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l—%ﬁ‘]ﬂ *Zﬂi AREBE] S8t AR AFE BT 1A & 1 2F o] 1708} 23 ofuer] 7RIS 71X
= ATAZ YA (3-trimethoxysilylpropyl)diethylenetriamine (TPDT)E- ARE3I] MCC ¥ ol ikslebh &2 7]
o] &= 0]"3]“7] S T8IALE TPDT T0%F, &R, Whe-2% 2 WA 22 gkt whe 258 WA
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Abstract — In this study, we performed surface modification of biodegradable microcrystalline cellulose (MCC) to use
as a filler in polyethylene (PE) composite in food packaging application. We modified MCC surface with (3-trimethox-
ysilylpropyl)diethylenetriamine (TPDT) silane coupling agent, which has one primary amino group and two secondary
amino groups per molecule, to introduce amino groups with a carbon dioxide adsorption capability in MCC. Effects of
each of the reaction conditions such as amount of TPDT introduced, swelling time, reaction temperature, and reaction
time on surface modification degree of MCC were investigated by changing a variety of above reaction conditions. The
amount of TPDT grafted on MCC surface and formation of chemical bonds were confirmed by Fourier transform infrared
spectroscopy (FT-IR), elemental analysis (EA), X-ray photoelectron spectroscopy (XPS), thermogravimetric analysis (TGA)
and solid state 2°Si nuclear magnetic resonance (NMR) spectroscopy. We confirmed increase of grafted amount of TPDT
on MCC with increasing reaction time, reaction temperature, and amount of introduced TPDT.
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CO, &2 Z73A] AZE $18 microcrystalline cellulose (MCC) IAF A2 A+ 61
A eS B uho) ui 2 FEA ] et A B2 2.4 o

SPEEARS, A AR 9 Aok A el A dE] AFEE I e
microcrystalline cellulose (MCC)= A7} A X18k73 2o 31 Al
7Fsst MAEZ )7 ujitel] vhekel ool 2Rl A<
dido] = QeH3]. 53], MCCE A+ 538419 co, 54 5
AAZ 8317 $1g Mccel ZRNAe gk A7 H2 H%
A O F o] R I QITH4,5]. kA, CO, T2 35S 7= 1L
2 53AE vhY] fete] FAAE ARSE Mcce] 2 A
ATE Fletarat stk MCC= - S22 324 2 Al 719
-OH71 & 7HA AL QlofA R573-& 7HA = E4olth 2149
MCCE £&573%1 #7114k Ml Eg X ol 7L3HA| 4HA1717]
$3ted MCC EH-E A7 AZE A (silane coupling agent)= 712
sto], 7] Ake} o] S7bE =S MCC WS ME AlZ
A o7} Sl

A AZGAE A= AFA1717] olF
d 4L 318 REgo® AFA )= S oEE st ™
AZD A= 7l RS &, 5

o
H
0719} kg3 WhS718h £17] Ak el Aol et 0w

McCC?] -OH7] ¢}
SISO 7 FHATE FAdett[7]. &7 FQl Rn &5
dol f7laEA MiEY A0t AghS ks Aoz deA Q)
t}s8,9].

2 A= Te7] Tl obv| |7 AFE 9= AR A
ERQAE A 8tarA} gtk obu| 7] (amino)i= AHd 2] CO, Al
gt Fas o] w1 F/2A SRR wE Zlo R delA gtk
[10]. 122t & 57 ol AFE| o] obv] w7 |7F Ba5 CO9t
A ek 5 Qs Wb A Sk, o, FEAE0] ok d A
O 7 JdEn], PEQ} 22 A5 aEAtel] tisk XS = et
7] WEel[11,12], CO, F2715-& 7= X834 2t A
A|z=0] FAAZ AR 1ol ol gk 210 = AY7HTE uebA], MCCE
FRAZ ARSI, MCC 379] -OH719F RESAIA 71 A1 A7t #
ZHAIE 1A 1709 o191 73] 3-aminopropyltriethoxysilane (APS)
B} gk} 12} ok ] 7S} 22 ok ] 27 | E 3702 o]
=715 7FAi= (3-trimethoxysilylpropyl) diethylenetriamine (TPDT)<-
efsto] Akg-starat st

2 AdFoM e, €O, 52765 E 7= 1E MCCE SHAZ
AHgate], CO, 2t EAF B3kl E Azt ell ShAl, Mecell
TPDTE %8Rs 4 whg-x7ol thdt A+5 F=3338larA} s},
APSE AFE-SF MCC 327 A o]l #H=1¥l A= v o] F0]A] 3l
A qH13-15], TPDTS ARE-&Fo] o8] 71X -5 ZA(TPDT 59 %,
HESAIZE, RS2, A-EAIZH ] Wsy Mcce] 1 71 A =e
u]x]= Gl thst AAIZ ) A F5shd welbA, TPDTe
o3 Mcce] HA MA 20& wgsh] Yste] £ AT-E T3t
Atk 3, o]# 3t W2 E 2] Wy MCC Xl A=
TPDTE] ot 7] =4 e vl X Y& FT-IR, EA, XPS, TGA
4 3] 2] PSi NMRS AH-8te] 4] 0= FA8k9iTt. T8t
TPDTE 7H&¥E MCCE] CO, &l ¥t A= the =l &
xEataat stk

2-1. A2 S A=

B A g o] AR5 MCCE Avicel® PH-101(8 7 UAF 973 50 pum,
Sigma-Aldrichy& AM-8131T} A7k AZ A= (3-rimethoxysilylpropyl)
diethylenetriamine (TPDT, 95%, Gelest) A-&-5}131 0™, S-ufj:= o ghe-
(99.9%, DUKSAN)¥} & o] 24(DI water, MR-RU890, 18 MQ-cm,
Mirae Sci. Corp., Korea)5 =511 AHE-313itt. TPDTe]| 9]¢t 32
A WG -, MCC 3ol g3k a1 F21] o] Qli= TPDTE
%<& (soxhlet) FEH O 2 A A3F7] $15+4, tetrahydrofuran
(THE, bp=65~67 °C, Daejung)¥} cellulose thimble (1.5x33x94 mm,
Sigma-Aldrichy S AHE-31ITE Aol AFg-3E AlobeS HEe] 4

Al glo] 2= ARE3ISIT).

222, A

2-2-1. TPDT Tl st &

vhoFst MAZAEL] Wal7 MCC 22 /AT v A=
TS A7) f18ke] ofelel ol M 2AES Wslste] A¥
28 3Tk TPDT £ 32 2.0, 4.0, 6.0 B 8.0 wt%, A
1A1ZE, 2A1%Y, 3A1%E Bl ax)ZE, RES AR 1AIZE, 241%E, 3A]
4AZF WS L == 5 0C Wl 50 °CE ZH2) WES- Q1AE-S W
A, A3 ST 9 wheEA 919 thE HES-IZKMCC
FA=5.0 (Wivoe), olleHe =8 24 80:20 (viv¥e)[16], TPDTS]
A ZhERal ARE=205[17]) B2 2 ske] AR 213si

TPDTS] Tl wh& < akol] whet A3S A 23sielct. A
of] AHE-E MCCi= F218 G2 AlASH ] $l8te] 105 °Cce] 2
Bl 3A7 A% A 07 Y7tete] AME-st
k.

MCCE H&AZ b 5842 600 mL ¥F-g-7]ol = oll&t
23} B o] 245 80:20 (vv%) HI&<l 240 mLe} 60 mLE ZHZh
Z3ato] Alzstolet. WAl ollehg 8N (W& ollehs 78 + 4
7l ellehg 8- F-a]of] st MCCE 5 (wiv%e)(18.0 gy
231 71414 wREZ](WISESTIR®, HS-100D)S AHE-8F0] 200 rpm
° 7 wyiksPEaA MCCE 243t aA 17

TPDTS] A 723l 8- ol gh& 57892 100 mL ¥ Al &5

A o of
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o gk} & 0] &E 80:20 (vv%)S) 48 mLY} 12 mLE g3t
F, TPDTE T ollghs F&-of thate] S =R 2.0, 4.0, 6.0 2L
8.0 wt% FUA 7131 2R Wk 208 =3 EATH17].

Sl MCC7F Rl E ol 8-l A 7hiEal ® TPDT ol
& gl 95k, 7112 w72 wHBHAA 200 rpmell A
2A1ZF RESATATE BES 5 941228] 7] (Hettich®, ROTOFIX 32A)
o] 8321 4000 rpmO.E 303 FU FH AT F, A2 T
A¥ MCCE #lEe] tael Fol, 24x]7F -2 8] $ & <l
ZAIA LHllE AABA

=
=
al
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2-2-2. TPDTZ 7R = MCCe] A2

MCCE TPDTZE A @3} Hh-&-A1A 24AI17F -0l A A3 A7 $-
MCC9] EHoll E29 TPDTS MCCS -OH7) ¢} 31812 Ae-S
2ste] x2lE WAL 9] Aol AZxE MCCE HT2
Bol Wi, =8t Ao AFQES AW Xgkslo] A4 B2
THEo] = 3, 90 °CollA] 2417 B4 DA E ATt
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Fig. 1. Scheme for the surface modification of MCC with TPDT by silanization.

2-2-3. W] Wk TPDTE] A7

AA e §, vpeFet 714l tigk 3ol Hold THFE &
u & ARE-ste], MCCo} 318t AjtshA] 3 TPDTE £5% %
Ho =z AA3TH16]. d-24=F(CHANGSHIN SCIENCE, C-
WBE-L)°lI4] 80 °CE &= S @sto] 10413F W3s3it. &2 5
S B F, 70°C2] B 1AIZF AZAA THFE AlASHS
Tk 2 A3 vkg TAEE Fig. 1of] YERISITH

¥

2-3. &M

MCC YA} 3ol &% ofu] 7] (-NH & -NH,)2] & 4%
o HX57] 91519, FTIR (Jasco®, FT-IR 620) #3715 A&
3l diffuse reflectance (DRIFT)H .2 #4181t} FTHR #4918 A
£ 0.05 g= KBr % 0.95 g7} 41> $ DRIFTH] & 4000~400
em™! I B 9ol 1003] scandto] Kubelka-Munk 9] 2 LFERY
31tk TGA (TA instrument, Q500)x= 2 A-$] 7] 3}l 4] 10 °C/min
SER 2F2oA 800 °)C7HA] = EE £ AR89 A BigkE 57
shelth Mccol H A 9 g4 s %E S45t7] $l8ke] EA
(Thermo Fisher Scientific, FLASH 1112)% #233}33t}. XPS (Thermo
Fisher Scientific, K-Alpha)= @7} ] (monochromated) Al Ka=
50 eV pass energy°l|A] 0.82 eV resolution® % 103] scand}o] 57
31ick. AE] 2Si NMR (Bruker, AVANCE 111 HD 400)%-4]-2
7 mm Z1O, rotors AHE-3F51 2.1, TMS (tetramethylsialne) = calibration
399 CP/MAS (Cross polarization/Magic angle spinning) ¥ ©. %
spinning rateE 400 MHz=Z 57313t
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3-1. TPDT EQI2N]| 2 FHI|E! sk

TF TPDT 2P ERL o) 7]of] #AHH FQ T E0] 3366,
32977} 1581 cm™! WERATE 3366 em™ 2 3297 em! oA e
935S 12 obv|=7]9] N-H 4153 =509, 1581 em '] 934+
12} ot 7] 9] w8 MEIAE A QTH17]. TPDTS] 23 of
v=7]19] N-H 32+ 3297 em™'9] 12} o] =7] N-H A% =) =.9}
FHE o] YR ] witell o] ofg Ao R g A ik o
2hA], MCC 1ol TPDTSR] A @3} §hE-0 2 o] -7]7} =3l %]
E7}ell thdt B2 McCe] Wi 7|5y 100 thake], 1581 em™'9)]
12} o] 7] 9] B3 WEF A2 WA HelE TPDTS =4
4l =9J3) scho] 73l

TPDTS] S0l we MCCS] /A =g Z7d517] st
of[§h&- 0] 25=80:20 (v/v%), 5 2A1ZE, HESAIZE 241 7F Wk
2 25°CE G A7) AL, TPDTE] FUFHS 2.0, 4.0, 6.0 2 8.0
wt% S7HA71A T 3RS 3 & 5, 58 FF FO AR
FT-IR 2 EA 48 $3319ith. TPDTF el uhE MCC 13
9] FTIIR &4 A¥E Fig. 200 YeERITE

Fig. 2014 (ay= /N 3FA] b2 7 MCCS| AT EF o] 11,
(b), (©), (d) % ()= TPDTS] T2 717} 2.0, 4.0, 6.0 2 8.0 W%z
MA & =43 MCCe AFEH S0t} 57 MCCSF TPDTE 7
A" MCCe AFE- ] 1280 em™ o4 MCCY] C-0 317} F&
©Z e oH, TPDTE 71 s MCCOlE 54 MCCollA &= &
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Fig. 2. FTIR-DRIFT spectra of (a) pristine MCC, (b) modified
MCC with 2.0 wt% TPDT, (c) modified MCC with 4.0 wt%
TPDT, (d) modified MCC with 6.0 wt% TPDT, and (e)
modified MCC with 8.0 wt% TPDT.

Z AW, 1569 em™ 9} 1034 ecm oA A} obu] 7] #3) FE
9321 N-H 3] 3.8} TPDTE] Si-OH$} MCC® C-OH7}F A2 53t
AR $i-0-C 9177k 247} ekt 918 TPDTS] §H wilo]
ok PR 22 =79 W31 g9 0 2 2-4517] 915101 1280 em”
o] C-0 IS Y720 Z 510 1595 em™9] 12} opw| 7] F =3
So) WA WslE 2] (1) ARgso] WA 1)S A4slo] Table 19]
LFERA AT

) Area of 1569 cm™ peak
Area Ratio(AR) = 5 (1)
Area of 1280 cm™ peak
Table 12] A3} 452 B9, TPDTS] F91%0] 2.0, 4.0, 6.0 2
8.0 Wi T7F & 55 9] A (1) Aol Alkst Wz w7t
3.75,5.52,5.80 4 6.310.%2 Z7}6litt. =, TPDTY] T oo] =
7} &5, MCColl E9 5= o717t 715k & 4 Uitk
gk, TPDTE] Tl @l wheh 71 e MCCe] Ao} Bhas §Hegol)
tig EA ¥4 A 7S Table 20 ERSITE
Table 22] A7} 3+ 2, TPDTY F95°] 2.0, 4.0, 6.0 2 8.0
wt%eZ S7FEE N/C H]E9] 0.027, 0.048, 0.058, & 0.073°.%

Table 1. Area ratios of modified MCCs with different TPDT concentration
from FTIR-DRIFT spectra

Area Area Area ratio
(1569 cm™) (1280 em™) (1569 cm™ /1280 cm™)
Pristine MCC - 0.138 -
MCC-TPDT (2.0 wt%) 0.251 0.067 3.75
MCC-TPDT (4.0 wt%) 0.381 0.069 5.52
MCC-TPDT (6.0 wt%) 0.145 0.025 5.80
MCC-TPDT (8.0 wt%) 0.202 0.032 6.31

Table 2. Elemental analysis results for TPDT modified MCCs with
different TPDT concentration

N(%) C(%) N/C
MCC-TPDT (2.0 wt%) 1.170 43755 0.027
MCC-TPDT (4.0 wt%) 2.035 42743 0.048
MCC-TPDT (6.0 wt%) 2501 43.099 0.058
MCC-TPDT (8.0 wt%) 3.121 42.495 0.073

Z= 93 microcrystalline cellulose (MCC) A} 372+ 63

<7kl =, TPDTE] FY3e] S7Fr3, MCC 3ol 35
= TPDTY o717} 5718-E & 5= ASIth MCCe= 77 =5
32 @R 3719 o1& 7HA AL Q7] whiEell, - SR EA
9 & &A= 170, 271 2 3709) -oH7] 8} TPDT7}F 242} Whg-3f
| ON/C H[ &2 o] 27 © 2 0231, 0.300 2 0.3330] ¥ ojo} e},
A F243, TPDT = %] S7Fshd 919 A3} g3 2] N/C
4 2 S7FIAIRE, o] &4 Q1 N/CRE Rtk o9 Was & ? A
t}. §19} o] N/C gho] W2 o], TPDT7} MCC 27 9]
u U-ell EAI8HE -OH 717 obd 743 99 52 MCC 30
EABH= -OHY S MElA o 72 uh-2slgloka shekEth, whebA,
TPDTE 7§ ¥ MCC2 %9 10 nm 20| = #4138 &= Q)= XPS

P
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Fig. 3. XPS survey spectra of (a) pristine MCC, (b) modified MCC

with 4.0 wt% TPDT, and (c) modified MCC with 8.0 wt%
TPDT.
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Table 3. The elemental surface composition from XPS survey spectra for pristine and TPDT modified MCCs

C(%) 0(%) N(%) Si(%) N/C
Pristine MCC 54.18 45.82 - - -

MCC-TPDT (4.0 wt%) 57.48 23.95 15.56 3.01 0271

MCC-TPDT (8.0 wt%) 57.00 23.78 16.00 322 0.280

A sl L ]C3((€=0)-0) C1 (a)

3-2. XpS M7}

MCC2] EHo|A 10 nm 2o)9] 7f4d v-3-& v wd}l7] $)5}ked,
WA WESAIZIA] 2 5= MCC2) ok : B 0] 247=80:20 (viv %),
A& 2A1ZE, HES A ZE 241 2} WS- 25 °CR LA A]T) 4,
TPDTY] F32 4.0 2 8.0 wt%z 712 955 =33 MCCY)
XPS #2498 S35 T Fig. 30 XPS A9 A7 (survey scan)
2AEYS LERSITH

2l Fig. 3014 (@ N &2 £ MCC, (b)$} (o) TPDT
4.0 wt%9} 8.0 wt%= 717t 71 g MCC2| XPS HA|Y S A7 4
ot} (a), (b) 2 ()M 3507 Cls8} 0152 Aetoll A (binding
energy)= 286.0} 532.2 eVollA 212t YT (b)2) (o)A (a)
oAM= = 5 U E Sizp, Si2s B N1se] AgheluA] 7} 2H2F 10211,
153.5 9 398.7 eVollXl ZHz} vrebskth. 554 MCCe} 22 Si2p,
Si2s ¥ Nls 3 FE0] YelU= Z1 o2 FE MCC %19 TPDT7}
08-S F15IT) Fig. 39 AR EY AvjolN 42te) 943
25 o7 Table 30l LFERASITH.

Table 3014 2™ (a)2] 7 RES3HA] ¢k MCCE] €9} 02 A
28R 717} 54,187} 45.82%2 UEFRLTE MCC2] o] 23]l cs}
09] A4S 747} 54.55%8} 45.45%% o] 222 3k} A2 &
A5 ZHE ATk (b)) 4.0 wt%2] TPDTZ 7§48 MCCY] C,
O, N ¥ Si9] YAsaEe 5748 23.95, 15.56 U 3.01%% =4 5
At (©)8] TPDT 8.0 wi%= 7|8 gk MCCe] C, O, N ¥ Si] ¢
Z3Feke 7h7) 57.00, 23.78, 16.00 2 3.22% % =74 ¥ 9tk XPS
22 A3}, TPDTS U &0 4.00014 8.0 wt% oPE 43, N9
2740] 15.56%141 16.00%= Si] YAgo] 3.01%el4 3.22%=
S7VeE & ARl

MCCe] 77 2532 @] & EAlsk= 3719 o1& & 171,
27 2 3709) -OH7]7} TPD TSR} 22} RE-S-3hd o] 24 0 2 N/C
H]E-2 0.231, 0.300 2 0.333¢|T}. TPDT 4.07} 8.0 wt%= 72 st
A BELS N/CY #Hol 242 02713 02800 % S = o], MCC %
Holl A B FEFA B 223 1178 121709 -0H7 7} 42+
TPDTS} RESEISS & & Stk MCCE -7 SF32 T4
S 1719] 121 -oH7] 8} 2701 2] 23+ -OH7| & 7FA1 L 9lom, 12}
-OH7]= 22} -OH7 | 2eh REgAJo] 3-8 210 = deA] Qlrt. mhabAd,
TPDTE= MCC9) 12} -OH71 8} ¢4 4 0 2 nk-$all S Z o7 3t
T 18].

=g MCCs} 71 WhE-gk Mcce] gt g el dist JRE
&7] 9138k, ClsE Al 27 (detailed scan)3F] curve-fitting 3+
A}Z ol Fig. 40 YERAITE

2l Fig. 48] (@)= 7HA WEg-3HA] 948 57 MCCE] Al 2~ 2
o] a1 C1(C-0 AFHA], 60.76%), C2(0-C-0 AT A, 34.62%)
4l C3((C=0)-0, 4.62% A3t q=])7} 286.0, 287.3 4 288.68 eV
ol 4zt AU 9 C13F €29 W3 v = AXFSHA(C1/C2),
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Fig. 4. Detailed XPS Cls spectra of (a) pristine MCC, (b) modified

MCC with 4.0 wt% TPDT, and (c) modified MCC with 8.0
wt% TPDT.

1.762. 24, 0]22]2] MCC2] C1/C2 #ke) 5Kt} 2R 7hs YERy
ST}, o] MCCE 105 °ColA 3AIZF 428 u] MCC 3EHoA A
o] Absikgo] dojuhk= Zlo w2 Azt

Fig. 491 (b)¢} (c)i= ZH2} TPDT 4.0} 8.0 wt% = 7183k MCCS]
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o,

A 270 AzlEoltl TPDT 4.0 wt% 2 8.0 wi%= % 7§ st
McCY CI(C-H, C-C, C-Si), C2(C-N, C-0, C-OH) ¥ C3(0-C-0)
o] Ago A= 284.6, 286.09) 287.4 eVollA] = HQITH19]. <=
4 MCC2] 286.0 eVellAl YER= €1 9127} TPDTE 714 3
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Fig. 5. FTIR-DRIFT spectra of modified MCC with TPDT; (a) 1 h

swelling time, (b) 2 h swelling time, (c) 3 h swelling time, and
(d) 4 h swelling time.
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Fig. 6. FTIR-DRIFT spectra of modified MCC with TPDT; (a) reac-
tion at 25 °C and (b) reaction at 50 °C.

BIH|NE, 2417F 0] Felli= WA W] ] W3k} A< @loj A, MCCe] ol
BhE S-galol] el B2 21710 A2 ARHES o S 99k,
upepA], o] 5 Aol A= HEAIZES 24 7EOE g ste] AES

Fayshalct.

3-4. HIS2E0| e BHHEY

MCCS} TPDTS] 7] REg-ollA qhg-2-teof whe sl s
H) 37| $13ke] oEkS: : B 0] &5=80:20 (v/v %), TPDT 2 wi%,
HEAZF 2A) 7 RS A S A F O B A, B RS
25 °C8} 50 °CZ Wslate] A&ste] FT-IR 48 7318l FT-
IR 4] A¥=% Fig. 60 HERASITE.

9] Fig. 6014 B, WS- 52 25°Ce} 50 °CE AH3IS o,
E=30% TPDTE] N-Hell 9J&Fe] YR = 1569 em'2] ¥ w4
7Ee 02513} 0.148 YEFE T, MCCE] C-07]9] 9Jsto] Yeh =
1280 em™2] ¥ = WA k2 0.0673) 0.035% LFERTE ¢ ZHEl
ate] A (1) ARgske] Alxket B4 vl v 57} 25 °CollA]
50 °CE Z7V¥3boll whe} 375004 4230 2 Z718lQi) & ke w7}
Z7}sbd MCColl =5+ TPDTY opn| 7] A Z7}13HS oF
T AT

oi’!

olo

3-5. HISARZIO 2 HETHIHE A

Mcce] HP«—AVPOH ik 7N g vlashy] flske] ofet
e 0] £942=80:20 (v/v %), TPDT 4.0 wt%, HF-3-2 5= 25 °CE
3g3kar, WEEAIZES 1A17E, 2A1%E, 3AIZE B 4AIZE0 = AT
WA 71 g MCC2] FTHIR 48 =35I8t FTIR 4 9=
Fig. 70 YERAATE.

9] Fig. 70014 B, 9k 7k0] 1A17F, 241 7F, 3417 2 44]7k0 &2
Z7)stel Wk, £91% TPDTS] N-Hel| ¢J5to] LFERR= 1569 em ']
33 WA & 0.087 0.380, 0.146 2 0.382 Z7}3to] vFEFE AL,
Mcce] c-07]¢l &ate] YEbb= 1280 em™ 2] 93 WA gk
0.019, 0.069, 0.026 2! 0.067% LEFSLTE 9] FHECl tisle] 4 ()&
AFg-Eto] AlALsE WA )71 4.58, 5,51, 5.61 D 5.700.F Z7}a6kS]
th WA ¥] FhES B, vhsAto] S whEl, MCcell B
&= TPDTE] obvi7]| o] S7Hhe & 5= QISITh RESAIZE 14]
74} 2A1ZE RESAIZL 2] WA H]2] ZFoli= 0.930] 3L WES-AIZE 2
AIZr} 3AIZE RESAIZD 3 ke AFoli= 01022 YRk o ™ 3A7F

Korean Chem. Eng. Res., Vol. 55, No. 1, February, 2017



66 R I

Kubelka-Munk

T T T
1400 1200 1000

Wavenumber(cm™)
Fig. 7. FTIR-DRIFT spectra of modified MCC with TPDT; (a) 1 h
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and (d) 4 h reaction time.
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Fig. 8. TGA weight loss curves of (a) pristine MCC and (b) modi-
fied MCC with 4.0 wt% TPDT.
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Fig. 9. ’Si NMR spectra of (a) modified MCC with 4.0 wt% TPDT
and (b) modified MCC with 8.0 wt% TPDT.
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