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TOM TAT

Vat lidu thuiy tinh ZABB véi c&c thanh phan gom 10 ZnO — 10 Al,O3 — 10 Bi,O3 — 70 B203 —
X(%wt) Mn%*, trong dé x cé gid tri tir 0,5-5,0 %wt di duwoc ché tao thanh cong bang phuwong phép
néng chay. CAc mdu da ché tao cb cdu triic vé dinh hinh. Hinh thai bé mat cia mau da diroc khao
sat bang kinh hién vi dién tir quét (SEM) va céc thanh phan cia mau da diwroc xac nhdn théng qua
phép do phé tan xa ndng lwong tia X (EDX). Phé kich thich (PLE) ch/ ra rang thuiy tinh ZABB pha
tap Mn?* ¢6 thé duroc kich thich trong mét viing réng ¢ viing UV (310-450 nm). Phé phét quang (PL)
cia ion Mn?* trong cac mau thuy tinh ZABB ¢6 dang la cac dai réng, cé dinh tai buéc song 595 nm
twong g Véi chuyén doi “Ty(G) — *A«(S). Toa dé mau cia mau da dwoc nghién cizu va cho thdy
mau phat xg mau do. Nhiing két qua trén cho thay vat liéu thuy tinh dwoc nghién citu c6 tiem nang
trong viéc iing dung ché tao W — LEDs ¢6 chi s6 hoan mau (CRI) cao.

Tir khod: thay tinh Bismuthborate; ion Mn?*; LEDs; Tinh chét phat quang

1.  Diatvan dé

Vat liéu thuy tinh phat quang la mét linh vuc dugc cac nha nghién ciru dac biét quan
tam bai n6 cé rat nhiéu wng dung trong cac linh vuc ki thuat va doi séng. Cu thé hon, cac
dén LED dang dan chiém uu thé trong linh vuc phat quang bai nhitng dic tinh ndi troi nhu
hiéu suit phét quang cao, tudi tho 16n, tiét kiém dién ning, kha nang ¢ng dung & nhiéu kich
¢ khac nhau va than thién véi méi truong. Clung véi do, qua trinh ché tao cac dén LED
trang (WLEDs) thuong mai ciing dé hon va gia thanh ré. Nhiing tinh ning vuot troi nay dang
gilp WLEDs nhanh chéng thay thé ngudn sang théng thuong trong linh vic dén pha 6 to,
dén chiéu sang chung (Steigerwald et al., 2002; Schubert & Kim, 2005). Tuy nhién, no ciing
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c¢6 diém can cai thién nhu chi s6 hodn mau hién tai cia dén LED trang (WLEDs) 1a khdng
cao (CRI < 75) vi phd phéat xa bi thiéu thanh phan anh sang do (R. Wang et al., 2021; Xia et
al., 2019; Zhang et al., 2020). Do d6, viéc nghién ctru vat liéu thuy tinh phat anh sang do co
gia thanh thap nham b sung cho ving bi thiéu dé ting chit lwong anh sang cho cac WLEDs
| can thiét.

Thuy tinh borate ciing dugc quan tdm nghién cuiru rong réi bai no co6 cac dac tinh vat li
¢6 loi nhu ¢6 d6 trong sudt cao va kha ning hoa tan ion dét hiém tt. Tuy nhién, ching cé
nang lugng phonon cao, ¢ bén héa hoc twong dbi thap va kha ning hat am cao (Swapna et
al., 2014) (Zaid et al., 2021). Van dé nay c6 thé duoc giai quyét bang cach bé sung Al2Os.
Aluminium oxide cé gitip ting d6 bén hoa hoc cho thuy tinh, giam sy pha hay mang thiay
tinh va ting hé s6 gidn no nhiét (Zaid et al., 2021). Bén canh d6 bismuth oxit duoc thém vao
dé cai thién do bén hoa hoc, do 6n dinh nhiét va giam ning lwong phonon cua thay tinh
(Rajesh et al., 2012) . Bdng thoi, ZnO duoc sir dung trong nén thay tinh nay bai né c6 kha
nang chiu birc xa cao, kha nang chéng am tdt va khong doc hai (Zaid et al., 2021).

Nghién ctu vé vat liéu thay tinh phat quang pha tap ion Mn?* da cho thay két qua day
hira hen trong cac tng dung khéc nhau. Vat liéu pha tap Mn?* thé hién cac dic tinh phét xa
c6 thé diéu chinh duoc, Véi toa d6 mau tir xanh dén do (Geng et al., 2022; P. Wang et al.,
2023), trong Zn4SiO4: Mn?* ¢6 mau phat quang la xanh lyc hay trong truong hop Cas(POs)sF:
Mn?* thi ¢ mau phat quang la mau cam (Kawano et al., 2009).

Trong nghién ctu ndy, vat liéu thay tinh ZABB pha tap ion Mn?* duoc ché tao va
nghién ctu tinh chat phat quang ¢ ving mau dé dé dinh huéng wng dung trong viéc ché tao
dén LEDs c6 chi hoan mau (CRI) cao.

2.  Thuc nghiém
2.1. Vat ligu, thiét bi va phwong phdp do dac

Vit liéu thuy tinh ZABB pha tap ion Mn?* véi cac thanh phan gém 10 ZnO — 10 Al,Os3
— 10 Bi03— 70 B203 — x (%wt) Mn?* (x = 0,5; 1,0; 2,0; 3,0; 4,0; 5,0) duoc ché tao bang
phuong phap néng chay. CAc tién chét cua vat liéu gom ZnO (99,9%), Al,Oz (99,9%), Bi2O3
(99,9%), HaBO3(99,9%) va MnCO3 (99,9%) duoc tron theo ti 1€ nhu Bang 1.

Bdng 1. Bang ti 1é cac chdt trong vat li¢u

STT Ki hiéu Zn0O Al,O3 Bi»O3 B,O3 Mn2* (%Wt)

1 ZMO 10 10 10 70 0

2 ZMO0.5 10 10 10 70 0,5
3 ZM1.0 10 10 10 70 1,0
4 ZM2.0 10 10 10 70 2,0
5 ZM3.0 10 10 10 70 3,0
6 ZM4.0 10 10 10 70 4,0
7 ZM5.0 10 10 10 70 5,0
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CAu trdc tinh thé hoac vo dinh hinh cua vat liéu duoc xac dinh bang phép do nhiéu xa
tia X (XRD) sir dung hé do nhiéu xa tia X D8 Advance Eco cua Bruker v&i ngudn Cu-Ka (A
= 1,54056A).

Hinh thai bé mat va thanh phan nguyén té duoc xac dinh bang kinh hién vi dién tr
quét (SEM) va phuong phap tan xa nang lugng tia X (EDX) sir dung hé do SEM Jeol JSM-
1T200.

Cac tinh chat phat quang caa vat liéu duoc xac dinh trén hé do quang phd FL3-22C
ctia Horiba (Nhat Ban) véi ngudn Xenon 450W.

Khéi lwong riéng (p) cua cac mau thay tinh duoc xac dinh bang phuong phap Acsimet
sir dung can ki thuét va dung dich dé dbi sanh 1a nudc cit duoc xac dinh bang biéu thuc:

. Wapp
P =0 1)

Trong d6: W, 1a khéi luong cua mau thay tinh trong khong khi, W, 1a khéi lwong cua mau
thity tinh trong nude cat, pj, 12 khéi lugng riéng ciia nuéc cat (p, = 1,00 g/cm?).

Tir céc s6 lidu vé khdi lugng riéng, thé tich mol (V,,) cua cac mau duge xac dinh theo biéu
thuc sau:

Vn = P (2)

Trong d6: M 13 khéi luwong mol (g/mol) va p 1a khéi lugng riéng (g/cm?®) cua mau thay tinh.
2.2.  Quy trinh ché tgo mdu

Vit liéu thity tinh dugc ché tao bang phuong phap nong chay. Dau tién, céc tién chat
duoc lra chon bao gdm ZnO, Al,O3, Bi203, H3BO3 va MnCOs. Sau dé, cac tién chat dugc
can theo ti 18 nhu ¢ Bang 1 sao cho tong khdi lugng tién chit thu dwoc 1a 15 g. Tiép theo,
hdn hop cac tién chat dugc nghién tron trong may nghién hanh tinh RESTCH MMA400 trong
30 phut vai tan s6 15 Hz. Sau d6, hdn hop dong nhit dugc bo vao cdc sir va duge nung &
1300°C trong 1h véi toc d6 gia nhiét 10 do/phat. Hn hop sau khi ndng chay sé& duogc rot vao
khuon graphite va dé ngudi tai nhiét do phong, sau do6 s& duoc u lai tai nhiét d6 300°C trong
5h @ 6n dinh ciu tric, giai phong bot khi va cudi cing dugc mai, danh bong dé thu dugc
san pham hoan thién trude khi dugce dem di do dac céc tinh chét (Shelby, 2005). Qué trinh
r6t mau thay tinh va san pham hoan thién duoc thé hién & Hinh 1.
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ZMO ZMO.5 IM1.0 ZM2.0 ZM3.0 ZM4.0 ZM5.0

Hinh 1. Qua trinh r6t mau thay tinh vao khuén graphite va cac mdu thu dioc
3. Kétqua vathao luan
3.1. Gidn db nhiéu xa tia X (XRD)
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Hinh 2. Gian @6 XRD cua vt liéu dd ché tao

Hinh 2 thé hién gian do nhiu xa tia X cia cac mau ZM0 — ZM5.0 véi goc 26 trong
khoang tir 10° dén 80°. Tir Hinh 2, cd thé thiy gian d6 nhidu xa tia X c6 dang 1a cac dam
rong vaoi dinh nam trong khoang tir 20° dén 35°. Biéu nay cho thay cau tric caa vat liéu 1a
v6 dinh hinh va déy ciing 13 gian d6 nhiéu xa dic trung cua thuy tinh. Két qua nay hoan toan
phl hop véi céc két qua da duoc nghién ctu bai cac nhoém nghién cau khac (Abdel-Hameed
etal., 2019; Doddoji et al., 2023; Peng et al., 2018; Rajesh et al., 2012). Bdng thai, khi khao
st vai tat ca cac mau ZABB véi cac ndng do pha tap khac nhau, ta thay su tuong dong trong
gian d6 XRD, diéu nay chiing to cac mau déu la thuy tinh.
3.2. Hinh thai bé mat va thanh phan nguyén té cia vt ligu
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Hinh thai bé mat caa mau thay tinh ZMO va ZM3.0 dugc xéac dinh bang SEM va duogc
thé hién & Hinh 3 (a). C6 thé quan sat & Hinh 3 (a), bé mat caa vat liéu hoan toan bang phang
va khong xuét hién bat ki dau hiéu tinh thé nao du ¢ d6 phong dai 1én dén 500 nm. Piéu nay
hoan toan pht hop véi két qua da thu dugc & gian d6 XRD.

Ngoai ra, thanh phan nguyén té caa vt liéu ciing duoc nghién ciru bang phd EDX va
duoc thé hién & Hinh 3 (b). Quan sat Hinh 3 (b) c6 thé thay ti I& thanh phan cac nguyén tb
da duoc thé hién, ti 16 nay cd su chénh Iéch vai ti 1é tién chit ban dau dua vao do cac nguyén
t6 khuéch tan khong déu trong vat liéu thay tinh. Tuy nhién, c6 thé thiy diéu quan trong 1a
trong mau ZMO khdng hé c6 sy xuat hién caa Mn, trong khi mau ZM3.0 lai xuat hién Mn.
Diéu nay thé hién su thanh cong ban dau cua viéc pha tap Mn vao nén thay tinh ZABB.
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(b)
Hinh 3. (a) Hinh thai bé mat
va (b) thanh phdn nguyén té ciia mdu thuy tinh ZMO0 va ZM3.0

3.3. Khoi lwgng riéng va thé tich mol cia vt liéu

Khéi lugng riéng va thé tich mol cua cac mau ZM0 — ZM5.0 duoc trinh bay cu thé
trong Bang 2. Dé thiy duoc su thay d6i cua khdi luong riéng ciing nhu thé tich mol caa mau
thuy tinh khi ting ndong do pha tap Mn?*, @6 thi biéu dién sy tuong quan giira khdi luong
riéng va thé tich mol dugc trinh bay & Hinh 4.
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Bdng 2. Khai liwong riéng va thé tich mol cia cac mau ZM0 — ZM5.0

STT K hiéu Khoi lwgng mol Ifhon lwgng Theé tich mol
j (g/mol) riéng (g/cm?3) (cm3/mol)
1 ZMO0.0 113.66 2,56 44.40
2 ZMO0.5 113.45 2,52 45.02
3 ZM1.0 113.24 2,49 45.48
4 ZM2.0 112.83 2,45 46.05
5 ZM3.0 112.42 2,44 46.07
6 ZM4.0 112.02 2,42 46.29
7 ZM5.0 111.63 2,41 46.32
— 2.54 \ 46.0
E S
% 52 | ] .‘F:
“é,' 250 455 F’g
< 26 E
§' 2.45 450 §
g 244 / ‘\“—H\"‘“l ,‘Q‘E
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Néng d6 Mn?*
Hinh 4. Sw thay d@éi khéi lirong riéng va thé tich mol cia mdu ZABB pha tgp ion Mn?*
¢ C4C nong do khac nhau

Nhin vao Hinh 4 c6 thé thiy duoc khi ting ndng d6 pha tap Mn?*, khéi lugng riéng
cia mau s& giam, didu nay c6 thé duoc giai thich bang viéc Mn?* khi duoc pha tap vao nén
s& thay thé vi tri cia ZnO hoic Bi,Os, bai vi khdi lugng riéng cia MnO bing 5,37 g/em® s&
thip hon khéi lwong riéng cua cac oxit khac nhu ZnO (5,61 g/cm®) va Bi2Os (8,90 g/cm?®)
(Ozkan et al., 1998). Piéu nay ciing phu hop véi két qua xac dinh khéi lwong mol cua cac
mau thay tinh thé hién trong Bang 2. Vi khdi luong mol caa Mn (54,94 g/mol) thap hon cua
Zn (65,38 g/mol) va Bi (208,98 g/mol) nén khi ting ndng d6 pha tap thi khbi lwong mol s&
cang giam. Cung véi do, thé tich mol cua cac mau thay tinh sé& ting khi néng do pha tap
Mn?* ting. Diéu ndy c6 thé duoc giai thich bang viéc khi pha tap Mn?* s& lam giam khoang
cach gitra cac phan tur hodc giam d6 dai lién két gitra cac phan tir trong mang nén thay tinh
(Pavan Kumar Pothuganti, 2021).
3.4. Tinh chat phat quang
3.4.1.Phg kich thich

Phé kich thich (PLE) cua cac mau thuy tinh ZM0 — ZM5.0 véi cac nong do pha tap
khac nhau tir 0,5% dén 5,0 %wt, duoc khao sat ung véi budc séng phat xa 595 nm trong
khoang budc song tir 310-450 nm va duoc thé hién trong Hinh 5.
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—ZM0.5

Cuong dd (a.u)

350 3;-0 SéO 3é0 460 450 4‘;0
Budéc séng (nm)
Hinh 5. Phé kich thich ciia mdu ZABB pha tgp ion Mn?* & cac nong dg khac nhau
g Voi buoc song phat xa 595 nm
Tir Hinh 5, ¢6 thé thiy duoc phé kich thich cua cac mau thuy tinh nay c6 dang la cac

dai hep & vung tr ngoai bao gom céc dinh tai c&c vi tri ung voi cac budc song 348,9 nm;
360,7 nm; 408 nm lan luot tng Vi cac chuyén doi tir trang thai co ban A 1én cac trang thai
kich thich “E (D), T2 (*D), *A1 (*G) (Loutts et al., 1999; Lakshminarayana & Buddhudu,
2006). Trong do, budc song 408 nm ¢ cuong do 1on nhat, pha hop 1am budce song kich thich
dé phat quang vat liéu thuy tinh ZABB pha tap ion Mn?*. Ngoai ra, khi ting ndng d6 cua
phd tir 0,5 dén 5,0% hinh dang phé thay dbi, cu thé 1a dinh phé bt du rong hon va cudng
d6 cua cac dinh giam khi ting ndng do tir 3,0%, didu nay c6 thé giai thich rang khi ting nong
d6 pha tap cua Mn?* thi s& anh hudng dén ciu tric caa truong tinh thé, ddn dén thay doi cac
murc nang lugng (Wan et al., 2014).
3.4.2.Ph¢ phat quang

Cuong d6 (a.u.)

T T T T
450 500 550 600 650 700
Buwéc séng (nm)

Hinh 6. Phé phéat quang ciia mau ZABB pha tap ion Mn?* ¢ c&c nong dé khac nhau
g Voi budc song kich thich 408 nm.
Phé phat quang (PL) caa cac mau ZABB pha tap ion Mn?* véi cac nong do khac nhau
tir 0,5% dén 5,0 %wt , duoc khao sat ung véi budc séng kich thich 408 nm trong khoang
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budéc séng tir 450-700 nm va duoc thé hién trong Hinh 6. Phd phéat quang ctia cac mau cd
dang 1 cac dai rong, c6 dinh tai bude séng 595 nm twong @ng vai chuyén doi tir mirc nang
luong *T1(G) — A1 (S)(Wan et al., 2014; P. Wang et al., 2023). Mtrc ning lwong cua trang
thai *T1(G) phu thudc rat nhiéu vao tuong tac ion — ligand cia ion Mn?* va din dén cac buéc
s6ng phét xa khac nhau cua dai phat ra. Cac ion Mn?* phéi hop bat dién thé hién su phat xa
mau do6 dai & khoang 600 nm do trudng tinh thé manh trong khi cac ion Mn?* phéi hop tir
dién phat xa mau xanh 14 cay, do truong tinh thé yéu. Didu nay da duoc giai thich trong gian
dd Tanabe — Sugano cho 16p d® caa ion Mn?*. Dya vao diéu nay cd thé thay dugc ving phat
quang ciia Mn?* trong cac mau thuy tinh dé ché tao 12 & 595 nm, chang t6 rang phdi hop cua
cac ion Mn?* trong nén thiy tinh nay 1a ¢ thé bat dién. Hinh 6 cho thiy cuong do phat quang
ctia cAc mAau thay doi theo ndng d6 pha tap ion Mn?*: Khi tang ndng do pha tap tir 0,5% dén
3,0% thi cuong do phat quang cia mau ting dan, nhung khi tiép tuc ting ndng do pha tap tir
3,0% dén 5,0% thi cudng do phéat quang cia mau bat dau giam dan. Diéu nay co thé dugc
giai thich do hién twong dap tit vi nong d6 (concentration quenching effect). Hon nira, co
thé thay rang, khi cang tang nong do pha tap Mn?*, dinh phat quang cua né ciing s& dich vé
huéng budc soéng dai hon, diéu nay duoc nhan dinh do tuwong tic giita cac cap ion Mn?*
(Abdel-Hameed et al., 2019).
3.5. Tea dp mau

Toa do mau cua cac mau thay tinh dugc xac dinh bang phan mém Color Calculator
dugc cung cap mién phi boi hing OSRAM. Budc song dung dé kich thich cho cac mau thuy
tinh 1a 408 nm. Két qua thu duogc cé thé dugc quan sat & Hinh 7.

520

00 ) 02 03 04 05 06 07 08
X

Hinh 7. Toa dé mau cia cac mau ZMx (X = 0.5 — 5.0) Véi Aex = 408 nm
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Bdng 3. Toa d¢ mau, nhiér dé mau (CCT) va chi sé6 hoan mau (CRI)
cua cac mau ZM0 =2 ZM5.0

Mau X y CCT CRI Ki hiéu
ZMO0.5 0,5154 0,4732 2477 54 .
ZM1.0 0,5255 0,4661 2336 54 "
ZM2.0 0,5396 0,4533 2134 57 *
ZM3.0 0,5523 0,4422 1971 58 A
ZM4.0 0,5642 0,4256 1795 62 v
ZM5.0 0,5767 0,4163 1667 63 «

Dua vao Hinh 7, c6 thé thay duoc khi ting ndng d6 pha tap Mn?*, toa d6 mau s& cang
dich vé huéng mau do. Toa d6 cu thé ciia cac mau va ki hiéu duoc md ta cu thé trong Bang
3. Nhu vay, tir cac két qua do phd phat quang, phd kich thich, toa d6 mau va dua vao cac
cong bd (R. Wang et, 2021; Xia, 2019; Y. Zhang et, 2020) cho thay vat liéu thay tinh ZABB
pha tap ion Mn?* cua ching tdi nghién ciru khi dugc kich thich bang budc séng 408 nm ¢6
thé 1a ngudn sang mau do gitp dinh huéng tng dung vao viéc ché tao dén LEDs trang véi
chi s6 hoan mau (CRI) cao bang cach pha tap thém céc ion dat hiém phat quang rong & ving
mau xanh duong nhu Ce®* (Xia, 2019).

4. Kétluan

Vit liéu thay tinh ZnO — Al,O3 — Bi203 — B203 véi cac nong do pha tap ion Mn?* tir
0,5%-5,0% d3 duoc ché tao thanh cong bang phuong phap nong chay. Gian dd XRD cua céc
mau vat liéu ché tao duoc c6 dang 1a mot dam rong ching to vat lidu cé ciu trac vo dinh
hinh. Phd EDX chi ra rang, vat liéu ché tao duoc c6 sy xuét hién day du cua cac nguyén té
Zn, Al, Bi, B va Mn. D6 thi biéu dién sy trong quan gitra khéi lugng riéng va thé tich mol
cho thiy khi ting ndng d6 pha tap Mn?*, khdi lugng riéng ciia mau s& giam dong thoi thé
tich mol cua mau tang. Pho kich thich cua vat liéu cho thay budc song 408 nm 1a budc song
thich hop dé kich thich phat quang ion Mn?* trong vat liéu thiy tinh ZABB. Phd phat quang
ctia cac mau co dinh tai bude song 595 nm twong wng véi chuyén doi *T1(G) — °A(S).
Cuong d6 phat quang cua c4c mau tang khi ndng 46 Mn?* tang va dat cuc dai véi nong do
pha tap ion Mn?* 1a 3,0%. Néu tiép tuc ting ndng do pha tap ion Mn?* thi cuong do phat
quang giam do hién twong dap tit vi nong do. Toa do mau cho thiy, cac mau phét quang co
xu huéng dich chuyén vé mau do khi ting néng d6 pha tap. Vi nhitng két qua nghién ctu
trén, chdng t6i thay rang vat liéu thay tinh ZnO — Al,O3 — Bi>O3 — B2Os pha tap ion Mn?* ¢6
thé ung dung trong ché tao W — LEDs véi chi s6 hoan mau (CRI) cao bing cach pha tap
thém cac ion dat hiém phat quang rong ¢ ving mau xanh dwong nhu Ce®".

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

ZABB glass with 10 ZnO — 10 Al,O3 — 10 Bi>O3 — 70 B,O3 — x(%wt) Mn?*, doped with varying
concentrations of Mn?* (0.5-5.0 %wt), were fabricated using the melt quenching method. The
samples exhibited a non-crystalline structure. Surface morphology was analyzed through SEM, and
the composition of samples were confirmed using energy dispersive X—ray (EDX) spectroscopy.
Photoluminescence excitation (PLE) spectra shows that Mn®*-doped ZABB glass can be excited
across a broad UV range (310-450 nm). The photoluminescence (PL) spectra showed broad emission
bands, with a peak at 595 nm corresponding to the *T:(G) — °A.(S) transition. The calculated color
coordinates indicated red emission from the glass samples . These findings suggest that this glass
material is potential for application in manufacturing W — LEDs with a high color rendering
index (CRI).

Keywords: Bismuthborate glass; ion Mn?*; LEDs; Luminescence properties
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