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The paper considers the influence of different input parameters on the ultrafiltration
process of oily wastewater from reinforced concrete structures manufacturing plants,
which are water-oil systems. Also we defined quantitative and qualitative indicators of
the wastewater composition as the concentration of pollutants, particle sizes of
pollutants, density, hydrogen index, specific electrical conductivity (SEC), etc. Based on
this analysis, we determined the choice of material and physical characteristics of the
membranes, the development of technological processes for the treatment of oily
wastewater for specific production conditions. The study contains data on quantitative
and chemical analysis of oily wastewater; an experimental installation for separation
into components of water-oil systems; the effect of operating pressure, medium
temperature, and flow velocity on the ultrafiltration process kinetics; experimental

studies on separation of oily wastewater.
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Hccnedosano gAUAHUE  PA3AUUHBLX 8X00HBLX napamempog Ha npoyecc
yavmpagduaempayuu Hepmecodepicauux cmouHsvlx 600 npednpuamuii no npousgodcmasy
dene300eMOHHBLX KOHCMPYKYUL, npedcmagasiouux coboil 8000MaCASIHblLe CUCTIEMEBL.
Onpedenentl KOHUeHMpayus 3AepA3HAIOWUX Geujecme 8 HedmecodepHauyux CMOUYHBLX
godax, pasmepu. UHacmuy 3depA3HeHUll, naAomHOCcMb, 6000p0JHBLI nNoKaA3amenv,
yOeavHaa anekmpuueckaa npogodumocmsv (YDII). Ha ocHose npogedeHH020 aHaAU3A
noAyueHvl ApeyMeHMUPOBAHHble OmMEemb. HA BONPOCHL, CBA3AHHLIE C 6bLOOPOM
mamepuansa U Qu3uvecKux xapakmepucmuk memb6parn, pa3pabomke mexHOAO2ULECKUX
npoyecco8 no ouucmke He@mecodeprucauux CmMOuUHLLX 600 048 KOHKPemHbLX
npousgodcmeenHblx ycaoguil. Co30ana IKCnepumMeHmMarbHaAL YCMAHO8KA N0 pa3deseHULIO
Ha KOMNOHeHMb. 8000MACASLHBLX CUCHTeM, TO0380ARI0WASL OUeHUMb 8AusHUe pabodezo
dasnenus, memnepamypsl cpedvl U CKOpOCMU NOMOKA HA KUHeMUKY npoyecca
yavmpaguavmpayuu.
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INTRODUCTION

The construction industry, which consumes a huge amount of water resources, effluents of
various compositions and with different physico-chemical properties are formed [1-4].

The reuse of wastewater in the water recycling system reduces discharges into water bodies.
According to the principle of permissible use in recycling water supply wastewater is divided into
groups A and B [1-4].

Group A includes wastewater can be used in the general water recycling system, i.e.
contaminated only with easily oxidised substances[1-4] - after cooling of surface refrigerators and
condensers, glands of pumps and other units of various machines, condensates from steam injectors,
water steam distillation, settling water of distillate products, etc. Water of this type can be discharged
to the sewerage system of technological units through local settling tanks. These waters may also
include rainwater, water from flushing of floors, technological and construction sites. Water of this
type must be routed to the recycling water system via settling tanks.

Group B is wastewater which cannot be diverted into the general water recycling system. These
waters are polluted with non-volatile salts, acids, alkalis, and oil products (OP), as well as organic
substances with increased solubility in water or resistance to oxidation by air oxygen. Wastewaters of
this group are divided into four types according to the composition of pollutants and the nature of
their effect on water bodies and aquatic organisms [1- 4].

Petroleum products are the most hazardous substances of anthropogenic origin. The operation
of construction, road and motor-tractor machinery, enterprises producing reinforced concrete
structures and sand-lime bricks, machine-building industry, petrol stations, as well as accidents at oil
storages and refineries, pipelines lead to pollution of water resources and create a serious ecological
threat to any region [6-12].

Wastewater may contain gasoline, kerosene, fuel and lubricating oils, benzene, toluene,
xylenes, fatty acids, phenols, glycerides, steroids, pesticides, and organometallic compounds [6-12],
which is about 90% of the total amount of all organic impurities.

Wastewater is divided into low-concentrated and concentrated wastewater in terms of
petroleum products concentration. Low-concentrated wastewater is produced when metal products
are washed after heat treatment and canning. At many enterprises concentrated oil-containing
wastewater is diluted with a large amount of conditionally clean water and becomes low-
concentrated. The content of oil in them varies from 10 to 500 mg-dm™ [1, 13, 14].

Oil-contaminated wastewater mainly contains used cleaning solutions and used cutting fluids
(coolants). They are oil-in-water emulsions consisting of industrial oils, asidol, ethylene glycol,
sodium nitrite, etc. [1, 6-14]. Indeed, coolants contain various stabilisers as well as a large number of
additives (anticorrosive, antibacterial, extreme pressure, etc.) [13, 14].

The main reasons for changing coolants are the presence of large amounts of suspended solids
(metal dust, abrasive particles), loosening and rotting. Emulsion heterogeneity indicates the
significant presence of "alien" oil, while the occurrence of a putrid (hydrogen sulphide) odour
indicates the water-oil emulsion (WME) is affected by bacteria [13, 14].

According to the Federal Waste Classification Catalogue, waste water-oil emulsions are Hazard
Class III wastes [1]. According to the order of the Ministry of Natural Resources of the Ministry of
Natural Resources (MNR) of Russia from June 15, 2001 No. 511, the multiplicity of dilution with clean
water, in which there is no harmful effect on hydrobiota, is 101-1000 times. Such wastewater can be
treated by mechanical, physico-chemical, chemical, and biological methods [6-14].

Coarse impurities (suspended solids, floating oil products, etc.) are removed mechanically.
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These include sedimentation, filtration, and centrifugation. The finely dispersed, colloid-dissolved,
and dissolved impurities are separated by coagulation, flotation, sorption, aeration, ion exchange
(physical-chemical methods), ultrafiltration, electrodialysis, ozonation, reagent treatment, softening,
etc. (chemical methods) [6-13].

Currently, membrane methods of liquid separation have been greatly developed. They are
characterized by simplicity of hardware design, low energy consumption, non-reactivity, etc.
[13-17].

The purpose of this work is an experimental assessment of oily wastewater purification
possibility from construction industries by ultrafiltration.

THE EXPERIMENTAL PART

Semi-permeable polymer ultrafiltration membranes of tubular type manufactured by RPA
Vladipor made of fluoroplast, polysulfone, polyestersulfone, polysulfonamide, polyvinyl chloride,
modified polyvinyl chloride, manufactured according to TS 6559-88, 605-221-734-83, 655-4-88, and
ceramic monotube membranes with a selective layer based on Al,O; manufactured by LTD
Keramikfilter were used as the filter material (Russia, Moscow).

Wastewater from steaming chambers and forming stations of reinforced concrete structures
containing oil products (emulsol) was used as an object of investigation. The samples were taken at
the company for production of reinforced concrete structures of CBS Holding (Ivanovo, Russia).

To conduct experimental studies on the baromembrane separation of water-oil systems,
a laboratory installation was created (Fig. 1).

|NI
| o

13 | T

Fig. 1. Schematic diagram of a laboratory installation for the separation of water-oil emulsions:
1 - a tank with spent engine oil; 2 - a pump; 3 - a three-way valve; 4, 9 - pressure gauges, respectively, at the inlet
and outlet of the filter module; 5 - ultrafiltration module; 6 - dimensional flask with permeate; 7 - shut-off valves;
8 - a tap for filling waste oil; 10 - heating device; 11 - pressure line; 12 - bypass line; 13 - drain valve

Puc. 1. [IpyHNUNIaIpHas cXeMa JabopaTOPHOH YCTAHOBKY 110 Pa3ZieJIeHHIO BOJOMACSTHBIX SMYJIbCHM:
1 - pesepByap ¢ OTpabOTaHHBIM MOTOPHBIM MacJIOM; 2 — HACOC; 3 - TPEXXO/0BOM KpaH; 4, 9 — MAaHOMETPEHI Ha BXOZe
1 BBIXOZIe 113 QUIBTPYIOLIero MOAYIs; 5 - yIbTpaduIbTPallIOHHBIN MOZYJIb; 6 — MepHas KoJba ¢ mepMeaToM;
7 - 3amI0pHAas apMaTypa; 8 — KpaH JJIs 3aJIMBa OTPaboTaHHOro Maca; 10 — HarpeBaTeIbHBIM IPUGOD;

11- HamopHasa MarucTpaslb; 12 — GaiiacHas MarucTpaib; 13 - CIMBHOM BEHTUIb

The initial solution for separation is pumped by pump 2 from tank 1 to the tubular membrane
element 5. The ultrafiltrate (permeate) is collected in a volumetric flask 6. The solution is heated with
electric heater 10. Pressure in the system is controlled by manometers 4, 9. To supply the working
solution to the membrane element the pump is switched on and the handle of three-way valve 3 is
turned. To change the pressure in the system turn the handle of the three-way valve making the
connection of the main pressure line 11 with the bypass line 12.

The concentrate is returned to tank 1 by opening shut-off valve 7. Drain the concentrated

73



Markelov A.V., Volkov D.V., Korobova E.B. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919 2023 1.68 SMART COMPOSITE IN CONSTRUCTION

solution from the original tank 1 after separation by means of valve 13.

This laboratory installation allowed conducting studies of wastewater treatment from petroleum
products under various process modes: pressure drop Ap = 0.1-0.6 MPa; solution temperature
t=20-90 °C, separated flow velocity V =1-5 m-s™.

For the physico-chemical analysis, water-emulsion effluents of the holding of the Combine of
Building Structures (Russia, Ivanovo) containing grease for molds and formwork of the Polyplast
Forms brand type 3 were used.

According to TS 0258-038-58042865-2009 Polyplast Form type 3 contains in its composition
mineral oils, corrosion inhibitors, active film-forming additives, hydrocarbons (paraffins,
isoparaffins, naphthenes, oleic acid), organic alcohols (isopropyl, butyl) [18]. Polyplast Form type 3 is
a ready-to-use universal grease for all kinds of forms (horizontal and vertical application). It is
manufactured by Polyplast-UralSib, LTD (Russia, Pervouralsk, Sverdlovsk region).

In order to obtain reliable results three wastewater samples were taken from the storage tanks of
the production base of Combinat of Building Structures (CBS, Russia, Ivanovo) for the manufacture of
reinforced concrete structures in reusable metal moulds before discharge of such water to the
wastewater treatment plant. The results of the physico-chemical analysis of samples No. 1, No. 2,
No. 3 are presented in Table 1.

Table 1. Results of physico-chemical analysis of the water-oil emulsions of the holding KSK (Ivanovo, Russia)
Ta6una 1. PesynbraTsl GUsuKo-xuMuIecKoro aHannsa BM3 xonguura KCK (Poccus, r. IBaHOBO)

With + A mg-dm®, P=0.95,n=2
Indicator Standard
Sample No. 1 Sample No. 2 Sample No. 3
pH, 6.0-9.0 8.3+0.1 8.210.1 8.9+0.1
Suspended substances, mg-dm™ 300 23161463 572+114 15544233
Dry residue, mg-dm™ 3000 20500+4100 16233+3247 19900+3980
Chemical oxygen consumption,
500 18760+3752 15600+£3120 18215+3643
mg O,:dm”*
Content: Standard*
Nitrate ions, mg-dm® Not regulated 183.0+36,6 51.6+10.3 54.6+11.0
Nitrite ions, mg-dm™ Not regulated 4.61+0.92 2.12+0.42 2.91+0.582
Sulphate ions, mg-dm™ 300 188.0+37.6 71.8+14.4 121+24
Phosphate ions, mg-dm™ Not regulated 13.1042.62 15.20+3.04 24.30+4.86
Chloride ions, mg-dm™ 1000 202+40 175+35 280456
Fluoride ions, mg-dm™ Not regulated 36.5+7.3 39.4+7.9 54.6+11.0
Petroleum products, g-dm™ 10 10935+1094 92904929 14400+2880
Fats, mg-dm™ 50 16316+3263 10071+2014 10100£2525
Anionic surfactants, mg-dm™ 10 2.20+0.44 0.440+0.088 3.15+0.79
Nonionic surfactants, mg-dm™ Not regulated 6187+1237 40831817 47114942

* - permissible concentrations of pollutants in wastewater allowed to discharge into wastewater disposal systems, approved by
Resolution No. 644 of the Government of the Russian Federation dated 29.07.2013 "On Approval of the rules of cold water
supply and sanitation" [19].

The main components in the waste water composition are: suspended substances, oil products,
grease, non-ionic surface-active substances. In samples No. 1, No. 2, No. 3 the concentration of
pollutants exceeds the permissible concentration for discharge into the sewage system regarding
suspended solids by 1.9-8.0 times, regarding the parameter dry residue by 5-7 times, chemical oxygen
demand by 31-38 times, oil products content by 900-1400 times, fat content by 200-326 times.

Oil-containing wastewater stratifies into components over time and the particles become larger.
Therefore, particle size measurement was carried out twice - immediately after formation and after 3
months. The acoustic method based on measuring the degree of attenuation of the ultrasonic signal
was used [20]. The results are tabulated (Table 2) and illustrated in Fig. 2.
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Table 2. Average values of the particle size of the dispersed phase of emulsions
Ta6auna 2. CpefHYe 3HaYeHUs pasMepa YaCTHI] AUCIIEPCHOH (hasbl SMyIbCU

Particle size Particle size
Type of emulsion (main peak) (second peak)
Dy, nm Dy, nm
Sample of used oil-water emulsion immediately after
. 5642 14424
formation
Sample of the spent water-oil emulsion after settling
113+3 959+25
for 3 months
120 | p, days
100 /
s\
80 . \
/ \
60 \
/
l' / A
40 'l / \
| \
20 |y / \
1A j A
0 i s i il AN
0 500 1000 1500 2000
Dy, nm

Fig. 2. Comparison of the particle size distribution of oil-containing wastewater dispersed phase: solid line - immediately
after formation; dotted line - after destruction (stratification) after 3 months

Puc. 2. CpaBHeHMe pacIpeieeHus pasMepa JacTUL] JUCIIePCHOH (assl CTOYHBIX HehTeCcogepKaIIUX BOA:

CIUTOLTHAS JIMHUS - CPa3y Iocje 00pa3oBaHMs; MyHKTUPHAs JIMHUS - [I0CJIe pa3pylLIeHNs (pacCiIoeHus) depes 3 Mec.

Thus, the size of the contamination particles was 0.05-0.15 um. To remove such particles,
membrane elements with a pore size of the active layer of 0.01-0.05 pm were selected.

RESULTS AND DISCUSSION

Figure 3 shows the results of a study of the permeability of polymer membranes for 8 hours. For
the experiment we use a model oil-in-water solution with a concentration of petroleum products of
500 mg-dm”.

Figure 4 shows the results of experimental studies on the effect of the duration of the process on
the retention capacity of membranes with the same model solution.

The analysis of the curves shown in Fig. 3 shows a 50-60% drop in permeability 4 hours after the
start of the separation process, then stabilization is observed. This phenomenon is associated with
shrinkage of the membranes and the formation of a layer on the membrane surface.

Selectivity increases by 2-5% over time (see Fig. 4), which is also explained by a decrease in the
average pore size as a result of shrinkage of the membranes and the formation of a layer on the
surface.

Increasing the temperature of the separated solution is the main way to intensify the process on
the one hand and reducing selectivity on the other.

The effect of temperature on the productivity and selectivity of the process is shown in Fig. 5.
The studies were carried out for the most productive membranes made of fluoroplast and
polysulfonamide. The temperature of the solution varied from 293 to 323 K with an interval of 10
degrees.
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Conditions for conducting experimental studies:
- model solution with a concentration of petroleum products 500 mg-dm™;
- working pressure 0.4 Mpa.
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Fig. 3. Dependence of polymer membrane selectivity on time at ¢ = 323 K, petroleum products concentration 500 mg-dm?,
AP=0.4 MPa: 1 - phtoroplast; 2 - polysulfonamide; 3 - polysulfone; 4 - polyvinyl chloride; 5 - polyestersulfone (curves

obtained by approximation of data by the least squares method)

Puc. 3. 3aBUCHMOCTD CEJIEKTUBHOCTY IOJIMMePHBIX MeMOpaH 0T BpeMeHH npu Temieparype 323 K, KoHIeHTpanuu
HedTenpoayKkToB 500 Mr-aMm ) AP = 0.4 MIIa: 1 - ¢proporuiact; 2 - monucyabpoHaMu; 3 — MoaucyabhoH;

4 - IOJIMBUHWIXJIOPUZ,; 5 — TOAU3GUPCYNIb(OH (KPUBBIE ITOJTyIeHBl allIPOKCUMAIIMEN JaHHBIX METOZOM HalMeHBIINX

KBa/[paToR)
96 Selectivity-p, % 5
) s St I T Sl S
R o ..-u.c.*.:_: ----- poten - ‘ .1-,

2l s L e M ® eo.- "0

£ e -, |
1 il ¢ _

] —

) 90" & _A47Te o

il -

_

86 _ -

{
84
82
80

0 60 120 180 240 300 360 420 480

Time of the experiment 7, min

Fig. 4. Dependence of polymer membrane selectivity on time at ¢ = 323 K, petroleum products concentration 500 mg-dm?,
AP=0.4 MPa: 1 - phtoroplast; 2 - polysulfonamide; 3 - polysulfone; 4 - polyvinyl chloride; 5 - polyestersulfone (curves

obtained by approximation of data by the least squares method)

Puc. 4. 3aBUCHMOCTD CEJIEKTUBHOCTH IIOJIMMEPHBIX MeMOpaH 0T BpeMeHU Ipu TeMmeparype 323 K, KoHIleHTpanuu
HedTenpoaykToB 500 Mr-aM”, AP = 0.4 MIIa: 1 - dbToporiact; 2 - HoaucyabGoHaMuz; 3 — IMOIUCYIbHOH;
4 - MOJIMBUHUIXJIOPUL; 5 — oMU UpcyIbGoH (KpUBbIE IIONYIeHbl allIPOKCUMAIUell JaHHBIX METOJOM HalMEHBIINX

KBaZpaToB)

The analysis of the dependencies presented in Fig. 5 allows us to observe the expected response
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of the membrane-solution system to temperature changes. With a change in temperature to 323 K,
the permeability predictably increased by 40%, and the selectivity decreased from 93-95 to 85-87%.
This is due to a decrease in the viscosity of the solution and an increasing slip of dirt particles through
a semi-permeable partition.

i o
500 Productivity G, dm®h- 96 Selectivity- g, %
R? = 0.9866 i & N 2
450 L 94 ‘N )
Rl m, A o
" & " . N R,2=0.9918
S . ’ ~ ~
’ s, " Ja ~
% 7 ’ ) A ~ N
350 o’ . 90 /’\ A\
300 L A 2 88 : s i
- \ '
-'," R?=0.9945 s i
250 | A N
% R>=0.980 -
200“90 - - — 84
2 3 3 32 : 290 300 310 320 LK
a(a) b (6)

Fig. 5. The effect of the solution temperature on the permeability (a) and selectivity of the process (b);
1 - polysulfonamide; 2 - fluoroplast (curves are obtained by data approximation by the least squares method)

Puc. 5. BiusHNe TeMIIepaTyphl pacTBOpa Ha IPOHUIIAeMOCTh MeMOpaH (a) U CeJIeKTUBHOCTS Ipoliecca (6);
1 - monucyabbonamuz; 2 - propomact (KpUBble ITOJyIeHBI alllIPOKCUMAIIeH JaHHBIX
MeTOZOM HalMEHBIINX KBaJPaTOB)

The linear approximation of the experimental data (Fig. 5) gives a high confidence value
R?=0.98-0.99. Thus, the effect of temperature on permeability and selectivity can be described by the
equation [21]:

y=a-x+b, (1)

where g, b are the approximation coefficients; x is the variable parameter, temperature.
Coefficients a and b were calculated according to the formulas [21]:
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where n is the number of experiments.
As a result of calculations, we have obtained equations adequately describing the effect of
temperature:

for selectivity (see Fig. 5, a)
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¢,=6,49t—1635,7; )
¢,=6t—1513; )

for permeability (Fig. 5, b)

G,=—0.28t-175.24; (6)
G,=—0.27t—174.41. 7)

The obtained patterns adequately describe the change in permeability and selectivity from
temperature in the range from 373 to 323 K.

CONCLUSIONS

We develop the installation for separation of water-oil systems using polymer and ceramic
membranes. The composition of the tested systems was determined using certified methods through
the use of modern analytical equipment. The spent emulsion contains particles of 56 and 144 nm in
size, and after its destruction, particles grow to 113-959 nm.

Membranes made of fluoroplast and ceramics are advisable to use when separating used engine
oils. Theproductivity of such membranes depends on the structure of the microporous layer and its
properties. With an increase in the concentration of petroleum products in the water-oil emulsion to
g/dm’®, the specific capacity of the membranes decreases by 40-50%, which is associated with an
increase in the viscosity of the liquid phase.

It was also revealed that with an increase in the temperature of the separated solution (from 313
to 383 K), the ultrafiltration process is intensified by 8 times.
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