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Current status on catalytic conversion of greenhouse gas
CO, to value-added chemicals
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(1. School of Chemistry and Chemical Engineering , Shandong University, Jinan 250100, China ;2. School of Environmental Science and Engineering , Shan-
dong University , Jinan 250100, China )

Abstract ; With the global low carbon economy era commences , the reduction and utilization of greenhouse gas becomes
a major concern in the world. The reclamation of greenhouse gas CO, and the new opportunity it brings in the research
area of carbon chemistry will become a new hot spot in the research frontier of green catalysis. In this paper, various
typical catalytic reaction pathways for enabling direct conversion of CO, to useful value-added chemicals were re-
viewed , including oxidation of saturated hydrocarbon by CO, ,synthesis of organic acids and esters with CO,. Further-
more ,some comments were made regarding the advantages and disadvantages of the catalysts involved , and their under-
lying reaction mechanisms of CO, activation by catalysis. Based on these discussions, future work in this category was
proposed. The authors believes that, the task-oriented activation of CO, is the key factor governing the whole process of
its chemical utilization, where suitable catalysts with high activity need to be developed;the exploitation of new reac-
tion media and use of new phase state CO, may greatly enhance the conversion and selectivity of the reaction and
hence deserve further investigation ;as to the direct use of CO, emitted from different practical sources, it is quite nec-
essary to develop multi-functional catalysts with desirable adsorption-catalysis activity,so as to meet the requirements
from different cases;in addition,the investigation of photocatalysis of CO,,and the characterization and simulation on
the process of photosynthesis are beneficial to both the utilization of new energy and the mitigation of greenhouse gas.
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Fig. 1 Radical mechanism of CO, catalytic
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HAHITTAMKRIRER 2P 2 HEREGY (N FR
T TR T F11 SR IV JHe i ) 194 RS b 70 348 W] A v il 1) H
W BT TN A AR R CO, A UM RER IR
Figsz 3 T RN AMEF )12 60, Darensbourg 457
RYLrR T AR S I ALY B AR ISR N | 1%
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(R(T7), (8)) P Bk, 5d i m A2 7 vk AT
B IR IR R . CO, ik 1] 518 H IR I A hl
FROIRER ((9)) 7P RN SEBRAY WA HEAT , 1SS
Il B AL A E ALY, SR I B SA AL B AT CO, &
e N AR E AR,

0

A O)KO ;

o Y (7)

0— Co, ©O

L] — Q (8)
o O

0O
R +[0 +CO, O
R

HHiT, CO, H5IE LA BFRIR TR R H 0
FHERABCA Y, X MR B AR b,
ZnBr,(py), ", Schiff i 7, {HUNFZA R A AF
FERIA G AR ) A R G kR TR , BT LA IE 223 H]
HC Al 7 el A £ 00 % e i DA RACE . Yamaguehi 5577 DA
Mg—Al X4 J&8 AL AT & IR BRIR TR | F 7K T
AITE 400 °C T Be s 3 Mg- Al B4 & b9 i ik
F, EIFE n(Mg) = n(Al)=1 : 1 B AR b,
AP ERIRAR R R 1 WO FEAH AR 90% LA L, SEEIE
B Mg—Al X4 8 b L — 1 MgO, AL O, HEALAK
IRERLY, X AT REJE Mg—Al W& | Ak o5
SEAL D EMEIFE R AE 5, B /NS DL Schiff 45
BAC &) (SalenAl-X, X = Cl, Br, OMe, Et ) / 8 B - KI
MHIREfE b AL CO, 5 R E A& LI IR Bk IR
B, BN AE AR IR R 45 1 2R AT, R R IR 98%
MRS IR 434, #2120 Bl i A AL 3 ; SalenAl-X
Hl G B B S A A W Y AR R A B S B
TF¥R, CO, X Al—O B )4 AT LA Bk B2 e 5 7240
R SOWAR ZR K A R R SO, AR I B AR Bk 12
8

%24 & AR £ ( polyoxometalates, POMs ) J& 7 —
ZEH A TiEAE CO, IR SE AP A BAIR B 2
B AL, 52 BIF 22 19 O . 1998 4F fie i
Kozik 25V JIE 52 T o — Wells — Dawson 45 #4 ) o —
[ P,W,0,M 1" Al « - Keggin %5 ¥ ) « -
[XW,,0,,M]" (X=Si,Ge;M=Co,Ni,Mn) [} POMs AJ
VITEAE R R 5 cO, A& AT A BAE T, %
R G5 Co, Wbz B2 it T "] B, 2004 4F,
Manikandan %% B YRIRIE T 4B C A = G 4546 Y

L4 )8 A MR Nay, [ WZn, (H,0), (ZnW,0,,), ] 5
DMAP (N, N ZH B ne ) Sy Hefi {5, ik Co,
S EAMBL N, 4 AR 3] T 97% 1Y CO, Ak
SR 98 %0 (14 AR flk R il 1 £ 44 5 Sun 261 HRGE T 44
BURH a—(m-Bu,N),P,W 0, (Co™ - Br)fifk3
PRI BRSO H R TE E R R R BT
R 4R A REL 5 CO, 8 A 1E I8 R e 1S 31
A R, K O Ok B [(m -
C,H,),N] XW, MO, (X = Si, Ge; M = Mn (II),
Fe(III) ,Co(II) ,Ni(II),Cu(1I) ,Zn(II) ) A LI AL —
25 CO, IR, AN 7] Ay ok 3 4 J B A AN [) 1 A
ATEPE , Mn (1), Co(I1) ,Ni(I1) ,Zn (1) &P & T
Fe(I11), Cu (I1), W3 & T & A of ¥ 4 8 B
POMs ™), Neumann %% %65 1 35 HH 505 T
[ (CeH;)NTS[SiW,, Ru(1I1) (H,0) O, ] ' Ru (1II)
XF CO, MTEALEH SR UL G215 Co,
TE R B SR S5 40N POMs Hf 4k 25 i 437 /K B it
VB RS, e e S A E R 1
J& CO, A A 5 Bk A A S ™ L 2 )5 U
wEZ R M (DFT) BF % T [(m -
C,H,),N],HPW, Co(H,0)0,, fi#fk CO, SHA L%
FIRER R, AR T SR R N ALEE, DFT 1158
FIAS B BV BE 22 (£ 117 J/mol) 5 52 6 45 4 )52 17 3k
(264 h7' 150 CHP)AERME™, B2 XA K
2 IR RS PER POMs #EfL S R, X o, %Lk
HACRI R A EZEE X,
3.3 CO, SmpH BN R

AR S R E A T IR IR A A I B D SR
TRTR PR 212 5 foe A7 W FH T 5 1) Sk L 3R Wy, — %1
et - AN BE (PO) A1 48 Bk - 348 C H ( cyclohex-
ene, CHO) JEWF I 2 AN JERIK R | A Bl R ik
PR TR 2 — AT 58 42 A 1 SRR IR BT T 8
SRR AL TR SR SR AT 98 A5

T, B0 A RARGE T AR R IR
Be & Wi fb — A ik 5 AL S = o3 R
A LGN 0,8, N G445+, 4300 LA H N
BE(PO) | I oK R T ( maleic anhydride, MA) F1°T" 4
fi ( butyrrolactone , BL) %8 = HL{K #3571 CO, A
A O (CHO) 19 = oo 3 R, a1 FT - IR
FI'H-NMR #AE, UESE T =R =Y &H 0 =
C—O—C—45H4, 23 T — S Ak ik 1 s Ak = 1, 15 5
TR,

Ren 557 il £ 7 F- 1 Co (1) 45 S AL H T
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W — S AR 5 AT A N b B A L oo R
Y1 (X10))  FERAI A T A2« Skl B 7 7 T R
fig , VEPEVER 98% .

co
JAYNE A :
HC O e T pep)
0 CH,
£ SRR Sty
o o cu ¢ T (1)
I CH,
AL -
=M e
0 N0 CH,

OO

T340, CO, 1 HAth 3 2R S5 7 Al HUAS T 8 K 1
J& 40 Holzhey %5 ¥ Pd T2 16 A ML R AL & W18
MR AWM L WS T 3-T &A1 Co, 3R
S 5 Park 2120 DL ER AL, ¥ O, 5 534
AL S Yl =B A AN T RS
78

DL AT HLBR R ER A R T2 Mk | SOy 21440
FEXHEAN, PR s, TEMAS, BT, X8 T2
IEALF B B, — BAR 20 Tk AR A, B ml LA
B B B TR A 7= ARG Tl (R AR ] st g i A e
PR A 7 Aol & J8 B Ui =l () — SR iR AR . FEAN
X RO BRI A B T, 36T CO, | K i AR 4 1) B4
B U A AR L e BEE CO, N FH B 5% S5 48 1
AN T | AR B 2 T 1) 5 G AT 0 A g BB A T K 3
&,

4 CO, Z5mEMRM

AR R IR S S AR ROVAR 2 AR
RKT CO, &N WFFE 43 T5 8K, bR 3R K
FBUGN A VE Z W58 N HAL R AR X CO, mIfEfL
BEALIEAT THFSE, 40 Farghali 25 #F58 T CuFe,O,
YR AR SR CO, Tl 45 Bk 24 K A4 % CO, T
S G R S AT AR . T 3 ~4 MPa i
J& 180 ~300 °CH}, Rh—Ag/Si0, F1 Rh—Ag-LiCl/Si0,
AR B T 1 SR R P S v P 3k 45. 9% Y L IR
CO, & M Rt 32 2 )2 e, R =ik A i
I SefiEfl AL FEZ5 Y AR A

BRI, CO, 2 ik AT 1 &8 R0, DL
Wl LS B R 4R R 2 R R R, N,
Mizuno %57 768 Z: Bk S A k57 DBU 1,5- A 24
WIR[4,3,0]-5-TF-4 (DBN) Z1ER T, 0 €O, 5
2- AN SO A I 25 R4 6,7 - — FH AR -
2,4 AR WE IR ) 77 8 R IR 97 % 5 7E RuCl,(PMe, ),
F1,8- " HARMIN5,4,0] -7+ (DBU) fiEfL
FIMHEAL T, CO,, H, FIZERE B4 M T N-BEE
iz

5 SRAEFFRHITE

B 25 S TP A I e R T S A B A A R
I A AR RS FE , AN SN I H 2558
B A BRI BRI 15 Y S IR 2 0 [ R g LB A
W AR 2R 9 R A 20 A 048 0 ] Rk R s, DA
CO, MHThUE A B2 IR AL R s 72 IE U S tafbse 5
TR AL 27 ST BT A G R IE ARk KT )
ABEE, CO, W AR — BB AR e B ZE YRR IR
J, 38 i 2k A A CO, B Ak v B A Ak 27
fn JCEERE S T 8 1K N R S A — K B R
o LRATIRIFFEIAR A KA 5 IR A R R AT
JE ) F BT AT

(1) BT CO, M5E ) 1E Ak I8, T5 220t & 5
ZAHRHEA SIS AR, TR Co,
B NS 16 AR R, B R A iy i
FRBEJEI 2 CO, BERALAE A% AL BT 5% B 15 2 1) S B
N B, Hrp DIF B0 RETE R A T R
TR RVE FH Ak 70 B (AR AR

(2) 5 WA SR h, o, JLT# 2 LIS
BIEASH RN, X AETCIE AR TP e T
A T TR T H A AEAR R B 1 BRI T S g ik AR )
FeOTHEAT . BRI A IE 1 R 5 (AN B TR AR )
o E A RS B IG FUIRES o, Wi sek i it
FIF & HTH MR &, DT KR B 4 & CO, Y% 1k
R B bR PR R T BT | ) TR

(3) BRI 5T ST CO, MMk B I AR A 5
AR R B ) T 5 e Tk B g 12 R X CO,
LA 1 355 o — 4 A 3% A XU EE TR0 22 D RE AL,
AT B2 figp e Z2 Al L IR AR CO, SRy B A IR
R, N L)y e AL

(4) FURIRE CO, FfEfb bzt inBA w]
DGR T8 1 (4 A1 AR 0] 4 T & A A48 6 A
X} CO, MLk b A ad FE R &K, 13X %F K FHBE B
FIE TR 1 1) FH R AR R D HE TG B LA AR W 4% )
At B AR LR B R LUK (1 S
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