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Abstract

A study on enhancement of chromium removal using waste
cast iron treated by microwave

By: Park, Jin Young
Advisor: Prof. Cheong Kyung—Hoon Ph. D
Depar tment of Environmental Engineering

Graduate School of Chosun University

A laboratory experiment was performed to the Cr® removal from wastewater
using waste cast iron (WCI) and waste cast iron treated by microwaves (M/W WCI)

The removal efficiency of Cr® was influenced by pH range (pH 2~12) and the
efficiency was higher in lower pH conditions. The optimum Cr® removal was
observed in the pH 2. The removal efficiency of Cr® was increased with
increasing of dosage of WCI and M/W WCI. Adsorption equilibrium data of Cr®
on WCI and M/W WCI reasonably fitted Langmuir isotherm model. The adsorption
reaction can be described by the secondary-order reversible reaction. The
adsorption energy obtain from D-R model for WCI and M/W WCI was 28.86 and
21.32 kd/mole respectively at 25C indicating a chemisorption processes as
primary adsorption mechanism.
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Table 1. The properties of heavy metals

Propert Chromium Lead Cadmium Copper
perty (Cr) (Pb) (Cd) (Cu)
Atomic Weight 52.0 207.2 112.4 63.5
Density 7.19 11.34 8.64 8.92
(20C) (16°C ) (20C) (20°C)
Melting Point 1,905C 327.4C 320.9°C 1,083C
Boiling Point 2,200C 1,750°C 767°C 2,570°C
- 4 -
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SEEF2 S35 ddEII=S Table 201 R2ILtet satE22 &35 dASIIES
Table 30il <clLict BIZS S=% GIEIJIES Table 401 HEANE BE2+ S35
LEESES W= EIIE=S Table 501 XEEJI=S JI&S Table 601 LIEHLHRUACE.
Jdeld H= BHEEJIES Table 701 LIEHLHRUCE.

Table 2. Heavy metals such as drinking water quality standards '"

(&<l : mg/L)
= & g = 9= 2 MEZ %éig SYE+
& (Pb; Lead) 0.010Ict 0.10l3at 0.1013t 0.20|3t
HI4 (As; Arsenic) 0.010IGt 0.050lat | 0.0501at | 0.10lak
Ndls (Se; Selenium) 0.010Iot | 0.010lot - -
=2 (Hg: Mercury) 0.0010Iat | 0.001013t | 0.010l3F | 0.02015t
6JI32 (Cr %; Hexachromium) | 0.05015F | 0.05018F | 0.05015t | 0.1015t
JtE& (Cd; Cadmium) 0.0050[at | 0.010lat | 0.010IGt | 0.020]|6t
=4 (B; Boron) 1.001at - - -
A2t (Cn; cyanide) 0.010IGt | 0.010IGt | 0.010IGk | 0.201Gt
S0l (Br; bromine) 0.01013&t - - -
AEEE (Sr; strontium) 4.00] 5t - - -
fets (U; uranium) 3018/ L - - -
-5 -
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Table 3. The criteria of contamination on soil in korea'?

(&9 : mg/kg)

sitE2 7 =1 JtE8

A (S0IHS) 0.2 0.2
o=
o S 0.2 0.1
&5 s/ 0.2 0.1
N D0 Z A 0.1 0.1

i E=YUNF=PN 0.3 0.2
MLF at 0.1 0.05

g2 0.1 0.1

Table 4. Heavy Metal Korea Fertilizer limits'

(49 @ &2 1%0l ot me/ke)

s As Cd
SHS=2 45 5
FEHYERA 20 2
Eikgte| 20 2
Eota2t 20 2
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Table 5. Emission standards for heavy metal

leachate material '

contamination of

landfill

2 mg/L)
g= 6+
1o Cr Fe n Cu Cd Hg As Pb Cr Mn
i | 05 2 1 0.5 | 0.02 ) 0.1 0.2 | 0.1 B
= | olat | olat | olat | olat | olat olat | olst | olst | oIt
U 10 5 0.005 | 0.5 1 0.5 10
' olat | olst | olat | ol | olat | ol | olat | ol | olat | Ol
Table 6. Hazardous waste standards™
SoiS2Z ort® Cu Pb As Hg
Jl =(mg/L) 1.5 0.3 3 1.5 0.005
- 7 -
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Table 7. Wastewater pollutant emission standards

16)

(49 : mg/L)
&2
ste 34 DIONR: LX< SdXg
Cretsek(mg/L) 0.5 OIct 2 Olat 2 0Olat 2 Olat
Fegt=&F(mg/L) 2 Olat 10 Ol ot 10 Olot 10 Ol ot
ngte(mg/L) 1 Olot 5 0Ict 5 0Olat 5 0Ol ot
TR (mg/L) 1 Olot 3 0lct 3 0lat 3 Olat
eS8 R (mg/L) | 0.02 0I5t 0.1 OIct 0.1 Olct 0.1 Olct
>2e9&(mng/L) 0.001 Olat |0.005 Olat |0.005 Olat |0.005 Olct
HlAgse(ng/L) 0.05 Olet | 0.25 Olat | 0.25 Olat | 0.25 Olat
2e e (mng/L) 0.1 Olct 0.5 OIct 0.5 Olct 0.5 Olct
6IIAE& RS (mg/L)| 0.1 Olat 0.5 OIct 0.5 OIct 0.5 Olat
MnEt =& (mg/L) 2 Olat 10 Ol ot 10 Ol ot 10 Ol ot
-g-
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Table 8. The main compounds of chromium
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AlE & O RS2 10~1300uxg/kg, F, MH, U WA SUHA =2
SR2Es8 B0l UACH. SASHNAE 282 FLUES0 2ol 29 &= USCH
JIE} MEsH = J2=CZ Table 90IA LIEFHRACH. ™

Table 9. The concentration of chromium and other living conditions

2 = A8 ENE
10 mg/L
A2 5 4 x4
(80~200 mg/L, BZ 125 mg/L)
EQF 10~150 mg/L
2 A 2~3,000 mg/L
o 0.7~84 ug/L
ot&
(HE&E 1~10 wg/L)
0.04~0.46 ug/L
ol == =AM OAS0| OiHE 6.7 x 106 ke HICIZ
=d s
HANE 70~150 mg/L
LS 0~35 ug/L(BZ 0.43 ng/L)
ABFE Al ¢ 0.01~0.03 pg/m’
Ch oI AMZ : 0.01 pg/m 0|3t
S& : 0.03~0.14 pug/m'

_']2_
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3) Ferrite Process

Ferrite Processe S=352 &% Ha0 2l SHMYEES D10 &SHAI
H LSSl Ferrite(M* T+ Fey T 0,) S
0] 282 1970¢ 0lZ=0AN %2 Ao

clil==, A2AZ20M 25t

Mo

T2k

Ay

A

T, o T =
T =222 88938 H20S Ferrite Process2 AI25lD UCH? 0o 2ge 2
= 220|229 2A0| JIssln 2KQ 22820, 1sCo =222 MHelols

M0
>.
K

IS SDF SY6ICH 0 S SHES Ferrite AMABISAI2I0] Q2 e
DX AFDOF OLID AR AXIGHOE 61 TR0 AlAHIDF HIMD, Crol
HYzs =I5t M0 HIIGHore EMZ0| 20t 012 THAl Melsted® A
2lHIE 2HIIF UCH 0ls HHESS MAIZoIIoh B2 e, HRANA o
TOFECH O ZD AMES NAM e =R BEE 4 YD Mo B4
HEE AISS & UHB U2 AP S50t Hee D ACH™

=22 B0 FeS0.E HIIAIA st = N =
S 60 ~ 80°C OIAl 2IIZ Sdll UM BISAIH Ferrite2 S2IGHZCH

Ol Ferrite®0ll 28t =3 Mt & ELSAS Al(4)0 LIEILHACE.

Cr(OH); + Fe(OH);— Cr, Fe,  ,(OH),

Cr,Fe,_ .,L,(OH)g + 5/402*) Cr,Fe,_,O,+ 3/2H20 ....................... (4)
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Fig. 1. Adsorption selectivity of absorbent
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icrowave Waste Cast Iron, Olat M/W
1 Ues F==SEU ERDINM X

=
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Fig. 2. Schematic diagram for the microwave treatment
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3) XRD =4.
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WCr, M/wwl F2&s 0.1, 0.3,
2 Z0tEJ| floi s& 4 mg/L
SCIENCES) Ol 2f2f 30 mL

10, 302 1, 3, 6 ¥ 24 A

ry
o

o2 ol BIIAENHA &
Conical Tube(SPL LIFE

oy
S SyzEz 2% £0/6tD

16, 20 mg/L 22 & = 6IIIASHH S8

Conical Tube(SPL LIFE SCIENCES)Ol 22t 30 mL

4) IS0l OE 28 MA
6)125 2% 55 4, 8, 12,
LoDl 2Bl 60138 8AUS
FUEt & WCl, M/W WCIS
HSOH BIS ARl = MBS MAIGIAT
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SYUHEZ 22 F0otd 10, 302 1, 3, 6 & 24 Al
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ek, =4 g

2 g ArEd S 2 2AHS Table 110l LHEILHJACH ASE=L2
Ao ZH ANEHN® WMol SAM5HYUCH. Fel HOBIS= SEM(Scanning
Electron Microscope, JSM 840-A, JEOL Co.)S AlEolH =AM oIS C

Table 11. Analytical methods and parameters

Parameters Analytical methods

pH pH meter, TOA HW-14P

cré* Diphenylcarbazide method

SEM Scanning Electron Microscope S-4800, Hitachi Co.
XRD X'Pert-PRO MRD (Phillips)

UV-VIS UV-2450, SHIMADZU, Japan

Collection @ chosun
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4. 24 ¢ 1

2

Jb. HIE=S &2 Microwave Ml
1) H=2&9 SEM-EDS =&
WCIQ Eoi 22 XAGH)| U8t SEM-EDSEA ZWZ Fig. 3 ~ 6 0Ol LIEHH

AL},

Fig. 3, 4.01A 2 2 AS0l WCIOl HIgH M/W WClols H=20 &

Jlet 3=01 MU= Hetd AMMZ2ECH Fig. 52 6, OiM=E 22 250 M Z2 I
It H=H =0t& 22 20t Microwave HM2l0l &gt @Z2 SOt &2 I3t
F o
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Py

Fe 15 CkW 11.8mm =

Fig. 3. Surface of the WCI

15.0kW 11.8mm =800

Fig. 4. Surface of the M/W WCI
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Fig. 6. M/W WCI SEM-EDS
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2) XRD =4

WCIZF M/W WCIS ZAEMES S0loh)| {gt 2488 o 2= XRD(X'Pert-PRO MRD,
Phillips)S 4oLt
JOl CHst Z2HE Fig. 72 8,2 XR02l IIAE Table 12 Ol LIEFLHRICH. XRDS
s2Mst 20 WCIe =H22 quartz0l HE=20/1D Q20 E22¢9] jron LIAJt
ZTES & 4= UJASH MW WIHAH=E =822 Wi S6t] ironl m=2Jt
=Zlot=Z 0ol QUAUCH. Microwave MelES oA WCINH =20l MA jron I
AJb SIE Ho=2 AMSE
2000 1
Q Raw
1500 A
Q
Q Q Q: quartz
E 1000 4 I: iron
E
500 A
Q
Q I

10 20
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30 40

Fig. 7. X-ray patterns for WCI
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2000 ]
Q) Microwave

Q: quartz
I: iron
1500 A

1000 A

Intensity

500 A

Fig. 8. X-ray patterns for M/W WCI

Table 12. XRD peak

composition
Raw(waste cast iron) Quartz, iron
M/W(waste cast iron) Quartz, iron
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Lt 2

Al AB

oQr

F-III

1) pH H3H0l 2 Fe2=

Fig. 90l= M/W WCI 2F WCIS At
Ct. WCIQl &< pH 2~132 [ Fe

:_c;

00 OtO

ot pH 20i E Fe & =s&EE LIE
£ skt<= 43.68, 24.18, 5.87, 4.05, 3.90,

3.08, 2.78, 2.53, 1.81, 1.64, 1.10, ¥ 0.94 mg/LOI:2, M/W WCI& B 46.23,
4

26.54, 6.53, 4.92, 4.36, 3.35, 2.85, 2.63, 1.92, 1
LIEHH 201 S0l pH 201AM FeOl JtE = E2H 10 UASS € = AU

43, 1.14, & 0.97 mg/LE

50
M . VT
] MW W
a0
0 30~
=
f ] i
E
L 20 -
10
g 1B IHIHI”IHIH.H.H!HIH-'EI_
2 2 12 13

pH

Fig. 9. Variations of Fe concentration eluted with pHs
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2) pH B30l & 38 MA

OS5 EHS| pH Bt HE ASMAESS Fig. 10. Ol LIEHHJATH. pH 2 & T
24AN2H BtES ZUE EY Wl =JIsE 4.53 mg/LOIA 0.26 mg/L Al

94.37%2 HAssS BRI pH 3~12 NtXISl 2+2F 0.33, 0.35, 0.33, 0.50, 0.77,
0.47, 2.07, 2.94, 3.77 ¥ 3.98 mg/L MRl MAHEAH 92.71, 9R2.27, 92.71,
88.92, 82.94, 89.74, 54.13, 35.13, 16.93, & 12.18%2 MAHAE=S =20 pH 2
AEHOIA M/W WCIE =JIsS 4.44 mg/LOIA 0.08 mg/LOtKI 98.19% 2 HMAHES
SR pH 3~12 N2 22 s2€e =IJIs=0lA 0.04, 0.03, 0.05, 0.03, 0.02,
0.08, 0.38, 0.84, 0.91, 2.82 mg/LWAl MHEO 99.03, 99.16, 98.87, 99.27,
99.36, 98.19, 91.44, 81.08, 79.50, & 36.48%2 MHE=s= 2UL. SSH2=Z
ttd 2oz 2+ MAHAEE0 stH=s2 2 = JARUC. 0l S0I282 dEH

ol SEZE0IH Olcfst 2= WCIt M/W WCI E2H0ll CHet
(

A =2 (outer—sphere complex)S S AH&0 et OI2H& A ZECH 6213
E0] & NMES0IL 2R0ls sl AHAEESE AHSH= 242 Daviss
Leckie®™ % Zachara S0 26 210 SAUCH
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Concentration (mg/L)
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in

Fig.

10 15 20

Time (hr)

10. pH on the chromium removal
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MW WCIpH 2

MW WCIlpH 3
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MW WCIpH 5

MW WCIpH &

MW WCIpH 7

MW WCIpH B

MW WClpH 2

MW WCIpH 10
MW WCI pH 11
MW WClpH 12
WClpH2




i

Fig. 11. O LIEFUHRUCH. &

5, 0.7, 09 g 22 ot IlsE= 4.24, 4.18 mg/LZ2

OlotA=S [ WCISl 24A12¢ 2= 3.15 mg/L M/W WCI=

2 25.79, 71.56% 22 X01Jt &0 220l et AMlE 9"

I8 HMAEE 0.0657, 0.1797 mg/g 22 M/W Fe It MIHEO0l =UCH FLSD
HNHEZ2 HlAIZHE LIEFLHRALCE.

WCI, M/W wClel S HE ASMA 21t
0

o K
B

J

—— MW WCI01g
—— MW WCI03g
—a— MW WCI0Eg
4 —— MW WCI0Tg
—r— MW WCIDBg
—— WCID1 g
—— WCI02 g
3] —0— WCIDSg
—5— WCI0T g
—— WCID9 g

Concentration (mg/L)

Time (hr)

Fig. 11. Effect of amount of WCI and M/W WCI for chromium removal
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4) =J| sZ0l ME 3T HAH

T)sZ0 HE ISHMA= Fig.12 0l LIEFHUHRUCH. WCIS S(E2 0.5 22
DEAZ = 22 sEXH2 4, 8, 12, 16, 20 mg/L 2 HEFHOIULH. =IIsE
=HZ W 4.25, 8.32, 12.80, 16.10, & 20.95 mg/L 2 GtO 24AI12t BtE = =
= 0.31, 1.25, 5.3, 9.58, 15.24 mg/L 2 HMALILD 92.69, 84.97, 58.59,
40.49, & 27.25%2 MAH =& IJHEL.

MWWl =Jls% 4.18, 8.35, 13.60, 16.80, 21.65 mg/L 2 ot 24A[2+ Bt
g = s&= 0.02, 0.04, 0.05, 5.42 mg/L 2 HMAHE&= 99.40, 99.52, 100,
97.62, L 74.96% 22 O €2 8= AL

21212l g & I8 HMAEg=S 2HEY WI=2 24AI2t JI1E 0.26, 0.43, 0.52,
0.58, ¥ 0.66 mg OI04, M/W WCI= 0.25, 0.48, 0.62, 0.63, ¥ 0.76 mg 22 Ut

ro

fea
n

—— MW WCI 4 mg/L
—— MW WCI 8 mg'lL
—a— MW WCI 12 mglL
—4— MW WCI 18 mgilL
—v— MW WCI 20 mgilL
—— WCl4 mg/ll

—— WCIE mglL

—— WCl 12 mgil
—— WGl 18 mgiL
—— W20 mgil

=]

Concentratlion {mg/L)

en

Time (hr)

Fig. 12. Effect of initial concentration on the chromium removal

_35_

Collection @ chosun



Ck. Is=2d

oy
o
on

WCIt M/W WCIoll 2t 382 & S=28S Fig. 13.01 UEILHACE. WCI 4.25
mg/L OIM= 0.236 mg/g, 8.32 mg/L OlM= 0.424 mg/g, 12.8 mg/L OIM= 0.45
mg/g , 16.1 mg/L OlM= 0.391 mg/g, 20.95 OIM= 0.342 mg/gS LIEFLHRAULCE.
M/W WCI 4.18 mg/L OlM= 0.249 mg/g 8.35 mg/L OIAM= 0.498 mg/g, 13.6 mg/L
0.816 mg/g, 16.8 mg/L 0.978 mg/g 21.65 mg/L OIM= 0.97 mg/g 22 LIELGLCE.

M/WWCIOl WCI ZChH &2 R & 0l O 22 € = UAULCH.

—ap— W
—o— AV W

1.0 4 Z o

0.8 1

0.0

M/ W (mg/g)

a 2 4 L& 2] 10 12 14 18 18
Concentration (mg/L)

Fig. 13. Adsorption isotherms of chromium onto WCI and M/W WCI
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ct. Langmuir @ Freundlich model

S0 ot ZEEE Freundlich model(5) 2f
0] MOt ULCEH.

HH-DHM& AtOISl =2elE

Langmuir model(6) 2t 22 Ol &&s2 2
Freundlich model &2 Ct31 &C
1
(5)

HII0IA K2k %8 Freundlich 2 isotherm =01, %I’_} kat2 logq.vslogC

ZRH JI=J1% ZEO0ICH.

Langmuiradl 2 CIS1F &C.

X abC

M~ 1+bC (6)

OIINM Ce HEAMEHWHAML s&0/0H, 8+ a= 0IEHQ HENS SHEY,
b= S&0UKX 2 2HE=E 2N 22 2HY JISIZRFH P& = JUCTH

U EH AXO SEMN SHEO HEANS S22 ol= OIFA0ICH. L
Langmuir2l E=0I20 S 2ol 2= Ss&:Me E20, L= HeEtst S5 AOIE
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SHAMEHNI A2l Freundlich 2 Langmuir S&S=24&2 Fig. 14, 15. Ol Lt

- o

=
RSl Table 13. WA= model Off Y_UHAS E=
A

Table 130IA 250l Freundlich model 2t Langmuir model O WCIZF M/W WCIS

4 A

HZotUS el &22tH= Freundlich modelE& WCIZF M/W WCIE @H 0.3392,

0.754501 12, Langmuir model2 WCIZH M/W WCIEL [H 0.9883, 0.9998 = UIEFGCY.
WCIZF M/WWCI 25 Langmuir model 22| A22tHII =2 A2 LIESCE.

*  WCI
< MWW OWC

0.2 -

0.4 4

0.8 4

0.8 4

M/W (mg/g)

-1.0 4

Concentration (mg/L)

Fig. 14. Freundlich isotherm plots for the adsorption of chromium onto
WCI and M/W WCI
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* W
o W WG

M/W (mg/g)

14 18 18

[=1]
@
G-
M

0 2 4

Concentration (mgyL)

Fig. 15. Langmuir isotherm plots for the adsorption of chromium onto
WCI and M/W WCI

Table 13. Freundlich and Langmuir constant parameters for the adsorption

of chromium
Freundlich isotherm Langmuir isotherm
k 1/n R? a b R?
WCL 0.3234 0.0936 0.3392 0.3475 -2.34 0.9883
M/W
WOL 0.8175 0.2249  0.7545 0.9793  34.84 0.9998
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ASHAH EH2 20t2D| ot ESxEE AEZIE DubininRadushkevich(D-R)
EX S2A0 HEAIH BEULCH. DR 2Eo RHAIS (7)2 20| EEEC,

mq: mqm_ k62 .............................. (7)

OIIM ¢, 2 = E=2(mol/g), k= SEHUUX A==(mol2/kJ2), e2 ZHAE

—/

2 JIM&=(kd/mol K), T=e E2UHESZ(K)S 20I&tC.

OIAXI[RT In(1+1/Ce)], R 2 =
Bz SHUUX(E)= E=(-2k)-0.52 Aoz F& L. E 42 S=HES2 0
HLISS olot=0 |SotCt. £ g8t0l 8 kd/molOIG50IH =clE&=, 8-16kJ/mol Ol
B =2 0l2weetE, 16 kJ/mol01&01H =S xEHE0 2ol S0 OIFHA
Ctd 2™ ACK”. Fig. 16, 170l= ESXAES 488 ZNE 0-R S240 &
g8t ZUE UEHHALH. D-R S24A22 2H F& & HuXes &2 [ WC
= 28.86kJ/mol, M/W WCI 21.32 kd/mol2 25 3SetS&EPIES UEHH= OIUX
gt R0 S0 HFSEHN Qs 52 SHUES F2 JsE= B30l 2ol
OIF0/SE € = UL
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Fig. 16. DR isotherm Plots of chromium adsorption on WCI
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Fig. 17. D-R isotherm Plots of chromium adsorption on M/W WCI
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<k A
HEC M

Ot.

o

g2 BEII0A EFHMe WRE =22 0ls2 &HolJ| ®IoHA homogeneous
surface diffusion model, pore diffusion model 2 heterogeneous diffusion
model t 22 ZS model0] HEZNH X2 0lHE model &2 &8 =SS M
=] AEDH 0= 88 22 eR/LY.

Bt HOHO UA0AME @2 4 &SDl(carboxylic, carbonyl, hydroxyl,
ether, quinone, lactone, anhydride) ¥ Hig ME0 S=NA SEHE A0 O
2 ASEEZE0 2oY A2z WSEIIE StCh.

2

SE0 CH8t 2t=tst kinetic analysis= pseudo first—order 2t pseudo second-

HIOII

-

Sst2 A2 [HE 24012 S22 Z2HE Lagergren

=

Pseudo first-order&!1} pseudo second-order &2 LSt 2Ch.

Al (B)OIA g2t gi= 22 " (mg/L)B AlIZE t(min)OIA E&HMO0 E2= 05
e 20|04, k12 pseudo first-order &= (1/min)2 =E&40|LC}. (9)0ll M
OICt. In(q,—q )2 t2 plottingE St

Jz

ko= pseudo-second —order & <Z=(g/mgmim)Ol

— = t
BAac Fa(k)E 7 4+ USn L 9t to
q

ol

o 08 HHo JI8J18 Sot:

plottingS Sot &l A& JISII2 BE2Z k.2 7 = UL

A8 SMUUH AL pseudo first-ordert pseudo-second-orderE Fig. 18, 19,
20, 21.01 LIEFLHQICH Table 14. OIS kDt ko O 2t AZHH 2 RPZ UEHHR
Ct.
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4 mg'l
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In(,-g)

a 100 EEIID :
Time {min)
Fig. 18. Pseudo first-order kinetic plot for the adsorption of

chromium onto WCI

-10

Time {min)
Fig. 19. Pseudo first-order kinetic plot for the adsorption of
chromium onto M/W WCI
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Fig. 20. Pseudo second—order kinetic plot for the adsorption of

chromium onto WCI

In(g-q)
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Fig. 21. Pseudo second—order kinetic plot for the adsorption of chromium
onto M/W WCI
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Table 14. Parameters and corelation coefficient of two kinetic models

Table Pseudo first-order Pseudo second-order
e o(cal e(cal

Clme/L) q(exp) K, qe(cal) R K Qe(cal) R
(mg/g) (mg/g) (mg/g)

4 0.2343 0.0078 0.0113 0.2628 4.7348 0.2361 1

8 0.4122 0.0117 0.3018 0.4152 0.9115 0.4243 0.9999
WClI 12 0.45 0.056 0.0403 0.432 0.7734 0.4508 1

16 0.381 0.0053 0.0455 0.3762 0.6037 0.3918 1

20 0.303 0.0028 0.0703 0.3138 0.2150 0.3437 0.9989

4 0.2487 0.0021 0.0116 0.0082 16.390 0.2496 1

8 0.4881 0.0088 0.1343 0.4875 0.3633 0.5002 1

12 0.795 0.0092 0.3497 0.7878 0.1162 0.8217 1

16 0.894 0.0055 0.6048 0.7356 0.0296 0.9973 0.9989

20 0.8814 0.0044 0.4025 0.7842 0.0450 0.9842 0.9990

M/W
WCI

Pseudo first-order kinetic model QI B AHALE ¢ 2t &

oo
S

Y

o

< Xt

| &

(4

jo:i

Z

]

MAUS & == U/UL pseudo second-order kinetic model S AtS Ol=
sttt & ¢8t0| Hlxotlle A 2 & = UL Fig. 18 ~ Fig. 218 20
Pseudo first—order kinetic model 2Ct pseudo second-order kinetic model
O MMHA0l SFARGHH LIEIRS0, WCISl pseudo first-order kinetic model2l &
2= g2 0.2628 ~ 0.31382 & %X 22 ZUE =20l= BH, pseudo
second-order kinetic model2 &f2tAH=~ g2 1 ~ 0.99892 & HUACEH. M/W WCI <
pseudo first-order kinetic model2l &f2tH =+ gt 0.0116 ~ 0.40252 & &K
%2 Z2UE 20lKA &1 pseudo second-order kinetic model2l &b2tH== g2 1
~0.9992 & UL, MetM =IE MH= pseudo first-order kinetic model £Ct

pseudo second-order kinetic modelO] G & £Ss & £ UC.

>
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1) pH 2~ 12 OlM 24 ARt B = 38 MHE2 WCIL W %4.37, R.71, R.27, R.71,
8.2, 8.9, 89.74, 54.13, 36.13, 16.93 & 12.18% 22 LIEKD MW WCI L [ HASS
2 98.19, 99.03, 9.16, 9B.87, 9.27, 9.36, 8B.19, 91.44, 81.08, 79.50, X 36.48% 2=
LIEFGICE pH 11 M2l HASES HIwoHEH MWW WCI2 MASZ01 2F 606 O =UCH

2) §£2120.1, 0.3, 05, 0.7, £ 0.9 = IS [ 4 AR EIS T WCI o 2= MO 0.065,
0.201, 0.236, 0.254, % 0.2499 mg Ol MDi==E=2 5.79, 78.91, R.81, P.60, X 97.64% OIH
MWW WCI g HDA2 0.18, 0.24, 0.20, 0.249, ¥ 0.251 mg 22 LIEICH MDIESE2 71.56,

97.13, D40, D.25, X PN.766 2 WCILCH0.1 g & [HE MIIoH) &=01 GSH =

{Ch

3) DI=sE 4, 8, 12, 16, L 20 mg/L2=Z SIUS M 24 AR' BES = WCI ¢ 3= MHES
0.26, 0.43, 0.52, 0.58, ¥ 0.66 my 0|4 MHESE=2 R.69, 84.97, 58.59, 40.49, & 27.25%
Ol MW WCI o MIHE2 0.25, 0.48, 0.62, 0.63, & 0.76 mg 22 LIEK) MHEE2
99.40, 9.52, 100, 97.02, ¥ 74.%6 22 20pomE [H 2Lt 2 50% G =01 SII=IRIC

e

4) ASZ2MHOM Langmuir modelt Freundlich model S EZoI¥US [He At
H WCIL [ Langmuir model2l &S 0.9883 0|, Freundlich model 2l

r

AAHE 2

A20)=

0.33922 LIEHGCH. M/W WCI& OF&DIXIZ Langmuir modell 2 0.99980104,
Freundlich model &l Z2<0ll= 0.75452 LIEHGICH & 222 A< Langnuir model Of
O= ZXNgst A22HE LIEHSCH WCIE [H Pseudo second-order 2| &l2tH==
1~0.9989=2 Pseudo first-orderll &< &2tH = 0.2628~0.31382Ct 4 & 2= A

o=z LIEFGHCHM/W WCI2l Pseudo second-order &t&tH 4=

1~0.99902 Pseudo

first-orderQl A A2HZ 0.0082~0.78422CF O & 2= 2192 LIEMGCE.
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