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Abstract

In this paper, the heat treatment of high and low oxygen TC4 titanium alloy extruded pipe was
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strengthened by solution treatment and solution aging treatment respectively. The solid solution
treatment shows that the primary a phase and «’ (fine acicular martensite) microstructure of the
high and low oxygen TC4 titanium alloy hot extrusion pipe are obtained during the solid solution
water cooling process. The primary a phase content decreases and a’ phase content increases with
the increase of solution temperature, and the primary isaxed a phase grain size increases with the
increase of oxygen content. The results show that @’ martensitic decomposition occurs during the
solution aging heat treatment of high and low oxygen TC4 titanium alloy extrusion pipe, and there are
dispersive precipitates in the microstructure. The dispersive precipitates play a role in strengthening
the dispersion of TC4 pipe, and the degree of dispersion is strengthened with the increase of temper-
ature. The properties of high and low oxygen TC4 titanium alloy extruded pipe are significantly im-
proved after solution aging treatment, which is due to the dispersion strengthening effect of the
acicular @’ martensite decomposition precipitates during the aging process, thus improving the
comprehensive mechanical properties of the material.
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1. 518§

TC4 (Ti-6Al-4V)&E 2 HATNH & 72« KBS a+p PR E S, BAEZEE. JURMMESL
T WG ARR R SR UT A I AT s [1]-[3]. TC4 Sk 4 B AL BsR L AL /7, 3% R (1AL 3
BT 22 “HEW - IR o TCA 2 o+ g MG S, HAERERES T EAE LEN SR M, MiiEZH
TR pAHMAEEAE LB PR B8 T o BRA S B AR BR Y H (12 A5 4 vm i AL B 5 7R PR #)
AT RS, WIS o # o FHLL L AR AR EAH, A5 BRI 5 A BR R (1 R 47 iR ZH 2 VR
Ao BRI H R [ A HE 43 2 10 AR e A EAT SRR A3, 75 AT 25 ) SRR A AR 2 AH 19
RS, PRAAN/NREC AR N AR, TR & S 2SR b /e o 1V AN R Ak 3 m] 42 s ek
e, FITLATEH] TCA Sk & 4 i B AN 4R ok R o Hbh Rl e B A B B 7 3

2. MBI KRG %
2.1, HEHR

Table 1. Chemical composition of TC4 titanium alloy (mass fraction wt%)

F= 1. TCARABENERT (REDE wt%)

v Al Fe \% H N 0 C Ti
6.16 0.020 412 0.003 0.052 0.010

{lis= 6.10 0.020 4.06 <0.0006 0.003 0.059 0.010 BN
6.16 0.020 411 0.003 0.050 0.011
6.36 0.150 4.09 0.008 0.15 0.006

= 6.39 0.148 4.06 <0.0006 0.008 0.15 0.005 BRI
6.34 0.149 4.07 0.007 0.16 0.005
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WIS AT RHE R PR B A TR TCA SR & &5, A —ZuRMEk. 48 - P& &5 Na kIR
R R A B TS (VAR E I 25 /0 1 O A BB R4 S50 TCA B65E, iR TC4 Bk &
SR I 1R, B 1o~ TCA J5th R B ML, — & JEIRA A N PIAR X I T4 21 3 %
P55l o AR IE) B AHZEL AR, TEJRLE B fb A, TCHLKMIBRIRA L. bR IE Tk IR KR T s T 23k
TCA SZOEIR, BRIRZ A LA B 5 SRR A B IR 25 O &P IR, 5 R 20007 Bib 2 FE ML B 44 HEAT #0Br 1E
BRI HREE 930°C~950°C, iG] 120~240 min, AR B TCA kK41

Figure 1. Microstructure of the initial R-state bar billet. (a) Original low-oxygen bar billet, (b)
original high-oxygen bar billet

B 1 #1i8 RASHBIEEMABLR. () RBREEE; (b) RIASEEE

2.2 MH7E

Table 2. Chronic heat treatment system of TC4 extrusion pipe
= 2. TCA H{EBEM BRI RURAL IR HI

TR

o
M

[ I AL B T
910°C/120min/WC + 460°C/240min/AC
910°C/120min/WC + 510°C/240min/AC
930°C/120min/WC + 460°C/240min/AC
930°C/120min/WC + 510°C/240min/AC
950°C/120min/WC + 460°C/240min/AC
950°C/120min/WC + 510°C/240min/AC
910°C/120min/WC + 460°C/240min/AC
910°C/120min/WC + 510°C/240min/AC
930°C/120min/WC + 460°C/240min/AC
930°C/120min/WC + 510°C/240min/AC
950°C/120min/WC + 460°C/240min/AC
950°C/120min/WC + 510°C/240min/AC
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T MmO O W >» Mmoo w >

SHFNE TCA A& &EMIRERIMA S (TA) N 971°C, w%EHAE s5.(T) N 1001°C . FI AR
LR UIFIIRIF A F R, B 5 R AR QB (I 511 £ 5°C) 3BT [V B At b B S, Bk i 22
il B L% 2. FIFH OLYMPUS M2 &M B %, KA HF/HNOs/H,O (#FR L 1:5:50) /5 ik /T2 1k, W
SEMAMIR G A ZY, R T RERLAR R IG T UR PR A b o i AT LR AT 5 I 70 2 A M RE I A6
RFEAE MR TIEUE 06 mm R BRI AR E U BBk DOHOR i Bl S AT 1R R Ak 2
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(HV)I3
3. #BRETiE
3.1. EBRLENTERERE TC4 PIFEEH BRALTIE

] 2 /& TCA Bk A & B EE A 910°C~950°C [y #Vb B IS I A ZH 2L, i R AT A sl TCA BB & 8F
FEEM BEEHAEIE + KA A S I A o AHAANEDIR DS IR K. X2hT TC4 tha 4
TEM#GERE A, BEEREN TR, o HIZEEA N B, SRR AR & TR SR ER, SRS T4
LRIV E S o FEFD p AR, EELA ISR, RIEMAIPI A S0 o BT KR,
IV I PR8I Z AR R, A HNE R ARLEBR F] 58, S8 f—o T BURARASRA SR, B AR i
DI SR AT P AR AR IIEREE R, AEREPIR S IRk (o0 T [RAA), M REE o 5
oM. B 2 K0, BEEIR ORI TCA A &RV + KA R IA 5 o AHS & R ERAK, PR
O AR 1 0 2

2(a)~(d) R RE & & TCA A SHEEMENE AA LS 1) B L, K 2(e)~(h) £ RA S & TC4 £k
B EFEE M EE KIS B ML, BT RS TCA kA &AM AR IR BN H) el BT U 3 B
LR RIS o A S EA R R ST KNMAEE R ZE R, AR R TCA BhA &M 5 VI A5 o M
s AL ST AR R, HARIR S IRIR & R 1K

Figure 2. Microstructure of TC4 tubes after different solution heat treatments. (a) Low-oxygen extruded R-state; (b) low-
oxygen 910°C/2 h/WC; (c) low-oxygen 930°C/2 h/WC; (d) low-oxygen 950°C/2 h/WC; (e) high-oxygen extruded R-state; (f)
high-oxygen 910°C/2 h/WC; (g) high-oxygen 930°C/2 h/WC; (h) high-oxygen 950°C/2 h/WC

E 2. TCA EMAEREFALEEHEMALR. () REFERT; (b) 1KF 910C/2h/WC; (c) iK% 930°C/2 h/WC;
(d) 1K 950°C/2h/WC; (e) BEIFIERZ; () &% 910°C/2hWWC; (g) =% 930°C/2h/WC; (h) B4 950°C/2 h/\WC

3.2. FYAEMNAEREE TC4 ABFEEM RRELARW

T o+ AL ARG E, BIE + K RUCE R I AGC B R HIRE . 4] 3 AR & & TCA
BRE < 3% R TV I R FR S B AL 2, 1] 4 R a8 i TCA BRG & BE M TV I R AL 2 /5 1) 2
L. I 3 RIE 4 ATLAE H, BRSO AN 460°CHEINE 510°C, W14 a AHERLRST KA U8
e, BEHALE 460°C~510°Cili 2 IX 8] PYREAT I 24, I G EEXS T4 o ARROSEMAAR DS, [R) 20 W [ 7 A
HYGERE o MIE LA B HEMAL R, TCA SRE LA FRER R 4 PMita, HHNH
LT B A BRI AR th . 15 3 ANIE] 4 WA, BEAE I RO 5w A A B R DR AR
I ERURER DA BRI AT o S 2 0 in BT ) RO gt — 8 48 m .
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Figure 3. Microstructure of low-oxygen TC4 extruded tubes after different solution and aging heat treatments. (a) 910°C/2
h/WC + 460°C/4 h/AC; (b) 910°C/2 h/WC + 510°C/4 h/AC; (c) 930°C/2 h/WC + 460°C/4 h/AC; (d) 930°C/2 h/WC + 510°C/4
h/AC; (e) 950°C/2 h/WC + 460°C/4 h/AC; (f) 950°C/2 h/WC + 510°C/4 h/AC

3. RELE TC4 HIEEM TREAMMALIEEH EMABL . (2) 910°C/2 h/WC +460°C/4 hAC; (b) 910°C/2 h/WC
+510°C/4 h/AC; (c) 930°C/2 h/WC + 460°C/4 h/AC; (d) 930°C/2 h/WC + 510°C/4 h/AC; (e) 950°C/2 h/WC + 460°C/4
h/AC; (f) 950°C/2 h/WC + 510°C/4 h/AC

Figure 4. Microstructure of high-oxygen TC4 extruded tubes after different solution and aging heat treatments. (a) 910°C/2
h/WC + 460°C/4 h/AC; (b) 910°C/2 h/WC + 510°C/4 h/AC; (c) 930°C/2 h/WC + 460°C/4 h/AC; (d) 930°C/2 h/WC + 510°C/4
h/AC; (e) 950°C/2 h/WC + 460°C/4 h/AC; (f) 950°C/2 h/WC + 510°C/4 hIAC

E 4. BEAE TCAFEEM T RIEAMNBIALIE R EMLELR. (a) 910°C/2 h/WC +460°C/4 h/AC; (b) 910°C/2 h/WC
+510°C/4 h/AC; (c) 930°C/2 h/WC + 460°C/4 h/AC; (d) 930°C/2 h/WC + 510°C/4 h/AC; (e) 950°C/2 h/WC + 460°C/4
h/AC; (f) 950°C/2 h/WC + 510°C/4 h/AC

F 3(a)~(N AT 4(a)~(F) 7 Al kA TCA SR S5 IS B B [ VA I R AL, il BT DA Y
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FH) S G VR BT A A BT 5 AN B2, (HR RSB B T B A B R A 2, A7 AR
EIRHUBRIAT 1A 14, Bl I 280 L 5t S BAORE B IR R, e R & B s AR B ey 4208
TR N HINT L, RIR I BB R RS T L e A . MR¥E 1T Flower. Qazi LK Li 4%
[41-[6] BT Tt 2 R W] LASHE Iyt SR T H DA IR FRAR (o 1 ERAAR) IS S AR AT HH 3 A

33. TEEEE TC4 AFTEEMALERNFMRESH

% 3L 4y BRAREA m A R HL S 1 = IR BAR RS . phe PERE DL 4E IR (HV) . Hi3k 3 Rk
AVTUAEH, ERA TCA KA S EEM B /KA J5 MR A THIESR B) A Fritm, E2B kA
VRS N BE,  [RIIN  EORH ) 5 B AR A AR R T SE B35, AR B M R e I Mt R P B3 . il [
Vo UR (R BE AR R B BT, AR R R R R 3 R TR R AR T I AR E
FORESEE[7] [8]. HIFk 3K A WATEH, MO E — B S RA TC4 & & B R B M [E V4 i Rk
AT P 0 I [ R R e AR T, (R B R v R AR B R . VAR — B R
TCA KA 450 B b ] A B 28R b T I ) 5 38 B ) 8 B (B i i T, TRV 2B I A b P A
DR FE . JRERTET0F 2G0T B AT HAH AR B, SRR B K KFHFEFEREARIR, A ATERA S IR
W FTHAL, AT SR ST 4E/N BAC B8 LR B B AR o AHS g AH, (BRI 2, i s &4
(ORESE . YA PE R B R DE 32 B AR S IR I AZAE, RO BRI, B4 H IR HE S 1 AR 5 IS
W RATES:, YA IETIR 5 I 15 AL IR 25 5 4R B mT LT S TR 7 ), Re (2 32F dtohar (] Fr)
WA . [FI 254 M RE 45 5L AT A07E 930°C/2 h/WC + 510°C/4 h/AC [ 1 kb BRI BEF AR -

Table 3. Performance of TC4 extruded pipes after heat treatment

3. RESE TCA SFTEEMALIEFRMRE

S AL kit e
FAAL PR ] E HV-2E [
Rm/MPa Rro2/MPa A% Z/% KU2/JJ aKu2/J/cm?

RZ& 860 702 195 55 62.8 77.9 281

910°C/2 h/\WC 948 806 16.5 57 40.9 50.6 318
930°C/2 h/wC 968 824 14 59 46.1 57.3 319
950°C/2 h/WC 991 859 145 59 42.0 52 326
910°C/2 h/WC + 460°C/4 h/AC 992 868 155 56 42.4 52.6 326
910°C/2 h/WC + 510°C/4 h/AC 1036 914 16 55 40.3 49.9 327
930°C/2 h/WC + 460°C/4 h/AC 1024 904 17 61 43.9 54.4 326
930°C/2 h/WC + 510°C/4 h/IAC 1056 948 155 57 43.8 54.3 319
950°C/2 h/WC + 460°C/4 h/AC 1008 878 17 60 39.6 49.1 339
950°C/2 h/WC + 510°C/4 h/AC 1036 933 16.5 58 36.9 45.7 320

Table 4. Performance of TC4 extrusion pipe after heat treatment

%4 SRR TCHEEHASIRRE M A

FEiRPL Mk ]
Psh 7 b1 g HV-4 [
Rm/MPa RPO.2/MPa  A/% Z/% KU2/J aKU2/l/cm?
R & 967 876 17.5 48 42.7 53.2 318
910°C/2 h/wC 1087 946 16 45 20.4 25.3 343
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930°C/2 h/WC 1100 953 14 45 18.5 22.9 350

950°C/2 h/wC 1123 978 15.5 46 16.5 20.7 352

910°C/2 h/WC + 460°C/4 h/AC 1117 987 16.5 46 19.2 23.8 351

910°C/2 h/WC + 510°C/4 h/AC 1104 998 16 47 19.8 245 344

930°C/2 h/WC + 460°C/4 h/AC 1154 1021 15 45 26 32.2 354

930°C/2 h/WC + 510°C/4 h/AC 1145 1031 14.5 46 20.2 25.1 348

950°C/2 h/WC + 460°C/4 h/AC 1141 1021 14 46 25.5 31.6 350

950°C/2 h/WC + 510°C/4 h/AC 1127 1020 15 46 16.4 20.3 355
4. g5

(1) WK TCA SR G B R EM VA KYE AL PRI B S R I A o AHANEHIR TS R4,  FLREAS
RPEIREYIE o R, RS RIS R H0 TR, SR &R TCA Bk & [E 5 iy
AR o A AR ROT AR ROR, - HBRIR S IR A5 B AR

(2) R TC4 BRE Bt BB A [ VA I R A B8 B A SUAAE R BT (i, LB 52 SR R S
s, MrivgL.

(3) mfRE TCA Pk & e B M EVAI ROC B A TERE B2 4R, XA THPIR o 5 RIKLER Rad 72
R AR AT AR 2SR BGRAL TR, IR TR BN 23 6 F1 22 e -

E&WmE

RGNS AR AT A SR FURR] FH BARCE M S AR ) A SR R R T R 7 T
H (W H %5 : 2022YFB3705600) + TR @ VY “4K &G & EM AR ERBEARHAL” (F5:
2022YFB3705604).
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