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TONG HQP CACBON NANO ONG BANG PHUONG PHAP KET TU HOA HQC
TRONG PHA HOI SU DUNG ETHANE LAM NGUON CACBON

SYNTHESIS OF CARBON NANOTUBES USING CHEMICAL VAPOR
DEPOSITION METHOD FROM ETHANE

Trwong Hiru Tri
Truong Dai hoc Bach khoa, Pai hoc Pa Nang; Email: thtri@dut.udn.vn

T6m tét - Cacbon nano éng (CNTs) da dwoc quan tam bdi cong
ddng khoa hoc k& tr thoi diém cong bd két qua cda hai nhém
nghién cu S. lijima va D.S. Bethune vao nam 1993. Nho vao
nhitng tinh chat wu viét cia CNTs ma ching dwoc (¢ng dung
trong nhiéu linh virc khac nhau. Két tu héa hoc trong pha hoi
(CVD) la phuong phap thwong dwgc st dung trong tong hop
CNTs vi ¢6 nhiéu wu diém. O’ nghién cru nay, tac gia da st dung
phwong phap CVD voi ngudn cachon 1a ethane va xuc tac Fely-
AI203 dé tdng hgp CNTs. Danh gia tinh chét cta san phadm thu
dwoc bang cac phwong phap phan tich héa ly hién dai nhw hap
phu d&ng nhiét nito 16ng va tinh toan bé mét riéng theo phwong
phap BET, XPS, SEM va TEM. Anh hwéng cla viéc st dung khi
mang |én tinh chat san phdm ciing da dwoc khéo sat.

T khéa - CNTs; Phwong phap CVD; xic tac Fely-Al203; phd
quang dién ti tia X (XPS); BET; kinh hién vi dién t& quét (SEM);
kinh hién vi dién t& truyén qua (TEM).

1. Giéi thiéu chung

Cacbon nano 6ng (CNTS) dwoc phat hién lan dau tién
vao nam 1991 boi S. lijima [1], nhung dén 1993 thi ching
méi duogc tong hop bai hai nhém nghién ctu caa S. lijima
[2] va D.S. Bethune cting cac cong su [3]. Tur thoi diém do
dén nay, loai vat liéu nay da thu hat manh mé sy dau tu
nghién cttu va tng dung cua c&c nha khoa hoc ciing nhu
san xuat cong nghiép nho vao nhiing tinh chat hoa 1y wu
viét cua CNTSs [4]. Trong thuc té, da c6 nhiéu nghién ciu
duoc cong b vé viéc st dung CNTs trong vat lidu
composite [5], thiét bi dién tir, 1am chat mang xuc tac, luu
trit nang luogng, 1am sach nudc [6, 7]. Cacbon nano éng cé
thé dugc tong hop bang nhidu phuong phap khac nhau nhu
sir dung hd quang dién [8], cit bang tia laser [9] hay két tu
héa hoc trong pha hoi (CVD : Chemical Vapor Deposition)
céc hop chat cd chara cacbon véi sy c6 mit cua xuc tac kim
loai [10]. Trong nhiing phuo’ng phap trén thi phuong phap
CVD thuong duoc sir dung vi ¢6 nhidu wu diém nhu nhiét
do tién hanh cua qué trinh thap hon so véi hai phuong phép
phép con lai, dé trién khai & quy md I6n va gia thanh thap
hon [4].

Phuong phap CVD c¢6 thé st dung nhiéu ngudn
cacbon khac nhau. Cac nguon nay cé thé ton tai ¢ ca 3
trang thai khi, long va rin [11-13]. Qua trinh thyc hién cé
thé tién hanh véi chét xdc tac 1a cac kim loai chuyén tiép
nhu sit (Fe), coban (Co). C4c chat xuc tac c6 thé dwoc
dung truc tiép hodc dwa 1én trén cac chat mang khac nhau
nhu oxide nhém, oxide silic [14-16]. Véi sy da dang vé
ngudn cacbon sir dung, chit x(c tac, chat mang cung véi
nhiét do va cach tién hanh téng hop thi tinh chit cua san
pham thu dwoc ciing thay d6i trong pham vi rét rong [17,
18].

Trong khudn khé cua bai bao nay, cac két qua vé tong
hop CNTs bang phuong phap CVD, st dung ethane
(C,Hg) nhu ngudn cacbon va sit (Fe) trén chit mang
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gamma oxide nhoém (y-Al,03) lam chat xuc tac sé duoc
trinh bay cung vai cac két qua cua mot sb phuong phap
phan tich hoa ly hién dai nhu xac dinh bé mat riéng bang
phuong phap hap phu nito, xtr ly s6 liéu theo ly thuyét
BET (Brunauer - Emmett - Teller), quang phd dién tu tia
X (XPS: X - ray photoelectron spectroscopy), kinh hién vi
dién tu quét (SEM: Scanning Electron Microscopy), kinh
hién vi dién tir truyén qua (TEM : Transmission Electron
Microscopy). Qua do, c6 thé khao sét tinh chét, hinh thai
bé mat va vi cau tric caa CNTSs thu duoc.

2. Thuc nghiém
2.1. Téng hep xdc tac
2.1.1. Nguyén vt liéu ban dau

Tién chat cia pha hoat tinh duoc st dung la mudi
nitrat sat (Fe(NOs),.9H,0) c6 d tinh khiét trén 98%; chéj[
mang duoc su dung la y-Al,0; (CK 300B Ketjen) co be
mat riéng 220 m”.g™, chat mang c6 dang ép dun c6 duong
kinh 1 mm va chiéu dai 3 mm sé& dch nghién nhé nham
thu dwoc cac hat co kich thuéc nam trong khoang 40-
80um.
2.1.2. Qué trinh téng hop xuc tac

Xuc tac dugc chuan bi bang phwong phép tam wdt

theo bon cong doan sau:

- Dua pha hoat tinh 1én bé m3t chat mang;

- Say khd nhém muc dich duoi dung moi;

- Nung nham muc dich chuyén mudi sang dang 6xit
tuong ung;

- Kht 6xit vé kim loai tuong ung. Giai doan nay duoc
thuc hién ngay trong thict bi tong hop CNTs nham
tranh cho Fe bi 6xy hoa tré lai néu bi tiép xic véi
khong khi.

Chi tiét cuia qué trinh tong hop xiic tic duoc trinh bay

& cdng bo trude day cua ching toi [19].
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2.2. Téong hep cacbon nano éng bang phwong phép
CvD
2.2.1. Qua trinh téng hop

Nguyén liéu dugc sir dung trong nghién ctiu nay la cac
khi ethane, hydro va argon duoc khong ché trudc khi di
vao hé théng phan ung. Chat xtc tac Fe/y AI203 (20% khéi
lugng) dét trong chiéc thuyén 1am bang gdm roi dat vao
trong ong quartz da dugc dat trong 10 gia nhiét. Khi argon
(v6i luu Tugng 60ml/phit) duoc st dung dé dudi khong khi
trong hé thdng, sau d6 khi argon dugc thay bang khi hydro
(V6i luu lwgng 100ml/phat) va tién hanh nang nhiét do cua
hé thong 1én nhiét do khir xdc tac & 400°C. Qué trinh khir
duogc thyc hién trong 2 gio. Sau khi két thic, nhiét do cua
hé thong dugc nang 1én dén nhiét o ciia qua trinh tong hop
(750°C), va khi da dat nhiét & mong muén thi hdn hop khi
téng hop (CoHe, Ar, Hy) s& duogc dua vao theo mot ty 1€
mong mudn. Qué trinh tong hop duoc tién hanh trong 2
gio, sau d6 hdn hop khi tong hop s& duoc thay bang khi
argon va hé thdng s& duoc 1am lanh dén nhiét d6 moi
truong.
2.2.2. Giai dogn lam sach san pham

Sau qué trinh tdng hop, xdc tac Fe/y-Al,O; nam lai
trong san pham thu duoc, do do can phai loai bo ching
nhim ting d6 tinh khiét cho san pham. Qua trinh nay
duogc tién hanh theo hai giai doan, dau tién 1a loai bo
Al,O; bang dung dich NaOH (5M) & 110°C trong thoi
gian 24 gio. San pham duoc rira bang nudc cit cho dén
khi trung hoa roi chuyén sang giai doan loai bo Fe bing
dung dich nuéc cuong thuy ¢ 110°C trong thoi gian 17
gio. Cubi cung, san pham duoc rira bang nudce cat rdi siy
khé ¢ 110°C.
2.3. Panh gia tinh chat va vi cdu trac cia CNTs

St dung quang pho dién tur tia X (XPS) dé phan tich
thanh phan nguyén té trong san pham thu duoc, dong thoi
qua d6 cho phép xac dinh mic d6 loai bo chat mang va
xUc tac trong san pham sau cé&c qua trinh xt ly lam sach.
Bé& mit riéng cung sy phan bé kich thudc cia mao quan
dugc xac dinh bang phuong phap hap phu diang nhiét Nito
long ¢ nhiét dd am 196°C, trén thiét bj Tristar 3000. Hinh
thai bé mat CNTs duoc chup anh bang kinh hién vi di¢n
tir quét (SEM) trén thiét bi JEOL 6700-FEG, con vi ciu
tric cua san pham s& dwoc chup anh bang kinh hién vi
dién tir truyén qua (TEM) trén thiét bj TOPCON 022-B
UHR.

3. Két qua va thao luan

Truéc hét ching t6i tién hanh qué trinh téng hop
CNTs & 750°C Vi ty 1& khi Hp va CoHe 12 2 : 1 (Ky hiéu 1
M1) vé6i luu luong cu thé duogc trinh bay ¢ bang 1. San
pham thu dugc s& dua di lam xir ly bing NaOH va nudc
cuong thay nhu da trinh bay & trén (muc 2.2.2). Két qua
phén tich nguyén t6 Al va Fe bang XPS ctua M1 truéc va
sau khi xtr ly 1am sach CNTs duoc trinh bay trén hinh 1.
Bdng 1. Diéu kién tiégn hanh phan sing va gia tri bé mdt riéng thu duoc

Mau thi nghiém
Luu luong khi (ml/p
C,Hs 50 50 50

M1 M2 | M3

H, 100 0 | 100
Ar 0 100 | 100
B& mat riéng BET (m?.g™) 148 | 198 | 206

Tir két qua ndy cho thiy Al,O; va Fe hdu nhu da bi
loai hoan toan khoi san pham CNTs thu dugc sau qua
trinh

lam sach.
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Nang lwong lién két (ev)

Hinh 1. Gidn do XPS thu durgc khi phan tich
thanh phan Al (a) va Fe (b)

Cwong do (a.p)

282 283 284 285 286 287 288 289 200 201 292

Nang lwgng lién két (ev)

Cuorng dd (a.p)

529 530 531 532 533 534 535 536 537 538 539
N#ng lwong lién két (ev)
Hinh 2. Gidn @ XPS thu diroc khi tién hanh tach pic
doi véi Clsva Ols
Két qua phan tich thanh phan nguyén té cacbon va
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oxy trong mau cho thiy c6 mot ham luong oxy (3,71%
khéi lugng) nam trong CNTs thu dugc. Sy ¢6 mat cua
oxy trong céu tric caa CNTs c6 thé do sw c6 mat cua
ching trong céc ngudn khi téng hop hoic c6 thé do qué
trinh xir Iy 1am sach sau khi tong hop ma dic biét Ia trong
qua trinh xtr ly bang nude cudng thuy.

O hinh 2 trinh bay chi tiét v& qua trinh tach phd XPS
cuia cachon (C1s) va oxy (O1s). Két qua nay cho thiy ciu
trdc cia CNTs duoc tao thanh tir mot phan 16n 14 céc lién
két C=C trong lai h6a sp? vd mot phan con lai 1a lién két
C-C trong lai héa sp® va cac lién két C-<O’ nhu C=0, C-
0. Két qua nay hoan toan phd hop véi céc két qua da
dugc cong bé [20].

Nhiam xem xét sy anh huwong cia khi mang ciing nhu
ti 16 ciia C,Hg trong dong khi tdng hop, 02 thi nghiém M2
va M3 & cung nhiét d6 (750°C) véi thanh phan khi nhu
trinh bay trong bang 1 da duoc tién hanh.

H|nh 3. 4nh chup SEM cua cac mau (a, b, c);
d anh chup TEM ciia mau M3

Hinh 4. Anh chup TEM ciia mdu M3
Két qua do bé mat riéng cho thdy khi thay dong H,
bing dong Ar (mau M2) thi bé mat riéng ting lén mot
cach dang ké con khi sir dung dong thoi ca 2 dong khi nay
(mau M3) thi gia tri cia bé mat riéng tiép tuc ting lén.
Anh chup SEM ctia 3 mau dugc trinh bay trén hinh 3 (a,

b, ¢ theo thu ty cia cac mau M1, M2 M3). Quan sat
nhitng anh chup d& dang nhan thiy miu M2 cho kich
thuéc ddng déu hon mau M1, tuy nhién & mau nay c6 mot
lwong dang ké cacbon ¢ dang vo dinh hinh. Trong truong
hop miu M3, CNTs thu dugc ¢ khich thuéc dong déu
hon 2 mau con lai va cachbon vo dinh hinh hiu nhu rat it.
Két qua nay dwoc quan st ré hon trén anh kinh hién vi
dién tir truyén qua o hinh 3 d. Két qua nay cho théy trong
tong hop CNTSs viéc st dung khi mang lam giam nong do
cacbon trong mdi trudng tong hop ¢6 anh huéng rat 16n
dén chit luong cua san pham thu dugc. Két qua nay ciing
twong tu nhu két qua duoc cong b bai mot sb tac gia [21
- 23] khi téng hop CNTs véi hdn hop cé chira H, hoic N..

Vi ciu tr(ic cia mau M3 dwoc quan sét rat rd trén anh
TEM véi @6 phong dai I6n (Hinh 4). Biéu nay cho thy
duong kinh cua éng CNTs vao khoang 25-40 nm bao gém
25-30 I6p khac nhau.

4. Két luan

O nghién ctru nay tac gia da thanh cong trong viéc
tong hop CNTSs tir ngudn cachon 1a C,Hg Vi xtc tac Fe/y-
Al,O; va danh gia mot sb tinh chat cling nhu hinh thai bé
mat va vi cau tric cia san pham thu dwoc. Két qua ciing
cho thdy viéc sir dung khi mang dé lam giam néng do
cacbon trong méi trudng tdng hop ¢6 anh huong lon dén
tinh chat cua san pham thu duoc. Tuy nhién day moi la
két qua ban dau vi vay can c6 thém nhiéu nghién ciru dé
c6 thé giai thich dugc sy anh huéng cua dong khi mang.
Két qua XPS ciing khing dinh phuong phap lam sach da
loai bo duoc xUc tac Fe/y-Al,O5 ra khoi san pham CNTs.
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