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Abstract — Silica supported MgCl/THF/TIiCl, catalyst (SiOy/MgCl/THF/TiCl,) was prepared, and then decom-
posed thermally. The amount of produced gas [tetrahydrofuran (THF) and 1,4-dichlorobutane (DCB)] was meas-
ured with gas chromatography (GC) and mass spectrometer. SiO,/MgCl/THF/TiCl, catalyst started to decompose
around 85°C, and further decomposed at 113, 150 and 213 °C. THF was mainly produced, but very small amount
of DCB evolved during temperature programmed decomposition (TPD), while unsupported MgClL/THF/TiCl, pro-
duced DCB significantly. Polymerization rate of ethylene with SiO,/MgCl/THF/TiCl, decreased when it was
preheated at 85 and 110°C for 5 and 60 min, respectively, while that of unsupported MgCL/THF/TiCl, increased
after same pretreatment condition. It can be suggested that Mg/Ti bimetallic complex anchored on the surface of sil-
ica through OH group of it has weak interaction between Mg and Ti species.
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INTRODUCTION

A MgCl/THF/TiCl, bimetallic complex catalyst showed very
high activity in ethylene homopolymerization [Han et al., 1989;
Kim and Woo, 1989]. This catalyst also showed that the activ-
ity of ethylene polymerization increased as the Mg/Ti atom-
ic ratio in catalyst increased in the range of 0.4 and 16.5.
This has been explained as follows; at higher Mg/Ti atomic
ratio, the cationic Mg complex interacts with anionic Ti com-
plex to form cluster bound weakly each other because Ti com-
plex are diluted by MgCl, - THF complex. This can increase
in active sites due to ease fragmentation of catalysts during
the polymerization [Kim et al., 1990].

In the case of the Mg/Ti atomic ratio of 5.2 in bimetallic
complex, polymerization rate of ethylene increased when it
was thermally treated below 108 °C [Choi et al., 1993]. How-
ever, the catalytic activity of the MgClL/THF/TiCl, bimetallic
complex catalyst (Mg/Ti=16.5) decreased after thermal treat-
ment at 80°C [Choi et al., 1993]. This indicates that the ther-
mal stability of MgCL/THF/TiCl, catalyst (Mg/Ti=16.5) is
worse than that of the Mg/Ti atomic ratio of 5.2. It was elu-
cidated from Temperature Programmed Decomposition (TPD)
experiments that tetrahydrofuran (THF) was decoordinated from
the bimetallic complex during heating, and that thermal treat-
ment of bimetallic catalyst can influence on the kinetics of
polymerization [Choi et al., 1993] and copolymerization [Ko
et al., 1994, 1997], and on comonomer distribution significant-
ly [Ko et al., 1997].
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SiO,/MgCl/THF/TiCl, was developed to establish excellent
morphology control of polymer particle in the fluidized bed
reactor [Wagner et al., 1981]. We reported the characteristics
of SiO/MgCl/THF/TiCl, catalyst in the ethylene polymeriza-
tion [Kim et al., 1990; Kim and Woo, 1990], and ethylene-1-
butene copolymerization [Kim et al., 1994].

In this study, TPD study of SiO/MgCl/THF/TiCl, was per-
formed to examine the effect of immobilization of MgCl/THF/
TiCl, on the surface of silica. The effect of thermal treatment
of SiO,/MgCl,/THF/TiCl, catalyst on the ethylene polymeri-
zation rate was also investigated.

EXPERIMENTAL

The polymerization grades of ethylene (Daelim Ltd., Korea)
and nitrogen of extra pure grade were further purified with
the columns of Fisher RIDOX and molecular sieve SA/13X.
Silica gel (Davison 952) was dehydrated at 500°C for 12 hrs
in a nitrogen condition. n-Hexane (Duksan Ltd., Korea) of ex-
tra pure grade was further purified by reflux over sodium met-
al in a nitrogen atmosphere. The analytic grade of tetrahy-
drofuran (J. T. Baker Chemical Co., Philipsburg, NJ) was pu-
rified by distillation under reflux with LiAlH, for several
hours. Anhydrous magnesium chloride (Aldrich), aluminium
triethyl (Aldrich), and TiCl, (Aldrich) were used without fur-
ther purification. The SiO/MgClL/THF/TiCl, catalyst (Mg/Ti
atomic ratio=5.2) was prepared by reaction between MgCl,
(THF), and TiCL(THF),, and then yellow precursor solution
was impregnated to dehydrated silica gel. Ti content in the
prepared catalyst was 0.54 mmol-Ti/g-catalyst. Slurry poly-
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merization was carried out in a 1-L autoclave under a con-
stant pressure of ethylene at 70 °C. The detailed procedures
for catalyst synthesis [Kim et al., 1990] and polymerization
[Kim et al., 1990] were described elsewhere. The TPD ex-
periment was conducted under a helium flow at a heating
rate of 10°C/min. The temperature was raised from room tem-
perature to 300°C. When the complexes were thermally de-
composed, the amounts of the product gases formed during
TPD were monitored by gas chromatography. Mass spectra
were obtained with a VG SX300 quadrupole spectrometer dur-
ing TPD of the catalysts.

RESULTS AND DISCUSSION

In Fig. 1(a) is shown the TPD spectrum of the SiO,/MgCl, /
THF/TiCl, catalyst. TPD spectrum of silica supported bime-
tallic catalyst was different from that of MgCl/THF/TiCl, cat-
alyst. The SiO/MgCL/THF/TIiCl, catalyst was decomposed
at 113, 150 and 213°C, while MgCL/THF/TiCl, (Mg/Ti=5.2)
was decomposed at 108, 140 and 242 °C [Choi et al., 1993].
The gaseous products were identified as THF and DCB by
MS, FT-IR and "C-NMR experiments. THF coordinated to
MgCl, decomposed at 86, 156 and 199. THF coordinated to
TiCl, decomposed at 125, 154 and 254 °C. This result indi-
cates that THF coordinates to TiCl, more strongly than to
MgCl, [Choi et al., 1993]. To confirm the relative amount of
THF and DCB the gaseous products during the TPD of sil-
ica supported bimetallic catalyst, the experiments of temper-
ature programmed formation spectra of THF and DCB were
performed and its results are shown in Fig. 2. Mass to charge
ratios of 42 and 55 are selected to measure the relative a-
mounts of THF and DCB, respectively, based on the high-
est intensity of mass cracking peaks of THF and DCB. As
shown in Fig. 2, very small amount of DCB was formed
during TPD and THF was a main gaseous product.

In the case of MgCl/THF/TiCl, bimetallic complex cata-
lyst, DCB was generated at 242 °C, resulting from the reac-
tion of THF and Cl coordinated to Ti species. From TPD re-
sult described above, bimetallic catalyst supported on the sur-
face of silica produced very little amount of DCB. From this
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Fig. 1. Temperature programmed decomposition spectrum of
the SiO/MgCl/THF/TiCl, (a) and MgClL/THF/TiCl, (b).
Heating rate=10 °C/min; He flow rate=50 cm’/min; cat-
alyst weight=0.5 g.
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Fig. 2. Temperature programmed formation mass spectra of

THF and 1,4-dichlorobutane for SiQ,/MgClL/THF/TiCl,
bimetallic complex catalyst.

result, it would be suggested that there was little THF coor-
dinated to TiCl, to form DCB from the reaction with Cl of
TiCl, because THF exists hardly at Ti active species during the
preparation of silica supported bimetallic complex catalyst.

Choi et al. suggested the plausible change in the structure
of the MgCl,/THF/TiCl, bimetallic complex as shown in Fig.
3(a) [Choi et al., 1993]. When Mg/Ti atomic ratio of this
complex is higher than 2, this complex is a mixture of the
ionic salt [Mg,(u-Cl)y(THF)] [TiCl(THF)]  and MgCl(THF),,
which is elucidated by Sobota and Utko [Sobota and Utko,
1988]. This structure can be suggested when it is presented
in the form of single crystal or solid powder. A MgCl,/THF/
TiCl, catalyst was prepared by precipitation of solution of
MgCl(THF), and TiCL(THF), with 1-hexane. Therefore, the
structure of MgCl/THF/TiCl, catalyst can be speculated as that
reported by Sobota et al. From this structure, it can be ex-
plained that DCB can be generated due to the presence of
THF adjacent to Ti in this ionic salt at higher temperature.

In the case of SiO,/MgClL/THF/TiCl, the plausible mech-
anism of the reaction of SiO, with TiCl, was proposed by sev-
eral authors [Soga et al., 1983; Chien and Hsieh, 1976; Mu-
noz-Escalona et al., 1984). In the present study, active pre-
cursor solution prepared from the dissolving MgCl, and TiCl,
in THF reacted with hydroxyl groups of the silica without
the precipitation process and its plausible structure is shown
in Fig. 3(b) [Kim et al., 1990]. Species (E), which is prepar-
ed at higher Mg/Ti atomic ratio, has four bridged and two
terminal chlorine atom, and can react with one hydroxyl
group due to the less reactivity of bridged chlorine. As shown
in Fig. 3(b), there is no THF adjacent to the Ti atom, result-
ing in the smaller generation of DCB during thermal treat-
ment of SiO,/MgCl,/THF/TiCl,.

Fig. 4 shows the ethylene polymerization rate profiles af-
ter thermal treatment of the silica supported bimetallic cata-
lyst at 85°C and 110°C for 5 and 60 min. When the tempera-
ture of thermal treatment was raised, the polymerization rate
decreased. It can be suggested that the thermal stability of
the catalytic active site on the surface of silica is not main-
tained after thermal treatment. However, unsupported MgCl,/
THF/TiCl, bimetallic complex catalyst showed thermal sta-
bility at 80 and 108°C [Choi et al., 1993]. When unsupport-
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Fig. 3. Plausible change of structure of MgCL/THF/TiCl, during heating (a) and plausible structure of Mg/Ti bimetallic com-

plexes attached to the surface of silica (b).

ed MgCly/THF/TiCl, bimetallic catalyst was treated thermally
at 80°C and 108 °C, polymerization rate of ethylene was in-
creased. Choi et al. have elucidated that the enhancement of
polymerization rate after thermal treatment below 108 °C might
be due to the formation of new active site after decoordina-
tion of THF, and that the polymerization rates of ethylene
decreased as thermal treatment temperature increased to 140
°C, resulting from decomposition of catalytically active TiCls
(THF) at higher temperature [Choi et al., 1993]. Fig. 4 also
shows that ethylene polymerization rate profiles was affected
by the thermal treatment time of the SiO/MgCl,/THF/TiCl,
bimetallic complex catalyst at 85 and 110 °C. The longer ther-
mal treatment (60 min) slightly decreased the polymerization
rate. This indicated that the stability of the active site was
not affected by the thermal treatment time, but by the ther-
mal treatment temperature. These different behavior of poly-
merization rate after thermal treatment between MgCl/THF/
TiCl, and SiO,/MgCl/THF/TIiCl, catalyst would come from
the bonding and interaction between OH of silica gel and
Mg/Ti bimetallic complex as shown in Fig. 3(b). Murata et
al. have reported that SiO, is not an inert support but a reac-
tive support which affects active species to change chemical
properties from the results of XPS study and investigation of
k, value for silica supported Mg-Ti catalyst [Murata et al.,
1990]. The binding energy of Ti,, for supported catalyst was
increased about 0.3 ¢V in comparison with that of Mg-Ti
catalyst, indicating that the electron density of Ti of sup-
ported catalyst decreased. Soga et al. also claimed from the
experiments of washing of catalyst that MgCl, forms a weak
complex with Ti species on the surface of silica and it can
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be removed easily by washing with THF [Soga et al., 1983].
From these results described above, it could be suggested
that thermal treatment would decompose readily the Mg/Ti
bimetallic complex anchored on the surface of silica because
of weak interaction between Mg and Ti, resulting in decoor-
dination of Mg species from Ti species. This, therefore, ma-
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Fig. 4. Ethylene polymerization rate profiles after thermal treat-
ment of the SiO,/MgCL/THF/TiCl, catalyst. Thermal
treatment conditions; (a) none; (b) 85 °C, 5 min; (c) 85
°C, 60 min; (d) 110 °C, 5 min; (e) 110 °C, 60 min (Poly-
merization condition: P,=3 atm; T=70 °C, [AI}/[Ti}=128).
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kes the Mg/Ti atomic ratio lower than that of not thermally
pretreated one. It was known that when the Mg/Ti atomic
ratio in the complex decreased, the catalytic activity decreas-
ed due to the lower catalytic activity of Mg/Ti bimetallic com-
plex itself.

In conclusion, SiO/MgCl,/THF/TiCl, was decomposed at 85,
113, 150 and 213 °C and main gaseous product was THF dur-
ing decomposition. Polymerization rates decreased as preheat-
ing temperature increased, indicating that Mg species Should
be detached from Ti species due to the weak interaction be-
tween them.
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