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Abstract

This work was studied on modifying structure of used palm oil as polyol by one shot technique
via epoxidation and hydroxylation reactions. The polyols have hydroxyl value in the range from
100- 250 mgKOH/g depend on amount of hydrogen peroxide and reaction time. The chemical
structure of polyol was confirmed by FT-IR a2 'H-NMR. The effect of hydroxyl value of used
palm oil, the ratio of used palm oil (100/0, 95/5, 85/15 wa¥ 75/25), ethylene glycol contents (O,
1, 3 and 5% wt of polyol), and isocyanates index (90, 100, 110 and 130) on properties of
polyurethane foams were investigated. It was found that cell morphology of polyurethane was
close cell. The increasing of hydroxyl value of used palm oil, ethylene content and isocyanate
index had an effect on increasing of foam reaction but the ratio of commercial polyol was
increased, the foam reaction and height of polyurethane foam were increased. In addition, all
factors had an effect on increasing of compressive strength of polyurethane foam. The thermal
stability of polyurethane foam was slightly trend to decrease in the range from 320 to 330 °C
Whereas the others factors gave a trend to increase at the same range of temperature. For
acoustic property, it was showed that the increasing of hydroxyl value of used palm oil had a
trend to increase acoustic coefficient of polyurethane foam at high frequency. However, the
increasing of commercial polyol content showed the increasing of acoustic coefficient at low
frequency. The results showed that the used palm oil is able to successfully prepare solid

polyurethane foam and apply to acoustic material.
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3.1 wanidrau
Y & Y e A o o Y \ Y & A S o
iawlsutdwindwnana latduiniwradsznIeiignliauanilian wazinan
L&Jﬁ@lumﬁu@”\‘nlﬂmlugﬂﬁ 3.1 1ha‘u'ﬁnw"’mﬁuﬁ'ﬁﬁﬂu”uﬁlﬁﬂ%mmﬁw”uqaﬁo 0.6 — 0.8 A/
13 WawSsusunudsinaiusiieau11] sannildlglugamnnsruniadmaiains
LLazlﬁuﬂﬂiﬂi:naummuﬁaamnﬁqmauﬁ'ﬁﬂumw%auvlﬁga laivinlwiAes1sianztss
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waalwhdu

nlaanihdu

311 3.1 anwozvaInathay

lagvinlviauthauduivsznaudislasnaioa’lse (Triglyceride) Uszanas 95 % nia

v A . 1 4 é v
luiudase (Fatty acids)Uszanm 3 — 5 %audsznavdw 9 Uszanmi% dsdsznavldee 1o
A A & . Aa ] A . A &
laflaSoud  (Phytonutrient) NHQMAINIIIMIIFY LazaNI% 9 1TU A1l3Tiuand
(Carotenoid) Inlafsea (Tocopherols) Inlalnsduea (Tocotrienols) &La8388 (Sterols) las
LABLNELINY WBANadan(Triterperpene alcohols) WaalWada (Phospholipids) 'lnaladia
(Glycolipids) wmanin lalsansuan (Terpenic hydrocarbons) o (Waxes) SRR RVER T
o Y o , A & ) = & A A A
AT=UI% NTRNaNINIINUluEInveURentrdnLaz i RN NRAlUUNANGY T4
pandsznauntaluindualrdansaluinlidua NMuand1dlasdszunm 50:50  waz 82:18

ANNRIAY AILFAI AN 3.1

A o ' v oa o o A Y e ¢ A o A
19191 3.1 a@iqaaumaﬂﬂiﬂqmwuaw@n@]aﬂi(ﬂvlﬂlNuﬂuaumaﬂquuﬂqﬂuﬂﬁﬂ@ﬁnﬂLﬂaaﬂ

ThauLaziuaaluvasthay [13]

N9 Luaith isanilaenvasthdy isnEeludy
naaludududa 50 % 82 %
C 6:0 (Caproic acid) - 01-05
C 8:0 (Caprylic acid) - 34-59
C10:0 (Capric acid) - 3.3-44




c:' 1 > ' a c; > ] L% .ca' Z’ % 6 ;:l' %
13780 3.2 (Ad) am’]mwnaansavl,wuawmmaﬂmvlwu"lwamaomuumawﬂaﬂ@mﬂ

WasnUanuaziuaaluzaslan[13]

N30 LU isiannildanvasthdy isnEaludndy
nsaludududa 50 % 82 %
C12:0 (Lauric acid) 01-04 46.3 - 51.1
C16:0 (Palmitic acid) 40.9 - 47.5 6.5-8.9
C18:0 (Stearic acid) 3.8-438 16-26
C20:0 (Arachidic acid) 0-0.8 -
naaluduldduea 50 % 18 %
C16:1 (Palmitoleic acid) 0-06 -
C18:1 (Oleic acid) 364 -41.2 13.2-16.4
C18:2 (Linoleic acid) 9.2-11.6 2.2-34
C18:3 (Linolenic acid) 0-05 -
Others - 0-09
C18:3 (Linolenic acid) 0-05 -
Others - 0-09

na lsindwduansdeznoudunid nlnguariuanddn (-cooH) luasdliznay
[ ~ ' o A, & A X A @ v A &
wan inssuddnunswIusasaiuaululuanadiminiusadn nialvdu wzdasiianiven
inni 12 iuduld nialudusndsznauan 9 luiduds sansaudaduwdszianlng le
2 vHa[14] Ao
3.1.1 nialuaiudnea (Saturated Fatty Acid) lilunialaduniansuaululuiana'lsl
~ @ (% v & = o A X o @
sanandlalavawdhlUdvluluanalddn uansasanvewduusnian ludusfiaitazaved
uds iagnanuduieainiasdiatsveinsa ludududs (13U n3aaain (Lauric acid) N3a
1haudfn (Palmitic acid) nsaa@s3n (Steric acid) Luau
a a a . o A 6 =
3.1.2 naludulidnea (Unsaturated Fatty Acid) iunsalusdunansvaululuianad
lalasiauduiniglidan ansnsvlalasiaudrlddulaanalddn wuszniausuves
& E A& o A 'Y = o | A Al & o LY
ASUBUIUANIRUTzLALILa TR Uz Tedwannuszdfluluanatias ildudsdsznn
289079 sk liduaieenladn 2 Uszian
3.1.21  n3alaswlidualidaasn (Monounsaturated Fatty Acid) Lwnsa lusisla
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> LY

a Aa A o | v a A T o & o P =
AUAINUNWIZALNGY 1 QLRI vl,‘ll&m‘nu@uﬁ]:Lﬂ%‘llaammvl,&lﬁmm’sLL°11<1 LLN@m%ﬂ“N"ﬂzLﬁuaﬂ
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dregavansaluinliduas ww nsalawedn (Lauric acid) nsathsufilawadn (Palmitoleic
acid) LDua%

3122 nsaladwlidudafetan (Polyunsaturated Fatty Acid)dunsaluainlsigue
ﬁﬁw”uﬁ:@jmﬂﬂiﬁ 1 dunis eredrsresnialadnliduds 1w nsalawadn (Lauric acid)
nyathauiilawadn (Palmitoleic acid) dudwu USumwasnsaladnduan uaznsalugnly

' v
(> o % '

U vaIhakLAasTia AILaadluaIs9n 3.2

aN9191 3.2 YSunawveensa luiulwihdunoosiiadns g [14]

nnava9 i nsaluaiudney  nsalasiulddads nsaluainladada
\Farhen \ZHan
Wduuznan 14 77 9
inguanTuan 6 58 36
suihenn 18 45 37
isuhaa 50 39 10
InSuihaes 17 37 40
idudnaes 16 24 60
WTuNuaz S 12 21 67
iguinlne 13 20 62
insuaanddeg 10 15 75

1{1w”ulha‘uu%ﬁgw%g"l,ﬁmﬂmiﬂé"'m{w"uﬂﬁwﬁu ﬁé’ﬂwmuﬁuﬁw”ufuﬁmﬁad@u T
qm%gﬁﬂﬂa Lifiaasau lﬁﬁ’m%'um‘ma@‘luqmm%ﬂﬁmmmi LT ﬂa@uwﬁﬁaﬁwﬁagﬂ
PUNTULAE? ‘C’Iﬂu”uﬂﬁuu?qﬂﬁiﬁ'iaﬁmmmﬂa@vL@Tﬂmuﬂﬁfg\iﬂiﬁﬁﬁﬁu%ﬁ@ﬁu Lﬁaamﬂﬁﬁ;@
foadn aam1Ifiennunsavasas LL@ZI%Lﬁ%’T@]Q@UI%Q(ﬂﬁ’]‘ﬂﬂii&l WWELNEN ATNLNEW

a v = a ] v
vLaﬂﬂ‘iiJ BUTBAIULLRZIN WINT1IH ay (e

g‘ %) 6 {
3.2 wanthaanlrduaa
v e o P ~ Y o A« Y A
N3N UNAA1A1T 22 ANIT YR UL I TR A L A TALAUIBENEA A D
? a n:i A o = c; l&l a o a n‘ J d' ) v A
anasududdr anunilainds yaifiaaiuanss iialauindn Jsazildifianis

WRywLUa I adnaznsNans @”ﬂLLamdlugﬂﬁ 3.2



Peroxides

Increasing value ————»

31 3.2 mafousdainsidndusznaaiivasisiunsruenaal1s]

TaglwymznanazfiUfAzeman 9 Atiadu 3 suuuy fe

1. mylalaslatuasings (Hydrolysis of oil) aziAaduld Taudiiuazaudan u
a9a13znay é‘fi‘aﬁwzﬁﬁﬂ%walunwsﬁaﬂﬁﬁ%m"talmvlaﬁ%a (Hydrolysis  reaction) 41nn7n
AT ffwzl,ﬂuimaqaﬁﬁunmﬂ@UﬁSLﬁnmau@;I@m?{m (Nucleophile) a=luvinane
WUBLaF-nas I laTnawashse (Triglyceride) ¥inlwiAansa lusudaszluluuazlonfivalyd
(Mono and diglycerides) @”@melugﬂﬁ 3.3 Tagiaiuiiddudsznavvesnsalaiuliiu
mmIsﬁé?uﬂ‘%uwmgaﬁ]:ﬁﬂﬁl,ﬁ@msvlﬂmvlasnﬂlﬁdwﬂﬂdﬂﬁ’]ﬁ%ﬁﬁmuﬂs:namﬂuﬂi@vl,mu”u
sudrmeltenn wWiesan nsalagwlidumelsdn axfiansazansiiuazuanaaluinyme
ilunealditanin s‘i?'m‘%mmﬂm"lfnu”uﬁaszauﬂum”aﬁa%qmmwmaaﬁm”uwaﬂsgw lagdn
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Digcylglyoeride
Triacylahyceride
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31 3.3 nslalasladuesinsiuisumznan [16]

2. nmseandladiinan (Oxidation of oil) lagaandiauazvindfAsenaanGiadn
. . . o g’ L o { A a aana %
(Oxidation reaction) iuttaiunaa asuaaslugl 3.4 FslumafadfiTenazlsznaudis 3
TUaa% Ao
2.1 TwLINAW (Initiation) I@ﬂﬁﬂﬁuauma@hLLmLawvuﬁzﬂauﬁ@migtyLﬁﬂ
d a v v v o Y a a
lalasiauazaay dafiannnianszdudrsanuian ldifaduauysdas: lalasanueu
o v a A a é’ . ] ] a aaa
lwaznavayyadasziiiaduiidu Unpair electron dadlhdansiiaylfizm
22 Auvznsasld (Propagation) tinanaanGianwitn vy fAgoduniie
LY A . § & ¥ aan L a & ' ] 4 o v
wiszgifaidu Peroxy radical (ROO®) Fatuaaniidulfisuanlaiinduatnsdaiias ild
\Naayyadaszanany lay Peroxy radical vihlfAsendaiiiasnunseludusiialdaudald
lalasiwas-aanlod(ROOH)
& [ . . a | o & o o Aa '
3.3 Jugathy (Termination) auyadaszMiiaduinudinuaafaiduasln
(Secondary product) nanurRadiszinele 1w lalasilasaan’ad (Hydroperoxide) naug-
\naLan lad ludnuada (Conjugated dienoic acid) 8wanloe (Epoxide) laatan loduazflny
1 n.-?l’ a (>3 ] A A £ a 6 a
ssdsznanmanfionafiamauandidalddnnisenadiaaduluanalanfiselsd wazifia

L% v . A o @ o v a Aa a a &al &
W52 (Cross-link) mnuua:numl%m@"l@LwaiﬂLLazwaamaﬂmnama%wgwu



100 kcal/mole 50 kcal/mole 75 kecal/mole

v
M 14 13 12 ﬁ 0 9

CH3—(CHZ)3—CHZ—CH:CH—CHQ—CH:CH—CHQ (CHz)ﬁ—COOH

Initiation l —H*

13 12 11 10 9
CH;3—~(CH2)4~CH-CH=CH-CH=CH—(CH,);-COOH

’[‘rIm’s + Oy

12 1 10 9
CH;—(CH,)4~CH-CH=CH-CH=CH—(CH,),-COOH
|

Propagation 8 i L g

12 11 10
CH;3—(CH;)4~CH-CH=CH-CH=CH-(CH;);-COOH
|

S -

CH;—(CH,)4~CH-CH=CH-CH=CH~(CH,),-COOH
|

o

CH;—~(CH);— CH> + \\C7CH=CH7CH=CHf(CHZ)fCOOH
/
H
i e
Termination CHs (CH2)3 CH;

3 3.4 misandladuasinaiuisumcnan [15]

2.3 msLﬁ@waﬁma"l,sm%'umaﬂmaqamﬁu (Polymerization of oil) lwnILAaN KD

. ! & > & VA A v o @ &

Tnsiszninaniveunuaniveulaslifioznanvaseandiaululuanavedlydi dwuszinanii
a & @ o v A o o . . v a o

adulunialusis 1 Tuansazvhlfiiansalusiudanuiduag (Cylic fatty acid ) duianwus:

TenI9nIa LU 2 Imaqa mmﬁ@]mﬂlquLaqaLﬁmﬁaiwhﬂwLaqamaavl,mﬂﬁl,sna"hﬁ

v

lvinansalatla %ﬂLLa:ﬁwmiLﬁ@w”uﬁmT’ImwdwhLaqammﬁ@ia"lﬂﬁﬁﬂﬁﬁﬂwaﬁma‘?

1 2 o & o '
ﬁﬁm%uﬂimaqagwuﬁﬂ muamlugﬂﬁ 3.5



R~ CH,—CH=CH-R,

He Ry~CH—CH=CH-R;
+ R1_CH_CH=CH_R2
Ri=GH-CH=CH-R, ™ Ry~CH-CH=CH-R,
dimer
+ Ry—CH,—CH=CH-R;
Ri=CH—-CH=CH-R; + He R{~CH—CH=CH-R,
R1=CH;—CH—-CH-R, R4—CH;—CH—CH,-R,
dimer
+Ry—=CH,—CH=CH-R;
Ri~CR=CH=CH-R; . H Ri~CH—CH=CH-R;
R{=CH,~CHZCH-R, ™ Ry~CHy—CH-CH-R;
Ry=CH;=CH=CH-R, R{—CH,;—CH—CH,—R,

+Ry=CH,—CH=CH-R, trimer

polymer

31N 3.5 miLﬁ@waﬁmavlwﬁ"ﬁ'waﬂmaqaﬁﬂﬂuﬁwmzmﬂﬁ5]

g13UsznauNAadna NI AunuladlwindwnaaNna1LaI T 1A WRINITDATID
a 9/& 1
STz lasantsaaniie 2 Uszian As

1. ssUEnauaaaaINaINIassingla (Volatile decomposed product) 813N TaN&aY
wUNAaNAININBNLTNaa Le

2. &15Usznauaa8@N biszine (Nonvolatile decomposed product) 157 L TzL#Ae)
mmﬁﬁdmagluﬁﬂﬁum@ LLa:ﬁ]:Lﬁauammia"[ﬂnna%’aﬁl%ﬁw"um@m‘mi IEELRVRFEEAD
Fuganarild wanwidldhduneanats 9 a3y azvilfifiaansndiminlaanags
azauagﬂuﬁwﬁuuazvmszmn MlAanEmenIImMuAINTaItindwlawwlas bl Aaainuniia

Al g a = 1 dl = v 1 a o A 1 6 a

WD LAaFLRz WY drwnTlasuntainiaad laun USuimnialaiwdase dia1suaia

a a U ~ Q/I QI &’ a Lt |QI L
ﬂsmmiamaﬂ-émua:maﬂ AUUNLATILNUT 1 ﬂsmmm@%mﬂmauma@m

a g’ o =
3.3 WoRaAMMNWINUNY
WaRoaaNAUNT (Polyol derived from vegetable oil) &1NNTOLATHUNIY
[ @ A A o | ) Y e oA .
nazuaumMIaaulslasiaing inawdouwuszdmelulasiairsvasinaiuie unylaasen-

Ta I@Uﬂizmumm”@LL}Jﬂmm%waoﬁ’m"‘uﬁmﬁmwmzmumi LT AWANTLATY @13



fudfAsundansaand-tau[17-21] lalolulada (Ozonolysis) mudaulfAsunlalasdiutu
[22-23] uazlalasnaluiatis (Hydroformylation) [24-25]

o ] '
@ ¢ AdA @

Tagnszurwnsdwandiaswdwnyzuiwni1indey lududan ltssasdunidnaly a0
1 aaa { a é’ a a s a e o L o Y Aa 1
Tduws TapdfAseiedude dwandiasuusslansondiadu arus1ay mlmﬂwg
e o ’ o Y o A o Y ' o
WinTwlaasandaunlasiainsvastings mmﬂg@ﬂmamﬁwaamuuﬁ'"ﬁ wuqn lasagdng
Y o A o a & v A a a o A o '
PaIWNWANTUTENAUAE 1aINALTA lIAUAINTA YN smmmmvl,mammmawuﬁzglu
[ ° @ A a o A A o o &
T334 m‘lmamwmﬂaﬂugﬂl,ﬁuwaaaaavl,@]munizmumiawaﬂsmwuiml"mimﬂai-
A . A a | & & @ \ A
2and (Peroxy acid) MiAinanmsnauszringlalasiautaseantodnunsa 1w nsanasin
. . o Aaa A a P e a a o e : f
(Formic acid) dudat39dATen iNaiunyWintudnandasidunanuszguazidany
Widdudwenled diud Ao laasendiatu (Hydroxylation)  iAaidunylaasanda
a { é aaa ¥ o v aaa s s
(Hydroxyl group) muamlugﬂﬁ 3.6 Sﬁaﬂgmmﬁ%gﬂmmlmﬁuﬂgmm%aﬂlumimLLﬂi
TassasnvastinawnNg L

0 o) 0
I o I / N\
HzG~0~C—(CH)y{ CH=CH}—CH HoC~0~C—(GH,)7-{ CH—CHY—CHg
9 - A 0 A
HG~0~C—(CHy);{CH=CH}.~CH, HC-0~C—(CHg)7{CH—CHY.~CHg
0 H,0, / HCOOH 0 o
~0-C—(CHg)7-CH=CH}—CH ~0-C— —
HoC~0~C—(CHp)7{ CH=C }; 3 HC—O0~C—(CHy)-{-CH CH};CH3
H*, H,0
0 oH
Il
H2C—o—o—(CH2)7+CH—c|;H§;CH3
OH
O
I}
HC—O—C—(CH2)7—€CH—C|;H);0H3
OH
0 T
H2C—O—C—(CH2)7~<CH—(‘)H>Z—CH3
OH

dl s v a 2’ o A Ao [ Aaaa a a a
;Slh’l 3.6 ﬂﬂﬁmziﬂiﬂﬁi’]x‘ﬂ]ﬂx‘iWﬂﬂaﬂﬂ"ﬂ']ﬂ%’]ll%W‘ﬁVl@@LLTJ?N']%‘IJ{JT']?FJ']@WaﬂsﬁL@?j%LLazvlﬁ-

ATONTLaTY [26]
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3.4 Tlanadgsmn

miﬁamiﬁ:ﬂwmwaﬁﬁmu ausntesovlannlasianenan 2 au [27] Aewadeas
(Polyol) Goutswadaoasanldidn 2 wfia Ao wollasnoswodoas (Polyester polyol) LLay
WaRsinaswadans (Polyether polyol) uazdnsrudalalaleleosua (Disocyanate) wiiad
Aoulglunsduanzdiwedyiinu Aalngdulalalelouiiue (Toluene diisocyanate, TDI)
uazwadinasnlalolooniua (Polymeric  isocyanate, PMDI) Saunuanstaeliiielny
(Blowing agent) %aa:lfﬁﬂumsﬁﬂﬂﬂuw“mﬁ Taglalalosuaazyhuasodoin ue'ld
iy vhldiRansuananduefiuivufaansvaulasanlsd warniuefurilfaisedu
"LaIsﬁ"Lsﬁmm@lLﬁmﬁugL’%'mLazm*fuauvl,@aaﬂvlm@?ﬁmﬁwﬁlﬂumwﬂ Iudianwozidugngu

MuIaslandi Jiteuazansdnindu o9 auaaslugln 3.7

HQ o H
HO*PNW+OH + OCN-R-NCO —N=C-0 nO‘C‘N—
n

polyol diisocyanate Polyurethane

@) O

HO-C—N—R—N-C-OH

2H-OH + OCN-R—-NCO

Water Carbamic acid

HoN—R—NH, + COz(qg)

Amine Carbondioxide

31U 3.7 mafalWuwedgTinuandjisunszwitswedeaanulaloloouuauazii [27]

u

T,V\Imwaﬁg‘%mml,ﬂwamﬂu 2 1%i@ A
3.4.1 IWuweRgTinusiiatiantu (Flexible polyurethane foam) IWanwafyTinusdia
A 1 s U 6 6 a o aaa 1 ada 6 A a
ﬂ@'ﬂquaﬂwmﬂmaamomamﬁméﬁaaLﬁ@ WianmsvdJisensendnanaddimainianes-
6 1 a = a A 1 4&/ > A
tartnasnulalalalasiwe AMAnMILLUIaINaRgTInuTadanguiniuasWnie
6 {n:i a ;&’ aaa [ g’ a A a
asuanlasanloaniiaduwaindjiseszninsiiuaslalolosiue IWuwaagimu%u@
ﬁ@wg;uﬁmwéam}w RINIIDIUUTINTIUND LASNUGaNIINADA LAd
3.4.2 lnuwafySinuzfiauds (Rigid polyurethane foam) IWuwadyIinusfiaudals-
U 6 a A a & A v v 3 d' o a
NAUMELTARIA T,w:uwaagimmu@Lmewummuauauﬂmmau smmminmim:waag-

Sinusfiaudsszyndltlunudrulaseains (Construction application) 11w lFyWkInTal-
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o £ Aa A & | @ &2 Aa ¢
nasameln mﬂs:ammwmaﬂﬂwuagnwmmaoLsﬁaasmiwmmmmmamaﬂ 1130
#ANTaU LA AN T,w:uwa§§‘§muﬁauﬁ'§ﬁmamuﬁﬂdﬂwmﬁﬂé‘um%ﬁmmsﬁw uazlWu-

a v v '1 —1 Q 4
waag%mummmwummsaﬂ@ﬂszmm 0.024 Wm K muamlugﬂﬁ 3.8

120 -
-

45 -
40
39 -
30

Porous concrete
Mineral wool

=
=]
-
=
o
Q

nnaudfuazansuziauvaslnanefoSinuniziiadanduuazsfiauds Srildlinmin

Igulomdludugasmnisudi 9 anany a1fiiiu gasnnITun1Ineaing gasmnITw
6 [ [ 4 (2 v A v £ v @ K by a [ =2 [
pweud waziWaifiaed iludu dniduazdsznaunsldnwinisymauadon Asld
A o A ) A & A & o A A a ~ o Xa °
frunidenldwafiwaimetinwidussasdulunaaisawefoiinu Uagtuitiinsiine-
eﬁaamnnﬁw"uﬁ'amﬁaaLLa:'ﬁnu”ua:vjamlﬁummﬁmwaﬁaaamamséﬁ[zs] wanani 494
NMINYIHINTI N BN TTRAANS 9 mwﬁmﬂub\lwwaﬁg%mu LT N1TAALLT
1A398371902 98NN UUNEN[9, 29] TaUALIUIN30] WAz NWINT A [17]
3.7 sNUALNAINULFLS
e A v A . . wa A o v A a & A

suUALAINULELY (Acoustic properties) LuaNUALABINLNIAATULRDS LRadwidle
ARULTEITUAUAY LaBdInIaFBIgnaaduLAzIFBIEIuNnRagnaziaunau[31] asuaaslu
31 3.9
u
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Air Absorbing material

Eg Rigid backing
E, Ey
—_— — B | E,=0
E
E. . “

31 3.9 WASIWFLITUNIENUADIRQAATUIRDI[32]

u

Icﬂmhmﬁmadms@@sﬁ'uLﬁﬂduuﬁuﬁamvlﬁmﬂé’mwahumaawé’amugwﬁ'miawé’omu
annIzny iU Aa dandiusasnasnundiluluiag (wasnugatunIanasnu

§9E1W) FAANRINUANNITENY AIPINNNIQATY AILFAIFNNNT (3.1)

E, -E, Ex+E
t
X = — = (3.1)
Ey Ei

A o a &% )
e o = FudsAEninnsgady

E = WAMIWREINANNIZNUNBAE?

E, = WadWLRIINR=YO

E, = WadWFOINFIHIU

Eq = WAIWLENINONAATY
U U

[ a n"‘ C™ a a €¢§/ % ¥ o A wn 1
auﬂs:ammsgmuLammaawaamaimuﬂu 2 1998 AarNUaNII NN WY LAWY LT
1 > 1 L= Q‘ A/ 4
gﬂiwamgm AUNTU ATWAUILBSAITNAW LN ﬂ’]i@@]‘ﬁﬂLﬁUdLW&l&l’mﬂl% LWandny
' A £ o en
AWILLHL AITVAUN mww;uua:mﬂmmaammmwmu [33] mLLam‘Lugﬂ 3.10 LRZRNUG
maéﬁuimaa%’miwLaqamaowaﬁmﬁ LT mwﬁﬂmqiu AMNAUW UL TANTINY lag
o a o o & a A A o e o A a ~
WANNTT LREIFURRUUN BRIV N uNTlaveasnsaaandanemetda aawdosazidfuwdn
o o 4 ' £ o ’~
NRIINWANMNTEN LHDINNNAVAILIILRYANIUVDIDNNNALRFIBRIVDINAINULRLINANT
ﬂizmUlugﬂmaawﬁ'\mumﬂﬁau Lﬁaamﬂwamaomiﬂa@ﬂaiauwé”amumaamﬂiﬁﬂmaqamao
wadlua¥
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Density Thickness Porosity Air Flow

A A » 1

_ High density ) _ Porous -

E c Thick = 2

= g & E

s Low density 2 Thi = e ~—— Decreasing
2 z i = Less = air tlow

= = < Porous <

Frequency Frequency Frequency Frequency

31f1 3.10 dadpidnadansgatuiFes [34]

u

v

mMIasRsaUaNaMsTULEssinldnInIassuaznnIsew aait
1. MIANAFBUMNIQATULHIINIATY f35mIanameauaiit
- Kundt’s tube
- Alpha cabin
- Reverberation room
2. MIATIFOUNIATULRLINISDY f35mIaTamauesit
- MTIaMTare9aNNARIBAINNAL (Airflow measurement as function of
pressure drop)

- MTaANNAaLAEIlauaT (Direct tortuosity measurements)

4. 50 BWN1529Y
= a 3’ LY 3 v v
4.1 ns@Saanadaaadnanianlzuad

v '
° o e A

Hdniaultiuss (Used paim oil, UPO) iwnannihaiwnaaln a. wialwng) 4.

[
o @ a Aa

RITAN m@T@LLﬂﬂmaa%aLﬁ‘awﬁmﬂuwaﬁaaa W ua17a9 uéwmuwamiﬂuwaﬁﬂ%mu I@]El

U

ﬂ']iﬁ’]ﬁ']lﬁlaﬂ’]ﬁﬁllﬁuﬁ’) WNINTadNaLENNINeIRITeaNINTIAWLN ETEJSL"I?LLE\T’J LRSI

LENANAUYU ULAZULATAIUWIANT % BoIUTININIUN ldWAIaINNIINTaY (% yield) BAIaN

12 2
=1 v

nutindwlaulTan vnasausuLaLdaIdwsaItiinn enA K1TianazlSu1muaInTe
vL‘ll&Jvu OH value, Acid number LLas lodine number

4.2 dnmlsamlalasianidaseanladuaziianlunisiasaanafaaa
s duldudafilaaniade 4.1 mm‘"@uﬂﬂmaaﬁ?ﬁaLﬁalﬁtﬁwijlamaﬂ%a (R-
OH) i‘fulu‘[mm%ﬂ@ﬂmuﬂﬁﬁ%mﬂﬁﬁ%mﬁwaﬂs'ﬁmﬁ'u (Epoxidation) wazil e laasan
F1at (Hydroxylation) LuUdwaawtion lasyinnsdnssasiuszninsiniuddulsudide
lalasaniasoanlosdonsanasinfiseau 1: 2.5 : 5.0 uax 1: 5.0 : 5.0 lua Fra9TuAH

a :’ L% & o Ao ' :’ L= [ v ' 6 6
msmswmwuﬂmm@LL}J‘ma@mu‘swa’mmwumaulml@’maVLaIMLﬁ]uLﬂa‘saaﬂ"lsmma
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v

nsanasinfiseau 1: 2.5 : 5.0 asiide TatnTulsulFuENN 250 N5 (0.295 Twa) ¥innns
W@unsanasinidudu 99% adl 55.69 faddas (5 lwa) aualslalasiauieseanlad
LN 35 % a9bi 64.62 dadaas (2.5 lua) lagyimsdnwiszoziianlunmsidfasonis
NN 2 4 Uz 8 Talasaude ﬁqm%gﬁ 65 °C nasnUfAseauAinuelitadu
irinsudsulfudreaulsfildunanaasdasemInzagnanszninglaniiaasSlantuin
Tlugamain 1 : 1 lagdsuas (U51a3370 500 daddas) warrimsisansaalslados
lalasiaunnfuamadu wasininda ausey nasntussduuaniifousanaari
msg@‘f’haaﬂmﬂﬁw”umﬁul%uﬁm”@LLﬂs W§IMINEUITImELeT G azanaean s
isasnauszmpannnuan taidunefasaningulauldudasauls (Modified used palm
oil, MUPO) udasiandwiasm % sasu5inavinduhdulsudraaudsile wazsinlusinsess
#1A1 OH value, Acid number, lodine number 3iaTzilassainalasinadia FT-IR uas H-
NMR 13suiigunuingulhsulduds (Used palm oil, UPO) ﬁm‘”uma{uu%qw%f(Palm oil,

a g’ e a N g .
PO) LLa:waaaaamnmwﬂﬁumqwm@LLiJi (Modified palm oil, MPO)

4.3 nﬂitm%'ﬂufﬂuwaag%tﬂ%
fiwalRaan MPO wazwadaas MUPO 7a3anlaainmita 4.2 anidusnsadawlunig
m%'wi%lmwaﬁg%mu ém%’um:mumsm?wiwuwaﬁg%mu"l,@“l,fmﬂﬁﬂLLuu One-shot
a c?/' s L% d' o =1 +~ >3 ] 1 a
process AuaawnITiasuNln muamlugﬂw 4.1 lasvimsdnundadueng g denisifia
T,V\ImLLa:awﬂ'ﬁmaaImeaﬁg%muﬁm%‘wW loun ﬂ%mmwawijl,amaﬂ%a FARIWVAININT

1haulfardanafaaaniinsen wazUsuinuadzsugiaie s

Diisocyanate

cure

Polyol Homogeous Creaming foam Polyurethane foam
other additives mixture color change

311 4.1 nvzuIwMILeIN IWNuNaRLSING

U
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4.3.1 answavasilSunmlansandavainaanaa

o a A a :/ e 6 v v o a a Q
imafeaafiaIouanniniuhdnludmnviimaaioslnunedgiinu laslugasnis
wspnlnuwadyIinulatnualalelolosua (PMDI) Saafiviiny 100 nansanudi la'le

Trlmonuaazyind §Asensussfidlalasiawiasla (Hydrogen active) Ta4a73ud azviialugas

[
v o o

(@admaswimaiuaaslunIanwIn 1) asnusuanwoiaswafaaaanindwiaultian
dl a 1 o aaa 1 a a a
szilfpuangasinsesansuazas nmsinyjiseududrlaasandaunu laswefeoaiidla
@vaNTaLYinnu 100, 160, 170, 200, 240 W8z 250 mgKOH/g amﬂummmwi%luwa“ 3N
aouaasluasei 4.1 mu@laumsmmaﬂwumuamiugﬂw 4.1 uazfnwng@nssunisiia
IWy'laiA Lansneasy (Cream time) L'Ja“nﬂﬁw“él"; (Rise time) a1 luwfieda (Tack free
time) A21N§IV841WY (Top of cup) tasidudnsyudl (Collape percentage) uaziilasigud

a

MI%AdI (Shrinkage percentage) (udu wasnnasgdinawadgTinuniaionldudy s

2

a

TAANURABILGL  (Density) mmi’@é'ﬂwmmaﬁmaﬂwwwaag%mu @Twﬂa”aaﬁ;amsﬁ

DLAAATAUULLADINIG (Scanning Electron microscope, SEM) TATWIALTARUAZTIUIN
6 Aa A
L‘Hﬂﬂ‘llaGIW&lWE] INK I@]UI“ﬂﬂ‘iLLﬂ‘i&l Image J L’JE]?D% 4.1 URZANNGIIWNIBADNIING

(Compressive strength) FUUANINIANUTOU (Thermogravimetric analysis, TGA)

A19719 4.1 ammsmsmﬂﬂuwa“ HSnuniweiaas MUPO fidnlaasandaszauedng 9

Ingredient Weight (g)
MUPO_100 20
(OHV = 100 mgKOH/g)

B8110 1.6
Water 0.8
Dabco 33LV 0.04
Dabco T-12 0.08
PMDI* (index 100) 13.57

*J3u1 PMDI J5U@ue OHV vadinafoaa
OHV = 160, 170, 200, 240 L.az 250 mgKOH/g 1"&1 PMDI = 16.06, 16.37, 17.72, 18.91 uaz 19.44 g ANAAU

[
a A [ 1 1 a o C5 I3 [ a
4.3.2 a‘nﬁ‘wawaeamwmuswmawaaaaamnmuumaﬂ%’ué"snuwaaaaama
v
n13aAn

Anwnaanainsznitinefsasnninutanlsusinuwaddineswefoaan1an1ia

(Polyether polyol, PEO (OHV = 35 mgKOH/g, M,, = 5,000 g/mol) 7132@L 100/0, 95/5, 85/15
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LR 75/25 aNaIaU laawadaaaanniuniiaultusn AllunImasadidn OHV Ny

100 (MUPO_100) taz 200 mgKOH/g (MUPO_200) gmﬁlﬁmm%‘wiwwﬁLLam’Lummﬁ

4.2 ﬁm”umumsm%’wiwm”mamlugﬂﬁ 4.1 uazAnwwgAnssumaiialWy anunwILLL

mni’@é’ﬂwm:Lsﬁaé‘fmaaIWNwaﬁg%qu Ol ﬂﬂé}”aaﬁg‘amsﬁ&ﬁﬂmammudaamm 1AUUIA

a

raskazinwInrasvadlnunadsSing laslslusunsn Image J 1185T% 4.1 ANNAIUNY

|
U
an

AON1INA FNUANNANNTIY FVY migwﬁ'mﬁm

1319 4.2 gmmﬁ?m?ﬂwmuwaﬁg%muﬁé’mﬁamwiwwaaaaamﬂﬁw‘"uﬂﬁa‘ulﬁ,lﬁaﬁu

WaRBDANIINIIAN
Ingredient Part by Weight (%)
MUPO polyol_100 100, 95, 85, 75 -
(OHV = 100 mgKOH/g)
MUPO polyol_200 - 100
(OHV = 200 mgKOH/g)
Polyether polyol 0, 5,15, 25 0, 5,15, 25
(OHV = 35 mgKOH/g)
B8110 8 8
Water 4 4
Dabco 33LV 0.2 0.2
Dabco T-12 0.4 0.4
PMDI* (index 100) 67.85 89.50°

*J3u1ou PMDI d5uanuegaaiusas MUPO: PEO
"MUPO (OHV =100 mgKOH/g) / PEO 95/5, 85/5 uaz 75/25 17 PMDI = 64.96, 59.11, 53.05 anN&1eL
MUPO (OHV =200 mgKOH/g) / PEO 95/5, 85/5 uaz 75/25 14 PMDI = 85.88, 76.98 waz 69.04 anN&6L

4.3.3 andnazaslSamarsvengansls
Anmdntnavasasvensasls laglsiafidan lnanaa (Ethylene glycol, EG) fiszeu 0,
5, 15 uaz 25% laginniinuosnasons mwgmlumswﬁ 43 fruaoumaaioulnues
LLa@alugﬂﬁ 4.1 WaTANHINOANTTNNTAA LAY ANURUILIY ATIIARNHUALLTARVDS N
WWaRYINY @Taﬂﬂﬁaaﬁ;amiﬁaﬁﬂmammudaamw AU ALTRB WAL IIWINLTARDI LW

UWBRLINL laglgldsunsn Image J 130304 4.1 @NUAUMUAINNING FUUANIANNTOU
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ci A a A dl a ad R '
f197°91N 4.3 g@smimmﬂw:uwaagsmuﬂﬂsmml,aﬂﬁauvlﬂaﬂaa‘smuma 9

Ingredient Part by Weight (%)
MUPO polyol_200 (OHV = 200 mgKOH/g) 75
Polyether polyol (OHV = 35 mgKOH/qg) 25
Ethylene glycol (EG) 0,1,3,5
B8110 8

Water 4

Dabco 33LV 0.2

Dabco T-12 04

PMDI* (index 100)

*Fu1tw PMDI Usuanud3unmaas Ethylene glycol
EG = 5, 15, 25% |4 PMDI = 87.45, 90.40, 97.40 Waz 104.40

4.5 @Anv1ansnazasarvadlalalnloaiuea
msfnsraasasitlolrlasouaiiszau 90 100 110 uaz 130 maaIWuwaﬁg%muﬁm?ﬂu
MnsandmEninaseasnninTwhsultudunefasanimIsnuiniisas uueawe
sSeananiniudndulsud (OHV=200 mgKOH/g) siawadaaanianisandu 7525 augas
Tuans197i 4.4 ﬁmgumaumim%'wiwm“’mam‘lugﬂﬁ 4.1 uazdnsnwgAnssunsiialuy

a

AMNRULIL @li’l’i]’slﬁgﬂ'ﬂmuﬁﬂﬁiiﬂﬂ\‘iiwNWQNU%L‘H%@T’JUﬂﬁ@d?ﬁﬂiiﬁﬁﬁﬂ@]ia%uﬂﬂ AN

U

a

A71a TavealTasuazitwInisasued lNunadusiny laslslusunsy Image J Liasau 4.1

=2

AMUAUNIUADNIING FUUANIIANUTaY

@13197 4.4 gaamuaioulnunefoinuiidianaaailalelaloouuaszaudngg

Ingredient Part by Weight (%)
MUPO polyol_200 (OHV = 200 mgKOH/g) 75
Polyether polyol (OHV = 35 mgKOH/g) 25

B8110 8

Water 4

Dabco 33LV 0.2

Dabco T-12 0.4

PMDI* (index 100) 89.50

*Index 90, 110 uag 130 L& PMDI = 80.55, 98.45 uaz 116.35
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4.6 F3MINATOUANT AN
4.6.1 lodine number

msnagauUsunncleladu (lodine number) lulassasinduisuldudanonuaznas
aaulslasiasne Lﬁaﬁﬂmﬂ‘%mmw”uﬁz@ﬂuimoaﬁ”wﬁm”u AR % ASTM D4671lag
\fuanTazans Wii's solution U5u1ms 20 ml asludaadnasingi 0.05 n3u uazeinslilufiia
Wuaan 30 wift nasansurinmslatasadasssazarslodonlalasioulslodana
(Na,S,0,) ANnuTwdn 0.1N lagldinuladussdudiaines Usunmleladumansndiwim
ey asaanIn 4.1

(V1—V2)N><100><126.9]

lodi =
odine number [ WX 1000

4.1)
\ia : 126.9 ﬁaﬁmﬁfﬂauga (equivalent weight) 283 Na,S,0; (g)

V,88 YSunasvasantazans Na,S,058 % 3UnT latasasnsasanafisy (mi)

V, A8 U30105289871382818 Na,S,0,81%IUMTIaLasaalaend (ml)

W e ininaesniedgi(g)

N QoAU NT U9 NayS,0; (N)

4.6.2. Acid number
a . v 2’ e 6 2 ] o o
mMInasauUSN1Mv89nIa (acid number) tulaTiansiuthanltuainouuaznaiaa
wslassasne thadnsndunmnsa luadudaszlulassasioindi aunnasgInASTM D4662
TAULANRITAZANY LUWTUULAZLANIWAN USH1D 50 ml 89lua2a8191130% 5.0nN30 RRIINTEL
Mnslaasaalsansazanslwunaidonlaasenlos(KOH)ANuENdw 0.1N  lasltAuan
a a a 6 a o 3 dl
mauduanidudiaiees USunansaaunsamuialamusunim (4.2)

_ A-B
Acid number = 56.1 |/ N (4.2)
w
\la: 56.1 Aviwiinauya (equivalent weight) 189 KOH (g)
A fa YSunaswesaniazany KOH #%sumsialiasasiating (ml)
B fa YSunasuedrnsazans KOH éwsumsaasaansazanafiay (mi)
W Qe indnuedsaiegnd (g)
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4.6.3 OH number

mMInasavySunmwadlaasanda (OH number) lulassaaisiudaulsuainanuay
wasaaulslasais tWadneUsunmlansanda lulassas19mhadi euu1asg i  ASTM
D4274 lagida phthalic anhydride U538 20 ml aslusihdnthanltudiaands nasannuuri
=1 a €d‘ a & ] =3 a KR a v o
andiganad 100°C 1uwaa 1 oy, ndundaiiumInaNaug g mngiives
mylaatamsasazaslwunaidonlaasenlos (KOH) anududu 1.0 N lagldsluaw
mawduanIdudianes USuansasansadmimmlaamuaunsi (4.3)

B-A
OH number = 56.1 [—] +acid number (4.3)
w

Lfia: 56.1 fla f:mﬁfﬂauya (equivalent weight Y123 KOH (g)
A @a YSunaszadansazans KOH SUIUNT laasaalasng (ml)
B fa dSunasuesansazany KOH dniumslaiasaansazanatiiuy (ml)
W @a dhnsinuaseaatng (g)

4.6.4 Fourier Transform Infrared Spectrometer (FT-IR)
mylsedlasiaivesinduindulfudnanuasnasaauls smaseualnLaies Fourier
Transform Infrared Spectrometer (FT-IR) fllﬁa Nicolet 460 FTIR spectrometer Iuﬁaomwﬁl
32%319 400 — 4000 cm™ SIBLNATALLUEIHIY (Transmission) lulnuauas ATR

4.6.5 'H Nuclear magnetic resonance spectroscopy,1H NMR

A o S o & o o o o o A
MIATERIA IRV NN NA Nl Tua N akLasraInawLT d281ATad Nuclear
magnetic resonance (NMR) spectra ﬁa‘muLL&J'mﬁﬂLLUU?Lﬂafﬂau@”ﬂmai{ (Superconducting
a & A = (3 1 %3 % 1 :/ a
Magnet) ldsaaudaszislouuudnainud 500 MHz lunsiaSouaiatngldansaiagnaimn

Uszanms 1 — 10 mg azaneluaavinazany Chloroform-d (CDCy) Uszanaw 0.5 — 0.6 ml

4.6.6 Gel permeation chromatography
a 62/ e 3’ e 6 a a% 2’ e 6 ¥ Y L4 A
miaLmﬁmm'ﬂuﬂimaqamadmuumaumqwmm:muuﬂmsﬂmma lagldiaIaaian
iwadiatulasunlans il (Gel permeation chromatography, GPC) g’u prominence HAAlaE
U3EN Shimadzu F9an1ENAFaUGIN AaduTiia Shodex GPC KF-806M LUt uautna1d
meluamia 8 uN. 8717 300 WL, WAz Shodex GPC KF-803L Lﬁ?umugluﬂ‘ﬂmdmﬂumm@ 8
Y. 817 300 Y. LWFLAROUN (mobile phase) @Aa THF 78asMTAaLYINAL 1 mi/min

awnnd 40°C 813933 1w sRaNa AR 103U (Poiystylene, PS) @23@wiia refractive index Uae
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AYNAZANY THF LATUNA0819A NN NTWUTEN D 0.1%w/iv BazlSunaa819Naavinny

20 pl

4.6.7 Impedance and absorption of acoustical materials using a tube
m’aﬁlaauauuyﬁmi@@ﬁﬁhLﬁﬂdmadIWuwaﬁg%Lﬂu ANNNI31% ASTM E 1050-90 1o
B&K Type 4206 Impedance Tube %4 ImpedanceTube 13znauday ansas (Filter) §n1ws
(Speaker) iavenaLied (Propagation tube) waz lulaslny (Microphone holders) aauaadlu
gﬂﬁ 42 frethsiunameu m”@IwulﬁﬁLﬁumugmﬁﬂmqwhﬁ’u 25 JaflNaT wazdanunm

WAL 1 LIUALNAT @”@LLa@ﬂugﬂﬁ 4.3

B&K Type 4206 Impedance Tube Filter & Speaker

B&K Type 1405 Noise Generator

B&K Type 2706 Power Amplifier I B&K Type 4135 %4 Condenser Microphones I

I Y4 inch Microphone Calibrator I B&K Type 4206 Small Sample Tube

| B&K Type 4206 Large Sample Tube |

01dB SYMPHONIE Data Acquisition Hardware

3111 4.2 Impedance tube ﬁiﬁmaaumi@mﬁmﬁmmw ASTM E 1050-90
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31 4.3 é’ﬂmmzﬁumaauauﬂﬁmsg@sﬁuLﬁm

Iuﬂﬁmaaums@@eﬁlLﬁﬂﬂ%ﬂﬁmﬁmluﬁnmmﬁ 500-6400 Hz @hmig@ﬁﬁ'mﬁma”@

[ a &% ot . . . s d
N’mmauﬂizawﬁmig@mmﬁm (Acoustic absorption coefficient, Q) MUFUNITN (4.4)

Iincident - Ireﬂected
o= (4.4)
I

incident

di = a A€ L= a
Wa o CESIREC (P IR IR
lncigent = WAIIUNIQATUANNITZNL

lofiocted = wé’wmmsgm%’ua:ﬁau

4.7 ’i%'m‘mmaauauﬂafﬂuwaag‘%m%

4.71 waansyulla
4711 Cream timefa NaNaTNaulsullfsuanganzvanalfowduain (7

1 = 1 A 4:{

PIYU) T e duinn

4712 Gel timefalnaNiWusuidniaa
4713 Rise timefa T198NSUAANITHEN LA TN I@angitﬁ
4.71.4 Tack free time 8 AMVLANGIIYDITIITLHLLIRNIZRININRISUIZNaULARINY

Aa v | A o A o ' ana as v
FIRTTINTIA U BGI‘V‘]&IVLN El(ﬂ@l@ﬂlll‘l.lW"lﬂ bd amvlﬂ‘ﬂ@aau LLﬁ@G?WﬂQﬂ?U?LﬂNﬁ%q@ LRI

4.7.2 wWasiduansuaaiuazilasiuansguai
4721 WoasiEwdn1399aa2 (Shrinkage percentage)n13dnuitasifudniinacs
ﬁﬂ@'}”ﬂ&?’dﬁ]ﬂﬂIWNijﬁuﬁ fafauruwlRaw (mold) nasanaulwad 50 °C iuiaan 48 wu.
TogmITaaafsuasdusanIsusImun nae wazsaaaslny wWedidudniswasisunin

fummlaauaunn (4.4)
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A-B
Percentage of shrinkage = (T) x100 4.4)

Wa A @ @hmﬁmjaatﬁumuquﬁﬂmm%nmuu AaN9 wazandvadlwy Aeuay (cm)
B fo mmﬁwaaLﬁumuguﬁﬂmau?nmuu a9 Laza9vadlWy wadau (cm)

(=3 % < o °
4.7.2.2 Was1EwAn13gUA7 (Collapse percentage) N3dAnwLUasidudnisyues v
"L@Tm"’@mniwmjﬂéhmrwauIWsJﬁ 50°C LWIa 48 Ty, I@Umﬁ@mmﬁwaadmgwaﬂ%lu

F = 6 a o v P
1 aimu@miqummmmﬂ’mam"l,@mﬂawmw (4.5)

A—B
Percentage of collapse = (T) x100

s A fia anugslasadsvasinu feuntsay (cm)
B fia Anwgilasiadzvadlva nainisey (cm)

4.7.3 IMMIBLBABUALARIALT AN
o 6 U (qq:
unrassazamaras inuausaaasevlasly Image J program Liasu 4.1

4.7.4 anuvinuinaslvla (Density)
N30 32988UANNRIILILUBI IWIaINNNAIgIH ASTM D16228wn3nvi lalasdadn

dadalWuama 50 x 50 x 30 mm (NT1axexgd) Javwa lasldiaediily mAted uaz
TITTRUNTUAIDLNNAILLATAITI 4 GRS AMNAMILUU DI TN Y FINITDAIWI T LA A3

qUN3N (4.6)

Density = (4.6)

<13

Wa m = dninualnuSudu (Kg)
a a 3
V = USunaswadlWunainizsay (m))

4.7.5AMUARNIHABUTING (Compressive strength)
mm@aaumwﬁmmu@iaLLidﬂmaon:u AUNIAIIN ASTM D1621-00813130%11
lalasaatuaratalnauwuia 50 x 50 x 30 mm (ﬂ'i”ﬂaxsmxga) Tarma lasldiiasiile an

aiilas laaldia3ad Instron universal 81%UIINTELZNA 10% maammgwaﬂﬂu

23



4.7.6 NM3ATIVANBMLN WA MG IUINB 120 IHaNDAYIMUAIBLATDI SEM
mIaTIansusmIsugwIngadiwanefigTinuildlasidudedalnuindeu
WYiuNadLnRed (stub) NHUINTUAI819 liARaUNes KasNBUINTRaIat19 laTaseu

ANBULNITIININGIAIBLATEY SEM (Jeol JSM-5800 LV)laglorinasnens 30 v

4.7.7 NM13013298NT AN ANTanaslWuND R gﬁmué”mm%aa TGA
mmLaﬁmmamw%amaaIwuwaﬁg%mummsamwaaﬂm@ oldiaga
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nssaudsisindudrduldudndunaioas Wil fAseufAsendnendiatu
(Epoxidation) uaziiisenlansanGias (Hydroxylation) wwudnaawdsr lagrnisane
samusznisiniuindulduddelalanawdadoanladdansanasindiszan 1: 2.5 : 5.0
WAz 1: 5.0 : 5.0 laa wazvhnsdnsazeznalumaid jasenduna 2 4 uaz 8 Talus
ANEAL ﬁqm%nﬂﬁ 65 °C lagtiminwadsaafisaamzvldlasadsdaiiu 90% va9tiiwin
Wi dunaonses udhwadeaanina1lUsiaTe¥vndn OH value, Acid number, lodine
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"N13191 5.1 amumaawaaaaamﬂu’muﬂ’mﬂmma

Polyol based on UPO
Unmodified UPO:H,0,:HCOOH (mol)
used palm oil (1.0 : 2.5: 5.0) (1.0 : 2.5: 5.0)
Reaction time (hr) 2 __________ 4 8 ________ 2 __________ 4 __________ 8 _____
Properties
lodine Number (mgl,/g) 39.51 10.22  7.40 0.50 5.31 222 0
Acid Number (mgKOH/g) 1.39 0.08 0.39 0.54 0.28 0.47 0.47
Hydroxyl value (mgKOH/g) 0 100 160 170 200 240 250
Yield (%) - 87 100 86 97 99 97

Na19N 5.1 wodhduihsulsilanmnsagegaianiy 1.39 mg  KOH/g ud

o
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' o S o & v o & & 1 &a A e
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ATANDA b lATIFT VIR ALY A1 laaTanTaTaInafaaadIAINTHAINENIROAARAIND
1 A g’ Lo 6 04 & a a dll o aaa J
Alaladnasvirdnisuaaudsnigassiaddianas tlaaarlunisvir fAserwiudn
USnalaladuvasiniuthanltuas danlalofn duiuasivinny 39.51 mgly/g fRILENAH
haulasnaluazden lodine number luifiu 56 mgl,/g (Hayyan, et al. 2011 and Lai, et al.
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A. Formation of peroxyacid

H,0, + HCOOH ——= HCOOOH + H,0

B. Epoxidation

o) 0]
o) 0O
o Q
)J\/\M/\—/\/\/\/\ 1.Epoxidation O)J\/W/\/\/\/\
O . HCOOOH o 4

RSO structure

C. Hydroxylation

1 j)]\/\/\/\/\/\/\/\
(0]
Q 2.Hydroxylation QH

o Ho0 ©

e} 4 2 (@) 4 OH

)J\/\M\&/\&/\/\/ o T
o) © .
4 OH OH
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(B) Ufnsenawandiadu uaz (C) UjAsenlaasondiadu
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1 o d o o
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(9) uazf 6 1.40-1.55 ppm (10) dusmy MV Ld-wfiadu ldsnau Ndadunydwan
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(f) OHV = 250 mgKOH/g
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M13191N 5.2 Namaaﬂimmvlamaﬂmaluwaaaaaﬁnﬂmwuﬂmﬂmmmawqmmiumimﬂiwmm:awmmamﬂmw

Polyol based on modified used palm oil

MUPO_100 MUPO_160 MUPO_170 MUPO_200 MUPO_240 MUPO_250
Foam characteristic
Cream time (s) 33 45 48 50 75 82
Rise time (s) 225 251 302 319 323 423
Tack free time (min) 1368 1536 1588 1700 1724 1947
Top of cup (mm) 73.96 86.80 86.85 87.22 93.68 95.35
Shrinkage (%) 4.08 2.07 1.85 1.68 1.01 0.42
Collapse (%) 2.30 0.31 0.21 0.16 0.13 0.11
Properties
Density (Kg/m") 43.66 45.41 45.79 47.73 38.44 36.50
Cell size (mm) 0.84 0.64 0.63 0.61 0.66 0.68
Cell count/cm 25 25 24 26 22 20
Compressive strength at 10% strain 25.77 45.63 43.81 60.32 76.58 86.90
(KPa)
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M1378N 5.3 amummamwmamaﬂﬂwwaaQsmm’mwaaaaamwumamlm

samples Thermal degradation stage
1% stage 2" stage 3" stage
Weight loss Weight loss
Tmax (°C) (%) Tmax °C)  Weight loss (%) Tmax (°C) (%)

MUPO_100 324.1 22.46 373.2 28.44 471.8 34.98
MUPO_160 322.6 21.66 370.7 19.21 475.7 49.26
MUPO_200 324.6 21.83 371.9 20.11 476.9 42.16
MUPQO_250 328.1 26.16 372.8 17.73 472.4 44.54
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5.3 HALDIDANINEIVITRIWNaADaaINHIaBIaNlTUANUNaRaDaN19INIIAN
RRINANBINAVDIUSNN M laaTanTavaINaRaaantasaNaniIdwl1a N Tus) da
oA oA a a a aA £ A A o =

guLAd199uadlny nudnleUSumlaasendavasnafoaatnndn Inunasoulaazuds

& A = A a v & K& o v .

Wszunnain Lwaa@m’mLLmLﬂswzmaoIW&JwaaQsmu A9 U911 PEO ANHRNNLUNAAADR

nindwihanltuad lagidanldwafasaninawinanltuainidelaasands 100 waz 200

mgKOH/g las@nmanaiuaainafaaaaninduihavlsuaidenadaaanisnisaidu 100/0,

95/5, 85/15 Waz 75/25 (lauinin) Alnadengdnstuvesnsiialwy auddnianianiw

ANHIZNIFUIIWING audanianuiasuazantanisgaduiFosvaslnunadgTinu 6
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A19199 5.4 HasaEIUITAININERaaan Ntk haulTLaINLNaRRaanIIMIAdangAnTIunsiia lWuLazaNLANINE AN

MUPO_100/PEO (% by weight)

MUPO_200/PEO (% by weight)

100/0 95/5 85/15 75/25 100/0 95/5 85/15 75/25
Foam characteristic
Cream time (s) 33 28 25 24 50 48 44 36
Rise time (s) 225 210 204 198 319 246 244 224
Tack free time (min) 1368 1528 1460 1375 1700 1695 1665 1658
Top of cup (mm) 73.96 68.39 70.16 76.09 87.22 72.32 76.67 78.33
Shrinkage (%) 2.16 2.31 2.60 2.88 1.68 1.83 2.05 2.57
Collapse (%) 2.30 2.70 2.26 2.14 1.16 1.10 1.22 1.31
Properties
Density (Kg/m®) 43.66 42.76 43.81 4414 47.73 45.63 43.51 38.83
Cell size (mm) 0.84 0.79 0.72 0.68 0.61 0.56 0.65 0.63
Cell count/cm 24 24 25 29 26 33 26 28
Compressive strength 25.77 29.89 50.26 60.73 60.32 79.76 56.25 31.86
(KPa)
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1NA1397 5.4 wudimafindagauvas PEO 1ilu 100/0, 95/5, 85/15 uaz 75/25 (lag
shniin) manaudSunnweslansendavaanafossnninsimhduliud Suadernainiafa
Twy Tagtaainisraniu nainiswaagege uaznanlimioada 1Fnaiauss nsiidu
wiziiesinny laasendavaswadeaanisnisdiilassairsnuudgun i (Primary
hydroxyl groups) fﬁoﬁmmiaavl:a@iamuﬁwﬂﬁﬁ%mﬁ'uvlaiénvlsnﬂﬂtumL%'m'jmyj"lamaﬂsﬁamaa
ﬁm‘”umﬁulﬁlﬁm”@LLﬂiﬁﬁImaa%”mLLuwﬁﬂgﬁ (Secondary hydroxyl groups) @9%t287
mafalfisensznitwedasauss lololosuwaiitosss Lm:é'mwL%’slumﬂﬁ@ﬂg‘jﬁ%mﬁﬂh
sanadanInaaIzadlNunalyTinwTuny I(ﬂUﬂﬁﬁ%mmnﬁ@waﬁg%mmﬁ@*’fuvl,éﬁ%ﬂfh
UfAsennaiiaie inlanudunegmoluiifesnitanuduannasuen sanalilvuiie
ﬂ’]i%@m”al,l,a:qum‘"al,ﬁu%u WlarAnySunm PEO Idhunenaiasnusaenadugwinandas
wmafia SEM uazldllsunsa Image J 1183%% 4.1 lumsiauwiaiaasiafs uazs uinisas
luszuiuanugn 1 wudwes dsusaslugf 513 wuirdnsuzimadnidwsadda aw
vxmuuumaﬂ%mwaﬁ’%g’%muﬁumiﬁuLﬁ'uﬁmﬁﬂﬁau PUIALTAR LATTINIBLTAGD 1
Lrwdlas Juwalduaassanian

MUPO_100/ PEO

A [iag

Wic | RV W
JBNSE00L| 20 | 30 |4 6 i OH_100_GON_5|

A& () 100/0 (f) 95/5 (g) 85/15 (h) 75/25

W&z MUPO fidiein OHV 200 mgKOH/g

40



70
__ 60 T
[\]
[a
X 50
<
(@)
G 40 -
3 ]
2 30
(/)]
$ 1 !
S 20 - ! —O— MUPO/PEOQ 75/25
g ] 1 —A— MUPO/PEO 85/15
S —e— MUPO/PEO 95/5

] —a— MUPO_100

0 T T T T T T T T T
0 5 10 15 20 25

Compressive strain (%)

;sﬂﬁ 5.14 @hmmﬁﬁumumiﬂwaﬂmmaﬁg?mu‘ﬁ'mﬂwaﬁaaamamwiw MUPO/PEO
1% MUPO 7fid1 OHV 100 mgKOH/g

80
70
E ]
v 60
- ]
g 50-
5 ]
2 407
?
$ 30
£ 0] —O— MUPO/PEO 75/25
S ] —A— MUPO/PEO 85/15
104 —e— MUPO/PEO 95/5
] —=— MUPO_200
T T T T T T T T T T
0 5 10 15 20 25

Compressive strain (%)

s5Un 5.15 @hmmﬁﬁumumiﬂwaﬂmmaﬁg?muﬁmﬂwaﬁaaamamwiw MUPO/PEO

u

1% MUPO 7fid1 OHV 200 mgKOH/g

41



1n3UN 5.14 HavaIwafoaanauszning MUPO/PEO 7114 MUPO Nidid1 OHV 100
mgKOH/g @ 8f1AMNAIWNIWEENITNA NIz82Na 10% WuT LN egas 1w 0IUTu e PEO
a X . o \ a o a X < & . A9 . A % A
WL dranudunmudanisnaduwi liuwndu nefbiduinsizin PEO Alainadnlud
wntinluiana (5,000 n3w/lua) Agandrindudidulduds (1,000 nwlua) uaz PEO finy
~ Q; I3 d 1 1 = aaAaa QI o v a 1
wWenduuuudzund geiathdeninfiad§ATen nmain PEO vldlasiairagiinuniadiu

a A
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A1 19N 5.5 FUUANIIANNTDUY aaIWuwaﬁﬁmumnwaﬁaaawam:ijwaﬁaaaﬁnﬂ

ianihavltsnunafoaanianisa

samples Thermal degradation stage
1st stage 2nd stage 3 stage
Weight loss Weight loss
Tmax °C) %) Tmax©C) Weight loss @) | Tmax©C) %)

MUPO_ 100 324 1 2246 3732 2844 4718 3498
MUPO/PEO

955 3172 2221 3730 2216 4633 4216
8515 3222 2375 376.0 2225 4634 4511
75125 3155 19.99 3751 2898 466.8 4346
MUPO 200 3286 2183 3719 20.11 4769 4216
MUPO/PEO

95/5 3198 2349 3723 17.80 4748 4822
8515 3204 2351 3723 17.05 4736 4875
75125 3192 2546 3723 20.85 4754 4704
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5.5 wazadlIunmarsvangansls
RRIMNANBINAVRIIATNFEIUITA TN Raa N dutaultusnunefaaan1ansdn

wuINFaaInUaInafaaaniNulaultuar (OHV=200 mgKOH/g) dawafaaanianisan

dlu 75125 (lansiwmiin) Saanudununminadings uazivadlsudysldlnaunlddanu

= a £ = a L v aa

wdausaiudn lasdnsrdsunmesansvensaals daoiansaulnanaa (Ethylene glycol,

EG) 1u 1%, 3%, 5% vadininnafesa Ninadangantsuvesnisiialuy audanig

MENW anBUeNIFUIWIND sudanuanuiauuszauianigaduidoswedlnunaiy’

% AILEAI A9 5.6

A1319N 5.6 NaUINmaIIVNeaN UI‘ﬁ?l 29N DRBBANFNITTRIINaRBaa Nt NuL ANl TILAD

Aunadesaniemmdangdnssumaialuuuazautansnmanin

MUPQO/PEO(75/25 by weight)

MPEO MPEO_EG1% MPEO_EG3% MPEO_EG5%
Foam characteristic
Cream time (s) 36 42 55 58
Rise time (s) 224 231 234 245
Tack free time (min) 1658 1671 1688 1756
Top of cup (mm) 78.33 86 92 101
Shrinkage (%) 257 1.18 1.11 1.16
Collapse (%) 1.31 1.21 1.05 1.11
Properties
Density (Kg/m®) 38.83 34.67 34.44 34.15
Cell size (mm) 0.63 0.76 0.77 0.77
Cell count/cm 28 26 25 26
Compressive strength 31.86 34.66 50.00 48.10
(KPa)

MPEO = MUPO/PEO(75/25 by weight), without ethylene glycol

A ' a Aaa A9 o & L oA '
IMNAII9N 5.6 NuIUSurmaastantanlnanaanltidugrsversgiols Inada
WO ANTTNM TRl NBENITALRY lagWLIIaININaAIY nmmiwué’h waza Wnieadae
U QI J g; ¥ | 1 a =) QI J o v v
1A A NARNI LT NIz US N T a s aNTRK INanaalNuAw Yinlwaasls b ba lar laren
Q' J { a aa =) J o v =)
LG LN N Lﬁaﬂgmmmmuauyitﬁ (Isocyanate Index = 100) ¥inlAianlunsiialWuas
a £ o AN v o = A £ ' o ¢ & & o o
WWnTneaa ldeae TWunladanwmeudalzsindn sanalwtlasidudniinadd LazYUA?
a3 lWNanad
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MUPO/PEO(75/25 by weight)
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MPEO  (b) MPEO_EG1% (c) MPEO_EG3% (d) MPEO_EG5%
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a
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{ =) 1 Q' J 1 1 1 1 1
Watsunaua e as o LSRN NU I I FINA VW IALTARYDILTARLAZANUAW L balE)
\ . o o ! & { a a
ANuLANavaElnefIaY laswuitawaimsivwialnaduileUsunmansaninanan
QI l-'-g/ U v 1 v g; ¥ ] ] 1 v 1
WANAW I bAAurmLdniuw lduaaa netaziduwmzinnsldasvenoans Lo
wWisualeumuiutinmnylaasanda wianygiashlunsiujisoiulalelslaouiua
QI g 1 va a 1 Aa nl g o v a a g U J 6
WWadw saualiiaad lalunisnatianasiuduilinisiianeaiaulaieds aumaisas
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311 5.24 @hmmﬁmmumsﬂwaﬂw;maﬁg‘%mumn MUPO/PEO (75/25 by weight) 7114

MUPO fififin OHV 200 mgkOH/g fivsanmansaulnanaaszaudny

mﬂgﬂﬁ 5.24 WUIKATIUSUIIALaNTRK INaAaaGAaAINITNARELANNFIWNIUE D

n1INa NIzEena 10% (Compressive stress at 10% strain) wuilednlaasandavainesd-
nl ¢:§/ £Z 1 = v nl ;3’ g; dy I 1 1 a
saaindnaNEUMIudan1Tnaduw liuinan netudunwnzimylaasandalulas-
v Aad a aaa e 1 a I3 v 1 dll

mﬁwauawﬁauvl,ﬂaﬂaammmLﬂ@ﬂgﬂimﬂumﬂmvlaiéﬁvlmmLum Aadwlassaineaga
179lulassasrivasivy iunsiinsuiiuds (Hard segment) #3aWuszyTiny (Urethane
. A £ ' v @ A = A £ AV o A & a £ I
linkage) LNTY FINa RIS TaTaNNUTIuTANIY NN laazlanuudadudy lhdrany

v ‘ A &
mumumamsﬂmwugwu
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3111 5.25 mqu‘é"wLLﬂmﬁ’mﬁfﬂ@iaqm%nﬂﬁmaﬂﬂwwaﬁg‘%mumﬂ MUPO/PEO (75/25 by

aa

weight) 7% MUPO Aififin OHV 200 mgkOH/g fidSanomantanlnanasszaues 9
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;sﬂﬁ 5.26 n31W DTG ﬁaqm%gﬁqmwgﬁmaﬂﬂuwaﬁg‘%mumﬂ MUPO/PEO (75/25 by

weight) 71l MUPO 7% OHV 200 mgkOH/g fivSanaansaulnanaaszaudis 9
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t:l A v a A dl = Aad o 1
f1319N 5.7 awummamwmawaﬂﬂuwaagimWnﬂsmml,aﬂﬁauvlﬂaﬂammuma 9

samples Thermal degradation stage
1st stage 2nd stage 3 stage
Weight loss Weight loss
Tmax ©C) (%) Tmax °C) Weight loss @) | TmaxC) %)

MUPO/PEO 3192 2546 3723 2085 4754 47.04
MUPQO/PEO_EG1% 3192 2961 3723 1972 4738 37.08
MUPO/PEO_EG3% 323.0 2523 3724 16.31 4731 4548
MUPO/PEO_EG5% 3272 25.80 376.2 21.80 4755 39.12

anwmenIIN TGA waz DTG ﬁ]’mgﬂﬁ 5.25 - 5.26 WATANIIN 5.7 maﬂw;lwaa%l%mu

nwafeaatidwlau L wu*jmﬂ‘szﬁuﬂ%mm@h"l,amaﬂ%aﬁme@mﬁ'u LRAIAN A

a

nst‘Luﬁwuauﬁmﬁ'uﬁa \ANIILRONTNW 3 B9 °ﬁ'3\‘1LL?ﬂLﬁ@lﬂWiL%ﬂNﬁﬂ’]Wiﬂ\‘iﬁ;@ﬁqm%ﬂuw

D

13z 320-330 °C tinnnuiglUdszunm 26% 129N809NISLRONRAINRIFAN o bR AR
U 9

9

2

=

1z 372-376 °C dnnnrne lUdszanm 20% LLamhoﬁmwnwmﬁammwgaqwam%ﬂm

9 U

D

D

132370k 460-475 °C sinntinwig luszunos 45% T,@mhoufmLﬂumilﬁawaaﬁuﬁ:g‘%mu
Lﬁ@mﬂﬂﬁ'ﬁ‘%miwﬁm;gVLaISﬁvlﬁnmLu@ﬁuwgvl,aman%amaa‘waﬁaaa gy dugasinog
d' a d' :’ > 6 U U 1 d' & d' % €d' 1
\RayuuaInafaaanv1antindwianlruan mmmmﬂumsmamaawuﬁuaamasmgﬂ,u
a :’ C™ 6 U [ Ai = =1 o [ [ a A d'
wafaaatawliaylTuad LLaszaLﬂstmsmauummammiamzmwaMNMaQsmuma
QI =) ) a 1 { =) ) Q' g
WNdSumatveeaisldiansanlnanas wuinladSurmarsveroaio LN YW
. ; e 2 F . e ;
ANURINID MNIIN WA ANTIILFANFNIWNIANNTD WA LTI wT9uIn Faduwn1siRauva
WuszgTimuiiiannujisenseninang lansendazaswefaaauszaasionanlnanaaniuny
1 1 { 1 1 1 Qs & { a
lala'looniue sruludrsnaadnazs19z1d binana1any aaduwni1siFayaainafoasann
ﬁwﬁuﬂﬁwl"ﬁuﬁaLLazﬁuﬁ:Laama%ﬁag’waaaaaﬁﬁﬁumﬁu NIV ANIIANTOUTULFAI L
[RAWIINIIR UL ImEN SN e N8 L amhﬂLﬁwdmﬁLLﬁaluIﬂsaa'i”wamaawaag‘%mu SARGIG

v 1 v QI J v
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5.6 HAVAIABHVDI Lo LHBLLE
LWNIIANWINAYDIATT ba bar kLN T=aL 90 100 110 uaz 130 maoivxluwaﬁg%muﬁ
LAUNINOATIEIRIZTHININDR a8 NINNWLNR NI TURINLWORABANIINIAINUINNTATIN
yganafoaadanniniwliauldial (OHV=200 mgKOH/g) dawadaaanisnisadu 75/25
g/ a 1 dll =S 1 a a an
(aosirnin) Wusnsvensansls tNednvnadang@nTTavasnsialuy auUanmInenIw

AN NEMININGT sNUANIIANNTanasLEasluansn 5.8

M13199 5.8 NAVDS @”mﬁvl,aisﬂsnmmmaﬂwuwaﬁg%mu@iawnﬁmwmnﬁwiﬂmu,a:auﬂ'ﬁ

NINMUNN
MPEO with Diisocyanate Index
Index_90 Index_100 Index_110 Index_130
Foam characteristic
Cream time (s) 34 36 58 74
Rise time (s) 243 224 254 256
Tack free time (min) 1295 1658 1762 1895
Top of cup (mm) 84 78.33 104 106
Shrinkage (%) 1.15 257 1.12 1.11
Collapse (%) 1.15 1.31 1.01 1.01
Properties
Density (Kg/m®) 39.51 38.83 35.85 31.31
Cell size (mm) 0.60 0.63 0.72 0.55
Cell count/cm 24 28 27 32
Compressive strength 32.42 31.86 55.0 75.2
(KPa)

MPEO = MUPO/PEO(75/25 by weight)
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NN 5.8 wuinazilalalolvsuuainadengfnssumsifalnuegrssaian lag
. . A o ' a a o A Aaaa A X |
wudanInanda LanIRes uaza bivileade sldialunmafed §iseAnauls
Tazidunisiialaa (Gelation reaction) LLﬂZﬂﬁﬁ%ﬂ’m’]iﬂ@T’J (Blowing reaction) t{altUSua
a' &/ aaa s 1 dy e a aaa 1 et
lalolalapuaiindn wanandiserainans gufadjisenseninelalelelsouany
1 vV a 23 &’ 1 v Qs nl &/
lalololosuuaraliifafoarivenlasanloduniu sinaldszozydizasinuiagsdu
[% o . v o & & & o & & &
ROANABINUNANIINAREIUR Kim, et al (2008) IWu lafliasizudnisvianuasiasiaue
nsgue [aiUaguutla
1 ] a a = v d' o A c; c?
dranunuiuiuzasllanedyTinuiuwilduanandeasilalolaloonuadiniu
v L L= L= { QI J e § v { QI &/ aAaa
gaaadaInudaNIIWAINIRNIuawiasn1anauTauliiugsiuand jiseinisans
% a a A 1 v A 2 J o 6 Aa
anuiaulunmaifalwawafgTmuluszuy oliifamadldiedu ansuzioadvedlnuned
pInuiiaTowld lahanamadasnsuzniidugwinadisinaia SEM uazlgldsunsy
Image J 13857% 4.1 M TIAVMALTARIAAE LAZIIWIBLTAR IIITWILANNEND 1 LTUALIAT
aauaailugln 5.27

(a) Index 90

311“71' 527 ANBUINIIRHIININ uwaﬂWuwaﬁfsmumn MUPO/PEO (75/25 by weight) 7

sasuaaiilalalasloaiua (a) Index 90 (b) Index 100 (c) Index 110 (d) Index 130

ai s 6 a A d' 2 Aa 1 a

1N3UN 5.27 ansmuziwadvadlniunefgTinunldanwafesanausznitinaioandn
dntsuldusinunafaaani1dn13Ifn (75/25 by weight) 7lF MUPO f1dld1 OHV 200
mgKOH/g figasiuaziilalalalouiiua 90 100 110 uaz 130 danwmziduisasdanngas
A a o A aA £ ' & ' ' o o ' o
\atSummanitlalalar g walA NI BNL IR ALTARYDILTAS INLANAIIAWIININ FINE 1A
anurwmswlddanuuandvadiveday niiwendwnnzinmsltlalalslosue
wWadn iunsindjasoinisiiafoaisuanlesenlad uasiiedjisonaioanuion

QI g 1 a s £ J 1 a a = 1 a a' &/
LAY I UL ﬁdN@lﬁTWﬂJLﬂ@ﬂ’]i?j@]’JvL@ngu waznIIAaLAaiIaa Lo lwnsnanaWa LW L%

o v a a 3’ U J n' a <) n' a
linisinanasfiadwladtedn wazmswudsuinlalalalasua Wwniswsnisie

> dl 1 dl =Y =) a A Qs 1 =)

WusznagaNuIemyaalaliiug Mifiaannylelolosuuafad fAsununysiinulu
. @ 'Y A ' v o & I a & ' 'Y &a
solanan aiuaailuzUf 5.28 ssualinibnoaddanuudiusainiu sanaldawasadi

wwd luaaadLanNtaY
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u
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3111 5.29 mmmﬁmmumsﬂwaﬂw;maﬁg‘%mumn MUPO/PEO (75/25 by weight) 71

YSunmaaitlalalaloanuaszauans o

1n3Uf 5.29 wudwavasdSinmasitlalalolosuuadadnsnasauanudunmu
' A . . L
@#an1Ina N35282na 10% (Compressive stress at 10% strain) Wuiaaaihla bl loaiue
4 . . o e 4 X & .
Rduaudmunndaninaduwa ldudadn neiduwazilalelolosuananaina:
sanInifadjisenunylaatendalulasiaiivesnefosauds lalelolosuadafidianm
anifiunesannifiad fisenungeinululassefafiadunuszdalalimaiionsisoy
p119lulasiaivasine nialalelolosuaiiad fAsonunyeunusvasgofiaduluy
= a a A X : [ = = a X
5a iunaAnsIwiuds (Hard segment) Liadn gma Wkt adnnuudusaiadu Tny

A e a & a & @, @ ' a g
V]VL@"ﬂz@Jﬂ'J']NLLTGLWNTu lﬁﬂqﬂqqumquﬂqu@aﬂ’]iﬂ@LWNiﬁﬂTu
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13191 5.9 auﬂ'&mammﬁ”amaaIwuwaﬁQ%muﬁﬂ‘%mm@”ﬁﬁ"lﬂvl,aisﬁvlsnmLum:@”mm q

samples Thermal degradation stage
1s! stage 2nd stage 3 stage
Weight loss Weight loss
Tmax ©C) ) Tmax °C) Weight loss @) | Tmax©C) %)

Index_90 3174 2184 3779 2274 4735 4435
Index_100 3272 2580 3762 21.80 4755 39.12
Index_110 3259 2547 3634 1572 476.8 4541
Index_130 3255 1494 3744 18.10 4528 2764

anssenIIN TGA way DTG ﬁnﬂgﬂ.lﬁ 5.30 - 5.31 WATANI9N 5.9 maaiWuwaﬁg?mu
nsnmaritlalelolosnuaszdudns g wudmnszdudsnuasitlelelalosuausas
o ° a o A a A ' . A o AR Yoo,
ANEMNIIN WK ILALINWAD LAAMTLFANRNIN 3 129 WwALINUINUNAN U286
9 Aawntnd WaSsufsuszuinsdSunaasilalelolosuuanuin anltdsualale

QI J 1 1 { =) { =)

Tl meL e W a1 Wm’ﬂ,umaLLSﬂﬁQW,%Qwﬂszmm 320-330 °C IWunduSuowla'lalarlaen
LumLﬂuqamgﬁgaqwaamnﬁauamwﬁumiﬁwaﬂamﬁﬂﬁazl NI D UNTITNUTEANT

a

Hoanwauuusalalniug LLa:VLugﬁm Lﬁuw"'uﬁzﬁl,éauamﬂmdmw%auvlﬁdﬂﬂﬂiﬂw”uﬁzgi
W% s'mNalﬁqmvﬁgﬁmuﬁauamwa@@imﬂumomﬂ I@mj"mu,sﬂLﬂun’mﬁamaaw”uﬁzg‘%
ww ngudalaliiua uazngulugise Afaandfisorszwinmylelolosuarunylansen
Favaiwafoan nu'lalalaloouun uaziunyss awdau sanlugrsiigasuasroawla
WANGAIIN 6'1?\1Lﬂumﬂﬁiawaawaaaaamnﬁw‘"umﬁﬂﬁlﬁaLLa:w"'uﬁ:Laamai"ﬁ'agjwaﬁaaa

iauay
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6. a;ﬂwam‘mﬂaaa

6.1 Wauthsultusranniessuiunefoss dindjisedwendiatuuass laasen
a ql‘ 1 =Y a { v 1 1 J Q =)
Fiatu d1laasenGaveinafeasiiaionldagdas 100 -250 mgkOH/g Junudiumlalasian
wasaan loauazaslwnsving iz
6.2 ‘waﬁaaaﬁnﬂﬁ’]ﬁumﬁulﬁlﬁammmﬁ’]mm’%ymﬂuimmaag%mumﬁm%ﬂﬁ Tag
ANBLTaaYad NN TN Bl wTas e
a a a g’ £ 6 L% 2 n' 13’ L% a aaa
6.3 Uiunmlaasandavainafeaaaininduihsalduaiindn sgldialunmafiad jAsen
a 2 Aa o & A ¢ = & o o
mafaluwuiniazanugivesllanduw liugalu susneiidudnisnadiuazyudizad
TWuiuw lduaaad ansumsirasyadlWun ol dwsasta sNUaANGIIUNILADLIINADALANN
&’ PN 1 v 1 =) v QI J =3 v
§93u uazantan1Inudenuiaulutisgunniitszunm 320-330 °C Jumlduiiadwanias
LL@immwumuﬁqmﬁnﬁgoqm@ﬂ@mﬁmﬁnﬁaﬂ
AI a a a &’ a v U a Ag % = dl J all
madulTnmlaasendavesnafesanniuiuwi livlidudszansngaduidsengaaud
4 X
AMAUNFIUL
6.4 FARIWVAINDRADANRNIZWININAR B NUNTwIsulTLaIdawaiaaan1Ini1san
1 v a aaa a = &/ 1 1 1 Qs
(MUPO/PEO) azasmalitianlumufadjisomauialnuiiiuudanugsvesinuliuandreiu
@ =i ¢ & & @ o = v a X = o [ &
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ai VY & 6A ] A v =3 v ] wa 3 ] g
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RN - . . o een - ¥
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Abstract. Polyol was successfully synthesized from used palm oil (UPO) via epoxidation and ring
opening reaction. The mole ratio of UPO: formic acid: hydrogen peroxide was 0.3: 8: 1.5. The
reaction had been continuously stirred at 400 rpm at 65°C with varied reaction time for 0.5, 1.0, 1.5,
2.0, and 4.0 h. The chemical structure of modified used palm oil (MUPO) or polyol was confirmed
by 'H-NMR. OH number of polyols increased with an increase reaction time. Moreover, the
preliminary study for the preparation of MUPO-based polyurethane (PU) foam was performed. A
new MUPO-based PU foam was successfully prepared and theirs foam behaviors were investigated.

Introduction

For a recent decade, the use of vegetable oil to substitute for petroleum has been increased
because of some advantages of vegetable oil for their eco-friendly nature, biological degradation,
and low cost. In addition, reducing demand on petroleum products will help to solve the problems
for the depletion of petroleum and environmental pollution concerns. Moreover, the oil can be
modified in double bonds to be hydroxyl groups to the triglyceride molecule [1] through
transesterification [2], ozonolysis [3], hydroformylation [4] and epoxidation-ring opening reaction
[5], respectively. These functional groups of modified oil have potential alternatives for
synthesizing a new polyurethane based on vegetable oil, especially for synthesizing bio-polyols and
their derivatives [6]. The important vegetable oil used to modify structure to be polyols are soybean
oil, palm oil, linseed oil, sunflower oil, etc. In the case of palm oil, the palm-based polyols can be
used for both flexible [7] and rigid polyurethane foam [8-9].

The palm tree is a perennial plant abundant highly in tropical countries, especially Indonesia,
Malaysia and Thailand [10]. In Thailand, the demands of palm oil tend to increase in many
consuming goods, especially, in the food industries such as snack foods and sea food. These palm
oils are continually heated at high temperature that will lead to the physical and chemical properties
of palm oil change i.e., decreasing double bond and increasing viscosity [11]. After finishing
cooking process the remained used palm oil had released into water resource that would cause
contaminate river and human healthy. Reusing of used palm oil causes many the diseases such as
kidney damage, intestinal tumors and cancer. The used palm oil should be properly managed i.e.,
reusing to biodiesel [12]. The other interesting ways of using used palm oil is modifying to be
polyol that has not been reported for a starting material in polyurethane foam yet.

In this work, the polyol derived from the used palm oil was synthesized via epoxidation and ring
opening reaction. The reaction time studied was from 0 to 4 hrs. at the controlled of mole ratio of
used palm oil and reagents. The obtained polyol was analyzed and used as the starting material in
polyurethane foam preparation. The properties of foam were also investigated.
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Experiment

Modification of used palm oil

Briefly, the unsaturated bonds of triglycerides (250 g, 0.3 mol) were modified through
epoxidation reaction, followed ring opening of oxirane groups with hydroxylation reaction by using
hydrogen peroxide (274g, 8 mol; Lab-scan) and excess formic acid (70 g, 1.5mol; Ajax Fine
Chem). The mixture was charged to three-neck round bottom flask with a controlled speed of 400
rpm at 65°C. The reaction time was varied to 0.5, 1.0, 1.5, 2.0, and 4.0 hrs. Then modified used
palm oil (MUPO) based polyol was purified. MUPO solution was concentrated under vacuum by
using rotary evaporation. MUPOs were obtained for clear yellowish oil with having average oil
yield about 98%.Those polyols were then further analyzed by iodine number (ASTM D4671), acid
number (ASTM D4662), and hydroxyl number (ASTM D4274). The chemical structures of MUPO
were analyzed by "H NMR spectroscopy (500MHz).

Preparation of polyurethane foam

PU foams were prepared by a one-shot method. All ingredients as listed in Table 1 in a 250 mL
beaker by a magnetic stirrer at 500 rpm speed until whitening of the liquid was observed. The
mixture was then poured into molds, and the samples were cured in an oven 50°C for 48 hrs. before
testing PU foams i.e., density, cell morphology.

Table 1 Formulations of PU foam based on MUPO

Ingredient Weight (pbw)

MUPO 0.5h MUPO 1.0h  MUPO 1.5h MUPO 2.0hn MUPO 4.0h
MUPO 5 5 5 5 5
B8110 0.4 0.4 0.4 0.4 0.4
(Goldschmidt)
Water 0.2 0.2 0.2 0.2 0.2
Dabco 33LV 0.01 0.01 0.01 0.01 0.01
(Goldschmidt)
Dabco T-12 0.02 0.02 0.02 0.02 0.02
(Fluka)
PMDI (BASF) 4.6739 4.7987 4.8091 5.1932 5.4845

(index 100)

Characterization

Cell morphology of all foams was investigated by the scanning electron microscope (SEM) (Jeol
JSM-5800 LV). Cell size of all PU foam can be investigated using Image J program. For density
measurement, the all PU foams were cut into specimens with dimensions of about 50 x 50 X 25 mm
(width x length x thickness). The exact dimensions were measured using a vernier caliper. The
specimens were accurately weighed to determine the densities using the equation, density =
mass/volume.

Results and discussion

Physical properties of MUPOs

Herein, the modification reaction of UPO was involved in epoxidation and ring opening or
hydroxylation reaction as shown in Fig. 1. The acid number, hydroxyl value, and iodine value of
MUPO were analyzed and showed in Table 2. The results showed that the hydroxyl value increased
with increasing the reaction time whereas the iodine value decreased. These values indicated that
the unsaturated bonds of triglycerides were formed to be epoxide groups led to decrease the iodine
value. Epoxide groups would be reacted with excess acid to open the epoxide ring to form hydroxyl
group led to increase the hydroxyl value. The hydroxyl value experiment was used to confirm the
hydroxyl group. However, both reactions had no effect on the acid number of MUPO.
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Table 2 Physical properties of MUPOs

Properties Reaction time (hrs.)

0 0.5 1 1.5 2 4
Iodine No.(mg I,/g oil) 39.51 8.48 8.12 5.59 5.37 0
OH No.(mg KOH/g oil) 0 143.99 154.49 155.37 187.69 212.20
Acid No. (mgKOH/g oil) 1.39 2.49 2.51 2.19 1.56 1.89

The "H MNR spectra of MUPO and UPO were comparable in Fig.1.The spectrum of MUPO
showed a new signal at 3.00-3.20 ppm corresponding to methine protons 11 (-CH,CH(OH))
adjacent to secondary alcohol group [6]. In addition, the signals at 5.3-5.4 ppm corresponding to
protons 7 at double bonds of triglycerol structures were disappeared. The result indicated that
unsaturated chains partially transformed to other forms i.e., epoxide groups and hydroxyl groups.
Moreover, the peaks at 5.3-5.4 ppm of MUPOs decreased the height of this peak with increasing the
reaction time corresponding to an increasing of hydroxyl value of MUPO. Unfortunately, the
residue an epoxide groups were observed at the signals at 2.80-3.00 ppm and 1.40-1.55 ppm
corresponding to methine protons 9 (-CH(O)CH-) adjacent to an epoxide ring and B-CH; protons
10 adjacent to epoxy group, respectively [13]. This result indicated that the ring opening reaction of
oxirane groups uncompleted in this process, despite the acidowas used in excess.
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Figure 1 'H NMR spectra of used palm oil (UPO) and modified used palm oil (MUPO) at various
reaction times

Foam characteristics and properties

The cure characteristics and the physical properties of PU foam based on MUPO were
summarized in Table 3. These results showed that the higher OH value (MUPO 4h) gave the
highest cream time, rise time and tack free time. None of the foams had shrinkage and some foam
had collapsed 1.3 and 0.07% after ending of the process. The cell structure was confirmed by SEM
in Fig.2 with enlargements of 30 times. All sample foamed show close cell. As the OH value
increasing the cell counts increased whereas cell sizes decreased due to the viscosity of polyols
increased. The expansion of foams was then more difficult led to decrease cell size and increase
density of foams. According to Badri and coworkers were reported [14-15].
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Table 3 Characteristics and properties of PU foams based on MUPO

Characteristics MUPO 0.5h MUPO 1lh MUPO 1.5h MUPO 2h MUPO 4h
Cream time (s ) 45 65 72 80 100
Rise time (min) 5.45 5.50 5.55 6.10 9.15
Tack free time (min) 19.1 19.57 19.42 21.54 21.51
Shrinkage (%) 0 0 0 0 0
Collapse (%) 1.39 1.39 1.39 1.39 0.07
Highest rising (cm) 6.9 7.3 6.9 7.8 7.8
Properties

Cell count/cm 23 25 30 33 42
Cell size (mm) 117 95 89 70 56
Density (Kg/m’) 53.95 59.13 59.68 66.28 67.31

Mic HV |Mag| HFW i
JSMS5800LV|20 KV|30 x|4.6 mm|MUPO-0.5h

Figure 2 PU foams based on MUPO imaged at 30x magnification: (a) MUPO 0.5 hrs and
(b) MUPO _4hrs.

Summary

The polyol based on MUPO was well modified by epoxidation and hydroxylation reaction. The
increasing of the reaction time gave the increasing of OH value of MUPO. Chemical structure of all
polyols was confirmed by 'H-NMR. Cream time, rise time, and tack free time of all PU foams
increased with increasing OH number. In addition, the cell of foam exhibited increasing closed cell
structure with increasing of OH number, confirmed by SEM. Most cells size of MUPO based PU
foams were about the same sizes. The densities of all MUPO based PU foams were approximately
60 kg/m”.
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