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Abstract

A large-size domestic TC18 titanium alloy forging after typical two-stage annealing has problems
such as uneven structure of each part of the forging and substandard comprehensive performance,
which has caused huge economic and reputation losses to the enterprise. Therefore, understanding
the alloy’s dynamic evolution during heating and solid solution is of great significance for formulat-
ing a reasonable process and improving the structure and properties of the alloy. In this paper, a
high-temperature confocal microscope was used to analyze the dynamic evolution process of the
microstructure of TC18 titanium alloy during the heating and solid solution process. The experi-
mental results show that during the continuous heating process, the grain boundary a phase begins
to break when heated to 650°C. When heated to 800°C, the dissolution of the grain boundary a phase
is basically completed. The primary a-phase begins to undergo a phase transition at 650°C, firstly,
the a—f phase transition occurs in the form of short-range diffusion, and then the size of the pri-
mary a-phase will have a significant growth trend between 720°C~750°C; but when the temperature
exceeds At 750°C, the primary « phase begins to transform into  phase gradually. The microstruc-
ture stability of the TC18 alloy is excellent when the temperature is kept at 840°C for 30 min to 60
min. Therefore, each part of the forging’s heat preservation time can be controlled within this range
by optimizing the heating process to eliminate the difference in the structure and performance of
each part of the forging after heat treatment caused by the size effect.
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FIAT, TCI18 Sk & e A BRI 70 5 5 T2 BEAE AL FR XS & S AL URI I B A S R D7 1 o ARG [2] &
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WA o ARSI /N, HE BB, R, KRB RERW0]-[11]: 7E TC18 kA&
TR R E S AR, B FEERE T, AR o S E TR, KE o SR BEER
RO FE TR, HR IR o HEEAWFEE, ERSAEKES. AL, LM. Orlova [12]%] TC18 £k &
S ROL AR P ST R RUEEAT TR, RICMIREE ST S00°CHY, TC18 k&4 i I A H o AHTH B
FEHT IR B 2 o A, [RS8 RIS R0 o AHEARSETE St EIBAL, SRJG A X AE M N TER% . 5 LM. Orlova
(RRIE T &5 AL, X A [13 23R FE AN [RI IR R IR X TC18 Ak A S 4L 4R i B I B R BILAE 500°C LA,
LR 22T o A8, TITE 500°C BIAHAR xR BEVE B Y, W BEEAE B AREAR BAT 7 JEIR A0 o A1
BribZ 4b, A LR R HSUFIE IR 7T Bl anphakigESE N[14]RBERA 900°C £ 30 438k, SA)E
IKYE HFAE T 20T DU 30 bR TC18 L& x4 41k IRUBOE AR T X I 45 i AN SE A 51 R i) “ SEBE” o
7 B AR K R A N[ 158 T IR AT B B BRI R TC18 KA & IR E o M, L T1HIE 1 i
TE B VA B R AL B T

EINE N TC18 SK A & HAb B AT 7 K EW I, (HRENNT TC18 SR G & AE i B #A B il [ A B
B H BN A T AR AR D RS IR AR, iR 3L AR BB AR T UM R AL IR AL 2 A
ARENJ15 IR S 2R AT M AR R AR T T R T RE R A [16] [17]. KN, Campo 45[18]
VI SIZ 7 e i 3 SR AR AR T — Pl K BB T S AR AR I v, RN B ARIE Ti-555 A& MAHR S RRAT T
WEF . Gu ZE A[191E R HiZ &M EE T M2, 100Cr6 F1 C3SLTT AN7E 3 [ 2 I #h R o 25 44 i 1k
R KT EAARN TCI8 RESHAFM T, &8 2 5 BBt & AN AL LE ey I [ 78 B B i) ORl s [R) 47
TERRZES, W FEBALRE R EIR. BT RGEYE TCI8 KA & AE il B VAR B I (Al f/
TR R Zh A UL AT I, HR B G940 RT3 B A AN RS2 1R 77 ¥ . AR SCR H i A SR AR R
XFE = TC18 BKE & Mk S [ Vil 72 v i Bh A S 2 AR I R kAT TR SR, R GE W 1% S A el [
IR AR AR A o

2. REMH 5754

KRG TC18 SR S ARG AL R, T AL 52 B R S M AR R A, 5 i A
PE A ER BRI LB AN ZE S, RIASSCE Se Xt ARSI Fir 0 TC18 B A <8 - (1 2R i ALy
MRBE AR A LU AT 0, Wl 1 PR

Figure 1. Original structure of TC18 Titanium Alloy in forged state
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PERMYIE o HTER NSRRI SR, TR OV o HEERKFR. ZRFENEAR TP EAR
BHEK, BARREES, HAMBEER, o 04 A Burgers BRI X RIS, HILIRESTE B &
BB A % o AHERIG NS RPR . M AMEGE IS FR B AR 0 2SR T 1 B AHER AL T #VETRES,  divki R AEAS
WA, SEPEE g SRRSO, FHSEH AT 20128 B AT BE AR HkL <100 B[] ks i TE G i H o
LR AW EE BT FH G #6 R RO AL R A A, 58 VL2000DX-SVF18SP. 25 JE B AF R M
T 3T S THIAVE B A vy U T B BB B B ) e K, R LG A SC MR A R T 7 B R, F 9 i B s R AR A
el A B BOAH A S A AR R . BT SRR, Sehrde e iR R TR AL BLAE 840°C I PR T N ) fe K
29749 100 min. R A e A CRiR T AR TR HSUE AR L, A iR L R AR RIS e A AR 840°C, I}
ERFAN 100 mine FAKRIG TN SoBaFELL 50°C/min (KR IN#E] 200°C DAIEEH A, SRIGHE L
200°C /min I35 EEIN#E] 840°C  (BT-30°C), {#I& 100 min, #J5 L 50°C/min HIEEFEAHF R, NP1k
AR, BRI FE 8 = 2 AT R

3. RBEEREITIE
31, EEMALREET o 87E

K2 4 TCI8 Bk & it o ARFEFESE AL AR b (A A, s, ST 2 650°CH, Ji
AELLHI T o RIOTIRDRE, WS AERRCIR . BB TR — BT E] 700°C~750°C, &5t a AL

(©) 750°C (d) 800°C

Figure 2. Grain boundaries heated to different temperatures o Phase state
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PRIE AR, AR I ARRBUREAR e - o AHDRIIEROAE T, R ORI AL BB R S5 AN RS (34t
P IZHT i A A N R . HIREETH ] 800CAANS, RS o AHRHERY AR, AR BURR A
GO TS, A1 B TR 2 RO LR A ViR .

3.2. EEMABIENE « HFEE

Kl 3(a). ] 3(b)Am#AE] 600°CH 650 CHIHIAL o MHIERS, BRI, ¥4 a FHTE 650°C LN 34
ANREP RN, MR 650 CIHSET @, YIE o RSB, FiEKRE a—p A, 2
O AR A A FE Y B G, B AR AR ol B FIAR BE 3 LU/ o IR FE T i B 720°C~750°C Y BBl B, )
A o AHE B AR AME B gk, RIMA KRR & BX PR M SE 2 OF o MR FE
IRT TS BE S b, X PN GIEAE “ Ostwald #4467 BUHL, 4H/NE o AHBOR. BAG T8 R T AR, R B AR
RGUAFTREIIA L, o M@K R DUME SR TR UE TRE . B 1% MmBEa T, 1E 720C
~750°C HAT RS MR TG ShRE 7, BXRIARIE (ARAT o AHBEGE BT S ST B Bl E 26 & 5F 7 Rk T RiAL, A
W, HRAFATAE IS AT, A IR REAE AN RSN 7], R B G, R — DR o SRR
HITFK K.

(d) 710°C (e) 720°C () 750°C

Figure 3. Primary growth when heated to different temperatures a mutually
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WI2E o ABSEMRAT s BRI 4 Fs: fE R AR, 9148 a RS ML G WA o T
PR, RPN S AL IR T ARSI R B RN RIS E . T LA R i A B SR AL R A B
W R L AT R AT ORI TR O SES, AHARSRBN I E 7870, MI2E o AHA G FEIA] i OB TV A S T A
HENIHIE o DG A NTRE, SEEAWIEIN . EEHRVIE a—p REARMI LA, AR (1 B8 5 13K 31 5t
Ky AL P T SEGEHE o MRS RS2 0 B ORI . XA 2785 2L RIS R
PR A A~ B2 TS R A BT 2K o
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I IR W5 AN BN AL G505 (E A AT DOV ER 2GR R T AT 322 R AR IR SR I AR T 1 AT P T R AE 0— 8
I, BRI i R e A 53 B R A A R A R R RS AN AR, T 7= A T iR R T . AEBR A R
R GE AP ASTEEE R I WT AL G 2 15 A a— f ARAR 25 A, T DU S AR T 15 T 2 15 2R SEAE IR B a— 3
AR FE M. P 5(a)h RERIASTEIF MR I A b 2T R A a—p HAZ. WA 5(b) R,
£ 840°C ORI 6 min J&, AU AT ORI RE MR BURCR B SR MR (i, R OR AR IR 1) A
0 3412 6 min KRR, PR ARIREURURLR IR A a A, DUR SRR o IEEAMEIUARE a—p
A wE Se)FiR, MOREMFREKE] 10 min B, HAZPEER. BURRR B S00R 2 2l

QAR

(a) (b € €i)) (ed

Figure 4. Primary a schematic diagram of phase transition behavior
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Figure 5. Morphology of high temperature confocal of TC18 titanium alloy at 840°C for different holding times
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M RSF AR R, RIIKE o AHUL K FORIIVIE o AHAITEAME L) B ARFEAS . hAMER b Rkl 2 oh
) DX 35 ] DAL 82 31/ B (AR T T B, R BAAE 840°CARIR 10 min J&, LIS HvIE o MK ITLA
KA a—p HIAE . HARIEN AIZEKF] 15 min B, HHPERF NS E SRR 10 min FA L EHZ,
KEIEMYIE o MIDGIF M= E R, KU EYIE o dHIEARHL A g R AR,
K S()FR. MR AR F, FHIRERR . BURCR LK SR A RA I R AR A R AL, RIITE
840°CHRIR 10 min J5, LR RAE o MFKZRVIAE o LS TEEMPIE a HTER T a—np MR,

Kl 5(e)s & 5(070 5 N7E 840°CARIE 30 min 140 min N =R LB BRI . HEET &, MWE R4S
BEARERAZES, RYLE 840°C LR 30 min 5, HLHEMYIE o M A RS FECEWAM. (HlET
TRIRIR AR T ARAS SR, T LA A P SRR B — E B o H

Kl 6 y TC18 AR& <7t 840°C Ak LL LRI 1) Eis ML SR AT . &l 6(a) T A1, LRIRISS (B A\ 40 min &
K2 60 min FILFREP, SEHLEARGA KL, RALEZETEE N, &&MHSARRERRE, A2
PRI 1A] AR A T 250 o bR T PEAR T A AR R EE I WA X ORI, B AR Ab T A A e I B AR, itk
B PR I [ R S SR S ) T35 A8 A IR B 1K) o A MIRITZEAE T, B AR EIE N o BaE ot
R ALIRET &, TR, D ERIE T o R CUR BRI AL B 12 M b, K]
TRIR NG G Te R IREE T 78 R M B (], (AR R o AR AR . WlE] 6(b)Fizr, 47E 840°C
fRIE 70 min J5, HZF o HMEEMRSTEER. 3 XA ARG RSERRIE 95 min J5AF]

4030.39sec [
839.8C 'S
- B

(d) 95 min ' (¢) 100 min ‘ () 16,100 min/5 FISEME

Figure 6. Morphology of high temperature confocal of TC18 titanium alloy at 840°C for different holding times
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VE(E, BERFAHAF o IS ERZ HRSTRR, W 6(c). K 6(d)Fn. BJE, BEE TR A1 4% 22 12
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3.4. BLAMSRELRETL

25 FFTIR, TC18 KA & 7E 840°C ry i [ 1 PRI 2 HH I I A A S AR R an 14 7 B« R AR IR AT
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Ao FELRIRIS A A 30 min IEKF] 60 min I FEH, S E&HLFEARNKAEBN, HERFE LR 4R
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TRAMRST AN B

'&%ap %imap

Tl
/
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Figure 7. Microstructure transformation law of TC18 Titanium Alloy during heat preservation at 840°C
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