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Effect of operation parameters on
adsorption of thiophene from benzene over CeY sorbent

CHANG Jin-yu, LIAO Jun-jie, ZHANG Yan-jun, FAN Li-jun, MA Lin, BAO Wei-ren, CHANG Li-ping
( State Key Laboratory Breeding Base of Coal Science and Technology Co-founded by Shanxi Province and the
Ministry of Science and Technology, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The effect of operation parameters, such as particle size of the CeY sorbent, space velocity, and
concentration of the solution and temperature of the fixed bed, on the adsorption of thiophene from benzene was
investigated. The results show that this effect can be ascribed to the change of the inner and external diffusion
process of the mass transfer resistance and the adsorption type, which are affected by those operation parameters
respectively. The suitable operation parameters were the particle sizes of 0.2 ~0.3 mm, space velocity of the

solution of 0.85 h™".

At the conditions of room temperature and atmospheric pressure, CeY sorbent can entirely

remove the thiophene from benzene with the breakthrough time and adsorption capacity of thiophene of above
400 min and 4. 61 mg/g in the benzene containing thiophene 500 mg/L, respectively.
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Process chart of the fixed-bed reactor apparatus for the adsorption of thiophene
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Figure 2 XRD patterns of NaY zeolite and CeY sorbent

Intensity /(a.u.)




1094 wooR 4k

g,
¥

L
¥

il B4l %

M 2 AT AE Y, NaY 76 BRE VA i h B 1732
ek P P RIS CeY W B 300 A7 ST s o J3° 1 .
f%F NaY 43+ , BRI Y Y530 i REAEATT
S FW CeY W BRI 45 5 B A TR ARG, (HLOR 35 T
Y RUSrFii B A A5 . NaY 400 Fl CeY W
FIMFLE S EOL R 1, mR 1 A, &8 735
Ji , 431 () He 2 T RURDFLAR R 38 in | 317 1225 4%
FfiEAT Ce B F &M MRS, — A~ Ce™ 1l L 28
=4 Na B E,

2.2 BIESHEIT CeY WR BB BREM 14 AE RO RN

Kl 3 RANERIAR CeY W RHRI7E 2= TR  EW ) 4R
HePE 500 mg/L A1 0. 85 h' 43 3 45 141 o 1 oy ot B
(R 25 5 | HFL IV 25 275 Fsf [0 P I oy MR o o ) 25 SR L3 2.

%1 Na¥Y # CeY IRBHHIEFL &

Table 1 Pore structure parameters
of NaY zeolite and CeY sorbent

Sample NaY zeolite CeY sorbent
Ager/(m-g™") 375 420
Specific pore
pectie p 86 9

volume v/ (cm’-g™")
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—e—0.3~0.5 mm
S —+—02~03mm ] [
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——

0.5+

0.0

Thiophene concentration p /(mg-L™)
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Figure 3  Effect of particle size on the capacity

500

of CeY sorbent removing thiophene from benzene
(at room temperature ; thiophene concentration
of 500 mg/L;space velocity of 0.85h™")
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Table 2 Adsorption capacity of CeY

sorbent with different particle size

Particle size
d/mm
Q/(mg-g")

0.5~0.7 0.3~0.5 0.2~0.3 0.1~0.2

2.57 3.94 4.61 4.72
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Lt REFRFN S HAR XS M A IRIES 5
Table 3 Pore structure parameters of CeY sorbents with
different particle size and the corresponding

operation parameters

Particle size Agpr Bulk density Space velocity
d/mm /(m*-g") p/(mg-mL™") /h™!
0.1~0.2 441.12 0.6554 0.874
0.2~0.3 424.09 0.6339 0.845
0.3~0.5 418.37 0.6220 0.827
0.5~0.7 403.39 0.6122 0.816
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Figure 4 Effect of space velocity on the

Thiophene concentration p /(mg-L™)

capacity of CeY sorbent removing thiophene from benzene
(at room temperature, thiophene concentration
of 500 mg/L, sorbent particle size of 0.2 ~0.3 mm)
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Table 4 Adsorption capacity
of CeY sorbent under different space velocity

Space velocity /h™  0.42 0.63 0.85 1.27
0/(mg-g ") 1,37 1.39  4.61 4.17
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Figure 5 Effect of bed temperature on the
capacity of CeY sorbent removing thiophene from benzene
(particle size of 0.2 ~0.3 mm, thiophene concentration
of 500 mg/L, space velocity of 0.85h™")
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Table 5 Adsorption capacity of
CeY sorbent at different bed temperature

Temp. /C  Room temperature 50 70
Q/(mg-g™") 4.61 2.67 2.22

Pl 6 SRy AT R I E Iy MR JBE X CeY Wi Bf 57
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Figure 6 Effect of thiophene concentration in solution on the

capacity of CeY sorbent removing thiophene from benzene
(at room temperature, sorbent particle size

of 0.2 ~0.3 mm, space velocity of 0.85h™")
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Table 6 Adsorption capacity of CeY sorbent in
the solution with different concentration of thiophene

Concentration
500 300 200
of thiophene p/(mg-L™")

Q/(mg-g™") 4.61

4.33 4.18
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