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Abstract

In recent years, the multiferroic material KBiFez0s (hereinafter referred to as KBFO) has received
extensive attention due to its narrow band gap and other properties. This material has good ap-
plication prospects in the fields of photocatalysis and ferroelectric photovoltaics. In order to fur-
ther optimize the physical properties of the material, a series of Ni2* doped KBFO samples with
different doping concentrations were synthesized by sol-gel method (Sol-Gel), aiming to study the
effect of Ni2* doping on the magnetic properties of KBFO bulk samples. The results show that the
magnetic properties of KBFO are improved with the increase of doping concentration.
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1. 518

SN R — MR Te A B . BRREYE . BRER T DR BRI ME R AR R DL PR AR, RS
(LR R 2 AIEAFAERS & RN [1], BRI S A MR 51 S T AT B R DGy AR R BRI T R . (AR —
PRI, AAET UM R B, R T — SRR . R T2 d khE BAT 4 N RRI
REGSE, B2 A DGR R A 228 SR BR 1), FORAR R FIE 103~10° V,  IAKRIE ] LA SZ HL 37 1
FE[2]o KT Sk A I B R ARk O AR N, SR 1T K 22 0Bk B S A T AT e i B 45 44 (>3
eV), XA PH G R R AR, BEETT N 2.7 eV AR BR A (BiIFeOs)H, Jem it FE Bt R A KB
HEREN) 12% [3] [4], X T EURE B4 W 52 2 58wy BRIGBR ], A 7 7EBk B AR I R S Hh SR 7 R I s oK
(BRI, AT 50T 2L A8 e B P AR 0 AR AN AT Bk

KBiFe,Os (KBFO)MH h—F#i B 2w bR 2 B AL, [N 1.6~1.7 eV [5], T 5 K FHI GG VT ALY
BRIX [E] . 1.0~1.8 eV [6], KBFO AHA T~ HoAth B e Rk B A, 8w K FHOGRI 2 . fERE A PEREJT 1HI,
KBFO ey o BUSRMEEE ), HME R AR AE — 3 IO MU B2, (645 [ A MEFEAS Ao Al AR, TR
DL S ERREVE[6]. R Ik, KBFO MMkRErER I Z T FAFAEA 2. Blln: KBFO & REkmiME, *f
F 2Rl X G dE LLSZI, DL 3 1.67 eV [ BRATI IR AN S S B AR (10 s DG AR B RE o Rt
Xf KBFO et TAEMAR 043 7 Lo

BAAEN— MR BA S TB W AR AR Y B 5 . 7E Ranjan Rai 58 A HIB 72 [7]-[9],
FLe T La BURAL T A B2 Bi o &, A BRI KNG BRHUNEN, XEFEDN Bi 8 UE, ks s
B el 3T S T BR A O o T B T XA BRDTHRE /N, BT A A AL 20 T BRI S /N o £E Zhang
LN F[10], R — MR KBFO MIREH S5 BT I, A A% E, IE KBFO [+
LOTERIT 2 Fe JCRI d BUE(S CB)HI O Jo& M p HUE (M VB), Rl KBFO 77 B i Ji K /] LA IH T
FeO, VYT A IAZLE . (HILA X KBFO 1) B Aid5 44 i XBE T b dse b, Rkt KBFO i B A5 it
MU 5012 EEL ) . KBFO RMIE N g B SCBRBESE A, B3R Fe s 2 ml LAREBCHR 73 WA R0 AN TG $2 T4 b
(T 2 e o

A, BAFRFEFABROTFE, RAAFKE Ni LR B Fe RN T KBFO Ff i il M fg
FISZM . NiZH)2E42 8 0.69 A, Fe3 12425 0.65 A, Nit 2425 FeS AR, 1% it nl 47 PEAios .
WA BRI, BRIRE LR KBFO MRLEME AR THIF. £ fE b, %55 TIER K
e T KBFO MRHWE VIR, #0987 A0 kA8 F 3% 55, RIExS T KBFO #HT BB 4+ R = L.

2. BiRgE
SO

ARSI - B 4% — R FIRE Niz*5 7211 0.02 mol (1) KBiFexaxNixOs (x = 0.04, 0.05,
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Figure 1. Process flow chart of sol-gel preparation of KBFO
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Table 1. Dosage of drugs with different doping concentrations

# 1 FRBRRENGRAE

Zjdhlg KBiFe1.92Nio0sOs  KBiFe19Ni0100s  KBiFe1ssNio120s ~ KBiFe1ssNi0140s  KBiFe1.84Nio.160s

KNOs 2.0220 2.0220 2.0220 2.0220 2.0220
(NO3)s-5H20 9.7014 9.7014 9.7014 9.7014 9.7014
(NO3)3-9H20 15.5136 15.3520 15.1904 15.0288 14.8672
(NOs)2:9H20 0.4653 0.5816 0.6979 0.8142 0.9305
CeHsO7-H20 12.5075 12.4823 12.4571 12.4319 12.4067

3. MERER
3.1. MR RFTAEFGZ
K X BHER 2 ok R AT ES (Cu SE) IR AN [E] NiZ 9K EE 1524 KBFO Hed ke i i XRD ik, wiik i

FALRALE AN E ARG (PPMS), IR [F) NiZ B 5 44E L7 1R 300 K R HIBEIEIZR(M-H), T
a2 : £20 kOe.

3.2. X BHEATaT B S 4R

P 2 45 H T ARTR) Ni 5449 % (4%~8%) N KBFO [ XRD &3, ' Bragg positions /& 45 424l KBFO
) XRD fiT i . Jdid 54 KBFO (1) X 26T RS b, FATTRT A1) 45 14 Ni 2% KBFO HUAHIfT
SRPUEE T ISR (R, A R i) T Sk 18 A 55 A R PR 0T ST 06 o AH N W 58 PR AR I 3206 2 11,017, 18.47°.,21.28°
23.59°, 24.73°, 26.96°. 30.32°. 31.36°. 34.02°%&Ab#A EH BN BIRHEIE S5 2 XN . HIoH g, X%
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Figure 2. XRD curves of KBFO with different Ni doping concentrations
Bl 2. N[ Ni #234KE 8 KBFO B XRD HiZk

H535 J4 56 T B30 20 AT STV AR G T4l KBFO A i 1 27 A48 — LS RUINM W e, X2 BB A Ni2*
AR KT FeS A%, N2 U Fed 23 il i 7 K R AR XU, A8 FeOo R DY THI A4 25 1) AR — He 2,
1B KBFO di s R AR TN R IR AL

A h kg T2 2dsin@=nA , XM THEK—EREI T, TRIATH A 0 B, & EE d f7481
RO, ot T T 6 ) AR A2 mT DA I A B R, B T R0 B O AR B R AR A B AR K . el oy
AT AT DA FOAT S WA B (20) W2 K, kg AR SR . 8IS Skl KBFO AT 1A B LL R mT LA
B, AT nr B ARFE KN 8% > 6% > 4% > 7% > 5%, HJl (& I ARFE S 8% > 6% > 4% > 7% > 5%. 7] L)
E th S%IFE il AR B, XF LG 4% 50KE h RIAT ST B AR /N4 AR, W LATS Y 49%F0 5% &
MM AR A LU AR AL s 8% 7%- 5% A% INTH IR B W K BE 7 al k%, T 6%FF it WU 1) /)N £ B 7
AL, FLLE ARG T 6%MIFE AT EHIEAL B, 7%H1 5%MIRTSHIEA B R K, Bl 5%5 6 L 6%
55 TR it i b R AR A R FEAR K

3.3. WM

AUTA$ES] KBFO R I F98k M, NIRRT Ni2HB %t KBFO Rt s, FRATIM RS2 T %5765
i KRG (A1 2R (M-H i £R), 45 R0 3 flr.

£ KBFO A E 3= BRIF T Fe B R B0 1 B iefi, Fe**BA m BERS, Fe*BA 5 MR
SR, BEENT, XEBE R ERSMHEEER, P Egmir. KBFO BT g B gkuisit, Huim
AEAE— 2 PR, AR A RE S REAE BRI, AR 55 2kmEPE[9]. H11&] 3(a) Tl 3(b)mT 4,
BEE 5 AR TH 57, KBFO (MR EG R . (H i T Niz* 5 FeS A2 710 % 7, 1 ig 388 45 Fe-O-Fe
A A ER O BRI IR AR RO R R B EIRY, AT B A SR R, B R T NI
TLERAYEHMEME, Nizt (2.8 uB)FI Fe** (5.9 uB)IREHNG A AN, IXFhRLAE 12 574 nl Aedn il Wikt B jie
SERIFEREINREAE[11]. FTAZE L AT LIS NiZHB 0t KBFO R 52 5 B SRR AN 7T, H—2
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Figure 3. (a) M-H hysteresis loop of KBFO with different Ni doping concentrations; (b) Local magnification diagram of
M-H hysteresis loop; (c) Coercivity Hc curve with Ni doping content; (d) Residual magnetization Mr Curve with Ni doping
content

3.(a) A E Ni 824K EH KBFO B9 M-H B%E 4k, (b) M-H B ELeBEHAE; () B He BB Ni i823+8
ERTLEL; (d) RISHILRE MrBE Ni 828 TLphsk

T 3(c), FATAT OIS RIBE Ni 484 & 8K BT, BrmU A& WU BT, Bomis i e
FORHESURMAIIBE ST, FRi 1 RN EAE EER T2 e RGN, BEE B AN Ni JuR & &N
TSR ETE o T F 3(d), FATATDORE ], B Nz B & B BT, RIREALIERZ Mr e85 K
JE NG, TUAE H R 6%3) 79I RIAR B IRE Mr BEAR T, 7 7%3) 8%, RIARBAILIRAE Mr X
ETHT . RREARE SIS B R A BCAEE S RSB LT BT 8 LR XA B
HraT LAKITE 7908 b (1 S AR I AL A REE LE 6%0E il ATE /N, BB ELF . BAR T9RE MR Ni 55K T 6%,
{EZ TR i (1M A2 /N T 6%, SX AT RE /S B 798 f R AR BEALSR LN T 6% FF it Y SR Al o 2E T EE 4%
A 5%FE R, B XRD EIF LA AT Z [T AL B A A AR AL, Bl S A AR RE REARALL, B M rh 2 A 22
PR ELRRIET Ni (058, PrRAn UGt 49%3] 594 i R R AL s FE G IR 8N . XF EE 5% 6%
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Fedt, BT RT3, 5% 6% ks I A RE LA Z2 1RO, #5001 6% Ni & 8K T 5%, 5%%] 6%
BT AT AR AR SRR 2 . XFT 8%FE M, o Ni &= B ANE 2 W UE HHAT SR 06A7 B i fe K,
BT 1% M2 MWK, S IARFEE R, TR 8% dh T AR HEAL R S e i, 7% 80T Al A o B2 1
MEZ . KB HIERE R AR E Ik 2 Fios.

Table 2. Relationship between magnetic properties and Ni doping content

2 HIMBES NiBRZENXR

Ni PB4 8 5 x Hri 17 He (Oe) FIRHEALTEFE Mr (emu/g)
0.04 (4%) 210 0.92
0.05 (5%) 220 1.00
0.06 (6%) 240 1.89
0.07 (7%) 250 1.58
0.08 (8%) 260 2.32
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