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TOM TAT

Gom thay tinh pha tap cdc ion dat hiém c6 hop phan P,0s, CaO, Na,0O, MgO va RE,O; -
PCNM: RE Véi RE: Dy, Eu, Th duwot ché tao theo phwong phdp phdn img pha rdn. Két qua
phép do gian do nhiéu xq tia X xac nhdn vat liéu ché tao duwoc cb cdu tric dang gom thay
tinh. Viéc khao séat pho quang phat quang (PL) cua vat liéu thu dwoc, khi ding c&c bic xa
kich thich thich hep, cho thdy cdc ion dat hiém Dy, Eu va Tb gii vai trd tdm phét quang,
phét cac bitc xa ddc trung ciia chling. B&o cao nay trinh bay cac phan tich, thao lugn vé s
dich chuyén trang thai ciia cdc tam phdt quang @6 trong qud trinh PL ciia moi vt liéu.

Tir khoa: gom thiy tinh, PCNM: RE, quang phét quang.

1. MO PAU

Vit liéu phat quang noi chung ciing nhu vat lidu thay tinh va gém thuy tinh phét quang
no6i riéng da va dang duoc di sau nghién ciu nham dap ng nhu ciu ngay cang cao cua thuc
tién. Vat liéu thay tinh phat quang c6 thé ché tao bang nhiéu phuong phap khac nhau nhu:
phwong phap phan tng pha ran, phwong phap sol-gel,... thudng gap nhit 1a phuong phap phan
rng pha ran. Nhiéu két qua nghién ciru vé vat liéu thuy tinh phéat quang pha tap cac nguyén to
dat hiém cho thay, day 1a loai vat liéu c6 tinh on dinh héa hoc, hiéu suat phéat quang cao va dic
trung phat quang thay déi phu thudc vao viéc pha tap. Gan day, mot s6 nghién ciru két luan ring
vat liéu gébm thuy tinh pha tap cac ion dat hiém c6 dic trung phd phét quang tét hon so véi vat
lieu thuy tinh phat quang gidng nhau vé hop phan do n6 két hop duoc céc tinh chat vu viét cua
ca vat lidu gém va thay tinh [2, 3]. Nghién ciru cua nhém tac gia Sutatip Thonglem chi ra rang,
c6 thé thu duoc vat liéu gébm thuy tinh c6 hop phan P,0s-CaO-Na,0-MgO (xuit phat tir cac
phdi liéu ban dau: NH,H,PO,, CaCO;, Na,CO;3 va Mg(OH),) bang ky thuat kha don gian: u thiy
tinh cuing thanh phan, dugc ché tao bing phuong phap néng chay thong thuong, & nhiét d6 thay
ddi trong khoang tir 525°C dén 590°C thoi gian 5h. Vat liéu thu dugc thuéc nhém vat lieu gébm
thuy tinh sinh hoc, ung dung lam rang, xuong, khép xuwong nhén tao trong y hoc [4]. Trong
nghién ctru ndy, muc tiéu dat ra 1a st dung phuwong phap nong chay thong thuong tim kiém vat
liéu phét quang dya trén vat liéu nén l1a gom thiy tinh P,0s-Ca0-Na,0-MgO pha tap cac ion dat
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hiém dé dung cho linh vic quang phd ung dung. Két qua ché tao vat liéu va céc khao séat ban
dau vé dic trung quang pho cia vat liéu duoc trinh bay trong béo céo nay.

2. THUC NGHIEM

Vit liéu phét quang gém thay tinh PCNM: RE (RE = Dy, Eu, Tb) ¢6 hop phan gom cac
oxit P,0s-Ca0-Na,0-MgO va RE,O; xuat phét tir cac phéi liéu ban dau véi ti 18 phan tram khoi
luong tuong tng 13: NH,H,PO, (60-x)%wt, CaO (20%wt), Na,CO; (10%wt), MgO (L0%wt) va
RE,O3 (x%wt) (x = 0,2; 0,4; 0,6; 0,8) duogc ché tao béng phuong phap nong chay thong thuong.
Céc phdi liéu ban dau dugc can theo ty Ié hop thic, nghién trong c¢i ma ndo 30 phdt, cho vao
cde str, nung so bo & 100°C - 30 phdt va 300°C - 30 phdt. Sau khi nguoi, phéi liéu lai duoc
nghién min, ép vién, dat vao khudn than sach va nung thiéu két & 950°C - 30 phut. Dé mau trong
10 ngudi vé nhiét d6 phong, sau d6 1y ra, cit, mai, danh bong va thu dugc san pham cé dang
vién ran.

Cau trlic cua vat liéu dugc kiém tra bang phép do gian d6 nhidu xa tia X trén nhidu xa
ké Bruke D8-Advance (CHLB Puc). Tinh chat quang phd cua vat liéu duoc khao sét dua trén
phép do phé kich thich phat quang va phd quang phat quang bing phé ké huynh quang FL3-22
— Horiba (Hoa ky).

3. KET QUA VA THAO LUAN
3.1. Ché tao vat ligu

Bang phuong phap phan ung pha rin véi quy trinh nhu d¢a mé ta ¢ trén, chung toi da
ché tao duoc hé thng vat liéu phat quang PCNM: RE (RE = Dy, Eu, Th). Cac mau thu duoc
khi quan sat dudi anh sang ban ngay déu cé dang ran, mau tring duc, khi quan sat dudi anh sang
tr ngoai ching phat anh sang c6 mau sic twong &g véi bic Xa ddc trung cua ion dat hiém pha
tap.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - PCNMD4

Lin (Cps)

Hinh 1. Gian db nhiéu xa tia X cua mau PCNM: Dy (0,4%wt)
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Hinh 1 trinh bay két qua phép do nhidu xa tia X ciia mau PCNM: Dy (0,4%wt), ta thay
trén gian d6 xuat hién mot sé cuc dai nhidu xa rat yéu thé hién sy ton tai cua pha tinh thé
CayP,07, con lai khong xuét hién bat ctir mot cuc dai nhidu xa nao khéc, trén toan bd mién nhidu xa tmg
voi goe 20 quét tir 10° dén 70°. Tuong tw mot sb vat lidu khac [1, 5], két qua nay xac nhan, vé tong thé
vit lidu c6 cdu tric thuy tinh, vo dinh hinh bén canh cau tric tinh thé c6 tinh chét cuc bd, dia phuong
ctia Ca,P,0;. Néi cach khéc, vat liéu thu duoc c6 ciu tric dang gém thuy tinh.

Nhu vay, tir cac két qua vira thu duoc c6 thé nhan dinh rang: bang phuong phép truyén
thdng kha don gian, str dung cac hoa chat ban dau théng dung, d& tim kiém chung t6i da ché tao
thanh cong vat liéu gém thay tinh phat quang PCNM: Dy néi riéng va PCNM: RE ndi chung.
Mau vat liéu thu dugc c6 dang vién ran nho, co kich thudc va khéi lwong xac dinh, kha dong
déu s& tao diéu kién thuan tién cho viéc do dac, khao sat dic trung quang pho ciing nhu viéc
trién khai ung dung trong thuc tién sau nay.

3.2. Qué trinh quang phéat quang (PL) cia gém thiy tinh PCNM pha tap Dy

Hinh 2 trinh bay két qua do phod —
kich thich phéat quang trong ving pho tir P,
275 dén 500nm, cua cua vat vat lieu gébm
thuy tinh PCNM:Dy tng véi bic xa phét
quang dic trung cua tdm ion Dy** & budc
séng 571nm. Ta thay, phd kich thich phat
quang thu duoc gdm mot s6 dai phd kha
hep ¢6 dinh tng véi cac bac xa cé budc
song ¢ 323nm, 349nm, 364nm, 386nm, ool
425nm, 450nm va 473nm. Chlng dugc quy - 0 e e o
cho cac dich chuyén tir trang thai co ban Budc séng (nm)
®H,s, 18n cac trang théai kich thich °Psy,
6|:’7/2, 4F’a/z, 4|:7/2, 4Gn/z, 4|15/2 va 4F9/2 cua ion ]
Dy** [6]. Tir d6 c6 thé nhan dinh: d& kich PCNM:Dy (0.6 %wt Dy) tai Aen=571 nm.

5.0x10" 4

4.0x10"

Cuitng dd TL (dwid)

Hinh 2. Phé kich thich phét quang cua vat liéu

thich quéa trinh PL cua vat liéu gém thay
tinh PCNM: Dy c6 thé diing mot s6 buc xa thugc ving phd UV-Vis, nhung sy phat quang hinh
thanh hiéu qua nhét 12 birc xa c6 budc séng khoang 349nm.
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Hinh 3. Phé PL cua gém thay tinh PCNM: Dy** Hinh 4. Sy thay d6i cuong d6 buc xa & 571nm va
thay d6i theo nong do pha tap, kich thich bing baec  479nm cua gém thay tinh PCNM: Dy** theo ndng
Xa c6 budc song 350nm. do pha tap.

Hinh 3 trinh bay két qua do phd PL cua vat liégu PCNM: Dy véi néng d6 pha tap ion
Dy** thay ddi tir 0,2 %wt dén 0,8 %wt, khi kich thich bing birc xa 350nm. Ta thdy khi kich
thich bang birc xa 350nm, phé PL caa gém thuy tinh PCNM: Dy thé hién dic trung phd cua ion
Dy**, trong d6 xuat hién hai dai phd hep, cudng d6 manh & khoang 479nm va 57 Inm, dugc quy
cho hai chuyén doi dic trung tuong (ng tir trang thai “Foy, Vé trang théi ®Hys;, va °Hys), trong noi
b cau hinh dién tir 4f° cua ion Dy**. Dong thoi, khi ndng do pha tap ion Dy** tang dan tir 0,2
dén 0,8wt thi cuong do cac dai birc xa dic trung ciing ting dan, nhu dugc biéu dién trén hinh 4,
nhung hinh dang phé va vi tri ctia cac dai biic Xa dic trung khong thay doi. Nhu vay c6 thé dua
ra nhan dinh, cac ion Dy*" giir vai trd tim phét quang trong gom thiy tinh PCNM: Dy va chua
c6 dau hiéu dap tit anh sang phat quang trong khoang ndng dé pha tap thay ddi tir 0,2 %wt dén
0,8 %wt Dy*".

3.3. Qua trinh PL ciia gém thity tinh PCNM pha tap Eu

Nhu d3 biét, trong hau hét cac vat lidu phat quang pha tap nguyén té dat hiém Eu, ion
tap thuong ton tai dudi hai dang ion Eu** va Eu®*. Trong khi tam ion Eu*" phat birc xa dai rong
mau lam c6 d6 chéi 16n nho dich chuyén hoan toan cho phép trong ciu hinh 4f-5d cua ion Eu®*
thi tdm ion Eu®* phat btic xa vach hep c6 budc séng & khoang 580 nm dén 620 nm (birc xa mau
do nho dich chuyén °Dy — 'F; vén bi cdm trong ndi cdu hinh 4f° caa cua ion Eu®" duoc néi long
mot phan do tac dung cuaa trudng tinh thé). Hai birc xa dic trung nay dugce danh gia 1a thich hop
nhat dé tham gia su t6 hop buc xa cho &nh sang phat quang mau trang [6, 7]. Vi vay, trudc hét
ching téi quan thm toi qua trinh phat quang ciia tam ion Eu® trong vat lieu PCNM: Eu, cu thé Ia
tim kiém buc xa kich thich hiéu qua nhit d6i voi tdm ion Eu trong vat liéu PCNM: Eu tir két
qua phép do phd kich thich.
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Hinh 5. Pho kich thich phat quang cua vat liéu gém thiry tinh PCNM:Eu (0,6%wt Eu) tai Ae,=420 nm.

Hinh 5 trinh bay két qua do phd kich thich phat quang cua vat liéu gébm thay tinh
PCNM: Eu &ng véi biic xa phét quang dic trung cia tdm ion Eu®* ¢6 budc song ¢ 420nm. Phé
thu duoc trong viing tir ngoai gan c6 dang dai phd rat rong, véi dinh & khoang 327nm. Nhu vy,
trong truedng hop nay dé kich thich qué trinh PL ciia tam ion Eu®* ¢6 thé lya chon céc biic xa c6
budc song nim trong khoang tir 300nm dén 350nm.
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Hinh 6. Phé PL cua gém thuy tinh PCNM:Eu thay  Hinh 7. Su thay d6i cuong d6 buc xa dic trung cua
dbi theo ndng do, kich thich bang buc xa c6 buéc  Eu®* va Eu®* theo ndng do pha tap trong vat lidu
song 300nm. PCNM:Eu.

Hinh 6 trinh bay két qua do phd PL cua PCNM: Eu thay d6i theo nong d6 pha tap, duoc
kich thich bang biic xa ¢6 budc song 300nm. Ta thiy phd thu duwoc mang dic trung phat quang
cua ca tam ion Eu®* va Eu®". Bam phd dai rong c6 cuc dai & 420nm duoc quy cho chuyén doi
dic trung 4°5d"™-4f, phét biac xa mau lam caa ion Eu®*. Cac dai phd hep co dinh & 590nm,
614nm, 651nm, 697nm dugc quy cho cac chuyén doi dac trung °Dy — 'Fy (3 = 1, 2, 3, 4, 5) trong
nodi cau hinh 4f°, phat bic xa mau dé cua ion Eu* [6]. Ta ciing thdy, khi ndong do pha tap Eu
tang dan tir 0,2%wt dén 0,8%wt thi hinh dang, vi tri cac cuc dai trén tat ca cac pho khdng thay
doi, chi cuong do cac dai buc xa dic trung cho ion Eu* va Eu®" thay doi, ching cing ¢ cuong
d6 manh nhat tng véi ndng do pha tap Eu 1a 0,6%wt, nhu dwoc biéu dién trén hinh 7. Biéu nay
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¢6 nghia 1 d6i v6i gébm thity tinh PCNM:Eu ¢6 diu hiéu dap tit bic xa phéat quang khi néng do
pha tap Eu Ién hon 0,6%wit.

3.4. Qué trinh PL ciaa gém thiy tinh PCNM pha tap Tb

Hinh 8 trinh bay két qua do phé kich P
thich phéat quang cua vat liéu gbm thay tinh } E
PCNM: Tb ung véi bic xa phat quang dic o
trung cta tdm ion Th** ¢ budc séng 543nm. g
PhU hop véi nhiéu két qua da co, pho thu dugc =
trong ving tir ngoai gan, tir khoang 285nm dén £ ™77
400nm, bao gdm nhidu dai phd hep, xuit hien
do cac dich chuyén trang thai 'Fe—°F; (j = 1, N
2,3,4,5), Fe>H; (1=4,5,6,7), 'Fe—>"D; (j 25 | ww | ws w0 a4
=0, 1), Fe>°Li (1=7, 8, 9, 10) va 'Fe—°G; (j Bude soug (am)
=2, 3,4, 5, 6) trong cau hinh dién tir 4f° cia  Hinh 8. Phd kich thich phat quang cia vat ligu
ion Tb** [8]. PCNM:Tb (0,4%wt Th) tng véi buc xa phat quang

tai 543 nm.

Tir két qua d6 cho thiy qua trinh phat quang ciia gdm thuy tinh PCNM: Tb** x4y ra hiéu
qua c6 thé dung cac birc xa kich thich c6 budc song & 350nm ('Fs—°G; (j = 2, 3, 4, 5, 6)),
368nm ("Fe—°D,) va 377nm ("Fg—°Ds).
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Hinh 9. Phd PL cta gém thuy tinh PCNM:Tb** Hinh 10. Sy thay doi cuong do buc xa ¢ 544nm
thay d6i theo nong do pha tap, kich thich bing baec ~ caa gbm thuy tinh PCNM:Tb*" theo ndng d6 pha
Xa ¢ budc song 370nm. tap.

Hinh 9 trinh bay két qua do phd PL cia PCNM: Tb®* thay doi theo ndng d6 pha tap, Véi
birc xa kich thich c6 budc séng 370nm. Ta thay ldc nay phé thu duoc mang dic trung phat
quang cua tdm ion Th*, cac dai phd hep co dinh & 414nm, 436nm, 456nm, 472nm {ng Véi
chuyén doi °Ds-'F, (voi J = 2, 3, 4, 5) va cac dai pho hep co dinh & 490nm, 543nm, 584nm,
621nm &ng véi cac chuyén doi°D—"Fy (J = 3, 4, 5, 6) trong cau hinh 4f° caa ion Tb*". Chuyén
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doi °D, — 'Fs cho biic xa hep c6 cuc dai ¢ budc song 543nm ¢ cudng do manh nhat, ddy 1a bic
xa didc trung dem lai mau luc cho buc xa phat quang cua tam ion Tbh* [6, 8]. DBdong thoi, giéng
nhu trudng hop pha tap Eu, khi ndng d6 ion Tb**tang dan tir 0,2%wt dén 0,8%wt thi hinh dang,
Vi tri céc cyc dai trén tat ca cac phd khong thay ddi, chi cuong d6 cac dai birc xa dic trung thay
d6i, nhung c6 cudng do manh nhit mg véi ndng do pha tap ion Th* 12 0,6%wt, nhu 6 thi biéu
dién trén hinh 10 ddi véi bic xa c6 budc soéng 543nm. Nhu vay, ddi véi gém thay tinh PCNM:
Tb* ciing c6 dau hiéu dap tit bic xa phéat quang khi ndng do pha tap I6n hon 0,6%wt.

4. KET LUAN

Vit liéu gdm thuy tinh phdt phét c6 hop phan P,0s, CaO, Na,O, MgO pha tap cac ion
dat hiém RE (Dy, Eu va Tb) — PCNM: RE da duoc ché tao thanh cong bang phuong phap nong
chay thong thuong véi nhiét do nung thdp hon 1000°C. Céc ion RE** trong mang nén PCNM
cling gitr vai tro la tm phat quang, phat cac dai birc xa dic trung cta chiang khi duoc kich thich
bang cac birc xa tir ngoai. Co thé pha tap nguyén té Dy véi ndng do cao hon 0,8%wt nhung dbi
Vi céc nguyén té Eu va Tb nong do pha tap thich hop 1a khoang 0,6%wt.
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THE IMPACT OF THE DOPED CONCENTRATION ON PHOTOLUMINESCENCE
OF GLASS CERAMICS DOPED WITH RARE EARTH IONS

Le Van Tuat, Le Thi My Thu”
Department of Physics, Hue University College of Sciences
“Email: lethu9666@gmail.com
ABSTRACT

Glass ceramics doped with rare earth ions of P,Os, CaO, Na,O, MgO and RE,O3 (PCNM:
RE with RE: Dy, Eu, Th) were fabricated by the solid state reaction method. The diagram
of X-ray diffraction patterns confirmed the obtained materials were type of glass ceramics.
Surveying luminescence spectra (PL) of the obtained materials when using the appropriate
excitation radiation showed that the rare earth ions play the role as luminescent centers,
which emit their characteristic radiation. This report presents the analysis and discussion
on the transition of luminescent centers in the photoluminescence process of each obtained
material.

Keywords: glass ceramics, PCNM: RE, photoluminescence
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