CHAPTER III

EXPERIMENTAL

3.1 Apparatuses
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3.2 Chemicals

1. Cyclohexylmethanol: analytical grade; Merck
2. 2-Cyclohexylethanol: analytical grade; Merck

3. 1,4-Cyclohexanedimethanol: analytical grade; Merck

8. 65% Nitri€ Agid: analyicaligtade; Lab-Scan
(T

9. Sodium Hydrogen 4 tical grade; Merck
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12. Base Diesel Fuels; Petroleum Autherity of Thailand.s
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10. Anhyd ; Merck
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3.3 Synthesis of Cycloalkyl Nitrate Compounds and Tetrahydrofurfuryl Nitrate

3.3.1 Synthesis of Cyclohexylmethyl Nitrate

The solution of cyclohexylmethanol (2.28 g., 0.02 moles) in
dichloromethane (30 ml.) was added dropwise into a stirred mixture of 65% nitric

acid (4.85 g., 0.05 moles) and 96% sulfuric acid (10.21 g., 0.10 mole) within 30

separate. The organic la ter, 10 ml. of 10% sodium

hydrogen carbonate and*20 l. espect; e solution was dried over

The so;lﬁhon of cyclo, cyleth 84 g, 0.03 moles) in

dichloromethane (30 (3, was ac tizred mixture of 65% nitric

acid (4.85 g., 0.05 moles) and 96% sulfuric amd (10 21 g., 0.10 mole) within 30

minute and coolﬂ 1&8@%&%@% S1dtich s tirred for over a one
hour. At the ﬁmt the stlmnﬁ' Oﬂm E Tlmjs allowed to
separate. %e 0 gat 1. of water, 1 10% sodium

hydrogen carbonate and 20 ml. of water, respectively. The solution was dried over

anhydrous sodium sulfate. The solution was the concentrate on a rotary evaporator at
60°C to give 4.69 g. of cyclohexylmethyl nitrate (90.37% yield) as a pale yellow

liquid.



46

3.3.3 Synthesis of Cyclohexanedimethyl Nitrate
The solution of 1,4-cyclohexanedimethanol (2.88 g., 0.02 moles) in
dichloromethane (30 ml.) was added dropwise into a stirred mixture of 65% nitric
acid (9.70 g., 0.10 moles) and 96% sulfuric acid (15.31 g., 0.15 mole) within 30
minute and cooled in ice-bath at about 0+ 2°C. The solution was stirred for over a one

hour. At the point, the stirring was stopped and then the solution was allowed to

separate. The organic layer wa@
hydrogen carbonate and wﬁ/ateq re@The solution was dried over

anhydrous sodium sulfate.y‘ ‘ trate on a rotary evaporator at
N

. of water, 10 ml. of 10% sodium

In a reactor was p c acid (3.88 g., 0.04 moles)

The nitric acid was cooled t % furic acid (6.13 g., 0.06 moles)

and 0.2 g. urea was added The'f;';ﬁ%:‘ / d co ﬁed below -20 C and then
i

2.04 g. (0.02 moles) oﬁﬁu_.W-___ dded over a one hour. The

solution was stirred form hour more, 10 ml. of dichlor thane was added and the

J
AN L*): 1 12 (1 L1

into 200 g. of crushed ice layered w1th 50 ml. of dlchloromethane The organic layer

i | PRI BHhcborsc s

ml. of water respectively. The solution was dried over anhydrous sodium sulfate. The
dichloromethane solvent was removed by rotary evaporator at 60 'C to give 2.06 g. of

tetrahydrofurfuryl nitrate (70.07% yield) as a pale red liquid [9, 23].
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3.4 Synthesis of 2-Ethylhexyl Nitrate

50 ml. Dichloromethane were added 96% sulfuric acid (6.13 g., 0.06

moles) and 65% nitric acid (3.88 g., 0.04 moles). 2-Ethyl-1-hexanol (2.6 g., 0.02
moles) were then slowly added to the well-agitated mixture whilst maintaining the
temperature between 0 'C and 5 ‘C. The mixture was stirred for over a one hour.
Stirring was stopped, and allowed the mixture to separate. The lower spent acid
: #}ed. The organic layer was washed
d"{ﬂhed with sodium hydrogen

with water to remove the '-;.\-m.,-e.

(comprising mainly strong sul

i

oved on a rotary evaporator at

carbonate, after which it wa

60 C, to give 3.26 g. of

3.5 Characterization and yati v; ; ized Nitrate Compounds

2. Founer-TraPsform NMR Spectrometer
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“ Blended with Synthesized Nitrate Compounds

Blended base diesel fuels containing with 0.05% and 0.10% by weight of

synthesized nitrate were determined of their properties and cetane index.
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1. The blended base diesel fuels were prepared by blending synthesized
nitrate compounds (0.50 g. and 0.25 g.) in base diesel fuel (500 g.). The synthesized
nitrate compounds were as follow.

1) Cyclohexylmethyl nitrate

2) 2-Cyclohexylethyl nitrate

3) 1,4-Cyclohexanedimethyl nitrate

2. The physi base diesel fuels were

determined as shown in Tab

Table 3.1 Test method of th .

=\
Prope I ﬂ ‘A\\\ Method

Mid-boilingpoifit A ‘i. . ASTM D86

.s.t'-"g' re:
""'la-"‘ ”_, -

Pour point. s ASTM D97

ASTM D1298

API gravit

ASTM D93

Visity
SB naNnT Ny TS

f L]

mSTM D445

3.5.3 Determlnatlon of Cetane Impmv’iﬁ Eil' l_S}ynaﬁbgtjzed Nitrate
Blended base diesel fuels containing with 0.05% and 0.10% by weight of

synthesized nitrate compounds were determined of their cetane numbers. Apart from
cetane number testing according to ASTM D613 CFR engine technique, there is the

other method for prediction of cetane number of diesel fuel. It is the calculation of
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cetane improvement from the alignment chart of the Associated Octel Company Ltd.
[10], as follows.

1.Density at 15°C (which correlated with API gravity at 60 C) of blended
base diesel fuels were measured at 0.05% and 0.1% concentration.

2.Cetane improvement was calculated by nomograph for the calculation

of cetane improvement which given in Flgure 3.1 by using density data and the cetane

number of the known base diesel

Method of Using Nomo
1.Identifying t
axes and draw a line joinin

2. Where this li

that is desired and extend thé ling to i ;_ )¢ ation axis to predict the additive

concentration, or

back along the line to themredicted cetane number increasém

3.54 Deﬂnug.’} %«ﬂ mlﬁ weﬂ;ﬂrﬂeﬁnt of Tetrahydro

furfuryl Nltrate and 2-Efhylhexyl NitFate in Base Diésél Fuel

q ﬂnded ase ns‘jm gslntﬂmg w1tn gt!%, Q g,',lo 40% and

0.50% by weight of tetrahydrofurfuryl nitrate and 2-ethylhexyl nitrate were

determined of their properties and cetane numbers [10].
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Figure 3.1 Nomograph for the calcilation of cetane im ﬂovemidt from cetane
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