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ELECTROCHEMICAL METHOD
FOR PURIFICATION AND DISCOLOURATION
OF CELLULOSE-PAPER INDUSTRY WASTEWATERS

The possibility for purification and discolouration of wastewaters from cellulose-paper
production by electrocoagulation has been studied and it is established that full discolouration is
achieved after separation of the treated waters. Electrocoagulation with iron electrodes has
a considerable purifying effect according to the main indices: for fibre flow COD — 98%, PV —
91%, ISC — 99%; for Iye flow COD — 62%, PV — 63%, ISC — 80%; for “exit” COD — 80%,
PV — 83%, ISC — 80%. The effect of current density on treatment efficiency has also been studied
and it was found that the optimum density ensuring a maximum purifying effect is different for the
different flows.

1. INTRODUCTION

The wastewaters coming from cellulose-paper industry are characterized by
a high degree of pollution due to suspended, colloidal and original substances. Their
dark brown colour is caused by the lignin which after alkaline boiling becomes
water-soluble. Different technologies are employed depending on the required degree
of wastewater treatment, determined by the receiver class. Mechanical removal of the
suspended substances and their reuse in the production process are generally utilized
[1]. At higher requirements, the wastewaters are subjected to mechanical and
biological treatment. The latter does not cause discolouration mainly because of the
high stability of lignin, which is only slightly decomposed at the biological stage [2].
Recently, there have been carried out studies concerning the discolouration of
wastewaters coming from cellulose-paper industry in which coagulation with various
coagulants and flocculants with subsequent sedimentation are applied [3]-[5].
Aluminium sulfate, ferrous sulfate, ferric chloride, aluminium hydroxy-nitrate, and
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aluminium hydroxyl chloride are used as coagulants, and WPK-101, PAA, WA-2,
PPC, microfloc and fibrospan as flocculants.

The chemical treatment guarantees a high purification effect and a good
discolouration of wastewaters. The main disadvantage of this method lies in the fact
that reagents are introduced in considerable amounts and the sulfates and chlorides
exceed the allowable limits. The application of electrochemical methods lacking the
above mentioned disadvantages is a new trend in the treatment of wastewaters from
the cellulose-paper production [7]-[8]. The analysis of research data shows that the
treatment effect depends on the type of electrodes, the construction of ele-
ctrocoagulators, and the conditions under which the process is run.

The aim of this work is to study the potentialities of the electrochemical method
of treatment and discolouration of wastewaters from cellulose-paper industry. The
effect of the current density i (A/m?) and coagulation time ¢ (s) upon the purification
effect o (%) has been studied. The latter is expressed by the main indices of pollution,
i, chemical oxygen demand (COD, mg 0,/dm?), permanganate value (PV, mg
0,/dm?), and insoluble substance content (ISC, g/dm?). The values of these indices
are determined according to the unified methods of water analyses [9].

2. EXPERIMENTAL PROCEDURE

The studies have been carried out in an experimental apparatus shown in fig. 1.
The main part of it is the electrocoagulator, a tank of a capacity of 1.0x 1073 m?,
made of stainless steel. The apparatus is divided into sections and in each of them

a cathode and anode made of low-carbon steel (St 3) of a total surface of 0.0468 m?
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are located. Every other electrode is connected through a common rim with the
positive or negative pole of a TEC-88 rectifier, which maintains the required current
density. _

In the treatment system of a cellulose and paper plant near the town of Razlog,
the following streams of water were examined: fibre stream, bark stream, lye stream,
and the waters at the “exit” before outflowing.

The samples were taken before the biological treatmént. After electrocoagulation,
part of the sample was centrifugated at 500 rpm for 60 s, and the remaining part was
subjected to settling for 72 x 10% s until the water was clarified.

The indices of the centrifugated and siphonated layer, i.e, COD, PV and ISC,
were then determined. The results of the laboratory studies showed that ele-
ctrocoagulation with a subsequent centrifugation resulted in a 100% removal of
insoluble substances and complete discolouration of the wastewaters. The values of
COD and PV for centrifugated and siphonated waters were almost the same. The
data presented relate to the siphonated samples.

The presence of iron ions in the treated waters was controlled spectrophotomet-
rically using sulfonsalicylic acid [9]. It has been established that their concentration
is lower than 0.5 mg/dm?3, i.e., below the allowable limit for the second class receiver.

3. EXPERIMENTAL DATA

The laboratory studies comprised two steps:

1. Examination of the effect of current density and coagulation time on the
treatment and discolouration efficiency.

2. Evaluation of the possibility for practical application of the process in the
wastewater treatment technology.

Under laboratory conditions, current density varies from 10.46 to 42.43 A/m?,
and coagulation time from 3 to 12 x 102 s. On the basis of the results presented in
tab. 1, it can be stated that due to electrocoagulation of industrial wastewaters it is
possible to achieve a high treatment efficiency for all streams.

With the increase of anode density, the values of the examined indices decreased
and got close to those typical of the third class receiver. The results of the study
prove that the maximum treatment effect is attained at a definite anode density,
which is different for the various streams. The anode densities in the case of the fibre
stream, lye stream, and the “exit” are 15, 23, and 32 A/m?, respectively. Further
increase of anode density does not lead to an improvement of the indices and
treatment effect. From the dependence of o on current density and coagulation time
(fig. 2) it can be seen that under the same conditions (current density and coagulation
time) treatment efficiency for the various streams has different values according to
the following serie: fibre, “exit”, lye.
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Fig. 2. A) treatment efficiency acop Vvs. current density at 6x10%s, B) treatment efficiency opyvs.
electrocoagulation time at i = 32.05 A/m? = const

I — fibre stream, 2 — “exit™. 3 — lye stream

In highly efficient methods for wastewater treatment the following requirements
should be fulfilled: a fast running of the process and attaining an appropriate
treatment effect. The treatment time must correspond to the water flow rate and to
the capacity of the treatment plant.

To define the optimum electrocoagulation time, some kinetic studies have been
carried out. The kinetic curves (fig. 3) show that at the fifth minute from the
beginning of electrocoagulation a significant reduction of the basic index values is
achieved. Because of the power saving, the process should be put on motion for

6-9 x 10% s for all streams, whereupon a maximum treatment effect is achieved (figs.
3-5).
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Fig. 3. Kinetic curves of COD and PV reduction for the lye stream at current density
i =21.36 A/m? = const
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Fig. 4. Kinetic curves of COD and PV reduction for “exit” at i= 32.05 A/m? = const
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Fig. 5. Kinetic curves of COD and PV reduction for the fibre stream at current density
i =32.05 A/m? = const

Table 2 presents a comparison of the values of the indices investigated, depending
on the method of treatment applied. It is evident that treatment efficiency is
comparatively high in all the methods tested. Ozonization is efficient but the high
consumption of ozone makes it difficult to introduce the method into treatment
plants with a high flow rate of wastewaters. Treatment and discolouration of waters
by means of coagulants requires 22 t of Al,(SO,); and 28 t of Al,(OH),Cl
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Table 2

Indices of cellulose industry wastewaters treated in different techniques

Techniques for purification Effect, %
and discolouration PV COD Haige
. ences
of wastewater mg O,/dm® mg O,/dm’ Colouration
Ozonization 67.00 58.00 86.00 [10]
Coagulation by Al,(SO,), 68.70 68.50 72.40 [11]
Coagulation by Al,(OH)sCl 71.10 72.20 78.40 [11]

Electrocoagulation 83.00 80.00 100.00
(after scparation)

daily for the waters at the “exit” at a flow rate of 2635 m3/h [11]. The main
disadvantage of the method lies in the introduction of a large amount of chemicals
which would exceed the allowable norms, and we know that treatment plant
performance depends on the chemical supply.

The electrochemical method suggested has none of the abovementioned disad-
vantages. Besides, it provides a possibility of attaining a high treatment efficiency for
a short period of time, and no preliminary adjustment of the water pH is required.
The electric power required for the treatment of 1 m® of water is 2 kWh on the
average.

Comparing our results with those presented in [12], we can state that the method
developed by us guarantees a higher treatment efficiency at a considerably lower
consumption of electric power. These advantages are due to the different ele-
ctrocoagulators employed and to the different optimum conditions.

4. CONCLUSIONS

1. Electrocoagulation of wastewater originating during cellulose-paper produc-
tion guarantees high treatment efficiency. The values of the basic indices of
wastewater are as follows: for fibre stream COD is 98%, PV 91%, ISC 99%; for lye
and bark stream COD is 62%, PV 65%, ISC 80%; and for the “exit” stream COD is
80%, PV 83%, ISC 94%.

2. It has been established that the optimum current densities needed for attaining

a maximum treatment efficiency are different for the various streams. For the fibre
stream, lye and bark streams, and the “exit” they are 15, 23 and 32 A/m?2,
respectively. The treatment time of the wastewaters ranged within 6-9 x 10% s, at
electric power consumption of 2 kWh per 1 m? of water. The electrocoagulation
method is applicable for clarification and treatment of wastewaters containing
suspended and dissolved substances.
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METODA ELEKTROCHEMICZNEGO OCZYSZCZANIA I ODBARWIANIA SCIEKOW
Z PRZEMYSLU CELULOZOWO-PAPIERNICZEGO

Zbadano mozliwo$¢ oczyszczania i odbarwiania $ciekOw celulozowo-papierniczych w procesie
elektrokoagulacji. Stwierdzono, ze catkowite odbarwianie $cickow nastgpuje po zastosowaniu procesow
mechanicznego rozdziatu. W procesie elektrokoagulacji z uzyciem elektrod zelazowych uzyskano
nastepujace obnizenie wskaznikow zanieczyszczenia: dla $ciekow celulozowych — ChZT o 98%,
utlenialno$¢ (PV) o 91%, sucha pozostato$¢ (ISC) o 99%; dla tugow powarzelnych — ChZT o 62%, PV
0 63%, ISC o 80%; dla scickow ogodlnych — ChZT o 80%, PV o 83%, ISC o 80%. Zbadano réwniez
wplyw gestosé pradu na efektywnosé oczyszczania. Stwierdzono, ze optymalna wartos¢ gestosci pradu, dla
ktorej uzyskuje si¢ maksymalny efekt oczyszczania, zmienia si¢ w zaleznosci od rodzaju Scickow.

METO/] DJIEKTPOXMMUYECKON OUMCTKU Y OBECLBEUMBAHMS CTOYHBIX BOA,
[MPOUCXOAAIUX U3 LEJUTIOJIO3HO-BYMAXHOW MPOMBINIJIEHHOCTH

HccnenoBana BO3MOXHOCTb OYMCTKH U OOECI[BEUMBAHHSA B MPOIIECCE JICKTPOKOATYIISILIUU CTOYHBIX
BOJI, IPOUCXOIAMX U3 LEJUIIOJIO3HO-OyMaXHOH TIPOMBILLIEHHOCTH. Bbijio yCTaHOBJIEHO, ¥TO NOJHOE
oBeCIBeuMBAHME HACTYNAET TOCTE TPUMEHEHHs MPOIECCOB MEXaHWYECKOro pasjeseHus. B mpomecce
3JIEKTPOKOATYNSNMA C YIHOTPEOICHHEM OJIEKTPOAOB W3 Kejae3a TOMyYH/IH CIICAYIOee TOHMKCHHE
Moka3aTellell 3arpsa3HEHHs: IS EJUTFOJIO3HBIX cTounbIX Boa — XIIK Ha 98%, oxucasemocts (PV) Ha
91%, cyxoii ocrarok (ISC) Ha 99%; A OTPabOTAHHBIX BAPOYHBIX IIEJIKOB — XIIK Ha 62%, PV nHa
63%, ISC Ha 80%; mist obmmx crounbix Bog — XITK Ha 80%, PV Ha 83%, ISC na 80%. UccnenoBano
TaK)Ke BIMSHHE TUIOTHOCTH TOKa Ha 5(QEKTHUBHOCTb OYHMCTKM. YCTAHOBWIIM, 4TO ONTHMAJbHOE
3HAYCHHME TUTOTHOCTM TOKA, JUT KOTOPOTO MOJyd4aeTCs MAaKCHMAJIbHBIH JQQEKT OYMCTKH, MCHSETCH
B 3aBUCHMOCTH OT BHJA CTOYHBIX BOJI.




