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Improvement of Gasolitie Octane Number Produced from
Basrah Refinery Plant by new Additives
A. Z. Raheem, MM, Alfaize, H A. Mehdi
College of Engineering — Basrak Universily
Abstract:

Basrah Refinery Plant produces recently gasoline with low oclane number reached to 75.5, 69.0 for
leaded and unleaded gasoline respectively. These fuel causes severe damage to engines and also causes bad.

fuel combustion which increases air pellution due to the high percentage of [CO] and [CO2] in the exhaust
produced . ;

In this research it is tried to improve the gasoline octane number by new chermica! additives [aromatic®
hydrocarbons , aliphatic and aromatic amines] with different percentages in gasoline .

This kinds of additives can also be used as antioxidanis, antirust and anticorresion which reduces the
total amount of chemicals added to gasoline.

The better results obtained with aromatic amines as chemical additives which caused increasing in
octape number up to [95-5, 88 ..0] for leaded and unleaded gasoline respectively.

The percentages of {CO] and [CO;] gases formed after combustion are measursd by orsat analysis
based on dry analyses. ’
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Introduction :

Octane numbst is almost used to measure the
guality of produced gasoline [1] . & lot of work
has been done to improve the octane numbet by
several workets. Few of these used the tetra ethyl
lead {TEL], but the disadvaniages of this additives
are the formmation of solid products after
combustion, which lead to deposit accumulation
in the combustion chambers [2] , Also ducing the
1970s, the US identified motor vehicles as major
source of urban air pollutions congemitant with
this, was the recognition that lead poses
significant health risk, lead emission from
vehicles contributing to significant gquantities of
air borne lead in urben areas [3] . These issues
lead to the international movement away from
leaded gasoling .

Also the use of manganese additive MMT
[Methyl cyclopentadienyl manganese tricarbonyl
is highly controversial . The automoiive industry
apposes the use of MMT and ferrocene as fuel
additives because of perceived detrimental effects
on the engine . Therefore MMT was prohibited
from use in unleaded gasoline in 1977 because it
was found to increase hydrocarbon emission [4] .

In this study is tried to improve the octane
pumber of pasoline by using aromatic
hydrocarbons, aliphatic and aromatic amines with
different percentages of two types of gasoline raw
material product in Basrah Refinery plant . The
first type is leaded gasoline [{50] vol% light
naphtha + [50] vol% reformat + [0.03084] vol %
TEL] , has an octane number of 73.5 . This fuel is
sold in petrol station the other type of gasoline
used is unleaded [(50] voi% light naphtha +
[50]vol% reformat] with an octane numnbet of 69.0

Dhring the course of this work the gas

composition after combustion its directly analyzed
by orsat analysis dry bases ..
The result show that the first feed stock has a
research after octane number [99.1) addition of
s0vol. % Para- xylens while the second type of
stock the RON 95.9 with 50vol. % Para- xylene .

With aliphatic amines additives it's found
that with 30vol. % of diethyl amines, RON
become 96.6 for leaded gasoline and 887 for
unleaded gasoline

While with aromatic amines additive it's
found that RON was 94,2 with 6 vol. % aniline for
leaded pasoline and 38.0 for unleaded gasoline
with the same percentage of aniline.
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Theoretical aspects :
Gasoline was produced by distillation of crude

oil and thermal cracking of reduced crude,
naphtha cracking and catalytic cracking ...t

There are pumber of tests applicd on
gasoline  product before marketing which are
unable us to evaluate the efficiency of the
produced gasoline such as ; octane number ,
specific gravity at 15.6° C, AP1 gravity at 15.6°C,
color, red vapor pressure . lead [pb] content,
corrosion | copper strip], existent gum, sulphur
content, distillation [initial ] , recovery al 100° C,
recovery at 145°C , final boiling point and aniline
point .

The most important characteristic of
gasoline is the octane mumber, which is a measure
of how resistant to premature detonation which
causes knocking .

The octane number of & particular gasoline
sample is determined by blending n-heptane ,
which has zero octane’s, and iso- octane, which
has 100 octane, in the cofrect proportion io
produce the same knock intensily ; as the sample
being run in the test engine . The percent of iso-
octane in the blend is then as signal as the octane
number of the test simple .

There are two common metheds of octane
mumber measurements, Research Octane Number
{RON] ; is indication of the fuels anti- knock
petformance at lower engine speed [600rpm] and
typical acceleration condition , Motor Cctane
Number [MON]; reflects the antl-knock
performance of fuel under high engine speed
[900] and higher load condition [3] .

The Experimental Work :

The leaded gasoline which contains [ 50
volume percent of light naphtha 50  volume
percent of reformat gasoline + variant voluine
percent of tetra ethy! lead 1, alsa the only unleaded
gasoline which contain [SOvelume percent of
lights naphtha + 50 volume percent of reformat
gasoline ] have been studied . The comparison
was made between the above iwo types of
gusoline by the addition of different additives
instead of tetra ethyl lead in order 10 improve the
octane number , which are :

1- Aromatic hydrocarbons [ Benzene T oluene

, Pare- xylen |
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2. Aliphatic a mine hydrocarbons [Di-ethyl
amine , Di-prepyl amine §
3. Aromatic amines hydrocarbons [Aniline .
ortho toluidene .
A comparison was made between these additives
and iheit effect an leaded and un leaded gasoline.
Differeni  volume  percent of these
additives were mixed with the gasoline and the
improvement of octane number of each additive
for each volume percent been checked by using
[ASTM CFR FUEL RESEARCH ENGINE], fig.

i1 -

This engine used to study Research Octane
Number [RON] by following international
procedure [D2699-03.9 STANDARD TEST
METHOD for RESEARCH OCTANE NUMBER
OF SPARK-IGNTION ENGINE FUEL).

The results of this machine calied [RON],
[RON] have been checked three times for every
pecent of additions and then the mean average of
these three reading have been taken -

The study also included the checking
another gasoline propertics such as the vapor
pressure speeific gravity the binary boiling paint
and the temperature at which received 5% , 10%,
30%, 50% , 70% , 90% and 95% of gasoline and
final boiling point, and we checked also the
amount of gasoline residue -

To analyze the exhaust gas emission we
took samples from the improved gasoline by the
new additives with different volume percent and
burned by on engine , after that, samples from the
output flue gas have been analyzed by using
[ORSAT; PROT ECH FIUX 200-4, INFRARED
4 GAS ANALYSED] fig. [2]; Which gave us the
volume percent of CO [ carbon monexide ] and
CO?2 [carbon dioxide ] gases.

Results and Discussion:

Al experimental results of research octane
number, speeific gravity, red vapor pressure.
distillation | initial boiling peint]; recovery al
[5,10,30.50,70,90,95] °C end boiling point
moreover the volume percentage of C0 and CO2
after combustion , were carried out for leaded and
unleaded gasoline . The above test have been used
with different types and concentration of additives
Tab. [13-203 .

Experiments  of leaded gasoline with
arornatic hydrocarbon additives such as [benzene,
toluene, and para-xylene] showed increasing in
research octane number from 75.8 1o 91.0 with
50% vol, benzene and to 92.2 with 60% vol.

toluene and to 99.1 with 50% vol. para-Xylene a8
shown in fig, [3] and table [1-

The above cxperinments weie repcated with
unleaded gasoline and the results  showed
increasing in [RON] from 69.0 0 ¥7.5 with 30%
vol. benzene and to 88.7 with 50% vol. toluene
and to 95.9 with 50% vol. para-xylene as showed
in fig. [4] and table {21.

It have been concluded from the above
results that the para-xylene was the best aromatic
hydrocarbons as additive for leaded and unleaded -
gascline.

Aliphatic amines such a8 {diethyl amine
and di propyl amine] as another additives have "
been iried to improve the [RON] of the leaded and
unleaded gasoline in well . [RON] increased from
75.5 to 96.6 with 30% vol. diethy] amine and the
89.1 with 30% vol. diprophyl amine as in the [ig.
[5] and table {3] with leaded gasoline, and in
case of unleaded gasoline [RON] increased from
£0.0 to 88.7 with 30% vol, dicthyl amine and to
80.4 with 30% vol, dipropy! amine as in fig .[6]
and table [4] .

Aromatic amine such as [Aniline, Ortho-
tolidine 1 as another additive have been used io
improve the [RON] of leaded and unleaded
gasoline .[RON] increased from 75.9 to 94.7 with
6% vol. aniline and to 91.2 with 3% vol. artho —
tolidene as in fig. [7] and tab. [51 , with leaded
pasoline. {RON] in creased from 69.0 to 88.0 with
& % vol. aniline and to 83.4 with 5% vol. ortho —
soluidine, with unleaded gasoline 8s in fig. [8]
and tab. [6] .

From the above results we showed that
[RON] increases rapidly with increasing the
volume percentage of the additives for both leaded
and unleaded gasoline, also the aromatic amine -
[Aniline] was the best additive in comparison with
the other additives that due to the chemical
structure of aniline which is more active than the =
other additives and for the volume percentage of
the aniline was little compared with other volume
percentage of additives.

After combustion of improved leaded and
unleaded gasoline , the concentration of carbon
meno oxide gas [CO) decrease when the [RON]
increases while the concentration of carbon
dioxide gas [CO2] increase, therefore the ratio of
CONCO2 decrease that due 1o the approximately
complete combustion of the fuel as in fig. [9-14]
tah. [7-12] .
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The ratic of COVMCO2 decrease with
increase of the volume percentage of additives due
to the same reason mentioned above as in fig. [9- -
14] and table [7-12].

Conclusions
1. The gasoline which produced in Basrah
Refinery plant with low octanc number
(76.5 for leaded gasoline and 69.0 for
. unleaded gasoline was improved by using
different additives.
5 The best additive which used is Aniline
* . improved [RON] for leaded gasoline up 1o
[94.2) and [88.0] for unleaded gasoline.
3. Using of improved gasoline decreases the
environmental  pollution toxicity by
decreasing Co gas emission.

Recommendations:
1. Improving the gasoline by using other

types of additives.

Improving other petroleum products.

Improving other properties of gasoline.

Study the effect of improving gasolin¢ in

[MON].

5 Study the effect of new additives for
improving octane number, as anticorrosion
and antirust additives.
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Compression naio gauge
Campression ratio meter o Cark -

“Fignire ( 1) ASTM CFR FUEL RESEARCH ENGINE”

Figieee (2 }:
ORSAT, PROT ECH FLUX 20004, INFRARED 4 GAS ANALYSER
1-CO% VoL, 2-HC PPAfVOL, 3-C0n % VoL
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Table no. (13): Specification of (leaded gasoline + aromatic compounds as
enhancers):
o ol 20% " |5 00 B
T i 3 L il R e Y Loh U P R & s
Specific gravity at 15.6 07138 | 0.7621 | 0.7631 | 0.7156
R.V.P. at 37.8°C at (psi} 2.6 6.2 6.5
Distillation: 1 BP °C 37 44 41 32
5% °C 48 35 51 44
10% °C 53 66 60 51
30% °C 68 85 90 67
50% °C 87 100 110 89
70% °C 99 110 130 113
90% °C 147 13 140 147
95% °C 157 155 148 159
E P °C 158 171§ 161 178
T. D. Yol % 97 98 . 98 98
Resd 3 2 2 2

Tuble no. (14): -
Specification of (unleaded gasoline + aromatic compounds as enhancers):

Specific gravity at 0.770 0.7646 | 0.7502 0.7006
15.6°C

R.V.P. at 37.8°C at (psi) 10.0 6.2 6.5 7.0
" Distillation: 1 B P °C 34 38 39 ald
5% °C 45 45 50 47

10% °C 61 55 57 5!

30% °C 68 73 70 58

50% °C 78 25 38 63

70% °C 90 110 130 85
90% °C 135 122 141 134
95% °C 155 138 151 145
E P °C 160 158 162 162

T. D. Vol % 98 87 98 98

Resd 2 3 2 2

Sgeci,{:catian of gmines compound:




A- Specification of aliphatic amines compounds:

Table no. (15):

I
HH. L

[FLA

Py i L.

| Specific grmwty a I15.6°C

Specification of (leaded gasoline + aliphatic amines compounds as enhancers}:

R.V.P. at 37.8°C at (psi)

Distillation: 1 B P °C

5% °C

10%

°C

3%

°C

50%

°C

70%

°C

96%

°C

5%

°C

E. P

°“C

T.D. Vol %

_Resd

—_

Table no [ g

Specification of (unleaded gasoline + aliphatic amines compounds as enhancers):

R o e B s W S oline
Specific gravity at 0. 7006
15.6°C :
R.V.P. at 37.8°C at (psi) 12.2 8.0 7.6
Distillation: I B P °C 35 37 40
5% °C 45 47 47
10% °C 51 58 51
30% °C 63 71 AT ]
5% °C 80 84 &5
70% °C 105 920 &5
90% °C 149 132 130
5% °C 163 157 i45
E. P. °C 173 171 162
T.D. Vol % 98 98 98
Resd 2 2 2

A5 ournal or Enginegering »CLENce
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B - Specification of aromatic amines compounds:
Table no. (17 ): Specification of {leaded gasoline + aromatic amines compounds as enhancers)

R o Ll g R . T HRL N I e

Specific gravity at I seec| 07317y 0.7252 {7231
RY.P. at 37.8°C at (ps) | 8.8 8 11.2

Distillation: 1 B P_°C 35 35 34 32

5% °C 42 47 48 44

10% °C 50 55 55 51

30% °C 75 75 73 67

50% °C 100 96 98 89

. 70% °C 125 122 125 113

80% °C 155 155 5 45 147

95% °C 170 171 ! 165 - 159

E.P. °C 182 173 178

T. D. Vol % 99 98 98

Resd i 2 2

Tuble no. (18 ):Specification of (unleaded pasoline + aromatic awines compousidy as crhancers)

0.7427 | 0.7381 0.735 0. 7006

15.6°C
| RV.P a1 37.8°Cat 8.4 9.6 10.0 7.6
: ﬁpsﬂ i
[ Distilintion: 1BP °C | 38 35 36 40 |
| 5% °C 50 44 45 47 |
'I 10% °C 58 54 55 51 |
'. 30% C 72 71 71 58|
| 50% °C 90 92 95 55|
| 70% °C 127 120 120 85
| 90% °C 158 155 | 151 130 |
i 95% °C 170 170 161 145 \

E.P. °C 178 180 175 162 |
| T.D. Vol % 98 97 | 98 o8
T Resd 12 |3 1 2 s 2, ]




