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Cationic Modification of Plant Fibers and its Effect on Fiber Structure

ZHANG Shichao, LIU Jiaxuan, LI Qun
(Tianjin Key Laboratory of Pulp and Paper, College of Light Industry Science and Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Cationic nanofibril cellulose (CNFC) with positive charge on the surface was prepared through optimizing the
pretreatment process of fiber cationization. Fourier transform infrared spectroscopy (FTIR) ,X ray diffraction spectros-
copy (XRD) , and thermogravimetric (TG) were used to analyze the changes of fiber structure and thermal stability before and
after cationization. The surface morphology of CNFC was observed with scanning electron microscopy (SEM) . The results
showed that the optimum etherification conditions were as follows: the etherification temperature was 50 “C, etherification
time 2.5 h, the molar ratio of NaOH to etherification agent EPTMAC 2.0, and the molar ratio of EPTMAC to cellulose glu-
cose unit was 1.5. After the cationic treatment, the crystallinity and thermal stability of the cellulose decreased.

Key words: cationization; nanofibril cellulose; positive charge density; crystal structure; thermal stability
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Fig.2 Effect of reagent dosage on the cationization of fibers
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Fig. 3 Infrared spectra of original fibers and cationic fibers
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Fig. 4 X ray diffraction patterns of original fibers and
cationic fibers

25 METLIAEABREEGEM

AT T FAEAE 2R 600 CIRETE
FEI A A Rl A 7 40 B P 400 S
S (LA (TG) NI 5 5.

100

s 80t
;\i
W 0T
i
] 40l
&
B a0 p — B
—— W L
100 200 300 400 500 600
WEC

5 FEEFAEMPEEFALENAES ML
Fig.5 Thermogravimetric analysis curves of original
fibers and cationic fibers
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Fig. 6 SEM images of cationic fibers

PRI, it DL b 2 SR a] LIS X P 4 A 7 B s
AEFAALAT LA 55 NFC ATl 23803 , ieRedh vE L
PG, 102 D 21 4 23R p kAL S D AR T SR w5 LA
TEFLAT , 2T 22 22 [ T e e VR i o A
Uk, P PR NV T S AR 5 ik s

3 & it

(1) 21 4 FH &5 7 10 19 fe A 2 10 hy - Tk A0 IR B2
50 °C . BkfbAsSTE] 2.5 h E#fb71] EPTMAC S4F4ER
RO R R LN 1.5, NaOH SEBEEFI
JE R 2.0, R RS2 CNFC B2
IMARAEGN K R ST, 2T H oy 28 BE 15 3] 1.46 mmol/g.

(2) BHES TR Ab HE S 80T 2 25 B 25 S 24 et 7
b, NEF4E R T RIS P de K 1AL, 45 548 R k%,
PEENE TR

(3) PHES TAL AL PR AR T 47 46 2 0 B REIA1 4544
FELF ARG T IEH A, (LR 4S50 S g,
2 22 22 [a] R T e e VR T SN 2 i 5.

SE 3k

[1] Isogai A. Wood nanocelluloses: Fundamentals and appli-
cations as new bio-based nanomaterials[J]. Journal of
Wood Science, 2013, 59 (6) : 449459,

[2] ®AH, KW, w0, %, @RS HYOKRE g Z B
il & MM REAT 5T (T]. R4 R P 5K, 2012,
20(3) : 51-56.

[3] Hayaka F,Tsuguyuki S, Tadahisa I,et al. Transparent

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

and high gas barrier films of cellulose nanofibers pre-
pared by TEMPO-mediated oxidation[J]. Biomacro-
molecules, 2009, 10(1) : 162-165.
WEE. 27k 4R B B R Y ) 5 5 I E S (D).
IR - AR ALl R, 2009,
WL e, ABH, RO, 4. 2T i 48 v U RE FH
BT U MRAE L], 'R, 2010,31(8) - 6-10.
Jahan M S, Saeed A, He Z, et al. Jute as raw material for
the preparation of microcrystalline cellulose[J]. Cellu-
lose, 2011, 18(2) : 451-459.
Zaman M, Xiao H, Chibante F, et al. Synthesis and char-
acterization of cationically modified nanocrystalline cel-
lulose[J]. Carbohydrate Polymers, 2012, 89 (1) : 163—
170.
Ren J L,Sun R C,Liu C F,et al. Two-step preparation
and thermal characterization of cationic  2-
hydroxypropyltrimethylammonium chloride hemicellu-
lose polymers from sugarcane bagasse [J]. Polymer Deg-
radation and Stability, 2006, 91 (11) : 2579-2587.
Liu Z, Fatehi P, Sadeghi S, et al. Application of hemicel-
luloses precipitated via ethanol treatment of pre-
hydrolysis liquor in high-yield pulp[J]. Bioresource
Technology, 2011, 102 (20) : 9613-9618.
Zhang F L,Pang Z Q,Dong C H, et al. Preparing cati-
onic cotton linter cellulose with high substitution degree
by ultrasonic treatment[J]. Carbohydrate Polymers ,
2015, 132:214-220.
Aguado R, Moral A, Tijero A. Cationic fibers from crop
residues : Making waste more appealing for papermak-
ing[J]. Journal of Cleaner Production, 2018, 174:1503—
1512.
TR, . JLRNER 4l 3R A W 5 P T E 5
[J]. fk2 55344, 2011, 33(6) : 10-14.
Hablot E, Bordes P, Pollet E, et al. Thermal and thermo-
mechanical degradation of poly (3-hydrox-ybutyrate) -
based multiphase systems[J]. Polymer Degradation &
Stability, 2008, 93 (2) : 413-421.
Yan L, Tao H,Bangal P R. Synthesis and flocculation
behavior of cationic cellulose prepared in a NaOH/urea
aqueous solution[J]. Clean : Soil, Air, Water , 2009 ,
37(1) :39-44.
Danilovas P P, Rutkaite R, Zemaitaitis A. Thermal deg-
radation and stability of cationic starches and their com-
plexes with iodine[J]. Carbohydrate Polymers, 2014,
112:721-728.

RERE: A2 F



