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Abstract

In decomposition of azo dyes solution by simultaneous application of gamma-ray and ozone
treatment, the effect of addition of heavy metal ion upon decolouration and decomposition was
studied. Cupric ion was used as a heavy metal ion. For the aqueous solution with and without
addition of cupric ion, the degree of decolouration at 552 nm, the changes of pH, the reduction of
TOC and BOD were measured as function of dose under condition of fixed concentration of ozone. It
was appeared that the addition of cupric ion played a positive role in decomposition of azo dye
solution, but played a negative role in decolouration .

1. INTRODUCTION

It has been well known that dyes are not readily biodegradable and make little
contribution to BOD[1]. As described by N.Suzuki etal[2], ionizing radiation may be
promising for the treatment of textile dye waste water. The effect of radiation can be
intensified in aqueous solution in which the dye molecules are degraded effectively by the
primary products formed from the radiolysis of water. It has been also known that ozone can
enhance the decomposition capability of organic compounds when it apply to radiation
process for the decomposition of chemicals[3,4]. In addition, It was found that the
decomposition of nonbiodegradable organic compounds can be promoted by addition of trace
amount of cupric ion when reaction are carried out under condition of simultaneous
application with radiation and ozone[5]. From this point of view, It was expected that the
same system can be applied for the decomposition of azo dye solution.

In this paper, we examined the effect of addition of heavy metal ion on decolouration and
decomposition of azo dye solution when it is decomposed by gamma irradiation combined
with ozone.
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2. EXPERIMENTAL

2.1. Reagents

Commercial azo dye(Nippon Kayaku Co., Ltd) and cupric sulfate (Wako Pure Chemical
Industries,Ltd) were used without further purification.

2.2. Irradiation

Three experimental systems for decomposition of azo dye were employed as follows : (1)
gamma irradiation with ozone(y/O3), (2) gamma irradiation with ozone and Cu2+(y/O3/Cu2+),
(3) ozone only (O3). About 1000ml of azo dye aqueous solution (TOC : 44 - 50 mg/1) with or
without cupric ion (concentration : lmmol/L) was placed in 10cm diameter x 15cm length
pyrex reaction vessel, respectively, and was irradiated with Co-60 gamma ray at room
temperature. At the same time as the irradiation started, ozonized oxygen gas was bubbleed up
through a porous ball at the bottom of the vessel. The dose rate was 4.1kGy/hr. The oxygen
gas flow rate was 190ml/min and the ozone concentration was 1.3w%. The irradiated solution
was purged with nitrogen gas to remove the remaining ozone in the solution.

2.3. Analysis

A Dohman model DC80 TOC analyser was used to determine the TOC contents. BOD
contents was measured according to the standard method. The visible absorption spectra were
measured with a Shimadzu UV 365 spectrophotometer. The degree of decolouration was
determined by measurement of optical density at 552 nm. The pH of the solution was
measured by a Orion model 720A. Ozone concentration in solution was determined
according to the standard method

3. RESULTS AND DISCUSSION

3.1. Decolouratioin

The Kayaku Acid Brilliant Red BL(KABL) solution showed two clear absorption bands at
552 nm and 340 nm in the UV- visible spectra as shown in Fig.l (curve a). These two
absorption bands are considered as the main absorption bands assigned to the conjugated
double bands of the dye molecules and the their substituted aromatic rings.

In experimental system with y/O3 The optical density of curve (a) at 552 nm was rapidly
decreased from 2.16 to 0.1 with only 10 minute's irradiation. These decolouration may be
attributed to the OH radical formed from the decomposition of HO3 radical. When the cupric
ion was added, however, the optical density at the early stage of irradiation(curve b) was a
little bit slowly reduced from 2.16 to 0.3 by 0.68 kGy comparing to that of y/O3 system with
irradiation. Therefore, it is appeared that the cupric ion plays a negative role in acceleration of
decolouration. Such a negative role of cupric ion was considered to be attributable to that dye
molecules are protected from the attack of OH radicals by means of removing reaction of
OH radicals by Cu+ as following reaction.

OH* + Cu+ -> OH' + Cu^
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FIG.l. The spectra changes qfazo dye solution with dose (a: 0 min irradiation, b: 10 min,

c: 20 min, d: 30 min, e: 40 minrf: 60 min, dose rate: 4.1 kGy/hr).

3.2. The change of pH

The changes of pH in the two experimental systems as function of irradiation dose are
shown in Fig.2. In y/O3 system, the pH was decreased from 6.58 to 2.32 with dose. Such a
change in the pH was caused by formation of organic acids [6]. In fact, many kinds of organic
acids were detected during irradiation. The addition of cupric ion into the azo dye solution
made initial pH of solution low from 6.58 to 4.87. However, the pH of the solution at 4.1 kGy
was a higher than that of system of y/O3 Such a reason was thought to be that a certain
amount of organic acids were removed by decomposition to final products such as CO2, H2O
by addition of cupric ion which was already proved that it plays an important role in
decomposition of organic acids[5].

3.3. Decomposition

The change of total organic carbon(TOC) and biological oxygen demand(BOD) of
Disperse Red 1 (DR1) in system of y/O3 with and without cupric ion as a function of dose are
shown in Fig 3 and Fig 4, respectively.

Initial TOC contents of 45 mg/1 in system of y/O3 was slightly decreased to 42.2 mg/1 at
irradiation dose of 4.1 kGy, on the other hand it was rapidly decreased from 50 mg/1 to 35
mg/1 in the presence of cupric ion. So, it is clear that cupric ion is effective in decomposition
of organic compounds under system of y/O3 These results can be supported from the results
of BOD reduction with irradiation dose shown in Fig 4. The BOD contents was increased to 8
mg/1 from 2 mg/1 at the irradiation dose of 0.68 kGy in the system of y/O3 and almost
constantly maintained with regardless of irradiation dose.
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During the irradiation, only 2.7 mg/1 of TOC contents was reduced. On the other hand,
only 2 mg/1 of BOD contents in the presence of cupric ion was increased and it was decreased
to less than 2 mg/1 with irradiation dose. During the these irradiation, about 10 mg/1 of TOC
contents was reduced. This means that the system of y/O3 can produce only biodegradable
components like organic acids but it can't decompose completely the biodegradable
components to the products with the dose employed, and reduced TOC and BOD contents
may be attributed to the decomposition of organic acids in the presence of cupric ion. The
reasons were that it was well known that organic acids such as formic acid, lactic acid and
pyruvic acid are easily decomposed in the presence of cupric ion[5]. Therefore it may be clear
that the system of y/O3 in the presence of cupric ion can not only convert dye molecule to
many kinds of organic acids but also decompose the certain amounts of organic acids to final
products.
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FIG. 2. pH changes ofazo dye solution with dose in each experimental systems.
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FIG. 4. BOD changes ofazo dye solution with dose in each
experimental systems.
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4. CONCLUSIONS

The results of this study shows that addition of trace amount of cupric ion in azo dye
solution accelerates the TOC removal under simultaneous reaction with radiation and ozone.
This effect was attributed to the enhanced decomposition of organic acids by the cupric ion
addition. Decolouration was not so accelerated when cupric ion was added to solution. The
reason is thought to be that dye molecules are protected from the attack of OH radicals by the
cupric ion at the early stage of irradiation.
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