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The evaluation by the external scientific supervisor of the doctoral candidate B.M.
Diyarova's dissertation on the topic ol «Synthesis and physicochemical studies of

new sorbents from rice and o1l waste tor wastewater treatmenty for the conferment
of the doctor of philosophy degree in the educational program «8D0530]-
Chemistry»

Review

Rice stands as one of the foremost agricultural commodities globally,
tollowing wheat. The annual global production of rice amounts to 503.69 million
tons, with Kazakhstan contributing 213.4 thousand tons. In the process of rice
cultivation, remnants known as rice husk and straw, containing distinctive porous
layers of silicon, are collected. This waste comprises husks up to 20% and straw up
to 50%. Predominantly, farmers resort to methods of either burying or incinerating
waste In the open fields. In employing these methods, the high silicon content in
the waste results in the accumulation of non-degradable silicon dioxide on the
carth's surface during incineration, necessitating substantial land areas for waste
disposal. The waste generated from burning and interment exerts adverse effects
on both the environment and human health, leading to the development of ailments
such as pulmonary silicosis, bronchitis, and cancer. Given the annual surge in rice
demand in recent years, the pertinence of research endeavors in this domain is
escalating. In addressing these challenges, the dissertation work introduces
methodologies for producing adsorbents to purify industrial wastewater from
heavy metals and organic pollutants, employing environmentally benign and
valuable secondary products derived from the processing of agricultural and oil
waste.

Activated carbon, possessing a high surface area, well-defined pore
structure, thermal stability, and low acid/base reactivity, represents the oldest and
most economical adsorbent. It serves as an efficacious material for the removal of
diverse inorganic and organic pollutants dissolved in aqueous media or gascous
phases,

The application of adsorption treatment utilizing activated carbon has gained
recognition as an effective means of mitigating organic, chemical, chlorine, heavy
metal, and liquid waste. Commonly employed raw materials for activated carbon
production encompass coal, wood waste, coconut shell, peat, petroleum, and
polymers. Notwithstanding its widespread application in the adsorption process,
the primary challenge associated with industrial-scale utilization of activated
carbon lies in its elevated cost and the complexities involved in regenerating
adsorbents. In this context, it becomes imperative to explore renewable and cost-
effective materials as viable alternatives to adsorbents in addressing water
pollution issues and the disposal of waste gases stemming from diverse
technological processes.

The adsorptive capacity, durability, thermophysical attributes, and other

o

properties of activated carbons are intrinsically linked to the structure and surface




characteristics of these adsorbents, as well as the method employed in their
preparation.

| The disorderly arrangement of graphite crystallites and amorphous carbon
yvuhin each fragment of activated carbon imparts a distinctive porous structure 1o
Its heterogeneous  mass. Founded on the array of adsorption phenomena
manifesting in porous substances, the eminent scholar in this field, academician
M...\/l. Dubinin, advocated for the categorization of pores into macro-, meso-, and
micropores.

One avenue of research directed towards advancing concurrent
carbonization processes and the formation of micro- and nanostructures (carbon
sorbents) hinges on the utilization of composites as initial materials. These
composites encompass amalgamations of solid and liquid organic materials,
inclusive of waste, as well as the utilization of raw materials in conjunction with
binders, catalyst mixtures, and chemically modified raw materials, among other
components.

Currently, this direction appears to hold the most promise for recycling
natural raw materials, eliminating waste, and introducing environmentally friendly
secondary products into economic circulation. However, for its successful
implementation, it is imperative to ascertain the structure of the acquired sorbents
and to exercise control over the process of micro- and nanostructure formation
during the structural and chemical alterations of the carbon framework. Addressing

a range of associated challenges is also imperative.
Dissertation work BR21882415 “Development of safe wastewater disposal

technology for irrigation of fodder crops and tree plantations in Kyzylorda
province under water deficit conditions” under the program of targeted funding for
2024-2025 years and financial support of the Ministry of Education and Science of
the Republic of Kazakhstan, by the Committee of Science under the grant project

AR 05134356 conducted.
Scientific results within the requirements for theses.

One of the areas of research focused on the advancement of carbonization
processes and the development of micro- and nanostructures (carbon sorbents).
This avenue is predicated on the utilization of composites as initial materials,
comprised of blends of solid and liquid organic substances, including waste.
Additionally, it involves the incorporation of binders, catalyst additives, and

preliminary chemical conversions.
The dissertation comprehensively evaluates extant methods of heat treatment

for carbon-containing raw materials, encompassing pyrolysis, gasification, and
combustion. Among these techniques, co-thermolysis emerges as the most
promising, particularly in the case of multi-component mixtures or composites
comprising various organic materials. This approach capitalizes on the synergistic
effects of thermolysis, leading to enhanced yields. The production of secondary
solid products is identified as a particularly auspicious avenue in the processing ot
both natural and man-made raw materials.
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| The dissertation achieved biochar production through the carbonization of
rice husk and straw. Optimal conditions were determined to be a treatment time (7)
of 60 minutes at a temperature (t) of 300°C for rice straw. In the case of rice husk.
the highest combustion heat energy recorded was 17,520 kl/g at t = 60 minutes
;1}1(] | ?‘4()()”’(', while for rice straw, it was 16,451 kJ/g under the same conditions.
{l1csc lindings indicate the potential for manufacturing high-calorie fuel briquettes
from biochar derived from rice husk.

Powdered activated carbon was obtained from agricultural waste during the
rese.arch. The characteristics of the resulting activated carbon demonstrate that that
(%cm'ed. from rice husk corresponds to DAC grade, whereas the activated carbon
from rice straw corresponds to BAU-A grade for liquid media adsorption.
Furthermore, co-thermolysis of agricultural and oil wastes was conducted to obtain
powdered activated carbon, and optimal conditions were determined.
Carbonization was carried out at a temperature of 500°C, followed by activation at
850°C. Notably, the activated carbon produced in the ratio of rice straw to oil
sludge at 9:1 corresponds to BAU-A grade, while at a ratio of 8:1, it matches the
characteristics of BAU-MF grade. In all other ratios of straw to oil sludge, the
activated carbon aligns with DAC grade specifications.

Granular porous carbon materials were successfully obtained by introducing
a binder to agricultural and petroleum wastes. According to the research findings,
the optimal ratio of rice husk to oil sludge to starch is 9:1:2. The characteristics of
the activated carbon produced in this ratio align with those of the BAU-MF brand.

The adsorption capacity of both powdered and granulated activated carbon,
obtained under the established optimal conditions, was thoroughly examined.

[nitial evaluation tests involving the adsorption of heavy metal ions (Cr’*, Co*",
Cu?*, Mn?*, SO,%, NOy") using the resulting granulated and powdered activated
carbons demonstrated their notably high adsorption efficiency.

The properties and structure of the sorbents were determined through
chemical and physico-chemical analyses of both powdered and granulated
activated carbon. These findings were compared with established production
processes to ascertain the ecological effectiveness of the final product. Extensive
efforts were dedicated to testing the new adsorbents in wastewater purification,
affirming their efficiency.

The degree of validity and reliability of each scientific result (scientific
position), researcher's findings and conclusions formulated in the dissertation.

The research was conducted utilizing a modern scientific and technical
infrastructure. Powdered and granulated activated carbon were produced using a
high-temperature vacuum tube furnace of the BR-12 NFT series. Further analyses
were performed with advanced equipment: the structure of the samples was
examined using a JSM-6510 LV scanning electron microscope, while surface
porosity area was determined with a 3H-2000PS1 surface porosity analyzer.
Additionally, the combustion heat of biochar was measured using a C2000
calorimeter from Ika-Werke (Germany).

The dissertation work was conducted in the well-equipped laboratories of
esteemed institutions, including the Chemistry and Biology Scientific Research




Cenp'e at Kazakh National Women’s Pedagogical University, the “Laboratory of
Engineering Profile” at Kyzylorda University named after Korkyt Ata, and the
REQUIMTE Research Center at New Lisbon University.

The degree of innovation of each scientific result (position), researcher's
conclusion formulated in the dissertation.

Based on the results of the research, the following conclusions were drawn:

. An exhaustive analysis of the scientific and technical literature relevant to
the research topic was conducted. While significant progress has been made in
understanding the structure of carbon sorbents, a knowledge gap persists in the
area of co-processing liquid and solid organic wastes into adsorbents at the current
stage of scientific development.

2. The thermolysis of rice husk and straw was executed to obtain a carbon
sorbent.

3. The physico-chemical properties of oil sludge from the reservoirs of the
Kumkol field were systematically examined, and their potential utility in co-
thermolysis and as solid agricultural waste was established.

4. Co-thermolysis of rice straw and oil sludge was carried out, resulting in the
identification of optimal mass ratios and compositions. The research determined
that the adsorbent obtained through this process, in a mass ratio of 9:1, exhibits
characteristics akin to activated carbon in terms of sorption and other critical
indicators.

5. Optimal conditions for the production of granular activated carbon, achieved
through the incorporation of binders during the processing of rice husk and straw
with oil sludge, were determined. The resultant adsorbent, produced through co-
processing in a ratio of rice husk to rice bran to gelatin at 9:1:2, demonstrated
characteristics aligning with those of activated carbon In terms of sorption and
other essential indicators.

6. The adsorption capacity of activated carbon produced under optimal
conditions was rigorously assessed. Initial evaluation tests were carried out for the
adsorption of heavy metal ions (Cr’*, Co*", Cu*, Mn?*, SO,*, NO3") using both
granulated and powdered activated carbons. The research conducted under these
areas represents a significant contribution to the field, offering valuable insights
and practical applications for the sustainable utilization of natural and waste

resources. | |
7 The obtained activated carbon was subjected to testing for sewage treatment

following the biological treatment at the Kyzylorda city station. Following
purification, there were noticeable improvements in physical indicators such as

chromium content and dry residue, alongside reductions in chemical indicators
including calcium, aluminum, manganese, ninie, polyphosphate, and

orthophosphate 1ons. .
The results of the author's research have been presented and discussed at

various international and republican conferences. Additionally, based on the
outcomes of this work, a number of scientific publications have been disseminated:
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r -i F‘our pub!ncatnons In journals recommended by the Control Committee in the
leld ot. Edglc'atlon and Science of the Ministry of Education and Science of the
Republic of Kazakhstan.

- Or.le Publlcgtion In an international scientific journal indexed in the Thomson
Reu.ters mtonmatpn database (ISI Web of Knowledge, Thomson Reuters), which
carries a non-zero impact factor.

- F‘ Ilve publications in materials and abstracts of international and republican
SCIEI:ltlflC symposia and conferences, and three in materials from foreign
conterences.

I'he abstract of B.M. Diyarova's dissertation on the topic of “Synthesis and
physicochemical studies of new sorbents from rice and oil waste for wastewater

treatment” comprehensively encapsulates the primary findings of the dissertation.
Conformance of the content of the dissertation to the requirements of

the Rules for the Conferment of Scientific Degrees.
This work represents a significant contribution to the field of addressing

environmental challenges in agriculturally and oil-contaminated areas,
underscoring its relevance and practical significance. The development of a set of
physico-chemical conditions for producing porous carbon materials from low-
orade agricultural solid and liquid oil waste is a noteworthy accomplishment. The
assessment of the relationship between morphology, structure, and properties of

the adsorbent with temperature and co-processing is a crucial contribution.
Moreover, the creation of an experimental model elucidating the structural-

chemical transformation of the carbon skeleton, responsible for forming micro- and
nanostructures in the combined processing of waste via co-thermolysis, is a
noteworthy innovation. These models were constructed utilizing a blend of
Kazakhstan's indigenous raw materials - low-grade solid and liquid waste (rice

straw, husk, and man-made oil waste) from the Kyzylorda region.
The dissertation work has been carried out at a commendable scientitic

standard, demonstrating scientific novelty and practical significance. As the
research supervisor, | express my satisfaction with the overall outcome of the

work.
B.M. Diyarova's dissertation on the topic of « Synthesis and physicochemical

studies of new sorbents from rice and oil waste for wastewater treatment» fully
meets all the criteria for a dissertation in terms of its scientific and practical value,

as well as its level of accomplishment. In my assessment, the candidate 1s
deserving of the conferment of the degree of Doctor of Philosophy (PhD).

Foreign scientific supervisor: O. Lygina

Doctor of Sciences, Professor,

Department of Chemistry,
Faculty of Science and Technology,

Universidade Nova de Lisboa.




[3nenymn b.M. Jlusposa «8DO05301-Xumus»y Ginim Gepy OGarpapiiamachl
OoiibIHIIA  (PUIOCOPUST JIOKTOPBI  JIOPEKECIH  ally YIIiH «AFBINABLI  CYJapabl
TA3APTY YU RYPII el MyHaili KAILIKTAPBIHAH sKana copbenrrep Cuuresi
RINE  (PHBHKRA-XHMHSUILIK  3epTTeydepi» TakbIpbIOLIHAArLl  JIHCCEPTALMSIIBIK
TAKbIPbIOBIHA LHETEJIK FhUIBIMU KeTeKIIHIH

HIKIPI

Kypimnr — anemae Oupaiinan keifinri eric xesiemi GOMbIHILA €KIHIII OPbIH
QJIAThIH HETI3I1 aybll 1apyallblIbiFel oHiMAepiHin 6ipi. Kypiur enaipici anem/ie
KbLIT canbiH 503,69 munnmon tonuausl, an Kazaxcranma 213,4 MbIH TOHHAHDI
Kypaiabl.  Kypimr  enuipicinge KypambiHza KPEMHHUMIH epeKile KeyeKTl
KadaTrapbl Kyplll Kaybl3bl jKoHE cabaHbl JIeN aTalaTbiH KaJAbIKTAp >KHHAJIAIbI.
byn kanabik Kypambinaa kaysiz 20% neiiin xoHe cabanbl 50% aeiiH MeJiep
Kypanabl. KalabIKTapasl »oroa Ko >kaFjaiia eriHuiiiep »kas3plK Janajga xKepre
KOMY HEMece epTey dMICTepiH KoJimaHanel. byn omictepai KosnaaHy OapbICBIH/A
KaJIILIKTapIblH KypaMbIHJla KPEMHUM YJIECIHIH >XOFapbl 00J1y cajilapblHaH epTey
Ke3lHJe Kep OeTiHje bliblpaMalThlH KPeMHHUH JHMOKCHAI KMHAJa/bl, COHbIMEH
KaTap KaJAbIKTapAbl KOMY YIJKEH J>Xep ayJaHIapbIHBIH KOJeMiH KaKeT eTell.
OpTey JXKoHEe KeMy HOTIKECiHJe >XHHAJIFaH KajJbIKTap TaOWFaTKa >KoHE ajam
JIeHCayJIbIFbIHA Kepl acep eTelll, IFHU OKIle CUIMKO3bl, OPOHXHUT JKoHE KaTepiil 1CIK
CUSIKTBl aypyJjapJblH AaMyblHa okeyeni. COHFBI KbUIZAapAarbl KyplLIKe JereH
CYPaHBICTBbIH JKbLUI CaWbIH apTyblHa OalJIaHBICTBI Oyl OarbITTarbl 3€PTTEY
)KYMBICBIHBIH ~ ©3€KTUIII Jie apThlll KejeAl. ATajJMbIL MacCejejiepll KOO
MaKcaTbhlH/a JUCCEePTALMSIBIK JKYMbBICTAa aybUILIApyalllbUIbIK JKOHE MYHaM
KaJIABIKTapblH KalTa @HAeY apKbLIbl 3KOJOTHSUIBIK KayIICl3 YKoHe Ianaaibl KaiTa
OHJIEY OHIMJEp Heri3lHAe OHEPKICINTIK arbIHAbl CyJap/bl ayblp MeTajjiapjaH
J)KOHE OpraHMKasblK JacTaybllITaplaH Ta3ajlayFa apHajraH ajcopOeHTTep aiy
YKOJI1apbl YChIHBIUIFAH.

Bescenaipiiren  kemip — 0OeTKl ayJaHbl, KEYEeKTEpIHIH KYPBLUIbIMBI,
TePMUSUIBIK TYPAKTbUIBIFbl JKOHE TOMEHI1 KBILIKBUI/HErI3 peakTUBTUIrT Oap eH

KOHE jKoHe ap3aH ajicopOeHT. bencenaipuireH kemip — OyJjI CyJibl opTaja Hemece
ra3z QasacblHaa epireH opTypJ OeHOopraHUKalbIK >KOHE OPraHUKAJBIK JIaCTayLLbl

3aTTap/Abl JKOIOTa apHaJIFaH THIMJII MaTepHall.

Besicenaipinred KeMipMeH aJCOpOLHMSUIBIK OHIEY OpraHUKalblK, XUMMSIIbIK
3aTTap/bl, XJOPAbl, ayblp METalAap/bl, CYMBIK KaJIABIKTApAbl a3aMTyAbIH THIMJII
Kypasipl peTinje TaHbUIFaH. besceHaipuIreH KeMIpAl any YIIiH TaHbIMasl LIMKi3ar
Ko3Jjepi Kemip, araul KajJbIKTaphl, KOKOC KaOBIFbl, IIBIMTE3€K, MYHail >KoHE
nojiuMepJiep KoJJAaHbUIFaH. ApncopOuus MpoLeciHAe KEeHIHeH KOJJaHbUIFaHbIHA
KapamacTaH, OHEpKICINTIK ayKbIM/a OeJICeHAIPUIreH KeMIpJl KOJIIaHyAarbl €H
VJIKEH Mocele OHBIH KBIMOATTBIJILIFbI YKOHE aZCOpPOEHTTEPIIH
perenepallusichiHarbl  KAbIH/IBIKTAP 0O0JIBIIT TaOBLIAMbI. QCbIFaH OalJIaHBICThI,
CYAbIH NacTaHybl, op TYpJi TEXHOJOTHSIIBIK MPOLECTEPAIH KaJIbIK ra3japbiH
Kojlere  skapary ~MajiellepiH  luemryne anacopOenTTepre  Oanama  petiHie
KaHApThLIATLIH 9pl ap3aH MaTepralap/ibl 1371ey Ka)<eT Oosabl.



BL‘“CCW“PUU‘C“ KOMipiiepain cinipinyi, Gepikriri, TepMOPH3MKAIBIK KoHe
Oacka KacHeTTepl OyJ1 ancopGenrrepuin KYPBLUILIMBI MEH OCTIHIH CUIIATBI OJIap bl
any dJiIcIMeH OalJIaHbBICTDI.

Co-KOMIpTeKTEHY IPOLECTEPIH  paMBITYyFa  KOHE  MHUKDPO-  /KOHE
HAHOKYPBLUILIMAAPALL  (KOMIpTEKT] copOeHTTep) KaNbINTacThipyra OarbITTalran
PLIRY 61"")"1"1‘3}31)“lblll O1pi KOMIIO3UTTEp/Il OacTankbpl Marepuajjiap periHjie
HanJIaHyra 1101‘13HQJ'1?6H - KaTTbl JKOHE CYMBIK OpraHuKaliblK MaTepualijiapibiH
KOCHAIAPDL, COHBIN 1IIIHAC KaNabiKTap, connaii-ak OalIaHBICTBIPFBILI 3aTTApMEH
HHRIBALILT - KOJAaly,  KaTanusatop — kocmamapbl  koHe T.6  XHMHSUIBIK
TYPJACHAIPUITCH HMKI3at. Kasipri yakeirta 6y 6arbiT TaGurM MKi3aTThl Kaiita
OHJICY, KaﬂIlblKTapflbl WBIFapy oHEe 5KONOrMsNbIK Ta3a eKiHili JeHreMIi oHiMII]
YKOHOMHKAIBIK  aiiHallbMFa  Tapry TYPFBICBIHAH €H TepPCIeKTUBAIbl  OOJIBII
KOPIHEL, JICTCHMCH OHBI OHtarbIall JKy3ere achlpy VIIiH agblHFAH copOeHTTEp/1IH
KYPbUIbIMbIH aH.blK'I‘a.yFa KQHE KOMIpPTEri KaHKaChIHBIH KYPBUIBIMABIK YKOHE
AMMITUIBIE O3TCPICTEPL Ke31HAE MUKPO- 5KoHE HAHOKYPBUIBIMAAPIbI KAJBIITACTBIPY
pouec 6qc1<apyra OalnanbicTsl Gipkarap Maceesiepal ey Ka)er.

Kasipri yakbitTra Oy GarslT TaGuru LUMKI3ATThl KaiiTa OHJIeY, KaJAbIKTap bl
WbIFApy  9KOHC OKOJIOTMSIBIK  Ta3a eKiHIUI JeHreityli oHiMII HKOHOMMKAJIBIK
QHHAJILIMEA CHTI3Y TYPFBICBIHAH €H MepPCMeKTHBTI, JereHMeH OHbl OMIarbiiaii
KY3€Ie achlpy YUIH KaXeT aJIbIHFaH COPOEHTTEPAIH KYPbLIBIMbIH aHBIKTayFa KOHE
KOMIPTCIT  KaHKACLIHBIH  KYPBUIBIMABIK JKOHE XMMMSUIBIK ©3repicrepi KesiHje
MHUKPO-  JKOHC  HAHOKYPLUIBIMAAP/bl  KAJBLINTACTBIPYy MpoLeciH 6Gackapyra
OaiyIaHBICTLI OlpKaTap Macelenepi ey KaXer.

3eprrey Hbicanbl perinae KpI3buiopaa OGNBICHIHBIH KYpPIll Kaybi3bl MeH
cabaHbl JKoHe KyMKOJI KeH OPHBIHBIH pe3epByapiiapblHaH albIHFAH MYHANIILIAMBI.

Juccepranmsuiblk okymbic  BR21882415  «Kpi3butopna  o6mbickiHza  cy
TAIUBLIBLIFBL JKaFIAWbIHJA MaJl a3bIKTBIK JaKbUIJAphl MEH aralll eKIeJepiH cyapy
YIIIH CapKbIHJIbl CyJap/ibl Kaylincid yTHIM3aLUsIay TEXHOJOTHSICHIH d3ipiey»
2024-2025 puijapra apHajgral OarjapiaMalibl-HbICAHAJIbI KapXXbUIAHIBIPY YKOHE
Kaszakcran PecniyOsimkacsl butiM »kKoHE FbUIBIM MUHUCTPIITL, FBUIBIM KOMHUTETIHIH
KapKbUIbIK KOJjlaybiMeH AP 05134356 rpadTThIK xK00achl asChIHIA XKYPri3iireH.

KapOoHu3anusi [IpOLIECTEPIH  JaMbITYFa  JKOHE  MHKPO-  JKOHE
HAHOKYPbUIbIMAAPALI  (KOMIPTEKTI COPOEHTTEpP) KaJbINTACThIpyFa OarbITTanran
seprrey  OarbITTapblHbIH Oipi KOMIO3MTTEPAl OacTankpl Marepuaiap perinie
naiijananyra HerizjeireH - KaTThl JKOHE CYHBIK OpraHMKallblK MaTephaijap
KOCHaNapbl, COHBIH ilIiHAE KaABIKTap, COHBIMEH KaTap OailaHbICTLIPFbIL
3aTTapMelr,  Karaju3aTop  KOCMaJapbIMEH  JKQHC  QJUIbIH-alla  XMMUSIIBIK
TYPJICHIPITY KYMBICTapbl XKYPri3UIreH.

JluccepTaHT NMPOJIM3, Ta3faHy MoHE OKaHyIbl KaMTHTBIH —KypaMbIH/a
KOMipTeri Gap MIMKIi3aTThl TEPMHSUIBIK OHACYAIH KA3Ipri KE3ACT KOJAAHBICTAFDI
KapacThIparaH. KOHIIEIHblCTdebI OMICTEPAIH  ILUIHACTL CH
THiMJLiCi - TepMoJIM3 NpoLeci YIIIH KOMIOHEHTTEPALH TEPMOJIM3IHIH CHHEPIH3MIH

ANy KaHe colikeciHie WbIFBIMABLIBIKTBI XKaKcapTy MaKcaTbln1a TEPMOJIHS HPOUCL!

cocranap Hemece TaOWraTTa dp TYpJl OpraHiKaIbK
Kaiitamama KarThl

JMCTEPIH HKaAH-IKAKTDI

YU KOIT KOMITOHEHTTI ety s
Matepuaiap KOMIO3UTTEP KE3ACT] CO-TEPMOJIN3 KOJIA :
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ﬂnc(icpTauHHHbII( KYMBICTa  ayp HapyalWbUIBIFEl  KaJiqb] .
yHTaKTaJIraH 6eflce§ﬂlp1nreH KOMIP  anbiHFay. 3eprrey HeTuinTapH'”E'm
cuiaTTaManapbl - KYPLUI  KaYbI3bIHAH =~ ayiblHFay Oesicenipinren KeMieHeEIIXII}({
MapKacblHa, all KYPIII cabaHbIHAH aJIbIHFAK OesceHnipinren KOMIp C ﬁbIKpo
ajcopouMsiiayra apHaiaran BAY-A MapKacbIHa coiikec kejei. Coﬁmmen p;:THaI;

aupikTanral. OHTaWsIbl SKarmaina kapGoumsamms 500°C TeMIepaTypaja, aj
- . - () E :

()ejlf,‘eHlllpy 850" C Ttemneparypana KYprisuired. OHTalnel Karmaiina ajgblHFaH
Kypill cabaHbl:MyHaHIaMbl = 9:1 KaThIHACBIHIAFEI Oencennipiiren kemip BAY-

A MapKacbIHbIH  CHIIaTTaMajlaphlHa, KYpILII cabaHpl:MyHafumamsl = §:1
KaTbIHACBIHIAFLI OeJiceHalpiren kemip BAY-M® MapKaCbIHa CHUIaTTaMajapbina,
cabaH MEH MYHaMIUIAMbIHBIH 0acka KaThIHACTapBIHAArbl GesICeHmipinren KOMIp

JIAK mapkacbIHBIH cUIIaTTaMallapblHa COHKeC KeJlei.
Kypiur KaypI3pl MEH ca0aHbIHA )KOHE MYHAWIIaMbIHA OaiaHBICTHIPY LI

KOCY apKblIbl TYWIPLIIKTEJIreH KEyeKTI KOMIPTeKTI MaTepuaifap ajblHraH.
Kyprizuiren 3epTrey HoTHKesepl OOMBIHILA OHTaWJbl JKaraad KaTbiHackl 9:1:2
Kypill  Kaybl3bl:MyHal  wuiambl:kpaxman. OHTadibl JKaraaWaa — albiHFaH

Oencenpipiaren keMip cumarramanapsl bAY-M® mapkacelHa CHIIaTTamanapbiHa

CoMKeC KeJiell.
OHTaiiipl JKaraaiina ajplHFaH OelCeHIIpUIreH KOMIPAIH ayblp MeETalll

MOHJApBIH  ajicopOLUsiIay kabijeTi MYKUAT 3epTTENIl. Ayblp. MeTaaap
mouapeinbiy (Crt, Co**, Cu”, Mn?*, SO4%, NOj) an00p6un.ﬂcr>1 YUIiH anblHFan
IyiipiikTesren  jkoHe yHTaKTauiFaH OenceHAIpUIreH KOMIPICPAIR AIFALIKb!
Oarasay ChIHAKTAphl  JKYpri3UIreH, HATHKECIHAEe alblHFaH  OeJceHaIpuIreH
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ryiiiputikrearen  Oeincenipinren Komipaink BR-12 NFT cepusiibl  sKoraphbl
remnepaTypaibl BAKYYMABIK TYTIKTI mewte anpinran. Yariepain KypbUibIMbl
JSM-6510 LV ckanepiieywui JICKTPOH/BI  MUKPOCKOIIEH, OeTTiK KeyekTiJIiK
ayuannl 3H-2000PS1 Gerrik  keyexrinix dHAJIM3aTOpbIH/AA, OHoYap/IbIH JKaHy
.--:)Kb]ﬂybl C2000 lka-Werke (I'epmanus) C2000 KaJIOpUMETpIH/IE 3epTTeIIl.
ﬂl1CCCP'1:31lmUlbll< KYMBIC  Kazak  yirThIK KbI3Jap  Iej1arorukalibIk
- yHuBepCcUTETl, KOPKBIT ATa aTbiHnar Ke3buiopaa yuusepeuteri  «usmka-
XUMMSUIBIK — Tajiay  duicrepin 3epTXaHaceiHaa koHe JKana  JIuccaboH
YHUBEPCUTECTTECPIHIH 3epTXaHaapblHia JKYPri3UIreH.

Kyprisuiren  3eprrey HOTHXKeNlepl OOWbIHIIA Keyieci KOPBITBIH/IbLIAP
HKacaslJibl:

. 3epTrey TakbIpblObl GOMBIHINA  FBUTBIMH-TEXHHUKAIBIK oneoueTTep
TajjlaHra, Oysi  OeliceHAipiireH Kemip amypiH Ka3ipri Kesjeri ojicTeplH
- aHbIKTayra MYMKIHIIK OepreH. KemiprekTi copGeHTTIH KypbUIBIMBIH TYCiHY
| CaJlaChlHAArbl KEHOIp JKeTICTIKTepre KapamacTaH, FbUIBIMHBIH Ka3ipri jamy
KE3CHIHAE CYHBIK JKOHE KATThl OpraHUKaJIbIK KaJAbIKTapAbl aacopOeHTTepre
- O1psiecin eHJ1ey canachiHIarbl OiIIMHIH JKeTiCTIeyLITr aHbIKTAIFaH;
g 2. KeMipTekTi copOeHT any MakcaThlHAa KYPILUTIH Kaybl3bl MEH CaO0aHbIHBIH
. TEPMOJIU31 )KYPri31JIreH.
_ 3. KyMKeJl KeH OpHBIHBIH pe3epByapiapblHAH MYHaWIUIaMbIHBIH (HU3HKa-
 XUMHSUIBIK KacCHEeTTEepl 3epTTeNIAl >KOHE OJlapAbl KATThl aybll LIApYallbLIbIFbl
~ KaJlIbIKTapbl MEH CO-TePMOJIM3re Maiianany MyMKIHIITT aHBIKTaIFaH;
4 4, Kypimu Kaybi3pl MeH cabaHHBIH MyHaWIIaMbl  CO-TEPMOJIU3I
. KYpri3iireH, OHTAlJIbl MacCaliblK KaThlHACTaphl MeH KypaMbl TaObLIJIbl.
- Kyprizuren 3eprreyiep HoTHXenepl OodbiHIIA 9:1 MaccaiblK KaTbIHACBIH/AFbI
Kypil cabaHbl MEH MyHaHUIaMbIHBIH CO-T€PMOJIM31 apKbUIbI aJIbIHFAH aJIcCOPOEHT
OeJICeHAIpUIreH KoMipre KOMbUIATBIH CHUIIaTTaMaapra COpOLMsUIBIK JKoHE ©3re /e
KOpCeTKilITepre colKec KeJIeTIHI aHbIKTaJIFaH,;

> Kypimr Kaybi3pl MeH cabaHbIH MyHaWlIaMbIMeH Olpre eHJeye
GailylaHBICTLIPYIIBUIAPALI KOCY apKbUIbl TYHIPIIIKTEAreH OelCeHAIpUIreH KoMip
ajlyJIbIH OHTaMJIbl JKarainapel aHbIKTAI/bL. JKYPri3UIreH 3epTTeyep HaTHKelep
OOMbIHILIA KYPIlll KaybI3bl:MyHaHIIUIaMbI:)KeTaTHH 9:1:2 KaTbIHAaCkIHAa Olpre oHzey
apKpUIbl  aJIbIHFaH  aJcOpOeHT  OeNCeHMIPUIreH  KeMipre  KOHbIaThIH

cuUrarTamajapra COpOLHMSUIBIK JKOHE ©3re JIe KOPCETKIIITepre CoMKec KeseTiHi
AHBIKTAJIFaH;

6. Ourailyibl arjaiaapaa ajblHFaH OeJICeHAIPUIreH KOMIP aJcopOLUsIIbIK
kabiseri 3eprrenai. Aysip Metangap nonaapsiHelH (Cr't, Co**, Cu®’, Mn*, SO,%,
NOs’) agcopOuMsiChl YIIIH ajbIHFaH TYHIPLIIKTEIreH JKOHE YHTAKTallFaH
GesceHAipiared  KoMipiepAlH alFalikel Oaramay  ChIHAKTapbl JKYpPri3uil,
HOTHI)KECIHJle aJIblHFaH TYHIPLUIKTEJreH JKOHE YHTaKTaJaraH OeJCeH/IpliareH
KeMipsiep aJAcOpOLMSUIBIK CHUIaTTaManapbl MEH KepceTKiTepl Oap jen adTyra

00J1a/1bl;
7. Cowupaii-ak, ajplHFaH OeincenaipuireH kemip Kei3buiopa KajlacblHbIH

OMOJIOTMSIIBIK Ta3apTy CTAHIMACBIHAH KEHIH KOPI3/IK arbIH/BI CY/Ibl Ta3apTy YLUIH
tectisienai. TazapTy/aH KeHlH XpOM JKoHE KypraK Kall[bIK CHSIKTbI (DU3HMKAJIBIK
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KOPCETKILITEP  Kakcapap), y

nonnocdar, - oprodocdar HOHIapp
remeH/ey1 OakiKana)p.

Mapraveu,  wuTpur,
AMMUSUILIK - KopceTkilnrepi

eTIH/IE KapacTbIpyj - '
p PACTRIpyra Oonaasl. Temenri coprry, Y bUILLAPY AL BUTBIFBIHBIH KATTH

KaJIABIKTApbl MEH ¥ -
MCaTepuanEap 2 “YMBIK MYHAH KallbIKTapbiHaH ajibiHaTLH KEYEKTl KOMIPTCKT]
Y YLIIH (bn3nxa-xuMHﬂnbu< HIapTTap KeleHi Kacalirapm.

AJICOPOEHTTIH MOPQOIOTUSCBIHBIN,  KyphUIBIMEL  MeH KacHeTTepiHiH,
TEMIEpaTypa MeH Oipre exzmeyre Toyenaulri Garananrad. Co-TepMou3i
KOJIAQHBII, KAJNBIKTapab! GipikTipe exmey e MHKpPO- KoHE HaHOKYPBUIBIM TY3€TiH
KGM}PTeKTl. KaHKE.leIH KYPBIILIMIBIK-XUMUSIIBIK TpaHC(HOpPMaLIUAChIHbIH
TOKIPUOEIIK MOAeN Kacajgray. Monenbnep Kaszakcranaplk mmkizar kesuepi —
KbI3bLIOp1a 00IBICHIHBIH TOMEHT COPTTBI KaTThl )KOHE CYMBIK KaJIAbIKTaphl (KypiLl
cabaHbl, KaybI3bl JKoHE TEXHOI'€HAl MyHaii KaJIABIKTAphl) KOCMAaChIHAH
KacaJIbIHFaH.

JlvccepTauusineiK  skymbIc JKOFapbl  FBUIBIMM  JIEHT€HAe  OpbIHAAJIBIII,
KaHATIBUIABIFBI MEH MPaKTUKAIBIK MaHBI3bI Ao IEHII.

FbutbiMM  Jxerekini  perinpe )KYMBICTBIH ~ JKaJillbl  HOTUIKECIMEH
KaHaraTTaHaMbIH.

b.M. [lusipoBaHbIH «AFBIHIBI CynapAbl Ta3apTy VIIIH Kypill MeH MyHail
KaJIABIKTapbIHAH JKaHa COPOEHTTEp CUHTE31 )KoHe (DH3HUKA-XUMHUSIIBIK 3€PTTEYJIEPi»
TaKbIPBIOBIH/A JKA3bLIFAH AUCCEPTAMSIBIK JKYMBICH FHUIBIMU-TKIPUOETIK MoHI
JKOHE OpBIH/ay JeHIrell OOMbIHIIA UCCEePTALUSIBIK )KYMBICKA KOMBIIATBIH OapIibIK
Tajanrapra coukec kenenl. [3menymi dunocodus moktopel (PhD) nmapexeci
TaraWbIHaJybIHA JIAWBIK €I eCeNTEeHMIH.

[IleTenaix FeUIBIMM YKETEKILI1 O. Lygina
doctor of sciences, professor

Departamento de quimica

faculdade de ciéncias e tecnologia,

Universidade Nova de Lisboa
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V 1 Ka1achl KasakeTan PecnyGankacei, skubipma cerisinui Kapara €Kl MbIH JKHbIpMa TOPT.
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: TIHIH di bUILIBIH

prarrblﬂ Manlm.nom A TXIlHeH Ka3akK Tlnll.{e ayaapmatubl Aszamar APMaHyJIbl Oreyos ayaapran, xKorapsl
cini rypabl p K AN yHuBepcHTeTiHeH Ne 0976557 o1 06.06.2016 .. CH 940306300138
ropo- Anmatel, PecriyOanka Kasaxcran, asanuars socsmoe HOAOPA Be ThbICAYM ABAALATL YETBEPTOrO FO/14.
R ek AOKYMEHTA TICPEBEACH NEPEBOAYHKOM C QHIIHICKOrO SI3bIKA HA KA3axCKUH f3bIK YTeyoBbiM Azamatom

. pyaHWIbl, AHILIOM O BBICILIEM oOpa3soBanuu LleHTpanbHo-A3ua .
; fpn}{H 940306300138. 5 TCKOro yHusepcurera Ne 0976557 ot 06.06.2016

KoJbl:
[ToAmMHCh: | 44,‘/»
/ = : —

- Anmatsl Kanacel, Kasakcran PecnyOnukackl, )XMbIpMa cerisiHii-Kapalia eki MbIH JKHbIpMa TOPT(.

- Men, KacwiMoBa OnbBHpa ApkeHoBHa, Kasakctan PecrniyGaukacel ©ainer Munuctpairinin Tipkey Kbi3meTi KaHe
| KYKBIKTBIK KEMEK KOpCeTy KoMHTETI OepreH 15.03.2012 skpiarel Ne 12000973 nuueH3Hs HeriziHae apeKeT eTeTIH
- AnMaThl KanachlHbIH HOTapHyChl, Ayaapmallibl YTeyoB A3aMaT ApMaHYIbIHbIH KOJIbIHbIH TYMHYCKa/bIFbIH
| KyanaHablpaMbIH. AyJapMallbIHBIH XkeKe Gachl aHBIKTasIbl, SpeKeT KabineTTiiiri MeH eKineTTikrepi Tekcepiial.

- ropox Anwmarsl, PecryOnuka KasaxcraH, ABauate BOCbMOE HOSAOPSA ABE ThICAYH ABAALATH YETBEPTOroO roja.

- 51, KacbiMoBa DnibBHpa ApPKEHOBHA, HOTapHyC ropoia A/MaTel, NEHCTBYIOLAs Ha OCHOBaHMM JHueH3HH No
120009730t 15.03.2012 rona, BeinaHHOM KOMHTETOM peruMCTpaLlHOHHOH Ci1y>kObl M OKa3aHWS MPaBOBOH [MOMOLLH
~ MunucTepeTBa I0cTHLMH Pecrry6nuku Kasaxcras, yAOCTOBEpSIO MOMTHHHOCT MOANHCH NEPeBOAYHKA YTeyoBa
~ Asamarta ApmaHyJibl. JINYHOCT NEpeBOYHKa YCTaHOBJIEHA, A€eCNOCOOHOCTE H MOTHOMOYHS MPOBEPEHbI.

No 39%3iui~me TipKej i /3aperucTpHpOBaHoO B peecTpe 3a Ne i_jpﬁ

Ouaipinin aneiapl: 1957 tenre (MemnekerTik Oax 111 TeHre + KyKbIKTBIK
KoHEe TEXHUKaIbIK cUnaTTarbl Kbi3meTTep 1846 TeHre).

A_l?;&;cxauo: 1957 TeHre (rocyaapcTBeHHas nownauHa 111 Tedre + ycayru
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