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Hydrothermal treatment of ZSM-5
and its application in syngas to gasoline via DME
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Abstract: The effects of in-situ hydrothermal treatment on the ZSM-5 zeolite were studied, and its performance
for syngas to gasoline via DME reaction process was dicussed using two-stage equal-pressure reactor system. The
texture, surface acidity and catalytic performance of the treated ZSM-5 zeolite at different temperatures were
investigated. Physicochemical properties of the zeolite were characterized by XRD, XRF, BET, NH,-TPD and
TPO. The results indicated that most of Al was removed from the nonframework of zeolite through appropriate
hydrothermal treatment at 400 C. A decrease in the amount of acidic sites and an increase of specific surface area
were observed, and accordingly, the catalytic activity of the ZSM-5 zeolite and product selectivity were improved

significantly.
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AR (H/CO = 1, B BB SR A R A
) ; HZSM-5 43 1 i (k4% 100 nm, n ( SiO, )/n
(ALO;) = 25, INARFEEGERPHA R AR ) ;30
KER A (IS AR SRS A fE T A BRA A .
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Rl HZSM-5 AR FIAR RN 5% K R A TR
HH5] ER,550 CTRABE 2 b Bwe, 0, BI4S 40 ~
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E IR B, THR 2 — e R, TR 2 B T KGR R
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AZBR s, —E R EE 7 (1.0 MPa) KKk
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550 C AbH FIFE §h 43 513E 4 HT350 \HT400  HT450
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1.3 EUAFIRRE

R X ST ZM R AT (XRD) 5255 7F Bruker
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20°/min, FHi 08 0. 020, X =0. 152 nm, #£ 5 hik
SERITE BRI 22 IR A J A 2 B Axios
PW4400 B X 54k 7 6615 ( XRF) #4743 A il
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DAL 12 R A 35, E A s HLI A SR G R
BAEAT BTN A R SR R TR R
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) 100 T NH, , W BEF RN 2 h, 2R 5 & At
7491 h, LA S C/min B FHER R T$] 650 CHEAT
JBABRE . BEE N, W B AETRA A BET H i A
FH Micromeritics ASAP 2020 W [ 58 |, 43 132
HI, AR5 55 300 C A 310 h, £ 300 C T3l i<
5h, FEFFFHESEAL LK (TPO ) BF 58 M AL 71 19 B2
&M, LG FE Micromeritics Auto Chem 1T 2920 [ 3
1T, PERIETE 120 T T 1 h, FRIRE 50 C, 7
5% O, MAIRA AT LL 10 T/min AR H AR
THEZ 800 C 4% 1 h,
1.4 EAFIAHEEETEMH

PEARTA A P BE VTN 52 30 7E R R S L R A
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KBGO S — R AE IS, RN = 2% H )G 4%
B, b UM 70 Agilent 7890A AR (3 1R £k
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K1 JASEYK HZSM-5 431 i) XRD 144,
AL 1 A SR ) B K A B R A LA
AU ZSM-5 F5RE 16, & B0 ZSM-5 R AIE I Y 7 2%
FUFATET I I A2 B, 2 ZSM-5 48 /K Ak 3L A
SERA R TEAT . AR BE K B A 3R B T KA
(7.5°F18.8°) 5 W ik JE B W ¥ 5, 24 3° I AT 5
g 5 88 SR T AR AT, 3 ] B2 PR kg Bl 2 7 B Ak B 30R E
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Figure 1 XRD patterns of the catalysts TR,
x1 EUFMEGER
Table 1 Physical property of the catalysts

Sample w(Si0,) /% w(ALO;) /% n(Si0,)/n(AL0O,) Relative crystallinity /%
HZSM-5 87.93 8.61 17.4 100. 00

HT350 88.91 8.26 18.3 97.8

HT400 89.42 8.04 18.9 96.4

HT450 89.84 7.85 19.5 85.2

HT550 89.95 7.18 21.3 64.1
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AJR] ZSM-5 43T T i) N, 4 B0 of 2% SR DL 3%
2, MR 2 AIHLAE— @ IR N X ZSM-5 AT
IR HALZS  FLAR B b e T R Sl N s 38 0
PRI, HERT , 43 0 FL I N FEAS [R] 7K sk 27
T EE R BB S AR AT LA Ay S O B B TS R
i FLIE PR B 2RAR 0 BB 4 i B s HOR B2 fLIEN K2
BAE B AR ERPEER U5 AR 3R BB s B e
SEALIE N AR R B BR |, 3X — i AR Bl 7K A 3
TR FE RS T AR & A o RIS 3 — 3 A v 41 0
AP — EH AT E KR RIS A . 40T 7E 350 €
PEAT KA BEASE | S FL LA P9 /K A R R A4 IR B
AR HR R e ALIE 2 AL B 2E o TR AL AR
fLAE S e R TR —E B A/, /KA 2
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g 2E i A AR R[] T R ) 8 A0 5 T B
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Table 2 Pore structure characteristics of the catalysts

Sample BET surface area A/(m*-g™") Pore volume v/ (cm’-g™") Pore size
total micropore mesopore total micropore mesopore d /nm
HZSM-5 358.6 300.3 58.3 0.285 0.128 0.157 3.20
HT350 321.4 275.8 45.6 0.231 0.119 0.112 2.88
HT400 373.1 304.3 68.8 0.291 0.136 0.155 3.29
HT450 398.3 332.7 65.6 0.346 0.147 0.199 3.47
HT550 312.6 252.3 60.3 0.266 0.112 0.154 2.75
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Figure 2 NH,-TPD profile of the catalysts
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Table 3  Effects of the hydrothermal treatment

temperature on the catalytic activity of the catalysts

Temperature Dry gas yield LPG yield Oil yield
t/C w/ % w/ % w/ %
HZSM-5* 0.36 6.90 6.62
350 0.24 3.72 8.90
400 0.25 3.63 10.25
450 0.26 4.89 9.05
550 1.48 1.62 7.37

reaction conditions: ¢, =250 C, t, =340 C, p=3.0 MPa,
GHSV=3000 h™", “untreated

T 350 °C 225 A ERAL B] % 73, AL Y Y
FEBBEER PR T B | 05 1R o7 65 B i ok | AT
S A B — e s p A ), T 24 7K PR AL B
JFETH e 2 450 T, 7310 FLIE A H BE-B S B T
SRR IS PERL SR BT DL AR AL AL S
FM AT B, (E AL TS VR T B, SR BN LPG
W T IR T, i LPG [ 3 24 0 # e A Y
@i Y i A A B iy S RN S E WA i e T L )
X HEACTE PR BRI B, TR 550 C £
AR PRAEH | FLIE N B E SRR ORI BRI 1
O Sl T ELFLIE A B 1 2R B B 3 ZE AL
15 I T R R e I G B o TR Y (A
I IR B S R AT BT P M 2B A W, TR 53 - AL Y
HAAROR R B 5 | — B RO g N — FR 5 B Y
WG BLZ B, i B A T B, LPG R 5
TSGR, LHEDRT, 23 FL 38 Y 1 22 4R
WAFAEA R PR, FAEAEAE T ASARTE D i e
FRAEARXSBAR A IRLEE T (450 °C) Zeid sk #Aukb 381 By ay
WL, 1 B 3 2Rt LPG [0 35l 40 20 e AL Y
B 5 53 A7 R i B AR AR AE 550 C Ryl T 157K
FAKE BEART IR S , i HL 32 2R A T B N A%
RS IR B B i Sz, BV <2 LPG #
PR S

M 4 T T YR EE R 7K AL B AT LA
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Table 4  Effects of the hydrothermal treatment temperature on the arene selectivity of the oil
Temperature Selectivity s /%

t/C benzene toluene  xylol methylethyl-benzene trimethylbenzene durene Ch total arene

HZSM-5* 1.15 8. 64 18.62 2.86 10.29 18.59 10. 14 75.25
350 1.48 6.25 15.88 3.58 11.19 14.25 8.15 62.97
400 1.92 4.46 13.32 3.59 10.94 13.53 6.25 56.09
450 2.52 2.53 10.24 3.80 11.85 17.72 6.95 57.91
550 4.22 1.63 4.18 0.87 10.03 17.67 9.97 49.56

reaction conditions: 7, =250 C, t,=340 C, p=3.0 MPa, GHSV=3000 h™', * untreated
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Figure 3  Effect of hydrothermal treatment
on the catalytic stability of zeolites
reaction conditions; ¢, =250 C, #,=340 C,
p=3.0 MPa, GHSV=3000h""'
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