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ABSTRACT : In this studies, the adsorption test using Chlorella pyrenoidosa was conducted to examine the effect of Pb
adsorption according to various immobilized methods such as Ca-alginate, K-carrageenan, and Polyacrylamide. From the results,
the duration to need to reach adsorption equilibrium was delayed according to the immobilization. And, the higher adsorption
capacity of immobilized Chlorella pyrenoidosa was represented in the higher concentration of Pb, the smaller amount of
immobilizing agent, and the higher pH of solution. The maximum adsorption capacity of Pb was shown in the adsorption test using
Chlorella pyrenoidosa immobilized with Ca-alginate even though it was sensitive pH. The adsorption results properly represented
with Freundlich isotherm equations. And, pseudo second-order chemisorption kinetic rate equation was applicable to all the
biosorption data over the entire time range. The FT-IR analysis showed that the mechanism involved in biosorption of Pb by
Chlorella pyrenoidosa was mainly attributed to Pb binding of carbo-acid and amide group. Adsorbed Pb on immobilized Chlorella
prenoidosa was easily desorbed in the higher concentration of desorbents(NTA, HCl, EDTA, H,SO4, Na,CO3). Among the several
desorbents, NTA showed the maximum desoption capacities of Pb from Chlorella pyrenoidosa immobilized with Ca-alginate and
K-carrageenan and EDTA was the most effective in Chlorella pyrenoidosa immobilized with polyacrylamide. The desoprtion
efficiency in the optimum condition was 90.0, 83.0, and 80.0%, respectively.
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Fig. 1. Variation of Pb concentration by (a) non—immobilized Chlorella pyrenoidosa and immobilized with (b) Ca-alginate, (c)
polyacrylamide, and (d) K—carrageenan depending on reaction time and initial concentration.
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Fig. 2. Adsorption capacity by (a) non—-immobilized Chlorella pyrenoidosa and activated carbon, (b) Chlorella pyrenoidosa
immobilized with Ca—alginate, polyacrylamide, and K—carrageenan in different concentration of Pb ions solution.
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Fig. 3. Removal efficiency of Pb using (a) non—immobilized Chiorella pyrenoidosa and Chlorella pyrenoidosa immobilized with (o) Ca—alginate,
(c) polyacrylamide, and (d) K—carrageenan depend on adsorbent dosage and reaction time (initial P concentration: 200 mg/L).
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Fig. 4. Adsorption capacity by (a) non—immobilized Chlorella pyrenoidosa and (b) Chlorella pyrenoidosa immobilized with Ca—
alginate, polyacrylamide, and K—carrageenan depend on adsorbent dosage (initial Pb concentration: 200 mg/L).
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Table 1. Kinetic parameters for biosorption of Pb by Chlorella pyrenoidosa

Application of pseudo—first-order Application of pseudo-second—order
Method of Immobilization Kinetic rate eg'n chemisorption kinetic rate equation
R Sa. k1(1/min) R Sq. ka(g - min/mg) 9elmg/g adsorbent)
Non-immobilized algae 0.745 0.0392 0.999 0.0169 76.9
Ca-alginate 0.849 0.0207 0.995 0.0169 4.74
Polyacrylamide 0.919 0.0207 0.997 0.0251 3.05
K-carrageenan 0.895 0.0230 0.997 0.0270 3.82
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Fig. 5. Biosorption kinetic of Pb by non—-immobilized Chlorella pyrenoidosa; (a) plot of log (ge—0) vs. time and (b) plot of t/q vs. time.

Al B HM 2ol t/q% t Abol= 2 A4

Fig. 5= 2z} 12} 2843} 22} g 4lo| 2F Chlorella
pyrenoidosa’s 17g8HA] 2 Aol 9Jgt Pb S2AH dlo]
Bl A-gsto] Uehd 1efjatolot, Amol|A Hi= vie} Zo] 1
2F B Ao H85t Aila)= A AXE FYellA 2Ae] opy gl
Om(R’=0.745), 22+ B Aol A gat AnHb) F2 dlo]E7t
22 AMA(R=0.999) HolZo 2N TAF o] &7A] o]
A E7HA9] vz go] BRE o] 9SS ERIE) Frh 2 25

Chlorella pyrenoidosas A|7FA| HHO= 143 1A

)

)
o
=

€ g Pl oo aligaes

40 4% B0 -
pH o Sodifean

(a)

o3t B3 AW A 27 BYAOR T AT 4 UL L
G 99k, 1A 9 2% el A 8e Ak Aot 413

140 24 E P 0 SEAE Table 10f AIAI51cH

e}

So] AR H7H-3(protonation)
of 94'5H FFE W] fEo R Ay B 1)

waba, B ATLA % Chlorella prenoidosa w42} o1&
HA2 17ggt Ao 23t Pb g2l SlojAl §He] pH7}
1] X Gkl sl dokir] f18ke] 200 mg/Le| Pb &4 1.0
L)l Chlorella prenoidosa A 1.0 g, ZZr2] 14A| 35 g&

2ol I1BE

£ ]
¥ —#
—
é -
: Ak
= -" -'.j-
-E .’_.p-"'l- - - —F— [ 5-al prats
il
o < [EFTT =W pobrlands
¥ | [~ — i kT T
o
i TER: £
pi o Sodimian
(b)

Fig. 6. Effects of pH on the adsorption capacity of Pb using (a) non—immobilized Chlorella pyrenoidosa and (b) Chlorella
pyrenoidosa immobilized with Ca—alginate, polyacrylamide, and K—carrageenan.

| Journal of KSEE | Vol.31, No.8 | August 2009



f
&
Chlorella pyrenoidosadll 28t ' & - 22IA| 13t WiHol Jef

Table 2. Isotherm parameters of Freundlich and Langmuir isotherm equations

Meth ‘l iizat Freundlich Langmuir
ethod of Immobilization R Sa. K n R Sa. a b
Non—-immobilized algae 0.942 41.78 0.141 0.824 0.079 86.96
Ca-alginate 0.916 1.396 0.282 0.894 0.083 6.333
Polyacrylamide 0.932 0.508 0.344 0.881 0.018 4.565
K-carrageenan 0.950 0.918 0.305 0.955 0.020 5.682
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Fig. 8. Energy Dispersive X-ray Spectra of Chlorella
pyrenoidosa (a) before and (b) after Biosorption of Pb.
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