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Optimization of Preparation Process of Cellulose Nanocrystals

DUAN Min, LIN Tao, YIN Xuefeng, LI Jing

(College of Bioresources Chemical and Materials Engineering; National Demonstration Center for Experimental
Light Chemistry Engineering Education ; Shaanxi Province Key Laboratory of Papermaking Technology and
Specialty Paper,Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract ; Cellulose nanocrystals (CNC) were prepared from microcrystalline cellulose (MCC) by sulfuric acid hydrolysis. The
effects of sulfuric acid mass fraction, reaction temperature and reaction time on the yield and average particle size of cellulose
nanocrystals were studied by single factor method combined with orthogonal test. The performance of CNC was characterized by
scanning electron microscopy (SEM) , atomic force microscopy (AFM) , X-ray diffractometer( XRD) and nano-laser particle size
analyzer, and the mechanism of acid hydrolysis to prepare CNC was revealed. The results showed that the optimum process
parameters of CNC preparation were sulfuric mass fraction 64% , reaction temperature 45 °C and reaction time 90 min. Under
these conditions, the yield of CNC was 24.6% and the particle size was 204. 8 nm. The CNC aqueous suspension was a kind of
stable light blue colloidal state, and its microscopic morphology was relatively regular, which was short rod-shaped, with diameter
of about 10 —20 nm and length between 150 —300 nm; XRD results showed that the crystal form of CNC was cellulose type I, and
the crystallinity was 80.2% .
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Table 1 Orthogonal test results and visual analysis

yield and particle size

A B C

e R RCHRE/ R i BTSN % ol ﬁfl/f
reaction temperature reaction time sulphuric acid mass fraction
1 40 60 60 1 18.4
2 40 90 64 2 20.5
3 40 120 70 3 16.2
4 45 90 70 1 20.3
5 45 120 60 2 20.6
6 45 60 64 3 21.3
7 50 120 64 1 20.3
8 50 60 70 2 17.6
9 50 90 60 3 20.7
k 18.4 19. 1 19.9 19.7
k, 20.7 20.5 20.7 19.6
ks 19.5 19.0 18.1 19.4
R 2.3 1.5 2.6 0.3

At 220 BT 85 SR T AR 3 IR R ISR A BRI R JE C > A > B, BVER R I /0 50 > S i
> VA RS AN ALB,C, , BV N IR EE N 45 °C S W] R 90 min AR R T 543 50N 64% |
KT A 3 N TEAREY B R | DR RS 45 AT T 22 00T, s R L 2

x2 HESWE
Table 2 Variance analysis table

H%E i 257 J5 #l A F{d D

factor sum of squares of deviations freedom F value saliency
23 1% blank 0.109 2 1..000
A 8.402 2 77.083 *
B 4.116 2 37.761 *
C 11.236 2 103.083 *
2% error 0.110 2

1) « fRF2ZFTERFE + represents significant difference
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Fig. 5 Photograph(a) and SEM image(b) of CNC Fig. 6 AFM image of cellulose nanocrystals
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