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Abstract The purpose of this study is not only to investigate the effects of ammonia solution concentration on the physical 

and mechanical properties of flattened moso bamboo board, but also to evaluate the flattening yield after flattening treatment. 
In addition, the changes in crystallinity index and functional group of bamboo were also determined by X-ray diffractometry 
(XRD) and attenuated total reflectance-Fourier transform infrared spectrometer (ATR–FTIR), respectively. The results 
showed that the mass loss, flexural strength, surface color change, and dimensional stability of ammonia pretreated bamboo 
were higher than those of untreated one. In terms of the flattening yield, when the ammonia solution concentration was above 
20%, the flattened bamboo board exhibited a better surface quality, and the flattening yield could reach to more than 95%. 
Moreover, the crystallinity index of flattened board increased with increasing the ammonia solution concentration due to the 
degradation of non-crystalline polysaccharides. The specific signals of bamboo hemicellulose decreased significantly after 
pretreatment with the aqueous ammonia, as revealed by ATR–FTIR analysis. This result showed that ammonia solution could 
degrade the components of bamboo specimens during the flattening process. 
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Fig. 1. Effects of ammonia solution concentration on 
compression ratio and density of flattened bamboo 
boards. Values are mean ± SD (n = 6). Bars with 
different letters indicate significant difference (p < 
0.05). 
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Fig. 2. Effects of ammonia solution concentration on 
mass loss of flattened bamboo boards. Values are 
mean ± SD (n = 6). Bars with different letters 
indicate significant difference (p < 0.05). 
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Fig. 3. Effects of ammonia solution concentration on 
water absorption and thickness swelling of flattened 
bamboo boards. Values are mean ± SD (n = 6). Bars 
with different letters indicate significant difference (p 
< 0.05). * p < 0.05, compared with control. WA: 
water absorption, TS: Thickness swelling. 
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Fig. 4. Effects of ammonia solution concentration on 
springback of flattened bamboo boards. Values are 
mean ± SD (n = 6). Bars with different letters 
indicate significant difference (p < 0.05). * p < 0.05, 
compared with control. 
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Fig. 5. Changes in thickness of flattened bamboo 
boards after water soaking. (A) Control (untreated), 
(B) Treatment with 30% ammonia solution. 
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Fig. 6. Effects of ammonia solution concentration on 
flexural property of flattened bamboo boards. Values 
are mean ± SD (n = 6). Bars with different letters 
indicate significant difference (p < 0.05).  
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1  
Table 1. Effects of ammonia solution concentration on surface color of flattened bamboo boards. 
Concentration %  �L* �a* �b* �E* 

Control  -2.9 ± 0.8A 8.6 ± 0.6A  0.8 ± 0.3A  9.2 ± 0.3B 

10 -10.5 ± 0.8B 6.7 ± 0.3B -6.6 ± 0.4B 14.1 ± 0.7A 

20 -10.9 ± 0.4B 6.5 ± 0.3B -7.0 ± 0.2BC 14.5 ± 0.4A 

30 -10.7 ± 0.4B 6.4 ± 0.3B -7.6 ± 0.4C 14.6 ± 0.4A 

Values are mean ± SD (n = 6). Different letters within a column indicate significant difference (p < 0.05). 

2  
Table 2. Effects of ammonia solution concentration on flattening yield of flattened bamboo boards. 

The number of samples (n) 
Concentration %  

Type 1 Type 2 Type 3 
Flattening yield %  

Control 1 6 8 93 
10 0 3 12 100 
20 0 0 15 100 
30 1 2 17 95 

The samples of control, 10% and 20% ammonia solution concentration were replicated 15 times. 
The sample of 30% ammonia solution concentration was replicated 20 times. 
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Fig. 7. Effects of ammonia solution concentration on 
crystallinity index (CrI) of flattened bamboo boards. 
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ATR–FTIR  
Fig. 8. ATR–FTIR spectra of bamboo and flattened 
bamboo boards treated with different ammonia 
solution concentrations. 
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