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APPLICATION OF X-RAY FLUORESCENCE SPECTROMETRY IN
ASSESMENT OF ULTRAFILTRATION MEMBRANE SURFACE CONDITION AT
WATER PRE- TREATMENT UNITS OF THERMAL POWER PLANTS

E.V. Veselovskaya, E.N. Voloshina, S.E. Lysenko
Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russia

Abstract: The objects of the study were the Doy Chemical hollow-fiber ultrafiltration membranes
which were use for preparation of make-up water for the Novocherkasskaya Regional Thermal
Power Plant (RTPP).

We tried out a possibility of applying the X-ray fluorescence spectrometry to study the
condition of the spent non-recoverable ultrafiltration membranes in order to identify the causes of
their irreversible destruction. The ARL Quant’X X-ray fluorescence energy dispersive
spectrometer of Thermo Scientific (USA) was used in the study.

Thin cuts of the Doy Chemical hollow-fiber ultrafiltration membranes were used in the
experiments, which had worked for more than three years in the field conditions of the feed water
of the Don River, Russia.

The analysis of the obtained samples spectra allowed us to assume that the membranes
were irreversibly contaminated by iron bacteria. Basing on the conclusions made during the
analysis of X-ray fluorescence spectra we developed and tested in field conditions one of the
optimization variants for technological pretreatment scheme. This scheme enables a significant
increase in the service life of ultrafiltration membranes, even when the feed water is heavily
contaminated by bacteria. Field tests of the modernized technology were carried out at
Novocherkasskaya RTPP during 2016-2018 and showed a significant increase in the service life of
the membrane modules. At the same time, the quality of the filtrate, productivity and pressure
drops at the cascades of ultrafiltration units fully corresponded to the normative values even in
conditions of deteriorated quality of the feed river water.

It has been proved that aggressive regeneration of ultrafiltration membranes that have
worked for a long time under the conditions of feed water having increased values of the total
microbial number and high values of permanganate oxidation does not allow one to restore their
initial state. In this case the main cause of ultrafiltration membranes contamination is iron, which
is present in colloidal and bacterial forms in the pores and on the membranes surfaces. In the
conditions of the Novocherkasskaya RTPP, in addition to timely flushing and chemical
regeneration of ultrafiltration membranes, the necessity of organizing a preliminary treatment of
the feed water with reagents having a prolonged bactericidal effect is accepted.
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HNPUMEHEHUE PEHTTEHO®JYOPECIHEHTHOM CIEKTPOMETPUH
JJISI OHEHKHU COCTOSHUSA NOBEPXHOCTH YJIbTPA®UIBTPAIIMOHHBIX
MEMBPAH BOJOIIOATI'OTOBUTEJIBHBIX YCTAHOBOK T3C

E.B. Becenosckasi, E.H. Bosiomuna, C.E. JIbiceHKko

"10:xH0-Poccuiicknii rocynapcrBeHHblil moantexundecknii ynusepceurer (HITU) nmenn
M.U. [natoBa'', r. HoBouepkacck, Poccus

Pestome: Obvexmom uccie008amus SAGIAIUCL NOJOBOJOKOHHbIE  YIbMPADUILMPAYUOHHBIE
membpanvt npouzeoocmea Doy Chemical, ucnonwsosannvie npu noocomosxe dobasounoii 600vl
onst Hosouepracckou I'POC.

Onpobosana  603MOJCHOCHbL — NPUMEHEHUst — Memoodd  PeHM2eHOMIYOpeCcyeHmHOU
cnekmpomempuu 0715 UCCIe008ANUSL COCIMOSIHUSL OMPAOOMAHHBIX, HE NOONENCAUUX PeLeHePAYUlL,
VALMPADUILMPAYUOHHBIX MEMOPAH C YEbIO blAGIeHUsI NPUYLUH, NPUSOOSUYUX K UX HEOOpamumou
oecmpykyuu.  HMccneooganus — npogoounsu ¢ HOMOWDBIO  PEHM2EHOPDIYOPECYEeHmHO20
anepeooucnepcuonnozo cnekmpomempa ARL Quant’X npouszeodcmea Thermo Scientific (USA).

B okcnepumenme 6viiu  uUCnONb3068ambl  MOHKUE Cpe3bl  00pA3Y08 NOLOBOJOKOHHBIX
yabmpaguivmpayuonnvlx  membpan  npouszsoocmea Doy Chemical, npopabomaswux 6
nPOU3BOOCMBEHHLIX VCI08UAX DONee mpex Jlem Ha UCXOOHOI 800e peKu J[oH.

Ananuz nONYUEHHBIX CNEKMPos 00pa3yo8 NO360UIL NPEONONONCUMb  Heobpamumoe
3aepsizHenue membpan oiceresobaxmepusimu. Ha ocHose 66160008, cOelannblx npu anaiuze
PEHM2EHOPDIYOPEeCYEHMHBIX CREKMPOE, PA3PA6OMAan U OnpoHo6an 8 NPOU3OOCHEEHHBIX YCLOGUSIX
O0UH U3 6APUAHMOE ONMUMUZAYUU MEXHOLOSUYECKOU CXeMbl RPeOOHUCTIKU, NO360AIOUULL
BHAYUMENLHO YEeNUYUMb CPOK CAYHCObL YIbMPADUILMPAYUOHHBIX MEMOPAH, 8 MOM HUCIe Npu
3HAYUMENLHOM OAKMEPUATLHOM 3A2PSAZHEHUU UCXOOHOU 600bl. [Ipouzeoocmeentvie UCHbIMAHUSL
MOOEPHUUPOBAHHOU MexHOoL02uu npogooutucyt Ha Hosouepracckoii I'POC ¢ meuenue 2016-2018
20008 U NOKA3ANU ZHAYUMENbHOE YEETUYEHUEe CPOKA CYIHCObl MemOpannvix mooyieu. Tlpu smom
Kauecmeo — urbmpama, NPOU3BOOUMETbHOCMb U Nepenadbl  0asleHuss HA — KAcKaoax
VIMPAPUILIMPAYUOHHBIX YCIAHOBOK NOIHOCMbBIO COOMEEMCMBOBANU HOPMAMUBHBIM 3HAYEHUSIM
oaoice 8 YCILOGUSX CHUNICEHUSL KAYeCMEd UCXOOHOU PEUHOU 800bl.

Jlokazano, umo nposedeHue ApecCUBHOl  pezeHepayuu  YIbmpapuIbmpayuoOHHbIX
MeMOpan, ompabomaswiux ONUMENbHbIL CPOK 6 VCIOBUAX UCXOOHOU 600bl C  NOGBIULCHHbIMU
SHAUeHUsIMU — 00We20 MUKPOOHO20 HUCAA U  GbICOKUMU  3HAYEHUSMU  NePMAHSAHAMHOU
OKUCTIAEeMOCMU, He NO360Jsen B0CCMAHOSUMb UX UCX0OHOe cocmosinue. OCHOBHOU NPUYUHOU
3aeps3Henus  YIbMmpaQuibmpayuoHHblX MeMOpan 6 OaHHOM Clydae SGNSEmCsi  JICeneso,
npucymcmayioujee 8 KOJAI0UOHOU U OAKMEePUATLHOU POPMAX 6 NOPAX U HA NOBEPXHOCIIU MEMOPAH.
B ycaosusix Hogouepracckou [POC nomumo C60€8PEMEHHbIX NPOMBIGOK U  XUMUYECKUX
pezenepayuii  yibmpapuibmpayuouHblX MemMOpan NpU3HaHA HeobX0O0UMOCMb  OpP2AHU3AYUU
npedsapumenvHoi 0o6padomKu UCXOOHOU B00bl peazeHmamu, 001a0aruuMy NPOIOHUPOBAHHBIM
baxkmepuyuOHbIM Oelicmeuem.

Knouesvie cnosa: meniosvie sekmpudeckie Cmanyul;, 86000N0020MO8KA, 6000UCNONb306AHUE,
BOOHBIE — PENHCUMbL, 600010020MOGUMENbHbIE  VCIAHOBKIL, obecconusanue  800bl;
VALMPAYUILMPAYUOHHBIE Memoparvl, penmeeno@ayopecyeHmuast CReKmpoMempusi;
Jrcene3obaxmepuu,; 0be3zapadcusamniie 800bl.
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Introduction

In recent decades, membrane technologies for natural waters treatment have been
increasingly widely used in the practice of water treatment of thermal power plants (TPP), due to
their environmental friendliness, high quality of water purification, compact size of units and the
possibility of their full automatization [1-6]. Ultrafiltration membrane units successfully replace
multi-stage technological schemes, which include clarifiers. This allows one to avoid the
deposition of contaminants by reagent methods and, consequently, to exclude the formation of
precipitation of high humidity. This circumstance is extremely important, since efficient
dewatering of precipitates involves the use of additional reagents and finishing dehydration units.

The main disadvantages of ultrafiltration methods for water pre-treatment are the
membranes high cost, the significant consumption of wash water, and the sensitivity of
membranes to the impact of certain specific impurities present in natural waters that can cause
their irreversible destruction. Therefore, we believe that it is important to use highly informative
methods for analyzing the surface condition of membranes, which allow one to predict possible
negative changes of the membrane condition in the presence of certain impurities in the feed
water.

Energy dispersive X-ray fluorescence spectrometry (EDXRF) was chosen as one of the
methods for obtaining objective information about the surface condition of the spent ultrafiltration
membrane. This method allows simultaneous recording the entire range of energies of the
secondary (characteristic) radiation from the sample [7—9]. Fluorescence radiation is decomposed
into the spectrum using Si-based semiconductor detectors that record all radiation from the sample
and convert it into electrical pulses, forming a spectrum in the form of relationship between the
number of pulses and the energy of each element. Further, the spectra are processed by
mathematical methods and statistical analysis, allowing obtaining quantitative and qualitative data.

According to our data, the EDXRF method has not yet been applied for assessing the
condition of spent ultrafiltration membranes used at the pre-treatment stage at water treatment
facilities of thermal power plants. We have chosen this research method as it has certain
advantages, namely the relatively low requirements for sample preparation and the possibility of
analysis in wide range of concentrations.

Problem statement

In recent years, at PJISC OGK-2 Novocherkasskaya Regional Thermal Power Plant (RTPP)
ultrafiltration clarification is used as a water pre-treatment technology, which was introduced by
the specialists of NPK Mediana-Filter. Initially, the technological scheme of water treatment
included the direct supply of raw water after preliminary mechanical filtration to ultrafiltration
units. However, this technology resulted in reduction of the filter cycle and premature failure of
the membranes. Therefore, as an experiment, a technology for preliminary disinfection of raw
water by chlorine-containing reagents was developed, successfully tested on stand-alone modular
units by the specialists of NPK Mediana-Filter under the direct supervision of the head of the
chemical workshop of PJSC OGK-2 Novocherkasskaya RHPP S.E. Lysenko.

This article presents the EDXRF study of the surface condition of the spent ultrafiltration
membranes, which were operated according to the technology without preliminary disinfection of
water. In addition, a detailed description is given of an improved technological scheme of
ultrafiltration, implementation of which has shown positive results.

Experimental technique

The surface conditions of ultrafiltration membranes were studied at the Platov South-
Russian State Polytechnic University using the ARL Quant’X X-ray fluorescence energy
dispersive spectrometer from Thermo Scientific (USA). The device has the following
characteristics:

- Silicon-lithium detector with electric cooling;

- Measurements sensitivity is in the range from 0.0001 to 100%;

- The measurement time for one element is from 10 to 60 seconds;
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- Adjustable size of the X-ray beam from 1 to 10 mm.

The thin cuts of samples of hollow-fiber ultrafiltration membranes from Doy Chemical,
which had worked under real conditions for more than three years at the feed water of the Don
River were used in the experiments. Slice No. 1 is the initial sample in dry condition; slice No. 2 is
the sample subjected to soaking for 48 hours in distilled water; slice No. 3 is the sample in contact
with a 4% solution of citric acid for 48 hours with continuous shaking and subjected to subsequent
washing with distilled water for 6 hours.

Unfortunately, according to the terms of supply for the membranes, it is impossible to
obtain a sample based on a "fresh" membrane (before its commissioning) to perform a
comparative analysis. Therefore, the EDXRF method was used to study samples based on
membranes decommissioned due to the impossibility of restoring their original flow capacity, that
is, the so-called "spent" membranes.

Before being placed in cuvettes, the slices, which contacted with liquids, were held in air
for 10 min. To detect characteristic radiation, semiconductor solid-state detectors were used, the
operation of which is based on ionization inside the semiconductor, the detector type is Si (Li).

The anode material of the analyzer tube is Rh (optionally Ag). The maximum radiation
power was 50 W at voltage supplied in 1 kV increments in the range from 4 to 50 kV. The
selectivity of the recording was provided by 7 filters and additional direct excitation of electrons.
The maximum counting speed was up to 100,000 pulses per second with an optimal value of about
50,000. The radiation stability is 0.25% for 8 hours for the device sensitivity in the range from
0.0001 to 100%.

Experimental results

Quantitative and qualitative results of the conducted experiments are presented in Table 1
and Figs.1,2.

Table 1
Quantitative results of the initial sample study by X Energy dispersive X-ray fluorescence
Oxides concentration, % Element concentration, %
SO, 19.02 Sx 7.62
Cl 4.92 Cl 4.92
TiO, 19.52 Ti 11.70
MgO - Mg -
CaO 7.95 Ca 5.69
P,0s 6.29 Px 2.74
K,0 25.65 K 21.29
Fe,03 0.501 Fe 0.350
ZnO 0.400 Zn 0.322
Sh,03 0.0850 Sh 0.0710
AlL,O; 14.62 Al 7.74
MnO 0.956 Mn 0.740
WO; 0.061 w 0.048
Br 0.0203 Br 0.0203
PdO 0.0097 Pd 0.0084
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562keV 594keV  626keV  658keV 690keV 7.22keV 7.54keV 7.86keV 8.18keV
Fig. 1. X-ray fluorescence spectra of the initial sample of ultrafiltration membrane, fabricated using
palladium filter.

Fe

Fe

580keV 6.12keV 644keV 6.76keV  7.08keV  740keV 7.72keV  8.04keV 8.36keV

Fig. 2. X-ray fluorescence spectra of the initial sample of ultrafiltration membrane after chemical
washing, fabricated using palladium filter

For the sample No.2, which was in contact with distilled water, no significant changes were
revealed, so we can conclude that washing with water without the use of aggressive reagents does
not lead to positive changes in the surface of the worked ultrafiltration membranes. Therefore,
further studies were performed for the initial sample and sample No.3. The figures show the most
characteristic parts of spectra for these samples.

Comparison of the spectra of the initial sample and the sample after aggressive chemical
washing allows us to conclude that even chemical regeneration does not contribute to a
fundamental change in the condition of the ultrafiltration membrane. In order to understand in
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more detail the reasons leading to an irreversible deterioration of the membrane, we consider the
composition of the initial water entering the ultrafiltration unit (Table 2).
Table 2
Composition of the initial river water supplied to the ultrafiltration plant, according to the data from
the chemical workshop of the Novocherkasskaya RHPP for 2014 - 2016

Characteristics Meas. unit Value
Total salt content mg/l 500-1000
Particles percentage mg/I 3-50
Iron concentration mg/l 0.1-21
Permanganate oxidizability mgO./| 3-32
Total stiffness mg- equ/L 5-10
Alcalinity mg- equ/L 2.3-45
Hydrosilicic acid concentration mg/l 4-16
Oil products concentration mg/l 0.05-1.1
pH 7.5-8.5
Temperature °c 7-34

Besides this, the increased values of the total microbial number were periodically recorded
in the feed water. The presence of bacterial water pollution, together with high permanganate
oxidizability, allows us to conclude that there is a bacterial film on the surface of the membranes
[10, 11].

Analysis of the obtained spectra shows that the spent ultrafiltration membranes are
characterized by the presence of iron, which remains even after acid chemical washing. Bacterial
iron or iron bacteria are typical representatives of surface water bodies. Iron bacteria are
represented, as a rule, by filamentous forms that can effectively be fixed on the surface of water
treatment equipment, in particular on the surface of ultrafiltration membranes. In addition, iron
oxides accumulate on the surface of bacterial cells, both as a result of absorption by ferrous
bacteria of ferrous ions from the feed water, and as a result of oxidation of the bacterial film itself,
accompanied by the deposition of insoluble ferric oxides and hydroxides. The absence of the effect
of acid washing of the spent ultrafiltration membrane can apparently be explained by the fact that
iron (I11) hydroxide, which is a product of the activity of iron bacteria, under the proposed
conditions of membrane regeneration forms a colloidal gel capable of accumulating in the
membrane pores, reducing their cross-sectional area.

Thus, taking into account the increased permanganate oxidizability of the feed water and
the high probability of bacterial contamination of ultrafiltration membranes, it was concluded that
it is advisable to continuously disinfect water using sodium hypochlorite as a disinfecting reagent.
To ensure the longest possible exposure time of free chlorine, the point of introduction of sodium
hypochlorite, as a result of field experiments, was chosen in front of contact filters located in the
technological scheme immediately before the ultrafiltration units.

Taking into account the transport lag from the point of introduction of sodium hypochlorite
in the feed water pipeline to the point of control of free chlorine in the ultrafiltered water supply
line to reverse osmosis plants (the location of reverse osmosis units in the process flow diagram is
immediately after the ultrafiltration units), which is from 50 to 60 minutes, and inconstancy of
chlorine absorption of the feed water, the selection of the optimal dose of sodium hypochlorite was
carried out step by step with a dose change interval of not less than 1 hour.

The concentration of free chlorine at the inlet to reverse osmosis plants was monitored
using the Burkert free chlorine control system, as well as by titration. For dosing of commercial
sodium hypochlorite in a wide range of concentrations of active chlorine (from 20 to 190 g/l), a
metering pump for the SEV-1 dosing station and the SEV-1 consumption tank were used.

Implementation of these technical measures had a positive effect on the condition of
ultrafiltration units: the cartridges replacement time increased from 4 to 6 weeks, and during the
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inter-flood period it was about 8 weeks. The quality of the filtrate, productivity and pressure drops
on the cascades of ultrafiltration plants during 2016—2018 never went beyond the regime charts.

Conclusions

Analysis of X-ray fluorescence spectroscopy data shows that even aggressive regeneration
of ultrafiltration membranes that have spent a long time (more than 5 years) does not lead to
restoration of their initial condition. This, possibly, is a consequence of exceedance of the critical
transmembrane pressure during operation of the ultrafiltration unit, which causes irreversible
mechanical changes in the structure of the membrane fiber. Taking into account the characteristics
of the feed water, we can conclude that the main cause of contamination of ultrafiltration
membranes, apparently, is iron, which is present mainly in colloidal and bacterial forms. Given the
developed surface of ultrafiltration membranes, it can be assumed that the deposition and fixing of
these forms of iron will occur both on the membrane surface and in its pores. As a result of these
processes, the pore cross-sectional area of ultrafiltration membranes will decrease, causing a
decrease in the flow through the membrane and, accordingly, an increase in transmembrane
pressure, leading to its destructive changes.

Thus, based on the data of X-ray fluorescence analysis, we consider it expedient to carry
out not only timely washing and chemical regeneration of ultrafiltration membranes, but also to
organize preliminary disinfection of water entering the ultrafiltration unit, for example, by solution
of sodium hypochlorite, which has a prolonged bactericidal effect.
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