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Effect of Ultrafine-grinding/NaOH Synchronous Treatment on
Separation of Wheat Straw Cellulose

GAO Chongfeng'>  HAN Lujia®
(1. College of Mechanical and Electrical Engineering, Hunan Agriculiural University, Changsha 410128, China
2. College of Engineering, China Agriculiural University, Beijing 100083, China)

Abstract; In order to investigate the effects of ultrafine-grinding/NaOH synchronous treatment on the
separation of wheat straw cellulose, wheat straw was mixed with 6% NaOH solution at a ratio of 0. 1 g/mL
and subjected to ultrafine-grinding/NaOH synchronous treatment with different time. Then, 1.4%
acidified sodium chlorite solution and water bath ultrasound was used for cellulose fibers separation. The
effects of different treatment times on wheat straw lignocellulosic components and microstructure, crystal
structure and thermal stability of separated cellulose were systematically characterized. The results showed
that within O ~ 60 min treatment, mechanical force significantly reduced the particle size of wheat straw
samples, which effectively promoted the separation of lignocellulosic components. In the separated wheat
straw cellulose obtained by ultrafine-grinding/NaOH synchronous treatment, a large amount of micron and
nanoscale cellulose fibers was intertwined together. As the treatment time prolonged, the crystallinity of
cellulose was firstly decreased and then tended to stabilize after 30 ~ 60 min. The results of Person
correlation analysis indicated that the thermal stability of cellulose was significantly correlated with its
crystallinity and treatment time (P <0.05). The research provided important experimental data for the
innovative research and development of straw based cellulose materials prepared by mechanochemical
synchronous treatment.
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Tab.1 Lignocellulosic components content of wheat straw after different ultrafine-grinding/NaOH
synchronous treatments %
FE i I A % 21 2 3 Ml i % - *Fﬁwﬁ?gﬂé}ﬁiﬁﬁ
dY % N L 2 R NS
CK (57.9£2.7)° (94.7 £0.7) 1 (61.3£0.4)" (13.9£0.1)° (12.3 £0.4)®
UG/NaOH10 (52.3 £0.4)¢ (87.4£1.4)° (62.7£1.0)° (11.4 20.1)¢ (13.720.6)"
UG/NaOH30 (50.9 £0.1) (85.4£1.0)° (62.9£0.8)" (10.2 £0.2)° (14.0£0.1)"
UG/NaOH60 (48.0+0.1)" (81.8+0.1)°" (63.9+0.1)° (9.3+0.1)® (11.6 £0.9)*°
UG/NaOH120 (46.3 £0.1)™ (78.0£1.1)° (63.2£0.9)° (9.6 0. 1)" (12.1+0.4)*
UG/NaOH180 (44.7 £1.3)® (76.7 £1.7) " (64.3£1.4)° (8.920.1)° (12.8 £0.3)

e <) 9B R ) 5 B4R %2 53 5% (P <0.05) R,

B3R 1 AT, 285 88 Ok %/ NaOH [R) 25 4k 34t
10 min(UG/NaOH10) , 32 f5 KE i 2 2F 2 2 f1 oK i

R TR0 9t ECRH Y 21.3% i 21 7% 3L [
RZE 11 4% F013. 7% , 2F 4 32 0 i 43 B0 35 1 =2
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Fig.1 Particle size distribution curves of wheat straw
samples after different ultrafine-grinding/NaOH

synchronous treatments
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Tab.2 Particle size of wheat straw samples after different ultrafine-grinding/NaOH synchronous treatments

E Do/ pm Dsy/ pm Dyy/ pm S pan
CM (39.5+0.9)° (287.6+6.9)° (942.4 £33.5)° (3.14 +£0.10)*
CK (45.4+1.3)" (295.4+9.5)" (950.2 +57.0)° (3.06 £0.13)"
UG/NaOH10 (20.7 £0.2)" (107.8 1. 1)1 (564.2 +22.4)" (5.04 £0.16)°
UG/NaOH30 (16.6 £0.1)° (69.6£1.2)° (352.6 +£31.2)° (4.82+0.36)°
UG/NaOH60 (15.30.1)°" (59.2+0.6)" (264.0 £12.1)" (4.20 £0.16)"
UG/NaOH120 (14.4 £0.3)°" (55.9+1.5)° (237.0 £23.1)" (3.98 £0.31)"
UG/NaOH180 (12.8£0.2)" (49.8 £0.9)" (175.2 +4.7)" (3.26 £0.04)"

A 1AL a1, CM B &R A2 43 A il 28 0 0 7E
500 wm BT, BE A UOR R 2 40 T 40 20 R E
(100 ~500 pm) ; CK K¢ i RLAR 43 A i 26 5 CM 5
A — B, F U] M NaOH Ab 31 6 22 5 B 5 09 KE
IV A R . SR, B & 8 10k %/ NaOH . [m] 25
Ab S 8] R A G, 22 6 RE S R R AR A A T 2608 0 A
B, HoRiAE 100 wm DL 1A o5 HGAS sk 20, R A% 23 A
M2 I E 240 T 50 pm 4240 5 i — 45 i R AR 45
(% 2) 8on, 5 CKFE S AH H, B 00 7/ NaOH  [F] 25
A ERRE i BARLAR Do Do 1 Dy ¥ KRV />, HL Bt &
A 3 [] S 2 BG40 B 60 min 1 120 min #f
i AR AR AR b 2 5 AN T 224 Ak B A (] 4k 252 A K
2 180 min , B SR AR 3 — DN .

HLBE R (1 2) 87, CKOFE 5 B0k K 2 R
FCAH ZURBE T 09 4 45 RO 00 RN 25 44, 2F 2 4 i A
THERE 20 M3 O AT DL o X TR BOR B/ NaOH. [R] 25 4b
FE AV AL FE 10 min, B 5L (UG/NaOH10) 445 53 filf 31
7% 5 b B 30 min, B G (UG/NaOH30) 2 45 5 41 41
BEF SE AT Ok 5 Bl 2 Ak RN A] 49, R g b A gk
ok S N N T A N ) O - B £ T Y
NaOH [i] 25 4b 3 o A2 v, HLAR A6 2% 1 4 805 i T 71N
27 G AR 0 4F 4t K 4y F (B 3% 4% 0, 38 2 B
W) 20 2R 25 ) W 2 IR i R4, 2 i T 2F 4k

(a) CK (b) UG/NaOH10

(¢) UG/NaOH30

(d) UG/NaOH60 (e) UG/NaOH120 () UG/NaOH180
2 ORIA] ok 84/ NaOH [] 25 b B /IN 2 5 FF B it 4 4
CiRA R

Fig.2 Scanning electron microscope images of wheat straw
samples after different ultrafine-grinding/NaOH

synchronous treatments
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Fig.3 Scanning electron microscope images of separated

wheat straw cellulose fiber after different ultrafine-grinding/

NaOH synchronous treatments
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Fig.4 Atomic force microscope images of separated wheat
straw nanocellulose after different ultrafine grinding/NaOH

synchronous treatments
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Fig.5 X-ray diffraction curves of separated wheat straw
cellulose fiber after different ultrafine-grinding/NaOH

synchronous treatments
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Tab.3 Crystallinity index of separated wheat straw cellulose fiber after different ultrafine-grinding/NaOH

synchronous treatments %
FE i CK-CF UG/NaOH10 — CF UG/NaOH30 - CF UG/NaOH60 — CFF UG/NaOHI120 — CF UG/NaOH180 — CF
C 63.9+1.9 59.5+0.4 52.3+£1.0 51.8 1.0 47.8 1.1 48.7 0.5
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Fig.6  Pyrolysis curves of separated wheat straw cellulose fiber

after different ultrafine-grinding/NaOH synchronous treatments
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Tab.4 Pyrolysis characteristic parameters of separated wheat straw cellulose fiber after different

ultrafine-grinding/NaOH synchronous treatments

B T,./°C T/ C R0/ %
CK-CF (345.8 +2.4)1 (313.4£2.8)° (14.8 £0.5)*
UG/NaOH10 - CF (339.7 +0.8)° (305.9+£0.7)" (26.8+0.1)"
UG/NaOH30 - CF (336.0£1.2)" (302.3£1.8)™ (25.0+0.6)"
UG/NaOH60 — CF (338.8+1.0)" (304.20.1)° (26.3+1.4)"
UG/NaOH120 — CF (334.0£0.6)" (299.5 £2.0)® (26.6 +4.9)°"
UG/NaOH180 — CF (328.2+0.6)" (296.6+1.8)" (27.7£2.7)"

£S5 BRHE/NaOHBHRERRKEESHHEE
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Tab.5 Correlation analysis between ultrafine-grinding/
NaOH synchronous treatment time and various

characteristic parameters of cellulose fibers
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