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Occurrence of Calcium in Fly Ash from Circulating Fluidized Bed
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Abstract: The occurrence phases of calcium in raw coal and fly ash from circulating fluidized bed (CFB)
were identified by X-ray diffractometer (XRD) and scanning electron microscope-energy spectrum ( SEM-
EDS). According to the difference of chemical reaction characteristics of different calcium containing pha-
ses, the quantitative analysis method of calcium containing phases in CFB [ly ash was established by using
the step by step extraction method of sucrose and sodium thiosulfate(Na,S,0,) solution. The calcium in
the CFB raw coal exists in the form of dolomite, while in the CFB {ly ash in the forms of CaO, CaSO, and
calcium feldspar. The content of CaO, CaSO, and calcium feldspar in CFB fly ash is 5. 03%, 2.45% and
5.44% respectively. It is further found that most of CaO and CaSO, exist on the surface of fly ash. Calci-
um feldspar adheres to the surface of a mullite and iron rich phase, and symbiosis with mullite. Calcium is
concentrated in the CFB fly ash of 45 um, of which CaO content reaches 6. 15 %, while CO content in CFB
fly ash greater than 58 pym and 45 - 58 ym which is about 1. 00%.
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Table 1 Chemical composition of CFB fly ash w/ %

SiO, AL O, CaO Fe, O, SO, TiO, 1L

35.56 40.08  12.91 2.76 3.22 1. 51 2.34
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Fig. 1 XRD pattern of CFB raw coal
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Fig. 2 XRD pattern of CFB fly ash
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Fig. 3 SEM-EDS image of CFB raw coal
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Fig. 4 Surface scanning SEM-EDS images of CFB {ly ash
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Fig. 5 Point scanning SEM-EDS image of CFB iron-rich
fly ash by magnetic separation
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Fig. 6 Surface scanning SEM-EDS images of decalcified CFB fly ash by washing with water
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Fig. 7

Surface scanning SEM-EDS images of CaSO, and CaO in CFB {ly ash
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Element w/% At/%
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Fig. 8 Point scanning SEM-EDS images of CaSO, and CaO
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9 CFB MBI K o346 32 BUS g DR XRD 3%
Fig. 9 XRD patterns of original {ly ash and residues

after step by step extraction
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<l 10 CFB #y K R BE 53 A
Fig. 10 Particle size distribution of CFB fly ash
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Table 2 Content of different size fly ash in CFB fly ash

d/pm <38
w/% 76.18 5.25

38 -45 45-58

58 =175
10. 76 4.84

75 -100 100 -125 125-180 >180

1.51 0.76 0.52 0.18

XA FIRLGE 1) CEB by IR LT W) A0 70 7 45
Wi 11 Fros. i E11 ap bl CaO 1¥IE¢W%AL'HIJLE

58 pum RLZLLLT s CaSO, 750 H BUAE 74 pum 41 2%
PATE s 85 4 A A7 9 i AR 100 pm KL 2% DL R 5 7
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Table 3 Chemical composition of CFB fly ash with different sizes

d/pm  w(Ca0) /% w(Fe,0,)/% w(Si0,)/% w(ALO,) /%
<38 14.33 2.94 27. 23 32. 38
38 - 45 9.53 2. 66 36. 23 34. 43
45 -58 5.05 2.52 38.79 35.79
58 -75 5. 08 1.75 10. 38 35. 62
75 -100 3.59 2.35 48.19 41.29
100 - 125 2.44 1.73 16. 28 39.74
125 - 180 2.27 1.28 45. 86 40.43
>180 1.45 1.99 48.28 40.47

A

B A
BB pa A

A d=100-125 pm

Hroe

d=125-180 pm
ety

d>180 ym

10 20 30 40 50 60 70 80 90
201(°)
(a) d>100 um

38 pm B LU T . CaSO, g Jz CaO Wl 8 4 1 .

AR 1L R 2 ol A 100 pm R LA 1
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R v G O B B B R A A AT G A IR L
100 pm kL9 LA E CFB By K 5 4 850, H. CFB )
HERAETREE + KoK U o s L2 — B E 45 pm
PIF.

B 12 ARG CEB Ry K 2833 5 2 H2 U
B i) XRD [ 3. 18 12 A WL .58 pm DL Lok 2%
H1,CaSO, W5 BRI 77 45 ~ 58 pm AL 9. A
CaO g H ), CaSO, WS 9% s 75 45 pm LU R,
CaO.CaSO, F 5 A1 W 5 B8 s Gad 20 D ¥
J5 s BT AR B s D ) R B R A AETE.

d=74-100 pm

10 20 30 40 50 60 70 80 90
200(°)
(b) d=58-100 pm

10 20 30 40

60 70 80 90

26/(°)
(c) d<58 pm

A—Si0,; B—Mullite; C—CaAlSi,0; D—CaSO,; E—CaO

11

Fig. 11
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K CFB By 8K v i 55 &8 43 LS [ A i B A7
16, CaO YA M & B I1E 1. 00% A2 4. CFB fy Mk

ANF KL% CFB #i 4Rk XRD K%
XRD patterns of CFB fly ash with different particle sizes
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C
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A A

”
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S 15 25 35 45
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(c) d<<45 pm

Bl 12 RIRRLg CEB K IR 2 4 48 HUS 5% i 19 XRD [ %

Fig. 12 XRD patterns of residues obtained from CFB fly ash with different particle sizes after step by step extraction
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Table 4 Quantitative analysis of calcium content in CFB fly ash

d llnl
Calcium-containing phase
>58 45-58 <45
w(Ca0) /% 0.97 1.01 6.15
w(CaSO,) /% 0. 95 1.05 2.67
w(CaAl,Si,0;) /% 2.04 2.52 6. 34

3 &g
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CaSO, M5 1.

(2)%F CFB 3 E IR s 1) 3 A AT T
Em T CFB B i th CaO & &M 5. 03%, CaSO,
TEN 2V A SR A 5. 44%.

(3)CaO 1 CaSO, K&/ 4 T CFB #;1E Jk
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Foe SR AR TE L B 5 Bk e A TGk E Bk K U B

S HWEBR 7 B T i — R R
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Wi HG 3. X kr B 43 90 i CFB M B I 3 47 45 7 1
Br RS 2 BEAR R AE 45 pm KL LA R, o CaO
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1. 00% 2245 - ] H F /K e B iR e+ vh.
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