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Abstract — This study investigated the kinetics of the sorption reaction for gaseous lead capture in the packed bed of cal-
cined kaolin at 973-1,173 K. The effects of bed temperature and gaseous reactant concentration on the sorption reaction rate
were observed by the analysis of experimental data with a developed kinetic model. Detailed information on the lead-sorbent
reaction were obtained by the XRD(X-ray diffraction) pattern analysis and the microscopic analysis of pre- and post-sorption
sorbent samples. The reaction between metakaolinite, which is the calcination product of kaolin minerals, and the gas-phase
lead generated stable metal-mineral complexes@®8l;). An increase in bed temperature resulted in an increase of captur-
ing rate, but it had no effect on maximum uptake. The order of sorption reaction with respect to the lead concentration, m, was
determined to be 1.67. The activation energyv&s estimated as 10.16 kcal/mol, according to the Arrhenius relationship.
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Fig. 1. Schematic diagram of experimental system.
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Table 1. Mineral composition of natural kaolin examined by quantitative

XRD analysis
Mineral species Composition(%) Indexes
Kaolines 58.5 Kaolinite and Halloysite
Anorthite 279 Feldspar

Muscovite 13 Mica(Muscovite+llite) . =

Ty
Montmorillonite 0.6 Montmorillonite+Chlorite < g ad ; 1
Quartz tr. Quartz (traceable) ; F
-l

Table 2. Physical and chemical properties of calcined natural kaolin in s
the size range of 300-40Am %
Apparent density[g/cc] 0.82 0o .0

Physical properties

BET surface arealffg] 15.5
Chemical composition, AlLO, 32.83
Wt%(EPMA) Sio, 50.78
CaO 14.80
Fe,0, 1.59
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Fig. 4. Lead sorption in a packed bed of kaolinite at 973, 1,073, 1,173 K
with a constant PbCl-carrying gas passing condition(\:=201/
min, C,=175 ppmv).
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Fig. 5. Molar conversion rate of metakaolinite(ALO; - 2SiO,) into lead

aluminum silicate(PbO - Al ,O; - 2Si0,) in unit bed volume, as :
function of a conversion($=15.5 nf/g, G,=175 ppmv).
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Table 3. Parameters for calculating effectiveness factayf and calculated
results for lead capture

Tb VG Dp Cs M R/VR (o) n

(K)  (Umin) (cmls) (<109 (x1078)

973 20 0.09 2.388 1.353 0.0305 0.9979
1073 20 0.11 2.388 1.708 0.0342  0.9977
1173 20 0.12 2.388 3.292 0.0584  0.9961

HWAHAK KONGHAK Vol. 39, No. 4, August, 2001



474 #508 - dSlE - AEA - BER - &

0.997% #9| 19 7P $AE vERTh ol 71F &ato] whEE
T mAlE G2 AL FAE F UX, 1 old FEA JA] E
A g ST Al2Re] fHE AT SUIAIE B o)) vt
&% SV 71gE] EThs A8 vERITH18, 19].
2 A9 =3 BFo] 7]-aL §hge] 712l v

A5 A3 {8 Ael7] ulied ZA]g wE FFA Alele

7] W ke e sle] Hd o] 5 & (minimal transport resistaned)x
AL AP AFsart. £ 201/ming] HlwA e f&oz AES
Bte] 25 SRS A AL} AL, HE Aepsos] dFaTeR
A BESABAE] FRA HSEE Q18 FEA YAt R2e] FAAY
o] MHg&edl] Qg XA F=F SIATE A (2] vERA vk} 2

= 98Pa
‘=129Pa

Pr, = 16.3 Pa

.
o
T
>bon

conversion (%)
'S
o
¥

0‘0 L 1 1 J. 1 1 1
0 10 20 30 40 50 60

time (min)

Fig. 6. Effect of lead partial pressure on kaolinite conversion(15.5
m?/g, T=1,173 K).
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Fig. 8. Effect of temperature on the conversion of metakaolinite(AD;

2Si0,) into lead aluminum silicate(PbO- Al O, - 2Si0,)(S;=15.5
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