AJP FiZiKA 2020 volume XXVI Nel, section: Az
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Mogalada, Aerozol asasli Kimyavi Qaz Cokdiirms (AKQC) iisulu vasitosilo KNB-larin sintez prosesinds kiikiirdiin rolu
barado melumat verilir. Karbon monbayi kimi ksiloldan, katalizator gisminds isa ferrosen va kiikiird qarisiqlarindan istifads
olunaraq, KNB-larin yetisdirilma prosesi atmosfer tozyiqinde vo yiiksak temperaturlarda (T=850-1000°C) aparilmisdir.
Miiayyan olunmusdur ki, kiikiirdiin slave olunmasi katalizator hissaciklarinin orta dl¢iisiiniin(Fe:S=10:1) azalmasina gatirib
¢ixarir vo notica etibari ilo sintez olunmug KNB-larda divarlarin say1 azalir. Bundan basqa, miioyyon edilmisdir ki, reagent
qarisiginda kiikiirdiin kiilli miqdarda olmasi amorf karbonun, az miqdarda olmasi isa goxdivarlt KNB-larin va karbon liflarinin
yaranmasina sabab olur. Nanoborularin diametri kiikiirdiin miqdarindan asili olaraq dayisir. Sintez olunmus KNB-lar1 SEM,
TEM va Raman spektroskopiyast {isullari vasitasilo xarakterizo edilmisdir. ©lde olunmus naticalar gostarir ki, AKQC tisulu ila
sintez prosesinds kiikiirdiin istifado edilmasi yekunda alman KNB-larin divarlariin sayinin azalmasina getirib ¢ixarir.

Agar sozlor: Karbon Nanoborulari (KNB-lar1), Aerozol asasli KQC iisulu, Ferrosen, Kiikiird, Ksilol, SEM, TEM, Raman.
PACS: 73.63.Fg, 81.15.Gh, 61.66.Hq, 68.37.Hk, 68.37.Lp, 33.20.Fb.

1. GIRiS.
kolbada qarisdirilib. Sintez prosesi zamani, aerozolun
Ik dofs 1991-ci ildo Ijima torafinden kosf edildik-  almmasi iiciin, yiiksok tezliya (800 kHz) malik olan ult-
don indiys godor [1], karbon nanoborular1 (KNB-lar1)  rases qurgusundan istifado olunub. KNB-lar1 atmosfer
unikal fiziki vo kimyovi xiisusiyyatlora gore diinya  tozyiqindo vo T=850-1000°C temperaturlarda yetisdiri-
alimlorinin maragina sobob olmus vo bir ¢ox saholordo  lib. Dasiyict (noqli) gaz qismindo Ar/H, (Ar/H,=10:1
totbiq olunmusdur [2-5]. Hal-hazirda KNB-larin sinte-  nisboti) gaz qarisigindan istifado olunub.KNB-lar1 ar-
zi liglin méveud metodlar arasinda Katalitik Kimyavi  qon atmosferinds soyudugdan sonra, mohsul mexaniki
Qaz Cokdiirmo (KKQC) iisulu genis istifado olunur. Bu  yolla kvars borudan ¢ixarilir.
metod davamli olaraq kiilli miqdarda KNB-lar1 istehsal Alinmig KNB-larin morfologiyasi SEM, TEM,
etmok potensialma malikdir. kristallasma doracasi, keyfiyyati va, o ciimlodan, birdi-
Xammal qismindo karbohidrogen qazlarmndan  varli KNB-larin mévcudlugu Raman spektroskopiyasi
(metan, etan, asetilen, karbon monoksiddon vo s.) vo  {isullarindan istifads olunaraq dyranilmisdir (tohlil edil-
izvi maye maddolorden (tsikloheksan, asetonitril, ksi-  misdir). Niimunonin hoyacanlandirilmas: {igiin dalga
lol, heptan va s.) [6-8] istifade olunur. KKQC prosesin-  uzunlugu A=532 nm olan yasil lazer siiasindan istifado
do karbon torkibli qaz yiiksok temperaturlarda (700-  olunmusdur. Biitiin 6lgmolor otaq temperaturunda apa-
1200°C) pargalanir vo metal katalizatorlarinin (Fe, Co,  rilmigdir. Raman siqnali “Qayidan Siia Detektoru
Ni) kdmayi ilo karbon nanoborular alinir [9, 10]. Metal ~ (QSD)” torafindon detekts olunmusdur.
katalizatorlardan savayr az miqdarda kiikiird (vo ya kii-
kiird torkibli birlosmalor) yetismo promotorlar kimi is- 3. NOTICOLORIN MUZAKIROSI.
tifads edilir. Homginin, miioyyon edilmisdir ki, kiikiir-
diin reaksiya mohluluna slavs edilmasi, sintez olunmus AKQC qurgusunda nisbi  konsentrasiyasi
KNB-larin divarlarinin sayina, morfologiyaya vo hotta,  n=20mgq/ml olan ferrosen/kiikiird/ksilol qarisigindan
elektrik xassalorino do [11-14] tosir gostarir. Apardifi-  (mohlulundan) istifads edarok, 7=850-1000°C tempe-
miz todqiqatda katalizator monboyi vo promotor qis-  ratur araliginda, miixtolif név karbon nanoboru mate-
minda, miivafiq olaraq, ferrosen (Fe(CsHs)z) vo kiikiird  riallar1 hazirlanmigdir. Bu tacriibalor KNB-larin yetis-
istifado olunaraq, aerozol asashi KQC tisulu vasitasilo  dirilms prosesina va elaca do onlarm parametrlorins kii-

(AKQC), KNB-larn sintez edilmasi gostarilib. kiirdiin tasirinin analiz edilmosi mogsadils aparilmigdir.
L Tacriibonin naticalori gostorir ki, kiikiird daxil edilme-
2. TOCRUBI HISSO. dikds sonda alinan niimuns toz soklindo, kiikiird daxil

edildikdon sonra iso burulmus grafit 16vholor soklindo

KNB-larin sintez prosesi AKQC qurgusunda  alinir (sokil 1).
(SCIDRE, Almaniya) aparilib. KNB-larin alinma iisu- Baxmayaraq ki, hor iki reaksiya vaxti eyni miq-
luna daha otrafl1 sokildo bu isdo [15] baxa bilorsiz. darda katalizator (ferrosen) istirak etmis, ilkin (sokil 1
KNB-larm yetismosi li¢lin karbohidrogen xam-  (sol)) halda va kiikiirdiin daxil edildiyi zaman da tam
mali kimi ksiloldan, katalitik Fe klasterlorinin alm-  eyni termodinamik soraitdo eyni miqdarda KNB-lari
masinda iso ferrosenden istifado olunub. Az miqdarda  yetismomisdir (sokil 1 (sag)). Ovazinds ilkin maddole-
saf kiikiird (S) tozu ferrosen (Fe(CsHs)z) (Fe:S=10:1  rin pargalanmasi zaman ayrilan karbon atomlar1 burul-
atom ¢okisi nisbati) vo ksilol (CsHio) mahlulu ilo xiisusi ~ mus nazik grafit 16vhalori amalo gotirmis (sokil 2) vo
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bu 16vhalorin iizorini SEM vasitasilo miisahido edorkon
diametrlori ¢ox kigik, lakin uzunlugu az olan KNB-lar1
gOriinmiisdiir.

Alinan KNB-larm strukturunu miioyyon etmok
iiciin Kegirici Elektron Mikroskopu (TEM) analizlari
apartlmisdir (sokil 4). Diametri 10-30 nm araliginda do-
yison qisa KNB-larin sirasinda diametri kigik KNB-
lar1 goriinmiisdiir.

Biz TEM analizlori zamani 1 adod KNB-nu analiz
etmoyo milvaffoq olmusduq (sokil 5).

Sokildon goriindiiyli kimi bir dens nazik (toxmi-
non 11 nm) KNB-nu analiz edorkon molum olur ki,
onun divarlari arasindaki mosafa 0.345 nm olan toxmi-
non 6 qatdan ibarstdir. TEM analizlori zamani birdi-
varli KNB-lar1 miisahido olunmamigdir. Lakin geyd et-
moak lazimdir ki, TEM az sayda KNB-lar1 analiz eds
bildiyi iiclin daha kigik diametrli KNB-larin agkarlan-
masi ehtimali da azdir. Masoalon, SEM analizlori zama-
n1 4 vo ya 5 nm-lik KNB-lar1 miisahido olunmusdur
(sokil 3). Bu fakti nozors alaraq niimunoslorin Raman
spektroskopik analizlori aparilmigdir.

Sakil 1. Kiikiirdsiiz (sol) va kiikiirdls (sag) eyni soraitds zintez prosesi zamani alinan KNB-lar.
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Sakil 2. Burulmus grafit 16vhacik.
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Sokil 3. Burulmus grafit 16vhacik tizerinds yetismis KNB-larin SEM-da goriiniisii.
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Sokil 5. Bir KNB-nun TEM goriiniisii.
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Sakil 6. Burulmus grafit 16vhaciyin {izorindon ¢okilon Raman spektri
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Sakil 7. Raman spektrindo miisahids olunan zoif RBM xotlori
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Raman spektrindo (sokil 6) grafito moxsus D
(1330 sm™) vo G (1565 sm™!) piklari ilo yanasi birdivar-
11 KNB-lar1 {igiin xarakterik (sociyyovi) olan RBM (Ra-
dial breathing mode) pik noqtesi, Xzay=178+240 sm™
tezlik intervalinda miisahido olunub (sokil 7). Bu da,
d=1+1.4 nm diametrli nanoborularn md&vcudlugunu
siibut edir.Yetisdirilmis mohsulun kristallik xassalorina
goldikds iso, burada biz D (defekt) va G (qrafit) pik
noqtalarinin intensivliklori nisbatinden istifads etmisik.
Sakil 6-dan goriindiiyii kimi, D pikinin intensivliyi asa-
&1 olduqda, KNB-lan kristallik xiisusiyystlora malik
olur. Belos ki, hesablamalar naticesindo D-nin G-ys nis-
bati 0.39-a barabar olmusdur (D/G = 0.39).

4. NOTICO.

Yekunda almmis noticolordon aydin olur ki,
AKQC f{isulu ilo sintez prosesindo kiikiirdiin istifado
edilmosi, yetigdirilmis KNB-larin diametrinin azalma-
sia sabab olur. SEM analizinde d=5-7 nm diametrli
KNB-lar1 miigahido edilmis, TEM analizindo iso,
d=10-30 nm araliginda dayison qisa KNB-larin sirasmn-
da diametri kigik olan KNB-lar1 askar olunmusdur.
Raman spektrinin RBM pik ndqtalerinds ise, d=1+1.4
nm diametrli nanoborularin mévcudlugu siibut edil-
misdir.
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ANALYSIS OF THE INFLUENCE OF SULPHUR ON
THE DIAMETER OF CARBON NANOTUBES

The article reports on the role of sulfur in the synthesis of carbon nanotubes (CNTs) by aerosol-assisted chemical vapor
deposition method (AACVD).The growth process of CNTs was carried out at the atmospheric pressure and at high temperatures
(T =850 — 1000°C).In this process, xylene was used as a carbon source, and a mixture of ferrocene and sulfur was used as a
catalyst .It was determined that the addition of sulfur leads to reduction in the average particle size of the catalyst (Fe:S = 10:1)
and, as a result, the number of walls of synthesized CNTs decreases. Moreover, it was found that the presence of high content
of sulfur in the reactant mixture caused the formation of amorphous carbon, and a small amount of sulfur generated the
formation of multi-walled CNTs and carbon fibers. The diameter of CNTs varies in dependence on sulfur content. The
characterization of synthesized CNTs was performed by using scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and Raman spectroscopy. From the obtained results, it can be concluded that the use of sulfur in the
synthesis of CNTs by the AACVD method leads to a decrease of the number of walls of formed CNTs.
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P.®. I'acanoB
AHAJIN3 BJIUSAHUSA CEPBI HA IUAMETP YI'JIEPOJIHBIX HAHOTPYBOK

B crarbe coolImaeTcst o poiu cepbl B MPOIecce CUHTE3a yriepoaHbx HaHoTpyook (YHT) MeToqoM XUMHYIECKOTrO Ocax-
JICHUSI 13 Ta30BoH (ha3bl Ha ocHOBE a’po3oirsi (AXOI'®). IIpouece BeipamuBanus YHT npoBoawmiics mpu aTMocepHOM aB-
JIeHnH U B BeICOKHX Temrteparypax (T = 850 — 1000°C). B sToM npomecce, B KauecTBe yriIepoxHOro HCTOYHHUKA OBIII HCTIONb-
30BaH KCHJIOJ, a B Ka4eCTBE KaTannu3aropa Oblila HCIIOIb30BaHa CMeCh (heppolLieHa U cepbl. bputo oOHapyxeHo, 9To 1o6aBIeHne
cepsl IPUBOANT K YMEHBILICHUIO CpeaHero pasMepa dacTull katanmsatopa (Fe:S = 10:1), n B pe3ynbTare 3T0r0, YMCIO CTEHOK
cunTe3npoBaHHbix YHT ymensmraercs. Kpome Toro, 66110 00Hapy>KeHO, YTO BEICOKOE COJIEpPIKaHHE CepBl B CMECH PeareHTOB
BEI3bIBAaET 00pa3oBaHME aMOP(HOro yrireposa, a HeOOoIbIIoe KOINIECTBO CePhl BEI3BIBAET 00pa3oBaHne MHOrOCTeHHBIX YHT
U yriaeponHsIx BosokoH. JJuamerp YHT BapsupyeTcs B 3aBHCHMOCTH OT CoZiepsKaHus cephl. MccnenoBanne CHHTE3UPOBaHHBIX
VYHT npoBoamitock ¢ HOMOMIBIO CKaHUPYIOLIEH meKTpoHHON Mukpockornu (COM), IpocBeYHBaOIIeH MeKTPOHHONH MUKPO-
ckormu (IT9M) n PamaHOBCKO# CIIEKTPOCKONUH. 13 MOTydeHHBIX Pe3yNbTaToB MOXHO C/ENAaTh BBIBOJ, YTO MCIOJIB30BAHUE
cepsl B nporiecce cuaTe3a YHT metonom AXOI'® nprBoauT K yMEHBIICHNIO KOJIMYECTBA CTeHOK oOpasyrommxcst YHT.
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