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Effect of heat treatment on improving the mechanical property and reducing
anisotropy of dental prosthesis produced by selective laser melting
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Cobalt-chromium alloys manufactured by seletive laser melting, a Kind of
additive manufacturing, at different modeling angles were subjected to heat treatment, and the
microstructure and mechanical properties were evaluated from the viewpoint of anisotropy (the
properties differ depending on the direction). Before the heat treatment, anisotropy was confirmed
both in the microstructure and in the mechanical properties. However, after the heat treatment, the
microstructure totally changed and the anisotropy disappeared. On the other hand, regarding the
mechanical properties and fatigue life, the anisotropy decreased, but a slightly remained.



¢ X C—19, F—-19—1, Z—19, CK—19 (m)

1. WFFEBIAA Y WO 5

L— Y —fEEE L (SLM) (TEHEZR 3 ORIk & & AT 72 CAD/CAM HiliD—>Th v,
a0 b7 AR ERE AWM B a2 — ' IRy RBEA ANV T L — BT —
DOEWEIZEH STV S, SLM CRUYE L2 S B ARICITETE 7 IS & o THADIEE 23 B 7 5 B
FiPERFEAE LIS A K o TR REMR T T2 &0 ) BERFEET 5. % 0L
(2 R0 BIGHEOMEE IR S D 388 Nk FS K OWEBA IR RE T R EIZ DT o
FERIZRRREHEIE & A BT TR,

2. WHEDRK

ABFIE CILETE AR D F 5 1 % HlAE UM D% b & BB & U 7 B 70 BV BR S % iR
Tz aHRE LT

3. WHIED A

Co-Cr-Mo &4:¥& (EOS CobaltChrome MP1, EOS) % L —# —fEEEEEERE (EOSINT M280,
EOS) (ZHEL, HEARHIEEE 15 mm, EE 3 mm OF L ~LHEREL L 7 5 2 TR &2 AT D95
B Z2REL. BN 7 AT RO
B~V E TR B EETE ST AN x5 L C
0° OFAT) , 45°,90° (FEE) L7225 K957
3HMTRIELT. BLNENE % TLO,
TL45,TL90, FLO, FL45, FL90 & FERR$ %
(X 1). BELIZERHEI T L2 R

BRHE

T OB 750°C, 900°C, 1050°C, ¥ ) }Ffz ?}Eﬁ fﬁ’iﬁ T;(i%ﬂ;%l:o;
721E 1150°C, AR AR 1 IRefi & 6 B[R oD (e) FL45: () FL90.
G TR Z AT 5 7.

Gl HERER L0 AV (0.2%MM ), SIS,
W) ZsRab e ARRRARH LI L — B 2
(CLSM) , E&RIE 7ML (SEM) , X #RIE4rEE %
& (XRD) , & dh 7 (L AT 2 1 A A AR B R &
(SEM-EBSD) # HW\ T 1o 7z, z

WG ER A & NNV ELE 7 T AT IR E A
TORBEZHOT T o7z, XU~ VRBEHE R o
% BF S U 7 % FAOHE % — R BB c ¢ 5
2.4 kKN OBIEFHOHO E5EHE R E G T, Y
LA 10 Hz 12 CREIEINT 5 £ CRYRB o
BAFole. 7T ATHRENLT T A MLBEICE
FRBRICH L, 77 AT IESEMEST X
T 5 Hz T 0.5 mm OEHEEZ 1061 7 15 % o i?

i

2Tz RN TR EERMR B, 7T 27O @ :
s AR, B Lo —gpx X2 BUEERIRO CLSM
WriZ 2 L 72 [ & SR D 72 ﬁ&'%ﬁbf ﬁ*j B TLO (a, d, g, j, m), TL45 (b, e, h, k, n),
R 165 (= O HFRLMGR IS # S 1 mm and TLOO (e, £, 1, 1, o)-FREAENIE 6 B
ORI TN USRS & AR ke -

1To7-.



4. BFFERA

TLO, TL45, TL90 DELILRF(#H D CLSM 8% % % [ 2
2R, BVLERET OB CIIAEE R A4 U7 IR EEE i s
BRI NN, BMLEZ IO ThoLtTHELL, #
PRSI AN S e (K 2). £z, FFED SEM
BCix, BLERTO TLO I B /L RERRAS, TL9O
TIHHERT v R4 MaBlEINz. BUZIET v R
TA MEEIZIR S T-AT Bl S iz, BVLERIR FE S
L RDIZONT v b T A MEEIZRPBRIZZ2 Y FREIC
fE RN O P OBATRAD L. 1150 C OS5 T Tl
TV RI A MEEIZFTERITIHR L SR o5 abhn & 5 b
bR o 7T A BlEZE sz (M3). EDS B X
EPMA fEMNTIZC X O AT O£ <1 Cr & Mo IZ&
M23C6 ik Th 5 Z L NFE STz, XRD OFEFRT
IEBVLERRTES & OV 1050°C & CTORLER S ClrIiE e 5 1) Ao . 8 brnni

R 1150 C DBVLERZ I IZ AT ORE CHRERD B — 27 38122 f h,j).

Shiz (K4). EBSD (2 X2t iii~ » 7 & sl

900°C 750°C As-built

1050C

1150°C

5 jim 5 pumy

I BIE, BULELFTORE T w - ) ® & _ © -
ST 1 AT I B L hoplEmmttl f 2 s
rEERES ORI | e e e e

eyl B S S | oy s
(ZxF L, BB DOREHT

N el -
IS 72 i R O A & R e e T o

SRV R ST, 26l Geaee),
FY T LA SO /IMEA B4 XAREPTORE S

o A BGLE R, B BUVLEE (750,900, 1050°C), C: &L
HFUCI - TRBBNE 0% my (115000).

BOThzrd @y KAM fi

DB SN, BRHEOIRE NG 7251220 KAM fEIEEA L, 1150°C O EVLE# 121X
KAM EZNZIE 0 L7220 @RRHCA U EROT A8 BLEIC L BRrES LTz, (X5)

BRI B U CIEBVLBR T CIL TLO @ 0.2%Ilif 1L TL90 L W /h & <, NI R&E Do 72.
BVLPRIR 3 5 < 72 DIT DL T 0.2%IM FE R A IR T2 —F THNIRLICRE S oz,
750, 900, 1050°C DEGLE TIFF S M ORI TMERS S V7R 02> 72y 1150°C OBSLPE TITE T PN
RIEIZIAD L, 02%I0 77, Y, 58RI S 12\ TR 5 &K 5 M OB T B350 b
72dro7e (K6). TLO & TLI0 & W= 7R OFE R A4 X 712”9, FEBMLERRE Tl TLO X
D TL9O D5, JEHBREEMNE <, FEEIT MK 5 BGMENHR Sviz. I 57 s BR % O Rk
[ SEM 14 TiE, 90°%F & kit LC 0°8 C, AW IC 25k ML & VB, ER O
(A CTo REEERAL A < RO HALTZ. —T 1150 C, 1 BR4REE O BULEL# 213 TLO, TL9O
E DI FE DM EDSHERE SIS, R E U CIFBVLERRE & [AIfkIC RGeS Hes S vz, 7
T AT RO FLO, FL45, FL9O & W2 55 BRO N 7T v~ A v —AfFlif e n 7 7 7 RE



DOFEFZ B 8 IR T . AT E TITET 5 1 7 VIS, FFRGLERRE & 6 B[ OBMLEREE T,
WG NS X BN 22030 b 1 B OBULELEE CIER T MIC L 2 213380 b
Molo. BULERRT#% T FLO & FL45 [FIEBVLELEE X 0 BALIZ @\ Ff A s L7z DICxt L
FLOO TIIHHFMIIMET Lz, £72 6 KR OBLEE Tl 1 BERHE O BGLEL & el U Tl 9 H
IHMETF L7z, 6 FEMOBMLBRGA: T RS HFMMET LB m & LTI b R o i O Hl
KAk & BRI OBLEDORENER & L TE 2 bk,

As-built | 750°C 1050°C | 1150°C
% T \" ; : A 111
E 2
L M1A 101
=
o
[gv] - 2°<0<15°
E — 15°_< 6 <180°
@ — T3 l:mmdary
O
Q.
£
- ool W5
<
L
o

5 EBSD O

1100 = e
< 1000 y
& )
o) I
800
R, [
E 00 f
O\O 600
g S00 ‘
!
400
As-built 750 900 1050° 1150 As-built 750° 200 1050° 1150°
* * *
—
= S 10000 l I
S [
s =
(2 2 1000
- 2
il (% 100 -
4 g w:I
=t o
no ®
<]
| e 3
As-built 750 900 1050° 1150° As-SLMO HTO As-SLM9S0 HTS0
= N 2 N =Pan i A= N
6 BIERBOE T T U SVRERE OB R ORE R

LI EDOFKERD S SLM THIAE L 72 Co-Cr-Mo A4213 750, 900, 1050°C O BVILEE T3 78 RIS 1113+
IVTHRERN S AVT AR B 72 B VED IRAFET 5 — 5 T 1150°COBVLER & i3 = & THLM O F di
BT X0 MEHEPESR A RLRIE 7 o & DL IR O 2] 73 e il 1 028 S VRIS 7 B MRV &
D ZENRWBMNE oo, —HT, BMEIMEE SR 57 Fm B L CiE, AR bIRE ToBL
BUIZ L BT T 203D T IFRAFT AP b, ZHEREEERZO AR —
M OBRE TRICET 2 ML E DN, 3B A X O EIF O E W ICER L 723K



BEONE R DOEIG DENORENE 2 v, S%ITEVLIEEMORRIRE, K, mEGIE
BT 2R, BUBHIAR oW A RIS W e il 7205 7 I B 2 S s EE 2 b s .

Log-rank control*90 (P < 0.01) Log rank HTO-6h (P < 0.01)
(&) Log-rank control*0, 45 (P> 0,01) (b) ?nu rank HTO, 45, and 90-1h (P >0.01) . (c) 3 Log rank HT45 and 90-6h (P>0.01)
e 20.6 20.6 17.2 ' 17.7
19.119.7
S 3 3
@ 0 a0 Y ® ¢
i ] 19.3 19.2 =
= = I_ )
'> - -> > .>
E § 17.9 18.8 ; ?
) % — FLO o
— FL45 —FLO
— FL90 17.9 19.0 —FL45
— FL90
‘v 000 50000 ~0000 3000 30 4000 X 0000 1000( DO 000X l," 000 8 0 100000 1200
Number of cycles Number of cycles Number of cycles
7 7T AT RO TTRER ORE R
5. FRFEEmF
UdEssam ) GE 5 )
[AEReAT]
@D Kajima Y, Takaichi A, Ktikundecha N, Namoto T, Kimura T, Nomura N, Kawasaki A, Hanawa T,

Takahashi H, Wakabayashi N. Effect of heat-treatment temperature on microstructures and mechanical
properties of Co—Cr—Mo alloys fabricated by selective laser melting. Materials Science and
Engineering: A. 2018.05; 726 (30): 21-31.

Seki E, Kajima Y, Takaichi A, Kittikundecha N, Wai Cho HH , Htat HL , Doi H, Hanawa T,
Wakabayashi N. Effect of heat treatment on the microstructure and fatigue strength of CoCrMo alloys
fabricated by selective laser melting MATERIALS LETTERS. 2019.06; 245 53-56.

Kittikundecha N, Kajima Y, Takaichi A, Wai Cho HH, Htat HL, Doi H, Takahashi H,
Hanawa T, Wakabayashi N. Fatigue properties of removable partial denture clasps
fabricated by selective laser melting followed by heat treatment. Journal of the
mechanical behavior of biomedical materials. 2019.10; 98 79-89.

Takaichi A, Kajima Y, Kittikundecha N, Htat HL,, Wai Cho HH, Hanawa T, Yoneyama T,
Wakabayashi N. Effect of heat treatment on the anisotropic microstructural and
mechanical properties of Co-Cr-Mo alloys produced by selective laser melting. J Mech
Behav Biomed Mater. 2020.02; 102

Kajima Y, Takaichi A, Tsutsumi Y, Hanawa T, Wakabayashi N, Kawasaki A. Influence of
magnetic susceptibility and volume on MRI artifacts produced by low magnetic
susceptibility Zr-14Nb alloy and dental alloys. Dental materials journal. 2020. 39; 2 256-
261.



5 5 1 0

KAJIMA Yuka TAKAICHI Atsushi TSUTSUMI Yusuke HANAWA Takao WAKABAYASHI Noriyuki KAWASAKI 39

Akira

Influence of magnetic susceptibility and volume on MRI artifacts produced by low magnetic 2020

susceptibility Zr-14Nb alloy and dental alloys

Dental Materials Journal 256 261
DOl

http://dx.doi.org/10.4012/dmj .2018-426

Takaichi Atsushi Kajima Yuka Kittikundecha Nuttaphon Htat Hein Linn Wai Cho Hla Htoot 102

Hanawa Takao Yoneyama Takayuki Wakabayashi Noriyuki

Effect of heat treatment on the anisotropic microstructural and mechanical properties of Co-Cr- 2020

Mo alloys produced by selective laser melting

Journal of the Mechanical Behavior of Biomedical Materials

103496 103496

DOl
http://dx.doi.org/10.1016/j . jmbbm.2019.103496

Kittikundecha Nuttaphon Kajima Yuka Takaichi Atsushi Wai Cho Hla Htoot Htat Hein Linn Doi 98

Hisashi Takahashi Hidekazu Hanawa Takao Wakabayashi Noriyuki

Fatigue properties of removable partial denture clasps fabricated by selective laser melting 2019

followed by heat treatment

Journal of the Mechanical Behavior of Biomedical Materials 79 89
DOl

http://dx.doi.org/10.1016/j - jmbbm.2019.06.010

Seki Erina Kajima Yuka Takaichi Atsushi Kittikundecha Nuttaphon Cho Hla Htoot Wai Htat 245

Hein Linn Doi Hisashi Hanawa Takao Wakabayashi Noriyuki

Effect of heat treatment on the microstructure and fatigue strength of CoCrMo alloys fabricated 2019

by selective laser melting

Materials Letters 53 56

DOl
https://doi.org/10.1016/j .matlet.2019.02.085




Kajima Yuka Takaichi Atsushi Kittikundecha Nuttaphon Nakamoto Takayuki Kimura Takahiro 726
Nomura Naoyuki Kawasaki Akira Hanawa Takao Takahashi Hidekazu Wakabayashi Noriyuki

Effect of heat-treatment temperature on microstructures and mechanical properties of Co?Cr?Mo 2018
alloys fabricated by selective laser melting

Materials Science and Engineering: A 21 31

DOl
10.1016/j .msea.2018.04.048

16 0 4

Atsushi Takaichi, Yuka Kajima, Tatsuya Oishi, Nuttaphon Kittikundecha, Hein Linn Htat, Yusuke Tsutsumi, Takao Hanawa,
Noriyuki Wakabayashi .

Influence of heat treatment on the mechanical and corrosion properties of CoCrMo alloys fabricated by selective laser
melting.

8th International Conference on Mechanics of Biomaterials and Tissues

2019

Cho Hla Htoot Wai, Kajima Yuka, Takaichi Atsushi, Nuttaphon Kittikundecha, Htat Hein Linn, Hanawa Takao, Wakabayashi
Noriyuki .

Effect of cooling conditions after heat treatment on the micro-structure and mechanical properties of cobalt-chromium-
molybdenum alloy prepared by selective laser melting.

74

2019

akaichi A, Kittikundecha N, Kajima Y, Takahashi H, Hanawa T, Wakabayashi N.

Enhanced Fatigue Strength of SLMed Co-Cr-Mo clasp by Post-heat Treatment Clasp.

97th General Session & Exhibition of the IADR

2019




Takaichi A, Kajima Y, Doi H, Hanawa T, Wakabayashi N.

Effect of Preheating Treatments on Interfacial Reaction between Dental Porcelain and Low Magnetic Susceptibility Zr-14Nb
Alloy

AVS Pacific Rim Symposium on Surfaces, Coatings and Interfaces (PacSurf 2018)

2018

Co-Cr-Mo

30 22

2018

Kajima Y, Takaichi A, Oishi T, Kittikundecha N, Tsutsumi Y, Nomura N, Hanawa T, Wakabayashi N, Kawasaki A.

Surface Characteristics and Corrosion Behavior of CoCrMo Alloys Fabricated by Selective Laser Melting after Various Heat
Treatments.

AVS Pacific Rim Symposium on Surfaces, Coatings and Interfaces (PacSurf 2018)

2018

Co-Cr-Mo

40

2018




Kittikundecha Nuttaphon Kajima Yuka Takaichi Atsushi

Nakamoto Takayuki, Doi Hisashi Tsutsumi Yusuke, Nomura Naoyuki,

Kawasaki Akira Takahashi Hidekazu, Hanawa Takao, Wakabayashi Noriyuki .

Relationship between microstructures and fatigue strengths in selective laser melted CoCrMo alloy subjected to heat

treatment
72
2018
Nuttaphon Kittkundecha ,
2018 163
2018
Nuttaphon Kittkundecha
CoCrMo
2018
Co-Cr-Mo

127

2018




Co-Cr-Mo

71

2018

2017

70

2017

70

2017




Nuttaphon Kittkundecha

Co-Cr-Mo

2018 162

2018

(KAJIMA YUKA)

(70778977) (12602)




