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A study of the adsorptive and reductive decolorization of the azo dye orange-
colored G in aqueous solution by the Fe( [l )/goethite complexe system

ZHAO Dan, XIAO Dan-ling, HE Guang-ping and WU Hong-hai
(School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China)

Abstract: In this study, the adsorptive and reductive mechanisms for decolorization of orange-colored G (OG)
by Fe( Il )/goethite interfacial complex system were systematically investigated. The examined focuses were
placed on the effects of pH values, and molar ratios of Fe( Il )/OG on the OG decolorization. The results show
that surface-bonded Fe( Il ) on goethite can effectively improve the rate of reductive decolorization. The reac-
tions over the Fe( Il )/goethite complex system can be described well by the pseudo first-order kinetics. The in-
creases in the solution pH and the capacity of absorbed Fe( [I ) enhance the reaction rate of OG removal. More-
over, OG removal efficiency can reach 100% within 1 h in the presence of Fe( I )/goethite complex system un-
der basic medium condition where the Fe( Il ) /OG ratio is 27.0 and the OG initial concentration is 50 mg/L.
The efficient removal of OG is resultant from the synergistic effect of adsorption and reduction. The results
achieved by the authors provide the theoretical guidance for pollution remediation in an anaerobic environment by
effectively using the Fe( Il )/goethite complex system.
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PSS AR 1) 25 Fh Gl 2 7K 4 BRAG AT (1) HE T Al
THEE 70 J7WECEZLEEAE, 20110, b R G RH
A S R 2. BT 3ok R K B A R .
AP & Aoy A 2 A8 ] AR A 22 45 R 0T
Bl bk e B AL T Tl AT, AR 2 DAL €8 B2 R 3
NRIEH LR KAE (Wu et al.» 2012). K,
it SRR N S A G 7K AL BB IR SRR AT
G AT B G R 7K €0 1 Ak B 7 3k T A 4% AR
kR IE 5L AR ) B R R B L BR A (L et al . s
2003)-

V2 ER A T B 3% R K 45— R RE G €L () E T
CHMLMECS et al.» 19965 Su et al.» 2000;
Zhang et al . » 2000, 5 R SR AA AL U0 £ Bk
W AT DL S AR S ok £, th T AE S HLO,
ARIIAR AR, S I S B v v M T A 21 )02 R
MN.H (Hermanek ez al., 2007; Ortiz et al.> 2010;
Gulshan et al.» 2010). EFEB A& 3R A IR 5 A L
(RRERLA ), SR b —Ff el 8 RS I Bk Sl e ),
AT I TS B R B A A AR AR
T R S AR T BRI R R B (VR
201200 BT EFERET HAT B ok () 2 i i M, FeC [ D AT
CABE R B AR BT B R IR IS5 5 1 FeC [ RSE
(Heijman ez al.> 1995; Rugge et al.» 1998). ik
TB(Klausen ef al.» 1995), EFEkH R 45 A7 Fe
CIDRE s EE J3AR 3%, AT TR BT e Py (138 i
Hedl o SR, BHERAT R 455 & FeC Il DR HIKEE
GORME R J7 T H A7 AR WA FUHE , Lk, SRS
FeC [1)/BAAM) T 11 7 4 o L 55 3575 G ) 1a) 1)
FHIT SN R T30 — A [ W) R AU R 35 vh B S S e )
TR A R R AT B2 3 S A SO TR % ¢
S AT pH A Fe( D SR A BEHE 5 G BEIR HEX %
Jebhid b it (s, LU A AT 30z FelD/ 8H0™ 5
B ARG GE IS v R e AR AT T

1 MRIRUTVA

R F

SERAR I Ay 20 A7 SR, T AT A R G
FRA OG), 244 1- R AR R -2-Z8 -6, 8- il FR A,
RN CieHigNoNayO5S,, 1 [ F g BT 47 7 3k 51
J s NaOHCKR it 1 K %A 223K 7)) FeCly * 6 H,O
CREEW AR Do SEH KR koK.

1.1

1.2 8WHZE
1.2.1 EHu A

PRI 6.76 g FeCly*6 H,O 19 g NaOH, %
H¥# T 50 A1 100 mL 25 &, DATC B — & W BE 1)
TAER W, IR A I B, K AR A W pH
F 0.1 mol/L HCl /& 0.05 mol/L. NaOH 15 & 12
feka, BT 500 mL BEAR T, I H 28 1K # R 22 500
mL, JG & T 70C MEER T 60 ho ZIEREZNREE
DUVEAR AR B 0/ NEURL, P 28K e b %, J5
28 48°C FLF T A3 B £ kBT Ca-FeOOH) (Wu et
al.» 2012),
1.2.2 B3 G BRI

FARY BRI G R, 23 04T 250 mL )3
SN2 R NN 32 5 BT BRI AS R B2 16 Fe? s
BT DF-101S SR i A 71 908 4% C T 4B X
BT A E] D W BEE E A/ 25°C, i 2 h Af
EHERT X Fe? ' IR Bk 2. 2 )5, InA— & it
IR 38 G AT HLATAR R FE R 50 mg/ L, | N IF R ) 5]
BRECRE, B3SO 0.45 pm BRI, RS0 L4
JEEETHCUV-1800 Y, SHIMADZU A #5A BR 2> w] Dl
i OG WIE, KKK 478 nm. OG brifEih 4 77 72
H y=0.0284 2 +0.001 5(R>=1.00)
1.2.3 W pH X Fe(IDAEEFAT IR B )52

7E 20 mL PG AR, 8 w2/ AR A IR X
I 68.0 mg HIEFEEA A 17 mL 0.5 mmol/L ¥
FeSO, B R a6 AR 2, I o %5 3 ), %
T 25 HIR IR IRFFEERE B0(200 r/min), #&¥% 24 h )&
B0 (4 000 r/min)35 min, 28 J5 AR FE 27 bk Lb €8, 7 0
FECS10 nmOW T Fe? WA, [RI DU S0 )R 5
(ISEG A A O B AN SCSEI0 R G T Wl
pH=4~9 ZAFXFEF B R TR B Fe? ™ 152 .

2 HiR5iTR

2.1 ML Y XRD FAE

EBHERITIY XRD AT W& 1 fros. e i) 3 4
20 1H7E 21.33°.33.32°H1 36.73°, XF N (1)  {H 350
0.416~0.269 A1 0.244 nm, SHr#E LX< PDF # 17-
0536 WA MARLE . 18 2 FRWIEHERD™ 1) BET & 11
A& 33.66 m*/g, V- EI LR B AL A% 73 Al o 0.078
em®/g M 9.27 nm, FHERTBORL 2 ER, K E R 1~5
pems 55 SCHR AR TE AH 5 5 Ui B G B W) A Al R R v
MVEHERIT (- FeOOHD (] 3).
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Fig. 2 Nitrogen adsorption-desorption isotherms of goethite
(a) and its corresponding pore size distribution curve (b)

2.2 AEIRFARERERE G RENRAIT L
B FeC 1D FeCIID/EM B E & REGEE 3
Pk RIG L [ Y. 300 min, HEATREHE G I3 R L
B o KL N AEE 2 L 25°C M pH=6~7
ZAF T AT, B BN R 4 g/, FeC T
EWEE R 3 mmol/L, OG #E Cy =50 mg/L. XL
SG SR WOR, Bk 3 MR R X OG 12 B i (A 2%
S 10.4%44.7% F1 77.4% (B 4. W 4 ]
PUE H, FeC D@ MNAEHERA", 15 min B OG WL
AT 2R, 15 min J5 OG LI 4, 300 min
I B IR B T 77,4 %, BB KT Bl FeC [T D EY
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PR b A1)
Fig. 4 Effects of varying systems on the OG decolorization
with time
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HA FeC [P, TR&HK T RMEHA FeC 1
HLF5% B, AT BRAIR FeC TT D 38 S HLATL, 3255 T Fe
CID MR NEECChun e al . » 20060« HT7E B
IBEAAE T, W& FeC DA S H A — DA AL,
BT ARG SR T e AR e .

FETE G o> 1AT 3 ANFRAE RIS 0, BILZE B IS X
478 nm AbAT —ANE5 K WU, 4 1 AN R AL Vg 7
HHNEIX I 327 F1 247 nm(BEFRSE, 2008). L
478 nm Ak 1) d5 i RO U UH T RS B G oy T EORER
AMBE AR 7 LB R LRI 327 nm 4B
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247 nm Y6 A H IR U6 (R IR S TR OG 56k
T P AH Y WAL, Ul B AT 05 A i R AR s, B — 38 kAR
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Fig. 5 UV-Vis spectra of OG decolorization after 5 h
of different reaction systems

2.3 Fe( )5 OG EE/REEX OG KRB & BIF2 M
Kl 6 %7~ OG PTG HE R 50 mg/L I, A ]
1 FeC 105 OG FE/R X R4 G Fe 1 )ik i
KRR G s m. SRR, AFM Fe( DY
OG FEIREEA R R N AR R 22 OG #A — € B 52,
WIFE R 4 h )G, OG 21k 2] 659% LA b JF HAE
Fe( [ )5 OG BE/R LR 27.0 B, OG 1 €4 3% R AH
X, B2k B T 77.4% . X2 H T Fe
()5 OG EE/REEA 18.0 I, FeC I ) ¥ & AR,
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Fig. 6 Effect of varied molar ratios of Fe (1] ) to
OG on the decolorization of OG by surface adsorbed Fe (]I )
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2.4 R pH EEMHX OG BB &R &N
Kl 7 7R OG WL E A 50 mg/ L&A B
4 g/LFeSO, MIHIUHWE R 3 mmo/L. 7E 25T
i, AN pH AE S N (59 IR T pH=4~5, & H % pH
=6~7, 590 PE pH=8~9)%F OG It (5 K15 i

M7 W] LAE S AR I 3 AP pH (A4 T
Fel [/ E & REXT OG 1 2 3 i &
1.6%+77.4% F1 100% - 7 W, pH H 45X OG 11
ZBR it AT W2 s, O HBEAE I MY pH E 1
ey AN £ 258 B S B vy, T L G £ Rl =
Peo BRI 3B an

SSMRVESRAT T, R A I HAT BB K
WP FeC TR MR SS, X AR AR TR IS &
A FeC OB, T3 BOA Ge A 208 IR i B OG:
W5 pH T+, BT 2 100 W B B JE B 45 5 4
Fe( [[ M2, OG it (18 2 A8 K, e 99 Bk 4% 1
 FeC IDERWReSTEAMY) 1Rk AR TUTTE, L
WA 2k 5 (green rust, GROFEHEAMY . — A
KL — M R U IR R (Erbs ez al . » 19995 Lee
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Fig. 7 Effect of initial pH conditions on the decolorization of
OG; with the inserted figure showing the relationship
between Ink and initial pHs
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B FeC 1D MM pH B A 40 1) 2 1H 1 A
Ky AR ST pH E, [R5 FeC I 7K fi#
YERARDG . Fel [OEEHERAT IR BHAT S 5 W 3R 1T
G55 FeC DX OG W Ji L rtEfE. K 8 Wor,
MW F T WE R 0.5 mmol/L I, ISJE% pH {H 7+
i, FeCIID W P 48 K. B4R, M X Fe? ™ 1
Bt =B T pH B & AF, i AR R — MR
M pH AE VG (5.0~ 7.0 1% 6 [ W EH X Fe
CID R B 26 2RI E 2 100 % , B4, BERE Fe
(DTmé&wMU%%wﬁﬁioﬁ#TUﬁ
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Fig. 8 Effect of pH value on adsorption of FeC [ )
on goethite
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Fig. 9 Kinetics fitting to the OG decolorization at
acidic-near neutral pH value
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