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In Kazakhstan, the issue of providing the population with quality drinking water remains one of the
topical and important issues. Despite significant efforts in the field of infrastructure and water treatment
technologies, many regions of Kazakhstan still face problems of pollution and insufficient water resources.
In this regard, the development of effective water treatment methods is of particular importance. This study
considers the issue of wastewater treatment by the combined method of forward and reverse osmosis, which
is a key direction in modern water treatment. The relevance of the work is the use of integration of forward
osmosis methods with the process of adsorption by powdered activated carbon in wastewater treatment.
The use of powdered activated carbon in the process of wastewater treatment leads to a reduction in the
content of organic matter, which are water pollutants. As a result of the experiment with pretreatment of
wastewater with powdered activated carbon, a decrease in the level of chemical oxygen demand (COD)
in wastewater from 538 mg O/dm3 to 256 mg O/dm3 was observed, as well as a relative decrease in the
concentration of other indicators. The draw solution in the form of 1.5 M NaCl gradually drawing water
molecules from the feed solution pretreated with activated carbon on the tenth day had a concentration of
0.425 M absorbing 2.529 liters of water entering through the membrane that is 27.6% more than the control
version of the experiment. The effectiveness of integrated methods lies in the successful combination of
different technologies to improve water treatment processes and ensure the availability of clean water not
only in Kazakhstan, but also in different parts of the world.
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Kazakcranaa xanbIKThl canajbl aybl3 CyMEH KaMTaMachl3 €Ty MICeJIeCi ©3eKTi KoHe MaHbI3/Ibl Macelieliep-
aiH 6ipi 6onein Kana Oepeni. MHDpaKyphlIbM KoHE Cy JalblHAAY TEXHOJIOTHUSIAPHI CAlaChIHAAFH eeyIi
KyuI-kirepre Kapamacrat, KazakcTaHHbIH KOINTereH eHipiepi o1 JIe CYJbIH JIaCTaHybl MEH KeTKUIIKCI3/Iiri
npoOJiemManapbiHa Tar OoJbI OThIp. OchiFaH OalIaHBICTBI CY/IbI TA3APTYABIH THIM/IL 9/JiICTEPiH kKacay epeKIle
MaHpI3ra ue. by 3epTrey arblHABI Cylapabl TiKeJel jKoHe Kepi OCMOCTBIH apayiac JJiCiMeH TazapTy Mo-
ceJieciH KapacThipapl, OyJ1 Ka3ipri 3aMaHFbl CY/Ibl JalbIHIAYIBIH Heri3ri OarbIThl OOMBIT TaObUIadbL. JKy-
MBICTBIH ©3€KTLIIr aFbIH/IBI CyNap/bl TA3apTy Ke3iHje YHTaKTalIFaH OelICeHAiIpiareH KeMipMeH aacopOiu-
suTay MpoIeciMeH TiKeJield OCMOC 9/IiCTepiH MHTErpalusiiay apKbUIbl KOJIAHy OOJBIN TaObUIAAbL. AFBIH/IBI
CyJIap/ibl Ta3apTy MPOILIECiHAe YHTAKTAIFaH OeJICeHIIpUITeH KOMIp/i MaiiaiaHy Cy/abl JIACTAUTHIH OpPraHu-
KaJIbIK, 3aTTap/bIH a3a0bIHA OKeJei. AFBIHIBI CYJIap/bl YHTAKTAIFaH OeJICEHIipijreH KeMipMeH aJlIblH ajia
OH/JIEY IKCIIEPUMEHTIHIH HOTUKECIHE aFbIH/Ibl CyJIapAaFbl OTTET1HIH XUMUIBIK TYThIHbLTY (OXT) nexren-
iHig 538 MrO/mv3-ten 256 MrO/am>-ke neitin TOMeH/IeYi, COH/Ial-aK, 6aCcKa KOPCeTKIITep KOHIIEHTpaIH-
SICBIHBIH, CaJIBICTBIpMaUIbl TOMeH eyl Oarikananpl. 1,5 M NaCl TypiHgeri TapTKpI epiTiHAICI Cy MOJEKY-
JIaJlapblH JI/IBIH aia OeJICeH/1ipUIreH KeMipMeH eHJereH OacTarKpl epiTiH/liIeH OHbIHIIB KYHi OipTiHAen
tapthi, 0,425 M KOHIIEHTpaIMsChIHA He OOJIBI, MeMOpaHa apKbLIbl ©TKeH ¢y 2,529 nmutpai Kypaasl. by
IKCIIEPUMEHTTIH OaKplIay HYCKachiHa KaparaHya 27,6% - ¥a kell. IHTerpanysijIanFaH 91iCTepIiH THiMJILTIr
CYIbI Ta3apTy MPOLIECTEPIH KaKcapTy KoHe Ta3a cyablH Tek KasakcTanaa raHa emec, 9JIeMHiH 9p TYKIIipiH-
e Jie KOJDKETIMIUIINiH KaMTaMackl3 €Ty MaKCaThiHAa TYPili TEXHOJIOTHsUIApAbl COTTI KOMOMHAIMSIAy/IaH
Kypasiafpl.

Tyiiin ce3aep: arbIHIBI CyTapabl Ta3apTy, TIKeJIeH 0CMOC, aFbIHIIBI CYJIap, YHTAKTaIFaH OeJICeHiplITeH
KOMip, OTTETiHIH XUMUSIIBIK, TYTHIHBLUTYH (OXT), opraHukaiblK jacTaylibl 3aTTap, Kepi 0OCMOC.

HNCCJIIEAOBAHHUE 3®PEKTUBHOCTU OUUCTKU CTOYHbIX BOJ C UCITIOJIb3OBAHUEM
KOMBUHHUPOBAHHOI'O METOJA ITPAMOI'O 1 OBPATHOI'O OCMOCA,
WHTETPUPOBAHHOI'O C OBPABOTKON AKTUBUPOBAHHBIM VIJIEM
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B Kazaxcrane Borpoc oOecrieueHus1 HaceleH!s1 KaueCTBEHHOM MUThEBOM BOJOW OCTAETCs OHUM U3 aK-
TyaJIbHbIX M BaXXHbIX. HecMOTps1 Ha 3HAUYMTENIbHBIE YCHUITUS B 00IACTH MHMPACTPYKTYPhI M TEXHOIOTUI BO-
JIOTIO/ITOTOBKY, MHOTHE perdoHsl KazaxcraHa mo-mpeskHeMy CTATKUBAIOTCS C MPOOJIeMaMu 3arpsi3HEHHS 1
HEJIOCTaTOYHOCTH BOJIHBIX PECYpcoB. B cBsi3u ¢ 3TUM 0coboe 3HaueHue mpuodperaer pasdpadorka 3¢ dex-
THUBHBIX METOJOB OYNCTKHU BOIHI. B AaHHOM HMCCJIIEJOBAHUHN PACCMATPUBACTCA BOIIPOC OYUCTKH CTOYHBIX BO/J
KOMOMHHPOBAaHHBIM METOJIOM TPSIMOTO M OOPAaTHOTO OCMOCA, KOTOPBIN SIBJISIETCS] KJTIOYEBBIM HAIPABJICHU-
€M B COBPEMEHHOM BOJIONOATOTOBKE. AKTYaJIbHOCTBIO PaOOTHI ABJISIETCS UCIIONb30BAHNE MHTET ALK METO-
JIOB MPSIMOTO OCMOCA C MPOLIECCOM aACOPOIUH MOPOIIKOOOPA3HBIM aKTHBUPOBAHHBIM YIJIEM MPU OYHUCTKE
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CTOUHBIX BOMI. Vcronb30BaHKe MOPOITKOOOPA3HOTO AKTUBUPOBAHHOTO YISl B MPOLIECCEe OYUCTKM CTOYHBIX
BOJI MIPUBOANUT K YMEHBIIIEHUIO COAEPKAaHUSI OPraHUYECKUX BEIECTB, KOTOPbIE SIBJISIOTCS 3arpsi3HSIONIH-
MU BoIy. B pe3ysbrare sKcriepuMeHTa ¢ peaBapUTeIbHON 00pabOTKON CTOYHBIX BOJ TIOPOIIKOOOPa3HBIM
AKTUBUPOBAHHBIM yIJieM HaOM0AaeTcs CHUKEHNE YPOBHsI XUMUYecKoro norpednenus kuciaopona (XI1K)
B crouHou Bozie ¢ 538 mr O/mm3 o 256 mr O/am3, a Tak:ke OTHOCUTEIbHOE YMEHbILIEHNE KOHLIEHTPAUN
Apyrux nokasareseul. BerrsxkHon pacteop B Buae 1,5 M NaCl nocreneHHO BBITATMBasA MOJIEKYJ BOJbI C MC-
XOIHOTO PacTBOpa MpeIBapUTeIbHO 0OPAa00OTAHHOTO AKTUBUPOBAHHBIM yTJIEM Ha JIECATHIN JIEHb UMeJ KOH-
terTpanuio 0,425 M normomas 2,529 muTpoB NocTymnamiiei yepe3 MeMOpaHy Bobl uTo Ha 27,6% Oonblire,
YeM Ha KOHTPOJIBHOM BapuaHTe SKcrnepuMeHTa. DPPEeKTUBHOCTh MHTEIPUPOBAHHBIX METOIOB 3aKJII0YAETCSI
B YCIIEIIIHOM COYETAHUU Pa3IMYHbIX TEXHOJIOTHIA C LIEJIbI0 YAYUILeHUs TPOIIECCOB OYMCTKHU BOABI M oOecrie-

YCHUA JOCTYITHOCTU YHUCTOMN BOJBI HE TOJIBKO B Ka38.XCTaHC, HO U B PA3JIMYHLIX YI'OJIKAX MHUpaA.

KuiroueBble cJjioBa: OUMCTKA CTOYHBIX BOJ, ITPSIMOW OCMOC, CTOYHBIE BOJIbI, TIOPOIIKOOOPA3HBIN AaKTUBU-
POBaHHBII Yronib, Xummuueckoe norpednenue kuciopoaa (XIIK), opranndeckue 3arps3HUATENN, 00OpaTHBIA

OCMOC.

Introduction. In the modern world, the problem
of access to clean drinking water remains one of the
most urgent, affecting the health and well-being of
mankind. In Kazakhstan, the issue of providing the
population with quality drinking water remains one
of the urgent and important.

The main pollutants in both natural and polluted
water are microorganisms, as well as organic and
inorganic substances. Wastewaters are solid and
liquid substances in water that enter the sewer
system as a by-product of society's activities. They
include dissolved and suspended organic solids
that undergo decomposition or biodegradation [1].
Over time, domestic and industrial wastewater
increasingly contains non-biodegradable organic
compounds such as humic substances, which reduce
the effectiveness of low-cost wastewater treatment
methods [2].

Forward osmosis is used to treat municipal
wastewater that is treated in municipal wastewater
treatment plants [3]. Forward osmosis membrane
systems can remove large ions and concentrate
wastewater 10-15 times [4]. Forward osmosis can
be integrated with reverse osmosis in a hybrid
system. In this case, forward osmosis is used
to pre-treat wastewater to produce high quality
water, which is then used to dilute seawater before
the reverse osmosis step. Another study [5] used
a hybrid process combining direct osmosis and
membrane distillation to remove tetracycline from
wastewater. This method provided a purification

rate of 99.9%, and the water recovery efficiency
was 15-22%. In addition to water recovery, forward
osmosis can be used to treat wastewater to extract
nutrients and generate energy [6]. Examples of such
recovery include biogas production and recovery of
valuable components such as phosphates, ammonia,
and potassium. Moreover, forward osmosis can
help to improve the environmental sustainability of
treatment processes by reducing energy costs and
decreasing the burden on the environment [6].

As a result, numerous physicochemical treatment
methods such as coagulation, flocculation,
adsorption and accelerated oxidation have been
proposed and investigated for effective wastewater
treatment [7]. However, physicochemical treatment
methods alone are not sufficient to completely
remove various organic pollutants from wastewater.
To address these limitations, the use of membrane
filtration processes in combination with these
methods has been proposed. Membrane filtration
methods such as nanofiltration (NF) and reverse
osmosis (RO) have been successfully used for
wastewater treatment. However, operation at high
transmembrane pressure increases operating costs
and leads to significant organic fouling of the
membrane [8,9].

From an economic point of view, the forward
osmosis (FO) process is superior to nanofiltration
(NF) and reverse osmosis (RO) due to several
advantages. These advantages include efficient
removal of organic and inorganic contaminants,
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no need for external hydraulic pressure, and
less membrane fouling with better reversibility
[10]. As previously stated, the application of
membrane filtration techniques in integration with
pretreatment by physicochemical methods such as,
coagulation, flocculation, magnetic ion exchange
resins and powdered activated carbon to avoid
membrane fouling shows high efficiency [11].

Pretreatment of wastewater to remove organic
pollutants with powdered activated carbon has
attracted attention due to its advantages in
conjunction with membrane filtration processes.
Powdered activated carbon provides improved
membrane surface cleaning, effective reduction of
irreversible fouling and removal of organic matter.

Currently, biochar stands out as a promising
alternative with additional advantages such as
environmental sustainability, low production cost,
soil fertility enhancement and carbon sequestration.
Biochar also possesses additional cationic functional
groups, which makes it easy to modify its surface
properties to improve functionality [12].

The use of adsorption pretreatment for partial
removal of organic pollutants provides reduction of
chemical oxygen demand (COD) of wastewater.

Methods and Materials. As an object of study
for wastewater treatment by direct osmosis method,
incoming wastewater was taken. The wastewater
sample was collected in the volume of 10 liters at the
sewage treatment plant (STP) located in the vicinity
of Astana, Kazakhstan.

To determine the efficiency integrated using
powdered activated carbon, experiments were
performed without adsorption step and with
pretreatment with powdered activated carbon for
adsorption to investigate a larger flow of clean
water. 1.5 M NaCl was used as a draw solution with
higher osmotic pressure than the stock solution. The
concentration of the stock and draw solutions was
measured every 24 hours for 10 days.

Adsorption of wastewater
activated carbon

using powdered

For adsorption, untreated wastewater is filtered
through filter paper to remove coarse suspended
solids and the filtrate in a total volume of 500

cm?® is placed in Erlenmeyer flasks, then 3.5 g/L
powdered activated carbon is added to the filtrate.
The flasks were then placed on a horizontal shaker
for intensive-continuous stirring at 150 r/min for 24
hours at room temperature (25-28°C). During the
experiment, the pH of the solution was maintained
at 7 by adding SM HCI or SM NaOH every 4 hours.
After adsorption, the solution was filtered through
a paper filter with a pore diameter of 0.45 wm and
the resulting filtrate was stored for the following
analyses [13]. After treatment of the initial sample
by adsorption with powdered activated carbon, a
general physicochemical analysis was performed.

Physico-chemical methods of research

Refractometry. To determine the concentration
of sodium chloride and sucrose solutions,
the refractometry method was used using a
refractometer of Abbemat 350/550 Performance
Plus series (Anton Paar, Austria). All analyses were
performed in triplicate.

Determination of chemical oxygen demand
(COD). COD was measured according to GOST
31859-2012 “Water. Method for determination
of chemical oxygen demand” on the Expert 003
device (spectrophotometer with thermoreactor).
Calibration of the device was carried out with
solutions of the standard sample of chemical oxygen
consumption GSO 7552-99. The device has a
function of built-in construction of calibration curve
and automatic determination of COD value.

Determination of chloride ions. Determination of
chloride content was carried out according to GOST
26425-85 “Method for determination of chloride
in water extract”, the method of determination -
titration by silver nitrate solution with potassium
bichromate indicator.

Determination of  ammonium nitrogen.
Determination of ammonium and nitrate nitrogen
according to GOST 15476-2013 “Fertilizers.
Determination of nitrate and ammonium nitrogen
by the Devard method”.

Determination  of  nitrates and  nitrites.
Determination of nitrates and nitrites in water
was carried out according to GOST 33045-2014
“Water. Methods of determination of nitrogen-
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containing substances”, the method of determination
by photocalorimetry.

Determination of phosphate ions. Determination
of phosphate content in water according to GOST
18309-2014 “Water. Methods of determination of
phosphorus-containing substances”.

Determination of suspended solids. Suspended
solids were determined according to PND F
14.1:2:4.254-09 “Methods of measuring mass
concentrations of suspended and calcined suspended
solids in drinking, natural and waste water samples
by gravimetric method”.

Processing of the obtained results

The osmotic pressure of solutions with known
concentration was determined by the osmotic
pressure (;t) Vant-Goff equation:

7= C(z)RT (1)

The osmotic pressure gradient of the initial and
extraction solutions was determined by the equation:

2)

Water flux is determined by water transport
across the semipermeable membrane due to osmotic
pressure difference by equation [14]:

3)

The analysis and processing of the obtained data
was carried out through calculations and equations,
and visualizations in the form of graphs and charts
were constructed using Microsoft Excel software
(Office 16)

Results and discussion. Before the beginning of
all experiments the initial general physico-chemical
analysis of the selected sample of incoming
wastewater of the sewage treatment plant of Astana
city was carried out. All chemical analyses were
carried out in accordance with the State standards.
The results of the general physico-chemical analysis
are given in Table 1.

Jy = A(T‘-DS - 7TFS)

Table 1 - Indicators of physico-chemical analysis of incoming wastewater of the sewage treatment plant of
Astana city

Name of physico-chemical parameters

Results

pH

7,83

Temperature

22

COD, mg O/dm3

538

Suspended solids, mg/ dm3

2584

Phosphorus (PO4), mg/ dm3

3,69

Ammonium nitrogen, mg/ dm3

18,34

Nitrite nitrogen, mg/ dm3

1,51

Nitrate nitrogen, mg/ dm3

8,26

Chlorides, mg/ dm3

13,2

Ash content, %

128

According to the results of the general physico-
chemical analysis we can notice a high level of
water pollution by organic substances, which is
estimated by the value of chemical oxygen demand
(COD) of the object under study. In this case,
the incoming wastewater of the sewage treatment
plant of Astana city has COD - 538 mg O/dm3.
Also relatively high content of nitrate, nitrite,

ammonium, phosphate and chloride ions, exceeding
the maximum permissible concentration (MPC).
The hydrogen index of this wastewater is 7.83,
which characterizes the alkalinity of this sample.

Adsorption of wastewater using powdered

activated carbon

For adsorption, the untreated wastewater is
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filtered through filter paper to remove coarse
suspended solids and the filtrate in a total volume of
500 cm3 is placed in Erlenmeyer flasks, then 3.5 g/L
powdered activated carbon is added to the filtrate.
The flasks were then placed on a horizontal shaker
for intensive-continuous stirring at 150 r/min for 24
hours at room temperature (25-28°C). During the
experiment, the pH of the solution was maintained
at 7 by adding SM HCI or 5M NaOH every 4 hours.

After adsorption, the solution was filtered through
a paper filter with a pore diameter of 0.45 wm and
the resulting filtrate was stored for the following
analyses [13]. After treatment of the initial sample
by adsorption with powdered activated carbon, a
general physicochemical analysis was carried out.

The results obtained after adsorption are shown in
Table 2.

Table 2 - Indicators of general physicochemical analysis after adsorption

Name of physico-chemical parameters

Results

pH

7,71

Temperature

25

COD, mg O/dm3

256

Suspended solids, mg/ dm3

367

Phosphorus (PO4), mg/ dm3

3,25

Ammonium nitrogen, mg/ dm3

17,67

Nitrite nitrogen, mg/ dm3

1,42

Nitrate nitrogen, mg/ dm3

8,11

Chlorides, mg/ dm3

12,84

Ash content, %

84

According to the results obtained after the
analysis with pretreatment with powdered activated
carbon we can observe a decrease in COD level of
wastewater from 538 mg O/dm3 to 256 mg O/dm3.
And also, relative decrease of concentration of other
indicators.

Integration of the adsorption process with a
forward osmosis system

The forward osmosis system used was a plant
that was designed for desalination of sea salt
water. The process of concentrating wastewater
to produce clean secondary water was carried
out in a similar way to the forward osmosis
desalination method, since the basic principle of
this method is the same for all types of treatment,
recovery and concentration. The methods differ
only in that, depending on the purpose, chemical
composition, concentration and osmotic pressure
of the feed solution, different draw solutions are
used, respectively higher osmotic pressure than
the feed solution for greater water flux through

the semipermeable membrane. And also, different
membranes of different nature are applied relative
to the purpose of the solution.

To determine the efficiency integrated using
powdered activated carbon, experiments were
performed without adsorption step and with
pretreatment with powdered activated carbon for
adsorption to investigate the higher flow of pure
water. 1.5 M NaCl was used as a draw solution
with higher osmotic pressure than the feed solution.
Concentration measurements of feed and draw
solutions were made every 24 hours for 10 days. The
water flux was measured by evaluating the change
in concentration and osmotic pressure of sodium
chloride in the feed and draw solutions, as well as
the change in the volume of solution in the draw
solution compartment. The concentration of sodium
chloride was measured by refractometry.

The results of experiments on water treatment by
forward osmosis method without pretreatment and
by complex method are given in Tables 3-4.
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Table 3 - Wastewater treatment by forward osmosis without pretreatment with powdered activated carbon

Time, days 0 2 4 6 8 10
COD, mg O/dm3 538 1216 1932 2367 2527 2714
NO33-, mg O/dm3 8,26 18,66 29,96 36,7 39,18 42,08
NH44+, mg O/dm3 | 18,34 41,45 66,52 81,48 86,99 93,43
PO43-, mg O/dm3 3,69 8,34 13,38 16,39 17,5 18,8
NO22-, mg O/dm3 1,51 3,41 5,47 6,7 7,16 7,69
Cl-, mg O/dm3 13,2 29,81 47,82 58,57 62,59 67,22
Concentration of | 1,5 1,252 1,128 0,985 0,912 0,884
draw solution, mol/L

Osmotic pressure of - 3,102*%103 | 2,795*%103 | 2,440*103 | 2,260*103 | 2,143*103
draw solution 7, Pa

Gradient of osmotic - 2,054*103 | 1,850*103 | 1,616*103 | 1,497*103 | 1,450*103
pressure Am, Pa

Water flux Jw, L*m- - 20,54 18,5 16,15 14,97 14,5
2%h-1

Volume of clean - 0,198 0,131 0,198 0,122 0,054
water, ml

Table 4 - Wastewater treatment by integrated forward osmosis method with pretreatment with powdered
activated carbon

Time, days 0 2 4 6 8 10
COD, mg O/dm3 256 1024 1792 2612 2965 3288
NO33-, mg O/dm3 8,11 32,44 56,77 82,75 93,9 104,16
NH44+, mg O/dm3 17,67 70,68 123,69 180,29 204,58 226,94
PO43-, mg O/dm3 3,25 13 22,75 33,16 37,63 41,74
NO22-, mg O/dm3 1,42 5,68 9,94 14,48 16,43 18,23
Cl-, mg O/dm3 12,84 51,36 89,88 130,93 148,56 167,84
Concentration of 1,5 1,056 0,884 0,693 0,512 0,425
draw solution, mol/L

Osmotic pressure of - 2,616%103 | 2,190*%103 | 1,717*103 | 1,269*103 | 1,053*103
draw solution 7, Pa

Gradient of osmotic - 2,386*%103 | 1,998*103 | 1,566*103 | 1,157*103 | 0,961*103
pressure Am, Pa

Water flux Jw, L*m- - 23,86 19,98 15,66 11,57 9,61
2*h-1

Volume of clean - 0,42 0,249 0,498 0,763 0,599
water, ml

A forward osmosis system without adsorbent the integrated forward osmosis method with pre-
pretreatment of the feed solution was taken into adsorption by powdered activated carbon.
consideration as a control for this experiment, which
allowed us to compare the water flux through the
membrane and membrane fouling potential with

The integrated method with pre-adsorption with
powdered activated carbon resulted in a significant
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increase in the maximum water flux, which is
observed after 2 days from the beginning of the
experiment compared to the control by 16.17%.
In addition, judging by the results obtained, it can
be seen that after pretreatment of wastewater with
activated carbon, the membrane fouling potential
decreases, at the expense of this wastewater in
the compartment for feed water is more quickly
concentrated losing water molecules, and the draw
solution is diluted reducing its osmotic pressure to
the onset of osmotic pressure equilibrium in the two
compartments. The draw solution in the form of 1.5
M NaCl gradually drawing water molecules from
the feed solution on day 10 had a concentration of
0.425 M absorbing 2.529 liters of water entering
through the membrane, which is 27.6% more than
the control version of the experiment.

Concentrated wastewater with a significantly
higher content of organic matter can serve as an
alternative substrate for anaerobic digestion [15],
most often carried out for biogas production. The
high content of organic matter in concentrated
wastewater is evidenced by COD values, which
reached 2714 mg O/dm3 in the control, and in the
experiment with pretreatment due to high water flux
concentrated to 3288 mg O/dm3 despite the fact
that during adsorption part of the organic matter
remained on the sorbent.

Pure water recovery by reverse osmosis method

To obtain clean secondary water for domestic
and agricultural use, a number of methods are used
today. One of these methods is the reverse osmosis
method. In comparison with forward osmosis,
reverse osmosis has a number of disadvantages
such as high energy consumption, high degree of
membrane fouling, scaling, etc. Therefore, modern
researchers have proposed a hybrid method “FO-
RO”, amethod of forward and reverse osmosis [16].

After completion of wastewater treatment by
forward osmosis, a dilute draw solution remains
from which pure water must be extracted.
Extraction of pure water by thermal distillation
requires a lot of electrical energy and takes more
time. Thus, it was decided to recover pure water
from dilute solutions using «Atoll» reverse osmosis
systems with a pure water flux capacity of 7.5 liters

per hour.

Conclusions. Application of adsorption method
by powdered activated carbon in wastewater
treatment allows to reduce the concentration of
organic substances that pollute water. According
to the results of the experiment with pretreatment
of wastewater with powdered activated carbon we
can observe a decrease in the level of COD of
wastewater from 538 mgO/dm3 to 256 mgO/dm3.
As well as a relative decrease in the concentration
of other indicators.

The use of the integrated method of pre-
adsorption of wastewater by powdered activated
carbon led to a significant increase in the maximum
water flux, which is observed after 2 days from
the beginning of the experiment compared to
the control by 16.17%. In addition, judging by
the results obtained, it can be seen that after
pretreatment of wastewater with activated carbon,
the membrane fouling potential decreases, at the
expense of this wastewater in the compartment
for feed water is more quickly concentrated losing
water molecules, and the draw solution is diluted
reducing its osmotic pressure to the onset of osmotic
pressure equilibrium in the two compartments.
The draw solution in the form of 1.5 M NaCl
gradually drawing water molecules from the feed
solution on day 10 had a concentration of 0.425 M
absorbing 2.5209 liters of water entering through the
membrane, which is 27.6% more than the control
version of the experiment. After completion of
wastewater treatment by forward osmosis method,
there remains a dilute draw solution from which
pure water should be extracted. Extraction of pure
water by thermal distillation requires a lot of
electricity and takes more time. Therefore, it was
decided to recover pure water from diluted solutions
by reverse osmosis method using reverse osmosis
systems «Atoll», the capacity of pure water flux
of 7.5 1/h. Which proves the effectiveness of the
combined method «FO-RO».

Thus, the results obtained at the end of the
experiments indicate that wastewater treatment
using the forward osmosis method, as well as the
integration of this process with the activated carbon
adsorption method, represent a cost-effective
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and efficient approach to obtaining clean water processesand increase the availability of clean water
for reuse in various industries and agriculture. not only in Kazakhstan, but also in other regions of
These integrated methods can successfully combine the world.

different technologies to improve water treatment
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