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ABSTRACT Two grades of Permalloy strips, Fe-45Ni(PB) and Fe-78Ni-4Mo-5Cu(PC) were
fabricated by powder rolling process from elemental powder mixtures. The roll compacted green
strips were sintered, homogenized, cold rolled with or without an intermediate annealing and finally
heat treated to measure magnetic properties. For a given thickness reduction, rolling with an intex-
mediate annealing was found more effective to achieve a full densification with no visible micropores
and also to obtain better magnetic properties. Increasing the final rolling reduction also produced
a marked improvement of the magnetic properties whereas the cooling rate during the final heat
treatment has little effect in both grades. Addition of a small amount, 0.4% Mn slightly degraded
the properties. As an overall, The PM strips produced via powder rolling yielded the similar soft
magnetic properties to the corresponding commercial grades produced via wrought processing.

1.4 £

Fe-NiA| #xtZo](Permalloy)= #7189 2o,
A7) 2 L AA e el dE] AHgse o
A4 A F(soft magnetic materia)Z M, F47 =}
o2 g ARgEE AAGTeIRY HRel:e
A x4 9 73 g3yl @@=} PAsiA PES
712 o] FR7E Qlew, o)F M a8t W
71 PBE(Fe-45Ni) ¥ PCH(Fe-78Ni-4Mo-5Cu)
o] T AL Fa7t Bpdmed A= gith
PB % PC F ZAde) @Wo) AHEEE olfe dAM
22 s F8% 549 w8 FA-&(permeabi-
lity)ell A 43§ F= A7) oA “d<(anisot-
ropy constant, K)® =}ejA(magnetostriction
coefficient, AT Mg)7F 78 Ni &A1 el A A2
ode] g zkom, 45 Ni 224 BT A% hpol 7
g9 ;e Z: K3 Aol 2R =ZA 7] o

Foltk? #Ha) Hwgols EIY Fokcore) FEl2
Z+E W79 A4 ARR A F94+(60 Hz) -8
& kHz7l2|9] 99)eld H4Ha glon, Fa3
L7 FApgolt) £ Aol de
EI% A4 AsE SE=sje] PB % PCF A4
A& F2eted(powder rolling) T 02 A F 54

& A i=1
A v 2R

o BAs maasiaz) shedok? Eagtedeldd A
3te 5 E(rol) Aleld] JBFTL FFsl F
20) arele] ga] ARBAS Xﬂiﬁl- , A g

Wit A Adxe HF @S zﬂ&a}t
FAolt}. o] FAL dwbHl JiE BAAME 3

woll wa S8 R A%t FAE AFE 7 AU
A7) g 3EE P 24EY 7154
BAE 2% EF U 448 5 e B3l
9l7] wWEel| f4HoeR Az}l oL SFEE
w2 Azel gz S48t HAdRe|E Azt
£l Aol HE A S dFE F= dAzE



14 o)Egl .
ez, BAGER, T AT © #E 9
Fo 44E 5¢ 299Y § Yok A =52
Zolo] e ol2i® FTAMALe) AT 24
ARE AFHe] shon, B4 HARE AT AN
TAE g AYE Aol 2ot usral
B g, B AEs GEAH HY AT

(compressive deformation)&
s 2 JdF 3 AFe) B3P A% HE
ol sl 7130) 4R £ slenz, Lo
A TAE 2 W) Do AoFow 4oy
S gle Aeldh Addoz A Hzo) B
Z FRY AY HF BT deizke] 1 £E,
e] Feofl 48} gewial {100}<001) 9] A
AE z7(cube texture)o| *DEF o] FA}go)
He e BaEe] glvk? wak HE odx
Fo 600TCeA 300T cddofafe] Pzb wy)
Z7ksbR NiFedst 7A7he 249 F24e)s o
AAA oA Ao} “0"e.2 Pake] uAjeo)
Frga Fagel FE Aow oA A
2 AFNAE 2 49 3 o) Axd A
Ro| PB, PCH % AT A4 BAL nasiy

3 &F AF 90 Y9% 2 29 $F 99
A9 W7 Szel thek A3hE BAsje), o) Aze
42 =} _»qﬂgp 0] A o JIS 7293} wlw A
YomA T GATYl AT Hyzo| DAY
A= FeaE ANTTA saidk

2. A3y

2.1. g ue| 43
El Zo}4 PB, PCF Aol ¥ ¥r4s

o ofN I
T8

A

a?.'bnm.il.é

O

e

Table 1. Process parameters for permalloy strips
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Fig. 1. OM of polished samples in PB-1 and PC-1 process.
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Fig. 2. OM of etched samples in PB-1 and PC-1 process.
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Fig. 3. OM of final samples in PB-2 and PC-2 process.

HebdT ek AAY 270 719 299 2P
$o] Yrkn AL PB-1 % PB-29] A5 U4
gere] Aol F7b LEY 5o BAGl] w47
Fol RAFIE, PC-19 A$E 94 27 £Eo)
JoHa BAZ o) A1 Fel AR HE G
AL AAT A0S peETh JPHoE of
A A50) A3 APl F4Z A8k ol skl
FA-8 59 A7 SAe] GalsolAl delx
dont, ¥ AT el st sz oloA 7
7he) R =Z7)E oF 30—60 ume)x, o] 2
el 2~34e] A7t EAY Ao ATFeEol
A golatel, 38 FAE E4L E AR
Hag wb qlel? £ AdAseA PB-1, PC-10]

Journal of Korean Powder Metallurgy Institute

PB 2, PC-2¢] #Heprl Fe Tags vehi=
2 o)g} e ARAY Z=7) AFw OB wH £
3.2}, PB-13} PB-229] 7o)l 2] f-A}ak AAF

3715 7HA"HAR 549 Ae)r) Z AEH 11
2y 7kt W HE A A 1% 7]J_ o) o

o ZA| A4 AoE BHT 4 2ok,

$
L
i
U

32 &, Yt Y AHACEH Hnt

23 59 60l PB-1 9 PC-1 3ol 2olA
FTHEE 58Y C S N, O A% 2 U5 W
vepdith 28 5ol & nﬂ S-:‘F* #a C S N,

O= 27 & of 4847k A T 3tel| ofsf oF
0.002w/o °lste] C, Ss} °-r- 20 ppm ©l3] N, O



Fig. 4. Typical SEM microstructure of PC-2 sample,

0.04

0.03

0.02

C.S Contents {(wi%)

0.01

0.00
140

120

g

80

60

40

N,O Contents (PPM)

20

Fig. 5. C,

FAsriol 93l A=A HE2o|(PB, PO AHEAY 19

o
a
+
x

33¢23g
c ZzZ o =

' 1

Sint 24hr  36hr  48hr __ 60hr Final
Homogenlzation

Process
5, N, O contents of final samples according

to the each process.

Density (g/cc)

Fig.
cess.

Hardness (Hv)

Hardness {Hv)

Fig.

gl PC Full Density

4 L

3 2 PB Full Density

A L L 1 M L L L

Comp.

6. Change

300

Sint. Homog. 1st Roll. Final
Process

of density according to the each pro-

250

200

150

100

350

PB1 PB2 FBM

300 B

2580

200

150

7. Vickers

PCA PC2 PCM

hardness values of each process strip.

Vol. 3. No. 1, 1996



20 o] EY -

12
10}k
6000
——
g a5 z
Z 4000 9
6l 2
_% < e o E
| a.
4 ~12000
2F
0 A 1 A L i L " L 1 A
0 200 400 600 800 1000 1200
)
]
50 |
E
0.0
< wf 5
£ [|3— 5 — E
> % 106 2
= - 3
o ¢, L= © c
g 0 &— 0.4 g
© ol
10 | o2 @
o A 1 A 1 i 1 i 1 i L i
0 200 400 600 800 1000 1200

Cooling Rate (C/hr)

Fig. 8. Magnetic properties with different cooling rates
in PC-1 samples.

TER HAEH o] v AF YdFH7A
Ae 2 fARE & 5 e
d 2 6o TAH BAE 60%] 13 3t
ol g3 Ao ez e B UAT,
&4 23k g Uy 53 Ak AR7Ee ne
7% A AYEF 47 HAAAE oF 75~80%
o]4e] A skstede] Wad sloe Hagch PB,
PCe] AxSS & 75 $A v} St 3]
A9 ALkl PCOY A Ao 474
AT AE Z7HE £ 4 oled ole viAg vl
Bk wol stel o] FAs9)Y] wEolch
E 201 #HF 43 sk o Aol aleid 2
AEC, 5 N, 0) % Mn A2 48 S0 M
S} wlasialey. AAH o= 2 59 AE
Aedsty B gadEe £Eb EFEd 9%
e ¥ 4 en, 53 A4F PCH 2Hi%

TT =

Journal of Korean Powder Metallurgy Institute

A3y
12
10} 6000
o o} €——— -
£ — > £
= H4000 B
< 6t ©
-]
g ! 1 £
&
4r a
- 2000
2k
o i 1 1 1 i
5 40 45 80 55 60 65
60
— 50 |
E B —
£ 08 T
- a
40 [ =
£ ==»J0e O
e
Eul _ g
= -1 @
% | - 04 §
20 | o
o “1o2 @
10 |-
0 A 1 L L L i 1 i L

35 40 45 50 55 60 65
Final Reduction (%)

Fig. 9. Magnetic properties with different reduction
amounts in PC-1 samples.

S 0.023 w/oE AEE(0.002 w/o)el vl <F 10w)
7Ve¢ A SA=EAY £ C S N, O Bedake
FAEE FLA7IE, ol B dAe 2% 24
Zzte] =3 We] AL (domain wall)2] +5-&
Wl slr] wielch. Aoz HF wAe] ox
o e FEudEe]l tf Fwd 4uE Jehix
Ao, ofol] ME A EAJ 2] gapo] ZHr). HF
dadele] ALRol= Yk ez AHxdrlrd
= dAE ] AMEEY ol U3 sFAL
Zt7] A E o= Axe] Axrl g7 At
How &35 HelvlF(stamping =& slitting)
oW A Amr & AS 7] AslkEo]
AekE-glel burrzl AAEEd, o] & W]slr] 9%
Ha 7H=E o 200Hy o)eg o=iA ok 28
7ollE Hg W7 9l BwAle] oAy AR 23
AE vepligl o, FAER 7] Aol 9)X



skl &3 Aag HAL2eI(PB, PC)2) AAEA 21

(111) T (Fe-Ni) Powder Diffraction file i r]-]i)]z_iﬁ_i PB= 220~250 HV’ PC= 270~300
F(200)=0 Hv 9ol 4] &A= g)ch
(200) (311)
3.3. Aid S49got 4ot
o~ PC-1 3o slolA #HE Y24 x Wl o2
AEAE7E ARE 2 8o ek
Gell4 dFRRe] IAEES T2l M9 v(Fe-
Nidol Wztd FHHE doA ojuyd A
AL Fv A BRAste] v PCFel e

PCl, 40% 2nd Rolling A W7 &5} 100,000C/hedl A9E 1€/ /hr7)bA]
F(200) = -0.387 o w) o]MPA AR 1X107° ergs/ecoll 4 —30

X107° ergs/cc7}A] ZHaels], oby A4S “07L.
2 ¥ 7 %e dA 94 £x= 9F 20,000C/hr2
BuEa ek ¢H o) AEE 2AZ F o B
Algel A A7 1000C/hroll 3] 100C/hre) W
A9 A= 94 dTH2e 68 w5 == A
%J&Q}Tﬁlﬂr S 3Y 89 AAE L o 2oz

l L Bz 4 Qe W 25 9ol de ArH £
PCL, 50% 2nd Rolling Ao £ W FA= A S-S & F 3lgitk 28
F(200)= 0170 9ol PC-1 #Alol] leld HZT Wzt redzke] @

spoll ke A4 B4 AE Jepislck
A3 Aol FAY Wl FAgo) F7hET &
Azt Aol ase e, YA el ola
F oA 7138 e &) lEAeR 1Y
S AT, ol st HF JAYA AAR

Intensity (Arb. Unit)
P
i

FE9 F7IE % A3} felwe AR Y
i\ jL_ L ‘ ! . J Z2 {100}e] whdo] ot F2% a9le g Y77
PCL, 60% 2nd Rolling o} ol2 g d & #alsly] fsle] g XA B
F(200)- 0.865

MAN}E 37 100 Jelhigied, ogstede) &)
P2 2psl Lo] wal (20009 A X-4 7}
vl 271 o4 4 9l

29 100)4 Fx= B4 AR APde AA
Aoz d&d ¢ ¥ A2 NEAL &

e},
L Jx._ | 1 L F=(P—Po)/(1—Po)
0 0 " %0 100 P= 121 %)/ 1(hkl)
26 o714 I& XA Zxe]x, Po= AgA ] Asgle
Fig. 10. Diffraction patterns with different amount of T HAEARAAS Al F F(gH)r}
final reduction in PC-1 samples. =17 ASE a|e] AS gl Aol x, 07y

Vol. 3, No. 1, 1996



22 o]= 9] . 7

PBI1 PB2 PBM
6000

5000
4000
3000

Permeability

2000

1000

PB1 PB2 PBM

Coercivity (A/m}

PB1 PB2 PBM

Squarence {Br/Bm)
©c o o =
p-y o [=+] [=]
—————1—

4
]
7

0.0

PB1 7 PBM

Fig. 11. Magnetic properties according to each process
in PB samples.

S5 PPHe) AHRE Aels, 1Y A9E
gE R U g oA TRYo) ZAL A5E
ehdth 3 AT Gohake] 40%14 60%2 27}

52 F 2lals —0.387¢14 08652 27 Z7}E)
9L2 o = glgw o]algt Aite] AR EAL
PP Aoz A=A 23 113 12: 2
AzFAA sleime] 2354 H7h Hajelrh
PB-1, PB-2 % PB-M#] Fahg-& #bzb 5400,
2,500, 3,000 $*20 2 23X )9l 0w PC~1, PC-2 ¥

Journal of Korean Powder Metallurgy Institute

Loss (W/kg)
T

PCH PC2 PCM
6000

5000
4000
3000 | B

2000

Peameability

1000

PC1 pc2 PCHM

Coercivity (A/m)

PCI pc2 PCM

0.6
0.4

0.2

Squarence (Br/Bm}

0.0

PC1 PC2 PCH

Fig. 12. Magnetic properties according to each process
in PC samples.

PC-M9] 72 5000, 3,700, 5500 7lgko 2 =7
Hyeh 3 BaEI} £ A4 PB-1, PC-1
39 A-97} PB-2, PB-M 2 PC-2, PC-M 2 0j
vl vt &A= gdc) AAHe 2 £ o PB-1, PC-
1 ZAe 23k @A)zt PB-2, PC-29] A9 Rt} &
5k A E4E vehle o) 7] 39 w23

& ATl A el A8 W52 3w eA 73y
A3 Ax) duka e 2 Mnd HRe]e) Wz}
G FA1717] 98 FrbEed 2w 11, 12



ahadel 2jsf #).

o4 PB-M3} PC-M#] 214 E4jo] PB-15} PC-1¢
vla] Aoz N2 ol v FE
Mn #7} €342 fA=E A Mne 7834400 A
73714 814291 Fe, Co, Niz} 758 Aldd) 43 gleh
Fe, Co, Nie] 7ad 5A& zhe olf% 9zt
A2E w5 A 942 3d AT 2~ 9 A
5 B A 4AEe] Aaele] AF wglel 9
=& w¥%(Exchange Force)& zt7] wlZo® <
#2 otk o] Ni, Co, Fed] sz}t 3d AApr
(e/a)= 2t 8, 9, 10212 Mne] efax= 7ot} &
o)z}t HAA o 4] Mno) Fest Ni tf4l tix€g 7%

] 2 g
-

x4 BAE fddls HE 3d AAEY 3Has)
A5 AA Y Ar|d 5L AR ez o4

ook g AHule A gl &4, F
I H BAHe| vlsle] 2 Fa4e] AdHeR
EAoEZH, Zegule] s FE F9I 4
A} (magnetostriction) 2 a+&j= ¢lchV alr}
Aol &) wdR A EAq A1ehisk(magne-
tizing vector)> <ZpAFA}e] <3(zero)e] = wi7lx
ojubAd g3}l 3] = wdS FR|3te] =)lEeke
E51A =ed|, o] Ao AF) o)A Frprc
A Hy A7} AAe] “07e] H o AFEFL

P

rO

B
3 rlo *

Table 2. C, S, N, O contents of PB-1, PC-1 and
commercial samples

wt% ppm
Mn C 5 N 0
PB PB-1 -~ 0003 <0.001 12
Commercial 055 0006 <0.001 45 30
PC PC-1 — 0002 <0001 10 6
Commercial 047 0023 <0.001 53 49

z3 #42o|(PB, PO)%} AHEA 23

wajsle g 7|zt gagch 28 115 124 9
o4 Z¥u|E s B o PBES Av= 2
T4 wek ok 0.7 Fo B 7%—1 dA3tw, PCFe
7% PC-1, PC-2, PC-M9] A< a2} <} 06,

08, 0922 Frhstgdch olefdt #ape] sl
el dA) AEE FHEA R der, A2

ZHedu)e) <Agks Fe 2 24 59 vhye 55y
osi=loiob & Aotk B F 3ejl& WIEAQ Bk
gl AL Ee daw) FA44 IS 74 R 3
A A A 8] Aokt w)wate] Vel gict. PB 9
PCEell 9lelA A4 F34 300 Hz 2 1000 Hz 3}
ol A AER FRHg2] JIS F4-L, PR A% 7zt
3000 o] 4=k 2200 o)4telE, PC 7-¢ 2+ 1000
o]4h, 4000 o Atelr}. bR mebgl 9] A8-F o
AR JIS ARG ok ¥E2E 4 F AR ol
FXE £ WdEe PB-M, PC-29] EAlst A
FAFEE o = dgleh AR 7hrhe) Fajdrel A PB-
12] 749 A&n] FAE-L 77667 5449°] 3, PC-
18] 729 18,8267 92264 7} Sshd =

Ae et o] 24 B4 ARE PESY £ o
E gt FAE HEEle], Mo H7eA @
W7t gkl B B3 2T FHE AYs) - A
Tt 549 AF A7} rbsd AL Pt

4.4 E

PAYR FHOE A2 APLo)s] AYSA
ﬁﬂi Fdsta.om, theel 22E Atk
egdos 4¥, 249 AU BAD
zlugs oz Axs7]) A% A4 AL o
75~80% olele], AR 71F& Ao AA

Table 3. Effective permeability of powder rolled strips compared with JIS and commercial specifications

PB Permalloy

PC Permalloy

300 Hz 1000 Hz 300 Hz 1000 Hz
JIS 2531 3,000 o)4F 2,200 ©]AF 10,000 o]+ 4,000 o)~
Comm. Spec.(=4] HAP 4,000~-5,000 2,000~-3,000 9,600~12,000 3,500~4,600
Comm. Spec.(=¢ T+h 5,200 2,600 - -
PB-1, PC-1 7,766 5,449 18,826 9,266
PB-2, PC-2 6,703 2,766 11,160 5,704
PB-M, PC-M 4,657 2,417 5,434 2,383
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ojzlt}.
3) FF Ay Fo YAE5=7F 100~1000T/
hre] @94, WA5we] Wsle] nje} 244549
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(300 Hz 7]5)-& PBell A 7766, PCol|4] 1882602
2= glen, ol JIS 723 % &A1 shafel e
Apefel] wlal <F 150% FE22 F55iA SA=A
th 2% ddFe AHEAe] frt rl Fa%
ol LEE MR ] Abgol A7 AFE £E 9
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