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ABSTRACT 

The retention , penetration and a l so the d istribution 
of CCA preservative in three d i fferent conditions ( fresh , 
part ially dry and dry ) of bamboo o f  Gigantochloa 
scortechin i i  were studied . 

The study also were done in dif ferent portions 
(bottom and top ) and d i fferent part of culms ( inner and 
outer) of bamboo . Treating process app l i ed was ful l  cel l 
process with one, two and three hours pressure period . 
The results indicated that Preservat ive retention were 
affected by moi sture content and port ions of the bamboo , 
whi l e  preservative penetration only a ffected by moi sture 
content . The lower the moisture content the h igher the 
retention and the deeper the penetration o f  preservative . 
Preservat ive solution enter the culms, bes ides from the 
axial directions also from inner to outer part o f  the 
culms . It makes the preservat ive retention in the \ inner 
part of the culms were higher than in the outer part . 
Preservative penetration and retenti on in fresh bamboo , 
even though lower than dry and partially dry bamboo but 
can reach Malaysian Standard ( MS . 360 : 1986)  for interior 
purposes . Moreover the dried bamboo , where the moisture 
content is below 15 % and part i a l ly dried bamboo , where 
the moi sture content are between 4 0  to 5 0  % can reach 
Malaysian Standard for both interior and exterior 
purposes . 

i i  
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I. INT RODUCTION 

Bamboo is a material for many purposes . It i s  used 

widely a nd plays a big role in rural day to day l i fe , 

especially in southeast As ian region . In modern l i fe , bamboo 

is also important as a structural and ornamental material . 

This i s  because of its strength , elasticity , straightness , 

lightness properties and its ease in process ing to d i fferent 

products . 

The potent ial of bamboo to supply a number o f  industries 

i s  more than suffic ient . Preecha ( 19 8 7 ) reported that the 

commerci al bamboo stands are about one fourth o f  the world 

forest and the annual bamboo output is estimated at about 

seven million tons . Furthermore , Masathoshi ( 19 8 6 )  mention 

that 8 0  percent of the total bamboo resources of the world i s  

d i stributed in Southeast Asia . 

I n  Malays ia , the wild growing bamboo covers about f ive 

percent o f  the country's forest . Thi s  i s  about 7 2 9 , 0 0 0  

hectares with a n  estimated standing stocks o f  about 7 . 0  

million tons ( Mohmod , 1 9 8 7 ; Sabri , 1 9 8 7 ) . The main 

species belong to the genus Gigantocloa representing also 

the most useful group of species . They are generally found 

in the state of Kedah and there are about 2 7  million stocks 

whi ch are almost equivalent to 1 7 9 , 0 0 0  metric tons o f  air 

dried bamboo . Other species reach a f igure o f  around 1 8 5 , 0 0 0  

metric tons ( Mohd Nor and Wong , 19 8 5 ) . 
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with the abundance o f  bamboo culm products and its 

usefu l ness in the rural areas , it is c l ose to the people . 

Practically , it is evident in a l l  their daily needs from 

bridge building to cooking equipment in the kitchen . It is 

a l so widely used for bui ld ing construction , scaf folding ,  

fencing , p ip ing , handicrafts and numerous valuable products . 

As o f  the present , it i s  more widely uti l i z ed in 

decorative hous ing , furniture and handicraft app l ied ,  hence 

it i s  very popular. But l ike other s imilar material s ,  bamboo 

is eas i ly prone to attack by organisms l ike insects and 

fungi , making its service l i fe short . Therefore , to prolong 

its usefulness ,  preservative treatment must be app l ied . 

It is worth noting that there are several existing 

methods in preserving bamboo . Traditionally , the methods 

commonly used are leaching , smoking and whitewash coatings , 

but a l l  of them were not e ffective enough and consume a lot 

o f  t ime. Due to these disadvantages ,  it is no longer 

economical to apply them in the industry . 

On the other hand , chemica l s  are also being used , which 

are more e ffect ive . They are either appl ied in fresh or 

dried bamboos .  Preserv ing fresh bamboo i s  preferable to 

dried bamboo because the drying process needs to be done only 

once . Thi s  means a reduction in the cost o f  production . 
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Full cell process , one of the methods o f  preservation , 

i s  known f o r  its good penetration and retention of 

preservatives in the t imber . It is a fast process , yet 

controllable . unt il now this process is known to be good only 

for t imber dried below f iber saturation point ( FS P ) . There 

has been no research on the application o f  thi s  method on 

fresh bamboo . However , there is st ill a chance to cons ider 

this method for preserving the fresh bamboo , because the 

bamboo
' 

culm i s  not too thick which full cell process suits 

well . 

Obj ectives : 

To determine the ef fects o f  moisture content o f  fresh , 

part ially dried and dried bamboos on parameters such as 

preservative penetration and retention , 

To ident i fy the appropriate period o f  pressure 

application with the full cell process of preserving 

fresh , partially dried and dried bamboos ,  

To evaluate the preservative penetration and retention 

between the bottom and top portions of fresh , partially 

dried , and dried bamboos ,  and 

To analyze the di stribution o f  preservative in the 

outer and inner part of the bamboo culm . 



A. BAMBOO 

II. LITERATURE REVIEW 

A.l. Potential and Uses 

Bamboo, a member of the grass family ( Graminae ) ,  is 

cons idered to be a fast growing and h igh yielding 

renewable resource . It occurs as elements in the 

natural vegetation o f  the tropical, subtropical and mild 

temperate regions of the world . It can grow from sea 

level to alt itudes of more than 1 3 , 0 0 0  feet ( McClure , 

1 9 5 3) . 

Bamboo is known as a minor forest product in 

several countries . Even though it i s  not so popular as 

rattan, bamboo is abundant . About 7 5  genera and 1 2 5 0  

spec ies occur in the d i fferent countries o f  the world . 

Mostly they come from the east with 8 0  percent in the 

Southeast As ia region ( Sharma, 19 8 0  ; Preecha , 1 9 8 7) .  

More than ten million tons o f  bamboos are produced 

annually in the world of which the commercial ones 

amount to seven millions tons . They are in the form of 

many products like cooking utens ils, tool handles , 

p iping , scaffolding , ladders, construction components , 

furniture, mus ical instruments , agricultural implements 

and so many other products ( Sharma , 1 9 8 0) . 
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Mostly 

construction 

the utili z ation o f  bamboo i s  for 

or hous ing . In Indones ia for example 

about 7 0  percent of bamboo is used for that purpose 

( Felix Yap , 1 9 7 8  i Widj aya , 1 9 8 0) • 

According to S iopongco and Munandar ( 19 8 7) , bamboo 

i s  demanded for construction purpose in rural areas' , 

because o f  relatively low cost and be ing easy to get . 

It is also light weight , easy to handle ,  to transport 

and it is erect . It can be worked on to produce a 

number o f  basic housing components like posts , beams , 

flooring , walls , roof trusses , doors and windows . Its 

pl iable property makes it res istant to extremely strong 

winds and earthquakes .  

A . 2. Characteri stic 

Bamboos that can reach 36 meters in l ength and 

3 0  cm diameter , general ly have culms which are 

cylindrical and smooth . They are usually holl ow ins ide 

and have transverse dividing walls at the nodes , which 

completely separates the cavity o f  one internode from 

the next . The tissue o f  the bamboo culm is bui l t  up of 

parenchyma cells and vascular bundles cons isting of 

vessel s ,  thick-wal led fibers and sieve tubes . The 

movement of water in the culm takes p l ace through the 

vessel s .  The orientation o f  all the cel l s  i s  in the 

vertical direction . 
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The culm i s  covered outs ide and ins ide by hard waxy 

cuticles which offer considerable resistance to the 

absorption of water or other l iquids , particu l arly when 

dry . Thi s  characteristic is o f  importance when 

impregnation by chemica l s  is required (Anonymous , 1 9 7 2) . 

According to Liese (l98 0a) , parenchyma t issue 

percentage is highest in the bottom internodes and 

gradual ly decreases towards the top . S imilarly , the 

percentage is reduced towards the periphery and shows 

marked increase towards ins ide . 

The vessels occupy only about 1 5  percent o f  the 

culm . In the internodes a l l  vessels are oriented 

para l l e l  to the culm axis w ithout any branching or 

contact . Ins ide the nodes , an intens ive branching takes 

place making the horizontal transportation of l iquids 

poss ible. In the nodes the vessel s  are connected with 

each other by pits . 

A . 3.  Moisture content of Bamboo 

Moisture content of bamboo varies with so many 

factors . The fresh bamboo has moisture content 8 0-1 6 0 % . 

The moisture content decreases with the height o f  

from the ground . It a l so varies w ith the age o f  

culm and the season . 

culm 

the 
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Liese ( 1980a) mentioned that the moisture content 

at the bottom of the culm was about twice that 

top portion in the dry season and 1 . 3  times 

season . The moisture content in the internodes 

two to seven percent higher than the nodes . 

at the 

in rainy 

showing 

Older culms ( 6  to 9 years) conta in l ess moisture 

than younger ( 3  to 4 years) ones . The youngest culms ( 6  

months to 1 year) show the highest moisture content . 

The d i fferences due to age , however , are not as great as 

the d i f ferences due to seasons (Anonymous , 1 9 7 2) . 

The moisture content o f  the bamboo has a great 

influences on its treatib ility with preservative 

( Anonymous , 1 9 7 2) 

A .4. Durability 

Bamboos are highly susceptible to destruction by 

insects , fungi and f ire . There is variation in 

durab i l ity from species to species . within the culm , 

the middle and top portions are less resistant than the 

bottom portions (Anonymous , 197 2) . 

When the bamboo is still wet,the organisms which 

attack are fungi , whi l e  when it is dry the insects l ike 

Bostrychidae and Lyctidae beetles w i l l  attack very fast . 
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The durab il ity of untreated bamboo i s  general ly 

poor , it depends on the cl imatic conditions and 

env ironment . Untreated bamboo may have an average 

service l i fe of fewer than 1 - 3 years when it is exposed 

to atmosphere and soil , and it may be expected to last 4 

7 years or more under covered cond itions . In the sea 

water it is destroyed by marine organ i sm in l ess than a 

year ( Liese , 1 9 8 0) . 

It was also reported that bamboo posts embedded in 

the ground are destroyed in 6 months to 2 years and if it 

stored above the ground can reach 22 to 4 1  months useful 

l i fe (Anonymous , 1 9 7 2) . 

B .  BAMBOO TREATMENT 

Bamboo is eas i ly prone to biodeterioration and the 

people have known that for a l ong t ime . Due to that , 

people have tried in so many ways to prevent bamboo from 

b i odeteriation attack . Plenty of research also has been 

done to get the best treatment . 

People use many methods to treat bamboo , from 

traditional ones where chemical s  are not involved to the 

chemical methods . 
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B . l. Traditional Method 

The traditional method is the treatment where the 

chemica l s  are not used . George ( 19 8 4) mentions that the 

traditional methods such as leaching in water , smoking , 

and whitewashing cost l ittle and can be carried out 

without special equipment or technical skil l . However , 

the e ffectiveness of these methods i s  not so great . 

Leaching is done by submerging a freshly cut bamboo 

in water . It can remove the starch and sugars from the 

bamboo , where those are attracting insects such as 

powder post beetles . 

The disadvantage o f  this method is in taking a long 

t ime to remove starch and sugars completely from the 

bamboo . George ( 19 8 4) mentions 1 5  weeks i s  needed to 

leach the partial ly dry culms , and Gracia and Tessoro 

( 19 7 9) ment ion that leaching for 8 weeks did not produce 

any resistance to the attack of powder post beetle . 

Another problem is that leaching in stagnant water may 

l ead to stain ing of the bamboo (Anonymous ,  1 9 7 2  

George 1984). Liese (1980b) also mention that soaking 

bamboo in the water does not increase the durability 

aga inst termites and fungi . 
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B. 2. Chemical Methods 

The methods us ing chemicals as preservative for 

preservation are generally more e ffective than non

chemicals methods . In the application , there are two 

types , f irst is non-pressure treatment and the second i s  

pressure treatment . 

2. 1. Non-Pressure Treatment 

There are several methods that people 

usually do , like brushing , spraying , d ipping , 

soaking , Boucherie process and open tank treatment . 

Liese ( 19 8 0) mentions that brushing and 

spray ing are rarely done except for prophylactic 

purposes because these methods have only a 

temporary e f fect , reflecting the very low 

penetration of preservative . 

Immers ion in the preservative solution for a 

longer time gives a better result . 

Abdurrochim ( 19 8 2) reported that bamboo can be 

soaked with good result in water soluble 

preservative for two or three days. Barly and 

Permadi ( 19 8 7) also mentioned that one day soaking 

in BFCA preservative give high retention and 

penetration of preservative in bamboo . The 

moisture content of the bamboo in those experiment 

were a ir dry . 
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The Boucherie method is known as a n  e f fective 

treatment for freshly cut material .  The 

preservative is forced by gravity from a container 

placed higher than the culm , so the preservative 

will move from one end o f  culm to another . This 

method could give good results . The only drawback 

of this process is that it needs several days o f  

treatment and i s  d i f ficult for mass productions . 

The other problem for such a method o f  

preservation i s  usual ly the preservatives used for 

that purpose are leachable , therefore , easily 

washed or leach out a fter treatment ( Dickinson , 

1 9 8 9) ,  which makes them not suitable for outdoor 

purposes . 

2. 2.  Pressure Treatment 

Pressure treatment of bamboo is carried out in 

some countries , both with water-borne preservative 

and with creosote . Ful l  cel l process is applied to 

preserve bamboo using water-borne preservative and 

creosote , whi l e  empty cell process is being applied 

using creossote . the ful l  cel l  process is noted by 

the presence of initial vacuum , pressure period and 

f inal vacuum , while in the empty cel l proces s , the 

initial vacuum is absent. 
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According to Richardson ( 19 7 8) the full cell 

process is normally employed when it is required to 

achieve the highest possible loading o f  

preservative within material . 

Generally it is employed to achieve very h igh 

retentions of creosote or rapid fixing water-borne 

salts , particularly CCA types . 

Tack ( 19 7 9) mentions that the main advantage 

o f  a pressure process is that deeper and more 

uniform penetration is obtained together with 

higher absorption o f  preservative , giving more 

e f fective protection . It can also be controlled to 

suit the specific requirements of the timber in 

use . 



III. MAT ERIALS AND METHODS 

13 

The bamboo as materials used in thi s  experiment i s  the 

most abundant species in Malays ia . It belongs to 

Gigantochloa scortech ini i  and i t  i s  commonly used by most 

bamboo industries in Malays ia for several purposes . 

The specimens were collected from Ulu Langat , Selangor 

state, Malays ia . 

A. SAMPLE COLLECTION AND PREPARATION 

Thirty (30) culms of Gigantochloa scortechinii with 

d iameter breast height values of 6 - 9 cm and around 13 

15 m height were ident i f ied . The selected bamboos were 

about 5 - 6 years old . 

The bampoo stands were cut about 30 cm from the 

ground and were then cut into 8 meters length from the 

origina l  cut . These were further cut into two equal 4 m 

sections , representing the bottom and top o f  the stem . The 

total number of specimens was 60 cu1ms which consisted of 

30 culms of bottom portion and 30 culms o f  top port ion . 

Those 60 specimens were subj ected to three dif ferent 

conditions . Ten culms from each portion ( total 2 0  

specimens) were placed in a cool room to keep them in 

fresh condition of about 93 - 112 % moisture content . 
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The second ten culms each from top and bottom 

portions also were placed in a kiln (dehumidi f ier system) 

for two weeks until the moisture content reached below 15 

% .  The rema ining twenty culms from top and bottom portion 

were placed in an ordinary room and l et dry natural ly ( a ir 

drying) until the moi sture content was 40 - 50 % .  

I n  the process of obta in ing the des ired moisture 

content , the moi sture content of bamboo was checked by 

using moisture sample culms . The initial weight and 

moisture content of the sample culms were taken f irst and 

then regular daily we ighings were done until the target 

o f  moisture content for each conditions was reached . 

After the des ired moisture content was obtained , a l l  

the culms from each condition were further cut into two 

p ieces for preservation samples and also one p iece for 

mo isture content sample (as shown in F igure 1) . The 

l ength o f  the preservation sample was 130 cm , whi l e  

moisture content sample was 2 cm . The diagram o f  the 

cutting pattern for each culm is shown in Figure 1. 

The actual moisture content of the preservation 

sample was determined from a mo isture content sub-sample . 
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Figure 1. Cutt ing pattern of the sample 

B .  MONIT ORING THE MOISTURE C ONTENT 

In the kiln drying and air drying process ,  the 

moisture content of the culms was monitored by using sample 

culms . The sample culms were cut into 1 5 0  cm long pieces . 

For every condition , five ( 5) samples were prepared . All 

o f  the sample culms were end coated by Shellkote to prevent 

evaporation from longitudinal directions . The initial 

moisture contents of the sample culms were measured using 

oven dry method ( as described in para C . ) , while the 

initial weights of the test culm were also determined . 


