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WOOD QUALITY IMPROVEMENT OF JUVENILE PLANTATION
TEAK WOOD WITH MICROWAVE TREATMENT
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ABSTRACT

Juvenile teak wood from plantations that has been prior conditioned to moisture content of
50-60 percent were treated to the microwave oven of electric power at 240, 360 and 480 watts
for 10 and 15 minutes, compared with same teak that was not treated (control sample). Then wood
preservative impregnation including absorption of wood preservative, net dry salt retention (NDSR),
boric acid equivalent and permeability wood preservation were investigated. The results of treated
juvenile teak wood of all the conditions were better than teak control sample. And teak wood with
the microwave power at 480 watts for 15 minutes was the best qualities which absorption wood
preservative was 44.02%, net dry salt retention (NDSR) was 5.55 kg/m3, boric acid equivalent
was 1.04 and permeability wood preservative was 99.8%. Statistical analysis showed that teak
wood with power at 480 watts for 15 minutes was difference with statistically significant the confidential
level of 95%.

The result of wettability of teak wood with microwave treating for all condition were lower

than teak control. While comparing the teak wood treated with the power at 240, 360 and 480



watts were found that 15 minutes is better than 10 minutes. Statistical analysis was showed that
the contact angle on tangential side was significant difference with radial side at 5% probability
level. The contact angle on cross section was non significant difference at 5% probability level.

The result of mechanical properties and physical properties of juvenile teak wood treated with
electric power at 240 watts for 10 minutes showed as the best of overall properties which are the
modulus of rupture, modulus of elasticity, shearing stress parallel to grain and hardness on radial side.
Statistical analysis showed that wood density, moisture content, modulus of rupture, modulus of
elasticity, compression parallel to grain, compression perpendicular to grain, tensile stress parallel to
grain, shearing stress parallel to grain and hardness on radial were non significant difference at 5%

probability level. The hardness on tangential side was significant difference at 5% probability level.

Keywords: Juvenile plantation teak, Wood quality improvement, Microwave treatment
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Figure 1. Experimental equipments and machineries.
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Figure 2. Raw material is the juvenile plantation teak.
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2. LASHUNARINAN
2.1 msm‘%ﬂNTﬁﬁn@ﬁqﬁaﬁTﬁTﬁmuﬁm 20 x 20 x 340 AARLHAS

2.1.1 @enfidnengtieanvinisdalifawinanues 350 fadmms

2.1.2 vil#idnengtinsnmanaiidimuaivinnnslalildaan

2.1.3 fnmeaHanengdoa i Hauinaunsng 25 Aafuns

2.1.4 TannaBidnengsioe Wi Fanarmninauazannammn 20 x 20 Aadwns

2.1.5 i ldialilfannens 340 Radiuns

2.1.6 \fiudiyaniugiu in1ainewIARAEAN ATHENT ATEAT Seiin uag

SRR NEU B RN AN uARL Y TuTinANTTE

Cut to the width of 25 mm. Planing on width and thickness to 20x20 mm.

Figure 3. Materials preparation.

v v
2.2 AMSUSURNIEANHIURAAILABNISD AN

2.2.1 BosdnliidnangiinefipBunanin 20 x 20 x 340 RaAwAs atudedam
2.2.2 NM98ANIANHABUULLANIAS (FUl cell process) YingayayinieEndn 70
enfiaslsen e 15 wiit ansidaindngdeaniuseiu 10-15 Alansusanisnsuns

Haan 3 #alae wazvingeyanedugeaving 70 emiwmstsen Wuaan 15 wiit

2.2.3 Wipulfidnangfissaanainddaiiuazin iUudiniesnynasi
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Place & arrange teak wood into vessel. Closing the vessel.

Figure 4. Impregnate wood with water by full cell process.

3. ms@u?ﬁﬁ'nmqﬁmﬁQﬂYuTﬂquw

3.1 an1azlunisau nlasian
3.1.1 A3 (WA 240 @6 1aan 10 W17 (240 W 10 min)
3.1.2 A9 AN 240 Fad 1981 15 W1T (240 W 15 min)
3.1.3 1831 360 @ 11an 10 W17 (360 W 10 min)
3.1.4 AR W1 360 @l 1381 15 WAt (360 W 15 min)
3.1.5 Aa3 i1 480 Tme 1981 10 W9t (480 W 10 min)
3.1.6 faaA 480 356 1981 15 WAt (480 W 15 min)

3.2 8nnsaulnlasian

3.2.1 v‘hmfif?mmm%‘yuLmzﬁl’aﬁjﬁmﬁﬂmm%ﬂﬁﬁﬂmﬂqﬁﬂﬂﬁLm%mﬁf”;

3.2.2 shlidndueblason vinnnsaublrsiasanasdin v @mzas 6 fapsing
AMEUNINAFBUNISENTIL IS N HE 3 LazAHaInTnTunsenasiuie daulu
ANFVARELNNNAFHITR RNz 12 fiapging)

3.2.3 inli&neanainen Wlagian

3.2.4 Ynaulsan [UF9simin AuaoinaNEuLaziuinmg

Arranged teak wood into microwave oven. Weighing after microwave.

Figure 5. Microwave treating and measuring the weight after treating.
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4.1 vinlidniinnnnsusuUgesae lulasnanEesugamuaugamguazaans

1 a

4.2 FIATAINHEURNINS 65 +5 1a5IFus uarfeAIa0mnd 20 +2 avrsaLRe s

9 U

14 1o ¥ |
o v A

4.3 yinn1aUsuaniInzau BN A5MTn AT 1agunsTniies 2 Aa9 W19nw 24 Halug

ST HAY 0.5 Wasidud

Figure 6. Conditioning teak wood after improvement with the microwave.
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1
S v

5.1 aaNunens nuia A Ndadu 2 wWasiud (@15iUsenan Boron fi%a Actibor-67)

5.2 NN19IA2UIA ATIHNAN ATINENT ATTNIHA FINIMIEN LA ARITNILIBIT (HAn
UFALBUTTANFNT [

5.3 3enTu i AndnAGasdninen

o % £ ' 31/ v A & ' o QI ¥

5.4 yinn98AnnensnEHe [HansABuuu@iead (Ful cel process) VINgeyeyNeEHAY
70 ifimmsisen Wiuaan 15 wndt eniudarnedingdeaniiuseii 10-15 Alansusensnanns
e 2 $alas uazvingeyayinadugaving 70 tinfiesdsen Wuaan 15 wii

5.5 s iAneanenASIEALngn uasEainvsin TudnendlE

Acti-bor 67 Closing the vessel. Weighing after impregnate.

Figure 7. Impregnate wood with Actibor-67 by full cell process.
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6. mswﬂm«uqmﬂuﬂ'ﬁwé’emsﬂ%’uﬂ‘ge@mﬂﬁwﬁanuTﬂquw

v ¥
6.1 msgm%mmmmsnumﬁa?ﬁ (Absorption of preservatives)

WIWHNNAID AN — HIAHNNBUB AU
ATATHITS = . X 100
WIMINADRDALIEN

6.2 UsneuseudieitagBuiiialii (Net Dry Salt Retention : NDSR)

T,-T, C
#x— X 105 kg/m3
VxSp 100

A15ATKI8 NDSR =

We T, = Ynfiaueny (n3)

T, = YT aIDNU (N5N)

V = Uannstl (gnuaadies@iuns)
Sp = AINENIUNZADINEN

v v ¥ s @ g
C = Anudnduraerngn (Uasidus)
¥
6.3 Usn1musnaasauyansauasn (Boric acid equivalent : %BAE) Tadials

. £ ve NDSR (kg/m3) X %BAE 284612811
N15ATUI %BAE ?‘HL%’BTN =

D
NDSR = tannausingnusisiigin busia 4
D = AIHWKILUNYAS (5] (ﬁT@ﬂ%’NQﬂmﬁﬁmm)

%BAE 2896781 = %BAE 289fnana15Usynaulusan

4 ¥
6.4 AmANURN1sTNT LR IETSNENTald (Permeability of preservatives)

6.4 NANAUNITENEIUNNNS NEN e (5
6.4.1 \ila [HANTANIKNITAAUILITIRUFIFLED (AN 10-15 wWasidud) 1

sautaaniu 4 dou lngusacdiniianng 85 AaAMAT AININ

85mm o 85mm = 85 mn 4 85 mn F

F

340 mm
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6.4.2 Wringasauia s (Mg AeSAIRNIBILEEY WNIADSIRW) NNTintnda
THa NI =5  #90 W A9tk 3-5 w1t wdafananIsifaduasAintinsa Huay

WAz uunLE N NN Lrasingn e Fiduid o 5iFus

Solution for testing Sample test

Figure 8. Permeable testing of wood preservative.

6.5 qm'émﬁ'ﬁmfmmmiﬂ?uﬂfmﬂﬂn (Wettability of surface)

o/

6.5.1 FATUNANBLUWIA 2 X 2 X 2 LEUANAT (TALHVY 3 F13 Ae FUSAR HuauNs

o o

LATATUNTINGA)
6.5.2 WNBUNARBLT (6 AR B ULasy T AN A a1aRITina e (HieuaRay
6.5.3 AR IRATNANAE LU nnAneesesemaniiliunimasey Tnandn
PSRN I FBUINAUUBHIDL 50 WIATRRTADAST LIANT 1 IHN159 ANAIT N AL ATDIARIAILIN
dt'lv a a P & o Il v & 5%
fRa 30 Aufisionss uaziuiseasiaduedfimanien (395998, 2555)

6.5.4 ﬁ’]%uw@IﬂﬂU’J’NTuLﬂ%ﬂG’?ﬂﬁ’WHNﬁNﬁﬂLLZ\]&%NﬁWﬂ’ﬁW@NﬂU

Testing device Example drops

Figure 9. Wettability of surface.
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6.6 AMENUTANIINBNNTAULALNAANLRA (Physical and mechanical properties)
6.6.1 AMANTANINILANIH

— ATTHAHLUY (Density) PAMHHNTINTYT ISO 3131

~ ANNTW (Moisture content) ANHNIATZIM ISO 3130
6.6.2 AMNNUANNAANLRA

~ AHAMUIUUTIAR (Modulus of rupture) AMHNIRTFH 1SO 3133

- NBRAaEANE (Modulus of elasticity) AMNH1IATZH ISO 3349

- mﬂmﬁué’mmwﬁyﬂu (Compression parallel to grain) AMNNIRATFU ISO 3787

— A AsRNAEY (Compression perpendicuiar to grain) FNHHIRTZIN SO 3132
~ A WRsNAeY (Tensile stress parallel to grain) AHNINTFI 1SO 3345

- mmlﬁwﬁﬂmmmﬁyﬂu (Shearing stress parallel to grain) AMNNIBFTFU ISO 3347

— A HWE9 (Hardness) ATHHIRTZIN 1SO 3350

MOR & MOE Compression Shearing stress

Figure 10. Testing of mechanical properties.

7. AN93LASIERAIHLUTUSIUNTE A

Tnan193iasnziaanulsUsaun s fRLULNIaFea (One-way ANOVA) 2997 04aN1R
MeBgULeNsNE e B Aassfiasamnsa s lianesiuie uazanERineneaNR

LR NNAENTR e TH U LN Hnaan (FB%, 2540)
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s ¥ o & v
1. Qmﬂ&lﬂﬁﬂﬁi@ﬂ%ﬂﬂﬂﬂu’lﬂ’liﬂﬂ’n%’ﬂ?ﬂ

Table 1. Average percentage of the preservatives absorption in plantation teak wood.

Condition Density (kg/ms) MC (%) Absorption (%)*
Control sample 627.31 8.98 25.40"
240 W 10 min 611.09 8.17 36.30"
240 W 15 min 633.30 8.37 32.31%
360 W 10 min 634.20 8.28 36.86™
360 W 15 min 626.04 8.50 39.06"
480 W 10 min 632.18 8.62 32,74
480 W 15 min 642.59 8.72 44.02°

Note: * Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test

(p<0.05).

ANNTYARBUAENTRNITARTNWISneTle [Haes [anfinaun1sUsudgenmunmn
faelulasianTuseiusdsiinuaszesaansineg i Wisudeuiulidngaaauaud (1
nsUsuUgennunndaa ulasian (Control sample) wudn (HanTAINIuN5U5UUIRmA WA

Tulasuanynszsumdsiiuazynszezinanfidinisgadainensnunie andn [idngarauay

v

WeBsuiieu Hanfidiwnisusulgsamnmdaslulasion wudn [Hdneulalasim

q

1
vaa A P

Aif1avIWi 480 T0d 1amn 15 Wil RaouandRnfige Jen 44.02 Wesidud saemennlfur
¢ ® ° A A

A1R9 AN 360 36 1987 15 WAl HA1 39.06 WesiFud a9 360 Tad 1ian 10 Wit fen

o/ (4

36.86 1Wasidud fnasmii 240 ad 111 10 w1l @1 36.30 asidud dnasinin 480 dnd
[ 4

1981 10 W TA1 32.74 1Wasidud uazniaemia 240 Fad 19a1 15 wafl 81 32.31 1esidud

ATNAIAL
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Absorption of preservatives (%)

50.00 44.02
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Figure 11. The absorption of preservatives (%) of plantation teak wood after

microwave treated at various conditions.
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Table 2. Average values of the Net Dry Salt Retention of preserved plantation teak wood.

Condition Density (kg/ms) MC (%) NDSR (kg/m3)*

Control 627.31 8.98 3.12°
240 W 10 min 611.09 8.17 434"
240 W 15 min 633.3 8.37 3.99%
360 W 10 min 634.2 8.28 464"
360 W 15 min 626.04 8.50 4.80"
480 W 10 min 632.18 8.62 4.02°
480 W 15 min 642.59 8.72 5.55

Note: * Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test

(p<0.05).
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Figure 12. Net dry salt retention (NDSR) of plantation teak wood after microwave treated at various

conditions.
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Table 3. Average percentage of boric acid equivalent (BAE) of plantation teak wood.

Condition Density (kg/ms) MC (%) %BAE*
Control 627.31 8.98 0.60°

240 W 10 min 611.09 8.17 0.86"
240 W 15 min 633.3 8.37 0.77%
360 W 10 min 634.2 8.28 0.87"
360 W 15 min 626.04 8.50 0.93%
480 W 10 min 632.18 8.62 0.78"
480 W 15 min 642.59 8.72 1.04°

Note: *Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test (p<0.05).
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Figure 13. Boric acid equivalent (%BAE) of plantation teak wood after microwave treated at various conditions.
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Table 4. Average percentage of the permeability of preservatives in plantation teak wood.

Condition Density (kg/ms) MC (%) Permeability (%)*

Control sample 627.31 8.98 82.2"

240 W 10 min 611.09 8.17 86.2%
240 W 15 min 633.30 8.37 93.1%
360 W 10 min 634.20 8.28 96.8"
360 W 15 min 626.04 8.50 95.4"
480 W 10 min 632.18 8.62 94.1™
480 W 15 min 642.59 8.72 99.8°

Note: * Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test (p<0.05).
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Figure 14. Permedbility of preservatives in percentage of plantation teak wood after microwave treated at various conditions.

v
5. qmﬂuu?lmwmmin?umﬂ‘ﬂﬂﬂwmﬁuﬁq

Table 5. Average values of wetting contact angle and total surface energy of plantation teak wood.

Contact angle (Theta) Total surface energy (mN/m)
Condition
Tangential Radial  Cross section Tangential Radial Cross section
Control sample 83.9° 95.7" 76.1° 32.57 25.16 37.40
240 W 10 min 127.2° 138.5" 89.6° 8.04 —2.15 30.20
240 W 15 min 116.7° 130.8" 75.7° 13.11 6.50 38.03
360 W 10 min 149.5° 138.2" 78.7° ~9.17 1.59 35.44
360 W 15 min 134.2" 135.7" 61.9° 2.69 2.84 46.05
480 W 10 min 121.9° 142.3 114.5° 10.69 ~2.91 14.35
480 W 15 min 121.7° 118.8% 69.0° 10.66 12.48 M.72

Note: Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test procedure (p<0.05).
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Figure 15. Average degree of wetting contact angle on surface of plantation teak wood

after microwave treated at various conditions.
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Table 6. Average physical properties in density and moisture content of plantation teak wood at

various microwave treatment.

Condition Density (kg/ms) MC (%)
Control sample 654.04° 10.71%
240 W 10 min 632.43" 11.68"
240 W 15 min 638.89™ 12.16°
360 W 10 min 628.44" 10.95"
360 W 15 min 572.60" 10.23°
480 W 10 min 607.95” 11.32°
480 W 15 min 637.56" 11.03™

Note: The average values followed by the same letter do not differ significantly by Duncan’s New Multiple Range

Test (p<0.05).
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Figure 16. This graph shows the physical properties in density (left) and moisture content (right) of

treated teak wood from plantation.

6.2 @mﬂuﬂ’ ANINAFNU R

Table 7. The average values of mechanical properties of treated plantation teak wood at various

conditions.
Compression
Compression Tensile Shear Hardness (N)
MOR MOE parallel to
Condition perpendicular stress stress
(MPa) (MPa) grain ) )
(MPa) (MPa) (MPa) Radidal Tangential
(MPa)
Control sample  111.74%°  11,69333°  68.72° 13.88" 34.05° 11.29°  4,646.47°  4,544.03"
240 W 10 min 12400°  12,192.00°  56.11% 13.42% 26.28" 12.36°  4,799.60°  4,703.87"
240W 15 mn  110.29%°  1127333°  57.37% 16.07° 30.32° 001"  3,04453"  4.477.17"
360 W 10 min 98.71" 11612670  56.03" 12.22° 34.97" 10.29° 424533 4,494.70%
360 W15 min  109.08°  10202.87°  49.34° 12.66™ 30.29° 094° 368863  4537.07"
480W10min 10418  992940° 5367 12.81% 25.86° 8.98° 416590  5,119.33"
480W B min 10512 9,114.47° 62.17" 14.91% 27.40° 11.99°  4,44067° 442953

Note: The average values followed by the same letter do not differ significantly by Duncan’s New Multiple Range

test (p<0.05).
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6.3.4 ATTHLARAARIRININEIN (Compression perpendicular to grain)
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Figure 17. The average mechanical properties of treated plantation teak wood in several conditions.

7. AN93LASIERAIHLUTUSIUNTE A

Table 8. Analysis of variance for wood properties of plantation teak wood.

Property Sum of Squares df Mean Squares F Sig.

Between Groups 1282.464 6 213.744 1.220 0.319"
Absorption Within Groups 6131.283 35 175.180

Total 7413.747 41

Between Groups 20.940 6 3.490 1.464 0.219"
Net Dry Salt

Within Groups 83.411 35 2.383
Retention

Total 104.351 41

Between Groups 0.698 6 0.116 1.198 0.330"
Boric acid Within Groups 3.399 35 0.097
equivalent

Total 4.097 41
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Table 8. Continuous.

Property Sum of Squares df Mean Squares F Sig.
Between Groups 1143.216 ¢} 190.536 2.649 0.037*
Permeability ~ Within Groups 2014.000 28 71.929
Total 3157.216 34

Wettability Between Groups 4840.826 6 806.804 4.634 0.009*
of surface Within Groups 2437.520 14 174.109
(radial) Total 7278.346 20
Wettability Between Groups 5291.410 6 881.902 0.944 0.495"
of surface Within Groups 13072.620 14 933.759
(cross section)  Total 18364.030 20
Wettability Between Groups 7240.539 6 10.236 10.236 0.000*
of surface Within Groups 1650.573 14
(tangential)  Total 8891.112 20

Between Groups 12889.240 6 2148.207 1522 0.242"
Density Within Groups 19756.838 14 1411.203

Total 32646.077 20

Between Groups 7.271 6 1.212 2.535 0.071"
MC Within Groups 6.694 14 0.478

Total 13.965 20

Between Groups 1134.860 6 189.143 1.500 0.248"
MOR Within Groups 1764.846 14 126.060

Total 2899.706 20

Between Groups 22652240 6  3775373.331 1.774 0.177"
MOE Within Groups 29789511 14 2127822.215

Total 52441751 20
Compression  Between Groups 237.055 6 39.509 1331 0.307"
parallel to Within Groups 415.626 14 29.688
grain Total 652.681 20
Compression Between Groups 698.380 6 116.397 2.580 0.068"
perpendicular  Within Groups 631.615 14 45.115
to grain Total 1329.994 20
Tensile stress  Between Groups 33.713 6 5.619 1524  0.2417
parallel to Within Groups 51.602 14 3.686
grain Total 85.315 20
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Table 8. Continuous.

Property Sum of Squares df Mean Squares F Sig.
Shearing stress  Between Groups 27.347 6 4.558 1.494 0.250™
parallel to Within Groups 42.704 14 3.050
grain Total 70.051 20

Between Groups 1023681.600 6 170613.600 1436  0.269"
Hardness of

il Within Groups 1663438.900 14 118817.063

radia

Total 2687120.500 20

Between Groups 2719349.200 6 453224.861 3.133 0.037*
Hardness of

Within Groups 2025422.900 14 144673.067
tangential

Total 4744772.100 20

* Significant at 5% probability level. ™ Non significant at 5% probability level.
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International standard 1SO 3130. International organization for standardization 1975. Wood-

Determination of moisture content for physical and mechanical tests. Switzerland.

International standard ISO 3131. International organization for standardization 1975. Wood-

Determination of density for physical and mechanical tests. Switzerland.

International standard ISO 3132. International organization for standardization 1975. Wood-

Determination of compression perpendicular to grain for physical and mechanical tests. Switzerland.

International standard ISO 3133. International organization for standardization 1975. Wood-

Determination of ultimate strength in static bending. Switzerland.

International standard ISO 3345. International organization for standardization 1975. Wood-

Determination of ultimate tensile stress parallel to grain. Switzerland.

International standard ISO 3347. International organization for standardization 1975. Wood-

Determination of ultimate shearing stress parallel to grain. Switzerland.

International standard 1SO 3349. International organization for standardization 1975. Wood-

Determination of modulus of elasticity in static bending. Switzerland.

International standard ISO 3350. International organization for standardization 1975. Wood-

Determination of static hardness. Switzerland.

International standard 1SO 3787. International organization for standardization 1975. Wood-

Determination of ultimate stress in compression parallel to grain. Switzerland.
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