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IDEAC FTLR R EIIR RABIL M AR AT, ETH/EH A 1.0 MPa. AlNI /R 49 h 1000:1. FA-RE A 30 Ceydh
T, THRREMXEF] 258107 g/(mol h), THrehiksEM A 86.77%(H F 1-T WK A 75.62%). /e, FIRAFE
2 B 26 (DFT)*T R R #g kv 2 F I /Ni(I) B &4 AT 45 AR DL, I8 B & fBAR B 0 2Bt R,
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Ethylene Dimerization Catalyzed by Imidazole Carbene-Phosphine/Ni(1I)
Complex/Diethylaluminumchloride

WANG Yupeng, ZHANG Yu, CHEN Yanhui, JIANG Tao
(College of Chemical Engineering and Materials Science, Tianjin University of Science and Technology ,
Tianjin 300457, China)

Abstract: A series of imidazolyl-carbene-phosphine bidentate ligands were designed and synthesized, and their structures

were characterized using nuclear magnetic resonance (NMR) spectroscopy. The reaction of these
imidazolyl-carbene-phosphine ligands with NiBr2 (DME) (nickel bromide ethylene glycol dimethyl ether) produced the
corresponding carbene-phosphine/Ni( II ) complexes. These complexes exhibited high catalytic activity for ethylene
dimerization and excellent selectivity for 1-butene in the presence of diethylaluminum chloride (DEAC) as a co-catalyst.
Based on the imidazolyl-carbene-phosphine/Ni( Il )/DEAC catalytic system, the various effective factorsfor ethylene
dimerization, such as the substituents at the nitrogen atom of the imidazolyl-carbene-phosphine ligand, the aluminum source,
reaction temperature, AI/Ni molar ratio, reaction time, and catalyst concentration, were systematically investigated.
Experimental results demonstrated that the catalytic performance was optimal when the substituent on the nitrogen atom was
an isopropyl group. Under the conditions of ethylene pressure at 1.0 MPa, Al/Ni molar ratio of 1000:1, and polymerization

temperature at 30 “C, the ethylene dimerization activity reached 2.58>107 g/(mol h), with a butene selectivity of 86.77% (of
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HEEWH: EXRASRRAIEEDIH (22071178); 1 H A uAHL T RIT H (2020B2512)
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which 1-butene selectivity was up to 75.62%). Finally, density functional theory (DFT) calculations were employed to

simulate the structures of different imidazolyl-carbene-phosphine/Ni(1I) complexes, providing a theoretical explanation for

the experimental results observed.

Key words: ethylene dimerization; carbene ligands; 1-butene; nickel-based catalysts

TR —FhEENA TER, THFEST =
Wi AT EE DORERIF 240 T ™, hny Ayt B
TR PR A R 2R M B R 24 (LLDPE) A B 3R i
SRR (POE). 5Bl R 2B M IRAHEL, T H o
PR N T LA 5 5 7 i O e L AR
TASTERE . ARG PR S B ER ER AL G T B
TR AR A S R, (HIX R IRAT
TEAF= LA IR WA DA =) e 6 1 2 5 )
MHEZTR, HAOEIEE, RHELHE - RAET
W B AR S . SRR PR AR SR,
ARAAE, A 207 = R 1 m Ak 32 B R AR R
MR EAER . ML TR R IR R, B AL
R R R B S AL ANEE . KREFF R RHE R
40 70 110 % B A R 205 — TR I IR ST PR A T
WP BAT Yo M E DY, B AT SR A 7T
F RSB S RN B A G5, Bl s
U [P, PTHE AATETIRI X e [N, NTBC AR, B ATTAH B
BRHC A WA e SRR 25 6 3 R I BT 1 O 0 R
R, Song ZLHRIE T &4 2-MEnE IEBL 200 — B
WHITE—40 CHIZAE R TR ML A F] 95.9%,
H 1-T¥5HE 99.7%. Yu RIS E T N-(2-HUft
—5,6,7- =& HEmk-8-V L) 5 AR &, 1620 CT%
R, AL 2055 R TG HEIE 9.5X 108 g/(mol ), H
T 5 B 90%. Shao 2R LR A ASKHFR W
il e 55 A AT S B e I LE R R L 20 — R
PERE. IR, BFF0 R IR FERC AR B B A A 4
A A 751 4 B i 2 R0 BRI AR E s[RI R I H B
kAL PEBER, 2, Subramaniyan &5EMSHRiE
(1) PCnicP #1% Pd(E Ni) - S HL & P RE 8 =y o i1k
IR S5 C-N 22 AR, 7= 235 3] 96%.
TECIHFRAIR, — LU S e £ L & 4 th R B
HAR T A TS, (E =) — i 230 Schulz-Flory 7
AR, AT SCER R R B, S AN B A
F1 435 45 B 5T UL e A RO F 70 DA BB AT HE 2075
55 5T I ) B FH B0 AR DLARGE 5 4% 0 1) RUBE AN XU
BEATARAHLE, BRPE R SRR B SR e 7
KPR R SE M G SR A, T LS &8 RO R
1) C—M &, 5 FfbirEagm e,

ARSCIE R R AU T RS, kA
BT — FR BN ELAG A7) 2 5] 2500 R L 4850 1D 1 o
RPN, AR ER B AR JL A5 M AT
RAE . FKMEIE-R -5 NiBro(DME) & B 15 2 4
97 IR I o =N (TR A 4, i 17—
MNMRIEMA OIH = RIRNFIR R . [FIB R G % %2
BeAARZERe . I SR EE - BIEALTR . AN 25 & EE
AR DA B2 S R T 6 122 fRE A0 AR 2 35 1 AR = 4
IEPEEMREI, HREE A% EZ RS (DFT) N AN [H] 1)
IR e 6 - TN (1) BT & 03047 S5 M REAEL,  AAER I8
2 THI AR A R (1) 52 s

1 #MR5RE

1.1 ERE{EE

TR AT 0 $ 98%) . IE T FE4H (2.4 mol/L
IECREER) rEEL, AREBREARAR; 4=
e — FRERALEE (NiBry(DME), JRE 7% 98%), L
A A RA R, — & = LEM(DEAC, 2.0
mol/L IE ki) H AL (MAO, 1.4 mol/L H
VA~ B SRR A (MMAO-3A, 2.4 mol/L IE
FREEIEIR) . 52k 2 AR (EASC, 2.0 mol/L IF &
): E[E Albemarle A#]; @mAES, KE WA
WHIRAT; BAERLN, REFRERFRM G
FRAT] . SEEGETES K AT (0 B 40) ¥ 2 4 SR M Rl i
A IR TG . AEEpkmk iy 3 SR
BR[L7] 5 1541 4%

140 mL i B J v 22, S Lab Grest A Al
1G1200/750 TS-A BF-EH, BCAEREERI B Sl A R 2
Al; 8890 BUAAHEE AT (LIS AL E: HP-1
BEMER,; HAME 30 mL/min; S KIGE 116
R g8 s 146 35 'C F4ERE 4 min, LA 20 ‘C/min F+ &
280 °C JE{HIE 15 min; BERE 15 I #5545 ) 15
SEON 250 ‘CAH 300 C), ZHEERHEHRAF;
AVANCE NEO 400M ZY k% i 3438 1A%, 78[5 Bruker
AT,

1.2 PR ERR-BICAME K
I IR S FE AR L1—L5 (& ki 1
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Wk 7 - BN RS — R IR IR HEE — 3R *3-

Fime ERSASAT, ¥ FIERA 1(2.009,10.74
mmol)¥T 20 mL IECkEH, fE—20 CHEBFEMI
PE 18 A 5.36 mL IE T 3E48(2.40 mol/L)HIEC
boidl, WEZRERE, frkEalEE. KiEa
BER IO e, B 5 mL IE ket It BT
15, 73% 2.01 g PhoP-Li (2,10.46 mmol, Y= 97%);

FREL 247 FE ke 25 3 (1.00 g, 4.19 mmol)F-57F T 20

mL PUSWRE R, 2248 5 0 PhoP-Li(0.85 g, 4.41 mmol)
(DU RIR A9 (10 mL), #6488 h g, T,
PR, REEE Ly, TR, 73 3 mRmeld
FRE-JRACAA L1 (1.17 g, 3.94 mmol, UK 94%). %
HRERE @) 73 mT LA B A& L2— L5, IR TE
91%~94%2 [f] ,

X
N
[ ? L1:R=Me, X=1
Ph 4 - e N, PPh, | LZR=Et X=Br
P—H noBuli P R . [ >: L3:R="Pr, X =Br
Ph” -20°C-Rt, in Hexane ~ Ph”" “Li Rt, in THF N L4: R ="Bu, X=Br
1 2 "? L5:R=Bn, X=CI

1 BRMEERE-BRCE L1—L5 BEamissk
Fig. 1 Synthetic route of imidazolyl-carbene-phosphine ligands L1-L5

1.3 BRMAEREBS/NI(1)ELEH Nil—Ni5 B9& K

MK A I T2 AN TT ) 540 () B R 2 L P 2
Jfime fERSAA T, L NiBry(DME)(0.21 g, 0.68
mmol) &% T 20 mL & ke, PRGNS NS4 i
[ 5 A DK P R 2= fic & L1 (0.20 g, 0.68 mmol)

N PPh,
) CH,Cl,,NiBr,( DME)

R L1Ls

R, EiRBRE 12 h, AR, A5
mL 1E CRee AT RS, 19 2055 kR =
—JRAR A Nil (0.31 g, 0.60 mmol), Y& 89%.

FHRIFIRE I 7 kT LIS BIBC &4 Ni2—Ni5, ik
FIE 86%~90% [ .

N/ PPh, Nil: R = Me, 89%yield
[ ’2>_,\|“_Br Ni2: R = Et, 87%yield
) Ni3: R ='Pr, 90%yield

) Br Nid: R = "Bu, 86%yield

R Nil-Nis Ni5: R = Bn, 88%yield

2 BREE-RE-BE/NI(I)ECE Nil-Ni5 B& R
Fig. 2 Synthetic route of imidazolyl-carbene—phosphine/Ni(II) complexes Ni1l-Ni5

14 ZHZBRMN
4 140 mL BB M B e 3 Ik, ERUIETE
MIEOL T, JFREBERE, ROUIA R O 20 mL,
AT KM RN (1D )& ) B L3R Ok
B, B SRL.0 MPa), R SR TR
B, 347 30 min BERN . RMNERE, FHRMNE
BT UOoKB R, ZEBRCEEIEREE, N
A 20 mL BRA CBEZb B AR = R HEA T
SAHETEAC BT o AT T S B v SR T N
D~ KPR,
m
A:n—t (1)
A A NI EALTEYE, g/(mol h); m AF=Y)
MR, g5 n AEMLFIF SRR, mol;
t SN ], he

S=-- @

m
X SN aMRRMESNE, %; mOA T atf

KR E, go

2 H#HR5VE

2.1 ZMARIESER

K I B AR R AR AE U

BifA L1 (B 94%): 'H NMR(400 MHz, =i,
STAREAR): 6 2.80 (t, 2H), 3.98 (s, 3 H), 4.40~4.47 (q,
2H), 7.34~7.37 (m, 6H), 7.41~7.48 (m, 6H); 3P
NMR(162 MHz, =i, mfRE17):6 22.02 (s)-

BifA L2 (B 92%): 'H NMR(400 MHz, =i,
STAREA): 0 1.56 (t, 3H), 2.82 (t, 2H), 4.31~4.37 (q.
2H), 4.45~4.51 (m, 2H), 7.35 (m, 6H), 7.42~7.51 (m,
6H); 31 P NMR(162 MHz, =i, mARE1)):6 21.89
(s)-

Fifk L3 (% 91%): *H NMR(400 MHz, =i,
STACEN): 0 2.82~2.86 (t, 2H), 4.50~4.56 (g, 2H),
4.80~4.86 (m, 1H), 7.35~7.37 (m, 6H), 7.41~7.51 (m,
6H); 3P NMR(162 MHz, =ifi, /mAC& h):0 21.81
(s)-

fofk L4 (K 94%): 'H NMR(400 MHz, =iff,
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TAREA): 0 1.35~1.39 (m, 2H), 1.84~1.90 (m, 2H),
2.81~2.84 (t, 3H), 4.25~4.28 (t, 3H), 4.46~4.52 (m,
2H), 7.33~7.37 (m, 6H), 7.44~7.47 (m, 6H); 3P
NMR(162 MHz, =i, jifX&15):0 22.08(s)-

ficfk L5 (K 93%): *H NMR(400 MHz, =ik,
SRAREAN): 6 2.78 (t, 2H), 4.37~4.43 (9, 2H), 5.55 (5,
2H), 7.28 (s, 2H), 7.37 (s, 6H), 7.40~7.50 (m, 9H);
1P NMR(162 MHz, =i, AR )6 21.93(s)-
2.2 EHRFIMERETEMN

BT NIAL 7R R BA R O = BRI
RePE, TR KPR - BENI(IDEC A R, 3
— G BB B 0 RN, —
W R AE VR O 6% (20 mL) AT, 20K S 1.0
MPa, JeIEEN 45 °C, RMAEJY 30 min, LL
DEAC JEhEALF (n(Al) @ n(Ni)=500 : 1), Ni(Il)
Bl &N 2.4 umol, SEIRZER K 1. HE 1
ATHD: 1% ARSI R I LR A 20 5K
(VS PR DA% T e it o ok - 22BN (1D L &
) Nil—Ni5 SRk P AL 205 RN, L
FE MY 4.30x105~8.23%108 g/(mol h), T ke
PEILF] 90% A b, Hod 1- TRk EE KT 70%.
YEJuNt G, M8 NiBra(DME)AR £ bk e e pe— R4

ARHMELEEHR

Be&9, AR RIS NP, 3 15 B
IR I e AR AE S B R B T OB E A . AR
ISR AR B, FTA R =B A &
T IRIE T R =R AN (st 6.86
X 10° gl(mol h), T HEIERENE N 77%) FIMLRE J U
[N NJEREC A9 (Feflbid o 2X10° g/(mol h)) .
P NiL—Ni5 itk 0 R gh 58, 7l LAE ik
MR RO R N AR EA I o AR v
PERUEREMEA BRI, X ATREE N R FEUR
11 2 10 A7 BEL 2880 7 AT E - 2R AT R0, e AT A AL
FNEMEIRF J9: Ni3>Ni2>Ni4>Ni1>Ni5. H# N
JRFiERER AR A Ni3 MbEERm, f#
e 5E A 3] 8.23X 108 g/(mol h), H:k N N R T3i%E
B CEMBLEY) Ni2, s HERAR Y N R FHUR
BRI NISo X L6 yH PR A i — D R B Rk I R
TE-BE Ni(ID)BC A YA TS 7 51 AT e N T R
AR (P57 FHL A5 R AT R F RSO B AE FH IS5 . N JE
T AR AT G K2 5 80N & 4 O 2 a7 FH
., AFTF 2dmme A iE AP, FE N R LR
AL T GRS NI PO BT R EE R, A
T LI AN BeRa e 1) N e 3 o ) 4122,

x1 TEREAMENCH-_BRNER

Tab. 1 Results of ethylene dimerization catalyzed by different Ni complexes
EFEEI%
75 (e WEMEN(g-mol hTY)

Cy 1-C, trans-C,~  cis-C4” Ce” 1-C& Cs 1-Cs
1 Nil 4.62X10° 91.92 70.37 11.33 1022 647 365 110 041
2 Ni2 7.76 X10° 93.15  74.27 9.74 9.14 426 286 259 101
3 Ni3 8.23X10° 90.28 77.84 7.06 5.38 6.58 424 314 137
4 Ni4 5.76 < 10° 92.44  76.65 8.61 718 479 311 277 114
5 Ni5 4.30X10° 95.25 79.22 9.15 6.88 3.28 239 147 063
6 NiBr,(DME) 0.02<10° 83.46 47.87  19.68 1591 1581 804 073 024

VE: CaRm T, 1-Ca iR 1-T ¥, trans-Ca RoRm —2—1 I, cis-Ca KR i—2—T ¥, Ce T O, 1-Co Fon 1-Tff, Cs Fom

A, 1-Co 2R 1- i

N T E— R TR R TN (T BC A
MEALTETES N BURIE R G, AT A G T 5.
BC&4 Nil—Ni5 R 71 5548 H Gaussian 09 72 /7 1
Hiff M06 LBV FEZ iR 71k, JE45 6 m6-31G*141E

AXTECA Y Nil—Nis BEAT45 ML, T A
SambVca 21449 Nil—Ni5 #3474 14540 4
TIASEAEL, o FRIESS TH B N9 o o P B SRR 3 25O
Ni &R LmuEsEE, 4R 0E 3R,
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M, 55 BRMERoE - BE/NIUDECE YR SRR A O IF R 2R *5-

3 Nil—Ni5 EC&¥I0 = [E40 8 K 5 R Y BLIB AR FR 0 3

Fig. 3 Geometric structures and percent buried volumes of Ni1l-Ni5 complexes

ME 3 FarH: LAY Nis (BIEARIECN
18.6%) A 5K 1 2% (A BH , 3X AT e g2 b ik R rp
LIETIAEN, BRS &R EER ORI RE ), T
A TG PRI, 23 B A7 BHLE A L A4 Ni2 (F
HAKFL BN 15.5%) 5 Ni3( A HE & 4 ok
16.2%), HA B MEAATEE. DRk,
Nil—Ni5 Pt &P AR G 2 T H0E (LUMO) &
B 3d(C—yA)XIFReE, XERHE TR AYHIERS Z
I BB = 9 2 T L(HOMO)IE RE AR IS (B 4),
M-S FENI I8 T IR~ 8. BL&4) Nil—Nib5
FIELERERR L 2, Nil—Ni5 ) HOMO 1 LUMO
WK 4 fioc. HATEE 2 A1 5 AT40: Ni3 f) LUMO
A T Ni2, FoXH R ERR(0.07139 eV )t N ik
BRIk, 53HAh 4 FECA AL, Ni3 B 55 ZEi
AT, BRI 0 RiE T, X A se
e R —

4 Ni3 WETZ S FHEMZES FRENHEEER
Fig. 4 Interactions between frontier molecular orbitals
of the Ni3 complex and molecular orbitals of ethylene
% 2 ELAY Nil—Ni5 fO3EEERR
Tab.2 HOMO-LUMO gaps of Nil-Ni5 complexes

BeE) ELumoleV EromoleV AEleV
Ni1 —0.07668 —0.15008 0.07340
Ni2 —0.07591 —0.14921 0.07330
Ni3 —0.07735 —0.14874 0.07139
Ni4 —0.07922 —0.15101 0.07179
Ni5 —0.07425 —0.15636 0.08211

5 Nil—Ni5 #J HOMO #1 LUMO
Fig.5 HOMO and LUMO of Nil-Ni5 complexes

2.3 RMFHMHKL
16 F K= = -/N(TT)EC 54 Ni3 £ AL

A, BT AN IFTRIR L. AR, K&
N2 IS T MM A 7R B2 X AL £ 0 — 3R IONE IR 52 Wi A
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FEHATH 5
2.3.1 BhEALH

76 Ni3 A SN 2.4 pmol. ZWHIE SN
1.0 MPa. SNIRE A 45 °C. Je i [E]Jy 30 min (¥
MR, E 20 mL HURIR e Rt AT 20 R RN,
FFCAS R R AL R B AL 55 (n(Al) © n(Ni)=500 : 1) X
fEALIERER S, &5 R 3. LA MAO
g MMAO-3A Iitf, MMAO-3A {E4LIE T MAO

ARHMALEE R

) 1.3 %, XATRE/E T MMAO-3A 1&g it 77
W B G ), 448 ] DEAC B EASC
B EAGRINE, fEAEYE ST MAO 5 MMAO-3A
AR 2R, Hirh DEAC F I H B m AL 1,
N 8.23X10° g/(mol ), X HEREH T &R FEEH
B RN, ] DA a8 4 s b O (SR B, AT it
CIFIERALRE ST, B T LTS,

3 BEWSTIX 2% RAVS T

Tab. 3 Effects of co-catalysts on ethylene dimerization

L%
AL M/ (g-mol th Y
C4: 1*C4: trans-Cf CiS-C4: Cez 1- CG: Cg: 17C3:
MAO 3.13x10° 83.73 66.15 9.47 8.11 11.86 7.34 451 1.85
MMAO-3 A 4.08%10° 86.34 71.66 8.33 6.35 10.89 6.87 2.77 1.16
DEAC 8.23x10° 90.28 77.84 7.06 5.38 6.58 4.24 3.14 1.37
EASC 7.79%10° 88.63 72.67 7.71 8.25 8.62 5.61 2.75 1.33

H: CaRom T, 1-Cam 1-TH, trans-Ca Ron JR—2—1 I, cis-Ca FRRMI-2—T 4, Co 7~ O, 1-Co Frn 1-CUM, Co KR

¥, 1-Ce Fm 1-FMi
232 REBEE

7E Ni3 FC &0 F &4 2.4 umol. L. DEAC N
BifE4b7) (n(Al) © n(Ni)=500 : 1), ZHE /8 1.0
MPa. Sl (a2 30 min [4514F, 7E 20 mL F3E
W ORE AT O RN, B TR B AL
PERERIRZMR, 455 W3R 4. Ni3 HEALIE M BE I5 1 AR
12— o BTSRRI RE S, A 7 R R
N 30 CH, MEAFIMEMEIAEIEHE, A 1.12x107
g/(mol ), [FIE T G IEREE L 2] 94.24%; £ 75 C
B, JEPEOCE S S e — e A A . X ATRER N
FERMRAIIRE T (15 'C), Ni iEtEde BrdEm p-H

TH R S N T AR (B BRI AE), S BUREAMIEIL 3
IR G 340, ARIEAFIT Ni g Bl
M e, SECEZ kB WRIE (A5 C,
O 5 FIm I G oy 26.18%) . B SN ) T
re s LR 1 T A BV B S LA B O, A
AT R PRGN o 3 v A B NG i FE 2 S AL
TR LB R BEARMEAL A ROE 1 L IR
JE, 3R EUR BRI TR A, Rk
FRILFETE, BaE R AR IR TR,
X AT B R T B AR PR PR A — A SR R 031,

®4 REBEX %R

Tab. 4 Effects of reaction temperatures on ethylene dimerization

IEFEEI%
W/ °C WEME/(g-mol thY)
Cy 1-C, trans-C,4~ cis-C4~ Ce 1-Cs~ Cq” 1-Cg~
15 0.77>107 73.82 53.61 11.17 9.04 24.67 12.88 151 0.67
30 1.12x107 94.24 78.43 8.13 7.68 4.61 3.16 1.15 0.59
45 0.82x107 90.28 77.84 7.06 5.38 6.58 4.24 3.14 1.37
60 0.60>107 84.63 71.62 7.32 5.69 8.51 4.65 6.86 1.95
75 0.55%107 82.57 67.76 11.79 10.37 8.63 5.11 8.80 1.83

VE: VE: CaRoR T M, 1-Co For 1-T M, trans-Ca Rom [x—2— 1 Jii, cis-Ca KR Ii-—2—T 4, Ce R O/, 1-Co FRor 1-C 4, Cs

FoREM, 1-Ce Ko 1-F o
2.3.3 AlNi#ie&

TEOM R M, ek B AR H 2
LTIV RE D R MEBA. Rk, 76 Ni3 Al

EYIRIHE N 2.4 umol. L DEAC NEIELLTF. 2
W5 718 1.0 MPa. [N EA 30 C. N E] N
30 min [IZEETF, 78 20 mL H3EFR O kbt AT 206
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M, 55 BRMERoE - BE/NIUDECE YR SRR A O IF R 2R *7-

TRIRBL, BEFE AN P O A RE R
Wi, £5RWAE 5. i BhAET DEAC HIERIHIN,
ATV L PUSET s 5 PR S . 78 AN 05 1
ELEJy 1000 @ 1 WHEATETEA B fem . XA RN
DEAC HIE%/(300: 1), H:ZEENHR A RN
RBURAERT, TIASRESE &35 AE Ni )& TR s P

0B, ik &) DEAC T BE 2 Ni 4@ il B
W, SEMEFIRIER, B ALUNI PR R
Hhn, =T R R Se T R B RS, 7E AN
VIR Ly 1000: 1B, 1T mrik vt s .

&5 AN YIRRHIELEX Z % RS

Tab.5 Effects of Al/Ni molar ratios on ethylene dimerization

n(Al) : n(Ni) S (g-mol h Y EFRLEI%

Cr 1CF  transCr is-C" Ce 1Cf Gy 1Cs
300 1 0.62% 107 9063 6625 13.29 11.09 7.22 617 215 103
500 : 1 112X 107 0424 7843 8.13 7.68 461 316 115 059
1000 : 1 157X 107 o158 8121 5.62 475 5.33 406 309 152
1500 : 1 1.03X107 8564  76.46 6.07 311 857 682 579 257
2000 : 1 0.73% 107 8017 7066 424 5.27 1260 776 723 414

VE: VE: CaRoR T M, 1-Co For 1-T 4, trans-Ca Rom [x—2— 1 /i, cis-Ca ForIi-—2—T 4%, Ce R O/, 1-Co R 1-C.f, Cs

FoREW, 1-CoFom 1-F 1.
234 A =E

fELL DEAC ABIELLFT (n(Al) : n(Ni)=1000 :
1) ZHIE718 1.0 MPa. RN A 30 C. W
B[] 30 min (126 FF T, 7 20 mL 3R O e Aok
17095 = N, BT Ni3 Be AW A B Ak i
REfsom, 45K 6. BEEM A Ni3 Fi&EM 0.3

umol FEHFHIZ 4.8 pmol, MEALIEYE BLIL/ETHE 5 1
MR, 75 1.2 pumol ITHEREE. X T AR i T
S 700 2 S o 6 o o R P 2 0
b, R LIRS, L PR, 5
Bh, HEALFIEEATT RS AE 4R Ni b0 A Al 52 4 BT
P, T VAL 00,

*k6 BUFIAEXNZHE RN
Tab.6 Effects of catalyst amount on ethylene dimerization

A1 ol g mol 1h Y P %
Cs 1-C, trans-C,~ cis-C,~ Ce” 1-Co” Cs” 1-C¢”
0.3 0.64 <107 90.63 82.54 5.05 3.04 7.22 6.17 2.15 1.03
0.6 1.12 X107 93.64 82.72 6.22 4.70 461 3.16 1.75 0.88
1.2 1.86 X107 92.24 81.65 5.07 5.52 5.19 4.33 2.57 1.36
2.4 1.57 X107 91.58 81.21 5.62 4,75 5.33 4.06 3.09 1.52
4.8 0.73 X107 80.17 70.67 4.24 5.26 12.60 7.76 7.23 4,14

VE: ¥ CaRR T, 1-CaRom 1-T M, trans-Ca KR R—2-"T #5, Cis-Ca RRNI-2—T )i, Co R O, 1-Co K 1T, Ce

FORAM, 1-Ce For 1Mo
2.35 R RS [E]

7E Ni3 e & &4 1.2 umol. LA DEAC N
BIELE 7] (n(AD) @ n(Ni)=1000 : 1). ZM&E /1N 1.0
MPa. S0 EEA 30 CHIZAT R, 78 20 mL HIEFR
Ot AT CM R ROBL,  F 8 R LB A% A 1

RERREN, SRR 7. fERMNISEDY 15 min i,
fEAGE PR B e, XA I FRCEY) Ni3 £t
S I B8 iR SH O Dy 20 RV 0BT B
SIS TR PR RE K, 20 TR T o TR A R R A
JiREEA, A R R

R7T REMERZE R
Tab. 7 Effects of reaction time on the ethylene dimerization

EFEEI%
i 1) /min iEME/(g-mol thY)
Cy 1-C~ trans-C,~ cis-C4~ Ce” 1-C¢” Cqs” 1-C¢”
15 2.58 <107 86.77 75.62 4.38 6.77 8.69 6.69 4,54 1.98
30 1.86 <107 92.24 81.65 5.07 5.52 5.19 4.33 2.57 1.36
45 1.00X< 107 91.06 82.57 3.68 4.81 5.82 4.33 3.12 1.44
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60 0.61X107 92.36 83.16 5.92 3.28 4.95 3.87 2.69 1.26
75 0.37 X107 92.84 80.89 5.69 6.26 4.25 2.86 291 1.22

VE: ¥ CaRon T, 1-CaFRoRn 1-T M, trans-Ca KR [x—2— 1 ¥, cis-Ca RRnIli-2— 1 J7, Ce Fun O, 1-Ce v 1-CU0%, Cs
FoRFENM, L-Ce Fom LFNf o
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