BmoR e o o R
Journal of Fuel Chemistry and Technology

$41 % 43
201343 A

Vol. 41 No.3
Mar. 2013

XEHS: 0253-2409(2013)03-0341-06
MY BN FiEN FCC K MR MERE IR 3T

T4, AERL, RBEE 2 OR, TXO, k&', EHAE RmaE'?
(L ALTANAE TR AT REARrE S HAR TS S0 %, LT JO0 113001 ;
2 AT (AR ML TAEBE, A 74 266555)

7 E. RAWAHE FACHEEHE T Cu(1) Y NiY CeY 430 , A F§ XRD ICP/MS | N, W {5 {45 4 A 6 Fo 1b o o i 47
TRAE {5 R RE AN 35 Ak 2% R BRI ( SCD) MBI AR RG22 T oM Y 43T 1%t FCC 1R 1) 5 15 P I B R 4
g, & EIRTT T FCC VR I B TR B I it R rh i Ak (0 BB B LA . 45 SR 3R, R IR) 42 08 PR S T CPE i Y 43 0 % FCC iR
AR FEI AL B A AR X CeY 430 :2- FF 2E-5- L FRWEWY <WEWY <C; BREE< C, WEWY <2 B 3-FF BEIEmy <RI Emy <
3,4- " HHEWEWy =23 4- = I SLHEM < PO WEMY , I NiY 55 Cu(1) Y EHMARR] . C, BREE<2-H HE-5- 2, FEWEW; <C, WEWY <2 BY 3-
FH L IE WY <MEMY < IR TTIEWY <3 ,4- " HI ZEWEM) ~2 3 4-= I RLBEMy < PUSIBEMY | BAOPE Y 43 07 ot My B /N3 Joe B BRI R E My 28
AL BT 22,

KB . Y 43T ; FCC VRl WLRRLGR ; IR RstE

hESES . TE624.5 XEkFRIRAD . A

Performance of adsorptive desulfurization for FCC gasoline over modified Y zeolites
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Abstract: Cu(I)Y, NiY and CeY zeolites were prepared by liquid phase ion exchange and characterized by
means of XRD, ICP/MS and N, physisorption. Properties of selective adsorptive desulfurization of FCC gasoline
on the adsorbents have been investigated by fixed-bed adsorption experiment and GC-SCD technique, especially
the removal selectivity of the sulfur compounds in the oils. The results indicated that the removal selectivities of
the sulfur compounds in the gasoline were quite discrepant for different adsorbents, among which, CeY had the
sequence of 2-ethyl-5-methylthiophene < thiophene < C, mercaptan < C,-thiophene <2 or 3-methylthiophene <
benzothiophene<3 , 4-dimethylthiophene = 2 , 3 | 4-trimethylthiophene < tetrahydrothiophene, while Cu (1) Y and
NiY had similar sulfur selectivities with the sequence of C, mercaptan<2-ethyl-5-methylthiophene<C,-thiophene<
2 or 3-methylthiophene < thiophene < benzothiophene < 3, 4-dimethylthiophene = 2, 3, 4-trimethylthiophene <
tetrahydrothiophene. Additionally, it was found that modified Y zeolites had poor removal selectivities of
thiophenes and small alkylthiophene molecules.
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CeY and Cu(I)Y zeolites
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Table 1 Textural parameters of samples and adsorptive desulfurization
Sorbent Exchange v /( e g 1) A /(g ) Average pore diameter  Adsorption capjcity
degree of Na'/% d /nm /(mg(S)-g)

NaY - 0.360 874 0.70 1.21

CeY 91 0.307 607 0.68 2.08

NiY 74 0.333 654 0.69 3.90
Cu(D)Y 68 0.336 721 0.69 11.87

adsorption capacities were calculated from the breakthrough curves considering the 300 wg/g thiophene content in nonane at the
breakthrough point below 1 wg/g( space velocity=5.0 h™" ;flow rate=0.2 mL/min)
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Figure 2 GC-SCD chromatograms of FCC treated by
different adsorbents
a: FCC; b: NaY; c: NiY; d: Cu(I)Y; e: CeY
1. C,_; mercaptan or sulfide; 2. thiophene;

3. 2-methylthiophene; 4. 3-methylthiophene;

5. tetrahydrothiophene; 6. C; mercaptan or sulfide;
7. 2-methyltetrahydrothiophene ;

8: 2 or 3-ethylthiophene; 9: 2, 5-dimethylthiophene;
10: 2, 4-dimethylthiophene;

11: 2, 3-dimethylthiophene; 12 . 3,4-dimethylthiophene;
13 ; 2-ethyl-5-methylthiophene ;

14. 2, 3, 4-trimethylthiophene; 15 . benzothiophene
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Table 2 Contents and desulfurization rate of main sulfur compounds in the FCC gasoline

Desulfurization rate /%

Retention time ¢ /min

Sulfur compound

FCC gasoline

NaY CeY NiY Cu(I)Y
3.778 ~4.562 C, _; mercaptan 7.5 20.3 100.0 97.4 98.2
5.604 TP 13.0 30.3 69.1 49.4 65.8
7.534 2-MTP 6.9 35.1 73.0 50.7 60.5
7.702 3-MTP 8.7 31.1 70.5 46.4 54.2
8.376 THF 5.1 100.0  100.0  100.0  100.0
9.169 C;-sulfide 3.1 91.4 98.4 96. 1 97.1
9.762 2-MTHF 3.7 100.0  100.0  100.0  100.0
10.231 2/3-ETP 6.7 66. 1 78.5 51.1 71.0
10.776 2,5-DMTP 5.5 30.4 69.2 37.5 48.2
11.177 2,4-DMTP 3.4 33.1 74.5 37.8 56.8
11.713 2,3-DMTP 2.3 39.2 73.5 48.7 51.9
12.235 3,4-DMTP 7.5 58.4 84.9 70.6 61.1
14.705 2-E-5-MTP 2.2 15.6 54.0 32.9 32.8
24.969 BTP 3.2 37.6 80.1 66.9 56.6

desulfurization rate( % )= (c¢,-c)/c,, where ¢, is the initial content of sulfur (pg/g), c is the final content of sulfur (wg/g)
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Figure 3  Breakthrough curves of FCC in a
fixed-bed adsorber over Cu(I1)Y, CeY, NiY and NaY
space velocity=1.0 h™"; flow rate=0.04 mL/min;
¢, is the initial content of sulfur;
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Figure 4 GC-SCD chromatograms of FCC gasoline over
NiY zeolite by a fixed-bed adsorption experiment at different
breakthrough stages refer to Figure 2 for the qualitative
results of the sulfur compounds

1)
IR 2y CuhY
3 9
5
o7glf 13 b
— FCC
=
S
B ‘ .
= 1050 min
= |
2
= e |a20min,
| T JN 180 min
L A 1 N ,..80min__|
. I 60 min
24 min
0 5 10 15 20 25 30

Retention time #/min

Bl 5 [ PRI 254 T FCCVRIM7E Cu(DY |
MAZ A Bt A [ 2 35 P i) B2 ) GC-SCD 3 ]
Figure 5 GC-SCD chromatograms of FCC gasoline over
Cu(I)Y zeolite by a fixed-bed adsorption experiment at
different breakthrough stages
refer to Figure 2 for the qualitative results of
the sulfur compounds
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Figure 6 GC-SCD chromatograms of FCC gasoline over
CeY zeolite by a fixed-bed adsorption experiment at
different breakthrough stages
refer to Figure 2 for the qualitative results of
the sulfur compounds
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