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milk production wastewater by agent based on electric arc
furnace dust
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Annotation. The electrokinetic phenomena were studied on model systems represented by
finely dispersed water emulsions imitating the wastewater of soy milk production. The study
has shown the presence of a suspension effect and its dependence on various factors. The
results have proven that the coagulating suspension on the basis of electric arc furnace (EAF)
dust is an effective way to treat soy milk production wastewater. The interaction of system
components is stipulated by opposite charges of the particles in coagulating suspension and
emulsion.

1. Introduction

The technological processes of soy milk production result in wastewater that contains fats, proteins,
carbohydrates, vitamins and other compounds comprising the raw materials, soy beans [1, 2].
Chemical oxygen demand (COD) of such water reaches 18,000 (40,000) mg O,/I, while biological
oxygen demand (BOD) goes up to 15,000 mg O,/dm?® [3, 4]. Such wastewaters are hard to treat and
stale fast, which leads to the emission of wastewater decay products: hydrogen disulfide, ammonia,
mercaptans, etc. Dumping untreated soy milk wastewater into water bodies disturbs the biotic balance,
causes deterioration of habitat of hydrobionts, rotting and eutrophication.

When the untreated soy milk production wastewater gets into the city sewage system, this can
undermine the operation of biological water treatment facilities and reduce the quality of purified
water [5, 6]. Thus, such wastewater must be deeply treated.

To treat wastewaters of various nature and composition, a wide range of physicochemical methods
are used today [7-14]. However, the soy milk production wastewaters are hard to treat since they are
dispersed colloid systems with long-term relative thermodynamic stability. The stability of colloid
dispersed systems is known [15, 16] to be conditioned by similar electrical charges on the surface of
particles that causes their mutual repulsion, counteraction of the coalescence, weighting up and
sedimentation of the particles.

To break the stability of such finely dispersed system, it is needed to change the surface charge to
achieve the isoelectric state of the system. Hence, the information on electrokinetic phenomena
manifesting during the purification of finely dispersed suspensions of organic and inorganic
substances is of great importance for regulating the properties of such systems.
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The authors have studied the electrokinetic phenomena in model soy milk production wastewater
during their treatment chemically using modified dust of electric arc furnaces (EAFs) of the Oskolsky
electrometallurgical works (Belgorod region). Annual volume of such waste amounts to approximately
30 thousand tons, so the recycling of this technogenic material is an essential issue.

EAF dust produced during steel melting contains the following oxides: FeO, Fe,O3, ZnO, Ca(OH),,
Si0,, MgO, while the iron content of iron compounds in conversion to Fe,0s is up to 50%. The dust is
highly dispersed; the particle diameter is from 0.01 to 50 pm [17]. After dust treatment by sulphuric
acid (1N), the authors have obtained a coagulating suspension (CS) with ions of Fe** and Fe** [18].
The produced CS was used to treat model soy milk production wastewater. The investigation also
considered the suspension effects and impact of various factors on the change in &-potential of
particles in systems “CS—water” and “CS—model soy milk production wastewater”.

2. Objects of Study and Methods
The investigation involved a coagulating suspension produced on the basis of EAF dust treated by
concentrated H,SO,, and model soy milk production wastewater.

The pH factor of water solutions was measured by pH-meter (1-500 ionometric converter, Akvilon,
Russia); &-potential was measured by Zetatrac analyzer (Microtrac, USA).

The clarification of emulsions was determined by the turbidity (NTU) using HI 98703 Portable
Turbidimeter (Hanna Instruments, USA)

3. Results and Discussion
At the first stage, the suspension effect was investigated in the considered systems. This effect is
conditioned by the difference in the composition of dispersed medium away from the particles in the
diffusion layer. During the sedimentation, the concentration of the dispersed phase occurs: below, for
the particle density more than that of the medium, mentioned above, for less dense particles. The
particles are found at the distances comparable to the thickness of the ion atmosphere; so, in the
precipitate, the major part of the dispersed medium consists of diffusion layers of ions. This leads to
the difference in average composition of dispersed medium in different parts of the system. For
instance, if the diffusion layer contains excess of H* or OH™ ions, then the dispersed medium in the
precipitate mentioned above has different average pH values [16].

Fig. 1 depicts the CS volume impact on the change in suspension and filtrate pH in the model
emulsion.
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Figure 1. Impact of CS volume on suspension and filtrate pH change in the model emulsion with
initial COD of 78 mg O/dm?
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Under the increased volume of added CS, the emulsion pH reduces, which indicates the change in
ion composition of the dispersed medium. To obtain more comprehensive information, the change in
suspension effect in the system under study was investigated.

The results of ApH dependence on the volume of added CS for emulsions of soy milk in water are
presented in Fig. 2.
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Figure 2. Dependence of ApH on the volume of added CS

According to Fig. 4, with the increase in the CS volume added to the emulsion, ApH first decreased
to minimum at Vcs = 2-2.5 ml per 200 ml of emulsion, and then again gradually increases. This can
be connected with the interaction of iron ions with OH" ions in the solution which results in the shift of
particle charge towards a neutral value, while the solution pertains excess of H" ions, which in its turn
results in acidic pH.

Electrokinetic potential of soy milk emulsion is negative (Fig. 3), which explains the effective
interaction of CS with model water.

0 T T T T 1
mV .
o Vmilk =5 cm3/dm?
-5
-10
-15 -\\.\~
-20 T— .
-25
5 6 7 8 9 10

—#—Vmilk =5 cm3/dm3  PH

Figure 3. Effect of pH on &-potential

lons of Fe* and Fe*" and negatively charged soy milk emulsion droplets are mutually attracted to
the system, which provokes the coagulation of emulsified components.

The diagram (Fig. 4) presents clarification of soy milk model emulsions using CS.

The photos (Fig. 5) demonstrate visual clarification of emulsions after interaction with the
suspension.
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Figure 4. Clarification of soy milk model Figure 5. Visual clarification of emulsions
emulsions using CS after interaction with the suspension.

Thus, the modification of EAF dust by sulphuric acid allows obtaining the coagulation suspension
that effectively clarifies soy milk emulsions and can be used for water treatment.

4. Conclusions

The coagulation suspension produced from EAF dust is an effective coagulant that can be used for
treating soy milk production wastewater. The studies of electrokinetic potential of soy milk emulsion
explains the effective interaction with CS since the system components have opposite electrostatic
charges.

5. Acknowledgment

The article was prepared within the development program of the Flagship Regional University on the
basis of Belgorod State Technological University named after V.G. Shoukhov, using the equipment of
High Technology Center at BSTU named after VV.G. Shoukhov.

References

[1] Smirnova V D, Kuznitsova T V, Karpov P A 2009 Bioconversion of soy processing industry
waste. Success in chemistry and chemical technology. XXI1, 10 (103) 99-103

[2] Frank D Gunstone 2002 Vegetable Qils in Food Technology: Composition, Properties, and
Uses (Sheffield Chemistry and Technology of Oils and Fats)

[3] Shakirov F F 2009 Combined method for physicochemical treatment of soy milk production
wastewater with closed water cycling: dissertation of Cand. of Sci. (Engineering) (Kazan)

[4] Junguo HE, Guangming ZHANG, Haifeng LU 2010 Treatment of soybean wastewater by a
wild strain Rhodobacter sphaeroides and to produce protein under natural conditions. Front.
Environ. Sci. Engin. China. 4(3) 334-339

[5] Ewa LOBOS-MOYSA 2011 Effect of municipal wastewater containing oils on activated sludge
under aerobic conditions. Architecture Civil Eengineering Environment. 4 147-150

[6] Noah I Galil, Chaim Sheindorf 2006 Biological Treatment of Industrial Wastewater by a
Membrane Bioreactor. Israel Journal of Chemistry. 46 89-95

[71 Gaouar-Yadi M, Tizaoui K et al. 2016 Efficient and eco-friendly adsorption using low-cost
natural sorbents in waste water treatment. Indian Journal of Chemical Technology. 23 204-209



MEACS 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 327 (2018) 042096 doi:10.1088/1757-899X/327/4/042096

(8]

9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]

Dincer A R, Karakaya N, Gunes E, Gunes Y 2008 Removal of COD from oil recovery industry
wastewater by the advanced oxidation processes (AOP) based on H,O,. Global NEST J. 10(1)
31-38

Suzana Che Sayuti, Abdul Aziz Mohd Azoddein 2015 Treatment of palm oil mill effluent
(POME) by using electrocoagulation as an alternative method. Malaysian Journal of Analytical
Sciences. 19(4) 663-668

Smaranda Masu, Eugenia Grecu 2016 Solutions in the coagulation of oil wastewater. Studia
UBB Chemia XI 4 189-202.

Qin Yimin, Bingbing Shi, Jingjie Liu 2006 Application of chitosan and alginate in treating
wastewater containing heavy metal ions. Indian Journal of Chemical Technology 13 464-469
Khelifa A S, Moulay Naceur A° W 2005 Treatment of metal finishing effluents by the
electroflotation technique. Desalination 181 27-33

Costley S C, Wallis F M 2001 Bioremediation of heavy metals in a synthetic wastewater using a
rotating biological contactor. Wat. Res. 35 (15) 3715-3723

Strickland F Anthony, Warren S Perkins 1995 Decolorization of continuous dyeing wastewater
by ozonation / Anthony F. Strickland. Textile Chemist and Colorist 27 5

Nyklema J 1995 Fundamentals of Interface and Colloid Science Vol. Il Solid (Liquid Interfaces,
Academic Press, London)

Shchukin E D, Pertsov A V, Amelina E A 2004 Colloidal chemistry (Moscow: Higher
education)

Sapronova Zh A, Sverguzova S V, Suhanov E V, Fomina E V 2017 Certain peculiarities of
coagulation water treatment using electric furnace steelmaking dust. Ecology and industry of
Russia 21 (1) 24-29

Sverguzova S V, Sapronova Zh A, Porozhnyuk L A, Svyatchenko A V 2016 Production of iron-
containing coagulant for wastewater purification from organic suspensions. Bulletin of Samara
Scientific Center of RAS 18, 5(2) 362-366





