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= Research Report = 

Processing and Drying Properties of Timber Cut 

from Leaning Stem of Grown 

Acacia mangium and Acacia auriculiformis 
Dr. Zaidon Ashaari and Prof. Mohd. Hamami Sahri 

Faculty of Forestry, Universiti Putra Malaysia 

We conducted a series of studies at 
Universiti Putra Malaysia (UPM) on the 
properties and utilization of timber cut 
from the leaning stem of grown Acacia 
species. The research work was divided 
into several major parts related to the 
evaluation of processing and drying 
properties, as well as utilization of these 
timbers for particleboard. However, only 
the processing and drying properties of 
the timber are reported in this newslet-

ter. 
Acacia 111a11giu111 and Acacia 

auriculifarmis are among the multi-pur­
pose fast growing timber species intro­
duced in Malaysia to augment the dimin­
ishing supply of timber from the natural 
forest. Acacia wood is suitable for mak­
ing furniture, light structural timber, cabi­
net works, wood composites and pulp and 
paper. However, with the application of 
various sivilculture treatments to achieve 

optimum site productiv­

Felled Acacia 111a11g1i1111 at UPM:S pla111atio11 

ity, fast grown Acacia 
trees may contain growth 
stresses, especially in 
leaning stems on flat ter­
rain, or upright boles on 
hill slope. Stressed wood, 
which is also known as re­
action wood, refers to the 
tissue of a living tree that 
is exposed to stresses dur­
ing the maturation period. 
In hardwood, the reaction 
wood formed on the up­
per side of a leaning stem 
is known as tension 
wood. The presence of 
tension wood will reduce 
the quality of the timber 
during processing, thus 
limiting the end uses. The 

extent of defects in tension wood can be 
minimized if proper measures are taken 
during the processing and drying of the 
lumber. 

Acacia 11u111gi11111 and Acacia 
auricu!tfarmis trees ( 17 and I 5 yrs-old, 
respectively) w ith leaning stems were 
felled from a plantation field at UPM. For 
comparison purposes, trees with straight 
stems were also felled. Property evalua­
tion was conducted on 40mm thick lum­
ber. Defects of the boards were evalu­
ated after drying using a low temperature 
dehumidifier kiln. The Quick Drying Test 
(QDT) was employed to determine the 
appropriate drying schedule for the 
boards. 
On the machining properties, the boards 

that contained tension wood incurred 
burning marks, tom grain and fuzzy grain 
on the surface after sawing, planing, bor­
ing and sanding. Regarding mechanical 
properties, the tension wood was stron­
ger and stiffer than nonnal wood. How­
ever, the tension wood was hard to coat 
and laminate. Regardless of species or 
type of wood, the time taken to dry the 
boards to about J 1- 18% MC using the 
low temperature dehumidifier kiln was 21 
days. Casehardening was found on the 
boards containing tension wood. Boards 
with tension and normal wood of A. 
111a11git1111 were found to have similar cup­
ping, bowing and slight to moderate end­
checks and honeycombing, but the ten­
sion wood had a relatively higher degree 
of t he defects. Tension wood of A. 
a11ricultfarmis had more severe defects 
than nonnal wood. The two species had 
more or less the same defects except that 
the normal wood of A. a1✓ric11/{lormiswas 
free from twisting. End-checks and hon­
eycombing were found to be more severe 
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in A. a11ric11/(far111is boards than in A. 
111a11g1i1111 boards. 
The drying schedules determined from 

QDT for 40 mm thick A. 111a11gti1111 was 
D34/W44 for normal wood and D33/ 
W34 for boards consisting of tension 
wood. These schedules were similar to 
those of Schedule G recommended by the 
British Forest Product Research Labora­
tory (BFPRL), nonetheless the proposed 
schedules call for relatively harsher con­
ditions (lower RHs). The schedules pro­
posed for A. auriculffon11is(D23/W24 for 
boards with normal wood and D23/W44 
for boards with tension wood) were com­
parable to those of Schedule F ofBFPRL. 
Compare to nonnal wood, tension wood 
of both species required milder conditions 
for kiln dtying. 

wood), since it dictates the overall yield 
in lumber production. A typical Acacia 
sawmill has a relatively low recovery rate 
of 25-40% due to heartrot. With the ad­
dition of potential drying defects, this 
number can be even smaller. It is thus 
undoubtedly important to further study 
the processing and drying techniques of 
these timbers, which will not only ben­
efit Malays ia, but also the Indonesia, 

Thailand and other producing countries. 
ln addition, it is crucial to cany out fun­
damental studies of the analysis and quan­
tification of the morphological properties 
of tension wood and how they influence 
the processing and drying properties of 
the lumbers. An international collabora­
tive research work on these studies will 
be proposed to the JSPS Core University 
Program in the next fiscal year. 

These finding may help in promoting 
the use of such material in sawmill pro­
cessing plants, a nd increase the use of 
plantation timber. It is widely considered 
among Malaysian sawmillers that drying 
of Acacia timbers is one of its greatest 
limitations ( due the presence of tension Lumber cut from leaning stem of Ac{lio 111m1gi11111 

= Research Report = 

Recent Research Topics in Wood Preservation 
Mr. Yoshiyuki Yanase 

Div. of Forest and Biomaterials Science, Kyoto Univ. 

Recently, there have been many studies 
on preservation of wood against termite 
and fungal attack and weathering, with 
increasing needs for wooden strucn1res 
and products. For optimum control of 
termites, it is important to approach the 
problem from several research fields, in­
cluding the chemical control oftem1ites, 
the evaluation of several wood species or 
treated wood against tennite attack, tax­
onomy of the genus and ecological con­
trol, development of technology for de­
tection of termite attack. I will introduce 
several topics ofrecent studies I reviewed 
while visiting Indonesia on 1-10 Septem­
ber, 2002, to participate in The Fourth In­
ternational Wood Science Symposium 
held at Puspiptek Campus, Serpong, In­
donesia, on 2-5 September, and to accom­
pany the research on termite species and 
the damage to houses in Pontianak, 
Kalimantan Island, on 6-9 September. 

the conventional chemical treatments but 
also less-chemical treatments and chemi­
cal-free treatments were researched, and 
we will be able to use them for the sev­
eral situations in the future. There are 

many kinds of tropical wood species in 
Indonesia and their resistance to Indone­
sian termites was evaluated, as many 
Japanese and imported woods were ex­
amined for Japanese termites in Japan, 
showing the importance of using appro­
priate wood species for wood products 
to prevent termite attack. Furthermore, 
damage by dry-wood termites has been 
extending in Japan, and it is also a seri­
ous problem in Indonesia, because it is 
difficult to detect dry-wood termites and 

Firstly, it is very important to compre­
hend the distribution of termite species 
in each area, because termite activity and 
ecology is different for each species and 
the most effective method to control ter­
mite should be selected. Coptoter111es 
spp. is perhaps the most economically im­
portant termite species, distributed on the 
islands in Indonesia, and also in Japan. 
For the control of this species, not only 

Ten11ile 11101111111e/ qfM. gi/vus 



to control them, and dry-wood termites 
attack not only wooden constructions but 
also wall materials and furniture inside 
buildings and bamboo. The "Acoustic 
Emission (AE)" method is one of the 
non-destructive methods applied to de­
tection of dry-wood termites. In Japan, 
the application of AE monitoring for dry­
wood tennites in wooden houses was use­
fu l, and it may be possible to detect In­
donesian dry-wood termites, similarly. 

After the symposium, I visited 
Pontianak, Kalimantan Island on 6-9 Sep­
tember to accompany 4 Japanese and 2 
Indonesian members in research on the 
tennite species and the damage to houses. 
The distribution and identification ofln­
donesian termite species have been ex-

amined through field investigations in 
tropical forests. For research of tax­
onomy of Coptoten11es spp. in urban ar­
eas and in tropical rain forests, using cu­
ticular hydrocarbon analysis and DNA 
analysis as well as the morphology of ter­
mite body, we visited the campus of 
Fakultas Kehutanan , Un iversitas 
Tanjungpura (Faculty of Forestry, Univer­
sity ofTanjungpura), houses in urban ar­
eas, and a tropical rain forest. We have 
observed the damage by term ites in 
houses, and collected Coptotermes spp. 
of urban areas. In Indonesia, the damage 
by tennites was concentrated in wooden 
walls and furniture in houses because the 
construction framework houses were not 
made of wood, unlike houses in Japan. 

= New Project = 

Tissue Culture and Molecular Breeding of 

Tropical Trees 
Dr. Takahisa Hayashi 

WRI, Kyoto Univ. 

An ongoing goal in the field of forest­
tree biotechnology is to induce woody 
plants to grow faster and to increase cel­
lulose deposition. Since woody plants 
have a long generation time, it is diffi­
cult to apply traditional breeding meth­
ods for their improvement. The improve­
ments mentioned above are required not 
only to increase the production of tim­
ber, paper materials and energy but also 
to ameliorate problems from rising atmo­
spheric carbon dioxide levels by virtue 
of the large carbon sink offered by trees. 

N. Sumiasri and D. Priadi (UPI) are go­
ing to focus on developing propagation 
and E. Sudannonowati and N. Sri (LIPI) 
plan to work on genetic engineering on 
tropical trees, Acacia 111a11gium, 
Parasericm.falcataria and Palaqt1it1111 
hera11rlnt111. N. Yoshizawa and S. Yokota 
(Utsunomiya Univ.) expect to work for 
tissue culturing of tropical trees, T. 
Hayashi (Kyoto Univ.) for the ir genetic 
engineering, K. Baba (Kyoto Univ.) for 
tension wood formation on transgenic 
tropical trees, and T. Okuyama and H. 
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As a side topic, there were many ter­
m ites on a living tree near the Guest 
House, and I observed them w ith inter­
est. After the symposium, Dr. Yoshihisa 
Fujii, Dr. Yoko Takematsu, Mr. Kohei 
Kanbara and I have found a mound nest 
of MocmtenJJes gilvus near the path from 
the Guest House to the symposium site, 
broke in half the mound nest well, and 
observed the structure of the mound nest 
keenly. I observed the structure of a nest 
and a living queen termite of M. g1!11t1s 
for the first time, and I was very surprised 
that M. g,lvus made the functional mound 
nest using soil and excrement, and many 
worker tennites carried the queen termite 
rapidly away. 

Yamamoto (Nagoya Univ.) for the char­
acterization of growth between the wild­
type and transgenic tropical plants. T. 
Furuno and S. Katoh (Shimane Univ.) 
expect to analyze the genes involved in 
the formation of monoterpenes and T. 
Umezawa (Kyoto Univ.) will study the 
formation of wood on tropical trees. We 
hope future forestry efforts are greatly im­
proved by such trees, beginning a new 
era of wood production and quality. 

P1vd11clio11fereJ·t ti1 /lldo11esia 
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= New Project = 

Production of Cellulosic Materials and 

Biomass Chemicals from Unutilized Plant Resources 
Prof. Takashi Watanabe 

WRI, Kyoto Univ. 

needed for 
ens urin g 
human ac­
t ivi ties for 
th e next 
generation. 
The J SP S 
project, 
"Production 
of cellulosic 
m ateria l s 

liza tion of bagasse for other purposes is 
still limited. To expand the potentials of 
this biomass, a new program will be 
launched aimed at producing chemicals, 
lignin-derived adhesives and fuel ethanol 
by biological and chemical processes. In 
addition to the conversion ofbagasse, we 
will investigate production and modifi­
cation of cellulosic hydrogel from basil 
plants. In the project, a novel natural hy­
drogel from basil plants is explored and 
characterized. A genetic approach for the 
biosynthesis and biodegradation of hy­
drogel is included in this program. In the 
biodegradation of cellulosic hydrogel, 
special emphasis is placed on the usage 
of cellulolytic enzymes from termites. 
We do hope that the new technologies de­
veloped in this program will lead to a 
better future for everyone. 

and biomass (Japanese side) 

P1vd11ctio11 qf baggassejivm s11garca11e ti1d11stry 

chemical s 
from unutili­
zed plant re­
sources"' 
wi ll start 
f r o m 
FY2003 to 

Continued use of foss il fuels has caused 
serious environmental problems such as 
production of undegradable toxic com­
pounds and emission of carbon dioxide. 
Therefore, it is necessary to emphasize 
that utilization of biomass as c hemical 
and energy resources in harmony with 
e nvironmental safeguards is urgently 

produce 
chemicals, cellulosic hydrogel and lignin­
based functional polymers from unutilized 
bioresources, bagasse and basil plants. 
The sugarcane industry produces large 
volumes ofbagasse (sugar cane fibre) each 
year. Bagasse is used for cattle feed and 
boiler energy to generate process heat and 
electricity for the industry. However, uti-

= New Project= 

Sustainable Production and Utilization of 

Tropical Forest Resources for Establishment of 

a Recycling-based Society 
Dr. Toshiaki Umezawa 

WRI, Kyoto Univ. 

D,: Umezmva, D,: l11011e a11d D,: Yos/11i1111ra(/iv111 lt?jl hand side); 
a 111eetti1g 011 this years project a11d visitti1g flldo11esia 

Fossil resource­
based industry has 
provided prosperity to 
developed countries. 
However it also has 
brought the serious 
negative impact on 
the global environ­
ment due to the in­
crease in the atmo­
spheric concentration 
of carbon dioxide, ac­
companied by a num­
ber of pollution prob­
lems. Therefore, it is 

Takaslti Watanabe* (Kyoto Univ.) 

Jun-ichi Azuma (Kyoto Univ.) 

Masaaki Kuwahara (Akita Pref. Univ.) 

Yoichi Honda (Kyoto Univ.) 

Masahiro Sakamoto (Kyoto Univ.) 

(Indonesian side) 
Bambang Prasetya•• (UPI) 

Euis Hcnniati (UPI) 

Faizathul Fa llah (UPI) 

Myrtha Karina (LlPI) 

Tami ldiyanti (UPI) 

Lucia lndrati (LIP!) 
Rike Yudianti (UPI) 

(*: Project leader,••: Vice Project Leader) 

becoming more and more important toes­
tabl ish a sustainable and recycling-based 
society which depends on renewable re­
sources, otherwise man can not survive. 
Wood biomass is the most abundant and 

potentially renewable resource. However, 
utilization of wood biomass has been 
based on the paradigm of a fossi l re­
source-based society. The refore, it is 
critically important to establish the sus­
tainable production and utilization of for­
est resources, so that a sustainable, recy­
cling-based society can be established. 
This is our most important mission in 
WRI, Kyoto University, and the final goal 
in the JSPS-LIPI core university program. 

The core univers ity program started 7 
years ago, and now is a good time to re­
view the previously conducted projects. 
In this project, we will review the previ­
ous projects, and discuss about the out­
line of future research projects to ap­
proach the establishment of a recycling­
based society. The Japanese members are 
T. Umezawa (Princ ipa l investigator, 
WRl, Kyoto Univ.), M. Inoue, T. Mori, 
T. Morooka, J. Sugiyama, H. Yano, K . 



Yazaki, T. Yoshimura, and T. Watanabe 
(WRI, Kyoto Univ.). The Indonesian 
members are Bambang Subiyanto (Prin­
c ipal Investigator, R & D Unit for 

Biomaterials, LIPI), Mirtha Karina (Res. 
Center for Physics, LIPI), Yusuf Sudo 
Hadi (Bogor Agricultural Univ.), Ennan 
Munir (Univ. North Sumatera), and Pipin 

= Project Report = 

Behavior of Extractives during Pulping and 

Bleaching of Tropical Plantation Woods 
Prof. Gyosuke Meshitsuka, The University of Tokyo 

Prof. Wasrin Syafii, Bog or Agr. Univ. 

A111oclove or(;i1s1111e111 

Some tropical wood species are known 
to contain a high amount of extractives. 
Such extractives can't completely be re­
moved by organic solvent extraction and 
thus interfere in the lignin determination 
of those species. During the initial stage 
of cooking the extracts dissolve into the 
cooking liquor and consume the a lkali. 
It may thus be necessary to distinguish 
the real delignification from the dissolu­
tion of those extracts during the mild al­
kali treatment. 

fa/ea/aria were subjected to alkali extrac­
tion under two conditions, room tempera­
ture and boiling temperature. Gravimet­
ric determination, measurement of per­
manganate consumption and TOC (total 
organic carbon) determination were con­
ducted for the extracts. Permanganate 
consumption of the extracts was ex­
pressed as the assumed lignin content in 
the extracts. Ozonation and alkaline ni­
trobenzene oxidation analysis, Klason 
lignin determination, methoxyl determi­
nation and neutral sugar analy­
sis were conducted for the ex­
traction residue. 

We found that the alkali ex­
tracts of sapwood was slightly 
higher than those of heartwood. 
Although the assumed lignin 
content of the extracts was quite 
high, its low TOC content indi­
cates the dissolution of carbohy­
drate proceeded during the alkali 
extraction at both room tempera­
ture and boiling temperature. 
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Pennadi (Forest Products Inst). From 
Malaysia, Mohd. Hamami Sahri (Univ. 
Putra Malaysia) is joined. 

However, both the e,y thro I threo ratio 
of b-O-4 structure and S / V ratio of ni­
trobenzene oxidation products changed 
during the alkali extraction even at room 
temperature. These findings demon­
strated that at least part of lignin in these 
species is quite reactive toward alkali and 
is d issolved into the a lka li liquor. There­
fore, apparent "delignification" calcu­
lated based on the changes in Klason lig­
nin content before and after the alkali ex­
traction is partly a result of real 
delignification. 

Below photo displays the preparation of 
wood-disc samples for the alkali cook­
ing. The wood discs were fitted with a 
metal rim to avoid defibration during 
cooking. Left photo shows a small labo­
ratory autoclave used for the alkali cook­
ing. 

Three species of tropical p lantation 
woods, namely Gme!ti,a arborea, Euca­
lyptus deg/upta and Paraseria11thes 

Methoxyl determination of the 
extraction residue suggested that 
purity of lign in (real lign in / 
Klason lignin) increased to some 
extent by alkali extraction at both 
room and boiling temperature. 

Preporalio11 o/wootl disc samples far ok:oli cooking 

= Project Report = 

Biochemical Analysis of Organic Acid Metabolism 

of Symbiotic and Saprophytic Basidiomycetes 

Occurring in Forest Ecosystems 
Prof. Mikio Shimada 

WRI, Kyoto Univ. 

Time flies like a bullet these days! 
Three years have already passed very 
quickly since we started our collabora­
tive research work in April 2000, led by 
Prof. Yadi Setiadi and myself on the In­
donesian and Japanese sides, respec­
tively. Although it is a p ity not to con­
tinue this project further, I am very much 
satisfied to learn many important func-

tions of fungi in forest ecosystems of 
tropical countries throughout the course 
of this joint research. Furthennore, I am 
very happy to see that our group has dis­
covered a novel metabolic feature of the 
copper-tolerant wood rotting fungi, which 
has been reported in Proceedings of the 
National Academy of Sciences of USA 
(PNAS: Erman Munir, et al. 98, 11126, 

200 I), comparable to Nature and Scie11ce, 
followed by other international journals 
reported elsewhere. 
The primary objective of our research 

project was to investigate metabolic 
mechanisms for b iosynthesis of organic 
acids, including oxalic acid, in forest 
fungi, because production of organic ac­
ids by fungi is relevant to many impor­
tant metabolic features of basidiomycet­
ous fungi. Firstly, it is known that some 
symbiotic mycorrhizal fungi enhance tree 
growth by secreting organic acids into the 
rhizosphere to make fixed phosphate 
available to plants. Secondly, wood rot­
ting fungi attack wood in service in our 
housings and other structures. Thirdly, 
both symbiotic and saprophytic fungi pro­
duce edible fru it bodies (mushrooms) 
whose formation may be related to en-
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S1efft o/Proj. Yac/i Se1iadi (211d ji-0111 the righl) 
a11d !he a111hor (jj-0111) al /PB, Bogor 

ergy acquiring metabolism with organic 
acids in TCA and the glyoxylate cycles. 
Thus, if we succeed in e lucidating bio­
chemical mechanisms for their strategies 
to attack woods or promote tree growth, 
we can learn how to control them for the 
benefits of human life; the protection of 
wood resources against fungal attack in­
creases the service life of woods on one 
hand, and activates reforestation of eco­
nomically important timbers with aid of 
the symbiotic fungi on the other. Also, 
mushroom cultivation will be more im­
portant socio-economically in financially 
supporting long-range reforestatio n and 
timber production. 

graduate student Erman Munir from 
USU could come to us taking advan­
tage of the JSPS program to conduct 
biochemical analysis with enzymes of 
a very important brown-rot copper­
tolerant fungus (Fomilopsis paluslris) 
in our laboratory (WRI, Kyoto). 

During the course of this work, We 
enjoyed visiting many different places 
including, Serpong (PUS PIP-TEK, 
UPI), Begor (IPB, the university for-
est Biotechconological. Res. Institute 
for Estate Crops, and Biological Re­

search Center, UPI), Medan (USU and 
the Toba Lake), and Bandung (PP­
FISIKA, UPI), to give lectures and semi­
nars discussing interesting related re­
search subjects with many people in these 
research organizations. Here again, I ap­
preciate their kind guidance and hospi­
tality. Also, we had a wonderful time with 
our research collaborators in and out of 
Japan, although it was a pity that we could 
not receive all of them at our laboratory. 

wood science and technology in future. 
In this context, g lobal reforestation is ur­
gent for sustainable industrial society, 
because, "The forest is the motherofthe 
earth", although people usually say, 
" Hulan adalah ibu dari laut.", "El bosque 
es la mama del mar.", "La foret est la mere 
de lamer.", "The forest is the mother of 
the sea." and "Mori wa umi no haha." 

Researchers Involved in This Collaboration 
Work: 
Mikio SHIMADA 
Takcfumi HATTORI 
Fukumi SAKAI 
Hiroyuki KURODA 
Yadi SETIADI 
lridika MANSUR 
Ricksy PRIMATURl 
Asmarlaili S. HANAFIAH 
Ennan MUNIR 
lr. Sabrina TENGKU 
Didick H.GOENADI 

(WRI, Kyoto Univ.) 
(WRI, Kyoto Univ.) 
(WRI, Kyoto Univ.) 
(WRI, Kyoto Univ.) 

(Bogor Agr. Univ.) 
(Bogor Agr. Univ.) 
(Bogor Agr. Univ.) 

(USU) 
(USU) 
(USU) 

(Biotech. Res. Inst. for Estate Crops) 
Dannono TANIWIRJYONO 

(Biotech. Res. Inst. for Estate Crops) 
Happy WIDIASTUDI 

(Biotech. Res. Inst. for Estate Crops) 

For our collaboration work, we Japanese 
researchers decided to concentrate on bio­
chemical work on symbiotic and 
saprophytic fungi in the laboratory and 
Indonesian researchers were encouraged 
to give us much information on biologi­
cal interactions plants and fungi, carry­
ing out the field work led by Prof. Setiadi 
(IPB) and Prof. Madame Asmarlaili 
(USU). We enjoyed exchanging lot of 
academic inforn1ation from different as­
pects throughout the collaboration work. 
In practice, however, the Ph.D. candidate 

At the end of this period of collabora­
tive work, l would like to state again that 
our fruitful results have been obtained 
principally by the Indonesian student 
(E.M.), who was conferred the degree 
of Doctor of Agricultural Science from 
Kyoto University in due course. So, I 
believe that teaching young foreign stu­
dents at universities in Japan is just like 
planting human-plantlets in the fields 
of the developing Asian countries. In 
the long run, I acknowledge that the 
JSPS Core University Program for 
Wood Science will certainly contrib­
ute not only to the achievement of the 
sustainable utilization of forest re­
sources in the tropics but also to rais­
ing the socio-economic leaders of 

Mme. Sabni1a Te11glar, Em1a11 M11111i; M 
Shli11ada, Pref. Asmar/a iii Shar-f/a11efia, a11d 

Pref. S. Doi {Fl-0111 lefi lo righl) al USU, Meda11 

= Dr.degree from Kyoto Univ., 2003 = 

Characterization of Untreated and 

Chemically Modified Wood after Outdoor Exposure 
Dr. Yanni Sudiyani 

Research and Development Unit for Biomaterial, UPI 

Deterioration of wood exposed to out­
door (weathering) is mainly attributed to 
the decomposition of lignin in the cell 
walls. Water such as rainfall is thought 
to play important role, causing the for­
mation of checks, cracks and new sur­
faces, which are then exposed to UV ir­
radiation during shrinking and swelling. 
Consequently, the decomposed lignin 
component are easily leached out from 
the cell walls accompanied by erosion and 
discoloration. On the other hand, the deg­
radation of wood components by weath­
ering is assumed to influence the growth 

rate of molds and fungi, because their 
growth is possibly affected by the chemi­
cal and physical properties of the wood 
and climatic conditions. 
The need to maintain the surface char­

acteristics of wood and o ther exterior 
applications alternatively exposed to sun­
shine and rainfall is increasing yearly and 
worldwide, to improve the amenity char­
acteristics and environmental friendliness 
of the materials. 

Sugi (Oyptomeriajapom"ca) and five 
tropical wood species were exposed to 
natural weathering in Indonesian climates 

for various periods. 
The factors causing chemical, physical, 

biological, and weathering related dete­
rioration were characterized at first, then 
methods to enhance weathering resis­
tance by chemical treatment were con­
sidered. 

Chemical analyses showed that the 
presence of water during weathering pro­
moted the deterioration of wood under 
UV irradiation, resulting in the destruc­
tion of the lignin- hemicellulose matrix 
in the cell walls. The photo acoustic spec­
tra exhibited rapid decomposition and 
elusion of wood constituents containing 
benzene rings in the region of wood speci­
mens closest to the exposed surfaces. The 
change in these properties after outdoor 
exposure varied significantly by the wood 
species. The mold population count dif­
fered by exposure period and wood spe­
cies, but there was no significant effect 
of climate conditions. In the mold gen-



era identification, A11reobasi­
dit11J1, Cladosporium, and 
Pe11ici//iu111 were dominant 
molds on the exposed wood 
surfaces. Enhancement of de­
cay resistance and persistence 
against weathering were rec­
ognized in all chemical modi­
fication treatments employed. 
Acetylation and PF-resin 
treatments aga in ranked 
higher than other treatments 
in weathering resistance of 
the surface characteristics. 

D1: ~mm; observti1g decay of weathered wood specti11e11s 

Fast growing and low den­
sity albizia wood was consid-

= Dr. degree from Kyoto Univ., 2003 = 

Alternative Approach to the Preservative Treatment 

of Wood-Based Composites 

Using Supercritical Carbon Dioxide 
Dr. Musrizal Muin 

Forestry Dept., Hasanuddin Univ. 

Since wood-based composites have 
been increasingly used under conditions 
inducing biological degradation, consid­
erable attention should be paid to the pre­
servative treatment of the products when 
used as building or structural materials. 
Current methods for preservative treat­
ment of wood-based composites have 
drawbacks such as environmental prob­
lems, reduction in strength properties, and 
the need for additional handling. Because 
of these I imitations, we evaluated an a l­
ternative approach using supercritical car­
bon dioxide (SC-C02) as a carrier solvent 
for biocides. SC-CO2 is created by heat­
ing and compressing carbon dioxide 
above its critical point (30.84°C and 7.40 
MPa). 
Any wood-based composite is treatable 

with SC-CO2. Although treatment param-

eters (temperature and pressure) greatly 
affect the treatability of wood-based com­
posites, SC-CO2 impregnation slightly 
above critical point was able to carry and 
transport biocide(s) into the wood-based 
composites without any unfavorable ef­
fects. The biological resistance ofwood­
based composites was significantly en­
hanced by treatment with biocide(s) un­
der conditions slightly above critical 
point. This find ing was supported by 
chemical analyses, which showed suffi­
cient retention of the biocide in the core 
of the treated materials. 

In addition to the type of wood-based 
composite treated, the amount ofbiocide 
introduced and the solubility of the bio­
cide in SC-CO2 as well as the treatment 
temperature and pressure seem to be com­
bined factors affecting the success of the 
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We developed a fire retardant fast-grow­
ing wood product was developed by coat­
ing with trimethylo l melamine formalde­
hyde resin mixed with phosphoric acid 
and densifying the surface of sugi and 
albizia woods. The results showed that 

the treatments impro ved the fire 
retardancy of lumber without reduction 
in the bending strength. Evaluation of 
the fire retardant performance of edge­
jointed lumber made from fast growing 
woods (albizia, gmelina, hinoki) was per-
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ered to be promising for outdoor uses 
following acetylation or PF-resin impreg­
nation. 
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new preservative treatment method. 
Treatment with fungicide-termiticide 
mixtures with an identical ratios of each 
constituent as in the commercial formu­
lation for superficial treatment improved 
the resistance of wood-based composites 
against fungal and termite attacks. How­
ever, it seems necessary to modify the ra­
tios of the constituents of mixtures to at­
tain satisfactory performance against both 
major biodegrading agents. Development 
of the current SC-CO2 treatment process 
toward a closed treatment system with the 
efficient recovery and reuse of carbon di­
oxide as well as active ingredients should 
be investigated to ensure that economi­
cal and environmental benefits are real-

ized. 

fom1ed using the standard fire test (JIS A 
1304) and the cone calorimeter test (ISO 
5660). Lumber coated with trimethylol 
melamine phosphoric acid, performed 
similarly, but the fire retardant properties 
of the lumber in the cone calorimeter test 
were inferior compared with those of the 
standard fi re test. 

The anisotropic thermal properties of 
molded carbon phenolic spheres (CPS), 
a mixture of sugi wood charcoal powder 
and phenol formaldehyde resin molded 
with a hot press, were investigated. 
Anisotropy of the thermal properties in 
horizontal to vert·ical directions was much 
higher in the molded CPS than in the 
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A very highly fire-re­
sistant LVLjoint was 
obtained using CPS 
sheet carbonized at 
I 600°C. A 3mm 
sheet cove ring 3 
sides of the joint pro-
1 onged the time to 
rupture more than 16 
times compared to an 
unprotected joint. 

uncarbonized wood. The thermal prop­
erties were affected by carbonizing tem­
perature, density, and particle size. An 
LVL butt joint made with metal plate con­
nectors was covered with graphite phe­
nolic sphere (OPS) sheeting and tested 
for creep under fire. GPS sheeting was 
overlaid on the joint in different sizes and 
locations. The fire resistance of the joint 
was significantly improved by the GPS 
sheet. The same experiment using car­
bon phenolic spheres (CPS) sheeting was 
then conducted. We discuss the effects 
of carboniz ing temperature of charcoal, 
thickness and location of the sheet on the 
joint on the fire performance of the joint. 
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lie acid (TCA) cycle but 
converted mainly to ox­
alate, because the decar­
boxylation steps catalyzed 
by isocitrate dehydroge­
nase and oxoglutarate de­
hydrogenase were found 
to be ineffecteive. The de­
termination of enzymes 
concerned revealed the un­
precedented occurrence of 
metabolic coupling of the 
TCA and glyoxylate 
(GLOX) cycles that sup­
port oxalate biosynthesis. 
In the metabolic system, 
isocitrate lyase (ICL), to­
gether with oxaloacetase, 
was found to play a piv­
otal role in yielding ox­
alate from oxaloacetate via 

p/0111 let at WR/, Kyoto U11i11. 

I propose a new metabolic mechanism 
for oxalic acid biosynthesis in the wood­
rotting basidiom ycete Fomitopsis 
pa!t,stris on the basis of biochem ica l 
analyses of g lucose metabolism. I found 
a strong correlation between glucose con­
sumption and oxalate production. Oxalic 
acid was found to accumulate in the cul­
ture fluid in about 80% of the theoretical 
yield, or about 5-fold on the basis of the 
fungal biomass harvested. The results 
clearly indicated that glucose was not com­
pletely oxidized to CO2 by the tricarboxy-

the acetate-recycl ing routes. Moreover, 
malate dehydrogenase with an extraordi­
narily high activity among the enzymes 
tested was shown to play an important 
role in generating NADH by oxidation 
of malate to oxaloacetate. Thus, I pro­
pose as a new concept that the wood-rot­
ting basidiomycete acquires biochemical 
energy by oxidizing g lucose to oxalate, 
which may be a general fean1re of both 
brown- and white-rot fungi during the 
wood decay process. Furthermore, ICL 
and malate synthase (MS), known as the 

key enzymes in the Kornberg's GLOX 
cycle, play an important role in the meta­
bolic system; ICL functions in both TCA 
and GLOX cycles, while MS is active in 
GLOX cycle and acetate-recycling routes, 
which prevent leaking of acetate to the 
extracellular site. The enzymes were suc­
cessfully purified and characterized for 
the first time for the c lass of basidi­
omycetes in the course of this investiga­
tion. Importantly, ICL and MS activities 
were strongly inhibited by oxalate, which 
is also the maj or organic acid produced 
by this fungus. A slight increase in the 
level of oxalate within the cell may be 
enough to inhibit the metabolic systems 
that are important energy-generating de­
vices for fungal growth. Thus, I hypoth­
esize that oxalate-producing fungus has 
an elaborate system to transport oxalate 
from intracellular sites to extracellular 

sites . 
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