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TOM TAT

Céng trinh nghién ctru nay mé ta cac két
qua nghién ctru vé co ché phét trién ctua éng
nano cacbon da thanh (MWNTs) trén hé xuc
tac Fe/Ni/Al,O3 bdng phuong phépT-CVD tr
nguén khi acetylene va nhiét do téi vu cho
qué trinh téng hop. Két qua phén tich bdng
phé Raman da duwoc st dung dé so sénh
murc do tinh thé héa (graphit héa) cac mau
MWNTs téng hop duoc trong khodng nhiét
dé tr 400-750°C. Phuwong phap danh gia

TEM duoc st dung dé xac dinh co ché phat
trién MWNTs trén hé xuc tac st dung. San
pham 6ng nano cacbon dat mirc do tinh thé
héa cao nhét tai nhiét d6 650°C va cé duong
kinh trong khodng khoang 10-20 nm. San
phém sau khi téng hop duoc lam sach bang
quy trinh don gidn gébm 2 budc: oxy hda
nhiét va xt ly acid va duoc danh gié chi tiét
bang cac phép phén tich TEM, SEM, TGA
va Raman.

Ttr khéa: Ong nano cacbon da thanh, khi acetylene, xuc tac, chét mang.

MO PAU

Ké tir 1An cong b dau tién vao nam 1991 boi
nha khoa hoc ngudi Nhat — GS Sumio ljima [1],
dng nano cacbon (CNTs) di thu hat sy quan tam
to 16n cua nhidu nha nghién cuu trén thé gisi do
cac tinh chat dac biét ky diéu cua chung nhu: do
ciing cao, dan nhiét, dan dién cuc tét, phat xa
electron cao, c6 kich thuéc va khéi luong vo
cuing bé [2, 3]. Véi nhitng tinh chat hiém c6 nay,
bng nano cachon c6 tiém ning ung dung to l6n
trong c&c nganh cdng nghé mii nhon, trong d6 c6
céc rng dung trong cac nganh cdng nghé vi try,
cdng nghé vi xur ly, cdng nghé sinh hoc, vi dién
tir... Sau hon 20 nam nghién ctru va phat trién,
phuong phap tong hop CNTs dang dugc xem nhu

Ia tiém ning nhit dé tong hop CNTs vai khdi
lugng 16n 1a phuong phap ngung tu hoi hoa hoc
(CVD) sir dung chét xdc tac [4-10].

Phan 16n phuong phap ngung tu hoi hod hoc
bing nhiét déu sir dung ngudn khi 1a methane,
ethylene, acetylene... nhu 1a ngudn cung cap
cachon va céac hat nano Fe, Ni, Co la cac hat xtc
tac. Nhiét d6 téng hop trong khoang 500 -
1200°C. Tai nhiét do nay, nguyén tir cacbon “hoa
tan” trong cé&c hat xdc tac kim loai cho dén khi
hat x0c tac tré¢ nén bdo hoa. Cac nguyén tu
cacbon sau d6 két hop lai v6i nhau dé hinh thanh
dng cacbon nano, duong kinh éng phu thudc vao
kich thuéc hat xtc tadc kim loai. Khi st dung cac
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nguyén t khac lam xutc tac (Cu, Cr, Mn...), hiéu
qua khong cao, chi c6 mot lwong nho dng nano
cacbon duoc tao thanh

Klinke cing cac dong su da tién hanh thir
nghiém kha niang xuc tac cua sat, coban va nickel
dén quéa trinh phat trién CNTs. Nhom tac gia da
sir dung chat mang la SiO, va ngudn khi 1a CoH..
Két qua thu duoc cho thay véi viéc st dung sat
lam xuc tac, mat d¢ dng nano cacbon thu dugc s&
cao nhat tai nhiét do trong khoang tir 580 dén
1000°C [5]. Trong khi d6, N. Nagaraju cong bd
Al,O3 Véi vai trd chat mang trong xuc tac cho két
qua san pham tdng hop CNTs sé& tét hon khi st
dung SiO; [6]. Tuy nhién, mét trong nhitng van
dé quan trong dong vai tro tién quyét ddi voi qué
trinh tong hop CNTs 1a co ché phat trién ng
nano cachon van chua duoc lam rd. Hién nay, hai
co ché phéat trién CNTs chinh dang dugc chap
nhan st dung la: co ché hoi-long-rin (VLS:
vapor-liquid-solid) [7, 8] va co ché Yarmulke [9].

Vi muc tiéu nghién ciru co ché phét trién
CNTs trén hé xic tdc Fe/Ni/Al,Os, bai bdo sé
trinh bay mot cach hé thdng cac nghién ctu va
danh gia vé qua trinh hinh thanh va phét trién 6ng
nano cacbon da thanh tir hdn hop xic tac bang
phuong phap T-CVD, dong thoi danh gia anh
huéng cua yéu td nhiét do dén chat luong dng
cacbon da thanh tao ra.
VAT LIEU VA PHUONG PHAP
Vit liéu

Dé tai st dung céc loai nguyén liéu va hoa
chat & cip do nghién ciru dugc cung cap boi céc
hang nhu: sit (I11) nitrat [Fe(NOs)s.9H,0] va
niken (I1) nitrat [Ni(NO3)2.6H,0] dwoc cung cap
boéi hdng Sigma Aldrich, nhém oxit C tur
Degussa, Methanol tir Merck...
Phwong phap

HSn h(_)’p Fe(N03)3.9H20, Ni(N03)2.6H20 va
Al,03 Vi ty ¢ khdi lugng (2:1:3 tuong Gng 30
mg: 15mg: 45 mg) dugc phan tan vao trong 30
ml methanol va danh si€u am trong 30 phut.

Dung dich xuc tac dugc phu Ién bé mat dé Si
bang micropipette va hoat hoa tai nhiét ¢6 300°C
trong 10 phat. Sau khi hoat hda, mau xtic tac/dé
duoc dua vao 10 T-CVD dé tién hanh tong hop
ong nano cacbon da thanh. Nhiét d6 qué trinh
tong hop dwoc khao sat trong khoang tir 400-
750°C véi buéc nhay 50°C va luu lugng khi
cung cip cho qué trinh tong hop duy tri khdng
d6i 200:500:750 sccm CoHo/Ho/Ar. San pham tao
thanh dugc ky hiéu 13 Mt véi T 1a nhiét do tong
hop MWCNTSs.

Trong nghién cliru nay, cidc phwong phap
phan tich TEM (JEOL-JEM-1400), SEM (JEOL-
JSM-7401F) va Raman duoc sir dung dé tim hiéu
co ché va danh gia tinh chat cua san pham.

San pham MWCNTS tao thanh ¢ nhiét do tdi
wu duoc tién hanh 1am sach bing quy trinh 2
budc: oxy hda nhiét va xir ly acid. Hiéu qua qué
trinh 1am sach duoc kiém chiing bang cac két qua
phan tich khac nhau.

KET QUA VA THAO LUAN

Nghién ciru 4nh hwéng cta nhiét d¢ phan ing
dén qua trinh tong hop dng nano cacbon da
thanh

Anh huéng cua nhiét do dén qua trinh tong
hop éng nano cacbon da thanh dwoc thao luan
mot cach chi tiét thong qua cac két qua phan tich
TEM, SEM va Raman. C4c mau san pham tng
v6i cac nhiét d6 tong hop khac nhau déu cho két
Qua quan sat budce dau la ¢ sy xuat hién cua 6ng
nano cacbon véi mat do day dac. Bén canh do,
két qua so sanh anh SEM (Hinh 1) con cho thay
khi tang dan nhiét do tong hop dwong kinh 6ng
nano cacbon thu dugc cling c6 khuynh hudng
tang dan. Nhan dinh trén dwoc khing dinh hon
khi két hop véi két qua chup anh TEM (Hinh 2):
san phim MWCNTs thu dwoc tdn tai ¢ dang
mang lugi voi duong kinh trong khoang 10 -20
nm. Khi ting nhiét 6 qua trinh tong hop Ién trén
700°C, cac san pham dang soi véi 16p 16i bén
trong 1a MWCNTSs xuét hién (Hinh 2g, 2h).
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Hinh 2. Anh TEM cta miu tai cic nhiét d6 tong hop khac nhau

Tinh chat ciia dng nano cacbon thuong duoc
danh gia bang phé Raman. Ung véi san pham
dng nano cacbon da thanh, phd Raman s& cho cac
dinh ph6 ving c6 tan s6 cao gom thudc day G-
band (~1600 cm™) va ddy D (~1340 cm™) (Hinh
3). Miii phé G lién quan dén ciu tric hoan thién
theo lai hda sp?, vi viy cuong do mili G tuong
(g véi ciu tric graphit chira trong mau. Mii
phd D twong (tng v&i cac dao dong caa cachon vo

dinh hinh hogc nhitng ciu trdc khdng hoan hao
(khéng phai lai héa sp?). Do d6 dé danh gia mirc
d6 tinh thé hoa cua san phiam trong nghién ctru
ndy ching toi sur dung ty I€ le/lp nhu mét thong
s6 danh gia. Viéc xac dinh chinh xac vi tri cua
cac dinh phé va tinh chét caa san phim thu dugc
la rt quan trong trong phuong phap dung phd
Raman, duong cong Lorentzian duoc st dung dé
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phén tich. Phuong trinh Lorentzian dugc md ta

nhu sau:
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Hinh 3. Phé Raman dic trung cia MWNTS tai nhiét do 400°C (a) va tai nhiét do 650°C (b)

Bang 1. Bang so sanh ti sb giita Ie/Ip

Mau I (a.u) Ip (a.u) l6/lp
Maoo 13332 12176 1,09
Maso 7842 7423 1,06
Msoo 9715 6940 1,40
Msso 13884 7724 1,80
Meoo 25900 12476 2,08
Meso 24960 9957 2,51
Mz00 11876 9652 1,23
Mzso 10096 9500 1,06

Két qua tinh toén ty 18 Is/lp cho thiy khi ting
nhiét d6 phan tng muc do hinh thanh cau tric
tinh thé ciing ting 1én. Ty Ié cuong d¢ le/lp dat
gid tri cao nhét tai nhiét d6 phan ung 650°C
tuong &ng voi mau Meso dat mirc do tinh thé hoa
t6t nhéat (cau trdc 6ng nano cacbon hoan thién
nhat). Khi qua khoi ving nhiét d6 nay, mic do
tinh thé héa giam dan do nhiét do cao ciing dong
thoi gay ra hién tuong phéa huy cau tric 6ng va
gia ting qué trinh hinh thanh san pham phu

khéng mong muén. Nhu vay, quy trinh téng hop
dng nano cacbon trén hé xuc tac Fe/Ni/Al,Os dat
hiéu qua ti wu vé cau trlc tinh thé MWCNTS tai
nhiét d6 650°C.
Nghién ciru co' ché hinh thanh va phat trién
6ng nano cacbon

Anh TEM trong Hinh 4 md ta co ché phat
trién “base — growth” cua CNTs: trén dinh cua
moi dng nano cacbon khdng ton tai cac hat xuc
tac. Nhu di trinh bay & phan thuc nghiém, chat
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mang dugc su dung trong qud trinh nay 1a Al,Os.
Trén bé mat chiat mang nay ludn ton tai nhiing
nhém -OH, khi Fe(NOs)s va Ni(NOs), phan ly
thanh Fe®*, Ni?* va NO¥, cac ion Fe®* va Ni?* ¢
xu hudng tao lién két héa hoc bén viing véi
nhitng nhém -OH nay. Lién két tao thanh nay s&
giit chat cac hat xdc tac trén bé mat chit mang va

£

dam bao cac hat nay ton tai ¢ trang thai riéng Ié
khi thuc hién qua trinh tong hop MWCNTS ¢
nhiét d6 cao. Vi vdy mam CNTs c6 xu hudng
phat trién theo co ché “base — growth” tir hat xdc
tac nam trén bé mat chit mang vao trong khdng
khi.

10om

Hinh 4. Anh TEM ctia MWNTs phat trién theo co ché “base-growth”

Co ché hinh thanh va phat trién CNTs hoan
toan twong thich vdi co ché VLS da duoc cong
b6. Trong nghién ctu nay, C,H, bi phan ly ¢
nhiét do cao trong budng phan ng va trén bé mat
cac hat x(c téc kim loai hinh thanh cac gdc
cacbon tu do, cac goc cachon ty do nay s& ling
dong trén céc hat xdc tac kim loai (oxit kim loai).
C4c hat cacbon s& phan tan sau vao trong ciu tric
cac hat xuc tac dé hinh thanh nén cac dung dich
rin. Quéa trinh hap thu cac nguyén tir cacbon tu
do trén céac hat xtc tac kim loai dan t&i 2 co ché
hinh thanh san phiam chira cacbon: céc lop
cacbon bao boc quanh hat xuc tac, lam thu dong
hoéa hoat tinh cua xdc tac (Hinh 5b) va éng nano
cacbon (Hinh 5¢, d, ¢, f).

Khi nhiét do tong hop ting cao, qua trinh
hinh thanh géc cacbon tu do dién ra d& dang hon
va manh liét hon. Cac nguyén tir cacbon dugc
hinh thanh trong qua trinh nay sg&:

— Lién két voi nhau tao nén cac “vay”
cacbon hay “bong” cacbon (cacbon
flakes). Qua trinh nay dién ra ngay trong
qué trinh hinh thanh dng nanocacbon lam
Xuit hién céc thanh phan tap chit cacbon
v6 dinh hinh hodc cacbon graphit, hoac
bao pha quanh bé mat cac hat xdc tac 1am

thu dong hda cac hat xuc tac nay (qua trinh
dau doc xuc tac).

— Mot phan khac hoa tan vao trong ciu tric
cac hat xtc tac dé gop phan hinh thanh nén
ciu tric CNTSs.

Tai vung nhiét do thap, qua trinh phan huy
CzH2 dién ra chu yéu tai bé mat cac hat xuc tac,
cachon nguyén tir duwoc hinh thanh sé& nhanh
chong duoc hap thu vao trong cau trdc cac hat
xtc tac. Tuy nhién, tai ving nhiét do thip, ham
luong gdc cachon ty do sinh ra khong cao, ddng
thoi cac hat xuc tac khong dwoc cung cap du
nang luong dé dat do linh dong can thiét, do do
qué trinh khuéch tan cua cac goc cacbon nay gap
nhiéu khé khin dan dén hiéu qua phat trién va
chat lwong MWCNTS tao thanh khong cao. Khi
tang dan nhiét d6 (400°C-650°C), ham lugng gdc
tu do cacbon hinh thanh nhiéu hon va cac hat xic
tac tré nén mém déo hon lam cho qué trinh phén
tan sau vao cau trac dién ra thuan lgi. MWCNTs
tao thanh c6 chat luong tét hon voi ham lugng
tap chat va sai hong thap. Két qua 1a ty 18 ls/lp
tang din tr mau Maoo dén Meso.

Tiép tuc tang nhiét do tong hop MWCNTSs
Ién trén 650°C, ty I& la/lp ctia cAC mAu nay giam
manh. Didu nay xay ra 1a do khi ting nhiét do

Trang 70



TAP CHi PHAT TRIEN KH&CN, TAP 16, SO T4 - 2013

tdng hop 1én qué cao (700°C-750°C), qua trinh
phan huy C,H, dién ra manh liét ca trong pha khi
IAn tai b& mat cac hat xdc tac dan dén tdc do sinh
gdc cacbon tu do ting 1én vuot qua téc do phan
tan va hinh thanh éng nano cacbon. Hé qua cua
qua trinh nay 1a hinh thanh cac tinh thé
MWCNTSs khdng hoan thién (khong du thoi gian
sap xép) dan dén muac do sai hong 1on, va hinh
thanh nén 16p cacbon bao phu quanh bé mit céc
hat xUc tac lam thu dong héa cac hat xic tac nay
(qué trinh dau doc xuc tac). Ngoai ra, vi mat do
cac gbc tu do cacbon Ia rat I6n nén cac géc nay
dé dang hinh thanh lién két véi nhau tao nén céc
“vay” cacbon hoac két tu truc tiép trén cac thanh
dng nano cacbon tir d6 tao nén Iép voé cachon bao
boc xung quanh dng nano cachon va hinh thanh
nén soi cacbon vai 16i [a CNTs (Hinh 2h).

Fe-Ni catalyst
AlLO,

SiO, substratre

Hinh 6. Co ché phat trién CNTs tir hat xtc tac
Qua trinh lam sach

Qua trinh l1am sach sir dung céac tac nhan oxy
héa manh, vi vay san phdm CNTs trudc va sau
khi 1am sach s& dugc danh gia chi tiét cau tric va
do tinh khiét.

Hinh 7 gi6i thiéu két qua phan tich mau
truéc va sau lam sach bang phuong phap TEM:

két qua cho thiy ciu tric cia MWCNTS sau qua
trinh 1am sach van bao toan céu tric dang éng.
Céc thanh phan tap xuc tac kim loai 1a nhitng vét
den & Mmiu Myaw (Hinh 7a) da gin nhu khong con
xuit hién trong mau M_P (Hinh 7b). Két qua
ching to qua trinh 1am sach san pham da dat hi¢u
qua tét va loai bo dwoc hiu hét cac hat xic tac
kim loai trén mau.

Hinh 7. Anh TEM ciia a. Mraw, b.M_P

Bén canh két qua danh gia bang TEM, phd
Raman ciing dugc sir dung dé danh gia hiéu qua
cta qué trinh 1am sach. Két qua Raman (Hinh 8,
Bang 2) cho ta thiy ty 18 la/lp ting tir 2,51 (Mau
Mraw) dén 2,86 (mau M_P) ching to qua trinh
lam sach da loai bo mot Iugng Ion cacbon vo
dinh hinh (c6 d6 én dinh nhiét thap hon éng nano
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cacbon da thanh) trong khi MWNTs van duy tri Bang 2. Ty s6 Io/Ip clia mau Myaw hay Meso-200 Va

dugc cau tric (Hinh 7), tir d6 1am giam cuong do M_P
peak Ip dan t6i lam tang ty 1¢ Ie/lp Mau le (a.U) b (au) | lo/lo
a
| s Mraw 24960 9957 2,51
] M_P 39369 13780 2,86
el
2 San pham sau khi 1am sach da loai bo duoc
é I hau hét cac tap chat cacbon va xtc tac kim loai,
két qua TGA cta mau cho thay khéi lugng con
1 lai cia miu MWCNTs ban dau xap xi 25% da
giam xudng con gan 5,5% sau khi lam sach. Két
1000 1200 1400 1000 w0 Qua nay cho thiy mét phan 16n tap xdc tac kim
Frequency (cm™)) loai da bi loai bé khéi miu. Hon nira, nhiét do
b oxi héa cia miu MWCNTs ban dau (520°C) thap
1 hon so v&i miau MWCNTSs sau khi lam sach
(590°C), nguyén nhan la do su giam thiéu cua
= cac thanh phan cacbon vé dinh hinh c6 trong cu
s triic CNTs.
10’00 12’00 14’00 16’00 18’00
Frequency (cm'l)
Hinh 8. Ph Raman cta miu a) Mraw hay Mgso-200 va b)
M_P
TG /% a. Ml‘ﬂ“‘ DTG A% 6 /% b. M_P DTG Miimin
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Hinh 9. Két qua TGA ciia miu a) Mraw and b) M_P
KET LUAN
Qua céc két qua thuc nghiém, MWCNTSs da trién “base-growth” cia MWNTs da dwoc minh
dugc téng hop véi muc do graphit hda cao tai hoa va giai thich rd rang. Qua trinh lam sach sach
nhiét do toi wu 1a 650°C. Ngoai ra, co ché phat  dat hiéu qua cao véi cac budc xir ly nhiét va tac
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dung voi acid manh, ngubn MWCNTSs ban dau
vé6i @6 tinh khiét 1a 73,68% da dugc nang Ién gan
95% khdi lugng sau khi di loai bo dugc phan Ién

cac thanh phan tap chat, trong ung la nhiét do
chay tang tir 520°C (Mraw) dén 590°C (M_P).

Study the multiwalled nanotubes
growth mechanism over Fe/Ni/Al203
from acetylene source
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ABSTRACT

Multiwalled cacbon nanotubes (MWNTS)
were synthesized by Thermal - Chemical
Vapor Deposition (T-CVD) technique using
Fe/Ni/Al,Os. Acetylene was used as the
source of cacbon and Argon as the carrier
gas. The pyrolysis of hydrocacbon was
investigated in the range of 400 — 750°C to
find out the optimal temperature and the
growth mechanism of MWNTs would be
discussed. By comparing the degree of

crystallization  (or graphitic level) of
synthesized MWNTS, it was observed that at
650°C, the tube diameter obtained about 10-
20 nm and reaching the highest
crystallization level. MWNTs getting at
650°C were then purified through two-step
process: air oxidation and acid treatment.
The results showed that purification process
could produce high purity MWNTs (=95%).

Keywords: MWNTSs, acetylene, catalysts, catalyst supports.
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