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ABSTRACT

Background: Under conditions of anthropogenic impact, the chemical composition of water
in surface rivers and groundwater bodies is subjected to pollution, which leads not only to a decrease
in water quality, but also to an increase in the number of pathogenic and opportunistic bacteria.

Aim: The purpose of this work is to study the physicochemical and microbiological parameters
of natural and industrial recycled water before and after treatment with coagulants based
on activated aluminum alloys.

Materials and methods: As natural waters were analyzed: natural waters from water intake “Almaty
SU”, “Medeu” tract, Zhaiyk river, from the well of experimental metallurgical production of IMOB.
As recycled water was analyzed water taken from the water treatment unit of deep oil refining
production. Turbidity was measured using HACH 2100Q turbidimeter and 2100Qis turbidimeter
(USA). Cell morphology of microorganism cultures was studied by light microscopy using
a MicroOptix MX-1150 (T) stereoscopic-sotrinocular microscope.

Results: An effective and technologically simple method of obtaining aluminum polyoxychloride
with the content of the main substance from 33 to 41.0% by Al,O, and basicity from 55.1 to 66.5%
has been developed. The method consists in dissolution of aluminum alloy activated by metal-
activators (indium, gallium, tin) in the amount

of 0.5-1.0 wt.% of each in 3% HCI. Physico-chemical and microbiological parameters of natural
and industrial recycled water have been studied. The efficiency of the obtained aluminum
polyoxychloride for treatment and conditioning of drinking water and industrial recycled water
was evaluated.

Conclusion: Unique alloys with high energy characteristics based on aluminum containing
indium, gallium, tin from 0.5-1.0 wt.% have been created. The alloy has high activity in various
oxidizing media (water, hydrochloric acid). A technologically simple method of obtaining aluminum
polyoxychloride has been developed. Chemical and microbiological composition of natural
and industrial recycled water has been studied. Coagulants based on activated aluminum alloys
are effective in the processes of conditioning and purification of natural and recycled water from toxic
compounds, have bactericidal activity, the level of gram-negative bacteria is reduced to 73%,
gram-positive bacteria to 84% and to 96% of other groups of microorganisms. Fungi and yeasts
(Mucor, Fusarium) were not detected after water treatment. Efficiency of water turbidity reduction
reaches 90-99%, permanganate oxidizability up to 93%.

Keywords: activated aluminum alloys, aluminum polyoxychloride, coagulant, microbiological
parameters, natural water, pathogenic bacteria, recycled water.
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OpuruHanbHoe uccrnegoBaHue
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2MHecmumym memannypauu u oboeaweHus, e. Anmamel, KazaxcmaH

AHHOTAUUA

O6ocHoBaHMe. B ycnosunsax aHTpoONoOreHHOro BO3AeNCTBNS XMMNYECKMIN COCTaB BOAb! B MOBEPXHOCT-
HbIX pekax W MoA3eMHbIX BOAOEMaxX NoABepraeTcs 3arpsi3HEHUIo, YTO NPUBOAUT HE TOMbKO K CHU-
XEHUI0 KavecTBa BOAbl, HO W K YBENWYEHWUIO KONMUYEeCTBa MaTOreHHbIX WM YCMOBHO-MaTOreHHbIX
GakTepui.

Lenb. Lenbio gaHHon paboTbl ABNSETCA M3yyeHue (DU3NKO-XUMUYECKUX U MUKPOBMOMOrnyecknx
nokasarenen NpUpoaHOW, NMPOMBILLNIEHHON OBOPOTHOW BOAbLl A0 W MOCAE OYUCTKU KoaryrnsHTamu,
Nony4YeHHbIMK Ha OCHOBE aKTUBMPOBAHHbIX CMIIaBOB antoMUHUS.

Matepuansi M MetoAabl. B KkavecTBe npupoAHbIX BO4 —aHanM3MpoBanuCb: NPUPOAHbIE
Bodbl M3 Bogosabopa «Anmatbl CY», ypounwa Mepgey, p. >Kalblk, M3 CKBaXXWHblI OMbITHOIO
MeTannypruiyeckoro npoussoactsa WHcTUTyTa MeTtannyprum u  oboraweHus. B kavectse
o6opoTHOM BOABI aHanu3nMposanu Body, OTOGpaHHYI0 C YCTaHOBKM BOAOMNOATOTOBKM MPOW3BOACTBA
rny6okon nepepaboTkm HedTU. MyTHOCTb M3MepsanM ¢ nomolbio Typbuagnmerpa HACH 2100Q
n Typougumetpa 2100Qis (CLUA). Mopdonoruto KneTok KynbTyp MWKPOOPraHW3mMoB W3ydanu
METOAOM CBETOBOW MMWKPOCKOMUWU C MOMOLLbIO CTEPEOCKOMNMUYECKN-COTPUHOKYMNSAPHOTO MUKpOCKONa
MicroOptix MX-1150 (T).

Pesynbratbl. PaspabotaH adeKTUBHbIA U TEXHOMOMMYECKM MNPOCTOM Crnocod nonyyeHus
MOSIMOKCMXIopKAa anioM1HIUSA C CoAepXaHueM OcHoBHOro Bellectsa oT 33% Ao 41,0% no ALO,
M OCHOBHOCTbIO OT 55,1% [0 66,5%. Cnocob 3akntoyaeTrcsi B pacTBOPEHUN CrifiaBa antoMUHUS,
aKTMBUPOBAHHOIO MeTannamu (MHAMRW, rannuin, onoso) B konudectBe 0,5-1,0 macc.% kaxgoro
B 3%-Hon HCI. UN3yyeHbl du3nko-xummyeckne n Mukpobuonormyeckne nokasarenu npupoaHbIX
N MNpOMbILLNEHHbIX 060poTHLIX BoA. OcyllecTBneHa oueHka 3PdPEeKTUBHOCTU MNOyYEeHHOro
NoMMoKcKxnopuaa anioMUHUA AN OYUCTKM U KOHAMLMOHUPOBAHWSA NWUTHEBOW BOAbI W MNpO-
MbILLUIIEHHBIX OGOPOTHBIX BOA.

3akntoyeHune. CosfaHbl YHUKanNbHbIE CNNaBbl C BbICOKMMU SHEPreTUYECKMMU XapakTepucTukamm
Ha OCHOBE aniMWHUSA, cogepxalume uHaun, rannui, onoso ot 0,5-1,0 macc.%. Cnnas obnagaet
BbICOKOW aKTUBHOCTbLIO B Pa3fNYHbIX OKUCMTENbHBIX cpedax (Boaa, consaHas kucnora). PaspabotaH
TEXHOMOrMYeckn npocTon cnocob nomyvyeHWs nonmmokcuxnopuaa anoMuHusa.  MccnegosaH
XUMWUYECKUA U MUKPOBMOMNOrnyecknii coctaB MpUPOOHbLIX W MPOMBILLIIEHHBIX OBOPOTHBLIX BOA.
KoarynsiHTel Ha OCHOBE aKTMBMPOBAHHbLIX CMNMaBOB anioMUHUA 3EEKTUBHBI B MNpouleccax
KOHOMLMOHUPOBAHMSA U OYUCTKU MNPUPOAHBIX U OBOPOTHBIX BOA OT TOKCUYHBIX COEAMHEHWN,
obnagaT 6GakTepuuuaHOW aKTUBHOCTLIO: YPOBEHb rpaMoTpuuaTenibHblX BakTepuit CHmKaetcs
00 73%, rpamnonoxuTeneHbix 6aktepun Ao 84% v go 96% Apyrux rpynn MUKpOopraHn3mMoB. prbbl
n gpoxokn (Mucor, Fusarium) nocne obpaboTku Bodbl He Gbinn oBHapyxeHbl. SPPEeKTUBHOCTb
CHWXEHMA MyTHOCTK Boabl gocTuraet 90-99%, nepmaHraHaTHomn okucnsemoct — 93%.

Knrovessle croea: akmueuposaHHble armoMuHUesble Crifasbl, Koaz2ynsHm, MUKpobuosnoauyeckue
rokasamernu, obopomHasi 8oda, namoaeHHble bakmepuu, MOAUOKCUXIopUO armtoMUHUS, MPUpoOHasi
800a.
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TynHycKa 3epTTey

Taburu, eHepKacCinTik KanuTa eHaenreH cyablH (hM3nKa-XMMUANbIK
XKOHe MMKpoOumonornanbik KepceTKiluTepi XXaHe onapAbl TasapTy

IWN. bBonko', P.I. Capmyp3uHa’, H.I. Nlio6uyeHko’, XX.A. BantabekoBa?, K.T. Tactamb6ek’,
MN.B. Kensnknn', A. Tay6aTtbipoBa’

'K.N.Combaes ambiHOarbl Ka3¥T3Y, Anmamsi Kanacsl, KasakcmaH

2 Memannypeausi xeHe KeH balbimy uHcmumymsi, Afimamsi Kanacsl, KasakcmaH

AHHOTALMUA

Herizpey. AHTponoreHaik acep eTy >affanbiHOa >ep VYCTi e3eHaepi MeH Xep acTbl Ccy
KorMManapblHAafFbl CyAblH XMMUSANbIK Kypambl NacTaHyfa yubipangbl, Oyn CcydblH canacbiHbIH,
TOMeHJeYyiHe faHa eMecC, COHbIMEH KaTap NaToreHAik >aHe LapTTbl natoreHai GakTtepusinapabi
kebetoiHe akenepi.

Makcatbl. byn XyMbICTbIH MakcaTbl 6enceHgipinreH antoMUHUN KopbiTnanapbl HerisiHae anblHFaH
KoarynsHTTapMeH Tabufu, ©HepkacinTiKk anHanbiMaarbl CyOblH TasapTbifFaHFa OeliH  XkaHe
TasapTbififaHHaH KeliH (U3NKa-XUMUSTBIK KOHE MUKPOOMOMOrUAnbIK KepceTKiUTepiH 3epTTey
O6onbin Tabbinagbl.

MaTepuangap meH agictep. Taburn cynap petiHge: "Anmatel CY" cy xuHarblwbiHaH, "Megey"”
waTtkanbliHaH, XXaliblk e3eHiHeH, MXKBW Taxipnbeni metannyprusanbik ©HAIPICIHIH yHFbIMacbIHaH
TabuFn cynapra 3epTTey XyMbICTapbl Xypridingi. MyHangbl Tepen, eHaey eHgipiciHiH Cy ganbiHaay
KOHOBIPFbICBIHAH anblHFAH Cy, aHanbIMAarbl cy peTiHae 3eptTtengi. BynbiHFeipribik HACH 2100Q
TypbuoumeTpimeH xaHe 2100qis TypbuanmetpimeH (AKLU) enweHai. MukpoopraHnsamaepain
eciHainep >acylwanapblHblH MOP{ONOrnAChl  CTEPEOCKONUSANbIK-COTPUHOKYNAPIbIK  MUKPOCKONM
MicroOptix MX-1150 (T) kemerimeH »apblk MUKPOCKOMUACHI apKblfbl 3epTTeNAi.

HaTumxenepi. AnOMUHUA NOMMOKCUXNOPUAIH anyablH TUiIMAI XKeHEe TEeXHOMNOorusAnblK TypfblaaH
KkapanambiM afici a3ipneHai, OHblH KypambiHaa Al O3 OomblHWa 33-TeH 41,0%-fa OeniH xaHe
Heri3giniri 55,1-geH 66,5%-fa gewiH Herisri 3ar 6Zap. byn agic 0,5-1,0 macc.% wmenwepinge
akTMBaTop MeTangapmeH (MHAWW, rannui, Kanambl) OGenceHgipinreH antoMUHWUIA  KOpbITRackbiH
apkancbicbiHbIY, 3%-ablk HCI epityaeH Typagbl. Tabufn xXeHe ©HepKacinTiK avHanbIM CynapbiHbIH
PU3MKa-XMMUANBIK  K8HE MUKPOOMONOrMAnbIK KepceTKilTepi 3epTTeni. AnblHFaH antoMUHWUA
NONMOKCUXNOPUAIHIH aybl3 Cy MEH ©HEepPKaCiNTiK anHanbIM CyrnapblH Ta3apTy XXoHe KOHAUUMOHeprey
TMiMainirin 6aranay xysere acbipbingpl.

KopbitbiHAbl. KypambiHaa 0,5-1,0 macc.% 6GonaTtblH MHAOWRA, rannuin, kanambl 6ap anoMuHWR
HerisiHgeri »Kofapbl SHepreTukanblk cunattamanapbl 6ap 6Gipereit KopbiTnanap »acangbl.
KopbiTna apTypni TOTbIFy opTanapbiHAa (Cy, Ty3 KbILlKbInbl) Xofapbl 6enceHainikke ve. AnoMUHUA
MOMMOKCUXMNOPUAIH  anyablH  TEXHONMOrMAMbIK — KapanawblM — 8aici  xacangpl. Tabufn  xeHe
OHEpPKaCINTIK alHanblM CynapbiHblH, XUMUSAMbIK XOHE MUKPOOUONOrUsnbIK Kypambl 3epTTengi.
BenceHpipinreH antoMuHWMIA KopbITRanapbliHa HEri3genreH KoarynsaHTTap Tabufn KeHe eHepKacinTik
alHanblMaarbl cynapgbl ynbl KOCbINbICTapAaH TasapTy >XoHe KOoHOWUUMOHepriey npouecTepiHae
Tvimai, GakTepuumaTik GenceHainikke ue, rpam-tepic GakTepusinapablH geHreni 73%-fa gewi,
rpam-no3nTmeTi GakTepusanap 84%-fa geniH xaHe Oacka MuKpoopraHuaMaep TonTapblHblH, 96%-
fa pgeniH TemeHgengi. CaHblpaykynakrtap meH awbiTkbinap (Mucor, Fusarium) cygbl eHOereHHeH
KeriH TabbinFaH xok. CyablH NavnaHy kepcetkiwi TemeHaeTy Tuimainiri 90-99%, nepMaHraHaTTbiH,
TOThIFYbl 93% OewiH xeTtepi.

Hezizzi cezdep: bernceHdipinzeH antoMUHUl Kopbimnanapbi, Koa2ynsHm, MUKPObUOmo2usibIK
Kepcemkiwmep, Kalima eHOerneeH cy, namozeHOiKk b6akmepusinap, amoMUHUl MOMUOKCUXIopudi,
maburu cy.

[anekce3 KenTipy yLiH:

botko IU., CapmypsuHa PI., Jlnb4yeHko H.ll., banmabekosa )K.A., Tacmambek K.T., KenslkuH [1.B.,
Taybambiposa A. TabufFu, eHepKacinTik kakTa eHaenreH cyabiH, pranka-xMMUsnbIK XXaHe MUKPOB1onoruanbik
KepceTKilTepi xaHe onapabl Ta3apTy // KasakcTaHHbIH MyHal-ra3 canacbliHblH xabapuwbicbl. 2024. 6 ToMm,
Ne3, 102-111 6. DOI: https://doi.org/10.54859/kjogi108767.

© Boriko I"U., Capmypauna PI., llobueHko H.MM., Bantabekosa XK.A.,
104 TacramGex K.T., Kensiikun M.B., TaybatbipoBa A., 2024 JInuensanscel CC BY-NC-ND 4.0


https://creativecommons.org/licenses/by-nc-nd/4.0/

OPUTMHANBHBLIE NCCNEOOBAHUA

Tom 6, Ne 3 (2024)

BecTHuk HedTerazosol oTpacnu KasaxcraHa

Introduction

Under conditions of anthropogenic impact
factor determining the magnitude of the negative
impact on water bodies is the insufficient level
of wastewater and recycled water treatment.
The relevant problem is the reduction of natural
water consumption for production needs,
replacement of natural water for recharge
of circulating water systems with alternative sources
of water supply surface rivers and groundwater.

The relevant problem is the reduction of na-
tural water consumption for production needs,
replacement of natural water for recharge of cir-
culating water systems with alternative sources
of water supply. According to data [1] at many
enterprises of chemical and petrochemical
industries in biologically treated wastewater
COD value reaches 150-200 gO/m® and salt
content exceeds 2500 g/m* The most common
and effective coagulants for water treatment
from salts and pollutants are aluminum
polyoxychlorides (PAC). The theoretical basis
for the production of PAC is discussed in detail in pa-
pers [2-4]. Mechanism of coagulation water
purification in works [5-71].

Earlier [8, 9] we developed a fundamentally
new technology of PAC production on the basis
of multicomponent active aluminum alloys
as metals-activators, we used (Ga, In, Sn) 5 wt.%
of each.

The purpose of this work is to study phy-
sicochemical and microbiological parameters
of natural, industrial recycled water and their
treatment by new generation coagulants based
on activated aluminum alloys with the content
of metal-activators from 1.5 to 3.0%, which will
significantly reduce prices

Materials and Methods

As natural waters were analyzed: natural
waters from water intake "Almaty SU", tract
"Medeu", from the well of pilot metallurgical
production (EMP) of the Institute of Metallurgy
and Ore Beneficiation (IMOB), the river Zhaiyk
(Ural). As recycled water was analyzed water
sampled from the water treatment unit of deep oil
refining production (WTU of PDOR)

Activated aluminum alloys Rau-97, Rau-98,
Rau-98.5, containing metals-activators: gallium,
indium, tin (from 0.5 to 1 wt%) were obtained
by the method described in works [9,11].

Aluminum polyoxychlorides (PAC) were
obtained by interaction of aluminum activated
by metal-activators (indium, gallium, tin) in the amo-
unt of 0.5—-1.0 weight % each with 3% hydrochloric
acid. Quality parameters — mass fraction of Al
in terms of ALO, 33,2-36,9%, basicity 56-67%,
corresponded to GB 15892-2009 standard.

As natural waters were analyzed: the water
of the Zhaiyk River was analyzed as natural
water for water supply to industrial enterprises

in Atyrau and irrigation (transboundary water
artery of Kazakhstan and Russia) [12] Water
samples were taken from the main collector
of "ANPZ" LLP, as well as water intake "Almaty
SU", tracts "Medeu", from the well. The water
sample taken from the water treatment unit
of deep oil refining production (WTP) was analyzed
as recycled water.

Water samples were taken according to sta-
te standard No. 59024-2020, were evaluated
by organoleptic (smell, taste, color), physical (turbi-
dity, pH, conductivity, permanganate oxidation),
chemical parameters (total salt content, the content
of anions-hydrocarbonates, sulfates, chlorides)
in accordance with the sanitary rules Order
of the Minister of Health of the Republic
of Kazakhstan February 20, 2023 No 26.

Water treatment methodology: a certain
amount of PAC was injected into 500 ml of test
water while intensely stirring, after 3 minutes
the speed was reduced to 50 rpm for 15 minutes,
and was allowed to stand for 30 minutes afterwards.

Turbidity before and after treatment of na-
tural and recycled water was measured directly
with a turbidity meter HACH 2100Q Turbi-
dimeter (USA).

Permanganate index (Pl) was determined
according to ISO 8467:1993.

Bacteriological analysis was carried out
on water samples taken from the "Medeu" tract.
The number of microbes and microbial composition
were determined by sowing on selective nutrient
media. The number of bacteria using organic
nitrogen and some groups of microorganisms
using mineral nitrogen were counted
on Tryptone soya agar (TSA) and Meat infusion
agar (MIA), enterobacteria on Endo differential
diagnostic medium, all species of Pseudomonas
group on Pseudomonas isolation agar (PIA).
The number of fungi and yeasts was counted
on selective medium Sabouraud dextrose agar
(SDA). The seeded cups were incubated at 30°C
and 37°C. Cell morphology of microbial cultures
was studied by light microscopy using a Micro-
Optix MX-1150 stereoscopic-trinocular microscope.
Bacterial colonies were counted on day 2—3, yeasts
and fungi on day 5—7. In the inoculations, dilutions
of 1:102 and 1:104 were used.

Results and Discussion

In order to evaluate the coagulation effi-
ciency of reagents created based on activated
aluminum alloys their tests were carried out on dif-
ferent types of natural and recycled water. The as-
sessment of quality of the tested water consisted
in its analysis and in comparison, with the sanitary
and epidemiological standards established
for drinking water supply, recycled and waste-
water intended for discharge into water bodies.

Physico-chemical parameters of the inve-
stigated natural waters are presented in Table 1.
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Analysis showed that natural waters, in ge-
neral, are slightly alkaline, low-mineralized fresh,
moderately hard (Table 1). Alkalinity and turbidity
increase in the samples taken in autumn compared
with spring. The content of salts in the water
of the river Zhaiyk (Atyrau) exceeds, allowable
by regulations upper levels, not more
than 1000 mg/cm?®. The main cations are sodium,
potassium, calcium, magnesium, in concentrations
below the maximum permissible concentration,
iron less than 0.1%. All investigated natural surface
waters by turbidity exceed the allowable standards
(not more than 2.6 FNU).

Microbiological Composition
Table 2 shows the taxonomic groups
of microorganisms detected in water samples

from the "Medeu" tract. The level of microbial
infestation reached 12.8x10% CFU/ml.

Presence of aerobic = Gram-negative,
facultatively anaerobic microorganisms, Gram-
positive cocci; Gram-positive bacilli and endo-
spore-forming cocci (genera Bacillus; Bacillus
spp. cocci; Gram-positive bacilli and cocci forming
endospores (genera Bacillus; Clostridium), and al-
so the presence of Escherichia coli bacteria, Pro-
teus bacteria and saprophytic bacteria of the ge-
nera Aeromonas and Pseudomonas [13, 14].
The presence of saprophytic bacteria from 1x10
to 13x102 CFU/ml in water indicates the pollution
of the water body with by organic substances.
In addition, a comparative study was conducted
on the number of representatives of the genus
Pseudomonas. It was found that the total number

Table 1. Physic-chemical parameters of natural waters quality before PAC treatment

Natural Water
Parameters Zhaiyk river wA;tn; fti!rcti::e Medeu tract | Medeu tract | Well EMP
04.11.2022 20.05.2022 29.11.2022 | 03.04.2023 |05.04.2023
Hydrogen Index 7.50 7.65 7.71 8.61 8.17
Density, g/cm? 1.02 0.984 0.998 0.999 0.999
Salt content, mg/dm? 1195 99.3 226.0 226.0 243.0
Content of hydrogen carbonate ions, mg/dm? 256.2 91.5 207.4 103.7 128.1
Sulfate-ions, mg/dm? 81.78 29.70 30.6 30.6 24.0
Chloride-ions, mg/dm? 220.0 4.85 27.4 14.2 71
Nitrates, mg/dm? 4.0 - 20.0 20.0 17.0
Water turbidity, FNU 22.2 4.52 26.10 360.0 0.43
Permanganate index, mgO/dm? - 0.517 1.67 1.01 0.60
Conductivity, uS/cm 1078 125.4 215.8 215.8 260.6
Total water hardness, mg-eq/dm? 3.21 2.0 2.44 2.44 1.85
Chromaticity, degrees; odour, points 0 0 0 0 0
Table 2. Taxonomic groups of microorganisms in water from the "Medeu" tract
Taxonomic groups of microorganism CFU/ml
Microbial infestation level 12.8x10?
Saprophytic bacteria (Pseudomonas) 2.4x10?
Microbial population of microflora — fungi and yeast (Mucor, Fusarium) 8x10?
Numper of Gram-negative bacteria (Enterobacter, Proteus, Aeromonas, Flavobacterium, 7 3x102
Alcaligenes)
NL_meers of Gram-positive bacteria (bacilli, cocci and endospores as Bacillus, Clostridium, 4.9%102
Micrococcus, Enterococcus)
Other groups of microorganisms 1.3x10?
The number of microorganisms, Enterobacteriaceae was determined according to the methods described in [13]
Table 3. Characteristics of PACs synthesized using activated aluminum alloy
Coagulant cipher Alloy cipher ﬂ:ﬁﬁ:(ga'?sp:sx:;n OPJ::) t:::'c; M::rsn:;ag?:tg:,u in Basicity, %
Coagulant Ne20 Rau-97 97:1:1:1 55 33.2 55.8
Coagulant Ne25 Rau-98,5 98,5:0,5:0,5:0,5 4.8 37.9 55.1
*Coagulant Ne31 Rau-98 98:1:1:0 4.2 40.4 60.9
Coagulant Ne35 Rau-98,5 98,5:0,5:0,5:0,5 5.0 34.9 58.6

Coagulants Ne20,25,31 — hydrochloric acid solution (3%) were prepared on distilled water, coagulant Ne35 — solution on water

from the well of EMP
*Synthesis time is 4.5 h.
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of bacteria in 1 ml, according to the method of serial
dilutions, is 2.4x102

Coagulant Analysis

In order to treat natural water as well
as industrial recycled water, samples of aluminum
alloys with the content of activating additives
from 0.5 to 1 wt% were prepared and PACs were
synthesized on their basis.

PAC synthesis was carried out by disso-
lution in 3% hydrochloric acid, activated alloy
with aluminum content from 97% to 98.5%
at an initial process temperature of 25°C without
heat supply from the outside. The reaction is ac-
companied by emission of heat and hydrogen
and temperature rise to 65-70°C, which is ma-
intained by the heat of exothermic reaction.
The process is completed in 2—4.5 hours (Table 2).
In contrast to the known methods of obtaining
PAC [2-4], the process temperature is 30—-40°C
lower, more than three times lower in concentration
of hydrochloric acid applied and 1.5 times faster
in implementation time. Depending on the com-
position of the activated alloy used and reaction
conditions, the mass fraction of aluminum
in terms of aluminum oxide (Al,O,) in PAC varies
from 33.2% to 41.0%, basicity from 55.1%
to 66.5%.

The characteristics of PACs synthesized using
activated aluminum alloys are shown in Table 3.

Natural Water Treatment

The results of evaluation of PAC efficiency
for natural water treatment are presented in Tables
4, 5. Turbidity reduction efficiency reaches 99.8%.
The treated water complies with the normative
requirements for hydrogen index, chemical oxygen
demand, turbidity, cations and anions content.
The effectiveness of reducing permanganate
oxidation of the water sample from the "Medeu"
tract reaches 90.7% (Table 6). Also found
that in the water after treatment with coagulants
aluminum content is 0.03 mg/I which corresponds
to Sanitary and epidemiological requirements
for sources of water supply, places of water intake

73
5.1
42
22 2
13
07
0.1 0.05

Before treatment 0.1 miL smilL

Concentration, CFU/mix10?

o o M oW B o, o~ @

Coagulant dose

m Grantnegative mwGram-positive  w Other

Figure 1. Microbial diversity in the natural water
of "Medeu" before and after treatment with 0.1%
coagulant solution Ne20 in terms of Al,O,

for domestic drinking purposes, domestic drinking
water supply.

The number of bacteria in 1 ml and species
composition of microorganisms after treatment
of "Medeu" water in two concentrations were stu-
died. In "Medeu" water samples before treatment
the level of microbial contamination reached
12.8x10? CFU/mL, whereas after treatment with
coagulant No. 20 (0.1% solution in terms of Al,O,)
0.1 ml/l (0.3 g/t dry) (dose, this indicator was
0.3x10? CFU/mL). At a concentration of 5 ml/L
(15.1 g/t of dry), the total number of saprophytic
microorganisms did not exceed 0.1x102 CFU/mL.

Total number of bacteria in 1 ml according
to the serial dilution method before treatment
with 2.4x102 cells/mL in the samples after the tre-
atment with the dose (0.1ml/L,) 0.2x10? cells/ml,
in the concentration of 5 ml/L no representatives
of this genus were found.

Microbial diversity in natural water of Medeu
tract before and after treatment with 0.1% coagu-
lant solution Ne20 in terms of ALO, is illustra-
ted in Fig.1.

Microbiological Composition

after Treatment

In the water sample before coagulant
treatment the number of Gram-negative bacte-
ria (Enterobacter, Proteus, Aeromonas, Chromo-
bacterium, Flavobacterium, Alcaligenes)
was ~7.3 CFU/mL. Gram-positive bacteria (Bacillus,
Bacillus, Clostridium, Micrococcus, Entero-
coccus cocci and endospores) was ~4.2 CFU/mL,
other groups of microorganisms were about
~1.3 CFU/mL,

After RAS treatment at a concentration
of 0.1 ml/L: Gram-negative bacteria decreased
to ~5.1 CFU/mL (by 30.1%), Gram-positive bacteria
decreased to ~2.2 CFU/mL (by 48%), other
groups of microorganisms decreased to 0.1 CFU/
mL ~(by 92%). After treatment at a concentration
of 5 mL/L, the number of gram-negative bacteria
decreased to ~2.0 CFU/mL (73%), gram-
positive bacteria to ~0.7 CFU/mL (84%), other
groups of microorganisms decreased from 1.3

= pH-8
= pH-6|

100 4

Turbidity, FNU

-

T T T T T J
0 10 20 30 40 50 60 70 80
Coagulant dose, ml/L

Figure 2. Turbidity of water, sampled on the
WTU of the CCR unit Ne1, treated with coagulant
Ne20 at initial pH 8 and acidified to pH 6
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to -0.05 CFU/mL ~96%. Up to 16.0% of Gram-
positive bacteria and up to 27% of Gram-negative
bacteria were retained in the treated water
at a concentration of 5 ml/L. Fungi and yeasts (Mu-
cor, Fusarium), their number was 8x10? CFU/mL,
after treatment representatives of this genus were
not detected in both concentrations.

Recycled Water Treatment

The results of assessing the effectiveness
of treatment of recycled water, selected
from the WTU of PDOR are shown in Table 7.
Table 7 shows the results of assessing the ef-

fectiveness of reducing turbidity of recycled
water samples taken from the WTU of PDOR
when treated with PAC solutions based
on activated aluminum alloys in comparison
with the industrial Aqua-Aurat. Water turbidity
for sample Ne1 was 94.9 FNU, for sample Ne2
-182 FNU. Optimization experiments on coagulants
doses were conducted to determine an acceptable
and sufficient dose of coagulant. The coagulant
dose is an important technological parameter
in reagent water treatment. If the coagulant dose
is insufficient, the required degree of purification
is not achieved while consumption in excess can

Table 4. Comparative results of efficiency of natural water turbidity reduction
by treatment with PAC solutions

Coagulant cipher | Coagulant dose, g/t | pH | Turbidity, FNU | Effectiveness of reducing the turbidity, %

Natural water from Medeu tract, sampled on 19.02.22, turbidity 14.8 FNU

Aqua-Aurat 30 0.3 7.7 0.79 94.7
Coagulant Ne20 0.3 7.7 1.22 91.8
Coagulant Ne25 0.1 7.7 1.38 90.7
Coagulant Ne25 0.3 7.7 0.57 96.2
Coagulant Ne25 2.5 7.7 0.37 97.5
Coagulant Ne31 0.1 7.7 1.26 91.5
Coagulant Ne31 0.2 7.3 1.02 93.1
Coagulant Ne31 25 7.3 0.47 96.8

Natural water from Medeu tract, sampled on 29.11.22, turbidity 26.1 FNU

Coagulant Ne20 0.3 7.3 1,20 95.4
Coagulant Ne20 3.0 7.3 0.82 96.9
Natural water from Medeu tract, sampled on 03.04.23, turbidity 360 FNU
Coagulant Ne20 0.3 8.6 37.7 89.5
Coagulant Ne20 1.5 8.6 2.93 99.2
Coagulant Ne20 3.0 8.6 0.51 99.9
Coagulant Ne25 0.3 8.6 38.5 89.3
Coagulant Ne25 1.3 8.6 2.12 99.4
Coagulant Ne25 2.6 8.6 0.56 99.8

Natural water from "Almaty Su", sampled on 29.11.22, turbidity 4.52 FNU

Coagulant Ne20 0.3 7,3

0.53 88.3

3.0 7.2

Coagulant Ne20

0,48 89.4

Aqua-Aurat 30 — industrial coagulant. Mass fraction of Al in terms of Al,O, — 30%

Table 5. Residual turbidity after treatment with coagulant Ne25 of water samples from the Zhaiyk River

- | Turbidity, FNU Suspended particles (sediment), g/l
Gl 10 After treatment with coagulant After treatment with coagulant
from the Before Ne25, gt Before Ne25, g/t
Zhaiyk River | processing on = g :I e processing o -0; 13
Ne1 22.2 1.5 0.4 0.6
0.3 0.1 0.1 0.1
Ne2 214 1.5 0.4 0.5

Date of sampling from the river 04.11. 2022, water pH 7.5

Table 6. Residual permanganate index of "Medeu" water samples after coagulant treatment

Coagulant cipher Coagulant dose, g/t Pl, mgO/dm? Efficiency of Pl reduction, %
Aqua-Aurat 30 0.3 0.5 72.2
Coagulant Ne20 0.3 0.7 60.6
Coagulant Ne25 0.1 0.3 80.3
Coagulant Ne25 0.3 0.2 90.7
Coagulant Ne25 2.6 0.3 84.9
Coagulant Ne31 0.1 0.3 80.3
Coagulant Ne31 0.2 0.1 93.0
Coagulant Ne31 25 0.4 76.8

PI of source water 1.67, mgO/I. Date of sampling 29.11.22
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affect water quality (change the aluminum content
in the treated water).

Analysis of the data in Table 7 indicates
that the required coagulant dose to achieve
the highest degree of purification (99%) depends
on the mass fraction of aluminum in terms
of ALO, in the PAC. As the mass fraction
of aluminum in PAC increases, the sufficient
coagulant dosage to the required effect decreases.
Therefore, for Akva-Aurat (mass fraction of Al,O,
is 30%) the dose of coagulant is 233 g/t
For coagulant Ne25 (mass fraction is 37.9 %)
it is 184 g/t. For coagulant Ne20, (mass fraction
is 33.2%) a sufficient dose is 210 g/t. Turbidity
is reduced for sample Ne1 from 94.8 FNU
to 1 FNU, for sample Ne2 from 182 to 1.8 FNU.
In the pH range of 6-8.5, coagulants are effective
for high turbidity water treatment. The pH values
at which the appropriate coagulant acts most
effectively were determined. Figure 2 shows curves
of the degree of decrease in the turbidity of raw
water with pH of 8.5, compared with water acidified
to pH 6.0 depending on the dose of coagulant
Ne20. Sedimentation of suspended solids is more
effective for water with pH 6.

Consequently, PACs synthesized using
activated aluminum alloys are effective coagulants
for natural water and recycled water treatment
and exhibit bactericidal properties.
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Conclusion

Chemical and microbiological composition
of natural and industrial recycled water has
been studied. Unique alloys with high energy
characteristics based on aluminum activated
by metal-activators: indium, gallium and tin have
been created. The content of each additive is 0.5
to 1.0 wt.%. Alloy with such additions possesses
high activity in different oxidizing environments
(water, hydrochloric acid). Coagulants PAC
synthesized using them are efficient in processes
of water conditioning and physical-chemical
treatment of recycled and wastewater from toxic
compounds of natural and anthropogenic origin.
In addition, coagulants possess bactericidal
activity. The use of coagulants allows to avoid
primary chlorination, the level of Gram-negative
bacteria in treated water is reduced to 73%, Gram-
positive bacteria to 84% and up to 96% of other
groups of microorganisms. Fungi and yeasts
(Mucor, Fusarium), their number was 8x10% CFU/
mL, after treatment of representatives of this genus
were not found in both concentrations. Coagulants
are effective in a wide pH range from 6 to 8.5.

The results of analysis of treated water comply
with the requirements for drinking water supply
and wastewater disposal Order of the Minister
of Health Republic of Kazakhstan dated February
20, 2023 No. 26 and ISO5667.
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BbIMOMHEHbl B pamKax MNporpaMMHO-LENeBoro
1HaHCUpoBaHWs MuHunctepcTBa HayKu

1 Bbiclwero obpasoBaHusa Pecnybnukn KasaxctaH
Ha 2022-2023 rr. [BR11765599].
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