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Optimizing preparation process for Luffa
sponge nanocellulose crystals

WU Qiao-mei, WANG Jia-lun,LLIU Xiao-ze, CHEN Yan-dan

(College of Materials Engineering s Fujian Agriculture and Forestry University s Fuzhou, Fujian 350002 ,China)

Abstract: [Objective] This study investigated the optimal preparation process for Lu f fa sponge nano-
cellulose crystals (LNCC) to provide methodological support for comprehensive utilization of Luf fa
sponge. [Method] Using waste Luffa sponge as raw material, the influences of sulfuric acid concentration
(58%,60% ,62% ,64% and 66%) ,reaction temperature (30,40,50,60 and 70 ‘C),and time of ultrasonic
process (25,35,45,55 and 65 min) on yield of LNCC by method of ultrasonic-sulfuric acid were investiga-
ted with single-factor experiments. Then, preparation conditions were optimized using response surface
methodology. The results were analyzed by Design-Expert 8. 05b to obtain mathematical model and the op-
timal conditions were determined. [Result) Single-factor experiments showed that the optimal conditions
were: reaction temperature 50 C,time of ultrasonic process 45 min,and sulfuric acid concentration 62%.
The established quadratic polynomial regression equations of 3-factor and LNCC yield by response surface

methodology were well fit with correlation coefficient and corrected determination coefficient of 99. 95%
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and 99. 88 % ,respectively. The optimal conditions for LNCC were:reaction temperature 51°C,time of ultra-

sonic process 46 min, and sulfuric acid concentration 62%. The actual yield of LNCC (93. 64%) was in

good agreement with prediction (93.20%) .indicating the established model was reasonable and effective.

[Conclusion) Optimal preparation conditions of LNCC were determined and high yield was obtained.
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Table 1 Factors and levels of RSM experiments on preparation of Luf fa

KT ] @ﬁﬁﬁﬁﬁﬁéﬁfﬂl/% , {iﬂjiﬁfﬁ/ C ﬁ?ﬁﬂj‘ﬂﬂ/mir}
Level Sulfuric acid concentration Temperature Ultrasonication time
X, X, X3
—1 60 40 35
0 62 50 45
1 64 60 55
2 LNCCHEIZHBERERBER
Table 2 Results of single factor experiments on preparation of Luf fa
KT ﬁ@f%i%&/% R R/ C ﬁﬁﬁ#"ﬂj/@“ LNCC 8%/ %
Trial No. uiturie a(."ld Temperature Ultraspmcatlon LNCC yield
concentration time
1 62 30 45 44,40
2 62 40 45 58.12
3 62 50 45 91. 16
4 62 60 45 88. 34
5 62 70 45 *
6 62 50 25 25.35
7 62 50 35 75.35
8 62 50 45 91. 27
9 62 50 55 89. 32
10 62 50 65 *
11 58 50 45 35. 60
12 60 50 45 65. 60
13 62 50 45 91. 66
14 64 50 45 88. 15
15 66 50 55 *

Ve« e R B AL S L T o R
Note: * indicates excessive charring and the accurate yield is unavailable.

2.2 LNCC %I T 2805 mit ik 4 R WA WA TN Y =091.52—4.44X,+9. 48X, +

¥ Box-Benhnken [ b4l &I 45 5 (£ 4.22X, —11. 60X, X, +0.57X, X, — 7. 23X, X, —
3) Je Wi B 1 43 A o 38 id Design-Expert #3472 8. 71X1—11.09X3 —3.49X53 . 7 P45 T £ 500 4 %f
FRLGBIRIA 7 2250 0. SR B/AR, ZIREZIAB (RN N E SRR WEE, &
A R? TN AR (99. 95%) 5 R* #IEAH (99. 88 %) #  HUiy 1F £ ) Jiz it T 5% i) (i g #4100
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Table 3 Results of RSM experiments on preparation of LNCC

[{ % k5 Factor level LNCC 45 /% LNCC yield
. N WAC T
KB BRI 5 51 1 T . SR LT A
Trial No ulfuric acid T Ultrasonication 52N AR 3l
. . emperature . T AE
concentration time Actual value .
X, Predicted value
X1 X;

1 —1 —1 0 45.73 46. 20

2 1 —1 0 78.28 78.29

3 —1 1 0 88. 37 88. 36

4 1 1 0 74.52 74.05

5 —1 0 —1 71.63 71.23

6 1 0 —1 78.91 78.97

7 —1 0 1 78.59 78.53

8 1 0 1 88.15 88.55

9 0 —1 —1 56.08 56.01

—_
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89.03 89. 44
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4R 3 Contined table 3
K & 7K 7 Factor level LNCC 2% /% LNCC yield
NN T
) it 8 o ik B D —_— 7 I ] VS
Lﬁﬁ T Sulfuric acid . ‘}XTQ{E{J}‘“ Ultrasonication S B QU\§%J‘KEJ‘
Trial No. X Temperature . BTRIIR TR
concentration time Actual value .
X X, X Predicted value
1 3
11 0 —1 1 79.32 78.91
12 0 1 1 83. 34 83.41
13 0 0 0 91.16 91.52
14 0 0 0 91.27 91.52
15 0 0 0 91. 66 91.52
16 0 0 0 91. 87 91.52
17 0 0 0 91. 66 91.52

Xif Lk 2o 1 5 [l AR A E AT O 25 43 B, 45 SR DL
4, mFE4AHLER F (1449, 72, B 3EKF
P<20.000 1, B = ¥k 2 11 X458 A0 4l B 3 5 28 1O
T X X B SE IR A 1 3 KOF (P<20. 05) 4b, oAl 4%
TP 5 W 3k B 5 KO (P<<0. 001) ; 455 781 11y 2 0 35
AN (P<C0. 05), 3 56 i3 22 /)y, 28 B AR 70 16 5 1F

B B Ty B 5 SE PR B0 LA B4 . B R B R DG R
R R 99. 95 % AL IE P E R R 99. 88 %0, 1k B AR
IR DA% B LNCC 15 2 99, 88 % 1925 4k, , BJJ 45 751 4]
AR AR, DN i R AR AR 4 b 40 O S B
LNCC 15 2 5 7 R 0T 2t 53 %5 B o it JB2 088 75 B ]
ZHEMER.

F4 ILNCCHEEXRSEYMEZ-ASTAXBARENAFTESNER
Table 4 Variance analysis of the regression models between LNCC yield and different factors
I3 25 K W 5 H H B ¥y F{d P {E B
Sources SS df MS F value P value Significance
%l Model 2 739.97 9 304. 44 1449.72 <C0. 000 1 % %
X, 157. 89 1 157. 89 751. 84 <20.000 1 * %
X 719.15 1 719.15 3 424.55 <20.000 1 * %
X3 142. 38 1 142. 38 678.02 <20.000 1 * %
X1 X, 538. 24 1 538. 24 2 563.06 <20. 000 1 * %
X1 X3 1. 30 1 1. 30 6.19 0.041 7 *
X2 X3 209. 24 1 209. 24 996. 37 <20.000 1 * %
Xf 319. 48 1 319. 48 1521.35 <C0.000 1 * %
Xz 517.68 1 517.68 2 465,16 <Z0.000 1 * %
X 51.38 1 51. 38 244. 67 <0.000 1 * %
% 2% Residual 1.47 7 0.21
S Lack of Fit 1.12 3 0. 37 4. 21 0.099 4
1% 2% Pure Error 0.35 4 0.088
J Al Cor Total 2 741.44 16

e B, x « &,

Note: * indicates significant difference and * * indicates extremely significant difference.
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Fig.1 Effects of sulfuric acid concentration and temperature on LNCC yield in

3D response surface (left) and contour (right),respectively
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Fig. 2 Effects of sulfuric acid concentration and ultrasonic treatment time on LNCC yield in

3D response surface (left) and contour (right),respectively
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