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Preparation of Fischer-Tropsch synthesis catalysts from Mn-Fe prussian
blue analogues and study on their performance
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Abstract : Manganese is a commonly used promoter for iron-based Fischer-Tropsch synthesis catalyst,and its adding
mode is an important factor affecting the performance of the catalyst. Mn-FeC, @ C catalyst with a core-shell structure is
prepared through simple calcination with Mn-Fe prussian blue analogue as precursor.The influence of manganese content
on the structure and catalytic performance of the catalyst is studied.lt is indicated that the addition of manganese has
changed the formation and surface properties of FeC_ active phase,reduced the activity of catalyst to a certain extent and
increased the olefin-alkane ratio of lower hydrocarbons.The olefin-alkane ratio in lower hydrocarbons can reach 4. 8 when
manganese content is 2%.The effect of manganese on the active phase structure of catalyst FeC, may be the main reason
for the change of reaction performance.
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PFL B U — TR & U A — 29 = B AfEACPERE , 3B A BRI T et . Hrh AR R
(B 7 125, BT R B A A SRR IR A B FASACRT DL g v, - B 590 Db Bk AH $2 43k Fi, - 9 i
AT DA PR S AR TS 09 G G 2848 5 A 3 PEHEEFR B 5L, 38 W] LIATE Sy 5 44 B 500 4 a2 0% M A
TRBRIG IS5 o BRIEMEAL R BA 7 Wy oA v L7 PR35, EL AT i v T ) B o7 T P AR M ke T
Y534 by T4 TARAERRE )T R U i A T PERIAR A, Fe—Mn #4055 1 52 0 Pk BEF 52 3R L
BT TR A MG AR R S T R Ak #1,
&1 Fe-Mn fEULFIRY 5 M4 AT ST IR
ik nfﬁiéﬁﬁz e CO b2/ PR % .
(LA Feit) /% % €O, CH, c9-cf c;-C; CI
[8] 20 300°C 0. 1 MPa V(H,)/V(CO)=3 15.00 61.19 12,24 2.8(Z%%) 23.77 —
[9] 10 300%C 2.0 MPa V(H,)/V(CO)=1,GHSV=6000 h' 30.70 36.30*  5.60 8.7 30.50  55.3
[10] 7 250°C 1.5 MPa ,V(H,)/V(CO)= 2 GHSV=2000 h~' 45.10 19.20% 12.00 10.5 33.20  44.2
[11] 50 250°C 0.1 MPa,V(H,)/V(CO)=2 GHSV=1200 h~' 38.30 10.40  20.30 20.7 21.60  27.0
[12] 5 280°C 1.9 MPa,V(H,)/V(CO)=2 GHSV=750 h™' 45.70 10.10*  5.80 2.3 18.40  73.4
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Mn 57 ik 5340 CO Fefb%/ PR %
ik SR
(BAFeil)/% % €O,  CH, g-cy  c-c; C
[13] 50 300°C ,P=0. 1 MPa ,V(H,)/V(C0)=2 87.00 — 20,00 — 46.00  —
[14] 18 280°C 20 MPa,V(H,)/V(CO)= 1 ,GHSV=3000 h™' 81.37  47.60  9.89 — 20.33  —
[15] 1 340°C 2.0 MPa V(H,)/V(CO)= 1 ,GHSV=5000 h"' 92. 34 — 7.50 2.5 25.00  65.0
[16] 3 270°C 1.0 MPa V(H,)/V(C0O)= 1.0 22.10 9.10% 19.30 15.0 27.00  38.7
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SEAR , 7 - % 25 L) ( PBA, prussian blue
analogue ) 1E i —Fh 24l MOF B9 & 5 B4 BHE A Aip 9K
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JfiLk Fe—C=N—M(M & Fe.Co Ni Cu.Mn) 3¢ #
T M T AR R UTE S 2 X A A
TG B0 5 0 B 3006 PR AR P A T
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PEFVRHEALPERE , T ERIT T o 2 4 B0 i Ak 7 A
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CO/N,(IRFRLIH 45/45/10) , 75 5 B B A b 3
RABRAF ™,
1.2 {u=8

SK-G06163 Bl H.25 /S A 48 U, R Hh 36
ST LA B R AR e e S U N, R R
22 EAL T LB £ 3 Al A2 77 ; & 18 FEI Tecnai G2
F20 S - TWIN #43% 5 i + W fl %8 ( TEM ) ; 72 [
Bruker D8 Advance % X S8 AT X (XRD) ;3¢
Agilent Technologies GC—7890A RS H (41543 ; 3¢
& Agilent Technologies GC—7820A I {4 5AY ; 7
[l STA449F5 Jupiter # & 53 H7 {%; 3% E Thermo
Scientific DXR # i & ¢ 3% 3% 1% ( Raman ) ; 3 [&
Thermo ESCALAB 250Xi %! X 8 2k )¢ 1 BE % 1%

(XPS),
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2.1 HIELELTIERLY) (FeMn-PBA) &K

I 0.3.0.4 mol/L 5 0.6 mol/L V.2
FALEN A R RN B2 46 S WK 500 mL, #% n(Mn)/
n(Fe) 914 0% 2% 4% 6% 8% 4 HL 15 mmol ¥
BREAEN S — i = B R PR Bk 5 A PRk TR B L,
FARESZE A 5PL 0. 1 mI/min BYEE T ZE 30°C1E
TR NEEA 20 mL 5B F KBRS
FEIE IR )E B s A A 24 hy VRV TR
TR I o A5 (0 A AR AT IR AARAE &, 23 5112 R FeMn—
PBA-0 FeMn-PBA-2 FeMn-PBA-4 FeMn-PBA-
6 .FeMn-PBA-8,
2.2 EEFIFHSE
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SIET T AT NI 2 A AUE S N, B T &= TR
T2 450CHAAFF 4 h, Z e EMEER, AT
FRORHE Ar S0 B be )5 19 Rk 5, 4 e R
FM-0@ C .FM-2@ C .FM-4@ C .FM-6@ C ,FM -
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M

PEAL T 9 DA A R R [ IR N 2% T iR AT
S BIFRELO0. 5 ¢ FM—x@ C(x 43515 0.2 .4 .6 .8) fi
AT, 538 S 0 e TR B 5 AR O A%, A
il 52 B J3 28 2 MPa S B i BE A 290°C | 25 3
4 800 h™" A& AR W) 43 ) ik SRR S R AT
G307 .
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22 AT RIE 2 1 BB (<200°C ) i PBA 4544
rhR o3 ) SRR A A B R 5 2 B B (200 ~

H FeC, TERLBTBIE WL ; 55 4 B Bz (650 ~ 1000°C ) 2%
FHR/N, AR FAE ) FeC, 254917 Sl 1A 1
K& 2 v LB JLFPRE SR TESS 1 B BBk 3 A
—3 FE5 2 3 Wi B, FeMn—PBA -0 H A K1) 2%
O (54. 12%) 7255 4 BrBela] b HABARR & B i
R R EE L (14, 82%) , S A BRI 46 J5 , FeMn—
PBA-2 7E55 2 .3 M Bt 2k 3 L il f5e 5 (65. 9% ) , 5
4 BB B AG (5. 18% ) , W 25 4 I i A KA 3 5,
FEE 2.3 BB 2 B LU B BRI, T AR 4 B BE i
FL Bz i T i, U BH B AR 5T A G2 T PBA 45
FTE 650°C 2 1if (1A 1R JBE s , I L i i B 1 Bl 45 4
Jo R B R R T U5
2 SEAFETIRGZERE M RERE
SRR ETE S %

FeMn—- FeMn- FeMn—- FeMn— FeMn-—
PBA-0 PBA-2 PBA-4 PBA-6 PBA-8

HEALFIRTI A

55 1 HrBE(<200°C) 31.06 28.92 29.59 30.04 30.99
52 BB (200~400C) 10.40 10.66 10.64 10.01 9.8l
o5 3 MrBE(400~650°C) 43.72 55.24 54.01 53.86 52.56
55 4 BB (650~ 1000C) 14.82  5.18 5.76  6.08 6.64
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HIE 4 AT LA, XFF C s, 7F 283.6,
284.6.286. 4,289 eV Kb 4Gl Xt R Fe—C | £ B8 %
C—O0.C=N" i FRERI AR ENE, SF 5%
S AR C 55 0 454 JE R C—O 4,
C=N AU EE I C=N REL 0, Fe—C
Bk [ AL F R IE R FeC,, 1T Fe 2p BLUERERE />
BT, Fe 7R AL R 10 F B A& 3 FifbA 0 &, 78
706.1.720.6 eV 5 707.9 ,722.5 eV By HIXF i
Fe,C 5 Fe,C,7E 710. 4 eV Fl 724. 1 eV 4b A1 F 1
PR AT 3R A7 AR A A A ), 35K SR A 1 700 3R D 3 -k
WA A P A AL S8 ) X Mn 2p BB BERE,
TE641.5 .653.5 eV AL ] Mn 7EAE AL 1 LA
MnO JERXTELE >,

3.5 HRTEM X{E

ALY HETEM SRAEZS R ANK 5 Fs

A 5 ATAL, LR e 2 B A e a5, A2
A1 B0k 5 ICE B B, W% FeC, HAL, &L

Fe,C(101)

(d)FM-6@ C

(e)FM-8@C

W5 FFE4%RE % HE L F % HRTEM

FIFPRIARTE 100 nm 2247, #1651 FM-0@ C HA —
Tl S8 2580, AR T BE A 0. 213 nm, XF [ T Fe,C 1Y
(101) TH ; 5 A BRI ER IS , B FeC, AL WK A
TR B TR RO 2% AL FM-2@
C HuE R Fe (110) A S A& 480, Bl A 0T i 47
B FM-4@ C fE N B Fe,C(101) 5 Fe
(110) HHY 2 Fl A% 240, 1 FM-6@ C 5 FM-8@ C
BN X HHILT Fe,C(101) T AY Sk 220, 18 i 1
%) TGA [ TEM . XRD , Raman EAEL5 R UL 765
A BRI 4 BT A BB S T 450 T iy C
PEATIBR | DA BE TG PEAE Fe,C MELAE L,
3.6 MEEEITM

ANV I 43 B AR ) 1 2R FE A BRIV 36 h
PIPERETFAN 25 R N3 3 PR,

*3 FARERESBEUANBIESHIERITNER

co €O,
IR Btk e
#/% oo CHy C=Cy C3-C;  C}

e % sk

(C,-Cp)

FM-0@C 97.31 46.98 8.90 30.53 24.55 60.57 4.11
FM-2@C 37.06 40.09 6.98 29.30 24.86 63.72 5.60
FM-4@C 88.08 54.74 6.76 24.72 20.07 64.55 4.32
FM-6@C 93.04 52.25 7.84 28.75 23.66 63.93 4.65
FM-8@C 94.69 48.13 7.80 27.37 22.30 65.59 4.39

RS T=290°C ,p=2.0 MPa,GHSV=4 800 h™' ,

M 3 AT LUE 1 AR FM-0@ C HAT e
) CO FeAb, 51 A B4 5 S BRI CO Fefb= H
S T A AR B R T AR R, Fe, C AT 5 145
JEMKH FM-2@ C 4L B AT 5 iK1 CO Hefb R
(37.06%) ; Bl Fe,C iHens B (12 &, FM -
4@ C FM-6@ C . FM-8@ C fiE{LFIAY CO bR il
B 325, 43 9 88.08% .93. 04% 94. 69% , FM —
0@ C 5 FM-8@ C LI Fe,C i1 wess FEARL,
CO AR R 251k A T FM-0@ C 254 P A
f) 5 A 0 I g G P AR 2 A R B
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