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SYNTHESIS AND CHARACTERIZATION OF Li;ZnSn;0s:Mn** PHOSPHORS
BY USING SOLID-STATE REACTION METHOD
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In this study, red-emitting Li,ZnSn,0s:Mn*" material was synthesized
by solid method. The effect of temperature on the crystal structure of
Li2ZnSn206 was investigated by X-ray diffraction (XRD), and the
surface morphology of the material was investigated by field emission
scanning electron microscope method (FE-SEM), analysis of optical
properties using photoluminescence and photoluminescence excitation
(PL, PLE) spectra. XRD results of Li,ZnSn,0s:Mn** material show that
the material is formed and single-phase when heated at 950 and 1000
°C. When heated at 1050 and 1100 °C, in addition to the crystalline
phase of Li,ZnSn,Og, SnO, also appears. Observing the surface
morphology of the material calcined at 1000 °C, the grain sizes are
about 200 = 500 nm. The excitation spectrum of Li,ZnSn,0s:Mn**
consists of 260 + 410 nm, 410 + 560 nm, and the emission spectrum
consists of two bands pecking at 658 nm and 672 nm.
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Trong nghién ctru nay, vat liéu Li,ZnSn,0¢; Mn** phat xa do dugc tong
hop béng phuong phap phan (ng pha ran. Anh huong cua nhiét do dén
cdu trac tinh thé cta Li2ZnSn206 dugc nghién ctru bang phuong phap
nhiéu xa tia X (XRD) va hinh thai hoc bé mat cua vat liéu dugc nghién
ctru bang phuong phap kinh hién vi dién tir quét phat xa truong (FE-
SEM), phan tich tinh chit quang bang phép do phd phat quang va phd
kich thich phat quang (PL,PLE). Két qua XRD cua vat liéu
Li,ZnSn,0g:Mn** cho théy vat liéu dugc hinh thanh don pha khi nung &
nhiét do 950 va 1000 °C, nung & nhiét do 1050 va 1100 °C ngoai pha
tinh thé Li,ZnSn,0Og con Xuét hién pha tinh thé cua SnO,. Quan sat hinh
thai bé mat cua vat lidu nung & 1000 °C, hat ¢6 kich thuéc trong khoang
200+500 nm. Két qua phd kich thich phat quang cho thay vat liéu hip
thy & hai ving 260 + 410 nm, 410 + 560 nm; phd phat xa manh trong
vung do véi cac bude song cuc dai tuong tng tai 658 nm va 672 nm.
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1. Gioi thigu

Phd phét xa ciia bot phat quang thuong mai YAG:Ce* dung cho ché tao WLED hién nay
dang thiéu ving anh sang d6 dan dén chi s6 hoan mau thap va nhiét d6 mau cao [1]. Pé bd sung
phat xa Vung ddé cho WLED cac 10a1 bot phat quang ving d6 nhu M,SisNg: Eu®* va
MA|S|N3 Eu duoc san xuat trong mot sd diéu kién dic biét va dya trén phat xa cua ion pha tap
dat hiém Eu®* [2], [3] nén c6 gia thanh dat va phu thudc vao ngudn cung nguyén t6 dit hiém.

Pugc biét Mn 1a kim loai chuyén tlep c6 cau hinh dién tir lop ngoai cung 3d°4s?, ion Mn*
c4u hinh dién tir hoa trj thuoc 16p 3d°. Phd phat xa ciia ion Mn** ¢6 cac ving khac nhau. ving do
(630, 660 nm), d6 xa (710 nm) va chiing phu thuéc mang nén tuong tac [4] — [9]. Mn 1a kim loai
chuyén tiép khong doc hai, gia thanh ré va san co. Mang nén Li,ZnSn,0¢ duoc tao ra tir cac oxide
thanh phan nhu Li,0, ZnO SnO; la cac oxide khong doc hai, nguén cung doi dao. Vit liéu
Li,ZnSn,06 pha tap Mn** d3 duoc tong hop va nghién ctru tinh chat quang [10], tuy nhién trong
cong b nay, tac gia chua nghlen ctru anh huorng cua nhiét do thiéu két dén tinh chat quang cua
vat liéu, chua 1am sang to Mn** thay thé ion Sn* trong mang nén. Ngoai ra, thanh phan Mn ban
dau duogc st dung pha tap & dang MnCO;s (la muoi két tia, qua trinh nung tao MnO) nén kha
ning thay thé trong mang nén bi han ché [10].

Trong nghién ciru nay, b6t huynh quang Li,ZnSn,0¢ pha tap Mn** phat xa mau do dugc ché
tao bang phuong phdp phan ng pha ran v6i quy trinh don gian, c6 d¢ lap lai cao. Ngoai ra,
chung t6i sir dung mudi MnCl,.4H,0 14 hop chit d& tan nén kha ning khuéch tan va thay thé vao
ion trong mang nén dé dang hon. Nghién ctru anh hudng ctia nhiét do thiéu két dén cau triic mang
tinh thé, kich thudc hat, tinh chét quang cua vat li€u. Nghién ctru anh hudng cia néng do % mol
pha tap Mn** dén tinh chit quang cta vat liéu dé tim ra ndng d6 % mol pha tap t6i uu.

2. Thuc nghiém va phuwong phap nghién ciu
2.1. Thuc nghiém

Vit liéu Li,ZnSn;0¢ pha tap Mn** duoc téng hop bang phuong phap phan tng pha rin st
dung cac hoa chit ban dau: Li,CO; (sigma; 99 99%), ZnO (sigma; 99,99%), SnO, (sigma;
99,99%) va MnCl,.4H,0 (sigma; 99,99%). Quy trinh tong hop bang phan ting pha ran duoc thyc
hién nhu sau: dau tién cac tién chat Li,COs, ZnO, SNO;, va MnCl,. 4H20 duoc tron trong 50 ml
nudce cat hai lan va khudy gia nhiét trong 3 gio dé thu dugc hén hop, tiép tuc sdy hdon hop ¢ 150
°C trong 3 gio' thu duge hon hop kho, nghién min bang cdi mi ndo. Cudi cing nung hén hop
trong 16 nung nhiét d6 tir 950 °C dén 1100 °C, 5 gio thu duoc vat liéu.

2.2. Phwong phap nghién ciru

Céu truc tinh thé cia vat lidu Li,ZnSn,0s:Mn** dugc phan tich bang phép do gian d6 nhiéu xa
tia X (XRD) trén thiét bi Siemens D6000 v&i budc song t6i Acy=1,5406 A va goc quét 25 - 70°.
Hinh thai bé mat cua vat liéu dugc nghién clru bang hién Vl dién tir quét phat xa truong (FESEM)
trén thiét bi JEOL JSM -7600F. Tinh chit quang cua cac mau dugc nghién ctru thong qua phep do
phé phat quang (PL) va pho kich thich phat quang (PLE) st dung thiét bi quang phé NanoLog
(Horiba Jobin Yvon) nguon kich thich 1a dén Xenon véi cong suat 450W. Cac mau khao sat dugc
do ¢ nhiét d6 phong.

3. Két qua va thao luan
3.1. Cdu tritc tinh thé ciia vit liéu

Hinh 1 trinh bay gian dd nhiéu xa tia X cta vat liéu Li,ZnSn,0s:Mn*" dugc nung & cac nhiét
d6 950, 1000, 1050 va 1100 °C trong 5 gid. Gian d6 nhidu xa tia X trong hinh 1 cho thiy c6 cac
dinh nhiéu xa & vi tri 20 = 24,78; 29,26; 31,92; 33,94; 34,52; 35,18; 36,22; 38,7; 43.89; 49,2;
50,47; 53,6; 55,49; 58,22; 60,89 ° twong g vo&i cac mait phéng nhiu xa (102), (110), (103),
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(200), (112), (201), (004), (202), (203), (212), (204), (213), (302), (205) va (220), bd vach nhiéu
xa thu dugc dac trung cho cau tric tinh thé luc giac cua L122n8n205 va phu hgp véi thé chuén
PDF #22-0245 [10]. Piéu nay chimg to, chung t6i di ché tao thanh cong vat liéu Li,ZnSn,0
bang phan tmg pha rin. Bén canh do, két qua XRD ctia cac mau nung & nhiét d6 950 °C -1000°C,
khong xuat hién cac pha tinh thé la chimg t6 vat liéu don pha. Tuy nhién khi nhiét d6 nung ting
trén 1000 °C, ngoai cac dinh nhiéu xa dic trung cua tinh thé Li,ZnSn,04 chung t6i con quan sat
théy su xudt hién cia 2 dinh nhiéu xa tai cac vi tri goc 20 = 26,32 va 51,58 °. Pay la cac dinh
nhidu xa dic trung cta tinh thé SnO, vé6i thé chuin JCPDS#41-1445 [11], diéu nay ching t6 &
nhiét d6 nung mau trén 1000 °C vat liéu gé)rn hai pha tinh thé Li,ZnSn,0g va SnOs.

A “1 “ 1100

1050

Cuong do (dvty)

950

PDF-22-0245-Li2ZnSn20H¢
B e
20 25 30 35 40 45 50 b5 60 65 70 75 80
Goc 20 (do)
Hinh 1. Céu triic tinh thé ciia vt liéu LiZZnSnZOG:Mn4+ 0,5% ché tao btfngphdn ung pha rin
nhiét do nung 950, 1000, 1050 va 1100°C, 5 gio trong khéng khi

Dé xac dinh vj tri ciia ion Mn** thay thé vao ion Li*, Zn** hay Sn*" trong mang nén, ching toi
dung cong thuc (1) tinh ty 1€ phan tram sai 1éch cua ban kinh cta ion mang nén va ion pha tap
(D,), Kha ning thay thé chi co thé xay ra khi D; ¢é gia tri nho hon 30% [12].

D, = __ Rp(CN)—R4(CN) (1)
Rp(CN)

Trong do, Ry, va Ry lan luot 1a ban kinh ion dwoc thay thé trong mang nén va ion tap; CN 14 s6
phdi tri. Ban kinh cua cac ion Li* = 0,76 A ; Zn®* = 0,74 A; Sn* = 0,69 A; Mn** = 0,53 A, dya
cong thuc (1) tinh dugc Dr ¢ Bang 1.

Bang 1. Gid tri ti Ié phan tram sai léch (Dr) khi Mn** thay thé cdc ion trong mang nén
Li* Zn”* Sn*
D, 30,2% 28,38% 23,19%

Tir gia tri bang 1, khi Mn*" thay thé Sn*" ¢6 gi4 tri phan tram sai 1éch nhé nhét va nhé hon
30%. Ngoai ra, ion Mn*" va Sn*" ¢6 cung dién tich, nén ion Mn** uu tién thay thé Sn*" trong
mang nén Li,ZnSn,04 [12].

Hinh 2 trinh bay anh huong ciia nong do pha tap Mn" dén cau trac tinh thé cta vat
Li,ZnSn,0s. Gian d6 nhidu xa hinh 2a theo n6ng do Mn pha tap 0,1%; 0,5% va 1,5% va hinh
2b (tép trung goc 26 = 31-35°). Két qua hinh 2a chi ra rang khi ndng do pha tap thay d6i khong
lam anh huong cau trac tinh thé ciia vat lidu, tuy nhlen quan sat hinh 2b thay goc 20 dich sang
phia gi tri 16n hon. Diéu nay dwoc giai thich, ion Mn** (0,53 A) ¢ ban kinh nhé hon ban kinh
ion Sn** (0,69 A) [13].
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Hinh 2. Cdu triic tinh thé ciia vt liéu Li,ZnSn,06:Mn** x% ché tao bang phan tng pha rén
nhiét d6 nung 1000°C, 5 gio trong khong khi

3.2. Hinh thdi bé mgt ciia vt ligu

5.0kV 5.3mm x5 10.0um

5.00um MS-NKL

Hinh 3. A’nh FE — SEM ciia méu Li;ZnSn,0g: Mn** 0,5% duwoc thiéu két ¢ 1000°C - 5 gio, trong khong khi

Vit liéu phat quang dugc su dung trong chiéu sang can co kich thude dong déu dé mang lai
hiéu qua hap thy va phét xa t6i wu. Do d6, hinh thai bé mit c6 anh huong lon dén hiéu qua hap
thu va phat xa cta vat li€u. Trén co s nay, chung t6i do hinh thai bé mat ctia cac mau vat liéu
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tong hop co nhiét d6 thiéu két khac nhau va nong d6 pha tap Mn*" khac nhau bang phwong phap
quét kinh hién vi dién tr, va nhan théy nhiét d6 va né)ng d6 pha tap anh hudng dén hinh thai bé
mat va kich thudc hat cua vat li€u.

Hinh 3 trinh bay két qua do FE — SEM cuia vét lidu Li,ZnSn,0g pha tap Mn** 0,5% ché tao bang
phuong phap phan g pha rin & nhiét d6 1000 °C dwoc phong dai & 30000, 20000, 10000 va 3000
lan. Két qua nhan duoc cho thiy hat c6 bién hat 1 rang kich thude tir 200 dén 500 nm.

3.3. Tinh chdt quang cia vt liéu
3.3.1. Phé phdt quang va kich thich phét quang cia vt liéu

Hinh 4 trinh bay ph kich thich phét quang va phd phét quang ciia vat liéu Li,ZnSn,0g: Mn**
0,5% & nhiét d6 thiéu két 1000°C. Hinh 3a cho thay khi kich thich dinh 658 nm vat liéu hap thu &
hai ving 260 +~ 410 nm, 410 + 560 nm va dat cuc dai ¢ cac dinh ~325 nm, ~477 nm. Nguyén
nhan dinh phat xa 325 nm do chuyén doi mirc ning luong *A, — *Ty, dinh phat xa 477 nm do
chuyén doi mirc ning luong *A; — “T; [10], [13] — [15]. Hinh 3b trinh bay phd phéat quang cua
vat liéu khi kich thich boi birc xa 6 bude song 325 nm, phd phat xa trong ving do voi cuong do
cuc dai tai bude song 658 nm va cudong do yéu hon tai bude song 672 nm. Nguon gbc cua cac
dinh phét xa 658 va 672 nm la do chuyén doi dién tir (hay chuyén doi quang hoc) E— “A, dic
trung cta ion Mn* [10], [15].

325 (a) 658 (b)
— -
= =
S =
= g
5 477 2 o
o a
300 400 500 600 550 600 650 700 750 800
Budc song (nm) Budc song (nm)

Hinh 4. (a) Phé kich thich phat quang do & bude séng 658 nm; b) phé phat quang do
0 buoc song 325 nm cua vat liéu Li;ZnSny0q: Mn** 0,5% nung 1000 °C, 5 gio

3.3.2. Anh hueomg cia nhiét do thiéu két

Nhiét d6 nung mau anh hudng dén ciu tric tinh thé va tinh chat quang cua vat liéu. Ching toi
nghién ctru anh hudng cta nhiét d6 nung mau dén tinh chit quang cta vat liéu. Hinh 5 trinh bay
két qua phd huynh quang cua Li,ZnSn,0g: Mn**0,5% theo nhiét d6 nung 950, 1000, 1050 va
1100 °C trong 5 gio. Két qua nhan dugc cho thay, khi nhiét o nung ting hinh dang phé khong c6
su thay ddi nhung cuong d6 huynh quang c6 sy thay d6i manh, ¢ nhiét dd nung mau 1000 °C cho
cuong do phat quang 16n nhéat. Didu nay duoc giai thich, khi ting nhiét d6 dén 1000 °C chat
lugng tinh thé tot nhat va don pha; ¢ nhiét d6 nung miu trén 1000 °C, ngoai pha tinh thé
Li,ZnSn,0g con pha tinh thé ciia SnO,. O nhiét dd 1000°C cho cudng dd phat quang manh hon
950°C 1a & nhiét d cao kha ning thay thé ion Mn** vao ion Sn** trong mang nén ting 1én [16].
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Hinh 5. Phé phdt quang ciia vt liéu Li,ZnSn,05:Mn**0,5% nung ¢ 950, 1000,1050 va 1100 °C
do ¢ budc song 325 nm

Dé khing dinh anh hudng cua nhiét d6 dén tinh chat quang cua vat liéu, chung toi tién hanh
do ph kich thich phat quang theo nhiét do. Két qua phd kich thich phat quang nhan dugc hinh 6
cho thay hinh dang phd khong cé sy thay d6i, hap thy manh & hai ving 260 + 410 nm, 410 = 560
nm va dat cuc dai ¢ cac dinh ~325 nm, ~477 nm. Tuy nhién cuong d6 c6 su thay déi manh, tuong
tur pho huynh quang, phd kich thich huynh quang cudng dé manh nhét khi nung mau & 1000 °C,
diéu nay hoan toan phu hop véi phd phat quang ¢ trén.

Tir cac két qua nhan dugc, vat liéu hip phu va phat xa manh nhat khi nung mau & 1000 °C véi
ndng d6 pha tap 0,5% Mn*".

950
325 1000
1050
1100

477

Cuong do (dvty)

300 350 400 450 500 550
Budc séng (nm)

Hinh 6. Phé kich thich phat quang cua vat liéu LiZZnSnzOGZMn4+ 0,5% nung ¢ 950, 1000,1050 va 1100 °C
duoc do ¢ budc song 658 nm

3.3.3. Anh huong nong dg

Néng d6 anh huéng dén tinh chit quang ctia vat liéu, ching t6i nghién ctru 4anh hudéng nong
d6 Mn*" pha tap dén tinh chat quang cua vat liéu. Phd phat quang hinh 7 cho théy, khi nong do
pha tap tang tur 0,1 dén 0,5% thi cudng d6 huynh quang cua vat liéu ting, va khi nong do ‘pha tap
tiép tuc tang dén 0,7% thi cuong d6 huynh quang c6 xu huéng giam va giam manh nhat twong
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g v6i miu c6 nong d6 1%. Piéu nay duogc giai thich, khi ting ndng do pha tap dén 0,5% thi sb
luong tAm phat quang va cudng d6 huynh quang ting, tuy nhién khi ndng do tdm dén 0,7% va
cao hon, mat do céc tdm 16n va khoang cach cac tdm c6 xu hudng bi thu hep nén din dén xuét
hién hién tugng truyén niang lugng gitra cac ion Mn™* - Mn**, sy truyén ning lugng lam giam qua
trinh tai hop dan dén cudng d6 huynh quang giam [17]. Nhu véy khi pha tap 0,5% cho cudng do
phat xa manh nhét.

658

(dvy)

0

Cutng d

500 550 600 650 700 750 800
Budc sé6ng (nm)

Hinh 7. Phé phdt quang ciia vt liéu Li,ZnSn,Og pha tap nong dé Mn**khéc nhau nung 6 1000°C, 5 gio
trong khong khi dwoc do o buoc song 325 nm

4. Két luan

Vit liéu Li,ZnSn,Og: Mn** phat xa d6 da dugc ché tao thanh cong bang phuong phap phan tmg
pha ran véi quy trinh don gian khong doi hoi thiét bi phue tap va d6 6n dinh cao. O nhiét do nung
mau 1000°C vat liéu Li,ZnSn,0g don pha, cAu tric tinh thé luc giac, bé mit vat liéu co6 bién hat rd
rang va c6 kich thudc 200+500 nm. Nghién ctru tinh chit quang cho thiy vt liéu phat xa manh
trong ving do, tinh chét quang cua vat liéu phu thuéc manh vao nhiét do nung va néng d6 pha
tap, vat liéu c6 cuong d phat xa manh nhat khi nung & 1000 °C va néng d6 pha tap 0,5%.

Céc két qua nghién ctru cho thiy Li,ZnSn,0s:Mn** ¢6 tiém ning tng dung 1am bot phat xa do
ché tao WLED c6 CRI cao duéi kich thich chip NUV va blue.

Loi cam on

Nghién ctru nay dugc tai trg bdi Truong Pai hoc Su pham Ha Noi 2 thong qua dé tai c6 ma sb
HPU2.2022-UT-07.
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