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Degradation of azo dye C. I. Reactive Black 5
by cam posite ferrate solution

Zhang Yanping, Xu Guoren, Li Guibai

(School of M unicipal and Enviormental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Camposite ferrate lution (CFS) was used directly in oxidation of az dye wastevater of
C | ReactiveBlack 5 (RB5). The optimal oxidation conditions and degradation mechanisn were inves
tigated The reaults indicated that the optimal pH for the oxidationwaspH <10, and Fe(V I) had higher
reactivity in thispH range For example, with the CFS dosage of 20mg- L ' atpH =8 9, about 80%
and 95% RB5 had been disolored at 5 min and 20 min, regectively TOC and COD ranoval experi-
ments indicated that the organic molecules could be mineralized, but the mineralization rate was much
dower than the decolorization rate UV - Visand FT - IR reaults showved that the azo groups could be
broken by the oxidation of Fe(V 1) , and aimost all the characteristic abiption bandsof RB5 disgppeared
which indicates the benzene and ngphthalene structure had been destructed The az dyewastevater trea
ted by CFS has lowver toxicity and mproved biodegradability A s a strong oxidant with lower cost, CFS
has supplied a feasible choice for the treament of az dye in industrial wastavater.
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1 Introduction

A2 dyes have been widely used in dying industries, and about 10 15% of dyeswere lost during the dying
process and released as effluents”.  These canpounds are highly colored and can heavily contaninate water
urce W ith azo group bound to aromatic rings, azo dyes are threat b envirorment owing t their non - biodegrad-
ability, toxicity and potential carcinogenic naturé?’. Therefore, chemical degradation of az dyes has attracted
much attention in recent yearés"”. But fev have been reported on the degradation of az dyes in general by potas
sium ferrate

Potassium ferrate has been found o be a powerful oxidant, the estmated standard half - cell reduction poten-
tial of ferrate rangesfram +2.20V © +0. 72V in acidic and basic olutions, thus its oxidation potential in acidic
lution is the strongest of all the oxidants used in water and wastevater treatment, including ozone and hydrogen
peroxide Many studies have considered its role as an oxidant in water and wastevater treament®’. During the a-
gueous oxidation reaction, Fe(V I) isreduced to anon - toxic by product, Fe( Ill) , whichmakesFe(V I) an envi-
rormentally friend oxidant for water treament pl‘OCGSSE‘éG]. In this paper, camposite ferrate olution (CFS) with
improved stability was prepared by modified chanical method with KOH at65 . For eliminating the precipitation
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and purification processes needed for olid potassium ferrate synthesis, the preparation process for CFS is smple,
time saving and lowv cost On thisbasis, an econamically feasible ferrate oxidation technology for degradation of azo
dyes in wastavater wasproposed C | ReactiveBlack 5 (RB5), one of the familiar am dyes, was chosen as a
probe molecule in thiswork

2 Expermental
2.1 M aterialsand reagents

Camposite ferrate lution (CFS) was prepared by the modified chemical oxidation method: Fe (NO; ), -
9H,0 reacted with CIO” in 5.3 mol- L ' KOH olution at65 , after 60 min, CFSwith higher Fe(V I) concen-
tration and improved stability wasobtained The CFSwasdiluted, then filtered by funnel (G,) and sored in poly-
ethylene plastic bottle at4 . The Fe(V I) concentration in the stored CFSwas1.05 g- L.

The dye of Reactive B lack 5 was purchased fran the eighth dye chamical factory of Tianjin, China, and used
directly without further purification A Il other chemicalswere of reagent grade, and used as received

OH NH,;
Nmmm,On CO m»—@—so,cu,m,oso,m
NaO,§ SO;Na

C.I. Reactive Black 5
2.2 Degradation of RB5 by CFS

In each experiment, 100 mL RB5 smulated water with concentration of 50 mg- L * wasused The oxidation
testswere carried out by rgpid mixing of the wo chemical slutions (RB5 and CFS), and then adjusted the pH val-
ue by H, O, quickly In the oxidation tests, sampleswere taken periodically up o 60 min At each sampling time,
dium aulfite olution was added mmediately to the sample when itwas taken o siop any further reaction The
sanpleswere then filtered by 0. 45U m pore size nylon manbrane filter before analysis All the expermentswere
carried out at room temperature
2.3 Analytical methods

In this study, the RB5 concentration was determined by its aborbance at 600 rm. The COD valueswere de-
temined at 620 rm after o hours reaction in the QOD reactor (HACH, America) , TOC wasmeasured by TOC -
Ve total organic carbon analyzer (Shimazu, Jgpan) , UV - vis pectra of the sampleswere recorded from 200 nm
© 900 nm using aUV - 2 550 gectrophotometer (Shimazu, Jgpan). Samples for FTIR analyseswere prepared as
follows the sampleswere filtered o renove F€ * by themethod described above, and then the lution was evapo-
rated belov 40  under reduced pressure by N - 100 Eyea Rotary Evaporaior (Eyela, China). The olidsobtained
were used b measure FTIR using Sectrun One B type Fourier Trandom Infrared Sectrameter ( Perkin Emer

Company, USA) , in a conventional KB r pelletwith a scanning range form 500 t 4 000 an”* and with a relution
1

of 4 an”".
100 -

3 Results and discussion —
3.1 Effect of pH on the decoloration of RB5 by CFS g 509

The pH had a great effect on the degradation of % 66 —®— 5min
RB5 by CFS, and the resultwas shown in Fig 1 ltwas ':E e ;g :::
clear that the decoloration rate of RB5 increased with é 40 A —v— 30 min
the pH decreased, and the optmum pH range was pH —¢~ 60min
<10 The decoloration rate was 62% after reaction 5 “0" .
min at pH =10; while for pH =3, itwas99% at the 2 4 6 8 012
samne reaction time Both could reach 99% after reac- pH

tion for 60 min  This could be explained that Fe(V 1)  Fig. 1 Effect of pH on the decoloration of RBS by CFS



160- 25

has higher oxidation potential at lover pH range, at the same time, the hypochlorite contained in the CFS is al®
strong oxidant and itsoxidation potential al© enhanced with pH decreased The RB5 degradation was gradually lover
when pH over passed 10 oving © the relatively lov oxidation potential of ferrate and hypochlorite contained in CFS
Considering the practical application, pH =8 9 was slected as the experimental condition Under this con-
dition, Fe(Ill) had aminimum slubility, and the RB5 maybe adorbed on o the in®luble Fe( I1]) gecies How-
ever, itwas believed that thiswas not an mportant effect
3.2 Effect of CFS dosage on the decoloration of RB5
The dosage of CFSwas found © be the most mportant
factor o achieve better decoloration of RB5 Different CFS v;j'” ——
dosages (as K, FeD,) were eanployed under sane conditions,
and the resultswere shown in Fig 2 Itwasclear that the de-
coloration rate of RB5 increased with the CFS dosage, and the
optimal CFS dosage was 20 mg- L ' K,FeD,. Under this
condition, about 80% and 95% RB5 were discolored at5 min
and 20 min, regectively; after 20 min, the decoloration rate
changed sowly The experiment results indicated that Fe(V 1)
with strong oxidant potential had a quickly oxidation rate It ¢(min)
was reported " that there were oxidative intemediatesmight  pig 2 Effect of CFS dosage (as K,FeO,) on the
be generated by decamposition of ferrate ion during the reac- decoloration of RB5
tion, asFe(V) and Fe( V). Both Fe(V) and Fe( V) have
been reported as highly reactive oxidation states Fe(V) is3 5 orders of magnitude more reactive towards com-
pounds than Fe(V 1), and the higher reactivity maybe due i the partial free - radical character of Fe(V) (Fe =
0 —Fe" - 0)'®. When the Fe(V) dosage wasover, the higher Fe(V I) concentration would promote the decom-
position of Fe(V 1), and most Fe(V I) reduced to Fe( Ill) by itself to cause a greatwaste
3.3 Therenoval efficienciesfor COD and TOC
The ramoval efficiencies for COD and TOC by CFSwere studied and the resultswere shown in Fig 3 and Fig
4 Fig 3 showved that the ranoval ratewas quickly in the first 20 min, then it becane slovly The COD removal ef-
ficiencieswere 18% and 21% for reaction 20 min and 60 min, regectively And the corregponding decoloration
rates, from above, were 95% and 98%. Thiswas due © that during the oxidation by CFS, the RB5 first converted
o organic intemediate and then degradation gradually, and after reaction for 20 min and 60 min, there were many
organic intemediates had not been degraded Fig 4 digplayed that TOC values decreased with the reaction time,
the removal efficiency was6% after 60 min, and the inorganic carbon ( IC) increasedwith reaction The reaults in-

—8—10mg'L' —e— 15mg-L"
—4—20mg-L"' —v— 25mg-L"
—¢—30mg-L’ —4— 35 mgeL"

Decoloration rate/%
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dicated that there existed mineralization reaction for organic molecules during the oxidation to produce CO, and
Q0O;

2 etc, but itwasmuch slover than the decolorization rate
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Fig. 3 The removal efficiency of COD by CFS Fig. 4 The removal efficiency of TOC by CFS
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3.4 UV - visand FT IR analysis

UV - visand FTIR gectrum were measured o study the degradation mechanisn, and the resultswere showvn
in Fig 5 and Fig 6 Fig 5 digplayed that therewere o main abiption bands for RB5 in the visible region at 480
mrm and 600 rm, and the bandswere attributed  the long conjugatedT system linked by wo az groups In the
UV region, the absrbance bands at 257 rm and 306 rm were attributed to the benzene ring and ngphthalene
ringjg]. The admption peaksweakened shamply in the first 1min, and then dminished gradually with the reaction,
indicating that the azo groups and partial benzene and naphthalene structure were broken

Fig 6 shaved the FTIR ectrum of RB5 and the oxidation products The vibrationsat 3458 an”* (OH stretc-
hing) , 2925 an™* (aromatic =C - H stretching) , 1628 an”* (C =N stretching) , 1600 1450 an™* (aromatic C
=C stretching) "', 1498 an"* (N - H bending), 1341 an ' (C - N gecial abomption), 1228 an’* 1 050

' (C =0 stretching) , 1135 an” "' (0, stretching) , 999 an” ' (benzene ring axialing) , 844 an ' (aromatic
C - H disbrtion) , 741 an”* (adjacent hydrogen atomic C - H disbrtion) " | repectively represent the charac-
teristic abption of RB5 in the infrared band A fter oxidation for 5min, the ab®mption peaksat1628 an™* 1596
an’! 1539 an* disppeared indicating the benzene ring structure had been broken; the abmption peaks at 1 498
an” ! disppeared meaning the azo structure had been destructed; the abmption peaks caused by C - O stretching
' 1050 an"* disppeared; the abomption peaksat 2923 an” * weakened At the sane time,
"1 1384ant 1119an’' 620 an ' gppeared The abomption at 1 634 an” ' is cou-
pling of C =C stretching vibration and anino ion disbortion vibration; the abmption at 1384 an’ ' isthe overlgpped
vibration peaksof C - H disbrtion and nitro stretching, the abomption at 1119 an ' is the couplingof C - O stretc-
hing vibration andV, stretching vibration of S0,>" ; the ab®ption at 620 an ' isv, stretching vibration of

;121 The FTR oectra for oxidation 30 min was smilar © that of 5min, which indicated that most RB5 had

been degraded at the first 5min, and itwas in good agreementwith the observation from UV - Vis ectra and de-
coloration experments
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Fig. 5 UV-vis spectra changes of RB5 with
reaction time degraded by CFS Fig. 6 FTIR spectra of RBS and the oxidation products

4 Conclusion

Camposite ferrate olution with smple preparation process and lov costwasprepared in this study, and it has
been succesdully used in oxidation of az dye RB5 However, the oxidation was highly affected by pH values, the
optimal pH rangewaspH <10 AtpH =8 9, the optimal Fe(V I) dosagewas 20 mg: L™ for 50 mg: L' RB5
simulated water, and about 80% RB5 wasdisolored at firg 5min  [tmeans the Fe(V I) and itsoxidative inteme-
diates, Fe(V) and Fe( V), have higher reactivity There existed mineralization reaction for organic molecules
during the oxidation for the TOC values decreased with the reaction and IC increased But the mineralization rate
wasmuch slower than the decolorization rate And about 21% COD was removed by Fe(V I) at60min UV - Vis
and FTR gectrum showed that Fe(V I) could broken the az groups, benzene ring and naphthalene ring structure,
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and o reduce the toxicity and mprove the biodegradability of azo dyes S CFS as a strong oxidantwith lowver cost
ispramising for the treaiment of az dye wastavater
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The exact lution of a class of delay parabolic partial differential equation

Chen Zhong, L in Yingzhen
(Deparment of M athematics, Harbin Institute of Technology (W eiHai) , W eiHai 264209, China)

Abstract: It isdissussed on how 1 Dlve the initial boundary problem of a classof delay parabolic partial differenti-
al equation in reproducing kemel gaces Firstly, by linking o reproducing kernel gaces together, the delay itan
is turned into a bounded linear operator.  Subsequently, using the technique of reproducing kemel, the exact ©lu-
tion of the considered equation, denoted by series, isgiven Truncating the series, the goproximate lution isob-
tained W hen increasing the number of the nodes, the error of the goproximate lution is decrease monotone in the
ens of the nom. The final exanple show's the efficiency of the proposed method
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