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Summary

A comparative assessment of various cataysts for ferrite formation during wastewater treatment is

considered. Obtaining optimal parameters of time and volume of a substance to reduce the concentra-

tion of chemical elements to the maximum permissible concentration.
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Abstract

Introduction. The ecological situation in our country at this point in time is considered unsatisfactory.
Air pollution occurs due to large amounts of emissions from industrial plants; rivers and lakes are pol-
luted by emissions of industrial, livestock and domestic wastewater. A known reagent method for
wastewater treatment is ferritization or the formation of oxypheres. This method is well used for in-
dustrial plants such as paint and varnish, woodworking, metal production, etc. There is ferrite for-
mation on several catalysts, such as ferrous sulfate, copper sulfate, so there is a need to conduct an
experiment to study various catalysts to determine the best one for the absorption of chemical impuri-
ties. Object. The object of the study is highly contaminated wastewater. M aterials and methods. A
chemical analytical analysis of the wastewater under study was performed to determine the concentra-
tion of heavy metals. Next, experiments were carried out with various catalysts in laboratory condi-
tions by settling at different periods of time and the volume of ferrite formation suspension. Results
and conclusions. The best result was shown by a catalyst in the form of iron sulfate, in which the fer-
rite formation reaction proceeded faster than with aluminum oxide and copper sulfate. The settling
was carried out at intervals of 0.3 to 4 hours, the volume of the suspension used was from 20 to 50 ml.
With these parameters, it was found that the contact time of the catalyst with the wastewater under
study was 2 hours, the amount of suspension was 50 ml. Removal of chemical impurities ranged from
90 to 100%. Comparative data is aimed at identifying a faster catalyst for ferrite formation, as well as
removing impurities to the maximum permissible concentration. Experimental data are aimed at re-
ducing the environmental load of water bodies into which wastewater is discharged.

Key words. wastewater, absorption of chemical impurities, copper sulfate, iron sulfate, alu-
minum oxide, ferritization, oxypheres.
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KATAJIU3ATOPOB, IPUMEHSAEMBIX JIJIS1 OUNCTKU CTOUYHBIX BO/],
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O. B. Ko3unckasi, kanouoam cenbCKoX035UCMBEHHbIX HAYK, O0YeHM
E. B. IlycToBajioB, kanouoam cenbCKoX03sUCMBEEHHbIX HAYK

@I'FOY BO Boneoepaockuii [AY
2. Bonzoepao, Poccutickas ®edepayus

AKTYaJIbHOCTh. DKOJIOTHUYECKasi CUTYallHsl Halllel CTpaHbl B JAHHBIX MOMEHT CUMTAeTCsl Hey10-
BJICTBOPHUTEIFHON. 3arps3HEHMs] BO3AyXa MPOHMCXOAAT 3a CUeT OOJBIIOro KOJIMYECTBA BBHIOPOCOB MPO-
MBIIUICHHBIX 3aBOJIOB, PEKH U 03€pa 3arpsi3HAIOTCS BHIOPOCAMH CTOYHBIX MPOMBIIUICHHBIX, >KABOTHOBOA-
YeCKHX U OBITOBBIX BOJI. MI3BECTEH Takol peareHTHBIN CIIoco0 OYMCTKH CTOYHBIX BOJI, KaK (eppuTr3armsi,
ui obpaszoBanue okcrdepos. JJaHHBII CITOCOO XOPOIIO MPUMEHSETCS IS TAKHX MPOMBIIUICHHBIX 3aBO-
JIOB, KaK JIAKOKPAacO4YHbIE, JepeBooOpadaThIBatoIIre, MPOM3BOACTBO MeTauia U T.4. CymecTByeT deppu-
TOOOpa30BaHKE HA HECKOJIIBKHUX KaTaJIM3aTopax, TAKUX KaK JKEJIE3HBIH KyNopoc, MEIHbINH KYIopoc, T03To-
MY €CcTb HeOOXOMMOCTb TIPOBEACHHS SKCIIEPUMEHTA 10 U3YUCHHUIO Pa3IMYHBIX KaTalnu3aTopOB IS Onpe-
JIETICHUS] HAIUTYYIIero o IMOITIONICHNI0 XUMUYECKHX npuMmeceil. O0bekT. OOBEKTOM HCCIeIOBAHUS SIB-

501



sdokkk H3BECTHS +xxkk

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

N 4 (72), 2023

JSTIOTCS. CHJIBHO 3arps3HCHHBIC CTOYHBIC BOJbI. MaTepuaibl M MeTOAbl. BbIT BBIMOJIHEH XHMHKO-
AHAJMTHYECCKUH aHaIM3 UCCIICAYSMOW CTOYHOM BOJBI [T ONPENICIICHHST KOHIICHTPALUK TSDKEIBIX MeTall-
70B. Jlaniee IPOBOIMITUCH SKCIICPUMEHTHI C PA3IMYHBIMU KaTallM3aTOPaMH B J1a00PATOPHBIX YCIOBHSIX Me-
TOJIOM OTCTaMBaHHS B PA3IMYHBIC MPOMEKYTKA BPEMCHHU U OOBEMOM CYCICH3UM (eppUTOO0pa30BaAHUSL.
Pe3yabTaThl U BBIBOABI. Harnydmuii pe3ynprar moKa3all KaTtaau3aTop B BUIE KENE3HOro Kyropoca, y
KOTOPOTo peaknus GeppruTooo0pa3oBaHmsl MPOXOAWIa ObICTpee, YeM y OKCHIA ATFOMUHHS U MEITHOTO KY-
nopoca. OTcranBaHue MMPOBOIMIOCH B IPOMEXYTKH BpeMeHH oT 0,3 10 4 yacoB, 00beM HCIOIb3yeMOM
cycnenzun coctaBui ot 20 mo 50 mu. Ilpm manHBIX MapameTpax ObBUTO BBIBICHO, YTO BPeMsl KOHTAKTa
KaTaJIM3aTopa C MCCleqyeMbIMH CTOKAMU COCTaBHIJIO 2 Yaca, KOJWYecTBO cycreHsun 50 mi. YaaneHue
XUMUIecKux npumecer coctaBuino oT 90 1o 100%. CpaBHUTENbHBIC JaHHBIE HAIIPABICHBI HA BBISBICHNAE
Oonee OBICTpOrO KaTanu3aTopa Ui o0pa3oBaHus QeppuTa, a TakkKe YAAUICHHIO PUMecei 10 TpeaeibHO
JIOIYCTUMOM KOHIICHTPAIMH. DKCIICPUMEHTANIbHBIC JAHHBIC OPUCHTUPOBAHBI HA CHWXKCHUE DKOJIOTHYe-
CKOH Harpy3KH BOJHBIX OOBEKTOB, B KOTOPHIX IPOUCXOIUT COPOC CTOUYHBIX BO/I.

Knrouegvie cnosa: cmounvle 600bi, nocnowjenue XumMuiecKux npumecetl, Meonbvlli Ky-
nopoc, JHcenesHbvlil Kynopoc, OKCUO aloMUHUs, (peppumusayus, OKcugepbi.

Hutupoanme. JlenucoBa M. A., OBuunnukoB A. C., bouapuukos B. C., bouapuukosa O. B., Ko-
3uHckag O. B., IlyctoBanos E. B. CpaBHuTenbHas OlleHKa peareHTa Ha OCHOBE pa3fIMYHbIX KaTajau3a-
TOPOB, NMPUMEHACMBIX JUISI OYMCTKH CTOYHBIX Bon. M3zeéecmus HB AVK. 2023. 4(72). 500-507. DOI:
10.32786/2071-9485-2023-04-50.

ABTOpPCKMii BKJaJ. Bce aBTOpHI HACTOAIIEr0 MCCICIOBAHUS MPHHUMAIH HEIOCPEACTBEHHOE yd4acTHE B
IUTAHUPOBAHKH, BHITOJHEHNH MIH aHaIM3€ TaHHOTO MCCIeqoBaHus. Bce aBTOPBI HACTOSAIIEH CTaThH O3HA-
KOMMJIMCH C MIPEACTABICHHBIM OKOHYATEIbHBIM BAPHAHTOM H OJJOOPHUIIH €ro.

Kondgaukrt unrepecoB. ABTOPHI 3asBIIOT 00 OTCYTCTBUH KOH(IUKTa HHTEPECOB.

BBenenne. Dxonormyeckas CUTyalusl Halleld CTpaHbl HAa JAHHBIK MOMEHT BpPEMEHHU
CUMTAETCs HEYIIOBICTBOPUTEIHHON. 3arpsi3HEHHs] BO3/yXa MPOUCXOMAT 3a CcUeT OOJIBIIOTro
KOJINYECTBA BHIOPOCOB NPOMBINUICHHBIX 3aBOJIOB, PEKM M 03€pa 3arps3HSIOTCS BBIOpPOCAMU
CTOYHBIX MTPOMBIIUICHHBIX, )KHUBOTHOBOAUYECKNX U OBITOBBIX BOJ [ 1]. OuunieHHas Boja HEOO-
XOJJIMa HE TOJBKO ISl TPOM3BOJCTBEHHO-OBITOBBIX HYXKI, HO W JJISl YAOBJIETBOPEHUS IIO-
TpeOHOCTEH arpoNnpOMBIIIUIEHHOTO KOMILIEKCa, B TOM YHCJe Ul Lesiei OPOLICHUsI CeNbCKO-
XO35MCTBEHHBIX KYIbTYp [2, 3, 4].

IIpoBens aHanuTHYEeCKHid 0030p MO CYIIECTBYIOIIUM TEXHOJIOTUSIM U croco0am
OUMCTKUA CTOYHBIX M MPHUPOAHBIX BOJ, MOKHO CHI€JaTh BBIBOJ, YTO BCE OHU HYXIAIOTCS B
YCOBEPUICHCTBOBAHUU JTMOO YIydIIEHUM JJIsl 0OecriedeHns KaueCTBEHHOM OYMCTKU BOIHBIX
pecypcos [5, 6].

W3BecTeH Takoil peareHTHbII cloco0 OYMCTKU CTOYHBIX BOJ, KaK (heppUTHU3ALMS, WIN
oOpa3oBanue okcudepos [7, 8]. JlaHHBIH c1oco0 XOPOIIO MPUMEHSETCS AJIsl IPOMBIIIIIEHHBIX
3aBOJIOB: JJAKOKPACOYHBIX, JIEPEBO0Opa0ATHIBAIOIINX, POU3BOJICTB MeTaiia u T.1. [9, 10, 11].
CyTb cniocoba peppuTH3ammm 3aKIr0YaeTcss B 00pa3oBaHuU (QeppuTa, T.€. MATHUTA, KOTOPHIH
MPUTSTUBAET K ce0e YaCTHUIbl METANIOB U HEKOTOPBIX JAPYTrUX XUMHUYECKHX AJIEMEHTOB [12,
13, 14]. CymectByeT (hepputooOpa3zoBaHre Ha HECKOJBKUX KaTaIM3aTOpax, TAaKUX KaK kKe-
JIe3HBIN KYIOpOC, MEAHBIN Kynopoc U T.A. [15]. OCHOBHBIM KaTaln3aTopoM Ui 00pa3oBaHus
(deppomMarHeTrika B MPOU3BOJCTBE SBISETCS JKEJE3HbIM KyNopoc, MOATOMY BO3HUKAET HE0O-
XOJJMUMOCTb MPOBEACHHUS SKCIEPUMEHTA 110 U3YyUEHHIO Pa3IMYHbIX KaTaJIW3aTOPOB IS OIpe-
JIeJICHHs] HAWTYYIIEeTO 1O MOTJIOMEHUI0 XUMHUYECKUX TTPHMECEH.

MaTtepuajbl 4 MeTObI. 711 TPOBENCHNS CPaBHUTEILHON OIEHKH Pa3IMYHBIX KaTa-
JTU3aTOpOB 00pa3oBaHus (peppomMarHeTnka ObLTH MPHOOPETEHBI METHBIA KYIIOPOC, KeJIe3HbIN
KYIIOPOC ¥ OKCHJI alTFOMUHHSI. DKCIEPUMEHT TPeNIoiaraeT oToop mpod CTOYHBIX BOJ, a TaK-
K€ MIPUTOTOBJIEHUE CYCIIEH3UH, COJIEPkKAIIEH NCCIIelyEMbIH KaTaau3aTop.

HccenenoBanust MpOBOAMIIMCH IO METOAY OTCTaWBAaHUS B PA3IMYHbIC IPOMEKYTKH BpeMe-
HU. [ 3Toro 6panack npoda crouHoii Boasl B oobeme 100 M B Tpu MepHbIe KonObL. Jlanee ro-
TOBUJIaCh cycrneH3ust oobeMoM 500 Ml ¢ Tpemst ucciienyeMbIMH Katanusaropamu. [locie yero B
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MEpHBIE KOJIOBI JOOABISUTICH B Pa3HBIX KOJMUYECTBAX CYCIICH3UH M MPOBOIMIOCH OTCTAaMBAaHUC B
pa3IUHbIC TPOMEXKYTKH BPEMEHH, MOCie KOTOPBIX HCClieayeMasi Bojia Opajiach Ha XUMHYECKUN
aHaJIU3 IO BBISABJICHUIO OCTATOYHOM KOHIIEHTPALIMU XUMUYECKUX AJIEMEHTOB.

Pe3yabTarel m 00cyxkaenune. [lepen cpaBHUTEIBHON OIICHKON KaTaJM3aTOPOB ObLI
BBITMOJIHEH XUMUKO-aHATUTUYECKHI aHaIN3 CTOYHOM BOJIbI, KOTOPBIi puBeeH B Tabuuie 1.

Ta6mx1ua 1 — I/ICXOI[Ha}l KOHIIeH’I’paIII/Iﬂ I/ICCJ'ICI[yeMI:IX CTOYHBIX BO/
Table 1 — Initial concentration of the studied wastewater

Ne /i HanmenoBanne XUMHUYECKOTO KonnenTpanus XI/IMPI‘-IG; TITK, Mr /HM3
BCIIECTBA CKOI'0 BEIIECTBA, MI/IM
1 Keneso oOiee 0,42 0,3
2 uuk 5,7 50
3 Menb 1,85 1,0
4 XpoMm 0,48 0,5
5 Kanmuii 0,0003 0,001
6 CsuHen 0,047 0,03
7 Huxkens 0,078 0,1
8 Pryth 0,0012 0,005

[To maHHBIM MEPBOTO FKCIEPHUMEHTA C UCIIOIBb30BAHUEM OKCHJIa ATIOMUHHUS B CYCIICH-
3MH, KaK KaTaln3aTopa MoJy4YeHbl pe3yIbTaThl OTCTAUBAHKS CTOYHBIX BOJ B TeueHue 0,3 va-
ca, 1 gaca, 2 yacoB u 4 yacoB. O06beM cycrieH3uu ObuT BBesieH B KotObl 10 mut, 30 mur 1 50 mot.
Pe3ynbrar mornomeHus TSHKENbIX METAIJIOB IIPEICTaBIICH Ha rpaduke 1.

PTYTh | 0,0012
Hukens 0,078
CeuHel ID.[MEr
Hagmuit | 0,0003
Xpom .8
veqs IS
.

Heneso obwes .3

0 1 2 3 4 5 6

T pa(l)I/IK 1- KOHI_ICHTpaLII/ISI TSOKEJIBIX METAJIJIOB C UCITOJIB30BAHHUEM OKCH A aJIIOMUHUA
Graph 1 — Concentration of heavy metal's using aluminum oxide

Pesynbrar sKcriepuMeHTa ¢ OKCHIOM ATFOMHHUS MOKa3all, YTO JAHHBIA KaTalHU3aTop
NPaKTUYECKH HE BBHIMOTHSIET (DYHKIMIO MO YAAJICHUS THKEIBIX METAJUIOB U Tporiecca dpdek-
TUBHOTO 0Opa3zoBaHus (heppuToB. J[aHHBIN KaTanM3aTop YAl U3 CTOYHBIX BOJ XHUMHYeE-
CKUX 251eMeHTOB MeHee 10%.

Crenyronuii 5KCiepuMEHT ObUT BBIIOJIHEH C METHBIM KYIIOPOCOM KaK KaTaJu3aTopoOM
i pepputooOpazoBanus. Pe3ynbrat npuseaeH B TadbauIe 2.

ITo pe3ynpTarTy OTCTaMBaHMUS CTOYHBIX BOJI C MEIHBIM KYIIOPOCOM MOJY4YEHbI JaHHBIE,
CBUJIETEJILCTBYIOIIHE, YTO Mpolecc heppuTooOpa3oBaHus MPOUCXOANI MEIUIEHHO U 3 dek-
TUBHOCTH YAaJICHHs MpUMEceil MoKaszaja He JIyYIIHi pe3yabTar, TaK Kak yJaJeHue MpOH30-
nu1o Bcero Ha 15-20% makcuMyMm nipu o0beme cycneH3uu 50 Ml 1 BpeMeHU KOHTaKTa 2 Jaca.
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Ta6m/1ua 2— KOHHGHTpaIII/ISI TSAKCJIBIX MCTAJIJIOB C UCIIOJIB30BAHUEM MCIHOT'O KyITopoca
Table 2 — Concentration of heavy metals using copper sulfate

HcxomHas KoH-
Konnenrparnms
No HanmenoBanne XUMHUYECKOTO LIEHTpAIUS XU- 3
XUMHUYECKOTO ITJIK, Mr/am
mn/a BEIICSCTBA 3 | MHMYECKOTIO Be-
BEIECTBa, MI/IM 3
LIECTBA, MI/AM
1 JKeneso oOiee 0,37 0,42 0,3
2 R0z 5,49 57 5,0
3 Menb 1,6 1,85 1,0
4 Xpom 0,35 0,48 0,5
5 Kanmuii 0,0003 0,0003 0,001
6 CauHell 0,0042 0,047 0,03
7 Huxens 0,07 0,078 0,1
8 PryTh 0,0011 0,0012 0,005

[Tocnennee uccnenoBanue NPOBOAMIOCH C KaTAIM3aTOPOM B BUJE KEJIE3HOTO KYIOPO-
ca. PesynbpTarsl npuBeneHs! Ha rpaguke 2.

E

301

HEREI0 LiptHi
odiles

Fpa(bHK 2— KOHLIeHTpaI_II/IH TAKEJIBIX MCTAJIJIOB € UCIIOJIB30BAHHUEM JKCJIC3HOI'0 KYIIOpoca
Graph 2 — Concentration of heavy metals using iron sulfate

Haunyummii pe3ynpTaT nokasaj KaTalu3aTop B BUJIE KEIE3HOI0 Kylmopoca, y KOTOopo-
ro peakuus ¢peppuToo0Opa3zoBaHus MPOXOIUIA ObICTpEe, YeM y OKCHJIa alFOMUHUS U MEIHO-
ro Kynopoca. OTcTauBaHue MpPOBOAMIOCH B MPOMEXKYTKH BpemeHH oT 0,3 1o 4 yacoB, 00beM
ucnoibp3yemMoi cycrensuu coctaBui ot 20 1o 50 mut. [Ipu naHHbIX mapamerpax ObLIO BBISB-
JIEHO, YTO BpEeMsl KOHTaKTa KaTajau3aTropa C MCCIEeIYeMbIMH CTOKAMH COCTaBWJIO 2 Yaca, KO-
nudecTBo cycren3uu 50 miu. U3 rpaduka BUIHO, 9TO KOHIICHTPAIUS YAAUTIEMBIX XUMUYECKUX
BCIIECTB MOHU3MJIACh A0 MPEACIIBHO JIOHyCTPIMOﬁ KOHIOCHTpAIMU U JaXK€ HEKOTOPBIC DJICMCH-
ThI BBIXOSAT HUXKE CTaHIapTa.

3akimouenue. [IpoBes CpaBHUTENBFHYIO OIEHKY KAaTAIM3aTOPOB, MOKHO CIETIATh BBIBOJI O TOM,
YTO HAWJTYy4lICC (beppHT006p330BaHI/Ie OBUIO C KEJIE3HBIM KynnopocoMm, IIpHh KOHTAKTC CYCIICH3UU C UC-
CIIeyeMBIMH CTOKaMH pe3yJbTaT MOKa3aj, YTo yaaneHus npumeceil coctaBmio ot 90 mo 100%. Xyn-
IIMMH KaTajin3aTopaMu OKa3aJIuChb OKCUJ aJIFOMUHHSA U MeI[HHﬁ KYIIopocC. HpI/I HUCIIOJB30BaHUHN OKCHAA
AITIOMUHUS yIAIEHUE TSDKEJIBIX METAIIOB cocTaBuiio Bcero 10%, a mpu MeaHoM Kymopoce 15-20%.

HOBTOMy npu CpaBHI/ITeJ'ILHOf/i OLCHKC KaTaJIn3aTOPOB HAWJIYYIIIUM MOKHO CUUTATh JKeJIe3HBIN
KYIIOPOC, KOTOPBIN TaK)KE CYMTACTCSI IKOJIOTUIECKH O€30MacHBIM PEareHTOM.

Conclusions. Having carried out a comparative assessment of the catalysts, we can draw the
following conclusion that the best ferrite formation was with iron sulfate; when the suspension came
into contact with the wastewater under study, the result showed that the removal of impurities ranged
from 90 to 100%. The worst catalysts were aluminum oxide and copper sulfate. When using aluminum
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oxide, the removal of heavy metals was only 10%, and with copper sulfate it was 15-20%. Therefore,
in a comparative assessment of catalysts, iron sulfate, which is aso considered an environmentally
friendly reagent, can be considered the best.
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Ministry of Agriculture of the Republic of Kazakhstan for 2021-2023 BR10764977 " Development of
modern technologies for the production of dietary supplements, enzymes, starter cultures, starch,
oils, etc. in order to ensure the development of the food industry*

Summary
In the process of work, the drying temperature of pasta from 50 °C to 60 °C and the drying time from
105 to 110 minutes, during which the drying process of pastais carried out at optimal humidity values.
This model describes the drying processin real form and ensures the convergence of calculations with
observations. The model was used to develop a temporary drying protocol for belt conveyor dryers
with phased heat supply.

Abstract
Introduction. The drying procedure is the key to obtaining pasta of a given quality and at a certain
price. However, the existing models are mainly intended to describe the drying process in a stationary
state. Materials and methods. The mathematical model of gluten-free pasta drying based on non-
traditional raw materials allows us to determine the temperature and humidity gradient curve for tubu-
lar pasta. Results and conclusions. Thus, a mathematical model was built that allowed to set their op-
timal values in the right amount, the best settings for minimizing the cost of thermal energy while
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