ed Materials[ & J&RHZC - - - -
READZRITHE
10logy for the Future

g_

Vol. 11

2018.5
1
1
1
2
2
=~ 3
SESBED  Khovaylo 54 4
SF{EQ® Han 5t& 5
o] HEFAAFEERESE 6
HRT— 3 2 RIHEFIAARICH T IREDIIEIT 7
HRAEDZEAN 7

MEWRFTFR BT R RATRERE TS -

search and Development Center for Advanced Materials, IMR, Tohoku University



et EAFRRAFE LS —21-X VOL.11

toa—K

- MEAIR
| BREERES
| R
ERRRA

- |

e RE T
TV

- EFELEEETSZ— (064~)

HE - EEMEEAMER
@) SATA4/R—230IF)TI
BIRARFE IO T b 0164~)

- FIHMIT RILT—HH
BIHBEIHEE R — (0154~)

1

1

Cenans | (D

WV ER0FE AEMRTFRERERK

PRk 30 AREEIERIR S M i L RIFIAATZE O

R, MBI TREOE Y T,

Tk 47 1 FN 44 1
41 6 {1 16 28 1
A3 91
TR0 EE BRAKA-E
Rk 30 FEEEICS AN D ENAOEEHE DO 2 X FiLo@ b T7,
K4 T I S A
Seung Zeon Han W [E A BRI IE AT H30.4.2~H30.5.31

0T RET AT — o) T -

Dina Dudi Z Z ) : " 7.2~H30.8.
ina Dudina S5 U T T kS H30.7.2~H30.8.12
Jun Shen B RTF (HFE) H30.7.25~H30.10.10
Ramam??ga“emee A RTRRET U — H30.11.9~H30.12.28
B B K H30.10.1~H31.3.31




RV ERAFREFE TS ——1—X VOL.11

\T mERE

HeRERR A RSEH

Bh# ARA HEXR o
d- bk

=N
R 304E 4 H 1 BHAFC, Br#EsrLEMFER R ' v ¥ —BERERR ISR P O B BT BB = L Lz, FAIER
IERF&E 7 v 7 07 TFHE (HBIRE) oy T, EM3eRwEs (HERE) B XOMEHRRT T
4. EERRMEEE L, EIC TN 5 DRIEICBIT 5~ /LT oA NERER L ORTERER G DWW TEU) %
BT X KX OWEMURFE O FEAN, X &1 2Fm M 7 BRI L 2 MBS0 K O i 12 B3 2 R R Ic e L
TEWY F L7z, BERERGHIIZETIE, TNE TORBREZIENL T, i Of20=—X |2 L 7= Wi I
b U CHHRNE « AIMEIIR N TS BEMEAM B 2 BIAETE 2 LY ICHBEB O TV FTfETY. —JF, ¥k ¥—7T
WZIEFEIFIA - ERMFIE TR RRR %2, HERIZASBET D E VI EELME S>> TR £9. HEA4FE
FELWHIZ LBV FELELEELREZALHLINERNETN, FTREMILFEEREEE S ¥ —TOREE A
<HEL, #H2HMO—REMI L L 5ICHBEO TV FFETT. 4% L bERF O ZRE, ZHiRE Wiz

B EFTEoMEE LS BEWNLET.

\ftya—ﬁﬁﬁﬁoﬁﬁ—ﬁ

Fk29F6 41 H Pk 28 FE HABLEL = FHZHR (HE)
BV BT 5 247 L OBINORBICEHIRT 2 £ ZARKTh o2 RO LN ERBIRE SN D)
ZHAA EE S

P29 F9 A 12 A AEZHRES AR S HEE=FIERRY
(FHFEEICBIDABERLFEERL LM LEMZRIIRGSND)
SEES ERE E

k29 4E11 H 18 A BEEAN AZFRGIFES  F51 [FigaXE
ZEGR A TR BT 2 U $RE BT 2 REGHT W AR & 5 sk FopE kg & D EIFR )
ZEHEA TR W, EE %, S w2, mk M Al A

k29 4E11 H 18 A HEEAN AZARGIFES  E51 [FigaXE
ZEEA TERL Y ) — R 7 L— A Cu-Ni-Si Za4 D%
ZEFEAL G B, Em A, BB ZA, TR B

VK30 E2 H24 H AERDE - v UEYHFFES BiFE
(KU FE - R OERORBICHT 2L RKOIEERO LNT-EHIREIND)
ZEFEL WA BT

P30 3 A9 H F1 ERIAZESLMEFAEER (FTAHE (BZ - LTZ0%5))
CRAERZECHATR T % KHETEE D 5 B, A EENTCHIERR 2 BT - LB N H I ESh D)
SHEAEA M P

Fr30 £4 17 H Fk 30 FE FEZEWDEFDOXHFANEXE IR LTKIGER
GRS« =BTV v LT S REREAT DB SR)
SHEES BR FE



EMHRERAFRREFEEZ>Y—21-X VOL.11

¥ (kEEEE WS EhSRICTEESME (EK0E28218 (k) )
\
WEHER  MEEs B

HEEEFE EHEZA MG 2B C DR S 2lm e ik s 2y ) LM E2 TV E L (&P 34R
30040) . EEEEHEO—ERLE L THEIC2FEBIMESN TV SBIEES T, EHIT MEAL L THEICEDY, Hik
RCHADRBIZERL TWDL AMOFEERE, TOHRTINNOLEAEELZ ETRUNICLTUILVI &, AL
LTOHY FaFs5 L0)bOTT. e "HFEEEFR (BEHRRE LFEaErR) OFEATHY, &
PERFSEE & WO NI D, TIFRFEZE L T LIRFICRLET) , [RYEOHFAF L LTHELTWASZ
L1, F, THAEKRZEBMEWIZEATICOW T 72 F, 1HM¥ICHOZ Va2 LE L-. dEE R
ENBIE, [ZOMEZ X ST, BODOFRBEOEIZSOWTE 9 1 ERHN, BARNZREREZA ST L
W, IS FETECEIERPSTEMEFE LV IED, BFICAE>TWHIO0s Llne o), 5%
FIAEEOFIZEBNT, koL ASMMEEEE EIF T ELW) 2R EDOENFELNE L.

Z

‘T ARG : hE - KGEBT XS (EH3054A288 (1) )
WeHd® M BUE

SERR29EE DFFEM v X —DBEEHE THHERLENTE L TW5D, KERTRELESBMIFENY a
AV N TRERETDHZ IR0, HEFEUEER Y EED Y b — AL LT, Fak304E1H 26 B Dt
L, AENIEERICSINT 5 72 O 3044 A 28 HIZ RGEEE T RZ 2 ARG UE Lz, KEEL TR
DEFREERHEL, TO%, MERSZE TEZRO ERZEpBICREINZYa A v b IR @EFERE) O
FEROBFHADFH T E L. £ LT, KEHE T RFZOHLHE & AN EERNFIC OV TOR A H
D%, HAREWMLY T ADFEFEUEA~MEED AL L AZRENH 0 F L. B RS TIXEERS 720
FENFICBET DIENZET D, HHEREBIR I TIRBER O EE? & MM RN BT 298 7 —~ 2435 2 &
2720 E Lie. £72, KEE T RA~OEME 22 HET 2FE0OZIT AN, BEOEPH#HBZICE T HHIE
DHALRENHV E L2, DHBCBMUTFEDIZE AV ENAR~OBEFEZELLTEY, 22X, BRI
FALKZFZRZBE LR~ DO ANREZRT 5 2 E DR E > TV DAL NE LT,




EMHRERAFRREFEEZ>Y—21-X VOL.11

“l ERBRICKHEESHMED Khovaylot4k

- Khovaylo &40 Z#/
SRR 29 4F 12 H 20 BB Rk 30 452 A 16 H O, v o 7 ENZHFE TR RS MISIS O ##%, Vladimir Khovaylo
(7T =R 1) SEENHEM LRI ¥ — DR BHPE (MEREAREZN) & L TN HTE
S E L7z, Ni-Mn-Ga SEEMETPIRGEE S @2 1T U, EREMERKM B OBFZER T I 3\ THARAYIZ & I 12iE
SN TWDEAT, W EMFEY, IEFITRENBICHIFHEE 22T SV E Lz, SEIOW{ETIE, F7IZ, Fe AR
A AT —HEBITBWTHEREDIEA HO L LI FEREZ S, BRE DI X 2Mims CIHR R ma o L, LFEF
TN WTHER L E L.

» Khovaylo &4 (C &k 5B REESME EETCER30E 1 A 30 B
LT A EEMHEMER EEHEHTE2ME

/ Magnetocaloric, damping and thermoelectric properties of Heusler alloys: \
Prospect of practical applications

Heusler alloys have enjoyed considerable attention over the last decades due to a number of effects which have both
fundamental and practical significance. Specifically, early reports on magnetocaloric effect (MCE) in Heusler-based
Ni-Mn-X (X = Ga, In, Sn, Sb) ferromagnetic shape memory alloys (FSMA) has allowed one to consider these materials
as a fair candidate for the use in near room-temperature magnetic refrigeration technology. However, subsequent reports
on direct measurements of the adiabatic temperature change AT,q revealed that MCE in the Heusler alloys is rather far
away from being suitable for the practical applications because of a small magnitude of AT, and a strong irreversibility
of ATaq [1]. Another effect of practical interest which has been observed in these alloys is internal friction. Thanks to
the long range ferromagnetic ordering, the Heusler-based FSMAs can demonstrate unique features of the internal
friction. Due to the magnetoelastic coupling and a high mobility of the martensitic variants, application of a moderate
magnetic field (< 1 T) can greatly enhance internal friction of the martensitic state. Measurements of internal friction
under a bias magnetic field have demonstrated that the very large internal friction of the martensitic phase, 0! ~ 0.2,
can be attained in NiMnGa single crystals in a wide temperature interval [2,3]. Besides, a stress-induced martensitic
transformation which can be observed in a wide temperature range in polycrystalline FeMnAINi ferrous alloys [4]
allows one to achieve a huge value of the internal friction, Q! ~ 0.3 at room temperature.

Among representatives of semiconducting Heusler alloys with L2; structure the greatest attention has been devoted
to thermoelectric properties of FeoV Al with thermoelectric figure of merit Z7 < 0.3 due to its low cost. However, much
more intensively studied are half Heusler alloys with C1; structure. Specifically, for MNiSn- and MCoSb-based (M =
Ti, Zr, Hf) n-type compounds several research groups have reported values of ZT ~ 1. Very recently, it has been
reported on the increase of thermoelectric figure of merit to Z7 > 1 in p-type Fe(V,Nb)Sb-based compounds [5].
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Simultaneous increasing strength and its trade-off properties
in Al alloys by control nano-morphology of second phase

The structural metallic alloys have been developing to get high strength and ductility, since structural metals
require high strength for safety and high ductility for easy fabrication or high reliability. However, nearly all
of fabrication ways for increasing strength must sacrifice ductility [1,2]. Among the way to increase strength
of metallic alloys, the well-known best method to increase strength with inducing nano-sized grain in alloy
matrix by SPD (severe plastic deformation) has no exception, the increase of strength inevitably lead decrease
of ductility.

For practical application of metal and alloys, many metal alloys should be underwent the plastic
deformation including cold and hot working to make appropriate shape, the increasing total sum of trade off
relation, here, strength and ductility after plastic deformation is also very important. During plastic deformation,
for example, hot working over the recrystallization temperature could not show effective strengthening, while,
the cold working under the recrystallization temperature must show the drastic decrease of ductility.

While conducting the studies on aging and deformation behavior of cast Al alloys, we found that cold worked
specimens at room temperature had higher strength and ductility than as-aged counterpart. This is extremely
unique phenomenon since ductility drop is inevitably accompanied with cold working. For this, we deliberately
utilized the non-conventional microstructure of discontinuous precipitate, which later turned into nano-lamellar
precipitate, by over-aging.
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