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Magnetic Properties of Vicalloy
By

Kiyoshi MURAKAWA

Abstract: Strip of vicalloy having the composition Co 50.7%, V 8.6%, Fe bal. was
given the cold reduction (by rolling) 93%. This was cut into pieces with length 31 mm
and width 10 mm. Each piece was given an hour’s annealing in the atmosphere of
hydrogen and was furnace-cooled, the annealing temperature varying from piece to piece
between 20°C and 800°C. The magnetization curve (in the rolling direction, in the trans-
verse direction and in the direction perpendicular to the plane of rolling) of each sample was
measured with a ballistic galvanometer. Method of measurement of magnetization in the
direction perpendicular to the plane of rolling is described. Néel predicted that small
differently magnetic particles embebbed in ferromagnetic phase can give rise to large coer-
cive force. The vicalloy sample annealed at about 600°C was tested in the light of Néel’s
theory, and it was found that Néel’s mechanism must be given a large weight in explaining

the large coercive force of vicalloy which has been heat-treated in this way.
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Co 50.7%, V 8.6%, Fe BB ERA D4 #04 ORIC 93% OBMEZE:R5LT
5, £Z 3lmm, 1§ 10mm ODEMEORBEEEKE-7. chikFEDhT 20C &
800°C oMo~ DRET IMEBEMLTHr SFHANETRE 7. TOLIBE4OD
ABico0nT, EZEFHE, ChEBEAOFAS L UCEEREEAOFANORILEEEMNE
HuszROTHELL. EEEBLEBOFAORIOBRIXMETZHFELO>VL THI
HRLUTHS. Néel RBEOHDODPICNIBUBENKEBEDRBERE ST > T 3E
ARRBNBABSKES BT LEBRNUICFE L. £ 600°C THM LIS hafico

FEZREONA A/ OBROBKIKEROWMER, CCTHETINROENIIC, BX 7 500°C THEM L
LT AT HED - LBVEETHRMLEESKABSELEDETHEERAZA L DD
EI2DEULORTOLORELALNEERITHA., LALIBTESAXKBCEEZRBET 30T,
WEETRBONIKERKEUGEZTEDT, CCHEENBELESX, SABFLELOREETEC L
BTERS, TOMARRZENOBEHRICRRT I L ELL. T/, WETTORRERLERT
2LEI, VHRVLENMFABEBRCFLE>TH05-70T, YRUMAELEZELORE LT B &
ZFELTVED, BEBLAFEZHRCEST, WEITLRIANIRNEOEMNSBTELTEHA
EHULDE, REOHLOHBROBAC LY, AEZEELORTITCLLE L.
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P4 A B4 RHRELFICRBINIOT S 2 BMkAE LCRIAS AL [, ThBk,
BROMICE A DHEBMASNTWVWSE[2]. ~Mhof 3/ NBexFryzes—42—, 24
- EOWEMKICAVON, vy FHOFHAMEE LTORIBINECEDH 5.

NAH oA BERETHEME LTI TR r LR Y OPAELHED TN B, ThiCHN
BEMIEZRECTE, BELAZL2BD a HERE. a MWK, v HIZERETH 3.
ZDXHCLTHELNK a % 400°~600°C DIRE (KA4ICk > THEKERERSL B
5) TEJLEZF 5L rEBITH LT, RERRWABEONE. L Leh RO
BEOMENELGEY, LOFRRNZOREREUAEHBTE26D0TH 5113, 4BICH ‘
72BET, @D LTIV, & ,

COBRREZELHETSBIC, N4 0B20YBHEES Lo~ LENSS. Geis

ler [3] 3/N4 h o4 OHMKHBEE L 5T, a-r ZEITHER S BB FEABA XK
HOBERTHZLDHEH L. LA LZOHRBERNENIBEETHLH D, FE, Geisler
DT > 1 ERBALICEBBEDTH -2 T, HOBEHIET 2 AIDIL. AR [4]
i Cr ZERMUINA hoA4 RII20T, Biibshi, b7, EIoREZTRL,
COHED T~ VI - THISOHEIE Lz @EHH 5. Baran & [5]113/54 7 o4 Q&R
g%, ERBhER, AR, EKEREMCTEEZAE, BCETFHEEEICE 3EBOWE
TR -T, N AnA OREZHBAIANATOTHOEF M EBRILTHBATE, 2L
TZNIRB aHOBE—EXNETFOREESBZCERLTNEEEMZ . UL, Coh
SEBHNEMNIBEETH S L3N,

M EEE] &R, wbwd Néel OB ICL>T NI huf DREBRBHBER
FICHIBTE3DT, BUANA A oA CBT2B40MBENERAE LONT, ChicFET
5500H5ONIENIE 5 IE, Néel OBBIC S -LbRERY =4 PEFZTEVDOTIR
ROPENITEZRHR L. COLEQHEETEIT IR 7 FLHLHIRBITE RS 5720 I3
T, CLTRCDBEBEEZBETLELTEID LFELLZREZTRY, BROCHHOREHTH
THTCEELL.

2. "M haq4 oK

EEZEWNA AL OMELZRI LD E FICRBMEICE > TTE BT AEREHAOE
SNBHDELONBLEXZHNE LIcDT, ANEXRELOCIFET Cr ML/ A
oLz AF L. 2OR, HMAMBZNIEIERELEL TS, ROMNTE B TEREIL
AH 0 OHFBEEBERIRLTVOTRREOSLENIEBZIFICER LELDT, (EREK
&8 K K. oZFEEREMO CIFET Co, V, Fe =142 DHKAEATF L. THORES
7 Co 50.7%, V 8.6%, Fe BRIMPT, BEEE 93% & LTEX 0.35mm &L Ch

* o & ERICIE Nix-Higgins OBME V> F L0 bAALL.
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DOBENLEHORIFELLTCCNIKETAHERERTH 54, HEOERPTHIROREICAF
Uiz GE #D P6 LWHHRLDNNL AnL it o0 THEHHRIcsLNECEICT 3.
EEFABICEREERRICS > CTHEEF A EEADOFRORALEEE LS5 7HIC, 1)
HPOoRE 3lmm, 1§ 10mm OFRRESHIIOEL, ThifEsORE (20°~800°C) TK
RPT L RERABESE U 7o, RUMLEROBIEIZEIR TS - .

3. A hoA ORELihERORE

sSA N O A OROEEHMH & O ICES TEERAIC S %75 [ OB HER I F XRE
BTk o7, THDBEN 3 A VICEREE LT HISBEEIED, Bita 1 v ohomhk
WicHE 2B %, REPYOHRBIONSBARY —F - a4 VERDEIE, ThERERIC
WEohTREREOABICETH L L, ¥—F - 2 A VOWRITEE LEBHFH T v D 5LN%E
HAHARBOTH 3. COBSNICRBEOERIA > TRIEVH S, Bto®E (1) BEZICH
Shz. KB (N) i3 600°C T 1 BsRIBEst L 72 3kHT 2 0 T EBRIgITR®D N=0.40
Rl COERMMOBETHEMLARALAEEOTATORMCOBEATESL LIELT,
Herr=Hcac— NI

Tk »T Hepr #E U1, B2 N (3 dimension ratio O 3N ICERRICSESLER
ENBBTHECEBMONTVEY, TOXICHKEL N 2RpsC L3, BRILE
BIEOT, EBOXIBFETHIATAHILIC L. 20T, TITROIEEUS
L B3I OMETH B ERFEMBLONIVS, BEHMEEEHIC I BEOLSCENT 0
VWS EBEGERZ I, »PIRDERICANEENZS. Fig. 1l BXU Fig. 2 3ok
S LTRD LR O—FIERT S DTH 5.

wic, FERICEAOHFAOR/LEEIE Fig. 3 K RTLS W HFETRAELL. CORIE
CREMACEABRVEEZFA LTINS . B2 EHE 12.0mm? X34EEO
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Fig. 1. Magnetization curve of as-rolled vicalloy strip.
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, of rolling
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| Vicalloy strip
i Co 50.7%, V8.6, Fe bal.
I Cold reduction 957
i 600°C x4 hr.
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Fig. 2. Magnetization curve of vicalloy strip which was
annealed at 600°C for 1 hour.
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Schematic representation of
the method of measuring the
magnetization of vicalloy in
the direction perpendicular to
the plane of rolling.
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Cold reduction 957 —
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Fig. 4. Magnetization of vicalloy strip in the direction perpendicular to the
plane of rolling.
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COEIRCLTE20FA D I (EBEMR) & He iRt ; 40841 He &EL
N&EbD), BIUEIT~XTOFAD I, EEMHEAOES) SRkDONE. ThELMEREED
BELTF ey +§5&, Fig. 5 8850 35.

EEDO X EORETRESHOFARIEERICEADFMICH S H, #200°C LIk
$igard, ChAMBEEERICA-TLEDIC ENDN 3.

TNIEEK-T, BHERBCIZABOTHIE 7 % o HEERILIEREH ->TWVS
B, BEEICX > TThBSBERMINE L a 8h 5 v MBI T 5 LA, BREMILOFN
BAMBOTHICKELSERINBLABEENbh 5.

UL UBBERICE > TE LT ROBRIBIOEVEEICHEMELTOEETE0TH
% (Fig. 6). 7 o —AROPTRKEZERNEL, RCBERBELEYICELIEE L, [
CHBOHTERT Yy F LI ERBY, $ROEHEZECH DN B, ¥, v HEF%:
B-&xDHobTIR, TT/o—2BOBTERFELTH S, EBHEEELDLTHENHRIC
ZLLUTHUCEOPTEMT v F L, WESH LV Vv XOBEBETRHERS &, 7 HIZHRR
ERB->THODN, BOPRKEVIBEETIZENONS. bbAHA, XHOHLTHNID 7
HRIEBEAOKELTRONS. Fig. 7T 3 vy 2B LLBEED—fIThs. COEHEIZTH
DREIZRS EXITHETH .
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Fig. 5. Saturation magnetization (I;), remanence (I;) and coercive
force (H.) of vicalloy strip. |, 1 and n represent the direction

of rolling, direction in the plane of rolling and perpendicular

to the direction of rolling, and the direction perpendicular & g

to the plane of rolling respectively. i
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-~
Direction of rolling

Fig. 6. Micrographs of vicalloy strip showing slip bands.

(a) As rolled. x180.

(b) 525°C x1hr. x750. (c) 650°C x1hr. x750.
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Fig. 7. Micrographs of vicalloy strip showing 7 phase. 600°C x 1 hr.

(d) x180. (e) x750. (f) x1800.
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Fig. 8. Remanence (I,) and coercive force (H.) of

Fig. ©.

vicalloy having the commercial name P 6.

Micrograph of the vicalloy P 6 showing 7 phase.

600°C x1hr. x750.
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10~90u 25 R&XTH 5. dor i erg?lcm 73 2 dimension %45 |, interaction parameter
& SHB. 0 b dpr b a 5% 5 &, Nix-Higgins ¢ Table I o 5hh 3.

HBUONDNA oA % 600°C T LEFBEM LIciGA%EEMNZ 5 &, ¥ HOFHMY a 17
lp OBETSHS. Fic 0~10 4, dpr=5%x10" erg’/em, I; 3 1.2X10° OIZET, La4dp
LEDBZTIO. Choo¥E ERiCANS & H OEMOKKD 18138804 5 ¢ &8
TEh. TNWAI, N no0f DRBAORERRES 2 ERIMICE72H 25 pbMNITN,
ZNRBHRHDTIRN T, Nix-Higgins OkIc b Lk w =4 b AEZ TN
LEMBZONS.

6. P6 oMM E

NAAOADERICE LTI, He BERIEBERELBLLTHINS I BSAXT EH
EILWEEMH5. GE MR LE P6 LD fMREDNM4 su4 (NI ZRmMULIZS
D) BZOBMIIHIESSDTHS. COMEICOOTRIE L7 #2i3 Fig. 8 IKRT#ED
TH5. He OKEIOPESRBICH L TRORMBICIE o7 & WD FlEH 5.

158, P6 @ v HOBAMBEEE L Fig. 9 K RTEDTH 5.
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