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Release behaviors of merecury during thermal
treatment of three coal gangues

ZHAO Wenxin' LIU Ruiging"™" ZHANG Jianli® WANG Junwei’
(1.College of Environmental Science and Resources,Shanxi University, Taiyuan, 030006, China;
2. State Key Laboratory of High—efficiency Utilization of Coal and Green Chemical Engineering, Ningxia University,

Yinchuan, 750021, China; 3. College of Chemistry and Chemical Engineering, Anqing Normal University, Anqing, 246011, China)

Abstract: Release behaviors of ‘mercury during thermal treatment of three coal gangues sampled in
Shanxi were studied at (150—1000 °C in a quartz tube fixed-bed reactor. Effect of temperature
(150—1000 °C ), atmosphere (N,, 3%0,+N,, CO,), oxygen volume fraction (3%, 9%, 15%,
21%) on the release of mercury were investigated. The result indicated that temperature was the most
significant factor of Hg release in coal gangues. The temperature scope of Hg releases was 200—
600 °C and the release aatios of Hg were about 92% under different conditions. There are two
releasing peaks during the whole temperature range of Hg release at the temperature range of 200—
400 °C and 400—600 °C, respectively. And the maximum release of Hg in the middle temperature
releasing range occurd at 500 °C for the three coal gangues. The results also illustrated that micro
oxygen atmosphere promoted the release of Hg while the dioxide restrains the release of Hg in the low
temperature range (200—400 °C) and improved the release during the middle temperature range
(400—600 °C). The ability of Hg and volatility releasing rised as the oxygen volume fraction

increasing in turn.
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A AR RN e A RIS e R IR Abe L Ak DR U A S T AR v 7 2 B S5 T 1Y AT 8
ez — AT A RGR S i 2 R R B SL— RN A {5 e . g s il B A iz vl o ) RO 310 [ S A A
i A R TR 15 R BN Ry S I BOR AR A AT A7 R A PR A B R iR O AL 274708
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{14 S BRI DX LT WA 520, 7 — 7 ik X PR 5 B8 P T ) S T LA oo 14 R 5 N T 2 2122
WFFE R B, S0 A P B P Hg™ AR GE R IR T He AR ; BB AR T R I, S0 A A
Ab BRI R R AN [T 25 0 ok B BT IRL X AT BT AN T] | ELRE R R 45 5 5 R BB IO X A s, 76 1200 “C LA b B
R H BIWFFERIAL 45 T IR R B — LB PR ATy, 08 T T AT A sk i AL 27 A7 HoAT — 2 /Y
AR RS RS AN BB R XREAT A7 Fi ) R P i B AR T A B s ) BRI I , JC HE ke = SR AR PR U
XoF AR HLAT N IR

s bR ASCIE IR PG4 B 3 Fh BT R RIRGEN &R, B AR UR (N, (0,+N, .CO,)
SRR B SRR 520, IR AR IAGS R AT Hh SR IR T A

1 #B5 7 ( Materials and methods)

1.1 ST

SRS IR 3 Fh A RREAT AR i 23 BRI TS A R A R HL A R R (PS) ) | B R BRAERT
AR (PIHZY) ) 52 U A R BA R (ZZL(XY) ) hkRis i 5840, Bt at i meRER
IREFAS T SRS ARSI 0 A TR AR 3 2 0.16—0.27 mm, 105 °C F T4 4—6h HHHEAERE .3 Fil
SBT3 AR A Tl 20 SO0 R P IR E AR GB/T 212—2008 5 GB/T 31391—2015 ¥EAT, 45 R WL 1,
3 P AT AR S A Gy o3 L 3R 2.

R 13 FBEAT A AL T JCR T (ewt) SR E BT

Table 1 Proximate, ultimate analyses and Hg content of three coal gangues

- T ST
AEHE Proximate analysis, ad Ultimate analysis, ad
Hg content®
M A v o H N S o
PS 635.20 0.33 72.15 15.25 12.27 1.35 0.64 1.54 5.74
Y 540.49 0.48 78.01 11.35 10.16 1.28 0.62 2.30 3.62
XY 605.23 0.34 68.85 13.46 17.35 2.31 0.41 1.37 4.16

a ;ng-g’l ; bk by difference; ad: 23S B IE air dried basis.

K23 MEEEA R YT

Table 2 Content of minerals in three coal gangues

eSS W A4 Hr Chemical composition of minerals/ ( %wt)
Sample Si0, Al, 0,4 Fe, 04 CaO SO, K,0 TiO, MgO Na, O P,04
PS 51.14 42.58 3.54 0.39 0.31 0.61 1.22 0.21 0.00 0.00
XY 51.70 34.00 6.39 3.49 1.50 1.11 1.27 0.41 0.20 0.11

A% 60.10 33.30 3.96 0.34 0.47 2.01 1.02 0.55 0.22 0.00
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Fig.1 Thermal treatment experimental device
(1. Gas cylinder, 2. Mass flowmeter, 3. Temperature Controller, 4. Thermocoupléy 5. Tubular electric furnace,

6. Quartz boat, 7. Quartz tube, 8. Cooling device)

1.3 SRE R 5 8k ab H

BT A B R B v A SRR T B I Ao RV oR 0 3 (A K] 2 2 W) Y Hydra 114 5 30
ARA TIOR3 Tt ST A 55 AR R 4 v o 174 Joi i 70 5 22 DA 8. i 2 S 30 A P AT R
i, ARSI H A 3 I, SEIR A R A B E MR T 3%.

VIR AT R R BERE ST, 5 I T RBECR (RR ) € SR
(c, -C,xY)
Hop € OB ARE S ROK TG 19 55 C, BT A A B 7=y ok JT R 19 & 5 Y O BT A Bt B
PR .

FHEE R AR 77238 (Y ) RN BT A 7E AL B AR B 2% 1 S 71 2040, 58 O

RR,,(%).= x 100( %) (1)

W
Yo (%) = (1 _Wl> x 100(%) (2)
Horbr W A BT AR S Y BT, W, S BT A R B R i B

2 R 5118 (Results and discussion)

2.1 IRBEREAT AT R BT O B

K 2(a) J27E NURT AR 0 min I5F, 3 BRRERF A7 R BB ICR B Y22 AL 2R i 18] 2 (a)
A3 T TR AR R BEIRLE B T R AR R T, B2 92% (K ¥ 7E 600 °C R & AR, iIX A
ZER R TR REAT AR L2 S 5 b BRBERT A IR AE 150 °C BT I 4R R 2B 4 iR (20h
3% ) ,3X 5T IR I b R ORI BEAR W 517720 5 22 SUBERF A7 v SR AE 200 °C T 380 & A8 W] SRR, L 4h
R T3 AR A7 7 200 °C TR BIAT A BT, ATRER T 3 MR A1 R R IR A 2545 BT 22 57200 °C
Jai 3 FRERT A7 R R B PR R, {H 2 SCBERT AT 7R T 450 C (BEIRLBERT  BER 2900 499% ) i X R (Y B
JRCRE T 55 19915 B A1 o BRI RE 1 CREICR 3510 61% ,71% ) 5 THiAE 450—600 “Cili X, % X
FEfF A7 R BB ICRE I DA 5,600 °C e 3 FhRETA7 v ok BT BE 0 855 , JEASEE T AR 51000 °C i
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SR HBH 2 SRR I BEBCRA 1EE R 97% 97.6% 98 % .k BA T [ AR H AR5 14 2 7R ] R 5 BT
AR EVE T B — L0 Y B A S5 A, Guo S0PV B gt 4 R W] 5 BE AR R Eh 45 & 1Y A BORTE
960 °C Ji A B B ) 5 (14 28 T AP o0 ik TR A, v G DN B2 B 7 3 4 Pk By v o vl BE 45 i
FRRRERARSS 5.

—a—PS
—e—ZY
—a— XY

Mercury release ratio/%

Release intensity
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Fig.2 The release ratio(a) and release intensity(b) of mereury in coal gangues as the function of temperature

itk —2 T g A B R AT R ORAEAS R R AR RE T K ] 2 (a) H R B R IR B R A T —
B AR A5 320 SR B B T8 B BT FE AR AR A 2R (P 2(b) ) 3 AV A1 8 Tl 2 #r e &R 50 4
BRI AL, 3 AR A 0K o 545 R A & fed i R ) 4 B 25 S K5 TR AE ST A BE 7T g 5 A PLT
G  WATRE SRR W il G, 16 Bk T pg ot ao A v ] 161 A9 A2 2R3 B 181 2.(b) AR, S0 H fe
USRI B U LA R RERCR X, HAS R A7 v SR Al B L IX 4% 5, o] LAA) A5 )
3 FREGT A1 B R B AR LA — T AR, FLERT A7 v R )T 25 R RS 2 1 4% 5. 28 I STk T DL &
PO RS AT b R A IR AT AS B AR T T DAGE R THR S I 2 A B AL A R ) 4 R
TEAN R 25 R iR B M T8 AT HLIT 45 & 2SR TE 200—400 °C TR IX AR BT ; B 400 45 6 259K 7E 400—
600 °C 7 B s BERNIR 5 T RELE 960 °C M 4K fk , Bl %5 W B2 i) tF— 25 TH s R il 5 22 25 6 Rk & A itk
25 SRR A o SR P Bt 5 43 I AE 150—390 °C 1 390—600 °C 5 30 W5 A4S Al | AR I X (150—
390 °C) £ 260 C TR A% i smEL, T RE A HLITSS & A& SRR Eh 45 A AR B Z i ; il X
(390—600 °C ) Bl )oK AT B R Ak 5 8RR AL 45 5 0Kk, HLAE 490 °C B3 ok B B il o B fe o vh
FHBERT A7 Hh SR AE PR 3 5 v 23 S 7E 150—290 °C . 290—370 °C 370—600 °C 5B 3 NI JF X 7] 45—
T DR 5K AT BB A AL 4, & & HLAE 200 °C BT 5 ZURE I 55 e DX v] BB 0 A HLIT SRR EL 45 A A
KRB B N HLAE 290—330 CHE [ B — M BEHCT- 6 5 105 — 1R DX AT e s gk 5 it A e 45 &
AIRBEIN B N ELAE 490 °C B I B i fme o, [m] i A8 {1 () e Tl 0 ] BB 3R IO 28 R AR BT 40 vh 5 R A/
25 SUBERT A v R B BRI IX 0 1) 4 200—450 °C 1 450—600 °C |, H 45— a] ] 7 i 380 °C BT 5 Y B
SRR, T RE AT AL SRR AR 45 A AR, T AR 0 R OR 1 BEICAE 520 °C BT IR B (E, 1T AE N 4 A
2 & B E R AR,
2.2 RGO RERT A TR OR BT R A5

Ry BRSO BT A TR OR B TR B e TR A RS T A ORAEAR R AT IR T .
P 3 S IR A R AE 3 AU T BT M (a) SR (b) IR, BT 4 2 PR BERT A 7E 3 Fh R T
ERAR RO % (a) 550 EE (b) Bk th B 3 (a) WA, 3 FAUR T AT A ORI RBICR 51 & = %
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TSR B T A A —E BT 400 CHE,N, 5 CO, AT, AR RN 42 3 A — 2, #F 600 °C i
RIBHCRI RS 92% ;5 N, 5 CO,THEM L ,3%0, A et Sk — R UE T R AIRRL 600 °C B R
HIBECR 20355 97% , SCHk R 112 | 23 SR AE 600 °C R AR BEIERT 47 7R R AR, 600 °C L X R iy
PEVEVE AT Z 06t 4 (a) AT, 3 AT, 5T 300 °COFWIBERT A1 O35 K 03 B i i K, 800 °C 4% %
By RO TR, AT REIH PR AT A 9 S EE 20k 3 B BE, S —B BE (300 C LR ) ok b4 4K
DA B — S B e R T s RS e IR A ALY, 5 Z 456 B OR I AR o3 il R 568 — B BOh 2 I3 g By
B, RO T H5 A 10 246 SN 5355530 W B0 il S5 56 Ak, 055 2 255 I SRt & A6 0 F R s 56 — B BE
95 I S -5 SRR R 5 v O A A0 B A Ak A it B B TR s El PR RT 60, 55 T 400 °C, ol S0 A e B (e ok 4 % 1y
FITE L ;400—3500 °C L IX CO, B35 A il T 98 & A3 OB ; 85 T 900 °C, CO, R b S I AT 41 v R
SE VR B (0 A3 R, 3 A5 R 5 SCk B B gT 4 R — 3
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B3 SRR A SRR AR AR U T Y B4 SERERT O P AEAN R
BRI () SRR (b) HhZk A TR (a) SRR (b) fhZk
Fig3 The cruves of release ratio(a) and release intensity(b) Figd The cruves of release ratio(a) and release intensity(h)
of mercury in PS coal gangue under different atmosphere of volatile in PS coal gangue under different atomosphere

Kl 3,4(b)J& 3 oA A ik 54 K 0y iR R BE 1 AR bt £k, HIET 3(b) AT AT, N, 5
3%0, EEALME SR RGBT FEA —5, 5 NS, 150—390 CHRLIX,3%0, i A At SR Al
FRIEIER 7, HAE 260 °C BTk BB s 2 B oKk 7l B 5 T rh A DL Sk PR ERAHZS 65 [
B Fh L 4(b) TTRT, 150—390 °C i XA KA B 55 , A TE N, T 300 °C Bt il Wl &2 31— ANl 114
BTG | P SCRR AT 12630 X 6 B R A VR PR 59 A ML 4315 /0 BEBR R R B0 A R AL 5 [l hi
MEARW] CO,5 3%0, HAAAPEFINH 753 RABEL M TE 390—600 CiRIX, 5 N,<4HAMI,
3%0, M T RMBEL, X AT RER T 0,25 T W ek 7R R Bl 4(b) FTAT,3%0, 1 3%
PET& T IR AT AN M (A & 003 ) R I e B S 5 488 | L Pl SRR T RN IR X R R i A 5
ALY R ST AR Y IR 3%0, AT IRl T FaR 2R H MR 45 A BRI 5R s T CO, LR IX 55
TR AR SN AR TR MR AT, 45 R SR R AR5
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2.3 EEHRBUIHRHRE A PR BT 3

2.2 43T 3% O, St T HERF AT OSH IR0, 1578 600 “C R A BERH ) 51745, 1 Al
SRR MR £ R A0TSR R — 3, A 7 S AU MO R BT 0
BT WIARF EISE T R HIBERCT .18 S SR TIIERF 7 11158 (o) % 03 (b) 7R ) BRI R 1
FEHCHT 7 S . 1 5 () FTA0, B0 0 RS2 K, R 0 T % 5 £ 200—600 “C.Bi#%
SRR  F FERCLE DR E T U, F 0 S0 ARSI BB, 31 SRR 0 L 11
3 11 S () T, B SRRSO UM, 6 5 0 7 e I B T A U T, 3 75 4 W14
SRRSO TR 73 R4S I R 138

- 100 a S0r y ps gangue
S g0k 40 ——3%0,
“E PS gangue & ——9% 0,
2 60t ——3%0, % 30k ——15% 0,
= ——9% 0, > —¥—21% 0,
E‘ 40 L ——15% O, E 20+
B ——21% 0, ]
= >
§ 20 | 10}
0 1 0 1
05F L
b P “ee 3%0, 020 TTT3%0,
2 041 ! —=9%0, z o1s -=9%0,
2 03 — 15%0, z
- —21% O, =l
= 2010
§ 02 .“_%
2 o1l Z 005
ole 1 1 1] 0 ron ! ! — $l
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Fig.5 The cruves of release ratio( a)rand release intensity(b) of mercury and volatile

in PS coal gangue under oxygen of different volume fraction

HIE 5(a) FTH, 3% 0 RS SR I BB B P = AN [/ A U 5 1T 9% (15% \21% O, IRZE T, K 1)
BN 2 — AR B e e X R AR FIECIRAS T ,3%0,2 5 T A A 1930 i RO, (RERF A B B
AR AR OR Sy T RN E B S AR AR B 385 O IR A 1 B 1 R 00 A S 28 i 583 , >4 381 3k
& I B A et TRBE L, TR 3% 0, TR AU T 200—350 °C ik IXOR Y B i 5 1 B K 1
BRGNS R ; B R B0 K AT A 0% 401 40 ik 2 07 20 W 15 5, DU 1Y) R TR B R B
— LT RIS N, 151 5(b) W] T A AR o B 3 R, #4802 s i IR EE MR IR FE AR, HL
Gt 5 BEAR Y IR, R Bl 40 SR AR 3 B AR O T, P S By 8 R S 0oy 1 5 et TR 1
PR PESG i | (AT TR X 3 Ak 1 SR A SRAT B, gl 2 AR T Hh il DXOR R RE I, 5 BB 4 A R AR A B
AR, SR AR TICO B i R AR v

3 %5 ( Conclusion)

(1) MBS AT A R B BN ZR | SR A RO X R 200—600 °C,600 C B, ~F-3 | 1
PH 22 3 3 FBERF A HOR AR HCR IR 5] 92%  BFFT A1 | Hh PH 5 22 SUIRERT A7 Hh R 78 38 AN TR L IX 522
T WA BRI BE I 43 S TR IR X (200—400 °C ) Fl R X (400—600 °C) A [l Fh BT £ ok Y
AT RS SRR 3

() H5RARAGFML, A AR E RS T 3 R A b R B AL TR IX
(200—400 °C ) SR AR , A2 FPIRLIX (400—600 °C) 7R BB , Sl B e AR IR XS 7%, Th i X AT S
BRI B A R AR .

(3) SR RBU B AR T T AT A B B B 1 | SR S5 48 & Oy [T R AR 3 K.
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