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Effects of Solid Adsorbents on the Emission of Heavy Metals During Coal
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Abstract :Experiments were carried out on laboratory scale pulverized coal combustion with different adsorbents. Three
solid adsorbents ( calcium sulfate ,limestone and bauxite) were used to control the e mission of heavy metals ( Pb,Cd,Cu,
Co,Ni) during coal combustion. Sequential extraction procedure was developed for partitioning of metals species in coal
ash into five fractions: absorbable metals, exchangeable metals, metals bound to carbonate, metals bound to sulfate,
residual metals . The adsorbents showed a certain adsorptive ability to heavy metals, and different adsorbent had differ-
ent ability . It can be proved from the distribution of heavy metals bet ween coarse ash residues and fine particles and also
from the incre ment of stable speciation of heavy metals in fine particles. Calcium sulfate was effective sorbent for re-
moval of Pb, Cd and Cu, limestone for re moval of Pb, Cd, Cu, Ni, and bauxite for re moval of these five heavy metals .
Fine adsorbents have higher adsorptive ability than coarse adsorbents .
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Fig.1  Sche matic diagram of experimental apparatus
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Table 1 ~ The composition and structural characteristics of adsorbents

! % BET /m*eg! /mLeg™! /nm
CaCO;, 88.33;Si0, 7. 65 ; MgCO; 3. 41
Ca0 84.4;MgO 2.55;Si0,13.1 12.646 0.055172 16.33555
CaS 0, 99 4.8179 0.013656 11.33788
AL, 05 73 ;8i0,16.5 ;Fe,0; 3.7 4.2114 0.016306 15. 48699
1.2 >
2% 75um ,
50pm
1.0g, 2 ,
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Table 2 Conditions of sequential extraction for speciation E;\j _ [ X] ]/[ X]
10mL . 1h [ XT5: I X
10mL pH=7.0 Imol/L MgCl,,  1h 1 X1 ,
10mL pH=5.0 1 mol/ L NaAc HAc, X . Ex].>1 s
5h
20mL5mol/L  HCl,  1h ’
HNO;- HF HCIO,4 ,1 mol/ L HCI ’
P
> 50pm >
50um ) ’ 4 , Pb .Cd .Cu
; Pb .Cd .Cu .Ni
P
, ; 5
3 i <75pm
125 ~300pm ,
P
4
’ ’ Table 4 Enrichment coefficient of heavy metals
’ after adding different sorbents
5
/pm
Pb Cd Cu Co Ni
’ ’ <75 1.54 1.22 1.64 1.00 0.55
125~300 1.10 1.18 1.27 0.99 0.59
<75 1.14 1.22 1.68 0.98 1.38
3 2% 125~300 1.08 0.91 0.60 0.77 0.50
Table 3 Content of heavy metals in coal ash after <75 2.46  1.33 1.63 1.36 5.49
adding different sorbents
/ug'g! 2.2
/um /pm py cd Cu  Co Ni 5
( <50 1.74 0.24 76.3 8.33 42.2 100 % ,
) >50 1.68 0.21 77.8 6.23 36.7
<75 <50 2.38 0.30 53.9 8.01 18.8
>50 2.88 0.25198.9 6.53 24.9
125~300 <50 2.72 0.34 56.5 9.06 21.8
>50 1.04 0.19 139.4 5.39 24.4
<75 <50 2.56 0.28 54.2 7.13 22.8 , ,
>50 1.32 0.27 204.0 7.10 85.2
125~300 <50 2.16 0.27 38.4 7.28 21.8
>50 1.54 0.14 53.5 3.91 17.4 ’
<75 <50 1.80 0.30 59.5 9.39 160.4 ’
>50 6.61 0.30192.4 10.4 272.8 B
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5 ! %

Table 5 Percentages of absorbable metals/ %

Pb Cd Cu Co Ni
1.7 0. 40 <0.1 0.40 3.4
0.06 0.84 <0.1 0.38 3.2
<0.12 0 <0.1 0.26 4.8
<0.20 0 <0.1 0.30 2.6

6 !/ %

Table 6  Percentages of ion exchangeable metals/ %

Pb cd Cu Co Ni
<0.2 <0.10  0.30 9.6
<0.06 0.42  <0.07 0.07 9.8
5.2 0.46 0.31 0.42 10.4
4.3 0.40 0.20 0.60 7.9
7
2 b
)
CO, ;
,Pb .Co.Ni .Cu

, CaO Cco,

CaCO;, Co, ,
2
b
CaS 0O,
CaS O,

8

b b

b
b b
SO,, SO,
SO; ,

CaCO; =Ca0+ CO, ,Ca0+ SO, +0.50, =CaS Oy

7 ! %
Table 7 Percentages of metals bound to carbonates/ %
Pb Cd Cu Co Ni
7.8 2.7 11.1 2.8 18.2
3.2 1.3 2.1 1.8 8.7
6.8 2.3 7.1 1.6 7.5
8.2 2.1 10.5 2.9 23.7
8 !/ %
Table 8 Percentages of metals bound to sulfates/ %
Pb Cd Cu Co Ni
28.2 25.9 31.8 16.5 19.7
46.0 45.0 25.0 30.4 29.0
57.0 35.2 24.0 19.0 23.0
47. 4 40.5 23.1 23.9 29.0
9
, .
2
2 2
2
. CaO
Se [11.,12]
, Cd .Cu Co
9 ! %

Table 9  Percentages of residual metals/ %

Pb Cd Cu Co Ni
61.8 70.9 57.0 79.8 49.0
51.0 52.5 60.6 67.3 49.6
31.0 62.0 68.0 78.5 54.0

39.3 56.9 66.2 72.1 36.7
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A12035 CaO 5

Cd (131,
Al, 0;*2Si0, + CdO = CdO* Al, 0 2Si 0,
Pb (147,
Al, 0;+2Si0, + PbCl, + H, O
=PbhO* Al, 05°2Si0, +2HCI
Se

[15].

SeO + CaO =CaSeO,

(1) Pb .Cd .Cu
Pb .Cd .Cu . Ni
; 5

(2) ;
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