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Abstract
The pore surface of mesoporous materials, SBA-15 and MCM-41 were functionalized with organosilanes, 3-amino-
propyltrimethoxysilane (INS) and N-[(3-trimethoxysilyl)propyl]jethylenediamine (2NS) via grafting method. (n-BuCp),ZrCl, and
methylaluminoxane (MAO) were impregnated on the surface-functionalized mesoporous materials for the application to ethyl-
ene polymerization. In the case of SBA-15/2NS/(n-BuCp),ZrCl, supported Zr and Al contents decreased as grafted 2NS content
increased. However, in the case of MCM-41/2NS/(n-BuCp),ZrCl, supported Al content decreased, but Zr content increased
as grafted 2NS content increased. The polymerization activity of SBA-15/2NS/(n-BuCp).ZrCl, increased as the amount of graft-
ed 2NS increased. Increase in the amount of grafted 2NS should caused decrease in pore volume and diameter. Consequently,
it decreased the amount of supported metallocene and MAO in general. However, the smaller pore-sized MCM-41 could have
lower supported MAO content due to its large molecular size in case that MCM-41 was surface-functionalized with 2NS.
Therefore, the supported metallocene content could increase and its polymerization activity was higher than that of SBA-15.
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Table 1. Chemical Composition of the Catalysts

Organo

silane Zr Al Al/Zx
. content content
Catalysts in feed molar
(umol/g (mmol/ .
(mmol/ ratio
2-8i0y) -cat.) g-cat.)
SBA-1 é/r (gl'BuCp)z 0 106 39 37
2
SBA-15/INS/(n-Bu
Cp)ziCl 1 71.2 35 49
1 87.7 35 40
SBA-15/2NS/(n-Bu
Cp)zrCla 3 49.2 34 69
6 40.3 32 79
MCM“‘ZI;SI'B“CP) 0 59.0 33 55
2 2
MCM-41/INS/(n-B
uCp)ZiCly 1 54.9 2.3 41
1 60.0 22 37
MCM-41/2NS/(n-B
uCp)ZrCls 3 74.0 22 29
6 80.0 2.4 30

Ko 5 MCM-413%} SBA-15, 5743 Si0,9] thie AlFell Wig=Al
Zu) 2k MAOS PA|31] ofddl o-Sud 35S 31th MCM-41
o] A3 AR AEH ATl EXE Sl thE SHjuct 52 &
A& Holom FusAe] Tt BA2 Alg 2okl e AdE 1
wAke] gt 24 2ot oEs FAs8Iiths]. Aelkel nluste]
SBA-152 & & oR Q3| olyl7] 52 7157 &S S7MAA F
glom ojgdA 7)Eale Bal uEe anpQl ezl dxjef 5§
= 4= ) o175 7FA]i= N-[(3-trimethoxysilyl)propyl]ethylenediamine
(2NS) 9} 4-(triethoxysilyl)butyronitrile (NCy) 2 The A& 313He-S
9 7153510] (n-BuCp)ZrClyMAO B0l 88619111 7r ko] 7]
3yl opnl Shako] A 231 o) (n-BuCp)ZrCL e} oFil7)
733t 23T Ao wlEoZ AsITHI]. BEdh NS7F NCyH.tt 7]
318 o] o} (n-BuCp)ZrCLSt 23t A3 zg o7 s ®r}
¥ PSPk Aom HasEgitH1o].
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AT el €8 9 2 Fujo] 7158k ofvl e ulE
gyl FHAFS AH YT
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Wz e B9 SBA-159F MCM-41-> ' EH =23} AL %
Hoz shIE3ATH2,11-12]. SBA-159F MCM-41-2 550 ‘Col/d 12 h &
2Tl A AelFke] B9 753 913 3-aminopropyl-
trimethoxysilane (H,NCH,CH,CH,Si(OCH3s)s, INS, Aldrich), N-[(3-trime-
thoxysilyl)propyl]ethylenediamine (H,NCH,CH,NHCH,CH,CH,Si

(OCH3)s, 2NS, Aldrichye AHg-skglth #E-=Al ) bis(n-butylcy-
clopentadienyl)zirconium dichloride ((n-BuCp),ZrCl)+= AldrichA}25-E]
TRlE L, AAIgle] ARSIt Z=uE ARE methylaluminoxane
(MAO)= AlbemarleAtell A 7+9Jakalar FAglo] ARE-sISlH: (F)SK
energy ZHE 338 old#ll¥} A4 FisherAlS] REDOX 4k AlA
W3} SA/13X ZAAIS SIAA TR Ak RS AT F A
f31glom, gujE 2ol EFSN(Baker Co.)d #1KSK energy) L}
EF o5 Wizd=E gol di 5 8 SFAIR F ARSIt

22, EAE T2I=g HHs S5t BH J|sE

1 g2l SBA-159} MCM-41-2 30 mL EFlo] FFA1H 1 A2
(1, 3, 6 mmol)2] H71L=ZA|AGS Yol Fck EFE-2 70 CollA
3 h < W-SAJZAT) o|u, SBA-158F MCM-412] o] EAsh=
Aeks 153 F719FAA R WEA] 25 A s Hok
S T4 F 9EEES 30 mL EFRICR 59 o] AlFEIIL 25
ol Mg Axsiirh

2.3. S0 &AM

EY 7153k 1 g9 SBA-159F MCM-41- 30 mL EF4lol] -
AR 035 mmol®] WEZA FHul (n-BuCp)ZrChLe 8 mmol2]
MAO &8 &8 WolZFgit} 70 CollA 3 h Eek Z3kA mulsto]
@2 & & HESE2 100 mL EF¢1CE 51 o] AlFEII 25 T
oA F¥ Azt B Hee uj@4e oi7]elA F3E I

st 7] e wR 7 99 500 mL &~
e 9t yhEToA EEkeltk 280 mL A4t} triethylaluminium
(TEAL)S HH712 FEQa 25 70 T2 Z7A 3 44k
= kol
=4

wt% WA Z-AL scavenger® AFEE ST T2 W7ol o€ dlo]
3t & wnkn) a7 A1gslal W S AAYELS 7 bar® 14

2.5. F0 A OEXR| 43

B 7lsshd Wz B4 @AE o) o] A=ag3 &
FulE 3% S5 Inductively coupled plasma spectroscopy (Perkin
Elmer, Optima 200DV)°ll 2J3l = 3ck Fll 60 mgs AAE 10
mLel 5?1 & FRFE 10 34t &S FHIsISITh AdE 1
FAFL] YA} 2 field emission scanning electron microscopy (JEOL,
ISM-6335F)5 &3l #EsFiTt
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Table 1°] ¥ 7)%531% SBA-158F MCM-41°] B+ Fujg} 7]
58leHA] 952 SBA-159F MCM-41°] 93 vl zr & Al $S
YeRAQITE SBA-159] 749 ¥1 7153 14 @gke u) zr 9XF
o] t] 3o INS$} 2NS 7|53 SBA-155 sl 2NS W
71563k SBA-15°] @A Fule] Zr o] o &9kth tiio] 2NS
9] k2 1, 3, 6 mmol® F7Feh Hee st A3} Figure 19714

w215} 2o] aNse| FYe] F71ASR 7r BAF Al AP
o] Zadh A& B 4 otk MOM-419]) A9 ¥l 715315 o
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Table 2. Results on Polymerization of Ethylene with 1INS or 2NS-grafted
SBA-15 and MCM-41/(n-BuCp),ZxCl,

Organosilane  Cat. Time PE b c
Catalysts (mmol/e-Si0;) (mg) M (2 Act Act
SBA-15/
(0-BuCp),ZrCl, 0 200 1 403 020 1.89
SBA-15/1NS/
(n-BuCp),ZrCl, 1 200 1 231 012 1.69
1 200 1 434 022 251
SBA-15/2NS/
(n-BuCp):ZrCl 3 200 1 364 018 3.66
6 200 1 72 004 099
MCM-41/
(n-BuCp)ZtCla 0 100 05 371 0.74 125
MCM-41/INS/
(n-BuCp)ZtCla 1 200 1 9.8 005 091
1 200 1 333 017 283
MCM-41/2NS/
(n-BuCp)ZtCla 3 200 1 480 024 324
6 200 1 522 026 325

*Polymerization conditions: T = 70 C, P = 7 bar, TEAL = 2 mmol,
hexane = 280 mL.

Pynit = kg-PE/(g-cat.*h)

“unit = kg-PE/(mmol-Zr*h)

o9& W INS Hi= 2NS ¥ 7| shel Fvlle) vlashd zr R
54.9 ~ 60.0 pmol/g-cat® H|Z2e 1S Helom Al T=RS W 7]
53ket 3 F743) A8k Th Figure 2014 2 45 Q1520] MCM-41°]|
2NSE 1, 3, 6 mmol® FT7HA W 7|5slet Fule] Zr 2
SBA-159}+= 28] 2NS ¥°] S71355 Zr e S7kehe s &
Q18 = A2Th SBA-158F MCM-419] % 7182] =717} 2tz 5.8,
2.5 nm& SBA-15¢] At} wjebA] MAOSH 22 281w el 24t
9} o] gz FE @XE wl MCM-415.t} SBA-1591 Ath3]
OF e SR 9] F < lrh ubx SBA-159] Al o] MCM-41
W} A B mEbA 352 MAO 302 213l (n-BuCprZrCL7t 7 1%
el G945 oko] 2lolx)A] frk dhdo] MCM-412] 7% MAO HH)
go] 213 webs] AthE 02 SBA-152T} (n-BuCp),ZrCl, BA20]
Z7FM B Ao® waEch

32. o2 FE Y DEK} B

Table 2¢] 7A@ = 9 753k SBA-158F MCM-41°]| ©4]¥
Zue] oddll F9 A3E eItk = 9 SBA-158F MCM-41¢]]
SHE v SBA-15/(n-BuCp),ZrCl, 2F MCM-41/(n-BuCp),ZrClL, S H]
W3 MCM-41/(n-BuCp),ZrC1, & &4do] ml$- =58 & 4= itk
MCM-41°] SR8 Sujoke SBA-15KtF Ao} & Fw o #ds}
A BEEHE A olgl 2ol Ful] Fo] =& 7 vk I E
mmol-Zrd IEAL FTEASE vlustx 68f o o] F& &
Qg 4 it

Figure 3048} 20| SBA-15/1NS/(n-BuCp),ZrCL S} SBA-15/2NS/
(n-BuCp)ZrCl, 7S H]wdhd oNSZ 72l Z8 e Enjjo] &4do) &
t}h o] 2NS9 A9 2719 o}V |E ZHA I AL o717} Zr A
FArgo] A3l Table 101418} 2o] Zr Aol kgt Srtste] &4
& Fole gt & Ao ® FekHEc) 3 Figure 3914 MCM-419]]

J
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Figure 1. Change in Zr and Al content of SBA-15 and aminosilane-grafted
SBA-15/(n-BuCp),Zx(Cl, as a function of the amount of 2NS in feed.
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Figure 2. Change in Zr and Al content of MCIVF41 and aminosilane-grafted
MCM-41/(n-BuCp),Z1(1; as a function of the amount of 2NS in feed.
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Figure 3. Comparison of activity and Zr content of 1INS, 2NS-grafted
SBA-15 and MCM-41/(n-BuCp),ZxCl,.
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Figure 4. Activity and Zr content of SBA-15/2NS/(n-BuCp),ZrCl, as
a function of the amount of 2NS in feed.
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Figure S. Activity and Zr content of MCM-41/2NS/(n-BuCp),ZxCl, as
a function of the amount of 2NS in feed.

Figure 404 & 4 315%°] SBA-15/2NS/(n- BuCp)zZrClz =] A%
Al NS TEtEY S 1) 3, 6 mmolE FUHES T/ o |1
mmol®] 7% &/do] AU A1 3, 6mmolol A= EAdo] st
T8 Y mmol-Zr & 12 A BlwolAE 3 mmolollA 7HE 2 &
& BRItk o] Y W& ko] aNS7} 3EHel T2t EHEE S
st 2719 7]l & A77F 2 obr| il e W A
99} 71FA717F FolAA =il wkA MAOSH
A o] ZasHA H7| witolth 53] 6 mmol]

71 Ul F1to] F738] foplel upet B

Uifﬂ Fibo] FE Foll vl oA o] FxtskAl vk

MCM-41/(n-BuCp),ZrCl, 12| &42 %9 7]%3+9 MCM-41/
INS/(n-BuCp),ZrCl,, MCM-41/2NS/(n-BuCp),ZrCl, Zvljit} 5H] o]
2} =93t} Figure 55 XH MCM-419] ©X¥ zr $haFo] 714 ook
So® Betal BAL 7P 39ka MCM-419] 2NS9] o] 1, 3, 6
mmol E 715 gz Al GRS o SR AR o
S7Rskalth o Ak a1 7153k SBA-15°] ©AE ek o
& AFolrh. & Aol AHEE MCM-419] AlE A5 2.5 mATL
2NS #212] Zoli= 1.3 nmo]th9]. o]+ SBA-152] 7]% =7] 5.8 nm
Bo} Aok o]g)dt 2 7] FS 2= MCM-413 2NSE %4 753}
i 2 23 9715 Zh= 230 MAOZF B4 H7] 933 Table 1
ol A9} o] v MAO BX%E ZHA At webA MAOZE TR
o] ZHA| Eo] AujF oz WgwAl GXF Bt TIHE 5 QU &

(Scale bar:

=100 pm)

Figure 6. SEM images of polyethylene particles obtained with the sup-
ported catalysts: (a) SBA-15/(n-BuCp).ZrCl, and (b) SBA-15/INS(1
mmol)/(n-BuCp).ZrCl,, (¢) SBA-152NS(1  mmol)/(n-BuCp)ZxCl;, (d)
SBA-15/2NS@3 mmol)/(n-BuCp).Zr(1;, (¢) SBA-15/2NS(6 mmol)/(n-BuCp)
2ZxCl,.

(Scalebar: = 100 um)

Figure 7. SEM images of polyethylene particles obtained with the sup-
ported catalysts: (a) MCM-41/(n-BuCp),Zr(Cl, and (b) MCM-41/1INS(1
mmol)/(n-BuCp),Z1(L,, (¢)MCM-41/2NS(1 mmol)/(n-BuCp),Zx(,, (d) MCMVE
41/2NS3 mumol)/(n-BuCp),Z1(1z), (¢) MCVE41/2NS(6 nmol)/(n-BuCp), Zx(Cl,.

olof| wpgl F3 Edo] oAkt FUkeRs Ao® WukEch
Flgures 63} 79 9 7153k e B 75 3kE A 92 SBA-15
o MCM-41°] gx8 S Ade 18xke] SEM ARS LER)S]
th AAFORE BE IRAL B AR YRS 2t glon
Aol &l JRT77F FEFS wheth ®wi71Es o F 9w V)
soollA AdgdE TGS A Fdel Al d3E A g
Rom A9 FARRE FRlg = gk
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4. 4 E

W22 A E291 MCM-417} SBA-15¢] INS, 2NS 1212 8-S 3}
A o)9] ks &9 BW 715EE 319l & AleS 7AE SBA-15
9} ZFe AlFE 7= MCM-412 mlekz 4l gx)= ul oldal F3t
FAo A zlo]E5 BTk SBA-159] A% & AlFE 77 ujio
NS9O o] TV E L SIS, MCM-412 22 Ala-&
7FR7] wliel oNSZ epr e sl w) 42 7HAsigle) olegt o] &
= MCM-419) Algel 2NS7F ZW 7153tda wgzs el
MAO7} 94 ® & MCM-419] AlF A& Zo] gk A ol
2wyl galste] Al U2 Eo7ks Ao] of ot

=1
=7

;0{)4

Z Al

2 20139 % (g2 e ] Algo R SherdATtAl
& ol F3E A9 (No. 2013R1A1A2010258).
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