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APPLICATION OF ANOLYTE FROM ELECTROLYSIS
OF SULFURIC ACID TO OXIDATION
OF INDUSTRIAL WASTEWATER ORGANICS

The waste sulfuric acid has been processed to peroxysulfuric acids by electrolysis. The anolyte
obtained has been applied to the oxidation of non-ionic detergents in the aqueous solutions and
to the treatment the original textile and the dyestuffs production wastewaters. The anolyte appeared
to be effective in the treatment of the selected bio-resistant pollutants. The optimum process para-
meters has been determined. The main disadvantage of the treatment method is the increased con-

centration of sulfates.

1. INTRODUCTION

In a number of industrial processes considerable amounts of organic and inorganic
wastes are formed. One of them is sulfuric acid from sulfonation process. The acid, while
undergoing electrolysis at sufficiently high current density, is partly processed to peroxy-
sulfuric acids [3] which can be used for oxidation of waste components resistant to bio-

chemical decomposition [1, 2, 4].

2. CONDITIONS OF SULFURIC ACID ELECTROLYSIS
AND COMPOSITION OF ANOLYTE

Electrolysis of sulfuric acid was carried out in a diaphragm cell presented in fig. 1.
Sulfuric acid (50%, d = 1.4) was introduced to cathode space, whereas the products of
electrolysis containing peroxy compounds were temporarily carried away from the wa-
ter-coil cooled anode space. Concentration of oxidizing agents in anolyte depends on

current density, temperature and time of electrolysis.
An increase in current density stimulated the formation of oxidizing agents, but si-

multaneously the rising temperature accelerated their decomposition.
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Formation of peroxy compounds and their decomposition can be presented by the
following reactions:

2HSO; — 2e = H,8,0,,
stzos + Hzo = H2S05 + H2$04,
HzSOs + H20 - HzSO4 + HzOz,

H,0, + 2H,S0, = H,S,0, + 2H,0,

1
Hzoz — H20 + 502.

+platinum anode thermometer
cooling water inlet cooling water outlet
- cathode diaphragm cell

Fig. 1. Scheme of the apparatus for electrolysis
of sulfuric acid

Rys. 1. Schemat' aparatury do elektrolizy kwasu
siarkowego

The increase in concentration of oxidizers, depending on the time of electrolysis at
current density of 1.5 A/ecm? on the anode and temperature of 25°C, is presented in fig. 2.
From the figure it follows that the concentration of oxidizers in an anolyte reaches after
some time a constant value. The time and concentration were approximately the same
both for the pure acid and for that being a waste product from nitrobenzene sulfonation.
The time within which the concentration of peroxysulfuric compounds in an anolyte
became constant (880—930 mvql/dm?®) was about 90 min. After electrolysis had been
finished, the concentration of oxidizers in an anolyte decreased gradually due to their
decomposition (fig. 3). That is why the time of wastewater oxidation with anolytes should
be performed in the shortest possible time.
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Fig. 2. Concentration of oxidizing agents in an anolyte versus the time of electrolysis
1 — pure sulfuric acid, 2 — waste sulfuric acid
Rys. 2. Zalezno$¢ st¢zenia utleniaczy w anolicie od czasu elektrolizy
1 — czysty kwas siarkowy, 2 — odpadowy kwas siarkowy
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Fig. 3. Concentration of oxidizing agents in an anolyte after electrolysis is completed

Rys. 3. Stezenie utleniacza w anolicie po zakonczeniu elektrolizy

3. OXIDATION OF MODEL SOLUTIONS

Optimum oxidation conditions were determined by using model solutions of non-
ionic detergents of ethoxylated alkylphenols: Rokaphenol N-6 and Roksol JT. Those
solutions contained 100 mg of a surfactant in 1 dm3. The experiments determined the
influence of pH and reaction time on the degree of surfactant oxidation. The dose of
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anolyte was 5%, by volume. For pH correction 4 molar solution of NaOH was used. The
results obtained are presented in figs. 4—6. As it can be seen in figs. 4 and 5 the highest
efficiency of oxidation process is obtained for pH ranging from 4 to 9; but because of
the requirements for the wastewaters discharged into the city sewerage system the opti-

mum pH range seems to be 6.5—9.
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Fig. 4. Influence of pH on oxidation degree of surfactants in model solutions of Rokaphenol N-6 and

Roksol JT

Rys. 4. Wplyw pH na stopien utleniania surfaktantu w modelowych roztworach Rokofenolu N-6
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Fig. 5. COD in model solutions after oxidation of detergents with anolyte depending on pH

Rys. 5. Wpltyw pH na ChZT roztworu modelowego po utlenieniu detergentow anolitem
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The investigations have shown that reaction time slightly affects the oxidation degree
(fig. 6), but the process takes longer than about 4 hours to be completed.

It should, however, be noticed that reaction time depends to a considerable degree
on the composition of the wastewaters, e.g. on the concentration of iron ions which ca-
talyze decomposition of peroxy compounds.
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Fig. 6. Oxidation degree of surfactants versus the reaction time for model solutions of Rokaphenol N-6
and Roksol JT

Rys. 6. Zalezno$é stopnia utlenienia surfaktantow od czasu reakcji dla modelowych roztworéw
Rokafenolu N-6 i Roksolu JT

4. OXIDATION OF ORGANIC COMPONENTS IN WASTEWATERS

Anolyte obtained from the waste sulfuric acid was applied for oxidation of organic
components in the wastewaters from textile and dyestuffs industries. The doses of ano-
lyte, equal to 10% and 15%, of wastewater volume, were taken from the electrolyser and
immediately mixed with wastewater. In order to determine the degree of oxidation of
organic compounds the mixture was neutralized to pH = 7 and analysed after 1 hour.
From the analysis it follows that the oxidation degree depends on the dose of anolyte
and the type of wastewater. In the textile wastewaters (tab. 1) oxidation of anionic deter-
gents and sulfides was complete. Total contents of organics (referred to COD) decreased
by 66—979%, depending on the initial COD value.

In wastewaters from dyestuffs producing industry (tab. 2) the degree of oxidation of
organic pollutants was much lower (from 40 to 799%). It was probably due to their consi-
derably smaller initial concentrations (given in tab. 2 as COD).

It seemed interesting to compare results of oxidation of the same wastewaters from
production of dyestuffs using proxysulfuric compounds and ozone produced in an air-
supplied laboratory ozonator.
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Table 1
Oxidation of textile wastewaters pollutants
Utlenianie zanieczyszczen Sciekow tekstylnych
Type of wastewaters General Dying wastewater Finishing

wastewater wastewater
Dose of anolyte, dm?®/dm?3 0 0.1 0 0.1 0.15 0 0.1
COD, mg O,/dm?3 1150 390 4200 500 125 750 135
COD removal, %, — 66 — 88 97 — 82
Anionic detergents, mg/dm? 10 0 5.6 0 0 10.5 0
Anionic detergents removal, %, — 100 — 100 100 — 100
Sulfides, mg/dm?3 12 0 36 0 0 0.5 0
Removal of sulfides, 9, — 100 —- 100 100 - 100

Table 2

Oxidation of the pollutants of dyestuffs industry
wastewaters

Utlenianie zanieczyszczen $ciekéw z przemystu
barwnikowego

Dose of anolyte COD COD removal
dm?3/dm?3 mg/dm?® O, o
0 840 -
0.05 300 64
0.10 240 71
0.15 180 79
0 130 —
0.05 440 40
0.10 280 62
0.15 240 67

After a 2.5 hour ozonation with 35 mg O,/hr dm?® dose of oxidant the COD of waste-
waters decreased by 90%,. Thus, in the case of ozone, the COD removal was much higher
than that achieved with an anolyte, but the ozonation did not decrease the toxicity of
wastes, while the addition of anolyte apparently reduced the toxicity of wastewaters which
was determined with respect to Daphnia magna.

If we assume the toxicity of raw wastewater being equal to 1009, then after ozonation
it ranged from 829, to 150%, thus it even increased. For the same wastewaters treated
with anolyte the toxicity ranged from 23%, to 77%, of the initial value, thus it was substan-
tially reduced.

Essential disadvantage of anolyte application for oxidation of wastewater components
is the increasing concentration of sulfates.
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Thus, in spite of a very good effects of oxidation of waste components with an anolyte,
this method may be recommended wherever a waste sulfuric (at least 409%) is available.
The acid may be subject to electrolysis at the electric current density of 1.5 A/cm? and the
resulting anolyte can be applied as an efficient oxidant of wastewater organics which is
able to reduce significantly the wastewater toxicity.
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ZASTOSOWANIE ANOLITU Z ELEKTROLIZY KWASU SIARKOWEGO
DO UTLENIANIA SCIEKOW PRZEMYSEOWYCH

Podczas elektrolizy z odpadowego kwasu siarkowego otrzymywano nadtlenowe kwasy siarkowe.
Uzyskany anolit stosowano do utleniania niejonowych detergentéw w roztworach wodnych i do oczysz-
czania surowych $ciekow z przemystu tekstylnego i produkcji barwnikow. Okazato sig, Ze anolit jest efek-
tywnym czynnikiem w oczyszczaniu wybranych zanieczyszczen opornych na biodegradacje. Oznaczono
optymalne parametry procesu. Gtowna wada tej metody oczyszczania sa podwyzszone st¢zenia siarczanow.

VERWENDUNG DER ANODENFLUSSIGKEIT AUS DER ELEKTROLYSE
VON SCHWEFELSAURE ZUR OXYDATION VON INDUSTRIEABWASSERN

Wihrend der Elektrolyse der Abfallschwefelsiure, wurden Peroxoschwefelsauren erhalten. Die Ano-
denfliissigkeit wurde zur Oxydation von nichtionogenen Detergentien in wissrigen Losungen und zur
Reinigung von rohen Abwissern der Textilindustrie und aus der Farbstoffherstellung verwendet. Die
Anodenfliissigkeit wirkt effektiv auf die Verunreinigungen ein, die sich zur Biodegradation resistent ver-
halten. Bestimmt wurden optimale ProzeBparameter. Als wichtiger Nachteil dieser Reinigungsmethode
ist die hohere Sulfatkonzentration zu nennen.

IIP UMEHEHUE AHOJIMTA U3 DJIEKTPOJIM3A CEPHOM KUCJIOTHI
JIUISI OKMCJIEHUS TTPOMBIIVIEHHBIX CTOYHBIX BOJ

.

Bo Bpems JNEKTPOJHM3a W3 OTPAaGOTAHHOM CEPHOM KUCIOTHI IOJyYaslH HAJTKHCIOPOJHBIC CEpHbIE
KHCIOTHL. TTONy4eHHBIH AHONHT MPHMEHSUICS VIS OKHC/ICHWS HEMOHHBIX NETEPIeHTOB B BOJHBIX PacTBO-
pax | IUIS OYACTKH CHIPHIX CTOYHBIX BOJ TEKCTHIBHOH NPOMBIILIEHHOCTH M HPOM3BOJCTBA KPACHTENEH.
OKa3a10Ch, YTO AHONMT ABJIAETCS 3bOHEKTHBHBIM PEATEHTOM B OYMCTKe H3OPaHHBIX 3arpsA3HEHHH, CTOH-
KHX MpOTHB GHozmerpanaumu. Ompeze/ieHsl ONTHMAbHEIE IapaMeTphl Ipouecca. I'aBHEIM HEIOCTATKOM
9TOr0 MeTOHa OYHCTKH SIBJIAIOTCA MOBBIUICHHBIE KOHUEHTPAIWH CylbhaToB.



