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Table1 Chemical composition of TB18 titanium alloy (/%)

Al Mo Cr \% Nb Fe Ti

4.94 4.92 5.82 4.89 1.05 0.47 Bal.

PIFHAS TB18 SR&w B S HIAEM a, M1 g FAK, WK la
Fi7R, WA a, 385040 T p F o, R2EOIRBCHER
15 p B IE A A K E A AR o FIAHEHIR o 0
Kl 1b Fror.

PHEFRIEK ] 400 mmx80 mm k% TB18 4k&

- Lamellards 7 ¢

eedlershaped a\ L I

B 1 o+p WIHIIX #i% 5 TB18 k441 SEM & H
Fig.1 SEM images of TB18 titanium alloy forged in a+f region: (a) a,, and § matrix and (b) £ matrix

SRR, BT ) AR [ VA ) A ] s J v
HOR PSR LA, T 2SRRI s 1o
2a~2c 7R, I RULERHIEE 4 —5 530 'Cx4 h, AC.
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9754 Solution temperature a A
800, 835, 870, 905, 940, 975 °C
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1,2,3,4,58h
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(optical microscope, OM) F1 JEOL IT700 %37 % 541
f#iH8% (scanning electron microscope, SEM) Xf#4EHT
AL R MBS AR AT EEAT LI . R HECE T JEOL
IT700 #4354+ SEM L [¥] Oxford C-Nano &Y B~ HiUft
T4t Celectron backscattered diffraction, EBSD) ZR&tit
AT AR H R AN 25 KR AE, R A FEI Talos F200X 8437 2 5F
1% ¥} ¥ 35 7UBE (transmission electron microscope, TEM)
RGBT AR SO R ME R, HT
B TB18 4KA & HAbHE T 2 40 21- 124 M R A )
THAEHKSR.
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Fig.2 Schematic diagrams of processing and parameters of heat treatment: (a) solid solution temperatures, (b) solid solution time, and

(c) cooling rates
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TR VA S MRMEE 65 MPam'?, HEVEREN

1500

835 CHY, TB18 £k& 4 IWIZHIIRE M (75.6£0.7) MPa-m'?; 2
FHEEIES 870 ‘Clib, Wi (88 4+1.5) MPa-m'?;
SRAFRFHIRIE S 905 C i, Wi M(95.70.6) MPa-m'.
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P ERoRE RST 1A 0 90 pm, R BATZEAH [F] AR R 45 1F R, B
FAAH DX [ AR BB, BT B RO
WA Hall-Patch X5, 90 B BAH X A TLE 51 &
[ iR K K SRR TR, Ak, 7E 800 CRIVE G
PRI RST RN, SRt T Z AR TR Y B A AT
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Fig.3 Room-temperature tensile properties of TB18 titanium alloy processed with different solution temperatures and aging treatment: (a) tensile

and yield strength and (b) elongation and impact toughness

®2 ANEIREES 2 h, AC HEIH/E TB18 $hE& S HIMTZINE
Table 2 Fracture toughness of TB18 titanium alloy after solid
solution at different temperatures for 2 h followed by air

cooling and aging

2

Solution temperature/°C Fracture toughness/MPa-m"’

835 75.6£0.7
870 88.4+1.2
905 95.7+0.6

TP HOUAZAMEFESG N, AORHEHEAR T, R, 4
VAR 800 CHRTFFE 870 CHY, TBIS8 tk& &
R AR AE A2 S P R P A 4 v« 2 [V L P e it 870 °C
TBI8 K& 4 T3 dhr RO Mo g K, b Rl aim B2 A%
IFES, FIHME TB18 (k& &Mk g B I A gD, f#
MOEHEIEPEANIVE R . 28 BRTIR, 3& A T o5 v o
=] TB18 £K-&4: 1) B HAH X [E 5% R 870 Co
St A B TB18 Sk& & c R a5 it
TNo BEARHHT K E R ERER oo, W Sa Bk



+ 3104 - W& EMEE TR 553 %

Bl4  ANFENREEVE ¥ 5 TB18 £ha 42 fnkir 141
Fig.4 Grain microstructures of TBI§ titanium alloy solid solution treated at different temperatures followed by air cooling: (a) 845 °C,

(b) 870 °C, (c) 940 °C, and (d) 975 °C

1 um

K5 £ 870 Cx2h, AC V&R 530 ‘Cx4h, AC KRS TBI8 k&4 SEM MR K T 70K 7047 EDS [HH#
Fig.5 SEM image (a) and EDS mappings of TB18 titanium alloy solid solution treated in f single-phase region: (b) Al, (c) Mo, (d) V, (e) Cr, and (f) Nb

Al JTCERWE A, WK Sb Fis. B3UE TBI8 #k44 530 'Cx4 h, AC B35 TBI18 k&40 p AT HT
WL A Mo V I Cr 1 A€ GER, W Sc~5e T T REFEMER a,, KN 100 nm~5 pm, 56/
7R, FLA] TBI8 £KA &Pt SRR e T 200 nm. XL o A H 2 A FATEL R —E e, KIS
JCE Nb ¥5050 40, Wil 5 fs. pEARIFAESRZ) Burgers < R, 305 TB18 k&4

WK 6a, 6b Fizw, 43t 870 Cx2 h, AC [EAEM FREZIBMEAR T, Ao 4 75 Gt 5] it K 8 AH A0 AH ST
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200 um |

El6 % 870 1905 CREEH 530 Tx4h, AC A5 TBI8 £kA4:1 SEM B A
Fig.6 SEM images of TB18 titanium alloy solid solution treated at 870 °C (a—b) and 905 °C (c—d), followed by aging at 530 °C for 4 h, AC:

(a, ¢) f matrix and (b, d) a phase

TGS, PR T R R A s AR . 2 [V I
FE#RA 905 C, TBI18 thaaiy g ik FIFEHTH T
SREC AT E AR o AH, AHRS o AHRAEH
e, Wl 6c, 6d fiz. AT RER A& [V 5 % A R
Prib g o M, FFERRUR KA, £W] TBIS $h
SEAE B DRI, ST [V IR SRR o A
INRIESYZ T E

Liu 2 A\USHEIT Ti-55511 46 & E AU B, A
i BRG4GB AR R ST R 2 o ARIFPRLA T LA
TR pRVERE SN YIE. HT TB18 k& &
WIS R B AL 2 o AHAHAG, F HIE st A ER
IRAZ, HRUCHRS T RE0H R, DRl i fe [
WL, TILLA LT TB18 2k & & MM R FIE .

K7 R T4 870 Cx2h, AC [H¥AEF1 530 ‘Cx4 h,

K7 2870 Cx2h, AC [E¥M1530 Cx4h, AC KRS TBI8 Shad N a HIRIEL S o FH) SEM [ JFl EBSD 45 R
Fig.7 SEM and EBSD results of a phase inside grain (a—c) and a phase along grain boundary (d—f) of TB18 titanium alloy after solid solution at

870 °C for 2 h, AC, followed by aging at 530 °C for 4 h, AC: (a, d) SEM images, (b, €) OIM maps, and (c, f) KAM maps
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AC XU TBI8 BR A i A ag FAT 5T o 1K) SEM [
JTFIEBSD 45 5. Wil 7a~7c fiias, @b hep 454 2
os M5 bee Git4 1) p EARAAAER R KR, AHIE] KAM {H
BN, FNENRRE. it o tHRZEEE (2491 pm) B
KT SN ag A, AHN KAM AEEUN, 10 ds SR o
FHE A 80K, AbTARRES . WS R A R SHBEARTY, 1
AR DAE T o AT POE RA, RS a M2
SR BB AN .

K8 45 T4 870 Cx2h, AC [E¥H1 530 Tx4 h,
AC W2Ja TBI8 BRA < F L A5 TEM i
F o SREUE X L7 AT (selected area electron diffraction,
SAED) Hl& 4> # TEM Chigh-resolution transmission
electron microscopy, HRTEM) I HL-F- B S £ 2A[110] 5
1l 8a~8e WA, ZIALERJS TB18 ER& it A ML A4

KEMEFAT HEKM R E o HRE, 5AEES R,
i AT AT 7172 el v ¢ LT i (NE SHE A N A
IR AT LAY, R T4 5 TB18 k&4 nmfs.
2.2 [ERBTEN TB18 $A& £ LA S M AERIFZNY

]V i S (] 2 JUE SR G S BN R —- R
TRUEREE A 780 T, BORIE TB18 4K & &R IR %
TRRE AR E [FRS, Wi TB18 2k&&AE p HiAH
X, A5 S g koA, wl& 9a, 9b
Fi~, 24 TBI8 4k &4:7E 870 ‘CE¥% 4 h, AC J5, Ty
iRl SE A 255 pm, AHEET 870 Tx2 h, AC Ffdh, &
RORSEREIN 95 um; 24 [EAERS E] ZE K% 8 h, “FHA 4RI R
SPoN 380 um,  fRRLEER A, AFIT TBI8 kAR R
UF BRI

E 10 25 H 7245 870 “CREEAFIN T8 G AC FH£8id

[110]4 10 nm’”

*-200 nm

K8 £ 870 CTx2 h, AC [E¥%H1530 Cx4 h, AC K5 TB18 A& 41 A 2R K4 4! BF-TEM, DF-TEM M}, SAED fEAEHiAH S H

HRTEM [ F¢

Fig.8 TEM images of Widmanstatten along grain boundary of TB18 titanium alloy solid solution treated at 870 °C for 2 h, AC and aged at

530 °C for 4 h, AC: (a, b) BE-TEM images, (c) SAED pattern of the region circled in Fig.8b, (d) DF-TEM image, and (¢) HRTEM image

of phase boundary

B9 EVEARFRTEJS AC 11 TB18 £k G4 fkr 4 21
Fig.9 Grain microstructures of TB18 titanium alloy after solid solution for different time: (a) 870 °C, 4 h, AC and (b) 870 °C, 8 h, AC
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1299 g
R A R B R 1/ S—— - 5 305
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%0 1200 - NN W0 . O - §D 6Fi5 RN AR 5.0 N 24 %0
2 8 e
A T 4 185
1100 -
21 6E
1 0 0

Solution Time/h
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2 870 °C [ ¥ AN [F) B[R] FNES 50 ab 3 5 TB1S £k6 4 1 1521t g

Fig.10 Mechanical properties of aged TB18 titanium alloy after solid solution at 870 °C for different time followed by aging: (a) tensile and yield

strength and (b) elongation and impact toughness

530 'Cx4 h, AC BF&UACEEJE TB18 £kA &M 12tk
AE. FIEE 10a FTAN, TB18 £K& & 7E B HAH X [l FF 2%
e P05 R S B TR0 A St o PR TR A B R R
BOR, BEEEEA 1 h A R e iiE, BEAEH
XA, TEIRERTG 70 40 i ROhT AR BOR o TR el [
VI IRAE, MORL A ER S AL SRR A A, R B
R A S Al 4 5 1 7 e, EE 8%
H % Gy ik B AL R AN TR, FRARARHE B PRI o
SEK [N )2 2 h, BURE R e G, [EA RS, I
ROHT BB RCR ST, BRI, TBIS 4k & 20E i i

FEN 1315 MPa. JRARFEEE 1225 MPa, FEfHI3RN 8.5%.
WA 29.2 Jem?, i B R R TB18 44 421
PERETR K. SRR EVER ], TB18 K& 4 H5RFE
IAVERNFI M3 AR R B, 2 ph T [ B (A1 S TB18
R SR RBEEH TR RS S, B BRRT R
EWNG SEGRE RPN T . LN, 4 EER
(#2492 h i), TBI18 £RA 4 55 A1 28 470 1 DT e 53¢ 1= o
2.3 [EiRARY TBI18 (k& &AL S MRS

Bl 11 45 74 870 CIEIVE 2 h Jg DAAN[EIA 21 2 b
A% 150 CJ5 TBIS Sk A& MALUES. Ml A E N

K11
OM (a—c) and SEM (d-f) images of TB18 titanium alloy cooled with different cooling rates after solid solution treated at 870 °C for 2 h:
(a, d) 0.25 °C/s, (b, €) 0.50 °C/s, and (c, f) 1 °C/s

Fig.11

2 870 ‘Cx2 h [H¥4 5 LA EAHIE ZAH 5 TB18 k441 OM 1 SEM I8 F
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0.25 ‘C/s i, TB18 £K&4x 1) B ébbiH#T HH T K415 1)
IR o A, W 11a, 11d Fion. X2 T B E A
R, TBI8 SAEELET T a MBINTHIX (], 41
RIS, PR T S A EE AL AT T ROCR,
WEAEAS 20 3o Bf 2 A BRI 2 A R AR T BUR A«
FH, AHRAEEDETHTHIX (precipitates-free region) -
AR HE BT E 0.5 Cls Ja, FRENTH T ag#l, (B
BRI ERTCHT X BRI, dnfE 11b, 11e Fias.
XA TAER NG TB18 FEAH G4 a /M iR
JEE DX T] R BT TR 2L, 9 g AT HA 2 (L 1 A DR BT R 22 0k
A, HIHT e AHRIHTH . U EVEAEEREF R 1 Cls

Jei, dnFTOHT H DX 7 Bk SRR N, ATE & 9 AR ST
H T e, WK 1le, 11f.

Bl 12 45 H T4 870 C L 2 h JG DAAN[RIA 21 2 b
WA 150 ‘CHLIE 530 'Tx4h, AC B RLALFR G TB18 4k
BEREERE. B 13 AR N IASES . B 12a
AIEL, 4 TBI8 2K& & f5 LA 0.25 °C/min JF ¥ I 2L
J5 F SR E AR A 1180 MPa, X2 i T B /M 24 i
AT o MR, EMRECKR, W 132, 13d At
o HANEIS I AUCEIE R T B sa RN HIX, =
ST GV I RE AT H 1) o AHIE— BRSO AZ p B (1)
IR ALGER, RAEKKAMNL, S8 o MRS,

1500
B Tensile strength B Yield strength @

e E R

Strength/MPa
= b »
(= (=] (=]
S S S

0.25 0.50 1.00
Cooling Rate/°C-min

12

Cooling Rate/°C-min”

B 12 24870 CIEY 2 h JG UARRIAHIE R E 150 ‘CIHERRUE TB18 k&4 J12¢ 1 ft

Fig.12 Mechanical properties of TB18 titanium alloy cooled with different cooling rates after solid solution at 870 °C for 2 h: (a) tensile and

yield strength and (b) elongation

B 13 £ 870 C [ DA RA JE A HHF I 205 TB18 £ 6:H) OM A1 SEM Y
Fig.13 OM (a—) and SEM (d—f) images of TB18 titanium alloy cooled with different cooling rates after solid solution at 870 °C for 2 h followed
by aging treatment: (a, d) 0.25 °C/s, (b, e) 0.50 °C/s, and (c, f) 1 °C/s
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AHT TB18 EK& & HAFI - R . SR d e
% 0.5 ‘C/min Ji5, TB18 £k& &1l i &b 3/ A3 T R4
(s, (HRMMYERER, s 13b, 13e Fian. UFEEA
WA E 1 C/min J5, JRIRZA AL TEHT H
X AT T AN R BRI EIR IR ag#H, Wl 13¢, 13
Fizs, f# TB18 k& e hihi s 52 2 1343 MPa, JE /i
SRFEISE] 1179 MPa, JEfHZR I KA 5.0%.

3 & i

D) @ p AR X E A A S, TB1S k&4
o g BT EFIERIR oM, I TB18 4K & 43815
RAFIIHT H g BN . TR EAR o MA RT3 T
TBI8 (K &&MWIME, FIZBEEHK, TB18 (k&4 MM
AP RLT o

2) TBI8 EK&ETE B HAH X [ 5 TE RO Fa 55 4h B
frobE, LR RU S 5 ] PR R A B TR AF DG [ VL
JE iok v BV ORI B TR Kk 58 TB18 Bk &4 B kit
KA, AR SR N, S E RS E AN
870 Cx2h, AC K}, TBI8 #k& 41 7E 530 Tx4 h, AC
ZAE TSRS RIS PIVEIT R, $hisR A
1315 MPa, JHARIEE N 1225 MPa, ZEMHFRA 8.5%, i
drIE N 29.2 Jem®, Wi EE{E N 88.4 MPa-m'2,

3) [EfEAHE R TB18 K& &M 1%t
g, MEA G TBI8 kA 4:LL 0.25 C/min Y4414 150 C
G, pAEAEFCENH T KE oM, FIRAEEDETHT
HIX. &5t 530 Tx4h, AC B RUETHTH XK, #Ho
os FHETR AL, TB18 Ek& S Hihr s AL LA 1180 MPa.
PEFFEAESE 1 C/min 5, £ 870 CREIEN TBIS £k&
SRR AT RETATHIX, (HZLE 530 'Tx4h, AC
UG RS T ST o A, PUHL SR E $2 ik 2
1343 MPa, ZEMIZFA 5.0%.
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Effect of Solid Solution Heat Treatment on the Microstructure and Mechanical Properties
of TB18 Titanium Alloy

Liu Xianghong'*, Zhao Ning*’, Wang Tao”, Yang Jing’, Li Shaogiang®, Du Yuxuan®, Kang Jiarui’, Ren Xiaolong®
(1. Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)
(2. Western Superconducting Technologies Co., Ltd., Xi’an 710018, China)

(3. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The sub-stable f-type TB18 titanium alloy exhibits a significant strengthening effect through solid solution-aging and possesses
excellent potential for achieving a balanced combination of strength and toughness. As a result, it has emerged as a favoured material for
manufacturing high-end aviation components. This work aimed to investigate the impact of solid solution treatment on the microstructure and
mechanical properties of TB18 titanium alloy. The effects of different solution temperatures, solution time, and slow cooling rates after solid
solution on the microstructure and mechanical properties were illustrated. The goal is to understand the mechanism behind the interaction between
solution treatment and the microstructure-mechanical properties of TB18 titanium alloy. The results indicate that following the solid solution and
aging treatment within the f single-phase region, lamellar and needle-like a5 phases precipitate within the f matrix. The presence of lamellar ag
phases contributes to the improvement of the toughness of the TB18 titanium alloy. Furthermore, the fracture toughness of the TB18 titanium alloy
improves with an increase in the thickness of the lamellar o, phases. Elevated solid solution temperature or prolonged solid solution holding time
can coarsen £ grains in TB18 titanium alloy, leading to a decrease in strength and plasticity. When increasing the cooling rate from 0.25 °C/min to
1 °C/min after solutionizing, the fine as phases uniformly distribute within the TB18 titanium alloy after aging treatment, and the tensile strength
increases to 1343 MPa while the elongation is 5.0%. When subjected to a solution regime at 870 °C for 2 h, followed by air cooling, the TB18
titanium alloy achieves a favorable combination of strength and toughness. Further aging at 530 °C for 4 h, again with air cooling, results in a
tensile strength of 1315 MPa, yield strength of 1225 MPa, elongation of 8.5%, impact toughness of 29.2 J/cm? and fracture toughness value of
88.4 MPa-m'”.

Key words: TB18 titanium alloy; solid solution heat treatment; strength and toughness; microstructure
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