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Abstract The locally available Algerian bentonite is explored to prepare catalysts for the

isomerization of the light fractions of Algerian condensate to produce high quality gasoline of high

octane number. Satisfying results are obtained which render these catalysts applicable for a large

scale production.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
Open access under CC BY-NC-ND license.
1. Introduction

The progress in the design of the engines, as well as the unceas-
ingly increasing demand for gasoline and the requirements of

the quality of the refined products, in particular those related
to the environmental protection, made it possible to establish
very close links between the characteristics of the fuels and

the performance of the engines.
Indeed, last years one can witness non-precedent enthusi-

asm between the manufacturers and the refiners. Actually,
oil industry did not cease formulating and reformulating

gasoline grades since the massive advent of car production
on the market starting from the gasoline obtained from direct
distillation known as ‘‘Straight Run’’.
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Two processes are currently used to produce the key
components of high octane number; the catalytic reformation
and the catalytic cracking. These two processes are comple-
mentary and made it possible to obtain gasolines with high

octane number, however the composition of these gasolines
is strongly aromatic. However, with the growing awakening
for the problems of pollution and the environmental protec-

tion, the refiners are held to produce a clean gasoline with a
much reduced content of aromatics, with a satisfying octane
number without chemical additives [1].

The composition of a commercial gasoline generally de-
pends on the refineries and changes from one country to an-
other. Indeed the bases used constituting the gasoline pool
can result from various unit operations. These bases or these

cuts generally include mixtures of butane, straight run naph-
tha, isomerized and alkylated hydrocarbons, the reformatted
hydrocarbons, FCC gasoline, and the hydro-cracking or cok-

ing as well as oxygenated compounds.
Table 1 shows the compositions, expressed as a percentage

(in volume), of the gasoline pool in the USA, in Western Eur-

ope and in Algeria, according to the American Company
Chemical System [2].

One can note in both cases that the significant share returns

to the reformatted hydrocarbons and FCC gasoline.
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Table 1 Constitution of commercial gasoline.

Number Constituent USA Western Europe Algeria

1 Butane 5.6 5.7 4

2 Light gasoline 4.0 7.6 27

3 Isomerized products 4.7 5.0

4 Alkylate 13.0 5.9

5 FCC gasoline 36.2 27.1

6 Reformatted gasoline 34.7 46.9 69

7 Ethers 1.8 1.8

Table 2 Properties of isomers.

Constituents RVP (psi) Octane numbers

RONa MONb (RON+ MON)/2

i-Butane 71.90 100.2 97.6 98.9

n-Butane 51.50 95.0 93.5 94.3

i-Pentane 18.93 93.5 89.5 91.5

n-Pentane 14.42 61.7 61.3 61.5

Cyclopentane 9.18 102.3 85.0 93.7

2,2-Dimethylbutane 9.13 94.0 95.5 94.8

2,3-Dimethylbutane 6.85 105.0 104.3 104.7

2-Dimethylpentane 6.27 74.4 74.9 74.7

3-Dimethylpentane 5.65 75.5 76.0 75.8

n-Hexane 4.59 31.0 30.0 30.5

Me-cyclopentane 4.17 96.0 85.0 90.5

Cyclohexane 3.02 84.0 77.2 80.6

Benzene 2.98 120.0 114.8 117.4

C7 (in the feed) 1.97 55.0 55.0 55.0

C7 (in the produit) 2.10 82.0 71.0 76.5

a Research octane number.
b Motor octane number.

Table 3 Analysis of condensate.

N� Characteristic Value

1 Density at 15 �C 0.7238

2 API� 66.64

3 Saybolt color +13

4 Kinematic viscosity, (cSt) at:

0 �C 0.91

20 �C 0.436

37.8 �C 0.383

5 Not disorder, �C �55
6 Refractive index 1.40476

7 Tension reid vapor press. (bars) 0.690

8 Water content (% flight) 0.075

9 Molecular mass 117

10 Not aniline (�C) 63.6

11 Characterization factor 12.46

12 Doctor test Negative

13 Conradson index, % mass 0.38

14 Calorific value, kcal/kg 11,073

346 N. Bentahar et al.
Like it was indicated previously, as the demand for octane

number grows, the problem arising from the presence of the
light fractions of weak octane number makes it difficult to ob-
tain a suitable commercial gasoline.

To compensate, at least partially, the deficiency in octane
number it seemed mandatory to produce gasolines rich in
iso-paraffins [3]. Thus the process of isomerization of the light
fractions contained in particular paraffins (five and six carbon

atoms) seemed very useful for the production of a light gaso-
line base of good quality and of raised octane number due to
the anti-knock properties of the iso-paraffins which it contains.

Table 2 shows the indices of the octane number and the Reid
Vapor Pressure (RVP) of some examples of hydrocarbon iso-
mers [4].

However its contribution to the gasoline pool remains lim-
ited because of a high vapor pressure and a much reduced
availability compared to the two old processes referred to
above.

Algeria is one of the largest gas producer countries in the
world. The layer of Hassi-R’ mel is one of the largest in the
world with physical properties presented in Table 3. The pro-

duction of gas is accompanied by an annual production of con-
densate in the order of 15 million tons; what places Algeria
among the large producers of condensates. These enormous

quantities of condensates produced do not find now any indus-
trial application. However, it is to be announced that a small
quantity is added to the crude oil before distillation in the
Algerian refineries. The remainder is exported in its raw state.

This proves however, that the condensate is of superior quality
for the production of fuels than the oil itself. Indeed, the
condensate is a slightly colored liquid having general

characteristics similar to those of an oil fraction. It is practi-
cally free of hydrogen sulfide and has a characteristic bitter



Table 4 Analysis TBP of condensate.

N� Temperature �C,
at 760 mm Hg

% mass

cumulated

% volume

cumulated

Density

at 15 �C

Gas 20 5.15 6.22 0.5900

1 60 28.81 33.15 0.6410

2 80 34.67 37.07 0.6477

3 90 38.04 41.46 0.6539

4 100 45.36 48.75 0.6631

5 110 49.73 53.06 0.6680

6 120 54.55 57.79 0.6911

7 130 60.66 63.72 0.6952

8 140 64.90 67.80 0.6981

9 150 68.46 71.20 0.7005

10 160 72.73 75.25 0.7033

11 170 77.11 79.35 0.7063

12 180 80.03 82.08 0.7083

13 190 82.40 84.28 0.7099

14 200 85.35 86.99 0.7120

15 210 87.45 88.89 0.7136

16 220 89.60 90.84 0.7152

17 235 92.16 93.14 0.7171

18 250 94.27 95.03 0.7187

19 250+ 100 100 0.7238
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Figure 1 TBP of condensate.

Table 5 Physicochemical properties of the three light frac-

tions of the condensate.

Désignation Fractions

SP*-60 SP-70 SP-80

Output compared to the condensate % 29.81 31.74 33.67

Molecular mass 89.5 92.2 95.6

ASTM distillation

Initial point 32 32 32

10% distilled 37 38 52

50% distilled 40 43 63.5

90% distilled 53 61 72

Final point 60 70 80

% vol distilled 97 97 98

% vol of residue 1 1 0.5

% vol of losses 2 2 1.5

a SP: starting point.
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odor. The sulfur content is negligible at the time of the exit
from the wells of production, and it accompanies natural gas
by Hassi-R’ Mel at a rate of 220 grams per cubic meter of

gas. However, until the current hour Algerian industry was
not interested in utilization of this invaluable raw material;
only oil and the gas received a particular and privileged atten-

tion of the Algerian industrial policy.
From now on Algeria seeks to develop and explore its con-

densate. Several projects in this direction were born.

In continuation of a recent work aimed at invention of a
metal modified nanoporous catalyst for paraffins hydroconver-
sions [5,6], our aim in this work is to study in an objective way;
the possibility of developing Algerian condensates by the cat-

alytic isomerization process of its light fractions in vapor
phase, in order to obtain gasoline bases with a raised octane
number, by exploring bentonite as an Algerian local available

catalyst.

2. Experimental

2.1. Materials and methods

The physicochemical analysis of Algerian condensate showed
that it is primarily composed of light fractions with a distilla-
tion interval ranging from 30 �C to 280 �C. Moreover, it is free

from hetero-atomics and in particular those of high molecular
masses.

Condensate analysis is characterized by a high percentage

of paraffins and a relatively low content of aromatics, naph-
thenics and olefins.

The implementation of condensate is carried out on the lab-
oratory scale of refining of the Research and Development

Center (RDC) – Algeria.
The results of analysis are presented on the following

Table 3.

2.1.1. TBP distillation of condensate (T.B.P: true boiling point)

T.B.P distillation was carried out in a column with 50 mm
diameter and a height equivalent to 16 theoretical plates, in

accordance with standard A.S.T.M D2892. It was carried
out under following conditions:

Under atmospheric pressure for the fractions distilling
before 200 �C
Under absolute pressure of 40 mm of Hg for the fractions

distilling between 200 and 250 �C.

The results are presented in the Table 4.
In the following, three fractions of this condensate known

as SP-60, SP-70 and SP-80 were withdrawn from the conden-
sate to perform the analysis and transformation for being
developed (Fig. 1). The physicochemical properties of these

three fractions are listed in Table 5, here in below:
These condensate fractions which will be used by us as a

load were analyzed by chromatography and their chemical

composition is presented in Table 6.

2.1.2. Preparation of the catalysts

To be able to treat these loads, we prepared a type of catalyst

starting from local bentonite. Clay, object of this study, was
extracted from the place named ‘‘Azaghar’’ located in the area



Table 6 Chemical composition of loads (fractions).

Components Charge

SP-60 SP-70 SP-80

1 Butane 3.18 2.80 2.16

2 Iso-pentane 4.67 3.50 2.60

3 n-Pentane 76.20 60.52 30.20

4 2,2-Dimethyl butane 1.31 1.35 1.40

5 2,3-Dimethyl butane 3.50 2.75 1.80

6 2-Methyl pentane 9.30 10.15 12.65

7 3-Methyl pentane 0 2.75 7.57

8 n-Hexane 0 12.42 36.05

9 Cyclopentane 1.57 2.86 3.05

10 Cyclohexane 0.27 0.18 0.14

11 Methyl-cyclopentane 0 0.62 2.20

12 Benzene 0 0.10 0.18

Total 100 100 100

Octane number 67.67 64.17 57.55

Density at 15 �C 0.6410 0.6443 0.6477

Total isomers 18.781 20.50 26.02

Table 8 Composition of 4 catalysts.

Catalyst 1 2 3 4

SiO2 39.63 49.58 41.28 40.51

Al2O3 13.67 16.87 12.83 10.34

Fe2O3 6.82 4.03 2.51 2.47

CaO 3.87 2.87 1.97 1.76

MgO 4.36 2.66 1.66 1.63

SO3 2.46 1.48 0.92 0.91

K2O 2.67 1.59 0.99 0.97

Na2O 0.50 1.90 0.17 0.17

Cr2O3 0.03 0.02 0.67 4.77

LOI 13.56 8.29 8.88 7.81
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of Boghni, Algeria. Its primary treatment was done according
to a classic procedure. The bentonite thus obtained is analyzed
by fluorescence (XRF) and the obtained results are displayed

on following Table 7.
The bentonite thus pre-treated will be used as support for

the preparation of a whole of four catalysts differentiated by

their chemical composition. These catalysts were prepared
according to the following procedure:

The pre-treated bentonite is mixed with the other compo-

nents such as silica gel, alumina, ammonium chloride and
chromium oxide in 1 L of water distilled with 2.5% of ethanol.
The mixture is agitated during 8 h at 90 �C; the emulsion thus

obtained was filtered off. The cake obtained on the filter paper
was transformed into small sticks of length 0.8 cm or 1 cm and
0.2 cm of diameter.

The catalyst thus obtained was left to dry in open air for

12 h; then in an oven (130 �C) for another 12 h after which
the temperature was raised to 800 �C for additional 12 h where
calcination took place. In this manner four catalysts were
Table 7 Analysis results of treated bentonite.

SiO2 Al2O3 Fe2O3 MgO CaO Na2O

53.87 18.11 6.67 2.06 3.22 0.50

a Loss on ignition.

Load furnace reac

H2

Figure 2 Flow chart diagram of t
developed and their analyses showed the compositions pre-
sented on the Table 8 in % mass:

2.1.3. Installation of the system

Three various assemblies were installed at the laboratory to
carry out the catalytic isomerization of the prepared loads.

The course of the experiments is specific for each installation.
We could note that, the installation whose direction of flow

of the load is top to the bottom (see flow chart diagram: Fig. 2)

gave better results of isomerization products because the cata-
lytic layer is completely impregnated, therefore completely
used. On the other hand, in the other installation, where the
direction of flow is upwards, there are preferential sites for

the passage of the vapor; therefore the surface of catalysts is
not completely exploited.

For the installation designed for isomerization, the tests

were carried out at three various temperatures 225 �C,
250 �C and 275 �C, with WWH= 1,4 and the pressure close
to the atmospheric pressure as shown in Table 9 *(WWH:

weight of the load by the weight of catalyst in one hour).

3. Results and discussion

According to Table 9 above one can see that the outputs of the
isomerized products for fraction SP-60 with the catalyst 1 are
K2O TiO2 P2O5 Cr2O3 MnO SO3 LOIa

2.67 0.78 0.18 0.03 0.12 2.46 8.5

tor separator

Rich gas in 
hydrogene

Isomerized
Product

he installation of isomerization.



Table 9 Output of the installation of isomerization.

Catalyst 1 Catalyst 2 Catalyst 3 Catalyst 4

Temperature (�C) 225 250 275 225 250 275 225 250 275 225 250 275

Fraction SP-60 output % mass 57.9 59.20 60.0 72.50 79.15 80.83 89.16 91.66 92 80.83 92.50 93.83

Fraction SP-70 output % mass 63.47 67.50 73.61 77.13 82.16 87.53 92.16 93.08 94.17 93.04 94.50 95.32

Fraction SP-80 output % mass 67.46 72.80 75.00 81.66 83.33 85.00 92.50 93.33 95.83 94.16 95.00 96.66

Table 10 Results of some analysis of the isomerized products.

Load of

isomerization

Type of

catalyst

Temperature of

the process

Output Isomerized

products N�
Content of

iso-paraffins

Octane number

SP-60 1 225 57.93 1 86.83 89.60

1 250 59.20 2 86.96 89.70

1 275 60.00 3 87.15 89.80

2 225 72.50 4 87.58 89.90

2 250 79.15 5 87.72 90.00

2 275 80.83 6 87.75 90.10

3 225 89.16 7 87.88 90.20

3 250 91.66 8 87.97 90.30

3 275 92.00 9 88.35 90.40

4 225 90.83 10 88.20 90.50

4 250 92.50 11 88.80 90.60

4 275 93.33 12 88.79 90.70

SP-70 1 225 63.47 1 87.01 90.10

1 250 67.50 2 87.32 90.08

1 275 73.61 3 88.04 91.00

2 225 77.13 4 88.25 91.50

2 250 82.16 5 88.78 91.80

2 275 87.53 6 89.00 92.00

3 225 92.16 7 89.31 92.60

3 250 93.08 8 90.95 92.90

3 275 94.17 9 91.16 93.00

4 225 93.04 10 91.75 93.20

4 250 94.50 11 92.01 93.80

4 275 95.32 12 92.50 94.00

SP-80 1 225 67.46 1 86.50 89.50

1 250 72.80 2 90.55 89.70

1 275 75.00 3 90.81 89.90

2 225 81.66 4 90.92 90.40

2 250 83.33 5 91.00 90.60

2 275 85.00 6 91.12 90.70

3 225 92.50 7 87.21 90.80

3 250 93.33 8 90.89 90.90

3 275 95.83 9 91.14 91.00

4 225 94.16 10 90.74 91.20

4 250 95.00 11 90.76 91.30

4 275 96.66 12 91.20 91.50
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the lowest, the temperature does not have a significant effect
on the outputs. On the other hand for other catalysts, the out-

puts tend to grow while proceeding to appreciably elevated
temperatures. Intermediate results were obtained with regard
to fraction SP-70.

The octane number of the obtained isomerization products
as for fraction SP-70 is definitely higher than the others (Ta-
ble 10). For fraction SP-80 the pace of the outputs according

to the temperature of the four catalysts is practically the same
one, with however an output slightly higher with the catalyst 4.
It is the same for the nature of the products of isomerization.
Indeed the distribution of hydrocarbons obtained for the two

fractions which two fractions (SP-70 and SP-80) shows that
in operating conditions, in which the experiments were carried
out with the catalyst 4 (containing chromium), showed isomer-

ization products qualities much more marked.
4. Conclusions

In conclusion, we can say that starting from the local natural
products, we managed to prepare catalysts containing chro-
mium and alumina enriched bentonite respectively, thus sup-

porting the catalytic isomerization of the light fractions of
Algerian condensates. However, it was noted that the best out-
put of the isomerized products is obtained by using catalyst
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containing chromium and at temperature of 250 �C, and
275 �C at which the octane number is also highest.

As for the choices of the raw material, the experimental re-

sults showed that the use of fraction SP-70 is most
advantageous.

The convincing results we have obtained encouraged us to

check them in a pilot unit before extrapolating them on an
industrial scale, this in order to develop exploitation of Alge-
rian condensates.
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