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ABSTRACT

The increased demand in using wood composites in particular applications
results in a need for a better understanding of the effect of adhesives and particle sizes
on the characteristics of wood composites. In this research, medium density particleboards
from four levels of rubber wood sawdust particle sizes (>2.00 mm, 0.84 —2.00 mm, 0.50 —
0.84 mm and <0.50 mm) were prepared with polymeric diphenylmethane diisocyanate
(pMDI) or melamine-urea formaldehyde (MUF) or phenol formaldehyde (PF) adhesives.
It was found that the particle size significantly affected mechanical and water resistant properties
of boards. In addition, pMDI-bonded boards not only gave superior mechanical properties
compared with MUF and PF-bonded boards but the water resistance properties were
increased considerably as well. The significant increased in thickness swelling and water
absorption was higher in MUF and PF bonded boards. The composite boards made in lab
scale from 0.50 — 0.84 mm with 9% pMDI content fully satisfied the minimum
requirements set by the EN 312 standards and TIS 876-2004 standards. Overall, pMDI-
bonded boards gave superior mechanical performance and water resistance than MUF and
PF-bonded composite boards. Besides, an improvement of pMDI-bonded boards by 2 types of
additives: low density polyethylene (PE) or melamine molding compound (MEL) was
investigated. It was found that mechanical and water resistant properties of boards were
significantly affected by PE and MEL additives. MEL highly influenced on mechanical
properties whereas PE considerably influenced on water resistance. Furthermore, an application
of 20%PE as an additive was appropriate for improving water resistant properties with slightly

interfering appearances of boards. Moreover, it was found that the water resistant properties of

)



top surface of board was substantially different from water resistant properties of whole
board. Mixed sizes of sawdust particles, amount of pMDI adhesive and production cost
reduction were conducted in a study of pilot scale production. It was found that mixed sizes of
sawdust particles of 3-5 mm, 1 — 3 mm and < 1 mm in a ratio of 1:1:2 with 10%pMDI offered
composite boards having mechanical and water resistant properties slightly different than a
treatment prepared from lab scale (0.50 — 0.84 mm particle sizes and 9% pMDI). In addition, a
reduction of amount of dye in sawdust dyeing process by 3 times could reduce production cost of

composite boards and toys by 45.28% and 20.52% respectively with undifferentiated color.

Keywords: Composite, sawdust, particle sizes, adhesives, and additives
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Figure 1. Reinforcement composite materials.

Source: Matthews and Rawling (1994)
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Figure 2. Fiber reinforcement of composites materials: (a) Particulate (random distribution),
(b) Discontinuous fibers (Unidirectional), (c) Discontinuous fibers (Random) and
(d) Continuous fibers (unidirectional).

Source: Matthews and Rawling (1994)
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Figure 4. Model of fibrous structure.
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Figure 6. Lignin structure.

Source : Beg (2007)

Table 1. Chemical compositions of rubber wood.

Chemical composition

Content (%)

6.

Holocellulose

Cellulose

. Pentosan

Lignin

. Solubility in

— Alcohol-benzene
= Hot water
— Cold water
— 1% NaOH

Ash

75.61 -78.72
49.41 —59.87
17.17 - 18.57

18.06 —19.03

2.87-3.51

1.08 —7.91

0.96-2.45
17.54 -19.92

0.42-0.86

Source: AUAA NOIYTY (2541)
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Figure 7. Polymerization of Urea formaldehyde.

Source: Frihart (2005)
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Figure 8. Melamine formaldehyde structure.

Source : Ibeh (1999)
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Figure 9. Polymerization of Melamine formaldehyde.

Source : Frihart (2005)
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Figure 10. Polymerization of phenol formaldehyde.

Source : Frihart (2005)
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Figure 11. Polymeric diphenylmethane diisocyanate structure.

Source : Preechatiwong (2006)
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Figure 12. Polymerization of diphenylmethane diisocyanate.

Remark: The isocyanate needs water to start the polymerization process. This reaction ends up
forming carbon dioxide that can cause bubbles in the adhesive, but once the amine
forms, self-polymerization takes place rapidly).

Source: Frihart (2005)



Table 2. Category of adhesive type by structure integrity and service environment. *

Structural integrty Service environment

Structural Fully exterior
(withstands long-term
water soaking and drying)

Limited exterior
(withstands short-term
water soaking)

Interior
(withstands short-term
high humidity)
Semistructural Limited exterior
MNonstructural Interior

b

Adhesive type

Phenol-formaldehyde
Resorcinol-formaldehyde
Phenol-resordnol-formaldehyde
Emulsion polymerfisocyanate
Melamine-formaldehyde

Melamine-urea-formaldehyde
Isocyanate

Epoxy

Urea-formaldehyde

Casein

Cross-linked polyvinyl acetate
Polyurethane

Polyvinyl acetate
Animal

Soybean

Elastomeric construction
Elastomeric contact
Hot-melt

Starch

14

*Assignment of an adhesive type to only one structural/service environment category does not
exclude certain adhesive formulations from falling into the next higher or lower category.

“Priming wood surfaces with hydroxymethylated resorcinol coupling agent improves resistance to
delamination of epoxy, isocyanate, emulsion polymerfisocyanate, melamine and urea, phenolic, and
resorcinolic adhesives in exteror service environment, particularly bonds to CCA-freated lumber.

Source: Vick (1999)
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Table 3. Application of adhesives.

Type Form and color Preparation and application Strength properies Typical uses
Natural origin
Animal, protein - Solidand liquid; brown to Solid form added to water, High dry strength; low Assembly of furniture and
white bondline soaked, and melted; adhesive kept  resistance to water and stringed instruments;
warm during application; liquid damp atmosphere repairs of antique fumiture
form applied directly; bath
pressed at room temperature;
bonding process must be adjusted
for small changes in temperature
Blood, protein Solid and partially dried Mixed with cold water, lime, High dry strength; moderate  Interior-type softwood
whole blood; dark red to caustic soda, and other chemi- resistance to water and plywood, some times in
black bondline cals; applied at room temperature;  damp atmosphere and to combination with soybean
pressed either atroom tempera  microorganisms adhesive; mostly replaced
ture or 120°C {250°F) and higher by phenolic adhesive
Casein, protein - Powder with added Mixed with water; applied and High dry strength; moderate  Interdor doors; discontinued
chemicals; white to tan pressed at room temperature resistance to water, damp use in laminated timbers

bondine

Soybean, protein - Powder with added
chemicals; white to tan,
similar color in bondline

butadine elastomers in
arganic solvent or water
emulsion; tan to yellow

Lignacellulosic
residues and
extracts adhesive; dark brown
bondline
Synthetic erigin
Cross-linkable
polyvinyl acetate  acetate emulsions but
emulsion
bondine
Elastomeric
contact necprene or styrene-
Elastomeric
mastic synthetic or natural
(construction
adhesive)
Emulsion poly-
merfisocyanate
bondine

Source: Vick (1999)

Powder or liquid; may be
blended with phenolic

Liquid, similar to palyvinyl

includes copolymers
capable of cross-linking
with a separate catalyst;
white to tan with colorless

Viscous liquid, typically

Putty lke consistency,

elastomers in organic
solvent or latex ermul-
sions; tan, vellow, gray

Liguid emulsion and
separate isocyanate
hamener, white with
hardener; colodess

Mixed with cold water, lime,
caustic soda, and other chemi-
cals; applied and pressed at room
temperatures, but more frequently
hot pressed when blended with
blood adhesive

Blended with extender and filler by
user; adhesive cured in hot-press
130°C to 150°C (266°F to 300°F)
similar to phenolic adhesive

Liquid emulsion mixed with
catalyst; cure at room tempera-
ture or at elevated temperature in
hot press and radio-frequency
press

Liquid applied directly to both
surfaces, partially dried after
spreading and before pressing;
roller-pressing at room tempera
ture produces instant bonding

Mastic extruded in bead to fram-
ing members by caulking gun or
like pressure equipment; nailing
required to hold materials in place
during setting and service

Emulsion and hardener mixed by
user; reactive onmixing with
contrallable potdife and curing
time; cured at mom and elevated
temperatures; radio-frequency
curable; high pressure required

atmaspheres, and inteme-
diate termperatures; not
suitable for exterior uses

Maoderate to low dry
strength; moderate to low
resistance to water and
damp atmospheres; moder-
ate residance to intermedi-
ate temperatures

Good dry strength; moderate
to good wet strength; dura-
bility improved by blending
with phenalic adhesive

High dry strength; improved
resistance to moisture and
elevated temperatures,
particularly long-term
perfarmance in moist
emvimonment

Strength develops immedi-
ately upon pressing, in-
creases slowly over a perad
of weeks; dry strengths
much lower than those of
conventional wood adhe-
sives; low resigance to
water and damp atmos-
pheres; adhesive film readily
yields under static load

Strength develaps slowly
over several weeks; dry
strength lower than conven-
tional wood adhesives:
resistant to water and moist
atmospheres; tolerant of out
door assembly conditions;
gapilling; nailing required to
ensure structural integrity

High dry and wet strength;
very resistant to water and
damp atmosphere; very
resistant to prolonged and
repeated wetting and drying;
adheres to metals and
plastics

Softwood plywood for
interior use, now replaced
by phenolic adhesive. New
fast-setting resordnal-
soybean adhesives for
fingerjointing of lumber
being developed

Partial replacement for
phenalic adhesive in
compasite and plywood
panel produds

Interior and exterdor doors;
maoulding and architectural
woodwork; cellulosic
overlays

Orrthe-job bonding of
decorative tops to kitchen
counters; factory lamination
of wood, paper, metal, and
plastic sheet materials

Lumber to plywood in floor
and wall systems; laminat-
ing gypsum board and rigid
foam insulating; assembly
of panel system in manu-
factured homes

Laminated beams for
interior and exterior use;
lamination of plywood to
sleel metals and plastics,
doors and architectural
malterials



Table 3. Application of adhesives. (Cont.)

Form and color

Preparation and application
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ype Strength properties Typical uses
Epaxy Liquid resin and hardener  Resin and hardener mixed by Highdryand wetstrength to  Laminating veneer and
supplied as two parts; user; reactive with limited potdife;  wood, metal, glass, and lumber in cold-molded
completely reactive cured at room or elevated tem- plastic; formulations for wood boat hulls; assembly
leaving no free solvent; peratures; only low pressure wood resistwater anddamp  of wood components in
clear to amber; colodess  required for bond development atmospheres; delaminate aircraft; lamination of
bondiine with repeated wetting and architectural ralings and
drying; gap-filling posts; repair of laminated
wood beams and architec-
tural building components;
laminating sports equip-
ment; general purpose
home and shop
Hot met Solid blocks, pellets, Solid form melted for spreading; Develops strength quickly on  Edge-banding of panels;
ribbans, rods, or films; bond formed on solidification; cooling; lower strength than plastic lamination; patching;
solveni-free; whitelo tan;  requires special application conventional wood adhe- film and paper overlays;
near colorless bondline equipment for controlling meltand  sives: moderate resistance  furniture assembly; general
flow to moisture; gap-filling with purpose home and shop
minimal penetration
lsocyanate Liquid containing isomers  Adhesive applied directly by High dry and wet strength; Flakeboards; strand-wood
and oligomers of spray; reactive with water; re- very resistart to water and products
methylene diphenyl quires high temperature and high  damp atmasphere; adheres
diisocyanate; light brown  pressure for best bond develop- to metals and plastics
liquid and clear bondline mentin flake boards
Melamine and Powder with blended Mixed with water; cured in hot High dry and wet strength; Melamine-urea primary
melamine-urea  catalyst; may be blended press at 120°C to 150°C (250°F to  wvery resistant to water and adhesive for durable bonds
up to 40% with urea; white  300°F); particularly suited for fast  damp atmospheres in hardwood plywood; end-
totan; colodess bondline  curing in high-frequency presses jointing and edge-gluing of
lumber; and scarf joining
softwood plywood
Phenalic Liquid, powder, and dry Liquid blended with extenders and ~ High dry and wet strength; Primary adhesive for
film; dark red bondline filers by user; film inserted very resistant to water and exterior softwood plywood,
directly between laminates; damp atmospheres; more flakeboard, and hardboard
powder applied directly to flakes resigtant than wood to high
in composites; all formulations temperatures and chemical
cured in hot press at 120°C to aging
150°C (250°F to 300°F) upto
200°C (392°F) in flakeboards
Palyvinyl Liguid ready to use; often Liquid applied directly; pressed &t~ High dry strength; low Furniture; flush doors;
acetate palymerized with other room temperatures and in high- resistance to moisture and plastic laminates; panelized
emulsion polymers; white totanto  frequency press elevated temperatures; joints  floor and wall systems in
yellow; colorless bondline yield under continued stress  manufactured housing;
general pupose in home
and shop
Polyurethane Low wviscosity liquid to Adhesive applied directly to one High dry and wet strength; General pumpose home and
high viscosity mastic; surface, preferably to water- resistant towater and damp  shop; construction adhesive
supplied as one part; two-  misted suface; reactive with atmosphere; limited resis- for panelized floor and wall
part systems completely  moisture on surface and in air; tance to prolonged and systems; laminating
reactive; color varies cures at room temperature; high repeated wetting and drying;  plywood to metal and
from dear to brown; pressure required, but mastic gap-filling plastic sheet materials;
colorless bondline required only pressure from specialy laminates; instal
nailing lation of gypsum board
Resorcinol and Liquid resin and powdered  Liguid mixed with powdered or High dry and wet strength; Primary adhesives for
phenok hardener supplied as two  liquid hardener; resorcinol adhe-  very resistant to moisture laminated timbers and
resorcinol parts; phenol may be sives cure at room temperatures;  and damp atmospheres; assembly joints that must
copolymerized with phenol-resorcinols cure at tem- more resistant than wood to withstand severe service
resorcinol; dark red peratures from 21°Cto 66°C high temperature and conditions.
bondiine (70°F to 150°F) chemical aging.
Urea Powder and liquid forms;  Powder mixed with water, hard-  High dry and wet strength; Hamwood plywood; furni-
may be blended with ener, filler, and extender by user; moderately durable under ture; fiberboard; particle-

melamine or other more
durable resins; white to
tan resin with colorless
bondline

some formulations cure at room
temperatures, others require hot
pressing at 120°C (250°F);
curable with high-frequency
heating

damp atmospheres; moder-
ate to low resistance to
temperatures in excess of
50°C (122°F)

board; underlayment; flush
doors; furniture cores

Source: Vick (1999)
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Weight fractions; w,=W./W_  uag w_=W_/W,
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Figure 15. Unit cell of reinforcement.

Source: Hyer (1998)

Strong, stiff
direction

Figure 16. Orientation of reinforcement unit cell in composite.

Source: Hyer (1998)
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Strong, stiff
direction

Figure 17. Orientational of unit cell of reinforcement fiber.

Source: Hyer (1998)
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Figure 19. Effect of deformation on the strain around a fiber in a low modulus matrix:

(a) Deformation on continuous fiber, (b) Undeformation on short fiber and
(c) Deformation on short fiber

Source: Matthews and Rawling (1994)
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Figure 20. Reinforcement-Matrix Interface: Mechanical bonding.

Source : Matthews and Rawling (1994)
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Figure 21. Reinforcement-Matrix Interface: Electrostatic bonding.

Source: Matthews and Rawling (1994)
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Figure 22. Reinforcement-Matrix Interface: Chemical bonding.

Source: Matthews and Rawling (1994)
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Figure 24. Reinforcement-Matrix Interface: Interaction bonding.

Source: Matthews and Rawling (1994)

3.4 anueusolumsitlen (Wettability)

% ]

< { o a
ﬂ'J']ﬂJﬁ’lllTiﬂiUﬂWﬁﬁJﬂﬂ LﬂUﬂ31ﬂﬁ1N15ﬂﬂl@QﬂJﬂQLWa'}ﬁﬁllWﬁf]ﬂUi!'Jﬂ!

u

2 X

a 9 I =X & Ay o J 1 a4 % a @ @
AINUIUBDIUBIULLUN C]S\TL?JHWﬁiJ'ﬁ]"lﬂﬂ']'iﬂ;]ﬁiqu‘ﬁ'D'ZWU'NTNLaf}aWﬂﬂﬁ@ﬂlﬂﬂﬂlu“ﬁﬁﬂullagﬂu
= ~ = o o 1 o A = [ ?,’, < ~
GINﬂ'J'lllﬁ']ll13‘0slufnill]Elﬂilﬂ')']llﬁWﬂﬂJuﬂ@WH‘ﬁgﬁif]ﬂ’l'iﬂﬂlﬂ’lgsllf]ﬁﬁﬁﬁlﬂ\iﬁﬂﬁ FuYumsn
¥ 9 1
ﬁWiﬁuﬁWlﬂiﬂllNﬂﬁ$iﬂﬂﬁ’3UuW'J“Uf]\?ﬂ'lilﬁiﬂlﬁ\‘]ﬁlunﬂ“] 3zé}”‘uﬁuwmazﬁ1mmm7mmuﬁ

91l laviua (Philip, 2006)

. Adhesive
= ————————
T Flow across surface=
Transfer to
Penetration other substrate
into wood

Figure 25. Wettability of wood and adhesive.

Source: Frihart (2005)



27

3.5 MyvniTeadiveudule (Matthews and Rawling, 1994)
[ dyd o v ' [ Y a = v A o
thsetlinnudngmig nuanuenveadulamiunss FiMstaisoarives
i
duleuegniunszuaumsnaniaadalsznoy msnruauanueveudule luiagqss
o A @ a A a 1 <
Usznevvgihldamsamaaziuauidvesiaqselsgnouinaald u anuniansa
< < . 2 a @ ' o @
(Strength) 11AZANUUTUNTI (Stiffness) Fanan1ams lnavesiaaszuanarenuluaudnome
f ] '
youdule Tasiiduloduazinams Inavesiag laumnniuduleen i ldinemsnlasuulas
m3taioaiveaduleluminiuWla

d' [ = % 9 = [ - [ 1
m3slasundasvesnmsvaisesalrveadulelinnudunusnuvaiotave 1wy

=

Y] 1 9 A A dy A a 9 A
anvazglinvenduls auiaanuniiavesasiuleimaauaule samsnlasuuilas
Y9IN159A5 921U ud Ul NNAINATZUIUMTHAANUANA 1IN Y a1 ITIAANIS

nasunaazii1991nn158a (Elongation) 1ozl 90U (Shear force) A9 Figure 26

(a)

{b)

{©)

PR TT—— s i ————

— - ~— T T

PR
) ———

Figure 26. Schematic diagram of the changes in fiber orientation during flow: (a) Initial random
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Source: Matthews and Rawling (1994)



28

4. wavesmsivenlsymunvaninvesaqdlsznou
~ s = s A = = s = s A
4.1 ﬁ"l'iglifJ-°I/\|i’)ill"lﬁﬁll?Iﬂ!,'iclfuuaS’JfﬁilllﬁTNHQHEJ-’V\I@??JTEI@‘I@@LS%H (Urea—
formaldehyde resin and Melamine urea — formaldehyde resin)

Y o =2 A 4 Y v 2 9
Colak Hagnaale 2007 ”lmn1msﬁﬂ‘]gmmJm511fNLmu%ullmeﬂmmﬁwvu”lugm

=

a v 1 Y = J = J . =
a‘]_lﬁﬁﬁ’JiJﬂ‘UﬁﬁgLﬁwaﬂﬁlﬂaﬂ]lﬁﬂ (Urea formaldehyde resin, UF) UAaz@13tua1uUgLse

U

Wosuadleq (Melamine urea formaldehyde resin, MUF) Tﬂﬂmmy%u”lﬁ’gmaﬂﬁ’ﬁﬁwi’ﬁ

4 v uy ¥ S
in3edendenznse1f ldvua 3, 1.5 1az 0.8 mm Wudiuvesununald (Core layer) tag
[l a Qy ¥ o a I ] Qy ]
d@IUHIMIN (Surface layer) auFu 1 19 AN Uanaamde 3% huwaadluunuauliien 3

g}/ a 1 Qy Y o ‘;I = [ g 9 [
FU (VU1 50 x 50 cm) IﬂﬂfﬂﬁNEW]LLW‘H“D'ullllﬂﬂuﬁ]%llﬂ"lﬁﬂ?’ﬂﬂﬂﬁﬂ?’)gﬂ\iu €)) Tganuaulu

a

@ =y @ I
msnaoauduiu 1den 2.5 Nmm® wazldguugd 150°C Wuna1s wii @) ldaisazae

Y

s < v g s v ¥
won Tuilounas lsaanududu 25% Fluasswds Usum 1% dvsuyu ldduuen (Outer

- g L o o 2 -
layer) uaz 2% (lasaaanviimineedu lifude) dwmsusuldarnly dnner layer) 3) U1

v Y 9y
M3 153U Iugu 198 11uuen (Outer layer) taz s 1311 14 (Inner layer) W15 1ams 1m1AY

= 1

a Bo} v Qy o v ! Qy v
10% uag 8% (TﬂﬂﬂﬂﬁnﬂuiﬁuﬂlﬁyG])'uhlfl}uﬁ}\‘l) AUAAY (4) uwu%u"lﬁ'aﬂummwmuu

1w U ) A 1 < y { a
N 0.65 gem’ waznowih lunageuaniaaieg swxinuldnannzaiuquitgumgii 20 ¢

(%

! o o ¢ : ' [
HATANNIUTUNNS 65%RH Falinaa1weaaan15uani1 (Modulus of rupture, MOR), U0QAH

U

dangu (Modulus of elasticity; MOE), 1598atiie2018 11 (Internal bond; IB) 1agANHU LD

1 %l %
NWOININAILE U (Thickness swelling; TS) aalu Figure 27-30

1.2 1

1.0 (0.08)
14 —

=
sl
L

0.67 (0.14) 0.7 (0.08)

| 0.57 (0.08)
0.2 (0.03)
UF-1

UF-2 MUF-1 MUF-2 UF-NH

IB Strength (N/mm?)
o o
. o

=
]
1

(=]

Figure 27. Internal bond strength of UF- and MUF-bonded particleboards

Remark: 1 is the logs were stored indoor condition for 2 months. 2 is the logs were steamed for
16 h at 60°C. NH, without hardener. Values in parenthesis are standard deviations
(n=15).

Source : Colak et al. (2007)
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Figure 28. Modulus of rupture mean values of the test panels.

Remark: 1 is the logs were stored indoor condition for 2 months. 2 is the logs were steamed for
16 h at 60°C. NH, without hardener. Values in parenthesis are standard deviations
(n=15).

Source : Colak et al. (2007)
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Figure 29. Modulus of elasticity values of the test panels.

Remark: 1 is the logs were stored indoor condition for 2 months. 2 is the logs were steamed for
16 h at 60°C. NH, without hardener. Values in parenthesis are standard deviations
(n=15).

Source : Colak et al. (2007)
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Figure 30. Thickness swelling (2 and 24 h) of UF- and MUF-bonded particleboards.

Remark: 1 is the logs were stored indoor condition for 2 months. 2 is the logs were steamed for
16 h at 60°C. NH, without hardener. Values in parenthesis are standard deviations
(n=15).

Source : Colak et al. (2007)
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Table 4. Results of analysis of UF- and MUF-bonded particleboards.

Properties Unit  UF-1 MUF-1 UF2 MUF2 UF-NH
Internal bond test Nmm'  037°  067° 023"  067° 1.01°
Modulus of rupture Nmm’  129°  206° 12.10° 19.50° 1530°
Modulus of elasticity N/mm’  1251°  2080° 1335% 2.042° 1494°
Thickness swelling at 2 hours Y% 283°  182°  2530° 1440° 15.00°
Thickness swelling at 24 hours % 367°  267°  3230°  18.10° 19.50°

Remark: Different letters denote a statistically significant difference. 1, the logs were stored
indoor condition for 2 months; 2, the logs were steamed for 16 h at 60°C. NH, without
hardener. Values in parenthesis are standard deviations (n = 15)

Source : Colak et al. (2007)
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Table 5. Comparison of properties of UF- and MUF-bonded particleboards.

MUE-1/ UF-1/ MUE-1/ UF-NH/
Properties Unit

UF-1 UF-2 MUEF-2 UF-2
Internal bond test N/mm’ 28.85 2333 0 62.9
Modulus of rupture N/mm’ 22.99 3.2 2.74 11.68
Modulus of elasticity N/mm’ 24.89 -3.25 0.92 5.62
Thickness swelling at 2 hours % -21.72 5.6 11.66 -25.56
Thickness swelling at 24 hours % -15.77 6.38 19.2 -24.71

Remark: Different letters denote a statistically significant difference. 1, the logs were stored
indoor condition for 2 months; 2, the logs were steamed for 16 h at 60°C. NH, without
hardener. Values in parenthesis are standard deviations (n = 15)

Source : Adapted from Colak et al. (2007)
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Table 6. Properties of the various resins.

Resins pH Viscosity (25 °C, ¢p) Solid content (%)
PF-A 8.8 78 46.4
PF-B 9.6 104.5 47.5
PMF 8.6 33 48.7
UMF 7.6 67 53.2

Remark: PF-A: phenol:formaldehyde:NaOH = 1:2.0:0.1 (molar ratio)
PF-B: phenol:formaldehyde:NaOH = 1:2.2:0.25 (molar ratio)
PMF: PF(phenol:formaldehyde:NaOH=1:2.5:0.1)+MF(melamine:formaldehyde=1:2.5)

Source: Kim et al. (2008)

Table 7. Curing acceleration of phenolic resin effect obtained by applying various additives.

Additives Addition Viscosity Solid content

level (%) (25°C, cp) (%0)

PF-A PF-B
Condition - 42.8 24.8
Novlac-A 10 28.4 21.5
Novlac-B 10 27.6 20.8
Novlac-C 10 27.6 21.1
Sodium 5 8.2 6.8
carbonate

Resorcinol 10 224 244

Remark: PF-A: phenol:formaldehyde:NaOH = 1: 2.0: 0.1 (molar ratio)
PF-B: phenol:formaldehyde:NaOH = 1: 2.2: 0.25 (molar ratio)

Source : Kim et al. (2008)
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Figure 31. Gelation time reduction of phenolic resin effect according to sodium carbonate
addition.
Remark: PF-A: phenol:formaldehyde:NaOH = 1: 2.0: 0.1 (molar ratio)
PF-B: phenol:formaldehyde:NaOH = 1: 2.2: 0.25 (molar ratio)

Source : Kim et al. (2008)
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Figure 32. Correlation between sodium carbonate addition and failure ratio of attachment side.
Remark: PF-A: phenol:formaldehyde:NaOH = 1:2.0:0.1 (molar ratio)
Source : Kim et al. (2008)
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Figure 33. Comparison of adhesion strength by hot-press time (135°C).
Remark: PF-A: phenol:formaldehyde:NaOH = 1:2.0:0.1 (molar ratio)

Source : Kim et al. (2008)
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Figure 34. Correlation between gelation time and temperature according to sodium carbonate
addition.
Remark: PF-A: phenol:formaldehyde:NaOH = 1:2.0:0.1 (molar ratio)
PF-B: phenol:formaldehyde:NaOH = 1:2.2:0.25 (molar ratio)

Source : Kim et al. (2008)
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Table 8. The physical properties of the panel products produced while applying the hot-press

method.

Work condition Dimension
omm34£38ft  12mmS438ft  18mm 4381t

(a) Glue type Phenol+4% sodium carbonate (curing accelerator)
Veneer moisture ratio (%) 7-9 7-9 7-9
Hot-press temperature (°C) 135 135 135
Hot-press time 9 min — 6 min 12 min — 8 min 16 min — 12min
(b) Waterproof adhesion strength (kg/cmz)
Waterproof adhesion strength 14.0 143 11.7
Boiling for 24 h 12.8 11.8 9.5

Source : Kim et al. (2008)
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4.3 arsweamesn lafltatimu la'leTa'lsenua (Polymeric diphenylmethane diisocyanate,
pMDI)

Wang LazAae (2007) IAsMsAnEINaveImIHaNnIneamesn lailiia

iy laleTalyeuua (Polymeric  diphenylmethane diisocyanate, pMDI) AuUn1IWU0A

[

4 = s A A U 1 o
Wa‘imaﬂ"lammu NUDATITIUNTUN9] A4 Table 9

Table 9. Sample group of particleboards fabricated.

Chip content (%)
Sample group

pMDI PF

A 100 0
B 80 20
C 70 30
D 50 50
E 30 70
F 20 80
G 0 100
MD 50 50
MC 70 30

MA 100 0

Remark: Sample groups A—G: particleboards. Sample groups MD, MC and MA: MF resin-
impregnated paper-overlaid particleboards. pMDI was used for the core layer of the
particleboard. pMDI resin absorption was 4% of the oven-dried weight of the chips. PF
was used for the face and back layers of the particleboard. PF resin absorption was 6% of
the oven-dried weight of the chips.

Source: Wang et al. (2007)
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Table 10. Properties of tested particleboard sprayed with various pMDI/PF ratios.

Sample  Air-dried MOR MOE VI (m/s) 1B (MPa) SH (N) TS (%) V, (m/s)
group density (MPa) 10’

(g/em’) MPa)

0.81+0.03  11.4+0.8 20.8+1.0 2112+52.6 0.56+0.02 507.6+64.0 18.1£2.3 823+37.6
0.82+0.02  16.1+£1.2 25.1+£1.8 2271£177.4 0.62+0.02 638.0+45.7 14.2+£2.5 865+50.1
0.82+0.02  17.0£0.9 26.5+1.2  2302+30.6  0.65+0.01 740.9+46.8 11.8£1.9 873.51.1

0.79+£0.03  21.2+1.1 27.9+1.1 2446+26.3 0.68+0.03 799.7+£37.5 10.6+1.4 891+52.2

> w O U Q

0.81+£0.04  23.2+1.8 30.9+0.7 2520+122.8 0.73+£0.02 848.7+£55.1 7.1£1.1  938+67.1
MD 0.83£0.02  18.9+1.6 28.9+1.8 2367+36.0 0.62+0.03 752.6+42.1 13.8+2.3 836+47.6
MC 0.83+0.02  19.6£1.9 31.1+2.9 24514£83.2  0.65+0.03 847.7+46.3 10.1+1.5 851+53.0

MA 0.82+0.04 27.9+1.2 34.5+1.6 2533£77.9 0.73£0.03 936.9+50.4 7.0£1.6  939+63.3

Remark: Sample groups A, B, C, D and G: particleboards. Sample groups MD, MC and
MA: MF resin-impregnated paper-overlaid particleboards.

Source: Wang et al. (2007)

1 Table 10 wunmsldaswedwesnlailiatimu  la'le e loeuua
(Polymeric diphenylmethane diisocyanate, pMDI) OB UARAY? ﬁ?ﬂé1ﬂﬂtjh A ﬁanﬂ’a@hm
ldun Awegaamsuani’n (Modulus of rupture, MOR), AINOAGAEANEGYU (Modulus of
elasticity, MOE), AN veInausanilein (Ultrasonic wave velocity, VI), ALi538a
wiileIn101u (Internal bonding strength, 1B), AANUUTTIRENTBAANS (Screw holding
strength, SH), AMINOIRINFIUFLN (Thickness swelling, TS) uazmANuGE18ans1lyiin
(Ultrasonic velocity, V) aunnmanausasivearefnad ladsdy uazmarh a1

A o 9 a a = o Y oA 1 = dy
’EJlIG]’Jﬂ’JEJ’dﬁW’EJaLiJ’E]iﬂhlﬂV\'uﬁllmu U],ﬂvl’é)1%11%811,1'!{5]’(3(1%15&1/]1114’ﬁiJ”UGW]N”] UAFIVU

(Wang et al., 2007)
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Table 11. Properties of particleboards in different particle sizes.

Particle size MOR MOE Tensile 1B Water absorption Thickness swelling
(mesh) (MPa) (MPa) Strength (MPa) (%) (%)
(MPa) 2h 24h 2h 24h
10-20 11.1¢c 1406.1b 6.1c 1.20b 72.39b 86.22 b 37.00 a 4391 a
20-40 13.6a 1564.2 a 7.1b 1.3la 69.89 ¢ 81.86¢ 31.26¢ 38.28b
40-60 12.7b 1352.5¢ 85a 1.05¢ 85.03 a 98.36a 36.05b 39.12b

Remark: Values within the same column followed by different letters (a—c) are significantly
different at P < 0.05. The particleboards were made with 7% UF and particles without
bark.

Source: Pan et al. (2007)
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v 9 4 (3 v &L 9 =2~ =
AUT1AT09AA (Drum fraker) It udu 'l (Flaker) alinunuidszuiss 0.3-0.5 mm uagil

g o g : < g &
anurulszana 60% nasontuszgnda lihnu 13 lulaTamusuldilen (Wet flake silo)
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Yy
6.2 m3ysuazAAvUIa%U 1l (Drying and Classifying)
Y 1 9
¥u'ln I Ta lfaaaatunsesey sulinnusuanaaunaelsyana 1-3%
[ g‘u 1 9 A 1 A [ . ay Qld'd
UAINNUUTUVUATONTDUINDAAVUIA (Suspension type gyratory screen) %u‘ln‘ﬂmmﬂ
1 <3 a 1 2 A ] [ 4
azidoavzas lUnn131ule Tad (Surface silo) drudu lintvualugazgnasliiduasesa
[ Y i1 ! Y
(Hammer mill) tovuaru 1udrnsmunsosnavuiadionszuaai (Air grader) tive 19 layu
{ ° [ I 2 1 v 1 < [ .
Tinfvunamuzandmiuduzu a1 dazgnadliinu 131wl Tadu1d (Core silo)
Y H ] [l
pazdulifdunivnaluapinlisggndudunsesdndosuiia (Knife ring flake) tilodos 19
2 1 < 1 Aa
laguviaazideauazazgnda liinu 13 ludruvedlyTafae 1)
v
6.3 M3naun1InU¥U 15 (Resin blending)
2 91 A ' 9 o A ' A s 3 o 9 9
FuldamrwazdiuldonleTagndudesriunsossuinmin udrdadn
A o £ YR . . = A o £ Y o
s osnaun1nuFU Idsuiunuy Ring mixture Fuasosnaunnuyu ldaziinisaiuqguy
dadilumswaulagon Tuia
Y
6.4 m3nuruaulsl (Mat formation)
2 Y A : Y v vy A o ’
Fu'liarurazdru ldndumsnauniindrvzgndaduaioariiumu
(Forming machine) tta2 15829UUa18W 1Y (Press belt) Tagl¥nsziaay (Win sifting) 11591001
9 Y H H Y v
a5tz 19 1duruyu lisantdnvas Tnaseaeniyu Idvuinaanay (Graduated-layer
particle board)
6.5 MIsadeu (Hot pressing)
=y ) vy A o Y A o Y v .
uiuru ldrggnduduaiesdaion ioda 1w ldvuiannunuivesun
Ay & A a < ~ Y ]
MUNABINT Faanurunnaa Taen lulaewuea 3-35 mm
=2 qua o v Qo9 Y . . .
6.6 msnalrigutazmsaauyel¥ ldmuvuia (Cooling and Trimming)
1 Qy Y o d' d‘ v 9 o %‘ Y] 9 1 9
uinFu lioanoonnininiesdadousziasnaeuiminudlvggndaan
A & v o o a @ 1 o ¥ v =
1n309Ha 118U (Star cooler) uaziimMIAnsuardautald ldvuiaa1udeanis Fevuia
Y [
WIATTIUAD 4x8 ft. HAIDINUUILAUTUATBIVAND (Stacker)
A
6.7 m3lSuannzaNuFuIazgun)IVoHY (Conditioning)
=y va A o ) < <
urndulinesnviniasestanesvzgnuudie limululsunvlszuim 1

o S A 9 X a ' o 4 & o ° v A
dlad e ldanurunazguugiineluniunseneainauenmaununouii T vaia

6.8 MIVAHIAZAANIA (Finishing)

S
U A 3

2 Yo A [ g a Y o
uwu%ullmﬂmﬂiuamaxmmGlmLgazqmw{]mmaﬂzgﬂuﬂﬂwmm 2

Y A o A Yy 9 . o a £ Yo A ya
HU AWATOIVANTCATHNT 1T UAYIHININ (Wide-belt sanders) ﬂ1§€IJﬂW"J‘Ifu113J’E]ﬂLW@GLWN”J
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a2 g £ 2 Y o A o 9 ]
113 Pre-cure 8NMIY iﬂﬂuu!mu“]fuhliJ?)WD%ﬂﬂ@]i'J%ﬁ'éJ‘ULW'E'JﬂﬂLﬂiﬂlla$ﬂ$ﬂﬂ818ulﬂlﬂﬂkl'?ﬂu
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adsdumeae
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Figure 35. Process flow diagram for the commercial manufacturing of wood composite panel.
Source: Maloney, T. M. (1977)
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ng1szasn (Objectives)

nywavesrtatazUTuavesmndeulszamunlsoauiidvesiaqrelizneuain
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d ax
againsamazIEms
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1. ﬁqqﬂn‘i n‘i (Materials)

(9

1 Glt;la‘u (Raw material)

—_—

Y v Ao < Y
Vaoo (Sawdust) N1F¥1unsITe  (Figure 36) 1Wudidesldoranis
X I a [
(Hevea braziliensis) $uilunanass 1aa1nnszuiunsnanvaaauain ldeanisminves

a o ~ R
VIYNNTUANE

Figure 36. Rubber wood sawdust from wood toys production process.

1.2 @150% (Chemical reagents)
1.2.1 ensifeutszany (Adhesives)
- vwoawesn laWialimu lalelelyeuua (Polymeric diphenylmethane
diisocyanate, pMDI) V99U3HN Funuuy (Uszma'lng) $1da
- Wuea veSunadled (Phenol formaldehyde, PF) lasuanuewnsei
1N VTHN de1u 1nilnea dUAANS 910A

=1

=\ 4 = 4 . Yo
- waniiu-oi5e Wesu1ad'led (Melamine-urea formaldehyde, MUF) a5y

u

ANUBYIATIZHIN U3 Bimeria 13%u $1na
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1.2.2 ENIAUUAL (Additives)
= Melamine molding compound powder (ME 5669) ¥ogo MEL 18511y
4 A o 3 A o w
BUINTICHIIN VIHN ulvlfJL’E)iJLf’JV‘IG])' 1NA (NANUIN)
— Low Density Polyethylene powder ¥oto PE hlﬁléuummmg!,ﬂiwﬁmﬂ

a o

S A = o 3
3N i lo Indu 3104 (MANUIN)

Tablel2. List of equipments used.

No. Equipments Model Company/Country
1. CIE colorimeter Color Flex HunterLab Reston, Virginia, USA
2. Compression molding HP-40T No.0760  U3HM %.919 9119, Thailand
3. Contact angle meter 200 Standard Ramé-hart, USA
4.  Environmental chamber KBF 115 WTB Binder, Tuttlingen, Germany
5. Electronic digital caliper - KOVET, Thailand
6. Electronic balance PG 5002 Mettler Toledo, Switzerland
(2 decimals)
7. Electronic balance BP 210S Sartorius, Goettingen, Germany

(4 decimals)

8. Fourier transform Equinox 55 Bruker Co., Ettlingen, Germany
infrared spectrometer

9. Infrared Thermometer 561 Fluke, USA

10.  Mixing tank - -

11.  pH meter pH/Ion 510 Eutech Instruments Ltd., Singapore
12.  Scanning electron Quanta 400 FEI, Netherland
microscope
13.  Sputter coater SPI-Module PA, USA
14.  Universal testing LR 30K LLOYD Instruments Ltd., Hampshire,
machine UK
15.  Viscometer LVT Brookfield viscometer, Middleboro,

USA




1. 5AuNUMS (Methods)
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Study of Composite materials from Sawdust

1. Reinforcement phase:

Study sawdust particle sizes

Mechanical properties: MOR and MOE
Physical properties: Density

Water resistance properties: TS and WA

A

Select best treatment

2. Matrix phase:

Study types and contents of adhesives

Mechanical properties: MOR and MOE
Physical properties: Density

Water resistance properties: TS and WA

Select best treatment

y

A 4

3. Study effect of additives for improving

water resistance properties

4. Scaling up process: Pilot scale

Mechanical properties: MOR and MOE
Physical properties: Density
Water resistance properties: TS, WA, CA

Chemical property: FT-IR

Mechanical properties: MOR and MOE
Physical properties: Density, Color testing

Water resistance properties: TS and WA

Figure 37. Flow chart of overall research.




d‘ = dq, A d'd \ WA U a
fnaun 1 ﬂﬂH1NZ\‘UEN‘Il‘H1ﬂE)‘Ig!J’I1ﬂsll!aE)El‘mJNﬂﬂﬂﬁuﬂﬂﬂlﬂﬂjﬁﬂl‘ﬁﬂﬂﬁgﬂﬂﬂ

Sawdust

4

Screening

Drying

Mixing

Forming

4

Composite panel

4

Conditioning

4

Testing

» Collected from the rubber wood toys production process

4 levels particle sizes:
1) >2.0mm

2) 0.84-2.0 mm

3) 0.5-0.84 mm

4) <0.5 mm

Oven-dried to < 5% moisture content

Mixing with adhesives:
1) 15% MUF
2) 15% PF
3) 15% pMDI

Remark: Percent based on total dried weight composition

Cold press: 70 kg/cm3 (1000 psi), 1 min
Hot press: 125+5°C, 210 kg/cm’ (3000 psi), 5 min

Size: 23 cm x 27 cm,

Target density: 0.8 g/cm3, Thickness 6 mm

25°C, 55+2%RH, 48 hrs.

1. Modulus of rupture (MOR)
2. Modulus of elasticity (MOE)
3. Thickness swelling (TS)

4. Water absorption (WA)

5. Scanning electron microscope (SEM)

Figure 38. Flow process chart of Part 1.
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= \ &’ Y
1. MIANHEIUNANILDIAY
24
1191808
o U Ady A A a 4 o dy A ~
MMITOULINVUIATIADE 1D AATIZHNITNTLIBAIVOIVUIABYNIAUADEN
111 InaanIdIe75a 1 ASTM E828-81
A
1.2 assenszanu

1.2.1 MSNATOUANUKIA (Viscosity) (ASTM D2196-1981)

a 9

NaTzianuriaueId sl szauuaaz¥iad101A509 Brookfield

a

< { o
viscometer LVT Iag1d Spindle No.2 1azA11u151501 60 rpm NQangil 25£0.5°C A1udnl

QU

A
AITUUUA
g3 Viscosity (cps) =FxS
A 1 A . < AHq ¥
14D F = A1A4N (Scale factor) Y9N Spindle uaxmmmiemﬂ% (MANUIN)

Vo A ] ] A o A
S= ﬂ'W]'J!aGU1/]f]’]uulﬂUuﬁuqﬁﬂlﬂﬁfJQ’Jﬂﬂ'J']ilﬁu@

v 1

1.2.2 1153901 pH

v 1

A v . g . . '
A1 pH VoI sI¥eNUsTaIUAIY pH indicator strip non bleeding HINNIT

NafoU pH 0-14 @110 Merck (Germany) §'u ColorpHast®
1.2.3 15111 Solid content (ASTM D1490-1993)
s ¥ o . A . Y o KX g 1 1
¥aU111IN Moisture can tWOH1 % Solid content a1 UM UA W, Ta
% ] . o Y o K g 1 Y . A
#13571081903 11 Moisture can U3zanas 1-1.5 51 udiunntua W, 8UA738 Hot air oven 7

a 2 < f 1% ¥ & 3 @ o 3 ¥ @ {
gangil 105+1°C Malmdululogannuiundsniniudaimin sdwumiminai ai

=1

¥ o < o .
mind &y W, nazf i Solid content 11NgAS

Solid content (%)

1.2.4 M3IANANVDIIUNIE (Specific gravity) (ASTM D891-1989)
JAAIANNAITUNIT VI TN TE a1 uLAaL ¥IAAY Hydrometer N

QUNAN 30+0.5°C

q QU

1.2.5 M3%1A1 Gelation time (Kim 4aznaig, 2008)

Gelation Time Hurna1nldlumsnlasuaingoutszanunaiuaanlu

A

Y d' (% ] =Y d‘
ﬁ'ﬁﬂﬁﬂl‘lﬂﬁvlﬂ TagmMsniuasiyendszaua0e19U5ua 1 ml NYUNHU 100°C AIUAY

U

a

gl 1¥nINAIe Water bath
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a

2. MIAENINAY

Q

~ 2 A ' v
2.1 ﬂ'limiEJ?J"UL'@'E]EJ%'IﬂTi\NTL!llﬂ‘igﬂﬂl@ﬁlauﬂ'lﬂhlllEl'NW'l‘i'l
a o dal dy A 2 Y
2.1.1 ARNTIARUTUANVFUVO VRIS UAY
[ dﬁl A a 3 U A KR o da' A
2.1.2 AALENYUIARIVIA0EINNTSUIUNMIHAAVDIANIEAY 1InnTalAnET lasihuiaos
TOURIUAZUATIVUIA 10 mesh (31AVLIA 2.00 mm), 20 mesh (31AAVUIA 0.85 mm) LAz 35
A o o é 3)1:911 d‘ (% g
mesh (glﬂﬂqlMWQ 0.50 mm) MNaIAY “]i\i‘ﬂ%hlﬂallm’t’]ﬂ 4 YU PNU
2 A ' '
(D ‘lJLﬁ’ﬂfJ‘lJU”IﬂGlTTQJJﬂ'N 2.00 mm
g
(2) VadyUUIA 0.84-2.00 mm

(3) V@BHVLIA 0.50-0.84 mm

2))) S-0))) B

dy <] J
(4) VAEVUIAANNT 0.50 mm
P 4 1
2.1.3 huides lleudredovanioulitianuiulumu 5% neuldlumswaaiioan

1 4
Wﬁﬂi%“ﬂﬂ@\uﬂﬂ%'lﬂﬂ’ﬂil%u (ATBITN QUINAYY LIAaTADLL, 2550)

3. MIWaU (Mixing)

A [

3.1 dmFeulszauilFlumsAnswavesvinaeumaiiiaeauidvestaadalsznoy
1% 3 ¥iia 1&un muwariiu-giseo Wesuiadled (Melamine-urea formaldehyde; MUF),
aueanosu1aflad (Phenol formaldehyde; PF) wazn1ineawesin latliia’la’le Taslaen
1UA (Polymeric diphenyl diisocyanate; pMDI) U3 15% wt (15 g of solid resin/100 g of dry

sawdust particles)

Table 13. Calculated composite materials mixture of part 1.

Adhesive  Adhesives = Weight of Solid Weight Weight of  Total weight
types Content solid resin ~ content of liquid dry sawdust (2)
(Yowt) (2) (%) resin (g) particles (g)
MUF 15 44.71 62.67 61.40 253.37 314.77
PF 15 44.71 41.45 70.89 253.37 324.26
pMDI 15 44.71 100 44.71 253.37 298.08
Remark: ANUHUMUY = 0.8 glem’

anaxenn = 23x27 em’
ANUNU =06 cm

9 9 f '
mﬁuﬂuﬁ’wmm@mﬁmmuwu = 298.08 g
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a Ao

3.2 AManey (Aaulad91n 135351 QUINATBLAYATLY, 2550)

Idy A [ Y 3’; a a d o
3.2.1 laviaesaslunsnaunaannuulaaInsoanay
o § & %1 o (% U 1 o
3.2.2 ihnmnsaivdnauensiaulaaslunszuesnanlsdinin
] H a3 Y A { <O ?,’ @
3.2.3 Wunnnwsey Iitluazeoslesnauasluvi@esaunngaiminlunszuen

o 3’, 1 = = 3’, =
nun waqmﬂuuwﬁma'lﬂaﬂ 2 w1 saunan lumswaunsvuad sz 15 win

Figure 39. Mixing process of composite materials in mixing tank.

4. m3vuzliaaalszney (Aauadnin 235351 gUINATILATANE, 2550)

2 " o a 4
4.1 3’%miﬁuugﬂuwum@;zmﬂizﬂ@uﬁ'mm?m Compression molding
o ] [ [ 9 ]
4.1.1 uruauauaa 5999a219a90u Tazuaz e udeurumilasy
4.1.2 ¥ngev I mmasuyuna 23 cm x27 cm ¥NHUVUUHMM AU
4.13 Tso¥ag Idanedndaszauiagimson 1ivua
[ 491 @ o [ :3 < o
4.1.4 Nuriu linaasunguiaqudnirleavugiidu (Cold press) A28A1H11,000
] =
psi Wunar 1

9

o Y o v v K <
4.1.5 ‘LﬂlﬂWﬂiﬂﬂllﬂﬁWﬁiUﬂﬂ"ngﬂwuﬂﬂﬂ

) ] < o o o ] a3 [ 1
4.1.6 e wnurand 1S uMruan UMY MeasUuLHIIaNsounua1e T l¥og
k) 9 9 o
ATUDH8-Y VDI TAG
4.1.7 Y10 WHIMNY ad UD AUAULIINMUDY 1A INNUASUHUETIALA
o & Y A o £ Y P a Y
4.1.8 opvugl Taglunsesdnruzilatennusou Tasnruguaangil 125£5°CA1NAY

3,000 psi ttazIa1 5 UM
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o T @ a { o 3 { a I
419  vinuduiaqilsznouiiimsyuglSevdesuda I inguugineuiluna

U

< J ~ ¥ o v a I
24 1 Tus neudrelaruauaneianuiuduins 55£5%RH quvgil 25+2°C 1lunan 48

¥ T4

Cold-press @
1,000 psi, 1 min

Hot-press @125+5°C Target density = 0.8 g/cm®
3,000 psi, 5 min Target thickness = 6 mm

Figure 40. Forming process of composite materials panels.

5. MInadevantnvesiaamlszney

5.1 duAN1INIENIN (Physical properties)
5.1.1AMUKHUNIUY (Density)
Y v v
(1) qumammwu%uaﬁ@gﬁmﬂizﬂau 3 FUNNAUMUIAN Figure 41 Taednasu
o [] Yy . 9 .
A10819naae U 1¥UA1IMe17 76.2 mm (3 in) AINAIN 25.4 mm (1 in)
L Y Y ] 4 < A ° [l
Q) FaihminFudresranagon laelHasoasanaiion 4 dumug
[ Y 9 S J
(3) 1NN ANNEI LazANNHU laaldesiles
(4) IANNVNUT 3 JAVUAIDEINATD

(5) mﬂ'uaﬁEJ?ﬁmm‘H1mm°rrmu1immgm
Dried weight (g)

Densi fem?) =
(8 ) Dried volume (cm”)
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Frzat— dumisquaodis

YU 17 % 37

\

Figure 41. Sampling positions for density testing of composite materials.

5.2 @uANS 991}11(!‘1/111'!13!’}1 (Water resistance properties)
msfnauiansdunhvestaalszneuinsnageudas ASTM
D 570-98 Iag819mINMSANEY Wu (2009), Adhikary tlagade (2007) g Tserki LagAMY
(2006)
5.2.1 mi@ﬂcif”mfw (Water absorption, WA) (41112349101 ASTM D570)
(1) dasumodnaaenliiiianuei 762 mm (3 in) A1mn31a 254 mm (1 in)

Y y 1 ta'
) “]Nu”lﬁuﬂsllﬂﬂﬁﬁﬂﬂﬁﬂﬂﬁﬂﬂﬁﬂﬁ}u (WO)

[
=

(XY 1 ¥ < a
(3) UrAI0g1NAgeUaY IuInau mmwguﬁ'm

Q

oY

v (3 ]

E a @ 1 o
(4) FUIAIUNUAIBAYT0NTLAIY FIMITnveadIegannal 2 ¥ 1ua uag
24 $ 109 (w,)

1 4 g
(5) AUIUAINITAAFUUINNGAT

w, =W
Water absorption, DWA = ———23100

w,

1o AWA =Water absorption or weight gain, %
W = Weight of wet specimen at t time, g.

t

w, = Weight of dry specimen, g.
1 3 . . Y
522 MINBIAIMNAIUNU (Thickness swelling, TS) (AA111)a391n ASTM D570)
o 2 o 1 Y . 9 .
(1) daruaIPg1InaaaD1nlALe1 76.2 mm (3 in) AUNIN 254 mm (1 in)
(2) AANNUNUIVDIRIDENNATDUITUAY (TS,)
(Y] [ go} < 1 a
3) wraregrnadovasluiingu Ngungines
¥ 1 a QU U ) { Q'/
@) Fuihaunudedvionszaiy TaANUMUIY0IA0819Na1 2 Falug

(g 24 914 (TS)
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1 v (4 v 90’
(5) ATUIUATNITWBIAIATNANINHUIN AT UIING AT

TS, - TS,

Thickness swelling, DTS = 3100

0

1o DTS = Thickness swelling, %
TS = Thickness of wet sample at t time, mm.

t

TS = Thickness of dry specimen, mm.

0

5.3 qULAFINA (Mechanical properties)

msAnauiAaFnavesiaadlszneuiinminagoudis ASTM D 790 Tagsanu
M5ANY1 Karmarkar HagAE (2007), Sanadi taznag (1995)

53.1 MAOLUBAAANITUANS1I (Modulus of rupture, MOR) UAZNORAdATATIGU
(Modulus of elasticity, MOE) (ASTM D 790)

Y T
(1) AATUAIDENNATOUYUIA 24 mm x165 mm UATAINUAANINANDU

o 1A v 3 Y
Ao lanilugalinsing

@ Y

(2) NATOUTUTIDIUNAADUSIBIAS DINATOLANILT AT IVD4 an e Lioyd
U LR30KN Tag2190U Rider 1¥5282521314 Rider Warteaian1ariu 96 Tadmns 1ms
naae UL AR 181 1ANTNARIBANIEINITA 5 mm/min SuNTEHITIBGIIRAMI AN

(3) ©1UA1 Breaking load laz1iuinwa

(4) AMUIUAT Modulus of rupture

3p3
MOR=>_" s
Lﬁ'ﬂ MOR = Modulus of rupture, N/mm3
P = Breaking load, N
L = Span length, mm
b = Width of testing specimen, mm
d = Height of testing specimen, mm
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Unit: mm
Load Radius about 10
w:t'
: L2 L2 f *
Radius about 10 :‘ ' ™ Radius about 10

Figure 42. Three points bending testing.

%) AUIUAT Modulus of elasticity

33
MOE=_""%_
43p34’
1o MOE = Modulus of elasticity
m = The gradient (i.e., slope) of the initial straight-line portion
of the load deflection curve (AP/AS) in Figure 43,
(N/mm)
L = Span length, mm
b = Width of testing specimen, mm
d = Height of testing specimen, mm
zZ % A
A~
3 Ap
I 4
As

Displacement, S (mm)

Figure 43. Relation of static load and deformation displacement.
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o ‘a3 1
5.4 aﬂ‘ymzmmamﬂﬁaaﬂfﬁm@a‘mmumaﬂmaugmuammm (Scanning electron

microscope)

o @ ] A A A o 9 [ Y o = 9

HIAIDYNYANITNANDINANG A NHNAIMSNATOUNMTAA LAY WININMTANHIAIGNTS
v Ja I 1 A
ﬁmﬁ'wﬂﬁmfgamiﬁumaﬂm@uuuuﬁmﬂsm (SEM) (Quanta 400, FEI, Netherland) N
o 9 = o A a o ~ o a <Y o I
dnd1ul#i 20 kv FIMMIAADUAIITANITNINITUATIZHAIINDINNDUNINATOU (Sputter

coater SPI-Module, PA, USA)
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A = a A
aoufl 2 msanvesrHataz S inavesmsiwondszau

Sawdust > Select from best treatment in part 1
Drying > Oven-dried to <5% moisture content

Mixing with 3 types and 5 levels of adhesives:

MUF | 3% 6% 9% 12% | 15%

Mixing —| PF 3% 6% 9% 12% | 15%

pMDI | 3% 6% 9% 12% | 15%

Remark: Percent based on total dried weight composition

Cold press: 70 kg/cm3 (1000 psi), 1 min

. L s
Forﬁlng Hot press: 125+5°C, 210 kg/cm3 (3000 psi), 5 min
Size: 23 cm x 27 cm,
Composite panel ’ ,
u Target density: 0.8 g/cm’, Thickness 6 mm
Conditioning > 25°C, 55+2%RH, 48 hrs.

1. Modulus of rupture (MOR)

2. Modulus of elasticity (MOE)

Testing [ 3. Thickness swelling (TS)

4. Water absorption (WA)

5. Contact angle

Figure 44. Flow process chart of Part 2.

1. MmN Inga

v A dy A A A 9 [ a
L1 AA@9NIYUIADYNIAVBDIVLABYNIUUISTUIINADUN 1 Iﬂﬂi%ﬂaﬂ'ﬁﬂﬂﬁﬂﬂ'}ﬁﬂl“ﬁﬂ

dy A Aa wa Ao A a J a o 14 ]
ﬂi$ﬂ’E]U%']ﬂ"’lllaﬁlEl“l/]ilﬁiJ‘]Jﬂ“Vlﬂ‘VlEj'ﬂiﬂﬁl“l/\l%']3ﬂﬂ%']ﬂlﬂﬂ!“'I’HJW]5§1uﬂaﬁﬂﬂl“ﬂf2ﬂﬁ1ﬂﬂiiwlmu
ligasiiaswuanuvuintiuihunais (wen. 876-2547) uazanasgiuglsy (EN 312) uagin

asy ~ 9 as A [ ~ 9
AUITNTATIUAIYITLAYINUNVADUN 1 UD 1



2. MIWaN (Mixing)

d' d' 9 = d’d v A [ a
2.1 eayeuszauildlumsanuinavesvuinoymaniineguiavesiaasalsznou
a [ 14 =) 4
19112 3 wiia Taun nrawarliv-giSe Wesu1ad lad (Melamine-urea formaldehyde; MUF),
4 4 a a a
afueanesu1ad lad (Phenol formaldehyde; PF) waznweawosn lawiia lale Taslasen

U@ (Polymeric diphenyl diisocyanate; pMDI) USuat 3, 6, 9, 12 1ag 15% wt (g of solid

resin/100 g of dry sawdust particles)

Table 14. Calculated composite materials mixture of part 2.

Adhesive Adhesives =~ Weight Solid Weight Weight of Total weight
types Content of solid content of liquid dried sawdust (2)
(%wt) resin (g) (%) resin (g) particles (g)
3 8.94 62.67 12.28 289.14 301.42
6 17.88 62.67 24.56 280.20 304.76
MUF 9 26.83 62.67 36.84 271.25 308.09
12 35.77 62.67 49.12 262.31 31143
15 44.71 62.67 61.40 253.37 314.77
3 8.94 41.45 14.18 289.14 303.32
6 17.88 41.45 28.36 280.20 308.55
PF 9 26.83 41.45 42.53 271.25 313.79
12 35.77 41.45 56.71 262.31 319.02
15 44.71 41.45 70.89 253.37 324.26
3 8.94 100 8.94 289.14 298.08
6 17.88 100 17.88 280.20 298.08
pMDI 9 26.83 100 26.83 271.25 298.08
12 35.77 100 35.77 262.31 298.08
15 44.71 100 44.71 253.37 298.08
Remark: ANWWUMUY = 08  glem’

PWIANTIxE1 = 23x27 em’

ANUHUN = 0.6 cm

9 9 f '
u1ﬁUﬂLLﬁQmﬂﬁﬁﬁﬂﬂﬁﬁNﬂ@i‘JLLNLl

an an A o A 9y
2.2 AFMINTU (ABAYINUADUN 1 UD 3.2)

= 298.08 g
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3. msvugiiaqiBalszneu (FMednunuaeun 1 9o 4)
4. ManaaUaNUAve AT sznoy

A . . an A v o A 9
4.1 qUUANNINYNIN (Physical properties) (ATAYINUNUADUN 1 UD 5.1)
4.1.1 ANUHUILUY (Density)
A Y gol . . as A [ (% d' 9J
4.2 qUUANITANUNIUUT (Water resistance properties) (IBLAYINUNUADUN 1 UD 5.2)
Y
4.2.1 MIgA¥UUT (Water absorption)
3 . .
4.2.2 MINNAINALYUT (Thickness swelling)
wa A . . ax A v W A 9
4.3 quUAEINa (Mechanical properties) (A5AINUNUADUN 1 UD 5.3)
43.1 NAFOUNDARANTUANT1I (Modulus of rupture) HAZUOASAIANEGU (Modulus of
elasticity)
Y
4.4 MINATOVYNAUNTVUDI8AUT (Contact angle testing)
o A ] v 3
u1‘ljﬂﬂ15ﬂﬂaﬂﬂﬂlﬁm1$ﬁﬂ GINﬁ]gbl‘lﬂ‘]Ju‘ljﬂﬂWi‘ﬂﬂaﬂﬂﬂﬁUﬂN1Uﬂ1ﬁ/]ﬂa@Q
1 ~ o K" %’ 9 g ' v
@mllﬂiumucn 4 NTWTﬂTﬁ%ﬂﬁ@UHNﬁNWﬁﬂl@QWfJQUT Iﬂﬂi“]ﬂﬂ%ll”l@iﬂl@ﬂﬁﬂﬂunﬂTﬂU 5 ml

1 Y
uaz“l%’m%qamgmﬁuwﬁmamﬂﬂuﬂumimﬁau (Contact angle meter, Model 200 Standard,

Ramé-hart, USA)
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AU 3 MIANKIMAVBINSIANIAINRaNTAve I IaaTIlsznay

Sawdust > Select from best treatment in part 1
Drying — Oven-dried to <5% moisture content

Select a type and content of adhesive from best treatment in part 2

\VA Mixing with 2 types and 5 levels of additives:

Mixing —| MEL | 0% 10% | 20% | 30% | 40%

PE 0% 10% | 20% | 30% | 40%

Remark: Percent weight based on the total dried weight of sawdust.

Cold press: 70 kg/cm3 (1000 psi), 1 min

. L
Forﬁlng Hot press: 125+5°C, 210 kg/cm3 (3000 psi), 5 min
Size: 23 cm x 27 cm,
Composite panel ’ ,
u Target density: 0.8 g/cm’, Thickness 6 mm

Conditioning > 25°C, 55+2%RH, 48 hrs.

1. Density

Testing L, 2. Modulus of rupture (MOR)

3. Modulus of elasticity (MOE)

4. Thickness swelling (TS)

5. Water absorption (WA)

6. Scanning electron microscope (SEM)
7. Contact angle testing

8. FT-IR

Figure 45. Flow process chart of Part 3.
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a

1. MsmsNIngny

Q

y 1 H v
AadonvuiaeyMAveslosiMuzaunnaoui 1 Tasldwaninaaou

v
=

aa a 4
Gl‘l/la‘ﬂ’(,:fﬂ IﬂﬂWi]'limWi]']ﬂLﬂm"ﬂiJ'l@ﬁﬁ?u

'Jﬁ@}!“]f\iﬂigﬂflﬂiﬂﬂ"lJLaEJEI‘VHJﬁNU
a (% J

pandugadmnssuuru lfdariasuanunuuniulhunais (wen.  876-2547) uay

a3 Iug sl (EN 312)

2. MINay (Mixing)

2.1 fadensiiauazfSinuvesmsdontssauiiianumnzausemswanilufaqd
Usznou Tasiinsanvinnasiniasgiuraadusigaamnssuuru lifdariasiuaaiy
nunuuuhunas (Weon. 876-2547) azuasgiug 131 (EN 312) NNADUA 2

22 simsdvmsauuasasluaunguvesiagdlsznoy Tagldasmuua 2 wiia
180 neanTiusdy uazHene Al RAUANUHL LU U518l 0, 10, 20, 30 LAZ 40% wt
(based on dried-sawdust particle)

ant an A o A 9
2.3 Imsnay (BReINUABUN 2 10 2)
3. msvugliagialszneu (TReInunUAeUN 2 90 3)

4. ManaaUaNUAve AT sznoy
LN . . an A v = Y
4.1 qUUANNNYNIN (Physical properties) (ATAYINUNUADUN 1 UD 5.1)
4.1.1 ANUHUIUY (Density)
Y 9 gol . . A A [ (% d' 9J
4.2 gUUANITANUNIUUT (Water resistance properties) (IBLAYINUNUADUN 1 UD 5.2)
Y
4.2.1 MIYA¥UUT (Water absorption)
A .
4.2.2 MINNAINAULF U (Thickness swelling)
) . . a A v W A 9
4.3 gqUUABINa (Mechanical properties) (A5RAYINUNUADUN 1 UD 5.3)
43.1 NATDUVDARANTUANT1I (Modulus of rupture) UAZNOABABANEYY (Modulus of
elasticity)
Y 1
4.4 MINATOUYNFUATVDIMEATN (Contact angle testing) (ABIABINUNUADUTN 2 U 4.4)
Ja [ a v o
4.5 MINAdEUNNYaNIARIINI I¥ndnsganssmisiaaasouILLEeInTIa (IB1REINUNY

AoUN 1 70 5.4)
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o a 4 4 a o an o a { a
46 WMsansigiesnlsznounaznisinasuaInienvesidadilsznouniinian
AsAuaIaemaiia FT-IR Tasl41a304 Fourier Transform Infrared Spectroscope (Bruker,

model Equinox 55, Germany)

AoUTl 4 MIVIWVIANTHAATNTZVIUNITIAS BUNDAITINITAN

Sawdust

J

Drying

Il

Mixing

ﬂ Cold press: 70 kg/cm3 (1000 psi), 1 min

Forming

U

Composite panel \
ﬂ Target density: 0.8 g/cm’, Thickness 10 mm

Hot press: 1504+5°C, 140 kg/cm’ (2000 psi), 5 min

Size: 45 cm x 50 cm,

Conditioning ’ 25°C, 55 £ 2%RH, 48 hrs.

1. Modulus of rupture (MOR)

Testing ' 2. Modulus of elasticity (MOE)

3. Thickness swelling (TS)
4. Water absorption (WA)

5. Color testing

Figure 46. Flow process chart of Part 4.

1. MIwseuIngaAL
o 2 A { a a 4 1 ) Y a I
1.1 ihudesn e alunszurumanlulssnu el lumswTouarunandvsunaaiiy

Y )
Taqiasznon nisuieuransnaasinieludesdfiams simssendiaesnensos

1 ~AQq Y a a F) = A 1 ~ I A 1 ~ a S A 9
sounlFlunmsnanrinisal Funsessoun lssnuiluasosseundszasgnelslulssau
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aa J S o v . = Y g
Iﬂ&lmfl'Pﬁfmmi‘ifluvlﬂVmuuauauﬂwaﬂymzm Figure 47 315z nouAIBAZINTI 4 FU
A A A o o A o 1 ] A 1 Y
Iﬂﬂﬂﬁgllﬂi\‘iﬂgﬂglﬂﬂﬂllﬂﬂ 6, 5, 3 g I mm MUAY IUONINITIDUNIULATOITOULAIS

1doynintiaes 5 vua laun (1)> 6 mm, 2) 5 — 6 mm, 3) 3 — 5 mm, (4) 1 — 3 mm tag (5) <

1 mm

> T
// B i L st ——
‘0o 0 0 0 O
// © o 0 o © | Q=5mm T @
//,.""O Q. 0 9 9 ~ o-3mm =@

@=1mm —.'—"@

Figure 47. Sawdust particles sorter.

Y H H

A Y Yt A Aa A o "W 2 a o
lW'ﬂnlw]lﬂ"ULaE]EJVINﬂ]u']ﬂE]Hﬂ'lﬂ‘ﬂﬁu]lﬁuﬂlﬂqﬂunﬂﬂiq&lle!ﬂ'ﬁNaﬁ ITNINIT

c? d‘ [ 1 1 I =\ 9 v
NEUUARNAIINMITOU Taatleantumsnaaoed 2 PFANIINAAD ulﬂll,ﬂ

v
=

Y
— YANINAADIN 1: %Lﬁﬂﬂﬂﬁll"llu'lﬂ 3-5mmiay 1 —3 mmoAsaIu 1: 1

9

— ¥AMINARDIN 2: VAOIHAVVYUIASZ — 5 mm, 1 — 3 mm Az < 1 mm
80318 1: 1: 2
= ~ ] I A Y a A
Feeungnuisgansnaaeuiu 2 g ieannnInaassluresliians
= ' yX A da < o q ¥ wa & o a o
apui 1 wunminlyviaesnivinaeymadnizi Ivaniadnavesiaqaalszneudia
g2 A Ada ' ° wa 9 ¥ e R <
sazminlduidesiiiviaoymalugsghiauiianisdmuiieiaes udedialsanmluns
A I A Sldyd' A A = =K g A (Y Aa
naaedlupoun 1 wilumsdenlyudassnivuiaeymafed sutluniiauleindaqaa
4 o 24 4 aead d
Uszneviiwssunnudesivinasynianduevaziamianuanaia lanfishnsnaaesly
Y a ua
nellfiians
W g 92 A 4 ) a
vneme:  Tunisneaesaz luld19aaesv110 > 6 mm uaz 5 - 6 mm 1iesaInldlumsnaa

I a [ <A
Hunannamnou

o 1 dy d' dl a 4 v dy d‘ dl Y
1.2 MNTIBULINVUIAULIADY LW@’)Lﬂi']%ﬂﬂ']iﬂi%i]']El@]’Jﬂlﬂ\imu1ﬂ@1§ﬂ1ﬂﬂllﬂﬂﬂﬂ1%1uﬂ1i

NAADIAEITAIN ASTM E828-81

a

A e 7] A o ~ R A < @ o
1.3 ﬂU!W@aﬂﬂﬁ’]N%uﬁluW@\if]‘]J“llfN‘]Jﬁ‘HVIﬂﬁﬂ!ﬁﬂ‘]&l'] Ny 70°C L‘]Julﬂﬁ’] 24 GIf'JIlN 2N

U

Figure 48
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[ 3 %] ] A ,&' o A I J g’a Y a oA
1.4 ’(,:fllLﬂ‘UG]’J’E]EJNLW’f]“ﬁWﬂ’Nllslﬂ‘lﬂlﬂﬁﬂﬁ@ﬂi%iulma%ﬂluﬁ@uﬁluﬁ'EN‘iJ{]‘UﬁﬂTi

Figure 48. Sawdust drying in temperature control room.

2. MIWaU (Mixing)

] v
= =

A a A Y Y a oa =
2.1 RenTHAvNEITIFoNsTa UMz Y G]Nhlﬂi]1ﬂﬂﬁ‘V]ﬂﬂ@ﬂiuﬁﬂﬂﬂgﬁ¢1ﬂﬁﬁ@u‘ﬂ

2 Tagldlsuanldnanmsnaaeudnga nazdSunanianumuizauiga e ldluns

Q

naaownfsinavesasiFenlszaiiinzauunmanana lugadrng sy

Aax o v A A Y
2.2 A5NMTHNTAY 1/l1miwﬁuma‘ﬁmﬂumum 299 2

4‘? U a = a a %
3. n1560ugﬂaa@we1Jﬁznmflunﬁzmumsmiamammmﬁm

° A A A ~ 9
3.1 Waswenlszaun@enanaeun 2 11 Iuns
3.2 35NMSHAN
|dy d' [ [ g’/ a a d v
3.2.1 laviaseasluaiwaurasnnuuilaaingsoanay
o { @ %’ [} [ 1 1 J
3.2.2 ihamivaihminawsasiarulaaslunszuenanlsdinin
. d o4 oy 2 4 A
323 wunnmesou Iiluazessdssnauaslud@mesauninnyaiviinlunszuen

% g}/ A = = ZIJ =
e wmmﬂuuwﬁma“lﬂaﬂ 2 i saunan lumsweaunavuad sz 15 un
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’k(']i I

ql

Figure 49. Mixing process of composite materials in pilot scale: (A) Inside mixing tank and (B)

Outside mixing tank.

4. m3vugliagalszney

4.1 ﬁﬂﬁﬁugﬂwiui”ﬁ@@qﬂﬁzﬂ@uﬁaﬂm’ém Compression molding
411 Pukuauaued 5998A219090U 1dzuaz nuiumourumilaou
4.1.2 vhnseu I@masuutA 45 cm x50 em N NeRDUUIALM a0y
4.13 Tsfaaiuason13inun
4.1.4 1%'Lgviu"lﬁ'ﬂﬂawu%yu’ffﬂmgé’aﬁw"lﬂé"ﬂﬁugﬂgﬁu (Cold press) A38ANAU1,000

.S =
psi (uar 1w

Y
v X

o o [ <
4.1.5 vuonsou lifdmsvoavugiiduesn

o ' 3 o [ ] I ] 1
4.1.6 HUDWNAUNANTIUITUNHUAAINH U 31\1E‘N']JULLN‘HLﬁﬂﬂi@ﬁllﬂuaTﬁIﬂﬂiﬁ}@ﬂ

u

Y 9 Y o
ATUUNLIY-VINVDIIAA

Q

4.1.7 Yo WAL 2 UB NUALLNINMUDY 1Az NN UMSURUTUA LA

o 2 y A o X v v a o
4.1.8 ’f)ﬂslluqﬁj1JIﬂﬂi%!ﬂiﬂﬁﬂﬂﬂluiﬂﬂﬁﬂﬂﬂ”lﬂﬁﬂu Tﬂﬂmumqmwgu 150+5°CANUAU

U Q

2,000 psi a1 5 U
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Cold-press @
1,000 psi, 1 min
a 4 / &

Hot-press @150°C Target density = 0.8 g/cm’
2000 psi, S min Target thickness =10 mm

Figure 50. Forming process of composite materials panels in pilot scale.

5. MInaaeUaNLAveIIan®lsznoy

L2 . . ad A v o A 9
5.1 gUUANNNMINTIN (Physical properties) (IBLAGINUNVADUN 1 UD 5.1)
5.1.1 ANUNRU MUY (Density)
EoN Y 3 . . an A v o A Y
5.2 gUUANTAIUNIUU (Water resistance properties) (AFAYINUNUADUN 1 UD 5.2)
4
5.2.1 M3YALVUT (Water absorption)
3 . .
5.2.2 MINDIAINAILF U (Thickness swelling)
wa A . . an A v W A 9
5.3 gNUAYINA (Mechanical properties) (IBLASINUNUADUN 1 UD 5.3)
5.3.1 NATOUNAAANITLANS1I (Modulus of rupture) HAZUBAAAIANEGU (Modulus of
elasticity)
5.4 MINATOUANNUUANATVBITAIAT D9 CIE colorimeter (Color Flex, HunterLab Reston,
Virginia, USA)

5.5 MIUATIEHAUNUMINAATINTA
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N3NWNUMINARDIATMTINTITHiVOYAaMIaDA

AISNAADING 4 AU 14n15219UHUNITNARDILD UG U0 G ANY Tl
(Completely Randomized Design, CRD) 3ayan1snaasduuuuianeison iniizianm
w5131 (ANOVA) 19 T1l5unsuduFegal SPSS 15.0 for windows lumsiiizideyanig
ana uagAATLHANULANANTZI9gAN1INAand 1aeld Duncan’s multiple range test

(DMRT) N3£AUANUFDNY 95%
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UNN 3

Nﬁ!!ﬁ%%iﬂ‘iiﬁﬂﬁﬂTﬁﬂﬂﬂﬂﬂ

d' dv 4‘ d‘d \ U U a
fdUN 1 wamewummgnmmawmaﬂﬂmeauummmqwaﬂsznau

a P X g
1.1 ﬂ’li:]l;ﬂﬁ’lgﬁﬂﬁﬂﬂigﬂf]‘]Jlf]J’E]\iﬁu

v

. { a J 3 A Y a .
910 Figure 51 WA IZHANEULVOIVRDIAIBINAIA Scanning electron

[

. v A A q Y Ao A = <3| aa
microscope (SEM) wunataeeh 14 lumsaivelianyuzuie anuiugngugaazimivgusy
A a 4 3 gd' 9 1 ] A A
Haz0INTIZHMINTZNBAIVBIOUNIAVRBERIINMTTOUNIUAZLNTINTFITA 10, 20 Lag 35
| P v
mesh (ASTM E828-81) l@wasa Table 15 FuaasfSunansnszaiedivesoyuniaiaosn la
a <] ' o a oA 1
nnnszuumMskanveuanauan lfersmswazihnldludew jians nunvuiaues
dy A A 9 Y a oA = A A
pymaddosn lglueslfiianisliviaoyniai 0.84-2.00 mm W INAGA (38.2%) 7040301
Y
ABUUIA > 2.0 mm (28.8%), 0.50-0.84 mm (21.7%) UAVADYYUIA <0.50 mm (11.3%)

AN

Figure 51. SEM of sawdust particle.
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Table 15. Size distribution of sawdust collected from wood toys production process.

Particle size (mm) Sieve (mesh) Percent by weight
>2.00 mm Upper 10 mesh 28.8%
0.84-2.00 mm 10-20 mesh 38.2%
0.50-0.84 mm 20-35 mesh 21.7%
<0.50 mm Under 35 to pan mesh 11.3%

ﬂ15w@amm%m‘”aa@qﬂizﬂaumn%téeﬂiﬂﬂi%ﬁgéaaﬁﬁmumaumﬂﬁ
HANANAY 4 52AD (>2.00, 0.84-2.00, 0.50-0.84 11a <0.50 mm) ﬁqgﬂ%mﬁﬂuamﬁﬁdwq Ry
UDN.876-2547 LAy EN 312 (Table 17) lAUA A21unuMLIY (Density), NoAaaALAN312
(Modulus of rupture; MOR), séimaaﬁ’aﬁwsju (Modulus of elasticity, MOE), ANITNOIA
AINANNUNUT (Thickness swelling, TS) Hag ﬁiﬂ“li@ﬂ%ﬂ‘ljlgi (Water absorption, WA)

ammwoutlszadldlumsised 3 wiia 18 warliu-ge vesuadled
(Melamine-urea formaldehyde) 6?'f’E)EJ"EJ MUF, Huoanesuanlas (Phenol formaldehyde) 6?}i’]EJ'E’J
PF uazneawesn lafltaiimu lalelylseuua (Polymeric diphenylmethane diisocyanate)

4 v X a d v @
¥o8o pMDI FIHNANTUATIZHAMANYULAY Table 16

Table 16. The characteristics of adhesives.

Item Unit MUF PF pMDI

Appearance - Milky white Reddish brown Dark brown
liquid liquid liquid

Viscosity (25°C) cps. 112 186 253
Solid content % 62.67 41.45 100
pH - 10 11 8
Gel time sec. 80 83 76
Specific gravity - 1.271 1.155 1.364

Type - - Resole -
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Table 17. Standards of composite materials (medium density particle board) panels under TIS

876-2004 and EN 312 standards.

No. Items Unit TIS 876-2004 EN-312
1. Density g/em’ 0.4-0.9 -
2. Modulus of rupture (MOR) * N/mm’ 14 13
3. Modulus of elasticity (MOE) * N/mm’ 1800 1600
4, Thickness swelling at 2 hours ** % 12 8
5. Thickness swelling at 24 hours ** % - 15

Remark: * is minimum requirement of standards
** is maximum requirement of standards

Source: TIS 876-2004; EN 312

2 v
1.2 WavesviInoYMAveslianeilisoanyuz s inguesiagsliznoy

<0.50 mm

Figure 52. The appearance of composite from sawdust panels prepared by using various particle

sizes.
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910 Figure 52 LAANNIND18A208197 09139152 noVINUIR o NIAToNINY

@estvuiaoymauana1eny 1aun >2.00 mm, 0.84-2.00 mm, 0.50-0.84 1A% <0.50 mm
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a1 v, A A a A4 da
9710 Table 18 UAAITUUANN ‘ll@\i’)ﬁﬂl‘;]f\‘l‘ﬂﬁgﬂ’f)‘]JVILﬂifJiJ%"Iﬂ‘ULﬁ@EJ“V]?JﬂJMW@
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Figure 53. Mechanical properties of the composite panel made from various particle sizes:
(A) Modulus of Rupture (MOR) and (B) Modulus of Elasticity (MOE). Bars

represent the standard deviation. Different letters indicate the significant

differences (p<0.05). Lines indicate minimum requirement of standards.
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Figure 54. Water resistance properties of the composite panel made from various particle
sizes: (A) Thickness swelling at 2 hours (TS 2 hrs.), (B) Thickness swelling at 24 hours
(TS 24 hrs.), (C) Water absorption at 2 hours (WA 2 hrs.) and (D) Water absorption at
24 hours (WA 24 hrs.). Bars represent the standard deviation. Different letters
indicate the significant differences (p<0.05). Lines indicate the standards

requirement of standards.
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Figure 55. SEM of composite materials prepared from sawdust particle size >2.00 mm:

(A) 20X and (B) 100X.

Figure 56. SEM of composite materials prepared from sawdust particle size 0.84-2.00 mm:

(A) 20X and (B) 100X.

Figure 57. SEM of composite materials prepared from sawdust particle size 0.50-0.84 mm:

(A) 20X and (B) 100X.



Figure 58. SEM of composite materials prepared from sawdust particle size <0.50 mm:

(A) 20X and (B) 100X .
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Figure 60. Mechanical properties of the composite panel made from various adhesives: (A)
Modulus of Rupture (MOR) and (B) Modulus of Elasticity (MOE). Bars represent
the standard deviation. Different letters indicate the significant differences

(p<0.05). Lines indicate minimum requirement of standards.
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Figure 63. Water resistance properties of the composite panel made from various adhesives:
(A) Thickness swelling at 2 hours (TS 2 hrs.), (B) Thickness swelling at 24 hours (TS
24 hrs.), (C) Water absorption at 2 hours (WA 2 hrs.) and (D) Water absorption at 24
hours (WA 24 hrs.). Bars represent the standard deviation. Different letters indicate
the significant differences (p<0.05). Lines indicate maximum requirement of

standards.
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(Shafrin and Zisman, 1960; Koch et al., 2008)

Table 19. Contact angle and water wettability on surface of material.

Contact angle (0) Wetting ability
Close to 0° Super-hydrophilic
10 - 30° Highly hydrophilic
Up to 90° Less strongly hydrophilic
>90° Hydrophobic
As high as 150° Highly hydrophobic
150-180° Super-hydrophobic

Source: Shafrin and Zisman (1960).
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Figure 64. The four classes of surface wettability types of surface based on their interaction with
aqueous droplets.

Source: Koch et al. (2008).
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Table 20. Contact angle on surface of composite materials made from various adhesives.

Contact angle (0)

Contact time (sec.)

9%MUF 9%PF 9%pMDI
0 97.53° 106.27° 113.18°
1 51.57° 79.94° 112.34°
2 17.60° 60.62° 111.56°
3 0.00° 11.17° 110.82°
180 (3 min) 0.00° 0.00° 97.44°
300 (5 min) 0.00° 0.00° 91.58°
600 (10 min) 0.00° 0.00° 85.15°

900 (15 min) 0.00° 0.00° 80.03°
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Figure 65. Comparison of contact angle of composite materials made from various adhesives at

0 — 3 seconds.
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Figure 66. Contact angle of composite materials using 9%pMDI.
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Figure 67. The appearance of composite from sawdust panels prepared by using various

additives.
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Figure 68. The appearance of composite panel prepared by using 40% Polyethylene as an
additive.
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Figure 69. The FT-IR spectra of composite materials prepared by using Polyethylene as an

additive.
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Figure 70. The FT-IR spectra of composite materials prepared by using Melamine (MEL) as an

additive.



93

% a 4 a @ a

Figure 70 uaasdilnaiunisinizridromaia FT-IR vouiaqiieilsznon

24 da o v
nn@eeninaEn MELIWS5unal 0, 10, 20, 30 uag 40 % (w/iw) NNENATUNLINNMITIAY

@ a kS 1 a o an 1 Jd @ a
MEL adludaquialszneuiiuliiinmsinaduasnsenszninvesdlszneunieluiagquaa
Usznen nnmsdunanudagdilszneviinisnadeniiainisganausedlugiuay
ADY 3273-3334 cm’”, 1325-1550 cm ', 1023-1028 cm”' 4az 809-811 cm HIFNMTANAURN

[@VYAAY 1023-1028 VBN C-OH stretch LATFINAVAAY 2915-2845 cm V¥4 CH aliphatic

'
@ A A o 1

< & J o dy A U A -1
mgﬂumﬂﬂizﬂ@uwaﬂmmwagTaaiumaaa FIUNMTAANAUIIANA UM UL 809-811 cm = 9L
v dyd [ o A =< [ a A o a
VIFDIANHULNINZV090IAYTZNOUNY —NH, %Qﬂ$WULﬂW1$1HUﬁﬂL%Qﬂ§$ﬂf]”]J“I/I‘VI”Iﬂ”IﬁMiJ

[

[ Y H Y
MEL taM3@anausIanauii 3273-3334 em ' UuNa18150U9% OH stretch W30 NH stretch

1

39 ¥ R A A 9 = "o
A4 1Az 1325-1550 cm' FuiiofFouiounumsAnyIved Chen HazAME (2006) WUIITY
a A A = = A o ' d1R A <
s nouNIToNNIUAINUIEH peak NANUY 3468 11aZ 3418 cm” FUNAIINNITTUVD
Wi -NH, 1azidmnie 1653-1437 cm’ §ufA910MsdUY0IUY -N=0 (-N=0 stretching)
: { < a 1%
moeluluanaveawaliu (Chen er al.,2006) Fawah laarnnmsnaaouilu I lunamadoanu
AUN1SNAADIUDY Chen LazANY (2006) MNMIAUNANDINLBTNMTIAN MELTuSunaiiun
49! A o AaA o 1 -1 dg! 1 =) v ?x‘z dy d‘
YUILATIVNUMTYANAUTITNAWNUL 809-811 cm WINVUIFUAGINUNIULBINININNG

= Ao X ¢
UAAN98NDI —NH, Anvulueanlsznou



94

DeST

pue Hy%ss 18 Suruonipuo) ‘¢0°0 > d 18 juareyIp Apuedoyrusis ore (8-8) SIONO[ JUSIOPIP AQ POMO[[O] UWIN[OD JWeS JY) UIIM SIN[BA N IBWIY

JE0F VYL LTOF LY LOE0F 9T JCOFCIL LCLF 6EST LU TFYTT 200 F 080 dd%0¢ %0¢

050 F86°01 JLOE0FCLE JLVOFLYT LT0OFSET ;99 F9¥0C ,E€0F00°€T 00F6L0 dd%0¢ %0¢ QUOTAYIAIOd

HIL0F EL0T ,EC0F9¢9 PLTOFPE9 LO0T0F8LE 05 F €261 SETFOI91 100 ¥ 08°0 dd%01 %01

SJTO0FOLT LEI0F SO OV 0FTSE J10F607C L8EFTCIE LLTF69°CE C00F 080  THN%0Y %0y

L,SE0FTSIT LET0F9¢8 ,CE0F09°¢ JE0FEET LECFTILT WTTFIP'ST C00F 080  THN%0€ %0¢

QU

810F€8%C ,0C0FCE6 ,0C0F 709 LITOFI0OY ,08 F669C 89T F8I'ET €00F6L0  THIN%0T %0¢

91°0F S9°6C $8E0FPI01 LEOFOV'L LIE0F TS oLS F V561 00T F9591 100F08°0  TAN%O0I %01

8S0F08°LL HOCTOF 911 IL0FLIL ,S00F 85 oS TILSI I80F0s7°¢l 10°0F 6L°0 [onuoy %0 [onuoy
(%) sUyTvVM (%) SUTVM (%) STUYTSL (%) s ZTSL  ((WuW/N)HON  (Ww/N) JOW Aysuag 9poD PIPpE JuadIad SANIPPY

"SOANIPPE SnoLIeA Wwolj opew sjoued 91sodwod jo santadoid gz dqe.L

v6



95

3.3 MIANMINAVOIATANIAINNADANUH LUV T AT No
om o s 4 o 24 da
910 Table 22 uaAIANIIAAINY) VoITaQFIlsznoUNKTENINTV@RENTNS
Y 1 v
ANAISANLIAY MEL 1182 PE 91nM3NAa4W113 893915 znounndiaesiiinisnaae i
] 1 1 % ] 4
ANUHUIUUOY11%29 0.79-0.80 glem’ F90g IUINUNAWNIATFIUGATINNTTY WON. 876-

2547

3.4 Mm3AnyINaveImsANIaINinoauAFInave I ATl no Y
910 Figure 71 uaassauiadenavesiaqilsznouniimsnandisay
[ U 9 I a 1 [ a o Y o a =
uad WM 1 MEL duansiauuasludaqdailsznen szannsanlviagaalssnond
Y v ' Y
antasInageiu Fudeima@ulSuia MEL  unduagsh ldauimdainavesiaads
=Y ¥ A A < a ¢ 2 .
U32N0UFIUUAIY NN MEL Wunaradnilszinnmes Iuesadaa (Thermosetting
i £ A 2 Y ¥ a A a g ¥
plastic) FuNpHIUMIVUFUAIBANNTBUITNATENVINNIETU TN Ay TaTaadig
1 o Y a = A Y A & 1 a 14 2 dy [
s1un hldinausWamilervesTaseaieaiuius uanaraaniszinmmes Tumaaaiioz lu
Y 9
awnsorhw s lefanaziuglIniddnaield (Pascault er al., 2002)
9 I a 1 @ a A A T
M3y PE WuasiduuadludaquialsenevndSua 10 wag 20% wum
s 49! Y o 9 I a 1 [ 9 a
MOR HArgevulnameanunis 1y MEL \Wluans@uuad uaa1 MOE v84m13 1% PE szl
(% 1 U 1 I a [ 4 o a
IndiResnuganisnaassnruguuasziniesndins1d MEL Humsiauna ieviinisay
PE 151101 30% nunauiaminavesiggsilsenoulimdmaazianiosninganisnaaea
AIVAN FAUTATINAMNINIATFIU WON.876-2547 1Az EN 312 iola1sanduiiazina
Yo Ia¥alsznounuMsIAy PE USuas 30% 39uAunIme1s SEM wudndaaaailszneoni

a

=Y a 1 . [ a L& ] 1 dy o Y
1@ PE USas 30% 220999919 (Voids) maludaquiralsenon daweainatiazanisoinly
o A = 3 9 < A g 9 I
Taadelsnoulinnuuiusswlesasuaz amnsailugas uduresmsuanit 1dde (Huang
. 9 dyﬂ o Y o a d‘ a = =\ o A 'o
and Talreja, 2005) Aremabvaih ldTaquyalsznouidy PE 151 30% Nauifamanas
N11YANITNADIDU
NNINAADINVINTANATANLAY MEL ttag PE dziinasoauiiamsina
% a d' ] [ é 1 a [ a d' =
YOIIAQFIIZNDVNUANANNY FanuNMsay PE Tudaqiailsznounisuim 20% ozl
auiaFanagengaluganisnaaesiian PE aden uanms 19 MEL iduasluiaqielsznon

1 Y
31w 40% sztantindinagangaluganisnaasanavua



96

40 A
— TIS standard™* —--—EN standard™* W)
— 35 7 BControl  OMelamine  BEPolyethylene _i_
% r d
v 25 4
R b
f b 2
: 15 | =5
2 101
=]
2 =
0
0% 10% 40%
Additive content
4000
) —— TISstandard*  —--—EN Standard* (B)
,{.; 3300 @Control  OMelamine  BPolyethylene .
£ 3000 d 1 ]
Z i & - S
£ 2500
S b by :
22000 o 7 :
. DU _r. _. - i — |
= 1000 .
3 :3:3:3
= ififif
500 555555
; |
0% 10% 20% 30% 40%

Additive content
Figure 71. Mechanical properties of the composite panel made from various additives: (A)
Modulus of Rupture (MOR) and (B) Modulus of Elasticity (MOE). Bars represent
the standard deviation. Different letters indicate the significant differences

(p<0.05). Lines indicate the minimum requirement of standards.
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Figure 72. Water resistance properties of the composite panel made from various additives:
(A) Thickness swelling at 2 hours (TS 2 hrs.), (B) Thickness swelling at 24 hours (TS
24 hrs.), (C) Water absorption at 2 hours (WA 2 hrs.) and (D) Water absorption at 24
hours (WA 24 hrs.). Bars represent the standard deviation. Different letters indicate
the significant differences (p<0.05). Lines indicate the maximum requirement of
standards.
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Figure 73. Contact angle on top surface of composite materials made from various additives.
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Figure 74. Percent reduction rate of contact angle on top surface of composite materials made

from various additives.
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Figure 75. Contact angle on edge of composite materials prepared by using various additives.
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Figure 76. Reduction contact angle on edge of composite materials prepared by using various

additives.
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Figure 77. SEM graphs of the cross-section of composite from sawdust prepared by using

polyethylene (PE).
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Figure 78. SEM graphs of the cross-section of composite from sawdust prepared by using

Melamine (MEL).
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ﬁﬂ‘lﬂﬂﬂ 0.84-2.00 mm (32.65%), > 2.00 mm (10.81%) uazf‘ﬁgﬁaﬂmum < 0.50 mm (0.02%)

AN

Table 25. Size distribution of sawdust used in pilot scale.

Percent by weight
No. Particle size (mm) Sieve (mesh) Mixed sizes Mixed sizes
ratio 1: 1 ratio 1: 1: 2
1. >2.00 mm Upper 10 mesh 10.81% 6.67%
2. 0.84-2.00 mm 10-20 mesh 32.65% 21.80%
3. 0.50-0.84 mm 20-35 mesh 56.54% 38.20%
4. <0.50 mm Under 35 to pan mesh 0.02% 33.33
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Table 26. Moisture content of materials used in pilot scale.

No. Step Moisture content (%)
1. Sawdust in stock 9.66 +1.22
2. Colored sawdust (Before drying) 23.23+345
3. Colored sawdust (After drying) 15.78 + 1.21
4. Colored sawdust (After drying) mixed with glue 16.52 +£1.05
5. pMDI adhesive 0.00+£0.10
6. Acrylic color 86.48 +4.62

Plate 1

Plate 2

Plate 3
Plate 4

Figure 79. Compression molding in pilot scale.

/ 1 2 s 4
Left side - 5 : Right side

Figure 80. Position of temperature measurement on compression molding plate.
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Table 27. Temperature control of compression molding.

Temperature (°C) at Position

Plate

>

1 2 3 4 5 6 7 8 9 SD.

Upper 1512 148.7 1514 1525 1490 1520 1509 1504 1520 1509 13

Lower 1464 1483 151.0 1473 1469 151.7 1523 1527 1499 1496 24

Upper 1493 148.6 1483 1473 149.1 1544 1542 1547 1504 150.7 2.9

’ Lower 149.1 150.1 1517 1499 1469 1528 1525 1523 150.0 150.6 1.9
Upper 1494 1509 1494 148.0 1463 1547 1530 1540 1530 151.0 2.9
’ Lower 1487 1494 1515 1489 147.7 1550 1543 1565 1556 1520 3.4
Upper 149.7 1498 1509 148.6 1453 1539 1553 1548 149.1 1508 3.3
4

Lower 1498 1506 151.6 1483 1472 1546 156.6 1574 1547 1523 3.7

a A [ ds! 9 4 A J
91N Table 27 uﬁmqmﬂﬂ"mmmimammﬂmammmuﬂﬁwm WU

U

A Iy " v =< 1 AA 9 da! (% a
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Table 28. The differences of process between laboratory and pilot scale.

No. Difference Laboratory scale Pilot scale Remark
1 Particle size 0.50-0.84 Mixed sizes Table 25
2 Moisture content <5%MC 16.52%MC Table 26
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4 Target thickness 6 mm 10 mm -
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Figure 81. Defects of toys product made from pilot scale of composite materials.
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Figure 82. Mechanical properties of the composite panel made in pilot scale: (A) Modulus
of Rupture (MOR) and (B) Modulus of Elasticity (MOE). Bars represent the
standard deviation. Different letters indicate the significant differences (p<0.05).

Lines indicate the minimum requirement of standards.
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Figure 83. Water resistance properties of the composite panel made in pilot scale:
(A) Thickness swelling at 2 hours (TH 2 hrs.), (B) Thickness swelling at 24 hours (TH
24 hrs.), (C) Water absorption at 2 hours (WA 2 hrs.) and (D) Water absorption at 24
hours (WA 24 hrs.). Bars represent the standard deviation. Different letters indicate
the significant differences (p<0.05). Lines indicate the maximum requirement of

standards.
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Figure 86. Composite panel from pilot scale prepared by 6% pMDI.
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Figure 87. Heat transfer within materials during hot compression.

Source: Torrey (2001)
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agdAv ldnavesmdvesruiagdalsznouauaas Table 30

Table 30. L, a and b -values of composite materials made in pilot scale.

Before improvement After improvement
No. L a b No. L a b
1 56.23 -15.38 27.45 1 54.82 -15.07 27.25
2 55.68 -13.9 27.05 2 54.41 -15.22 26.81
3 56.61 -14.86 27.79 3 56.12 -14.79 27.27
4 56.19 -15.93 27.72 4 55.56 -15.39 27.73
5 57.16 -14.86 28.18 5 55.63 -15.12 28.12
6 56.93 -15.53 28.13 6 55.83 -15.36 27.86
7 56.82 -15.38 27.96 7 57.25 -15.38 26.77
8 56.57 -14.47 27.69 8 58.28 -14.91 27.94
9 57.24 -14.91 28.08 9 57.67 -14.88 28.47
10 57.05 -15.01 28.17 10 56.76 -14.74 27.13
11 56.24 -14.59 27.32 11 56.4 -14.95 27.26
12 57.44 -14.78 2791 12 55.58 -14.66 26.77
13 55.05 -14.36 27.2 13 55.9 -14.52 27.54
14 55.45 -14.5 27.23 14 54.6 -14.78 27.22
15 56.02 -14.14 27.94 15 54.86 -14.66 27.25
Avg 56.45 -14.84 27.72 Avg 55.98 -14.96 27.43

SD. 0.70 0.55 0.38 SD. 1.13 0.28 0.51
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Table 31. Cost analysis.

Materials cost Operating cost Total cost
Sample Product
(Baht per piece) (Baht per piece) (Baht per piece)
Composite panel 81.07 86.60 167.67
15%pMDI
Composite toy product 3.99 4.61 8.61
Composite panel 74.05 86.60 160.65
10%pMDI
Composite toy product 3.82 4.61 8.43
7.02 7.02
Composite panel 0.00
Cost saving of (8.66%) (4.19%)
10%pMDI 0.17 0.17
Composite toy product 0.00
(4.26%) (1.97%)
10%pMDI Composite panel 43.79 44.12 87.99
Reduced color
3 times Composite toy product 2.09 4.61 6.71
Cost saving of 30.26 42.48 72.74
Composite panel
10%pMDI (40.86%) (49.05%) (45.28%)
Reduced color 1.73 1.73
Composite toy product 0.00
3 times (45.29%) (20.52%)
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Figure 88. Sawdust toys product: Alphabet A —Z.
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Figure 89. Sawdust toys product: Number 1 — 10.
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Table 32. The characteristic of low density polyethylene powder.
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Properties

Characteristic result

General properties

— Appearance White powder
— Density 0.91 —0.94 g/cm’
Thermal properties

— Vicat softening point
— Low temperature brittleness

— Service temperature

70 -110°C
(-20) — (-70) °C

= Minimum (-30)°C
= Maximum (Continuous/Intermittent) 50/60°C
Mechanical properties
— Tensile strength at break 5—-20 MPa
— Elongation at break 50 - 650 %
— 1% secant modulus 90 — 300 MPa
Flammability properties
— Oxygen index 15-17
— Flammability rating Class HB or better must be used for enclosures

which are not considered fire enclosures

Chemical properties
— Resistance to weak acids
— Resistance to strong acids
— Resistance to weak alkalis/ strong alkalis
— Resistance to organic solvents
— Resistance to oils and greases

— Resistance to UV

Fair
Fair except for oxidizing acids
Good/Good
Good below 60°C
Attacked by some

Bad if unprotected

Source: TPI Polene Public Company Limited (2010)
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Table 33. The characteristics of melamine molding compound.

Properties Characteristic
Appearance White powder
pH (at 20°C) 6.4 — 9.2 (50% water dispersion)
Melting point >50°C
Inflammability Not inflammability

Temperature of decomposition
Self flammability

Explosive limit of powder in air
Specific gravity (at 20°C)

Water solubility

>150°C
None
Not avilable
0.35-0.45

Dispersible within 35 and 65% solid content

Source: Thai MFC Company Limited (2010)
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