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Relevance of the Dissertation Topic.
The dissertation is devoted to the development of materials based on natural and

synthetic raw materials for the protection of water from contamination by various
toxicants. It is expedient to design technologies utilizing adsorbents derived from
affordable and inexpensive raw materials. Natural, synthetic, and technogenic
silicates are considered promising candidates. By applying different methods of
surface modification, sorbents with improved characteristics can be obtained. The
production of so-called "low-cost" materials based on aluminosilicates in granulated

form will enable rapid phase separation. An important task is to investigate the
features of obtaining such materials and to study the regularities of removing heavy

metals and dyes from'water.

Assessment of the Validity, Reliability, and Novelty of the Dissertation's
Scientific Results.

The scientific statements and conclusions formulated in the dissertation are

theoretically substantiated, and the reliability of the scientific results is confirmed by
the use of modern instrumental research methods. The morphology of the adsorbents

was studied using electron microscopy methods. The phase composition and surface

chemistry of the obtained materials were determined by X-ray diffiaction analysis, X-
ray photoelectron spectroscopy, and infrared spectroscopy. The specific surface area

and parameters of the porous structure of the sorbents were investigated by the low-
temperature nitrogen adsorption-desorption method. The thermal stability of the
materials was evaluated using differential thermal analysis and thermogravimetric
analysis. The initial and equilibrium concentrations of copper ions and the organic

dye in solutions were determined by inductively coupled plasma atomic emission

sp ectrometry and spectrophotometri c methods, respectively.

The scientific novelty of the dissertation research lies in the following:
- For the first time, the features of obtaining adsorption materials based on

dendritic silica and commercial silica gel modified with zero-valent iron particles, 3-

aminopropyltriethoxysilane, and nickel oxide were established, ensuring the

formation of improved structural and sorption characteristics.



- The approach to the granulation (o. modification) of natural and

modified saponite in the presence of sodium alginate was-improved through the study

of the rheological behavior of clay suspensions, which made it possible to obtain

stable in aqueous media and economically affordable ("low-cost") granulated

adsorbents.

- For the first time, a mesoporous adsorption material with a deposited

zeolitic layer was obtained on the basis of technogenic aluminosilicate waste (fly ash)

under relatively simple synthesis conditions and with the use of readily available

equipment.

- The understanding of the physicochemical features of the removal

processes of copper (II) ions and methylene blue by novel adsorbents was further

developed, which made it possible to substantiate the prospects of their application

for the efficient purification of aquatic media from heavy metals and organic dyes.

The research was carried out by the applicant at the Department of Chemical

Technology of Ceramics and Glass of National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute" within the framework of the initiative project

"Functional silicate materials with modified surfaces" (0124U00 1967, 2024--2026),

under the supervision of the Head of the Department of Chemical Technology of
Ceramics and Glass, PhD in Technical Sciences, Associate Professor Viktoriia
Tobilko.

Thus, in the dissertation, the scientific task of obtaining adsorbents based on

silicas as well as natural and synthetic aluminosilicates for the protection of aquatic

environments from contamination by heavy metal ions and organic dyes has been

fully accomplished, and the applicant has demonstrated complete mastery of the

methodology of scientifi c research.

Assessment of the Dissertation's Content, Its Completeness, and Adherence
to the Principles of Academic Integrity.

In terms of its content, the dissertation of the applicant Yu Junjie fully complies

with the Higher Education Standard for specialty 161 Chemical Technologies and

Engineering and aligns with the research directions of the educational program

Chemical Technologies and Engineering.

The dissertation is a completed scientific work and demonstrates the applicant's

personal contribution to the scientific field of obtaining new substances and

materials.

Based on the similarity report obtained from the plagiarism check of the

dissertation, it can be concluded that the dissertation by Yu Junjie is the result of the

applicant's independent research and does not contain elements of falsification,

compilation, fabrication, plagiarism, or misappropriation. The ideas, results, and texts

of other authors used in the work are properly referenced to their respective sources.



Language and Style ofPresentation ofthe Resultse

The dissertation is wrltten in English vsing generally accepted tettnino10gy.The

results of the scientiflc research are presented cOncisely, accurately, and

cowincingly,which ensures their clett perception.

The dissertation consists Of an introduction,flve chapters,cOnclusions,and a list

ofreferences.The total vollllne ofthe dissertatiOn is 194 pages.

The introduction pro宙des the ratiottale fOr the relevance of the research,the

collnection Of the work with scientiflc themes,programs,and plans,the aim and

OЦ eCt市es Of the study,the applied res,arCh methOds,the scientiflc novelty and

practical signiflcancc of the obtained rё stlts,the applicant's personal contribution,

the approbation ofthe dissertation resultS,and itS structure.

The flrst chapter Of the dissertatiOn presents a literature re宙ew conceming
adsorbents used for water protectibno MethOds fOr obtaining sorbents based on

synthetic Silicates as well as natural and ttrtiflcial allllllinosilicate raw lnaterials are

analyzed.

The second chapter contalns a desё ription Of the methodologies for obtaining

adsorbents and the applied research methOds, including scanning and translnission

electron lrlicroscOpy,X― ray diffraction analysis,X― ray photoelectron spectroscopy,

inttared spectroscopy,low― temperature ttitrOgen adsOrptiOn desolptiOn,differential

the.1.lal analysis and the.1.logravilnetric i analysis, the methOd fOr detenglining the

rheological characte五 stics of clay suspehsiOns,inductiヤ ely coupled plasma atomic

emission spectrometry,and spectroplotOhetry。

The third chaptёr is devoted to th6 synthesis of dendritic mesOporous silica

nanopιtticles oMSN), modi■ ed ttith zerO― valent iron (FeO)and 3-
alminopropyltriethoxysilane,and to the investigatiOn of their efflciency in remOving

Cu(II)frOm aqucOus s01utions.The effect Of synthesis time On theお mation of
mOnOdisperse microspheres was established.It was sho、 m that the samples obtained

atter different mixing durations(1.5h一 DMsN-1.5;3h― DMSN…3;5h― DMSN-5)
are monodisperse spheres with an aver亀9 diameter of 200 nln.AI microspheres
exhibited type IV isotherms with H3.hysteresis 10bps.The pore size of the

microspheres ranged from 5 to 50 11m,and thё  speciflc‐ surface areas were 504,452,

and 308 m7g for DMSN… 1.5,DMSN…3,■d DMSN-5,respecuvely.A synthesis time

of l.5 h was detennined to be optilnal fOr achieving favorable llrLOrph01ogy ttrithout

signiflcant pore coalescence or edge thickこ hing.                  .
An adsorbent(FeOoMSN)was obtainedけ depOSiting FeO nanOparticles olltO

the surねce of DMSN… 1,5。 The nitrogen adsorption―desorption isothelllls of the
modiied salnples were oftype IV with H3 hysteresis loops.The speciic stlrface area

ofthe modiied sample was almost twiOl as low as that ofthe pristine DMSN.The

pore size disttibution showed a wide range(3-5011m)。 At pH=5.7,the maximum



adsorption capacity ofFeO@DMSN toward Cu(II)iOnS reached 39.8 mg。

「

1,WhiCh is

57 tilnes higherthan that ofthe llnmodiicd DMSN-1.5(a7mg・ gl).

An alnino― imctionalized adsorbel■ t was obtained by modiサing dendritic

mesoporous silica nanoparticles with 3-aminopropyltl・ iethoxysilane(DMSN―卜隔2).

The nitrogen adsorption=desorption isothemns of thc llF10difled samples coresponded

tOサpe Ⅳ  With H3 hytteresis loops,typiOa1 0f mesoporous smctures.It was follrld

that pristine DMSN exhibhed almost no“sorptiOn capacity toward Cu(II)iOns at pH

6,while DMSN―NL demonstrated efticient Cu(II)remOVal across the elltire

investigated pH range.

The fourth chapter presents the rcs,■ s of Cu2+and methylene blue removal

using IIlaterials based on silica gel and早 11ke1 0Xide with different lFlaSS ratios ofthe

components(Si02@0.5NiO and Si02(ツ iゞO)。 The Obtained nitrogen adsorption―

desorption isothe111ls corespond to type IV.These materials exhibit a narrow

mёsopore range(2.5-3111n).It Was showll that in the series Si02>Si02@0.5N10>

Si02@NiO,the speciflc surface area decreased from 4H m2/g t0 186 m2/go lt was

established that Si02 praCtically does not adsorb Cu2■ ionS at pH 5.5.The lllllaxirnulll

adsoTtion ca/pacities were O。 9 mg/g and l.7 mg/g for the Si02@0.5NiO and

Si02@NiO salnples,respect市 ely.It wasl alsO demonstrated that methylene bluc

removal from solution by the synthesized materials occurs rather rapidly,with the

maximum adsorptio,capaCity(19.3 mg/g)ObSelved for● e sample with a Si02 tO

Ni(D mass ratio of l:0.5。               _

The f1lh chapter presents data on the removal of copper ions using materials

based on natural and technogenic silicates,G}ranules were obtained from modifled

sapottite and sodilllll alginate,as well as an adsorbent der市 ed iom fly ash.To obtain

water― stable granules,the rheological behavior Of clay suspensions was investigated,

and the necessary conditions for granulation were identifled. The properties and

thennal characteristics of the obtained adsorbents were examined.The morphology,

phase, and chellllical composition of sorbents based On fly ash with a deposited

ze。litic layer were studied.It was established that the deposition ofthe zeolitic phase

onto the Surface of iv ash increased the copper adsoTtion capacity from 4。 94 mg/g

to 6.53 mg/g.              ‐
The dissertation is forlnatted in accё rdance with the requirements Of the Order

ofthe Ministry of Education and Scienc9 of Ukraine No.40 dated January 12,2017,

“On the Approval ofRequirements for Dissertation Follllatting。 ''

E)isSelllination of the Dissertation Research Results.

The scientiflc resuhs of the dissertation are presented in ninё  scientinc

publications authored by the applicant,including:follr articles in scientiflC joumals

included,at the time of publication,in the list of specialized scientiflc joumals 6f

Uヒaine;and two articles in peer―reviewed scientiic jollrllals indexed in the Web of



Science Core Collection and/or Scopus databases, of which one article was published

in a journal ranked in the first to third quartiles (Q1{3) according to the SCImago

Journal and Country Rank or Journal Citation Reports classification.

In addition, the results of the dissertation were presented at three scientific

conferences.

The applicant's publications are written at a high scientific level in full

compliance with the principles of academic integrity. The results presented in the

published articles and conference abstracts fully reflect the content of the dissertation,

correspond to its objectives and research tasks, and confirm the applicant's personal

contribution to obtaining new scientific and practically significant results.

The scientific results described in the dissertation are fully reflected in the

scientific publications, with strict adherence to the principles of academic integrity.

Shortcomings and Comments on the Dissertation'

In the first point of scientific novelty, the author experimentally investigates,

rather than ,,for the first time establishes," the features of obtaining adsorption

materials based on dendritic silica and'commercial silica gel modified with zero-

valent iron particles, 3-aminopropyltriethoxysilane, and nickel oxide, which ensured

the formation of improved structural and sorption characteristics. I believe this point

of scientific novelty should be revised.

The conclusions include a recommendation regarding longer synthesis at higher

temperatures, but no evidence is provided that such conditions would indeed

significantly improve the material's characteristics, as the increase in sorption

capacity from 4.94 mglgto 6.53 mg/gis relatively small and requires a more detailed

analysis of potential energy and economic costs.

The dissertation does not provide data on the ecological or economic efficiency

of the proposed technology for wastewater treatment from copper ions and methylene

blue, nor does it contain a comparative table of efficiency in relation to other

sorbents.

The presented experimental data were obtained only on model solutions of Cu'*

ions and methylene blue. However, the dissertation lacks results of testing on real

industrial wastewater, which contains a multicomponent composition of pollutants.

This is essential for protecting aquatic environments from various toxicants in

enterprises of the chemical, food, and mining industries.

The dissertation should have included results of multiple reuse cycles of the

sorbents to assess their durability and service life, as well as developed

recommendations for the disposal or reuse of spent materials.

These comments are not considered critical and do not diminish the overall

scientific novelty or the practical significance of the results, nor do they affect the

positive evaluation of the dissertation.



Conclusion on the Dissertation.
I consider that the dissertation submitted by the applicant for the degree of

Doctor of Philosophy, Yu Junjie, entitled "Materials based on silica and

aluminosilicates for environmental protection" has been carried out at a high

scientific level, does not violate the principles of academic integrity, and represents a

completed scientific study. The set of theoretical and practical results obtained in the

dissertation solves a scientific problem of significant importance in the field of
knowledge 16 Chemical and Bioengineering. By its relevance, pract\cal value, and

scientific novelty, the dissertation fully meets the requirements of the current

legislation of Ukraine, as stipulated in paragraphs 6-9 of the "Procedure for
Awarding the Degree of Doctor of Philosophy and Revoking the Decision of a One-

Time Specialized Academic Council of a Higher Education Institution or Research

Institution on Awarding the Degree of Doctor of Philosophy," approved by the

Resolution of the Cabinet of Ministers of Ukraine No. 44 dated January 12,2022.

The applicant Yu Junjie fully deserves to be awarded the degree of Doctor of
Philosophy in the field of knowledge 16 Chemical and Bioengineering, specialty 161

Chemical Technologies and Engineering.

Reviewer:
Associate Professor of the Department of Ecology

and Plant Polymer Technology,

National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"
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