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Abstract : Oak wood based activated carbon was modified with surface impregnation of Fe** and A" metal ions mixture for
enhancements of phosphate adsorption capacity in aqueous solution. The phosphate adsorption capacity of the prepared metal im-
pregnated carbon (MC) was about 8 times higher than that of the original activated carbon (OC). Adsorption equilibrium capacities
of the phosphate increased with increasing system temperature. The adsorption equilibrium isotherm of phosphate on the prepared
MC could be represented by the Langmuir equation. Thermodynamic parameters also indicated that adsorption system was spon-
taneous and endothermic reaction. The internal diffusion coefficient was measured to analyze the adsorption behavior and kinetic
rate. To determine the internal diffusion coefficient, pore diffusion model (PDM) was employed and the result was in good agreement
with experimental data.
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Table 1. Chemical property (XRF) of the adsorbents

Preparation

" Prepared activated carbon
condition

Samples

A Fer C A™ Fe™ Mg™ S Ca™ etc*

OCAF-0/0 0 0 9824 001 003 005 0,02 118 0.47
MCAF-0/4 0 100 9258 0,01 635 004 002 043 057
MCAF-1/3 256 75 9207 054 585 003 001 079 0.71
MCAF-2/2 50 50 9249 076 548 004 001 059 0.63
MCAF-3/1 75 25 9584 124 184 006 002 057 043
MCAF-4/0 100 0 9728 164 003 01 004 058 033

*unit = volume% and **unit = mass%
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Fig. 1. The effects of different variables on the phosphate removal efficiency; (a) Al : Fe ratio and (b) metal concentration. (initial
phosphate concentration =50 mg/L, solid content=2.0 g/L, temperature = 20C).
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Table 2. Textural properties of the adsorbents

Surface area, Pore volume, e
2 3 Pore size, A
Adsor- m/g cm’/g
bents (BET) micro meso micro  meso
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MC 172,94 0.074 0.101 983 3637
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Fig. 3. Phosphate adsorption isotherms on the prepared (a) OC and (b) MC at different temperature.
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Table 3. Adsorption isotherm parameters

Original activated Metal impregnated

Para-

Table 4. Thermodynamic parameters of phosphate on OC and
MC at different temperatures

Isotherms . carbon (OC) activated carbon (MC) Sample Temperature,’C AG®, kJ/mol  AH°, kdJ/mol  AS°, J/mol
meters
10C 20C 30T 10C 20C 30T 10 -11.65
Qm 0401 0576 0775 4216 4426 4642 OoC 20 -11.15 2581 50,03
KL 0112 0099 0115 0322 0483 1,060 30 -10.65
Langmuir R? 0970 0992 0992 0968 0994 0927 10 -5 51
RMSE 0013 0014 0018 0164 0093 07356 MC 20 -6.49 6.27 267
X2 0,017 0010 0.011 0291 0053 0719 30 -5.46
Kr 0,075 0093 0143 1387 1796 2478
n 2444 2258 2392 3294 3912 52083 1.8 0.90
Freundlich  Ro 0936 0939 0955 0925 0898 0844 <
RMSE 0,033 0038 0044 0378 0399 0517 L _0.93
X 0136 0113 0083 1604 1270 2213 -1.9 1
o F-096 o
- - - - - - -/
WSS BEFES TSI 22t oA AEhge o 2 20 2
&3t 2o E 099§
2.1
~  -1.02
2
Z (qexp,V qp’l‘[’ 7V)
R*=1-" (5) 2.2 . . — -1.05
2( )2 0.328 0.336 0344 0.352
— QEXD n QexpﬂV
Ve 1000/T, K1
Fig. 4. The plot of /og(q./Cs) vs 1/T on the adsorption of phos-
N 9 phate on OC and MC at different temperature,
NZ: (qexp.]\f_ Qpre‘,z\’)
RMSE = | 1— = (©6)
(N—1) @ __ _AH . AS ®
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N _ 2
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Fig. 5. The competing effects of nitrate, sulfate, and fluoride on
phosphate adsorption, (initial phosphate concentration =
5.0 mg/L, solid content=30 g/L, temperature =20C).
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Fig. 6. Adsorption kinetics of phosphate onto MC at different

temperature, (initial phosphate concentration =50 mg/L,
solid content=1.0 g/L, temperature =207C).
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