
!"#$%& ' ()*+,-./0
Development of X-ray diffraction system under high magnetic fields and high 

temperature 

 

!"#$%&'()*+, - ./01, 23456789: 

Y. Mitsui, K. Koyama and K. Watanabe 

High Field Laboratory for Superconducting Materials, Institute for Materials Research, Tohoku University 

 

1;<=>?  

- X @ABCD<EFGHEIJKLEMNOEPQ

RSETUVWXYRZ[\]^_>?`aRbcd

e^fTUgh?ijklmRnopdVCDqrs

RtuvwExy[1]Exz{RSV|}dCD~�R

X@AB��q����k�_f 

 5bE��E&'O�����$�'���TUE

RSE'�5����\�a�_��OTUq���

�kj^f'(?��k����^5����<� 

¡j¢£de¤E¥#¦*§¨©,ª«\�a�_'�

��TU[2-8]�E'(��?�^IJPEIJª¬\

�a�_­®¯°¦±+,TU[9-11]RSV²aq³´

��kj^ft�µd¶?·y¸pdt�wVTU<%

¹��k�_f�v�Eº»VTU¼½¾ghd<E·

y¸¿\À>_ÁjyÂÃÄdV%¹qrsde^f

Å?E5����<KL���\ÆÇtuqÈj_>E

TUV'OuIJKLVÉÊ?ËjkÌÍ\ÎÏÐ

^tuqÑsuR^ft�wVÉÊ\Ïwv?Ð^_>?

<EÁjyÂÃÄ?�^'({X@ABCDqÒ>k

`ade^f 

- 1990 �?<ETajima w?��k,'({¾ÓypdV

X @AB��qgh��_[12]f!"#$%&'()

*+,d<E1994�EÔ# 5- TE10 K- < T < 300 K d

VCDq~�R&'(¾Óy X @AB��qgh�

�[13,14]E¢ÕEÖ×�a?Ø��kj^fÔ�d<E

Pecharskyw<E2.2 K < T < 315 K6Ô# 35 kOe{dV

X@AB��\gh�_[15]f 

- ¸¿V�Ç?E'({dV X @ABCD<����

kj^qEÙÚ<·y¸pdÛÜ�kjkExydV

'({ X@ABCDV[Ý<Rjf 

- Þtdßm<EàáX@ABaâUãä��Vgh

?åæ�_ftVâUãä��\&'(¾Óy X @A

B��?ajw�kj^âUa®ç±èé+ê§uëQ

ìí^tudE0 < B < 5 T, ·y <- T  < 400!C µdV

ÃÄdVàá X @ABîï\�ðu�kj^fttd

<Et�µdVgh�ñuE·y¸¿dVKL���

qòó��^&'O�����$Ni40Co10Mn34Al16?

Ëjk&'(¾xy{d X@ABCD\Û�_Iô\

[ÝÐ^f 

 

2;��õs  

- µöE'(÷ãaVøùúê§u û @��?Ëjkü

ý^þÿ!"ÿ#$f'(h%?<·y&­ '(-))Eû @*+

a,-ê.\/ËÔ#'( '-0V1�2é.3ê§45

6øùúê§qajw�kj^f1�27de^_>E

89GV'(:/q~�de^fâU<27 ;< �

��d�=��E!((->vw ÿ(-> µdVCDq~�d

e^f?@��<@ABCbD û @h%EEFGHIJ K

� L MNOèP,+,EQ*¯R,QS*TU*+,?�

¤KV��kj^fû @BC< WG \ajkj^qBC

<X¤ìí^tuqYZ?~�dE[R^\8dVCD

q~�de^fL! V]^< 0<2!<120°de¤E(_((L°é

`ê.VaÂdCDÐ^tuq~�de^fµ_E'(

bN<bc¿N�Edef®§g<hibNuR�k

j^f-

- �?ºAgh�_âUãä��Võjk\ Fig.1E

lm\ Fig.2 ?nÐfàáâU<ECu �âU&,§?

do��E­©¦p* H ù3,é(M&I materials K�)

dqD��^fâU&,§< Fig.3?nÐør,g�â

Usgt,?X¤uvw�^fµ_EâUVãä?<

Fig.4 ?nÐO®¨w@x,+,\aj^fx,+,<'

(Vyz\{|_>?1�6}�r±g\ajkj^f

âU~�? 2 ëVä��(­gPg-®¨Pg)\�A�

��VyÂ��\ÛÇf­gPg-®¨Pgä��V'

(?�^#�Ryz<�w�Rv�_ftVâUãä

��?��k¢Õ 200!CµdVãäqd�_føùúê



 

Fig.1! !"#$%& X'()*+,-./01 

§�V��ä\{|_>Ex,+,Vl�\�nhd

�=�EX @VA�E���?�ä�3±����gw\

ajkj^fµ_EâUV�«\{|_>?CD<�3

Uw�é�¨,{dÛ�_f 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-  

 

 

 

 

 

 

 

 

 

 

 

 

 

3;îïIô  

- 3.1- ð�âU\aj_CD  

- µöEàáâU? Si(99.999�)\ajkE0 T {dx

y{dV X @ABCD\Û�_fàáâU<E­©¦

p* Hù3,é\ajEFig.5?nÐ�Ç? Cu�âU&

,§?qD�_fCD< 20!< 2! <100!Vé�-*\

0.01!é`ê.�u?��9G L- � ?�D�E!"<·y"

vw L((!W µdCD»E�w?·y?yÂ\�p� E

¡Ç5ÂCD\Û�_fµ_E#LL ©,®?���E¢£

D�VyÂª«\¤>_f·yvw L((!W µd L'!W

i�?CD»E·y?yÂ\�p� kCD�EyÂ

¿¥¦§E�p»V¢£D�\¤>_f�?E5 T {

d×lVCD\Û�_f 

 

Fig.5 àá Si \qD�_ WGâU&,§-

 

Fig.3 23456-.7584 

 

Fig.4 -.,9:*+ 

 

Fig.2 *+;< 



 

Fig.8  5 T=>? Si()@4A?&BCD 

 

Fig.7 Si?EFGH?&BCD 

 

Fig.9! 5 T=>? Si?EFGH?&BCD 

·yvw 200°C µdV Si VAB©,®VyÂª«\

Fig.6?E¢£D�VyÂª«\ Fig.7?nÐfFig.6?

ijkEyÂ?��kAB&Âq¨�kj^V<EHe

V©ªq#�«[R�k�µjEâUu�d He ?�^

deªq5DdRv�__>u¬íw�^f@ä­®

Ê�"<�VDd¯íw�^f 

"  

tVu�E!°@ä­®±E#²°¡uV8�E³°yÂde^ft

VyÂ]^dV@ä­®Ê�<!=3.8´10
-6uR¤Eµ

¶·(4.9´10
-6

, 20°C)[16]?�j·q¤>w�_ftV

tuvwù3,é?�^âUVä­®�Vyz<2�j

tuq¸í^fµ_E27°C¹200°C VyÂ]^d<Eù

3,éqºv»Ðtu?�^âUV¼p¡Rv�_f 

�?E5 T{dV½mVyÂdVAB¾+,*\ Fig.8

?E¢£D�VyÂª«\ Fig.9 ?nÐftVu�E@

ä­®Ê�<! = 3.7´10
-6uR¤E0 T{dV@ä­®

Ê�?¿ÀÁ�j·uR�_f 

 

 

 

 

 

 

 

 

 

 

Fig.6! Si()@4A&BCD 



3.2- Ni40Co10Mn36Al14V&'(¾xy X@ABCD  

- Ni40Co10Mn34Al16 <äÂÃVIô?��Ä¥y¦§

dyÂ As=120°C dÅbJ L10 7KLvwÆbJ B2

7KL�VÇøg`*È±§ª¬qÉµ¤EAf=150°C

u�dÊËÐ^f�°3,yÂ< TC=155 K de^f5

b�y¦§d<EMs=120°Cdøg`*È±§ª¬qÉ

µ¤EMf=90°CdÊËÐ^f 

- Ni40Co10Mn34Al16 àáâU<E!"#ÈÌ%VÍÎ

ÏÐ?��kÑØ��_fàáÒÓ< 50 µm ¸pdE

àá?Ð^ÔVPQ\ÕÖÐ^_>? 900!×d 10 min

VäØÙqÛÜ�kj^fâUªqÚRv�__>E

àáâU< Fig.10?nÐ�Ç?{Ûu�VQ?qD�

_f 

 

-  

 

 

 

 

 

 

 

 

- µöE10°Cvw 200!×µdE25!×i�?yÂ\¿¥�

 Þ�Ü� 40!" < 2! < 50!V]^dAB¾+,*\]

_f�?EL((!×vw ÿ(°W µd L'!×i�?yÂ\�p

� ×lV|}dCD�_fµ_E·yEL((!×E·y

ÝyÂ�p»Þ<EL(!" <-L!" < ÿ((!V]^dCD�_f-

- �?âU\½mVyÂ?:/�E40!" < 2! < 50!V

]^dß'¦§Eà'¦§?ËjkKL���V'

(ª«?Ëjkmá\Û�_fÞVÔE'(<- - (- <-

$-<-'-0VGd ÿ-0 â?ª«� _f 

- Ni40Co10Mn36Al14 V·yE200°C ?iv^ 20°<- 2!-

<- 80° V@AB¾+,*\ Fig.11 ?nÐfAB©,®

Vãíä<Et <ÅbJEc <ÆbJVå�de^tu

\æ�kj^fCu VAB©,®<EâUsgt,çÚ

V¡Vde^f10°C d<EÅbJVøg`*È±§�V

Qde^qE200°C ?ijk<E¿Àèé?ê�?ª

«�kj^tuqÜv^fµ_E·y?yÂ�p� ^t

udEøg`*È±§�?ë^tuqìíd�_f�? 0 

T{?iv^½mVyÂdV 40°< 2! < 50°?iv^A

B¾+,*\ Fig.12EFig.13?nÐf¥y¦§d<EAs

¹125!C �¤Eê�(c)VAB©,®q¢�E175!CE

200°C ?ijkEøg`*È±§�(t)VAB©,®q Af

¸¿d¡Üöv?î�kj^qEt�<âU\àá?

�_Ô?ãÜ�_PQVyzu¬íw�^f5b�y

¦§d<E125!C �¤øg`*È±§� 111 ©,®qï

#�EÇ? 75!C¸pd<Eê�VAB©,®<mCd

�Rv�_ft�<äÂÃVIôuð��kj^f 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 -.I4JKLGMNO Ni40Co10Mn34Al16 

 
Fig.11 PQ?&BKRST Ni40Co10Mn36Al14V X@AB

¾+,* 

 

Fig.12 Ni40Co10Mn36Al14VX@AB¾+,*

(¥y¦§) 



 

 

- �?E5DyÂd'(\ª«� E'(��?�^

KL���Vmá\Û�_f135°CE40°- < 2! < 50° 

dE½mV'(?iv^ X @AB¾+,*\ Fig.14E

Fig.15 ?nÐf135°C d<E0 T {d<øg`*È±§

� 111©,®<ê�V 110©,®�¤&Âqxjf'(

\÷ãÐ^tudEê�VAB©,®q�¤&«R^tu

qÜv^f5 T {d<ê� 110 ©,®<øg`*È±§

� 111 ©,®�¤¡&Âq&«R�kj^ftVtuvwE

'(\÷ãÐ^tudê��VKL���q����

_tuqÏwvuR�_ftVIJ<Eê�V'�ñ,

P*§qøg`*È±§�VÞ��¤¡#�jftVtuv

wE'(?�¤Eò,ø*¦úg,,V�]V_>?Ç

øg`*È±§ª¬q����_tu\nó�kj^f

à'¦§?iv^ô@AB¾+,*\ Fig.16 ?nÐf

à'uu¡?Eê� 110 ©,®<&Âqõ«R¤E0 Td

<Eøg`*È±§� 111 ©,®u×§ÂV&Â?R�

_qEß'öu×=�¬?<RwRv�_f 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.14 P Q ? " # = K R S T

Ni40Co10Mn36Al14 V X '()UV4W

(X"YZ) 

 

Fig.15 P Q ? " # = K R S T

Ni40Co10Mn36Al14 V X '()UV4W

(["YZ) 

 

Fig.13 Ni40Co10Mn36Al14VX@AB¾+,*
(¥y¦§) 



5. µu>  

- ºAE&'(¾xy{dV X@ABCD\ÛÇ_>E

&'({ X @ABaâUãä��Vgh\Û�_f

tVâUãä��\ajkE0 < B <5 T, ·y < T < 

200°C V]^dVCD?V÷�_fSi \aj_CDd

<Eµ¶·?�j@ä­®±q]w�E&'(¾xy

pdVCDq~�de^tuqn��_fµ_E&'O

�����$Ni40Co10Mn36Al14V&'(¾xyX@A

BCD\Û�_f0 T{d½mVyÂdCDÐ^tudE

øg`*È±§ª¬EÇøg`*È±§ª¬qmá��

_fµ_E135°C?ijkE'(\÷ãÐ^tudEê�

VAB©,®qß���E'(��?�^KL���

\máÐ^tuqd�_ftV�ÇRxyd'(��V

Çøg`*È±§ª¬\àá X @AB\ajkcøm

C�_V<Eù%¹qú>kde^f 

- º»E�¤}�VÈjO®¨w@r±g\aj^tudE

û?xy{(�ðü400°C)dVCD\ýþ�kj«òD

de^f 

 

ÿ!  

Ni40Co10Mn36Al14 âU<!"#ÈÌ%¾ÍÎÏÐ�¤

j_"�µ�_ftt?i#\$�¿%µÐf 

 

&¬µ¶  

[1] H. J. Goldschmidt, and J. Cunningham: J. Sci. Inst. 

27(1950)177 

[2] V. K. Pecharsky and K. A. Gschneidner Jr.: Phys. 

Rev. Lett. 78 (1997) 4494-4497 

[3] O. Tegus, E. Brück, K. H. J. Buschow and F. R. de 

Boer: Nature 415 (2002) 150-152 

[4] V. Provenzano, A. J. Shapiro and R. D. Shull: 

Nature 429 (2004) 853-857 

[5] H. Wada and Y. Tanabe: Appl. Phys. Lett. 79 (2001) 

3302-3304 

[6] H. Wada, K. Taniguchi and Y. Tanabe: Mater. Trans 

43 (2002) 73-77 

[7] A. Fujita, S. Fujieda, K. Fukamichi, Y. Yamazaki 

and Y. Iijima: Mater. Trans. 43 (2002) 1202.-1204 

[8] S. Fujieda, A. Fujita and K. Fukamichi: Appl. Phys. 

Lett. 81 (2002) 1276-1278 

[9] K. Ullakko, J. K. Huang, C. Kantner, R. C. 

O’Handley and V. V. Kokorin: Appl. Phys. Lett. 69 

(1996) 1966-1968 

[10] R. Kainuma, Y. Imano, W. Ito, Y. Sutou, H. Morito, 

S. Okamoto, O. Kitakami, K. Oikawa, A. Fujita, T. 

Kanomata and K. Ishida: Nature 439 (2006) 
957-960 

[11] K. Oikawa, W. Ito, Y. Imano, Y. Sutou, R. Kainuma, 

K. Ishida, S. Okamoto, O. Kitakami and T. 

Kanomata: Appl. Phys. Lett. 88 122507 (2006) 

[12] \]^_`abcd`=efg:hijklmn 

47[2],99-1041992 

[13] K. Watanabe, Y. Watanabe, S. Awaji, M. Fujiwara, 

N. Kobayashi and T. Hasebe:Adv. Cryo. Eng. 

44(1998) 747-752 

[14] opqr s̀t u v̀wxy:z{|} 44 ~ 1

�(2005) 

[15] V. K. Pecharsky and K. A. Gschneidner, Jr : Rev. sci. 

Insts. 75(2004)4 

[16] 'Æ(µ)*, Ù+�æ, 1990� (,-) 


