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Téng hop vai hiéu suat cao carbon nano 6ng
bang phwong phap ling dong tir pha hoi va st dung hoi nwéc
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Tom tit:

Trong hon 2 thip nién vira qua, vat liéu carbon nano 6ng (CNTs) di thu hit sy quan tAdm ciia nhiéu nha khoa
hoc trén thé giéi. Nhé vao nhirng tinh chit dic bi¢t ma chiing dwgc img dung trong nhiéu linh vure khac nhau. O
nghién ciru nay, CNTs dwge tong hop bing phwong phap két tu héa hoc trong pha hoi (CVD - Chemical vapor
deposition) trén chit xic tac Fe/y-AlLO, st dung khi diu mo hoa 16ng (LPG) lam ngubn carbon va c6 su tham gia
cia hoi nwéce thay cho hydro trong moi trlr(rng phéan @ng v6i chire ndng lam sach san pham Hiéu suét thu sin
pham 1én dén 434% khéi lugng so véi khbi lu’(mg cia xuc tac dugc sir dung sau 2 gio tong hop. Anh thu dwoc
bing kinh hlen vi dién tir quet (SEM) va kinh hién vi dién tir truyén qua (TEM) cho thay san pham CNTs c6
dwong kinh 6ng kha dong nhit. Dién tich bé mit riéng BET ciia san pham dwoc x4c dinh bing phwong phap hap
phu, giai hap phu ding nhiét nito. Ngoai ra, mirc d9 khuyét tat ciia vat liéu CNTs da dwoc danh gia bang quang

phé Raman va thanh phan nguyén t6 dwge phan tich bing quang phé dién tir tia X (XPS).
T khoa: BET, CNTs, phwong phdap CVD, Raman, SEM, TEM, XPS.

Chi s6 phén logi: 2.9

Gidi thiéu chung

CNTs da nhan dugc sy quan tam cua nhiéu nha khoa
hoc trong hon 2 thap nién vira qua nhd céc tinh chét vt
1y ciing nhu hoéa hoc uu viét cua ching [1]. Céc két qua
nghién ctru duge cong bd cho thay, loai vat liéu nay co
thé ing dung vao nhiéu linh vuc khac nhau nhu lam chét
mang cho xtic tc trong cic phan img hoa hoc, thiét bi dién
tu, Ivu trlt ndng luong, lam sach nudce [1-3]. V&i nhitng
trién vong trong nghién ciru va tmg dung nhu vira néu,
loai vat liéu nay di dwoc téng hop bang nhiéu phuong
phap khac nhau nhu s dung hd quang dién [4], cét bang
tia laser [5] hay phuong phap CVD cac hop chat c6 chira
carbon voi sy ¢6 mat cua xuc tac kim loai [6]. Trong do,
CVD la phuong phap thuong dugce sir dung vi ¢6 nhidu uu
diém nhu nhiét do tién hanh cta qua trinh thap hon so véi
cac phuong phap phap khac, dé trién khai ¢ quy mé 16n
v6i chi phi thap [1].

0 phuong phap CVD, carbon dugc sir dung c6 thé
tir nhidu ngudn khac nhau, ton tai ¢ trang thai khi nhu
ethane [7, 8], ethyne [9], acetylene [10], ¢ trang thai long
nhu ethanol [11], xylene [12] va c6 thé & dang ran nhu
naphtalene, anthracene [13]. Xuc tac st dung cho qua
trinh téng hop 1a cac kim loai chuyén tiép nhu sét (Fe),
coban (Co), cac xuc tac ¢ thé duge dung truc tiép hodc
dua 1én trén cac chat mang khac nhau nhu oxide nhom,
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oxide silic [10, 14]. Trong qua trinh tong hop, cung véi
qua trinh tao thanh CNTs, cac san pham cua carbon khong
mong mudn khéac nhu carbon & dang v6 dinh hinh hoac
carbon ¢ dang hat (particles) ciing dugc hinh thanh, lam
giam d¢ tinh khiét ctia san pham, do d6 lam giam chat
luong ciia CNTs thu duoc [15-17]. Pé khic phuc nhuoc
diém nay c6 nhiéu giai phap khac nhau, dugc chia lam 2
nhém chinh. O nhém giai phap thir nhét, san phim sau
khi tong hop s& dugc loai bo cac thanh phan khong mong
mudn bang qua trinh oxy hoa [12] hay qua trinh thity nhiét
[18], con trong nhom giai phap thir 2 thi qua trinh tong
hop CNTs va lam sach dugc tién hanh déng thoi. O nhom
giai phap thir 2 nay, nguoén khi cung cap carbon dugc dua
vao thiét bi phan tng dudi dang hdn hop véi khi hydro va
céc khi tro khéac [7, 12, 18]. Khi d0, san pham thu duoc s&
¢6 d6 tinh khiét cao hon nhd vao sy pha lodng ndng do cua
carbon trong mdi trudng phan tmg. Ngoai ra, ¢ nhiét do
cao, khi hydro c6 thé tic dung vé6i carbon & dang v dinh
hinh hodc ¢ dang hat dé tao thanh dang hop chét khac, cac
chat nay s& theo dong khi thoat ra khoi san pham CNTs,
lam tang do sach cua san pham cudi cung. So v&i phuong
phap lam sach sau khi téng hop, phuong phap lam sach
dong thoi sé hidu qua hon va gia thanh thip hon [19]. Tuy
vay, su ¢ mat cia hydro trong mdi truong phan ung &
nhiét d6 cao gy nguy co chay nd néu c¢é su ro ri khong
khi, do d6 viéc thay thé hydro bang mot tac nhan lam sach
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Abstract:

Carbon nanotubes (CNTs) have attracted the
scientific community over two last decades. Due to
their novel properties, carbon nanotubes have been
applied in different areas. In this research, carbon
nanotubes were synthesized on Fe/y-AlO, catalyst by
the chemical vapor deposition (CVD) method using
liquefied petroleum gas (LPG) as a carbon source and
steam instead of hydrogen in the reaction medium.
The steam plays a role as a cleaning agent for the
product. The CNTs yield of this synthesis process is
high, up to 434% in mass in relation to the used mass
of catalyst under 2 hours of synthesis. The images
obtained by scanning electron microscopy (SEM)
and transparent electron microscopy (TEM) showed
that the obtained product was carbon nanotubes
with quite homogeneous diameters. The BET specific
surface area of the obtained product was determined
by nitrogen isothermal adsorption-desorption using
the Brunauer-Emmett-Teller method. In addition,
the structural defects of CNTs were characterized by
Raman spectroscopy, and the elemental composition
was analyzed by X-ray electron spectroscopy (XPS).

Keywords: BET, CNTs, CVD method, Raman, SEM,
TEM, XPS.
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khac c6 mirc do riii ro thap hon 1a rt can thiét khi trién
khai san xuit véi sd luwong lon. Viée st dung hoi nudc
thay thé cho hydro 1a mét trong nhitng phuong 4n cé tinh
kha thi cao. Khi phén tich vai tro ciia nude trong qua trinh
téng hop CNTs bang phuong phap CVD cho thiy, su co
mit ciia hoi nude sé tao ra moi truong oxy hoa yéu & nhiét
dd cao cho phép lam sach san phém va han ché khuyét tat
trong cau tric mang tinh thé (structural defects) ctia CNTs
hinh thanh [15, 16]. Ngoai ra, nudc con c6 vai tro kéo dai
thoi gian phat trién cia CNTs nén san pham thu duoc c6
kich thude dai hon.

Trong nghién ctru nay, nhém tac gia trinh bay két qua
tong hop CNTs bang phuong phap CVD trén xuc tac Fe/y-
ALO,, v6i ngudn carbon duoc st dung la khi dau mo héa
long (LPG) - ngudn nguyén liéu phd bién & Viét nam, va
sir dung hoi nude lam tac nhan lam sach. San pham CNTs
duoc danh gia cac dac trung bang mot sb phuong phap
phan tich hoa ly hlen dai nhu hap phu va giai hip phu dang
nhiét nito, xtr 1y s liéu theo 1y thuyét BET (Brunauer -
Emmett - Teller), quang pho dién tir tia X (XPS: X - Ray
Photoelectron Spectroscopy), kinh hién vi dién tir quét
(SEM: Scanning Electron Microscopy), kinh hién vi dién
tir truyén qua (TEM: Transmission Electron Microscopy)
va quang phd Raman nham khao sat tinh chit, hinh thai
bé mit va vi cdu tric ciing nhu thanh phin nguyén té cua
CNTs.

Thuc nghiém
Téng hop xiic tic

Nguyén vat liéu ban ddu: Tién chat cia pha hoat tinh
dugc st dung 1a mudi nitrat sit (Fe(NO,),.9H,0) c6 do
tinh khiét trén 98%; chit mang duoc sir dung la Y- -ALO,
(CK 300B Ketjen) c6 bé mat riéng 220 mz/g, chat mang
& dang ép dun c6 duong kinh 1 mm va chiéu dai 3 mm
s€ duoc nghién nhé nham thu duogc céc hat ¢6 kich thudc
nam trong khoang 40-80 pum. Ngudn carbon duorc su
dung trong nghién ctru nay 1a LPG duoc cung cip boi
Téng cong ty PVGas, dat tiéu chuin TCVN 6486:2008,
¢6 thanh phan cac hop chat hydrocarbon dugc xac dinh
theo tiéu chuan ASTM D-2163 (twong tmg véi tiéu chuan
TCVN 8360), v6i ham luong pentane va cic hop chat
hydrocarbon néng hon nho hon 2%mol, ham lugng cac
hop chat olefin nhé hon 10%mol, ham lugng butadien nho
hon 0,5%mol, ngoai ra ham lwong lwu huynh téng nho
hon 140 mg/kg theo tiéu chuin ASTM D-2784.

Qud trinh tong hop xiic tic: Xbc tic duge chudn bi
bang phuong phap tam uét theo bon cong doan sau:

- Pua pha hoat tinh 1én bé mat chat mang: Trudc hét
muoi nitrat sat dugc hoa tan trong nudc cat, sau do dung
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pipet dé dua dung dich mudi thim 1én bé mit chat mang,
tiép theo chat mang da dugc tam dung dich mubi s& duoc
sdy kho. Qua trinh nay duoc lap lai vai lan dé bao dam
toan bo bé mat xtic tic dugce tham déu.

- Siy kho: Pua chat mang da dugc tim mudi vao ta say
de dugc say kho ¢ 110°C trong 14 h.

- Nung: Qua trinh nay dugc thyc hién & 350°C trong
4 h trong khong khi nham chuyén muoi sang dang oxide
tuong ung;

- Khir: Qua trinh nay duoc thyc hién ¢ 400°C trong
2 h trong dong khi H, nham chuyén oxide sit sang sat kim
loai, qua trinh dugc thuc hién ngay trong thlet bi tong hop
CNTs nham tranh cho Fe bi oxy hoa tré lai néu bj tlep xuc
v6i khong khi.

Téng hop CNTs bang phwong phip CVD

Nguyén li¢u dugc su dung trong nghién ctu nay la
LPG, H,, N, va H,O. Trudc khi di vao h¢ thong, cac khi
duoc dua qua luu luong ké dé do luu luong. Chat xuc tac
Fe/y-AlL,O, (ham luorng cua pha hoat tinh bang 20% khdi
1uong) duoc phan tan déu trén bé mit cua thuyén bang s,
roi dit vao trong dng phan ung bang thach anh (quartz)
¢6 duong kinh 42 mm va chiéu dai 1600 mm da duoc dat
trong 10 g1a nhi¢t. Khi N, dugc sir dung (VO’I lwu luong 100
ml/phat) dé dudi khong khl trong hé thong trong thoi gian
1 h, sau do duoc thay bang khi H, (voi luu luong 100 ml/
phat) va tién hanh nang nhiét do ctia hé thong 1én nhiét
do khir xuc tac ¢ 400°C, qué trinh khir dugc thuc hién
trong 2 h. Sau do, kh1 H, dugc thay bang N,, tlép tuc gia
nhiét hé thdng véi toe do 10°C/phtt den nhlet do tong hop
CNTs. Khi d3 dat nhiét 46 mong mudn, hdn hop khi tong
hop gom LPG va N, duoc suc qua binh dyng nudc nham
bao hoa hoi nuéc trong nguyén liéu roi di vao thiét bi tong
hop. Binh dung nuéc sir dung ¢ nghién clru nay la binh
2 ¢6, mot ¢d co 6ng din nham dam bao cho hdn hop khi
dugc suc vao trong nudéc, ¢ con lai dé dan hdn hop khi
va hoi nudce ra ngoai, binh nay dat trong phong thi nghiém
nén nhiét do ctia nudc trong binh dwgc xem 1a bang véi
nhiét d¢ trong phong thi nghiém. Qua trinh tong hop dugc
tién hanh trong 2 h, sau do hé thong duoc lam lanh dén
nhiét @6 moi truong dudi dong khi nito, rdi tién hanh thu
gom san pham va can khdi lwong thu duge. Phan tram
lwong san phdm tao thanh duoc tinh theo cong thirc sau:

wl-w2 (1)

%CNTs = « 100

w2

Trong d6, %CNTs la ty 1¢ CNTs tong hop duge (%
khoi luong); wl 1a tong khéi luong ciia mau thu gom dugc
(g); w2 1a khoi luong cua xtc tac su dung (g).
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Phén tich va danh gia dic trung ciia CNTs

Trudc hét san phim tir qua trinh téng hop dwoc chup
anh bang kinh hién vi dién tir quét (SEM) trén thiét bj
FESEM-S-4800 va kinh hién vi dién tir truyén qua (TEM)
trén thiét bi JEM1010-JEOL, nhdm quan sat hinh thai bé
mit va vi cdu trac. Tiép dén, san phim dugc phan tich
quang phd Raman trén may RENISHAW nham xac dinh
dic trung vé mirc do Kkhuyét tat trong cu tric (mirc do nay
duoc tinh bang ty s6 cuong do I/1g, voi I val; 1a cuong
do pic tai dinh D va G). Quang phd dlen tur t1a X (XPS)
duogc do trén may Multilab 2000 (Thermo Electron) véi
dién cuc Al Ka (hv = 1486,6 ¢V) nham phan tich thanh
phén nguyen t6 cia carbon va oxy trén bé mat san pham.
Cubi ciing, bé mit riéng dugc xac dinh bang phuong phap
hap phu va giai hap phu déng nhiét nito, xir Iy s6 lidu theo
ly thuyét BET (Brunauer - Emmett - Teller) trén thiét bi
ASAP-2020.

Két qua va thao luan

O nhién ctu nay, nhém tac gia da tién hanh qua
trinh tong hop CNTs ¢ nhiét d§ 650°C véi luu lugng
100 ml/phut, ty 1¢ LPG/N, 1a 3:7. Cén san pham thu duoc
dé xac dinh tong khi luong thu duoc sau phan ung, su
dung cong thirc (1) dé tinh toan ty 1 san phdm tao thanh
so voi lugng xuc tac st dung. Két qua cho thdy, ty 1¢ san
phém tao thanh rat cao, dat 434% khéi lugng so véi khdi
lwong xtic tac da sir dung. Pé danh gia tinh cht cua san
pham thu dugc, truée hét nhom tac gia tién hanh chup anh
mau bang kinh hién vi dién tir quét, anh SEM dugc trinh
bay trén hinh 1.

Hinh 1. Anh kinh hién vi dién ti quét.

Quan sat anh SEM ciia san pham trén hinh 1A cho théy,
san pham c6 hinh thai bén ngoai hoan toan gidng véi CNTs
da duoc cong bd [8, 20], ¢6 kich thudc dong déu véi mat do
rt cao bén canh hinh anh ctia mot sb cAu trac khac dén tir
xuc tac hoac cac dang carbon khac. Theo tac gia Sylvain va
cac cong su [15], thanh phan carbon khac c¢6 thé 1a carbon
v6 dinh hinh hodc carbon ¢ dang hat nho (particles). Hinh
1B trinh bay anh v&i mtc d6 phan giai cao cho thiy mirc
d6 dong déu vé kich thudc ciia san pham, duong kinh ngoai
clia cac 6ng nam trong khoang tir 42-65 nm.



D¢ thay 16 hon hinh dang ciia CNTs, nhom tac gia d tién
hanh chyp anh san pham bang kinh hién vi dién tir truyén
qua (TEM), két qua trinh bay trén hinh 2. Tir anh thu dwoc
cho phép khang dinh san pham thu duoc & dang dng.

Hinh 2. Anh kmh hlen vi dlen i triuyen qua.

Thanh phin nguyén t6 cua san pham tao thanh dugc
xac dinh thong qua két qua phéan tich mau bang quang pho
dién tur tia X, gian d0 quang pho duogc trinh bay ¢ hinh
3. Thong qua glan dd quang phé XPS thu duge cho thay,
trong thanh phan ciia san pham ngoai carbon thi oxy cling
da xuét hién trong san pham.
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Hinh 3. Gian db quang phd XPS.

Tinh toan thanh phan nguyén t6 clia cac cdu tir trong
san pham CNTs dua vao gian d6 XPS, két qua dugc trinh
bay ¢ bang 1. Nhu vay, ngoai thanh phan chinh 1a carbon
thi oxy ciing chiém mot ham lugng nho trong thanh phan
san pham. So v&i két qua duoc cong bd trudc cua cing
tac gia [7] thi ham luong oxy trong CNTs tang tir 3,7 dén
6,5%kl. Su gia taing ham lugng oxy trong CNTs c6 thé giai
thich 1a do sy c6 mat ciia oxy trong hoi nuée, tuy nhién dé
khing dinh dwoc diéu nay cn c6 thém nhiéu nghién ciru
chuyén sau khéc.

Bang 1. Thanh phan nguyén t§ cta carbon va oxy thu
dugc bang phan tich XPS.

Thanh phin nguyén t6 (% khéi lwong)

Carbon
93,5 6,5

Oxy
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Tién hanh phén tich san pham bang phé Raman, két
qua duoc trinh bay trén hinh 4. Céac nghién ctru da chi ra
rang, dinh D (¢ s0 song 1356 cmr N déc trung cho mtrc do
khuyét tat trong mang luéi ciu trac cia CNTs va sy c6 mat
cua cac dang tdn tai khac cua carbon nhu carbon vo dinh
hinh hoac carbon ¢ dang hat rén, dinh G (¢ $6 song 1592
cm!) dic trung cho cau trac mang ludi tinh thé cua san
pham [9, 11]. Do do, ty s6 cuong do I /1, duge sir dung dé
danh gia mtc do khuyet tat cua san pham ty s6 nay cang
16n thi murc do khuyet tat cang cao va nguoc lai. Tinh toan
ty 1¢ cuong do ! S dbi v6i CNTs, gia tri thu dugc bang
0,96 chung to ton tal cac khuyét tat trong ciu tric mang
ludi tinh thé ciia CNTs va ciing ¢6 thé dén tir cic dang
khac cua carbon trong san phdm thu duoc. So sanh ty 1é
cuong do I /1, cua CNTs thu duoc trong nghién ctru nay
véi gia tri cua CNTs thu duoc khi tong hop ¢ 700°C trong
nghién ctru ctia Dikio va cc cong sy [21] thi ty 18 nay rat
gan nhau. Tuy nhién, khi so sanh véi két qua ctia nhém Liu
va cac cong su [15], ty sb I /1, thu dugc ¢ nghién ctru nay
kha 16n (0,96 so v6i 0,41).

Dinh D Pinh G

Cwong do (a.p)

1.000 1100 1,200 1300 1.400 1.500 1.600 1.700 1.800 1.900 2.000
Do dich chuyén Raman (cm-)

Hinh 4. Gian dé do dich chuyén Raman.

C6 nhiéu nguyén nhan dan dén sy khac nhau trong mtre
d6 khuyét tat cua san pham, ngoai yéu té thanh phan khi
mang (¢ nghién ctru nay khong cd6 mat hydro nhu trong
nghién ctru cta Liu) thi mot nguyén nhén quan trong khac
1a nhiét d6 tién hanh phan tng, 650°C & nghién ctru nay
so voi 850°C ¢ nghién clru cua Liu. O nghién ctru cia
Murphy [22], nhom tac gia di tién hanh xur 1y lam sach
CNTs v6i nguyén liéu ban du c6 thanh phan 85% CNTs,

10% carbon v6 dinh hinh va 5% NiO va FeO, tac nhan
dugc st dung cho qua trinh lam sach la acid HNO; nong
do 70%. Két qua tinh toan ty 1¢ cuong do I /1, cua mau
trude va sau xir 1y cho thiy ty 1é nay da giam tu’ 1,21 vé
0,97. Su thay doi ty 1é cuong do nay ciing dugc tim thay
trong nghién ctru ctia Roberta va cac cong su [23] khi ham
lwong CNTs trong mau phén tich ting 1én thi ty s6 nay
giam xudng. Nhu vay, véi két qua ciia 2 nhom nghién ctiru
vira néu thi c6 thé thay ham luong cua thanh phan carbon
khong phai CNTs trong mau phan tich nhu carbon vo dinh
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hinh hay carbon ¢ dang hat c6 anh huong 16n dén gia tri ty
16 cuong do I /1, thu dugc. Do do, khi tién hanh qua trinh
tong hop & nhlet d6 cao thi tdc do phan tmg cua hoi nudce
va carbon v6 dinh hinh hoac carbon ¢ dang hat sé tang 1én,
két qua lam cho san phdm c6 d¢ tinh khiét ting 1én va gop
phan lam giam ty 1& cuong do I /1.

= 400 -

3’ ——BDuwong hap phu
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Hinh 5. Pudng hap phu va giai hap phu déng nhiét nito.

Bé& mit riéng dugc xac dinh bang phuong phéap hip phu
va giai hap phu dang nhiét nito, gia tri BET thu duoc bang
124 m¥/g. Puong dang nhiét hap phu va giai hip phu cua
san pham duoc trinh bay trén hinh 5. Két qua nay cho thy
¢ sy xuét hién mot vong tré kiéu IV theo phan loai cia
IUPAC. Vi vay, co thé khé“ing dinh ré“mg CNTs thu duoc la
mot loai vat li€u mao quan.

£ a
Ket luan

Trong nghién ctru ndy, nhom tac gia budce dau da thanh
cong trong viée tong hop vét liéu carbon nano ong CNTs
¢6 higu suat cao trén xuc tac 1a Fe/y- -ALO, tr nguén nguyén
liéu 1a LPG str dung hoi nude (dong Val tro tac nhan lam
sach). Viéc sir dung hoi nude thay cho hydro trong nguyén
liu nhu cac ky thudt san xudt CNTs truyén thong s& lam
giam riii ro chay nd va gop phan giam gia thanh san pham.
CNTs thu dugc da duge danh gia cac dac trung quan trong
va xac nhan céu tric nano 6ng bang anh TEM. Két qua
bude dau thu dugc & nghién ctru ndy mé ra mot huéng
nghién ctru méi trong viée sir dung hoi nuée dé téng hop,
diéu chinh kich thudc ong ctia loai vat liéu CNTs va la tién
dé dé ché tao vat liu CNTs véi s6 lugng 16n phuc vu cac
g dung trong nghién ctru va san xuat cong nghiép.
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