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ABSTRAK

Penggunaan energi mikrowave pada tingkat cukup tinggi dapat menyebabkan
perubahan dimensi kayu akibat patahnya beberapa struktur kayu yang lemah.
Modifikasi lebih lanjut dengan resin diikuti penekanan kayu selama proses
fiksasi resin dapat memperbaiki kualitas kayu tersebut. Penelitian ini bertujuan
untuk menganalisa pengaruh penekanan selama proses fiksasi resin rubinate
dan faktor posisi pengambilan sampel kayu terhadap penyerapan rubinate oleh
Sitka spruce yang sebelumnya dipanaskan dengan mikrowave. Hasil penelitian
menunjukkan bahwa penyerapan akhir dipengaruhi oleh tingkat penekanan
yang digunakan selama proses fiksasi resin dan kurang dipengaruhi oleh faktor
posisi pengambilan sampel kayu. Penyerapan akhir rubinate juga dipengaruhi
oleh interaksi antara kedua faktor tersebut.
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ABSTRACT

The use of microwave at high level of energy could expand the wood due to the
rupture of some weak structures of wood. Treatment of the wood with resin
followed by compression during hot-curing process could improve the quality of
the microwave-modified wood. This experiment aimed to investigate the effect
of different compression levels used during curing process and sample’s position
on log on the final uptake of rubinate by microwave-heated Sitka spruce. The
result showed that the uptake of rubinate was significantly affected by the
compression used and less affected by the sample’s original position on log. The
final uptake of rubinate was also affected significantly by the interaction
between two factors.
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I. INTRODUCTION
A. Background

Sitka spruce is a softwood species with wide distribution. It can be found
growing in three continents: America, Europe, and Australia. The species has
also become the dominant species selected for forest rehabilitation programs in
some European countries such as Britain (Thompson 1992), Norway (Magnesen
1978) and Ireland (Lavery, et al. 1995).

Despite its wide distribution, the timber of this species is difficult to treat
with preservative chemicals. Further, according to Alden (1997), even though

the wood of Sitka spruce is easy to kiln dry, the seasoned wood apparently has



permeability of one to five percent lower than the green timber due to the
aspiration pit membranes as a result of the drying process (Messner, et al. 2002).
This information is contrary to the general view that drying processes increase
the treatability of timber (Bateson 1946;Usta &Guray 2000;Waterson 1997).

The use of microwaves, especially those emitted in a wave-guide
applicator, for wood drying process apparently has potency to overcome the
permeability issue of this species. A technique to improve the permeability of
wood with this particular energy has been patented internationally by Vinden, et
al. (2003).

According to Torgovnikov (1996), wood can absorb a large amount of
microwave due to the presence of water molecules inside wood. Barnes et.al
(1976) said that water molecules have the greatest potential for converting
electrical energy into thermal energy. Therefore Torgovnikov (1996) convinced
that almost 100% of microwave energy applied to wood can be transformed into
thermal energy. Further, Dench (1973) in Peykens et.al (1984) listed some
advantages of using microwave-heating process in comparison with
conventional heating methods, which are faster processing, smaller space
required by the microwave facility, better final product quality, more stable
product dimensions, lower heat loss to the surrounding and greater control of the
heating zone.

However, the use of high intensity of microwave emitted in a wave-guide
applicator apparently ruptures some weak structures of wood such as ray cells.

To some extent, this process then can expand the wood, producing a product



called Torgvin. This microwave-heated wood has lower strength properties than
the normal wood. Treating this conditioned wood with resin and press them
during the resin curing process not only makes the wood regaining its initial
dimension but also has increased strength and density. The end product was then
called Vintorg, which was derived from the last name of its inventors (Peter
Vinden and Grigori Torgovnikov) (Muga 2001).

Rubinate is one of the resins that can be used for treating microwave-
heated wood. This resin is the representative of diisocyanate-resin type, which is
a popular resin type used for the manufacture of wood composites. Different
from formaldehyde-based resin, isocyanate resin is free of formaldehyde
(Walker et al. 1993). This resin type offers good moisture resistance and suitable
for outdoor use (Walker et al. 1993).

During the modification of the microwave-heated wood with resin, hot
press-curing is a required stage (Vinden and Torgovnikov, 2000, in Muga 2001).
It is expected that through this stage, not only the impregnated resin could be
cured inside the wood but also the ruptured structures of wood resulted from the
microwave-heating process could be re-bonded. As a result, the strength of the
wood will also improve.

Nevertheless, Muga (2001) observed that some amount of resins were
lost from the wood during this hot press-curing process. This loss definitely
affects the real amount of resin contained in the final product, and in the end will

affect the strength properties of the wood itself as well.



Up to now, the influence of hot press-curing of the resin-
treated/microwave-heated wood at different compression levels on final uptake
of the resin has not been known yet. Likewise, it has not been known either if

the position of samples within the log has influence on the issue.

B. Objectives
The experiment was designed to analyze the influence of the
compression levels applied during hot-press curing and the sample’s position in

the log on the final uptake of resin by microwave-heated Sitka spruce.

Il. METHODOLOGY
A. Material and Equipment

The main materials used were 10 logs of Sitka spruce at the length of
around 6-7m. The resin chemical used was Rubinate 1780 (Huntsman
Polyurethane Australia). The equipments used included a balance, timer,
microwave applicator, vacuum-pressure treatment vessel (small 25 L), Baioni

hot press machine, oven and recording tools.

B. Site and Time
The experiment was carried out at School of Forest and Ecosystem
Science, Faculty of Land and Food Resources, University of Melbourne-

Creswick during the period of July-August 2004.



C. Procedure
1. Sampling and microwave-heating process

Two main boards at a distance of 3 cm from each edge of each log were
prepared with the width and thickness of each board was 85mm (8.5cm) and
40mm (4cm) respectively. Each main board was then cut into 2 (two) 2.7m-
length planks with a 2 cm-thick biscuit taken between the planks for moisture
content determination. The cutting process was carried out carefully so that
planks considered near the bottom position of the log could be differentiated
from those near the top position of the log. The cutting process then resulted in
20 planks from the bottom position of the log and 20 planks from the top
position of the log. Ten (10) planks from each position were randomly taken for
this experiment and the remaining set was used for other purposes. Figure 1
illustrated the sampling process.

One sample at a length of 410 mm was cut from one end side of each
board and set aside for other purposes. The remaining length of the plank was
heated with microwave energy at 12kW and 13.33mm/s-speed using the wave-
guide applicator. Afterward, each heated plank was cut into 5 samples of around
410 mm in length. These 5 samples were randomly grouped into 5 treatments:
no-compression and resin treated, 5% compress and resin-treated, 11% compress

and resin-treated, and 20% compress and resin-treated.



Board 1

Board 2

[a]

Bottom

[b]
Note :
A = planks represented the bottom part of the log
B = planks represented the top part of the log

Figure 1. Sample preparation
[a] sawing phase ; [b] cutting pattern



2. Treatment and compressing process

All samples were treated with treatment cycle consisting of 5-minute pre-
vacuum at -85 kPa 5-minute pressure at 200kPa. The samples were weighed
before and after treatment. The treated samples were then prepared to be cured
with Baioni heated platen press machine.

The samples were placed with their radial sides facing the top load of the
machine. In this context, the width of the samples became the thickness and vice
versa. The samples determined for 0% compression level were heated only
without implementing any compression. The samples determined to be
compressed to nominal compression level of 5%, 11%, 17% and 20% were
heated and compressed from their initial width (the width after microwave-
heating phase). The compression process was assisted by placing some wood
stickers between the samples. The stickers acted as stops to control the thickness
similar to the desired depth that would like to be achieved for each compression

level. Following the curing process, the samples were then reweighed.

3. Data collection and analysis

The data collected were the weight of the samples before treatment, after
treatment, and after pressing process. The weight percent gained (WPG) by each
sample, which represented the amount of resin uptake, was calculated using

Formula 1 below:

(WPG) = (weight after curing — weight before treatment) x 100 .... (Formula 1)

Weight before treatment



The data on weight percent gained of the rubinate-treated samples were analyzed
using ANOVA test provided in Minitab 11 software. The data was set as two-
way experimental design with the compression levels as the first factor (A)
consisting of 5 levels : 0% (no-compression), 5%, 11%, 17% and 20%; and the
sample’s position within the log as the second factor (B) consisting of 2 levels
(top and bottom of the log).

Further Fisher’s test was carried out following the ANOVA test if the
ANOVA test gave significant result. The Fisher’s test was carried out using
Minitab 11 software in order to analyze any significant difference of the mean
values not only between the compressed and non-compressed groups but also

between each-two compression groups.

I11. RESULTS AND DISCUSSION

Table 1 showed the condition of microwave-heated /rubinate-treated
samples. The moisture content of treated samples ranged from 3.66% to
10.21%.The weight percent gained of treated samples ranged from 5.22% to
18.61%. Rubinate-treated samples that were being compressed to 17% and came
from bottom position of the log (A) had the highest weight percent gained, while
those from the same compression group but came from top position of the log
(B) had the lowest weight percent gained among the treated samples. In general,
compressing samples were found increasing the value of weight percent gained

in comparison with the non-compressed samples (0% compression level).



Table 1. General condition of microwave-heated /rubinate-treated Sitka
Spruce
Tabel 1. Kondisi kayu Sitka spruce yang telah dipanaskan dengan

mikrowave dan diimpregnasi dengan rubinate

Compressi | Sample’s | Moisture content (%)/ Weight percent gained (%)/
on levels/ | position/ Kadar air ( %) Jumlah resin terserap (%)
Tingkat Posisi | Avg/ | Max/ | Min/ | Avg/ | Max/ | Min/ Inc.(%) /
penekanan | sampel | rata- | Maks | Min | rata- | Maks | Min | kenaikan (%)
rata rata
0% A 596 | 6,57 | 487 | 7.80 | 1259 | 548 NA
B 6.64 | 792 | 515 | 7.76 | 11.51 | 5.29 NA
5% A 6.34 | 6.95 | 565 | 8.61 | 10.30 | 5.83 10.42
B 6.50 | 8.68 | 3.66 | 9.79 | 17.11 | 5.61 26.10
11% A 6.65 | 8.25 | 4.95 | 10.07 | 13.78 | 7.59 29.03
B 6.55 | 9.59 | 475 | 10.12 | 14.96 | 5.22 30.39
17% A 6.47 | 760 | 530 |12.71 | 18.61 | 9.37 62.88
B 6.64 | 9.23 | 5.77 | 7.554 | 1580 | 3.14 -2.87
20% A 7.04 | 755 | 642 | 9.98 | 1288 | 7.81 27.90
B 740 | 10.21 | 5.89 | 10.91 | 15.82 | 6.05 40.44

Remarks/ Keterangan :

Avg= average value (nilai rata-rata) ; Max = maximum value (nilai maksimum);

Min= minimum value (nilai minimum); NA = not available (tidak tersedia);

Inc(%)=increase in WPG, compared with the 0% compression level (kenaikan jumlah resin

terserap, dibandingkan dengan sample yang tidak dikompres); A= Bottom position (posisi

bawah) ; B = Top position (posisi atas)

The result of 2-way ANOVA test carried out at confidence level of 95%

was shown in Table 2. The result indicated that the compression levels used did

have significant effect on the amount of Rubinate absorbed by the microwave-

heated Sitka spruce. The uptake of rubinate by microwave-heated Sitka spruce

was affected by the interaction between sample’s position on the log and the
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compression levels used during the hot-press curing process. It was apparently

less affected by the sample’s position in the log. This last point apparently does

not support the previous assumption of that wood factor was another variable

affecting the success of treatment of microwave-heated wood with resin in order

to convert it into Vintorg product (CRC Wood Innovation 2003).

Table 2. The-2-way ANOVA (Analysis of Variance) result for analyzing several
the effect of compression level used during hot-press curing process
and sample’s original position within the log on the uptake of rubinate
by microwave-heated Sitka spruce

Tabel 2. Uji ANOVA(Analisa Keragaman) untuk pengujian pengaruh tingkat
penekanan dan posisi sample dalam kayu bulat terhadap penyerapan

rubinate oleh kayu Sitkas pruce yang telah dipanaskan dengan

mikrowave

Source of Variance Df SS MS F-value P
(sumber keragaman) (derajat | (jumlah | (kuadrat (F- (peluang)
bebas) kuadrat) | tengah) hitung)
Comepression level 4 87.989 21.997 2.69 0.037*
(Tingkat penekanan)
Position (Posisi) 1 8.821 8.821 1.08 0.302
Interaction between 4 133.011 33.253 4.06 0.005*
Compression and
Position (Interaksi antara
tingkat penekanan dan
posisi sample)
Error (Galat) 86 704.271 8.189
Total (Total) 95
Remarks/Keterangan :
* = significant effect; Df= degree of freedom; SS= Sum of square; MS=Mean of

square; P=Probability
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Further Fisher’s test indicated that the rubinate uptake by samples that
were not compressed was significantly different from samples compressed to
11%, 17% and 20% of their original thickness. This result also meant that
pressing microwave-heated Sitka spruce to 5% of its original thickness would
possibly not give significant difference in final uptake of rubinate in comparison
with the non-compressed samples.

The Fisher’s-test also revealed that the rubinate uptake of samples from
the bottom position of the log and compressed to 17% of its original thickness
was significantly different from the uptake of samples from other groups. Since
pressing to 17% gives the highest weight percent gained of rubinate (Table 1), it
is probable that compression level of 17% is the optimal level that could be
applied for pressing microwave-heated Sitka spruce to achieve better uptake of
rubinate resin.

The uptake of resin by wood could be affected, at least, by two variables:
the wood condition and the curing process of the resin itself that usually uses
heat. The structure of microwave-heated wood apparently provides abundant of
void spaces as a result of the rupture of some its weak structures and elimination
of some extractives during the microwave-heating process. The impregnated
resin is expected to fill in the empty spaces in cell and thus form the bond with
the cell wall component.

During the hot-press curing process, two factors- heat and pressure -
contribute a lot to the situation. The heat applied here plays important role. It not

only fixes the impregnated resin inside the wood permanently, but also softens
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the wood, causing it much easier to press. When compression is then applied, the
impregnated resin possibly could penetrate far deeply inside the wood cell,
filling in its void spaces and forming bond with wood cell wall component. As
more compression is applied, more portion of the wood is pressed, thus more
resin is expected to penetrate into the wood. However, since wood has a certain
elastic limit, the compression of the wood will discontinue when this limit is
exceeded Silvester (1967). Possibly due to this elastic limit of wood,
compressing rubinate-treated/microwave-heated Sitka spruce to 20% of its
original thickness did not give rubinate uptake as optimal as the compression

level of 17%.

IV. CONCLUSION AND RECOMMENDATION

1. The final uptake of rubinate resin by microwave-heated Sitka spruce was not
affected by the sample’s original position within the log, but affected by the
compression levels used during the hot-press curing process and the
interaction between the compression levels and the sample’s position

previously on the log.

2. Compression level of 17% could be applied to achieve optimal uptake of

rubinate by Sitka spruce previously heated with microwave emitted through

a wave-guide applicator at power of 12kW and velocity of 13.33mm/s-speed.
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3. Samples taken from bottom position of log and being compressed to 17%

had the highest weight percent uptake.

4. Other experiments using different types of resin should be carried out in
order to see if the uptake of any resin by Sitka spruce pre-heated with
microwave at the same energy level is really affected by the compression

level or its interaction with the sample’s position within the log.
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