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ABSTRACT

Structure of premartensite in TissNiwsFe; and TisNis prepared by self-propagating high
temperature synthesis (SHS) method has been investigated by a detailed ‘cransmission
electron microscopy. TisoNigFe; consists of microdomain area and needle »t:ype dorﬁain
area. On the other hand, TisNis consists of microdomain-free and microdomairi area, and
needle type domain area. Various types of extra superreflections, such as 1/2<1.\0'0>,
1/2<1 1 0> and 1/4<2 1 0> type superreflection have been observed in the selected aréa
electron diffractions from microdomain area. Such extra superreflections are ‘due 'to
transformation from B2 structure to distorted B2 structure ot premartensite. The present
study shows that incommensurate phase forms as an intermediate phase during martensitic
transformation. Particularly, in Fe-free TisNis, two types of matrix phases have been
observed, microdomain and microdomain-free area. Types of extra superreflections in
TisoNise are different from those in TisoNiwFe:, i.e. 1/7<3 2 1> type superreflections have
been observed, instead of 1/2<1 1 0>, 1/2<1 0 0>, 1/4<2 1 0> types in TisNixFe:.

Key words : Self-propagating high temperature synthesis, TiNiFe shape memory alloy,
Incommensurate phase, R phase
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site &, F7Hel ZA 8l (Dautovichi %, 1963;
Hung, 1979), &%7} W&izhel] we} 24 (B2 72)
— ZE7A} — LA (martensite, B19 F+Z)°o2 W
Y34 P} (Hwang 5, 1983). B2 72 mgAe
2RE FALR wesl deldel wet B2 29 7)
Aol v)M 8 microdomain® 4] domain 3|9
o727 JAEH, olEdt FHAL Aol IHE
YA B2 7 A=y 7 AR Alo] 5 9
Ao o B2l 3)AHA (extra superreflection)S 343
v} (Chandra %, 1965; Moine ¥, 1982; Hwang
%, 1983; Goo &, 1985; Miyazaki 5, 1985), o]
9 S FFL AR FHAH] B2 F& 7+ 3HHY
Ato]9) EA& commensurate 14 Vel QA3 A
AFZE 7}AE commensurate £} incommen-
surate A4 U= incommensurate Z7HAo 7 by
oA =4 commensurate 74 29 3}2A rhom-
bohedral +%2% 7Z+= R phase’} Hwang % (1983)
9 Hung % (1981)¢ 98] X3 Sgic}, F2h449] wie)
Aol FgE nAE JAZA 24, X" 27, A
329 7, 944 RolE¥ 5% & £ U9 Miva-
zaki 5, 1985; Edmonds %, 1986).

£ d7elMe 22§44 (self-propagating
high temperature synthesis method)e] &3} Az
¥ TisoNisFer 4 TisoNiso oAl F704ke) W) A%
< F4AA du)AH Ao HUEH L o) B3l T
Aot

HE WUy

Ti, Ni, Fe ¥4& TisxNiwFe; ¥ TisoNised] 24
2 Egsqch. 47 WA Egd %S degassing
& & compactiondte] pelletd]e]2 THE F ¥k-27]of
¥a zeAd A%l o8 &I wE F skl
o 9o &3 dise P2 ADsld F 40um F
A7A 7144 dep F HFH 22 jon millingdte F34
Az dujq FaAE g AW Aztsielen], Philips
CM30 ¥3A}80|7% (transmission electron micro-
scopy)& o443l 7H4 Ak 200kV ol M wlAFR
+4E Yo

2 #

Fig. 1(a), (b Z&Ad $4d8- o8 A=
TisoNigFe; 3 TixNiso FFolA FHAA dAnj7oz
T2 WA oMEE HoAFE ek ¥ L(a)ddA BX
o] ZAA AW 93 AxF TisNioFe, FT
4 4 nm =719 u]A3 microdomain 717 g3} A
}¢] domain J9Lz FAFe| k. T2ad FAY
o &) AMZH TisoNise el 23 1(b)elA B
%o| Ferl 239 TisoNiwFe: #33= 98 microdo-
maine] P J93 JAHA 42 99 a3 J4
) domain °§¥e] 7| FEs2 Qlet.

2% 2(a), (d), (@)% TeAA AW A& A=z
9 TisoNiFe: 4 microdomain g9 23g o
o} AP HEEHE e gld. 23 2(a)y
Az ok AT S ARy 7 A AREe JHYA
olel Z=7} 3t |22 FHAA ] FHAH LR ehle
AE & 4ol 29 20 29 2()Y IHEHL
EAAOZ B3I 9tk 27 2(a), (b)) F94 3
A=Y S A A HARY S o] f3le] LM3lglon, o
£ 3% 3¢ Jebdgieh 29 3(a)e] B2 & [0 0
11 zoned =YL Jebfid=sl 28 2(@a), (b)ell
A g B A=Y P Fx9) AR B 4 9l
Z B2 FZ [0 0 1] zoned 3AAL 7[R 3l49
Z 284 Atelo] £ IAHHo] FHHULE & &

Table 1. Extra superreflection observed in NiTi and
NiTiFe alloys.

Zone axis  NiTiFe Nt NiTi(Michal ef af.

(1982))
1/2<1 0 0> 1/2<10 0>
1/2<11 0>
[001] 1/2<11 0>
1/4<2 1 0> 1/3<1 1 0>
1/4<2 1 6>
1/2<1 0 0>
1/2<1 0 0> 1/2<1 1 0>
[110] 1/2<11 0> 1/2<11 1>
1/2<11 1> 1/3<1 1 0>
1/3<1 1 2>
~ 1/2<1 1 0>
(111] 1/2<1106>1/7<321> 1/3<11 0>
1/3<2 1 1>

[012] 1/7<2 2 1>
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lex 23 3(b) € (o)l o9 ¥A4E Pslgs. 1
3(b)e B2 Fx9 <1 0 0> 3EH 1/29K] el
Whe 1/2<1 0 0> ¥d o9 Az B2 729
<11 0> FAA 172894} Jehte= 1/2<1 1 0>
el £ 3HHE FAsH e, 29 3(c)le B2
F2Y <21 0> IBAH 1/49A ] e 1/4<2
10> 38 o439 A4S eblidot. 23 3(b) ¥
()l 74 A¥-9 FHHAE =F FHshd 29 3(d)
9} e FAEYe] doiA Hel 12§ 2(a) Z (bl
2ol Ay A FgtE & & e 2o
a3 2(a)9 SAEFHE 29 39 =AH JEEH
A 2el 1/4<2 1 0>9] Ao 29 3|AAHe] e}
WA gkgron o2 R 47t el fAH JeReg
HAg 4 s 28 4(a) F (b AgsA <2 1
0> HAAY 1/491Ae] Foix= 1/4<2 1 0> Y
o] 89 FBAY 17 2(a)dlA AA FAE &9 3
A AE =AH o2 vade. 19 3(a), (b) ¥
23 4(b)e] F4A HRAE FANYE 29 2(b)Y =
AHel Ao} HHEY] dojAA Hef B QT
MNE 23 2(a)dN FEE 29 IAAH Fo d4t
AA 1/74<2 1 0> HAoJA Hedelx ET32
1/4<2 1 0>elgkx A4 Azl 39 2(e): 2
A 2(d)9Y HAEFPE =AHozZ e 18
2(d)¥ wiag—g—o‘wm B2 FZ [1 1 0] zoned
sAgE 71 EoR sl 7 A Abelo] 19 3HA
o] FAFAEES & & AU JE9 IHAHL B2T2Y
<11 0> 38A 1/294¢) Vel 1/2<1 0 0>
e, B2 729 <1 1 0> 3EA 172414 ept
=1/2<11 0> 3, B2 729 <11 1> 3&AH
/2946 vehdes 1/2<1 1 1> 32 JA4FA
a3 2(he 23 2(9)9 A=Y =AH22 e
ek, 29 2()9 =YL AREd B2 Fx (11
1] zone®] HHHE 7|2 3 7} FHA Ale]o] o
19 HAA] UeHEE & 4 Ut 9489 AL
B2 2 <1 1 0> 3AHA 1/29A ¢ Yehtes 1/2
<11 0> ez YA 29 2(0), (), D&
7tz} Michal (1982) Fol & F22 Az F14

22 des TiNi §8ojA #3d B2 +2 [0 0 1],

[110], [111] zoned AztA|o} FA L3S A4
22 vepd 7ol

a9 5(a)e T2 FAHe s AXF TisoNis
Fer &aelM 23 1(a)ollM Eol upel zhe 3449
domain FHJX dojAl AgAeF HAEY S RedFT
At olF ZAHLE yehd el 2% 5(b)elsh. 1
4 5(b)9) Y=L Awuw B2 72 (0 0 1] zone
o AAE V)RR st 7 HAY Alole] 29 3
Aol PAHARE ¢ 5 Uk H4E9 FFHL B2
F29 <11 0> 34AA 1/28)H 1/2<1 1 0> 3§
g2 PAEA,

a¥ 6(a) g (o)l Z2AA A o Azxd
TisoNiso 3FaelA Qojzt Agalel HAEHE Y
At 28 6(a): 23 L(b)ol Bl wke} 22 micro-
domainel $l& 7|AGY L2 HE dojal Al 3H
=30} 1% 6(c)= microdomaine] §lE A PgL
Z25E dojzl Aol HAAEY L ¥ F1 Qo). 2
 6(b)x 18 6(a)9 FAEHE £AH 22 eyl
o, 1% 6(a) 2 (b)e]A] ¥Ee]) microdomaine] ¢
 99225E 4dojA Agrlol A=Y ME B2 F
Z[11 1] zoned 3AAHe] ehii o129 3HHL
vteldA] ekatel. a¥ 6(d)E 2F 6(c)d IHEYE
FAA22 Jehlged, I3 6(c) ¥ (d)dA HKo
microdomain®] 9422 4E dojzl AT B2T
29 [1 1 1] zoned] FAAM 1/7<3 2 1>¥e 9
o] 29} Ao} elyttl, Table 1& 2 dFoAM 3
#9 7 zones| A8} oF2) 3AA} Michal (1983) 5
of o5 dubHQl F2Hel s AZH TisoNiso F5ol
A #3d 429 4P & BdFT 94

L
1. Incommensurate 4t2] XM

NiTi 2 B2 A martensiteZ el 3}7]
Ao Z744E A Ec} (Dautovichi &, 1965). 7t
Aol AR met AN of HHEFA N B2 T2
4 Aele] BT Ao FAAHLE 8] IHHEA
o] Yeldt}ly B.3¥ gt} (Chandra &, 1968; Moine
%, 1982; Goo %, 1985; Miyazaki ¥, 1985). T
224 g o AZF TisoNiwFer FF 2
TisoNiso T4 velvls microdomain ¢3ojzt A
9] domain JHL2HE dolAl Ao} HHEY
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AollMe B2 729 3AH Alold] 39 Yo
el o] 2¥E] microdomain ¥ FAY domainy
< martensite Hej7} dol}r] Aol FA=HE ZAA
Sd o 292, 28 3 9 & 1M BRo] o
g AR HAHL B2 & HHAY Ale]9] of7 914
, 1/2<1 0 0>, 1/2<1 1 0> 59 A el
dem o) F 53], 1/4<2 1 0> &9 HPAHL
H3 1/4<2 1 0> o1 A AN oz ol
o g& & 4 sk o|2HE 1A A o
3 A 2% TisoNigFe: 37 ¥ TisoNiso ¥oelA #3
+ microdomain® A2 domaine] incommen-
surate 54& e FUAYE & 4 U TisNis
¥9 incommensurate F7AE 2571 7t o}
gt B2 72 333 Age 1/4<2 1 0> 9 HA AN
Rt dold 29 3EHe} B2 F2 3HAH Aolo A
3 1/4<2 1 0> YAR o] E8}ed commensurate
Zo 2 we g (Michal et al., 1982). 3},
com-mensurate £4-& 2 F7HM o 53] 1/3<1
1 0> ¥e9 <&e 34de] Yeht: Rhombohe-
dral F2 (space group : P31m)< Al R phase®
a2A U (Goo %, 1985; Hwang %, 1983), 2
Ao Me 2" 2(c), (), (g E lolA BXo] 7
zonedM 1/3<1 1 0> of o] FAAHo] #AHA o
%49 o= commensurate R phase’} 2a)3}#] 4=
o AE Y. AR A A A o) g o 29
A o] vehtbe S A7) A5t LDW (latti-
ce displacement wave) R2®e¢) AjAH ot (Chandra
%, 1968; Sandrock ¥, 1971; Moine %, 1982;
Goo %, 1985). o 24 st 2x7} =izt 2
4 Helde] o224 HY & AFH AL AFsH
LDWe] 9 B2 129 I A} A§S 314 5
T QA5 LDWS shatsh AFo] 23A o) 58 8t
o 9HY AYF2E A He) FUE YHeA @
o of FAEY A o o= Yo o8 FHHA
o] §A3A "o ojdf LDWe] 93k 4zte) Ago]
lock-in Hm ARIHPEGFAAA 1/2<1 0 0>, 1/2
<110> 59 A% 926 29 F840) 93}
A g commensurate AL gAsA " 23 14
A HEo] microdoamin% 4 A nm 327}9 particle
Hehz o} FoA 9o} (Moine, 1982). 7z microdo-

[ L

L

Z

©:

main particled]M 2k Al o £9) H2Ad 333}
Az As I 8§49, 1/2<1 0 0> HEHY
29 3AA6 I3}l microdomain particled] o
Ade B2 F29 4ol (10 01 w7k A=l 24
¢l 0.602nme] ¥h. £ dFo)|AE microdomain
Aol M dojdl ARAINAEH L] FAlo S8 F7Y o
£9 3AA ] BHe] Heled, T HAAINLEY AN
o2 FF &9 HAHo] FAl velddle A2
7t 3] 3AAe] %3} microdomainge] F4)<)
ZAgGe AL Yulgid. o]AL AMZ Moine F
(1982)¢] 28 n¥sls AAPe|AN (HRTEM) S o
£3te] A2 gol =g 4, 27 2(a)2 29 5(a)
£ wiEste o n2xd FAHd o8 Azd
TisoNisgFer 59 microdomain g9t ALY do-
main 99 22 [0 0 1] zone A ZA|of AL
A o Fee 929 Ao Jehdd. Z micro-
domain %M dejadl FHEHME 1/2<1 0
0>, 1/2<1 1 0>, 1/4<2 1 0>} oJ%e] Faao)
vepdA|et A4 domain G oA dolAl AT
Ay g 3AZEY 1/2<1 1 0> 89 Ao
vehdbe 2 o 1o} 384 F49]ef streakinge] ozt v}
ehde}. o]® microdomain®} #A}e} domaine] 13
Axge] & zonedlM o9& e £ IHHA
variant7} Yehdths Z1& ofn|did, o] Ho} A9
domaing 7]AY9 microdomain J¥3= 92 st
g %] FHA 3 FHHE ¢ AAFRE ofF
ol7 FH3e s FHH

ofr

2. Fed7} &5

Fed7l 548 efs] Hd 29 1(a)eld & &+ 9
%0] TisxNigFe; §& 4$9%= A9 microdomain F
ez W7l o] FojA o} TiwNis T ASd:
microdomain®] &3l 4493 microdomaine] £
A g 9ol FEINH. wetd e A
o 98 A== TiwNisp §F2 microdomain F7H4}
229 Herl gA3] o] FoiR)A] gL H o7 AlRHY

- webd, TiNi gl FeE #H7i5tel @t microdo-

main F7H4Y A7 FAHE AL 4 $ gl
ole 2% 6% EdME & 4 A}k F TiseNiso
39 microdomaine] & FHo2HE dojAl AT
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Aot AAEYAAE B2 F29) 384% tehith mic
rodomain JHL2XE Aol A A oF HAEYN
t B2 7& FAHAbolel 1/7<3 2 1> 9] 49
Ao FARHY, o= &9 TisNiwFe, TFoNA
BAY 1/2<1 0 0>, 1/2<1 1 0>, 1/4<2 1 0>
e o2 Yhg] 939 J2BA e A4z Wy
504 5 ¢ Ye2 Akedd,

3 E
2 47olMg) 3T gosle oo 2

1. A Al o3 Alzs el $93 TiNiFe
FFE A2dA ZIRW FAALE microdo-
main 393} A domain LB o)F
o{A 9l

2. FL A oF FAEHANA B2 72 A
HAbolo) TisoNigFe: IFeME= 1/2<1 0 0>,
1/2<1 1 0>, 1/4<2 1 0> ¥, TixNis &
FlME 1/7<3 2 1> e g8 HAHE
YA} B3], 1/4<2 1 0> 29 3
A9 74 B2 Fz Al AR 1/4<2
10> g3 &9 38 S YA g in-
commensurate Abo]t},

4, Fex 7]AW 2 microdomain 7} A &3}
Ao},
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.
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FIGURE LEGENDS

Bright field TEM image showing microdomain and needle domain structure in : (a) TisNiwFe:;
and (b) TiNis prepared by self-propagating high temperature synthesis method.

(a), (d), (g) Selected area electron diffraction patterns obtained from TixNigFe, prepared by
self-propagating high temperature synthesis method : (b), (e), (h) schematic diffraction
patterns corresponding to (a), (d) and (g) respectively : (c), (f) and (i) previously reported
schematic diffraction patterns corresponding to (a), (d) and (g) respectively.

Schematic diffraction patterns showing : (a) B2 [0 0 1] zone diffractin spots : (b) 1/2<1 0 0>,
1/2<1 1 0> type extra superreflection spots; (c) 1/4<2 1 0> type extra superreflection; (d)
superimposed reflection spots in (a), (b) and (c).

Schematic diffraction patterns obtained from TislNiwFe; : (a) [0 0 1] zone diffraction pattern
showing incommensurate extra superreflections, Extra superreflection spots deviated from the
exact 1/4<2 1 0> type extra superreflection positions : and (b) [0 0 1] zone diffraction pattern
showing commensurate extra superreflections.

(a) Selected area electron diffraction pattern obtained from TisNiwFe; prepared by self-
propagating high temperature synthesis method : (b) schematic diffraction pattern corresponding
to (a)

(a), (c) Selected area electron diffraction patterns obtained from microdomain and microdo-
main-free area in TisNis prepared by self-propagating high temperature synthesis method
respectively @ (b), (d) schematic diffraction patterns corresponding to (a) and (c).
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