2.1 (Polyester) [1]

J

?
(main chain) ?
(plasticizers)
2.11
? 2
I} ?
2 2
2.1.2
1
(dibasic acids)

21

H02C-R-CO2H + HOR-OH

) )

)

(saturated polyesters)

(unsaturated polyesters)

(Esterification)
(dliol)

(PET)

(UPE)

H02C-R-C02-R-0H + H2

(

)

()
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2 (Ester interchange)
2.2

HOROH + R-OX-R-CO2R * : ROFOCR-CO-ROH + (2n-)ROH  (22)
() ) ( ) ( )

(methyl ester, R-COOCHj)

3 2.3
C1-OC-R-CO-C1 + HO-R-OH - ) - Cl-0C-R-CO,-R-OH + HCL  (23)
( ) () ( )
4, 2.4
C0.01
m + HO-R-OH HO-R [ 2(CH2,]..0H (2.4)
L(CH2nJ
() (W) ( )
2.2 ! 1 ' (Unsaturated Polyester Resin, UPE
resin) [2]
(degree of polymerization) 8-10 (

2,000)



(condensation polymerization) (glycal)
(dibasic acid)

(Styrene monomer)

21
(crosslinking agent)
21
CH,=CH \—‘=“‘J
ol CH,=CH
Ve N\ ©
S
\\ CH,=CH SH r
=\=
21 7

Ha- ?Hk’/‘\

@ POLYESTER

22 2
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1 (glycol) ! !
2 () 1
2
(EG) (PG) (DEG)
(DPG)
EG PG
21 .
Glycal Formula Molecular weight

Ethylene glycol HOCHZCHZ 62
Propylene glycol HOCHEOH 16
Butylene glycol HOCAH3OH 90
Diethylene glycol HOCHZCHAOCH2CHZ0H 106
Dipropylene glycal hochbochboh 134
Triethylene glycol HOCHXHZCHLHOCHCHZOH 150
Isopropylidene his(p-  (CH32ZC(CEHAOCHACHOHCH32 34
phenyleneoxypropanol-2)

2, (unsaturated acid)

(maleic anhydride) (fumaric acid)
(cure)
3, (saturated acid)

(phthalic acid)

' 1

(phthalic anhydride)



4, , 1 (unsaturated monomer)

. (inhibitor) ,
(gel)
(quinone) (benzoquinone) (hydro-
quinone)
(reactor) 200-220
(terminator)

60



2.2.2
1 (initiator)
2 (accelerator)
3 (ultraviolet light)
4, (electron beam)
2
1
(gel time)
2
(cure time)
1 (initiator)
(methyl ethyl ketone per-
roxide, MEKPQ) (benzoyl peroxide, BPO)
2 (accelerator)
(Co-octoate)
(Co-naphthenate) (di-ethyl aniline)
(dimethyl aniling)
MEKPO BPO
(exothermic
reaction) 2.3

95%



post cure 100-120
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0.05%

(shrinkage)
6-8 %
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10

(glass fiber)
.. (Fiber-reinforced plastics, F.R.P.)

2.2.4
3
(casting)
(laminate)
(molding) '
80%
2.3 (Natural Rubber, NR) [3]
c/s-1,4-polyisoprene
24 Hevea Brasiliensis
¢ " (Hevea rubber)
VA/W'H C\ /CH—CH ICH ‘AAAX

2 C=CH" 2 N2_
HaC/C CH
¢/s-1,4-polyisoprene

2.4 (c/s-1,4-polyisoprene) [3]



23.1 (Natural rubber latex)

(colloids)
30-45%
(micelles)

20-2,000
substances)

22 oH 6570

(viscosity)

2.2

(dry rubber content, DRC) -

(glycolipids)

(negative charges)

(phospholipids)

n

" (serum)
(non-rubber

1
0.97-0.98 g/cm3

§

(%)

3

14
16
10
06
05
04
58.5

(coagulum)



(putrefaction)
“ " (preservatives)
2
) (natural coagulation  spontaneous
coagulation) (micro-organisms)
(volatile fatty acid, VFA)
(acidity)
(hydrolysis) (lipid) 1-2%
(fatty acid anions)
(calcium, Caz) (magnesium, Mgy
(enzymes) 1
(lipases)
2, (acid coagulation)
>3H )
(coagulant)

11 (M )

12



(R-C02)

(pale crepe)

sulphite, Na503

511

(formaldehyde)

(

(RCOH)

13

(skim latex)

(rubber-water interface)

(ammonia)

25%)

0.03-0.06%

(sodium

0.35%



3%

” (anticoagulants)

2.3.2

smoked sheet, RSS)
(crepe rubber)

(field latex) 15-20%
(cup lumps)

(tree lace)

14

0.05%
2-3

(ribbed
(air-dried sheet, ADS) (block rubber)
( 80-85%)

(bark scrap)
(earth scrap)

30-45% 35% 65%

60%
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(clipping process)
(foam process) (coating process)

4

(evaporation)

(stabilizers)  potassium soap

(filler)
(creaming)
, (Brownian
motion)
(creaming  agent)
(sodium alginate)
(centrifuging) [4]
( 0.92)
( 1.02)
7,000-8,000 /
1 11 n (Skim
latex) 2
61.5% 60 %

35%



16

(stainless  Steel)

0.7 % “HA latex” (high ammonia latex)
0.2% Zn0 | TMTD (zinc oxide / teteamethylthiuram
disulfide) 0.02 % 0.2% (santobrite) 0.2 % “LA latex”

(low ammonia latex)

2.5



—

025%

20

2.5

60%

60% [3]

17

0.35%

40

40

0.7%



18

2.3
23 §
& (% )
High or Full Ammonia HA 66 0.7%
Low Ammonia LATZ 7 0.2% , 0.025%
0.025%
0.2%
Low Ammonia LA-SPP 6 0.2%
Pentachlorophenate 0.2%
Low Ammonia Boric Acid ~ LA-BA 5 0.24%
(electrodecantation) 1

Ototal solid content (%TSC) 62-62% %Dry

rubber content (%DRC) 60% 0.7%
2.3.3 4]
92% 8%
(enzymes)
(
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, (Gf-methylene group)
(antixiciant)
(antiozonant)
(perxy acid) (potassium
permanganate)
(hydrogenated  rubber)
(chlorinated rubber) 1 1 I (hydrochlorinated
rubber) (cyclization reaction) (cyclized rubber)
(physical properties)
(degree of crystallinity)
10
0.92 095 [ 24
2.4 [4]
Specific gravity (20°C) 0934
Refractive index (20°C) 1.5215- 15238
Coefficient of cubical expansion 0.00062/°C
Specific heat (20°C) 0502
Cohesive energy density 63.7 cal / cc
Heat of combustion at constant volume 44.16K1g/g
Thermal conductivity 10,700 cal /g
Dielectric constant 2.31
Power factor (1,000 cycles) 0.15-0.2
Volume resistivity 1015hms/cc

Dielectric strength 1,000 volts / mi



2

10 -3
80%
(strain ~ crystallization)
(green strength)
2.34 (Graft Copolymer of NR) [5],[6]
(radical polymerization)
(homogeneous) (heterogeneous)

(thermoplastic elastomer, TPE)
(transfer mechanisms)

(graft copolymerization via the
unsaturation in natural rubber)

(redox polymerization)
(photochemical systhesis)
(high energy irradiation techniques)

(Pr) (chain transfer agent)
25210

gt y p + f  (transfer to initiator) (29)

ot t M —) p + M (transfer to monomer) (26)

g + RH ) g + RS (transferto chain transfer agent) 27)

pot b g+ ' (transfer to Solvent) (29)



pro+ ps P+ Ps (transfer to dead polymer)
R+ pg > P+ Ps (transfer to growing polymer)
2.9
211
CH] CH3
- CH2C-CH-CH?2- - P* -ee- - CH2C-CII-CH2-
R
(ciric ion) (oxidizing agent)
2.12
-CHH2CH- + Ced" - - -CH2* - if - Ced'
In | h
(visible light)
(ground state) (excited state)

(side group)

29)
2.10)

(2.11)

(2.12)



2
methacrylate) Co@
(grafting efficiency)
2.4 (Rice Husk Ash) [7,8,9]
25%
200
2.5
( l)
2539 2,800,063
2540 28,349,828
2541 25,969,809
2542 (.- ) 16,230,174
19,039,900

22

C/S-1,4-poly(isoprene-g-methyl

40 20
3-4

13

2539-2542 [7]

4.03
4.73
5.38
458
471



24.1

%

3-4

Lsilica gel 1synthetic acid Lsilicon

12

20% ( 95%) 22%

38%

23



24

18% 2% 50% (V.MH Govindarao,
1980)

.. 1986 (James and Rao)
20 22°
(amorphous)
(crystallization) 700° C
95 soaking
10
[10]
, , 2.6
2.6
2.1 ,
(weight fraction)
, , D1.185 wt%} 6.935 wt%  41.88
wt%

Sharma
13-29 wi%
87%

(free energies)
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26 []
Constituent Amount Present (wi%)
D.F. Houston, 1972 G.H. Nelson ¢t. al, 1950
Cellulose 34-44 42.2
Lignin 19-47 192
Hemicellulose 17-26 26.0

Considered to be cc-cellulose, Composition of lignin (S.M.Siegel, 1968)
approximately (in wt%) 60 c. 6H. and 15-20 methyl (OCH3 #Hemicellulose contains

apporximatelt (in w%) 59 D-xylose, 22 L-arabinose, 11-methylglucuronic acid, and
8 D-galactose

2. * 1§
Constituent Amount present in- calculate weight fraction of element in
rice husk (wt%) constituent
c H 0
oc-cellulose 43.30 0.444 0.0618 0.4938
Lignin 22.00 0.815 0.0925 0.0925
D-xylose 17.52 0.400 0.0670 0.5330
L-Arabinose 6.53 0.400 0.0670 0.5330
Methoxylglucuronic acid 3.2 0.404 0.0250 5710
D-Galactose 2.31 0.357 0.0720 0.5710
Total (wi%) 51.185 6.935 41.88

‘Excluding Si02
243

(cationic
impurities) mineralizers . . 1989 [11]
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mineralizers

113 HCLHD

99%
2.4.4 (Combustion of husks)
(Differential
Thermal ~ Analysis : DTA) /
(Thermogravimetry / differential thermo-gravimetry : TG-DTG) 2.6
330cC 425°C
650°c TG-DTG 2.1
600°C 2
1 (Dehydration) (charring)
2 (Depolymerization)
soak
collapse 0 600°C -

650°¢ soak 10
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24.5

(Siliceous material)

28
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2.8 1 (Properties of Thai rice husk) [8]

Properties Value
Length (mm.) 6-9
Mohs Hardness 6
Bulk Density (Kg/m3 95-150
True Density (Kg/m3 650-750
Combustion Energy (KcallKg) 3,790-4,000
Volatile Matter (%) 61.10-64.34
Ash (%) 15.62-19.02
Moisture (%) 8.12-11.54
Crude Protein (%) 2.90-4.50
Crude Fibre (%) 39.10-42.25
Crude Fat (%) 1.0-1.7
Nitrogen Free Extract (%) 24.72-31.70
Ether Soluble Extract (%) 0.81-1.23
Cellulose (%) 36.5-39.0
Lignin (%) 31.5-34.0

Report of International Research and Development Cooperation ITIT
Project No. 83-1-8, October 1986

2.5 [12]
( )
(distinct components)
L (reinforcement)
(fibers) ' (glass fibers) £ (carbon fibers)
(Kevlar® fibers) (continuous  fibers) '

(discontinuous chopped shot fibers) (weaves)
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(principle load-carrying members)

2. (matrix)

(continuous  phase)
(load transfer medium) "1

“Polymer Composites"

“Metal Composites”
“Ceramics Composites"

(Classification of Composites)

(Fibrous composites)

(short fibers) (continuous fibers)
2. (Laminar composites)
(sandwich) (honeycomb)
3 (Particulate composites)

(beads)  (flake) (powder) (

30
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2.5.2

1 (Properties to weight/density ratio)
(specific strength) (specific modulus)
(specific stiffness)
( 2.9)
2.
3
( )
4,
5. (damping)
6. (fatigue resistance)
1. (dimensional stability) 1

(coefficients of thermal expansion, CTE)

2. (Anisotropy)
(orientation)
(ransverse direction)
3. (attaching)
4,

) (recycle)



32
29 ' [12]

Density ~ Modulus Strength E/p 1106  CT/p 1103
glem3  (E)IGPa (T iMPa  N.mikg N.m/kg

Ai 6061-T6 2.70 68.9 310 25.7 115
SAE 1010 Steel (cold- 7.87 207 365 26.3 46.4
worked)

Ti-6Al-4V 4.43 110 1171 25.3 26.4
Nylon 6/6 1.14 2 70 1.75 61.4
Unidirectional carbon 1.55 137.8 1550 88.9 1000
fiber/epoxy

Unidirectional E-glass 1.85 39.3 965 21.2 522
fiber/epoxy

Unidirectional Kevlar®49 1.38 758 1378 54.9 999
fiber/epoxy

Quasi isotropic carbon 1.55 455 579 29.3 374
fiberlepoxy

Random glass fiber/epoxy 1.55 8.5 110 5.48 71
2.5.3 (Composite Applications)

!

(automotive) (aircraft) (aerospace) (sporting goods)

2.6
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210 [12)

(space shuttle) (space station)

(hulls) (decks)

2.6

Ismail [13] (white rice husk ash, WRHA)
10, 20, 30,40 50 phr
multifunctional additive (MFA)

135 7phr
10 phr
MFA (scorch time)
(cure time) MFA
3 phr
Min [14] (reactive polyurethane)

(impact modifier)

MDI



2%

Cherian

butadiene,
maleated nitrile rubber

Kumar

Chuayjuljit

Rozman

34

[15]
hydroxyl terminated poly-
(ENR), hydroxyl terminated natural rubber

maleated nitrile rubber

[16]

SEM

(hydrophobic)

[17]

18]
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35-60 mesh (500-250 11 ), 60-80 mesh (500-180 11 ), 100-
140 mesh (150-38 // ) N N .

OH
C=0

T 2



	บทที่ 2 วารสารปริทรรศน์
	2.1 พอลิเอสเทอร์ (Polyester)
	2.2 พอลิเอสเทอร์เรซินชนิดไม่อิ่มตัว (Unsaturated Polyester Resin, UPE resin) 
	2.3 ยางธรรมชาติ (Natural Rubber, NR)
	2.4 เถ้าแกลบ (Rice Husk Ash) [7,8,9]
	2.5 พอลิเมอคอมโพสิต [12]
	2.6 งานวิจัยที่เกี่ยวข้อง


