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fEAEF, B HERFRE—E 81 Cu(NO;), -
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F 1 RIEFIEXTELF CZZH-X B4R
Table 1 Effect of the amount of citric acid on the catalytic performance of CZZH-X catalysts
Conversion of Selectivity /% DME yield
Catlysts

€O,/ % DME MeOH Co /%
CZ7ZH-50 24.4 31.4 8.6 60 7.7
CZZH-100 24.8 35.3 10.5 54.2 8.7
CZZH-150 24.3 30.6 10.6 58.8 7.4
CZZH-200 20.6 28.9 8.9 62.2 6.0

2.2 EUFIRIE

2.2, 1 SRR R AR AR A e R
ANFRAT IR ] A5 19 CZZH-X S5 fE 4L 57 1) XRD
TEENIE 1 pR. R ETR, BrAEA R R XRD 3%
Ei, #8AF7E CuO (35.4°, 38.8°, 48.8°), ZnO
(31. 8°, 34.4°, 36.3°, 47. 6°, 56.5°, 62. 4°,
68.1°) ¢ HZSM-5(23°[ff i/t ) 3 F ¥ ot i) ¢ AR AT 5
W, (HECA B Ze0, RIRTETIE, X LR 20, 7]
RELAICE I Bl BE 7 B ARSAF . 5 0h, i ]
AP, A 34° ~37°JEE N HBE CuO 1 ZnO (7T T
WA B R (GBS ), XA Ki-Won
Jun 252 MSE R0 HECRIREAL K XRD ]
R, HIERALE | FEARIF IO AR, R
RO RRER TR (4 5 T FOR 5 DR AL R (A 2 rp W]
HOE7/R R LA SR ek e S bl NI DR | ISR e 42
CuO AR S e 53 2 2 1 58, CuO s (MK T
20=38. 8°AbfiT i, MR A XTI E]) B AL

CuO < ZnO s —HZSM-5

.
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Fig. 1 XRD patterns of the composite catalysts prepared by

different amount of citric acid
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ZnO ik K/ IRACR , (FOR AR R R B —
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— IR
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Table 2 Effect of the amount of citric acid on

physical properties of CZZH-X catalysts

Sper Size of CuO  Size of ZnO
Catlysts
/(m® - g™") /nm /nm
CZZH-50 122.8 12.8 15.2
CZ7ZH-100 131.2 16.5 33.3
CZZH-150 112.2 16.7 12.0
CZZH-200 96.9 21.6 16.7

AP THRIE B (H,-TPR) K5 WLIE 2. A& 2 /T
VIFEF], TPR pHLE A EI7AE— 1 TE Ak AN X R 1 i
AU, B A I — R o, BT
SYHIRET 230 CRI255 CAAT. BIUEHIAL | i A7
TEFIFNARF BPRAS T CuO, —Fp i TR RS
B IA SR 5 A3 S CuO, Iy —Ff D) & FE A RH A 45
MERA SR CuO > ORI o B WA XTI 3
BE T AR SR E Ay L ILER 3.l 2R 3 AT, BiifY
BRI IEIN, o, B MRS IO B 2L, (B
&, CZZH-100 ff] A/ (A, +A,) % 5 60% , 1] LIk
SZAEAT A T i A EBCIR S  CuO BT 5 EE A
K, E—ZEE T, ASRE DR BRI
SR CuO B 5, 151 e L 0 BeR S 40 A6 T
FET, X R 2 52 v SN ) AR IS A o 25 A R L
R, XA EE A S AR, iR 20 0
TS H5BARN, BAFIEER ZEE e X
H] g S CZZH-100 HAT b AR Rl O R IR 22 —.

CZZH-200

CZZH-150

CZZH-100

CZZH-50

110 150 200 250 300 350

Temperature / °C
2 R[FfEA ) CZZH-X %) H,-TPR 7% &
Fig.2 H,-TPR profiles of the composite catalysts prepared

by different amount of citric acid

3 EUF CZZH-X Wif IR B X IEE R 537 L 6l
Table 3 Temperatures of reduction on peaks and the

contributions in the TPR profiles over samples

Samples T/C T/ C  AJ(A+A,)/%
CZZH-50 230 255 55
CZZH-100 228 254 60
CZZH-150 229 257 58
CZZH-200 231 258 51

2.2.3 JRBEFIE AL R R E R ik
FR B B A7 2 P P /K PO e s, R M1 3
T 1 7 R 50 LA % A 1 DRI 2 52 A A9 14 3 /K
MR, CZZH-X 5 A i 4k ) 1 2= 18 iR 1 32 22
HZSM-5 sy fit, AFEEAL Y NH;-TPD FAE
SERULE 3. NE 3 WTLAEH, &AM
MBI NH, [R5 341 °C | 415 CLEA
(R~ NH (14 B B 2 31 X 17 25 AP R o0, T
103 °C 72 45 1 NH Frg 56 BRF 0 Sy 47 242 0% 5F 4 g BfF 0 .
I

100 200 300 400 500

Temperature / °C
& 3 REMEAL ) CZZH-X (1) NH,-TPD 35 &
Fig.3 NH;-TPD profiles of the composite catalysts prepared by

different amount of citric acid
(1) CzZzZH-50; (1) CZZH-100; (Il ) CZZH-150;
(IV) CZZH-200

Hali HZSM-5 IR E oA 2 CZZH-X B4
PR A PR P 0 EE LS5 R Ho0 i, T HE R R
FrL g5, PRI AT LA S A s R o0 Y X
W5 BG40 43 (CZZ-X) % CZZH-X 52 A AR Y
FME R E A SRR, i H, CZZ-X 45l 48 1
R PR e ) B 6 AR AR R M 57 AT — e 5 : [
F KPR (AL 2 550 5 H 50% 31 100% )
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CZZH-100 fEALFAIAE 415 CHY NH; BiFFfogas 7 | g
TR /), BEBTHBR P 0 A ¢ CZZH-50 JE v,
PR CZZH-50 A/ 5 (HE— 38 kB ) 1 (A
fb 27 59 & b 150% %) 200% B ), CZZH-150 i
CZZH-200 fEALFAILE 415 C oA 19 NH; B BFig i) g
A sh, HIEmBUEAR, SOOI R O
S BREIEOR. ZEG R 1 45 R AT LA i, CZZH-100
HEALT b BEAY P e iy, IX R IT A IS YRR T
AL R AR PR
2.3 EUFREMERD

W SR 9 CZZH-100 AEAETR 2351 F XS
RENE (XPS) WFFE HeR Mifb AR, 4R ILE 4.
4 W LAE L, RS Y Cu 2p,, HIZEGREL
9 933.4 eV, I HAE 942 eV M il B TR A 2p-
3d TLALE, T Cu™3d” [y A e
PR IR A Cu™ RSAEAE s JE )5S I AL
7 Cu 2py, VEZESREH BIAE 932.2 eV, BLHIHEL)
ZydikJiUs CuO BEEP5E b 5N Cu” 83 Cu’,
{HH Cu 2py, 9 XPS jEE 1, Cu™ Al Cu” HYZ5 A HE
HZEAR, WIEHh T i — 2 XA F % Cu /Y
WA, R JEUR AR SEAT T Cu LMM 347020
MARETE WAL S s, Al LUE L, 38 55 B AL
TE917.6 eV F1919.2 eV HIL T Cu BY3IREHR BRI,

Intensities/a.u

930 940 950 960
Binding energy /eV

& 4 fifk 7 CZZ-100 1y Cu2p 1y XPS 5 &
Fig. 4 Cu2p XPS Spectra of CZZ-100 catalysts
(a) Calcined; (b) Reduced

TR G5 AR R A Cu” F Cu” 2 [Rlf7E7E H.
Cu’/Cu”Lbhy 1.84(FK 4) , X FRUIA B BERIE PR
HUG AT B Cu™ Al Cu® WE 22—, BE & & 2L R
YERIRIEE SR, & 4 Ryl 1738 e A 5 A 5 b i )
AL R Cuw/Zn L, HERFIL: BEE RS AR
RS FE S R Cu/Zn LLAr 5 0.51,0.45, J54%
HCHTE D T 11, 7% , AB &35 AR /N T B 5 5
BB LL, X FRBATCIE 2 B b i & W S0 i o
FEERGRE Zn [n] T B 4K

4 TERERFEMAE Cu FPIKSRRE Cu/Zn
Table 4 Cu component of the calcined and reduced catalysts based on Cu2p XPS and Cu LMM deconvolution

Cu 2p,, BE KE/eV* .
Samples " Cu/Zn XCu"/Cu’/(mol/mol )
/eV Cu Cu’
Calcined 933.4 — — 0.51 —
Reduced 932.5 917.6 919.2 0.45 1.84
\ ! 35 ®

Intensities /a.u.

922 920 918 916
Kintic energy /eV
K5 fiEfL iR XAES CulLMM 5]
Fig.5 Cu LMM XAES spectra of the reduced CZZ-100 catalyst

3.1 FRATTR T [ A A R B vk FNHLBRTR 5 3
#1457 CuO-Zn0-Zr0,/HZSM-5 S e & A Ak,
LS RL : IMAGE B AR v LB B
FI R Be PR 85, DT 2R A5 L 28 T AL L S0k 45
/N ARG IR SR ) CuO-Zn0-Zr0, L.

3.2 MFPBERRA TS I S TR e 100%
B Tl 2 e A 7R R B R B 1) O, T &l — F g
WAL PERE,, RN 270 °C . JE A4 3.0 MPa, 25
M 42000 SKPET, CO, HRRILILER N 24.8% ,
fisk (DME ) [35648%4 35.3% . DME I§0%.8.7% .

3.3 Cu0-Zn0-Zr0O,/HZSM-5 I HEMALTI A %,
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Preparation of CuO-ZnO-Zr0O, /HZSM-5 Catalysts for Synthesis
of Dimethyl Ether by Solid Grinding-Combustion Method

ZHANG Su-juan', WU Jing' ,FENG Xiao-bing®, ZHANG Ya-jing' ,LI De-bao',
ZHENG Na', WANG Kang-jun'
(1. College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China;
2. Catalyst Plant, Fushun Petrochemical Company, Fushun, Liaoning 113001, China)

Abstract; Cu-Zn0-7ZrO,/HZSM-5 bifunctional catalysts for dimethyl ether synthesis from hydrogenation of CO, were
prepared by solid grinding-burning and mechanical mixing method. The catalyst performance of the catalyst in the
hydrogenation were investigated, at reaction temperature 270 °C , pressure of 3.0 MPa, space velocity 4 200 h™'
over a fixed-bed reactor . This article focuses on the effects of the amount of citric acid added on the catalyst struc-
ture and performance. Experimental results showed that dimethyl ether selectivity and yield first increased and then
decreased with the increase of citric acid, the maximum catalytic activity was obtained from the catalyst prepared
with the stoichiometric amount of citric acid. The one way conversion of CO, was 24. 8% , the selectivity and the
yield of dimethyl ether were 35.3% and 8.7% respectively. XRD, BET, H,-TPR, NH,-TPD, XPS characteriza-
tion results showed that the amount of citric acid added could influence the catalyst surface area, distribution of
copper, reduction performance, consequently the catalytic performance was affected by those parameters.

Key words: solid ground-combustion method; citric acid; dimethyl ether; hydrogenation of carbon dioxide; CuO-
Zn0-Zr0,/HZSM-5



