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Abstract: A functionalization of mesoporous materials with organosilane was carried out via a post-synthesis grafting
method and (#-BuCp),ZrCl,/methylaluminoxane (MAQO) as subsequently immobilized on the functionalized
mesoporous materials for ethylene polymerization. Organosilanes having amine, cyano or imidazoline group such as N-
[(3-trimethoxysilyl)propyl]ethylenediamine (2NS), 4-(triethoxysilyl)butyronitrile (INCy), 1-(3-triethoxysilylpropyl)-2-
imidazoline (2NIm) were used for the surface functionalization of mesoporous materials. In the SBA-15/2NS/(n-
BuCp),ZrCl, catalyst preparation, the amount of MAO in feed increased with an decrease in the Zr content of the
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supported catalyst, and Al content in the supported catalyst increased. The ethylene homopolymerization activity of

SBA-15/2NS/(n-BuCp),ZrCl, dramatically increased as the amount of MAO in feed increased. Furthermore, when the
immobilization time was 6 hrs, SBA-15/2NS/(n-BuCp),ZrCl, showed the highest activity. The activities of supported
2NS-, INCy-, 2NIm-functionalized catalysts decreased in the following order, SBA-15/2NS/ > SBA-15/2NIm/ > SBA-
15/INCy/(n-BuCp),ZrCl,. 2NS and 2NIm which have two amine groups per silane molecule were shown to interact with
(n-BuCp),ZrCl, strongly compared to INCy which has one amine group. Thus, the activities increased with an

increase in the nitrogen and the Zr content of the supported catalysts.
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Table 1. Organosilanes Employed for Surface Functionalization
of Silica

Name Molecular structure
3-trimethoxysilyl) o\, Ny
INS N-[(3-trimet] oxysilyl) Haco_Si/\/\N/\/
propyl]ethylenediamine H
H,CO
H3CH2C0\
4-(triethoxysilyl) N
INCy butyronitrile H;CH,CO—Si CN
H;CH,CO
H;CHZCO\
NI |-(-triethoxysilylpropyl)- HQCHZCO7Si/\/\N/w
2-imidazoline HCH,CO \_
N

FAZ + AR TH FEEA 9l 1-3 418 Aldrich AFR
TEi TYRIL 13X EAAE B3l 22 AAAT

HM 7|58 Hgrte] 98 7I5sket] S8l f71 4%
2NS, INCy, 2NImE AH&-3}3th 2.0 g &4skA] 42 4
27k 100 mL E2alol] 24477 22220, 4.0 mmol)]
organoalkoxysilaneS %ol Fth. E¢E2 105 °CollA]
2A17F E}F WA F T o] w, SBA-15¢] W &R 5t
/“E]—i 153} organoalkoxysilane®] A1 EA] & HEA] 1
< FHAFEA doh vhg T4 § JF Asto] v
< 3ol = Hlﬂfz = 00 °CollA] 124]
AzskA
F0f &Y. 19 753t e 71%5}0} ] 2 19 o
ZXEH 2 EAL 30mL EFdd E-FAIHTZ 0.35 mmole]

Z0) (-BuCppZiChet X3, 8, 16 mmol)e]
MAO E3-8-9S dolFUtt. 70 °CollA LGA17H3, 6, 9

Zot 7}alA wwrsle] &3 & wieES 100 mL

H ool AIH AL 25 °ColA g Ax3s)
au_ H| &g ¢ EH7]°ﬂ*1 T = .

A% A7) FEH L k)
s 7]°ﬂ/\1 T 33T 280 mL
S aba} FekeEA] trlethylalummlum(TEAL)—E— Wg7IE F
PHNL 255 70°CE F7MAZ T LA Fe] = 5mL
k) A 818 FEE FYFNIL triethylaluminium
(TEAL)O] 10 wt% &J2F 8-> scavenger= AHE-E ATt
Fe W7o olgd@lo] Xste § wyka} A A&k
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Figure 1. TEM micrographs of SBA-15 (a); amorphous SiO,(b).

Table 2. Surface Properties of SBA-15 and Amorphous SiO,
BET Surface

Average pore Pore volume

area (m?/g) diameter (nm) (cm’/g)
SBA-15 804 5.9 1.2
Sio, 550 12.5 1.7

Table 3. Elemental Analysis Data of Silane-Grafted SBA-
15 and SiO,

N Content _Calculated C Content Number of
silane content reacted

(mmol/g-cat.) (mmol/g-cat.) (mmol/g-cat.) alkoxy groups

SBA-15/2NS 1.97 0.99 6.45 1.5
SBA-15/INCy 1.57 1.57 6.28 3.0
SBA-15/2NIm 1.57 0.79 5.57 2.5

SiO/2NS 1.67 0.84 5.04 2.0

INS7F W 7]1%53tE SBA-159} Si0,2 Hlw S
SBA-15°] anchoring® 2NS¢| g}aFo] °F7k =gkt
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Table 4. Chemical Composition of Supported Catalysts

Zr Al

Ol%;nn(g]l;\n © Immobilization MAO Content Content

Catalysts

m time (h)  (mmol) (umol/ (mmol/
g-silica) get) et)
4191 26
1 6 8 150 33
16 84 4.6
SBA-15/2NS/
(n-BuCp),ZrCl, 3 ’ .
1 6 8 150 33
o 143 3.6
, 6 8 143 34
SBA-15/INCy/ 1 6 ' s
(n-BuCp),ZrCl, 2 N -
SBA-15/2NIm/
S 1 6 8 134 35
SiO,/2NS/
Sore 1 6 8 155 43
. 5.0
) .0 I 4.5
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Figure 2. Change in Zr content and Al content as a function of the
amount of MAO in feed.
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Table 5. Results on the Ethylene Polymerization with Amino-
functionalized SiO, and SBA-15/MAO/(n-BuCp),ZrCl,*

Organosilane Immobilization Activity
Catalysts (mmol/ time (]r\n/lr;l"‘n(())l) F% (kg-PE/
g-Silica) (h) & (gcat*h))

4 174 022
1 6 8 606 0.76

16 604 0.76
SBA-15/2NS/

(n-BuCp),ZrCl, 3 39.7 050

1 6 8 606 0.76

9 53.0  0.66

2 6 8 465 0.8

SBA-15/INCy/ 1 s g 36.6 046

(PBUCPRZICL 5 372 047
SBA-15/2NIm/

(-BuCp),ZrCl, 1 6 8 516 0.65

Si0,/2NS/
(#-BuCp),Z:Cl, 1 6 8 293 037

“Polymerization condition: 7=70 °C, P=7 bar, catalyst amount in feed=80 mg,
TEAL=1 mmol, hexane=280 mL.
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Figure 3. Activity in ethylene homopolymerization of supported
2NS-functionalized SBA-15 catalyst as a function of the amount of
MAO in feed.
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Figure 4. Activity in ethylene homo- and ethylene-1-hexene copoly-
merization of supported 2NS-functionalized SBA-15 catalyst as a
function of immobilization time.
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Figure 6. Zr Content and polymerization activity of functionalized silica
supported (#-BuCp),ZrCl, in the ethylene homo- and ethylene-1-hexene
copolymerization.
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Table 6. Results on the Ethylene and 1-Hexene Copolym-
erization with Amino-functionalized SiO, and SBA-15/MAQO/
(n-BuCp),ZrCL"

Organosilane - ik zation MAO PE Activity 7

Cotalysts giiory  time () (mmo)) (@ (&L C)
3 8 257 032 1199

6 8 375 047 1183

(S%ﬁélflefg{z l 9 8 252 032 1185
6 16 203 025 1202

2 6 8 295 037 1175

SBAISING | ] AEEIENITINTEE
(BuCppZiCl, 5 281 035 1196
(SnB];’;lé%/igg}i I 6 8 211 026 1189
(n-SBil?(ZJg)IjZSéJIZ 1 6 8 101 013 1200

“Polymerization condition: 7=70 °C, P=7 bar, catalyst amount in feed=
80 mg, TEAL=I mmol, hexane=280 mL, C4/C, molar ratio in feed=2.0.
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