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ABSTRACT

In this work, our team synthesized polyacrylic acid-supported Ni nanoparticles and SEM images
were shown of polyacrylic acid-supported Ni nanoparticle samples at different magnifications in
low electron mode at different voltages. The study examined the solubility of nickel nanoparticles
depending on their concentration, and also studied the influence of the activity of acidity and
basicity of the medium and the concentration of nanoparticles on the overall distribution of the
suspension. We have obtained nanoparticles of metallic nickel. To study the effect of an acidic
environment on the dispersion of suspensions of nickel nanoparticles, various solutions with
different alkalinity and acidity were created. Consequently, it was observed that the acidity level
of the medium has minimal influence on the average particle size within suspensions of identical
concentrations. The size of nickel nanoparticles remains highly diminutive and can be readily
tailored by adjusting both the polymer type and concentration in each specific context. At
selected polymer concentrations that provide the same number of monofragments, PAA is the best
stabilizer.
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Introduction

Nickel salt reduction with sodium borohydride and a polymer coating, particularly
polyacrylic acid (PAA), yields ample quantities of uniform and electrochemically active nickel
nanoparticles. Analysis through techniques like transmission electron microscopy, powder X-ray
diffraction, Fourier transform infrared spectroscopy, and cyclic voltametry confirms their
monodisperse nature. The small size of these nanostructured nickel particles can be altered by
selecting different polymers, offering a means to tailor their properties. The synthesized nickel
and its amount were determined from the experimental data of the experimental equipment of the
experiments. Nickel composites were prepared using ultra sanitary and centrifugation.

When borate is used, solutions change color depending on the polymer material.

Extensive exploration into nanomaterials has been driven by their immense scientific and
technological promise, seeking to unveil novel functional materials distinguished by their
exceptional properties and utility. Recently, nickel nanoparticles have emerged as versatile
components with applications spanning chemical catalysis, electrocatalysis, conductive dyes,
magnetic materials, rechargeable batteries, medical diagnostics, superconducting devices, and
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beyond. The broad spectrum of potential uses makes nickel a captivating metal nanomaterial for
researchers exploring diverse fields [1-3].

Producing nanostructured nickel materials poses a challenge among magnetic metal
nanomaterials due to their susceptibility to oxidation. However, over recent decades, various
chemical and physical methods have been devised to surmount this obstacle and generate high-
quality nickel nanoparticles.

Different synthetic methods have been developed, providing versatile and precise techniques
to regulate parameters like particle size, shape, crystal phase, and other pertinent attributes..

In summary, nanocrystals are highly prized for their advantageous properties and the cost-
effectiveness of the manufacturing process. Nevertheless, polymers have been widely employed
in chemical methods to inhibit nanoparticle aggregation and shield them from oxidation. More
specifically, polymers act as stabilizers for metal nanoparticles through structural hindrance, and
they also weakly bind to the nanoparticle surface using heteroatoms as ligands.

Polymer-stabilized metal nanoparticles exhibit the ability to uniformly disperse in both
organic solvents and water, facilitating their integration with reactants and products akin to
homogeneous catalytic systems. As demonstrated in this study, polyacrylic acid served as a
stabilizing agent for such nanoparticles [5-7].

The acrylic acid procured from Merck company in Darmstadt, Germany, underwent
purification through vacuum distillation.

To synthesize polyacrylic acid in an aqueous solution, the materials used comprised 8.4
grams of acrylic acid, 0.3 milliliters of 30% hydrogen peroxide, and 28 milliliters of distilled
water.

Matenials and methods

Synthesis of polyacrylic acid (PAA).

To synthesize polyacrylic acid (PAA), a solution of hydrogen peroxide and acrylic acid was
prepared in distilled water. Subsequently, the solution was transferred into a clean, dry ampoule
made of semi-permanent refractory glass at the midway point of the process. The narrow end of
the ampoule was sealed and then placed in an oven at 100 degrees Celsius for 11 days to initiate
polymerization. After this period, the bulb was cooled and cautiously opened. The resulting thick
liquid represented a solution of polyacrylic acid in water, which could be obtained by evaporating
the water under vacuum conditions. Nickel nanoparticles with polymer protection were
synthesized. First, NiCI2 was mixed thoroughly with a temporary mixture of 40 ml water. Then,
solid NaBH4 (0.2 g, 5.29 mmol) was added and mixed continuously. One minute after adding
NaBH4, 2 mol of NaOH was promptly dissolved in 50 mL of water.
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To prepare nickel nanoparticles with PAA protection, the process included dissolving PAA
by gently stirring it in approximately 20 mL of water. Next, NiCl2, 6H20 was added to the
mixture, followed by thorough mixing, after which solid NaBH4 was added.

Characterization Of Nanostructure

Fig.1. TEM drawings of samples of noparticle synthesize by us in laboratory conditions
are presented: nickel nanoparticles, (12000) (15 keV).

Fig.2. TEM drawings of samples ofnor icles sylzd by us in laboratory conditions
are presented: nickel nanoparticles, (15000) (15 keV).
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Fig.3. TEM drawings of samples of anoparticle syntheS|zd by us in laboratory conditions
are presented: nickel nanoparticles, (30000) (15 keV).

The discussion of the results

Simple reduction of nickel salt with sodium borohydride results in ample production of
monodisperse and electrochemically active nickel nanoparticles when employing a polymer
coating, specifically polyacrylic acid (PAA). The characterized nanoparticles underwent analysis
through transmission electron microscopy, powder X-ray diffraction, Fourier transform infrared
spectroscopy, and cyclic voltameter. The size of the nanostructured nickel is minimal, and altering
the polymer allows for modification of properties.

The synthesized nickel and its amount were determined from the experimental data of the
experimental equipment of the experiments. Nickel composites were prepared using ultra sanitary
and centrifugation.

When borate is used, solutions change color depending on the polymer material.

Conclusion

Nanoparticles of metallic nickel were acquired for examination. To assess the impact of an
acidic environment on the dispersion of nickel nanoparticle suspensions, various solutions with
differing alkalinity and acidity were prepared. It was observed that the acidity of the medium
minimally affects the average particle size for suspensions of the same concentration. The small
size of the Ni nanoparticles allows for easy adjustment by altering the polymer and concentration
in each scenario. Among selected polymer concentrations providing an equal quantity of mono
fragments, polyacrylic acid (PAA) emerged as the optimal stabilizer.
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PE3IOME

B aT0i1 paboTe Halla KOMaHJa CHHTE3UpOBaJia HAHOYACTHUIIbI Ni, HAHECEHHbIE Ha MMOJIMAKPUIIOBYIO
KHUCJIOTY, U Obuin mokazaHbl COM-u3o0paxeHuss oOpas3noB HaHo4acTUI] Ni, HaHECEHHBIX Ha
MMOJIMAKPHUIIOBYIO KHCJIOTY, IPHU PA3HBIX YBCIMYCHUAX B HHU3KOJJICKTPOHHOM PCKHME U IIPpU
pa3sHBIX HaNpsDKEHUsX. B Xozme MccnenoBaHus M3ydyeHa pacTBOPUMOCTb HAaHOYACTHIl HUKENS B
3aBUCUMOCTH OT HMX KOHIOCHTpAlMMU, a TAKKC HM3YUCHO BJIWAHHUC AKTUBHOCTHU KHUCJIOTHOCTU U
OCHOBHOCTH CpeZbl W KOHLEHTpAllMM HAHOYACTHIl Ha oOllee pacrpeielieHue CycreH3uu. Mbl
MOJIYUMJIN HAHOYACTUIbI MCTAJUIMYCCKOIr0 HHUKCIIA. ILJ'I?[ HU3YUYCHUSA BIIUAHUA KHCIIOH Cp€abl Ha
JMCTIEPCHOCTD CYCIIEH3UI HAHOYACTHIl HUKENSI ObLIIM CO3aHbl pa3IMyHbIe PACTBOPHI C PA3INIHON
HIEJIOYHOCTBIO U KUCJIOTHOCTBIO. ClleoBaTeNbHO, OBUIO 3aMEYEHO, YTO YPOBEHb KHUCIOTHOCTH
Cpelbl OKa3bIBAET MUHUMAJIBHOE BIUSHUE HA CPEJHUI pa3Mep YacTUIl B CYCHEH3UAX OJMHAKOBBIX
KOHHeHTpaHHﬁ. PasMep HAHOYaCTHUIl HUKEIA OCTACTCA OUYCHL MAJICHBKHM, U €0 MOXXHO JICTKO
aJanTUpoBaTh, PEryJIUpPysl TUI M KOHLUEHTPALUIO MOJUMEpPA B KaKJIOM KOHKPETHOM KOHTEKCTE.
[Ipn BbIOpaHHBIX KOHUEHTpPALUAX MOJUMEpPa, OOECIEUUBAIOIIUX OJWHAKOBOE KOJIMYECTBO
MoHodparmenToB, [TAK sBisercs my4immM cTabHIIn3aTopoM.

Kirouessbie caoBa: [TAK, pactBop, cycnensus, HaHouacTuibl, [IOM.

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 327




AKRIL TURSUSU 9SASLI POLIMERIN NiKEL NANOHIiSSOCIKLORI-
NIN STABILLOSDIRILMOSI UCUN ISTIFADOSI

F.9.9mirli!, N.A.Quliyeva?, G.S.Mammoadova?, E.Ozizov*, N.H.Zeynalli®

1 Azarbaycan Dévlat Neft vo Senaye Universiteti, Baki, Azorbaycan
4 Strashurg Universiteti, Strashurg, Fransa

! fariz.emirov@asoiu.edu.az, http://orcid.org/0000-0002-9095-2982
2 http://orcid.org/0009-0006-4571-9520

3 http://orcid.org/0000-0001-9958-7232

4 http://orcid.org/0000-0002-1699-1780
Shttp://orcid.org/0009-0001-7842-9435

XULASO

Bu isdo komandamiz poliakrilik tursu iizorino ¢okdiiriilmiis Ni nanohissociklorini sintez etdi vo
miixtolif gorginliklords asagi elektron rejimindo miixtalif bdyiitmoalordo poliakrilik tursu iizorino
¢cokdiiriilmiis Ni nanohissacik niimunslorinin SEM sgokillori gostorildi. Tadqiqat zamani nikel
nanohissociklorinin konsentrasiyasindan asili olaraq hollolma qabiliyysti arasdirilmig, homginin
mihitin tursuluq vo osasliq aktivliyinin vo nanohissaciklorin konsentrasiyasinin suspenziyanin
imumi paylanmasina tosiri dyronilmisdir. Biz metal nikelin nanohissaciklorini olds etdik. Tursu
miihitin nikel nanohissociklarinin suspenziyalarinin dispersiliyine tosirini Oyronmoak ti¢iin miixtalif
galavilik vo tursulugqlu miixtolif mohlullar hazirlanmigdir. Natico etibarilo, eyni konsentrasiyali
siispansiyalarda miihitin tursuluq soviyyosinin orta hissacik Ol¢lisiine minimal tosir gostordiyi
miisahido edilmisdir. Nikel nanohissaciklarinin 6l¢iisii olduqca kigik olaraq galir vo hor bir xiisusi
kontekstdo ham polimer noviinii, hom do konsentrasiyani tonzimlomakls asanligla uygunlasdirila
bilor. Eyni sayda monofragmentlori tomin edon secilmis polimer konsentrasiyalarinda PAA on
yaxs1 stabilizatordur.

Acar sozlar: PAA, mohlul, suspenziya, nanohissaciklor, TEM.
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