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Tom tat

Thiy tinh Sodium fluoroborate (NaFB,03) pha tap Dy** dwoc ché tao thanh cong bang phuong phap nung néng chay
& nhiét d6 1020 °C trong méi trudng khir sir dung graphite. CAu tric va cac tinh chit quang cua thiy tinh da duoc nghién
ctru bang phuong phép phd quang hoc nhu phé nhiéu xa tia X, phd hf)ng ngoai bién d6i Fourier (FTIR), quang phd hap
thu UV-VIS-NIR, ph6 quang huynh quang... Bing cach st dung Iy thuyet Judd-Ofelt, lyc dao dong tur thyc nghiém (fexp)
va tinh toan (fca), cac tham s0 cudng d . .-2,4,6) da duge danh gia tur phé hép thu. Céac tinh chét birc xa nhu ty sb cuong
d6 huynh quang R, x4c sudt chuyén doi phat xa tong cong Ar, tiét dién phat xa o va ty s6 phan nhanh Br (ctia chuyén doi
4Fgy — SHi3p) ctia thuy tinh ciing dugc tinh toan tir phd huynh quang. Str dung phuong trinh dinh lwong ciia McCamy,
céc gia tri toa dd mau va nhiét d6 mau tir bic xa téng hop ctia ion Dy** ¢ dang anh sang tréng trung tinh khi bi kich thich
bang birc xa 351 nm. Cac két qua nghién ctru cho thdy thily tinh NaFB,O3:Dy>* 1a g vién phu hop cho cac tmg dung
trong linh vuc chiéu sang (W-LED), vat liéu cho thiét bi lasers hodc thiét bi cam bién UV.

Tir khéa: sodium fluoroborate, nhiét do mau, 1y thuyét Judd-Ofelt, nung néng chay

Abstract

Sodium fluoroborate (NaFB»0s) glass doped with Dy** was successfully fabricated by melting method at 1020 °C in
reducing environment using graphite. The structure and optical properties of the glass were studied by optical spectroscopy
methods such as X-ray diffraction, Fourier transform infrared (FTIR), UV-VIS-NIR absorption spectroscopy,
photoluminescence (PL) spectroscopy, etc. By using Judd-Ofelt theory, experimental (fexp) and calculated (fcal) oscillator
force, Judd-Ofelt intensity parameters (=2, 4,6) Were evaluated from the absorption spectrum. The radiant properties such
as fluorescence intensity ratio R, total emission transition probability Ar, emission cross section ¢ and branching ratio fr (of
the “Fo» — °Hy3 transition) of the glass were also calculated from the fluorescence spectrum. Using McCamy's quantitative
equation, the color coordinate and color temperature values from the combined emission of Dy** ions in the form of neutral
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white light when excited by 351 nm radiation were obtained. The results showed that the NaFB,0s:Dy** glass is a suitable
candidate for applications in the field of lighting (W-LED), materials for lasers or UV sensors.

Keywords: Sodium fluoroborate, color temperature, Judd-Ofelt theory, melting

1. Giéi thi¢u

Tur nhitng nim dau coa thé ky 21, thiy tinh
borate pha tap cac ion dat hiém (RE) da duoc
nghién ctru tng dung trong céc linh vyc nhu dan
song va thiét bi khuéch dai quang, bd cam bién
UV hodc thiét bi nhd, thiét bi cho man hinh siéu
phang [1]. Cho dén nay, loai vat lidu ndy van
khong ngimg dugc cai tién, nang cao chit luong
va céc tinh chat vat 1y thong qua viéc t6i wu hoa
céc thanh phan nén, tap va cong nghé ché tao
[1, 2]. Cac tinh chét dic biét cua thuy tinh borate
c6 thé bat ngudn tir cdu tric cua thuy tinh borat
c6 chita nhiéu don vi cu triic ddc biét nhu nhom
boroxol va triborat v6i cac dang tinh thé da hinh
tuong tmg [1, 3]. Thuay tinh borat chtra oxit kiém
hodc kiém tho dang cho thiy cac dic tinh khéac
thuong nhu dién tré cao, do bén hoa hoc tét, dd
clig cao va nhiét d6 nong chay thap so véi kinh
silicat [3]. Su c6 mit cua oxit kiém hodc kiém
thd s& 1am cho lién két ctia boron thay doi tir phdi
vi ba thanh phdi vi bon va tir dién BO4 lién két
cac 16p vong boroxol thanh mét khung ba chiéu
[2, 4]. Su pha tap vao thuy tinh céc ion RE hoa
tri 3 nhu Dy**, Sm*" hodc Tb>* déu dan dén sy
phat xa quang hoc cua thuy tinh trong vung kha
kién. Vi véy, cac ion pha tap nay khong dugc
g dung nhiéu cho cac thiét bi quang hoc hong
ngoai nhung lai 1a mdt mbi quan tam dé nghién
ctru tmg dung cho cac thiét bi quang hoc kha
kién [3, 4, 5]. Hiéu suét phat xa cta ion RE hoa
tri ba trong kinh oxit cao do kich thich tryc tiép
céc electron tao nén cac chuyén doi hip thy (von
bi cAm chén 1&) ctia 16p v6 4f cia dai nang luong
kha kién va tir ngoai gan (UV) [6]. Trong nén
thity tinh, ion Dy*" 1a mot chat kich hoat quang
dac biét vi hai dai phat xa vang-xanh lam chiém
vu thé trong quang phd ctia né phu thuéc manh
vao truong tinh thé cua mang chu [7,8, 9, 10].
Ning suét phat xa anh sang trang c6 thé duoc

diéu chinh t6i wu bang cach diéu chinh ty 1¢ phat
xa hai dai vang/xanh lam, vi vy thay tinh borate
pha tap Dy>" 14 ng vién tiém nang sir dung trong
ky thuat chiéu sang khong can dung thiy ngan
[11,12,13]. bé tang thém do cung, do hoa tan tap
dat hiém cho san pham thily tinh, aluminum oxit
(Al203) dugc thém vao mot luong vua du (co
5%mol) dé khong 1am anh huong dén cau trac
ctia mang nén thiy tinh.

Trong bai bao nay, chiing tdi trinh bay cac két
qua nghién ctru vé cdu tric va cac tinh chat
quang cua thuy tinh sodium fluoroborate
(NaFB:03) pha tap Dy**. Cac két qua nghién ciru
c¢6 duoc tir sy phan tich phd quang hoc nhu phd
nhidu xa tia X, phd hong ngoai bién doi Fourier
(FTIR), quang phd hép thu UV-VIS-NIR, pho
quang phat quang (PL)... két hop véi 1y thuyét
Judd-Ofelt. Cac két qua nghién ctru cho théy,
thiy tinh NaFB,03:Dy*" 1a mg vién phu hop
cho céc tmg dung trong linh vuc chiéu sang hoic
vt liéu cam bién.

2. Vat liéu va phwong phap
2.1. Ché tao vit liéu

Phan tich gidn d0 pha cua vat liéu hai thanh
phan Na20-B:0s duee trinh bay ¢ Hinh 1 cho thay
c6 sy xuat hién cac diém eutectic va peritectic, tly
vao ty 1€ mol gitra Na2O va B20s [2,9,13]. Nhiét
d6 nong chay cua B20s thuan 1a khoang 723733
K (450-460°C) tao thanh chat long nhét, con
Naz0 khong ton tai & dang don 1é trong diéu kién
binh thuong, ma duogc gia dinh nhu 1a mot thanh
phan bién tinh mang (modifier) khi két pha voi
B20s. Dya trén m6 hinh CALPHAD va dir liéu
thyc nghiém va phan tich chi tiét gian d6 pha ctia
hé NaF-B:0; bang cach ddi chiéu v6i hé Na.O—
B20s theo mol Na, ta théy hé Na-O—B-0:s thé hién
nhiéu pha rin stoichiometric nhu xNa.0.yBOs
(NxBy), mdi pha c6 ty 1¢ Na:O c6 dinh [13].
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Hinh 1. Gian d6 pha ctia vat liéu hai thanh phan Na,O-B,0; [13]

Tuong Ung trong qua trinh chuyén d6i 1a cac
pha nhu xNaF-yB:0s trong hé NaF-B:0s;
(NaF.3B203; 2NaF.3B.0s hOZTlC Na3B3F603).
Quan sat Gian d0 pha ta thiy c6 dudng pha long
(liquidus) udn 1én véi cuc dai gan x =~ 0,4-0,5 &
nhiét do ~ 1173 -1273K (900-1000°C) tuong
mg. Hai cyc tiéu eutectic chtra ~20-30 mol %
NaF dat nhiét o nong chay thap nhét & khoang
873 -973 K (600—~700°C) [9]. Cac két qua nghién
ctru cho thdy, vat liéu thuy tinh trong sudt va co
cac tinh chéat quang t6i wu khi san pham dugc
hinh thanh pha tht hai 2NaF.3B.0s tuong Gng
v61 nhi¢t o nung trén nhiét d§ ndng chay & 973
K (700°C) va thoi gian nung tai nhiét do nay phai
du 16n dé dam bao hinh thanh hét pha thiy tinh
va hoa tan céac tap chat. Ngoai ra téc do lam

ngudi phai nhanh (c& 9°C.s'-10°C.s™") dé ngin
ngra sy két tinh.

Trong nghién clru nay, thuy tinh NaFB20s
duoc ché tao tur nhitng hda chét ban dau: B,0s,
NaF, Al,O3 va Dy>0O3 cua hang Merck.Ltd c6 do
tinh khiét 99,99 %, duoc can véi khdi lugng theo
ty 1& hop phin miu du kién: xNaF.(94-
X)B203.5A1,0;3.1Dy>0;3 (x =20, 25, 30, 35). Hon
hop duoc nghién, tron déu v6i nhau trong cdi sir,
sau do dugc nung ¢ 750 °C (trong chén sur), gitt
& nhiét do nay trong 2 gio va lam ngudi nhanh
(c& 9 °C.s'-10 °C.s") xudng nhiét do phong.
Mau duoc cit mai, danh bong dé phuc vu cho
mot s6 phép do quang hoc. Thong ké mot sb
thong s6 vat Iy co ban xac dinh trén hé mau thity
tinh NaFB,03:Dy>" dugc trinh bay & Bang 1.

Bang 1. Thong ké mot s thong s6 vat 1y co ban xéac dinh trén mau thily tinh NaFB,03:Dy**

Thanh phan Ky hiéu Chiét  Khoi Nhi¢t  Hangsé Nhiét do

thuy tinh suat (n) luong dung diénmdi ndng

riéng riéng (e) chay

p(g/em’) (J.g'K™) C)

20NaF.5A1,0374B205.1Dy203 a.20NaFB2Os; 1.521 2423  1.52-1.71 2.721 700
25NaF.5A1,0;.69B,0;.1Dy,03 b.25NaFB.O; 1.523 2435 1.52-1.71  2.755 700
30NaF.5A1203.64B203.1Dy203 ¢.30NaFB.O; 1.526  2.446 1.52-1.71 2.776 700
35NaF.5A105.59B205.1Dy,03 d.35NaFB,O; 1.529 2454 1.52-1.71 2.781 700

2.2. Phwong phap nghién ciru

Trang thai vo dinh hinh va ciu trac céc lién
két ctia mau thiy tinh duge xac dinh bang nhidu

xa tia X (XRD), thuc hién trén hé DS
ADVANCE st dung buc xa Cu-Ka (4= 1,54056
A). Phd hong ngoai bién d6i Fourier (FTIR)
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trong dai s6 song 400 cm™ —3000 cm™! thyc hién
trén h¢ Shimadzu FTIR — 8700. C4c tinh chat vat
ly, nhu chiét suat cua thiy tinh dugc do bang
khiic xa ké Abbe 2WAJ WAJ 0-95% AR1000S
st dung anh sang vang (A=589nm) cua den natri
voi CioH7B: (1-bromonaphthalin) dugc dung
lam chat long tiép xac. Khoi lugng riéng dugc
do bang phuong phap Archimedes, st dung
xylen 1am dung dich ngdm mau. Nhiét dung
riéng cia cac mau dugc xac dinh bang hé thong
do nhiét dung riéng doan nhiét SH-3000 series-
ADVANCE RIKO. Ph6 hip thy thyc hién trén
hé Cary SE (Varian Instruments, Sugarland,
Tex) trong vung budc song 200-2500 nm (do
phan giai 1 nm). Phd huynh quang dugc thu bang
hé mdy Flourolog-3 Model FL3-22 (Horiba
Jobin Yvon) v&i d phan giai 0,3 nm, kich thich
bang anh sang dén xenon 450 W.

3. Két qua va thio ludn

3.1. Céu tritc va mot sé tinh chdt vt Iy

3.1.1. Phé nhiéu xa tia X

Hinh 2 trinh bay pho nhiéu xa tia X cta cac
mau thiy tinh xNaFB,O3 pha tap 1%mol Dy,0s3,
trong dai 26 tir 10 dén 80°. Két qua cho thiy céac
duong cong phé déu co dang giéng nhau, vi tri,
cuong do va do rong cac dai phd hau nhu rat it
thay d6i khi nong do NaF thay doi trong khoang
20 dén 35 %mol. Hai dinh rong nim trong
khoang 20—40° va 45-60° (20) chi ra tinh v6 dinh
hinh, khoéng c6 pha tinh thé sic nét cho thay dau
hidu dién hinh cta két cdu thiy tinh. Cac dinh
phé déu rong theo truc toa dd la do su thay ddi
trong két ndi cau traic BO;—BOa hodc sy hinh
thanh cac cum BOsF [4,8,9,11]. Khong xuét hién
pha tinh thé NaF nghia 14 cic nguyén tir Na va F
c6 thé di vao mang borate dudi dang thay thé
hodc 1am bién d6i cdu trac thiy tinh thay vi két
tinh ra pha NaF riéng biét. Ngoai ra, su pha tap
luong nhé Dy>03 (1mol%) khong anh hudng téi
cdu trac ctia phd.

Cudng dé (dvtd)

10 20 30 40
20

50 60 70 80

Hinh 2. Phd nhiéu xa tia X ctia mau thily tinh NaFB,0;

3.1.2. Phé hong ngoai bién déi Fourier (FTIR)
Phd FTIR cua thily tinh NaFB,03:Dy*" ghi
trong khoang 400-3000 cm ™' trinh bay & Hinh 3.
Két qua cho thay cac dudong cong phd déu co
dang giéng nhau, vi tri cac dinh phd hau nhu rat
it thay d6i khi nong d6 NaF thay doi trong
khoang 20 dén 35 %mol. Tuy nhién co sy ting

vé cudng do cuia cac dinh pho trong khoang 400—
750 cm™'. Theo két qua nghién ctru cia cac nhoém
tac gia trong cac tai licu [9,11,14] thi cac dinh &
447 cm™, 590 cm™ va 703 em™! (trong viing 400
750 cm™) c6 lién quan dén dao dong cua céc
cation kim loai kiém (Na®) trong cac lién két
NaF va NaFs. Diéu d6 1y giai tai sao cudong do
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cac dinh phd trong khoang nay ting khi nong d6
NaF ting. Cac dao dong lién quan dén mang
NaFB,0; trong ving 7501200 cm™ 1a sy két
hop cta dao dong tetrahedral nhu BOsF va BOs

hinh thanh nhd NaF 1am “modifier” chuyén d6i
BOs; — BOsF hodc BOa. Cac dinh ¢ 927 va 1086
cm™ 12 do sy gian no cia lién két B-O" trong don
vi BOa.

9 1086

0 795

Do truyén qua (%)

(NaF) (B-0)

447 (NaF,) (B-O° 1679

(8-0)
1475 |

20NaFB,0,
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1200 1600 2000 2400 2800 3200

SO song (cm™)

Hinh 3. Phé FTIR cua thuy tinh NaFB,03:Dy** duoc ghi trong khoang 4003000 cm™.

Trong ving 1200-2000 cm ™ lién quan dén dao
dong ctia vong BOs (trigonal), dinh ¢ 1272 cm’!
lién quan dén chuyén d6i BOs—BOsF, dinh &
1475 cm™ 14 su gian kéo dai khong ddi ximg luong
giac lién két B-O ciia cac don vi BO3, dinh ¢ 1679

cm” duge gan cho lién két B-O trong nhém
pyroborat bi c6 1ap hodc dao dong kéo dai B-O cua
cac don vi ortoborat [11,14,15]. Bang 2 trinh bay
vi tri, ngudn gdc lién két va nang luong lién két ciia
cac dao dong trong thuy tinh NaFB,0s.

Bang 2. Cac vi tri lién quan dén lién két, va nang lugng lién két ctia cac dao dong

trong thuy tinh NaFB2O3

Vi tri dinh Ngudn gbc dai hap thy Ning luong lien két  Tai liéu
(cm™) AHr (kJ/mol) tham khao
447, 590 Dao dong cua lién két NaF 257, 481 [11,15,16]
703 Dao dong cua lién két NaF, 81 [11,15,16]
927, 1086 Sy Gian né cualién két B-O 135 [11,15,16]

(trong cac don vi BO4)
1272 Su chuyén d6i BOs — BOsF 766 [11,15,16]
1477 Su Gian kéo dai khong d6i xtng ciia lién 806
két B-O cua cac don vi BOs

1679 Lién két B-O trong nhém pyroborat bi c6 806 [11,15,16]

lap hoac dao dong kéo dai B-O cua cac don

vi ortoborat

3.2. Ddc trung hép thu va birc xa cua thuy tinh
NaFB:;0;3:Dy

3.2.1. Phan tich phé hdp thu

Pho hép thu UV-ViS-NIR cta Dy>* trong nén
thuy tinh NaFB;03 dugc trinh bay trong céc

Hinh 3. Trong dai phé tir 300 nm dén 2000 nm,
phé ghi duge duge chia thanh hai dai: dai UV-
ViS vo6i budce song tir 300 nm - 500 nm va dai
NIR v&i bude song tir 600 nm - 2000 nm. Hinh
dang, vi tri va cuong dd cua cac dai hép thu trén
cac duong cong phd tung véi nong do NaF thay
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d6i trong khoang 20 dén 35 %mol gan nhu gidng
nhau. Piéu d6 cho thay trudng tinh thé cta thuy
tinh (khi thay d6i ndng d¢ NaF) it anh huong dén
su hap thy ctia ion dat hiém Dy>". 12 dai hap thy
sic nét thu dugc 1a két qua cua cac chuyén doi
tir trang thdi co ban °Hisp 1én céc trang thai kich
thich *Hi12 va *Fig=32,52702.92,112) & viing budc

song dai va *Giin, *Lig=132,152 ), Pig=32.5270) &
ving budc song ngin. Ning luong tuong tng
v6i cac chuyén doi tir trang thai co ban °His, 1én
tat ca cAc trang thai kich thich ctia ion Dy>* dugc
so sanh vo1 nang lugng vaquo cuia hé dung dich
axit pha loAng Dy*" (ion aquo) va duogc trinh bay
trong Bang 3 [11,12,15].

20NaFB,0.

D6 hép thu (dvtd)

30NaFB,0

35NaFB 0

350 400

1000 1250 1500 1750

450 750
Budrc song (nm)

Hinh 4. Phd hap thy UV-ViS-NIR cua Dy** trong nén thily tinh NaFB,O;3

Dua vao phé hép thu ta c6 thé tinh duoc luc
dao dong tur thuc nghiém fexp tir cOng thirc cua

Smakula: f,,,=4,32.10° j g(v)dv =4,32.10° j AN 4y

va luc dao dong tir tinh toan feu ciia cac dai hip

thu bang cong thire [17,18]:
STLZIIIJ v (*+2) ..
W= o ;%:69,‘ . Trong d6: a

(v)=A/c.d (d 1a chiéu day mau, ¢ la néng dovaA
12 d6 hap thu), n 1a chiét suat cua thuy tinh, J 13
téng momen dong lugng & trang thai co ban,
(v6i L =2, 4, 6) 1a cac tham sb cuong do JO. Pai

= <‘I’J “UKH ‘I"J'>2 1a yéu t6 ma tran rat

gon chi phu thudc vao ion RE va trang thai
chuyén doi dau - cubi va c6 thé tinh dugc tir 1y
thuyét pho dat hiém (& day cac thong s6 ma tran
rat gon UM duoc 1ay tir cac s6 liéu cong bd cua
Carnal [19]). Thong sé lién két (9) dugc dinh
s5=[(1-B)/B]x100,
B=B)/n (véi f= v/V, 1a hé sé nephelauxetic

va vc 1a nang lugng cua cac chuyén doi tuong

nghia 1a trong  do

(g trong phirc chét va ion aquo) duoc xac dinh
1a ¢6 gia tri £=1.0063 [17,18]. Ty thudc vao
mdi trudng mang nén xung quanh ion Dy3*
thong s6 lién két (0) co thé nhan gia tri duong
hodc am, diéu d6 phan anh lién két cong hoa tri
hoic lién két ion giita ion tap Dy*" véi cac ion
mang nén tuong ung. Két qua tinh luc dao dong
0 feat VA fexp, cAc thong sb cudng do Qx (Qa, Qu,
Q) cho cac chuyén doi, thong s lién két §...
dugc trinh bay trong Bang 3.

Két qua ¢ Bang 3 cho thdy & <0 nén ion
Dy** twong tac voi cac ion mang nén xung quanh
thong qua lién két ion. Gia tri lyc dao dong tir
fexp clia chuyén doi ®Hisp— °F112 16n nhat, nén
chuyén doi nay dugc goi 1a chuyén doi siéu
nhay. Gid tri Qo = 3,24 > Q4 < Qg phan anh do
dong hoa tri va tinh bat dbi xing ciia truong lién
két xung quanh vi tri cia Dy** trong nén thuy
tinh NaFB2O3 kha cao. Diéu d6 c6 thé giai thich,
khi € 16n nang luong lién két AE nhé dan dén
lyc dao dong tir f16n do d6 sy dan ddm may dién
tir rong hay d¢ dong hoa tri cao [17,18].
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Bang 3. Ning lugng (cm™), luc dao dong tir (x 107%) va d6 1éch rms (x 10°)
va céc thong s6 cuong d6 Qi xac dinh dugce tir phd hap thu cua Dy" trong nén NaFB,0s

Hisp — Hi12 F1112 6Fo/ SF7n 5Fs; OF3/
K(cm'l) 5888 7800 9090 10985 12343 13229
fexp 1.00 3.55 2,00 2,22 1,65 0,16
feal 1.02 3.33 2,07 2,00 1,00 0,18
Hisp — Misn2 4G Tz 5Py 5Ps), i V)
K(cm‘l) 22137 23414 25775 27387 28528 30766
fexp 0,32 0,12 1,27 2,65 1,37 1,59
feal 0,37 0,05 1,83 2.00 0,71 0,74
0; rms 0=-0,082 rms = +0,57
Q. (x10%° em?) Q=324 | Qu=1,30 | Qs =238
3.2.2. Phan tich ph6 hupnh quang phan B0s) trong hdn hop xNaF-(94-
Dé thay duoc anh huong ciia ndng do thanh x)B203.5AL03:1Dy*"  (x=20, 25, 30 va

phan bién tinh mang trong cau tric nén 1én cac
tinh chét brc xa ctia ion tap Dy>", cic mau thiy
tinh khac nhau dugc ché tao bang cach thay d6i
thanh phan NaF (c6 nghia ciing thay d6i thanh

35%mol). Hinh 5 trinh bay ph6 huynh quang cua
Dy** trong cic thiy tinh xNaF-(94-
x)B203.5A1,05:1Dy*", khi kich thich biang anh
sang UV 351 nm.

p—

L 92
15/2

- (d)30NaF
(c)35NaF

i (a)20NaF /\

Cuong do chuan hoa tai 572.5 nm

\ ‘ |
6
\ Hyip

xNaF-(99-x)B203

6
H13/2

400 450 500

550 600 650

Budc song (nm)

Hinh 5. Phd quang phat quang ctia Dy** trong thity tinh NaFB,03 (Aexe=351nm)

(Phd dwoc chudn hoa cuong do dai phat xa tai 572.5 nm)

Ba dai phat xa thu dugc trén tat ca cac duong
cong phd déu c6 dic trung ciia chuyén doi dién tir
4f ctia ion Dy>" tir trang thai *Fo,» xubng cac trang
thai thip hon: ®Hi12 (660.5 nm-Red), °H32 (572.5
nm — Yellow) va °Hjs» (481.0 nm-Blue).

Vi ty 1€ cuong do phat xa mau vang (Y) trén
phat xa xanh lam (B) (Iy/Ig) ctia cic ion Dy>"
phu thudc vao su khong dbi xing cua phdi tir

mang nén. Nén dé thuén lgi, cuong d6 pho phat
xa duoc chuan hoa tai dai phat xa 572.5 nm cho
phép ta dé dang so sanh ty 1& cudong d6 hai dai
Iv/Ig theo ty 1& thanh phin NaF/B,0s. Piéu d6
gitip ching ta c6 thé tim ra duoc thanh phan chat
nén tbi wu cho céc ung dung cua vat liéu. Ngoai
ra, ty 16 cudng d6 giita hai chuyén doi chinh nay
(*Fon—°His/2 va *Fop—C°Hi312) con dugce dung dé
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danh gia d6 bat ddi xtmg ciia mdi trudng xung
quanh ion Dy?**. Trong nghién ctru nay, khi thanh
phan NaF trong hén hop tang tir 20; 25; 30;
35%mol thi ty 1€ nay giam 1.3; 1.05; 0.99 sau do
tang 1én 1.02. Két qua nay cho thay do bat doi
xtmg cua truong cuc bd xung quanh ion Dy
thap nhat khi NaF 1a 30%mol va B,O3 64%mol.
Ngoai ra, ty 1& Iy/Is = 0.99 & thily tinh nay thap
nhét, cho théy mirc dJ cong hoa tri gitra cic ion

Dy*" va O trong nén thity tinh 30 %molNaF va
64%mol B,0s 1a cao nhat [17,18].

Ttr cac thong s6 JO va chi sb khuc xa n, cac
dic tinh birc xa nhu ty sb phan nhanh fr, xac suit
chuyén doi phét xa tong cong Ar(s™), tiét dién
phat xa o (cm?), thoi gian song t (us) va ty sb
cuong do huynh quang R da duogc xéc dinh va
trinh bay trong Bang 4.

Bang 4. Ty s6 phan nhanh fSr, x4c suit chuyén doi phat xa tong cong At (s™), tiét dién phat xa o

(cm?), thoi gian séng T (us) va ty sd cudng d6 huynh quang R ctia cac chuyén doi birc xa cia Dy

Thanh phan mau 4Fop | o Ar(s') | 1(ms) R
(X102 cm?)
‘Hup | 0,071 2,23
a. 20NaF.5A1,03.74B>03.1Dy203 H 13, | 0,645 16,50 508 1,469 1.3
H isp | 0,224 2,36
H 11, | 0,070 3,36
b. 25NaF.5A1,03.69B,05.1Dy203 | ®H 132 | 0,650 19,50 611 1,486 1.05
H 152 | 0,280 4,01
Hup | 0,074 2,90
c. 30NaF.5AL0Os. °H 132 | 0,687 20,20 809 1,942 0.99
64B,0;.1Dy»05 H 15 | 0,269 3,64
H 112 | 0,081 2,43
d. 35NaF.5A1,03.59B,03.1Dy>03 H 13» | 0,665 18,50 711 1,769 1.02
H 1sn | 0,254 3,36

Két qua nay cho thdy ty s6 phan nhanh Sk va
tiét dién phat xa o cho gi tri 16n nhat tmg voi
chuyén doi “Fon — ®Hizp, tiép theo 1a *Fop —
Hysi va cudi cung nho nhit ¢ chuyén doi *Fop
— OH) 2 trong tat ca cac mAu c6 thanh phan khac
nhau (dic biét 1a4 miu c6 thanh phan
30NaF.64B,0;. Nhu vy chuyén doi dang luu y
nhit & day 1a “Fop — CHizp ciia maéu
30NaF.64B20; ¢6 fr va o 16n nhét, phu hop dé
ung dung cho lasers.

3.2.3. Toa do mau (CIE) va nhiét do mau (CCT)

Vi tri toa d0 mau cua cac mau thuy tinh
xNaF.5A1,03.(94-x)B203.1Dy203 trinh bay &
Hinh 6. Khi néng d6 NaF ting tir 20—25—
30%mol, toa dd mau (x, y) va tbc do tron mau
(R/G/B) thay dbi: x = 0.3870537 — 0.3659003
— 0.3473749 va y =
0.3856163—0.3775868—0.3573501vaR/G/B =

232/240/220 — 229/230/235 — 252/230/250.
Khi ndng d6 NaF tiép tuc tang 1én 35%mol thi
toa d0 mau tang trd lai (x = 0.3776024 vay =
0.3799654) ’ , ’

_ Tu nhimg ket qua nay, c6 thé nhan thay
rang toa do mau (x, y) va toc do tron mau
(R/G/B) dang tién v€ vung anh sang trang cua
biéu do6 sac do CIE khi nong do NaF tang dén
30%mol.

Céc gia tri nhiét d0 mau twong quan (CCT) la
cong cu hitu ich dé kiém tra chéat luong cia
ngudn sang kha kién. Khi gia tri CCT < 3200 (K)
anh sang duoc coi 1a "dm" va CCT > 4000 (K)
duoc coi 1a "lanh" trong nhan thic thi giac cua
con ngudi [20]. Bang cach sir dung phuong trinh
dinh lugng cua McCamy [21] dugc dua ra dudi
day, ta co thé xac dinh duoc cac gia tri nay:
CCT=449 n’® + 3525 n> + 6823,3 n + 5520,33.
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Trong d6 n = (x—Xe)/(y—ye) biéu thi do dbc
nghich dao va xe = 0,332, ye = 0,186 biéu thi tim
clia cac duong dang nhiét. Cac gia tri CCT xac

dinh dugc cho thuay tinh xNaF.5A1,03.(94-
x)B203.1Dy20;3 liét ké trong Bang 5.

Hinh 6. Toa d6 mau CIE cua hé thuy tinh NaF.5A1,03.(94-x)B,03.1Dy,03 (x=20; 25; 30; 35 %mol)

Béang 5. Toa d0 mau, nhi¢t do mau cua hé mau xNaF.5A1,03.(94-x)B 0. 1Dy203

Sample CIE CCT (K)

X y
a. 20NaF-5A1,03-74B203:1Dy203 0.3870537 0.3856163 3952.51
b. 25NaF-5A1,03-69B203:1Dy>03 0.3659003 0.3775868 3951.84
c. 30NaF-5A1,03-64B203:1Dy203 0.3473749 0.3573501 3951.68
d. 35NaF-5A1,03-59B>03:1Dy>03 0.3776024 0.3799654 3952.62

Céc gia tri CCT dao dong tir 3951.68 dén
3952.62 K, cho thiy tit ca cac miu thuy tinh ché
tao déu c6 thé phat anh sang trang trung tinh "4m"
khi bi kich thich bang birc xa 351 nm. Diéu d6
cho thdy trién vong ung dung lam vat liéu trong
linh vuc chiéu sang (W-LED) [7,8,9,20,21].

4. Két lun

Thay tinh sodium fluoroborate (NaFB03)
pha tap Dy* duogc ché tao thanh cong bang
phuong phap nung néng chady & nhiét do 750 °C
trong moi trudng khir sit dung graphite. Bang
cach phan tich gian d6 pha hai thanh phan NaF
va B2O3 cho ta nhiét d§ nung chay trén 700 °C
s& hinh thanh 2NaF.3B-0s. Ph6 nhiéu xa tia X
xuat hién hai dai rong trong khoang 20-40° va
45-60° (20) chi ra tinh v6 dinh hinh cda thuy
tinh. Pho FTIR da chi ra vi tri va tinh chét cac
lién két NaF, BOsF, BO ton tai trong thiy tinh.

Phan tich phd hap thy, phd huynh quang bang
cach két hop cong thirc ban thyc nghiém cua
Smakula va ly thuyét Judd — Ofelt, lyc dao dong
tir va cac thong s6 cuong do . (L = 2,4,6) da
duoc xéac dinh. Céc thong ) cuong do nay dugc
su dung dé du doan céac dic tinh bire xa bao gém
xac suit chuyén doi birc xa (4r), thoi gian séng
& trang thai kich thich (), ty s6 phan nhanh
(Br), tiét dién phét xa (o) cho mirc kich thich
ctia Dy*" va cac chuyén doi birc xa: “Fo, — °Hj
(1=15/2,13/2,9/2). Béng cach su dung phuong trinh
dinh lugng ctia McCamy, céc gia tri toa d§ mau
va nhiét d6 mau tir buc xa téng hop ctia ion Dy
& dang anh sang tring trung tinh khi bi kich thich
bang birc xa 351 nm. Diéu d6 cho thiy trién vong
mg dung ctia vat lidu trong linh vuc chiéu sang
(W-LED), vt liéu cho thiét bi lasers hodc thiét
bi cam bién UV.
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