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Fig.9 Impact fracture morphology of TC4-0.55 Fe titanium alloy tube: (a) RP; (b) ST910; (c) STA910; (d) STA970
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Fig.11 TEM diagram near the tensile fracture of RP specimen: (a-e) Bright field image of morphology; (bl) b diagram A area twins dark field im-

age diagram; (b2) b diagram A zone diffraction spot diagram; (b3) b diagram A zone HRTEM diagram and FFT diffraction spot diagram; (b4) b3
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Fig.12 TEM diagram near the tensile fracture of STA910 specimen: (a-g) Bright field image of morphology; (d1) d image B area diffraction spot
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[ 13 TEM-EDS [Hi#9 TC4-0.55Fe & 470 & /0 fii: (a) RP; (b)
STA910
Fig.13 TEM-EDS surface scanning TC4-0.55Fe alloy element distri-
bution: (a) RP; (b) STA910
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Fig.14 TEM-EDS different scanning positions: (a) RP; (b) STA910
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Table 3 The chemical composition of TC4-0.55 Fe alloy at different

scanning positions of TEM-EDS (wt. %)

Phase

Samples Spots Ti Al Vv Fe
area

w 1 90.75 6.83 2.24 0.18

2 90.73 6.77 232 0.19

3 74.85 1.87 18.76 4.52

L1 zb 4 76.00 2.00 17.54 4.46

5 75.89 3.11 14.66 6.34

i 6 77.33 3.75 13.14 5.78

o 1 90.31 7.03 1.98 0.16

2 90.82 6.03 2.12 0.37

3 91.48 6.91 1.59 0.19

STAS10 JAA&D 4 8825 591 5.46 0.38

5 83.71 4.16 9.44 2.69

B 6 89.78 5.78 4.10 0.35

GAMIE, mIVERE. A SR RP WFE
(1) FAR AL . 1B K5 STI10 1 STA910 iAE ar &tk
JERERN ac XT38 K 5 ST B T L A58 18 i R 5
PR RS R, $8m T &8I as o HRIHTH 5]
LA AR I TEAR A A B B TS, 7EXG N /B A S PHAS AL
HIZBN I RINE R 7 SR R . R, [V R 2
MK ETESTERMT A M. X8 H K



Sl

Moy B AP RS TR EAE S (Wi R AR TAE) 51 R <171 -

TC4-0.55Fe & & &M 5 BT 2] B E fE =), B
X [E I RUE, STA970 Ak B 35 LT H K&
FHRSALAEIZ BN as 5 B AL, F=AEE AR, F
AT A, R T &S (HERALN &%
FEWT o/ FHTFN o/B AH S AT R 22 512 ARS8 S AR T A0 R
JIE, SEILIAMRSHE ST, HRY
7, WMWK T A BEN,
3.2 #ALIERT-20 CHpE M RERIZIN

WLEZIT 1 R BT ARGy JR 4%, & 15
FioR, W0 B SO A SR AR T B S R 28 B KA
. oo KT MR A EHA T DER SRR
HHOE I R R R R R R BRARA AR RS BEL T,

sgranular fractu

ular fracture

200

DU HEHE— 25 1 2B PE AR FE 181, STO10 ARE o o B 11 (P
15 ) HIL T K41 56 um MK RSF R NY R, 7+ H
AP R a7 IR RO T
TERRH T o M, G R B AR 4 BHLAS A 2R I »
BHIEE o ¥ BILE . STA910 FE5H (A 15 DT AT ac
MRS R 2 2B R 30145, A8 SUIR M A7 1) o AH H 3
I AR E, SREERRH o 4 oc X
ROy & B A2 il B RS2 B K T2 AT ) oL 1B
SR FEFFE AR S L b, KA TR, Al gt
MG, Wb T RO A SN EED), S8 STA970
WA R, & &M Sy L RN £,
JR A B AT TENS T 2L

Transgranular fracture

15 TC4-0.55Fe £k & & E M hi i (a-d) 5 i (e-g) BT LRI T MWL 24 (a,e) RP; (b,f) STI10; (c,g) STA910; (d,h) STA970
Fig.15 Microstructure of tensile (a-d) and impact (e-g) fracture sections of TC4-0.55 Fe titanium alloy tube: (a,e) RP; (b,f) ST910; (c,g)
STA910; (d,h) STA970
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Effect of heat treatment on mechanical properties of TC4-0.55Fe titanium alloy tube
He Miaoxia 2, Jiang Qing', Guo Yumeng', Dong Yuecheng *!, Igor V. Alexandrov?
(1. Nanjing Tech University, Nanjing, Jiangsu 710016, China)
(2. Ufa University of Science and Technology, Ufa 450008, Russia)

Abstract: In the face of harsh and complex oil and gas resources exploitation environment, it is urgent to explore titanium alloy oil well pipes
with high strength and toughness service performance. In this paper, the cross piercing (RP) TC4-0.55 Fe titanium alloy seamless tube was taken as
the research object. The microstructure was controlled by solid solution and aging process. The tensile properties at room temperature and impact
properties at -20 °C were tested. The effects of microstructure evolution on mechanical properties were analyzed by SEM, XRD and TEM. The
results show that the size of ac and the average grain thickness of ar increase significantly, and the orientation and uniformity of the microstructure
are also significantly enhanced after the deformed Widmanstatten structure of the RP sample is aged in the two-phase region (STA910). The tensile
strength, yield strength and elongation of RP samples are 904 MPa, 793 MPa and 14.2 %, respectively. The impact energy and impact toughness at
-20 °C are 66.2 J and 82.7 J/cm?, respectively. After solution and aging in the two-phase region, the tensile strength, yield strength and elongation
of STA910 sample increased to 984 MPa, 904 MPa and 16.2 %. The impact energy and impact toughness at-20 °C decreased slightly, but still
maintained at 52.8 J and 66.2 J/cm?. The o/B interface is increased by the precipitation of as and @ phases in the STA910 sample, which increases
the dislocation slip and motion resistance and improves the segregation of alloying elements. The dual effects of grain boundary strengthening and
solid solution strengthening are achieved, thus improving the strength and plasticity of the alloy. On the other hand, all TC4-0.55Fe alloys show
excellent impact toughness. The fracture modes of the alloys are mainly ductile fracture and transgranular fracture. The coarsening of o phase grain
size, the decrease of § phase stability and the precipitation of as and o phases in B¢ lead to the decrease of impact properties of the alloys.

Key words: TC4-0.55Fe; titanium alloy pipe; solid solution aging; mechanical properties
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