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1. Introduction

Advantages
Effectiveness against insects and  

decay fungi
Safe for the mammals and 

environment
Colorless, odorless
Ease of handling and treatment
Fame retardance
Low cost

Borates as
Preservatives

Disadvantages
Pure borates can not fix to 

the cell wall of wood
Boron can be leached from 

treated wood as a result of 
their water solubility

Can not adequately protect 
wood in ground contact and 
exterior applications



1. Introduction

Methods of fixing boron in treated wood
Surface treatments 
Combination with water repellents, monomer and 
polymer 
Inorganic metal and borate combination 
Vapor boron treatment 
Combination with some natural substance such as 
proteins and tannins



1. Introduction

Wood impregnated with PF-resin
For improving dimensional stability and 
mechanical strength.
Resistance to biodegradation. 



2. Materials and method

2.1 The objective of  the Research
To investigate the fixation of borates and the properties of 
the wood treated with the mixed solution of three borates 
and PF resin respectively.

2.2 Materials
Sapwood of Chinese fir (Cunninghamia lanceolata Hook.) 
and Masson pine (Pinus massoniana Lamb.) 
Dimensions
19(R)×19(T)×19(L)mm for leaching test;     
25(R)×25(T)×6(L)mm for termite test; 
19(R)×19(T)×10(L)mm for decay resistance test;
20(R)×20(T)×20(L)mm for dimensional stability test.



2. Materials and method

2.3 Resin synthesis
PF resin: Resol-type; low molecular weight 
Molar ratio of phenol : formaldehyde = 1:2.0; 
Catalyst: NaOH

2.4 Treatment of wood specimens
Borates: Boric acid (BA), borax (BX) and disodium 
octaborate tetrahydrate (DOT).
Concentration: 0.5%; 1.0%; 1.5%; 2.0%
PF resin: 20%



2. Materials and method

Determination of 
boron content

LeachingCureImpregnationSamples

Chinese fir 
Masson pine

Full-process 
treatment

60℃ for 4h 
110℃ for 8h

AWPA 
E11-06

Decay test

Termite test

Acid digestion 
ICP-OES

GB/T 13942.1-1992

Gloeophyllum trabeum (Pers.:Fr.) Murrill

AWPA E1-97

Subterranean termite (Coptotermes formosanus Shiraki) 

Procedures

Dimensional 
stability

Shrinkage: GB1932-91

Swelling: GB1934.2-91
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3.Results and Discussion 

3.1 Leaching test

Fig.1 Percentage of boron retained of samples  treated with PF resin-borates



3.Results and Discussion

3.2  Decay resistance test (Lab)

≈ 0≈ 02.0%borates
≤0.7≤0.61.5%borates

Mass loss(%)
Samples

≤0.4≤0.51.0%borates
≤ 2≤ 1.50.5%borates
159.5Untreated

Masson pineChinese fir

Tab.1 Mass loss of treated and untreated samples in 
the decay resistance test



3.Results and Discussion

3.3 Termite resistance test (Lab)

Fig.2 Mass loss of treated and untreated samples in termite test
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3.3 Termite resistance tests

(a) 0.5%BX                                             (b) 1.0%BX

Fig.3 Photos of untreated Chinese fir samples attacked by termites

Fig.4 Photos of Chinese fir samples treated with PF-BX after attack by termites 

(c) 1.5%BX                                             (d) 2.0%BX



3.4 Dimensional stability

Dimension 1: the dimension of sample saturated with water

Dimension 2: the dimension of oven dry sample

Swelling rate =
Dimension 1 – Dimension 2

Dimension 2
× 100%

Oven dryWater 
saturation

Submerged in 
waterSamples

Water 
saturation

Submerged 
in waterOven drySamples

Shrinkage rate = 
Dimension 1 – Dimension 2

Dimension 1
× 100%(1)

(2)



Masson pineChinese fir

7.115.272.446.073.621.342.0%DOT

8.705.183.067.795.262.622.0%BX

8.385.373.288.495.412.812.0%BA

7.114.162.847.995.102.831.5%DOT

7.614.612.568.455.662.741.5%BX

8.955.763.587.754.972.291.5%BA

8.065.282.938.235.882.261.0%DOT

7.484.512.377.244.772.521.0%BX

7.154.422.158.066.012.431.0%BA

7.324.472.556.514.222.060.5%DOT

7.184.553.146.474.302.420.5%BX

8.985.313.598.065.192.720.5%BA

14.038.225.2413.928.284.67Untreated

VolumeTangential RadialVolumeTangential Radial

Shrinkage rate (%)
Treatment 

Tab.2 Shrinkage rates of samples treated with PF-borates 



Masson pineChinese fir

7.314.722.859.285.712.892.0%DOT

8.544.292.188.095.242.812.0%BX

9.065.403.006.084.091.962.0%BA

8.264.502.448.695.372.921.5%DOT

8.054.282.729.246.002.821.5%BX

8.795.223.228.195.232.341.5%BA

8.775.573.029.006.252.321.0%DOT

8.094.722.437.825.022.591.0%BX

9.244.983.558.786.402.491.0%BA

7.914.682.636.974.412.110.5%DOT

7.734.763.246.924.492.480.5%BX

9.865.613.728.785.482.790.5%BA

16.368.975.5417.179.034.89Untreated

VolumeTangential RadialVolumeTangential Radial

Swelling rate (%)

Treatment 

Tab.3 Swelling rates of samples treated with PF-borates



4. Conclusion

1

A good fixation of borates in 
treated wood could be provided 
by PF resin. Among the three 
borates, the incorporation of PF-
DOT and PF-BX showed the 
better effect. Because of the 
weak acidity of BA, the results 
were a little worse than the other 
two types of borates.

2

The incorporation of PF-resin 
and three borates (BA, BX, DOT) 
provided excellent biological 
resistance against both termite 
and fungi. And with the increase 
of the concentration of borates 
the mass loss decreased. The 
dimensional stability of treated 
wood were also improved. The 
field tests would be carried out 
in the future.
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