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Effects of zinc chloride impregnation treatment on dimensional stability and energy
consumption of heat-treated Mongolian scots pine

Wang Bo He Zhengbin Wang Zhenyu Yi Songlin
(State Key Laboratory of Efficient Production of Forest Resources, Beijing Key Laboratory of Wood Science and Engineering,
Key Laboratory of Wooden Material Science and Application of Ministry of Education, School of Material Science and
Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study aimed to investigate the effects of impregnation with mildly acidic zinc
chloride solution on the dimensional stability of heat-treated materials as well as the treatment energy
consumption. [Method] Mongolian scots pine specimens were impregnated with a 5% zinc chloride

solution and subjected to high-temperature heat treatment at different temperatures. Subsequently, we
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assessed the dimensional stability and moisture absorption of these treated Mongolian scots pine samples by
examining their dimensional and mass changes after moisture absorption. To deepen our understanding, we
complemented this with infrared spectroscopy, X-ray diffraction analysis, and energy consumption
assessments. These analyses aimed to clarify both the mechanism and the energy requirements associated
with impregnation and heat treatment concerning the specimens’ dimensional stability. [Result] The
performance enhancement effect of the zinc chloride impregnation-heat treatment group was more
pronounced than that of the heat treatment group. As the heat treatment temperature increased, the
hygroscopicity of sample decreased, and the dimensional stability improved. The volumetric swelling ratios
of the heat treatment group and the zinc chloride impregnation-heat treatment group decreased from 3.5%
and 3.4% to 2.6% and 2.1%, respectively. Infrared absorption spectra of the treated materials under both
methods did not exhibit new functional group characteristic peaks; however, the hydroxyl content decreased
significantly with increasing temperature. The relative crystallinity of the treated material increased in both
the heat treatment group and the impregnation-heat treatment group, rising from 36.05% and 38.77% to
48.51% and 53.04%, respectively. Notably, the treatment effect achieved by the zinc chloride impregnation-
heat treatment group at 160 “C was superior to that achieved solely by 180 °C heat treatment. Moreover, due
to the lower treatment temperature of the former, energy consumption during the process could be reduced,
potentially saving up to about 10% within the studied temperature range. [Conclusion] Compared with heat
treatment modification alone for Mongolian scots pine, the combined modification of zinc chloride
impregnation-heat treatment can achieve the similar effect of dimensional stability improvement by adopting
lower heat treatment temperatures, which contributes to energy saving and emission reduction of heat
treatment process. However, further in-depth study is required to assess its impact on mechanical properties.

Key words: Mongolian scots pine; wood heat treatment; zinc chloride impregnation; dimensional stability;
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Tab. 1 Statistics on grouping of Mongolian scots pine samples

AL IR Heat treatment temperature
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Tab. 2 Radial dimensional changes of Mongolian scots pine samples before and after moisture
absorption under different treatment conditions

AbFEZH Heat treatment group

12 - AL B Impregnation-heat treatment group

15 B Ttem
120C 140°C 160 °C 180 C 120 °C 140 C 160 °C 180 °C
MR i A% 1] R SF
Radial dimension before moisture absorption/mm 19.74 19.84 19.70 19.79 19.92 19.94 19.87 19.84
W R
Radial dimension after moisture absorption/mm 20.00 20.03 20.00 2015 20.13 20.06 19.98
2Rk Radial wetting ratio/% 1.3 1.0 1.1 1.2 1.0 1.0 0.7
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Tab.3 Tangential dimensional changes of Mongolian scots pine samples before and after moisture
absorption under different treatment conditions
AbE R E 2
T H Ttem Heat treatment group Impregnation-heat treatment group
120 °C 140 °C 160 C 180 C 120 C 140 C 160 C 180 C
Wi 5% 7] ) ~J Tangential dimension before moisture absorption/mm  19.81  19.84  19.94 19.72  20.04 19.94 19.91 19.78
W 5% 17 O] Tangential dimension after moisture absorption/mm 2026 20.19  20.27  20.04 2046 2036 20.19  19.96
5% 1A ¥ ik Z Tangential dimension wetting ratio/% 23 1.8 1.7 1.6 21 21 1.4 0.9
N - N _ -0.752 31 2 _
b 8 3k — 0 5 AL B R () RT AE g 1 . ayr = 129.21775T, R"=098 an
% 4 e 1 AR AR DL S AR IR K 2 amr = 1070281 137198060 R2=097  (12)
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Tab.4 Volume changes of Mongolian scots pine samples before and after moisture

absorption under different treatment conditions

AL EEZH Heat treatment group

B - AEFL A Impregnation-heat treatment group

Wi H Item
120C 140°C 160°C 180 C 120 C 140 C 160 °C 180 °C
4= T4 Full dry volume/mm® 7.74 7.78 7.75 7.76 7.92 7.89 7.78 7.76
% 34 Moisture absorption volume/mm® 8.01 8.03 7.97 7.96 8.19 8.13 7.97 7.92
AR % Volume wet expansion ratio/% 35 32 2.8 2.6 3.4 3.0 24 2.1

= P Ah PR Heat treatment group

380 .
o IZ-HALFIZH Tmpregnation-heat treatment group

3.6}
34}
32¢
3.0
2.8 F
26
241
221
201
1.8

RBURKR Volume wet expansion ratio/%

140 150 160 170 180

5B Temperature/°C.
B R TAMATR K 26 5 b SRR B 106 R

Relationship between volume wet expansion ratio of Mongolian

120 130

Fig. 1
scots pine and heat treatment temperature
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Tab. 5 Mass changes of Mongolian scots pine specimens before and after moisture

absorption under different treatment conditions

#ALFZH Heat treatment group

12 Bi-HALFE L Impregnation-heat treatment group

i H Item
120C  140°C 160 °C 180 C 120 C 140 °C 160 °C 180 C
WY ¥E R0 & Mass before moisture absorption/g  2.625  2.681  2.546  2.630 2.973 3.039 2.761 2313
WY ¥ J5 Jii & Mass after moisture absorption/g 2950 2978 2810 2870 3.293 3.309 2.975 2.484
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Fig.2 Infrared absorption spectra of Mongolian scots pine samples

under different treatment conditions
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Fig. 3 X-ray diffractograms of Mongolian scots pine test material under different treatment conditions
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Tab. 6 Comparison of relative crystallinity of Mongolian scots pine samples under different treatment conditions

Y R R -HAL B A
TiH Item Heat treatment group Impregnation-heat treatment group
120 C 140 C 160 C 180 C 120 C 140 C 160 C 180 C
AHXT &5 & B Relative degree of crystallinity/% 36.05 41.28 43.64 49.51 38.77 42.07 45.08 53.04
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Tab. 7 Energy consumption and product emissions through the drying chamber shell under different treatment conditions
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CO, & CO, production/kg 3348 3691 4033 4375 33.14 34.85 37.42 39.48
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