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Abstract—In this paper, the ZSM-5 zeolite base is used to produce light olefi ns in the process of converting 
ethylene to propylene, as well as copper oxide to improve the catalyst. After loading the copper oxide by inocula-
tion, the modifi ed catalyst was investigated for accurate determination of the specifi cation by XRD, SEM, BET, 
and FTIR analyzes. The activity of this catalyst was evaluated in the process of ethylene to propylene conver-
sion in a constant reactor under operational conditions (temperature 400°C, pressure 1 atm, and feed fl ow rate of 
0.5 cc min–1 of pure ethylene), which also shows the results of tests of catalyst activity evaluation The modifi ed 
catalyst of selectivity of ethylene and propylene will increase as the temperature rises and the maximum selectiv-
ity table at 400°C will be achieved.
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INTRODUCTION

Since the synthetic drugs are not easily absorbed by 
human body and have certain toxic and side effect, people 
prefer to extract the medicinal ingredients from plants. 
Flavonoids are a kind of natural substances which are 
widely present in plants and have important medicinal 
values. In recent years, the study of fl avonoids has been 
inclined to focus on the applied study of extraction and 
separation process. The method of extracting quercetin, 
one of the main constituents of flavonoids, is also 
being studied and improved [1, 2]. At present, the main 
extraction methods are: organic solvent extraction, 
ultrasonic extraction, enzyme extraction, supercritical 
fl uid extraction, macroporous resin adsorbing method and 
so on, but all of them are fl awed by cumbersome process, 
high equipment cost, poor purity and other problems to 
some extent [3].

The application of molecularly imprinted solid phase 
extraction (MISPE) in the separation and purifi cation 
of the effective constituents in plant samples has not 
only retain the advantages of simple operation and 

low solvent dosage of solid phase extraction, but also 
acquire the excellent property of specifi c recognition 
of molecularly imprinted polymers [4–6]. Presently, 
some research groups have studied the preparations and 
applications of quercetin molecularly imprinted polymers 
[7–9]. Pakade et al. [10] have synthesized MIP with the 
bulk polymerization method using quercetin as template 
molecule, and established the MISPE method to enrich 
and separate the quercetin in horseradish tree leaf, fl ower, 
kaempferol and other fl avonoids. The recovery result was 
good and the recovery rate was 75–86%.

Reversible addition-fragmentation chain transfer 
free radical polymerization (RAFT) is a widely used 
active/controllable free radical technology, which can 
control the structure and property of polymers [11, 12]. 
Reversible addition-fragmentation chain transfer free 
radical polymerization combined with precipitation 
polymerization method (RAFTPP), through the control of 
reaction speed, is able to obtain the imprinted microsphere 
with a uniform particle size and good dispersity, so that it 
can be more widely used [13, 14]. The aim of this paper is 
to use RAFTPP method to prepare quercetin molecularly 
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INTRODUCTION

Light olefi ns (ethylene and propylene), are considered 
among the most crucial elements in petrochemical 
industries, which are used for producing polymers and 
diverse chemicals. As the main feed of petrochemical 
processes, propylene is widely used [1–3]. Figure 
1 shows the percentage of using propylene for each 
production: 63% is used for polypropylene, 7% is used 
for acrylonitrile, 7% is used for propylene oxide, 6% 
is used for cumene, 4% is used for acrylic acid, 2% is 
used for isopropanol and 11% used for production of 
other chemicals [4, 5]. Olefi ns can be produced through 
diverse processes and different raw materials. The 
common point of all these processes is production in a 
wide range of products and production of peripherals. 
In addition to mentioned industrial processes, there 
exist additional non-industrial technologies in diverse 
development steps including oxidative coupling of 
methane (OCM), propane dehydrogenation (PDH) 
for production of propylene, low-value heavy olefi ns 
cracking exemplary C4/C5, metathesis of ethylene and 
butylene to propylene and conversion of methanol to 
light olefi ns (MTP, MTO) [6–10]. Concerning access 
to hydrocarbon resources in different countries, diverse 
strategies are selected for production of olefi ns so that 
upon discovery of such strategies, propylene to ethylene 
ratio has been considerably decreased in steam cracking 
units and this has resulted in complicated propylene 
market [11–14]. Although Thermal Cracking of 
Naphtha is the main process of light olefi ns production 
such as propylene, such technologies as Fluid Catalytic 

Cracking (FCC) and Thermal Cracking of Ethan are 
classifi ed as the methods with low effi ciency [15–
20]. The steam cracking process is implemented in a 
temperature of about 800–880°C and nearly 40% of 
energy is consumed by all of the petrochemical industries 
with high emissions of CO2, what the development 
of advanced techniques not only results in minimized 
energy consumption but also decreases emissions 
of CO2. This concern can be important to protect the 
environment [20–25]. In addition, according to limited 
P/E (propylene to ethylene) ration control in steam 
cracking process where olefi ns are directly depended 
on the feed type and also the higher growth of global 
demand for propylene compared to ethylene [26, 27]. 
Studies indicate that, according to increase demand for 
propylene in the global market, it makes sense to fi nd 
alternative methods for propylene production. [28]. It is 
well understood that low numbers of Brønsted acid sites 
leads to higher selectivity to light olefi ns in conversion 
of methanol to hydrocarbons . Observed that an increase 
in Si/Al in the ZSM-5 zeolite framework leads to a 
pronounced decrease in total acidity of the zeolite and 
consequently in acidic site density. Studied the effect of 
acidity on product selectivity in conversion of methanol 
to hydrocarbon, by changing the SiO2/Al2O3 ratio from 
35 to 1670 in ZSM-5 zeolite. They observed that by 
increasing this ratio, the selectivity to C2/C5 olefi ns is 
increased. [22]. Zeolites as catalysts have many unique 
properties such as acidity, shape-selectivity, high surface 
area and structural stability. The destination of this article 
is using the ZSM-5 catalytic process for producing 
light olefi ns. This works destination is synthesized and 
specify characteristics of CuO/ZSM-5 study and assess 
the role of this catalyst in ethylene to propylene process. 
In doing so, direct conversion of ethylene to propylene 
may be an effi cient way to be responsive global demand. 
Here, ethylene was used as a feed. Also, insemination 
of modifi ed zeolite by CuO caused to reach a propylene 
with higher conversion rate and selectivity. The catalyst 
with 5 wt. % copper oxide has the highest conversion 
rate and better selectivity than other percentages.

MATERIALS AND METHODS

Materials

Sodium aluminate (technical grade) was purchased 
Riedel-deHaen. Silicic acid (96.6%), tetrapropylam-
monium bromide (98%), copper (II) nitrate (99.9%), 

Fig. 1. (Color online) Products of propylene [5].
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sodium hydroxide (97.5%), methanol (99.9%), ethanol 
(96%), ammonium nitrate (99.95%) was supplied by 
Merck.

METHOD AND PROCEDURE

Zeolite ZSM-5 Catalyst Synthesis

Initially the desired amount of sodium aluminate 
was added to hydroxide sodium solution and stirred 
for 60 min (solution A). In another beaker, required 
amount of tetra-propyl-ammonium bromide was added 
to sodium hydroxide solution and stirred for 30 min. 
Silicic acid and deionised water were slowly added and 
stirred for another 30 min (solution B). Subsequently, 
solution A was mixed with solution B and stirred for 60 
min. Final gel was transferred to a Tefl on-lined stainless 
steel autoclave and heated at 180°C for 12 h. Finally, 
contents of reactor were fi ltered, washed and dried at 
temperature 110°C for 12 h. The solid product was 
calcined at 500°C for 5 h. Ion exchanging of ZSM-5 
zeolite performed using ammonium nitrate solution 
(1 M). Zeolite was mixed with solution and heated at 
110°C for 6 h. In following step, silica foam was added 
to the solution while mixing. After 24 h of mixing, the 
derived gel was poured into an autoclave reactor and 
heated at 150°C for 6 days. Catalyst was dried at 110°C 
for 12 h and calcined at 500°C for 5 h [27, 22]. 

Method of CuO/ZSM-5 Catalyst Synthesis

First of all, Cu precursor dissolved in appropriate 
ratios in water and pH of the solution controlled by 
NH3. In next step, impregnation was done by mixing 
support with the obtained solution in the previous step. 

After impregnation, the solution dried at 110°C for 24  h 
and calcined at 550°C under air fl ow. In this step, the 
catalyst is synthesized by the conventional impregnation 
method. Next, the catalyst shaped cylindrically to be 
used for performance tests in the reactor.

Experimental Setup

Figure 2 shows a scheme of the experimental system. 
After studying structural specifi cations of synthesized 
catalyst, ethylene to propylene low-pressure pilot was 
used to evaluate their activity and performance over the 
process. A pilot was designed and made for the catalytic 
conversion of ethylene to propylene. In this pilot, liquid 
and gas were able to be injected concurrently and a 
precise system of temperature control was considered 
for micro-reactor and electric oven. Such features as 
adjustability and fl ow rate control of gas and liquid fl ows 
are provided by the pilot to make diverse detention times 
of ethylene. For effi ciency assessment of synthesized 
catalysts of ethylene to propylene process, such 
parameters as catalyst amount and fl ow rate of input 
feed were kept 1.2 g and 0.5 cc min–1, respectively. Also, 
ethylene to propylene reaction was accomplished in a 
fi xed-bed reactor with stainless steel materials, length of 
500 mm, the internal diameter of 7 mm in a temperature 
of 400°C and pressure of 1 atm. The low-nitrogen 
fl ow was used for better distribution and prevention of 
evaporated ethylene backfl ow. In ethylene to propylene 
process, the value of output liquid hydrocarbons from 
micro-reactor was measured in percentage to assess 
the type of the produced hydrocarbons by Varian gas 
chromatography (Model CP-3800 made in the US). The 
used gas chromatography device in the present study 
had FID indicator and the column used in this device 

Fig. 2. Experimental system for evaluation of ZSM-5 catalyst synthesis performance for ethylene to propylene conversion.
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was Petrocol DH with a length of 60 m and diameter of 
0.25 mm. Helium was used as carrier gas.

RESULTS  AND  DISCUSSION

Characterization Results

XRD analysis. Figure 3 indicates the spectra 
associated with XRD analysis for Zeolite ZSM-5. As 
it can be seen, the spectrum has some prominent peaks 
associated with Zeolite ZSM-5. The relative crystalline 
mode of this catalyst was calculated according to a 
reference, considering prominent peaks angles of 22–
25°. The comparison of X-Ray Diffraction data from 
produced Zeolite sample shows crystalline phase of 
ZSM-5 in crystal structure. Debye-Scherer equation is 
used for calculation of mean crystal size of particles 
(μm) which is defi ned as follows:

D = K/(β cos θ).                               (1)

In this formula, λ is the wavelength of X-ray and D 
is mean size or thickness of the crystal perpendicular to 
the diffraction plane. K is the constant of the equation 
and depends on crystalline system and also selection 
of integral width or Full Width at Half Maximum 
(FWHM). This constant is about 0.9. β is the angle 
width or Full Width at Half Maximum (FWHM) and 
is calculated in radian. θ is the peak angle in degrees. 
Crystal size for different samples have been calculated 
using Scherrer equation and been presented in Table 1. 
After impregnation, crystal size of ZSM-5 zeolite has 
been increased from 17 nm to 34 nm   for zeolite loaded 
with 5 and 11% CuO, respectively.

FTIR analysis. Spectrum of molecular vibrations 
is considered as a unique specifi cation and describes 
features of a molecule. In fundamental and simple 
terms, infrared spectrum is known as result absorption 
of electromagnetic radiation in the frequencies which 
show a relation with vibration of specifi c sets to chemical 
bonds from inside the molecule. Therefore, description 
of IR spectrum encompasses relation and correlation 
of frequencies for all types of bonds [23]. Vibrational 
frequencies can be divided into two wide groups: group 
frequencies and fi ngerprint frequencies. The former 
explains group specifi cations of atoms (e.g. –CH3 and 
–OH) and helps for characterization and description of 
a compound. However, the latter describes excellent 
specifi cations of specifi c molecule. Combination of the 
bonds which are along with both group and fi ngerprint 
frequencies is used to determine a specifi c composition 
[24]. Figure 4 shows FTIR spectroscopy analysis for 
Zeolite ZSM-5. In FTIR spectrum, zeolites are seen 
in two peak categories. The fi rst category is dedicated 
to internal vibrations of TO4 (i.e. primary unit of the 
structure). T means the element inside Zeolite structure 

Table 1. Physicochemical properties of different zeolite samples

Pore volume, 
cm3 g‒1

BET surface area, 
m2 g‒1

Crystal size, 
nmSiO2/Al2O3Si/ALCatalyst 

0.39300173015ZSM-5

0.36280282412CuO/ ZSM-5(5%)

0.33254302211CuO/ ZSM-5 (7%)

0.32245322010CuO/ ZSM-5 (9%)

0.3023034189CuO/ ZSM-5 (11%)

Fig. 3. (Color online) XRD pattern for prepared catalyst. 
(1) CUO/ZSM-5 (11%), (2) CUO/ZSM-5 (9%), (3) CUO/
ZSM-5 (7%), (4) CUO/ZSM-5 (5%), (5) ZSM-5. The 
same for Fig. 4.
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which is linked to oxygen (e.g. Si and Al). These peaks 
are typically in the 950–1250 and 420–500 cm–1 area 
which are attributed to T–O and O–T–O stretching 
vibrations, respectively. The second category contains 
the vibrations associated with tetrahedral connections. 
The fi rst observed seen ones frjom the second category 
are appeared in the 500–600 and 1300–1700 cm–1 area. 
Zooming FTIR spectrum in Fig. 4, we can precisely 
investigate absorbance compositions around 3400 cm–1 
which are associated with hydroxide link. As it can be 
seen from this Fig. 4, this spectrum contains 3 peaks 
around stretching area of OH group within wave 
numbers of 3432, 3610, and 3732  cm–1. The observed 
link in 3732  cm–1 is associated with Silanol (Si–OH) 
group and 3610  cm–1 is correlated with acidic zeolite 

hydroxyls and the link 3432 cm–1 is corresponded to the 
functional group AL–OH.

SEM analysis. Figure 5 shows SEM analysis results 
for calcined catalyst which were photographed with a 
zooming of 10. As it can be seen from micro-graph, the 
sample crystals have a suitable dispersion and regular 
morphology. These results are in a good agreement with 
the crystalline size achieved by XRD data. The SEM 
photographs of calcined and CuO impregnated ZSM-
5 catalysts also show that the particles are spherical in 
shape. Typical SEM images of ZSM-5 and CuO/ZSM-5 
are shown in Fig. 5. There was no the signifi cant change 
in the crystal morphology after CuO loading.

BET analysis. Table 2 present physical and chemical 
properties of catalyst ZSM-5 and CuO/ ZSM-5 obtained 
by using BET analysis. Also, BET analysis was conduct-
ed to be informed of specifi c surface area, size and vol-
ume of pores. Specifi c surface area of the catalyst of CuO/ 
ZSM-5 was decreased from 300 to 200 m2/g by increas-
ing copper oxide from 0 to 11 wt %. Also, total pores vol-
ume was decreased from 0.39 to 0.30 cm3/g by increasing 
copper oxide from 0 to 11 wt %, as well. The results show 
that zeolite ZSM-5 retains its MFI structure by adding up 
to 11% by weight of copper oxide, and the structure still 
has acceptable crystallinity. Amin et al. Have claimed that 
by reducing the size of the crystal, the structure of the 
network has a greater defect, and this shortage of the net-
work has reduced peak intensity [25–31].

Effect of temperature on rate of ethylene 
conversion by CuO/ ZSM-5. Figure 6 present effect 

Fig. 4. FTIR analysis pattern results for prepared catalyst. 

Fig. 5. SEM analysis for prepared catalyst.
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of temperature on ethylene to propylene conversion 
rate at diverse temperatures on the ZSM-5 catalysts 
modifi ed by copper oxide. Figure 6 show conversion 
rate of ethylene according to temperature using CuO/
ZSM-5 catalysts with 5, 7, 9, and 11 wt %. As it can be 
seen from Fig. 6, ethylene conversion rate increases in 
higher temperatures and the ascendant trend are seen. 
Maximum and minimum conversion rates are seen at 
400°C and 50°C, respectively. As can be seen in Fig. 6, a 
catalyst with 5 wt % copper oxide has a better conversion 
than other percentages.

Effect of temperature on selectivity of propylene 
with CUO/ ZSM-5 catalyst. Figure 7 presents impact of 
temperature on the selectivity of propylene on the ZSM-
5 catalysts modifi ed by copper oxide. Figure 7 shows 
diagram of selectivity according to temperature, by us-
ing CuO/ZSM-5 catalysts with wt % of 5, 7, 9, and 11. 
The effect of temperature on the selectivity of propylene 
on copper oxide modifi ed ZSM-5 catalysts is shown in 
Fig. 7. As can be seen from Fig. 7, a catalyst with 5 wt % 

Table 2. BET results for different synthesized catalysts

Pore 
volume, 
cm3 g‒1

BET 
surface 

area, m2 g‒1
Catalyst 

0.39300ZSM-5
0.36265CuO (5%) / ZSM-5
0.33254CuO (7%) / ZSM-5 
0.31204CuO (9%) / ZSM-5 
0.30200CuO (11%) / ZSM-5

copper oxide has a better selectivity than other percent-
ages.

CONCLUSIONS

In this article, zeolite ZSM-5 was used as the catalytic 
base for production of light olefi ns. Also, the copper 
oxide was employed to improve the performance of 
the catalyst. The results of catalytic cracking using the 
mentioned catalyst showed increased selectivity of light 
olefi n versus thermal cracking at diverse temperatures. 
The analyses XRD, BET, FTIR, and SEM were 
conducted on some of the modifi ed samples and the 
results showed that the catalyst structure was kept intact 
following adding copper oxide. The results indicated 
that the selectivity of ethylene and propylene on the 
catalyst with modifi ed metal of copper oxide would 
have an ascending trend by increasing the temperature 
and the maximal selectivity will be obtained at 400°C.

NOMENCLATURE

T: temperature, °C.
id: internal diameter, mm.
FA0: molar fl owrate of methanol, cc min–1.
W: weight of catalyst, g.
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