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Influence Law of Moisture Content on Elastic Modulus and Hardness of

Pinus sylvestris var. mongolica Cell Wall

LUO Xue,ZHAO Dong-liang, XUE Zhen-hua“ ,BAO Xiu-chun,SHAO Jin-bao

(College of Material Science and Art Design s Inner Mongolia Agricultural University/Inner Mongolia Autonomous Region Key

Laboratory for Sand Shrubs Fibrosis and Energy Development and Utilization s Hohhot 010018, Inner Mongolia s China )

Abstract:In order to clarify the effect of water on the mechanical properties of wood cell wall, wood sam-
ples of Pinus sylvestris var. mongolica were selected as the research materials. Firstly,the samples were ex-
tracted with hot water,1% sodium hydroxide solution and benzene-ethanol solution at 80 °C for 6 hours,
and the ratio of solid to liquid was 1 : 20, then, the extracted wood samples were processed into pyramid
shape,and to perform moisture absorption treatment, from which the sample moisture was adjusted.
Nanoindentation test was carried out to investigate the effect of moisture content on the mechanical proper-
ties of wood cell wall,and to establish a mechanism model for further analysis. The results showed that the
longitudinal elastic modulus and hardness decreased to some extents with the increase of moisture content.
The analysis showed that water molecules entered the cell wall and formed hydrogen bonds with free hy-
droxyl groups. With the increase of water content,not only some of the original hydrogen bonds were de-
stroyed, but also hydrogen bonds were formed with the water molecules entered before,and water mole-
cules cluster was formed in the cell wall,the distance between the molecular chains of cell wall increased,
the number of voids increased,and then the elastic modulus of wood decreased. The moisture would gradu-
ally soften the main components of the wood cell wall and reduce the hardness.
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Fig. 1 Schematic diagram of sample processing
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Table 2 Equilibrium moisture content of samples under

different relative humidities %
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Fig. 2 Load-displacement curve diagram of cell wall with

different moisture contents
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Fig.3 The relationship between the longitudinal elastic modulus (A) ,hardness (B) and moisture content of wood sample cell wall
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Fig. 4 Mechanism analysis diagram
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