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Using Natural Kaolinite
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ABSTRACT

Lead(I) removal efficiency by natural kaolinite was investigated through laboratory experiments.
This study was conducted in two phases—sorption and desorption. In the adsorption study, the
influence of sorption kinetics and sorption isotherm and various parameters such as pH, tempera-
ture, coexisting other heavy metal ions on the lead adsorption was investigated. And desorption
study was carried out in order to find the re-usability of kaolinite as an adsorbent.

The results of the study are as follows.

1.

Sorption kinetics was investigated under the condition of 2.5 mg/l adsorbent concentration,
pH 6.5+ 0.05, temperature 30+ 0.5C, initial lead(I) concentration 25 mg/l. Adsorption rate
was initially rapid and the extent of adsorption arrived at adsorption equilibrium with 73%
adsorption efficiency in an hour.

. The sorption isotherm experiment was made with different initial lead(II) concentration. A

linearized Freundlich equation was used to fit the acquired experimental data. As a result,
Freundlich constants, the sorption intensity (1/n) was 0.47 and the measure of sorption (k)
was 2.44. So, it was concluded that sorption of lead(Il) by kaolinite is effective.

. The effect of pH on lead(Il) sorption by kaolinite shows that at a pH of 3, only 6% of the

total lead(Il) was adsorbed and at a pH 9, 97% of the lead(1l) was removed. And the effect
of temperature on lead(Il) sorption by kaolinite shows that as the temperature increased,
the amount of lead(Il) sorption per unit weight of kaolinite increased. But the effect was
minor (p<0.05).

. Sorption isotherm of lead coexisting cadmium (II} or zinc (II) was lower than that of lead

itself. It was caused by the result of competitive sorption to adsorption site. And there was
no difference between the sorption isotherm of cadmium and zinc.

. In desorption studies, only 5.12% desorption took place in distilled water, while 52.08% in

0.1 N hydrochloric acid. Consequently used kaolinite could be regenerated by hydrochoric
acid.

Keywords : Kaolinite, wastewater, removal, adsorption, heavy metal, lead
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per unit weight of adsorbent in forming
a complete monolayer on surfaces,

X/M =the number of moles of solute adsorbed
per unit weight at concentration C, (sur-
face coverage)

b =a constant related to the energy or net
enthalpy, AH, of adsorption, (bece™ AHVET)
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Hapie Ahg-sladck Abg-ak Fabale) vl Bl
At e FHAA e
BETA o) 2]sl) F-3}gict. o)u] 1% -4 7}(model
ASAP 2000, Micrometritics) 3 o]-&3liom), =
#e E3Ek 19 Beld EAS Table 1o A4

E o) A AL
AL dirprd

pH 0.6 shodck Al shebal A2 40 kv, 30 mA9)
s : 3

E%?‘f;zr?:czsgegmiﬁg;g) 36!29’38 Bz Aol 4| X-ray fluorescence sequential spec-

Total pore volume (cc/g) 0.000212 trometer(XRI*,- rfnodelm PW1480, Philips)ell 2]s) 2

Average pore diameter (&) 86.82 A e 184 2402 Table 20 viehdiglv),

Micropore surface area (cm?/g) 54,30 EZ o] XRFE Hshalr] fleo mslrbsyh ool

Table 2. Chemical composition of kaolinite (unit: %)
Si0, ALO; Fe,O,* TiO, MnO Ca0 MgO K.O Na,O P.O; | LO.L**| Total
73.27 14.69 1.71 0.07 0.04 0.09 0.17 5.19 0.25 0.02 3.27 98.78

Fe,0,*: Total Fe.

L.O.L**: Lodd of Ignition.
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Fig. 1. Flow diagram of adsorption experiment.

Table 4. Operating condition of atomic absorption spectrophotometer

Operating
condition Wave length Slit (nm) Lamp current Fuel gas Support gas
Analyzed (nm) (mA)
metal on
Pb 217.0 1.0 5 Acetylene Air
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Fig. 2. Sorption kinetics of lead(Il) by kaolinite un-
der the condition of adsorbent concentration
2.5 g/l, pH 6.5% 0.05, temperature 30+ 0.5C,
initial Pb(II) concentration 25 mg/l.

Table 5. Removal efficiency of lead(Il) by reaction time

Reaction time(min) 0 3 5 10 30 60 120
Remaining concentration (mg/l) 25 10.58 821 7.81 7.20 6.86 6.92
Remova. efficiency (%) 0 57.7 67.2 68.8 71.2 72.6 72.3
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Table 6. Equilibrium concentration of lead(Il) and the amount of lead(I) sorption per unit weight of kaoli-

nite
Ce (mg/D) 0 1.91 2.55 5.27 6.90 15.18 21.12 3201 46.81 58.89
X/M (mg/g) 0 1.24 2.98 5.89 7.24 9.89 11.55 11.20 13.28 16.44
Table 7. Parameters of Freundlich’s equation
> y = 1.882 + 0.510 x - 0.005 x2 (2 = 0.9061)
z . Freundlich’s equation  1/n k r?
c
N T T — 047
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g2 7 o]
S8 <
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E " g 08 =
— 7 -
S S £ P
Equilibrium concentration( C,.mg/) % 06 4 //
Fig. 3. Sorption isotherm of lead(Il) by kaolinite un- 2 04/// "
der the condition of adsorbent concentration
2.5 g/l, pH 6.5+ 0.05, temperature 30+ 0.5C, 024
reaction time 2 hours. 00 .
v oo 0’2 0'4 0’5 U'B 1‘0 1r2 1'4 1’8 1‘3 2'0
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7] $lsi A FFbo) 2o °'°1H/]
lich*ell A -g3}gl=v, Al

) _g_il-l—_% 0}0}};[
1%
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Fig. 4. Linearized Freundlich isotherm for sorption
of lead(II) onto kaolinite under the condition
of adsorbent concentration 2.5 g/, pH 6.5+
0.05, temperature 30+ 0.5C, reaction time 2
hours.

Log(X/M)=Log K+ 1/n-LogCt 2

X/M=quantity of lead(I) adsorbed per unit
weight of kaolinite, (mg/g)

Ce =equilibrium concentration of lead(Il) re-
maining in solution, (mg//)

k  =measure of sorption capacity

I/n =sorption intensity.

Freundlich*efl 2817 33t JF-mdE 49 &
252412 Table 73 Fig 49 2t} duwid o=
FAEET A Freundlich®] a3k k gle

FTE, Ung HEFE 50l £33, 1n gho)
03~0.72] H2 Wl E¥sHE Ao Falo)
L A&EHBR F9zoln], 2 o)Al AL

F2o] vl ofgiciar ohed A gkt B Aol 4
1/no) 0472 o] M) olol] L = g B2 A 2 A 9]
H-go] Hgdslriy & £ gl
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Table 8. Equilibrium concentration and removal efficiency of lead (II) by pH variation

pH 3 4 5 6 6.5 7 8 9
Ce (ppm) 23.53 21.57 19.53 15.82 6.90 4.22 0.83 0.72
Removal efficiency (%) 5.87 13.72 21.88 36.74 72.40 83.11 96.68 97.12
100 5 Table 9. Effect of pH on probable solution percent
— composition of lead ion species! (unit: %)
J /
80
3 pH
g ion species 4 5 6 7 8
$ & P
€ Pb?* 100 100 98 8 33
T o Pb(OH)" - - 2 17 66
g _/ Pb(OH),° - - - = 1
o 20
/-/ ¥ Caculated from Lindsay (1979) and Smith and Mar-
ot - - . - tell(1976) equilibrium constants.
3 HEE {‘ 7 8 N
pl

Fig. 5. Effect of pH on lead(Il) sorption by kaolinite
under the condition of adsorbent concentra-
tion 25 g/l, initial Pb(I) concentration 25
mg/l, temperature 30+ 05T, reaction time 2
hours.
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Table 10. The amount of lead(I) sorption per unit
weight of kaolinite by temperature varia-

tion
Temperature (C) 10 30 50
X/M (mg/g) 5.18 6.07 6.98

¥y =0.727 + 0.045 x (*=0.9998)

of kaolinite (XM,mg/g)
|

Lead(l!) sorption amount per unit weight

o 7 Y Y T T
0 10 20 0 0 50

Temperature(°C)

-
=
=)

. Effect of temperature on lead(II) sorption by
kaolinite under the condition of adsorbent
concentration 2.5 g/l, pH 6.5+ 0.05, initial Pb
(II) concentration 25 mg/l, reaction time 2

hours.
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Table 11. Thermodynamic parameters at different

temperatures
Temperature AG® AH° AS°

() &J-mol™)  (kjrmol™) (kJ-K lmol™ D)
10 —0.1702
20 - 1.0597 27.26 0.0968
30 —26674

12 4

/.
10 4 -

of keolinite (XM, mgg)

—u=— Single solute
—4— Binary solute
(]

Lead(ll) sorption amount per unit weight

T T —
10 15 2 b
Equlllbrium concentration (C_.mg/)

e
LS
~

. Effect of coexisting Cd(Il) on sorption of lead
(I) onto kaolinite.
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Fig. 8. Effect of coexisting Zn(Il) on sorption of lead
(IIY onto kaolnite.
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Table 12. Desorption kinetics of kaolinite using different desorption solvents

. Reaction time (min) Recovery
Desorption solvent — efficiency
0 2 5 10 30 60 120 (%)
01N HCI X/M (mg/g) 3.986 2.018 1.986 1.966 1.938 1.930 1.910 52.08
Distilled water XM (mg/g) 3986 3.846 3.826 3.790 3.782 3.778 3.782 512
% . V. e g HE
_— 404
L g 2 el e Hebdw skt A9l wme]
g oo Distiled water HD FAEEE dotnr] AalA HA) F2y
Eg zs] Ao gaAE e aAssch AP F3
58 ~Z MEHEE, 4 S84, 2 9 e AXEEH,
%“6 7 0.1 NHCI LE, thE FFEol29 TE)o| mHEL] I
@ e
SIS Fao vlAE Gue zAeldch Y vHEs)
s o , . ; . : — FAAZ Ao o184 o, ABE s AL A
0 2 40 0 4] 100 120

Reaction time(min)

Fig. 9. Desorption kinetics of kaolinite under the co-
ndition of adsorbent concentration 2.5 g/, te-
mperature 30+ 0.5T, initial Pb(II) concentra-
tiion 3.986 mg/g.
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