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TOM TAT

Hé gom (1-x)KosNaosNbOs-xSr(ZnisNb2s)Os (viét tat 1a KNN- xSZN) véi x = 0,0,
0,02, 0,04, 0,06, 0,08, 0,10, da duoc ché tao theo cdng nghé gébm truyén thong. Anh
hudng cua nong dé6 SZN dén ciu truc, vi cdu trac va tinh chat quang ctia hé gém
da duoc nghién ctu chi tiét. Két qua thuc nghiém cho thdy khi gia tang nong do
SZN, cdu truc cua hé gdm da bién ddi tir d6i xng truc thoi sang cdu truc gia lap
phuong, mat do gom gia tang va dat gid tri cao nhat (4,37 g/cm?) tai nong dd x =
0,06 mol, bén canh d¢, kich thudc hat ciia gdm giam, vi cau truc dong déu hon, cac
hat x&p chat, it 16 x8p, dac biét & nong dd x = 0,06 mol.Twong tng véi vi cau trc
day déc véi cac hat nhé min, d6 truyén qua quang hoc ciia mau gém c6 ndng do6 x
= 0,06 mol dat cao nhat (T = 24,3%) ting vo6i anh sang c6 bude séng 680 nm va cd do

rong vung nang luong cdm 16n nhat (E; = 2,98 eV)

Tw khéa: C4u trac,vi cau trug, tinh chat quang, KNN- SZN.

1. MO PAU

GOm ap dién la mot trong nhitng vat liéu tién tién cd vai tro rat quan trong
trong khoa hoc ky thuat va thuc tién. Hau hét ching duoc ing dung rong rai trong
nhiéu linh vyc ky thuat khac nhau tuy thudc vao cac hiéu tng ton tai trong vat liéu
nhuw hiéu tng ap dién, sit dién, hoa dién v.v.

Hon ntra thé ki qua, cac hé gdm ap dién duoc ché tao va ing dung chu yéu la
cac hé gdm trén co so (Pb,Zr)TiOs (PZT) [1]. Chung déu c6 chira mot lwong 16n chi
(trén 60% khoi lwgng), tinh doc ctia chi va su bay hoi cao ctia né trong qua trinh ché tao
da lam 6 nhiém mai truong va anh huéng dén stc khoe con nguodi. D& bao vé moi
treong, nhiéu qudc gia da dwa ra yéu cau la tat ca cac san pham dién t& mdi phai
khong chira chi [2]. Vi vay can phat trién cac gdm 4p dién khong chita chi véi tinh chat
sit dién, ap dién hoan hao dé c6 thé thay thé cac gom trén co sé chi trong nhiéu thiét bi
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khac nhau. Do d6 van dé cap thiét mang tinh thoi sy trén thé gidi hién nay la nghién
ctu va tim kiém cac hé gom &p dién khong chira chi d€ thay thé hé gdm trén co sd
PZT. Pa ¢6 nhiéu cdng trinh dwgc cong bo, nhiéu hé gdm ap dién khong chi da dwoc
phat hién c6 thé thay thé PZT trong pham vi ting dung nhu: Bari Titanat BaTiOs (BT)
[3], Bismut Natri Titanat (BiosNaos)TiOs (BNT) [4] va Kali Natri Niobat (K,Na)NbOs
(KNN) [5, 6].

Trong d6, hé gom ap dién trén co so (K,Na)NbOs (KNN) da dem lai mot sd dac
tinh ap dién tuong d6i tot, ddc biét 6 1an can bién pha hinh thai hoc va cé trién vong
trong tng dung. Dong thoi véi mét s6 bién tinh héa hoc, hé gdm da cho két qua tot
hon vé cac tinh chat dién méi, sit dién va ap dién [7, 8]. Hién nay c6 nhiéu cong trinh
nghién ctru vé vat liéu nay nhung chi tap trung nghién cttu cac tinh chat dién, con tinh
ch4t quang ctia vat liéu it dwoc dé cap. Cac loai gdm sat dién khong chi trong sudt la
loai vat liéu chitc nang moi than thién véi moi truong. Véi nhiéu vu diém vuot troi vé
tinh chat quang, ching c6 kha nang sé la vat liéu chinh cho cong nghé thong tin, may
tinh va dién t&, qudc phong, ing dung quan sy trong twong lai [9, 10]. Ngoai ra, hau
hét gom sat dién trong sudt c6 kha nang lwu trit ndng lwong cao va dd truyén qua cao.
Tuy nhién hién nay ¢ trong nudc hau nhu chua ¢ cong trinh nghién cttu chi tiét lién
quan dén tinh chat quang ctia vat liéu gém sat dién néi chung va hé gdm sat dién trén
nén KNN ndi riéng.

Trong bai bao nay chung toi trinh bay mot s6 két qua bude dau vé ché tao,
nghién ctru ciu truc, vi cdu tric va tinh chat quang ctia vat liéu gdm da thanh phan (1-
x)Kos5NaosNbOs-xSr(ZnisNbz23)Os.

2. THUC NGHIEM

Cac mau gom duoc ché tao cd cong thic hod hoc la (1-x)KosNaosNbOs-
xSr(Zn1sNb2s)Os (viét tit 1a KNN- xSZN) véi x = 0,0, 0,02, 0,04, 0,06, 0,08, 0,10, duoc
tong hop tir cac oxit va mudi cacbonat K,CO5(99%), Na,CO; (99%), Nb20s (99%), ZnO
(99%), SrCOs (99%)

Céc thanh phan cua phdi liéu ban dau duwoc sdy ¢ 150°C trong 2 gio. Sau do,
ching duoc can theo ty 16 mong mudn, khudy tir trong moi truong ethanol trong 10
gi0. Ti€p theo, nghién 8 gio va ép & ap luc 300 kg/cm? thanh cac vién ¢6 duong kinh d =
25 mm, tién hanh nung so bd ¢ nhiét d6 850°C trong 2 gio. Cong doan nay dugc thuc
hién hai [4n nhu nhau nham tao dwoc hop thitc dong nhat. Sau do6 lai tiép tuc nghién
bang may nghién bi trong 16 gid. St dung may ép don truc, ép hdn hop bot thanh
dang dia c6 duong kinh 12 mm véi ap luc 1,5 T/em? Céc vién da duoc ép dem nung
thiéu két véi nhiét d6 1140°C trong 2 gid. Cac mau dwoc xtt Iy bé mat, phu dién cuc va
tién hanh khao sat cac tinh chat cia gdm. Cac mau dugc st dung d€ do tinh chat
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quang dwoc mai bong dén do day ¢& 0,5 mm, con cdc mau phu dién cuc duwoc st dung
dé do cac tinh chat dién.

Mat d6 mau gom duoc do theo phuong phap Archimedes, cau tric ctia hé gom
duoc phan tich bang may nhiéu xa tia X D8 ADVANCE va vi cau trtc cua hé g&m
duoc chup bang kinh hién vi dién t& quét HITACHI S- 4800 tai Vién Vat Iy Ha Noi. D&
do phé truyén qua ctia hé gém, ching t6i st dung phd ké Genesys 10S UV- Vis tai
khoa Vat ly, treong Dai hoc Khoa hoc, Pai hoc Hué.

3. KET QUA VA THAO LUAN
3.1. Két qua khao sat mat 4 gom KNN-xSZN

Trén hinh 3.1 1a két qua xac dinh mat d6 gdm ctia cac mau KNN- xSZN véi
nong do x thay doi tir 0 dén 0,1 mol.
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Hinh 3.1. Sy phu thudc cia mat d6 gém Hinh 3.2. Gian d6 nhiéu xa tia X ctia hé gdm KNN-
KNN- xSZN vao nong d6 SZN xSZN voi cac ndng dd: x = 0,00, 0,02, 0,04, 0,06, 0,08, 0,1

Két qua cho thdy twong ting véi nong do SZN ting, mat do gdm ctia hé KNN-
xSZN gia ting manh dat gia tri cuc dai (4,37 g/cm?) tai nong do x = 0,06 mol, sau do6
giam. Két qua nay cé thé giai thich dwya vao anh vi cu tric ctia hé gdm (hinh 3.3).

3.2. C4u tric ctia hé gom

Hinh 3.2 1a 1a gian d6 nhiéu xa tia X v6i goc do 20 nam trong khoang tir 20 dén
80° ctia cdc mau KNN- xSZN pha tap SZN véi nong d¢ khac nhau: x = 0,00, 0,02, 0,04,
0,06, 0,08, 0,1. Ttr gian d6 cho thdy tat ca cac mau gom KNN- xSZN pha tap SZN duoc
thiéu két tai 1140°C déu cé pha perovskite, khong c6 pha la thit hai. Két qua nay ching
t6 rang SZN da khuéch tan hoan toan vao mang cha KNN dé tao nén dung dich ran
KNN- xSZN d6ng nhat. Tir dinh dic trung o 1an can 45,5°, c6 thé thdy rang cau tric
tinh thé ctia gom KNN- xSZN da thay d6i tir d6i xting truc thoi (x < 0.06) sang ddi
xung gia lap phuwong (pseudo-cubic) (x > 0.06) khi cé bd sung thanh phan SZN. biéu
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nay c6 thé dugc quy cho viéc thay thé Nb> (0,64 A) & tam bat dién 6-xy boi Zn2 (0,74
A), lam mo rong khdi béat dién 6-xy va su thay thé K+ (1,64 A) va Na* (1,39 A) boi Sr**
(1.18 A) [12]. C4c két qua twong tu vé bién ddi pha cau tric ciing da duoc cong bd
trong gdm KNN bién tinh boi Sr(AlesNbos)Os ctia nhom tac gia Xumei Zhao [13]. Theo
nghién ctu ctia nhom tac gia Qizhen Chai [14], cac thanh phan gdm c6 pha ddi xting
gia lap phuong c6 tinh di hudng quang thap nhat, dan dén su giam tan xa anh sang va
tang d¢ truyén quang hoc.
3.3. Vi ciu trac ctia hé gdm

Hinh 3.3 1a anh vi cu tric ctia cdc mau gom KNN- xSZN véi cac nong dd khac
nhau duoc chup b%mg kinh hién vi dién t&r quét (SEM) Hitachi S- 4800 tai Vién Vat ly
Ha Noi. D& danh gia cd hat, chting t6i st dung phuong phép cét tuyén tinh (chwong
trinh Lince) d€ tinh kich thwdc hat trung binh cuia vat liéu gdm.

Hinh 3.3. Anh hién vi dién t&t quét ctia cac hé gom KosNaosNbOs- xSr(Zn1sNbass)Os
véi x =0, 0,02, 0,04, 0,06, 0,08, 0,1
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Tt két qua & hinh 3.3 cho thay rang tap SZN da anh huéng dén vi cdu truc cta
vat liéu gobm KNN- xSZN. Vi gdbm KNN- xSZN khong pha tap chét (x = 0), vi cau trac
cia gdm c6 nhiéu 16 x6p 16n, kich thudc trung binh ctia hat kha 16n, ¢& 3 pm. Tuy
nhién khi pha SZN vao gdm KNN véi nong do tir 0,02 dén 0,04 mol, kich thudc trung
binh cua cac hat ngay cang giam (~ 2 um va 0.8 um, twong tng), vi cau truc ctia gom
gom nhing hat twong d6i dong déu c6 dang vudng, tuy vay van con nhiéu 16 x&p 16n.
Tiép tuc gia téng nong d6 SZN dén 0,06 mol, vi cdu tric cia gdm dong déu hon, s 16
x0p giam vé s6 luwgng va kich thudce, ¢ hat trung binh cua gém tiép tuc giam (~ 0,4
um). Tiép tuc gia tdng ndong dd SZN > 0.08 mol, kich thudc hat trung binh cua gdm lai
gia ting (> 1 um), s8 16 x8p xudt hién nhiéu hon. Két qtia nay 1a phut hop véi su thay
ddi cta mat d6 gom theo nong d6 SZN va dat gia tri cao nhat (4,37 g/cm?) tai x = 0,06
mol nhw da thao ludn & phan trén. Két qua vé vi cau truc cta hé gom KNN- xSZN la
phtt hop véi cong trinh cia nhém tac gia Xiaoshuai Zhang [15].

3.4. D truyén qua quang hoc va d6 rong viung niang lugng cdm ctia hé gom

Hinh 3.4 la phd truyén qua quang hoc (T%) cua hé gdbm KNN- xSZN duwgc do
trong pham vi budc séng 400- 900 nm. Ttr két qia ctia pho truyén qua, do truyén qua
quang hoc ctia hé g&m KNN- xSZN véi énh sdng cé budc séng 680 nm duwoc bidu dién
trén hinh 3.5. Nhu da thay, véi x tang tir 0,0 dén 0,10 mol, d truyén qua tang dat cuc
dai 24,3% 6 nong do x = 0,06 mol, sau d6 giam. D truyén qua 16n nhat ¢ mau x = 0,06
mol c6 thé lién quan dén su bién ddi cau trac pha va kich thude hat nho nhu da thao
luan & trén. Tuy nhién, so v6i mot s6 cong trinh khac nghién ctru vé gom trong sudt
trén co s& KNN [13] [14] [16], d0 truyén qua quang hoc dat duoc & day con kha thap,
nguyén nhan cé thé do trong gom s lwong 16 x8p van con nhiéu dan dén sy tan xa
anh sang xay ra o cac 16 x8p nay [17], ngoai ra do cong doan mai mau chua tot, kha
nang van con nhiéu vét xwde trén bé mit mau lam anh hwéng 16n dén do truyén qua
ctia anh sang.
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Hinh 3.4. Phé truyén qua Hinh 3.5. D6 truyén qua ctua hé gdm KNN-
cua hé gom KNN- xSZN xSZN ting véi anh sang ¢ budc song 680 nm
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Do rong vung nang lwong cdm (E;) la rat quan trong doi voi cac nghién cttu vé
dac trung quang hoc, noé ¢6 thé duoc tinh tir phd hédp thu theo phuwong trinh Wood va
Tauc [18]. Ddi vdi su dich chuyén truc ti€p, mdi quan hé cua E;, v (tan s6 photon), h
(4.1357x105eV, hang s Planck), va A (hang s8) dugc cho béi phurrong trinh [17]:
(ahv)? = A(hv-Eyg) (3.1)
alahé sd hap thu

Do rong vung nang lwong cam Eg duwoc tinh b:?mg cach vé do thi (ahv)? theo hv
va ngoai suy phan tuyén tinh cua duwong cong vé khong, nhu trén hinh 3.6.
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Hinh 3.6. D6 thi cta (ahv)? theo hv va gia tri d0 rong vung nang luong cam Eg ctia hé gom
KNN- x5ZN

Tt két qua xac dinh do rong vung nang luwong cam Eg ctia gdm KNN- xSZN &
hinh 3.6, sy phu thudc ctia d¢ rong vung ndng lwong cdm E; vao néng dd x cua thanh
phan SZN duoc biéu dién trén hinh 3.7.
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Hinh 3.7. Sy phu thudc ctia d6 rong vung nang luong cdm Eg vao nong do x
cua ctia hé gom KNN- xSZN

Nhu da thay, khi nong do x tang tit 0 dén 0,1 mol, d6 rdng vung nang luong
cam E; gia tang tr 2,68 eV (tai x = 0) dén gia tri 1on nhat 2,98 eV (x = 0.06), sau d6 giam,
chiing to tap SZN da anh huong dén d6 rong vung nang lwong cam ctia hé gdm. Ro6
rang cuong d6 cia viing nang luong quang hoc Eg gan lién véi do truyén qua quang
hoc. Théng thuong trong hé vat liéu gidng nhau, gia tri Eg 16n hon, do trong sudt sé 16n
hon. Két qua nay phti hop véi d6 truyén qua ciia mau gém c6 nong dd x = 0.06 mol dat
gia tri 16n nhat. Ly do c6 thé dwoc giai thich 1a cac electron c6 thé duwoc kich thich ti
viing hoéa trj t6i viing dan bang anh sang chi khi n6 c6 du ning luong. Trong qua trinh
nay, mot phan ctia anh sang dugc st dung dé dich chuyén dién tt, phan con lai ¢ thé
truyén tai, tiéu tan v.v.. Gia tri Eg 1on ¢6 thé lam gia tang sw kho khan cta dién t khi
nhay vao ving dan. Néu ngudn anh sang khong du dé kich thich qud trinh dich
chuyén dién ti, luong nang luong 16n hon sé duoc st dung dé truyén dan, dan dén d6
trong sudt cao hon, trong khi ton hao anh sang la twong d6i nho [16].

4. KET LUAN
Cac két qua nghién ctru dat duoc nhu sau:

- DA ché tao thanh cong hé gom (1-x)KosNaosNbOs- xSr(ZnisNb2s)Os, v6i x = 0,
0,02, 0,04, 0,06, 0,08, 0,10, bing phurong phéap truyén théng, thidu két & nhiét d6 1140°C.
Két qua nghién ctru cho thdy mat do gom tang khi nong d¢ ctia SZN tang va dat gia tri
cao nhat (4,37 g/cm?) tai néng do6 x = 0,06 mol

- Két qua phan tich cdu trac cho thdy nong do x ctia SZN da anh huwong manh
dén cdu trac ctia hé gém. T4t ca cdc mau déu co cdu truc thuan perovskit, cé sy bién
doi pha cau trac khi nong do x thay doi. Tai ndong do x < 0,04 mol, godm c6 cau trac doi
xung tryee thoi, gia tdng nong do x > 0,06 mol, trong gdm lai ton tai pha gia 1ap phuong.
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- Két qua phan tich anh SEM cho thdy nong d6 x cing anh huwong manh dén vi
cdu trac cta hé gdm. Khi néng do x tang thi kich thwdc hat giam, vi cdu truc dong déu,
cac hat xép chit voi bién hat rd rang, dic biét 0 ndong do x = 0,06 mol. Tuy nhién vdi
nong do x > 0.08 mol, khich thuwdc hat trung binh cua gom lai gia téng (> 1 um), s8 16
x0p xudt hién nhiéu hon.

- ba xac dinh duwoc anh hudng cta néng do x dén do truyén qua quang hoc ctuia
hé gdm KNN- xSZN. Mau gém tng véi nong do x = 0,06 mol c¢6 d truyén qua quang
hoc cao nhat (T = 24,3%) tuong ting vdi anh sang c6 bude song 680 nm va cd dd rong
vung nang luong cdm cao nhat (Eg=2,98 eV)
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Cdu triic, vi cdu triic va tinh chdt quang cua hé¢ gom KNN-SZN

STRUCTURE, MICROSRUCTURE AND OPICAL PROPERTIES
OF KNN-SZN CERAMICS

Phan Dinh Gio’, Bui Thi Bich Hop
Faculty of Physics, University of Sciences, Hue University

*Email: pdg_55@yahoo.com
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(1-x)KosNaosNbOs-xSr(Zn1sNb23)Os  ceramic system (abbreviated KNN- xSZN)
with x = 0.0, 0.02, 0.04, 0.06, 0.08, 0.10, has been fabricated by the conventional
solid-state reaction method. The effect of Sr(Zn15Nbz3)Os content on the structure,
microstructure and optical properties was studied in detail. The experimental
results showed that the crystal structure of ceramics gradually transformed from
orthorhombic phase into pseudo-cubic phase with doping of Sr(ZnisNb2s)Os. With
the increase of the SZN concentration, the ceramic density increased and reached
the highest value (4.37 g/cm?) at x = 0.06 mol; besides, the grain size of the ceramics
decreased, the microstructure is more uniform, the particles are packed with clear
grain boundaries, less pores, especially at x = 0.06 mol. With the dense
microstructure and small particles, the optical transmission of the ceramics is
strong, the ceramic sample with x = 0.06 mol exhibits stably high transmittance
above 24% at the wavelength of 680 nm and has the largest optical band gap
energy (Eg =2.98 eV).

Keywords: KNN -SZN, optical properties, microstructure, structure.
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