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Abstract

A fast and effective method was used for the synthesis of nanocrystalline cellulose (NCC) from mi-
crocrystalline cellulose (MCC) by combination of sonication and phosphotungstic acid catalyst.
The yield of NCC is about 84% under the reaction condition of phosphotungstic acid concentration
of 75%, sonication power of 250 W and 15 min reaction time. The morphological, crystal structure
and spectrum properties of NCC were characterized using Transmission electron microscopy
(TEM), X-ray diffracmeter (XRD) and Fourier transform infrared spectrometer (FTIR), respective-
ly. The results indicated that rod-like NCC with the size of 19.6~94.0 nm in width and 112.4~639.7
nm in length was obtained. The XRD result confirmed that the NCC is cellulose type I model with
the crystallinity of about 82.9%. The results of FTIR analysis showed that the basic chemical
structure of cellulose is maintained.
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B OE

EEEERT, UBMSRAEAFKEMBAER, BAPUEWH &R 4R (NCC). BREIHEN250
W R B AL TRIREE A 75% BT, SE THAE15 min, NCCREELIAN84%. KBS B F R, X5
AT HHAE L H B AP HEUINCCRITESR . R RIG W) ottt R T . SRR B
BRI R IINCCEBRE MY, BERSM7L19.6~94.0 nm, KEHFFE112.4~639.7 nm, 5L
Wi B THERIR, 455 H82.9%, NCCIHREFFERNERILELEN.
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1. 5|8

Gl EARREBMBNEENRRE D TREY . UFHEREBYRRER, FOAGKRT 4R
(nanocrystalline cellulose, NCC), HEETE 5~100 nm 2 [8], KEMNJLTEIJLHIK, ERIREM[1]. 9
KEFYER FA ok B AR . Sah i . R, KWHRER. RIGFIEWRME. BmrRm
PSR AR, [RINNE R RARAERNR . K8 BV AT FAR SR, AR, &
Vi At B R AU R T R N BT 5 [2].  H RTAOR AR 4 R 1 4 KR R Oz —. R
IRAUEF AR T2l p— (1, 4)—D—H AP ZNESE . 4R 44 (i W 51 7 (1 45 L XRI
T HIAES X M K. 75— @B TS, 4R NEELS XL e T 45 XU AR e b, 4B
BN T 220, B NR R A 4E 5 A, bR I i ) 46 5 15 R IR R R /K 31, (B FH 3R R
MBI SRS YR, T HL R AR AR, RN S IR B A AE DL IR

B Keggin Z5 MBS RE[4) 2 — P e I OR HonT R A I BAER, wI7ER] & NCC il 2R
TEHLER[5]. ThiEE A AR FR G EE Y “ Al B8N Re i (R it M BRI ORI 28, AT 8 ey 21 4 22 1 m] S (6]
AR SCFI P 75 i B R K AR 2T 4 2R (1 7 46 NCC, R 75 VE L R TR IR KR I fE v, 3
WEABIR/K iR e, DU AR 1) % NCCo 5% BR/K T B L, %7 B IS A4 . X i &
JEPRPEAN . FAREEAL AL

2. SCROERSy
2.1. [FERF{EE

Tl éib £F 4E = (microcrystalline cellulose, MCC) iy T Sigma-Aldrich, B 4% fff H oK &b 3 . 5% 45 1R
(HsPW1,040) L. ZBEANDY MR T B 25 S A iR BR A |, 3 90l it R 26K (18.25
MQ-cm) NS % o P I A0 M AR AX (Scientz-TTD ) AR T L(Scientz- 10N Bl 5 3 2 2
YIRH A A R AT .
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2.2. NCC Byl

FCHIAR N 70% (wiw) B ESER KA, Bl 5 421 MCC SE4E7K 1:10 (w/v) 1) Ea 3 a8 45 BR v i
TN MCC, ##5)J5, AR @A, BB ORI K 03, ThEEN 250 W, A
A4 3 min, 5 min, 10 min, 15 min, 20 min. RMNEEHRJE, Kl & OB SR BRES, #EE
RN=ZZ, FENCERBSRRIE AR, WSR2 BT LR R, b2 ZBAUK R &
[f]JZ /2 NCC FHUKIREY) . H &1 CBEAER IR, B EZ B OBk fE 15 3] NCC.

2.3. NCC FERYHI&

BN 2.5% ) NCC B WGBS 2081 5 min, DABA{E: NCC 5] ek . SR EL 6 ml B T 5555
me, =iE N T3 KREIFS 3] NCC K,

2.4.NCC SRR BHIZ

NCC BEFHMPEE 0.6%, HAEDH S min, & T-60CA% 12h, REAGTE, RIf53] NCC Akt

2.5.NCC B8RitE
B —E &) NCC EF W THREM, AT, RIEARDIHE NCC B3R, & =kKI-T¥HME:

O G LT (1)

myV,

KA YNCC 3%, %; m— TGS SHEMA R, mg m—RERRRE, mg; me—EEH
&, mg; Vi—ATHl& NCC R BAR, mL; V—FE NCC SR FIAARFL, mL.

2.6. FHTSRAE

KA HAS HITACHI /A & 1) S-4800N A4 i1 & 85 (SEM) A 2% FET A ) ) Tecnai G2 HYi%E it H
TR ML (TEM)ZEAE MCC F1 NCC HITE A

K F##[E BRUKER, AXS A #] K] D8-FOCUS M X 52k R AT I (XRD)YX P43 AT WA 43 M (4 =
1.5418 A), H#fMEIEH: 20=10°~90°, FHH#iIP KN 0.01°/step, FHFEHE A 0.05 s/step, ST HIE 40 kV,
FLYL 40 mA. MCC Hil NCC B4k fn fE 1% 8 A Q)7 H 5.
fu =L 1090 )

]002
K. CrI—FEMPIERE, %; Ip,—002 WERIERE; 1,,—20 = 18" e XATH .
K2 E P-E A & 1 Nicolet 5700 %41 B 25 B 21 4P G A (FTIR) AL i 22 T AT R AL FE B0, #
BESAT KBr By oK — i B8 S iy, ATk, D0 B 400~4000 cm ™'

3. BR5118
3.1. BAENEX NCC SZHIn

WS FR R I AF(E KRR B BRI, BEMMALLT4E KK . Liv 7R IBEF KL T, FIH 70%HK)
TR R AL T 2 25 /K AR 1] 26 NCC T ZERZ 30 h, P23 60%. AR 5256 K FH R 75 4 Bh B A9 R /K fR 4 25 1)
J7 M6 NCC, 1% S R S I A6 NCC =2 152 . 4] 1 o NCC 17 26 B 45 i 75 B[] 14 8 K 1
e, AR RN 15 min i, NCC (7= 3Rtk 3] 84% 4 4, KRGk 7 IS A] . 1X A2 K A 7 P2 A 1
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Figure 1. The effect of ultrasound time on the NCC yield
B 1. EBAREX NCC =R MFIm

FACHAE A P () A AR, ™ AR R b e, PR KR AU A RE o IXAE VLA i g
TRENS 5 21 YRR 7 A 55 2 A RIE F88 A7 3 BCET 4 21 00 1 PR 231 () 208 R AR IR R AT 24 3B P B O T 2
RAEAFE YN AR AR BT A 28 T IR ABIE, KN 1 BRESIRAN T 4E S NI 2 TR iR BR /K AR R [8] o

3.2. NCC ISR RIS 4

MCC B g i 2(a) . AMEIFRTLAE H, MCC BHAARNITEAR, FEEL40 50 um, K
FEZ) N 50~200 pm. FEABF1E T2 T5%E SRR MR 15 min Jo, SRR EBHNEH IR NCC, H41N
JUHAK, KEEIAEE 90K (E 2(b)). BEESER ML £ NCC 7E 11,000 rpm 33 F &0 15 min J5 £ H
EEERR, Gl 2(c)fm. B 2(d) A& ELE 1.5% NCC BIFR M A . nTUUE H, BHSIRMEH &1
NCC FE/K 1 BA B 19 73 8k

EHGE S E TP 100 AR FES, 83T Nano measurer B2 7040 48 i 3141 %F NCC B R ~FiE 470 & 46
ih, ZREH NCC HAMKE FE /S ATE 19.6~94.0 nm Fl 112.4~639.7 nm (4] 3).

3.3. XRD S

MCC F1 NCC ] XRD FAEUIE 4 fizn. MCC ) XRD &, 76 20 = 16" (s B AMiT S IE, %
&S 14.6° (101)F1 16.6° (110)FTHFIEM & F 6. Bhab, 7E 20 = 22.8° BT HHEL T (002) K75 MR K IR, X
BefTiTIgE R A 4 2 T FT0 RLRFAE 4 o A AT DA HE, NCC (¥ XRD % b (1 J LA AT S I AL E 5 MCC
BRI IXRKE NCC REF TR [ AN, HEREREIES MCC2MHEER, #E T RiatR
Ko ZUFFAFE] MCC 455 EN 70.4%, 11 NCC 45 N 82.9%, W#H L MIEHZE 12.5%. 1X4&
DRI A 1E 6 75 A B YRR AL SR RE - R, A4 PR SR AR, MCC TG 58 T2 X RS 43 B R
B 1 8 ot DX R RGO, T ot L R 48 R 8 P P DX S i AN R, DTS 485 B P 18K, A BE R R A D 2 R 2R
Bi, 7SRRI

3.4. FTIR 947

MCC 1 NCC HJZLANRIOEHE A 5 fis. 2h4Es Koy T ER B u#l A =Mt arfd
TREFYEZR o THEIN Koy THE SRR T AEUEE . B 3340 om™' A7 B HIBL SRS, W] LAAJE N
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Figure 4. XRD curves of MCC and NCC
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Figure 5. FT-IR spectra of MCC and NCC
5. MCC #1 NCC HYLI5MRUT S T ]

LFUEZR 5T —OH HIH 4IRS . 2900 em ™ FHIT FIHRFAE UG A £ 48 22 b 1 3 (— CH, — )X AR 4 3R 3 1
WA o 1429 em™' Kb LR 4E R H 36 (— CH, —) I BT (IR SR IS I . 1034 T 1058 em ' S T 21 4 = B 1
C—O W4k, HAEHLMIARZHRBIBE, Hhd 1161 cm ' AREIEENL 4K C—0—C AXFFR
AEHR B ARSI, T 1110 cm™' AMFIEIEARER T P4 R 0 TN BR B AR S . 897 em ™ AbHFHEIEAREL T
PYER S T B-D A R . 1429, 11614 1110 A1 897 cm™ Ab MR IS I Mz A R AT 4 2% 1 2 HOUSAE
(6], 5 MCC ZLAME EIXT G, BEESR KT 251 NCC IR A KA B R 1284k, #i8] NCC
VIR B AR A LM, X—4 55 XRD 45 R —5.
3.5. NCC BEMSBRE R MRAE

T4 7 T GRLF 4 R B SO S5 A LA IR K2 . K NCC BV E T PS B3I, =i
ARTIRARNMEE A NCC . M 6(a)rf LAEE], NCC EAFE®INEME. ¥ 6(b)i& NCC fE
s, B EoR NCC EEE I IET . NCC BIF A GG 53 1 A G 4: 5Bk (&
6(c))o AT B E (1 6(d) BRLF 42 TR B 2 LI = 4EMON g 1, H S i B 40 iR 451
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Figure 6. Photograph (a) and SEM image (b) of NCC film; Photograph (c) and
SEM image (d) of NCC aerogel

6. NCC BRI IR Fr () F0FAH R 5R(b); NCC SUBBRBIBIRS R (o) Fn$3
B

MR, X)L R E NCC REMA, S5 CRAGERER (9] XRPOVER R TR, B
HFARFHIREE, MMH NCC R I i A SR AE N, LS, REREVRA KRG .

4. &g

TERBAE AN, SR BEESER ALK MCC, #ill# NCC, it i 5 a4 5 & BT il % (1) NCC
ERRIRGE N, BEARHKED B0 A E 19.6~94.0 nm Al 112.4~639.7 nm. NCC (177 5 [ifi 58 A5 B 18] (1) ZE 4K
MEm, AN 15 min B, NCC /=R ik 84%, SANMGEFAALL, KRG T MK E . XRD
SIFTEE R TR NCC B JUANATHIER A B 5 MCC JEAAHIR], KB NCC IR¥F 1 4F4E %R 1 M lighity, 45
fi P 82.9%. FTIR ZpAr 45 R, WA BR/K M4 1 NCC RFIEIE A R A B R4, §i8 NCC
ISR B A 4 R I FEAR S50 . T8 07 206 NCC ISR S5 ) B IR KR, =R T4 R NCC L
BRI, AR TR T TR SR =4 2 AL A5 M R
& H

LI A AV GRS Mok S 58 % JF ik & (JSBEM201509) , VL 75 A H A Bl % 5 &
(BK20150072), % AR H4:(31700522).
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