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CVD USULIDA SINTEZ QILINGAN UGLEROD
NANONAYCHALARINI AMORF UGLERODDAN TOZALASHNING
SAMARALI USULI

Annotatsiya. Ushbu maqolada kimyoviy bug‘ cho‘ktirish (CVD) usulida

past haroratlarda sintez qilingan uglerod nanonaychalarini (UNN) amorf

ugleroddan tozalashning yangi, oddiy va samarali usuli taqdim etiladi. Tadqiqotda

etil spirti asosidagi uglerod manbai va nikel nanokatalizatori qo‘llanilgan bo‘lib,

sintez jarayoni uch xil sharoitda amalga oshirildi: tashuvchi gaz va par holatdagi

suv ishtirokisiz, argon gazi bilan va argon gazi hamda par holatdagi suv bilan.

Olingan UNN Raman spektroskopiyasi yordamida tavsiflandi. Tahlillar amorf

uglerod intensivligi par holatdagi suv qo‘llanganda keskin kamayishini va uning
to‘liq yo‘qolishini ko ‘rsatdi.

Kalit so‘zlar: Uglerod nanonaychalari, CVD usuli, amorf uglerod, Raman

spektroskopiyasi, katalizator faolligi, tozalash usullari, par holatdagi suv

Ab6aucangos Nnéc )KypaeBuu
VIHCTUTYT MOHHO-TIJIa3MEeHHBIX U Jla3ePHBIX TeXHOJIOTHI
Crapiumii Hay4YyHbIA COTPYAHHUK
3 OPDPEKTUBHBIN METO/J OUYUCTKU YTIJIEPOJHBIX
HAHOTPYBOK, CUHTE3UPOBAHHBIX METOJIOM CVD, OT
AMOP®HOI'O YIVIEPOJA

AHHOmMmayus. B OaHHOU cmambe npedcmaeneH HOBbIU, npocmou u
a¢ppexkmueHblli  mMemoOd  ouucmku  yenepooHblx  HaHompybok  (YHT),
CUHME3UPOBAHHbIX NpU  HU3KUX Mmemnepamypax MemooOM  XUMUUYECKO20
ocadxcdeHus u3 2azoeoli ¢pasvl (CVD), om amopcpHozo yenepoda. B uccaedosaHuu
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HUKe/esblll HAHOKamanu3amop, d npoyecc cuHme3a ObL1 NpoeedéH 8 mpéx
pasniuuHbIX ycao8usix: 6e3 HocumenbHO20 2d3d U 6005IHO20 napd, ¢ noodauell
apeoHa, a makdxce ¢ nooauelli ap2oHa u 800siHo20 napa. IlonyuenHble YHT 6buiu
0Xapakmepu308aHbl ¢ nomowblo PamaH-cnekmpockonuu. AHaau3z nokasasn, umo
UHMEHCUBHOCMb aMOP(PHO20 yenepoda pe3KO CHUMNCAemcsi npu UChOAb308aHUU
80051HO20 NApaA U NOAHOCMbIO Ucye3aem.
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oyucmku, napoobpasHas 800a

Abdisaidov Ilyos Juraevich
Institute of Ion-Plasma and Laser Technologies
Senior Researcher
AN EFFICIENT METHOD FOR PURIFYING CARBON
NANOTUBES SYNTHESIZED BY THE CVD METHOD FROM
AMORPHOUS CARBON
Abstract. This article presents a new, simple, and efficient method for
removing amorphous carbon from carbon nanotubes (CNTs) synthesized at low
temperatures using the chemical vapor deposition (CVD) method. In the study,
ethyl alcohol was used as the carbon source and nickel nanocatalyst, and the
synthesis process was carried out under three different conditions: without carrier
gas and water vapor, with argon flow, and with both argon and water vapor. The
obtained CNTs were characterized using Raman spectroscopy. The analysis
showed that the intensity of amorphous carbon significantly decreases when water
vapor is used and disappears completely.
Keywords: Carbon nanotubes, CVD method, amorphous carbon, Raman
spectroscopy, catalyst activity, purification methods, water vapor
Kirish
Uglerod nanonaychalari yengil vaznga, yuqori mustahkamlikka, yaxshi

elektr va issiglik o‘tkazuvchanligiga ega bo‘lgani uchun ko‘plab sohalarda keng



go‘llaniladi. Jumladan, elektronika (displey ekranlar, chiplar), materialshunoslik
(mustahkam kompozitlar), energetika va energiya saqglash (litiy-ion batareyalar,
vodorod saglash, quyosh batareyalari), shuningdek farmasevtika va biotibbiyotda
(dori yetkazish, saratonni tashxislash va davolash) sohalarida ulardan foydalaniladi
[1]. UNN asosan elektr yoyini razryadlash, lazerli ablyatsiya va kimyoviy bug’
cho’ktirish (CVD) usullari yordamida sintez gilinadi [2]. Shulardan CVD usuli
past haroratlarda yuqori tozalikdagi va ko‘p miqdordagi UNN olish imkonini
berishi bilan ajralib turadi [3]. UNN dan yuqorida sanab o‘tilgan sohalarda
samarali foydalanish uchun uning tozaligi muhim ahamiyatga ega. Sintez
texnikasiga garab, UNN ni tozalash bo‘yicha turli usullar qo‘llaniladi [4]. Tozalash
usullarini uch asosiy toifaga ajratish mumkin: kimyoviy, fizik va ularning
kombinatsiyasi [5].

Kimyoviy tozalash selektiv oksidlanish tamoyiliga asoslanadi: amorf
uglerod UNN ga nisbatan tezroq oksidlanadi, metall aralashmalar esa kislotalar
yordamida eritiladi. Bu usul amorf uglerod va metall zarralarini samarali yo‘qotadi
[6]. Biroq, kimyoviy tozalashning kamchiligi — UNN strukturasiga zarar
yetkazishi; xususan, naychalar gisqarishi, struktura nuqsonlarining paydo bo‘lishi
va —OH, —C=0, —COOH kabi funksional guruhlar bilan
funksionalizatsiyalanishidir [7].

Fizik tozalash usullari funksional guruhlar adsorbsiyasiga asoslanib, grafen
tuzilmasining m-sistemasi yaxlitligini saqlaydi va yuqori og‘irlik ulushidagi UNN
kerak bo‘lganda qo‘llaniladi. Bu usullar kamroq zarar keltiradi, biroq kimyoviy
usullarga nisbatan murakkabroq va kamroq samarali hisoblanadi [8].

Uchinchi tur — ko‘p bosqichli tozalash, ya’ni fizik va kimyoviy
yondashuvlarning kombinatsiyasi bo‘lib, yuqori rentabelli va yuqori sifatli UNN
olish imkonini beradi [9].

Sintezdan so‘ng UNN tarkibida qoladigan metall katalizatorlar (Fe, Ni, Co),
amorf uglerod va boshqa iflosliklarni yo‘qotish uchun odatda HNO3, HCI, H,SO,
kabi kislotalar, shuningdek aralash kislotalar (HNO3/H,SO,) ishlatiladi. HNO, va
HClI ishlatilgan holatlarda ko‘p devorli UNN tarkibidagi Fe/Ni migdori 90% gacha



kamaytirilgani ma’lum gqilingan [10]. Biroq, ushbu usul katalizatorni to‘lig
yo‘qotmaydi. Ushbu [11] ishda esa ko‘p bosqichli tozalash go‘llanilgan bo‘lib,
uning asosiy bosqichi xona haroratida ultratovush yordamida 30% li H.O,
eritmasida 7 kun davomida oksidlashdir; keyin HCI bilan ishlov berilgan. Ushbu
yondashuvning kamchiligi — jarayonning juda uzoq davom etishidir.

Sintez jarayonida hosil bo‘ladigan amorf uglerod odatda gaz fazali oksidlash
bilan yo‘qotiladi. Bunda kislorod (O:) mubhiti ostida 300—-500°C da ishlov beriladi;
ammo harorat noto‘g‘ri tanlansa, UNN ham oksidlanib ketishi mumkin.

Mazkur maqola sintez qilingan UNN ni amorf ugleroddan tozalashning
yangi, oddiy va samarali usuliga bag‘ishlangan.

Tadqiqot metodologiyasi

UNN sintezi CVD usulida, “Amaliy nanotexnologiyalar” laboratoriyasida
yig‘ilgan qurilmada amalga oshirildi. Uglerod manbai sifatida par holatdagi etil
spirti ishlatildi. Katalizator/taglik tizimi zol-gel spin qoplash orqali tayyorlangan
bo‘lib, katalizator sifatida nikel, taglik sifatida esa sapfir tanlandi. UNN sintezi
500°C haroratda 1 soat davom ettirildi.

Sintez uch xil sharoitda amalga oshirildi:

a) tashuvchi gaz va par holatdagi suv qo‘llanmagan;

b) etil spirti bilan birga Ar gazi (3 1/min) berilgan;

c) reaktor 500°C ga yetgach, dastlab 1 dagiga davomida par holatdagi suv
berilib, so‘ng b) holatdagi jarayon bajarilgan.

Ushbu sharoitlarda olingan UNN Raman spektroskopiyasi yordamida tahlil
qilindi.

Tahlillar va natijalar

UNN ni tezkor va yuqori aniqglikda tavsiflash uchun Raman spektroskopiyasi
eng qulay usullardan biridir. Tahlillar 532 nm to‘lgin uzunligiga ega RL.532 Class
3B lazeri, 1200 chizig/mm difraksion panjara va Renishaw CCD detektori
yordamida 100-3200 sm™! chastota diapazonida olib borildi (1-rasm).
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1-rasm. CVD usulida past haroratda sintez gilingan UNN ning Raman
spektrlari: a) Ar va bug’ holatdagi suv berilmagan; b) fagat Ar berilgan; c)
Ar va par holatdagi suv berilgan.
UNN ning bir nechta Raman tebranish rejimlari orasida radial nafas olish
rejimi (RBM) ularning geometrik xususiyatlarini aniglashda muhim rol o'ynaydi va
radial yo'nalishdagi barcha atomlarning sinxron va simmetrik faza ichidagi

tebranishlariga mos keladi [12]. Bundan tashqari bir devorli UNN ning Raman



spektrlaridagi RBM chastotasi orgali ularning diametri quyidagi (1) formula

yordamida hisoblash mumkin [13].

0=210 )

1-rasmdan ko’rinib turibdiki, bir devorli UNN ni xarakterlovchi RBM cho’qqi
barcha namunalarda 124 sm™ chastotada kuzatilganva (1) formuladan foydalangan
holda sintez gilingan UNN ning diametri ~—~2 nm ekanligi aniglandi.

UNN tuzilishidagi nuqgsonlar materiallarning xossalarini o‘zgartiradi va
uning tuzilishidagi nugsonlarning mavjudligini —~1340 sm™ chastota atrofida
kuzatiladigan D cho‘qgqisi xarakterlaydi [14]. Bu xarakterlovchi cho’qqi yuqoridagi
1(a) grafikda 1342 sm™, 1(b) grafikda 1343 sm™ hamda 1(c) grafikda esa 1345 sm™
chastotada kuzatilgan.

UNN ning Raman spektroskopiyasi tahlil natijalarida olti burchakli
panjaradagi C-C bog‘lanish tekisligidagi cho‘zilish rejimini ifodalaydigan G
cho‘qqgisi 1500+1600 sm™ chastota oralig‘ida, G' cho‘qqi esa 2-darajali sp
uglerodlari uchun odatda 2500+2800sm™ oralig‘ida kuzatiladi [15]. 1-rasmdan
ko’rinib turibdiki, G va G’ xarakterlovchi cho’qgqilar, yuqorida ta’kidlab o’tilgan
chastota oraliglarida kuzatilgan. Amorf uglerodni xarakterlovchi cho’qqi [16],
tashuvchi gaz va par holatdagi suvdan foydalanmagan holda sintez qgilingan 1(a)
namunada 809 sm™ da kuzatilgan bo’lib, intensivligi baland ekanligi, fagat Ar
berilgan 1(b) namunada bu cho’qqining balandligi pasayganligi, Ar va par
holatdagi suv berilgan 1(c) namunada esa, bu cho’qqi kuzatilmaganligini
ko’rishimiz mumkin. Bundan shuni xulosa qilamizki, bug’ holatdagi suv
nanokatalizator aktivligini oshiradi hamda amorf uglerod hosil bo’lishiga to’sqinlik
qiladi.

Xulosa

Ushbu tadgiqotda CVD usulida sintez gilingan UNN ni amorf ugleroddan
tozalashning samarali usuli ishlab chiqildi. Raman spektroskopiyasi natijalari shuni
ko‘rsatdiki, sintez jarayonida par holatdagi suvdan foydalanish amorf uglerodning

sezilarli kamayishiga, hatto to‘liq yo‘qolishiga olib keladi. Bu esa



nanokatalizatorlarning faolligini oshirib, toza va strukturaviy yaxlit UNN hosil
bo‘lishini ta’minlaydi. Umuman olganda, taqdim etilgan yondashuv UNN ni
tozalash jarayonini soddalashtiradi, yuqori sifatli mahsulot olishga imkon yaratadi
va kelgusida nanotexnologiyalarning turli sohalarida qo‘llash uchun istigbolli
hisoblanadi.

Foydalanilgan adabiyotlar

1. Dervishi E. et al. Carbon nanotubes: synthesis, properties, and applications
//Particulate Science and Technology. — 2009. — T. 27. — Ne. 2. — C. 107-125.

2. Rathinavel S., Priyadharshini K., Panda D. A review on carbon nanotube: An
overview of synthesis, properties, functionalization, characterization, and the
application //Materials Science and Engineering: B. — 2021. — T. 268. — C. 115095.
3. Choudhary N., Hwang S., Choi W. Carbon nanomaterials: a review //Handbook
of nanomaterials properties. — 2014. — C.709-769.

4. Eatemadi A. et al. Carbon nanotubes: properties, synthesis, purification, and
medical applications //Nanoscale research letters. — 2014. — T. 9. — Ne. 1. — C. 393.

5. Hou P. X,, Liu C., Cheng H. M. Purification of carbon nanotubes //carbon. —
2008. — T. 46. — Ne. 15. — C. 2003-2025.

6. Makama A. B. et al. Recent developments in purification of single wall carbon
nanotubes //Separation Science and Technology. — 2014. — T. 49. — Ne. 17. — C.
2797-2812.

7. Hussain S. et al. Spectroscopic investigation of modified single wall carbon
nanotube (SWCNT) //Journal of Modern Physics. —2011. — T. 2. — Ne. 6. — C. 538-
543.

8. Rouf S. A. et al. Synthesis and purification of carbon nanotubes //Carbon
nanotubes-redefining the world of electronics. — IntechOpen, 2021.

9. Montoro L. A., Rosolen J. M. A multi-step treatment to effective purification of
single-walled carbon nanotubes //Carbon. — 2006. — T. 44. — Ne. 15. — C. 3293-
3301.

10. Domagata K. et al. Purification and functionalisation of multi-walled carbon
nanotubes //Materials Letters. — 2019. — T. 253. — C. 272-275.

11. Feng Y. et al. Room temperature purification of few-walled carbon nanotubes
with high yield //ACS nano. — 2008. — T. 2. — Ne. 8. — C. 1634-1638.

12. Ghavanloo E., A. Fazelzadeh S., Rafii-Tabar H. Analysis of radial breathing-
mode of nanostructures with various morphologies: a critical review //International
Materials Reviews. — 2015. — T. 60. — Ne. 6. — C. 312-329.

13. Roy S. et al. Diameter control of single wall carbon nanotubes synthesized
using chemical vapor deposition //Applied surface science. — 2014. — T. 321. — C.
70-79.

14. Xu J. L. et al. Efficient and reversible electron doping of semiconductor-
enriched single-walled carbon nanotubes by using decamethylcobaltocene
//Scientific Reports. —2017. —T. 7. — Ne. 1. — C. 6751.



15. Saito R. et al. Raman spectroscopy of graphene and carbon nanotubes
//Advances in Physics. — 2011. — T. 60. — Ne. 3. — C. 413-550.

16. Dychalska A. et al. Study of CVD diamond layers with amorphous carbon
admixture by Raman scattering spectroscopy //Mater. Sci.-Pol. — 2015. — T. 33. —
Ne. 4. — C. 799-805.



