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Abstract

Waste citrus peel-based activated carbon (WCAC) was prepared from waste citrus peels by activation with KOH. The
removal of Cu and Pb ions from aqueous solution by the prepared WCAC was investigated in batch experiments. The
solution pH significantly influenced Cu and Pb adsorption capacity and the optimum pH was 4 to 6. The adsorption of
Cu and Pb ions by WCAC followed pseudo-second-order kinetics and the Langmuir isotherm model. The maximum
adsorption capacity calculated by Langmuir isotherm model was 31.91 mg/g for Cu and 92.22 mg/g for Pb. As the
temperature was increased from 303 K to 323 K, the AG" value decreased from —7.01 to —8.57 kJ/mol for Cu ions and
from —0.87 to —2.06 kJ/mol for Pb ions. These results indicated that the adsorption of Cu and Pb by WCAC is a
spontaneous process.
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AR ARl SRS e A A s} ofy
Aele] YRS ol gt Xihﬂ Lo, 717fo]
Hehe go] slo] Zollis A B0l A4
A 4 WA= 5 4]71%:% o]-g-sto] B
Alzsks A7 ol o FolA|aL 3t Imamoglu
and Tekir(2008)= hazelnut 42 2 AL A| %3}
of 48 50| Cu 0]} Pb o &L A 7|5Hz I
o] Cug} Pb o]2o] F2teko] 717} 6.65 mg/get
13.05 mg/go]Atkal 31 3L, Rao et al.(2006; 2008)
© ceiba pentandra A2 SRS A 23}] Cu 9]
23} Pb o] 2 AJA Aol E&FgFo] ZHzF 20.78 mg/g
9 255 mg/go]Thal 3}4ct E3L Kalavathy et
al.(2005) 2 THUFE ko 2 A 23k SRS o)%
Blol Cu oleL AASKS Aol Eakzo] 5.73
mg/g, Issabayeva et al.(2006)> palm A2 A Z5t
RS ol g3lo] Pb o] AZSH 9ol H2t
212952 mg/go] 21Tk BRI 0]} o] we ¢l

Aol ol ot F wrlER e Alxst

o 489 Fo| FH4 o1& AASHE AT} o]
of 4|1 glek.

N

=4l = kS AxE 759k Eolm, 11 5 15wt
o] & 7F5-§ 02 AL 11 S S|
skl Qli= Aol & 7Hs HollA] ke J%l
Zhgito] A7k 30,000-=0] WAgstH, F2 YT
2 AgEar Qo 2013 78 #7]E9] SR

717k gAE o] = Fakeel o] A7 9o
27]<% 7lgte] 91% 31 QJtKim et al., 2014). w2}
A ok Aske] WAL Q= w7l A
Hg o]gsto] BAES Alxshd avpAQl #HrlE
#]2] Weto] H Zl o = AbRFTh

Annadurai et al.(2003)2 2@ ZAZ& o]-&35}o]
Cu, Co, Ni, Zn, Pbi} ZH-2 T}t 243 A7 8l=
AFo| A ZaFo] 77k 3.65 mg/g, 1.82 mg/g, 6.01
mg/g, 5.25 mg/g W 7.75 mg/go] ATl ATt FL
e FHss =ol7l S8 edA HEs
formaldehyde(Lugo-Lugo et al., 2012), A{Lasheen et
al., 2012) Ex= &ZH(Li et al., 2007) 2 2] 2]5}o] 7|
Aol A7t SaEbl otk B, Khaled o
L0092 22 B BTz Azshol 3
of Fol ZAIPH: AR ASHE ATE FHae

P
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- olglt

Xﬂil%}* gho] 7 eF e 8ol Fof 2Ach= 2
=85 AAsE ol anpAlolgfal 513l Bernard

and Jimoh(2013)= @ @x] AAR AR5 SAELS
ARESE] 54 o] Pb, Fe, Cu, ZnE A|Ask=
TE sklen, olF Fu5 ol2Eol tet F2Eol
Z+7F 0.001 mg/g, 3.350 mg/g, 5.598 mg/g & 0.875
mg/go|$Ittal 3} al, Moreno-Pirajan and Giraldo
(2012)> 27 HAR A|23 SAIHORE =8N
9] Cr, Cd ¥ CoE A|ASH= AFollA F2Fol
30.11 mg/g, 28.67 mg/g 2! 45.44 mg/go| ATl 3}
of 2 A9AES #HEEkE ZnCl(Kang et al.,
2007a), NaOH(Kang et al., 2007b) 2! KOH(Kam et
al., 2017a) 2 SJ3HA]A SdehS A2t 2as 1
Tk} QI gk AT SRS ol galo] 714
298] opAE, WAl W W W2TreS A
= 014 KOHE S AMgeto] Azt ot
Aero] i BASAIS 18T Rt O N
WA 2 ARSI w53 S
o= 215 dAciKam et al., 2017b).

weba] 2 Atol A= KOHE 2/4J3HA| 2 ARg-st
of ¥ 7=1F AE(WCAC, Waste Citrus peel-based
Activated Carbon)-& A| 23}l 4~8-9f 9] ZA5l=
Cu o]23} Pb o]22] A|AE5 S TASIITE A
Aele ol olRl Atol| ThE =W AARE &
AF 12} AT} A} 23) Ao A 85ke] T2k
= S sk oer, 33 524 A9E Langmuir
5222} Freundlich -5-2A]¢] 285} H|as}G]Tt.

g 1 slo] uh2 33 A1Y A0 olgslel 2
ojst] 342 shick

-

H o Lo A Z2A R AFE3F WCACE Kam et
al.(2017a)of A2} 22 W o & A|xs1ict #Hiha
v Al2E Ay 52 7417](PVTFD200A, 2 Aol
A 72 hr A 2)3lo] 288 A3 A 78 T AAsF I

7|2 stk XJ_XH?& HEt AlRE 300 C
oAl 1.5 hrzst ©3kAX] thaoll KOH &/3AlE
o|-g3lo] FASIA|A A 23 WCACES E4)5}ko] 170
mesh /¢l A& AME-BFAIT.
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AYE slRAo SaEkelon, 1000 mL A2
Zekazo] 94 FEe] 34 ol £ 500 mLo}
WCAC 1 g& ¥ % 4=3HZg7|(Johnsam, JS-FS
250012 ALg8}o] 180 pm o2 wHkslA A
ZF QZinlek 15 mLo) A RS A on, AiE
2]7](Eppendorf, centrifuge 5415¢)= 10,000 rpmoj|
A 10 min ek 94] Helst 5 AE oL 2 FH5te]
g3 = A (Shimadzu. AA-7000)2 43131
t}. g99] pH+= 0.01 M HCIZ} 0.01 M NaOHE A}
gato] 28a}ou], £o40] pHi pH meter(Orion,
model 420A)E o]-&5}o] =435}k

WCACe] F2He 5% o129 F2H(q) I AlAE
(Removal)2 T3 o] A4kt

(G-C)V

G= (M

_ (00 B Ce)
Removal = TX 100 2)

€

A71M qe= BE FAHmgl), Co= 27| &5
(mg/L), Ce= 3§ s(mg/L), Vi= §4] Fu|(L),
m= F2HA|9] Kg) ol

WCACS] B3t HA 9 AlF—2= BET 443
(Micromeritics, ASAP 2010)E- ©]-8-5}¢] 77 Ko 49
N, AR okt

3. Zm % o

3.1. 222l EMEY

Fig. 1% 2 A5-olA ARE-3H WCACS] FT-IR 4]
ATE UeRA Ao|th Fig. 10]4] 3,428.46 cm™ o] 4]
OH %=, 2,918.24 cm™ o] 4] C-H =, 1,565.92 cm’!
oA carboxyl7]2] C=0 T3, 1,453.06 cmo]A]
-CH; T3, 1,097.79 cm™ ]| 4] phenol7]2] C-O =
7} W= i) o]#$F Z 1= Hashemian et al.(2014)
o] L&A AAR A3t YT}t FASHICE
dntA o g2 et ol EAfsk= 487 FollAl
T8 5O A=A AA Aol Y = A
7]+= lactone”], caronyl”], carboxyl”| & phenol 7| 2
LA 10 H(Bansal and Goyal, 2005), & -] A

ARERE WCACS] swell EAsk= carboxyl 7|2t
phenol 7|7} 5=8-9 0] Cu 0|23} Pb ©]22] A o]
7108t A o2 AlRECE 2 Ao AREg WCAC
L n|mEzo] 1,675 m'/g, AlEHul= 1.004 cm’/g
2 AT A7]=21.2 Aol
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Fig. 1. FT-IR Spectrum of WCAC.

3.2. pHe| &G

484 Z9] Cu o2} Pb 0] 22 -§-H 9| pHoJ| u}
o} 24 Fei7E depkich & 24 B pH 6 ofste]
A AR o] 2-9] FE|= ZAJSIAITE pH 6 o] 4of A]
L Cu= Cu(OH)', Cu(OH),, Cu(OH); & Cu(OH),~
o} 72 ol 29| FeE EA5HH, Pbi= Pb(OH)2,
Pb(OH)”, Pbs(OH)s*" & Pby(OH),* 9} 72 2}o]£.9]
FE= Ak A2 g gckKam et al,
2014). whaha] 3 Aol Al+= pH H3to|| w2 2} 0]
< P = EAJsh= pH 2~6: 1 9follA AHS =85}
Ak

Fig. 2= 892] 7] pHE 2|4 6 22 FE|gt 7
55 o2 AAES HEhdl A O & Fig. 204 2
0] Cu 0] 23} Pb 0] 2-2 pH7}4 ofslof A= Al AE
o] ZrA5IAIE, pH 4~6 H{Joll A= AlAE] Gl
A|H 2F95%9] AL H Tk o|+=pH7}4 o]5}2]
W2 Qoo A= SAJEr mro] H 7} o] A5}
8o Fo] F o] 23} heluy, pHYF SRS
F2HA| ®Ho] EAISH= H7F hashy] mlEe = A
F¥ ) Bernard and Jimoh(2013)7} @#X| 7R
Azgt St =2 Cu o] 23 Pb o] A A=
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Aol A= pH7} 4 ofstollA] w5 0] 22] A|AE0]
HaxshA] 9Fal pH 2~62] A W flollA &5 o]
AAEo] YA fAl == A2HE HAThL 8=
o], 2 At A A G oM e B SES Hol
= ATt A9E 2ok

Iy Imamoglu and Tekir(2008)7} hazelnut 7
A2 A2t ez Cu o2 Pb o] 22 A A5t
= 59} Kalavathy et al.(2005)©] rubber wood
sawdust2 A|Z5F A0 & Cy o] 22 A A=A
FoAE & Atol Aot rR7 R = pH 4 oshe] A
AR = T o9 AlAEo] HAsHAIEL pH
4~6 R Q1o A LT AlAEE Hlhal skelch
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Fig. 2. Effect of initial pH on the adsorption of Cu and Pb
ions by WCAC (Cu ions concentration = 20 mg/L,
Pb ions concentration = 70 mg/L, adsorbent = 2.0
g/L, temperature = 303 K).
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Fig. 3-& Cu ©|-29] %= 10 mg/L~150 mg/L, Pb
°o]29] FEE 70 mg/L~500 mg/L= HSFAIZ] 7
Agbo] W 7} ole0] b= WEkE b Zolch
Fig. 304 20| €31 %7] 30 min ool A= Cu
4l P 0].2:0] v} kA Az Alzkel] A
42 443] 242319 120 min o]l B HGo
stk o]} o] 27| TAoA = F2ko] W=
Al A= A F2F 27] DdAolA = WCAC H]
o] Sl= B S0l ol eA F2ke] dojupA|nh, Al
7o) Zutetol| whel B4R o] o] AA S| fha
S HEo mdsl= AoR /\]-EQE} Annadurai
et al.(2003)2 =02 Cu 0] A Ask= <
ol 2 WFARIo] 24 hrojek stgonk,
Moreno-Pirajan and Giraldo(2012)?} Bernard and
Jimoh(2013)7} @ &IA] A= A| 23t SdehS AN
o ol T2 BFAIZEO] 120 min o2 & At

A /7 WCACH AR AHS 23
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Fig. 3. Effect of contact time on the adsorption of (a) Cu and (b) Pb ions by WCAC (adsorbent = 2.0 g/L, pH = 5,

temperature = 303 K).
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Fig. 4. Linear plots of the pseudo-first-order kinetic model for the adsorption of (a) Cu and (b) Pb ions by WCAC.

OF71H ki & AR 134 AR min) ]k
R AR ST thgat Pk

T= ot (4)

7] A ko= FAF 22} & 5 4(g/mg-min) o T

Fig. 4= Fig. 39] to]E& 4] (3)°f| &35t AFE
UrEhd Zo]aL, Fig. 5= Fig. 39] Hlo[HE 4] (4)°]l
2G5 Aaks vEd Ao g o|2HE gt wleta
E| 445 Table 10]] A 2]3}3ich Table 104 Hz0]
WCACO] 2Jg Cu o] 23} Pb o]22] F2} Ag Ay}
5 GAb 13} SmAlo] 283t ASo] ARAN) =

30

10 mg/L
20 mg/L
30 mg/L
50 mg/L
70 mg/L
100 mg/L
150 mg/L

254

20 4

eomp>qa00

t/q,
&

T T T T T T
0 20 40 60 80 100 120 140
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(a) Cu

tq,

7+7} 0.8390~0.9528 ! 0.7986~0.93860]1, G-A} 2
A} & A]of) 2§45t 79-ofl = 7124 0.9831~0.9998
2 0.9981 ~1.00008 GA} 12} £EAI WS 23} 45
Ao & dk=3lick Bernard and Jimoh(2013)7}
L #AA] AR = A3 DAJEH Rao et al.(2006)0] 3
¢ #71&-2] ceiba pentandra 72 & A| %3t AELO
2 Cu o] &5 A ASt= AollA = 2 Atol et 2
o] AR 22} Ao Agtsirhar sh¢lrt

3.5. 224

WCAC®] &JgF Cu o2} Pb o]22] g2} F 4
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Fig. 5. Linear plots of the pseudo-second-order kinetic model for the adsorption of (a) Cu and (b) Pb ions by

WCAC.temperature = 303 K).
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Table 1. Kinetic data calculated for the adsorption of Cu and Pb ions

Pseudo-first-order

Pseudo-second-order

Co

O (g ki G 2 ke G ?
(1/min) (mg/g) (g/mg-min) (mg/g)

10 0.0860 1.99 0.9030 0.1160 5.02 0.9998

20 0.0520 651 0.9249 0.0217 12.03 0.9991

30 0.0225 8.56 0.9528 0.0073 12.69 0.9831

Cu 50 0.0222 11.97 0.9147 0.0072 20.49 0.9904

70 0.0251 13.43 0.8390 0.0064 2745 0.9950

100 0.0265 18.04 0.9141 0.0054 31.20 0.9926

150 0.0257 13.96 0.8734 0.0046 2173 0.9855

70 0.0687 239 0.5675 0.1617 28.90 1.0000

100 0.0670 13.44 0.9148 0.0170 3551 0.9997

o 200 0.0871 27.63 0.9386 0.0112 73.08 0.9999

300 0.0530 18.91 0.7192 0.0110 80.70 0.9998

400 0.0462 4491 0.9318 0.0037 84.88 0.9981

500 0.0395 3825 0.7986 0.0030 83.67 0.9989
Langmuir $-& 5248 t}-23} 7t} 0.8315~0.8892, Pb o]2-9] r ZF& 0.8239~0.8526 2
2 WCACe] o3t 5<% 0]29] S22 Langmuir 52
. k;q,, C, ) Alof| ZF ut=sh= A o & H YT} Sekar et al.(2004)0]
© 1+kC Y #7122 coconut HE R A 23 SJetO = P

o714 qme F o] &= (mg/g), k= Langmuir 4
L/mg)o|tk
Freundlich S& 524

ohea 2.

flo

1
7. =kpC." (6)

©]7]4] kei= Freundlich A<3((mg/g)(mg/L)") o],
1/ng& F27 =5 Ul Aol

golo] e == 303K, 313 K 2323 K2 &3t 7
-0l WCAC®] 9J3F Cu o] 23} Pb 0] 29| F2F 52
A dTe} 524 of 2-85to] ALt A1t Fig. 6
of wlarsto] Yepglom, FLafzl iz g
Table 2] YEF 21t} Table 204 2 50| Langmuir
S0 283t HS Cu o]0 ¥ gk 0.9941~
0.9995, Pb o|29] v ZFe 0.9969~0.99950] 11,
Freundlich 5-&-2]o] 283t S Cu 0]22] ¥ ZFe

o1

0] 22 A7 5= 92} Moreno-Pirajan and Giraldo
(2012)= 2 HIA] A-Z A2 A2 Cr, Cd Y
Co o2& AAsH: dAFtolA= 52 HFZ27}
Langmuir 5-2-410] & $315tc}at hIck. Table 2
A &40 271303 KoflA] 323 K& S715to] whet
Cu o9 o F2Hqm) 32.83 mg/g~39.01
mg/g, Pb 0] 2] e 92.22 mg/g~96.83 mg/go| .S
™, Pb 0]29] qu0| Cu o] 2=t} F 2.50] o] =Sk
t}. o] Cu ©]9] H7|34d %= 2.000]1L, Pb o]
O] A7) SAEE=1.8722 Pbo A7|S44 %7} Cu 9]
2kt 2] wZge] =& Hol= AL & A}
i Kam et al., 2014).

Table 3.8 of2] Z59] 3¢ H71 23} 9] wl7]2
2 A 23 TSR Cu o] 23} Pb o] 25 A|A A
2 vjwstol Lkl Holth. ©ax] 714} :0} 7

A 53 :

S zako
SR

2o 9] w718 FAA|R AT 750
Cu o] &9 Zz}ko

=1 01

et al., 2003; Meunier et al., 2003; Demirbas et al.,

0.46 mg/g~6.61 mg/g(Annadurai
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Fig. 6. Isotherm plots for the adsorption of (a) Cu and (b) Pb ions by WCAC.

2008), Pb ©o]29] TA=F 6.23 mg/g~7.79 mg/g
(Annadurai et al., 2003; Meunier et al., 2003)°]3].S.
o, B3t 54 H71EQ ok e A 23 HE 5
o7 Al e e g S oS A Cu
0]2-0] T 22 6.65 mg/g~20.78 mg/g(Ferro-Garcia
et al., 1988; Kalavathy et al., 2005; Rao et al., 2006;
Imamoglu and Tekir, 2008), Pb ©]&9] Zzlzko
13.05 mg/g~30.70 mg/g(Abdulkarim¥} Al-Rub,
2004; Imamoglu and Tekir, 2008; Rao et al., 2008)<1
A} H|we off, 2 Aol ARERF WCAC] o -
o S-S Hlek el o HA R Al &
Jel(Issabayeva et al., 2006)°] 2]3t Pb o] 2] Sz}
o 952 mg/gIle vlsE BAASS Btk gk,
Bernard and Jimoh(2013)+= EAJ3HA| ZnC2S AR
slo 2ulx] ZAT Az BT 9] Cu o2
o] 357} 40 mg/Lo A 21201 5.60 me/go] 21

=

H Lo A ARESE WCACE] 7-9-0f Cu 0] 29 5%
7} 50 mg/LY wf] S-&FF0] 20.5 mg/g o2 H oL
of | KOHE SASHAIZ AR 497F ZnCl2 S AF
B At oF 3uff A= & FRES Hil=T,
o] Aol gt BEe} o] KOHE S/d3HA| =
AFg3 797} ZnCIRE ALgR 9wt 26 o o
2 HEHA S 77| giE o2 Al Tk

@)

of7IA T Aol 2X(K), R ol7IA 4=

Table 2. Isotherm parameters for the adsorption of Cu and Pb ions by WCAC

Langmuir Freundlich
Tons Temperature
(K) ke dm r2 kr . n r2
(L/mg) (mg/g) ((mg/g)(mg/L)")
303 0.2764 32.83 0.9941 11.6748 42307 0.8892
Cu 313 0.4247 36.78 0.9980 11.4830 3.2245 0.8598
323 0.4508 39.01 0.9995 11.2055 2.8284 0.8315
303 0.0518 92.22 0.9969 14.4207 3.0449 0.8239
Pb 313 0.0524 95.71 0.9991 16.6667 3.1583 0.8480
323 0.0856 96.83 0.9995 23.9511 3.8438 0.8526
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Table 3. Comparison of adsorption capacity for various agricultural wastes based activated carbon

Adsorbents o % (me/e) o Reference
Banana peel 475 7.97 Annadurai et al. (2003)
Cocoa shell 0.46 6.23 Meunier et al. (2003)
Hazelnut shell 6.61 - Demirbas et al. (2008)
Orange peel 3.65 7.75 Annadurai et al. (2003)
20.78 - Rao et al. (2006)
Ceiba pentandra hull AC
- 25.5 Rao et al. (2008)
Coconut shell AC - 26.51 Sekar et al. (2004)
Hazelnut husk AC 6.65 13.05 Imamoglu and Tekir (2008)
Orange peel AC 5.60 0.001 Bernard and Jimoh (2012)
Palm shell AC - 95.20 Issabayeva et al. (2006)
Rubber wood sawdust AC 5.73 - Kalavathy et al. (2005)
Citrus peel AC 32.83 9222 This study
(J/mol K)ot ¥ 714 hazelnut 22 o] &J3t Cu o] &2 A|As}
18] 31 Gibbs ARG UR|(A G° )= Theat 7tk L 719} Sekar et al.(2004)0] coconut 72 EHAJE
ofl I3t Pbo] 17 Z2foh Atk
AG =AH —TAS® ®)
6
Fig. 72 7+ %04 3182l Langmuir A4=5 4] °
(7yell A-g3Lo] InkL 7} 1/TE EAIF 1o 2 Lhehdl 4 °r
o)1, o] T1efLet 4] (8)2 T3 AGT, AH' L AS'E \'\'\.\
Table 40f VeIt Table 404 50| Cu o] o 2]
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Table 4. Thermodynamic parameters for the adsorption Cu and Pb ions by WCAC
Tons AH® (K/mol)  AS® (J/molK) A G Wmob
303K 313K 323K
Cu 40.36 156.33 -7.01 -8.57 -10.14

Pb 17.14 59.43 -0.87 -1.46 -2.06
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