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Abstract: In order to study the correlation between the mass transfer performance of fluid catalytic cracking (FCC) catalysts and
their pore structure and acidity, three semi synthetic FCC catalyst samples(CAT1,CAT2,CAT3) with different pore structure and
acidity were prepared.Naphthalene, phenanthrene and acridine were selected as probe molecules to test the adsorption penetration
performance of the guest molecules on the catalysts and to investigate their mass transfer performance. The ability of acid center
conversion on catalysts was visualized and analyzed using super-resolution imaging technology. The results show that effective
discrimination of the differential adsorption behavior of FCC catalysts for macromolecules can be achieved by selecting suitable
probe molecules. The mass transfer performance of macromolecules on FCC catalysts depends on the pore structure and surface
acidity of the catalysts. The use of novel macroporous matrix materials optimizes the mass transfer performance of FCC catalysts
and enhances the acid on Y molecular sieves in FCC catalysts centers in FCC catalysts. The work can provide an effective solution
for studying the mass transfer structure-activity relationship of FCC catalysts, and also provide theoretical guidance for the design

of efficient FCC catalysts.
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mesoporous pore size distribution of three FCC catalysts
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Table 1 Property parameters of three FCC catalysts

A Yok @ AR/ fzﬁzp@ﬁx/ A3LE AR/ B3tk AR/ BALRAR/ 3L AR/
(m”g™") (m”g™") (m%g™") (cmg™") (cm®g™") (cmg™")
CATI1 243 155 87 0.261 0.081 0.180
CAT2 247 148 99 0.237 0.077 0.160
CAT3 207 132 76 0.200 0.070 0.130
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Fig.2 NH,-TPD spectra of three catalyst samples
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Table 2 Acid content distribution of three FCC catalysts

o BRE/ IR/ RERE/
PEAL ] - - -
(mmolsg™") (mmol-g™") (mmolsg™")
CATI1 8.70 10.58 32.16
CAT2 8.06 9.05 29.92
CAT3 8.29 10.51 23.16

H 1 2 RT3 i i Ak 70 5 RT 405 s NH B R
W, 200,300,350 “CRF I it 158 B i 43 531 XoF i 55 R
O R R TG SRR PO, PR R v T R JR
FY 5 F 0o BT ER X NH,-TPD i B i i) 06 i
FURT LAAS SR i B K BN IRF S CAT1>
CAT2>CAT3;CAT3AE 350 “CRF Iz i it B i i £
/N CATL.CAT2, 25 &£ 2 iy g5 R b
ATLLE H CAT3 s R &t CAT LW 1249 28%,
FREI R R 2 H R R 23 i LY 43 F O 4 4y
R340 FLL T8 W 3 2E

32k 3l FCC Ak 71 1 28 i) Wi BfF 2 355 il 46
M 3R LAE L 2850 F 46 CATL 1Y W% Bt 25 455 1)
] | A E] 38 & 4, 43 B 10,0, 46.5 ming £
CAT2 b ()W B 28 375 s [a] e Fn it (8] 5 CAT 14230 5
FE CATS3 L A W Bk 25 375 Bsf ) 46 0 B i) 22 5 2, 4%
B4 6.1.28.3 min; Z57E 3 R AL 1 0K B 0 B
2 3% W26 R KNI i CAT1<XCAT2<<CATS3.
25 BT, 2R AR 3R AR R b Y B R 0 R/
R CAT1~CAT2>CATS3,

1.0}
0.8
S 0.6
~
O
0.4f
0.2y —e— CAT2
—a— CAT3

20 30 40

0 10
t/min
B3 3 FCC b 77 25 Y U B 27 3 h 2%
Fig.3 The absorption breakthrough curves of

naphthalene on three catalyst samples
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Fig.>5 The absorption breakthrough curves of acridine on

three catalyst samples
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Table 3 The breakthrough and saturation adsorption time of naphthalene, phenanthrene, and acridine on three FCC

catalysts
% % B 18] /min 4= B 18] /min
Rt F
CATI1 CAT2 CAT3 CATI1 CAT2 CAT3
* 10.0 10.0 6.1 46.5 40.0 28.3
Ef 10.4 10.3 6.7 51.7 42.1 31.5
v 37.1 35.1 11.2 162.9 114.6 74.7
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Table 4 The adsorption rate constants of naphthalene,

phenanthrene, and acridine on three FCC catalysts

WA F  Kear/min ' Keyp/min b Keaps/min !
*x 0.324 3 0.406 9 0.5911
3 0.2919 0.398 7 0.544 5
ol e 0.092 7 0.126 9 0.232 2
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Fig.7 The number of oligomerization of p-methoxystyrene

probe molecules on three catalyst samples
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Fig. 6 Fluorescence microscopic imaging of oligomerization of p—methoxystyrene on three catalyst samples
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