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Abstract 

Catalytic transformation of a low-octane number stable gas condensate to high-octane number gasoline (RON: re-

search octane number) is an economically and strategically vital process. In this research, modifying ZSM5 zeolite 

(80 Si/Al ratio) by impregnation with 2% Zn (Zn/ZSM5) was carried out to increase the selectivity for isomerization 

and aromatization thereby enhance the octane number. The process was conducted by using stable gas condensate 

85 vol% with 15 vol% ethanol in a fixed bed reactor. Zn/ZSM5 and ZSM5 were examined in a pilot scale under dif-

ferent conditions temperature 360-420 °C LHSV 1.2-2 h−1, pressure 5 bar. Catalysts were characterized before and 

after Zn loading using Fourier Transform Infra Red (FT-IR), Brunauer-Emmett-Teller (BET), X-ray Diffraction 

(XRD), Scanning Electron Microscope (SEM), Field Emission Scanning Electron Microscope (FESEM), Transmis-

sion Electron Microscope (TEM), and N2-adsorption. The SEM, FESEM, and TEM have shown that no change in 

morphology and metal distribution. The XRD and FT-IR characterizations revealed the modified catalysts re-

tained their crystallinity after metal impregnation while N2-adsorption isotherm demonstrates no significant 

change in porosity. The results of Zn/ZSM5 display an optimum result at 420 °C, 1.2 h−1, 5 bar with enhancement 

of RON from 60.5 to 89.0 whereas ZSM5 shows RON enhancement from 60.5 to 82.0. Post Zn loading, PONA test 

has shown an increase for iso-paraffin from 45.4 to 47.4%, and aromatics from 10.8 to 14.0. The findings translate 

the effectiveness of using Zn on ZSM5 for gas condensate – gasoline transformation.  
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1. Introduction 

Stable gas condensate transformation to high 

octane number gasoline is considered as a great 

deal of investment. Gas condensate is relatively 

cheap, clean, and widely abundant hydrocar-

bons primarily made up of hydrocarbons C5+ 

produced as by-products  from  natural gas pro-
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duction [1–3]. Nowadays, there is a growing in-

terest in stable gas condensate to produce high 

RON gasoline. RON is described as the ratio of 

the volume of isooctane in a mixture of normal 

heptane and isooctane. The octane number 

(RON) dictates the ability of gasoline to resist 

knocking during combustion and enable higher 

efficiency in spark-ignited engines [4]. The de-

pletion of conventional light oil reservoirs with 

an urgent demand for gasoline has become the 

main motivation for gas condensate transfor-
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mation not to mention the low cost of gas con-

densate. As a result, gas condensate is a poten-

tial alternative energy source to be converted 

into high octane grade gasoline in the coming 

years [5–7]. Associated with extracted gas, gas-

oline, kerosene, and lesser or higher-boiling 

fractions are usually present. It is used in pro-

ducing petrochemicals as well as gasoline or a 

component of gasoline blends [8,9]. Several  

quality indicators  such as Reid vapor pressure,  

sulfur content, benzene- aromatics, and iso-

paraffin are highly taken in consideration in 

gasoline assessment [10,11].  

The kinetic of gas condensate transfor-

mation to gasoline requires a catalyst to derive 

the reaction. Zeolite based catalysts are the 

most used ones due to their stability, selectivi-

ty, and low cost [12,13]. Hajimirzaee et al. have 

studied the effect of Zn or Ga/ZSM5 on LPG 

conversion to gasoline where they found both 

have shown the same performance at a low im-

pregnated concentration [14]. Zeoforming  is a 

process where the catalyst is ZSM5 dealing 

with light hydrocarbons feedstock with a prom-

ising pathway [15]. One of the plus points in 

zeoforming is no need  for  hydrogen like the 

conventional reforming process [16–18]. How-

ever, two hurdles hinder the commercialization 

of this technology. One issue is the benzene 

content in the produced gasoline exceeds the 

accepted limit of 1 vol% for RON +90. People in 

this field aim to use zeoforming to  blend with 

another source of gasoline aiming to produce 

premium grade +90 RON [19]. The second one 

is the short operation time for ZSM5 catalyst, 

due to temporary deactivation occurring by cok-

ing which obliges the process to operate under 

high pressure (<25 bar). Another way to pro-

duce high-octane gasoline is  from methanol, 

called methanol to gasoline “MTG”  on ZSM5 

catalysts without hydrogen gas [20,21]. 

Researchers have found additions of some 

metals such as Zn, Cu, Ag, Mo, Ga, and Pd to 

ZSM5 exhibit high performance in term stabil-

ity, selectivity, and the yield [22–25]. Among 

these metals, Pt, Ga, and Zn, were reported the 

best to increase formation of gasoline. The ad-

dition of metal ions lower the formation of coke 

during pyrolysis, boost the yield of aromatic hy-

drocarbons, and remove oxygenated molecules 

[26–28]. Unlike Pt, Zn is inexpensive, not sensi-

tive to sulfur components, and does not have  a 

hydrogenolysis restriction [29]. On the other 

hand, handling gallium carries some health 

risks, produces coke deposition, and extremely 

expensive [30,31]. Other  studies have shown 

good results in term the stability, aromatics se-

lectivity and enhancing the octane number of 

gasoline after Zn incorporation on ZSM5 at the 

presence of ethanol [32–34]. In similar method, 

a new gas technology (NGT-synthesis) compa-

ny has innovated a one-step methaforming pro-

cess that removes sulfur and converts both 

naphtha and methanol into a high-octane gaso-

line with low benzene [19]; in addition, releas-

ing hydrogen with high purity too. Some people 

have raised the bar finding this process as al-

ternative to the following three processes naph-

tha desulfurization, reforming, isomerization, 

and benzene removal. This gives advantages to 

reduce the capital and the operating costs by 

70% [35,36]. 

This study assesses the performance of 2 

wt% of Zn loading ZSM5 zeolite (Si/Al 80) in 

gas condensate (supplied from Basra) to gaso-

line conversion tested in a fixed bed reactor in 

a pilot scale. The feed to the reactor is com-

posed of 85 vol% of stable gas condensate and 

15 vol% of ethanol. The Zn loading was carried 

out using impregnation method. The catalyst 

examination was done at pressure 5 bar, tem-

perature of 360-420 °C, and space velocity of 

LHSV 1.2-2.0 h−1. The results of Zn/ZSM5 have 

shown a significant improvement in RON from 

60.5 to 89.0 whereas Zn-free catalyst ZSM5 has 

shown 60.5 to 82.0. We have attributed the 

RON improvement to the highly dispersed Zn 

nanoparticles. The Zn and ZSM5 matrix may 

significantly induce isomerization and aromati-

zation reactions. To authors’ best knowledge, 

no study before has utilized Zn on ZSM5 for 

gas condensate-gasoline transformation espe-

cially when ethanol is incorporated with the 

gas condensate. 

 

2. Materials and Methods 

2.1 Catalyst Preparation 

ZSM5 with silica to alumina ratio 

(SiO2/Al2O3 mole ratio = 80) was purchased 

from Zeolyst International (product number 

CBV 8014) as well as normal cation in a form 

of ammonium. ZSM5 was calcined at 550 °C for 

6 h to get acidic ZSM5 powder. Metal precursor 

salt with a formula of Zn(NO3)2.6H2O (Thomas 

Baker, India) was used as to load  2 wt% ZnO 

by impregnation. Zn was impregnated on 

ZSM5 to obtain a solution containing the metal 

and ZSM5 in an amount of 80 g/150 ml by us-

ing the rotary vacuum evaporator. In the evap-

orator, the mixture was continuously rotated at 

10-30 rpm and heated for drying at 70 °C un-

der vacuumed pressure 100-200 millibar. Cata-

lysts were then oven dried at 80 °C for 20 h 
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and calcined using temperature programmed 

furnace at 550 °C (ramping step is 10 °C/min) 

for 5 h to convert zinc present to their respec-

tive oxides. Finally, the catalyst powder was 

shaped by pressing under the pressure of 10-15 

TNS for 5-8 min using a tablet (ID = 2 cm) by 

electromechanical press machine then crushed 

and sieved by sieve shaker (3-4 mm). 

 

2.2 Catalyst Characterizations  

FT-IR spectra test was performed using Shi-

madzu FTIR-1800s spectrophotometer instru-

ment with KBr tablet method and recording 

range from 400 to 4000 cm−1. N2-adsorption 

was conducted on micrometrics ASAP-2020 ma-

chine at 25 °C. after the degassing of sample in 

a vacuum for 10 h at 250 °C. The catalyst total 

surface area was measured by the BET model 

while the micropore (area and volume) was an-

alyzed by t-plot method. X-ray diffractometer 

manufactured by (Philips model PW1730 / Hol-

lande) was used to determine catalyst crystallo-

graphic properties. Scanning electron microsco-

py (SEM or FESEM (MIRA III, Weistron) were 

used to investigate change in morphology of the 

surface. Transmission electron microscopy 

(TEM) was performed to study the morpholo-

gies, microstructures, and metals dispersion of 

the catalyst on the support ZSM5. 

 

2.3 Pilot Plant Test  

Catalyst performances to examine the RON 

were carried out in a multipurpose reactor 

(RTK-1100) that contains a stainless-steel con-

tinuous flow reactor. An 80 g of the shaped cat-

alyst covered by two layers upper and down of 

50 g of 4 mm diameter ceramic ball to fill the 

reactor length of 90 cm. The catalysts were de-

gassed at 300 °C  under nitrogen and pressur-

ized to 4 bar for 2 h before each test. Gas con-

densate (obtained from Nuhr Bin Ummar Oil 

field in Basra) was introduced to flow from a 

tank on the selected flow rate to get the target-

ed LHSV. The stream was injected with etha-

nol sharing of 15 vol% of the total feed entering 

the reactor. The feed was pre-heated to 350 °C 

then passed to a high-pressure separator with 

a cooling jacket and later on to a low-pressure 

separator. After the reaction reached study 

state the product was collected to be enough for 

products test. The volumetric percentage of iso-

paraffins, n-paraffin, naphthene, and aromat-

ics of the gas condensate feedstock compounds 

and product gasoline samples compounds were 

determined using the gas chromatography de-

vice (Agilent 6890N G1540N Network GC Sys-

tem/USA). The obtained data were compared 

with the atmospheric distillation test according 

to ASTM D86. RON was tested by using coop-

erative fuel research (CFR) engine (Waukesha 

Engine, Dresser, USA) according to ASTM D 

2699, 2700. Finally, portable sulfur analyzer of 

fuel using monochromatic wavelength-

dispersive by X-ray Fluorescence (Sindie, OTG, 

XOS, USA) was used to measure total sulfur 

content according to ASTM D 7039. 

Figure 1. FTIR spectrum ZSM5 and Zn/ZSM5 

catalysts. 

General Property Value 

CFR (RON) 60.6 

RVP, psi 14.7 

Density at 15 °C, kg/m3 0.68 

Sulfur content, ppm 345.4 

Gas chromatography 

Components Contents, vol% 

n-Paraffin 40.54 

i-Paraffin 35.91 

Naphthene 16.15 

Aromatics 7.4 

Distillation test 

vol% Temperature, °C 

IBP 34.4 

5 43.1 

10 44.5 

20 47.4 

30 50.6 

40 54.4 

50 59.5 

60 66.4 

70 76.1 

80 91.2 

90 128.6 

FBP 167.2 

Table 1. Properties of gas condensate for PONA 

test, and distillation test. 
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3. Results and Discussion  

3.1 Composition and Properties of Gas Conden-

sate 

Associated stable gas condensate properties 

were depicted in Table 1. Table 1 shows the 

general gas chromatography and distillation 

test specifications. It is seen that the RON is 

low 60 with Reid vapor pressure of 14.7 psi and 

a sulfur content of 345 ppm. Liquid gas chro-

matography test revealed the major groups of 

the feed were n-paraffined and i-paraffine with 

40.54% and 35.91%, respectively. Figure 1 

shows FT-IR spectroscopy analysis for ZSM5 

and Zn/ZSM5. In the spectrum, two categories 

of zeolites are observed. The first category re-

fers to the primary unit of the structure which 

is linked to oxygen (internal vibrations) (i.e., 

AlO4 or SiO4) within the wavelength range of 

450-1225 cm−1. Typically, peaks are in the re-

gion 450 and 550 cm−1 are recognized to Al−O 

or Si−O, respectively. The band at around 800 

cm−1 is attributed to the structure sensitive ex-

ternal tetrahedron, while the 1100 cm−1 band 

Figure 2. XRD pattern (lower) ZSM5, (upper) Zn/ZSM5 catalysts. 
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Figure 3. (a) FESEM for ZSM5 with inset, (b) FESEM for Zn/ZSM5 with inset, (c) TEM image of ZSM5 

(d) TEM image of Zn/ZSM5. 
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represents the structure insensitive internal 

tetrahedron symmetric stretching vibrations, 

whereas the peak at 1520 cm−1 is attributed to 

Brønsted acid site vibration [37–40]. 

In the second category, the vibrations con-

nected to tetrahedral connections are observed 

in the area of 1625 and 3460 cm−1 which are as-

sociated with hydroxide link (OH group) [41]. 

The Brønsted acid decreased slightly because 

H-protons of the zeolite were replaced by the 

anchored Zn that obvious at acid peak region 

(3460–3650) [42]. 

ZSM5 and Zn/ZSM5 samples were examined 

by XRD to know the crystallographic pattern 

post Zn loading as in Figure 2. Figure 2 shows 

the characteristic peaks of ZSM5 with Zn load-

ing. The typical peaks of both curves were ob-

served assuring ZSM5 structure was preserved 

after Zn impregnated. No recognizable peaks of 

ZnO and other Zn species were seen, indicating 

that the Zn species grains are small relative to 

ZSM5. On the other hand, the crystallinity of 

the Zn/ZSM5 becomes lower compared with cat-

alyst before Zn loading and that may be caused 

by Al erupting from the zeolite structure form-

ing a eutectic with Zn during the calcination 

process [32]. 

Due to metal obstructions on the surface 

and inner pores of the zeolite, the monometallic 

ZSM5 diffraction peaks intensities were de-

creased when Zn was added. Because of the 

small quantity of impregnated Zn on the sur-

face of ZSM5, no peaks other than the charac-

teristic peaks of ZSM5 were visible in the X-ray 

diffractogram pattern. This provides a pro-

found evidence to support  the explanation for 

the pattern of zeolite pore filling and the distri-

bution of zinc [43]. Figure 3(a) and (b) display 

the FESEM analysis findings for the ZSM5 cat-

alyst before and after Zn loading. Sufficient 

dispersion was observed in the SEM micro-

graph. These results are relatively compatible 

with the crystalline size obtained by XRD data. 

Also, FESEM images of ZnO impregnated 

ZSM5 catalysts show no obvious change in the 

crystal morphology after metal loading. The 

particles are uniform oval and spherical aggre-

gates in shape [28]. However, there are very 

slight changes in the good nature of the cata-

lyst surface because the zinc was impregnated 

on HZSM5 to form metallic Zn/ZSM5 [40]. Fig-

ure 3(c)  showed the transmission electron mi-

croscopy (TEM) images of ZSM5. The absence 

of any Zn species particles suggests that the Zn 

species grains are very small and uniformly 

dispersed throughout the zeolite crystals. Fig-

ure 3(d) displays TEM image revealing 

Zn/ZSM5. Those are well-agreed with the re-

sults of XRD characterization. 

To assess the effect of Zn loading on the 

pore structure of ZSM5, the textural properties 

were measured by the N2 physisorption tech-

nique before and after Zn loading as shown in 

Figure 4. The BET hysteresis shows a relative 

low pressure (p/p° < 0.2) representing mi-

cropore filling which is type II based on IUPAC 

[44]. There is not a noticeable change in mi-

croporous textural properties with a long hori-

zontal plateau. This affirms the XRD results of 

excellent Zn crystal dispersion and negligible 

micropore channels blockage. While in the 

mesoporous filling region within (0.4-0.85) rela-

Textural properties 
Samples name 

ZSM5 Zn/ZSM5 

BET specific surface area (SBET) (m2/g) 378.07 358.87 

Micropore surface area (Smicro) (m2/g) 274.11 201.98 

External surface area (Sext) (m2/g) 103.95 156.89 

Total pore volume (Vtotal) 0.2347 0.2328 

Micropore volume (Vmicro) 0.1383 0.1535 

Mesoporous volume (Vmeso.) 0.0964 0.0793 

Average pore size (nm) 2.4830 2.5950 

Table 2. Textural properties of catalyst samples before and after loading. 

Figure 4. N2 adsorption-desorption isotherm for 

catalysts (ZSM5, Zn/ ZSM5). 
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tives pressure range, the hysteresis loop of 

Zn/ZSM5 sample has gotten more wider repre-

sent beginning of bottle nick shape formation 

due to the crystals agglomeration on the meso-

porous channel mouth.  

Table 2 shows the results textural proper-

ties for ZSM5 catalysts before and after Zn 

loading. The total BET surface area and total 

pore volume were reduced slightly 5% and 

0.81%, respectively. Conversely, for mi-

croporous textural there was a sharp decrease 

for micropore surface area (Smicro) with 26.31%. 

This could imply Zn loading forms very small 

crystals blocked mainly the micropore textural. 

Meanwhile, the micropore volume (Vmicro) has 

increased by 10% which may indicate there is 

some of loaded Zn crystals agglomerate inside 

the mesoporous texture converting it to be mi-

croporous. On the other hand, external surface 

area was increased by 33.74% due to depositing 

of Zn crystals on the external surface. Further-

more, average pore size increased after Zn load-

ing representing that a mass portion of Zn crys-

tals goes deep inside micropore structure and 

block them causing an increase in average pore 

size by 4.3%. 

 

3.3 Catalytic Performance 

3.3.1 Effects of ethanol on the composition and 

characteristics of the methylation process 

Dehydration of ethanol is the first step to 

take place to produce light olefins which are in-

termediate products as shown in Equation (1). 

Later, produced olefine are transformed in sub-

sequent reactions. The generated water during 

this reaction turns to steam prolongs the cata-

lyst cycle by removing the coke deposits from 

the catalyst as soon as they are formed. The 

percentage of water produced is almost 7-9 

vol%. 

 

CH3CH2OH → CH2=CH2 + 2H2O (1) 

 

Next, aromatization of olefins occurs to pro-

duce the components that dictate the high-

grade gasoline. Dehydrocyclization of olefins 

proceeds to produce naphthene then dehydro-

genation of naphthene to produce aromatics as 

shown in Equation (2). It also releases hydro-

gen that is used in hydrogenation and desulfu-

rization processes.  As it is seen in Table 1, H2S 

in gas condensate is 345 ppm, while after 

methaforminig process the H2S in product gas-

oline is 49 ppm. The methaforming is great ap-

proach to process feeds with sulfur content 

without prior hydrotreatment. 

 

2CH2=CH2 + CH2=CH2 → C6H6 + 6H2 (2) 

 

Moreover, alkylation of aromatics takes 

place when ethanol is dehydrated after ethanol 

contact with the ZSM5 releasing an ethyl radi-

cal. The radical quickly joins the aromatic mol-

ecule that is present in the feed to form high-

octane alkyl aromatics (benzene in this case) as 

shown in Equation (3). ZSM5 catalyst promotes 

alkylation of undesirable benzene into valuable 

toluene and xylene and blocks formation of 

heavier molecules. The result of benzene con-

tent in the product does not exceed 1.7 for all 

conditions. There is an effect of ethanol to limit 

the benzene in the product. 

 

CH3 CH2OH + C6H6 → C6H5 CH2CH3 + H2O (3) 

 

Isomerization of paraffins creates iso-

paraffins as shown in Equation (4). The reac-

tion process of n-hexane coupling with ethanol 

Figure 5. Composition of condensate vs prod-

ucts at different process temperatures over 

ZSM5. 
Figure 6. Composition of condensate vs prod-

ucts at different temperatures over Zn/ZSM5. 
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over ZSM5 at 350 °C using a pulse reaction sys-

tem. Ethanol induces n-hexane conversion via a 

bimolecular hydride transfer resulting in inter-

mediate products (ethoxy groups). As it is seen 

from Table 1 and Figure 6 the iso-paraffin in-

crease from 35.9 in gas condensate to 47.4 in 

product as well as n-paraffin decrease from 

40.5 in feed to 25 in product. This is attributed 

to isomerization reaction and presence of etha-

nol with feed. 

 

C6H14 + CH3CH2OH → C6H13 CH2CH3 + H2O (4) 

 

 

3.3.2 Effects of Zn loading on the composition 

and the methylation process  

Test runs using ZSM5 (Si/Al 80) and 

Zn/ZSM5 (Si/Al 80) were conducted in a fixed 

bed reactor. To demonstrate the impact of the 

Zn loading over ZSM5 on the composition and 

characteristics of the obtained product, condi-

tions were set to be at varying temperatures in 

the range of (360 - 420 °C) at 30 °C intervals, 

pressure = 5 bar and feedstock flow rate was 

1.2 h−1). Based on selected metals, enhance-

ment in term of stability and selectivity to-

wards aromatics and BTX can be expected. Zn 

is the focus for this gas condensate feedstock 

with alcohol as a co-feed. Due to its improved 

dehydrogenation abilities, success with ethanol 

dehydro-aromatization, and an oxidized active 

phase that enables the avoidance of time-

consuming reactivation [45–47]. 

Figures 5 and 6 show the improvement ef-

fect of adding 2% ZnO to ZSM5. The perfor-

mance immediately increases which is attribut-

ed to Zn in the activation of ethanol and the de-

hydrogenation of paraffinic components. Keep-

ing in mind, the produced high-octane gasoline 

is measured after considering the selectivity 

and yield of iso- and aromatic paraffins. 

Figure 5 shows the components statistics of 

n-paraffin, i-paraffin, naphthenes, and aromat-

ics on ZSM5. At the sequence of temperature 

ramping, it is seen the i-paraffin has increased 

by 26% from 35.91 to different percentages 

where the maximum value 45.4 spotted at 420 

°C. The change in naphthenes content is obvi-

ous with a dehydrogenation percent of 24.4%. 

For the aromatics the enhancement percent 

was 46%. However, Figure 6 displays a promis-

ing approach with 32% in i-paraffin and 89.9 % 

in aromatics where the naphthenes conversion 

was 14.5%. 

This demonstrates that after Zn loading the 

aromatic content significantly rises. Overall, it 

is worth noting that the RON of the product in-

creases by 21.6 points to a greater degree with 

ZSM5 while the RON of the product increases 

by 28.5 points with Zn/ZSM5. This is because 

when processing gas condensate with ethanol 

as a co-feed, both the aromatization and isom-

erization reactions are in the active pass. 
 

3.3.3 Analyses of the effects of temperature on 

the composition and characteristics of the 

methylation process 

To demonstrate the temperature influence 

on the methaforming process, the compositions 

and characteristics of the resulting gasoline 

product were carried out in multi-purpose unit 

(MPU) in fixed bed reactor over ZSM5 (Si/Al 

80), Zn/ZSM5 (Si/Al 80) in the range of 360 °C 

to 420 °C. The temperature step is 30 °C for 

each experiment at a constant pressure of 5 

bar, LHSV 1.2 and 2 h−1. The reaction tempera-

ture is a very important operating parameter 

for catalytic gas condensate aromatization and 

Figure 7. RON results for ZSM5 and Zn/ZSM5 

at different temperatures at a constant LHSV. 

Figure 8. Yield results for ZSM5 and Zn/ZSM5 

at different temperatures at a constant LHSV. 
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isomerization and therefore getting high octane 

number of product gasoline. Also, RON de-

pends on dehydrogenation of naphthenes and 

dehydrocyclization or isomerization of n-

paraffins. However, raising reaction tempera-

ture leads to hydrocracking reactions then 

causes an increase coke formation on the sur-

face of catalyst [48,49].  

Figure 7 demonstrates the RON for each 

catalyst with constraining factors of the 

methaorming process. For ZSM5 (Si/Al 80) cat-

alyst, the increasing the temperature of the 

process increases octane obtained for range 

(77.2-82.1). At higher temperatures, the major 

group in the product is iso-paraffin and more 

effective than aromatics group. Isomerization 

and aromatization reactions are favored lead-

ing to higher-octane number. Meanwhile, for 

Zn/ZSM-5 (Si/Al: 80) catalyst, the increasing 

the temperature of the methaforming process 

increases octane obtained for range (81.5-89). 

At higher temperatures, aromatization reac-

tions are favored especially for Zn/ZSM5 (Si/Al: 

80) leading to the production of a higher vol-

ume of aromatics and iso-paraffin in the prod-

uct and hence higher-octane number. The influ-

ence of the Zinc impregnation on ZSM5 is very 

significant with an increase in the process tem-

perature from 360 °С to 420 °С. 

Figure 8 displays the yield of gasoline prod-

ucts in the methaforming process decreases 

from 69 wt% to 65 wt% for ZSM5 (Si/Al: 80), 

and from 75 wt% to 72 wt% for Zn/ZSM5 (Si/Al: 

80). The effect of cracking reactions is consid-

ered as a culprit in in the formation of gaseous 

products that decrease the product yield as pro-

cess temperature rises. 

 

4. Conclusions  

In this work, 2 wt% of Zn was loaded on 

ZSM5 using the impregnation method aiming 

to convert the stable gas condensate to high 

grad gasoline. with the Zn/ZSM was compared 

with a benchmark ZSM in a fixed bed reactor. 

The feed is composed of 15 vol% of ethanol and 

85 vol% is gas condensates. FT-IR, XRD, 

FESEM, and TEM analyses were conducted to 

characterize ZSM5 and Zn/ZSM5 to explain 

both catalyst performance. Our results have 

shown the Zn/ZSM5 prefers the aromatization 

pathway with ~90% increase and ~32% in 

isomerization pathway. However, ZSM5 does 

prefer the naphthenes dehydrogenation. Over-

all, the RON has increased from 60.5 to 89 on 

Zn/ZSM5 where 60.5 to 82 on ZSM5. Using al-

cohol as a co-feed in methaforming process in-

crease the selectivity towards toluene and limit 

the production of benzene. We attribute such 

performance of Zn/ZSM5 for the good disper-

sion that bestowed tremendous active surface 

area. Further investigation is needed to ex-

plain why aromatics products increased on 

Zn/ZSM. 
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