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Fig.2 Constant temperature cross section of the phase diagram of Cr-Ni-Ru ternary system determined by diffusion multielement method:

(a) Al-Cr-Ni-Ru cross section of the diffusion multiverse, (b) electron microscope photograph of Cr-Ni-Ru three component

diffusion cross section, and (c) Cr-Ni-Ru isothermal section ternary phase diagram at 900 ‘C

[35]



o512 3

SRUTESE: PPRL R )% RAT BRI ST

* 4133 -

Cr. Ni Ml Ru G EZ M . @i EBSD 1 EPMA
SR T B, 58 T Wi 2¢ FioR it Ni-Cr-Ru =0 &
B 900 °C 253 4k i 1512
2.2 HIUFE

FLPTR R R F & DORRE 55 5 IR AR 1) B 0437
BREAR, fER—FEF BV E R A Sy, TEsE
G J Gy S AR A A R RLE PO W 3a BOR,
R FH = S0 s e il S 72 ) % 22 B AN TR R4 1
Cu-Au-Si =JCR G &ML, il £ R i 1K B4y 73 A1 ol
T Ik SO ORI (6 S R RS . L UURBE IR
M RN TR, LU AT B, (X =
TG LA b IR 4 B 4R T TRDE A A — e MESE . JEAF
KR A S TR v i T CL R IR e, LA ] 3R Y G
HuEZ A A SR ARNAAF . WK 3b Fix,
Liu P 2 8Lk, w2 MaEm & Sk Rt
775, HI&H T Zr-Cu-Al-Ag Ut &4
2.3 YIEEEE
23.1 ESiAEE

TE S MRS I T P R e SR 5 IR S R AR
AR, AFHOREA), TR H RS BN R A ) 1
BEE ARG el iR 1 2 ot B S AR B/ 4
HELLHER U R AR I T 2R Rl %
SEHERGE FEH TR RGN A EL, W1 Fe-Co-Ni &
&5 SR BRI G A R AT S Y i
i, g 2 B L E A ) oA SR
H 4% Pascal 2 ) ¥ 3&E S HEBIE AR 5 73 1 A A il %% 4%

a
Substrate holdgr‘ []— Rotation is fixed

Ni target (25.4 mm
diameter, typical)

Si wafer b
N

Physical mask

K3 s rER

Fig.3 Schematic of co-sputtering deposition

[39]

Substrate rotation

wi | T

Substrate

K4 SRR R

Fig.4 Schematic of the continuous mask™*"

AL G, WHEH WA 5 PR laser MBE &48, 1)
F TR R St 6 v J o 21O
232 H bk

I3 SRR A R P BRI HE R R AR 25 5, SR IS
HERIRAG AR 50 Lo FE S ) Tk o BT 5, mlx)
FE 0 73 ARG i ), A% 0 SE IR SR sr 3450, 9F
Hrr il Z 40 FE S . o ERERGE S H T4 2 41
TG JR A S FE K AR . Xiang 262478 20
T2l 90 FEAARMG I H AR T Z B RO, A 5
RS E AR TH MY Jin SR Z AR
WG T ZnO 4B i I 1 4 8 TG 2 FF i 1R 7 45

A3 SEHERLIRIE F A o ot VYT £ JnHER .
W 6 fiz, Cooper 215k J £ Ff 43 Sy BT 77—
ANZ I LRI, A B AN I e
R LA RS . Xiang 25 P2H) ] 20 37 5L

Laser diode radiation

for substrate heating
l—Substrate rotation
RHEED pattern /
oscillation monitor

Abrasion laser beam
(KrF excimer/Nd:YAG)

Process gases inlet

H_|Temperature monitor

Kl 5 H A Pascal 2 m] W1 laser MBE % 4t J5t 3 7R & K]
Fig.5 Principle diagram of laser MBE system developed by

Pascal company in Japan™®



- 4134 -

Mty e m A RS TRE

%48 35

I a
Substrate

/

K6 I rffiidon sl

Fig.6 Schematic diagram of discrete mask method™*"!
AR ULy 1024 ANSAN] 2> (R i 55T, OF Ho2
FERAFL T L3RAS, DI R R RR A 51 T 8 3%
Pere 2P SR BOR AT ] T o AR A, (H
RN 22 T0 RARFEAT SRR AN HIWE ST, i die v JLSE B0l
e AEETUIUT, O TS R 2R A R AL
FEAL 5 BB LT AN oy SRR 2 G e — .
2.4 WEAEHRUE

VAR A V40450 T T SRl AR A o e i
DORANIRI AL B JsRE, - AT RS 2 JCAL S A R o 5
TRE BOEBARBOUBERTE . 55 B T BRI A 25 A
URIESE . WA R I B RE  SoHs 2 Fhl o A kL4
ERE SRR A, TR ATRO IS5 SO AL A R
WA e 7 B, WOLwERSR M T & EE0L 3D 47
IR P (0 IR B T2 ST O X AN ] R
G EMERRIZ ARSI XA [FIRA R DT BV )i
JERIEATHOEER, M AW (0 B TRE A %
il ATEAERAFA A e AR A R B £ e SRl
WOLHIAIR)Z, S8k i A RIEOE D) A ] AR v A
W, IR Ja AR A e R A SRR . Y

Bl 7 SOLERE R S E

Fig.7 Schematic diagram of laser spraying

[50]

FHIX )75, Tsai 1 Flores™* %14 T 7t Cu-Zr M=7¢
Cu-Zr-Ti KRN EEBIEAEMEL . WHRE B
PERES TEHUARER D READRL R 25 R T, it 2% 1)
SrHEA AT Ik 300 dpio WA RGEAR AT ] 4 B AR
ML AHER, IR BRI BRI A,
2.5 WREERE

TACIAE 428 A 2 SR ORI T ) A R A4 EA T R
R — Pl BOR, BRI F 2P & 2 S .
TR O TR B BORE R 2 . RAE S SR AR AR ER
o TS A 2 A L EAR A A AR [ A
TN ELTT Y, IX R AR BOAAH B A 7 VR LA I A
Zhou %5 NP2VRI FIBGAL P 5 i ) 46 HY CdTe =7 0, JF
X BN S A AR IS TR AT TORSRA 5. G 8
7K, Faustini 25 NPUEE MR AR T 25 BG4 )8
HHHMESE UK S G, G Bk kil 1 ¥R
=IRECEY), IR P RS G Ll T sk
gt

R R T HAMRZ A, Wy e, A
fiK. BRAEMI RS, ORI R R 545~
o SR IO R ) v AR T, )
Hiufift o T AL GEHE RS AE AR I ) B, R A T A W
AR 53 A1 A5 LS B VR S B AT RE Y. Bt R Bt 1 3k
Wy S HTAER IETE AR A . R Al B AR SR T ) K
&, TRATE T AW 2 4l R S R AR R B
MEGWRS.

bR T ER LR AR B B TV LA AR, R T AR
Z BB A T Ve B9 O iR K A R
DRI EH AR A9 9 e A 2 1) B 1) X e A I o 48 ) o 30
4% 5 B R P, % B 2 AN IO B R 4
B, B AL S I RUK A A, HEAN A L]
B LT N 2 B RN K v VA, 1 S 0 I v U Y 2k

o= w

oluf.z f~o_ wa” | |
Loof—"% I

.3 PDMS | |
polt.3 | |
[ Glassslide |

~ e
N s

Y e
~ P

~ ‘_\Q,} 4

& \‘ oV ;' i
Ice er

K8 BRURIEIA G B B AR R
Fig.8 Synthesis of metal nanomaterials by microfluidic

method™




%12 SRUTESE: PPRL R )% RAT BRI ST 4135 -
Exhaust port y Fe

/ Vacuum high

pressure chamt
/Elgch'(_)magn_eitic Amorphous
induction coi
-p’hase ™~ L Amorphous

Water jacket

B9 FEFIE S & el i e A
Fig.9 Array type high-throughput preparation device for metallic

glass®

XF AN 3 AN R By 1 S AT MR, AR T <
JE BT N K, AT P 26 22 FOAS [ B 23 1)
. KM REAEE R TP RR, &
RKBEAR T WA A, SEBLR A RE ) e 2 ) 4%
Springer %5 PR HI P A 42 AL, AE 35 h A 4
H1 5 PN o0 (0 B LR 45 D EARE S .

3 MRSBERIERK

3.1 BHBENSSEMWEN
3.1.1 Rl ¥ R4tk

LG 2R A B CRLES X SR AT TS 1)
JGIE A ERAC . A PREREA S, AN TR
i P TR R R AE S W T BT U R S SR A v T
6T AR 23 AN = 1 1) R, AT S ELAE 4 i 3
P S B OR A, BE T R R AE R R P T 1
JEIMELE S L SR LA HEA, SRR S A I B R
i, DR H AT 1Rl R il R R AE 1P
Gregoire 2P VR H AU 8 4 6 U, X Bi-V-Fe &4
A FEM IS MHEAT T el B RAE, A 0 R MFE 5
Hnlik 5000 4.

[Fi] 20 i S Y BOAR SR AE RO e, (RLJE T OR R
PACE, AE T Ol A AT RAE . A T B
W), 2 ERFRE KT A HEIX X S RATH R
0, FARGASH 50 um A4S HEE, IEH=
PEARARXS 3 = T 20 A5 25 AT, Al PR R 6 22 G el
vt PR 465 R4 IR 23 AT [R5 R A 8 vl 2 R X
BHR AT (D8 discover) o FLAT AR 4 1) vy Tl B
TE SRR ST X A R F) 225 [ 43 3 23 A m] DLIA 3
50 um!®, Yoo &IOS Fe-Ni-Co — Jtf 4 3% 4L AH
i, SRS XRD X R AE H AR 3T T
B RGN M RAE, IR T 2 M EMAX I, W 10
FR

Co cubic
Co

Kl 10 B4R XRD il s R AR B R 19 3 8- 88 = oo & &
HI&]
Fig.10 Fe-Ni-Co ternary phase diagrams constructed by high

throughput XRD characterization using synchrotron light

4
source[ o

312 #EF TR

HE v YRS e T T o 4 T 7 A R e
A (R KR4 AR DR o I P PP W o R (1
FBRRI B RE S, ATH S RETE A BRI A RHE,
HOE rp IR B A A, n e el R T AR = N )
AT RAL, DASER I R B 5 A e e o 7R 3R
PRFRSEILAZRE THERSE 1 &b ",
KRG BoREEWE 11 Fix.

HRRL b IR AT SORD B 0 kooRe i, P O
ORI RAT I AR AR, A8 [ A B A BT AR 1 4R
038 DA B R DA B, BOE T LA iy A8 FR 20 R
SCRTf R R A B B R . O R A T

50 keV 3 MeV

80/130 MeV (I..=62.5/125 pA) b
HILS. RFQ DTL Linac

1.6 GeV, 25 Hz
62.5/125 pA

P,=100/200 kW

P11 R ep R A IR 4 A i 2 R
Fig.11 Panoramic view of the spallation neutron source (a) and
schematic diagram of spallation neutron source struc-

ture (b))



* 4136

G E AL

%48 3

A L b g B SRS T AU B, A
F b 7 A U R AR A T /N <R BR Y - Y,
[[OHENE L e E= Ry 7 b S RN 3 =T ]
P B HIZ WISl rp e A RO R 5 1 7
Ehe Sy, P TR NE “BE” EHRE 3
FF KRR R Nd-Fe-B (1) S AR g5 B FRE S kg, LU
VRUTEL DX R B S Y-Ba-Cu-O (145 K A1 [ g < Bk
ST RAE . WO P S BATIRA R . AN A%
WL 2 A m] SE R A, R TRE R RN B A e v b
JEFIOEAY AP s 3= e Y S DR i e i 0 =
% A380 HLIL AR R I T 2 3 3Bk R N g,
IR LRSI RL, fiff AN IR XL AE ] A
Ay IS, AT O 32t e PR pry A T 2T,
3.13 HFACZ 4 ML M R

B Ak = A Tk 0 45 AL 2 A e 3 o AL I B AR 15
B e R, TR oL g R A R K T i
(M =4 siby . Bl wE T R I R A FIBISRI © B0 i
e R AT IE S A, WA S YR TR
Bl 15 B BT AT BRI Stk v R S AT
ANTA) ROBE RO S5 ) R AE . W0l 12 BT o = 4E 8 5%
RESRIUHOM AL 5 B, SCRERAE & A &5 46 OB IX e 43
SEAF R AR HOUE A 2 Y A AR R R AT 50 I SR 4R R 3L
ML Zurob 272 F B0 4b = 4 TIOW 45 M R AEF R
VB i S B sk R P 0T LR K K AR AR B AT T
YN

HUTA 0 — DO 25 W R AE AR T el AR
(1 &85 R R 6 JEA TR R TO0IN A R i 3 B A AH
(1R B8 8 A AN A DXk T3, B Ak = 2 oWk AL
fF R T AR GEINR T GV R AE AR 8 A B A T

Misorientation between grains
in the grain cluster

ILoading axis

Crack initiation grain = *.+*" AB:195¢  AF:104°¢
B-C: 10.5° A-G: 9.0*
B-D: 19 AH: 133

C-D: 18° HI - 2237
C-E: 186° I 1447
D-E: 210.5* A-J @ 88°
A-E: 148 AK 1197

50 um-[&=

K12 B = e ROR 45 M AR AE IR R B B
Fig.12 Digital three-dimensional microstructure characterization

to obtain the crack information!”

JI A PRI DX P i o 5 S T A b S0 A e 11 22 WL
D5 0] Bl DX B = 1) 20 A RS R B AT VRN I E 9T
3T .
3.2 SEBEtaetam
321 HilBEHMRE R F R

ORI PR BRI, FRATTAE S0 A4 R R AH A2 et
JE AR RS T 2 S AT 4 B A - Mecluskey
SECSTUR FH IEAT AR i R G ek 3L L1 46
T RAT 0 AR i Ty e ) RS A, AR 25
LT, REAS T I HRAG BT B 0 AR I T RE
IR IC TR TR B B b, A i b A R 4
fid, B SLFRAR T MINRIR 22 . Gregoire 25 USViE i 4 R
BRI AN = RO A2 3L S B Rl 26 tH 2 A Cu-Au-Si &
RS GEM B, RAXRENA R 55 &6
FES AT Rl R AR, WUER] T — RYIFE G PE e %
P CanlEl 13 Pros), F5F T ARSI G SR E .

SR FEL R s A0 52 S A ) o Ay S e U080 B i) 4y
HEAAE 1 pm, PR FE ATIL 10 000 xi/h, ATRALSE
e FRAL PZIK REE T2 5. Huxtable
25 UTVE FH 2 3 A R ) 5 38 ' I S 3 B I 1) 2 40 5%
Fao LUKCORE i 2 Tt 82 Bl N [R) AR 40 G 2R, il SR A T
FEA1L15 2R R Bk G R B Zhao 257K T iz R
TR A H A S Terada 25 BOSR AL Go il &5 X
P3NP B, h B 28 e B 3 A i S B R AT R
RAEHFE RS %550 PR EHFEAR, @&

Bl 13 @il R AL Cu-Au-Si &l & Sk b K 3 2 1
Fig.13 High throughput characterization of the thermodynamic
properties of Cu-Au-Si amorphous alloy samples: (a) Si:
Cu ratio for the glass-forming component, (b) glass transi-

tion temperature, and (c) glass transition enthalpy!’*!



o512 3

SRUTESE: PPRL R )% RAT BRI ST

* 4137 -

AT LUK ey 8 B A T R Al o B R ey X R
I FE AT v R A S A M
322 FHBEMR A FHARAE

W FEAPRHR P RE IR, 20 5 &R L0 AR ) 22 P g
TR, bhansm s, B, WARS g R .
X FRANFE i (1) 07 220K T v AN e . FH 281 s 38 5 A i 1
TR, DR B 2R B S 0 1) g 2 Tk R SR AE T VR
H i8S I AOM ) 27 AT BE AR 4K IR IR 1)
S IEE R R B S  GOK IR AR A V2 1A
Mo W BRAENTAESE, Sl Iz N 2R E
1) v 5 2 KR o 9K s IR ASCRT DO AR i 2
RS | B AR B 25 22 b ) S R REREAT AL o A K HeJRAX
AR BE AN K R, BEAE6F B BBl A5 RST
BN RLEAT IR R O RO A R R 1)
A Im o e, IF AL BERAE i B AT i 3 bk,
AL FH SRS DA o 2 TR0 PR REDRE 58 D R 4 5 Ak 1 3
PSR PEA L RE I R TS . R B
BEAE 7 ) AT AR ORI — R g oK ) A R AR Ty
PR R AT SIS F 1) T A R ARL I 4 R A
R X AT @i 5 RAE, w4 m o p e 5 .
DAL, 9 R A B A v 3 ) 2Ky i A AR K
FR) N FH A o
323 FHBEMR wAfLFHEERAE

WEFC R . ARSIt . AR BRI
X HLA 25 VR REREAT R AL AW A1) o 4y R AR
i B0k B S 1 r Ak 2 I R R I e 0 A5 IR
R DA IA 2R R i B R AR ) Bk . 56 [E A 7T I
KT P4 A VersaSCAN [F1IX Hi Ak 2414 R 4l
ARG LN T AR o i S R AR,
WA B IE R . WL TR L, e SRR . 2R
o] T3 2 A AR | R Rk S X 3
FE A PR AR TR DR A A 2 IR . % R G RN
AT I, RS X RS 100 mm, P
& 2B/ PR AT 50 nm, AR AL S S AL A MR
FE il R4 B 3l 2 A
324 FHi EEALM AL ERAE

ERL I AL 1 B B9 AN TE A RE A 27 S N 7, 54K
R N FE VIR OC, R A i R s ) A RO A
SIEAR KRR L b 5E a4 B fh A0 P B o 38 i A S04 Je
NSRRI S5, TR R A AP R EAT i J B R ALE
FE SRR AR AL B N R, ]S AR S 43 i Ak
REPEIEAT AR 5 B AR R A B 38 AR S
T, 5O AR, WM LG B R i AN
B PR (1) RN A A, AT BT AT B A A 1 S vl
RAHEE. ik, mEEf R 2aNiEmhE,

X R GEH HIAT A 1 fiE ) v 30 AN P A, K
ERSUOSLINREPYE AT S5 N Coe i Ry SO P W@y &
TR o W 5 4 v, L OE SEIR T A AGRRH ) vl %
5l s R A0, fEdk TR R AW & S N
325 HEEAFHERAE

BT BHP LR T, A7 I AR 75 S0 AR DG 27 v
REUEAT RAE, LUEARAF AR B v . Eotn, ERfFoE
A RHE AR G5 R L 2 L AR T8 B SRR AT
AR, HRLN HOG A PEREREAT AL o ESOG 154 e
PR — RO EOR S BRI E S A, PR RE ) 3l 5
Tl DX 28 PR AT R AL, FLAL A2 RE A8 SR A IR D i
0 TR PR 2 T 3 23 o ) FH S 80 016 B35 AW v 43 P 0] A (7]
PRI S T 2% PR 28 4 A T b EAT DI 24 PR LR AIE, IF
X ' R O e S5 R P T 15 45 SR AT T it
b, BRI, BRSO S R A
] AR A e X' 2 M TR AR T B
32,6 FHETRBEFHAERIE

HAL 004 27 R PR T 424 S8 S Dk P 2 R P R 27 R P X
PR FIRE I 8 T AR P R o RG2S R I LS TN
FHREVERI Z M 28, Wi s PECK R, R,
WP B2, Wi, HESLIRSE o il R Ak i e 2
R 75 B SRR R A SRS I S A AR
WA A 2 f A A Il R AR T . K] 14
R B 1) T A SRR A PO 3 A
PREF S IUBE BTl X 40 1 3 86 vy 0 A R 1 al
RIERG, KL AT i 18 St b R AR A RL S 19 R 25
Ve, HRIEBCRARR I . Zhao %5 A\ B A H ok R
WEFE T T AR FE S YBayCusOgos 7737 R JE IR 47
P, DUAH PSRRI

l—-To computer
requency] Phase Phase ntegrato
counter shifter| " |detector,
Coupling A/D
loops convertel
[l [ \

sl

Sapphire

Diode o
detector Amplifier

<—— Coaxial 1/4
resonator

Metal
coating

[Saie ]

X-Y-Z st Motion

K14 e SR ET S OB 4 A4 K]
Fig.14 Experimental configuration for the evanescent microwave

probe®”



* 4138 «

G E AL

%48 3

4 4 IF

1) MR D H B FER R A 1 B B, A
H=RERZ I R 6 5 R AL BN 2R
DR D (0 G o o J o v 0 o 8 AR A R R, W)
RKIDGE A B S B, PRARBIE A A o IAT w5
3 R 5 A FR G R D M R BRI A B A
{HIX LT 0K A2 = Ju A LA R o LON . e
LU RSB P FE0Ao DIE, IEETT A — &R 5
TG REHE  DRHE PR T 26 5 X R R AT v A R 7

2) Tk e R A A (R R I A TR A 1) R T
HRARAL, I EE R el R R AL B HAT B e i AR
MR W 46 1F AL R AL A R ) BoAT 2k
RS AR mRRE LA KR AR R IR R
LB RPN AR, [RDRROEIR . BRIk
SRR WAL SR AR AR, XS R AL R
ST BT AR R R AL BOR R R SR . HIX LK
P ERCR A I, AVE To0f il A BT R AL
I, 52RO  BRACRA . S R 5 o)
e (B, ARSI AROHT )l X AR g T A RE U 1
A T I A AT AR e o 6 30 A AT AL A 2 1) B A
LRHTIRA BRI TS GF, WA 2 AR TR
AR A 1 i U R S B0 B A%, T S S (T A R
(LI E S E WD 2R S-S € R RSB 7y L git)
F e B (3t KR Y S S SR RN BRI IR, R e A
FHR 26 5 RALBARIE P 58T, PRI RHERE D] TRE
ISR St n SR R A 11 1R AN A R

SE

[1] Wang H, Xiang Y, Xiang X D et al. Science and Technology
Review[J], 2015, 33(10): 13

[2] Shi Xin(% Wr). Petroleum & Petrochemical Today(4 XA ith
£i40)[71, 2015, 23(7): 11

[3] White A. MRS Bulletin[J], 2012, 37(8): 715

[4] Olson G B. Scripta Materialia[J], 2014, 70: 1

[5] Wang Haizhou( ¥ 5}), Wang Hong(¥f %), Ding Hong(]
) et al. Science and Technology Review(F}45i 53R)[1], 2015,
33(10): 31

[6] Xiang Yong(lil B), Yan Zongkai(5 %2 4%), Zhu Yanlin(’k #k

References

k) et al. Journal of University of Electronic Science and
Technology of China(H T FHEL K% #4)[J], 2016, 45(4): 634
[7]1 Anderson A. Report to the President on Ensuring American
Leadership in Advanced Manufacturing, ED529992[R]. Wa-
shington: Executive Office of the President, 2011: 56
[8] Huang Xiaoxu(¥HEJH), Wu Guilin(:&#E#K), Zhong Xiaoyan

(B g 28) et al. Journal of Chinese Electron Microscopy
Society(FiL 1 WAL 2E R[], 2016, 35(6): 567
[9] Lin Hai(#k ), Zheng Jiaxin(¥ X #7), Lin Yuan(#k JR) et al.
Energy Storage Science and Technology(fiti Re Fh2% 5 Hi A)[J],
2017, 6(5): 990
[10] Phillips C L, Littlewood P. APL Materials[J], 2016, 4(5):
053 001
[11] Liu Yanhui(Bl iZ ¥%). Acta Physica Sinica()F12#4R)[1], 2017,
66(17): 176 106
[12] Liu Z K. Chinese Science Bulletin[J], 2014, 59(15): 1619
[13] Christodoulou J A. Advanced Materials and Processes[J],
2013, 171(3): 28
[14] Mao S S. Journal of Crystal Growth[J], 2013, 379(3): 123
[15] Gibbs P J, Imhoff S D, Morris C L et al. JOM[J], 2014, 66(8):
1485
[16] Goll D, Loeffler R, Hohs D et al. Scripta MaterialialJ], 2018,
146: 355
[17] Chen L Q. Engineering[J], 2015, 1(2): 169
[18] Zhao J C. Chinese Science Bulletin[J], 2014, 59(15): 1652
[19] Xiang X D, Takeuchi 1. Materials Today[J], 2005, 8(10): 18
[20] Hanak J J. Journal of Materials Science[J], 1970, 5(11): 964
[21] Xiang Xiaodong(WiH% %), Wang Hong(¥f ¥t), Xiang Yong
(I B) et al. Science and Technology Review(FH5 S #)[J],
2015, 33(10): 64
[22] Xiang X D, Sun X, Briceflo G et al. Science[]], 1995,
268(5218): 1738
[23] Potyrailo R, Rajan K, Stoewe K et al. Cheminform[J], 2012,
43(11): 579
[24] Suryanarayana C. Progress in Materials Science[]], 2001,
46(1): 1
[25] Zhao J C, Zheng X, Cahill D G. JOM[J], 2011, 63(3): 40
[26] Zhao Yang(# ), Huang Guojie(i% 8 7), Wang Jianwei( £
#1). Chinese Journal of Rare Metals(%i 4z J8)[J], 2017,
41(2): 140
[27] Zhao J C. Advanced Engineering Materials[J], 2010, 3(3):
143
[28] Zhao J C. Journal of Materials Research[J], 2001, 16(6):
1565
[29] Zhao J C. Annual Review of Materials Research[J], 2005,
35(1): 51
[30] Zhao J C, Jackson M R, Peluso L A ef al. JOM[J], 2002,
54(7): 42
[31] Zhao J C, Xu Y, Uwe H. Advanced Engineering Materials[J],
2013, 15(5): 321
[32] Zhao J C. Journal of Materials Science[J], 2004, 39(12): 3913



o512 3

SRUTESE: PPRL R )% RAT BRI ST

* 4139 -

[33] Zhao Jicheng(X 4k ). Chinese Science Bulletin(F+#1HHR)
[J1, 2013, 58(35): 3647

[34] Zhu L L, Qi HY, Jiang L et al. Intermetallics[J], 2015, 64: 86

[35] Wang X, Zhu L L, Fang J et al. Science and Technology Review
[J1, 2015, 33(10): 79

[36] Kennedy K, Stefansky T, Davy G et al. Journal of Applied
Physics[J], 1965, 36(12): 3808

[37] Mccluskey P J, Vlassak J J. Scripta Materialia[J], 2011,
64(3): 264

[38] Mccluskey P J, Vlassak J J. Journal of Materials Research[J]],
2010, 25(11): 2086

[39] Liu Y H, Padmanabhan J, Cheung B et al. Scientific Reports
[J], 2016, 6: 26 950

[40] Yoo Y K, Xue Q Z, Chu Y S et al. Intermetallics[J], 2006,
14(3): 241

[41] Yukio Y, Ryota T, Yuji M et al. Applied Surface Science
[J1, 2004, 223(1): 9

[42] Sun X D, Xiang X D. Applied Physics Letters[J], 1998, 72(5):
525

[43] Jin Z W, Murakami M, Fukumura T et al. Journal of Crystal
Growth[J], 2000, 214-215: 55

[44] Jin Z W, Fukumura T, Kawasaki M et al. Applied Physics
Letters[J], 2001, 78(24): 3824

[45] Cooper J S, Zhang G, Mcginn P J. Review of Scientific Instru-
ments[J], 2005, 76(6): 1738

[46] Wang J, Yoo Y, Gao C et al. Science[]J], 1998, 279(5357):
1712

[47] Chen L, Bao J, Gao C et al. Journal of Combinatorial Chemi-
stry[J], 2004, 6(5): 699

[48] Liu X N, Shen Y, Yang R T et al. Nano Letters[J], 2012,
12(11): 5733

[49] Tsai P, Flores K M. Metallurgical and Materials Transactions
A[J], 2015, 46(9): 3876

[50] Tsai P, Flores K M. Acta Materialia[l], 2016, 120: 426

[51] Luo Z L, Geng B, Bao J et al. Journal of Combinatorial
Chemistry[J], 2005, 7(6): 942

[52] Zhou J H, Zeng J, Grant J et al. Small[J], 2011, 7(23): 3308

[53] Faustini M, Kim J, Jeong G Y et al. Journal of the American
Chemical Society[J], 2013, 135(39): 14 619

[54] Guo Mengyuan(58%[iil), Li Fenghua(Z= X 4£), Bao Yu(fl F%)
et al. Applied Chemistry(N 1 162%)[J], 2016, 33(10): 1115

[55] Lv Yunzhuo( F z %), Tan Zuoxing(FE#), Lu Xing(Fi 2%).
Material Review(#1 ELF240)[J], 2017, 31(17): 112

[56] Springer H, Raabe D. Acta Materialia[J], 2012, 60(12): 4950

[57] Ding S Y, Liu Y H, Li Y L et al. Nature Materials[J], 2014,

13(5): 494

[58] Mai Zhenhong(Z ¥k #k). Modern Physics(BACHEE51)[1],
2014(2): 65

[59] Gregoire J] M, Van Campen D G, Miller C E et al. Journal of
Synchrotron Radiation[J], 2014, 21(6): 1262

[60] Xiang X D. Applied Surface Science[l], 2004, 223(1-3): 54

[61] Lee M. Landolt-Birnstein-Group I Elementary Particles,
Nuclei and Atoms[J], 2016(1): 256

[62] Kockelmann W, Frei G, Lehmann E H et al. Nuclear Instru-
ments and Methods in Physics Research[J], 2007, 578(2):
421

[63] Wei Jie(F 7). Modern Physics(BARHIHLS1H)[T], 2007,
19(6): 22

[64] Juhas P, Cherba D M, Duxbury P M et al. Nature[J], 2006,
440(7084): 655

[65] Bréger J, Dupré N, Chupas P J et al. Journal of the American
Chemical Society[J], 2005, 127(20): 7529

[66] Zhang Jie(5k 7). Bulletin of Chinese Academy of Sciences
(P E R B B D[], 2006, 21(5): 415

[67] Wang Fangwei( 75 ). Science(F}24)[J], 2014, 66(4): 16

[68] Uchic M D, Groeber M A, Dimiduk D M et al. Scripta
Materialia[J], 2006, 55(1): 23

[69] Echlin M L P, Mottura A, Torbet C J et al. Review of
Scientific Instruments[J], 2012, 83(2): 023 701

[70] Dingley D J, Randle V. Journal of Materials Science[lJ], 1992,
27(17): 4545

[71] Schwartz A J, Kumar M, Adams B L et al. Electron Backs-
catter Diffraction in Materials Science[M]. Boston, MA:
Springer, 2010

[72] Zurob H S, Hutchinson C R, Bréchet Y et al. Acta Materialia
[J1, 2009, 57(9): 2781

[73] Miao J, Pollock T M, Jones J W. Acta Materialia[J], 2012,
60(6-7): 2840

[74] Lee D, Sim G D, Xiao K C et al. Journal of Applied
Physics[J], 2013, 114(21): 1347

[75] Gregoire J M, Mccluskey P J, Dale D et al. Scripta Mate-
rialia[J], 2011, 66(3-4): 178

[76] Cahill D G. Review of Scientific Instruments[J], 2004, 75(12):
5119

[77] Huxtable S, Cahill D G, Fauconnier V et al. Nature Materials
[J1, 2004, 3(5): 298

[78] Zheng X Y, Cahill D G, Zhao J C. Advanced Engineering
Materials[J], 2005, 7(7): 622

[79] Zhao J C, Zheng X, Cahill D G. Scripta Materialia[l], 2012,
66(11): 935



* 4140

G E AL

%48 3

[80] Terada Y, Ohkubo K, Mohri T et al. Materials Science and
Engineering A[J], 2000, 278(1): 292

[81] Zhao J C. Progress in Materials Science[J], 2006, 51(5): 557

[82] Skordaris G, Bouzakis K D, Charalampous P. Surface and
Coatings Technology[J], 2015, 265: 53

[83] Chen J, Guo X L, Tang Q et al. Carbon[J], 2013, 55: 144

[84] Liu L M, Zeng H R, Guorong L I et al. Journal of Synthetic
Crystals[J], 2010, 39: 85

[85] Guram A, Hagemeyer A, Lugmair C G et al. Advanced
Synthesis and Catalysis[J], 2004, 346(2-3): 215

[86] Wang N, Zhang X M, Chen B L et al. Lab on a Chip[J], 2012,
12(20): 3983

[87] Mahtani P, Leong K R, Xiao I et al. Solar Energy Materials
& Solar Cells[J], 2011, 95(7): 1630

[88] Reeves W H, Skryabin D V, Biancalana F et al. Nature[]],
2003, 424(6948): 511

[89] Kubota H, Takahashi R, Kim T W et al. Applied Surface
Science[J], 2004, 223(1-3): 241

[90] Gao C, Wei T, Duewer F et al. Applied Physics Letters[J],
1997, 71(13): 1872

Research Progress of High-Throughput Material Synthesis and Characterization

Guan Hongda', Li Caiju', Gao Peng', Peng Jubo?®, Li Fang', Bao Qinghuang?®, Guan Yifan', Yi Jianhong'
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. Yunnan Tin Group (Holding) Company Limited, Kunming 650106, China)

Abstract: The concept of material genome engineering has attracted extensive attention from researchers in the field of materials at home
and abroad. As an important part of material genome engineering, high-throughput material synthesis and characterization technology
become the focus of research, which can significantly improve the speed of materials research and development. In this work, the related
concepts of material genome engineering are briefly introduced. A series of representative high-throughput synthesis and characterization
techniques are introduced, and the research progresses in this field are reviewed. The main developing trend of high-throughput material
synthesis and characterization technology is discussed in order to provide new ideas for the development of this field, as well as providing
references for further development of material genome engineering technology.
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