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POSSIBILITIES OF PURIFICATION
OF EFFLUENTS FROM PESTICIDE PRODUCTION
USING MAGNETIC TREATMENT
AND ELECTROCOAGULATION

The paper deals with the application of magnetic treatment and electrocoagulation in the
treatment of industrial effluents from the production of the perocin pesticide. The use of magnetic
treatment and electrocoagulation intensifies the process of coagulation and sedimentation.
Different variants of a technological scheme for treatment of industrial effluents have been
suggested, namely: mechanical sedimentation, filtration, magnetic treatment, electrocoagulation,
and reagent removal of zinc.

1. INTRODUCTION

One of the trends in the technology of treatment of municipal and industrial
effluents is application of electrocoagulation, electroflotation-coagulation, and treat-
ment in a magnetic field [2]-[4]. In the present work, we have discussed the question
concerning the application of the above methods to the purification of industrial
effluents from pesticide production.

Industrial effluents were polluted with organic, inorganic, dissolved, and disper-
sed substances. The insoluble substances, i.e., kaolin (used as a filler in the finished
product), geropon (suspension agent used to prevent sedimentation of suspended
solids), and magnesite, are finely dispersed and form nonsettling suspension. The
experiments carried out have shown that after mechanical sedimentation only the
water quality does not meet the sanitary standards of 3rd category water with
respect to suspended substances. Therefore, filtration of industrial effluents has to be
included in the treatment process. Although the process of filtration is la-
bour-consuming due to the cleaning of filter presses, it removes insoluble solids from
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industrial effluents. The effluents, however, contain a high concentration of dissolved
substances (sulfate ions, zinc, etc.). The investigations have shown that the concent-
rations of these substances after filtration are too high to meet the required sanitary
‘standards. The average zinc concentration amounted to 0.41 g/dm?, thus being 400
times higher than the admissible in the case of 3rd category waters (1 mg/dm?), and
the concentration of sulfate ions being 23.5 g/dm? was 78 times higher than that
admissible to sanitary standards for 3rd category waters (0.3 g/dm?). Removal of zinc
from industrial effluents can be done by treating them with NaOH, Na,CO,, and
Na,S, separately or jointly, or by ion exchange methods [5], [8]. PORUBAEV [6] has
found that preliminary sedimentation of zinc with Na,CO,, followed by a magnetic
treatment and, finally, by the addition of a coagulant (limewash), is a possible way of
meeting sanitary standards.

2. EXPERIMENTAL RESULTS AND DISCUSSION

2.1. MAGNETIC TREATMENT OF EFFLUENTS

The studies on magnetic treatment of artificial wastewaters (perocin dissolved in
water) by means of a magnetic apparatus at one-time interception of the magnetic
flux have shown that intensification of the magnetic flux increases the efficiency of
FeCl, coagulation up to 15.5% as compared to the conventional method. The
increase of efficiency of the coagulation process by 25 and 30% was due to the
reduction of the time elapsing from the coagulant addition to the gel particle
sedimentation at magnetic induction B = 7.02x 107> T and 11.04 x 102 T at water
flow rate w = 0.8 m/s. The magnetic treatment method permits shortening of the
flocculation and sedimentation time during chemical coagulation because of the
formation of bigger and more readily sedimentating gel particles.

The experiments were performed on artificially prepared water as well as on
industrial effluents from the horizontal sediméntation tanks in the factory. The
process was carried out by means of a magnetic apparatus providing the possibility
of twelve-times interception of the magnetic flux. The effectiveness of the magnetic
treatment was registered by an optical method described by Aumerov [1]. The light
permeability of the treated and untreated waters in the sedimentation process was
compared with the distilled water standard. The measurement was made using
“Specol” (cup 10 mm). The highest treatment effectiveness, i.e., 3.6-5.5%, was
achieved at magnetic induction B=2x107? T and B =3 10~ 2 T, and w ranging
within 0.3-0.4 m/s. Under the conditions stated, the artificial and industrial effluents
were treated with an optimum dose (280 mg/dm?) of FeCl, coagulant. The same
dose was added to the untreated water (control sample). The sedimentation kinetics
data are shown in fig. 1. Tt can be seen that the Fe(OH), gel particles in the treated
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Fig. 1. Sedimentation kinetics of gel particles obtained after addition of the FeCl; coagulant
I — treated water in the magnetic field, 2 — control sample, H,,, — height of Fe(OH), sediment during sedimentation process in Imhoff
cvlinder (mm). H_, — height of water sample taken for sedimentation in Imhoff cylinder (mm)

water (curve I) precipitate more quickly and the volume of the sludge in a given
moment is higher than that in the control sample (curve 2). It was established
(according to SHAHOV [7]) that visible gel particles in the treated water appear in the
10th second and their agglomeration continues until the 55th second. In the control
sample these effects occurred in the 20th and 100th second, respectively (inten-

10 55
sification EIOOz 50% and WIOO = 55%). At the end of the sedimentation

process (v = 250 min) the light permeabilities of treated and untreated (control
sample) waters were 92.5 and 89.2%, respectively (effectiveness of the magnetic

89.2
treatment of water 925 100 = 96.4%). The water subjected to magnetic treatment

contained 28 mg of suspended solids per dm?, and the untreated water, 54 mg of
suspended solids per dm? after sedimentation. Figure 1 shows that the thickness of
the sediment layer obtained at the constant t = 220 min after magnetic treatment is
higher than that in the untreated water. For treated water at t = const. = 220 min
(from the 10th to the 230th min) the sediment is thickened by 1.78 times. The control
sample, however, at const 7 = 220 min (from the 16.5th the 236.5th min) is thickened
by 1.30 times. These investigations as well as the results obtained by PORUBAEV [6]
suggest that after magnetic treatment of industrial effluents from pesticide produc-
tion and a FeCl; coagulation process, the sedimentation of dispersed particles may
be intensified and a more thorough zinc removal can be achieved by means of the
reagent method with limewash. The magnetic apparatus can be installed after the
horizontal sedimentation tanks or the filtration in the existing technological scheme.
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22. ELECTROCOAGULATION TREATMENT OF INDUSTRIAL EFFLUENT

Electrocoagulation stimulates the flocculation of the insoluble solids which are in
a dispersed state, thus leading to more efficient and quicker sedimentation of
particles in the treated water as compared to the control sample. This results in
a more intensive sedimentation, i.e., for the same sedimentation time the volume of
sediment of the treated water is about 50% higher than that of the control sample. It
has been established that during sedimentation the initial formation of the sediment
in the treated water begins much earlier (as early as in the 5th min after the start).
Sedimentation in the control sample begins in the 10th min after the start. Therefore,
the treatment leads to intensification of the sedimentation process and in the case
considered sedimentation begins in the 5th min after the start. Sedimentation in the
treated water continues for 25 min; in the control sample it lasts 55 min. The
treatment with electrocoagulation reduces the time of sedimentation to 30 min. At the
end of the 25th min the volume of the sediment in the treated water is 1.87 times
greater than that in the control sample due to the greater volume of the removed
dispersed particles, which in the control sample remain in the water. Nevertheless, at
the end of the 60th min the sediment in the treated water is thicker (46.5%) than that
in the control sample (12.9%) for the same period of time.

After the treatment, at the end of the 25th min, perocine concentration in the
sediment is the same as in the control sample sediment at the end of the 50th min
(table). This allows its reuse for pesticide production (fig. 2, variant 1). Ele-
ctrocoagulation decreases the content of insoluble substances in the effluents in the
range from 0.1 to 8.15 g/dm® to the sanitary standard requirements for the 3rd
category waters (< 80 mg/dm?). The same result cannot be obtained by mechanical
sedimentation only in laboratory conditions for 2 h and in the existing industrial
horizontal sedimentation tanks (t = 16 h). Some other parameters of treated water
have also been improved, i.e., COD (by permanganate), BODj, perocine and zinc
contents are lower by ca 1.05, 1.4, 1.15-2.18, 2.69 times, respectively, as compared to
the control sample, mechanically sedimented for a period of 2 h only.

Table

Perocin content in the effluents, in the sediment of the control sample, and in the treated water sediment

Treatment regime Perocin content
Control Treated
Current Current
intensit I Effluents sample water
n e:sl y A/rsnzy weight % sediment sediment
weight % weight %
2 375 74.1 70.5 69.5
8 1500 — 78.4 77.6
13 2440 — 78.4 76.4
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Fig. 2. Technological scheme for treatment of industrial effluents from perocin pesticide production

1 — mechanical sedimentation (MS), 2 — electrocoagulation (EC), 3 — reagent removal of zinc (RPZ), 4 — magnetic treatment of water

(MTW), 5 — coagulation (C), 6 — filtration (F), I — industrial effluents (IE), Il — purified water (PW), Il — perocin containing sediment

after MS of effluents treated by EC (S), IV — zinc containing sediment after MS of effluents treated with Na,COj (reagent), magnetic field and
Ca(Ol), (coagulant). V pesticide production (PP)

2.3. REAGENT AND ELECTROCOAGULATION REMOVAL OF ZINC

We have also investigated zinc removal from wastewater using Na,CO,. The
zinc ions contained in the water form with the latter compound Zn;CO;(OH),,
which is a poorly soluble compound [5]. According to FisHMANN [5] the following
chemical reaction takes place

3Zn** +5C0O3~ +4H,0Zn,CO,(OH), +4HCO; . (1)
The optimum dose of the reagent (Qy,co0,) has been determined by the formula
Onasco; = 2.7 Cg,* (2)

6 — EPE 3-4/88
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where 2.7 is the quantity of Na,CO, (mg) for the sedimentation of 1 mg Zn**
according to chemical reaction (1), C,** — the concentration of zinc in the
industrial effluents.

According to scientific data, in order to create optimum conditions for sedimen-
tation of zinc by Na,COj, it is necessary to have a considerable amount of the
reagent [5]. '

Having in mind that electrocoagulation allows an increase of the purification
degree when treating zinc containing industrial effluents (about 2.69 times more in
comparison with the 2 hour mechanical sedimentation) and intensification of the
sedimentation process, it is reasonable to carry out experiments for zinc removal by
combining the reagent method with the electrochemical method of treatment.

The experiments were conducted using wash water prepared artificially by
dissolving pure for analysis (pa) zinc sulfate (ZnSO, - 7H,0) in distilled water. The
zinc concentration ranged from 87 to 107 mg/dm?. After adding the required
quantity of Na,CO,, determined by the formula (2), and stirring it, the water became
turbid and small, fine particles of zinc carbonate were formed. Two samples were
taken from the water thus treated: a control sample whose sedimentation lasted 2 h
and a sample treated by electrocoagulation. The treatment was made at a current
density i (i = 187.5, 375, 563, 1125 A/m?) and water flow rate w (the rate interval
0.119-0.47 m/s). After the electrocoagulation, the treated water was retained for
sedimentation for 2 h. Zinc was determined in the above two samples. Removal
degree in the control sample amounted to 42% (52 mg/dm?) and in the treated water
it ranged from 94.8 to 99% (5.6 and 0.8 mg/dm?). The highest removal efficiency was
obtained at i = 563 A/m?, w = 0.149 m/s, and electric treatment time 7, = 3.36 s.
Electric energy consumption for the treatment of 1 m* of water ranged from 2.00 to
8.84 kWh/m?>. The volume of the sediment in the treated water was 1.7 times greater
than that in the control sample. The application of electrocoagulation at a stoichio-
metric quantity of Na,COj allows the achievement of a high degree of purification
and the respective sanitary standards (1 mg/dm?) for 1st category water without an
excess of reagent. Furthermore, the sedimentation of the particles of basic zinc
carbonate was intensified, while sedimentation without electrocoagulation proceeded
quite slowly and a large portion of the particles remained in the treated water. The
sediment (S,) obtained can be used in non-ferrous metallurgy for regeneration and
production of zinc (fig. 2, variants 1-4).

3. TECHNOLOGICAL SCHEME OF PURIFICATION
OF INDUSTRIAL EFFLUENTS FROM PEROCIN PRODUCTION

The studies carried out and the conclusions derived allow us to recommend
a technological scheme for the treatment of industrial effluents from pesticide
production. This scheme is made in four variants (fig. 2) and includes the following
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operations: mechanical sedimentation, filtration, magnetic treatment of effluents,’
electrocoagulation as well as reagent removal of zinc. The scheme will be tested in
a pilot plant for purification of effluents from pesticide production.

4. CONCLUSIONS

The use of magnetic treatment and electrocoagulation allows intensification of
the coagulation and sedimentation processes during the treatment of industrial
effluents. The wastewater contains dispersed particles of the perocin pesticide. At the
same time the following water parameters are improved: content of insoluble
substances, perocin, zinc, COD (by permanganate), BODg, achieving the sanitary
standards for 3rd category water (insoluble substances, zinc). For technological
variants are given including mechanical sedimentation, filtration, magnetic treat-
ment, electrocoagulation, and reagent purification of zinc.

REFERENCES

[1] Aumerov Sh. U., Metody indikacij magnitnoj vody, Kazanskij Universitet, 1972, pp. 39-44.

[2] BarTkIEWICZ B., Badania nad zastosowaniem elektroflotacji do oczyszczania $ciekéw o charakterze
emulsji olejowych, Gaz, Woda i Technika Sanitarna, Vol. L (1976), 8, pp. 227-230.

[3] Beck E. G., GianNINT AL P.. Electrocoagulation clarifiers for waste water, Food Technology, Vol. 28
(1974), 2, pp. 18-29.

[4] BiLyk A, MALysa A., Usuwanie zawiesin mineralnych z wod dolowych metodq elektrokoagulacji,
Postep Techniczny, Katowice 1978, pp. 145-150.

[5] F8™MANN. 1. G., Vodosnabzenie i ocistka stocnych vod predprijatij chimiceskich volokon, Chimija,
Moscow 1971.

[6] PoruBAEV P. V., Vlijanie magnitnoj obrabotki na process ocistki rostvorov ot cinka, Sbornik Trudov po
Obogosceniju Rud Cvetnych Metallov, 2 (1971), pp. 165-174.

[7] SacHov A. L, Issledovanie vlijanija magnitnogo pola na process koagulacji primesej v vode, Izvestija
VysSich Ucebnych Zavedenij, No. 11-12 (1963), pp. 214-215.

[8] ZaGorskt V., Izbor na jonoobmenni smoli za ocistka i opolzotvorjavane na med i cink ot raztvori,
Zbornik Materiali ot Simposium po Preistvane na Bitovi i Promisleni Otpadat$ni Vodi, Varna 1972,
p. 330.

MOZLIWOSCI OCZYSZCZANIA SCIEKOW Z PRODUKCJI PESTYCYDOW
W POLU MAGNETYCZNYM ORAZ W PROCESIE ELEKTROKOAGULACJI

Opisano wykorzystanie pola magnetycznego oraz procesu elektrokoagulacji w oczyszczaniu $ciekdw
przemystowych pochodzacych z produkcji pestycydow. Stwierdzono, ze obie metody zwiekszaja intensyw-
nos¢ procesu koagulacji i sedymentacji. Zaproponowano rozne schematy technologiczne oczyszczania
scickow przemystowych obejmujace procesy mechanicznej sedymentacji, filtracji, oczyszczania w polu
magnetycznym, clektrokoagulacji i usuwania cynku za pomoca chemicznego stracania.
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BO3MOXXHOCTU OYUCTKU CTOUYHBIX BOJ U3 IMPOU3BOJACTBA MECTHLMAOB
B MATHUTHOM IIOJIE U B IMPOLIECCE 3JIEKTPOKOATVJIALNN

OnucaHoO HUCIIOJIB30BAHME MArHUTHOrO MOJsi W mpolecca JIEKTPOKOAryJjasiiui B  OYHCTKC
TPOMBILJICHHBIX CTOYHBIX BOJ, MPOUCXOASAIIMX U3 NPOU3BOACTBA MECTUIIHIOB. Bruio YCTAHOBJIEHO, YTO
oba mMeroma YBEJIMYHABAIOT MHTEHCUBHOCTH IIpolecca KoaryJsiuu H CEAUMECHTAIIHUU. Hpe}momemﬂ
Ppa3HbIC TEXHOJIOTUYECKHE CXEMbl OYUCTKH NMPOMBILIUICHHBIX CTOYHBIX BOZ, OXBaThIBAOLIUE MPOLECCHI
MEXaHHYECKOW CeMMEHTAIIUH, (bPUIpraI_IPlH, OYUCTKH B MArHUTHOM IIOJI€, KOATryJsIUA H YyIOAJICHHUS
IIMHKAa NpH NMOMOIIMA XMMHYECKOTOo OCaXICHUI.




