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Fracture Toughness and Microstructure in TiB Particulate-reinforced
Ti-6Al1-25n-4Zr-2Mo Composites

Mitsuo Nunomi, Shiro Takauasur, Masuo Haciwara, Satoshi Emura, Yoshikuni Kawase and Sung-Joon Kim

Synopsis :

Fracture characteristics and fracture mechanism of TiB particulate-reinforced Ti-6Al-2Sn-4Zr-2Mo composites with

various volume fraction of TiB particles fabricated by blended elemental method were investigated by carrying out

static and dynamic fracture toughness tests.

Both static and dynamic fracture toughness values decrease with increasing the volume fraction of TiB particles. The
dynamic fracture toughness value is fairly smaller than the static fracture toughness value. The ratio of dynamic
fracture toughness value to static fracture toughness value increases as the volume fraction of TiB particles increases.
The fracture toughness values increases with increasing the degree of crack deflection which is greater under static

conditions than under dynamic conditions.

The fraction of TiB particles on the fracture surface is greater in the

specimen with greater volume fraction of TiB particles, and is greater under dynamic conditions than under static

conditions.
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Table 1. Chemical compositions and mechanical
properties of alloys.

Alloy Powder size Compositions %53 Ij:l%
A 325mesh Ti-6Al-2Sn-4Zr-2Mo 1039 15
B 325mesh Ti-6A1-2Sn-4Zr-2Mo/ 8.4vol.%TiB 1228 2
C 325mesh Ti-6Al-2Sn-4Zr-2Mo/ 17.4vol. %TiB —_—
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Fig. 1. SEM micrographs of (a) : Material A (0% TiB), (b) : Material B (8.2%TiB) and (c) : Material C (17.4%TiB).
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Fig. 2. Effect of volume fraction of TiB particles on
static fracture toughness, Jiqe).
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Fig. 3. Effect of volume fraction of TiB particles on
dynamic fracture toughness, Jin).
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Fig. 4. Effect of volume fraction of TiB particles on
load-deflection curves in static fracture
toughness tests.
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Fig. 5. Effect of volume fraction of TiB particles on
load-deflection curves in dynamic fracture
toughness tests.

DERCFECRDT 2 mENCH 2, 3612, SURERLE
LD T » B IIBE MR C He, & b /S Zefli % o d i
b5,

Fig. 4 % & ’'Fig. 5 2 2 L FN#M 3 L IIIVBE M R
BRTRONICERBOME-FESALMMEL RT. SGE-
FTEREMMEREEOIE, 20754 70 228(bEF1s
SORESNILSHURESATOMES & UHESENTH
B5ILERLTVA,

RSB RER T, TIBRF 2448 L o v e (A#)
DFTE-FTE RN AR, FEERES, T b b Ml
FEHUHE D O sy, TIBRLF 2848 LIk (B
L UCH) 275 B L BTSN R TR L 22 T
2. TIBRNF2ER LA SHARES I TORMEL L O
FMELARME, TIBE 7258 L 0REO 206 10,




ZL(ETFLTHY, TIBRTFEAEDL Y HBORBT IO
HEDP L ViECZ ED b s, T4bb, FHESLFHE
HEMR L ENIC 3 & CEEDIRE L k5 DT™W, TiB
BFOER LY RN REEBEE M EE 5 2 L D°
bbb,

— %, BIIBER M R COTIBR 2 &H L wREH (A
M) OFFE-FTESEMIMRIE, SOBRERTERBRTO 20
LHER L T, BMEHEREa RS TAMEE LY, SRR
HHEFTOMES S CRESEMOMEYFRD THhaL R
S>TwBIENba, Tbb, BHETFTOSHACL
~, ESRM T CRIS H R AR A TR T -
TVBZ LR s, 36, TIBRTABEROWMMIfE- T,
COERD LT TWL 2t bbb,

—H%i, SRMEIES OSBRI, BFROBERTE
ECHN, J OB RBEELAD, L, FAVASR
TREMERIC & YBEREEY R T 22 L 5bhT
VB, 2 2T, BB O B IBE PRI T A
E1A 0 Jinw/Jine) & TIBELFEHE L OBMRE # Fig. 6 (2R
To = MY w27 AU T ATIBRT 264 L 0ilkH(A
) DIBATIZ, Jinw/Jine 2 %70.33T D b, ENEBEE I
R BHE D /3R 5> T 5.3 642, Jina/ Jine
DI, TiBRF &R/ AREEOB KL L &, KF T 2 A
PRLTHY, TIBRFERFEED L Y XS LHBDH D,

E «MaterialA
03F \

\
\

S 02F

\bfateria] B

0.1 : —0 Material C"

AN Add i Aa a4 PN A SR Y

0 5 10 15 20
Volume fraction of TiB particles / %

Ratio of dynamic fracture toughness against
static fracture toughness, Jin(d)/Jin(s)

Fig. 6. Relationship between ratio of dynamic frac-
ture toughness, Jina), against static fracture
toughness, Jins), and volume fraction of TiB

particles.

TiBL T3/t Ti-6A1-2Sn-4Zr-2Mo A S MAMEOBIEMIE L I 7 ofifs 455 I

AL T, YRGB ERT I L LB T
Laibo s, 2D L, BIEGETFT, TiBR 53 #HO
RS UEEY L O RET 2 REIFPRLT I EERRL
Twv 5,

3.3 WEERE

R O BB B RO EH OSEME R #Fig. 7
CRT. TIBRF28A L CRlBHAM) Tk, 3ot
I, REIATRT BN 2 RSB (=4 2025 v 27)HTiB
KT EaARE (B & SCH) It (BgaI s, 20
Lo=ArzvrTy 2%, IA7—RE av=—hRs
SUCHBKRR L ETHEL T3 EH 2 6L I IRM%E b 12
6L, BEmEEomECESTALEHFLZONSY, 72,
#ibT 5 SHOBMADFERE Y, 36 CHEBIEED
MECFESTEEEL5, LIEY->T, IN6DI LI,
TiBRF 2848 LR OBSERMMELG L Y Ee 2 DR
KW 6 5, TiBRLF&A 36 (BM 3 & 'CH) DB
12, TiBRF# &8 L2 0BHAM) it~ =f27mr 235
v 2 DRI ERD TA L, iy FEF L2y, TIBRTFOD
GHEBENECIEETHEES LT 5, 212, TIBRF&F
SEOBE CIZRBTRANAFEE L EBbN sk,
SHROTIBREL 5 2 WIZ 206 D& LIGEMYEBES NS,
LI RAMCTRANSG & 5 CRAR S NI TIBRIF 8
gZans, N6 OWE L TEEINATIBRFO®IE, TiB
KMFOSEEBEDZC-HAEEZV-L5TDH 5,

& SR D BRI B B SR ER TR OB OSEM B # Fig. 8
Rt bl L7 SIS T COBmEIZ IS, v hoR
FIOMBAIZ S, S PELBRE -T2, ZOFHEE
BTIBR TEEEr AT ARERS(L2, Tbb, B
WML, RO TFEESET T2 LEKT 2Encd
2L s, 3, B P RHATRINAFIEEL 2 L
EbaECEHROTIBRE T3 L 2 DIEML 6 RN
BTRS LA AN S N2 TIBR-7-»7 ik L e BRI TO
BHEOBA L RIMICEZEIN S DY, 26 DEIIENEN

TS, B L->TVBLE3THSB, 272,
HIRMTFCTIBR 288 L Oga i £-4
BmEann~{ vy 273, TiBR 268 LR
THmD TAL > Tw 5,

Fig. 7. SEM fractographs of (a) : Material A (09 TiB), (b) : Material B (8.2%TiB) and (c) : Material C (17.4%TiB)
instatic fracture toughness tests. Arrows A,B and C show secondary cracks, separated TiB particles and

shear fractured TiB particles, respectively.
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Fig. 8. SEM fractographs of (a) : Material A (09%TiB), (b) : Material B (8.2%TiB) and (c) : Material C (17.4%TiB)
in dynamic fracture toughness tests. Arrow A and B show separated TiB particles and shear fractured

TiB particles, respectively.

Fig. 9. SEM micrographs of cross-sections of fracture surfaces of (a) : Material A (09%TiB), (b) : Material B (8.29TiB)
and (c) : Material C (17.4%TiB) in static fracture toughness tests.
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