¥ 51% 510 3
2022 4E 10H

WRERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

¥R HEIE R B FLEERIMT SRR

o, MmrF, WoR, £ &
(P (4 TR IUE 48 % TURDRHE S0 #1923 5%, BRTG 76°%¢ 710016)

H E SREEMEAREME. BB R SR AR BRI 2 M TR soR . BT
ARG LR T REA BT AT MG BOR RENS SR RS R T — AL e, JF BATRR T S T siil
AMEAE R AR T B I BROE SR AR BT FCHUR, PRIR T 4H SR AR B A 138 AR I 2L SRR BERTT 7 2 R

\Vol.51, No.10
October 2022

MEtRe, 4 7ESEEM G BOR HRTAAE R — S8, FEXHZBAR AR K AT | .

KiEiA: HH; WAHIE; 2L ALUMERE LA
FEESES: TG146.4°16 XEkFRIRAG: A

XE4S: 1002-185X(2022)10-3922-07

VER— Pl 3L 7 S5/ NS & @Ak, B T4
5 R T 1 SR, 2 AR R TH Y A HL 58 E v
(1) Ta,0s AN Z, M KEM T BB 717
b, R R 1 A T A K B R A R R R A A A
30 S W= SO o8 o G 1K o o ) R P AT
FHF AR AN T8 4l 5 B0 R, 4H (0 4
(2996 C) 5, &%k (1668 CT) [ 1.8 £, Stk
Betr, SR (57.5 Wt K JREKH 3.8 £,
DRI, <0 J8 BH 2 M R (R OB AN CXE ok . FE i
2 50 i, & JREEFAR MG R 2 oK R
BEEE T RIERER A HES BN ER, HaBit
AR, AR UL R R B S A R & T Eix R
SRTC I R 7 TG A S A PEAG R 7 0 2 SLAE A AR
L REE MBI,

TR, B A SR 3 1) 26 2 )3 20k 1 i
KR, PUBOLE X JE 4L (selective laser melting,
SLM) Al Hi ¥ 3 % X 45 1L (selective electron beam
melting, SEBM) Jy 43 (1) 8 A PR 4 i 164 A i) 32 36 4
M TZAW s, HAEMNSKREGEFMHEERT. N
T LRGSR O AT TRB R, Ae)EHE
(i 5 A PR T T 20T, M TSN T
AR, BRI 3 B AR AE 4 R A N 7 T B A B AR
B BRIRIE R, DA ) = gEAR A g
BRAEAF B RS B R &=, b TN AR E,
BEAR 7 A= B Il LR mifh. 4%, & 74~
e, HArseaiAtEAE fl . BRIk, SR8 A G £
A 2% < B AR A 1, S I <5 e A K 2% A A 1 v BT R R

Fs HEA: 2021-11-17

o Xt T T B AR ST RS, R
S RE A AT R 1

AL E BT G 3G R SR TR A B ST
W LR T MG BRI 46 2/ A O 7)
FVERE, BEJE 45 A BIBROA G AR, 3k 74
il 3 B2 ) 2 LA R 0 R B AR, 20 A 7
JEIER G TR L RTAFAE I — 22, I ARRE IR
PG MG AR B R SRR T

1 18+ E A SR IR AR IR

< J M R T MG ) 3 R B JEURHRR AL, S Bl R
R NI R T vy P R TS oy A o 398 6 o) 3 1 A 1) e
RH2AS AR, T AR A e, ARG ERTE A
AR eg L2, e S FEAEETTVEAE LSS I BRI 408 1)
Wil S—J7iH, B HER K& L2, wm
FARRR L IR . SRR AR DT, AR Rk ARk
FEad/h (<10 pm) . BARE ¢ HIEE AW A Rish 4,
Te i R A s BRI T2 R kD

W56 25 184 A ) 12 2 5 1100 S A DA R S A L A2 i )
iR IG N, 2015 4 JF 4R o5 [ BHIT AL AL Ak oK il &
S RN T RENE I T EREAE L 45 DL 45 At
BaRm A TSR, £ 1 4H T & EMx
M B RO E A Re S . LR
e, BRIZAE R () & 32 202 R H 45 5 73k (plasma
spheroidization, PS ) Fl % & 1 jig ¥ W W % 1k
(plasma rotating electrode process, PREP) A,

IR TENKA 2 =] P02y 4 iR 4555 7 Bk b 1

HEWE: Pis E AR LI (20192dzx01-04-03); 7748 & S & 1% (2018B090906003)
1EZRIN: & M, B, 1987 F4, L, SHLEMN, WHItEESEIRR SR LR EZRE A5, Bb Mz 710016, HiF:

029-86231095, E-mail: yangk029@163.com



510 1

B 4. BRI R 2 FUERET O R

* 3923 -

RIEDALSEATE (B 1), £ 2015 F52B 1 B
R R AR B, EEM RS R AR
/A7 (Global Advanced Metals) L% o [ )16 5t RHE
K%, wivE B k. BARH Sk E KA
ST ERAGE R S T EREAR R, Wl 1c B (3]
HEBRE T Mu). H PS HAMKARE LR, 8
TR S, HAOZ$ AR DO AN ERHRE # oR, T
FRASGE R 2, PR T 12 288 AR R AR A= 7 A0 R A o

PREP HCARJE H Al Toalk A 7 e il 5T BROE 2 & b oK 1) 3=
LIk —, WK 1b ME 1d Prox. 5 PS BORH
o, PREP £iiAR-Z L& @ik MR, 8477 A
Ty RIS % o & B (4= HI AL AW, 2R, PREP
BARAF=HB AR 45 pm PR AR RS R — A 2
10%, LA SLM BRI TR, Kk, sl
#IRANLTZAMA, HE—Dikm PREP SR M4k
AR AZBORAE YA 1) 38 A0 T s ) = ZE B e

F1 B UHEEREERNERMERESE
Table 1 Main properties of commercially available spherical tantalum powder
. Particle size/ Flowability/ Apparent density/ Tap density/ Oxygen content/
Supplier Method um s {50 g) " gcm? gcm? WLt Ref.
15~45 <10 - >10 <500
Tekna, Canada PS 15-75 5 ) 10.6 440 [18]
150 5~11 8~10 - 50~200
Gloval Advanced - 45 6~12 8~10 - 100~400 A
' 25 8~15 8~10 - 300~600
Metalysis, UK PS 5~100 10 11 1095 B
AMtrinsic, GER ) 10~63 <3 - 10~11 <400 c
(H.C. Starck) 63~105 <3 - 10~11 <400
STARDUST, China PS 5~150 <6.0 - >10.5 <300 D
Yinna Technology, ) 5~15 5.4 9.64 - 220 E
China 15~45 5.6 9.84 - 200
Sailong Metal, China PREP 20~150 6.0 9.97 10.6 46 [19]

Note: A-Global Advanced Metals. Tantalum-Powder[EB/OL]. 2021-10-08; B-Metalysis. Tantalum[EB/OL]. 2021-11-08; C-
AMtrinsic. Spherical Ta Powder for Additive Manufacturing[EB/OL]. 2021-11-08; D-Stardust. Spherical Tantalum Powder[EB/OL].
2021-11-08; E-Yinna Technology. Spherical Tantalum Powder for Additive Manufacturing[EB/OL]. 2021-11-08
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the spherical tantalum powders fabricated by PS (c) and PREP (d)??%


https://metalysis.com/our-business/?tab=tantalum.
https://www.taniobis.com/home/products/productinformations/amtrinsic-spherical-ta-powder-for-additive-manufacturing.6a.en.html.
http://www.stardusttech.cn/
http://www.yinna-tech.com/news_detail.php?rid=40&id=113
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Fig.2 Microstructures of the tantalum part fabricated by wire
arc additive manufacture (WAAM) (a)?!, SLM (b)P®!
and SEBM (c) 2 along the building direction
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Fig.3 OM microstructures of the SLM-fabricated tantalum
sample (a) and sample after triple heat treatment (b)

along the building direction!?®
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Fig.4 Influence of oxygen content on the mechanical properties of tantalum specimens fabricated by additive manufacturing
technology: (a) yield strength and oxygen content, (b) elongation and oxygen content, (c) ultimate tensile strength and
elongation (P/M: powder metallurgy; EB-melted: electron beam melting)
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Table 2 Structural characteristics and mechanical properties of porous tantalum fabricated by additive manufacturing

technology
Method Oxygen cc_)lntent/ Pore structure Pore diameter/ Porosity/ Compressive yield strength/  Elastic modulus/ Ref.
ug g um % MPa GPa
26.842.2 74627 20+1.9
LENS - SS 200~500 44,7415 19247 74.6 [36]
54.3+.7 100410 1.540.3
SLM - . LS . 500 79.740.2 12.74.6 1.2240.07 [37]
(cubic lattice)
LS 75 23.98+1.72
SEBM 90 - 80 19.48+1.45 - [22]
h
(dodecahedron) 85 6.7840 85
Ls 60 59.54+0.2 3.3£0.3
SLM 440 542 70 33.2+0.4 3+0.2 [27]
(trabecular) 80 142+1 1.5+0.4
LS
SEBM 40~180 (dodecahedron) - 83.5 3.5~5.0 - [32]
LS 583.6+21.6 64.842.6 35.740.8 3.040.2
SLM 440 (trabecular) 779.8434.2  75.3#.7 19.520.6 2.240.3 [38]
986.3445.4  84.6%+2.3 11.940.5 1.140.1
CVD - Trabecular lattice 334 70.3 46.740.5 2.940.9 [39]

Note: LENS-laser engineered net shaping; CVD-chemical vapor deposition
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Fig.5 Morphologies of the porous tantalum fabricated by LENS (a)®*®, SLM (b)), SEBM (c)!* and CVD (d) !
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Fig.6 Mechanical properties of porous tantalum fabricated by additive manufacturing technology: (a) compressive yield strength

and (b) elastic modulus



510 1

Py s A w2 U T U R

* 3927 -

b

BT 3 G BRI & 1AL 2 LA 1K

Fig.7 Additive manufactured customized porous tantalum
implants by Northwest Institute for Non-ferrous Metal
Research: (a) tibia implant, (b) femoral implant,

(c) clavicle implant, and (d) fibula implant
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Research Progress of Additive Manufacturing of Tantalum and Porous Tantalum
Components

Yang Kun, Yang Guangyu, Jia Liang, Wang Jian
(State Key Laboratory of Porous Metal Materials, Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)

Abstract: Tantalum is a refractory metal and has broad application prospects in high temperature technology, electronic technology,
corrosion resistance engineering, atomic energy and medical industries, which is due to their excellent properties, such as excellent
corrosion resistance, biological characterization and dielectric properties. Additive manufacturing technology can realize the
integral forming of tantalum parts with complex shapes and high utilization, and the obtained parts can be individual customization.
In this paper, the principle and research states of spherical tantalum powder for additive manufacturing were introduced. The
research states and application progress of microstructures and properties in tantalum and porous tantalum components were
summarized and analyzed. Some current problems existed in additive manufacturing of tantalum were analyzed, and the future
development of this technology was put forward.
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