CHAPTER IV

RESULT AND DISCUSSION

4.1 Synthesis of Cycloalkyl Nitrate Compounds and Tetrahydrofurfuryl Nitrate
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Table 4.1 The absorption assignments of cyclohexylmethyl nitrate.

Wave Number (cm™) Assignment
2852 C-H Stretching, Aliphatic
1630 NO;, Asymmetric Stretching
1450 C-H Bending, Aliphatic
1280 NO; Symmetric Stretching

988 C-O Stretching

866 —_— tretching Vibration

From the IR spe '
with of cyclohexylmetha ; 1)t be observed that there was no the
absorption band of OH s
(asymmetric and symmetri : A C retc ing were clearly observed at
1630, 1280 and 866 cm™' re '
and "*C-NMR spectra..

'H- pegtra of cyclohe:
The "H-NMR speot W

e imortant'mgnals of cyclohexylmethyl
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Table 4.2 The as ments of 'H- spectrum of cyclohexylmethyl nitrate.
sign NMR spe f oy ylmethy]

Chemieal Shift d. a Etmber of

shown in Figures A3 aan, respectively.

ultipli sition o ofon
(S,plam) Protons
0.96-1.27 m a,b 6
1.62-1.77 m ¢, d 5

4.23 d (J=6.00 Hz) e 2
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The "“C-NMR spectra of cyclohexylmethanol and cyclohexylmethyl nitrate
were shown in Figures AS and A6, respectively. The important signals of
cyclohexylmethyl nitrate were shown in Table 4.3.

Table 4.3 The assignments of ?C-NMR spectrum of cyclohexylmethyl nitrate.

Position of Carbon | Carbon Type* Chemical Shift of | Chemical Shift of
Nitrate(3,ppm) Alcohol(d,ppm)**

a 25.60 25.81

b 26.56

¢ 29.55

d 40.41

e 68.56

* It was determined by DEPTspe

**The position of carbon of algehol was fené!'

From the results of the sp tral?éf

F >

cyclohexylmethyl nitrate and its strictiire as fe low:
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shown in Figures A7 and A8, respectively. The important absorption bands of

cyclohexylmethyl nitrate were listed in Table 4.4.
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Table 4.4 The absorption assignments of 2-cyclohexylethyl nitrate.

Wave Number (cm™) Assignment
2852 C-H Stretching, Aliphatic
1630 NO; Asymmetric Stretching . -
1449 - C-H Bending, Aliphatic
1280 NO; Symmetric Stretching
963 ’/// C-O Stretching
866 / tretchin g Vibration
o ——
L LA . ‘ ) ad f
From the IR spectru’ hex yleth ate_(Figure A8) as comparing
with of 2—cyclohexyletha A7)t could be. ob erved that there was no ;}(é/\

(asymmetric and symmetri t d | I ng were clearly observed at

1630, 1280 and 866 cm",re e _ fvely, T ‘was confirmed by using 'H-NMR
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and AlO, respectively Tm important signals of
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Table 4.5 The assignments of H— spectrum of 2-cyclohexylethyl nitrate.

ChemiﬁWt | A d.b) EI I j El &l -ﬁ Elmberof
osition of Proton

shown in Figures Ag

ipli
(8,pp,n) Protons
0.94-1.50 m a,b 6
1.53-1.72 m c,d, e 7

4.5 t(J=8Hz) f 2
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The "“C-NMR spectra of 2-cyclohexylethanol and 2-cyclohexylethyl nitrate
were shown in Figures All and Al2, respectively. The important signals of
cyclohexylmethyl nitrate were shown in Table 4.6.

Table 4.6 The assignments of >C-NMR spectrum of 2-cyclohexylethyl nitrate.

Position of Carbon | Carbon Type* Chemical Shift of | Chemical Shift of
Nitrate(3,ppm) | Alcohol(d,ppm)**
a CH, 26.04 26.23
b /// 26.52
¢ 33.32
d 34.18
e 40.19
f 60.40
* It was determined by DEPT spect
**The position of carbon of alcolol +
From the results of the spectral dz be concluded that the product was

N, "

!

d
@H,CH,0NO,

ﬂuﬂ mwmn‘j
ARIAINIUNRTINYIA Y

4.2.3 1,4-Cyclohexanedimethyl Nitrate

The IR spectra of 1,4-cyclohexanedimethanol and 1,4-cyclohexanedimethyl
nitrate were shown in Figures A13 and A14, respectively. The important absorption

bands of 1,4-cyclohexanedimethyl nitrate were listed in Table 4.7.
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Table 4.7 The absorption assignments of 1,4-cyclohexanedimethyl nitrate.

Wave Number (cm™) Assignment
2863 C-H Stretching, Aliphatic
1625 NO; Asymmetric Stretching
1451 C-H Bending, Aliphatic
1282 NO; Symmetric Stretching
946, 978 / C-O Stretching
864 / tretchmg Vibration

From the IR spectz hyl nitrate (Figure Al4) as

comparing with of 1,4-cyc . It could be observed that
there was no the absorpti f% { stretct \‘ 3600 cm’' but the absorption
bands of NO, (asymmetric metric).stre 2 and NO stretching were clearly
> result was confirmed by using
'H-NMR and "*C-NMR spec

The 'H-NMR s¢ ’;f # d 1,4-cyclohexanmethyl

nitrate were shown in ﬂures A1lS5 and AlS6, respectivem The important signals of

R TEHIN ﬁ"ﬁ"ﬁ“w 8IN3
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Table 4.8 The assignments of 'H-NMR spectrum of 1,4-cyclohexanedimethyl nitrate.

Chemical Shift Number of
Multiplicity Position of Proton
(8,ppm) Protons
1.01-1.16 m f 4
1.42-1.88 m c,d, e 16
4.24 d(J=6Hz) b 2
4.35 d(J=6 Z ‘ a 6
é

The "“C-NMR specira_of-1.4-cyclo iedimethanol and 1,4-cyclohexane

dimethyl nitrate were W Figures \A17 2 TN 8, espectively. The important
signals of cyclohexylmeéthylsit; ere shown in Tz \ )

Table 4.9 The assig | ,4-cyclohexanedimethyl nitrate.

Position of Carbon z A\ FEOE | onmaon Waar
e e(5,ppm) | Alcohol(8,ppm)**
a === 77.60 66.35
b e 63.84
c L ) 38.46
d CH 32.873‘:I 3594
‘o LY p
- FUHINYY|TIBINT
| | L
r Y CH, 25.02 W 2361
' , ‘ o1 |

q
**The position of carbon of alcohol was referred by Ref. [28].

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

1,4-cyclohexanedimethyl nitrate and its structure was as follow:



58

trans Cis

CH,0NO ,

4.2.4 Tetrahydrofurfuryl Nitrate

The IR spectra of tetrahydrofi «\\ [yol and tetrahydrofurfuryl nitrate were

shown in Figures A19 and 1mponant absorption bands of

cyclohexylmethyl nitrate we d’in Table 4.1 :

Table 4.10 The absorpti t/ of tc ahy k 1 nitrate.

Wave Number /// g‘\\\\ gnment

2878 etching, Aliphatic
.ﬂulu \ \
1634 ﬁ,qu £ metric Stretching
A
1460 : : T -H Bending, Aliphatic
1280 o e 2 Symmetric Stretching

1091 E’E'.-!-— C-0 Stieic ,Cychcether
988 m

Vibration
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of tetrahydfofurfuryl alcohol (Figure A19), it could be observed that there was no the
absorption band of OH stretching 3200-3600 cm™ but the absorption bands of NO,
(asymmetric and symmetric) stretching and NO stretching were clearly observed at
1634, 1280 and 866 cm™ respectively. The result was confirmed by using '"H-NMR

and C-NMR spectra.
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The 'H-NMR spectra of tetrahydrofurfuryl alcohol and tetrahydrofurfuryl
nitrate were shown in Figures A21 and A22, respectively. The important signals of
tetrahydrofurfuryl nitrate were shown in Table 4.11.

Table 4.11 The assignments of '"H-NMR spectrum of tetrahydrofurfuryl nitrate.

Chemical Shift Number of
Multiplicity Position of Proton
(8,ppm) ‘ Protons
1.63-1.69 2
1.87-2.06 2
3.75-3.87 2
4.12-4.17 1
4.38-4.45 2
[ .
*5-" A
The "C-NMR spectr. d yl. alcohol and tetrahydrofurfuryl
4 * e I la. , 4
nitrate were shown in Figures 23 “and ‘ﬁ 2 ectively. The important signals of
Haidiad -
tetrahydrofu 1 nitrat hW
etrahydrofurfuryl ni ?ewef_ E--',..a..zf} )
Table 4.12 The assi of PC-NV drofurfuryl nitrate.

Position of Carbon Carbon g | Chadkalshilver

Nitrate(3,ppm) Alcohol(3,ppm)**

Ay %ﬂﬂﬁﬁﬁ’mﬁ

’Q WWN ﬂ«ﬁm 1]1’1’]73}5115 T8 b

* It was determined by DEPT spectra as shown in Figure A34

**The position of carbon of alcohol was referred by Ref. [29].
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From the results of the spectral data, it could be concluded that the product was

tetrahydrofurfuryl nitrate and its structure was as follow:

€
0 CH,0ONO,

4.3 Characteristics of 2-Ethylhexyl Nitrate

Table 4.13 The absorptlo \ itrate.
Wave Number (cg &ignment
//A (= “‘\
2868 S C.H Stetching, Aliphatic
e Itffa 72y 4
1634 ;,Ijﬂ{ . NO; Asymmetric Stretching

1465, 1383 1~ C-H Bending, Aliphatic

1275 ) | nmetric Stretching
O Stretching

O N Str;pching Vibration

“H ’

From the IRﬁépectrum of 2-ethylhiexyl nitrate (Figure A26) comparing with of 2-
ethyl-l-haqalm' aﬁ\ﬁﬁ ﬁm lloulrlahm&r\]ﬁuﬂe absorption

band of OH stretching 3200-3500 cm™ but the absorption bands of NO, (asymmetric

ﬂ

and symmetric) stretching and NO stretching were clearly observed at 1634, 1280 and
866 cm’ respectively. The result was confirmed by using 'H-NMR and '*C-NMR
spectra. The '"H-NMR spectra of 2-ethyl-1-hexanol and 2-ethylhexyl nitrate were

shown in Figures A27 and A28, respectively. The important signals of 2-ethylhexyl
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nitrate were shown in Table 4.14.

Table 4.14 The assignments of 'H-NMR spectrum of 2-ethylhexyl nitrate.

Chemical Shift Number of
Multiplicity Position of Proton
(8,ppm) Protons
1.60-1.78 d(J=06Hz) g 2
1.27-1.48 m c,d, e f 4
0.85-0.92 8
4.38 1

The *C-NMR specird ¢ \\ lhexyl nitrate were shown
in Figures A29 and A . res / The \\3 als of 2-ethylhexyl nitrate
were shown in Table 4. 1" \

Table 4.15 The assignments f 2-ethylhexyl nitrate.

Position of Carbon mical Shift of | Chemical Shift of
rate(5,ppm)* | Alcohol(S,ppm)**
a 25.81
b _‘ 26.56
c m CHz 29.43 m 29.55
‘R H‘JC'PIH‘V §Wﬂﬂﬂ‘i 01
'Y I68.56

**The positimql of carbon of alcohol was referred by Ref. [31].

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

2-ethylhexyl nitrate and its structure was as follow:

b ¢c e f gh
CH;CH,CH,CH,CHCH,ONO,

CH,CH;
d a
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4.4 Determination of Cetane Index of Synthesized Nitrate Compounds in Base

Diesel Fuel.

Table 4.16 provided mid-boiling point, API gravity and cetane index as the

results of 0.05% and 0.10% by weight of cyclohexylmethyl nitrate, 2-cyclohexylethyl

nitrate, 1,4-cyclohexanedimethyl nitrate, tetrahydrofurfuryl nitrate and 2-ethylhexyl

nitrate which were blended in base diesel fuel.

diesel fuel.
Concentration B
(Yoweight) Comipos
None B
0.05

NG

e daia = )

ized nitrate compounds with base

B%lse + CHEN

o.10%] VYol chbla

Base + THFN

Base + EHN

Improver CCI
CCI

Value Improved

40 53.60 - -
3.94 56.97

3.97 57.40

3.94 56.97

3.98 57.58

3.94 56.97

6.36 39.59

525.20 | 53.62 |4 ,6.41 60.03
Sodol | Bl P & | 5o
525.20 | 53.80 6.43 60.23
521.60 | 53.23 6.36 59.59

Note:

CHMN = Cyclohexylmethyl Nitrate

CHEN = 2-Cyclohexylethyl Nitrate
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CHDMN = Cyclohexanedimethyl Nitrate
THFN = Tetrahydrofurfuryl Nitrate
EHN = 2-Ethylhexyl Nitrate

CCI = Calculated Cetane Index

CCI Improver = CCI + Improver Value

From Table 4.16, it could be seen that mid-boiling point of all blended base

diesel fuels at the concentration ,’ 0.10% by weight gave the values

wsre API gravity values of 38.0.
T —

Therefore, it was found d |cetane in

compounds did not give an // h e physic

value of base diesel fuel #vitho

similar to base diesel fuel
these synthesized nitrate
: rties as compared with the
account of using only an

equation according to the méthod ¢ ﬁS& )976

J"’.i". e L ¥

In fact, the calculated getane, index equation possesses certain inherent
Jil*.l'f';af:'“l dL

limitations which must be recog; ation. There are

P IIe c %
1. It is not applicable to fubls ¢onta ning ac es for raising cetane number.

2. It is not app “v— pure hyd - étic fuels, such as certain

products deriveE]from shale oils, tar sands, alkylms or coal-tar products.

e AT

found that the imiproved equation for con51denng the lmprover value could be

iR RV AEMNINY6 2

Improver value = 0.1742(0.1G)"***4(0.01M)"***(In (1+17.5534D))
where

G = API gravity at 60 F, determined by ASTM D1298

M = Mid-boiling point temperature ('F), determined by ASTM D86

D = Percent weight of cetane improver
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By adding this equation to an equation in ASTM D976, the correct calculated
cetane index of diesel fuel containing cetane improver could be determined as shown
in Table 4.16. It could be seen that the calculated cetane index of all samples were
increased by 3.9 units at the concentration of 0.05% by weight, and 6.4 units at the
concentration of 0.10 % by weight, respectively, as compared with base diesel fuels.

From CCI improver values, it could be seen that the blended base diesel fuels

with cycloalkyl nitrate compoun furfuryl nitrate gave higher CCI
improver value than base di ‘ ‘ itrate at the concentrations of
0.05% and 0.10% by weight!" Acetrdi | . .‘-j“trations, tetrahydrofurfuryl
nitrate gave the highest C( PLOVET | ed with the others. These
results were observed that ‘ompo it rpbfated oxygen atom in

hydrocarbon chain, could hé i ‘ v; cater e number. This pointed out that

oxygen atom in the hydrocz 1 1S, € ance e oxidation, which resulted in

4.5 Determination of Qhane lmprovg ent of _ itrate Compounds in

In this study, there was gother method fo U calculation of cetane improvement.

Cetane lmprovemﬂ uﬂdg bﬂ &Lm Wuﬁlb’]dnrﬁned by nomograph
R RSPV TR
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Table 4.17 Cetane improvement of the blend of synthesized nitrate compounds with

base diesel fuel.
Concentration Blended .
Density @ 15 C ACN CN
(Yoweight) Composition
None Base 0.8344 - 54.00
Base + CHMN Y\\ 2.97 56.97
— *-.
Base + CHE = 2.97 56.97
0.05 Base + C 297 56.97
Base + THEN 0.8 3.00 57.00
W .
Base + EHN / -0 2.97 56.97
Base + CHMN J | 2 08 498 58.08
Base + CHi 498 58.98
0.10 Base + CHD 498 58.98
Base + T 59.00
58.98

e A‘ﬁ‘lﬂ‘ﬁ“ﬂoﬁﬂ’mw BN

CN'¥ Cetane Number ¢ o
Fro 15 4o G %W%lﬁa aaﬁmpnes were
increased by 3.00 units at the concentration of 0.05% by weight and 5.00 units at the
concentration of 0.10% by weight, as compared with base diesel fuel. These results
gave the similar trend of cetane improvement as Calculated Cetane Index. It could be
concluded that the cetane number could be increased by adding the nitrate compounds,

such as these synthesized nitrate compounds of this study, to the base diesel fuel.
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4.6 Physical Properties of Synthesized Nitrate Compounds in Base Diesel Fuel

There were many properties that were considered to be most indicative of diesel
fuel quality. Some diesel fuel properties were presented in Table 4.18 except mid-
boiling point, API gravity and cetane index that were shown in Table 4.16

Table 4.18 Physical properties of synthesized nitrate compounds in base diesel fuels.

Concentration Blended | Flash Point | Pour Point Viscosity
(%weight) Compositior ' / (C) @40°C
Base 9 0.0 3.059

Base + Of N 1.0 3.070
Ba ~ 1.0 3.068
‘iﬁ'-ﬂ,
0.05 Ba WN__& W -2.0 3.066
@ (F 4\
B ot N 0.0 3.061
AEC N
Base Ra 70 0.0 3.060
Base + = 1.0 3.068
{ 1.0 3.065
0.10 1.0 3.066
I |
B; + THFN 73 0.0 3.059
‘o .Y
A TNUNINENTG | 3o

4

ARSI URIINYIAY

4.7 Deterniination Effect of Tetrahydrofurfuryl Nitrate and 2-Ethylhexyl Nitrate

on Base Diesel Fuel Properties

The addition of tetrahydrofurfuryl nitrate and 2-ethylhexyl nitrate had no
measurable effect on diesel fuel properties other than cetane number. This was

illustrated by the data in Table 4.19, which shown that even at additive concentrations
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0f 0.20%, 0.30%, 0.40% and 0.50% by weight no changed in properties such as mid-
boiling point, API gravity, viscosity, flash point, pour point and density were evident.

Table 4.19 Effect of tetrahydrofurfuryl nitrate and 2-ethylhexyl nitrate on diesel fuel

properties.

Tetrahydrofurfuryl Nitrate 2-Ethylhexyl Nitrate

Property Concentration (% wt.) Concentration (% wt.)
0.20 | 0.30 | 0.40 | 0.50
Density at 15'C 341-0.83 3440834, | 0.835 | 0.835 | 0.835 | 0.835
Viscosity at 40'C : 51| 5:060 | 3:066 | 3.059 | 3.060 | 3.066 | 3.065
Pour Point(°C) 0.0 -20 | -2.0
Flash Point("'C) 73 70 70
Mid-boiling Point(’C) 272 | 272 | 272
API Gravity at 60°F : 17380 | 380 379 | 379 | 379 | 379
Cetane Number[10] : 80 | 61.45 | 63.25 | 64.60 | 65.80

AULINENINYINT
PAATUAMINYAE
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o
— _2-Ethylhexyl Nitrate
3 1 _ Tetrahydrofurfuryl Nitrate
62 -
61
0!
59 -
58 ——
0.1 05

Figure 4.1 Cetane respo %\\\ and 2-ethylhexyl nitrate

From Tables 4.18 and 4. seen that the synthesized nitrate
compounds did not ake any chan; nos o '_ ysical prope ;: les of the base diesel fuel
and all of blended base "-' ese s ase diesel fuel.

J] L'J

]
s

If the synthesized m‘;rate compounds dld make any change to the physical

properties of theﬂsu Bx‘a 1/ hést bidn W’]ﬂi@s could not be used

according to the spemﬁcatlon of dieselfuel.

QW'\MﬂimﬂJﬁﬂﬂEﬂaﬁl
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