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Abstract : Malachite green is used a dye but malachite green is harmful toxic substance. In this study, the adsorption cha-
racteristics of zeolite has been investigated for the adsorption of malachite green dissolved in water. The effects of initial dye
concentration, contact time, pH and temperature on adsorption of malachite green by a fixed amount of zeolite have been studied
in batch adsorber and fixed bed. The adsorption equilibrium data are successfully fitted to the Freundlich isotherm equation in the
temperature range from 25 to 45 C. The estimated values of k and B are 23.60-46.88, 0.225-0.347, respectively. The mechanism
of the adsorption process was determined from the intraparticle diffusion model. The effects of the operation conditions of the
fixed bed on the breakthrough curve were investigated. When the inlet concentration and initial flow rate of malachite green are
increased, the corresponding adsorption breaktime appears to decrease. Breaktime increased with increasing bed height and
length of adsorption zone showed similar patterns.
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1M 2 = 2919 of 10-15% A7k GAE4E YEED gtk o

N | 2ol =1, Flole] A% UREE AHGHI SEHEAS Ao}

el71ol= Rlmalchite geen) oFR LR WA 0 el gean g e Hetels 1tle gaw

O e, Mmejoh LEB, Aol RO B W pagion) ere g e s olelelE At Bl

AEAS G778 SeeEl wesl gl R AL G AR oA SR G BEY

A %Z: ‘Ej“ o ;407}? PR Clér(Saprolegnia) BLOIFE WAL AN G
HEOZ Bre ool AT Gtk YAUSER 49l Wirlol

* To whom correspondence should be addressed.
E-mail: mhum@kongju.ac.kr

doi:10.7464/ksct.2012.18.3.312

312

47} Ewo}o:] 1949L4 e A Aﬂﬂlﬂ o= 04013} %o

a2 oﬂ O} u]%(1991L%) ©8(20024), 21E(2003
oA SAGELRE LA A8 olFel gt AHE-S =



A)ekqrt. -Eubebs 2000 7E A1 ofFoll sl AM-S
ekl ot Az Aol thgt ohAd 2 fadel EAI7E =
Zoz Felel 2008 E AEFo oot 1A A 2008-
SITE Fol Be AlEolA "eprtolE a9 HEE A=

el 2AZ Pt Yo

A Betol= 2918 AAS) Sl A9E @7
= Ay R, Tang et al.[3]2 7]¥l 4=24-A(chitin hydrogel)=
188 weltolE 18l Sl HYEA-S Langmuir 4]
Ao, FATHE FARANGEEL ] AXInT F
= L ooEERx

Al oI AN 4 e s

et al[ ]° v}k (bottom ash) S 0] 23t Ao IxxEe] Tt
gp7tolE 7 32k A S Aokl o

219 % Langmuir Ao W=, Ftt Aoz iy gy,
Areld ], AE=S] S 2ARRE Aap 2}

A 9l Fayk-g-o]
2kal 819 o n, Z(column) AlF O & HE] JJriﬂr%*d(break-

through curve)2 —o}al S2Hghe] AAWH o}
Gral ot {5} A &40l =8 459 EP?PO]E EEER T
A

ST A @_"—. +2sEol 7‘]"“3}3_’ HFESHYC) T

t e} B4 (mesoporous carbon) S /\]-%

g deprlol E 1719 %;‘%—X o G AH AL 1} o xpApERS
U}

)
o
my
)
i)
&
Lo
re

-

N
)

- m'r‘ r
o N
™o
oo

=2 g
Ho
e ©
-
o

=

il
ot
-

B} UAZ AgsteE 14% SR edd] Bad 42
7} Bast), obA7tx) AlSetol =S
of Pt wAF FAAE Ari FE3 Aol

£ Aol A Ha Agm sl ofolA A&t ES
AR Agstel LeprtolE T FAAASE B
o dejol= Ao st Agelol= Holo) Y
£r A% W ery _‘2__9_3‘%‘_;‘(}—.‘% =3

il Io
[0

g

r
1-4
lol-

uiu
2

| A]= Table 13} Z % A& 712 Cosmo Fine Che-
il ] ARALEIOIS A SFp 9 A1 7
A7) o A Z4sl] SR ALgetsic el A
45t %*EHPOIE 172 Figure 19] +2& 74 FisherAt2]
AlFLoz &4 Table 2[9]9F Atk /-5 o]-&3ko] 1,000

Al eto 2o of3t Weprtol = 17le] BAEY 313

Table 1. Physical properties of zeolite

Analytical items Dimension Result
Moisture wt% 3.6
Loss on ignition wt% 19.2
Ca ion exchange capacity | mg CaCOs/g (abs. dry) 310
pH valve (1% suspension) - 10-11.4
Loosed bulk density g/em’ 0.25-0.35
Median particle size mm 1.05
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Figure 1. Molecular structure of malachite green.

Table 2. Physical properties of malachite green

Properties Value

IUPAC name ey NN dimethytaniine
Appearance Green crystal

Molecular formular Cy0HasCIN,

Molecular weight 364.92 g/mol

Melting point 112 T

pH 1.4 (1% solution)

LD50 80 mg/kg (mouse, oral)

Maximum wave length | 615 nm

CAS number 569-64-2

Solubility water : 4.0 X 10° mg/L (25 )
mg/Lo] #A-&M(stock solution)S ZA|3}F o, dof o3t
oS U] Asiol o] Fo e ¥ BAT SEE o
Hato] ALgStgt TebrlolE TR SEREHL AAME
4= E337|(UV spectrophotometer, UV-1800, Shimadzu)E ©]-&
alol 2\chg41g 615 nmoll A FHES 24sko] Aot
22 MZ220|EL =T ZHA

=1
o
100 mL Fe]® ol 7] %= 100 mg/Lel &&t7lo|E 19
|8 50 mLE F3tal, Al&eto|EE 50~300 mg (Ax7]EH
) WelolA 22t th=2A 7hef & ok, R4 3"
(Jeio Tech, BS-21)Z 25 TollA 12A]7F 52t 100 ipmo] &=
2 Agsto] SN e BePlolE 1ele] FES By

sto] A&l EQ Fe 2%



314 HA71<, A1sA A3E, 2012 94

23.pH & Eats A8

100 mL 2ol 27]&= 100 mg/Lel TehrlolE 17 &
1E

A 50 mLI} Al-&Eto]E 100 mgS @il QJ-i_Q_QH.% Apg5}o]
pHE 3~1177]'X] 7_1_' ]:]—Eﬂ] ZFHO].O‘JQ. o] 25 °C0ﬂ/\1 94_
B2 gk 28] 2 100 pm, 1247} HEkste] Z2H ol mgt

B ) oL ofah, Belsto] oo Fo] Wolgls Beprlol=
a9 BEE 2Aste] EAAALS Fokich Aol A
2351 958942 pH 3~5: CH;COOH-CH3COONa, pH 6~8 :
KH,PO4-K,HPO4, pH 9~11 : NH4CI-NH4OH i t}.

24, ERTHAT M
27)%=% 100 mg/qu me}a}o]e 12 8ol 50 mLe} zﬂi
2ol 100 mgS o] YL, H4 pHE 24T b

Cofl A A oé.\—E 70, 80, 90, 100 % 110 pmo.2 A2 E}EA]
Agstolet dElrho| E ad 9] FEwsks AZE R 24
sto] EolEol FAE o Qe wnkEEe} Fa gl

ofA = A7+ el

ol

SRS 25, 35,45 C= 747 th=A| 2% AdefollAl 2
71% = 100 mg/Le] Wel7lolE 19 & 50

£ 10~250 mg W§Iel A M2 kA ok
G4 G2 7]0A 100 ipme] £z 12417 g

)
e
T
i
5
i
b

+ 95 5]
FHEYo] BIHS o §HS ofa), Hefsto] ojol Fof Hot
e Lebto|E 9| Hrg S4ste] o Anbmiy F2
TeAE T £Astact

2.6. ZHHS XIAIS

B
i) ]

W e 10 em®] f2j¥ho] Al &etolEE
deprholE O7 oS fE|ld ARE FH &
ok Al2Ed o] FEHEE HdsH sl flsk] A
(Eyela, MP-A)E AE-313tE WA Ao ELS F7 =9
2 cm, $YUEEE | gmine 2 13T Ao A walrlo]
a9 $U%EE 100, 200, 300 mg/LE WA A HoFon,
thgo g Falrto|E 1919 §YEEE 100 mgl, HULE
= 1 gmin® 2 1A A oA ALTo|EL A0S 7}
Z+ 2,3, 4 cm=2 W3IE F9 11, npx|uto g welrlolE 18 9]
FY%E 100 mgL, A &eto|E FH0] 2 cmoA] $EEE
= 1,2 3 gminCE 2As}o] AFsG L FEgNe /\]glﬂ
-,—]7](T0y0 SF-100K) & AATFE A%H o2 HHs}o], &
AT A2 e Azt 9 s o}‘ﬁﬂr.

1 ml
:)4:2
Mo
O

ot |
%
=
=
=

Iilh‘ ot
o
|m mlm (& %2 do

3. 2ntH nF

3.1. MSzt0lEL ¥ AY

B Ao AL walrlo|lE 189 27])EEE oMo
A MY 7t e HEe 7hokete] 100 mgLa AAskech
o] o] &l T AFo A AT H A3 A L&elo|EQ] B
U 2] §15te] o] §9 50 mLo| thste] AlLefolE

120

100

80 r

60 r

40 f

Removal efficiency (%)

20

0 . . . : . .
0 50 100 150 200 250 300 350

Activated carbon dose (mg)

Figure 2. Effect of zeolite doses for adsorption of malachite green.
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Figure 3. Effect of pH on malachite green by zeolite at 25 C (initial
concentration = 100 mg/L, zeolite = 100 mg).
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Figure 6. Langmuir isotherms of malachite green at different tem-
peratures.

Table 3. Isotherm constants for adsorption of malachite green on

zeolite
Langmuir constants Freundlich constants
Temperature
(oC) qm b 1'2 KF (mg/ %) B rz
(mg/g) | (L/mg) (L/mg)
25 69.25 1 0.3933 10.986| 23.60 | 0.347 |0.993
35 82.85 1 0.4013 [0.993| 31.40 | 0.296 |0.988
45 96.97 | 0.6339 | 0.873 | 46.88 | 0.225 |0.981
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Table 4. Intraparticle diffusion model parameters for adsorption of
malachite green on zeolite

Temperature kin C >
(C) (mgg'min'®) | (mg/L) '
25 13.75 9.97 0.966
35 18.14 15.03 0.957
45 18.57 21.55 0.958
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Table 5. Molecular diffusivity, fluid film mass transfer coefficient and parameters for adsorption of malachite green on zeolite

Hayduk-Laudie Eq. Carberry Eq.
DAB (cmz/s) Va (cm3/mol) us (cP) ke (cm/s) p (g/cm3) Pb (g/cm3) u (cm/s) € p(g/em-s) | dp(cm)
3.9 %107 396.3 1.002 4.90 x 10 0.121 0.021 0.487 0.01 0.105
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Table 6. Breakthrough time and adsorption zone lengths

Breakthrough time (min) | Adsorption zone length (min) Fixed bed variables
100 352 483 .
Initial concentration (mg/L) 200 263 359 iﬁ?:?;::ﬁ?; i? :/Irlnin
300 221 272
2 352 483
. Inlet flow rate = 1 g/min
Packed height (cm) 3 487 494 Initial concentration = 100 mg/L
4 647 496
1 352 483
. Packed height =2 cm
Inlet flow rate (¢/min) 2 265 458 Initial concentration = 100 mg/L
3 185 405
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Figure 10. Effect of flow rates on breakthrough curve of malachite
green (Co =10 mg/L, Z =3 cm).
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