W52 1
2023 4 1A

mHEERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

\Vol.52, No.1
January 2023

& T La, EuBs 249K 5 B9 & & &

HFEREMR

AL 2, EHER L )

12 mEHEL, FRHYNE, AR, A

éfi 1,2

(1. R &R AR B PR BT A E, IR K7D 410126)
(2. #iLThaet ki 4 E AL =, W K¥> 410126)
(3. HFI K%, Wik KV 410083)

B E. AR EICRHASHGEE-REE (CTR & AL) BNl % T LawxEuBes KM R, W98 1 Eu B 44 LaixEu,Be
SEF L G RE RO RS A K A FH LI . XRD. FE-SEM 2 TEM 43 M7 &5 A 48K Lag<EusBs y CsCI B ] B 37 5 #AH
ghHy, Y R R ACBUR LA ST TSR, P2 SRR BE R 40 nme el 45 SRR B BE G Eu SR, 492K LaiEuBs
BEHHEIK M 595 nm K E 825 nm, FEA “4B” IR, H Eu B i5liE LaBs Ir LA X RGBS B . 5B
PR B4 7R 1 Eu B2 51 LaBe I 2R RS BE T R E o, S b ik T i AR b, T S 8O
WOTRIM A B BRI, VR T 90K LayxEuBe 37 5 6 A 78 45 m) 38 1k o

KW LaEuBe; PURMAK; 450; Je¥thge
FEESZES: TQ174.75'8.12 XHEkFRIRAG: A

XEHS: 1002-185X(2023)01-0153-07

HHE Au. Ag. Cu ZEGNKRLF X 2L AMaT Wk IX
(200~720 nm) S A BRAIREE ), (ERLT RN
WOTHUR LT R B R A& L o mRe B i 1, /P
HL T IOR BT = A 6 T I R () B 1
R RR A ED D, BRSBTS Bk T —FE,
i LY (REBe) 9KbL TR E H HHHET,
I I JR) 3R T A5 B G IR R (LSPR) X 4L Ak X
(720~2500 nm) J&F A AL, A& — Mz £ 4b
XA BRI, BF BRIt e kR T
IR THRART 1%, Fr LAl DUE 35 i R i i A
EHEAL NG, R E R B A R
F X AL ARE R, Chen 2501 i 1 $5 BR BE T 2 i
AN FVRLAR 43 A0 1 LaBe 40Kk K, FEREAT 1 MR V6T
(IS I RE T . Zhang 26170 LaBe 4K Wikl 5 = R HUI
AR AT R OK B RE 787388, TEIR /K IR AR5 7K
F R B AR . R, EEA A SZ G BT AT R
REBs 40 K KL ¥ 7 il WG X AR IR 1) 5 %6, axX A
REBs 1 — Mt 37 0 B& #4747 4 B 7E 8 50 25 7 i 1
BEAT )2 S,

W&, B4 REBs & B T 49 K Bk 1
o TEMRARSE, Arscgixt LSPR W Yse i & Ao
MR T, AT LA TE 5 AN K BE 1 A B B D i AH EL
Yt BHE: 2022-01-10
EE&WB: WEAREAFTRITE (2017TP1031)

ER gk g5 1%, Bao ZE10MWaF 57 7% Sm. Eu $5
% LaBe 1 5] LSPR UK /™4 “41#8” MR, HAEikx
2L AN BY Lag,EuBs tt Lay,Sm,Bg T4 5 U iy W US4
o [N, @i DFT (FEZRER) 1HHEREE
10~100 nm 35 [ P B 75 B0RL R SF 1S K, LSPR MR IS o K
K3 7 R RS B, 1 S50 45 SRR BIURL R SE /T 5 nm
I RIORL ST X LSPR W e i KA B s R /), KRR
FICRL (150 nm) (78 6 RCEAR T/ ]S Rk (20 nmD,
HRRSFRRE (150 nm) R B0 H B 5 30 41 A0 3 6 4
P, 377 BORE EEER I ORGSR ) LSPR YR KK, T
e R T e 920 A Sl A B B T T, R8I
BRAR (1) AR LU 38 50 LaBse 7RI 204N 1) LSPR i1, 1E
BoRMA R, AT RO LU LSPR P& “40 87, K
Wl WA U g e 141

FEFS KA T 2750, B4k Singh 25M°1R A 4
— MR H 0 REBs WH T S50%MmE, o
BT REAF (5 95 35 % H OB 5 M B 52 10 . Agaogullar
USSR WL f1 4k 2k (Mgl/Ca 15 B JR 7)) & B
T SmBg Al LaBg 44K ¥ A, Xf Lk Bl Ca fF ik J7 5
Ak REBO; (b &WIHITE LA, 4 i B A4 ) B
], F [ P o e RO R o S R L LaBg AT
DL S I R T 3 T AR R G, AL A BRI

eIy BEl, 5B, 1992 44, wWid, MW LE&REME ARG ERTTAR, W K 410126, E-mail: zrs1750@163.com



« 154 « W& RAMES TR

52 %

WO P VR T 55 B TR G AR AR 8, 1T REBe(RE=
Ce,Pr,Nd,Sm,Eu,Gd,Er,Tm,Yb,Lu) HI#EIKRELL 41 X B
A ECRI A, BRI A S 0T, BN
% W RS A R R IR T8 e SR
PGB JE AL B G REEY CeBg ¥yid, BEFE AL 4%
K, B2 H Y S ORGS0 RS
9 0.83~0.93 pm. {1 Ee 4y £ [0-1120-2205% Jy |k i 7 ik
#% T LaBe 3 Z JLIL M 9Kop 4, FERF 78 H e ik
R PR AR ML, T 4 Ok SR FH 28 R VA R T
241 2% 199K CeBey SmBe. SmyEuBe S5 8 4 HH EL T
[ A S R VE R RS BN, A A S AT TR A, (HIE T
SRR ERE .

B X REBe 49K # AR & H 0F 2 IR, itk — 2D IR
RGN K REBg B A 1806 22 B 5 40 40 2K S # i e 44 k)
IV B e IR B L RS K, A TARIR L —
Tl 1 AR Ji - TR R B BT SR (CTR & AL) £ Bl
# UK LaBe EuBg M A, JFilid Eu 5 7% LaB, il &
T 276 Lai«EuBs 40K¥ K, RAWFA Eu B 4xt
LayxEuxBg 25 #4 B0 T 35 B o 2 1 RE 1) 5 o 43
TE LR b, 454 % 2 oR AR — M R T SRR T A
. ABERDEEM R, PR Eu 544 LaBs

FE 1 2L 1«
1 X

1.1 La;xEuBes KM KBTS AL HI F
¥ La,04(99.9%) . Eu,05 (99.9%) . B,05 (99.5%) Fi
B5ORL(99%) M JE RE, SR S BGE JE - 1R 12V I %
LayEuBs 49K R, HA AL W T
(1-x)La,03+xEu,03+6B,03+21Ca=2L a; yEu,Be+21Ca0
(1)
ALt R T R R E SRR, Hd Ca Tl
1.3 & 25, 0<x<<1, WIBRA)E R REuRIE
B T BN 1E LaBg 49K0 R & L Z R HHHT 5T
TR, FEEG I AU A R AR R 8N,  [RI R
PR AR ICR . T2, EREEKT 107 Pa T
bk, FHEEZ 8 C/min, T 800 ‘C FEE4E 1h. X%
NFER IR AR . 4K, oK ZEER B, &/
2T LagEu,Be 49K ) A
1.2 HM5MEERIE
K HI H A2 DMAX-2500 %4 X SHERATHAX T AR
YIRASEER, SRFH Zeiss Sigma 300 HU37 S RS 2 HTky
KBTS RSFHRAE, >R FEI Tecnai F20 200 kV i
S FRBE TR AR O 254 S SRR e « R FH PerkinElmer
Lambda 750 &AM AT WAE LT AN e 6 THIN e R AR i
IO, IR 200~2500 nm.

1.3 BiRitE

K FH T %5 15 0z of B 1 P T 38 B TR A 1
%, i CASTEP P EIHH LagEu,Bg I HL T 4514
FEZER . Wl 1 iR, LaBg Ay CsCl AL H3L )7
ghH) CEIREEN Pm-3m), 57 2>2>Q ] LaBs i i,
i Eu B La JEFE LaygEuBs mikEM . LA
Lag e25EUq 375Be MM, THEH R UHEEZIE L GGA
T PBE Z iR ARk RE, THECRA LSDA+U
WA TS 5 T AR G 1 3R L R 7 4F f8 B I AH ELAE
1% F La 5s5p5d6s A%+ Eu 4f5s5p6s 25 & B 2s2p & N 4h
JFHRTZ 5 E R, B AR T BE HY 450 eV,
HIBRE Uy 110°° eViatom, ZEHILALE dIT, Sk
P BE B U SR {1 5] 2107 eV/atom. Brillouin [X 14
K Monkhorst -Pack % @ 4 Fx k s A%, TEIHAE
TEERBT BN 8>8>8, HTEMITHERE k M
Rt — SN E 12x12x12 TR HOEEME R, JeiEtk
ReTH A = W vE B BN 0.5 eV A Tt LA
RIS E %4 T LaBe F1 EuBg [ HL 45 K4 Rl % 2 4
RN (DA - A

2 HRER

2.1 Lai<EuBs KM R RIMFELEH

2 Tl £ AN Eu B 20K FE T Lag«EuBe 49K
AR XRD B . WERTE H, Bl Lai«EuBs 44
Ky A I Ny CsCI BY ] BN 5 BRI 454, T 4 B
FATHT VIR BIE R, R BRI . % Eu 5
FIRBEEE K, AT S VAT AR AR T s, X A A
T Eu BEFEEKT La JR¥, Eu B La J5i&k
Lay«EuBg i [ [F] PE Y K, MR U AT Ak 77 F2, o T 7] #E
ARAELS 26 W)
2.2 Lay«EuBe 4K R B3R K I 544

3L T AR EuB AR IE T LayxEuxBes 49K K
K FE-SEM JE3 . MKl 3a Al &, 7EM R B & 1 T

1 2>2>Q LagsasEUo s7sBe 8 M 25 14 7n 2= K]
Fig.1 Schematic diagram of 2>2>2 supercell structure of
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Fig.2 XRD patterns of La;xEuxBs nanocrystalline
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Fig.3 FE-SEM morphologies of nanocrystalline La; xEusBs(x=0, 0.2, 0.4, 0.6, 1) (a-e); particle size distribution corresponding to Fig.3e (f); EDS

element mappings of nanocrystalline Lag 4Euo6Bs (g-i)
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Fig.4 TEM image of nanocrystalline Lag4Euq6Bs (2), single grain morphology (b); HRTEM image of region A marked in Fig.4b (c);

the indexing FFT patterns corresponding to Fig.4c (d); EDS spectrum corresponding to Fig.4b (e)
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Fig.5 Absorption spectra of La;xEuxBs nanocrystalline
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Fig.7 Band structures (a, ¢, €) and density of states (b, d, f): (a, b) LaBs, (c, d) EuBg, and (e, f) Lag s25EU0.375B6
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Fabrication and Optical Properties of Nanocrystalline Multi Rare Earth Hexaborides
La,  Eu,Bsg Powder
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(1. Hunan Institute for Rare Earth Metal Materials Research Co., Ltd, Changsha 410126, China)
(2. Hunan Key Laboratory for Rare Earth Functional Materials, Changsha 410126, China)
(3. Central South University, Changsha 410083, China)

Abstract: In this study, nanocrystalline La;«EusBs powders were successfully fabricated using a novel calcium thermal reduction and acid
leaching technique (CTR & AL) for the first time, and the effect of Eu-doping on the structure and optical properties of La;«EuxBg and the
mechanism were also investigated. XRD, FE-SEM and TEM analyses all confirm that the nanocrystalline Lai«EuxBs exhibits a
single-phase CsClI-type cubic structure, good crystallinity and a cubic morphological characterization with an average grain size of 40 nm.
The results of optical absorption show that the transmission light wavelength of nanocrystalline Lai.xEuxBs shifts from 595 nm to 825 nm
with increasing Eu-doping content, indicating that a “red shift” phenomenon of transmission light occurs. And the Eu doping causes the
enhancement and broadening of absorption spectrum of LaBg in the near-infrared region. Furthermore, the first principle calculations
reveal that the Eu-doping strengthens the localization of energy bands at near Fermi level of LaBg and reduces the number of conduction
electrons in the conduction band, which in turn decreases its plasmon resonance frequency energy, which qualitatively explains the
continuous tunable characteristic of La;xEuxBs transmission light.

Key words: La;.xEuxBg; nanocrystalline powder; structure; optical properties
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