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Tom tat

Vat ligu Ko sNagsNbO3 (KNN) dang bét nano duoc
tong hop bang phwong phdp sol-gel. Sw dnh
hwong cua nhiét d ché tao dén céc tinh chat cau
tric va quang hoc ciing da duwoc khao sat. Két qua
nhiéu xa tia X cho thay cac mau KNN ¢ cau tric
perovskite véi pha tinh thé tryc thoi, cac phan tich
phé Raman da thé hién su thay déi ciia cac mode
tan xg Raman trong cac mau KNN dwoc nung ¢
cac nhiét dg khdc nhau. BJ réng viing cdm quang
hoc ciia c&c mdu duroc tinh toén trong phé hap thu
UV-vis giam khi tang nhiét d¢ nung. Két qud
nghién ciru da cho thdy rang, cAc mau KNN diroc
ché tao bang phuwong phdp sol-gel di ha thdp
duoc nhiét dé nung so Véi cdac phiong phdp khdc.
Tir khoa: PbZrOs-PbTiOz (PZT), Nhiéu xq tia X
(X ray Diffraction, XRD), Phé hdp thu tir ngogi-
kha kién (UV-vis spectroscopy), Ap dién
(piezoelectric), Sat dién (ferroelectric), Dao déng
quang ngang (TO), Dao déng quang doc (LO).
Abstract

KosNagsNbOs (KNN) nano powder materials were
fabricated by sol-gel method. The effect of the
sintering temperatures on the structure and optical
properties was also studied. The results of X ray
diffraction indicated that KNN samples have the
perovskite structure with an orthorhombic phase.
Raman spectroscopy exhibited that there was a
change in the scattering vibration modes at the
different calcination temperatures. By increasing
these temperatures, the optical band gap of the
samples calculated in  UV-vis absorption
spectroscopy declined. Our work showed that KNN
samples synthesized by sol-gel method has lowered
the sintering temperature compared with some
reported fabrication techniques.

Keywords: PbZrOs-PbTiO3z (PZT), X ray

diffraction (XRD), Ultra-Violet  visible
spectroscopy (UV-vis spectroscopy),
Piezoelectric, Ferroelectric, Transverse optical
mode (TO), Longitudinal optical mode (LO).

1. Mé dau

Vit liéu ap dién va sit dién da thu hat dugc sy
guan tdm nghién ctru trong sudt nira thé ki qua va dugc
coi la cac vat liéu tién tién vai nhitng tinh chat hitu ich
dugc g dung trong ché tao céc thiét bi ap dién khéac
nhau nhu cam bién ap dién (sensor), bo truyén dong
ap dién (actuator) hay bo chuyén doi ap dién
(transducer). Trong céc thiét bi ap dién trén thi vat liéu
PbZrOs-PbTiOs (goi tit l1a PZT) dang dwoc sir dung
rong rai hon ca do c6 tinh ap dién ndi bat. Tuy nhién,
vt liéu nay lai chira ham lugng chi I6n gdy doc hai
cho méi truong, do d6 can phai phét trién cac vat liu
ap dién khong chi dé thay thé [1]. Mot sé vat liéu ap
khong chi dang duoc thiic ddy nghién ciru nhue BaTiOs
(BT), NaovsBio,5TiO3 (BNT), KoysBio,5Ti03(BKT) va
Ko,sNagsNbO3 (KNN). Trong d6 KosNagsNbOs (goi
tat 1a KNN) duoc coi nhu vat ligu ap dién khdng chi
tiém ning nhat dé thay thé vat liéu nén chi PZT [2].
Nho vao tinh chat ap dién noi troi ma KNN hién nay
cling da duoc sir dung lam phan tir ap dién va sit dién
trong nhirng thiét bi truyén dong va thiét bi chuyén doi
co dién [3]. Mac du vay, vat lisu KNN hién rat kho
t6ng hop duoc véi mat do cao bang cac phuong phap
thong thuong nhu phuong phap phan (ng trang thai
ran, ddng két tua va thiry nhiét vi doi hoi nhiét do ché
tao cao, khi d6 cac ion Na va K bi bay hoi khién céc
mau thu dugc ¢6 hop phan khong dang va thudng xuét
hién pha tha hai gay bai cac nat khuyét ion dugc tao
ra [4, 5]. Do d6 viéc lya chon phwong phép ché tao
KNN & nhiét d6 thap 1a thyc sy can thiét.

Trong cbng trinh nay, cac bot nano KNN da duoc
t6ng hop bang phuwong phap sol-gel tai nhiét dé nung
thap so vai cac phuong phap thong thuong. Cau tric
va tinh d6i xung tinh thé cua cac mau tai nhiét do tong
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hop khac nhau dwgc nghién ciru bai phd nhidu xa tia
X va phé dao dong Raman. Pong thoi, gi4 tri ning
lwong ving cdm quang hoc duoc ude luong tir phd
hap thuy tir ngoai kha kién (UV-vis).

2. Thuc nghiém

Céc bot KNN dugc tong hop bang ki thuat sol-gel.
Céc vat liéu tho ban dau 1a mudi KNO; (potassium
nitrate), NaNO3 (sodium nitrate) véi do tinh khiét
99% va C4HsNNbOg.xH,O (ammoniumniobate
oxalate hydrate) véi do tinh khiét 99%. Dé ché tao bot
KNN, truéc hét dung dich axit citric dugc hoa tan
trong nudC Cat va rdi axit nitric dugc thém vao dung
dich axit citric ¢ nhiét 46 phong. Ham lugng céc axit
dugc xac dinh theo mot ti 1¢ thich hop. Bdng thoi
lugng KNO3, NaNO3 va C4H4NNb09.XH20 du‘QC hoa
tan trong nudc cat theo ti 1¢ phu hop va dugc tron ciing
nhau. Dung dich cac ion dugc thém vao dung dich axit
citric va nitric dugc khdy tai nhiét d6 45°C. Bang cach
thém a-mo-ni-ic dé d6 PH cua dung dich duoc diéu
chinh téi 7 va sau d6 dung dich tiép tuc dugc khiy
trong 3h. Cubi cung, sol dugc hinh thanh dugc dem di
nung tai nhiét ¢6 120°C trong 2h, cac mau gel thu
duoc thiéu két & nhiét d6 550°C, 650°C va 750°C trong
4h dé nhan dwoc bot nano KNN. Cau trdc pha cua tinh
thé va cac mode dao déng nguyén tir trong mau bot
duoc phan tich thdng qua hé nhidu xa tia X (XRD,
Brucker D8 Advance) va hé phd dao dong Raman (véi
ngudn kich laze 457nm va detector DU420A-Oe).
Pic tinh quang cia mau dugc nghién ciu bang phd
hap thu tir ngoai - kha kién (UV-Vis, Jasco V-670).

3. Két qua va thao luan

Phé nhiéu xa tia X cac mau KNN nung tai nhiét do
550°C, 650°C va 750°C trong 4h dwoc cho thiy trén
Hinh 1(a). Tir phd nhidu xa tia X voi cac dinh dic
trung thé hién tit ca cac mau déu cé ciu tric
perovskite vgi pha truc thoi, trong ung véi hé thong
dit liéu JCPDS (No. 32-0822). Su xuét hién ciia mot
dinh nhidu xa tai vi tri géc nhiéu xa khoang 28° c6 thé
lién quan téi céc tap chat hoic mot pha la duoc ghi
nhan trén phé tia X caa mau KNN & nhiét do 550°C.
Khi ting nhiét d6 nung thi dinh nay bi bién mat trong
phd nhidu xa tia X cia mau tai 750°C. Hinh 1(b) 1a
hinh dnh phéng dai ciia cac dinh nhiéu xa tng véi goc
26 trong dai 31° dén 34°, cac dinh nay tro nén sac nét
khi ting nhiét d6 cho thiy sy nang cao do két tinh ciing
nhu kich thuéc tinh thé ting. Hon nita, quan sat con
thdy rang cac dinh nay bi dich chuyén vé phia goc 20
nho khi tang nhiét d6 nung, diéu nay dugc giai thich
la do sy xuét hién cua céc bién dang dong nhat trong
tinh thé mau.
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Hinh 1. () Phé nhiéu xg tia X ciia cac méu KNN tai
nhigr dg 550°C, 650°C va 750°C

Cuwong do nhiéu xa

Phé tdn xa Raman duoc xac dinh tai nhiét do
phong theo s song trong dai 250cm™ d¢én 950cm't dbi
véi cac mau bot KNN duge ché tao. Hinh 2 thé hién
phé Raman cua cac mau KNN duoc thiéu két tai nhiét
do6 550°C, 650°C va 750°C. DPinh phd niam trong
khoang 250cm™* dén 350cm™ 14 két qua cia sy xen
phu cta ba mode dao dong [B1(TO), AL(TO) va
A1(LO)+A1(TO)] lién quan téi chuyén dong tuong
dbi cua ion Na va ion K so véi bat dién NbOs [28, 30].
Mot dinh ma rong khac duoc quan séat trong mién 500
dén 700cm™ bao gom hai dinh dwoc xen phu 1én nhau
[B1(TO) va A1(TO)] dén tir chuyén dong bi uén cong
cua lién két O-Nb-O [6, 7]. Ngoai ra, mot dinh khéc
tai s6 song 850cm? 1a do dao dong kéo dan cua lién
két Nb-O [6, 7]. Khi nhiét d6 thiéu két tang 1én, xuat
hién sy dich cac mode tan xa Raman vé phia s6 s6ng
I6m, diéu nay duoc cho 13 do cac dao dong thanh phan
dong gop khi dugc ndng nhiét.
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Hinh 2. Phé tan xg Raman tgi cac nhiér do thiéu két

ciia mdu KNN

Phé hap thu UV-vis nhan dugc ddi véi cac mau
KNN tai cac nhiét do thiéu két 550°C, 650°C va 750°C
duoc thy trén Hinh 3(a). Két qua chi ra rang do hap
thu tang 1én tai budc song khoang 345nm, didu nay c6
thé 1a do sy dich chuyén dién tur tir viing héa tri ciia 6xy
16p 2p (O-2p) Ién ving dan niobi 16p 4d (Nb-4d) [8].
Nang luong viing cam quang hoc duoc wdc lugng boi
phuong phdp Kubellka-Munk, st dung cong thic lién
hé Tau c6 dang [9]: (ahv)" = C(hv-Ey), trong d6 n dugc
chon 1a 2 va 1/2 cho cac miu c6 ving cdm thing va
xién twong ng. Bing cach v& dd thi ciia (ahv)" theo
nang luong photon hv, ning lugng ving cam Eq dugc
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wéc lugng tir giao diém cua tiép tuyén cua bd hap thu
V6i truc nang luong hv nhu dugc thuc hién trong hinh
3(b). Céc gia tri ning lugng ving cim quang hoc dbi
véi cac mau KNN tai cac nhiét do 550°C, 650°C va
750°C lan luot bang 3,49 eV, 3,43 eV va 3,31 eV. Két
qua cho thay Eq la giam khi ting nhiét d¢ thiéu két. Su
giam gia tri nang lwong ving cam cua vat lisu KNN c6
thé 1a do sy tang 1én vé kich thudc tinh thé.
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Hinh 3. (a) Phé hdp thu UV-vis ciia cac méu KNN; (b) Gidn

d6 phu thugc ciia (ahv)? vao néing lweng photon (hv)

4. Két luan

Cac mau bot nano KNN di duoc ché tao thanh
cong bang ki thuat sol-gel & cac nhiét ¢6 550°C, 650°C
va 750°C. Gian d nhidu xa tia X boc 16 tinh thé KNN
c6 cau trdc perovskite vai pha tryc thoi. Tai nhiét do
750°C, cac mau déu don pha va khong ghi nhan thiy
tap chat chirng t6 mau duoc ché tao thanh cong. Tinh
di xirng tinh thé cuia mau KNN sau khi téng hop dwoc
nghién ctiu bang phé Raman di chi ra rang khi nang
nhiét d6 thiéu két thi cac mode dao dong dich chuyén
vé s6 s6ng thap hon. Ning lwong viing cim quang hoc
da duoc tinh toan tir phd hap thu UV-vis, gia tri Eq cua
cac mau thiéu két tai 550°C, 650°C va 750°C nhan
duoc lan luot bang 3,54eV, 3,35eV va 3,13eV.
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