RERE: (L
SCIENTIA SINICA Chimica

WOk RAE LR ROOE F L2 2 E T

2024 F£ 54 % 5 11 Hi: 2083 ~ 2091 CPIERRE ) Zekal

SCIENCE CHINA PRESS

chemcn.scichina.com
CrossMark

& click for updates

i 2 o 0 0 SR SR B DB AR

G4 g dn', ka'? Y g s

1. AR TR 2 T3 A 280R) A B 2K s s 3 =2, bt 100029
2. M IRAL TR AR, 5 0 324000
*HIN/E#, E-mail: hejing@buct.edu.cn

ek 1 91: 2024-08-09; 43252 H #1: 2024-10-08; W28 fi % 3 H #: 2024-10-30
[ 5% [ SR 3 4 FERER] 27 R0 T H (G50 22288102) %% Bl

HE THeERRAZNFREEFE AL A ZWENT WRKR, T ZEATEA. Be. LWIFHE
BRERBAEEFREAN AL EFHRRTENT, KEHMCO, THNHEIEK, BT FEAUFRLEUERA, AR
Sk ERAMABRBRE AR FHRERE R AXERANAT BRI EEHT LR, GERREEMIA
R R B SR DR L i R S R 6 S A L, Ht— % 6 ASUIEE I BB ST
B, IR B SRR R EHHEBIRE LB R EA, AW AR =R T RE.

REIR B EBA TR, R SR, FOLBBHE, BAEE R, R KA, BEENIA
1 5|5 AP HEBUR B I~95%, e, BB B BiCaCO;,

H kA 5, RO S maiR 3, skt &+
B H AT 2N Y R, EEARE A KA
(CaCO,). ZEEEN " (MgCO;5) ZEkH (FeCO) A = A1
(CaMg(COs),) 5%, HAfEAETURRE H 8 28 =47, FRE R
W& T VE VR AT HR W Ak 4% B 0600120, L0 AKER 11/3. Tk
FRERAE A F LR MK Bk, it kAR
FgErkl, Ao Tk, flgERE
Gr B SO P —K e Tk, B 2840 A
AT RPRA =, BRI Eh #0 R 2 B IER Eh AR FH 3o 7 e
IO T 23T, KREHRCO,, AR, 79
MCaCO;. MgCO;. CaMg(CO;), ik, LA =1
ALY, COLHEMURRIA0.8 Wy 1.1, 0.91, LIk
VAT M 9, BRHEAR 32 B R A AE Bk AR =B BR, i /KU

i (>900 C ) 7 R IR HE L 2 5 60%, NCaCO5 73 fif$
PERE IR B B HEIL L) 520% . 20214E KB AT
MV BRHE L0 12~ 1442006/, (5 4 [ B U B 1~14%.
DRI, V& Sz H b, DABRER 5 2l R AR 17K
B T KA R O FE ARk B TR JE B, G
TE - B AR RRIR b i ok F2 AR HE T

MeCO,(s) — MeO(s)+CO(g) (1)

PRAT BRI 57 A B 42 2 R RE TR C O, 1E AT B 47l 4
FEEEAL ) F 5 df 7 (carbon  dioxide capture, utilization
and storage, CCUS)™, AFE MM i Bk, 45
TG CO Mg B J 2 IR BE B AN B
BHFEER, HHTCO ARk, FECO M)
FROGE BIEAENE, HREAM R AR S R R A RE S

doi: 10.1360/SSC-2024-0177

SIEM®R: AnzZ Luy, Zhang J, He J, Duan X. Carbonate hydrogenation refining to reduce the carbon emission from source. Sci Sin Chim, 2024, 54: 2083-2091,

©2024 (HEMZFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2024-0177
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2024-0177&amp;domain=pdf&amp;date_stamp=2024-10-22

LR BRI BRI AR PR Sk BB AR

PG, COEALFIFH = A M A A TR RE
EE, EEA s, ok, Earelis
KPR A P I R T2 ok, SRR S AR TRACR
5 B ARR BB AR RS, (R RO AR A TR,
BRI R, AR Tl 25 ik Tl ey LUK iR
FEUR PR, A% G AR O Mk LA & B Hh R 1 e
FOR RN AR, BREGFEZ S, mEHE
RS L. @M. A TEE, KIS H bR
SR MBI MR AR, RO XU Bh bR, o 7 B
TR Tl A% O A0 TR B R AR S R, 3T
TR H, I b PR Sk B B (e R R R, JE
VIR a0 A A ROR,  IE Sk EARAS R et R 25 74
figf 3o R PR TS ] A

B b R, B I 5 I S SRk T
I, AT DU R AR IR IR 2 I o iR, 5 L
B B ) Foh L0 B R 6 2 it P2 Hp B #3646 CO CH,,
DA Co-CoBR AN A S5 SR T= W), v JAR A 4]
COLMIHE, AT B— 2% A Sk b B REFE 5 523
WIS RO AR S R R 2R, Wy R~ B, i3
— LI AE A R AICO. CH LA K C,-Ci Atk & %%
A S E SN NS SERN 8y NI h =l I (=R
b 5 G RV B, B R D0 SR I T K B A AL
V=i o, A8 LG T4 ol R £ o R =4, LRI, B
UKL A5 T T 5 B A BRI S, X 5 Sk be
B B R BEAE . B IR R 0 SR B £ B ) T
— SRR R 3 SN B EE HE U R SR PR B B YR
EEWAR R, R —FAKE T A R
MAg =2, TERGH el TiE—nH
A B T (& D).

T

|EE=

MeCO4(s) +H (g) > MeO(s)+CO(g)+H,0(g) (@)

MeCO(s) +4H (g) > MeO(s)+CH (2)2H ,0(2) ~ (3)
xMeCO4(s) + (2x+y/2)H (g)
2 xMeO(s)+C,H (2)+2xH 0(2) )

2 BRIREINE M

T, RTHRER SR B A - N S0 S X R Rl s R
PRAZHEAT 50, LLCaCO, 9, it B b T 515
B v S N 75 A 3 L RS AR (A, G) AR HE S S48 AR
(AHP)BEIR BE AR AL 28, 4 A,GO=0RT, CaCO, &L 5
SNCaORICO S b i FE A EE T CaCO, ELFE 43 fif N CaO
MCO,MI NI EH1101 KIEE 1064 K, VR E T
BT 2937 K, MIRT) 25 A PRS2 T B IR SR L RN &0k
JEI AT AT M. BB 0 LU IR T R IR Hh B R S
AR = F A H®, CaCO NI JFE AT J&— AN HiL
BN, HI G CaCO; BLEE /0 A1 K 23%, (At
T 1) RGP L T = B DA S B R

2.1 BRERERMEAL ISR

19684, GiardiniZ:P #E Science R E T &4
CaCO,EMgCO;I i il A o~ Z8 75 il
FEH, S N INEA RS G R RE, SEEL T oL
TRIR SR B ARG &S B KRR, G, R EHME
WJRBIRBF R VZKE, B REEIRER 3h ik 2
BERe e, 1R 2R IE @ I A I AR B R Tk
PIFMELEE AL NCOL CHELC,-CyiIkEAL &9, it
Re iR A 10 7 X PR I 2 A A UL P

WHES O——

co
(Co +H 2)

B (194 RROR P ik P 5 o S ok il

Figure 1 (Color online) Schematic illustration of carbonate hydrogenation refining to reduce the carbon emission from source.
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Figure 2 (Color online) Variation of the yields (%) of different
hydrocarbons such as CH, (H), C,H, (®), C,Hs (O) and C;H, (O0) with
the molar ratio x of Fe/Ca, at 400 ‘C [11].
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Figure 4 (Color online) The product selectivity of CO,, H,, and CO in

thermal decomposition of MgCO; in CH, and O, atmosphere at (a) 400,
(b) 500, (c) 600, and (d) 700°C, respectively [23].
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Figure 5 (Color online) Schematic illustration of the ketone-alcohol
oil oxidation to produce adipic acid: (a) current industrial route and (b)
proposed electrochemical route [27].
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Carbonate hydrogenation refining to reduce the carbon emission from
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Abstract: White carbonate resources, also known as inorganic metal carbonates, are abundant inorganic mineral
resources widely existing on earth, widely used in fields of architecture, metallurgy, chemical engineering, and so on.
The thermal decomposition of carbonates is a key process during the utilization, which inevitably releases the carbon
dioxide into the atmosphere. Aiming at the goals of peak carbon dioxide emissions and carbon neutrality, it is urgent to
create innovative technology to reduce the carbon emission from source in the thermal decomposition of carbonates.
This paper focuses on the recent research progress of the thermal composition of carbonate via hydrogenation reduction,
including the catalytic reduction of carbonates with added catalysts, the self-catalysis reduction of carbonates, and the
thermal decomposition of carbonates coupled with the reduction under hydrogen-rich species. Based on the latest results
of the carbonate hydrogenation refining in our research group, a new technology route on the preparation of the new
source syngas from carbonate hydrogenation refining is put forward. Finally, the application prospect of the carbonate
hydrogenation refining is discussed as well as the research focus in this field.

Keywords: white carbonate resources, carbonate hydrogenation refining, carbon emission reduction from source,
emission reduction and efficiency improvement, new source syngas, self-catalyzed hydrogenation
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