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Comprehensive understanding of light elements solid solution contributing to
toughening of pure titanium sintered materials

KONDOH, KATSUYOSHI
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Pure titanium (a -Ti) sintered material with light element solutes such as
oxygen and nitrogen successfully balanced high strength and enough ductility. To understand the
mechanical improvement mechanism, the phase transformation and optimized water-quenching treatment
were applied to control the oxygen solution concentration, and resulted in the ductility
improvement. After optimizing the processing and heat treatment conditions based on the above
results, such heterogeneously oxygen distributed microstructures effectively overcome the
strength-ductility trade-off balance of cast titanium materials. Furthermore, it was predicted that
the most stable structure of the solid solution oxygen atom in the o -Ti crystal was an octahedral
sitgfgséng first-principles calculation, and the agreement with the X-ray diffraction results was
verified.
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ZOEI AN ==Y b, RFENAEE BIX, BRGEE (EMEEE et R) 2H0T
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HASL ERT —H_XR—A&{ER L, HHM{LERRICHE-S< Labusch €7 /WIZ X HMFLERZD
BRI E S MMt &Z2 @VHEE TR TE 5 2 L 2B 6 L (S, Kariya et al,,
Mater Trans, 60, 2019, 263). {5, @V VMR OMEORBMERE B L CiE, RIEMHINTE
57, FTBEBRRETOMGIRE 725 “BR(bT % =7 A TiO KL DRI ZETH DI HE
HHT, BEMEEE COMT 5 OIS RAIK TH 5.
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Fig.4 Schematic images of large cell
used in this study: pure Ti (a), Ti with O
interstitial solid solution in octahedral
site (b), tetrahedral site (¢) and O
substitutional solid solution (d).
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Table 1 Lattice constant and lattice constant
change in a-axis and c-axis of Ti structure
with O solid solution.

Lf:*%iﬂg:vf“fi, a,cC $Ehj3|_l'ﬂ0:%ﬂ%ﬂ 0.0022, alA clA] da [A] de [A]
0.0222A & cHhFIMIZKRESMEL, ZOME (@ pueT 29384 46387 - ;

i a @ E~OMRERLILNT 105725 (ngt::e%‘r:fgm) 29406 46609 00022 00222
I, WEAALEIZ O 2MEAREAE LT 1578 ot % 0 ]
*%L"C %, a, ¢ iﬂijﬂﬁ’\@{ﬂaﬁi IFhEh, ) (Tetrahedral site) 29832 45765 00448 -0.0622
0.0448, -0.0622A &, a %i?j?j? N ; ;ﬁ; () (Té'fbgstﬁt‘e';"o 29202 46148 -00182 -0.0239

ET5. ZhICRLT, ¢ BT a il

FIOBIRE D bAE <l LT, £7,  Epotmenalvave) 2955 4680
(DEHEEHETE, a, cFRICENZH Ié‘fézﬁ;;:?a?uame) 2961 4707 0006  0.027
-0.0182, -0.0239 A &, Wi AMIZKE < i/

LTWez., —FT, EREICENTE, a, c 2

#I5EIC 0.006, 0.027A &, afiiFmicttlL £, o oa-ak
Tl TR 5L V) K& MELZRL  § ec-axs
TWa. Ziud, NEERMEICEBESEEL 2., e o
TMEDRFERRL ~BL WD, A £ o o

Table 3.1 Z JEIZ/ER L2 FEAEMEICHS T = |

% afll, cWih~OLLES (Fig.6) I 2 ®
LTHMEDTH ), MRS O TE S .

B S EIHREIC R DRHAEMERICB VT O | pzTeao | Jamao  Tamaso T2sao

F, EERICEZVEONRR L — B o6
ERLTND. LEEnoT, BEETEE
Lo MG, FHRIC K VIREE & HW L7z
JVHEANL E TR (SRR IR MRS A U725

(3) L« BULERIZ X 5 F % UEREMIC
Fe R EIRT 2 o i (cast) M1

GLR—MHEz AT L 2L

B DRFBF T O E B & SR -
BWTIE, ZOEEREOD

Fig.6 Changes in lattice constant in a-axis
and c-axis of each Ti structure with O solute.

L.

I AEPEFE
(ZEE AR, AR ERIC R R

By DARAT « IELfE A e L, 2 b2 Tnb &2 55, 22T, Ti-0.96 mass%

O as-cast #/ & ZHiC
SEM-EPMA f##T 21T\, % OFIEE & BRSO
DA EPRAE L. EOME, Fig. TR T X 9124k 7,
as-cast MIIHCIR o FERIEEIZ X W IR S - K7 dE
GRS . BRFIE Z OBCR o T RIPNIZRAT L T
B, MRICBWCIIFOBEEIXMET LW, F
7=, A (HBAH) RoOME S E T 25 L,

BT U 7O TFTHOESMEE TIIMOEAMR L T
BLTHLZWETRINTEY, ZoEGHMRICE<
FASZNEIA L TWD Z Edbnd. ZOBENRIT L
7= as-cast Mkt U CHEABMLER A fi L 7= cast-HT

800°C, 86.4 ks ®/\Ii’7%’ﬂl:®w&£$(HT)%ﬁm L7= cast-HT #lz2>\C

MCIE, RSS2 AT U OO o FERZIZEE SRk & H

REORE S LipoTo. [ERIRR IOV THER y

DL, a HRINES L OS AL Mﬁ.{*i@# F1g7 EPMA results of oxygen and
fgd ST, BEWIRITHELIZE VR D, ZTHIC  titanium of as-cast (a) and cast-HT

L0, ZomMr R ONL, Ti-0.42, 0.59 mass% O as-cast

(b) Ti-0.96 mass% O



MTIX, TnEh, 8.1%, 1.1%Th-o7=»3, cast-HT #MTix, TN, 16.1%, 6.4%F CTlA)
ELTWE. L2LAR5, Ti-0.82, 0.96 mass% O M TiE, WD cast Mz T
b QY T PR AY

T, BiREREEET 2 BT 5

SR ORI AL & BT MR K D e AL o 72 2% e 0
W, cast-HT #4125t L CHIHIN T R 1100°C, 1000 | Aﬁ 3%
HE 36) Z 6 L7-. Ti-0.82 mass% O #fH g a0 | ! Y 30 s
#4 @ IPF map & #fH T W 361T 2 i m X, B %o 0125
ERSRREVET & > cast MHIBHC 1T 2 BESR VA Bowr e  Ing
B LSRR O BIR A Fig. 8 (7. A1 ® ol ® 1158
O o FHARIIRL I L 0 ASER S TH Y, Rk 2 Ys Q0"
BIE 10 pm B E CHEGIL L7, hep M % il 55 5
BT 5F 2 M T2 M3 L& 4k e 0 0

0 02040608 1
Oxygen content, ¢ (mass%)
Fig.8 EBSD-IPF map (a) and (b) of extruded
Ti-0.82 mass% O material, and tensile
properties of Ti-O materials on O content.

JETH 2SR T2 2. AR EHZ I THifR R 2
FERT D &, B FMITEE ASELR L7272 8
(2, FRH TN BV TR 5\ (10-10) 1254
WA ZRLTWA Z ERNbhoalz. Zhbo
PEAHIRL - SREC M ME 2 A T DR E AT & M
MIT T, BBFEERE 0.21~0.82 mass%IZB VT 20% 2B 2 2EN MO EZ R L TEBY,
Ti-0.96 mass% O (TR WTIE 10%FEE £ CTEDOHWIHONIME T T3 b DD, as-cast #f, cast-
HT # & bl 2 BN AR VR R LW 2. BREEIRT Z MBI S EEER T o—K &
LT, EEICHED cla @i X5, EHERT X0 D OEEER T ~OFET XYmoo
{EPRESNTND D, LI LR b, REdnZ2 A3 HBEEET ¥ MM TIE, Ko
¥J Schmid factor 2% 0.19 Toh 2 DIZxf LT, HmIZHIT 5 FHEIT 0.44 EHEIA~DOT XD LR
OB ANZHFZRELR & 72> TV D, ZDFER, FEH~D TRV OB AN LB AW O
IOZSTRECIANC K D FARR SV CTHEE XD BNEME L 720, BN EZ BRI L-EE OS5,

e BN

(1) R. I. Jaffee, Prog. Met. Phys. 7 (1958) 65-163.

(2) G. Lutjering et. al., Titanium. Springer (2003).

(3) T. Mimoto et. al., Mater. Trans. 56 (2015) 1153-1158.



11 11 7 6

Ma Qian 82
2018
390-395
DOl
10.2320/j instmet.JAW201810.
K. Kondoh, R. lIkemasu, J. Umeda, S. Kariya, A. Khantachawana 739
Microstructural and mechanical properties of a -titanium sintered material via thermal 2018
decomposition of additive chromium oxide particles
Materials Science & Engineering A 491-498
DOl
10.1016/j .msea.2018.10.081.
J. Shen, J. Umeda B. Chen, J. Umeda, J. Zhang, Y.Li, K. Kondoh 744
Rate sensitivity and work-hardening behavior of an advanced Ti-Al-N alloy under uniaxial 2018
tensile loading
Materials Science & Engineering A 630-637
DOl
10.1016/j .msea.2018.12.066.
X.X. Ye, H. Imai, J.H. Shen, B. Chen, G.Q. Han, J. Umeda, M. Takahashi, K. Kondoh 684
Dynamic recrystallization behavior and strengthening-toughening effects in a near-a Ti-xSi 2017
alloy processed by hot extrusion
Materials Science & Engineering A 165-177

DOl
10.1016/j .msea.2016.12.054




X.X. Ye, B. Chen, J.H. Shen, J. Umeda, K. Kondoh 709
Microstructure and strengthening mechanism of ultrastrong and ductile Ti-xSn alloy processed by 2017
powder metallurgy
Journal of Alloys and Compounds 381-393
DOl
10.1016/j .jallcom.2017.03.171
B. Chen, J. Shen, X. Ye, J. Umeda, K. Kondoh 32
Advanced mechanical properties of powder metallurgy commercially pure titanium with a high 2017
oxygen concentration
Journal of Material Research 3769-3776
DOl
10.1557/jmr.2017.338
64
2017
275-280
DOl
Y. F. Yang, H, Imai, K. Kondoh, M. Qian 69
Enhanced Homogenization of Vanadium in Spark Plasma Sintering of Ti-10V-2Fe-3Al Alloy from 2017
Titanium and V-Fe-Al Master Alloy Powder Blends
JOM 663-668

DOl
10.1007/s11837-017-2271-4




J. Shen, B. Chen, X. Ye, H. Imai, J. Umeda, K. Kondoh 116

The formation of bimodal multilayered grain structure and its effect on the mechanical 2017

properties of powder metallurgy pure titanium

Materials and Design 99-108
DOl

10.1016/j .matdes.2016.12.004

X.X. Ye, H. Imai, J.H. Shen, B. Chen, G.Q. Han, J. Umeda, K. Kondoh 679

Study of twinning behavior of powder metallurgy Ti-Si alloy by interrupted in-situ tensile 2017

tests

Materials Science & Engineering A 543-553
DOl

0.1016/j .msea.2016.10.070

X.X. Ye, B. Chen, J.H. Shen, J. Umeda, K. Kondoh 709

Microstructure and strengthening mechanism of ultrastrong and 2017

Journal of Alloys and Compounds 381-393

DOl
10.1016/j .jallcom.2017.03.171

10 4 6

T. Tanaka, S. Kariya, J. Shen, J. Umeda, K. Kondoh

Strengthening Mechanism of a +B Type Ti-Fe Alloy by Powder Metallurgy

ASMP2018

2018




SHEN Jianghua

30

2018

K. Kondoh

Novel titanium materials with atomic/nano-scale microstructures by powder metallurgy process

IWAMSN 2018

2018

J. Shen

2018

2018

K. Kondoh

State-of-The-Art Titanium Alloys by Powder Metallurgy Process

MSAT-10

2018




K. Kondoh

State-of-the-art powder metallurgy light metals and their composites with atomic/nano-scale microstructures

1CMMP2018

2018

M. Fukuo, S. Kariya, J. Umeda, K. Kondoh

Solid solution strengthening mechanisms of PM o -Ti materials with zirconium and oxygen atoms via thermal decomposition of
Zr02 additives in sintering

JSPM International Conference on Powder and Powder Metallurgy

2017

29

2017

29

2017




Katsuyoshi Kondoh

Cost-effective, high strength and ductility titanium materials by powder metallurgy process

AeroMat 2016

2016

(UMEDA JUNKO)

(50345162) (14401)

(IMAT HISASHI)

(30452379) (14401)




