CHAPTER IV

RESULTS AND DISCUSSION
4.1 Synthesis of Nitrate Compound Vﬁetable Oils
Trans-esterification ol using sulfuric acid as a

catalyst to give methyl estg po idatien , gthyl ester product with peroxy

acid gave an epoxide proc ydro] ‘\\? product with hydrochloric

acid gave diol compound. Nitrate €ompound pared from the nitration of

diol compound with €oncgntrate ? on en ated sulfuric acid. The
o, 0 . . - m“ 4

conditions of nitration réac ere vatied v » Wi able 4.1.

DR

Table 4.1 Variation condition of 4 Hitrattion rede f getable oil diol.

TTATEAT
Conditions Temperature(° Reaction time (hrs.)

-

3 5 7
2

Mole ratio & /.

(diol:HNO3:HZSO4)m

Note; ) no reaction
™*)

+ = complete reaction

incomplete reaction



o

From Table 4.1, the optimum condition of nitration reaction was performed at
temperature 0°C, mole ratio 1:3:6 and reaction time 5 hours, due to the reaction was
completed. Some of the spectra of no reaction and incomplete reaction as compare
with starting diol compound (Figure A41) were shown in Figure A42 and A 43,

respectively.

4.2 Characterization of Synthesiz

4.2.1 Palm Oil Methy

.

The IR spectra of pala*oi] |

nd pa 1 methyl ester were shown in Figures Al
and A2, respectively. Thefimports / / OIT ‘ n oil and palm oil methyl

ester were listed in Tableg

Table 4.2 The absorption alm oil methyl ester.

) o =

ok g
Wave number (em~}

Assignments

S . .
Palm oil “Palm-oil met

- B ‘l
3002 Yo 3002 4 =C-H Stretching
2854 E-H Stretching, Aliphatic
1744 [ 1 1744 g0 C=O0 Stretching

B UEANEBI NN NFe s
A aensaiiinIang IR

C-O Stretching

The IR spectrum of palm oil methyl ester (Figure A2) and the palm oil spectrum
(Figure A1) could not be distinguished. The result was confirmed by using "H-NMR

and >C-NMR spectra.
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The 'H-NMR spectra of palm oil and palm oil methyl ester were shown in
Figures A3 and A4, respectively. The important signals of palm oil and palm oil

methyl ester were shown in Table 4.3.

Table 4.3 The assignments of '"H-NMR spectra of palm oil and palm oil methyl ester.

Chemical Shift (3,ppm)

Position of Proton Multiplici

- : W n oil Palm oil methyl ester
5 — é 3 0.74-0.81
b,c.d.e.f,g,h.k,l,m,n,0,p 1.12-1.92
q 2.15-2.22
s 3.54
tu,v -
i 5.20-5.25
From the lH—NMR spectrur ‘ é‘{ ’,N ester (Fgure A4) as comparing
with palm oil (Figure ‘Zm al tween 31 4.01 ppm to
8y 4.27 ppm belonged y e protons of glycerol moiety glyceride were absent,

T
PRNNTUNRINYINE

The¥"*C-NMR spectra of palm oil and palm oil methyl ester were shown in

Figures AS and A6, respectively. The important signals of palm oil and palm oil

methyl ester were shown in Table 4.4.
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Table 4.4 The assignments of "C-NMR spectra of palm oil and palm oil methyl ester.

Chemical Shift (5,ppm)
Position of Carbon
Palm oil Palm oil methyl ester
a 14.05 14.00
b,c.d,e,f,g,h.k,I,m,n,0,p 22.55-33.94 22.61-31.86

q 33.90

s 51.12
tv -

u -

Lj 127.79-129.93

r 173.90
From the *C-NMR spg l igure A6) as comparing
~with palm oil (Figure A5), it Wwas ---—---.v :——: at the signal at & 62.00 ppm and &,

¥ !‘f
68.86 ppm belonged to the carbon

___,

jy of triglyceride were absent, and

the Slgrlal at 6 51 1 "l _}ll-lA'Illlllu'!|-ll-;ll-, llll Z‘II-Iiﬁinn—::'x—' -
!f}. A

were shown instead. _m

From the -u ﬁi ﬂﬁi cg ;T.ﬁugﬁp that the product
was palm oil mﬁ ﬂn o OWS:

Q‘mﬁ\‘lﬂim N‘VITJV]EHE’{EI

OCH3 Palm oil methyl ester

group of methyl ester

a c e g i k m o q

®)

I
HZC—O C—(CHy);CH=CH(CH,);CHs

u I .

\ |
Hzc‘—O‘C_(CH2)7CH=CH(CH2)7CH3
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4.2.2 Palm Oil Epoxide

The IR spectrum of palm oil epoxide was shown in Figure A7. The important

absorption bands of palm oil epoxide were listed in Table 4.5.

Table 4.5 The absorption assignments of palm oil epoxide.

Assignments

O-H Stretching

3002 =C-H Stretching

2854 C-H Stretching, Aliphatic

1744 C=0 Stretching

1654 C=C Stretching

1460 C-H Bending, Aliphatic

1169 C-O Stretching
From the IR spectur AT ? comparing with palm

oil methyl ester (Figure A%) it could be observed that the absorption bands at 3002

cm™ and 1654 ﬂ %%J?s% %&ﬁ@%{%ﬂoﬂ.‘ﬁﬂ ester due ta the

presence of dou‘t?l]e bond in fatty acid’ chain, while.they could not e observed in

et bbbl T bl il Ealflfa{%lemng "

3456 cm™ was likely to be dihydroxy product. The result was confirmed by using 'H-

NMR and “C-NMR spectra.

The 'H-NMR spectrum of palm oil epoxide was shown in Figure A8. The

important signals of palm oil epoxide were shown in Table 4.6.
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Table 4.6 The assignments of 'H-NMR spectrum of palm oil epoxide.

Position of Proton Multiplicity Chemical Shift (3,ppm)
a _ m 0.71-0.77
b,c,d,e.f,g,h.k,I,m,n,0,p m 1.09-1.51
q t 2.11-2.19
i 2.68-2.76
s 3.54

— S —
¢ A8) as comparing with

From the "H-NMR spg 10 l epo 2’(-\»«-1
palm oil methyl ester (Eigure4 o \. th t the signal between &y
5.20 ppm to 8 5.25 pprdbelofiget ) \

g chain fatty acid were

absent, due to the formation e s signal at 8y 2.68 to 2.76 ppm

belonged to the proton in epoxi

The C-NMR_spectruni of paim oil ef as shown in Figure A9. The

-
Y.

m:gz,aﬂ,n;ni mwﬁ i

q 34.00
s 51.32
ij STATH1LT

r 174.23
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From the *C-NMR spectrum of palm oil epoxide (Figure A9) as comparing
with palm oil methyl ester (Figure A6), it could be observed that the signals of
olefinic carbon (-C=C-) at § 127.79 to 129.93 ppm were absent, due to the formation

of epoxide product. The signal at §; 57.13 to 57.17 ppm belonged to the carbons in

epoxide group.

‘ X

E | g

Table 4.8 The absorption assignments of palmeoil diol.

NS
r(c ila
Assignments
e/
o
|
2854 2854 C-H Stretching, Aliphatic
1744 1744 C=0 Stretching
1460 1460 C-H Bending, Aliphatic
1173 1173 C-O Stretching




59

From the IR spectrum of palm oil diol (Figure A10), it showed the characteristic
absorption broad band of OH stretching at 3464 cm’, due to the formation of
dihydroxy product was completed, while it could be observed the small OH band at
this wave number in palm oil epoxide spectrum. The result was confirmed by using

'H-NMR and "*C-NMR spectra.

The 'H-NMR spectrum o was shown in Figure All. The

important signals of palm oi

Position of Proton ‘ / Multiplic .| "Chemical Shift (3,ppm)

0.70-0.75
bac’dae:f,gsh,koLm’nso’ v #L X _.r 4 1.07'1.49
2.07-2.17
3.18-3.26

3.49

From the 'H-NMR %p?&trum of palm o'ngiol (Figure A11) as comparing with

palm oil epoxiﬂ Furﬂs’gnwu&]bﬂ@w& (ﬂa ﬂnﬁ at 8y 2.68 to 2.76

ppm belonged t:")q the protons in epoxide gr(ﬁ weré=absent, due to thé formation of
dihydrog muc A axeqxgllitmyt ;-J gmvl:ﬂg:l @dﬂprotons of

carbon that connected hydroxy group.

The "C-NMR spectrum of palm oil diol was shown in Figure A12. The

important signals of palm oil diol were shown in Table 4.10.



60

Table 4.10 The assignments of "C-NMR spectrum of palm oil diol.

Position of Carbon Chemical Shift (5,ppm)
a 13.88
b,c,d,e,f,g,h,k,l,m,n,o0,p 22.55-33.79
q 33.82
S Y| 51.09
T ﬂ J | / 74.19-74.24
F o é 173.97

W Al12) as comparing with

. 3.?\.. ignals of the carbons in

From the *C-
palm oil epoxide (Figure AS
epoxide group at &, bsent, due to the formation of
dihydroxy product. The sighz pn belonged to the carbons

connected the hydroxy group

From the results of th i e_coneluded that the product
"
‘structure was as N

was palm oil diol and 5

J

ARIAINIUNNINGA Y
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4.2.4 Palm Oil Nitrate

The IR spectrum of palm oil nitrate was shown in Figure A13. The important

absorption bands of palm oil nitrate were listed in Table 4.11.

Table 4.11 The absorption assignments of palm oil nitrate.

Wave number (cm

Assignments

Palm oil diol a4 ::Mf

3464 O-H Stretching
2854 -H Stretching, Aliphatic
1744 C=0 Stretching

- 0, Asymmetric Stretching
1460 -H Bending, Aliphatic

. 02 Symmetric Stretching
1173 C-O Stretching

= N-O Stretching Vibration

Vo Y]

From the IR spgmm , itrate 1gur£l3) as comparing with
palm oil diol (F ij gj ﬁﬂgﬁ gﬂﬂsl ﬁ bsorption band of
OH stretching a‘“ absorptio j (asymmetric and

T TR ATV IR Ee e

cm’ res;ﬂctlvely The result was confirmed by using 'H-NMR and *C-NMR spectra.

The 'H-NMR spectrum of palm oil nitrate was shown in Figure Al4. The

important signals of palm oil nitrate were shown in Table 4.12.
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Table 4.12 The assignments of 'H-NMR spectrum of palm oil nitrate.

Position of Proton Multiplicity Chemical Shift (6,ppm)
a m 0.75-0.81
b,c,d,e.f,g,h.k,l,m,n,0,p m 1.12-1.59
q t 2.26-2.24
S 3.56
Lj 5.06-5.16

The C-NMR spe

important signals of patin oil nit

pure A14) as comparing with
ignals at oy 3.18 to 3.26
roxy group were absent,

5.06 ppm to 3y 5.16 ppm

,3.

Position of r|

Tk

hown in Figure Al5. The

y
13.)

0

Table 4.13 The ass1gnmen}s of BC-NMR spec&r;um of palm oil nitrate.

1 Shift(6

i | (arbon Type*

bc@m;m nIoddiNAY

S
i

r

3392

5119

81.62-81.67

174.06

H88)

CH;

CH

* It was determined by DEPT spectra as shown in Figure A16.
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From the *C-NMR spectrum of palm oil nitrate (Figure A15) as comparing
with palm oil diol (Figure A12), it could be observed that the signals of the carbons
connected the hydroxy group at §; 74.19 to 74.24 ppm were absent, due to the
formation of nitrate product. The signals at &, 81.62 to 81.67 ppm belonged to the

carbons connected to the nitrate group.

4.2.5 Soybean Oil Methv] i ster"f"’i:

The IR spectra of soy! g__--"' a _d.j SOy oil methyl ester were shown in

Figures A17 and Al8, respectively bsorption bands of soybean oil

-

and soybean oil methyl&ster-were Tabl iY )

Table 4.14 The absorption fassignments of soybean oil and soybean oil methyl ester.
. o

e _m ' S 5 1 ____.jh IM l BF i |jsignments

oybean oybean oil met ester

4 Yong” meny o

TN TN NTTRE

2854 2854 C-H Stretching, Aliphatic

1744 1744 C=0 Stretching
1654 1654 C=C Stretching
1460 1460 C-H Bending, Aliphatic
1161 1169 C-O Stretching
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The IR spectrum of soybean oil methyl ester (Figure Al8) and soybean oil
spectrum (Figure A17) could not be distinguished. The result was confirmed by using

'H-NMR and *C-NMR spectra.

The "H-NMR spectra of soybean oil and soybean oil methyl ester were shown in

Figures A19 and A20, respectively. The important signals of soybean oil and soybean

oil methyl ester were shown in

Table 4.15 The assignments . . ean oil and soybean oil

methyl ester.

Position of Proton

a 0.75-0.81
b,c,d,e.k,Lm,n,0,p 1.12-1.96
q 2.15-2.22
h 2.63-2.69
s 3.54
tu,v 4105-4.30

NN NN T

A ANINIANY

m the MR spectrum of soybean oil methyﬂster (Figure A20) as
comparing with soybean oil (Figure A19), it could be observed that the signal
between 8y 4.05 ppm to 8y 4.30 ppm belonged to the protons of glycerol moiety of
triglyceride were absent, due to the formation of methyl ester. The signal at &y 3.54

ppm was belonged to the protons of methoxy group of methyl ester.
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The “C-NMR spectra of soybean oil and soybean oil methyl ester were shown
in Figures A21 and A22, respectively. The important signals of soybean oil and

soybean oil methyl ester were shown in Table 4.16.

Table 4.16 The assignments of >C-NMR spectra of soybean oil and soybean oil

methyl ester.

al Shift (5,ppm)
Position of Carbon
Soybean oil methyl ester
a 13.95
b,c,d,e,h.k,Lm,n,0,p,q 22.51-33.93

s 51.18

tv =

u o

f.g.1, 127.03-131.73
r 173.95
From the “C ester (Figure A22) as

comparing with soybean %;1 AFlgure A21), it was clearly seen that the signals at .

6202 ppm anﬂ 18] BILERN TG R ot o o
triglyceride were absent and the m m belong} é‘(ﬁlcarbon of
methoxﬂrﬂ O’flr@;ﬂe ﬂ El

From the results of these spectral data, it could be concluded that the product
was soybean oil methyl ester and its structure was as follows:
0o

b d f_ h /] 1 n p r s
; OCHg Soybean oil methyl ester
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t I
H,C—0—C—(CH,);CH=CHCH,CH=CH(CH,),CH;

u

I :
HC——0—C—(CH,);CH=CH(CH,);CH, Soybean oil

v Il
H,C— O—C—(CH,);CH=CHCH,CH=CH(CH,),CH3

4.2.6 Soybean Oil Epoxide

The IR spectrum of seybean oil e &hown in Figure A23. The

Assignments

O-H Stretching

3002 =C-H Stretching
2854 C-H Stretching, Aliphatic
1744 2:# C=0 Stretching
1654 'm C=C Stretching

1460ﬂ u H ,J w Elﬁ ,wa El ﬂcf‘ i\ding, A.liphatic

1 169 Stretching

awm\ﬂnimumwmﬁ’a

Frof the IR spectrum of palm oil epoxide (Figure A23) as comparing with
soybean oil methyl ester (Figure A18), it could be observed that the absorption bands
at 3002 cm™ and 1654 cm™ were observed in the spectrum of soybean oil methyl ester
due to the presence of double bond in fatty acid chain, while they could not be

observed in the spectrum of soybean oil epoxide. It also showed the characteristic
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absorption band of OH stretching at 3456 cm’ which was likely to be dihydroxy

product. The result was confirmed by using 'H-NMR and *C-NMR spectra.

The "H-NMR spectrum of soybean oil epoxide was shown in Figure A24. The

important signals of soybean oil epoxide were shown in Table 4.18.

Table 4.18 The assignments of ' f soybean oil epoxide.

Position of Proton Chemical Shift (5,ppm)

a 0.77-0.81
b,c,d,e;hk,],m,n,0,p 1.14-1.54
q 2.15-2.26
f.g.1y 3.29-3.50
s 3.55
From the lH-NMR spects ,_: oxide (F igure A24) as comparing

with soybean oil mehyl ester (Figure A0 it conid b ab erved that the signal
between 6y 5.14 ppm tﬁ;{ e protons of long chain

fatty acid were absent, an(fth:sl gnals at oy 3.29'to 3.50 p xl m belonged to the protons

oo G AL, e
pmdmﬁWW\'m ‘im UAIINLAY

The 13C-NMR spectrum of soybean oil epoxide was shown in Figure A25. The

important signals of soybean oil epoxide were shown in Table 4.19.
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Table 4.19 The assignments of >C-NMR spectrum of soybean oil epoxide

Position of Carbon Chemical Shift (5,ppm)
a 13.597
b,c,d,e,h,k,1,m,n,0,p,q 22.55-33.92
S 51.28
feii 56.47-57.13

174.19

The C-NMR spectrum6fSoyhe: \ igure A25) showed the

ide trum (Figure A9). That was because in
A A% \
4,1,1 \\\\

soybean oil had linoleic agic p)fmore than \. il (10%). Thus the influence of

difference from that of pa

linoleic acid make the spegtrum dif} af." When compz ing el3C-NMRspectrum of
soybean oil epoxide with y] \\‘ (Figure A22), it could be

observed that the signals of ole at dc 127.03 to 131.73 ppm were

absent, due to the formation gnals at.d; 56.47 to 57.13 ppm

were belonged to the (cart Lit/could be observed the

signals at §; 71.29 to m.03 ppm which resulting from ﬂ ring opening hydroxy

= AUEINENINEINg
IR TATIR M e

was soybéan oil epoxide and its structure was as follows:
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4.2.7 Seybean Oil Diol

The IR spectrum of soybean oil diol was shown in Figure A26. The important

absorption bands of palm oil diol were listed in Table 4.20.

Table 4.20 The absorption assignments of soybean oil diol.

Wave number (cm™) .
A Assignments
Soybean oil epoxide
3456 O-H Stretching
2854 : \ -H Stretching, Aliphatic
S

1744 | . C=O0 Stretching
1460 -H Bending, Aliphatic
1169 C-O Stretching

From the IR spectrun ‘(Figure A26), it showed the

characteristic absorption band of OH stre chi n 6.cm™ which was larger than in

g’ g dihydroxy product

NM@nd C-NMR spectra.
The @ummmm bl i rigue a7, he
R RTSTTV

soybean oil epoxide ,' S —

was completed. The res@was conf
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Table 4.21 The assignments of the 'H-NMR spectrum of soybean oil diol.

Position of Proton Multiplicity Chemical Shift (d,ppm)
a m 0.77-0.84
b,c,d,e,h,k,]l,m,n,0,p m 1.14-1.54
q t 2.19-2.27
fg.ij 3.30-3.51
s ll | p/// 3.55

From the "H-NMR spegirti 1gure A27), it showed the
same spectrum as that ofghe soybes A24) The formation of

dihydroxy product was g@mpletec ; '- op 3.30 to 3.51 ppm were

The C-NMR spectrum .f"f" et as shown in Figure A28. The

——— e gy

important signals of s¢

Table 4.22 The assignment$ of the BC.NMR spectrum of soybean oil diol.

£ ULINENTNEINS
Positio 0 mical Shift (3,ppm)

AR TIER

f.g.1,) 71.22-83.97

iy 174.15
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From the "*C-NMR spectrum of soybean oil diol (Figure A28) as comparing
with soybean oil epoxide (Figure A25), it could be observed that the signals of the
carbon in epoxide group at 8. 56.47 to 57.13 ppm were absent, due to the formation of
dihydroxy product. The signal at &, 71.22 to 83.97 ppm belonged to the carbon

connected to the hydroxy group.

4.2.8 Soybean Oi

The IR spectrum of sgybgan o1 as shown in Figure A29. The important

absorption bands of soybean 6il ni ""': were | Table 4.23.

_ A I
e b e

Table 4.23 The abso e il

Wave numb .
nr : m Assignments
Palmoildiol |  Palm oil nitrate
3456 ﬂ u ‘ ,J ty] v ,S.’W -~ ﬂﬁStretching
. !
2854 q) g!;Z] C-H Stretching, Aliphatic
¢ v/
YWIANNIWHR 1IN TR~
9. 1639 NO, Asymmetric Stretching
1460 1460 C-H Bending, Aliphatic
- 1274 NO; Symmetric Stretching
1169 1173 C-O Stretching
- 854 N-O Stretching Vibration
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From the IR spectrum of soybean oil nitrate (Figure A29) as comparing with
soybean oil diol (Figure A26), it could be observed that there was no absorption band
of OH stretching 3456 cm’! but the absorption bands of NO, (asymmetric and
symmetric) stretching and NO stretching were clearly observed at 1639, 1274 and 854

cm’ respectively. The result was confirmed by using 'H-NMR and *C-NMR spectra.

The 'H-NMR spectrum of soybean Wmte was shown in Figure A30. The

important signals of soybean oil nitrate were &l‘ able 4.24.

Table 4.24 The assignmeatsSEHNNR $pectrum of Soybean ol nitrate.

Position of Protond "/ Multiplicit hemical Shift (5,ppm)

0.75-0.79

bedehklmnopd S £ Sl 1.16-1.55

| | 216224
3.56

5.08-5.14

From the lH-NMQ :.pecu'um of soybean oil nitrate (ggure A30) as comparing

=% v
v AT} LIS PTG w0

3.51 ppm belong%ld to the protons of garbon that connected to a hydrexy group were

o AHARIAS DD AR 1

belonged to the proton of carbon that connected to a nitrate group.

The *C-NMR spectrum of soybean oil nitrate was shown in Figure A31. The

important signals of soybean oil nitrate were shown in Table 4.25.
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Table 4.25 The assignments of *C-NMR spectrum of soybean oil nitrate.

Position of Carbon Chemical Shift (3,ppm) Carbon Type*
a 13.83 CH;
b,c,d,e,h,k,1,m,n,0,p,q 22.31-34.35 CH;
s 51.31 CH;
fg,ij CH
r -

* It was determined by DEPT spectra 2

From the *C- speetrum/q igure A31) as comparing

with soybean oil diol (Figéire /. i C that the signals of the
carbons connected to the hyé pioup at' 3, 71.2 3.97 ppm were absent. due to

the formation of nitrate product

carbon connected to the nitraté g

From the results-of these spectral ¢ ata, it could be sohicluded that the product

9 K ﬂ"ﬁ’fﬁ’ﬂﬁTN g8 e
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4.3 Characterization of 2-Ethylhexyl Nitrate

The IR spectra of 2-ethyl-1-hexanol and 2-ethylhexyl nitrate were shown in
Figures A33 and A34, respectively. The important absorption bands of 2-ethylhexyl

nitrate were listed in Table 4.26.

Table 4.26 The absorption assignments of 2=ethylhexyl nitrate.

Wave number (cm™) S . Assignment
L

2868 " C-H Stretching, Aliphatic
1634 etric Stretching

1465, 138 ng, Aliphatic

1275 ic Stretching
978 ,\\0 retching
866 Stretching Vibration
From the IR specti itrat A34) comparing with of 2-
e "
ethyl-1-hexanol (Fig ” \ here as no absorption band

of OH stretching at 320 3500 cm’, the absorptlon bands of NO, (asymmetric and

symmetric) streﬁwé}t%kﬂ Wewr &kﬁﬂ ‘§s34 1280 and 866

cm’ respectlvelyq'he result was confirmed by using l&-NMR and 1 CﬁMR spectra.

ARIANNIUARTING IR Y

The H-NMR spectra of 2-ethyl-1-hexanol and 2-ethylhexyl nitrate were shown
in Figures A35 and A36, respectively. The important signals of 2-ethylhexyl nitrate

were shown in Table 4.27.
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Table 4.27 The assignments of 'H-NMR spectrum of 2-ethylhexyl nitrate.

Chemical Shift . Number of
Multiplicity Position of Proton

(6,ppm) Protons
0.85-0.92 m a,b 6
1.27-1.48 m c,d, e f 8
1.60-1.78 m g 1

438 h 2
The *C-NMR spectra : @ylhexyl nitrate were shown

in Figures A37 and A3 ['he important signals of 2-ethylhexyl nitrate

were shown in Table 4.28

Table 4.28 The assignmeh hexyl nitrate.

Position of Carbon Chemical Shift of
Alcohol(d,ppm)

a 11.20

b 14.14

¢ 23.42

d 23.73

5 ¢ aCH o 2834 29.58

1 ¥ ‘ﬂ
: FJJ B ENINETNG s
¢ Y,
ARIANNTUARTINGNA
qh 2 ol ol 8.19 20

From the results of the spectral data, it could be concluded that the product was

2-ethylhexyl nitrate and its structure was as follows:

b ¢ e f g h
CH3CH2CH2CH2C\HCH20N02

CH,CH
d2 a3
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4.4 Determination of Cetane Number of Synthesized Nitrate Compounds in Base

Diesel Fuel.
The cetane numbers of the blend of synthesized nitrate compounds with base

diesel fuel at concentration of 0.05 to 2.00 %weight were shown in Table 4.29.

Table 4.29 Cetane number of synthesized nitrate compounds blended with base diesel

fuel.
Concentration e
(%Weight) Base+PO ?S_. P Base+SON | Base+tEHN

0.05 52.7 53.0 542
0.10 527 53.8 53.6 56.0
0.15 = = . 57.0
0.20 . A - 58.3
0.25 52.8 4 .\,%‘:'5" 54.8 .
0.50 52.8 Bz 56.5 .
0.75 52.8 6 455 sg; 58.0 .
1.00 529 | _szdsop 593 _
1.25 529—— 3 = - =
1.50 52,9721 59 _ .
1.75 29 4 597 - . =
2.00 .

Note: Base = OME = Soybean Oil Methyl Ester

'ﬁ“ﬁ“"r‘ﬁ“‘ﬂ”ﬂ‘ﬁﬁl P 0 2l

PON = Palm Oil Nitrate

PPON = Purified Palm Oil Nitrate*

EHN = 2-Ethylhexyl Nitrate

*Column chromatography was used to separate purified palm oil diol from palm oil

diol. Purified palm oil diol was nitrated by using the same procedure nitration of palm
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oil diol to give a product as purified palm oil nitrate. The 'H and *C-NMR spectra of

purified palm oil nitrate were shown in Figures A39 and A40, respectively.

The physical properties of synthesized nitrate compounds blended with base

diesel fuel at concentration were shown in Table 4.30.

Table 4.30 Physical properties %/lblended with synthesized nitrate

compouns =
_ Base + Base +
Properties ~
J % PPON | 1.00% SON
o
Mid-Boiling Point ('F) 4 7.60 557.60
w 3 = i'l|
API Gravity@ 60 F . ©88.61 8.60 38.58
. V- 3 ‘l - : ," 1
iscosity I - El ) | 3.379 3.392
Pour Point (°C) it} <3 2 2
_.,*"I"t Tk
Flash Point (°C | . 64
Cetane Index * 3 57.90
Cetane Number 52.7 313 QQ? 59.3

AUYANEM YN

The syntheSized nitrate compou%ds were easily soluble in base diesel fuel that

did not%@iﬁﬁﬂpﬁp%w&q ﬁcﬂagﬂfé:ﬂuel at the

concentration of 0.05% to 1.00% by weight.

In Figure 4.1, it showed the relationship between the cetane number with

concentration (%wt) of synthesized nitrate compounds in base diesel fuel.
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Figure 4.1 Relation ber of synthesized nitrate

oncentration (Yowt).

synthesized nitrate Cotp 1 base diesel fuel. :J e seen that palm oil
methyl ester did not s any sign of cet: prover ﬁmﬂe palm oil nitrate and

purified palm oil nitrate gave an improvement of cetane number. In addition, the

R—kl ANENINENNI, creino
soybeag;j nﬁrﬁ aer i) mﬂﬁ ,;Tﬁ Wxﬁa—efﬂ Elis could be

raised thqcetane num
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Figure 4.2 Incre the synthesized nitrate -ompounds.

From Figure 4 arie numbers of all samples
were increased when incre oncent SN diesel fuel. Purified palm
oil nitrate and soybean oil ni aised:the cétane number up to 6.8 units at
the same concentration of 1.0% by ht, whereas palm oil nitrate could be raised
only 4.4 units at this -ohcel fits at the concentration

of 1.75% by weight.
From Figure 4.1, 1t could be seen that 2-ethy1hexyl nitrate (EHN) gave the

fi{phest eetans rﬂ,buaﬂw’}%ﬂ %qas‘ﬁ wﬂvﬂ ﬂ ﬁ,ers Although the

cetane increasing capablhtles of nitratescompounds fgem vegetable oilg were low, but
tey bRy PrbANI bV 19 V118 B
|
- Potentially lower feedstock costs
- Use the renewable feedstock
- Improved biodegradability
- Reduce nitrogen content (6.7%) as compared to 2-ethylhexyl

nitrate (8.0%).
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