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THE STUDY ON POLYETHYLENE GLYCOL RETENTION AFTER IMPREGNATE

TO RUBBER WOOD.
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ABSTRACT

The study on polyethylene glycol (PEG) 400 and 4000 impregnated to rubber wood. Group A and
group a used vacuum at 60 cmHg 1 hr, impregnated at 80 psi 2 hr. Group B, b, C, E and e used vacuum at
70 cmHg 1 hr, impregnated at 80 psi 2 hr. Group ¢ used vacuum at 70 cmHg 1 hr, impregnated at 80 psi
30 minutes and impregnated at 90 psi 2 hr. Group D used vacuum at 70 cmHg 1 hr, impregnated at 90 psi
2 hr. Group d used vacuum at 70 cmHg 1 hr, impregnated at 90 psi 30 minutes and group F used vacuum
at 70 cmHg 30 minutes, impregnated at 80 psi 3 hr. Then heating at 60 °C until wood weight stabled. It
found that group a, b, ¢, d and e absorbed polyethylene glycol 400 are 70.82, 75.05, 88.46, 81.48 and
79.19%, density after impregnated are 708.24, 703.01, 707.31, 664.84 and 728.40 kg./rn3 and moisture
content of are 10.09, 9.49, 9.79, 9.96 and 9.82%. Group A, B, C, D, E and F absorbed polyethylene glycol
4000 are 66.77, 75.21, 68.05, 63.78, 70.61 and 66.01%, density after impregnated are 698.87, 717.66,
763.44, 802.90, 728.85 and 772.57 kg./m3 and moisture content lower than 9%. The results showed that

polyethylene glycol effect to increase density but moisture contents were decreased.

Keywords: Moisture content, Density , Polyethylene glycol, Rubber wood
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Figure 1. Structure of polyethylene glycol.
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Figure 2. Rubber wood put in the pressurized tank.
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Figure 3. Close a cover of pressurized tank (left), The pressurized tank connected with vacuum (right).
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Figure 4. Open valve of pressurized tank (left), open gauge vacuum valve (right).
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Figure 6. The pressurized tank connected with solution tank.

' Yy o A & A o Y o Y o @ 7w o
2.9 G]E]fT'IEJL"U1ﬂ‘1_|l,ﬂ§’0\1‘lj3JaﬂJLW’E]’0ﬂﬁJJL"IJTEN’E]@II@EIGIEN‘]Jﬂ’ﬂa']!ﬂi]’)ﬂllﬁ\iﬂuqﬂulﬂul1ﬂ1ﬁ!m$

A s PR o o Y A A &
wanaveunaniausiaureIny 1ntulansssuay

==

Figure 7. The pressurized tank connected with pump.
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Figure 9. Put receptacle under pressurized tank (left), open valve under pressurized tank (right)
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Table 1. Group A of rubber wood before impregnated with PEG 4000 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number N N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m) (kg/m’) (%)
25.20 39.15 250.00 246.65 683.94 10.40
Al 168.69 285.12 686.45 10.20 69.02
25.25 39.00 250.00 246.19 685.21 10.10
25.10 38.95 250.00 244.41 690.19 10.10
25.20 38.30 250.00 241.29 704.42 10.30
A2 169.97 269.87 706.03 10.27 58.78
25.16 38.10 250.00 239.65 709.25 10.40
25.25 38.30 249.50 241.29 704.44 10.10
24.80 38.20 250.00 236.84 719.52 11.30
A3 170.41 268.32 713.57 10.07 57.46
24.77 38.37 249.50 237.13 718.63 9.80
25.20 38.50 250.00 242.55 702.58 9.10
24.85 79.27 250.00 492.46 632.05 10.20
A4 311.26 531.38 632.01 10.20 70.72
24.92 79.25 250.00 493.73 630.43 10.30
24.80 79.24 250.00 491.29 633.56 10.10
24.92 79.97 250.50 499.21 624.91 10.30
311.96 554.90 627.34 10.40 77.88
A5 24.84 79.80 250.00 495.56 629.51 10.20
24.90 79.85 250.00 497.07 627.60 10.70




Table 2. Group A of rubber wood after heated at 60 ‘c

Thickness Width Length Weight before Weight after N N Density Average

Number Capacity (cm’) Density (kg/m’) s

(mm) (mm) (mm) treatment (g) treatment (g) (kg/m’)
25.70 39.50 250.00 253.79 722.65

285.12 183.40 725.27
Al 25.70 39.40 250.00 253.15 724.49
25.65 39.25 250.00 251.69 728.67
25.75 38.40 250.00 247.20 728.03

269.87 179.97 730.25
A2 25.65 38.20 250.00 244.96 734.70
25.65 38.55 250.00 247.20 728.03
25.75 38.62 250.00 248.62 722.44

268.32 179.61 728.71
A3 25.62 38.55 250.00 246.91 727.42
25.20 38.80 249.50 243.95 736.25
25.50 81.00 250.00 516.38 647.88

531.38 334.55 648.04
A4 25.50 81.30 250.00 518.29 645.49
25.40 80.80 250.50 514.11 650.74
25.40 80.80 250.00 513.08 662.78

554.90 340.06 662.09
AS5 25.35 80.95 250.00 513.02 662.86
25.42 81.00 250.00 514.76 660.62

Moisture content of rubber wood after heated at 60 "C lower 9%.

Before impregnated After impregnated

Figure 10. Group A of rubber wood in pressurized tank.
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After impregnated with PEG After heated at 60 C

Figure 11. Group A of rubber wood in each conditions.
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Table 3. Group a of rubber wood before impregnated with PEG 400 20%.

v o
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Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number N N N MC (%) Absorption (%)

(mm) (mm) (mm) treatment (g) treatment (g) (cm’) (kg/m) (kg/m) (%)
25.00 38.85 250.00 242.81 709.35 11.30

al 25.16 38.75 250.00 172.24 291.66 243.74 706.66 707.61 10.50 10.83 69.33
25.09 38.85 250.00 243.69 706.81 10.70
25.10 38.10 250.00 239.08 717.01 10.70

a2 25.20 38.00 250.00 171.42 291.41 239.40 716.04 713.91 10.20 10.53 70.00
25.30 38.25 249.95 241.88 708.69 10.70
25.00 38.40 250.00 240.00 699.50 11.00

a3 25.05 38.60 251.00 167.88 292.17 242.70 691.72 694.02 11.00 11.13 74.04
25.15 38.65 250.00 243.01 690.83 11.40
24.76 80.00 250.00 495.20 628.05 11.70

a4 24.94 80.10 250.00 311.01 534.72 499.42 622.74 625.57 10.40 11.10 71.93
24.86 79.95 250.00 496.89 625.91 11.20
24.95 79.80 251.00 499.74 635.61 10.00

a5 24.79 79.85 251.00 317.64 536.18 496.85 639.31 636.87 10.30 10.73 68.80
24.90 79.95 251.00 499.68 635.69 11.90

13



Table 4. Group a of rubber wood after heated at 60 ‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average MC MC average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cm3) (kg/ms) (kg/ms) (%) (%)
25.50 39.50 250.00 251.81 742.74 10.8
187.03 744.47 10.33
al 25.45 39.30 249.50 291.66 249.55 749.48 9.2
25.65 39.35 250.00 252.33 741.21 11
26.10 39.40 249.50 256.57 725.22 9.2
186.07 739.89 9.87
a2 26.00 38.25 250.00 291.41 248.63 748.40 10.8
26.10 38.30 249.50 249.41 746.05 9.6
25.10 39.05 250.00 245.04 746.78 10.1
182.99 743.09 9.60
a3 25.25 39.20 250.00 292.17 247.45 739.50 9
25.10 39.25 250.00 246.29 742.97 9.7
25.20 81.35 250.00 512.51 653.81 10.6
335.08 652.80 10.40
a4 25.30 81.00 249.50 534.72 511.30 655.35 10
25.55 80.80 250.00 516.11 649.24 10.6
25.65 80.35 250.00 515.24 662.42 10.7
660.97 10.23
a5 25.50 80.80 250.50 536.18 341.31 516.13 661.29 9.1
25.60 80.90 250.00 517.76 659.21 10.9
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Before impregnated After impregnated with PEG After heated at 60 'C
400

wood.

Figure 14. Mold occurred on surface of rubber wood.
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8An28 PEG 400 WU Hanuvuudundsomnuvuilu 744.47, 739.89, 743.09, 652.80 g 660.97
4
kg/m’ MWAIRY UANAIANNFUAAAY 10.33, 9.87, 9.60, 10.40 uaz 10.23% auday Tagldfiing
A o A o Y o A < 1 Y o A g
Wasuuasdnyaznduna ldsanune swmivateuuury IdFanugauu
m3gasua13ves o191 al, a2, a3, a4 1z a5 1A 69.33, 70.00, 74.04, 71.93 119 68.80%
P Y 2
awday Faaznoulinimsgaduas luminuTaseziuegnu vuia 31519 AN ATeUINNS
zil 1 9
ualsg1 Anudu tazanuruiuved i (155550 HazAM, 2540)
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3. MINAadIga B UNINMINATDY 21/09/52

1. 153184 PEG 4000 593094 20% 91148969 12,372.4 ¢ MANNH NI 1.032 2. 1053104 PEG 4000 W1V 20% 00NNHI8A 11,565.1 ¢ AANNANI WL 1.030

(% ) v o o
3. UNAUFUYINA 70 cmHg WU 1 ¥ 109 4. USIDANIY 80 psi WU 2 ¥ 109

Table 5. Group B of rubber wood before impregnated with PEG 4000 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
25.10 38.21 250.00 239.77 718.82 10.40
Bl 172.35 296.56 716.77 10.43 72.07
25.10 38.25 250.50 240.50 716.64 10.30
25.13 38.30 250.50 241.10 714.85 10.60
25.15 38.44 250.00 241.69 655.17 10.40
B2 174.60 250.45 651.54 10.37 58.16
25.10 38.60 250.00 242.22 653.76 9.90
25.20 38.85 250.50 245.24 645.68 10.80
25.25 38.55 250.00 243.35 659.51 10.10
B3 160.49 298.85 661.04 10.53 86.21
25.20 38.50 250.00 242.55 661.68 10.80
25.19 38.50 250.00 242.45 661.94 10.70
25.55 38.60 249.00 245.57 644.82 10.60
B4 158.35 288.27 650.38 10.57 82.05
25.31 38.50 249.50 243.12 651.32 11.30
25.15 38.45 250.00 241.75 655.00 9.80
25.05 38.85 251.00 244.27 684.77 11.00
167.27 297.00 687.14 10.80 77.56
B5 25.05 38.85 250.50 243.78 686.14 10.30
25.02 38.65 250.50 242.24 690.52 11.10

17



Table 6. Group B of rubber wood after heated at 60 ‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cm3) (kg/ms) (kg/ms)
26.00 38.59 250.00 250.84 752.77
296.56 188.82 751.24
B1 25.90 38.72 250.00 250.71 753.14
25.95 38.92 250.00 252.49 747.82
25.98 39.44 250.50 256.68 703.46
250.45 180.56 708.80
B2 26.03 39.10 250.50 254.95 708.21
25.97 38.91 250.00 252.62 714.74
26.01 39.30 250.00 255.55 703.62
298.85 179.81 708.72
B3 26.02 39.20 251.00 256.02 702.34
25.60 39.01 250.00 249.66 720.21
25.54 39.12 250.00 249.78 701.81
288.27 175.30 701.13
B4 25.52 39.26 249.50 249.98 701.26
25.40 39.42 250.00 250.32 700.31
25.78 39.86 250.00 256.90 719.51
297.00 184.84 718.41
BS 25.78 39.94 250.50 257.93 716.63
25.88 39.73 250.00 257.05 719.07

Moisture content of rubber wood after heated at 60 'C lower 9%.

Figure 14. Group B of rubber wood in pressurized tank before impregnate.
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Before impregnated After impregnated After heated at 60 'C

Figure 15. Group B of rubber wood in each conditions.

(1)B1(2)B2(3) B3 (4) B4(5) B>
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1InmM3Inaaed lderamisya B, B2, B3, B4 1ag BS UANUWUWLY 71677, 651.54, 661.04,
¥
650.38 1A 687.14 kg/m’ MNEIAY LazUAININFY 10.43, 10.37, 10.53, 10.57 11a£10.80 % AIMME 1AL
v o @ 1 ] v o A X g
1#a1N1589A8 PEG 4000 WU Tianuruniuvassamuywiiugsi 24, 708.80, 708.72, 701.13
3 o w 1 dy ° 1 1 Yy A (2 A
ay 718.41 kg/m’ WAy dauaNuFUanaIding1 9 % navieu Tasldimsasunlasdnyausi
@ Y v = < 1 9 o A 2
dunalaganuae szmuateuuuny ldsanuay
m3gasuasved Ideramsiga B, B2, B3, B4 uag B5 A1 72.07, 58.16, 86.21, 82.05 1Az
P Y
77.56 % MUEIAU Fauaaznoulansgaduas liuinulagezvuegnu vuia 31519 Aamanug

2 & ' Y
Lﬁﬂumﬂﬂﬁuﬂigﬂ AIMUYU uazmmwmuuumm"lu (A9I7U LATAUE, 2540)
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4. MINAAIYA b

[

U

NMNMINARDY 16/09/52

1. 13379 PEG 400 1334 20% 919960 12,452.7 ¢ MANNANIWNE 1.032 2. Y5194 PEG 400 1354 20% 80AINGIOA 11,629.0 g AIANNAIWING 1.032

3. USIAUFQYYINIA 70 cm Hg UM 1 52139

v o
4. 113399N1% 80 psi UTU 2 219

Table 7. Group b of rubber wood before impregnated with PEG 400 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N N MC (%) Absorption (%)

(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m) (kg/m’) (%)
24.96 38.05 250.00 237.43 674.26 10.60

bl 25.05 38.15 249.50 160.09 293.08 238.44 671.42 670.68 10.60 10.50 83.07
25.10 38.21 250.50 240.25 666.36 10.30
25.20 38.60 250.00 243.18 660.00 10.20

b2 25.12 38.50 250.50 160.50 292.58 242.26 662.50 662.71 10.80 10.40 82.29
25.05 38.35 251.00 241.13 665.62 10.20
25.18 38.85 251.00 245.54 655.25 9.70

b3 25.10 38.90 250.50 160.89 270.03 244.59 657.81 651.35 9.40 9.60 67.84
25.10 40.00 250.00 251.00 641.00 9.70
25.01 38.70 250.00 241.97 675.99 10.60

b4 24.90 38.60 251.00 163.57 277.92 241.25 678.02 679.89 10.40 10.83 69.91
24.85 38.40 250.00 238.56 685.66 11.50
25.30 38.90 250.00 246.04 671.35 10.30

b5 25.24 40.00 250.00 165.18 284.33 252.40 654.44 665.42 10.90 10.73 72.13
25.25 38.95 250.50 246.36 670.47 11.00
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Table 8. Group b of rubber wood after heated at 60 °‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average MC MC average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cm3) (kg/m3) (kg/ms) (%) (%)
25.63 38.54 250.00 246.95 722.79 9.10
293.08 178.49 711.65 9.23
bl 25.98 38.80 249.00 251.00 711.12 9.00
26.14 38.96 250.00 254.60 701.05 9.60
26.08 39.11 250.50 255.51 694.97 10.70
292.58 177.57 695.34 10.23
b2 26.00 39.29 250.00 255.39 695.30 10.00
25.88 39.29 251.00 255.22 695.74 10.00
25.80 38.33 250.00 247.23 701.54 9.00
270.03 173.44 704.86 9.13
b3 25.70 38.01 250.00 24421 710.20 9.40
26.00 38.04 249.50 246.77 702.85 9.00
25.34 39.20 251.00 249.33 711.08 9.80
277.92 177.29 707.60 9.30
b4 25.42 39.42 250.00 250.51 707.70 9.10
25.38 39.61 250.50 251.83 704.01 9.00
26.04 40.02 250.00 260.53 692.66 9.40
284.33 180.46 695.60 9.53
b5 25.88 40.16 250.00 259.84 694.52 9.20
25.82 39.96 250.00 257.94 699.62 10.00
Before impregnated After impregnated

i\

ber wood in pressurized tank before and after impregnated.
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After heated at 60 'C

Before impregnated After impregnated

Figure 17. Group b of rubber wood in each condition.

(1) bl (2) b2 3)b3 (4)b4d (5)b5
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vinmsnaasd lo19m1519@ b1, b2, b3, b4 1Az b5 UANUWUIMUY 670.68, 662.71, 651.35,
679.89 1A 665.42 kg/m’ ANEIA HazTimAUAY 10.50, 1040, 9.60, 10.83 HAZ10.73 % AMAIRY
NAINTOAAIY PEG 400 WM ﬁmmwmuﬂuwa‘"aE‘)"mﬁ'wﬁmﬂuﬂ1.65, 695.34, 704.86, 707.60 LA
695.60 kg/m’ AUEIAL ugnMNALTimanad 9.23, 10.23, 9.13, 9.30 uag 9.53 % muaray Iaeldiing
Wasuasdnyasiiduna léFanune sxmuanouuiulsFanub

m3sgadua1sveslderamsigm bl, b2, b3, b4 uaz bs if1 83.07, 82.29, 67.84, 69.91 LAz
72.13% MUY chmm'azviauﬁmﬂﬁ@ﬂcﬁumsllﬂwhﬁuiﬂﬂﬂzéﬁuagjﬁu vua 31319 Famanideu

X ' ¥
‘ﬂ’]ﬂﬂ’]ﬁllﬂﬁgﬂ AITNBU Ll,axmmviumumjmllu (ATFITU LUDTADL, 2540)

24



5. MInaaglya C

[

U

NMMINAADY 23/09/52

1. 1/33n94 PEG 4000 3T 20 % 1918969 12,181.55 ¢ AMATINANIUNE 1.033 2. 153194 PEG 4000 WUTH 20 % 09N9INHI6A 11,367.3 £ MATINANILINE 1.032

3. USIAUFYYYINA 70 cmHg WU 1 F2 T34

v o
4. 11339AN1Y 80 psi UTU 2 219

Table 9. Group C of rubber wood before impregnated with PEG 4000 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
11.70 80.30 250.00 234.88 752.56 10.50
Cl 176.76 292.57 744.77 10.00 65.52
11.84 80.35 250.00 237.84 743.20 9.90
11.90 80.45 250.00 239.34 738.53 9.60
11.90 80.35 251.00 240.00 685.67 10.00
C2 173.63 292.04 701.81 9.87 77.47
11.74 80.05 251.00 235.89 697.62 9.70
11.40 79.80 250.50 227.88 722.12 9.90
11.74 80.10 250.00 235.09 731.33 11.20
C3 171.93 292.03 738.50 11.27 69.85
11.60 80.20 250.00 232.58 739.23 10.80
11.54 80.00 250.00 230.80 744.93 11.80
11.65 80.00 250.00 233.00 706.27 12.40
C4 164.56 286.60 701.63 11.47 74.16
11.68 80.00 250.00 233.60 704.45 11.00
11.80 80.20 250.50 237.06 694.16 11.00
24.90 81.70 250.00 508.58 544.67 9.20
277.01 424.58 544.10 9.73 53.27
C5 25.05 81.65 250.00 511.33 541.74 10.00
24.90 81.55 249.90 507.45 545.89 10.00
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Table 10. Group C of rubber wood after heated at 60 ‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average
Number 5 5 R
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’)
11.90 82.25 250.00 244.69 779.55
292.57 190.75 775.26
Cl1 12.00 82.25 250.00 246.75 773.05
12.00 82.40 249.50 246.71 773.19
11.85 80.90 250.00 239.67 785.63
292.04 188.29 781.58
C2 11.65 81.85 250.00 238.39 789.85
12.05 81.25 250.00 244.77 769.27
11.85 80.25 250.00 237.74 787.50
292.03 187.22 799.93
C3 11.90 80.60 250.00 239.79 780.78
11.24 80.45 249.00 225.16 831.50
11.80 80.25 250.00 236.74 761.77
286.60 180.34 756.40
C4 11.82 80.45 250.50 238.21 757.08
11.95 80.45 250.00 240.34 750.34
20.10 82.25 249.50 412.48 708.28
424.58 292.15 704.03
C5 20.30 82.20 249.50 416.33 701.73
20.20 82.40 250.00 416.12 702.08
Moisture content of rubber wood after heated at 60 'C lower 9%.
Before impregnated After impregnated

Figure 18. Rubber wood in pressurized tank before and after imp
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Before impregnated After impregnated After heated at 60 'C

Figure 19. Group C of rubber wood in each condition.

() Cl (29)C2 (3)C3 (4)C4(5C5
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vinmanaaedliforanisige C1, €2, €3, C4 way €5 UanunuLly 744.77, 701.81, 738.50,
b
701.63 Uae 544.10 kg/m’ MWEIAY Lazlin1ANTU 10.00, 9.87, 11.27, 11.47 uag 9.73 % AMWa1AL
MSIMA36AAI8 PEG 4000 WU NANUMMHUnasaiiuuniy 775.26, 781.58, 799.93, 756.40
4 [ 1 [
uag 704.03 kg/m' MWEWU uanNUFUNAAINI 9 % ey lasldlinislaounladnuagh
o Y o A < ] Y o A dgl
duna ladanune szmiuareuuuny liFanubau
msgaduaisves lderawsige C1, €2, C3, C4 uaz C5 §iA165.52, 77.47, 69.85, 74.16 LAz
53.27 % awd1al Faaazneuliaimsgaduas luminulasaziuednin vuwa 31519 Aeamanu

2 & ' Y
Lﬁﬂumﬂﬂﬁuﬂigﬂ AIMUYU uazmmwmuuumm"lu (A9I7U LATAUE, 2540)
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6. N1INAADIYA ¢

[

U

NMMINAADY 24/09/52

1. 153184 PEG 400 191309114 20 % 1919999 12,480.5 g AMANNDMIWNIE 1.032 2. 31188 PEG 400 VU 20 % 0OANNDIBA 11,642.5 ¢ AANNAWI WL 1.032

3. USIAUFQYYINIA 70 cm Hg UM 1 52139

v o
4. 11539AN1% 80 psi UTU 30 WM 1ag 90 psi U 2 SRR TN

Table 11. Group c of rubber wood before impregnated with PEG 400 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N N MC (%) Absorption (%)

(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m) (kg/m’) (%)
9.40 79.80 249.50 187.15 719.72 10.80

cl 9.40 79.90 250.50 134.70 238.42 188.14 715.95 715.98 10.20 10.53 77.00
9.45 80.05 250.00 189.12 712.25 10.60
9.55 80.25 250.00 191.60 705.65 10.70

c2 9.45 80.15 250.50 135.20 239.84 189.73 712.58 708.55 10.60 10.57 77.40
9.55 80.05 250.00 191.12 707.41 10.40
9.51 80.05 250.00 190.32 575.72 11.60

c3 9.59 80.10 250.00 109.57 231.10 192.04 570.56 572.16 11.60 11.77 110.92
9.59 80.15 250.00 192.16 570.20 12.10
9.60 80.00 250.00 192.00 583.07 11.90

c4 9.55 80.10 249.50 111.95 229.65 190.86 586.57 587.20 11.40 11.60 105.14
9.45 80.05 250.00 189.12 591.96 11.50
24.85 81.22 249.50 503.57 578.29 11.20

c5 24.83 81.55 249.50 291.21 500.44 505.21 576.41 550.59 10.10 10.50 71.85
28.72 81.76 249.50 585.86 497.06 10.20

29



Table 12. Group c of rubber wood after heated at 60 ‘c

Thickness Length Weight before Weight after Capacity Density Density Average MC MC average
Number Width (mm) N N N
(mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%) (%)
9.65 81.9 250.00 197.58 743.79 10.00
744.99
cl 9.62 81.8 249.50 238.42 146.96 196.34 748.51 9.00 9.33
9.60 82.45 250.00 197.88 742.67 9.00
9.85 82.25 249.50 202.14 728.92 10.20
732.73
c2 9.76 82.25 249.50 239.84 147.34 200.29 735.64 9.00 9.40
9.75 82.23 250.50 200.84 733.63 9.00
9.65 81.9 250.00 197.58 644.33 10.90
645.95
c3 9.65 81.75 249.50 231.10 127.31 196.83 646.81 9.40 10.57
9.65 81.6 250.00 196.86 646.70 11.40
9.90 81.95 249.50 202.42 635.16 10.30
644.21
c4 9.85 81.65 249.50 229.65 128.57 200.66 640.73 9.00 10.13
9.55 82 250.00 195.78 656.72 11.10
19.95 82.35 249.50 409.90 771.17 10.50
768.68
c5 19.95 82.55 249.50 500.44 316.10 410.89 769.30 9.00 9.50
19.95 82.95 249.5 412.89 765.59 9.00
Before impregnated After impregnated

Figure 20. Rubber wood in pressurized tank before and after img
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Before impregnated After impregnated After heated at 60 °C

Figure 21.Group c of rubber wood in each condition.

(1D cl 2c2 (3)c3 (4)cd (5)c5
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vinmsnaaes 1de1awage cl, c2, 3, o4 uag o5 Ianunuwly 715.98, 708.55, 572.16,
587.20118% 550.59 kg/m’ AWEIAL taziAAAY 10.53, 10.57, 11.77, 11.60 11a210.50 % @1UA1AL
NAIINTOAAIY PEG 400 WUN ﬁmmwmuﬂuwa‘"aE‘)"mﬁuﬁmﬂu744.99, 732.73, 645.95, 64421 Uag
768.68 kg/m’ ANE1AY AT anaq 9.33, 9.40, 10.57, 10.13 1@ 9.50 % audray Tag'lifiing
Wasuasdnyasiiduna léFanune sxmuanouuiulsFanub

m3sgadua1sve lferamsge cl, c2, ¢3, c4 wag c5 §A177.00, 77.40, 110.92, 105.14 LAz
71.85% MNAAY chmm'azviauﬁmﬂﬁ@ﬂcﬁumsllﬂwhﬁuiﬂﬂﬂzéﬁuagjﬁu vua 31319 Famanideu

X ' ¥
‘ﬂ’]ﬂﬂ’]ﬁllﬂﬁgﬂ AITNBU Ll,axmmviumumjmllu (ATFITU LUDTADL, 2540)
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7. MINAadIYA D

[

U

NMMINAADY 25/09/52

113379 PEG 4000 (9309131 20 % 1919969 12,396.5 ¢ MANNDMIUNIE 1.034 2.U51194 PEG 4000 (1351 20 % 90AINDIOA 11,549.3 g AIANNDIIUNIE 1.032

3.U59AUFYYINA 70 cm Hg UM 1 52139

v o
4. FIDANY 90 psi UIU 2 219

Table 13. Group D of rubber wood before impregnated with PEG 4000 20 %.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
9.68 80.44 250.00 194.66 691.91 10.80
D1 134.69 244.68 690.91 10.43 81.66
9.67 80.32 250.50 194.56 692.27 10.30
9.72 80.34 250.50 195.62 688.54 10.20
9.68 80.48 250.50 195.15 888.18 10.90
D2 134.63 243.55 886.27 10.67 40.51
9.70 80.50 250.00 195.21 887.90 10.80
9.74 80.32 251.00 196.36 882.71 10.30
11.90 80.16 250.00 238.48 708.25 10.80
D3 168.90 284.56 704.42 10.43 68.48
11.94 80.22 250.00 239.46 705.35 10.40
12.04 80.20 250.00 241.40 699.66 10.10
12.09 80.32 250.00 242.77 713.98 10.10
D4 173.33 295.29 714.54 10.10 70.36
12.05 80.26 251.00 242.75 714.03 10.20
12.05 80.24 250.50 242.21 715.63 10.00
20.08 82.02 237.00 390.33 693.70 12.00
270.77 427.54 697.14 11.50 57.90
D5 20.10 81.49 236.00 386.56 700.47 11.30
20.15 81.49 236.50 388.34 697.25 11.20
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Table 14. Group D of rubber wood after heated at 60 ‘c

Thickness Width Length ‘Weight before ‘Weight after Capacity Density Density Average
Number N N N
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’)
9.82 82.20 250.00 201.80 735.48
244.68 148.42 732.32
D1 9.93 82.28 249.50 203.85 728.08
9.85 82.18 250.00 202.37 733.42
9.76 81.84 250.00 199.69 741.90
243.55 148.15 738.39
D2 9.82 81.96 250.00 201.21 736.29
9.80 82.05 250.00 201.02 736.98
10.06 80.98 250.00 203.66 902.07
284.56 183.72 895.48
D3 10.12 80.93 250.00 204.75 897.28
10.24 80.90 250.00 207.10 887.09
10.22 81.01 250.00 206.98 913.85
295.29 189.15 927.37
D4 10.08 80.02 250.00 201.65 938.01
10.04 81.01 250.00 203.34 930.24
20.30 83.01 237.00 399.37 716.50
427.54 286.15 720.94
D5 20.32 82.04 236.00 393.42 727.33
20.34 82.91 236.00 397.99 718.99
Moisture content of rubber wood after heated at 60 °C lower 9%.
Before impregnated After impregnated

..-.-dﬁ I

Figure 22.Rubber wood in pressurized tank before and after impregnated.
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Before impregnated After impregnated After heated at 60 'C

Figure 23.Group D of rubber wood in each condition.

(1) DI (2)D2 (3)D3 (4)D4 (5)D5



1Inminaaedlifo1an1s1ga D1, D2, D3, D4 1ag D5 TAMUHUILY 690.91, 886.27, 704.42,
714.54 uag 697.14 kg/m’ AME1AL HazTimAAEY 10.43, 10.67, 10.43, 10.10 1182 11.50 % MNA1AU
HEAISARIE PEG 4000 MU TAnumunuiumdasamuiuiiy 732.32, 738.39, 895.48, 927.37
A 720,94 ke/m’ AMAIRY dauaFuTinanadindt o % nniou Taeliinmsndeunlasdnyas

]
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N qmm"lﬂwmuﬂa ﬂzmumaummullmmﬂuﬂwu

m3gasuaIsved Iferamsiga DI, D2, D3, D4 uaz D5 iR 81.66, 40.51, 68.48, 70.36 1Az
v Y
57.90 % awd1al FaaazneuliaIMsgaduas luminulasaziuednin vua 31519 Aeamanu
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8. MINAadIYA d

115318 PEG 400 1993091 20% 1918987 - g AIAIND9 UL 1.032

[

U

NMMINAADY 28/09/52

3.U59AUFYYINA 70 cm Hg WU 1 52139

2. 31188 PEG 400 19191 20% 0019109960 - g AIANDNTUNE 1.032

v &
4. UIIDANIY 90 psi UIU 30 W

Table 15. Group d of rubber wood before impregnated with PEG 400 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)

(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
11.85 80.64 250.00 238.90 648.11 12.30

di 11.95 80.50 250.00 154.83 270.88 240.49 643.80 646.79 11.60 12.20 74.95
11.87 80.30 250.50 238.77 648.46 12.70
11.93 80.75 250.00 240.84 657.37 13.80

d2 11.95 80.70 249.50 158.32 278.94 240.61 658.00 659.12 13.70 13.83 76.19
11.85 80.73 250.00 239.16 661.98 14.00
10.67 80.20 250.00 213.93 511.28 12.50

d3 10.65 80.02 250.00 109.38 209.11 213.05 513.39 512.41 11.40 11.87 91.18
10.65 80.15 250.00 213.40 512.56 11.70
10.70 80.15 250.00 214.40 514.32 11.80

d4 10.75 80.14 250.00 110.27 212.23 215.38 511.99 512.75 11.40 11.60 92.46
10.70 80.20 251.00 215.39 511.95 11.60
19.95 82.20 250.00 409.97 689.61 11.10

ds 19.90 82.30 250.50 282.72 488.03 410.26 689.12 688.94 10.70 11.13 72.62
19.97 82.30 250.00 410.88 688.08 11.60
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Table 16. Group d of rubber wood after heated at 60 °‘c

Thickness Width Length ‘Weight before Weight after Capacity N Density Average
Number N Density (kg/m’) N MC (%) MC average (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’)
12.16 82.41 250.00 250.53 673.54 10.60
679.20 10.20
dl 12.16 81.76 250.00 270.88 168.74 248.55 678.90 10.40
12.04 81.82 250.00 246.28 685.16 9.60
12.21 82.5 249.50 251.33 685.56 9.30
697.36 9.43
d2 12.01 81.87 249.50 278.94 172.30 245.32 702.34 9.20
12.00 81.56 250.00 244.68 704.19 9.80
9.86 82.02 250.00 202.18 605.50 9.20
609.62 9.93
d3 9.80 81.46 250.00 209.11 122.42 199.58 613.40 9.90
9.80 81.92 250.00 200.70 609.95 10.70
9.87 81.86 250.00 201.99 610.33 10.30
608.96 9.73
d4 9.92 81.92 250.00 212.23 123.28 203.16 606.81 9.50
9.87 81.94 250.00 202.19 609.73 9.40
20.80 82.22 250.53 428.44 714.52 10.20
729.08 10.50
d5 20.20 82.9 250.00 488.03 306.13 418.65 731.24 10.50
20.14 82 250 412.87 741.47 10.80

Before impregnated

/ sl

[

2

)d in pressurized tank before and after impreg
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Before impregnated After impregnated After heated at 60 "C

Figure 24. Group d of rubber wood in each condition.

(1) dl 2)d2 (3)d3 (4)d4 (5)d5
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ninminaaed iloramsiga di, d2, d3, d4uag d5 TANUNUILY 646.79, 659.12, 512.41,
512.75 1Az 688.94 kg/m’ MUAIAL HazTiMANMUAY 12.20, 13.83, 11.87, 11.60 4AZ11.13 % AUAIFY
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9. MINAADIYAN E

[

U

NMMINAADY 29/09/52

145301 PEG 4000 /19U 20 % 916989 12,221.34 g AANNO MWL 1.032 2. 153194 PEG 4000 1UTY 20 % 09N9INHI6A 11,322.02 g AN NI UL 1.032

3.U59AUFYYINA 70 cm Hg UM 1 52139

v o
4. 11539AN1Y 80 psi WU 3 219

Table 17. Group E of rubber wood before impregnated with PEG 4000 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
11.80 80.10 250.50 236.77 666.60 10.70
El 157.83 290.91 663.21 11.80 84.32
11.85 80.46 250.50 238.84 660.82 11.70
11.79 80.70 250.50 238.34 662.21 13.00
12.00 80.45 250.00 241.35 696.87 11.20
E2 157.16 291.82 697.49 11.17 73.51
12.00 80.55 250.00 241.65 696.01 10.30
11.90 80.65 250.50 240.41 699.59 12.00
11.85 80.10 251.00 238.25 706.92 11.90
E3 168.42 297.60 701.83 11.23 76.70
11.95 80.45 250.00 240.34 700.74 11.00
12.00 80.45 250.00 241.35 697.82 10.80
11.90 80.55 250.00 239.64 701.86 12.10
E4 168.19 297.35 701.38 11.40 76.79
11.85 80.44 250.00 238.30 705.78 10.80
12.05 80.16 250.00 241.48 696.49 11.30
19.90 81.90 250.50 408.27 683.18 9.90
278.92 395.27 685.83 9.93 41.71
E5 19.90 82.05 249.50 407.38 684.66 10.00
19.85 81.50 250.00 404.44 689.64 9.90
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Table 18. Group E of rubber wood after heated at 60 °‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cm3) (kg/ms) (kg/m3)
11.92 82.24 250.00 245.08 717.94
290.91 175.95 716.31
El 11.96 81.51 250.00 243.71 721.95
12.03 82.51 250.00 248.15 709.05
12.01 81.43 250.00 244.49 719.36
291.82 175.88 713.66
E2 12.09 81.58 250.00 246.58 713.29
12.12 81.95 250.00 248.31 708.31
11.91 80.84 250.00 240.70 771.08
297.60 185.60 764.17
E3 12.06 80.94 249.00 243.06 763.60
12.09 81.03 250.00 24491 757.82
12.06 81.02 250.00 24428 758.49
297.35 185.28 758.09
E4 12.06 81.05 250.00 244.37 758.21
12.10 80.85 250.00 244.57 757.57
20.28 82.47 249.50 417.29 689.09
395.27 287.55 692.02
ES 20.23 82.10 249.50 414.39 693.91
20.23 82.20 249.50 414.90 693.07
Moisture content of rubber wood after heated at 60 "C lower 9%.
Before impregnated After impregnated

Figure 25. Rubber wood in pressurized tank before and after imp
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Before impregnated After impregnated After heated at 60 'C

Figure 26.Group E of rubber wood in each condition.

(1) E1 2)E2 (3)E3 (4)E4 (5)ES5
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10. MINAABIYA e

[

U

NMMINAADY 30/09/52

113309 PEG 400 19384 20 % 1916999 12,301.13 g MANNDMIUNIE 1.032 2. U31188 PEG 400 VU 20 % 90ANNHIBA 11,370.5 ¢ AANNANI WL 1.032

3.U59AUFYYINA 70 cm Hg WU 1 52139

v o
4. 11539AN1Y 80 psi WU 3 219

Table 19. Group e of rubber wood before impregnated with PEG 400 20%.

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number . N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm) (kg/m’) (kg/m’) (%)
11.95 80.35 250.00 240.05 710.91 11.30
el 170.65 296.84 715.18 11.43 73.95
11.95 80.20 250.50 240.08 710.81 11.50
11.75 80.10 250.50 235.76 723.82 11.50
11.80 80.35 251.00 237.98 732.24 11.10
e2 174.26 297.08 730.09 10.97 70.48
11.75 80.60 250.00 236.76 736.01 11.20
12.00 80.45 250.00 241.35 722.02 10.60
11.94 80.20 250.50 239.88 640.87 11.30
e3 153.73 292.24 635.81 10.83 90.10
12.10 80.45 250.00 243.36 631.69 10.40
11.98 80.85 250.00 242.15 634.87 10.80
12.05 80.60 250.00 242.81 653.48 10.30
e4 158.67 284.68 654.08 10.07 79.42
12.10 80.20 251.00 243.58 651.42 10.60
12.00 80.30 250.50 241.38 657.34 9.30
19.95 81.95 250.00 408.73 668.35 10.50
273.17 497.12 667.41 10.50 81.98
e5 20.00 81.85 250.00 409.25 667.49 11.10
19.95 82.19 250.00 409.92 666.39 9.90
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Table 20. Group e of rubber wood after heated at 60 ‘c

Thickness Width Length Weight before Weight after Capacity Density Density Average MC MC average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cm3) (kg/m3) (kg/ms) (%) (%)
12.02 82.3 250.00 24731 756.41 10.60
296.84 187.07 763.10 10.20
el 12.04 81.8 250.50 246.71 758.26 10.40
11.92 81.2 249.50 241.49 774.64 9.60
12.10 81.72 250.00 247.20 764.31 9.30
297.08 188.94 759.02 9.43
e2 12.08 82.16 250.00 248.12 761.48 9.20
12.28 81.92 250.00 251.49 751.27 9.80
12.24 81.42 250.00 249.15 693.49 9.20
292.24 172.78 685.64 9.93
e3 12.38 82.03 250.00 253.88 680.55 9.90
12.31 82.05 250.50 253.01 682.89 10.70
12.30 82.01 250.00 252.18 694.50 10.30
284.68 175.14 691.80 9.73
e4 12.48 81.17 250.50 253.76 690.19 9.50
12.42 81.5 250.50 253.56 690.71 9.40
20.28 82.47 249.50 417.29 739.30 10.10
497.12 308.50 742.44 9.81
e5 20.23 82.1 249.50 414.39 744.47 9.53
20.23 82.2 249.5 414.90 743.56 9.81
Before impregnated After impregnated

]
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Before impregnated After impregnated After heated at 60 'C

Figure 28. Group e of rubber wood in each condition.
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vinmsnaaes 1de19wagm el, o2, e3, e4 1Ay e5 UANuUUMUY 715.18, 730.09, 635.81,
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11. MINAaedya F

1. 1053184 PEG 4000 5191 20 % 1916989 12,308.94 g AIANNA NI UNE 1.032

[

U

NMMINAA0Y 1/10/52

3. USIAUGYYINA 70 cm Hg UM 30 WA

o & ]
4. USI0AMY 80 psi WU 3 B2 119 30 WIN

Table 21. Group F of rubber wood before impregnated with PEG 4000 20 %.

2. 133191 PEG 4000 13T 20 % 90A1INGI0A 11,474.5 £ AIANND NI UINE 1.032

Thickness Width Length Weight before Weight after Capacity Density Density Average MC average
Number N N . MC (%) Absorption (%)
(mm) (mm) (mm) treatment (g) treatment (g) (cm’) (kg/m’) (kg/m’) (%)
11.87 80.65 250.50 239.81 736.22 11.30
Fl1 176.55 270.33 737.26 10.83 53.12
11.85 80.75 250.50 239.70 736.54 10.20
11.85 80.48 250.50 238.90 739.02 11.00
11.90 80.45 250.00 239.34 744.38 9.80
F2 176.12 293.57 744.51 10.03 64.78
11.90 80.55 250.00 239.64 743.46 9.40
11.85 80.65 250.00 238.93 745.67 10.90
12.05 80.05 250.50 241.63 689.60 11.70
F3 166.63 288.93 695.46 11.23 73.40
11.85 80.15 250.00 237.44 701.76 10.80
11.95 80.25 250.00 239.75 695.02 11.20
11.80 80.20 250.50 237.06 751.53 12.00
F4 178.16 297.12 746.83 11.50 66.77
11.85 80.25 250.00 237.74 749.39 11.20
11.97 80.50 250.00 240.90 739.57 11.30
19.95 81.60 250.00 406.98 703.35 10.90
286.25 492.37 699.64 11.23 72.01
F5 19.95 81.90 251.00 410.11 697.98 11.00
20.05 81.70 250.50 410.34 697.59 11.80
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Table 22. Group F of rubber wood after heated at 60 ‘c

Thickness Width Length ‘Weight before ‘Weight after Capacity Density Density Average
Number
(mm) (mm) (mm) treatment (g) treatment (g) (cms) (kg/ms) (kg/m3)
12.14 81.48 250.00 247.29 760.24
270.33 188.00 761.24
F1 12.11 81.22 250.00 245.89 764.56
12.14 81.62 250.00 247.72 758.93
12.06 81.64 249.50 245.65 783.63
293.57 192.50 782.99
F2 12.09 81.58 250.00 246.58 780.69
12.08 81.40 249.50 245.34 784.64
12.06 81.04 250.00 244.34 760.47
288.93 185.81 758.11
F3 12.02 80.98 251.00 244.32 760.52
12.23 80.67 250.00 246.65 753.34
12.18 80.94 250.00 246.46 788.76
297.12 194.40 797.32
F4 12.14 80.73 250.50 245.51 791.84
11.87 80.74 250.00 239.60 811.37
19.78 83.64 251.00 415.25 757.61
F5 19.76 83.53 250.00 492.37 314.60 412.64 762.41 763.20
19.90 82.17 250.00 408.830 769.58
Moisture content of rubber wood after heated at 60 °C lower 9%.
Before impregnated After impregnated
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Figure 29.Rubber wood pressurized tank before and after impregna
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After heated at 60 'C

Figure 30.Group F of rubber wood in each condition.
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1nm3Inaaed 1de19m1519a F1, F2, F3, F4 uag FS auwmunniy 737.26, 744.51, 695.46,
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Table 22. Moisture content and density of rubber wood before impregnated polyethylene glycol compare

with after impregnated polyethylene glycol.

Absorption Density (kg/m3) Moisture (%)
Condition of impregnate PEG used Group
(%) Before After Before After
1. Vacuum 60 cmHg 1 hr 4000 A 66.77 673.08 698.87 10.23 <9
Pressure 80 psi 2 hr 400 a 70.82 675.59  708.24 10.87 10.09
2. Vacuum 70 cmHg 1 hr 4000 B 75.21 673.37  717.66 10.54 <9
Pressure 80 psi 2 hr 400 b 75.05 666.01 703.01 10.41 9.49
3. Vacuum 70 cmHg 1 hr
4000 C 68.05 686.16  763.44 10.47 <9
Pressure 80 psi 2 hr
4. Vacuum 70 cmHg 1 hr
Pressure 80 psi 30 min, 400 c 88.46 626.89 707.31 10.99 9.79
Pressure 90 psi 2 hr
5. Vacuum 70 cmHg 1 hr
4000 D 63.78 738.65 802.90 10.63 <9
Pressure 90 psi 2 hr
6. Vacuum 70 cmHg 1 hr
400 d 81.48 604.00 664.84 12.13 9.96
Pressure 90 psi 30 min
7. Vacuum 70 cmHg 1 hr 4000 E 70.61 689.95 728.85 11.11 <9
Pressure 80 psi 2 hr 400 e 79.19 680.51 728.40 10.76 9.82
8. Vacuum 70 cmHg 30 min
4000 F 66.01 724.74  772.57 10.97 <9

Pressure 80 psi 3 hr

Every group of rubber wood was heated at 60 'C
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