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Optimization of hot-pressing process for cotton-stalk-based
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Abstract: [Objective] To enhance the board strength of cotton stalk-based composite boards and optimize the hot-pressing process,
this study fabricated artificial boards using crushed and sieved cotton stalk xylem and modified urea-formaldehyde resin as the primary
raw materials. The effects of seven key factors—particle size, adhesive dosage, solid content of the resin, hot-pressing temperature,
hot-pressing pressure, pre-pressing time, and hot-pressing duration—on the mechanical properties of the composite boards were
investigated. The significance of these factors and the optimal process parameters were systematically determined. [ Method] In this
study, the internal bonding strength (IB) of the composite boards was selected as the experimental indicator. A Plackett-Burman (PB)
experimental design was employed to screen significant factors affecting IB. Based on the PB results, a steepest ascent experiment was
conducted to determine the optimal parameter ranges for the identified significant factors. Subsequently, a three-factor, three-level Box-
Behnken design (BBD) was implemented to construct a quadratic polynomial regression model. Analysis of variance (ANOVA) and
response surface methodology (RSM) were applied to analyze the interactions and significance between key process parameters. Finally,
the optimized process parameters were derived and validated through experimental verification. [Result] 1) The factors significantly
affecting the internal bonding strength (IB) of the composite boards were ranked in the following order of significance: adhesive dosage,
hot-pressing temperature, and hot-pressing pressure; 2) The optimal process parameters derived from Design-Expert V13.0 software
optimization were as follows: particle size (0—1 mm), adhesive dosage (13%), solid content of the resin (45%), hot-pressing temperature
(150 °C), hot-pressing pressure (8.8 MPa), pre-pressing time (2.5 h), and hot-pressing duration (9 min). Under these conditions, the

WFSAHA (Received) : 2025-05-16 EATHE (Revised) : 2025-09-05

E&TB: #rjsdeE /g iR XEHEARAEAATE (2022TSYCLI0044) 5 #rssdiE /K Hif X EWFETIE (XJ2025G043)
F—1EE: AT (18586043212@163.com) , Al L 7u/d:. BIEIEE: JAE T (linkzhou@163.com) , ##%, 1, E LW Tl
SIxctgs: WEF , AT, Vi, 5 RFFRGEBEE R T 2R (1], dh iR R 24244 ,2026,46(5):190-200.

WU X Y, ZHOU J P, XU Y, et al. Optimization of hot-pressing process for cotton-stalk-based artificial boards[J]. Journal of Central South
University of Forestry & Technology,2026,46(5):190-200.



46 3%

A2 S A s AN e O 191

cotton stalk-based composite board exhibited an internal bonding strength (IB) of 0.64 MPa, closely aligning with the model-predicted

theoretical value of 0.65 MPa, with a minimal deviation of 1.54% between experimental and theoretical results. [ Conclusion] The

response surface model demonstrated high accuracy and reliability. These findings provide valuable insights for optimizing the manufacturing

process of cotton stalk-based composite boards, particularly in refining hot-pressing parameters and resin application strategies.

Keywords: cotton stalk; panels; hot pressing process; response surface method; modified urea-formaldehyde adhesive
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Fig. 2 Hot-pressing process curve of cotton straw board
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Table 1 Factors and levels of Plackett-Burman design
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7K : . . . . TiHE I 18] (F) .
Level Particle Resin Solids Hot pressing Hot pressing Preload time/h Hot pressing Dummy
ceve size /mm content /% content /%  temperature /C  pressure /MPa clo ¢ time /min variables

i low (-1 0~1 6 30 120 6 1 6
. (H,LJKD
i high (+1) 1~3 14 60 160 10 4 12
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Table 2 Factors and levels of response surface
experimental design

IR & 7KF Level
Experimental factor 4 0 :
X, (B) /% 10 12 14
X, (D) /C 140 150 160
X, (E) /MPa 8 9 10
1.5 #iELIE

FEAR AT 3 U SRBCFE, W
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Table 3 The experiment design and results of Plackett-
Burman design

iﬁ;ﬁ% A B C D E F G Wfs?fpiag
1 -1 -1 1 -1 1 1 -1 0.32
2 0 0 0 0 0 0 0 0.42
3 1 -1 1 1 -1 1 1 0.35
4 1 1 -1 -1 -1 1 -1 0.39
5 -1 1 -1 1 1 -1 1 0.55
6 1 1 1 -1 -1 -1 1 0.42
7 0 0 0 0 0 0 0 0.40
8 -1 1 1 1 -1 -1 -1 0.42
9 -1 -1 -1 1 -1 1 1 0.35
10 -1 -1 -1 -1 -1 -1 -1 0.26
11 0 0 0 0 0 0 0 0.39
12 1 -1 -1 -1 1 -1 1 0.34
13 1 1 -1 1 1 1 -1 0.54
14 1 -1 1 1 1 -1 -1 0.36
15 -1 1 1 -1 1 1 1 0.41
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Table 4 Analysis of factors, levels and significance of the Plackett-Burman design

K% H Fi R By F1i Pa EME
Factors Degree of freedom  Sum of squares ~ Mean square F-value P-value Significance
7 Model 7 0.0753 0.010 8 18.61 0.000 5 *
FEFFFi4% Particle size 1 0.000 7 0.000 7 1.17 0.3158
Jifi iz £ Resin content 1 0.046 9 0.046 9 81.05 < 0.000 1 ok
il £ & Solids content 1 0.001 9 0.0019 3.24 0.114 8
#HJEIRIE Hot pressing temperature 1 0.015 4 0.015 4 26.64 0.0013 *
#AJE JE 77 Hot pressing pressure 1 0.009 1 0.009 1 15.69 0.005 5 *
TR A 8] Preload time 1 8.33E-06 8.33E-06 0.01 0.907 8
L[] Hot pressing time 1 0.001 4 0.001 4 2.44 0.162 6
B% % Residual 7 0.004 0 0.0006 0
JAIN Lack of fit 5 0.003 6 0.000 7 3.07 0.263 8
4lii% % Pure error 2 0.000 5 0.000 2
SR Total deviation 14 0.079 4
R 0.952 4
Ry 0.896 8
Ap S Z 8 Coefficient of variation /% 6.35
{Z M L Adequate precision 14.083 6

oo SRR, 7 SREREE ., “** was extremely significant, “*”was significant.

x5 BERKAERITSER

Table 5 The steepest climbing test design scheme and results

[AI % Factor P 45 A i
5 ikt (B) #JERE (D) MEES (B)  Internal
No. Resin Hot pressing  Hot pressing bonding
content /% temperature /C  pressure /MPa strength /MPa

1 6 120 6 0.28

2 8 130 7 0.35

3 10 140 8 0.48

4 12 150 9 0.63

5 14 160 10 0.61

6 16 170 11 0.52

7 18 180 12 0.33
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XIS B AT k2 s EARL A, 18
BN Z ik 2 W71

Y,=0.6+0.1037X,+0.0287X,+0.0275X,-0.0325X X, +
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b YONNE SRR X AT E: X, AR

s Xy AR
Y,=617.72+32.44X,+2.41X,+15.7X,-3.57X,X,~

0.3575X,X,+0.78X,X,-9.62X,"-6X,"-2.85X,".

e Y, NIRRT

% 6 Box-Behnken iR IT 545 R
Table 6 Box-Behnken experiment design and results

R B Factor Ml m%ﬁi:gfg

e X % X str:r?gri?ll;ll\g/IPa slaiesn/s(ll?gj-(r)rfﬂ)
1 1 -1 0 0.67 641.28
2 0 0 0 0.61 619.56
3 0 1 1 0.57 633.80
4 0 -1 -1 0.43 585.49
5 0 0 0 0.63 628.16
6 1 1 0 0.63 628.76
7 0 0 0.57 608.06
8 -1 0 1 0.41 588.40
9 -1 -1 0 0.39 568.28
10 1 -1 0.55 622.80
11 -1 -1 0.45 558.17
12 0 0 0.60 614.76
13 0 -1 1 0.37 617.22
14 0 1 -1 0.41 598.95
15 1 0 1 0.71 651.60
16 -1 1 0 0.48 570.05
17 0 0 0 0.59 618.05

7 o750, AR 2K P < 0.000 1, 4
TR 2, B SRR, RIP=0.339 4,
KIE B EKT, WAL R ZE X 45 BT E N,
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Table 7 Variance analysis of Box-Behnken
experiment design

PG o WRR T 455% J%
SRRl Internal bonding strength ~ Average density of slabs
Factor term  F {§ P14 F 1Y P1ia
F-value P-value F-value P-value
MR Model 32,55 << 0.000 1**  20.0400  0.000 3**
X, 141.00 < 0.000 1**  136.5800 < 0.000 1**
X, 10.83 0.013 3% 0.754 5 0.413 9
X, 9.91 0.016 2* 319900  0.000 8**
XX, 6.92 0.033 9% 0.828 1 0.393 1
XX, 16.37 0.004 9% 0.008 3 0.9300
XX, 19.81 0.003 0% 0.039 5 0.848 2
X 1.30 0.291 1 6.3300 0.040 1%
X 35.00 0.000 6* 2.460 0 0.160 8
X7 48.36 0.000 2% 0.5553 0.480 4
Liﬁ?ﬁ‘ﬁt 1.52 0.339 4 1.350 0 03776
R 0.976 7 0.962 6
R’ 0.946 7 09146

o R, o R,

4 wag extremely significant, “* was significant.
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Fig. 8 The effect of factor interaction on internal bond strength
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Fig. 9 The effect of factor interaction on average density of slabs
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Table 8 Comparison between predicted value and test value
"y R AR PR Sh R L1 v
e i R EEA WEGEE — BETHER g0
Data type Resin content /% Hot pressing Hot pressing Internal bonding  Average density Relati 1
P temperature /C pressure /MPa strength /MPa  of slabs /(kg'm *) clative error /7o
THIME Predicted value 13 150 8.8 0.65 630.00 —
RLGAE 1 Test value 1 13 150 8.8 0.68 636.93 4.62/1.1
IRSGHE 2 Test value2 13 150 8.8 0.63 606.26 3.08/3.77
IRIGAE 3 Test value3 13 150 8.8 0.61 614.56 6.15/2.45
418 Average value 13 150 8.8 0.64 619.25 1.54/1.71

(b) mESECTIRAMR A Optimal parameters cotton straw panels

50.0um

El 10 #3FEFF A& SEM E
Fig. 10 SEM of cotton straw panels
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MPa. TRERSE] 2.5 hy #AERSE] 9 min, AR Fi)
AL N 0.65 MPa.
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