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Abstract - The separation of p-xylene and m-xylene from C8 aromatic hydrocarbon feed using Y zeolites is 
investigated. Effect of residual moisture on p-xylene adsorption on BaY was measured in order to optimize 
the activation temperature of the adsorbent. The results show that with an increase in temperature the moisture 
on the adsorbent decreases. An optimum loading of moisture is required for adsorption of xylene on the 
adsorbents. The Everett equation is used to determine the adsorption capacity and selectivity. It has been 
found that the adsorbents best suited for the separation of p-xylene, m-xylene, o-xylene and ethyl benzene 
from the mixture of C8 aromatics are NaY, NaY, BaY and KY, respectively. The XRD results show that the 
crystallinity of the adsorbent decreases upon exchanging the zeolites to K+ and Ba2+ ions. 
Keywords: Adsorption; Adsorption capacity; Optimization of activation temperature; C8 isomers; Zeolite. 

 
 
 

INTRODUCTION 
 

Zeolites are crystalline alumino-silicates of natural 
or synthetic origin with highly ordered structures 
(Xiao et al., 1999). They consist of tetrahedral SiO4 
and AlO4, interlinked through common oxygen 
atoms to give a three dimensional network resulting 
in channels. These channels contain water molecules 
and exchangeable alkali metal ions. The inner pore 
structure depends on the composition, the zeolite 
type, and the cations. Zeolite Y is represented by the 
general formula: 
 

( ) ( )32 2 2 232 160ZeolitesY   Na AlO SiO .250H O    

Si / Al 1.5 – 3

⎡ ⎤⎣ ⎦
 

 
The cation concentration and ion exchange capac-

ity (which is directly proportional to the aluminum 

content) decrease with the increase in Si/Al ratio. 
The acidity tends to increase with an increase in 
Si/Al ratio. The thermal stability increases from low 
silica zeolites to high silica zeolites. The high silica 
zeolites are hydrophobic in nature, while low silica 
zeolites are more hydrophilic. Zeolites have found 
widespread application as adsorbents, ion exchange 
materials, detergent builders and catalysts, especially 
in petroleum refining, petrochemicals and fluidized 
catalytic cracking (Moon et al., 2008; Zhang et al., 
2011; Dalil et al., 2012; Jermy et al., 2011; Kim et al., 
2011; Saceda et al., 2012; Induri et al., 2010; Lee  et 
al., 2009; Gaur et al., 2010). 

Xylene isomers are of great importance to 
petrochemical industries since these substances are 
raw materials for the synthesis of many organic 
compounds (Santacesaria et al., 1985). Xylenes are 
essentially produced from catalytic reforming of 
naphtha and ethyl benzene isomerization. The most 
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valuable among the xylenes is p-xylene which is an 
intermediate for the production of polyethylene-
terephthalate fibres, resins and films. m-Xylene has 
recently found use in the production of purified 
isophthalic acid, which can be used as copolymer 
and as a resin. o-Xylene is used to produce phthalic 
anhydride. Ethylbenzene is used to obtain styrene, an 
important monomer. The separation of C8 isomers is 
a difficult operation due to the proximity of their 
boiling points (boiling range 136 °C-142 °C) (Neuzil, 
1972) and the resemblance of the other chemical and 
physical properties of these hydrocarbons. The com-
mercially available process utilizes the highly energy 
intensive SMB (simulated moving bed) operation for 
separation of m-xylene. This prompted us to study an 
adsorption-based fixed-bed separation process for C8 
isomers. The aim of the present paper was to find the 
suitable adsorbents for all C8 aromatic isomers. Our 
attention, therefore, focused on zeolites, determining 
the equilibrium and also optimising the activation 
temperature of the adsorbent for isothermal adsorption 
runs. 
 
 

EXPERIMENTAL 
 
Chemical Used 
 

Ethyl benzene (purity 99%, Johnson Matthey), 
p-xylene (purity 98.5%, National Chemicals),     
m-xylene (purity 99%, Fluka AG), o-xylene (purity 
98.5%, Labort fine Chemical), and iso-octane (purity 
99.5%, S.D. Fine-chemical) were used without further 
purification. All of these were dried over molecular 
sieve (4A/5A, Fluka Goldie) for several days before 
the adsorption runs. 

In this study, three adsorbents were studied. The 
synthetic NaY zeolite was first exchanged with 
barium and potassium ions, and then activated at  
150 °C in an oven for 4 h. Y zeolite, described in the 
US patent and especially used in the Parex unit, is a 
metal ion-exchanged Y zeolite such as BaY, and KY. 
The zeolite exhibits hydrophilicity. The zeolite was 
partly dehydrated, keeping the optimal content of 
water (3-5 wt. %) before the feed was charged, in order 
to get the best separation capability. 
 
Ion-Exchange Procedure  
 

An ion exchange occurs when the cations present 
in the zeolite are exchanged for other cations present 
externally. The ions selected for exchange were bar-
ium and potassium. 

The BaY and KY zeolites were prepared by ion 
exchange of the pure synthetic NaY zeolite with a 
Si/Al ratio of 2.52. These materials were received as 
crystalline powders from Linde division of Union 
Carbide Corporation. The BaY zeolites was obtained 
by ion exchange with an aqueous solution of 
Ba(NO3)2 at 80 °C for 5 h; then the zeolites were 
washed with water and dried in an oven at 70 °C. This 
process was repeated three times in a similar manner 
with barium and potassium in order to increase the 
ion exchange capacity and these were called Samples 
1, 2 and 3. The exchange was found to be 65%, 84%, 
and 92% for Samples 1, 2 and 3, respectively. The 
degree of exchange of the samples was determined 
by ICP-OES (inductively coupled plasma-optical emis-
sion spectrometer) (Jobic et al., 2001; Santacesaria  
et al., 1982). 
 
Effect of Residual Moisture in Zeolites on Xylene 
Adsorption 
 

To study the effect of moisture on the morphol-
ogy of zeolites, adsorbent samples were activated at 
temperatures of 50 °C, 100 °C, 150 °C, and 175 °C to 
optimise the temperature of activation of the zeolite 
sample.  

This test was done in the case of the BaY 
adsorbent. The adsorbent samples were kept in an 
open dish for 4–5 h to completely saturate the ad-
sorbent with moisture. Then these samples were 
activated at different temperatures (50, 100, 150, 175, 
and 350 °C) for 4 h and the weight loss observed 
during activation. The weight loss data are recorded 
in Table 1.  
 
Table 1: Moisture content and adsorption capacity 
of the BaY adsorbent at different temperatures. 
 

Xylene 
temperature 

(°C) 

Adsorption 
capacity 
(wt. %) 

Selectivity Moisture 
content 
(wt. %) 

50 0.31 1.83 13.39 

100 1.38 26.17 7.64 

150 2.76 33.15 5.52 

175 2.97 40.05 4.1 

 
The weight losses were found to be 3.12%, 

8.88%, 11%, 12.42%, and finally 16.52% at the above 
mentioned temperatures, respectively. The residual 
moisture contents on the adsorbent were 13.39%, 
7.64%, 5.52% and 4.1% at 50, 100, 150, and 175 °C, 
respectively. 
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Adsorption Isotherm Procedure  
 

Measurements of sorption kinetics in the liquid 
phase were carried out in a specially designed glass 
bottle. A known quantity (0.5 g) of the zeolite sample 
was placed in the bottle and activated at 150 °C for  
4 h. The weight of the activated sample was deter-
mined by weighing the bottle before and after the 
activation. A known amount of xylene solution in 
iso-octane was injected into the bottle. The sample 
bottles were kept in a constant temperature water 
bath at 20 °C (Julabo, model BRND CTIC 018) for 
12 h. This ensures rapid heat transfer between zeolites 
particles and the surrounding solution, leading to the 
isothermal conditions, minimization of any surface 
film, and homogeneity of the solution in the bottle. 
The composition of the mixture at different time in-
tervals was determined using a gas chromatograph 
(Agilent Technologies 6890 N) with a FID detector 
and a DB-WAX capillary column (60 m) with high 
purity helium as a carrier gas. The error in GC analy-
sis was within ± 0.5% (Bellat et al., 1997; Goddard 
et al., 1986; Kaushik et al., 2002). 
 
Adsorption Capacity Measurement by Everett 
Equation 
 

The adsorption equilibrium data were then fitted 
with the Everett equation, which gives information 
about the choice of the solvent. 
 

1 2
1

1 1

1 1
1t s

x x x
M x M

⎛ ⎞
= +⎜ ⎟Δ α +⎝ ⎠

             (1) 

where 1x  is the mole fraction of p-xylene before ad-
sorption, 2x  is the mole fraction of iso-octane before 
adsorption, 1xΔ  is the difference in mole fraction of 
p-xylene, tM is the quantity of feed taken, sM  is the 
adsorption capacity, and 1α  is the separation factor 
or selectivity.  

A graph between 1 2

1t

x x
M xΔ

 and 1x  was a straight 

line and the adsorption capacity, as well as the 
selectivity, were found from the slope and extrapo-
lated intercept of the line (Lao et al., 1984), as given 
in Table 2. 
 
Characterization of the Adsorbent 
 

The adsorbent was characterised by various tech-
niques like ICP-OES and PXRD (powder x-ray dif-
fraction). ICP-OES gives the concentration of ele-
ments present in the given sample. PXRD gives the 
corresponding crystallinity of the adsorbent. PXRD 
is a versatile, non-destructive technique that reveals 
detailed information about the chemical composition 
and crystallographic structure of natural and manu-
factured materials. Quantitative phase analysis of 
NaY, BaY, and KY at various stages was carried out 
by PXRD measurements on a Philips X-ray diffrac-
tometer (model) using CuKα radiation and PC-APD 
diffraction software. PXRD patterns of each sample 
were measured using 10% α-Al2O3 as internal 
standard.  

 
 
 
 

Table 2: Adsorption capacity and selectivity of C8 isomers on the adsorbents NaY, BaY and KY. 
 

Adsorption 
capacity  
(wt%) 

Selectivity Adsorption 
capacity  
(wt%) 

Selectivity Adsorption 
capacity  
(wt%) 

Selectivity Adsorbate 

NaY BaY KY 

p-xylene 9.76 12 2.12 52 3.07 30 

m-xylene 11.89 22 1.48 197 3.18 24 

o-xylene 8.28 20 3.39 24 3.29 25 

Ethyl benzene 10.51 11 2.76 41 4.14 21 
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RESULTS AND DISCUSSION 
 
Effect of Moisture  
 

The adsorption capacity and selectivity for differ-
ent temperatures were obtained in a similar manner 
as in the case of the adsorption isotherm of xylenes. 
The adsorption capacity of the adsorbent increases 
with an increase in temperature as shown in Figure 1. 
The residual moisture present in the zeolite decreases 
with an increase in temperature. An optimum level 
of moisture loading is essential for the adsorption of 
p-xylene on the zeolite. From the above experiment 
it is evident that an optimum moisture loading of 
4–5.5 wt % is required for maximum adsorption of 
p-xylene at 20 °C. Hence, the activation temperature 
of 150 °C was chosen for the adsorption of all xylene 
isomers. 

Eq. conc.(wt%)

0 5 10 15 20 25 30

A
ds

or
be

d 
qt

y.
/1

00
g 

0

1

2

3

4

5

6

50oC
100OC
150OC
175OC

 
Figure 1: Optimization of the activation temperature 
for the adsorbent BaY. 
 
Adsorption of C8 Aromatics 
 

From the adsorption isotherm in Figures 2-4, it 
has been found that, in the case of NaY, the adsorp-
tion capacity of m-xylene as well as p-xylene is higher, 
according to the adsorption capacities in wt %.  
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Figure 2: NaY adsorption isotherm at 20 °C. 
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Figure 3: BaY adsorption isotherm at 20 °C. 
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Figure 4: KY adsorption isotherm at 20 °C. 

 
The best suited adsorbent for separation of         

o-xylene from a mixture of C8 aromatics is BaY. 
The best suited adsorbent for separation of ethyl 
benzene from a mixture of C8 aromatics is KY. 
 
Adsorption and Separation Factor Measurement 
by the Everett Equation 
 
The plot shows the adsorption capacity for all C8 
isomers on the adsorbent BaY as presented in Figure 5.  
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Figure 5: Adsorption capacity and selectivity, meas-
urements of C8 isomers on BaY by using Everett 
equation. 
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The higher slope for m-xylene indicates that      
m-xylene has more selectivity in comparison to the 
other three isomers and selectivity for the C8 isomers 
follow the sequence:  
 
m-xylene > p-xylene > ethylbenzene > o-xylene. 
 
Characterization Result 
 

Figure 6 shows that there is a decrease in crystal-
linity as sodium ions are replaced by barium ions and 
potassium ion in NaY and crystallinity follows the 
order: 
 
Fresh NaY > KY > BaY (sample 1) > BaY (sample 2) 
> BaY (sample 3).  
 

This is because, as cations exchange with sodium, 
a loss of crystallinity occurs. As the number of bar-
ium cations increase, the crystallinity loss increases. 
In the case of potassium, the crystallinity loss is lower. 

 
Figure 6: X-Ray diffraction study of the various 
adsorbents: (a) NaY; (b) KY; (c) BaY sample 3; (d) 
BaY sample 2; (e) BaY sample 1. 
 
 

CONCLUSION 
 

In the present study, adsorption isotherms of the 
individual xylene isomers were measured in the 
liquid phase at 20 °C using various Y zeolites. This 
was carried out to separate each of the individual 
xylene isomers with high purity. Y zeolites were se-
lected as adsorbents because they are widely used in 
separation processes in industries. The zeolites were 
exchanged with potassium and barium ions. On 
exchange of Na by K, the pore opening of the zeolite 
decrease due to the bulkier size of the K ion. On 
exchange of Na by Ba the pore opening increases 
due to the smaller size of Ba and also the number of 
cations decreases because Ba is divalent. The adsorp-
tion of xylene isomers on the Y zeolites depends on 
the pore opening of the zeolites and also the 

interaction of aromatic molecules with the cations   
in the micropores. The effect of residual moisture on 
p-xylene adsorption on BaY shows that, with an 
increase in temperature the moisture on the adsorb-
ent decreases. An optimum loading of moisture is 
required for adsorption of xylene on the adsorbents. 
It has been found that the best suited adsorbents for 
the separation of p-xylene, m-xylene, o-xylene and 
ethyl benzene from the mixture of C8 aromatics are 
NaY, NaY, BaY and KY, respectively. The XRD 
results show that the crystallinity of the adsorbent 
decreases upon exchanging the zeolites with K+ and 
Ba2+ ions. 
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