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Abstract: Mesoporous ZSM-5 zeolite [DFZ-y-z, y represents the step at which starch is added in the
crystallization process; z represents the amount of starch added, based on the mass of SiO, in pickling silica
fume (SF-A)] was synthesized from industrial waste silica fume (SF) and starch via a hydrothermal
activation-crystallization two-step process. The crystalline shape, morphology, pore structure and acidic
characteristics of the ZSM-5 zeolite obtained were characterized by XRD, SEM, N, adsorption and
desorption as well as NH;-TPD, followed by evaluation on its catalytic cracking performance for low
density polyethylene (LDPE) and lignin (AL). The results showed that the DFZ-2-10% had relative
crystallinity and total acid amount of 73.4% and 1.15 mmol/g, and was columnar particle with long axis of
about 3 um with pore size distribution between 3.5~5.0 nm. When co-cracking of LDPE and AL with mass
ratio of 1 : 1(dosage of 0.3 g) was carried out, taking DFZ-2-10% as an example (dosage of 0.3 g), the
selectivity to benzene, toluene, ethylbenzene and xylene (BTEX) reached 91.86%, higher than that of
commercial ZSM-5 (CZ, 86.31%) and that from cracking of LDPE and AL alone. Moreover, the BTEX
yield from co-cracking (22.94%) was significantly higher than the theoretical BTEX yield (18.18%),
indicating that there was a synergistic effect between two feedstocks in improving BTEX production during
catalytic co-cracking process.
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Table 1 Main composition of SF and SF-A
RE & W(Si0:)/% W(ALO:)/% W(Fe;03)/% Ww(Ca0)/% W(Ti02)/% Ww(K20)/% w(MgO)/%
SF 96.05 0.162 0.197 0.0162 0.0188 0.0179 0.0744
SF-A 96.84 0.171 0.021 0.0241 0.0222 0.0254 0.0811
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Fig. 1 Schematic diagram of catalytic cracking experimental setup
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Fig. 2 XRD patterns of molecular sieves synthesized by

adding different amounts of starch in the first (a)
and second step (b)
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Fig. 3 NH;3-TPD curves of molecular sieves synthesized

by adding different amounts of starch in the first (a)
and second step (b)
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Table 2 Acid intensity distribution of molecular sieves
prepared by adding different amounts of starch in
different hydrothermal steps

. fi% 2:/(mmol/g)
215}
R R SRR R

CZ 1.62 0.66 0.96
DFZ-1-1% 0.88 0.20 0.68
DFZ-1-5% 0.87 0.22 0.65
DFZ-1-10% 1.00 0.31 0.69
DFZ-1-15% 0.93 0.25 0.68
DFZ-2-1% 1.02 0.25 0.77
DFZ-2-5% 1.00 0.28 0.72
DFZ-2-10% 1.15 0.39 0.76
DFZ-2-15% 0.98 0.28 0.70

& 4 y DFZ-1-10%7 DFZ-2-10%f# SEM [,
ATLVE W, R F IR KAZ) 3 pm AR A
A, XL SRR R — USRS dl R HE R B o 1T
TEIX 26 5 A J8] [l A7 E—2E /N Bk, AT RE R R e 4
TR RE K o

K4 DFZ-1-10% (a, b) Fl DFZ-2-10% (c. d) #J SEM [4]
Fig. 4 SEM images of DFZ-1-10% (a, b) and DFZ-2-10%
(c,d)
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B 4> F i A LA M . XrTRER R, JEm7ES
18T BALTE AR IR KR T i 525 18], e &
R3] T —E m M fl. DFZ-1-10%fL12 £ %
ERTE 4.3 nm 247, 11 DFZ-2-10%FL48 £ 8/ M 1
3.5~5.0 nm,
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Fig. 5 N, adsorption-desorption isotherms (a) and pore
size distribution (b) of DFZ-1-10% and DFZ-2-10%
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Fig. 6 Liquid product (a) and gas product (b) distribution
from cracking alone and co-cracking of feedstocks
by CZ and DFZ-2-10%

— 7 i 2 B T DFZ-2-10% 14 FL45 #4 7] 9 /05
BN, HEE R R, mifE CZ Ak
FeU KA O A R R S T m AR A B, A
MR B G e s — Rt F A LA M RERE i AL
VI 2R KT R (i) R4tz imiE ,
P AL 50 P R 57 s A T B b, MR T SRk
FFFIRR N, P24 3 2 i S AL A b Ak, ik
M s BTEX 8%, M CZ BFLAAR/NEIE T R
SR ARRYENL S, HIk, BTEX #m#MERT
DFZ-2-10%",

HE 6 WilFE 1, DFZ-2-10%H %% AL )
SRFERN 68.60%, WILE T CZ (61.40% ), XiX
K DFZ-2-10%0e 3 4r e it AL 2=k, A
BTEX A3 A F 4 . NISHU 207V Fi g ik 31 (14
ZSM-51E 550 °CXIREHL b 43 89 (1) R 5T 28 iE 474 b 4
fift, RAFH BTEX B MEIUN 25%, IR TAHSE
) 53.78%. Z5HRFH, AWK &AL ZSM-5
T ZL% A BT 2 A4 72 BTEX 5 T 28 50 s i Ak
WM. AN, DFZ-2-10%0 5 F N 8.60%, LAk
T CZ BIFHR (13.20% ), W DFZ-2-10%HA4 %
SRIPLRUR AR ST, X5 HB KB FLAR M S i IR 1
Ko KPS RPURURRE S5 T 2 45 R KRR
PR A Ak S i fe Db L



o511 REEE ) %5 EKIEANFL Z

SM-5 43T 1t BY & B I A Ak S8 i 1 fi <2485 -

R T 2 B R X R T AR ACR K LDPE
AL #efiim kb 12 1IRA (BT 0.3 g)7E 550 °C
T T IR, K 6 TR, WTLLE
i, CZ 1 DFZ-2-10% AR = 250514 22.68% 1
24.97%, DFZ-2-10%%} BTEX HJE ik 91.86%,
F B 24% AL (53.78% ) Al LDPE (90.70% ) 7
38.08%M1 1.16%, 1M CZ ( 86.31% ) W bt A 2 fi
AL (31.86% ) #il LDPE ( 84.17% ) /391 54.45%F1
2.14%, MXFZEREFEENBHE FRE, £ 3 N
DFZ-2-10%f1 CZ 2@ e BTEX /25, ] LA
Fili, CZ Ml DFZ-2-10%/YBEiE BTEX ;=558
17.82%F1 18.18%#F Ik T 5LFr BTEX =% (CZ A

H:-ZU

3  CZ Hl DFZ-2-10%f#fk 124

19.58%, DFZ-2-10%J 22.94% ) , X7 LDPE 45
AL A 2E v DI 2057 B L, R
BTEX [477 5, DFZ-2-10%0% {4 7= 4 v i) %t — H
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Table 3  Actual and theoretical BTEX yields from CZ and DFZ-2-10% catalytic co-cracking of LDPE and AL

m(LDPE) : m(AL) AL Y1/% Serex/% Bt YU/% Yorex/% Yrprex/%
10 cz 20.00 84.17 16.83
DFZ-2-10% 19.35 90.70 17.55
1:1 cz 22.68 86.31 20.65 19.58 17.82
DFZ-2-10% 24.97 91.86 19.79 22.94 18.18
01 cz 21.30 31.86 6.79
DFZ-2-10% 20.20 53.78 10.86

# 4 CZ M DFZ-2-10%HEL 3L 2% LDPE #1 AL 914 |
Fac . BRI MR A

Table 4  Yield of liquid, coke, residue and gas from catalytic

co-cracking of LDPE and AL by CZ and DFZ-

2-10%
HEAL T Yi/% Yeoke/% Yas/% Yol%
cz 22.68 3.71 3.94 69.66
DFZ-2-10% 24.97 2.70 2.73 69.60
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ot A RIS 968 7 308 3o A ) DA IS 7T Ak D G 7
TR, ERIRTE AL R, 2t AR I R A
Diels-Alder N, fFEMEK, SR AT AL ABE A
FEA RS KRR b A 3t (k[ LDPE R
fit) MTLASARIE AR kA AL MR ) 454,
FEAE T 2 B R R AT 1 AR [ R
li) 2B R B RN B 28 R 3¢
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> QO
w2 a5m O

2R o
S
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OHHO o ) OH
OH OH i . o\ i
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-0 OH ! o i
N OH 0 ! . i 4
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HO o ] O—CHs
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K7
Fig. 7 Possible reaction pathways

1k L2057 LDPE #1 AL 0] BE 1Y 2 0 4%

of catalytic co-cracking of LDPE and AL
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