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0,25 MIla Habnronaercst JOCTATOUHO MHTEHCUBHOE YBE-
JIMYCHHUEC KOJIMYCCTBA B3BCIICHHBIX BCIICCTB B HpO(l)I/lJ'I])-
TPOBAaHHOH Boje, a mpu jnaBieHuu cpoime 0,25 MIla
MIPOUCXOAUT JOCTATOUHO PE3KHil CKadoK. To eCTh MOXK-
HO IOBOPUTH O TOM, YTO JJIsI IMIPOBEACHHOI'O SKCIIEpU-
MmenTa fasinenue 0,2 Mlla siBnsieTcsi TpaHUYHBIM yCIIO-
BueM 3¢ dexkTuBHOI (uibTpannn yepe3 MeMOpaHHbIN
MOJyJlb, TOCJIE€ HACTYIUIEHUS KOTOPOTO MPOUCXOAUT
WHTEHCHUBHBIN MPOCKOK.

Ha ocHOBaHuM 3THX [JaHHBIX JAJIbHEHILIUMI JKCIIEe-
PHMEHT peIIEeHO MOCTPOUTD CIEAYIOIM 00pasoM. [lis
Ooree NEeTaIbHOTO M3y4eHHsi 0COOEHHOCTEH MeMOpaHHOM
(uiBTpaIMK UCCIIeIOBaHMsI ObUTH IIPOBE/ICHBI B JiMaria3o-
He JaBneHuit 1o 2 MIla, T.e. 10 rpaHIYHOM BETMYMHBI, TIPU
KOTOpOIi HaOIIONAICs MPOCKOK. B niepBoM npuoOmmkeHnn
PELLIEHO HMCIIONB30BaTh JIBE BEJMUMHBI pa00Yero JaBieHus
— 0,2 MIla ¢ nenbio oueHuTb YHPEKTUBHOCTH PabOTHI
B TIPEIEeNbHOM COCTOsSIHMM 10 Tipockoka u 0,05 MIla, Te.
B YCJIOBHSIX BaKyyMa (IIpH JIaBIEHUH HIDKE aTMOC(EPHOIO).
Hcrnionb3oBaHne BaKyyMHOTO (DMIIBTPOBAHUS XapaKTEpHO
JUTSL TIOTPY’KHBIX MeMOpaHHbIX Moayieit. Kpome Toro, Tpe-
00BaJIOCH [POAHATIM3UPOBATH BIIMSIHHE APYTOrO BYKHOTO T1a-
pameTpa Ipy SKCILTyaTali MEMOpaHHBIX OHOPEaKTOPOB —
J03bl Wiia, Wik, ApyruMu CJI0BaMH, KOHLICHTpAliu B3BC-
IICHHBIX BEIIECTB B PEaKTOpe. 3HAUCHUE 03B! MJIa TPYAHO
MIEPEOLICHHUTh, TOCKOJIbKY OHA HaNpsIMYO BIIUSIET U Ha MPO-
1ecc OMOJIOrNYECKOW OYMCTKH, M Ha MEXaHH3M MEeMOpaHHOM
(brsTparmm.

I[J'l)l NEPBUYHOIO0 U3YyUCHHA 6bIJ'lI/I B34ATBI TPU BEC-
JIMYMHBI 10361 Wia a; — 1,6; 2,5 u 7 r/n. Takoit BBIOOD
00yCIJIOBJICH TEM, 4TO B IEPBbIE JIBE XapaKTEPUCTUKU
OJIM3KH K TPaJUIMOHHO UCIIOIb3YEMbIM B COOPYKEHH-
sIX OMOJIOTHYECKON OYMCTKU TOPOJACKUX CTOYHBIX BOM,
a TPEThsl KOHIIEHTPALMS XapaKTepHa JUIsl KCILTyaTalluu
HOrPYXHBIX MeMOpaHHBIX OuopeakropoB. Haubonee
PacCpoCTpaHCHHBIM IMOAXOA0OM SBJIACTCA IMPUMCHCHUEC
7103 Wiia B Auarna3oHe 7—12 1/ B morpyHbIX OHoOpeak-
topax [14]. Takum 0Opa3om, UcCiIen0BAIICH IKCILTyaTa-
HAOHHBIC XAPAKTCPUCTUKU OTACIIBbHO PACIIOJIOXKCHHBIX

MEMOpPaHHBIX MOJIYJICH B yCIIOBUSIX, OJIM3KHUX JUIsl TPAIU-
[MOHHBIX METO0B OYHCTKH, & TAKKE B YCIOBUSIX, aHAJIO-
THYHBIX MEMOPaHHBIM OHOPEaKTOpaM IMOrPYKHOTO THIIA.

Ha puc. 5 npencraBiieHbl 3aBUCUMOCTH 00beMa
¢unpTpaTa OT NPOAOIKUTEIBHOCTH (UIIBTPOIHMKIIA.
Kak BumHO, HauOonbImii 00beM (pUIBTPALIUK OTMEYa-
etcst ipu aasiennu 0,2 MIla u no3ax wia 1,6 u 2,5 r/i.
[TomoOHBIi pe3ynbraT OKuAaeM — HpU OOJIbILIEM J1aB-
JeHun obecrieunBaeTcs OONbIINIT 00beM HpPOUIb-
TPOBAaHHOM JKUJIKOCTH, a NPHU MaJbIX J103aX HJa CO-
NpoTHBIEHHE (DUIBTPALMH, CO3/[aBaEMOE HAINYHEM
B3BEIICHHBIX BEIIECTB, TAK)KE MEHBIIIE.

Eciu cpaBHUTH, Kak ceOst BeayT rpadMKu yKa3aH-
HBIX 3aBUCHMOCTEH JUIsl IBYX YIIOMSIHYTBIX JI03 MJIa IIPpU
JBYX pabouuXx NaBJICHHSIX, TO MOXKHO OTMETUTh, YTO
pasHuIa IPUMEPHO ABYyKpaTHas, T.e. 00beM MpOoQHIib-
TpoBaHHOH Bozab! npu nasineHuu 0,2 MIla mpumepHO
B JiBa pa3a Ooublne, yeM rpu aasienuu 0,05 MIla.

HanmeHnbiiasi npou3BOAMTENBHOCTh OTMEUYEHA
JUTsE 000uX pabounX AaBicHUU npu qo3e wia 7 r/i. [pu
9TOM pa3HHLA B 00beMe QpUIIbTpara COCTaBIISET HOPSI-
ka 20 %, 4TO TOBOPHUT O TOM, YTO IPH MTOAOOHBIX 032X
wiia pabouee 1aBlieHNE HE UIMEET HACTOJIBKO pellarolie-
IO 3HAUCHUSI, KaK B [IEPBBIX JBYX CIy4Yasix.

Ecnu nosy4eHHbIe 3HaUeHUS! TIPEJICTaBUTh B BUJIE
NPOJOJDKUTEIBHOCTH (DUIIBTPOLMKIIA, TO TIOJIyYSHHBIE
3HAYCHHS IPUOOPETAIOT ciaenyromuid Buj (puc. 6, 7).
Kax Buano, npu gasnenuu 0,05 MlIla pocT konnyecTBa
¢wibTpara npu yBeINYSHUH BPEMEHH (HIBTPOLMKIIA
MMeEeT IJIaBHBIN XapakTep JUlsl BCeX TPeX /103 Uiia, a pu
nasienun 0,2 Mlla rmiaBHbIN XapakTep pocTa Koiude-
cTBa (prIIbTpaTa COXpaHsETCs TOIBKO JUIs 1036l Wita 7 1/,
a JUIst IBYX JPYTUX 3HAYCHHUH yBEJIMYCHUE KOJIMYECTBA
¢dunsTpaTa npu nepexoje Ha 6osiee JITUTETbHBIA (HIIb-
TPOLMKJI TPOUCXOAUT rOpas3/io MHTEHCHBHEE.

[Tony4yeHHbIE pE3yNbTAaThl CBUACTEIHCTBYIOT
0 TOM, YTO YeM MEHbIIE MPOAOIIKUTEIBHOCTD (PUiIb-
TPOILMKJIA, TEM OOJIbIIE OKAa3bIBACTCS BEJIMYHHA O0IIe-
ro KOJIMYECTBA II0JIy4aeMou Bozbl B yac. [loaromy 1uist

Puc. 5. 3aBucumocts 00beMa GpuibTpaTa OT MPOAOIKUTENBHOCTH (PUIIBTPOLIHKIIA
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Puc. 9. Camxenne pacxona npopHIsTPOBAHHOI BOABI B 3aBUCHMOCTH OT BpeMeHH (uibTpormkia (P = 0,2 MIla)

JaJlbHEUIINX MCCIIEI0BAHUM IIPEICTABIsAECTCS OYEHb
BRXHBIM U HHTEPECHBIM HCCJIEIOBATh BO3MOXKHOCTB
OIITHMH3AIIMH TIPOLECCa: ONPEIENIUTh, IPH KAKUX MPO-
JOJDKUTENBHOCTSIX (DUIIBTPOLIMKIIA U AABJICHUSI MOKHO
HOJYYUTh MHUHHUMAJIbHBIE 3aTPaThl HA OYMCTKY BOJIBI.
Yem yarie npoBOJAUTCS MPOMBIBKA (YEM MEHbILIE MPO-
JOJDKUTEILHOCTh (DMIIBTPOLIMKIIA), TEM O0JIbIle TPeOy-
eTcst 00IIMiT pacxo/] BO/IBI B 4ac Ha IPOBEICHUE IIPOMBbI-
BOK, U TEM MEHbIIIE OKa3bIBACTCS 3HAUCHUE «IIOJIE3HON»
NPOU3BOANUTEIHLHOCTH MeMOpaH (pa3HUIIA MEX/IY MOITy-
YEHHBIM KOJIMYECTBOM (DHIIBTPATa M U3PACXOI0BAHHBIM
KOJIMYECTBOM Ha MPOBEACHHE IIPOMBIBOK).

Ha puc. 8 u 9 nmpencrasieHsl rpaguKu CHHMKE-
HUSI KOJIMYECTBa MPOQUIBTPOBAHHON BOJIBI B TEUCHHE
¢unsTpoumkiia npu padoyem nasienun 0,05 u 0,2 MIla
coorBeTcTBeHHO. Kak BuaHo, s naBinenus 0,2 Mlla
XapakTepHbl OOJIBIIME PacXo/bl BOJbI B Havaj1e (Hiib-
TPOLMKJIA, YTO BIIOJIHE 3aKOHOMEPHO, OJJHAKO 110 Mepe
npoTekanus GpuibTponrKIia npu padouem aasiaenun 0,2
MIla nabiromnaeTcs ropasao 0oJiee HHTCHCUBHOE CHUKE-
HHE Pacxoja, B Pe3ysibTare 4ero Mpu JOCTHKEHUH Bpe-
MEHU (HUIBTPOLMKIIA 4 MUH pacxo]l NPpo(UILTPOBaHHON
BOJIBI /ISl BRHIOPAHHBIX paOOYMX JaBICHUH ABISIICS (aK-
THYECKH OJJTHAKOBBIM. JTO TOBOPHT O TOM, 4TO pabouee
JlaBJIeHHE UMEET KaK NpsIMOe, TaK U 00paTHOE BIIHMSHHE
Ha pacxo] Npo(uIbTPOBaHHON Bojbl. VHBIME ciioBa-
MH, YBEJIMUYEHUE pacxojia IpHu OoJbilieM pabodyeM JaB-
JICHUU «KOMIIEHCHpYeTCs» 0osiee MHTEHCHBHBIM 00pa-

CTaHHEM U 3aKyINOPKOH, YTO MPUBOJUT K TOPMOKEHHUIO
CKOPOCTH ¥ MHTEHCHBHOCTH (uibTpanuu. JJaHHoe 00-
CTOATECJILCTBO T'OBOPUT O TOM, YTO B XOJ€ ﬂaﬂbHeﬁmHX
ucciieloBaHui TpedyeTcs: AONOJIHEHUE IOJTyYeHHBIX
PE3YINBTATOB C TOYKU 3PCHUA U3YUCHUA BIUAHUA 60.]1])-
LIEro KoJIM4ecTBa (hakTopoB (KaK TEXHOJIOTMYECKHX, TaK
U PECYPCHBIX (IKOHOMHYECKHUX)) Ha IpoIiecc MeMOpaH-
HOM (PMIIBTpALMHU [TPU OYMCTKE CTOUHBIX BOI.
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INTRODUCTION

Current trends in development and improvement
of biological treatment processes focus on enhancing
the removal of biogenic elements [1]. It’s attainable by
increasing the treatment time (the term “hydraulic re-
tention time” is in use in the international literature) and
the content of mixed liquor suspended solids (MLSS)
which cause the size of wastewater treatment facilities
to go up. Presently the size of these structures can be
reduced if membrane bioreactors are used, as in this
case membrane methods and technologies are applied
to separate the sludge, and this process does not need
a secondary settling tank [2].

The efficiency of membranes is driven by a group
of factors, and the key ones are pore dimensions,
MLSS, and operating pressure.

It is noteworthy that this area of research does not
have enough coverage in our country [3]; therefore, we
need to study the publications made by foreign research-
ers to get a better idea of the most advanced technology
development trends. However most of them represent
mere descriptions of the process [4—6]. Nonetheless,
each process efficiency enhancement, in particular,
through capex and power consumption reduction (with
power being a major constituent of operating expenses),
is of substantial theoretical and practical interest [7-9].

In this article, the author describes a methodology
for optimizing operating pressure and MLSS values
applied in membrane treatment processes. It’s vital to
realize that presently membrane bioreactors have sub-
merged membranes, and pressure is built by vacuum
pumps [10]. Wastewater is filtered by membranes that
have large pores; therefore, they are called microfiltra-
tion rather than ultra-filtration membranes [11]. This
principle was developed on the basis of the operational
experience and the research framework. As known, the
lower the operating pressure value, the smaller the sedi-
ment resistance growth rate, while the larger the pores,
the higher the per-unit permeability of membranes [12].
However, large pores may be clogged by active sludge
particles. Therefore, the objective is to minimize power
consumption by setting the optimal membrane opera-
tion mode [13].

MATERIALS AND METHODS

A submerged membrane is a traditional and most
widely spread solution for membrane bioreactors. It of-
ten needs supplementary structures or tanks to be built
[14-16]. However, when small facilities are restruc-
tured, their existing arrangement and layout should re-
main unchanged, and this idea is particularly relevant
in case of limited areas occupied by water treatment

facilities [3, 17]. Therefore, there is a need to study the
installation of membranes in close proximity to exist-
ing structures; they can function in small containers to
avoid the construction of new tanks [1, 5, 7].

The study of membrane performance at higher
pressure values and the analysis of capital and operating
expenses in case of the so-called “open-air” membrane
installation may help to improve membrane efficiency
and per-unit capacity.

By means of this research project, the author made
an attempt to study membrane performance at different
pressure and MLSS values and to obtain information on
per-unit capacity of membranes.

The objective of this research phase is to study
membrane methods of sludge separation (removal (re-
tention) of suspended biological sludge particles from
wastewater) at different pressure values to boost the
capacity of membrane bioreactors and to identify the
optimal range of operating pressure values which pre-
vent membranes from clogging and contaminants from
slipping into the filtrate.

The laboratory bench, which is schematically
presented in Figure 1, was used to conduct the experi-
ments.

The membrane produced by Raifil (South Korea),
equipped with capillary ultra-filtration membranes
(Fig. 2) was used in the experiments. The membrane
pore size is 1 micron. The total membrane filter area is
one square meter. This membrane module has standard
characteristics (pore size, material), typical for ultra-
filtration membranes; therefore, we can assume that
further results will not demonstrate any substantial dis-
crepancies, if ultra-filtration membranes made by other
manufacturers are used.

Source water (mixed liquor) is stored in source
water tank / and fed into membrane 3 with the help of
pump 2. Storage tank 4, pressure switch 5, bypass valve
10 and manometer /2 are used to adjust the operating
pressure. The filtrate leaves the membrane to be accu-
mulated in filtrate samplers 7.

The following pressure values were set to hold the
experiments: 0.05; 0.1; 0.2 u 0.3 MPa.

Backwashing is an essential constituent of the
membrane operation. Any backwashing requires de-
ionized water produced by the reverse osmosis unit.
Wash water was poured into wash water tank & for
washing purposes. Spherical valves 6 were used to re-
route water flows from one tank to the other one. The
pump supplied wash water into the filtrate duct. The
wash water passed through the source water duct into
wash water samplers 9. Spherical valves 6 were used
to reroute water flows from one duct to the other one.

Pressure values were adjusted using pressure switch
5, bypass valve /0, and wash water storage tank //.
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Fig. 1. Laboratory bench layout: / — source water tank; 2 — pump; 3 — membrane; 4 — storage tank; 5 — pressure switch;
6 — valve; 7 — filtrate samplers; § — wash water tank; 9 — wash water samplers; /0 — bypass valve; // — wash water

storage tank; /2 — manometer

Fig. 2. The membrane module

RESULTS

Fig. 3 shows the relation between membrane capac-
ity and pressure in the process of de-ionized water filtra-
tion. Fig. 4 shows the relation between concentrations of
suspended solids in the filtrate and pressure; this relation

10

helps to identify the operating pressure value at which
biological sludge starts “slipping” into the filtrate.

If we analyze both graphs, we will come to the fol-
lowing conclusions. If the pressure goes up, the mem-
brane throughput capacity will go up, as well, as this
relationship is fairly linear. Nevertheless, it is evident
that if the pressure is below 0.2 MPa (20 meters of wa-
ter column = 2 atmospheres = 2 bars), the concentration
of suspended solids in the filtrate is nearly constant and
close to zero; therefore, the membrane retains its high
efficiency, if the pressure value is equal to 0-0.2 MPa.
If pressure goes up from 0.2 to 0.25 MPa, the amount of
suspended solids in the filtrate goes up intensively, and
the pressure value of 0.25+ MPa causes a spike in the
concentration of suspended solids. Therefore, the pres-
sure of 0.2 MPa is the boundary condition for effective
membrane filtration. If the pressure exceeds this value,
the concentration of suspended solids surges.

We used these data to design further phases of our
experiment. As we were going to examine membrane
filtration, operating pressure values were not to exceed
2 MPa — the boundary value that was sufficient for
solid particles to penetrate into the filtrate. A decision
was made to use two operating pressure values: 0.2 MPa
— to assess the performance efficiency within the pre-
penetration range and 0.05 MPa, or in vacuum (when the
pressure is below the one of the atmosphere). The use of
vacuum filtration is typical for submerged membranes.
Besides, there was a need to analyze the impact produced
by another important parameter of membrane bioreac-
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Fig. 4. Relationship between concentrations of suspended solids in the filtrate and pressure

tors; that was concentration of suspended solids in the
bioreactor. The MLSS value is hard to overestimate, as it
produces immediate impact both on biological treatment
processes and membrane filtration patterns.

Initially, the following three MLSS values were ap-
plied: 1.6, 2.5 and 7 g/I. The first two are close to those
traditionally used to treat urban wastewater, while the third
one is typical for submerged membrane bioreactors. The
most widely spread approach is to set the MLSS value at
7—-12 g/1 for submerged bioreactors [14]. Therefore, per-
formance characteristics of standalone membranes were
exposed to research in the conditions similar to those of
traditional treatment methods and in the environment simi-
lar to the one of submerged membrane bioreactors.

Fig. 5 shows the relationship between the filtrate
amount and the filter cycle duration. As we can see,
the filtrate amount is maximal, if the pressure is set at
0.2 MPa and the MLSS value is equal to 1.6 or 2.5 g/I.
This is a readily anticipated result: the higher the pres-
sure, the more liquid is filtered, while the smaller the
MLSS value, the smaller the resistance to filtration gen-
erated by suspended solids.

If we analyze the graphs describing the above rela-
tionships for two MLSS and operating pressure values,
we will find out that the difference is approximately
two-fold, or that the amount of water filtered at the
pressure of 0.2 MPa is twice as much as the one filtered
at the pressure of 0.05 MPa.

The capacity is minimal at the same pressure values
and the MLSS value of 7 g/I. In this event, the differ-
ence in the amount of filtered water reaches 20 %, which
means that in case of this MLSS value the operating pres-
sure value is not as critical as in the first two events.

These values are represented in relation to the filter
cycle duration in Fig. 6 and 7. According to the graphs,
if the pressure is equal to 0.05 MPa, the filtrate amount
growth, driven by the filter cycle extension, is smooth
for each of the three values, and if the pressure is set at
0.2 MPa, the filtrate amount rises smoothly only if the
MLSS value is equal to 7 g/l, and the rise is much more
intensive, if the filter cycle is extended and the other
two MLSS values are applied.

The results suggest that the shorter the filter cycle,
the more filtrate is produced per hour. Therefore, we

11
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find it important and interesting to study the potential
process optimization and to identify filter cycle duration
and pressure values that ensure minimal water treat-
ment expenses. The more frequent the washings (the
shorter the filter cycle), the higher the per-hour water
consumption rate and the smaller the “net” capacity of
membranes (the difference between the filtrate amount
and the amount of consumed water).

Figures 8 and 9 show the graphs illustrating fil-
tered water reduction in the course of filtration at the
operating pressure values of 0.05 MPa and 0.2 MPa, re-
spectively. As we can see, if the pressure is equal to 0.2
MPa, high water consumption rate is typical for the ini-
tial phase of the filter cycle, which is natural; however,
if the operating pressure of .2 MPa remains unchanged,
the water consumption rate goes down intensively, and
as a result, upon the expiration of 4 minutes of the fil-
ter cycle, the filtered water consumption rate is nearly
the same for each pressure value under consideration.
Therefore, operating pressure values produce both di-
rect and reverse effects on filtered water consumption.
In other words, any higher consumption at high operat-
ing pressure values is “compensated” by more intensive

clogging, which causes filtration velocity and intensity
to go down. This fact means that in the course of our
further research any findings must be supplemented by
the study of the influence produced by numerous factors
(both technology- and resource-related) on the process
of membrane filtration.

CONCLUSIONS

The following conclusions can be made as a re-
sult of our research into the operating characteristics of
membranes:

« if the operating pressure exceeds 0.2 MPa, the
amount of suspended solids in the filtrate skyrockets
and causes a slip of contaminants;

* in the course of operation at two pressure values,
maximal capacity is attainable in case of relatively
small MLSS values and the pressure of 0.2 MPa;

« if MLSS goes up, the pressure impact on the
membrane capacity goes down;

* the findings of the experimental research indicate
the need to identify potential optimization techniques for
wastewater treatment and membrane filtration.
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