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Abstract: The poor moisture resistance of Mn** doped fluoride red fluorescent powder significantly impacts the pho-
tochromic stability of white light-emitting diodes (WLEDs). This study focuses on the reducibility of green alum solu-
tion to reduce Mn* on the surface of K,SiFg: Mn" particles, converting it to soluble low-valent Mn*. This process
achieves surface passivation and enhances the humidity resistance of the fluoride particles. After a 360-h immersion
in water, the luminescence intensity of the surface-passivated K,SiFs: Mn*" particles remained at 95% of the initial in-
tensity, whereas the untreated K,SiF: Mn** phosphors experienced a rapid decrease to only 46% of their initial val-
ue. Additionally, simply soaking the surface-hydrolyzed fluoride fluorescent powder in green alum solution fully re-
stored its original luminescence intensity. Characterization techniques such as Inductively coupled plasma-atomic
emission spectroscopy, X-ray photoelectron spectroscopy and elemental spectroscopy confirmed a significant reduc-
tion in Mn"" concentration on the surface of K,SiFg: Mn*" particles treated with green alum solution, indicating the for-
mation of an inert shell K,SiFg. This finding elucidates the reason behind the notable improvement in moisture resis-

tance of the fluoride particles. Moreover, even after aging under harsh conditions of high temperature (85 °C) and
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high humidity (85%) for 1 000 h, the surface-passivated K,SiFs: Mn** particles in the WLEDs devices still main-

tained 100% of the red luminescence intensity, which was significantly higher than that of the unpassivated fluoride

(59%) , further validating the exceptional environmental stability achieved by the green alum solution-passivated

K,SiFg: Mn* red phosphors.

Key words: Mn* doping; red phosphor; moisture resistance; green alum solution; surface passivation

17l

Mn* 45 2% 1 AL W) 21 (0 5 6 by B o i i
ek K B AR (3 am)™M R ERCER R (590% )™
K (631 nm) #54 Rec. 2020 7 #E (630 nm)™ &
WA P A, 7 T AS R R SRR A R R
LED 6 8 41 A7 2 )32 G L2 ek
SE Ry, M 5 6 4 T B B\ T A Al B Y
[MnFe]™ 7534 255 | [MnFq )™ 5 7K fift B4 €2
(SR R SR AR T, T R S R T % P B
fh 2 6 RCR A 8 K O —H (WLEDs) Y%
FaosetEY, I, A 2T Mo 8B 22 S AL 9 96K
B it 9 PR A WLEDs #5 /4 F2 e 1 2 H iR 7 i
P i) T R )

B 11 4 T 4R 55 A Min* K gt 2 4R TH AL 9
By PR B SCHE R e A R AT E 2R A
22 0 05 TR A R ) R R0 0 R R R A o
JFH 2% T A 7 1) 7 S R R S0, VB A ST 2 B
T K, TiFg: Mo 2800y B9 3R T8, B Fir & 1) 2 6 K
FEK R 2 b S A AR R B 0 R Ot e
B 5 7K R B T ) B, T ) 90 1) XL 2 5 G, e
DA Sz B K 0 1 v e i, LR B B M R I R
5 AL R AN, T A R, 7E S m AL S
AR AR ER G, T B R TR X BBk R
R TE K,GeFg: Mn" 1 5] A Si*, R H B 715 4%
B9 7 A T Ky (Gey_,Siy) Fg: Mn* [ % 14 ¢ 5
R e A BT T (AT R M LA S8 4 BHLES K 4y
TP F 1 Mn* A 4200, I HZ O 8 B
P MELLE T BT SA POk . Rk
R A 250 b 3 B AL P R T 3 T A9 Min®, 7E 3% 1 B
) — 2T Mn" (9 15 P52 2, DLBE R4 7K 43 5 X R
Mn** 1) 42 1l J2 — ol 52 T 960 Ak 42 2¢Ot B T 4
F18) TRT BT AT A ¥k o TR TR BRI IR K S AR
FEIH 1) Mn* 30 J5 AT ¥ i 19 M™% 1805 Ak 2™
F O R 2 v A TR A B, KR 168 h)
K,GeFq: Mn* [ 5% Ot 5 J& 0/ &5 0 ) 4 38 B 1Y
989%™, MR i #2 A BAfiff FH R R Ay A R A% 55 id

nu\«

J5L 0 4l Ak A BE L KsRbGeoFyy: Mn®™ 5% 5% 8 78 7K v Y
RGP RIREFF 90 K DL P, HAT, B 1 A 4l
R Z ALY, 55k 8 T ALY R, T30k
1y VA 5 0 DR 68 R e TR R T 51 Rk 4
AT ) B3 €0 A8 Ak (F] BB 2 o T AL A A6 )™ AH X
M5, TCHLIE J550) T Ak 5 8 HIL A J5 5] 1k Ab
Ji JIT Sk 1 ]

LB (FeSO4+ TH,0) 5 1 il , HooK ¥ Wi B A ik
R R R o AR A TAE A, FRAT 8 o S L TR
(GV)XF K,SiFq: Mn* % 't by #4172 18 i £k b 7,
) HbAE SR AR ) 5 ' A e TR HE T 2 Min* i B K
SeIE . A R EL S 19 KoSiFe: Mn* 245
53 B R A B P R . FEKIR 360 h L 9t
3 1) 2K ' 5 AT DR A 0 46 98 1Y 95% 0 R R R
AW 92 5 By 245 (1) WLEDSs %5 14 75 25 15 5 18 26 45
T TAE 1000 h 5, HAOGGIE 4+ T 100% (1 &
SEom B R SRR E M

2 % I

2.1 H&HE

43 9 % B 9 Bode BEPY AT U VE B A
'K MnFg (KMF) Fl K,SiFg: Mn* (KSFM) ¢ S

KSFM [ 1 4l k- B it 2. 0 g R TR A
FEMET 10 mL KB FAK P S . &4 mL
LW, M 0.5 g KSFM %€ 5685 , B+ =2 I 30
min J& , 850 WCHE R R UVE | 45 2% 18 B0 1k 1 LAk
Y1 (A 40 KSFM-GV ) .

KSR AR 0.3 g ALY oLk, A 4
mlL £ B K, KEA R E G, 5358088, L
Py Uk =3k, 70 C T

PR B Y3ALO,: Ce (YAG, YAGO4) B
WA £k FLEA S B (8820A/B) LA 1:3. 6:
7.6 BT IR A A IR BT 450 nm 356 A
3% % WLEDs.
2.2 HERRIE

{i F Bruker D8 ADVANCE X 5 £& ¥y A& 47 5



55 2 4 B R, S M52 ALY AL 6 KOG T 1 3R AR R 68 ROt TR A R 301

AL CXRD) 43 A1 B df 19 & A L 25 5] Sigma 300 43 A7
FESIE B, Escalab Xi+ X 4748 56 B 7 fE % (XPS)
FAEFE SR AET RS BB E S8 IR+
&G (ICP-AES) Ml Mn JT R ¥R .
F-4500 %¢ )6 43 96 % B T F D03 B & 19 3 % R 5
S35, FLS1000 il 32 £ - 250 28 Fl 5 08 M 4%, 5
UV-2600i i W WO 3% . ) F HYK-TH-80 16 i
9 12X 50 46 X B i 2R AT 2 A6 S 5, HAAS-1200 0
T SO F P BE

3 ZR53a

3.1 #EEER

2% 3k S WPV TR R A B OAS [ I ED B A5 KS-
FM % 6 #3 9 XRD B35 40 151 1 (a) B 7R, AT 559 06 447
55 37, 75 #H K,SiFe 19 45 #E & B PDF#00-007-0217 T
Jie, TC 44 AH , 2 B SR ALV VR 1 Ak B 25 AR 3% LAk
YA . BT AR R G G R A DR 55
(& ST, #7834 ) , NI 1) 14 47 P& rp ] 0 2% %)
DG I A 0 B A s 7 B [ A AT 2 i AR R . 48
ICP-AES il & , < 4b B (1) KSFM A 5 ot Mn* 4 iy

(a)

KSFM
I . I
KSFM-GV-0.5 h
z
g
B
Z KSFM-GV-4 h
o
=

PDF #00-007-0217

I.i A K] PR B I I

10 20 30 40 50 60

(b)

20 pm 1 (J()_p_m

(c)

20 pm

BT (a) SRRV WAL 3O (W) B 18] 09 S fk 4 22 S R 1) XRD
it ; KSFM(b) I KSFM-GV (¢) URLIY SEM ]

Fig.1 (a)XRD patterns of fluoride phosphors treated by GV
solution for various time. SEM images of KSFM (b)
and KSFM-GV (c¢) particles
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Fig.2 Emission spectra of K,SiF¢: Mn*-GV phosphors treat-
ed by GV solution for different time. The inset shows
the curve of relative luminescence intensity as a func-

tion of treatment time
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intensity(d) as a function of temperature
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