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Abstract

Application of the coagulants in treatment of wastewater from food industry is one of the most promising
techniques to establish environment-friendly industries. This article describes results of experiment and the
chemistry of wastewater treatment with coagulants and so called “coagulant aids”. The coagulation efficiency was
determined combining different techniques (photocolorimetric method, the microscopying of the samples, zeta
potential measurements). The results showed that aluminum sulfate was nearly twice more effective in presents of
alumina powder. The reason for this behavior can be explained by the negative value of Zeta potential on its surface.
It was found that the aggregation and sedimentation speed can be greatly enhanced.
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Introduction

Coagulation has been subject of many research, most of which
has been related to wastewater treatment [1-5], however, it may differ
from depending on chemical and physical parameters of contaminants.
The particles to be removed include organic material, which can react
differently to a coagulant.

Wastewater of a meat plant is full of contaminants, such as fats,
carbohydrates, proteins, organic acids. Macromolecules of protein
roll up into compact globules, which are negatively charged and have
hydrated coating. Their aggregative stability is provided by a series of
factors: a decrease in surface energy of dispersed phase (i.e. reduction
of driving force in coagulation) as a result of formation of an electric
double-layer by the presence of kinetic barriers for coagulation in the
form of electrostatic repulsion between colloidal particles and counter-
ions of the similar charges. One more reason for stability of colloids is
connected with the process of hydration (solvation) of ions. The coat
of the diffusion layer composed of solvated counter-ions also prevents
adhesion of the particles. However, if the charge on colloidal particles is
destroyed, they are free to come nearer and grow in size. The following
forces play an important role in the interaction of colloid particles:
included volume repulsion, electrostatic interaction, Van der Waals
force, entropic force, steric interactions.

In wastewater treatment coagulation process is particles adhesion
process with formation of large flocs, as a result of addition of a
chemical reagent (coagulating agent) for the purpose of destabilization
of suspended colloidal particles and their subsequent coagulation
(aggregation).

Inorganic coagulating agents (low-molecular inorganic and
organic electrolyte), are neutralize negatively charged colloidal
particles in water with following particles aggregation (coagulation)
and precipitation. For example, aluminium sulfate (AL,(SO,),«18H,0),
consists in hydrolysis of sulfates with formation at low pH positively
charged sol of aluminum hydroxide [ mAI(OH), 2n AI(OH); (2n x)so?,’]z“ .

Together with coagulants can be used various clay, pastes, a
metal dust, ashes, small quartz sand [4]. They can play a role of the
additional centers of condensation of products of hydrolysis, promotes
acceleration of coagulation, speed of their sedimentation. Some of
them can be an adsorbents and increase effectiveness of purification of
waste water from dissolved impurities.

During the precipitation of metal hydroxides organic
macromolecules are enclosed in the flocks [6] and removed in the
subsequent filtration process.

High-molecular organic or inorganic compound give simultaneous
adsorption on two or several particles of disperse phase connects them
in aggregates by polymeric bridges and as a result reduces stability
of disperse system. Such bridges can form both macromolecules of
water-soluble polymers, and insoluble substances in water, for example
Aluminum Oxide powder (y-AlO,) [7].

One of the major uses of activated metal oxides is for adsorbing
metal or nonmetal ions from aqueous wastewater streams. For instance,
activated alumina is suggested by the Environmental Protection Agency
(EPA) as a Best Available Treatment (BAT) for removing selenium and
arsenic ions from water [8].

The free energy of adsorption for charged ions onto highly charged
metal oxides is due to three main contributions: specific chemical
interaction, columbic attraction or repulactivated and desolvation of
the ion [9].

As it was shown in the metal ions are chemically bound to the
=Al-0" group by an ionic exchange with H* group which is favored
by the basic conditions of the medium. The metal ions retain a positive
charge, then coagulation can occur by electrostatic interaction between
the positive sites = A/—O—M" on one particle and the negative
groups =A/—-O" on another; in this process, the metal ions are
acting as bridging units between the particles. This is the mechanism
to flocculate and to adsorb the metal ions in solution on the particles
surface [10-13].
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Knowledge of the zeta potential provides an important parameter
for the explanation of the adsorption mechanism of an adsorbate at
the metal oxide-water interface [14]. The isoelectric point (i.e.p.) or
point of zero charge (pzc) of the any metal oxide surfaces provides
information on the cleanness of a metal oxide surface.

In this study the zeta-potential method was used to determine
coagulations and sorption processes in meat industry wastewater
treatment. This rate information was then analyzed to establish the
mechanisms of coagulation and adsorption.

Materials and Methods

Activated y-alumina (y-AlO,) and aluminum sulfate (AL(SO,), 20
% w/v) were used as the reagents for all phases of studies.

The subject of the research is wastewater of a dairy plant with the
following pollution characteristics: Suspended Substance (SS)=1350
mg/L, Fats=64.3 mg/L, Iron salts=2.59 mg/L, pH=6.5-7.0, t=20°C.

The mass fraction of fat in the experimental samples was estimated
using the Gerber method. The method is based on the allocation of fat
under the action of strong sulphuric acid and isoamyl alcohol in the
form of a continuous layer, the amount of which is measured in the
graded part of the butyrometer.

The content of suspended substances in the samples was estimated
using the turbidimetric method. The optical density (D) was measured
at a fixed wavelength of 500 nm using a UV-visible spectrophotometer.

The content of Iron salts was monitored by photometric method at
the wavelength 420 nm. This method based on the fact that sulfosalicylic
acid in weakly alkaline medium form a colored complex salts with iron
(III) and (II) (yellow color).

The zeta potentials and the average size of the particles were
measured with Zetasizer (Malvern Instruments) based dynamic light
scattering and electrophoretic light scattering method using M3-PALS
technology.

The microscopying of the samples has been conducted with Biomed
4 trinocular microscope with a lens increased by x10 and additional
increase of the camera x4. Biomed 4 is designed to monitor substance
in transmitted light in the bright and dark field, phase contrast.

Results and Discussions

Wastewater from meat industry can be considered as a dispersed
system (suspension). It is known that above pH 7 nano-particles in a
sol-gel system are charged negatively. This negative charge stabilizes
the dispersion by electrostatic repulsion, preventing the aggregation of
the particles.

According results of measuring the initial particle size was of 3.54
um with the zeta-potential of -15.9 mV at pH=6.8 (Figures 1 and 2).
Indeed, particles with zeta potentials less than -30 mV are normally
considered stable, the process of coagulation occurs rather slowly.
Multi component structure of wastewater acts as a stabilizing factor
here. To stimulate the process (of rapid coagulation) it was necessary
to add special reagents — coagulants or flocculants — which should band
together small particles of dispersed system into bigger ones under the
influence of cohesive forces.

For the purpose of studying the process of coagulation purification
of waste water of the meat plant series of experiments to identify the
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Figure 1: The results of measuring the size of particles in dispersed phase of
the dairy plant waste water.
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Figure 2: The results of measuring the value of Zeta potential of dispersed
phase of the dairy plant waste water.

particles size and value of zeta-potential of resulting agglomerations
against the dose and the type of the reagent were conducted.

Aluminum sulfate at low pH (<7, 8) form positively charged sol
of aluminum hydroxide, which can neutralize negatively charged
particles in wastewater with following aggregation (coagulation). Flock
growth rate as a function of time for different dosage of aluminum
sulfate presented on the Figure 3.

When the sizes of the flocs were large enough, the sedimentation
effects become possible. The maximum of the flocs size were in
correlation with their maximum sedimentation speed and with
isoelectric point (i.e.p.) (Figure 4).

Effectiveness of wastewater treatment as a function time is shown
on the Figure 5. Simultaneously with coagulation and precipitation
adsorption effects took place. However, according with result of
experiments the fats removal was much more effective than adsorption
of iron salts at any dosage of aluminum sulfate. This phenomenon
seemed to indicate that aluminum sulfate effective to enhance solids and
fats removal and not so effective in removing of soluble components.

The properties of any specific fat molecule depend on the particular
fatty acids that constitute it. Long chains of fatty acids are susceptible to
intermolecular forces of attraction (in our case, van der Waals forces).
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Figure 3: Flocs size as a function of time for different doses of aluminum
sulfate: 1 — 10 pL/L; 2 — 30 pL/L; 3 — 50 pL/L.
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Figure 4: The influence of the dose of aluminum sulfate (10, 30 and 50 pL/L) on
Zeta potential of the formed flakes (after 4 min).
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Figure 5: Effectiveness of wastewater treatment as a function time at the
dosage of aluminum sulfate 30 pL/L.

Obviously the mechanism of coagulation both SS and fats include
double layer compression and charge neutralization.

In order to increase effectiveness of purification activated y-alumina
(y-ALQ,) obtained from the waste of aluminum alloys etching process
[15] was studied as a “coagulant aid”. The mean particle diameter of
this sample was determined to be 0.6 um and the specific surface area
measured by BET method was 2.95 m?*/g.

According to Charge Distribution Multisite Complexation model

[8], on a surface of particles of y-AL O, (hydro gels in water solutions),
there are few versions of adsorption sites: on plane sides of y-ALO,
there is one version active adsorption sites at pH> 9; on costal are two
versions, active in all interval pH.

Depending on pH suspensions it is formed positively or negatively
charged surface, which charge is compensated by oppositely charged
ions from a solution. At pH 3.5 the zeta potential of alumina particles
is appropriately positive.

The results of the research have shown that the average diameter of
the particles of powder of the sorbent was 5.22 um, and the initial value
of Zeta potential on the surface of the sorbent in wastewater was -15.6
mV at pH=6.7.

The kinetic and isotherm of the adsorption process of Fe** ions on
the y-AlL O, are presented on the Figures 6 and 7.

The results of experiment showed expediency joint usage of
sorbents and coagulants (Table 1).

The value of zeta potential decreased due to positive charge ions
sorption. The metal ions are chemically bound to the = 4/-0~ group
by an ionic exchange with H* group which is favored by the basic
conditions of the medium [16]. We can suppose, that Fe?* ions retain a
positive charge, then coagulation can occur by electrostatic interaction
between the positive sites = A/ —O—Fe” on one particle and the
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Figure 6: Kinetic plot of Fe* ions adsorption on y-AlL,O* at three
different dosages 1 — 10 pL/L; 2 — 30 pL/L; 3 — 50 pL/L.
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Figure 7: Isotherm plot of Fe* ions adsorption on y-Al,O, at three different
dosages, were x=mass of adsorbate; m=mass of adsorbent; c=Equilibrium
concentration of adsorbate in solution.
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Way of treatment of waste water | Zeta potential, mV | Size of particles, um Iron removing, % SS removing, % | Sedimentation speed, cm/min
Wastewater -15.9 3.54 - - -
ALO, -42.8 0.61 - - -
Wastewater + ALO, -15.6 0.61 26 12 -
Wastewater + Al,(SO,), -2.6 1650 40 86 15
Wastewater + AL(SO,), + ALLO, -1,07 1890 85 95 75

Table 1: The composition of the wastewater before and after treatment.

negative groups = 4/—O~ on another; in this process, the Fe ions are
acting as bridging units between the particles.

This is the mechanism to flocculate and to adsorb the metal ions in
solution on the adsorbent’s particles surface. As a result we had a very
high effect of iron salts removing.

Indeed the value of zeta potential was still too high for flocculation
of particles (in waste water there are particles of sorbent with zeta
potential -15.6 mV and suspended particles -15.9 mV) and beginning
of sedimentation process.

The residual concentration of iron salts in wastewater (effect of
removing 90 %) can be explained by following. At low concentrations
only the most thermodynamically favorable active surface groups
participate in the adsorption process. The ion potential value for Fe*"
is 44.8 and for Fe’* is 21.4; the energy of hydration for Fe?* is -87.9
kJ/mol, and for Fe** is -135.6 kJ/mol [17]. So Fe?** has more value of
ion potential and less hydration degree and can be more adsorbed by
negative charged surface of aluminum oxide. In the end of sorption we
have residual concentration of Fe*'.

Conclusions

Double layer compression and electric charge neutralization
appeared to be the major factor in the coagulation process, as suggested
by plotting zeta potential measurements and particle size during the
experiments.

Joint usage of an inorganic sorbent and aluminum sulfate allows
us to increase the value of Zeta potential and the effectiveness of
purification almost twice. The sorbent particles act as additional
condensation centers for hydrolysis products, which contributes to the
increase of coagulation, the flakes of suspended solid particles become
heavier, their hydraulic size increases. Besides, dissolved impurities are
adsorbed from the wastewater. Use of dual aluminum sulfate — alumina
systems can markedly enhance coagulation at a much lower dosage.
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