CHAPTER 3
EXPERIMENTAL

3.1 Apparatus and Instruments

Aldrich Kugelrohr Apparat model 213-196-2

High Vacuum Pump om2 20035
Infrared Spect ,. anq mer,model 780
v1ty infrared
ometer
Fourier-Trang R spectrometer: Jeol, model
INX-FX 90 Q

Mass Spectromgte 7.{ . ] 300

3.2 Reagents and Their Pu

-Hexyl b rfl:-"— agent . Syitzerland

-Hagnesium;ru ufa Switzerland

1)
-Stannic chxgrlde anhydrous reagent grade, Fluka,

swﬂw'msmwmm

-Tet.rahydrofuran and golune anh&rous: remov
QAR A IR B

dlstllled before use

-Iodine crystals

-Hagnesium-sulfate anhydrous: reagent grade, Fluka,

Switzeriand

—-Anmonium chloride: satuarated aqueous solution

-Solvent: distilled before use
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3.3 Synthesis of tetrahexyltin by Grignard reaction.

n-hexylmagnesium bromide was prepared from mnagnesium
turnings (12.39g, 0.51mole) and n-hexyl bromide (84.19g, 0.51mole)
in THF (200ml) contained in 500ml flask fitted with a condensor

and drying tube, stirrer, dropping funnel, and dean-stark glass

apparatus for trapping the te , from reaction. The reaction
" had been initiated by adding & ntities of iodine and the
hexyl bromide was added dwopwise. WhemwtLhe addition was complhet.ed,
THF was distilled g nsthe feaction mivbire using dean-stark
apparatus. Toluene off 1 3 '..5 ad and, t stannic chloride

(22.17g) was added Py S "-- \\ \\\‘ irring. The reaction
e \\\
d, "'F' The

nall amount of satuarated

mixture was refluxeg excess Grignard

reagent was decomposgt

anmonium chloride sol 1on£§:;~"rf > Jayer was separated and

AT TR _
evaporated at diminishedpressute © d the crude product which

was distilled at| ppduced-pressure—giving=teerahexyltin 35.45¢,
(91.06% yield bas% on ¢

ger, b@. 180-182°C/3nnHg.

Elemental amBlgsis: C L8 requires #C 62.7, #%H11.4;

A UDI RTINS
) atﬁﬁ“ﬂ"ﬁﬁﬁiﬁ’ﬁﬁlﬁi““

H NMR (CDCla): d (ppm)s 0.713, 0.801, 0.882, 1.266; see
fig 3.2

*c NMR (CDC1,):d(ppm); 9.263, 14.193, 22.861, 27.141,

31.692, 34.346; see fig 3.3

Mass Spectrum: base peak at 375, mn-85/e at 373; see fig 3.4
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3.4 Determination of antiknock property of the alcohols and

tetrahexyltin in gasoline base.

The octane numbers of various gasoline composition bases

blended with alcohols and tetrahexyltin were présented in the

tables below. The octane determination was made by Petroleum
_Authority of Thailand (PTT). (ASTM D 2699 and D2700)

Table 3.1 Blend of tetrahexyltis and iso-propyl alcohol with

\,\\_

unleaded g.:;hxxgkw

- ’ | ka\hv“ 2d_gasoline base
Blend STt i _58% by volume)
7/ = \\\\\
\ HON
Base ai.1
Base 81.8
Base B2.2
Base B2.9
Base + 7'%‘ 88.5 84.3
AUBINY NN o
;Q vwlja e + 5% + 1g ‘Sn 88. ‘53 .0
DASNTRIUNAING AL
q
Base + 10%+ 1g Sn 81.0 86.1
Base + 5% + 2g Sn 88.4 83.1
Base + 7% + 2g Sn 89.5 85.1
Base + 10%+ 2g Sn 91.3 ' 86.4

19201940



36

The octane number of the blends increased as tin and
alcohol content increased. The octane number increased 1-5 units.

See fig 3.5.

Table'3.2 Blend of tetrahexyltin and iso-butyl alcohol with

unleaded gasoline base

@d gasoline base

Blend ¢ -
MON
Base ﬁEJT ' 80.0
Base +41g ,‘*“FE' . 79.4
Base + 2 %}F 8 79.7
Base + 5uF ooeid 6. 80.1
Bas = 81.3
Bas .' = 82.7
Base 5% + S0 80.5
gﬁr 87.4 b 81.9
AREANENSAEnG ..
Q ,.jzti 54 L/ g1.2
' qw’]ase T] uhl wﬂ-]aﬂza,
Base + 10%+ 2g Sn 88.8 : 83.0

The octane number of the blends increased as tin. and

alcohol content increased. The octane nunber inqreased 1-4 units.

See fig 3.6.



~

Table 3.3 Blend of tetrahexyltin, iso-propyl alcohol and

iso-butyl alcohol with unleaded gasoline base

(alcohols were mixed 50:50)

leaded gasoline base
Blend compo
o d
Base ; 80.0
Base + _ 80.6
LW E |
Base + Sn ;Eu_ 81.2
Base + 5 2 8 81.4
¥ &
Base + T% oH . 82.3
Base + 10 SN 82.9
Base 81.8
Base +E“A+ . 82.8
Base 1g Sn 88.3 83.4
%) El mJ\ ﬁﬂEJ’lﬂﬁ
Y
%gi + T% ‘jg QFf 82.7
; |
YW.LAN gﬁlJ RANYNA L.,
qi
The octane number of the blends increased as tin and

37

alcohol content increased. The octane number increased 1-5 units.

See fig 3.7.
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Table 3.4 Blend of tetrahexyltin and iso-butyl alcohol with
unleaded gasoline base at high octane number

Light Naphtha 20% Reformate 80%

' nleaded gasoline base
Blend compos:
MON
Base N Bgs 85.1
85.3
85.4
83.5
84.2
84.7
83.8
Base _:l 84.5
[}
Base + ;péi 1g Sn‘ 84.9
Bl 3 W B PERIN
u ) :
Base + 7% + 2g Sw | = 920 | aB4.8
ARARIAIN UR N8 L.

The’ octane number of the blends increased as tin and
alcohol content increased. The octane number increased 1-3 units.

See fig 3.8.
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3.5 Determination of octane distribution of the blend of

alcohols in gasoline.

This method was distillation and recovered gasoline at
100 °C to determine RON. The octane numbers of gasoline blended
with alcohols were presented in table 3.5.

Table 3.5 Octane distribution of the blend of alcohols with

unleaded gasolin
Blend éﬁnr

Base
Base
Base
vBase +FS 4

B0.1

Base + 81.3

Ba.

o
(L?E‘ }‘

Basﬂ» 5% E L, 5

Base ‘ BT

ﬂummsm B3
ARIANN 3TN AN A

3.8 Determlnatlon of volatility of alcohols in gasoline.

i

86.2

(ASTM D 86 and ASTM D 323)

These tests that were determined by distillation (ASTM D
86) and Reid Vapour Pressure(RVP, ASTM D+323) wefe presented in

table 2.8 and 2.7.



Table 3.6

Distillation of gasoline blended with iso-propyl

40

89

100

alcohol and iso-butyl alcohol
Blend
composition
3
s
Base A
| A
Base+5%1PA 1] 881
Base+7%IPA |Fasf e2f ot
5 "1 ¥ T
Base+10%IPA 5 ——
P = TR
Base+5%1B: ’
. Base+T#I

Base+10%IBlﬂ 45

el WY
PRTAM

ABase

Base+10%

=)

P

45

45

=3 adlp

NEY

A

61| 69

78

Wy
14}

85| 97

0} 70

80} 90

EP

9{118
109

109

91118

le)
ﬂ‘ji . 1‘7

107

12511351145

129{143

11711271143

1171127(143

11711271144

11181127

127

144

145

1181128(145

170

170

170

170

170

170

170

185

165

185

The distillation was recovery 98-99% by volunme.
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Table 3.7 Reid Vapour Pressure of gasoline blended with

iso-propyl alcohol and iso-butyl alcohol

Blend composition RVP (psi)

Base 6

+ 5% IPA

3.7 Determlnatlon istent gumnen gasollne (ASTM D 381)

The@uzd o bE bk VB[ atconos wore

presented in t.ableas and were calculated, by

QW']MT]?MMW]’”]EI']QEI

A

existent gum content, mg/100 ml

¢ = weight recorded for sample and residue, g
D = weight recorded for sample, g |

X = weight recorded for blank, g

7 = weight recorded for blank and residue, g
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Table 3.8 Existent gums of gasoline blended with iso-propyl

alcohol and iso-butyl alcohol

Blend composition Existent gum(mg/100mD)

Base

Base

Base

Base

Base

Base

Base

Base

Base

Base + ' ' 1>-n£=':f;l Bl

Base _ﬁ;&‘

i
i¥

- v
o 2RI NSNTWHAN Fo
i ‘
Each sample showed a Wery littlgycorrosion (do.1) at 50°C,

QRN ANINGIAY

3.9 Determination of Heat 6f combustion of gasoline blended

with alcohols.

Heat of combustion of gasoline blended with alcohols were

presented in tables.s and were calculated by



H = tw-e,-e,-e,/n
H = Heat of combustion (cal/g)

energy equivalent of calorimeter (cal/°C):

]
1l

o+
1

net corrected temperature rise (°C)

solution used in

*or heat of formation

Y1

drocarbon fuels

wsauv]e

e, orrect 10

AuefAniningans

QRSN INE0eY. ..

3

43

es fop|heat of combustion
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Table 3.9 Heat of combustion of gasoline blended with

iso-propyl alcohol and iso-butyl alcohol

&f combustion(cal/g)

Blend comj _____ﬁ

- r 199.30
Base M2234.04
Base NN 626 30
RBREA ‘ 11529.89
Base + 57 11675.93
IR BA 11764.50
Base. --_-""E:_ -

11737.83
Basel¥/ ' Y ]

Base 112070.25

éjumwﬂw WYL
ARTATATANTTA g
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MASS SPECTRUM : (26 TG 28)
SAMPLE.PCNGPAN 8 MAY 31 o)
NOTE  :7@s1 EIL,710V,366UA,CHAR
BASE PEAK : M/E 315.8 INT&S

508 -,
2
» -
B o o
(%] =]
Gtg - L !
=g NIRRT pom— -Mwm/m'ﬂﬂ .
. 158 200 M/E
: - PN
5051 a7ecH -85 &0
o -
oot 7l ‘ g L
- a : : : & . 1 ) -lJ-p “.. T ‘ljm ‘ea
5a . 380 . 350 480y

ARANNIAIURIANGAA .

th



RON

) -
ATETNENTWETAS
RINIUNRINGAY



89.5T

87.61

845
8361

FIG 3.6
Effect of ff on RON

RON
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FIG 3.7
Effect of mi 7 cohols on RON
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FIG 3.8
Effect of 1BA)on high RON

RON.
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