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Tém tit:

Téng hgp va bién tinh dong thoi cacbon nano 6ng tir ngudn nguyén liéu cacbon la khi ddu mé héa long (LPG) va
tac nhan bién tinh 1a dung dich NH,OH da duwgc nghién ciru thanh cong. Qua trinh dwoc thye hién bing phuong
phap Kkét tu hoa hoc trong pha hoi (CVD) v6i chit xiic tic ¢6 pha hoat tinh 1a sat trén chat mang gamma oxit nhom
(Fe/y-ALO ) Két qua phan tich bang pho quang dién ti¥ tia X (XPS) da chirng minh dwoc sy ¢6 mat cia nito trong
mang luéi cAu tric ciia sin pham. Anh chup bing kinh hién vi dién tir quét (SEM) va kinh hién vi dién tir truyén
qua (TEM) ¢ cac mirc do phong dai khac nhau cho thiy, san pham thu dwoc c6 d sach cao, dwdng kinh ngoai thay
dbi trong khoang hep, tir 35 dén 45 nm. O mirc dd phong dai 16n hon cho thiy vi ciu tric dic trung ciia cacbon nano

ong bién tinh bang nito (N-CNTs).

Tir khéa: BET, N-CNTs, phwong phap CVD, SEM, TEM, XPS.

Chi s6 phdn logi: 2.9

Vit liéu cacbon nano éng (CNTs: Carbon Nano Tubes) di
thuc su thu hit cong df)ng khoa hoc trong nhirng thap nién vira
qua nhd vao céc tinh chat wu viét va kha ning img dung trong
nhiéu linh vyc khac nhau ctia n6 [1, 2]. Tuy nhién, d6i voi
vt liéu cacbon, cdu trac nano néi chung va CNTs ndi riéng,
khi thu nhén tu qua trinh tong hop, chung thuong khong chtra
nhiéu nhimg khiém khuyét trong cau trac mang ludi tinh thé
(structural defects). Khi d6, bé mat cua chang rat nhin va la
hop chét khong phén cuec. Nhung tinh chat nay s& khong thuan
loi cho viéc phan tan dong déu CNTs trong polyme khi dugc
stt dung nham ting cudng mot sb tinh nang cho san pham
compozit [3]. Khi CNTs duoc sir dung lam chat mang cho xtic
tac thi kha nang phan tan pha hoat tinh 1én bé mit ctia chiing la
mot trong nhung yéu cau quan trong nhim dam bao hiéu qua
cua xuc tac. D6i voi CNTs c6 nhitng ddc tinh vira néu trén thi
s€ khong thuan lgi cho qua trinh phén tan cua pha hoat tinh.
Hon nira pha hoat tinh s€ khong lién két t6t v6i bé mat chat
mang, trong truong hop d6, do luc lién két giita pha hoat tinh
v6i chat mang khong 16n nén trong qué trinh 1am viée, cac tim
hoat tinh c6 thé bi rira tréi hodc két tu lai, két qua 1a lam giam
hoat tinh va d6 6n dinh cua xuc tac [4]. Pé khic phuc nhuoc
diém nay, cdc nha khoa hoc d tién hanh bién tinh CNTs. Qua
trinh bién tinh c¢6 thé thuc hién bang cach st dung cac chét oxy
hoa tac dung voi CNTs nhdm gfm cac nhom chirc 1én bé mit vat
liéu [3]. Qua trinh bién tinh ciing ¢6 thé duoc tién hanh bang
cach dua thém cac nguyén té khac nhu nito, boron vio trong
cdu triic mang ludi tinh thé cta vat liéu cacbon ngay trong qua
trinh tong hop CNTSs [5]. Cac két qua cong bd cho thay, khi
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dua nguyén tir nito vao trong mang ludi cu tric ciia CNTs thi
san phém thu dugc N-CNTSs ¢6 tinh chét bé mat, tinh chat hoa
hoc va dién dugc cai thién hon so véi CNTs khong bién tinh,
nhd d6 ma N-CNTs c6 kha ning tmg dung trong nhiéu linh vuc
khac nhau, dic biét 1a chdt mang xuc tac [6, 7].

Hién nay, ¢6 nhiéu phuong phap khac nhau duogc sir dung
dé tong hgp CNTs bién tinh nhu phuong phap hd quang dién
[5], phuong phép cit bang tia laser [8] hay phuong phap CVD
[9]. Trong cac phuong phap d6, CVD thudng dugc su dung
hon ca vi ¢6 nhiéu wu diém nhu nhiét do tién hanh ciia qua trinh
thap hon so véi hai phuong phap con lai, d@ trién khai & quy
mo 16n va chi ph1 thap hon [9]. Phuong phap CVD c6 thé s
dung nhidu ngudn cacbon, nito khac nhau va qua trinh ¢ thé
tién hanh véi xtc tac 1a cac kim loai chuyén tiép nhu sit (Fe),
coban (Co), niken (Ni) [9, 10].

O nghién ctru nay, phuong phép CVD dugc st dung aé
tong hop N-CNTs tir ngudn nguyén liéu 1a LPG va dung dich
amoni hydroxit - NH,OH, véi xuc tac cho qua trinh la sit (Fe)
duoc phan tan trén chat mang gamma oxit nhom (y-ALO,). San
pham thu duoc duoc danh gia dic tinh bang cac phuong phap
phan tich hoa ly hién dai nhu XPS, SEM, TEM va bé mit riéng
duoc x4c dinh bang Iy thuyét BET (Brunauer - Emmett - Teller)
tir két qua do bang hap phu va giai hap phu nito long.

Thuc nghiém
Tong hop xiic tic

Nguyén vit liéu ban dau: ngudn cacbon dugc st dung
trong nghién ctru nay 1a LPG dugc cung cap boi Tong cong ty
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Abstract:

Synthesis of nitrogen-doped carbon nanotubes
(N-CNTs) from liquefied petroleum gas (LPG)
and NH,OH solution was successfully studied. The
synthetic process was carried out by chemical vapor
decomposition (CVD) method over gamma alumina-
supported iron (Fe/y-Al,O,) catalyst. According to the
results of X-ray photoelectron spectroscopy (XPS)
analysis, nitrogen was successfully incorporated into the
carbon nanotube network. Pictures taken by scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) at different magnification levels
showed that the product obtained had high purity, the
outer diameters varied in a narrow range, from 35 to 45
nm. The higher magnification of transmission electron
microscopy (TEM) showed the typical nitrogen-doped
carbon nanotubes microstructure.

Keywords: BET, CVD method, N-CNTs, SEM, TEM,
XPS.
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PVGas, dat tiéu chuan TCVN 6486:2008, c thanh phan chii
yéu 1 propane va butane, cac hop chat hydrocacbon dugc xac
dinh theo tiéu chuan ASTM D-2163 (twong tmg véi tiéu chuan
TCVN 8360); amoni hydroxit (NH,OH) cua Cong ty hoa chit
B}’IC Giang v6i ham lugng NH, khoang 23-%5%; khi H, cung
cap boi Cong ty Cryotech dugc st dung dé khir xtc tac va
pha lodng ndng d6 LPG trong moi truong phan tmg; khi Ar st
dung cho qua trinh dudi khong khi dugc cung cip boi Cong
ty DAGASCO. Tién chat ctia pha hoat tinh dugc sir dung 1a
mudi nitrat sit (Fe(NO,),.9H,0) ¢6 d0 tinh khiét trén 98%; chét
mang dugc st dung la y-Al,O, (CK 300B Ketjen) c6 bé mit
riéng 220 m?/g, chat mang ¢ dang ép dun c6 duong kinh 1 mm
va chiéu dai 3 mm s& dugc nghién nho nhim thu duge cac hat
¢ kich thude nam trong khoang 40-80 pm.

Qud trinh tong hop xiic tdc: xic tac duoc tong hop bing
phuong phép tdm w6t qua bon giai doan:

¢ Dua pha hoat tinh Ién bé mat chét mang;
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e Say kho nham muc dich dudi dung méi;

 Nung nham muc dich chuyén mudi sang dang oxit trong
ung;

o Khir oxit vé kim loai twong tmg, giai doan nay duogc thuc
hién ngay trong thiét bi tong hop N-CNTs nham tranh cho Fe
bi oxy hoéa trd lai néu bi tiép xuc voi khong khi.

Chi tiét clia qua trinh tong hop xtc tac dugc trinh bay &
cong bo trudc day cua chung toi [11].

Téng hop N-CNTs bang phuong phip CVD

Nguyén liéu dugce sir dung trong nghién ctru nay la NH,OH,
LPG, H, va Ar. Truge khi di vao h¢ thong, khi dugc dua qua
luu 1uorng ké dé xac dinh luu lugng. Chét xuc tic F e/y-ALO,
(ham luong cua pha hoat tinh bang 20% kh01 lugng) dugc phan
tan déu trén bé mat cua thuyén bang su, rdi dit vao trong éng
phan tmg bang thach anh (quartz) c6 duong kinh 42 mm va
chidu dai 1600 mm d3 duoc dat trong 10 gia nhiét. Khi Ar dugc
str dung (v6i luu lugng 100 ml/phut) dé duoi khong khi trong
h¢ thong trong thoi gian 1 h, sau do dugc thay bang khi H,
(v6i luu luong 100 ml/phut) va tién hanh ning nhiét o cua
h¢ thong 1én 400°C dé thyc hién qua trinh khir xtc tic, qua
trinh nay dugc thye hién trong 2 h. Sau do, khi H, duoc thay
bang Ar, tlep tuc gia nhiét hé thong véi toc do 10°C/phut den
nhiét do tong hop N-CNTs. Khi da dat nhiét d0 mong mudn,
khi Ar dugc thay thé bang hdn hop khi gdm LPG va H, véi ty
16 LPG:H,=3:7 (img voi dong LPG la 30 ml/phut, dong H, la
70 ml/phut) dong thoi thyc hién chuyén van nham dan dong
khi tong hop suc qua binh dung NH,OH, khi d6 dong khi nay
s€ kéo theo NH,OH di vao thiét b1 tong hop, qué trinh tong
hop duoc tién hanh trong trong 2 h. Sau khi két thic giai doan
tong hop, khoa cac van dan khi tong hop va van din khi suc
vao binh dung dung dich NH,OH, str dung khi Ar dé 1am lanh
hé phan g dén nhiét do phong Binh dung NH,OH st dung
& nghién ciru nay 1a binh 2 c6, mot c6 ¢6 ong dan nham dam
bao cho hdn hop khi dugc suc vio trong dung dich, c¢6 con lai
aé dan hdn hop khi ¢ chira NH,OH di vao trong h¢ théng thiét
bi tong hop. Binh nay dat trong phong thi nghiém nén nhiét do
cua dung dich trong binh duoc xem la bang v6i nhiét do moi
trudng. Sau qué trinh tong hop, tién hanh thu hoi san pham va
can khéi lugng thu dugc. Phan tram luong san pham tao thanh
duogc tinh theo cong thirc sau:

Wl w2

%CNTs = ——* 100

(M

Trong do, %CNTS, la ty 1€ san phriim tong hop dugc (% kh(f)i
lugng); w, 1a tong khoi lwvgng cua mau thu duoc (g); w, la khoi
lugng ctia xtc tac da st dung (g).

Ddnh gid dic tinh ciia sin phim thu dwoc

Trude hét san pham tong hop dwoc duoc phan tich bing
phd quang dién tir tia X (XPS) trén may Multulab 200 (Thermo
Electron) tai Vién Hoa hoc va cac qua trinh nang lugng, moéi
truong va suc khoe (ICPEES) - Pai hoc Strasbourg - Cong hoa
Phap, véi dién cuc Al Ko (hv=1486,6 ¢V) aé phan tich thanh



phan nguyén t6 ciia san pham va danh gia su co mit cua nito
ciing nhu ham luong cua ching trong san phim. Hinh thai bé
mit san pham dugc chup anh bang kinh hién vi dién tir quét trén
may FE-SEM Hitachi-S-4800, con vi ciu tric clia san pham s&
duoc chup anh bang kinh hién vi TEM trén thiét bi TEM 1010-
JEOL nham xem xét vi cdu trac cua san phdm tao thanh (anh
FE-SEM va TEM dugc chup tai Vién V¢ sinh dich té trung
wong). Ngoai ra, dién tich bé mit riéng duoc xac dinh bang
qua trinh hép phu va giai hip phu ding nhiét nito long trén
may ASAP 2020 tai phong thi nghiém loc héa déu, Khoa Hoa,
Trudng Pai hoc Bach khoa, Pai hoc Da Nang.

Két qua va thao luan

Trong nghién ciru ndy, tac gia da tién hanh qua trinh tong
hop Y 650°C v6i thanh phan mol ciia cac khi LPG: H, Ia 3.7
va nong do NH,OH trong dung dich 5% mol. Sau kh1 diung
thi nghiém, san pham duoc thu hoi, can khdi luong va tinh
hiéu suat tao thanh theo cong thirc (1) néu trén. Két qua tinh
toan hiéu sudt san pham tao thanh bang 640% khdi luong so
voi lugng xuc tac da su dung.

Dé danh gia tinh chat san pham, trude hét san pham dugc
quan sat hinh thai bé mit bang anh chup SEM, két qua anh
chup duogc trinh bay ¢ hinh 1. Tu anh thu dugc ¢ d9 phan giai
thap (hinh 1A) cho thay, hinh thai bén mit cua san phém tuong
tw nhu céc san pham CNTs da duogc cong b6 [12]. O d6 phéan
gidi cao hon (hinh 1B) d& dang nhan thay, san pham c6 kich
thude kha dong déu véi duong kinh ngoai ndm trong khoang
35-45 nm.

Hinh 1. Anh chup SEM clia san pham.

Dé xem xét rd hon vé san pham, phuong phap phan tich anh
bang kinh hién vi dién tur truyén qua dd dugc sir dung nhdm
d4nh gia vi cau tric ciing nhu hinh dang, kich thudc ciia san
phé?im, anh chup TEM dugc trinh bay ¢ hinh 2. Ttr anh thu dugc
& do phan giai khong cao (hinh 2A) c¢6 thé khing dinh, san
phém ¢6 dang hinh dng va kich thudc twong dbi dong déu nhur
két qua thu duoc tir dnh chyp SEM ¢ hinh 1. O do phan giai
cao hon (hinh 2B) ¢6 thé thdy mot cach 10 rang rng, san pham
dugc hinh thanh tir nhimg doan thang gan lién véi nhau dé tao
thanh dng c6 hinh dang nhu nhirng dét tre, dic trung cua vat
liéu CNTSs bién tinh bang nito [13]. Quan sat cac anh thu duoc
tir kinh hién vi dién tir quét va kinh hién vi dién tir truyén qua
ciing cho thdy san phim thu duoc hau nhu chi chita CNTs, nhur
vay co thé khé“ing dinh san phﬁm ¢ d0 sach cao.
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Hinh 2. Anh chup TEM ctia san pham.

Pé khang dinh san pham thu dugc la CNTs bién tinh bing
nito, mau dugc phan tich bang pho quang dién tu tia X, gian
do cua san pham duoc trinh bay ¢ hinh 3.

Cls

Cuong do (a.p)
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Jk’“ i
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Nang lwgng lién ket (eV)

Hinh 3. Gian dé phan tich XPS ctia san pham.

Tir gidn do cho thay, peak C1s thu dugc ng voi nang lugng
lién két 1a 285,43 eV cb cudong do rat 16n, chimg to lwong
cacbon trong thanh phan ciia mau chiém phan chu yéu. Peak
Ols tng vai 533,72 eV ¢o6 cuong dd nho, peak Nls tai 402,74
eV ¢6 cudng do twong ddi nho. Nham khang dinh sw hién dién
clia nito trong thanh phan san phdm, qua trinh phén tich dinh
lugng thanh phan nguyén t6 cacbon, oxy va nito di dugc tién
hanh trén may Multulab 200 (Thermo Electron) voi dién cuc
Al Ka (hv=1486,6 eV); pic Cls tai muc nang lugng 284,4 (+/-
0,2) eV s€ dugc str dung lam chuén dé hiéu chinh cac peak con
lai. Qué trinh tach peak dugc tién hanh dua vao phuong phap
Donjach-Sunjic v6i cach tao duong nén theo phuong phap
Shirley, két qua phan tich dugc trinh bay ¢ bang 1. Turkét qua
bang 1 cho thdy, bén canh thanh phan chinh 1a cacbon, thi nito,
oxy cling xuét hién véi mot ham lugng nho. Sw ¢6 mat cua oxy
trong cau triic cua san pham co thé do sur co mit cla Vet OXy
trong nhiing nguon khi nguyén liéu ban dau hay tir ngudn dung
dich NH,OH bi cu6n theo trong dong khi nguyén liéu duoc dua
vao thlet bi phan ng.

Bang 1. Thanh phén nguyén tb ciia san pham N-CNTs xac dinh
bang phwong phap XPS.

Thanh phén nguyén t6 (% khéi lrgng)

Cacbon Oxy Nito
96,86 2,13 1,01
o1
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Dé hiéu 6 hon vé ban chét lién két ctia nito trong san pham,
tac gia da tién hanh tach peak phd XPS cuia nito (N1s), két qua
duoc trinh bay & hinh 4. Két qua nay cho thay, nito trong mang
lu6i cau tric ciia CNTs bién tinh ton tai dudi ba dang lién két
khac nhau: nito pyridinic (398 eV), nito pyrrolic (400,1 eV)
va nito pyridinic-oxide (402-405 eV). Két qua nay hoan toan
phtt hop véi két qua cong bd boi cac nhom nghién ctru khac
[10, 14].

Pyridinic
(398 eV)

Pyrrolic
(400.1 eV)

Pyridinic-oxide
(402-405 eV)

Cuong do (a.p)

396 397 398 399 400 401 402 403 404 405
Nang lugng lién ket (eV)

Hinh 4. Phd XPS cua nito’ N1s.

406 407

Vi céc két qua vira trinh bay co thé khang dinh, san pham
cta qué trinh tong hop 1a N-CNTs. Nhu vay, qua trinh tong hop
va bién tinh dong thdi CNTs bang dung dich NH,OH da dugc
nghién ctru thanh cong.

Ngoai nhimg déc tinh vira néu, dién tich bé mat riéng ctia
san pham thu dugc & nghién ciru ndy cting dugc xac dinh bang
phuong phap do hap phu va giai hip phu ding nhiét nito ¢
-196°C va xtr Iy s6 lidu thuc nghiém theo 1y thuyét BET. Két
qua thu dugc cho théy, dién tich bé mat rieng BET cua san
pham bang 126 m¥/g. Puong dang nhiét hap phu va giai hap
phu nito dugc trinh bay trén hinh 5 cho th?iy su xuat hién mot
vong tré kiéu IV theo phan loai ciia [UPAC. Vi vay, c6 thé
khéng dinh réng N-CNTs thu dugc 1a loai vat li¢u mao quan.
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Hinh 5. DPwong hap phu va gidi hdp phu dang nhiét N, cua
N-CNTs & nhiét do -196°C.

Két luan

O nghién ciru ndy, qua trinh téng hop va bién tinh dong
thoi CNTSs tir ngudn khi dau moé hoa long (LPG) va dung dich
NH,OH da dugc thuc hi¢n thanh cong. Anh thu dugc & nhiéu
muc d6 phong dai khac nhau déu cho thay san pham c6 kich
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thudc kha dong déu, khong xuat hién nhiéu cacbon ton tai & cac
dang khac ngoai dang ng, hay c6 thé khéng dinh d¢ sach cua
san pham thu dugc 16n. Thanh cong ban d4u ¢ nghién ciru nay
cho phép mo ra cac nghién ciru tiép theo trong qua trinh tong
hop vat liéu CNTs bién tinh tir nhitng ngudn vat ligu rat ré tién
va phd bién, ciing nhu cic nghién ciru img dung ciia nhom vat
liéu cacbon nano vao thuc té.
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