(H/CO») Conditions Reduction condition S X Y
No. Cat. W S;r;tthr‘is;s Reactor type (/[AZ:Lrjwt/)] p T I:::;' (F/W) Stream T Time (%) (%) (%) Ref.
(gr) %) | (MPa) | (O) | () | (Ukah (°C) | (hr) | CHOH | CO | €O, | CHsOH
1 (Cq”;}g}g’ﬂ;f; ; (Clrf:) CO"{::;;F:IES" Flow reactor | 3] 1.3 | 240 126800’ 3600* H, 300 | 60 | 579 | 42 | 483 | 28 (1)
2 f4u7(%23n$t%) (clr.ng3) Co-precipitation Flow reactor 3[-] 1.3 240 126800_ 3600* H, 300 6.0 38.9 56.5 31.6 12.3 [1]
3 (Csuo%f)nv?t%) 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 Zjooo' 6500 H, 300 | 18 | 921 - | 317 | 292 (21,31,14)
4 (CSUO% g/”l%/ V'\:'tg; \ 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 Zjooo' 6500 Ha 300 | 18 | 99.9 - | 231 | 231 (21,31,4]
5 (CSUO% g/"l%/ tvatz% 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 2:000' 6500 H, | 300 | 18 | 99.9 - | 295 | 295 [2131,14]
6 (Csuo%é/nﬁ)/ Iﬂi’/j) 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 Zjooo' 6500 H, | 300 | 18 | 99.7 - | 296 | 295 (21,031,141
7 (CSUO% 5/”1%/ \"\'vf‘;% 0.3 | Co-precipitation | Fixed-bed 30 1 | 300 Zjooo' 6500 H, 300 | 18 99 - 325 | 322 [21,(31,[4]
8 (Csuo%g/”ﬁ)/ Ivztc‘;:) 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 2;000- 6500 H, | 300 | 18 | 985 - | 315 | 310 [2131,14]
9 (CS“O% é/"l%/ \"rv'tz(/) )3 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 Zjooo' 6500 H, | 300 | 18 91 - 39 | 355 (21,(31,14]
10 (C4u9(%21n\2t%) 0.7 Ereep:l’;::;:‘c;] Fixed-bed 4] 50 | 240 222800' 17100 | CO,+H, | 240 | 3.0 | 63 - 7.0 4.4 (21,(31,15]
11 (C4uOOéi;1é)O Zn0 wt% ) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 2;000_ - H, 450 5.0 - - - 7.5 [6]
12 (Csu.g/czun/% 4.4 200 wisk) 0.5 :?j;?g;:f:::"' Fixed-bed 30 20 | 270 225700' 18000 Ha 300 | 60 | 100 - 2.2 2.2 (7181
13 (ccu:):/ i;?m%) 0.5 :an;‘:e”;:;i::” & | Fixed-bed 9[] 07 | 225 126205' 2000 H, | 250 | 30 | 60 - 4.0 24 [91,(10]
14 ::SUO(%i)nSt%) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 222800- 18000 le(;OHAe 250 - 42.1 57.9 - 8.0 [11],[12]
15 (CAUZ%ZC“U% S (gr;g) Co-precipitation | Fixed-bed 3[] 50 | 270 221700' 4000* Hf;/,‘:lz 260 | 6.0 | 4012 |57.74 | 2047 | 82 | (31044015
16 (Ca“tgﬁ:?aﬁo: Cu/zn=2/1) 0.3 mﬂm;;mal Fixed-bed 300 | 30 [2e0 | 2O 0547 He | 270 | 1.0 | 782 165 | 129 (16}
process
17 | cu/zn 0.2 EEQTT:?:)I (Std- xsgs:a;nMeR) 3] 43 | 200 | 200 5000* - - ; - - - 23 [17)




Commercial (Std-

. i - . * - - - - - - . 17
18 | Cu/Zn 0.2 Chemie AG) Fixed bed 3[-] 43 200 200 5000 2.5 [17]
. . 270 - 0.2**
19 | Cu/Zn 5.0 Commercial Fixed-bed 2[-] 2.1 280 350 H, 300 3.0 19.3 80 15.1 2.9 [2],[18]
20 (CS“O%?}% 5\/':(;3) 0.3 | Co-precipitation | Fixed-bed 3] 11 | 300 2;000- 6500 H, 300 | 18 93.9 - 27.9 26.2 21,131,141
(]
4.5
Cu0/Zn0O/Al,03 1.0 L . o 200 - % 170,
) ) - - - - 5 111,119
21 (Cu0/ZnO= 2 molar ratio) (cm?) Co-precipitation Microreactor gg)/; 4.0 230 250 6000 H; 250 22-24 [11],[19]
Autoclave 2.8
Cu0/Zn0O/Al,03 Oxalate-gel Co- . 0 170 - 5%
. - . . . . . . 20],(21],[22
22 (60 Cu/30 Zn/10 Al mol% ) 3.0 precipitation semi-batch [2.75% 5.0 170 300 400 Ha/Ar 220 10 729 27.1 259 18.9 [20],[21],[22]
reactor Ar]
CuO/Zn0O/Al,03 Direct
- . . . 210 -
23 | (Citric acid/ salt molar 2.0 combustion Fixed-bed 3[-] 3.0 240 290 3600* H, 270 1.0 63.8 - 16.2 10.3 [91,123]
ratio = 1.25) method
Cu0O/Zn0O/Al,04 0.5 Gel-network- . 180 - " 5%
- - . . - . . 24], [25
24 (45 Cu/45 Zn/10 Al wt% ) (cm?) | coprecipitation Fixed-bed 3[-] 2.0 240 300 3600 Ha/Ar 240 10 31.3 20.1 6.3 [24], [25]
Commercial (MK- 0
25 | Cuo/zn0/AlL0; 8.0 | 101, Haldor x:gs:?nmem 3] 20 | 206 128800' 6000* S % 250 | 24 75 ; 116 | 87 (241, [26)
Topsoe) 22
Commercial (MK- .
F 180 - 49
26 | Cu0/znO/Al,0; 8.0 | 101, Haldor r;’;i‘:obrecj 30 20 | 210 28800 6000* : /,f 250 | 24 | 48 - 5 24 [24), [26]
Topsoe) A2
Cu0/Zn0O/Al,03 . . 3 250 - * 10%
- - 27
27 (mass ratio: 1/1/6) 0.5 Impregnation Fixed-bed [11% Na] 5.0 270 270 3600 Ha/N, 290 3.0 55.3 14 7.7 [27]
Cu0/Zn0O/Al,03/Cr,03 S . 3 190 -
. - - . . . . . . 2],[28
28 (43/20/34/3 wt%) 1.0 Co-precipitation Fixed-bed [10% Ar] 3.0 190 280 12000 H> 250 | 0.5 83.3 16.7 4.6 3.8 [21,[28]
Cu0/Zn0O/Al,03/Cr,03 . . 3 190 - *
. - - . . . . - . 11],128
29 (43/20/34/3 wt%) 1.0 Co-precipitation Fixed-bed [10% Ar] 7.0 250 280 1800 Ha 250 | 0.5 78.9 20.5 19.9 [11],128]
coprecipitating
Cu0/Zn0O/Al,03 0.2- 190 - 20%
_ . - . . - . 11],129
30 (42/47/11 wtsh) 0.5 meta.Is on Flow reactor 51[-] 0.1 190 280 5400 H2/N> 280 18.7 81.3 0.4 [11],[29]
alumina
Cu0/Zn0O/Al,03 (50/45/5 o . 220 - 10%
31 Wt%) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 780 18000 Hy/He 250 - 52.3 47.7 - 11.2 [11],[12]
32 ::SUOOC/ir/]SS/QE?ZSS Al mol%) 0.5 Co-precipitation Fixed-bed 3 5.0 250 223700_ 12000 H, 300 8.0 39.7 59.7 19.7 7.8 [2],(30]
- — 180 -
33 | Cu0/zn0O/A1,05 0.5 Eﬁ?n::r:g (S8d- 1 Microrector " o;, Ny | 30 | 240 28500 4400 H, 300 | 1.0 | 48.4 - 159 | 77 (71,31
Cu0O/Zn0O/Al,03 0.5 Oxalate gel Co- . 180 - " 5%
- - . . . . . 21,132
34 (45 Cu/45 Zn/10 Al mol% ) (cm3) | precipitation Fixed-bed 3 [ 2.0 240 300 3600 Ha/Ar 240 10 36.3 63.7 19.3 7.0 [2],[32]




I o o, *k
35 | Cuo/zno/AL,0; .| Commercial (SUd- | by bed 3 [4% 41 |250| 250 | 016 Ha 300 | 20 | 36 64 17 6.1 (33]
Chemie AG) Ar]
3.9
36 (Ca”7/ 25'}4092'210; i) 0.135 | Co-precipitation | Fixed-bed [12.4% 5.0 | 240 220400' 7800* H, 280 | 12.0 36 64 17.2 6.1 [34]
) ) N,]
Cu/Zn0O/Al,03 0.5 Complexes . 3 200 - " 5%
- . . . - . 35
37 (60 Cu/30Zn/10 Al mol%) (cm3) | decomposition Fixed-bed [1% N,] 3.0 240 260 12000 H,/N, 302 6.0 42.5 12 >1 3]
CuO/Zn0O/Al,03 Convential co- . 180 -
. - - . . - . . 36
38 (49/36/15 wt%) 0.5 precipitation Fixed-bed 41-] 3.0 250 320 6000 H, 250 3.5 50 5.05 2.5 [36]
Cu0O/ Zn0O/Al,03 3 220 - 10%
39 | (9.51 Cu/ 4.70 Zn wt%, mole - Hydrothermal Microreactor 5.0 250 10000 N 250 5.0 77.9 22 19.7 15.3 [37]
ratio: Cu/Zn=2.07) [3% N2 260 Ha/N>
Cu0O/ Zn0O/Al,03 L . 3 220 - %
. - - . . - - . . 38
40 (50.6 Cu/ 22 Zn/3.5 Al wt%) 1.0 Co-precipitation Fixed-bed [ 3.0 250 350 2730 H, 350 4.0 10.1 7.9 [38]
Ammonia 3 220 -
41 | CuO/Zn0O/ y-Al;03 0.7 deposition- Fixed-bed 3% N3] 4.0 240 240 1500 H> 240 6.0 56.5 435 18.3 10.3 139]
. . 0 IN2
precipitation
Cu0/Zn0/ y-Al,03 3 30%
42 (30 CuO/30 Zn0/40 Al,03 0.5 precipitation Fixed-bed 5.0 280 280 36000 ’ 400 2.0 31.5 - 3.1 1 [40]
Wit%) [-] Ha/N;
Fixed- 109
43 | Cu0/Zn0O/Al,05/Zr0, 1.0 Co-precipitation flzjvdrcte)aeftor 3[-] 5.0 250 250 18000 H ?I-/:e 250 - - - - 11.9 [11],[41]
2
Cu0/Zn0O/Al,03/Zr0O, 15 3 [3%
44 | (2Cu/1Zn/1.2 Al/0.1Zr (cr.n3) Co-precipitation | Fixed-bed N ’ 50 | 190 | 190 4000* H, 280 | 60 | 81.8 | 182 | 10.7 8.8 [42]
atomic ratio) 2
CUO/ZnO/ZFOZ/Alzog 4 [_(y 10%
45 | (50 Cu/25 Zn/18.75 Zr/6.25 1.0 Co-precipitation Fixed-bed ? 3.0 250 250 - ] 430 3.0 66.4 - 15.4 10.2 [43]
Al mol %) Hel Ha/N2
Cu0/ZnO/AL>05/2r0; Co-precipitation 3
46 | (2 Cu/1Zn/1.2 Al/0.9Zr 1.5 P P . Fixed-bed 5.0 250 250 4000 H, 300 8.0 61.5 38.5 25.9 15.9 [44]
molar ratio) & spray drying [3% N3]
Cu0/Zn0/Al,05/2r0O; Slurry phase
(2 Cu/12Zn/1.2 Al/0.9Zr Co-precipitation continuous 3
. . . . . 44
47 molar ratio & 10 wt% 5 & spray drying stirred [3% N3] 3 220 220 2000 Ha 300 8.0 61.7 38.2 13.6 8.4 (a4l
alumina sol) reactor
Cu0/Zn0O/Al,03/Zr0O, L . 200 - " 5%
R _ - _ . . . . . 20],[21],(45
48 (60 Cu/30 Zn/5 Al/S5 Zr mol% ) Co-precipitation Fixed-bed 3[-] 4.0 240 280 9742 Hy/N, 240 10 47.2 52.76 | 18.79 8.9 [20],[21],[45]
CUO/ZI’]O/A|203/ZI’02 15 230-
49 | (Cu/zZn/Al/Zr: (cr.n3) Co-precipitation Fixed-bed 3[] 5.0 250 270 4000* H, 330 8.0 47.40 52.6 22.5 10.6 [46],[47]

50/25/17.5/7.5 mol %)




Cu0/Zn0O/Al,03/Zr0O,

50 | (CuZ*/Zn2?*/AI3*/Zr**: atomic 1.0 Liquid reduction Fixed-bed 3[-] 5.0 270 223700_ 4600* H, 230 | 4.0 57.6 42.4 24.5 14.1 [48]
ratio= 6/3/0.5/0.5)

51 (Cclfz/ ﬁg%ﬂ;ﬁ%zroz (clrfs) Co-precipitation | Fixed-bed 3(] 50 | 250 223900' 4000* H, [ 350 | 80 | 55 | 444 | 239 | 131 fas]

52 (Cr:gl/a Zr“fa){ :3':22/35;(')22/0. 1 (clrf3) Co-precipitation | Fixed-bed [3%3N2] 50 | 250 137100' 4000* Ha 350 | 60 | 613 | 382 | 256 | 157 [2),(50]
CUO/ZHO/A|203/ZFOZ 230 -

53 | (50 Cu/2512Zn/22.5 Al/2.5 Zr 0.5 Co-precipitation Fixed-bed 3[-] 5.0 250 270 12000 H, 300 | 8.0 48 51.5 24.7 11.9 [21,[30]
mol%)

1 1 0,

54 a“%;g%:lfﬁi/ IV'%S'OZ 1.0 | Co-precipitation | Fixed-bed 30 2.6 | 260 | 260 3600* le%"z 270 | 2.0 | 4117 - 407 | 167 [1],151]
Cu0/Zn0/Zr0,/Al,03 200 - 10%

55 | /reduced graphene oxide 0.8 Co-precipitation Fixed-bed 3[-] 2.0 240 280 6075* Hy/N, 250 2.0 - - 14.7 11.6 (52]
(8/6/3/3/80 wt%)
CuO/ZnO/ZrOz/AI203 .

56 | (Cu/zn0/zr02/A1203= 10 | Conventionalco- | b bed 3] 30 |230| 80| 0¥ 150 | 40 | 603 -] 232 14 (53]
40/30/15/15 wt%) precipitation 250 H/N;
Cu0-Zn0-Zr0,-Mg0O/Al,03

57 (nioCI:{lraZtri]c{%(gCir//fljotgo 5.0 Impregnation Fixed-bed 3[-] 2.0 250 f;% 1400* H, 350 6.0 36.0 61.61 | 12.12 4.36 [54]
wt% )
Cu0/Zn0O/Al,03-(CHT-F) 15 230 -

58 | (41.34 Cu/21.09 Zn/8.14 ’ 3 Co-precipitation Fixed-bed 3[-] 5.0 270 4000* H, 330 8.0 43.7 56.3 23.7 10.3 [55]
AI/0.7 F wt%) (cm?) 270
Fluorine-modified

59 CuO/;nO/AI203/Zr02 L5 Co-precipitation Fixed-bed 3[-] 5.0 250 200- 4000* H, 330 8.0 53.5 - 211 11.3 [56]
[atomic ratio: (cm3) 300
CuZ*/ZnZ+/(AR++Zr4)= 2/1/1]
CuO/ZnO/AI203/MnOz 230-

60 | (50 Cu/252Zn/22.5 Al/2.5 Mn 0.5 Co-precipitation Fixed-bed 3[-] 5.0 250 270 12000 H, 300 8.0 43 56.5 22.3 9.6 [2],[30]
mol%)
CUO/ZHO/A|203/L3203 230 -

61 | (50 Cu/2512Zn/22.5Al/2.5La 0.5 Co-precipitation Fixed-bed 3[-] 5.0 250 270 12000 H, 300 8.0 43.8 55.7 23.3 10.2 [2],[30]
mol%)
CUO/ZI’]O/A|203/C802 230 -

62 | (50 Cu/252Zn/22.5 Al/2.5 Ce 0.5 Co-precipitation Fixed-bed 3[-] 5.0 250 270 12000 H» 300 8.0 45.9 53.6 23.6 10.8 [2],(30]
mol%)
Cu0/Zn0O/Al;,03/Y,03 230 -

63 | (50 Cu/25Zn/22.5Al/2.5Y 0.5 Co-precipitation Fixed-bed 3[-] 5.0 250 270 12000 H, 300 | 8.0 47.1 52.4 26.9 12.7 [21,[30]

mol%)




10%

64 | CuO/Zn0/Zr0,/Al;03/Ga,03 1.0 Co-precipitation Fixed-bed 3 [ 5.0 250 250 18000 Ha/He 250 - - - - 12.2 [11],[41]
2
3.4 10%
65 | CuO/Zn0/Zr0,/Al;03/Ga,03 1.0 Co-precipitation Fixed-bed [(3% 5.0 250 250 10000* ’ 250 - - - - 21 [11],[41]
CO)] Hz/He
300
66 (Cg“405/5;fé§;2105vt% ) (clr.r183) Co-precipitation | Flow reactor | 3[-] 13 [340| to 3600* H, 300 | 60 | 148 | 732 | 11 16 (1)
’ ’ 380
67 54”73227'}2@ '\fi()) (lea) Co-precipitation | Flow reactor 3] 13 | 240 12‘;%' 3600* Ha 300 | 60 | 412 | 589 | 307 | 126 (1]
Cu0/Zn0O/TiO 150-
68 (3“0 /éor} 4é V'th ) 0.5 | Co-precipitation | Fixed-bed 40 10 | 240 | o 9200 - - - 219 | 781 - 3.4 [111,(57]
Cu0/Zn0/Zr0; Reverse co- . 220-
. - - . - . . - . . 58
69 (40 Cu/30 Zn/30 Zr mol %) 0.25 precipitation Fixed-bed 3[-] 2.0 240 280 H, 300 4.0 32.3 13.2 4.3 [58]
YA YA 1. 160 -
70 54“7327'}?{ V\r/?";; ) (Cm83) Co-precipitation | Fixed-bed 30 1.3 | 220 26800 3600* H, 300 | 6.0 | 599 | 384 | 291 | 174 (1]
Cu0/Zn0/Zr0, Glycine-nitrate . 180 - " 10%
. - - . . . - . 71,159
71 (50/20/30 wt%) 0.5 combustion Fixed-bed 3[-] 3.0 220 280 3600 Ha/N; 300 3.0 71.1 12 8.5 [7),159]
Cu0/Zn0/Zr0; Urea-nitrate . 180 - * 10%
. - - . . . - . 71,60
72 (50/20/30 wt%) 0.5 combustion Fixed-bed 3[-] 3.0 240 280 3600 Ha/N; 300 3.0 56.2 17 9.6 [71,[60]
Cu0/Zn0/Zr0, Citrate . " 10%
. - - . . . . . . 61
73 (20/70/10 wt%) 1.0 decomposition Fixed-bed 3[-] 2.6 240 240 3600 Ha/N, 250 2.0 45.8 54.2 329 15.1 [61]
Surfactant-
Cu0/Zn0/Zr0, . . 3 * 10%
. - - . - . . - . . 62
74 (50 Cu/20 Zn/30 Zr mol%) 0.5 a55|s.te.d cF) Fixed-bed [12% N5 3.0 240 3600 Hy/N, 300 3.0 54.1 12.1 6.5 [62]
precipitation
Cu0/Zn0/Zr0, Reverse . 3 180 -
. - . . - . . 63
75 | (43.2/14.5/2r0, wi%) 05 | Coprecipitation Fixed-bed seng | 50 [ 220 a0 8800 H, 300 | 1.0 64 224 | 143 (63]
Citrate
Cu0/Zn0/Zr0, . . 3 160 - 7%
. - . - - - - ) 64
76 (62.4/25/12.6 wt %) 2.0 decomposition Fixed-bed [12% N5 8.0 220 240 Hy/N, 61 8 4.9 [64]
method
precipitation-
Cu0/Zn0/zr0, 1.0 . . 230 - «
- - . . . . . 9],(65
77 (60 Cu/30 Zn/10 Zr mol%) (cm?) reduction Fixed-bed 3[-] 5.0 270 270 4600 H, 230 4.0 56.8 43.2 23 13.1 [9],[65]
method
Cu0/Zr0,/Zn0 Deposition-Co- . 220 -
. - - . . - . . 2],[31,[5
78 (36/54/10 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO, +H, | 240 3.0 58 133 7.7 [21,[31,5]
79 53“705/523/;; C;th% ) 0.125 | Co-precipitation | Fixed-bed 3] 50 | 260 2;200' 10000* H, 300 | 12 50 50 | 196 | 9.8 (66]
10%
Cu0/Zn0/Zr0,/MnO Complexing with . 180 - " 200,
. - - ! - - - 71,175
80 (65/23/9/3 wt%) 2.0 citric acid Fixed-bed 3[] 8.0 220 250 3300 Ha/N>, 350 15,2 31 [71,[75]

CO,+H,




Cu0/Zn0/Zr0,

o . 180 - 10% | 200,
81 | (23.8 Cu/34.6Zn/8.0 Zr/33.7 2.0 Co-precipitation Fixed-bed 3[-] 8.0 220 250 3300* Hy/N 350 15,2 68 - 21 14.3 [71,167]
O atom %) A2
Cu0/Zn0/Zr0; Reverse co- . 3[10% 180 -
. . . . - . . 71,168
82 | (15.1/a1.8/03 1 i) 05 | redpitation Microreactor |~ 30 | 240 | o 4400 H, 300 | 1.0 | 484 175 | 85 [71,168]
Cu/Zn0/zr0, o _ 10%
) , B . . - - - - i 11],[12
83 (50/40/10 wt %) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 250 18000 Hy/He 250 10.4 [11],[12]
Cu0/Zn0/Zr0; Reverse co- . 3 160 -
. . . - - . . 71,169
84 (31.6/24.0/44.4 Wt%) 0.5 precipitation Microreactor [10% Ny 1.0 200 200 8800 H, 300 1.0 3.2 2.1 [71,[69]
Cu0/Zn0O/Zr0, Solid-state . " 10%
; ; - . ; . ; . . 24],[70
85 | 150 Cu/20 20/30 2+ mol%) S Fixed-bed 3] 3.0 | 240 3600 N, | 300 | 30 58 157 | 9.1 [241,[70]
Cu0/Zn0/Zr0, 0.5 | Oxalate co- . " 5%
- - . . . - . . 71
86 | (45Cu/as 20710 Zr mol%) () | orecipitation Fixed-bed 3] 20 | 240 | 240 3600 wyar | 240 | 100 | 384 185 | 7.1 [(71]
Zr0,/Cu0/Zn0 . 0
87 | (33.1Cu/32.3Zn/13.52r 1.0 | Successive Fixed-bed 30 50 | 250 | 210 4000* 5% 260 | 6.0 | 60.45 | 3955|2641 | 16 [131,1141,15]
Wt%) (cm3) | precipitation 270 H2/N,
(]
Cu0/Zn0/zr0,
o . 230 -
88 | (Cu/Zn/Zr:34.1/31.6/6.9 1.0 Co-precipitation Fixed-bed 3[-] 2.0 250 270 - H, 300 | 4.0 29.3 - 19.4 5.7 [20],121],[72]
wt%)
Cu0/Zn0/Zr0;
Gel-oxalate 3 180 -
8/27.7/15.5 wt? 12 Fixed- 0 |24 10000* H L 12 | 48 1 2 73
89 | (56.8/27.7/15.5 wt%) 0.125 | o ipitation ixed-bed aogny | 30 0| Suo 0000 2 300 0| s 8.6 8 9 (73]
Cu0/Zr0,/Zn0 o . 140 -
. - - - . - . . - . . 74
90 (35 Cu/35 2r0/30 ZnO Wit%) 0.5 Co-precipitation Fixed-bed 3[-] 0.9 200 260 H, 250 1.0 47.5 5.86 2.8 [74]
10%
Cu0/Zn0/Zr0/Mn0O Co-precipitation . 180 - 200
1 2. F - - d 22 * H,/N " | 15,2 - - - 71,175
9 | (65/23/9/3 wit) 0 | as carbonates ixed-bed 30 8.0 01 259 | 3300 : 5/ | 350 > 30 17s]
2 2
0,
g | CUO/Zn0/Zr0:/B;05 2.0 | Co-precipitation | Fixed-bed 3] 80 | 220 B9 | 3300 Hl% 200, 1 1o 5 - ; ; 35 [71,175]
(65/23/9/3 wt%) : precip : 250 | 350 | g
2 2
1 0,
93 | CUO/Zn0/Zr0+/In0s 2.0 | Co-precipitation | Fixed-bed 3] 80 |220] 8| 3300% H %0 200, 45 5 | - - 9.0 (71,1751
(65/23/9/3 wt%) : precip : 250 | 350 | : ’
2 2
0,
gq | CUO/Zn0/Zr0/Gd;0s 2.0 | Co-precipitation | Fixed-bed 3] 80 | 220 B9 | 3300 Hl?l\f 200, 1 1o 5 ; ; ; 31 [(71,175]
(65/23/9/3 wt%) : precip : 250 N2 35g | 4 '
COy+H,
1 0,
g5 | CUO/ZnO/Zr0:/¥:05 2.0 | Co-precipitation | Fixed-bed 30 80 |220| 8| 3300% H % 200, | 45 5 - - - 38 (7175]
(65/23/9/3 wt%) : precip : 250 c é +|f|’ 350 | '
2 2
Cu0/Zn0/Ti0,/ZrO, Oxalate co- . 3 200 - 10%
. - . . . - . . 9],[76
9 | (40/40/10/10 moi%) 05 | ecinitation Fixed-bed aasny | 30 | 240 g 2400 A | 300 | 30 | 438 174 | 76 (91,761




Cu0/Zn0/Zr0,/Ce,03

- 0,
97 | (65.3 Cu/26.3Zn0/4.5 2.0 Decomposition Fixed-bed 03 8.0 220 160 - 7% - - 69 - 15 10.3 [64]
Zr0,/3.9 Ce;,05 wt%) [12% N2] 240 Ha/N,
Cu0/Zn0/Zr0,/La,03 o
98 | (65.3 Cu/26.3Zn0/4.5 2.0 Decomposition Fixed-bed 03 8.0 220 160 - 7% - - 70 - 17 11.9 [64]
2r02/3.9 La,03 wt%) [12% N 240 Ha/N:
Cu0/Zn0/Zr0,/Cr,03 0
99 | (65.2 Cu/26.3Zn0/7.7 2.0 Decomposition Fixed-bed 03 8.0 220 160 - 7% - - 68 - 18 12.2 [64]
Zr0,/0.7 Cr,03 wt%) [12% N2] 240 Ha/N,
Cu0/Zn0/SiO; . . 2
. - . . 0.9 11),[77
100 (5 Cu/5 Zn/90 Si wt%) 1.0 Impregnation Fixed-bed (10% Ar] 3.0 220 220 6000 H, 700 4.0 70 30 [11],[77]
Cu/Zn0/Si0, . . 2
. - . . . . 0.3 11],[77
101 (5 Cu/5 Zn/90 Si Wt%) 1.0 Alkoxide Fixed-bed [10% Ar] 3.0 220 220 6000 H, 700 4.0 90.6 9.1 [11],[77]
Cu0/Zn0/Si0;
102 | (11.75Cu/5.45Zn/82.8 Si 0.7 - Fixed bed [3‘VaN ] 5.0 270 225700- 6000 H, 280 6.0 61.8 - 11.9 7.4 [78]
wt%) o
Cu/Zn0/Cr,03 . . 10%
. - - - . 250 250 18000 250 - - - - 9.4 11],[12
103 (50/45/5 wt %) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 Hy/He [11],[12]
0.2-
Cu/Zn0/Cr,03 L . 220- diluted
. - 7[- . 2 * - . 1 18.1 1. 2],[79
104 (34.7/44.5/20.8 Wt%) ?nga) Precipitation Fixed-bed 2.7 [-] 2.0 65 (100 6000 syngas 350 8.9 9 8 6 [2,[79]
Cu0/Zn0O/TiO; e . 3 200 - % 10%
. - - . . 17 8.1 80
105 (45Cu/45Zn/10Ti mol %) 0.5 Co-precipitation Fixed-bed [12% N5 3.0 233 780 2400 Hy/N, 300 3.0 48 [80]
CuO/Zn0O/TiO, Conventional co- . 190 - "
- - . . . . . 81
106 (30/35/35 wt%) 3.0 precipitation Fixed-bed 3[-] 7.0 220 220 2000 H, 350 0.5 77.8 22.1 25.8 20.1 [81]
Cu0/Zn0/rGO Modified . 200 -
2 F - - 1. 2 2400* H 2. i . 2 1. 91,82
107 (Cuzn= 10 wt%) 0.25 Hummers ixed-bed 3[-] 5 50 300 00 2 350 0 5 33.9 6 3 [9],[82]
Cu0/Zn0/SiO; . . 250 - 10%
- - . . . . . 71,183
108 (5 Cu/5 ZnO wt%) 0.5 Impregnation Fixed-bed 3[-] 2.0 270 270 18000 Hy/He 300 2.0 47.2 51.8 2.0 0.9 [71,[83]
Cu0/Zn0O/Cr,03 L . 170 - 1% H, in
- - - . . . . 11],(84
109 (molar ratio: 6/14/5 ) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 320 3000 N, 250 12 63.3 36.7 25.6 16.2 [11],[84]
CuO/Al,03 Deposition— . 220 -
. - - . 24 171 H 24 1. 47 - . 1.7 2],[31,[5
111 (40/60 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 0 280 00 CO, +H; 0 0 3.6 [21,[31,[5]
CuO/Cr,0s-Al,03 Deposition— . 220 -
. - - . . - .6 4.7 2],[31,[5
110 (40/60 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO,+H; | 240 1.0 49 9 [2,(31,[5]
Cu0/Zr0,/Al,03 Deposition-Co- . 220 -
. - - . 2 171 2 1. 2 - 1 . 2],3LI5
112 (36/54/10 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 40 280 7100 CO, +H; 40 0 6 3 8.0 [21,[31,[5]
Cu0/Zr0,/Si0,-Al,03 Deposition-Co- . 220 -
. - - . . - 12 . 2],13L15
113 (36/54/10 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO,+H, | 240 1.0 61 7.3 [2,[31,[5]
Cu0/Zr0,/Cr,05-Al,03 Deposition-Co- . 220 -
. - - . 40 1.0 63 - 11.7 7.3 2],[31,[5
114 (36/54/10 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO,+H; | 2 [21,[31,5]




Cu0/Zr0,/W0s-Al,03 Deposition-Co- . 220 -
. - - . 17100 CO,+H 240 1.0 65 - 10.2 6.6 2],[3),[5
115 (36/54/10 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 2 2 [21,[31,[5]
Cu0/Zr0,/Si0,-Mg0 Deposition-Co- . 220 -
. - - . 17100 CO,+H 240 1.0 62 - 11 6.8 2],[31,[5
116 (36/54/10 wt%) 0.7 precipitation Fixed-bed 4[-] 5.0 240 280 2+ Hy [21,131,15]
L3203/CuO/ZrOz
(La= 5 molar %, La/Cu/Zr= Urea-nitrate . 3 200 - " 10%
. - . 300 3.0 66 34 6.2 4.3 85
Y171 4 8/47.6/47.6 atom %, molar | °° | combustion Fixed-bed mawng | 20 [ 220 280 3600 Ha/N> (8]
ratio: Cu/Zr=0.55)
CuO/Zr0, Deposition— . 220 -
. - - . 0 1.0 68 - 9.7 6.6 2],[31,[5
118 (40/60 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO,+H; | 24 [2),[31,[5]
CuO/TiO; Deposition— . 220 -
. - - . 1. - . 4, 2],3L15
119 (40/60 wt%) 0.7 precipitation Fixed-bed 41-] 5.0 240 280 17100 CO,+H; | 240 0 59 6.9 0 [21,[3L,[5]
Cu0/Zr0, 0.25 | Deposition— . 220 - "
- - . - - - 48.8 - 6.3 3.0 20],[86],[87
120 (30/70 wt%) (cm?) | precipitation Fixed-bed 3[-] 2.0 240 300 5400 [20],[86],[87]
Cu0-Zr,03/y -Al,05 2.0 . X 240 - «
- . H . 14. 79.4 16. 2.4 71],(88
121 (12 Cu/10 Zr wi%) (cm?) Impregnation Microreactor 3[-] 3.0 260 260 3600 2 300 3.0 6 9 6.5 [71],[88]
CUO—V/ V-A|203 2.0 . . 220 - %
- . H . 24 2 4, 71],[89
122 (12 Cu/6 V wt%) (cm?) Impregnation Microreactor 10 [-] 3.0 240 780 3600 2 300 3.0 55 0 8 [71],89]
Zn0-Cu0/Si0, 220 -
123 | (weight ratio of Cu/SiO, : 0.25 | Physical mixture Flow reactor 3[-] 1.25 | 250 780 - H, 250 2.0 - - - 1.8 [71,190]
Zn0/Si0; = 0.25:0.25 gr)
Cu0/MgO-TiO, 3 180 - 10 %
124 | (MgO-TiO2= 1% wt, 11 Cu/28 0.5 Impregnation Fixed-bed [10% N.] 3.0 220 260 4800* H /Aor 300 3.0 379 - 5.2 1.97 [9],[91]
Mg/86.2 Ti atom %) o2 2
. — . 180 - 0.13**
125 | Cu/ZrO; (from Cu;Zr3) 1.2 In-situ activation Fixed-bed 3[-] 1.5 260 220 CO,+H, | 280 - 41.6 58.4 9.1 3.8 [2],[92]
CuO/TiO, . . 150 -
, - - - . 2 - - - 42. 7. - 1.4 11],[56
126 (CuO= 30 wt%) 0.5 Co-precipitation Fixed-bed 41-] 1.0 240 260 9200 5 57.5 [11],[56]
Cu0/zr0O; 1.0 Impregnation- .
- - . 5400* H 250 3.0 83.48 16.52 13.6 11.3 93
127 (mass ratio: 27/70) (cm3) | precipitation (IP) Fixed-bed 30 2.0 250 250 2 53]
1.0 Complexation . 180 - 5% 200
F - - . 2 * ¢ 2 14 1 12. 94
128 | CuO/zrO, (I1) (cm?) | with citric acid ixed-bed 3[-] 8.0 60 260 3600 Hy/N, 350 3, 86 5 9 [94]
Cu0/zr0O, . . 140 -
. - - - . 4 H 2 1. 1 46. - 1. 11],[95
129 (Cu= 50 wt%) 0.5 Co-precipitation Fixed-bed 3[-] 0.9 220 300 800 2 50 0 53 6.9 9 [11],[95]
1.0- . . 110 -
130 | CuOQ/CuCr,04 15 Impregnation Fixed-bed 1[] 3.0 110 180 - H, 300 2.0 50.88 - 7.36 3.74 [96]
CuO/a-Zr0, Incipient wetness . 220 -
131 . - - . 2 - 4.0 57.8 - 5.1 2.9 97
3 (Cu= 10 wt%) 0.5 impregnation Fixed-bed 3[-] 3.0 40 280 H, 300 [97]
Cu0/Zr0; o . 200 - 50%
. - - - . - 260 3.0 71 - 6.55 4.6 98
132 (50 Cu/50 Zr wtd%) 1.0 Co-precipitation Fixed-bed 3[-] 1.7 220 260 Ha/N, (98]




CuO/Zr0O,-CNFs Deposition Slurry
. - . - . - . 99
133 (15 Cu0/15 ZrO, wt%) 0.5 precipitation reactor 30 3.0 180 180 Ha 380 6.0 67 10 6.7 9]
CuO/Zr0O,/CNTs-N . o
134 | [(CNTs= 2.98 wt%), mass 05 Dfepc?‘c‘;:;?on Fixed-bed [S;’N || 30 | 260 222600 3600 HS//;r 240 | 6.0 - - 115 | 86 [100]
ratio: 10/40/50] precip o N2 2
CuO/ZnO/Cr203/AI203/Ga203 3
(38.1 Cu/29.4 Zn/1.6 Intrinsic uniform . o 230 - " 1% H, in
- - d . . . - . 11],[101
135 Cr,05/13.1 ALO3/17.8 Gay0s gelation Fixed-bed [(3% 8.0 270 310 18800 N, 250 4.0 86.6 13.4 21.3 [11],[101]
Co)l
wt%)
Cu0/Zn0/Zr0,/Ga, 03 L . 190 - 10%
. - - - . . . 102
136 (50/15/32/3 wt% ) 0.2 Co-precipitation Fixed-bed 3[-] 7.0 250 300 15000 Ha/N; 300 1.0 72 28 22 15.8 [102]
Cu0/Zn0/Zr0,/Ga203 Complexing with . 180 - * 10%
. - - . . - - - 71,167
137 (65/23/9/3 wt% ) 2.0 citric acid Fixed-bed 3[-] 8.0 220 250 3300 Ha/N; 200 | 15.0 41 [71,[67]
Cu0/Zn0/Zr0,-Ga,03 . . 180 - * 10%
- - - 4 . - - - 71,167
138 (65/23/9/3 wt% ) 2.0 Co-precipitation Fixed-bed 3[-] 8.0 220 250 3300 Ha/N, 200 | 15.0 42 (71,167
Cu0/Zn0/Zr0,/Ga,03 . . 3 160 - 7%
1 2. D F - . 24 - - - 71 - 17 12 64
39 (65.3/26.3/4.5/3.9 Wt%) 0 ecomposition ixed-bed (12% N 8.0 0 240 Hy/N, [64]
Cu0/Gay03/Zn0O . . 250 - 10%
. - - . . . . . . 71,(84
140 (6.8 Cu/2.5 Gay0s Wt%) 0.5 Impregnation Fixed-bed 3[-] 2.0 270 270 18000 Hy/He 300 2.0 55.5 44.4 2.0 11 [71,184]
Cu0/Ga03/Zn0O . .
- 250 - H2, 109
141 | (5.6 Cu/91.7Zn0/2.7 Ga,05 | 0.5 g?;'gf;gf:;aet'm Fixed-bed 3] 20 | 270 25700 18000 | /|-(|) e/ 300 | 80 | 88 12 | 60 5.3 (78]
wt%)
Cu0/Ga,03/Zn0 Progressive . 250 - 10%
. - - . . . . . . 103],[104
142 (5.6 Cu/2.7 Gas05 Wt%) 0.5 impregnation Fixed-bed 3[-] 2.0 250 270 18000 H,/He 300 2.0 88.1 11.1 4.6 4.0 [103],[104]
Cu0/Zn0/Ga,03 220 - 10%
143 | (50 Cu/25 Zn0O/25 Ga,03 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 280 18000 H /Hoe 250 - 53.2 46.8 - 115 [11],[12]
wt%) 2
Cu0/Zn0/Ga,03 Microwave- . 250 - " 10%
. - - d . - - . . 9],[105
144 (16.6 Cu/4.9 Ga wt%) 0.15 assisted Fixed-bed 3[-] 3.0 270 270 3000 Ha/Ar 300 3.0 15.8 29.3 [9],[105]
Cu0/Zn0/Ga,05/Si0; 250 - 10%
145 | (4.7 Cu/ 2.3Zn0/1.5 Ga,03 0.5 Impregnation Fixed-bed 3[-] 2.0 270 270 18000 H /Hoe 300 2.0 99.5 - 5.6 5.6 [84]
wt%) 2
Cu0/Zn0/Gay03/Si0; . . o
146 | (4.5 Cu/2.0 Zn0/1.6 Ga,0s 05 g;’%”;g:gi’;f'on Fixed-bed 3] 20 | 270 225700 18000 sz /1: :’ 300 | 8.0 76 24 | 34 26 (71,81
wt%)
Cu0/Zn0/Gay03/Si0; -
250 - 109
147 | (4.7 Cu/2.3 ZnO/1.5 Ga;0; 05 :;C'Fr’fr:azs:]”ess Fixed-bed 3] 20 | 250 25700 18000 ¥ %’e 300 | 2.0 | 971 - 2.8 2.7 [103],(104]
wt%) preg 2
Ga203/CuO/Zr02
. . Plug-flow 34 250 -
=7. 9 . . * . - . . 106
148 | (Gay03=7.7 wt%, atomic 0.1 ion exchange (IE) microreactor | [3% He] 3.0 250 780 12000 H, 280 2.0 70 1.85 1.3 [106]

ratio: Ga/Cu=2/1)




CuO/Ga203/Zr02

149 | [37.5Cu/12.8 Zr/43.80/ 30 | Deposition= Fixed-bed 3] 20 | 250 | 250 2500* H, 250 | 3.0 | 7559 | 24.41 | 1371 | 103 (107]
copreapltatlon
(5.9 Ga/B) wt%]
PdO-CuO/ZnO/A|203 160 - 10%
150 | (9.2 Pd/40 Cu/21.6 Zn/4 Al - Impregnation Fixed-bed 30 40 [200| ° 0 23809 y /,\;’ 280 | 2.0 92 - 2.3 2.1 [24], [108]
wt%) 2/N2
PdO/Cu0O/Zn0O Sequential . 180 - 10%
- - - . 240 2.0 66.2 - 9.19 6.0 24],[109],[110
151 (2/28/70 wi% ) *recipitation Fixed-bed 30 60 |240| © 14800 e [241,109],[110]
Pd0/ZnO/Al0s o _ 3 190- | 0.6** 20%
152 | (Molar ratio: Pd/M2*/M3+= 0.4 Co-precipitation Fixed-bed (4% Ar] 3.0 250 275 Ha/He 250 2.0 60 - 0.6 0.4 [104],[111]
1.0/69.5/29.5) ’ 2
PdO-Cu0/Zn0O/Al,03 160 - 10%
153 | (3.7 Pd/42.2 Cu/23.3Zn/4.8 - Impregnation Fixed-bed 30 4.0 | 200 23809 ] 280 | 2.0 91 - 3.1 2.8 [108]
200 Ha/N;
Al wt%)
Cu0/B,03/Zr0, Deposition— .
154 ) Fixed- - 2. 2 2 2500* H 2 ) 7.2 2.74 | 1583 | 106 107
> 2a1cun1zifeasowts) | >0 | coprecipitation ixed-bed 30 0 | 250 | 250 >00 2 0| 30 | 6726 13 (07]
0.2- .
155 | N®20/PdO-CUO/ZnO/Cra0s | (0 1) o ation Fixed-bed 2701 20 | 265 | 2% | gooox | dlMted | 30| . 122 | 873 | 184 | 22 [21,179]
(Na=0.1, Pd= 2.8 wt%) (cm?) 320 syngas
Cu0/Zn0/Zr0,/PdO 3 160 - 7%
156 | (65.2 Cu/26.3 ZnO/4.5 2.0 Decomposition Fixed-bed (12% N 8.0 240 240 - H /;; - - 73 - 17 12.4 [64]
Zr0,/3.9 PdO wt%) i A4T2
Pd0O(0.34)-Cu0/SiO, 3 180 -
157 | (0.92 Cu/0.44 Pd/31.22 0.2 | Co-impregnation | Fixed-bed (4% AT 41 250 | o0 3600 H, 300 | 2.0 31 69 6.7 2.1 [104],(112]
Si/3.27 C/64.15 O atom %) ’
PdO/ZnO Deposition— . 250 - 50%
1 1. Fixed- - . - 2. - - 13.7 7.8 [113],[114]
%8 | (Pd=5 wt%) 0 | precipitation ixed-bed 30 3913001 50 Hy/He | 300 | 20
PdO/ZnO Sol- ) 150 - 5%
) - - . - ) 40 11.1 6.5 113
159 (Pd= 5 wt%) 05 | - bilisation Fixed-bed 30 20 | 250 | oo Ho/Ar 400 | 1.0 59 [113]
PdO/ZnO o . 10%
. - - - . 2 - 7. 2. 13. 2 103],[115
160 (Pd= 10 wi%) 1.0 | Co-precipitation | Fixed-bed 30 50 | 250 | 250 18000 /e 50 375 | 62.3 3.8 5 [103],[115]
PdO/ZnO Inverse co- 210
161 - 5€ Co Fixed-bed 9[- 0.1 | 190 | 190 3000 H, to - 135 | 86.5 - 0.14 [11],[116]
(Pd=19 wt%) precipitation 250
PdO/ZnO-CNTs 3 230 S0
162 | (Pd= 16 mass %, molar ratio: 0.5 Incipient wetness | Fixed-bed 3.0 250 1800 N 500 6.0 99.6 - 6.3 6.3 [20],[21],[117]
(8% N, 270 Ha/N2
Pd/Zn=0.1/1)
. . 3 o
163 | P4O/y-alumina .| Incipient Fixed-bed (3% 80 |250| 2207 | 1sgoox | °M2IN | 950 | 40 | 843 | 149 | - 22 [11,{101]
(Pd=1 wt%) impregnation co)] 290 N,
164 | LaMno.4Cuo.sZnosO 1.5 | Sol-gel Fixed-bed 30 50 | 270 | 270 3800* H, 350 | 8.0 | 50.43 | 47.93 | 9.09 4.6 [118]




165 | LaMng.3Zng.1Cuo60y 1.5 Sol-gel Fixed-bed 3[-] 5.0 270 270 3800* H, 330 8.0 54.5 44.5 13.1 7.1 [119]
166 | LaCug.7Zno.30x« 2.0 Sol-gel Fixed-bed 3[-] 5.0 250 250 3600* H, 350 8.0 57.9 39.5 6.4 3.7 [120]
167 | Laop.gCeo.2Cup.7Zno 30« 2.0 Sol-gel Fixed-bed 3[-] 5.0 250 250 3600* H, 350 8.0 63.3 34.9 8.1 5.1 [120]
168 | Lao.sMgo.2Cuo.7ZNno.30« 2.0 Sol-gel Fixed-bed 3[-] 5.0 250 250 3600* H, 350 8.0 65.2 33 9.1 5.9 [120]
169 | Lao.sZro2Cup.7Zno 30« 2.0 Sol-gel Fixed-bed 3[-] 5.0 250 250 3600* H, 350 8.0 52.5 46 12.6 6.6 [120]
170 | Lao.gY0.2Cu0.7ZNnp 30« 2.0 Sol-gel Fixed-bed 3[-] 5.0 250 250 3600* H, 350 8.0 59.6 37 5.0 3.0 [120]
La,03/Cu0/Zn0O
171 | (La/Cu/Zn: atomic ratio= 1.5 Co-precipitation Fixed-bed 3[-] 5.0 270 270 4000* H, 350 8.0 39.5 59.5 15.6 6.1 [121]
1/1/0.5)
172 | LaCrgsCups03 0.5 Sol-gel Fixed-bed 3[-] 2.0 250 235000_ 9000 H, 350 2.0 90.8 5.5 10.4 9.4 [122]
AgZO/ZnO/AIZOg,
173 | (Ag =10 wt%, atomic ratio: 1.0 Impregnation Fixed-bed 3[-] 5.0 250 250 6000 H, 350 - 75 25 - 3.8 [11],[123]
Ag/Zn0O=1)
AgzO/ZnO/G3203/A|203 . .
. - - 5.0 250 250 6000 H 350 - 82.6 17.4 - 5.9 11],[123
174 (10 Ag/2 Ga wt%) 1.0 Impregnation Fixed-bed 3[-] 2 [11],[123]
Ag,0 /Zn0/zr0O; 180 - 10% 200
175 | (5.4 Ag/24.52Zn/9.9 Zr/60.2 2.0 Co-precipitation Fixed-bed 3[-] 8.0 220 3300* ? to 15 97 - 2.0 1.9 [71,[68]
250 H2/N,
0, atom %) 350
3 150 -
_ 0 ) ) S — . . . R . - 2 4. 124
176 | Auz03/ZnO (Au= 5 atom %) Co-precipitation Fixed-bed [10% Ar] 5.0 250 400 3000 48.8 8 0 [124]
AU203/CUO/ZHO/A|203 Rapid 200 -
177 | (Au=1 wt%, mole ratio: 0.2 repci itation Fixed-bed 6 [-] 6.0 260 260 7000* H, 300 2.0 - - 28 16.6 [125]
Cu/zn/Al = 4/1/1) precip
8.0
AUzOg/FEzO3 .. . . 3 150 - 1 vol%
. - - . 250 3000 250 t 29.3 69.6 18.4 5.4 126
178 (Au= 5 atom %) 1.0 Co-precipitation Fixed-bed [10% Ar] 5.0 400 Ha/N, 1c2> [126]
Au,05/TiO Deposition 3 150 1vol% 8.0
17 NN 1. k Fixed- . 2 i ° ]2 . 75.3 | 186 1.2 126
9| (Au=2 atom %) O | precipitation xed-bed moward | >0 | 20| 400 3000 Ha/N> >0 ;‘2’ 65 (126]
Au,03/ZnFe,0 3 150 1 vol% 8.0
2V3, 2Y4 . . . - (]
. - - . 300 3000 250 t 24.4 74.6 20.1 4.9 126
180 (Au= 5 atom %) 1.0 Co-precipitation Fixed-bed [10% Ar] 5.0 400 Ha/N, 1c2> [126]
Pt02/MgO . . 260 -
181 - - 1[- 1. 260 - H 400 2.0 78.5 - - - 103],[127
8 (Pt= 2 Wit%) Impregnation Fixed-bed [-] 0 300 2 [103],[127]
[PtO2-W]/SiO, . . 200-
. - - . 240 2240 H 400 2.0 86.6 13.4 4.0 3.4 24],[128
182 (2.0 Pt/1.9 W wt%) 0.2 Impregnation Fixed-bed 3[-] 3.0 300 2 [24],[128]
[PtOz—Cr203]/Si02 . . 200-
. - - . 200 2240 H 400 2.0 51.1 48.9 2.2 1.1 24],[128
183 (2.4 Pt/0.6 Cr wt%) 0.2 Impregnation Fixed-bed 3[-] 3.0 300 2 [24],[128]




)
184 :Dldoo/g(G)avf/('z’j) 1.0 Co-precipitation Fixed-bed 3[-] 5.0 250 250 18000 Ij(;lfe 250 - 51.5 47.9 19.6 10.1 [104],[115]
(] 2
Ga;05-PdO/SiO0; Incipient wetness 5%
185 | (2.6 Ga/2 Pd wt%, atomic 05 | .nCP ! Fixed-bed 30 30 | 250 | 250 7800* ? 450 | 2.0 70 28.2 - - [129]
ratio: Ga/Pd= 2) impregnation Ha/Ar
PdO/B-Ga,03 . Glass-lined-S " 5%
- - . . . . 130
186 (Pd= 1 wt%) Impregnation microreactor 3[-] 3.0 250 250 8200 Ha/Ar 450 2.0 52 48 0.86 0.4 [130]
PdO/CeO; Conventional . 250 - " 10%
- - - 131
187 (Pd= 3 wt%) impregnation Fixed-bed 3[-] 2.0 250 300 3600 Ha/N; 300 1.0 27.7 67 4.03 1.1 [131]
PdO/Ce0; . . 200 - 0.1%*
. - - . . . . . . 132
188 (Pd= 4 wt%) 0.5 Impregnation Fixed-bed 9[-] 3.0 230 260 H, 500 1.0 92.1 7.0 7.9 7.3 [132]
189 (P;dci/ll\?vi%) 0.5 Impregnation Fixed-bed 3[-] 3.0 230 220600- 0.1%* H, 500 1.0 84.9 7.7 4.7 4.0 [133]
Pd- peptide/In,03 Incipient wetness . 200 - 10%
. - - . . - 134
190 (Pd= 45 wt %) 0.1 impregnation Fixed-bed 4[-] 5.0 300 300 21000 Hy/N, 200 1.0 70 20 14 [134]
PdO/In,03 Thermal 3 190 - ek 5%
. d . - . d 135
191 (molar ratio: 1/1) 10 decomposition S [4% Ar] 20 190 270 18900 H,/N, 210 2.0 96 36.9 2254 (1331
PdO/CaO/SBA-15 Incipient wetness . 3 0.16**
- - . - . . . 113],[33
192 (4 Pd/0.5 Ca wt%) impregnation Fixed-bed [4% Ar] 4.1 250 H, 300 2.0 39 61 6.0 2.3 [113],[33]
S . 5 200 - 10%
. - - . - - . 136),[137
193 | CuO/Mo,C 0.2 Co-precipitation Fixed-bed (10% Ar] 2.0 300 300 CH4/H, 700 17 38 19 3.2 [136],[137]
. L . 5 200 - 10%
] - - . - - . . 136),[137
194 | NiO/Mo,C 0.2 Co-precipitation Fixed-bed [10% Ar] 2.0 250 300 CH4/H, 850 6.0 29 21 1.2 [136],[137]
- 0,
195 | Co/Mo,C 0.2 Co-precipitation Fixed-bed [10; Ar] 2.0 250 230000 - C&g/A’H 850 - 5.0 24 23 1.1 [136],[137]
(] 2
Temperature- 3 220 -
196 | N,P,S-dC@Mo,C-1073K 0.25 | programmed Fixed-bed 3.0 200 3600 H, 400 3.0 91 - 19 17.3 [138]
carbonization [5% Ar] 240
197 | Iny03 0.2 Co-precipitation Microreactor [105 No] 4.0 330 235500_ 15000 - - - 39.7 - 7.1 2.8 [104]
0 N
2 200 - 259
198 | YBayCus0y (c0m3) - Microreactor 3[-] 3.0 240 20800 3600* H ?I-/Ioe 250 | 8.0 50.7 45.9 3.4 1.7 [139]
2
Re0,/Zr0O, Conventional 160 -
- - . - - - - . - - - 140
199 (7 Re/93 ZrO, Wt%) impregnation Flow reactor 4[-] 1.0 160 220 73.2 [140]
ReO,/Nb,0s5 Conventional 220 -
- - . - - - - - - - 140
200 (7 Re/93 Nb,0s wt%) impregnation Flow reactor 10 10 220 260 >2 (140l
1 -
201 ?;;ciag’:aiz)s 1.0 Co-Impregnation Flow reactor 1[-] 1.0 145 24250 2400 H, 400 2.0 42.2 - - - [141]
202 ?;;S;/Eg/i) 1.0 Impregnation Flow reactor 3[-] 1.0 240 2:000- 2400 H, 400 2.0 60.7 - - - [141]

(*) SV=(1/h), (**) F/W=(mol/g-cat.h), (***)F/W= (mL/mmol-cat.h)
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