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FEJE & LT T2 B0 BRI IS et M EE1S57-D12, B4k - 8 41 - BVLBR S 1
ZH B CTHRIIER TEL LR TH D, ZZ T, FLUALEON H TN T A/ A A= —1kE0
HRAMEEZFRELRER, p BT 2 A4 Ti-13V-11Cr-3A1 &40 B FBEFIEAKRIZBITS a fHE TiCr AHD
EEMHEHERZEZ. DEVANNSA—EATRREIZBRTEDZ L2 R,
(AEHREDE]
D LR EREKBRESICKIMEAFIVEENMIVMNOE—E DRI EEBERL B 5 iR
Pt DI ENHFESILD Ti-Nb-Mo-Ta-W Zm/ AT hat—5413, STLERRTICEEFFEDIR TR &SI T
o, BT, A PRZEN R /NS D 4~6 TR OMAA D, 2> E AR AR OIRE 203 /e
72 BE DEDNG, RIT AT BCC #IED EEAEDNE A LTV EREL T, JESE & TiNbMoTaW &
SEREIUT, $REEICIVERLI-ZoE A&, BERO%E E TiNbMoTaW &4 J0E JeEmAT O#i I
FREDL, AEAREEE T IR B LI LY B2 BIE R L& EHT 372 BCC A THAHZEEZHHNIL
72 (A02-b HEE DEHE) . F7-ABRIE A4, =R THKI 1200 MPa, 800°C T 700 MPa LA EDFEIRIE HERL, #
NI ERRE A T HIENRENT, SHIZZOBBEEOFHFEMITT V NTIAN— A2 —F U RTA MEfkE
R L=, L—% & - IR EY
DRAMEEEIZ L ERE - B & 41
Wl 72 B VAR A TE R L 72 (B 6A3a- 3 -
4) MAT, L= RIKE R & (L- IR
PBF) EIC k0 & @Rz itk (R
fTOZLT, BEEEAIORC TR, B X : Sy :
RS E S, XY, L-PBF 6A03a-4 L-PBF 1215 TiNbMoTaW A& & AR DM T KT
ETHEINFEANAIIVIAE—&S Mk
BN ERIETLEAFTIND, [/ME]
@ BEREREZFALLRFREHEBICKIENEREX—N—FALORIM T2 A 4&0OIC
Mz, ERZEEOBNI-ETIv I ARBACM ZE AN LUT-F & HAE A EHTMC) OAFZER R b HED BT
W5, RBFZECIE, AICHELIZEELZ 772 (GO) %, #HEKRINCL> TIEICH B L Ti-15Mo-5Zr-3Al
(Ti1553) A ROREIZE I E ST, mEECm KA X B X
KL 5 AT 2 2L S5 2 872K GO,/ Til553 HAa M R ET-, SHIZL-
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(ZRREN LTz, A IE OBLE 0 GO,/ Til553 DIERRITZESRIC B H 7.
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5 1166 MPa (ZHEAINL 7= (& 6A3a-5) , ZAUIL IR B FT- 1B H 1 D [EVR
g b EFE RIS LI IR L CWAEE X HILD, SHIZ 1123 K TO#EL

MUBC LD . TIC K T 2T 2 BHRICHT L 72, 26Dk Bt L- Stain (%)
PBF ZZEFHALTCHEES CTORRARFEBICLYSHETFIVEM 6A03a-5 Til553 &£ GO,/ Til553 1
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MRIEE A03 [#BREIHZEEAL-EBRIHHEIR]
HTEWR A03-b B THEEBREBNAA T U T7ILRIRFEE  £4EHREZIES 3DP
R E B H O8I
(1) fAIZEZFTHLMILELS EL, PRFHEREFETICESETHRSERLTLDSDM
S EREHERA . 51 A ~T7 U T NAORIKIZK L, 3DP TOAAEAHT T &Nl aE7 IR A & BRAf
Li-mEm ComEmfb o sz, v 7 ) [Rifo) OmBLENGES ZETHD, Tk, AW
@/y WZFEM SV TWD, 3DP WA[REE T HmWIRIRO BHEZIE LTc A A~ T U TV OMF5E - B
% —MEETHTOI BT NEERXD,
*Fﬁﬁ#fﬂﬁiﬁﬁﬂ%if IV T ) IR EREEE L A2 FR IR U T AR E I & A Sk o 72 D 3DP iR
IRES RO & X 2 b—3 g BT VISR OV FRURHEIC K S HRERGE,. TRl Ml
T D 7= D DR EABEE & in vitro FIRFEERIZ K D HERERRGLE,
P MRERFETOLER  STEEYTT Lo, JAUIMEKN TOFHEAE —AZEMFER. & SIS
ETEIVIR (312, AO1a, AO3a ) TOMRELEEDHER S 2 5, 2 E TCORMKPZRAREZLL FITRT,

(2) &FEME. RUZNZENOFTEAELEELTOSLEMETHELONIER
(HEHRMEDOER]
D BEERIEDI=-HD 3DP BEEBIXEEAFOMRAL L I aL—a VETIVEE
e R SRR D72 sb > 3DP AR Y XELK f-fRE] D7D A0l-a BEEDEHEIZED L —H ER T TD
{mf%/:nv—/a/%T/V%*%ﬁ U —W &M — IR T COREEZE) — I S VD5 dh e & ik oo B
HPEAZBH S (B 6A03b-1) MH}:LT“E“/VM‘VTJ7/%:L“CE%F?§2(L€>Bﬂ*”%&/ && T,
BAERL SR E L — P R KV AMEICED 3 T AT Th U=, &612, B,/ Zima 55700
RRIRFE 50 [ S5 2 B 5Nzl (K] 6A03b-1(e)) \%Wz%fﬁa‘émb@v—%ﬂ%xnﬁa’fjr%f/:nl/—/a
VARG ROFEEHRNTIZ D Z ML LTz, BRRICIE, S AR Z S50 Om GK R O EBLZIL, @il
73&%&LFﬁf%T%éﬂﬁﬁ%ﬁ*Lt:mbt%ﬁkj:%/74@£ﬁ@%éﬁ mldE L=
ZUEL BOIA EE IR L T<001> 2K Yo 7 R AR Z 8D, AR E ~D I J1l ik & ) 3 34 4 ~T U7
/l/z’)»ﬂ;ﬁf#éhéo

@ HEMEHEELEER L -AREESE & MERIE. HEMEEMEIC & 2R

BIRE LD RERIBEAEUL, ~ T 3 =5l LD A R O ER P2 £ LD, Th a5
“C. in process alloying (i B KDOEGWZEIFEEIEL, L — RS LR Jn\/fiﬂ:)iﬁﬂ EL72D, in
process alloying (%, &@FHAKER D B HEZZE LN LT 5720, ML > THZEMEEAE R EL TOMEEM:
AT BT 5o BT BT T HERWEES L st GARGEE

@ EEE
CER)

B ORC. BERER
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=
o
)
i
™
t\
.",
S
T
R
T
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A}
=y | _
10 L AN ? Ti-Cr-Al 375%
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EEELERE, R [m/s) FHMEFRE, e/a

B 6A03b-1. 3DP ABIREL AN T OfFA D= K 6A03b-2. IR % B # 7= in process alloying (2554
BEGY I 2 L—a VBT VOMBE L ERESRIMET ki hEmEA I (B 6A03b-1) D[RR, HklZ
M. 72 5 NSRS e A MR & D BILR. FE S EMRDZEAE ) FRIBRENE (IKYr 7 3:1b) .
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ThHY, FLKTF L HAehs—7 T2 A03-a
MEDEHEI I T-,

Ti-Cr-Al RIZBWN T, MIROEITIEY 7o~ ’
7 T — IR D IE TR A 43 D & [RIRFIC R e R - MSCODECHUE
6A03b—1 TOHEIRIZHAD E<001>A mhdAfl L i i, , DL
T B AR A ST D Z Ll L (B '
6A03b—2 L) . AHRITIRAF L THERAE S AL L,
Ti-Cr 7t Tlix, & Cr 225 o+p 2, B #A
& EAER N U=, <001>8 S A i J5 [
TOY 73T CEREFIRE e/a) 1248
fF L CHBFICEL L, B/MENFE L (K
6A03b-2 F) . Cr 7;;%rgo>fﬁ_ﬁﬂiﬁ$ﬁﬁﬁf@f$@ B 6A03b-3. T ¥ G-I L 7oA oA i
HIKIZ £ 5 @ HONTH, CrIEOHLAIE B ARD o)) gty B £y MaCe PRI,
LERICE D ZREh, Y7 REFZERL Mscs 0@k GREDFE) (4 F).
7. inprocess alloying (Z X % Al DI, B FH
DARLZEMEZHER LoD o fHZIH L, Ti-Cr-Al =t RICTI BV ZHENMEH SV, B4~ T
U7 e LTOREMSREIICRE) L, 7285, Yo VST, FHEIFSE — AZEFEREE O KRR TH 5,
@ MKakEHD-HDREEE L in vitro MIFIRERIC & D HRERET

AR E OREEFK CESEOICAERESEA~O@BE DT 2HI AN, F~T U T AREICBNT, T4
BERMNIGA Uiz, ARG ORI 2 Bl U 7= Mt o X — & — O k57 B o s 2y, ZER
wpil i (Mesenchymal Stem Cells: MSCs) %, % O EHItEIEIZH » TRBAb S, &6, B~&afb)s
[ Z 95 2 & & R L72 (R 6A03b-3), J 72 b MIRESIC LV AL S - B 1, sk
BB 23587 2720 OMHIEREE 2 BT 5 Z LA L E 0 | AREFHEEE T, BIRESGICED .,
AR~ OB E T ZFRE & T O AZEAT L Z LTI L o2H 5,

[AEBFRMDAER]
D@ HEMEFEIC & B/3500 OBBERIL : EHEEREDO-ODOMBBFEIERIOMW|E - BIREY TRk S
2% BT R IR ARk I L OVRE SR 2R MR 2 T8 PRI ARAE T D ARKI R 22 B Rp M A R IR HI T~ 5 720 Bk
D Ti-Cr B LV Ti-Cr-Al EERERITH L, L—H Ny 7T —IREFHT & 2 IREE— N & RS
WA bR ab—EHAGbE T FEC LD 3 WoTHMERMNT 217, L —% 3DP O ES CAI
% XA D HIT RO 7 i S EC A S O BGHIFLRR S AR A Ti A4 0 bR L ORI 5 2 2 B A
SN LT, AT, TieCr B LW Ti-Cr-Al &40 EBIFH 72 R E% | inverse Voigt—Reuss—Hill T
L2 WTHENT 5 2 & I2 X0 . GRS 2 S OB EZ B i L, "M A~=T VT
DIRY > 7 H A (EiRElL) D7D OMEHETEE 2 M LT-, [Z2R]

Q NFEREFEIC & B/ OBEEREI~BEREL FH Vv ASDORIH L BBMERE~: L —V 3DP IC
LR EGZBREL | ERVE TITEI TERD -7 D1 EZE B A A 3258 B F 2 BeDf|HZ X
0., TERDTF &G0 kA2 DM ReRHE (B BRI 2 AR R(E2 ) ORBIAZ B IE LT,
ZHOUTHERENEIR. B FHDZEMEDMEWZEE A AN RIAD D, E3RD in process alloying (289, Ti-Cr-Sn =7t
RO e MREFIREL D OERLU T, MO ORE R BRI =R THRMEZ B O)D~ /LT A M
REIREZ AL CWVDHIENR

FEER EaESC LD EHlEEER

Sh, FEBE, RIRTOEMR p— AFES  EEEEEREH
SRR e, DRSS i 2 p r’? ' ;

B2 R ILBBIBNITAES '

72 (B 6A03b-4 %), 7Y L& // ’f

JVIE%FE B (DIC) ¥EIZ kA E ' !,:;

TIEETG ORI ETT 42 ,;,s

CY P NRSNE =15 Wik AN il s

BT T BRI LSO

PR SRR SN T

flE e B — &R LT (H 0T H

6A03b-4 &), [HJR] [0 6A03b-4. BIEMEZEE) 2RSS — O i (EMERER) & | DIC $E1C X b fighr

L 72 AR D O g & NP EIE O D 53 i
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BIRIEHE A03 [HRRESZEEALBBRAERIR]

HEWR A03-c T TBERESBESSYIAMHBIRTE . B REBERALt7vIRE
7READFHRE

(M EIZEZEFTHLMNIZLESEL., PREFHBERBE TICECETTHENERLTLDD N
SEEBREHMEA . L — V2 AT  O'TIy 7 ABGE T T R OWT, LIRS T CA UL R R
BaHONCTHEEHIC, & BMENC BT DBIRESGE ., B 707 AREIND LT EH BT 58
IRESORFELLR B LOFESZIOICL, BIRES AR L7y 7 A 8E 7 e A0 8| SBIR S~
o ZBRB ST e A0 E ELE XS,

hEEEERERET : x0TIy /28 E T nbv A BITHBIEESOMIA L £ 7 0t A TOMEER
SRR AT THBIRE S O 2RO TE M r BEAF

FREIFMERERETOER : FHEMZETIL. © BRESL—HEE @ BEREZL—Y CVvD.Q BRE
BWMAFRATL—, D 3 DOFH 7t AERREL T, Hran7 v AB GO LT O IEESE H I
BRIz, BEIIv I AS~OL—FRECIL, FFTHIL — IR I CTEVS DOV REE [ K A IR AL
b7 EDIBIN TRISNIZ720, RATORRICERESNERATELIONDAGHPIO KE 2SS TH-o
7203, L—Y B TIE 10° K/m FREOSIMRE Ak, L—Y CVD Tl 10°~10° K/m £ DR E AL 3%
ETHEMTETE, BRESEERIFELEESNELTWEI LN b o7, F-, ki A7 L —Tid,
10° K/s FREE DG EEE | 1 m/s FREEOREE L ABLIHIS ., EBICEET H2BEESNELCTINDZENHL
MmElpoTz, ZOIIRAEOHERIZEY, L — K T CoOMRFRIBERECm sy TEEEY ) (CEKFT
L2000, BEESOFENESIVIRMBHCBIRIR TES LA /R T IENTE, FESIME T
ISEIR LS T2 D IERERS A B ORE R AN =X 2B P LT 2 F B OREE BT,

(2) AAEHETEHEON-RBERUARGTEHAL L EE L TOWEILAEHAETELONERER
[(BHTEREDRER]
D BEESL—YREICBT2EERORELL—FH
FHHARORZR: £33y 0 RFEHER BIZAR O SE R E R L OWE
FERE OS2 RN~ B R OREE IC kT 5L — Ik
Iz o CTRPFTHIZ R BN AT CNBZ EE LI LT, F2,
o R E R, L—Y BEEBFIE SRR L, L — Y

o F‘_"“ )rﬁ (b)1 kW/c
L éﬂ
_"’ 4""\

.:'!}-5@:‘3‘.‘;‘7 N ¥
" r{&,‘l 10 pr 10 prm

BLOKRIT BT DUAB AR T 52 LT 2 BERE (7Y B 6A03c—1. L—VRERSIIAIZ UL LB Bt
FIREI TR B ITEHN B L EHBAIC LI (B 6A03c-1), WTAST. (a) 700 W fem? LB TREL S
LI (b) 100W/em? T & VT 1A,

@ ®EBEEHBL—Y CVD Lbl‘féﬁ*ﬁb\fod);taa%ﬂﬁﬁd)ﬁﬁ
BREREAETOREBOKETE: L — CVD IZBITHHAE MR
JERED Eif o 2 Y LR nm A — 5'*0)%/*\?4‘%3_75:@?
LYERBEI—TAV T DBRIZHRIILT-, £72, KAHNDE
AR A T AT D2 S IZH I (B 6A03c-2) . LuzAlsOp,
(LuAG)-ALOs %, Y3AL01, (YAG)- ALO; 2 S DFAEAR 2 8
L=, ZOH—FyMEIZ Ce*'° B A AV ZMERML, B Sk
REBE AR AT IR E 0 m o fiRae X firgmirs o7 T R <
L—al A7) — o EUTHENT R 2 5 CEDZEASEREL T ® 6A03c-2. L — CVD(F'%%%**%) B3
(J. Am. Ceram. Soc. 2023, FLAYY—R 2023 FE 6 ) , F7=. [EOMKEE (T AIF-H—FvbR).

GAP (GdAIOs) 3L GAG (Gd;AlsO1) DEHTE X% /L
. GAP-ALO; RICZHITHRFAEE DA Z FHLLTZ,

QHEEBEBMEFRATIL—a—T1oJ 2B T2 EHD#
EEEHHEHERCIEsOMEEE:

WoRL - A7 L —7 v A BT HBIRES ORI
ﬁ%ﬂ%:f\l/—*f—ﬁﬁ%ﬂ#@ﬂuéw\fﬂEﬁaﬁ@{ﬁl TEEATHTHE R
10° K/s (08 o S HE EABIHIS L2 (B 6A03¢-3) , £7-, A
TR EE S IR LT ok 7 B\ R L — LIEB) = )L — DT

MBI LD SRR T e — L L Sy s E o B 6A03e3. T BB E RS EIC K D
SR R LT, PRI A7 L — IS 1T 2 UG8 R BE D F HI ).

lasar intensity, 1 (V)
() 4 “semesadws
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[AEHRMORR]

D L—HEAEIRIILX—H#HEEICELD WC-HEA BIE
EEDBEEBFEBARE : WC-Co Bl &4 DM
Boh Fx2BAIEL T, CrMnFeCoNi /AT hat’—45&
4 (HEA) & JBjg L3 28 B2 B LT-, ~ /LT —AL
— PR A = koL X — HEFE 1A (L-DED) 12X > T WC-
HEA #5425, f i E2 i ITRET LT, BRsH
%, WC-Co MR & & RE LIS LB L,
200 HV LA L@ il BE 2R~ L7- (2 6A03c-4), [[E4£])

@ ERESBREBEZRBATIBEL—YVRINRESAEL
FEVIVRAHF ORI EEBERS I B IZBRFE L7 oG iz s
2SOV ATE JJEIIN AV 7 ¢ AN &1 (Freeze-Dry Pulsated
Orifice Ejection Method; FD-POEM) (20K FLAFERGRAY (2
WAL G AR 7y 7 AR AR, @b
— PRI & @ O W EWE A i ST S, R e Ty 7 ATE
JE AR ZERIL 7=, FD-POEM JEICXO{ERIL 7= ALO:-
40mol%ZrO; (AZ40) % FLEDK: 7% I\ CL— W RS s
AT, WL T2 B Ty VAL 2~ T, AZA0 ZFLEHI
FIF 40780 W FREDEH A THHRITIARMT L0
U ARV — W H D MR LR A &6 2B TR 72
AZA0 Bl C&H LA R LTz (B 6A03c-5), [TFF]]

® L—YBAMBIZLEZTSRAESIVIRARLEBEGE N
DEMESEEE : BT AT ES LB A
Ao D NFHE— IR SR LD R EAE R L, A E]
ZA AR S DR RO JR T O 72 VA AR [ L IS O 28 b, BE
WELSALFI B MA A SN UT-, EMIEME Tt
&ALV NaFeO, ~DL — W BEHZ LW AlEERE Cld,
—HOEFIH L CEAEDOHIEREREELEARERE
EREDEESZTERMLT- (K 6A03c-6), (B —& L A&
L7722 AR AR PIAME T L CTERY . IEahGe E 2 XD 80E
{ERNEREMOIERIZE N ThHHZ LR LT, [ARR]

@ R/ EISVIREENMBEERLLEERESRL
SiC/ALSIC,#DAIRL : L-PBF (2T, Al-10Si-0.35A1 (wt%)
-SiC  (0~20vol%) A Rz Fiklz mL —VIRINE () O
SiC K+ (7 = 0.78) D AL 31k (n = 0.1) ~DOEAAL, (i) &
AR CORBRIGEEZER, (i) HEARoEblIE
& ALSIC, DL, (iv) Z &7 SiC/ALSICs BTy 7 A
EEHTDH Al HEEORIR, 217-o72, SiC &% %1k
(5~20vol%) LI G RIC T, T - B ERIEREESH7
HOTa'AGM: ), TSIC KT RENbEEICERT S
ALSIC, BBDOARTERE] | AR (AISi10Mg/SiC) IZH1T
% n EX Yy 7 IR R mEIC B T A EEIRE S (E1E

NEELZERRE) CORELEBEIL (a-Al O LE
A, L ST C O MERL A - il AL SROARK) & L
7= (B 6A03c-7), [#A4]
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BOHIRE (REBTEEL-ERSEBICHRE) OF@a A2
Prof. Eric Maire (752X YIVEILIGAFEBE (INSA-Lyon) M IZ/HERMRM-ToLIE—)

[ am writing this comment in favor of the project entitled "creation of materials by super-thermal fields (CMSTF),”
gathering a group of excellent researchers in Japan. The group aims to elucidate the mechanism of the unique crystal
growth that occurs during processes involving super thermal fields, which are generated by extreme local heating by
electron beams or lasers in metal 3DP. I happened to know of this initiative while attending the last CMSTF2023
conference in Osaka, and I am following their inspiring progress. I personally participate in France in a number of
research groups and initiatives to organize our forces in the research field of additive manufacturing. [ can testify that
none is as efficient and productive as CMSTF.

The planned research is very well adapted to the challenges of this rapidly developing field of research. Actions
in this regard are cleverly planned. These include top notch methods as diverse and complementary as simulations
using artificial intelligence and advanced applications in the fields of titanium, biomaterials, and ceramics. On a
personal basis, I particularly appreciate the planned characterization using time-resolved X-ray imaging, and being
an international expert in the field, which I know is a very challenging target.

The achievements so far are impressive, with many papers published in the field and an assonating conference
demonstrating the first results of the group and confronting these to high-level research of competitors from around
the world. The research proposed is progressing well so far and will lead to important breakthroughs, allowing us
to unlock some blocking points in our knowledge and accelerate the use of this technology for producing future
applications in everyday life.

Prof. Eric Jagle (FAY Sa AVERKE #HHEFEFEHEA-HIR)

The project "CMSTEF" is an excellent effort to bring cutting-edge methodologies from basic materials science to
the manufacturing science of additive manufacturing (3D printing). The wide range of experimental and
computational tools employed in research centers across Japan includes high-resolution microscopy, X-ray imaging,
neutron diffraction, positron annihilation, digital twin modelling, high-fidelity fluid dynamics, phase-transformation
simulations, and big data approaches. Another unique feature of the CMSTF is the clear focus of the program on a
specific set of problems in the larger research area of additive manufacturing, that is, the exploitation of the very high
thermal gradients presents in beam-based AM methods.

This impressive combination of expertise from many different fields, combined into a coherent research program
aimed at improving the performance of various metallic, ceramic, and bio-based materials, is an important endeavor
in the Japanese research landscape. It combines scientific excellence with a clear application-driven focus and is
rapidly establishing itself in a short list of very successful additive manufacturing research clusters worldwide. [ wish
that the CMSTF team continued to succeed in their scientific mission!

Prof. Albert To CGkE EwY/s—4 K% ANSYS Additive Manufacturing BF2fT - T4L 94—)

The “Creation of Materials by Super Thermal Field (STF)” is a fascinating highly collaborative research project
in Japan that aims to elucidate unique crystal growth mechanisms. The project investigates the underlying crystal
growth mechanisms in STF using advanced experimental techniques and computational modeling, with the goal of
fabricating single crystals via 3D printing, heat-resistant titanium alloys, biomaterials manipulation, and ceramic
materials. The overarching theme of the various projects in the bigger program seems to be on developing digital
twins, in which the modeling is updated in real-time based on the latest experimental measurements, to simulate the
process and microstructure as close to reality as possible. The digital twin area is in its infancy in the research
community, and obviously, the STF program is at the forefront of world-leading research.

I had the great pleasure attending the 1st International Conference held for this project where I saw many
presentations. | was particularly impressed by the presentations on creation of single crystal using laser powder bed
fusion and artificial intelligence for process-structure-property correlation analysis. Both of these topics are current
state-of-the-art in the world. I was also highly impressed by the high level of collaboration among the investigators
from many different institutions who contributed to different aspects of the project. 1 look forward to seeing new
research results in future conferences for this project.
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