21 (Palm oily [a]

Palmae Elaeis Guineesis
Jacq.
20
2 (pericarp)
(palm oil) (palm kernel)
(palm kernel ail)
20 45-50
60-80 20-40
21
21
Palm kernel oil Palm oil
14-20 43-59
25°C 0.900-0.913 0.893-0.905
240-257 195-210
( ) 20 15
(%) 1 1

25° 1.449-1.452 1.445-1.449
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(carotinoid)

0.03-0.15
5000
(triglyceride) (triester)
(glycerol) (fatty acid)
H C “““ OH HO _____ OCRl H C _____ OOCRl
HC----- OH +  HO-—-- OCR2 HC----0O0OCR2 + 3HXD
Y\c-—--- OH HO--—- OCR3 H”c----- OOCR3
R, R2 R3 = (Cg-C2
Rl R2 R3
(hydrolyze) (glycerine) (fatty oils)
3
(3 (oleic
acid) ' (stearic acid) (palmitic acid)

21



(jH2— palmitate
(yH —oleate
CH2—stearate

/"-Oleopalmitostearin

23

22

nsat/Sat

Ratio

10

2.3

(Myristic)
(Palmitic)

(Stearic)
(Oleic)

(Linoleic)

« >[TE

OH2— palmitate
CH —stearate
CH2—oleate

3 —Stearopalmitoolein

21
Mono
Saturated
unsaturated
Myristic ~ Palmitic ~ Stearic Oleic
acid acid acid acid
1 45 4 40

CH3CH2 12200H

CH3(CH2 4COOH

CH3CH21BCO00H

CHCH2 TTH=CH(CH2TCOOH

CH2—oleate
d h —palmitate
CH2—stearate

3 —palmitooleostearin

22

Poly
unsaturated
Linoleic

acid

10

CHICH24CH=CHCH2CH=(CH27COOH



2.2 ' [2-4]

(foam) (plastic foam) (cellular

polymer) (expanded plastic)
(blowing agent)
(sponge) (rigid foam)

(flexible foam)

(composite  material)

2 (phase)
(polymer matrix phase) (gaseous phase)
2 (reinforcing agent) (fiber)
(fillers) (CaCo03 (glass microsphere)
(starch)
1.6 / (kg/m3 960 /

(mechanical properties)

(load-bearing)
(thermal insulation)
( 30 kg/m3 (cushioning)
(sound absorption®
(closed-cell) (open
cell)

(high flexibility)



2.3
23.1
1) (open cell foam)
2) (closed-cell foam)
22 ()

(high-pressure technique)

(window) (membrane)

(driving force)

(low-pressure

(strut)

(stiffness) (strength)

2.2 ()

technique)

(diffusion)



2.3.2

(degree  of crystallinity) (degree  of
crosslinking)

1) (flexible foam)
(glass transition
temperature: Tg) ( 23 )
(elastomeric foam) (plasticized PVC foam)
2
2) (rigid foam)
(crystalline state)
(amorphous state) (Tg)
( 23 ) (polyolefin - foam)
(polystyrene foam) (polycarbonate foam) (phenolic foam)

(rigid polyurethane foam)



3) (semi-rigid foam)

(elastic modulus)

(stress-strain behavior)

2.3

23.3 '

1) (thermoset foam)

(epoxy foam) (phenolic foam)

2) (thermoplastic foam)

(recycle)
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24 (foam formation) 2, 3
(expansion process) 3
1 (bubble formation or initiation)
nucléation
2
1) Self nucléation -
(homogeneous)
2) Nucléation process -
(liquid-solid interphase) nucleating agent
nucleator
(surface tension)
(F)
21
F - yA (2.1
y (surface tension of polymer solution)

A (total interfacial area)



1

1) ' (thermal decomposition of a chemical
blowing agent) (
)
(N2 (< 02
2) (blowing due to an ‘in situ’' chemical reaction)
2

(isocyanate)

3) (low pressure release of a gas) (gas
expansion)
(extrusion) (expanded polystryrene :EPS)

4) (blowing by vapor from a

volatile liquid)

(fluorocarbon) (methylene chloride)
5) (use of a temporary filler)
(leach)
(solvent)
(polytetrafluoroethylene foam : PTFE foam)
PTFE
6) (mechanical entrapment of gas)
/
7) 1 (use of microspheres) (hollow
icropheres) ' 1

(phenolic spheres) unsaturated polyester resin

(curing)
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2 (bubble growth)

1 1 (sphere)

(AP) ) 0

P — 22

("

(AP)
2.4
BT Iy VialaPo Uiy
X .
- \eities
-AP w1 O
Buinanes IARULLTIUN A
2.4
2.5
2.3 AP, 2 2
r r2
| 1
AP, . 2y (———) 23)

[2



2.5

(collapse)

(cell junction)

(ribs)

(bubble stability)

(drainage)

(viscoelastic)

13



1)

2)

3)

(nucléation)

14

(drainage effect)

(crosslinking)

(excessive expansion)

(anti-foaming agents)

(growth)

2.6



15

i

2.6

pentagonal dodecahedron

) (rupture)
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2.5 (Structure properties
relationship of plastic foam) 12,3

(macrostructure)
(apparent

density) (wall thickness)
(specific

surface area)

(permeability)

(phenolic foam) (carbamide foam)

(hydrolysis) (oxidation)

(mechanical treatment)

(anisotropy)



2.7

Cell
section plane

Perpendicular
to direction of
foaming

Parallel
to direction of
foaming

2.7

dodecahedral cell

Shape of cells

Ideal Real

dodecahedral cell

(thermophysical)

(Young’'s modulus)

17



26 i

18

(—NHCOO0—)

(addition reaction)
- (di- or polyisocyanate)
(di- or polyhydric alcohol)
1.
0
R-OH + R'N=C=0 -mmmmr » R-0-C-NH-R’
2.
)
R-N=c=0 + H20 - » (R-NH-C-OH) = -----mmm- » R-NH2 + CO02
3.
O
R-NH2 + R'N=C=0  -memeemm- » R-NH-C-NH-R’
(linear polyure-
thane) 2
(branched or crosslinked polyurethane)
(allophanate) 2.8 (biuret)
100°c
(chain extender)



2.8

H O

R-N-C-0-R" + RNCO

HO
R-M-C-N-R" + R--NCO
H

2.8

2.6.2 [2,4]

(polyurethane foam)

(flexible) (rigid)

0
R-N-C-0-R'

(o]

N-H

OH
R-N-C-N-R'
c=0
I}I-H

R"

19

(Allophanate)

(Biuret)

(semi-rigid)



1) / '
N

2) '
N

3) %
A . 2 self-skinning

self-skinning

100-450 A

A . self-skinning foams
2.4 3
Foam Type Density (kg/m3)
Low density flexible 10-80
Low density rigid 30-80

High density flexible
« Self-skinning foams 100-450

. Microcellular elastomers 400-800

2.4)

10-80

30-80

100

400-800

Approx, usage

(millions of tones/year)

2

0.9

0.6



(
2.6.3
1) (isocyanates)
diisocyanate : MDI)
2,4- 2,6-TDI
1.1 TDI
TDI
TDI 2
2,4

Avnaimai -

150,000 /)

(shoe wuppers)

[2-5]

(diphenylmethane

(toluene diisocyanate: TDI)

2,4-TDI TDI

TDI MDI

TDI 80/20 TDI 60/40

2,6-isomer



CH CH
3 3
N\ NCO OCN~_~ NCO
\‘/
NCO
2,4-toluene diisocyanate 2 ,6-toluene diisocyanate

TDI-

TDI

TDI

(phosgénation)

TDI 60/40

(crystallization) [

(pure p-nitrotoluene)

2,4-TDI

TDI 80/20 (TDI-80) TDI 60/40 (TDI-60)
(TDI1-100) TDI
TDI
21-30°c

(nitration) ' (reduction)

TDI 80/20 2

2.9
1

(pure o-nitrotoluene)

2,6-TDI

(steric hindrance effect) 100°¢



CH CH
H2S04
+ HNO,
NO
CH4 + H2 --—-- > co2 +
> CL CH
COocCl2 +
NH
2.9
TDI
TDI
TDI

NO

CH
NH NCO

+ HCI

NCO

(electrolysis)

TDI 80/20

TDI

TDI

23



1.2 MDI

MDI 2 MDI MDI (PMDI)
MDI 4,4-MD I 2,4-MDI

2.10

4,4” MDI OCNOCHzONCO

OCN

2,4"MDI
e )-1eo

2.10 4,4-MDI 2,4-MDI
MDI
0
38°c 40°
(dimer)
MDI MDI

MDI

MDI 2.11



NH2 NH2 NH2 NH2

+ CH20 HCl» e O il - CH

CoCl2
NCO NCO NCO

|
- CH? - - - CH2--mmmee- -
OCN— CH NCO
MDI
2.11 MDI MDI
2) (polyols)

(polyether polyol) (polyester

polyol)

25



(stiffness)

1,000 -
6,500 20 - 3.0
150 - 1,600
3.0 - 8.0
2.5
2.5
elastomers
1,000-6,500 150-1,600
' 2.0-3.0 3.0-8.0
(mg KOH/g) 28-160 250-1,000
(hydroxyl value, OHV hydroxyl number)
mg KOH/g

Hydroxyl value (OHV) = 56.1 Xfunctionality X 1000
molecular weight
56.1 x 1000

equivalent weight

2.1

90%

(hydrolysis) (ring-



21

opening reaction) (alkylene oxide) (propylene
(ethylene-propylene oxide copolymer)

oxide)
2.12

(initiator)

CH3
2 1
R—CH—-O—CH—CH
2 3
OH
1° OH (95%)
R—CH-CT + CH-CH-— CH base
Q catalyst
1 2
R—CH-O— CH- CH— OH
CH
3
2° OH (5%)
2.12
equivalent

weight

(amine)

2.6



2.6 2

Alcohols Amines Functionality
W ater 2
Ethylene glycol 2
Diethylene glycol 2
Glycerol 3
Triethanolamine
Trimethylolpropane 3
Pentaerythritol Toluene diamine 4
Ethylene diamine 4
4.,4’-diaminodiphenylmethane 4
Diethylene triamine 5
Sorbitol 6
Sucrose 8
2.2
. 1 .
TDI (elongation)
(dry cleaning solvent) .27
(condensation reaction)
(glycol) (di-carboxylic acid) 2.13

(esterification) 15%
85%

100%



glycol

2.7

29

HO—R— 0—C—R—OH + HO

(mg KOHI/g)

2.0

5.0

1.0

(0]
. catalyst
HO—R— OH + HOOC— R'—COOH -~
dicarboxylic polyester polyol
2.13
(mg KOH/g) ( Pa 25°c)
45-60 10,000-20,000
60-70 15,000-20,000
200 20,000
50-60 3,000-10,000

(abrasion resistance)

(percentage strain at break)

1.0

strength)



ch20h

HOCH5C —CH20H

ch2oh

h2coh
HCOH

h2coh

+

+

2
h2oocrl COOR2
HCOOCR2 - — ) HOCHj-C—CH20H
H2COOCRS3 COOR3

COOR3

HOCH5C —CH20H

ch2oh

h2oocrl H2COOR3

HCOOCR2 - ®° HCOH *

H2COOCR3 H2COOR?2

h2coor3
HCOH +

H2COH

h2coocrl

+ hcch2h

h2cch2oh

h2oocrl

HCOOCR2

+

H2CCH20H

h2oocrl

hcch2h

h2cch2h

H.COOCR1

HCOOCR2

H2CCH,OH

30

etc.



oil) . . 1987 Salmiah
Hazimah . . 1993
Sdn. Bhd.
. 1995 . . 2000

3l

(epoxidized palm

1994 InterMed

Salmiah

(pilot plant) 2.14




2.15

2.15

oxygen content)

2.16

2.17

2.16

32

(oxirane

(epoxide ring)

Oxirane oxygen

d0ring
Kpoxidi/ed oil



33

HQ-
1 O-R-OH
HO- -0-R-0-
-U-R-0- -OH
HU- -0-R-O-
-0-R-O- H where :
R-OH =pothydr0
alaool
HU-R-0-
-OH ]--ee = palm Oil
2.17 3
3) (additives)
(catalyst) 2
1. (tertiary amine):

2.8



2.8

. N, -
(N.N-dimethylamirioethanol)
(CH32NCH2CH20H

. N, -

(N,N-dimethylcyclohexylamine)

N (CH3)2
. Bis- (2- )
Bis- (2-dimethylaminoethyl)ether

(CH32NCH2CH20 CH2CH 2N (CH 3)2

diaminobicyclooctane (DABCO)

[TSN
N N

5. 1-(2- )

1-(2-hydroxypropyl)imidazole

H OH
N C

NCH CHCH
CH ¢ 2 3

34
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2. (organo-metallic):
(stannous octoate) (dibutyltin
dilaurate) (lewis acid)
(surfactant)
(organosiloxanes)
1
[poly(dimethyl siloxane), PMDS] [poly(phenyl siloxane)]
(non-ionic)
(blowing agent)
(chlorofluorocarbon : CFCs) “
(Freon)
3-5 : 100 -
1.8-5 : 100 CFCs
greenhouse effect
(hydrofluorocarbon : FHFCs)
CFM-11
0-1.0 pbw (parts by weight) 0.3 - 0.7 pbw

J J51 <77



, (chain extenders)

cast elastomer

36

(ethyleneglycol, EG)

1.4- (1,4-butanediol) (ethylene diamine)
2.9 1,4- (1,4-
butanediol, BD) (ethylene glycol) 5-15 pbw

1.4- 2.18
CH2
HO-CH2ZCH2-OH ho-ch2ch2oh
(EG) (PG)
2.18 EG PG
2.9
Additive Function- Mole OH value
ality weight (mg
KOH/9g)
Ethyleneglycol 2 62.07 1801
c2h4(OH)2
Diethyleneglycol 2 106.12 1057
0(C2H40H)2
Propylene glycol 2 76.11 1474
03 60 )2
Dipropylene glycol 2 134.18 836
0(C;h60H)2
1,4-Butanediol 2 90.12 1245
C4H8OH)2
Polypropylene
glycol 400 2 400 280
m-Phenylene
diamine 2 108.15 1037
C6H.(NH,)2
Diethyl toluene diamine 2 178 27 629
CcHCH3(C2H52NH2)2
Dimethylthio toluene
diamine 2 214.34 523

CfiHCH,(SCH3)p(NH2),

(propylene glycol, PG)

h o -c

BD

h2ch2ch2ch2oh

(BD)

Weight
of diisocyanate
(g per 100 g of
required additive)

TDI

280

164

229

130

193

43.5

161

97.7

81.2

MDI
401

235

329

186

278

62

231

i 40

116
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segment block

copolymer

2.19 soft segments
hard segments -

hard segments

hard segment block copolymer

hard
—mmmmeeennes soft segment------------— l—segment-—l— soft segment—— -hard segment — —I

AAAAAAL = rest of long chain diol (high molecular weight)
_ = rest of the short chain diol (low molecular weight)
—— = rest of the diisocyanate

L4 = urethane group

2.19 segment
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2.1

Chian [6]

RBD (refined-bleached-deodorized palm oil)

derivertisation Nanyang Technological University
MDI -dibutyl-tin-dilaurate
200 kg/m3 1 MPa
Zhang [7] ' (flexible polyurethane
foam)
(poly-dimethylsiloxane) / [
1
Andrew [8]
2 HCFC (cyclopentane)

(crosslinker)

B-8404 2 pph (glycerin)
(polyurea)
Tuan Noor Maznee [9] Ethacure 100,
Ethacure 300, Amisol (CDE KD-1), N-methyl-2,2’-iminodiethanol (MDEA)

(phthaiic anhydride) ( )
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( 40
60 ) MDI
Ethacure 100 5 pph Amisol ( CDE KD-1) 10 pph
264 kgm 3 398.28 kgm'3 34.5
55 shore D 20 5
Yan Hong Hu [10 ] (rape
seed oil) (hydro-
xylation)
(peroxy acid) (alcoholysis)
(triethanolamine) (hydroxyl value)

Jian Feng Jin [11] (rosin-based
polyester polyols) (rosin-maleic anhydride adduct),
(diethylene glycol), (ethylene glycol)

(adipic acid) (phthalic anhydride)
(Daltolac™ P744)
100 -30°c
(activation
energy) (pyrolysis)
Badri [12]
RBD

(sorbitol)
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(polyhydric)
(thermal conductivity)

(dimensional stability)

Eid [13] (water-
soluble surfactant) TDI (polyethylene glycol) /
(ethylene glycol)
(foaming) (wetting
tendency)
/ (hydrophohbic)
( hydrophilic) (polyoxyethylene)
Bharadwaj [14]
(polyethylene glycol, PEG)
(200, 400 600)
PEG -
PEG 200 1
250
Hamid [15] (millable
polyurethane elastomers, MPES)
( -
)
MPEs
[polypropylene glycol)] TDI
1,4- ( ) (toluene

diisocyanate dimer)



Shaari

(tack free time)

[16]

MDI

41
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