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Effect of Microstructure and Impurity Content on Microcrack Initiation
and Extension Properties of Ti-6A1-4V Alloys

Takao HORIYA, Hirowo G. SUZUKI and Teruo KisHi

Synopsis :

Effect of microstructure, impurity content and testing temperature on crack initiation (9;) and crack ex-
tension (slope of R curve) properties of Ti-6Al-4V alloys was examined. d; values and R curves were
obtained by accurate measurement of microcrack length at a notch tip of unloaded specimens.

At 0°C, microcracks of 10-1800um in length preceded unstable fracture at a notch tip irrespective of
microstructures examined. Specimens with a variety of microstructures had almost the same 9, values, but
showed a remarkable defference in the slope of R curves. A specimen with acicular microstructure, which
have a higher fracture toughness (d.) at a given strength, showed a greater crack extension resistance than
one with equiaxed microstructure.

At —196°C, little difference in the crack initiation was obtained among the specimens with different kinds
of microstructures and differnce in the crack extension resistance was also greatly reduced. But speci-
mens with lower impurity contents, ELI grade, which had a higher 0., showed a greater crack extension re-
sistance than specimens with standard impurity contents.

It is concluded that the difference in fracture toughness at a given strength for Ti-6Al-4V alloy was
largely dependent on crack extension resistance of microcracks preceding unstable fracture rather than
crack initiation property.

Key words : Ti alloy; fracture toughness; R curve; microstructure ; impurity ; test temperature ; fracture
mechanism ; microcrack ; crack initiation ; crack extension.
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Table 1. Chemical composition of Ti-6A1-4V
alloys used.
(wt%)
v Al V | Fe | C 0 N H
Standard | 6.31 4.29 0.17 0.01 0.14 0.01 0.0082
ELI 6.59 4.13 0.07 0.01 0.05 0.01 0.0071

Table 2. Conditions of heat treatment.
Holdig condition Coolig rate Microstructure
850°C X 30h AC(1.3°C/s)* Equiaxed
. WQ (65°C/s) Acicular (fine)
1050°CX0.5h AC(1.3°C/s) Acicular
FC (0.016°C/s) Acicular (coarse)

Unstable fracture
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* Average coolig rate from 800°C to 400°C
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B treated (AC)

O°c

Fig. 1. An example of unloading
points in a load ws.- COD curve

. and micrographs showing notch
tip configurations of unloaded
specimens. Arrows in photographs
indicate microcracks preceding
unstable fracture.
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a,e:a+ Bannealed b, f: B treated (water quenched) c, g : B treated (air cooled) d, h: B treated (furnace cooled)

Photo. 1. Light micrographs of standard (above) and ELI (below) grade Ti-6Al1-4V alloys.
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Fig. 2. Relationship between 0.2% proof stress
and COD value (above : 0°C, below : —196°C).



Ti-6A1-AVE & D R 7 — 712 KT § A M A #i o 8 2253

F{%E% Fig. 2 \OR¥. Moy B, iP5y 7 »
FOBEBONIERDO N P&, & 0, FEITTAT
BBLTRLEZLDTHA. 0°C DL, BIHTIIME
L 6, ORRDS, SHERMBRS & SahAA (LUT Sdb)
EDTOICKELSEENT. AEERT S R HEA
BOBNIZEID OIS ND I ENHERTE L. &
B, BT OB ILFEM — S — KIS ONEIZ K

& B, O MERSEICFEM A RLE L, KG9k
bk, —196°C oA S, SR OMHE L koM
i, [ JIFRIMEFBL L) CoEshD, T4bb, M
BMABIC I HAHBE I L AL R AR, FiipEDE
I2& 5T, ELIMATXTLEDNY FiZ, @EHPT
DNy RIZFTHRD,

DEoiERI D, B v FOBE, K/ v FTH
bID 0, LD RREL DA, ML BESM MR
DL, B v FOBEEEN LRI EAHERTE
7-. ’

3:3 RHh—7

Fig. 313 0°C ICBUFABHEMD R H— T %RT. #it
#i- COD il (0g) #IRM L7275, JE (Jgp) TEHEL
726 b IZIEEMRORERIB SN,

EHhit b O VT OFE T L RAMESLFE I 300
pm M EOBHEHIGER L TV 5, BRETESED
MRS ROMERE S, FMM—~PHM>2EM > KE
MONIZKEL 2D, RA— 7Lt e ORI
EHORAERO CODEEZRTH, FHELbIILAL
MLV THDL, L2L, RI—7OLEIZHMEMA
BICXOKRELCEILLTVA, Hric, MR xR EMH
(Aa< 200 pm) Tid, M L BEHBHBEICEDO SN 5.
EHPERT HICHEY (Aa>500pum), & HIHRO DA
DEFBVTAH. 4B, ELIMOBEL@EMELFEL
3% R —T7TOELERT. ,

Fig. 4 \Z ELI#f® —196°C i28iJ% R »— 7 %Rk

0.15

Standard

Btreated (FC)

0.10

T T 1T [ 1T 1T 17T

Sr(mm)

O Btreated (AC) A
or” 4

oos-/, _~
> o—0"0
A?)A@‘ <
o- 1 . 1 1 i 1 1 ] 1 1
0 100 200 300 400 500 600 700 800 900
Aa (pm)

A Btreated (WQ)

o _tEquicxe%

Fig. 3. COD us. crack extension curves for stan-
dard specimen at 0°C.
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Fig. 4. COD ws. crack extension curves for ELI

specimen at —196°C.
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Fig. 5. Comparision of COD wvs. Aa curves,
(above) at 0°C between standard specimens with
equiaxed and acicular microstructures, (below) at
—196°C between standard and ELI specimens with
acicular microstructure.
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Fig. 6. Relationship between crack initiation (9;)
and heat treatment conditions of Ti-6Al-4V alloys.
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Fig. 7. Relationship between crack extension re-

sistance (Tyo) and heat treatment conditions of
Ti-6Al-4V alloys.
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a+ﬁ ann, (AC)

Notch tip ¢

Photo. 2. SEM micrographs showing microcracks
at 0°C around the notch tips preceding unstable
fracture of standard specimens with equiaxed (left,
o + B annealed) and acicular (right, 8 annealed and
air cooled) microstructures. Short arrows indicate
microvoids around the main crack.
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Photo. 3. SEM micrographs showing microcracks
at 0°C around the notch tips preceding unstable
fracture of S-treated ELI specimens with fine
acicular (left, water quenched) and coarse acicular
(right, furnace cooled) microstructures. Arrows
indicate microvoids around the main crack.
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Table 3. K, values caluculated from &; of Ti- 0.14F / 5
6Al1-4V alloys. r ° o/
0.12f
) o —3/2 € L
K;/kgf-mm € o.10F
Standard ELI S L
0°C —196°C 0°C —196°C 8 0.08f
a+p annealed | 179(0.68)* | 230(0.77) | 162(0.51) | 214(0.58) ® 0.08
Foiie men | mew | e ) men) DN
treated (AC) 168(0.55 0. . . =
8 treated %FC) 162(0.49) | 206(0.70) | 152(0.49) | 209(0.54) G 004 2:‘3’“’*‘"’
LI
* Figures in parentheses indicate ratio of K; to Kpay. The Kpox is K 0.02 o
value at the maximun load. ’
0.0 1 i 1 1 1 i 1
0 10 20 30 40 50 60 70
Tao/ kgf-mni®
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Fig. 8. Relationship between critical COD (d,)
and crack extention resistance ( Tyo) of Ti-6Al-4V
alloys.
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