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N-[3-(Trimethoxysilyl)propyl]ethylenediamine (2NS) 2} N'-(3-trimethoxysilylpropyl)diethylenetriamine (3NS), 3-cyanopropyl-
triethoxysilane (INCy)Z Ae]7} EH] grafiing® 5 w938 SAES AT 913t A=} Fxe] L27h So)
490 v)A)t Qg ZALBIIT FilteringlS ol 8510] F48 B2 Sule] Zr 9Ao] washing] 2T} 371 57
H o} 23 B2 washing 02 FAE 94 Zul7} filtering] 07 FH w4 Zujnc) okt Ewxa]
2 FAIFO] Si0,/2NS/(n-BuCp),ZrCl,>Si0,/INCy/(n-BuCp),ZrCl,>Si0,/3NS/(n-BuCp),ZrCl, 2] S-S 1]
o}, ohuligke] A2)7 EeAe] L7} S7kHA ol R Srlekch.

Abstract — The effects of surface treatment method of unreacted N-[3-(trimethoxysilyl)propyl]ethylenediamine (2NS),
N'-(3-trimethoxysilylpropyl)diethylenetriamine (3NS), and 3-cyanopropyltriethoxysilane (INCy) after grafting on the surface
of silica and of the surface treatment temperature on ethylene polymerization were investigated. The Zr content of supported
catalyst employing filtering method was higher than that of washing method, and the activities of supported catalysts prepared
by washing method were higher than those of filtering methods significantly. Regardless of surface treatment methods the
activities were in order by SiO,/2NS/(n-BuCp),ZrCl,>SiO,/1NCy/(n-BuCp),ZrC1,>SiO,/3NS/(n-BuCp),ZrCl, The eth-
ylene polymerization activity was increased as the surface treatment temperature of aminosilane on silica increased.
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Table 1. Aminosilanes employed for surface functionalization of SiO,
in this study

Name Structure
3-Cyanopropyltriethoxysilane :32:228\5 N N
3 2 "~ —

(INCy) H;CH,CO
N-[3~(Trimethoxysilyl HiCO NH

-[3- ysilyDpropyl] ) L0 NGNS N2
ethylenediamine (2NS) ;3c0 H
N'-(3-Trimethoxysilylpropyl) HHégo—\Si A~ /\/HV\NH
diethylenetriamine (3NS) HiCO H ?
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Fig. 1. Change in activity of ethylene polymerization using metallo-
cene supported on amine-functionalized SiO, as a function
of the surface treatment method.
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Fig. 2. Activity and Zr content of SiO,/2NS-f/(n-BuCp),ZrCl, as a
function of the surface treatment temperature.
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Table 2. Results on polymerization of ethylene with (n-BuCp),ZrCl, supported on amine-functionalized SiO,

Catalysts grafting method Surface treatment Silane content Zr content Al content Activity
temperature (°C) (mmol/g-Si0,)  (umol/g-cat) (mmol/g-cat)  (kg-PE/mmol-Zr*h)
Si0,/2NS-w/(n-BuCp),ZrCl, . . 0.81 121 5.5 2.73
. Washing with
Si0,/3NS-w/(n-BuCp),ZrCl, toluene 70 0.69 65 43 1.85
Si0,/INCy-w/(n-BuCp),ZrCl, 0.75 101 4.6 2.57
Si0,/2NS-/(n-BuCp),ZrCl, 85 0.85 171 44 1.87
Si0,/2NS-/(n-BuCp),ZrCl, Filtering with 105 0.93 169 45 1.83
Si0,/2NS-f/(n-BuCp),ZrCl, ethanol 125 0.87 185 4.1 232
Si0,/2NS-f/(n-BuCp),ZrCl, 140 0.82 167 3.9 2.76
Si0,/3NS-f/(n-BuCp),ZrCl, Filtering with 105 0.80 124 3.7 0.89
Si0,/INCy-/(n-BuCp),ZrCl, ethanol 105 0.89 148 45 1.22

*Polymerization conditions : Cat. = 160 mg, hexane = 300 mL, TEAL =2 mmol, pressure = 7 bar, temperature = 70 °C, time = 1 hr.

Korean Chem. Eng. Res., Vol. 53, No. 3, June, 2015



400 opdd
GH|E}o] ofeldll F3e- AT WashingH] 7 filteringH -2 531

ool 7153kl Aello] Bl Svle) zr §Ee Nsg INCy7}
5 S50 INST V1S S0 7 o] 1 ke
Filtering®] © 2 $MJ% &% Fujj2] 7r 70| washingH B} 7]
QYo Y T8 AL washingf 0= A E @A Fw7t
fitering.2 2 B4 54 Solaae} 41 ) 3l ol lgte)
AR 217} 105°C 2 1 71 e ofoie IRk AR Ml
0] o]} 17} Sl oful ek HAJZk oK 2-SHck
20 ARKE: Fe] o1k AR 18] 105°Col] ©312] S
2513 125°Col 71 e gk ZhAnk wade) £t )
S T G2 T mAE] 2571 140 °ColA 7
T S Bk
4 A
o] =2 20149 Tl
oJsto] AT HUFUH

S SEATA A ATl L]

References

1. Monrabal, B., Blanco, J., Nieto, J. and Soares, J. B. P., “Charac-
terization of Homogeneous Ethylene/1-Octene Copolymers Made
with a Single-Site Catalyst. CRYSTAF Analysis and Calibration’
J. Polym. Sci. Part A: Polym. Chem., 37(1), 89-93(1999).

. Stadler, F. J., “Dynamic-mechanical Behavior of Polyethylenes
and Ethene-/a-olefin-copolymers: Part III. y-relaxation) Korean
J. Chem. Eng., 28(10), 2057-2063(2011).

. Lee, D.-H and Yoon, K.-K., “Polymerization of Ethylene by using
Zirconocene Catalyst Anchored on Silica with Trisiloxane and

Korean Chem. Eng. Res., Vol. 53, No. 3, June, 2015

- o]

3

5= .
il

10.

11.

O~
395

Pentamethylene Spacers, Macromol. Rapid Commun. 18(5), 427-
431(1997).

. Ribeiro, M. R, Deffieux, A. and Portela, M. F., “Supported Metallo-

cene Complexes for Ethylene and Propylene Polymerizations:
Preparation and Activity, Ind. Eng. Chem. Res., 36(4), 1224-1237
(1997).

. Westcott, S. L., Oldenburg, S. J., Lee, T. R., and Halas, N. J., “For-

mation and Adsorption of Clusters of Gold Nanoparticles onto
Functionalized Silica Nanoparticle Surfaces, Langmuir, 14(19),
5396-5401(1998).

. Jal, P. K., Patel, S. and Mishra, B. K., “Chemical Modification

of Silica Surface by Immobilization of Functional Groups for
Extractive Concentration of Metal lons, Talanta, 62(5), 1005-1028
(2004).

. Ko, Y. S., Lee, J. S., Yim, J.-H., Jeon, J.-K. and Jung, K. Y,

“Influence of Nanopores of MCM-41 and SBA-15 Confining (n-
BuCp),ZrCl, on Copolymerization of Ethylene-a-Olefin;’ J. Nanosci.
Nanotechnol., 10(1), 180-185(2010).

. Lee, S. Y. and Ko, Y. S., “Preparation of Single-Site Catalyst Inside

the Functionalized Nanopore of Silica and Its Ethylene Polym-
erization] J. Nanosci. Nanotech., 13(6), 4401-4404(2013).

. Lee, J. S., Yim, J. H., Jeon, J. K. and Ko, Y. S., “Polymerization of

Olefins with Single-site Catalyst Anchored on Amine-functionalized
Surface of SBA-15) Catal. Today, 185(1) 175-182(2012).

Lee, J. S. and Ko, Y. S., “Immobilization Metallocene Inside Sur-
face-functionalized Nanopore of Micelle-Templated Silica and its
Ethylene Polymerization] Polymer (Korea), 36(1), 111-116(2012).
Lee, J. S. and Ko, Y. S., “Control of the Molecular Structure of
Ethylene-1-hexene Copolymer by Surface Functionalization of
SBA-15 with Different Compositions of Amine Groups, J. Mol.
Cat. A: Chem., 386(1), 120-125(2014).



