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Optimization Process of Rice-husk/Wood-shaving Composite Packaging Box Board
Based on Aging Performance

XIE Jun-ying, XIAO Sheng-ling, DU Ya-zhou, ZHANG Xiao-yi

(College of Engineering & Thechnology, Northeast Forestry University, Harbin 150040, China)

ABSTRACT: The work aims to study the preparation process and parameters of outer packaging box materials, in order
to improve the utilization rate of Chinese agricultural and forestry surplus resources, and solve the urgent need of Chinese
green packaging materials market. The composite board for outer packaging was prepared by hot pressing method with
rice husk and wood residue shavings as the main raw materials and PF and PAPI as the adhesive. The WCAMA six-cycle
aging method was adopted to process the test piece. Then, macro analysis for mechanical properties such as IB, MOR,
MOE and micro analysis for changes in material composition were conducted to the composite board after ageing process.
When surface sizing amount was 8%, core sizing amount was 11%, density was 0.9 g/cm’® and waterproofing agent content
was 0.6%, the retention rate of composite board’s IB, MOR and MOE was above 50% and the composite board had good
aging resistance. The preparation process and component parameters based on aging performance can provide theoretical
and practical support for the development of rice husk-wood shavings outer packaging box materials in green, environ-
mentally friendly, and economically sustainable aspects.

KEY WORDS: outer box board; rice husk; wood shavings; ageing; mechanical properties; microscopic analysis
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[1—2]

The West Coast Adhesive
Manufactures Association WCAMA ASTM D1037
American Society for Testing and Materials

3] WCAMA
(4] WCAMA
PF PAPI
[5—7]
1
1.1
1.1.1
8~20 10%
3~5
mmx 10~20 mm 6%
PF 45.3%
0.3% PAPI
100%
35%

1.1.2
UTM-10T-PL
BK-53 DX-58
(SDT)Q600
INSION
1.2
1.2.1
4 -
IB
MOR MOE
X 5.5%~8.5%
X, 9%~13% Xs
0.5%~1.0% X;  0.8~0.92 g/cm’
[8—9]
12 Ny N» N3y Np, 1
1 -

Tab.1 Aging test plan for rice husk-wood shavings outer
packaging box composite board

X X X3 Xy
N, 5.5 10 0.9 0.90
N, 6.0 9 1.0 0.90
N3 6.0 12 0.5 0.92
Ny 6.5 13 0.6 0.95
N 6.5 13 0.8 0.94
N6 7.0 12 1.0 0.85
N, 7.0 12 0.8 0.87
N 7.5 11 0.7 0.85
Ny 7.5 10 0.9 0.82
Nio 8.0 11 0.6 0.90
Ny 8.0 9 0.5 0.88
Ni2 8.5 10 0.7 0.89

1.2.2 -
1
8~20
PF  PAPI

5 min
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3 1 PF 3 MPa
PAPI (7,101 190 C 25s
=20 :60 : 20 4 72 h
16 mm 405 12
mmx405 mm
1 7
84 GB/T17657—2013
3 D TS
6
12
1.2.3
11—13
EREE RV ZR P WCAMA e
Fig.1 Composite plate structure diagram 3
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Fig.2 Preparation process of rice husk-wood shavings outer packaging box board
205 1 30min 19 27°C 9.33 kPa
S 2 3h 100 C
MOEI & MORI 3 20h 105°C
50 50 50 i 50 50 50 50 55 R
IB1 | TSI D1 B2 | TS2 D2 Q 5 6
20+3 C 65t1 %
MOE2 & MOR2 2 48h
1B3 TS3 D3 TS4 1B4 D4 4
2
MOE3 & MOR3 R
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MOE4 & MOR4 2 B
GBT 4897—2015
d 2
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Fig.3 Test piece preparation scheme
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2
Tab.2 Test setting target value
SHEbME HE(gem”)  FBKE/Y%  NLEAIREE/MPa il SEE/MPa BT /MPa RIRETJI/N
WOE Hbp 0.77 4~13 >0.40 >16 >2400 M IE>1100, HLi41>700
3
Tab.3 Test results
/% /MPa /MPa /MPa
N, 5.41 0.19 20.97 3706
N, 4.9 0.45 24.06 3720
N; 3.85 0.41 27.02 4518
Ny 4.24 0.76 35.01 5200
N 4.6 0.55 28.86 4973
N 4.21 0.46 28.08 4089
N, 4.68 0.51 25.4 3601
Ng 3.27 0.38 25.99 3957
Ny 431 0.43 21.4 3163
Nio 4.05 0.47 24.36 3485
N 4.84 0.42 31.18 5228
N, 4.29 0.42 23.01 3184
3 2
50% =1-
GBT 4897—2015
10% 2
2.1.1
U, U,...Us
4 [14]
4
4
4 N1—N12
Tab.2 IB retention rate of six cycle aging test on scheme N;—Nj, %
U, U, Us U, Us Us
Ny 61.39 50.76 46.10 44.19 44.15 40.00
N, 51.61 48.53 46.52 45.31 41.76 40.45
N; 48.90 47.62 46.24 45.52 42.22 40.48
Ny 47.50 45.14 44.42 43.33 41.56 40.39
Ns 50.03 45.98 43.66 42.75 41.67 40.65
Ns 51.45 48.20 47.55 45.74 44.23 43.18
N5 49.91 48.06 47.54 45.69 41.92 41.13
Ng 59.09 58.13 51.47 49.55 46.48 43.81
Ny 64.23 52.99 51.94 51.38 47.57 43.19
Nio 58.96 53.91 52.73 51.95 50.60 45.90
N 60.02 48.74 47.02 51.66 46.04 43.12
Ni» 60.20 53.50 52.96 52.33 48.76 41.95
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47.5%~64.23% 2
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=
o
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36
[15] . . .
3 4 5 6
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PAPI Fig.4 Variance curve of IB retention rate
Ny 2 2.1.2
48.74% 4 51.66% N;—Nj,
5 2
50%
N, 4 4 10%
N;—Ni, 1
fo=im 6 12 52.5%~69.23%
50% 2 N; Ng—Np
53.1%~58.91% 4
2 2 Nog—Ny» 50%
N;  Ng—Np, 50%
N;  Ng—Nyp, 6 N>—N;
4 N9 NIO N12
5 2 N;  Ng—Nj,
Nio 50% 50% N,
Nio - Ng—Ni, 6
5
5 N1—N1.
Tab.5 MOR retention rate of six cycle aging test on scheme N;—N;, %
U, U, U, U, Us Us
Ny 66.39 55.76 50.10 49.19 49.15 45.00
N, 56.61 48.53 47.72 46.51 42.96 41.65
N; 53.90 48.65 47.27 45.55 42.25 40.51
Ny 52.50 45.14 44.42 43.33 41.56 40.39
Ns 55.03 45.98 45.75 43.66 41.67 40.65
Ne¢ 56.45 47.70 46.55 45.20 4423 43.18
N, 54.91 48.06 47.54 45.69 41.92 41.13
Ng 63.09 58.09 51.43 49.51 46.44 43.77
Ny 69.23 57.99 56. 94 56.38 52.57 48.19
Nio 63.96 58.91 57.73 56.95 55.60 50.90
Ny, 65.02 53.74 52.66 52.02 49.04 44.12
N2 65.20 59.50 57.96 57.33 53.76 46.95
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No—Nj;, 2.1.3
6 N;—N,
47.5%~70.9% 2 3
Nio - 50% 3
50%
) N, Ne—Nio
64{ N5 Nio
<
S s6 2
Jﬂ% N, N3 Ng—Nj
= 50% N
ﬁ% 48 ’ 2
N3
40 +
6 N3
1 2 3 4 5 6 N7 No = Nig
HEFREL Nig
N . o 0,
PSR O 38 A B 2 i 4 70.9% 36.6%
Fig.5 Variance curve of MOR retention rate Nio
6 N1—Ni.
Tab.6 MOE retention rate of six cycle aging test on scheme N;—N, %
U1 U2 U3 U4 US U6
N, 54.3 45.6 44.2 43.8 43.5 42.2
N, 55.9 50.7 50.0 47.0 46.1 42.5
N3 58.8 52.6 51.4 46.4 45.2 44.0
N, 59.2 50.1 49.9 47.6 45.9 453
N;s 55.6 49.7 46.7 45.9 45.1 43.0
N 65.6 54.8 53.6 49.6 48.4 47.7
N5 67.6 60.8 55.8 53.6 50.1 49.7
Ng 54.0 52.9 47.7 47.2 47.1 42.6
Ny 57.6 52.9 50.3 46.3 45.6 44.3
Nio 70.9 56.6 53.1 50.6 50.1 48.5
Ni 47.5 43.6 42.6 41.3 40.7 40.4
Ni» 54.7 52.5 48.8 46.1 452 44.6
50% N,
1 2
6.8% N, 6
&£ 49.7% N,
=
o
k] Nio
Fiin ; N,
40 |-
NIO
Nig
30 1 1 1 1
1 2 3 4 5 6 2.2 -
PEEEL

Ko il s b i O B A< 2 fl i 2

Fig.6 Variance curve of MOE retention rate
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