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Anh huéng ciia kim loai xiic tic khi tong hop 6ng nano cicbon
bang phwong phap CVD nhiét
The Role of Catalyst Metal in Synthesis of Carbon Nanotubes by Thermal CVD Method
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Tom tat

Ong nano cécbon duoc tdng hop bang phuwong phap ldng dong nhiét héa hoc tir pha hoi véi khi ngudn
cacbon la axéilen (Cz2H2), kim loai xuc tac la hop kim permalloy (Fe1sNis1). Sw hinh thanh, kich thuoc va hinh
théi cta éng nano cachon phy thugc vao I6p kim loai xic tac va nhiét do a. O 750 °C, voi mang kim loai xuc
tac ddy 10 nm, éng nano cécbon thu duoc cé dinh huéng thang ding, tuy nhién néu bé ddy mang kim loai
xuc téc I16n hon 20 nm, éng nano cécbon khéng thé hinh thanh. Trong viing nhiét dé 650 °C - 850 °C, nhiét do
U kim loai xtic tac cang cao, duong kinh cta éng nano cécbon thu duoc cang Ién va mat dé giam.

T khéa: dng nano cacbon, co ché VLS, CVD nhiét, kim loai xuc tac
Abstract

Carbon nanotubes were synthesized by thermal chemical vapor deposition method using acetylene (C2H>)
as carbon precursor, permalloy (FeisNig1) as catalyst. The formation, dimension and morphology of
nanotubes were strongly depended on the parameters of catalyst thin film and sintering temperature. At
750°C, with 10-nm thickness catalyst film, carbon nanotubes were aligned vertically, but when catalyst film
was thicker than 20 nm, no CNT was observed. In the range from 650 °C fo 850 °C, at higher sintering

temperature, the obtained carbon nanotubes had larger diameter.

Keywords: carbon nanotubes, VLS mechanism, thermal CVD, catalyst metal.

1. Giéi thiéu

Ong nano cacbon (Carbon Nanotube - CNT), véi
nhiing tinh chat ndi tri vé co, dién, da thu hit rat nhiéu
su quan tdm cuia cic nha khoa hoc trén thé gidi. Céc
nghién ciru vé tong hop CNT ciing nhu cac nghién ciru
vé phat trién g dung ciia CNT van dang la cac chu dé
hap dan [1-5]. Trong cac phuong phép tong hop CNT
phd bién nhu ngh1en bi, boc bay bang chum laser,
phuong phap ling dong héa hoc tir pha hoi (Chemical
Vapor Deposition — CVD), thi phuong phap ling dong
nhiét hdéa hoc tir pha hoi (Thermal CVD) hay CVD nhiét
1a phuong phép dugc sir dung rong rdi nhat. Uu diém
clia phuong phap nay 1a d& dang diéu khién dugc hinh
thai cia CNT thong qua viée diéu khién cac thong sb
clia qua trinh tong hop nhu thoi gian phan tng, bé day
mang xuc tac, nhiét d§ phan ung, va cé thé moc CNT tai
vi tri chon loc [6-11].

Dé giai thich cho su hinh thanh cia CNT tong
hop bang phuong phap CVD nhiét, cic nha khoa hoc
sir dung co ché Hoi-Long-Rén (Vapor—Liquid—Solid -
VLS) - co ché phé bién dé giai thich cho qua trinh
hinh thanh cac cdu tric mdt chiéu. Trong co ché
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VLS, hat kim loai xtc tic déng vai trd cdt 15i. Dé
moc CNT, cdc kim loai xuc tac duge su dung da phan
1a kim loai chuyén tiép va phai thoa man mot sé yéu
cau sau: co kha nang hoa tan cicbon tao thanh hop
chat cacbit; & dang long 6 kha nang hoa tan cacbon
16n hon so v6i ¢ dang ran; 4p suét hoi bdo hoa cia
kim loai hay hop kim xuc tic thdp dé khong bi bay
hoi trong qua trinh moc CNT; tro vdi phan ung phan
ung hoa hoc néu khong tinh xuc tac cua nd s€ bi thu
dong hdéa do phan tng; khong tirc thoi tao thanh pha
rdn lam v6 hiéu tinh xtc tac cua kim loai; va c6 thé la
kim loai xuc tac cho phan tng phan hiy nhiét cia khi
nguon cacbon [12-14]. Céac kim loai xuc tdc dugc sir
dung phd bién 1a Fe, Ni, Co hay hop kim permalloy
(Fe, Ni), Co-Mo... Cic thong sb ki thuat cua kim loai
xuc tac nhu bé day mang kim loai xtc tac, do thim
thdu cacbon khong nhitng anh huong 16n t6i toc do
phan mg phan huy nhiét, tbc d6 moc ma con anh
hudng téi kha nang moc dinh hudng thing dung cta
c4u tric nano mot chiéu [12-18].

Trong bai bao nay ching t6i s€ trinh bay anh
huong cua kim loai xuc tdc téi hinh thai, tinh dinh
huéng... ciia CNT tong hop bang phuong phiap CVD
nhiét véi khi ngudn 13 CoH,. Kim loai xtic tac dugc st
dung 14 permalloy (FeioNis;). Cac két qua thu dugc sé
duoc danh gia va so sanh véi cac két qua ciia cac nhém
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nghién ctru khac dé dua ra danh gia vé anh huong va vai
tro cua kim loai xac tiac. Hinh thai cua CNT sé duoc
khao st bang kinh hién vi dién tor quét (Scanning
Electron Microscopy - SEM).

Van khi

dung dich
NH;

CH, CH, HyAr

(a)

Mang kim loai xtc

tac Permalloy

(b)
Hinh 1. So db téng quat cia hé¢ CVD nhiét ché tao
CNT (a) va m6 hinh mang kim loai xuc tac trén de
Si0,/Si (b)

2. Thuc nghiém

CNT dugc tong hgp bing phuong phap CVD
nhiét véi hé 10 ngang (Hinh 1.a). Bé sir dung la dé
Si(100) da dwgc oxi hoa dé tao mot 16p SiO, day
Ipm. Trén dé SiO»/Si phit mot mang mong kim loai
xuc tac permalloy (Hinh 1.b) bang hé bdc bay bing
chum dién t¢ (BOC Edwards Auto 500 Electron
Beam Evaporation System). B& day mang kim loai
xuc tac duoc do chinh xac tdi 0,1 nm b?mg bd vi can
tinh thé thach anh (Quart Crystal Microbalance -
QCM) tich hop trong hé bc bay bang chim dién tir.
Khi N, duoc sir dung dé tao moi truong tro cho qua
trinh nang nhiét, qua trinh phan ng cling nhu qua
trinh ha nhi¢t d§ sau phan ung. Khi N, ciling déng
thoi dé tao ap suit dwong dé diy cac san pham cua
phéan Ung phan hdy nhiét di ra ngoai. Khi NH3 dugc
sir dung dé khur céc hat kim loai xtc tac trong 30 phut
— qué trinh @ nhiét - trudc khi dua khi ngudn cacbon
C,H; vao phan tng. Khi C;H, dwa vao budng phan
ung véi luu lugng 50 mL/phut cing vai 400 mL/phut
khi N, déng vai tro khi mang. Chi tiét ciia qui trinh
phan g c6 thé tim thiy trong cac cong bd khac cua
nhém [10,11].
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3. Két qua va thao luin

Trong qué trinh hinh thanh CNT theo co ché
VLS, duong kinh ngoai cia CNT dugc xac dinh bdi
kich thudc cia hat kim loai xuc tac, va do d6 né anh
huong t6i hinh thai cling nhu tinh chat cia CNT.
CNT don vach hay hai vach s& vu tién moc tir cac hat
kim loai xuc tac c6 kich thudc nhé c¢d mot vai nano
mét hoac nhé hon [14,16]. Vdi cac hat xuc tac ¢o
kich thudc 16n, CNT da vach s€ hinh thanh [14,18].
Tuy nhién khong phai kich thudc nao cia hat kim
loai xtic tac cling ho trg cho CNT hinh thanh. D& hinh
thanh CNT, kich thudc hat kim loai xuc tdc phai nho
hon chiéu dai khuéch tan cua phan tir cacbon [6,19].
Nhu vay kich thudc ctua hat kim loai xdc tidc 1a mot
thong s6 quan trong anh hudng t6i viéc hinh thanh va
td1 hinh thai ciia CNT.

Viéc diéu khién kich thudc hat kim loai xuc tac
1a rat phtrc tap, n6 phu thudc vao nhiéu yéu t nhu bé
day mang kim loai xuc tac, ban chét kim loai, nhiét
do, ap suat... Ban kinh nho nhat cua hat kim loai xtc
tac & thé 1ong duoc xé4c dinh theo cong thirc sau:

2V,

R = 1
‘min RTln(S)O-Iv ( )

Trong d6: Ry 12 ban kinh nho nhat ¢6 thé; V; 1a thé
tich cta 1 mol chat long kim loai xtc tac, R 1a hing
s6 khi, T nhiét do tuyét d6i cua dé, s 1a ¢ qua bao
hoa & pha hoi, oy, 14 nang lugng bé mat giita hai pha
long-khi cta kim loai [13]. Trong bai bao nay, chiing
t6i nghién ctru anh huong ciia bé day 16p xic tac va
nhiét d6 xir ly dé (T) tdi viéc hinh thanh cac hat kim
loai xtic tac va tdi hinh thai cua CNT.

3.1. Bé day mang

Ching t6i tién hanh tong hop CNTs véi cic
mang xuc tic permalloy c¢6 bé day khac nhau tir I nm
dén 30 nm ¢ 750 °C. V&i cac mang xuc tac cé bé day
nho hon 20 nm, CNT thu dugc trong tht ca cac thi
nghiém. Trén hinh 2 la anh SEM cta CNT moc ti
mang permalloy day 10 nm (Hinh 2.a) va 15 nm
(Hinh 2.b) 6 750 °C. CNT thu dugc c¢6 duong kinh c&
vai chuc nm, ¢é 1an véi cacbon vo dinh hinh trén bé
mat va 1a CNT da vach nhu céc két qua da cong bd
[10]. Vi mang kim loai xtic tic c6 bé day 16n hon 20
nm, ching t6i khong thu dugec CNT ma chi thu dugc
cac soi cacbon co kich thudc 16n ~ 300 nm trén 16p
cacbon v6 dinh hinh (hinh anh khong thé hién trong
bai bédo nay). Nhu vay & 750 °C, bé day ti han cua
mang permalloy dé hd trg cho su hinh thanh CNT
trén dé SiO»/Si 1a 20 nm. Chiéu day téi han ctia mang
xuc tac cho qué trinh tdng hop CNT duoc i giai 1a do
kich thudce t6i han cia cac hat kim loai xuc tac. Khi
xtr ly nhiét mang kim loai xuc tac trudc khi dua khi
ngudn cacbon vao phan ung, do stc cing bé mit,
mang kim loai s€ trd thanh cac dao, cac dam kim loai
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hay cac hat kim loai. O cung mdt nhiét d¢ xur ly, kich
thude cac hat kim loai xuc tac ting tuyén tinh v6i bé
day mang [16,20]. Vi vay khi bé day du 16n, cac hat
kim loai xuc tac ¢6 kich thuée 16n hon do dai khuéch
tan cua cacbon va do d6 n6 khong hd tro cho su hinh
thanh ctia CNT [6,19].

Hinh 2. Anh SEM cua mang CNT moc vdi 16p kim
loai xuc tac permalloy day 10 nm (a) va 15 nm (b).
Hinh nho tuong tmg v6i anh SEM chup cét ngang
mau.

Céc anh nho trén cac goc cia hinh 2.a va 2.b 1a
anh chup cit 16p tuong ng cua cic mau. Ta thiy
rang véi CNT moc trén mang day 10 nm (Hinh 2.a)
¢6 dinh huéng thing dimg. Céac két qua tuong tu
cling thu dugc vdi cac mang xtc tac day 5 nm va 7
nm [10]. Trong khi v&i mang day 15 nm (Hinh 2.b),
CNT dinh huéng ngiu nhién va kich thudc khong
ddng déu. Nhu vy bé day mang xtc tac khong chi
anh huong t61 kha nang hinh thanh CNT ma con anh
hudng téi tinh dinh hudng cia CNT thu dugc. Khac
Vv6i cac cdu triic mot chidu khac nhu sgi hay thanh
nand moc dinh huéng do tinh twong thich gitta cdu
tric tinh thé cua vat liéu nhu ZnO, Si vé6i vat lidu dé
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[13]. Tinh dinh hudng cua cac CNT la do tuwong tac
vat ly gitta cadc CNT — luc Van der Waals [11]. Khi
cac CNT cang ddng déu va cang sat nhau (mang kim
loai xtic tac méng ~ 10 nm) — mét 6 CNT cao — luc
tuong tac cang lén, va trong qua trinh moc cac CNT
tira vao nhau dé moc thing dimg (Hinh 3.a).

Véi mang kim loai xuc tac co bé day 1én, cac
hat kim loai xuc tac tao ra co6 kich thude trung binh
16n hon. Tuy nhién cac hat tao ra cé kich thudc
khong ddng déu, né gdm cac hat to nam xen k& véi
cac hat nhd. Cac hat co kich thudc 16n hon chiéu dai
khuéch tan cua cacbon s& khong hd trg CNT hinh
thanh, chi cac hat ¢ kich thudc nho hon chiéu dai
khuéch tan ciia cacbon méi phtt hop 1am mam cho su
hinh thanh cia CNT. Cac CNT hinh thanh tir cac hat
kim loai xtc tac d6 nam xen k& gitta cac dao kim loai
16n, va cach xa nhau, do dé ching gan nhu khong
tuong tac v6i nhau dé moc dinh huéng (Hinh 3.b).

Hat kim loai xc tac
qui lén khéng hd
tro' moc CNT

/

5i0,/Si 5i0,/S

(a) (b)

Hinh 3. M6 hinh giai thich cho sy hinh thanh cua
rimg CNT dinh hudng thang dung (a); sy hinh thanh
cia mang CNT dinh huéng thap (b); Hinh SEM
chup cit 16p ciia mau CNT moc nghiéng (c). Cac
duong nét dut trong hinh ¢ dé chi & hon hudng
nghiéng cia CNT trong ting khu vuc.

Luc tuong tac Van der Waals gitta cac CNT con
dan t&i hé qua 1a cac CNT moc & phia ngoai ciia
mang c6 tinh dinh huéng thip hon hay bi nghiéng
nhiéu hon do chi c6 tuong tic v6i cic CNT & bén
trong mang. Suy doan ndy duoc khing dinh khi
chung t6i quan sat anh SEM chup cit 16p phan mép
ctia mang CNT moc & 750 °C (Hinh 3.c). Anh SEM
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cho thdy xu hudéng giam do nghiéng hay sy ting cta
dinh huéng thang dung ciia cac CNT khi di tir mép
cua mang CNT (phia bén phai) vao trong mang CNT
(phia bén trai). Hirose va cac cong su da st dung su
thay d6i luc tuong tac Van der Waals theo vi tri nay
dé didu khién dinh huéng ctia mang CNT [21].

44 % . T E

Hinh 4. Anh SEM chup cét ngang cua rimg CNT
moc dinh hudng thing dimg v6i mang kim loai xuc
tac permalloy day 10 nm, téng hop & nhiét d6 750 °C
(a) va 850 °C (b).

3.2 Anh hwéng ciia nhiét dj i

Anh huéng cia nhiét do 1a rat phuc tap, c6 hai
thong s nhiét d6 anh huéng téi qué trinh moc CNT
1a: nhiét d6 phan ing hay nhiét 4 moc CNT va nhiét
dd hinh thanh hat kim loai xtc tac. Khi nghién ctu
tach bi¢t anh huong cua nhi¢t d§ phan tng va nhiét
d6 dé t6i viéc hinh thanh CNT, cdc nhém nghién cliru
trén thé gidi cho thdy nhiét d6 phan tmg khong anh
huéng nhidu t6i kich thude ciia CNT. Kich thuée cia
CNT chi bi anh huong boi nhiét d¢ xtr ly mang kim
loai xuc tac hay nhiét d6 0 [19,20]. Trong bai bao
nay, chiing t6i trinh bay anh huong cia nhiét do 0 toi
kich thudc ctia CNT. Tir cong thic (1) ta thiy rang
khi ting nhiét d6 dé cang cao, kich thudc nho nhat
cua hat kim loai xuc tac cang giam. Tuy nhién, trong
giai nhiét do tir 650 °C dén 850 °C dugc nghién ctru,
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khi tang nhiét d§ xu ly mang kim loai xuc tac, chung
toi thu dugc CNT cé duong kinh 16n hon, va mat do
xép khit thap hon. O trén 900 °C, chung toi chi thu
dugc soi cacbon cd kich thudc 16n. Hinh 4 1a anh
SEM chup cit 16p cia CNTs moc ¢ 750 °C (Hinh 4.a)
va 850 °C (Hinh 4.b). Tir anh SEM c6 thé cho thiy
rang & nhiét d6 750 °C, éng CNT hinh thanh co
dudng kinh nhé hon va mat d6 xép khit cao hon so
v6i CNT nhan dugc ¢ nhiét d§ 850 °C. Nhu vay, khi
tang nhiét do dé, duong kinh ciia CNT tang va do xép
khit ciia cic CNT thang dung giam. Két qua nay cua
chung t6i phit hop véi két qua ma Siegel va cong su
thu duoc [8].

Su tdng kich thudc theo nhiét d§ u dugc 1i giai
1a do, khi tang nhiét do dé, kich thudc trung binh cua
hat kim loai xtic téc ting dan, khi tang dén kich thudc
t6i han (I6n hon chiéu dai khuéch tan tuong tng ctia
cacbon) thi cac sgi cacbon hinh thanh thay cho CNT.
Néu tiép tuc tang nhiét do dé, kich thuée trung binh
tiép tuc ting, nhung lic nay xuat hién dong thoi cac
hat kim loai xtic tac rit nhd (R ~ mot vai nano mét)
nam xen ké& gitta cac hat kim loai rat 16n, cac hat nay
c6 kich thudc di nho dé hd trg sy hinh thanh cua
CNT don vach [14,15,18]. Vi vay dé tong hop CNT
don vach tr cac mang kim loai xdc tac, cac nhdm
thuong tong hop & nhiét do cao.

4. Két luan

Chung t6i da trinh bay cac két qua nghién ctru
vé anh huéng cua mang kim loai xuic tic t&i qua trinh
tong hop CNT bang phuong phap CVD nhiét. Bé
day t6i han ctia mang xuc tic permalloy trén dé
Si0,/Si dé moc CNT ¢ 750 °C 1a 20 nm. Vi bé day
trong khoang tir 5 — 10 nm, CNT dugc ¢6 dinh hudng
thing dung. Nhiét do dé anh huong phirc tap téi su
hinh thanh CNT. Trong dai nhiét do tir 650 °C dén
850 °C, khi tang nhiét d, duong kinh cia CNT ting
va mat d0 CNT giam.
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