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i 1t A5 [ SCHER AT SrMgSi,O 7 F& 1 Eut il
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Table 1.  Natural factor level coding table

Zx) 2 (Eu*h) /% (Dy**) /%
sz(r) 5 10
Zy;+ A4(1) 4.341 8.682
Z,(0) 2.75 5.5
Zo;— Aj(-1) 1.159 2.318
le(*r) 0.5 1
Aj = (Zoj— Zyy) /27 1.591 3.182
_ _ ) = (24~ = (2~
5= (4= %)/ A 2.75)/1.591 5.5)/3.182

2 Ul A A BT LRy 5 AT ]
Table 2. Quadratic general rotation combination

design experimental scheme and afterglow time.

Number z @ o 3z 52 22 Afterglow

time/s
1 1 1 1 1 1 1 132
2 1 1 -1 -1 1 1 80
3 1 -1 1 -1 1 1 212
4 1 -1 -1 1 1 1 184
5 1 r 0 0 r 0 116
6 1 -r 0 0 7 0 290
7 1 0 r 0 0 r 172
8 1 0 - 0 0 7 138
9 1 0 0 0 0 0 141
10 1 0 0 0 0 0 104
11 1 0 0 0 0 0 102
12 1 0 0 0 0 0 101
13 1 0 0 0 0 0 105

3 #R53

3.1 TRiEBARFEAESIZITE M RIERE
o

Kl 18 SryMgSipOr 1R & 19 Eu?tFl Dy*+7E 4%
iF UV365 nm LAMEE AL 5 min J5 A7 2 1)
W, W LAE BT RS AE 50 s Y2 B o
U, b 6 SRR SR 3 SR S A U MG [ i
T, 0 49 R il ot 2 e IR 5 B S 0 1 10% A
AR MERT TR 2 25 8 51
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Fig. 1. Afterglow attenuation curve of Eu?*/Dy3*.

3.2 RiBREEASIIEITEES T

FRAE L Gl e 41 A3 SE G 45
KA, T RAE S [ 9K R R gifid st [145 204 A
Fsf ] 4 0 R Rl 5

Yy = 110.6 — 53.75452; + 16.009525 + 62122
— 39.5824x% + 15.5824x3. (1)

N PRGBS AT TR B0 R A 56— o0 — Wk B Ty
FRAAS R B W E DL Sy AR R, nT LIS 3
VO

SI—I |
F= ML 18,07 > Foou(5,7) = 7.46,  (2)
Sr1/fr1
5 Sulfiy _ 1720.6019/3
YT S fe T 1165.2/4
=1.9689 < Fy.05(3,4) = 2.05. (3)

FRE R TR B0 45 515 F3% 3. M (3) =T
VI B R AN AU, R 109 5 5 S i ol
FHAF, AT LA 35 HO6 R S B8 A8 50 M B () a4 7 T
. e (2) FTLAAS 207 B 2 /KR 0.01,
TR (195 R ) A5 BE AR A 99%. A ] 111 U4 &
By TR VIR T oo A RESS, HAb —ou—
RN )7 AR A4 TS SR AN [ R B 1) k.

PRI it 223 ) A SO MRS ] Eu?+ Al Dy 4
iy vae )/ q G112 g = DDV o)

Y; = 110.6 — 53.75452; + 16.00952
— 39.5824x,% 4 15.582425°. (4)

F B SR PR 2R i s 8] i — o0 R el H
A N FE SEBRAS [ ) — o0 R ImE 5 R, AT LIS
G RRMERT ] Eu>HA1 Dy 1 5 FE

Y1 = — 6.0951 + 0.48175z2; + 34.01322,
—15.6373212 4+ 1.53902,>. (5)

®3 BEMEEEI

Table 3.  Significant test analysis.

Afterglow time/s

TEE ¢ gt BEMKEFa BEHKE o
T 14.490 0.001 ook
7 5.193 0.01 ok
2 1.546 0.2 *
Ty 0.703 0.6 Insignificant
22 6.116 0.01 ook
z,? 2.408 0.2 *
Fr 18.07 0.001 ok

ot B E K (o < 0.01); *BEKFE(a < 0.1);
LK (a0 < 0.25).

2, kAR R T ke gy R
Y, e KA R A MR R] B X5 7 A RE S Eu2t il Dy3+
e 15543 2 0.500326 mol%, 1.000652 mol%. 1145
RBP4 RET 1] 321.28 s. TR A TZEAAIR) (052
B 55 T & AR AR U BERE O, Rl 32 5000 =
TV BE PR, SEBRH 4 AL & Eu?H Rl Dy* 5
Zreife i SRy B 4393102 0.5 mol%, 1.0 mol%.

3.3 BRSBTS

Kl 2 R Sr,MgSiy07:0.5 mol%Eu®t/1.0 mol%
Dy 04 P2 v Ar e £ 88 R A SroMgSi, 07 1)
JCPDS#75-1736 %) XRD &%, WM& Al LI H
il 5 1) SR PO A il AT SRP A B S5 A v BN R R A
oA — 3%, HIJCHAh A H B, X it BHAR S
F LRSS AR, Wi Eut Al Dy3 g ILB
FH SroMgSin O H ) St e 758 B AR AL, H.
FES AL B 22U B A X Sr,MeSi,O 1Y AL
A3 S b 2 P S

SroMgSis07:0.5 mol% Eu?+t, 1.0 mol% Dy3+

A Mt ML Macsr S A e n M

Intensity/arb. units
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Fig. 2. XRD pattern of Sr,MgSi,0-:0.5 mol% Eu**, 1.0 mol%
Dy?*t and standard data card card JCPDS#75-1736.
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3.4 ERMHERBRKEHME LT

Kl 3 i A& StoMgSis04:0.5 mol%Eu?t,
1.0 mol% Dy 5 i & A& SHGTE B dh 0%
KR K SEGTE o e R, SO T 250—
450 nm, HIE(EN BN T 370 nm, F£ 54 FE 370 nm
Wk T HARZI LS, RSO AT 465 nm,
XIFHEF But i 455d!—4f7 B0,

SroMgSisO7:0.5 mol% Eu?t, 1.0 mol% Dy3+t

Aem = 465 nm Aex = 370 nm

Intensity /arb. units

¢ — :
200 250 300 350 400 450 500 550 600
Wavelength /nm

3 SryMgSi,07:0.5 mol% Eu?t, 1.0 mol% Dy3*HY 5¢ i
KR

Fig. 3. Fluorescence excitation and emission spectroscopy of
SryMgSi;07:0.5 mol% Eu?t, 1.0 mol% Dy**.

3.5 HRMEHEMBRETE ML

P 4 Ay S A i PR A s Ul i £ A B FH 4
M ARHLAE IR OE EE 1903200, BEYGHE] 1/20 s F 4]
PR FE L AR L AMT R BT 5 min A 1E B 1,
3 M1 6 min (IR . AT DI H A S i s
[E] >k 333 s, 50 FH vl e 4 A 3 s
FI RIS 321 s B2, SXWUERH 1 SCs kit

1.0

wn
=
:' 0.8- U . . .
<
= UV365 1 min 3 min 6 min
>
£ 0.6
w
g
g
£ o4
S SroMgSis07:0.5 mol% Eu2?t,1.0 mol% Dy3+
N
=
g 0.2
—
o
Z.

O T T

0 200 400 600

Time/s

Bl 4 Sr,MgSi,07:0.5 mol%Eu?*, 1.0 mol% Dy 4 ¥ &
it 2

Fig. 4. Afterglow decay curve of SryMgSis07:0.5 mol% Eu?,
1.0 mol% Dy?*.

FEAR TAEHR IR G, it — A5 B A
i AEPERES L, ATV HERAE BT R T = At~
Horp TCRBMERI IR RO, A FRRFEL t/0R
BflE], o3 Jd %, X ih kst ilG, S5 20%
A =178, FIHHEF o = 0.52.

3.6 =MEMBMEFELIENIE

MR SCHik [27, 28] HEST ARERL ) SRR A B PR
BTG THEAS RIRE S A BHR EE N

E=C, (kf‘%) ~ Ba(2KTh), (6)

HrpaftFs, 7 fw; kEFRBUIRZESHE8.617 x
10° eV-K™!; § = Ty — T, AREHBOGIE FREUT
HWETE T = T Ty ACEIBOGIE TR 0g 5
w = Ty — Ty IREHMBOEIE G LT, SeikfH 1

s § Top—Tn
ugﬂU\%%mjﬂug o T22 -1

HRFE SRk [27, 28] # 7 By, AT AR 3
B, B (5) AT LIRS 2R 4 K.

4 3CHR [27, 28] BIRETIRE B S5
Table 4.  Model trap depth parameter in Refs. [27, 28].

T 6 w
Ca 1.81 1.71 3.54
b 2 0 1

AR, 2 ORI 3 0 1 e (o oL
T 350 K 247 B, ZE= R T & TRIUBE R K
RMEILG. S TR B L RAIRET, [ i+ 2
R, P AN By 7 A 0 75 1A A M 3 4 12029
HA R SroMgSis04:0.5 mol% Eu?t, 1.0 mol%
Dy ) #RE 6 W (B R 365 K, 15515 i i
BIETR R 0.688 eV (ULIE 5 Fi14& 5). iX 5 SCHk
B R K ARG — B, L FE - iiE B
FH Z W e 5% 2H & E 50T A5 15 30 19 e
i St,MgSiy07:0.5 mol%Eu?t, 1.0 mol%Dy? & i
fH5m.

3.7 RR\EALZNITRE

ARG LA LS5 A AT DL R RCR, AR RE
AR, $EH T ButEy SroMgSi,0; AL
ORI LOCE R, Wk 6 fos, WL T8
eI T Ay RGO LA R R B KA I IR G 1Y
B Rk R =%
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#5  SryMgSis07:0.5 mol% Eu2t, 1.0 mol% Dy>+ [ HHAE Sk

Table 5. Trap depth parameter of SryMgSi,07:0.5 mol% Eu*, 1.0 mol% Dy3+.
T,/K T,/K Ty/K T /K §/K w /K e /K E, [eV EjJeV E. [eV E/eV
339* 365 393 26 28 54 0.528 0.673 0.701 0.690 0.688
SroMgSis07:0.5 mol% Eu2+, 1.0 mol% Dy3+ B 458 0.5 mol% il 1.0 mol%. fx KA R
P MERTIE]A 321 s. 2R R AR A ik il 28 T
E BB e Sr,MeSi,04:0.5 mol% Eu2t, 1.0 mol%
K ) Dy, MR AKE R FRHE] AT 333 s,
: B SIS TR 321 s AHAF. R SCHR [27, 29] BAR
E RITHT BRI B BFRE R 0.688 eV. 454k
a KETE T EuER SryMgSi,O; 3 & St
T T AN &G .
300' I '340' I '3I80' I '4I20' I '4(150' I '5(I)0' I '5;10
Temperature/K

B 5  Sr,MgSi,07:0.5 mol%Eu?*, 1.0 mol% Dy*+fy #4 B &
SRk

Fig. 5. Thermoluminescence spectroscopy of Sr,MgSi,Os:
0.5 mol% Eu?*, 1.0 mol% Dy3*.
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Fig. 6. Simple model of long afterglow luminescence process.
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Synthesis and long afterglow characteristics of
Sr,MgSi,0,:Eu?t, Dy*+ by experimental optimization design”
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(College of Science, Dalian Maritime University, Dalian 116026, China)
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Abstract

An optimization method is used to obtain the longest effective afterglow time in the rare earth ions doped
long lasting phosphors. The effective afterglow time is defined as the time for the intensity to decays to 10% of
the initial intensity. In this paper, we choose the Eu*" and Dy3* coped Sr,MgSi;O; as the experimental objects.
In order to obtain the longest effective afterglow time of SryMgSi,O7:Eu?t, Dy®** phosphor, the experiment is
optimized by quadratic general rotation combination design. The SryMgSi,O7:Eu?t, Dy*t phosphor are
synthesized via a solid-state reaction. The effective afterglow time is obtained by the afterglow decay curve. A
binary quadratic regression equation model relating the rare earth ions Eu?"/Dy3" doping concentrations to the
effective afterglow time is established. The genetic algorithm is used to solve the equation. The optimal doping
concentration of Eu?* and Dy?** are 0.5 mol% and 1.0 mol%, respectively. The theoretical maximum value of
effective afterglow time is calculated to be 321 s. The phosphor with the optimal doping concentration
SroMgSi07:0.5 mol% Eu?*, 1.0 mol% Dy?* are synthesized by the same method as that of synthesizing the
frontal samples. The X-ray diffraction shows that the optimal sample prepared is of pure phase, and the doping
ions have no effect on the lattice structure of the matrix. A characteristic emission at 465 nm due to the
4155d'—41" transition of Eu?*is observed under the 370 nm excitation. The afterglow curve of the optimal sample
is measured and the effective afterglow time is 333 s which has a good match with the theoretically calculated
value of 321 s. The thermoluminescence spectrum of the optimal phosphor is measured, and the trap depth is
calculated to be 0.688 eV according to the Chen’s model. Moreover, the long-lasting luminescence process of

Eu?* as the luminescence center of SryMgSi,O; matrix is discussed in the energy level diagram.

Keywords: experimental optimization design, long afterglow, SryMgSi,O, Eu?t/Dy3*

PACS: 33.50.Dq, 02.10.Yn, 02.90.4+p, 33.20.Kf DOI: 10.7498/aps.68.20182015

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61604029, 11774042), the Natural
Science Foundation of Liaoning Province, China (Grant Nos. 2014025010, 20180510051), the Fundamental Research Funds
for the Central Universities, China (Grant Nos. DUT18LK48, 3132018239), the High-level Personnel in Dalian Innovation
Support Program, China (Grant No. 2017TRQ070), and the Dalian Maritime University Teacher Development Topic, China
(Grant No. 2017JFZ04).

1 Corresponding author. E-mail: melodyzjs@dlmu.edu.cn

1 Corresponding author. E-mail: sunjs@dlmu.edu.cn

053301-7


http://dx.doi.org/10.7498/aps.68.20182015
mailto:melodyzjs@dlmu.edu.cn
mailto:sunjs@dlmu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

