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Effect of Alkali Treatment on Straw Forming Technology
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Abstract

Particles of rice straw processed by sodium hydroxide can be used as binder in biomass fuel. The
quadratic orthogonal rotation design with three factors was used to study the effects of the mass
fraction of NaOH, temperature, and reaction time of alkali treatment on shear bond strength.
Functional models of shear bond strength with three factors were established and analyzed by regress
method in SPSS13.0 and response method in Matlab 7.1. The results show that the regression
equation was effective, and the mathematical model for the simulation was presented. The effect order
of three factors was as follows: the processing temperature, the amount of consistency, reaction time.

The optimum conditions were 1.5% of consistency, 95°C of temperature and 17 h of reaction time.

Key words Rice straw, Binder, Alkali treatment, Shear bond strength, Quadratic orthogonal
rotation design
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Tab.1 Physicochemical properties of straw
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Tab.2 Factors and levels of quadratic regression

orthogonal rotating experiment design

K- NaOH Jfi 5405 AR fib BR8]
/% 2,/C x3/h
~1.682 1.00 85 13
-1 1.25 90 15
0 1.50 95 17
1 1.75 100 19
1.682 2.00 105 21
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Tab.3 Arrangement and result of the experiment

RIET 5 X X, X3 Y /MPa
1 -1 -1 -1 2.43
2 -1 -1 1 2.44
3 -1 1 -1 2.41
4 -1 1 1 2.45
5 1 -1 -1 2.44
6 1 -1 1 2.40
7 1 1 -1 2.43
8 1 1 1 2.41
9 —1.682 0 0 2.54
10 1.682 0 0 2.51
11 0 -1.682 0 2.46
12 0 1.682 0 2.44
13 0 0 —1.682 2.54
14 0 0 1.682 2.53
15 0 0 0 2.61
16 0 0 2.58
17 0 0 0 2.60
18 0 0 0 2.61
19 0 0 0 2.64
20 0 0 0 2.61
21 0 0 0 2.57
22 0 0 0 2.63
23 0 0 0 2.61
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Tab.4 Analysis of partial regression coefficient significance

S B2 t 8 p1H
X, 0.011 -0.694 0.500
X, 0.011 -0.301 0.768
X; 0.011 -0.185 0.856
X3 0.010 —4.431 0.001
X3 0.010 -7.129 <0.001
X3 0.010 —4.072 0.001
XX, 0.014 0.090 0.929
X1 X; 0.014 -0.993 0.339
X,X5 0.014 0.451 0.659

o, R T — IR B ., e X3 3Rt 2 Y
Ko WA H I 45t NaOH J5T 5t 73 B0F0 i Ak 21

]

TR R B Ak H L P RN A Ak B s (7] 5 BT LD RG 45 58 i 2
[] 52 TEAHOC, T NaOH J51 5t 43 F5OR B A 3 A 1] 55 5
VRG24 58 B2 2Z ] S AR G
2.2 [EAEERRER
2.2.1 HEFEZEMST

1 SPSS B4 A A ] 9 77 A48 TP 45 SR K
Pt 1)1 2R ORI 235 3 o B R W, ZEAS I3 25 R OF
Zh4 SR R R 0 v] DAAS & PR3 B DR
54 JIE 5 W R/ IV A < B Ak B FE L NaOH 5T 3 43
B Ak EE A
2.2.2  PHEZE B ERN S HT

FE AR [ o 1 AR RIEZRKE
WFFE 7340 2 AR R A TR . A Matlab7. 1
W surfe(§) PRECVE MR R #H 15 55 = 22 1A, 15 21158 5
SN AN 1 BT o

X\

B 1 PR A 3E R E
Fig.1 Interaction figure between X and X,, X and X3, X, and X3
() X1 5X, ()X 5X; (o) X,5X;

1A, AP R 4 NaOH i 243
B A B[R] A2 A B2 A, 10 B ik A LR B X6 BT
YIRS A5 5 B 52 ma AR S 2, 3% 5 i 79 23 A 4 2R —
o NaOH i i 43505 A BRI [R) 119 28 B4R FH EE
S ES BN R (PO e B A I HNS A N e
M1 A R B 43 BT AR50, 38 B NaOH T 43
BB TEE R — 0.4 ~0.2, B4 353 3 2 i {2 7
FEh —0.3~0.2, Bl B [A] g (E S FE ol — 0.3~
0.3, 50 B 1 SEPRAE A : NaOH Ji 43 %0 1.40% ~
1.55% , Bl b B B 93.5 ~ 96.0°C , B &b # 5 [a]
16.4~17.6 h

X EEER R T I, 8% —OH i
1o SEAZ IR BRE O B e SR A S5 2R v B R I R
AR TR KT, FRBRAL T 0% L g0 RSN AR i
R AL RALGGE R, BRI AR R4
LR SR LL ST A I, X e T B
KZSVER o ARBTER L4 R R0 27 2 3K i i AR
5 A B A LA ST e R
PR R TR R K AR B EUR R B R AR 4
R YL 2K A J5 7 BT 0 380 JE P AR o 2, 1A T
BB RVE, B2 S NE IR 25 R 4T e Z AL AP e R R

B BEREAR , RE R ARG 45 5 32 Bl 2 B AT, DR TR AN g
ARG AR, TERRALFLT R b, SURAEAE R S,
FHBB 3 R B BN R AT 1) TR 2 VR, i R (1]
T S 0 B B0 1 7= 0 4G 22 DRI 7 32 3 o) FH
SR ]
2.2.3  [AIHFEERY B SO0 iR

FIH Matlab7. 1 f dif f(£) 2&E500F 21059 75 72 5K
Wy, R Y B RAE ST W R R AR : Y e =
2.608 15 MPa, 21 = 1.496 2% , x> = 94.993 22°C,
x3=16.952 h, B WAL, B 21 =1.5% .2, =
95C \x3 = 17 h WK &0, IR v =
2.608 MPa 7E WK [l H IE AT 6 4l & i i B
AL S EAE /A T2 = B E K. 7RIS
515~23 31X 9 i, A4 T A 0 Ak i 38 BB
SEEIATIR R, KRR g5 5 an g 3 i iim. xt
X9 A EE AT eI, 5 AR ) 5 4
AHEE, 25 41K 5 0y 4 X R 2 43 0 A 1.073% .
0.306% . —0.077%. —1.227%. —0.077% .
1.457% . —0.844% . —0.077% F1 0.067% , H:F
PR 2R 0.067% . W uESE R E 0, Rk
1) L6, AT Y TS 2558 B3R 5 2.6 MPas



124 P A R A= 20009 4F
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HIE PR, BT UDRESE 3 5 5] 2,608 MPa.
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