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ABSTRACT

Recently, metal additive manufacturing (AM) has enabled a wide range of control over metallurgical structures.

Originally, the unique manufacturing method of stacking tiny melted sections to fabricate products with complex

shapes with high precision provided geometrically defined solidification units with specific solidification

directions and steep cooling, which in turn enabled the control of the metallurgical microstructure. This article

describes the work of the author’s research group on crystallographic texture control via laser powder bed fusion

(LPBF), including (1) the influence of powder properties on the formation of dense products, which is essential

for crystallographic texture formation; (2) the influence of melt pool shape and crystallographic characteristics

of the materials on single crystal formation and determination of crystal orientation; and (3) the success of

“Alloy Design” for a highly functional single crystalline bio-high-entropy alloy (BioHEA) considering specific

solidification fields under LPBF.
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Change in the numbers of publications on AM and, among them,
that on texture. In Scopus (2024.4.13), we searched for publications
containing “additive manufacturing” in the title, abstract, and
keywords for the former, and “additive manufacturing” AND
texture OR orientation for the latter. The numbers at the top
indicate the percentage of publications on texture.



2 R

IR AMIE, fZEsil, BB, DAV EF—, by, B -
ANV T, R E o IRIEVEE TO@EH AR S h
Twh., PR Y —kg#ftEfiEoavr—2 g Ik
D, #HEROBEE, fEOBEL N XY 2L, FEEodid:
MYBREE T COZRMEE LM L 225 ORIELRERLR &
fit 3 @ Subtraction Manufacturing |2 B W CIE W & ST &
7% OEORERAWEEL ), A=Ky =a— TVt
KEBROBEIPDL S, TOHREHEOERLUFHIREZ V.

AM, &0 b, Rl R %2 B EE & 2 B KRRl
%4 (Powder Bed Fusion: PBF) {Ei3ick, #iH = kKoK
IR T 2 0B I N BTH S, Lk
D6, MAETIBKREDILLA, &E0 [HME] oEmEEH
DVRESINIBO TS, FIZIE, BEEER - BEE, LA
Y= LAY —ToOHE - RBLTOFBELE VT2
AM [EE 2T AT B4 OIRPUSKHE L, m#E{bShi-&4
%39 % [Alloy Design for AM] 1%, 5D AMIZ X 54F
BHBOKRE RFERE > TV D LIRS,

—J U N —T T, SEOMEFEHEE LT, FL<
ORI (KRB ISEHL, 20BN
HfHEZHELTINE THREZMED TE7. 2017 FITHA
kO EERL L - &, BEOAF Y YA NT T
V=2 X BEAG MO RBEICRKIY LTUk, fieo&)E -
BERITBWTHBESHRRE 213D YRR 2
FEHLUTERY FREC, FEO AM BIHEER S5 D 2 #
FEHMRICH T 2L oH & LAEMEZ R L, 2023 412
% IEL TS, 4%, M aaIRmEE, AMIZE
FARDEETEH Y PN LD 1 DL F->THBEFTIE
R\,

(cs)"RIa_smé.

satomized®
T o6

§¢

Volume (%)

AT, METNV—FIZBITLINTETOREE T
DS, &)E AM, FIChRZHW 72 LTHOL—F
PBF (LPBF) 2 X % #ifh &G HLEREI IO WT, O #5h
A HLMRTE B U DR T2 TR DT BT B B KAk
D, (@ BRI & RSB 5 AR 3 5 dEiiR AR
RPN T-OHE, Q) LPBF TOHMSEH L HIvE L
7R, = bu ¥ —4&4 (BioHEA) 1233 2% “Alloy
Design” DEIHFNZOWTHINT 5.

2 RSB OSSR 2 AR o BB

BHVMERRE bbb, RMEAHRE, BT 5 b
Iy Z7MBLY, ETHEETOZEY X v VERIZIEDOX
B ENE., Lzh-T, #RmEAHERHIEO 0121, [l
WRELT, BBELERARERLIENIARTRTH L. HIEH
B LCOMKRDOEE, e OB KGaNTH L Y,
PBFEICBWTH, 7o AL S AMEE AT 5.
L b, HEEEOMENC BV TIE, B ERIEEAE IR
BICHE B3 2 5.

Y Y TAT I, FOFEFITECEL (3422°C) L EfRE
K ORADOE WRITED 728, Balling & & b W23 5 2k
WEREST 5. 251, IR TORRIEALD 720, KR TD
BRPAELLT NS, PBFEETHERT 5 2 & AIEH 12N
BMED1DTH B, Fig 2121&, MWW A7 <A
AW, TIART b~ A ZETHER LB KO SEM H{§ &,
L — Ik TN L 7R A 2 n 3. el R 113 %
A THYEREL TR AR L TWDDICHL, 7 v
A ZHFBTEEERL, L0DbIFTSI<7 b~A
FRFIZEIRIECIFE A EY T I 4 PRTFAEEL v,

A (I@«)‘Gafé\-'?tomiied

7

asma-
omized -

!l Al
61 Gas-atomized "N a
| L

Crushed

~+ O

1 10 100
Diameter (um)

Fig. 2 Morphology of (a) crushed, (b) gas-atomized, and (c) plasma-atomized tungsten powders and (d) particle size distributions. Adapted with modifications

from reference 12) published under CC-BY-4.0 license.
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Table 1  Characterization of crushed, gas-atomized, and plasma-atomized
tungsten powders in terms of size distribution, density, and
flowability. Adapted with modifications from reference 12)
published under CC-BY-4.0 license.

Measured characteristic Crushed Gas-atomized Plasma-atomized

D10 (um) 4.5 4.1 17.7

D50 (um) 10.7 8.3 27.4

D90 (um) 24.6 16.5 41.8

Bulk density (g/mL) 3.61 7.50 13.64
Tapped density (g/mL) 4.84 9.09 15.00
Hauser ratio 1.34 1.21 1.10
Avalanche angle (deg.) 59.3 47.9 324
Rest angle (deg.) 413 40.4 25.5
Surface fractal 4.25 2.99 221
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Fig. 3 Product quality dependent on powder properties. (a) Relative densities of as-built tungsten as a function of laser energy density, and (b-d) electron
microscopy images with Vickers hardness of as-built products at laser energy density of 375 J/mm’. Adapted with modifications from reference 12)

published under CC-BY-4.0 license.
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Fig.4 SEM image and the corresponding IPF map showing the morphologies
of melt-pools and grains observed on the y-z plane in the product
fabricated using the atomized powder. <100>//BD-oriented grains
occur on the center bottom of the melt-pool, with cracks on both
sides (large angle grain boundaries).
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Fig. 5 Single crystalline-like and polycrystalline texture formation
depending on solidification condition which is further determined
by laser condition in LPBF. Condition A: 360 W and 1200 mm/s;
Condition B: 180 W and 1400 mm/s. Adapted with modifications
from reference 22) published under CC-BY-4.0 license.

%#ﬁ,%h%h%%k&é.a&ﬁ@ﬁﬁu,Emﬁ
—ﬁmﬁﬁ§%$&$ﬁ%§kmotﬁﬂﬁﬁ®%T
TR LSRR 2H, L—5 & i - umh&®
I3 AE % O EBHFHI BT -T2, L—¥&i%
HASIR T RE R JiPRICHREE T 5 &, DIFIORT 91T, &
AR R AR ARAT: L 72 i SR SRR ST BB & 72 .
3.2 VAMMEIBIIBIT SR E AR

Kb R GRS TN, MR O SFIFRIC L > TR
WD, BCCHEER FCCE 2 AT 2 TR ERIC
BWTIL, BEERICBTA2ELKES AL, —#Ii2 <100>
2P ?“C&)é EDHISNTWS, PBFIZBWTIE, 2%l
Hox, <100> (2R LR VKD LS 2RkT Y F
74’ F7—2D%ELENT Y NI A4 MM ET 5.

MIZBIT B EBLNOEBFBREICOWTE, ¥y F Ty
wmﬁwﬁéﬁﬂﬁféé%ﬁ,ﬁﬁtw(%@@ﬁﬁmm
— I <100> 1ZF4T) (XA OHEERR ST S L CHEE %
BOR TN ATICRE T 20255 57, L Ladh b
Bcix, FTRBIOBET28ME250TE S £ v Vi
B2AELLZ MDY, EBEN ML BRIk (Bt
1)) B X OEEETORMSGOIARE NI L o TR 2

KR AL, BRI MSRE SN B Bz i
;h%@%ﬁ%%%%%kﬁ%&ﬁﬁﬁégkf,$ﬁ%%
HEMEIRIE GALRE, X B IIEFomm L2 IS 5 2 & A5
BTHY, BFEOAFXY VATV — (BT L OBBER
FHHOMAEDLE) ZZFDDDRENRNRTA=FD 1D
.(;&)63,4,27).

Fig. 6121%, BF ¥ v AEBLVOY v 72T VBT
LmFLﬁW@ﬁm%ﬁﬁﬁ@X*?VxF??y—mﬁﬁ
%, Inverse Pole Figure (IPF) ~ v 7" & {100} 48 5 X2
T4 BF ¥ 44D LPBF EIET iX$?/xb77/~
WARAE L TR TRA 2L, AF X YA 557V —X Tl
{110},<100>, A F ¥ ¥ A b T 5 ¥ —XY TIZ {100},<100>,
% B EEMBOTEILT B, —F, ¥V T AT IZBWTIE,
BF & Y EERBRICLHRERTH 5%, BT IEAF v
VAN T YRR, {100},<110>, FLHATEK T .

[¥MAB X Ry KB4 | Advanced Publication by J-STAGE



B = ROCRUEETE 213 U &9 2 KRB 5 % 2R U 72 5205 VR R 312 B 3 2 W JE B 5 5

_—
Build direction

Scan Strategy X % Scan Strategy_X\g%
z
X
y "
N .
o
‘©
£
=]
c
S
[=
C
3
)
c
o}
|—

001 101

Fig. 6 Variation of crystallographic texture formation in LPBF depending on material (Ti alloy or tungsten) and scanning strategy (X or XY). Adapted with

modifications from references 4,28) published under CC-BY-4.0 license.
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Fig. 7 The melt pool shape, the plane in which solidification occurs, and
<100> growth directions in that plane in Ti alloy and tungsten.
Adapted with modifications from references 4,28) published under
CC-BY-4.0 license.
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Fig. 8 LPBF scan strategy dependent crystallographic texture formation behavior in hexagonal NbSi,. Adapted with modifications from reference 34)

published under CC-BY-4.0 license.
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modifications from reference 34) published under CC-BY-4.0 license.
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