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Fig. 1 Effects of liquid-solid ratio on yield and purity of

microcrystalline cellulose
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Fig. 2 Effects of hydrolysis time on yield and purity of

microcrystalline cellulose
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Fig. 3  Effects of temperature on yield and purity of

microcrystalline cellulose
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Fig. 4 Effects of hydrochloric acid concentration on yield and

purity of microcrystalline cellulose
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WA T 4 4 4515 % =59.22820+ 14.858 19A +0.71665B—
0.18211C+0.072921AB+0.14607AC+0.017605BC—7.896 14~
7.20739x107°B*~0.067475C?

T T 4 25 1R 4 91 =64.71292+13.65520A +0.40560B—
0.33800C +0.018027AB+0.27040AC+0.010140BC—4.19120A~
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Table 1 ~ Experimental design and response value

2% 4l /%

RIS Ah BIC C/%

Mo g wEn o S

1 2.0 70 7 8346 83.08 95.60 95.77
2 1.5 70 5 87.05 87.49 93.96 93.87
3 1.5 60 7  88.77 89.50 93.96 94.32
4 2.0 60 9 8378 8347 95.15 95.05
5 1.5 60 7  88.77 87.68 93.96  93.96
6 1.5 50 9 8779 87.36 9252 92.61
7 1.5 60 7  88.77 88.46 93.96 93.51
8 1.5 50 5 88.95 88.26 92.81 92.88
9 2.0 50 7 8393 84.68 93.86  93.87
10 1.5 60 7 88.77 89.47 93.96 94.14
11 1.0 50 7 8941 89.79 89.81 89.64
12 1.0 70 7 8748 86.74 91.18 91.17
13 1.0 60 5 88.98 89.29 90.80  90.90
14 2.0 60 5 84.52 84.47 94.49 94.41
15 1.0 60 9  88.82 88.87 90.37  90.45
16 1.5 60 7 88.77 88.71 93.96 93.87
17 1.5 70 9 8730 87.99 9448 94.41

W I8 B 25 K- o
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Table 2 Regression model analysis of variance for yield of

microcrystalline cellulose
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45.09 1 45.09 59.99 0.0001 ek
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C 0.41 1 041 055 0.4830

AB 0.53 1 053 071 0.4281

AC  0.085 1 0.085  0.11 0.7460

BC 0.50 1 050  0.66 0.4434

A 16.41 1 1641 21.83 0.0023  **

B 2.19 1 219 291 0.1318

C 0.31 1 031 041 0.5433

k2% 5.26 7 0.75

KT 2.95 3 098 170 0.3045

iRz 232 4 0.58

BAL 7476 16

2 F I (P <0.001) s ¥+ 22 R E R E (P<0.01);x22 7 B3
(P<0.05),
K3 WMBEAEEHSAENEFEEFESH

Table 3 Regression model analysis of variance for purity of

microcrystalline cellulose
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iRl 46.76 9 520 7431 <0.0001

35.89 1 35.89 513.29 <0.0001 oAk

B 4.83 1 4.83 69.14 <0.0001 woAk
C 0.025 1 0.025 0.36  0.5658
AB 0.032 1 0.032 046 05173
AC 0.29 1 0.29 4.18  0.0801
BC 0.16 1 0.16 235 0.1689

T e il 8 2 (P < 0.001) s 222 i L R 35 (P < 0.01) ;#2253
(P<0.05),
223 FBAMILIL S S

38 o8 7 TP A B 8 SR 0 T, T A ) e AL 2 T
AR D E AR 4 T2 Eh MRV 6.9% , KA ] 1.5 h,
NI 71.5 °C., f e B TN k] £ A5 3R A 45 4l B 43 5 Ry
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Fig. 5 Influence of interaction of various factors on yield of microcrystalline cellulose from Chinese medicinal residue (Xiaoyao pill )
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Fig. 6 Influence of interaction of various factors on purity of microcrystalline cellulose from Chinese medicinal residue (Xiaoyao pill)
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Fig. 7 SEM images for different samples of Chinese medicine
residue (Xiaoyao pill ), crude fiber, microcrystalline

cellulose and Lowa®PH101
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Fig. 8 FT-IR spectra comparison for different samples of Chinese
medicine residue(Xiaoyao pill), crude fiber, microcrystalline
cellulose and Lowa®PH101
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Fig. 9 XRD patterns comparison for different samples of Chinese

medicine residue(Xiaoyao pill ), crude fiber, microcrystalline
cellulose and Lowa®PH101

x4 wHE5E HTE MBRTEE Lowa®PHI0 NERE
Table 4  Crystallinity of Chinese medicine residue, crude fiber,

microcrystalline cellulose and Lowa®PH101

Fesh o gl HEF4E P ZGEMCC Lowa®PHI101

Crll%  61.22 61.32 68.23 71.58
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Sy HTEL 10 AT, 3 38 AL 25 JURE HLET 4 X H: MeC ik
1 AR I R A S A AL, 4 AN RE S BIHE 250~400 °C b2
PR I 0 H R AL 2 i ) AR SRS R A R TR IR
h259.12 °C, HBRBEIEE T+ 2 332.59 CH 5 3 f ok e d
RRERAN 61.17% ; KLET 4 190 iR R B e e ok FIRE Ny
286.74 °C, 4B EETFF 322,41 CHEA R R LTl R, R E &
2y 57.42% 5 1 1% L2 MCC A UA BR S 4 Ak 2 =0 3 1%
299.05 °C, 4 #RBEIE E T1 2= 330.55 °CINF ik B i kg k&,
REARLN 54.59%, 7] DL AL MCC I AERE M
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OPTIMIZATION OF MICROCRYSTALLINE CELLULOSE
PREPARATION FROM CHINESE HERB RESIDUES AND
STRUCTURE CHARACTERIZATION

Ren Haiwei'™, Xing Xueye', Zhou Qifen', Wang Zhiye’, Zhang Bingyun', Shen Jiali'
(1. School of Life Sciences and Engineering , Lanzhou University of Technology, Lanzhou 730050, China;
2. Institute of Biology, Gansu Academy of Sciences, Lanzhou 730000, China;
3. Key Laboratory of Complementary Energy Supply System for Biomass and Solar Energy in Gansu Province , Lanzhou 730050, China;
4. Western Energy and Environment Research Center , Lanzhou University of Technology, Lanzhou 730050, China )

Abstract: Chinese herb residue (CHR) was used as a feedstock to prepare microcrystalline cellulose (MCC). Response surface
methodology (RSM) was used to optimize the MCC purity and yield in terms of processing parameters. The RSM optimization results
showed that the highest MCC purity of 94.32% was achieved with L/S ratio 20: 1 (mL/g) , 1.5 h, hydrochloric acid concentration 6.9%
and temperature 71.5 “C, which accompanied by the MCC yield of 34.88%. The polymerization degree of such MCC reached 220.58.
The SEM, FTIR and XRD analyses indicated that the CHR- derived MCC possessed irregular flaky pile morphology and crystal/
molecular structures of typical cellulose I with the degree of crystallinity of 68.32%. Thermogravimetric analysis showed that the MCC
had good thermal stability and could be used as bio-based materials for high-end applications.

Keywords: X-ray diffraction; scanning electron microscopy; thermogravimetric analysis; Fourier transform infrared spectrum;

Chinese herb residue; response surface methodology ; microcrystalline cellulose
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