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Abstract — The characteristics of seven inorganic sorbents for the capture of gaseous cadmium chlorides were investigated
using a high-temperature fixed bed sorption reactor. The investigated sorbents were alumina, bauxite, andalusite, chamotte,
kaolin, pyrophyllite and silica stone. Kaolin, chamotte and silica stone appeared to be the relatively promising sorhénts for ¢
mium capture. Sorbed cadmium by those minerals was not easily leached by TCLP extraction. From the analyses of post-sorp-
tion sorbent samples, three kinds of capturing mechanisms for cadmium capture by high temperature inorganic sorbents were
suggested: 1) chemical reaction to form water-insoluble cadmium-mineral complexes such as £d@l-SdD - AlO; - 2Si0,, 2)
physical adsorption of gaseous chloride to form water-soluble cadmium chloridg{Gdtdl 3) formation of water-insoluble
cadmium oxide(CdO) on sorbent surface.
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Table 1. Approximate mineral composition of tested mineral sorbents

Approximate

Tested sorbent ~ COMPOsition(%)  Major mineral species

ALO; SO,
Alumina >99.5 - Corundum(AD,)
Bauxite 89 7 Corundum(ADy)
Andalusite 58 39 Andalusite(4SiO,)O)
Chamotte 40 55 Mullite(ASLO; 9)
Kaolin 33 52 Kaolinite(A)Si,O5(OH),)
Pyrophyllite 18 76 Pyrophyllite(A5i0,0, (OH),)
Silica stone - >99 Quartz(Sip

Fig. 1. Schematic diagram of experimental system.
1. Flow meter
2. Needle valve

7. Valve

5. Steam generator 11. Filter

6. Gas mixer

8. Thermo gravimetric furnace
3N, 9. High temperature sorption bed
4.0, 10. Thermocouple

12. Impingers
13. Controller
14. Silicagel bed
15. Vacuum pump
16. Dry gasmeter
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Fig. 2. Cadmium uptake of inorganic sorbents by passing simulated
flue gas through packed bed of 35-48 mesh mineral sorbent par-
ticles at 700°C(160 ppm CdCl,).
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Fig. 3. The results of desorption test of cadmium sorbed chamotte, kao
and silica stone.
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Fig. 4. The results of desorption test of cadmium sorbed alumina, bauxi
andalusite and phyrophyllite.
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Table 2. Fractional leaching(f;) of post-sorption mineral sorbents
Sorbed metal Alumina Bauxite Andalusite Chamotte Kaolin Pyrophyllite Silica
Cd 20.087 0.097 0.112 0.015 0.344 0.234 0.095
[ ]
(a) Raw alumina . » (a) Raw andalusite O Andalusite (AL(SIOO
o

B Corundum{Al()3)

-
(b) Cadmium sorbed alumina
A A Cadmium chloride hydrate
(CdCly6H,0)

10 20 30 40 50 60
20(°)
Fig. 5. Powdered XRD patterns of (a) raw and (b) cadmium-sorbed
alumina.
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(a) Raw bauxite ® ° o
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*

(b) Cadmium sorbed bauxite
A A Cadmium chlaride hydrate

(CdCl,6H,0)

10 20 30 40 50 60
20(°)
Fig. 6. Powdered XRD patterns of (a) raw and (b) cadmium-sorbed
bauxite.

A Quariz(Si0y)
[u}

{b) Cadmium sorbed andalusite

® Cadmium chloride hydrate
(CdC1,-6H,0)

10 20 30 40 50 60
20(°)
Fig. 7. Powdered XRD patterns of (a) raw and (b) cadmium-sorbe
andalusite.
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(a) Raw chamotte -
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(b)‘Cadmium sorbed chamotte

® Cadmium chloride hydrate
(CdCl,-6H,0)

T T T T T T T T T
10 20 30 40 50 60
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Fig. 8. Powdered XRD patterns of (a) raw and (b) cadmium-sorbe
chamotte.
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(a) Raw kaolin . .

B Anorthite ((CaNaj8i,Ah,0,)
® Halloyaite (ALO, TSRO, xHA)
A Kaolimte (ALO Z8C, XH05)

)
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b) Cadmium sorbed kaolin A
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(CAALSI0

M\WVMW“MWW

10 20 30 40 50
20(°)
Fig. 9. Powdered XRD patterns of (a) raw and (b) cadmium-sorbed
kaolin.
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(a) Raw pyrophyilitea
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({b) Cadmium sorbed pyrophyliite
®

@ Cadmium aluminum silicate(CdALSIOg)

® Cadmium chloride hydrate(CACl, 6H,0)

10 20 30 40 50 60
20(°)
Fig. 10. Powdered XRD patterns of (a) raw and (b) cadmium-sorbed
pyrophyllite.
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(a) Raw silica stone ® 8 Quartz (Si0s)
1 J . n .
L i 3 S B

(b) Cadmium sorbed silica stone
® Cadmium silicate (CdSiOs)
A Cadmium chloride hydrate (CdCl,'6H,0)

A
A . -
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Fig. 11. Powdered XRD patterns of (a) raw and (b) cadmium-sorbed s

ica stone.

o} Fof elihg-o] ALt ol =EE F5E 4 13, o] <l
3 NtewFAA A AGsA Ut

Fig. 1¥IAM= g A - F 54 (silica stoney] XRD patterrg- VJERJ S
ok 7R=E53 A [Fig. 11(b)PIA = 2Fehik-s- 4324521 cadmium silicate
(CdO- Si0y)%] -z ofet el FHa4] S CdC) - 6H,07H4]
LAHAT. F 448 T1=F AANAUSS FA7 o] 93E ¥
o] Fh=go] WA E25FE F gek-go] s s, getk-go]
gL Ao vls) wek Fig. 204 219 v} 7ho] EAE o}
£ F=d ) fral slew AA FAARA 458 dss AU
US-S BRI = ATt

AR erda FE9] GRSt 4] AA wAYEE Bl
8k, 8 FREE B8k XRDe| 25 &3 Al A A Gl
TEEA &2 AFRE g8 SEM(Scanning Electron Microphotograph)
2243 EPMA(Electron Probe Micro-Analysisf-A1-8 AA|8tHaL, 2
ANE Fig. 121 YepfIrt. 44 70, ARE 83 e 9
B35 g gHe 258 Fig. 12(a), (=22 (epl Ve
A7 B T EH 2.2 w7 ]E (micro-porep] WEEA] WAL A
Ath71 g (macro-porejte] EAsh= Fels Ay ARlch 2t 2
FE 9% 71=E F4 Fel= BSE image[Fig. 12(b), (d), (& =
3 SR8 FREE s I & AT F IlEE B SFHY
[Fig. 12(0)f= ¥#+e] EHdl] Th=go] TEHA G2 YA EAe=
A7 F&Ee] e 28 #2E vk Y =g £33
E(CA) th3t EPMA 443} Al, Cd 2 Clo] A#8-0] Zhzt 3.44,
77447283 7.92%EA3 024 2314 7= Fo] d3tEe] JH=2 &
FFE Aeg FAF F AU F=F FA ARRE[Fig. 12(d)]
o thak WH3-HE(CC)l 744 Al, Si 2 Cd 49 A#u|7} 2kt 553,
21.62712| 2 70.16%FASL Clldys WAR R ¢t ole AHRE
o F2d tHEe] Ft=Fe] CdO2 E8EAHIAY T FEE

0] 38k8-o] 2)3) cadmium aluminum silicafz B A-&-2

—L

=iee]

23 5 ek EE A Aute] 4 CRlaE H15H 2t )
Q

&3] geltgo] AyHL AL 7 AU ol F A3=2H XRD
A4 o8] &gd e e SAE dwd] S ol AR

AAe) mHe) E3EAE 4% CdClyt XRD 9J3) &781 o),
O gL APRE 3] ShgH o AAES & 5 Uk Fig,
Aol tiet BSE imag& YERA 7ot} 7144



7NAVE F=we

(i) Raw particle

LT A 269

=R |

(i) Cadmium-sorbed particle

Fig. 12. SEM and EPMA results of raw and cadmium-sorbed mineral particles (b) CA-Cadmium sorbed alumina(Al: 3.44%, Cd: 77.44%, (1.92%), (d)
CC-Cadmium sorbed chamotte(Al: 5.53%, Si: 21.62%, Cd: 70.16%), (f) CS1-Cadmium sorbed silica stone(Si: 31.19%, Cd: 43.36%, .@1%), CS2-Cad-

mium sorbed silica stone(Si: 19.30%, Cd: 80.70%).
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