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1.83 mx2 mm, He #); KIS 2 (XUDLUR).
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NPT RN, Hrp SAREE R CO, : H,  Ar=
9:27:1,CO, Wit N 10 mL-min g . @ KM 1 h
J&, R A 5 X5 S kAT 4, TR CO,
b2 X(CO,), CH, BE#:M: S (CH,) LA K& CH, i
& R (CHy), =X (2)—(4).
RCxrp = ZA(Es,ze)/ZA(ss,ze) ( 1 )
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Fig.1 XRD plots of the effect of calcination
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Fig.2 Effects of controlling calcination time on products
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Fig.3 Effects of mass ratio of fly ash to sodium

carbonate on the products
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molecular sieves
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Table 1 Effects of different HC1/SiO, molar ratios, addition
content of crystal seed, and H,0/Si0, ratios on the crystallinity

of Y-type molecular sieves

Preparation condition RCyrp/%
HCI/SiO, 0.9 58
1.5 64
2.1 100
2.7 53
33 44
Crystal seed /% 2 35
4 48
6 79
8 93
10 100
H,0/Si0, ratio 60 77
80 100
120 87
160 69
200 60
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Fig.5 Effects of different crystal species addition on the

preparation of molecular sieves
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Fig.6 Effects of different hydrosilicon ratios on the preparation

of Y-type molecular sieves
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Fig.7 Effects of different temperatures on the preparation of

Y-type molecular sieves
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ORI AR BAR K/ INAS—, (HIF IR TR ERIR, HAR
ANFERAR IR, FLFR THIATS B L6 T0 E RUPJ. Ry A
TR A R BR TR & & Si0,. ALO,. Fe,0; il CaO
SRR I e Tl A AR B v S A ) T AR VA 5
P, SRR AR PO A REROY, 7T AR FR
SHBRER, AR AR TR B S At FE b, SR
K, SR MERE R A — & 8(b) ok
PR R 100 °C 1Y Y 95Tt SEM &, H & ]l
Y BUGT 0 R 2R AR 2 ISR A R R E54.

2 KRB KA EX Y BT L5 R E RN
Table 2 Effects of hydrothermal temperature and hydrothermal

time on the crystallinity of Y-type molecular sieves

Hydrothermal condition RCyrp/%
Temperature/ C 80 53
90 84
100 100
110 75
120 56
Time/h 4 58
8 61
12 100
16 81
20 72

8 (a) BRI K (b)Y BLJ31fifi SEM
Fig.8 SEM images of (a) fly ash and (b) Y-type molecular sieve

Pl 9 S A [ BE T il £ 43 9 (%) SEM &1,
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ANFR ) AR 548, SR TE AT AT — L8 TC 1 AU ) Jo B
%, It HEF AR HE R, MK R B o — 4 s,

Kl 9 ARIRIEE T 70T ) SEM K

() 80 °C; (b) 90 C; (c) 100 °C; (d) 110 °C; (e) 120 C
Fig.9 SEM images of molecular sieves at different temperatures
() 80 °C; (b) 90 C; (c) 100 °C; (d) 110 °C; (e) 120 C
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UEETF 1 Y B, PRI K B[] 22 20 h B, P AY
AT STV AR R, Y TR0 O AT 60 06 5 S AR A ik
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100 °C, ZKHAEF IS 5F 12 h BA5 00T, Na W B i &5
SR R BN R,

180 | (2)
160 |
T 140
5o}
3
2 100 F
2
T 80
z
E 60}
<
=
S 40t
20
0 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

Relative pressure (P/P,)

Intensity (a.u.)

20 30 40 50

P10 KB TRIXT Y #1530 1 52
Fig.10 Effects of hydrothermal time on the preparation of

Y-type molecular sieves
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Fig.11 (a) N, gas adsorption-desorption curves and (b) pore size distribution of Y molecular sieves
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%3 MR IK . FCFA. YEi&J5 FCFA, Y #l4)
FioT R, 3 3 IR, MK EEHS Na,CO,
IRG )G bef5, FCFA % C., Na & &t KRB I, 12
% G, FCFATRY C & &l 31.73% i 0 =
24.78%, Na & &1 11.52% Wi/0 & 11.20%, it a]
AT PR A 1Y FCFA EZEBR 22 R W 1) Na,COs,

MY B4 F 05 1Y Si0,/ALO.=9.6, HIFE T Y #4>+
i P8 A B, T 3 A A BRRD Y Y43 ) ) A, TR
WK T Fe+Ca i H (%, Ji &0 %0 M 24.19% [%
% 5.09%.
2.5 CO, IS 3R

RS AR P e b7 dh AL Al R A T 4
JE =LA Ni 3, FRATUA K R[5k, # Fe. Ca 4
JE A R E Y B0 L, Ca Bij 142 )& Fe 765
TR RS, T Ak a5kt pi iR &, 2%
ST A=) 501 ] 12(a) A1 (b) SR N JE T
4.0 MPa, CO, i fi 600 mL-h g ' & o7 414 F )R i
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% 3 CFA.FCFA.%%/G FCFA.Y Bl FIE TR N+

Table 3 Elemental analysis (%, w) of NaY molecular sieve and raw fly ash

Element (6] Na Al Si Fe Ca C
CFA 50.20 0.52 6.65 18.37 12.15 12.04 -
FCFA 40.78 11.52 2.92 6.65 2.49 2.16 31.73

FCFA (yasmeq) 43.63 11.20 3.74 9.00 2.28 2.97 24.78

Y 54.35 7.16 5.61 26.94 2.67 242
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Fig.12 Effects of reaction temperature on CO, conversion (a) and CH, selectivity (b), and effects of reaction pressure on

CO, conversion (c) and CH, selectivity (d)
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Preparation of Fly Ash-based Y-type Molecular Sieves and Their
Performance for CO, Hydrogenation

LI Jiang-yuan, LI Jian, TUO Chang-min, WU Xiang-lian, AISHA Nulahong*
(State Key Laboratory of Carbon-Based Energy Chemistry and Utilization, Xinjiang University and Ministry of
Science and Technology, Xinjiang Key Laboratory of Coal Clean Transformation and Chemical Process,
College of Chemical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: Y-type molecular sieves were prepared from fly ash and their CO, hydrogenation activity was
investigated. Chemical roasting method was adopted to activate fly ash, and Na,CO; was used as the chemical
activator to investigate the effects of roasting temperature, roasting time, and the mass ratio of fly ash to sodium
carbonate on the activation of fly ash, and the experimental results showed that under the conditions of roasting
temperature of 800 °C, roasting time of 2 h, and the mass ratio of fly ash to Na,CO; of 1.0 : 0.8, the products of
the roasting of fly ash were dominated by chalcopyrite. The Y-type molecular sieves were prepared by
hydrothermal synthesis method using the washed products as raw materials, and the effects of HCI/SiO, ratio,
crystal seed addition, H,0O/Si0O, ratio, hydrothermal temperature, and hydrothermal time on the crystallinity of the
molecular sieves were investigated, and the Y-type molecular sieves prepared at the conditions of HCI/SiO,=2.7,
crystal seed addition of 6%, H,0/Si0,=80, hydrothermal temperature of 100 °C, and hydrothermal time of 12 h
were found to have the highest crystallinity. The prepared Y-type molecular sieves were subjected to CO,
hydrogenation experiments, and the experimental results showed that the CO, conversion rate reached 60% and
the CH, selectivity reached 44.9% under the conditions of reaction temperature of 600 °C and reaction pressure of
4.0 MPa.

Key words: fly ash; molecular sieve; CO, hydrogenation; solid waste utilization
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