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Use of Cork Oak Bark for Phosphorous Removal from Wastewater
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Abstract

The feasibility of using cork oak bark for phosphorus removal from wastewater was evaluated in this study. Recently, development

of more cost—effective media while maintaining high efficiency in pollutants removal has received concern. Barks have a negative

surface charge and, hence, tend to show a high affinity to bind cations, and they need to undergo chemical modification to increase

their adsorption capacity of anions. Bark was hydrolyzed by HCI solution and it received modification using an agueous solution

of high molecular weight polyethylenimine(PEI). Surface modification with HCl and PEI resulted in a decrease of specific surface

area of the bark from 1.932 m*/g to 1.094 m*/g. The adsorption experiments were carried out in batch tests and the data were

fitted to the Langmuir isotherm and Freundlich isotherm equations. Phosphate removal rate was higher at the lower solution pH

possibly due to the form of phosphate ion in solution. For the initial phosphate concentration of 10 mg/L, maximum adsorption

was 20.88 mg P/g at pH 3 and 12.02 mg P/g at pH 5. Mechanism of phosphorus sorption onto the HCI—PEI bark was examined

through FT—IR spectrometer. lon exchange between NH™ and H,PO;~ appeared to be a key mechanism of phosphate adsorption

onto the HCI—PEI bark surface.
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Table 1. Experimental conditions for HCI-PEI bark.

Reaction ~ Amount
Conc. pH )
Parameter (mglD) time of bark
(min) _ (g/100mL)
PO4-P conc. 520 35 180 0.1
Initial pH 10 378 180 0.1
Reaction time 10 3 57180 0.1
Bark amount 10 3 180 0.0570.5
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Fig. 1 Comparison of adsorption capacity for various anions
between the Raw bark and HCI-PEI bark.
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Table 2. Change of specific surface area following the modification.

Specific surface area

sample (m/g)
Raw bark 1.93
HCI-PEI bark 1.09

Fig. 1& PO, %t oheh Qyld o2 Ajeid] Exfah
NOr, SOf, I 59) the olewel A4S uejta
ATk Raw barkell A= SOy & A28k 71E} S0l 252 A7
52| g9k} HCI-PEI bark®] 7-- SOy, POy, NOy, CI
Eo AABE & 5 Ak oleld Auks £3) Fo] el
g u) F2olt el v Solee] Augu fatel
Uhehgize] ol Aulg o] e theat rkHelfferich,
1962).

PO/ > SOZ > I> NO; > Br> CN >

NO,; > CI™> HCO; > OH > F
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Fig 2= &&-238]o) A% HCI-PEI barke] 4S8 FT-IR
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\
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Fig. 2 FT-R spectra of the Raw bark and HCI-PEI bark analyzed
after the adsorption test.
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7492 vaug@S v, pH 391 PO,P Aol A 8] A Ag0] Tt A2 ddEch NH 24717 whe-d 49
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= =2
olojA= AL 27] it Se] pHE 302 2435to]

100
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80T
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0 g
£ 50 S
SHr
230
=~
20 F
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0 HCI-PEI bark amounts (g)
3 4 5 6 7 8
Initial pH of solution Fig. 4 Effect of amount of HCI-PEI bark on PO4-P removal
efficiency (Reaction conditions: Initial solution pH = 3,
Fig. 3 Effect of initial pH on PO4-P removal by HCI-PEI bark. Reaction time 3 hr)
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Fig. 5 Proposed reaction pathway for attachment of PEI to bark
substrate and phosphate adsorption.
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ERe) oty 241 o) ol emar| 2 o) g AYL
Skl 9le} Pseudo second—order modeldl] #8312
ujo] A= FHE-S Table 33 2t}
Table 3. Pseudo second-order kinetic constants for HCI-PEI bark.
Co Initial Qe K h R
(mg) pH (mg/g (g/mg - min) (mg/g - min)
52 3 4.69 0.018 0.389 0.9992
155 3 11.83 0.014 1.909 0.9999
49 5 4.27 0.019 0.347 0.9993
155 5 8.87 0.010 0.788 0.9977

Qe(mg/g)

2 —#—pH3-5mg/lL.  —O— pH3-15mg/L
——pH5-5mg/L  —2—pH5-15mgL
0 A L L L L
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Time (min)

Fig. 6 PO4—P sorption capacity for HCI-PEI bark at different initial
concentrations.
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Bl o] Hdl F2Hmg/e), € = BEE A
T8 FAA] FwEmg/l), K ;= F&UAE et
= Langmulr %"F(L/mg)olﬂ—

2
W, B A @s) 2ol T,

22 (sorption capacity)[(mg/g)(l/mg)l/ 1N, ¢ = HEEH
Ao &l FAAY FE(mg/l), I/ne FALE
(Sorptlon intensity) & ‘/}E}LH Freundlich A<=0]

A ﬁﬂre Langmuir®} Freundlich 52l @%

3l f?_ = Table 49 YERN AT Langmuir =2
%‘F Qs B3] BH pH o wa} 2088 mg/g#
12.02 mg/ pH 3014 2] PO,~P2 #AIA7F f2lskict

Freundlich 522 4 5 Kp #°] AAH &322
7kt ANHA O = I/n 9] gho] 01705 Afelw vreRd o
o F2A el F2rdel et F2s o] a4 AoR &
quq o]

= *‘ﬁ‘oﬂfﬂ A AAE B FEA vash] $8te]
ANEAA HHom ATH FAA S F25S Table 59
AAEATE EaloA] wEE Langmuir isotherm® Quax
(mg/g) 72 4.32 mg/gollA 821 mg/ge] HYE Holal 9l
Sl & dATelA o] 08 mg/g 7 2 kol S-S HolF
al Slk

Langmuir % 2ol 71EA AL v A
o] 2141 2442 separation factor(RL)i el 4 o
(Michelson et al., 1975).

Table 4. Linear regression analyses for Langmuir and Freundlich
isotherms.

Langmuir isotherm Freundlich isotherm

DH Omax KL
(mglg  (LUmg)
3 2088 0.64 1.00 7.59 05 0.9
5 1202 0.25 0.98 2.70 0.52 1.00

R KF n Rz

1
L™ (14K .Cy

C

(mg/L), K, = Langmuir “g<=°|t}.

Table 69 UERA v} 7ho] R, ZHe S-2-410

3=t McKay et al. (1932)0]] w2 Qof|A] 14

S o)A A(favorable) &2+-S oJn|sit). 2 Ago] A9 27]

PO;-P &-91¢] pH 37 pH 50141 Ry 2+ -ahdl 742} 0.149}
0292 FZo] o) o7 o]FolxgS HERIL gith

35 ZHMA "ot

2 Ao AR A Alse s o R Aed w3
T RA A mo] AAAA A Q= HEo] g
& 9] Mg g-ofe] HCI¥ PEICkEO] A4+ 8faL gle}, 2
A-gHAlel| A HCI-PEI bark®] AA14S 4 gatA A
TE Lo PEI 7HA o] ddjd o2 e} ststofEel] wlste]
a7k g Aeletie Ve AlRES AdeA 78
il
7

ﬂ‘ .

3L PEI §ol0] AL§-S 18]0] 124 9 AAHE3E
% 1 = g,

Table 5. Comparison of adsorption capacity of the HCI-PEI bark
with other adsorbents for phosphate removal.

Langmuir isotherm

Sorbent Qrax K
(mg/g) (L/mg)

Iron oxide tailings” 8.21 0.44
Fe(Il/Cr(111) hydroxide® 6.53 0.03
Steel slag’ 53 0.02
CMC/Fe aspen wood” 4.3 0.19
HCI-PEI bark 20.88 0.64

«1) Zeng and Liu, 2004

2) Namasivayam and Prathap, 2005
3) Xiong et al., 2008

4) Eberhardt et al., 2006

Table 6. Type of isotherm for various RL (McKay et al., 1982).

Re Type of isotherm
R.>1 Unfavorable
R = Linear

0<R <1 Favorable
R =0 Irreversible
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