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Abstract

This paper describes the production methods and development trend of high carbon alcohol in
recent years. The recent progress in the preparation of high carbon alcohols by cobalt-based cata-
lysts under the conditions of Fischer-Tropsch reaction and the influence of structural sensitivity of
cobalt-based catalysts on product distribution by density functional theory (DFT) are reviewed.
Finally, we put forward prospects and suggestions on the main challenges of cobalt-based cata-
lysts to produce high-carbon alcohols.

SCEF| BT, BT BT S R BRI T R 1)), MRME AR, 2021, 9(2): 45-50.
DOI: 10.12677/amc.2021.92005


http://www.hanspub.org/journal/amc
https://doi.org/10.12677/amc.2021.92005
https://doi.org/10.12677/amc.2021.92005
http://www.hanspub.org

2t

Keywords

Co-Based Catalysts, Fischer Tropsch Synthesis (FTS), Density Functional Theory (DFT), Higher
Carbon Alcohol

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

HFL G i (Fischer-Tropsh Synthesis) & —Fekt & BT, RIREAEV £ 1) — AL BRA U SUY)
TRE W) Fe A B AR SR BRI 27 i P — R 25925, (HIE I 286 & ] v 2 AR S AR AL T i
R ARG, POVHMERTE EAREBETTRN, JFH eI EE, IR S N iE A I R 2 Bl
TR AL T A AR AR A, TN T 85 7 0 B 23 BE AT 6 AN R RE L RS2 1] [2]

w3 B S A B AR A U AR Rh R Co B 7, BRI A0 B Bl i) CO MR
BN B RE ST, ELH B Bt A A AN I LT R MV S s T B FEHEALRAR R T Rh A B R, AT
RENMHT TAbAP, HEA B R BLE PEREFEE, $5502 Co.C BAMLM AA KT & mfE, &
IR Co.C T R AL A AR &8, (H E AL BRI S AL S AR K 75 T B A R G R PR AT e
Ve, FE RIS SR N Tz 8 F G %52 ATISGHE[3]e RIAR S48 TS A B HR 5 8, A%
FEIR BT Tl I Co,C HEME A 77 il 2 B A e W AT AUt Jle, DA RAERRIR R T R, X Co C FEAEAL 711
BRI I B T AT

2. A RISl AR

ik (High Alcohols Synthesis)fa & A 6 M5+ LA L — oA, &2 B E RS 10 Tk,
ARG BRI RITEVERISE Z ORS00, W Bl E R o] 2R 7= bk oM ke, AT 2%
i PR LV M e S A L R R IR SR THI [4] . 7RI 2%, ISR 2 MR IE T S A B R ) % = R, RI7EfE
WHWERT, Mk, — SRS R B AE L J5UR R 2 — AR T IS, SR A S S S A
Mot fE, EEun1)~2): A R FoRkedE[5], HrmRE i .

][l

RCH = CH, + CO +H, — RCH,CH,CHOB{RCH (CH, ) CHO 1)
RCH,CH,CHO=RCH (CH, ) CHO—"2—» RCH,CH,CH,OH=RCH (CH, ) CH,OH @)

PR EAFIARR, BRI SO P KBRS K AR IR F-T & BU ST, B 783 52 I
A KIS B 1 Fos . B BREE R & RO VER LU R LR 4t Lol 2 D80 T2 A (7],
IR RS, SWESR, RBIFYRL, BET RN R ORI T ¥AR ML T A R B R S8],
FEYIME LAY B — BRI T BRI 53— RO ik R B 2 AR A TR R BN, RIE4H R
B RS SN A £ SR, & P A S SR, SO HARAS 5 4 BRI PR A 9], I,
T EARBIARIL T —Fh B 1 B R BRI 0 7 v B BR A ARk 97 28R P 7 AR - B A A A7), E R B
AR R FE R T VS ]G B — 5 ] SR B AR RORH ) T g Tk ARES:, A U B
KT 84%, HELEBEMEART 6%, M/ EERMEET 42% [4]. LLRIUNA A AT 2= 1 s E AL
Peft TEIR T I

DOI: 10.12677/amc.2021.92005 46 MRMEZERT I


https://doi.org/10.12677/amc.2021.92005
http://creativecommons.org/licenses/by/4.0/

Bt

H*
CH,OH +—— CO* «—»CO
H*
C*+0* —» H O*
e 2
H* CO* H*
C,H,OH —— CH,CO* ¢— CH,* —» CH,
ClCHX*
H* CO* H*
C,H,0H +«——CHCO <+— H*t —» CH,. CH,

* .

CH,*
H* co* "
C,.H,, O +——CHCO* «——CH, —CH, ,CH,

n+l” " 2n+3

C.H

" w

Figure 1. Mechanism model diagram of CO hydrogenation on catalyst to synthesize higher alcohol
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Figure 2. (A) Shows the unit cell of Co,C; (B) Was the same unit cell stack of bulk Co,C as in (A) but from 001 view. The
grey and blue balls represent C and Co atoms, respectively
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Figure 3. Calculated site-projected partial densities of states (PDOSs) of Co,C: (A) Cobalt PDOSs; (B) Carbon PDOSs; (C)
Calculated total densities of states (TDOSs) of Co,C. The dotted lines are the Fermi level
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Figure 4. Effective barrier profile for the favorable formation pathways of C, oxygenates and hydrocarbons on the
Co,C(011), (111), (010), (110), and (101) surfaces
4. Co,C A EIGRE £ C, /497 C, | IR B E[18]

4. &EiE

BEIEAEAL ) — B DR 2 N T KRB kA = 2, B A KBRS & BN B AR
AL, BRACBS AR T e . KBRS SR — R RF I RIE M E . Bk, fE
ARG BEAR BT B R RS BRI B AL B S AL TR, T s b vk S v . P R RIS I kb
I H AT BB R T B AR (LB R A — SRR IIALEE,  RefSIEI R 4R T 5 K
T T T BRI IR . AR KRR s i, IF RESEIUABE AU B H AR — B BA T I i) —

TR

&E 3k

[1] Cheng, J., Hu, P., Ellis, P., French, S., Kelly, G. and Lok, C.M. (2010) Density Functional Theory Study of Iron and
Cobalt Carbides for Fischer-Tropsch Synthesis. The Journal of Physical Chemistry C, 114, 1085-1093.
https://doi.org/10.1021/jp908482q

[2] Zhao, Y.H., Sun, KJ., Ma, X.F., et al. (2011) Chain Growth via Formyl Insertion on Rh and Co Catalysts in Syngas
Conversion. Angewandte Chemie International Edition, 50, 5335-5338. https://doi.org/10.1002/anie.201100735

[3] Liu, J.X,, Pei, Y.P., Zhao, Y.H., et al. (2015) High Alcohols Synthesis via Fischer-Tropsch Reaction at Cobalt Met-

DOI: 10.12677/amc.2021.92005 49 MORMEZE R


https://doi.org/10.12677/amc.2021.92005
https://doi.org/10.1021/jp908482q
https://doi.org/10.1002/anie.201100735

2t

(4]
[5]

(6]

(7]
(8]
[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

al/Carbide Interface. ACS Catalysis, 5, 3620-3624. https://doi.org/10.1021/acscatal.5b00791
TN A B SR EE Co-Co,C B Ak 71T H s 52 [J]. Al THEAR 545, 2020(36): 10.

AT, XKW, A, IMAIET. HREE S R BRI L 2R R ST R A T AL 0], AL TR, 2020, 28(1):
59-64.

Xu, X.D., Doesburg, E.B.M., Scholten, J.J.F., et al. (1987) Synthesis of Higher Alcohol from Syngas-Recently Pa-
tented Catalysts and Tentative ldeas on the Mechanism. Catalysis Today, 2, 125-170.
https://doi.org/10.1016/0920-5861(87)80002-0

Lundeen, A. and Poe, R. (1977) Encyclopedia of Chemical Processing and Design. Vol. 2, Marcel Dekker Inc., New
York, 465-481.

Breit, B. (2003) Synthetic Aspects of Stereoselective Hydroformylation. Accounts of Chemical Research, 36, 264-275.
https://doi.org/10.1021/ar0200596

Cosultchi, A., Perez-Luna, M., Antonio Morales-Serna, J., et al. (2012) Characterization of Modified Fischer-Tropsch
Catalysts Promoted with Alkaline Metals for Higher Alcohol Synthesis. Catalysis Letters, 142, 368-377.
https://doi.org/10.1007/s10562-012-0765-9

Zhao, Y.H., Su, H.Y., Sun, K, et al. (2012) Structural and Electronic Properties of Cobalt Carbide Co2C and Its Sur-
face Stability: Density Functional Theory Study. Surface Science, 606, 598-604.
https://doi.org/10.1016/j.susc.2011.11.025

Faraoun, H.1., Zhang, Y.D., Esling, C., et al. (2006) Crystalline, Electronic and Magnetic Structures of 9-Fe;C, y-FesC,
and n-Fe,C from First Principle Calculation. Journal of Applied Physics, 99, Article ID: 093508.
https://doi.org/10.1063/1.2194118

Bao, L.L., Huo, C.F., Deng, C.M., et al. (2009) Structure and Stability of the Crystal Fe,C and Low Index Surfaces.
Journal of Fuel Chemistry and Technology, 37, 104-108. https://doi.org/10.1016/S1872-5813(09)60012-8

Volkova, G.G., Yurieva, T.M., Plyasova, L.M., Naumova, M.l. and Zaikovskii, V.1.J. (2000) Role of the Cu-Co Alloy
and Cobalt Carbide in Higher Alcohol Synthesis. Journal of Molecular Catalysis A: Chemical, 158, 389-393.
https://doi.org/10.1016/S1381-1169(00)00110-2

Zhao, Z., Lu, W,, Yang, R., Zhu, H., Dong, W., Sun, F., Jiang, Z., Lyu, Y., Liu, T., Du, H. and Ding, Y. (2018) Insight
into the Formation of Co@Co,C Catalysts for Direct Synthesis of Higher Alcohols and Olefins from Syngas. ACS Ca-
talysis, 8, 228-241. https://doi.org/10.1021/acscatal.7b02403

Luk, H.T., Mondelli, C., Ferre, D.C., Stewart, J.A. and Perez-Ramirez, J. (2017) Status and Prospects in Higher Alco-
hols Synthesis from Syngas. Chemical Society Reviews, 46, 1358-1426. https://doi.org/10.1039/C6CS00324A

Subramanian, N.D., Kumar, C.S.S.R., Watanabe, K., et al. (2012) A Drifts Study of CO Adsorption and Hydrogenation
on Cu-Based Core-Shell Nanoparticles. Catalysis Science & Technology, 2, 621-631.
https://doi.org/10.1039/c2cy00413e

Subramanian, N.D., Moreno, J., Spivey, J.J., et al. (2011) Copper Core-Porous Manganese Oxide Shell Nanoparticles.
The Journal of Physical Chemistry C, 115, 14500-14506. https://doi.org/10.1021/jp202215k

Wang, B., Liang, D., Zhang, R. and Ling, L. (2018) Crystal Facet Dependence for the Selectivity of C, Species over
Co,C Catalysts in the Fischer-Tropsch Synthesis. The Journal of Physical Chemistry C, 122, 29249-29258.
https://doi.org/10.1021/acs.jpcc.8b08783

An, Y., Zhao, Y., Yu, F., et al. (2018) Morphology Control of Co,C Nanostructures via the Reduction Process for Di-
rect Production of Lower Olefins from Syngas. Journal of Catalysis, 366, 289-299.

DOI: 10.12677/amc.2021.92005 50 MRMEZERT I


https://doi.org/10.12677/amc.2021.92005
https://doi.org/10.1021/acscatal.5b00791
https://doi.org/10.1016/0920-5861(87)80002-0
https://doi.org/10.1021/ar0200596
https://doi.org/10.1007/s10562-012-0765-9
https://doi.org/10.1016/j.susc.2011.11.025
https://doi.org/10.1063/1.2194118
https://doi.org/10.1016/S1872-5813(09)60012-8
https://doi.org/10.1016/S1381-1169(00)00110-2
https://doi.org/10.1021/acscatal.7b02403
https://doi.org/10.1039/C6CS00324A
https://doi.org/10.1039/c2cy00413e
https://doi.org/10.1021/jp202215k
https://doi.org/10.1021/acs.jpcc.8b08783

	钴基催化剂费托合成制高碳醇研究进展
	摘  要
	关键词
	Research Progress in Fischer Tropsch Synthesis over Co-Based Catalysts for Higher Carbon Alcohol Synthesis
	Abstract
	Keywords
	1. 引言
	2. 费托合成制高碳醇原理
	3. 碳化钴基催化体系费托合成高碳醇
	3.1. 密度泛函理论对碳化钴基体相结构及表面稳定性研究
	3.2. 钴/碳化钴界面对高碳醇合成的影响
	3.3. 碳化钴不同晶面对高碳醇合成的影响

	4. 结语
	参考文献

