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Abstract

Magnetic materials play an important role in the field of the electrical communication and
electronic eQuipment which have been édvancing very rapidly. Among the soft magnetic
materials, sillicon steel is generally used in the field of the high power machines and equip-
ment while permalloy, in the field of the low power equipmcnf. Permalloy is used in the
productioh of magnetic head cores, 'microlrénsformers, magnetic shields, etc. However, the
use of permal]oy in the production of magnectic head cores presents various problems regarding
its resistance to abrasive wear, machinability and strains caused in the process of lamination.

The Fe-Si-Al ternary alloy -(Si=8to 1125, Al-4t08% and the rest=Fe) to be discussed in the
paper is generally called “Sendust” alloy having a permeability lower than that of permalloy
and a specific resistivity almost twice that of permalloy. Its hardness is very great so thai it
is not subjected to stress under a mechanical action. That is, Fe-Si-Al ternary alloy has very
desirable characteristics as a material for magnetic head cores. However, since the alloy of
this system is hard and brittle so that it has been so far impossible to produce a sheet directly
from its cost. The author, therefore, investigated various production methods such as powder
metallurgy, powder rolling, electric discharge sintering, powder spraying, ete, in order to find
out the best method for the production of the Fe-Si-Al ternary alloy sheets.

First, in order to discover the sintering conditions of the Fe-Si-Al ternary alloy in the po-
wder metallurgy process (production of powder—pressing operation—sintering—product), the
compressibility, the sintering temperature and time and the atomosphere were investigated and
thereafter, in order to improve the sintcring and other characteristics of the Fe-Si-Al ternary
alloy, the types and kinds of additions were examined.

As to the powder rolling process, there was no detailed data available, so that the investi-
gation started- with the production of Fe-Si-Al ternary alloy powder and condluded with the
discovery of the data or productions conditions. Thereafter, the effects of the rolling conditions
on the characteristics of the sheets were investigated, thereby establishing the rolling condi-
tions. The sintering temperature and time and the atomosphere were investigated in detail
with the use of the green sheets rolled under the optimum conditions in order to examine the
eleciromagnetic characteristics of the sheets.

. The newly developed electric discharge sintering process has a remarkable advantage that a
~ sheet in any thickness can be produced in the air within a short time. -Therefore, the dis- -

:t_:harge conditions such as the discharge current, the pressure applied, the succeeding pressure
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and the discharge time were investigated in order to find out the effects of the discharge con-
ditions on the mechanical and physical properties of Fe-Si-Al ternary alloy. Whether mixed
different powders are alloyable or not ({or exafnple : Fe-Si-Al ternary alloy and Fe powders)
was ajso studied because its alloyability is a requirement in the production of head cores. The
eleciric discharge sintering process has various advantages, but the dies used in this method
present many prohlems which munt be solved.

The powder spraying process can be applied to the mass production of Fe-Si-Al ternary
alloy sheets on the commercial base, which products the sheets within a relatively short time
as in the case of the electric discharge sintering process, Therefore, this method was actually
used in the production of Fe-Si-Al ternary alloy sheets. In the powder spraying process, the
powder must be melied in a gas flame and immediately adhered to the base, In this case, the
powder has a tendency of heing oxidized, so that the types and kinds, composition and sealing
of the gas flame, the temperature of the base, the spraying distance, etc were investigated in
detail, thereby establishing the optimum spraying for Fe-Si-Al ternary alloy powder, hased on
the electromagnetic properties of the sprayed sheets. It is considered that thus produced sheets
contain much oxides as compared with the sheets produced by other method. As the sprayed
sheets are rapidly cooled, the sheets produced by this methed were compared with those pro-
duced by other methods in order to find out the crystailographical differences between them.

Finally, in order to investigate the applicability of Fe-Si-Al ternary alloy sheets produced
by each of above described methods, the magnetic audio-heads were fabricated and the chara-
eteristics of the impedance, the bias, the recording im-out-put, - record-play back frepuency,
ete, were measured, as properties of these heads in audio frequency bhounds, and compared
with those of the magnetic audio-head made by permalloy sheets.

Conclusion

As the results of the above investigation the production of Fe-Si-Al ternary alloy sheets
which have so {ar been impossible becomes possible by the powder metallurgy, the powder
rolling, the clectric discharge sintering, the powder spraying process. The audio-heads whose
cores are made of the sheets are superior in mechanical properties to those whose cores are
made of the permalloy sheets. As to the electrical properties, the former are substantially the
same as or superior the latter. .

In the near future, Fe-Si-Al ternary alloy sheets may be .industrially used as a material for

core instead of permalloy sheets.
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OIS DT Nri— 5 (0.60mm) 2 Eefk Fe-Si-Al =
whREE (0.71mm) % JLBEL 7oAER, HEfkFe-Si-Al
ZRFRB O T DENERE: =f_li SOOKHL iz j’ol{\'(‘;fz'] )
GofEzERL, TAS—=HLY EV\ FaA N béwi.,}

BIF PRELAC L BFeSiAlZTRASS
— FOEEBTICEI D OBETHEE

3*1 FAHE

WHETIE Fe-Si-Al ZiAA SR OO FRE T
Role, ARETIAPRT —~THB v— F ORFELD
TOELT, BIARHEAIC X - T Fe-Si-Al Z3e R4
&Y= N E N 5 5 A O MBI O LT —
EHHBZ LR AME L, Fh4bb, FeSi-Al =3
FREOFROMUE,SIMEEL, -+ Ol Z Db
PRLI o b, [EHEEOESAE (2 — VRS, v — A
E= R, SR, 4 v S—HE) R YRy — b

(99.9%), 7H3=

DR G2 SR OV TEHHICERS, Z0JFiES:
FafesiLic, DWTLHEOERIC X > TRSL SR
BERF T CRIES 127 7Y ~ v — ME DWW TR
TRV, BERRORRELE, MR, FELA L0
RT3 — + O, BIROIETTIC G2 2 8 -
WO RSB E TRV, T ORRSAIE FRkic L
7z, EOITHGBAIIT TG S hicy— + OTREKIN
THE &~

3--2 EBF*

FRU TN ToB R B B Test & R thng 2881 20
THD, BT L3, TEA8099.9%), vV =
> (99.9%), T3 =95 (99.9%) SOFUE A Tz
%L C Table. 3—1 @ No. 1, No. 21215 X5 7%
“HRHIOMBOA Ty P EHEL, ThbhEAZ Y
FINTHEREL DL, F—N I (BE) TRk

Table 3-1 Chemical compositions 6f i)re;
pared powder compounds

bamp!e ! Pulverizing
___No. | _process _ | (wt %) l (wt %) l (wt %)
1 Crushing 9.11 6.01 Bal.
2 " 12,18 6.69 ’”
3 Atlomizing 10.21 8.19 ”
T4 A 1.92 | 9.02
5 | " 13.08 | 10.38 | "

Uiz, BIFm¥li: 100~150hr TH3, ?T&ﬁﬂhﬁ?gﬁf

t, FATEHCERESK (99.9%), 7= w vyaw2E
5 (99.9%3) ERlv, BJHEGE
KIFOBEAONMIC FRIL L LCoRGRAMN & B E,

SHIZOWIC 7 VI F D DFE BN TEDOT
B TR LI, WHET VIR by A—B RO
J ANVEB U & 87, WigE2dg Table. 3—2

13T, LFIOS SEHARL 1.5~1.7kg TH Y,

Table 3-2 Condition of atomization

Water

Tcm?céature 'Metal Nozzel! Atomos-

3 -
(ll{grf/efs:'snuzt)c | l Dla (mmgs) phere
T e —
65 ' 1450~.1550 ’ 2.5

Table. 3-1 0 No3, Nod, No5izh 3 X 5 2= fiE

- OEEEROBRE R LT, ok, BT

WERMIC T VT AR BAL, WEOBRLZYL-
Ulzo BB DIZR & 2 o i Bl sIlic

D, BIESFAMI 7 VA T X o, K BN s
BIUOWENER, #heh JISZ2502, Z2504 (25
ST TMEL I, LROBREMWESY —
¥ — b OREHTIE, HEIBERIEE2) (0 — vty
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i3, FR300mm, HEERESEOmm) & Lic, BER
BRAIEEOEZEN & ) iR (EAKE4X107~9X
10-5mmHg) T1200~1250°C, 2~4hr {72070, B
A AA0mm, WE0mmOY > 2K, i
Hoe HiciE B &30mm, M12mm o KRR & BE
L — b B IR E RV T Y Lz, BUBORRE
LS, BRSO BT T b
DLFAETH D,
3—3 RBRERVCICER
3—3-1 BEROER

Phoro. 3—1 ZHRIPRBOBRHBFTH T >
T, TOWIRBAF 0T BHTHREELTNDZ L&
M5, —RCERNBTEE 7 L~ 2 RELTVWEO
P CTH DN, —oBREPLZER->TnD, &
OEFIT D B L TRERR L, BRIV THEY

20, BB EIE, REEE ELDbOTHS, i
B, oKk BIFD Nob OLDIERTES LK
+%7c, No2, Nod, Nob5 OFIAIEIERHC ifm L
BRSNS Ch D, RN HMIEITBIRIRIIIL2. 5%
~2.62g/cm? THHHM, BEEHFHOTIIL 1.8~
2. 11g/cm®® X 5 2 {fvy, ZOWEZIEB LITHRD
e X aFeititofsc BRI 5 b0 L iBbha,
332 HEEFH

ARBOLE T B TERIZERZ{TARY, Thoo
#EE% ¢ Table 3—4 (2% X 5 BIELERHFHN
FY—ry— b EBLEDIEETHS D LVOEH

Table 3-4 Relation of binders and roll dis-
tances under the same condition
of powder supplying velocity (20
g/sec) and rolling speed (3r.p.m.).

B isd, EHCHRILT BEMARD bR, —— o
Fomrm Lo R A Pt 7T kY~ . Binder distance
“ sample No.~| . 1 Cmm)__

1 Viny] acetate (1wt23) -0.1

2 Electrolytic iron (25wi%5) +0.1

o 3 Without : -0.2

P 4 Electrolytic iron (20wi%) +0.1

; EN 24 - 5-A Electrolytic iron (25wt%} +0.1

El S P NG s 5-B Electrolytic iron (40wtg3) +0.1

Photo. 3—1 Mechanical Photo. 3--2 Atomized — - - : - s
crushed powder powder

- %437z, Table 3—4 pbibhb ke, r—IE

Photo 3—2 GRS FROEHEEITITH % 25
FOEMTEBNEREEL, TR TS, ¥
FKOREO L Z AL ZAHREFETNSEA, Thix
SERO XV L RIB TSR T 2 BRIc B TH
FEAIC Y > ThkEHRIcboLEALLGRS,

= b O¥EkobF ki Table 3—1 bbb
HXoie, Al oSy B EIED Fe-Si-Al ZREE
(Sendust HAH) DERE Y M2 YE R >TH
B Rbhd, O L QICHEEZOHAK
B Al 0K{WRIDOZ L2 H LM LHERIC AL
jeled T b, Table 3—3 {k LiEkrkic > v TRIEE

kORI X > TRESM, Tn) b ek
Nol ¥ No3 » Fe-Si-Al =R EGDOHFHRITENT
3, v—nAfiEELT—0.1~—0.2mmD X Hin~
WVE B AEBEENMNRERSELHEND D, No2,
No.4, No5—A, X UNob5 -BIXIEEAEA L LT
S5 RSB ERINL, TOFEEREELLIIE
Licb DCH-T, SEEIEAHIE LTERE B
»a, Nol, No3 FEQEACHELTESTH
ey RRBEX ORRELEOBAICONT, £ OFHAE
wizik3, Nol ORECIIEHY =/ O wmate
LT 1 %REYCh-T, Shk DiFiEsg (o

Table 3-3 Physical properties of Fe-Si-Al ternary alloys powder

Particle size | C‘_“S‘TﬂF"f’_‘ier ) ) N A“’“_‘iz_c‘} powder
(mesh) "No. 1 No. 2 No. 3 No. 4 No. 5 ] No. 6
100~.145 — — — 1.8 0.2 | 215
145~200 — — — 11.0 6.8 16.4
200~.250 — — 29,5 13.3 19.8 19.5
250~-325 — — 36.6 18.5 3.1 22.1

325 100 100 33.9 45.4 39.1 | 19.9
o B A
Apparent ’ 61
G  fom 2.62 2.56 Le | 2l LB I e
Flow rate
(scc/50g2 No flow o I

% Values were measured by flow meter of dia, 3mm.
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THHIER TEDH, B33, ZofRga:
KL%, BB, 5B ERINT2E, v~ Motk
ERPAD BB, No2ixisc BRzskia % v
TP CH DN, Ry - T A LB TE
7Zo

AER O No3 ¢, RN ERERT 2
~FRELND LW BIEDORFEECH o7, FRLMN
»Y, BHAWOFRD R~ P EEDDIIE, iR

FRTH > Th, 0~0%BIEDOBREH EEAHIL
LTHMT2Z AT E LW 2L iz S hiz,
¥~ bOEEE, Table 3—5 0k 5 iz Nod3 233E# iz
HOA, A~ RBES —0.2mm Thol-bn
ST LEBELTCNS, ¥727) — vy — FOBEIR
4.6~5.2g/cm® O TH D, ZOITIRRKED
KIT0% Y LT 5, Photo. 3—3 13 Fe-Si-Al =
FTRE®RTY — v — NOWHRTH 5,

Table 3-6 Thickness and density of green sheets

S Sample No.
T 1 l 2

Thickness (mm) 0.63 | 0.77
o

Density (g/cm?3) 4.61

3 l 4 5-A l 5-B
Coa9 | eet | ot | oes
1.76 4.69 473 1.68

Fe-Si-Al ternary alloy

alloy sheets

Photo. 3-—3

333 BERH
FERE R OB I5IT2Y (AKX 1074 ~5X16-5mmHg)

No.2

No.1

Al 1.5

Al (wt%)

St

I |

1%-?5?‘3‘* 100k o——a |00

o——0———o0
Al{
S.O—O,E‘;\,\: 5,o_><\x\@ 50

PCITR-7DT, [KASETHS AlDERTZ oL
BEZLNS, TORDEEREHIT OB TEEAE AT
polz, Tk Fig 3—1ind, Bskisitoimc
&b TALRMY T2, SidEERE T LA

Vo T OFARRA R BB CFBEE LY, Bl

ECEDRFELTHN, 5V ROTEECS
DDPLHDRFE AlZFNMLTHEL LR EIERS
o, AEBRTELUEDZ L 2ZEIC AN, Bk
BRI OESAIMTIR LT L ~3 %40k Al 2iRmL
2o

BRI RI A E B 5.2 5 B Fig. 32 oh:
TXHTHY, BEHMHOHMMC L L o THERR
ELTW3a, 2hbohT No2, No3 o~ b ofift

fi 1]

7.5} aAl{ No.5A

No.5B

I

a8

i i

i
3 4 2

N -

~N
N

3 4 2 3

Sinte ring} Time (hr)

Fig. 3-1 Relation between sintering time and composition change of Si
and Al in sintered Fe-Si-Al ternary alloy sheets. No,1~No.4
were sintered in vacuum at 1250°C, No. 5A and No. 5B were

at 1200°C,
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ROBENF L, k€ Nod, Nob BZhiESF,

Fp e =2 L e Nl % o & IRz aRL
Tih, Nod L Nob (xR % 20~402 D FFRA
TCHEMLIZLOTHDA, Z v b O FERRKOEEN
No3DnZh X D bitWwdik, HEEHRIUIBIT D8EDIL
FolsisRH LT s b bhvs, bbbl o
FITBIT D& & A RO PR OHGREIYE 6.8~

7.0g/cm? TH B, No2, No3 oy — hMEkkitkog
BEEIEIE T OHUTIE Y, o
Photo 3 --4 WHER A OHMETIRE 733, Noliy
o Eoy— FEEEARL Y DRILAE L, LM oT
FELIEL R o TWD, ZOHHIXFEHICARRE =
AEHNTW DT, BEREIFRCEER & = VTS
7o LEGE S B, No2, Nod i3 BErsM L & bick

3hr 4hr

Photo. 3—4 Microstructure of sintered Fe-Si-Al ternary alloy sheets.
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33}
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>

Fig. 3-2 Effect of sintering time on the
density of Fe-Si-Al ternary alloy
sheets.

No.1~No.4 were sintered in va-
cuum at 1250°C, No.5-A. and No.
5-B were at 1200°C.

AREY, BERB L R->TWB, 228, Highoz
DB L ZOWITHER TS &, Perknsingt She fofs
DEEUALENPR IV IL BoT, B RICET T
WaZ tRmbhb, LiL, No2 Nodpiici
FEELHEEAS dhr FREED b XIS & A K2R T
{%, No.d D% No.2, No.3 O 7RIz i LTah
5L, I ARVBNWE S THBHM, dbr OERETE
KB 3% 6. 7g/cm? CHIMIC Y, Nos—A,
NoS-—Ble o T BEEREACDIRA TH o 7cicd
by BN BN TWD, ZOBAIE, WEESEE
TR BRI AN TEER TR bR RE R b A e
Eibhb,

DEDZ Enb, FEEROZRILBEI S &R
REIEL TV D41, BEREREEIAE {22 5 L ik
AL T WA B B A3, ZZILASHID I b 1
NeH 5354 kﬁ,m#ﬁﬁﬁ&<mor%&ﬁkb
B3 wask5Ths,
$3-4 FeSi-Al =iRAEL— FOBEE

Bt Fe-Si-Al ZRRA &Y — M OB oW
Tt Fig. 3—3~Fig. 3—5 txd, chnbibh
5451z, Nolgps XUt No2 matklizgwn, Br, By

o—o No.|

T

9000
8000
7060 }-
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5000
4000
3000
- 10000 F
& 9000 |- Bio
8000 |-
7000}
- 60001- - Bio
© 500 @ Bd
M 4000f-
3000{-

0.6 BHe
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0.4¢- 7

0.3}- .
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m

T

B0 (&

ste (Oe)

Fig. 3-3 Effect of sintering time on magnetic
properties Fe-Si-Al ternary alloy
sheets sintered at 1250°C in va-
cuum. '

X & Hiz 1250°C, 3hr BRI BWTERKIHETRL T
W5, ¥z sHe i, Nol iZBW TRz X -
ThHEVELE TS, No2iZ B\ idBeriisiia
DMz L bR > TREL R >TWS, ZLT3hr o
Bkt L & @ gHe 13 No.1, No.2 Dwv$iu g 0.450e
Th B,

WAEZERE WA, No3oalkl Ciabefing
fl& LT 2hr TG0 &5 EDIS, ELTBrid
B & i RN 525, Bo gl Al
L, NodoRekx, BERIFHAE ksl L
LZBr, B L{ETL, sHo iZBEERIL &
bz B 5 A S B, NoS—A, Nos--Bizific
DRIk 5z, PR BT 3SR Thode
b, FORNER Nol~Nod 02 bic s LT
272 DK,

BB~ X 51, sHeldedmgMie & bicegic

T AHEARLRB, ZORKE, Adkkho

Al PGERERSFHIOBINNC & D AR VIEIEERMNI SER L
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Fig. 3-4 Effect of sintering time on magnetic
properties of Fe-Si-Al ternary alloy
sheets sintered at 1250°C in vacuum.

Sintering Time (hr)
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Fig. 3-5 Effect of sintering time on magnetic
properties of Fe-Si-Al ternary alloy
sheets sintered at 1200°C in vacuum.

 Sintering Time (hr) -

T %, FRARELTEILASZ T /cbLEbh
b EEAAICEBRE =& vz Nol oitkiz
BWTH, FROZERVWEIEITHD, bbb AL
sHedDE iz, Br, By, O & Bk e LTEERD
LDENMHZ LTSN, HETHA I,

R & Serkif OB HE Fig. 3—6 HHmbhs
X 94z, —REIC PRk Shr £ THARPUITAY, %
AU ETEd E D BbL v, IRGUIEESRETHRE,
5L CX5 X512, Nol, No5—A, No5—Biz
ZILAE W, N D 160~240pQ-cm &)
K&vy, No2, No3, NoSidpedrsi viEfiLcn
i, HIEE 100~160pQ-cm & i o T3,
L iz No2 ot By Ui, 0 100p20-cm
L HREREHC ISRV R E R L TR D,

225 +
Na.5A
-A
200 -
: - No0.53
—_————aA
iI5 \ No. 1
0

25 No.4
No. 2
'00 — *— ® ]
1 R L SR S
2 3 +

 Siatering Time-(hr)

Fig. 3-6 Effect of sintering time on resistivity
of Fe-Si-Al ternary alloy sheets.

BUNE v ) — AN S Fig. 3—T 15 115
— I HERSIER O BINC & b A o TEDHIRRI < 2o
T3, NoloWe SERED 5 bTrHEAEY
Z OFEEREPRICETET BRUNELICEIN L T3
L0 L MBI B, NoZDRED i 7o & 13 991 7L
tr, 7 OREHRI LV F R AR T BIRICOREL
b DEEOFEELTWSEOTHEN, £OHHE
vy b ERKODICEN 06 Thote bk THNPDHS
¥, BESSIRICI BRI A D AT LTV DY
DLEXTHONTHS 5, No3izARED )b Tw
BIEABYPEEERLTNWS, Thbb, 3hr Hith
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Fig. 3-7 Efiect of sintering time on micro-
Vicker’s hardness of Fe-Si-Al ter-
nary alloy sheets

Licb DT830 Chsb, Ll, Zoikhi dhr Sk
TEPZ > THheSEPPI LTS, ZOBEHBERD
L HRHBE LT, FRMRSHER EOBENS dhe iSO
b5 TREBHIRICW S RANTIN A b, of
FHEEPRRELTWAZ b hb, it bR
REBIEIBFEELTWS EE2 LB,

34 LI
BBRTEIFEIAR B X USSR E VT, 35k
FiEgic X - C Fe-Si-Al =55 %84y— P2 REEL
IR, RO XS himiEgbhlk,

() WHAREFRIC X 5 WG, BRNS X ORI
AL D7), O 1~ 3 BRERSY
RIIL TR, PrEomRE b ->TopRE
BTHZ LRIARARETH D,

@) HRORTERRC BV T, FARIFERE=1)
ERIL 20 2l Fe-SiAl TRy — b
HETE ARV, IRAEERR CREAAE & TH
ML Chy— FRERZ LR CED, BT DL
SEAFL LTRSS E57cn, 85 Lk
HHSE & 20~40%iF L, &ik: LTEmEobyM
W% X 5 icthid, BRITEC X5 ) — vy —
FLTHYOMESObOEESD - L NRTX B,

8 7y —v s — FDFE&I30.60~0.80mmCH Y,
FhD D 4. 5~5.5g/cm?® Thoic, '
W BESamreeb oo AR, Al ORER
PRYZ L RBOT, RNOBALER Al 250
PU® 1.5~4.0% BEFELARTHL Z ERHEL

"N

{6) H&fl Fe-Si-Al =5 %E& > — FOHEBHEL LT
&, ERREBR CRERSD R 25%HmmLIc b D
BXL, TOREEM 1250°C, 3hr gEfio b X,
#m=5600, pHc=0,45(0e), Br=>5600(G), Bj,=
9700(G), p=100(pQ-cm), Hv=443, {kiEEngsk
TRERIRE20%FMLIZD 08NS 1A X <,
1250°C, 3hr 45D & &, #n=5000, sHo=0. 5(0e),
Br=4100(G), Bi=9300(G), p=127(2Q-cm), Hy
=453 G5, '

(6) 2RNZAHT, REDOHEHBATHIE OFe-Si-Al
ZERREEDITAP LWL BATR TS LORD S
Tebiy, FEEEOPRYVENLONS T, Liedis
THAF EIE, ek CoBBRERCTIHNIRHK

CHBEBCT ZoX3RERE VYR aY ba—

TEDPFKGIETH 5 L BLTONESL Y,

HAE NBERZIC LD FeSi-Al Z7%AS
DEEWTIT Zh > BB LR

4—1 ETAHE

Fe-Si-Al =50 %A&R XL THEL, ol wvic
W, Y— rOFERIIREETHD L ST, 53
FEORAEIEERZ X > Ty — FOREI WHRE & 72 -
oo AR TIARHBINCHERKEEHWD
X -T&bizT<hiz FeSi-Al =Zn%44&>—F
PRIFET S 2 LI BV,

MEBFEREE L1, RN FRASHREFELEL
Y, ETREBO >V BRI ETERKE AN,
BARL TR FET SRS TS 5 )
EERSICINE L, ZHIZ v 2 ROBIEZHINT 5 5k
THD, TOHEOFEIIRFITfIF L T SE{EIE
DH R Y ORERCTHAMNEZ 7, FER
TORENEDLD TR RIETCHS, £leznl
& OB TGRS X BERANL, RFICOTHE S
% FTHOHBEIE R IEL, NoRERTk XS
¥ 2 — NI BRI OB R UL & LTINS
720, BROBEEREZ X VW5 /HRTEEN
SFNND S, ZOFEFL L ThI»EE kg /cm?
Eo v AECLRFRIBUIEEL, BT-OLiRA th
5, HOIWI LAKELICREW TR v RO E
KIZLT, BFOEEE2 D VIEESEDSZ LI
ZoTHELLRWEWEL S, HDEVREIELTEL L
ARSI HTH S,

UboX oz, Zokiic FeSi-Al ZxRE4
— b REETRE, BERRK P TETH Y, Mo

HTIREA I SIBIT & D, Fe-StAl ZLAARD
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Sk, PINIRERICER A Yick 5L D bid
BWCENSN CIEEOSBRICIETE S LW AN
55, :

T O G, HBEEESHT Fe-Si-Al =0 %A 4 b5
FET AL OERT-L i b~ &, Bt H - B
Y OIRBSEEN A &R, RO RETR
Bl LI oW TR E TRy, ok bl
IRERERESRIR B U, & DICHSEMT CllgG L
je Fe-Si-Al Z5ERA&Y ~ MZOWT, HEERW,
2 b MBI & iR 7,

-2 EEHE

HRICHWIOBARE, B e LCEMREL v
vy, THAI = AnFRE99.9%HIIED b o Fiv,
BERBIL Y > TEaTeA vy FEBPBELIELOT
b5, WO R, AlS. 38%, Si9.62%,
7408 Fe Th Y, TOHIEE —325 4 v v 2 THB,

RSB ORKRE Fig. 41 Iy, SRR
ORIV D B R L TE-72 50 T,
BEIXS0Mm ¢, FSW0mmOfIERTH D, Fuzsh

(1)

/_ﬁ

(2)
)

(4) v

)
(—)

[ —(7)

(1) hydro-pressure cylinder

(2) oil ram

(3) spring for initial pressing
(4) graphite electrode

() graphite moid )
(6) Fe-Si-Al ternary alloy powder
(7) insulator :

Fig. 4-1 Diagram of electric discharge = -
machine.

#%46mm, HNEIOmmOEIRTHS, ZO ROz
Fig. 42 o X 9 IciBEE AR THEBRRE 2 (&
5 RS T DIFOMINES & BT & Oz,
Fig. 4-3 0 X9 2% H %, Riciki) s ER:
HImE A O & & LEIHMRIBOHECE L, SRS
BHEEOKRE S ExomEREEZRL TS, Zhnk
E OIS E LTOEEHE L - Th B,

HEEE RS E5 i, BT HoBBEEN

% 10mm ~
A0 mm® |
i 5
E [ {15mm
i T
(6>
poﬁder

Fig. 4-2 Dimensions of used mold and
electrode.

Presyers

——— Tin:

Fig 4-3 Relation between pressing pressure
and discharge current during sinte-
ring.
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BOZ ENREDLD THELREITHY, v RELD
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HRCIABEBORB CHER KL Som S hi
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BREEMSETREZERL, S#Efie LTom
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FEEY— MZOWT, BESEHENIERE LTE, X
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%Bmm, 16mm, F& 1 mmOEHHEHEEoT,
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BR(IFEB STz, EhE—R L LEREELS
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DM > CHTER T (sec) BRABICHI< 2o T
{3,
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Fia. 4-4-a Relation between discharge cur-
rent (I) and sintering time (T)
under the constant pressing pre-
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Fig.4-4-b Relation between pressing pre-
ssure (P) and sintering time (T)
under the constant discharge cu-
rrent (1).
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Fig. 4-5 Effect of after pressure on some
properties of Fe-Si-Al ternary alloy
sheets produced under the condition
of discharge current 440A/cm? and
pressing pressure 106kg/cm?
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Fig. 4-6 Effect of discharge current on mag-
- netic properties of Fe-Si-Al ternary
alloy sheets under the constant pre-
ssing pressure 106kg/cm? with or
without vibration.
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Fig. 4-7 Effect of discharge current on den-
sity, resistivity and micro-Vicker’s
hardness of Fe-Si-Al ternary alloy
sheets produced under the constant
pressing pressing pressure 106kg/
cm? with or without vibration,
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Photo. 4 -1 Photomicrographs of Fe-Sj-Al
ternary alloy sheets at various
discharge current under the
condition of pressing pressure
106kg/cm? and without vibra-
tion
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Fig. 4-8 Effect of pressing pressure on mag-
netic properties of Fe-Si-Al ternary
alloy sheets produced under the con-
stant discharge current 425A /cm?
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Fig. 4-9 Effect of pressing pressure on den-

sity and micro-Vicker’s hardness of
Fe-Si-Al ternary alloy sheets pro-
duced under the constant discharge-
current 425A/cm?
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Photo. 4—2 Photomicrographs of Fe-Si-Al ternary alloy
sheets produced under the pressing pressure
of 53,106 and 212kg/cm? and the constant
discharge current 425A /cm?
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Fig. 4-13 Sintering mechanism of electric
discharge sintering process.
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Photo. 4--4 Photomicrographs of the electric
discharged sample, using the
mixture 83 Fe-Si-Al ternary alloy
powder and 17% iron powder.
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Table 5-1 Chemical composition of
flame-sprayed powder.
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Fig. 5-1 Particle sire distribution of the used
powder.
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Photo, 5--1 Vacuum melted and crushed
Fe-Si-Al ternary alloy powder.
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Fig. 5-10 X ray diffraction pattern of the
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Fig. 6-2 Impedance characteristics of audio-heads made from
Fe-Si-Al ternary alloy sheets by powder rolling.
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Fig. 6-3 Impedance characteristics of audio-
heads made from Fe-Si-Al ternary
alloy sheets by electric discharge
sintering and powder spraying.
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Fig. 6-4 Bias characteristics of audio-heads
made from Fe-Si-Al ternary alloy
sheets by powder rolling.
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Fig. 6-5 Bias characteristics of audio-heads made from Fe-Si-
Al ternary alloy sheets by electric discharge sinte- -

ring and powder spraying.
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Fig. 6-6 Recording in-out-put characteristics of audio- heads
made from Fe-Si-Al ternary alloy sheets by powder
rolling.
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‘Fig. 6-7 Recording in-out-put characteristics of audio-heads

made from Fe-Si-Al ternary alloy sheets by electric
discharge sintering and powder spraying.
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