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BRER - AR BHZ B W TIE, A 77 > R TiINDSn A48 OB {8 2 BT 5 72912,
RBE B A CRAMIR(LALERIZ 0 TiO, ZHHEF L7z, TiOp id @\ Vs f o v T A &
RL, 3717t A AOLEORT ZNE LTz, invitro iR 5 TiO, ETO
INA Ra® T RE A NERZRER L, in vivo iRBR CHTE OHARIRFZ OF | HFRE &
FHARIAER, WHEM IR OBIRE 2R T2 ERA L E R Y, BEEMEN SR
Tl bafER Lic. ZOERE LT, WFEEMRE CRIE L 7ZBREE L TiO, D@\ ki
PEIZ XY, g 2% Case P OREAEERIN L 2, BEFRT ~ORHTIC X v, BT
FEOTIO, ~DiRFE, TRbbWEBENMEEI N2 B L. £, BFERD
BERACFER)SETA 7V v I RNEET T LTI E A, HIEEDHUIR A /< —
7 DYELTEIRI D, KIRANSR—7 OLERICT 7 M5 2 L -7z, Mkl
IR RO R WA TR L, KT IXBMAR LT-BRE ST ICE Y AETE
R 5 EEZZ B, BHEEROREVIRIEIZE R T RICHR ERE LT,
HEIEMEHZ B W T, mRE-mEEERG S OMRBICE T 2 B2 2T Lz, &
E-BERONT o AN TR RS &4 (Cu-Ti 5&, Cu-Ni-Si 2%) Ti%, 7
FHY - ERAVRFEIIR LRI K DA I RE S EBEZ T H 720, Rt To
Bt DA AL - EZFEN 2SR T2 2 ENEEL 2D, WEOE T HMEEEIE
EI20T TR Th o TR 2B & & B AOISIRIT 3~ 5 7o O IS S FEREZOHT HH L6
BAITKR L THHABEEE] 28 L& 25, SOk Bt o /E sk Eors,
HERLSFHDORLAL, WML HROSEHER E) #@mEE CIMiT 5 2 EnTc& . HiZ,
IR 2N B 2 il 2 (2 28k S 7Rl LA 0 BiEE 208 0 L 72 & & oAk i 2 4
U CHT SR O BERR IR BT o 72, T ORI L L CGEGHT IR L O
5T 5 SR RERRE (TTT X)) B L A S OESIRER & /T 5 IcE - 7.
BTSRRI, MEECREORIE A BT L TV ECTEEREHEZ5 250 TH
0, SHBONFNIMEIBARICKE R EEZ 525D TH 5.

HIGPER B C & 5 5 Fe » Co J2JE Fe-Co-Si-B-P-Cu A4 12 B W, &R &%
RHE71 (H.<10A/m) ODWSLA[REZR T/ #E dHiRIENER B O KL 2 S L, WETE OFEAT
AT o7, BUEOREZMERBIRO QM BEEOHIRIZ LY, Fe & Co iHERIRE L
86.3 at.% & W I & 7235, BN ICBRFRE AR T2 2 S IxRECh Y, K&
RFERBNGFEELRN AT BT BT 7 A O ERRE R B O K R I
Fes1.3C04SiosBesPsCuo7 THo7-. F72, CotHE s 0~70% (at.%) OFAKELIFH CHotH
CEH LT BOBEOTE LITo72. ZORE, Co ZUMULARWEATE 12 ppm &/h
SR ETHST-DIZKIL, Fe & Co DFALLD 1:1 OFE1Z 30 ppm DK X 22 REEMN



Bohi, I, SRETENLT 7 AHET /M AaOER L RIERICKIZT
U I UBIRIZOWT, BoFEOSFENIFY I a2 by a VIRV IREELT
oz, VU Ak, BRICEE LR TRIGET 2 2 & ARRERICAFE LWV, SR
FEICET D ETENALT 7 AHETEK LT BT RV —BCFRNT 2 D728, FFERK
\CHEMER A 52 5 Z LR ENT. YY) arofing, 72, #abiRED -
AEIEEIL, XVERRBEEEEE RIS EL7200F /7 b7 vt 21t
L, flfErEzm ESE2R 2T E LALLM, BEREIC OV T,
DU 3 ISR SO L E ) S LI TR, RIEMICEET A4
DR IET 25 ERHILTWEEBEZLND.
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OIS S D MmVAL R A AT —B412O0 THRE B2 MR L, X BRIy Y
BRI IS FETAME X BRI E 72 &2 1T\V, B RRBICET 2 R &2 157,

72, BREBT 7 ALERT TN T 7 AME e EOSSRIERE A S I TEN T iR KR
YWa R0, IEFEEZOTLENMSHICHFRRRE > TWD. 203 Th, BRI ER
WS L7z~ T e G BT T/ i S I A LB 1 O BRI RE AR FE & B RGR % [ 37
TE 570, BB ThN TS, & 2 THEIC X 5 )/ b 2 A
PEIZ RIE T B OV CHER SRR VA 2 AV T 21T o 72, PRk 29 B2 S g
2 LU IZRE T

(1) Co 3, Mn FkA AT —B4&DOHPITIE, 7 /LI EICEIT 5 A E AFMREL 100% (23T
W, IN=T X&) LMHENAWERERH Y, AL hu=7 A5 CIERFICHEH
ZEDTVD. B FHHFICE > Th—7 A ZNVARIOEFIREEE RT 2 LI RN
BHTHLHN, ERNZEDO L) RETREBERLICALTWDEINE I NERT L
VEEE LU, AEEELE, CooMnSi & MmVAL DWW T X BRI A5 R E (XAS) BTV, i
LM EAPEMCD)Z A, E£77, MmVAL I DU TILiss dh T JEvE X SRiEL &
RIXS)HAT- 7. THNENOFEHZOWT Mn-L T XAS HIEAE{T-72L 2 A, WL
Mn TH AT MR BRE S B TWD Z ENghnotz. ZhuL, L2y DR A
AT —HBIZBNT Mn BDEA LTS YA RED Z LI X o> THRMEE & 5272
STWDZ I LTS, CooMnSi IZOWTIEA A EF /L, MmVAL IZEBW T
B LBEBEEGROFDIC L VO NTHE A MLV T, ZOREN L SHPI T
DFE D, HIFE TIE Mn @ 3d N2 RBRTER, #%E TIXENDNBEEORO K Z A L
TWL ERRTZENTE D, —J7, MmVAI 54125V Cid RIXS HIE 17941, Mn
&V O LBTHEESLFRLI. Mn IZ DWW TIRHAY K X 72582 D MCD A*7Z |k
ABELI, 7z I EEF CETIREBEEICRERFEY RS L2 ENRBINE. V
TlE d-d JhEIZTHET 2 27 M b Bl S, N REHETH LI R XL
HTRLX—EE LB L.

(2) MARZEEEZ AW TEARIRO AW EERL T 2FR L, 20 1 2Ok 1% HnT
WA 217 5 2 L 2R Tz, MM A A T 2522 RoR - Ch it
FERBEREITHIL 72 <, £z, VR CHRINE Z1T 5 5Ea 1T - O AAERZED
WL EET DVENRNZOIL, MERED L OORISEFED ILEGRE N TRE L 72 5.
Z DR, MEARZREEIEIC L VSO ERIRL T, WSS DRI EY A b
DEEAWT D ENTE D720, BULEREITH Z &2k, K 0¥ 7N kE
EEEY R ERFRELE R L0 EEZ LN, T/ MR ER X O & = DRk
SAFEDBIRIEAFEBICRE CE 2D EBZZ HILD. £ T, FerSioBiPs 7E/L T



7 AHNZ o - Fe D7/ fldntiE 2 WENICE Y JATe Z LI LV Sl EE R S 19
[ EF LTV OE, BERGREEFEE TR U 72 EAHY 500 pm BURL -4 UV CTHERS 2
Totz. ZTORER, EERERK DR % AV CHR - COMKE RIS TRETdh 5
ZEDHEER S AL, BVAEIZ LD o - Fe T/ AEEAHONTHH & & b IS RRFNRE AU B S B
LW B 2R LT, £70, EAGEEIEICLVIER U7X, ks TFER
L7cURUM &g LT, BV L2 fafIEREE O EF N LV BEEZFICRD LN D
ZEMNHLMNERY, AT EREEEE S CUERL L 72K 113 Fe-B L S WFR OHT H 231
flaind &, £i2, LVEWEEBEDT /#E o - Fe AETHT2 2 LICEK LT
W5 Z &% TEM BIZERAEIC L VLT L7z

[#F5eEtE ]
(1) MnoVAI B a2 FH O TR g FEmME XORREGELINE (RIXS) & 1T - 7243, /N—7

2

A ZNTADE AR E TR EEBIT 2012, IEFITHENRFIETH D LIRS
no. G5kix, ~N—7 X ZNBRBREEHEROREWE CTH D CoMnSi (DT b [FIERIC
RIXS JIEZATVY, TORM kL ~—7 A Z VT IRRE & OBEMEIZ OV TR
MR 2D TN T EZFE LTS, — 5T, HinOME» bk, MEEso
BIMERARD Z LI > Thb =T A X NAEREOFEIZONCH#Hm TE D 2
EDRIEESNTEY, HEMERIZOWTOL OhOFERENRESN TS, K
R, BERIEOMAERAMEZNET 2 EZEAT L2 ERBEICREL TED,
SETIERLIZFAA AT —BE ORI Z AW T, BAHERSIETEZ S 5104
TR IAZ OV TS Z L 2 E LTV 5. BRI, BKIERZHET 54
b LI HIRI S & o 1oy, 7V 7 3B RS Eh 2 IV D Z & TRk 2 2 5L TR IGPERK
BEHAREST 22 LBAREE 20, EFREBIZOVWTEVZLDAREZGELND Th
A9,

HEZSPRER AT K MEIL U 72 BRI T 1 &2 W TREEER MR 2N FTRECTH V, NEB
Rk & EEFEOFEZ e BRI EN CTE D Z LWL N E oo T, F2, #ER Cuot
FEIMC LY L0 ERZBBEESEEZ RT 2 EREELBRESRL TS, 22T, 4
%1%, Cu 2 EOMERMICLTFIZ LD NS ED X S ITEb L, 2B BRST
PEIZED XD RENE LT 6T O0E, FEMICRELZIT) TETHD. £z, L&
VB ARBFNER E & R T AR O & L C, FersSioBioPs L 0 #kJE % & < L 7= FeSiBP
RTENT 7 AREBOBHKE RS, D ORI ZIT) TETHS.
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LIRS ER e R 2 FE T

A 22 RS 2 A 5 A Ak PrRhasB2 (TR L, B 1 B a1 22
%ﬁ%ﬁ%ﬁ,@M$,%ﬁ%i@@%ﬁ%@m%ﬁok.meUﬁE77y71%
(ZX D PrRhggB,; Hilidh 2 A pk L7z, B —€ ) 7 L7 Z AR KD IE L7
PrRhysB, HifE i OFEIE 1 (c 7)) ~OBYRERT, 1.39WmIKIThH-7=. 2D
fEix, ZhETloms sniz@ikigEs o AlB, &2 OMILAEY THh 5a-TmAIB,
& HER LT T/ S W, T OBMREROIE, MEEIChRT 5B OND.
ZDbEWIE, CeCosB2M PrRhsB @D 7 v v 7 ICIEFIZEA ROV Rh @ (=2
AREFESNZ H D) DFASNIEEEZ DI &b, 20U T AT RhJEIZEWNT
T U KCEE SN R REMFET S 2 ENTREIN TS, 2O Rh KERT +
JUEBELL, ZORR T+ ) MREEIHI L TWDH EB X HD.

ThCr,Si; M REM,Bo(RE : 7 1303, M @ BRAeE) HH (ZEHIRE  Almmm) &, Ct#H
DT A N FTRANLT 5, 51X carbon-stabilized ThCr,Si, % REM,B,C fHDFHZZ M %
HLIZAFEZ D 7=, M & LTRh & Co RICHOWTHEHERAZIT 572, RE L M D
JEF R OFA A D' D ThCraSi, AU GO R EMITI BT 2 Z L 2H 602 L
72. Rh & TiX, RRh:B:C AT 5 RE D0/ NS WM S EWITEL RIS
REEE IR T2.

ARG RERMEA~OBH %2 RIE 2 72 Y > Z7ROME 2 HiNE LT, Zr-Nb % 2 T24
EaT — 7 VRECERL, Bonic v BB O BMEREE & B E &@m_;of
FEAT L7z, Nb JREEDHENN L > TEEEDSFELONTIEIN LT, BE I O/ & Bk o &
HOWEMEBENL L DY IR E LRIMEE G © Nb BEKRGMEX, Bif
7e7parallelism” (CEATREIER) Z/R L7z, KT 16 at%E TO Nb iR L 7= Zr-Nb &4
DY > 7RKE EMIMER G 1 Nb IS X - TEIRICZEL L, NbEED 4 at% Tl E i
EGENEBIIETTHHDD, 8 at%Nb (T CREMICEIME T2 Z 26l
. EDICE Yy I —AEES L RFITEWVEEZRT I E0D, ZOMEOMKTIE, &
RO OMEAFIZEEPIZE M (off) PERIND EHEIND.

MEEFRAT W PR A 70 & B2 RS S A A0V NS WA, BRI E T ANICR
JERBLZ O -SSR 2 ERLT5 2 LT, 1 oD HRE L S B 0 B 2p 5 WS SR
FE—fELTHLIZENTESD. Fe-Ni RABICK LT, BRORREABOEAL,
PEFEABLR X O 2R~ 7. RS ERUIRAMRINBAR O Pl A s T T - 72
EPMA THIE L7oIRE DA DG, WiFF LICIRE AR 2 e C& 7—J7, EBSD THIE L
T TIREARZ KR L2 D L0 bEMER G EZ LTINS Z ERHLMNIR S
7.
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AWFFEENE, AL 29 4 4 HICTRERUERR (EFERE0EE Y 7 —3E) DNETL,
WA S ZERIH D> TV D . I RMILFEIFERR & o 7 —I%, Fpk 28 F I pEF L RIAFZE
e L, LFEFERRDOEER~OFIEL, FFEMILFEREE X =DA%
HEOEERA~OR, & L TKRFTOML REFHEEXEICSETHZ LT, EER~D
HEkEHEELTW5.

SRR 29 FEDO—DH ORERIE, KFEFIE - LFEFRICER Y BT 7 B LA EE, 72
O NZFMIFZEE DG T FERCR 2 PEZEFUTIBIE L3 2720 D BARAEZE & LT, Fpk 31
FEOILFFMEEETHN G, FIAEOEKFEZGZ D 2T, LFEPFFEREROPEER~EIN T
HEERETDHIZELELEATHD BENICITE X —EERZES TOARNMLE). FE
ERA~OERBEEZHLTDHAFICONTCL, EFREREEE Y 2 — bl L, %
WERT HBEPEIC T, KRIRFE(REEENEE T 5eRAMEM Rt 24 —28 (287
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Study of bioactivity on a TiNbSn alloy surface
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The microstructure and surface chemistry of titanium dioxide on TiNbSn alloy, prepared by anodic oxidation

in acetic acid electrolytes and subsequent hot water (HW) treatment, have been studied to determine the effect of
HW treatment on bioactivity. HW treatment promotes TiO, formation and photo-induced properties were
observed on the anodic oxide. Cross-section energy dispersive spectroscopy analysis of the implanted anodic
TiNbSn treated with HW revealed the penetration of the constituent elements of bone, Ca and P, into TiOg,
which was attributed to the high bonding strength between the bone and the implanted alloy. It is proposed that
the high bioactivity observed as a result of HW treatment can be ascribed to the evolution of a crystallized
anodic oxide TiOz, which promotes incorporation of the primary ingredients of a bone in the oxide.

Thin Solid Films, 639 (2017)22-28

We have studied the bioactivity of an anodized
TiNbSn alloy to provide osseointegration to the alloy.
As-anodic oxide (AQO) is not crystallized and the
HW treatment promotes crystallization of anatase
TiO,, whereas the treatment is not enough to
construct a perfectly crystallized TiO; as that formed
by the annealed oxide (AN). This was confirmed by
the photo-induced properties of the oxide: lower
contact angles (Fig. 1(a)) and superior photoactivity
(Fig. 1(b)) in both HW and AN are observed
compared with AO. The characteristics are observed
in crystalline but not in amorphous, because the
defects in TiO, could act as a recombination site for
the photo-generated electron and hole pairs.

Fig. 2 shows SEM micrograph and elemental
mapping of Ti, Nb, O, Ca, and P. It is noted that the P
abundance in the selected TiNbSn region is due to the
close values of the characteristic X-ray energies of P
Ko (2.013 keV) and Nb La (2.166 keV). The absence
of P in the region was confirmed from additional
experiments. Ti is distributed in both the TiO, layer
and TiNbSn, but not in the bone, indicating that Ti
does not penetrate into the bone. Ca was detected in
TiO; locally and a homogeneous distribution of P was
found in TiO,. The composition of Ca and P in TiO,
marked by the square in the SEM micrograph was
10.5 at% and 5.3 at%, respectively. It is noteworthy
that both Ca and P are detected in TiO,, indicating
that a penetration of these elements occurs from the
bone to TiO,. This result provides an appropriate the
explanation for the high bonding strength between an
animal bone and the implanted alloy [1]. It is
considered that a high bonding strength between the
bone and implant is attributed to the penetration of
constituent elements in bone into TiO,, and the
bioactivity originates from an acceleration of
crystalline TiO, formation by HW treatment. On the
other hand, the mechanism of HW treatment should
be considered, because hydroxylation of the treated
surface [2] was not confirmed by the present study.
Further study focusing on ability of bone ingredients
incorporation in TiO, has been in progress.
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Fig. 1. Contact angle under UV illumination (a) and
degradation rate of MB in the bleaching test with
illumination time (b) for AO, HW, and AN
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Fig. 2. SEM image and EDX mapping of Ti, Nb, O,
Ca, and P near the rabbit bone and the implanted
TiNbSn rod.
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Transmission electron microscopy (TEM), specific heat, and thermal conductivity measurements were

performed for PrRhsgB, single crystals. PrRhsgB, compound has a layered crystal structure, where PrRhs;B;
blocks are separated by metal Rh honeycomb layers. The intercalation of the Rh honeycomb layers enhances the
ferrimagnetic transition temperature. From area-selective picosecond thermoreflectance measurement, the
cross-plane thermal conductivity of PrRhssB; is estimated as 1.39 Wm™K™, much lower than other layered

borides related with AlB,.
APL Mater., 5 (2017) 126103 (1-7)

PrRh4gB2 single crystals were synthesized by the
molten Cu metal flux growth method [1]. The
morphology of the grown PrRhsgB, single crystal
was a hexagonal plate. The layered crystal structure
of PrRhsgB, consists of two characteristic layers,
CeCo3B2-type PrRhsB»-blocks and Rh honeycomb
layers [2]. In the PrRhsB2 blocks with
pseudo-hexagonal symmetry, the Rh Kagome layers
exist between Pr-B layers.

Figure 1 shows (a) a high-resolution TEM
(HRTEM) image taken along the [1-30] direction, (b)
a corresponding selected area electron diffraction
(SAED) pattern and (c) the atomic arrangement
determined previously by single crystal X-ray
diffraction analysis [2]. Sharp diffraction spots
without superlattice and satellite spots or diffuse
streaks appear in SAED pattern (Fig. 1(b)). This
feature indicates that the atomic arrangement is well
ordered without stacking faults. Three bright layers as
indicated by smaller white arrowheads in Fig. 1(a)
correspond to three Pr ones in the PrRhsB,-block.
The partly-occupied Rh layers, the honeycomb nets,
between PrRh3B-blocks were not clearly observed as
indicated by larger arrowheads, because of low
occupation probability of two Rh sites (16n and 16l
positions).

The peak of the specific heat shows a shift toward
higher temperature with magnetic field, consistent
with the ferrimagnetic transition. Since the crystal
structure of PrRhsgB; is basically the same with
PrRhsB, with additional Rh layers, as an interesting
effect on the physical properties, the interlayer
rhodium atoms are indicated to have a large effect on
the electronic structure of PrRh4sB2 by enhancing the
magnetic ordering temperature. With the application
of magnetic field, the peak shifts to higher
temperatures.

Thermal conductivity of PrRhsgB, single crystal
along the c-axis is 1.39 WmK™, more than one
magnitude lower than those of other layered metal
borides AIB; and o-TmAIB, [3]. The strong phonon
depression can be considered to be due to the
characteristic crystal structure of PrRhsgB», having
PrRhsB; blocks and Rh honeycomb layers with low
occupation probability of Rh sites.
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Fig.1 (a) an HRTEM image V|ewed along the [1 30]
direction, (b) a corresponding SAED pattern, and (c)
the atomic arrangement. Gray, white and black circles,
and the thick rectangle lines in (c) indicate Pr, Rh and
B atoms, and the unit cell, respectively. An arrow in
(a) indicates the periodicity along the [001] direction.
Smaller and larger arrowheads in (a) correspond to
three Pr layers in the PrRhsB;-block and Rh
honeycomb layers, respectively.
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TAEMEXMCD)Z AN, Mn &V D LY-XMCD X227 hVIZHSRRERY, Mn & VOREEE—AV b
DRBREMERICHESG LTWA Z LITRIET 5. Mn &V OIRILARZ s oMk, BEALEEER, B
FOAL A VETNEZRIILIEHERRY b UIZE 2T, ThERBLILLBFBREN. Zhicky, Mn @
AHEDETIXEREZH R TNEDIIH L, VOBFIIRENRIBEAIENEEL WS LEEX5. 7,
Al D K2RV TH XMCD BB S iz, Zhid, ERETRTH S Al BhA X T —EB4&H TR
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SNCEN D O E 9 XMCD O 51 Mn &V TRAR->TEY, TNZThORK
T— A2 FORRBEMEARE A Z LTV D Z L ISHIGT 5. BEOEFHRRAAIE4] L v 157,
Mn & VDAY « BLUERST— A2 b EZDOEFRIRT[B]. 2, MniZB W CIEgE—
FHFHHEOMERLE L0 —HE /R LTS, X1 DOHIE Al O K- XAS & XMCD, 72 5N
B NLBAEPEER(OFTIIC L A FHE AT ML &R, XMCD 2AHBRICBIl S, Z4ud A
DIEREMETZE TH HITH DL LT, M VAI OGE8TICBWTHRE— AL P2 LTWS
ZEERBTOMETHS.

Mn & V @ L XMCD A~X7 kb, 7¢ 6 N NLBIEEERR(DFT) & A A BT V& L
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TELHHAEINTWDDIZXHL, VIZOWTIE DFT K0 dte LA A ET VDS N Ls-
WMOZEE— 7 #iEE LS HBELTWD Z LD, 22T, Mmoo RE &% 20
eV & LEBCZEE — 7 #ENHEL L TV D0, V ORBEEEHREICBWLT b RN H
DREZT20eVEETHDL ZEND->TW5S. LLELY, Mn ® 3d #EOE T ITmEE
HEHLTWDHDICKIL, VOSESITRENRIELDEHEVNEZRLTWDLEEZD.

£, BROCFRMANZL VAR LZAY Y, BIOHEMKT— A M EF—JHEGFHE
(GGA)IZ L oK E— A K[5].

Mspin (IJB): Mspin (IJB): Morb (HB): Morb (IJB): Morb/ Mspin Morb/ Mspin
XMCD GGA XMCD GGA XMCD GGA
Mn 1.437 1.398 0.028 0.034 0.019 0.024
V -1.227 -0.785 0.040 0.009 0.032 0.011
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Electronic structure and magnetic properties of the half-metallic
ferrimagnet Mn>VAI probed by soft x-ray spectroscopies

K. Nagai?®, H. Fujiwara® ", H. Aratani®, S. Fujioka?, H. Yomosa? Y. Nakatani?, T. Kiss?, A.
Sekiyama®, F. Kuroda”®?, H. Fujii®?, T. Oguchi®?, A. Tanaka®, J. Miyawaki®', Y. Harada®", Y.

Takeda¥, Y. Saitoh?, S. Suga“, and R.Y. Umetsu"

aDjvision of Materials Physics, Graduate School of Engineering Science, Osaka University, "Department of
Quantum Matter, ADSM, Hiroshima University, ‘CMI>-MaDIS, National Institute for Materials Science,
dInstitution of Scientific and Industrial Research, Osaka University, ®Institute for Solid State Physics, The
University of Tokyo, 'Synchrotron Radiation Research Organization, The University of Tokyo, Materials
Sciences Research Center, Japan Atomic Energy Agency, Mnstitute for Materials Research, Tohoku University

Electronic structure of ferrimagnetic Mn,VVAI single crystals was studied by means of soft x-ray absorption

spectroscopy (XAS) and x-ray absorption magnetic circular dichroism (XMCD). The XMCD signals for all the
constituent elements were successfully observed. The Mn L3z XAS and XMCD spectra are reproduced by
spectral simulations based on the density-functional theory, indicating the itinerant character of the Mn 3d states.
On the other hand, the V 3d electrons are rather localized since the ionic model can qualitatively explain the V

L3 XAS and XMCD spectra.

Physical Review B, 97 (2018) 035143

Half-metals are characterized by a peculiar
electronic structure as one of the spin subbands is
metallic and the other is semiconducting with a gap at
the Fermi level (Ef) [1]. The expected 100% spin
polarization at Er is suitable for functional spintronic
applications. In this work we present the detailed
electronic structure and magnetic properties of the
high quality single crystals of L2;-ordered Mn,VAI,
revealed by means of XAS and XMCD for all
constituent elements. The magnetic moments of the
Mn sites evaluated by using the magneto-optical sum
rule [2,3] were qualitatively consistent with the
results of density functional theory (DFT) within the
experimental accuracy.

Single crystalline sample was fabricated with the
Bridgeman method and a pieces of it was fractured in
situ in ultrahigh vacuum to obtain the clean surface.
XAS and XMCD measurements were performed at
BL23SU in SPring-8 [4]. The spectra were recorded
in total-electron-yield mode with an energy
resolution better than 0.1 eV using a superconducting
magnet in fields up to 2 T along the incident beam
direction. The electronic structure calculation based
on DFT has been performed using the HILAPW code,
which is based on the all-electron full-potential
augmented plane-wave (FLAPW) method [5].

Figures show the Mn (Left) and V (Right)
Los-edges XMCD spectra, together with the
simulations based on DFT and the ionic model. Here,
the ionic calculations based on the full multiplet
theory were implemented. The local crystalline
electric field was taken into account for the Mn?* and
V2* jons with tetrahedral (Tq) and octahedral (On)
symmetry, respectively. Basically, the sign of the
XMCD signals is opposite between them, reflecting
ferrimagnetic coupling of the Mn and V spins.
XMCD simulation based on the ionic model is
obviously deviated from the experimental result,
whereas the DFT-based simulation better reproduces
the XMCD spectra, indicating the itinerant character
of the Mn 3d states in Mn,VAI On the other hand,

the situation is different in the case of the V L3
spectra. The DFT-based simulation fails to explain
the existence of the two peak structure observed in
the low-energy shoulders of the Ls-edge. The ionic
model simulation well reproduces the line shape of
the XMCD, implying the limitation of the band
picture for the V 3d states. These results suggest that
the V 3d electrons are rather localized and thus the
atomic multiplets should be taken into account for the
spectral simulations.
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SETEIC = v S VIBESOMBAENITIEE LCabhd o8] % Cu-Ti, Cu-Ni-Si, Cu-Be 5472
L OEREE& R HERA & OMBMEIT IS A L, BB, XRE, 1CP HBXoiria & Ok
FHAEDZLIZLY, WHOHEOBESYA X, i, THE, tHEREZBERECHEMLEZ. §
2, APEEEH U CRIITHHEECRERTIE 2 AT 5 L L big, BRLASRERKCHEIRER
PEEL, DENRELEMAELTHIEOORERBEAMEN Lz, 2 TIIRFZIFTHE Cu-Ti A& 0K R
PrBERTT 5.

(1] %=

TG - 013 PR O FH R 2 RS, WERAME T 27 A A a s ¥ D/
AL - EHREIEDNER SN TS, 2Ok, a7 ZRPEHTITTRE LB O MmN AR
HOHNTND. Fix DI ZMEOFTY, REIE(EE Cu-Ti &4 IX58E, & IREFE 7
ENFREICFHE TTN D0, EEsRmTo/NMlaxy ZMEtE L GEA I TR,
% < OB L OEEFBEN 2SN TND.

TEMTIE T &8 &K 3~5at%D A& A SN TV, BFIX I EESEO—IKEE
IR TR MBI A0 L CRAFIIRAEIZ L, 400~500 °C THZh4 2. BEgh#lHiEfe ¢,
AW ) —HNVIRIC X DIRERNE Y, T ORI Ti MM (fec) 23HANE L CHEZRE
FH B’-CusTi (IEJ74: 14/m, a=0.583 nm, ¢ = 0.362 nm) 2NEfGEINC AR T 5 (1), Bighd Ll
e CIE, Z2EAH B-CusTi (£1J7 84 Pmmn, a = 0.453 nm, b = 0.434 nm, ¢ = 1.293 nm) ASKiS X
JEATHT 5. B -CusTi (TR EZ I BT/ A — & — L TH 5 7= ORI R bIZ = k9
505, B-CusTi OAHHHT T B7-CusTi 2R L7270 A KITHIE T 5 72 O E O %
<(1,2). —J5, ZHnoHHmOAR - lEICE b A WEEA RO Ti BEEEN BT 5.
ZD, BN E B ARWEERIIHMNT S, T X )T, BN s b )l ki s
LD IR - WFHRE & BRI T A 720, BERhIC & b7 O MR L A BRI R
T5 2 LTSI S E TR TEETH DS, T 2 TARMIETIL, ReghiE kA Cu-Ti &4
DR % X 2 72 D O BEHEREEE D 7= 8D, KiZhil & 420~700 °C CTOERZARER (TTT #X)
DIER A RS, FRfTHZEEhoRRkE Bg L7z,

[2] =Bk
BAEHR)S Cu-4at% Ti & 72 HJE X 0.22 mm OEEIFERIE S 4 — 2 dtaksr & Lz,
b ES 60mm, 1E5mm OB A2 L. BB 2 RS AsEIcBEZEZE AL,
JELEE 420~700°C, FEf 0~60 H TR L7z, 3B O#KE 2 B A R A T B IS
(FE- SEM) &7 - B R
(TEM) (ZXVFHm L7z, s o
BT HH P FE 2 S BRTAIR I & 5 Al 2 e
BICTRILZ[2]. 2 ive X BRET
HIE (XRD) (2t L CTHr i o4
ZRIE L. B R E2 vy
1 — AR SGBREC CRM L7z, &8
SHPLZ U FEICTHIE L, EE

RreREH L.

[3] A%
Fig. 112 420°CIZ31F 5 HEght o
FE-SEM 4% /<9, Bighwli] (24 h)

T, vy Rk (EX#10nm) o Fig. 1 FE-SEM images of Cu-4 at.1% Ti IIo aged at
420 °C for (a) 12 h and (b) 360 h.




YEZZTEAR B7-CuaTi 23 Sihr PN L BRI /) 1R
LTW5%. £72, Fig.1(d) KFID X 512,
FEERRL IR 5 22 TEFE B-CuaTi & SRE AR FH
EDERE LIz VRS A DD, KR
DT & VIR FE L TV E, I
WA > T B -CusTi DER STV FFR)
360 h LA Tl /L2 sk m 4 5
A4 % (Fig. 1(b)) . =D X 9 7o/ i,
WEZNIEE 420~650 °C D#iPH CTlakEIZ I =
L. OFV, ZORBERETIE, R
12 & 720 Br-CusTi 33 K OY B-CuaTi DAERK
ITREESND DD, P A AR IRIC KX
=L e AN

Z IS O D IRFhIRE & IRFfE] oD B
2 TTITHRXICE DD (Fig.2). 22T
1%, B-CusTi OARKBAE SIS L O T it
JUIRAARR D IRFE 77 2253 5% L TN 95% LA 1
LR DS A R Lz, B-CusTi DAL T
SSCIEERBI RN B R L 72 AT,
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Fig. 2. A TTT diagram constructed for the Cu-4
at.% Ti alloy specimens. The initiation of the
B’-CusTi precipitation, formation of p-CusTi
species, and microstructural equilibrium are
represented by the solid lines. The precipitate
structure was evaluated by the FESEM and
TEM-SAED techniques.

Fig. 3. (a) Electrical conductivity and (b) hardness
values for the Cu-4 at.% Ti alloy specimens aged
between 420 °C and 650 °C.
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Kinetics and Equilibrium of Age-Induced Precipitation in Cu-Ti Binary
Alloys

S. Semboshi®”, S. Amano®, J. Fu¢, A. lwase®, and T. Takasugi®
“ Institution for Materials Research, Tohoku University, Sendai 980-8577, Japan
b Department of Materials Science, Osaka Prefecture University, Gakuenchol-1, Nakaku, Sakai 599-8531, Japan

Transformation kinetics and phase equilibrium of metastable and stable precipitates in age-hardenable Cu-Ti
binary alloy have been investigated. The microstructure of the supersaturated solid solution evolves in four
stages: compositional modulation due to spinodal decomposition, continuous precipitation of the needle-shaped
metastable a-Cu4Ti, discontinuous precipitation of cellular components containing stable B-CusTi lamellae, and
eventually precipitation saturation at equilibrium. In specimens aged below 650 °C, the stable B-CusTi phase is
produced only due to the cellular reaction. The precipitation kinetics and phase equilibrium for the specimens
aged between 420 °C and 650 °C were characterized in accordance with a time—temperature—transformation
(TTT) diagram and a Cu—Ti partial phase diagram, which were utilized to determine the alloy microstructure,
strength, and electrical conductivity.

Metall. Mater. Trans. A, 48 (2017) 1501-1511.

The microstructural evolution of a Cu-4 at.% Ti
alloy during aging at 450 °C to 700 °C was studied by
performing XRD and ICP-OES-based analyses on the
aging-induced precipitates extracted from the parent
specimens, as well as by conventional microstructural
observations. The microstructural evolution of the
specimens isothermally aged at temperatures between
420 °C and 700 °C progressed in accordance with the
following sequence: (i) compositional modulation
due to spinodal decomposition, (ii) continuous
precipitation of the needle-shaped metastable a-CuaTi
species with a tetragonal structure, (iii) discontinuous
precipitation of the cellular components containing
the lamellar stable (B-CusTi species with an
orthorhombic  structure, and (iv) precipitation
saturation in the equilibrium state. For the specimens
aged below 923 K (650 °C), the formation of the
stable B-CusTi phase is limited by the cellular
reaction at the grain boundaries, which leads to the
ultimate occupation by the cellular components in the
specimens during the final aging stage. In the case of
aging at 973 K (700 °C), both the nucleated stable
B-Cu4Ti species and pre-existing a-CusTi precipitates
grow at the grain boundaries (most likely because of
the prominent bulk diffusion at high temperatures).

According to the TTT diagram proposed in this
study as shown in Fig. 1, the Kinetics of the B-CusTi
initiation due to cellular reaction corresponds to the
aging conditions for achieving alloy peak hardness at
temperatures below 650 °C. The proposed TTT
diagram also reveals that low-temperature aging
increases the electrical conductivity of peak-hardened
specimens up to the values exceeding 15 % IACS.

In this study, the Cu-rich portion of the Cu—Ti
binary phase diagram was revised based on the
compositional analysis of the precipitates performed

Temperature, T

P
g
&
B
-3
£

Aging time, 1/ min

Fig. 1. Aging conditions drawn on the TTT diagram
for the peak aged and fully aged Cu-4 at. pct Ti alloy
specimens, which resulted in an increase in the alloy
electrical conductivity from 10 % to 25 % IACS.

Tempersture, Tk

Fig. 2. A Cu-rich portion of the Cu—Ti binary partial
phase diagram proposed in this study, which is
depicted by the solid lines. The solid circles represent
the experimental data obtained in this study.

after the extraction procedure, which is shown in Fig.
2. The solidus lines for the o phase of the Cu solid
solution and B-Cu4Ti precipitates can be described by
solid lines in Fig. 2, which were just different from
previous report [1,2].
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Fe76SigB1oPs 7 E /v 7 7 ARL - D AAFIE R N R AE T/ fsda b o
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Effects of nanocrystallisation on saturation magnetisation of amorphous
Fez6SioB10Ps
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2nstitute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan.

b Department of Materials Processing, Graduate School of Engineering, Tohoku University, 6-6-02
Aramaki-Aza-Aoba, Aoba-ku, Sendai 980-8579, Japan.
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Amorphous FezsSigB1oPs particles were fabricated by a container-free solidification process and subsequent
annealing, and their structural and magnetic properties were investigated by X-ray diffraction analysis, transmission
electronic microscopy, and vibrating sample magnetometry. The annealing induced the nanocrystallisation of a-Fe and
Fe-B compounds. The proportions of the different crystalline phases formed were dependent on the annealing
temperature. The saturation magnetisation of the single particles was higher than that of the samples prepared by a
conventional quenching process; this was attributable to the higher homogeneity of the nanocrystalline grains of the
former as well as their higher a-Fe to Fe-B compound ratio.

Materials Research Letters, 6, (2018) 100-105

Soft-magnetic materials that exhibit high magnetic
performance in electronic and power devices have
attracted considerable interest for their energy-saving
potential and have, therefore, become the focus of
extensive research efforts . Non-equilibrium soft-
magnetic materials show lower core losses over a
wide frequency range, and this is expected to
significantly reduce the energy conversion losses in
the devices based on these materials . Materials
containing a high density of fine nanocrystalline a-Fe
grains within the amorphous matrix have been
developed; these materials exhibit lower core losses
and higher permeabilities and saturation magnetic
flux densities as compared to those of silicon steel %I,

In this study, we investigated the magnetic
properties of a single spherical particle with a
homogeneous inner structure. The FezsSigB1oPs
particle was fabricated by a container-free
solidification process called the pulsated orifice
ejection method (POEM). With this method, the
number of inner nucleation sites is reduced, resulting
in nanocrystalline grains with greater homogeneity
after annealing under optimised conditions “. In
addition, the magnetic isotropy of the particle and the
absence of perturbing magnetic interactions (due to
the absence of other magnetic particles in the vicinity
of the particle being investigated) allowed the
intrinsic magnetic properties of the material to be

evaluated in relation to its nanocrystallisation
behaviour.
Figure 1 shows the annealing temperature

dependence of the saturation magnetisation of a
single particle as measured by the VSM. The
obtained results in this study indicated that the
uniform nanocrystallisation of a-Fe occurred when
the samples were annealed post fabrication.
Accordingly, the saturation magnetization increased
with the annealing temperature up to 833 K, while
annealing at higher temperatures induced the
transformation of a-Fe into Fe-B compounds. This
phase transformation was detrimental to the magnetic

properties, as evidenced by a decrease in the
saturation magnetisation.  Similarly, the lower
saturation magnetisation exhibited by the ribbons is
attributable to a similar phase transformation early in
the annealing process. This study demonstrates the
feasibility of determining the magnetic properties of a
material through single-particle investigations.

particle

Saturation Magnetiztion, 8T
Ln
Y

Annealing temperaure, 7K

Fig.1 Annealing temperature dependence of
saturation magnetisation of single particle.
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Effects of Minor Precipitation of Large Size Crystals on Magnetic
Properties of Fe-Co-Si-B-P-Cu Alloy

Y. Zhang?, P. Sharma?, A. Makino?
1 Institute for Materials Research, Tohoku University
2 New Industry Creation Hatchery Center, Tohoku University

Nanocrystalline Fes1.3C04Sio.sBesPsCuo.7 alloy shows low coercivity (He <10 A/m), but a minor increase in Co
from 4 to 5 at.% (Fes1.3C0sSiosBssP4Cuoy) results in a drastic increase in H. (>60 A/m). In terms of structure
both the alloys in as-quenched state exhibit similar X-ray diffraction patterns. However, existence of a very
few large sized crystals (above 100 nm) in as-quenched state enhances the H.. It is possible to obtain a By of
1.88~1.90 T in this system but it is at the cost of an increase in H..

(1] %=

During our efforts to further enhance the B, of Fe-Co-Si-B-P-Cu alloys, we noticed that some of
the ribbons exhibiting similar X-ray diffraction pattern in as-quenched state showed significantly
higher H.. Reliable use of this alloy requires a clear understanding of this problem. Present study not
only clarify the reasons for higher H. in X-ray amorphous like Fe-Co-Si-B-P-Cu ribbons but also
emphasizes on the upper limit for obtaining high B; and low H. simultaneously. Based on
experimental results and the model of nanocrystallization in NANOMET® type alloys [1], we
figured out that the upper limit for simultaneous existence of high B, and low H. in Fe-Co-Si-B-P-Cu
alloys is governed by the minor precipitation of larger sized a-Fe(-Co) crystals in as-quenched state.

(2] 328051k

Fes1.3C0xSiosB135xP4CUo.7 (x=3.0-6.0 at.%) ribbons were prepared by a single roller melt spinner.
The crystallization of amorphous ribbons was carried out in an infrared furnace (IR furnace) under
the flowing argon gas. The microstructure of melt-spun and annealed ribbons was examined by XRD
with Cu Ka radiation, and TEM. Thermal properties were studied by using a DSC at a heating rate of
40 °C/min under flowing argon gas. By was calculated from M, measured by VSM. A DC B-H loop
tracer was used for the measurement of H..

[3] #&5%

Fes13C0xSiosB135xP4Cuo7 (x=3.0-6.0 at.%) ribbons annealed under optimum conditions exhibit
peaks only corresponding to bcc Fe(-Co) phase. Higher concentration of Co results in a high By of
1.88-1.90 T, due to crystallization of a large number Fe(-Co) grains. The H. of as-quenched ribbons
is similar, and it is measured to be ~20 A/m. After optimum annealing, H. was found to decrease to
below 10 A/m with x<4, but minor increase in x>4 at.% results in a drastic increase in H.>60 A/m.
The average grain size (D) estimated from XRD based on Scherrer formula was found to increase
when x>4. The possible reasons for rapid increase in H. could be increase in D.



For magnetic softness, we investigated the effects of heating rate (HR) to attain a desired
annealing temperature, on H. and grain size in Fes1 3C0xSio5B135xP4Cug.7 (x=3 and 5) (Fig. 1a). With
an increase in HR from 10~100 °C/min, H. was found to decrease due to refinement of
nanocrystalline structure, which is very important to grow the pre-existing and newly created nuclei
together during the annealing. This makes AR important, so that pre-existing nuclei do not have
enough time to grow when the furnace temperature is raising from room temperature to the optimum
annealing temperature. However in the present case HR as high as 800 °C/min cannot result in a
finer nanocrystalline structure.

For understanding the difference a minor increase in Co content leads to such a big difference in
H., nanostructure was examined by TEM (Fig. 1b). Absence of crystalline precipitates in the
amorphous matrix is clearly observed for the ribbons with x<4 at.% (completely amorphous).
However for x>4 at.%, a low density of crystalline precipitates can be noticed from the TEM images.
The density of crystalline precipitates is so low that it could not be detected in XRD measurement,
but the crystalline precipitates are quite big in size ~100-200 nm. Both the ribbons appear to have a
similar nanocrystalline structure except some regions with bigger grains (black region) in the case
ribbons with x~5 at.%. Presence of larger size crystals in as-quenched amorphous state may affect
the crystallization process around them during annealing. This is due to compositional
inhomogeneity between the regions near the crystalline precipitate and the completely amorphous
matrix. Alternatively, precipitation of crystalline grains in alloys with composition very close to the
limit of amorphous forming ability may stabilize the whole amorphous matrix by acquiring the
excess Fe(-Co) from the matrix to the crystallites precipitates. During annealing, the former case
may leads to wider grain size distribution, whereas the later process may result in an increase in
average grain size.

In Fe-Co-Si-B-P-Cu system the best combination of H. (<10A/m) and B; (~1.83-1.85 T) is
obtained when Co is ~4 at.%. This paper is very useful for understanding/solving the problems of
unintentional changes in magnetic properties, which may arise from slight variations in metal to
metalloid ratio and/or reduction in amorphous forming ability due to instrumental problems (such as
cooling rate etc.) during mass production of these ribbons.

[4] f‘n%@

Nanocrystalline Feg12C04SiosBgsP4Cugg alloy shows low H. <10 A/m, but a minor increase in Co
from 4 to 5 at.% (Fes1.3C05SiosBssP4Cuq.7) results in a drastic increase in H. (higher than 60 A/m).
In as-quenched state, both the alloys appear to be similar in terms of physical appearance and XRD
measurements. It is possible to realize a fine nanocrystalline structure with bcc Fe(-Co) phase in
ribbons with higher concentration of Co. However, existence of a few very large crystals (>100 nm)
in as-quenched state for higher concentration of Co enhances the coercivity. Large numbers of fine
bce Fe(-Co) nuclei (~2-5 nm) in as-quenched state for ribbons with higher Co concentration (here
means higher total concentration of Fe-Co) results in a very high Bs after optimum annealing. In
Fe-Co-Si-B-P-Cu system the best combination of H. (<10A/m) and B, (~1.83-1.85 T) is obtained
when Co is ~4 at.%. This paper is very useful for understanding/solving the problems of
unintentional changes in magnetic properties, which may arise from slight variations in metal to
metalloid ratio and/or reduction in amorphous forming ability due to instrumental problems (such as
cooling rate etc.) during mass production of these ribbons.
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Nanocrystalline Fes1.3C04SiosBgsP4Cug 7 alloy shows low coercivity (He <10 A/m), but a minor increase in Co
from 4 to 5 at.% (Fes1.3C0sSiosBssP4Cuoy) results in a drastic increase in He (>60 A/m). In terms of structure
both the alloys in as-quenched state exhibit similar X-ray diffraction patterns. However, existence of a very few
large sized crystals (above 100 nm) in as-quenched state enhances the Hc. It is possible to obtain a Bs of
1.88~1.90 T in this system but it is at the cost of an increase in He.

Journal of Alloys and Compounds, 709 (2017) 663-667

During our efforts to further enhance the Bs of
Fe-Co-Si-B-P-Cu alloys [1], we noticed that some of
the ribbons exhibiting similar X-ray diffraction
pattern in as-quenched state showed significantly
higher Hc. Reliable use of this alloy requires a clear
understanding of this problem. Present study not only
clarify the reasons for higher H¢ in X-ray amorphous
like Fe-Co-Si-B-P-Cu ribbons but also emphasizes on
the upper limit for obtaining high Bs and low H
simultaneously. We figured out that the upper limit
for simultaneous existence of high Bs and low H¢ in
Fe-Co-Si-B-P-Cu alloys is governed by the minor
precipitation of larger sized a-Fe(-Co) crystals in
as-quenched state.

Fes1.3C0xSio.5B135-xP4Clo 7 (x=3.0-6.0 at.%) ribbons
annealed under optimum conditions exhibit peaks
only corresponding to bcc Fe(-Co) phase. Higher
concentration of Co results in a high Bs of
1.88-1.90 T, due to crystallization of a large number
Fe(-Co) grains. The H: of as-quenched ribbons is
similar, and it is measured to be ~20 A/m. After
optimum annealing, Hc. was found to decrease to
below 10 A/m with x<4, but minor increase in x>4
at.% results in a drastic increase in H;>60 A/m. The
average grain size (D) estimated from XRD based on
Scherrer formula was found to increase when x>4.
The possible reasons for rapid increase in Hc could be
increase in D.

For magnetic softness, we investigated the effects
of heating rate (HR) to attain a desired annealing
temperature, on Hc; and grain size in
Feg13C04Sip5B135.xP4CUg.7 (X=3 and 5) (Flg 18.). With
an increase in HR from 10~100 °C/min, H; was
found to decrease due to refinement of
nanocrystalline structure, which is very important to
grow the pre-existing and newly created nuclei
together during the annealing. This makes HR
important, so that pre-existing nuclei do not have
enough time to grow when the furnace temperature is
raising from room temperature to the optimum
annealing temperature. However in the present case
HR as high as 800 °C/min cannot result in a finer
nanocrystalline structure.

For understanding the difference a minor increase
in Co content leads to such a big difference in H,
nanostructure was examined by TEM (Fig. 1b).
Absence of crystalline precipitates in the amorphous
matrix is clearly observed for the ribbons with
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Fig. 1. (a) HR dependences of H¢ and D, for the
annealed ribbons (x=3 and 5 at.%); bright field
TEM images of as-quenched (b) and annealed (c)
ribbons (X:5) of Feg1.3C0xSio5B135-xP4CUg 7.

x<4 at.% (completely amorphous). However for
x>4 at.%, a low density of crystalline precipitates can
be noticed from the TEM images. The density of
crystalline precipitates is so low that it could not be
detected in XRD measurement, but the crystalline
precipitates are quite big in size ~100-200 nm. Both
the ribbons appear to have a similar nanocrystalline
structure except some regions with bigger grains
(black region) in the case ribbons with x~5 at.%.
Presence of larger size crystals in as-quenched
amorphous state may affect the crystallization
process around them during annealing. This is due to
compositional inhomogeneity between the regions
near the crystalline precipitate and the completely
amorphous matrix. Alternatively, precipitation of
crystalline grains in alloys with composition very
close to the limit of amorphous forming ability may
stabilize the whole amorphous matrix by acquiring
the excess Fe(-Co) from the matrix to the crystallites
precipitates. During annealing, the former case may
leads to wider grain size distribution, whereas the
later process may result in an increase in average
grain size.

In Fe-Co-Si-B-P-Cu system the best combination
of H¢ (<10 A/m) and Bs (~1.83-1.85 T) is obtained
when Co is ~4 at.%. This paper is very useful for
understanding/solving the problems of unintentional
changes in magnetic properties, which may arise
from slight variations in metal to metalloid ratio
and/or reduction in amorphous forming ability due to
instrumental problems (such as cooling rate etc.)
during mass production of these ribbons.
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Hard magnetic nanoporous FePt alloys produced by dealloying
melt-spun Fe-Pt-B alloy and subsequent heat treatment

Wei Zhang ZE#d% mHREHEE

el

Dalian University of Technology, Dalian, China

From 21th of August to 5th of September 2017, |
worked as a visiting professor in the Cooperative
Research and Development Center for Advanced
Materials (CRDAM) at the Institute of Materials
Research, Tohoku University with  Associate
Professor Rie UMETSU. During this visit, | have
mainly investigated the structure and magnetic
properties of the nanoporous FePt alloys, which are
fabricated by dealloying the melt-spun Fe-Pt-B
alloys.

Nanoporous metals possess many unique
physicochemical properties, what are greatly different
from those of the bulk alloy systems, which have
attracted increasing attention for a wide variety of
functional applications. The most of the reported
Nnanoporous metals  were  fabricated by
electrochemical dealloying from the simple phase
solid solution or amorphous alloys, and dual-phase
alloys, where the less noble components are
selectively  dissolved while remained noble
components form a three-dimensional nanoporous
structure through surface diffusion.
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Fig. 1. XRD patterns of the melt-spun FesoPt20B20 alloy
ribbons before and after dealloying. Inset in shows the DSC
curves.

It has been reported that soft magnetic nanoporous
Ni exhibits higher coercivity and a lower saturation
magnetization than Ni [1]. To date, however, less
attention has been paid to the synthesis of the hard
magnetic nanoporous alloys, which can be expected
to apply in the fluidic based separation. Fe-Pt alloys
have gained much interest for the appearance of hard
magnetic characteristics resulting from an order
faced-centered tetragonal FePt phase (L1o-FePt) with
very high magnetic crystalline anisotropy. Recently,

we have succeeded in fabricating the nanoporous
PtFe (np-PtFe) alloys by dealloying the melt-spun
Fe-Pt-B amorphous alloys [2]. However, the np-PtFe
alloys show low coercivity (H.) even after annealing.
In this work, we prepared the np-PtFe alloys by
dealloying a melt-spun dual-phase Fe-Pt-B alloys,
and investigated the structure and magnetic properties
of the np-PtFe alloys before and after heat treatments.

Fig. 1 shows the XRD patterns of the melt-spun
FesoPt20B2o ribbons before and after dealloying in
H2SO4 solution. All diffractions peaks are indexed to
the fcc-FePt phase. After dealloying, the peak
positions are found to shift towards lower diffraction
angles, from which the change of the lattice-constant
from 0.376 to 0.381 nm is identified. The increase of
lattice-constant is to the reduced Fe content in the
fcc-FePt phase. The HRTEM result confirmed that
the melt-spun ribbon possesses a nanoscale mixed
structure consisting of amorphous and fcc-FePt
phases [3]. DSC results (Fig.1 inset) show that the
exothermic peak due to the crystallization of
amorphous phase disappears after dealloying,
indicating that the dealloyed sample composed of a
single fcc-FePt phase.
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Fig. 2. Top-view (a) and cross-sectional (b) SEM images, and
EDS spectrum (c) of the FesoPt20B20 ribbons after dealloying.

Fig. 3 shows hysteresis loops of the np-PtFe alloy
before and after annealing at 943 K for 600 s.
Compared with the soft magnetic np-PtFe alloy, the
annealed sample exhibits the hard magnetic
characteristic, the H. and saturation magnetization are
8.42 kOe and 51.36 emu/qg, respectively. The XRD
pattern of the sample is shown in Fig. 4. Only the
L1o-FePt phase is identified from the diffraction



peaks of the sample after annealing. The large Hc is
obtained for the annealed np-PtFe sample, which is
related to the formation of the nanoporous structure
consists of only L1o-FePt phase. Because the unit cell
volume of Llo-FePt is smaller than that of the
fcc-FePt, the ligaments of the np-PtFe alloy increases
after annealing (Fig. 4b).
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Fig. 3. Hysteresis loops of the np-PtFe alloy before and after
annealing.

In this work, we have fabricated the ferromagnetic
np-PtFe alloy composed of a single fcc-FePt phase by
dealloying a dual-phase melt-spun FesoPt20B2o ribbon.
The np-PtFe alloy possesses a bicontinuous
ligament/channel structure with average ligament and
pore sizes of about 27 and 12 nm, respectively. After
proper annealing, the np-PtFe with a single L1o-FePt
phase is obtained, which shows a large H. of 8.42
kOe.

(a)

» fco-FePl
ol FePt B4

as-annegied

]

| l i &
A s e Tries
as-dealioyed -

e T, —

i i i
20 40 &0 80 100
28 (deq.)

Intensity (arbit.unit)

Fig. 3. XRD patterns of the np-PtFe alloy before and after
annealing.
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Order-disorder transitions in Mn.CoX and MnzFeX (X = Al, Ga, Sn)
inverse Heusler alloys

National University of Science and Technology “MISIS” Russia

This report summarizes my research activities at
Cooperative Research and Development Center for
Advanced Materials (CRDAM), IMR, Tohoku
University, which were performed in collaboration
with Associate Professor Rie. Umetsu during my stay
at CRDAM as a visiting professor from December 19,
2017 to February 18, 2018. Tohoku University is in
fact alma mater for me for | had defended PhD thesis
at Graduate School of Engineering in 2002. Later on,
in 2010 | had stayed five months at Department of
Materials Science, Tohoku University as a fellow of
Japanese Society for Promotion of Science.

During staying at CRDAM, my research was
focused on order — disorder phenomena in inverse
Heusler alloys, particularly in Mn,CoX and MnaFeX
(X =Al, Ga, Sn).

1. Significance of the inverse Heusler alloys

Band structure calculations [1,2] have identified a
large number of alloys with the inverse Heusler
structure which can be spin gapless semiconductors,
i.e.,, magnetic semiconductors with a high Curie
temperature and 100% polarization of the charge
carriers.  Experimentally, a  spin  gapless
semiconductor manifests itself in a high electrical
resistivity and a small anomalous Hall effect despite
of a large magnetic moment [3]. Recent experimental
confirmation of these properties in Mn,CoAl [3] and
CoFeMnSi [4] has generated enormous interest to the
inverse Heusler alloys. Since the crystal structure of
Heusler alloys is prompt to disordering, it is evident
that the properties of Heusler-based spin gapless
semiconductors should depend on the degree of
structural ordering which is turn strongly depends on
thermal treatment conditions. Evidently, in order to
obtain highly ordered samples, the annealing
temperature should be below so-called order—disorder
phase transition temperature. It should be noticed in
this context that, to the best of my knowledge, no
experimental work has been devoted so far to
determine this transition temperature in inverse
Heusler alloys. This motivated us to study order —
disorder transition in polycrystalline samples of the
inverse Heusler alloys by differential scanning
calorimetry (DSC).

2. Order—disorder in Mn2CoX

DSC curves measured upon cooling and heating in
as-prepared as well as in annealed polycrystalline
samples of Mn,CoGa and MnCoSn are shown in
Figs. 1 and 2, respectively. Speaking about the

Mn2CoAl, no clear DSC anomaly which would be
attributed to an order — disorder transition was
detected for this system.

Mn,CoGa

annealed @800°C 4d
——— as prepared

DEC (aw)

T

c T =772°C
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Fig. 1. DSC curves measured for as prepared and for annealed
polycrystalline samples of Mn2CoGa.

Well-defined peaks are clearly seen on DSC
heating and cooling scans at 7, = 772 °C. Absence of
a temperature hysteresis between heating and cooling
peaks implies that the order — disorder transition in
Mn,CoGa is a phase transition of a second order.
Presence of a DSC peak at Tow = 772 °C in the as
prepared sample indicates that a superstructural
ordering is developed in non-treated samples. Besides
the peaks corresponding to the order — disorder
transition, additional DSC peak is observed at alower
temperature T = 455 °C (Fig. 1). According to the
literature [5], this peak corresponds to the Curie
temperature of Mn,CoGa.
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Fig. 2. DSC curves measured for as prepared and for annealed
polycrystalline samples of Mn2CoSn.



As compared to MnCoGa, DSC measurements of
Mn,CoSn revealed much more complex sequence of
phase transitions in this material. Judging by results
of the DSC measurements (Fig. 2) both annealed and
as prepared Mn,CoSn samples exhibit two phase
transitions at high temperatures. The first transition
occurs at 7, = 863 °C while the second transition
takes place at 7os = 940 °C. It can be suggested that
the DSC peak at T, = 863 °C corresponds to a
transition from ordered Heusler to a partially
disordered B2’ structure while the DSC peak at Tos =
940 °C is related to a transition from the partially
ordered B2’ to the completely disordered A2 structure.
As in the case of Mn,CoGa, a DSC anomaly seen at
Tc = 310 °C (Fig. 2) corresponds to the Curie
temperature of Mn,CoSn.

3. Order—disorder in Mn2FeX

The MnaFeX (X = Al, Ga, Sn) alloys turned out to
crystallize in structures which considerably differ
from the expected for nominally Heusler composition,
MnaFeX. Specifically, MnoFeAl and MnyFeGa were
found to crystallize in a primitive cubic structure
(B-Mn crystal type, space group P4332) while
MnyFeSn adopted hexagonal crystal structure (NisSn
crystal type) with lattice parameters a = 0.5577 nm, ¢
= 0.4458 nm. X-ray diffraction patterns taken from
these compounds at room temperature are shown in
Fig. 3.
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Fig. 3. X-ray diffraction patterns taken from MnzFeX at room
temperature.
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Development of Oxide and Halide Based Scintillating Crystals

Valery I. TCHANI
Svetcha, Canada

This report summarizes my research during three-month
visit to IMR, Tohoku University from September 1 to
November 30, 2016. My past experiences of
collaboration with IMR included Postdoctoral Fellowship,
employment as a staff member and as a visiting
researcher/professor.

The purpose of the visit was to participate in research
projects associated with development of novel scintillating
materials and crystal growth of oxide, halide, and other
crystals with wide spectrum of possible applications.

1. Growth of Lu,O3 Crystals.

The growth of single rare-earth oxide crystals including
Lu,O3 is complicated task in spite of their chemical
simplicity. This is associated with their exceptionally
high melting point of about 2500°C.  Nevertheless,
growth of these crystals by Czochralski (CZ), heat
exchanger method, Bridgman method, laser heated pedestal
growth (LHPG), Verneuil process, floating zone, and flux
method were attempted. Additionally, growth of such
crystals by micro-pulling-down method (u-PD) in
atmosphere of Ar+H, was established in Tohoku
University.

Main disadvantage of the p-PD growth of Lu,Os; and
other rare-earth oxides is associated with difficulty of the
process control.  Application of automatic diameter
control based on weight measurement like in CZ is not
easy because solidification rate (g/min) in the pu-PD is low.
As a result, visual monitoring of the meniscus shape and its
dimensions is mostly practiced in the p-PD growths.

The p-PD growth of the Lu,Os crystals established in the
past was performed using the apparatus where the Ar+H»
atmosphere of the hot zone was isolated from exterior
environment with vertical quartz tube. The tube was
positioned inside the induction coil used for the crucible
heating (Fig.1 and Fig.2, tops). This tube sited just a few
mm away from the extremely hot ceramic forming the hot
zone. As a result, degradation of the tube transparency
was progressed very fast. At the beginning of the growths,
the transparency was sufficiently high. Therefore, the
seeding was mostly successful. However, thereafter the
visibility was lost due to partial re-crystallization of the
fused quartz and deposition of evaporated materials in the
interior parts of the tube.

Oppositely, in the case of the pu-PD system with
chamber design the window is positioned at room
temperature. Therefore, its transparency does not change
(Fig.1 and Fig.2, bottoms).

In this work, the growths were performed using
u-PD system with chamber design and Re crucible

that was about 30 mm in outer diameter. The

Window

Chamber Crystal

Fig.1. Schematic diagram of the u-PD growth with quarts tube (top)
and chamber (bottom) designs.

the die (5 mm in diameter) are illustrated in Fig.3. The
seed was made from W/Re wire, and it was attached to the
alumina seed holder (Fig.4). Examination of Y,03
ceramic as a seed material was not successful.

Number of attempt were made to optimize the growth
conditions. The best results were obtained when the
thermal insulation of the hot zone was constructed
according to Fig.5

Two types of after-heaters were tested. The original
one (Fig.6) was excessively massive. As a result, the
temperature gradient established below the crucible was
not sufficient to support solidification of the melt under the
die. Therefore, the after-heater that was about twice
shorter and had vertical cross-cut was used in the
optimized growths. Finally, the crystal with dimensions
illustrated in Fig.7 was produced.

The results of X-ray powder diffraction analysis
demonstrated that the produced material was single phase
Luy0s. This project is in progress.

2. Topics of Other Activities (Assistance to IMR Staff,
Students, etc.)

1. Effects of Na co-doping on optical and scintillation
properties of Eu:LiCaAlF¢ neutron scintillator crystals

2. Growth and scintillation properties of 2inch diameter
SrIx(Eu) single crystal.
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Fig.2. View of the actual pu-PD systems with quarts tube (top) and
chamber (bottom) designs.

Fig.3. Bottom part of the Re crucible.

Fig.4. W/Re wire seed.

Fig.5. Schematic diagram of the hot zone with Zr2O ceramic thermal
isolation.

Fig.7. As grown Lu20s crystal. Scale is in mm.

3. Co-Authored Manuscript Accepted for Publication
(in Press)

1. M. Yoshino, K. Kamada, Y. Shoji, A. Yamaji, S.
Kurosawa, Y. Yokota, Y. Ohashi, A. Yoshikawa, V.I. Chani,
Effect of Mg co-doping on scintillation properties of
Ce:Gd3(Ga,Al)sO12 single crystals with various Ga/Al
ratios, J. Cryst. Growth.

2.Y. Yokota, T. Kudo, V. Chani, Y. Ohashi, S. Kurosawa,
K. Kamada, Z. Zeng, Y. Kawazoe, A. Yoshikawa,
Improvement of dopant distribution in radial direction of
single crystals grown by micro-pulling-down method, J.
Cryst. Growth.

3. T. Nihei, Y. Yokota, M. Arakawa, Y. Ohashi, S.
Kurosawa, K. Kamada, V. Chani, A. Yoshikawa, Growth of
platinum fibers using the micro-pulling-down method, J.
Cryst. Growth.
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