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Kinetic and thermodynamic of chromium (VI) adsorption from electroplating wastewater by crosslinked

chitosan resin
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Abstract

The adsorption of chromium (VI) from electroplating
wastewater onto crosslinked chitosan resins as adsorbents
was throughly investigated in a batch process. Kinetic and
thermodynamic studies were carried out by taking into
consideration the effects of contact time, pH and
termerature. In the ambient conditions, adsorption capacity
of chromium (VI) onto crosslinked chitosan resins was
1208.4 mg/g for pH 2. Pseudo-first order and pseudo-
second order were selected to describe the kinetic model. It
was found that the adsorption of chromium (VI) onto
crosslinked chitosan resins could be elucidated by pseudo-
second order. Kinetic parameters such as the rate constants,
equilibrium adsorption capacity, half-adsorption time and
mass diffusivity were calculated and discussed. While the
mechanism of the adsorption chromium (VI) occur in 2
steps. Thermodynamic parameters, activation energy (E),
enthalpy (AHO), entropy (ASO) and free energy (AGO) of
adsorption were calculated as well. These parameters
showed that the adsorption of chromium (VI) onto
crosslinked chitosan resins was exothermic and also

spontaneous process.
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A A o < ' o ~ J a
ATNN 1 fﬂﬂ\i‘ﬂE]Glﬁ1L'§’Jﬂ’ﬂm‘ﬁuﬂiﬂ-ﬂNﬂl@Qﬂﬁ@ﬂ%‘]ﬂﬂilMﬂu (VD) Gluunﬁ&l‘ljﬂi’dﬂ::

Pseudo-first-order Pseudo-second-order Intraparticle diffusion

pH t, D q, (exp)

k, R’ q, (cal) k, R q, (cal) k, k,
1.4 1.43 0.000262 1102.1 0.0587 | 0.8559 279.8 0.000624 | 0.9995 1111.1 266.9 8.5
2.0 0.56 0.000669 1208.4 0.058 0.8542 169.4 0.0014 1.000 1250.0 268.1 3.9
3.0 1.33 0.000282 9232 0.0567 | 0.9096 263.1 0.000807 | 0.9997 909.1 197.9 10.7
4.0 3.29 0.000114 825.4 0.0426 | 0.4989 70.2 0.000368 | 0.9997 833.3 190.6 0.9
5.0 3.51 0.000107 779.8 0.0599 | 0.8592 1332 0.000362 | 0.9999 769.2 172.7 4.1

A 1 { o < a o = Z’
M3 2 MAINBATUTIveIgaMglueIMsgady Iasdien (VI) luiudegu Tawe

Temperature Pseudo-first-order Pseudo-second-order Intraparticle diffusion
N t, D q, (exp)
/ e 2 2
(O k, R q, (cal) k, R q, (cal) k, k,
30 0.79 | 0.000475 | 1178.2 | 0.0497 | 0.7383 188.3 0.00107 0.9999 1183.4 255.2 6.5
40 0.39 | 0.000974 | 1205.3 0.0576 | 0.7536 99.9 0.00216 1.0000 1201.9 266.6 3.1
70 029 | 0.001281 | 1227.5 0.0477 | 0.7668 120.5 0.00279 1.0000 1224.0 269.8 4.0
4 a o y 4 4 =
NWUAIUDIAIAA T mimaaummm"laaﬂauimmEm
£ Aa o . . ¥ o o o P A
AIITIAVUDINITAAYT Y (Half-adsorption time) (VD m“lﬂmagwsqmmmg_ﬂmu ﬂ1u3mllﬂﬁ]1ﬂﬁuﬂ1‘i1/]
= A £

WD aINAeIN1TATInilveansgady Tnsley
S a = o v
v lwindeyuTanghannzauqa Auaaldnn

aumsi 8 [17]
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1 pH 2.0 A39FIAveIMsgaduIaslon (VI) Tuih
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I J I & Aaa
anutunsa-a1e 11y pH 3.0, 4.0 1az 5.0 ATIFINVD

=

' ¥4
msgaduiiuud Iuiaduilu 1.33, 3.29 uaz 3.51 Wi

A

gy aaaadluased 1 Tuvuei mamugamgil
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o laameny (VD) Tuniud@eyulansain 30 9970 0981
=~ &2 Aaa v A 9 o
aFed ATIBIAVRINITRATUTLLI T uanad daaaa
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4
8ATINIUNT (Mass diffusivity) 9zuagiUanNbME
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M319d 3 anudunsa-aiiningan anwansalumigady a5eHInveInIgaFuLazEATINTUNT YDINTAAG

Tasidioy (V) 91ndIgasunaIeria

AgAd pH ANz ey q, t, D 1NE351904
aos 2 121.9 - - [10]
ouusud 3 74.5 3.75 7.20x10" [18]
NN 2 31.9 - - [23]
laTagnusFu 2 479 - - 6]
o Tasudonun 3 13 - - [7]
TnTaanuiFonynusdu 2 1208 4 143 6.69x10" [350i]

3.3. nalnmsgady
na'lnnisgady n1ldenuuusiaes Intraparticle
diffusion AgaAIluaNMITN 10 [19]

0.5

q, =k 4t (10)
A = ' Ao < ' =
19 k, 11809 AIAINBATUTIMIUNT YOI IATHIEN (V)
2
TinindoynTanzidn Tl Tugnguaesdigadu @aansy
1 % () 5
ABNTU-UIN")
Feng-Chin Wu [20] 8311891 Hiluduvesnmsnaaes
9 Y
fianuduralen uaaaMsgaFUIRaTU AT UAD Y
A @ o ! <3|
aariieiu AU luauusn (k) Wumsga
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De

@

a 1 4 I
AAYY HazANNFUd IR (k) 1TUANAAVDINIIAA

F1 1190 InANUITUTUVeIdIgngaT Ul U umanaq
a’c? a 4 ' o o A
Usingmsaifimaiuain msuns lugnjuvesdigadui
HUAgNUIANAINY
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WMy o 0o v w g .
ﬂ’]fJGluE]Hﬂ’]ﬂuluvlﬂlﬂumuﬁﬂu%']ﬂﬂ@@]51!5'J!WEJ\TfJfJ'N
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1 9
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53 53 < ! =
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v 9 1
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¢ a d [y :
3.4. moeslulanfindvesmsgadulasfien (vi) luri
=
ieyulati

a o o a o 1 9 U
wisiwesniunes lulauiindvesnmsqady ldun
12 9 2 o =

wasaunszqu E) nildanaunisersisifiea

o 1 { o g
Taen1511A1A9N0AT 1T 104

(Arrenius’s  equation)

UnTeduduNdoumuIn Asaunsi 11 [22]

Ea

@:&J?ﬂ (11)

1o k, HINBD Temperature independent factor (NFUAD
Hadnsu-u1i) E vuneda AMSINUNTZAU (Activation

'
as

Energy ) ¥84M39a1 (yasio lua) T ¥uneda guugiin

&

[%J

1¥lumsqadu (Aadu) uag R nueds Ansivewna
N 8.314 (yadio Iuanaiy)
Wetheaumsd 11 wdaldegluaumadunsaazla

AaauNsN 12

Ink, :lnkn—i (12)
RT
A = o = Jd A
wevhwamsany msgadu Iasdion (V) Tuinde
g TaneNgaingil 30, 40 uaz 70 DIFUTAITIT VYOIA)
AATUNINABANIINTEN I In k, (AU Y) AU /T (1A
x) ldwamsnaaosdeuaasluzili 6 aAnmuduves
iduasaliawiiny —(E/R) nazgadauny Y Jauniny In
1 4 9
k, Auaamdanunszduitiaduveanmsgasiniude
guTanz Tnsidion (V) vesdgadulatauminy 10.14

Alagade Tua daaaalumsei 4

T

0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034
0.0 n n n n n s

-1.0

-2.0

-3.0

In k2

-4.0

-5.0

-6.0 ‘\.

1.0 ¢

§ o @ o 1 U o
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a

o a Jd a A
magadu Iasden (Vi) luiudeyulave Ngavigi

9101 30, 40 UaE 70 PR UFATEE a1N1TDIININING
wasuuavounail (AH") wazmslasuudasenng
3 (AS") uamefaaumsi 13 [22]

(13)

9.(t)  As° __AH
C.(t) 2.303R 2.303RT

e AH viwed msnlasumnlaseuniall (ane lua)
naz AS’ wiwnede manjasuulaseuIngd (yane Tua-
NaIU)
A = o ~ Jd A
WerwansAnyINsgaguIasdien (Vi) luinde
gy Tane NQuKgi 30, 40 1AL 70 PIAUVATHA VDIA)
AAEY MNABANIINIZHINAT log q/C, (AN Y) AVAN
v o ~ )
T (nu X) Tdnanmisnaaesdwaaslugln 7 anwdu
Yo UFUATUNINY AH/2.303R LAZIARAUNY Y 1IN
AS’2.303R a1n1stdasuudasieuniailuaznis
wasuwlawenInsd uaasluaisian 4
mynlasundamdanudase (AGY)  fmuraldaa
=
quNI5N 14 [23]
AG” =AH’ -TAS’ (14)
msasundasnasnudassuaaslunisien 4
' d’ A A 4? 1 Y d'
WU ileguugliMuIudInaliainsiasunilag
o a A A 4 [ ' an
wasnudaszimaumuiuam ldre naasiguugiiil

wagemslasunilaanasanusasy

0.8

log (qe/Ce)

0.6

0.4

0.2

0.0 T T T T T T T T T v
0.00285 0.00290 0.00295 0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335

1

51t 7 anwduiusszuanes log q/C, AU 1/T
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~ N s s A ¢ o = d o o o
AT NN 4 W']i']iJ!@]'é]i‘VIN!‘ﬂ'f]iIiJulﬂu'liJﬂﬁﬂ'ﬁ@'ﬂcﬁﬂiﬂﬁlllﬂll (VI) 1uu1!ﬁﬂﬂ!ﬂ1ﬁﬁ§ﬁlﬂﬂ@]3@ﬂ°ﬁﬂ

. o AG’ (kJ/mol)
E, (kJ/mol) AH' (kJ/mol) AS’ (kJ/mol-K) 5 " "
30 C 40 C 70 C
10.14 -42.03 0.15 -87.79 -89.30 -93.83

o 7 v
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