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Effect of reduction process on iron—based catalyst reaction performance for

Fischer—Tropsch synthesis
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Abstract : In order to investigate the influence law of reduction process on iron—based Fischer—Tropsch synthesis, the effect of reduction

H,/CO ratio, reduction temperature ,reduction space velocity and reduction pressure were investigated with iron—based catalyst in a fixed

bed reactor. The experimental results showed that surface area of reduced iron=based catalyst was decreased,and mean pore size was in-

creased during different reduction process. Catalyst activity was inhibited; due to the increase of reduction H,/CO and pressure which

caused the selectivity of methane and carbon doxide increased, G, selectivity decreased, ratio of light hydrocarbon increased. The increase

of reduction temperature and reduction space velocity were beneficial to catalyst activity. Product distribution would tend to light hydrocar-

bon with the increase of reduction temperature , and produet distribution had no been effected with the increase of reduction space velocity.
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H, )5, Fe,0, B85 Fe, 0, , LK a—Fe; K
4l CO AT BUEk IR (L A8k ™ 8
TR MR SR B B RIR S By B G, i DR B A
BB T2 55— 2, 0 RN 2% AR 1 4
JHE TR WA SRS AR o AR g 1L g
BALAF 58 T 78 38 JE R BE 220 ~ 450 °C, iR JFUE )
0.1 ~6.0 MPa 15534 300 ~6 000 h™" 41T, %
HIR.CO 3K H, EJFAELEF 1 ~100 h J5, FEH CO
AEFE 1 ~ 100 h, 858 H CO B JF 1 ~100 h J5, FH
H, ZbFE 1 ~100 h, 3855 B AL 2A 5 m i b s
FEPERERMEILTIPERE L AP B2 B 1L P SR AR 1k
STIF 5T TR 5T 3 AL ) 28 — SR 4l H, i8R
50 CO MR, 30 R IR AL ) 0k AN B 1A 1%
B P R L, PUBFEYERE IR L N T IR E
JE S B0 R R SR HT A BV B 1 52 i LA, R
HEIF & HY SFT418 AL 78 [ E R EFSE T
IR SE A TR Ak b 38 RO B 3 JR 25 R Ji
73 ) R4k B A Ak 700 2 I R 1 5 1 S Sk 4 4k
T A A B BB LI IR

1 iK%

1.1 EeFHE

K UL VE ¥ 1 48 TR 46 A& i SFT418 4k 3 it 1k
I, HFEFHB N Fe-Co-Cu-K-Si0, , B A1 il £
TEFR L SCHR[ 13 ] o KR SR 5 55 e ol AL, o A8
SR iOR [ A2 B I 3 < = i o SN U 1A
Ji ., SFT418 LRI ER L 1,

®1 SFTA18 LTI MM LR
Table 1 Physical and chemical properties of the

SFT418 catalyst

i H Evei
R Fe—Co-Cu-K-Si0,
T BRI
A JE
BERIE/ (% - h7') <7
WeBE/ (g em™) 0.55~1.20
A2/ wm 30 ~150
HEmRY (m? - g") =90
AU (em® - g7) =0.2
CO 5403/ % =50
CO, M/ % <35
CH, #E#M/ % <4
RIGHEFE/ (% - d7) <0.5
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FH 2% 1 A1, SFT418 i £k 71 f 3 M 41 73 Fe |
Co BIEAL I Cu K FIEEZE 7] Si0, 4 Ak, 4 3 M
TR L TTVE 5 ) 4%, W 55 T M 8N, 28 ) 1
AR AR TR S T 8 B BOIR BORE | 3R TG HE %
0.55~1.20 g/em’, 2223 S ST EAG I | H: B8 45
FAKTF 7% /b, A REF BB R EE B e i 4L )
FLA 35 80 1) L 2 T R RN A KL AR B, 3 s 1 A
TR E A B 1) CO Fe 4k 3 By cOo, F1 CH,
TEREME LA B R i o 45 T 1 S 50 24 2 T
NANAS I
1.2 EAFIBEETEN

PEARTR A RN ZRFE A B M BE A 7 [
PRI AT, JERES CO Ml H, 4350 28 5 i
IR G AN A% . AR 7R i A T it
TP 3R JF S P AEAL R AE 250 °C R ) 2.3 MPa,
H,/CO &I 1. 5,483 3 000 mL/ (g - h) B4 F
AT . A3 SHBEE (120 C) FABE(0 C) Wi dE
IAHFIZKAE =9, B RETH R R s .
1.3 F=¥iatr

SAH PR LR A3 A, VRORE RN R 7 4 ) R
FHEBZR M, 7= iR Angilent 6890N 745 AH
BRI A H, A CO IR LA Ar 4R R 3R
R PRI S (TCD) #:5 C, ~ Cp KA ZH K
DL N, FEM A, RS IAE B TR 2% (FID ) K
W5 Co, A H, EREA, KM TCD #:0, fitfk
R HEYE . CH, A1 CO, AY3EFEME R F MR LT,
AW BRI CH, I BAL IF 5 — 3153

2 HRSUE
2.1 EERSFEIEALFIERERI
SR F AR U R M I3 2
R2 ERSFEMELTAMEHERZNE

Table 2 Effect of reduction atmosphere on textural

properties of iron—based catalyst

I3ty iavd LAY AL
RS R .
(m” - g™") (em® - g71) f&/nm
pSuY 166 0.36 8.55
H, 95 0.29 11. 10
co 93 0.25 9.74
BRA 38 0.24 11.10

22 1, Fe,0, TEARSHA FTIRJR)E, L&
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et TRk IR | HEAL T A e e A2 R
s AR SRR AR H, TR
TETAFDX f5 A T LA R CO 3t SR HE AR 77 1 EE
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W, R 4L H, b U EBCR AR, R 26
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BRAIEJE WS i M AR T AL R AR
WGS JRLIE T, %56 1 AN [R) e Jit S0k e X A 1
RERZI 4 R L3R 3,
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Table 3 Effect of reduction H,/CO ratio on reaction performance of iron—based catalyst for Fischer—Tropsch synthesis

AR (EEIR B0 / %

H,/CO &L co #ib%/%  CH, /%  CO, #FME/%  H,/CO FIH
CH, G, ~C, Cs,
1.5 49.83 1.81 17.29 1.41 2.5 7.9 89. 6
5 48.76 1.79 19. 87 1.30 2.4 7.9 89.7
10 44.14 1.84 19.51 1.52 2.7 8.4 88.9
20 43.32 2.15 20. 09 1.43 3.0 9.6 87.4

H12¢ 3 AT H,/CO RRUEE R 1.5 B AR5 1Y
TR, CH, 1 CO, MBI B ; B 2 18 5 A
B L A i, AR TR0 M T R, mT RE R S . OB S
T AU L R, AR T AR R S AL R
HET AR T AT B4 T35 1 s @Bt 30 I S0k EL 10 4
eI | [ T A N R 2 A i Ay LSRR
QM I A L2 5, CH, A CO, Mk #EkEa
R X AT e i TR AU L AR R, B A
KRN H, 70 R4 K, R 2 m A R T KE
Fe,0, , #2857 CO, MBEHEtE, W65 A Mt
P v AN A 790 1 90 e TR) s 5 iR 5 A
VEBEIE K =1 o A, BE R S R S LR 7, CH,
M C, ~C, BEETE, Cy, MK, 7= 540 A 5
AT o
2.2 REIREXELFIEENZNE

W SRR RE S AL 7 G 25 R R 5 i S L3 4
2 4 ATAL 38 J5UR B AR 570 B 2% i AU FL AR
B TS FLAR BN, ik 32 ol T A A SR

TR A FL I 35 [ FRE 7 SRR 1 L B I
Jir R 1 T s AR 1) bE SR AR AP LA BRI |
P FLARIE O T B2 h Tk I R i s, S Bk
A ARBE LT IR IR
R4 EEREMELFANEHRHEI
Table 4 Effect of reduction temperature on textural

properties of iron—based catalyst

i JRR LR mB/ LR SEHAL
BE/C (m* - g™) (em’® = g™ #%/nm
FSZY) 94,32 0.33 14. 14
240 62.47 0.29 24.79
250 59. 81 0.27 25.70
260 57.47 0.26 25.75
270 55.82 0.28 25.92
280 54.10 0.24 28.22

i R JRE e R i J o AR i s Jd R g e
ETENZR b RS AR PERER A W3R 5

R5 FEIREXREMELTIRITE R MR R R0

Table 5 Effect of reduction temperature on reaction performance of iron—based catalyst for Fischer—Tropsch synthesis

P (BEIR 5380 / %

1/ C CO #fk®/9  CH, ®#M/%  Co, ®#FHM/%  H,/CO AL
CH, C, ~Cy Cs,
250 47. 61 1.76 18. 16 1.41 2.2 7.0 90. 8
260 49. 83 2.15 20. 90 1.43 3.0 9.6 87.4
270 50. 33 2.17 17.77 1.38 3.5 11.0 85.5
280 54.03 2. 66 18.48 1.34 3.2 12.4 84.4
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R AR T e TR R Y R Y B 3 DR T ) T
e, AR ) Bl TR T R R A A B e
Rt A e Bk A A0 700 A0 0 PR 9 5T, A Bl A AR 7
{1430 i R A Ak T 19 B2 v, R I A B o AR O 1 3
PEPO R A RO R B R, CH, SRR C, ~
C, BT, Cy, & AR, 1850 A ) 52 o1 8 43
A, XTI B T bl 5 30 SRR B A T v AR
WA S 38 I, S 35 5™ i SR R T B 5 A AT
RE A BE A I I i B2 1 T A AR FLRST 36 R
FL2 R i PRAE A B0 i 19 20 180, 0 PT e A B 2 1
{15 ST ==4 0V T/ LR
2.3 EEZEX LTI RIS

W S O AR R 45 A B 52 WL 6., HH
2 6 T, A S AR A bR AR A, FLARFRRN
LA K 3 B i T A R R R 4L Y 3
BERIIIUR, S A1 I 2 B A DR s S A 14 A

AT e AR R B, SLAR BRI FLAR R AL AT, X
A BB TR i D S A R, AR A J
JESE I, (A A7) IR AT [ (R AHZ T D 38 i
JEERE R AL B HE S T B B

®6 EFEZEIELT A EHEF N

Table 6 Effect of reduction space velocity on textural

p=

3

3

properties of iron—based catalyst

RS Y/ IR HERY fLIRBY oL
(mL-g™?-h™)  (m’-g") (em® = g7') f#/nm
RIL S 94.32 0.33 14. 14

500 66. 32 0.39 23.74

1 000 64. 65 0.37 22.75

2 000 63. 81 0.38 24.10

3 000 59. 82 0.36 23.16

WFFER I, SUAIE Ji 2 S 48 0 3] — 2 A 2 T LA
W 0 T3k e D i R 3 i s e gy T
MR a8 S 2 X R B AR SR 4 E & iU R P BE
ARSI DR T

x7 FERERZEXNKEELTFREHRENIERER R

Table 7 Effect of reduction space velocity on reaction performance of iron—based catalyst for Fischer—Tropsch synthesis

TS 7 A3 A (BEIR M) /%
- CO #:fbZ 0%  CH, HFEME/%  CO, WFM/%  H,/CO R

(mL-g'+h™) CH, C, ~Cy Cs,

2 100 50. 03 2.17 17. 77 1.38 3.5 11 85.5

3 150 53. 64 2.49 19. 95 1.43 3 11.2 85.8

4 200 56. 96 2.31 19. 69 1.39 2.5 11 86.5

H 227 I, iR 2S5 N 4 200 mL/(g - h)
BF, i A6 R R 05 M O, i R A S 2 100
mL/ (g - h) i, CH, F1 CO, A3k HEVE AR b & 8
JE 23 ARG I, AR T TS PR I, co, SEBEERY A
T 3R] R T D 28 U 3 S AR K Y
W B bt K R AR A A RIS BN IR R i
JEOE B R K oy X R AR B A — 2 A AR,
AR A AL R Fe™ S B30, JE RS T Ak
FIRIETE . Bl A D 25 S 3N, 3 i 25 S X 28 46
S B AR N TE N
2.4 BIREHZHELTIMERE R R

W JFHE Sy XA T 2T 45 4 5 > L 8,
R 8 AL, i J5 U A Ak R) L 3 AR FRAIG, LR
PN BT LAR I K, 3k 32 B 3 el e
3L A 15 B RSO, SR B Y Bl I D ) A
82
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Table 8 Effect of reduction pressure on textural

properties of iron—based catalyst

W LR/ LIRS AL

J1/MPa (m? - g!) (em® - gh) 1%&/nm
Iy 94.3 0.33 4.10
0 64.7 0.27 22.8
0.1 62.3 0.28 24.2
0.25 55.8 0.29 26.3
0.4 55.8 0.28 25.9
1.0 52.8 0.23 29.7
1.5 48.1 0.21 27.7

i, LRI AUZE AT T B, FLA BRI FLAR Je 38 R 5 I
N IXRTRESE TRl O SR g B O, AL TR
WA SRREE O Bf fE A0 0] L T BT R LA 4
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KUV BT TR R UUAR 3% ZE AL ) FLAE 2
B  H R AT R BRI

D 7 6 R A A ) 9 4T B BN 1 B 1) 5
MWL 9, FEE9 nlH,BJFE S8 0.5 MPa I, fi#
FEFV AT R e 5, CH, F1 CO, Y PR BRI B A% ; Bl %5
PEARTR 7 RS AR A 6 % R R, CO, SRRk
ThE . X T RE R T RE A R R SR, RO AR

H,0/H, AR HEHE I, AT P il ok a AL & P 9 1
AL, FEERBRAL G WS R, e B RN, 5
CO, BEPEMETF R, B I 5L ) (14K, CH, Al
C, ~C, FHEHIN, WM C,, & MR, X2 h THE I
JEE ST AR HEAL R AT T B L/ CO $5 , TTT g
H,/CO S T b 1k MR Il 183 <, S 80T
AT o A T IR FHR oA 2

R9 HERERENKEEATIRIEE RN IERER R

Table 9 Effect of reduction pressure on reaction performance of iron—based catalyst for Fischer—Tropsch synthesis

‘ ‘ = A (AR AYEO) /%
WEEH/MPa CO Hetk®/%  CH, EREME/%  CO, B#EtE/%  H,/CO FIHLL

CH, C,~C, Cs,

0.5 53.4 1.8 18.2 1.47 2.3 7.5 90.2

1.5 49.8 2.1 19.3 1.39 3.0 10. 4 86. 6

2.3 46.2 2.6 20.5 1.32 3.2 11.8 85.0

. Chemical Engineering Science,2009 ,64(5) :955-964.
3 & it

1) 5 et fE AT A B, 3 IS 9 44 A 390 2 i
BUR B FIFLARRS R,

2)H,/CO TRF L Hy 1.5 W, Ak 70 4 1% 7 ¢
1, CH, 1 CO, BEFEE AR 5 Bl 5 3 J5 SRk L Y 42
B AL PE R R, CH, 1 CO, SEHMEA T
#OCH, F1 C, ~C, B mTh i, Co, SRR, fE1L
TR 77 i 43 A1 ) 42 SRR oA

3) BB BE R 280 °C Ak 7 Y 1K B
150 5 BB A SR B 1 T v R TR A T A CH,
BT, M CO, BT ST T = )5 FRAK CH, 4
PERI C, ~ C, B BT, C,, S FRAK, AL 1 =
s oA R TR A AT

4)IRJF 2SN 4 200 mL/ (g + h) B fEAL Y
TR R 2SO 2 100 mL/ (g - h) i, CH, #
CO, BEPEMEIRAI ; Bl 5 30 S 2 S (1 300, 441k 7] B 7
PEHE I, CH, F1 CO, HEEEERS LT, 40 Ji 25 3 X4
AT YR =1 53 A SR AS 35

S)YMJEE F1K 0.5 MPa B, 446 30 0 35 4 ft
=, CH, Fl CO, HFENERAI; FiliE i )5 R T i3 K
PEAL G 3% M A%, CH, F1 CO, &I, CH,
MC, ~C, BRI, M C,, &8 TR, 7= 5 A7 1)
Ko Freomfi .
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