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Abstract

The three essential factors of materials genome engineering are high-throughput computing, high-
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throughput experiments and materials databases. Not only can high-throughput experiments ac-
celerate the establishment of the relationship between the composition, as well as phase and
properties of material, therefore, establishing and enriching the material performance database,
but also they can be used to verify material calculation models accuracy. This article will introduce
some high-throughput experimental methods and applied cases of bulk materials, including diffu-
sion multiple, rapid alloy prototyping, laser engineered net shaping, double cone and gradient
heat treatment. Employing these technologies, the effects of composition, strain, temperature, and
cooling rate on the phase, microstructure, hardness, strength and plasticity of the bulk materials
can be studied in parallel manner. We expect to give some references for colleagues who are in-
volved in high-throughput experimental research on bulk materials.
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MRMEIF R ARG,  “—RMEL —REE”7 PSR CIRANG . SeHERI T & A8
FREEEZREND . iR, RESEPSEREH KRN EZEES) /). 2011 £L0K, KE. FE. B
B SR IE R R & A [ SARLETT J& T & T3 S W R R T8 B2 (A R R TRE T RI(1] [2] [3]. APRIER T
TR B AR et R ORI R FE S i — 5, PR BUARRRIR— A, HEZQIE=RER: miEEME
SRIGHIA . T EAR R R . M ET, BT RN AR BRI AR T T BRG], 28
MBI B R HER I A BRI S M RIS EESR, AR R BAR B AR ERS DI B, 16T 525 [4] [5]. =
TSI MR SR FE NN, BT DU RS> - A - PERRC [RIDC R ATEESL, M PRIE
RN RN AR B RN AT SR SR UE B VAR A (A

e SRR () R A R — RS R FARL, DLIEAT I 7 s AT RO SR IR A 7T . AT 70 AEAR,
Hanak ZE N[6132H T “Z ML ML 2 80 4EAX, M@ EZGWifidk . JEDW 555720 B 2 3%
P ARG A ORI R 83 AN 90 FEATHTAR, il &SI ah B BRI, Sl 6 5540
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A HL L BRRL RSS2 R R RE13] [14] [15]0 3& FH TR b b i) e e 2 s 3 ) = BN T ML TEHLES
TR AR B[ 16] [17]6

AR A TS HIA R T 52 BURE T IR, I8 A BE € & R B BHE 71555 7T vERE, R
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PHZ T REAR TR G SRR BOE T A4 G, BEMNEE—E, £k, 235, S5 M H
B, ERTeRZ RIS 8, R AT BRSNS 2 I EVE R B &4 . FIH EPMA (electron
probe micro-analysis), EDS (Energy Dispersive Spectrometer)Zs i/ 7 AT IARY # AL 1 sy 434 s R
EBSD (Electron Back-Scattered Diffraction), SEM (Scanning Electron Microscopy), FIf#{[X XRD (X-ray dif-
fraction) AT LASRAGAN A B> & <5 A SRR 20 Al s AR RS . 9K IR FIB flgAf il i mT LAt
A7 715 VEREFRALE : [RIS ) R RAMEOE 2855 HAR B XA AR , T PAREAT 2 A3k 2 VERE A 18] [19].

] 1 J& Zhao %5 A\ [20] [21]Hl & K 2 oy B oo™, Wy BOH B 9 FiocE 14 G AR By ey
FEVCE IR EY HOR K, 7E Ti-Al-Mo = 7o BUX (& 1(b)ZLtT74E), FIH EPMA FEAH 7 I FT 2k 47 i
D, MR EE22], FTANIE Ti-Al-Mo 14 & = JuAH I AR AT, 40 1(c)FTm[20]. kSR
HHREH &)L E SRR G & SV g 45 R — 3 2y HOT — 3L AT LZE BUH AR R (19 A e R
19 D= T8 R)AH B 228 FOIE o AH BTSRRI B ZERE, BEE A5 AR 2 e MR 264, &
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Figure 1. Measurement of Ti-Al-Mo ternary system isothermal section and Ti-V binary system diffusion coefficient using
diffusion multiple method. (a) Schematic diagram of the cross-section of the diffuse multiple. (b) Diffusion multiple after
annealing at 1100°C for 25 h. (c¢) The isotherm cross section of the Ti-Al-Mo ternary system measured using the red box area
in Fig. 1(b). (d) The Ti-V binary system diffusion coefficient measured using the red line area in Fig. 1(b) [20] [21]

1. FIRY M ITHNE Ti-Al-Mo =L AZFESEM Ti-V Za RV HAY, ) y#Sah8Emr=E, b) &
1100°CiR K 25 h IFHIAR B 84 Z T35, (c) FIAE (b & FEXENE Ti-Al-Mo =T RFEH @, (d) FAE 1(b)
LT XIFME Ti-V Z T BT8R S[20] [21]

PELE T AT DU LA SR R I sl A0 e R . AR 1(0)H) Ti-V Zond BIX K, A EPMA
B 3 AT AR XS E TE R YUK ) - BRI 2R . M Whittle-Green BIJ(W-G) 7 [23]7] EASRHUH:
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P HOBIEA S B BOR R 1(d)R TR Ti-V ok &R0 8l f 2 8dm121]. R E 1 Y8k
Z U AT ASERL 19 A ZJoik Ry H5ish 77 800 B 5L .

P #E e e LUK T 2 A0 & &R weit. B 2 24 ARHF /N LD Ti-4.5A1-2Cr-
2.5Nb-2Zr-1Sn (fAFK TM)AFEAK TM-TM20V-TM12Mo = o¥ #85. FRWT% Mo. V tR M E &
TERFX T™M &4AH, BRI # g sem . FIH EPMA, SEM MK ERSEMX RAER AR, H®
WP RE S L - H - TR X RRR, NESBOHUE ReRsdE, EE &80
filif . tbAh, §EZE TSR DAH FIB &b AR AR, SRAE& 4 00 i AR FE AV 22 45 ) %
PERE[25].
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Figure 2. The influence of Mo and V content changes on the microstructure and hardness of TM (Ti-4.5A1-2Cr-2.5Nb-2Zr-1Sn)
alloy was studied using the diffusion multiple method, (a) Schematic diagram of TM-TM20V-TM12Mo ternary diffusion mul-
tiple, (b) The alloy hardness distribution in the red area of Fig. 2(a). (c) The alloy composition distribution (Mo, V content dis-
tribution) in the red area of Fig. 2(a). (d) The distribution of the alloy microstructure in the red area of Fig. 2(a) varies with the
composition (a, b, c... in the Fig. 2d corresponds to a, b, c... in Fig. 2(b)) [24]

2. AT S THMR Mo V TN TM (Ti4.5A1-2Cr-2.5Nb-2Zr-1Sn) & & RIMBLFIEEHIFM, (a)
TM-TM20V-TM12Mo =t BT~ EE, (b) E2()ABXEREEBEE S, (o) E2)IeXBREEmM 757 (Mo,
VRIEN), ) E2deXERaEEMESMaIENsm(EF a, b, c-5E20b)F a, b, cIFR)[24]

DOI: 10.12677/meng.2020.74028 206 Ve


https://doi.org/10.12677/meng.2020.74028

HO
e
48

2.2. RBEEREE

P A 4 VR R il R e i L FLH . PR BRI HOR, A TR Y A S BN E R
3L 45 FANEPRAS G G0, SRR HET WA, Rt BEE S5 7 TR RAE . 5] 3 72 Springer 55 A [26]
K FH P B 4 AT 7T 2 A A FRIE X Fe-30Mn-1.2C-x Al 1K 5 & 45 S AM S5 M AT 7 221k RE S mi iR T
FC, A alial 5 AN AHF S Fe-30Mn-1.2C A 4 A3 N IINAS B 2 1 ALAL 55 5 0~8 wt.%). 5 Fif
A 4T AR TR 1 A BN AL, 2 S5 & S VIR 9 BURSEA 60 x 55 x 2 mm?® IARAE, 9 Hedy 443 BIAE 450°C
500°C. 550°CH1 600°CHEAT 0. 1 F124 h #AbEE, Hf 45 KN TR B SR BARRE, AT R 557
SVERESRAE LA SAH B (1 B M AT, B SR BIUMDRL ) e e 2 e
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Figure 3. (a) Schematic sketch of the rapid alloy prototyping approach with the differently shaded colours referring to the
different chemical compositions, (b) Device for casting five alloys into separate Cu moulds placed on a linear stage, (c) Five
segments after completion of the heat treatment clamped together for simultaneous spark erosion, (d) Preparation of three
tensile specimens [26]

3.(a) REGEMRBETEE, RPFRNARERTAENUFERST, b) BEMSEBNFITHENFEHHER
8, (o) ALEFTRENAMAEREE—E, URNMIRHREE, (d) FTTHREIEH= MRt 20]

23, MAIREREHEAR

Wik 15 B Laser Engineered Net Shaping (LENS)& F G i ml 4 E 1 AR H 3D $TEIH AR . I8
SR BE TR CAD (computer aided design), X I —E &)@ B A BFTEIRE T . K4
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Figure 4. Al,CrCuFeNi, (x = 0 - 1.5) high-entropy alloy samples prepared by Laser Engineered Net Shaping, and the XRD
results of alloys at different positions (compositions) [27]

[ 4. FIF B % B AL AR (Laser Engineered Net Shaping)#l| &Y Al,CrCuFeNi, (x = 0~1.5) S A& &k, FFEL
B(HRDAEH XRD £ 8[27]

3. MTRRE A ENSEESE
Ml & SC a8

WG HE 5 S5 2 5 TG BR TR, & A AR BA BE (1) =yl B ARE, A AN A RS MR ZA ., M
RESZM I 15 1) 3 2 R FH XU IBIAE 65 SE 6T 78 AR X6 Ti-3A1-5Mo-4.5V & 4 2 4VR1 M RE S i 22491028
[29]o #E i M TR S(a)FIE So)FRTER, 8 MTS J75 R Bap U SR HE & TR & il e gk AT
BRI, BHEATE &SRR WA S(o)fR. FIAA R BEELE SR TRERE, e A H
IR ADIRAS . DT B AR T R, FEEJE ARSIl 7 A RIS R AR R IELE 3 A, 30RO B0k R A R AR L
K, AL RAREAN, NI AT FEAS [F] AR R AR AP e S AR AL
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Figure 5. Schematic diagram of double cone strain gradient sample: (a) Double cone sample model, (b) Sample size para-
meter (mm), (c) Finite element simulation result, the strain changes from large to small from inside to outside [28] [29]

E s MEHESNTHERFETEE: () WEHEAXHERE, (b) TERTEH(@mm), (o) BRTEMUER, AAF
SNRZZE AR ZE /28] [29]

4. HBACE S ENSEESLE
4.1. BEHRAE

o6 FSE AL T 2 R PR 5 2 46 T R S (VIR L A AR DX TR, SIE I BRI e P AR A A ) S ol
e HUBRIE REASE S (1 7. B 6 R ME S N [30]70) FH B P P Ak 1 4% B A 5 #A AL BRIEL BE X Ti-SAL-
5Mo-5V-3Cr G aHIWERENIRANT . H & 2200 M A sk, RSB TA B, K2 R AR IR AE
REAFEN B AU HE A se b, eliE o sy, MRS A SISk
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Figure 6. Preparation method of temperature gradient sample, (a) Schematic diagram of tapered graphite rod, sample and
thermocouple, (b) Use gleeble 3500 to heat tapered graphite rod to obtain temperature gradient [30]

6. REHERMEEIERE, () HEEAEE, KEMARBRERE, (b) FMA glecble 3500 AR MAERHE
BLRGREHE[30]

4.2. SRR
B VAR SRR IR TR — S K AR B, B — i ARV X, (AR A R 7 B 22 P AN [R] R A
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Figure 7. (a) End quenching experimental equipment, (b) Heating coil and water spray cooling equipment, (c) Schematic
diagram of different cooling rates obtained at different positions of the sample [31]
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