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Research on Thermal Deformation Behavior of As-cast and Forged TiBw/TA15 Composite
Qiao Hong, Zeng Yuansong, Wang Fuxin, Fu Mingjie
(AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: Hot compression deformation test of as-cast and forged TiBw/TA15 composite was carried out by Gleeble-
3800 thermal simulation machine, the thermal deformation behavior of TiBw/TA15 composite in different states was
studied under the conditions of deformation amount of 70% , deformation temperature of 900 ~ 1150 °C and deformation
rate of 0. 01 ~ 10 s, the microstructure evolution and properties of the composite during the thermal deformation
process were analyzed. The results show that the hot working window of TiBw/TAl15 composite as-cast is 900 ~ 1150 °C,
2.72~10s7"; 1000 ~ 1100 °C, 0.01 ~0.03 s~'; 1075 ~1130 °C, 0.01 ~0.13 s~'. The hot working window of
TiBw/TA15 composite as-forged is 900 ~975 °C, 0.37 ~ 10 s7'5 960 ~1025 °C, 0.01 ~0.37 s~'; 1025 ~ 1150 C,
0.01 ~10 s~'. Through comparison it is found that the hot working window of TiBw/TA15 composite as-forged is wide
and the hot workability is better than that of as-cast.
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Fig. 2 Stress-strain curves of as-cast and forged TiBw/TA1S5 composite at different deformation temperatures

(a) 900 °C; (b) 950 °C; (¢) 1000 °C; (d) 1050 C; (e) 1100 C; (f) 1150 C
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A OE: LUTCA BRA SRR, SA06 G MMk, R IE 1R8] # — 21 e 27 4 PG 3R 0 R 5 5 48
BHTCA /AL o FFIT REM RHKIRHLAN 7328 U 0 G AR AT XS TC4 /ALK 5 BHORE 73 1) HEA T 1 i 25 1 20 0 30 25 T 4
W AR 2 IR e T B IR A TERE . SRR % G M RIS e E R 2 R R SR B OE 1) AR SRR
X AR TR S R AE (AR <1 7)), MIRIGHRE <100 CH, (PRI 5% 24 52 45° )7 1) i Al & A
Wy IR =250 CHF, PR BRI R A SO AR . S8 R4 (RAER R 1500 1) B, JEie A6 % IR 2 i
T, ZEAHRIIR AR

KR : TCA /AL GFIRE AR TREAMERE

HRESES: TG146. 23 XHRFRIRAES: A XEHS: 1009-9964(2023)01-010-06

Effect of Strain Rate and Temperature on Dynamic Compressive Properties
of TC4,,.../Al Composite
Hou Lili', Guo Qiang’, Yao Yuhong’, Liu Jiangnan’
(1. Shaanxi Polytechnic Institute, Xianyang 712000, China)
(2. Western Superconducting Technologies Co., Ltd., Xi’an 710018, China)
(3. Xi’an Technological University, Xi’an 710021, China)

Abstract: Two-dimensional continuous fiber mesh reinforced aluminum matrix composites (TC4y,.,,/Al) were prepared
by pressure infiltration with TC4 titanium alloy fiber as reinforcement and 5A06 aluminum alloy as matrix. The quasi-
static compression and dynamic compression of TC4,,, /Al composites were carried out by the universal material testing
machine and split Hopkinson compression bar (SPHB) respectively, and the compression properties of the composite
at room temperature and high temperature were studied. The results show that the composites exhibit positive strain
rate effect at both room temperature and high temperature. Under quasi-static compression (strain rate less than 1 s™') |
when the compression temperature is lower than 100 °C, the composites destroyed along the inclined plane which is
approximately 45° to the axial direction. When the compression temperature is higher than 250 °C, the specimen is not
damaged and bulging deformation occurs. Under dynamic compression (the strain rate is 1500 s ') , the composite is
not damaged at room temperature or high temperature.

Key words: TC4,, /Al composite; strain rate; compression performance

A SVE RIS R P R T bR Y TR A B B R R, A o 28 o 5 X R
—, (EEMBA P AT R, R B R DA R, B, R A
RIB PR LB A8 A bR BT B R IR A,
R B 2022 - 07 - 06 S AARLL, FRR A PR LU R G LR L LA

BEETE: POy RHEE K% 5 (2020ZDZX04 —04 -01) o
BIEVEE . BN (1983—) , 4, P, i AR K R R TR E MRS S, TER




514

PETR AR A AR R ANELE X TCA /AL GRS TR AR PR RE A2 AL 11

AR D7 T B A TR KA T

TCA BR& 4 27 4 B AT & 38 = BB RO Re i, AR
AL BT RHE SRR MY, FEPE R B A R, ATl
HAMBLEG R EIE, FEF, TC4 G 424k
FRERAL, AL DT bR R R 2

PRALST B AP RITE iR 8 1E TR /Y 3 25w B AT
pSRST 1= Tl N N A T oo N 1 B ks o7
A RERIE G A BHE B2 T2 PERe Ty T A B 322
e S IR TR A VERE 1, R T e U A R AR
SNATERER B TR RL D, ABFEAL S LR N I, BR A
HAMBHEAAL T a8 Lm R s T, S oe A
SRR 50 52 5 4k 2l 25 T 4 1 B 114 572 Wi L AR
JE R EE,

BT UL BRI, M SA06 R A 4 1E S R,
TC4 BR& 2T 4L R Sy a4, TEiR B 25 ~ 550 C,
AR K 0.001, 1, 1500 s ™' F, Xt =4 % 22 4F
HEWIGSREE ST A MR IR 4R PERE EAT B SE, AT
BRI RN A AR 4 P RE R A
1

S

1.1 SEEesr#y

VEFH TC4 £k & 2P YRR o 3as ik, finas Tolkw
FHIR 5A06 FR & 4 5K, &5, 8% TC4 (k& &
Y BUL —ELFAE N, Hrp 24542 D =100 pum,
LYERIEE S =0.5 mm, 4 £)ZE TC4 G 440 4 W)=
B HEAR I e L 2 5 AL SR S5 B 4 il
HAEBIABE, ik iRB T 2T 5458 =
Y 7 L 2T Y W B SR AT L B B A RE(TCA /AL, HE R
& TCA BK A LT 4R R 15% o Xt TCA /Al
BEMEHETT330 °C/30 min/FC IR KA,
1.2 SKWHE

I H Instron 5569 J7 g4 BHA IR LT HEH S *
AR, RARIAFEN 68 mm x 8 mm WEIAIK, FKif
FPAFTIE NI o ARG /0 M T =R (25 °C) Kk
(100, 250, 400, 550 C)#pAH4s, IR L #
JEFE 0. 0005 ~ 10 mm/s Z [A], AR #4354 0. 001 |
Us™' Hor, Bl R g8 R ee AR IR AL A
PRIEF O, kIR E 2R, REH
WRE AN PRI 10 min J5H ARG . R T RE R,
WA AT SR, RAUKI I T 3 K, R HCE
EAE A2 2R

KB S & R R AT AT Sh A (HD

W AEAR) RGNS, EARIAAE R ¢8 mm x5 mm [ (R
A, R R AT O . AR5 20 5 kAT % i
(25 °C) L (250, 400, 550 °C) ZhaS s, NS
1500 s TSR FH I AR FF R S FF 35 R 4RAF, B
A d14.5 mm x 1000 mm, FEHFFHAE A $14.5 mm
x300 mm, HHr, i3 R 4 T 2 i — /N LN
P, TG AR B A8 T 4 e B 1Y B 4
K, B LA 2H 0 A O (B 3 2% 0 = 1 722 it
LHATET) =D H I,

F L VIFIHLN TCA 5/ Al 525 B BHLAH: E DT
JEEEH 0.5 mm By ;T SRS FHED AU 2230 wm &,
T Gatan-600 251~ Jai A A T2 Tl o 755yl
IR AR 5.5 KV, B 0.5 mA, A E
g 7°~15°, FIAAA E X HL AT (SAED) REEH)
Tecnai-30 #1553 HEi LT (TEM) XF & & BPRH 1
SRR FEARLL R RIS S HEAT AT, AR
JE4 300 kV, SRH] S-570 494 f, 7 @ il 85 (SEM) M
ZEEAR AR RO 21

2 HER5HH

2.1 TC4p/Al EE&MEIEMMAR

1 o TC4 /Al & A48 SEM [ )| TEM {4
J SAED fEkE, th TEAMBER & bR T
BENIES, FTLh TCA L BsR & 4 ke 4%, 4
UG AL R4 v B, anlEl 1a Bis . RIS AT
LIBF], TCA KA SL 4t S A e 4 ek,
HE 1 AT, TC4 SkE 4 2R 4 FAR 4 4 Lk 2 Il 1Y
B W2 R N JE, 2 SAED FERESM BT AR, 5
TC4 Bk & 4x—k Ti, ALCIE L), && AL —fi TiAl,
(F1d) . Akt e, WA 5 EES TC4
R B ALY KA B, 1E TCA Bk & 41 4 R TP ik,
TiAly, iz 7 AR B, 5 AR R vk K
21, T TiAL ROBE AL B3 BOE ROE T R T
Ti W BGER, BrLL AL 2eid i 5 Rgkst 1] TC4 Bk o
SNEYEC N RIREE R RS IEAT, TIAL
Hri AL 4k2E 1] TC4 Sk & 2T by, 755w g
J§ TisAl, M4k, i SAED fERE(F 1e) 15001, Jefhr
FAAE— B8 HOIR K (Fe, Mn) Al A o
2.2 BENEAMEIESEEN 2N

2 45 T TCA /Al 5 441 )T 45 16 1149 5 77—
RASHIZE . 2 AT, KRR R T, TC4,/Al &
AR A W03 78 157 3 440 W 6 R 4 T v T R AT



BTl Bk R

12 Titanium Industry Progress

40 %

B 1 TC4,/Al £44+#He SEM BB % | TEM 1% % SAED j64f
SEM photograph, TEM image and SAED patterns of TC4,, /Al composite; (a) SEM photograph;

Fig. 1

(b) TEM image of interfacial layers between matrix and TC4 fiber; (¢) SAED pattern of inner layer close

to TC4 fiber; (d) SAED pattern of outer layer close to Al matrix; (e) SAED pattern of (Fe,Mn) Al
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Fig. 6 SEM microstructures of TC4,, /Al composite after

compression at different temperatures and under

strain rate of 1 s™'; (a) 250 °C; (b) 400 C

BT 45 T RIS Hy 0.001 s if, TC4,/Al &
BMRHEARNRE T 4651 TEM Bl fEEIR T
FEARIG, BRA AR R T R A A A RS
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JESiJE , BRa 4 R BB R AR ok, T

B7 REFA0.001 s 8 TC4,/Al £ A4+
ERF R AT EY G TEM B A
Fig.7 TEM microstructures of TC4 ., /Al composite after
compression at different temperatures and under strain
rate of 0.001 s™"; (a) 25 °C; (b) 100 °C; (¢) 250 °C;
(d) 400 C

B8 mRFEH s B TC4, /Al LAMAERE
BE T RS )G 49 TEM BB R
Fig. 8 TEM microstructures of TC4,, /Al composite after

compression at different temperatures and under

strain rate of 1 s™"; (a) 250 °C; (b) 400 °C
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Ti-22A124. 5Nb-0. 5Mo & &4 4 8 R B T W5

FTEM, T J, BV, FHE, 9K, FEMH

(PYIbA e mmtssbe, pevy p4Z:  710016)

O SR AFRRIUPEET 3 UG HRTE] Ti-22A1-24. SNb-0. 5Mo & &b, #5BE4 UK iBOE . — KHAL, 1R
FEFEAE . FTEALIES T Y, SEIHM A 61. 2 mm x 600 mm x 1000 mm [ 55 05 AR, o, T koHk s B s — kALY
TERAAHIX AT, 55— JCELH s L AE AR DAY, GR FLRER D DRI AL B A U7 3. S5 2R BT (RIRFL IR B
1050 CHIRE R AL, H28 B Rk + IRl BS 2 e e W2 . AR L T BT + R0 IR B X, 2R F g
ROLFERTH A5« ARG UCESRR O MHEEZE, o MRTERCK, O AR 241/, WTLUER & & S iR . 2 +
RO B AT AR R e A SE AR R, (E FE ARG T BRI 2

FKHEIF : Ti-22A1-24. SNb-0. 5Mo 5425 FElawhith; 4L, Fub
HESEES: TGC337.6; TG146.23 XERARIAAD: A NEHS: 1009-9964(2023)01-016-05

Research on Preparation and Heat Treatment Process of Ti-22Al-24. 5Nb-0. 5SMo Alloy Sheet

Wang Guodong, Wang Dan, Xue Shaobo, Su Yanni, Tian Yunfei, Guo Xuepeng
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract ; Ti-22A1-24. 5Nb-0. 5Mo alloy ingot was obtained by three times vacuum consumable arc melting. The ingot
was subjected to five-fire forging, three-fire hot rolling, sheet pressing, surface treatment and other processing, and
then the wide sheet with the size of §1. 2 mm x 600 mm x 1000 mm was obtained. The five-fire forging and first-fire
rolling were carried out in the single-phase zone, the second-fire rolling was designed as reversing rolling and carried
out in the two-phase zone, and the final product rolling adopted the heat preservation rolling. The results show that
when the holding rolling temperature is 1050 °C, the sheet with the best shape and the fracture mode is brittle fracture
after single aging or solution + aging treatment. There are more equiaxed «, phase and secondary acicular O phase
precipitated by single aging treatment compared with solution + aging treatment, and with larger a, phase, finer lamella
O phase, which can improve the alloy’s strength. After solution + aging treatment, the elongation of the alloy can be
increased, but the strength is slightly lower than that of single aging treatment.

Key words: Ti-22A1-24. SNb-0. 5Mo alloy; wide sheet; rolling; heat treatment
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Fig. 1 Photos of Ti-22A1-24. 5Nb-0. 5Mo alloy sheet
rolled at different temperatures; (a) 930 C;
(b) 1000 C; (c¢) 1050 C
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Fig. 2 Microstructures of Ti-22Al-24. 5Nb-0. 5Mo alloy (b) solution + aging

sheet after different heat treatments: (a) aging;
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Fig. 5 Tensile stress-strain curves of Ti-22A1-24. 5Nb-0. 5Mo

alloy sheet at room temperature under different heat

treatments
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Fig. 6 Tensile fracture morphologies of Ti-22Al-24. SNb-0. 5Mo alloy sheet at room temperature under different

heat treatments; (a) aging; (b) solution + aging
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