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ABSTRACT

This experiment were carried out using synthetic Hydroxyapatite (HAp) from waste
chicken eggshell by chemical precipitation for comparing the efficiency of Cu(II) and Pb(II)
adsorption on HAp and activated carbon in both forms of powder and pellet. The initial
concentration of 10 — 200 mg/L, pH 4.5 — 6.0 and temperature between 25 — 65 °C were set in this
work. The pseudo-first order was fit to describe the kinetics of Cu(Il) adsorption and pseudo-
second order was fit to describe Pb(II) adsorption. The adsorption was explained by Freundlich
isotherm for Cu(Il) and Temkin isotherm for Pb(II). The equilibrium contact time on HAp pellet
derived from chicken eggshell was 24 h for Cu(II) adsorption and 9 h for Pb(II) adsorption with
adsorption capacity at 27.45 mg/g for Cu(Il) and 27.35 mg/g for Pb(II). Due to thermochemistry,
the enthalpy changes of Cu(Il) and Pb(Il) were 61.02 kJ/mol and 59.92 kJ/mol and entropy
changes of Cu(Il) and Pb(II) were 185.92 J/mol'K and 179.35 J/mol'K. The positive value of
enthalpies indicated that the adsorption were endothermic. The Gibbs energy changes were
negative with the values of -55.37, -59.09 and -62.81 kJ/mol for Cu(II) adsorption and -53.41, -
56.99 and -60.59 kJ/mol for Pb(II) adsorption at operated temperature 25, 45 and 65 °C,
respectively, indicated the spontaneous nature of adsorption and more negative value with

increasing temperature, which suggests that higher temperature makes the adsorption easier.
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v A 3
ABUAUNTNUN

AINTFIU

1. %2 lW@ (Sulfide as H2S)

Taihu 1.0 un/a.

2. losenTug (Cyanide as HCN)

Tadu 0.2 unsa.

Y
3. vWiunag lvaiy (Fat, Oil and

Grease)

TyitAu 5.0 un/a. nIev1IUARA LA WA Az TLINNVYDA
: v 2

uMa93095 e Wie Uszinued Tsanugad11ing sy
{ a [~ ] " Aa

ANAMZNTTUMTAIUANUANBIAUAUAITUA 1A 15

un./a.

4. losuad'las (Formaldehyde)

lyitPu 1.0 un/a.

5. #1515¢neuuoa (Phenols)

Taipu 1.0 un/a.

6. §ANLA (Zn)

Taihu 5.0 un/a.

a < 4
7. Tasleuriadns 1 udun

(Hexavalent Chromium)

Tuhu 0.25 un/a.

a 4
8. Tngmouwiialasudus

(Trivalent Chromium)

luPu 0.75 un /a.

9. NOIUAN (Cu)

TaitPu 2.0 un/a.

10. AAINEY (Cd)

Taith1 0.03 wn./a

11. s ey (Ba)

Tupu 1.0 un/a

12. 92N (Pb)

TuPu 0.2 una.

13. Hasna (Ni)

TuPu 1.0 una.

14, uuamia (Mn)

TitPu 5.0 una.

4 a
15. D191%UA (As)

Taidu 0.25 un/a.

16. tsiatiion (Se)

TP 0.02 un/a.

17. Uson (Hg)

TaisHu 0.005 wn./a.
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2.7 MIgadfy
% a dy Lﬂ' (4] A a a a [ o 9y a
NIZUIUMIAATUILINAVINONMFHTDVDAUNA INAMTALANVTIUHITUAAUAUAANT
J v I g A = = a A o o A R o

Wosuaudlusu Tuananseszaon lag luanavsemsnuumeanuuAIdude Fana29ngad
(adsorbate) #2u Tuianavs 015N INAIGNAATULUNZEENIAIGATD (adsorbent) (HuUIA MIUN
,2552)
2.7.1 fadeninanemsgady
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4 k4
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W‘LlﬂW'Jll'lﬂﬁ]$E]@C]fﬂulﬂﬂ'lﬂﬂ'ﬂﬁﬁﬂﬂcﬁﬂﬂﬂwu‘ﬂWTL!’EJEJ
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AALUNTNNIYNINHIDNIUAY ﬁWﬂLﬂuﬂWi@ﬂ“B‘UﬂNﬂWﬂﬂWW QﬂlﬁQM%%%WIWﬂ?WNﬁWNWﬁQiHﬂWﬁ

o Y A ~ 1Y I @ = ad A 2 1 ]
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=
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v W %

2 & [ A ~ 9 o Y] o o <3 v KX
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= 1

(B 3’, a d 1 9 =~ y 1 ) ?1‘/ a
MSUNTHIUTUN Y LLMu%Nmiwmmm‘zuuummﬁuﬂ’mmmmmaqua ¥unauney

9 o v a [l o Y o ] 1 g’; a Jd IR~} dg! A

aeusoudlIgagunsziinnuru liun shlddrgnaadumuisaiiuruildu 1d529u 1ive
A A 9 v = < v o o 3 1%

waeuid ) lugngu msunsrimgnguiinaraiiudmvuasas i lunsgasy

2.7.2 4NQAMIQATY

Y ]
msgatuNaIsazals Inasi lianududuvesdignazarsuuiuiivesalgadumy

]
% (% =

Y 1 1
windu luvaziifanisgadualgnazals MimzAaridagasy JuurTdunvzvgaoenung

U

A15aza1e 1WodnIINMIMeasIIgan1I¢aAIN (Equilibrium state) 30N NANYAVOINITAATL

. ey . 4 & 12 d' Y o A o
(Adsorption equilibrium) mgﬂmzlluuﬂmﬂafmmJmmmmmummmgﬂazmﬂ UUAIVDININA
Y

9
o A [ T I @ @
Gﬂﬂﬂgﬂiuﬁ'ﬁaga'lﬂ mJQ]au'i:idlﬂuaﬂ?lelil!&ﬂWWﬂJ@dRU‘UﬂﬁﬂiJ@ 1“31%3Lﬂu@jgﬂa$a1ﬂ £ 9

&

U @vhazate ey gaungll tazdus USuvesiignazareiinizAniIAe I8 IgAG

v v Jo a ~

= Yy g A = = 1 o
EITUNUD Uﬂ’nmﬂmmum}@ﬁu@aGlumiaszl NYUNHUAIN L3NN ul@I“]le@iJ"U’fNﬂ’li@ﬂ“ﬁﬂ
2.7.3 NYANIINMIYATLVRIEANS
a v Aa X J @ Y o ° Y 3 a
NHANTTUNTITATUNUNAVUISHINAIAGUNUAIYNAATU mmiaﬁ]muﬂulmﬂu 4 ¥UA
Ao ﬂTi&g]W]?UVINmEJﬂ1W (Physical adsorption) ms@jm’?’umqmﬁ (Chemical adsorption) migmq?‘u
wanilaeu (Exchange adsorption) Lmzmi@ﬂcﬁ’mmmmgm (Specific adsorption)
[ a dy d’ = [ =< d' 1 1
(1) N1IAAFUNINNIYNTN Lﬂﬂ"]]l!tlli’)llﬂ"liﬂﬂG]ﬁJIﬂfJLLiQEJﬂLWuﬂ?iSW?”NIlILﬁQﬁ@EJ”N

' I A 1 o a ' J 4 A @
RN uamﬂuuﬁm”luﬂmuwww FEU UTAUUADTINAE (Van Der Waals) HIDWUDY

& AAa 1 = [ Y 9 A 9 9 o A 19
llﬁﬂﬂiﬁlu “])’\‘]3J1/]ﬂ‘VINLLﬂ%W‘LI’J”IlliJiJWE]N”Iuﬂiz@JHLGIJ”IZJ”ILﬂEJ’JGU’EN ANUIDUVDINTAAVUNATUDY
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fnﬁfn%ﬂﬂ')gﬂﬂﬂ%‘ﬂﬂﬂﬂ%'lﬂﬂ']ﬂﬂ“ﬁ‘ﬂ%3ﬁ'luli‘%j\ﬂfllla$ﬂ15ﬂﬂ°ﬁﬂfﬂﬂlﬂﬂ°§ﬂuﬂullﬂﬂ‘ﬂa’lﬂsﬁu
(Multilayer)

o a g a A a da! ' @ VY (3 o
) NIIAAGUNNIUAY uJqu]Glﬂiiumﬂmluizﬁawmgﬂ@ﬂ%ﬂﬂumﬂlmmmmu Tay

IS) 1

a aan dal YA o = d‘ 1 A 1 a Y A

Lﬂﬂﬂgﬂiﬂuﬂlﬂlu fNNﬁi‘ﬂllﬂ'li‘Vl'lfﬂEJLLiQEJﬂL‘ﬂ‘L!8’353W’J'Nﬂgﬁﬁilﬁi’i]ﬂ@uﬂgﬁﬂmlﬂil UauNIg

v A [ X = o 1 o < a2 o

alsevezaen vy Wuarsdsenou Inivun) BINUTEIEHINNozABNINILTINTI UNUTE
v v 4 9 a o ¥ o

NIZAUVTNUNYIVDILAZUNITAAT ULV U TUIREY (Monolayer)

o { a X y o o o o a =
3) mi@@%mmmmmﬂaﬂu Lﬂ@"]]uLﬁ@ﬁ?@ﬂcﬁﬂL!a3V’I’JQﬂ@@%Uﬁﬂigﬂllaglﬂﬂuﬁﬁﬂﬁﬁﬂ

1 o v q Aa v W v Aa ) A a A A
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a o v 9 (g o
Uszgeguurivesiigasuaie looouvedigngadu

Y] [}

» - X 4 o e d » i
(4) MIYAFULUVIIZI NAYUILBININULTIBAN LIV TUanNaueIAIRNATUNUNY
Jd o ] a 1 n YA o Y v o a 9 a o a dy )
Wandueguuna ua lulatinahldagngadunlaeu Tnssadiall woanssumsgaguyiiail vzl
waalunmssamilerng sz nINnasIuUeINITeAFUNIIMen LAz NMsaagumMaall Tuns

Y]

{ a 3 I o o o {
aaduNnaTLIZTUMIgAFUNIMENIH MIgagunIuall Msgaguuuutanasursonige

Y v
1 o U % %

FULD VDI UBYAUFHAVDIPAINATUAUAIPNAAT LY
2.7.4 "laicumaummmﬁgﬂcffu (Adsorption isotherm)
[ I [ [ L [ @ @ [
loTameumsgady iHuanuduius luannzauga senindSnuvesdignaaduas
?,‘ Y] (3 Y] [ Yy 9 (3 A A 1 a A A )
UIMINVDIAIPAYY NUANUTNTUYRIAIgNAzaeIMaReY lua1Taz a8 & gaIHiinaN el
o o (dy ~ Yy 9 9 Aa 1 Y]
anwduiusin@euns vl vz ldidunun TunEzenn ToTameoumsgadu
sinuvvesleTmmounsgasy awisneTuednyuzveInszuIUMIgady lo Tnmon
% ] 3 dy [ d' d‘ A =Y Y
Msgaguseaniu 5 Jlunuiugiu dwaaslunimilsenaun 2-3 Tagh X Asilsuadignge
@ [ =y 4 [ A Yy 9 A A (3 =
Fuaoliuaaigasy naz C AeaNuduTunmasvesdazaeludisazate ¥391nle Tanowu
~ I ~ Y dﬁf ~ g‘/ =) a dﬁf Y] v A dy a
siluuun 1 duszuunmsgadunavruiesr @) LaznavUUUAIGAFUNNUHI Mesopore Ay
] Y '
Macropore @ loTamond 4 waz 5 szmamsgadunuuswRer luvazEunsgasy tas

< o g
naneilumsgadunuuvaleyuse 1
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-

Type I

Type 1 i Type II

'
)
'
'
'
'
'
Cc

PR

[ ] NET

§
2

¥
A

mwilszneuii 2-3 ToTmmeumsgaduiugiu 5 uu

'
a A

o a P 9y A o I =1
LL‘U‘]J’iﬂa'E)\ﬂ/l'Nﬂﬂ!@]f"nﬁ@]iﬂu1ﬂ11%ﬂ‘ﬁﬂ’]ﬂﬂ’]ﬁﬂﬂ%’ﬂ!!ﬁ3L‘]Ju‘ﬂuf]uﬂﬂ ﬁ‘JJﬂ'lﬁUlf’JI“IfWIﬂiJ

o 4 o a 4
MIQAFVUDIAUNYT (Langmuir isothenn)uamumi"laicvmamm‘s@ﬂ%ummw;uﬂaﬂm

(Freundlich isotherm)

2.8 NYUYMIGATY
namsazareNgngadunolsuniaggadi (Adsorption capacity, q) A 1dan

aumsin 2.1

q= (CI _Ce)v

W 2.1

d‘ A d' Y] 1 [ Y] a Aa o 1 (%
IQEWI q f9 “]J%iﬂﬂ!ﬁ'ﬁﬁ&ﬁ1Uﬂgﬂﬂ@%ﬂﬁ@ﬂgh1m3ﬁﬂ@@%ﬂ (UaanIuaonNIN)
A Y 9 A 9 A a o 1A
C. 19 ANUAVVVULIUAUIDITITATANY (Waansunoang)
A Y 9 A Aa Aa o =Y
C., A9 ANUUIUYDITITaSAINTUA] (WaanIUNDaNT)

vV e U5uasvesansazate (ang)
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W fo smuidagasy (nSu)
(1) Langmuir Adsorption Isotherm (Hu et al., 2011)

o 4 o a @ A o o
auns leTameunisgaduvecnauiios Idimldeiuronisgaduuuiidigady Taoll

U G

[

Y
AUUATIUVRIANNITAIT
1.909 FWN1QATU (adsorption site) HaNBMZIMADU9 AU (homogeneous)
o a X a dakX A o A A A o
2.M3QAFUILINAVUNUHINTNUN TUM QAT UNIUUDY LAz NUNUUY A1T09ATY

9
Turana'lAifieasuRed (monolayer)
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ANuduNUS NaugaveINITgaTUaITIleuduns o Tmnoumsgaduyosaiio 1aas

aunsn 2.2

|m e

{ 1 9O’ L U 4 { a a 3 1
Tagh g, Ao 5navesdrgngaduderiminvesdigasuiianzauga (Tadniuao
nN5Y)
A (J Y ~ Y a (Y Y g}/ = 1

q, 10 YsMAUFIFAVRIAINATU NYNYATUVUHIVOIAIGATULLUTIREIND
Y 1 -
ﬁTﬁuﬂ"Uﬂdﬁ’J@ﬂGﬁﬂ (WaanIuNeNIY)

c, fio anmuduvesiigngaduluasazaianzduga Madniunoans)
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1 1 1

=—+
d. 9, ba,C,

o g
MINANMSs o IymoumsgaduLauiiosan 1/bq, 118z 1/q

(2.3)

ansomun ldengadaunu y

m

@ o w v v ' [
HAZANNTY MUSIAUINMIVEUNTIMANUTUHUTTENIN 1/q, U 1/C,

(2) Freundlich Adsorption Isotherm (Ozcimen et al., 2009)

o a d a o @ { a
ﬁiJﬂ'liUl’E]T“lﬂ‘l/]’E]iJﬂ'lﬁ@@%Uﬂl@ﬁﬂ?u@ﬁﬂ% fﬂll15’[,]E]‘ﬁ‘]J'lEJﬂ'lﬁﬁ@%Uﬂl@ﬁ@n@ﬂ%ﬂﬁﬁﬁuﬂ’ﬁ]@ﬁﬂ1i

Y] [

Aa 13 A o o R v o oA v 3 @ A
ALY NY ﬂymgulillﬂulu'ﬂlﬂfJ'Jﬂuclf\jﬂ’l'luﬁilwu‘ﬁtﬂﬁuﬂaﬂ]@ﬂﬂ'ﬁﬂﬂ“ﬁﬂlﬂu@\jﬁuﬂqitﬂ 2.4

q, =K.C" (2.4)

4

Taghl K, Ao arnsinmsgagunuuyuaant
= ' A =2 ' g X A o X a
I/n An masinuaasdan luidhuiiofernuuesium

= a  J a Y Y v A
mmuemm‘smlguﬂaw“lugﬂeumanmsmmumwz%maumim 2.5
1
logqg, =logK: +=logC, (2.5)
n

% a Jd 1 { o (%
nnaums leTsmeumsgasuguadadaind K, uag I/mn @unsadiwinldnngada

o

@ o w [ v J ' 4 1
UNU y LASANUTU ATNAIAY ’1]'lﬂﬂ'lill"TlEluﬂi'l“l/‘lﬂ')'lﬂﬁuwu‘ﬁiz'ﬁﬂ'lﬁ log q_ N log Celﬁ®ﬂ1 1/n fl

A A Y wdg

"9 v Y3 1w a Ay g A A o
anvlngd 1 UIDUAINUFUUIN LlﬁﬂQblﬁL‘ViLl’NG]’J@‘ﬂ"lf‘]JﬂJWMN’JVILINL‘]JMLMGLQEJ’JﬂulHﬂ

€

¢ A {

(Heterogeneous) #aAd1 1/n 11 Indgud wielanusudnnnudainaigaguiinuiinisgadui 1y
I &’ = v 9
huiemenuilos (Homogeneous)

(3) Dubinin-Radushkevich Adsorption Isotherm (Baccar et al., 2013)

3 PRI g

o o A g o { I a a o v an
LL']J']JQ]”I@@Qﬂ”Iﬁ@Jﬂ"H'Uﬁ nJuu,mJmamﬁmaguuammgmm Wu%mmmmﬂﬂ%mﬂmmunﬁ

@

4 v g’/ v A a o H
H‘Ella$ﬂWi@.ﬂWULﬂuWQﬂWﬁﬂﬂ%UL“BQﬂ']ElﬂTWLLﬁ$t‘lﬂlﬂﬁIﬂﬂﬁgﬂlLUUﬁNﬂWiﬂiﬁNﬂWﬁﬁ 2.6
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qe = qm exp(—ﬂgz) (26)

ilovagiaumsi 2.6 Wegluglaumsiduasag Idaumsasaunsi 2.7
Ing, =Inq, — B&* (2.7)

Taef & =RT In{1+ Ci}

e

tag

E =

1
— (2.8)
N2p
d' A U % dy d‘a % - 1 o.; %
Tagh q, Ao USuuaIgngaduuNUNHIAI9AT A0S INAYEIRIQF
FHansunensy)

q, A0 ANNAIITagIgalumsgasy (Naaniuaensy)

A 1 = =3 [ d‘ﬁ/ 9 =2 % Y
Ao AAINLNDENdINaINUNARd ¥l unsh TuanaoandINdIgaTty
A 1 d' 9 1 a

R AD AAINVBLNE (8.314 JacD luaiAadu)
= a a

T 79 QUi (1NaI)
A Y 9 A a Aa o =)

C, Ap ANUINTUNANIZANAD (WaanTunans)

E fo wasnundesldlunmsasluanasennindigadu (i Tagase Tua)

(4) Temkin Adsorption Isotherm

o { o 1 a {1 I @ ) @ o
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5009 lunaazsuveInsgasuiiiosnnfdunusszrinaIvesiigasunuaIgasuiitosas

Taelgiuuuaumsaseauns 2.9



18

g = %In AC, (2.9)

wedagaumsh 2.9 Tegluglaumaiduasez Idaumsa 2.10

d. =%In AJF%InCe (2.10)
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-wldenliln 9lasuanweynsizraniui lasson
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1 v o d a a &’ {Aa
- ﬂTUﬂllMUﬂTINﬂ”ﬁﬁ)”lsb'u@ CGC-11A Na@]%TﬂﬂgaWNSW%}T? UNUNHI 1000-

1100 m3/g

- nsaWoano3n (H,PO,) V3N Mallinckrodt Chemicals

- n3alua3n (HNO,) U3HN BAKER ANALYZED A.C.S Reagent
-n3a'lalasnaesn (HCI) USHN BAKER ANALYZED A.C.S Reagent
- Tiden'laasen lod (NaOH) 1389 QReC New Zealand

-1aa lwase (Pb(NO,),) 158N VWR International Ltd., England
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- netulesFamamunas lainsa (CuSO,-SH,0) 151N BAKER ANALYZED
A.C.S Reagent

- Tnd'hilaueaneaed (PVA, MW = 85,000-124,000) 158 Aldrich USA
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Tavie ANUTUTY Pseudo-first order Pseudo-second order

HWUn (mg/L) q,(cal) q(exp) k, R’ q,(cal) q(exp) k, R’
10 0.659 0.621 0.013 0.9007 0.707 0.621 0.024 0.6937
20 1.098 0.993 0.013 0.9602 1.193 0.993 8.722E-03 0.0238

Cu(ID) 50 2.992 2.244 0.017 0.7937 4.704 2.244 6.267E-04 0.2035
100 4.698 4.376 0.048 0.9703 7.502 4.376 3.129E-04 0.1559
200 8.981 8.193 5.988E-03 0.8850 9.980 8.193 8.466E-04 0.8561
10 0.203 0.509 3.224E-03 0.7536 0.378 0.509 2.033 0.9841
20 2.099 2.018 0.015 0.6600 2.143 2.018 0.012 0.9229

Pb(II) 50 2.463 4.752 0.011 0.8245 4.523 4.752 0.019 0.9870
100 6.396 8.544 0.024 0.8876 8.271 8.544 0.015 0.9295
200 7.442 12.905 0.013 0.2330 12.547 12.905 7.300E-03 0.9780
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ToTmmonaian fu

. Freundlich Langmuir Dubinin-Radushkevich Temkin
Tavigviun - - - -
1/n K, R q,(mg/g) b(L/g) R q,(mg/g) | E(kJ/mol) R A(L/mg) b R
Cu(Il) 1.3093 0.1862 0.9686 -9.4250 | -39.0885 0.8810 13.0959 0.2350 0.8686 1.3054E-06 27.7459 0.8443
Pb(1D) 1.0020 0.1437 0.7795 -4.0617 -3.2395 0.6550 9.8394 0.1358 0.9405 1.2436E-03 63.4860 0.9657
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200 4.2638 29.2380 0.0216 0.6992 29.2398 29.2380 0.0258 0.9998
10 1.5014 1.4290 0.0265 0.9721 1.5775 1.4290 0.0297 0.9819
20 2.3313 3.1860 0.0134 0.9223 3.1918 3.1860 0.0159 0.9858

Pb(II) 50 13.4710 8.0810 0.0219 0.8643 10.0604 8.0810 1.5138E-03 0.8330
100 15.7217 14.8830 0.0127 0.9106 15.8983 14.8830 1.2588E-03 0.8894
200 11.4657 20.3860 8.7541E-03 0.8485 18.7266 20.3860 3.7575E-03 0.9824
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A13197 ¥-2 AIA9TALEY R’ ¥04 Freundlich, Langmuir, Dubinin-Radushkevich 1182 Temkin lo Tastnon 40in1sgasuneuasiazazng lagaigaduiu

saiann HAp 1laen1vln

. . . Freundlich Langmuir Dubinin-Radushkevich Temkin
19A Taneniin - - - -
1/n K, R q,(mg/g) | b(L/g) R q,(mg/g) | E(kJ/mol) R A(L/g) | b(J/mg) R
Cu(II) 0.0048 | 4.9046 | 4E-05 9.7561 | 23.6780 | 0.1579 | 3.6422 1.9090 | 0.2008 | 2.1012 | 2.4097 | 0.0274
Hap wlaenlvln
uuudaia
Pb(II) 0.3453 | 4.3003 | 0.4832 | 22.0264 | 7.5837 | 0.9600 | 9.2442 2.0851 0.1418 | 6.2725 | 0.7778 | 0.7836
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Tavie AN Pseudo-first order Pseudo-second order

WU (mg/L) q.(cal) q,(exp) k, R’ q (cal) q.(exp) k, R’
10 1.6323 1.7030 0.0145 0.8438 1.7413 1.7030 0.0124 0.9462
20 1.2311 1.7090 0.0134 0.8680 1.6895 1.7090 8.2119E-03 0.9708

Cu(ID) 50 3.5489 4.2030 0.1658 0.8900 4.2974 4.2030 0.0118 0.9764
100 5.6859 7.6290 0.0182 0.9501 7.8802 7.6290 0.0317 0.9888
200 6.3797 16.410 8.2908E-03 0.6029 14.8148 16.410 0.0194 0.9880
10 1.6323 1.7030 0.0145 0.8438 1.7413 1.7030 0.0124 0.9462
20 1.2311 1.7090 0.0134 0.8680 1.6895 1.7090 8.2119E-03 0.9708

Pb(II) 50 3.5489 4.2030 0.1658 0.8900 4.2974 4.2030 0.0118 0.9764
100 5.6859 7.6290 0.0182 0.9501 7.8802 7.6290 0.0317 0.9888
200 6.3797 16.410 8.2908E-03 0.6029 14.8148 16.410 0.0194 0.9880
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A13197 A-2 AIA9TALEY R’ ¥04 Freundlich, Langmuir, Dubinin-Radushkevich 1182 Temkin lo Tastnon 40in1sgasuneuasazazn lagaigaduiu
v 1 v o
DAIAINDIUANNUA CGC-11A

. . . Freundlich Langmuir Dubinin-Radushkevich Temkin
19A Taneniin - - - -
1/n K, R q,(mg/g) | b(L/g) R q,(mg/g) | E(kJ/mol) R A(L/g) | b(J/mg) R
quﬁNﬂud’ Cu(ID) 0.4421 | 0.4378 | 0.1015 | 1.0996 | -6.5102 | 0.7692 | 2.6778 0.2297 | 0.1646 | 0.4202 | 0.9644 | 0.0563
CGC-11A 1y
v &
2ALuA Pb(II) 0.2864 | 2.1617 | 0.6095 | 25.4459 | 91.8549 | 0.3297 | 5.4827 3.5578 0.2862 | 5.2290 | 1.5990 | 0.4545
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ABSTRACT

Batch experiments of Pb(Il) adsorption were carried out using Hydroxyapatite (HAp)
as adsorbents. Two types of HAp were analytical grade (commercial) and synthetic material
derived from waste eggshell by chemical precipitation method. The experiment conditions
were conducted at 25 °C and adjusted initial pH of Pb(11) solution of 6.0 in that the adsorbents
were used both formulas, powder and pellet. The range of Pb(Il) concentration was 10-200
mg/L. Two kinetics models of pseudo first and pseudo second order were investigated to fit
the experiment data. The pseudo second order model provided better fit (R>>0.9) comparison
to the pseudo first order for every adsorbent type. The selected equilibrium time of the
adsorption process is 3 h 30 min in which the capacity of HAp eggshell pellet is 20.39 mg/g
whereas that of HAp from commercial is 37.46 mg/g.

Keywords : Hydroxyapatite; Kinetics; Eggshell; Adsorption

INTRODUCTION

Industrial wastewater contamination is becoming an important pollution and a
strongly environmental problem which results in population health. Many industrial plants
such as painting, metal processing and agricultural industries have released heavy metals to
water resources. Heavy metals are mostly non-biodegradable and can be accumulated in
human body. Lead can cause of liver toxicity, lung cancer and dementia. There are variously
available processes of wastewater treatments for heavy metal contaminated, such as
precipitation, biological process, carbon adsorption and ion exchange. Adsorption method is
the most popular process for wastewater treatment; however, it has been highly effective and
high cost due to the adsorbent price. Therefore, the present interest in alternative materials,
owes to low cost and high sorption capacity could be employed.

Hydroxyapatite (HAp) [Ca;o(PO,)s(OH),] is a major inorganic constituent of teeth
and bone. It is excellent biocompatibility, osseous inductivity and osteointegrity. HAp has
high performance in dentistry and bone-repair [1]. Hap has excellent properties for adsorption
of heavy metal which can be synthesized from CaCO;. Chicken eggshell waste is available
in houses, restaurants, bakery and frozen food industries in which the eggshell has high
porosity and abundant sources of CaCOs [2].

The objective of this research focuses on synthetic hydroxyapatite (HAp) from waste
chicken eggshell. Adsorbent pellets for removal of lead (II) were prepared by mixing the
Hap from eggshell with polyvinyl alcohol (PVA). The kinetics of the adsorption process was
conducted in that two types of adsorbents, HAp powder and pellets, were tested for
comparison.
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METHODOLOGY
Adsorbent preparation

Chicken eggshells were cleaned and calcined of two stages thermal treatments at 450
and 900 °C. The sample was ground with ball mill for 10 h, at 350 rpm. The CaO, obtained
from calcined from chicken eggshells, was transformed into HAp by chemical precipitation
method in phosphate solution [3], [4]. Porous cylindrical pellets made from mixtures of HAp
and polyvinyl alcohol (PVA), can be employed for the adsorption process in a batch
experiment.

Sorption experiment

The Pb(Il) contaminated wastewater was obtained from metal salt of Pb(NO3), as a
synthetic wastewater. The stock solution (1,000 mg/L) of the synthetic wastewater was
prepared by dissolving proportional amounts of the metal salt in distilled water. The
experiment solution (10, 20, 50, 100 and 200 mg/L) were prepared by diluting the stock
solution into an appropriate volume of distilled water.

Kinetics study was conducted by liquid-solid contacting procedure between the
pellets and wastewater solution. The pellets were prepared by blending of mixed HAp from
chicken eggshell and from commercial grade with polyvinyl alcohol (PVA). Additionally, the
study of the contacting process between HAp powder and wastewater solution also performed
for comparison. The wastewater samples and adsorbent pellets (or powder) were shaking at
250 rpm and then the solution was sampling every 15 minutes for 210 min. Atomic
absorption spectrometer was used for determination of Pb(ll) in the samples. HCI and NaOH
were used to adjust the pH of the solution. The optimum pH referred from literatures [5],[6] is
equal t0 6.0 .

Adsorption kinetics

The pseudo-first-order is widely used for the system of liquid-solid adsorption with
the basis of solid capacity. This model is under the assumption of the rate change of surface
site concentration is proportion to the quantity of surface sites remaining dispossessed and it
linearized form is shown below:

k
Iog(qe—qt)=logqe—( . jt N

2.303

where g;, amount of heavy metal adsorbed at any time (mg/g); q., amount of heavy metal at
equilibrium (mg/g); k. the pseudo-first order reaction rate constant (m™)

The pseudo-second-order model is under assumption the rate is proportional to the
square of the number of remaining free surface site.The linearized second-order is shown
below:

t 1 t

- = 5 + —

9 k,0.° G
where g, amount of heavy metal adsorbed at any time (mg/g); d., amount of heavy metal
adsorbed at equilibrium (mg/g); k., the second order reaction rate constant for adsorption
(mg/g'min).

2)

RESULTS AND DISCUSSIONS
Characterization of CaO and HAp

The X-ray diffraction spectra images of CaO presented in Fig. 1 showed main peak
appeared at 26 = 37.4. In addition, several peaks appeared at 26 =32.3, 53.9, 64.2, 67.5 and
79.7 [2].

The result of X-ray diffraction presented in Fig. 2 the crystalline phases identified are
HAp, calcium oxide and calcium hydroxide [3].
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Figure 2 X-ray diffraction spectra of synthetic HAp from chicken eggshell

Effect of contact time

The removal capacities of Pb(ll) with different contact time are shown in Fig. 3,
belong to data of eggshell HAp pellets, the performed steepest slope at the beginning and
became flat after 10 h of adsorption. At 9 h contacting time, the percentage removal of Pb(ll)
reached 98%. At 210 min contacting time, it could be considered as equilibrium time for
maximum adsorption
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160.000
140.000 #Pb 200 mg/L
120.000
100.000 EPb 100 mg/L
S 80.000
= Pb 50 mg/L
60.000
40.000 X Pb 20 mg/L
20.000
0.000 X Pb 10 mg/L
0 50 100 150 200 250

Time (min)

Figure 3 Time dependence of Pb(l1) capacities on eggshell HAp pellets

Type of adsorbent

The adsorption capacities of different type adsorbents are shown in Fig.4 and Table 1.
capacities removal of powder has performed better adsorption level than pellet form in that
the powder form has tiny size and can disperse around the solution to increase opportunity of
Pb(1) for attacking with active sites.

140.000
HAp commercial powder
120.000 === HAp eggshell
HAp eggshell pow powder
100.000
= === HAp eggshell
g  80.000 pellet
=
§ 60.000 HAp commercial
S HAp commercial pellet powder
40.000
HAp eggshell pellet i HAD cOmmercial
0.000
0 50 100 150 200 250
Time (min)

Figure 4 Time dependence of Pb(l1) capacities on various type adsorbent
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Table 1 Removal capacities of all types of adsorbent for 200 mg/L of Pb(l1) at 210 min
adsorption time

Adsorbent Type Adsorption capacity (mg/g)
HAp commercial powder 124.91
HAp eggshell powder 116.51
HAp commercial pellet 37.45
HAp eggshell pellet 20.38

Effect of initial concentration

The effect of initial concentration was specified in range 10-200 mg/L. The Pb(ll)
adsorption capacity firstly increased with increasing of initial concentration. Adsorption of
Pb(Il) by HAp eggshell were studied for understanding the mechanism by fitting the
experimental data to pseudo-first and pseudo second order the results are shown in Fig. 5, 6, 7
and values of Kkinetic parameters and removal capacities are shown in Table 2.
Additionally,kinetic data of commercial HAp powder and of eggshell HAp powder at 200
mg/L of Pb(ll) initial concentration are also performed in this work.

2.500
@ HAp eggshell
2.000 pellet
1.500
HAp commercial
powder
7 1.000
g
E’ 0.500 HAp eggshell
powder
0.000
250
-0.500 HAp commercial
pellet
-1.000

Time (min)

Figure 5 Linear fit of Pb(ll) adsorption experimental data using Pseudo-first order
model.
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@ HAp commercial
10.000
pellet
8.000
[ HAp commercial
< 6.000 powder
4.000 HAp eggshell pellet
2.000
X HAp eggshell
0.000 powder
0 50 100 150 200 250
Time (min)

Figure 6 Linear fit of Pb(ll) adsorption on HAp-eggshell pellets using Pseudo-second
order model

160.000
140.000
#Pb 200 mg/L mPb 100 mg/L

120.000

100.000
= 80000 Pb 50 mg/L  xPb 20 mg/L
60.000

40.000

%Pb 10 mg/L
20.000

0.000 Nﬁg :

0 50 100 150 200 250
Time (min)

Figure 7 Linear fit of Pb(ll) adsorption on HAp-eggshell pellets using Pseudo-second
order model
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Table 2 Values of parameter using pseudo-first order and the pseudo-second order

models for theadsorption of Pb(I1) on HAp derived from eggshell

Conce Pseudo-first order Pseudo-second order
Metal ntratio
n ge(cal) ge(exp) ki R? qe(cal) ge(exp) ko R?
(mg/L)
10 1.50 1.42 0.02 0.97 157 1.42 0.02 0.98
20 2.33 3.18 0.01 0.92 3.19 3.18 0.01 0.98
Pb(l1) 50 13.47 8.08 0.02 0.86 10.06 8.08 1.51E-03 0.83
100 15.72 14.88 0.01 091 15.89 14.88 1.25E-03 0.88
200 11.46 20.38 8.75E-03 0.84 18.72 20.38 3.75E-03 0.98
CONCLUSION

The synthetic hydroxyapatite from chicken eggshell, was found that the almost phase
is belong to HAp and some remaining of calcium oxide and calcium hydroxide. The result
showed that Pb(ll) adsorption could reach equilibrium after 10 hours contacting time.
However, at 210 min the removal was conducted more than 90 percent. It was also found,
according to statistical regression parameters, that the adsorption kinetics of Pb(ll) on all
types of HAp followed the pseudo second-order. In the view of removal capacity, HAp
powders performed the best adsorbent capacity, however, the eggshell HAp powder was a
little lagged of the capacity and it may suitably replace the commercial HAp. The pellets still
need to be improving their surface characteristics for the good adsorption performance since
its adsorption capacity is comparable low [7].
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