The 9t International Conference “ENVIRONMENTAL ENGINEERING”
22-23 May 2014, Vilnius, Lithuania
SELECTED PAPERS

elSSN 2029-7092 / elSBN 978-609-457-640-9
Available online at http://enviro.vgtu.lt

Section: Water Engineering

Experimental set for testing methods of industrial wastewaters treatment
with the use of flotation techniques

Stawomir Zak?, Lech Zabtocki®

“Department of Chemical Technology and Engineering, University of Technology and Life Sciences, 3 Seminaryjna Street,
85-326 Bydgoszcz, Poland
b Department of Research and Implementation, Projprzem-Eko sp. z o.o., 1 Osiedlowa Street, 89-300 Zamos¢ n. Bydgoszcz, Poland

Abstract

This paper presents a set for testing industrial wastewaters in technical scale using physicochemical methods of their pretreatment at the
source of their origin with flotational precipitation of flocculated and thickened dispersed fractions. The installation constructed on a
mobile pallet of capacity up to 1.0 m?/h is equipped with a central, cylindrical-conical process reactor with a slow-speed frame agitator (or
with an optional flotator and a surface flotate skimmer), tubular reactors where chemical reagents are dispensed from their preparation and
dosing stations, as well as with the process nodes to conduct flotation techniques with induced air (IAF) and/or dissolved air (DAF)
according to the own invention or with the assistance of oxidation (OxIAF and/or OxDAF). Using this test set, different methods of
physicochemical pretreatment can be optimised by means of i.a.: coagulation, chemical precipitation or deep oxidation and final
separation of the dispersed phases with mentioned flotation techniques supported by oxidation with e.g. hydrogen peroxide.
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Nomenclature

1IAF induced air flotation

DAF dissolved air flotation

OxIAF  oxidised induced air flotation
OxDAF oxidised dissolved air flotation
COD chemical oxygen demand (mg/1)
BODs  biochemical oxygen demand (mg/1)

EE etheric extract (mg/1)
TP total phosphorus (mg/1)
N total nitrogen (mg/l)

1. Introduction

While developing detailed treatment techniques of industrial wastewater, a key aspect is a correct determination of the
operation sequence of essential process reactors and their efficiencies [1-3]. At the stage of design work in a final selection
of processing configuration of target technology, it is important whether the processes are to be conducted with the use of
batch reactors or flow reactors under conditions of continuous treatment. In the technology of industrial wastewaters, many
operations and unit processes tested in laboratory scale have to face the problem of similitude at the stage of their
implementation in real practical application [1-8]. The procedure of determining the parameters that are significant for the
tested process in laboratory scale must be deeply verified and re-optimised while implementing the operations in real,
industrial installations in full scale [9—12]. In the design practice, it is necessary not to anticipate the design work for the
enlarged scale tests of technological size (quarter- and semi-technical scales), which may induce necessary corrections of
projects or/and essential technological modifications even at the final phase of the target system erection. A detailed
schedule of semi-technical tests depends on a size of target plant [9]. It is often necessary to verify the process while testing
it under variable circumstances of technological scales, primarily — the basic physicochemical and physicorheological
conditions. For example, the results of tests in laboratory scale using the separation of flotational precipitation belong to a
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category of technical issues that are to be verified earlier, before their implementation on full-scale industrial installations.
In most cases, the verification consists in correcting the values for the parameters of significant impact on the capacity of
treatment operations and optimising their effect on the whole process of effluent treatment [9—15].

This study presents a testing set designed to investigate physicochemical pretreatment methods of industrial wastewaters
that can operate in different working variants, in sequence and in wastewater continuous flow.

2. Experimental part

The lack of literature data concerning semi-technical research forced us to develop presented here investigatory installation
and to work out our own specific methodologies for different types of industrial wastes which are generally based on years
of deepening our knowledge on wastewater processing gained gradually in practice of implementing and operating the
treatment processes. The building of the experimental system was preceded by the many-year research in laboratory scale,
the aim of which was to set up the simplest and, at the same time, the most effective mobile module unit that would be an
autonomous, small system of physicochemical pretreatment plant for testing the purification methods directly at a source of
generating raw industrial wastewaters or pumped at a site of their storage and equalization. Such operationally configured
installation was to verify the test results obtained in laboratory scale that preceded the design stages of operations and the
technological plant in target full technological scale by verifying the worked out methods on actual flows of the post-
production effluents.

2.1. Technological design and configuration of the mobile testing set

The mobile experimental installation to test physicochemical methods for pretreating industrial wastewaters (Fig. 1) was
configured in such a way to be the last link in the whole cycle of developing technologies used to treat wastewaters with the
capacity at a dozen to several hundred cubic meters per day. A major advantage of this system is its ability to work in two
processing options: in batch/sequence operation and continuous—flow operation. The testing set was built on a mobile pallet
and consists of the following processing nodes:

a) areactor node (central cylindrical-conical reactor equipped with a low-speed frame agitator or with an optional
flotator expansion chamber equipped with surface scraper flotate skimmer and two processing independent tubular
reactors);

b) a flotating node (pressure saturation tank and/or a saturation and dispersion set acc. to own invention [16]);

¢) acontrol & optimising node;

d) anode for preparation and dispensing reagents.

In a version of continuous operation of the experimental installation, raw effluents, after their thorough averaging, are
directed onto a tube reactor (Fig. 1c¢), where the process reagents are introduced. In this mode of operation, the cylindrical-
conical volume of tank acts as an expansion chamber of the flotation system with simultaneous separation of dispersed
phases using surface skimmer of the flotate mass. In a batch option of the operation, raw effluents are directed to a first tube
reactor where processing reagents are dosed (all or their part). The second tube reactor is linked with the central reactor
between which mixing and averaging wastewaters are carried out by cross flows. Flocculant is metered directly into the
central reactor at the final phase of the effluent pretreatment process. Depending on the needs, the operation of effluent
averaging is additionally enhanced by a stream of air, supplied directly from the air compressor or from the plant
compressed air supply system, injected into a cone of the bottom part of the central reactor. (In the first operational option,
the IAF type flotation is also enhanced.) The author's original way of flotation is conducted in the aeration modules
connected in series (Fig. 1b and d) consisting of permanently coupled concentric, cylindrical membrane aeration devices
and flow cylindrical external chambers, where wastewater is introduced with flow speeds within 0.05-0.5 m/s (specific for
each type of the pretreated effluents). Generally, the contact time of air (introduced in air pressure range: 50—600 kPa) with
wastewater ranges within 10—150 seconds under the conditions of cocurrent and countercurrent flow [16]. The testing
installation is equipped with analytical kits to monitor pH and redox potential in different processing nodes.



S. Zak, L. Zablocki/ The 9" Conference Environmental Engineering. Selected Papers, Article number: enviro.2014.101

' | d)

Fig. 1. View of the infrastructure equipment of mobile testing set, where: (a) in the foreground: a cylindrical-conical process reactor (in the background: a
saturation tank and a control cabinet), (b) author's saturation—dispersion set [16], c) tube reactors, d) view of the testing palette with its processing elements

3. Results and discussion

Usually, in the experiments in semi-technical scale that precede essential stages of the design, a few variants of the process
are tested to verify the flow diagram worked out in laboratory scale, for which the most favourable process parameters have
been achieved. This option provides the basis for further design of physicochemical pretreatment of industrial wastewater.
The correct project and construction of the plant should be based on the experimental data obtained in semi-technical scale.
A purpose of tests in this scale is to define values of key parameters for the effective effluent purification (the level of doses
for process reagents, duration times for effluent averaging and for the occurrence of essential chemical reactions, times for
conducting effective stages of phase separation: precipitation, flotation etc., conditions and variation scopes of pH and redox
potential). This important research phase is also to identify possible adjustments in some technological nodes for further
improvement of the target parameters of the potential installation performance in full technological scale [3], [8], [12]. The
semi-technical scale is also a last link of the whole cycle of tests during the development of a specific wastewater treatment
technology using the selected flotation variant for separating dispersed phases. The exemplary industrial wastewaters show
their treatment technologies with full process verification using the presented testing set (Table 1).

A primary drawback of the technological tests in laboratory scale is the necessity of using the wastewater with
chemically or biologically converted composition with reference to fresh raw effluents. It concerns especially the loads of
natural organic wastewater containing poly- and oligosaccharides and proteins. These loads are easily degradable under
natural contagion with microbes and fungi and undergo spontaneous fermentation and saprogenic processes, which results
in fast increase in soluble pools of e.g. COD and BOD [17-20] with reference to their dispersed pools. A frequent
phenomenon accompanying those processes is also the appearance and fixation of emulsive character of the wastewater,
especially for fatty substances [21]. That type of effluents require adequate fixation at the stage of random sampling for
testing purposes, which is often linked with the chemical enrichment of the pool of load. In laboratory-scale tests, it often
leads to inadequate doses of chemical reagents indicated in the developed methods of physicochemical pretreatment,
perturbations in testing the processes of phase separation (e.g. sedimentation and flotation) and in the assessment of
susceptibility to flocculation. For many types of effluents produced in the industrial sectors that use natural raw materials,
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we came across such problems while conducting tests in different technical scales. An example of the selected types of
wastewaters, the aspects of which are related with the problem of similitude and the need to re-examine key process
parameters, are presented in Table 1. In the cited cases, the use of the testing installation much facilitated and shortened the
time of selecting optimum methods for wastewater pretreatment (listed in the table) and strongly helped with
implementation work, and, which is the most important, provided the required ecological effect for the technologies
implemented in full commercial scale.

Table 1. Examples of selected industrial wastewaters for which methods of physicochemical pretreatment have been developed to be applied for verifying
the process in semi-technical scale of the presented here testing set

No. Wastewater type and Raw effluent parameters Reduction Used flotation type ¢
pretreatment method levels [%]
1 from the production of COD  (4640-12480 mg/l) 65-74 OxIAF
vegetable fats — coagulation and gy (18604970 mg/t) 62-70 (H,0, dose — 150-250 g/m’,
precipitation with lime milk and recirculation level 5%)
final flocculation EE (985-1780 mg/l) >98
TN (159-416 mg/1) 54-63
TP (37-103 mg/1) >98
2 from the production of animal COD (34140-76700 mg/l) 48-60 OxDAF ©
fats - ?t‘";‘,g“'a“,‘iﬁ f‘,nd eang BODs (15430-24560 me) 45-57 (saturation pressure: 400-450
precipitation with lime milk an KPa. HyO, dose — 400—550
i EE 2485-7180 mg/l >98 T
final flocculation ¢ &b g/m’, recirculation level 10%)
TN (2289-5506 mg/l) 39-45
TP (40-86 mg/l) >98
3 from the production of food for  COD  (3350-13700 mg/l) 68-79 OxDAF ©
carnivores — coagulat_lon W,lth BODs (1490-4670 mg/l) 60-75 (saturation pressure: 300400
Hebro®floc100 multifunctional KPa. HyO, dose — 120-170
reactant EE (549-1710 mg/1) >99 » P2 .
g/m’, recirculation level 5%)
TN (73-203 mg/1) 49-57
TP (22-58 mg/l) >97
4 from intestine processing COD  (1490-2800 mg/l) 59-72 OXxIAF
room - coagulation with SAX gy (6301240 mg/1) 55-69 (H,0, dose — 30-50 g/m’,
25 (alkaline Na;Al,O4) and recirculation level 5%)
final flocculation EE (1077-3880 mg/l) >99
TN (14-37 mg/1) 52-64
TP (7-22 mg/l) >97
5 mixed ¥ - pre-acidification, COD (1109040480 mg/l) 58-72 OxDAF ¢
C"_i‘f‘l‘.la‘“’“ ah‘ld pgelﬁ‘l":a“"“ BODs  (4720-17710 mg/l) 57-70 (saturation pressure: 500-550
with lime milk and final 3
- kPa, H,0, dose — 200-250 g/m’
EE 1115-3020 mg/1 >99
flocculation ( me/l) recirculation level 10%)
N (129-301 mg/1) 57-66
TP (54-144 mg/1) >97

Notes: ¥ mixed wastewaters from the production of butter, kefirs, buttermilk, mixes, yoghurt, creams and lards;
Y presented parameters mean respectively:
9 flotation technique acc. to Author's solution [16];
9 different types of applied flotation techniques for final separation of the dispersed phases are marked as follows: IAF - induced air flotation,
DAF — dissolved air flotation, OXIAF or OXxDAF — flotation using induced air and dissolved air enhanced by the oxidation with hydrogen
peroxide.

4. Conclusion

The mobile testing set under discussion made it possible to develop and implement processes for physicochemical
pretreatment of wastewaters from fat industry — the installation of physicochemical pretreatment plant based on the use of
flotation technique according to Author’s invention has been made for ZT Kruszwica S. A. in Kruszwica (Poland). The
second installation with the discussed flotation technique has been constructed for the Production Factory P. H. U. JAGR in
Warlubie (Poland) that purifies mixed industrial wastewaters from the production lines of butter, kefirs, buttermilk, mixes,
yoghurt, creams and lard, as well as HoReCa products. Both industrial installations are used to purify quantities of waste
water at 450-550 m? per day.
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