| gog httg://www.cgvip.coml

F17H F1H »r 8l HF 9T == b5 Vol.17 No.1
2003 &£ 2 H CHINESE JOURNAL OF MATERIALS RESEARCH February 200 3

K y—Ni-Fe & &RIEEPE

x| g BB KUY
(L. REBEBE AR AT PR SERBR T ROEIRE 2. WERT L IL2B%)

B E AVEERE FerO3-NiO iy TFFRMLA Sk, HEHMk v-Ni-zFe (z =
20%~39%, FESE) 44, @& XRD, TEM, SEM. BET &¥yEMaT HEMRoREH
5H & &HFHXER. SREW YEFRFMESLMEBESR 600~700 CTH, 4&fkxEs, Ni-Fe &
SHERRT Y 15~55 nm, FHBRRF/F 100 nm; % 30 K EEREEA, Rikgk Ni-Fe &
SHEnREREEE (MR) HREMEELEHEN. T8 MR=0.98%, % 50K, MR {§ik 8.7%,
EREEgFEAETERAK Ni-Fe & &RUMNBMC R M

X &RHK, Ni-Fe &mpida, fLMiLEE, 20k
S35  TB383, 0482 XEHS  1005-3093(2003)01-0019-06
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ABSTRACT Nanometer-sized y-Ni-zFe (£=20%~39%, mass fraction) alloy were successfully
prepared by hydrogen reduction and in-situ alloying of ball milled Fe;O3—-NiO powders. The relation-
ship between the microstructure and synthesis conditions was investigated using XRD, TEM, SEM and
BET. The results showed that the grain size was about 15~55 nm at in-situ alloying temperatures
from 600 to 700 ‘C, and there were few agglomerates with average sizes below 100 nm; The tem-
perature dependence of magnetoresistance (MR) for nano—Ni—Fe alloy was studied in the temperature
range from room temperature to 30 K. The MR increased linearly when temperature decreased. The
value of MR is 0.98% at room temperature and reaches 8.7% at 50 K. The results may be explained
in terms of intense interface scattering of nano—Ni-Fe alloy in relation to magnetism.

KEY WORDS metallic materials, magnetoresistance of Ni-Fe alloy, mechano—chemical method,
nanocrystalline material
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UBRHR A &bk 1010 SR B EE. HRBITBER SR RN E B BRERER
M, BRRERESSMRSEE 10 Ak s B A M MRE Sk A R
KGR E, MEEHA RN 10 A SCR BV SR H & A RIE RS R v-Ni-Fe &
£ D6 gk afRe, FEA SRAMARKR.

1 £ B8 /5 &

SEER O] Fe,O3 #i NiO WAL EE T 99%. R FIE /YR B LRI 80 JFOBHF 9 F JOoK TN
MARGERES, EFEASEREY EAHILL 250 . 280 r/min BEEEEREE 24 h. BIEMR N
B2 10 #1 20 mm AIRGEWER, REFKMARELA 6:1. HRESRMIEE 80 CTH 240, R
JEa57E 500, 600, 700, 850 CEESRFAE, KA & 30 min. HFPA v-Ni-20Fe 4§
KM ESRR T4 24 mmx8 mmx2 mm FEARIFEE, FEAE 650 THIEE 1.5 h, RIEEESSH T
FE 750 CTHEFHE (HIP) TS5 1 h, 10 190 MPa, Be45/5 HER RSB RST 35 nm, %
FERPEC WA 98.5%. Hbedk G BRI B R A A REER, AUBIER R4 1.5 mm x 2.0
mm X 6.2 mm A7RER, B TERGEME. FHIREHEEINARE N 120 kA/m BIRLE P 30~300
K M BK v-Ni-Fe &2 EMRK. KIS R M TATR A EEERIDS o)), ¥IMNESHS
L 7 R T B A B BEERIT A po. 7E Philips PW1700 X STARATSHHN b2 R drkl A 4,
FH CuK, 8, F Jeol2010 B F R4, Amrajy-1000B HiBEEMEH BHAR, L%
AR AFE BRSNS EDS i, HREAA Omnisorp-100CX HRE ZSBR{MIE.

2 R S5 W ®

2.1 ReZgwRERNRT

1 %8, AESEEREME S SRR OLITER (fc) B+ M. BHE 1a
AR, EFEEN 500 CHf, Ni-Fe &2k F5%EL, ARAM a-Fe Fey03 5 NiO W FR MY
BETE 300~500 C 8] H 214 Fe,03 +Fe;04 —Fe #9532, B Ni-Fe &4 &S U E B
B, 254 KMEFMEX YERFEFET 500 CH, e EHTE, EHEELMBETT
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1 S5 30 min 5 Ni-Fe & &8 X FENTHIE
Fig.1 XRD patterns of nano-Ni-Fe alloy H2 reducted at different conditions for 30 min (a)
at ball-milling velocity 250r/min and different temperatures for 24 h; (b) at 600 C and
different ball-milling velocity for 12 h and 24 h
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13 X % 4K y-Ni-Fe & &M 21

4. i Scherrer AKX (TrHEH Al203), (111) E L 600 CTHEFEHI SR 1 18~25nm.
BEEET 700 CHAEEBI KSR, SBRT/NF 60 nm; HBEFHT 700 CTH, SbnREK
K, LEEH 850 CHE, (111) EALAL AT 215 nm.
& 1b K8, 7& 600 CH LK 30 min 7, JREIHEH WA REEH o-Fe. ERFERMHT,

R EREE LR BRI S A M R BB G R &, EAaEBgn . X85 A BRRS M
AMFE, K o-Fe BT ST BIEE, BRAEREERHEER ERHETEE
WEEFESBRTR (R 1). WE 1ETN, 7 500 C, #Ey 280 r/min ok LALE Dy
250 r/min B & RD, XEHET (T 2600 C) EIRH AR THREMK. HIXFRFEHE
HR: FEBMKER (T=500 C) XEAERTE] (30 min) &4 T, EAWREHERRTREERES £
B & EAHMRRIR/DN TIFE R HE T EREE FeoO3 Al NiO By &by 7R IRFEE T HY /.

#F 1 Ni-Fe & &MfRRR}
Table 1 Grain sizes of Ni-Fe alloy powders at different milling rotation-rates and different

reducing temperatures (reduced for 30min in hydrogen)

Reducing temperature/ C 500 600 700 850
d(111)/nm 250 r/min 11 18 55 120
280 r/min 9 20 57 215

d(200)/nm 250 r/min 10 15 46 67
280 r/min 8 17 47 134

2.2 Ni-Fe §&£FRIIEKIR

Ni-Fe & & ¥ AMMBRIRTH 40 nm 24, 5 XRD iHHMER -5, BFE -8R
% 60 nm AWM BEARE. 7EEEET (250 r/min) FF - §&1L8 Ni-Fe §&MES
BEFEE (280 r/min) B EMEE—L (A 22, b). IPHETRIEH/ MR, HERNARE R

B 2 7£ 600 CESE/R 30 min #% Ni-Fe 541 TEM B H
Fig.2 TEM micrographs of nano—Ni—-Fe powder sample obtained under different milling condi-
tions (after Hz reduction at 600 C for 30min) (a)at 250 r/min for 24h; (b) at 280 r/min
for 24 h; (c) Selected area electron diffraction for the powder in (b)
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RS A RS TEERF BB RARE. #iE Y 280 r/min B, Ni-Fe &&¥ R HFHE AL
75 (fec) #y v A0 (B 2c).

SEM YR8, Ni-Fe S@&FALR—FMMEEHARE, BRI T—&N 10~35 um(H 3),
—HERFR (R 100~120 pm) R FEREMEN: KILMG/NER, /B BB Y
A5 pm.

B 3 7 600 CESE/R 30min 45 Ni-Fe §&# SEM 1§
Fig.3 SEM micrographs of nano—Ni-Fe powder sample obtained under different milling con-
ditions (after Hz reduction at 600 C for 30 min) (a) at 250 r/min for 24 h; (b) at 280
r/min for 24 h

2.3 Ni-Fe 8&BNEARRKS

mE 4 [0, EELFRBEN LA, ~-Ni-Fe 44 (250r/min BREE 24 h) (L FRE
FEMS, FHIBRRTHA, RBEHK v-Ni-Fe 8RR THERSIBEIARSHEL. £
600~700 C:EFBEBELEN, Gl e2KE, y-Ni-Fe 2/FKL (<60 nm) 4 FEER E
THEN, HETTHREVRILEERM S RAK v-Ni-Fe 5 RERME.
2.4 4K v-Ni-Fe § &M0HEBHMEE

Al 5 B, 99k Ni-Fe §@H# MM E BEAMREELEIE I, SHESSWER R
Ry EE AR 102U, QRATE LG H EFHER. 4% Ni-Fe S &M B SEENXLELE
BT rERzd BT 5ERMAXHWAEESME T8, mE&RREMBN ETEETERE—
BERR A AR R A SO Pl 22230 4K Ni-Fe &4 8RR R (~35 nm) &R B
BEEERYERE (~350 nm)24) /)N, £ @R A BBEL M. TEGUKSRM R IR TFHES AR
TIFE, E&SPRMKEZTRBEHE, FREABPHERBABEREALRM, BRE
BABEZ ()RR RN B R REFE G, 49K Ni-Fe S &RBME (8 5 EE) 5K/ SEWaERE%
AYPERHZER, {HH Ni-Fe &4 #AARY BRI A PO, 5 89 580 RT5/NRL T (308 43 e
K, FiEBRAY JUA SR R BT
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18 X AR%E 40K y-Ni-Fe S REHEM 23
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TI°C TIK
4 9k Ni-Fe & & HRERM TR R 5 7E 1.5 kGs MR T, 99K Ni-Fe §&
S HEREFERENREA HIRGER SR ER R, EE HIEHERTE
Fig.4 Relationship between surface area and TR THRIEE o)) MEEERST
equivalent particle size for nano-Ni-Fe HRRFELER o) BRI
alloy milled at 280r/min for 24 h and Fig.5 Temperature dependence of mag-
the temperature in hydrogen reduction netoresistance (MR=(p;; — p1)/pav,

pav=(p;/+2p.)/3) of nano-Ni-Fe alloy
in the magnetic field of 120 kA/m, the
inset, shows temperature dependence of
the resistivity p,, (external field is par-
allel to current) and p, (external field

is perpendicular to current)

3 & 175

HHLBEERBE Fe,03-NiO EALMFE LA @bk, THl& B4k v Ni-zFe 4.
TE 600~700 CEHARLFEIRA S 2 30 min LT £ F5E1k, y-NizFe 504 v M, sbE
4 15~55nm. y-Ni—zFe &0 HEHE (MR) Hi& iR B0 B R E n.
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