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Tom tat

Thuy tinh Calcium fluoroborate (CFB) va Calcium fluoroborate sulphate (CFBS) pha tap ion Dy3* duoc ché tao bang
phuong phap nung ndng chay trong méi truong khong khi. Bing cach str dung 1y thuyét Judd — Ofelt (JO) dé phan tich
phé hép thu, phd huynh quang vé ciu tric mang, cac thong s6 cuong do Q, (A =2, 4, 6) di dwoc x4c dinh cho thiy tinh
CFB:Dy? va CFBS:Dy?". Cac thong s6 cuong d6 nay dugc su dung dé dy doan cac dgc tinh bure xa, bao gdm luc vach
ludng cuc dién (Sed), ludng cuc tir (Sma), xac sudt chuyén doi btrc xa (Ar), thoi gian song & trang thai kich thich (zr), ty
sO phan nhéanh (Br), tiét dién phat xa (o3,) cho mic kich thich ciia Dy3* va cac chuyén doi b xa: *Fg — °H; (3=15/2,
13/2, 9/2). Cac tinh chét nhiét phat quang cua thiy tinh Calcium fluoroborate c6 va khong chira sulphate ciing da dwoc
nghién ctru, két qua cho thdy trién vong tmg dung lam vat liéu trong do lidu bt xa ning luong cao.

Tir khéa: Thuy tinh CFB, CEBS; 1y thuyét Judd-Ofeld; huynh quang.

Abstract

Calcium fluoroborate (CFB) glass and Calcium fluoroborate sulphate (CFBS) Dy®* doped were synthesized using
conventional melt-quench technique. By using Judd — Ofelt (JO) theory to analyze absorption spectrum, fluorescence
spectrum for lattice structure, intensity parameters Q; (A = 2, 4, 6) were determined for CFB:Dy** and CFBS:Dy?* glass.
These intensity parameters are used to predict radiation properties including electric dipole line force (Seq), magnetic
dipole (Smg), radiation displacement probability (Ag), lifetime in the state excited state (tr), branching ratio (Br),
emission cross-section (o) for excitation level of Dy** and radiation transitions: “Fe; — SH; (J = 15/2, 13/2, 9/2). The
thermoluminescent properties of Calcium fluoroborate glass with and without sulphate have also been studied, the
results show the prospect of application as a material in high energy radiation dosimetry.
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1. Giéi thi¢u

Trong nhitng nim gan ddy, mot trong nhitng
linh vuc dugc quan tim nghién ctru 1a tim kiém
vat liéu phu hop t6i uu dé ché tao cac linh kién
quang hoc dung trong vién thong, soi quang,
khuéch dai quang hoc, laser ran, hién thi 3D,
cac thiét bi nhd, thiét bi man hinh siéu phang,
bd cam bién UV. Phan 1én céc thiét bi nay hoat
dong trong ving anh sang nhin thiy ciing nhu
trong vung hong ngoai va hién dang duoc phd
bién rong ri voi cac yéu cAu ngay cang cao vé
su da dang ciia né. Céc nghién ctru cho thay, dé
tao ra nhitng vat li¢u nhu vay, nguoi ta thuong
chon nén 13 cac vat liéu thuy tinh trong subt
thuoc ho borate hoac ho oxide — fluoride pha
tap cac nguyén t6 dat hiém (RE) [1, 2, 3, 4].
Trong céac loai thuy tinh oOxit, thi thuy tinh
borate dugc cdc phong thi nghiém quan tam
nghién ctru kha nhiéu, vi khi borate duoc dung
1am nén cho thiy tinh sé& tao ra san pham c6 do
truyén qua t6t, nhiét do néng chay thap, on dinh
nhiét cao, c6 do hoa tan 16n céc tap dét hiém [3,
4]. Trong nhiéu trudng hop, ¢ thé bd sung mot
luong AlO3 dé ting d6 hoa tan cua cac ion RE
va 1am 6n dinh tinh chat vat 1y va hoa hoc cua
thay tinh [5]. Tuy nhién, vi ndng lugng phonon
cao (c& 1300 dén 1500cm™) cta borat s& lam
tang qua trinh phat xa da phonon cta ion RE, sé&
lam giam su phat quang va hiéu suit luong tir
cia vat liéu. Pé co thé ha thép nang lugng
phonon, thuong ngudi ta cho thém thanh phan
fluoride (co ning lwong phonon thap) vao hdon
hop. Sy c6 mat cua fluoride con lam tang do
trong sudt trong ving tir tir ngoai dén hdng
ngoai va tao kha ning hoa tan dat hiém cho vat
liéu tét hon [6].

Trong cac loai dat hiém, ion dysprosium
(Dy**) phat xa ving kha kién, trong d6 dai mau
vang (Y) (575nm) tuong tng voi chuyén doi
siéu nhay *Fgz — ®Haiap, va dai mau xanh lam
(B) (481nm) twong tng v&i chuyén doi *Fez —
®Hisi2 1a cac dai chiém wu thé trong quang phd

phat xa. Ty 1€ cuong d cua phat xa mau vang
va phat xa xanh lam (Y/B) cua cac ion Dy®*
phu thudc vao su khong ddi ximg cua phdi tir
mang nén. Vi vy, ching ta c6 thé sir dung ty
s6 cudong do hai chuyén doi ndy dé nghién ctu
tinh chat, cAu trac cua vat lidu [7]. Mat khéc,
hiéu suat huynh quang cua hai vach nay kha
16n, cung véi viée c¢6 thé diéu chinh ty 18 Y/B
thong qua viéc diéu chinh thanh phan, ndng do
clia ca nén va tap cho phép ngudi ta nghi dén
viéc str dung vat li¢u chira dysprosium vao linh
vuc chiéu sang. P6i véi ngudn sang dung loai
vat liéu nay khong can dung thily ngan dé kich
thich, vira bdo vé mdi truong va vua cd hi¢u
suit phat sang cao so v6i dén phat sang ding
thity ngan [8]. Thém nita, ion Dy** ¢6 chuyén
doi quang hoc ving hong ngoai (1,3 micromet)
thich hop véi cira s hong ngoai thir nhat cia
thdng tin quang [9]. Ngoai ra, Dy** 1a mot chat
kich hoat nhiét phat quang rat dic biét, vi nd
dong vai tro cac tim, biy dién tir rat thich hop
trong cic nén don tinh thé, da tinh thé hoic
thity tinh dé sir dung cho ché tao liéu ké ding
trong do liéu burc xa ion hoa [10].

Trong bai bdo nay, chung tdi trinh bay cac
phan tich phd hap thy, phd huynh quang vé cu
tric mang cua thily tinh nén borate pha tap
dysprosium, bao goém: Thay tinh Calcium
fluoroborate (CFB) va Calcium fluoroborate
sulphate (CFBS) pha tap ion Dy®*. Cac phéan
tich dua trén phé quang hoc thu dugc tur thuc
nghiém cing v&i viée st dung 1y thuyét Judd-
Ofelt dé chi ra cac tinh chat quang cta vat liéu
va sy phu thudc cua n6 vao thanh phe‘in, néng
d6 nén va tap, cong nghé ché tao, tir d6 dinh
hudng img dung cua vat li¢u.

2. Thwe nghiém

Cac hoa chét ban dau dung dé ché tao vat
liéu bao gém B20s3, CaFz, Al203, Dy>03, CaSO4
ctia hiang Merck.Ltd voi do tinh khiét 99,99%.
Hai loai mau dugc ché tao theo hop phén:
20CaF,.69B,03.10A1,05.1Dy,03(CFB:  Dy*")
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va 20CaF2.64B203.10Al>03.1Dy,03.5CaS04
(CFBS: Dy**). Hdn hop duoc nghién tron déu
va dugc nung trong khong khi & nhiét do
1373K trong 1,5 gio va ky thudt lam ngudi
nhanh. Mau thuy tinh thu dugc trong sudt, dong
déu, khong co6 bot. Mau sau d6 duoc cit, mai,
danh bong tao thanh hinh tru khéi c¢6 do day d
= 1,0mm, ban kinh r = 6,0mm (dugc sir dung
trong cac phép do quang phd). Mot phan duoc
nghién 1ay hat c6 kich thuéc trong khoang 76-
150pm dugc st dung dé do nhiéu xa tia X.

Phé hap thy dugc ghi lai & nhiét d6 phong sir
dung quang phd ké Varian cary 5E UV-VIS-
NIR (budc song quét tir 200nm — 2500nm voi do
phan gidi 1nm). Phd huynh quang thu dugc nho
stt dung hé Flourolog - 3 (FL3 — 22) cua hang
Horiba Jobin Yvon ¢6 do phan giai 0,3nm, kich

thich bang ang sang dén xenon dai rong XBO-
450W. buong cong nhi¢t phat quang tich phan
dugc ghi boi hé do thuong mai: Hashaws TLD-
3500 (USA). Tét ca cac phép do dugc thuc hién
v6i tbe do gia nhiét cho mau B = 5Ks™. Mau
duoc chiéu xa & nhiét d6 phong bang birc xa tia
X, tir may phat tia X: YPC1, bia bang kim loai
Cu: Vmax: 50kV, Imax: 20mA, hoat dong & ché
d6: 30kV-20mA (suit liéu: 1,17Gy/s). Chiét suat
n dugc do bang khiic xa ké Abbe ¢ budc song
Nari, 589nm CioH/Br  (1-
bromonaphthalin) ding nhu chat long tiép xuc.
Khéi luong riéng dugc xac dinh bang phuong
phap Archimedes, str dung xylene lam dung dich

cua voi

ngam mau, ket qua trong Bang 1.
Bang 1: Chiét suat va khoi luong riéng cta
cac mau.

Thity tinh Ki hiéu miu | Chiét suat | Khoi lwong riéng
n (9/cmd)
20CaF,.69B,03.10A1,03.1Dy,03 CFB 1,534 2,450
20CaF,.64B,05.10Al,03.1Dy->03.5CaS0a4 CFBS 1,529 2,444

3. Két qua va thio luin

3.1. Phé hip thu va phén tich pho bang ly
thuyét Judd-Ofeld

Phé hdp thu

Trong dai budc song tir 300nm dén 2000nm,
phd hép thu cua Dy** trong cac nén thuy tinh
CFB va CFBS phén bd thanh hai dai: tir ngoai-
nhin thay (UV-Vis) va hong ngoai (NIR) (Hinh
1 va Hinh 2). Cac dai hap thy dugc cho 1a két
qué ctia sy chuyén doi giita cac mirc trong cau
hinh dién tir 4f°, tr trang thai co ban ®His;, 1én
cic muc kich thich cao hon cta ion Dy
Trong dai UV-Vis (tir 300nm dén 500nm), ghi
nhan dugc 6 cuc dai ¢ 320, 350, 362, 381, 425,
455 va 470nm twong tng véi cac chuyén doi tir
trang thai co ban ®His 1&n cac trang thai kich

thich ®Pai, ®P7r2, ®Pssa, *l1312,*Gav2 va *lis2 ctia
ion Dy**. Trong dai NIR (tr 600nm dén
2000nm), phé ghi nhéan dugc 6 cuc dai ¢ 745,
800, 895, 1090, 1270 va 1675nm, tuwong wng
V6i cac chuyén doi hap thy tir trang thai co ban
®His,  1én  cac  trang thai  kich thich
SFa12,5Fs12,°F712,°For2, ®F11/2 va ®Hu1ro. Trong viing
UV, xuét hién su chéng chap 1én nhau cia mdt
s6 dai hép thu ctia cac mure dién tir khac nhau,
nén viéc gan cho mdi qua trinh chuyén doi
riéng biét 1a khong dé do so d6 mirc nang luong
day dic cia cac ion Dy*". Bén canh d6, cac dai
hap thu trong dai budc song NIR c¢b cuong do
manh hon vi nhitng chuyén doi nay phan 16n
déu théa mian tét quy tic chon spin | AS | =0,
|AL|<2, |AT]<2.
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Hinh 1: Phé hap thu cta ion Dy3* trong nén thiy
tinh CFB (trong vung UV-ViS - NIR)

Ning luong tuong tng véi cac chuyén doi tir
trang thai co ban ®His;, 1én tat ca cac trang thai
kich thich duoc ctia ion Dy®* trong cac nén thily
tinh dugc so sanh véi nang luong vaguo cua hé
dung dich axit pha lodng Dy®* (ion aquo) [48]
va dugc trinh bay trong Bang 2.
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Hinh 2: Phé hap thy cua ion Dy®* trong nén thiy tinh
CFBS (trong vung UV-ViS - NIR)

Bang 2: Ning luong (v) (cm™) cac dinh phd
héap thu ctia Dy®* trong hai loai thiy tinh CFB
va CFBS so sanh v4i nang lugng vaquo cua hé
dung dich axit pha loang Dy

®Hisp> | ®Hupe PFue  PFaz PR PFse PFaz Plise [Gure [z PPz PPse FPae

CFB 6032 8020 9351 [11273 |12598 (13437 [22415 [23727 [26105 27770 [29015 [31305
CFBS 6032 (8022 9347 (11354 |12592 (13442 22420 [23739 [26182 [27833 [29031 [31333
aguo 5850 [7730 9100 (11000 |12400 (13324 [22100 [23400 [25.800 [27400 [28550 [30892

B =1,0063; O cea=-1,972 v O cpas= -2,057

Ta théy réng, tat ca cac cuc dai dinh xuét
hién trén phé hép thu déu thé hién su tuong
dong vé vi tri budc séng va nang luong tuong
tmg cua ion Dy**. Piéu d6 cho biét do tinh
khiét quang hoc ciia cac mau thuy tinh da ché
tao.

Thong s6 lién két (5) dugc dinh nghia la
8=[(1-E)/B]x109, trong d6 B =(ZP)/n (véi B
= ve¢/va 12 hé sO nephelauxetic va vc 1a nang
luong cua cac chuyén ddi trong tng trong phtic
chat va ion aquo) dwoc xéac dinh tir Bang 2 ¢o
gia tri la # = 1,0063 [11, 12]. Tuy thudc vao
moéi truong mang nén xung quanh ion Dy,
thong s6 lién két (J) co thé nhan gia tri duong
hodc 4m, diéu d6 phan anh lién két cong hoa tri
hodc lién két ion gitta ion tap Dy** véi céac ion
mang nén tuong tmg. Thong s6 lién két & tuong
mg véi 2 nén thity tinh CFB va CFBS xac dinh
duoc 1a: O cea= -1,972 va O ceas= -2,057, cac

két qua nay déu co gia tri am (-), cho thy cac
lién két cuc bo ctia ion Dy** v6i mang nén thay
tinh nay déu la lién két ion. Khic véi truong
hop céc ion dat hiém trong nén tinh thé thi phan
16n déu cho gi4 tri &> 0 (thé hién lién két dong
hoa tri), hay nhu trudng hop cting mot loai nén
thily tinh khi pha tap Dy®*, Sm®, Tb®... déu
cho gia tri & < 0, nhung néu pha tap Eu®* thi lai
cho gia tri 6> 0, day 1a hién twong rat 1y thu va
chung t61 dang tim céach giai thich no.

Phdn tich phé bang 1y thuyét Judd-Ofelt

Duya vao ph hap thu ta ¢6 thé tinh duoc lyc
dao dong tr thuc nghi€m fexp tir cong thic cua
Smakula:
f,,=432.10° [e(v)dv =4,32.10° %dv va lyc dao

dong tinh toan fea ctia cac dai hap thu bing
2 2 2
fca|:8n mc v (n°+2) Z 0,
3h 2\] +1 gn 1=2,4,6

Trong d6: o (v) = A/c.d (d 1a chidu day mau, ¢

2

cong thirc: Ut

(¥

v
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la né)ng do va A la dd hép thu), n 1a chiét sudt
cta thity tinh, J 1a tong momen dong lugng &
trang thai co ban, O (vé1 A = 2, 4, 6) la céc
tham s cuong d6 JO. Dai luong

HULHZ :<% u* l{J'J'>2 13 yéu t6 ma tran rat gon chi

phu thudc vao ion RE va trang thai chuyén doi
dau - cudi va co the tinh dugc tur ly thuyéet phd
dat hiém (o0 day cac thong s6 ma tran rat gon

u® dugc lay tir cac sb lidu cong bd cua Carnal
[13]). Kt qua tinh toan lyc dao dong tir cho tat
ca cac chuyén doi trong hai loai thuy tinh CFB
va CFBS ¢ Bang 3.

Bing 3: Luc dao dong tir (x10°) va d6 léch
rms (x10°) ciia Dy** trong cic nén thuy tinh
CFB va CFBS

*Hizo> ®Hiwz | SF112 | ®Foz | Fz2 | ®Fs2 | BFan lisp | “Guare | *lwze | ®Pse 2P7/ P31

fexp | 2,06 10,60 | 4,35 3,45 1,53 0,19 0,72 0,45 3,44 1,62 5,22 | 3,06

CAB |fea | 2,05 10,20 | 4,32 3,51 1,62 0,31 0.71 0,13 3,66 0,72 5251 1,28
rms rms =+ 0,83

fexp | 2,00 10,08 | 3,97 3,96 1,12 0,13 0,50 0,26 2,10 1,20 3,70 | 2,13

CABS |fe | 2,17 10,80 | 3,95 3,25 1,67 0,31 0,75 0,13 3,58 0,75 3,97 | 1,32
rms rms = + 0,67

Ta c6 nhan xét rr:ing cac gia tri lyc dao dong
tor thye nghiém va lyc dao dong tur tinh toan ly
thuyét ciia ca hai nén CFB va CFBS 1a kha gan
nhau va do 1éch rms khéa nho. Céc thong s6 O
x4c dinh duoc ¢ Bang 4, két qua nay duoc so

sanh v6i gia tri thong s cudng do JO tir cac
nén thay tinh khac da dugc cong bd gan day
trong Bang 5.

Bang 4: Thong sd cudong do (€.X102°cm?)
ctia Dy®* trong mot s6 nén thity tinh khac nhau

Nén thity tinh (07 Oy Qs So sanh: Q2, Q4, Qs
CFB 10,44 3,64 4,00 Qo> Q1< Qs
CFBS 12,14 2,75 4,14 Oy > Q< Qs

Theo 1y thuyét JO, cuong do cua chuyén doi
phat xa phu thudc manh vao dai lugng Q. Véi
Dy**, lyc dao dong tir fexp cua chuyén doi
H15— SF112 6 gid tri 16n hon kha nhiéu so
v6i cac chuyén doi con lai. Mit khac, luc dao
dong tir fexp c6 gia tri 16n nhét dbi voi thuy tinh
¢6 chira sulphate canxi, ddy ciing 14 nén cho gia
tri Q2 16n nhat, vi vay chuyén doi *Hisp— SFi1r2
dugc goi 1a chuyén doi siéu nhay. Két qua nay
hoan toan phu hop giita phan tich 1y thuyét véi
két qua thuc nghiém [11, 12]. So sanh céc gia

tri théng sb6 cuong do JO caa ion Dy** pha tap
trong cac nén CFB va CEBS véi mot sb két qua
cong bd gan day véi cac thuy tinh khac (Bang
5), ta thdy rang gia tri Q ciia ca hai loai thiy
tinh nay déu nam nhoém cao, diéu d6 cho thiy
hiéu suit chuyén doi phat quang cua ion Dy**
trong cac nén nay kha cao.

Bang 5: Thong s cuong do theo JO cua
Dy** ions pha tap trong cac nén thuy tinh khac
nhau

Nén thiy tinh Qa(x10° Q4(x10" Q6(x10 - Qu/Qs | Ref.
2°cm2) 2ocmz) zocmz)
CBA: Dy3* 10,44 3,64 4,00 1.09 | Béo céo
CBAS: Dy3* 12,14 2,75 4,14 1,50 | Béo cao
LYB: Dy** 12,83 3,47 3,43 1,01 [7]
PKBFA: Dy** 10,41 2,29 2,07 1,10 [21]
NaLTB: Dy** 9,86 3,39 2,41 1,41 [20]
NaLTB: Dy** 9,25 2,87 2,29 1,25 [22]
LiLTB: Dy** 8,75 2,62 2,07 1,26 [22]
PKMAF: Dy** 7,04 1,73 1,57 1,10 [21]
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Cin cr vao do phan cuc, ta co thé 1y giai tai
sao €, ¢ thuy tinh c6 chura sulphat lai 16n hon
nhu sau: Céc ion O c¢6 d6 dién 4m thip hon
cac ion F! do @6 02 c6 @6 phan cuc cao hon,
¢6 nghia rang 02 c6 do dong hoa trj v6i cac ion
RE cao hon so v&i FX. Néu dua thém céc ion S
2 vao nén nady (qua nhom SOi), do dién 4m
(theo thang Pauling) theo th ty S— O— F
tang dan twong (mg bang 2,5—3,5—4, dan dén
d6 phéan cyc ciing nhu do dong hoa tri gitta ion
RE va céc ion nay s& giam dan va hién nhién
Q, tang dan theo thtr tu d6. Ngoai ra chung ta
cling c6 thé can cir vao ty sé cudng do huynh
quang R ctia cac chuyén doi, didu nay s& duoc
1am 13 trong phan tiép theo [14].

3.2. Pho huynh quang va phén tich phé bang
Iy thuyét Judd-Ofeld

Phé huynh quang

Ph6 huynh quang cta Dy** (kich thich bang
anh sang c6 budc song A=350nm) trong cac nén
thuy tinh CFB va CFBS dugc trinh bay ¢ Hinh
3. Khi bi kich thich, cac dién tor 4f cua ion
Dy®*tir trang thai co ban chuyén 1én céc trang
thai kich thich cao hon va phuc hdi khong phat
xa vé trang thai *Fop, sau d6 thuc hién céc
chuyén doi vé cac mirc Hiip, ®Hize va ®Hisp
va phat cac buc xa tuong Ung véi cic budc
song 665nm, 575nm va 480 nm. Trong do, dai
mau vang (Y) (575nm) tuong tng véi chuyén
doi siéu nhay *Fop— ®Hizp, va dai mau xanh
lam (B) (481nm) twong tmg vé6i sy chuyén doi
*Fa. — ®Hisp 14 cac dai chiém wu thé trong
quang pho phat xa. Ty 1& cuong do cua phat xa
mau vang trén phat xa xanh lam (Y/B) cta céac
ion Dy** phu thudc vao su khong déi ximg cia
phdi tir mang nén. Véi CFB: Dy*', ty 16 Y/B =
1,47 thap hon so véi thuy tinh CFBS: Dy** la
Y/B = 1,62, nhung la kha cao so v&i mot )

thity tinh khac. Piéu d6 cho thidy mirc d6 cong
hoa tri gitrta cac ion dysprosi va oxy trong cac
nén thiy tinh nay khé cao [14, 15, 16].

(a) CFB:Dy"'

4F_.
o 6 ——
H,3 (b) CFBS:Dy

- 6
£ H15.’2

6
OMF L Hii
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400 450 500 550 600 650
Budc song (nm)

Hinh 3. Phd huynh quang ciia Dy** (Aex = 350nm)
trong thuy tinh CFB (a) va CFBS (b)

Phan tich bang Iy thuyét Judd-Ofeld

Tir cac thong s6 JO va chi sé khiic xa (chiét
sudt n), cac dic tinh buc xa nhu cudng do
chuyén doi ludng cuc dién (Sed) va ludng cuc
tir (Sma), Xac suat chuyén doi btc xa (ARr), thoi
gian sdng birc xa (Tr), ty s6 phan nhanh (BRr)
duoc tinh toan cho mirc kich thich *Fo2, két qua
duoc trinh bay trong Bang 6. Ta thay rang ty s6
phan nhanh fr (%) cling nhu tiét dién phat xa
o cho gia tri 16n nhat tng voi chuyén doi *Fop
— SHigp, tiép theo 1a *Fop — SHisp va cudi
cling nhé nhat & chuyén doi *Ferz — ®Hu1, nhu
vay chuyén doi dang luu tim nhét & day 1a *For
— ®Haap.

Bing 6: Cuong d0 chuyén doi ludng cuc
dién (Sed) va tir (Sma), Xac suat chuyén doi birc
xa (AR), thoi gian séng birc xa (tr), ty s6 phan
nhanh (Br) va tiét dién phat xa o tinh toan cho
cac chuyén doi phat xa tir mérc kich thich “Fgp
ctia ion Dy** trong thiy tinh CFB va CFBS

Thity tinh

Sed (sz)

Smd(CmZ)

o0p)x1022

‘F o> R | Br(%) (cmd) AR(S™Y) | zr(ms)

CEB: DV¥* 5H 11p 14,34E-40 [3,13E-41 | 3,484 | 0,077 5,90
Uy 5H 13 [2,89E-39 [0,00E+00 0,717 41,31 1394 0,717

SH 15,  14,64E-40 [0,00E+00 0,206 5,95
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6
CEBS: Dy3+ GH ur  4,94E-40 4,13E-41 0,079 571
Hi2 [3,29E-39 0,00E+00 | 3,846 | 0,731 42,80 1505 0,664
®H 152  [5,64E-40 |0,00E+00 0,190 5,83

Mit khac trong hai miu thi ty s6 phan nhanh
Br (%) ciing nhu tiét dién phat xa o cta chuyén
doi *Forz — ®Hiz ¢ thuy tinh CFBS 16n hon so
v6i thuy tinh CFB, vi vay loai vat li€u nay co
trién vong tét cho laser. Xac suét chuyén doi
tong cong Ar tir muc kich thich *Fo2 dén tit ca
cac murc thap hon cua thuy tinh CFBS 16n hon
thiry tinh CFB vi vay thoi gian song co gia tri
bang nghich déo cta xac sut néi trén nén r
cua thuy tinh CFBS 16n hon cua CFBS. Luu y,
thoi gian séng tinh toan dugc thuong dai hon
thoi gian séng xac dinh dugc tur thuc nghiém.
Diéu d6 c6 thé duoc giai thich 1a do khi tinh
thoi gian séng theo 1y thuyét Judd-Ofelt ching
ta hoan toan khong xét dén vai tro cua cic
chuyén doi khong buc xa. Nguoc lai & két qua
thuyc nghiém ludn luén hién dién vai tro céc
chuyén doi khong buc xa, chinh cac chuyén doi
nay da rat ngan thoi gian séng ctia muc kich
thich [11, 12, 14, 15, 16, 17].

Ty s6 huynh quang R ngoai viéc dung dé
nhan biét huynh quang siéu nhay, thi ty s6 nay
con diung dé danh gia do bat déi xtng cla
truong ligan 1an can Dy®* va do6 dong hoéa tri
gitra lién két Dy-O. Hon nita, vi ty s6 huynh
quang R phu thudc vao thong sb cuong do Qo,
ma thong sd nay dung dé giai thich vé cac hiéu
g trat tu gan (short range effect), nén co thé
n6i: Ty s6 R va thong sb cuong d6 Qo s& cho ta
nhitng thong tin vé hiéu ung trat tu gén, ciu
truc cuc bd cua truong tinh thé 1an can ion
Dy**ciing nhu d6 dong hoa tri giira lién két Dy-
0. Khi R cang 16n thi d6 bat ddi xing xung
quanh Dy** va d6 dong hoa tri cta lién két Dy-
O cang cao va nguoc lai [11, 12, 14, 15, 16,
17]. Ta thdy rang: Ty sb cudng d6 huynh quang
R cta ion Dy** trong nén thuy tinh CEBS 16n
hon trong CFB, diéu nay chimg t6 huynh quang
si¢u nhay, do déng héa tri caa lién két Dy-O
cling nhu d6 bat d6i ximg xung quanh Dy** Ia

rit cao ¢ thuy tinh co chira sulphate calcium
(CaS0,). biéu d6 ciing duoc khiang dinh khi so
sanh x4c suat chuyén doi cua huynh quang siéu
nhay Ar (crss) > Ar(cFB).

3.3. Nhiét phat quang

Bén canh céc lidu ké do liéu birc xa duoc
ché tao dudi dang bdt va don tinh thé, cac liéu
ké dué6i dang thuy tinh ciing dugc quan tam rat
nhiéu trong viéc Gmg dung do liéu birc xa ning
luong cao. O dang thuy tinh, chiing d& dang ché
tao v6i mé 16n, dé dang cua cét dé tao ra nhimng
lidu ké dong nhat ca vé néng do tap va ca vé
kich thudc, hinh dang, va hon thé nira, cong
nghé ché tao thuy tinh thuong don gian va gia
thanh thap. CaF2: Dy va CaSOa: Dy 1a hai vat
lidu nhiét phat quang (NPQ) rat ndi tiéng trong
viéc ché tao cac lidu ké mg dung do lidu vi
ching c¢6 d§ nhay liéu rat cao, d6 6n dinh ly
hoa tot, c6 dinh ding trong do lidu (Ian cén
220°C) nam trong ving nhay cua céc detector,
c6 do suy giam tin hi¢u theo thoi gian va nhiét
d6 thap, va dai dap ung tuyén tinh lidu rong
[18]. Ngoai ra, borate kiém (LBO) va kiém thd
déu 1a nhitng vat liéu NPQ rit quan trong vi
chung c6 dién tich hiéu dung twvong duong mo
clia con ngudi, ca ba thanh phan d6 déu tham
gia vé1 muac d§ khac nhau trong vat liéu duoc
nghién ctru & day, vi vay can thiét phai c6 su
danh gia vé tinh chit NPQ va dinh hudng kha
nang tng dung cua ching [18, 19]. Hinh 4 (a,b)
1a cac dudong cong NPQ tich phan ctia hai mau
CFB: Dy va CFBS: Dy (chiéu xa tia X c6 suit
liéu 351Gy, cac phép do duoc thuc hién ngay
sau khi chiéu xa), ta thay rang néu dudng cong
tich phan ctia mau CFB: Dy*>* 1a mot dai rong
tir 50°C dén 250°C (cuc dai & 150 °C) thi duong
cong tich phan cua mau CFBS: Dy*" lai kha
phtc tap, mot cuc dai xudt hién ¢ 75°C rét
manh va dai & 356°C yéu hon, ngoai ra c6 cac
vai & cac vung 150°C va 224°C. Néu so sanh
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véi cac cong bd [18, 19] thi dai c6 cuc dai &
75°C va 224°C c6 ngudn gbc tir thanh phan
CaSO04: Dy, con vai ¢ 150°C va dinh 356°C c6
ngudn gdc tir thanh phan CaF»: Dy [19].

(a) CFB:Dy*"
(b) CFBS: Dy*

35MF 73
3.0M |
2.5M |
2.0Mf

1.5M |

Cudng do TL (dvtd)

1.0M f

500.0k F

0.0

50 100 150 200 250 300 350 400
Nhiét do (°C)

Hinh 4. Buong cong NPQ tich phéan cua CFB:
Dy (a) va CFBS: Dy (b)
(Dx-ray = 351Gy, B = 5°Cs™?)

Can phai noi rang, n6i chung d6 nhay NPQ
cua cac vat li¢u thuy tinh khong cao, 1y do chu
yéu 1a ¢ céu tric ving cam cua thiy tinh. Vi
cac muc bay trong ving cdm khong cé gid tri
gian doan 13 rang va théng nhit nhu & don tinh
thé va da tinh thé, nén nhitng chuyén doi tao
hiéu tmg NPQ thudng xay ra trong cau trac trat
tu gﬁn hay pham vi cuc bg nao déy. Tuy nhién,
cac két qua ¢ day cho thay hi¢u ing NPQ cua
vat liéu kha manh (dac biét 1a thuy tinh chua
sulphate) va lién quan dén cac vat liéu do licu
quen thudc dang bot. Day 1a mot két qua 1y tha
dé thyc hién cac nghién ciru xa hon véi hy vong
dua thuy tinh nay vao ung dung trong linh vuc
do liéu burc xa [19].

5. Két luin

Céc phan tich phd vé cdu triic mang sir dung
1y thuyét Judd—Ofelt cho cac thity tinh Calcium
fluoroborate (CFB) va Calcium fluoroborate
sulphate (CFBS) pha tap ion Dy®* d2 chi ra tinh
chat hap thy, huynh quang cta hai loai vat lidu
nay. Véi thuy tinh ¢6 chira sulphate (CFBS), ly
thuyét va thuc nghiém déu cho thiy cac chuyén

doi co cudng d6 16n hon rat nhiéu so véi thuy
tinh khong chura sulphate (CFB). Trén co s& do
phan cuc, cac 1y giai vé gia tri Qo tinh dugc &
thuy tinh c¢6 chua sulphat lai 16n hon so véi
thuy tinh khong chira sulphate. D6 bat ddi xtng
ctia trudng cuc bo 1an can ion Dy®*, do dong
hoa tri giita Dy-O va hiéu mg trat ty gin da
duogc chi ra thong qua viéc tinh toan ty sb
huynh quang R. Cho du day la vat liéu thuy tinh
v6i cdu tric ving cdm va cac muc bay phan bd
gian doan khong rd rang nhu & don tinh thé va
da tinh thé dan dén cac chuyén doi tao hiéu tng
NPQ thuong xay ra trong cu tric trat ty gan
hay pham vi cuc b nao déy. Tuy nhién, cac két
qua & day cho thay hiéu tng NPQ kha manh va
duong nhu lién quan dén cac vat liéu do lidu
quen thudc dang bot. Day 1a mdt két qua ly tha
n6 lam cho ching ta nghi dén cac nghién ciru
xa hon véi hy vong dua thuy tinh nay vao Gng
dung trong linh vuc do lidu birc xa bang NPQ.
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