CHAPTER 4
RESULTS AND DISCUSSION

The aim of this pursuit was to synthesize monoester as a potential

lubricating oil from coconut oil, which a trig!}rceridc of lauric acid is the main

ific were obtained by varying
\\

octanol, 2-ethyl-1-hexéingl. ‘\_= ol were used. The

in this research 1-hexanol, 1-

temperature was variedd [rone. | 0% and the reaction time was
observed in 1, 2, 3 and 6
by *C-NMR.

@ester products were determined

e

PBC-NMR spéet
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hexanol, 1-octanol l shown in Figure Al, A2, [
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The "C-NMR spectrum of l-hexanol, 1-octanol, 2-ethyl-1-hexanol,

ol, 1-octanol, 2-ethyl-1-
, Ad, A5, respectively.

cyclohexanol were shown in Figure A2, A3, A4 and A5, respectively.
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I. Transesterification of coconut oil with 1-hexanol

The “C-NMR spectrum of hexyl ester from transesterification was
shown in Figure A6. The signal of triglyceride, -CH,-O and -CH-O- could be
seen at 62.3 and 68.8 ppm, respectively. These results indicated that

rom Figure A7, when reaction

wed that the signal at 62.3 and

i W- and C=0 of ester product
Ji "h\_ esults indicated that the

These experime siiffs dentpristrated that the optimum condition for

transesterification was
temperature was raised to "'-==..
68.8 ppm was disappea
showed at 64.37 an

transesterification reacli

transesterification of cog was the reaction temperature
of 80°C and reaction t

87.56 % yield.

§ study, the result product was

- —

The physica V it v
in Table 4.1. The ph u:at properties were studlcdm follow :color, pour point,
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and Fi

ter product were shown



Table 4.1 The physical and chemical properties of coconut oil and hexyl ester

product.
properties coconut oil monoester

Color, ASTM 0.5 0.5

Viscosity at 40 °€ ” 498
Viscosity atl00° \\ 1.86
.-..-rm D ST 192.5

' : -8

195

350

2.21

From Table 4.1, this ; at the pour point of product was

8°C. The viscosity at 40 and 100°C

was 4.98 and 1.86°%S{, respectively and the visebsify)index was 192.5. Flash

point was 195. The ’:.'i

i

entirely different from coconut oii. |

ﬁm awﬂqﬂﬂﬂﬁcmmn was

shown i Figure A8. The the mgnal of -CH,-O and -CH-O- of triglyceride
could be seen at 62.3 and 68.8 ppm, respectively. These results indicated that
transesterification was incomplete.  From Figure A9, when reaction
temperature was raised to 90°C, the result showed that the signal at 62.3and
68.8 ppm disappeared and the signal of -CH,-O- and C=0 of ester product
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showed at 65.3 and 172.7 ppm. These results indicated that the

transesterification reaction was completed.

These experimental results demonstrated that the optimum condition for

transesterification of coconut oil with 1-octanol was the reaction temperature of

y/mdy, the result product was 85.02
- “ﬁ-b
The physical and.« /. ) prop \\\\\ noester product were shown

80°C and reaction time of 3 h
% yield. '

%

in Table 4.2. The physi€a follow :color, pour point,
lex and flash point. The
Iyzed by TGA analyzer. The

kinetic viscosity at 40" ay

oxidation and thermal s
.l‘ll eF "

thermogram of coconut ofl afid:=sety | ' _ were shown in Figure A33

: ..Mf' z
and Figure A36. Y

nut oil and 1-octyl ester

Table 4.2 The physice

product.

Monoester
o WWﬂ‘QFI“S‘?ﬁI NWTWIEHG

q Viscosity at 100°C,cSt 5.86 2. Zﬂ
Viscosity Index (VI) 162.7 183.1
Pour Point (°C) 20 -1
Flash point (°C) 295 198
Oxidation point (°C) 435 365
Oxidation compound,%wt. 7.84 2.99




From Table 4.2, these results showed that the pour point of product was
-1°C. The viscosity at 40 and 100°C was 6.33 and 2.20 cSt, respectively and
the viscosity index was 183.1. Flash point was 198. The oxidative compounds

were 2.99% wt.

The>*C-NMR speetrum f 2%ethyl=hexy _"_ster from transesterification
was shown in Figure & gigr \ 0- and -CH-O- of triglyceride
could be seen at 62.3 an 3 r & \\ ese results indicated that

ZEY NS |
nplete. = u\\: jgure All, when reaction
temperature was raised £0 80 £C, the. . * ywed that the signal at 62.3 and
68.8 ppm disappeared agd fhe gienal ‘}\‘

showed at 663 and U372 $pii. “=These results indicated that the

transesterification w
and C=0 of ester product

transesterification reaction was ¢oj

[

L

These expe it 3

; Y
L fal#

¢ optimum condition for
transesterification 1[ oconut oil with 2-ethyl-l1<hexanol was the reaction

temperature oﬁﬁﬁﬁ%ﬂm ﬁﬁﬂﬁﬂm study, the result

product was 8

AT ARINEIAY, e o

in Table 4.3. The physical properties were studied as follow :color, pour point,
kinetic viscosity at 40 and 100 °C, viscosity index and flash point. The
oxidation and thermal stability function were analyzed by TGA analyzer.. The
thermogram of coconut oil and 2-ethylhexyl ester product were shown in
Figure A33 and Figure A38.
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Table 4.3 The physical and chemical properties of coconut oil and 2-ethyl hexyl

ester product.
Properties Coconut oil Monoester

Color,ASTM 0.5
Viscosity at 40 5.31
Viscosity at ‘ 1.90
Viscosity Igde 1hez 166.4
Pour Point(®l = 2 Y min.-15
Flash poin . =% 197
Oxidation p 5 | 2/ | 13 370
Onidation | 291

iaidiis -

227 A /8

From Table 4.8 results that the pourix iny of product was min.-15

|
[

-y

A
."r-" T.90 cSt, respectively and

‘The oxidative compounds

2 NN NGNS

°C. The viscosity V 0

the viscosity index l»[ 166.4. Flash point was 19

The "C-NMR spectrum of cyclohexyl ester from transesterification was
shown in Figure A12. The signal of -CH,-O- and -CH-O- of triglyceride could
be seen at 62.3 and 68.8 ppm, respectively. These results indicated that
transesterification was incomplete. From Figure Al3, when reaction

temperature was raised to 80 °C, the result showed that the signal at 62.3 and



68.8 ppm disappeared and the signal of -CH,-O- and C=0 of ester product
showed at 71.9 and 172.7 ppm. These results indicated that the

transesterification reaction was completed.

These experimental results demonstrated that the optimum condition for

: w cyclohexanol was the reaction

' ﬁours In this study, the result
_J

The physical \\\ pester product were shown

¥ Figw
4,I
in Table 4.4. The phygiCalpgopert % 5\\\\? i as follow :color, pour point,
kinetic viscosity at 40 agt 00 m 3\ gu and flash point. The
f

oxidation and thermal stability’fii "*" i were analyzed by TGA analyzer. The

transesterification of cocon
temperature of 90°C and «
product was 81.62 % yi

thermogram of coconut oiffand-eyciohexyhester product were shown in Figure
A33 and Figure A40. ‘

-.,‘— <
i, F |}
Table 4.4 :The ph sial . t-‘!’ onut oil and cyclohexyl

J J

ester product.

@olor, ASTM

9 W’Tﬁ’@’ﬂ"’é"fﬁﬂl ATINE TR E
q Viscosity at 100°C,cSt 5.86 2.73
Viscosity Index (VI) 162.7 152.5
Pour Point (°C) 20 -9
Flash point (°C) 295 180
Oxidation point (°C) 435 370
Oxidation compound,%wt. 7.84 4.72
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From Table 4.4, these results showed that the pour point was -9°C. The
viscosity at 40 and 100°C was 8.81 and 2.73cSt, respectively and the viscosity

index was 152.5. Flash point was 180. The oxidative compounds were 4.72%

wit.

To improve the color stability, the monoester had to be
finally refined through hydrog on of whisdturated components. In this study,
the monoester was treates h @ alyst in a stirred batch reactor

| 3% by weight of platinum

The hydrogenati dodss | wi \ -d by varying the following
.ﬂul -
i _ '§ cncentratmm reaction time
1Jﬂ i

while fixing other paramejrs, stitl as t1 1 temperature, weight of oil and

stirring speed. The reaction SC-NMR.

dydrogenatiediof b ’*J

Mﬁgﬁﬂmﬂmmm“
S“““’“(‘#‘W’Taﬁﬁ%ﬁmﬁ’n NYIY

In Figure A7, YC-NMR spectrum, when hydrogen partial pressure was
100 psi, catalyst concentration was 5% by weight of oil, reaction time was 3
hours, and the reaction temperature was 150°C, it showed that the signal of
unsaturated group at between 125.2 and 129.8 ppm was disappeared. These

experimental results showed that the optimum conditions for hydrogenation of



hexyl ester oil using 3% of platinum on alumina as catalyst were 5% of catalyst
concentration, and the reaction was performed at 100°C under hydrogen

pressure of 100 psi and reaction time 3 hours.

product was 95.!1{}%

The compositign#ofM ytifggen ed he» product at the optimum
condition was determinéd b as performed in a column
packed with DB-5." Add fhd GCMS Chrontatogram of hydrogenated hexyl
ester product was sho ' the chromatogram, it indicated

that hydrogenated hexyl gte i3 ductWas a mixture of hexyl laurate, hexyl

E'J

Characterist ‘f'- led by mass spectrum as

I"

shown in Figure Al Al6, A17 and Al8, respes ‘-"ﬁljf Mass spectrum of

hexyl laurate Qﬂ iﬂﬂﬁﬁﬁ,\;ﬂnr Al7 showed base
peak at 84 du vage llowing equation:

’Q“mﬂﬂﬂ‘im URIAINYA Y
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? S

CHyCHACHO0CCH)OCH |*  — >  Cy)t +  HOC(CHCH, |

m/e 284

m/e 84 m/e 200

CeH30C(CH;)oCH: : Hﬂ_ C (CHp)joCH;

wfild B ﬂﬂﬂﬁﬂﬂ’m’im
QW?ﬁﬂﬂ‘imﬂﬁqanﬂﬂﬁ\Q coon

ﬂ C(CHy),y,CH; CH3(CH;)sCH;3

m/e 183 m/e 156
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Mass spectrum of hexyl myristate (MW 312) in Figure Al8
showed base peak at 84 due to McLafferty rearrangement as the following
equation:

OH

+ I

HO= C (CH,);2CH;
m/e 228

l -H,0
. :
O0=C(CH;)12CH;
m/e 211

Mass specti '!“" 8)in Figure A15 showed
base peak at 84 duct cLafferty rearrangement i he following equation:

cﬁﬂ,anﬂcu)ﬂﬂ?ﬁﬂ INHANT o
QRTRIN TR AINY A

HO= C(CHz}ﬁCHs

m/e 145

l—HID

mfe 127
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Mass spectrum of hexyl caprate (MW 256) in Figure A16 showed base
peak at 84 due to McLafferty rearrangement as the following equation:

0 WA 0
n L% "
CsH30C (CHy)sCHg | = + HOC(CH;)3CH;
m/e256 mle 172
?H
+.

HO=C(CH,)sCH3

m/e 155

’I'heﬁlhucﬂ gdwhﬂmj mrzls’lln;mgmmd hexyl ester
product, as showed in Table 4.5, were stadied as ﬁlﬁﬂ! lor, pour point,

maamammmnm

stabnhty The oxidation and thermal stability curve were analyzed by TGA

and oxidation

analyzer and the result were shown in Figure A35.



Table 4.5 : The physical and chemical properties of hexyl ester

hydrogenated hexyl ester product

Properties hexyl

monoester

hydrogenated

hexyl monoester

S\

Color, ASTM,_ =y

Viscosity"ara0=CeSt
Viscosity

Viscosi

Pour Poj
Flash poigh(°
Oxidation goi

0.5
4,52
1.71

U i
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In Figure A9, BC-NMR spectrum, when hydrogen partial pressure was

and

genation at optimum

chromatogram was

100 psi, catalyst concentration was 5% by weight of oil, reaction time was 3

hours, and the reaction temperature was 150°C, it showed that the signal of

unsaturated group at between 129.2-130.5 ppm was disappeared. These

experimental results showed that the optimum conditions for hydrogenation of
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1-octyl ester oil using 3% of platinum on alumina as catalyst were 5% of
catalyst concentration, and the reaction was performed at 100°C under

hydrogen pressure of 100 psi and reaction time 3 hours.

The compositi )ge ed hexyl est . product at the optimum
condition was determinéd b¥ & 1C<MS was performed in a column
packed with DB-5. Anfl tfe JGE-AiSkefiromatogtam of hydrogenated 1-octyl
ester product was showedfin/F' ‘ ye chromatogram, it indicated

that hydrogenated hexyl egfe : _ ure of 1-octyl laurate, 1-octyl

caprate and 1-octyl caprilate. ' 7

Characteristied o : 1 vt ed by mass spectrum as

f il : I-u
shown in Figure -!l A2l and A22, rsspectively. ‘

PPN 1) 11 141} ey
TRRTRINIUURINGIAY

ass spectrum of 1-octyl
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OH
‘ + |
CanDCU(CHz)mCHszl i CsHis + O=C(CH;)CH;
m/e 312 m/e 112 m/e 200

McLafferty

?H

+
HO==C(CHy);0CH;

m/e 201
o+
0 =C(CH)16CH;
_ m/e 183
Al \'«_ :
Mass spec octyl vay TW"256), at retention time 16.277
inFigure A20 showall bfise peakatid 12 du ok -cleavage of ester linkage as
the following equation |
| D oH
CsHy70CO(CF o 0=C(CH,),CH;
m/e 256_ m/e 112 m/e 144

AULINENINEINS
RN TN INIEH, .

m/e 145

l -H,0

+
0=C(CH;)¢CH;
m/e 127
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Mass spectrum of 1-octyl carpate (MW 284), at retention time 19.284
in Figure A21 showed base peak at 112 due to a-cleavage of ester linkage as

the following equation:

0]
i
+ HOC(CH;)3CH;

m/e 172
g AL
HO=C(CH,)sCH;
m/e 173
l ~H,0
* s
=3 O=C(CH,)sCH
) m/e 155

Auganenineans
AR RSN R o

kinematic viscosity at 40 and 100°c, viscosity index, flash point and oxidation

stability. The oxidation and thermal stability curve were analyzed by TGA

analyzer and the result were shown in Figure A37.
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Table 4.6 : The physical and chemical properties of l-octyl ester and
hydrogenated 1-octyl ester product

hydrogenated

1-octyl monoester

0.5
6.08
2.13
180.8
5
190
365

Oxidation compeuiiigh%awt, 28 .46
._f:l_-;.ﬂ._,_rr__ . .

7

The mﬂsudfsﬁlyg !e]n%dn-gl}megyll’] Q ?om hydrogenation at
e T AT T

In Figure A11, "C-NMR spectrum, when hydrogen partial pressure was
100 psi, catalyst concentration was 5% by weight of oil, reaction time was 3
hours, and the reaction temperature was 150°C, it showed that the signal of

unsaturated group at between 129.4-129.7 ppm. was disappeared. These
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experimental results showed that the optimum conditions for hydrogenation of
2-ethyl-hexyl ester oil using 3% of platinum on alumina as catalyst were 5% of
catalyst concentration, and the reaction was performed at 150°C under
hydrogen pressure of 100 psi and reaction time 3 hours indicated that the
hydrogenation reaction of 2-ethylhexyl ester was completed at these reaction

was 92.25 % yield.

The compositio rogenateg thyl-hexyl ester product at the

condition. In this study, the res

optimum condition was detefinfit GC-MS.. The GC-MS was performed in
it A}\'u‘ S, chrematogram of hydrogenated
: figure A23.  From GC-MS

ted 2-¢ thyl-hexyl ester product was a

a column packed with DB-
2-ethylhexyl ester produ
chromatogram, it indicajéd |
mixture of 2-ethylhexyl Jaufaje, 2 e 1-' nyristate, 2-ethylhexyl caprate
and 2-ethylhexyl caprilate § = .

Characteristics o & d by mass spectrum as

e

shown in Figure A 2%, d 4 i‘."ﬁ' . Mass spectrum of 2-
J
ethyl-hexyl laurate (ﬂv 312), at retention time 2 ‘[ 12 in Figure A24 showed

base peak at ﬁﬂ ﬂﬁ‘ﬁﬁ %&wﬁgj ﬁqﬁ: can be explained as

in the followi

PRIAANTUAMINYAE




(0]

Il +
CoHOC(CH)IoCH|*  ——»  CgHyg)' + HO-CO(CHy)ioCHs
m/e 312 m/e 112 m/e 200

McLafferty e -as following:

OH
I

CanOCD{CHﬂmCH?] + O0=C(CHy),0CH;

m/e 312 m/e 200

1‘:.d

ﬂuEI’JVIEm’a‘WET”ﬁ'i“‘é"’”““H’

e21

A ﬁ\‘iﬂ‘iﬁuu‘lﬁﬂﬂﬂ]@ﬂ

=C(CH1}:1:~CHJ
m/e 183
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Mass spectrum of 2-ethylhexyl myristate (MW 340) in Figure A25
show base peak at 112 due to McLafferty rearrangement as the following

equation:
: ,.. H
) CgHr;lU'CD(CH;)uCH;] i CEHIE +* -r:d = g{C}BIZCHB
m/e 340 m/e 228
{PH
HO= C(CH)1CH;)
m/e 2'29
AN
P 0= C(CHy)1,CH;
m/e 211
Mass spectriifp A 256) in Figure A27
show base peak a vii le | ‘ gement as the following
equation: J
‘a
CanOﬂ(&mm W ﬂs’] ﬂ ‘jo C(CH;);C.‘H_-,
mfc 256 ) :
AWIANNT 'NWTJ‘VIEIH
HO= C(CH;MJH;
m/fe 145
l ~H,0
0=C(CH;)¢CHj;



Mass spectrum of 2-ethyl-hexyl carprate( MW 284) in Figure A26
show base peak at 112 due to McLafferty rearrangement as the following
equation:

o)
n
cgﬂm +  HOC(CHp)sCH;

CgH;70CO(CH,)gCH; \

__Jc 112 m/e 172
S—

\\ OH )
"* ‘ i\ HO= C(CHy)sCHs

m/e 173

| <o

L, +
5]  O=C(CH)CH;

m/e 284

e
L ]
y

2

{ﬁ

r
L

-

-

I m/e 155

ﬂuﬂqwﬂﬂswawni
QARSI DIUNIAINN e

pmduct, as shnwed in Table 4.7, were studied as follow: color, pour point,
kinematic wscusn}f at 40 and 100°c, viscosity index, flash point and oxidation
stability. The oxidation and thermal stability curve were analyzed by TGA
analyzer and the result were shown in Figure A39.



Table 4.7 : The physical and chemical properties of 2-ethylhexyl ester and
hydrogenated 2-ethylhexyl ester product

Properties 2-ethylhexyl hydrogenated
2-ethylhexyl

monoester

0.5

5.53

1.93

155.1
min.-15

188

390

1.50

il

e SMEANNENY IO, i o
T TN

In Figure Al3, '3C-NMR spectrum, when hydrogen partial pressure was
100 psi, catalyst concentration was 5% by weight of oil, reaction time was 3
hours, and the reaction temperature was 150°C, it showed that the signal of

unsaturated group at between 129.5-129.7 ppm. was disappeared. These



experimental results indicated that the optimum conditions for hydrogenation of
cyclohexyl ester oil using 3% of platinum on alumina as catalyst were 5% of
catalyst concentration, at 100°C under hydrogen pressure 100 psi and reaction
time 3 hours.

ted that the hydrogenation reaction of

cyclohexyl ester was completed ai hesbAe Action condition. In this study, the
, vie ’@pﬂsiﬁm of hydrogenated
cyclohexyl ester produc determined by GC-MS.

. u-rr.‘ | :'.' o -’T, on | G
The GC-MS was perfi .- ] \x\\"\"’\x with DB-5. The GC-MS

chromatogram of hydrggh / 4 \\\ aduct was showed in Figure

AES- | : | \\

From the chromatogfa i that hydrogenated cyclohexyl ester

product was a mixture of cyc- laurale, cyclohexyl myristate, cyclohexyl

= .-
=S el A y o

caprate and cyclohéx

; their derivatives were
confirmed by V

Fe A29, A30, A3l, A32,

respectively.

e A AN ANS i 05

3

e RN A ATy =
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, 0
n . g
CeH; 0C (CHz)mCHa] : CeHio + I-IDlIZ‘I.(CI-I;)mCHg,

m/e 282 m/e 82 m/e 200
5 9
HO=C(CHz)10CHs
m/e 201

1—1-130

m/e 183
310) in Figure A30

Mass spectrum ofe€eloh :
show base peak at 82g4fuafy Mcla carrangement as the following

equation:

O
n : I
CeHy1OC (CHy))2CH; . Cethip +  HOC(CHy);2CH;
] B2 m/e 228

m/e310 7 |

(7 = d
i

¢

CAUEINENINGINT
RSN IUNNINY RS,

m/e 229

mle 211



Mass spectrum of cyclohexyl carpryrate (MW 226) in Figure A32 show
base peak at 82 due to McLafferty rearrangement as the following equation:

0 _ OH
Il +
CeH110C (CHeCH3 | ¥ = +  HO=C(CHy)sCH;

m/e 226

Mass spectrum of gyc o Jox ~ ate (MW 254) in Figure A31 show
base peak at 82 due to McLa i‘-ﬁ" ¥ ement as the following equation:

0 Z Y] 0
CeH11OC (CHy)sCH | %Hig]| +  HOC(CHy)sCHs
m/e 254 mle 172

ﬂ'LlEl’EIVI 'VITWEI’lﬂ‘i
’QW?ENﬂ‘mJ NIAINYAY

OH

 HO=C(CH,)sCHs
m/e 173

[

m/e 155
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The physical and chemical properties of hydrogenated cyclohexyl ester
product, as showed in Table 4.8, were studied as follow: color, pour point,
kinematic viscosity at 40 and 100°c, viscosity index, flash point and oxidation
stability. The oxidation and thermal stability curve were analyzed by TGA

analyzer and the result were sh

Table 4.8 : The physical=#i
hydrogenated cyclohexg

perties of cyclohexyl ester and

hydrogenated

cyclohexyl

monoester
i 8.74
Visco ll :tIUU"C,cSt : 2.69
phzrenl R )

nerl ooy ¢ | a o/
YNNI NN E a8

Oxidation compound,%wt. | 4.72 3.23

From the results, alcohols varied in this research were 1-hexanol, 1-

octanol, 2-ethyl-1-hexanol and cyclohexanol to be obtained the desirable



properties. When 1-hexanol was used, viscosity was too low then 1-octanol
could be altered for the reason that increasing the molecular weight also
increased viscosity. Although increasing viscosity, the pour point was also
increasing too. This was one disadvantage of long chain molecule backbone.

2-Ethyl-1-hexanol could be altered in straight chain structure. It has been

It could be | cye hex}rl ester product had

suitable properties fc orks,, when compared with the
specification of lubrica bricant for two-stroke engine.

Table 4.9 Specifice

., Limit

: min. 70
Viscosits Kmematlc @lﬁﬂ" Iﬂ 9.0-12.0
f Wﬂgmﬂmw Ny

QWW&’Q’T]"T?H NM’TJY]EI"T’RSEI

Sulphated ash, %wt max 0.5

'TIS 1040-1991 of Thai Industrial Standard Institute, Ministry of industry

From Table 4.9 when compared the kinematic viscosity at 100°c to

hydrogenated cyclohexyl ester it could be noticed that the viscosity of ester was
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too low, but it wasn’t seriously, due to polyisobutylene (PIBs) was the major
component in two-stroke engine oils which used as VI improvers have
predominantly a molecule mass of 10,000 to 15,000, posses a good viscosity

increasing effect and was oxidatively and thermally stable.

AULINENINYINS
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