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Fig. 1. Schematic illustration of stacking sequence of 18R LPSO structure. The
stacking sequence is for a hexagonal closed packed (hcp) structure, whose
layers are denoted by A, B, and C. S.F. denotes a stacking fault.
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Fig. 2. Compositions of structural model. Further information is given in Table 1.
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Fig. 3. (left) Formation free energy of SQSs with multiple compositions on hcp and
fce stacking sequences with respect to energies of structures on hep. Curves are
guides for the eyes and Curves are guides for the eyes and the black dashed line
represents a tangential line for formation free energy curve for T = 500 K, which
shows the tendency f phase separation. (right) Formation energy of structures
including L1, cluster (XIV, XVI) and SQSs on hcp (XI) and fce (XII, XV) stacking.
The ratio of the concentration of substitutional atom is denoted in each figure.
Structure indices are denoted in Table Al.
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Fig. 4. Bulk modulus of SQSs and ordered structure. The dashed line represents
the equation B,y.. Colors correspond to the concentration ratios of substitutional

atoms.
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Fig. 5. Schematic illustrations of the atomic arrangements of structures
including Y-Zn L1, clusters. Red and blue spheres represent Y and Zn atoms,
respectively. XIV: metastable. XVI: stable.
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Fig. 6. Effect of difference in stacking on interfacial energy of Mg-Y-Zn alloy
on various stacking sequences.
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Table.1 Composition, number of atoms, stacking sequence, and bulk modulus
of calculated structures

Index Mg (at.%) Y:Zn Number of atoms Stacking sequence Model Calculated bulk modulus (GPa)
I 96 hep pure Mg 352
I 96 fcc pure Mg

1] 96 hep pure Y 504
v 96 fcc pure Y

\ 96 hcp pure Zn 349
Vi 96 fcc pure Zn

vil 93.75 1:1 96 hcp SQs

Vil 9375 1:1 96 fcc SQs

X 875 1:1 96 hcp SQs 355
X 875 1:1 96 fec SQs 354
X1 854 4:3 96 hep SQs 355
Xl 854 4:3 96 fecc SQs

Xt 854 4:3 240 mixed SQs

XV 854 4:3 96 fcc Order (L12) 359
XV 806 4:3 72 fec SQs

Vi 80.6 4:3 72 fcc Order (L13)

Xvii 75 1:1 96 hep SQs 356
Xvil 75 1:1 96 fec SQs

XX 50 1:1 96 hep SQs
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BT, Mg 3mREETICA SN ZHIMIGHEIC & DK S 15 R B e i
DRI L TEE %2 B I %9, LPSO AEDWRICEI L TEBUTICET 3 &
) REBRE X OBmNT 7 —F03% 5.

SR ELED ( SRATHIE T, B T BGOSR E T BT I X 5 8
#h 5 Mg-Gd-Al %8 X O Mg-Y-Zn R L ClRMeEIC Lk 3 L1, 7 5 2%
— DRI E SN TWw»B([1][2]. Mg-Y-Zn RAEEICH L, BEEE V5
A coflfko z 0GEEZEIc X % £, ZD%iF hierarchical phase
transformation” %z 2 Z 9 Z & T Mg-Y-Zn &4:Hi2 LPSO &2 Bl I s &
BRENTWE, Thbt, MgY-Zn 4413, WIERBICEWTIIHRMIGEIC X
DIEIRE N2 7 5 A5 —hhEdEhic s v ¥ a oyt L, BRICHEY, REDm
2 AT 2 MAIRSE 2 R, = 0% Mg RHHZ T % hep 8 1< I 72 5
JERKEEA SN S(3],

fib i, BEGR 7 70 —F Tk, LPSOMED L) %2 =y b Lic% < DI
TR GEULTLRAEEONIE L YL RIS PHIT 2 2 L3R L L CHEET
b5, HNREEOYEIHEEOTEMOMAERICKET 270, G a A b
DE 506 ThH S, Kimizuka 5%, RN EZSEBERT > v LET IV
ZREEL, Mg ich 2 MAER FICKk B LI, 2 A —BLUI T A —
DHHNBKFERZE Y TALVARY T2 L= a VI ITEHELZM4]5]. 2 Z

TIEETLRICE VBRSNS 7 7 A8 — MO RIWHEAERD, 77 A5 —
DIHNHF R ORI KRECHE L v o Tws, 22 THY
SNTVLARNEE TV IIMEREIEAINETVEHCTE D, BEXH
DEAPHER A& 57 7 25 —BE & O LPSO B&EERIC 5 2 5 52803
FEOTICIFEB I N T LR, BiffiTid SQS 2 FvT Mg-Y-Zn &4 O AR HHAIHH
ZRELL, 4 ORE KRR Z A 3 2858 0 B A28 V7% 3P L 72,
z 2o, D 5 22 TOMEIIRED YLD HETH )
:ﬂu,%ﬁ@@?®%%@mm%?%.%@k@,Mg%ﬁ@@%m%%%

ICT 570 ERIREICE T 2L EEZMRmT 5 2 EVHEEL 55, Rl
W B 2 MR % i3 % L omEREFT (Short-range Order, SRO)
BI7NEEE R T A =% L%, Lo L, Mg LPSO fi&Ed X 9 7%, 8D
Rt 2 6T 2% 0R08OARHEIMHICE T 2 SRO DERNZT 7o —F 1%
PN Tou woRBIRTH S,
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Yuge 311D W T OERIC k> THEET 2 2 L 3T & 2 uRRIMEAEH
WA L 2 O HL— DR R R SRR BB 2 REZE L 72 (8]19]. & DRk 2 R IR A8
I%, SRO Z&t, FHHRETO > 7 u Ptz M s fdch 5. KET
I3 Z ORFREE % Mg 3 3 LR G4SN LA L, ROMENIRED 3 4id & 12
SN MELEARH B O EH %2 Mz, LPSO Hiit%2 AT 2 REMLLEYTH
% Mg-Y-Zn 2% 13U &3 % Mg ¥ 3 0544 D SRO % alfiIciEim L,
LPSO Pz BT % L1, 7 7 A& =g Z O NG IS 0§ 2 R K E
ADWEIC OV TH L mMAEG2 L 2HNE L7,

3.2 FEAE
3.2.1 EHERUNERSLVYSRY —HFEREOHE

14H 5 18R & L O R JAMMEE 26 9 % LPSO HOFHREICIE—MIC L B D
DLETH Y, ZIUTNIG L B FEREOBIIER L 2D, 206 OMEENET
BICXDROYHELZIHIT 2 2 L IIWEECTH 5. 2 CREMETOERE
IR SN2 AL OMBIRES D> & TRl E % £ THBBIK = 2L X —
B 2 RBEN R ERZ R D 2 DORHREZ i L, WO/ 2 T X TOME
RAE I A4 2 MHBERIB O Rk 2 P %2 ok 5 & & T Mg AR h o &L T
? SRO Dz 17> 7=, MBIBI O #EEH142 (&) 3R & b 3T & 2
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3TLRICHT A MHBIRI S 2 R T 2 DI H w2 KL, BiETH WK & (A
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%9 %729, hep BEOAZ AT 2MEICINZ, BEKMEZEAL Mk
WXL CHEEZ T 72, FHREICHWZE TV Figl IR L7, A, B, C I3 fec
MG IC T 2 BB 2R TilsTh 5, B EHEOMBEICHFET 277 5
A% —IZ LPSO MG ICBISE I N2 BB RIEILHE L L OF HEIHR TR S 1
5L1,7 7AY —DIBICHERERTH S, ZITlE, 2oy 7
A —% fec (111) HWICEET 227 7 A7 =B LW (111) WIZ 2> TH
BT 2HE 2 7 A% =Xl 5 2 & TOMBPHBLIIEZ 2 02 kil L 7-.
HHELEB L OEBBRERILETHRINDE X7 7 7 A5 =23 Mg RHHF D »
THOMEESHICREICEAET 200 £ ) 23§ % 72, mixed M
BIIA2X7 27525 —DEFELF VX —%ZFfi L 72. RE-Zn (Gd-Al) 7 7 A%
— % hcp, fec, hep & fec DHHIFEID Z N ZNECE L, #i Mg DN L X —
s T, Mz v ¥ —2RIL %,

3.2.2 HEZFH%

B — R BEEHER T 12 Vienna Ab-initio Simulation Package (VASP) (55 2 #[13][14])
ZHwv, MgEAELIEORI ANV —GlRH2iTo 7. MR Z1T - i
Tabale.1 1278 L7z, BHELIZTFHIBEILE PAW 35 (5 2 E[15][16]) 12D E, &
T V¥ * VIZiE GGA-PBE (BB 2%i[17]) #H W, Ay PA 723X =1k
350eV & L CatHE 21T o 72 K-point > 7'V ¥ 73 dx4x4 £ L 72 (56 2 E[18]).
ARXTY I RTRA—=HF120.15eV & LT (55 2 #[19]) .
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Fig. 3 13 Mg-Y-Zn, Mg-Gd-Al, Mg-La-Zn RI2&13 % T = 1500K % HEifE &
L7 Mg-Y-Zn RO EMRTHERT 7 5 2 5 —DIFEMRDOBIERTFIETSH 5.
ZUOICHICE T 2 KMERT 7 7 A5 —DFEMRIZOWTERT S,
Mg-Y-Zn % & O Mg-Gd-Al RlcE T, Y-Zn, Gd-Al DEINRT 2 5 R ¥
— DFEMHERIZBEMLTw2, 2o EiF, WRICEWT, Y (Gd) LU 7Zn
(A) 12X D L7 9AY—DIBREIND LI MG E KT 5. oI,
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DM ZR L7 2 6, LPSOREDEK 7 1 & A DiEWIZ & % SRO ITE
WIFAEC VWb D LEEZ LGNS,
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hcp stacking sequence

fcc stacking sequence

> W O >» W »

Fig. 1. Schematic illustration of an initial structure of “mixed” structure, which
is introduced stacking fault into hep stacking sequence. A, B and C are indices
of stacking sequence for fcc structure.
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\(111)

@ RE (Gd)

. O zn (A)

— in-plane

----- inter-plane

Fig. 2. Schematic illustration of L1, cluster consisted of RE(Gd) and Zn(Al).
Black and White spheres represent RE (Gd) and Zn (Al) respectively.
Translucence gray triangles are (111) planes for fcc structure. Red and blue
lines represent in-plane and inter-plane cluster's bondings, respectively.
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TARMPD Fe Ka \ROEHXXBRTIIAIN
>7hk

e
fligkE L 07 4 Fillh DFe Ka O HOEXHERA X7 P L ORIE Z 1T\,
ZDr ALY 7 b EFe ODLAIREBOBIRICOWTHIRZ, 7 A Kl
HoFe Ko fRICEMEkoZzn LTy IAL> 7 FEAGNT, H
HX BRIIHTIC LD ALAHIREHTCTldFe DfbafiRIBICER I S 0
ot 7AZMPOSIGAR EFeKafinr S Ly 7 b EDBG%
122\, Fe-Off] & Fe-Siff]O B EI R & B E2 1o 7. T 7ilkl
k2 56% 2 5 5Fe-Si 2ILR DR FREIC OV TEY T AL B Y S
2=y avIiCEIEETVEMELL, Fe:Si=1:4 OffTH
UEFe Kafticy 7 b3 U 2 EEZ 6N 508, 2D &9 %Sirich %
Fe-SL&Wh TOEKE LFe Ka 2~ 7 M VHIEIZNEETH D, L
BYHICB ) 2FeDLHIREDO DT 4 2 B2 N T 2 72 »121ESi
TLHEMDEREBOTZITINETH S Z L dbh ok,

4.1 FU&HIC
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PIFERILEk - > 7 LAY R EHEL ouE ke EER L, talhTo
PROJFE PR B RLAEL, G OXFME % £ %2 BB T UL Z OILARE R4
TH 5, PAEVOR OB LR ONRIEDZRIZ, Z OEMNY: - BIR
TEDE W E LTH b D Z Lo o[l], SLAEYDOMENLHIRED £ R %
ST 5 ElE, LERICEWTHHRETDH 3,

LRk ALE Y DEREDITICB W, JuEBTOBEMBENIC OV TDOHE
L5 ELIBEETH B[R] YUV —7TRSETIC, BLEEDOETIRIEICE
T HBEREIE3], 7 A BILEYH DSi Kafi[4], MgSitFDSi Kafitd 2 <7
FLVHIES) 2T, 2N D7 S ANy 7 b EBMBHOBRICEL THL T
X 72, Kawai [3]15 12 & 25 TIEFeO, Fe,0sDE TIRAEDFE T X o TIFHDL
X MRAR7 PVISEVIZENT, N E LI T pREZHIE T 29
MFETIE NS DM A PIREZ XA 2 2 L IZARBENICATRETH 2 &
VW) R E 2. Liu [4]5 12 X 25 TldFe-3wt% SiD 7 A F#l % H > TSi Ko
FRHIE Z 4T\, Fe-Si MITOEMBERE 7 I AN 7 b EDRBIRZHG 2
L7,

AHFZETIE, $igkE X 7 £ Filh DOFe Kaft D HEX $A X7 P AVHIES
SOEVTALBY S 2L = avitio 74 LAY OREE 7L OHELE
Aotz FRBTHIE TR 5 11T \» B Fe-Offl % X UFe-Siftll TOEMBEI & D
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Fig.1 The Fe Ka x-ray fluorescence spectra of Fe and Si-steel. Dot: the raw
experimental data. Solid line: after Savitzky-Golay smoothing.
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Fig.2 An SQS obtained using Monte Carlo simulation
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Table 1 Ideal and simulated values of correlation functions of each cluster. p
NN (p =1, 2, 3, 4) denotes 1st, 2nd, 3rd, 4th nearest neighbor (NN) pair cluster
respectively

Cluster index Ideal correlation Obtained correlation
function function
1 NN 0.765625 0.765625
2 NN 0.765625 0.760417
3NN 0.765625 0.765625
4 NN 0.765625 0.765625
Triplet 0.669922 0.666667
Quadruplet 0.586182 0.583333
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ZIREE L, HAFEPMASHTICN L C#EH L 7 [2]. BorkhodoevixPotts 5 @ 75
A ZEH L 72EPMAZ H\W5 2 &C, 3% 7 )VHO % 5 L 73] [4].
Marques & (3B R A X (Particle Induced X-ray Emission, PIXE)
7% & QNS BE SR TR 7 2 BT (Instrumental Neutron Activation Analysis,
INAA)DRLEE & Y1 & DBIRZ DL L 72 (51,
ARECREELZEYTAVRY T 2L =Y a Vil ko T, MELEEZ G LR
DEBRITIREEICOWTY 7Y v VR FE e OBk 2~ 72,

b2 YIZal—y3viaExk

—EROAFMYICEEZ GO Y TNV L, ZofAAREE EHEICERT S
W EDLSVDY 7)) VT ETFEDBBELE 5D, ZDOBFRZHEHNS T
HEVTALVAY I ab—varzftofk, TITERUTO7?LVITY R AICE
DEYIal—varEfiok, LK, ~EROHELEZFHLEIE S,
BB DFE MBI > 7)) v P IRTEROMYE T 5, RICFHEE I LELED D %

54



W SN AEDOHPHNICHET 20089 & HET 5. HOHPHIE AP DAL
ARBRITHHY T S

Yo7y SR EERET BBICHG R EEICOWT, SO LD ki
RMPITCERED & ) RFVPERDS T 2L —2 a v 2TI854, 00510
FUCHTET % & 9 BFEBORIBZMLE) T L3IFE LAy, ZUdfl 2
ppm A — % —TIE L R Z 1 2 121%, FE 3¢ 2 ELEEIFA % 1/10000000 D X
v aTRY> % & ZICHBMERNETEL LI EEHEI NS, LrL, F#
BO—RERLEICIE C 2 E CORMFEEDEHERE IR SN TR VLS TH
%, Z2ITIITR, FEHoO—REEEH RO DI, BEO—RELECE F
%, Xppm DEBEZET 2O VTDY I aL—varyThnI, ¥
VIV TRTBMT DI, 006 XxT -1 DRI OB HN BB T % 5
7Y ML, TWT % ZDFITTOMESNABEE TS, [JURITZE 10 [ DK
L, ZRZFNDEH LoyiteRD, I 2L — a v TEHNLHEEZ A MY
friAAm e TyTZ WK T 2 2 LT v 7)) v 7w & bk EE O B 1R 2 5l L 72.
AHP A AL 50ppb, 500ppb, 49ppm, 50ppm, 500ppm, and 50% & LT S 2
L—yavrEiror.

53 WREKLVEER
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Fig.1 Sampling simulation of the analysis of impurity surface
atom, whose concentration is 50%.
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Fig.2 Sampling simulation of the analysis of impurity surface atom, whose
concentration is 50ppm.
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Fig.3 The comparison of sampling simulation of 50 ppm and 50 % samples.
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Fig.4 Sampling simulation of the analysis of impurity surface atom . Red line
is for 50 ppm and blue line is for 49 ppm sample, respectively.
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Fig.5 The dependence of the ratio of standard deviation to average value of the
sampling simulations on each concentration: (2)50% (b) 500ppm (c) 50ppm (d)
500ppb (e) 5S0ppb. ¢ and p denote the standard deviation and the average value
of each sampling simulation, respectively.
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Fig 1. Fig. 1a (top) and b (bottom). X-ray fluorescence spectra of a Ge single
crystal excited by Rh anode tube with an applied voltage of (a) 15 kV and (b)50
kV. DP, diffraction peak; Esc, escape peak; and ‘+’ denotes a sum peak.
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Fig 2. Rh anode tube spectra of a GaP single crystal excited by Rh anode tube
with an applied voltage of (a) 15 kV and (b) 50 kV. Peak labels are the same as

in Fig. 1.



Intensity (counts)

Intensity (counts)

MI T T T
i i V=15kV
N v
& =250 pA
T =900s
10k | 22 & 1
o 8 y
g% P
2 g ||2s S x fg
DRV § 7 RIS
T % ° g . +
o o S B 2 %
100 2 g S J
o 2
N 3 8
& &
1 1 1 1 || |I\
5 10 15 20 25
Energy (kV)
(a)
2
100k | gl @ V=50kV | -
S 1=21pA
% T =900s
10k 1
-l CE S
- % ¥ g
1,000 55 4 S SE ¢ -
- ¥ & 53 & g
3 z 2% T2y
[a) = o R g
‘|22 ¥ TN NEIE
= N X AN A 0 M
100} ||| A 2 Y
53
0 5 10 ®) 15 20 25
Energy (kV)

Fig 3. Rh anode tube spectra of a ZnS single crystal excited by Rh anode tube
with an applied voltage of (a) 15 kV and (b) 50 kV. Peak labels are the same as
in Fig. 1. Note that the peak around 0.57 keV is the S-K escape peak and not the

Oxygen Ka line.
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Fig 4. As,O3 synchrotron radiation X-ray fluorescence spectrummeasured at
SPring-8 by Nakai as a forensic report (replotted by Kawai). The peak below 1
keV is the As-Ka escape peak and not the Oxygen Ka line. Sb is an impurity
element, and Pb is due to a beam collimator.
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Fig 5. Schematic illustration of the model where individual pulses randomly

enter a detector.
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Fig 7. The relation between the number of pulses (c) and the relative

intensity of the m-th sum peak with respect to the original peak (I1). Theslopes
approximately 1 and 2. The differences are due to a partial pile-up phenomena,
which is observed at the low energy tail of a sum peak.
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Table 1 Specifications of X-ray fluorescence spectrometers using polarization

Epsilon5 NEX CG Spectro XEPOS
HRIEA— T PANalytical Inc. Rigak Corp. Ametek Inc.
FETEA 2003 2008 2014
X M, K7 Gd FE721% Se/W, 600W Pd, 50W Pd, 50W
LIRSS STE Na-U Na-U Na-U

85
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Fig.1  Schematic illustration of 3D geometry
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(a)

(b)

Fig. 2  The vector model of angular momentum of (a) 2p;, and (b) 2p;,, projected from j,-axis
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Fig. 3 Schematic illustrations of the interaction between the incident X-ray and 2p;; electron.

Original figures are illustrated in ref. [13]
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