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Removal of Hg' in coal-derived syngas by a Fe,0,/AC catalyst

BAI Guoliang' CAI Simin' MAO Degi' WANG Junwei'™* ZHANG Jianli®
QIN Wei' DONG Yanjie' CUI Xiaofeng'
(1.College of Chemistry and Chemical Engineering, Anhui Key Laboratory of Functional Coordination Compounds,
Anqing Normal University, Anging, 246011, China; 2. State Key Laboratory of High-Efficiency Utilization of Coal and
Green, Chemical Engineering, Ningxia University, Yinchuan, 750021, China)

Abstract: An activated.coke ( AC) supported Fe,O, catalyst (Fe,0,/AC) was prepared and used
to remove Hg”in a fixed-bed reactor in simulated syngas. The effects of Fe,O, loading, calcination
temperature, space velocity, Hg” concentration and H,S on Hg’ removal by the catalyst were
studied, as well as the regeneration of the used Fe,0,/AC catalyst after Hg’ removal. Scanning
electron microscopy (SEM) was used to characterize the distribution of Fe,O, on the catalyst. The

results showed that Fe,0,/AC catalyst had a much higher Hg" removal capability than that of AC,
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which was mainly due to the catalytic oxidation of Hg” by Fe,0,. SEM analysis indicated that Fe,0,
distributed heterogeneously on the surface of AC and was in a cluster-like distribution state.
Calcination temperature had a slight effect on Hg" removal capability and the Fe,0,/AC calcinated at
300 °C had the highest Hg” removal capability. In the space velocity range of 5000—15000 h™' and
Hg" concentration range of 21—200 wg-m™, Fe,0,/AC had a high Hg” removal capability. H,S and
Hg’ displayed competitive adsorption and reaction on the active sites of Fe,0,, which could reduce
Hg’ removal capability of Fe,0,/AC. Meanwhile, elemental S and FeS, produced by the H,S
reaction on Fe,0,/AC could promote Hg’ removal. The used Fe,0,/AC catalyst after Hg” removal
could be regenerated and most of its capability for Hg” removal could be recovered, which was
slightly lower than that of the fresh Fe,0,/AC catalyst but much higher than that of AC.
Keywords:Fe,0,/AC, Hg", syngas, H,S, removal.
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1 SZEG#BSr (Experimental section)
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Table 1 Proximate and elemental analyses of AC

Tolk 44 TLE ST
Proximate analyses/ % Elemental analyses/%
Mud Aad Vd(l FCud Hud Oad Nd(l Cud Sl, ad
1.91 10.74 2.00 85.35 1.50 4.01 0.94 82.10 0.41

i M. K5 moisture; A JK4) ash; V. #E% 43 volatile matter; FC. [EE K fixed carbon; ad; 5 T MFE air dry; t; B total

Fe, 0,/ ACHEAL I 1) i £ >R FH S AR FR IR Bk Ry 8 28 30—60 H (250—600 pm) I ZE{K AC 10 ¢ =
BE 10 mL VEJEH 0.00139 mol-mL™" [ Fe (NO, ) ;7 H, FEMAMRKIRFE R IR F#E 5 h .50 C T4 10 h,
110 CHEETHE 5 h, SRJG7E 250—400 C /Y Ar SR HHBREE 3 h,250 C 2 A HBERE 2 h, [l Aok ik
Fe(NO,) /Mt , % T Fe,0, g1 N 10% [HIFe, 0,/ ACHEALF]  ARIC N Fel0/AC.
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Fig.1 Fixed-bed reactor apparatus for Hg’ removal by Fe,0,/AC
(1 rotameter; 2 mass flow controller; 3 water bath; 4 gas mixing chamber; 5 heating tape; 6 Hg’ permeation tube; 7 quartz reactor;

8 furnace; 9 quartz wool; 10 catalyst; 11 temperature controller; 12 Hg® analyzer; 13 computer; 14 activated carbon; 15 KBH, solution)

1.3 T} H,S BYFe, 0,/ ACHEALFI 1 &
T H,S ke, 0,/ ACHEIL T (iC A Fe,0,/AC-S) A TERIHE S M4 (% 49.85% N, ,20% H,,
30% C0,0.15% H,S) , N EJE 150 C F WM H,S 4 h (Fe,0,/ ACHEALF] (10% Fe, 0, # ).
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1.4 JBi He' J5Fe, 0,/ ACHEALH Y FE-A 236

R He" JiFe, O,/ ACHEALTI A A= SEIR7E &) 1 FIr/s A9 [ 28 PR SN 25 B 1 E4T. Fe, 0,/ ACHEAL T 75
1.2 TR B SE 0 45 T BR He” Ja , B RUERE A T B4 Ar AR (T 160 mL-min™") | DA
10 °Cemin™' B FHEBHF MM FAE R E 400 C |, HEFE 90 min, A5 7E Ar GUH BARR N EE R,
IR AR FE A Fe,0,/AC-Hg-R.
1.5 BB (SEM) 04T

Fe,0,/ ACHEAL ) SEM 432K i JSM-7001F RIHI7 % 5148 o B0 5 ( H A Jeol 28 AIAEFZ) .

2 5L 59598 (Results and discussion)

2.1 Fe,0,/ ACHEALFIH SEM FAE

J T G Sy Fe, O, 7R3 AC ARG TUARIRAS X Fe, 0, fi 2k 10% AIFe, 0,/ ACHEILT (MBbS T
J& 300 C)#EATT SEM FRAFE. Bl 2(a) Al 2(b) 43 HLZHCRATECH 644 £5F1 2000 £5 T Fe, 0,/ ACHELL 7 1)
TS . B8 2(a) TN, WAL 50 Fe, O, 7R K AC T F 3 JE AR 5] | SRR AR 2 T8 2(b)
JE 2 (a) T bR R Xt — 2B R (9 SEM 8, AT L Y, Fe, 0,5 Ho R S8 HERE AC 1.

2 Fe; 0,/ ACHEALFIAY SEM [&]
Fig.2 ¢SEM images of Fe,0;/AC catalyst

2.2 Fe,0, %X Fe, 0,/ CHER He® 5500

3 M7 H,+CO4+H,S+Hg +N, R T, Fe, 0,/ ACHEIL ] 534K AC 7 150 °C Fikk He" By 4. mT
PIEH,AC 3 He" B ERAE ARG BR ,2 h #) He BRERECE N 20% /647,12 h [ & 10% 4547, 1 X+
BT AC X Hg” MR DA BRI B ok 3 R, 67 3 Fe, O, FTIE LAY Fe, O,/ ACHEAL I BE IR He” 1)
AEJJIE R T AC,2 by He' BEBRECRE R 70% 547, B A B 35 He RIMBRACEA T TR, 12 h [ %
45% Fe A7 X FE T e, O, AL EALAE I TEFe, 0,/ ACHEAL I B 5 He” A AL 2] T BB,
Fe,0, AU AT AL % 1k He” 4 ik He™ , iR 1l 5 H, S [ A4 A S Fl FeSx i #F Hg” 19 i 4. 1X FE
Fe,0,/ACXT He FIMEBRAA AL & T YU ERE BT, i8035 T A B DA B Ak I i
2.3 JBRBEERIEXTFe,0,/ ACHLE: He HIFZH

Kl 4 AN [EMBRE IR BE (250 °C 300 °C 350 °C 400 °C) F rifil & ) Fe, 0,/ ACHEALFITE H,+CO+H,S+
Hg"+N, S50 150 CFMEER He® MIZEH. T LAF AN RBRR IR B F 6 45 1 Fe, O,/ ACHE AL R X He /Y
JBBREE J1 AN ] AE 250 °C—400 CIBHEIRETE BN, Fe, 0,/ ACHEALFIXT He” (B8 BRHE J1 5638 5 /)N,
He" AYMEBRZS R 2 3R 60.4% 61.9% .58.8% il 53.6% , 22 5| HH- ASJEAR KA 300 °C B IRE T il £ 10
Fe,0,/ ACHEALFIMEER He” MURE F1 R, 155 61.9%.1X F B4 T7E 250 CHBBEmT , BBRIA Fe(NO, ), Al fig
A TEA5 R TR T 350 CHERERT , & B AT 5 Fe, 0, 7F AC RN RE LML AC 5K 5
MG, 51 AC BIRFLIE 2 KA FLEE ZE I/ D , T 22 S8 Fe, O,/ ACHEAL B He” AYRE J7 FRAR ).
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(RBLAAF :TIRN Hy+CO+H, S+HE" +N, T E K 150 °C, (BLFRAT RN Hy+CO+H,S+Hg" +N,  ifE A 150 °C,
He® #e R 80 pg-m™ H,S HEEHR 0.15% , %544 15000 h™') He” ¥4 80 pg-m™  H,S MR 0.15% , 2534 15000 h™')
Fig.3 Comparison of Hg” removal capability by Fig.4 Effect of calcination temperature on Hg’
Fe,0,/AC and AC removal by Fe,0,/AC
(Reaction conditions: Atmosphere= H,+CO+H,S+Hg’+N,, (Reaction conditions: Atmosphere= H,+CO+H,S+Hg"+N,,
T=150 C, Cy,0=80 pg-m™, T=150 C, Cyy,0=80 pg-m™>,
Cu,s=0.15%, space velocity = 15000 h™') Cy,g=0.15% , space velocity = 15000 h™)

2.4 ZSHXFFe,0,/ACHIE Hg Ay

Bl5 4 H,+CO+H,S+Hg +N, I 1 Fe, 0,/ ACHEAL T AE 150 °C FIAS [R] %5 3 (5000, 8000 , 12000 ,
15000 h™") 244 T X He® bk 4 h AYSEEe 25 5 A L Fe, 0,/ ACHEAL I 7E 5000—15000 h™' /)75 B3
FlN, B BRI RS He” MURE 1. 25 3 5000 h i (Fe, 0,/ ACHS: He BB R fers , 1A% 71.5% %
25 I N 15000 h™', Fe,0,/AC B BR Hg® B RURERE 2 61.9% , (HASIE & T AC X Hg” 14 B B 2%
Fe,0,/ACXT He” M MEBRRE 1 Bl 25 S AR A AT 3G I, 3xX =208 FAEARAES 3R, SO P 9 He' Sk
FZE Wb K 3R T Hel AEMEAL IR 7T Fe, O, 08 VAL I BUWZ B4 AL , i $2 75 T Fe, 0,/ ACHESL
FUMERR He” MBE ST, 3X 5 SCHR HiE 1) 45 1 — 307

100
80 I~
60 -

40 |

Hg" removal efficlency/%

15

12
Space velocity/(X 10°h™!)
B 5 25X Fe,0,/ACHER He' M50
(RRLZAE RN Hy+CO+H, S+H +N, T R 150 °C, Hg” ¥ JE H 80 pg-m™  H,S WRJEH 0.15%)
Fig.5 Effect of space velocity on Hg” removal by Fe,0,/AC
(Reaction conditions; Atmosphere= H,+CO+H,S+Hg’+N,, T=150 °C , Cyyp0 =80 pugem™, CHZS =0.15%)

2.5 Hg" WJEXITFe,0,/ ACHIFE He 5
6 & H,+CO+H,S+Hg’+N, S8 H1Fe, 0,/ ACHEALFIFE 150 °C %5 4 15000 h™' FUA[E He” ¥ &
(21.,80,125 200 pg-m™) 454 N He® BikR 4 h BI04 0L aT LIE Y Fe, 05/ ACHEALFIXT He 19 JBEBR
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REJIBAR He" WRIE RN P T e He” VI I 21 pg-m™ FF5 5] 200 pg-m™, Fe,0,/ACXF Hg" FIIBLKR
WORH 73.4% P53 41.7% .3 R W], TEBAREY Hg® WREESRAMT T, Fe, 0,/ ACKIL T HAF A B IR He” 1YRE
H1AE TSI A 8 He® e 3 F P Fe, O,/ ACHEAL ) B BLIFROBER He® B L.
2.6 H,S XtFe,0,/ACHIER He B

K7 MFES H, .CO H,S(0.05% .0.10% .0.15% .0.20% ) Hg" Al N, <48 H', Fe, 0,/ ACHEALFILE I i
TEFEJ 150 °C 253k 15000 h™' 400 FiER He' 4 h (S 8e 45 . Al LB B H,S W EERG N,
Fe, 0,/ ACHEALFIXT He BIMRBRAE 178 FrRFAR. 24 H,S ¥ B i 0.05%34 /1151 0.20% , Fe, 0,/ ACKT He” M
FRACEH 67.3%% % 57.3%.3X F 22 H R H,S AWK 7EFe, 0,/ ACHEAFI R -, I 5Fe, 0, 1 M7 2
I, 5 THFE T Fe, O T AL, 8 Fe, 0,/ ACIBL R He® HYBE JIBEAR B MBUE AR , Fe,0,/ACHH
R He® BYBETST T BERIIE AR X F 22 i T Y H,S SR i Fe, 0, 788500 AR 22 JLAN B0
9, BIRXTFe, 0,/ ACH S He" A0, 10 H,S W R AE X He" (IR RCR A K.

100 100
S 80t £ 80F
5 &
g g
2 L 2 60F
g c
= =
5 a0 é 40}
2 2
ch Ow
T o20L T 20f
0 J 0 ]
21 80 125 200 0.05 0.10 0.15 0.20
Hg" concentration/(jg-m) H,S concentration/%
6 Hg" T X Fe, 0,/ ACHER He® HIFENA Bl 7 H,S N Fe,0,/ACHE He" 20
(4 .S Hy+CO+H,S+He +N, 1R ¥ 4 150 °C, (M AU Hy+CO+H,S+Hg? +N, , ¥ 4 150 C,
H,S WEEH 0.15% , 7538 15000 h™') Hg” H A 80 pg-m ™2, 4538 15000 h™')
Fig.6 Effect of Hg” concentration on Hg’sremoval Fig.7 Effect of H,S concentration on Hg” removal
by Fe,0,/AC by Fe,0,/AC
(Reaction conditions; Atmosphere= H,+CO+H,S+Hg"+N, , (Reaction conditions; Atmosphere= H,+CO+H,S+Hg’+N,,
T=150 °C, Cy,s=0.15%, space velocity=15000 h') T=150 °C, Cy,0=80 pg-m™, space velocity=15000 h™")

ik — 5 HiS {EFe 0,/ ACHEAL IR He” i B2 i AR T, 64T T TR B H,S i Fe, 0,/ ACHESL
F(Fe,0,/AC-S) ¥ Hg" M4 5255 & 8 4 N,+Hg® Hl N,+H,+CO+H,S+Hg" S5 Fe,0,/AC-S Hl AC |
Fe,0,/ACTE 150 %G, %5 @k 15000 h™' 254 T xf He® il 4 h #9925 245 8. 0] LU, Al U5
Fe,0,/AC-S Xf Hg’ #Y [ 5 fE 11 255 T AC HlFe,0,/AC. N, IR, Fe,0,/AC-S il He" HIRE N
36.8%,1fiFe,0,/ACHI AC IR 18.2% 1 12.4% , W Fe,0,/ACLE H,S TME kb 25 5 3 48 &5 1 FLXT
Hg" MR AE /1N, +H, +CO+H,S 5, Fe,0,/AC-S il He” IR N 67.2% , 55 T Fe, 0,/ ACHI AC
) 61.9% F1 16.7% .3x F- B2l T H,S " 1EFe, 0,/ ACHEA T Y 2 1 Wl 4 Ak 520 A= i AL S il FeS |, BERS
SR He RN A % HeS, T #2851 Fe,0,/AC-S il & Hg® BYBE S22 vl Il H,S B 5 H" 7
Fe,0,/ ACHEAL 7 2 11 77 7E 35 4+ W2 B 2 23 A Fe, 0,/ ACKT He HYBEBRBE 1,15 H,S 5% A B Y B0 5
S Fil FeS, AT fiE i Hg® AIMEER.
2.7 FEJGFe,0,/ACKH He" B4

K% 58T e,0,/ ACHEILFI A FiAPERE , XHBRR He” 5 Fe, 0,/ ACHEALFI (2 K Fe,0,/AC-Hg) 1T T
FRAEIFIFE T 1425 1 Fe, 0,/ ACHEALFIFE H, +CO+H, S+Hg" +N, A X He® MMEBRAE 1. &1 9
Fe,0,/AC-Hg-R \Fe,0,/ACHI AC £ 150 °C %53}y 15000 h™' Z 44 T % He” JBEFR 4 h F1 12 h (525045
T AT LR Y, 5 Re, O,/ ACHEAL A HE , Fe, 0,/ AC-Hg-R i[5 Hg AYRE 1A FIrFAAR , (EL AR i) e 8
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/1N Fe,0,/AC-Hg-R 7E 4 h F1 12 h XF Hg® (4 Bt BR 2805 5333 hy 58.3% F 42.5% , W& AK T Fe, 0,/ AC 1
61.9%F1 44.3%. Fi L J i Fe,0,/AC-Hg-R Xt Hg" M BEBR BE 71 B#AIK, 32 2202 FFe,0,/AC-Hg 1AL FI7E
PA R P 2 R AR AR AC BB BE I, 251 Fe,0,/AC 1 L 2 10 AR B AR RIS P 20 23 B9 0 2%, S 5L
Fe,0,/ ACHY YRR A1 T & A T 484k, TSR T Fe, 0,/ AC-Hg-R X} Hg” HYBLERAE J1 120 57 9k i ,
S PSR [ Fe, 0,/ AC-Hg-R AL FIXT He” I BERREE 1A BT T B (RT3 &5 F AC IBERRE ), R I FE
A J5 BFe, 0,/ AC-Hg-R AL FIISREARAF AR He” 19351, Fe, 05/ ACHEALTI EAT B 471 A R B
fiff F M RE.

100 100
N, 4h
| EEEN,+HyCOHH,S B i2h
S 80 S 80F
z E
I §
2 60 é’ 60 -
5] 5]
T; r =
% 40 - % 40 F
20
£
0 A.’
A C Fe,05/AC Fe,Oy/AC-Hg-R
8 AC.Fe,0,/ACHIFe,0,/AC-S 9/ Fe,0,/AC-Hg-R Fe,0,/ACHI AC
X He” JBEBRAR S 0 H A X He” JBEBRAE 1 1 He A
(RS 44 . SAH N, +H® Fil N, +H, +CO+H,S+Hg" RGeS H Hy+CO+H,S+Hg +N,
IR 150 °C , He® W 80 pg-m™, AR 150 °C ,He® HeE R 80 pg-m™?,
H,S WEHN 0.15% , 25384 15000 h™') H,S WJEN 0.15% , 274 15000 h™')

Fig.8 Comparison of Hg” removal by AC, Fig.9 Comparison of Hg” removal by

Fe,0,/AC and Fe,0,/AC-S Fe,0,/AC-Hg-R, Fe,0,/AC and AC

(Reaction conditions; Atmosphere= N,+Hg® and (Reaction conditions; Atmosphere= H,+CO+H,S+Hg’+N,,
N, +H,+CO+H,S+Hg", T=150 C, C;;,0=80 jug-m™, T=150 C, Cp;,0=80 pg-m™,

CHZS =0.15%, space velocity=15000 h™") Cst =0.15%, space velocity=15000 h™")

3 28 ( Conelusions)

(1) 7128 Fe, 0, FNAC WE -5 T HXT He® BIBLERRE ST, 54 T Fe,0, % Hg® B9 fL S AL 1E .
Fe, 0,/ ACHEAL T Fti 4 93 M 41 53 Fe, O, I AN & ¥ 51 19 43 i AE 80K AC RmT I, T2 52 ok 43 A

(2) 1Bt e i B2 XF Fe, 0,/ AC Ak 35 JBE B He® 19 BE S1 47 — 22 (W 52, 300 °C 68 IR B T il 4% 119
Fe, O,/ ACHEALFIBEER He" MRE T .

(3) Fe, 0,/ ACHEALFITE 5000—15000 h™" i) 28 G N F1 21—200 pg-m™ 1Y He" WEEJO N, A
BB R He” FOfE ).

(4)H,S 5 Hg’ #EFe, O, 3 MAL b A7 7E T8 e B | | B 25 KK Fe, 0,/ ACKT He” BIBEBRAE T, 10 H,S
SO AE L B S T FeS, SRl fiEHE He” A B

(5) Fe, 0,/ ACHEALTI A K AFA FAPERE , 2L S5 1Fe, 0,/ ACTTEA R AFAYBERR He' MIRES.
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