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Tém tit - Trong nghién ctru nay, nhom tac gia da tdng hop duoc
CNTs 18n bé mit cua carbon felt (C- CNTs) béng phuong phap két
tu hoa hoc trong pha hoi trén hé thdng gia nhiét tryc tiép voi
ngudn carbon 1a ethanol. Tai 725°C, hiéu suét va gia tri BET thu
duge cua san pham lan luot 13 44% khéi luong va 74 m%/g. Do
bén nhiét cua san phdm thip hon so véi carbon felt ban déu. Khao
sat sy anh huéng cua nhiét do tdng hop dén cac tinh chit vt lidu
cho thiy khi nhiét d6 phan Ung ting tir 676°C dén 784°C, hiéu
suét san pham ting tir 21,61% dén 66% khdi lrgng. Trong khi d6
dién tich b& mat riéng caa C-CNTs ting khi nhiét do ting dén
725°C va khéong c6 nhiéu thay d6i khi nhiét do téng hop cao hon.
Tuy nhién, gia tri BET ciia CNTs dat gia tri cao nhat tai 725°C va
sau d6 giam manh. Quan sat anh SEM c6 thé thiy, kich thudc
CNTs dong déu hon khi nang cao nhiét do tdng hop, tuy nhién
mat d0 hinh thanh vt li¢u lai c6 xu hudéng giam.

Tw khéa - C-CNTs; CVD; SEM; TEM; BET; TGA; Carbon felt.

1. Gioi thiéu chung

Ngay nay, vat liéu carbon nano néi chung cling nhu
carbon nano 6ng (CNTs) noi riéng da dugc tong hop thanh
cong va duoc cac nha khoa hoc nghién ctru vé tmg dung
clia nd vao trong nhiéu linh vuc doi séng nhd vao nhimng
tinh chat vu viét cia loai vat liéu nay [1, 2]. Nhiéu phuong
phap duoc str dung dé tong hop CNTs [3], trong d6 phd
bién nhit 1a phuong phap két tu hoa hoc trong pha hoi
(CVD — Chemical vapor decomposition). O phuong phap
két tu héa hoc trong pha hoi thi qué trinh tong hgp CNTs
thuong dugc thyc hién trong thiét bi dang éng va qua trinh
gia nhiét bing dong dién tir bén ngoai [4]. Nhim tiét kiém
nang lugng cung cap cho qua trinh, cac nha khoa hoc da daé
xuat phuong phép tong hop véi phuong thire cép nhiét truc
tlep [én x0c tac va nguyén li€u, nguon nhiét dugc str dung
6 thé 1a dong dién hay nhiét cam tmg tir [5-7]. Phuong
thirc gia nhiét tryc tiép c6 uu diém nhu giam thoi gian dat
dén nhiét d6 tong hop, do chinh xac cao.

Sau qua trinh téng hop, san phim thuong & dang rén,
¢6 duong kinh rat nho nén viée 4p dung vao thyc té gdy ra
mot s6 van dé nhu khi sir dung vao viéc xir Iy nudc nhiém
dau, thu hoi vat liéu ra khoi hdn hop sau qua trinh xir 1y
gap rat nhidu kho khin va tiéu ton nhiu chi phi. Dé giai
quyét nhitng van d& nay, cac nha khoa hoc da tién hanh
téng hop carbon nano 1én trén bé mat vat liéu v6i hinh dang

Abstract - In this study, the authors synthesized carbon nanotubes
on the surface of carbon felt (C-CNTs) by Chemical vapor
decomposition method in the direct heating system with ethanol as a
carbon source. At the synthesis temperature of 725°C, the yield and
BET surface area values of the product were 44 wt.% and 74 m?/g,
respectively. The thermal stability of the material was lower than that
of the prototype. The investigation on the effect of temperature on
characteristics of samples showed that when the reaction temperature
increased from 676°C to 784°C, the yield increased linearly from
21.61 wt.% to 66 wt.%. Meanwhile, the specific surface area of
C-CNTs increased with increasing temperature to 725°C and did not
have much change at higher synthesis temperature. However, the
BET value of CNTSs peaked at 725°C and then dropped sharply. SEM
images showed that, the size of CNTs is more uniform when
increasing the synthesis temperature, but the density of material
formation tended to decrease.
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va kich thuéc mong mudn [8], hodc c¢6 thé sir dung chét két
dinh dé tao hinh [9]. Pic tinh cta san phém thu duoc ndi
troi hon so véi cac vat liéu thanh phﬁn.

Cac déc tinh cting nhu hiéu sudt thu san pham carbon
nano phu thugc rat nhiéu vao cac dleu kién phan Gmng, trong
d6 nhiét do tong hop thuong la yéu t6 quan trong quyét
dinh dén chét lugng san pham thu dwoc [10-13]. Siang-
Piao Chai cung cong sy da tién hanh khao sat cac dic tinh
ctia CNTs trong khoang nhiét do tir 300°C dén 700°C [10].
Két qua cho thy, khi nhiét do phan (g ting lén, kich
thudc trung binh cia CNTs giam dan tir 13,4 nm xudng
9,00 nm, dong thoi d6 dong nhit vé kich thude ciing ting
dan khi tang nhiét do, hon 98% CNTs c6 kich thudc tir
6 dén 12 nm tai 700°C. Trong khi do, hiéu suét thu san
pham ting dan va dat gia tri cao nhét 1a 245% tai 600°C,
sau d6 giam dan. Mot két qua nghién ctru khac tir W.Z. Li
[13] lai cho thay khi nhiét do tong hop con thap (700°C va
750°C), CNTs thu dugc c6 kich thude nhé hon nhiéu so véi
khi téng hop & nhiét do cao hon (trén 850°C).

Tu nhiing phan tich trén, nhém tac gia da 4p dung hé
thdng CVD gia nhiét tryc tiép dé tién hanh tong hop CNTs
trén bé mit chat mang co cau tric 3D la carbon felt va
khao sat mot sb dic tinh cua miu thu dugc theo nhiét do
tién hanh qua trinh. Carbon felt 14 loai vat lidu c6 d6 bén
co, bén nhiét, tro vé miét hoa hoc va co thé dinh hinh theo
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bat ¢t hinh dang mong muén nao, tao thuén 1¢i cho cac
tmg dung tiép theo cua vat liéu. Pic tinh cua san phdm
cudi dugc danh gia bang cac phwong phap phan tich hoa
Iy hién dai nhu xac dinh dién tich bé mat riéng BET
(Brunauer-Emmett-Teller), kinh hién vi dién tir quét SEM
(Scanning electron microscopy), kinh hién vi dién tur
truyén qua HR-TEM (High-resolution Transmission
Electron Microscope), phén tich nhiét trong truong TGA
(Thermogravimetric Analysis).

2. Thuc nghiém
2.1. Nguyén liéu

Trong nghién ciru nay, nhom tac gia sir dung ethanol
99,7 % ctia cong ty hoa chat Ptic Giang 1am ngudn carbon
dé tong hop C-CNTs ciing nhu dé dua pha hoat tinh 1én bé
mit chat mang. Tién chét cua pha hoat tinh dugc st dung
1a mudi nitrat sit (Fe(NO3)3.9H20) c6 do tinh khiét trén
98,5 % va acid nitric HNOs 68% sir dung cho qua trinh
chtic héa bé mit carbon felt dugc cung cép tir cong ty hoa
chat Xilong Quang Pong (Trung Qudc). Chat mang dugc
sit dung 1a carbon felt dugc cung cép boi cong ty
CeraMaterials. Khi N; tir cong ty DAGASCO duogc sir
dung cho qua trinh dudi khong khi, tao méi truong tro cho
phan tmg tong hop C-CNTs.
2.2. Chikc héa bé mdt Carbon felt

Carbon felt c6 nhiing tinh chat n6i bat nhu di phéan
tich & trén nhung khi bé mat c6 d6 nhin 16n va khong
phan cuc nén s€ khong thudn 1gi cho qua trinh phan tan
va lién két cua pha hoat tinh x(c tac I&n bé mat [14].
Do d6, nhdm cai thién nhitng nhugc diém néu trén, nhém
tac gia da nghién ctru qué trinh chirc héa carbon felt nhdm
tang cuong kha nang phan tan pha hoat tinh tr d6 lam
tang hiéu suét thu san pham tao thanh. Két qua nghién ctru
ctia nhom da duge cong bd cho thiy, sy hiéu qua cua
viéc chirc hoa carbon felt dén ning suit ciing nhu chat
lugng san pham tong hop [15]. Vi vdy, ¢ nghién ctru nay,
nhom nghién ctru cling da ap dung phuong thirc chuc hoa
bé mit carbon felt bing dung dich HNO3 68% nhu nghién
cuu trudce day.

2.3. Téng hop xiic tic

Trudec hét, tién chat xtc tac duoc tAm 1én bé mat carbon
felt v6i ham luong 2% khdi lwong pha hoat tinh tir dung
dich mudi st nitrate va ethanol véi néng do xac dinh. Sau
d6, chit mang dugc siy & 110°C trong 14h dé loai bo dung
mdi. Qua trinh tam dugc lap lai nhdm dam bao xuc tac duge
phan tan déu trén bé mit chit mang. Sau khi loai bo dung
mdi, mau dugc nung ¢ 350°C trong 2h dé dua mudi sit
nitrate vé dang oxide. Qua trinh khir oxide dugc thyc hién
ngay trong thiét bi phan (mg véi ngudn khir 1a khi Hy sinh
ra tu sy phan huy ethanol.

2.4. Téng hgp C-CNTs

Qué trinh tong hop bét dau voi cong doan dudi khong
khi ra khoi hé théng bang khi nito nhdm tranh sy chay hay
oxy hoéa miu téng hop. Sau d6, oxide sit duge khir bing
H; sinh ra tir sy phan huy ethanol. Sau qua trinh khir oxide
sit, hé thong dugc gia nhiét dén nhiét do phan ung.

Két thiic qua trinh tdng hop, tién hanh ha nhiét d6 dén

nhiét d6 moi trudong, roi cAn mau dé tinh toan hiéu suat.

Quia trinh téng hop bao gdm cac bude nhu so dd dudi day:

Pudi khong khi bang Nito

A 4

Khir xtc tac tai 450°C trong 40 phat

\ 4

Téng hop C-CNTSs trong 1h

Hinh 1. So do qud trinh tong hop C-CNTs
Hiéu suit thu duoc san phém duoc tinh theo cong thirc sau:

H =

wl-w2

—22 %100 (1)

Trong d6:

- H: Ty 1¢ san pham tao thanh va bam Ién trén carbon
felt (% khoi lugng);

- wi: Khéi lugng ctia san pham thu duoc sau khi tong
hop (gam);

W Khéi luong cua carbon felt va xdc tac trude khi

tong hop (gam).
2.5. Cdc phwong phdp ddinh gid tinh chdt sin phim

Sau qué trinh tong hop, vat liéu dugc danh gia hinh
thai bang kinh hién vi dién tor quét SEM JEOL 6010-
PLUS/LV. Bé xac dinh ro hgn Vi cau tric cua vat liéu,
nhdm tac gia st dung kinh hién vi dién tu truyén qua HR-
TEM model JEM 2100. Ngoai ra, dién tich bé mat riéng
BET dugc xac dinh bang cach do hap phu va giai hap dang
nhiét nito trén may ASAP 2020. Bén canh do, phuong
phap phén tich nhiét trong truong TGA duge sir dung dé
danh gia d6 bén oxy hoa cua vat liéu thong qua thiet bi
STA6000 véi toc do gia nhiét 3 °C/phat, Iuu lugng dong
khi oxy la 20 ml/phut.

3. Két qua va thio luin
3.1. Dic tinh ciia vit liéu téng hop

Tru6e hét nhom tac gia di tién hanh tdng hop mau &
nhiét do 725°C v6i ham luong pha hoat tinh (Fe) 2% khéi
lwong trén chit mang carbon felt (w2), thdi gian khir xac
tac 40 phut, sau d6 diéu chinh qué trinh gia nhiét dé dat
dugc nhiét dd mong mudn, thoi gian téng hop 1h. Sau qua
trinh téng hop, miu dugc 1§y ra can dé xac dinh hiéu suét
thu san pham (wi) va xem xét hinh thai bé mit bang anh
chyp SEM. Hiéu sudt thu san phém dugc trinh bay trong
Bang 1 va anh chup SEM cua carbon felt (Hinh A, C) va
C-CNTs (Hinh B, D, E, F) dugc thé hién ¢ Hinh 2.

Bdng 1. Gia tri hiéu suat san phcfm va bé mat riéng
cua C-CNTs so vdi carbon felt

Miu
Tinh chit Carbon felt C-CNTs
Higu suét (%) j "
Seet (M?/g) 1 7
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Hinh 2. Hinh thdi bén ngodi (4, B) va anh SEM ciia méu trude (C), sau khi tong hop (D, E, F)

Tir két qua thu dwoc ¢ Bang 1 cho thiy, hiéu suit thu
san pham tai nhiét 46 725 °C dat 44 % khdi luong so véi
carbon felt ban ddu. Quan sat anh chup trudc (Hinh 2A) va
sau khi tong hop (Hinh 2B), san pham thu duoc tré nén den
hon. Anh SEM cho théy, tlr soi carbon felt ban dau (Hinh
2C), sau khi tong hop xut hién mot loai céu trac méi trén
bé mit soi (Hinh 2D), ¢ d¢ phan giai cao hon (Hinh 2E,
2F), ta co thé thay vat lidu tong hop duoc c6 hinh dang nhu
chc Ong nano carbon c6 kich thudc va phan bd kha dong
déu. Vi céu trac cua vat lidu dugc quan sat bang anh chup
TEM duoc trinh bay trén Hinh 3. Quan sat anh thu dugc c6
thé khéng dinh san phém téng hop 1a CNTs v6i duong kinh
kha dong déu va bang khoang 50 nm. Két qua thu dugc co
thé khang dinh viéc tong hop thanh cong carbon nano éng
trén bé mit carbon felt.

Hinh 3. Anh TEM mau vat liéu tai nhiét d6 tong hop 725°C
Bén canh d6, dé xac dinh dién tich bé mat ris‘:ng, mau
dugc do bang phuong phap hap phy, giai hap dang nhiét
bang N2 va xur ly so liéu theo ly thuyét BET, két qua thu
duoce thé hién ¢ Hinh 4 va Bang 1.

20|

250 ==O== Pwimng Ilﬁ'p pl’l_l
Pwong giai hap phu

Do hip phu, cm¥/g

P/Po
Hinh 4. Puong hdp phu va gidi hdp phu ciia san pham
Tir Bang 1 c6 thé thdy, gia tri BET ting 1én dén 74 lan
so voi carbon felt. Tur gian do duong hap phu va giai hap

phu trén Hinh 4 cho thay, su xuat hién vong tré, kiéu IV
theo phan loai ciia IUPAC [17]. Vi vay, c6 thé khang dinh
réng C-CNTs thu dwgc 13 mét loai vat 1liéu mao quan co
kich thudce trung binh.

Phuong phap phan tich nhiét trong truong dugc s
dung nham danh gia do bén nhiét, bén oxy hoa cua vat
liéu, phuwong phap phan tich nay cho biét duoc gii han
nhiét do lam viéc cia vat li¢u hay xac dinh ty 1¢ cta cac
thanh phén trong mot hop chét. Két qua duoc thé hién &
Hinh 5.

Nhu duoc thé hién ¢ Hinh 5A, vt liéu tong hop duoc
c6 d6 bén oxy héa thap hon so vdi carbon felt ban dau.
Tu Hinh 5B cho tha‘iy, trong khi vat liéu ban dau chi c6
1 peak c6 gia tri dinh peak tai 690 °C dac trung cho carbon
felt thi san pham lai c6 2 peak c6 gia tri dinh peak tai
650 °C va 610 °C dic trung lan lugt cho carbon felt va
CNTs hinh thanh. Sy sai khac vé nhiét d6 phan huy cua
carbon felt c¢6 thé 1a do sy anh hudng cia xtc tac kim loai
(Fe) c¢6 mat trong san phim di day nhanh qua trinh
oxy hoa cta carbon felt, khién qua trinh phan hay carbon
felt xay ra nhanh hon so voi mau ban dau, két qua nay
tuong tu nhu két qua dugc cong bd cia nhom McKee va
cong su [16].

-
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3.2. Anh hwéng ciia nhigt dp dén dic tinh sin phim

Nhiét d6 ludn dong vai tro quan trong trong cac phan
Umg hoa hoc, cac két qua ‘nghién ctru duge cong bb cho
thiy, chét lugng va hiéu suat thu san pham carbon nano phu
thudc rat 16n vao nhiét d6 tong hop. Do viy, & nghién ctru
nay nhom tac gia da tién hanh tong hop 3 mau véi nhiét do
tuong g 1a 676°C, 725°C, 784°C con céac diéu kién khac
khong thay doi. Két qua vé hi¢u suét thu va gié tri dién tich
bé mat riéng BET cuia san pham duogc thé hién & Hinh 6.
Ngoai ra, trén Hinh 6 con thé hién gia tri bé mat riéng cua
CNTs hinh thanh trong qué trinh tong hop dugc tinh toan
theo cong thic (2).

BETc-cnts X (100 + H) = BET carbon feit X 100

+ BETentsX H 2)

V6i: BETc.ents, BET carbon felt, BETenTs lﬁn luot 1a gié tri
BET cuia C-CNTs, carbon felt va CNTs.; H: Hiéu suét thu
san pham.

Cong thire (2) duge xdy dung tir gia tri dién tich bé mat
riéng ctia C-CNTs va cuia carbon felt vi gia thiét bé mit riéng
ctia C-CNTs bang tong bé mat riéng thanh phan cua timg loai
vit liéu riéng 1é va tuyén tinh theo phan trim khéi luong.

100 d%-..239.91 250
90 I S
196.85 .-~
v 80 b e 18200] 200 o
g g &
°\c 70 --#- Hi¢u suat : E
= 00 ~m- BET/C-CNTs e es| 150 o
“g 50 4 BET/CNTs | =
Z 40 I 100 A
<§. 74 73
=130 2151 T N
= 20 97 T 50
5
10 r3 67
0 0
675 695 715 735 755 775

Nhiét dé, °C
Hinh 6. Anh hucng cia nhiét dg 1én hiéu sudt tong hop
va dién tich bé mat riéng BET
Tir Hinh 6 ta thay, hiéu suat thu san phim ting gan

1pm m———

20000 1pm

SEIJBKV‘ WDOHmmMSS30

nhu tuyén tinh theo nhiét d6. Khi nhiét d6 téng hop tang
tir 676°C dén 725°C, gia tri BET tang tir 35,67 cm?/g
1én dén 74 cm?/g va dat 73 cm?¥g tai 784°C. Khi xét dén
gia tri BET ciia CNTs, bé mit riéng cia CNTs ting 1én
rit nhanh trong khoang nhiét 46 676°C va 725°C, tur
196,85 m%/g dén 239,91 m?/g. Tuy nhién, khi nhiét do tiép
tuc ting 1én dén 784°C thi gid tri bé mat riéng cia CNTs
lai giam manh xubng con 182,09 cm?g. Theo mot cong
bd cia M. Bahgat [18], khi nhiét d6 tién hanh qua trinh
chua du 16n, tdc do phan hiy ngudn carbon nho hon so
v6i toc dd hinh thanh CNTs trén bé mit xac tac. Khi do,
néu ting nhiét d¢ ciia qua trinh thi téc d6 phan hity ngudn
carbon va hinh thanh CNTs ting 1én, dan dén hiéu sut
thu san phdm ciing nhu bé mat riéng ctia chung ciing ting
nhanh. Tuy nhién, theo két qua trudc d6 da duge cong bd
ctia ciing nhom nghién ciru [19], khi nhiét 6 ting dén mot
gia tri nhat dinh, tdc do phan hiy ngudn carbon nhanh
hon tdc do hinh thanh CNTs trén bé mat xtc tac, khi d6
phan carbon d4 bi phan huy ma khong tiép xtc duoc véi
bé mat pha hoat tinh ¢6 thé két hop v6i nhau hinh thanh
nén carbon v6 dinh hinh hay cac dang carbon khac. Mot
1y do quan trong khac 1a khi nhiét d6 cao, mot sb pha hoat
tinh cua xuc tac co thé két ty voi nhau nén 1am giam bé
mat riéng cta pha hoat tinh, tir 46 lam tang kha néng hinh
thanh cac dang carbon khac. Chinh cac dang carbon khac
nay da lam giam gia tri BET.

Hinh 7 thé hién hinh thai cua vt liéu tai cac nhiét do
tong hop khac nhau.

Két qua cho thiy rang, tai nhiét do phan tng thap 676°C
(Hinh 7A), éng nano carbon téng hop dugc c¢é kich thudce
khong ddng déu. Véi su gia ting nhiét do, duong kinh
CNTs dan tro nén 16n, dong déu hon va khong c6 nhiéu
thay ddi khi tong hop & nhiét d6 cao hon (Hinh 7B, 7C).
Két qua thu dugc phu hop véi v6i cong bd trude dy cia
nhom tac gia W.Z. Li [13]. Tuy nhién, mét d¢ hinh thanh
san phim con lai o xu huéng giam xubng.

1pm —

x20,000 1pm

SEI 10kV WD10mmSS30

Hinh 7. Ankh SEM ciia mdu & cdc nhiét dg tong hop khdc nhau

4, Két luan

V6i nghién ciru nay, nhom tac gia da tong hop vat ligu
carbon nano 6ng 1én trén bé mat chat mang la carbon felt.
Céc két qua thu dugc da cho thdy sy anh hudong cuia nhiét
d6 qua trinh tong hop 1én hiéu sut va ddc tinh san pham.
Tuy nhién dé c6 thé xac dinh 15 hon sy anh huéng cia didu
kién tién hanh qua trinh [én chit luong san pham, can 4p
dung thém mot s6 phuong phéap dénh gia khac nhu quang
phé Raman... Viéc tong hop va gin dong thoi CNTSs trén

bé mat carbon felt da khic phu dugc nhuogc diém cua tung
loai vat lidu thanh phan, tr d6 mo rong viéc ung dung
CNTs vao mdt sb linh vuc, dic biét ddi véi kha nang xir 1y
nude nhiém dau.

Loi cam on: Hoc vién Lé Bie Nguu duoc tai tro boi Téap
doan Vingroup — Cong ty CP va hd trg béi chuong trinh
hoc bong dao tao thac si, tién si trong nudc ciia Quy Doi
méi sang tao Vingroup (VINIF), Vién Nghién ctru Dit li¢u
16n (VinBigdata), VINIF.2020.ThS.94.
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