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Drinking water treatment with membrane ultrafiltration

D Barlokoval, J llavsky tand M Marton *

! Department of Sanitary & Environmental Engineerirgculty of Civil Engineering
Slovak Technical University, Radlinského 11, 81(Bbdatislava, Slovakia

Abstract. Ultrafiltration was investigated within the pilptant tests at the Rozgrund water
treatment plant during the treatment of surfaceewatiginating from the Rozgrund reservoir.
Fully automated ultrafiltration equipment with tmembrane module UA-640 (Microdyn-Nadir)
was used. On the base of filtration cycles, theaifeness of membraned technology was
evaluated. By the application of membrane technolsgd, the required quality of treated water
has been achieved.

1. Introduction

The Rozgrund water treatment plant (WTP) was potaperation in 1997 for supplying part of Banska
Stiavnica with water. Water reservoir Rozgrund)tbni1743-1744, is the source of water for theawat
treatment plant; it has been in operation sincéd1T8e dam (Rozgrund water reservoir) project was
developed by Samuel Mikovini in 1741. The dam haseacent-shaped dam curved towards the valley
immediately above the village. The Rozgrund resetweld the world record for steepness of the dam
for 111 years. It has been used as a source dfinlginvater since the early 20th century due to the
purity of its water. Figure 1 shows the Rozgrurekergoir and the location of the WTP Rozgrund.

Figure 1. A view of the Rozgrund water reservoir and Rozgrwater treatment plant WTP (above
the reservoir).

The Rozgrund water treatment plant serves forrreat and repumping of the treated water into the
Cervend Stutia water reservoir (volume is 65F)mThe designed capacity of the water treatmemttpla
is 14 L/s.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



Advances in Environmental Engineering IOP Publishing
IOP Conf. Series: Earth and Environmental Science 444 (2020) 012002  doi:10.1088/1755-1315/444/1/012002

The proposed modernisation of the water treatmkamit is required to perform pilot experiments, to
test various technologies, filtration materials, and to adapt the technology to the water sayueaéty.
Ultrafiltration (UF) is a membrane separation psscby which the particles of mechanical nature are
removed from the water. Thanks to the pore dianteedrare the order of tenths nm and the material,
constructional and chemical properties of UF membsathis technology represents the final solution
for a secured protection against the turbidity thatiused by content of non-soluble and colloitiglas

of organic and inorganic origin, bacteria and tragarity of viruses [1, 2].

Treatment of water from surface water sources #rat polluted mechanically or biologically,
pretreatment before the next technological stewaitr treatment are among the typical applications
where the UF is used in. Effectiveness of ultnailon is increased by conventional methods such as
coagulation, sedimentation and flotation [3].

Ultrafiltration represents a separation processithpowered by the pressure while the pressurelsnp

is caused by formation of vacuum or by the act ighér pressure from the outer side. The flow
throughout the membrane ranges between 40-20F.h./mAsymmetric membranes are used in
ultrafiltration and the separation process is &lswtional on the principle of sieve mechanism.ePor
size of UF-membrane ranges from 0.01 to 0.1 umtlamdiifference in pressure is from 1-10 bar. Most
frequently mentioned is the value for moleculargiicut off, MWCO, that ranges between 5 — 5000
kDa and indicates the lowest molecular weight sfiiig polymer that is 90% retained on the membrane.
For a proper design it is essential to select alonane with a lower MWCO than is the molecular weigh
of substances to be effectively removed. Shapbkeofrtolecule has a great impact on separationgas th
linear molecules do pass the membrane throughhleusgheroidal molecules of the same size can be
caughtonit [4, 5, 6].

UF-modules are available in various constructiseasions, e.g. of boards, framed, spiral winding an
tubular. Each version is suitable to be used ifeiht processes. Spiral winding modules are used f
clean water, framed modules for high concentratddtisns and tubular modules are used in the
treatment of drinking water [3, 7].

Membranes of an ultrafilter consist of a bunch alfdw fibres (Figure 2) where the functional sudac
represents an approximately 0,2 um rough surféwmedfi fiber hollows. Total filtration surface of en
membrane standardly ranges between 40-6hrimdustrial modules. Fibers can be made of ane o
more hollows. Design and size of hollows is seltttased on the level of pollution of the raw water.
Hollows of larger diameter are preferred when tbetent of non-soluble substances is higher (> 50
mg/L), however the result of it is a smaller fittcan surface of the membrane module [8, 9].

riay 5 "; -

Figure 2. Microscopic zoom into the UF fiber, view of itswatture and porous functional surface,
functional surface of fibre is thinner from theigesthan 1 um. Flowing of water from the inside to
the outside [9].

For manufacturing of the UF-membranes, materials\afly kinds can be used, but when taking into
account the mechanical and chemical durabilitydigposition to siltation and the price the material
that were approved the most are polysulphone (RED)ethersulphone (PES), polyacrylnitrile (PAN),
polytetrafluoroethylene (PTFE), polyvinylidene flude (PVDF), cellulose acetate (CA), polyamid
(PA) and polypropylene (PP). Manufactured are d&hs® more expensive ceramic UF-membranes
(Al20s, TIO,, Zr0,, SiG;, SiC). However, these are rather used in micrafitin, or eventually in
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applications related with a need for thermic disotion (food and pharmaceutical industry). Under th
constant load on the membrane they are resistawatier with pH 3-10 and for a short term they tesis
the chemical washing of membrane at the pH rangatgeen 1-13. Membranes are resistant to the
standardly used disinfectants (max. 20 mg/L Na@80¥].

Filtration cycle consists of filtration, forwarddath and upstream washing. Length of one cycle dipen
on the level of pollution of raw water. Usually etiphase of filtration takes 40-180 minutes and is
followed by forward-flushing phase taking 30-50 @eits and upstream washing that takes 40-90 sec.
Consumption of washing water ranges regularly betw&4% from produced water, depending on the
non-soluble substances content at the entry p@jnt [

Chocking of membranes can happen via the serigdydico-chemical and biological mechanisms.
Those mechanisms contribute to a higher accumalafticolid particles on the surface and within the
membranes structure which results in that transmanebpressure gets increased and the filtration
velocity gets decreased. This leads to that ttratiibn cycle is shortened and the more frequesting

of membrane is needed [5].

We recognize external and internal clogging. Exdkrclogging on the membrane surface (scaling)
causes the composition of the filtered medium fnwhich the minerals on the membrane surface
crystallize to form a filter cake and block the sage through the membrane. This kind of membrane
fouling is temporary. External clogging can alsasm so-called biofouling by forming biofilms or
polymer layers on the membrane surface. The merabrsmclogged are cleaned with oxidizing agents,
weak sodium hypochlorite solutions are most commaskd. The fouling occurs in the pores of the
membranes, representing the physical fouling opthres by the pores where the pores are blocked and
adsorbed, leading to a narrowing of the pores. Glogging is permanent.

2. Experimental part

This paper deals with the application of ultraditton and related operating experiences in thditgca
of Rozgrund.

2.1. Ultrafiltration module

A fully automated ultrafiltration facility with a A-640 membrane module (Microdyn-Nadir) with a
control system, measurement of trans-membraneyreedsackwashing of the membrane with water
and air and the possibility of chemical washing waed within the experiments (Figure 3). The
ultrafiltration module filtered water without theddition of a coagulant. Specifications of module
UA-640 are listed in Table 1.

Figure 3. A view of the ultrafiltration device, the membramedule itself,
the control system and the treateaker storage tank.
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Table 1. Specifications of UA-640 module.

Membrane type Module with hollow fibres Maximumdahsrge to 1.3 #h
Fibre diameter OD/ID: 2.1 mm/1.1 mm Maximum 1 bar
Membrane material PAN — polyacrylonitrile ~ trans-membrane pressure

Pore size 0.025 pum Max. module pressure 2 bars
Membrane area 16%m Module diameter 168 mm
Filtration type direct filtration Module length 1@Inm
Regeneration with water and air Maximum turbidity OONTU

Altogether, 30 cycles were processed. Every thyadecwas analysed. Each test lasted for 30 minutes.
Samples were taken from the individual cycles Hev:
- filtered water (sample No. 1) — 15 seconds afteshing;
- filtered water (sample No. 2) — 10 minutes astart of operation;
— filtered water (sample No. 3) — 20 minutes aftart of operation;
- filtered water (sample No. 4) — 30 minutes aftert of operation, or immediately before the next
washing of the membrane.

Within each cycle, a sample of raw water was takeadvance of the membrane, of filtered water
beyond the membrane and of the discharged wasteaftaewashing, wherein the washing cycle lasted
only 10-12 seconds. An average sample of wasteviraterthree washings was used for the analysis.
The ultrafiltration experiment lasted for approxtelg 15 hours. The water flow rate through
ultrafiltration was maintained at a value of 600 .LThe following parameters were analysed in the
samples: water temperature, pH, conductivity, agdtralization capacity up to pH 4.5 (AN4,
chemical oxygen demand (C@§), total organic carbon (TOC), turbidity, coloustdl dissolved solids
(TDS) and undissolved solids (at 2G%.

2.2. The water quality
Table 2 shows the physical-chemical analysis okwah entry to the water treatment plant during the
pilot tests.

Table 2. Water quality on entry to the Rozgrund water trestt plant during the experiments.

Parameter Unit Raw water Parameter Unit Raw water
sample sample
pH 7.69 chlorides mg/L 8.01
conductivity mS/m 153 nitrates mg/L 3.12
CODuwn mg/L 2.4 sulphates mg/L 34.61
TOC mg/L 0.96 fluorides mg/L 0.27
turbidity NTU 2.94 phosphates mg/L 0.06
colour mg/L 11 iron mg/L 0.03
ANC45 mmol/L 0.922 manganese mg/L 0.001
TDS mg/L 120 ammonia mg/L 0.02
Undissolved solids mg/L 15 calcium mg/L 27.72
Ca+Mg mmol/L 0.922 magnesium mg/L 5.6

From the long-term perspective, the water qualitgsdnot change very much, the water is of relativel
high quality; without the impact of human activitiie pH of the water between 2012 and 2019 ranged
from 6.97 to 8.23, the water temperature from 8.84.PC. The water colour on the long-term average
did not exceed 20 mg/L Pt. The year 2013 was aaptian, as in March and April, 69 and 26 mg/L Pt,
respectively, were measured. The water turbidibges from 1.0 to 3.0 NTU (nephelometric turbidity
unit); in 2013, the turbidity measured in March amtil was 5.8 to 3.3 NTU. COfa on the long-term
average achieves 1.4 to 2.9 mg/L, but in one daserdlue achieved 3.56 mg/L. With regard to the
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ageing of the reservoir and the eutrophication ggscan increase of live organisms was determined
from 150 up to 400 organisms/mL.

3. Resultsand discussion

Figure 4 shows the efficiency of ultrafiltration rthg treatment of water from the Rozgrund water
reservoir. The figures give the concentrationsavi and filtered water (for 10 cycleshn average
values of water samples determined before and @ftafiltration and after backwashing in wastewate
are listed in Table 3.
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Figure 4. Concentration of COfa, (left) and turbidity (right) during 10 ultrafiltteon cycles.
Table 3. The average values (altogether 10 cycles) detexdridefore and after ultrafiltration.

Parameter Unit Raw water Filtered Water 1 Filtered Water 4 Wastewater
sample sample sample sample
pH 7.73 7.78 17.77 6.87
conductivity mS/m 15.3 15.0 15.0 16.3
CODwn mg/L 2.2 0.90 0.96 12.4
turbidity NTU 2.89 0.57 0.51 25.3
colour mg/L 11.7 0.5 0.8 65.6
ANC;5 mmol/L 0.973 0.940 0.947 1.069
TDS mg/L 121 114 115 153
Undissolved solids mg/L 15 0 0 10.3

Based on Table 3, it may be stated that ultrafitiraleads to a slight decrease in the conductivty
slight increase in pH of the water, while the tdityi and water colour removal efficiency was 84.8%
or 95%. The more than 52% C@breduction is an interesting result (without usofgcoagulation).
This is thought to be due to the removal of hunuicl drom water as the pH decreased considerably
(6.8-6.9) and the CQl increased markedly (average value 12.4 mg/L)énwhste (washing) water.
Monitoring the ultrafiltration efficiency over ormgcle showed that there was no change in wateitgual
after washing the membrane and starting a new cide, before the end of the cycle, no deteriorati

in the quality of the treated water was detected.

Compared to raw water in advance of the ultrafibramembrane and scrubbing wastewater, there is
an increase in solutes, a significant increasasoluble matter, COl», color and turbidity. Therefore,
it is necessary to solve what to do with wastewatter backwashing of membrane.
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4. Conclusion
Based on pilot tests, ultrafiltration will be des@gl as one of the alternatives to the overall WTP
Rozgrund modernization.
Advantages of ultrafiltration over conventional efmfreatments:
— perfect barrier against microorganisms (virubasteria) with an efficiency of 99.9999%,
the quality of the filtrate does not depend lom quality of the raw water,
- removal of pathogenic organisms resistant torame,
lower chemical consumption and production ofigki
compact design and smaller built-up area,
simple control and automation.

Due to the fall in the price of the basic ultrafiion components, with the global expansion of
membrane module production, ultrafiltration is beony an investment-friendly alternative to
conventional multi-stage water treatment.
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