ERIE YRR SRR CAE A N Vol.31 No. 1
20254 1 H Clean Coal Technology Jan. 2025

- FL Y BUSy Fim 3 IR R SIS H L SR B #20

BEE HRAD HEE?, EEE? HTE" T
(LS TR 2 2 T e O I e VA7 5 o 55 R P R K L S 8, L RS 0300245 2 K JEHE TR fb TS
FeAR2ERe, 7Y KB 030024)

W OE AT FIMRAF SRR, RSP AR b Bk B R ) A, R SRR AR
Y R F i AT S 2 MR A, SR AR AT R B AR Bl P a2 R R R R L 5 A e e, it
KR BRI T 3t Y BT R AT AR AL B, AR -AILLE M, R IE P, Bt B R R AL B IR
JE, B30T ih AL e ea, SR B R TR AR R S 09 AL R AR P L SKIRE IR T 3 AF
R EVHEF- e BEAE, 5 A1 600 °C A 2509 Y B 5T iR AEAL T AT M . 28R A A KA AL TR
I3, Y B o F i 9N FLEE Ao b R @ AR BTG K, 23t o F Ik 4 0 BORAL A 2 E 600 °C AR
INARY BT fn K ABLAB ) AR IR . 5 AR AL, 3 AP HEAE22 600 C A58 Y BT
BRI G, K TR TR AFERFTRAGE S EL AT 4245 52488 2345, m-A-4L
Y B 5F i R F AT A B E R K ST R AR FRRE]L & T 4 F 05 B AL 69 7T A R, A 2
FIE T ARACA 2 B 69 BORAOR . A MR AR Bk 69 FTRACA] R AR BE T A a9 R 1R, AR 09 & I
AedBA)V B E & L, BITARACAEA A 09 SULE M Fe BRME AL, T VAR RAR B BE AR = A 0 S A
A PEAC T b 0 BRI AR I

KEEIR: Y BT 0 A UL A PR AR B ; B2 R 5 4%

RESES:TQ530.2  XHREM: A XEHS:1006-6772(2025)01-0042-09

Effect of micro-mesoporous Y-type zeolite on catalytic upgrading of gaseous

tar during coal pyrolysis
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(1. State Key Laboratory of Clean and Efficient Coal Utilization, Taiyuan University of Technology, Taiyuan 030024, China; 2. College of Chemical
Engineering & Technology, Taiyuan University of Technology, Taiyuan 030024, China)
Abstract: As a new clean coal conversion process, coal pyrolysis is an effective means to achieve clean and efficient utilization of coal, and
is of great strategic significance to the high-quality development of country. Catalytic upgrading of coal pyrolysis volatiles can be an
effective way to change the heavier components of tar to higher value-added substances. High value-added Light aromatics such as
benzene, toluene, xylene, naphthalene ( BTEXN ) , which is one of the important ways to realize tar resource utilization. The pore
structure of Y-type zeolite was regulated by high-temperature water vapor to explore its effect on the yield and distribution of light
aromatic hydrocarbons in coal tar of different coal rank. The results show that high temperature hydrothermal treatment can remove the
framework aluminum of Y-type zeolite and form micro-mesoporous structure. With the increase of hydrothermal treatment temperature,
the number of mesoporous and the mesoporous specific surface area as well as pore volume also increase, but the damage to the structure
of zeolite is more serious. 600 °C is the best treatment temperature for hydrothermal dealumination of Y-type zeolite. Compared with
direct pyrolysis, the total yield of BTEXN increased by 4.2,5.2 and 2.3 times respectively after catalytic upgrading of three kinds of coal by
600HTY zeolite. Micro-mesoporous Y-type zeolite greatly reduces the mass transfer restriction on heavy macromolecular substances of

tar, improves the availability of acid sites of zeolite, and significantly improves the upgrading effect of catalyst on tar.
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Table 1 Proximate and ultimate analysis of the threecoal samples

Tk 5 #7 1% TCER 1%
Sample
My Ay Vat C H O* N S
Coal A 11.7 15.3 46.5 69.0 4.3 24.7 1.2 0.7
Coal B 2.3 7.8 40.4 82.1 52 8.1 1.4 3.2
Coal C 0.5 9.0 22.9 86.1 4.7 7.1 1.7 0.4
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Table 2 Relative crystallinity and framework SiO,,Al,O5ratio

of HTY zeolites
Sample  AIXTZSEEE/%  WMEZEU10T nm  FEREEE L
NaY 100.00 24.67 4.96
500HTY 96.32 24.58 6.57
500HTY 95.46 24.48 9.54
700HTY 91.44 24.44 11.39

SN ERKZR IR AL S, HTY 73 F i
FLAR A A ANTR] G A 30 R — I3 B il 2t 51 2 T s
NaY Rk 30 1 N, S5 - i Ze a4 1 A5%
MRER . AR PPy A FHRAKIKERT, NaY 43+
i P TR B A R s Y PP 1818 AR KT
NaY 4 F i i 0 B 5 9% JC B @ g A8 fk, 16 B 78
NaY i A B B LA . 24 NaY LRI 7E
ERK P EE DL S, 1358100 HTY 43 F i B N, il
W B 28 57 B T AR IR, SRR R £ 448
A2k, VAR TN EIE R T L, B
il & 7 i—FL Y B0 F 0 o 3R IR A8 Ak fiti Ak
PR m AU R, SRR, T
A FLIECR R Z . HTY 4> LR i tn &l 3

s, IWEIRRRTRIE T, i K PUEBEE 3.5 ~ 11 nm
AFLIE I I, X JE T LI

250
200 -
pr y!
'"E 150
S
3
_g 100 f
S —=—NaY
sob —e—500HTY
—a— 600HTY
——700HTY
1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

P/P,

H 2 HTY 2 F 1ty N, 205 BB e %

Fig.2 N, adsorption-desorption isotherms curves of

HTY zeolites
1.6
~ —s— NaY
P —e— 500HTY
t 12l —— 600HTY
S r —— 700HTY
3
g
E
S 08}
) y
5]
(=
204t
S
N L....M
0

1 10 100
Pore diameter/nm

B3 R E A HTY 25 fff 8 3L42 24 8 % ol
Fig.3 Pore size distribution of HTY zeolites
HI% 3 A1, ML T NaY 2070, mifkiiat
AR 1T >0t Y Fe R AR R AL e i A, (H
FRARIR LB, RIS R b 40 7 L 45 48
PIREARGF 4l fr o FE K PALBEG I A FLESH )
I, LA EIR , ALFLA IR T 0.02 cm’/g.
WK 7% AL B E BT, A fLALAZHE R,
Ab BRI 700 °C I, A EE TR OB Y NaY 4
fiti, S fLALAEIIN T 145 . LA B iR Y
HTY 7310 A IR AL 205 #4194 EL 3 T AR 2 A1
[Fi) Fsf % Ak LU SR TR B DN, IR R 3R
WY, e iR 2 U BRAC T, KA R BEX A fL
R A LR, BEE IR TR, A fLAYEL
AR AN
&1 4 J -9 fL HTY 5> 70 9 TEM [, Al L
Ail, YK ENE EE R 500 C BF, BB A
LA e Y B0 T B, (FRA LIS A JF:
AL FER R, KR AR B A
AL, FTREAFAET Y BUSr T A S . W5
45



2025 45 1

IR N G N

ERIE

3 HTY #FiEFLEN
Table 3 Textural properties of HTY zeolites

Smicro/ SBET/ Vmicro/ Vmeso/ Vtotal/
Sample 2 Pt Rt 3.1 3. -1
(m"+g) (m+g) (m-g) (m-g) (cm *g)
NaY 708 740 0.26 0.06 0.30
500HTY 643 716 0.24 0.08 0.32
600HTY 640 719 0.24 0.09 0.33
700HTY 614 715 0.24 0.12 0.35
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Table 4 Concentration of Bronsted and Lewis acid sites on

zeolites

Acidity/ (mmol * g")

Zeolite Bronstedacid site Lewis acid site

BTotal/ LTotal

Total Medium Strong Total Medium Strong

500HTY 0.07 0.10 0.05  0.09 0.04 0.04 0.78

600HTY 0.08 0.09 0.05 0.11 0.04 0.03 0.73

700HTY 0.09 0.10 0.06  0.15 0.05 0.04 0.60
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Fig. 5 Yield of BTEXN in coal catalytic pyrolysis products(Coal A, Coal B,Coal C)
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