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Abstract: Mercury is one of the harmful trace elements in coal ,and it has strong volatility. Almost all mercury is released into the atmos-
phere during coal combustion,which has an impact on the environment and human health. In the process of methanation of coke oven gas
to produce liquefied natural gas,in order to reduce the pollution of elemental mercury ,Hg’ is usually removed before liquefaction. In view
of the process requirements, this paper taked advantage of the advantages of low—cost fulvic acid ,abundant reserves, carbon content not less
than 40% , hydrophilicity and weak acidity,and ion exchange reaction with metal ions to form complexes. The fulvic acid was selected as a
template and a carbon source,and the rich surface functional groups in the molecular structure were easily chelated with silver ions. The
nano-silver—loaded carbon—based adsorbent Ag/FA was synthesized in situ by freeze—drying and high—temperature carbonization to re-
move elemental mercury (Hg’) in the reducing gas at a low temperature. The synthesized material was analyzed and characterized ,and the

effects of operating temperature , space velocity and H,S on the performance and life of the adsorbent were investigated. XRD characteriza-
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tion results show that there are four sharp diffraction peaks in elemental silver corresponding to different cubic crystal planes of elemental
silver, which indicates that nano—sized elemental silver particles are successfully loaded into carbon materials in a highly dispersed form,
and silver particles are calculated. The average particle size is about 12 nm. The evaluation results of the adsorbent show that the adsorbent
has good mercury removal performance when the reaction temperature is 30-60 °C and the space velocity is less than 60 000 h™". The mer-
cury removal efficiency can be maintained above 99% and has anti—H, S poisoning performance. When the penetration rate is 5% ,the ad-
sorbent can adsorb mercury up to 650 pg/g. The Ag/FA adsorbent can maintain the mercury removal efficiency of more than 95% after 4
times of regeneration ,and the adsorption amount of Hg” after adsorption for 50 h is 552 wg/g. He=TPD characterization results show that
the silver nanoparticles loaded on the adsorbent surface are active sites for mercury adsorption. Gaseous mercury first diffuses to the adsor-
bent surface,and then reactes with the silver particles loaded on the adsorbent to form Ag—Hg alloy. In this paper, humic acid can be used

to chelate the characteristics of silver ions. A new gaseous mercury adsorption material based on humic acid Ag/FA can remove elemental

mercury from coke oven gas methanation gas effectively,and has excellent adsorption efficiency and capacity.

Key words : elemental mercury ; humic acid ;carbon material ;silver nanoparticles ; adsorbent

0 51 &

AR B S L AR B e 2 e, DUAE IS
Sk JERHE B B RN I i BB A R AR SR B
PR R M IE R A ROERZ — RIENIE
A A F IS TR, AR AR SRS
He’ i A, i PR AR AR RAR A
VTR A 2a M e e S, 7E FL AR T B
Bl %5 T BEME LUBE R, R o R 40 ok & ik A
CH, S HMeE J 1 ~200 pg/m™" | FE Rk
FIEME TSR &, T He BA &MY
PE R BV A A i R AU il A P AN
N OWNE S 1750 5 [0S 11 ) NI =5, A [
Bt He' RA G MR A & B Mg s 4
JEMEALHL T2 40 il $ s e ge 2 IR, BLA A9 LA
FPIEACRERVE AL R T2 B S R A
BRI B Ak 5 R T SR TR .

Y640 1k, AR IR 70032 e B SRR < S
DL R RIR A PR TG e W A s R 22— F s d
BE A R AR BRI W B AR I ) B R Y
W BB ML 1 £ 4 0B 35 58 T 1 e oL U 4 iR AR
TRy 5 e W o 590 5 4 S W B R 450 Lopez —
Anton %5 FERIPIBE SR T B T B 6T
IR AR 45 5 e I el e S %) T 12 e 2 TG i
PR SSIE I, AR HE T BRLTR A SR | IR 8R4 = 3
40% , Xu %57 FI FHRERR AT R AT M, B 5T IR
o7 GRS i E Xt Fg® A Wi 52 ) 235 SR & B A
PEJG BIATHAE 120 ~ 160 °C I HIARLF W B fiE
HKZE ST FOR 1 W B B R E T, St )e
1 I 4R ALY KA 4 R AL H BTG ek
Iz W4 Jm S R IR B R0, ok 0 4 S e Ak
TR I 4 A A R i A A A R
¥ He” AT EACR B BERR . Zhou™®' 24 T — &

51 CeO,—TiO, ( CeTi ) M B 7 M B B 0T 0K, #R 55 T
HCl /K2 NH, \H,S H, . CO %5 A Z 1520 , 45 5
FW] H, f1 CO X Hg 2R MR K, HCL H1 NH,
Xt He' M EBRAMHER., BT5 H,S SE5 i,
IKFESNT He' 1 LRt A MHIEH . 755t &8 7
67, EE SRR St 4 Jm (P Pd Ag %) RS He' 45
BIC RTINS He® BB ; 73 MK ST iR 5 4 i
ZEEIRN T RAT A He” B TE 25 P U Rl 4 5k, AT
T 2o v RN A T XS IR B 4 AR o 5 7 O B AR
PAK He' BRI, BRI, 5 4 T 24 W BfF 551 7 R A
VPR B B o R Y e A O A B R %, Hou
2000 AR k45 8% Pd R (19 Pd/AL O, W2}
I, 7E 270 CHF,90% LA R B Pd/AL O, WL,
400 CHITEAL N, ZUFE ik 1 h e fff Pd-Hg &
GBS, Xu %R HRA AL A R A B
B Ag GKKF, K BUIR B 25 C I Tt 5
100 °C , R AW B 85CR N 94% T REF] 60% , B
W R A R oK 1 R o
B HLR E — P g R E LR R R o T A L
iz , 2 MBS AR o v 4 B ) 5, FL s & T 3k 40%
DLl & ERSFRERAK, AR KM, 4
REF RO C, 7TIE T IR, gFCh « il
oA DR NI R (SR S N B N i i e
iy, JERAR A BB BRI AP EALR, B0 5 48 5
TR BTN AR . AR R
AR B TR SR RV VR T i i b 55
FEIRNA R T R TIEHBR N Ag/FA FrilAR
W B A I P T 8 e A b 8 A PP oAb S ) B
K, RGEFE T NS 2 H,S AR SRS
W RF 390 50 5 A R 1 B2 0, BIF 9 1 R o 30 e W I 5 1
FIFRAE I B AE |, 91 FH XRD \Hg—TPD 25F- L X
Bt A Ak A 4 I B L e R WL R AT 0 5, Ry I ST 5%
PSSR A IR
137



www.chinacaj.net

2019 445 1 1] & 4 KK K 5025 %
1 74 Mg/m3o
B e R AT 959 I B R
1.1 s R BTG He® Rt A AT

KA A BT 26145 T Ag/FA W7, il
FIER WG E R T RV 4 ¢ & B iR M
0.02 g AgNO, T-HedrH JTA 100 mL £ 7K, H
PRI HRBEFE B 70 Z B LB 40 C KB
RN R 6 h BRI TRt A TE AT
FERREZEH 120 °C R 2 h, W HUG A2 BORIR =1
AR E T HS W R TP VR T 48 h, 155
HORE S T 20 rh #EAT 400 °C BAIRAL , F ) A5
R Ag/FA, SAEEFT T HARER , Sl & TIA Ag
A2 R FA, LA 5k MO 2 5 Ag/FA
EICS
1.2 REERSE

TR EAE A Y R R G R G AT I R
5 R E R EWNE 1 PR, ZRGE EEABE
KA (30% H,.20% CO FAfS CH, , SRR 53
S BT ) R IBE & AR A | R
BRFS A3 AR 43 A S R RAR B, THE R KA Y
FRYE ( VICI Metronics ) 1H % 7K ¥ & A (68 £0.1)
peg/m’ . SEE E JH AP He” Wk EE H LUMEX/RA -
O1SM AU A A I A5 M, foe Je @ A< 440 3% 2 e i o
JEHEH, MR R 1 L/min, WM FITEM o B . FK
B — 7 Ja A BAE570 (0. 18 ~0. 25 mm) B T
AR A, T = A R A S A
AR SR 1 R 5 PR =08 KA R RGE AR
YR WA, P RO R R RS S TS
Z.

[ P AT

o

e FEL B el

a2 s

H1 ERRARERRRRE
Fig. 1 Schematic of fixed—bed reactor for Hg’ removal
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removal performance of samples
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