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Abstract : The adsorption characteristics of tricyclazole by granular activated carbon were experimently investigated in the batch
adsorption. Kinetic studies of adsorption of tricyclazole were carried out at 298, 308 and 318 K, using aqueous solutions with 250,
500 and 1,000 mg/L initial concentration of tricyclazole. It was established that the adsorption equilibrium of tricyclazole on granular
activated carbon was successfully fitted by Freundlich isotherm equation at 298 K. The pseudo first order and pseudo second order
models were used to evaluate the kinetic data and the pseudo second order kinetic model was the best with good correlation. Values
of the rate constant (k») have been calculated as 0.1076, 0.0531, and 0.0309 g/mg h at 250, 500 and 1,000 mg/L initial concentra-
tion of tricyclazole, respectively. Thermodynamic parameter such as activation energy, standard enthalpy, standard entropy and stan-
dard free energy were evaluated. The positive value for enthalpy, -66.43 kJ/mol indicated that adsorption interaction of tricyclazole
on activated carbon was an exothermic process. The estimated values for standard free energy were -5.08~-8.10 kJ/mol over
activated carbon at 200 mg/L, indicated toward a exothermic process.
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20 Qe ofa Eelxo|Aetae] FAEAS 84 AWS Bal 2ATAT Eelxol Aot oat FH5Y
B2 A= 298, 308, 318 KolAl 27]% = 250, 500, 1,000 mg/Lo] 4845 7}X|aL 4=3stqich. AdBA el &3 EgjAtol
Setzo) F2E BT 298 Kol A Freundlich 5-&410] & A8 H|oich. SALAAHESEA T GAl0| LSS EA S A5}
o e AP Wrle AT, fAfol AL Alo] T H Uron], HEA(k) TS Z7)%EE 250, 500, 1,000 mg/Lo]
g8 242 0.1076, 0.0531 B 0.0309 gimg h= ZAFEGITh o] ghe o 3le] BT, Erolgw, EEAEw] U EF
Aol AE BrlekTh. Eat REAGOIUAZLES 2715 E 500 myLo|A 425--8.15 Jmol2 ZANE|o] Fakggo] Ahur
Q) BH]IE o 4 Uitk 2AE EES o WSS 6643 molE Lpehijo] BAIErol] tsk oAl etz Fto] W
durgoz oldrit AL o & Ut
EXO| : mejxolastE, B2 BAW, B T AU
1.2 TS wole PHoR FHAle 2ol kil &
&7t Ss] WEHA FolstA Aol Hol spAlE
EAEEO 2ol A4F wools ASAl, Al Az 7V elloF st Rt AleT2E 7H] "ol wof
Al ZHAA, AL A, G A A, AFEEA, T 0] Ao apHoletn RuEw glch”
Al & L FF7F4000 Fofl ). wof FLAQl Q1+t 15 Aol Rt FodES AR or A|ASH]
7kt Hao] sitkE a7t soluHA AidsdE 54 O3t A7t T AYE =], Jusoh 5 wepxe
OS2 3] ARGET] AR sofe ALA SR ARgst gt S-S Fo AAA-ATS) BET 214, Al-83
A HH FAHES AA A F2lo] HEm AW thigt QR A So] Fzbo] u|A JFS AL, FAE
AgYe Holmdnh EfE 2¥E o] Il gt A 24 FAEIBA H ST 52 BUieto] 24T
oo Zol57] Hie], He B4o] FT BOFS AMES A FHAY D 5 rky stk Ayranci 500 3
A =k etz 5 AE5Eo] Ametryn, Aldicarb, Dinoseb, Diuron 52
A popel TRPAEE Q% BHLPRA HAHA 7o 4ze) AFA(pesticide)o] et FH AP S
A BARANOR FABFY SOHAF 1ES 4Fstel  AWPPAL Langmuiral7} Freundlich4]o] 2% - o
tsope] rhabg-e FASHA = gich o, GAb 13 AT fARANIS A S A
SOFS TR Mol AL F AW Fokel @ 58 poluck Lu 502 1759 $7192A A3AE 7
dloh o] weh AgAo] e AN A8slo] AA AF T(chitosan bead) A AHHOZ AATL % grka
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Al AHEE TS TS 7R sto] 57|
st o R A 23 830 mesh(H++) 7 1.638 mm, H]EH
2 1,735 m’lg) A7)0 QA eH(Clarimax A} A F)ol .
Aol AHESH] Aol 22 73] A AT & H27]0A
10541 Coll 4 12417k z3ko] ALgSHTh Bl afo] et
2 5-methyl-1,2,4 triazolo-3,4b-benzothiazole 2 4] F-X}4] 0]
CoH/N3S (M.W.=189.24, m.p.=187C) 2 EH 5= o epay o]
Sl & 4Rl Syl AR Aot
Lol =0 Ao EgilolmaatE += Ion chromatography
(Dionex Co. 2002i system)= _L—,T-L]-’Q' 290 nmof|A L=
Ho g AHeFE A5y

z gLe] EAo]ZalE g 50 mLoj
AE FAHES 005-0.1 g WoIA A th2A Hrre

ot o

Zg7] o 4] 298 KofA] 100 rppm&] &= 2 12A]7F Z
FABYO] FLRE 1) AL ofz), Hels)
& EeldolactE BEE HYSL,

o mt 12 ofl

E

= Z}Z} Langmuir4]3} Freundlich4] o] #-83}6] 5%}
248 Fafo] Uk

I 250, 500, 1,000 mg/L4 Egatol2etEg9 50
mLo] AEr 0.1 g& Y1, 298 Ko|A] =4 3Fexetr]
oA AFEEE 100 rpmOZ dto] FAFA|7|HA, A

o FES AZPER Bt FHBYo] ool urty
B AnE FAFATHOR vARG

%27]% % 500 mg/Lo] Eg|Ato]Ze}E&-g N8 50 mLo|
225 SRS 0.1 g H7}3 7+7}+ 298, 308

= M

o714 Co¥} Ce (mgll)te 212F F3pa o) 27]
BEES e Vi golo] RuW)oli, W F
AzAeHgolth B Aol EejajolAzEol

w9} B3
A 2
(8%

N | ol
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178 el A BAFALS 2% e e
Langmuir4]3} Freundlich4]of] 2]-83}o] HQfth

WA Langmuirs= &2H2o] Z2A|9] | Q= A=
ol B BEASS FHBHE Aol e Loldrhn
JAstel cheat ge A% ARl
. 1 1

-t —Ce 2
. Qb Q @
A7 Ce= T2 Y HH 5 E(mgl), ge= SEA T4
e B2 20 Yy, Q.o b FAEUT F2
29l B EH Langmuir A4ro|th.
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Langmuird S2F2Ao) AL 0} 2o g Holg= fabg
EAla= Reofl 93l 5-2419] mefo] S2tof| A gl(favourable)
31A] FASH(unfavourable)$tA] L& =7} =4, 0<R;<I

olw #Hshul, Ro>lo] Hwl RAGSIthL ein ek

1
= 5y ®)

rzwa_ reundlich®] FE-5-4& F27 o wwlo] B
g EHAUAE Zhetha ZPe Ao ' ohgi 2
X4 l P el Qloh

1

log ¢ = log K+ o log C, 4)
o7]4 Cez FAE 2 B 5E(mg/l), qe= FEA S91A
T T2 Y Hmglg), KFEF nd T340 &
oput ke ks UEetle AR AMEEE Freundlich 4
TR KFe SR8 vehiie ZejAs2E gojd)
1ne] 71&7] gk 0~19] & 7HA e, AT T 29

0.006

$FUHE Uehiin $RU40l 2355 00 /79
al

t}il B aEo] g)om,") Fukukawa'”= 1/mgko] 0.1~0.5%
o mvpEel FabA ezt sbshck stc
Fig. 11} Fig. 2= Z+Z+ Langmuir &2+5-2413} Freundlich

FAELAE e Rolnl, S A ] o) a4
o] 4= 55 Table 19] et
T+ A EH??} AP S ABASE Soff vlas) & 23,
Langmuir (0.940~0.951) < Freundlich (0.997~0.998)= 4]
Etof| o3t EgjAto|AgtEo] F2MFS-S Langmuird] 2T}
Freundlich#]o © Z 9= Aoz yepgoh whebs 24
ol oi0) Eeliolactgsl gae Sa) G e 9
5 o R
Aoz *§7¢°§ 5 AE}. FreundhchJOﬂ gk FAoll o5
KF = 55.61~82.07 (mg/g) (L/mg) 1/n, 1/n = 0.234~0.2737}
dolf=tl, AR Un gholl ofsl] B/gto] o3t Eejifo]
AgtEe] FFeAol aHoz A ¢ e FEYE
& & 9tk EFF o] Table 19] bk AME-3ho] AlAkgH
Langmuir4] 9] BE2]A4~ R AAHEo| 0.457, 0.478, 0.438
B AR} 0<Ru<19] Wl glouz Fargio] #
A FEUS AR 0T = Ul

TTEw=

Table 1, Langmuir and Freundlich Isotherm Model Parameters
and Correlation Coefficients for Adsorption of Tricycla-
zole on Activated Carbon

Adsorption

Isotherm temperature (K) Parameters
& 0.004 Langmuir Qo (Mg/g) b (L/mg) P
= 208 41045 1278x10° 0951
e 298K 308 3115 1.186x10% 0940
0.002 | o 308K 318 27335 1.090x102 0,960
v 318K
Regression . Ke 5
Freundlich n 1/n r
0.000 L L . ! ‘ (mg/g)(L/mg)"
0.000 0.002 0.004 0.006 0.008 0.010 0.012 298 82,07 0.234 0.998
1/Ce 308 70,86 0.248 0.998
Fig. 1. Langmuir isotherms of tricyclazole on activated carbon 318 55.61 0.273 0.997
at different temperature,
J
L) @ 1000 v e 250 mgl
S £ o 500 mg/L
\6 S 800 - v 1,000 mg/L
o' o
©
] £ 600
) c r
2 3 o
o) c
§ g 400
= 100 § . .
5 3 200- v
g Regression g . 2 2 o 9 4 -
< 1 1 | N | 1 1 ) N T m 0 L . L] L . L o} ad g
10 100 1000 0 2 4 6 8 10 12
Equilibrium concentration, Ce (mg/L) Time (h)
Fig. 2. Freundiich isotherms of tricyclazole on activated carbon Fig. 3. Adsorption kinetic curves of tricyclazole at different initial
concentration,

at different temperature,
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Fig. 4. Pseudo first order kinetics of tricyclazole onto activated
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Fig. 5. Pseudo second order kinetics of tricyclazole onto acti-
vated carbon at different initial concentration,
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~~
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Fig. 6, Adsorption kinetic curves of tricyclazole at different tem-
perature,

ME

3.2 SRS EEEH oA

=5 WA A
2| ato] ZakE o] 7] %E 2 250, 500,

2 ue] g

il

SRS 0.1 g FYT T 100 pme] %
£2 F2gyel BHE ud musaA AgA o
= XJ%%E% BAg A3t Fig. 39 2 AE Ak ¢
AEARr] T Eelrto] ko] SALEL oF 1A7E 4
= 171&-154 60-70%7} FHEAT Fo] AWD4Z
EejipolmelEe] FHOR G AFAY Fb FOR 9
o ol%o FAGEL LeldA AT FHBY] wash

o Ale A of 10A7keR BT At

A S0 Bel ol ke FANES S
2 Ak R7) 93 4 (5), (63 B2 FAFLAES A (pseudo
first order kinetics model)™} -F-A}o]2}HH2-2](pseudo second
order kinetics model) #-8-3}o] Rttt

19

In(qe—qy) = Inqe—kit )
t 1

— =+ ¢ 6
@ kG 4 ©

714 g2t qa= 2H7h FE Ao tziel A F2he £
Ate|AetEe] Fmg/g)ol A
S, kot RARIE RS S (@mg helth 2
SEARTCEE 9145l 2 g3te] £ AE Fig. 4
of Uepon], ol adzaie S24
52 A A7E Table 2] bt
Table 20] 4] & 4= Ql%o] &= Ao 3t AX =S ek
B ARAS g vlas) BE fA AEANE &R
FUAR7} 0.9978~0.9996 0.2 GALAAFEANESA] 2] A3k
A% 0.9482~0.9962 Btk 2] white] Sdhel] gk ]
Aol TehEe] FANES FAOIRATANGEEAS o %

)
=
GEL AL o 5 Ut FARIHEANS SRS S
U 2RI 2ABRE PoTHe AOD el
. AL GRS 4] 919 2 B EH W)
el e ealeE oy Ao o AAksih
25(]_% _ e, cal — e, exp % 100 (7)

¢, exp

Eg|Afo]Ae}E o] 27])% =7} 250, 500, 1,000 mg/LY w|
By s 2ol g3t AL ZHF 1.37%, 1.92%, 1.25%2

Table 2, Pseudo First Order and Pseudo Second Order Kinetic Model Parameters for Different Initial Tricyclazole Concentration at 298 K

Initial tricyclazole Qe.exp Pseudo first order kinetic model Pseudo second order kinetic model
concentration (mg/L)  (Mmg/g) Goca (M) ki (h) = Oeca (MY/0) ko (g/mg h) r
250 1311 63.0 0.4460 0.9962 1329 0.01146 0.9996
500 2552 1255 0.3350 0.9482 260.1 0.00461 0.9978
1,000 505.3 206.8 0.3485 0,9891 5116 0.00268 0.9996
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Table 3, Pseudo Second Order Kinetic Model Parameters of Tricyclazole onto Activated Carbon at Different Temperature

Experimental equilibrium

Pseudo second order kinetic model

Temperature

) capacity Calculated equilibrium capacity Rate constant Correlation factor
Ge.exp (MY/Q) Oe,cal (MQ/Q) ka2 (g/mg h) r
298 2552 2601 0.00461 0.9978
308 247 4 254 1 0.00393 0.9978
318 236.8 2413 0.00324 0.9987
UFERLE OF 2% o]Uo] @abg HSlolA] ofF 2 W= Zlow 2w} ZUleeE BYgaere gadts o Uehy
vrehe o, o] ATHE 4 (52 fAlI TGSz o] 285
S A

o8] whebulel o] ghSe] AAH R
FRE LSk Fas A%t E 4 ek B o
o EejatolAetE o] Fabo] QlojA WHeLE ujHE o
o 2ABIIAL ETjAlo] AR 27155 ES 500 mgLE
&1 HFS e =2 208, 308, 318 K2 HBIAAZIHA A|7F
of W2 Tae] Wste Uolmgich. Fig. 63 ol uhg

6.0 1 1 I I 1
310 315 320 325 330 335 3.40

1T x 103

Fig, 7. Plot of In ko vs, 1/T for estimation of thermodynamic
parameters for adsorption of tricyclazole onto activated
carbon,

In kg
N
°

0 | Il 1 1 1
310 315 320 325 330 335 340

1/T x 103
Fig. 8. Plot of In kd vs, 1/T for estimation of thermodynamic

parameters for adsorption of tricyclazole onto activated
carbon,
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o]7| A Eav SAMES-9] Arrhenius 4310 X]( kJ/mol),
A= Arrhenius Q1A}, RE 7] AAF4(8.314 J/mol K), T= &
2tz2 2= K)otk Nollet 52 —Ei;i‘ IL‘VH sael
el oL AL L] 33t
H *](5~40 kl/mol)= &

sheick. Fig. 73+ 2ol 4 (§)& ol4-3kof In kst
Ag ehiw 49 7] &7 (EaR) 2R
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Table 4, Thermodynamic Parameters Calculated with the Pse-
udo Second Order Rate Constant for Tricyclazole
onto Activated Carbon

Temperature Ea K, AH° AG° AS°
(K) (kd/mol) (kd/mol)  (kd/mol)  (J/mol K)
298 26.86 -8.15
308 13.88 868 6643 -553 -196.27
318 499 -425

Table 5, Thermodynamic parameters calculated with the pse-
udo second order for pesticide onto adsorbent in
previous studies

Pesticide K ﬁr:ol) X /rﬁ(?l K) K JA/rioI) Reference
Carbofuran -0.81 -67.87 -21.04 15
Aldrin -31.77 -95 1 -3.37 16
Mg'rz‘:;'te 101,00 871 -3.26 17
Cadusafos 41.62 170.59 -9.19 18

25 kJ/mol soO =

4 = Y oA
o et Brlees BHEO T Eeliolasd
Fato] g 2xo] Hol AN Fa-o] gt AT
SRE R

FRAFE SUT A St G0l gt
£ EE Uwg, 2olgd B SelEtoR Qe
A97h wed, & Agel Ak Table 5o ekl i}
Zro] gAeto g2 drelylo]E 1704 cabosadus 59FS &
A3t Aol Aol YA ET 2 AT AHUYSE
Qubrel Bl F2re] 2§l sk ¥91el -20-0 kjmol
of Sol7tmR, ekl tet EolAolaetEe] FHS
of BalEaolete AL FUANA 201 dH A=z
Hshgho]l =9 4h(-196.27 Jimol K)o.2 yehd 22 24
sho) B2 folaetze] Fao] WaHol whet T A
$7h st mAeh oA ATl ) AN}
FAThs RS vpehicE R

4 ZE
w AN AR 3 Eejrtol et FHYY
% FAFAUA ok ZASi FAYGEAR T2
8 Z

Hew 27)%59] 60~70%714]
i LeAA HE FEEYo
oF 10A7k0.2 P2HE 9k, of

4o Hgste] X Au §4t

AFA 227} 0.9978~0.9996 0. & G-AF

T %= 0.9482~0.9962 Kt} =7] wj&

Aol ZetE ] FAWSE FAbo A}

o gEs AL g5 At E

b bR SAe] et

ol bkt Aow Uehid, Apow

At gajol e S e s T3t B G

AL @34 2% ol X} of ol &

o gAolAEg o R MRS ASkTh GAfo] Ak

s2RE B7hE FAFXZLE 13.88 kifmol® 2]
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