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ABSTRACT: The Zeolitic adsorbent is successfully synthesized by natural Iranian kaolin to the 

separation of hydrogen sulfide from a gas mixture. In this work, zeolite 13X from modified natural 

Iranian kaolin at 65 °C for 72 h at various concentrations of caustic soda solution was synthesized using 

a metakaolinization process at 900 °C for 2h. By Taguchi’s experimental design, the best duration and 

temperature of crystallization were 72 h and 65 °C. Prepared zeolite 13X was characterized using  

X-Ray Diffraction (XRD), Fourier Transforms InfraRed (FT-IR) spectroscopy, Scanning Electron 

Microscopy (SEM), and N2 adsorption-desorption methods. In addition, the adsorption capacity  

of zeolite 13X for 310 ppm of hydrogen sulfide mixed with hydrocarbon gas-like butane was investigated 

using a volumetric method by two different detectors and different temperatures. After the adsorption 

process, the amount of H2S in output gas was about 108 ppm and this confirms approximately more than 

65% adsorption at 25 bar and 298K. The results are in good agreement with the experimental results.  
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INTRODUCTION  

Zeolites are nanoporous inorganic materials for various 

important applications in catalysis, ion exchange, and 

separations [1-6]. A zeolite material is hydrated 

aluminosilicate compound that is prepared from 

tetrahedral alumina (AlO4
5-) and silica (SiO4

4-) through 

interlinkage of oxygen atoms [2-4]. The zeolites are 

usually synthesized from different sources of silica and 

alumina by hydrothermal treatment. To reduce the cost of 

synthetic zeolites, various sources for silica and alumina 

such as bentonite, lithium slag, high silicon fly ash, paper 

sludge, oil shale ash, coal fly ash, waste porcelain and kaolinite 

have been employed [7-14]. Kaolinite, Al2Si2O5 (OH)4, 

 

 

 

is a mineral clay that consists of silica and alumina. For the 

synthesis of zeolite 13X from kaolinite, the amount of Al 

may be decreased or Si increased [15] with Si/Al values of 

above 1.5. 

Zeolites adsorbents of 4A, 5A , and 13X may be used 

in the decontaminating process of low partial pressures of 

recovered components and high adsorption capacity for 

temperatures (up to 100 ºС) [16-17]. They tend to adsorb 

smaller molecules because of the uniform diameters of 

pore entrances [18-19]. So, in comparison to the other 

adsorbents like magnesium silicate, silica gel, activated 

charcoal, and MOFs (Metal-Organic Frameworks),  
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they have the largest adsorption capacity for undesirable 

components [20]. 

 Hydrogen sulfide (H2S) is one of the major problems 

for most of the energy industries such as liquefied 

petroleum gas, natural gas, fuel cells, and transportation 

gases like diesel, gasoline, and jet fuels [21-23]. Hydrogen 

sulfide is toxic, colorless, corrosive, explosive, and soluble 

in hydrocarbons with an extremely rotten egg odor gas that 

tends to rapidly saturate the human olfactory system. Since 

600 ppm rapidly provokes respiratory disturbance and 

leads to death, hence plant personnel and operators are at 

risk [24]. The corrosive effect of H2S causes a lot of 

problems to equipment, pipelines, and downstream 

processes and causes huge economic losses, especially  

in the oil and gas industry. Therefore, controlling or 

removing hydrogen sulfide and other sulfur compounds 

to safe levels is necessary for the hydrocarbon processing 

industry [25].  It may be used traditional methods such as 

amine and sorbent treatment [26] to remove H2S 

contamination from hydrocarbon streams. For trace 

amounts of hydrogen sulfide and high energy demand, 

amine treating is not a suitable method. So, in this case, 

sorbent materials such as zeolites are useful [27-29]. The 

physical adsorption properties of this group make it a 

downstream gas polishing treatment for the removal of 

trace amounts of sulfur compounds, H2O, and CO2. [30]. 

Because of zeolite application in industry and synthesis 

of it by cheap and available materials, in this work, we 

have synthesized the 13X zeolite from modified natural 

Iranian kaolin by hydrothermal treatment. The effect of 

NaOH concentration (1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4M 

NaOH) was investigated, and synthesized products were 

characterized by X-Ray Diffraction (XRD), Fourier 

Transforms InfraRed (FT-IR), and Scanning Electron 

Microscopy (SEM), and N2 adsorption-desorption 

methods. Finally, the selective adsorption of trace amounts 

of hydrogen sulfide from a gas mixture of butane by zeolite 

13X will be investigated. 

 

EXPERIMENTAL SECTION 

Raw material 

The natural kaolin (a source of silica and alumina) from 

Iranian sources was used for the present study. This kaolin 

had a high amount of SiO2 and a low amount of Al2O3,  

so we modified it by acidizing to obtain convenient kaolin  

for the synthesis of 13X zeolite. Table 1 shows the properties  
 

Table 1: Properties of natural kaolin before and after modification. 

composition 
Content (%) 

kaolin Modified kaolin 

SiO2 74.98 56.40 

Al2O3 17.42 31.68 

Fe2O3 0.54 0.26 

TiO2 0.96 0.28 

CaO 1.62 0.65 

MgO 0.27 0.24 

Na2O3 1.04 0.31 

K2O 0.03 0.03 

P2O5 0.12 0.11 

L.O.I 3.02 10.04 

 

of raw kaolin and modified kaolin. Metakaolin was obtained 

by calcining kaolin in a muffle furnace at 900 ˚C for 2h. 

 

Synthesis process 

Different concentrations of caustic soda solutions of 

1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4 M were separately mixed 

with metakaolins. The samples were homogenized at room 

temperature for 20 min and then the reaction mixtures  

were distributed in an autoclave. The autoclave was kept 

in a conventional air oven at 65˚C for 72h at autogenous 

pressure. The product was washed with deionized water  

to reach a pH of 9 and then dried at 90˚C for 12h. 

 

Characterization 

The chemical composition of kaolin was determined  

by Bruker S4 wavelength Dispersive X-Ray Fluorescence 

Spectrometer (WDXRFS), with an Rh X-ray tube.  

The X-Ray powder Diffraction (XRD) patterns were recorded  

on a Philips PW1140/90 diffractometer using Cu-Kα target 

(40 kV, 25 mA) at the scan rate of 20/min and 2θ angles 

ranging from 50 to 800 with a step size of 0.020. 

Infrared transmission spectra of the samples were made 

by the KBr wafer technique. The spectra were recorded on a 

Fourier transform infrared spectrometer system 2000 FT-IR 

(Perkin-Elmer). Morphological features of the sample surface 

were obtained by SEM images on VEGA3TESCAN.  

 

Taguchi experimental design 

The Design of Experiments (DOE) is developing a scheme 

of experiments in different conditions. Taguchi experimental  
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Table 2: Experimental variables and their levels. 

Factor number Parameter Level 1 Level 2 Level 3 

1 Relative alkalinity(Na2O/ Al2O3) of the reaction mixture 4.5 5.5 6.5 

2 SiO2/Al2O3 ratio of the reaction mixture 2.5 3.5 4.5 

3 The temperature of crystallization T(°C) 55 65 75 

4 Duration of crystallization t( h) 24 48 72 

 

Table 3: Taguchi L9 orthogonal array. 

Run 
Experiment condition 

Na2O/ Al2O3 SiO2/Al2O3 Temperature (⁰C) time (h) 

1 4.5 2.5 55 24 

2 4.5 3.5 65 48 

3 4.5 4.5 75 72 

4 5.5 2.5 75 72 

5 5.5 3.5 55 24 

6 5.5 4.5 65 48 

7 6.5 2.5 65 48 

8 6.5 3.5 55 72 

9 6.5 4.5 75 24 

 

design is a well-known powerful and efficient tool for 

multifactor process optimization. Qualitek-4 software was 

utilized to design the experiments Taguchi approach. The 

capability of this software is the use of L4 to L64 orthogonal 

arrays [31]. The impact of four factors and each factor in 

three levels, on the synthesis of zeolite 13X, was studied. 

Experimental variables and their levels are presented in 

Table 2 and Table 3 shows the nine induced experiments 

from Taguchi orthogonal design and their conditions. 

 

Thermodynamic studies 

The heat of adsorption, standard entropy, and standard 

free energy of the adsorption process was calculated 

according to the following relationships [2-6]: 

∆Gads
0 = −RT ln k                                                                 (1) 

ln k =
∆Sads

0

R
−

∆Hads
0

RT
                                                          (2) 

k =
qm

qe
b

                                                                                    (3) 

Where ∆𝐺𝑎𝑑𝑠
0  (𝐽 𝑚𝑜𝑙⁄ ) is changes in standard Gibbs 

free energy, R (𝐽 𝑚𝑜𝑙⁄ 𝐾) is gas constant (8.314 J/mol K,  

𝑘 (g mol⁄ ) is the Langmuir equilibrium constant, T is the 

temperature in K, ∆𝐻𝑎𝑑𝑠
0 (J mol⁄ ) change in standard 

enthalpy and ∆𝑆𝑎𝑑𝑠
0  (J mol⁄ K) change in standard entropy. 

Plotting of 𝑙𝑛𝑘 versus 1/T gives a straight line with slope 

and intercept equal to ∆𝐻𝑎𝑑𝑠
0  and  ∆𝑆𝑎𝑑𝑠

0 , respectively.  

 

Gas adsorption measurement 

We used the volumetric method to investigate the 

adsorption capacity of zeolite 13X for hydrogen sulfide 

(Fig. 1). This method for these gas uptake measurements 

is extensively adopted because of its low cost, simplicity, 

and easy assemblage [32-34]. At first, 1 g of sample  

was loaded in the adsorption reactor (high-pressure vessel) 

and attached to the system. Then the system was carefully 

checked to ensure all connections have no leakage and  

the existing gas inside the system was swept out with the inert 

Helium gas flow. For degassing the system, we opened  

the valves 5, 6, 7, 9 and closed other valves, then, turned  

on the vacuum pump and the system was vacuumed with 

the heating temperature of 523 K for 2 h. After degassing, 

the system was cooled to ambient temperature. The gas 

adsorption process was started by opening valves 3, 4, 5,  
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Fig. 1: Schematic flow chart of volumetric set up for gas adsorption test. 

 

6, 7 and closing all other valves. Therefore the gaseous  

mixture (butane 99.99% and hydrogen sulfide 310 ppm) 

was introduced into the adsorption unit for H2S adsorption 

measurements. An MSA5X gas detector was attached to 

the adsorption setup after the adsorption reactor to show 

the amount of H2S in output gas. Therefore, the amount 

adsorbed by zeolite 13X can be calculated. To verify this 

result, a Gastec tube detector (4H, Japan) was used to 

monitor H2S concentration for a second time. 

 

RESULTS AND DISCUSSION 

Characterization of adsorbent 

From Table 1, it is observed that the main constituents 

of the natural kaolin were silica (74.98%) and alumina 

(17.42%). After modification, these percentages were 

silica (56.40%) and alumina (31.68%). Fig. 2 shows the 

XRD pattern of metakaolin and natural kaolin. Kaolinite  

is identified by its characteristic X-ray diffraction peaks at 

12.30˚ and 24.60˚2θ that have been reported earlier [35].  

The XRD pattern of metakaolin obtained by heating 

natural kaolin for 2h at 900˚C resembled others, except  

for the peaks due to admixed impurities. XRD pattern after 

heating shows a significant change in comparison to the 

untreated kaolin pattern. The highest diffraction peaks are 

very common in metakaolin amorphous structure that 

corresponds to the presence of quartz. 

The XRD pattern of different products that are 

synthesized from different concentrations of NaOH is 

shown in Fig. 3. The formation of synthesized zeolite 13X 

in the products was detected, by comparing its d-values 

with d-values of the commercial zeolite 13X sample. The 

characteristic peaks of zeolite 13X are the most important 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: XRD pattern of kaolin, metakaolin, and commercial 

zeolite 13X (from ref. [2]). 

 

change observed in the XRD patterns. The synthesized 

products matched the characteristic peaks of zeolite 13X 

at 2θ values of 6.12˚, 10.00 ˚, 11.73 ˚ , 15.43 ˚,18.42 

˚,20.07 ˚,23.31 ˚,26.65 ˚,29.21 ˚,30.30 ˚,30.94 ˚,31.98 

˚,33.59 ˚ and 37.34 ˚. Fig. 3a, and 3b illustrate the XRD 

pattern of the product which was obtained from the sample 

with 1.0 M, 1.5 M, and 2.0 M NaOH solution that has  

a significant amount of metakaolin (amorphous) observed. 

With increasing NaOH concentration the results indicated 

that the synthesized zeolite products obtained from 2.5–4.0 M 

NaOH concentrations contain zeolite 13X as the major 

constituent phase. 

Fig. 4 illustrates the IR spectra of different synthesized 

samples of zeolite 13X by reacted kaoline and commercial 

zeolite 13X. Spectrum a in Fig. 4 shows the broadband of 

metakaolin in the range from about 920 cm-1 to about 670 cm-1 

and is assigned to Al-O bonds in Al2O3. During the  
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Fig. 3: XRD pattern of zeolite 13X and associated phases 

obtained by hydrothermal synthesis: (a) 1.0 M NaOH, (b) 1.5 

M NaOH, (c) 2.0 M NaOH, (d) 2.5 M NaOH, (e) 3.0 M NaOH, 

(f) 3.5 M NaOH, (g) 4.0 M NaOH, and (h) commercial zeolite 13X. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4: FTIR spectra of zeolite 13X and associated phases 

obtained by hydrothermal synthesis: (a) unreacted metakaolin, 

(b) 1.0 MNaOH, (c) 1.5 M NaOH, (d) 2.0 M NaOH, (e) 2.5 M 

NaOH, (f) 3.0 M NaOH, (g) 3.5 M NaOH, (h) 4.0 M NaOH. 

 

 

 

 

 

 

 

 

 

 

Fig. 5: SEM micrographs of zeolite 13X crystals Produced from metakaolin in different concentrations of NaOH. 

 

the reaction between NaOH and metakaolin, SiO2 and 

Al2O3 are transformed into aluminosilicates. Their 

vibration bands in the IR spectrum are replaced by a single 

band around 1000 cm-1, characteristic of Si–O–Al bonds 

in TO4 tetrahedral [35]. 

The appearances of the zeolite produced from 

metakaolin at various concentrations of NaOH are shown 

in SEM micrographs (Fig. 5). From these morphological 

SEM images, the synthesized sample can be seen more 

clearly. Micropore structure and abundant pores in it, 

indicate the high adsorption capacity of the sample. 

According to the experimental results of this work, the data 

obtained by SEM correlate and agree with the 

mineralogical composition of the zeolite products, which 

was determined through XRD results.  

N2 adsorption-desorption isotherm of synthesized 

zeolite measured with nitrogen gas at 77K presented  

in Fig. 6. The isotherm of synthesized zeolite showed  

a typical type I behavior [36]. The low-pressure isotherm 

provides information about microporosity. To find the 

highest specific surface area, BET analysis was performed. 

The surface areas of the metakaolin samples (in Table 1) 

were calculated using the Brunauer–Emmett–Teller (BET) 

method. Furthermore, the micropore surface area as well 

as external surface area and micropore volume are 

obtained by the t-plot method. The synthesis of zeolite 13X 

textural properties is listed in Table 4. The synthesis 

zeolite 13X  in this table was obtained from metakaolin and 

its compositions are given in Table 1. Further information 

was given in references [2-5, 7-13].   

 

Analysis of Taguchi design of experiment 

After performing the experiments, their measured 

characteristics were used to analyze the relative effect of 

different parameters. The crystallinity of final products 

was considered as the quality characteristic and measured 

response. Analysis of variance (ANOVA) was employed 

to assess the impact of selected parameters and determine 
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Table 4: Textural properties of synthesis zeolite 13X from metakaolin (in Table 1) [2]. 

BET surface area (m2/g) Micropore surface area (m2/g) Micropore volume (cm3/g) External surface area (m2/g) 

591 576 0.250 34 

 

Table 5: Optimum condition and performance for NaX zeolite synthesis. 

Parameters Level Description Level 

Na2O/ Al2O3 4.5 1 

SiO2/Al2O3 2.5 1 

Temperature (⁰C) 65 2 

time (h) 72 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: N2 adsorption-desorption isotherm [2]. 

 
the optimum level of them. Calculation of ANOVA is 

based on the total and factors sum of squared deviations 

which are given by the following relations [37]:  

The total sum of squares: 

ST = [∑(Yi)
2

N

i=1

] −
T2

N
                                                          (4) 

Where 𝑌𝑖  is the i-th obtained data value, 𝑁  is the 

number of observations and 𝑇  is the total of all 

observations. Factor sum of square due to parameter A: 

SA = [∑ (
Ai

2

NAi

)

KA

i=1

] −
T2

N
                                                       (5) 

Where 𝐾𝐴 is the number of levels for parameter A, 𝐴𝑖
2 

is the sum of results (𝑌𝑖) where parameter 𝐴𝑖
2 is present, 

and 𝑁𝐴𝑖 number of experiments where i-th level of factor 

A is present. Other given data in the ANOVA table are 

calculated based on the sum of squares. For each factor 

they are as follows: 

Mean square: 

VA =
SA

fA

                                                                                   (6) 

The pure sum of squares: 

SA
′ = SA − (VA × fA)                                                             (7) 

Percent influence: 

PA =
SA

′

SA

× 100                                                                       (8) 

The optimum conditions for achieving the maximum 

crystallinity of zeolite 13X are summarized in Table 5. 

Fig. 7 indicates the best levels for each factor. 

Therefore, the optimum conditions for removal of 

hydrogen sulfide adsorption are as follows: (1) the Na2O/ 

Al2O3 ratio is 4.5; (2) the SiO2/Al2O3 ratio is 2.5; (3)  

the best temperature of crystallization is 65⁰C; and (4)  

the suitable duration of crystallization time is 72h.  

 

Isotherms of H2S adsorption 

Adsorption isotherms in optimizing the use of 

adsorbents are very important and critical [38]. In this 

work, the CO2 and CH4 adsorption data on zeolite 13X at a 

temperature ranging from 298 K to 318 K were fitted to 

standard isotherm models. The Langmuir equation is 

described by the following: 

q = qm[bp (1 + bp)⁄ ]                                                         (9) 

Where b is the affinity constant or Langmuir constant 

and 𝑞𝑚  is a constant that reflects a complete monolayer.  

For heterogeneous surface energy systems the 

Freundlich isotherm is expressed as 
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Fig. 7: Effects of controllable factors. 

 

q = kp
1

n⁄                                                                               (10) 

Where 𝑘 and 𝑛 are constants for a given adsorpbent-

adsorbate system.  

The Sips isotherm model can be expressed as 

q =
qm(bP)

1
n⁄

1 + (bP)1
n⁄

                                                                 (11) 

b = b0exp [
Q

RT0

(
T0

T
− 1)]                                               (12) 

1

n
=

1

n0

+ α (1 +
T0

T
)                                                         (13) 

𝑞, is the concentration of the adsorbed phase, 𝑞𝑠 is the 

maximum adsorbed amount, Q is the isosteric heat of 

adsorption at half loading, 𝑏0 is the adsorption constant at 

the reference temperature 𝑇0 , and n is a parameter that 

characterizes the solid–fluid interaction. With the system 

heterogeneity the magnitude of n increases, and when n = 1, 

the Sips isotherm reduces to the Langmuir isotherm.  

The parameters 𝑛0  and 𝛼  describe the temperature 

dependence of the heterogeneity parameter n. 

The Toth isotherm model is given by 

q =
qm(bP)

[1 + (bP)t]
1

t⁄
                                                             (14) 

t = t0 + α (1 +
T0

T
)                                                           (15) 

1
𝑡⁄  is similar to the physical meaning of parameter n in 

the Sips model.  

At different pressures in the range 0-25 bar the absolute 

adsorption isotherm of H2S on synthesized 13X zeolite at 

298 K was examined (Fig. 7). The dashed line refers to 

measure by Gastec-4H tube detector and the solid line 

shows the sorption capacity of synthesized zeolite against 

H2S using an MSA5Xgas detector. The experiment was 

done at pressures 5, 10, 15, 20, and 25 bar at ambient 

temperature (298 k). The simulated gas mixture was 

contained 99.99% butane and 310 ppm H2S. The results 
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Table 6: The parameters of H2S adsorption isotherms at different temperatures on synthetic zeolite 13X. (SiO2/Al2O3 :2.5 and 

Na2O/Al2O3 : 2.5 and 4.5 and NaOH:4.0 M.) 

Models Equation Temperatures (K) parameters 

Langmuir model 

q = qm[bp (1 + bp)⁄ ] 

298 

qm=  (mmol/g 10-4) 

204 

b= ( 10-5) 

6.90 

R2= 

0.9979 

308 188 6.31 0.9955 

318 170 6.12 0.9940 

328 114 5.48 0.9909 

Toth model 

q =
qm(bP)

[1 + (bP)t]
1

t⁄
 

298 168 5.62 0.9624 

308 135 5.41 0.9535 

318 115 5.13 0.9330 

328 93 4.97 0.9330 

Sips model 

q =
qm(bP)

1
n⁄

1 + (bP)
1

n⁄
 

298 185 5.88 0.9812 

308 150 5.62 0.9754 

318 120 5.51 0.9621 

328 98 5.17 0.9501 

Freundlich model 

q = kp
1

n⁄  

 

298 

k= 

1.98 

n= 

1.58 0.9887 

308 1.58 1.22 0.9812 

318 1.44 1.28 0.9714 

328 1.41 1.09 0.9620 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8: Adsorption equilibrium isotherms of hydrogen sulfide 

adsorbed on zeolite 13X (The zeolite was synthesized by these 

ratios: SiO2/Al2O3 :2.5 and Na2O/Al2O3 : 2.5 and 4.5 and 

NaOH:4.0 M) at different temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9: H2S adsorption isotherm by synthesized 13X zeolite (The 

zeolite was synthesized by these ratios: SiO2/Al2O3 :2.5 and 

Na2O/Al2O3 : 2.5 and 4.5 and NaOH:4.0 M.)at different 

temperatures. 

 

are in good agreement when the Gastec tube detector was 

used.  

Adsorption equilibrium isotherms of hydrogen sulfide 

adsorbed on zeolite 13X at different temperatures are 

presented in Fig. 8 and Fig. 9. The zeolite was synthesized 

by these ratios: SiO2/Al2O3 :2.5 and Na2O/Al2O3 : 2.5 and 

4.5 and NaOH:4.0 M. According to the IUPAC 

classification, all curves can be classified as Type-1. 

Moreover, hydrogen sulfide adsorption isotherm 

parameters at different temperatures on synthesis zeolite 

13X show in Table 6. Here, with increasing the 

temperature, the value of 𝑞𝑚  decreased. High values of b 

are reflected in the steep initial slope of a sorption 

isotherm, indicating desirable high affinity. Thus,  

for a good adsorbent in general, high 𝑞𝑚  and a steep initial 

isotherm slope (i.e., high b) is desirable. 

0

50

100

150

200

0 5 10 15 20 25 30

G
as

 A
d

so
rp

ti
o

n
 (

p
p

m
)

P (bar)

298 K

308 K

318 K

328 K



Iran. J. Chem. Chem. Eng. Garshasbi V. et al. Vol. 41, No. 11, 2022 

 

3794                                                                                                                                                                Research Article 

Table 7: Gibbs free energy value as a function of the adsorption 

temperature. 

Temperature (K) ∆G (kJ mol⁄ ) 

298 -3.14 

308 -3.21 

318 -3.42 

328 -3.71 

 

Table 8: H2S removal by different zeolites. 

Zeolite type Sulfur reduction Reference 

Commercial 4A 61 % [39] 

Commercial 5A 84-85 % [39] 

Commercial 13X 84-85 % [39] 

LTA 20% after 24h [40] 

Fe-Na-A 0.2-1.5 % [41] 

Na-A 31 % [42] 

H-Y 59 % [42] 

Synthesis 13X 62 % [20] 

Synthesis 13X 65 % This work 

 

Table 9: Degree of crystallinity DC % determined by various 

methods [48]. 

Sample Amount 

Si/Al 1.44 

Na/Al 0.97 

 

The positive value of ∆𝑆𝑎𝑑𝑠
0  in Table 7 shows that the 

affinity of the adsorbent for CO2 adsorption, the positive 

value of ∆𝐻𝑎𝑑𝑠
0  indicates that the adsorption process is 

endothermic and the negative values of ∆𝐺𝑎𝑑𝑠
0  indicate the 

spontaneous nature of the adsorption of CO2 on the 

adsorbent [43-47].  

By plotting the isotherm, it is concluded that the quick 

steep increase monolayer H2S adsorption at low pressure 

belongs to type I and follows by the kinetic Langmuir 

model [20]. Some experimental approaches for pure H2S 

removal by zeolites are tabulated in Table 8. Bandarchian 

et al. [20] investigated the adsorption of trace amount of 

hydrogen sulfide from mixture with propane and uptake of 

62% H2S approach. Removal of pure hydrogen sulfide by 

commercial 4A, 5A , and 13X zeolite by Ning et al. [38-

39] was done and had good results. Commercial zeolites 

synthesis by chemical pure materials that are commonly 

expensive and limited to use for industrial applications.  

The degree of crystallinity of samples was determined 

by i.r. method (DCi.r) [48] which is shown in Table 9.  

As revealed from this table, the degree of crystallinity of 

zeolite 13X containing the Si/Al is higher than the others.  

 

CONCLUSIONS 

Synthesis of zeolite 13X from modified natural Iranian 

kaolin, i. e. metakaolin, at 65˚C for 72 h in various 

concentrations of NaOH solutions is made. Metakaolin 

was obtained by calcining kaolin in a muffle furnace at 900 ˚C 

for 2h. Design of experiments was done and due to the 

results of Taguchi experimental design, the best 

SiO2/Al2O3 and Na2O/Al2O3 were 2.5 and 4.5.from this 

design, crystallization duration and temperature were 72h 

and 65˚C.  The zeolite 13X that was produced by this 

process, was characterized by X-ray diffraction (XRD), 

Fourier transforms infrared spectroscopy (FTIR), and 

scanning electron microscopy (SEM), and N2 adsorption-

desorption methods. All results are in good agreement with 

the literatures. To continue, its adsorption properties for 

the separation of trace amounts of hydrogen sulfide  

(in terms of ppm) from Butane gas were investigated  

in different pressures in the range 0-25 bar based on the 

volumetric method. The rate of H2S uptake was directly 

affected by the pressure of gas passing through the bed. 

The adsorption capacity of synthesis zeolite 13X at 25 bar 

and 298 K is found to be about 65%.  
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