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Study on MOF-derived carbon—based catalysts for dry reforming of methane
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Abstract: Dry reforming of methane (DRM) is an important pathway for converting two greenhouse gases, methane
and carbon dioxide, into syngas. Typical NiXMg,@C (X = Co, Fe, Mn, Cu) catalysts were synthesized using metal—
organic frameworks (MOFs) as precursors, and their catalytic performance in DRM was evaluated. Results revealed
that Co doping significantly enhanced the activity of the NiMg@C catalyst, increasing CH, and CO, conversions by
7.16% and 3.77%, respectively; however, its long—term stability was unsatisfactory. Conversely, the incorporation of
Mn and Fe significantly improved catalyst stability, which was primarily attributed to enhanced coking resistance.
The introduction of Cu resulted in lower catalytic activity, leading to a decrease in both CH, and CO, conversions.

This study provides a new strategy for the development of efficient DRM catalysts.
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Fig. 2 Pore structure characteristics of MOF—-derived carbon—based catalysts: (a) N, adsorption—desorption isotherms and (b) pore size
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F1 MOFsHTEMREELTNILREREHALEIMAE
Table 1 Specific surface area, average pore volume, and

pore size of MOF—-derived carbon—based catalysts

MR mY SEFL A (em®/

fiefkm - L A% /mm
g) g)

NiMg@C 62.42 0.16 3.85
NiCoMg,@C 84.92 0.08 3.82
NiFeMg,@C 125.96 0.12 3.82
NiMnMg,@C 106.19 0.175 11.99
NiCuMg,@C 160.26 0.24 3.82
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Figure 4 XPS spectra of Ni 2p and O 1s for the MOF~-derived carbon-based catalyst
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Fig. 5 Gas evolution characteristics of MOF—derived carbon—based catalysts under DRM atmosphere
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Fig. 6

(a) CH, conversion, (b) CO, conversion, and (c) H,/CO ratio of different MOF—derived carbon—based catalysts in DRM reaction

at 700°C
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Fig. 10 TG curves of MOF—derived carbon—based catalysts (a) before reaction and (b) after reaction

Fz2 NiCoELFI7EDRM & R I EL R IR KiEHR

WG CH etk % CH B4k P[]

TLEE it 2 (mL b

fiEfeR (%) (%) (h) ‘o) (wt.%) ) Z i
NiCoMg,@C 79 75 12 700 55 30000 AT

NiCo@C/ALO, 52 42 8 700 60000 [32]
NiCo@C 65 61 10 750 20 18000 [33]
Niy,Co, ,@S-2 69 68 20 700 0 20000 [34]
NiCo/Ce0,~ZnAL0, 76 75 8 700 38 18,000 [35]
Ni—Co/Ce0, 78 62 5 700 26 [36]
Ni,Co /SBA-15 78 71 4 750 4 36000 [37]
Ni o~ Co, /lignite 72 69 4 650 29 2400 [38]
Ni ;Co/SBA-15 75 74 200 700 29 25000 [39]
Ni Co/KCC-1 80 80 8 700 15 36000 [40]




0 T

o
¥

Ejte XX

3 %%

AT LL MOF Ry gk B T LR MOF i 4
# MOF@C fiE{L 5, i 5% T Co . Fe Mn ., Cu PUF A [A]
4 JE B A X NiMg@C i £k 551 348 A6 P 5T L & DRM 2
NEPEREAISZIA o BFFE L5 SRR B Cu S LA —Fp 4>
JBEITT LS NS0 G 4, 58 —AiE e 4 s
2o 1B A AT AL R L 2 AR R, 4 2k )
FHEAE R 16 PRI At SR R B, NiCoMg,@C it
AT L NiMg@C Ak 71 5 A7 58 1 1 s g 3 P, A
i CH, f1 CO, s AL Z ik B T 79.24% F1 83.67%, Ni-
Co & 4> BE BT 47 b 1% 1k CH, F11 €O, , J= S Ak 7] 1
Y B AT U R T A R AR AR FBE 4 o NiFeMg,@C FlI
NiMnMg,@C f# Ak 77 £ SR 0 PRI A U 55 , (0 H R B
R fee Pk I g AR I, Ho= AR i R
AT NiMg@C i Ak 51 73 0 Ik /b 1 48.85% Al
49.85% , AT A A T4 Jas 1] it L AH BAE 5 S 9 Ni
A7 5 Bl 2SI T CH, I B S i, HL R IR 4R
B3 P A SEE A Mars—van Krevelen i PR A RUNNHE
TR AR, CaBARES NIENEE
G4, H Cu AR TS PERCE , DI B HE 050559 1)
it XS ZE SRR, L MOF A AR ] LKy
DRM 670 1) A AR At — AN B A, — 5 i, ok
1] 2230 T & Ni—Co—Fe B¢ Ni-Co—-Mn 5§ =LA 4
T Z, DA IR 3 1 ) R s EL R G B AR
e, 59— 5, T 0 — 2 PG % R H A AL ) A
WAL BR Tl 25, A0 ot 2R B FLTH AR
B IOE VS 0 o 30K A o R T ) S B Tk R R B4
— R RRR E DRM A7) B8 5 IR S SE il

5% 0k

(1] 26 Ni B AR ] 8 S A FR e — A ARk fi AL T
SN BIBESEID]. 75 2 75 5B K%, 2024
Li G H. Preparation of Ni-based catalysts and their application in
the catalytic dry reforming of methane and carbon dioxide[D].
Qingdao: Qingdao University, 2024.

(2] ER, sKRIE, RO, S 6T T A Ni/ALO, B i fb R B 5
HEJR)]. AL T, 2025, 44(9): 4979-4998.
Wang Z, Zhang Y Y, Wu Q, et al. Development of Ni/AlL,O, ~
based catalysts for the dry reforming of methane[J]. Chemical
Industry and Engineering Progress, 2025, 44(9): 4979-4998.

(3] ffJRZE, WAL, AREREE, A5 ek Al B e T TR AT ST AR (D).
YIHRAL 4, 2023, 39(9): 28-40.
He Z J, Huang M, Lin T ], et al. Recent advances in dry reforming
of methane via photothermocatalysis[J]. Acta Physico—Chimica
Sinica, 2023, 39(9): 28-40.

[4]  Zhang X, Xu Y, Liu Y, et al. A novel Ni - MoCxOy interfacial

[5]

(7]

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

catalyst for syngas production via the chemical looping dry
reforming of methane|J]. Chem, 2023, 9(1): 102-116.

MR, K eI, 22 L7, 55 . Ce, Ni_xO_y AR TE L 2p4E H
BEE AN G CO, I L. AL T 240, 2021, 72(8): 4371~
4380.

Zhao L Z, Zheng Y E, Li K Z, et al. Application of Ce, Ni O
oxygen carriers In chemical-looping reforming of methane
coupled with CO, reduction[J]. CIESC Journal, 2021, 72(8): 4371~
4380.

Tk, P, BEAE, 5. Co—Ni/MgO HEAL T 1 IR H e — ik
T REDTIEL]. TR A B4R, 2024, 45(6): 1735-1742.
Yang T, Ran J Y, Huang X, et al. Dry reforming of low
temperature methane CO, over co—Ni/MgO catalysts|J]. Journal of
Engineering Thermophysics, 2024, 45(6): 1735-1742.

Gao X Y, LiJ Y, Zheng M D, et al. Recent progress in anti—coking
Ni catalysts for thermo—catalytic conversion of greenhouse gases
[J]. Process Safety and Environmental Protection, 2021, 156:
598-616.

W s AN [ e S0 Ay 6 48 N 00 1T T PP e — 41K
BRI EUD]. BB B R, 2023,

Chen Z ]. Preparation of Ni catalysts supported by different rare
earth oxides for hydrogen production by methane carbon dioxide
reforming[D]. Nanchang: Nanchang University, 2023.

Sheng K F, Luan D, Jiang H, et al. Ni Co_ nanocatalyst supported
by ZrO, hollow sphere for dry reforming of methane: synergetic
catalysis by Ni and co in alloy[J]. ACS Applied Materials &
Interfaces, 2019, 11(27): 24078-24087.

Liang T'Y, Lin C Y, Chou F C, et al. Gas—phase synthesis of Ni -
CeOx hybrid nanoparticles and their synergistic catalysis for
simultaneous reforming of methane and carbon dioxide to syngas
[JI. The Journal of Physical Chemistry C, 2018, 122(22): 11789-
11798.

Kim W Y, Lee Y H, Park H, et al. Coke tolerance of Ni/ALO,
nanosheet catalyst for dry reforming of methane[J]. Catalysis
Science & Technology, 2016, 6(7): 2060-2064.

TR, SRAKAK, dKBE K, &5 . Ni 8B S TRk 2 2 Ak L
FEHEREN]. AL THERE, 2015, 34(8): 3027-3033, 3039.

Wang M Z, Zhang Q L, Zhang T F, et al. Advance in Ni-based
catalysts for the carbondioxide reforming of methane[J]. Chemical
Industry and Engineering Progress, 2015, 34(8): 3027-3033,
3039.

Alhassan A M, Hussain I, Taialla O A, et al. Advances in catalytic
dry reforming of methane (DRM): Emerging trends, current
challenges, and future perspectives[J]. Journal of Cleaner
Production, 2023, 423: 138638.

E g, BB, skAesE . H b iR SR BB B 1 R
FEHEREN]. R TARBOR K E244H, 2023, 37(1): 1-6, 40.

Yan J B, Wang S, Zhang H R. Research progress of carbon
deposition resistance of catalyst for dry reforming of methane to
hydrogen[J]. Journal of Shanghai University of Engineering
Science, 2023, 37(1): 1-6, 40.

AT SEHE, B K, XTS5 AL I eI R T A Mt
[]. L2, 2024, 75(S1): 25-39.

Shi M L, Zhao L D, Deng (H/X) J, et al. Research progress on
catalytic methane reforming process[J]. CIESC Journal, 2024, 75
(S1): 25-39.

Guo S W, Sun Y H, Zhang Y B, et al. Bimetallic Nickel-Cobalt



5 XX

www.hgxb.com.cn

« ] -

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[27]

catalysts and their application in dry reforming reaction of
methane[J]. Fuel, 2024, 358: 130290.
Shahnazi A, Firoozi S. Mesoporous LaNi,_ Mn O

enhanced catalytic performance and coke resistance synthesized

, perovskite with
via glycine—assisted spray pyrolysis for methane dry reforming[J].
Molecular Catalysis, 2023, 547: 113320.

Zhang L J, Bian L, Zhu Z T, et al. La—promoted Ni/Mg—Al
catalysts with highly enhanced low—temperature CO, methanation
performance[J]. International Journal of Hydrogen Energy, 2018,
43(4): 2197-2206.

Velisoju V K, Virpurwala Q J S, Attada Y, et al. Overcoming the
kinetic and deactivation limitations of Ni catalyst by alloying it
with Zn for the dry reforming of methane[J]. Journal of CO2
Utilization, 2023, 75: 102573.

Khan I S, Mateo D, Shterk G, et al. An efficient metal - organic
light
methanation of CO,[J]. Angewandte Chemie International Edition,
2021, 60(51): 26476-26482.

Chen T T, Wang F F, Cao S, et al. In situ synthesis of MOF-74
family for high areal energy density of aqueous nickel - zinc
batteries|J]. Advanced Materials, 2022, 34(30): 2201779.

Zhang H G, Hwang S, Wang M Y, et al. Single atomic iron

framework—derived nickel catalyst for the driven

catalysts for oxygen reduction in acidic media: particle size
control and thermal activation[J]. Journal of the American
Chemical Society, 2017, 139(40): 14143-14149.

Chen Z Z, Yan S, Yang G, et al. MOF-derived carbon—based
catalysts with enhanced anti—coking property for the dry reforming
of methane[J]. Carbon Capture Science & Technology, 2024, 12:
100244.

Yao Y G, Huang Z N, Xie P F, et al. Carbothermal shock
synthesis of high—entropy—alloy nanoparticles[J]. Science, 2018,
359(6383): 1489-1494.

Feng X Q, Wang K, Zhou M X, et al. Metal organic framework
derived Ni/CeO, catalyst with highly dispersed ultra—fine Ni
nanoparticles: Impregnation synthesis and the application in CO,
methanation[J]. Ceramics International, 2021, 47(9): 12366—
12374.

Liu P, Chen C Z, Zhou M H, et al. Metal - organic framework—
derived Ni-based catalyst for the hydrotreatment of triolein into
green diesel[J]. Sustainable Energy & Fuels, 2021, 5(6): 1809-
1820.

le Saché E, Reina T R. Analysis of Dry Reforming as direct route
for gas phase CO, conversion. The past, the present and future of
catalytic - DRM
Combustion Science, 2022, 89: 100970.

Helveg S, Lopez—Cartes C, Sehested J, et al. Atomic-scale
imaging of carbon nanofibre growth[J]. Nature, 2004, 427(6973):

technologies[J]. Progress in Energy and

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

426-429.

Li W S, Jie X Y, Wang C Z, et al. MnO —promoted, coking—
resistant nickel-based catalysts for microwave—initiated CO,
utilization[J]. Industrial & Engineering Chemistry Research, 2020,
59(15): 6914-6923.

Kim S M, Abdala P M, Margossian T, et al. Cooperativity and
dynamics increase the performance of NiFe dry reforming catalysts
[JI. Journal of the American Chemical Society, 2017, 139(5):
1937-1949.

Tomishige K, Li D L, Tamura M, et al. Nickel - iron alloy
catalysts for reforming of hydrocarbons: preparation, structure,
and catalytic properties[J]. Catalysis Science & Technology, 2017,
7(18): 3952-3979.

Liang T Y, Senthil Raja D, Chin K C, et al. Bimetallic metal -
high-
performance catalysts for methane dry reforming[J]. ACS Applied
Materials & Interfaces, 2020, 12(13): 15183-15193.

Khan I S, Ramirez A, Shterk G, et al. Bimetallic metal-organic

organic framework—derived hybrid nanostructures as

framework mediated synthesis of Ni-co catalysts for the dry
reforming of methanelJ]. Catalysts, 2020, 10(5): 592.

Wang J Y, Fu Y, Kong W B, et al. Investigation of atom-level
reaction kinetics of carbon-resistant bimetallic NiCo-reforming
catalysts: combining microkinetic modeling and density functional
theory[J]. ACS Catalysis, 2022, 12(8): 4382-4393.

Movasati A, Alavi S M, Mazloom G. Dry reforming of methane
over Ce0,-ZnAlLO, supported Ni and Ni-Co nano-catalysts[J].
Fuel, 2019, 236: 1254-1262.

Ay H, Uner D. Dry reforming of methane over CeO, supported Ni,
Co and Ni - Co catalysts[J]. Applied Catalysis B: Environmental,
2015, 179: 128-138.

Erdogan B, Arbag H, Yasyerli N. SBA-15 supported mesoporous
Ni and Co catalysts with high coke resistance for dry reforming of
methane[J]. International Journal of Hydrogen Energy, 2018, 43
(3): 1396-1405.

Tang W, Cao J P, Chen C C, et al. Lignite—char—supported highly
dispersed ultrasmall Ni—Co alloy for stably dry reforming of
methane at low temperature[J]. Chemical Engineering Science,
2023, 281: 119165.

Chaghouri M, Ciotonea C, Mohamad Ali M, et al. Deposition
precipitation derived Ni-Co active sites for enhanced dry
reforming of methane performances[J]. Catalysis Today, 2024,
429: 114458.

Palanichamy K, Umasankar S, Ganesh S, et al. Highly coke
resistant Ni = Co/KCC—1 catalysts for dry reforming of methane[J].
International Journal of Hydrogen Energy, 2023, 48(31): 11727~
11745.



