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Abstract: Glass ceramics embedded with only one kind of nanocrystals are usually cannot meet the requirements of
multi-color, multi-mode and ultra-wideband luminescence applications due to the limitation of single crystal field en-
vironment. It is thus of significance to develop dual-phase nanocrystal-based glass ceramics for expanding the appli-
cation field of this kind of functional materials. In this paper, an aluminosilicate glass ceramic containing o-Zn,Si0,
and $-Zn,Si0, nanocrystals was successfully prepared by a melt quenching technique. The transition from single-
phase to dual-phase nanocrystals can be achieved by varying Al,05 content and heat treatment temperature. The ob-
tained glass ceramics exhibit tunable single-band (~580 nm) and continuous dual-mode (~530/580 nm) emission un-
der the excitation of 285 nm, and the luminescence intensity varies with the concentration of Mn* and heat treatment
temperature, resulting in a tunable emissive color from orange to yellowish. The related luminescence mechanism
was explained by combining with the structure of nanocrystals and spectral data. This research may be of reference

value for the preparation of dual-phase glass ceramics and exploration of broadband light source.

Wi B : 2022-12-26; 1&1T B3 2023-01-12

BEEWA: HEARFAIES(51702172) 5 WA A RFHE IS (LY20A040002)
Supported by National Natural Science Foundation of China (51702172) ; Natural Science Foundation of Zhejiang Province
(LY20A040002)



#5051 T8, 2. /B-Zn,Si0,: Mn® SUR BY B8 B % il 45 5 e 41 nl PR 5 5Ok 853

Key words: glass-ceramics; dual-phase nanocrystals; Mn® ions; broadband luminescence

13l

o BURE 48 K i B B W R A Ak 2 B T
TR — 2 Z T Be 6 MR iZ 0 R aT [R] B % 45 7
Tofr 2 K A 1 000 3, DRy TR 8 4 R A TR 1 A
Y JRy B BT, DT RE A% 582 B 22 T g 2 6 1 T, 760
P e gt B DR 45 R OB A7 iKY LED B8 B4
RZTT AT A 8 0N T .

BT 49 K AR 14 JRd SR B A B A L i 28 e )
AE AL 9 07 FH A AR 00 B F I SO R Hh
V4 B B, 40 Mn® NI G A PR LA TR
RS WA AT IR O A R S, BOA R R
T8 7 v R R O VR A PR AR SO R Rk, AT
T U 4 T B O 1 BURE A K A B B
AE S A AR 0T 5T AR, A 2016 4F JE I RUSER R 2
il % 7 Ni*'#8 2% 19 LiTaO; Ml LiAlSi, 06 XA 44 K
A B MOGET o 38 ) AR B4k R[] 4
R SRR U RN N I T
Ni>* 2 25 95 2 35 480 nm B9 M 954 T 41 4 k6
(1 000~1 600 nm) . 2018 4F , 7K B 5 &4l & T
Ni* B2 & ZnGa,0, 1 ZnF, B Tl 94 K S 14 1) &2
A BEHS L 1E 808 nm WO A F L Ni™ (1 6115 v [ 44
BT AR E (1 100~2 100 nm) o 2022 4F |, #f &
LU 3 Cr 4B 24 B Mg,ALSis0 5 MgALSi;0 0 WUAH
B B P ¥, AF 400 nm AT & R, I ) A o5
700~1 400 nm [ TE 7 &t . 3R i 9K S i
¥ 06 1 e 1 O 2Ok R A5 Y e &
WF ST AL 753 i SR . SR, H TR 2 80Uk R
FEE R I 4R B T NCR G, &R 98 G [
FE LR 2T A8 X 8k, X T 0] OO KO 4
{14 XU 48 K 3% 265 B e 1A R S AR O 3 D . A
W BERIF 2 T XURE 40 2K it 35 355 Ml e v UL Yk B 1
PR i — 20 40 R LN FH Vg .

A EE NPFT Cr™, Min™ 4K 415 T Ak %) Ja) B B 5, L
S G H T NSO T B R 200 X, R
ST AR AR SE A & B2 3 T M 22 [ B
% /N (<0. 5 nm) H ISR 15, 7] PUJE B Mn™ -
Mn™ R A BB A 0 £ A0 & g B
P Mn™ BT Ak () Jey 38 3R 58 RN 48 ek B, AT LA SE B

o BT X LEWF T 45 AL AT M OS8O
MARIL AR T X E.
Tk TR & 25 U 3% 3 T L A A e kR LA

nu\4

PEREDE S 0F H B A 5612 B a5 M 1k 5 P e e 45 ==
[T 52 8] T 1% 2058 N G E BR™ . 76 Rk R 4h ik
JBT v AR 3 G 3 A SORE 40 K R AR AR £ Min® [] &
ERAE TR d A b R A 37 R 0 2 R L
AR B — RO 1 A RO, TEAR Z Ak
Fe R ZnSio IR EEMHEE . T (o) 1
(B) I . IVAI V" Hor o 55 B 5 80T 4351 8 Mn™
P AL B 35 1 1 T AR R\ T R A 3 R B TR 27 %)
JTRZORTE . 2011 AR R B IR A A R 4 B
B 2H 73 Si0,-Ge0,-A1,05-Zn0-K,C0;5-Na,CO5 H Si/
Ge it f H 43 b, LTI 4RAS T Mo 48 2% H& 4liAH o-
Zn,Si0, 3% B-Zn,SiO0, 3 15 B &, SC BT &G EI 5
SRR AR TR AR L . 2017 45 MR IR g
TE Si0,-ZnF-KF = e B IS EL BT rh A7 iF T -Zn,Si0y:
Mn™ 94 K fh 1A, I 3 i 1 5 R b 0 R R T
Mn* 7E JC 5E T B 35 JE 5T Fl o-Zn,Si04 9 K b AR vh
KB AR o 2018 4F , Ak H L4 7E Si0,-
ALO;-K,0-ZnF, FE T i B 5 T B -Zn,Si0, 44 K i
T IEHRGE T Ak B B FET ] X B-Zn,Si0, 45 i
5 M B0, B ERAIE T B-Zn,Si0, i W B 745 4
fiE o SR, A i 8 4R b 78 35S b BT A
Zn,Si0 40K AR e RO RRPE B B9 7 [R] — 3
B 5 5 AT 45 MM Y oA B-Zn,Si0n BURH 44 K
A 11 AH DG BIF 5% 0BG A /0 o T 3E A AT OB A
Mn® 1] fig 6] i & 4 7F a-Zn,Si0, il B-Zn,Si0, & 14
AT RSB M 7 0] L' X 5 O 3 )

BT, A S i 21 43 BT A R R B T
2RI S T A o/B-Zn,Si0,: M g8 K i 2 4k
B B % L3l L DSCOXRD % 3 R R AF T 3 5 b
FE S B P 5 R SRRV, RGEIRIE T AL B
T 3 R B B 414 o 4 O AR A R . 7 285 nm
SV R T BRI (680 °C) # A B R B 5 v W
LB # Ot K BT (~580 nm) |, JE — 2 41 w5 Buab B
T B, T A B 388 B R R R AR T S RUTE A &
6 (I A 43 51 29 ~530 nm 5 ~580 nm) , I3 1 A&
G5 K6) R A A 5 B R OO R R ML AT T
53T

2.1 HmElE
B A > R 7 M : 40810,-4Ge0,-xA1,0;-



854 K b/

¥R 44 &

40Zn0-(14-x)K,C05-2Na,C0;(x=6.8,10) , B %5 Ky
¥% MnCO;(y=0,0.5,1.0,1.5) o 1 F J5URE S H: 4l i
9 :Si05(AR).GeO5(AR). AL,Os(AR).K,C05(99. 99%),
Na,C03(99. 99%)FIMnCO05(99. 99%), 534k, N T B
E 45 Rl ok AR v Mn™ AR AL T R 25 OB R L
HREIAT 0.5% 19 SnO AE Rk iR . il & od 72 .
JeF LU B FR B 20 g JROREE T D B BR PR A 3
AL KBIEA AR R R A A B, IR E T
1 500 “C 1Y fen Y TH B30 v s il 1 i b 38 358 s P
HEIFE 200 “CHY A I He il i 8, B )5 i A 400 °C
() 5 gh 4 b AR 2 o3 o B N T T s BH T
IKAKBE B (PG) . AN [A] ALO; & & PG AE S ARic A
PG-xAl. ¥ PG-xAl 3 HI7E 660, 680,700,740 ‘CHA
b FE 2 b, AR 3 B 2 A AT R AR S AR 1D O HTT-
xAl B GCT-xAl(T=660, 680, 700, 740 C) ; [ &
ALO; & it 8%, 48 =2 A [R) Mn™ i AH R #F i BR iE 0
HTT-yM 3 GCT-yM . fJ5 , T A B 55 FF & #R 28 5
XU I U1 BB FE R 2.0 mm [ /NER, L HEAT
J& S22 i
2.2 HEmMERERIE

AW 5 v fi T 7 9 AR N6O A % R AR
SR E AT AR KA PR L 38 ) 7 5t STA449F3 Y
7] 25 4 43 BT A (DSC) BF 52 3 35 1) 4 2% 1 T, T il
HEH 10 K/min, &R A 18 = &

a8 Al 1Y Bruker D2 BY X5 26 A7 S A6 AE & b b
HH R A 2 B AT R AE A B 26=20°~80, b
K h 0.5, 4\ 51 8 K Cu-Ka, K 4 0. 154 056
nm. $ 2 i B 9L E Renishaw 23 A inVia £ -5 7
25 A 3 58 B . R H %6 [ Edinburgh 2\ ]
FLS980 % Y He 1 X , 3 LA 450 W kT 7F Sy i & e
U5, T BE AR S BB, . I Z I
LA B RPN IR AT D 1 4 & 1 3 ) 22 9O
SR

3 Btk
3.1 REMRSH

K145 T AR ALOs & £ (6% .8% . 10% ) 1)
ATOR RSB 1 DSC ik . WL Bl ALOS %
SR, FOAT A T 4R R B (T) RN Ak 0 {E R
(T) ¥ 2B T AR Fehle
ALO, 7 5 R 8% I, X i DSC Hh 28 H 8L 4~ BT &
TR | 35K R 2 X 2 T KR B S AT A 3 1 B
Aib B AT G 7E T AP LR T A R R D
ALO, & & A DL A 5 3¢ 38 09 B A ok R LGS B
ALO;(8%) A B T #r H XUAH & 44 o AR $ig DSC 24
TN T BT A ) 4 R FRATTAE AT i T
0 I B i AT T B B R O BE 43 ) ok
660,680,700,740 °C, I i K 2 h.,

AR
(a) (b)

— 6Al

— 8Al
T,=766 °C =

7,=723 °C |

(c)
| — 10Al

T,=761 °C

‘Q‘ ‘Q ‘Q‘
=) =) =)
=] < <
= = =
= = =
T.=709 °C T.=702 °C T.=724 °C
300 450 600 750 900 300 450 600 750 900 300 450 600 750 900
T/°C T/°C T/°C
1 ALOs #2351 6% (a) (8% (b) Fl 10% () HHT SR BEES 19 DSC i £
Fig.1 DSC curves of precursor glass with Al,O content of 6%(a), 8%(b) and 10%(c).

3.2 XRD&HBEESHH

kT U UE B 5 AT M A 4 K AR 2SR 4t
T SRS (x=6, 8, 10) 78 A [/ #4 4b B G R #Y)
XRD, &5 R 2 frn o FEE 2(a) 1 SR AR 5
PG-6A1 5 B i 8 Y 45 & S AT SRR, JF HLAE
AR A B R (<680 °C) L IZ B EE AT 9K 0 AE
FRAE 3 2S5 THE 28 700 °CLRE S 9 XRD B h TR
HE AR 55 AT S 0 5 BRI IR B B 740 °C L%
AT S W i B BA RME SR, L R EAT N E S o

Zn,Si0, fi AH (9 F5 1 K - (JCPDSNo. 37-1485) 1t 4%
W4 . BRAE 36, 25° (0 B AL I BL T BUAMEXE R B-
Zn,Si0, K AT 55 1% (JCPDS No. 14-0653), {H H: 5
BEARH 55, BT DL B GCT740-6A1 KE 5w 3= 07 1
T a-Zn,SiO, i A (4AT 3% 58 52 AR Bl 45 5L, DL AR
Fe 3CPFE R RS o T X T SAL BY B, A R IR
(680 “C) AL HAFAFHE S AR Se b i T B-Zn,Si0,
ml A 5 24— A T A HR B B- Zn,Si0, A
T J LT AR AR AR o-Zn,Si0, S AR AT 5 15 5



555 1 F 2,

A o/B-Zn,Si0, Mn™ XUAH 3 15 B % 1 4% 5 96 4l m] R 45 KO0 855

WA A5 IR R B AE 740 CTF, T AT S g 5
JEH M (WLE 2(b)) o SR, #F—25 0 AE ALO, &
2 10%, AL R AEAR T 740 CURE #ab 2R
YR &, I HLAE 740 CIAL R HpT T 8 —

() a-Zn,Si0, AR W 2(e) Fir s o 24 ALO, &
B2 12%, A FEBCA B i B-Zn,Si0, fh A il H BT
H a-Zn,Si0, A A T T Y FRh B FE R (29 820 °C,
ILES2) .

(a) (b) E (c)
GC740-6A1 = GC740-8A1 L GC740-10A1
L A L I II I
Z . GC700-6Al =L GC700-8A1 s F
: L i S 5 F HT700-10Al
\‘; ; HT680-6A1 % L CCE808Al \‘2 ':\/-‘\-——\
£ HT660-6A1| £ [ - g "1 A e
z | ! 1 | HT660-8A1 2 A HT660-10A1
- : PG-6Al - L ! - B ——
\/\_____.h___ e PG-8Al - PG-10Al
a-Zn,Si0, i B-Zn SiO La-Zn Si0 ; L 3 3]
,510, 2 4l I -Zn,Si0, a-Zn TO4 B-Zn,Si0,
Al |“lh“ Meoads B " -ll . I haa e gt B N 1 .“lh“ AT N
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

20/(°)

20/(°)

20/(°)

E2 ALO; & 4354 6% (a) 8% (b) Fl 10% (¢ ) Z FIAE & Y XRD £k .
Fig.2  XRD curves of samples with Al,0; content of 6%(a), 8%(b) and 10%(c).
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Fig.3 Raman spectra of precursor glass with Al,0; content

of 6%, 8% and 10%.
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Tab. 1 CIE chromaticity coordinates of the samples heated-
treated at different temperatures and doped with var-
ied Mn™ contents upon excitation at 285 nm

Number Sample CIE (X, Y)
1 PC-1.0M (0.553 21, 0.39245)
2 HT660-1. OM (0.529 87, 0.43595)
3 GC680-1. OM (0. 486 23, 0.494 89)
4 GC700-1. 5M (0.476 49, 0.508 14)
5 GC700-1. OM (0. 45275, 0.524 66)
6 GC740-1. OM (0. 450 61, 0.529 63)
7 GC700-0. 5M (0.447 61, 0.53522)
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