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Effects of zeolite type and acidic properties on

the catalytic cracking performance of dodecane
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Abstract: Catalytic cracking of gasoline and diesel to produce olefins is crucial for the high-value utilization of surplus fuels. This process
typically employs zeolite catalysts. In order to reveal the effects of zeolite type and acidic properties on the catalytic cracking performance
for the diesel model compound dodecane, SAPO-34, ZSM-5-38 (Si0,/Al,0; ratio of 38, the same below), ZSM-5-85, ZSM-5-200 and USY
were taken as research subjects. These zeolites were characterized by X-ray diffraction, scanning electron microscope, N, physical
adsorption, NH;-temperature programmed desorption and pyridine adsorption Fourier-transform infrared spectroscopy, and their catalytic
cracking performance was systematically evaluated on a fixed-bed reactor. Results indicated that the zeolite type was the primary
determinant of dodecane conversion and product distribution. SAPO-34, with a 0.38 nm pore size, exhibited low catalytic activity, achieving
a dodecane conversion of 24.33% and nearly zero BTX aromatics yield. Although SAPO-34 showed high light olefins selectivity, severe
coking occurred on its external surface. In contrast, ZSM-5-38, with a moderate pore size and acid amounts, demonstrated excellent catalytic
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activity, achieving nearly 100% dodecane conversion. Its liquid products were predominantly BTX aromatics, with the relatively highest
light olefins yield of 18.40% and minimal coke yield of 0.18% among the three different zeolites. USY, featuring the largest pore size, also
fully converted dodecane but primarily produced light alkanes and coke. Secondly, based on the identified zeolite type, adjusting the acidic
properties could further refine product distribution. Experimental data indicated that the number of acid sites in ZSM-5, especially the
Brensted acid sites, decreased as the SiO,/Al,0; ratio increased. Among ZSM-5 with different acidic properties, ZSM-5-200 showed superior
catalytic cracking performance for dodecane, achieving a total gas product yield nearing 65% and a conversion of 97.79%. Additionally, the
yields of ethylene, propylene and butene rose to 11.11%, 20.33% and 10.49% respectively, while maintaining a low coke yield of 0.43%.
Finally, based on the above findings, the reaction pathway and regulation mechanism of dodecane catalytic cracking were proposed,
including cracking, hydrogen transfer, oligomerization, aromatization and coking. The zeolite type and its acidic properties significantly
influenced the conversion and product distribution by modulating the relative strength of these reactions. This study elucidates the structure-

activity relationship between zeolite type, acidic properties and catalytic performance, enhances the understanding of catalytic reaction

mechanisms and guides the optimization of gasoline and diesel catalytic cracking processes toward olefins production.
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Fig. 1 XRD patterns of different zeolite catalysts
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(a): SAPO-34; (b): ZSM-5-38; (c): ZSM-5-85;
(d): ZSM-5-200; (e): USY.
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Fig. 2 SEM images of different zeolite catalysts
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Fig. 3 N, adsorption-desorption isotherms (a) and DFT pore size distribution (b) of different zeolite catalysts
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Table 1 Textural properties of different zeolite catalysts

. 2 -1
Sample Specific surface area/(m -g )

3 -1
Pore volume/(cm’™g ) Pore diameter/nm

total micro meso total micro meso
SAPO-34 752 735 17 0.29 0.27 0.02 0.38
ZSM-5-38 360 300 60 0.18 0.12 0.06 0.55
ZSM-5-85 403 353 50 0.22 0.15 0.07 0.55
ZSM-5-200 412 360 52 0.19 0.14 0.05 0.55
Usy 467 402 65 0.24 0.16 0.08 0.73
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Fig. 4 NH;-TPD (a) and Py-FTIR patterns (b) of different zeolite catalysts
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Table 2 Acidic properties of different zeolite catalysts

Acidity by NH,-TPD/(umol-g )

Acidity by Py-FTIR/(umoLgil)

Sample
total acid weak acid strong acid S/w* Bronsted acid Lewis acid ]3/Lb
SAPO-34 425 166 259 1.6 - - -
ZSM-5-38 181 115 66 0.6 140 41 3.1
ZSM-5-85 108 46 62 1.3 66 42 1.6
ZSM-5-200 54 18 36 2.0 25 29 0.9
USYy 285 191 94 0.5 193 92 2.1

% 8/W = Number of strong acid sites / Number of weak acid sites
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R3I TR FHEXT L+ ZRELRB=UDH

Table 3 Product distribution by dodecane catalytic cracking over different zeolite catalysts

yil%
Sample x /% — — - -
total gas dry gas liquid gas total liquid gasoline diesel coke
Silica 16.27 10.93 4.88 6.05 5.32 3.92 1.40 0.03
SAPO-34 24.33 17.34 7.06 10.28 5.10 3.60 1.50 1.89
ZSM-5-38 99.32 58.14 22.66 35.48 41.00 40.88 0.12 0.18
USY 99.31 63.17 24.60 38.57 23.24 22.40 0.84 12.90
Reaction conditions: m (catalyst) = 3.6 g; p = 101.325 kPa; t = 600 “C; WHSV = 14 h_l; reaction cycle = 1.
10 30
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Fig. 5 Yields of dry gas (a), liquid gas (b), BTX aromatics (c) and HTI (d) by dodecane catalytic cracking over different zeolite
catalysts (HTI = y; (propane + butane) / y; (propylene + butene))
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Table 4 Product distribution by dodecane catalytic cracking over ZSM-5 with different SiO,/Al,0; ratios

Yil%
Sample x /1% — — - -
total gas dry gas liquid gas total liquid gasoline diesel coke
ZSM-5-38 99.32 58.14 22.66 35.48 41.00 40.88 0.12 0.18
ZSM-5-85 99.84 64.64 20.70 43.93 35.00 34.50 0.51 0.20
ZSM-5-200 97.79 64.99 16.37 48.61 32.37 31.84 0.54 0.43
Reaction conditions: m (catalyst) = 3.6 g; p = 101.325 kPa; t = 600 C; WHSV = 14 h_l; reaction cycle = 1.
14 30
I Hydrogen (a) I Propane (b)
12+ M Methane 25 | [ Propylene
10l [ Ethane < Butane
8 Ethylene = Butene
e 8¢ 5
% =
g o E
i =
2+
0
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30 3
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g 20 + 2t
g =
g 15} E
ﬁ 10 | 1r
a
= sl
ZSM-5-38 ZSM-5-85 ZSM-5-200 ZSM-5-38 ZSM-5-85 ZSM-5-200

K6 AR ZSM-5 -+ Zhef 2% T (a) AL SU(b) . BTX e (o) A8 % (d)
Fig. 6 Yields of dry gas (a), liquid gas (b), BTX aromatics (c) and HTI (d) by dodecane catalytic cracking over ZSM-5 with
different SiO,/Al,0; ratios



L) SRR T I 2 R P XS T — B (AL AR PEREN 2 / SR 4R (TH3E3L), 2026, 54(6), 20250304 (8 0f 12)

Kl 6(a) 5 (b) 2l &/ T S AL <A Ik
B, AR BN, M ZSM-5 B T E R, A&
LWL, ke TNRERICRRREE L, H oM. N
W5 T W R WO TR i, 2 34 Ut PR AR A B TR
A RO T AR N W HEET, DT 98 D ot
AT SR R B . RS A R ST 43 A mT
W, B R A AU E WO R R | AR N5
FaI Ak 5 N7 ) OGS T PR s, T LR A7 e D) B i
] TAE R A W . Py-FTIR FAF45 9 W, s
ZSM-5 Rk 45 LT &, 4R B/L Lt ZSM-5-38
B 3.1 & 2 ZSM-5-200 %) 0.9, 2% B ZSM-5-200 E.
UL LR -5 B IR R FRAE , 3 2 AR e I 8 i
BHEREN S — RN R, &K, ZSM-5-200 &3
Hh R v Y BV R A R g, B L, 20 L T RN
TSR I 2 11.11%., 20.33% F1 10.49%.

SRR P ISR R s BRI HES R - ZSM-5-

38 > ZSM-5-85 > ZSM-5-200, 454 B {11 78 18 4%
J Bl 6(c) BTX J5 e WS 238 43 A AT A1, 45 A il 114 R AH
FEYI LAV A i i BTX ek . NIk, )&
AH 7= 4 WO B AR 32 22 R T BTX 35 0@ A a2 o
SIMTIZ IS 7 A R R A ZSM-5 BEAS b TR 2
Hum e, THE BRENEE TR, X7E—E ik
B B BH AR TR AR R AR S S 5 R L IR
J5 R AR SR, AT T B v A s WS S5 1% [ B 4 ol 1
BTX J5 M A o

AT ik 46 He ZSM-5 114 R e ISR B8 87, Bl
E RS LR T, 7 B R A A R 4
F R H ., ZIG Rl I Ry T R & — T, R
T g T R A RO, AR I R U R
T RV S R AT B AA, TE 25 5 T8 AR i 5 o — O
T, k48 4R e fl ZSM-5 s R A L o] | T, A
T 0 95 v ) AR A R 5 R o7 s b R AR R R R
SEOR R MCRIE N A B AR E R R, R RE

Lt f% =5 19 ZSM-5-200, AR Jie e Z A /N il |
£ 0.43%, A T Uk Az B AT 4 4 78 AR KO,
MR ZSM-5 RIS R PR RE

AR REES . ZSM-5 A S0 7% 48 Bt 1% 7 HE 3
H: ZSM-5-38 > ZSM-5-85 > ZSM-5-200, %45 %32
B, FERESD L TH S IS 00T, 7R R h & B IR i
W am g, £ LR T eR g L, i — 20
UESE T A5 B I 0 16 M5 ZSM-5 TR 1 I (8] 114 9 7
P38
223 RMEDFIHELFIFRRRIE

SR JH 22 B R [R] 20 3 i {SORE B S5 43 Ui e
AN FURIEAT T RAE . anE 7(a) Fis, S5
() H (TG) i 4 75 55 i X (> 450 °C) 30 B
BARERE, X FER TR . KHE
1 UL R0 I USY > SAPO-34 > ZSM-5-
200 > ZSM-5-85 ~ ZSM-5-38, Ji It Hi A [ {1k 5]
e S 3 R R B U ] 28 TR o AATEL 7(b) Bk
Iy (DTG) £ T LR 1, ZSM-5 & 51 4 1
i 7E 300-900 °C & BLEFLE 5218 1) 2K F a3, KW
FLRN B W R EE R . 5 Z R [A Y &, SAPO-
34 [ FR e R o R I RAE 542 °C, T USY 1Y
U 1 35 B U A2 T+ 568 °C, FBHAE USY T A 1% FX
7 T XE LA B

Fy it — 2 $ R BfE SAPO-34 5 USY |
)RR AL 2= S A R, X AT T P2 (Raman)
eI AR . K 8(a) i an, N AL 7E 4
1400 F1 1625 cm™" &b 3 BG4S FRAE U, 43 51 %60 1 T
FURF I DA F1 G o o v, DA il 3 )3 I8 F
TC & JE S B B ) i, 1T G A R B T A Y A B
Bk ) A7 E o 8 15 DAl A G Al R 5 B L
(I/1) PT A5 E) 4 Ak 500 22 10 TG T 55 A Bs L i)
FEOGT Bt , HE T 20 BT R P o 1) A P R

100 Ha)

99 r

98

& — USY
S 97 — ZSM-5-200
= o | ZSM-585
— ZSM-5-38
95| — SAPO-34

94 |

(b)

Derivative weight/(%- C™")

300 400 500 600 700 800 900
Temperature/ C

300 400 500 600 700 800 900
Temperature/ C

K7 OVEANFESF iR TG (a) 5 DTG (b) ik
Fig. 7 TG (a) and DTG (b) curves of different zeolite catalysts after reaction
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Fig. 8 Raman spectra (a) and Ip//; ratio (b) of different zeolite catalysts after reaction
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Fig. 9 Conversion (a) and yield of light olefins (b) with time on stream by dodecane catalytic cracking over different zeolite catalysts



L) SRR T I 2 R BRI T S L R PEREN 520 / SREHE 4R (THHEL ), 2026, 54(6), 20250304 (10 of 12)

__________

g ¢
]

: Relatively small H, CH,

: pore diameter — NV

: M Hydrogen and

I

]

CHA SAPO-34 Low conversion light alkanes

e
= Y o e
O So, | Coking
Small Coke on the external
Light olefins  pore diameter catalyst surface

Low graphitization

Liquid A

Hydrogen transfer A~
—_— H

Light olefins

MFI ZSM-5 High conversion

‘ Acid sites

Oligomerization
Aromatization

Acid sites (B acid) ©/ @ @

Appropriate BTX

i
I

I

]

! gas S NN
1 . NN Acid sites (B acid)

1 Appropriale

| .

" porg 5dslameter Deep

: (0.55 nm) > cracking

I

I

I

I

]

I

™\ Large pore diameter

aromatics High graphitization

Dry | __ Hydrogen transfer H, pore diameter aromatics

gas Acid sites (B acid) ; CH,
g 1
] 1
1 = A 1
] 1
' Dhe OO ST |
: Relatively large Light olefins Coking =-__._._-| '
I X pore diameter  SONg [ 4 .4 Oligomerization @/ @ @ Acid sites 1
| a8 (0.73 nm) htydm%en sites _Aromatization Large  Coke on the internal '

—— transfer _— .

i FAU USY High conversion Acid sites BTX pore diameter and external surface E
] 1
] 1
] 1

__________________________________

IR VRN 7 w1 224 o M ok it 13 4 oS3 e A g 9 R L B

Fig. 10 The reaction pathways and regulatory mechanisms of dodecane catalytic cracking over different zeolite catalysts
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