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Abstract

SAPO-11 is synthesized from silicoaluminophosphate in the presence of di-n-propylamine as a template. The results show that the
sample obtained has good crystallinity, 396m?/g BET surface area, and 0.35 cm®/g pore volume. The hydroisomerization activity of
(0.25)Pt (1)Zr (0.5)W/SAPO-11 catalyst was determined using n-decane and base oil. All hydroisomerization experiments of n-
decane were achieved at a fixed bed plug flow reactor at a temperature range of 200-275°C and LHSV 0.5-2h™. The results show
that the n-decane conversion increases with increasing temperature and decreasing LHSV, the maximum conversion of 66.7 % was
achieved at temperature 275°C and LHSV of 0.5 h™. Meanwhile, the same catalyst was used to improve base oil specification by
increasing viscosity index and decreasing pour point. The isomerization reaction conditions, employed are temperature (200-300)°C,
the liquid hourly space velocity of 0.5-2h™ and the pressure kept atmospheric. The present study shows that Pt Zr W/SAPO-11
minimizes the pour point of lubricating oil to -16°C at isomerization temperature of 300°C and LHSV of 0.5 h™ and viscosity index

134.8.
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1- Introduction

Many processes have been proposed to improve the
properties of base oil by upgrading the ordinary base oil
which would be converted into other products [1]. Base
oil hydroprocessing includes hydrocracking and catalytic
dewaxing processes that have been used. The
hydrocracking process is converted the low viscosity
index of long-chain alkanes with a high viscosity index of
lower chain alkanes. [2-4].

Isodewaxing is a new technology for improving the
hydroisomerization process. In this process isomerization
of long-chain alkanes gives higher amounts of base oil
yield, higher viscosity index, and low pour point with
respect to other processes like; solvent dewaxing, and
catalytic dewaxing. Also, this process improves other
properties of base oil such as viscosity index and pour
point (highest VI component and lower pour point) and
this is due to the isomerization of waxes [5].

Producing low pour point and high viscosity index base
oil by isomerization of long-chain n-alkanes is important
in petrochemical industries and petro refining, also to get
the required identification of converting n-alkanes into
their monobrached isomers [6]. Isomerization is a
fundamental molecular transformation without altering
the number of atoms present in the molecules. This
reaction has both scientific and commercial importance in
petroleum, lubricants, and various industries [7,8].

Catalysts with 12 MR (member ring) pores channels can
give mono-branched, di-branched, and tri-branched
hydrocarbons, so the isomerization process using these
catalysts tend to give a significant amount of di- and tri-
branched. On the other hand catalysts with 10 MR pores
which tend to give mono-branched hydrocarbons will be
more suitable choice for the isodewaxing process than
catalysts with 12 MR [9, 10].

For good performance, suitable catalysts are used for
the conversion of hydrocarbons. Many catalysts were
used for isomerization of long-chain n-alkanes, but
SAPO-11 was one of the most active for isomerization of
long-chain alkanes and this is due to its medium acidities
and appropriate pore structure (one-dimensional 10-
membered-ring channel of 0.39 nm x 0.63 nm) and AEL
pore structure [11]. The microporous structure of SAPO-
11 prevents producing multi-branched isomers. So,
SAPO-11 showed excellent conversion of hydrocarbons
into isomers [12]. However, it is observed that the active
sites for isomerization are found near the pore mouths of
the zeolite. Consequently, the realization of SAPO-11
with a suitable pore structure is important to produce the
mono-branched isomers from long-chain n-paraffins [13].

The acidity and pore structure of support is the
important factors influencing the hydroisomerization
performance of the bifunctional catalyst [14]. For the
catalyst activity and isomerization selectivity, the acid site
density and the acid strength distribution are both
important [15].
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whereas
to high

Strong acidity promotes
medium-strength  acidity  is
isomerization selectivity [16, 17].

The present study aimed to synthesis the SAPO-11
catalyst with improved characteristics for isomerization of
the long-chain n-alkanes.

Characterization of the prepared catalyst by detection of
the x-ray configuration, FTIR analysis, particle size,
surface area, pore volume, and adsorption isotherm.
Deposition of platinum, zirconium, and tungsten on the
SAPO-11 to produce Pt Zr W/ SAPO-11 catalysts and
study the isomerization of a simulated model (n-decane)
and base oil (after furfural extraction) to detect the
generation of the relevant isomers in a fixed bed reactor
unit.

hydrocracking,
favorable

2- Experimental Work

2.1. Chemicals

n-Decane 99% ( BDH, England) and 3SS (Base oil after
the furfural extraction process from Al-Dura Refinery) are
used as feedstock in this study.

Ortho phosphorous acid (85 wt% H3PO,) (Panreac,
Spain); Aluminum isopropoxide (BDH, England); di-n-
propylamine, m.wt. 101.19 (BDH, England) as template.

Silica sol. 99.9% (Qingdaw Jiyida, China); deionized
water; Poly Vinyl Alcohol (PVA) 99% (Sigma) and ¥-
nano-alumina. 99.99% (HWNANO, China) as a binder;
are used to synthesized SAPO-11.

2.2. Synthesis of SAPO-11

SAPO-11 was synthesized at 190°C crystallization
temperature, 550°C calcination temperature with aging
and double water contents according to Hussein and
Aljandeel [18].

2.3. Synthesized of Pt/ SAPO-11 and Pt Zr W/ SAPO-11

For preparing 0.25wt.% of Pt on 50 g of SAPO-11 by
impregnation method. The carrier catalyst SAPO-11 was
dried at 110°C with air for two hours. The impregnation
requires an appropriate solution of hexchlorplatinic acid
containing 0.368 g of H,PtClgs and deionized water till the
volume of solution equal to the pore volume of 50 g under
vacuum. The impregnated catalyst was then dried at
110°C, overnight and calcinated at 300°C for 3 hours in a
furnace with dry air [19].

While preparing Pt Zr W/SAPO-11 the mole ratio of
W/Zr used in this work was 2. The selected ratio was
based on the work of Chang et al. [20] who suggested the
ratio of W/Zr was from 1 to 5. For the preparation of 50g
catalyst, the impregnation solution was prepared by
dissolving 1.27 g ammonium meta tungsten and 1.065 g
zirconium tetrachloride and deionized water till the
volume of solution equal to the pore volume of 50 g (i.e.
16 ml). The co-impregnation process was carried out
under a vacuum.
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The impregnation solution was added as drop wise with
mixing for homogenous distribution at a fixed
temperature of 80°C.

The impregnated extrudates were then dried at 110°C,
overnight and calcinated at 500°C for 2 hours in a furnace
with air and then stored in a desicator.

The concentrations of W and Zr were measured by
Atomic Absorption Spectrometer (PYE UNICAM SP9)
and found to be 1 and 0.5 wt% respectively.

The next step is to prepare 0.25wt.% of Pt on 50g of Zr
W/SAPOQO-11 by the impregnation method.

The carrier catalyst Zr W/SAPO-11 was dried at 110°C
with air for two hours then the same steps used for
preparing Zr W/SAPO-11 catalyst were adopted apart
from the fact that the temperature of the operation was
decreased to 40°C instead of 80°C. The impregnation
requires a proper solution of hexchlorplatinic acid
containing 0.368 g of H,PtCls and 16 ml of deionized
water for a 50 g catalyst. The impregnated extrudates
were then dried at 110°C overnight and calcinated at
300°C for 3 hours in a furnace with dry air.

2.4. SAPO-11 characterization

a. X-ray Diffraction (XRD)

The prepared sample was tested using X-ray
diffractometer Shimadzu SRD 6000, Japan, with Cu
wavelength radiation 1.54060 cm™ in the 2 theta range
from 5-60°, and fixed power source 40Kv, 30mA. XRD
for prepared samples was performed at the Ministry of
Science and Technology.

b. X-ray Florescence (XRF)

The percentage of oxides was tested using X-Ray
Fluorescence (SPECTRO XERQOS, AMETEK,
GERMANY) Germany. XRF sample was performed at
University of Baghdad/College of Science/ Department of
Geology.

c. AFM

Average particle size was tested at the Department of
Chemistry/ College of Science/ University of Baghdad
using Atomic Force Microscope Device (type Angstrom,
Scanning Probe Microscope, Advanced Inc, AA 3000,
USA).

d. BET Surface Area and Pore VVolume

The specific surface area was determined by The
Brunauer-Emmett-Teller method using 0.01 as the value
of maximum relative and pore volume was performed
using a micrometric ASAP 2020.
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The samples were disarmament of gas for 2 hr under
vacuum at 250°C. Surface area and pore volume samples
were performed at PRDC Laboratory, Ministry of oil
/lraq.

e. Fourier —Transform Infrared Spectroscopy (FTIR)

This test was applied using (IR-Affinity, Shimazdo,
Japan) with a wave range between (400-4000)cm™ at Ibn-
Sina State Company / University of Baghdad.

2.5. Reactor

The reactor is a stainless-steel tube with 2cm inside
diameter, 2mm wall thickness, and 62 cm length. It was
packed with 44.4 cm?® of the catalyst between two layers
of the inert glass ball.

The reactor is heated and controlled automatically by
four steel-Jacket heaters (Sotelem, Rueil, France, 250
watt). For measuring the temperature of the catalyst and
heaters, chromal alumel thermocouples (type K) fixed
inside the reactor at three different locations were used to
measure the temperature in the reactor.

2.6. Isomerization Process

44.4 cm?® of fresh catalyst was charged to the reactor
between two layers of inert materials (glass balls). The
catalyst was then reduced with hydrogen at 350°C for
3hours in the reactor [20].

After that, the charged reactor was flushed with nitrogen
to purge the air from the system. Meanwhile, the reactor
is heated to the desired temperature. After reaching the
reaction temperature, the nitrogen valve was closed.

A pre-specified flow rate of n-decane was set on,
vaporization of the feed occurs in the evaporator, and the
vapor of n-decane mixed with the hydrogen in the mixing
section at specified flow rates.

The mixture entered the reactor from the top, distributed
uniformly, and reacted on the catalyst charged inside the
reactor. The product gases passed through the condenser
and the final condensates were collected only after steady
state operation was established and initial products were
discarded.

Pt Zr W/SAPO-11 catalysts were used for kinetic study,
the isomerization reaction conditions employed are
temperatures of (200-275)°C, the liquid hourly space
velocity of 0.5-2h™, hydrogen to n-decane mole ratio of
2.1-8.2 and finally, the pressure was kept atmospheric.

While the isomerization reaction conditions for base oil
were employed at temperature (200-300)°C, the liquid
hourly space velocity of 0.5-2h™ and the pressure kept
atmospheric. Fig. 1 shows the process flow diagram
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Fig. 1. The catalytic hydro-conversion unit process flow
diagram

a. Gas Chromotograph (GC))

The reaction product analysis was obtained at 1bn-Sina
State Company/ University of Baghdad using a
chromatographic analysis on packed model 438Aa-VSA.
b. Kinematic viscosity test

According to ASTM D, 446 [21] method Kkinematic
viscosity of base oil was measured by using Canon-
Fenske (Routine viscometer) of size number 300 for
transparent liquid.

c. Pour Point Test

According to ASTM D97, the standard method of
testing the Pour Point, the pour point of base oils samples
was measured.

3- Result and Discussion
3.1. SAPO-11 Characterization
a. X-Ray Diffraction
Fig. 2 shows the x-ray diffraction patterns of SAPO-11

sample. The sample was hydrothermally crystallized at
190 °C.
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Fig. 2. X-ray diffraction of SAPO-11
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The purity of the prepared SAPO-11 was tested after a
comparison between 20 and d-spacing of the prepared
samples with 260 and d-spacing which are synthesized by
Zhang et al., [22]. The comparisons indicate that the
preparation method results are compatible with the crystal
structure of SAPO-11 zeolite with an average crystallinity
of 114.2%. This concludes that the preparation method
gives good synthesized originality of SAPO-11.

b. X-ray Florescence

The molar composition of SAPO-11 molecular sieve
after calcination is 1AIl,03:0.93P,05:0.414Si0,

c. Particle size of SAPO-11 catalyst

The atomic force microscopy (AFM) method was used

to find the average particle size of SAPO-11 samples. The
effects of aging and doubling the water content on the size
of SAPO-11 were studied. The results show that the
average particle diameter was fallen from 132.65nm
(Without aging with double water content) to 57.39nm
(24 h aging time with double water content), this means
that using the aging process (double water contents for
both sample) decrease the particle diameter 75.26 nm,
while the average particle diameter was fallen from
149.35 nm (Conventional method) to 132.65 nm (Without
aging with double water content), this means that
increasing the water contents double (without aging for
both samples) decrease the particle diameter 16.7 nm.
It can conclude that the aging process has more effect on
average particle size diameter than water contents, this is
due to the increasing of nucleation rate and crystals
growth during the aging process [23].

d. Surface Area and Pore Volume

SAPO-11 displays a larger surface area and pore
volume (396.17 m?g? and 0.3159 cm®g™ respectively)
with double water at a temperature of 190°C with aging
for 24 hr. These values (surface area and pore volume) in
this research are higher than previous work which
indicated that the surface area was 242.2 mg™ and pore
volume 0.196 cm®g™ [22].
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The decline in particle size of zeolite crystals from the
micro-level to nano-level resulted in a considerable rise in
surface area, thus yielding more active sites.

e. Fourier Infrared Spectroscopy FTIR

FT-IR spectroscopy analysis of SAPO-11 was executed
to study the structure of the chemical bonds between
molecules.

FTIR was used to investigate the nature and quantum of
hydroxyl groups produced by Si. The FT-IR spectra of Pt
Zr W/SAPO-11 is shown in Fig. 3. SAPO-11 sample has
three bands at 3743, 3677, and 3625 cm™, the former two
bands refer to Si-OH, P-OH groups respectively.

The third one represents the spectra of the prepared
Brgnsted acid site and the bridge Si-OH-Al that describes
the acid properties of the sample [26]. The band 1100 cm
! attributed to the asymmetric stretch of O-P—O; 730 cm™
arising from the symmetric stretch of O—P—O; 640 cm™
due to the bend of double 6-ring; 575 cm™, 530 cm™ and
480 cm™ ascribed to the bend of PO,, AlO,, and SiO,,
respectively [26].
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Fig. 3. FT-IR of synthesized Pt Zr W/SAPO-11

f. Pyridine FTIR

FT-IR spectroscopy is a technique that is used for the
sharpness of Brgnsted and Lewis acid sites by adsorption
of pyridine on the catalysts [24]. The FT-IR spectra of
pyridine adsorbed on Pt Zr W/SAPO-11 is shown in Fig.
4.

The intensity of the bands at 1550 and 1450 cm™ was
thought to be proportional to Brgnsted and Lewis acid site
concentrations, respectively.

It is interesting to understand that the number of acid
sites is not only affected by the amount of Si incorporated
into the framework, but also by the large external surface
of the superfine particles which allow the acid sites to be
bonded with pyridine molecules.
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It is clear from this figure that the sample gave broad
vibrational bands at 1455 cm™* and 1545 cm™, from
pyridine molecules, adsorbed on Lewis (L) and Brénsted
(B) acid sites, respectively [21]. The band at 1490 cm™
corresponds to pyridine molecules adsorbed on both L
and B acid sites [21].

The absorbance peaks for pyridine molecules adsorbed
on the L or B acid sites changed after the introduction of
platinum and zirconium-tungsten because zirconium has a
combined effect on the degree of hydration and increases
the active acid sites (Bronsted and Lewis ) [25].

Fig. 4. FT-IR of synthesized Pt Zr W/SAPO-11 after
pyridine adsorption

3.2. Isomerization of n-decane Model

The activity of Pt Zr W/SAPO-11 was tested for
isomerization of n-decane at different temperatures (200-
275°) and LHSV (0.5-2 hr'™).

a. Effect of Temperature

In order to maximize the production of isomerization
products and, simultaneously, minimize cracking, the
isomerization of n-decane should be at a temperature
below 300°C [26].

Fig. 5 shows that the increase of the temperature of the
isomerization process from 200°C to 275°C at a constant
LHSV increases the rate of the conversion of n-decane
because the isomerization reaction is an exothermic
reaction.

Therefore, increasing the temperature leads to an
increase in the forwarding reaction toward isomerization.
This is in agreement with Alhassani for which who found
that increasing temperature to 300°C leads to increase in
the isomers of light naphtha [15].

As an example, the conversion of n-decane using LHSV
of 0.5 hr* on Pt Zr W/SAPO-11 increase from 48.52% at
200°C to 66.73% at 275°C. However, zirconium has a
combined effect of the degree of hydration and increases
the active acid sites (Bronsted and Lewis), while tungsten
increases the degree of hydration.
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b. Effect of LHSV

Fig. 6 depicts the changes of n-decane conversion as a
function of contact time which is expressed by LHSV. As
LHSV decreases the conversion increases. This means
that increasing the residence time leads to plenty of
contact time in the feedstock with the catalyst inside the
reactor. All results indicate that low LHSV is favored for
an isomerization process as long as higher space
velocities conversions are lower unless the temperature is
raised [9].
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c. Effect of Zr-W Promoters on the Catalyst Activity

The effect of the mixture of zirconium and tungsten
promoters on the activity of the prepared SAPO-11
catalyst was studied at different LHSV and temperature
ranges 200 — 275°C.

Fig. 7 shows a comparison in n-decane conversion,
using two types of promoters on SAPO-11, the first one
Pt/SAPO-11 and the second using Pt/Zr/W/SAPO-11. It
can be seen that the presence of platinum together with an
acid component raises the mechanism for paraffin
isomerization [18].
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This figure shows that Pt Zr W/SAPO-11 gives higher
conversion rate which means that the addition of these
promoters (0.51% Zr and 1.1% W, which are measured by
XRF), can enhance the catalyst activity. The increase in
the transformation on Pt Zr W/SAPO-11 may be due to
enhancement of the acid sites due to the presence of
promoters [27].

Tungstate species also appeared to be more resistant to
the loss of active sites during the catalytic cycle, therefore
they are more stable and give strong catalysts [28], while
the presence of platinum increases the hydration-
dehydration reaction. On the other hand, zirconium is a
combined effect of the degree of hydration and increases
the active acid sites (Bronsted and Lewis) [27].

Lee et al [30] found the maximum conversion using Pt
W/SAPO-11 was 42% in comparison with our research; it
can be seen that the conversion was higher.
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Fig. 7. Conversion of n-decane with different promoters at
LHSV 15 hrt

d. The Reaction Order With Respect to N-Decane

Due to the linear relationship between -raand Cp, it can
be found that the order of the reaction is a first-order
reaction as shown in Fig. 8. No significant change in the
reaction order was detected when the temperature
increases from 200-275°C.
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Fig. 8. Relation between - r, and CA for Pt Zr W/SAPO-
11
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The reaction rate constants (k) were calculated at
different reaction temperatures according to the linear
relation between —ra and Ca. While Table 1 shows the
values of rate constants that were obtained at different
reaction temperatures.

Table 1. Values of rate constant at different reaction
temperatures
Reaction Temperature (°C)

K (liters /hr.kg catalyst)
Pt/Zr/W/SAPO-11

200 23.858
225 47.967
250 91.163
275 147.36

e. The Apparent Activation Energy Measurements

The activation energy of isomerization reaction was
calculated using Arrhenius equation, which satisfies the
relationship between rate constant and the reaction
temperature.

-Ea
k=AeR Q)
The plot of (In k) vs. (1/T) was used for the calculation
of the activation energy for the isomerization reaction and
it was equal to 52.727 kJ/mol.
f. Isodewaxing Process for Iragi Base Oil
Isodewaxing is a process for making a base oil of a low
pour point, high viscosity index, and improved oxidation
stability. It is important to find the benefits of this
invention in dewaxing process to study the effect of
temperature before the cracking becomes excessive.

f.1. Effect Of Operating Conditions On Pour Point

Temperature and LHSV have an obvious influence on
the pour point of base oil (side stream comes from
furfural extraction).

As shown in Fig. 9 and Fig. 10 by increasing the space
velocity (less contact time), the pour point increases at a
constant temperature which means that an increase in the
residence time, leads to plenty of contact time of the
feedstock with the catalyst inside the reactor [10].

It can be concluded that when the temperature increases
the pour point decreases however at moderate
temperatures there is a chance for a hydroisomerization
reaction to occur, resulting in an isoparaffin formation
which has a low pour point (-16 °C at isomerization
temperature of 300°C and LHSV 0.5 h* ) . This
conclusion was supported by Thomas et al., [30] .
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f.2. Effect of Zr-W Promoters on Pour Point

The effect of the mixture of zirconium and tungsten
promoters on pour point at different LHSV  and
temperature range 200 — 300°C were studied.

A comparison for hydroisomerization of lubricating oil
using two types of promoters on SAPO-11, the first one
Pt/SAPO-11 and the second using Pt Zr W/SAPO-11
shows that Pt Zr W/SAPO-11 gives a lower point
(Reducing pour point from -13°C by using Pt/SAPO-11 to
-16°C when using Pt Zr W/SAPO-11) which means that
the addition of these promoters (0.51% Zr and 1.1% W,
which measured by XRF) can enhance the catalyst
activity[31].

f.3. Effect of operating conditions on viscosity index

Viscosity index is one of the most common properties
of lube oil fractions.

This property reflects the ability of the lube oil viscosity
to vary with temperature. Fig. 11 and Fig. 12 investigates
the variation of VI with operating conditions (Catalyst
bed temperature and LHSV) and the effect of Zr/W
promoters. It is obvious that the viscosity index increases
with the catalyst bed temperature increasing and LHSV
decreasing, for a given catalyst.
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The effect of the feed quality (aromatic and saturated
content) also affects VI, and it has a strong relationship
with the aromatics and saturates. The temperature
increasing will encourage the saturation of aromatic
species or even decomposition resulting in the conversion
of aromatics to paraffinic or the conversion of alkanes to
isoalkanes.

This influence was in agreement with Thomas et al [28]
which indicates that the increase of a reaction temperature
leads to an increase in the rate of isomerization while the
LHSV decreasing leads to an increase in the time of
contact and gives the same results. Gortesema et al [29]
and Miller [3] obtained that the catalyst impregnated by
platinum gives the best result for both viscosity index and
pour point.

It can be observed that using zirconium and tungsten
promoters has the highest effect on VI and pouring point
when compared with platinum alone.
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4-  Conclusion

n-Decane conversion increases as the temperature is
increasing from 200 to 275°C and decreases as the LHSV
is increasing from 0.5 to 2 hr. The highest n-decane
conversion was56.77% which was achieved at 275°C and
0.5 hr*LHSV, while The reaction order was first order.

While isodewaxing of 3SS base oil was achieved and
the flow properties of the base oil were improved. The
best isodewaxing conditions were a temperature of 300°C
and LHSV 0.5 h™™. The pour point of base oil was reduced
to -16°C, while the viscosity index was improved to 134.8
by using Pt Zr W/SAPO-11.
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Symbols

Symbol Definition Unit

. For 1% order
A Pre-exponential factor reaction ‘mins
c The concentration of mol/liter
A decane at any time
Ea Activation energy KJ/mol
k Reaction rate constant liters/h.kg
catalyst
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