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Preparation of Lignin-Containing Cellulose Nanofibers from Bamboo Powder Pretreated with
Oxalic Acid/Choline Chloride Deep Eutectic Solvent System

ZHAO lJingna, LI Jiahao, WANG Keyan, HU Mengting, WEN Yangbing
(Tianjin Key Laboratory of Pulp and Paper,College of Light Industry Science and Engineering,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: In this study, bamboo powder was used as the raw material. It was pretreated with an oxalic acid/choline chloride deep

eutectic solvent (DES) and combined with high-pressure homogenization to prepare lignin-containing cellulose nanofibrils (LCNF). The
effects of the ratio of bamboo powder to DES on the structure and properties of LCNF were systematically investigated. The results
indicate that as the bamboo powder content increased from 10% to 40%, the LCNF yield increased from 66.71% to 73.65%. The
resulting LCNFs were uniformly dispersed, with sizes within the nanoscale range. Lignin particles were attached to the fiber surfaces, and
the lignin content in the LCNFs was consistently greater than 24%, exhibiting excellent thermal stability. DES pretreatment did not alter
the Type | crystalline structure of bamboo cellulose, and films prepared from LCNF exhibited excellent hydrophobic properties. The
method described in this paper enables the preparation of LCNF with uniform quality and stable performance even at bamboo powder
loading levels as high as 40%, while significantly reducing the amount of DES used, thereby providing a new approach for the high-value

utilization of bamboo and the development of nano-cellulose-based functional materials.

Key words: bamboo powder; deep eutectic solvent; high-pressure homogenization; lignin-containing cellulose nanofibril; film
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Fig. 1 Preparation flow chart of lignin-containing cellulose nanofibers
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Fig. 2 Microscopic morphology of bamboo powder
before and after DES pretreatment
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Tab.1 Effects of bamboo powder addition on bamboo
fiber yield and lignin content

TIRTRINE% TSRS REREE%
Tk A — 26.87
10 66.71 24.94
20 71.88 25.54
30 72.20 25.78
40 73.65 26.39

2.2 LCNF B F SR o h
IR InEXT LCNF Rz szt & 3 frs.

ARHELEER

H & 3 R 7 A i 26 mT LB e, 4 Ff LCNF RS o7
i8] . BEET A IS INEZE DN, 320G A B AT
F %, R LCNF Bk RIS 185 2 i3
P, LCNF [P RAR MK IR R (25.35+1.41) pm.,

(26.16+2.26) pm. (28.49+1.68) um Al (29.44+0.93)
pm, 72 5 FF AN, SRS R s 0 B AR AR B8
H B RS AFE LCNF, [HEBEBE A 2 PRI
DES IV FEE .

(QykifE AR

(b)RLAE I fE
E3 #RmEst LCNF RIERISM
Fig. 3 Effect of bamboo powder addition on LCNF particle
size
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Fig. 4 SEM images of bamboo fiber after DES
pretreatment
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Fig. 5 FTIR spectra and XRD patterns of the LCNF samples

prepared from DES-pretreated bamboo powder

11 S(a) . FRALPERT SRR ) FTIR [E1E 17
TETIZE R T8 5 4 Ff LCNF 115 B 75 3427 cm
LR S JE T O—H B 4EAR SN, 2917 cm !
KRS A & T4 R C—H I gidiRzhit,
898 cm  * AL RFAEIE ))& T C—O—C HIMH RSN -
M, 76 1633, 1517, 1261. 815 cm *AbHiBLMIKL

0 AT S i AR5 2R R A SR T R AR IR B, 43
N C—0O. C—C. MAIARKIIFM C—O FIFHIM
C—H i Rah 810, XA HBL, BIRfIE
507 LCNF AR RINAAER, 1731 om™ L ALl
U U1 - by 4T 2 v 2 41 4 3R (1) 2 T 2 3 0 TS T
Fis J A 4R 50120, 1% g A 2500 DES AbFE 5 3B -1
Vi £T 4k 5 %5 ) (F DES 1k &b B&fi. il 5(b)
A%, 4 DES WiAb¥ i 4 LCNF, 7£ 20 4 16°
(110) 22<200)A1 34 040) kb3 H BURFAE AT 0, 3%
B RARLFAE 2R | IR SR AT SRR AE 22, [
b 5 AL BEAT R AN N RN, ATEF 4RI AR R A
rm R BRI 42.1% 44.7%. 45.7%F1 42.5%, 5
JRAT M 1 4 25 45 5 48 £0(43.5%) AH L TE B & 2 4k
VLB DES TRALHEXS AT 7 4 1) 41 4 3= i X S5 0 A
o HULA A, {F DES AbH KL RET, F4ER
(R &5 S E M AR KA B8, LONF 1) & 2 58 B4
PAE R

DES 4P J5 LCNF 5 I FAE 7t 45 SR an &l 6
FiR e

(a) A 2

(b) ok i A B I 2
6 DES %I2/5 LCNF # @A EN LR

Fig. 6 Thermogravimetric analysis results of the LCNF
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samples prepared from DES-pretreated bamboo powder
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Fig. 7 Tensile stress and elastic modulus of different films
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Fig. 8 Contact angle change curves of different films
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