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Characterization of Arsenic Sorption on Manganese Slag
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ABSTRACT : Arsenic contamination may be brought about by a variety of natural and anthropogenic
causes. Among diverse naturally-occurring chemical speciations of arsenic, trivalent (As(II), arsenite)
and pentavalent (As(V), arsenate) forms have been reported to be the most predominant ones. It has
been well known that the behavior of arsenic is chiefly affected by aluminum, iron, and manganese
oxides. For this reason, this study was initiated to evaluate the applicability of manganese slag
(Mn-slag) containing high level of Mn, Si, and Ca as an efficient sorbent of arsenic. The main
properties of Mn-slag as a sorbent were investigated and the sorption of each arsenic species onto
Mn-slag was characterized from the aspects of equilibrium as well as kinetics. The specific surface
area and point of zero salt effect (PZSE) of Mn-slag were measured to be 4.04 mz/g and 7.73,
respectively. The results of equilibrium experiments conducted at pH 4, 7 and 10 suggest that the
sorbed amount of As(V) was relatively higher than that of As(Ill), indicating the higher affinity of
As(V) onto Mn-slag. As a result of combined effect of pH-dependent chemical speciations of arsenic
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as well as charge characteristics of Mn-slag surface, the sorption maxima were observed at pH 4 for
As(V) and pH 7 for As(Ill). The sorption of both arsenic species reached equilibrium within 3 h and
fitting of the experimental results to various kinetic models shows that the pseudo-second-order and
parabolic models are most appropriate to simulate the system of this study.
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SFHLEL YT % 1_;5'\_ 7193 &89 Azt
9] &5l Yg3fjA 22 = A h(Nriagu, 2002;
Morin and Calas, 2006; Vaughan, 2006). #3154
W HlA9 FEH9E 0.5 ppbol Al 5 ppmZ7HA] ol
T W MR Bxsta 9o 3] oA
HHEEE °F 10 ppboli 1 ppb ©J3kel A¢-=
e B15 1 ltkSmedley and Kinniburgh, 2002).
Sl AHAEY Qe F -3 S534td e
FrH1 4 A (FeAsS), F%(ASQS3) AlZA(AsS) E H|
234 BE T 22 FHh FEEo] AR
EZ5Y FIHHOEN HATL &EHo F4b F
HA Yo HlA 298 YA+ AR LA
ATHAhn et al, 2003; Jung, 2005; Lee et al.,
2010; Kong et al., 2011). B 2 A3} g7
Aol vHlhe] ATty AFE Feste M F
83 542 BA9 4ot B H AdF
&7 el FH 2dd me HlAE ofH|4H
(+3, arsenite) F=v H|4FE(+5, arsenate) 9 F
71 g8d e 2 AT 5 Y, =3 7 3
g o] FEL FE JAT, IukHd 23 9
A FEAAE Bl E98tH g o A
 FEel Ao E dHA th(Stumm, 1992; Raven
et al., 1998; Inskeep et al., 2002). A9 =4
A EH S f71, F71 FEjel wel g2, ofH]
o] gerh 89t ol =] QlojA HlAkE
Bt gom, 54 g 20~604] o] =& Ao
Z 4#HA 9ti(Williams and Silver, 1984; Raven
et al, 1998; Inskeep et al, 2002; Lee et al,
2011). o]H g HlAS] ATl FFE vA= FE
TES FE 4T, F, U1 AsEeH 2
oy FE FTE< olfdt FHAV|HOE HA

S=7F oF 1.8 mg/kggi
AR AAAY F7)&
}\i :L J+ E]:L/\

manganese slag, trivalent arsenic (arsenite), pentavalent arsenic (arsenate), sorption

g AAske 71&eEc] "ol FEwol o3 gt
(Bothe and Brown 1999; Palfy et al, 1999; Roman-
Ross et al, 2006; Singh and Pant 2006; Aquino
et al., 2008; Son et al., 2009; Lee and Jeon, 2010).
AREgaoe AEAZFZANM A4HE= 1
29t AZSANM APHE AR<d 17t
dow, Adsd 1l & SREEY FFol wet F
&R, FAEH T S22 UHA BkChoi e
al 2007; Lee and Jeon, 2010). L 2&) 12 7
T2 J7SA, RerSsA, 2AUES A,
%EHE ANHES A5, 4 HBYE 5 T
2+ Fokol A 100% ZH%L%HL Ak, AR A
B 1e AES Foz Adss TAHANM A
AEH Az AE T EEES AA d A
7}51“ A 37 S8 whgekAl ¥ dolsle
27t Bk o|FA Holdle Ca HEo® U7
’I‘:@]’, 3% 2 pH ’byo—'\i— A= Qls) <74 (aging) 7
e AN H AED F o, 4 o]Fdx=
pH Aol Megs 9 % ?ﬂol dAskE A7t
Aol AL Qo AHEE A JTH(Park et
al., 2006; Choi et al., 2007; Lee and Jeon, 2010).
s ed 1, tasd 1% Hewsdl e €
1 W Fe Aol BA oot AZEHA Xt
I71HL 787t el
ATolME FEdt vke} o] MHA= Jﬂ7l
%% % ?Q_%ii Fe4 9 HAaE 3N E
go] g4 Al, Fe, Mg, Mn HEES I3 ”&
ﬂ*ﬂllﬂ A1) A HAE %S st
a0, Hl&d oz Bsd 1] FRAELS
B 19 HA FRARA Y &8I S
Brkstaal o] Folxlth. ol& fla B 1Y
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ol &3t EAstth = HFEHH I FHsHA
(point of zero salt effect PZSE) ZH39Y. 1

o] Bts 19 FHAEA Y AP S A ES}]
A3l pH Wstol] wE PisH 1 3= AdS
AN

X4 3 HEA L Siemens D5005 X-ray Diffrac-
tometer (40 kV, 35 mA, step size: 0.02 Deg,
Time/step: 5 sec, Scan time: 6 h 50 min)E AR&
staom, o AstA FTEE Cu-Ka FAHIE
A3t Co-Ka FAME o] &3tqith XA &3
3242 Shimadzu XRF-1700 X-ray Fluore-
scence spectrometers AHESFHTE 1|3 HIEH
2 BAL vA 718 =827 (Micro pore
physisorption analyzer)E ©]&3}e] £33t}

Yzt a0 YN 57
B ool o] 43 Xi](sorbent)od 1¥ed
XL7§(s0rbatte)°| Hl &g opreh F8da e o]

AEA WA dofute Fakes 22 XHLﬁ‘r

gHAQl He-& o] HiMe n¥=o EW
A5 542 eI e 0 Fasid, o
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A=, A AA R (potentiometric titration)
2 olgad ZHeA Wk AR e oerE
ol A pHO| W3ko] we Farol 3} ’”&5}0]—?:
o] FHFS ZAZRo N FHAA THAGE
Z4she WHolth(Stumm, 1992; Kraepiel ef al,
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998; Singh and Uechara, 1998; Jain et al., 1999).

B AFNAE A AARYE ol &stien,
200 mesh= A|A-5H WHEH T 1 g2 0.001, 0.01,
0.1 M NaCl &9 100 mL Z-Z}o] Yol 308 &

o WHkAIZI & 0.5 M9} 0.05 MY &

2 "“’]d :Liﬂii LHEL
WA HAR 7 FHAES 3 HoE wAstA #
o ]"1" H'9} OH °]&

%_—‘LO] 019—73—1—4 P A A Hed
)] pHE PZSE(point of zero slat effect)2tal &
th(Stumm, 1992; Lee et al, 1993; Kraepiel et
al., 1998; Singh and Uehara, 1998; Jain et al.,
1999).

¢

o

—Cy)— (H"— OH")

00 = X H A3 mmol/g adsorbent)
A =ZAdl| o] &H AHHCI)
B =#4d o]§d 7](NaOH)

CA - CB= Z9aF B4 oA Fod 4
3} 9719 FE(M)

= (HCHFol&F - (NaOH)F &
(H+) = 10-pH, (OH-) = 10-(pKw - pH)

U7t £ 09 pH Hslo| K2 SIHE HE

oo

B AFoA AgH Hl*«l F2HA 9l W&
17} W2 pH B0l A A ZA A E H
Vb7l el gElE AEe AAEAT 001 M
NaCl Aai2d &4 20 mLo] 0.1 M NaOH?} HCl
< o]&3t9 pHE 1, 2, 3, 4, 5, 10, 11, 12, 13,
142 2H3to w4 gd-& ET o] wjgEH 20
mL9} HEH T 0.5 g& EFI T 2447 ok

pul

140 rpm .2 wHHI T Wby F2ke] pH ®
L2 w33l ZF 12412 $oll & 28] AA pHE
ZA39t 2447 B Wk kRl F 7000
pmoE 58 YARYSY A5HE B35

[}
oh BEgd 459 045 ym 28R HE o3}
3 & f=dgEet2nt £37](ICP-OES, OPTIMA
5300DV &9, Perkin Elmer, 7]=9)& o]&3}o] &
A Y Al Ca, Fe, Mg, Mn, Si 59 %5 &4
Ei=g
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7} ¥4 HlAEYE NaAsO,2 Na,HAsO, - H.O
g o|&3toq 77t AxsAT pH 2HE 95t
0.01, 0.1, 1 M9 NaOH%"—HJJr HCIE&A S A3
Aok A o] 8d BEE A £48 F59Y
AloFS 4%}@‘013% 3x} 2518 MRS o] &3t
of BE &94& Azt s £d H
SANEE 7,000 rpm o2 5E7 AAEYE 1Y
o, 045 um AR FEE o] &3ty oHs}%
o BE AFoA &9 Y HlA 59 £F FEE
FEAgEet=0t £37](ICP-OES, OPTIMA 5300
DV &4, Perkin Elmer, 7]=)Z X315t}

HlAe} BEe 1] FEAEAS dotry] 93
AN BPAGA 37} vl A9} 57} HlAe WA
£9 =5= 0.0007, 0.0013, 0.0067, 0.0133, 0.0667,
0.1335, 0.4004, 0.6674 mMo|™, pH 7L 4, 7,
100.2 z4dste] #3514tk 50 mLe] FEol &
Y1 0.1 gﬂr H 4 W78 40 mLE& AN
1:4000.2 &35t 2447 59 140 rppm o2 W
u}o}oq 2=2ue AFHS /\63%1;]- HH-2-0] g}e

m)

411 gt
1 mlo

g o.4§ um PE 2 owo}ml gy Mae B
= wasa

pHY| Wishol m2 Wz sEEd SREAHL
sfotatr] Slske] AAF pH-edge AAIAE A%

$(0.0133 mM)9} I1FE(0.4004 mM)S] F HlA
TEE AP 4.0~12.0 HHAAM F 97] pH
AMM e dAsIT. O 9 gE Ay
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pH 21& MAsh. 371 Hli/l 7dll= pH
7, 57} B4 7% pH 4014 F3sion oluj
W4 WA FEE 04004 mME T35
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8, 12, 24 hr 59 % 107] AL Adstd A%
g ANES AHI T uirEES BHsgoH 3
FyAF g pH-edge A3 FUdA 1247 7]_’_
o= pHE zAste] 790w, 1242 o4 F
2 Aol disiAE pH 2F9 285+ AR
13t wE] pHE A3 & A ATt A
55 AHSGT 1 9 tE APTHLe doA
AANE BPYHFE 9 pH-edge AFET T3ttt

48 2T Y £

Y7rs 0l S 2A B

B AFdA mlAe] FRAAE ALSEH ke
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A(goethite, FeOOH), 3| 2AIL}0] E(hercynite, FeA1204),
A4 4 (magnetite, Fes0s), A% (quartz, Si0,), &
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Fig. 1. X-ray diffractogram of manganese slag. Ard: ardennite {Mns(Al, Mg)s(SiO4)2(Si3010)[(As,V)O4](OH)e)},
Eit: eitelite (NaxMg(CO3),), Goe: goethite (FeOOH), Her: hercynite (FeAl,O4), Mag: magnetite (Fe;Os), Qtz: quartz
(Si0y), Pyr: pyrolusite (MnO;).

Table 1. Composition of Manganese Slag and Other
Slags Analyzed by XRF

Composition, wt.%

Components

Malglg:gnese Silica slag SteelSlr;:;'ming
MnO 30.42 16.35 2.92
SiO, 26.89 38.59 19.30
CaO 17.37 17.79 36.41
ALO; 10.59 12.39 6.03
MgO 5.03 4.07 5.00
Fe,03 2.10 3.71 24.35
K,O 3.18 2.96 0.23
SOs 1.30 1.43 1.36
BaO 1.39 0.93 -
Na,O 0.78 0.80 1.23
TiO; 0.59 0.53 0.65
P,0s 0.15 0.30 1.81
SrO 0.22 0.15 -
AUz FAER7IE ol T4 2HE 1d
201 YeRfSITh 24 A% SL8HA Ca, Mn, Si
Sol Uehta 53 F uag a7t HEE 2
2 % % gtk 29 Yedas AT 5

TAE S8 AZETEAEHA "t ST
7} pHE 9.34, A7|AEEE(EC)E 311 pS/em,
o] 2 FH(CEC)E 8.64 meq/100 gO.Z ZA 5
.
O~

2 o2 iy oX

2 Aol AMEE wzbE Y] HEHys
Asyast AZEH T, 283 g2 ARt
sl&o] HlEHA A wwaty] 98] & 20 At
o WHEY 1o MEWA L 404 mYg TAE
EH:L{— 6.71 m’/g, 183 AZEYH1E 574 m'/g

2 fAE #o R SAEAer g2 Hdp)ats
5] MEAAES vashd Yed 1
o L HEUAS ZE Ao AU

X2 o )

AT FRA=A Z&d WheH 1Y 9
%_“5‘} (point of zero salt effect, PZSE) Zﬂ@*"
€ 18 39 Ao, tasd, A<
a9 FHeta St vlaste] & 3o Hstgin
B 97 AT A8 Bied1e w
ZHe me% 89 Aolo] AT
2 olalsi7lel W$ Fasith pHrt A
B} o8 Eolo] §Ho] Qi sl oo o
2ukgol $Alsle] BEdae BRI SHSE
@A S pH7 YRR o WA
o mRE Saele Arhukgel $Alske] st
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Table 2. Specific Surface Area of the Manganese Slag used in this Study and Silica Slag, Steel Refining Slag,

and Typical Iron (oxyhyd)oxides

Specific surface area

(m2 o) Reference
Manganese slag 4.04 This work
Silica slag 6.71 This work
Steel refining slag 5.74 Kim et al.(2011)
Ig;f:’g‘t)e 331(')8 Kim et al.(2012); Schwertmann and Comnell(2000)
23
(a(}_‘;ztg‘gm 22902 Schwertmann and Cornell(2000); Kim et al.(2009)
(/;kii%lgg) 30 Schwertmann and Cornell(2000)
%efl‘ézggc}‘;; 7(;:880 Schwertmann and Cornell(2000); Lee et al.(2009)
Z(i:tn;(t;erflzi/{drg)e 2034;100 Schwertmann and Cornell(2000); Jung et al.(2008)
sHOs 2 .
(Flg/ggngstg) 416'260 Jeong et al.(2008); Schwertmann and Cornell(2000)
203 -~
Zerov(z;lzg)t fron 522 Ponder et al.(2000); Lowry and Johnson(2004)
E oA "o & AddA 3AE wEd 18 53] Mnd AF 53] WS pH 1904 FEE Yol
AL 772 EAJ] HEZE, PTIstE,  LEFHT A AT F A ol &ellx A
TaAEtE 5o HERT HlwA & fe UE @AdE 1gHV} 409 "o EEAHEE UE
WOHE 3). AdAoE 2 st vas  AolRrE B Ao FRAP AHEH uHuvt
Zol Folxo g EAge FAAS AA}=U 4009s 1S &9 W w2 108 FAT A
Aol aFAolgt & + Yok O % oddnh #yt ohlgt FAREF ] pH 4~12
BeolA SR e 74 d2EY &=
Yzt 1o gl A Zut of g HFA Adte $HENE FEL ofd A
o dvdEnh ATt & 49 AAE T3] ALY
B oAl Abgd wted1e pH 24 @ 2 pH 202 wlg d9Hd AeYs g
2 agHe gF AREAY §EE Pobnsl  w BEY pH ZANAE BREU1Y FAA
9% olE APANE E 40] AT ol Ae] IHHL T BAY} Q= Ao AZHEn
& AYATE BT pH UE §FEAS 2
AT IFOE BRE & AU A WA 2§ BEAR 48 2y
23] YAY £& pH 2AAM &E0] & doju
= YAEZ AL As 9 Si7h ]9 sFEH A g1 2HY HlA £ SAS HYEA
tho] dFdME ANtHoR Gawrt & Al #FAA BFEr] s FRE FILY AAE
Si, el =rt viwA @ AsE AT F Atk I8 49 EAEAY F AT £F FES H
w3 EH 37 HAe] ASels pH 794 9.32

A o &2H Ast HFA U &F FHE
3

st

HAEZ Ca, Fe, Mn 59|

umol/g® & 7H¢ H& FAFE HoH, pH 10
oA 5.06 umol/gl-2 713 & e BT
57} Hl&+= pH 404 52.69 umol/glZ 7M¢ &
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Fig. 2. (a) SEM image of manganese slag surface and its EDS results, (b) before sorption, (c) after sorption of
arsenic using 0.05 g manganese slag and 20 mL of 0.4004 mM As(V) solution at pH 4.0.

Table 3. Point of Zero Salt Effect (PZSE) of Manganese Slag, Other Slags, Typical Iron (oxyhyd)oxides, and
Silicate Minerals in Nature

Mineral PZSE Reference
Manganese slag 7.7 This work
Silica slag 7.3 This work
Steel refining slag 10.9 This work
Hematite 85
6.4~7.2 Kim et al.(2012); Bai et al.(2004); Mamindy-Pajany et al.(2009)
(Fe203) 8.1
. 7.6 Lee et al. (2009)
Goethite . .
( «-FeOOH) 7993 Rietra et al.(2001); Nielsen et al.(2005);
Carrasco et al.(2007); Jonsson et al.(2008)
Lepidocrocite 6.6 )
(7 -FeOOH) 6.5~7 1 Lee et al.(2009); Nowack et al.(1996)
Magnetite 6.6 . .
(FeO - Fe:03) 6.5 Jung et al.(2008); He and Traina(2005)
2-line ferrihydrite 8.2 L
(FesHOs - 4H,0) 85 Jung et al.(2008); Jain et al.(1999)
Illite 32 Du et al.(1997)
Kaolinite 4.5~6.0 Du et al.(1997)
. 2.9~3.0 Du et al.(1997)
SiO,
1.8~4.0 Marek(2009)
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Fig. 3. Result of potentiometric titration of manganese slag at three ionic strengths.

Table 4. Result of Solubility Experiment of Manganese Slag at Each pH Condition

pH
Element 1 2 3 4 5 10 11 12 13 14
Concentration (mg/1)
Al 113.4 0.03 0.08 0.35 0.54 0.59 0.82 5.53 26.45 110.8
As 1.14 N.D. N.D. N.D. N.D. N.D. N.D. 0.02 0.02 0.12
Ca 248.9 94.66 32.96 16.49 10.28 11.19 6.79 4.59 2.93 2.78
Fe 2.10 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Mn 6378.6 2.07 0.04 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Si 4620.6 77.14 35.74 19.76 14.85 15.77 12.32 64.54 545.8 1291.1
N.D. : not detected
o FRAFES HYom pH 10914 3.55 umol/g®  RIHUTHLee er al., 2009). JAA ] 37} HlA&
Z 7P e FRES B3N pHYt SHEEE A £EFE AT (0400 mM)SE 115 5(6.673
FAFE A Thdte A2 Ueigth T Hla mM)dlA 47 0.121, 0.333 mmol/gl 2 UERS
ZFo| Ay FFFEL vws) B2E 374 waRg 50 1, 57 HlAE AREAA 0.097 mmol/g, 1EFEE
7F Bl&T) oF s.6u) M B AS ¢ 4 Atk o] oA 0132 mmol/glE FAEAHKim er al.,
Het WiEd el vladd g Hol £FF 7] 2009). A A (magnetite)2] A -ollE 37 vl &
E THEAA BlAY FEAARZ 7P Bol A7 Ui Ao Al AFE0.400 mM)S LFEE

Ay dstEse vA Ao #2838 vus) 2
d, 3 =3 ZA}] E(lepidocrocite)?] ¢ AE %
(0.4004 mM)¢} ILFEE(6.674 mM)olA 37} W4
of Al 2 247} 0.1499)F 0.866 mmol/gO- 2
Uettom, 571 vl4d Ho FRFLE A5 oA

0.159 mmol/g, L FZANA= 0255 mmol/gl 2

(6.673 mM)ollA 22 0.046 mmol/gSt 0.098
mmol/g & R1uFg o 571 vie Ao £
ZFo AFToA 0.046 mmol/g, LEENA 0.062
mmol/gO. & A A= th(Jeong et al., 2008). 2-line
ferrihydrite®] 7% 37} W&o Ho) 2tk A

F5(13.35 mM)SF A 5(133.5 mM)olA 27 0.052
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Fig. 4. Sorption isotherms for (a) As(lll)(arsenite) and (b) As(V )(arsenate) at pH 4, 7 and 10.

mmol/g, 0.187 mmol/gS 2 e, 57} H]Z::EI
Ao £2FE AF=olA 0.051 mmol/get

oA 0.167 mmol/gC.Z ZA}ﬂoiE}(hmg et al
2008). 123 AAA 9 7% AFE(0.133 mM)2}
1F5E(13.347 mM)ol A 37} H 49 Hu 42

o] Zt7z} 0.0539F 0.345 mmol/gC.2 YEFFOH, 5
7F H1&e] A RS As 24 0.059 mmol/g,
IEEA 0.296 mmol/gl & UrE}”D}(KJm et al.,
2012) B oq:rL_4 on/\L A%]B:] %b’]— 7]z =

ASoMe vE=
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Table 5. Correlation Coefficients (R?) Between Empirical Data and Langmuir, Freundlich, BET and Temkin
Isotherms and Their Specific Parameters

H
Parameter P
4.0 7.0 10.0

R’ 0.9994 0.9999 0.9994

As(1l) Ko 200.86 105.80 113.88

» Qo 7.1124 9.4518 5.1653
Langmuir 2

R 0.9995 0.9990 0.9998

As(V) Ko 315.00 84.273 102.81

Qo 52.910 10.788 3.6023

R’ 0.9608 0.8867 0.8417

As(1ll) Kr 10.534 17.989 10.383

o n 3.4412 23223 23079
Freundlich 3

R 0.3517 0.9247 0.5545

As(V) Kr 3.3877 19.774 11.290

n -1.3883 2.4540 1.4824

R’ 0.9821 0.1555 0.2822

As(1l) Ko 135.90 12.649 14.359

. Qm 73584 21.368 10.881
BET >

R 0.9787 0.7246 0.1598

As(V) Ko 661.00 30.044 -17.422

I 50.429 14.472 -0.0967

R’ 0.9371 0.9642 0.9007

As(1ll) A 17609.2 2891.1 4550.2

4 B 0.7832 1.3597 0.7020
Temkin 3

R 0.2415 0.9716 0.8719

As(V) A 0.1068 6739.3 2120.9

B -6.9104 1.2936 0.5611

*1/ge = [1/(KrQo)](1/C)+1/Qo, qe is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, Ky is the
equilibrium constant, Qo is the maximum adsorption capacity

" qe = KeC"™, q. is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, K¢ is the adsorption
capacity at unit concentration, n is the adsorption intensity

“ge = (qmKsC)[(Cs-C)(1+(Kp-1)(C/Cy))], qe is the equilibrium adsorbed concentration, qm is the amount of solute adsorbed in
forming a complete monolayer, C is the equilibrium solution concentration, Cs is the saturation concentration of solute, K is
the constant expressive of interaction with the surface

e = BInA + BInC, q. is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, A is the Temkin
isotherm constant, B is related to the heat of adsorption
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Fig. 6. Sorption kinetics of As(lll)(arsenite) at pH 7.0 and As(V )(arsenate) at pH 4.0 onto manganese slag at
their concentration of 0.4004 mM.

Table 6. Coefficients of Determination (Rz) of Kinetic Models Proposed for Sorption of Arsenite at pH 7.0 and
Arsenate at pH 4.0 onto Manganese Slag (Yang et al, 1995; Sparks, 1999; 2003; Jung er al., 2008)

Kinetic Model 2As( Ill) at pH 7.0 2As(V) at pH 4.0
R k R k

Pseudo zero order 0.6823 -0.0013 0.6591 -0.0092
Pseudo first order 0.8025 -0.7861 0.8363 -0.6520
Pseudo second order 0.9996 124.74 0.9995 20.334
Power function 0.7600 0.1983 0.8605 0.2313
Parabolic diffusion 0.9592 0.8890 0.9964 0.8514
Elovich 0.9648 0.0016 0.9002 0.0073

o] sl ae HAEASES vlE H]_/,\_oﬂ < AT E deidle 2& ¢ 5 Utk ol vl

29| 58kgo] #AGle] ”ﬂ%ﬁﬂl FHA &
#7155 AL LE}L ﬁ%"ﬂ*ﬂ H] 4 11]742 *rl TOR A FRo| o]FtE AS AA
3 2= 7<ﬂ§"ﬂ/] g 4o] 9oty AztE T gtk = Langmuir 53 522)& o] &3t 3
%]zg/éltﬂgq.é H}Eloi ul7]-/\aH:Lg]. Z+ v A& :H _1-'1;__/}:113].0:] §J‘:Q o]ix%o] _41;]] _/,:zl-at(QO)g 3
5}3}552 Langmuir, Freundlich, BET, Temkin 7} H|4¢] % pH 7.0014 9.45 umol/goi Hy
T2 T2 e JALAE FhAT of AP ZAQA 9.32 umol/gét "¢ FAFSHTE 3
23 A ERE 59 74 2439 4 57F HlAE pH 4.000A4 Ho FEREFS e
BAFRY) HED vBo] 7 £3 S5 A4 £ 5249 g3t AN OJOV kol Zzt

= z

j?_l

FHES X 5 Ak 74 T4 AAA 52913 52,69 pmol/gl.E A9 HYAFE & F
FR) #HEL s By F oui s w2 JE} ojgA I T2 o] &3 }@l Ho 2
7t pH 274 Langmuir F35220] 7H & & 44T F & By o Ao 2=H
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