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Structural and Magnetic Properties of Unidirectionally Solidified
Fe-Fe,Ti Eutectic Alloys

Kazunori TOKORO and Yasuo KIMURA

Synopsis:

Structures and magnetic properties of Fe-Fe,Ti eutectic alloys containing 11, 16 and 18 wt%Ti res-
pectively and those of unidirectionally solidified Fe-16 wt2;,Ti alloy have been investigated.

As the result of magnetic analysis, Fe-Fe,Ti eutectic alloys consists of two ferromagnetic a-Fe and
Fep+,Ti, -, “phases (x>0), The Curie temperature of the former is 780°C and that of the latter is
around 100~-135°C, depending on Ti content in alloys and heat treatment condition. It seems that
the Ti content of Fe,.,Ti,-, in Fe-Fe,,,Ti;-, eutectic alloys, annealed at 1000°C for 1 hour, is
around 29 at%, by magnetic measurement.

The structure of unidirectionally solidified Fe-16 wt24Ti alloy has the lamellar or rod-like Feps ,Ti;-
phase in matrix of a-Fe phase. The results of metallography, X-ray diffraction and powder patterns
indicate that a great part of (0001 of Fe,,,Ti,_, phase and {100) of a-Fe phase are parallel to the
crystal growth direction on the crystallographic orientations of both phases.
properties of unidirectionally solidified alloy show anisotropy depending on solidification rates. The
magnetic anisotropy for this unidirectionally solidified eutectic alloy may be mainly caused by crystal
anisotropy of Fe,s,Ti,_, phase and shape anisotropy of a-Fe phase by magnetic torque measurement
up to 285°C.

Similarly, the magnetic
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Table 1. Chemical composition of specimens

(wi1%).

Alloy Ti C Si Mn Al Fe

Fe-11wt9Ti| 11°2 | 0:013/ 0:02 | 0:03 | 0-19 | bal.

Fe-16 wt9,Ti| 158 | 0:017| 0:04 | 0:03 | 0:20 | bal.

Fe-18 wt9,Ti| 17°6 { 0:011) 0:04 | tr. | 0°09 | bal.
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Table 2. Magnetic properties of as cast samples.

Coercive Residual Saturation
Alloy force induction induction
Hc (Oe) Br (G) Bs (G)
Fe-11 wt9,Ti 22 4 450 14 200
Fe-16 wto,Ti 36 4 050 11550
Fe-18 wto,Ti 37 3 700 10 180
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Fig. 1. Magnetic moment/g vs temperature for as. ]
cast samples of Fe-11 wt?, Ti, Fe-16 wt%,
Ti and Fe-18 wt% Ti alloys in an applied
field of 10KOe. The arrow shows the po-
int of inflection in ¢-7 curve with the
remanence of electromagnet.
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Fig. 2. Magnetic moment/g vs temperature for sam-
ples annealed at 1000°C for lhr of Fe-11
wt% Ti, Fe-16 wt% Ti and Fe-18 wt9, Ti
alloys in an applied of 10KOe. The arrow
shows the point of inflection in ¢-7" curve
with the remanence of electromagnet.
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Table 3. Comparison between the calculated and observed values of ¢ at 100°K for Fe-11
wt2,Ti, Fe-16 wt%4Ti and Fe-18 wt?%Ti alloys annealed at 1000°C for lhr,
Calculated values (emu/g) Observed values (emu/g)
Alloy .
UngzTil-x Oa-Fe g OFey+zTii-x Ga-Fe g
Fe-11 wt9Ti 2241 130-6 1527 18-6 1320 152-6
Fe-16 wt9,Ti 34-0 | 91-2 125-2 33-8 910 123-8
Fe-18 wto,Ti 38-9 74-8 113-7 39-3 76°0 115-3
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Fig. 3. Relationship between the interlamellar spa-
cing and the solidification rate for unidirec-
tionally solidified Fe-16 wt2, Ti alloy.
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W3 EFhiE, a-Fe #80 100 V5 A A2 75 U
T ThH5. Lrl, EliEcsT 5 a-Fe tHD (200)
DHETE L D DB 2 2TREHMIC a-Fe 480 100>
2%, [1100]re,7s//[001]r. DBEARD 5 BEFLET
5ZLETRTHOLEDLNRS.

3.2.3 W #

(1) RENBIURERE

—FgE Uic Fe-16wt%Ti &4 0fRH (He), 5%
BRFE (Br) I CRROEE 500 Oe 2 31F 51
REE (Bsw) % Table 4 IZ7RT. Hc,Br 35 XU By
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Table 4. Magnetic properties of unidirectionally solidified Fe-16 wt25Ti alloy.

Solidification rate Measured* Coercive force Residual induction| Induction in field
( mm/hr) direction Hc (Oe) Br (G) 500 Oe, Bje (G)
10 Y4 20 6 400 10000

1 28 4 250 7 750
20 ya 22 5 500 10 500

1 27 3000 5900
40 Vi 22 5 860 10 300

1 28 3 250 6 850
* / :direction 0° to the crystal growth direction

1 : direction 90° to the crystal growth direction

Crystal growth direction

T e S
(b) o L e (dh e

s g ( f ) ] Qmukm, & Nﬂ;:" P

Photo. 4. Powder patterns of unidirectionally sohdlﬁed Fe-16 wt% T1 alloy at 710 m;rx/h; ( )

(b), 20mm/hr (c), (d), and 40mm/hr (e), (f).
(d), (f) transverse section.

(b)),

section.

TR RS L GEEERFESRS Shd. He 3E
AHEHBE L, Br XU By EFEATHIHE

sHRMER O R EE ORI ENEROELE L FHE
BIfEMRH 0, EREZ/NIL LTHEEROKXE JITESH
5L, BRENBEL LS ZeBb2Tw5. Feuy

(a), (c),

( e) longitudinal
(% 250)

Tiy- » AOFLHEORESE & BRELEE ORR%Z kD - Fig.
S xhiE, BREREZ 05u TR 5 i ikREE

FE 400cm/hr Bl Rz %. BEKOKE CAST 3
DRI SECREEENSLETDH DL, BEOE

R T VAL RRAT B HIE O IR K, (S S ORI &
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BET, B LvESERE LNV, LiviNGsTONIO T B
BEEEIT X D Au-Co LG A4 OSHIRMEE fkmic
L, BEhzEdi. BEEE 5%x10-2~1x10-tcm/
sec (180~360cm/hr) BT 100~200 Oe D{FFEH
BESh, 1000 Oc EHDHS»itiE, 10m/br DL E
DEBEEESUERL I LEZRELTVS. ZDOXSHE
VIBRBEEERERE B v b, RESE —FHhk
Bl o & c e e UTEIE L, 2 %k100 Oc
DlEcE®»2  ERIEFE#ETHD LEADBNS.

% T, Fe-FeTi ZRILGEEORWNEZ S HILED
BTy, —HAERERRT S e X D A
Azt L, SOIEITTEEMZIT Feou  Tiy-; 48
(x>0) oF .V —BERFRUT KT LEDFE
ZLRhZIVWEELRS.

(2) BEKEE

— B A U7 Fe-16wt9,Ti &4 He, Br X
Bsoo RS LN RSESHOEREFAL D, K
R X > T igas & 28 U7 M & X OB
DO¥FKEE% Photo. 4 WRT. w5244 FOMBFE
¥ Feps Tiy_, FHITERE LTV 5.

BEDEE [Omm/hr @ & &, MEFEHDOFer+Tii-» #8
CEEE L= 742 24 P ORHRIERE 5 FET iR
RKoresa -2 %R, $dLEEMHRUI Fepr /Tii- . 48
Td Fepo;Th-, FHD C T IFIFEBREA@ECHEVT WY
5. HETEIC DWW T, Fepu Th—, MICHRE LYY
254 b OHBERIEEKRD -2 B2TFRL, RNE&D
Fey+ ;Tiy- » MO CEhHMHE BIE I F|E S MIT@WVWT W5
T EHbrb.
DIHE = FHELPLTWS. ZhbDZ &Eo b,
Fepo : Tiy— x FBVIEGRE S CEFTH MDD W ES LA
BHETHRTWEDR, Wiho Fepr Tii—, D Clilx
BEAMCEB X EHioTVw 5.

EEDEE 20mm/hr 53X 40mm/hr DL %% 10
mm/hrd b & LISIERRD /02 — 3B BNh 5. Fey,
Tiy-» HBD CHID HC —EELNM L S 528, ek
FIEE F i fii> TWwd 5, Fepu Th-, HOWMEAR
FHEREE LTHEMESE X5 :E2 005,

(3) mKtns

R bV s oREME LT, BEEE 10mm/br
T—AgE L7z Fe-16wt%Ti 540 ER» 5 285°C
ETOHRERRIT DK b o ghiga Fig. 4 10RT
FTH DB DWW CHEIE LR v 7 g3
MR E ™ U, BIEIRECr b e 360° @i
e, BEMESMERL, BEFRZE
LB SEhE LTVw3. BR v oREEREE LS

ANEguélE Co o ClaEA T T

(a) x10°
10 F
s
O //\ /..
AN
EONTIANN AN
BN/ 7a\\V/ /a\
o
LI \NY//a\\N\N/ Fa\ I
\/ : \\\*j 285
(o} S0 180 270 360
{b) xi10* Angle to the crystal growth direction (8°)
I(O) N RT.
285°C
0 50 180 270 360
Angle (6°)

Fig. 4. Magnetic torgque cureves measured at tem-
perature from room temperature to 285°C of
unidirectionally solidified Fe-16 wt%, Ti al-
loy at 10 mm/hr in the planes parallel (a)
and perpendicular (b) to the crystal growth
direction in an applied field of 8KOe.

HoTRAD TS BEAFMORBA OWSK broit Xh

W, BRERGEIIIZEACRD R0l BELEE

20 mm/hr 35 XX 40 mm/hr D& D 10 mm/hr O

BLERTHS. FIHAORRK ORRICH T HHK

v O EEEERERE 10 mm/hr @ & & 9-58 % 108
erg/cc, 20mm/hr ¢ & & 11-50% 10 Serg/cc, 40 mm/
hr & & 9-27x10%rg/ccThH 5. HEERE 20 mm/hr
DL SR PV I IT X HRADEUKIRT LD Hh,
IRz Bsoo DMMKRAFMEORER LLIL —FHLTW
5.

SEFT A U7 RiEsk b ov 7 BRI IR O RS 1
B A ERD LRIV, BE NV o ORFEIE L IRE DR
e L5 E Fig. 5 Rt & 5 BGRBEORS. BE
MV o OREBEIRE FRCHELT 150°C (hifETa
WA L, £ X D ERAITES S0t 5.
HEHBET D 150°C fHEicid Feps Tii_x O * =
V- IBEPHD. =i, DL 300°C fHEETOD a-Fed
HREARSFEER (K) OEEZELIx 100°C o&
8x 10t erg/cc DETIZFEMAVCEA T L5795, 150
°CFHEDBE DAL a-Fe @ K, OREZ(LTIEE
BATERV. Lo, 150°CHhaeific L, &R
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x10*

14

12 —&— (0 mm/hr
o~ \ —e— 20mm/hr
(5]
i 10 N —&—_ 40mm/hr
s a
§ Q§<>\
5 s PR e
8 AN \
g ‘\ss\’_ﬁo_ .
(53
§| 6 =
o
£
G
@ 4
=]
5
>
g
E 2
b
(=]
2

(o}

0 S0 100 150 200 250 300

Temperature (°C)

Fig. 5. Maximum value of magnetic torques vs te-
mperature for unidirectionally solidified Fe-
16 wt?% Ti alloy at 10, 20 and 40 mm/hr
in the plane parallel to the crystal growth
direction in an applied field of 8KOe.

BIORES v 212 a-Fe #8335 X OF Fepo Tiy-, #BIC, &
BRADOHSE by 21k a-Fe HOARITEIL LEFxbh
5. fh, B 0'35mm @ Fe-0-05wt%C Ofte%
20A4MR% HI TEFCHERTHAEL, BEF 4mm 0
AR OB IC LTHRA PV 2BEIE L2 E T A, X
EhHERSHE R L. Fe-FeTi RILFELOWUK
BREWSKERMEEMESHETRT Z LD, Fe-Fe,Tigk
HREEEOUARREFHRIEL LT Feu /Ti-, MHORKH
BEhME a-Fe HOERBERAFHLE S LEEILNS.

4. & %

Fe-Fe,Ti RAEICOWT, HEMKEHKAL Fe-11
wtopTi &4, Fe-16wt%Ti &44% X U'Fe-18wtopTi &
& OEHEME X R T, 2T, MO Fe-16
witoTi EE&EHDT Y vy o2 24 FOET—FMA
EEL, M8, MR IUCHRAEFEFTES TR
DREREBIETIERDEE VI TD 5. .

1. Fe-Fe;Ti RIAFHAEOMBIIIATY: a-Fe HD
7 bY vy ALY Feu,Ti-x M (x>0) 257k
5.

2. $EoxzoBotcRET Ti 2EogE s
LT, Ti &30t 5% & Fepu , Tiy— . #EHHEML, &
WHEE< 7255, BEEESEIRTTS

3. SEDEETOEEE 1000°C T 1 hr {5575

L7253 Fepr o Tiy - MOMBKITREM: OPIE(ED B
29at%Ti TH5H EBbh 5.

4. Ti BORLS Fe-Fe,Ti HitF&84D Feys,
Tiy-, MO F o ) —(REVIR, BB XD TRERD
100~155°C ¢H 55s, Ti ZEE L7z a-Fe dBD* .. Y
—IREEVIMELAR, BUOEORE LR IT L AL 51FF780°C A
®BTH 5.

5. —H[AEE L7z Fe-16wteTi 44 ® Feps ;Tiy-
HIER VBT 5. HEEE, XBEF B
KEFn &5, a-Fe #AD (100) LV Feps  Tiy-
D 0001) DERREVIERE FH A &L

6. —EMEGRE L Fe-16wt%Ti &40 ES
BEHER X OCREREREREWSHED RS, (R
B A EICEAFRM»E L, BERMRTE, R O X500
Oec DL EOWHBEIX LD TFTAMAEE .

7. Fe-Fe,Ti FIFOMRESHET Feou s Tii- - 18
DGR EKE L a-Fe BOBREHFES R IR
THLcDDLEbNLS.
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