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Preparation of Nanocellulose Crystals from Wheat Bran
and Analysis of Their Properties

ZHANG Xinyu!, WANG Ting!, WANG Yefan!, GUO Zhihua!, LIU Haitang!?

(1. Key Laboratory of Paper and Biomass Refining of China Light Industry, Tianjin Key Laboratory of Pulp and Paper,
College of Light Industry Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China; 2.
Jiangsu Key Laboratory of Biomass Energy and Materials, Nanjing 210042, China)

Abstract: Wheat bran is a by-product of wheat processing and can be a source of fiber. In our current study, nanocellulose

crystals (CNC) were prepared from bran by sulfuric acid hydrolysis, and the effects of hydrolysis temperature on the
morphology, surface charge, particle size, yield, functional groups and thermal stability of CNC were investigated. The
results showed that the non-cellulosic components were substantially removed during the purification process. Field emission
scanning electron microscopy confirmed that the obtained CNC showed rod-like and needle-like morphologies of various
sizes. The zeta potential values of the CNC suspensions ranged from -38.8 to -34.2 mV. The crystallinity of CNC reached its
highest value (72.88%) at the hydrolysis temperature of 50 °C. With the increase of hydrolysis temperature, the particle size
of CNC decreased, and the yield and thermal stability reduced. Moreover, the prepared CNC suspensions showed some
bacteriostatic effects against Escherichia coli and Staphylococcus aureus. These results indicate that CNC has great potential
in the field of nanocomposites.

Key words: wheat ran; cellulose; sulfuric acid hydrolysis; nanocellulose

BB SRR A R, WRTPIRIIA A RREEML—, | -1A-WEFRIER N p-DA %)
TR RN, FYEFOR IR ERFEEN O BERAERNEER P BT AEREARE

WimBHA: 2024-01-11; {&[EIHER: 2024-05-14
fEEEN: KEBTA998— ), Z, v A, BLaFsd; @EMEE. xigs, RBI%EE, liuhaitang@tust.edu.cn



.2.

PAEY T REfEVE . AEMIAR S YE . W AR
PE, BT LR AR R — P /TS 16 i i &AM
BIBL, gl K 21 4k 5 R (CNC),  URREF4E K 9K
IMERK AT SE R, 2 NEPIR. BRREERR Bk,
CNC e WL & T2 oK, HheaqeRm
T8 T X S S K A T 465 s DX 38 e L A 1 45
FyfaE e A4 52 B, CNC B AL R, 45
o R AR TG = AT R R AR R I
WRPERESEHRRAE, fF CNC 7RSI B T (1 B
F w5,

AR, N TR R A AR PRI B B
REMIMBL, 4RSS/ 2 S . 4F
RPRGEMTHRIE T I T HAERNEY AR
AWNERPIREMERE . 2% [P (G+) A 22 KRB
(G-)H B ) 4l e BE ) 7y A 1 A B fr . CNC 1T BB 5 48
WA A AR AE AR, SRR B ) e e, &
AR B, RASEAEMRERD. BilH
K CNC BN EE e 7 B SCERAE XL/

INFE R R R NI T T T i R R, 4
HRVIRER 25%, B & EEMAgERE. MR
H A e BRA e AR 2 MR EEMz —, LT
RERE P A R P P AR R o IR R I A 3 A
T8 R AR PR B I A SRR Y. R
S Ml R FE AN AT AR N £ B (A1, 3k w] LLAE —
ERRSE I A, BLA OA &AL RS
VE RS R B RIE A T4 CNC, WLt
WOL, 2eon e M, /N AEATIASE . IR Lespsk, WA
FEN R B SRR YN 2T 4 R 18 13341, JR Al
FE R FHVER B K AR . IR E RS D557, At
Ft— AL T Ay, Al S 19 B R R AR
RSB E,

KA TN N B R JE R, e alif i S,
F FIBRR 7K il 1] 4 CNC, BIFFT T /K ARG % CNC [
TEF. Rife. Zeta AL, 53R, T HREBIMHEE & M
IS, BEAL, BHRTT T CNC BiFilond 4 o8 (R 4
BREE B R AT o B R . ASHIE T B AR R
X R 78 53 R B AR R FEIE 9 CNC IR A
VR AT AT

1 MRE7EE

1.1 ER5EE

SIEH B FH /N2 &k B B 2 B AR B AR
TAKCEE WIRIR . AR KR THRFREN
FAEN . AR, obral, R E 2G4 B LA

ARBR LGSR

FIHRATE; BALH, Kb, Bl Al
HFAHBAR; EOME. BN, AWidA, Jox
W REMHEARARTUE AT B TF/KELRE
EEB

JSM-IT300 LV B# v B3, HASH 7
&t FEI_Apreo B3 R A7 25, 3
[ U155 8 /N H] ;s zetasizer advance B4 K i i ) Zeta
BT A, JEE BRI R A F ;s FTIR-650
RUZLAMEIE S TA, KRB AR R SRR AR A
Al ; SDT650 MY [A] L #ortrin, FE TA {UH;
XRD-6100 Y% @ik R X SFEATOi, HA R
TSt
1.2 XWH*A
1.2.1 DEFK T HE R

W— & S R Bk R e . TR, BRI AL
eI 40 Hif. KEBREEAEER FTHILEKS
% 12 h 5 H 2R T4 BL 20 g T8 MEK I 400
mL 100 g/L Fifilg, JE7E 60 C44F FHLMEE 60
min, LB TFKMPBETEIET . ERKRYH A
50 g/L NaOH ¥ 400 mL, 7£ 70 C FHUWEHE 4 h
Je, FEB KIS T, I 18 g/L NaClO, ¥
HH BT pH 9 3~4, 75 70 CH&AF R XA
PREEVIHTIE AT, EAREY 3h, EASRE
2 3 . H/RBIM G LB FKAPTHER
Vel pH N 6~7, WIRT G138/ 5k iy 41 4
%
1.2.2 AR LR Ttk H] &

¥ Bano Z54E H IOBRER /K i 7 iSRS AR A2 2,
T 9K AT 4 % 54K (CNC), # &R 1 Bt
No

1 MNEREBEARAEREREREE
Fig. 1 Schematic diagram of preparing nanocellulose
crystals from wheat bran
¥ 2 g ZEBRET YR ) HIAE 40 g JiUE 70 H0y 64%
H2SO4 AT, 4374 45, 50, 55 ‘C RHFLEfiH:



2024 5F KT,

e /NI Bk A 8 AN R AT A B A R L )

\*ﬁ— .3-

60 min(43 A1t/ CNCus. CNCso Al CNCss). #2551
N\ 10 AR I 258 1K A KK fif [ B, 7E 10000
r/min 644 T B0 AR 15 min, B0 PESGE FEE E
o HZEETKENT (BTN 77 2N
8000~14000), H ZiF ML 2 F % . K5 3K15 ) CNC
B VFIAE VKIS AR 75 AL B 25 min J5 HEAT AR TR
1.2.3 NEIKRF L EACT RN T

24 Jongaroontaprangsee 75 2 M1 s AN [ 4k
I BUNE B LR S E (AR . FTgER
FARFR). BAFEMERNE 3 I THHEFHME.
124 S F EMBAG RS0 TF EMEIR

KA VR T 5 IR URE SR T 4 5, SR
Fi HL P R OB RN 3% RS LT R A X L AT 5% 5
EENi
1.25 Zeta wAz et i2 M 2

WM B F R RE 10 55, YRR K&
Zeta HLAL /AT G 52 B 5 1 Zeta FEALRIRE AR (1 25

T KNE R EGH) . BRI Zeta HEA B 5 I

3, HCFIIME.
1.2.6 CNC fFF ez

¥—E &M CNC %/ac/ﬁzﬁﬁz)\ K, TE

105 CHFEF T2 mEEE, @ fiEtH CNC
0,
R="2"Ms 10004 )
m,

X H: RACNCHEK, %; mo A THERERLT YR
R, g; mo ABET R CNC S5AREMA SR, g;
ms AFREILFI R, g.
1.2.7 1% 2ot L2150 38T

el FH {8 EEL I 46 21 A0l B ASCRE I A 2 3 AN TR
JTEACE S B R R4, RN 500~4000
cm L,
1.28 X &4 5HT

SR X 5 BT S ASONS A it B4 45 s 2 AT A DU
SR 109-60< HfiEZE N 5 (Y/min.

= Too2 =lam 10004 )
002

AH: I8 CNC 4 i ETaEL, %; loe R 20=
22° Kb (002) i AT ST 6 B B R FE s lam RN
20=18° Kb IR ¥R 3 HT S VA I B /N ik EE 18
1.2.9 #REHHT

FEFE RO, ¥ 5~10 mg THEERIRESh7E
RAREIHLL 20 C/min FIFHEER M 30 ChnfE
700 C, FEEFESMIHERE M.
1.210 CNC #93ui Ha8m 2

KA FHMIEIE R Z SR NFEER S 2T 42 DA
RN F K bl B2 T ) CNC BV IR U - ARk
A8 A VR P A 6 B € R A BR B AR AT B, 280 El s
s H IR,

K AE LR 16 h, 5 I E R [E A R 77
B A Y5 JR BN HT AU A FEA 1 7R
o, SEAFREIRILAP R IRk B ARV J0ESS e, T
THUH A EH . R 0.5 g IZZRAT 0.5 g /N EREL
LFAER IR, BRI HCH 1% CNC &3 U &L 100
b, 73 NI AR TR R /NI o [R] IS HRUSR
B3N T0%F TR IR BV T 100 il 1 9 R R
P FR RS FR IR 37 CHITHIRKEFRFE R, K97
24 h Jo B WS B AR AR 00 A TR S 47 e Pl
IR

SRS

21 INEIREELEMERRS SR

Fk B A AL PREY B AR A & 2 pos . fHZ2
FREHTIE . LWEVEER. PRI AL B DA S g Ak 2 5 B
A AR R, X TR AA L R B
L TRPBER S AL 4 M A A £ 28 2870 (191 i
REHIRRSEA). ARG, 7P
NEAM. ERIRWET, AL 2R R K
FAFBEUEIRTFAE ) CNC K MBI . SRR /K ff A=
S FAY 7 A 2 T 47 A T R AR Y 7 A i P PR e HL S D
fi CNC BFFURA — € 7 L EARR SE 1 -

B2 HEELEMEBRINIEA
Fig. 2 Photographs of the appearance of bran at various
stages of treatment
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Fig. 7 CNC yield at different hydrolysis temperatures
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