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B E 3t ALTiO2-B20s RAABMGE (XD) REEAR T EEE K. % B203/TiO2 BRI 0 B, 1384
B a-AlLOs FAMERY AlsTi E, HREREAMEHZESFN 250.4 MPa #1 4.0%, Wi O hEMERRY B SR, BiRs
AlLTi BHEERNL, FEHEREETREREIE. MA B20s3 J5, Ry AlLTi B, BiER&NmL, BEMEHERS
B % B203/TiO2 BURtLy 1 Bf, AlsTi BAGHE, FBGREMEHESFIHREE 320.8 MPa #1 10.6%, M7 04 b4
MIRAR. HESREESRN, EFEE-SRE, DAREMEZ TH B ALT B5EENAEE S RERATS
B, £ ALTI MEAMHMEREERA. 723 K 5, @H3E EFAZE 20.5%, RAGBRETHE 85.6 MPa.
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ABSTRACT Structure, mechanical properties and fracture mechanism of the composites fabri-
cated by XD(exothermic dispersion) method in Al-TiO,-B2O3 system were investigated. When the
B503/TiO5 mole ratio is zero, the reinforcements of the composites are a—Aly03 and Al3Ti, the ulti-
mate tensile strength (o) and elongation (§) are 250.4 MPa and 4.0% respectively (room temperature).
The fracture mechanism of the composite is characterized by cracks initiating firstly in Al;Ti rods and
then propagating to the interface. When the B;03/TiO2 mole ratios increases, the amount of Al3Ti
phase decreases, 0, and § increase. When the BoO3/Ti0O5 mole ratio reaches 1, the Al3Ti phase almost
eliminates, oy, and ¢ increased to 320.8 MPa and 10.6%, respectively. The tensile fracture surface is
composed of all fine ductile dimples. With increasing the test temperature, o}, decreases and § in-
creases. The Al3Ti rods are pulled out from the matrix due to decreasing of the interface strength at
high temperature. Therefore, the Al3Ti phase is not of benefit to strengthening the composites. At
723 K, ¢ increases to 20.5%, but oy, decreases to 85.6 MPa.

KEY WORDS XD (exothermic dispersion reaction), aluminum matrix composite, mechanical

property
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Bea NEFRE, X RNAEEITT T EUERL. SO
9] MRHZFRAREBEL SR, FHX RN B
%, A%, RSB AEREMBERERRITT RS
BFER. ERFH, YRR SEEN R E T,
BEIAR Y=Y TiC Fk 5EEMEEENT, FH6E
R REIVTER TN SRL, N E R T 4,
REEFAEERE, RETEERBFBMAE, EIRFE
W REWERA S Ma % 19 f1 Wy 2 11 4
IR T Al-TiO.-B ¥ % XD & HER SR
ERITEERR MBI, SRRV EMEGRRSAEK
T, HARE SR E BN EERERYE EERS,
FEIEM AlsTi SRR & AR, Tk [12] itz
R #H XD 5B ER SR ERMILIERITT &
ABFFE.

A B ¥ 0 5t, (AR, A SR ER BoOs
BB B, B AL-TiO,-B,03 RIVE, KA XD &
GHEEE M, MREEMALNEE. SRTHA
FHERE, HITHBIR B,

1 EEHZE

KRG ES TR 99.6%, 99.0% F 99.0% #y Al

TiO, 1 B2Os #K, RiER~454 50—100, 20—

30 1 20—30 pum. DABESEAREVERROECH 30% M
B,03/TiOy BE/RIL (rB,0,/Ti0,) 47514 0, 0.5, 1 j#
1THCKY. BREE, HTEMYE, B BTHZPH, MEZ. &
R, REWEEU—EHFHRER M, 1000 K Z248
EHEEAERY, MERE—EIEYZER, BN
5B EIH AR, B SEM 88 (815 QUANTA200)
SR HLHT R ATRY B, RS i R ERER 1 AL 3 S it
E—FRE, FFRAFERERA 7 mm R
(BPHEL 10 10), BUH AR B A B0 iRE, LB R EE 1Y
BHAR, R EERER (GB/T4338-1995) L
HE B ENR AR EE, 2 AIEZEM 423, 573 &
723 K TH#ATH B IERE . KBS CSS B ITRE
WERLR LI, hr##EE: 2 mm/min, F—FTHR
B, BEFHE, RfElo kA SEM (QUANTA200)
MEE.
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Fig.1 SEM photographs (a, b, ¢) and XRD patterns (d, e, f) of the Al base composites synthesized by XD method
at 1000 K for Al-TiO2-B203 systems with mole ratios of B203/TiO2 (rp,0,/Ti0,)=0 (a, d), 0.5 (b, e)
and 1 (c, f), increasing r5,0, /10, induced Al3Ti phase decreased
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SRR S G/MERLY o-AlyOs, HEY a-Al,O3 B
HFE S EEAEREE, TRERE TEABR AW HE
TB,0,/Ti0, HIIEIN, R AlsTi B> (& 1b), [F
w7 TiB, Bokr, H TiBo Bk 5 AR AL,
RERU A BRI L BT RO AZ, AL BRSO, 125 a-AlL O3 B
BT S % re,0,/Ti0, BT 1B, B AlTi
AR (B 1c), a-Al,O3 #1 TiBo PR EREM A5 47
¥y, BNy XRD EEE#—H R TX—H. KA
TB,04/TiO, FTM BT ESALRINE 2 FrR, HETHSR
RIBENE, BB S S — s
2.2 SR

*x 1 BESEARMIRSE 30%, 78,0, /1i0, A HIH
0,0.5, 1, Al-TiO5-B203 & XD &MASERE K

B2 HEaBHESH SEM EHMALHE
Fig.2 SEM photographs of the extrusion composites with

TB,04/TiO, =0 (a), 0.5 (b) and 1 (c), extrusion in-

duced microstructures homogenized

AR EIRE TR %R, TUES: R —EET,
BEE 78,0, /Tio, MITES, AEIEITTRIRE , JE ARGR 1 3E
EREARE; F— rs,0,/Ti0, B, HEREMNRE, fiI
R, ERBEREK, MEMREIIEM ZRA, %4
TB,05/TiO, M 0 HEZ 18, HHihriRE H 250.4 MPa 1
hnzl 320.8 MPa, EMEH 4.0% #E 10.6%, 2 51ES
T 30.3% #1 150%. 3 hHEHMT SEM ®, ME 3a 7]
LIEH, 7E mB,0,/Tio, FF 0 B, WOk ALTI 5§
EEMATEERNPET, AHBERETHARITHR, 5
S EEAMAOSEGRERR, NYUELE AT
A, FEEMEEY RERE, ERELRELIHN A
BEERS B, (EHER A RAHT, FEXEEAR
b, FIFHIERS RS B, ML It
LR EAGRE R, REUHF NG, SEWR. Eit, Al Ti
WEREERER N T E MBI ERBE. HE 78,0,/Ti0,
fosgn, R Al Ti Z#iEs (RE 2b), Bt RN
TiB, Bk, A TiB, BHEMEEENER, ERE
¥ a-Al O3 BRI RE 70, BrOFmBa/ N gE, Bk
AlsTi RAEBR (WE 3b), s AR EMBER PR
TE rB,0,/TiO, A L B, Wi 9Bk Al Ti EATE K,
Wr Ol ¥ ST AN B AR (F 3c), ETAPEIEERE
MmBH— LR

FERUYRZR N RN BIHERM r8,0,/Ti0, B
TMES Al-TiOy-B RIEFE AL B Al-Ti02-B203
RM S FHRBETRERTETY ALTiO-B KNV #
9100, ArapagEER: (1) B AR, (U 23 pm,
i B2Os #rkif2 A 20—30 pm; (2) B2Os ¥tk 5 HIEE
L&KL &4, BMEST TR, MmEReafsL
BRI RK, Bwm Vg BRRRNEE; (3) &
MHEMERZET, AlTiO-B203 F47 a-Al, O3 R
SEETF Al-TiO»-B %, 71 TiB, NHETF Al-TiO,-B
%, B o-AlLOs SEEMIEEEZE, FRESSEERKT
SREILEARETH TiB,, SE1EERREK. H B2Os
WAL, Y HE, MEERKHEHANE.

ERET, B SRR RE T, R B,
MK 1 EBFLUEE, 7rB,0,/Tio, MEMERERMEIK, [
—BET, 7TB,0,/Ti0, HIMET, RIEIRA. JEIRIREM
EMEARES. B 4 FARE r,0,/Tio, WESHEHE
573 K LRt fy SEM &, WA 4a, b AJLAE &,
TB,0,/Ti0, /NTF 1B, AlLTi SEEMFEBEESKT
AlsTi B SMB3GEE, WM SE AlTi BEENEE
PRt WO EBURYT. % re,o0,/Tio, N 1B, BrOH
YA, ERERELZR TR MELREE
fiE—E 1R, MRES RN SRR — PR, 1
SRAER ARG RALVE A TR, BAeEERS. Bk, 5
BETEEGMEEEFRMK, BHEES.
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Table 1 Mechanical properties of the composites tested

Mole ratio of RT 423 K 573 K 723 K
B203/TiOz op 00.2 ) ob a0.2 ) T 00.2 ) op 00.2 )
(rBy0s/Ti0,) MPa MPa % MPa MPa % MPa MPa % MPa MPa %
0 250.4 235.3 4.0 150.3 140.2 5.4 80.3 68.5 6.5 47.5 40.4 7.8
0.5 270.6 253.5 6.3 178.6 165.6 6.5 100.6 83.6 10.3 70.8 60.2 13.6
1 320.8 305.6 10.6 212.5 200.3 252 125.8 108.2 15.3 85.6 72.6 20.5

iR TR D8 SEM B

Fig.3 SEM photographs of tensile fracture surface of the

B3

composites with rg, o, /1i0,=0 (a), 0.5 (b) and 1

(c) obtained at room temperature

2.3 1R SHFEIOT
231 TRBBEM LS E 78,05 mi0, N O

i, HIRMEES a-AlLOs B ALTI B4R, o

AlyOg iR R R Tk gk, S5EEMAaiE A Y 118°03]

573 K Hi et DAy SEM &

B4

Fig.4 SEM photographs of tensile fracture surface of com-

posites with 15,0, /Tio, =0 (a), 0.5 (b) and 1 (c)

obtained at 573 K, holes in Fig.4a and Fig.4b corre-
sponding to the AlgTi rods pulled out

LA N R, BE I B 3R T L BRI, (ERABT R
WET a-AlL O3 BURLE AR, AlsTi HINJTE, Rk
¥ a = b=0.385 nm, ¢=0.861 nm, ZEH 3.39 g/cm?,
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WS 166 GPa, BREEE HV b 576, (RieEK
oy (110)14, FERE R MR, JE 52 Al (.07
JEEH, a=0.405 nm) HEEH SIEERE, 76 —EH
stk R U0, Rept v RS S, (HEEHRD, ALE
FRHE, BOERESANRAE, TEREFHH R
5], WA RAEER AlsTi fl a-AlOs BURXHL
HHE RIS L R AT TE R AR % (I 5a FiR).
RERAR RO A, RERISS, frfEdBdirg
BT REERAREMN.  o-ALO; N=MRE, AXK
FERGRE SR BN o = b=0.476 nm, ¢=1.299 nm,
BUEHE Y 404 GPa, BEX 3.98 g/em®, BEZH, H
SEAGEIBEE, EUEAEERE, BRI
i AlsTi SEEMAT TS, SRES, HNE SR
A, FEIR P (4 5 R Ab e A 28R (LA 5b),
BN A1, YEPXHNNETRESSREN, TR
WA AR, SHER, RasHRE UEN S
B, XEEREHTT, SBEKE ALTi AT BBRK
BHEH (INE 3a FiR), YN HETET AlTi f58E
Bf, 8 Al Ti FoE, FHERMEET BRERT, ¥
RARFEFFZL. ead, Al Ti FFRIER &N 1O
4By, 11/?
(Te —m) > [7r(1~—’yy2)d}

HF, v b ALTI W ERTRE, d ARESRER,
HIEBE LRI, BB RN Z¥, 7R

»wh

v 5 g

o 3 %; dhc
tﬁ g

L '
-

7 Dislocation pack

po® . 400 nm f

E5 EEPHEES AlaTi BRmWANEEER
Fig.5 Dislocation wall in the matrix (a) and dislocation
stacking (b) at the interface between Al3Ti rod and

matrix

(r485E BhAY P RESR A,
CESECE i)

SR, BORYITFRL00 2 P 5 A SRR R T AR
L, BIBEE B SR 4RI, ik Al Ti JFEYA0TTREM:
BB, B AR

BE% 7B,0,/Ti0, BITRES, TURRELEWINEGIE, WM
FAUREZ R, RF B AL-TiO-By03 KR A,
Al 55 TiO, B¥s: & RMAR a-AlyOs FIVEHATEIE
F [Til, SHFA ByOs 5 Al & KR4 a-AlOq
HEHEBRT [B], Biscik (9] MR AT, Eik
[Ti] A7 [B] hoe4 440 TiBs, &% TiB, 5%
AR B PRI L 2

v J Poisson W, (7.~ ) HfL

<§3T>Al//<0001>TiB2 , <10§>A1//{T2T0}Ti132

Mark 2 A U7 5@t AL-Ti-B 404009558, K3
TiB, 5 Al ZEEEER I FIAEAIAEF.

(1120){0001}sm, /(110){111} o)

82z, TiB: Bk SHEEEMIRIEL, RACYEE
REERAT AR, AR RRL. R R AL S RT R
MEEEERAE a-Al O3 BAIFAL. B Hall-Pecth

A=y [18,19]
Aoym ~ kD72 x kd™12(1 - V}/O/V,)

A5, EESRAALF a-AlyOs 4377 B IRECIL FT {E
HatrenEE#E—2EE. NP, Aoym HEKE
ERE, kERS—FRVIEEHERMET, HAAENN
0.1 MPam'/?, D REHKFERR, d BHBRERR
Vo ARGEFRLAMETR B TE B0, Ti0, M 1AL,
Al T BEAVESR, Bt —F @i, RaghiRE
MR — PR, BRSRA ML, —FERET o
Al O3 MBI SE, F—HEET B:03 BIIA, K
MRERE, WET o-AlLOs; SHEEMIERME, & o
Al, O3 Jok 5B R K256 3RS, B O RH/ )N
BHE 78,0, /Ti0, MIIRETIHAN (WA 3b), 7E 7B,0,/Ti0,
H1at, BOEREHA/NMIEAN (& 3c).

232 ZFHEEREEMESA B, EERE
BeR¥H 21x107° K1, WiisRiE a-Al,Os . TiB;
AL TI MR 2540318 7.92x1076, 8.8x107° #1
10.65x107% K. X2 5 S8 5 A H A7 A2 S5 L AL
71, REEAREEERN ST TR, SRR EEREY
[P R MR AR, R E A E i 0 @
B PR A BRI ERAR, (U8 400 K 24, B
SRPLERE, BRI R0k K B s B EE &, L
R Z RES, R EER AL R, Al Ti #PufE
FINIsE ERUR R, BEEGREXMEFN R/, R&
ERPEAETHERG. BRBHRSTK, FHEBEHT
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X, SEEABEECN HBEKR, REMRT E &R
59X, MU FGAEREMXEE, FHEREY R, FiES58EEs
B, EROFE TR (LE 4a, b). XRESZEES
ERNAESEFREEEYR T SRR HRE. FE
& 718,04 /Tio, WIS, ALTI L, Mo aiE ST
A (W 4), i/ hEIEsm, HEERERER TR, X
FIRER B TREF SN, FEEARE TR, AhdR
RSy RE B IR WA, BENREEAE, BN
it R TR A BB B i, RERAREURL A R & (T
6 Fr7R), EAIRMH ST, X ERRE TR
Hi, H/NEREGIR T, AIEERETN T, bRk
w, FIERGRIEERESM S, IBMFEMTRESRE
HRRE, BEESEREREEE.

B 6 723K hfrtkiog SEM B
Fig.6 SEM photograph of the tensile fracture surface ob-

tained at 723 K (rg,0,/Ti0,=1), reinforcements ac-

cumulated

3 4

(1) # Al-TiO3-B,03 M &, %4 ByO3/TiO,
BEREh 0 B, MM E o-AlOs # Al Ti HAL,
A B2O3 J&, #kY ALTi w, BEikghdt, 7
By03/TiOy BE/RE A 1 Bt Al Ti EAWESL, BEFM
PEVESY B 250.4 MPa #1 4.0% #27%5%] 320.8 MPa 1
10.6%.

(2) 24 B2O3/Ti02 BE/REL/NF 1 B, ZEiRALHETD
By AlsTi EFF20RE, BrRs8CR MR NHAE,
TR R A SRR R YR ERALEE, EAH
FHOIREERER, B S, Brodiky ALTi BE5%
TRRRES, R FE S G 5R 5 EE A A BGEEC Y 1 KT
BERE, AT B SBIREE, R AlLTi#XNE 5

Bleg R RS AF).

(3) 24 B203/TiO, FE/RHH | B, EiRI{FHr 04
RN, 723 K Re iR EKE] 85.6 MPa,
JEHERN EFFE 20.5%, B0 B4R S B,
R A R R B LB T R A AR 3R
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