Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién pISSN 1859-1388
Tap 130, S6 14, 23-29, 2021 eISSN 2615-9678

ANH HUONG CUA Ti LE Ba/Ti LEN DPAC TRUNG CUA HAT NANO
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Tém tat. Vat liéu BaTiOs nano hinh ciu phén tén cao véi kich thudc dong déu dugc tong hop bing
phuong phap thay nhiét. Anh hwong cta ti 1€ mol Ba/Ti 1én sir hinh thanh vét liéu duoc nghién cttu
bang cach phan tich dit lieu XRD va SEM. TiO2nH:0 tng hop bang phuong phap axit sunfuric véi su
hd tro song siéu am duoc st dung lam nguyén liéu ban dau. VAt liéu nano BaTiOs hinh cau véi d6 phan
tan cao va kich thuwdc trung binh khoang 100 nm da thu dwgc tai 200 °C trong 12 gio vdi ti 1€ Ba/Ti=1,5.
Ty 1& Ba/Ti anh hudéng manh dén su hinh thanh BaTiOs nano hinh cdu véi qua trinh chuyén pha. Khi
tang ti 16 Ba/Ti, kich thudc hat tang va tinh dong nhat giam.
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Abstract. Highly dispersed BaTiOs nanospheres with a uniform particle size were synthesized with the
hydrothermal method. The influence of Ba/Ti molar ratios on the formation of BaTiOs nanospheres was
studied by analyzing the XRD and SEM data. The TiO2-H20 synthesized with the sulfuric acid method
assisted by ultrasonication was used as a starting material. Highly dispersed BaTiOs nanospheres with
an average size of about 100 nm were obtained at 200 °C in 12 hours with a Ba/Ti ratio of 1.5. The Ba/Ti
ratios have a strong influence on the formation of nano BaTiOs and the phase transition. The particle size
increases with the Ba/Ti ratio, while the uniformity decreases.
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1 Mo dau

BaTiOs la mét vat liéu gdm dién tr da thu
hut si quan tam cua cac nha khoa hoc nho cac dac
tinh dién moi, sat dién va ap dién tuyét voi. N6
duoc ting dung rong rai trong cac tu dién gém da
16p, cam bién ap dién va bd truyén dong [1-3].
Thong thuong, bari titanat duoc tong hop bang
phan ting pha ran tir hdn hop BaCOs va TiO2 nung
0 nhiét d6 cao trén 1100 °C [3]. Qua trinh nay gay
ra sy thiéu dong nhét vé thanh phén va tao ra céc
loai bot két tu 16n va ciing. Do d6, d€ tong hop bot
BaTiOs siéu min c6 tinh dong nhéat cao, nhiéu
phuong phap hoa hoc w6t da duoc phat trién. Cac
phuwong phap nay bao gom phan huy nhiét cac
mudi kép nhu oxalat [4], sol-gel [5, 6] va dong két
tta [7]. D€ dat duoc dung dich rén hoan chinh, hau
hét cac phuwong phap hdéa hoc wét can nung ¢ nhiét
do trén 500 °C va qua trinh nghién lién tiép giong
nhu qud trinh phan tng 6 trang thai ran [8]. Thuy
nhiét la mot phwong phap hiéu qua dap tng cho
cac yéu cau tong hop bot BaTiOs cong nghiép do
tinh nang x 1y ¢ nhiét d¢ thap va khong can nung,
nghién [9].

Phuong phép thuy nhiét ¢6 tiém nang dé
diéu ché cac loai bot siéu min béng cach st dung
moi treong nudc. Tuy nhién, phuwong phap nay
thuong phai tién hanh trong diéu kién kiém manh
(pH > 13) véi viéc st dung NaOH hoac KOH [10-
12], do @6 dé€lai cac tap chat dudi dang ion Na* va
K+ [8, 13]. Cac phuong phap thay nhiét st dung
tién chat cua Ba?* va Ti* khac da duoc phat trién dé
thay thé. C4c hat BaTiOs nano dwoc tdng hop bang
phan tng thay nhiét tit dung dich Ba(OH)2 véi cac
tién chat titan khac nhau nhw bot oxit titan [14-16],
mudi titan [11], titan hydroxit [17] trong hé thong
ma khong st dung cac chat kiém khac (NaOH va
KOH) hd tro [8].

Trong nghién cttu nay, chung t6i tong hop
BaTiOs bang phuong phép thuy nhiét st dung hat
nano TiO>nH20 ché tao bang phuong phap axit

sunfuric c6 ho tro song siéu am [18] va
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Ba(OH)-8H:0 lam nguyén liéu ban dau. Anh
huong cua ty 16 mol Ba/Ti dén qua trinh chuyén
pha, hinh thai va kich thuwdc hat ctia BaTiOs nano

duoc nghién cttu chi tiét.

2 Thuc nghiém

2.1 Téng hgp cac hat nano TiOnH:0

Quy trinh ché tao TiO>nH20 bang phuong
phép sunfuric véi sy hd tro séng siéu am duoc
thuc hién nhue Hinh 1. Dau tién, 10 gam bot TiO:2
thwong mai (Merck, d6 tinh khiét 99%) duoc phan
tan trong cdc thuy tinh chita 100 mL dung dich
H2SOs dam dic bang méy khudy ti, thoi gian 30
phut. Dung dich nay duoc phan tan bang siéu am
cong sudt cao (25 kHz, 150 W) trong 30 phut va gitr
¢ 100 °C trong 2 gio. Sau khi d€ ngudi, dung dich
dugc pha lodng bang nudc cat va phan tan bang
siéu am trong 10 phut. Tiép theo, cho tit tir dung
dich NH:OH loang vao va khudy lién tuc bang méy
khudy tir cho dén khi méi treong trung tinh. Khi
bat dau xuat hién két tia mau trang, ngirng khudy
tir va loc két tua. Két tia duoc rira nhiéu [an béng
nudc cdt nong, roi dén etanol. San phdm cudi cung
duoc sdy kho tai 100 °C trong 12 gio, thu dwgc bot
TiO2nH:0.

TiO, +
Xit Iy nhiét
Dung dich ey nhig
LSO (100°C, 2
2 4 T
git)
1 3
r
Sy tai 100°C Trung hoa
Thiy
24 giir (NH,OH) )
. + A phéin
(TiO:.nH20) va loc
6 5 4

Hinh 1. Quy trinh ché tao TiO>nH20 béng phuong
phap axit sunfuric [18]
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2.2 Tong hop BaTiOs nano

Bot BaTiOs dwgc tong hop bf“mg cach cho bot
TiO2nH20 ché tao ¢ trén phan tng véi dung dich
Ba(OH).. Dau tién, Ba(OH)2-8H20 duwoc hoa tan
hoan toan trong 50 mL nuwdc cat. Sau dd, thém
TiO2.nH20 vao dung dich theo ty 1é mol Ba/Ti
(Reari=1,0-2,0) va khudy tir 60 phut. Hon hop duoc
chuyén vao binh Teflon chiém khoang 80% thé tich
cua binh. Hé thdng binh thuy nhiét kin duoc gia
nhiét lén 200 °C va git trong khoang 12 gio. Sau
phan Gng, san pham dugc rra bang nude cat va
etanol nhiéu [an. Bt duoc sdy kho 6 80 °C trong 24

gio.

2.3 Dactrung

Cau trac tinh thé cta bot nano TiO: va
BaTiOs duwoc xac dinh béng nhiéu xa tia X (XRD)
trén hé do D8-Advanded-BRUKER AXS. Hinh thai
va vi cau triic ctia bot BaTiOs dwgc quan sat bang
kinh hién vi dién tr quét (SEM) JEOL-5300. Phan
bé va kich thudc hat dwoce xac dinh tir &anh SEM, st
dung phan mém Image]J tinh kich thude trung binh
ctia hon 200 hat.

3 K&t qua va thio luan

3.1 Cau trlic va vi ciu trac caa cac hat
nano TiO2:nH:0

Cac hat nano TiO2nH20 hinh thanh théng
qua phan tng cua TiO: trong dung dich axit
sunfuric dudi tdc dung hd tro ctia séng siéu am.
Song siéu am gop phan tang d6 phan tan, lam cho
phan tng cta TiO:z trong dung dich axit sunfuric
xay ra nhanh hon va gitp pha vo cac lién két hoa
hoc trong cac hat titan dioxit d€ tao ra cac cau truc
moi [18]. Céc hat nano titan dioxit ngam nwdc hinh
thanh theo cdc phuong trinh phan tng (1-4), tuong
&ng vai cac budc trong Hinh 1 [18-20].
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Siéu am + 100 °C,2 gio

TiO2+2H:S0s  —  H[TiOS0s)] + H:O (1)

H2[TiO(SO4)2] — TiOSOs+ H2SO4 (2)

TiOSOs + (n+1)H20 — TiO2nH:0 +HzS0s 3)
gia nhiét

TiO:nF20  — TiO: +nH20 )

CAu tric va vi ciu triic cua cac hat nano TiO:
duoc xac dinh tir nhiéu xa tia X va anh SEM (Hinh
2). Cac hat nano TiO>nH20 thu dwgc khi sdy ¢ 100
°C c6 pha v6 dinh hinh (Hinh 2a). Cac hat nano
phén bd kha dong déu va c6 kich thude trung binh
khoang 6,8 + 0,3 nm (Hinh 2b). B6t nano TiO2nH20
nay duoc st dung lam nguyén liéu dau dé€ tong

hop BaTiOs bang phuong phap thty nhiét.

1 @

Cuong do (dvtd)

Hinh 2. (a) Phd nhiéu xa tia X va (b) anh SEM ctia bot
TiO2nH20 tdng hop bang phuong phép sunfuric véi sy

ho tro ctia séng siéu am
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3.2  Cau triic va vi cau triac caa cac hat
nano BaTiOs

Anh huéng cta ty 1é mol Ba/Ti (RBa/Ti) dén ciu
tric caa BaTiO:s

Trong diéu kién thuy nhiét, TiO2-nH20 phan
tng vdi cacion Ba* hoac BaOH* va tao nén cac tinh
thé nano BaTiOs [21, 22]. D€ xac dinh anh huong
cua cac ty 1é Ba/Ti (Rsarmi) d6i véi s hinh thanh cac
hat nano BaTiOs, chung t6i da tong hop mot loat
cac mau BaTiOsbang cach xt ly thtiy nhiét véi gia
tri ty 1é mol Ba/Ti (Rsami = 1,0-2,0) 6 200 °C trong 12

gio.

Hinh 3a cho thay cac gian d6 XRD cua céc
mau BaTiOs duoc tong hop vdi cc gia tri Reamikhac
nhau. Cac dinh tai vi tri 26 khoang 22,12, 31,52,
38,81, 45,17, 50,80, 56,10 va 65,76° twong tng voi
cac mat phan xa (100), (110), (111), (200), (210),
(211) va (220) cta pha BaTiOs lap phuwong (thé
chuan s6 00-031-0174). Ngoai ra, pha tap chat
khong ton tai trong phd XRD, chiing t6 cdc mau
BaTiOs thu dugc don pha va cé cau tric perovskite
[23]. Hinh 3b trinh bay phd XRD duoc phéng 16n ¢
goc 20 = 44-46°. Két qua cho thay dinh 200 c6 xu
huoéng dich vé phia goc 16n khi gia tri Reami tang tie
1,0 1én 1,5. Tai ty 1é 1,5 quan sat thdy dinh tht hai
tai 20 = 45,4° tuong tng véi mat 002 cua pha
BaTiO:s tit gidc (thé chudn s6 05-0626). Theo Joung
va Gao, ty 1 Ba/Ti cao la rat hitu ich dé tao thanh
pha BaTiOs tiz giac [21, 24]. Tuy nhién, trong ngién
ctu nay, ti 1é Reami = 1,5 la phut hop va ty 1€ Ba/Ti
16n hon c6 pha tiz giac giam twong tng voi do giam
ceong do dinh 002 (Hinh 3b). Do d¢, vat liéu
BaTiOs duoc tong hop bao gom hén hop caa pha
lap phwong va tt giac, phtt hop véi nghién cttu cua
Gao va Li [22, 24].
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Hinh 3. Phd XRD ctia cdc mau BaTiOs duoc thuy nhiét

6200 °C trong 12 gio vdi cac ty 1é mol Ba/Ti khac nhau
(RBarri=1,0-2,0)

(b) S
S

L .\V

Anh huéng cta ty 1¢ mol Ba/Ti (RBa/Ti) dén vi
c4u tric ctia BaTiOs nano

Hinh thai va phan bg kich thudc hat ctia cac
mau BaTiOs duwoc tdng hop véi cac gia tri Rear
khac nhau théong qua x& ly thuy nhiét & 200 °C
trong 12 gio dwoc trinh bay trén Hinh 4. Trong moi
treong thay nhiét, Ba(OH)2 déng vai tro tao moi
truong kiém voi cac nhém (OH)- va nguoén Ba?.
D6i v6i mau BaTiOs tong hop ¢ gia tri Reami = 1,0,
cac hat BaTiOs hinh thanh két tu tao thanh cac hat
hinh dang khong xac dinh va c6 kich thwéc khong
dong déu phan bg trong dai rong tir 25 dén 300 nm
(Hinh 4(a, b)). Cac mau BaTiOs téng hop & gia tri
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Reami 1,2 ¢6 cac hat dang hinh cau véi kich thuéce
trung binh khoang 127 nm va phan bd hep hon
(25-240 nm) v6i bé mat nhan (Hinh 4(c, d)). Tai ti
1é Rearri= 1,5, cdc hat ¢6 dang hinh cau, dong déu va
phan tan cao véi kich thwdc hat trung binh khoang
100 nm. Cac hat phan bd hep trong khoang 50-150
nm, bé mit hat nhdn béng (Hinh 4(e, f)).
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Hinh 4. Anh SEM va phén bd kich thudc hat theo ham
Gauss ctia cdc mau BaTiOs dwoc thiy nhiét 6 200 °C
trong 12 gio vdi cac gia tri ti 1é mol Ba/Ti (Rsarri) khac

nhau: (a, b) Reyri = 1,0; (¢, d) Reari=1,2; (e, f) Rearti = 1,5;

(g, h) Rearri=2,0
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Khi gia tri Reamitang tir 1,0 1én 1,5, pH cua
dung dich tang v6i ham leong nhém OH- téng va
cac hat nano BaTiOs hinh thanh tich dién 4m c6 thé
ddy nhau vi lyc ddy tinh dién, ngan chiang két tu
lai va tang cuong kha nang phan tan va kich thuéc
hat ctia cdc mau giam [25]. Tuy nhién, khi gid tri
Reai tiép tuc tang 1én 2,0, cac hat nano c6 bé mat
nhén va ¢ sy phat trién di thuong caa cac hat 1on
do d¢6 kich thuedce trung binh tang (Hinh 4(g, h)). R6
rang la gia tri Reami = 1,5 rat thuan loi trong viéc
hinh thanh BaTiOs nano hinh cau cé kich thude
dong déu véi bé mat nhdn, phut hop cho cac tng

dung trong cac thiét bi dién tir kich thudc nano.

4  Kétluan

Chung t6i da tong hop cac hat nano
TiO>nH20 béng phwong phép axit sunfuric voi sy
hd tro ctia séng siéu am. Cac hat TiO2nH:20 c6 pha
vO dinh hinh, dang hinh cau véi kich thudce trung
binh khoang 6,8 nm dwoc sit dung lam nguyén liéu
dau d€ tong hop vat liéu BaTiOs. Cac hat nano
BaTiOs duoc ché tao thanh cong bang phuong
phép thay nhiét trong moéi treong khong st dung
chat kiém khéac hd tro phan tng. Ti 1& mol Ba/Ti
anh huong manh dén cdu tric va hinh thai cua cac
hat nano BaTiOs tong hop & cac gia tri Reari = 1,0-
2,0. Tai diéu kién phu hgp: nhiét d6 200 °C giir
trong 12 gio va ti 1é mol Ba/Ti béng 1,5 thu duwoc
bot nano BaTiOs c6 dang hinh cau, phan tan cao va
kich thudc hat trung binh khoang 100 nm. Cac hat
BaTiOsnano nay thich hgp cho cac ing dung quan
trong trong cac thiét bi kich thudc nano va

micromet.
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