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Table 1 The catalytic performances of the catalysts with different Zr content
Conversion of Selectivity/ % DME yield
Catalyst

€O,/ % DME co MeOH /%
La, (Zr,Cu, ;Zn, ;0. /H 5.33 14.5 80.4 4.49 0.766
La, ¢Zry , Cu, ,Zn, ;0,/H 6.82 24.2 70.3 4.78 1.63
La, ¢Zr, ,Cu, ,Zn, ;0,/H 8.47 29.7 64.9 5.17 3.24
La, ;Zr, ,Cu, ;Zn, ,0,/H 11.3 40.3 54.2 4.45 5.42
La, ¢Zry 4,Cu, ,Zn, ;0,/H 9.22 37.4 56.3 5.53 4.10

Reduction conditions: T = 350 °C; pure H,; t= 8 h

Reaction conditions; T = 260 °C, P=3 MPa, N,.CO,:H,=1:3:9 (volume ratio) , GHSV=3 000 h™!

%2 La, Zr,Cu,,Zn,;0,/HZSM-5 EUFIP L R AR, FLEMRAILALE

Table 2 Specific surface areas, pore volume and average pore diameters of the catalysts with different Zr content

\& v, Vv D
Sper (Micropore ( Mesopore (Total pore (BJH method
Catalyst )

/(m> - g ") volume ) volume) volume) pore diameter)
/(ee-g™") /(ee-g™") /(ccg™) /nm
La, (Zr,Cu, ;Zn, ;0,/H 126.8 0.019 0. 108 0.127 3.82
La, ¢Zr, , Cu, ,Zn, ,0,/H 133.2 0.027 0.120 0. 147 4.24
La, 4Zr, ,Cu, ,Zn, ;0,/H 135.6 0.033 0. 131 0. 164 4.97
La, ,Zr, ;Cu, ;Zn, ,0,/H 153.3 0.038 0.160 0.198 6.01
La, Zr, ,Cu, ,Zn, ,0,/H 164.0 0.039 0.203 0.242 7.12
La, sZr, Cu, ,Zn, ;0,/H 209.5 0.041 0.270 0.311 7.96

HZSM-5 &AL i L b 3R 0 28 A, HZSM-5
Oy AL La,_, Zr Cug ,Zn, 0, FITAAL, BT A
452 A AL 70 foim AL HZSM-5 43§ 1) 5t e AH [
PR o3 i SR A A AL A AR ). — e L, AL
PO R M R 21 70 o0 R B, Ak T
G R T AR AR R A AL R RE AR I
AJERE R LA LA R R,
20, TINEER] 50% Y HeE, AT 9 P RE KM
W1, 3 Ud WY Al R A M BB I 32 B HA R 1Y
.
2.3 {#E4L5 XRD RALFER
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0450) fir . B SR FRATT A i Ak ) v i R 5 G2
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PHTBETAY, A PR La™ B F (s 2o B Ut
—¥R4r La” BF) , B AL Cu® fl Zn* BT, SEPRH
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Fig. 1 XRD patterns of the catalysts with different Zr content
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a. La, (Zr,Cu, ,Zn,,0 /H; b. La, ¢Zr, ,Cu,,7Zn, ;0 /H;
c. La,4Zr,,Cuy,Zn,,0 /H; d. La,,Zr, ;Cu,,Zn, ;0 /H;
e. La, ¢Zr, ,Cu, ,7Zn, ;0 /H; {. La, Zr, sCu, ,Zn, 0 /H
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Fig.2 TPR peak distribution of different catalysts
a. La, (Zr,Cu, ,Zn,,0 /H; b. La, ¢Zr, ,Cu,,Zn, ;0 /H;
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Table 3 Reduction temperature and peak area distribution of different catalysts

Samples T,/C T,/C A (A HAY) /%
La, (Zr,Cu, ;Zn, ;0,/H 217.9 258.7 18
La oZr, , Cuy 52n, 50,/H 245.1 274.0 13
Lay 4 Zr, ,Cuy ;Zn, ;0,/H 254.8 274.7 49
Lay ;Zr, 3Cug 570, ;0,/H 256.4 276.2 54
Lay ¢Zr, ,Cuy 5Zn, ;0,/H 249.5 274.6 56
Lay s7Zr, 5Cug 57n, ;0,/H 235.1 274.7 67
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Fig.3 NH;-TPD curves of the catalysts with Zr content
a. La, (ZryCu,,Zn, ;0 /H; b. La, 4Zr, Cu,,Zn,,0,/H;
c. La, 4Zr,,Cuy,7Zn, ;0 /H; d. La,,Zr, ,Cuy,Zn, ;0 /H;
e. La, ¢Zr, ,Cu, ,Zn, 0 /H; {f. La, Zr, sCu, ,Zn, ;0 /H
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Table 4 Analysis of NH,-TPD profiles and acid sites distributions

Amount desorbed/

Weak acid sites

Medium acid sites Strong acid sites

Catalyst
/(mmolg,,; ) T,/C X, T,/C X, T,/°C X,
La, Zr,Cu, ,Zn, ;0,/H 0.78 124 12.8 222 34.8 464 52.5
Lay o Zr,  Cuy 57n, ;0,/H 0.85 127 12.9 221 34.8 460 52.3
La, ¢Zr, ,Cu, ,Zn, 0,/H 0.91 130 13.2 222 34.6 455 52.2
Lay ,Zr, 3Cug 570, 50,/H 0.93 132 13.7 222 35.2 442 51.1
La, (Zr, ,Cu, ;Zn, ;0 /H 0.89 134 14.4 221 36.8 440 48.7
Lay sZr, 5Cuy 57n, ;0,/H 0.86 137 15.8 221 38.8 438 45.4

X, , X, and X; represent fractional population of the corresponding sites, respectively.
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Fig. 4 Effect of reaction temperature on the catalytic performance
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Fig. 5 Effect of reaction GHSV on the catalytic performance
a. La, ¢Zr,Cu, ;Zn, ;0,/H; b. La, ¢Zr, , Cu, ;Zn, ;0,/H;e. Lag Zr, ,Cu, ;Zn, ;0. /H;
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Fig. 6 The stability test of La, ;Zr, ;CZO _/H catalyst for 100 h
Reaction conditions;: T=260 C, P=3 MPa,
N, :CO,:H,=1:3:9 ({&#[), GHSV=3 000 h"
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Synthesis of Dimethyl Ether from CO, Hydrogenation over
La, , Zr, Cu, ; Zn, ; O, / HZSM-5 Catalysts

ZHANG Yu, WANG Kang-jun”, ZHANG Ya-jing, DU Jie, LI De-bao,
REN Bao-jin, WU Jing
(1. Shenyang University of Chemical Technology, Shenyang 110142, China;

2. Liaoning Co-Innovation Center of Fine Chemical Industry, Shenyang 110142, China)

Abstract: Catalysts derived from perovskite-type precursors for dimethyl ether synthesis from hydrogenation of CO,

were prepared by a sol-gel method, using citric acid as complexing agent. The catalytic performance of the catalyst

was studied. The influence of Zr loading was investigated. XRD, N, isothermal adsorption-desorption, H,-TPR and

NH,-TPD were employed to investigate the surface structure and performance of the catalysts. The results indicated

La, ,Zry ,Cug ,Zn, ;0,/ HZSM-5 catalyst could provide a suitable surface acidity, exhibited higher DME selectivity

and lower CO selectivity due to Zr addition can promote disperse of Cu species and decrease the grain size of Cu

species and therefore improve the activity of the catalyst. In addition, the influence of reaction temperature and

space velocity on the performance was also investigated. The stability of the catalyst was tested.

Key words: CO, hydrogenation; La,_ Zr Cu, ;Zn, ;0,(y=0/0.1/0.2/0.3/0.4/0.5)/ HZSM-5 catalyst; perovs-

kite; dimethyl ether



