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Abstract ; The oligomerizations of 1-decene have been carried out with zirconocene catalysts ( (775-C5H5 ),ZxCly, A [, u-
(Me,Si),(n’-CsHy), 1 [ (n’-CsHy ) ZrCl, ) 1,, By [ (GgHs) C(Me), (5’ -CsH,) ],ZrCl,, C; tBuNC(Me), (7 -CsH,)
7xCly, Dy (5°-CsH,) C(CsH,y) (9°-CyHy ) ZeCly, E; (5°-CsH, ) C(Me),(n’-Cj3Hy) ZeCly, F; (7°-CsH,) C(CeHy),
(n°-C;Hg)ZrCl,, G) in combination with MAO and the effects of the dosage of complex F, reaction temperature and Al/Zr
ratio on oligomerization and properties of oligomers were also investigated. It was found that the structure of ligands with dif-
ferent steric effects and electronic effects affected the catalytic behavior greatly, and determined the oligomer’ s component
and microstructure. Among them, Cp,ZrCl, , silicon bridged binuclear zirconocene complex B and sterically hindered com-
plex C mainly produced low viscosity oligomers (100 C Kv: 2 ~3 ¢St, dimer content about 60% ) ; As expected, constrain-
ed geometry configuration zirconocene complex D with more open coordination space displayed higher catalytic activity and
the kinetics viscosity of oligomer was higher than that of Cp,ZrCl,(100 °C Kv about 3 ~4 ¢St) ; It was interested to find that
Cs symmetrical zirconocene complexes E , F, G showed higher activity and primarily produced medium-high viscosity oli-
gomers (100 C Kv>20 cSt) , which was attributed to the special structure of the zirconocene catalysts and different polymeri-
zation mechanism. The GC-MS results demonstrated that the oligomer mixture was less isomerization and composed of dimer

to pentamer. The optimum reaction conditions involved a dosage of complex F 10 pmol, a reaction temperature of 80 °C , and

an Al/Zr ratio of 300 : 1.
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Poly-a-olefin synthetic oil (PAO) was the desira-
ble synthetic lubricant base oil because it had good
flow properties at low temperatures, relativlely high
thermal and oxidative stability compared with mineral
oil, it also showed low evaporation losses at high tem-
peratures, improved viscosity index and low pour
point. At present, the synthesis of PAO was mainly
catalyzed by Lewis acid catalysts ( boron trifluoride and

aluminum chloride)""’. However a major problem as-

Received date: 2016-03-21 ; Revised date: 2016-05-10.

sociated with the process was that the oligomer cata-
lyzed by Lewis acid catalysts had wide molecular
weight distributions containing multiple components,
and the oligomer mixtures were difficult to seperate;
Another problem was that the isomerization of a-olefin
couldn’ t be controlled leading to inappropriate lubri-
cant base oil.

Metallocene catalysts exhibited high catalytic ac-

tivity with regard to a-olefin oligomerization. Because
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of the single-active site and coordination insertion
mechanism, the skeletal isomerization of ¢-olefin could
be avoided, therefore it had narrow molecular weight
distribution. Further more, polymer structure could be
controlled and polymer molecule could be tailored dur-
ing the oligomerization process'” . Thus, the applica-
tion of metallocene catalysts for lubricant base oil has
caused extensive attention. The unbridged metallocene
catalysts (n’-RCsH,),MX, (M = Zr, Ti, Hf; X =
Cl, Me; R = H, Me, iPr, nBu, (Bu)"™ mainly
produced low-viscosity PAOs with dimers fraction con-
tents larger than 50% , the isolated dimer and 1-de-
cene were further oligomerized in the subsequent step
using cationic catalysts for useful lubricant base stock.
Kissin et al. '®' investigated the use of Cp,ZrCl, or
BuCp,ZrCl, in conjunction with methylaluminoxane
(MAO) as a highly active catalyst for 1-hexene, 4-
methyl-1-pentene and 1-decene polymerization, in
which the dimers or trimers could be further polymer-
ized through supported AICl;/y-Al,O; catalyst to ob-
tain single-component and multi-component synthetic
lubricating base oils. In 2002, Dimaio et al. "’ has ob-
tained HVI-PAOs using complex G, Ph,C (3-nBuCp-
9-Flu) ZrCl,, Ph,Si( Cp-9-Flu)ZrCl, et al in combina-
tion with MAO as catalysts, and investigated the effects
of polymerization temperature, MAO concentration and
hydrogen concentration on the properties of oligomer.
High-viscosity PAO have also been prepared in US pa-
tent 7 667 064'%". Park et al. ') disclosed a new ansa-
zirconocene catalyst exhibiting high activities and the
oligomer distribution was appropriate for the application
of lubricant base stocks. It was well known that the de-
velopment of metallocene catalytic systems for PAOs

10-12
10121 however,

has attracted more and more interests
the relationship between the structure of metallocene
catalysts and their catalytic activity and oligomer com-
position were still unclear. In this paper, the metallo-
cene catalysts with different structures were used for 1-
decene oligomerization and the influence of metallocene
structure on their catalytic activity and oligomer proper-
ties were investigated as well, and the optimal poly-

merization conditions of preparing narrow-distributed

oligomers were obtained.

1 Experimental

1.1 Materials

Toluene ( analytically pure ) was supplied by
Shanghailiing Feng Chemical CO., LTD., and was
distilled over sodium for 48 h prior to use; 1-decene
(95.8% ) was purchased from Tianjin Haina Interna-
tional Trading CO., LTD., dried over sodium hy-
dride, and subsequently distilled prior to use;
Cp,ZrCl, was purchased from Meryer Chemical Tech-
nology Co. , Ltd. MAO ( Methylaluminoxane 10% tol-
uene solution) was obtained from Azo. CO., LTD. ;
Zirconocene catalysts were prepared by our research
groug.
1.2 Oligomerization of 1-decene

The oligomerization reaction was performed in a
250 mL glass reactor. After evacuation and flushing
with Ar (three times) , then 1-decene was injected into
the reactor. The reactor temperature was increased to
certain temperature and maintained for one hour, MAO
and zirconocene catalysts dissolved in toluene were in-
jected sequentially into the reactor, the oligomerization
reactions were carried out for 3 h. The reaction was
quenched with ethanol and was stiring for one hour,
toluene and unreacted monomers were removed from
the mixture by distillation in vacuum, then the conver-
sion of 1-decene and the catalytic activity were calcu-
lated respectively.
1.3 Oligomer Product Characterization

The kinematic viscosity ( Kv, ¢St) of the oli-
gomers at 40 C and 100 °C was measured in centis-
tokes with a calibrated glass capillary viscometer ac-
cording to the ASTM D445-06 method. VI values were
calculated according to the ASTM D 2270 method.

Gas Chromatograghy-Mass Spectrometry ( GC-
MS) was carried out with HP-689-5973 MSD, which
was Agilent 7890A GC/5975C MSD with a fused silica
capillary column HP-5MS (30 m x 250 pum X 0.25
pm) , Nitrogen was used as a carrier gas at a rate of 2
mL/min and with a split ratio of 100 : 1. The injection
temperature was 200 °C , and increased to 450 C at a
rate of 10 °C per minute.

'"H NMR and “C-NMR analysis of the oligomers
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(mass fraction;15% in CDCl;) was carried out at 400
MHz and 100.4 MHz respectively on a Bruker
AVANCE-400 NMR spectrometer ( made in Bruker) ,
it was carried out at room temperature with typical ex-
perimental parameters for acquiring quantitative spectra
of polyolefins. The pulse angle was 90°, and the pulse
delay was 15 s.

2 Results and Discussion

2.1 Oligomerization of 1-decene Catalyzed by Zir-
conocene/ MAO

According to the structure of the ligand, metallo-
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cene catalysts can be divided into unbridged metallo-
cene, bridged metallocene and constrained geometry

) In this paper,

configuration metallocene ( CGC)'
in order to investigate catalytic activity and oligomer
microstructure,, zirconocene complexes with different
structures ligands were prepared : silicon bridged binu-
clear zirconocene complex B, unbridged zirconocene
complex C with large steric hindrance, constrained ge-
ometry configuration zirconocene complex D, Cs sym-

metrical ansa-metallocene complexes E, F and G

(shown in Scheme 1).
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Scheme 1 Zirconocene complexes used for 1-decene polymerization

The oligomerization reaction of 1-decene (50 mlL)
was performed in flash reactor with zirconocene com-
plexes (8.55 pwmol) in combination with MAO at 100
°C for 3 hours, the oligomers was obtained after remo-
ving 1-decene from the mixture by distillation in vacu-
um, the results of oligomers’ property and oligomer

distribution were shown in Table 1.

It can be seen from Table 1 that zirconocene cata-
lysts all showed superior catalytic activity except com-
plex B, C, the significant difference of catalytic activi-
ty indicated that the ligand structure of zirconocene
complexes affected the catalytic properties markedly.
Cp,ZrCl,/MAO showed high activity (1.2x10° g + mol
Zr™ + h™" ) . The high activity was due to that two Cp
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Table 1 Results of 1-decene Oligomerization Catalyzed by zirconocene Complexes/MAO
Conversion o 100 C Oligomer Distribution( wt% )
Catalyst % Activity* 40 CKv/cSt Kv/cSt Vi 2-mer 3-mer 4-mer S5-mer
A 81.0 11.7 6.32 2.23 195 72.00 21.20 6.50 0.30
B 8.5 1.2 6.84 2.34 186 58.63 27.85 9.56 3.97
C 13.0 1.9 11.25 3.29 178 52.39 32.30 13.22 2.11
D 84.3 12.2 9.29 3.13 237 50.06 33.09 12.29 4.30
E 76.5 11.2 96.79 21.63 252 21.91 33.98 38.94 5.17
F 71.4 10.3 111.14 24.14 250 22.99 32.76 39.20 5.05
G 91.0 13.1 2516.3 239.08 233 7.58 14.37 33.59 44.46

Oligomerization conditions: 1-decene(50 mL) , zirconocene complex: 8.55 pmol, Al : Zr = 300 : 1, 100 C, 3 h;

a. Activity in units of X10° g + mol Zr™" - h™'.

SSONS S T

Scheme 2 Structure of the bridge in zirconocene complexes

rings could rotate freely, so the steric hindrance was
relatively small, which benefited the insertion and co-
ordination of 1-decene. The Si-bridged binuclear zir-
conocene complex B, which was synthesized corre-

14 .
140 could be seen as a combina-

sponding to literature
tion of the two Cp,ZrCl, molecules through rigid bridge
Me,Si-, in which Si-bridged Cp,ZrCl, in conjunction
with one Cp ring could be seen as a bulky substituent
group, which gave the complex B relatively limited de-
gree of freedom, so complex B had high inserting steric
hindrance for olefin monomer, therefore the mononer
could only insert from one side of complex B and led to
the lowest value (1.2X%10° g - mol Zr™' + h™). Other
Si-bridged binuclear zirconocene complex with longer
bridge, which were prepared by Wang "', showed
high activities toward ethylene polymerization, there-
fore it was considered to be used as catalysts for 1-de-
cene polymerization too. As for complex C, which was

161 it contained

synthesized corresponding to literature
bulky substituent group so that Cp rings could only
make a relative limited rotation, and the steric effects
of the bulky ligand was so strong to prevail over any e-
lectronic benefits, as a result, the bulky substituent

eroup phC ( CH; ), seriously hindered 1-decene from

coordinating to active center, as excepted, its catalytic
activity (1.9x10° g - mol Zr™' - h™) was much lower
than Cp,ZrCl, under similar conditions.

The sp’C bridged CGC complex D, which was

synthesized corresponding to literature'”’

, displayed
high catalytic activity (1.2 x10° g - mol Zr™" - h™"),
even slightly higher than that of Cp,ZrCl,, because
the constrained bridge in CGC caused the bite angle
o (Cp(centroid)-M-N) to be 89. golt8l forcing the
opening of the supplementary angle 8 and therefore
opening the coordination site. This structural feature
benefited 1-decene insertion and coordination to activa-
ted metal, which was commonly considered to be
responsible for its high catalytic activity.

Three ansa-metallocene complexes containing Cs
symmetrical structure have also been tested, and com-
plexes E, F and G were synthesized corresponding to

literature' ™" .

The nature of substitute on the bridge
atom influenced the activity significantly and the influ-
ence of the bridge framework on the activity mainly
came from steric and electronic effect. As for steric
effects, the introduction of (CH,);C, Me,C and Ph,C
bridge decreased the bite angle « ( Cp ( centroid ) -Zr-
Flu) value and increased the supplementary 8 angle
value, Tt was found that the bite angle o ( Cp ( cen-
troid ) -Zr-Flu) of F and G were 118.6° and 117.6°,

20-21 . .
! that is, these zirconocene comple-

respectively'
xes became more open and the catalytic activity was
improved as the bite angel decreased. The higher ac-

tivity was also attributed to favorable electronic charac-
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teristics. The metal center of complexes E, F, G were
quite electron deficient, and methyl, cyclohexyl, phe-
nyl groups were stronger electron-donating groups,
which could push electron cloud to the metal , therefore
the electron-donating substituent made the active center
more stable, which increased the catalytic activity.
The increased stabilities and enlarged reaction space of
the metal center are responsible for their high activi-
ties, in which complex E, F exhibited similar catalytic
activity, and complex G showed the highest catalytic
activity (1.3x10° g » mol Zr™' - h™").

It can be found that A, B, C, D/MAO primarily
produced low viscosity oligomers, while E, F and G/
MAO mainly obtained medium-high viscosity oli-
gomers. It turned out that the difference of viscosity
was caused by the oligomer distribution and oligomer-
ization mechanism. The oligomer with complex F was
characterized by GC-MS and the result was shown in
Fig 1.

2-mer
3-mer
4-mer
1-mer
S—mer
hale .
1 1 1 1 1 1 |

0 5 10 15 20 25 30 35

Retention/min

Fig. 1 Oligomer distributions for PAOs prepared using catalyst F

It was found that the oligomer was composed of a
mixture from the dimer (2-mer) to 5-mer'*?'. The nar-
row peak distribution of the components suggested there
was less isomerization during the chain propagation.
The distribution of oligomer catalyzed by zirconocene
catalysts A-G was shown in Table 1.

The kinetic viscosity at 100 °C of oligomers cata-
lyzed by Cp,ZrCl, was only 2. 23 ¢St, that’ s because
the dimer content in the oligomer mixture was 72% ,
and the rest content corresponding to the 3 ~5 mers

was only 28% . It was well known that the bite angle in

Cp,ZrCl, was 133°'%) and the supplementary angle B
was 227°, that is, the space of activated center for the
monomer coordination and insertion was relative nar-
row, the result implied that after the formation of di-
mers, the polymer molecular chain easily terminated
through B-H elimination or transfered to co-catalyst,
resulting in more and more difficulty in forming multim-
er (5-mer fraction was only 0.3% , no higher polymer
was found). Xu group'**’ has once found that the poly-
mer molecular weights produced by complex B were
higher than that of Cp,ZrCl,, they ascribed the result
to the different electronic environment of the metal sites
combined with the double bridged-Cp ligands, that is,
the electronic effects were particularly important for the
insertion reaction, and caused oligomer molecular
weight growth, in which the dimer fraction in oligomers
with B was 58. 63% , slightly lower than that of
Cp,ZrCl,, while the fraction of corresponding trimer
and tetramer increased slightly. The electronic effects
of bulky substituent complex C, similar to B, stabi-
lized the metal center, which benefited the insertion
and propagation of monomers, it turned out that there
were also less dimers and more 3 ~5 mers compared
with that of Cp,ZrCl,.

The dimer fractionin oligomers catalyzed by com-
plex D has been found dropped to 50.06% , while the
kinetic viscosity at 100 “C increased up to 3. 13 cSt,
this may be due to D had large open space, which of-
fered a relatively open coordination site, and this struc-
tural feature was commonly considered to be responsi-
ble for the lower dimer fraction and higher 3 ~5 mers
content than that of Cp,ZrCl,. However, the polymeri-
zation reaction was carried out at high temperature and
Al : Zr ratio more than 300 : 1, thus, there was large
dimer content in the oligomer mixture.

The C-bridge in ansa-metallocene E, F, G
caused its a ( Cp ( centroid ) -Zr-Flu) to be lower than
that of Cp,ZrCl,, this meant these complexes had more
open coordination space, which was conductive to the
insertion of 1-decene, therefore these complexes
formed oligomers with large molecular weight. What’ s
more, the ansa-metallocene complexes had highly sym-

metric structure which made 1-decene insert alternate-
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ly. More important was that the cyclohexyl, methyl,
phenyl with strong electronic effects, especially the
phenyl, stabilized the metal center which was electron
deficient. These three factors were considered to be re-
sponsible for the high oligomer molecular weight,
which led to high viscosity. For example, the kinetic
viscosity at 100 °C of oligomer with F was up to 24.24
cSt, and the kinetic viscosity at 100 °C of oligomer
with G has reached alarming 239.08 cSt.

It can be seen from the above discussion that A,
B, C and D primarily produced low viscosity oligomers
and showed high catalytic activity, except B and C
slightly lower. complexes E, F exhibited suitable pro-
perties and the oligomer with them could be used as
ideal medium-viscosity lubricant base oil (suitable vis-
cosity, high viscosity index ). Although complex G
displayed high catalytic activity and high viscosity in-
dex, the kinetic viscosity was too high to be used as lu-
bricant base oil.
2.2 Characterization of PAOs

The oligomer structure was characterized by 'H
NMR and "C NMR, the 'H NMR spectra of oligomers
produced by F was shown in Fig. 2.

H
CH,; —C=CH,
S] C8H17
S
Q
= l 1-decene-2,1-ins
—_—
+Zl‘/ﬁ/
CSHU
l—deceneil,l—ins
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—_—
CH,, CH,,

+HCl
H
~
CHH” C8H17 H
6 CBH” C8H17
1
4.55~4.75 ppm

CH,;
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Fig.2 'H NMR spectra of oligomers produced by F

It can be seen from Fig. 2 that the saturated hy-
drogen signal of methyl (0.7 ~0.9 ppm) and methyl-
ene(0.9 ~1.4 ppm) groups was pretty strong, while
the unsaturated hydrogen signal (4.5 ~5.5 ppm) was
very weak , suggesting that there was little unsaturated
double bonds fragment in the oligomer carbon frame.
The explanation for the reasons of the production of un-
saturated bonds and saturated bonds was shown in

Scheme 3 . It was reported that the unsaturated end

m'm\““
prater 0 7
+“C\ CHy,

C:Hy,
C:Hy,
Z.
\‘1['. — 4
a,,v H
€ H C:Hy,
+
5.2~5.4 ppm
C8H17 C7HIS
5
H
CHy,
H / CsHys
CgHy,
CH,, CH, 3
2
4.95~5.1 ppm

Scheme 3 Chain transfer and chemical shift
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groups (structures: 1 ~5) and saturated end groups
(structures 6, 7) of these oligomers originated mainly
through (B-hydride eliminations and chain transfers to

the co-catalyst, respectivelyuﬂ.

The signal of chemi-
cal shift 4.4 ~5.5 ppm was amplified, and there were
mainly three vinyl end group signals emerged at 4.55 ~
4.75 ppm, 4.8 ~5.15 ppm and 5.2 ~ 5.4 ppm,
which were assigned to vinylidene(—C=CH, ) , trisub-
stituted vinylene (—( C)C=CH—) ,and disubstituted

[26-27]

vinylene (—C H=C H—) respectively , and the

integration ratios of the three signals were 1.65 : 2.66 :

1.00. The vinylidene(—C==CH, ) was produced through

1, 2-insertion and then terminated through 8-H elimi-
nation, and the chain transfer reactions via 1, 2-inser-
tion was facilitated after rearrangement and subsequent-
ly generated many trisubstituted vinylene (—( C)
C=CH—) end groups, while disubstituted vinylene
(—CH=CH—) was formed through 2, 1-insertion
and B-hydride eliminations. Thus, most of the chain
transfer reactions occured via 1, 2-insertion and the i-
somer via 2, 1-misinsertion contributed only 23. 2%
when F was used as catalyst.

The "C NMR spectra of oligomers produced by F
was displayed in Fig. 3.

—_ ©  wea = % a o 9
55 R 3 2 - g g
g I 3] = 2 5 T;& g = g
C
L G C; C; 7
by N/ N/ N7\ C
C, C, i X
c, C, [oN
c
C, c,
a
‘ | br
| I | 1 1 1 1
150 100 35 30 25 20 15

Fig.3 " C NMR spectra of oligomers produced by F

According to Carman and Wilkes’ nomencla-

[28-29]

ture , the chemical shifts of oligomers could be dis-

tributed as followings:Cl1:35.10 ppm, C2:26.11 ppm,
C3:28.94 ppm, C4.28.67 ppm; C5:28.38 ppm; C6;
30.95 ppm; C7:21.70 ppm; C8:13.09 ppm, 120 ~140
0721 Although the oli-

gomers containing unstable carbon bonds should be

ppm was for the double bond'

saturated through hydrogenation, the investigating of the
properties of such oligomers with unsaturated bond could

provide significant information for the preparation for lu-

bricants base oil, since there was little difference be-
tween the kinetic viscosity and viscosity index of unsatu-
rated and saturated lubricant oils'™'. Due to the atactic
structure, the "C NMR signals in the aliphatic carbon
region (13 ~42 ppm) were very complicated, which
were different from that of isotactic or syndiotactic struc-

[27, 34]

tures , however, the atactic PAO has been previ-

ously reported to be better used as lubricant base oil be-
cause it exhibited lower pour point than the isotactic- or

syndiotactic-rich analogs'®’.
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2. 3 Effects of reaction conditions on 1-decene oli-
gomerization
It was found that reaction conditions affected cata-

lytic activity and properties of the oligomers markedly.

Table 2 reveals the influence of complex F dosage on
catalytic activity and properties of the resulting oli-

gomers.

Table 2 The influence of complex F dosage on catalytic activity and properties of the resulting oligomers

complex F _ Conversion 40 C 100 °C
Activity” . . VI

pmol /% Kv/cSt Kv/cSt
5 7.6 30.8 184.9 41.00 274
7.5 10.2 61.6 167.1 36.38 265
10 8.7 70.8 118.2 27.00 265
12.5 7.1 71.5 116.7 25.30 251
15 6.2 74.9 87.54 18.64 236

Oligomerization conditions ; 1-decene (50 mL), Al : Zr = 300 : 1, 100 C, 3 h;

a. Activity in units of x10° g + mol Zr™' - h™'

The results indicated that the highest catalytic ac-
tivity (1. 0x 10°g - :
7.5 pmol F was used, and then the activity decreased

mol Zr™' + h™") occured when

slightly, which could be attributed to the difficulty of
1-decene diffusion in high viscosity oligomer system. It
was found that the viscosity at 40 and 100 °C decreased

as the dosage of F increased, which was attributed to

this reason: certain monomers were initiated by more
coordination centers and produced more oligomers with
low molecular weight. Therefore, 10 wmol complex F
was used. Table 3 reveals the influence of Al/Zr ratio
on catalytic activity and properties of the resulting oli-

gomers with complex F.

Table 3 The influence of Al/Zr ratio on catalytic activity and properties of the resulting oligomers

AlV/Zr ‘ Conversion 40 C 100 C
. Activity” VI

ratio /% Kv/cSt Kv/cSt
100:1 2.3 18.7 211.45 42.65 257
200:1 6.7 54.3 191.67 38.77 254
300 : 1 8.9 70.8 120.48 25.78 250
4001 7.9 64.0 114.91 24.36 246
500:1 7.4 60.2 109. 00 22.65 239

Oligomerization conditions:1-decene(50 mL) , Complex F: 10 pmol, 100 C, 3 h;

a. Activity in units of x10° g - mol Zr™" + h™".

It was found from Table 3 that the catalytic activi-
ty increased as the Al/Zr ratio augmented until Al/Zr
ratio was 300 : 1, and then decreased slowly, but the
viscosity at 40 and 100 °C steadily decreased as the
Al/Zr ratio increased. It was well known that the co-

catalyst MAO played an important role in the process of

1-decene oligomerization, such as removing the harm-
ful substances from the polymerization system, methyl-
ating the zirconocene complex to promote the formation
of alkylated active center, eliminating CH;  from the

active center to form a alkyl cation with 14 electrons,

which stabilized by the anion formed by MAO with
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CH, . It was easy to understand that the quantity of
active center increased as the dosage of MAO augmen-
ted, which in turn promoted the activity of the catalyst
and led to a reduction of polymer molecular weight.
These factor reflected in the nature of the polymer was
that the kinetic viscosity at 40 and 100 °C of oligomers
decreased upon increasing Al/Zr ratio. It was well
known that there was always residual of trimethylalumi-
nium (TMA) in MAO, and the reaction between ac-

36]

tive species and TMA ™) also affected the catalytic ac-

tivity. The results showed that the catalytic activity in-
creased as the ratio of Al/Zr ratio augmented to 300 : 1

(the highest catalytic activity:8.9%x10°g + mol Zr™' -

h™) and then decreased, which may be caused by the
excess of MAO interfering the formation of the coordi-
nation sites through the over-reduction of Zr species

with TMA"!,

chransfer agent and the chain terminations through

Further more, MAO itself was a chain

transferring to the co-catalyst are favored at higher Al/
Zr ratio, so the excess MAO would lower the molecular
weight of the polymer, that is, the experimental result
was due to the above two factors. Therefore, Al/Zr ra-
tio of 300 : 1 was used.

Table 4 reveals the influence of reaction tempera-
ture on catalytic activity and properties of the resulting

oligomers with complex F.

Table 4 The influence of reaction temperature on catalytic activity and properties of the resulting oligomers

Temperature ‘ Conversion 40 C 100 C
Activity* VI

C /% Kv/eSt Kv/cSt
60 9.2 74.7 427.92 78.37 265
80 9.7 78.6 176.85 36.90 258
100 8.8 71.3 125.09 26.39 248
120 7.3 58.7 117.16 23.66 235
140 4.0 32.1 76.58 16.18 228

Oligomerization conditions:1-decene(50 mL) , complex F: 10 pmol, Al : Zr = 300 : 1, 3 h;

a. Activity in units of x10° g - mol Zr™" + h™".

It can be found from table 4 that the catalytic ac-
tivity presented a downward trend as reaction tempera-
ture increased, which implied that higher temperature
was harmful for 1-decene oligomerization. Generally
the increase of reaction temperature was conducive to
the diffusion of 1-decene and increased the propagation
rate of 1-decene, but it also increased the deactivation
rate of the active sites, therefore the combination of
these two effects likely accounted for the above reaction
temperature influence. The viscosity decreased upon
increasing reaction temperature, indicating that chain
propagation was favored at low temperature, whereas
chain terminated by B-H elimination and transferred to

S8 Now, it

co-catalyst occured at higher temperature
was easy to understand that both kinetic viscosity at 40
and 100 °C decreased upon increasing reaction temper-

ature. The highest viscosity index occured at 60 °C ,

because the structures of oligomers produced at differ-
ent reaction temperatures were different, and viscosity
index was influenced by the molecular branch ratio as
well as the lateral chain length. However, the kinetic
viscosity at 100 °C of the oligomer prepared at 60 °C
was too high, thus, 80 °C was used as reaction temper-

ature.

3 Conclusions

In this paper, the oligomerization of 1-decene cat-
alyzed with different zircocene complexes was per-
formed, it can be found that the nature of ligands in
zirconium complexes affected the polymerization reac-
tion markedly. A, B, C and D mainly produced low
viscosity oligomers(100 °C Kv: 2 ~4 ¢St, dimer con-
tent was about 60% ), and Cp,ZrCl, and complex D
showed high catalytic activity (above 10°g « mol Zr™" -
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h™). The oligomers formed by E, F exhibited suitable
properties ( suitable viscosity, high viscosity index and
high catalytic activity up to 10°g + mol Zr™" + h™") and
the oligomers could be used as medium-viscosity lubri-
cant base oil. Although complex G displayed high ca-
talytic activity and high viscosity index, the viscosity
was too high to be used as lubricant base oil. The GC-
MS analysis results indicated that the oligomer mixture
was mainly composed of dimer to pentamer, and the
narrow peak of components suggested that there was
less isomerization during the oligomerization. The re-
sults of "H NMR and "C NMR indicated that the un-
saturated and saturated end groups of these oligomers
originated mainly through B-hydride eliminations and
chain transfers to the co-catalyst, respectively, most of
the chain propagation reactions were carried out via 1,
2-insertion and 2, 1-insertion. This catalytic activity of
1-decene oligomerization increased initially and then
decreased upon increasing the dosage of complex F,
reaction temperature and Al/Zr ratio, while increasing
the dosage of complex F, Al/Zr ratio and reaction tem-
perature all decreased the viscosity of oligomers. The
optimum reaction conditions involved a dosage of com-
plex F 10 pmol, a reaction temperature of 80 °C, and
an Al/Zr ratio of 300 : 1, and complex F was applica-

ble to the commercial production of lubricant base oil.
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BAA, EHT, R, kEAT, 2o’ 2
(1 AERIT R PR S TREG, IR 4 bR TS0 %, BBATRDRHE 4 5 BT B R T 950 %, 130 200237,
2 IR GATIR A A THFIEB: K PRA THRIE L, BT KK 163714)

T BT I-SHRHURIREE G 1 4 R AR ( (' -CsHy ), ZeCLy L A [, p-(Me,Si), (n°-CsHy ), 1 [ (n"-CsHy)
7rCl,) 1,, By [ (C,Hy)C(Me),(n’-CsH,) ],ZrCl,, C; tBuNC(Me),(7’-CsH,)ZrCL,, D; (n’-C,H,) C(CH,,) (n'-
C,Hy)7ZrCl,, B; (5°-C,H,) C(Me),(n’-C,,Hy ) ZeClL,, F; (5°-C,H,) C(CHy),(n’-CyHy ) ZrCL,, G)/MAO Y555
KON, BRI T R4 R F RS, BEREM AV Ze WXTRE N AT R ERER . SCIags LR, mFH
ANTR B9 A7 BHL 250 L 0 F T80, AN [ 485 4 1) 6 4 Ja T 1-3% 07 1) e A Pk N S R W 4 4y A A ) 2. e
Cp,ZeCly , BUZRENFIR AR 48 B FIRNBHA SR C A BICKERNFTRY (100 C Kv: 2 ~3 oSt, ZE{k
TN 60% ) 5 FRGIE AR D FE AT IR BC A 2540 S B0 & AR TE M, ST BRI ORG e =
(100 C Kv: 3 ~4 cSt) ; Cs-XHMK4)E E, F, G HAR =M, G055 RYALEE i (100 C Kv>
20 cSt) , FEIFFE TIRAE RS RSP, GC-MS 45 B FU] % 4 R/ ik 1-28 486 i 55 B Y 1k 5%
A, EEH RIEBHRRMR G WA, KR F AR - 2GR0 5 BRI & 10 umol , A
B 80 °C, Al/Zr 300 : 1.
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