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Pb(II) Removal from Aqueous Solutions Using Pinewood and Oakwood'
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ABSTRACT

Crushed pinewood and oakwood were studied as an adsorbent for Pb(II) removal from aqueous solution. Batch ad-
sorption experiments were carried out to describe the effects of contact time, initial Pb(II) concentration, pH, competing
cations, and adsorbent dosage on the Pb(II) adsorption process. Kinetic studies revealed that the Pb(Il) adsorption proc-
ess for pinewood and oakwood followed both pseudo first and pseudo second order model. The Fruendlich model best
described equilibrium adsorption data with correlation coefficients (R?) of 0.956 and 0.950 for pinewood and oakwood.
The maximum adsorption capacity of Pb(II) onto pinewood and oakwood was found to be 16.853 and 27.989 mg/g,
respectively. The Pb(Il) adsorption onto both pinewood and oakwood was increased as pH increased in the pH range
3-9. The presence of cations such as Na', Ca®", and AP** decreased Pb(II) adsorption. The Pb(II) removal was greater
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in seawater than deionized water, resulting from the presence of COs™

ok Pb(ID) AA

and OH’ ions in seawater. This study showed

that pinewood and oakwood have a potential application in the remediation of Pb(Il) contaminated water.

Keywords : adsorption, batch test, oakwood, lead, pinewood
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SRS B W Y S0 Bk FE4
o4 izt SR glalyel At BAR U
Sith Pbe: Bholx 03t +29] Algh Aez )
i, F44¢% pH 7 ZAM= F= Pb(Il) FEi=
Asict wal GO Za s} o)L, B} o],
sole, A ole, Fu} Agelel Aol Wej
AgHcHHashim er al. 2011). Pbi AL 8%
Aol Sl 4, 7] W EoF e
of, AEAE s BF wAS P
F2 54 i) G, roset 4 80l 43
AL v, Feteld 8%, AARDA,
A, 8, Sk, °]JH*°Ur & A E% I
ShA F= FHoR [FEZFHrK(Yurtsever and Sengil
2008). Pbi= T A AESHOR Haj=]r] ko
o, AEA Wl A= o], W, ¥, A} Z5o Rl
g, A Ak A7 A 55 9 APl ol E
He [UAIZICHAfidi et al. 2006; Kazi et al.
2008). |23k Pbe] fJsfid oz Q5o AlA H3i7
Tw o7t EpEE selH Pbel B8NS Hshu
ok AlA BA7Z]5H(World Health Organization,
WHO)+= 19959 Pbo| S8 W 3]-87]1%5 50 ppb
2 AAsdd 22 20108 10 ppbE WEith
(WHO 2011). 49 % (European Union, EDI} u]
= 374 —'?'—(Umted States Environmental Protection
Agency, USEPA), 7iut}t 5854 7oM< 22
Pb =5 10 ppb, 15 ppb, 18] 10 ppb= A3}
ITHEPA 2005; Li and Wang 2009; Sahu et al.
2013). FUAIAHE BB 7|2 Yol FHEHE 10
ppbE AL QUth(H== J&F/]‘ﬂ* Alsz A33.
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(Abou-Shady ef al. 2012; Mohammadi et al. 2004),
o] I Mbareck et al. 2009; Malamis et al. 2012,
Al-Rashdi et al. 2013), ZZK(Wang et al. 2007;
Tiwari et al. 2007; Stafiej and Pyrzynska 2007
Othman Ali ef al. 2011; Tunali et al. 2006; Huang
et al. 2007), 18]11 XYE3HE *2](Hien Hoa et al.
2007)7F AR&EEh o2 ol w|sto] S22
A2 vg 9 G4 we Hlgo] AA &1L, F
o] &5t7] wiZoll A|qAI7E AA 28 FHrke A
th(Jamshidi Gohari et al. 2013). S-Z}o]| 2J%t @
A AAA AA £& H ¥ FAAY 29
| 5253 FAHAY] 7140l YJeliA AR HERE,
2 o= LHEdS afor AAs AAA
FHAE AAsk= Aol me Fasitt
Pb(Il) AAE 15+ S2HAO] B3t A= Tpget
2 =(pH, e o]29 A, ol E, F2AHA
FAF S)olA A&A ez 3= o] gt Ph(l) A
AE A% FRARE LA Fr)Ee] AfE &
A2 A, polyethersulfone (PES)/hydrous manganese
dioxide (HMO) ultrafiltration (Jamshidi Gohari et al.
2013), HAFE 3F-8-5t geopolymer (Al-Zboon et al.
2011)7} AREE QT g4 Y= B H (Kabbashi ef al.
2009)9F 22 R Aol FE A EE Ay
(Sahu et al. 2013)Q} S A HTE AGHEALE AR
o] Pb(Il) A|AY chgstA 8=t 15 B
e 9= FA AAE R 2AYE A=A
71 E5HA AREElO] AL, A2 BE JA] B A
o elA gt L BATS ARESF 7l
2 7hzo] Asatalar, AL oI we o]
7} 28 5= o] k(Dwivedi er al. 2008). o]
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(2 AAIL, Po(I) A7 o
PO(ID) 5=, S2A0te] 1% A7
Ao} ), g of
Fpo] oA a

[e e}

A= 2

AR 0

29 £, #47k Po(Ine] B
2 n|xER] FHsH Hol

HEEH
oHd

2. M=z ¢

20

20) oE FomA Ao}
A GRS LS, s
Daedong industrial co., Ltd=2} €]
A< Al™7|(granulator, System POLYMIX
90D, KINEMATICA AG, Luzern, Switzerland)
olg-ato] mafalol ALgatsict. ThaE Me wE
A|(Tyler Industrial products, Mentor, OH)& ©]-8-5}¢]
0.595~0.420 mm 37]9] A& Aldo| AMES}IST)

=2

=

22. 32 A

aupe} Fipre] Pl FRHEAS Bolel] 9
3 %2 52FA%] (kinetic sortion test), BE ZZF A
3] (equilibrium sorption test), & 2] pHof| uf& &2+
A7, oiAlel Fol e F2 AT, 0e gole
o] A FA A%, e 2AN FH RS

SASISATE. HART Pb (NOYr& F50] So1] 3
289 1000 mg0 S AXT %, o] 34ste] A
ol Argalolt. Belsty Age B avhmel
U 0.1 g2 50 m¢ 82| conical tubeo]] Z}z;
271, o]7]0] 20 mg/0e} 200 mg/¢EE=2] Ph(Il) &

=Ho &
B T

o 30 meAS 20, 40 min, 1, 2, 3, 6, 12
24 hr WESAIT) 5 PO(ID) S A5} iH%ﬂfﬂ
Ph(Il) gl Ao} He]s}7] 9Ja) Aol TA(N
6, Whatman, China)E ©]-83}¢] oju}s}4ic).
AL TS 274 24 hr ¥RE3F &

& BEA3IET, Phl) SH9] 27| HE= 20, 40,
100, 200, 400, 600 mg/¢ = AA5Fct golo] pH
of W FFE L §99 pHE NaOH E= HCIE
olgsled 3,5, 7,9, 112 Pb(I)o] Z2leFS

=1 032

o EIC{'

Eé
2}

11[0{1

ul=
RN 5

Hlastgch ol4jel Felgo] uhe Phnel FEHA
Fe ool Y=L 0.1, 0.3, 0.5, 0.7 g & W3}
A)713L, Pb(IDe] A7) & Ab Rkt B o)) &
Aol whg F2F = Lokir] #fsf NaCl, CaCl,
AICLZIZF 10 mM< Pb(Il) 9o A7}st%c). s
olAe] Ph(ll) H2 S4L Amrs] 9slo] g
FAGE PAA ARw wze) ojuarelx A4
GF/COiatA| 2 ojafst & Ao Aatsic. &
2 A9 BEE AP AT BE A3
200 mg/¢ 2] Pb(1l) & | 83l0] A3
24 hr, 0.1 g, pH 7 7|& 93 A|7L ARgHE or]xﬂ
pH= A3t Pb(I)9] = A% ATAI(NO. 6,
Whatman, China)® oJ7gt &, {=Z3Zak=nt
(Inductively coupled plasma, ICP, Optima 2000 DV,
Perkin-Elmer)& ©]-8-3}o] =43} th

AlE]
=1

mlo P oh
ot ol

.04 [e]
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=
=]

2.3. ol =4

Fale) Bolsd ST AL $41 14 5
(Pseudo first-order model)™} -§-AF 22} X (Pseudo
second-order model)& ©|-835}o] EA 3} th(Park er

al. 2010).
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Table 1. Model parameters for pseudo first-order and pseudo second-order models obtained from kinetic sorp-

tion experiments

Pseudo first-order

Pseudo second-order

Ic model model
Adsorbent 0)
(mg/ Qe ki R Qe ky R
(mg/g) (1/hr) (mg/g) (¢/mg/hr)
Pinewood 200 16.503 4.605 0.970 16.956 0.702 0.960
Oakwood 200 24.626 4.69 0.967 25.370 0.464 0.972
Pinewood 20 5571 8311 0.998 5.645 6.561 0.999
Oakwood 20 5.151 4.264 0.999 5.191 5.351 0.998
“Initial Concentration
K 27w ol gstol AZle] ME FAFS A
o Pinewood - 200 ppm
s o of & WSS Table 19] YEisich & g A
40 4 A akwood - m
— T B, Aol YRS AR AMgetge o @
Eol g © Ph(ll) FE Y % Ph(Il) HE LA FA} I
g | ====x 2 2eyl gAF 23 HYl BE g HI3EE Zlog
gm f I R 2 ettt olE SaliA AUFeE FhRo] Pb(ID<]
s B2 HEE QA e S Bt o) sty
Zzlo] HhS&o] S m)AHrkHo and McKay
0 \ - 1999). f-AF 12} Helal §Af 22 HU2RE d2
0 6 12 18 24
Time(hr) ge A B AFolA I Zol7t 3% o iR & 2

Fig. 1. Kinetic adsorption data and models for Pb
(II) adsorption to pinewood and oakwood.

St ST BAAY SAE Pbe] Hmgl),
C BE AolA eke] Pone] FEmg), Kr

L BujAl4(L/g), ne Freundlich A
oy xe}t #AE Langmuir SEAI(L/mg), Ons T

, K& 2%

9| gepel F2A| F PoDS] Aol FEH(mgg)olc.
3. Zn ¥ ma
3.1. Po(l)e] St B3t 54
Asupiiol bRl Alzkel w2 Po(ll) 33 54
S Fig. 19 Ry gieh A9 A3 hrolFo] B
of EHBH: AS & 4 ek B4 17 B A}

Amwe 243 g 29l Aol A9 gl Aoz
Uehdth we meld Aubeh FbRe bb
(D) F& 5= g #kol AL o]t O“HX]H]'
2 FEoAM= RS ¢ Fhol AU g,
s R A 1 el s e A
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= Ak
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3.2. Pb(lhe]

Am

Apsol Rl Pl WY G2
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Table 2. Model parameters for Langmuir and Freundlich models obtained from equilibrium sorption experiment

Langmuir model

Freundlich model

Adsorbent K.

2 Kr

Qu (mg/g) (L/mg) R’ (Le) 1/n R’
Pinewood 16.853 8.186 0.880 5.973 0.178 0.956
Oakwood 27.989 9.732 0.942 7.901 0.215 0.950
50 o] A3KDwivedi et al. 2008) ¢ A S2HA|
_iomm % 2[5 Pb(D) G 26.546 mylgrt vlwste] 2t
E— wo) A% 2 FaPol B 2 Ao et F
2. . ] 0] 1AM Zug Nl o, shafE R
g 1 A8 ATH(Dwivedi er al. 2008)0| A AMgE EAJE
g ™ e ———— H} gl/doll A oD Al7jell o mabgl Ao
1 = g
10 3
: \ . ‘ 3.3, 8| pHOl T2 Pb(l)o] B =4
0 200 400 600 800
Caq(mgfL)
goo] sjaka Sxo] Pole] abiel bR
Fig. 2. Equilibrium adsorption data and models for F&o|| wA= FuS AT ET] $isto] pH, FAol
Pb(II) adsorption to pinewood and oakwood. L g 2ANA AFS 53Tt WA |9

S Freundlich =@ 9] R* 72 0.9562 Langmuir &
go] R* gk 0.880 Hr} 2 Ao uehyith Fu
9] AL%E Freundlich =¥9] R* ZFH2 0.95008
Langmuir 2@9] R? ZF 0.946 Bt} o7k 2 Aoz
vebgth B3y F& AW 47 AvRel R B

FolA  Pb(l) SF2  Langmuir Ed  RHrtle
%z

Freundlich 2 dloj ¢ 33 & 4~ ot &2 Hy

B2 A9 4TS Fo) PaD) Aol AU &
1o 99§ Brhe 0F o dojde
et 4= lti(Summers et al. 2011). Freundlich 2 & 9]

Un ZHe 0.178(AUHH T 02152 180k 2
onz Pb(IDe] Ahiel Fhrol HA2 AsH
FHAE]o] Qlth(Viswanathan et al. 2009). Langmuir
oA oo AFe] apiel I & Pb(ID)9
o ke 7k7F 16.853 mg/gd} 27.989 mg/g o

2, o] Ph(l) AlATF] v Heh A U
Wk e 081 Pb(Il) AlA Bk A3 A+

o=

e
oAl =9l FHAIY Pb(l) F2FS 5.53 mg/go
2 pH 5, 7, 9949] el FEA Po(l) T
12.75, 16.81, 28.87 mg/g© & pH7} Z7}gtol| whabA]
S S7kske Ao uehich pH 11149
Pb(Il) &2k 28.88 mg/gC 2 pH 99 H|3lo] &
aperel walr) glgleh. Fe] A9 pHE 3014 9
2 Z7htel whebd o) SAAE Pol) FES
6.96 mg/gol| A 27.69 mg/gl. 2 Z7}8}H a1, pH 119
A= 19.79 mg/gC 2 7Hadtgict pH7 27150l wh
2hA Pb(IN] F2keFo] Z7sls AL Po(e] At
3} "l23} Ph(INQ E2 Z-Lo oA AyE
olek. PhIne] EAjo] Fa-e ol walo] olaiA &
e, +2718] Pb o]2o] FAfE, $4 o2 27)
7b FEAIA dge s whA LAl EHrk(Forstner
and Wittman 1983; Shukla ez al. 2002). wabA] e
pHolA= E2HA| #Hol EAsk= &2t 7Fsrt A4

—{EI
1o
ol
o
e
jun)
w
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Fig. 3. Effect of solution pH on Pb(Il) adsorption to
(a) pinewood and (b) oakwood.

of 42> o] &3} Pb o]0 FAsHA el webal Pb
() Zzbo] #AslA Ech(Forstner and Wittman
1983; Shukla er al. 2002; Tipping 2002). ¥IH =2
pHOlA Pb(Il) F&Fo] #Aashs A2 =2 pHOlA
Pb(Il)o] §ald Adei= EAst7] wiEo|ch(Ahmad
et al. 2009).

3.4. EO|2 EXHoll mE Ph(lI)el 2 E4

Fuli ol &(A)o] &upiel o) Podl) &
Aol wA= FEFe AHESITE EIF 7 o]2E0]
Pb(ID) A7l wA= AHA 271 duET] 9

a2 e
(98]
N
N
o2
o
rlo
(o
i
I
o
o
ro
2
S
)
>
o
rfo
0
ml\)

£

I Pinewood

2 | == Oakwood

20 4

Adsorbed{mg/g)

None NaCl CaCl, AlCI,

Cation

Fig. 4. Effect of competing anions on Pb(Il) adsorp-
tion to (a) pinewood and (b) oakwood.

sto] 7t o] 9] FE= 10 mME 1135,
SHA CI'E Sol2o= A3 Iads AME
t}. Fig. 49] A Ay}, g o]&0] EAA] Pb(ID)
Zho]| fEigt Ao 7h WhAlsh= A= YEytth v
o] A, AAolo] EAsHA] o Aol Tl
S2AG Ph(Il) S22 16.81 mg/gol| 4] Na'o]20]
EAT A% 13.02 mg/g, Ca¥'ol&o] & ZH$
8.68 mg/g, Alo]o] A AL 3.09 mg/glE
AR o] 28] AWt SR w9 Ao 2
Al Pb(Il) F2HES Faskglck o] A9 o
Al 9] Y] S Pb(Il) FAFFS ol20] &

= 1 0o
AeA ke 7

i ol-ﬂ

e
2 12

]_

ol

g

3% 24.20 mg/gol A, AP7E A 4
622 mg/go 7 HA o] 2o ZXA| 9| FAHA
T Pb(Il) S22 Fastgict o= folA dYst
o] AU 9 ol Ph(ll) S22 H'2te) o
L3t QA o]Fo|X|H(Forstner and Wittman
1983; Shukla er al. 2002), Na*, Ca**, AP} 722 oF
o] &2 Pbo} F&of AAH oz 245 "t =
3 AAZE 2 AP AL 2R Na'3)h Ca™ i
ot Pb(Il) S2kel v FAAQ S vjA= AL
AP BZA] Hol2 3717} SRA|ZRE g2 ojof
sH= Hhdol| Na'3} Ca™'= zH2; 171, 27H9) H'o]&
o] =ztE]7] ufjFolct.
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35

I Distiled water

30 | | == Sea water

25 -

20 -

Adsorbed(mgilL)

Pinewood Oakwood

Fig. 5. Effect of seawater on Pb(Il) adsorption to
pinewood and oakwood.

3.5. sfl=7t Pb(el &2 E4ofl 0|xl=
=k
AUR 9 AURE i AF 0GB §5 X

Al (Kang et al. 2013)= ARE-3S17] 9fste] =l A
Po(I) BE B Aughy, FRE 2w o
22914 PbIl) F2F 545 Fig. 59 HW]asiith
T 2doA @9 AU © Pb(ID) 2
16.81 mg/gof H|3te] 34~ A= 27.91 mg/ge
2 o 170 sl 2 ow ettt el o
9] A Po(ll) FHF 4] FR4 201 4(24.20
mg/g) W} sf=of A(28.76 mg/g) A UERT ¢
AR} Aol A Tk 2SR Bl s
oleq} 7+e oo Ph(Il)T} PHCOs2} Ph(OH)2
= 584 e FA5H] "ol sigolA S+
ol Hlgke] Ph(Il) A|AF] w& Ao= Hher)
(Stumm and Morgan 2012).

36. BAH Felgol ME Pol)el St

EA

— O
Ao F=9lgko] mE PhINe] E2HA e A
T SR AAES Fig 60l YeERSITh &
o] Zaleko] 0.1 goflA] 0.7 go.& Z7)ato| uhabA]
FAA) T9) WY PH(ID) FAFL 1681 mg/go A
3.96 mg/gS® ZAagh RhHo| Pb(l) A|AE

BhA] Z]
1 o1
(a) 100
] [ 30
80 4
G
s ] k)
g 60 lao 2
©
3 ! i
2
£ x o
& 404 2
<
10
20 4 *
== Removal (%) <
*  Adsorbed (mgg) *
0 T T T T 0
0.1 03 05 07
Dosel(g)
(b) 100
-
30
80 4
b —
o
Iy ] k)
£ 60 0 £
p =
H 3
£ £
§ 40 g
<
. 10
20
[==1 Removal(%) -
®  Adsorbed(mg/g) L
0 0

01
Dose{(g)

Fig. 6. Effect of (a) pinewood and (b) oakwood dose
on adsorption capacity and removal percentage.

46.2%00 4 92.4%% Z7}stgict. Aol ool &
=g Pb(I) F&FE Pb(IDQ] FUZo] 0.1 gollA]
0.7 go =2 ZF7kstell whebal, 24.20 mg/gollA 3.92
mg/gO 2 kA% BiHol A AE2 61.3%0lA 91.4%
2 Z7tekeh F2AI] Avkel upRe] ol
S7Fetol wehAl Pb(Il) F AATS F7IRE v
o, T2HA| ©¢] Aekg Pb(l) AAHFL 7Haste A

o]

o2 yepdtt o] Aik= g A4 (Ahmad er al.
2009)9] Axtel A5k, Ph(ID2] AAES Fol7]
ke FRAY FUFE STHIAA 2+
e HAS EofofF itk
4. 48 2
Aolds v 9 U S o]8ske
Po(Il) 2 AlA A 3stglen, Pbdl) &2
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of wA= & AIZL Ph(ll) 7] =, 849 pH,
B oo A, dl4, FHA U] Y ot
woleh FstA Ay At G4 13wl §

27 wlo] 2 P35t Ph(e] ALbrek Zhpe
T3 SRS QAR ik Bheba 3 o
4 AREt B9 4 59 A PO e
Freundlich ®dlof ¢ Zget ZoZ Yelyton, o]
£ &3 Pb(ll) S22 AR} IR tE5og
2HE o 4 AdTh &AM 27] pHIE 3914 9
F7Fgholl wheba AubEel bRl Ph(ll) g2
S7Fekle. whHoll pHZE 994 112 F7Fgloll
weba] Fhbiel]l Po(l) &2k 728kelth Pb(ID
B 2o]| QlolA] TR 9Fo] L Na', Ca?', AIFS 1A=
Q1 gL WFom, At B48 1 G o 2
Al yebsth sigell A9 Po(l) S22 sfieuiof] &
5= COs 9t OH L Sol&53 244 3ltsE
< BAste SR 240 viste] =4 Uebdth
AU 9 o) 2QARRS S7HAFEE o, Ph(D)
9 i’l}xﬂ 9 A SRS At v &
3lj4] Pb(ID)

of BaE Ak @ Fuprst

r IO fru E1°1'

2
i

lx
N
_O|l"
)
=
s
2
4
g

o)
if ]
ol

o] ES 20139 FESHPRY Ao B

[e]
FAFA AL Wot 5

Tt He AT
%7V HFLEEAE Farle ). E3F 3=
A O] Al - A 2] IAF](2012R1A1A1014900) 2]

A fE ol 3l

. ool ZAFEYY T,
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