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Synthesis of spherical activated carbon supported
copper catalyst and its performance for adsorptive desulfurization
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(College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: Phenolic weak acid cation exchange resin was used as carbon precursor to prepare spherical activated
carbon supported copper catalyst by ion exchange, carbonization and activation with CO,. The catalyst was
characterized by SEM, XRD, AAS and BET. The adsorptive capacities for different sulfur-containing
compounds were evaluated by dynamic adsorption experiments and the competitive effects of toluene and
cyclohexene were investigated. The mechanism of adsorptive desulfurization was primarily studied as well. The
results showed that metals in the spherical activated carbon existed in elemental form and improved the adsorption
performance through direct coordination with sulfur atoms. The saturation capacities for thiophene ( T), 3-
methylthiophene (MT) , 2,5-dimethylthiophene (DMT ) and benzothiophene ( BT ) were 0. 938, 1.230, 1.581
and 3.744 mg/g, respectively. The adsorptive selectivity increased in the order of T<MT<DMT<BT. After
toluene and cyclohexene were added to the model gasoline, the saturation capacity decreased 77% and 56% ,
respectively, which might be resulted by competitive adsorption through the interaction between copper and
electron of toluene and cyclohexene.
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Table 1 Compositions of model gasoline samples

MG-1 MG-2 MG-3
Compound
content w /% sulfur content /10  content w /% sulfur content /107 content w /% sulfur content /107
T 0.026 95.6 0.026 98.0 0.026 98.2
MT 0.030 96.6 0.029 94.9 0.030 96.5
DMT 0.034 97.0 0.033 95.4 0.035 99.9
BT 0.041 98.7 0.041 97.5 0.040 94.8
n-heptane 99. 869 74.871 74.869
Methylbenzene - 25.000 -
Cyclohexene - - 25.000
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Figure I SEM photographs of SAC(a) and Cu-SAC(Db)
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Figure 2 XRD patterns of SAC and Cu-SAC
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Figure 3 Pore size distribution of SAC and Cu-SAC
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Table 2 Pore structural data of SAC and Cu-SAC

BET surface Pore Average pore
Sample area volume radius
A/(m*-g"') v/(em’-g") d /nm
SAC 353.26 0.253 1.79
Cu-SAC 330.79 0.247 1.49
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Figure 4 Breakthrough curves of sulfur
compounds of MG-1 over SAC
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Figure 5 Breakthrough curves of sulfur
compounds of MG-1 over Cu-SAC
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Table 1 Adsorption capacities of SAC and
Cu-SAC for each sulfur compound of MG-1

Adsorption capacities w/(mg-g™")

Adsorbent
T MT DMT BT total
SAC 0.587 0.594 0.813 1.550 3.544
Cu-SAC  0.938 1.230 1.581 3.744  7.523
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Table 4 Relative selectivity factor of each compound

Relative selectivity factor of each compound

Adsorbent
MT DMT BT
SAC 1.00 1.01 1.21 1.22
Cu-SAC 1.00 1.34 1.72 4.83
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Table 5 Electron density on the

sulfur atom of each sulfur compound

Sulfur compound T MT  DMT BT
5.689 5.697 5.716 5.739
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Figure 6 Breakthrough curves of sulfur
compounds of MG-2 over Cu-SAC
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Figure 7 Breakthrough curves of sulfur
compounds of MG-3 over Cu-SAC
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Table 6 Adsorption capacities of Cu-SAC
for each sulfur compound of MG-2 and MG-3

Adsorption capacities /(mg(s) g™ (A))

MT DMT BT total

MG-2 0.356 0.351 0.334 0.652 1.693
MG-3 0.488 0.502 0.574 1.744 3.308

Model gasoline

HIPE 6 FIE 7 R LI H AU oA 2
FIERCLH IS, DU AR A1 1) 20 328 AR A [ e 2 ik

AN UEEH HOR BN OO B A TRl B2 B R T
Cu-SAC X iy e b 75 i, i ZEd it B
FIH A, W 6, & 6 Al Fl, Cu-SAC *f
MG-2 fil MG-3 918 Fl % 25 40 3 h 1. 693 Al
3.308 mg/g, H XF T MG-1, /> % F & T 77% i
56% ,iXFKH, FAHA CIEXT Cu-SAC W [tk 4
ERINHIVER, Horh H2R I EIE R T O,
XA AR F AT REE H T RN O A 5 R 2t
AEAIIXoF 2 A7 5 A i B0 56 4, S SRR A6 ) 1) W A7
W SCERT Ak R P A DT R R
m B 54 m R EAE R, PRI, DT X oy 2
T A (R TR B A 5 B ) s R R B AR T 08 A )
XA PR RE .t AT BRI AT LU Y HEWY
Ko fenl LhE i w 175 Cu fEH, 1 H R FER
CIREI T IA = B, Br L, 2R AR 2 06
() LT S S A s A A o 40 0 0 W
7, BEAR T HEMy A B e BT, Pl et vl DAAS 3]
FH 2 0 B0 TR A FH R 2 L 0 B4 S RLJE: Fh T FR R 401
SR m TR TR M, 5 Cu WERHE T
98, ALV MG-2 Fl MG-3 H I ZE IR O 0 Y
WA R 25% , W 8K T E ALY (0. 129% F
0.131% ), 1fii Cu-SAC /5B AL P W RFHE T, X it
W w B FAE AN ALY TE Cu-SAC | MR Y 32 2L
YERT, R, B Ak 2 285 2 6 i 75 Cu Z AL A
VB AW B, X A E R Famfkd b B Cu
PFER, D5 A e th Re il o L m i T 5 Cu /EH
TR B, DT 55 8 Ak 40 7 A= 5 4 T B, 53K Cu-SAC
X B Ak 0 11 R o 25 et T o
3 4

DL 122 BRI RE N B A R, B8 -2 Je vk 11 2 4
Cu™ , iR AAL A CO, Tk, il 4 H 2 BRE 1%
PR, 55 SRR TR A L, e i AR AL AR
KRS A R, AR R Cu LR ASTEAE . 2Bk
TE 178 A1 e TR O W 3 218 B A 0 1) S 28 L oA 1 0RO
PR T 2.1 4%, %) T .MT .DMT F1 BT (4 F
TR M 0.938 .1.230.1.581 F13.774 mg/g. #
A BRI 175 P e T DA Ak 1) W B R R I R T
(1.00) <MT(1.34)<DMT(1.72)<BT(4.83) , B3¢
LW Cu 5E LY n9VE N 5605 b A% HL %5 B AN
AL S ) = A, HIORRA O il o
W5 Cu KM, Sk r A4 s g m b, 3
HA BTG R (P BB T B T 77% F156%



618 P/ = S A S i 41 5
2 Lk
(1] #PO%, MR, 29963, s, E ol A RIEEs A RIGR I ], BORHMESE224R , 2007, 35(2) : 192-197.

(2]

[10]

[11]

[12]

( ZHA Qing-fang, GAO Nan-xing, LI Zhao-feng, ZHUO Hai-bo, ZHANG Yu-zhen. Adsorption desulfurization by activated carbon from
petroleum coke[ J]. Journal of Fuel Chemistry and Technology, 2007, 35(2) ; 192-197.)
RO, 220 %, VL B FOCRUEEALEM BRI ST [ T]. MR #2 40, 2008, 36(2) : 166-169.
( ZHAO Di-shun, LI Fa-tang, SUN Zhi-min. Photosensitized oxidative desulfurization of thiophene by riboflavin [ J . Journal of Fuel
Chemistry and Technology, 2008, 36(2) : 166-169. )
FE Ty, R, TS, L MRBESS R IR LR A OB TP R R AT (). MR, 2007, 35(3) ; 293-296.
( WANG lJian-long, ZHAO Di-shun, ZHOU Er-peng, DONG Zhi. Desulfurization of gasoline by extraction with N-alkyl-pyridinium-based
ionic liquids[ J]. Journal of Fuel Chemistry and Technology, 2007, 35(3) : 293-296. )
JEGRZR, ZEpk. VI VSRR BRI A 2 ST (D] BRRHE 243, 2009, 37(5) @ 629-634.
(Tang Xiao-dong, Li Lin. Preparation and evaluation of gasoline activated carbon-based desulfurization adsorbent [ J]. Journal of Fuel
Chemistry and Technology, 2009, 37(5) : 629-634. )
MU, B, DR, ARE. BAGET PW /U IR MR BEAIE RS2 [ 1] 10T AL ToR2444R , 2005, 25(1) : 52-54.
(WEI Min, WANG Hai-yan, MA Jun, BAI Ying-zhi. Effect of carrier activation on etherification activity of PW,/carbonized resin catalyst
[J]. Journal of Liaoning University of Petroleum & Chemical Technology, 2005, 25(1) : 52-54.)
ZFHR, 2RO, Ni/D152 R 5k At b0 i il 2 KON S P B S0 S oy i e Al e [ ). Tl fiefks, 2008, 16(7) : 16-20.
( LI Xiu-ling, LI Bao-shan. Preparation of Ni/D152 carbonized resin catalyst and its catalytic behaviors for 2-propanol dehydrogenation reaction
[J]. Industrial Catalysis, 2008, 16(7) : 16-20. )
HUNTLEY D R, MULLINS D R, WINGEIER M P. Desulfurization of thiophenic compounds by Ni( Il ) : Adsorption andreactions of
thiophene,, 3-methylth-iophene, and 2,5-dimethylthiophene[ J]. J Phys Chem, 1996, 100(50) ; 19620-19627.
BEZVERKHYY I, RQZHIKOV A, GADACZ G, BELLAT J P. Kinetics of thiophene reactive adsorption on Ni/SiO, and Ni/ZnO[J]. Catal
Today, 2008, 130(1) . 199-205.
BAEZA P, AGUILA G, GRACIA F, ARAYA P. Desulfurization by adsorption with copper supported on zirconia[ J]. Catal Commun, 2008 ,
9(5): 751-755.
MA X, SUN L, SONG C. A new approach to deep desulfurization of gasoline, diesel fuel and jet fuel by selective adsorption for ultra-clean
fuels and for fuel cell applications[ J]. Catal Today, 2002, 77(1/2) : 107-116.
KIM J H, MA X, ZHOU A, SONG C. Ultra-deep desulfurization and denitrogenation of diesel fuel by selective adsorption over three different
adsorbents: A study on adsorptive selectivity and mechanism[J]. Catal Today, 2006, 111(1/2) ; 74-83.
FESE, HEET, ORI, IMEAR. ALY BIZRE T O SR B TS (1], BORME2A AR, 2012, 40(4) : 507-511.
(TANG Ke, HONG Xin, SONG Li-juan, SUN Zhao-lin. Preparation of heteroatom Y zeolite by secondary synthesis and its performance in
adsorptive desulfurization[ J]. Journal of Fuel Chemistry and Technology, 2012, 40(4) ; 507-511. )
MA X, SPRAGUE M, SONG C. Deep desulfurization of gasoline by selective adsorption over nickel-based adsorbent for fuel cell applications
[J]. Ind Eng Chem Res, 2005, 44(15) ; 5768-5775.
MA X, VELU S, KIM J H, SONG C. Deep desulfurization of gasoline by selective adsorption over solid adsorbents and impact of analytical
methods on ppm-level sulfur quantification for fuel cell applications[ J]. App Catal B, 2005, 56(2) ; 137-147.
VELU S, WATANAB S, MA X. Development of selective adsorbents for removing sulfur from gasoline for fuel cell applications[J]. Petr
Chem Div Prepr, 2003, 48(2) : 56-57.



