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Abstract: In this study, we carried out research to introduce amino groups on the microcrystalline cellulose (MCC) sur-
face using 3-aminopropyltriethoxysilane (APS). We studied effects of solvent composition, concentration of APS, swell
time, reaction time and reaction temperature on the degree of surface modification of MCC. We measured the degree of
surface modification of MCC using Fourier transform infrared spectroscopy (FTIR), elemental analysis (EA), X-ray pho-
toelectron spectroscopy (XPS) and X-ray diffraction (XRD) techniques. It was found that the amount of surface mod-
ification by amino functional groups increased as the amount of APS, swell time, reaction time and reaction temperature
were increased.

Keywords: microcrystalline cellulose (MCC), silane coupling agent, surface modification, (3-aminopropyl)triethoxy-

silane (APS).
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3-aminopropyltriethoxysilane(APSy= =7 |& 7HA|= 3
F==2A dA 7P de] AR EE A AZEA T sk
ol ol FA] FX]9] FAAR ARgshs BHS /NE W
w de] AREE I QIR A MCC #Hol| thgst A
7 & % Al (APS, MPS(3-methacryloxypropyltrimethoxysilane),
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of Hlashs A= T olFolA QAT ofg 7] v
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w718 Bgsks EW R gL AAH o Fast,
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transform infrared spectroscopy, Jasco, FT/IR-620), EA
(elemental analysis, Thermo Scientific, FLASH EA1112) %
XPS(X-ray photoelectron  spectroscopy,  ThermoFisher
Scientific, K-ALPHA) +41 53} 1s13ith. =3t MCC
o] AR T8E ¥ F APSS} whgo| Yok 4
< 3lslr] 918k XRD(X-ray diffraction, PANalytical,

o rlo kI M

CH,OH

o o

OH H H OH
H
H OH

H

g - ool

H o cl,H o
H
CH,OH OH H
H \\ o
H

93]

- E

X’Pert PRO) 242 58 313]t}. Scheme 19 MCCZ APS
2 A= v YEIY.

Al = |

AleF & X Z. Microcrystalline cellulose(Avicel® PH-101,
Had YA Y74 50 um, Sigma-Aldrich), ethanol(99.9%,
DUKSAN), D.I. water(deionized water, MR-RUS890,
182 MQ-cm, Mirae Sci. Corp., Korea), (3-aminopropyl)
triethoxysilane(APS, 99%, Sigma-Aldrich), tetrahydrofuran
(THF, 99%, Daejung), potassium bromide(KBr, FTIR grade,
Sigma-Aldrichy= ¥x2] A glo] a2 ARSIt} Tgt
MCC R s}5-4% glo]l 2 APSE 452l (soxhlet)
WO g FZ317] ¢34 cellulose thimble(1.5%33x94 mm,
Sigma-Aldrich)y& AH&-3}3AT}

APSO|| 28t MCC E™ JHAE 8IS, v =49 &=
AT317] 981, 29 ethanol? D.I. waterS 95:5 % 80:2
(viv%)oZ T8l MCC 3EHe] 71 A=E vlwsisith

WEAIZE, HEEAIZE B g2 o] o3 JEFS AFsh]
Aste], HaAh 1, 2, 4, B A HESAIZE 1,2 % 3
AIZE, WREEE 25°C ¥ 50 °CE 77} th2A] a1 APS9}
MCC 79 71 H=E wasginh

APS 19| G AT skl 2A| Guhel )
of tigled APS Y 1.5, 3.0, 4.5 2 9.0 wv%(5.4, 10.8,
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WA APSE AP7| Sl B4 ol7] wiizel A 7eEal A
pH 28& a4 &3, A 7iaial] Al M7k g2 st
AT

600 mL W+-g-7] <l ethanol <8< 300 mL, 71=%¥ MCC
5wiv%(18 )2 ¥l 714124 WREZI(WISESTIR®, HS-100D)
2 200 rpmO.Z 2A|7F wiksle] BEARAIFTH 3 MCCE
A7) 52F, 100 mL H]o]# ¢l ethanol -84 60 mL2}
APS 4.5 wiv%(16.2 g)S YL 1A7F A7 (CORNING,
PC-420D)= wykste] 4 7Eafi Al AT
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Scheme 1. Scheme for the surface modification of MCC with APS by silanization.
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Microcrystalline Cellulose(MCC) EH|| op|=7] =48 918t A 7id =71 I+ 927

I F, 71414k F2 600 mL #8710l 100 mL H]o]#
oAl A 7HrESIAIZ] 9 8-S FYate] 25°CollA] 2417
WA RS- § A4 (Hettich®, ROTOFIX 32A)2
o]&-51d 4000 rpmellA] 20 F<t BEAIZ 5, S o
23 F2 MCC= HEZ] Y (petri dish)oll 7 Hol 5
2 M $ A2ollA 2487 A=A AT

APSE JHEE MCCe ¥X2|. APSE /A MCCE
MCC 3EHol APS7F 53+ dejoltt. wmepA] 7hdal &
APS9} MCC W] -OH7|9} s1ed3ts =317 $18tq
a3 o] EAEE STt

7], APSZ 7I-E MCCE FF2E(JEOTECH, OV-12)
of ¥ T, Fee] V& FA= 33 3t & 120°C
2 SAAT 120°CollA 2A17F EX2]E FeYsiaL Aol
Fo] F2EE AS BA ] 9t FeEe _REE
25°C7HA Hol=d & A 55 7AW o] the 4 w7l
desiccatorel] EolxA BA3IIT)

E2HE APS MAH. €8] o= MCC ¥+ 318t A3
317] %2 APSE AlA] st &Y FEHS ARES)
2T} 500 mL round flaskell THF(b.p.=66~68°C)S 250 mL
Y, 80°Ce] water bath(CHANGSHIN SCIENCE, C-
WBE-L)2 AM&319th A& 8~9 g thimbled] 237, 1047+
¢ &5 FES T FF F AEE A=A
2181, 90 °Ce] AZZ(JEOTECH, ON-22GWplH 1117+ 7
ZAZ12L, 90°Ce] AFL M A7 B AZRAIZITH

2N, APSE AREsle] W /EE MCCel 48 915
o] FTIR, EA, XPS ¥ XRD #4& A5t}

FTIR 42 KBr#t 7 A 55 95:5 wt%(0.95 g:0.05 g)
2 Zo}A diffuse reflectance infrared fourier transform
(DRIFT)¥ 2.2 background= <=4 KBr& AH&-3le] 4000~
400 cm™ oA 4 em™ resolution®. E 1003] scandte] =
3T} DRIFT 222 E3-& Kubelka-Munk function(K-M)
S ARgStofof HRFARQI #A 0] 7Hss] wlie] BF K-M
©F HEEITH EA 402 A g9 i A AR

FS FAEIATE XPS 42 AIEE 50eV pass energy©l
21 0.82 eV resolution®Z 103] scandle] =433t} XRD
_]

22 10~40 degree 9ol A Al Ka radiatione 40 kV<}
30 mAR B step size 0.02°F scandto] =433}

21 3 EE

APSOf| o[t MCC &M JHE BFS /5. APSel 9|3t
MCC 39 712 ®Eg-9] f57-5 ol B7| S5t &0 =74
ethanol:D.I. water = 80:20 v/v(%), APS 4.5 wv(%), S 2
7k, WEE- 2A17F = WS-8 25°CE A E3le] FTIR £412
2N FTIR ¥4 43+ Figure 19 YERN S

Figure 1914 ¥, (a)= <5 MCC, (b= APS 71& W3-

S

>

% 1 day 7AZ38F MCC-APS, (c)y= A= § Ex]2]s MCC-
APS 18]3L (e EA e &8 & & 7Ax3 MCC-
APS©lt}. Figure 1(b), (c) 2 (d)ollA B, <=4 MCCOlA
H 5 9™ 1595 cmTollA N-H £33 9= 2 1034 cm™'o]]
A1 Si-0-Si Azlel] oJgt A|2& FAE] Yelhte AL &
A 4 JYATES

T3 APSO 2sle] 7| MCCe) ME AEE Akkelr)
$I8led, 1280 cm™'e] C-0 YA E 7|5 vHE I3, 1595
em™®] N-H 79| 74 H] HslE 2] (1)= Al4kste] Table
10l Z}z} Jep At

Area of 1595 cm™ peak
Area of 1280 cm™ peak

Area Ratio(AR) = 1

Table 1914 B¥H, 2427k Ax & IAlg] & 2 &£59 >
Z o] MCColl =9% APSe] N-Hel| ¢Jsle] YJehk= 1595
em™e] = W2 ZES 0444, 0431 2 0359 LFEFSEA,
MCCS] C-0°1 93t YeRh= 1280 cm™e] 32 WA 7k
0.071, 0.069 = 0.069= 27} UEpsTh. 9] 7k=el thste] 2
(Y& ARE-3te] ARFeE AR 2 2407 Az 3, 9AE &
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Figure 1. FTIR-DRIFT spectra; (a) pristine MCC; (b) after drying
for 24 h; (c) after thermal treatment; (d) after soxhlet extraction.

Table 1. Peak Area Ratios of Pristine MCC, after Drying for
24 h, after Thermal Treatment and after Soxhlet Extraction

Ar Ar Area ratio
(1595 om”) (1280 emy (1595 enr’
/1280 cm™)
Pristine MCC - 0.070 -
After drying for 24 h 0.444 0.071 6.25
After thermal treatment 0.431 0.069 6.24
After soxhlet extraction 0.359 0.069 5.20
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pEha] 24X 7F AR Fob EAE] $ells WA H] Wi A
o] 13, &Y F& Foll= 35t A% APS= ol IA
9 52 APST THFel oJste] A|AEojA AR #hol &
e RE g T U

20 =Mool e WE. guljo] A mE MCC EH

) A2 vlwsly] 9ske] APS FUH, BT WA
W2 == 4.5 wiv(%), 2817, 2417 9 25 °C2 742}
3L, 8ol 24S ethanol:D.I. water =95:5 v/iv(%) %
ethanol:D.I. water = 80:20 v/v(%)Z HSIA 7| HA A3 5,
EA 47232 Table 20| LERNSITE.

Table 2004 B 8w FA]S ethanol:D.I. water =95:5 v/
v(%)Z2 AEAS o N/C2 H]E-2 0.018°]3L, ethanol:D.1.
water = 80:20 v/v(%)¥ ® N/C H]&-S 0.021E, ethanol:D.1.
water =95:5 vv(%)E A F S B} ethanol:D.I. water =
80:20 viv(%)= A S w N/C ¥]&o] 718l /hd=
MCCS] EA E24 ZAFollr o] No| §HaRS APSOIMFE 11Q
7] wliZell, N/C $HF S71= MCCol| thgk APSe] Aol &
7Vet35-S e

MCC= 718"l (methanol, ethanol, aniline, benzaldehyde
9 nitrobenzene 5)<E<H<A<E7] o2 qFo| ¢ F
dojttty LA Aot wpebA] ethanol:D.I. water®] H]7}
80:20%1 gufollA 95:58H T Ags} ukgo] B ol Uojh=
AL DI watere] Bl&o] F718HA, MCC A4 49 Alo]
o] 74% P9 Wio] Frksle,”” APSe] MCCell tigh 3
F7F folat7] o2 warenh weba gujo] 2AL
ethanolZ} D.I. waterS 80:20 v/v(%)2 g 3ke] ARE-3IATE

APS2| EQI2k0]| CHEE sk APSS] £l thgk MCC
¥4 M AEE v w37] 93} ethanol:D.I. water = 80:
20 VV(%), B 2417, WES- 2A)7ba B2 = 25 °CE T
A APSS] EYUHS 1.5, 3.0, 4.5 E 9.0 wv(%)= 7t
Al7IAA Agste] EA 42 3319

EA &4 A3, APS Tl 1.5, 3.0, 45 2 9.0 wv(%)
2 Z7FEE N/C S-S 0011, 0.017, 0.021, 0.032% =
7¥etact. WA APS FY el S71EE MCC 14 &
Yu= o717} BobdA N/C Blgo] S715Hs ER1E &
AATH.

MCCE - 2552 99 3 -0H7] 3707} Sle =0
o APS= 1Ak -OGH17E 784 Ajtsof 1oL, B

X, Ok

7

==
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Table 2. N/C Ratios of MCCs Modified with Different
Solution Compositions

C N N/C

Ethanol:D.I. water 0 .
=95:5 vv(%) 42.55% 0.76% 0.018
Ethanol:D.I. water 41.54% 0.89% 0.021

=80:20 v/v(%)
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ZAo MCC PHe] ¥4 SF32 T2 F <F 0.085, 0.132,
0.163 2 0.248712] APS7} ¥HEES & 5 AUt o1EA
N/C2] "] &o] W& olf&, EA BA4S A7 AA Y N/C2
HE 43R5, APS7F MCCe] A% 9IS HF3}e] vt
S3FA] 932, MCC 3#H 52 743 g EAlsl= -OH
7%k Wkg-5h7] wiEo 2 dAatEth webd APSE fEE
MCC A& AA 2] N/C v]¢ FHe] N/C H|S ¥]wslr] $
sted A 10nm ZolE B4 F Ae XPSE ARESH #
2 Y3t

WRAIZE BESAIZE, BES2E0] CHEE A5k, aA17to] w
£ MCC %9 7/fd Hx & H|wst7] 131ed, ethanol:D.I.
water = 80:20 v/v(%), APS 4.5 W (%), HH-3-A17F 247k} wE
= 25°CE IS, BEAE 1,2, 4 # A eR
Zdsle] A8 AlEEE 48 FTIR 28 EHES Figure
20 YERAATE

Figure 29141 HW, (a)= 5 MCC (b), (c), (d) Z (e)=
WEAZE 1, 2, 4 2 A2 S/ A A3 Aol
WEAZR] 1, 2, 4 B AFO R F71EE E90%E APSY
N-Hell ¢]3le] YeR}= 1595 cm™e] 9= W2 ZHS 0.209,
0.359, 0.417 2 0449 2 EREI, MCCS C-07]¢) ¢J&}
o] FERR= 1280 em™e] T2 W2 7R 0.059, 0.069, 0.080
2 0.086= ZHF UERSTE 9] @Eel tiste 2 (1)S A

aled ALIEE AR 2 WEAZI] 1, 2, 4 2 A7 St
SPH, 3.54, 520, 521 2 52202 AU F, BEAIZ

(a)
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Figure 2. FTIR-DRIFT spectra with different swelling times: (a)
pristine MCC; (b) 1 h; (c) 2h; (d) 4h; (e) 6 h.
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o] Z7VFE 2AZWIAE AR #ol S7FSHAINE, 24]7F 9]
Fol= AR %ol ¥t A9 it wpebA] AWEAIHS 2
AlZko 2 IR ste] ARg-akSiT.

A Zbl| w2 MCC W 7ME H=E vwshy] $1sked
ethanol:D.L. water = 80:20 v/v(%), APS 4.5 w/v(%), = A 7t
A Z7H} WHE-L 1 25 °CE A B, HESAIZRS 1,2 2 3
AZF 25t A3E A EES A% FTIR 2 EHES
Figure 3¢l YERHATE.

Figure 304 ®H, (a), (b) E (c)= WHSAIZFS 1,2 2 3
AlZro = F7A Ae Aafolnt. WEEAIZk] 1, 2 B 3A]
7vo 2 W3lshd, 1595 em™e] = HA 72 0.282, 0.359
2 04752 2478 VERE, 1280 em'e] I= WE 7S 0.075,
0.069 2 0.091= 7}z} Vet

9] FEol disked 2] (1) AME-3led AlRksE AR 32 3.76,

1280

1595

2

T T T T T T T T X
1800 1600 1400 1200 1000 800
Wavenum ber(cm'1)

Figure 3. FTIR-DRIFT spectra with increasing reaction time: (a)
1 h; (b) 2h; (c) 3 h.

\K)x
3

T |: T T B T T T 4
1800 1600 1400 1200 1000 800
Wavenumber(cm™)

Figure 4. FTIR-DRIFT spectra with different reaction temperature:
(a) 25°C; (b) 50 °C.

520 9 5228 77} UET &,
W] whEA| AoARE, 24|17 o] FHE = WSl - =
2A dojyitt. meEtr] WHAIZRS 2417k 2 a1 sle] ARS-
7=

WS- o tidk MCC B9 71 =S vwshr] flshe,
ethanol:D.I. water = 80:20 v/v(%), APS 4.5 w/v(%), 317+
2A7F, BESAI S oA ZFe 7 T A S, W s 25
50 °C2 43l A3 AEES #4% FTIR 2 EHE
< Figure 4 VFERASITE.

Figure 4914 1, (a) 2 (by= HFF&EE 25°C E 50°C
2 A7 AEet Aot} RE2%7} 25°C B 50 °C
2 HskeIRS W 1595 em™] T2 WA 7R 0359 H 0442
2 eSS, 1280 em™e] ¥ WA FH2 0.069 R 0.0732
2 UERsth A ()& ARE-ste] AlLkek AR 72 ZH2F 5.20
2 6,052 YEPTE &, 255 2594 50°CE F7HA]
71, ARZo] S7HeHS Ejlskiith. &, MCC #H ] =9
== APSO] Yol T HolAle Zlog ddtEth

MCCO| =&l APS &0l. MCC %W =95= APSS
MCC ¥ 10 nm Zolol| tist] 435171 $13le] XPSE AF
g3l BEA 5T 294 MCCS} ethanol:D.I. water = 80:
20 viv(%), 8 2A1ZE, WhE 2A1 7k RESR % 25 °CE 3178
3l APS A HEHS 45w (%) 2 9.0 wv(%)E 2 T
Al 3t NEE MCCE &5 F=3 A5l tSh survey
scan 235 Figure 59 YEMI ST

Figure 5(a)= & MCCE YEM 1, (b)9} ()= 45w/
V(%) 2 9.0 wv(%)2] APSE 7HEE MCCel thah 24147}
olt}. (aplr ZAgoN4A] (binding energy) 286.833} 532.39 eV
oA Cls % Ols I=ZE FRISIAL, (b)eF (c)elX= 286.83
9} 53239 eVollre] Clset Ols T2 2loll, 399.18, 153.87 &
102.43 eVollA Nis, Si2s 2 Si2p IS FRIEINUT} =, (b)
2 (c)ollA =4 MCColl= YERA] &+ Nis¢} Si2p 9=
7} VRS A0 25E] MCC ¥39] APS7} EY5E & Ao
2 kT Figure 5(a), (b) 2 (c) 2FEHA Yehts
Z}7ko] Q23S Table 39 LFERN QLT

Table 3914 HW (a)¢ +F MCCE Cls(8a3E:
54.18%), O1s(45.82%), (b)2] 4.5 wi(%)°] APSE ¥H 7)2
B MCCE Cls(52.18%), O1s(32.35%), N1s(7.34%)<} Si2p
(8.13%), (c)2] 9.0 wv(%)2] APSE ¥H 7§2E MCC= Cls
(50.53%), O1s(32.73%), N1s(7.92%) 2} Si2p(8.82%)= &+<1
AT 2L 45w (%)2F 9.0 wv(%)e] APSE A E
MCCe] N/C H]&-2 0.140 2 0.157°.2 YElsit) =, APS
o] =] 4.5 wv(%)lIA 9.0 wv(%)E =K, MCCo|
A= E APSY] THE EoldS & < AUATH

obx] @3t A3} 7ro], APS7F MCC 1708] B4 283~
&2 F EA5= 3719 -OH7] T 170, 271 2 370¢] -OH
71} zhzh wkg-skE o] &4 N/C Bl &2 0.129, 0.194 %
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Figure 5. The XPS survey spectra of: (a) pristine MCC; (b) MCC
treated with 4.5 w/v(%) APS; (¢) MCC treated with 9.0 w/v(%)
APS.

B8 - 3%

0.233% =|ofof gt} 2 A7 9| Table 3 AIollA B N/C
Hlgo] ZH} 0.140 2 0.157°1 22, MCC2] Ule] ¢ 25
2~ &3] F EA5k= 12 -0H7] FollA oF 1.09 2 1.22
A7F v & 4= ATt webA] APS T ol 71
F5 N/C H[&©] T718H7] Wil MCC ¥ tigh APS
EHHE Skl As 1.

T MCCe} 3 7iEE MCCe] shst Adejol] tig AR
3lel3t7] 9151 detailed scandt Cls ¥]FZE curve-fitting
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b

Table 3. XPS Elemental Analysis for Pristine and APS Treated MCCs

Cls Ols Nls Si2p N/C
532.39 eV 286.83 eV 399.18 eV 102.43 eV
Pristine MCC 54.18 45.82 - - -
MCC-APS(4.5 w/v%) 52.18 32.35 7.34 8.13 0.140
MCC-APS(9.0 w/v%) 50.53 32.73 7.92 8.82 0.157
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Figure 6. Detailed C1s XPS spectra of: (a) pristine MCC; (b) MCC

treated with 4.5 w/v(%) APS; (c) MCC treated with 9.0 w/v(%)
APS.
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Figure 7. XRD spectra of: (a) pristine MCC; (b) MCC treated with
3 w/v(%) APS; (c) MCC treated with 9 w/v(%) APS.
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Table 4. XPS Surface Chemical State Analysis for Pristine and APS Treated MCCs

Cl C2 C3 C4
C-C, C-Si C-N C-0, C-OH 0-C-O0
28432 eV 285.12 eV 286.06 eV 287.39 eV
Pristine MCC 60.76 - 34.62 4.62
MCC-APS(4.5 w/v%) 2391 13.77 48.39 13.93
MCC-APS(9.0 w/v%) 25.19 17.51 45.82 11.48
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