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Nghién ciru ché tao vt liéu VO: cu triic micro/nano
bang phuwong phap thuy nhiét
Synthesis of Micro/Nano VO, Structure by Hydrothermal Method
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Tom tat

V4t liéu vanadi dioxit dwoc ché tao thanh céng bang phuwong phép thiy nhiét. Trong d6 C2H204 déng vai tro
la chét khty, khir V 5* xubng V #* tir tién chét V20s. Trong bai bao nay, chiing téi khdo sat mot sé yéu té anh
hwéng dén céu tric va hinh thai bé mat cda vat liéu VO thu duwoc sau qué trinh thiy nhiét nhw thoi gian
thdy nhiét (6 h — 24 h), néng do tién chét V.0s tham gia phén ting (0,1 M — 0,4 M) va ty 16 sé mol tién chét
V20s/C2H204 ( 1:2,4; 1:3, 1:4). Céu tric va pha cla vét liéu duoc xéc dinh bang phuong phap nhiéu xa tia X
(XRD). Hinh théi bé mét va kich thuéc cua véat liéu duoc xac dinh béang kinh hiéu vi dién tir quét phat xa
truong (FESEM). Céc vét liéu VO2 ché tao ra cé sw thay dbi vé kich thuée va hinh thai bé mat. Khi ti 1é sé
mol tién chét V20s/C2H204 la 1:2,4 thu duwoc vét lidu VO2 dang thanh nano, khi téng ty 16 1én 1:3 thu duoc
dang séu canh (micro rotor) va khi ty 1é la 1:4 thu duoc VO2 dang tdm. Ngoai ra cac canh cda dang micro
rotor tré nén sdc nét va bang phang hon khi tdng thoi gian thdy nhiét tir 6 dén 24 h. Trén co sé dé duwa ra
phuong phép ché tao vat liéu VO2 c6 céc céu tric va hinh thai bé mét khac nhau bé sung véo cac két qua
nghién ctru co ban vé vat liéu.

Tl khéa: Thay nhiét, micro rotor, vanadi dioxit.
Abstract

Vanadium dioxide was synthesized successfully by hydrothermal method. C2H204 was played as reducing
agent for reducing V °* to V #* from V20s precusor. In this article, we have studied the effect of hydrothermal
time (6h-24h), V205 concentration (0,1 M — 0,4 M) and ratio of V20s/C2H204 (1:2,4; 1:3, 1:4) to the structure
and morphology of VO2. Phase formation of VO2 was analysized by X-ray diffraction. Morphology and size of
micro/nano structures were examined by FE-SEM. The synthesized VO: structures were showed variation in
particle size and morphology. VO2 nanorods, micro rotor and nanoplate were observed when ratio of
V20s5/C2H204 was 1:2,4, 1:3 and 1:4, respectively. Moreover, the surface of micro rotor became well-defined
morphology with increasing hydrothermal time from 6h to 24h. This research showed the way to control the
structure and morphology of VO2 which was useful for VO2 research area.

Keywords: hydrothermal; micro rotor, vanadium oxide

1. Giéi thiéu

Vanadi oxit (VOy) la mét trong nhiing oxit co
su da dang vé pha cdu trac nhu: pha tetragonal-rutile
VO, (R) [1], monoclinic-rutile VO, (M) [2],
tetragonal VO3 (A) [3,4], monoclinic VO, (B) [5,6] va
pha monoclinic VO, (D) [7]. Cac pha nay tuong ung
v6i cac hang s6 mang trong bang 1 [8]. MJi pha duoc
dic trung boi cac tinh chit co, nhiét, dién, quang khac
nhau. Mang méng VO, (M) co bé rong ving cdm ~ 3
eV 1a mot loai ban dan loai p, nhung khi & nhiét d¢ 68
°C pha VO, (M) chuyén thanh pha VO, (R) co bé
rong vung cdm ~ 0,5 eV c6 tinh chat nhu kim loai [9].
Su chuyen pha nay dugc goi voi mot thuat ngl
chuyén pha ban dan — kim loai, tic dong manh 1én
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tinh chit quang ctia vat lidu nén duoc tmg dung lam
bd chuyén dbi quang — dién. Nhiét d6 chuyén pha T.
= 68 °C rat gan voi nhiét d6 moi truong, do vay VO,
(M) dugc tmg dung ché tao ctra s6 théng minh can tia
héng ngoai khi nhié¢t d ngoai troi tdng cao. Vat li¢u
VO, (B) c6 thé bit cip v6i cac ion Li* tao thanh cdu
trac gia bén Li,VO, [10], khi dbi chiéu phan cyc cua
dién truong cac ion Li* bi hat ra va tra lai cAu tric
VO; ban dﬁu, do d6 dugc tng dung lam dién cuc
trong pin Li-ions. Vat liéu VO, (D) [7] ¢6 cu tric bé
mat xép, dién tich bé mit riéng 16n nén dugc nghién
ctru Gmg dung hip phu cac chat mau va mot sd kim
loai nang trong cong nghé xur Iy moi truong. Vat licu
VO, di duoc cac nha khoa hoc tong hop bang nhiéu
phuong phap khac nhau. Chu yéu 1a phuong phap
phun xa, phuong phap sol-gel va phuong phéap thuy
nhiét [11-14]. Trong d6 phuong phap thiy nhiét dugc
cho 1a phuong phap dugc cac nha nghién ctru quan
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tam do vat liéu ché tao dugc bang phwong phap nay
¢6 chit luong tinh thé t6t, kich thudc va hinh thai dé
kiém soét v6i chi phi dau tur thiét bi don gian va kinh
té [15]. Phuong phap thay nhiét c6 thé tao ra da dang
cac hinh thai bé mat nhu dang que, vong nhén, céu,
tam, thanh do boi cac ddc trung trong qué trinh hinh
thanh tinh thé.

Phuong phép thuy nhiét c6 thé tao ra hau hét
cac pha VO; (M), VO (A), VO2 (D), VO; (B). Cac
pha nay c6 thé chuyén dbi 1dn nhau thong qua qua
trinh xtr Iy nhiét [16,17]. Pha VO, (B) 1a mot pha 6n
dinh va ton tai trong tw nhién. Trong qué trinh thuy
nhiét VO, (B) duoc hinh thanh va anh hudng bdi cac
chat khir sir dung trong qua trinh ché tao nhu axit
formic [18], axit oxalic (191, ethylene glycol [20], va
butanol [21]. Cac san pham cudi c6 hinh dang hat,
que, t6 ong, dang 16ng nhim, dang ciu duoc dic trung
béi cac tinh chét quang, nhiét, dién khac nhau.

Trong nghién ctru nay, bang viéc sir dung tién
chit V,05 va C;HO4 ché tao VO, (B) trong mdi
truong axit va khong sir dung chit hoat dong bé mat.
Qua trinh ché tao dugc khao sat ¢ thoi gian thuy nhiét
khac nhau, nong do va ty 1¢ tién chat phan tng. Két
qua cho thdy mot sb hinh thai dang thanh, tam va
dang sau canh (micro roto) di dwoc ché tao thanh
cong. Tir cac két qua nay chung t6i dua ra cac thong
s6 thich hop cho viéc ché tao cac hinh thai bé mat
khac nhau.

Bang 1. Thong s6 hing s6 mang ctia timg pha vat liéu

VO, [8].
a(d  b(A) c(A) B()
VO, (A) Tetragonal 8,43 8.43 7,68
VO, (B) Monoclinic 12,03 3,69 6.42 106,6
VO, (M1) Monoclinic 5,38 4,52 5,47 122,6
VO, (R) Tetragonal 4,55 4,55 2,86

2. Thue nghiém

Vit liéu VO, duoc tong hop tir tién chét vanadi
pentoxit, V20s (99.99 %, Sigma-Aldrich) va axit
oxalic, C;H>04.2H20 (99.99, Sigma-Aldrich). Trong
bai bao nay, ching t6i khao sat mot s6 yéu t6 anh
hudng dén céu triic va hinh thai bé mat cua vat liéu
VO, thu dugc sau qué trinh thuy nhiét nhu néng do
tién chat V,0s tham gia phan tng (0,1 M — 0,4 M),
ty 16 s6 mol tién chat V,0s/CoHy04 ( 1:2,4; 1:3, 1:4)
va thoi gian thuy nhiét (6 h — 24 h). Khudy trén hdn
hop biang may khudy tir véi téc do on dinh va theo
ddi mau dung dich chuyén tir vang sang mau xanh
dam trong thoi gian 5 h. Dung dich thu dugc cho vao
binh Teflon va thiy nhiét & 200 °C trong cac khoang
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thoi gian khac nhau, sau d6 binh Teflon dé ngudi téi
nhi¢t do phong. Loc ket tua khoi dung dich va rua
nhiéu lan bang nudc cat, con va axeton. Két taa thu
dugc sdy kho & 70 °C trong thoi gian 24 h, bot c6
mau xanh den thu dugc 1a tinh thé VO, (hinh 1). Vat
lidu VO, sau khi thu dugc tién hanh xac dinh hinh
thai bé mat, kich thudc bang kinh hién vi dién tir quét
phat xa truong (FESEM-JEOL JSM-7600F). Xac
dinh pha cau trtc bang phé nhidu xa tia X (XRD-D8
Advance). Do pho huynh quang (PL) duoc thuc hién
bang thiét bi quang phd ké NANO LOG (Horiba, M)
trang bi dén tan nhi¢t 450 W Xe st dung bd don
sic kich thich kép.

4 3
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Hinh 1. Quy trinh ché tao vét liéu nano VO, bang
phuong phéap thiy nhiét.

3. Két qua va thio luin
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Hinh 2. Gian d6 nhidu xa tia X (XRD) cua vat liéu
VO, duoc ché tao tir tién chit V,0s va C.H,04 ti 16
mol 1a 1:3; thay nhiét & 200 °C-12 h; khéo sat & cac
ndéng d6 V,0s lan luot 1a 0,1 M (a), 0,2 M (b), va
0,4 M (c).
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300 nm :

Hinh 3. Anh SEM vit liéu VO, khao sat theo sy thay ddi ti 16 s6 mol cac tién chit phan tng V,0s/C2H204 lan
luot 14 (1:2,4), (1:3), (1:4) twong tmg v6i cac hinh (a), (b),(c.) Thuy nhiét & 200 °C — 12 h.

Dé xéc dinh cdu triic, chat luong tinh thé, thanh
phan pha trong vat liu, chung t61 tlen hanh phan tich
gian d6 nhidu xa tia X cua cac mau. Hinh 2 (a,b,c)
VO, duge ché tao tir V205 va C2H204 ti 18 mol 1a 1:3;
thiy nhiét & 200 °C-12 h; khao sat ¢ cac nong do
V,0s lan luot 12 0,1 M, 0,2 M, 0,4 M. D& dang quan
sat dugc trén phd XRD ton tai cac dinh nhidu xa sic
nét tai goc 20 ~ 15,6° 25,4° 29,1° 45,1° 49,4° 59,2°
tuong ung vdi cac mit tinh thé (200) (110) (002)
(601) (020) (?1 1) nhu trén hinh 2a. Cac dinh nhleu xa
nay déu dic trung cho vat lieu VO, (B) co céu trac
don ta (theo thé chudn sb hiéu 81-2392).

Cac mau VO, duge ché tao tir Vo0s néng do thép 0,1;
0,2 M (hinh 2 a,b) cho cac dinh nhifu xa séc nét. Khi
nang noéng do V,0s 1én 0,4 M (hinh 2¢) ta thu duogc
cac dinh nhiéu xa v6i cudng d6 yéu hon hin. Két qua
nay chi ra réng sy hinh thanh vat 1liéu VO, chiu anh
hudng manh khi thay d6i ndng d6 tién chat phan tng.

3.1. Anh hwéng ciia 1y 1¢ tién chit V205/C:H204

Khi thay dbi ti 1& sb mol tién chéat V,0s/C2H204
tao ra nhiéu hinh thai bé mat khac nhau (hinh 3). Khi
ty 1€ 1a 1:2,4 hinh thai tao ra la cac thanh nano VO,
v6i duong kinh trung binh 12 100 nm, chiéu dai trung
binh 600 nm. Khi ty 1& giam xudng 1:3 (hinh 3b) cac
cAu truc sau canh (micro rotor) hinh thanh [22], ciu
trac nay dwoc ciu tao boi 6 tim déi ximg nhau va
cach déu mot goc ~ 60°, duong kinh trung binh 400
nm va chiéu dai trung binh 1 pm. Tiép tuc giam ty 1&
xudng con 1:4 (hinh 3c) hinh thanh cac cdu trac dang
thoi (micro spindle) két dam vao nhau v&i duong kinh
trung binh 500 nm va chiéu dai trung binh 1,3 pm.

Sy hinh thanh céu trac dang thanh nano dugc
giai thich theo co ché ion, do su tuwong tac cua cac ion
204> va VO** véi nhau dudi diéu kién cua ap suat
va nhiét do thich hop. Dau tién cac mam tinh thé VO,
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s& duoc hinh thanh, sau d6 dudi diéu kién nhiét o va
ap suat thich hop cic mam nay sap nhap lai v6i nhau
dé hinh thanh cau tric VO, dang thanh nano VO,
(hinh 4).

Hinh 4: Minh hoa qua trinh hinh thanh thanh nano
VO,

3.2. Anh hwéng ciia nong dj V>0s

Khi da biét duoc ti 1¢ V205/CoH,041a 1:3 tao ra
dugc dang chu trac sau canh didc biét. Mot s6 cac diéu
kién vé nong d6 V,Os khac nhau duoc khao sat (hinh
5). Céc cau triic ¢ su thay dbi 18 rét vé d6 map mod
trén bé mat. Pdi véi nong d6 0,1 M céu triic su canh
duoc hinh thanh, cac canh g6 ghé, khong sic nét,
duong kinh trung binh 350 nm, chiéu dai trung binh
1,2 pm (hinh 5a). Khi ting ndng d6 V,0s 1én 0,2 M
kich thudc cta cac cu tric nho hon, do mat do cac
phan tir 16n hon nén qua trinh tao mam ting, dan dén
kich thuéc mam va kich thudc tinh thé VO, giam (vi
duong kinh hat trung binh 300 nm), chiéu dai trung
binh 1,1 pm (hinh 5b). Nong d6 V,0s tiép tuc ting
1én 0,4 M, cac cAu trac sau canh bi thay thé boi cdu
trac dang tam voi kich thudce khong dong nhat (hinh
5¢). Do vay dua vao viéc thay d6i ndng do cac tién
chét ban dau ta c6 thé kiém soat duoc hinh thai bé
mit ciia san pham sau qua trinh thity nhiét.
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Hinh 5. Anh SEM vt liéu VO; céu tric dang sau canh khi thay doi nong do V-Os tai 0,1 M ; 0,2 M; 0,4 M
twong Gng lan lugt hinh (a), (b), (c) thiy nhiét & 200°C - 12h.

Hinh 6. Anh SEM vit liéu VO, céu trac sdu canh (micro rotor) khi thay d6i thoi gian thily nhiét & 6h, 12 h, 24 h
twong Gng lan lugt hinh (a), (b), (c) véi nong dd V205 0,2 M — thuy nhiét 200 °C.

3.3. Anh hwéng ciia thoi gian thiy nhiét

Khi khéo sat thoi gian thuy nhiét (6 h — 24 h)
miu VO, sau canh ché tao tir V,0s5 (0,2 M) ty 1€ mol
tién chit V,0s5/C,H,04 14 1:3, thiy nhiét ¢ 200 °C.
Bot thu duge dem phén tich hinh thai bé mat bing
kinh hién vi dién tir quét (SEM) (hinh 6). Thoi gian
thuy nhiét ngan 6 h cac cau trac sau canh dugc tao ra
gan nhu hinh bau duc ¢6 cac ranh khoét, bé mat xop
voi duong kinh trung binh 300 nm, chiéu dai trung
binh 1,1 pm. Khi thoi gian thiy nhiét tang 1én 12 h
cac canh thé hién 15, do gd ghé giam. Tiép tuc ting
thoi gian thuy nhiét dén 24 h, nhan thiy cac canh cua
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cAu tric micro rotor mong, sic nét, dd gd ghé thap.
Diéu nay chung t6 thoi gian thity nhiét anh hudng rat
manh dén hinh thdi bé mit cta vat ligu.

Ban diu cac ion twong tic véi nhau theo phan
tmg oxi hoa khir (phuong trinh 1-4) tao thanh mam
tinh thé va phat trién tao nén c4u trac hinh bau duc c6
6 ranh khoét, bé mat gb ghé. T1ep tuc tang thoi gian
thity nhiét cac phan tir lién két yéu & cac ranh gb ghé
tach ra va theo thoi gian tao thanh cac cdu triic sau
canh (cach déu mot goc 60°) sic nét, dd xdp trén bé
mit giam. Két qua nghién ctru nay ciing tring khop
v6i két qua nghién ciru va co ché hinh thanh ciu tric
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micro/nano VO, nhu trong nghién ctru cua Ligiang
Mai va cac cong su [23]. Hinh 7 md hinh hoa lai qua
trinh hinh thanh céc cau tric sdu canh (micro roto).

VO
" 042

Hinh 7. Minh hoa qu4 trinh hinh thanh VO, cdu tric
VO, dang séau céanh.

Vit liéu VO, ché tao bang phuong phép thuy
nhiét thuong cd cdu tric dang tam hodc thanh nano
[24,25]. VO, thuong co cAu trac dang hat nano khi
dugc ché tao bang bang phuong phap sol-gel [26].
Trong khi d6 st dung phuong phap phun xa dé ché
tao thi VO, thu duogc thuong co cAu trac dang cot
[27]. Trong nghién clru ndy ngoai céu trac dang thanh
nano giéng nhu cac cong trinh nghién ctru khac thi
vat liéu VO, ché tao dugc con co cu trac sau canh
(micro rotor). C4u trac sdu canh nay con rit moi va
khéng co nhidu cong bd nhu cic cdu trac dang hat,
thanh hodc tim nano VO..

Mau cua cac dung dich sau phan ung thiy nhiét
c6 sy khac biét 16 rang, tuy thudc vao ty 1€ cac tién
chat ban dau (hinh 8). Theo nhu phuong trinh phan
ung (1-4) [28], vai ti 1€ V,0s5/Co;Hx04 12 1:3 sau khi
thiy nhiét dung dich c6 mau xanh duong. That vy,
theo phwong trinh (1-3) céac tién chéat V,0s va C;H204
vira di dé phan tmg hoan toan, sau phan tng céac ion
duong VO?*" va ion 4m C204* tao nén mau xanh dam
cua dung dich. Ty 1€ V20s/CoH204 12 1:2,4 hai phén
ba dung dich H,C,O4 s& phan tmg dé giai phong
thanh CO; va H>O dung dich sau phan tng con du
nhiéu ion VO va thiéu cac ion 4m C,04> tao dung
dich c6 mau xanh ngoc bich.

Hinh 8. Dung dich sau thuy nhiét & ché do 200 °C —
12 h véi ty 1€ V,05/C,H,04 khac nhau. (a) ty 1€ 1:2,4,
(b)tylg 1:3

Cac phuong trinh phan ng xay ra:
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V7,05 + 3H,C,04 < 2VOC,04 +3H,0 (1)
+2C02

V705 + H,Cy04 < (VO)2C204 + H,O (2)
(VO),C204 + 2H2C105 <> 2VOC20s  (3)
+2H,0 +2CO;,

2VOC;04 > VO, + 3COs + C @)

Hinh 9 thé hién phd huynh quang cta vét li¢u
VO, ciu tric sau canh (micro rotor) duoc ché tao & ti
1€ V,05/CoH204 1a 1:3, nhiét d§ thuy nhiét 200 °C,
thoi gian 12 h dudi bude song kich thich 1a 260 nm.
Ph6 huynh quang xuat hién mot tim phat quang & ~
530 nm. Tam phat quang nay duoc cho 1a do bat
ngudn tir cac khuyét tat khuyét oxy ton tai trong vat
liéu VO, [29, 30].

Cuwong dd (d.v.t.y)

T T
500 550
Bwéc soéng (nm)

450 600
Hinh 9. Phé huynh quang ctia mau VO, ché tao bing
phuong phap thuy nhiét véi ti 1€ V20s/CoH204 12 1:3,
nhi¢t d6 200 °C, thoi gian 12 h, budce song kich thich
260 nm.

4. Két luan

Vit liéu VO, (B) da duoc tong hop thanh cong
bang phuong phap thity nhiét trong méi trudng axit,
khong sir dung chat hoat dong bé mat. Hinh thai va
kich thudc thay doi theo ty 1& sé mol tién chat
V,05/C,H204 tir dang thanh (dudng kinh 100 nm va
chidu dai 600 nm) sang dang micro sdu canh (rotor)
(duwdng kinh 400 nm va chiéu dai 1 pm) va dang thoi
(micro spindle) (duong kinh 500 nm va chiéu dai 1,3
pm). Ngoai ra VO, dang tim ciing dugc ché tao. Céac
canh cta dang micro rotor tré nén sic nét va bang
phing hon khi ting thoi gian thity nhiét tir 6 dén 24 h.
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