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Effect of holding time on the microstructure and mechanical properties of
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Abstract: This study designed a three-dimensional interconnected TCI11 alloy framework as a rein-
forcement and prepared WE43-based composites using powder metallurgy combined with pressureless
infiltration technology. Microstructural analysis shows that the TC11 framework reinforcement within
the composite is continuously and uniformly distributed, and the pore regions inside the framework are
fully filled with the WE43 matrix, forming a stable three-dimensional interpenetrating structure of
TC11/WE43. At the same time at the interface of the composite material, a nanoscale Al,Y transitional
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layer is formed through diffusion reaction, which enhances the interfacial strength. Mechanical perform-
ance test results indicate that when the holding time is 30 minutes, the TC11/WE43 composite material
exhibits the best overall mechanical properties, with a yield strength (YS), ultimate tensile strength
(UTS), and elongation (EL) of 417 MPa, 438 MPa, and 6.6%, respectively. The improvement in
strength is attributed to the load transfer effect of the highly biomimetic TC11 framework and the excel-

lent interfacial bonding strength.

Key words: three-dimensional connected structure; composite materials; microstructure; mechanical

properties

0 5%

BERA B MRME R & SV T i i Ak 2
FARAARE, TERTZS LT L BT R T 1 2 55 o i 2 5 40
J LT RE R N T e, 32 B2 AR RS Tl A )
O (ER, B AR R S A
TEAERE C R, A S B ) M (0 3R TH A7 A —
ik b, WE43 16 1864 & A LR R = iR
e Re, Rl s pe gt L B S M R
P AH JL A TC11(Ti-6.5A1-3.5Mo-1.5Zr-0.3S1) & 4>
FLA =m0 B RN R R e 1, R %
ey IR e B, Rk TC11/ WE43 A4k
A B R G0 B B A M) o VB P B R Y
A

PR A MR ISR A AL TS Bl A8 T
IR SRR D IR R . BEREE AT
HESLEE R R TR AR BR A AT ST b e, A BT
PITERE" T, (AR T B S 5 | A —2 R 3%
SRR I BE L A MR S R RE AL B AL T B T
7], Zhang 45" ML U152 ZRARZERY 45 T Ni-Ti 542
SR EEFEA BA R, L S0 B S B e 1 BE; Lin
) A0 AT AR SRS AL T %, DA Ti AR R 2
il T TuMg AR, B & 0 mildeae v
A WFFE R, 1 S5 P HE SR i (A 1] Jhk G JAs o
ORI IRIR, 7853 &G R 2 2ms AR A,
LB TC11/WE43 & A M B FI A DL 1L B A%
EAREERE, RIFMA LG 2T E AR

VBRI RN R 2 - T ME, TCL
AlLJCE AT LIS WE43 Ffl) Y JOR KA T il R
W RS . (EAHE R RS, A MR & T2
FAR Ak T A 5 A T 2H 2 b g Ak, 8 4 A ek U
SRR, B AU A AR

WEFE LA TCL1 & & AE M 7% 214 3 FF 42 . WE43
BB R BR, Hil 4 T S5 R TC11/WE43 £
LG ERBL, RGWIE T PR R A RO
N, P g K SRR R, S TC11/WE43
B A AR T AL S5F BT B 2A PR RE Y
PTFHEIHEE S SHAR S,

1 RBAHRE Ik

1.1 gk i 4 T2

JEURHE HTRLAR 200 ~ 500 wm Y TC11 #5 AR (1
A ARBNEH A RAED, HOWIES I E 1(a) iy
No 7 1 ala T ke fd S WE43 1 TC11
W AR B AR 43 o B SR 150 MPa B9 TR
Tyl BA — LB ARE TC11 IRK, RS 7E =
ELasprrrfpagk (1 550 °C, 120 min) . TC11 BH2R7ES
T VERHLAOIN T 5= A58 4 ik ) WE43 & (K
oo SRR PR iR B2 1 O00%: 30 kHz) #E47 3%
2450 20 min, A3 IAETEIR T OR4%F 0, 30, 60 min,
REEIREHZE 600 C, 1152 TC11/WE43 &
G, B 2 BRT TCL1/WE43 &R %
T20RAEE . eAh, TC11 HEZR AN TC11/WE43 B4
BERHTESE N 1(b) () Fims .

200 pm

(a)TC11 ¥ikL; (b)TC11 HEZE; (c)TC11/WEA43 ZE+1
1 HREURR
Fig.1 Sample morphology images



55 4 ]

W v, 25 ARHIRIHRIXT TC11/WE43 B AR &5 # K 124 BE ARG i - 37 -

F1 TC11 FHIF WE43 BAKR S
Table 1 Specific compositions of TC11 granules and WE43 %

Material Mg Ti Al Y Mo Nd Zr

WE43 Bal. 4.01 3.04 051
TC11 Bal. 6.5 3.5 1.5

1.2 JreebEngilia

P AR 2443 HR AR BT sy ) AT T, il
AR AR 6 mm, SR 60 mm AR
Z IR PR R F CMT5105 A1 7 BEIR I AL 58 1,

JURE AR GB/T228.1-2021 bRrifESiiti . J AR uEE 4R
ALEEE, AR IR 3 A TR T, X
T S AR A AR BE | B AU SR A A 3R
SN R i e 2 2%

15 F 4 K 98 X (Hysitron TI 980) %§ TC11 ‘&
ZUF WE43 FEAR Y AU 1T DX IR A T 40K R,
X% 3k B Berkovich, Jt il 71 3 mN, £R£Z A [H]
F10s. FEAEMRE ST 3 pmx3 um Y FRIR M,
BN IR NI Z BG4 1 pm,

| o322 I
¢) .

. A2 = .

TR

I ) ) o Cold-pressed I
TCl11 particle ~ Mechanical mixing ~ Ultrasonic .

. . R e vibration -
I \‘?ﬁ d I
. g '
I TC11 skeleton I
. WE43 melt |
I ; P less fusi -
: TC11/WE43 composites ressureless tusion TC11 skeleton _|

2 TCI11/WE43 E&HRIHI&RE
Fig. 2 Preparation process of TC11/WE43 composite material

1.3 THOWLHZERAE

KA BT B35 (GeminiSEM 300) WK E
AR 2 20 T HE R TS0 A E BRI 45 1Y X
SR REIS (XFlash 6-30) X1 & A FRHRA R A3 E7 T4
i ] X B AT S (Bruker D8) ATy AH I 2H 12, I
AR AR 10° ~90°(20), FH#HEE 10°/min.

2 BRBERFKITR

2.1 AFELEIRE R A RO A 2L 50

El 3 SR TSR R TR 2544 T il 5 19 TC11/
WE43 Z &M EHIESE . i -], BEE PR
B A ZE S, Ak P DR 18 R 7243 T 5 P A FL B R
I TR B 825 00, KRR P R R A AT
YA WE43 A S EBUN K8 T 5E st TC11 ik
TRB BRI 78 i i 5 N, SR S R o8 U
LR BN K AN, £E TC11 B3R K 5 WE43 £
SR ) ST DX 3, S B A IR Bl 2 IR A A 1 55—

AR B0 B B8 £, %5 MR B E R T
TC11 $45R AR WE43 JLAR 2 [a] (14 B4 57 e 5
TSI o U I H K AR E] e 28 2 [e] i LS
Tk N R T B AYB s AR BRI
HBCR B3N, W] TC11 BASR R F1 WE43 SLik
Z I A S A R IR
2.2 A[ELEIR IR A R A = A5
Kl 4 878 T 30 min fRIE S T #4589 TCLY
WE43 &AM B S 44 KRR 1 T 2R T 43 AR 45
W(EDS), 1 4(b) ~ (f) s, WE43 &4 T4
£ICR Y M TCI11 iy Al TR TE TC11 B 221340
SR ANE AR . AR AR, S AL R AL TS
PEAEIET ALY &0 E 0] TC11 HELL L, i
LAE T AN A K e ALY™ S & 5 R 30 min f£
U451 F 45 B9 TC11/WE43 & 4 # B9 XRD
&, H & 5 a] A1, TC11/WE43 &84 BHh e ALY
FRAE UG o Bl PR IR B[R] 38 0, 7E 39°F0 53°4k 1Y



- 38 - W gk Pl K

2026 455 47 &

ALY TSRSG5 L2 Wi T e, 2 P S ) ) T
I TRV SE AT A . ALY B9 308 T4 B S,
ALY YRGS I AP BE, S — B B vk AR
TSRS ) AR AZIEAZ, 58— B 3 I i )
B R SR . ROGIRAE M UBETE oI e
B, ALY B HATE, FECALY BAERGRAT. A
KA/ | S5 RERIE 22, W BLAT S ISR E AR AR . BEE

PRI B HE R, 245 T S L RYY BL[R], ALJECT5
Y IRl i SR A LR A SO — T TR S
BEHY ALY 5 AN BB ALY @i, 271 1
ALY B9 75— J5 T 2 24 A0 IR A% i
A Jo] LD TR R, A R R AN Tl D, 45 A
Wrbe i, RBUR ALY RTS8 32 il Pl ik 7] S
INIIBIN=

(2)0 min; (b)30 min; (¢)60 min
3 AERIBRIET TC11/WE43 E &+ R
Fig.3 Morphology of TC11/WE43 composite under different holding times

(a)FESA; (b)Mg; (¢)Ti; (d)AL (e)Y; ()Mo

4 30 min {Ri& TC11/WE43 E5HBIHTES
Fig. 4 Element distribution maps of TC11/WE43 composite material after 30 min of insulation

—_ (3)0m niﬁn e Mg +ALY » o-Ti % B-Ti v Mg,,Y;
—— 60 min
2:‘ o o*|
q;v): l ll A i - l .Ai L
E .
: .‘ll :‘ 1 = = v . ‘: x
. ':l ﬂ{ : % : v 1 :_:
20 30 40 50 60 70 30

20/(°)

Bl 5 AEMRBEEH&EH TC11/WE43 £ &+ % XRD &
Fig.5 XRD patterns of TC11/WE43 composites prepared
with different heat preservation times

[l 6(a) kST A 49K Bl D7 R 7= 1 0 £k A i 5
o TCI11 NFRAY Al JUE [ 3R b 1, 72 AL ik
AR Y JER N, ATREIE AL T ALY fb&
Y. WK 6(c) i, SAED fi7 S AEREBE— 5 HijiE 52
TZAEY R ALY, B, ALY 1B —Fhm i
B (AR A, T DA AT S5 R AR A5R
Hwk, ALY A4 B FREARSHIRE, S am e, 25
Frmas A" BAh, ALY B R STEAE Y, A
M Mg, Ys BIE R B 6(c) Ry A Ab s 2 HE I,
] L ALY Fl Mg A7 76 B A ) ) 56 &R, B ALY
(100)/Mg(01-10). & 19 ALY 19 (100) A 1 [H] 5
4 0.279 nm, Mg (9 (01-10) & 1 8] 5% 0.267 nm,
THATA5(100) ay F1C10-11) y, 2 1] B 5 T 0



£ 4 4

W v, 25 ARHIRIHRIXT TC11/WE43 B AR &5 # K 124 BE ARG i -39 -

N 4.5%, FW ZFH Z L AR ST . 3 EA% R
1T B P LA R St T SCREXS 2480 AR B THLAE L, AT

(@ — Mg
80 — Al
—=Ti
=Y
s 0T
2
£ wf
<
20

0 gt n Il
0 100 200 300 400 500 600
Position/nm

PRI 2SR R, B 245 TC11/WE43 & 45 #4 F
B F12E M RE RO HRE T

(a)Z4733H; (b)WI3515; (o) FHIAL & 43 B ]
B 6 {RiE 30 minTC11/WE43 £ &+ R R EALEHE
Fig. 6 Transmission images at the interface of TC11/WE43 composite after 30 min holding

2.3 ARFELEIRE R A MR RE A2
K 7 &R T TC11/WE43 & &M BHEAR R TR
) Kb B A 2 YA AR - A ph R R, 4
R, & A MRE F12APERERE O IR R ] 2K 5
2T En A, 7F 0. 30 min % 60 min {1 T
A AR HTRL B 530k 368, 438 MPa Al
473 MPa, SE{fRME AR . Hod, £ 60 min 5
FIBTRLSR B AR A TR TE T 2 28%, 4534
AH, B ORI 1] B34 I BE A SO T+ 2 A R R
FrfivERE . A, TC11/WE43 &4 4 BHE 60 min
PRI SE T AIAE T 30 min {538 4514 R b {2 i 2%
TR X ARk B R R R A RO S5 44
KA =R . ANPRRAE T, WE43 JE AR
REFC /M5 15 TC11 HESL N FRFLBR X 38, S8 A 44
BN TAFTER 2 . BRBE 2 S BN T,
117 BOb B PE RE A B AR, A L2, 30 min 1
60 min PRI &1 T, AR DL 7803 A B4R, Bl
T NERGREA, S T MR, RN, BRI AR
SARIE T TC11 g5 iR Al Fl WE43 JE{krh Y
FIFHE Y 8L, TH7E AN Bk g ALY . %A
PRI IETE TC11 B28 5 WE43 SR Z [a] i 45 &0
JE, DA 5B 280%, 12 A M R S i i 5 v
RN TE o AEAR T B A, BRI PR IR R 75 5
T HEANE AR ALY R4S, ALY A B
WEtERRIE 208 AR G A R A T 2K B RE T, A5 2k far
TR T HERRG | R KR, FEARE AR M:
2.4 RN[ELRIR ISR A A A R S Th Al 32 A 5 i)
AT RS AN TR L X S e A R L K B A
S, O S AR EA TR IR . & 8(a) ~ ()
RARTRR A T 2 A M B AT A 2.

T TCI1 B 2R R B I 35 5 T WE43 SEiK, e
R R R TR B R S W 4R AR I
A, BRI A AR AR ZL X, PR R AR LA,
TAHRZ A XA A A A X . E R LI
b ER S IR IR B B RS AR A iy . AFE
KIR, L5 P M R I A MR 12 RE I
A ZCE, WE 8(a) ~ (¢) Firi, FLI4s & X A5 i
(EREIT R A S 2L, JF B3 TR L. X R
TC11/WE43 Z-5 MBI A S5 & 5 m, ARk
T 8 G e . & 8(d) B T AR Y st ]
T TC11/WE43 B &Mk I X IR 8 A 2K
TR DX 3 g R TR % T s () ) S T )N, i
T E AR A R T B 8(e) IR
Z5AEF TC11/WE43 &AM RE AL 1 Ak i i B Ak
M HhZE . 0. 30, 60 min FRIE SR A4 5 i X e
JE R 4.17. 5.90. 6.58 GPa., ¢ HA B {5 TR [a] 5
T, G AR R R, AR TERE AN WAL

—0
—— 30 min
—— 60 min

500

400

300

200

Engineering stress/MPa

100

o 1 2 3 4 5 6 7 8 9 10
Engineering strain/%
B 7 AEMRIEEIE TS & W FRH (R R -5y 28 #h 2k
Fig. 7 Tensile stress-strain curves of composites under dif-
ferent curing times



- 40 - BRI 2026 4F55 47 &
@ —Matrix (b) p—y P © —
.07 — Interface 301 Intertace 301 —%tzgt%ce
25 —Enhancer, 25 —Enhancer, 25 —Enhancer
% 20 Z 20} % 20f
T st T st T st
=~ 1of =10t = 10f
051 051 05T
o L— . . . . oL . . . o L A . . .
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Displacement/nm Displacement/nm Displacement/nm
D30 g min © 7 Jiso . @D 8508 mm, =W, 1200
—30mi 6.5 o -3 5 8
2.5 F — 60 min 5 1708 ‘o 160
Z 50t & 60y 1160 2 125.36140 5
£ g5y 1150 2 1ie0 ¢
g 15¢ 2 5ol = 180 3
= 1ot i 11402 {60 &
457 = Hardness 1130 3 140
0.5r1 . . 40 . E.lastic modulus. 1120 & i (2)()
OO 50 100 150 200 0 30 60 0 30 60

Displacement/nm

Holding time/min

Holding time/min

BRHFRIRSINZE: (a) AL (b) R 30 min, (o)L 60 min, (d) T4 & 4b: (o) HERERISFERERY; (£) FITALYBHED)FAT)
E8 RERRNETE &M R ERLE

Fig. 8 Nanoindentation data of composite materials under different insulation times

TEAR IR, B2 () (WA (1)) 1
PEII(W,) (LA F(2)) RFIWA R PE E 2R .

Pimax
W, = fo Pdh (1

Hordr PRy #kfar, mN; & R ATREE, nm; Ay, AR
JEIR, nm,

W, = W,— W, (2)
Pimax
We:fhr Pdh (3)

Hor, w R AT, 35 b, R 58 A VU I AR A TR

B, nm,

& 8(6) W] %, Bl & PRIRAT [A] ZE K, S PE TN 7E
ST RS T R, A O min BF Y 74.6% K
% 60 min A ) 64.0%. LA, 46 % 88 P T A
1.387x10"" J W EFEAR E 8x10™" T, MRL &A= AT
PRAZ S s B ) B4, TR AR A s AR 5 L
REALR, FEBA DRI TN, iX 535 2 rhhifhas R
A A

25 LR, KRR IR S, SR, 1 KR
(B BEA AL BT i Ak s A, (HOR B AR IR [A] 242
ALY Wi 240, FEE SRR, %
JE ) R PE A B[R] 25 4 T, R A PR TR 1]y

30 min,

x2 ARFEMESEEHRNZEERE

Table 2 Stretching performance at different insulation times

Ultimate tensile

Elongation after Hardness at the

Holding time/min Yield strength/MPa strength/MPa fracture/% interface/GPa Elastic modulus/GPa
0 369 1 4.17 120
30 417 438 6.6 5.9 165
60 446 473 5.5 6.58 176

2.5 NIRRT R W R AR 50

K9 A AN A AR R B ] TC11/WE43 B A 4
REIRLWT RS . 18] 9(a) Ay AR IR AL PH 3t
FEWT RS, 1 Hp (RS €0 X sk 43 1) A P-4
T ) it B T BT AERE, SOR R R A TR
et 15 9(b) R AR I 30 min 1Y T HIE A,
SR THDRURE B S T R, 068 X R AN T R Y

W SRR, BOZWT R I B AR E . 5] 9(c)
S AR 60 min F B FUE SR, B ) e L 7 3H
PHTAT D S JRy ) 5 DX AL A7, W0z 7 28k TR B 2
1. TCI1/WE43 & & M kR 2R A HET, £
iz 5 H WA TS, FHTCHERY
WE43 JLAk 2 [ R BEIE A AL & & o hrfiad e rp
BR AR TGV D\ R BE () TC11 HEZRAL 3% 2 WE43 Kt



%4

W v, 25 ARHIRIHRIXT TC11/WE43 B AR &5 # K 124 BE ARG i - 41 -

A, [ B 52 5 b1 PN A7 A R R s, B0 R e
TEAR N 1T ROV e P s AR ek P e o H LR IR st
[8] 60 min £51F F il £ 19 TC11/WE43 & & 41 kL 5t
THA AR BT R AT W ALY, T 355 TG 3
T, $5E & A i BT 2, 0 A DX kD
1M 7E 30 min [ PR IR 2510 T, WE43 IR 72538 A

TC11 B ZRNER, 2~ AU R4 A . 8
ot B TC1 B 2R Be g /R 40 = 2 4k 7, JF B
6 5 0 A 1 25 A RE 08 BN AR 3R R A 3 N T 4
WE43, WE43 K& {4 D] 38 15 A v [l 28 A8 T W i R
=W 2LGE, DTl TC11/WE43 &4 R K3 A
SRR 2T R

() AMER (D) AR 30 ming ()43 60 min

e >

B9 ARRIERETEAMEHRMET ORR

Fig. 9 Fracture morphology images of composite materials under different insulation times

3 &%

1) R R IG &L TERBEA, &
T =445 TC11/WE43 2 & # k. TC11
B 4 ME R S Y 5] 43 A, WE43 JE R FE 43 U 7
TCI1 EZRFLER, Fim i A Mk g ALY iS%)2,
SEE Ti-Mg FLHsREE 4 .

2) fR IR ]2 4 45 TC11/WE43 &AMk 12
PEREMI I ZE T 228k, Hrp 30 min MRS HL. 4

PRGBS TE] R 30 min B, 52 &R0 RHE IRGE B | B
JE I E A 3R 3 WSS 3] 417, 438 MPa Fil 6.6%, SEH1
TR R R AR M 0 TR 2B R T 25 A P AR
etk

3) PRI TR A A5 P T S48
{35 30 min F TC11/WE43 &5 MR mkb ALY
TLEBY BN ALY FHf )2, 374 T g G
T LB 3%, o AR ALY st E AL, &
BT

S 30k

(1] R, S, £85 01, 5. B/BEUE R S AR P RSR AL Tk P BUR S5 R BA L)), ARl 274, 2023, 40(11): 5989-
6009.
Wu Yuanbing, Gu Cheng, Peng Weili, et al. Research and prospect on interface strengthening methods for Ti/Mg bimetallic
composites[J]. Acta Materiae Compositae Sinica, 2023, 40(11): 5989-6009.

[2] Yang Hong, Chen Xianhua, Huang Guangsheng, et al. Microstructures and mechanical properties of titanium-reinforced
magnesium matrix composites: Review and perspective[J]. Journal of Magnesium and Alloys, 2022, 10(9): 2311-2333.

[3] Weiler J P. A review of magnesium die-castings for closure applications[J]. Journal of Magnesium and Alloys, 2019, 7(2):
297-304.

[4] Gengor G, Mohammed A S K, Sehitoglu H. {1012} Twin interface structure and energetics in HCP materials[J]. Acta
Materialia, 2021, 219: 117256.

[5] Zhang Qinghui, Li Jianguo, Jiang Kun, et al. Gradient structure induced simultaneous enhancement of strength and ductility in
AZ31 Mg alloy with twin-twin interactions[J]. Journal of Magnesium and Alloys, 2023, 11(8): 2872-2882.

[6] Liu Jian, Chen Xiaogang, Wang Wuxiao, et al. Effect of TiB, nanoparticle content on the microstructure and mechanical
properties of TiB,/Mg-4Al-1.5Si composites[J]. Materials, 2023, 16(7): 2852.

[7] Chen Xudong, Xu Jun, Zheng Kaihong, et al. Effect of Ti particles on microstructure and mechanical properties of
Mg-9Al-1Zn based composite sheets[J]. Journal of Materials Research and Technology, 2023, 27: 1242-1257.

[8] Zhang Mingyang, Zhao Ning, Yu Qin, et al. On the damage tolerance of 3-D printed Mg-Ti interpenetrating-phase composites



c4 - W % 41 %k 2026 45 47 5

with bioinspired architectures[J]. Nature Communications, 2022, 13(1): 3247.
[9] Liu Yanyan, Yu Qin, Tan Guoqi, et al. Bioinspired fish-scale-like magnesium composites strengthened by contextures of
continuous titanium fibers: Lessons from nature[J]. Journal of Magnesium and Alloys, 2023, 11(3): 869-881.

[10] Zhou Yunxuan, Lu Hao, Chen Tao, et al. Probing the effect of alloying elements on the interfacial segregation behavior and
electronic properties of Mg/Ti interface via first-principles calculations[J]. Molecules, 2024, 29(17): 4138.

[11] Zhu Xiaodong, Cheng Kaiming, Wang Jin, et al. Effect of inherent Mg/Ti interface structure on element segregation and
bonding behavior: An Ab initio study[J]. Materials, 2025, 18(2): 409.

[12] RE, U, MO, 55 TY/Cu AR M BUR R IE BRI RAT T[] Fify @ APRHS TR, 2026, 38(7): 1188-
1192.
Song Yugqiang, Li Shichun, Du Guanghui, et al. Forming rule of Ti/Cu interphase diffusion solution zone[J]. Rare Metal
Materials and Engineering, 2009, 38(7): 1188-1192.

[13] Mbetl, e, T2, 5. MgpAl,. ALY K ALCa FIESEVE S SETERES: — [SBROTF (0], Mf7 & AT RS TAE, 2014,
43(4): 875-880.
Yang Xiaomin, Hou Hua, Zhao Yuhong, et al. First-principles study of structural stabilities and elastic properties of Mg;,Al,,,
ALY and Al,Ca phases[J]. Rare Metal Materials and Engineering, 2014, 43(4): 875-880.

[14] Peng Z, Shao X, Guo X W, et al. Atomic-scale insight into structure and interface of ALY phase in an Mg—Al-Y alloy[J].
Advanced Engineering Materials, 2018, 20(4): 1701015.

[15] AR, 284638, MK, 45 DA B 495 AZ91-Ti &8 XA &R ML SV 1 AR RETF 7T 0], BIEKALAL, 2025, 46(4):
43-51.
Xie Xiangzhong, Cai Weitong, Gao Pengfei, et al. Study on microstructure and mechanical properties of bionic bone
structure AZ91-Ti cross-composites[J]. Iron Steel Vanadium Titanium, 2025, 46(4): 43-51.

(E#EFE 20 1)

[62] Li Jintao, Wang Xiaopeng, Gong Minyu, et al. Microstructure evolution of extruded TiAl alloy during vacuum isothermal
superplastic forging process[J]. Metals, 2025, 15(2): 123.

[63] XIS, 9K, SRR, 5. y-TiAl FLA A ARSI BAR [T]. Fefh i o A4, 2010, 30(2): 127-130.
Liu Jiangping, Su Yangqing, Guo Jingjie, et al. Preparation technology of y-TiAl-based alloy sheets[J]. Special Casting &
Nonferrous Alloys, 2010, 30(2): 127-130.

[64] BEWAAK. TiAl 5 aARbt i 45 HGUWERENTIE[D). W/RIE: M/RIE Tl K24, 2014,
Huang Cailin. Preparation, microstructure and properties of TiAl alloy sheets[D]. Harbin: Harbin Institute of Technology,
2014.

[65] g, ML, B4, 55, BTl y-TiAl & EAiobt RSV SH PR RERTIE[]. Fifi &R S BT A 42, 2018, 46(4): 64-68.
Luo Yuanyuan, Yang Fan, Zhao Bin, et al. Microstructure and tensile properties of a novel y-TiAl alloy sheet[J]. Rare Metals
and Cemented Carbides, 2018, 46(4): 64-68.

[66] Zhou Haitao, Kong Fantao, Wang Xiaopeng, et al. High strength in high Nb containing TiAl alloy sheet with fine duplex
microstructure produced by hot pack rolling[J]. Journal of Alloys and Compounds, 2017, 695: 3495-3502.

[67] Zhang Yu, Wang Xin, Kong Fantao, et al. A high-performance B-stabilized Ti-43A1-9V-0.2Y alloy sheet with a nano-scaled
antiphase domain[J]. Materials Letters, 2018, 214: 182-185.

[68] FaMk & B REEILR TiAl B SULAKEFALPERERTIE[D). Jbat: JLatRHR %, 2021.
Chen Lin. Microstructure optimization and creep properties of TiAl alloy containing B-stabilizing elements[D]. Beijing:
University of Science and Technology Beijing, 2021.

[69]1 Li Tianrui, Liu Guohui, Xu Ming, et al. High temperature deformation and control of homogeneous microstructure during hot
pack rolling of Ti-44Al-5Nb-(Mo, V, B) alloys: The impact on mechanical properties[J]. Materials Science and Engineering:
A, 2019,751: 1.

%¥E IR



	0 引言
	1 试验材料与方法
	1.1 试验材料及制备工艺
	1.2 力学性能测试
	1.3 微观组织表征

	2 试验结果及讨论
	2.1 不同保温时间对复合材料微观组织的影响
	2.2 不同保温时间对复合材料界面产物的影响
	2.3 不同保温时间对复合材料拉伸性能的影响
	2.4 不同保温时间对复合材料界面硬度的影响
	2.5 不同保温时间对断口形貌的影响

	3 结论
	参考文献

