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A THAELB S EMR RFWBEERF TR, MAREHRA, £LO0CTHATRLER, ALWHFEH
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EmmE g B, b, B oy A IR E T DLE R SO AR AR AR R A, D R, 2401000 CH
AL IF XA R B & /N0 13 mm) . # AL IE K Ak SLM R CoCrMoW & 4 Wt B R =6l £ X 2
EL AR AR bR E RS AT R,
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WOtk X E 1k R (Selective laser melting,
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A A TP, SLMERU G ESH KR NIE
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MBS 5 kL AR SR ARG . W
TG A A FT BN SR WS DL IR FT B A R A R A B
W, LA 5 2 $0 kb 3825 B 5k A N ) DL )
PERE,

SLM BT EIE A 4 CoCrMoW 1 i bz 41 /)8,
B AU FE R A J LAk b ¥ 55 4 JE Bl Ak & B 1 E X
Bt T o 35 AR A e A FOR A L S AR A R R
FCC 45 0 19 w5 I A y-Co, I I 4T B & CoCrMoW
A 4 i HL i ORI i AE R AAAL B 2 AR AR
2R, A R A 1 y-Co FH R 43 55 A8 i HCP 4544 (1)
e-Co M, MR AL Fedk . 44k 1Y y-Co—>e-Co M AR IR
JE 2R 417 °C, i CoCrMoW & 4x o HCP #H (1 4 /&
JL & Cr.Mo . Si 2= fifi #6428 it B 32 & , 1 B y-Co—>
e-Co 1AL 20 Jy 2F R G 3l 75 i 1 By 1 % 5 IR
A A A B A5 L I RICR A 2 A ) A AR R AR 1) [ st
S BB A U, XA AR T FLAE L AT 4
T A 4 B RS PE . 2016 4F, Mengucci Z
K2 T BOERe 4 E CoCrMoW & 4 Hh i #7
#H i HCP %5 # 1) Co, (Mo, W),Si 4 J& el ik & ¥ .
Z a2 MR — B UE S T X — &5 3%, I LR B
AR B T2 AT DA A A5 B AR ORL Y o A R
sEOBCE: R Ik B BEAR A i R S B R Wed
SEPUBIE Y I TS AR EE (750,850,950 .1 050 Al
1150 °C) F# a3 1 h, =¥ 50 SLM & &
CoCrMoW & 4 1y J1 2# Pk fg , & BLFE 1 050 °CF #u4b
FEAT DL A R AT i B R R R TR
T L2 PO B A A A% B 5, B AT E N R A
& 2 RN T R A A AR LD 3 4 3 R TG T GA #
1000 “CLA -, — % HBE A £ 900—1 000 °C.

(a) ————— (b)

37 H A SLM i IE CoCrMoW 4 4 #uAb 3 T
AT AR A BRI () K A 7 REOR AR RN M LA A2
SEBRIN T/ 2R, LA B #ah B R — B0k Ko il
A B B 5T A A n) B, AR SC LA R 5 Ak
CoCrMoW & 4 B K b 52 5 #4 B, X SLM i B
CoCrMoW & 4 76 A [A] ¥ £ (920,960, 1 000 C)
PEAT A RAR . [R)A HR SEAS [R) BAL BT 2 A
S WS AT DA PR RE R AR AR B Y R
9 SLM I IE 15 B CoCrMoW 4 4 14 BT il 5 1 E ot
PR R 2%

1 SLIEERHY
1.1 M8 R %R IE R

S F CoCrMoW & 4 M 2, B T N 40 156 41
B A R F R AR AR B s KSR E & B oK
K A% F Oy 15—53 pm  HR 52 % )& 5. 38 g-em LR
BB A, 96 grem P B 16. 05 s+ (50 g) L K
AT, i SLM & % (#15 FS121M-UP, &
W s B A, P ED FTENA 4 CoCrMoW K, SLM
WIE T 2S5 T2, K1 AFTEHRFE R E R .

#1 CoCrMoW # R4k E 4

Table 1 Chemical composition of CoCrMoW powder
%y Co Cr A Mo Si
Timw/%  ARiE 255 5.7 4.5  <1.0

x2 SLMEBEIZSH
Table 2 SLM process parameters

TR/ A R/ P, EmEE/
w (mmes ') mm mm
200 1000 0.08 0.03
107.55 =I

! f

Ll

T T

65

PRERE I A7 :mm

(a)—J5 Hahe s (b) —Hrfislhe s (o) — Bl B8 AT
(a)—cube specimen; (b)—tensile specimen; (¢)—warp specimen.

1 TR ETRE

Figure 1

Schematic of dimensions
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1.2 AELE

fifi FH L 25 R4k B (RS R-1904, BRI 17 By =F
B R A BR A A T ED X SLM AT ER A 3k
FEFEAT AL FR . B B LL 10 “Comin A THIR B, 2
LK R EE I 2R 920,960 A1 1 000 °C, £ A R R JE T
AT HAL BRI O 1 h, Bl S 9798 2 600 °CJE BCHE I
B o Ry ik — 5 R 5T Ak BRI B X i A% L ) R B
e RoF — 3otk iy g, ok B S & (B85 A3+,
Vicee 28wl A2 7 v [ ) Xof $44h Bk 11 B 00 ek 0
FE AT R0 8 % (TR AL IR FE 960 °C PR 2 min, £
BB B 940 °C HRHR 1 min, EAG IR 3K .
1.3 MEEEMIK

KT BRI HL(BS CMT4504, 1 4 7 JR ik
e ALA RS ) A=, v D) SR AT S il ik, o il ek
2 mm-min ‘s F) 33 & 5 SEM (Phenom ProX,
Phenom, faf 2% ) M £ F7 A FE % 7 11 T8 S50 RATT 3 A4
FIFH EDS 43 H1 A1 A 09 158653 o #% O BoasRE 7 85
JEJE , FH K il b 2 RV il 2 1 PR B LG 3 1) J ot
JH 4 A0 2 5% (Axio Lab. A1, Zeiss, 2 & ) W55 H. 4
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N \ il
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§ T \\\J,“ o K\i
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3 el ’\‘“ "\ pie/ & B
Vst viia s

L‘ TR

A \i

N O PO K
(a)—4TENZS 5 (b) —# b H 5 .
(a)—as-built; (b)—heat-treated.

AL, AT R 56 A Ak BT 2 RS T AR A B 1 R
Je R Ot 2 B OB (SK2208U8, Saikedigital, 1
B ) 0 o0 R SRR 5 B TP B AT T LS
&
2 H#HRESW
2.1 ERER

2 2 SLM W 1 i 4 A S 3B . AT 2(a)
AL R 2 AR B SLM I 1 | e 58 R 45 4 Sk
SRR (I S NN VB R B W A LIRS A e (P
B, SLM BB 14 1) 5 fok 45 A8 32 22 RO F 30O Al R
W Ko B S8, P RS A R R AR A ) AT Al
(400—500 C)RE T B y-Co—>e-Co [A] K 5 A4 4
8 A T T U A L T BE P R TR G2 A A
Sy RE 2 K, B R RS B A . f SLM AL
T V8 20 BERR AR, SR AN B3k B34 T 22 AR A A
i 76 25 T WAL i, DA B & A y-Co—>e-Co #5481,
MEEL 2 () AT UL, AS [R] 38 2 1) #8 Ak 3 35 fifi 45 4 ok &
AT GRS T A R TE R e S A AT SR AR AE ORI
AEAHER,

2 £HEHEER
Figure 2 Metallographic micrographs

] 3 A AN [] #44h B 2% 14 R SLM R /4 1% SEM
o ML 3R] DL, AN [a] $Aih B B2, B T % A
Kb L) 4 E Ak A P sk £k i % U Hh o 7E 920
1960 “CHALFRE BE T, Bt AHAE SN b LR &
By5) H % L0 A, HAR AL B0 BE 960 °CTR T H
AHRT B 8K T 920 "COULE 3(a—b) ) 3 24 A4k R
FEHETEZ 1000 CHY, B th AR 32 2248 b T 5 B 4b i
i P A (DL T 3(c) ), 156 BH & 9 B BT 1 A 2 3 43

B o, Bl AR AL BEE BE T AT A AR K
15 hkL A, A FE R BE 1 000 “CR A7 H AR 19 R~ B
R T 920 F1 960 °C, 7E SEM &4 vh 22 3 45 5 5k
Br A, Ui E & R TR O R L 4 EDS S8 T
S IRAT A AH P B E Mo MW ot & (LKL 3 (d)), 1 HL
B AR R ST E s TR . 45 A Skt R
T, ALK W BT A R Coy (Mo, W) ,Si 4 J& 1| 1k
Y.
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(2)—920 °C; (b)—960 °C; (¢)—1000 °C; (d)—#7 Hi4H EDS & 43 #7 o

Energy/keV 10

(a)—920 °C; (b)—960 °C; (¢)—1000 “C; (d)—EDS spot analysis of bright precipitates.
3 AEMAEZMT SLME T 48 SEM
Figure 3 SEM micrographs under different heat treatment conditions

2.2 SN1ZFiERE

T Ao 9 A SR BE T2 AT DL S e AR KRR Y
2EPERE . B 4 N [ Bk BER B SLM AR 14 (1)
Jisrkfe. MW ART U . SHTENAAH Lt , 3 Fp 4 4k
T2 B A [R) P2 B M 4 T T SLM B 14 1 5
28920 “CH AL B J5 | Ji IR 5% BE K BT P 5 B R 839 AN
1277 MPa 4y W42 F+ % 1 134 F1 1 412 MPa, {H 4 fif

1600 20

muTs 0.2%YS M Elongation
1400 18
L16
12001
c3 14
a X =
1000 3 s
kel =}
=% =
= 800 2 105
2 =
7 6001 &
L6
4001
-4
200+ "
0 T r — 0
As-built 920 °C 960 °C 1000 C

B4 SLMEFEH N2
Figure 4 Mechanical properties

RHR 179 B Z 7% ; b A AL R R A 4R
SLM B 1 5 B 32 7 B AIG , A fif 383 [ml 7, &2
960 CH AL B J5 SLM B IE 14 19 Ji IR 58 B2 Bt i
BE 4R 91 1 019 11 373 MPa, JEf %8 9.9% ; 4
1 000 “CH#LL L JE SLM BUIE 7F 19 J Ao B2 4T i 5
JE 43500 2 892 1 1 294 MPa, JEMi R Ky 14. 8% . Al
PAE R BT, SLM I 14 19 i Jle 8 B2 12 2 A8 A2
G o7 P BB Y SRS kA R T RE R 9B R AR
T bR % BRI A S R AR . R
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ERETER,PEMNAKAZEL S FEEZH
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TRV IR AR o 5 B A e 3 B AU AE AR i LA R
F T R AT )R

SCHRLL, 10] W 58 45 3 2R 01, Y 44 4b 393 2 o
750—950 CH} % 4= y-Co—>e-Co By % 2% , H e-Co
T EAE 950 “CZE A7 B Ik B g5 KA, 2 #ah BRSO
1000 CLL EBf &4 e-Co>y-Co BU%6 7% . | T AR 0F
9% K FH Y #R 4b B IR R 920—1 000 °C HL Ja] B 1Y
40 °C, 1NN e-Co M 7 & 22 F 8¢/ R X ) 2% 4 B
B A B o 53— 7 T, B R AR G RS R AT L
VEFH , 2l 5o 3 0 e P 4 15, 5o Fh 8O Bl 2 1 o A Y
B 2 RBLE/NHESR Y . 28 920 CHAL HL S
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W AT R AR 5 X P kb 38U B T 28 1 000 °CRY, Bl & &
BT R AE B 5 M, LA B IT R AR AR REL A It Bk i £ 25 O A
55, 0 B Ak S AR AT TATER S . 5 ik,
FVERE AL B S5 AT A R RS R i A
58 Z A AR S <

B 5 M fr il RE A W R SR . I S AT L < 4T
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(a)—4TENZS 5 (h)—920 °C; (¢)—960 °C;(d)—1 000 C,

HLAY SLM BUEAF , T 0 T 32 155 AR R
D] T 7 7 A 7 24 5 JE B T 5 22 0 3 (LB S (b—
d)), BIRIES ANl ) % 3 o v, R M A
JERE A BR . 28 920 CHAL 3 J5 SLM BUIE 7 14 Wi
CA KRG By, B4 X A 383 A 246 , 4 it
TA Ry 2 G ) ) o i B ORT 24 X — L R 4 R 5
I A B J 2 e R 8 S — B B 2 AL BRI R T
%960 “CHI 1 000 “CH}, W7 178§ 3258 0 K 0 4 24 6%
85 , UE B A 4 0 S0k AR T 5 ) 3 W 4 T, IR 4 A

(a)—as-built; (b)—920 °C; (¢)—960 “C; (d)—1 000 C.
B 5 SLM R 4 b T 7% 3%
Figure 5 SEM images of fracture morphologies

2.3 TR

6 Sy B3 B 9 SLM R 74F Ak B 1
M AT B, 2 A B S PR 0 B 3R SLM B R &
AT R (WLE 6(a)), SLESMITR, L2
W TGRS o X RO E R A AR v RS T,
B Z 5 B8 H MR 2B, 7= TR S
b S R B B R SLM T £ 8 th AR S
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(a) — AL F 5 RO M AR 5 (b) — AR 3& 4 T2 T Sl A2 e .

(a)—slight warping after heat treatment; (b)—severe warping under inappropriate heat treatment.
El6 #HAEERHIBEZSIMEAEGHBAMTRE
Figure 6 Warping of heat-treated warp specimen

3 HAB/EUEEENEBTEE
Table 3 Warpage after heat treatment, oxide fire and
ceramic fire simulation

o Bl b/ mm
W/ C —
AR BU RS
920 0.25£0.02 1.240.1
960 0.15£0.02 0.5£0.1
1000 0.13+0.02 0.340.1
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of Manufacturing Processes,

Effect of Heat Treatment on Microstructure and Mechanical Properties of
Selective-Laser-Melted CoCrMoW

QIU Zhiwei"*

(1. Material Technology Innovations Co., Ltd., Guangzhou 510651, China; 2. Jiangxi Yuean Advanced Materials

Co., Ltd. , Ganzhou 341500, China)

Abstract: CoCrMoW alloy is an ideal material for metal substructures in porcelain-fused-to-metal crowns and removable partial

dentures. This study focuses on the heat treatment process of selective-laser-melted CoCrMoW alloy, particularly addressing

issues such as low production efficiency due to prolonged aging time, as well as part dimension consistency and warping after

heat treatment. In this study, specimens were printed using 15—53 pm gas-atomized powder as raw material, and were

subjected to heat treatment at temperatures of 920, 960, 1 000 “C for 1 hour, followed by furnace cooling to 600 °C before

removal. The effects of heat treatment on the microstructure and mechanical properties were investigated using metallographic

microscopy, SEM, EDS, tensile testing. It was found that after heat treatment, the second phase precipitated in both the
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intra-granular and inter-granular regions of the alloy matrix. After heat treatment at 920 ‘C and 960 ‘C, the precipitates were
uniformly distributed and dense, while after heat treatment at 1 000 °‘C, the precipitates within the grains had partially
dissolved. Furthermore, the size of the precipitates noticeably increased with increasing heat treatment temperature. Based on
EDS compositional analysis, the precipitates was identified as possibly the intermetallic compound Co; (Mo, W) ,Si. Under
different heat treatment conditions, the mechanical properties of the samples differed significantly, closely related to the
distribution, quantity, and size of the precipitates. The dense and fine precipitates at 920 ‘C showed the most significant
strengthening effect on the matrix, resulting in the highest yield strength (1 134 MPa), lowest plasticity (7% elongation) ,
and quasi-cleavage fracture with brittle tendency. As the precipitates coarsened and partially dissolved, the strength gradually
decreased while the plasticity increased. At 1 000 °C, the mechanical properties were restored to levels close to the as-built
state, with a yield strength of 892 MPa, elongation of 14.8%, and quasi-cleavage fracture with ductile tendency,
demonstrating both high strength and high plasticity. Additionally, heat treatment at higher temperatures can reduce residual
stress and warping deformation more effectively, with the smallest deformation (0. 13 mm) observed in specimens treated at 1
000 ‘C. The choice of heat treatment conditions depends on the requirements of different applications and is crucial for
controlling the performance and deformation of selective-laser-melted CoCrMoW alloy.

Keywords: CoCrMoW alloy;dental alloy; SLM;heat treatment; microstructure ;mechanical properties; warping;residual stress
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