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Preparation of modified MgFeMn-HTLcs and catalytic performance
in CO hydrogenation
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(State Key Laboratory of High-efficiency Coal Utilization and Green Chemical Engineering, Ningxia University,
Yinchuan 750021, Ningxia, China)

Abstract: A series of MgFeMn-HTLcs (hydrotalcite-like compounds) precursors with different Mg/Fe/Mn molar
ratios were prepared by coprecipitation-hydrothermal method, which were then calcined and modified with K
impregnation to be used as catalysts for light olefin synthesis from CO hydrogenation. The catalysts were
characterized by XRD, SEM, TG, N, adsorption-desorption, H>-TPR and XPS techniques. The results showed that
MgFeMn-HTLcs precursors had typical layered structures of hydrotalcite and reduced crystallinity by Mn addition.
After calcination, MgO was only detected from Mg-Fe precursors whereas MgaMnQO4, MgO and MgFe,04 were co-
existed from Mg-Fe-Mn precursors. After CO hydrogenation, main phases were MgCOj3; and FeCOs3, accompanied
by formation of FeO-MnO and little Fe.C,. Mn addition further promoted Fe dispersion and increased reduction
from Fe;Os to Fe3Os, compared to those of K/Mg-Fe catalysts. With Mn increase and its electron donating effect,
binding energies of Fe 2p were shifted to lower values. In CO hydrogenation, all prepared K/Mg-Fe-Mn catalysts
showed high activity and C>—Cj selectivity. O/P value of 5.20 and C,—Cj fraction of 43.03% were achieved with
low methane selectivity over K/3Mg-1Fe-2Mn catalyst.
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24— 5% Mg/Fe/Mn FEE/REL (2/1/1. 4/1/1. 2/2/1.
32/1% 2/1/2 F13/1/2), 43 HIFREL Fe(NO3)3-9H20.
Mg(NOs),-6H,0 F1 Mn(NOs), (50%¥7, i &4y
O, il pl— e W TR AV NaOH ¥ (1.0
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4 1.0 m/min, HHEHEZEA 800 r/min, pH M 11.2,
WhNsE R, gkaRitbE 30 min 5, BHESVEBCEAN
TFM MBS, BT ABNE LS, 100°C &
16 16 hy B OPERUTE EIEW pH N 7.0, JEUHT
100°C TRk & F45, #HEE, 19 MgFeMn-HTLcs HifA;
ATRZ 500°CHRbE 4 h 15 E A& BEMY: FREL—
SERSEBERE L, % Fe/K=30/1 (BE/RHL) 275t KoCO;
T, IRBERES 100°CIE R TE, BHE. K B
2 0.43~0.85 mm, fFMEMFIFES. LA
Mg/Fe/Mn £ /K LL 73 7)) ic 4 K/2Mg-1Fe-1Mn .
K/4Mg-1Fe-1Mn . K/2Mg-2Fe-1Mn . K/3Mg-2Fe-
IMn. K/2Mg-1Fe-2Mn. K/3Mg-1Fe-2Mn. FLITE
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TEALFIWI A R AELE Rigaku D/MAX2200PC %Y X
SHEEATHA (XRD) 34T, CuKo S40R, JEIRVE
K 2=0.154 nm, fH Ni ¥, EHE40kV, &
HLUE 30 mA, 3°~85°F14, FEZE 8 (°)/min,
75 0.02°

FEALTT No BRI P RAE R AL 5O TR A
FIIf JW-BK132F U LLERTH K ALE T (RE =S
R0 AT, WRATHE R E R E 0.1 Pa LLF
300°CALBE 2 h, RHFFSREE, ERARE 77K,
RAIE 10°8~107" U R #E47 25 IR B b 28 0
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T L T DA K BIH FLAR 40 A5 HI5E

AT ISR R ALAE JEOL-JSM-7500F 17 % 5t
FAHE BT (SEM) 3 EAT, R A ) A TR 3E AT 5% 4
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AL TR P E 4> M 76 S [ TA (X282 7] SDT Q600
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#Z 10°C/min.

Ho-TPR 7E TP-5000 £ FHW fHAX 4T K 50
mg AR E T AEE S, He < (30 ml/min)
K 350°CHRHT 40 min, MEEEE, VHE 5%
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IR LA AT . EAGTTREIE S 2 ml, TEZRIE)E 2%
ff: Ha/CO=2, 1000h~', 0.1 MPa, 300°CiLJF 4 h;
R Hy/CO=2, 320°C, 1.5MPa, 1000h~',
SAFEIIE GC-9560-1 A 1E £k 3 T, 433 R H
£ 2m 1 TDX-01 F:FK 50 m ) ALOs B4HE #
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Fig.1 XRD patterns of catalyst precursors
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Fig.2 XRD patterns of catalyst samples after calcination
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Fig.3 XRD patterns of used catalyst samples
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Fig4 SEM images of the samples before and after calcination
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Fig.5 Thermo gravimetric spectra of Mg-Fe-Mn(Al,Zn)
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2.4 N APEROR pt

AL LR A LA S W3R 1. B 1
AR, R H A B R ) B 2 TR RIRE X 4 K 1) i AL
A 5 3Mg-1Fe-2Mn FEfLAHLL, S@mieskE. K
U, EE R TR AL AL F B2 T % . 5 K/3Mg-1Fe
FEAAHEL, Mn BOES IIAEAE dh B3R T AR AT FLAR A D3
AN, PR R BE Mg SrERGm, HeR Ay
K (HFUEFIRF ) FLR Rd M Ea A . AL
B (K 6), itk 3Mg-1Fe-2Mn [JFL124)

AL SRR K BtE, 2~5 nm B FLAERT
B,
R1 EEFIREMR
Table1 Textural properties of catalysts
BET surface area, Pore volume, Average pore size,
Catalyst
A/ (m?/g) v/(cm?/g) d/nm
3Mg-1Fe-2Mn 121.66 0.31 10.15
K/3Mg-1Fe-2Mn 77.11 0.21 11.00
K/4Mg-1Fe-1Mn 157.91 0.20 5.14
K/2Mg-2Fe-1Mn 67.52 0.19 11.38
K/3Mg-2Fe-1Mn 154.03 0.22 5.63
K/2Mg-1Fe-2Mn 59.64 0.22 14.91
K/3Mg-1Fe 89.85 0.24 10.71

25 TFEITA
Reke. K B ARE f F) Ho-TPR 1 & LI
7. BB 7 W&, K/Mg-Fe-Mn AL 738 J5 #h 2543

Fig. 6 Pore size distribution of catalyst samples
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100 200 300 400 3500 600 700 800
7/C
K7 AL Ho-TPR A
Fig. 7 Ha-TPR profiles of catalyst samples
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FEJERIFE 260~600°C Z[A]; 5 —Hr B N T FesO4
BJEA a-Fe, TEFEVEHEITE 560~800°C 2 [A]120-221, [
Mg &880, 55— K BOE 5 B W A% , (HIE
MU/, R Mg S&38n, —ERE FFKT Fe
(138 RS, 38 AR P (K T BE 5 MgFe,O4 MIAHAE
RE . XFEERER K/3Mg-1Fe, Mn iHlNJG, Fe,Os
F| FesO4 18R FEHA N, K Mn 325 7 Fe [5
B [FIRS BRAG TRE AR EE SR B, (R TR — DR
% T K/4Mg-1Fe-1Mn 1 K/2Mg-1Fe-2Mn £, 1E
400~550°C X [A] 7] X 43 AN BH SR ARk J5i e, SR BHAFALE
PIFANFEIREAR 73401 Fe BURLECA ) Fe #pAHZ24,
PR A IR R I T A ES A A R 2t (1:8) 2,
Fe;04 3] a-Fe (i 5 (560~800°C ) 5231 B &4 .
2.6 XPS FiF

SN JE RE S R T L R 2. R A AL
Mg/Fe/Mn FCEEANE], FIARZ RS0 HILAS [P AH 45
¥y, SEFESL T Mg/Fe. Fe/Mn. Fe/K fictb 5%
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Table 2 Surface composition of used and samples
Surface atom content /% (mol)
Sample
Mg Fe Mn K O C Mg/Fe Fe/Mn Fe/K
K/2Mg-1Fe-1Mn” 24.06 4.41 3.11 0.26 53.29 14.88 5.46 1.42 16.96
K/4Mg-1Fe-1Mn® 25.94 335 1.94 0.11 54.09 14.57 7.74 1.73 30.45
K/2Mg-2Fe-1Mn® 18.53 9.17 499 1.47 50.95 14.89 2.02 1.84 6.24
K/3Mg-2Fe-1Mn”® 23.13 535 1.93 0.19 52.86 16.54 432 2.77 28.16
K/2Mg-1Fe-2Mn® 12.81 5.04 11.60 1.18 4932 20.04 2.54 0.43 427
K/3Mg-1Fe-2Mn® 21.08 459 6.08 0.48 50.44 17.33 459 0.75 9.56
K/3Mg-1F¢® 24.83 8.94 — 0.39 51.39 14.46 2.78 — 22.92
K/2Mg-1Fe-1Mn” 455 2.78 1.69 0.70 37.86 52.42 1.64 1.64 3.97
K/4Mg-1Fe-1Mn” 5.15 155 123 0.67 32.47 58.93 332 126 231
K/2Mg-2Fe-1Mn” 1.01 0.38 0.69 1.13 11.70 85.08 2.66 0.55 0.34
K/3Mg-2Fe-1Mn® 0.73 0.42 0.44 0.31 9.85 88.26 1.74 0.95 135
K/2Mg-1Fe-2Mn” 1.16 0.51 132 0.45 15.40 81.17 227 0.39 1.13
K/3Mg-1Fe-2Mn” 0.87 0.40 0.81 0.19 10.70 87.04 2.18 0.49 2.11
K/3Mg-1Fe” 1131 14.92 — 2.79 47.79 23.19 0.76 — 535
® Calculated from peak area of XPS spectra. @ Fresh samples. &) Used samples.
BHECEE 22 R . SR ARIRE A b, OV S "
PRSI Feu Mn. K S0 £ B4, AR A I\ IS
RAUR. T
[ | /3Mg-1Fe

+
e

SONRT G R Fe(2p) XPS 151 LA 8.
Fe(2p) g Je 45 6 RE Ay W ol 1, BT 5 8 A0 70 v 1R 2k
IR LL FE TR AAEER) ., RBATE, BI7 Mn F4t
HL RN Fe HLT-45 G REIAMIKSS & 687 191
¥, Hr K/2Mg-1Fe-2Mn 5 K /3Mg-1Fe ¥tk EE
AR &, St Bh 7 K B RO AR A 62T,
Mg & EAXT N (K/4Mg-1Fe-1Mn 5 K/2Mg-1Fe-
IMn FEERFHEL), Fe HLF45AREIA M4 & R J7 F)
¥, Mg. Fe [AAH EAEHNE5, FIEES MgFe04 AH
AR R NS 8(b)IHEAL IR TR (3% 2),
P T Fe(Rp)fs 5 5m)¥ .
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Fig. 8 XPS spectra of catalyst samples
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Table 3 Catalytic performance of catalysts
o) CO Selectivity/% Product/%
Catalyst - ] —— T or/p
conversion/% CH,4 CO, CH, Cr—Cy Cr—Cy Csy

K/2Mg-1Fe-1Mn 91.27 16.55 27.22 25.31 37.86 13.94 22.89 2.72
K/4Mg-1Fe-1Mn 83.28 16.07 24.65 24.01 39.57 13.72 22.70 2.89
K/2Mg-2Fe-1Mn 88.06 12.68 22.44 18.48 36.92 6.89 37.71 5.36
K/3Mg-2Fe-1Mn 92.06 10.35 28.92 16.61 36.04 6.91 40.44 5.21
K/2Mg-1Fe-2Mn 82.29 12.16 31.98 20.16 39.81 8.43 31.60 4.72
K/3Mg-1Fe-2Mn 80.24 15.10 21.50 21.60 43.03 8.28 27.08 5.20
K/3Mg-1Fe 96.82 14.20 29.53 22.46 26.85 19.55 31.14 1.37

(@O Reduction conditions: Hy/CO=2, 0.1 MPa, 1000 h™!, 300°C for 4 h.

Note: Reaction conditions: Hy/CO =2, GHSV =1000 h™!, t=320°C, p =1.5 MPa.
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Fig. 9 CO hydrogenation over K/3Mg-1Fe-2Mn with time on
stream(Reaction conditions: H2/CO = 2, 320°C, 1.5 MPa and

1000 h')
3 % #®
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