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Abstract

In our studies, we found that the morphology of carbon deposits over Fe/Mo/Al,O;
catalyst during catalytic chemical vapor deposition (CCVD) process was closely related
to the reaction temperature and reaction time of liquefied petroleum gas (LPG). The
catalyst that was produced by the co-precipitation method from the solution of Fe(NOs)3
and AI(NOs); is precipitated from the base solution containing (NH4),COs and
molybdenum ions at room temperature. The weight ratio of iron to molybdenum alumina
is 9:1:5 in the catalyst. The influence of the reaction temperature was investigated at 650,
700, and 750°C. And the reaction time was investigated at 1, 2, and 3hr with respect to
the carbon yield, and structure of multi-walled carbon nanotubes (MWNTs). The
structure of MWNTs was characterized by X-ray diffraction (XRD), RAMAN
spectroscopy, and field emission scanning electron microscopy (FESEM). The results
demonstrated by FESEM indicated that the diameter and length of MWNTs were in
ranging from 20 to 30 nms and a few ums, respectively. We also found that the
graphitization of obtained MWNTs was high by XRD and RAMAN.

1. GIOI THIEU

Ké tir khi dugc Iijima phat hién ra [1], dng nano carbon d3 gy duoc su chu ¥ va quan
tam cua nhiéu nha Khoa hoc trén thé gidi do ching c¢6 cac tinh chét co ly hoa dac bi¢t va
c¢6 nhiéu tng dung c6 gid tri cao trong nhiéu linh vuc khac nhau [2 - 4]. Ong nano carbon
¢6 thé duoc phan loai chu yéu gdm dng nano carbon don tudng (single-walled carbon
nanotubes: SWNTSs) va 6ng nano carbon da tuong (multi-walled carbon nanotubes:
MWNTs) c6 cac tinh chat dic biét do ciu truc nguyén tir khac nhau cua chung. Do d6 can
hiéu duoc co ché phat trlen ctia ching dé c6 thé kiém soat chat luong va cau trac cua san
pham. Cho dén ngay nay, 4ng nano carbon c6 thé duoc tong hop chu yéu bang ba phuong
phép nhu h6 quang, cit laser, phan huy xtc tac (CCVD) [5]. Hai phuong phap ho quang
va cat laser [6] co thé tao ra san pham c6 chat luong cao nhung né rat kho dé co thé tién
hanh san xuét v6i khéi lwong 10n trong céng nghiép. Nguoc lai, phuong phap CCVD da
tr¢ nén thong dung hon va hién nay duogc coi 1a phuong phap tét nhat dé tong hop dng
nano carbon co chat luong cao voi chi phi thip trong cong nghiép.

Co ché phat trlen ctia 6ng nano carbon trong qua trinh CCVD néi chung bao gdm su
phan ly cta cac tién chit carbon thanh cic nguyén tir carbon, qué trinh hoa tan va bdo hoa
cua cac nguyén tur nay vao trong cac hat kim loai xtc tac va sau do la qua trinh két tinh
thanh carbon dang dng. R& rang loai tién chét carbon, loai va kich thudc hat xuc tac, vat
liéu chat mang, nhiét do va thoi gian cta qué trinh carbon héa c6 anh hudng rat 16n dén
qua trinh phat trién ctia cac dng nano carbon. Trong cac diéu kién phat trién do, thoi gian
va nhiét do phan tng dong mot vai trd quan trong anh hudng dén tinh chét va cau trac cia
6ng nano carbon. Nhiét d6 phan tmg cia qua trinh CCVD thudng nam trong khoang 600
dén 1000°C va thoi gian phan tng ciia mot qué trinh gian doan chi khoang vai gio [7].
Tuy nhién, cho dén nay thi anh huéng cua nhiét do phan Gng ma dic biét 1a thoi gian
phan tng trong khi cac diéu kién khac khong d6i chwa dugc nghién ctru ky & Viét Nam.
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Vi vay, viéc nghién ctru anh huéng cia nhi€t do va thoi gian phan ng 1€n sy hinh thanh
ctia dng nano carbon 14 can thiét.
2. THUC NGHIEM

Ong nano carbon duoc tong hop bang phuong phap phan hiy xtc tac tur nguon khi
hoa léng trén hé xuc tac Fe/Mo/ALO; dugc diéu ché bang phuong phap dong két tua.
Dung dich ctia Fe(NO3)3.9H,0 va AI(NO3);.9H,0 duoc két taa tir dung dich base chtra
(NH4),CO;.4H,0 va céac ion molybden & nhiét d6 phong. Sau khi loc, sdy & 110°C trong
20 gio va nung & 400°C trong 5 gio, xuc tac thu dwoc gdm co cac oxide sit va molybden
duoc mang trén oxide nhoém. Ti 1€ khdi lugng cua Fe:Mo:Al,O3 1a 9:1:5. Xuc tac thu
dugc (100mg) dugc dua vao mot dng thach anh ¢ duong kinh 40mm, dai 400mm va dat
trong 16 gia nhiét 1am viéc theo chuong trinh nhiét 6 voi tdc do tang nhiét 1a 10°C/phut
dén 550°C va cho dong khi hydro tinh khiét di vao vé6i luu luong 2lit/h trong vong 2h dé
khir cac oxide kim loai. Sau d6 nang nhiét d6 cua 16 dén nhiét d6 mong mudn (650, 700
hodc 750°C dé nghién ctru anh huong cua nhiét do dén céu triic cia dng carbon) rdi dua
dong LPG vao véi luu luong 1,2lit/h dé tao ra dng carbon trong thiét bi phan tng. Thoi
gian phan tng dugc thay d6i trong cac thi nghiém la 1, 2 va 3h. Sau d6 toan by hé thong
dugc lam nguoi dén nhiét do phong. Ong carbon thu dugc s& duoc hoa tan trong dung
dich HCI va HF dam dac dé loai bo xuc tac. .

Ong carbon sau khi di loai bo xuc tic duoc dic trung bang cac phan tich XRD, phd
RAMAN va FESEM.
3. KET QUA VA BAN LUAN

Céc hydrocarbon dang khi thuong dugc sir dung dé tong hop 6ng nano carbon, LPG
1a mot hdn hop clia cic hydrocarbon chira chu yéu 1a C; va C4 nén diéu kién nhiét do phat
trién 6ng carbon la kha thap [8]. Hon nira, cac cau tir C; va Cy4 12 ngudn carbon thich hop
cho qua trinh tong hop MWNTs do chung khong bén & nhiét d6 cao va c6 cau triic phan
tir kha don gian. Ngoai ra, su phat trién cia MWNTs con phu thudc vao chét xic tic va
phuong phap diéu ché xuc tac [9]. Do su lién két manh gitra cac cu tor Fe va chit mang
ALOs nén céac hat xtc tic co thé gitt & trang thai phan tan déu & nhiét do cao, vi vy giit
dugc hoat tinh ctia chiing va giam thiéu carbon v6 dinh hinh.
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Hinh 1. Phdn tich XRD ciia MWNTs o (a): 700°C-1, 2, 3h, va (b): 1h-650, 700, 750°C.

Hinh 1 phan tich nhidu xa tia X cho thdy san phim thu dugc trong cac diéu kién
nghién cuu sau khi loai bd xuc tac co6 do graphite cao Trong phé RAMAN (hinh 2 va 3),
peak D & khoang 1330 em™ va peak G ¢ 1570 cm™ ¢6 cuong do thay doi tiy theo cac
dleu kién tong hop. Ti 18 cuong d6 I¢/Ip déu nho (< 1) cho thay san pham thu dugc phai
1a dng nano carbon da twong (MWNTs) [10]. Ngoai ra khong nhén duge peak ¢ bude
song tir 100 - 300 cm™ cho thay khong c6 sy xuat hién cua SWNTs [11]. O cung diéu
kién thoi gian phan tng (1h) nhung phdé RAMAN ¢ nhiét d6 tong hop 700°C cho thay
MWNTs thu duoc ¢ chit lwong cao hon so véi ¢ hai nhiét d6 con lai. Va khi ¢ cing mot
nhiét phan tmg (700°C), hinh 2 cho thiy d6 graphite trong diéu kién thoi gian phan mg
1h 1a tot nhat.
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Hinh 2. Phé RAMAN ciia MWNTs 6 700°C va 1h (a), 2 (b), 3h (c).
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Hinh 3. Phé RAMAN ciia MWNTs & 1h va 650 (a), 750°C (b).

(b)

(c)
Hinh 4. Hinh anh FESEM ciia MWNTSs ¢ 700°C va 1h (a), 2h (b), 3h (c).

Két hop véi hinh anh FESEM trén hinh 4 cho thdy & cing diéu kién nhiét do tong hop
1a 700°C thi v&i thoi gian phan tmg 1h cho thdy MWNTS thu duoc c6 kich thudc va mat
d6 6ng dong déu hon so v6i & hai thoi gian phan tng con lai (dwdng kinh ndm trong
khoang tir 20 - 30nm, chiéu dai dén vai pm). Va tir hinh 5 cho thdy & cing diéu kién thoi

gian phan tng 1h thi nhiét d6 phan tmg 700°C 14 cho ra éng c6 chit luong tot nhét.

(b :
Hinh 5. Hinh anh FESEM ciia MWNTs ¢ 1h va 650 (a), 750°C (b).
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4. KET LUAN

Tom lai, tir két qua nghién ctru cho thiy sy phu thudc cta qua trinh hinh thanh éng
nano carbon vao cac diéu kién nhiét do va thoi gian phan tng. C6 thé dung LPG lam
ngudn khi chira carbon dé tong hop MWNTSs trén hé xuc tic Fe/Mo/Al,O3 theo phuong
phap CCVD trong cac diéu kién dd dwgc nghién ciru trén ddy. Nhiét do tong hop twong
dbi thap (700°C) va thoi gian phan tmg ngén (1h) ciing dong mdt vai trd quan trong trong
qua trinh téng hop MWNTs do han ché su hinh thanh cta carbon vo dinh hinh. Do lua
chon cia MWNTs duoc téng hop trong nghi€n ctru nay la kha cao do d6 giam dugc tiéu
tén cho giai doan tinh ché dé loai b cac san pham phu khac.
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