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Abstract: The microstructure and its influence on mechanical properties of casting and rolling 316L stainless
steel plate and 316L stainless steel formed by selective laser melting (SLM) were studied. The differences in
microstructure morphology, tensile properties at room temperature and high temperature were compared and
analyzed under different processes. The test results show that the equiaxed grain structure can be seen in the stainless
steel plate specimens by optical microscope (OM). In contrast, there are fish-scale molten pool morphologies in
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the SLM printed specimens, a large number of cell and fibrous subcrystalline structures can be observed after

magnification. By electron backscatter diffraction (EBSD) analysis, a large number of equiaxed crystal structures and

low angle grain boundaries can be seen in the stainless steel plate specimens. In contrast, the grain shapes of SLM

printed specimens are mostly columnar crystal structures, and there are more high angle grain boundaries. In terms

of tensile properties, the tensile properties of SLM-printed specimens at room temperature and high temperature are

better than those of 316L stainless steel plate specimens. In terms of hardness, the hardness performance of SLM
printed sample is higher than that of stainless steel plate sample.

Keywords: selective laser melting; 3161 stainless steel; microstructure; mechanical properties

1 FE

SI6LAEE AN A HL e S T 2P RE TG TP RE
T2 TR . A AR T s, 7E
InLax EEGUR ST R P IER R SER316LA
ENRIN T T2 (RLH. k. $his%) mTikitA
AR LA G A B, e B A R T R,
JEIAE ST A B AN M 7 il SR b i I, A 7 e
BENK .

WECHERR (SLM) BORRY R RS me il T
ik iE 2 EAED, SLME R CADRAI E T
ASDATENHLARE 7 rb . i I SO0 A il 4 o AC R
A A R AT EI B 2410 & RS Rl HE AR,
S5, Bt s LML, SLMEJEZ —4
i ot (A Yo g B i £ 7. R,
RS T2 5S LM A I ROW L A P 22 e
GEENEN% Y@ i #5543 F1S L MAT E 316 18 B 41
OREE IR T RERE AT X EE o A, 85 R KB, 5
PriE316LAEEHIALL, EARSLMATENIARAY fivhL
a4, (HALBREREGR , X F BT SLMATENIKAE R bk
PR E . RAMARZE i3 b sy 7 1 B i FISLM
FTEN3L6LANBEANAI O A 4 P e, B T
SLMITZ & 316L A EEAN A b A AR A 4544
T AR P RE A BT B B, WOELKZE Moy it bt 1
RIS ASLMATENS16L A SEANRYJE Tl RE, A BT
SLMAITEIBI6L BRI N ER LI SR 2, T Bl bk
PR ZE

A3 i 4 78S LMAT ElI 316 L IA A FI316 LA 55
BRI O AL RN ) AR RE , AR T2l
AR S P R PERE . e L (4 RE AN Bk HE 2E
FrrtEe s i, BRIE T PRl T 2% 316L A B AT
ML )RR, B 2S5 TAR 193161
7 it AR 3 0 P (P RE XS LU AN B AR S H, FF A

S16L A EE AR ™ ah HY S BB IE AR B PT RE, A R PEIK
MRS FIE E A, HA—E ARG .
2 REMBEHE
2.1 LR

SLMATEN Frf AT RE el >R T 5 AR ik il Y
SL6LAEEHX Iy R il , #y RAE H 225580 C 4ty
6h, BRGSO S ME LR, Ky 2K
B, DRFZIRARM, Eo e L ER A,

Bl SLM$TEDF316LAGEMMA M BTNERS

TR A 75 2 R ARG B TR N 2t AT
THRACHE, 316LANEEANkY RHIL 2B WL,
R1 SILAFMMRUERS (RS (%)

C Si Mn P S Cr Ni Mo Fe

0.025| 0.35 | 0.86 | 0.033 [ 0.011 | 14.41| 8.05 | 1.92 | &

HAL 5y RJH5110 VDV A EAH & 55 5511
R K ST AT B, By R BURL A KNS
BEHIERIRES Ky, AR 15 ~53um,

ANEIMRR S A100mm x 100mm x 16mm, %4
FHAS16L A AN, R HEHIEFL T2 A,
AR A DR A A B s A+ ER R, Bl B A1 B O v
+ K& REHE (1040~1090C, 7ki%) .
2.2 SLMFTEDIRLE

il 2 X FER 3DAT EN e £ HEOS M290, 5Bt

§EHp X

20254 4ty

www.mw/950.com 143



20254 #At)

3% 3 H B

Additive Manufacturing

E FHZh = A214W, 4t B H928mm/s, i A] B
40.1mm, ZJE40.04mm, Hebik HI316L A #4
Fto TEFTEDRT, XEAERETREEE. At
rn PR B SR TR A% 67° AUl g, 4nf&l2a
FiRe @A @ ST A DUAR X LA 1k 344 il
i R IR A BRI 5 R, SLMITENY IR AE
B4 Ui P (R TR R s T P A, R R AR
BB ek AT EN K R AR, & m LAk s
TIETZ BT . ATENSERE . FIFH 2 b E1H 1R A K
e BRI Ok, AT IREEALMOIN L, 316L AN EE4N
R PR AR A 8 316 Lk B A A 1) 1 Je AL B i I
M. FTEN G RO LI AL TR 2n & 2b B o

a) FHHHNE

b) FTENR KRR =4
B2 SLMITEN316LANEM MK S
TN =4 E
2.3 HMALRE
(1) oWt 4 T el SLMATE]
S16L A EEANFNBL6 LA EEAM A FO fg I 55, 40 511 il
fEL10mm x 10mm x 10mmy £ A1 FE . A BIE
320H . 600H . 1000 2000 H 13000 H [ #% 1t ik
WG B EATHT BEAL B, FFI FH 2.5 mity £ I A7 & jih
WHEATHLE G . R 20mLERER + 100m LIk &
B + /5o B T R A TR 5 T B PO B8 i e — 3 i 47
b0k, JHSteREOR!I&4H R B: (OM) MEEA
BEENAR FNS LMAT E H 1 4 AH KA 2 T (1 fioW 4 401

§ &L nmT

144 www.mw/950.com

SRl B 9 40 A 1 L

(2) EBSD#T  MAEHHANSLMITEN IR AE
Fr o B EIH 10mm x 10mm x 10mmayikaE, *Hf
FEHEATHT BEFHLMAG O J . FH 5% 5 SR + 95971 FG
TRIRAE E I 40V T HLfEHI:30s, EBSDEHEREN
Bl R=Fo4500pum x 500um, B hlum, &R
5 4JSM-7900F , #is %452 )5 I Aztec Crystalx
BEATALEE,
2.4 JiEEtEgEmliK

(1) =iRpi ik h THFRAE R L LT
X316 LAV L REAI RZNA , @ ik SLMATE(
FANEE B b rp B 5 325 il = IR b iR, hE
IR SR S B SRR B TS, B RY B
hsmm, AREEAH25mm, B R R ) 40 P 3a
Ao MIAHMIE R, MBI R TE. S
WD W-600E%Y i, ~-hr (IR B AL 43 B 5 AR BT
PR (R,) . JEARSEE (R.) Fnfig= (A) it
Frimiif. Hi ARG 48 2 40.001s™, ZEARTRIY 4%
T, 43 BT ASEEARMCFNS L MAT B[l B 9 R AR AL
BEAT 3V 10 T AH B R

(2) wimbi i Edb R Bk R
WEBbATIR, it S /E450 CHUIREE itk 1T,
B R GE % 45 A B A mil A Zh BERYWE D200 7Y Hy,
FHHRIEHL, AR A8 = 40.001s™, SLM
FTENFN3L6 AN B AW A o b A I AR S M KAk, il
e UIFIAY 75 XRAF . (E FAMLAR BB S T B A
T P 2E AT SR Lo T, A 59 B 2R
PRSI, W AR, EERARH R S B e T

a) iR b) Tl AR
B3 SLMITENFN3L6 ARG M = R B E AR T



RE T, IRIE=2 Ol A B AR . IR
wAhsSmm, FREEA25mm, K& ERESE, o B
SLMHTEN 316 LA BE Ak Ak o A 1A 35 A7 30k Mk I
10T AH B AR o

(3) MEEEMIK 4 THFEAIE N L L Z %3161
AN AN PERE R S, ek S LMAT ENFITM AN 85
B B A O A A el R A, AR RS,
10mm x 10mm x 10mm,, s FH 4 B RE JE L 45 516 P
Fon T C 2R 316 LA 1 4 7 24k EC . v EE B8 P 0
#HAF (HV0.5) 240.5kg (4.9N) , {fEH} A #15s,
B A5 AHALHVS-650-XY Z, 43~ ShdE 751k
M, TR
3 HRERSITIR
3.1 MG

B16L A B FIS L MAT E1316 LA BE 4 I AL 1)
OWAH LTS an Bl AP s, Hor, [El4asySLMoKE
FTEMKAE M IO TE L. I Bl dar vl i5 B th & L
Pt B RATRIECE A, DA It O R A0 T 30 A
AT T A MR b, TR 2 ek, Rty
HEMERERY, (ESLMITENE R, 316LAEEHIH
KRR IA A, HHBESRZHPEE A% E, 15
SLMn Tt #err, SOt A LG SR X8 by R
R, WRAM, BEEECR AL, HihiiE
B, HS5AHEMRAER, B3 T AsRHEST
faith . Al MEEIAH AT DLULEE S Y AR i 2
Fo ERLRAE R AN ZIE A BT, IR TS RS
o2 A, EAbFT R A 316 LANEE AN AR I A A Sl oW
TEsR, Horh T UAFE S M 7Y A S A it R T 30

B 5 it 71 b KI5 S L MET R ARE 1 13 9 20 2R 7
S MIEISH (LG R N vl LA H SR N A K
T 20 B AR R 542 . 3X SE AR RO i &5 44 )L T
BRI, R RS AR . RO & S5 44 1
TR BB g+ 5 2 HABRI I 25 0 B, Ak —A>
PR P i 55 4 8 {th 64~ AR IR Al 5 A4 LR, T
RSB R A 7SI . LL TG R N AT LA R BK &
HILFHER T b S5 4 . X BTGtk dn 854 LA BRI
Kookt O SAMMRIE A R ST HH

V. ity £85 A PR TR 15 4T Bt 2 v 22 29 SR A Tt [
H 316 LANEE AW By A ks 1h 5 [ o AU i Ik i [ S 351y
P g kA AR TR E YIRS . fESLMITEN Y #2

% Ml B

Additive Manufacturing

a) SLMITEN3L6LA NI AR LU

b) SLELAEEHIBR IR A A T
B4  SLMITED 5316L A RN BNE R R

E5 MARSLM FTENLRRIRA AR R
W, BOEHRAE R B AR IR ika it BE & L
SR FTRE D, SR EEE . BEEFTENR A A
W n, P K/ P A B D PR B T, P K/
P 5 R 1 R R TR IR SO 2 S, 4 &
BORFENER R B AFRAR LS . BeAh, HfEgein
T T e B AN 20 AL, SLMATED
TR AN R A R, PR AT I ¥ AR
P — Bl TRERRAR S . HSLMITEL 2
H I 7 A B D B HG H — S 4 AT A e A O i 2t o
BEIEA L e R R IR 3N ) . Bl B AT

§ &2 nm

20254F 4ty

www.mw/950.com 145



20254 #At)

% Ml B

Additive Manufacturing

TIRLEE AT, (e 2 A L TR B i e B
R, R T e Z AL R, S8BT MG F L
EROEASHITE R . Rl OLEE A AR T AR SE 5
I, CrEE SR BCR B WE N, I H R AN L T R
PEEENE . X LEAE ffRL N F A o B R 25 388 A A I
At o EARSHACHI AL 2 T ETHES ], EAIE R T
DA

V. i 55 6 R R /N5 FRE AR R 4 A B [ 22 R 5%
it FE BB E G ANl B AR KOH KR, G5 RAYIE IR T By
RATEN TZES 8L AR LR . /ESLM
FTENSL6L A EE AN Ayt f v, AH6F A2 3 Y G/R T fiE
BE T AR ST B, BE G G/RIE B i PRI,
it 5 Ay H 2 PR R T 1) £F kIR i B . GARIA

a) SL6LAEEHICE r] AR B sy BT 2]

¢) 3L6LAEE AN &

e) SL6LAFEHR iR

(B HIEE) g Eaik/D, G-RIEMK, Prik
1L 58 S5 eyl A
3.2 EBSD4#f
S16LANEEERH FIS L MET EN316L A BE AR AR AY E
I) AR e T B AR PR R A6 B . M
THHIE 1A A 53 B DA R AR R ST e R T L
AR L, BB AR R A OB AL 2H Hh KR 55
B A 2R AR AL BR, T SLMATEIAY316LIAAE K
R AR AT D R B S R A B, 316LANEE E AR I
FERPE iR R 4 9.29um, T SLMAT ENIAAE Y-
kb HAR A 17.56um, SLMATEN {3 HY316LAEE
EATRAE A Al R T S WY SO T AN B AR B R Y b
Rt SLMETENTA: AL H AR i 14 Al [

b) SLM4TENL6LA BRI [ % . il 53T el

d) SLM4TEN3L6LAEE ML &

f) SLMATEN3I6L AEANAY b R~

E6 316LAFWRFMSLMITEISI6LAFMILHME ARG RHAHE . REURERRT 275 E

§ &L nmT

146 www.mw/950.com



AR 3 05 T A7 AE SRR A AR JE 36 Y . 7ESLMATEN
MR, RS IR A D ER [ b it i
AR AT, BEUF AR it P BN T AR IR
TR, AT 3 T LR IR S T8

El6c, dA316LAEE Btk F1S L MET EKAE I
Bl MIEEHRI R, “HAH RGN 5R ER A 2
o ANEE B IRAE i B R A 5 42,30, KT
SLMATENKAERY3.33, M TSLMITENE ferh, it
14 HVIGE [ IR AR S 5 1) AR FE R, R v it B 5
ALY, AR A B TR 52 B [ Y R
A R RBE BE T R ARG, T8 T SLMATENKAE
I 5 BE i T A BE AR I L I 2 588

El7a, b AN FSLMATEN316 LI FEHY
n ot . B 7a, DT EYSR (8 2 S R OR A/ A
(LAGBs) , @ftHUAZMHA2 ©~15 ° , HAEL
HRfERA (HAGBs) , @hfiiltmf=>15 "
METH AT A, SLMIKRE R K My B & 5 b oA

a) S16LAVEE B IR AE Y S 8 16 [l

¢) SL6LAEE IR I iR LA

% Ml B

Additive Manufacturing

36.3%, /MBS 463.7%, SLMITENIR AL ERITY
A2 ARKMAEMN . HZHR, NERHET
KABE A A13.9%, /N i EE 4 86.1%, K
FENERA R/ T IR
3.3 fIfhlksE

B 8 Ft 7w A A [a] 2T A I A B Al B B hir
SREE . JE R oR AR, B8 R LA Wb E
H, TEAR PRPUHL 9% B 75 0, A A AR B IR Y
(633+12) MPa, ifiiSLMITEI316L AKX K K
(695+20) MPa, SLMITEMRFEMIAR FRRBHE 58 B
PO A BE AR I A A AR BR U o8 BE 2 3 T79.79%, A
AN B AR JE AR B4 (403+15) MPa, ik
T-SLMITEI316L AR AL Fefy (550 £11) MPa,
£ SLMATEI Fr {3 1316 LA B5 8N AL st AE 1) Ji il o B
PEANBE AR AP T 1 36.48%, fEMK 1, A
BB AR KR (39+1) %, SLMETE
BI6LAEEHNIAAE S (484+0.8) %, SLMITENRXAER

b) SLMHTEN3LELAEE SRIAR:AY it 7 H 1 2]

d) SLM4TEN3L6LAEE IR i R e A

B7 316LAFEMIRAISLMITENS16L A E IR RIEBSD R B R E 5 R R4t E

§ &2 nm

20254F 4ty

www.mw/950.com 147



20254 #At)

3% 3 H B

Additive Manufacturing

B8 EiR T316L A MR FSLMITEN3L6L A EE N
AR R
MR ER T B WA, PEReftm 1723.08%,
16450 C 378 F316L N 854 5 SLMATEI316L
ANE AL DL RE 2N OB 7R . B9 vT LATE
W A i, fEE AT, SLMATENHL i AR I8
Ik 5% B AR BRR i 55 B 4y 1 & (373 +£13) MPafn
(444+15) MPa, {/58Kkm T316L A A hr i
e (304+11) MPafn (410+21) MPa, —E4 4l
T 1722.70%%18.29%,, SLMATE[IRL ik A K
£y (35+1.1) %, & F3L6LAEE MR L it ARy
ik (29.5+1.7) %, {EfKEEJ7HE, SLMETE]
TRAELLIL6L A AN A E 1R 57 1 18.64%,
HEHall-Petch 2y 2001,
o=0,+kd

A oo B SR R ARG E, A AL

E9 450°C &R T316LAFEMITINAEFISLMITEN316L A E N
R B AR
k——Hall-Petch & %% s
d—F¥ PR (um)
M AT DAV, iR i iR 52 8 5 R
PR A iR ) B ST AN oA N Wi

§ &L nmT

148 www.mw/950.com

SRS EAR RS R, RARIE T SLMATENTY
SL6LAVEE AR IR AE A0 i bz i R~ EL 316 LA BE Hd A 1y
AR AR, [HRRSLMATENE ferf, dbrNipss ™=
A AR, I R E5 A R T S i /T A BB AR
BARAERT SRR R ST o 0 i B8 A Y H B P B 3 I 57
W%, (reEissh I eR SR R, fr B 2k dh
FHAEHER, s s RIPRAS N, BRESLMATED
SLOLANEEANRL (A 1 i Ik 56 o 2 15 T-316L A EE 4K
AL A 0 J AR 52 2

BEA, KA RE d 5 EER RS I FI T d v 1A
AORLIfPERE . AERLIIKAERT 2 e, KA B
St i At ANk R REy R A, PR RS —
By e, SHADRRL, /N dh S R EUE T 3%
AR SCEAEM ., Bk, KAERFERL,
Wi 2o B b T SRR RE R L, AT IR A JiE
58 B AR PR DAL 98 BB . AERL IR, T
SLMITENRFER Ff it S BB, R PR
TERE DRI B BUhs o BEAH A3 T4 .

3.4 mEEMRE

316L A S AN I AL FIS LMAT EN 316 LA E5 401K
FEA R BE P RE AN 1077 . AN TE1 10 Fp mT LA 1 b 3
Hih, BL6LAEEMRIAVREE A (198+7) HV, 5
S16LAEEARBAHEL , SLMFTEN3LOLAEE H I A () i
FEPERER (228+10) HV, $#i& 115.2%,

SLM HTEN316L A BEAN AR FE Ay fd i 55 A
ERZ ARG . S e N T HiliE TZAAEL, SLM
FTEN 3t e v 45 85 O A 101 1 0 B 1] o e L T 42
PRAY IS 2R R, SEIAFE SN A T

E10 316LARGEMARIKAERSLMITEN 6L ARG RIA AT
MWiAER



RERIFRARIL ST, SXLE Py T Pet T hHBE A ER L Y
FeHE . BEAh, SLMATENS16LABEEN I AE R Bl 5 7= A
KRB EE A, X LT i S5 3 5 Rk i
(LR PR T, X S A AR A T R B
J1, NI A SLMAR (it 1 AN RE FE

4 LHRIE

B E B IEFLII6L AT IR ([&ia + ki%
22 H%) FISLMATEN316LANEE AN IR I floW 544
PEITPAP L2 A Rer e, AR 4R,

1) e BEE T UG H, 316L RS
AR R SR e, B PR 2R mSLMATE]
SLELAEEANIAAE rT LAML 52 2 th iR I i 300, HLdh
RLAL R R ERIR &6, YRR RS esefa, TG
K ARARFNEF AR AT df 54

2) WILEBSDo T, LKA AERY
ar L R /TS LMAT B 316 LA 45 8 IR A Y i bz R
st AN SR 58 /N SLMATEI316LAS
BRI LAY 52 8 s fEab A LT T, ANEEANAOLAE
NER/INFABE R St T EETE K, MISLMATEN316L A4
TRERY K A B il 5 BB R,

3) fEEimbiffEERE T, SLMFTEN316L
AN 5 A KR A Tl SR R RR A PR BT Bz 58 BE 4y B A
(550+11) MPafn (695+20) MPa, i TAEGHN
BOXAR AR % (403 +15) MPaFiflk BRETHL 5%
(633+12) MPa, fEfh& 25T, SLMFTEI316L
AN AFER 2 4 47.2%~48.8%, & T AN
BOXARRI 3R (38%~39%)

4) {EA50°C @il T, SLMATEIIK AL A i ik
R AR PRPUPL 9 BE 4> Bl A4 (373 +£13) MPafn
(444+15) MPa, @& T AR IRAR R AR 55 B
(304+11) MPafitkfRpihisReE (410+21) MPa,
FEARK 2T, SLMATEN AR AY {22 4 33.9% ~
36.1%, & TASEMB XA KR (27.8% ~
312%) .

5) {EWEEEJ5 T, SLMATEN B ALY RE B A
(228 +10) HV, & T A 80 0 I8 £ 1Y 8 B
(228+10) HV, I TFAHEMH, SLMFTEI316L
ANEE NI AR B 12 57 1 15.2%,

Sk
[1] # A 6, =M. 8% K HOBE LR H316LILIR B 7=

% Ml B

Additive Manufacturing

A E5BARDN] #woim T T ¥, 2023, 52 (12) . 105-
113.

2] £HE, K7, WREAS, % HEEXBEALHE
BSIBLAGMA ¥ M EARI]. 2B MIT (Ao
T), 2025 (2) . 34-41, 48.

[3] TANPRAYOON D, SRISAWADI S, SATOY,
et al. Microstructure and hardness response of novel
316L stainless steel composite with TiN addition
fabricated by SLM[J]. Optics & Laser Technology,
2020, 129. 106238.

[4] LEMARQUIS L, GIROUX P F, MASKROT H, et al.
Cold-rolling effects on the microstructure properties
of 316L stainless steel parts produced by laser powder
bed fusion (LPBF) [J]. Journal of Materials Research
and Technology, 2021, 15. 4725-4736.

[B] BK&E, ek, ThE, F. BXFOLEMLE
MAEBEAFRIAREREZD]. £ BT (Hpn
T) , 2023 (10) . 14-19.

[6] x| #, x| &M, £F, %. BOLHMHEIL6LL %
WA R B R D] W4k, 2024, 59 (6) .
155-165.

71 ¥4F, BR%, 28, % SAwEESERKEL
AL FMARRE Lt m[J]. Hm T T
2, 2024 (19) . 22-30.

8] %, R#, WXH, ¥ WMIIT L wEEELLS-
SPHR ¥ M &Mk mZul] LxEIX
¥R, 2024, 44 (3) . 251-260.

[9] GEENEN K, ROTTGER A, THEISEN W. Corrosion
behavior of 316L austenitic steel processed by selective
laser melting, hot isostatic pressing, and casting[J].
Materials and Corrosion, 2017, 68 (7) . 764-775.

[I0O]RAMAR M, LAKSHMANAN M,
KANAGASABAPATHY H, et al. Mechanical and
tribological properties of SS316L with comparison
of SLM and casting methods[J]. Materials Today:
Proceedings, 2023 (3) : 333.

[11] WOELK D, KAZAMER N, M RGINEAN G.
Comparative studies on the microstructure and
corrosion behaviour of forged and SLM processed
316L stainless steel[J]. Advanced Technologies &
Materials, 2021, 46 (1) . 1-6.

[12] EFE Y, KARADEMIR I, HUSEM F, et al.

§ &2 nm

20254F 4ty

www.mw/950.com 149



3% 3 H B

Additive Manufacturing

Enhancement in microstructural and mechanical
performance of AA7075 aluminum alloy via severe
shot peening and ultrasonic nanocrystal surface
modification[J]. Applied Surface Science, 2020,
528. 146922.

[13] KURZYNOWSKI T, GRUBER K, STOPYRA
W, et al. Correlation between process parameters,
microstructure and properties of 316 L stainless steel
processed by selective laser melting[J]. Materials
Science and Engineering: A, 2018, 718. 64-73.

[14] LEICHT A, RASHIDI M, KLEMENT U, et al.
Effect of process parameters on the microstructure,
tensile strength and productivity of 316L parts
produced by laser powder bed fusion[J]. Materials
Characterization, 2020, 159. 110016.

[15] DIXIT S, LIU S, MURDOCH H A, et al.
Investigating build orientation-induced mechanical
anisotropy in additive manufacturing 316L stainless
steel[J]. Materials Science and Engineering: A,
2023, 880: 145308.

[16] YUAN B, GE J, CHEN H, et al. Printability and
microstructure of Fe doped NiTi shape memory alloy
fabricated by laser powder bed fusion[J]. Materials
Letters, 2022, 328. 133099.

[17]

(18]

[19]

[20]

[21]

WE, KAKF, %, & ZREETALSAR
Vg TANBE 4 M oy o [J]. 4%k, 2023, 58 (2)
154.

CABRERA-CORREA L, GONZALEZ-ROVIRA
L, DE DIOS LOPEZ-CASTRO J, et al. Effect
of the heat treatment on the mechanical properties
and microstructure of Scalmalloy® manufactured
by Selective Laser Melting (SLM) under certified
conditions[J]. Materials Characterization, 2023,
196. 112549.

YAN F, XIONG W, FAIERSON E, et al.
Characterization of nano-scale oxides in austenitic
stainless steel processed by powder bed fusion[J].
Scripta Materialia, 2018, 155 104-111.

LI'Y, MAC, QINF, etal The microstructure
and mechanical properties of 316L austenitic
stainless steel prepared by forge and laser melting
deposition[J]. Materials Science and Engineering:
A, 2023, 870. 144820.

WANG H, JIANG P, YANG G, et al. An
investigation of the anisotropic mechanical properties
of additive-manufactured 316L SS with SLM[J].
Materials, 2024, 17 (9) . 17092017.

1} 20250225

(- +%5814171)

differentiation of human osteoblasts[J]. PLoS One,
2015, 10 (1) : e0113426.

[59] kAT TiO 4y K& Kkl 40 M shEE gty K H A
AR A R[] AR WREREAFE, 2012
[60] TAN J, LI J, CAO B, et al. Niobium promotes
fracture healing in rats by regulating the PI3K-Akt
signalling pathway: An in vivo and in vitro study[J].
Journal of Orthopaedic Translation, 2022, 37.

113-125.

[61] ALAM K, JEONG G, JANG W, et al. Enhanced
mechanical properties and in vitro biocompatibility
of TIMoVWCr high-entropy alloy synthesized by
magnetron sputtering[J]. Applied Surface Science,
2023, 639 158222.

[62] YU B, JUMA T, WANG H, et al. Development
of new Tig,Zr,sNb,,Cus_Ag, high-entropy alloys with

excellent antibacterial property, osteo-conductivity

20254 4] ®
150 www.mw/950.com 4\/'{)»’1 AmL

[63]

[64]

[65]

and biocompatibility in vitro and in vivo[J]. Journal
of Materials Science & Technology, 2023, 141.
209-220.

YANG W, LIU Y, PANG S, et al. Bio-corrosion
behavior and in vitro biocompatibility of equimolar
TiZrHfNbTa high-entropy alloy[J]. Intermetallics,
2020, 124. 106845.

WANG H, LIU P, CHEN X, et al. Mechanical
properties and corrosion resistance characterization
of a novel CogFey,CrigNiy, high-entropy alloy for
bioimplants compared to 316L alloy[J]. Journal of
Alloys and Compounds, 2022, 906. 163947.
KUMAR P, PATEL M, JAIN N K, et al. Bio-
tribological characteristics of 3D-printed Ti-Ta-Nb-
Mo-Zr high entropy alloy in human body emulating
biofluids for implant applications[J]. Journal of Bio-
and Tribo-Corrosion, 2023, 9 (1) . 21.

L' 1)} 20250129



