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Preparation of SrAl,O,@Si0O, Core@shell Structure Composites and
Their Luminescence and Anti-hydrolysis Property
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Abstract Hydrolysis in alkaline condition and inferior temperature resistance property were two disadvantages of
SrAlLO,: Eu®,Dy** (SrALO,) long persistence phosphors. To address these two issues, this study employed ethylene
glycol as a non-aqueous reaction medium to cover a SiO, layer on the SrAl,0, surface. This strategy effectively
isolated the SrAl,0, matrix from water molecules, hence avoiding the side hydrolysis reactions during the coating
process. After careful study, the optimized coating process was determined as follows: solution pH value was 11.0,
reaction temperature was 80.0 “C, reaction time was 2.0 h, Na,SiO, dosage (mass) was 6.0% of SrAL,O, powders.
Under the optimized condition, a dense SiO, layer with the thickness of 60 nm was seamlessly coated on SrAl,O,

surface, leading to a SrAl,0,@Si0, core@shell composite. According to X-ray diffraction pattern, the crystal phase of
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the SrAL,O, was not changed during the coating process. Compared to the pristine SrAl,O,, the luminescence intensity

of composites was only reduced 11.2%, while the anti-hydrolysis property was largely improved. In practical
application, the bright green color could be easily observed by naked eyes after the composite was washed for 6 h in
the presence of detergent. The thermogravimetric analysis indicated the remained weight of SrAl,0,@Si0O, composites
was 93.7% (mass fraction) after calcinated at 800 °C. This study provided a novel way to improve the anti-hydrolysis
property and high-temperature resistance property of SrAl,O, without remarkably sacrificing their luminescence
property , and this is beneficial for their real application in fire protection.

Keywords Surface coating; Luminescent material; Core@shell structure; Anti-hydrolysis property; Thermal

stability
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B SRR AR ER AR R A BHE T RS IR EL , 1K 5 RN AE KRR TN H E R RET B A A
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ik S AT P AR - SRRRER R IEIAN SI0.)2 , Ay fe=an T

Na,Si0, + 2HOCH,CH,0H==(0HCH,CH,0) Si(OH), + 2NaOH (1)
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1 SEIGERS

1.1 iKF 58

PLO-7C U - SR K 405 &6k (SrALO, : Eu®, Dy*, fiFk SrALO,) , “F-HIRAR 10 pm, & IG5EHE
1.4 cdim?®, KBS Al 5 WRARIR (467 98. 0%) . £ 2 (4l 98% ) Fll Na,SiO, 7K ¥ i (44 35. 0% ) ,
EBTRL T AR B A PR A s KB T K (R BE 2 18,25 MQ cem) , H 3K 58 % HLH Milli-Q
Advantage A10 TR 4E7K R G075 .

SUPRA 55 37 & 44 Ha - S 345 (SEM) , A8 R /R 25 Rl A7 /A w1 5 JEM-2100 B 55 43 B3 5 H
TR (TEM), HAJEOLZYH]; Rigaku Ultima IV 8 X SFFERTEHL(XRD) , FHTE R0 10°~807, F4
BN 8. 0°/min, HABEZE/CF]; Esca Xit B X SO FBEIE N (XPS) , £ ETEER CH/RBHE AR A
] ; PerkinElmer-LS55 B% G 1E 40 HTAN (PL) , 58 EIA4 R IR BRIK A3 BR A F] 5 STA449F5 BT [F] A5
POIHTAL(TCA ), 78 [ i Gtb LA A B ]

1.2 SrALO,@SiO,#ZF=LEHME SWHIH &

547 18. 0 mL & ZFE ) = FU AN 2. 0 g St ALO KA, #EFEIS AR, ¥ = FE5#3) 80. 0 °C
U FEREIPEFES 202 I s B R Vs T (T 1 494K 10%) P15 AR 2R pH=11. 05 SR )5 [n) e rp
T4 86 L Na,SiO /K, FFHE2. 0 hy SOWEE A, iy, F 258 F ok M O REsc el 3 Ik A
F 60 °C T 12 h, 153 SrALO,@Si0,-6. 0% 1% 7t 45 ¥ & &) (2 & ¥ v Na,Si0, 1Y Jii it A SrALO, i
6.0%). PUE Na,SiO, KBTI AR, 24 i FH Na,SiO, 19 5 B 43 31 4 SrALO, (2. 0%, 4. 0%, 8. 0% Fil
30. 0% I}, TS 551 5 A Wi 44 4 SrALO,@Si0,-2. 0%, SrAL0,@Si0,-4. 0%, SrAlL0,@Si0,-8. 0% F
SrAL0,@Si0,-30%.

2 #HRE5ITE

2.1 SrALO,@Si0,-6.0% %= EME SN IR S LMD

AT R Si0, 50 )2 AL N 0, R B ST T A RIS SrALO, Fl SrAlL0,@SiO,-
6. 0% MRTEIEA L 1(A)~(D) ]. Ik St ALOMHMATE S IEASKLI , Fi0kr RT3 A 85, MR BE AT
DIFEH, Hm 200k . 5 SrALO, A, SrAlL0,@Si0,-6. 0% B R ICH B 28 4k, 1B Si0, 178 2 Y
JERER . HE 1(C)F(D) AT F ), SrALO,@Si0,-6. 0% Fk: %6 B o fin B ¥y, R~F7Ede ik . 78
SrAl,0,@Si0,-6. 0% ) TEM B [ & 1(E) [, 3@k def B b AT DATE A #b7E B) A0 B TE SrALO, K2R THI Y
Si0,)2, HIEEZH 60 nm. A T —AEH Si0, 407 , 181 Elemental mapping X145 &4 Si il Al
R S RIS, mIE 1P (G TE W, SiotEAUEAE ALCE RN, BRE&T)2, Ui

LN

Fig.1 SEM(A—D), TEM(E, F) and elemental mapping(G) images of SrAl,O, and SrAlL,0,@Si0,-6. 0%
(A, B) SrALO,; (C—G) SrAl,0,@Si0,-6. 0%; (F) high-angle annular dark-field scanning TEM image; (G) green

color and purple color respectively represent element Al and element Si.
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SrALO,@Si0,-6. 0% #Z5e A5 W1 il 4% .

Xt AL AR 19 SrALO, F1 SrALO,@Si0,-6. 0% #£47 T XRD 2041 . i 2 A AL, SrALO, 7 26=28. 4°,
29. 9°F135. 1° 4 hb I BB S, S hRUE R A JCPDS No.34-0379 5242 W)4 . 1E SrAl0,@Si0,-6. 0% [
XRD #§H7, SrALO, BN B A L , i 7 )2 B i PRI R I s 4548 . i TA% e i v
SrALO, ¥ it TR, AT 5 04 1 oo B AT AR . (BT A2, 76 26=28. 5° 1 33. 2° Ab oK J& L SrALO, H
VLK i 54 A1COH) , FYAFEIS , TEB] DL & Z B R Rl #EA T Si0,5C IR BN 23R SrALO, A5 , A AL
DR T H ARSI I SE A

SrAL0y@Si0:-30.0%

| m ‘ SrALO:@S102-6% SrALO.@Si02-6.0%
SrALO;

SrALO;
| STALOK(UCPDF No.34-0379) Si0—S; \)\J

ol 0o bly bony v bl )

Loy illh le ! | L L 1 1
10 20 30 40 50 60 70 80 4000 3500 3000 2500 2000 1500 1000 500

20/(°) Pem™!
Fig.2 XRD patterns of SrAlO, Fig.3 FTIR spectra of initial SrAl,O,, SrAL,O,@
and SrAl,0,@Si0,-6. 0% Si0,-6. 0% and SrAl,0,@Si0,-30. 0%

FTIR Y it (1 3) 78 1080 em™ &b H PR i W5 i s X6 137 F Si0, 58 J2 Fh Si—O—Si 4 (19 52 X ) 4 46 i
8. 4 NaSiO, i F 54 SrALO, T 1 6. 0% ), TE LAY Si0, 58 )= IE & #, IRt Si—O—Si S AR IEAS
B . 29 Na,SiO, [ 3 I 22 SrALO, 1 30. 0% I, 1080 em™ &b Ay Wiz i g 55 J3 Y St 4 o

K XPS XHRE i i 2R 1 e R 4 EAT 400 . #E SrALO, Al SrALL0,@Si0,-6. 0% [ XPS 4zt rf, ¥
BT Sy, AL, RO M55 . T Eu il Dy 9 & i, AR S 40508 . 5 SrALO A I,
SrALO,@Si0,-6. 0% ) XPS 1% K1 7E 102. 7 eV AL BL T Siy, {55 1 [ 4 (A) 1. 1 Sty ith g, £ F

(A) Qs (B) ©
1 1328V
, \ (Site 1), Srye 73.6 6V
Dy Eusq Stag Stiay 1345 eV e (Azi%ilsl) (Sr—Al)
SrALO.@SiO4 L, Site2) 13356V
(Site 2)
1352eV \
\J\__,."\\/.N\ (Site 1), / \
SrALLO. il e [ e ee— .»"‘V\,'J\-’\,
1400 1200 1000 800 600 400 200 0 140 138 136 134 132 130 128 78 76 74 72 70
Ev/eV FEv/eV FEv/eV
D) (E)
102.3 eV 531.7eV
(8i—0—Si) (O in Si0;)
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/ \
» ‘« /
o TANTIM - e —
1 1 1 1 1 1 1 1 1 1 1
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Fig. 4 Full XPS spectra of SrAl,O, and SrAl,0,@Si0,-6. 0%(A) and core-level XPS spectra of Sr,,(B),
AL,(O), Si,, (D) and O,,(E) in SrALO,@Si0,-6. 0%
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132. 8 /1133. 5 eV 5 134. 5 H1135. 2 eV AL P 5 085353 X BT Sy, M1 Sy, [ET4(B) . 7E AL, BOLES
G E4(C) I, &34, T 73. 6 eV ARG SIS R F SrALO, 1 Sr—Al, i F 74.5 eV A IIE S
XTI T Al—0—Si. 7E Si, MK [ E 4(D) 191, 101. 6 eV AR {FE S0 T Si—OH, 102. 3 eV 4b )
B WX N T Si0, 1 Si—0—Si, 103. 1 eV &b AY{F 5 0EXT N T Si—O0—AL Si—O0—Al# i H 3Lk B
SiOfii ] F 5 SrALO, R (1) Al—OH S W A, A7 B FRysmZ e a5t e k. Si—OH iy R
B R R AR 4G S RN AN TR, FECRTE R RN R IR . O, IS [ & 4(E) 1aT IS A
fat% 0(530.7 eV, 3£ [ SrALO,) Fl Si—O §#(531. 7 eV, 3K [ Si0, ZHI{E S0 ) . ARFTEH, XPS it 2
AEAS I 2R 56 L 10 AR 10 nm AO(5 5, DRt o 3180 AR 40 1 AR AT 260 Si—O S BT A 28 1 A0 o HE i 0k
65. 6%. 454 SEMFRF . TEM BE F . XRD %Kl . FTIR JGEFI XPS i EIE M, Na,SiO, B )y 0 4 i3
SEIL T Si0,58 /2 7E StALO, FE M (1 Se A0 7 .
22 SiO,ZEBEFEX RN

WHHERE SRR R BHR FEZE A HERE . A ST ST AR & I K 365 nm . &S5
575l 400~700 nm . F 4 3 BE 800 nm/min ) 5548 N HEAT, WK B AR R AE = 0 (25 °C). dE A AR
Na,SiO, . [ pH . S 7 Bt 18] RS2 0y B 45 Si0, 5¢ J2 40 8 £5 KA1 4k SrALL0,@Si0, i 2 St
. SrALO, Y& PTG BTk 35 R FR i . — H RO Eu PR AR AR, R S0 A7
B RAFED . BIE S AT, SrALO, B & SHIE GG 24 IRAE 515 nm Ab , XPR R (581, W Si0, 7224
T AL 7R SrALO, G (3, .

A S(A) AT I, Bf#E Na,SiO, A8 5B 43 B0 (AT SrALO, B9 i) O£ 8. 0%, 515 nm AL %
SPPUGE SR FEE SR A, XA SrALO, TEAZ 7S B 5 W vh B Bt i 4 BB AR B 2l . (BB Na,Sio, Y
AR BIEINE] 6. 0% , A 1Y Si0,7¢ 2 1A 60 nm [, 5144 SrALO M E, &AW K SHgsR E
{UFFE9. 0%. 4 Na,SiO, i 21 i1 2 SrALO, B 30% I, /1T Si0,5% )2 11 JEd SrALO, & 2 3] ik /b,
IER e i B 2R B 2= 4R SrALO, Y 71.3%. 5 [ EIHE R RE 20 AR M +h i 2 i PERE, AT ifk
Na,Si0, i Bt 4 SrALO, 1 6.0% , LA Si0, £ )2 BEBEA S -9 & e bty RS I8 B R D Eam i

— i H — DI 1Y A

—20% | _pH=70 N\ T /\
—ift s i al/A
s /N pH=13.0 e

/ s L 500 510 520 530
500 510 520 3530

0,
30.0% i A/nm
N\ o
1 1 1 1 1 1 1 1 1 1
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Fig. S PL spectra of SrAl,0,@SiO, prepared under different experimental conditions
(A) Different mass ratios of Na,Si0, to SrAL,O,; (B) different reaction pH values; (C) different reaction time; (D) different

reaction temperatures.

Chem. J. Chinese Universities, 2025, 46(10), 20250214 20250214(5/9)



Jd EF 2K g %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

5 (B) AT UL, SrALO,@Si0,-6. 0% & 41 1) & S 0o i Bl 47 <, A 22 pH (B A sy 1 T e
Na,Si0, 7E 2 T Fp Wi A i RERR , Bl S 4 BRI i S10, 580, Rk Si0, B MK I 18] 1) K J8 52 pH B #5201 .
4 pHAEEARET , Na,SiO, iSRG H BRI, DURAE A OLR R 1) Sio B2 IR K, F30Si0, )2 Rkt )&,
JEHURE N, SrALO,@Si0,-6. 0% AYZE R BE R I EE AT R % . 4 pHAEE K% 11. 0B, Na,SiO A= sUAERR
A 33 RN RE R 40 R () i RIS P, B % HL 5010 Si0, )2, 50046 SrALO, A H, & 6o BE AU T [
9.0%. Y pHEHE— 3G REN13. 0B, AL BRI IER , 17 5 Fad it OH-F0 il kR4 5% , A e i
ARFEFRER 20 W B AP Bl S, AR ALCOH )58 24 51 . Tk, ASCESE pH=11. O/E il st 7 2
B e LSO W pH AL

FEIS(C) T IL, Bl P i Bl A AE G | Si0, )28 T o048 HR BB EE N . e, SrALO, /it i 43
BB N, HAT/ 2R ELR BV A i aE , # SrAL0,@Si0,-6. 0% & i i i 25 B fife i 1a] 284 1M
5. 7E2. 0 hitf, 5904 SrALO, M, SrALO,@Si0,-6. 0% Y & YR BE AR T 9. 0%. ALk 2. 0 h Kyl
B Z AR AL N ]

H & 5 (D) RS UL, Bl SO iR B THES , SrALO,@Si0,-6. 0% (1) & Wi B8 i . MR it 55 451
JECBR, T R R N Na,SiO, B, A58 TR T R[], (T A Sio, )2 R R . Rk, B
A ROV TS, SRR BT R HAn SR SN R AR, Na,SiO, B 2 18, Sio ¥ Joik e
SrALO, R SEHAH , X2 sZma B M AE A AR . R 2I52 2 E R 88 PE , A SCEHEE 80 “C Al
LA A P B DL SN T B

R FIR R AR LS, 133 Si0 BRI AR Ay SO I pH B 11, 0, S i
80 °C. RAZEF[E] 2. 0 h, Na,SiO; 9 FH 2k SrALO, BT [ 6. 0%.  EET Si0, )2 BJEEE A 60 nm, 250
NI SrALO, D EIRE Y 91. 0%.

23 SiO, % EBEKEXmKFRIERNZm

Zy K SR AR RR R FEBEE A, SrALO, &G R 5K i 5 2218 B OH, {3 pH BT =5
[ A 5 ALCOH) , TTTE , S8R rERE TRk X (3) .

SrALLO, + 4H,0 Sr’* + 20H + 2A1(OH), | (3)

ASCE A Si0,50) 25 T SrALO, BT /K A#PERE, J-5 58 T B A xR K i bERE R 52 m .
FERIL, WA SrALO K ARFREE M INTR , BRI pHAE TR, PRI AT LA 3 0 pH Bk FI BT SrALO,@Si0,
FIZK AL, DETTPEAL € Si0, 78 2 X it /K ik BE Ak Ve .

Kl 6(A) 7R T AR Na,SiO, &5 SrALO,@SiO, i K fEEREINSC R . AT LIEH, REER, SrALO,
T K f#, /5.0 hJE, W pHE L E THE 2 11,64, BEE Na,Sio, & 1988 fn, Sio, 7 2 &,
SrAL,0,@SiO, i 7K fifPE REASF B M3E . 24 Na,SiO, [ &~ SrALO, BT & 11 6. 0% I, 5.0 h J5 ¥ pH {E R
10. 97. Ui 588 1 Si0, 2 REA AABHIR/K 4311815 , StALO, RI/K i3z 2 A, % 7e a5 e G
B L& B B TR K P RE . 24 NaoSio, i F 3 o SrALO, Ji 5 19 30. 0% B, 5.0 h J5 ¥ pH {E N
10. 85, 5 HE Na,SiO, Fi & AYA% 5E 24540 52 5 W0 AH HU T K fe ik BESRc FE , (ELIMLIRT 2 S 3 B AV R 2 SrA L O,
128, 7% , AFITSEBRIH .

& 6(B) /5 HASTR] S0 pH 1B T il £ #4 SrALO,@Si0,-6. 0% FI TR K fitPERE . il 6(B) AT LLE Y, 78
pH=8. 0 B} fIT il £ A A s 25 A0 S S I AE /K AR BRI, 5. 0 h RV TR pHAE L T 2 11. 49, BlE N
W pH (BRI 3G AN, SrALO,@Si0,-6. 0% [T 7K fiff M 8 T 48 5, 76 S W i W pH=11. O B} e 4. BLET,
SrALO,@Si0,-6. 0% JAEKH1 5. 0 h i, TR pHAEAL T 51 10. 97.

Kl 6(C) 7 H A [ 52 1 B ) B 43 SrALO,@Si0,-6. 0% 149 it 7K it B8 . 24 52 0 B 3] 54 0. 5 h B+,
SrALO,@Si0,-6. 0% [Tt K i 4 2%, 5.0 h JE %8 pH AR & /& 28 11, 53, Bl B iy B[] A A 4K
SrA1,0,@Si0,-6. 0% HI T K i BE Iz e = . Y NI E]EE 2] 2. 0 h B, SrALO,@Si0,-6. 0% FA T 7K P4
BEAHT . Y RN ISRl — P FE K % 3. 0 h, SrALO,@Si0,-6. 0% T /K ffE M RUR A 2, Hds et
SERJET FRAC I, DRI dpe s g s ] Bz 4 1 7E 2. 0 .
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Fig. 6 Relationship between solution pH values and time of SrAl,0,@SiO, dispersed in the deionized water
(A) SrAL0,@Si0, prepared under different mass ratios of Na,SiO, to SrALO,; (B) SrAl,0,@Si0,-6. 0% prepared under
different solution pH values; (C) SrAl,0,@Si0,-6. 0% prepared after different reaction times; (D) SrAl,0,@Si0,-6. 0%

prepared under different reaction temperatures.
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Fig. 8 XRD patterns of SrAl,0,@SiO,-6. 0% Fig. 9 TEM images of SrAl,0,@SiO,-6. 0%
before and after calcined at 800 °C after calcined at 800 °C

Inset: magnification of the circled part.
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