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Decolorization Characteristics of Acid and Basic Dyes Using
Modified Zero-valent Iron
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Abstract

In this study, the reductive decolorization of three acid and basic dyes using modified zero-vaent iron (i.e., acid-washed
iron (Aw/Fe) and palladium coated iron (Pd/Fe)) at various pH conditions (pH 3~ 5) was experimentally investigated and the
decolorization characteristics were evaluated by analyzing the absorbance spectra and reaction kinetics. In the case of acid
dyes such as methyl orange and eriochrome black T, color removal efficiencies increased as initial pH of the dye solution
decreased. However, the color removal of methylene blue, a basic dye, was not affected much by the initial pH and more than
70% of color was removed within 10 min. During the decolorization reaction, the absorbance of methyl orange (Ama = 464
nm) and eriochrome black T (Amax = 528 nm) decreased in the visible range but increased in the UV range. The absorbance of
methylene blue (Amax = 664 Nm) also decreased gradually in the visible range. Pseudo-zero order, pseudo-first order, and
pseudo-second order kinetic models were used to analyze the reaction kinetics. The pseudo-second order kinetic model was
found to be the best with good correlation. The decolorization reaction rate constants (kz) of methylene blue were relatively
higher than those of methyl orange and eriochrome black T. The reaction rate constants of methyl orange and eriochrome
black T increased with adecrease in theinitial pH.

Key wards: Zero-vaent Iron(ZV1), Reductive decolorization, Acid dye, Basic dye, Reaction rate constant
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Choi et d., 2007; Choi et a., 2008; Choi et al., 2009;
Choi and Kim, 2009; Helland et d., 1995; Johnson et
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SHAA| = AMEE F71PE(zero-vaent iron)-2 Aldrich
Aol Al A% 97Fd Ed(iron powder (fine), >
00) = Aksta] S A ASH | f1l AAIA S AR
Aw/Fe (acid-washed Fe) 2} palladium (Pd) Z0j& 2
JEt PdFeS Alsto] =z o] 24 Ae]of AR8-813l
th. Aw/Fe= 100 g9o] <J7Fd Eof 0.05 N A+
(HCl) €9 100 mL-& F<J3}aL 180 rpmoj|A] 1057t
sheking & S-72 23], ofNEC 2 23] 34to]
Z 28 (60~65T)ollA 6~7At 52t e8] A=
AA  Azstgich PdFe= PdCl, 8945 wt%
solution in 10 wt.% HCI, Sigma-Aldrich, Inc.) 2 mL
S 54 100 mLo Ysto] 3|4AIZ F, o] g
of wj=] A|=8l = Aw/Fe 100 g2 32 180 rpmojjA]
207}k shaking & 5-F= 23], opA|E0.= 23] 7
Tof Az o2 (60~65T)oflA 6~7AIRE F9F &4
5] FAA A|zsF3A) A3 Aw/Fee} Pd/Fe= ¢F
axof Hyksto] ARBSIGlTE MEAA Y A2
A A& 21 methyl orange (extra pure grade, Junsei
Co.)2} eriochrome black T (indicator grade, Junsei
Co), @714 ¥=<2l methylene blue (extra pure
grade, Junsei Co.)E AREsIIH: AREE 2 H=9

sfsha] 25 Fig. 1of vheh oict.
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Fig. 1. Chemical structure of the dyes.
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7} A=l M AA AyE Fig. 20 e
A ¢ &21 methyl orange$} eriochrome black T2
85 271 pH7L BE5 M AAEo] #A YE
Wk o= oY A o] wHATl ofx7]
(-N=N-)9] 23t H=dl ol F7HaEo =i
MRS W= HY IFo] FadH71AUS & 5= e

Axto|tHGuo et d., 2011; Nam and Tratnyek, 2000).

2F& + (-N=N-) + 4H" > 2F€” + 2(-NHy) (1)

80% WS- 3 methyl orange= 67~90%(Aw/Fe),
72~88%(PdiFe)2] AA8S H3l, eriochrome
black T+= 17~39%%(Aw/Fe, 80&), 25~50%(Pd/Fe,
60+2) 2] Al A& o methyl orange®] E4jo] Hrt
2o Aoz Ukt o) T 927} 7 sfehy
Tzo wE Zolgtan E=d, Nam and
Tratnyek(2000)9] F7HE(ZVI)= ©]&7t 959] azo
HEoll et erdis Autel] m=d, 4= £,
ring® 74 AR Sofl whah 13 vH3(al) &=
47} o 24 YeRar 9o, eriochrome black T2}
AR P2 E Ho|= amaranth®] 4 =/4f<=7} orange
| % orange |1 9] &=/dpRT) 2R 7 gks Holal §)
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68~70%(Pd/Fe) o] AlAE&S Hof 4 Amofl Hlsf
=AY ghg-o] uf9- w2 A K-S I 4= gl gich

Methylene blueo] Ehaje- S=g.o AfojA o] £:3te]o]
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Scheme 1. Schematic representation of the reduction of methylene blue (Ncube et al., 2015).
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Fig. 2. Decolorization of the dyes using modified zero-valent iron at various pH conditions.
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leucomethylene blueZ 3+ E|o] Eallo] o]F 0|3
BIEGOn, ol B AN o] BM autel fA}
3t Axte} AlgEch ®3h Ncube et d.(2015)=
paladium % gold nanoparticleg Zufj(PdDENs®}
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methylene blue M= #7482 90~93%(Aw/Fe), 90
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Aw/Fe®} Pd/Fed] B A5 & 2tol & HolA] b=
Ao Vehyt,

B o83 daA f7|skkE nitrate &
o] Ao SlojA F7has EHS AR Z(acid
washing) stAU S 542 U3 ol5a<H(bimetal)
= ARESto] BhSASS AT At il Qle
H(Choi et a., 2007; Choi et a., 2008; Choi et a.,
2009; Choi and Kim, 2009), Z1lj|& 3l o|5a452S
AR 7S S HESofl Folghs a ol (H)o)
S <459 AL ol Ak (intercalation) & o] Hz 7]
A= s Ho} =S A=t 28t
=8 s 2t glo] HheAdo] i EE Ae=
&defA AtHCheng et dl., 1997). & Aol A= PdE
Si= g o]SaS(PdFe)S AMESIA=H], AM A
=21 methyl orange®} eriochrome black T2] 7 -2-oj
A= AwlFeet BEg/do] frAlsEAY 43 53t 4
1= 2o, g7|4 9= 2l methylene blueo] t3)
A= Aw/Feet A o] fAlSH W30S Hof Pd Sl o)
T} 2 Lk ergtek o)t A|23t PUFeS
BSRe Fot Fo Alsjuluto] g4gElo] P Sl
0] 7)%5-8 ZE3] WI5A| £3k Autep Ap
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Z7lshe Mg Feel 2uEDL Yehhirt. ol
= AT A o] Fgo] skl S-S HolFe
Ao, TAEQ] of27](-N=N-)7} g-of| oJsf &
o]Al Ao 2 gohE Tt Eriochrome black T2] 79-=
Hhg-o] ZIggge] weh 2o 5= 37-<1 528 nmoj|A]
o FYwr} Pasti, AL Jelolre] Fwrt
Z7lek= AHEZS Ho|1l glth Methylene blue?]
785~ Wk Z13of| whet ZRAIEAL & H(Amax = 664 nm)
oNre] EFEsL wAH O Fasts AnE B
=l o= methylene blueo] gloz Ao
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3.3, pH H3} 24t

LS 71
eI} AR =<1 methyl orange®} eriochrome
black TS| 39, 7] pHE 3, 4, 52 Z+z+ A3
W3S A A3 pH7E 2| &2 0 ' Af5the 7
S W o] Aw/Feo]|4+= methyl orange”} 5~107}4],
eriochrome black T7} 9~117}#], Pd/FeoA=
methyl orange”} 5~67}%], eriochrome black T7} 5
~8717] Z7VEHS 2918 % QT Ek, pH 571
= Pd/Feo] Al Aw/Felith 24| et ol«= 2hd
RG] Tojals Sx 0] &(H)0] Zojl= AM-E Pd
AxE Well Ak (intercalation) .2 Q18f L=
Axte} FkElcCheng et al., 1997).
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ol 2 WGl wE pH F7HEo] 2| yeRd A
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oftt7} ol 7] AT pH 9IS fAIshs Aikg
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Fig. 3. Variations of the absorbance spectrum during the decol orization reaction of the dyes.
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Fig. 4. pH variations during the decolorization reaction of the dyes using modified zero-valent iron.
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8RS 2] W2 2} R SN2 okl f
AFOR}, 13, 27 kg4 1w el 242} A 3te] g
B4 W SRS BESTHTable )

pseudo-zero-order kinetic
Co(dye) — C(dye) =kt
pseudo-first-order kinetic
.o Cldye) | _
: —In| Co(dye) |=kt
pseudo-second-order kinetic
1 1

Claye) ~ Cyldge) ™

Fo] ukgo] §AF
27} Rk mdof 2 gh= Zlo® PriEgle
ol FAF A RS ElS Qm o) A o=
Aokt 7120] A7 Aukebs Xo]E BHTHGUo e
al., 2011; Nam and Tratnyek, 2000). W3- 7| €A
Hl-S-o| w2 7] Z3Y%E methylene blue®] HF-3-<&=AF
Zx(ko)7} 0.0024~0.0035 L/mg-min®z methyl
orange2] 0.0005~0.0023 L/mg-min, eriochrome
black T2] 0.00005~0.0004 L/mg-min Xt} Altfja o
2 A yepds o = l8ick

AHA ¢ &2l methyl orange?} eriochrome black T
o A$-E 27] pH7F R&45 SwAle) Sl

oFARS Kol vk, ¢17]14 d &<l methylene blued]
749 27) pH 270l 2 & reAf4=0] W3kt 34

Table 1. Kinetic analysis of decolorization reactions of the dyes using modified zero-vaent iron at various pH conditions

Pseudo zero-order Pseudo first-order Pseudo second-order
reaction reaction reaction
Dye Reductant Initia pH Kinetic model Kinetic model Kinetic model
) R K R K R
_ 3 04204 05853 00261  0.8285 00023 09735
Ad ‘(’A"\V/ﬁ;d Fe 4 04106  0.8151 00153  0.9045 00006  0.9611
Methyl 5 04144  0.9685 00139  0.9956 00005  0.9745
orange 3 04729  0.7100 00259  0.8979 00019  0.9895
Pd/Fe 4 04409  0.7866 00194 09228 00010  0.9784
5 03883  0.8440 00143  0.9400 00006  0.9628
_ 3 02166  0.7629 0.0057  0.8093 00002  0.8469
Ad ?szvai“;d Fe 4 02004 08222 00051  0.8358 00001  0.8460
Eriochrome 5 01038  0.8916 00023  0.8975 0.00005  0.9027
black T 3 0.4445  0.7557 0.0127 0.7873 0.0004  0.8105
Pd/Fe 4 03663  0.8914 0.0097 09107 00003  0.9149
5 02031  0.7981 0.0047 08142 00001  0.8287
_ 3 03356  0.3750 00245 06755 00028  0.9100
Ad ?szvaﬁ:];d Fe 4 03352  0.3864 00232  0.6588 00024  0.8050
Methylene 5 03517  0.4074 00275 07312 00035  0.8995
blue 3 04122 05283 00262 07825 00025 09227
Pd/Fe 4 04012  0.4940 00254  0.7408 00025  0.9300
5 04112 05311 00265  0.8139 00026  0.9705

Ipsaudo zero-order reaction rate constant [mg-L ™min’]

®Psaydo first-order reaction rate constant [min’]

9Psaudo second-order reaction rate constant [L-mg-min™]
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off oAl pHO] ke pHell e F7H oA
o] Abshikg- &0k ¢E o) $h¢lof o] §E = H 2] oF
A s SHOoE Qofeh 4= Qltk AMd P <l methyl
orange2} eriochrome black T2] 7 9+= o}x7] 1/&
Y Bal|A)71=d] 4702] H'7F A5 E|o, methylene
blue 154}= leucomethylene bluez E-A)7|= 7
S0z He] H'7F 2 Ech wheba] pH 240 ok
S7Hd EHA ] AFSHES &=7F Aol 7} L= F
H QAL ARo] $Helof| o] S = H 9] F2H &
ngF zjo]2 28] methylene blued] 2l wHS-o]
methyl orangel} eriochrome black Toj| H|3s}] 27| pH
O] FFE AA v A o= weETh £33 methyl
orange?} eriochrome black T2] 3¢l ®1-2-0] < vf
kel of27|(-N=N-)e] olFAgto] Fol Eajol
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Sk e ek 20 2 AR,
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A AW AR 9714 GRS hyo R A
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chot e ARS 28 4 Ytk
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Byt o, eriochrome black Tof H|3] methyl orange
o] eajo] mirk 419 302 Ukeheh, Ek Aw/Feot
Pd/Fe2] EtA1 A v w3f = methyl orange?] 7
L = 2}o|E Ho|x| gko ] eriochrome black T 2]
A9 PUFee] B4 B80] F o] 2 A3kE uY
t} 9714 g =2l methylene blue®] 73-$+= =7| pH
H3tof| TAIGLO] AR AlA S Halon, vk
3 271 102 ool 70% o/Fe] AlAES Hof 4]
AR ME A PdIRe Aolg malrh
methylene blueo| Al Aw/Fee} Pd/Fed] €A1 Ase
 2tol & Hol#] etk

2) ukgo] el up AHHQ) FY 2HEY
9] H3l= At E A7}, methyl orange?} eriochrome
black T2] 7 7FAI41 9 21e] 2] F4= 75 (Ana)

L o
o=

jai
=

71 R EN B4 1725
oM BFw WY Ak AN Geelie &
A7t F7Re AHEHS B o, methylene
bluee] ¢ &1A] 7PN Fore] FHwL <2
A 0 2 hashs AkE 1Y

3) A4 o =21 methyl orange®} eriochrome black
To| 7, wko] XA ufe} pHr} A4 Ao F
ke A%e HEow, pH Z7HES AwFert
Pd/Ferch =4 velyitl o714 9521 methylene
bluee] 7= pH Ws}&o] At a0 2 2 Vel
o, ¥k-g 270 pH S7F e Holtprt o] % A
o] e pH 9IS GAIBHALE ol HhS 27]o]
methylene bluee] 2glo]| ol erakgo] 251
218 =] 21 7] w2l Ao & HetEch

4) Whg 27| w2 2 Po] TALS
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