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Toém tit

Trong bdi bdo nay, anh huéng cua qud trinh xi Iy nhiér dén cuong dé phdt xa chuyén doi
budc song tir vung héng ngogi sang viing dnh sdng nhin thay (UC: Upconversion) va cuong
dé phdt xa can hong ngoai (NIR) cia don tap Erd* trong vt liéu gom thuiy tinh trong suot
TeO,-Al,0;-BaF, (TAB) chsa tinh thé nano BaF, da duwoc nghién cizu. Tinh thé nano BaF,
e hinh thanh va xdc nhdn béi két qua phan tich nhiéu xa XRD. Cdu tric cua tinh thé nano
BaF durot xdc dinh bgi anh TEM, chizng minh rang tinh thé nano BaF; ¢6 kich thieéc khodng
25 nm. So sanh véi mau thy tinh trieéc khi xie Iy nhiét, cuong dé phat xa UC va cuong do
phdt xa NIR cua Er®* duoc ting cieong dang ké sau qud trinh xi Iy nhiét.
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Abstract

In this paper, the upconversion (UC) and NIR emissions of Er®*-doped in TeO>-Al,Os-BaF2
(TAB) tellurite transparent glass-ceramics containing BaF, nanocrystals through the heat
treatment process with changing of temperature and duration were investigated.. From the
results of X-ray diffraction (XRD) was confirmed that BaF, nanocrystals have been formed
in the TAB glass-ceramics under heat treatment. Through the calculated results from the
XRD peaks and transmission electron microscopy (TEM), the crystal size of BaF:
nanocrystals is identified by about 25 nm. Compared with the glass samples before heat
treatment, UC and NIR emission intensities of Er®*-doped in TAB tellurite transparent glass-
ceramics under excitation of 980 nm laser diode was significantly increased.
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1. DAT VAN DE

Chuyen doi budc song tir viing budc song hong ngoai sang ving budc song anh
sang nhin thay (Upconversion—-UC) cuia cac nguyén té dat hiém (Rare Earth-RE) trén
nén vat liéu gom thuy tinh dé duoc nghién ctru rong rai do cac ing dung tiém ning cta
chang dén nhiéu linh vic, chang han nhu: Céng nghé san xuat man hinh mau; Luu trit di
liéu quang hoc; Cam bién va cac té bao ning luong mit troi... Trong nhitng nim gan day,
RE pha tap trén nén gém thiy tinh da thu hat sy quan tam nghién ciru cua cac nha khoa
hoc do ching ¢6 nhitng dic tinh uu viét vé héa hoc va do bén co hoc cao. Nam 1993,
nhém nghién ctru cia Wang va Ohwaki (1993) da tong hop thanh cong vat liéu gém thay
tinh dau tién chua tinh thé nano (Pb,Cd)F2. Két qua nghién ctiu nay ciing cho thy qua
trinh cuong do phat xa UC trén nén vat liéu gbm thay tinh nay dat hiéu qua rat cao. T
do, phat xa UC cua don tap (Kawamoto, Kanno, & Qiu, 1998; Wang va ctg., 2010)va
ddng pha tap cac ions RE (Qiu & Song, 2008) trén nén vat liéu gébm thiy tinh da duoc
nghién ctru rong rai trong vai thap ky qua (Cheng, Sui, & Cai, 2012).

Déi véi vat ligu thiry tinh va gdm thiy tinh, qué trinh xir Iy nhiét dong vai tro quan
trong trong viéc lam thay ddi kich thuéc tinh thé nano va ting cuong cudng do phat xa
ctia cac ions RE trong ving anh sang kha kién va can hong ngoai (Peng, Zou, Liu, Xiao,
Meng, & Zhang, 2011). Xu, Ma, Yang, Zeng, va Yang (2012) da nghién ctu va khang
dinh rang véi anh huong cua nhiét do da ting cudong cuong do phat xa UC cua dong pha
tap cac ions: Ho®*, Er®*, va Yb®* trong vat liéu gém thay tinh chta tinh thé nano BazLaFs.
Dong thoi, khi nhiét 6 ciia qua trinh xur ly nhiét ting da lam tang kich thudc cua tinh thé
nano BaoLaF7. Trong mot nghién ctru trude day Dan va ctg. (2013) da bao cao anh huong
cta qua trinh xu 1y nhiét dén viéc ting cuong cuong do phat xa UC cua dong pha tap
Er¥*/Yb® trong vat liéu gbm thuy tinh Silicate trong suét chia tinh thé nano BaslLaF.
Két qua nghién ctiu cho thay cudng do phat xa UC mau xanh 14 cay (budc séng tai 523 nm,
540 nm, va 548 nm) va UC mau do6 (budc song tai 652 nm va 668 nm) ting 1én rat manh
sau qua trinh xu ly nhiét (Dan & ctg., 2013).

’ Trong nghién cuu nay, chung toi nghién cu anh huong cua qua trinh xur Iy nhiét
den cuong do phat xa UC va NIR cua don tap Er** trén nén vat liéu gom thay tinh TeOo-
Al;Os-BaF> trong suot chua tinh thé nano BaF.

2. MO TA CHI TIET THi NGHIEM

Tat ca cac nguyén liéu (TeO2, Al,Os, BaF,, va ErFs) la nhitng nguyén liéu dang
thudc tha, voi ty 16 99.99% dugc dung trong phong thi nghiém. Vat liéu thay tinh voéi
thanh phan: 55Te0,-15A1,03-29.5BaF,-0.5ErF; (TAB) da duoc tao thanh boi phuong
phap nong chay thong thuong. Hon hop 15 g nguyén liéu dugc tron déu, nghién nho bang
coi, va chay ma nao. Hon hop vit liéu duge dua vao 1o nung nong chay ¢ nhi¢t do 950 °C
trong thoi gian 45 phit. Sau d6 hdn hop néng chay nay duoc d6 ra khudn dé tao thanh
mau thay tinh. Mau thily tinh duoc xir Iy nhiét & 325 °C trong thoi gian sau gio lién tuc
dé tang do bén co hoc. Cac mau thuy tinh duoc cit thanh nhitng mau vai kich thuéc
10 mmx10 mmx2 mm dé thuan tién cho thuc hién cac phép do quang phd hap thu, quang
phd phat xa UC, va NIR.
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Phén tich nhiét DTA (Differential thermal analysis) ciia mau thity tinh duoc thuc
hién trén thiét bi do DTA-60AH Shimadzu caa Nhat Ban. Bé biét duoc ciu trac, hinh
dang, va kich thudc cua tinh thé nano, cac phan tich XRD (X-ray diffraction) va TEM
(Transmission Electron Microscopy) duoc thuc hién boi cac thiét bi BRUKER AXS
GMBH va JEM-2100 TEM tuong ing. Quang phd hap thu ciia cac mau thi nghiém dwoc
do ¢ dai budc song tir 300 nm dén 1800 nm trén may do quang phé héap thu Hitachi
U-4100. Quang phd phat xa UC ciia cac mau thi nghiém dugc do boi may do quang pho
Hitachi F-7000 véi dai budc song tir 390 nm dén 700 nm. T4t ca cac phép do quang phd
hap thy, quang phd phat xa UC, quang phé phat xa NIR, va DTA dugc thyc hién ¢ nhiét
d6 phong.

3. KET QUA NGHIEN CUU VA THAO LUAN

Két qua phan tich nhiét DTA cia miu TAB-glass duoc hién thi trén Hinh 1. Tur
két qua & Hinh 1, nhiét d6 chuyén tiép T, ciia thay tinh TAB nam ¢ khoang 325 °C, nhiét
d6 co thé tao tinh thé nano Tx khoang 456 °C, va dinh tao hat tinh thé nano T, khoang
515 °C. Cin cir vao két qua phan tich nhiét DTA, cac mau thay tinh dugc danh bong bé
mat va tién hanh xt Iy nhiét tai cac nhiét do khac nhau & 456, 470, 490, 502, va 515 °C
trong cung khoang thoi gian 1a sau gio. Cac mau nay duoc dat tén twong ung la:
TAB-456, TAB-470, TAB-490, TAB-502, va TAB-515. Pong thoi, chang toi tién hanh
xtr ly nhiét cac mau & 515 °C trong cac khoang thoi gian khac nhau: 6, 10, 14, 18, 22, 26,
va 30 gio, dugc dat tén twong tng: TAB-6, TAB-10, TAB-14, TAB-18, TAB-22, TAB-
26, va TAB-30.
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Hinh 1. Két qua phan tich nhiét DTA ciia miu TAB-glass
Vit lieu gbm thuy tinh trong sudt da duoc tong hop dugc tién hanh do XRD dé

xéac dinh cAu trac tinh thé nano. Két qua phan tich XRD cua cac mau gom thuy tinh sau
qua trinh xt ly nhiét tai cac nhiét do khac nhau duogc hién thi trén Hinh 2. Str dung phan
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mém phan tich XRD chuyén dung X'Pert HighScore Plus (Uvarov & Popov, 2007), Xac
dinh duoc ciu trac tinh thé bén trong vat liéu gém thuy tinh trong sudt la tinh thé nano
BaF2 v&i ma phan tich 14 JCPDS:001-0533. Kich thudc D cua tinh thé nano BaF, can cir
vao (hkl) c6 thé duge udce tinh tir két qua phan tich XRD bai Cong thire Scherrer (Cong
thuc 1) (Li, Zhou, Yang, Gao, Ren, & Qiu, 2016):

AK
b= B.cosO (1)

Trong do: K=0.9 la h¢ s6; A la budc song téi XRD [CuKq (A = 0.154056 nm)];
B 1a toan bo d6 rong toi da tai nira cyc dai (FWHM) tinh bang radian; va 6 1a goc nhicu
xa tao boi mat phang (hkl).

Str dung Cong thuc Scherrer (1), kich thudce trung binh cua tinh thé nano BaF»
duoc tinh khoang 17.0 nm, 19.0 nm, 21.5 nm, 23.0 nm, va 25.0 nm tuong ung cho cac
mau TAB-456, TAB-470, TAB-490, TAB-502, va TAB-515. Diéu nay c6 nghia la kich
thugc cua tinh thé nano BaF di ting 1én véi Viéc tang nhiét 6 cua qué trinh xtr Iy nhiét
tir 456 °C dén 515 °C thé hién ¢ Hinh 2 (Li & ctg., 2016).
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Hinh 2. XRD ciia cac mau thay tinh va gém thay tinh: TAB-glass, TAB-456,
TAB-470, TAB-490, TAB-502, va TAB-515

Két qua anh TEM va HRTEM cua miu TAB-515 sau khi xi Iy nhiét tai 515 °C
lién tuc trong thoi gian sdu gio duoc mo ta trén Hinh 3. Két qua anh TEM ching to rang
cac tinh thé nano BaF, da dugc phan bo dong nhat vao trong vat liéu gom thuy tinh trong
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subt va kich thuéc trung binh cua tinh thé nano BaF, khoang 25 nm, phu hop véi két qua
tinh toan kich thudc tinh thé nano BaF, theo Cong thuc Scherrer ¢ trén.

0.334nm

5 nm

Hinh 3. a) Anh TEM caa mau TAB-515 sau khi xir ly nhiét ¢ 515°C trong Sau gio;
b) Anh HRTEM ciia mau TAB-515 sau khi xir Iy nhiét ¢ 515°C trong sau gio

Quang pho hap thu cua Er®* trong cac miu TAB-456, TAB-470, TAB-490,
TAB-502, va TAB-515 sau qua trinh xtr ly nhiét dugc hién thi trén Hinh 4.
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Hinh 4. Quang phé hap thu cia cac mau TAB-456, TAB-470, TAB-490, TAB-502,
va TAB-515 sau qua trinh xir ly nhiét

Quang phd hap thu Er¥* gdm chin dinh hip thu tai cac budc song la: 379, 411,
487, 524, 542, 653, 798, 976, va 1532 nm. Mdi dinh hap thy tuong Gng véi cac chuyén
tiép mic ning lwong tir trang thai co ban *lis;2 dén cac trang thai nang luong twong tng
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1a: *Guir, 4F~7/2, 2,H9/2, 2H1112, *Sarz, *Far, *lorz, *l11sz, Va *lia2 cua Er®* (Dan & ctg., 2013).
Hinh anh mau gom thuy tinh TAB-515 sau khi xtr ly nhiét tai 515 °C trong sau gio duoc
hién thi trén Hinh 5 cho thay mau TAB-515 la vat liéu gom thuy tinh trong suot.

TAB-515

Hinh 5. Hinh anh mau gém thay tinh TAB-515 sau khi xir Iy nhiét tai 515 °C
trong sau gio.

Hinh 6 hién thi quang phé phat xa UC cua cac mau TAB-glass, TAB-456,
TAB-470, TAB-490, TAB-502, va TAB-515, dudi kich thich ctaa budc song laser 980 nm.
Nguoc lai, voi cudng d6 phat xa UC yéu quan sat duoc qua mau thiy tinh, cudng d6 phat
xa UC cua Er** tai buéc song 412 nm (?Hoo— *l1s12), 523 nm (?Hi1z — *l1si2), 548 nm
(*Sa2— *l1512) va 668 nm (*Farz — *l1s12) trong cac mau gom thay tinh TAB-456, TAB-470,
TAB-490, TAB-502, va TAB-515 manh 1én dang ké sau qua trinh xur 1y nhiét.
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Hinh 6. Quang phé phat xa UC cia cac miu TAB-glass, TAB-456,
TAB-470, TAB-490, TAB-502 va TAB-515
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Nhitng ly do gép phan vao sy gia ting cuong do phat xa UC cua Er®* sau khi xir
ly nhiét: Tha nhat, trong vat liéu gém thay tinh sau khi xu Iy nhiét hoac chiéu xa laser,
cac ions Er®* phan tan vao cac tinh thé nano BaF, (Dan & ctg., 2014) lam cho khoang
cach giira cac ions Er®* tré nén gan hon dan dén cudng do phat xa UC cua cac ions RE
tang; va Thu hai, trong gbm thuy tinh TAB, céc ions Er** da két hop theo kiéu khdng béc
cau vai cac O-Si va O-Al (Dan & ctg., 2020) hinh thanh cac O-Al-Er hoic O-Si-Er gop
phan lam cho cudng do phat xa UC ting 1én.

Hinh 7 mé ta quang phd phat xa UC caa Er®* trong cac mau gom thay tinh trong
suét TAB-6, TAB-10, TAB-14, TAB-18, TAB-22, TAB-26, va TAB-30 khi xu Iy nhiét
tai 515 °C véi thoi gian khac nhau dudi kich thich cta budc song 980 nm LD. Cuong do
phat xa UC cuia Er®* tai budc séng 546 nm va 668 nm ciing tang dang ké khi thay doi thoi
gian xir ly nhiét tir 6 dén 22 gio. Khi thoi gian xt Iy nhiét lién tuc dén 26 gio thi cuong
do phat xa UC cua Er®* tai budc song 546 nm va 663 nm da giam so véi khi xi Iy nhiét
lién tuc trong 22 gio. Khi thoi gian xtr Iy nhiét lién tuc ¢ 30 gio thi cuong do phat xa UC
tiép tuc giam. Nhu vay, trong nghién ctu nay, mau gém thay tinh khi xi Iy nhiét tai 515 °C
lién tuc trong 22 gio tao ra phat xa UC cua Er®* tai buéc song 546 nm va 668 nm dat gia
tri toi wu nhat.
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Hinh 7. Quang phé UC ciia c4c mau gom thity tinh TAB-6, TAB-10, TAB-14,
TAB-18, TAB-22, TAB-26 va TAB-30 khi xir Iy nhiét thay dbi thoi gian

Quan hé giita cuong do phat xa UC cua Er®* tai budc song 546 nm va 668 nm va
thoi gian xir Iy nhiét cua cac mau gém thay tinh dwoc thé hién trén Hinh 8. Sy tang cuong
d6 phat xa UC cua Er®* tai budc song 546 nm co ban giéng véi cudng do phat xa UC cua
Er®* tai budc song 663 nm. Cudng d6 phat xa UC cua Er®* tai ca hai budc séng nay déu
dat gia tri t5i wu khi xur 1y nhiét tai 515 °C trong 22 gio.
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Hinh 8. Quan h¢ giira cwong dd phat xa UC ciaa Er3* va thoi gian xi ly nhiét
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Quang phd phat xa NIR cta cac mau TAB-glass, TAB-456, TAB-470, TAB-490,
TAB-502, va TAB-515, dudi kich thich cta budc song laser 980 nm dugc trinh bay trén
Hinh 9. Khi nhiét o xir Iy nhiét tang tir 456 °C dén 515 °C thi cuong do phat xa NIR cua
Er¥* tai budc song 1539 nm (*lizz — “lisr2) trong cac mau gom thay tinh TAB-456,
TAB-470, TAB-490, TAB-502, va TAB-515 ciing tang 1én dang Ké. Cuong do phat xa
NIR cua Er®* trong vat liu gbm thay tinh tai buéc song 1539 nm ting 1én khoang 1.5 lan
so véi khi nhiét d6 xtr ly tang tir 456 °C dén 515 °C.
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Hinh 9. Quang phé phat xa NIR caia cac miu TAB-glass, TAB-456, TAB-470,
TAB-490, TAB-502, va TAB-515
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Dé phan tich co ché phat xa UC va NIR cua Er** trong mau gém thuay tinh TAB
st dung so dd mirc nang lwong cua Er¥* duoc trinh bay trong Hinh 10. Dau tién, mic
nang lugng *l11/2 chiu kich thich truc tiép bai budce song 980 nm LD. Tiép theo, muc ning
lwong 1112 nhan mot photon va chuyén dén trang thai ning lugng tiép theo thap hon *F
VGi qué trinh ESA: *l112 + photon — *F72. Cac ions Er®* chi ton tai ¢ muc ning lugng
nay trong thoi gian ngan, sau dé nhanh chéng chuyén dén murc ning lwong thip hon *Hip
va “Sa2 (Clegg, 1995; Zhou, Song, Chi, & Qiu, 2009).

20 k- A Fore
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| <
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- *lor2
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gl gl £
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Hinh 10. So' @ mirc ning lwgng, co ché phat xa UC cia SATBLEY glass-ceramics

Qua trinh chuyén tiép cac mirc nang lwong tir *Ss;z — *l1s12 tao ra cac phat xa UC
tai budc song 546 nm. Phat xa UC tai budc séng 663 nm cé ngudn gbce tir chuyen tiép
mirc ning luong tir *Forz — *lis2. Mure ning luong tai *Frz va *Fo duoc tao ra qua cac
qua trinh ESA (Kumar, Rai, & Rai, 2006).

ESA 1: *lizp+ 1 photon — 4Fgr; ESA 2: *lu1p + 1 photon — Fao

Mrc nang lugng *11312 12 do qua trinh khéng biic Xa tir mire néng lugng *I1172. Phat
xa can hong ngoai budc séng tai 1539 nm do chuyén tiép “lizz — *l1s/2 cua Er¥* tao ra
(Kumar & ctg., 2006).
4, KET LUAN

Trong pham vi nghién ciru nay, chung toi da tong hop thanh cong vat liéu glass-

ceramics trong sudt co thanh phan 55TeO,-15A1.03-29.5BaF~0.5ErF3 chira tinh thé
nano BaF.. Kich thudc cua tinh thé nano BaF: tang dan tur 17nm dén 5nm véi su gia tang
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cua nhiét do qua trinh xu ly nhiét tir 456 °C dén 515 °C. So véi cac mau thuy tinh nguyén
thiy chua qua xt Iy nhiét, cuong do phat xa UC cua Er®* trong vat liéu gém thay tinh tai
budc song 546 nm va 663 nm tang 1én rat manh. Cudng d6 phat xa UC cua Er®* trong vat
liéu gém thuy tinh tai budc song 546 nm va 663 nm dat hiéu qua téi wu nhat khi xi Iy
nhiét tai 515 °C trong thai gian lién tuc 22 gio. Cuong @6 phat xa NIR cua Er¥* trong vat
liéu gébm thay tinh tai budc song 1539 nm ting lén khodng 1.5 lan khi nhiét do xu Iy tang
tir 456 °C dén 515 °C. Cac dit liéu nghién cru trong bai bao nay se cung cip nhitng thdng
tin va dir liéu bo ich cho viéc phat trién Lcac nghién ctu vé anh huong cua nhiét do den
cuong do phat xa cua cac ions RE trén nén vat liéu gém thuy tinh. Ngoai ra, vét liéu gom
thay tinh trong suét tong hop duoc trong nghién cttu nay c6 thé st dung cho cac ang dung
nhu khuéch dai soi quang va pin nang luong mit troi.
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