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1.2 fEEFBRIAE

XRD 3£ : F A A% XRD6100 X 5447 4110
ERTIRTR B B YRt A B CuO SRR /b,
Cu #8(2 =0.154 06 nm) , Bk 40 kV, B3 30 mA,

TG-DTG L% : F % H it 3 (NETZSCH) 2 &
STA449 B #4 4 M AU AE $A | - B o #8208 (TG -
DTG)ER, LW FM . ABEHEL 10 mg, RRRM
# 30 mL/min, FHEEZH 10 T /min,

TPRE NO B E LR : A RBAATAETH
TP5000 £ AR MHUERFARBRELR, LRFRAE-
AL PR 50 mg, BLE 40~60 H, GEK N EHNAE 4
mm, AFIEEEEL 4 mm, REZGEENG. AR
AL 10% H,/90% N, T A SAEE B, A TR,
BRI 80 mA, FHEN 3. S C/min, W JR5EEE, W R N 8%
REEMEZ 80 CTHUIMGAR N, <, H NORE. BES
B EYIBRE RS, #1758 2K TPR L5, B K
TPR LR A 45 R 7] LA E i 8 Cu lLREMR . Cu
SRR /N Cu 28D,

1.3 AN FRETEN

P8R FE VR % B HE AT A R PP RS T 1
#ro HELFI R 50 mg, B 40~60 H, 5RL
/1 WAEEDRE. RMAFHN 412 mm X2 mm B4
G £ 300 mm, NiE 3 mm ¥ 0.5 mm B HHE
BE, BERSEBRAR:CO 7.45%,C0, 1.74% , N,
3.0%, HA&N H,o RMES 3.0 MPa, Ik B=EHE
8 000 h™ ! AL S 10% H, /90 % N, B A AT
BEABLAE - AZRIEABRZE 250 T, FHENE
1h;EE 2 h;RIEHEF 200 TULF, WA BX
H#¥EES 3.0 MPa, 4 7€ 220,240,260,280 CF
TEA 4 4k 70 #8952 I T 1

2 SRR
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A, % CZ-ZA " ¥ E 7 £ CuCO;(OH);, (Cu,
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MOATRERBERK WHNERERE: & CZ
~ARBRERYAAN, EHATLEEKE A (Cy,
Zn)sAl, (OH) 4 CO; * 4H,0 K7 §1 ¥ ; i £ CZA
(Cu,Zn)sAlL(OH),CO;-4H,0 IS BB L, H
HYR 4 & E LT FRIAM R,

B2 MEREN, BEMMATXRRE, ERE
REEH Cu0 5 ZnO M MBS BEARR, &

CZAH,Cu0 5 ZnO WML F LR ERET &
A, Cu, Zn, ALMER T HIMRES EM4Y &
CZA P HE T LB E AR A (Cu,Zn) ALO, KIFTH
%, 3X 5 H 88 9 £ % (Cu, Zn)gAl, (OH)4CO; -
AH,OM M —F, £ CZ-A FHET ZnO K1H 4
W (B KER 4> ZnO I STUE(T 5 CuO WIAT 5T 148 &
HETBE WA CZ-ZA F,Cu0 5 Zn0 W5 %K
NBUBALR,
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Fig.1 XRD patterns of catalyst precursors

prepared from different Al salt addition methods.
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Fig.2 XRD patterns of catalysts made with

different Al salt addition methods.
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Fig.3 XRD patterns of catalysts calcined at 500 T for 2 h.
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(OH) 6 COs - 4H,0 #8, FE 4y BB B R & A
(Cu,Zn)ALO, , AT Cu A BUE ., 7 CZA F,
BT Cu,Zn,Al 3 MTRIFRILTIR, TRABEE
B 7K ¥ A # (Cu,Zn)sAl, (OH),CO5 - 4H,0, H Il
SR ERLREAM(Cu,Zn) ALO,, HEX
BRI ITH5E |, (Cu, Zn) AL O, HI T2 R X 42 85 4 4L 7 i
HHAERANEERE, B TESERNR, FEEELESP
NBETRHRESB BEMEFERXFEFRE (Cu,
Zn)ALO, WATHT B B, X H A HBRECHFE.

DTG R (F 4)FH 3 AN EERLR
BAER, X5 XRDERTSHEEMHYMHNER—
o 93 CHEREENRM KRB CZ-A
H1 200 T #1262 THIKREE R H R I EE Al(OH),
1 Cu,CO;(OH), 4 ff i , 24R7E 200 C Wy K H 4
BNGELREBKBAOMIHIE, 415 CHERE
¥ (Cu,Zn),CO3(OH), M (Cu,Zn)s(CO;3),(OH),
B 5 R , TiT 504 CRIKEHIZ R B TRABKERE —
WA 7 CZ-ZA F , 76 268 CH — W
BREEE, XAHN Cu,CO,(OH), K 42 ik, T
100 ~250 CZEAE—-IMKREH, UTHEN
AI(OH); % (Cu, Zn)¢Al, (OH) s CO; + 4H,0 43
o, T HHARBENE 2, Bt B AR RK
#,397 T X B K (Cu, Zn),CO; (OH), M
(Cu,Zn)s(CO;), (OH)¢ By 5> 1 ; T 7E CZA HIR
HIMEP,E215 CHAEAT - RILM L EIE, 7]
HARKBAEHSBARRF S BIESFHER,
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Fig.4 DTG pattern of catalysts made from

different Al salt addition methods.
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Fig.5 Effect of Al salt addition methods on catalytic

activity of catalysts.
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BE S N IR B TR A B, 9F HAE 280 T A A Bt
5 CZ-ZA KNG tE R M 38, 7E 280 T LIRG 3 izt
) COREHIEUTINFER: CZ-ZA>CZ-
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HCOBEERUBERT 4/MH Cu BLF M
ZnALO, #, B T ZnALO, F ZnO WIEHE L, &
5CoMMEERES, AERX S RIELBELE
A2 M EBREERK, WMHEERNEENH
B, SRR, ZnALO, B ZnO #5718 K X 3E
BOMHRMFEEEM. A5— S EREE RN
BENTE,ZnALO, W HAERBR TRISRE,
BIET Cu B FRIK K, AMA A F KA & #1T,
X R, KR FHAM(Cu, Zn) ALO, WL BA
A F AL R IRTE v, B AT 82 i JL M A 8%, X B
Figueiredo ST R R, ZEATIW X, B
Cu—Zn—Al Z 5T U1 3 & wil 45 09 1 4k 7] 45 75 ¥ 2
WOHRHERFERG TUMNFANERELSFER
EERMERN. AaTHEEEL, B HRM(Cu,Zn)
ALO, B, MR F 7 B CuO-ZnO BEHE A&

EwWAR K, ik RE ZnALO, MW E ERB
ATRARE, BHMAEERT. B s aan
PP (Cu, Zn) ALO, WEEBEB Y KFEHHE
HE,

(Cu,Zn)ALO, B BN £ 4 S BB AKIB S
HRABEKX, MEERD, BN REEE R
. BREERBENELL L ERFERN—RE
220~230 CHT,ERBTESE Cu AR BEE
JAAE LA o 3 . BS ot BPE A 1L R 7E 280 C A T
WHENE, OB RIER A KPIMERE R E, B
H ZnALO, MM EEA R R M, EH R
#%F B I Cu SBRIAIK K o
2.3 fEAFmERT

350 TREBEMIEAL T Cu Lk RE B . Cu SR
KNE Cu A WERTFE L,

£1 HBIMAIXXEAEHF BET LREH LS4 .Cu b REHR Cu AR KD W

Table 1 Effect of Al salt addition methods on BET surface area,average diameter of pores,Cu surface area and Cu particle size of catalysts

BET method N,O passivation method
Sample Surface Porosity/ Average Cu surface Cu particle Cu
area/m?-g ! ml-g~! diameter/nm area/m?-g ! size/nm dispersion, %
CZ-ZA 51.5 0.2659 20.65 149 4.52 22.1
CZ-A 59.37 0.170 0 11.45 136 4.97 20.1
CZA 86.21 0.417 6 19.38 117 5.79 17.3

AR L FEEAE CZ-ZA<CZ-A<CZA
FIRFF R R K, CZ-A BFLERBRMEHILEE
B/ G ATRE R B FH A S M AI(OH); B4,
AR FRFE KA GERFER. AEBERMAT
KA Cu HREH.Cu BB KD K Cu 53
HESAEEW, FERTAMEHE, Cu lbRER
# CZ-ZA>CZ—-A>CZA KR W/, i Cu Sk
R-F M4k CZ-ZA<CZ-A<CZA BB FF#E K, X5
HARPEEENELES R, ZAMETARE
T CuO-ZnO-ALO, =HZ ML/, KR
Figueiredo Z 1S 3 B 45 B, 7E Cu—Zn-Al VLT
MEAT  ZAREERIAR, BHIE CZAKY
HEEERELX B THRIREOHEAES, BE
B CuRERRMED. XBARREEGEERMK
WREZ—.,

BEFBEFE(TPR)ER (K 6) XU, B
AF XTI CulO WREEESHERW, H
& 6 8] WL, B CZ—-ZA—~CZ-A—~CZA,CuO #i% JF i
KW BRI TR R, MRS
B CuO ik R g F B B A CuO—-ZnO BEE A A
B —f R 1 (Cu, Zn)s(CO;), (OH)¢ o BT B )

CuO—-ZnO EIHEA(GEFEIRAE 175~190 CAER),
H—fEH(Cu,Zn),CO:(OH), ¥ B CuO-
ZnO B AR GE R IEE 7 200 ~220 T), HHE 6 &
WEH,CZA BRIRE R ER/NF CZ-ZA M CZ
-A,TMHTE250 CEGHBET —MDIHEFEE, X
AEF T R (Cu,Zn)ALO, F CuO KB R K, X
— SR B F S XRD, TG-DTG &R A, i)
HECZAPHEFE-ERNBRA/AM, ME
CZ-ARFEMEBLERTHER, KA P04t
BTVEREREBAH.
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Fig.6 TPR pattern of catalysts made from

different Al salt addition methods.
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Influnce of Al Salt Addition Methods on Performance of CuO/Zn0/Al,0; Catalysts

Fang Deren', Liu Zhongmin®, Liu Dechen', Zhang Huimin', Meng Shuanghe®, Wang Ligang®
(1. Institute of Applied Catalysis Yantai University, Yantai Shandong 264005, China;
2.Dalian Institute of Chemical Physics, The Chinese Academy of Sciences, Dalian Liaoning 116023, China)

[ Abstract] Effect of Al salt addition methods on properties of CuO/ZnO/AlLO; catalysts was studied by means
of XRD, TG—DTG and TPR techniques. Catalytic activity of the prepared catalysts for methanol synthesis were
tested in fixed —bed flow reactor. Al salt addition methods remarkably affected phase composition of catalyst
precursors and the following catalysts, which led to different catalyties activities for methanol synthesis. In case of
Cu—Zn,Zn— Al separate precipitation, the catalyst showed higher initial catalytic activity at low temperatures;
while in Cu—Zn—Al ternary coprecipitation, the precursor was composed of higher content of hydrotalcite -like
(Cu,Zn)gAl, (OH )4 CO; - 4H,0 phase and resulted higher content of spinel — like phase (Cu, Zn) ALO, in
catalyst, thus initial catalytic activity of catalyst at low témperatures slackened, but heat—stability of catalyst was
strengthened.

[Keywords] copper oxide;zinc oxide;alundum ; catalysts; precursor; alumina salt;addition method ; methanol
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