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Deformation Resistance and Recrystallization of Commercially
Pure Titanium in the High Strain Rate Hot Deformation

Takehide SENUMA, Hiroshi YADA, Hirobumi YOSHIMURA,

Hisaaki HARADA, Takuji SHINDO and Shuichi Hamauzu

Synopsis:

In this paper, the deformation resistance and recrystallization behavior in high temperature working
(600-850°C) with high strain rates (2-1501{/s) which covers the most hot rolling conditions have been
investigated.

In the usual hot rolling condition the dynamic recrystallization does not occur and the resistance to
hot deformation is determined by the balance between strain hardening and dynamic recovery. The
flow stress sharply increases with increase in the impurity content at higher purity condition while the
hardening rate due to the increase in the impurity content becomes smaller if the range exceeds a cer-
tain value. The recrystallization and grain growth behavior of commercially pure titanium is similar
to that of plain carbon steels in austenite phase. In commercially pure titanium deformation bands,
which act as nucleation site for recrystallization, are more easily formed than in plain carbon steels.

The activation energy for hot deformation and recrystallization lies in a range between 220-260 kJ/
mol which is nearly the same for low strain rate deformation.
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Table 1. Chemical compositions of c.p. titanium used in the experiments.

unit :wt %(at %)

material o Fe N el H o*
E1 0.044 (0.132) | 0.019 (0.016) | 0.004 ( 0.014) | 0.005 ( 0.020) | 0.0007 ( 0.034) | 0.056 € 0.175)
E2 0.049 ( 0.147) | 0.024 (0.021) | 0.004  0.014) | 0.004 € 0.016) | 0.0007 €0.034) | 0.060 € 0.187)
E3 0.062 ( 0.186) | 0.038 (0.033) | 0.007 (0.024) | 0.004 €0.016) | 0.0009 ( 0.043) | 0.079 € 0.246)
E4¢ 0.103 ( 0.309) | 0.042 (0.036) | 0.004 €0.014) | 0.004 € 0.016) | 0.0005 € 0.024) | 0.114 ( 0.349)

. ES§ 0.108 ( 0.324) |0.040 (0.034) | 0.006 € 0.021) | 0.004 € 0.016) | 0.0004 € 0.019) | 0.123¢0.378)
E6 0.114 (0.342) | 0.040 (0.034) | 0.009 ( 0.031) | 0.006 (0.024) | 0.0008 ( 0.038) | 0.137 € 0.422)
E7 .]0.120(0.360) |0.044 (0.038) | 0.010 (0.034) | 0.007 €0.028) | 0.0007  0.034) | 0.145( 0.447)
ES8 0.133 € 0.399) | 0.046 (0.039) | 0.008 ( 0.027) | 0.005 € 0.020) | 0.0010 € 0.048) | 0.153( 0.468)
E9 0.202 ( 0.606 ) | 0.032 (0.027) | 0.007 (0.024) | 0.004 ( 0.016) {0.0005 € 0.024) | 0.219¢ 0.666)
T 0.050 ( 0.150) [ 0.035 (0.030) | 0.005 ( 0.017) | 0.006 € 0.024) | 0.0012 € 0.058) | 0.065( 0.202)
T2 0.113 (0.339) [0.035 (0.030) | 0.010 ( 0.034) | 0.005 ( 0.020) | 0.0006 ( 0.029) | 0.136 (0.422)
T3 0.190 (0.570) | 0.057 ( 0.049) | 0.008 ( 0.027) | 0.007 ( 0.028) | 0.0005 (0.024) | 0.211 ( 0.645)
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Fig. 1. Influence of oxygen content on the re-

sistance to hot deformation of c.p. titanium.
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Fig. 2. Influence of Fe content on the resistance

to hot deformation of c.p. titanium.
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Fig. 3. Stress-strain curves of material El as
function of deformation temperatures.
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Fig. 4. Stress-strain curves of material E5 as
function of deformation temperatures.
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Fig. 5. Stress-strain curves of material E5 as
function of strain rate.
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Fig. 7. Influence of strain and initial grain size
on the time for 509, recrystallization.
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Fig. 8. Influence of strain and initial grain size
on the grain size at the stage of 959 recrystalliza-
tion, (strain rate §=10s-1)
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Fig. 11. Comparison of recrystallization behavior
among T1, T2 and TS3.

Photo. 1. Microstructure of c.p. titanium E7
heated and deformed at 830°C, ¢=4.0, é=
10s-1, WQ immediately after deformation.
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Fig. 13. Comparison of the grain growth
behavior between materials T1 and T2.
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Fig. 14. Influence of chemical compositions of
p.c. titanium on the stress-strain curves and fit-
ting procedure of calculated values to the mea-
sured results.
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5. ALEBEEI Hu SWHUSIER % SiREM L 2o F
Bt EE b= ¥ — Q=303k]/mol & HEWHIF
S, BT HgoEESRD, BENTHOBREMAE ZE
FAEOBWERILBBEES LE 2 bh 5.

Fig. 11 oo Tl #& T2 MoBHEHEBOLE LD,
F 2 VKT HABRIBEGEBCEELEEY 2 e
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328 % & @

# 72 £ (1986) 2 =

WE EAb2 D, AT X B ER & OEKE) o\
FEFRIDRABBOMENL 0 250 AkE LT &

B3 5. oL, 72 v NOBREDOIKEGHEE
BB D T2, REREOBRE NN BRGSO FR LD
Lo — &~ SV E BB, Fig. 13 ©ab
hBEo5K, BRETINAEOBEZMET2L0L
Bbhs.

i, WERERD d=di+a't OB TERCTEZLZ L
3, Hu 5292 Okazaki B ORERLYTHEHT2 L 0T,
NIELSEN B2HHRE LT\ % X 518, RtdcEs K
ROBETHCHLACRFACEE Ly, HMEREC IS
B OBEENBL Lz &0, 20X 5 RE

EHBACER L Bbh%.
5. ¥ B

BTy 2 v—x — L ERAFERYAVT, &
HEREIN TR O TERM T 2 v OBHBR L L OB
KEREEE AN, ROBELE-.

L. TEERMF 2 v IRBE OBESLEET ClBINERE
SR .

2. ML & BOEE X 5 I THOEMBE DL
fbxEARLL, BERMENIFEEF A2 ER L. ch
HAOCTERIEIOOT2EE, REKREELYRD, T
DiFEH =2 ¥~ L LT Q=260k]/mol #7E7-.

3. IEAMr 2 voBRBCoORBEI, SEFO
HWENBL, BELROFEI/PI .

4. TERMF 2 v OBRGERS X OEESRRE,
RFMDA = AT F A4+ DFERB LD, OFRAREMEMN
SR, PN BREK AN E .

5. BN TOBRREOBERL=* ¥ — 132 720
TAHRRKFRET Q=220k]J/mol ', FHiEEEEIT X=
l—exp(at?) OFpTEBECE, 1=1.12 ThHoto.

6. BRRVEREGOMIT RIS TEE B/

, BRI BHEREERL SR 5.
7~ﬁ&ﬁﬂmdemwwt@%f%ﬁf%b

8. BB I I AREKS, o RcRinT S
Tl IYAMRALL, a BBkt & Ii3IER%ORR
Bohb.

Hbbhic, ARREZTT I, ERCHELL
OB L TTFIOUFIOHBRK, kFREFK,
THER, REFETRCE RS- LET.

7)
8)
9)
10)
11)

12)

13)
14)

15)
16)

17)

18)
19)

20)
21)
22)
23)
24)
25)
26)
27)
28)

29)
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