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1.1 BIRMEH &

16.34 ¢ S (AIP) % T 27 mL JB/K L%
H, 7E 75 C T PEEf# 2 h, BCE Z 12 he ¥4 —E
EYORERE ST 27 mL ZEEH, DA AIP
(I FREE A THEZ 75 °C, BEHE F R 40 mL iR
A 48.32 g TEFRM, 1 ¢ L F% 600 (1) £ B H
NBSER T, THEZE 85 ¢, mHA A 180 mL
FEMAKOKM® 1 hy FEAIA 1 mL AR, THEE
95 °C, [IFHEFE 6 h, FRHLOIHERE 2 h, {51 254
=R NS4 10 d 75 8 EAT = 2 IR S5 A 11
Jie, BT AT IR,

1.2 BURME A F AL 12

BRTIRIA I S 0 F & A 0.5 nm LnSpan 80
(FIE 80) MM AR A s b, 43 HE 3 B A1 T X
HEAT AL B A5 AL 7).

(1) W EHAE I, 75 = 08P, N,SHAWIE
TRFFHEZE 280 °C, AbEE 7 h, 344k CAT-C;

(2) P EMAL . EREE T, N,SAET
2.0 MPa FFEJFTHIEL E 280 °C, 4bH 7 h, fv &N
CAT-L;

(3) B = R AL, fEmRE T, %A
TRFFEZE 200 CHRFF 24 h(AEE DN
4.5 MPa) , BWHIBIEIR)G, FHREREBR Ok
P, WE N, AR, 280 CALFE 3 h, i N
CAT-M.

1.3 4L FIRAE

XRD iR e H A Rigaku X 5F £ A7 5% F
(ULTIMAIV) 52, L Cu ko R HE SR, 14575
J=20 = 5°~85°, HHHAIE 8°/min; ZnO Fl Cu 1Y
fRE R/ INHIBE AR (Scherer) AR HHE S . NH,-TPD-
MS FAER H TP-5080 Y (K Ht i3 £ 4 ) W B 2
B, FREL 100 mg #EAEF, 100 °C R NH, 35211
A1, 49 30 min J5, M 50 FHEZE 810 °C (10 C/
min) BEFE NH,, A QIC-20 it il g (3
Hiden /A 7)) #1715 5 K ; H,-TPR FRAEAE TP-
5000 T ( RS LMY A A PR 7] ) Ab 2% 0 Y

IR, FREC S0 mg ML, BJESN 5% H,-95%
N,, M 50 FHEZ 510 °C (10 °C/min) , # K FE
S, N, FfH# A Quantachrome QDS-30 % ( 3 [F 5
&) MBI R, AR F R AU BET JrREit
B, LA AL 1 BIH D5k .
XPS F il % A ESCALAB 250 %! ( ThermoFisher 2%
H) X OGH TREREEYL, LA C 1s(Eb=284.6 eV) N
WHRIE LB IO R LS G 68, Kt #£0.05 eV.
1.4 EAFFEETESR

#4300 mL( 7% 28.18 o) fiALAIZKMHE T 0.5 L
RN ZEY ) JFRS n(H,)/n(CO)=2, 150 mL/
min # R, P=4 MPa(1E/E) . T =250 °C (280
C) . r = 750 v/min. GC-9560 “SAH L FE LRSI HT L
NS, Ar RS, HEPEE 60~180 °C, H,, CO
ATCHL i TCD i ( TDX-01 4 (A3 A, #6I &
HEE 150 °C) 5 B2 | WK SRR BRI i, 21
i FID A I ( HP-Plot/Q by 33% H: | K6 I 25 75 &
220 C) 5 4 24 h W — WA &, HA R H FID
R 2% 25 2 oM. FIHSMRE: (hrifE 2k ) &t
BAAMS O, SRR CO AR 4
Y BEREE.

2HERES5M

2.1 LTI 0 R E AR

L1 RS R A 700 B 7 11T ) 1 XRD 1% &, T
DIE, PUCBRAPEASTR], A0 500 (0 177 5 0 1 L
FER A 22 5. ROBERT, 3 AR ) v 4 B b AR LA
Cu’ R E, 1€ CAT-L Hif B T 48550 Cu, O AT
Vg RS Cu PIAETE SR BT IR A A s T 2
THA®FIEREFTEC ", CAT-M Hl CAT-L fi#{b 5
HESHEE T B A ZnO AT S5 e RN 4 55 14 AR A1 AT
S0 T CAT-C A BN YRELY ZnO (777504 ;
A TR SAL B )T Zn BP0 208, I $hokk
PR ) TAEHE Cu, Zn 1 AL YR A O AR AR, B
BT /DA A . VR, 3 MEIRFIY Cu’ T
SHEBIA PTG a8, BLEAAE RN B, 43 Cu
R YR B BA RS Cu KA RERS,
fif Co MR TR I SE 4, AT IETE ISR BL; CAT-M
FCAT-L 1 ZnO FIA A (A7 S 06 5 5 3454 BT ik
/N BVET I AR ) r I A A B B 2 i A A
At AL Wy, AR IS SCHR [ 16 ] nl 4= D0 4 1k 57 i
AL PRy Sy DL JG e BY B8 e B2 o R B AR R 1Y
AlOOH.
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Fig.1 XRD patterns of catalyst before reaction (a) and after reaction(b)

£ 1 LRI Cu(111) F1 ZnO(101) By fkE
ROSF. 26 rh 8ol s e ity = R, 3 AR 5,

F 1 #4F ZnO(101) 70 Cu(111) FORHIK /N
Table 1 The crystal size(nm) of ZnO(101) and Cu(111)
of catalysts

Before reaction After reaction

Catalysts

Cu Zn0 Cu 7Zn0
CAT-C 17.2 - 19.2 -
CAT-M 24.3 12.6 33.0 11.9
CAT-L 34.7 16.5 38.1 12.5

CAT-L Y Cu fbkife K, CAT-C 1Y Cu Shkise/y, H
Cu 5 ZnO MR /N2 A G, R UIFE ML Y
AL P Ca A1 ZnO fFAE— & W 5e B . B
J&, Cu SRR RSTHAE K Hi CAT-M A 14 1 5 K
(35.8%) , CAT-C Fll CAT-L A4 IR 41458/, 33 7] fig
JE R R AE 200 °C 25 RN 280 °C 8 T UL BRASF T 15
PN LR A AR S AL 4, 16 2 )5 A RN 5
R, WAL sy & A I B ASAL S Cu kL i K
KA CAT-M 1 CAT-L i85 fbi R~ ¥k T
CAT-C, 32 TAEM RSN A R T A i sl
A

&l 2-181 5 AEALFRI R VAT Cu 2p-XPS, Zn 2p-
XPS, Al 2p-XPS F1 0 1s-XPS #&[&. /& 2 " LLFE
BAMEALHILE 932.4 eV BRI HBLBLIE, 7F 940.0~945.0
eV Z (A1 AT B i iy 0 b B, 3 D e A R0 2 1 1 4
YrFh BB ST AT CAT-C Y EETE X Bk
PR T CAT-L Fl CAT-M 1§ JE 5 4k H A XF R,
E, =934.8 eV IbH — 85 RGN I, 454G XRD YA
43 Bk JgiX 7T RE 5 CuAl, O, INETEA . i E3-1&5

Counts/s

930 935 940 945 950 955 960 965
Binding energy/eV

2 RRMEAEFIAY Cu 2p-XPS 5%
Fig.2 Cu 2p-XPS profiles of different catalysts
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Counts/s

N1022.6
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Fig.3 Zn 2p-XPS profiles of different catalysts
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Fig.4 Al 2p-XPS profiles of different catalysts
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Fig.5 O 15-XPS profiles of different catalysts

T ZnO Y, Al 2p IS5 G RER 74.4 €V, O 1s 9%
G HEN 531.8 eV, Al ¥R LA AIOOH JEXAF7E ; Wi
fE3) CAT-L 1 CAT-M HJ XPS U4 (& 1 [0 R 45 & fig
WiREe , RH PR Zn, Al O 4145 BT Y4238
BEARNT T CAT-C &4 T B AR | Xl g5/
i ZnAlL O, Fl CuAL, O, INFFTEA OC; 78 3 MLl iy
Al 2p FEEI RS A RE R 77.0 eV AbIA IR IGLELE, %
WX R T Cu 3p,,, ATIAET Cu,0M, H BT IE
WAL B & Cut, MIHCARTT , CAT-L
Cu ' %.

2 AL FR AR 4 T K I S EEOR I
1 2 0] LAE H AR LA R AR R R e R AL A
R, AR 3 AhoT R A AR e Y b
M, M THERERE, Bl fsadl i s 4
WL HE R, XA EZZH T Zn0O Fl AIOOH 1
AR BE T Cu AT Cu,O MY AHERE™, XFHE n(Cu)/
n(AD) Al n(Cu)/n(Zn) A IEH, AT BRE ST
HEALR M & 4. CAT-C AR n(Cu)/n(Zn)
Fln(Cu)/n(Al) Hiy, XA REEH T 5 AL B Y
PEARTR S ) T80 41 o AR AR R R AT, IS,
5 CAT-C kb, CAT-M Fl CAT-L B £ mbi & B4
FITREAR, XOE R S E M H R . H
TCIE S AR A PR 2 AR B b 791 2 T ik
2.2 EUFER SRR ER Y

6 SRy fk 7 B B AT H,-TPR 3% &, i & Af
DL B, AR A e i ARURT A JA 06 TOUHR B A 40 KR

R 2 TREMELFIE XPS iR
Table 2 XPS data of different catalysts

Surface composition( At.% )

Molar Ratio

Catalysts

x(Cu) x(Zn) x(Al) x(C) n(Cu)/n(Zn) n(Cu)/n(Al) n(Cu+Zn)/n(Al)
CAT-C 1.30 3.08 6.14 72.29 0.42 0.21 0.71
CAT-M 1.44 7.26 9.11 55.04 0.20 0.16 0.95
CAT-L 1.28 6.44 9.55 55.40 0.20 0.13 0.81

[A. #4L ] CAT-C Fil CAT-M 4 —AN0 J5ils | i J5
W TR 43 591 g 214 F1228 °C, 11 CAT-L #4571 73
BITE 235 1272 °C WAL . i XRD 1 XPS
IYMTEERATAL, AL CAT-L F1 CAT-M Hg /D&
CuAlz()ﬂ’??'jE, xXF CuAl, O, AL JRPERE . Han gel2t]

FEF5% Cu-Fe JEAIK M A PR (14 41 A0 750 A A APk e
BIBFFE A, AR TR R S5 04 (522 K) %R CuO—Cu
ORI, T A S5 (578 K) AP T4 CuFe, O,
8, CuAl, O, it Jii & 4 J& Cu #1 Fe, O, B Al, O;
Li% 2 A 5T Cu- AVE AL A Ak 00 14 ol 4 B LA
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Fig.6 H,-TPR profiles of catalysts

WA A R LEEIN N, CuAl,0, R f A TE 773 K
FEATAT LA 5 R A SR AR 55 i 2 i AR A A
WA, EEEFEEHET Cu'—Cd’ il
JEU IR A SR UH T B AR R Cut 3
J5t, CAT-L H ik J5 g o] )& T+ CuAlL 0, & M Cu
PR R R A AR S Al 5K Zn YR B
SRAH AR Cu® BB IR 2. i R A Kb T f 58 Jir i T
TR EEREH e A i e, AR W] e R R M RS
SNTERLY Cu, 0 5 AL B Zn W Fh 4 A 5%, Bl
Cu, O HEMER A .

7 AL T NH,-TPD-MS % &, &
ATLAE R, 3L 2 76 55 B R 14 07 55, (180 °C 42

77
CAT-L
186
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S 171
&
g
=
8
=
=
400 CAT—C
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Temperature/°C
& 7 {4k 5 NH,-TPD-MS 3% &
Fig.7 NH;-TPD-MS profiles of catalysts

) BRI, CAT-L Fl CAT-M ()06 i FH i
E/NT CAT-C AL, 7T BB i in e $Akb #4514
GRS R AR R A AR R R AR TR
SAFAEIE B IL L T D8R 41 (XRD 4558), M

A5 55 Rt /L. CAT-C LRI R IR 13211
SSIROLAN, 15 400 C Aty il A — A/ NG I R0, Xof
JO7 T Fv i R R 1 6 A
2.3 TR

P 8 Sy e AT 5 T P A ML RS 45t 2.l 11 ]
I, A5 AT A I B B SR A R T IV, PEATH3

Viem3.g™)
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Fig.8 N,- adsorption and desorption isotherms of catalysts

RITHE G PR, 16 3% I 32 B vl ROk 1 ME R I i A
s fL. CAT-C HEALFIFE p/po it 1 40 H BEHA g Y
TS BT AL,

e 3 AR RN TS SV M, R R T AT
AL TR 8 L 25 1 B A A BT 2R 8 B4 R T U L
JE 7K e F i LB /)N, CAT-C AT CAT-M 4L 5
(1) Lb 2 IR BRAE ROV 99808, T CAT-L AR 5501 L
R, MR FLA AR, 255
K CAT-LAEALHI LU EBAa e
2.4 EAFIB IS E

% 4 BARMEIFIE CO InETERE. thRmT i,
250 °C i, HEALF] CAT-C B CO #54bR i 25
T CAT-M F1 CAT-L, X nlgg 5 H LR MMz K, A
T SR S R B0 8, e A 790 4 T 4 4 L A
A S URE B R AR DG s AR P i S PR
FHAS T HABPIAMEALF] , CAT-C X 2 B (1 58 % P A
PR, XA B R s EE /A (W3R 5)
E, CAT-C L FRZEUFE R E, AR EN
C,, OH, Ut BHIZ A Ak 700 1) ik B8 194 K BB Ty #5595 i
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Table 3 Texture parameters of catalysts before reaction and after reaction

Before reaction

After reaction

Catalysts
A/(m* - ™) Vp/(em’ - g™) A/(m* - g™h) Vp/(em’ - g7")
CAT-C 110.1 0.75 0.90
CAT-L 52.1 0.26 0.28
CAT-M 35.7 0.46 0.14
R4 EUFIEHEIFENER
Table 4 Activity evaluation results of catalysts
Temper X(CO) Selectivity/C-mol% C,,OH/ROH
Catalysts
/€ /%o ROH DME o, HC /W%
CAT-C 250 21.00 89.32 6.95 1.46 2.57 1.51
CAT-M 250 2.35 75.58 7.69 3.71 13.02 3.58
230 8.17 76.54 4.68 2.94 15.84 5.83
CAT-L 250 3.51 73.34 2.92 4.53 19.05 10.21
280 7.72 74.11 3.71 2.11 20.06 6.51
Reaction conditions; 4.0 MPa, n(CO) : n(H,) =1 : 2, feed flow rate= 150 mL/min
x5 EAUFIESITER
Table 5 Product distributions of alcohols and hydrogenation of catalysts
Temper ROH distribution/wt%
Catalysts
/C MeOH EtOH PrOH BuOH
CAT-C 250 98.49 1.32 0.11 0.08
CAT-M 250 96.42 3.31 0.15 0.08
280 94.17 5.09 0.61 0.07
CAT-L 250 89.79 9.37 0.57 0.28
280 93.49 5.06 0.88 0.57

fiF CuAl,0,3R1H Cu PRI FAEHE T Cu'-Cu’Z
[ A B R VE R, DT A 2F 1 ARtk e ) 2 . |l T
CAT-M Fll CAT-L P AL I AE 250 °C 14 bz 17
B, DRI H B 7 i B 2 1 1) 280 °C, TR A
T, HR R N, O T R
FE SR 32 50 T W B fn 2 Bt a4k CH,, H 21
TE WGH PRI T AR R sk 32, i DU 2R e 4%
PEFE R I, 1o £ B R e s T

3 &Fit
R IR A FR A& T 1 1 A CO e

REAT BN, TP BRI AL R CO b=
L IS AR T BV AN A NN 21 o 7 G T =
FMBUAIXSRE 3 R Ak B AR TR, CO 4%
AR EIBAR, (HHRA —E /) SR A AR JT, X AT fig
SRRSO AHBIE A O, BRI NS A
E— 5.
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Effects of Heat Treatment Methods on the Structure of
Cu-Zn-Al Catalyst Prepared by Liquid Phase Method and
the Catalytic Performance of CO Hydrogenation

LIU Jing'*, REN Hong-wei'”, FAN Jin-chuan'", HUANG Wei®’
(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;

2. Key Laboratory of Coal Science and Technology of Ministry of Education and Shanxi Province, Taiyuan
University of Technology, Taiyuan 030024, China;)

Abstract; The Cu-Zn-Al slurry catalyst was prepared by the complete liquid phase method, and it was character-

ized by XRD, H, temperature-programmed reduction, N, adsorption-desorption and XPS. The CO hydrogenation

performance was evaluated in a slurry bed reactor. The effects of the heat treatment conditions ( normal pressure,

medium pressure and closed high pressure) of the precursor on the structure and properties of the catalyst were in-

vestigated. The results show that the catalyst prepared by atmospheric pressure heat treatment has larger specific

surface area, higher dispersion of active species and higher ratio of copper to zinc on the surface, which is benefi-

cial to the adsorption and diffusion of reaction gases, CO hydrogenation activity is higher; When using pressurized

heat treatment, Cu crystal grains are larger and spinel phase is formed, which enhances the interaction between

Cu, Zn and Al species, affects the reduction ability of Cu species and the surface acidity of the catalyst, and makes

the catalyst has a certain ability to produce ethanol.

Key words: Cu-Zn-Al catalyst; heat treatment; synthesis gas; hydrogenation



