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Abstract: In this study, cellulose nanocrystals (CNCs) were prepared from microcrystalline cellulose (MCC) using aque-
ous sulfuric acid and then methacrylate groups capable of radical polymerization were introduced onto the surface of
CNC using 3-methacryloxypropyltrimethoxysilane (MPTMS). Effects of MPTMS doses on the degree of CNC surface
modification were characterized by scanning electron microscopy (FE-SEM), elemental analysis (EA), Fourier transform
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), X-ray photoelectron spectroscopy (XPS), and solid
state "*C and *Si nuclear magnetic resonance spectroscopy. In the experimental range of the present study, it was confirmed
that the amount of methacrylate groups grafted onto the surface of CNC increased as MPTMS doses were increased.

Keywords: microcrystalline cellulose, cellulose nanocrystal, silane coupling agent, surface modification, 3-methac-

ryloxypropyltrimethoxysilane.
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Aok AAelM = BA|, T34, 5 54 A 72
Fo| AWAE H7HA o= de] ARSI ATk B
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Ao FE2S AEZ QA= HAA QP Y(crystalline
domain)Z} H] A% %< (amorphous domain)yS Tl 7}x]aL
UE Ao dHA Aot}

e AZSZ2 o2 AT Q A2 RE &= W uet
A F 7R E S T U T Y99 AAES BouiA
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3 shH, shekA WS FEl AAS Bl ARFgTE
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AEZ 92 Alfroll AR 7led, AE2 el Ve dd &
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HslsHA ). whebr] AEE e YAy o] 1o & 4
7] Z(negative electrostatic layer)°] A% ztzke] A}
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AZ A2 3-methacryloxypropyltrimethoxysilane(MPTMS)
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CNCe] 9 7HE Aol vx= 932 FE-SEM(Hitachi, S-
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(Rigaku, D/Max-2500) 2 NMR(Bruker, AVANCEII HD
400) 224471718 A8k AAH SR A58

Al = |

Al2F & XHE. MCC(Avicel® PH-101, B 92+ 9473 50 um,
Sigma-AldrichyE 2 &oll AFE-3I3I T} &= ethanol(99.9%,
Duksan), sulfuric acid(98%, = %==1.84 g/mL, Daejung), D.I.
water(MR-RU890, 182 MQ-cm, Mirae Sci. Corp., Korea)E
ARESISATE. MCCE 34t 8802 A7) 3 dolgle 4]
E A A3H7] $18F] dialysis tubing cellulose membrane(flat
width 43 mm, Sigma-AldrichyS AM&-3FA T At AZHA
+ 3-methacryloxypropyltrimethoxysilane(MPTMS, Gelest)=
AREBIIEE T3 CNCoOl MPTMSE AMg-3sle] 2@} wh-s-
Al o Rl stebA e glo] S&E = MPTMSE
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MCCZ5E| CNC M=. MCCE 3t 892 AR5l
olge] WO 2 CNCE A=x3IATH!

200mL ®]o]#| o] DI water 347mLE F& %,
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719 AlzE &9 €7, MCC 10.0g2 ¥ ¥ 80°C &
NAl FE3AA 71414 2RE7)(WISESTIR®, HS-100D)Z
200 rpm =2 wWHksPAA 1A7F FF WESAIZTE T $ 2 L
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MPTMS FUHS 3.0, 6.0 2 9.0 wiv%(3.9, 7.8 2 11.7 9=
H3lslAA CNC 3EHe] /Md A=E vasisih

500 mL WF3-7]9) ethanol:D.I water = 80:20 v/v(%) /32
£ 100 mL, A vl Fujo] thate] Az CNC 2.0 w/
v%(2.6 )€ B3 7]A14] wREZ|(WISESTIR®, HS-100D)=
200 rpmoll A} 2417 ksl AR ZATE B3 CNCE 2A4F
A7l &<, 100 mL Blo]Ae] $]9} -2 49| ethanol
4 30 mLE ¥ T acetic acid(99.9%, DUKSAN)E ©]&
slo] pHE 4.02 2= v MPTMS FU &S 7+ 3.0 w/
v%(3.9 ), 6.0 WA%(7.8 g) 2 9.0 wiv%(11.7 g)S ¥l M7
ZHA 3 HE7] (CORNING, PC-420D)2 wykste] A 74443
AFAT.

a2 %, 71414 iy 22 500 mL ¥+8-7]ol 100 mL Hlo]#
oA M 7k HBH 171 9] &HS FYdste] 25°ColA 2417
HESAIZTE HHg- & 4172] 7] (Hettich®, ROTOFIX 32A)E
01516104 4000 rppmellA] 205 FF AR &, FedS W
2|2 %2 CNCe= HEZ] Y4 (petri dishyell &4 Hol 40°C
AZZANA 4AZF A2 5, X E TSI

MPTMSZE JHZ& & CNC2e| ¥x{2|. MPTMSE 7} & &t
CNCE= CNC XF#o] MPTMS7} 318 A= EA)8k= 2
o7 deA Adrk.P b, 7R e MPTMS®] Si-OH”]
o} CNC EHe| -OH7]92}e] s} dte f=387] $lste o}
gef Zo] GAEE TSI

H%], MPTMSE 712¥ CNCE FZ2E(JEOTECH, OV-
12)0] Y& &, Ay Bo 3715 A4 33 &s &
110 °CE A=A Zth 9 MPTMSZ 712" CNCZ 110 °Col
Al 3AIZE A EE Rt Alge) Fe] SEEE S
W2517] 918t Rg o] 25 25 7K WAIRl &

AEE Ao} HAA|Ed| HASIATE

E&E MPTMS?| M. €x]2] Fo= CNC ¥H} 3}
8} AeiA] i 3 E 2 S5 MPTMSE A7
7] $I8le] &£&5d FEHS ARESISITE. 500 mL round flask
ol ethanol(b.p.=78 °C) 250 mLE % 32, 90 °C2] water bath
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Figure 1. FE-SEM images of (a) MCC; (b) CNC.
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Pt = T A1EE 70 °Ce] AZZE (Jeotech, ON-22GW)
oA 3AZF AZRAIZATE 1% F A8 gate] FEEE A
< A8 S8t ARE HAAolElel Yol Hisidith

BM, MCCEHE CNC A% & MPTMSE ARZ38lo] &
H 7hd®E CNCe| 245 f18le] FE-SEM, FTIR, EA, XPS
2 TGA 45 Al

FE-SEM £4-& 15kVe] 714 Aoz 500 uf&ollr 53t
&7 Frfiste] A8 FTIR 412 KB} 57 A

TS5 95:5 wit%(0.95 2:0.05 g)Z ZolA] KBr 1S A3}
= ZH(transmission)H & 2 =74 3} 9 t}. BackgroundE <=
KBr #31& ARSI 4000~400 cm oA 4 em™! H3l 5o =
32§ scandle] S35t St 8o 2 71gsllEl CNC
o] & 3Fak%E EA(Thermo Fisher Scientific, FLASH 1112)
A8 TE XPS 42 AIEE 49 eV pass energy©ll A
.82 eV resolution®Z 103] scandle] =435} TGA &=
& ZAAEL]7] slol|A 300014 800 °C7HA] 10 °C/min <5
s WA AR A WskE S4sIslt PC 3‘3
#Si 24| ] NMR £2492 CP/MAS(cross polan'zation/magic
angle spinning) 22 400 MHz spinning rateZ =3 3}31t}.
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MCCZSE CNC M= &9l it 5898 A3t
MCCZ2HE CNCE A= o vehhs 3744 vistks =43}
7] $18t] FE-SEMS AH&-8ted 418131ttt Figure 191 FE-
SEM 4] A3 YephIt.

Figure 1) 2W, MCCE 52 FH|E Yehly Z2
37.1~60.1 um, Zo]E 1342~1402um HE YEST
Figure 1(b)2] CNC= MCCe} 2] A8 2ozl Fel&
gelgh 4= o & 90.0~92.2 nm, Z2°]E 1.2~1.8 um
2 YER} MCC7F &4 840 o3 o mAlg =7]9]
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Figure 2. FTIR transmission (KBr Pellet) spectra of (a) MCC; (b)
CNC.

Table 1. Elemental Analysis Results for MCC and CNC

MCC CNC
C (mass %) 43.57 43.17
H (mass %) 5.51 5.89
S (mass %) - 1.16
O (mass %) 50.92 49.78

CNCE A2t = 218 & o= A%tk =, FE-SEM o|v|#] &
A3} ONC YAk MCCRTE F3} Zol7h B #opx| 2
et A BFo R Hi g AT F AT

EF MCCREE 34 580 5 ONC A% 8o
A Uehe 357152 Wslks =457 9lske] FTIR 23
EYS SAsith

Figure 20 MCCS} CNC2| FTIR 2HEHES 77} e}
WAth. Figure 2(a)2] MCCS} Figure 2(b)2] CNC2] 2~ E
HS Hlwsl] B, ONC 2FEf0ME MCC 22 EH)
A R @ AR C-0-8 A7} 1250 em”, $=0 T2
7} 833 em "ol YEREA, MCCE] 71E8] uhgol AMg-H

hakel] 9J3ll CNColl -SO;H717F =P E S g1 4= i)

MCCe] 7ial]l W02 CNCE AR w9 38t 24
H3lE =A317] 95k, 9aiAS Fasle] 7F 9AE9)
A %(mass %) 22 Table 19 YERAATE.

Table 1¢] EA ¥4 A#= B9 CNCoA = MCCET C
o} O Y49 e a4 Fhash, S 94| g2 09
A 116%= S7FRS & & AT S MCCE SAF 784
< AFE8l] CNCE A= wf CNColl gigt —SO;H71¢] =
do=z S9f o] TS & & ATh

MCCY] 7lriel] w02 CNCE A2 wjo] 244 ¥
312 24317 918k Xeray diffraction(XRD) #4912 4835}
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Figure 3. XRD curves of (a) MCC; (b) CNC.

o, 2 A7}= Figure 39 YERNSITH

Figure 3(a)¢] MCCS XRD 2 ZE HW, 20=14.7,
16.4°, 22.5°, Z12]3L 34,504 AE2 9 ~9] EAUIAES &
018 = AN 1 Figure 3(b)2] CNC g ZollAE= MCC
o} -8 91291 20=14.7°, 16.4°, 22.5°, L2] 3 34.5%0 4 A
E2 020 EATIAES 1T = ST ol A=
HE, 34k FgdS A183 MCCEHE CNC AxolA 2
4 e Mgl UepA 228 ¢ & A8 o, CNC
9] 20=22.5%I4 YJeRR= (2 0 0) ¥ =7} MCCET} CNCl|
A Z7 o GIEA YEE o= ONCe) 24 e =
7F MCCET} B %7] Wj#02 Aeter),

MCC®] 7} vkg-0 2 CNCS A2 we] & okgA
H3ls 2437 Qlele] TGA B4 =3t 24 7|1H
3loll 30~800°C MHZ 10 °C/min®] &2 71E8PHA A
59] FA WskE 43t Figure 49 YeRAAT

Figure 4] TGA 541& B4, MCC9] 23 H3l= el
U= Figure 4(a)2} CNCe] A3 YER= Figure 4(b)
= 800°CollA] ZHzf A A7Fe] 3.899F 9.16%2] 1HF o]
SAEATE MCC Hr} CNCE| o] B2 o]f+=, CNC
EH =A% S 9AF QlEl chars FAste] WA He A
o2 JAekET) 3 MCCE g3l A& 2%+ 304 °C,
CNCY] g8 A7 £5E 253°CE MCCHT} CNC7F |
A Bl 7F Al Ae s = YT o]9) o] CNC
o] & HI| w7t SR E o]f= MCC| k8o 9
Sk 7Sl WS 2 MCCe] FAE 9ol 4% o= A
A= A A717} #FolA| AL, Bgk Y= -SO;H7] W
of dof| Bgsle] Haf7t W mollA AlREE Aoz
ety

MPTMS Si2f0f cHst &kt JHESH CNC EH 24,
MPTMS®] 75 % Hstol] mE CNCOl A#s) vk A=
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Figure 4. TGA weight loss curves of (a) MCC; (b) CNC.

£ Z437] 918, FTIRS ARE-5te] Aets) kg $9
CNC?] Ao 2 EYS Z43F A5 Figure 50 LYERH
At} Figure 5914 E¥, MPTMSS] T%E 3.0, 6.0 %
9.0 WW%Z F7MAZ 4=, MPTMS A2 A2] CNColM &
e A oFd MPTMSS] Hgl =2 H|o|E 7]¢] C=0 4159
oIt 1717 em™e] ¥ AL] A7} A& F7heke AS & &
AATE.

olggt C=0 ¥A A7|9] F7+e AFH o= Yehl7] 9
3193, 1207 ecm oA YEhs= C-00) €]k F]32] HHS U
F7120 2 5t 1717 em™oA YEh= C=0 ¥ = |4 9]
W3S =43} Table 20 YFERATE

1717 cmol| A} YFehb= =0 3] =9] W23} 1207 cm'o)
Al YEh= C-0 F32] HAH|E H|wste] HH, MPTMS
o] F=lZo] 3.0, 6.0 2 9.0 Wv%E Z71E4E, Table 29
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Figure 5. FTIR transmission (KBr Pellet) spectra from MPTMS

treated CNC with different MPTMS concentrations (a) 3.0 w/v%;
(b) 6.0 w/v%; (c) 9.0 w/v%.
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Table 2. Area Ratios of MPTMS Modified CNCs with Different
MPTMS Concentration from FTIR Spectra

Area Area Area rati_(l)
am7em’ 207eny (TSN
Toowws 2o

HAE 7} 1,58, 9.12 2 18.072 Z7kele A BA3 5 9
At olof] wWE} MPTMSe] £ o] 7145 CNC &9

7Veke Aoz ddE

MPTMSZ 7HE¥ CNCe| 3%
st ¥ 10nm Zo]S EA e
sI3ATh. Figure 69l MPTMS®| #4732 3.0 wiv%= 7H& 1t
S 3% CNCe] XPS AA| 99 27l (survey scan) 23
ELS YeRiI

Figure 6(a)= CNC, Figure 6(b)= MPTMS 3.0 w/v%=
NAT CNCO] XPS A @99 =70 Afe|t}. Figure 6(a)et
6(b) ZLHZE HH, FFHOZ C, 0, Syp FAEC] 4
3l 2] (binding energy) 284.6, 532.2 2 169.0 eVollX 212+
ettt 218y Figure 6(b)ollAl= MPTMS| ©]gh A #ts)
Hkgo] o] =YEE Si Yo o3k Figure 6(a)cl A=
B gl Sip ogh 37t AellUA] 1033 eVollA] 1
Ebstth. CNCeF @8] MPTMSE 2 &3} wHS-A171 CNC9l
Si,p ¥=7} Yeh = Zlo25E CNC ¥ MPTMS7| =
AL Folslit}. Figure 69 2~HEH A3z HE =43
YAEe] Y4 %(atomic %, at. %)=E Table 3o YERASIT

Table 304 ¥™ MPTMSZ 7H& 2] CNC2] C, 0 ¥ S
o] Aa%= Ztzt 54.28, 44.40 2 1.32%= YERSTE 3.0 w/
v%2] MPTMSZ 7H23F CNCY] C, O, S & Si¢] 942%E
55.00, 43.59, 1.04 2 0.37%= ztz} 24 = Atk CNCol o)
gk XPS XA C YAe] da MEELS 5428%, S Ui
o] Y14 ME-S-2 132%0]t}h. HE3F Table 19] EA #4143}
o o3 Co A WEZ O 4317%, SO AHF WEgo
1.16%= et XPS Aol A = EA A3 =7
He| T BT = gla, T3 48 A|5e] 2L 7}
A4 2A%E JERRAI T, AR HME 940 A
%= e 7] wj o] AlE7ke] AH A s vlas o HTh
ThF, CNC Al829] C 94 Frof] tigh S Y4 F72] A 1)
£ EA ¥4I XPS #4H A& Hlwste] HH, EA
AHoA = C GAF 10000 tisted 2F 1.0, XPS 47w ellA]
= C 9A 1000 thale] oF 242 XPS B4l <Jgt S ¢

= 7

o sfepste 2937 9
2= 9l XPpS BEAL 2=3)

AT =

4
x4

z io oo

i o



nAAR AER AT ol % B8RS Wy Alx B

—0ls

Cls

Couts /s

S2p

|

T T T T T T T T T T T
1200 1000 800 600 400 200

0
Binding Enetgy (eV)
(a)
— Ols
") Cls
2 |
o
(&)
/\//v\/’—""/\ S%pSizp
12|00 ' 10I00 . 860 ' 660 l 4(I)0 ' 2(IJO ' 0
Binding Enetgy (eV)
(b)

Figure 6. XPS survey spectra of (a) pristine CNC; (b) modified
CNC with 3.0 w/v% MPTMS.

Table 3. Surface Compositions from XPS Survey Spectra for
Pristine and MPTMS Modified CNCs

oNe ot
C (at%) 54.28 55.00
0 (at%) 44.40 43.59
S (at%) 1.32 1.04
Si (at%) - 037

agdol of 2.4 = e A& & 5 dSinh ol9k 2
o] XPS ZAWeIA 8] el tf A vehkes olfr= &
A g AR TheEl REgelA EeiE = —SO3H7}
CNCY 9ol ¢ ®o] &%) wEo =z At & A

BAAE BA%= FA B4 Z23Ho 3 10nm 4ol &
@a{— XPS Ao |A S9] dhefo] o =A YEhbe FoR

Hoh 3 MPTMSE 7] ¥ CNCe] S 94 o
104%:% 42 CNCY| S D48 1.32%5T WA Yepdh,

AER QXA e dR FHd HEl =2 olE 7] =0l B A 1101

160 140 120 100 80 60 40 20 O
Frequency[ppm]

(@

OH OH

(b)
Figure 7. "C NMR spectra of modified CNC with 9.0 w/v%
MPTMS.

o] CNC %Rl HEH= 7iald MPTMSO| &4 st
= C, 0 % Si 94 w2, HEE MPTMS?] o5 &
A= CNCO S 94 hgo] ArfAe® vl ek 3
o2 yhEch

CNCE MPTMSS Alg-gh Aghs} ukg o Yeht= 8
g 1 WskE 4371 218t CNCE MPTMS 9.0 wiv%
2 7hd 98 gk & A PCH ¥Si NMR 41
FeYsled ¥4 A7E Figure 73 Figure &1l 28t eI

Figure 7(ay= CNCZ 9.0 wiv%2] MPTMSE 7§12 wh-g-A]
A Yehd "C NMR 2HE-le]3l, Figure 7(by= MPTMSE
HEE CNCE| “C NMR = ERS] 93 a3 Yepd 3
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Figure 8. Si NMR spectra of modified CNC with 9.0 w/v%
MPTMS.

100
80
§ 60
o
(<]
2 40-
(b)
0 —(a)

T T T T T T T T T T T T
100 200 300 400 500 600 700 800
Temperature(°C)

Figure 9. TGA weight loss curves of (a) CNC; (b) modified CNC
with 9.0 w/v% MPTMS.
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