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Study of Ultrasonic—assisted Alkali Pretreatment on Cotton Stalk
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State Key Laboratory of Cotton Biology, Anyang 455000, China)

Abstract: Suitable pretreatment is essential for increasing the utilization rate of cotton stalk in ethanol production. Ultrasonic wave was used
together during the pretreatment of cotton stalk using alkali solution and the conditions were optimized. The single—factor design and the Box—
Behnken design were used to arrange the experiments and analyze the obtained data. Regression models were established to express the influ—
ences of treating time, sodium hydroxide concentration, and liquid to solid ratio on the contents of cellulose and lignin in the treated cotton
stalk. The obtained models were significant in the tests, indicating its capability in predicting results. The tested factors showed influence on
the contents of cellulose and lignin in the treated stalks following the order of treating time>sodium hydroxide concentration>liquid to solid
ratio. The optimum conditions for the highest cellulose content and the lowest lignin content were obtained at ultrasonic power 420 W, sodium
hydroxide 3.5%, processing time 90 min, and liquid to solid ratio 21:1. The resulted cellulose content in the treated cotton stalk under the op—
timum conditions was 58.02%, being 45.60% higher than the original value. Images of Scanning Electronic Microscopy showed that most
hemicellulose and part of lignin were dissolved out of the stalk during the pretreatment and thus the crystalline structure was efficiently bro—
ken. Overall, application of ultrasonic wave showed remarkable effect on the alkali pretreatment of cotton stalk.

Keywords: cotton stalk; dilute alkali; ultrasonic; parameters optimization
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Table 1 Code and level of factors

H #R7E 5 Natural variables Z;

7L RE Coding variables X; AU JbFRH [ W L
Sodium hydroxide concentration Z,/% Treatment time Z,/min Liquid to solid ratio Z/(ml:g)
K Upper level 1 3.5 90 25
FIKF- Zero level 0 2.5 60 17.5
TIKF Lower level -1 1.5 30 10
it 22 Coded formula X,=(7,-2.5)/1.0 X;=(7,-60)/30 Xi=(7:+-175)17.5
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Table 2 Influence of processing time on weight loss and cellulose

content of cotton stalk

7 KTH P
Time/min Weight loss/% Cellulose content/%
15 25.35+0.97¢ 50.43x1.01c
30 29.78+1.28b 52.61+0.90bc
45 29.00+1.20b 54.02+0.89ab
60 34.93+2.06a 56.55+1.86a
75 32.56+1.52a 55.58+1.10a
90 33.61+0.85a 55.02+0.75ab
AALFE Untreated 0d 39.85+0.42d

T e )5 AR 2R 225 8.5 (P<0.05) o
Note: The different letters show significant difference( P<0.05).
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560 W, AR BEXTARAEFEFT R R A YR
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R3 SENHRENBEBFRAEZRTEZSENZIT
Table 3 Influence of sodium hydroxide concentration on

weight loss and cellulose content of cotton stalk

AL REHR YR St
Sodium hydroxide concentration/% Weight loss/%  Cellulose content/%

1.0 26.53+1.03¢ 51.80+0.76ab

1.5 27.70+0.74bc 53.29+0.63a

2.0 29.70+0.98ab 53.37+0.96a

2.5 30.41+0.78a 53.08+0.98a

3.0 30.17+1.18a 50.42+1.02b

RAEFE Untreated 0d 39.8520.42¢

T B AN R RS 22 57 38 (P<0.05 )

Note: The different letters show significant difference(P<0.05).
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Table 4 Influence of liquid to solid ratio on weight loss and

cellulose content of cotton stalk

W [ S
Liquid to solid ratio(V/W) Weight loss/%  Cellulose content/%

10:1 28.72+0.76b 52.07+0.96ab

15:1 29.78+0.51ab 51.04+1.82b

25:1 30.41+0.28a 54.12+0.98a

35:1 29.85+0.43ab 51.22+1.01b

45:1 30.00+1.12ab 52.51+0.87ab

AU BE Untreated 0c 39.85+0.42¢

B S AN R R R R 22 5 2 (P<0.05 ) -
Note: The different letters show significant difference( P<0.05).
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Table 5 Influence of ultrasonic power on weight loss and

cellulose content of cotton stalk

L I ES GRS YR
Ultrasonic power /W Weight loss/%  Cellulose content/%

280 27.94+0.58b 50.09+0.97b

420 29.59+0.41ab 52.70+0.85a

560 29.68+0.43a 52.07+1.03ab

630 28.62+0.88ab 51.09+1.12ab

700 28.71x1.01ab 51.67+0.85ab
AUEBE Untreated Oc 39.85+0.42¢

T B 5 AN ) 7 B oR 22 5 835 (P<0.05 ) o

Note: The different letters show significant difference( P<0.05).
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] (X)) R G OX ) Tl AR Sy

Y, =55.32 +1.15X, +1.71X, +0.27X; —0.15X X, +
0.59X X5-0.21X,X+0.12X ,-0.56X ,—0.68X 3,

Y,=22.60+0.18X,-0.56X ,-0.17X

FH % 7 RN BE TG IE nT U H  BEFRUARER. p 4331
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Table 6 Design and results of experimental

s x/ Xy PRk AR

No. % min * Cellulose content Y /% Lignin content Y+/%
1 -1 -1 0 51.36 23.33

2 1 -1 0 54.09 23.56

3 -1 1 0 5597 22.24

4 1 1 0 58.09 21.75

5 -1 0 -1 53.94 22.61

6 1 0 -1 54.94 23.02

7 -1 0 1 53.39 21.91

8 1 0 1 56.75 23.26

9 0 -1 -1 52.38 23.47

10 0 1 -1 55.32 21.95

11 0 -1 1 53.26 22.27

12 0 1 1 55.37 22.24

13 0 0 0 55.09 22.28

14 0 0 0 53.85 23.21

15 0 0 0 55.36 22.78

16 0 0 0 56.63 22.39

17 0 0 0 55.68 21.99
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Table 7 Analysis of variance for regression model
M 7 725 AR AR 7R H H ¥ FAE P1E
Response variable Source of variation Sum of squares Degree of freedom Mean square F value P value
LH4ER Cellulose B Model 39.66 9 441 543 0.018 2
5% 2% Residual 5.68 7 0.81
JAUI Lack of fit 1.63 3 0.54 0.53 0.682 8
4[R2 Pure error 4.05 4 1.01
ARJFZE Lignin B Model 2.99 3 1.00 4.74 0.019 1
5% 7% Residual 2.74 13 0.21
JAIF Lack of fit 1.84 9 0.20 0.91 0.585 2
4R 2 Pure error 0.90 4 0.22

K56 P 454 0.682 8.0.585 2, 4K TF 0.05, A,
B T 48 (] 0142 TR W R DA A3 A A NI A 7 30 A B
AL PEARAEFEFT 12280 th 3R 8 [l R E A
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FFEART R & &Rk 23.92% , vt 5 T /N2 R FF (8%~
15% PN ERFEFF (2 179% )20, FEFF RS, 4540 5%,
S LA AR I B R APy 23 0 P U0 T A A R

), Varga EPWFFRTE HH , 10%NaOH %59 = & fi Ak
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(NaOH W EFRAUH 3.5% )4 5 AL BRGFEFFEF4E %
SETE SRR g R PR A
2.2.2 Ak SRR

X [ AR AL AT AR AL T 255440 X =1 . X,=1 .
X3=0.47, RV A AL BRI R 3.5% AbFRET ] 90 min
WIE L 21:1 B, TUALER S AR AERS AT R AT 4 6 O
ik 57.74% , RITZR TR 22.14% . XL T 504
AT, FLTAL 3 S R AL RS FT I EF 4 R
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Table 8 Significance test of regression coefficient

St ERKTR T Frihi ¥y P P PEaT:
Response variable  Source of variation Sum of squares Degree of freedom Mean square F value P value Significance
142 Cellulose X, 10.61 1 10.61 13.07 0.008 6 ok

X, 23.34 1 23.34 28.76 0.001 0 o
X3 0.60 1 0.60 0.74 0.416 8
Xi X, 0.093 1 0.093 0.12 0.744 4
X1 X; 1.39 1 1.39 1.72 0.2315
X, X5 0.18 1 0.18 0.22 0.656 2
X 0.057 1 0.057 0.070 0.798 8
X»n 1.31 1 1.31 1.61 0.244 5
X» 1.95 1 1.95 2.40 0.165 1
ARJiTZ Lignin X, 0.27 1 0.27 1.29 0.276 8

X, 2.49 1 2.49 11.82 0.004 4 ik
X; 0.23 1 0.23 1.11 03119

o ZREE(P<0.05), % 250 5% (P<0.01),

Note: * Significant difference(P<0.05), ** High significant difference( P<0.01).
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Table 9 Cotton stalks verifying test results and contrast to wheat straw

RRAERSAT YRS ARBTR B INZERERT YR ARBTR B

Cotton stalk Cellulose content/% Lignin content/% Wheat straw Cellulose content/% Lignin content/%
ALPRR Pre treatment 39.85+0.42 23.92+0.30 ALFRA Pre treatment 43.24x0.98 20.52+0.78
LIRSS Post treatment 58.02+1.05 21.75+0.43 ALPRJE Post treatment 71.05+1.24 8.94+0.52
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Figure 1 Scanning electron micrograph(SEM) of raw cotton stalk (A ) and pretreated cotton stalk(B) at 500x magnification



406

Vel S=pRi-Sosbicly 55 30 E55 2 H

RGP R S B g i, AARRR LREAY
2, 3T ARSI R AR N S o SR N
i‘kﬁfﬂ%% R S AL VR, LR AR TR Y

(3)SEM I = 1Y P s I Ak 9T Ak B T LAY
RATHEETHE R BOAE a1, 7 H OB o0 R~ 21 4 22
TR ARBUR A FRACR I

SE Wk

[1] McKendry P. Energy production from biomass (part 1) : Overview of
biomass|J]. Bioresource Technology, 2002, 83:37- 46.

2] &, T BV, S ARAT R AR KA B AR,
WAl FLE, 2007(1) :46-49.

LI Jin—xia, BIAN Ke, XU Bin, et al. Cotton stalk properties and its agri—
cultural utilization[J]. Journal of Henan A gricultural Sciences, 2007(1):
46-49.

[3] 5 BhL, RIIHEL, T P, S B SEARAET AT ALEAR D R S
BT 3 AR A2441, 2008, 20(4):91-94.

ZONG Wang—yuan, YUAN Qiao —xia, DING Yu, et al. Actuality and
suggestion on gasifying cotton stalk in Xinjiang|J]. Journal of Tarim U-
niversity, 2008, 20(4):91-94.

[4] Schell D J, Farmer J, Newman M, et al. Dilute sulfuric acid pretreatment
of corn stover in pilot—scale reactor—investigation of yields, kinetics, and
enzymatic digestibilities of solids|J]. Applied Biochemistry and Biotech—
nology, 2003, 105:69-85.

[5] Chang V, Holtzapple M. Fundamental factors affecting biomass enzymat—
ic reactivity[J]. Applied Biochemistry and Biotechnology, 2000, 84-86:
5-37.

[6] Karr W E, Holtzapple M T. The multiple benefits of adding non—ionic
surfactant during the enzymatic hydrolysis of corn stover|J]. Biotechnol—
ogy and Bioengineering, 1998, 59:419-427.

[7] Laser M, Schulman D, Aiien S, et al. A comparison of liquid hot water
and steam pretreatments of sugar cane bagasse for bioconversion to
ethanol[J]. Bioresources Technology, 2002, 81:33-44.

[8] Chang V S, Nagwani M, Holizapple M T. Lime pretreatment of crop
residues bagasse and wheat straw [J]. Applied Biochemisiry and
Biotechnology, 1998, 74:135-159.

O] JH % R R P TIAL X AR B ARSI LT AELS R R S]], PR,
2000, 19(2):78-85.
TANG Ai-min. Studies on the structure changes of fast—growing wood
fiber treated by ultrasonic wave[J]. Technical Acoustics, 2000, 19(2):
78-85.
[10] X8 #E, 45 F, 4 K, AL PR AL Bl S A AR )
Al T2, 2000, 25(1):208-212.
DENG Hui, LI Chun, LI Fei, et al. Optimized conditions for saccharifi-
cation of cotton stalk by alkali pretreatment[J]. Transactions of the CSAE,
2009, 25(1):208-212.
[11] Binod P, Kuttiraja M, Archana M, et al. High temperature pretreatment
and hydrolysis of cotton stalk for producin
duction [J]. Fuel, 2012, 92(1), :340-345.

g sugars for bioethanol pro—

[12] Sun R C. Comparative study of lignins isolated by alkali and ultra—
sound —assisted alkali extractions from wheat straw[J]. Ultrasonics
Sonochemistry, 2002, 9(2) :85-93.

[13] Masanao Imai, Kohei Ikari, Suzuki I. High-performance hydrolysis of
cellulose using mixed cellulase species and ultrasounication pretreat—
ment[]J]. Biochemical Engineering Journal, 2004, 17:79-83.

[14] HrAe N RN [ G A MR .GB/T 2677.2. 18 AR UL K 43+ (1)
FE[S]. dbat: A ERRAEH Ik, 1994,

State Bureau of Technical Supervision of the People’ s Republic of
China. GB/T2677. 2. Fibrous raw material —-Determination of moisture
content[S]. Beijing: China Standard Press, 1994.

[15] X P80 2% 3 4843 B 5 A v, A6 5T« A2 Tolk iR AL, 2003
17-31.

LIU Shu—-chai. Pulp and paper analysis and detection[M]. Beijing:
Chemical Industry Press, 2003:17-31.

[16] Huang C L. Revealing fiber angle wood sections by ultrasonic treatment
[J]. Wood and Fiber Science, 1995, 27(1):49-54.

[17] Chandra R P, Bura R, Mabee W E, et al. Substrate pretreatment:The
key to effective enzymatic hydrolysis of lignocellulosics?[J]. Advances
in Biochemical Engineering—Biotechnology, 2007, 108:67-93.

[18] Balasubraman lanr R. Thermo capillary and buoyant bubble motion
with variable viscosity|J]. International Journal of Multiphase Flow, 1998,
24(4):679-683.

[19] £ ¥, EHot, F L, 55 8 Dl B A o8 A AL i 0E AT /N A
FEFFAL B I3 300). VLI AR 24412, 2010, 26(2) :308-314.
WANG Yang, WANG Zhen-bin, WANG Shi—qing, et al. Ultrasound
assisted mild alkaline/oxidative pretreatment of wheat straw(J]. Jiangsu
Journal of A gricultural Sciences, 2010, 26(2):308-314.

[20] fi, SR, BREL, 55, Bk -BHE A R FF AR BLT R R A9 T

T AT, 2007, 10:7-9.
CENG Jing, GONG Da—chun, TIAN Yi-hong, et al. Study on the pro—
cess of pretreatment and hydrolysis of lignocellulosic wheat straw
through alkali —enzymatic method[J]. Academic Periodical of Farm
Products Processing, 2007, 10:7-9.

21 BREPE 5 9, 4% 55, S WRIR AL T J R AT LT L4 3 S 45
FarsEm ). BRI, 2011, 26(6) :13-19.

CHEN Shang—yan, YONG Qiang, XU Yong, et al. Effects of dilute acid
pretreatment on fibre components and structure of corn stover [J]. Jour—
nal of Chinese Cereals and Qils Association, 2011, 26(6):13-19.

[22] Sun Y, Cheng J. Hydrolysis of lignocellulosic materials for ethanol
production: A review[J]. Bioresource Technology, 2002, 83(1):1-11.

[23] Varga E, Scengyel Z, Recaey K. Chemical pretreatments of corn stover
for enhancing enzymatic digestibility[J]. Applied Biochemistry and Biote—
chnology, 2002, 98-100:73-87.

[24] 1% 7, LB A BN HIM. S - ZRIRH 2 HOR i,
1992:84-88.

FENG Ruo, LI Hua-mao. Phonochemistry and its application|[M].
Hefei: Anhui Science and Technology Press, 1992 :84-88.

[25] Rebecca A, Silverstein, Ye Chen, et al. A comparison of chemical pre—

treatment methods for improving saccharification of cotton stalks [J].

Bioresource Technology, 2007, 98(16):3000-3011.



