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Effect of Mg modified CuZnAlY catalyst on the performance of CO,
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WANG Lei', CUI Haitao’, LI Guoqiang’, LI Feng’, LI Biao®, LIU Gang', LI Lei’
(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China; 2. State Key Laboratory of Coal
Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan, Shanxi 030001, China)

Abstract: CO, hydrogenation to methanol is an important way to achieve the goal of "double carbon". In this paper, CuZnAlY catalyst was
modified by adding different contents of Mg, and its effect on the performance of CO, hydrogenation to methanol was systematically
studied. XRD, TPR, TPD and XPS were used to analyze the structure of the catalyst. The results showed that the addition of Mg built a
suitable alkaline site, enhanced the CO, adsorption capacity, improved the CO, conversion and methanol selectivity. Among them,
CZAYM, 5 composite catalyst has the highest space-time yield. Under the conditions of T=250 °C, P=3.0 MPa, GHSV=4 000 ml ml,'h™,
reaction gas H,:CO,=3:1 (molar ratio ) , the CO, conversion, methanol selectivity and methanol space-time yield reached 18.95%,
51.49% and 0.1549 g g, 'h™, respectively. Meanwhile, stability tests were carried out for 720 h at improved pressure P=5.0 MPa. The
results showed that: the CO, conversion reached 22.00%, the selectivity of CH;OH was about 63.00%), and the methanol space-time yield
was about 0.210 0 g g.,, 'h". The catalyst showed good stability.
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Fig. 1 XRD pattern of the catalyst
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Table 1 Physical and chemical properties of catalysts
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Table 2 The ratio of the reduction peak center and the area of

each reduction peak to the total reduction peak area of the

catalyst

e ANTR] 38 Ji S 5 [ B/ (°C) £ 5 1/ (%)
YT el g aE piE i
CZAY 240 279 306 494 363 14.3
CZAYM, 232 270 300 293 478 229
CZAYM 5 228 265 293 37.1 445 184
CZAYM,, 233 274 304 358 490 15.2
CZAYM,5 234 276 306 235 602 163
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Fig. 4 Characterization of catalyst H2-TPD
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Table 3 Proportion of the basic site of the catalyst

B A L/ (%)

fiE L)
a B Yit+Y2
CZAY 0.59 22.16 77.25
CZAYM, 1.07 21.09 77.84
CZAYM, 0.83 25.19 69.58
CZAYM,, 30.41 69.59
CZAYM,, 047 18.86 80.67
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Fig. 6 Cu 2p XPS spectra and Cu LMM Auger electron spectra of catalysts
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Table4 CuLMM Auger electron spectral data of catalyst

Kinetic Energy/(eV) Cu™"+Cu’/(Cu™'+

AL cu™ Cu’ cu’ Cu'+Cu’) 5 /%
CZAY 911.84 917.41 922.32 32.90
CZAYM, 911.91 917.45 922.34 38.20
CZAYM, 5 911.03 916.99 922.27 35.60
CZAYM,, 910.83 916.91 922.20 32.60
CZAYM,; 912.28 917.46 922.35 30.60

PIEAL L5 CO, WG ALAY a N =™, B
By TR R PR 5 cZAY b RIAR L, &
i Mg I, A BT8R AR, B Mg
ASRHIEN, Op 55 O Z AN i HL e K /)
K/NHEF A CZAYM,>CZAYM, s>CZAY>CZAYM, >
CZAYM,s, 5B XTI

4 fEWIERE

ANFEMELE T CO, i il B B f AL PERE S T
7, Hp. O CZAYM, #ALFI K CO, ¥tk R &

B, X 250 °C LA A B i OH, iR G,
H, 1f# & MW AEHE T Co, #46™, %4, &
[ Cu™+Cu’/(Cu™"+Cu'+Cu’) 4 [ & H A1 A & &
CO, HEAL RN 3 @ CZAYM o AL A #5255 1Y
BET M2 1H BRI KAGFLIRFR, 250 C LA R &= Y
CO, LB 22, e KB A 25 BCPE o5 EE AT (Op+O,)/
(O +0p+0,) i [L, JXLEIH Z AT B it L HAN AT fe e
P e B 0 JBLERL L T 250 °C LA H, b f b
TE CO, FHALFHAR; B CZAYM, 5 fEALFIFE 250
C VLA B R H, A B B AR KA Cu®'+Cu’/
(Cu™+Cu'+Cu’) 5 Ll A R CO, Fofbx, #
R EFGRMENL 5 FEFIEGE Y (Op+0,)/(0o+0p+0)
P A e ) F R R, CO, FR AR A
VEPRVEAATE “BRBRAR” D, DRIEBER, BE A
[ o e, 3t 75 CZAYM, 5 ML 76 A B4
11 CO, e Ak 3 A i iy WY B BEPE OB T T oA e
e P o 2 7 38 % A T Y Bk T Al 38 SR F
98.00% LA I

SEEE M HADL Co LTI (R 8), EHEM
HEALFITE CO, 5 AR A B Py T e B 1
75 B

1 1 1
A Zn2p;, Zn 2p,, | |
N\1021.88eV  1044.93 V! !
A CZAY i i CZAY
1 1
1 1
Jg\ CZAYM, | i CZAYM,
iy | ' iy I
o ! CZAYM, ' = ' CZAYM, 4
1 1 -
! 1 1
1
i CZAYM i v
M ! CZAYM,,
1 1
1 |
Ji\ CZAYMy /N_ ! CZAYM,;
1 1 1
1 : 1 1 1 1 : 1 1 : 1 1
1020 1025 1030 1035 1040 1045 1050 70 75 80 85
“itrit/eV shfik/eV
(a) Zn 2p (b) Al 2p
3d521 | 11303.98 eV
Py 432 A CZAYM,
1 1
) , CZAYM,
! CZAYM, .
P CZAYM,,
;ﬁ

R
Q
N
Z
E?P

1 1 1 1
1300 1302 1306 1308

155 160 165 170 1298 1304
A Re/eV g5 fkleV
(€)Y 3d (d) Mg 1s

|7 {E4F 8 XPS HiE

Fig.7 XPS spectra of the catalyst
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Table 5 Binding energy of Cu. Zn and Mg in catalyst
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Table 8 Comparison of performance of different catalysts

S5ETE(eV)
FEAFH
Culps;, Cul2py, Zn2py, Znlp,,  Mgls

CZAY 932.08 951.93 1021.88 1044.93 -
CZAYM, 932.13 951.98 1021.73 1044.83 1303.98
CZAYM, 5 932.28 951.98 1021.73 1044.73 1303.83
CZAYM,, 932.28 952.18 1021.63 1044.63 1303.63
CZAYM,; 932.23 952.08 1021.58 1044.53 1303.33

6 LA Ols SMEWMLEE IR ABRMH AL
Table 6 Binding energy of three oxygen species and oxygen

defect site proportion of Ols

N w4 RE/(eV) SECERBA i E /%
it
0O, Og 0o, (0g+0,)/(0+0g+0,)
CZAY  530.09 531.15 532.22 73.83
CZAYM,  530.20 531.23 53233 68.16
CZAYM,s 530.00 531.08 532.17 75.00
CZAYM,, 529.88 530.95 532.05 77.28
CZAYM,; 53025 531.66 532.45 54.75
Ols SN
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Fig. 8 Ols spectrum of catalyst
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Table 7 Catalytic performance

5 CO,%%
S R e i
1Ak WE Eh GHSV P10%) PEFE SRk
: 0,
/(°C) /(MPa) /(%)
(%)

CuZnzZr 240 3  2400mlg,~'h™ 1820 4160 [10]
CuZnZrCr 240 3 2400mlg,~'h™ 1810 4000 [10]
CuZnZrMo 240 3  2400mlg,'h™ 1900 4670 [10]
CuZnZrW 240 3 2400mlg, 'h™ 1940 47.80 [10]

LasrCu 300 3  10000mlg.'h™ g60 4900 [16]

CuZn 240 3 2400mlge b7 1610 3650 [22]

CuZnTi 240 3 2400mlg,'h™ 1640 3880 [22]

CuZnZr 240 3 2400mlg,  h™ 1700 4150 [22]

2400mlg, 'h”

CuZnTiZr 240 3 17.40 43.80 [22]

18000 mlg,, 'h™" 730

CuZnZrMg 220 3 71.80 [25]

1

2867miml, 'h™ 1660 4270 [33]

CuMnZr-CP 250 5

2867 mlml, 'h™

CuMnLaZr-CP 250 5 15.10 44.80 [33]

1

CuMnNiZr 240 5 4000miml,'h™ 1460 57.80 [36]
LaCuZn 250 5 1800mlgy, h™ 640 5790 [38]
LaCeCuZn 250 5 1800mlg,'h™" 10 6330 [38]
LaMgCuZn 250 5 1800mlg, 'h" 910 6520 [38]
LaZrCuZn 250 5 1800mlgy 'h' 1260 5250 [38]
LaYCuZn 250 5 1800mlg,'h™ 500 5960 [38]
CZAYM,; 250 3 4000mlml, 'h™ 1895 51.49 ZI;EI
- AT

CZAYM,5; 250 5 4000mlml, h~ 2200 63.00 W

fEALR  coftty BFEHE(Cmol%) gz
(m)  #/(%) CH,0H co /(& h) s
CZAY 18.01 46.18 53.82 0.1415 99.61
CZAYM, 19.41 45.77 54.23 0.140 1 99.41
CZAYM,; 18.95 51.49 48.51 0.1549 99.32
CZAYM,, 15.89 52.45 47.55 0.1339 99.45
CZAYM,s 14.77 44.75 55.25 0.1013 98.69

J 4 T=250 G, P=3.0 MPa, GHSV=4000 mlml_ ' h
H,:CO,=3:1 (BE/REL) o

1
>

MR SCHkRE . GAO™ Al CO, #AL R 5
Cu BB EEAH DG, FH B e S om0 A8 (y) o5
FeA 5% 5 WANG™ 4y iiF 52 % W] CO, b3 15 5t
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(s Al ka3 CH,OH M Fet: 5 rh Z pi i (7 4 5
HA B R, ZHANG Sy B 55 45 HL [ B 5B
7R CO, FALAR 5 Cu™ 1 Cu’ (5 HUAHDE, (H R
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