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Synthesis of (Eu**, Dy’")—Co-doped Strontium Aluminate Phosphor via Ultrasound-assisted
Co-precipitation and Its Mechanoluminescent Property

LV Haitao"*, WANG Yanmin', PAN Zhidong', ZHU Kun'
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2. School of Materials Science and Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract: A SryosAL04:0.02Eu**, 0.03Dy** phosphor was synthesized via co-precipitation with ultrasound assistance and
subsequently sintering at 1 200 ‘Cfor 3 h. The effect of ultrasonic time on the qualities of the precursors and the phosphors as well as
the photoluminescent/ mechanoluminescent properties of the phosphors was analyzed by laser particle size analysis, specific surface
area measurement, X-ray diffraction, scanning electron microscopy, plasma emission spectroscopy, and spectrophotometry,
respectively. The results show that the ultrasound in co-precipitation process can improve the crystallinity of crystalline, and increase the
actual doping amount of Eu**/Dy®" ions in the phosphors. Compared to the phosphor synthesized in the absence of ultrasound, the
photoluminescent intensity and mechanoluminescent intensity excited by impacting on the sample of phosphor synthesized in the
presence of ultrasound for 40 min can be increased by 45.67% and 148.73%, respectively. This is possibly due to the improved
crystallinity and the increased actual doping amount of Eu**/Dy*" ions in the phosphor. Furthermore, the mechnoluminescent mechanism
of Srg05A1,04:0.02Eu**, 0.03Dy** phosphor synthesized with respect to the effect of ultrasonic assistance was also discussed.
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Fig. 1 Flowchart of Sry9sA1,0,:0.02Eu*", 0.03Dy*" phosphor
synthesized by co-precipitation with ultrasound
assistance and sintering
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Fig. 3 XRD patterns and average crystalline size of precursors
synthesized in the absence and presence of ultrasound at
different time
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the absence and presence of ultrasound at different time
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Fig. 5 SEM images of precursors synthesized in the absence

of ultrasound and in the presence of ultrasound for
40 min
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Table 2 Concentrations of Eu®*/Dy*" ions in filtrates of

precursors synthesized by co-precipitation at

different ultrasound time, determined by ICP-OES
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Fig. 6 XRD patterns of Srp95A1,0,4:0.02Eu*, 0.O3Dy3+ phosphor
synthesized in the absence and presence of ultrasound at
different time
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Table 3 Crystallinity and Crystallographic parameters of Sro9sALO:0.02Eu*, 0.03Dy3+ phosphor synthesized in the absence

and presence of ultrasound at different time

Ultrasonic time/min Crystallinity/% Average crystalline size/nm a/nm b/nm ¢/nm PI(°) Cell volume/nm®
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Fig. 7 Photoluminescent excitation and emission spectra of
Sr995sA1,04:0.02Eu**, 0.03Dy*" phosphor synthesized in
the absence and presence of ultrasound at different time

Pl 8 DAy A 2 AN 28 AN [ e 75 U5 1) il B0 ] ¢
SR I IBURO IR - 8] 8a Sy BTIAS 9
A ABOtIE . Moty i, s RIE R,
RIRSIERIRAME, B 2REEERIZH L. K 8b
N B FTIAR 7O6 I BUROE TG 2, g
v WAL S5 IeBURIEHE — 8. Bt AR —
AT 5 B I TR T SR Zh R . 2430
Z 1 8b Fron BIEBURG(PL) I 2 BN, XAt

IR SR L o WU, 5 2R 8 75 Rl B e o & PR 2
JGAHEE, 2R P R B P 2% 5O i BUR O
SRR AR, HLBEAE R R N (Rl 5, P £
DGR I IR R FE B WG N . 22488 7 I Ak P
I 18] 9 40 min B, BTl a% 52 0 1 (A pp et A% s
RV SIBRO R LI e 1 148.73%K1 288.80%

9 R B il e sC 0 BURO R 26 B N
B4 40 min P B B ILUTIE IR T & B RO 6K il
RO A 18R e . il 9a B, 365 nm
A CHKATF LG, RO IR e O R, R
o N 8] B FHERS B 248 T PR (IR 380 . ARHE (1),
Xof ZE Rk 2R AT R BN

I=1,+A4exp(—t/7)+Aexp(—t/z,) (1)
s TN ROGIREE: ¢ IS TA] s Lo W6 TR
A Arv T o N WEER WK 4:

T ek 0 B0t 0 5 9 380 %06 R B AR S R
F, LT BOROGE . BEE MBI,
BRI SR B AT T % . Canadra 251t 8 4iE 1
FKANHIEE R



. 2612 - CTERR 2R 400 J Chin Ceram Soc, 2021, 49(12): 26062614 2021 £

Mechnolumicescence signals F 4 £ 40 min BEKELIEMREISHNA SRR ER R
_ \ LIRBMESH
" 60,min st ‘ Table 4 Fitted parameters of decay curves of the phosphor
40 min !\‘»_ﬂm disks prepared in the presence of ultrasound for
2 e . ) 40 min
2 20 min \,
= _ 10min P\ f 4 n - i
S omin T ’ 4443797+ 41299116 736t 19936265+  67.55
NSRS RPIIN | —— 92.67 900.55 0.03 555.73 0.24
20.68 MPa Mechanical signals
S S S S SR 80 000
0 5 10 15 20 25 30 35 40
Time/s
Excited by i " 60 000 . EXperimental data
(a) Excited by impact stress o - - — - Fitting curve
= Ultrasonic time z R=0.9946
S 60 min £ 40000 | |
71\ 40 min E \
TN 20 min =
z /ERY (1)0 min \
a TolAs min L
g NI oL 20000 4
E e
‘ —_ ~
O 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350
Time/s
300 400 500 600 700 800 900 (a) Afterglow decay curves
Wavelength/nm
(b) Excited by pressure stress . X
Mechanoluminescence signals
600
500
z
£ 400 | 2
= 2
.%: 200l = Mechanical signals  20.68 MPa
=
o
A~ 200 | |
| |
100
0 ) ) ) | | 1 1 1 1 1
0 10 20 40 60 0 5 10 '15 20 25 30
Ultrasonic time/min Time/s
(c) Peak intensities corresponding to Fig. 8(a) (b) Fast decay stage
600
500 - ° Mechnoluminescence signals
2 400 ./ I - s —
=
5 L
E 300} e
j‘“)’ I o §
& 200 F / = Mechanical signals 20.68 MPa
wof ° L
0 L L I 1 L — —
0 10 20 40 60
Ultrasonic time/min L L L
) " . . 0 10 20 30 40
(d) Peak intensities corresponding to Fig. 8(b) Time/s
8 RARIZ R BB 15T 1 4 9k H0 1150k (© Siow decay stage
TR
Fig. 8 Mechnoluminescent intensities of phosphor disks K19 28 40 min & 75 Ik A0 B FIT A1) 2% IR RO P IR T BUR GRFIE
prepared in the absence and presence of ultrasound at Fig. 9 Mechnoluminescent properties of the phosphor disks

different time prepared in the presence of ultrasound for 40 min



49 HH 12 W

EfEdE S RS R BRI G U B BRI R PO R BUR G RE < 2613 -

Bl 10 APl 7Ot R IECROEHIEE. HIE 10
A WL, SroesALO4:0.02Eu*", 0.03Dy> 534 Eu®*/Dy*
i 1B 7B StALO, s S TAR AL, $Ek
R AR R A BB, STALLO, Sk HR AT REAF AE S S i
Vo VE AR, IXEEREME AT DUESRE T Bu® R1EA
R, T Dy BN AT LU v, BEBHARE, {i
EIETRE RGP AR 21222,

r._@(_-.ﬁ-.,.\ Conduction band
@ M® .
Eu¥ o Eu’* 4775d : Mechanical stress
\ e /”.li-';;&\
O ‘. Electron trap (V)
uv !
WV Luminescence (520 nm)
e 4f7

Valence band
Photoluminescence: D—@—>@D—B—Q®),
Mechnoluminescence: O—@—B—-B—@

K10 SrgosAlL040.02Eu*", 0.03Dy> & B I B SeAL
Fig. 10 Mechnoluminescent mechanism of Sr0,95A1204:0.02Eu2+,
0.03Dy*" phosphor disks

B, R THE, HEAMT (365 nm)i
RES, BFOLT Bu® A B 7T LR T Sd
BORA, B BEAN 4 WK o’ G
@), —#rHETIREEES, PEAE, HE®.
AT B o3 LT B I 3 R AN 1 HL T A
REF(LE®). FERMA IR, X722
FETRC. BB BT IR Y L1 BE 5 5 DR DAy AR TRk 21
5d RER(IHED. ®), RJFiRE 4f BERGIED),
FORHR R FFEE RO, MRV 4R 50t 5 5 AT I R
TAEE SRR MR AP 2 R RBEBHI R 1
FARFFLEBHREI, R 4F BedL, MORHRRTERA
O, FoJE IS T U] RE SRR I L AR .

AU AT, 2 B AS R BE B B v A e
AR AT LA B R [ 2 (L R ). Bl
AT LB S5 Bu’ R e O E A, HENE
Eu’'1) 5d LB FE®), ikl 4f 51 R
Jek, BB . X RE© R RE UM 1 it
&5 R, SRR R E, XL
LRI R L I LI AR 22 0 N R P2, ol
TG MEPHR H#EN T, (et ko, B
TIECRCUE L T RE RN T 51 Y A% AR T
SECFARMA, EFEP T ER SN
Sy, ARHEROL: WATREZ MAURAN IR T 50

WS, MUBREFE L R FARE, AT R e B 3k 1
TR, FRPE R RS Kt Bu®, RAEH
kL&

FTFZHLFE, ¥ ICP-OES A1 XRD 45 B4,
12 L YT VE & Bk B2 vh SR F R S B B A B T
Eu'/Dy BT BALERE, RarrEEZRE e
OFETFEBE, AHFERIMT R AT, E2W
HL A IR AAAE P B, SEBUROETE SR, 7EAH
[ IR TR 26, A 2 7 A AR
FERABGR HIR 0] 31 F7, S A BUE I BUR G 9.

[FIRE, FEARE A b2 U AR <5 1 s .7,
JIEUR 6 & i AR (L 9b, B 9¢), WTREZ
RN Y s ), R B R A
WRES, WAL = A A AR T, AT LAMEETE £
PR, AR SR UK s BEA Rl B
Wz, FEPEREIRI BT IR, 18U
FE FRAK

3 £

1) 87 35k il B T v 2 T A T K A R ot
&N BRI 51 v, SEPRBN Bd® Dy B TR
B IR 8 SIE R, PR
r S B (as b o)LL AREL /N

2) SR ARG G R, &
U B A R R IR BUR o B R
45.67%, L P R IE BT 1 71 80K LR EE 433
PE T 148.73%A01 288.80%, X AJREFEIHEK T A
A IR K SR S5 I BB A B /Dy B T
SZRRB N B0

3) TEILPUTE A i A2 A SR FH 75 8 4 Bh A
T Eu’'/Dy’ HEN SrALO, & fifk, (55 £ Kk
OFPEBFRE ™, SN 2 (RS T 2 (1 HL T4
FIRFEEAATERG P . 5 ARG 75 B 4 Bh B & 1)
FEGARLE, EAFNUAIBOE L T, SAEZA
(3R FEE B o PR 1 AR B ke R i B 31 37, {1
iR,

SE L

[1] ROJAS-HERNANDEZ R E, RUBIO-MARCOS F, RODRIGUEZ M
A, et al. Long lasting phosphors: SrAL,O4:Eu, Dy as the most studied
material[J]. Renew Sust Energ Rev, 2018, 81, Part 2: 2759-2770.

[2] WANG L, SHANG Z, SHI M, et al. Preparing and testing the
reliability of long-afterglow SrAlLO4Eu®’, Dy*" phosphor flexible
films for temperature sensing[J]. RSC Adv, 2020, 10(19):
11418-11425.

[3] LIJ, LIU B, CHEN Q, et al. Synthesis of M;_3,ALO4Eu>"/Dy*"5,



2614 - CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(12): 26062614

2021 4

(4]

(3]

(6]

(7

(8]

(9]

[10

[11

[12

(13

[14]

(15

(M*'=8r*, Ca®" and Ba”") phosphors with long-lasting phosphorescence
properties via co-precipitation method[J]. Chem Rep, 2019, 1(2):
112-117.

LIANG C J, SIAO H Y. Calcining Temperatures of
Sri_3Eu,Dy»AlLOs  (x=0—0.12) phosphors the
potassium carbonate coprecipitation method[J]. J Alloy Compd, 2016,
669: 38-45.

S, Aibam, R, S5 JLPTIE RG] A A R RO R
IR TMTTAL]. WifT 4, 2005(1): 20-24.

ZHOU Chuancang, LU Zhongyuan, DAI Yatang, et al. Rare Met (in
Chinese), 2005(1): 20-24.

RIRE, kP, IRUTER. LTI PR B R K R RO R
L FROCYERERT FU[T]. #ef SR AT RS TRE, 2008, 37(S1): 793-796.
ZHU Linyan, ZHANG Ping, XU Mingxia. Rare Metal Mat Eng (in
Chinese), 2008, 37(S1): 793-796.

WETF, ZEY, EHER, 5. R SR ER—BUR & AR Bk
PR B JOUMALIERELT]. RERR R3], 2018, 46(3): 402-412.

SHEN Hongfang, LI Qingming, WANG Yanmin, et al. J Chin Ceram
Soc, 2018, 46(3): 402-412.

WGOR, MBPER, WAL, SRS A IR R P e A
AN B OeERYS TR, 2016, 7(5): 7-12.

PAN Xianbin, DENG Gengfeng, JI Chuanhong, et al. Met Sci Eng (in
Chinese), 2016, 7(5): 7-12.

BRS, XF e, B EL R AL 2 R TUE VA ] 45 SiOy/Fes 04 H &
RETF[I). R EFE T, 2015, 22(1): 1-4.

SHAO Yi, LIU Pinghu, ZHAO Mengqi. China Ceram Indus(in
Chinese), 2015, 22(1): 1-4.

VRNGURE. 68 75 il BT U vk 11 2% 40 K el B R 5 0 4K B 1 BB T 7E[D).
bt RHITIE KA, 2020.

XU Shunxiang. Synthesis and properties of nano silicocarnotite

prepared using

powders with ultrasound-assisted precipitation method (in Chinese,
dissertation). Shanghai: Shanghai Normal University, 2020.
MAHDAVI R, ASHRAF-TALESH S S. The effect of ultrasonic
irradiation on the structure, morphology and photocatalytic
performance of ZnO nanoparticles by sol-gel method[J]. Ultrason
Sonochem, 2017, 39: 504-510.

MONETTE Z, KASAR A K, MENEZES P L. Advances in
triboluminescence and mechanoluminescence[J]. J Mater Sci: Mater El,
2019, 30(22): 19675-17690.

WEEIR, B, TR, 55 ROCHEIEUR YR RERIRINEE B (P].
CN Patent, 108398420B. 2021-01-19.

PAN Zhidong, LV Haitao, SU Hongyan, et al. An apparatus for
detecting the mechanoluminescent properties of phosphors (in Chinese).
CN Patent, 108398420B. 2021-01-19.

BV, b, KA. 5 RR A W S — i P R U ] A Al
ALOs[J]. A EERAEHHT), 2018(9): 35-39.

LI Tao, JIN Huixin, LIU Hongling. Nonferr Met (in Chinese), 2018(9):
35-39.

BRTE, BT, XM, OB UIE ] % 9 Ky-MnO, R
R THULZEZER, 2005(2): 202-206+145.

LI Dongsheng, WANG Yaoyu, LIU Ping, et al. J Inorg Chem(in

(16

[17]

[18

[19]

[20

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

Chinese), 2005(2): 202-206+145.
GO, TR R P U R 3R TR VR ] 4 SmuFe 7 B 4 T BK A (1 BT
FL[D]. YLV LPEEE T K2, 2016.

PAN Xianbin.

microwave—ultrasonic assisted co-precipitation method (in Chinese,

Preparation of Sm,Fe;; alloy precursors by
dissertation). Jiangxi: Jiangxi University of Science and Technology,
2016.

CADIS A I, MURESAN L E, PERHAITA 1, et al. Synthesis and
influence of ultrasonic treatment on luminescence of Mn incorporated
ZnS nanoparticles[J]. Opti Mater, 2017, 72: 533-539.

XSETE, W, FKAE, . ILYTRETEH % SrALOLEY, Dy R
JCPRE R AL RERAELT]. SRR T, 2009, 17(2): 50-56,68.

LIU Meiying, LONG Guangming, QI Mixiang, et al. J Salt Lake Res
(in Chinese), 2009, 17(2): 50-56,68.

SHANNON R D. Revised effective ionic radii and systematic studies
of interatomic distances in halides and chalcogenides[J]. Acta Cryst,
1976, A32: 751-767.

FNEM. BRERIR Eh K R ROCH R & i ROk e K B TR
FL[D]. LT ARILKAE, 2006.

SUN Yanbin. Studies on synthesis, luminescence properties and
applications of long persistent phosphorescent materials of strontium
aluminate (in Chinese, dissertation). Liaoning: Northeastern University,
2006.

CHANDRA B P, SONWANE V D, HALDAR B K,
Mechanoluminescence glow curves of rare-earth doped strontium
aluminate phosphors[J]. Opt Mater, 2011, 33: 444-451.

KAMIMURA S, YAMADA H, XU C N. Development of new
elasticoluminescent material SrMg,(POg4):Eu[J]. J Lumin, 2012,
132(2): 526-530.

AR, ZYRE. BT HREHSIALOLEW, Dy* KRB 115
FOGHETLI]. TEHUM R, 2015(1): 93-96.

SHEN Dongdong, JI Zhenguo. J Inorg Mater(in Chinese), 2015(1):
93-96.

SAO S K, BRAHME N, BISEN D P, et al. Mechanoluminescence,
thermoluminescence and photoluminescence studies of UV/y-irradiated
Ba,MgSi,07:Dy"" phosphors[J]. ] Lumin, 2016, 180: 306-314.

B NZLI J C G, WONG K L. Lanthanide mechanoluminescence[J]. J
Rare Earth, 2018, 36: 1-41.

CHANDRA V K, CHANDRA B P.
mechanoluminescence induced by elastic deformation of persistent
luminescent crystals[J]. J Lumin, 2012, 132: 858-869.

ZUO Y, XU X, TAO X, et al. A novel information storage and visual
expression device based on mechanoluminescence[J]. ] Mater Chem C,
2019, 7: 4020-4025

WANG X, ZHANG H, YU R, et al. Dynamic pressure mapping of
personalized handwriting by a flexible sensor matrix based on the
mechanoluminescence process[J]. Adv Mater, 2015, 27: 2324-2331.
TAZHE, B2, (TR, SrALO,:Eu,Dy R IEHK: KA A 5 HLAK
FALHFFT]. Hh EH L 241, 2008(6): 689-693.

WANG Renqing, LV Xingdong, HE Yuming. J Rare Earth (in
Chinese), 2008(6): 689—693.

et al.

Dynamics of the



