamethyigaestifopep ethyigneof

anal vAT & 18 nk e el Bt tuehe AEERheEhEs M AR PRRER AT ettt ol

fraction ma/a%nOEndaldeusaehqmé sorReffiewhich iperhhaead\e phase s@bareb@zutfroan 0
wei ght percent water in sulfolane the decene fraction was 95.99 weig

percent dUIGBREIE  Pregdctsedrg, PiEfRlRd i eyden t%r'?VFaBuP%J?'écWB’@PBVPha‘-F%b?@ f

| somers i kydkerbtsh phasd. | %e(%waref&erocsab) o@éﬁ"iehgﬁd GRC 88Re MY foF % 2)Jené H20
7-met hyl nonene-1 0.90 0.75 2-ethyl octene- traps-decene-Z 1. 54

1. 26 25 Telgsmerizationtis sulfelane yn wh@wthﬁ@am ptourn Inéerrt@@tar@quretwunbm byt ef i n
puri tag thé% é&n&Q’%Eé ES‘Fd by the followi ng data using a simlar catalyst
system at g percent water. A continuous reactor system consisted
of a stirred @Jigonieaxaironcnmumons inglualeso tampevatucd insthefrahganef 8nd 2081G | witht |

and a separator. Eth n upplied to the reactor at te of 405 g/ hr
at 10.44t E‘P"é{‘ ?WSUQF*W ?Sa\gﬁ eﬁﬁéﬁ"fﬁﬁr?ﬁ angfhat Hé%d%?”@éggﬁa?ﬁ%mﬁﬁ‘d at
30 about dp?él@rreﬁef’f'hé 5€es9fc H'Jt?r@é%%re%%%é %geoéf'mf?R'F% Brﬁﬂélﬁ’épa and

unr eacted et hy s con uct reactor “via second line to a
heat ed sdptmespberic prassure to about 5,000 psig), although preferred pressures are in the



2 fi. S EP 2002 9 5 sulfolane solution of catalyst was recycled to gﬁ?SEPlWZ
reactor and the product/ethylene m xture was drawn off. The LAO product and
et hyl ene were subsequently separated and the unreacted ethyl ene was

- recycled to the reactor. The catalyst solution was prepared by adding 2
parts nickel tosylate and 1 part by nmgle of the sodiumsalt of

2- but yl phenyl phosphi no- 4- net hyl benzene sul fonic acid in 10 sul fol ane
solution containing 3.5 weight percent water with an activator solution of

3 parts NaBH4 at a total nickel concentration of about 25 ppm Additional

| igand, nickel salt, and activator were added in a 1:2:3 proportion by nole
in sulfolane containing 3.5 weight percent water to ensure ethylene

conversi ons 1 i ght  pe Resul ts are sunmarize

Tabl e85, el 86 10 TadtanBa Ao i o 0P pslelc Hhess Fressuibsti e RepuFR Gt

wat er Et Qpichipie @RNETS isTRtréR e entd the! FddcYorRfid MaRIKich the reactor is maintained.

10. 8696. 6410. 9396. 7811. 5996. 4513. 6296. 4214. 0796. 1720. 6996. 1922. 5496. 1622. 82

9b. 3324. X¥uge Fvhylenerisugligamasized jusingntheveatalysteelt tbis ipurtion: intse tgmasrekire at
3.5 wei ghty, eéf%c%)lnio %‘ayeo e?ﬁ?\ﬁ?ﬂé’ieﬁ%ﬁgeﬂ{%%'nﬁ’f?w%aédlé{r Jrgﬁ‘mé’g&%dt% altnef fect

of added water purity, a series experinments were
perforrredaﬂgemfda&we«grﬂbercehh‘ ect of varying water content on ethyl ene

Conveps! on. | 3. TR D SOV el Sloh 0nd SBoLhS. S 5 9Lty B

alpha-olefins having from four to over 20 carbon atoms and which have low solubility in
the polar solvents utilized, especially where sulfolane is the solvent for the transition metal
catalyst systems of our invention. Consequently, oligomer formation is accompanied by
formation of a separate hydrocarbon phase whose constituents are ethylene oligomers
15  with relative proportions closely following a Schulz-Flory distribution. Prior art practice of
this invention has included maintaining the water concentration in the polar organic liquid
solvent as low as possible, preferably on the order of ppm, but certainly no more than
several tenths of a percent water. Our invention is directly contrary to the prior art
practice and in fact, constitutes using a polar organic liquid as solvent containing from 1
20  up to 10 wt % water, more preferably between 2 up to 5 wt % water, and most preferably
from 3 to 4 wt % water. We have found that sulfolane containing these amounts of water
is a particularly desirable and preferred variant. Where ethylene is oligomerized using the
catalysts of this invention in the temperature interval 40-100°C, the optimum water

concentration is in the range from 1 up to 6 weight percent.
25 EXAMPLE 1

Effect of Water on Linear Alpha-Olefin Purity. A continuous reactor system
consisted of a stirred autoclave, containing a solution of sulfolane and catalyst, and a
separator. Ethylene was supplied to the reactor at a rate of 160 g/hr at 10.44 mPa (1500
psig). A mixture of the sulfolane solution, oligomeric product, and unreacted ethylene
30 was conducted from the reactor via a second line to a separator; the sulfolane solution of
catalyst was recycled to the reactor and the product/ethylene mixture was drawn off.
The catalyst solution was prepared by adding 1 part by mole of the sodium salit of

2-diphenylphosphino-1-naphthalene sulfonic acid and 2 parts nickel tetrafluoroborate in



_ Effects of Varying Water Concentrations. The sane pilot plant descri?gqummz
Exanple 1 (no water addition) was operated at 95C. Ethylene was supplied to

“the reactor at a rate of 160 g/ hr at 10.44 nPa (1500 psig). The catal yst

. solution was prepared by adding 2 parts nickel tosylate and 1 part by nole

of the sodiumsalt of 2 10 butyl phenylgphosphi no~- et hyl benzene sul fonic

acid in sulfolane solution with an activator solution of 3 parts Na8H, at a

total nickel concentration of about 15 ppm A variable anmobunt of water in

the range of 0.7 to 5 wt % was added to the sulfolane just prior to catalyst

addi tion. The catal yst .copponents. were_conbined over the cour f about
one. héur . SUIAENE eha (etahnickeLCancPrRIanas 25 RBERNG AN eFvalsT Folliorp Nk Was
addi tion §gh bhddd's alfatib 8RF bhR Bofoﬁ?@ri&e@r@ﬁaﬁd\iémaAa@%myi&;rﬁ:, hRx&lsaitThe
et hyl ene conversion rate was nonitored as a function of tinme after

conpl et i candaActivater weresadded imdisulfelane nha2 @it proporing balinie ta,ensyee ethylene
product wer : i 4t C : [ QN -Qf LI e. br o Bhd Yy was

cal cul at e(f?ngflr%[oggi"{r@et1tﬁcegoﬁg 'gﬁt pgefré%ﬂgér{g%t e;[l% el_r%lﬁmép o%c?&rqgg%g t}rﬂl) n%’ the run
and the total A sigiladeactibadvastcariel ait@xtemtthdtitiee catalystXdlufiohlwasdrefarby bgne

Conversi on e ass, Fynctjon of Hours on Stream Hours .

50 0 Satstes S ekl et o b SR N A RIHIOONE JoN Tl sy e Beter in sulfolane
HZWG*Z%H%@H@HZ&% of the sodium salt of 2-diphen31l5phosphino-1-naphthalene sulfonic

276. 3449. 0524, 1917. 1235. 0726. 8313. 23457. 8225. 6611. 8315. 7617. 1211. 349. 83626.
4516. 891 2adsbwit? an 3ctivator sgluitian efi b pag NaBél i1 dssuliclene gha total rickeb1. 896. 928. 779

. 865. 2910 , : 7 7 9114 4 4,01162. 65
1. 895, 560 TETAAUBAAN 35 15 bam, odienighdisah ok oty el Bt e 0O

t hat wat enolgepmpattions thestifelase sorthiningehweigbhpercentovatertosnsutesathylemes| usi on
may bﬁ.:' reached. b\éc%mg{}@\g .e;‘@/l ene conversion at a constant reaction
time, 3 n (RVESERY ReHoHSWERNAT RIS summari zed in Table 4. Table 4.

Et hyl ene Convemhgigity(d¥dhéa HiphatoléfinddtintePby Sigopsrkaid was ayRiseéd bpxi num
conver si onper cent wei

ht
per cent 0. GAefyl em@.lvg'zszg.twci@@ olefig Factipre In Hesahsenea cbwater e deaeng gLt hat
there appgay %.b@m@%g{ bé&gﬁc é%gg?é-gﬂﬂ%éjﬁltersbﬂ&n&@ébo%f h @GheiGht pERdt watkr in

et hyl eneconver si on "beyon wei ght percent. Table 5 tabul ates the

pr oduct i wiufglape thiedeasoe fraplionayas$5.89 veiohé perogat dgcenevie| KelBIigbimpusitiess f ect
of r aq;gg%gjp%%%hélg@ on ProductivityWater, weightProductivitypercent(g
LAO g ligan ) , 2001. 2233, 1002. 0814, 3003. 2328, 6003. 3826,

3004. 5116, 0004. 7615, 800 Once nore there appears to be little detrinental
effect on productivit eyond about_2 20 i.ght, percent ter. 26 SEP
2002 12 5 Table 6 shoﬁ%bq?ﬁe'séﬁ“?eéﬁf" %?cq%ﬁgg&nﬁépewgﬁggmgg centration on the
Schul z-Flory distribution. Table 6. Effect of Water Concentration on

Schul z-Fl ory Distributi Ogotfeiedaféne @2 0% H,0 1% H,0

7-methylnonene-1 0.90 0.75
2-ethyloctene-1 0.32 0.27
trans-decene-2 1.54 1.26
25 These results clearly show the beneficial effect of water on olefin purity. This is

confirmed by the following data using a similar catalyst system at 3.5 weight percent

water. A continuous reactor system consisted of a stirred autoclave, containing a solution

of sulfolane and catalyst, and a separator. Ethylene was supplied to the reactor at a rate

of 405 g/hr at 10.44 mPa (1500 psig). The temperature of the reactor was maintained at
30 about 93°C. A mixture of the sulfolane solution, oligomeric product, and unreacted

ethylene was conducted from the reactor via a second line to a heated separator; the
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0. 710. 691. 220. 682. 080. 663. 230. 623. 380. 634. 510. 594. 760.59 In contrast to the
“effect of water on maxi num et hyl ene conversi on and productivity, the
- Schul z-Fl ory distribution constant appears to decrease throughout the
entire range of water concentration used. CLAIMS: 13 2 6 S E P 2002 1. In
a process for continuous oligonerization of ethylene to formlinear
al pha-ol efins catalyzed by a transition netal catal yst system di ssolved in
a polar or ganic liquid, said transition nmetal catalyst system conprising a
transition netal conpound, an organophosphorus sul fonate |igand, and
optionally a catal yst activator , the inps ovenent when ein said polar
organic liquid contains fromabout 1 to about 10 wei ght percent water. 2.
The i Bpr @ufidlaps eciaticn off catilyst Wat redyetet! tohiee pakcR apd gRNprodlidtethyeresmixrirect ed
fromthe group consisth&g)of sul fol ane, et hyl ene col, 1, 4-butanediol,

| , 1,
and et hyWassdrawp 98n dhe LAY preduct Wr%Uﬂﬁ“%WSE?e%@SSg” tyjspRarategrang! thper e sai d

pol ar Orgﬁ?éafctéd&H#lgné%E%é}/’éleﬁrtmﬂezr_e%to?.o 5 wei ght percent water. 4. The
i nproved process of Claim 3 'where said polar organic liquid contains from

about 3 to abdbe catalyst spiutigrewasprepareddry. adslingrhpaitsipickal debyate eng sl pit by one

For the aue eRE AR safta 88 Bhefif ety pa?ite RUBEE asina. Ol o ne

usi ngOa tsuifolahé solotisretatainiag 3.5/ akighy séresmtomdter with Ay activiatarBiution bf 1parsd
conpound, organophosphorus sul fonate |igand, and optionally a catal yst
acti vat oyr‘faa@'&i%%ﬁ?@g@§§£889&ﬁqt'§f'%° %@”é?é%@“’bf Ad?%l?r.‘ Heanst Bickelpatt A ene
at an ol ifgavarber werlddlBd PN er 8 bripBrtionOBy Hold iR skitlafie EAt8infhglRb deighbiase
consisting essentially of a solution of”the transition netal catalyst
syst em i iPEECERbWater &p gasure ethylmeoprersions émthai 19-9weigbhpercens ranges wei ght
percent VigdSlis afebgun%émﬁ'l‘iaﬁerig et hyl ene in said agqueous pol ar phase to
afford oligoners consisting essentially of |inear al pha-olefins, said

ol i gd@ers fornming a hydrocarbon phase separate from said pol ar phase; and

ti |1 i t hd i j d- hyd . AF A
COMaAYS. A ALK L AR 3 ayabRY DR RIATh S Biarety |
{vql gb] X] ca] ca] ca] ca] ca] ca] ca] chPasgighipesqenhivaigl ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]c™a]ca]calca]cRa]ca]c:alc

Ethylene Conversion Decene-1 purity
per pass
10.86 96.64
10.93 96.78
11.59 96.45
13.62 96.42
14.07 96.17
20.69 96.19
22.54 96.16
22.82 96.33
24.45 96.30

20  Thus, there is an even greater benefit using water at 3.5 weight percent.
Having demonstrated unequivocally the beneficial effect of added water on alpha-
olefin purity, a series of experiments were performed to measure the effect of varying
water content on ethylene conversion, its maximum conversion, and on the Schulz-Flory

distribution constant.
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100 @ (Jeacr Ryaesiel e et D dBr t 1500l Thareatsbett5liesoig ) 1 movee ()

 109& (bregairatiby 448G £parts nikR&Bosyiate LAYE: f:)mb Oféle 6f the sodium salt of 2-
10%& )-F"109%&' () -\YaBy, $109%& ()-*"10%& ()-f 0% ()-'"109& ()- @10%& ()-!
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one hour. The reaction was allowed to proceed with no further catalyst addition until the

15 reaction rate decreased to a negligible level. The ethylene conversion rate was
monitored as a function of time after completion of the catalyst addition. The purity and
alpha value of the product were also monitored as a function of time. The productivity
was calculated by taking the ratio of the total LAO product made during the run and the
total ligand added at the start of the run.

20
Table 3. Ethylene Conversion (per pass) as Function
of Hours on Stream

Hours 0.71 1.22 2.03 3.23 3.38 4.51 4.76
on wt% wt% wt% wit% wt% wt% wt%
Stream H.,O H.0 H,0 H,0 H,0 H,0 H,0
2 76.34 49.05 24.19 17.12 35.07 26.83 13.23

4 §7.82 25.66 11.83 15.76 17.12 11.34 9.83

6 26.45 16.89 12.55 9.26 15.76 7.18 9.41

8 10.58 11.64 6.05 9.86 9.26 4.91 9.94
10 1.89 6.92 8.77 9.86 5.29 10.58
12 5.29 10.32 1.74 3.17 8.77 7.94 3.97
14 0.38 4.50 1.89 5.56 3.17 4.01
16 2.65 1.89 5.56 0.15

18 4.16 0.1 1.51
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reaction time, in this case 4 hours on stream, as summarized in Table 4.

0% u&' () -$10% u& () - 9snt 10% u&' () - ##

Table 4. Ethylene Conversion (percent)at 4 Hours on Stream

10
Water, weight Maximum conversion
percent weight percent
0.71 57.8
1.22 25.7
2.08 11.8
3.23 16.4
3.38 17.1
4.51 11.3
4.76 9.8
Note that there appears to be little additional detrimental effect of water on ethylene
conversion beyond about 2 weight percent.
Table 5 tabulates the productivity (as defined above) at different water levels.
15

Table 5. Effect of Water Concentration on Productivity

Water, weight Productivity
percent (g LAO/g ligand)
0.71 48,200
1.22 33,100
2.08 14,300
3.23 28,600
3.38 26,300
4.51 16,000
476 156,800

Once more there appears to be little detrimental effect on productivity beyond about 2
20  weight percent water.
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5 Table 6 shows the effect of increasing water concentration on the Schulz-Flory
distribution.

Table 6. Effect of Water Concentration on
Schulz-Flory Distribution Constant, o

10
Water, weight percent Schulz-Flory a
0.71 0.69
1.22 0.68
2.08 0.66
3.23 0.62
3.38 0.63
4.51 0.59
476 0.59

In contrast to the effect of water on maximum ethylene conversion and productivity, the

Schulz-Flory distribution constant appears to decrease throughout the entire range of

water concentration used.



10 10 7 10%&' () - Yy5 "10%&' ()-3 "10%& ()- @4"10%& ()- J<JJJKnKKdEanZBI§EP zgnz
109& ()-L10%& ()-L: 10%& ()- 109 ()- & $10%& () - Ss109%& ()- K L{LLDMGVMIEND

T kf109& () - Ylo%& ()-10% ()-@ 109& ()- "10%& ()- Y$109%& () M\/I\/l\/l\/l\/l\/l\/l”ll\l/ CS%

- 109&' ()- @% 10%&' ()- @ S% 10%&' ()- @ S% 10%&' ()-@y" 10%& () -

10%&' () - GYMVMVVIVM A FCS% 10%&S% 10%& () -1@8% 10%&' () - @% 10%&' () - @S%

109%& () - Nu] CCS% 10%8% 109&' () - @&S% 109%&' () - @ S% 109%&' () - @&S%

10%& () - %W& () - @ NNNNNNSN* Nk~ ?CS% 10S% 10%& () - @% 10%&' () - @%

109& () - @% 10%&' ()- @% 10%& ()- @ N+N, N\yNNI OnO0 K* 3, 810% & () - %

36F" 10% & ()- 135 109 & nrycesefar congmopy -olgemenipaiongof pthgiene to form linear

109%& () - Wﬂlﬁed 4 A¥AnSition metAShON) sk s¢3temIUEHDWed i) &Bﬂ@ﬁ@aﬁlc() 3

S5t 1006 0PI @é&?%%%ﬁ”ﬁﬁa%a@%@fé% i cg’mﬁilﬁéb%%”%snsﬁaﬁw%e ol 3 o

10% &' () ogganpph@srzhpyusgwlfm% digend, %ndlm%oaalax a catalyst @oBiGItgn), -the lmplovement
33FYL0% &Heteif bAillfpolar\ér %Mﬁ@’hqﬁﬁl%o&taﬁﬂsﬂ%mja@%tgd fo atoW 1O w &gt&%e@c&n{ Wa.
10% & ()-9* 10% & ()-TTTTTTT_)vUSWI[I 9* 10% & ()-9* 10%

10% & ()-9* 10% & ()-9* 10% & ()- TTTTTTTdeU5V\([I 9* 10% & () o*

10% & ()-9* 10% & (JhedimpBed’ grpe@s 0@ )I- 9hened 3hes po)ar TATEAME T HUBY .
10% & ()'sélXcteéot%lﬁ {h)e r%uel&lfsfgﬂmég of Suitdke &e(hbfie'i_hg\(%&c&* 11@-%E%néaloﬂ_%d
UUUU_# ()-zY. 10% & ()-zY. 10% &

10% & () (CBF teUdD cNr Y. 10% & ()-zY. 10% & ()-zY. 10%& () zY.
10% & ()-zY. 10% & ()-zY. 10% & () -z: UQJEUFUHUNUTUgG ;Y. 10% & ()-zY.

10% & () -zY. B0% & The ZaproMed Prock@%BACaims - ole‘Vv(vﬁel(e)sa’f’dTH&'aLlé@ng@H@h&d# CNr

Y. 10%&()-zY. 10 E 7Y, 10% &

10% & () & %5 fﬁ%éﬁtﬁj@%ﬂ@@ P‘i‘éﬁ}“ték’a(”zv 10% & ()-zY. 10% & ()-zVY.
10% & ()-zY. 10% & ()-zY. 10% & ()-zUUUUUUUGG ;Y. 10% & ()-zY. 10% & ()-zY.
10% & ()-zz;cly Y. ”ﬁl&%r&)e‘dz}%océs@%‘&lﬁﬁﬂ 7 gl ola?N"r QnYc llél&}l%fb(f%n{ahﬁSZY
10% & ()-zY. 10% 2Y. 109 & () -zUU

10% & () frm a @%38}0%"02‘«4“%%‘8’3 DLWALeE 004 &' () - 2. 10%& () zY.

10% & () - zUUUUUUUgG Y. 10%& ()-2Y. 10% & ()-2Y. 10% & ()-2z;cN Y.

10% & () - ZY 350% e oces$ N am%& ChidsY 1 &9% &hé])e Esz polar
10% & () - %%%1 10% & ()-zV LOcY. 10% & () -
10%&()0283““1 9"“ ulfelane) gog g ()-zY. 10% & ()-2zY. 10% & () - zY

109% & () -zV! V' VOO/&V+VOVKK+0Y. 109% & ()-zY. 10% & ()-zY. 10% & ()-zY.

102/6 & ()-z; CNr6 (()Y A%é’esﬁ )foxoz%\élt\@l\t"l%i(gﬁégﬁ \iatléﬁ%’fgetlﬁ))leﬂe ed\for¥a linear

VeVAVL VAR v, & TR i oV Gt ceprising, gobmsign meta

3s' 10% &'cpinpound, 1 mgmhmsmhwwwmacsszamwﬁd (OptigElly0 96 @italyst #RMVA0L.0% &
()-#Z" 10%‘9:&;&2;«:&%5‘601%;&91‘5@5&11& eIV X@FY" 2" 10% & () - #2"10% & () - #FY" Z"
10% & () -#Z"10% & ()-# vw/wwe}%w\ox&z 10% & () -#FY"Z"10% & ()-#Z"10% & () -

#HEY" Z"10% & () - #Z"10% & () - #VWWNNWWNWE W 5Z" 10% & () - #Z"10% & () - #FY" Z" 10% &
()-#2"10% & () - #FY"@' 10%ngodycing Moo Xy e KERsTiZ2tion s Rpgratwe fnmy/Me’ ©) - #FY

(Z) 12?Y'&Z( )101530@)9&6156{2(91 ﬁﬁlﬁé&(&@% ;ég%ﬁtlﬂl 5/'%18% ﬁ%}uﬁ&lvoithéqyﬂr&t{oh Iﬁ&alllzg'%z
1% & ) 42 ﬁ@téﬁew%w i, o Sretit HalSd S roblivhils B S 1B 8 Wil )T

0% & () - #FY" Z'PEOOBNEWRIEr#7" 10% &' () - #FY" XY] YdYeY] YqYr YWYpX<5Z" 10% &' () #HEY" Z
"10% & ()-#Z"10% & () -#FY"Z"10% & () -#Z"10% & () - #WY~YYYYYYYsW5Z" 10% & () -
#Z"109% & () -#FY"Z"10% & (),: #Z" 10% & #EY Z" 1 % 77y XK1
89100 & () 27" 100 & () semebiloetl e o s e, Y RRAE RS S5

F10% & ()--1 ‘alip0oficss ¢onsistigg @sseatiglly of moe/&&llql)a,ol@m/&s&id( yligomers forming a

0' 10% & () - Y1QiyaZbdakiddl pHiadd MHAMRENBS daia PEIRMEIRSREd - ALMLOYPE) P& () - MLOYPE)
P& () - #Yl\/[L0(%6('!‘}%/&;(E 2) M bl

10% & () - [[[$[% [/[O[XX@/IIO%’E) PQLMLOYPE) P& (3 MLO%PE) P& () - PQL1IMLOYPE) P&
() - MLO%PE) P& () - QLO)[ : [continually withdrawing said hydrocarbon phase.

[ @ E[ F[ K[ pX<MLO%VILO%PE) P& () - QLMLO%PE) P&’ () - MLO%PE) P& () - 1QLMLO%PE) P& () - ML
0WPE) P& ()-KIPIQ R [\\\\jI</10"+10"+ 3(10%+& ()- & 10%+& ()-

% ! 109 +& () - 1MLO%PE) P& () - QLMLOYPE) P& () -\\% (\7\]~_oN-/ "10%& ()-@
"10%+& ()- "10%& ()-M( 10%& ()- ,10%& ()-L L

L10% +, & ()-P10”+__ _abbc|[:-/ “1410%& ()- s/10%& ()- " ( 10%& () -
1"10%& ()- "10%& ()-S "10%& ()-@Nornmal " "Headi ng 13]c" "Headi ng 23] c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93]c"A "Default Paragraph

Font ™ $,, 5?) GL<SWY" df hj | nprtvxz| CO@NW c?@\BCDEFU %a#%

"(-1257+: A?A| CH: JKMW

N* NONPATTTTTTU: UTUp UUUUUUVVOV: Vs WY XXOYXYWYYZZ[ O] K[ \ _cGHI JKLMNOPQRSTUVWK
YZ[\]"_ abcdef ghlj kI mopqr st uvwxyz{ | } 6T| mes New RomanAri al Courier New'h

PNA NN A NN N



