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Fig.1 ME output voltage of variety of thickness as a function of Hy;,s for Fe;oPds, film(10 u m) and Fe;Pd;g
film(3.6 12 m).
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Fig.2 (a)ME output voltage of variety of thickness as a function of Hy,, (b)ME max voltage of Fe-Pd
ribbon thickness 2t,,.
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1. Introduction

Shape memory alloys (SMAs) are a unique class of alloys, due to a reversible phase transition,
exhibiting large reversible strain and strong recovery forces upon repeated heating and cooling.
Ti-Ni alloys, which are the most practical SMAs, exhibit two kinds of martensitic transitions.
One is a direct first order phase transition from the B2 parent phase (P phase) to the B19’
martensite phase, and the other is a sequence of first-order phase transitions from the B2 phase
to the R phase and from the R phase to the B19
phase. It was found that Ti-Ni alloys show novel
phase transition behavior depending on the
concentrations of doped third element. The
first-order phase transition in TisoNisoxFex is
suppressed with increasing Fe content, and only
the precursor phenomena are observed when more
than 6 at. % of Fe atoms are substituted for Nit. It
exhibits a P phase to incommensurate (/C) phase
transition at 220 K and an JIC phase to
commensurate (C) phase transition at 180 K. 7 — i

In previous work, we investigated the local ) Nl i
structure around Fe and Ni in TisoNissFes single . il p e
crystal using X-ray fluorescence holography (XFH) <1018> ( _\1)3 20
method? 3 and the result provided direct evidence -
for the supperlattice structure in the Figure 1 Atomic images around Ni on the (001)
commensurate C phase. As shown in Fig. 1, the lat.tice plane at z=.0 A in P phase. The energy step of
reconstructed atomic images directly reveal the this measurement is 0.5 keV.
neighboring structure around Ni in a radius of 1 nm. However, the intensity of far atoms was
weak and a ring-like pattern appeared on the reconstructed image at a distance of 1 nm away
from the emitter Ni. It is difficult to analyze and understand the exact atomic arrangement of far
atoms around Ni. Therefore, XFH experiment with a fine energy step is required for figuring out
the actual atomic arrangement of further neighboring atoms around Ni. In this study, we choose
0.25 keV as an energy step for measuring Ni Ka holograms, while 0.5 keV was used in previous
measurement.
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2. Experimental

The XFH experiment was carried out at beamline BL6C of the Photon Factory at KEK,
Tsukuba. The x-ray beam from the bending magnet source was monochromatized by a Si (111)
double-crystal monochromator and focused onto the sample with a Si bent total reflection mirror.
The incident x-ray energies were 8.5-13.0 keV in 0.25 keV steps. Using the toroidally bent
graphite crystal, Ni (Ka 7.47 keV) fluorescence x rays from the sample were analyzed and
focused onto an avalanche photodiode. Each hologram took 6 hours for the measurement. The
temperatures of 225 and 100 K were chosen for obtaining holograms in the P and C phases,
respectively.
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3. Results

Figures 2(a) and (b) show real space images of the (001) lattice plane at z= 0A (the emitter Ni
atomic plane) of the parent (225K) and commensurate
(100K) phases, respectively. From the crystallographic
knowledge of TisoNissFes single crystal, it is found that s
images of neighboring Ni/Fe atoms were successfully
visualized up to 2 nm in a radius as shown in Fig. 2(a).
The ring-like pattern was suppressed due to the fine
energy step. The intersections of the solid line indicate the
ideal atomic positions of Ni/Fe atoms. The marked circle T v
corresponds to the emitter Ni atom. As shown in Fig. 2(b), $ L
the neighboring Ni/Fe atoms around Ni within a radius of Nl _
1 nm are much enhanced in the C phase as marked by a VB e P i P
dashed line. From the comparison of Figs. 2(a) and 2(b), () 0
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we found that far atoms are distorted and weaker in the C

phase than those in the P phase. This result may be 3

strongly related to the effect of impurity Fe. , 3

In the previous XFH study? 4, we have confirmed the = '

formation of a cluster-like structure with a size of 8 A ‘é’

—

o

\%

around Fe in the C' phase. Since 6 at. % Fe atoms are
substituted for Ni, the high stability of cluster-like
structure around Fe may give a rise to an inhomogeneous
atomic environment around Ni. Namely, the neighboring g3 8 $ RVEREH NP A 3
Ni atoms around Fe are locked by the -cluster-like " ‘N}- “;
structure at low temperature, while far atoms of Ni prefer I T
a structure of low temperature phase (such as the R (b) <100>(A)
phase) The atomic images obtained by XFH are average Figure 2 Atomic images on the (001)
local information around emitter atoms. Therefore, our |ygice plane at =0 A in P (a) and C phases
results indicate that the formation of the cluster-like local  (b).

structure around doped Fe suppressed the first order

phase transition of Ti-Ni alloy.

(.
.

4. Conclusions

We carried out the Ni Ko hologram measurement of TisoNissFes single crystal with a fine
energy step of 0.25 keV, and successfully visualized the local structure around Ni up to 2 nm in
radius. Our results demonstrate that XFH method can provide real space atomic arrangement
up to few nm under a fine energy step of measurement. We believe that our results provide direct
evidence for the role of impurity dopant in Ti-Ni alloy and the mechanism of the martensitic
transformation. In the near future, we are planning to carry out further XFH experiment on the
Tis0NiszFes single crystal with same energy step 0.25 keV, and it will reveal the local information
of the /C phase.
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WEEE £ COMFIEIZ L 0, IREFEWMO~ LT A baHFMMRE LT, @Y R5M4T (RE, OF A
B, OTAH) CIRMEMTAKT &, —MOBFRSARE L, KER20T A2 058 e FIThEabhig 1
pm A FOBRIKL Y = 7 4 MRS OND2Z E2HLMNI L, REEFZ Y LizmAEiAL, 7
= TA R~ T U A NOBEAFGRME BT - BT 52 LT, VI ofikiRE AT 5
2NV BRI SRR M ERLCZ SO T A Z L2 HINE L TEBREIT- T2,

2. WFTRRE

0.39%C-1.4Si-1.6%Mn D% % E 3 5% BZ8 M TR L, 1200CC 1h IEVL 7=, (T EIEAED 880
~0930°C L7222 X HDITHE 45mm F CTEAARERLE L, |IRFE TG L7-. BJEMR A 3.5mm F THEI L7212,
500°CC lh AL T, B CHMEAEFICHE Imm £ TEE L. Z0O% YV b X2 EHWT 725C
T2 BB BB L, BlX%iX 400CT 5 5D F— AT L /83— A i LT~ %I RIRETHAE L
SAE U728 O ~FEEIIARIER 150mm, £ &4 250mm Th 5. EEHR Ok % YCTE T, JFIEBEM% Ok
% SEM TH#IZ L7-.

3. WFFERRE

Fig. 112, BMENRD, EIEST I FAT2RWE(TD ) O G FBMEBEH B Z R R A"+, BUERIS, #il7e 2
AR T 2 TA bE~AT P A MnblaoTWD. Fig. 212, BEN A R EE LS L7-1% 0 TD %,
SEMIZ X VB LR A2 RT. MK 7370007254 FEB2HOEAEME R->Tn 5.
Fig.2 RV UIRIETHE LT, 7= T4 MLOFEEFEREFARIL 04 m, F2MHTIX0SpmTho7z. £z
A N7 T 4 ZUETHE L2 2 HOEMEFEIT 50% ThH 0, XBREPHIC L 0 HE Ly #1%19.5%
ThoT-.

4. F £ ®
RO 5 B ETIT, BEMEOMEETI B 7 BRI A/ (dual phase: DP) 135 = & (2
B L7z, A%i3. 29 LEFEOMATE 268 - e 250 2H50CT 5L L bic, BoNT-i8
ORI D 1) R 2 fRB L TS TETH D,
NI
T N

fo )
A s : Ry,

o RN .fgfx,ii”:-s SR
B .,\ o 3
VPN SR N

o R Bl o8t r R Slates

Fig.1 Optical micrograph of the steel after Fig.2 SEM micrograph of the steel after
hot-rolling. warm rolling and annealing.
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WFEREE - BURENZRY: PTHERA

WHoEos g - BURESL R & HE
e B e

1. [ZL®IZ

EFAFHERED —FE CH HDHTHEREZH WD & F b+ 2 GBI OBIER S5 Z LN AlEE
Th D, SR IR A2 ST 2 LICL D, BFAEICITIR LN WHITHHIERED
a7, ek, Ak IR i3 p 2 s MR ORI S WD BT E 7228, BIER ST RaER
R ORI BABLE O D IR REECH Y . Z D L 5 RIS A3 2 BRHITEAER &)
TRV, HEEEEIL., FFRIPENEFICHIEMRI HICAROoND Z IR L, BRI 2k
B AAER OB G- 2T\ 5, BAMERRL A2 TN K » TR S B 723BHE, 777 =2 7 —/eMEIR
ELTHZDZELARETH V. MR —E DS T TR B (TR 3 BRIl 0 e[ 58 B8 2 B B
HTEMTED, ARIFETIE, CuNi-X(X=Fe,Co) &4 2 MF7Ealkl & L, HERFEE & BESURRE O BIfR
Vi R

2. WFgERE

Cu-Co A4 CORUIETHEM & R T a2 1T 72 & 2 A, BT RERL O 0T HHAMEE L Tk
V. WEOMBRICERN RN, 2D D Co MTHBSRICH L THRGORENG D Z L1X, 1
FHEFETH D, Cu-Ni-Fe 64 Thb¥x = U —mLLEOIRE L LI OEE TR IR E < B s,
ek, HPOBRIIRFEICI VA SN TERRN, —HEHOBERE I FE 0BG
THE—E LRI 020 L 2R L T0D, CuNi-Fe 4Tl GMR ZICBAL T =V —
1B BT ORFZhIEE T2 Z 2 7B CMR b K E KIFT 2 Z EBRH LMo T,

3. WA

ABFFEIZHB VT, T E MBGRBFHEBIE O m eI LS. E D XFHAHTIZ L o T Hribhi 7 o,
YA X, TR, BRI ABHT S L3, VSMXS QU I DIZ X ARMBAIE, 5 BBV E
kDX —BEOHE %1772 > 72, Cu-20Ni-5Fe A 42D\ CIZHELE £ TOMFZET, 600°C &
800 COMICHWRERR N DD & F7p ST h, BEIRE 2 ik L2 A EDOEERIZL Y 740°CH
W EHEE STz, 2 OIREIIHER DIRBERNIZFEH STV D EESIERE X v 100°CiT < &Rl fmfr L
TW5b, ZORREERATRENREEZZE 2D & ST FIRENRRE S LD D Z LT EMIPIEE
BCHER SNz, VSMS QU I DRIE T BEMIRE DR A RE RO L NI CRAb RN Z{E L
TWe, FrHTIE, WEOR TN EE CH D, TEMERFHIIT/R>72E D X0 CTid, Kzhel
HIZF e JAFDOMOBEN RN Z & ZRIBT HREERNE LT, B4 X » CIIBWIK K E T, B
IR CX RWREZENE LN TV D, AR TEONI-MEREEZMET D L. 20K D AT
DEAEZ Z DI E DIRELAEEZIIANDIRETHD Z L3 EmE LCE T,

4. F & O

M ZEANTH ) 7T = o 7 — MR 2 B U, flEx O TR IEE A2 1T o8 72 3R o JLR 2 1L
L F OB R T RIS E TN, THEZFIA L7 LR o FETIE, R0 —MoiE <, B &
2D LT K0 R MR - WL LB TE 5, ABFFETIE Cu-20Ni-5Fe &4 % W 72728, #l
MREBIZN D BEMEIIE O S, CNETAREIN TV X2 U —H XD 100CIEEE VY T40°C TEIWZEAL
DR, ZORE L SIBM TR, ATk I eV, BRICREE 25, 2kt LT,
IR, SET RN ERF A £ CRife L7, BUEZAL T, iR CRAERY 72 M-H fhifR, (IR
TR B 2 s Lz, M-T ifRiE, BESLRFREIC oF L CHMiZ 2 R L TR 69, W8T O

I X D BETEDNEF L b D TRNWI L 2R+ AR L o,
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1.

HILWNEE BT — 2R G @O K LRHEDOBIE

WHIEAEH
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e HE

SHERFREEEAIIERM2) « /N LEL
FALKR: - B EWIFZEET - T2, B30 JrE—

ZCHIZ

Cl14 BUIRKTdh 7 — XA CaLi, 137KFE & ORUENRE <, FBIZBWT 5~6 masshe WD) FEFIZLE
DKFEEIET DD, BULteIX Call, & LiHZ R L, RIARY72 KB « IHEHERS SRy, —5F,
C15 BUNL i 7 — RN A E & & 5 CaAl, X, D F E TIFIAKFEE G LRWA Al O % B CTiE#d
HZ Tk, AWEICKREERAET S Z ERHEIN TS, £, Cali, & CaAl, DEHRTH D
Ca(Li,_Al),RTCiE, Al x DEINE & BT, FEiEiED C14—C14+C15 (JRIH) —Cla—7S H ik €36 Bl
T —_RAM=CIE ~EBTHZERMESNTWVD, LrL, T 5 EBRROKELEEICOWTOHR
FIER I TR,

ARFZETIE, —H#O Ca(Li, Al), ROREZ/ERLL, ZOKFEICET 5 RFEAIRNIEZIT > TARFZD
fEem s & KFBLFHEEZ A SN L, HileREmARKBEWRRS LT 2 S LT,

2. WFFERLIE

Ca(LiALl),HD x=0.0, 0.2, 0.8, 1.0 DMKIZTHOVWT, Fr—T7 Ry 7 2Ah TR BB 20
BIFEL, ThET7 AT — 0 8MT 252 LKV BEEFHBZER LT, 512, £ kHIo
WC, 2.5X 10 %torr ®EZE T 200°C, 3 K OFIHNEMEAGILER A2 1T - 7274, =|IRIZIEB VT 0. 8MPa DK
FEFMLT 12 KR T 5 2 LI L VB OKRF L 2R~ T, KELFT - BOREHZ O TR X
RREIPTEBR 21T > T, KEBILOFME LS EDOEILE RN,

3. AFFERE

4. £ & O - -
F—IVRIZ LD, B0 R Calli, Al), BA4 4000 Ca(LiiAly)z
FAERLL 72, x=0.0, 1.0 TIXZFILF Cl4 s L ® Cali:

Cali, & CaAl,IZ DWW TIE, 7 —ZHEMIC XV 2 E4 Cl4 Tds KO0 CL5 T HAHRE A EL 2 = &
MTEIe, T— 7 EfEZD x=0.2 & x=0.8 OFREID X BEHT /¥ — U &K 1IRT, EMWESHTORE,
x=0.2 TIX, CaLi,, Ca(Li, jouAlo 50550 (FSH7 el Cl4 BUETE) 35 L O Cally WAERR L TV 5 Z &35 ho T2,
—Ji, x=0.8 TiX, Cahl,, Ca(lig,Alyg), OSJ5dh C36 ), Ca(liysshloe), OSJ5dh €36 M) 23 ARL
Lz, 6T —2EMBOREHZONWT, Bt 2. Il TRFELEZRATZR, WFhoRE
HKFE & ROSET, KFELRT « D XRD R~ F — B bIZR b o Tz,

C15 B> T —~ A FE AR 258 B - 28, x=0. 2, 3000

0.8 Tl H E’J?FEEJZEL%@{E*H 73)’?%" %hf:o :j’b % @%ﬁ 2000
BHZ2OWT, 200°C, 3 Kefi] O HIEPE(LALBR 21T -

A Ca(Lio.4965A10.5035)2

[0}
724, EIRIZET 0. 8MPa DKFEE FCTAFEMLEZR € 1000
BT, KHE & ORISR TE RpoTe, S
EBITT — 7 IR ORA SR A BT 5 2 2 0
LIz Y, ARG (0=x=1.0) icBd s HM (— ¢ |x=0.8 © CaAl:
LR DT — R AR A ERT B 2 & AR € 0000 A Ca(LiozAlog)s

Do S b, WIHMETEMEALLEL R K OVKFL D ZAF

R BNC AL S TTARRIC T D i 72 K FE b 5: o 0 Ca(Lio.s5 Alo.gs)2
EEZBH SN T 5 & LBz, AT DOFE SR Lok 50001 A o .
{LEFEDZFEMZ A S L TP FPETH D, 4

0 ‘ : : :
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1. 7— 7 &M% O Ca(lir-« Al ® XRD
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N L U 72 Bk D eI S XIS E IR 1 D5

WrEREEH
RBRIFILRA: « RFBET AR - HE R

W HEH
RBRFSERA: « REEBE TAIIFERE - AR BT, RBRINIZRSY: - REBETAWTFeRE - AR fF AL

FCoIC

ITAERBHZE S N RR R TIRAE BN THE I K » CEEI LI N eJE 1L, Wizl 2 2 s
MR E QBRI IEE 2R, ZoREIZY 72 7 0 VB HETH D, Z ORI D
N THEHFHBESE 2O EMBBIZEIC I DS Tw5, L L, Bk R Z H 9 #5650
KB D L B2 E) 2 AR ORI X > TS 22§ 2 2 EI3EEL <, 0o 2@ I - R
WHFE S 213 Mth D TR IE 2 I I 2 B H 2. ARWFZE TR, L ORI X 25tk 2oL ¥
—HRBRE AR PVGHTT % THEAR7 bu R at— LBEBRIEPICHEEREZ £ oY ElE %
HAGOET, BAINLKMZFHE - ERL, S6ICZN5DMNZEEZERNICHITLI L%
HIVE $ 5. BRI, FEgkicE e TRABEER F RO AR & MR KX PR 2N, a8
IZB T HMBIEIR, % Dl Ritk, MHARREEE) L ST 2 BEEENR 2152 2 L2 HIET.

. WFgEREE

HIRDEMES,RB L 02 DFEM 2 HAEREMIC X ) SMEL L 282, BB LEEEATE
(Accumulated Roll-Bonding, ARB) EiC X - CEEEIM T L, #EMRBOREE, %, X OWkEss
g% OB O EHRFLEEH TN,

HREM (FEEE 99.99 %, JEE 2mm D) % 700°C T 48 h I /KEFZPHL T THESLL 72, % A,
WHREM % B LRSS, J12E8ER1 (Snoek #2H1) DORIE D> & K& 7 FRR FE DI X, A Tl 1 at.ppm
Hiifi, 30K B Tl 20 at.ppm TH -7, ARBIZ, 1[HH7H DEFK50%, =i, MWEHHEH, 07
AHHMEE 2.1 5T, 7H (FHMBOTHABE6) FTEIh-o%, s DREOBMMHKE % SEM/EBSD T
PN, SRR RERE L © v H — A I MEIC X DI L 72, RGO [FE & B E M O S 1
Ey A=A & 77K TOEREBEXIETIERIE, BIXONEARZ turab—ERICX H{T-o7,

. WFZERR

AL BlZOoLTHLNALERERZ KT EI2XD, DTOAIRZE SN,
(1) 20 at.ppm FREDFERIKBEVFEET 5 &, BRMNTIC X D &SR HEL 2 — I3 5.
(2) REEEIME L E, ML LTS RD//<110>TH 2 & ) I K ERfERA2E 5. 2 OfaITh
FEREIC B51F 2 LESTTH DIEMAERHE I WO T, B ooy 2 EEY (H] 2 1265
1) bink, ZoHMOFERKEDWT S X9 B RARROEIZEA ERI 5%\,
(3) RERRIEDE I DX D % DEANIHEA I VAR A L (k) Bk DFEL L, 2z KL
THHFREDZL S KE 0,
(4) RFEFLEEDSEE D DI TALAR DS IS 2 T, I8 - BRI ASEST LIz o,

- S A:))

FEDS > & EHRAN TS X 2 R 238 U <, EHRIA R 2 206 B < MR 2 1S I3 VA
Kb HHEL EEATY S 2 EBRETH 5, 7, WBVERE DAL IIHAIALE O B ZEMEIC b
MITid726 <. SRIZS SITHGIRIEDREIRRFZDFE, 8 LOEIFELDFELZHNLTETDH 5.

- 62 -




[#r7EEs]

F %8 B OB A4
T ARNT A S OMBEIERRD A T3 = X I
Mechanism for Development of Lath Martensite Structure
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EAR KT « REFEPLR A L5908 « Pham Hoang Anh, & H¥H

1. 1ZUwic

FGANT YA MIHARTIORER EICBENDMETH Y, HL< M OHESCHREZGELZOIFEH S
NTWD, T TIEBUE MR 7 E OB A MMM EMMERE LTRSS EOEREEN/E L WD, o
DFFRIZ DN T DL DIFZEN SN TWD N, T ORFBIBERIZ OV TIRIZEN L, HEEE TR
AR O SR TTHATICE R 2 E VTR Z TV, T A<V T A DOMBIER AT L2 B1
L TWA,

ok 23 SEEE O LFEIMFFETIE, 70 v 7 OIFREICEB JIFTHEIRIKEZEDEE L2 R 5720, BIREMT A~
VT A N OB OTEARIENT 21TV, T ey 7 EROTEEER AT, o, FAALT YA B
WCEENDTAVA ZANRRLE—THY . ZHRT AT oA NOBMBREBEGEND D EZ 2, KR
FT A~NT A MTEEND T ADIARIZOW T 21T - 72,

2. WFgERtE

ERFEW T A~ T YA - OB TlX Fe-0.78mass%C A& L=, ZOA/A&ICk LT
1073K, 600s fREFZICKBIZ L D BEANLIL A2 i L TR 7 A~LT oA bakkh e Lz, Z oiEHI%
L. FIBIMTACXk5 VTt r g ikl SEM/EBSP iE4 O L =R ITHIDNOHE S 2R 00 22 /LR AT 2
1T-o77,

9 —DOD T ADIGIRMNT TiE Fe-0.2mass%C-2mass%Mn &4 & H L. 1473K, 600s (&% 12 K%
WX VBEANLBL A L CTRE T A~/LT oA FakBt e Lz, ZoiBHox L, BEWFEIC X 5 & AR
JETIE, #RA RS TOT A~V T U A MHBREZER L, 2O/ LT U Tk r g ik
U TN va ke SEMEEDH L ZRouIBROBIZE#1T o7,

3. WFZERE

BN EREBIT A~V T YA MBI DB O R 2R, 1 {2 Fe-0.78mass%C T A< /L
TP A FONRT Y Mo d, FEITZKSANU T RERLTWSE, ZOHFO—20ONNY T k&
L7-BAK 2 Thh, WEEERE L-REBHT A~vLT oA NEREICHEDO 7 a v 7 131F & A CHEX
T, MEEBREROT7 v v V7 BEROEINAHRINTZ, 207y 7EROEROE A NI T Lk A4 —
ATFA FOEBREZR T L AREX IR LEREK 3177, ZORIZ(@MNEBEFEERE>7 oy 7 EER L
)BTRS 10 BT R EFF>7 1 v VERICO W TR L TV, KREH T dbmRkEm b
HA—=ATFA FOWIDEIZT v v 7 BERNEFRET 2 O720, A RHIE U7 @k FH#Craosim g 5 10
FEF Bt & FEo 7 v v 7 B FUE[010]y ST A3 DAE M S L S 7z, B BEER N 6 20 FEE9 7= BafR
ERO7 0y 7 BERTHRBOFEDE LN TWD, Zo7 1y 782 L OB mEOMHENE U7 BH
WCHOWTIEB TFTO X2 IZE X T D, MBI E L7 vy 7 1I3EEICEE D 2200 Tt m o3
Tay 7 BEREZERCICRD EEBEZLND, HtWTEHND T oy 7 3IcBin-7a v 7 RO
REFEG, ZOERGMBEEEICIWEEZ X 65, URIOMRIZRER TIE ATy NERKERE, 71 v 7
RRZEDT vy 7 EMEEBERERF ST v v 7 BNIRICAER LT N EWIRENRH Y . RO RITZ
DN L IFFT ORI L 7> TN D,

DONWTIERFEMMTZ A~V T VA MCEEND T AOBIRMEHITERLEZ RS, T 4 12 Fe
-0.2mass%C-2mass%Mn 7 A~/ T %A h@D SEM 84571, ZOBILI 3% T A X —IL Ty F L7 X
NTEY, BEAT—ATTA 7 4V ERIEMPBH L TS, REA—ATFA M7 4V LET A5
REB)XHICHFELTWDZERMLNTEY, AR THEEEA—AT T A N7 4 VNI ENTE
WAk 7 AR EBE LT, FOXIREENLEET D L HENITE S pm O KR T ANEELT
WD ZEMbnDd, TOMKRT AZOWT =RIMT 21T 70, ZORREZK 5 12T, P OEBS
KED T ZNTNL OOHCIR ORI FEG LT\ D, ZOMRRBIRIT DD T ANLHME LD & I13E
ZIZK K, BEOT AR@E L TR EINTZEEZBND,
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4. £ L 9

AAEFE IR FE R L ORREMT A~ LT oA N HWTMRICE VL TO Z EBNH LN -7,
1. EIRFBH T A~ NT A bOT vy VEROERMBN Z21To72 L 2 A BRI LAV EA
oy 7ERIREEERCH A1 A— AT A MTEBICER LR,

2. IRIRBH T A~ VT A MITEE pm PLEOHK T ANRL FENTVDN, T HITHEHRD

TANREE LTS TS,

Spm
—

RN, 42 P 1ICEENDFE— K-S U7 M.

1 Fe-0.78C7A~/NLT LA

X3 M ICEENLT oy Z7EEROEAN T A, o) WEHBEFRISIU D) W5 10 ET iz iR ER>7 ay Z 8.
HBUIHEDH T — A Ty R .

B4 Fe-0.2C-2Mn ZA=/LT WA h SEM 4. 5 HRKwALToVANTAD ZRITE.
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WHEEXNLIE YO AT LERBITORFE
SLATRSE « AL AASHr = x v X —0F5E0T - B =

BLRTR: « AL B AT = R L — R 980T - PR f,
SLATRS: « BT AREZER (k) - Rl B
SLRTRS: « BETARRER) - 2 &R/

1. 13C®IZ

HENH 2 5B THIEBERIC T 2807 L EAEROFIE - ZEOTDITIX NV ERPEETH D,
Forld, BEEEAAETLIEBE N2 ) 72D 7 NREET HWEERS AR D IEEAA v
YO IND M7V RATLAORBEEZBIELTEBY . 2/ BICAERZ2 5 NTH D Z &
LHEHAT AT AL L TAHALE TH D, AMFETIE, VAT LAEHERT DEEM ORI %G O - SR 22
REEHBET D,

2. Wr7ERRE

I E TOWZETIL, FeGa % & FeCo RMEA G %
VTR, FX2 R0 EREAT L AR Vv 7 M
=L IC ZMHEM E LB 2T 228 1EL (K
1), Bt - B RE 5 1 EBIERHESCE OTRE /34 12
ONWTHELHED TE =, 2o T, HAEEITHEN
RERTFUERRBETHZENHLMMERD . Z Ao
HINMEOMBETH D Z LN hoTz (K2), ZhiZ
ONTIE, BMEAICLY MR ENnND Y v —
X 7 MEDIE ), DF D BRI O EN T D E
KELTEZOND, LoT. ZFFUTHELY Y7
N DEMREDMNETH Y . K5 OB R L %
HE - - L7,

3. WFFEAR
EEaRRERIL. BBV O RS EZ ZE L,
—50~+150°CEME Lz, WE Y ¥ 7 MEfik B L, I
WA T DB RMREIL, BB (TA nrn - -
i Q400) VN, JIS(A1325)IZ %% FIRE/2 #PH C
HEPL L 7RI CTEIRLL E TOME 21T - 72,
X3z, BFFETHEY I MELTHALTWS
Fe19CoaoVa &4 & {Feo77(Ga, ADo.2stoeZrosCos B4, ¥
¥ 7 MM OBAE T H 5 E Mn FEREMESN I K OMEYEM
E L Tofl Al IZB 1 A MEMERESR () ORIERR%
AT, ETOBAER (25°C) 7 HOFHIEYIHIC,

| Ring material with Ti-shaft L
m- FEGA " n

BRI D BRSNS B 2R3, KRB
Db — X EEEHED B2 Z T TN D EEZ BILD,
ZD—J57C, Al TR & STHRAE O LLEg 2 5 | BREVE

Reduced torque sensitivity, T, (%)

® FECO

L

-50
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Temperature, T (°C)

ARSI, 100CLL ETHNITHKE LS HETE S Z
ENGhoTn, Ko T, REMEOBREEEREIZS
W, MBI RE Z 72\ 2 & Z RS
FREAERA LT,

BUZHD XK DI, RGeS V—7"CTBI% L7z FeGa
R A L OBBENERIT IR T 16x106/°CTH Y . Z DfEIE Ti(8.4x106/C) L v & & < . SUS304
(17.3x106/°C) X L TRV, FesCosoVe &4 DFFEIEIEIRENIL 8.7x106/ CTH Y . T OAEIT SCHRAE
(9.0x106/C) LRIZETH -z, ZNHRITEFRERNOX 21245 L) RIBEREEZERT 5L, FeGa R
VI E T VX 7 MM OBE T RBRE OZEN K E < IRE EFITHE- TR0 LIRD TER L 72/
HIZBIT A TR s” METT570,. v 7 oAl MR U IZTHICEESIIZS L to T
HeEZOND, i), FeCo RV L 7HE Ti v 7 MO, BMEBWEREIIFBRETHS (Voo
MOENDTNIRE), 2D, BIEOSRE L LT, BEEICHED NS OIKRTOREND E
DB T2Z EIZE ) IRWVRERETY 7 v b MV BIERMENE SN H O L Tx 5,

K2 trrzvrtiaT ARERCBITLY
VIR VT RE DR R, (v

7 MIE T, —RBEAR LIRDIZ L D)
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. FeGa Z&4 D 500°CHHTICIs 1T 5 #iE0
IZIRIREL D RKIZEVIHTIC L 0 . HEERA |

RBTHLZEBHBLTWD, 3y4;§§g i
LoT, MITEBUY VAT AOERT  ~ A Mn steel (A)

NA AL LTHESEY v 7B LUk S of wa 0 o]

:/477 k*ﬁ%*ﬁ?ﬁ]@%‘a@l%b‘f\ Ui/ﬁﬁ ‘_:’ | 0O~ Al (Database) i u-u-"n - 4

7 FewCowVe B ThHIIL, v 7 ML £ &= e - gola4

Ti B’4FELVWEFEZD, To—hT Vv 2 1 7 et L ]

7 #03Feori(Ga, ADozsjoeZrosCos GETH & v T YT v

NEY % 7 MIE T i3, FeGaRe gas| v o T5 77 ]

& LOBBMZIRE (15x1097C) 24§ fv) -

THIMEOBEME BT E LI LR T 10F © L eeeet et e

Lol @ _ - _
3RS ¢ 7 MR ORE® o frimebdiindrib inl ey S

me LT, & Mn SHOMBRIZEREEZRIE L T ™

T =2 b8bETRLTHD, REMIX

FeMnCrSiC % Epsr &4 % milEM Th . ‘ .
D g S rr s bk Ma BB BEEY VUM, RS ¢ T MR EUT A4

L C D2 EOIEET Lo IR & PRI BT DB IEMR B O IR SR AT E,

BRI S 2 9~19x106/°C O & T I i

T DA, 19 i, AMIZx v A MaaEZBEN LT HLEZLD, BHIZA O % 900°CT 6
RS E % PSR LT O Th S, KA D K 912, & Mn SHlOMBIZIEREIL A & B Offiss & 4 170C
HE 2B L TR Y | ARIEMIT 18x 106/°C, &M TK 175106/ C A< L=, & Mn #i%. {Feo7(Ga,
AlDo.23}eoZrosCos &4 &t U CRIEIEZREDORZE 1.0x108/ CLL TZ#AE L L TREE - KR L-Zb00, W
OB IR e & BAEE (15 x106/°C) & £2x106/ClE & TEBfEN4E U7~

& Mn SR FHE O AN & b U CEMRE RN AR E/ NS W ERRESRTWD, 2D,
BRI E CTRUBHEM OEE BIEN Y TR - - AREE b A B OB EIETH D08, 5T ol IR
THDH-50~+150CEEE L, KIEMZ GO ARFESE - BERWAEICLY . S22 BER D S,
T, MOHREZ GO, RBWLHE 7ot A0 RE LEITV, FeGa 2H4: & REOBERKEZ A
LRGN Mo SHAZ R L, v 7 FHER ST M7 B o AT A~DMIAZITV, VAT L ER
k& LToien L& T <,

Temperature, T (°C)

4. F L ®

ARKHFBEFETIE, HMEXN NI AT ABREHINOBRBEO—E8RE LT, VAT AEHKT 5%
HEH ORpEm E - ka2 HfE L, FFI2. v 7 MR E L TOIHBHEORREM OREXHM L Lz,

WY I & v 7 MERIM OB IEMREGHNE 21TV, 2R E TGS T2 EZBRRES. 3&E
NI AT ATORNBLEOREREERS LEbEs 2 & T, BRI NERAET LB TH
DIER D T EIERNEY v 7 N OFEAREECTH D BER R ER NS D Z LS, IRESEOEE
FEALDRINTH D Z & & E 1EDT-, {Feor(Ga, ADozstesZrosCos BEBEE Y > 7% AW izA& 0 &R
OIRER MU T T T, JERED S Mn 02357210 v 7 MO E L TNz, el a2trv,
BIZREEZRE L, R, FeGa RV > 7 L IFIERZEDOBREANEZEREBZ GO N Al 2 2 X LD T,
St FMOERT o AICEERBRFZINA, B RELZETICHEL, v 7 MHET 5, EHI2IF
Uo7 =% 7 NOMIAREIZOWTHREtEMA, I BV RAT AT AL AL LTEEDOH D
AR D KO A D Tip <,

%3 ik

1) Bk Fl4, BARGRFESGE, 27 (1963) p.376.

2) V-H. Schumann, Neue Hiitte, 17 (1972) p. 605.

3) fEa AR R, M fER, BIR TEE, N R, T BT, e oK L ERE RS, uE oh, IR slek
e, Vol. 13 (1981) p. 381.
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1. 1FLwic

KR TERIND ABIOFDO L H12Y 7 M Crtli7eE¥EMERE 2 2 7o, AREr AR o M ORI R SR
D~¥v=a b L =Ry by RETIE, A~ R - R 2 2 720U 6720 7T, 57210 TR<ED
BAEIC B W T MR ISR A LA L W A FHEI L, fl#T 5 2 e ngkansd, L, BiREETOE A
IHSEROHIRE B R v NEEICHEA ATRE 7/ VIR B IR CRIEE e b Lo o idmiiRENTE 53, Kikfte
Ry b~ Z R AT N RGBS RV ' OB RO HIL TN D,

AWFETHWDBFET O bV 7 o AT MX, 9 b L7 2o A E B0 | IRAURERIE R TN S
DRI A ARETH VO | KIEI/ N - B8V FEER ) - (LiERIIA~— N T/ Faxz—Fa=y N TE
%o, FaIIBUEE TIT, EENRMEREN OB O VBR, B Vv VU AT AORBEEETEK T LT D,

ZD MY VAT NIEMBIOFHEICRE RFEL TRV . BREEMEOFERY, BRNEETH 5,
% ZCH &1L FeCo REA®ITHH L, RRAHED TE/, Fe & CoZx 1% 1 THRA LIZAEIT/N—A LT a—
/(permendur) & FEEIL, @ = U —RE, Sfafb, mBRE, SEER L Vo BN BRRHEEZ R o T
%, F£72 70%Co N L7ZBUICEN - HE R A RELT 2 LW R b ShTns, [1]

AWFFEIL FeCo REEA 4D Co JEMRIFIEDOTA 2 i, MR EHORIRIEORIE, RO L o7
HEVE I & BRIREE A B4 B E Uiz 7 ok Ak & Ofpi(ERISE O « AT X D REEM B ko mEtike
{b% B¥5 L7-BRRWIZEZAT 5 5HECToH 5,

2. FEhk

AUEHERY L, MEEMBHIEESARR L 722 KO IZ& R LB L, 7T A~ 7 — 7 fidEE TIG-400F : BUCE R
)2 WV, BEEEER LT, 2O%EE80 HERFHETM A O (2mm X Smm X 5mm) & 8] 0 L7z,
Z ORI, BULEE A 420°C T 24h, (Feet+Beo)HH & Bee HARD BT FUREE T 5h Bedfi L7,

FrERHmIC DWW T, REEMEEOAE S ERENT 1X X AEHTEXRD), MBI 7 — 1k, BESUR IR BRI RS /)
FHVSM) & W Tor « 3l A 1T - 72,

3. BFFERE

WEAERE OFER, EREAINCIB W TIEL Co OEMEMEIMNT 5 & & HITHEER A ML, FesoCon TRA LY
(116ppm). FeasCors TlItEE RN L7=(84ppm), 420°CDEVILFEE | FeasCors LIS DOFEHIV T H £ 100ppm
FREEE CIKF L7, F72 FegsCors ITELERFL , f7E &Y 90ppm £ CHAM L7 [Figll,

WALBE DOREH, Co OTIEDHENNT S L7223 ThIFni k& Ms 1% 224emu/g 705 197emu/g KT L7z,
F72. YU 7R E b Co DFMERIICHE - T 210GPa 7> 5 183GPa ~& KT L7=[Fig2l, #8113 Co DHSIE
O L, BULEL A fiid 2 & TS b2 L7 [Figsl,

WITHSRE P - B ICBIT 2B OFERIZ DWW TR~ %, FessCors Z ARBULEE, 420°C - 5h, fHEER @ 740C -
5h, HHEER L 0 E 780°CHOIU>DSME Tk LTz, & BVLERS:CORGE Bl IR BVLERFS 7% 84ppm, 420°C + 5h
C 90ppm, FHEESD 740°C + 5h T 96ppm, FHEES LV &V 780°C T 90ppm L 7e o7, ZOREREDD . BVLEES
HEEEES D 740°C - Bh O H O b EWER L 7257,
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AWFFEZ BV TEL F ORI RLZ1G72,
1: BVLERZ i LTy Fe-50-75at%Co &4 DfEE I Co RN T0at% D & T B — 2712720 | ZNLIFRITIKT
LT,
2 : 420°COBMLEL % fifi L 7= Fe-50-75at%Co &4 DiiERIL, FessCorns ZFRE W ORE Y 100ppm FEE F TIX
T L7z F72 FeasCors iBtORIE B IR RIRE CRESI 42 Z L1128V 96ppm ~ &ML 7=,
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[1] Liyang Dai and Manfred Wuttig Dept. of Mat. Sci. & Eng., University of Maryland, College
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Mo-Si-B &4 & RALYI D in-situ #EAIZ K 587 728 S iEA e B
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1. 13C®IC

TRVF AR X, BREAMKRE S E = x VX — 2B L, R AR e PR BR A A SR HL 3
L0 0RGEBERERO—D2THDL, LVbIF, BELCYzy b P2 8@ REOT 3
X EREE BT D = R X AT A (BB 1okt LTI, Ni A SO HIRE 2 %
DIREECHE A fRE B SR B O ZEAER R RO SN TWD, £ 2 TRIFIETIE, Mo-Si-B 54 &%
FERAL D in-situ EEACIZ K DF -7 B@BMEIORRZX S Z L2 BN E TS, ZLE THFFEEIL. Mo
EAAR & MosSi & MosSiB, D ZFM 572 5 Mo-Si-B &4 Ok & fiZ2E M, BEEmE Iz W RN 7
FEEZIT-TEE, TOREL LT, ZOZMHAELITH LTRONDRIEY BT ET L 20& L
7o & ZCABFZETIL, Mo-Si-B A4 & RALM N D 722 2 F i 7B i Bl sk LT HEiREsE & R
AR C BAF 2 A8 IR RS2 53 2D OM B GHREL Z N T 5,

2. WrIERLIE

AL, Mo-Si-B & TiC 7°5 725, Mo-Ti-Si-C-B TLTt R &4 T DAL EHE-CHMIE & IR Lz, 3]
BHE, 7Ty s T — 7 BIREIZ T Mo-Si-B 2412 TiC Z RN LIS U 7=, ABFZE i, MRICIRE L7
Mo EER (Mog) . Mo3Si, MosSiB,, TiC. # OAiERAH O EFEECHM, &88HE Db &% RFEIIC
FHE LT, WA A X 512, 1800 °C, 24 BERT. 7L v o AEPHA T CRULE U7, EEK 72 5 ONZ B
PR R ORERAE O [FE X, X AREIPTE (XRD) , EAEAE FFEKSE (SEM) (2B 5 N HHE 48122 (BSE).
TRLX — 3 HOM X #RorHT (BEDX) 72 & TITo 7,

3. MFITER

HfF L2 AA0/MAIEL, TICZ 120K L L TURE LT ET, 64821K0 Mo RN 65at% & 72
% Mo-5.0at%Si-10.0at%B-20at%TiC (65Mo &4:) & . A& LIRD Mo BN 70at% & 72 5 Mo-5.0at%Si
-10.0at%B-15at%TiC (70Mo &4) D 2 TH D, T/IFX AT RAEIC L HBEEREOFE R, 65Mo &
G DEEFELE 8.78 glem®. 70Mo &-421% 8.98 g/em® TH U . KWTIRE FEL K BTz,

X 112, SEM-BSE THIZ L7z 2 DO A4 OEEFEMEZ ~3, 65Mo A& WiL2s TiC TH Y | 2
i & LT MosSiB, (T, #H) . & 512 Mo [EIEIA & TiC DI NTFE LT, S B2, Th b EMHED
MBI 72 S A RLAR ST R S T2, T0Mo &40 A Mo BRI TH VD . Z OISR iR
PO 70 e b RRAR TR R S T T,

Z Z T 212, 65Mo B4 I i &AL T il 72 e AR 2 %38 SEM-BSE CTHIZR L 7=t R 2R
T, XRD X EDX Of R b TEET L&, Hfiar=—WNIiE Mog & T, & TiC IT K 2 =4, T
HY, an=—FERTIEI Mog & T) & Mo,C (2K ZHILFETH D LitiaiT Sz, K312, 70Mo
B AT R S U7 RS 72 4 SRR A 45 R SEM-BSE THLE2 L 7o B2 =7, RARICHET L7 5.
Z DAEANE Mog, Ty, TiC, Mo,C OMUFHILRE TS Ol TWDH Z ERbhoT,

TR % 1800 °C, 24 K], 7L o ASRHA R CTEVLEE L 7% O/ A X 4 12RT, §E
FERLAR ISR T, WASRICHER SR L TWA Z EIEH O TH D, L L., BB O R AR
FDTH OB OBAE LR L THDLZ END, Mog. Tae TiC. Mo,C IZEVE# OBRIZH H Z &M
RET,

4. F & O
BONTMERIEL Y, Mo-Si-B &4 HIZ TiC ZIRMNT 5 Z LIk » TEHEOLBLIESFE L, EH
R 2 LT 20BN H D Z ENHLMNE 2572, Mo-Si-B = T32A4 Tl BEEIEFE THR AR P50

FFEHARD G L. ARG 2N EECH 72 2 &6 TIC OIRANE Mo-Si-B A 4 DRSS FE AL Ok i 4
DBLEDPDRRAITH D Z LBDhroT,
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2. WF7ERRE

AEEIX, HEEPER L T EHELX v oA w7 U 7L-BFRABD KERICTRE 2iEHE %
2, T VT ABICRE L T\~ A 7 v PDEEZ H)IBROMIRE~BIE LTz, BRIZHTz-> T,
BT, A7 e PDEBEE~YT VT NVAMEIVE~A 7 v PDEEZIE L 72T DKKH LG~ L L.
IEMER 21T oo, ZD%, SINFRBE~BREITo72, ZOM. w4 7 1 P DEEICTERT IR
Eaa. FrZMBEIETPRFEE A 2 0 B b D 72 0 OB SRR Db & #Et L7z,

3. WFITRR

~A 7 nu P DIEEICTHA OIREAT 2B EMLEZFRT 57201003, G808 LY | HH
EEE & O TARFEIR D R 3 v T L MR OB A IR D LB B D, FEx OSREMERIR IR G4
DOHIT, Ni-Fe-Ga G&Z3B\ T MBEMAIER IRV fE A R L7z, Lavb 2o &40, @tk
Feth 2 L. BIZERERMEIZER LS,
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AERE X, BRFEEE S, P OLMBMERGEEES L L THETH D Ni-Fe-Ga a0 i b 4 3K
Hlce ARHFEMIL, Ni-Mn-Ga 72 EOMOBBEMIZIRGEESSIZH L, SWBEREZ AL TS, 7
7ANRTHMMD TT X T VREMMERER S OND LI TE D, REKOEEIZLY, w17
1 P DIEZ AN T 7 A AN—IRERGE OMERIT, RIZFRITATA TW RV, 4%, flix D5 GRE,
REE, RHR) COMERERLR, 77 A N—IRIREMETZIRGLE S SR OER AR 2,
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