CHAPTER IV
RESULTS AND DISCUSSION
Palm oil and its free fatty acids (e.g. oleic acid, stearic acid and
’w ials through out this research. The
' &ﬁc acid and palmitic acid are

: important signals of the

palmitic acid) were used as w
PC-NMR spectrum of pz

Figure Al,
triglyceride of palmu@ d the signal of C=0 (ester

group) appears at |78, A1 also shows signals of

Figure A2, A3 n, show the same important
signal of C=0 (carbox 180 ppm. In addition, Figure
A2 also shows signals of alk en

This research wa ied in two rez methods. The first method

was consisted

' -m H-ul-.f_*‘., . and re-

transesterification J palm oil. The second method was esterification of fatty

i "“’“‘“Ffﬁifﬁ?‘ltf‘ﬂ“f WETHS
Iﬂw*rﬁﬁ‘ﬂmwnwmaa

Transestcnﬁcatmn was carried out to give the methyl ester from palm
oil and methanol. The *C-NMR spectrum of methanol is shown in Figure
AS5. The results of methyl ester formation at optimum condition are shown
by "C-NMR, and GC-MS spectrum in Figure All, Cl and DI to D2

respectively.
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Figure All, "C-NMR, when reaction temperature was 80 °C and
 reaction time was 6 hours, shows that the peaks of triglyceride of palm oil at
62.1 and 68.9 ppm disappeared and the important peaks of CH;-O- and C=0
of methyl ester product appeared at 51.1 and 173.9 ppm, respectively. In
addition, Figure All also shows the peaks due to alkenes at between 127

e that the transesterification
&cnmp]eted with a reaction

urs. In this study, the yield

and 130 ppm.

These experimental
reaction of palm oil

temperature of 80 °C

ot was determined by GC-MS
Ty,

i}}‘ary column. The GC-MS
38 spectrum of each peak is

Figure C1, indicates {F __f"?, nethyl ester product is composed of a

min, respectively.”_
|
The Mass-spiltmm of methyl palmitate ([QW 270), at retention time

9.085 Tin lﬂgﬁﬁﬂﬂm Wﬂnﬁm fragmentation as

shown in th
PRI NN NN Y
on :
CH;;S?EH:& * .CHFC::{;;(CII;%}”CHE

m/e 85,57, 55,43, 41
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(0]
[CH;—0-C—(CHp)4CH3)* m/e 270

7 l

ﬂ.m 199,185,

5'? 143, 129,

'- e (MW 296), at retention time
| l\ \ "\

shown in the following€qdatior .f': \\

55 due to fragmentation as

'-*mfe 296

f e ‘ﬁ*ﬂ'n%” W Eﬁ%ﬁ« EEads
QRIAIN T uwum&a&w

m/e 265

m/e 222, 180, 152, 98, 84
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Equation 11
[CH3—0-C—(CH,);CH=CH(CHp),CH;]} m/e 296

OH
i +

CH;—0=CH, * *CH,~CH—(CH;);CH=CH(CH,);CH;
m/e 74 m/e 222

P = 69,51,41

The physica of the methyl ester product, are

A— -
=7
./' Al DEOT
analyzed by TGA anélyz€r and '

and Figure E2 (methyl ester

shown in Table 4 d thermal stability curve were

wn in Figure E1 (palm oil)

Propertiéds, | = Methy! Ester

: ' Product

Color, AS M T s
cnemnec iy & I BN THENG

@ 40 °C, ¢St ¢ 40. & 578

0 BRARINTUNADINENAY 20
Viscosit‘:l,r Index 190.48 169.33
Pour Point, °C +12 -3
Flash Point, °C 314 178
Oxidation Point, °C 428 360
Oxidation Compounds, %wt 14.54 10.96
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4.2

Re-transesterification was carriec out to give diesters from the

methyl ester of palm oil, by reaction with the diols using concentrated

sulfuric acid as a catalyst.

The optimum conditions fe transesterification with each diol was

obtained by varing mcuen% /):,’: reaction time. In this study, the

reaction temperature 80, and 90 °C. While the

reaction was perfo
between 3 and 6 h

the reaction time was varied

Characteristi ined by *C-NMR and

GC-MS.

q sesterification at
optimum mﬂﬁi\ﬂ: mﬂm ﬂmlfrlsgm ectrum in Figure
Al2,

%ﬂa mﬂ{en the rea;g qflne:mperaare was 80 °C and

the reaction time was 3 hours, the peak of CH;-O- at 50.9 ppm disappeared

and the peak of -CH,-O- appeared at 60.9 ppm. In addition, Figure A12 also
shows the peak of C=0 (ester group) at 173.9 ppm and the peaks of alkenes
at between 127 and 130 ppm.
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These experimental results indicate that the re-transesterification
 reaction of methyl ester of palm oil with 1,3-propanediol was completed
with a reaction temperature of 80 °C and reaction time of 3 hours. In this
study, the yield of the resulting product was 89.56 %.

The composition of the 1,3-propanediester product was determined
by GC-MS which was performed on a DB-1 capillary column. The GC-MS

chromatograms are shown in Figure ,#g : D3 to D4.

ediester product is composed

ag chain fatty acid groups. The
main components . and 1.3-propanepalmitate-
oleate, at retention ifnes 0/5¢ tand 12, spectively.

The Mass-spaftcud prapankdipiiitate (MW 552) at retention
time 10.594 min in Bigufe ion could occur as the following

equation :

[CH3(CHz)14-C-0ET
) T i
u :! '

y

. i ' ﬂ +DH
CH(CHy),4~C-OCH,CH=CH, + HO-C—(CH,);4CHs

U ﬁ""/l]’ﬁw%’wmm"“‘
R ANS R INY 1R Y

The Mass-spectrum of 1,3-propanepalmitate-oleate (MW 578) at
retention time 12.392 min in Figure D4, fragmentation could occur as the

following equation :
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0] 0
[CH3(CH,),CH=CH(CHy);~C-O(CH,);—~0-C—(CHp);4CH;]*
m/e 578

"OH l
CH3(CH,);CH=CH(CH,);C=0 + CH,=CHCH,0- C—(CHp)14CH;
m/e 296

\// !/// |

mle T8 s, ——m 239,113, 99, 85
, | — 71,57, 43

The 1,3-pr r-r. ¢ methyl ester of the palm oil

was a semisolid, sould not be determined. The

chemical properti stability, were determined and

the results are shown in Fig

The results from Figtie  ‘. ‘indieate'that the oxidation point is 463 °C

ﬂumwsmwmm

résults of l4-butagucd1¢stcr from re- transes&snﬁcatmn under

L Ty T e

A13, C3, and D5 to D6 respectively.

Figure A13, "C-NMR spectrum, when the reaction temperature was
80 °C and the reaction time was 3 hours, the peak of CH;-O- at 51.1 ppm
disappeared and the peak of -CH,-O- appeared at 64 ppm. In addition,
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Figure Al3 also shows peak of C=0 (ester group) at 173.9 ppm and the
- peaks of alkenes at between 126 and 130 ppm.

These experimental results indicate that the re-transesterification
reaction of methyl ester of palm oil with 1,4-butanediol was completed with
a reaction temperature of 80 °C and a reaction time of 3 hours. In this study,
the yield of the resulting product w» |

GC-MS which was perfortied Befreapillary column. The GC-MS
| —— -
chromatogram is shown
Figure C3, indicaies that, §- ‘_ tanediester product is composed
of a mixture of 4{4-batancticst: chain fatty acid. The main

components are 1, atmita taneoleate-palmitate, at

[Cl-h{CHz)uga:;HzCHECHzﬂﬁ—Dj—(C}@HCH;}T
AU InenneIns
b Wcﬁfﬁ'lﬁﬁcfﬁﬁﬂ 13 ﬁﬁ%ﬁ' d

[ )
CH3(CH£}4-C—D(CH2)4 m/e 183, 154, 127,
e 311 98, 84, 73, 55, 43

m/e 257,239, 183, 154
127, 989, 84, 73, 55, 43
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The Mass-spectrum of 1,4-butaneoleate-palmitate (MW 592) at
~ retention time 12.547 min in Figure D6, fragmentation could occur as the

following equaticn :

0 0
[CHs(CH,);CH=CH(CH,);—C-O(CHy);—0-C—(CHz);4CHs]*
m/e 592

M

| 4 9
CH;(CH,),CHz =0  +  CHy=CH(CH;),0-C—(CH,);4CHj;
- m/e 310
e m/e 239, 99, 85
m/e 265. ] — Z 71, ST, 43
u.r;- e’
The 1 4—butanedmtmﬁ he methyl ester of palm oil was a

and the results are own in Figure E4.

and the °mm‘ﬁHM§Mﬁﬁ ﬂjudatmn point 478 °C

The results of 1,5-pentanediester from re-transesterification under
optimum condition are shown by ?C-NMR and GC-MS spectrum in Figure
Al4, C4, and D7 to D8 respectively.
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Figure A14, "C-NMR spectrum, when the reaction temperature was
80 °C and the reaction time was 3 hours, the peak of CH;-O- at 51.1 ppm
disappeared and the peak of -CH,-O- appeared at 64.2 ppm. In addition,
Figure Al14 also shows the peak of C=0 (ester group) at 173.9 ppm and the
peaks of alkenes at between 126 and 130 ppm.

indicate that the re-transesterification

reaction of methyl ester of f— | w 1,5-pentanediol was completed
with a reaction temperature of ¢ action time of 3 hours. In this

These experimental result

study, the yield of th prod _“ .

The composition S<pen ester product was determined by GC-
MS which was capil column. The GC-MS
chromatogram is sh

Figure C34 sdiester product is composed
of a mixture of 1,5+ long chain fatty acid. The main
components are 1,5-pej | 1,5-pentanepalmitate-oleate, at
retention times 11.412 andrl"ﬁﬂ T

"'"--'.--‘..-f ‘,

The Mass-Spéctrum ntanedipalmitite (MW 580) at retention
time 11.412 mi T

d occur as the following

equation :

ﬂuﬂawﬂmiWHWﬂﬁ
q ﬁ“ﬁ“ ?ﬁﬁ ﬁ‘?ﬂ‘?fﬁg‘iﬁ%’ﬂ ARG

CH;3(CHj)4—CO- (CH;);CH=CH, + 0= C(CanJ

m/e 324 mﬁI 256
m/e 257,239, 113, m/e 239, 112, 98, 84,

99,73,55,43 71,57, 43
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The Mass-spectrum of 1,5-pentaneoleate-palmitate (MW 606) at
retention time 13.049 min in Figure D8, fragmentation could occur as the

following equation :

O 0
[CH3(CH,),CH=CH(CH,);~C-O(CH,)s~0-C—(CH,);4CH;]*
m/e 606

m/e 239, 112, 99,
84,71, 57, 43

results of 2,2-dimethyl-1,3-propanediester from re-
transesterification under optimum condition are shown by 3C-NMR and
GC-MS spectrum in Figure Al5, C5, and D9 to D10 respectively.

Figure AlS5, BC.NMR spectrum, when the reaction temperature was
80 °C and the reaction time was 3 hours, the peak of CH;-O- at 51.1 ppm
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disappeared and the peak of -CH,-O- appeared at 68.5 ppm. In addition,
Figure A15 also shows the peak of C=O (ester group) at 173.9 ppm and the
peaks of alkenes at between 126 and 130 ppm.

These experimental results indicate that the re-transesterification
reaction of the methyl ester of palm oil with 2,2-dimethyl-1,3-propanediol

was completed with a reaction temperature of 80 °C and a reaction time of 3

hours. In this study, the yield ¢
The mmmsntlg '
determined by GC- AS. which
The GC-MS chro
Figure C5, i
is composed of a 1

ting product was 85.67 %.
J-propanediester product was
rmed on a DB-1 capillary column.
and D9 to D10.

h =1,3-propanediester product
g-‘ﬁmpanediester of long chain

OH

CH;3(CHp)14—C=0 "+ C4Hs0
mle 255 m/e 69 e .1,}2:533;24‘

0 ﬁ’ﬁ“&*ﬁﬁfﬂ%ﬁ‘ﬁ’ﬂ g w"sﬁ?ﬁﬂ

m/e 238, 154, 127,
98, 83, 69, 55,41
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The Mass-spectrum of 2,2-dimethyl-1,3-propaneoleate-palmitate
(MW 606) at retention time 14.244 min in Figure D10, fragmentation could

occur as the following equation :

Q CH;  Q
[CH3(CHz);CH=CH(CHp)7—C-OCH;~C-CH,0-C—(CH,)14CHs]*
: CHs

606

V//%;

"0=C(CHy)14CH;
mie 239

~ mle 112,98, 84,
71,57, 43

—an
-

The following phy Gal 2

el e

mical properties, as shown in Table
: ssity at 40 and 100 °C,
viscosity index,flash point, anc a ‘ity. The oxidation and
thermal stability ¢ d b TGAmmyzer and the results are

T TSR o2
RINNTUANINIAY

4.2, were studied

€ were an:
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Table 4.2 : The physical and chemical properties of palm oil and
2,2-dimethyl-1,3-propanediester product

Properties Palm Oil 2,2-dimethyl-1,3-
propanediester product
Color, ASTM 1.0 1.5

Kinematic Viscosity

W//és 1548

@ 40 °C, cSt

@ 100 °C, cSt 4.07
Viscosity Index 178.08
Pour Point, °C -3
Flash Point, °C 206

Oxidation Point, °C

: f
The results nf 2-ethyl-l 3- hexanedlester from re-transesterification

under opti I‘IW gw GC-MS spectrum in
Figure Alﬂw '?l to D12 rcspectwe y

Qﬂ'm ﬁW] ﬂmﬁ pcrature was
80 ° reaction time was ours, the peak of CH;-O- at 51.1 ppm

disappeared, the peak of -CH,-O- appeared at 63.5 ppm and the peak of

-CH-O- appeared at 73.5 ppm. In addition, Figure A16 also shows the peaks
of C=0 (ester group) at 173 and 173.5 ppm and the peaks of alkenes at
between 126 and 130 ppm.
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These experimental results indicate that the re-transesterification
reaction of the methyl ester of palm oil with 2-ethyl-1,3-hexanediol was
completed with a reaction temperature of 80 °C and reaction time of 3
hours. In this study, the yield of the resulting product was 88.72 %.

The composition of 2-ethyl-1,3-hexanediester product was
determined by GC-MS which was performed on a DB-1 capillary column.

' w e C6 and D11 to D12.

l ,3-hexanediester product is

iester of long chain fatty acid.

The main components are edipalmitate and 2-ethyl-1,3-

hexaneoleate-palmifate 10.724 and 12.125 min,
respectively.

retention time 10.724

following equation :

e —

cﬁcwcﬁ RS AR

m/e 298 m/e 239
amaﬂdﬁmwnmhaﬂ
TOH m/e 183, 155, 141,
CH]{CH;]'H-C‘GH + CgH; 0O 128, 98, 85, 71,
m/e 257 m/e 98 57,43

CH;(CHy)y4—C=20 "
m/e 239
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The Mass-spectrum of 2-ethyl-1,3-hexaneoleate-palmitate (MW 648)
at retention time 12.125 min in Figure D12, fragmentation could occur as
the following equation :

O CsH; O

[CH3(CH,);CH=CH(CH,);—C-OCH,~CH=CHO-C—(CH,), (CHs]*

’ /),/ <10 CiFy

CH;3(CH;),CH=CGHICH,};-CEQ. “0CgHy—0O-C—(CH,)4CH;

|

mle 297,239, 113,
98, 84, 71, 57,
43

The following physical AT

ope ies, as shown in Table
4.3, were studied £ color, po ; ‘ osity ‘at 40 and 100 °C,

viscosity index, &h point, and oxidation S&ilit}'. The oxidation and

thermal stabili cﬁ'ﬁ:ﬁ analyzet 5 Bﬁﬁ«:t and the results are
shown in Fij ’ E’ yl-1,3-hexanediester

"TR8NTANNING 1A Y



Table 4.3 : The physical and chemical properties of palm oil and
2-ethyl-1,3-hexanediester product

Properties Palm Oil 2-ethyl-1,3-
hexanediester product

Color, ASTM 2.0
Kinematic Viscosity

@ 40 °C, ¢St 22.95

@ 100 °C, ¢St 5.24
Viscosity Index 170.83
Pour Point, °C -9
Flash Point, °C 208
Oxidation Point, °C 488
Oxidation Compounds, %% 2.01

ve diesters from fatty acids
(e.g. oleic acid, stcaﬁnc acid and palmmc acid) by reacting with the diols

o LA R $1GeB, 22 dmei 5

propanediol ‘and 2-ethyl-1 3-h%)1ancdml) in toluene (amtmpmg agent) and
“’“QWWN%&W@ UENGE

The optimum condition for esterification with each fatty acid and
each diol were obtained by varying reaction temperature and reaction time.
In this study, the reaction temperature was varied from 110 to 150 °C.
While the reaction was performed at various temperature, the reaction time

was varied between 3 and 6 hours.
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Characteristics of the diester products were determine by "C-NMR,
FTIR and GC-MS.

4.3.1 Esterification of oleic acid with 1.3-propanediol

The resuits of 1,3-propanedioleate from esterification under optimum

condition are shown by ' -NME
A17, B17, C7, and D13,

Figure A17, B3CNMR pet the reaction temperature was
130 °C and the my '

ak of carboxylic group of

fatty acid at 180 “important peak of C=0 (ester
'

group) and -CH,- ppeated at 173.9 and 61 ppm,

respectively. In ad -7 7 also vs the peaks of alkenes at

between 126 and 130'p “F B17 spectrum at this condition

(carboxylic ac1d) to 1,741 ﬁ ) the peak of -C-O- shows at 1,173

e ,—;x__' ;,?-\.". {

cm™ (ester).

These expérimental results i rat_the esterification of oleic

acid with 1,3-prope edinl was chinpleted with & reaction temperature of

130 °C an Hﬁﬁ? Tlﬂsﬁ Tﬁ ETATT]TY the yield of the

resulting p

Chymb Ly e AL
shown:at retention i ass-spec:rum 1s shown in Figure

D13, fragmentation could occur as the following equation :
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0 0 +
[CH;(C]-I,);-CH:CH(Cm—&;&:cggg,—n-ﬁ-mm;cn:cmemhcmr
e

0 OH
CH3{CI-lzhCH=CH(Cth-&-CI'lzCH=CL +*n=¢'-n§c%mmcm},ca;
mie 322 2

- H0
+
CH;3(CH);CH=CH(CHz),-C= ’;:Hs 0=C—(C ﬁ%ﬁfi{cﬁmﬂz

23

D /e 207, 151, 123, 109

97,83, 69, 55, 41

The followiag phy€ieal 4 hemical properties, as shown in Table
4.4, were studied s#€olg iiscosity at 40 and 10 °C,

viscosity index, flat ability. The oxidation and

QB-pmpanediuleatc

bl R T A TN
ARININ TN INRY

Viscosity Index 213.86
Pour Point, °C -9
Flash Point, °C 206
Oxidation Point, °C 463

Oxidation Compounds, %wt 4.90




67

4.3.2 ificati ic acid wi -

The results of 1,4-butanedioleate from esterification under optimum
condition are shown by *C-NMR, FTIR and GC-MS spectrum in Figure
Alg, B18, C8, and D14, respectively.

Figure A18, "C-NMR spe m when the reaction temperature was

130 °C and the reaction time wa :- the peak of carboxylic group of
disappe important peak of C=0 (ester
group) and -CH,-Q-_of-dister product appeared at 173.9 and 64 ppm,
; fe |AT8 al ws the peaks of alkenes at

between 126 and. 450 it/ Figute B8, ETIRispectrum at this condition
demonstrated that =0 ‘group) shifted from 1,701
cm’™ (carboxylic ac peak of -C-O- at 1,168 cm
(ester)

These experime nat the esterification of oleic
acid with 1,4- butancdmj E Was  con d with a reaction temperature of
130 °C and a study, the yield of the

resulting productivas 88.25 %.
Figure C8,~ C-::hmmatugmm mdlcathlhat 1,4-butanedioleate is

shown at r mm ﬁﬁm m is shown in Figure
D14, fragrﬁ co ,!eq

’Qﬁﬂaﬁﬂ‘im ll‘lﬂ’]’l“ﬂ%l'lail
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0 0
[CH_:,(CH;}-;CH=CH(CH2]1—&—O(Cthvﬂ-&—{CHz};CHmH(CHE)-,CHg]T
m/e

H
cn,:cmmmcmcu,;—,—c—cn,cmcu CH, + 0= g—{cmm}i:cmcn,hcul
mle 282
i

*+0=C—(CHy);CH=CH(CH,);CH,
m/e 264

mle 207, 15 \ o mle 207, 151, 123, 109
' 1 3 97, 83, 69, 55, 41

erties, as shown in Table
4.5, were studied : 1. viscosity at 40 and 10 °C,
stability. The oxidation and

analyzer and the results are

viscosity index, flas
thermal stability curve
shown in Figure E9.

Table 4.4 - Th al and chem Jagyes o1 1:4-butane-

Color, AS
Kinematic Vlscusny

= o/

@Qmmmm AN1INE 18t

@ 1 do °C, cSt 5.53
Viscosity Index 214.61
Pour Point, °C -9
Flash Point, °C 212
Oxidation Point, °C 475
Oxidation Compounds, %wt 3.47
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43.3 Esterificat ic acid with 1.5-

The results of 1,5-pentanedioleate from esterification under optimum
condition are shown by '*C-NMR, FTIR and GC-MS spectrum in Figure
Al9, B19, C9, and D15, respectively.

Figure A19, “C-NMR spec
130 °C and the reaction time %
fatty acid at 180 ppm. are mpnrtant peak of C=0 (ester
group) and -CH,-O- ob-digiter | ed at 173.9 and 64 ppm,

s the peaks of alkenes at

when the reaction temperature was

the peak of carboxylic group of

between 126 and 430 ppr _" ] ' ] ; pccl.rum at this condition

These experime _ at the esterification of oleic
acid with 15-p¢ntanedml gmqg d with a reaction temperature of
130 °C and a réaction fi sstudy, the yield of the

resulting produ

Figure C9, C-chromatogram mdmatesq.hat 1,5-pentanedioleate is

:r:::;mammﬂmm:: A
awwa\aﬂm mmwma ¢l
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O O
[CH;(CH:JTCHﬂPECPhh-&'O(CHst“ﬂ-E—(CHz}rCHfHCthCHﬂT

mle 634
0 [ ‘DH
CH3(CHy);CH=CH(CH,);—C-OCH;CH,CH=CH, + O= cu{c&},cn-cmcmhcm
mle 337
CH;3(CH,);CH=CH(C %4 mle 264,207, 98, 83,

mle ‘ 69, 55,41

mfe 2 |77: '

The following
4.6, were studied :

cal prog erties, as shown in Table

kinematic viscosity at 40 and 10 °C

b D _: .‘ nt ' \ v
viscosity index, 0Xi -‘\\ ability. The oxidation and

thermal stability curve Qﬁ;“ v TGA 2 alyzer and the results are
shown in Figure E100 A |

Color, AST? 1.5
Kinematic Viscosity

BRIAIN TN TN
Viscosity Index 216.86
Pour Point, °C -9
Flash Point, °C 234
Oxidation Point, °C 438
Oxidation Compounds, %wt 3.29
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4.3.4 Esterificati

The resuits of 2,2-dimethvl-1,3-propanedioleate from esterification
under optimum condition are shown by 'C-NMR, FTIR and GC-MS
spectrum in Figure A20, B20, C10, and D16, respectively.

Figure A20, “C-NMR sp
130 °C and the reaction tin

fatty acid at 180 pp ‘

when the reaction temperature was

, the peak of carboxy group of
important peak of C=0 (ester

group) and -CH;-D- digster product ed at 173 and 68.5 ppm,

respectively. In additi 19 ] also shows the peaks of alkenes at

between 126 and 480 NS h ‘spectrum at this condition
g -

demonstrated that the peak of €=0 (carbon I%up) shifted from 1,701

em” (carboxylic acid) tc and peak of -C-O- at 1,173 ¢cm™’

(ester). :

These experimental ¢ tate that the esterification of oleic
acid with 22—-d|meﬂ1}rl-l,3?.— ) completed with a reaction
tcmperature of 13@:°C and a reaction : >f 3 hours! In this study, the yield

Figure CI10, GC chromatogram, indica that 2,2-dimethyl-1,3-

T i E‘J’? JTEFTY T By e Mee o

is shown inqFigure D16, fraegmcntatmn could occur as the following

RRIANN I URIINYA Y
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Q i S,
ECH;{CthCH=cmcmﬁchocm—g-cm0-c—{cuzhw=cm:thcml*-
CH;

m/e 634

'DH
-<F-CH:= *+0=C—(CHy};,CH=CH(CH,),CH;
mle 282

|

- mle 265,207, 98, 83,
69, 55, 41

The followingsBh:
4.7, were studied : ¢

Aemical ertics, as shown in Table

inema ¢ viscosity at 40 and 10 °C,
viscosity index, stability. The oxidation and
thermal stability cul GA analyzer and the results are

shown in Figure E11.

ies of 2,2-dimethyl-

Kinematic v.ﬂow e Y
s@Haa NI NI TN 6
@ 100 °C, cSt 4.81

Viscosity Index 195.07

Pour Point, °C -12

Flash Point, °C 208

Oxidation Point, °C 463

Oxidation Compounds, %wt 1:15
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4.3.5 Esterificati

The results of 2-ethyl-1,3-hexanedioleate from esterification under
optimum condition are shown by C-NMR, FTIR and GC-MS spectrum in
Figure A21, B21, Cl11, and D17, res

Figure A21, “C-NMR spe¢ z en the reaction temperature was
130 °C and the reaction- ‘ peak of carboxylic group of
fatty acid at 180 p d and important peak of C=0 (ester

group) appeared eak ‘of -CH-O-, and peak of
-CH,-O- diester

addition, Figure

53 ppm, respectively. In
Ol &cncs at between 126 and
ndition demonstrated that

the peak of C= 1,701 cm™ (carboxylic
acid) to 1,741 cm™ (ester) ¢ peak ofi-C-O shows at 1,168 cm’’ (ester).
These expcnmental _@hsi, te.that the esterification of oleic

temperature of 1 and a £ 3 he rs. In this study, the yield
Q uct was 86.78 %

e PN BB Ao & oo

retention time 16.713 min. Thc Mass—spectmm is shown in Figure D17,

f"‘”’ﬁ“ﬁ"‘ﬂﬂ'ﬂ‘f’l@fﬂ“ﬁ'ﬁ%ﬂ HIQ Y

of the resulting p
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CiH; O
[CH(CHy),CH=CH(CHy);—C- mm—qu—cm—cqcnzhcurcmcm},cm]
CyHs
m/le 1675

0 l Ton

CH3(CHy),CH=CH(CH,);—C-OCH-C-CH=CH, + O=C—(CH,);CH=CH(CH,),CH;
i e C,Hs mle 282

|

m/e 265, 207, 95, 81,
67, 55,41

roperties, as shown in Table

4.8, were studied : e viscosity at 40 and 10 °C,

viscosity index, flagh poi “ 1 ion stability. The oxidation and

thermal stability curvg were analyzed by TGA analyzer and the results are
‘!11;1 "L.

shown in Figure E12. "“’ﬂ‘

Color, AS

Kinematic Vmcosuy

@%‘ﬂﬂtﬂﬂﬂim 'y

@ 1 0 °C, cSt 515
Viscosity Index 182.62
Pour Point, °C -15
Flash Point, °C 212
Oxidation Point, °C 488
Oxidation Compounds, %wt 2.50
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4.3.6 i i ic acid wi -

The results of 1,3-propanedistearate from esterification under
optimum condition are shown by '"C-NMR, FTIR and GC-MS spectrum in
Figure A22, B22, C12, and D18, respectively.

Figure A22, °C NMR when the reaction temperature was

&tﬁe peak of carboxylic group of

130 °C and the reaction ti
3 pnrtant peak of C=0 (ester

fatty acid at 180 ppm 7'

group) and peak of

ppm, respectively. I addition, Figure A 22 also shows the peaks of alkenes

at between 126 and 130 ppm. Fig 22 . Spectrum at this condition
4 | = \ N

demonstrated that ghe peak o C~0" (carbon .Mup) shifted from 1,707

These experimenta liﬁﬁﬁ! licate that the esterification of stearic
acid with l,3-prnpanedlol_:ya;¢.,, d. with a reaction temperature of
130 °C and reac'\ -c--"=*1‘;** ‘the yield of the resulting
product was 89.1 | '

Figure C12, G}Z-chmmatngmm indicates that 1,3-propanedistearate

is shown aﬁrﬁtﬂ: Wlﬂm fg‘l% 'K?ﬂ %ectrum is shown in

Figure D18, fragmentation cnulj;l occur as th: following equatmn

ARIANN T UAIANYA Y
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0 ) £
[CH5(CHa)y¢ - COCH;CH;CH30 - C - (CHz)yeCHs 1
m/e 608

AR

1
CH3(CHz))s-CO(CH);0° +  O=C(CHy),sCH;
m/e 341 m/e 267

Sy |

lII
CHA(CHa)yg - & @ ? " a9, 197,183, 16
m/e V ‘N\iuil 127,113
TR 99,85, 71, 57, 43

U
¢ o o/
b refuly o T -buiahédistcptatd fdm ésffificafio ander optimum
condit?on are shown by "C-NMR, FTIR and GC-MS spectrum in Figure
A23, B23, C13, and D19, respectively.

Figure A23, "C-NMR spectrum, when the reaction temperature was

130 °C and reaction time was 3 hours, the peak of carboxylic group of fatty
acid at 180 ppm disappeared and the important peak of C=0 (ester group)
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and peak of -CH,;-O-of diester product appeared at 173.9 and 64 ppm,
respectively. In addition, Figure A23 also shows the peaks of alkenes at
between 126 and 130 ppm. Figure B23, FTIR spectrum at this condition
demonstrated that the peak of C=0O (carbonyl group) shifted from 1,707
em™ (carboxylic acid) to 1,739 cm™ (ester) and appears the peak of
-C-0O- at 1,180 cm™ (ester).

These experimental. i that the esterification of stearic

acid with 1,4-butane
A—

130 °C and a reaction” time. of “ study, the yield of the

resulting product

a reaction temperature of

Figure C13,6C chibuatograni, i *\ hat 1,4-butanedistearate is
shown at retention #in 467 mina Tk u.\, spectrum is shown in Figure

D19, fragmentation & g equation :

[CH;(CHa)j~CO (C} Ha)ieCH1 *

SUHABIN N3,
q ma"ﬁ‘ﬁsﬁm um’iﬂﬁﬁé’ 1

mle 311,267, 239,183, m/e 239,211, 183,
169, 154, 112, 98, 169, 127, 113,
85, 57,43 99, 84, 55, 41
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The 1,4-butanedistearate was a solid, the physical properties could
not be determined. The chemical properties, oxidation and thermal stability,
were cnalyzed by TGA analyzer and the results are shown in Figure E14.

The results from Figure E14 indicate that the oxidation point 490 °C
and the oxidative compounds are 3.10 %wt.

43.8

The results _ ._ ed fﬁ!‘e—ﬁ‘om esterification under
optimum conditio 71! ;
Figure A24, B24, ‘ ‘

Figure A24 47 C+ R pp‘? j_ Ig, cmthé reaction temperature was
130 °C and the reag 30 _ ﬁpak of carboxylic group of

‘ - S 4 ,-;Q
fatty acid at 180 ppm dis mportant peak of C=0 (ester

demonstrated tha + k of C=0 (carbony! group) shifted from 1,707
em™ (carboxylic acuy to 1,739 cm’ (cster) and appears the peak of -C-O- at

usoent S]] 21913 W7 T

Theseéxperimental reslgjls mdmaie that the estenﬁcatmn of stearic
w4 QO GPTRISRD AR oo o
130 °€ and a reaction time of 3 hours. In this study, the yield of the
resulting product was 93.78 %.

Figure C14, GC-chromatogram, indicates that 1,5-pentanedistearate
is shown at retention time 12.367 min. The Mass-spectrum is shown in

Figure D20, fragmentation could occur as the following equation :
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(8] Q +
[CH;3(CHy)16—CO~(CHy)s—0-C—(CHy)6CH;]
m/e 636

9 + +
CH;3(CHp)16—CO—(CHp)sO *  +  0=C(CH,),CH;
m/e 369 m/e 267

N 1._,\\\53-{,‘%5?33

The 1,5-peni istcarat solid, the physical properties could

not be determined. icallpi operties idation and thermal stability,
were analyzed by shown in Figure E15.

The results fr e EL. di at the oxidation point 490 °C

The results of 2,2-dimethyl-1,3spropanedistearate from esterification

under optim%m Fbwn 10} Pic! FTIR and GC-MS
spectrum in l?ggure A25, B25, €15, and D21, respectivelys »

Okilire W25 PCINNR spesirif, whdn (b teadtioh femperature was
130 “{? and the reaction time was 3 hours, the peak of carboxylic group of
fatty acid at 180 ppm disappeared and the important peak of C=0 (ester
group) and peak of -CH,-O- of diester product appeared at 173.9 and 69
ppm, respectively. In addition, Figure A25 also shows the peak of alkenes at
between 126 and 130 ppm. Figure B25, FTIR spectrum at this condition



80

~ demonstrated that the peak of C=0 (carbonyl group) shifted from 1,707
cm™ (carboxylic acid) to 1,734 cm” (ester) and appears the peak of
-C-O- at 1,180 cn.”' (ester).

These experimental results indicate that the esterification of stearic
acid with 2,2-dimethyl-1,3-propanediol was completed with a reaction

temperature of 130 °C and a reaction time of 3 hours. In this study, the yield

Figure CI15, GC=ehror cates that 2,2-dimethyl-1,3-
propanedistearate is» - ) 11.116 min. The Mass-

spectrum is sh if , frage entation could occur as the

|

'JJMEJV]\TWEJ%]% 197,141,

9141, 128, 97,

awqéi%”ﬁ‘i‘m ummmé‘" i

The 2,2-dimethyl-1,3-propanedistearate was a solid, the physical

properties could not be detrermined. The chemical properties, oxidation and
thermal stability, were analyzed by TGA analyzer and the results are shown
in Figure E16.
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The results from Figure E16 indicate that the oxidation point 480 °C

and the oxidative compounds are 1.09 %wt.

4.3.10 ' ] ic acid with 2- =1,3-

The results of 2-ethyl-1, 3-%W5dlstearate from esterification under

optimum condition are s FTIR and GC-MS spectrum in

Flgure A26, B26, C16,

-—'-"

reaction temperature was

.a\:f carboxylic group of
sa Kimy t peak of C=0 (ester
£<CH-O-, and peak of -CH,-O-
\, respectively. In addition,
{ between 126 and 130 ppm.

For Figure B26, FTIR eo'jﬁaﬁr at- fgdl on demonstrated that the peak
of C=0 (carbonyl gmup)—ﬂnﬂ%ﬂ ﬁ;m cm’ (carboxyhc acid) to 1,745
L

i o
These experm results ing : that the esterification of stearic

U
acid with 2-ethyl-1,3- Jlexaucdml was ccmpleted with a reaction temperature

of 130 °C ﬁpﬂrﬁcrs% Q‘]ﬁ%w ﬁjld}r, the yield of the

resulting product is 92.55 %.

Clai a‘ﬂﬂ‘ﬁﬁ‘lﬂ’%ﬁ&%’] idigaies ahE] 2-ethyl-1,3-

hexanédistearate is shown at retention time 12.335 min. The Mass-spectrum

is shown in Figure D22, fragmentation could occur as the following

equation :
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0 CsH, O +
[CHg(CHg]IQ—CG—CHZ‘CH—CH'U"C—{CHQ}mCHg] m/e 678
C;Hs
OH
CH3(CHyp);s~CO-CHy-C-CH=CH, *+ Oitfﬂﬂﬂiﬁﬂa
m/e 366 CiHs ¢

CH3(CHy)6—C=0" + .04 m/e 267,255,239,
m/e 267 :

'l //{/“' 179,257, 129, 115

o

e —

m/e 239, 171,
84,71,

39,155,43.

The followiag physical and ch I“\ | properties, as shown in Table
4.9, were studied : ' nem id\yiscosity at 40 and 100 °C,

viscosity index, flagk stability. The oxidation and

thermal stability curv . :=:’_'.' By TG/ analyzer and the results are
Piarel
shown in Figure E10. ;-,: = =

ra
g
e el

_E_;;_,r..fl*" _- .
hys u'.,__.“.__,.._.,,,--_,,, ies of 2-ethyl-1,3-

Y
y

1,3-hexanedistearate
Color, AS 1.0

@Wﬁ"émﬁm URIANYIAY

°C, cSt 5.45
Vlscomty Index 169.61
Pour Point, °C +9
Flash Point, °C 182
Oxidation Point, °C 470

Oxidation Compounds, %wt 2.17
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4.3.11 Esterificati itic acid with 1.3-

The results of 1,3-propanedioleate from esterification under
optimum condition are shown by *C-NMR, FTIR and GC-MS spectrum in
Figure A27, B27, C17, and D23, respectively.

Figure A27, °C NN[R
130 °C and the reaction t
peak of carboxylic é

important peak of C

when the reaction temperature was

the result demonstrated that the

0 ppm disappeared and the
f -CH,-O- of diester product
‘addition, Figure A27 also
and 130 ppm. Figure B27, FTIR
spectrum at this cendigiog deni :_ | that the peak of C=0 (carbonyl
group) shifted fro ! *" (i /lic a id) to 1,731 cm™ (ester) and

appeared at 173. 5
shows the peaks o

Figure C17, GE-ehremategrem indicates that 1,3-propanedipalmitate

o 0 T ) s s

Figure D23, fragmentation could occur as tilze following iq_,“a“““

ARTIANNIUARIINE IR Y
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(8] O
I Il +
CH4(CH,), C-0(CH,);0-C(CHy)14 1 *
m/e 552

|

CHy(CH)14C-0(CH)30  + ‘T0=C-C, 3

- Al
o

aHyjs + CgHyr
.84, m/e99, 85,71
57, 43

CH;3(CHp)14C-
m/e 239, 197,4

The @u ﬂfﬂ‘iﬂl&l%m jtcrlﬁcatmn under

optimum cundltmn are shown b NMR;, FTIR and GO-MS spectrum in
Faw AR, 538 amm’mmn JRE

Flgure A28, "C-NMR spectrum, when the reaction temperature was
130 “C_ and the reaction time was 3 hours, the result demonstrated that the
peak of carboxylic group of fatty acid at 180 ppm disappeared and the
important peak of C=0 (ester group) and peaks of -CH,-O- of diester
product appeared at 173.9 and 64 ppm, respectively. In addition, Figure A28
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also shows the peaks of alkenes at between 126 and 130 ppm. For Figure
B28, FTIR spectrum at this condition demonstrated that the peak of C=0
(carbonyl group) shifted from 1,702 cm™ (carboxylic acid) to 1,741 em’™
(ester) and shows the peak of -C-O- at 1,183 cm’ (ester).

These experimental results indicate that the esterification of palmitic
acid with 1,4-butanediol was pleted with a reaction temperature of
130 °C and a reaction ti u % In this study, the yield of the

=

Figure C18,

is shown at retenti¢

3 that 1,4-butanedipalmitate
s-spectrum is shown in

Figure D24, fragmentati OCE fo ing equation :

: +05C'C15H31
: mfe 239

CH:(CHI& ) 3 13' 154, 127,
73, 55,

AudAnensneiins

m/éi257, 239, 183,

’QWW%MW’]’MH’IM

The 1,4-butanedipalmitaec was a solid, the physical properties could
not be determined. The chemical properties, oxidation and thermal stability,
were analyzed by TGA analyzer and the results are shown in Figure E19.

The results from Figure E19 indicate that the oxidation point 390 °C
and the oxidative compounds are 2.99 %wt.
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4.3.13 Esterification of palmitic acid with 1.5-pentanediol

The results of 1,5-pentan~dipalmitate from esterification under
optimum condition are shown by BC-NMR, FTIR and GC-MS spectrum in
Figure A29, B29, C19, and D25, respectively.

Figure A29, BC-NMR spe when the reaction temperature was

130 °C and the reaction time was y the peak of carboxylic group of
important peak of C=0 (ester

st.appeared at 173.9 and 64.5
shows the peaks of alkenes
vectrum at this condition
roup) shifted from 1,702

cm™ (carboxylic aci 1,75 >ster). and shows the peak of

fatty acid at 180 ppm
group) and peak of . |
ppm, respectively.

at between 126

These expe:rime sult dicate that the esterification of palmitic

resulting product \Q /0. f
Figure C19, GC- chmmatugram, mdmate:s%at 1,5-pentanedipalmitate

e A NI BN

Figure D29, fragmentation cuu]d occur as the following equatmn

W’mmm UAIINYAY
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O 0
[CHa(CHz) 4C-O(CH,)s—0-C—(CHy)14CHs]"

m/e 580
9 + S
CH;(CHy)14—CO-(CHp)sO ¥ 0=C(CysHa1)
m/e 341 m/e 239

| ¥y, |

55, 41

not be determined. The

pg—

were analyzed by TGA anﬂi
= te that the/‘oxidation point 490 b

o e e i1
';I llllllll
nounds are

ol ¢
¢ o o/
AWIANNIUNNRTIINEIQ Y .
The result of 2,2-dimethyl-1,3-propanedipalmitate from esterification
under optimum condition are shown by BC.NMR, FTIR and GC-MS

spectrum in Figure A30, B30, C20, and D26, respectively.

Figure A30, BC-NMR spectrum, when the reaction temperature was
130 °C and the reaction time was 3 hours, the peak of carboxylic group of
fatty acid at 180 ppm disappeared and the important peak of C=0 (ester
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- group) and peak of -CH,-O- of diester product appeared at 173.9 and 59
ppm, respectively. In addition, Figure A30 also shows the peaks of alkenes
at between 126 and 130 ppm. Figure B30, FTIR spectrum at this condition
demonstrated that the peak of C=O (carbonyl group) shifted from 1,702
em” (carboxylic acid) to 1,736 cm’' (ester) and shows the peak of

-C-O-at 1,178 cm™ (ester). ‘

These experiment , at the esterification of palmitic
acid with 2,2—dime®p@e 1 completed with a reaction
temperature of 130 *€ ours. In this study, the yield
of the resulting prod |

Figure C2€ | ogram, i that 2,2-dimethyl-1,3-
propanedipalmitate” 1s ‘. 1 \'*’_4 Bieatioh e 11.089 min. The Mass-
spectrum is showan' i D24 tion could occur as the

following equation :

s i 1 3]+mf'e 53{}

-0-C—(CH>), ‘ﬂ

Irl

CH;3(CHp)j4=CO- CH;—C CHO + '0=C(CHy)4CH;

AUL %R ’EJW?‘WEJ’] .

ARIANG NUMINYTA Y

Y CH(CHy)—C=0 + C,H{0 A e
m/e 255 m/e 69 57,43

m/e 238, 154, 127,
08, 83, 69, 55, 41
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The 2,2-dimethyl-1,3-propanedipalmitate was a solid, the physical
properties could not be determined. The chemical properties, oxidation and
thermal stability, were analyzed by TGA analyzer and the results are shown
in Figure E21.

The results from Figure E21 indicate that the oxidation point 488 °C

and the oxidative compounds are 1.43 %wt.

group) at 173 and 173.5 peaﬁr e

'""--'.--,..ﬂ"

a1 73 and 63 ppm, mm § addition, Figure A31
also shows the peaks of alkenes at betwee and'130 ppm. Figure B31,

G

FTIR spectrum atlus condition m‘nt:msi:mtatﬂ.j that the peak of C=0

pmogil 241310 1134 i h Y R
o TN IR T BT e

temperature of 130 °C and a reaction time of 3 hours. In this study, the yield

product appeared

of the resulting product was 91.18 %.
Figure C21, GC-chromatogram, indicates that 2-ethyl-1,3-

hexanedipalmitate is shown at retention time 12.597 min. The Mass-
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spectrum is shown in Figure D27, fragmentation could occur as the

following equation :

GsH7 ¢
[CHy(CHz)1«C-OCH, ~CH-CH-O- ~C—(CHy)y4CHi]' m/e 622

183, 155, 141,
23, gsr 351 ?1!
57,43

The following physical 4nd chemit properties of 2-ethyl-1,3-
hexane-dipalmitaté. as sh ' wete studied : color, pour
point, kinematic vm:asn}' at 40 and 100 ° ity index, flash point, and

Zﬁ'fﬁiiﬁﬂﬁﬁﬁﬁ% 14 M

’QW’]ﬁNﬂiﬂJ UA1AINYAY



Table 4.10 : The physical and chemical properties of 2-ethyl-1,3-

91

hexanedipalmitate
Properties 2-ethyl-1,3-hexanedipalmitate

Color, ASTM 1.0
Kinematic Viscosity

@ 40 °C, cSt 2N 23.46

@ 100 °C, ¢St N 5.25
Viscosity Index : 165.29
Pour Point, °C 7 \ -3
Flash Point, °C ) 206
Oxidation Point, °C -- “ 468
Oxidation Compo ' 1.54

ﬂ‘lJEl’J‘VlEWIﬁWEI']ﬂ‘i
’QW’WNﬂ‘imﬁJﬂﬁ’mmﬁﬂ
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