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Treatment of Acacia mangium Poles by Pressure Process with 
Copper-Chrome-Boron (CCB) Preservative
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Introduction
Acacia mangium now-a-days, is an established 

and promising tropical fast-growing tree species. It 
was first introduced in Bangladesh in 1979 by 
Bangladesh Forest Research Institute (BFRI) and 
there after by Bangladesh Forest Department 
(Zashimuddin et al. 1983). The species is found 
suitable for plantation in several areas of

Bangladesh (Zashimuddin et al. 1983). It can grow 
satisfactorily on otherwise unproductive sites and is 
particularly suited for controlling soil erosion and 
weeds in areas heavily infested with imperata 
grass. Its important attributes include rapid early 
growth, good wood quality and tolerance of a range 
of soil types and pH (National Research council 
1983).
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Abstract
A study was conducted on the preservative treatment of Acacia mangium poles to determine the 

treatment schedule for out door use. The poles contained 52.27% sapwood which is generally perishable by 
wood destroying organisms. In this study, 27 poles were treated with 10% CCB (Copper-Chrome-Boron) 
aqueous solution by Lowry empty-cell process. Three different pressure and three time periods were 
applied to evaluate the depth of penetration and amount of retention of the preservative chemicals. It was 
observed that preservative chemicals penetrated the entire sapwood portion of the poles which is the main 
criteria for the protection of poles. But, a little bit increase was observed in penetration with the increasing 
pressure and time period. Although, the retention of the preservatives was found to increase significantly 
with the increasing pressure and time. The highest retention of 22.98 kg/m3 and full penetration of sapwood 
was observed at 1.04 N/mm2 pressure for three hours. It is expected that the applied preservative with the 
treating schedule can 
condition.
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or in 
pulp and paper making. The wood makes attractive 
furniture and cabinet moldings, and door and 
window components (National Research Council, 
1983).

Generally, A. mangium trees grow tall, straight 
with clear boles (Anon 1983). This tall and 
cylindrical bole indicates that it may be suitable for 
transmission poles from the standpoint of its 
physical size. On the other hand, the strength of A. 
mangium pole in service has been greatly reduced 
as

of air-dried Acacia mangium poles using CCB for 
protecting them from wood degrading organisms.

Materials and Methods
Fifteen Acacia mangium poles were collected 

from 9-12
Bangladesh Forest Research Institute at Silviculture 
Research Station, Keochia, Chittagong. At the time 
of felling, the trees have attained an average height 
of 9-15 m and girth of 56-90 cm. Both the outer 
and inner barks of the poles were removed. In 
peeling timber, even the thin inner bark should be 
removed as completely as practicable, since it is 
relatively impermeable (Hunt and Garrat 1967). 
The poles were then stacked for air-drying in open 
shed to reduce the moisture content of the poles 
below 15%, as per the specification of Bangladesh 
Standard Testing Institute (BSTI) (Anon. 1979). 
Before preservative treatment, all the poles were 
sized into requisite length (2.5 m long). The general 

as diameter,species is 
microbial deterioration than its physiologically 

tree stem, and this 
susceptibility is mainly attributable to the lack of 
anti-microbial extractives normally found in the 
heartwood (Wang et al. 1988).

The treated sapwood gives a pole, as a whole, 
an increased service life by 3—4 times (Latif et al. 
1981). A. mangium poles, for power transmission 
and electrification, need to be treated to get the 
sapwood completely penetrated with preservatives.

Elias et al. (1993) and Lahiry (1996) studied the 
preservative treatment of kiln dried A. mangium 
poles by pressure process using copper-chrome­
arsenic (CCA) preservative chemicals where 
acceptable retention were obtained. Kiln drying is 
expensive and some times not available in all 
places. Arsenic of CCA is a hazardous chemical. In 
the present study boron was used instead of arsenic 
which is environmentally friendly and poles were 
air dried.

Under these circumstances, the present study 
was undertaken to determine the treating schedule

its sapwood buried in the ground as perished 
within a year. It is acknowledged that the sapwood 
of most tree species is more susceptible to

A. niangiuni has distinct light cream colour 
sapwood and dark brown colour heart wood with 
fine grain (Sattar et al. 1993). The wood density 
ranges from 420—483 kg/m3 based on green 
volume: at air dry condition it varies between 
500—600 kg/m3 (Kader and Kuo 1991). It can be 
used in solid form, in panels manufacturing

characteristics of the poles such 
percentage of sapwood, percentage of heartwood 
and heart-rot affected area were assessed and given 
in Table 1.

Aqueous solution of 10% CCB (2:2:1) was 
used as preservative chemicals in this study. The 
chemicals, i.e., copper sulphate, sodium 
dichromate, and boric acid were all commercial 
grade (95% purity). The concentration of the 
solution was checked by hydrometer. The pole 
samples were treated by Lowry empty-cell pressure 
process at three different pressures i.e., 0.52 
N/mm2, 0.69 N/mm2 and 1.04 N/mm2 and three 
different time periods, i.e., 1,2 and 3 hours. In each 
treatment there were three sample poles. The CCB 
treated poles were weighed individually before and 
after the treatment to determine the absorption of 
the preservative solution inside the poles. The 
penetration of the copper compound 
determined by using 

American
Association (AWPA) standard method (Anon. 
1991). Statistical analysis result was find out by
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ANOVA test. Penetration of preservative (1.9764) 
indicates significant at 5% probability level (Table 
2). Retention of preservative chemicals (251.7) and 
(67.22) Indicate highly significant at 1% 
probability level (Table 3).

kg/m3 (Table 3) 
and

The problem with Acacia tnangium is the 
infestation of 'heart rot' which may reduce its 
strength (Anon. 1983). The presence of flutes and 
incidence of rots and termite attack decreases the 
quality and quantity of sawn timber obtained from 
A. mangium logs. In the present study, it was found 
that about 11 —20% area of the log was affected by 
heart rot. According to the Bangladesh Standard of 
Specification, 30% heart rot may be permitted in 
the pith region of the butt surface for using as poles 
(Anon. 1979).

This species meet the requirements of group B 
for use as a transmission pole according to the 
Bangladesh Standard specification ranging bending 
strength from 630—850 kg/cm2 (Anon. 1979). The 
minimum circumference required fbr pole at

sapwood was
chemicals (Table 2).

Research report of Commonwealth Scientific 
and Industrial Research (CSIR) (Toit and Conrad 
1988) indicated that average sapwood retention 
levels are required fbr adequate protection of poles 
against wood rot and termite attack. In this study it 
is expected that this penetration would provide 
adequate protection of the pole fbr ground contact 
service.

The results of retention of preservatives at three 
different pressures and time periods are shown in 
Table 3. Retention of the chemicals was calculated 
from the absorption of preservative solution and 
volume of the wood. By applying 0.52 N/mm2 
pressure fbr one hour, the lowest retention was 
recorded. It was found that with the increase of 
pressure and time period the retention inside the 
poles increased gradually (Table 3).

According to Bangladesh Standard Testing 
Institute (BSTI), timbers in direct contact with 
ground or water, especially in outside locations, 
such as poles, piles, fence-posts, etc. the required 
retention fbr CCA preservative chemical is 16 
kg/m3 (Anon. 1988).

In the present study, 22.98 kg/m3 retention in 
the sapwood was obtained on using 1.04 N/mm2

pressure and 3 hours treating time which fulfill the 
requirement of the specification of the Rural 
Electrification Board Bangladesh, where minimum 
retention is needed to be 20 kg/m3 CCB in an assay 
zone of 0.0-1.25 cm (Anon. 1988).

Elias et al. (1993) and Lahiry (1996) studied 
the preservative treatment of kiln dried A. mangium 
poles by pressure process using CCA preservative 
chemicals where acceptable retention of 22.98 

obtained. Younus-uzzaman 
Akhter (1999) studied Eucalyptus 

camaldulensis poles by pressure process using 
oil-bome preservative and found acceptable 
retention of preservative chemicals after 3 hours 
with a pressure of 1.04 N/mm2. In the present study, 
the required retention of the preservative chemicals 
inside the poles was obtained on applying pressure 
of 1.04 N/mm2 fbr three hours.

The results of penetration and retention were 
analyzed statistically to evaluate the significant 
effect of treating pressure and time. It was found 
that the increase in pressure and time increase the 
penetration of preservative in the wood slightly 
(Table 2), but it showed significant effect on the 
retention of preservatives into the sapwood (Table 
3).

Results and Discussion
The penetration of preservative chemicals in A. 

tnangium poles at different pressures and time 
periods are shown in Table 2. Nine samples were 
taken from each pole by increment borer and the 
depth of penetration of the chemical was measured. 
In most cases, the depth of penetration exceeded 

The poles were found to have average 
sapwood of 2.5 cm thick. Thus, almost the entire 

found to impregnate with the
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Table 1. Characteristics of 27 Acacia mangium poles determined during the study
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used 
preservative treatment.

No.
1
2
3
4
5 

~6~

T-

Amount 
15.52 cm 
10.83 cm 
2.50 cm 
2.80 cm 
2.40 cm
2.28 m 
52.27% 
47.73% 
9-22%

Effect on Environment
Rural Electrification Board and Power 

Development Board (PDB) use CCA treated poles 
for telecommunication and power transmission. 
Under normal exposure to water almost all of the 
CCA would be expected to remain fixed within 
wood (Greaves 1985). CCA-C treated wood poles 
are performing well in Bangladesh for last 15 years 
in brackish water and ground without showing any 
sign of leaching (Lahiry 1996). But arsenic 
presence in CCA is not environmentally friendly 
which creates long term pollution for human, 
animals and plants.

Borates have been extensively studied in other 
countries, but have received limited attention in 
Bangladesh. Boron presence in CCB is an excellent 
preservative, Goodell and Pendlebury (1991) 
argued that boron was found to diffuse successfully 
throughout the ground line region of poles; it 
diffused from the center boring sites throughout the 
wood cross section in the 1 st-yr period of study. 
Borates are also more acceptable because they have 
less toxicological problems to the environment. But

it is more Icachablc than arsenic.
Peylo and Willeitner (1988) studied CCB 

leaching from CCB treated poles. Severe leaching 
was found in the pure boron treated beam, where 
35% boron 2% copper and 0.1% chromium were 
found washed out with rain water from CCB treated 
beam after five years. The oral lethal dose of boron 
is 3-6 g/kg for a child and 15-30 g/kg for an adult, 
and the acute toxicity (LD50) is 3-4 g/kg for rats. 
Because little boron is stored in the human body, 
boron probably causes no lasting damage 
(Nishimoto 1982).

Characteristics
Average diameter of the poles
Average thickness of heartwood zone
Average thickness of sapwood zone 
Maximum thickness of sapwood zone 
Minimum thickness of sapwood zone 
Average length
Average percentage of sapwood zone 
Average percentage of heartwood zone 
Heart rot affected area

Conclusion
A. mangium pole is possible to treat without 

subjecting any pre-treatment condition. Applying 
1.04 N/mm2 treating pressure and three hours 
treating time, 22.98 kg/m3 retention of preservative 
chemicals can be obtained which is adequate fbr 
poles/posts to be used in ground contact. Therefore, 
it may be recommended that this species may be 

as poles/posts in outdoor condition after

ground level is from 40—60 cm of different classes 
tor group B may be used as poles for 
telecommunication lines. The present study shows 
that A. mangium poles fulfill the standard 
requirement of circumference.



Mean

Note: *Indicates significant at 5% probability level.

Retention
F-ratioMean

16.21
18.8319.12 19.2918.010.69

251.7*22.9820.12 22.13 26.721.04
17.68 19.14 21.20Mean

67.22*F-ratio
(ANOAV A)

Note: * Indicates highly significant at 1% probability level.
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Table 3. Retention of preservative chemicals found in 27 Acacia mangium poles at three different 
pressures and time periods

1.9764* 
(p=0.167)

Pressure
(N/mm2) F-ratio

(ANOVA)

Table 2. Indicates significant differences in penetration of preservative between the different pressure 
levels.
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(kg/m3)
Time period
(ANOVA)

17.60

2.40
2.57
2.64

0.52
0.69
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Mean
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(ANOVA)

Time period 
(2 hrs) 
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Time period 
(2 hrs) 
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2.56 一 
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2.55
0.3466 (Insignificant)

Time period 
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2.53 -
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Penetration (cm) 
Time period 
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2.48 
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Pressure 
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