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Abstract

In the present work, experimental and mathematical model were simulated
to describe the catalytic reforming process reaction, using Iragi heavy naphtha
as a feed stock. Tri and bi-metal catalysts were prepared by adding the tin and
iridium (Ir) to the classical catalyst used in catalytic reforming unit in Al —
Doura refinery to enhance the reaction selectivity. The effect of the main three
catalytic reforming reactions, named dehydrogenation, hydrocracking,
and dehydrocyclization, on the catalyst performance (activity and selectivity)
were investigated. Catalysts performances were investigated under the
following operating condition: constant reaction pressure equal to 6 atm, the
reaction temperature range of (480, 490, 500, and 510 °C), constant hydrogen
to hydrocarbon ratio of 4:1, and WHSV (weight hour space velocity) range of
(1,15, and 2 hr-1).

The results show that as reaction temperature increase, higher conversion of
Paraffins and Naphthenes components in Iraqi heavy naphtha while negative
impact on conversion as weight hourly space velocity increases (i.e., higher
WHSV shows lower conversion). Generally, tri and bi-metal catalysts
the aromatics and light components yields will be increased under the same
operating conditions reforming process.

Simulation and mathematical representation and was developed to describe the
catalytic reforming reactions kinetics. Mathematical model predicts the
conversion, temperature and concentration profile with time and axial direction
are considered. Simulation and progressing model agreement with the results of
experimental work according to the suggested scheme for heavy naphtha
catalytic reforming of network reactions, the deviation results when comparison
of experimental and mathematical model results equal to 19.5%.

DOI: http://doi.org/10.55699/ijogr.2022.0201.1020 , Department of Petroleum Technology, University of Technology-iraq

This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0

1. Introduction

Petroleum refineries consist of several thermal and catalytic units used to convert and separate petroleum
fractions into useful products. Naphtha reforming units convert low-octane number heavy naphtha into a
higher-octane number reformate that is the main feedstock for the blending unit to produce gasoline [1, 2].
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The catalytic reforming process of naphtha has been developed rapidly over the past four decades and
has become one of the most advanced units in the refining industry. The various reforming reactions are
dehydrogenation reactions of the paraffins to naphthenes and dehydrogenation of the naphthenes to
aromatics, dehyrocylization of paraffins to naphthenes, isomerization of normal paraffins to iso-paraffins,
cracking of paraffins and naphthenes and hydrodealkylation of aromatics. Modelling and simulation of
catalytic reforming has been considered by many researchers to determine the plant performance or product
distribution behavior [3, and 4].

The metals used with Pt/ Al203 catalyst are Sn, Ir, and Ge. These additives modify their activity,
selectivity, stability of the catalyst, and lower coking rate and their higher resistance to deactivation.
These metals are used as bi- and tri-metallic catalysts. This type of bi- and tri-metallic naphtha reforming
catalyst makes a big leap forward in the technology of reforming catalyst and it improves its properties of
this catalysts. [5 and 6].

Askari 2012 developed model for simulating catalytic reforming unit with four reactors in series by
using Hysys-refinery software. The results were validated by operating data, taken from the Esfahan oil
refinery catalytic reforming unit [7] . Elizalde and Ancheyta 2015 proposed the dynamic modeling of the
catalytic naphtha reforming reactor using material and heat balances; the reaction network consisted of 20
components plus hydrogen and 53 chemical reactions [8]. Dong et al. 2018 described a continuous catalytic
reforming process using a kinetic model of 27-lump, plug flow reactor model of a 4-zone parallel-series and
an empirical catalyst deactivation model. The mean absolute prediction was found to be 0.76%, 0.42%,
0.90%, and 0.50% for PNAH, respectively [9]. Xiao yang Yi et al. 2020 constructed kinetic model for the
naphtha reforming process. By assembling the components into reactivity based lumps, a new
reaction network model rooted on 33 lumps and 101 reactions was studied. The search algorithm was used
to determine the global optimal solution. By comparing with the test data, the average deviation of the
reformed products calculated from the proposed model reached 2.5% [10].

The objective of this work is to develop classical catalysts used in reforming units by prepartion bi-
and tri-metallic catalysts and study the performance of these catalysts under different operating conditions
using Al- Doura heavy naphtha a feed stock. Also, the mathematical representation was used to describe
the reactions of catalytic reforming, kinetics parameters (pre-exponential factors, activation energy, heat of
reactions optimum operating conditions) for prepared catalysts.

2. Experimental
2.1. Materials
The properties of Al-Dura heavy naphtha are shown in Table (1). Nitrogen was purchased from
the Dijlah factory, analyzed by GC and confirms its purity of 99.9%. In order to reduce oxygen and water
impurities a molecular sieve type (5A) which has been installed on the line of hydrogen.
Table (1): Al-Dura heavy naphtha properties.

Property Unit Data Property Unit Data
Specific Gravity at 15.6 "C - 0.733 | Total distillate vol%o 98.5
——1 Total recovery vol%o 99.5
APT - 61.7 J
Residue vol%o 1
Distillation Loss vol% 0.5
LB.P °C 60 Sulfur Content pPHn 3
10 vol % distilled eC 88 Mwt. g/gmol | 108
S0 vol %  distilled °C 117 "Total Paraffin vol % 60
90 vol % distilled °C 147 MTotal naphthene& aromatic vol % 40
FB.P eC 178

2.1. Catalysts

The catalysts used in reforming units (Al-Dura refinery) were Pt / y-Al203 (RG 412), and Pt-Re / y-
Al203 (RG 482) catalysts. The prepared catalysts in the lab (Pt-Ir / y-Al203 and Pt-Re- Sn / y-Al203). The
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properties (physical and chemical) for the catalysts were measured in QOil Research and Development Center
/ Ministry of Qil, as shown in Table (2):

Table (2): Properties of commercial and prepared catalysts.

Commercial Commercial Prepared Prepared
Pt/y-ALOs Pt-Re/y-ALO3 Pt-Ir/y-ALO3 Pt-Re-Sn/y-ALO3
Pt, wi|% 0.35 0.3 0.5 0.3
Re, wt % - 0.3 - 0.3
Sn ,wt % - - - 0.1
Ir, wt % - - 0.1 _
Form Extrudate Extrudate Extrudate Extrudate
Surface Area (m?/g) 220 220 219.9 196
Pore Volume (cm¥/g) 0..57 0.6 0.61 0.73
Bulk Density (g/cm?) 0.66 0.69 0.67 0.685

2.2.1.1. Preparation of Platinum- Rhenium -Tin / Alumina Catalyst

The catalyst was prepared by co-impregnation by adding tin chloride (SnCl,.2H20) to platinum- rhenium
supported on alumina catalyst in order to reach a final concentration of 0.3 wt% Pt, 0.3 wt% Re and 0.1 wt% Sn
[1]. SnCl; was first dissolved in deionized water and heated for 30 min at 70 °c. Tin chloride was added to the
solution containing catalyst and left without stirring for 1 hr and then gently stirred for (1/2-1 hr) in the water
bath at 70 °C. Then, the catalyst was dried at 120 °C for 12 hrs, and calcined in air at 500 °C for 4 hrs and finally
reduced in hydrogen at 500 °C for 4 hrs at hydrogen flow of 80 cm3/min.

2.2.2. Preparation of Platinum-Iridium / Alumina Catalyst

The catalyst was prepared by impregnation the parent catalyst (Pt/Al,O3) with Iridium chloride (IrCls3) in
order to reach final concentration of 0.5 wt% of Pt and 0.1 wt% of Ir [10]. Iridium chloride was added to the
slurry solution of HCI and support and gently stirred for 1 hr at room temperature. The slurry was left into water
bath at 70 °C. Then dried at 120 °C overnight. The catalysts were finally calcined in air at 300 °C for 4 hrs and
then reduced by flowing hydrogen at (60 cm3/min) at 500 °C for 4 hrs. Heating ramps were programmed every
10 °C /min.

2.2.3. Heavy Naphtha Catalytic Reforming Unit and Operating Procedure

The heavy naphtha catalytic activities are carried out in a conventional continuous flow vertical tubular
reactor, the reactor dimensions are 20mm internal diameter, 30mm external diameter and 68cm height (reactor
volume 214 cm3). The reactor was charged with 50g (the bed catalyst is 22 cm) of catalyst located in the middle
zone for each experiment, the reactor upper and lower zones filled with glass beads. The products were cooled
and collected in a separator in order to exhaust the gases to the atmosphere and collect the condensed liquid from
bottom of the separator. Product samples were analyzed using gas chromatography (Shimadzu 2014 GC). Figure
(1) shows the pilot plant of catalytic reforming unit.

Thecatalytic reforming reaction was tested at temperatures (480, 490, 500, and 510 °C), the pressure was
kept constant at 6 atm. Heavy naphtha weight hourly space velocities were varied at (1, 1.5, and 2 hr-1),
hydrogen to hydrocarbon molar ratio kept constant at 4:1. The reactivation carried at 450 and 500 °C for four
hours respectively in a current of hydrogen at atmospheric pressure and flow ratio (60 and 80 cm3/min). Heavy
naphtha pumped under pressure to the reforming unit. The deactivation catalyst was ignored because the fresh
catalyst was used for each run.
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Figure (1): Pilot plant of catalytic reforming unit

4. Simulation and Mathematical Model
4.1. Description of mathematical model and Assumptions

The main object of the present study is to analyze the catalytic reforming process kinetics by
evaluating the different effects of reaction temperature and reaction time and on the substrate
contained in the course of the process by using Iragi heavy naphtha as feedstock. In this work three
groups of compounds were found: normal and iso paraffins (P), naphthenes (N), and aromatics (A).
Catalytic reforming process model with mass and energy balances, kinetic thermodynamic,
concentration, and temperature distributions along the length reactor can be estimated.

Progressing the reactor model of catalytic reforming process assumptions is shown below:

= Isothermal operation plugs flow and steady state process.

= Effect of the pressure constant throughout operation.

= The limiting step was the surface reaction.

= Reactant and products density are constant.

= The temperature and concentration gradients along axial direction are considered and the radial
direction can be neglected.

= Constant catalyst activity for calculation, all the rate equations are linear pseudo-monomolecular in
nature, and all the reforming reactions rates are first order (proved experimentally).
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4.2. Reaction Kinetics
Catalytic reforming of Iraqi heavy naphtha for the present work, monitoring and analysis of
the consecutive and parallel heterogeneous reaction, the network reactions suggest are schematically represented
in Figure (2). G

Figure (2) heavy naphtha catalytic reforming reactions network.

Paraffin <~ Naphthene+H, . 1)
Naphthene — A + 3H, cerneerneenns(2)
Paraffin+H, - 2Gases . 3
The simple power law kinetic expression for reactions (1,2, and 3) is considered [11]:
r,=k,C, —k;Cy P, - (4), r,=K,Cporenenn (%), L=KCp..coov..... (6)
Reaction Rate general form is: r=kC"' . @)
-E

where, k = AEX o RN ¢}

S RT
The Arrhenius expression confirms the reaction rate constant k; [11]:

Lok, = Lnd_— E, . 9
" RT
The reaction equilibrium constants Keq= ki/ks The following thermodynamic relation, equilibrium constant
can be calculated by the  [9] Ke—EYA 729} L (10)
RT

Under the present reactions first order with respect to reactants therefore the kinetic expression is to be linear.

4.3 Model Kinetic Reaction

4.3.1. Mass Balance
A material balance is made over the cross section of a very short segment of the tubular catalyst bed to

develop a reaction model for an integral reactor, as shown in Figure (3):

Feed
[_-n'-(—-'xl'~ T- l
z=0
Catalvs L
z
Bed ) Az {1
T z +AZ
Z=7Z

L.

Figure (3) Tubular reactor Segment

Products F, . C,. T

Then, the resulting equation [12] is Fﬁ - Fﬁ -Vep(1-€) (-.ty=0 (11)

zZ Z+Az

112



Iragi Journal of Oil & Gas Research, Vol. 2, No. 1 (2022)

n

As Az 0, material balance differential reduced to: C;i =—n (12)
Since: dw = dv p(1-€) Lo (13)
Each component in heavy naphtha feed stocks reaction rate equations can now be developed for
Paraffins, Naphthenes and Aromatics: a space time variable, 0, as: o=wif ... (14)
For a constant feed rate, an incremental section of catalyst bed, may expressed as: dw=f.d9....... (15)

4.3.2. Energy Balance
Energy balance over the differential reactor control volume used to estimate the temperature profile

along the reactor which is obtained from an [13].

1.p.CpdT=r1pn.HrpondW + Ivca/HeneadWw + rp_cAHrypgdw L (16)
Equation (15) substituting in to equation (16) obtain:- . PN posy
% — pCP + r_.?\«r—)fj &H?‘!j\«r—)fi ooooooooo (17)
tp 560 p 6
The above differential equation is taken to be as first order and this is improved experimentally as:-
-r=kC' ... (7
Taking natural logarithm for both side of equation (7) obtain: In(— ri)= Ink, +nInC, veeeeene(18)

Plot In (-r;}) vs. InC;, the first order behaviors must be straight line, Figures (4) and (5) illustrate that

different reaction and different catalyst, for some selected types of both catalysts these two figures are just

samples. Lnc nc
r " j -12.56 - r T i -9.462
-11.99 -11.8 -11.65 11.5 -10.14  -10.08 -10.02  -9.96
-12.61 - -9.558 ~
- -9.654
-12.66 { -
- -9.75 4 =
-12.71 4 ~ -9.846 { S
-12.76 - -9.942 +
-10.038 -
-12.81 -
-10.134 -
-12.86 - ®|_10.23 ]
Figure (4) Naphthene +Hydrogen— Paraffin Figure (5) Paraffin —Naphthene +Hydrogen
for bi-metal catalyst at 1.5 hr* for tri-metal catalyst at 1hr

4.4, Model Process
Figure (3) show the axial flow reactor model for catalytic reforming process. All the differential

equation in the mathematical model numerically solved by method of finite difference approach with explicit

solution.
For Mass balance [14]: av _ Z&(— ry (19)

Iragi heavy naphtha components (P, N, and A) substitute’s in above equation.
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S ilan)
dT |§1rI_AHrI

For energy balance: —=S—m—— (20)
dz > fiCP-
=1 i
PN (_ AH, p_sN )
dTi S +r;M—>A_&H?‘,_-_M—>A .......... (21)
=
dz I§1f3—C B TP\ TAH . v P
PG (- am PG )
I
AH; 1=AH"; 205+ J‘ACPdT ............. (22)
208
Table (3) shows that the results of estimations heat reactions.
Table (3): Heat of reaction results
AHy (J/mole Hs)
Reaction 480°C 490°C s500°C 510 °C|
N+H: —»P -54393.3 -54238.5 -53903.7 -53648.5
N—A+3H: 73119.9 73207.8 73291.5 73361.2
P + (n-3/3) H2 — n/15(C1-Cs) -52623.1 -52837.6 -53079.3 -53309.7

4.5. Reaction Kinetic Parameters Estimation

Arrhenius equation were used to estimate the apparent activation energy (Ea) which satisfies the

relationships between reaction temperature and rate constant as specified in equations (7, 8, and 9). Plot In(k)
vs. (1/T). Activation energy was calculated from the slope represented by (-E./R) and the intercept represented by

In(A.).Table (4) list the results of tri and bi- metal catalysts.

Table (4): Tri and bi-metal catalysts Activation energy and pre-exponential factor

Reaction Ea’R Ea (kcal/mol) | Ae
Pt-Ir/y-Al> O3
P-N+H; 15084 29.97 7.927*10%
N+H, —-P 10674 21.21 6.733*10°
N —-A+3H; 0822.2 19.52 7.997*10°
P+H,—2G 11905 23.65 5.803*10°
Pt-Re-Sn/y-AlL O3
P—-N+H; 17764 35.29 2.347*101°
N+H, =P 13367 26.56 2.023*107
N—A+3H:2 7983.6 15.863 1.581*10¢
P+H»—2G 13684 27.19 5.424%107

5. Results and Discussion
5.1. Temperature Effect

Reaction temperatures influence range between (480 - 510 °C). The wight hour space velocity was (1hr™) for

both tri and bi-metal catalyst. From Figures (6 - 13) can be seen that with the increase in the reaction temperature
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the concentrations of light components (n-pentane and n-hexane) increased and the concentration % of heavier
components decreases as increase of reaction temperatures. This result was attributed to the dehydrocyclization
reaction which is preferred at higher reaction temperature and higher molecular weight of carbon number [16].
Increasing temperature and carbon number make the naphthenes dehydrogenation and paraffin’s
dehydrocyclization became faster. This led to increasing the mole % of aromatics components [17]. The
comparison of the results performance between the two prepared tri and bi-metal catalysts shows that tri-metal
catalyst had better results than the bi-metal catalyst because the addition of tin to the classical catalyst used in
catalytic reforming unit in Al —Doura refinery has enhanced the isomerization reaction selectivity, and also the
aromatization reaction increased according to Bednarova et al. [18].

7.2 4 —&—n-p5 6.6 S —
6.8 - . = = npe 6.2 —_ s
6.4 5.8 - —=—n-p6
5 g ] :><:: e 5.4 - —&—n-p7
e n-p8 5 \ n-p8
4.8 - —*—n-p9 4.6 —%—n-p9
< 4.2 ] —&— n-p10| f gg ] —e—n-p1q
3 387 S 34
= 3.2
2.8 31 ‘\i
2.4 A 2.6
12 E ‘\\:\-‘\‘ 2.2 .\‘\.\.
-2 1.8
521 ‘ ‘ : : ‘ 14
470 480 490 500 510 520 470 480 490 500 510 520
Temperature
Temperature
Figure (6) Temperature effect of on the mole % of Figure (7) Temperature effect of on the mole % of
n-P at 1 hr whsv of for tri-metal catalyst n-P at 1 hrt whsv for bi-metal catalyst
L8 —e—is0-p6 ;g 1 —e—iso-p6
gg / —=—iso-p7 6:8 i ./—"—”/' —=— iso-p7
6.4 — —a—iso-p8 6.4 —A— is0-p8
6 J\L—\,,q ,SD_ZQ 6 - — is0-p9
5.6 5.6 1 —_
£ 52 —%— is0-p10 S 55 T —*— iso-p1
S 48 \ 5 4 ‘\‘\A\‘
S 4.4 S 4.8
4 4.4 4
3.6 4
53 a0l
2.3 \ﬁ\ 3.2 4 \
16 ——————— ) EE——
470 480 490 500 510 520 470 480 490 500 510 520
Temperature Temperature
Figure (8) Temperature effect of on the mole % of Figure (9) Temperature effect of on the mole % of
iso-P at 1 hr* whsv of for tri-metal catalyst iso-P at 1 hr whsv for bi-metal catalyst
3 —— N6 31 —&— N6|
2.75 4 —-— N7

[ 2.75 —= N7
—A— N8

2.5 1 \-\‘\- T
N9 2.5 4

2.25 - N9
2| 2.25 A
\ 2

—
.54 1.75 A
1.25 - 15

Mol %
Mol %

Temperature Temperature
Figure (10) Temperature effect of on the mole % of Figure (11) Temperature effect of on the mole % of
Naphthene at 1 hr* whsv of for tri-metal catalyst Naphthene at 1 hr'* whsv for bi-metal catalyst
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Figure (12) Temperature effect of on the mole % of
Aromatics at 1 hr'* whsv of for tri-metal catalyst

5.2. Weight Hour Space Velocity (WHSV)Effect

Weight hour space velocity (WHSV) influence of was studied at ranging between (1, 1.5, and 2 hr), taking
the temperature constant of 510 °C which is the best result of highest aromatics yield. Figures (14- 21) show that
as the weight hour space velocity increases mole% of light components n-pentane and n-hexane decreases; the
reason for this behavior is hydrocracking reaction became slow rate. Residence time decrease with increase in
WHSV, which causes feedstock with the catalyst inside reactor offers plenty of contact time, this will lead to an
effective n-paraffins conversion [19]. Weight hour space velocity increases reactivity decreases was observe for
the heavier paraffins. This lead to that dehydrocyclization reaction of normal and iso - paraffins is the slowest

reaction, therefore aromatics yield decrease.

Fi

96 | —— A6
2] / AT
8.4 4 —&— A8
7.8 1 A9)
7.2 4 a—
< 6.6 /
s 67
= 54+
4.8 A
4.2 A
3.6
34
2.4 — e
1.8 T ™ ™ T ]
470 480 490 500 510 520
Temperature

gure (13) Temperature effect of on the mole % of
Aromatics at 1 hr'* whsv for bi-metal catalyst
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Figure (14) WHSV Effect on the mole % of n-P
at 510 °C for tri-metal catalyst

Figure (15) WHSV Effect on the mole % of n-P
at 510 °C for bi-metal catalyst
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Figure (16) WHSV Effect on the mole % of iso-P

at 510 °C for tri-metal catalyst

Figure (17) WHSV Effect on the mole % of iso
at 510 °C for bi-metal catalys
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Figure (18) WHSV Effect on the mole % of Figure (19) WHSV Effect on the mole % of
Naphthenes at 510 °C for tri-metal catalyst Naphthenes at 510 °C for bi-metal catalyst
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Figure (20) WHSV Effect on the mole % of Figure (21) WHSV Effect on the mole % of
Aromatics at 510 °C for tri-metal catalyst Aromatics at 510 °C for bi-metal catalyst

5.3 Mathematical Model Simulation Results
The concentration profiles of reactants (P and N) and products (A and G) illustrated in figures (22) and (23)

for tri and bi-metal catalysts prepared in the present work at temperature (480 °C) and weight hour space velocity

of (1hr*) as an example.

5 -5

® 10 x 10
12 1.2
—— Paraffins —— Paraffins
osl ---- MNphthenes osl ---- Nphthenes
— - Aromatics - — - Aromatics
é « C1-CH % « C1-C5
% 0sf 5 o8 1
o4t ,,/-4”/—"7{- 4 DA-\,‘Werﬁ_/.)—~’~"’/-‘ o B
sl _ | ozt T 1
. . . ‘ . . . ‘ . ‘
a 5 10 15 20 25 a 5 10 15 20 25
Distance (Cm) Distance (Crn)
Figure (22) (P, N, A, and G) concentration profiles Figure (23) (P, N, A, and G) concentration profiles
for tri-metal catalyst for bi-metal catalyst

Experimental and predicted comparison for conversion of reactant (P and N) for tri and bi-metal catalysts
shown in figures (24) and (25) as example. The comparison between theoretical and experimental results

represents in table (5). Results of the experimental work according to the suggested scheme of network reactions
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for Iragi heavy naphtha catalytic reforming agrees with derived model and simulation. Deviation of experimental

results compare with the derived model reaches to 19.50%.

0151 | 2 hrdcnesuls 0851 |2 Dottt Resulte
0.13 4 0.6 4
o ’ $ 055
£ 009 4 D§ R N
‘% g 51 A
5 0.07 A >
§ 00 A é 045 N
003 04
0.01 . . . . ) 0.35 T T T T )
470 480 490 500 510 520 470 480 490 500 510 520
Temperature K Temperature K
Figure (24) Experimental comparisons with predicted Figure (25) Experimental comparisons with predicted
conversion of Paraffins at (1hr®) WHSV for conversion of Paraffins at (Lhr") WHSV for
tri-metal catalyst. bi-metal catalyst.
Table (5) Experimental and Theoretical mol % for bi-and tri-metal catalyst at Lhr-1 WHSV
Pt-Re-Sn/ v-ALO3 Pt-Ir/ y-AL2O3
Condition | Components Exp. Theo. Rl_ala_tn'i Exp. Theo. R?la_twi
Conv % Conv% deviation% Conv% Conv % deviation%
480 °C Paraffins 5.50 6.21 6.35 48.46 55.49 14.51
490 °C Paraffins 6.94 3.09 10.07 46.7 46.86 0.36
500 °C Paraffins 9.44 10.44 347 45.25 46.28 2.28
510 °C Paraffins 11.74 13.32 2.95 44.15 45 1.93
480 °C Naphthenes 45.60 50.94 9.71 9.24 9.8 6.11
490 °C Naphthenes 45.57 53.85 15.31 8.13 8.7 7.10
500 °C Naphthenes 48.07 56.32 13.22 7.29 7.99 9.6
510 °C Naphthenes 48.10 58.3 19.5 6.8 7.74 13.85
480 °C Aromatics 1.582 1.779 9.77 22.14 24.59 11.1
490 °C Aromatics 1.662 1.863 11.7 23.88 25.97 8.77
500 °C Aromatics 1.80 1.955 6.93 25.44 27.34 7.50
510 °C Aromatics 1.97 2.056 6.54 26.56 28.73 8.17

Figures (26) and (27) show that predicted temperature profiles along bed length at temperatures 480 and
490 °C for tri and bi-metal catalyst. It can be seen that from these figures the temperature profile decreases along
the catalyst bed length (for all temperature ranges). This result of heavy naphtha catalytic reforming process
trend agrees with the published results. Because reforming process reactions are, overall, endothermic many
researches indicate that the temperature decreases along the catalyst bed, therefore to maintain reaction
temperature at operatable levels commercial catalytic reformers are designed with multiple reactors with heaters

between the reactors [16, and 21].
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Figure (26) Temperature profile simulation at 480 °C Figure (27) Temperature profile simulation at 490 °C
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and (1hr-1)of for tri-metal catalyst. and (1hr-1)of for bi-metal catalyst.

6. Conclusions

The selectivity of catalysts for Iragi heavy naphtha reactants toward aromatization reactions for light
aromatics (A6, and A7) increases, by improving the catalysts through addition of iridium (Ir) and tin (Sn) as bi-
metal and tri-metal catalysts to Al-Dura refinery catalysts used in reforming units. Paraffins and Naphthenes
conversion for heavy naphtha
conversion % for Paraffins increasing from (11.50 % - 22.58 %) , Naphthenes (56 % - 67 %) for), whilst the

bi-metal catalyst conversion% for Paraffins increasing from (8.57 % - 16.7 %) and for Naphthenes (50 % -

increases with increasing of reaction temperature Tri-metal catalyst the

63.15 %). On the other hand when increasing of weight hour space velocity conversion % decreases.

Aromatics products yield increases with an increase in reaction temperature. Tri-metal catalyst increasing
from (25.8 % - 32.12 %), and for bi-metal catalyst increasing from (24.51% - 29.41%) while aromatics products
decreasing when increasing of weight hour space velocity. Simulation and progressing model agreement with the
results of experimental work according to the suggested scheme for heavy naphtha catalytic reforming of
network.reactions, the deviation results when comparison of experimental and model results equal to 19.5%.

NOMENCLATURE
Symbol | Definition Units Symbol | Definition Units
A Aromatics -} K., Eeacton equil. constant -}
A Pre-exponential factor -} LH5V Liguid hour space velocity hr?!
A Aromatics{6,7,8.9) carbon atom {-) Mwt Molecular weight =/zmaole
Cx Naphthenes concentration mole'cm® Ny Naphthene (5,6,7,8.9) C-atom -}
Ca Initial concentration of species n mole'cm® o-F; Paraffine5,6,7.8.9 10)C- atom -}
Ca Concentration of species n mole'cm® P Paraffin -}
Cp Specific heat Jmole*C | P, Taotal pressure Atm
Ea Activation energy Ll/mole E Gas constant JimoleE
F. Initial molar flowrate of species n | mole'hr I Eeacton rate of species i mole'zcat. hr
F. Molar flow rate of species n molehr T Eeacton temperature =T
f Weight flow rate g/ hr T Initial temperature =C
G Gases -} 1 Volume o
GC Gas chromatography -} V. Volume of gas adsorbed o
H: Hydrogen -} Ve Volume of catalyst o
AH', Heat ofi th reaction J/ maole w Weight of catalyst k=
H/HC Ir{:;:"gm tobydrocarban male |, WHSV | Weight hour space velocity b
R Pr—— [ w | aspeitonotipedst [
k Eeaction rate constant hr! It Length of reactor om
Eenct. rate for naphthense's maole=cat. Intesration step for the reactor
Iz dehvdrozenation resction hr Az length (-}
jls Density Kz/m* € Porosity of catalyst bed {-) cm*/em®
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