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ABSTRACT

This research aimed to prepare a particle board from palm’s pulp and formaldehyde-free
adhesive. The adhesive was produced by modification of poly(vinyl alcohol), PVA, with Tung
oil, along with the use of p-toluene sulfonic acid as a catalyst, potassium persulfate as an initiator
and silica as a filler. To make a particle board, the prepared adhesive was employed to shape
palm’s pulp by using hot-compression molding technique. The variations of adhesive : pulp ratio
(as 15, 20, 25, 30, 35, and 40 wt%), moisture content before molding, size of the palm’s pulp,
and board forming were studied. The board forming was made to be 1-layer board (mixed and
individual pulp’s size) and 3-layer board (various ratios of palm’s pulp size; no.1 : no.2 as 60:40,
55:45, 50:50, 45:55 and 40:60 by weight). The particle boards were tested for some properties,
i.e., density, moisture content, swelling behavior, modulus of rupture (MOR) and modulus of
elasticity (MOE). It was found that, at the adhesive : pulp ratio of 40 wt% (high moisture content
before molding), the particle board showed the industrial standard’s properties (Thailand standard
TISI 876 and JIS A 5908), i.e. density, moisture content and swelling behavior (passed only TISI
876). It has modulus of rupture as 3.1 MPa and modulus of elasticity as 430 MPa. Moreover,
when 3-layer board was made, its swelling behavior was reduced which was above the TISI
standard 876 and JIS A 5908. However, the modulus of rupture and modulus of elasticity were
lower than those of the board made from mixed pulp’s size (A12(40)). Besides, both of the
modulus of rupture and modulus of elasticity of the palm’s pulp particle board increased with the

increment of palm’s pulp no.1 content.

Keywords : Formaldehyde-free adhesive, poly(vinyl alcohol), Natural drying oil, Particle board

from palm’s pulp
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UF = Urea Formaldehyde
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MF = Melamine Formaldehyde
PB = wumsiRauesa
PF = Phenol Formaldehyde
FB - ueiuleliden

[ d Yo A ay
OSB - wrnaa TIsaIS vady
P-RF = Phenol-Resorcinol Formaldehyde
EVA = Ethylene vinyl acetate
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RH = ANUBUAUNNT
PULFA = Poly (urethane fatty amide)
SLS = Tyaouossama
PTSA = p-tolulenesulfonic acid
K,S,0,/KPS . = Potassium persulfate
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JIs = u1ﬁ5j1uQﬂﬁ1ﬂﬂiiNﬂ;ﬂu (Japanese industrial standard)
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(NaOH)
OCOCH:s OH
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2.3.1 lustunaziiiu

-

Y 3 o 3 o Ll A aaa 1 L S Al
Ty (Fat) wazisu (Oi) Sueamesifaninlfiionsenineanagon NI
o Y] @ o o H
128500 (Glycerol) 1 Tuananunsaluiu (Fatty Acid) 1-3 Tuana luiuezfiuveaniai
a 9 [ 1 =] ar v o ] g Y] o A a9 & 9 =
gUNYUNDY angazilu lniunndal meuumﬂummmamqmwQuﬂmm'lﬂmnmf
' < 7 d d a W Y LA 1
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l :’J 9

o o’ %‘ a =Y U a Y o =
‘lumﬁmuun‘lwuua:muu%waﬁ'an%mmuﬁmﬂﬂmﬂsﬂ"hmu‘lumﬁmmuu i
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(Diglyceride) #aziii 3 quaqmzn’ﬂu"lmnﬁwa"liﬁ (Triglyceride)

o o] o
I Il Il
cH,—O0—C—R, CH,—O—C—R, CH,—O0—C—R,
0O (o]
Il Il
CH— OH CH—O—C—R, CH—O0—C—R,
o
If
€1, —OH CH,—OH CH,—~0—C—R,
Monoglyceride Diglyceride Triglyceride

qulfi 22 yiinvoansaluulueanod (12]

aaa = ) [~ o an a Y - [ aaan =

ﬂgnimmsma"lamutﬂuﬂgnimmsmﬂmﬁma% (Esterification) 134 1/{j1381m31NA
= s a = o

lasnaelsasinndiesen 1 Tmaf}as'zuﬂunﬁﬂ"lwu 3 Tuiana 1= 18 1asnawe’lsd (M5e

laseFanawesen) 1Tuana AIANMT

e TR

D R s S

I
(Glycerol)  (Fatty acid) (Triglyceride)

q1lft 2.3 WS msiAa i (Esterification) [12]
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2 2
G—{——-O—("}—R CH—0—C—R
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CH-0—C—R CGHy-0—C—R
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¥
s o/

s 4 { o i 3 [ %’ et 1 v A o 1
AuAmiveudamilsanieiusz@emianue aniuiniuiiudnsa luiududieglulaseada

o) wa o &

- 3
veiauiid ludada Tgasialdidlu ¢ 1,0, u5e C,H,,,COOH nazilougasna T 1dqadl
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s 1

@ 14 w . o3 ar ti
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nsa luaiy qas Tasaadeedide waoy | Wuszq | Aretwumasil
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(Lauric Acid)
nia lu3adn CH,(CH,),,COOH 52.9 - v
(Myristic Acid) , qm" UNS e
nsathduiin CH,(CH,),,COOH B3| - wnfuhdy
(Palmitic Acid) Tuiudad
NIATALIN CH,(CH,),,COOH 69.6 - Tuafuiisas
(Stearic Acid) dnd -
NTADLIIFAN CH,(CH,),,COOH 76.5 - iifuda
(Arachidic Acid)
v, nsa lviu Liduda
nsathail laiadn CH,(CH,),CH=CH(CH,),COOH 0.5 1 lvsfuiiwuay
(Palmitoleic Acid) a7l
nsAlomen CH,(CH,),CH=CH(CH,),COOH 13.4 1 Tusfuiiwuaz
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2.3.4 aUUAMIMUNMNUDINTA 1UITU

¥
as 1 o =) 5
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R
/\/\/\/\/\/\/ OH
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311 2.5 Taseardaveansaluiu [13]
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1. UgaserlaTasada (Hydrolysis) Ufnsen laTasadaves luiuuaziniuna ldnsly

v
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anznsauaziud erinslaTasdda lviuvsoiuiu Tavldnsaidludausal §asorns 14
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¥
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o o

1
H—O0-6—R 2 H— + g

= +3H,0 | OH (H-O}C-r 2

0 —— a
CH2—O-C-R 3 CHz—OH (H-o}C-Rr 3

1asn&iralss 1 3 Tuana n8wasaa ATaludu 3 Tuana

31 2.6 U§A5en la Tasada (Hydrolysis) [12]
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2. aztlouildingu (Sponification) iioan luunieviniuduaisazare Tnuna@ou
o = o 2 o )
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¥
nsa luiuniom] Ugaseniiez hidunaumileuluaniiznsa

o o
- n
CH, O - C - R, CH, OH Na'o - C - R,
o I o
| I A e Ml
CH-0-C-R, <+ 3NaOH ———Pp CH-OH + NaO-C-R,
|9 I
1l N [
CH-0-C-R, CH_- OH Na0'- C - R,
Tustunazainia a1 nalreI0a ay

310 2.7 g5 0msieay) “azalouiitingu” (Sponification) [12]
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1 = Y . . A " 4 - ] ﬂ
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2.3.8 H13UNI (Tung Oil)
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2.5 mM3dulgnaen [26]
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Quartz TridymiteCristobalite

31 2.12 J1uvvUBACrystalline Silica [27]
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3.8.2.4 manaaeUANULTMIIAAIAZ IR T aiAYiE Y (Modulus of Rupture, MOR and
Modulus of Elasticity, MOE) ({Nguifg a1 3§11 20n.876 11az JIS A 5908)
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o o [ [ 1 § 4 % 3 .
3. NMARDUANVUATIARIENOAFaUANGY TABINTDY Universal Testing Machine

AMUUA Speed = 10.00  mm/min
Span Length = 100.00 mm
Width = 50.00 mm
Thickness = 10.00 mm
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A15197 D - 1 DIATHIY WON.876
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ot o
NN UA

ANVHUT (HaaA3)

RN AMANYUE
= =2
N1 0.6 91 13.0
1 MANUHUIUY (kg/m) 400 - 900
. i
2 MANVBY (%) 4-13
3 MIWDIAINWANUHU (%) Lt 12
4 ANVAINIULSIAA (MPa*) TiiTaon 14
= = | ] 19 t
5 weAaabANLY (MPa) Tiniaunin 1,800
WINOIHQ * 1 MPa = 1 N/mm’
13191 D - 2 11ATF I JIS A 5908
INUNNAHUA
aaun einaluis ANUHU (Haang)
1N 0.6 94 13.0
1 AMAMUAUUNY (kg/m3) 400 - 900
. 3
2 AANINFY (%) 13
3 AMINBIAIMIIANILNN (%) TPy 12
4 ANVMUMIULSIAA (MPa*) Tidpan 8
o N L] LI T
5 wogAaatangu (MPa) liiooni 2,000

HINUMA * 1 MPa = | N/mm’




MAFNUIN Y.

s 1 da a & £ d
HANIINATDIUANUAUDINH U iﬂ!ﬁﬁlil1ﬂ!£lﬂ1il‘l.hﬁﬂ

A13197 U — 1 AATIUHUIUY (g/om’) WIATIIU UON.876

qns w1 | udui2 | wduiiz | wduiia | dunde SD
A12(15) 716.1 587.9 667.1 568.3 634.9 69.0
A12020) | 576.8 549.3 488.3 572.1 546.6 40.7
A12(25) 648.6 621.0 509.2 661.2 610.0 69.3
A12(30) | 561.6 548.5 641.9 632.6 596.2 47.9
A12(35) | 6141 590.0 594.9 610.1 602.3 116
A12(40) | 561.0 603.0 478.5 581.9 556.1 54.5
Al2(40)a | 504.8 518.9 531.6 512.3 516.9 11.4
A12(40)b | 4832 606.4 543.0 564.2 549.2 51.3
Al12(40)c 507.4 478.0 454.8 469.8 471.5 22.1
A12(40)d | 583.0 590.9 535.9 540.9 562.7 28.3
Al12(40)e 557.6 415.8 469.2 493.5 484.0 58.8
A1(40) 532.2 540.7 549.2 A50=] 545.0 11.0
A2(40) 506.8 565.6 624.4 683.2 595.0 75.9
A3-1 550.7 537.3 5239 510.5 530.6 173
A3-2 5202 512.9 505.6 498.3 509.3 9.4
A3-3 528.9 462.5 479.9 479.9 487.8 28.6
A3-4 527.1 601.6 497.2 488.6 528.6 514
A3-5 544.8 511.7 5274 5734 5393 26.4
C3-1 641.3 571.5 537.1 558.2 571.0 45.1
C3-2 663.9 610.7 560.9 574.3 602.4 46.1
C3-3 574.4 531.5 584.6 527.8 554.6 29.1
€35 601.6 622.6 596.5 623.4 611.0 14.0

69



L] i J
1N Y- 2 MANNAY (%) WIATTIU UBN.876

70

qn3 wini 1 | wduii2 | wduiia | wiuita | dundo SD
A12(15) 6.4 7.2 A 7.6 71 0.5
A12(20) 6.6 7.2 7.1 7.6 il 0.4
A12(25) 6.2 7.0 7.2 7.4 6.9 0.6
A12(30) 6.1 7.6 7.1 L5 7.1 0.7
A12(35) 6.2 7.4 7.4 8.0 73 0.8
A12(40) 6.1 7.5 7.7 7.9 7.3 0.8
A12(40)a 6.3 6.5 7.0 7.8 6.9 0.7
A12(40)b 6.5 6.9 7.4 7.3 7.0 0.4
A12(40)c 6.3 7.0 7.1 7.0 6.9 0.4
Al12(40)d 6.6 6.8 AV 6.7 6.8 0.3 '
A12(40)e 6.0 6.9 7.8 TR 7.3 0.7
A1(40) 5.8 5.8 7:1 6.8 6.4 0.6
A2(40) 6.0 6.5 6.6 6.9 6.5 0.4
A3-1 6.3 7.0 7.1 7.0 6.9 0.4
A3-2 6.6 6.8 72 6.7 6.8 03
A3-3 6.6 6.9 7.8 7Y 7.3 0.7
A3-4 5.8 5.9 7.1 6.8 6.4 0.6
A3-5 6.0 6.5 6.6 6.9 6.5 0.4
C3-1 6.3 6.0 7.0 6.9 6.6 0.5
C3-2 5.9 6.1 6.4 7.0 6.4 0.5
€343 6.4 6.2 7.0 7.0 6.7 04
C3-5 5.9 6.6 6.5 7.1 6.5 0.5




AIT1AN Y — 3 AINTHDIRINNAINHUI (%) MIATFIU UON.876, 1 2134

'oa
HHUN 1

HHUR 2

UAHUT 3

UHUTN 4

AundY

qas SD
A12(15) 33.6 31.2 32.8 353 33.2 17
A12(20) 20.7 31.8 23.0 30.7 26.5 5.5
A12(25) 14.2 16.9 15.6 15.5 15.6 1.1
A12(30) 15.0 13.4 15.4 15.2 14.7 0.9
A12(35) 13.4 16.2 12.3 13.8 13.9 1.6
A12(40) 10.7 9.9 9.1 10.2 10.0 0.6
Al12(40)a | 204 21.6 215 20.5 21.0 0.6
A12(40)b 19.7 20.3 20.0 19.0 19.7 0.6
A12(40)c 19.5 18.1 19.7 18.7 19.0 0.8
A12(40)d | 157 18.0 15.5 16.2 16.3 1.1
A12(40)e 14.6 13.1 14.0 i 14.2 0.9
A1(40) 13.2 15.0 17.4 18.2 16.0 2.3
A2(40) 14.5 14.0 14.3 14.9 14.4 0.3
A3-1 9.4 9.7 10.0 8.6 9.4 0.6
A3-2 11.0 9.1 10.2 9.9 10.1 0.8
A3-3 12.1 18.1 10.0 9.8 12.5 3.9
A3-4 9.2 9.0 9.6 10.7 9.6 0.7
A3-5 7.8 8.9 8.0 7.8 8.1 0.5
C3-1 1.0 1.0 - - 1.0 0.0
€32 1.0 1.0 - - 1.0 0.0
C3-3 1.0 1.0 - - 1.0 0.0
C3-5 1.0 1.0 - - 1.0 0.0
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A1 U — 4 AINTWOIAINNAIIUNU (%) MIATIIU IS A 5908, 24 F21 11
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gns wiufi 1 | wdui2 | wduiis | wdufia | Aunde SD
A12(15) 54.2 67.0 48.0 49.0 54.6 8.7
A12(20) 43.6 40.8 42.9 44.7 43.0 1.6
A12(25) 39.5 29.1 33.2 37.6 34.8 4.7
A12(30) 30.0 289 33.0 33.1 31.2 2.1
A12(35) 20.5 27.6 24.0 26.9 24.7 3.2
A12(40) 19.1 18.8 13.1 12.8 15.9 3.5
A12(40)a | 279 21 26.3 17.4 23.4 4.7
A12(40)b | 214 5.5 25.3 15.9 21.5 4.1
A12(40)c 20.8 20.9 19.4 20.0 20.3 0.7
A12(40)d 19.3 16.3 17.9 18.2 17.9 182
A12(40)e 14.6 14.9 17.7 17.9 16.3 7
A1(40) 16.8 21.8 19.7 | 18.3 19.2 2.1
A2(40) 154 16.4 17.9 15.9 16.5 1.0
A3-1 10.4 115 10.3 10.2 10.6 0.6
A3-2 11.7 12.3 12.3 115 11.9 04
A3-3 13.8 134 13.6 12.4 13.3 0.6
A3-4 12.7 1.5 12.0 12:9 12.3 0.6
A3-5 9.4 8.5 10.1 11.9 10.0 1.4
C3-1 1.0 1.0 - = 1.0 0.0
C3-2 1.0 1.0 - = 1.0 0.0
C3-3 1.0 1.0 - - 1.0 0.0
C3-5 1.0 1.0 - - 1.0 0.0




AN V-5 AMANUATUNIULTIAA (MPa)

1 ‘;
UHUN 4

ANAY

qns WA 1 | w2 | e 3 SD
A12(15) 0.8 1.7 L5 2.3 1.6 0.6
A12(20) 2.0 2.1 21 2.0 B 0.1
A12(25) 1.9 3.1 1.3 2.6 23 0.8
A12(30) 2.1 2.3 23 2.7 2.4 0.2
A12(35) 2.6 2.2 2.7 2.8 2.5 0.3
A12(40) 3.5 2.6 2.8 34 k| 0.5
Al12(40)a 0.9 1.3 0.9 1.1 1.0 0.2
A12(40)b g 1.3 1.4 1.5 1.5 0.2
A12(40)c 1.0 1.9 2.1 1.8 1.7 0.5
A12(40)d 2.6 1.2 1.8 1.9 1.9 0.6
A12(40)e 2.6 3.0 2.3 2.1 2.5 0.4
A1(40) 1.7 2.6 2.0 2.3 22 0.4
A2(40) 1.7 1.8 20 2.0 T 0.2
A3-1 3.0 2.4 2.2 22 24 0.4
A3-2 2.3 2.3 2.6 2.1 2.3 0.2
A3-3 2.0 2.1 2.1 2.4 2.1 0.2
A3-4 1.8 2l 21 2.0 2.0 0.1
A3-5 1.3 1.2 1.7 1.8 1.5 0.3
C3-1 3:5 4.5 3.8 = 3.9 0.6
€32 29 312 3.9 - 33 0.5
C3-3 23 2.7 2.5 - 2.5 0.2
C3-5 2.3 - - - 34 0.0
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M7 ¥ - 6 AoAATANGU (MPa)

oA
HHUN 3

L] ﬂ;
UAUN 4

A
ARGy

qas windi 1| i 2 SD
A12(15) e 275 318.8 308 295 2
A12(20) 296 307 316.4 324 311 12
A12(25) 325 330 316.8 329 325 6
A12(30) 344 346 369.1 335 349 14
A12(35) 424 435 3114 414 396 57
A12(40) 412 437 469.8 400 430 31
A12(40)a 125 115 148.9 175 141 27
A12(40)b 200 188 9.3 197 191 9
A12(40)c 209 215 2322 235 223 13
A12(40)d 296 258 268.9 207 257 _ 37
Al12(40)e 337 316 237D 287 297 43
A1(40) 294 185 249.9 277 251 48
A2(40) 209 242 265.9 277 248 30
A3-1 392 366 333.9 313 351 35
A3-2 376 382 245.1 307 328 65
A3-3 259 269 276.3 2471 269 7
A3-4 210 269 295.8 210 246 43
A3-5 210 261 153.7 290 229 60
C3-1 414 550 450.8 - 472 71
C3-2 359 369 458.8 - 396 33
€3-3 289 321 288.7 - 300 19
C3-5 275 - - < 275 0
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