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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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I'naBHbII penrakTop:
KYPUHOB Mypar KypuHoBHY, TOKTOp XMMHUYECKHX HayK, npodeccop, akagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
HayK, podeccop, akagemuk HAH PK, nupektop MexayHapoHOro Hay4HO-IPOU3BOCTBEHHOTO XOJIANHTA
«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, mouerHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akaaemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX HayK, mpogeccop, akagemuk HAH PK,
[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepcrBo Uunycrpuu u uabpactpykTypHoro pa3sutus Pecrnyonuku Kasaxcran (Anamarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xampaapia ans-Makuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
cpens! MexXIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrms) H =15
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Al/DIATOMITE BASED COMPOSITE MATERIALS
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Abstract. In this work, composite materials based on carbon nanotubes and diatomite
(CNTs/DIATOMITE) have been obtained by chemical vapor deposition (CVD) in the
Laboratory Synthesis of Carbon Nanomaterials in Flame of the Institute of Combustion
Problems (Almaty, Kazakhstan). The synthesis of carbon nanotubes conducted by
CVD method, as a matrix was used diatomite mineral saturated with aluminum nitrate
(AI(NO,),*9H,0) from 0.5 up to 1.5 molar concentration. An analysis of the results of
the Raman spectra shows that, in highly disordered carbon materials, the ratio [(D)/I(G)
is usually less than unity. With an increase in the ordering of the structure, this ratio
increases until the sizes of the ordered regions reach ~10-20 nm. In the case of more
ordered structures, with sizes larger than 10—20 nm, an increase in order is characterized
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by a decrease in the I(D)/I(G) ratio. This pattern is most clearly manifested for samples
with a catalyst concentration of 1.5 M: up to a temperature of 750 [J, an increase in I[(D)/
I(G) is observed simultaneously with a decrease in the width of the D and G (FWHM)
peaks, and at a temperature of 8007, the value of this ratio starts to decrease. The
intensity ratio [(G)/I(2D) characterizes the long-range order of the structure. A decrease
in this parameter with an increase in temperature indicates an increase in the quality of
CNTs.

Keywords: diatomite, synthesis, carbon nanotubes, composite materials
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AnHoTtamuss. bByn JKkympIicTa KOMIpPTEKTI HAHOTYTIKIIEJIEp MEH IHaTOMHT
(CNT/DIATOMIT) Herizingeri KoMno3uTTik Matepuannap JKaHy mnpoOinemanapsl
WHCTUTYTHIHBIH (Anmarbl, KazakcTan) keMipTekTi HaHOMarepuaigapAbl >KasbIHOa
CHHTE3€y 3€pPTXaHAChIHAA XUMUSUIBIK OydaH TYHABIPY OAiCi apKbUIbI aJIbIHIBL
Kewmiprekri HaHoTyTiKIIEnepaiy cunte3i CVD opiciMeH Xypri3iniai, MaTpuna peTinae
0,5-Ten 1,5 MONMAPIBIK KOHLEHTpALMAFa ACHIHIT aJIOMUHUI HUTpaThbIMEH KaHBIKKAH
nuaromut munepainsl (AI(NO,),*9H,0) naiinananbuis.
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KoMOnHauusaplK mamelpay CIEKTPOCKOMMSICH HOTIDKEJIEPIH Tanjay, ajblHFaH
yiriiepae KarTbl perTenMereH kemiprekti Marepuangapna I(D)/I(G) kaTeiHackl
onmette OipaeH a3 6oxaasl. KypbUIBIMHBIH peTTiNIIr )KOFaphliiaFaH caiiblH, Oy KaTbIHAC
pertenreH exmemep aymarsl ~10-20 HM mamacbiHa )KETKEHTe AeHiH apTajpbl,

Ommemaepi 10-20 HM-eH acaThlH HEFYPIIBIM PETTENTEH KYPBUIBIMIAP KaFAaibIHAA
pertimiktiH xorapbuiaysl 1(D)/I(G) apakaThblHACHIHBIH TOMEHIEYiIMEH CHIATTaNafbl.
Byn yari karammzarop koHUeHTpauusicel 1,5 M OonaTblH yiriiep YIIiH aWKbIH
kepineni: 7500 temneparypaceina aeitin D xxone G (FWHM) mibIHaapbeiHbIH €HiHIH
teMeHzeyimeH Oip yakeitTa I[(D)/I(G) ecyi Oaiikanansl, an 800 Temmeparypaiga Oy
apakaThIHACTBIH MOHI TOMEHAEH OacTaiiabl.

I(G)/I(2D) KapKbIHIBUIBIKTAPBIHBIH KAaThIHACHI KYPBUIBIMHBIH ajbIC TOPTiOiH
cunartaiapl. TemmepaTypaHbl >KOFapbliaTa OTBHIPBII, OCHI MapaMETPIiH KBICKapyHl,
KHT-HbIH canachIHbIH apTKaHBIH OUTAIpei.
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Annotanusi. B naHHoi#l paboTe KOMIIO3UTHBIE MaTepHaibl HA OCHOBE YIJIEPOIHBIX
HaHoTpyOok u aumaromuta (YHT/IAUATOMMUT) Obimn momydeHB METOIOM XHUMHU-
YecKoro ocaxkaeHusi u3 maposoii ¢aszel (CVD) B naboparopun cuHTE3a YIIEPOTHBIX
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HaHOMaTepHalnoB B miaMeHH MHctutyTa mpobnem ropenus (Aimarel, Kazaxcran).
CuHTe3 ymiepoaHbIX HaHOTPYOOK mpoBoawian MetonoM CVD, B kadecTBe MaTpUIBI
WCTIOJIb30BaI  TMAaTOMUTOBBIA MHHEpal, HACHILEHHBIH HUTPAaTOM ATIOMUHHSA
(AI(NO,),*9H,0) or 0,5 no 1,5 MOIAPHOH KOHIEHTPAUUH. AHAIU3 PE3YJILTATOB
CIEKTPOB KOMOWHALIMOHHOTO pAaccesHUs] CBeTa IOKa3blBaeT, 4YTO B CHIIBHO
HEYNOPSAOYEeHHBIX yIepoaHblx Marepuaiax cootHomeHue [(D)/I(G), kak mpasuio,
MeHble eauHUNBl. C yBeTHUYECHHEM YHOPSIIOYEHHOCTH CTPYKTYPBI 3TO COOTHOILEHHE
pacTeT 1O MOMEHTa IOCTH)KEHHs pa3MepoB YHopsinodeHHbIX obnactelt ~10-20 um. B
ciryyae Oosee YNOpsIOYEHHBIX CTPYKTYp, ¢ pasmepamu Oosnee 10-20 HM, MOBBILIEHHE
YIOPsA0UYEHHOCTH XapakTepusyercs ymeHbiienueM cootnouenus [(D)/1(G). Haunbonee
YETKO 3Ta 3aKOHOMEPHOCTb MPOSIBIISIETCS U 00pa31oB ¢ KOHIEHTpauel Karaau3aropa
1,5 M: mo temmeparypel 7500 wnabGmromaetrcst poct I[(D)/I(G) omHOBpeMeHHO c
ymeHbIineHneM mupuabl nukoB D u G (FWHM), a npu temneparype 8000] 3HaueHue
JAHHOTO COOTHOILEHHS HaYMHAeT yMeHbIaThcsl. CooTHOMmeHne nHTeHcuBHOCTel [(G)/
[(2D) xapakTepu3yeT JaqbHU HOPSIIOK CTPYKTYphl. COKpalleHne TaHHOTO apameTpa
C YBEIIMUYEHHEM TeMIIEpaTypbl TOBOPUT O MOBBIIIeHNH KauecTBa YHT.

KiioueBble ci0Ba: IUAaTOMWT, CHUHTE3, YIIEPOAHbIE HAHOTPYOKH, KOMIIO3UTHEIE
MaTepuabl

Introduction

Nanotechnology has an essential place in the progress of the latest technology, and
is the leading investment field in all research fields.

Carbon nanotubes (CNTs) can be used to produce durable and electrically conductive
composite materials. Due to its unique physicochemical properties, even small additives
of CNTs in various materials can significantly improve their mechanical and electrical
characteristics. In this regard, the development of new simple and effective methods
for the synthesis of metal-carbon composite materials, ensuring a uniform distribution
of carbon nanostructures associated with a metal matrix, is an urgent task, allowing to
obtain multifunctional materials of a new generation.

Since 1991 (lijima, 1991) carbon nanotubes have been discovered and promising
reinforcements for nanocomposites, due to the extraordinary mechanical and physical
properties of carbon nanotubes, i.e. extraordinary high strength-to-weight ratio, high
aspect ratio and high fracture strain and magnificent flexibility. The utilize of CNTs
in metallic composites have been published (Liao et al., 2010; Pérez-Bustamante et
al., 2010; Kwon et al., 2009; Laha et al., 2009; Esawi et al., 2010; Kwon et al., 2010).
Nevertheless, the dispersion and processing problems are the main obstacles for the
metal CNTs composites due to the strong van der Waals forces of gravitation between
these long and thin tubes. In comparison with the polymer-CNTs composites, the mixing
process of metal-CNTs is more difficult (Liao et al., 2011; Li et al., 2010). For instance,
metallic powder, such as aluminum (Al) powder in contradistinction to polyesters,
cannot be dissolve in efficient liquid surfactant and then cannot be ultrasonicated with
CNTs, whereas blast could take place due to the high energy and the H, made from the
reaction of Al powder and H,O.
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Effort at producing AI-CNTs by melt mixing were not satisfying as a result of poor
Al-CNTs wettability, high viscosity of Al and strong agglomeration of CNTs.

Aluminum-based composites containing multi-walled carbon nanotubes (MWCNTs)
are obtained by a powder metallurgy itinerary involving a ball-milling technique. The
composite containing the isolated MWCNTs shows a good strength but poor electrical
and thermal conductivities. The bonded MWCNTs act as a channel for conducting
of electrons or phonons. As a result, both the isolated MWCNTSs and the networked
MWCNTs might be excellent alternatives depending on the application aim (Shin et al.,
2012).

Authors of the work (Sohail et al., 2020) highlighted some recent development
on electrochemical platforms based on single-walled and multi-walled CNTs, and
nanocomposites as a biomaterial with desirable properties in the field of agriculture and
biotechnology. Thus, in order to apply carbon-based nanomaterials as an engineering
toolkit for different applications, including agricultural and biotechnological fields it is
possible to get such kind of nanomaterials by functionalization of their structure.

Aluminum (Al) is one of the most extensively used lightweight materials for
structural applications due to its high strength{to[Jweight ratio, superior corrosion
resistance, and machinability. Therefore, Al matrix is being considered as the most for
the reinforcement of CNTs due to their mentioned advantages (Dinesh et al., 2020).

In (Lei et al., 2010) work Al/carbon composites were produced using polyvinyl
alcohol as carbon source. Hence, that the carbon content influences the electrochemical
performance of composites. In comparison with pure aluminum, the composites show
improved cycle performance, though the initial irreversible capacities increase. The
existence of carbon layer could buffer the volume expansion of Al, thereby maintaining
a stable conductive network between metal particles and other electric materials.
Results indicate that carbon coating is a feasible method to improve the electrochemical
performance of metal aluminum.

At the Institute of Combustion of Problems carried out experimental work relating
to the synthesis of carbon nanotubes using shungite and hydrophobic sand substrate
(Temirgaliyeva et al., 2017). Currently it was obtained carbon nanotubes on the
surface of diatomite mineral saturated with aluminum nitrate (Nazhipkyzy et al., 2018;
Nazhipkyzy et al., 2022). The obtained diatomite based composite material containing
carbon nanotubes can be used in water purification, in electrochemistry and as an
additive for energy intensive materials.

Materials and methods

In this work diatomite is impregnated with saturated solution of AI(NO,),[19H,0
and ethanol. Then was dried in an oven for 15 minutes. Farther samples are ground and
transferred to special boats for heating in a CVD furnace up to 650, 700, 750, 800°C
in an inert atmosphere with the participation of propane. The technique for obtaining
composite materials containing CNTs is shown in the Fig.1.
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Figure 1. The technique for the obtaining composite materials containing CNTs

The process of growth was carried out by catalytic decomposition of a propane-
butane gas mixture on a diatomite substrate with a previously prepared catalyst.

Subsequently, the resulting aluminum particles catalyze the synthesis of multi-wall
carbon nanotubes in concentration from 0.5 to 1.0.

The obtained CNTs were characterized by Raman scattering method (Solver
Spectrum instrument (NT-MDT)) using 473 nm laser at the National Nanotechnology
Laboratory of Open Type, al-Farabi Kazakh National University. All spectra were
normalized and the width and intensity of the peaks were studied.

Microscopic studies were carried out on a scanning electron microscope (SEM)
«Quanta 200i 3D», FEI Company, USA, in the open-type nanotechnology laboratory at
the Al-Farabi KazNU.

Results and discussions

It is obvious from SEM images (Fig. 2—4) that carbon nanotubes synthesized at high
temperatures of 700, 750 and 800°C are approximately the same for all concentrations
(0.5; 1.0; 1.5). The diameter of obtained carbon nanotubes were in the range from 46.6
t0 202.3 nm.

a) T=650°C b) T=700°C
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¢) T=750°C d) T=800°C

Figure 2. CNTs at different temperatures (0,5 M; AICL,*6H,0)

b) T=700°C

a) T=650°C

¢) T=750°C d) T=800°C

Figure 3. CNTs at different temperatures (1 M; AICL*6H,0)
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b) T=700°C

¢) T=750°C d) T=800°C

Figure 4. CNTs at different temperatures (1,5 M; AICL *6H,0)

In highly disordered carbon materials, the I (D) / I (G) ratio is usually less than unity
(Fig.5, c). With an increase in the ordering of the structure, this ratio increases until the
size of the ordered regions reaches ~ 10-20 nm.
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a — dependence of the FWHM of the D peak on the synthesis temperature;
b — dependence of the G peak width on the synthesis temperature of MWCNTs;
¢ — dependence of the ratio of intensities I (D)/I(G) on the synthesis temperature of MWCNTSs;
d — dependence of the ratio of intensities I (G)/I(2D) on the synthesis temperature of MWCNTs
Figure 5. Raman spectra of CNTs at different temperatures

In the case of more ordered structures with sizes greater than 10-20 nm, an increase
in the ordering is characterized by a decrease in the I(D)/I(G) ratio. This pattern is most
clearly manifested for samples with a catalyst concentration of 1.5 M up to a temperature
of 75001, an increase in I(D)/I(G) is observed simultaneously with a decrease in the
width of peaks D and G (FWHM) (an increase in crystallinity), and at a temperature of
80001, the value this ratio begins to decrease (Fig.5, a-b).

Thus, it can be assumed that in the temperature range 700—75001, the sizes of ordered
crystal structures reach 10-20 nm and continue to grow with a further increase in the
synthesis temperature.

The intensity ratio I(G)/I(2D) characterizes the long-range order of the structure
(Fig.5, d). A decrease in this parameter with an increase in temperature indicates an
increase in the quality of CNTs.

So, at high temperatures (700—750(1), the degree of long-range order is approximately
the same for all concentrations.

Conclusion

In this article, the composite materials containing carbon nanotubes production
technique was discussed. Multiwalled carbon nanotubes were synthesized by CVD
method onto diatomite substrates. From SEM images it is clear that obtained carbon
nanotubes at high temperatures of 750 and 800°C approximately the same for all
concentrations. The diameter of obtained carbon nanotubes was in the range from 46.6
to 202.3 nm.
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