5145 F 4 RABALF 5L T Vol.51 No.4
2026 F 4 A Low-Carbon Chemistry and Chemical Engineering Apr. 2026

cClieEE5EAEL - DOI: 10.12434/j.issn.2097-2547.20250194
SENATKELT CO. NIRHNRR G IR E RIS

INEZ BERE, RN, AYE, KRN
N K27 R B IR SR (0T 4 T 55 5 S8 %, ) Fg A8 450001)

B8 KRR RO CO, A B AR AR 1 2 SE B CO, FE LA RO R 2 — o BRI A7 LA 38 B I &G
T 2R KR8 77 DLBCBUAIR 1 A, e AR A 7] AR AL A D B AL TR, S B AR T R BT 5% 1) CO, I &l 45 i i B
FEPIHIEALTR] AHAS RN B B 0 AR A R TR CO, INEL & 00 7= 1 o0 A U AR SR ANTE M7 o T8RS T TR s ML 2% 1, Ak
Ihifil % 7 3 R B A R E N & 8 12 IR AL 77 (Na/Fe,0, . Na/Fe,N Fll Na/Fe,N) , IR ABF 5L 1 BA_E 3 R4k 571 1) CO, IS il
MR e Re . S5 HRR B, 75320 °C. 1.5 MPa. CO/H,/Ar (AR FRLE 1:3:3) A S A2 10000 mL/(g-h) 254~ =M 14 h 5,
Na/Fe,N IETH I 1 % £ 1 (49.4%) 1 T Na/Fe,N (32.6%) Fl Na/Fe,0,(33.7%) , 3 H. Na/Fe,N ] CO ik #E Bk [ THok T &1
S B E R (C, ) BB ME BRI HCh 2~4 B I 5 e e e 38 1k 2 L CO/P (D 37 F Na/Fe, N, {H CO, % {2 ik T Na/Fe,N. i
1t XPS AL K B i Na/Fe,N /1, Fe ¥t 55 Fe,C, K FL T 2= 5 Bl , AR A 26 1 o

EHEIF : CO, AL WM E s HACER AL CO, B b 2

FESES TQ211 MEAREE A XEHE :2097-2547(2026)04-022-09

Effects of N contents on catalytic performances of iron nitride catalysts for
CO, hydrogenation to low-carbon olefins

SUN Haochun, LIAO Bingbing, DANG Shanshan, TU Weifeng, ZHANG Zhenzhou
(State Key Laboratory of Coking Coal Resources Green Exploitation, Zhengzhou University, Zhengzhou 450001, Henan, China)

Abstract: One of the effective ways to achieve CO, conversion is to hydrogenate CO, to produce low-carbon olefins through reverse
water gas reaction. Iron based catalysts are considered as preferred catalyst candidates due to their suitable hydrogenation activity,
carbon chain growth ability and lower cost. As iron-based catalysts, iron nitride catalysts are promising catalysts for the preparation of
high-value products from CO, hydrogenation. However, the distribution pattern of carbon containing products in CO, hydrogenation catalyzed by
iron nitride catalysts with different N contents is still unclear. By precisely adjusting the calcination conditions, three iron-based catalysts
with different N contents (Na/Fe,O,, Na/Fe,N and Na/Fe,N) were successfully prepared, and their catalytic performances for CO,
hydrogenation to low-carbon olefins were studied. The results show that under the conditions of 320 °C, 1.5 MPa, CO,/H,/Ar (volume
ratio of 1:3:3) and space velocity of 10000 mL/(g-h), the low-carbon olefins selectivity of Na/Fe,N (49.4%) is higher than that of
Na/Fe,N (32.6%) and Na/Fe,0, (33.7%), and the CO selectivity, heavy hydrocarbons with five or more carbon atoms (Cj, ) selectivity
and ratio of olefins with two to four carbon atoms to alkanes selectivity (O/P value) of Na/Fe,N are higher than those of Na/Fe,N, but the
CO, conversion rate is lower than that of Na/Fe,N after 14 h reaction. The XPS characterization results show that the electron cloud
density of Fe species and Fe,C, decreases in Na/Fe,N after reaction, which is not conducive to the generation of low-carbon olefins.
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Table 2 Catalytic performances of iron based catalysts with different N contents
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Fig. 1 Changes of low-carbon olefins selectivities (a), CO, conversion rates (b), CO selectivities (¢) and O/P values (d) with reaction time
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Fig. 3 N, adsorption/desorption isotherms (a) and pore size distribution curves (b) of catalysts before reaction
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Table 3 Textural properties of catalysts before reaction

AT BRI (m*g!)  BFUAER (emPg!)  CFHIFLE mm
Na/Fe,N 53 0.02 10.4
Na/Fe,N 4.1 0.01 7.8
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Fig. 4 SEM images of catalysts before reaction
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Fig. 5 SEM mapping images of catalysts before reaction
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Table 4 SEM mapping analysis results of catalysts before reaction
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Fig. 6 XRD patterns of catalysts after reaction
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Fig.7 Ar-TP test results of catalysts after reaction
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Fig. 8 Fe 2p and N 1s XPS spectra of catalysts before and after reaction
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Table S Fe 2p XPS spectra analysis results of catalysts before and after reaction

) Fe’* Fe?* Fe,C, Fe,N
fie A7) - - - -
SifrRE eV MIXEE /% 4difEEeV HXEE /% AGREeV MXEE /% dGReev HNEE /%
F-Na/Fe N 713.1 22.5 710.3 69.8 - - 706.7 7.0
S-Na/Fe,N 713.2 28.6 710.4 65.3 707.4 3.6 707.2 2.5
F-Na/Fe,N 712.9 40.6 710.2 52.9 - - 706.9 6.5
S-Na/Fe,N 713.9 383 710.8 57.6 707.6 0.7 707.1 34
Fo6 RIMBIEEMLFIAFIN Is XPSIEESHTER
Table 6 N 1s XPS spectra analysis results of catalysts before and after reaction
) Fe,N/Fe,N AEE IR
fiE 1 -
LEETHE eV HAX &5 /1% SEETHE feV AR 4 /% GEETHE eV AR 4 /%
F-Na/Fe, N 397.8 76.6 399.6 23.4 o o
S-Na/Fe,N 397.7 49.2 398.7 40.2 407.1 10.6
F-Na/Fe,N 376.8 71.4 399.1 28.6 - -
S-Na/Fe,N 397.1 55.6 399 34.4 406.8 10.0
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MR STHER™, CO, 7E FeC, A7 x b F it B T2 2 A vh 7

N T TR FE CO, 1E P A HHE 14 7513 T A8 B RS 12

300~600 °C. H1 P9 v %1, %F T Na/Fe,N, £ - 391 °C
H1580 °CF) CO, it B U 73 731 XF B2 T~ CO, 7E L 71 R
THT ) 55 W B FH BRI B - 24 CO, FEAREAL TR 1 & AR 5
WS B, JFE B P I AR O %, MELL S 5 5 2R IR
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Fig.9 CO,-TPD curves of Na/Fe,N (a) and Na/Fe,N (b) after reaction
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Table 7 CO,-TPD analysis results of catalysts after reaction

A S PP TR o5 LE /%

il
99 2l iR
Na/Fe4N 15.0 39.2 45.8
Na/FezN 73.2 26.8 _—
3 45t

T PRI A A R T N & EAFI Na/Fe,0,
Na/Fe,N 1 Na/Fe,N , 7F & i 5 J& [l 8 )R EH 5 T
DA b 3 Fp AR CO, AU IR AR M e fiE AL PR e . J
I XRD N, )0/t B A SEM 25 AL 78 T AL
FRRR) i A 25 ) L SURE R Joid RN R T T 3055, 43 3 LA R
FELE R,

(1)7£320 °C+1.5 MPa.CO,/H,/Ar({AFA L 1:3:3)
TR A2 3 10000 mL/(g-h) 2444 F S M 14 h )5
Na/Fe,N I i 45 & 10k 5 1% (49.4%) =5 T Na/Fe,N
(32.6%) #1Na/Fe,0,(33.7%) , H. CO kM . C, % %
PEFI O/P B ¥ N f i » 3 B /D 2 N 45 4R 1 B0 Bk A
AT TR R M 48 A A, 0 e i 1 T B 2
P, AR CO, e TR PR o

(2)Na/Fe,N 1 Na/Fe,N # & K I 1 #fa
PE , 7E CO, I & il i B 45 J Ik 7 o A4 AR J 2 10 1)
Fe,N #ll Fe,N # 2> 73 J5 i1 % 32 4 Fe C, 0

(3)Na/Fe,N [ N & & AH X i » R T % 8k R
TR T AR, 2 S8R T R E BT
O EIAREE] . N&BRARK , 85 T 1 # T
S5 2 R TR A BN 5 LT 2 B 40 A AR T
B8]0 IR EL TS5 A% Na/Fe, N 78 75 BORS 5 1) )
8275 1) R A S I R LA A 34, R BE A i R
W BRI A S S A5 R A0 e A o

S5 3k

[1]  EIJ, YAO R W, HAN'Y, et al. Towards the development of
the emerging process of CO,heterogenous hydrogenation
into high-value unsaturated heavy hydrocarbons [J].
Chemical Society Reviews, 2021, 50(19): 10764-10805.

[2] SCHOEDL A, JI Z, YAGHI O M. The role of metal-organic
frameworks in a carbon-neutral energy cycle [J]. Nature
Energy, 2016, 1: 16034.

[31 KIM K Y, LEE H J, NOH W Y, et al. Cobalt ferrite
nanoparticles to form a catalytic Co-Fe alloy carbide phase
for selective CO, hydrogenation to light olefins [J]. ACS
Catalysis, 2020, 10(15): 8660-8671.

[4] SHI BF, ZHANG Z P, ZHA B B, et al. Structure evolution
of spinel Fe-MII (M = Mn, Fe, Co, Ni) ferrite in CO
hydrogenation [J]. Molecular Catalysis, 2018, 456: 31-37.

[5] LI L G, QING M, LIU X W, et al. Efficient one-pot
synthesis of higher alcohols from syngas catalyzed by iron
nitrides [J]. ChemCatChem, 2020, 12(7): 1939-1943.

[6] XU K, SUN B, LIN J, et al. e-iron carbide as a low-

temperature Fischer-Tropsch synthesis catalyst [J]. Nature



30

f&BALE BT

2026 F % 51 &

(7]

(8]

[9]

[10]

(1]

[12]

[13]

Communications, 2014, 5: 5783.

B, EOCHL, EI0ER, A5 BRI TR % S AR 2T
A B A T R [T]. R R AR R R, 2025, 31(1): 143-153.
WEI Y X, WANG W J, WANG C J, et al. Controlled
preparation of iron nitride and its research progress in
Fischer-Tropsch synthesis [J]. China Powder Science and
Technology, 2025, 31(1): 143-153.

BAO JY, XU X Q, ZHAO Q C, et al. Key role of metal
oxide support in tuning active surface components of Fe-based
catalysts for CO, hydrogenation [J]. Energy & Fuels, 2023,
37(20): 15943-15955.

FU X P, YU W Z, MA C, et al. Supported Fe,C catalysts
originated from Fe,N phase and active for Fischer-Tropsch
synthesis [J]. Applied Catalysis B: Environmental, 2021,
284: 119702.

ZHAO B H, SUN M Y, CHEN F P, et al. Unveiling the
activity origin of iron nitride as catalytic material for
efficient hydrogenation of CO, to C,, hydrocarbons [J].
Angewandte Chemie International Edition, 2021, 60(9):
4496-4500.

ZHANG Z Z, IALY, GUO Y J, et al. N restructuring of
iron-based catalysts boosting the formation of C,, olefins
from CO, hydrogenation [J]. ACS Catalysis, 2025, 15(11):
8740-8752.

LIU J H, ZHANG G H, JIANG X, et al. Insight into the role
of Fe,C, in CO, catalytic hydrogenation to hydrocarbons
[J]. Catalysis Today, 2021, 371: 162-170.

LIU Y Y, CHEN B J, LIU R, et al. CO, hydrogenation to
olefins on supported iron catalysts: Effects of support properties

[14]

[15]

(16]

[17]

[18]

[19]

[20]

on carbon-containing species and product distribution [J].
Fuel, 2022, 324: 124649.
CHENAKIN S, KRUSE
transition metal oxalates [J]. Applied Surface Science, 2020,
515: 146041.

ZHANG Y L, FU D L, LIU X L, et al. Operando
spectroscopic study of dynamic structure of iron oxide
ChemCatChem,

N. XPS characterization of

catalysts during CO,hydrogenation [J].
2018, 10(6): 1272-1276.

ZHAI P, XU C, GAO R, et al. Highly tunable selectivity for
syngas-derived alkenes over zinc and sodium-modulated
Fe,C, catalyst [J]. Angewandte Chemie international edition,
2016, 55(34): 9902-9907.

ZHANG P Z, HAN F, YAN ] Y, et al. N-doped ordered
mesoporous carbon (N-OMC) confined Fe,0,-FeC_ heterojunction
for efficient conversion of CO, to light olefins [J]. Applied
Catalysis B: Environmental, 2021, 299: 120639.

HE J K, HUANG J Y, WANG Z W, et al. The enhanced catalytic
degradation of sulfamethoxazole over Fe@nitrogen-doped
carbon-supported nanocomposite: Insight into the mechanism
[J]. Chemical Engineering Journal, 2022, 439: 135784.
ZHANG Z Z, WEI C Y, JIA LY, et al. Insights into the
regulation of FeNa catalysts modified by Mn promoter and
their tuning effect on the hydrogenation of CO, to light
olefins [J]. Journal of Catalysis, 2020, 390: 12-22.

WANG CF, LU Y L, ZHANG Y, et al. Ru-based catalysts
for efficient CO, methanation: Synergistic catalysis between
oxygen vacancies and basic sites [J]. Nano Research, 2023,
16(10): 12153-12164.

(B 21 W)

[57]

(58]

[59]

[60]

[61]

FANG Z X, WANG Q T, ZHAO X K, et al. Integrating 3D
porous morphology with efficient plasmonic Au nanoparticles
in photo-responsive g-C;N,/Au hybrid photocatalyst for the
enhancement of CO, reduction [J]. Journal of Environmental
Chemical Engineering, 2023, 11(2): 109478.

XIE Z H, ZHANG W B, YANG W C, et al. Co-N-C
anchored g-C,N, plate enhancing surface activity for
efficient visible-light photocatalytic rhodamine-B elimination
and CO, conversion [J]. Journal of Environmental Chemical
Engineering, 2024, 12(5): 113359.

XU J X, CHEN Y F, CHEN M, et al. In situ growth strategy
synthesis of single-atom nickel/sulfur co-doped g-C,N, for
efficient photocatalytic tetracycline degradation and CO,
reduction [J]. Chemical Engineering Journal, 2022, 442:
136208.

LIJY, HE C X, WANG J L, et al. Boosting CO production
from visible-light CO, photoreduction via defects-induced
electronic-structure tuning and reaction-energy optimization
on ultrathin carbon nitride [J]. Green Chemistry, 2023, 25(21):
8826-8837.

HUANG M T, CHEN C, WANG T, et al. Cadmium-sulfide/

[62]

[63]

[64]

[65]

gold/graphitic-carbon-nitride ~ sandwich  heterojunction
photocatalyst with regulated electron transfer for boosting
carbon-dioxide reduction to hydrocarbon [J]. Journal of
Colloid and Interface Science, 2022, 613: 575-586.

KONG X G, FAN J J, FENG B W, et al. Carbon dots-
triggered the fabrication of miniature g-C,N,/CDs/WO,
S-scheme heterojunction for efficient CO, photoreduction
[J]. Chemical Engineering Journal, 2023, 476: 146774.

YU MY, WANG J B, LI G J, et al. Construction of 3D/2D
indium vanadate/graphite carbon nitride with nitrogen
defects Z-scheme heterojunction for improving photocatalytic
carbon dioxide reduction [J]. Journal of Materials Science &
Technology, 2023, 154: 129-139.

LI M H, WU Y H, GU E Y, et al. Anchoring CuO
nanospindles on g-C,N, nanosheets for photocatalytic
pollutant degradation and CO, reduction [J]. Journal of
Alloys and Compounds, 2022, 914: 165339.

WANG Y G, XIA Q N, BAI X, et al. Carbothermal
activation synthesis of 3D porous g-C,N,/carbon nanosheets
composite with superior performance for CO, photoreduction
[J]. Applied Catalysis B: Environmental, 2018, 239: 196-203.



