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Abstract: Graded regenerated microcrystalline cellulose was obtained by adding anhydrous ethanol with
various mass in NaOH/urea solution of microcrystalline cellulose (MCC). The polymerization degree of
regenerated MCC was determined by viscometer, while the structure, crystallinity, thermal stability and
morphology were characterized by FTIR, XRD, XPS, TG and SEM. The results showed that the
polymerization degree of regenerated MCC decreased with the increase of grading times, and dropped from
203 to 77 after three grades. Meanwhile, the morphology changed from smooth rod fiber structure to rough
and porous structure after regeneration, and the crystallization phase changed from type I to type II
with the crystallinity decreased from 65.58% to 32.05% after three grades. The free hydroxyl groups of
regenerated microcrystalline cellulose increased, while the hydroxyl groups involved in bonding decreased.
The thermal stability of the regenerated MCC decreased with the increase of the number of grades, and the
initial decomposition temperature decreased from 310 °C to 257 °C after three grades.
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Table 1 Yield and polymerization degree of microcrystalline
cellulose and graded regenerated cellulose
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Fig. 4 XPS wide scanning spectra of MCC and graded
regenerated microcrystalline cellulose
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Fig. 5 O 1s XPS spectra of MCC (a), graded regenerated microcrystalline cellulose PRC (b), SRC (c) and TRC (d)

BRI %

300 400 500 600
HEE/C

100 200

K 6

700

S E P H/(%/min)

1

b
0
-1t
_2 +
-3t
L MCC | ,
100 200 300 400 500 600 700
ERE/C

TARET 2 2R Mo R E R ET 4E R 19 TG (a) K& DTG ik (b)

Fig. 6 TG (a) and DTG (b) curves of MCC and graded regenerated microcrystalline cellulose

T AR AR 4EZR 1Y NaOH/ R Z W H s in e
KO, BRI ER, JHEgER KL
W8 AT B T BT AN [ 3R A RN i R 1P ik

MAFYER, S MCC Ry T RUERAS Ry TR, SEEf
T X SR EF YR R A A BEE S GBI TN
BERE . 45 E LIFEEY R = R
2T Y R AT 2T 2 R R P A RS 126,
S5 A EERRAIS 33.53%, W1 hR o ffTRE BRI 53 °C. XPS



- 348

A% 4m 4 T FINE CHEMICALS

540 &

BERRY, DRSS U RS
Hoor v Ia) SR o 45T, nll i Jook £ mE sk
BEFHER T GRHE , TR RIS AT RE R 2T 4E K
O F A Dt 2T 24 2R ) — 2 0 T R OR 20 A 1o R A3
TR

SE

(1]

(2]

(3]

(4]

(5]

(6]

(8]

(9]

(10]

(1]

HONG F (#tMl), SONG J (*Kiili), BAI J (i), et al. Research
progress on functional modification of bacterial cellulose[J]. Fine
Chemicals (K52H1L T), 2021, 38(12):2377-2384.

WANG S (EAl), LIS (Z=£%), LIJ Y (Z5:1R), et al. Preparation and
adsorption properties of microcrystalline cellulose from coffee nut
shell[J]. Food & Machinery (£/f 5 HLIK), 2021, 37(10):150-154.
VARGHESE S M, BHOSALE Y K, NAIR U K A, ef al. Valorisation
and characterization of Allium cepa var. aggregatum biowastes for
the production of microcrystalline cellulose[J]. Waste and Biomass
Valorization, 2022, 13(4): 1931-1944.

DUAN B (Btf#), TU H (345%), ZHANG L N (34#1#). Research
progress of sustainable polymer-cellulose new materials[J]. Acta
Polymerica Sinica (75 T-244)%), 2020, 51(1):66-86.

LYU A (E ), ZHANG L N (3KF#F). Research progress of
cellulose solvent[J]. Acta Polymerica Sinica (77T 2#1), 2007,
38(10): 937-944.

TAN X Y, CHEN L, XIE F W, et al. Effect of anti-solvents on the
characteristics of regenerated cellulose from 1-ethyl-3-methylimidazolium
acetate ionic liquid[J]. International Journal of Biological Macromolecules,
2019, 124: 314-320.

WANG R Y (F#558), ZHANG Q (5Kfif), YANG J P (1), et al.
Preparation of linen noil regenerated cellulose fiber and effect of
coagulation bath on fiber structure and properties[J]. Journal of
Donghua University:Natural Science (Z5fE K224 A SRBIARR),
2022, 48(1): 1-5, 11.

HUANG Z L, LIU C, FENG X Y, et al. Effect of regeneration
solvent on the characteristics of regenerated cellulose from lithium
bromide trihydrate molten salt[J]. Cellulose, 2020, 27: 9243-9256.
XUE Q W (¥ 5%), WANG T (E£4#), ZHOU Q W (J%5%), et al.
Study on the preparation, structure and characterization of regenerated
cellulose films derived from waste polyester-cotton blended textile[J].
Synthetic Fiber in China (5 B£F4E), 2021, 50(9): 20-25, 33.

WANG P P, QIN X S, YANG Q Y, et al. Comparative structural
characterization of spiral dextrin inclusion complexes with vitamin E
or soy isoflavone[J]. Journal of Agricultural and Food Chemistry,
2017, 65(39): 8744-8753.

CHENG L (Ji#i), QU Y F (il =3E), YUAN Y (32 ). Molecular

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

weight characterization of microcrystalline cellulose[J]. Journal of
Qingdao University of Science and Technology: Natural Science
Edition (7 B RHE K225 FHARRIAMD), 2021, 42(4): 62-66.

LUE A, ZHANG L, DONG R. Inclusion complex formation of
cellulose in NaOH-thiourea aqueous system at low temperature[J].
Macromolecular Chemistry & Physics, 2010, 208(21): 2359-2366.
JIANG Z M (ZFM]). Study on regenerated cellulose nanocomposites
construction and process rheology properties[D]. Beijing: Beijing
Forestry University (AL A0l K2%), 2019.

MA J W (54kF), JIANG Z M (W), GAO X (i), et al.
Preparation and characterization of regenerated cellulose fibers in
ionic liquids[J]. Polymer Materials Science & Engineering (#5431
BRIl 5 T ), 2019, 35(10): 176-182, 190.

MARECHAL Y, CHANZY H. The hydrogen bond network in I 4
cellulose as observed by infrared spectrometry[J]. Journal of Molecular
Structure, 2000, 53(1): 183-196.

HUANG L Z (EHi ). Dissolution regeneration and graft modification
of cellulose[D]. Guangzhou:South China University of Technology
(ERE T R), 2013,

NAHLA A E, HASSAN M L. Structural changes of regenerated
cellulose dissolved in FeTNa, NaOH/thiourea, and NMMO systems
[J]. Journal of Applied Polymer Science, 2008, 109(5): 2862-2871.
MENG D L (#4#), LIU B (XI#), ZOU L (4F#F), et al. Preparation
and characterization of cellulose nanocrystals from tobacco straw[J].
Journal of Yunnan University:Natural Sciences Edition (2 F K22
R AR, 2021, 43(2): 343-351.

TESSEI K, SATOSHI I, YOSHITO A. The relationship between crystal
structure and mechanical performance for fabrication of regenerated
cellulose film through coagulation conditions[J]. Polymers, 2021,
13(24): 4450.

LAI S L Gk/KF), ZHANG Z (5k#H), WANG H (F4£). Dissolution
and flame retardancy of microcrystalline cellulose[J]. Fine Chemicals
(K54I1ET), 2021, 38(2):310-316.

YANG J (#%1%), ZHENG W W (K5 R5E), GAO Y Y (FRlRIR), et al.
Synthesis and application of octenyl succinate soybean dietary fiber
ester[J]. Food Science (& iFF2£), 2013, 34(12): 86-89.

ZHANG J Q (3K3¢5®), LIN L (%), HE B H (fa[1Lif), et al. X-ray
photoelectron spectroscopy analysis of cellulose with different
crystal indices[J]. Chemistry and Industry of Forest Products (#k7=1k
2£5T0), 2009, 29(5):30-34.

JIN E S (& 41), YANG F (#77%), ZHU Y Y (RBHBH), et al. Surface
characterizations of mercerized cellulose nanocrystals by XRD,
FT-IR and XPS[J]. Journal of Cellulose Science and Technology (£F
A ZRES5HAR), 2016, 24(3):1-6.

TRILOKESH C, UPPULURI K B. Isolation and characterization of
cellulose nanocrystals from jackfruit peel[J]. Scientific Reports, 2019,
9(1): 16709-16716.

(E#E% 202 7)

[19]

[20]

GERGIN 1, GOKCEOREN A T, SARAC A S. Synthesis and
electrochemical investigation of polyindole based fiber as sensor
electrode by EIS method[J]. Fibers and Polymers, 2015, 16: 1468-
1477.

YILDIZ H, TOKALIOGLU S, SOYKAN C. Preparation of
polyacrylonitrile/polyindole conducting polymer composite and its
use for solid phase extraction of copper in a certified reference
material[J]. Spectrochimica Acta Part A: Spectrochim Acta A Mol

[21]

[22]

Biomol Spectrosc, 2021, 244: 118826.

TEBYETEKERWA M, YANG S Y, PENG S J, et al. Unveiling
polyindole: Freestanding as-electrospun polyindole nanofibers and
polyindole/carbon nanotubes composites as enhanced electrodes for
flexible all-solid-state supercapacitors[J]. Electrochimica Acta, 2017,
247: 400-409.

MAJUMDER M, CHOUDHARY R B, THAKUR A K. Hemispherical
nitrogen-doped carbon spheres integrated with polyindole as high
performance electrode material for supercapacitor applications[J].
Carbon, 2019, 142: 650-661.



