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Mobility and enrichment of trace elements
in a coal-fired circulating fluidized bed boiler
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Abstract: Some hazardous trace elements in coal, bottom ash, fly ash and fine fly ash from a circulating
fluidized bed ( CFB) boiler in a power plant were examined. The distribution, enrichment and partitioning
behavior of Be, Zn, Hg, V, Cr, Mn, Co, Ni, Cu, As, Se, Cd and Pb were analyzed. The results show that
the distribution and enrichment characteristics of trace elements are greatly affected by the temperature of CFB.
According to the relative enrichment factor (E;), Be, V, Co and Se trend toward fly ash; Zn and Mn show a
tendency into bottom ash. Some volatile trace elements like Cd,Pb,Ni and Cu show low enrichment in both
bottom ash and fly ash. The element of As is affected by calcium oxide, and its volatility is not obvious. Hg is
more likely discharged with flue gas. Hg, As, Se, V, Cr, Mn, Co, Ni, Cu, Zn and Pb all have an enrichment
tendency toward fine particles. On the basis of E; and behaviors of the 13 trace elements in CFB boiler, these
elements are divided into 3 categories: A( Ex<0. 1), Hg mainly volatilizes into the atmosphere; B (0. 1<E; <
0.85), As, Be, Ni, Cu, Se, Cd, Pb, Co and V are more easily volatilization; C( E;>0.85), Zn, Mn and Cr
mostly stay in solid residues.
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Figure 1 Result of laser particle dimension analysis
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Table 1 Characteristics of the coal sample

Proximate analysis w/ %

Ultimate analysis w,./%

M ad A ad Vduf FC daf H S N O
1.61 24.00 37.63  62.37 83.42 5.45 5.19 1.29 4.65
FC,;=100-V,;; O, by difference,,
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Figure 2

XRD patterns of coal, fly ash and bottom ash

(a): raw coal; Q: quartz—SiO, ; K. kaoline—AL(SiO;) (OH),; B: boehmite—AIO(OH) ;T titanium oxide—Ti;O,
(b) . fly ash; Q: quartz—SiO,; A: anhydrite—CaSO, ; H: hematite—Fe,O,; C. calcite—CaCO,
(c): bottom ash; Q. quartz—SiO, ; A: anhydrite—CaSO, ; H: hematite—Fe, O, ; C. calcite—CaCO,
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Table 2 Content of trace elements in coal, bottom ash, fly ash and fine fly ash

Content w/107°

Element -
Be Zn Hg v Cr Mn Co Ni Cu As Se Cd Pb
Mean value ™) 2,13 42,18 0.19 35.05 15.35 125.00 7.05 13.71 18.35 3.80 2.47 0.24 15.55
RC" 1.64 21.01 0.64 13.99 7.58 59.47 2.68 6.24 8.61 1.24 6.84 0.18 21.08
BA® 4.36 96.80 0.00 46.65 30.67 310.46 9.33 19.60 18.42 6.02 11.65 0.44 42.30
FA* 9.23 50.09 0.24 61.47 27.32 212.54 11.74 19.02 31.73 6.49 32.96 0.57 70.90
FFA® 8.05 59.13 0.63 67.89 31.16 240.57 13.99 22.12 39.25 8.01 42.07 0.30 83.02

. mean value of trace elements in China’s coal; °: raw coal;

HL SRR b b R Y (B A L, He | Se \Pb 7 &
i, e He (9 8 2 B (E 0 3 A5 D L,
Se 2T H S I(E Y 2 4%, X R IR R T
K AT, AR T R LT E R
Hirp | Be Zn Cr Cd .Mn Ni FEAHR I b [ S 241
f—>F, Co By & &AL, TP FHMER 1/3,

& Heg 4b, HAR TR LR KA €K T i) 5 53
B T & &, i Hg 7E 8 f b 2 4
By AT R A i AR A WEAE R MK 4 b
EEMESE, WA, T AR TR E e fi v &
AN A f 27 R R o5, DT 26 Kt e
IRV & AR . A0 Se Pb Z57E KK R Y & i3
2R 32.96 x107° F1 70. 90 x 10°° | {H 75 JiE JK HP AL A
11.65x107° L Kz 42.30x107 ; 1 Zn 7EJE K H1(96. 80

°. bottom ash;®; fly ash; ©: fine fly ash

x107) I m T2 €K (50.09x107°) 19 2 £,

Kl 3 SR T R 7RIS KA K i & 4
3ATHN, Zn TR K Th & i 2, N2 AT IR0 R
TG R E

IR AN €K 5 R E, R e R R
AN R E LRSS BR T Be Cd 7E41 €K
H & AT %K, Zn \Hg \V .Cr \Mn ,Co \Ni ,Cu,
As . Se Pb 7EAH KK G BB s TR K

JREITCR AR K3 Th By & X T AU E
PESP IR BT R AE R = W 0 | SR AR, T X
HICR I T =T, X BB AR E £ R E.
MG Meij $2H0 M ARG & 42 RECE, D IR R &
TCETEJE IR R AT & R, E>1 KW
NSRS CKTT A EENBERE E =1 RRaM



559 19 Wrodas . BRI R TETE PR AL R B0 h e R A T o 5 S 1053
AW AN EEWAFEH Ey <1 RIIZITRIEE K PR ()
e WP T I R YN D) SN fw

K3 JRETTR LR PR K 3 e Y LU (B

Figure 3 Ratio of trace elements in bottom ash and fly ash
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Table 3 Relative enrichment factor of trace elements in bottom ash, fly ash and fine fly ash

Element Be Zn Hg \Y Cr Mn Co Ni Cu As Se Cd Pb

BA Ey 0.64 1.11 0.00 0.80 0.97 1.25 0.8 0.75 0.51 1.17 0.41 0.61 0.48

FA E, 1.35 0.57 0.09 1.05 0.87 0.8 1.05 0.73 0.8 1.26 1.16 0.79 0.81

FFA E; 1.18 0.68 0.24 1.16 0.99 0.97 1.25 0.8 1.09 1.5 1.48 0.41 0.95
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Figure 4 E; of bottom ash, fly ash and fine fly ash
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Table 4 Trace elements enrichment characteristics

Element
Be, V, Co, Se, Hg,
Cd, Pb, Ni, Cu
Zn, Mn
Cr, As

Enrichment in fly ash

Enrichment in bottom ash

No fractionation
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SRR ZE R HA 1.00 247, Querol 25 X PH LA
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