ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIbIM AKAJJEMUACBIHBIH

JI.B. CoxonbCK1ii aTbIHAAFBI
«>Kanapmaii, kKatanns >KoHe IMEKTPOXUMHS HHCTUTYTH AK

XABAPJAPDBI
U3BECTHS NEWS

HAITMOHAJIbHOM AKAJJTEMUU HAYK OF THE ACADEMY OF SCIENCES
PECIIYBJIMKH KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN
AO «MHCTUTYT TOIUIMBA, KaTann3a u JSC «D.V. Sokolsky institute of fuel,
anexkrpoxumun um. JI.B. Cokxonbckoro» catalysis and electrochemistry»

SERIES
CHEMISTRY AND TECHNOLOGY

3 (452)
JULY - SEPTEMBER 2022
PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15

«KP ¥T'A Xa6apaapbl. XuMus K9He TEXHOJIOTHS CEPUACHD
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
Menmrikrenynri: «Ka3akctan PecnyOnukachiHBIH YITTBIK FbUIbIM - akagemusickly PKB  (Anmarer  k.).Kazakcran
PecnyOnukachIHBIH AKIapar jkoHE KOFaMIBIK JaMy MUHUCTPIIriHIH AKmapar kommteTinze 29.07.2020 x. Gepinren
Ne KZ66VPY00025419 mep3iMaik 6achLIbIM TipKeyiHe KOHBLTY Typalibl KyolliK.
TaKBIPBINTHIK OAFBITBI: OPeAHUKANBIK XUMUSL, OCUOP2AHUKALLIK XUMUS, KAMAU3, JNLEKMPOXUMUSL HCIHE KOPPO3US,
hapmayesmuKanblK Xumusi HeaHe MmexHoIOSULIAP.
Mep3iMIiiiri: )KbUIbIHA 4 peT.
Tupaxel: 300 nana.
Penakiusasiy MexeH-xaibl: 050010, Anmarer K., IlleBuenko ke, 28, 219 6eur., Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Kasakcran PecriyOnukachiHbIH YITTHIK FRUIBIM aKaaeMusichl, 2022

Pepakumsiabia Mekemkaiibl: 050100, Anmars K., Konaes k-ci, 142, «J1.B. CokonbCckuii aTblHAAFbI OTBIH, KaTaaH3
JKOHE HIEKTpoXuMus HHCTUTYThI» AK, ka0. 310, teint. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz
TunorpadusHbiH MekeH-Kalibl: «ApyHa» XK, Anmars! k., Mypar0aes ker., 75.

2



I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

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

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15

«H3Bectust HAH PK. Cepusi XMuMUH M TEXHOJIOTHiD».
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
CobcrBennuk: Pecnybnmkanckoe oOmecTBeHHoe oObennHeHne «HarmonaneHas akagemus Hayk — PecryGmmknm
Kaszaxcran» (T. AMartsr).
CBHIETETBCTBO O MOCTAHOBKE HA y4eT NMEPUOIMUECKOro NevyaTHoro u3nanus B Komurere nndopmarmu Munncrepersa
nHdopmanyu u obmecTBeHHOro pa3sutust Peciryoimmkn Kasaxcran Ne KZ66VPY 00025419, BernanHoe 29.07.2020 r.
Temarudeckasi HANPABIEHHOCTb: OP2AHUYCCKAS. XUMUS, HEOP2AHUYECKAS XUMUS, KAMAIU3, 2NeKMpPOXUMUsL U KOPPO3US,
apmayesmuyeckas Xumus u MexHoOIOUMU.
IMepromunocTh: 4 pa3s B roj.
Tupax: 300 3K3eMILISPOB.
Anpec penakiun: 050010, r. Anmater, yi. llleBuenxo, 28, od. 219, ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© HaumonanpHas akajemust Hayk Pecrryomikn Kazaxcran, 2022

Anpec penakuun: 050100, r. Anmatsl, yi. Kynaesa, 142, AO «IHCTUTYT TOIIMBA, KaTain3a U AJIeKTpoxumun um. J1.B.
Coxonbckoro», kad. 310, ren. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz
Anpec Tunorpapun: UIT «ApyHay, r. Anmartsl, yi. Mypatbaesa, 75.

3



Editor in chief:
ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
D.V. Sokolsky (Almaty, Kazakhstan) H = 4

Editorial board:

ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor,
academician of NAS RK, director of the international Scientific and production holding «Phytochemistry»
(Karaganda, Kazakhstan) H =11

AGABEKOV Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor,
academician of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk,
Belarus) H= 13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech
academy of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first
vice-rector of al-Farabi KazNU (Almaty, Kazakhstan) H =11

HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of
Szeged, director of the interdisciplinary center for Life sciences (Szeged, ungary) H =38

ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal
Products, University of Mississippi (Oxford, USA) H =35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading,
England) H =40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan
(Almaty, Kazakhstan) H =13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental
medicine, Hamdard university (Karachi, Pakistan) H =21

FAZYLOYV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
director for institute of Organic synthesis and coal chemistry (Karaganda, Kazakhstan) H =6

ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H =6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan
(Azerbaijan) H= 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of
the International Union of Pure and Applied Chemistry (London, England) H = 15

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ66VPY00025419,
issued 29.07.2020.
Thematic scope: organic chemistry, inorganic chemistry, catalysis, electrochemistry and corrosion, pharmaceutical
chemistry and technology.
Periodicity: 4 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2022

Editorial address: JSC «D.V. Sokolsky institute of fuel, catalysis and electrochemistry», 142, Kunayev str., of. 310,
Almaty, 050100, tel. 291-62-80, fax 291-57-22, e-mail: orgcat@nursat.kz
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.

4



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
https://do1.org/10.32014/2518-1491 2022 452 3 146-155

UDC 546.26
IRSTI 67.15.29; 67.15.33

M. Nazhipkyzy"***, A. Nurgain'?, A. Zhaparova'?, A. Issanbekova'?,
Geoffrey Robert Mitchell*

'Al-Farabi Kazakh National University, Kazakhstan, Almaty;
*Satbayev University, Kazakhstan, Almaty;
*Institute of Combustion Problems, Kazakhstan, Almaty;
*Polytechnic Institute of Leiria, Portugal.

E-mail: meruert82@mail.ru

Al/DIATOMITE BASED COMPOSITE MATERIALS

Abstract. In this work, composite materials based on CNT/DIATOMITE
have been obtained by chemical vapor deposition 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 I(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 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 °C, 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 800 °C, the value of this ratio starts to decrease.

The intensity ratio I(G)/I(2D) characterizes the long-range order of the
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structure. A decrease in this parameter with an increase in temperature indicates
an increase in the quality of CNTs.
Key words: diatomite, synthesis, carbon nanotubes, composite materials.
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KOMITO3UTHBIE MATEPUAJIBI HA OCHOBE AL/DIATOMITE

AnHoTanusi. B 1anHoi paboTe KOMIO3UTHBIC MaTeprayibl Ha ocHoBe YHT/
JUATOMMUT 6b111 OTy4YEHBI METOOM XHMHUECKOTO OCXKIACHHS 3 TApOBOM
¢a3zpl B 1abopaTopuyl CHUHTE3a YIVIEPOIHBIX HAHOMATEPHAIOB B IUIAMEHU
WNucturyta mpobiem ropenwst (Anmarel, Kaszaxcran). CuHTE3 yIIEepOmHBIX
HaHOTPYOOK mpoBoauiau metogoM CVD, B kauecTBe MaTpuilbl UCIOIB30BAIN
JIMaTOMHUTOBBI MUHEDAJI, HACHIIEHHbIH HUTpartoM amomunust (AI(NO,),*9H, O)
ot 0,5 10 1,5 MOJISIpHO KOHIIEHTpaIWH.

AHanu3 pe3yabTaToB CHEKTPOB KOMOMHAIIMOHHOTO paccesHusl CBeTa IOoKa-
3BIBAET, YTO B CUJILHO HEYIOPSAI0UEHHBIX YIIIEPOIHBIX MAaTEPHAIAX COOTHOILLIEHUE
I(D)/1(G), kak mpaBuio, MeHbIIe eqUHUIBL. C yBEIHUEHUEM YIIOPSIOYEHHOCTH
CTPYKTYpBl 3TO COOTHOIIEHHE pacTeT J0 MOMEHTa JOCTHXKEHHUS pa3MepoB
yIopsiIoueHHBIX oOmacteit ~10-20 Hwm,

B ciydae Oosiee ynopsiioueHHBIX CTPYKTYp, ¢ pazmepamu 6omnee 10-20 HM,
MOBBILICHUE YIIOPATOYEHHOCTH XapaKTEPU3yeTCsl YMEHbIICHUEM COOTHOIICHHUS
I[(D)/I(G). HauGonee yeTko 3Ta 3aKOHOMEPHOCTH MPOSBISAETCS sl 00pa3IoB ¢
KOHLIEHTpanuen karanuzaropa 1,5 M: no temmneparypst 750 °C nabmomgaercs
poct I(D)/I(G) oqHOBpEeMeHHO ¢ yMeHbIlIeHneM mupuHbl mukoB D u G (FWHM),
a npu Ttemmeparype 800 °C 3HaueHHWe MAHHOTO COOTHOIICHHUS HAYUHAET
YMEHBIIATHCS.

CootrHomenue nateHcuBHocte [(G)/I(2D) xapakrepusyeT naabHUMA TOPSI 0K
cTpyKkTyphl. CoKpallleHHe JaHHOTO MapamMeTpa C YBEITUYEHHEM TeMIepaTyphl
TOBOPHT O IOBbIIEHUH KadecTBa Y HT.

KuroueBble ci1oBa: CUHTE3, KOMIIO3UTHBIE MaTepHallbl, YIIEPOIHbIE HAHO-
TpyOKH, TUATOMUT.
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«AL/DIATOMITE HEI'I3I]I KOMIIO3UTTIK MATEPUAJITAP

Annoranus. by xymeicta CNT/DIATOMIT Herizinaeri KOMITO3UIUSITBIK
Mmarepuangap JKany mnpoOrnemanapsl MHCTUTYTHIHBIH (AsMarbl, Kaszakcran)
KaJIBIHJA KOMIPTEKTI HaHOMaTepHasIapabl CHHTE3/ICY 3epTXaHAChIHIA XUMHUS-
TBIK OyfaH TYHIBIPY 9JiCI apKbUIbI ajdbIHIbl. KeMipTekTi HaHOTYTIKIIEIEpIiH
cunte3i CVD omicimen »xypri3ingi, marpuna petiaae 0,5-teH 1,5 MOISIpIbIK
KOHLIGHTpalMsiFa JCHIHI aJlOMUHUN HHUTpPATbIMEH KaHBIKKAH JTUATOMHT
munepaisl (AI(NO,),*9H,O) naiananbLiibl.

KoMOMHAIUAIIBIK mambipay CIEKTPOCKOHACH HOTHKENEPIH Tajiay, ajlbIH-
FaH YJITUIepAe KAaTThl perrenMereH kemipreri marepuanmapsiaga I(D)/1(G)
KaTbIHACHI 971eTTe OipAeH a3 Oomanpl. KypbUIbIMHBIH pPETTUIIr KOFapblUlaFaH
caiiblH, OYJ1 KaTblHAC peTTeNreH enmemaep aymarbl ~10-20 HM mamackiHa
KETKEeHTe JIeHiH apTajibl,

Ommempaepi 10-20 HM-Z1eH acaThlH HEFYPIIBIM PETTENTeH KYPbUIBIMJIAP JKaF-
JaiiblHaa peTTUTIKTIH xoFapbuiaybsl 1(D)/I(G) apakaThlHACBIHBIH TOMEH/ICYIMEH
cunarTanaabl. by ynri karanuszarop KoHIEHTpauuscel 1,5 M GonatsiH yariiaep
yuriH aiikeiH kepineai: 750 °C remneparypackina neiiin D xone G (FWHM)
UIBIHJAPbIHBIH eHiHIH TeMeHaeyimeH 0ip yakeitta I(D)/I (G) ecyi Gaiikanansl,
an 800 °C Temneparypana OyJ1 apakaThIHACTBIH MOHI TOMEHIEH OacTailibl.

I(G)/I(2D) kapKbIHABUIBIKTAPBIHBIH KaThIHACHI KYPBUTBIMHBIH aJIbIC TOPTiOiH
cunarraiapl. TeMreparypaHbl >KOFapbUIaTa OTBHIPHIN, OCHI MapaMETPIiH KbIC-
Kapybl, KHT-HbBIH canachIiHbIH apTKaHBIH OLIipeIi.

Tyiiin ce3nep: cuHTE3, KOMIIO3UTTI MaTepuangap, KOMIpTEKTI HAHOTYTIiK-
miesnep, TMaTOMHT.

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
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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 all, 2010, Pérez-Bustamante, et all, 2010, Kwon, et all, 2009, Laha, et all,
2009, Esawi, et all, 2010, Kwon, et all, 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 all, 2011, Li, et all, 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,0.

Effort at producing AI-CNTs by melt mixing were not satisfying as a result
of poor AlI-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 MWCNTs and the networked MWCNTs might be excellent
alternatives depending on the application aim (Shin, et all, 2012).

Authors of the work (Sohail, et all, 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-weight ratio, superior corrosion
resistance, and machinability. Therefore, Al matrix is being considered as the

149



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

most for the reinforcement of CNTs due to their mentioned advantages (Dinesh,
et all, 2020).

In (Lei, et all, 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 all, 2017). Currently it was obtained carbon
nanotubes on the surface of diatomite mineral saturated with aluminum nitrate
(Nazhipkyzy M., et all, 2018, 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,),-9H,0 and ethanol. Then was dried inan 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.

Figure 1. The technique for the obtaining composite materials containing CNTs
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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.

4AI(NO3); — 2Al,05 + 12NO, + 30,

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 WNational
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
“Quanta 2001 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 to 202.3 nm.

¢) T=750°C d) T=800°C

Figure 2. CNTs at different temperatures (0,5 M; AIC1,*6H,0)
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a) T=650°C b) T=700°C

) T=750°C d) T=800°C
Figure 3. CNTs at different temperatures (1 M; AICL,*6H,0)

b) T=700°C

¢) T=750°C d) T=800°C

Figure 4. CNTs at different temperatures (1,5 M; AICL,*6H,0)
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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 MWCNTs;
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 750°C, 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 800°C, the value this ratio
begins to decrease (Fig.5, a-b).
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Thus, it can be assumed that in the temperature range 700-750°C, 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 1(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°C), 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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