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Release characteristics of mercury in fly ashes collected from
coal-fired CFB power units during thermal treatment

LI Xiaohang' TENG Yang' WANG Pengcheng’ LI Lifeng’ ZHANG Kai'™"

(1. Beijing Key Laboratory of Emission.Surveillance and Control for Thermal Power Generation, North China Electric Power University,
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Abstract ; In order to investigate release characteristics of mercury in fly ashes collected from a coal-
fired CFB power unity, the effect of temperature and time on mercury release characteristics of fly ash
samples as well as release rules of mercury in fly ash samples were analyzed through the heat
treatment experiments and temperature-programmed pyrolysis experiments. Moreover, the mechanism
of mercury adsorption was examined based on the fitting results of first order kinetic model, Elovich
kinetic model, Freundlich kinetic model and parabolic diffusion kinetic model. The results of heat
treatment experiments showed that mercury release rate of the CFB fly ash was closely related to the
heating temperature and time. The release rate of mercury in the CFB fly ash was lower than 0.2 at
temperature below 200 “C, while the release rate of mercury in the CFB fly ash was no less than

0.935 at the temperature over 300 °C. The results of temperature-programmed pyrolysis experiments
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suggested that Mercury species present in the fly ash include HgCl,, Hg,Cl,, HgO, HgSO,, HgS
(black) and HgS (red). HgS (black) and HgS (red) were the main mercury species present in the
fly ash. The fitting results of kinetic equation showed that Elovich kinetic model was more applicable
to reflect the Hg release from the fly ash, while the correlation coefficient R’ between the
experimental and calculated data was greater than 0.95. It is indicated that this process controlled by
multiple reaction mechanisms, and the activation energy changes greatly.

Keywords : CFB boiler, fly ash, mercury, release, kinetic model.

ORI E 3 R HE S B 5 RS T RGBT ST 3R T 2012 AEARAG A JCHL )T R A TS Yk
JPRUE(GB 13223—2011) " FRE BRI B ) AR HEBOR FEAN = F 0.03 mg-m ™. B T AHFRHRRL, Wb+
TCR R AR AR LA EAHTE SCHE R R I 22 v PR SE T 2010 4 2 2013 4 HL S ATl R MK ) HE R
4.80 AZ MG INE 5.32 420, [7) L4 2.319% ). 98 E IR MR T 84 AR il SRABHR M, & BL 2
40% 7R RS )OI Pl R A e B (FR L PR 2R A s AN PR AL 2% ) TR sl A7 A Tk Ve B Y ARk B8
SR A BRANA TR U8 AR BEASE I IUAT 6475 Y 32 1 15 45 a5 78 TRt BT 30 4 < r i o
P M ) [ AR RS A%, TS8R FP ok & T ) ik 2 = A I T A R R KK R R
RILKIK T AR & IR ok S Y 4.962—10.646 1%, I, KO BRI 2 B vh ok OB A 5 | &
Y5 Y B A 275 R 1 ) R —.

TR S P I o S B 5 A B o AR M A T Tz R TR R T R B AR A A
225 PHEE TR 1300 °C 40 PRI T KRB BRI B, & PR ik 0 R 1k 98% LA L. ik AR 4518 48
R S Rk e A B AN R 2SI T 200 °C I Rkt FRE R T 2RI Rubel %0 &
B, R PR B BEGRE N 300—400 °C S50 3RO ALEEER o oR 1Y SRR IR B 2 1R (6 &R
PHATHRSE , B BAE 500 CHBBE S A4 KR AINEEER rpaR M SR 53510 98.8% Fll 86.4% . 18 1 BHAE " 43 #r
TRIKHSRIEAS SAFR e, 48 A 350 CF QIR SR AR SURIE N, E R 1 h J5 ROK R oR Bk
C2IRE] T 90% LA b RS iRt 58 vh CIRFR R H KT (pulverized coal , TFK PC) #3471 OC TR it Ak
R (circulating fluidized bed , fijFR CFB) b €l HY R #ka e T ik 9% e i .

UEAFSK , CFB 500 AR RIS I ) R LA | 00 oy 18015 Y0 1B K AN T e W HE TSI S5 R i A 3 T
P & e #R R 2015 AR AR E CFB MBS HL A E A 70 GW! O BHER R S X T — &
440 t-h™" CFB ALAL AT AR R B AT R 09 A7 AR 2000 He AR E 7 R B CFB 0 RIKRY
R E AR B IR 105 A2 288 Z 0 TAE &R BE CFB fidr ©OBGR & et iy T i &
JRUS AN BEF S T PCYPRT CFB B R W B 5K 36 g 2 S L BREAILAR , % B CFB B RO B SR W
R fE e KT PC G Ok, HAR R SEI AT I IR I A RS OB g B 3k R 05 O A5 () 00 P9 47
FH ME— W B g ORI A W B S SR 4 R TR R ORI TR NI AT DL R 2 AR TAE
T, CFB KGR IBE S PC BN R AR A7 /e 5 I R 22 57

ASCLACA K 300 MW SE A6 I I A0 R B0 00 FIL AL A 43 B 20 4 09 ROBRE i % 4. 3 3 i 9 B sk 34
S22 S AN R BE RS B B Ta) RO HPOR B R CRRME | I 45 AR 7 THIR B 1k E— 25 20 $A A B AT S
TR A IR AN R RO e AR, SR Bl 12T B, A3 A B AR RO R R R BN Bl 2.
B E R COR A BT R P SR A0 R IO AL S At cHl

1 2549 (Results and discussion)

L1 SEBHE

ARSCRIKAERL T 2018 4EHL [ — A 25500 300MW A CFB SR & B pLAL A A8 BB A HE R 11, HL
WORE LA 2 1T LR JE 5 W 0. A 5 SG-1060/17.5-M802. 181 1 2y CFB F P HL4L /R = Al
AL R T A A W5 7 Rk AT OB , SR P AR 42 BR 2B 45 ( Fabric Filter, fiFK FF) #EA7ER 2, R H]
A SE B (wet flue gas desulfurization , fij FX WFGD ) AT F- IR AR
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Fig.1 Schematic diagram of the CFB boiler unit
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Fig.2 Schematic diagram of temperature-programmed decomposition experimental system
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2 ZER510HE ( Results and discussion)

2.1 RIKIEREHOR f

345 T KL PR AT CFB B b RO AR SOk & Rt Y 10 RO AL 25 R R T, 10 I 5 A 7E
2055.0 ng+g ' % 2219.0 ng- g Z [, X 10 Y Ak A 7 249 12 A bR o 22 53 5 N 2116.8 ng - ¢! Al
55.71 ng-g™" . & 3 TR 10 YR B AE b A AN S (R, UE B A, SRR T R AR T 8 N
S AbR 22 A0 & 3 TP B TR, 4351058 2094.37 ng-g” A1 32.73 ng-g ™.
2.2 R BEXTCOBOR B 15 R

Bl 4 25 T LN B 100—500 CF 1RO R e ORI il 26 24 Hk 38R ok 100—200 C
BF, TR R B KRB HCR B, 43900 0.107 ,0.158 A1 0.199 5 #5J% ky 250 °C B, KRR e KBHCR A W B
B, A 0.459. BRI Ry 300 C B, RKGR I K BEHCR A $] 0.935. 1B 1K 51 350 °C LA F- B, 4% T B 41
T RBGR VA R HCR AT 0.99, KK Pk B R AT R 7R B i 0.00 2 473X 3R B RO BOR BEGH %
B AR L B 3 i 38 .
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Fig.3 Hg content in the raw fly ash from Fig.4 The max Hg release rate of CFB fly
the CEB boiler unit ash at different temperature

DIERIIFE R, R PRFRR A A W R BOR A7 B 0 22 5. 38 1 J A R B IR B = 50 s T
SCHIR P4 R 045 R AL B W BRI B WA R T BE I LY LB A R 1 RIEL 4 RO A B & B, AE 100—
200 CIEREM, ©IKP R SEMR (HeCl,) RIS (He,Cl,) 58 2R 78 250 C B, ©R R B
Hehm e J R 2 T R R AR (HeS (B8 ) FRUR B ; IR B A 3 300 °C I, BR HeCl, \Hg, CL, Fl HgS () iX
3 FhRALE WAL, WKL A RIL R (HeS (£1) ) Bl ; T8 ik 5 350 °C LA LA, KK rh 4 FhoR 1k
B YA TR A, B 4 R FB TR LE 200—300 °C I, BRI RY oK b ROK JELA R & F 19 0.736.
2.3 HHIE KK FRBE AR

KI5 g5t TN [FFAE A [A] CFB COMRGR B3 AL 3R B2 SR 100 °C (150 °C A1 200 °C B, KKK
TR B NS [0 B84 JI T 348 oy, AEL38 it SAAS A B 36 1 TR 8l 26 76 100—200 °CYE I, A HeCl,
A1 Hg, C1, 7] LA AR | 6 AT UL | 76 100—200 °C 31 BBl Y, KK A 32 B B G R Ak & 4 R HgCl, Al
Hg,Cl,.7E 250 CZ&F T, 78 0.5—1.5 h A R R A< 2 W 4 i AEL B8 I i B2 AN R, e RAR 0.256 524
PALBRRHEI RS 2.0 h )5, WKGRBERE R NIAS] 0.432, 76 2.0 h J5 , A At fa] | (5 €K R B e
FHOIMAR. GG R | PR &I, 63X — IR EE T, BR T HeCL Al Hg,Cl,, ¥JK HeS (FB) iR Rk
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FEBE AT E] 180 HeS () R 2 e i in #4824 300 °C 350 °C #1400 CH, £ 0.5—2.0 h 4
TCHGRBEHCRA1 H0.566 $im% 0.903,0.698 4 i1E] 0.962,0.819 HiHn3] 0.976; 76 2 h £ 3 h P &K
SR TR I 3R 48 Y 4 o T 2 A A 3 2 ph T 300 °C (350 °C 1400 C 4444 T, K K2 HoRib &
Y1 (HeCl, Hg,Cl, HgS (&) F1 HgS (£L) ) #FAT LUBEHOI-Fifi 2 HR Sk of [ A0 385 I 20 S R il o6 4. 2 RO
A FE 450 °C A1 500 CHNR 0.5 h J5 CIRRBIRIAE] 0.969 F1 0.984. 3% R HIRE T, KKK
AT DAAE ST I ] N LT 58 B 25 BRI, A4 B BE IR T 400 °C B, RORRBEHIORE B 5 B ]
SEIEAHDG ; b R 3 400 C B, €O PR 4 R ORE B 5 FAKE T E) TG B B G R

F 1 RFEBFT P RACA P i

Table 1 Pyrolysis temperature of Hg compounds "'

W 2L T

FRiER) 5T Bt T S R
The temperature of peak/C

Mercury compounds Temperature range of release/C

HeCl, 70—120 12010

Hg, Cl, 60—220 80£5, 130410

HeS( %) 170—290 205+5,245+5
HeS(4L) 240—350 31010
Hg, SO, 120—480 28010
HgSO, 500—600 54020
HgO 430—560 505+5
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Fig.5" The Hg release rate of CFB fly ash at different heat time

2.4 CIRTORIEE PR 28 KR R

Stk — 2 e AL BRI IS €O i R A RAT IS 25 LA R RSO A | AR SCOR R 3 T I #A A 7 5 4%
T AT R A BT S ORRE S P OR B Y 2l AR T AR A B S I 45 SR SR B 200 °C 250 C
300 °C AZbHRJEFE iR fr i 22 S5O0 BRI P ZE AR TR AR S0 56 b R IR R 200 °C Ak 3RS R
Al 250 °C AL BR S AL AT 300 °C AbHUSRE S 0 4.

K6 45 T RIKIFFE 200 °CAbEEJE#E 5 (250 °CARHLE AR T 300 °C 4B 5 Ab 35 £ i 10 FE 7 Tt
T IR RO 2. 25 R A 4 ANRES P JEARE IR B BGR IRIR EE R 125 °C 224y, e LA R il i 46 1
BN, 43 BITE 200 °C 22471 490 °C 2 A HE B HLARE — W64 o B e 7 oo 140 082k 25 4 3% 1 sl
ZEMBAE Sy BT R II, RO R 1) TR R TSRS 4 1R B AT, 9 D R RO TR Y HgCL, i Hig, CL, Tk B 458
1%, 25 50 M\ RO 2 THT 0 25 45— DA L B 57 R 200 °C A4 AL R4 55, R 125 °C & 450 C.4545%£ 1t
B AR CFB KT ORIG G YRS e uds HeCl, \Hg,Cl, HgS ()l HgS (£1) ;55 QIR
{78 R 490 °C A2 HYaBIRZE , 4563 1 B /A, T RIFE 20 B S ORI B IR FT fig /2 Heg0.200 C
A P B T 8 R AR R R It 2R SR W ORISR BTG IR TR B Sl 150 C 22 AT, 55— WSR3 0 R o i Ui
FESM R 219 C A7 FI 477 °C FeAq . Al I, 200 °C AbBRJ5 €K H HeCl, F1 Hg, C1, T AR B KK (E
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TREERAR, HeS (F8) HgS (£1) MK (HgO ) HARAFAE T KR T T AR E Ak , MAF 518 E SR idi
200 °CRRKAF i 55— W4 1Y) e B AR 0 B 5 RO R 25 IS K 13X B TR HeCl, Al Hg, C1, 7% 1 841K,
250 °C A FR 5 KRRE G 1 SR B WA TR T 3 200 °C 224y, th4k FARSRAEAE AN B B e | L2 (o7
B SR 307 C 1520 °C A2 AT, HLAE 250 C 2247 H IR W6 AR TR i 2 B 280t 250 °C A3 RRFE
il AR B AR B HeS (41) A1 HgO 5 20 A st B A TS W 1 250 °C AR BRS ROKEE i P K SR A HeS
(28 AHE AT E S AR/INE I HeS (FB) A& E I 55,300 °CAbHHG COIAE 1) 5K B RS Ik T
£ 200 CAAT AHIZMZE B 30 T 3 I i e ISR B2 43 3o 301 °C 224y 487 C 2247 Fl 554 C Aty
BRI SN 145.4.855 % 1 TPEURHT &I, 300 °C MBS CIRKEES rh3R B 7R 0 HeS (41) |
HgO FIBRFRR (HeSO, ) , & s Ik 25 LRI, AR & b ir & SR AL B R 2 5 2% 0BT 4 A RORKE
vt 7 FAVR TR A P 8 04 20 1 9 R s B LA B U 1 9 B R L RO T B SR AL A ) EEE DL HeS (2B ) A HeS
(£1) B A7 1E  HeCl, \Hg, Cl, HgO il HgSO, & i #AIK. 76 R RS F2 H , HeCl, Fl He, CL, 7E AR X 45
TR AR T B T KRl A SR 3244, 7E 200 °C—400 °C , HeS ( 22) Fl HgS (£1) SeJm WieEs KK, 24 iR % 1
400 °C LA LR, CIRH A A ALK HeO F HgSO, FF U B, TR A 3] 600 °C B KK H ISR B il oe 4.

r Fly ash heated at 300 'C

200
Peak 1
150 | 7

Peak 2
100 + Release —
temperature ——>Peak 3
50
O mh A P 1 1 1 1

2000 -

Fly ash heated at 250 C
1500 - Shoulder peak

Peak 1

1000 - Release
s so0f temperature Peak 2
R <
= 1 1 1 1 1 1 1 1 1
=
S 3000 Peak 1 Fly ash heated at 200 'C

2000 +

Release
| temperature
1000 Peak 2
(U . . n ; . J
3000 | Peak 1 Fly ash

300 Peak 2
2000 + 200
Release 100

1000 | temperature 0
/300 350 400 450 500 550 600 650

! 1 L J
0 100 200 300 400 500 600 700 800 900
Temperature/'C

B 6 FRAbH TSR S A R P Rt £k
Fig.6 The pyrolysis curve curves of Hg in the heated fly ash and the raw fly ash

2.5 RIKIREEE f5

TEAA BRI R P RO ROK PRI Y 1o i 435 DA PR BRI OBBURE e 1T, S8 i o i A AR
ER AR Y HoE RV, 3T HOR S T R ORI SO S AR TE] He AR 2 (. SRR BT, RO
R BT L AL THES) ) A 5 A< L g T i AR IR R A S TR AT, OB R SR R L 3% TR
1, B 13 i), B2

P B0 2 B R B RO SR A 25 BRBCR S IR A5G 2R LS e 1 H: 22 BRALERL A SCiE 6 — 2
7 & \Elovich 3 J1%#J7 & Freundlich 3 J) 2707 R FII 297 13l 1 27 07 B ANl 00 B ROKR BRI
R BEHAE BRI ) AR AR AT 105 — 28l a2 O R T A e i ROPL R P B e, 9 R L] A
— HAERZE AR K Elovich 3 112 )5 B R B TRk o5 K ZRL 4 Svad B, HE s T 1 1k
RS ALY S ik 72 ) Freundlich ) 772 75 2 F2 8 T4 8 W Y A I 2 T 60 /R0 88 110 444 2 48 50
VI I AR LR ) O RS TR A T 2 A BOL R 4 SN R A R B R 1,
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Table 2 Kinetic model used to describe Hg release from fly ash
Bl AR A ZH CE DA -84
Kinetic model Equation Parameter Unit Mings
— B IR InS, =InS,—k, 1 I3 Bl -
WL H B 12 )5 e S, =R+ S, R (pgegh)03 P R
e
Freundlich zf J12¢ )5 1% InS, =a+blnt “ ARERH
b B IEHE
ch 9157 A 15 A
Elovich 3l J12# i ## S, =A+Blnt
B DAL

VEL S, W MEIRMBEHCE, pgeg S, Wk BTGB, pg-g .

3BT S 1205 Elovich 81 /12507 Freundlich ) J12¢ B MO e 9 B sh J1 2405 7%
X RIGR B AR LG S BRI OC R B 25 R W — R 3h ) 2 R A4S S SR N LG 25 1 5 5000
(B2 18] B FH 56 R B, MR 06 2R 8=l 0.8933, HL3& 3 a1 3 IH 4% 5 e i S5t HA Ak B3R 3 30
T R, 6B CFB C MR B B RS AT B — B4 B L i 4% 1 S0P 26 Bl 8h 7 24 5 B AR 45 S 56 2 14
LA 2R 5 S A =2 (8] Y A DG R EORN &, B YR B T 3500 °C WA O 2 BURE R R T I T R AL
Freundlich 3l /124 5 FEAEAS S2 00 210 T LA S5 1 5 920 (8 2 [A] (A e B07E 0.88 LA B 7] L, Freundlich
1P AE S T THER IR R BT R Elovich 3 12805 FEE & 520 410 T 1445 51 5 520 (i
Z IR E R BOKTF 0.95, H IR T 400 °C LA _ERHHSC R AT 1. T K Th R [A] 5R 1k & W Akt
WA 2E S iR AR B i 2 HL i 2 2% DR (Blovieh 2 )25 07 B i 4 T3 O o oR B B i

1.
x3 KIIIFIIRRLE SEME R
Table 3 Parameters and correlation coefficients of different kinetic models
SHUFIAR G R B IR Temperature/°C
Parameter and correlation
coefficient 100 150 200 250 300 350 400 450 500
— %1 E IR
ky 0.2407 0.1960 0.1954 0.4618 0.2151 0.1462 0.0684 0.0085 0.0021
Sy =1.9189 —1.4804 -1.2250 -1.0723 0.2767 0.5189 0.7294 0.8804 0.8981
R? 0.7365 0.797 0.8825 0.8858 0.8854 0.8933 0.7320 0.8892 0.7815
Yy sl 1w I e
R 0.1618 0.2197 0.2833 0.7179 1.3523 1.3947 1.3469 1.2819 1.2766
Sy 0.01934 0.03874 0.04961 0.0731 0.1976 0.3496 0.5343 0.6959 0.7151
R? 0.9521 0.9325 0.9408 0.9372 0.9422 0.8843 0.7540 0.6130 0.5965
Freundlich 31 /720772
a -1.6478  -1.2569  -0.9997 -0.5325 0.5308 0.6894 0.8064 0.8903 0.9005
b 0.3722 0.2963 0.2892 0.6652 0.3035 0.2115 0.1060 0.0124 0.0032
R? 0.9340 0.9508 0.9952 0.9328 0.8843 0.9506 0.9330 0.9663 0.9306
Elovich ) 71475 %

-0.802 -0.71112 -0.62817 -0.39992 0.67799 0.979 74 1.23993 1.435095 1.46089
B 1.0763 1.0901 1.1166 1.5447 1.6541 1.49329 1.2475 1.0306 1.0079
R? 0.9906 0.9947 0.9996 0.9555 0.9816 0.9946 0.9972 0.9999 1
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3 258 ( Conclusion)

(1) CFB "8 SR g i ok 56 i A Ak JEELYIRE 38 438 o iy 384 0. 9L R 200 °C LA R B RO R B B3 e kK
ANt 0.2, 4R 300 °C LA ERF, CIKHRBHER AT 0.935.

(2) CFB "B Hh R B i 38 5 ARk BT B) 235 ) AH ¢ 7R $AAh PRI 2 7F 100—400 C B, RO SR B
JAAC TR 23R o FSF ) (8 8 JIN TAG 38 K, I 2.0 b J5 TR AR SR R0 2R 38 B e K5 7E TR A 450 °C T 500 °C I
0.5 hJi CK TR LT 58 2R

(3) BFTHE AR R W, R TP oR I & PR 2R 2 2%, 1 F5 HeCl,  Hg,Cl, \HgO  HgSO, \HgS
(M) F1 HeS (41), H HgS (M) Fl HgS (4£L) 2 KK hoRM FERIAL .

(4) Elovich gl J32# )57 F2 05 38 T4 b RO R B 72 , 45 5250 4500 T LA (8 5 52 10 A 0 A 56 R 3k
R*¥IRT 0.95. 3% BB AT R 52 224~ e AL il 4 il EL B2 g i Ak g A8 b oKk
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