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TiB: reinforced AlFeVSi alloy by rapid- solidified powder metallurgy

LI Qing-yong, WANG Richu, WEI Sheng-ming, LI Wen-xian, HUANG Baryun
(School of Materials Science and Engineering,

Central South University, Changsha 410083, China)

Abstract: The samples of AF8 5Fe-1. 3V-1. 7Si aluminium alloy with and without TiB2 particles reinforcement
were prepared by rapid-solidified powder metallurgy. The microstructure and fractography of the samples were stud-
ied by means of the optical microscope and scanning electron microscope, and the mechanical properties were ana-
lyzed by tensile experiment. The results show that TiB2 particles can be added to the AlFeVSi aluminium alloy and
restrains the form of equilibrium phase AlizFes. The crystal grain is refined and the mechanical properties are im-
proved. The samples with TiB2 particles which are smaller than 74 Bm show the best mechanical properties. The
fracture strength, yield strength and elongation reach to 454. 1 M Pa, 407. 8 MPa, 7. 7% respectively at room tem-
perature. The elevated temperature strength and elongation stay stable over 210 MPa and 7. 7% at 350 C.
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A G A R — M e AE P BB S T
A}40Fe, AF40Fe 10V, AF30Si Faj&4:, RETHR
& EAEEAE 1200 CHAFL AFFe V-Si T R RS
G ARSI FVS0812 MR %, A4 Uk
(FiEDH) M 8 5%Fe, 1.3%V, 1. 7% Si KKt
HE G InE . K, RT3 L8R
B8] A 430 4 B A R AR A BRI R R R alidE ok
SIAMNFE SRR TiBy AL . SEK A TiBo BRI &
BN 2 2% . KHEH TiB B LK AE TiB, H 9k
FHFIRL (1) FVS0812 BEA 4 43 7l 76 L BH 4 o B 44,
FAEBUR PR B LHIS A S K.

1.2 A5 R

T 12 ERL BN T 74 B LA J% 74~ 175 Bm &
TiB, BE5RARKY R FIEAR S &M K, RS 5T
KIUTR) . 1~ 4 SHRAFELEFZHBS)E, BK
BE, DHENE NN TRHATAERE, KA 2
800 kN, fREINTAIN 60 s . MR By #1153
d 36mm x 80 mm A FF At P FF Hs . 1F 7] B K AR

®1 MR RGERAESS
Table 1 Serial number of powder and

extrusion samples

Sample No. Description
1 AlFeVSi powder smaller than 74 Bm with TiB2
5 AlFeVSi powder between 74 Hm and
175 Bm with TiB2
AlFeVSi powder smaller than
3 74 Pm without TiB2
AlFeVSi powder between 74 Hm and
¢ 175 Pm without TiB2
Sample after isostatic cool pressing and
: extrusion of No. 1
Sample after isostatic cool pressing and
6 extrusion of No. 2
7 Sample after isostatic cool pressing and
extrusion of No. 3
g Sample after isostatic cool pressing and

extrusion of No. 4

B s 17 A 350 ST B v 77 LAY BE IR FN B 1 ) PN B
Z IR EEER ) . PR RECH 160 1, B I #GiE B
400 C, ¥ 1 h ., BEMAE 400 CLRME 1 h JE P
Bk . 1~ 4 S8 KR AL S5 R I P 5 15 2
BIAFES 5 730k 5, 6, 7, 8.

1.3 PEREAI

TR PRSI AE CSS ~ 44100 BY H 7 J7 Bl 56
ML EBEAT, P2 2 mm/ min . U 70 S2 5K
7E INSTRON 8032 ALY fr Ak 98 57 i B bl AT . <=
FHFE SR TS | RELBES FNAH B IS FH = Ak 88 Pt
HEAT HUAR PO, F Keller R F & M, 7 POL-
VAR~ MET $EA0EF KA 4 AH B Ass T AT A M
2, P RE B O & SO S M2 E KYKY ~
2800 93 HL 45 T BEAT . X B L AT S5 A 4 b A
XD98 4= H 3l X £ A7 it A B kAT, R 4 4
9, WA 36kV, BN 30mA, X, A0 154056
nm, S, BT 0.03°, 204 20°~ 80°.
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2.1 AFTEB B

TiB. B % B A = 4 AL il B 0 o e A B,
F AR RIS M. mEk, L TiB: W&
Y RAR 1) SR A E A MRR B I R
BT TiB. MR ILA &5 Ge ik, R HEAT LB AL,
WA 4 BUR I B B be 4, Btk TiB, &
I K8 AR L 55 5 . AE IR TiBo F0UREAF 3 5 AH I,
HARHBEEBAFEINZM, m2Eds N AF
T+B H & & HAE RN (K TiFs+ KBFs) ' 3k
JRAE AR RRACKR ] TiB: ik . B 1 o I AFT+B H
A& BMA LA . 5 SCHR[ 1] k18, 76 AF
TrB &4&HhE Tifl B Fi&E LA E, HEHMAR
B ALTF TiB, R ER, TiAl 2KKHR.
HE 1 A el an, ARSI R B AFTEB WAl 4
UM/, R ER XA TiB. UKL A F5E, A
KEALTI S KAMOBI . BWEET ZHL -
AT TiBy BURAE B I B 7S N2 FVS0812 44
W,

2.2 XWEATHPAH ST

B 2 B ok i Bk ARAAER X S AT . mr
DIEH 1S40 KA FEEH a(Al), Aln(Fe,
V)sSi, TiB: T4 2HpL . 2 SH ¥ KRR T
a(Al), Aliz(Fe, V)3Si, TiBo A5 W4k, 3 AT LUK U
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Bl 1 AFTEB &S B A
Fig. 1 Microstructures of AFT B master alloy
(a) —OM; (b) —SEM
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B2 1~ 4 SEmok AR B X ST ERATIH
Fig.2 XRD patterns of oversprayed

powder samples 1~ 4

FIRREECTIHI AlsFes ATHIUE . 3, 4 S A AR A
FEAH a(Al), Ali(Fe, V)3SifiThfig, HHER
4> AlisFes FHBIAFAE . BHSCHR 12, 13] AT %0, WEo
DURR L WM AR 1 = RV WS IR R A 4i /s
VR AE AL K AT B BAE [ B R R STRLE AR
VRO R JUAR 2 AlE48E 2 0 7 468 [l PRI R oK, IxX e 4
IR R BETEDUAR 245 BORG B, TRt iR 2 i
GUIRTESAE T . Bk KA HEE BRI ER

W, —MEARLE 74 Bm DU B0 RV
WA LLA R 10° K/ s HEFF', B iR
PR G &M S, SR EEE KT 10° K/s Fr1R
U NP4 AlisFed™ . B 2 40470740, 15
A ARFEE K TiB2 151N, REBS A R H ] >F
A AlsFes MIERK, B 2JLT2H o Al), Ale-
(Fe, V)3SigH B #ia & & A4, 2 56
R ARRFE R by RBURLEK, B & 193 31 E 8
ik, FEMRBPL N CETERK AlisFes, FTLARIESR
TiB, 5 ANBAIARA AT S D& AlisFes £H
HIFEALE . 3, 4 SRS IN TiB. 3G 5 AH ORI 1
Wk RKHH AlisFes AHIIAELE . B, TiB. BURLTE
VIR TR S N AE 2 Jia, R 20 3ok s 47k o 47 0 8
DU, MREE MO ATAE TN R & SR . ZE TR 4
AE SRR, RS EEE, @
ATUAMS B AR A LR, 785 K TiB. 49 AH B4
H .

2.3y RERTRAR KT 04 BT

B G 5~ 8 5 iAAE I =AM iR S Re gl
T3R 2. Wit seFR7E 350 C{RiE 420 s LA
J 1000 s JEPr TS24 . 5 SR FE =R Prhron &
E, 18 454. 1 MPa, Ji ka8 X 407. 8 MPa, 4
AL 7 SR AT TiB. kL) & 7. 2% F1 8. 5%,
B & TiB. FURL, (H A5 Rk FE Z2H) 7 5 FF &
21. 9% M 35. 7% . 5 ‘FRAFELL 6 S 7 A
bt 8 S E WM R R, FEEKEN S .7 5
EH AR A F T A, R ARV HIE B K, 159 2 1
MALR R, 55 FMAFEAE AT i 72 v Hopp oK S
KRBT SES, BRRFMIEE4EE, BHARH
FHIEEE . 5 SIRFET 350 CIRYE 420 s B L5 B o
B, 1K 210. 5MPa, 435It 7 S A (RS TiB, B
Ki) &1 9. 7%, tb 6 Sl FE( & TiB. Bk, {H¥ AKL
FEBH) IREE S 27. 2% . (EDREBEE ST, AL
FeVSi REEREERKNAF 7350 Alin(Fe, V);Si
M R RAAH, AT A iR R i . 7 Sl FE )
a, § 191. 8 MPa, 1M 5 53 BT N &R E 1
V% AH TiBa, — J7 TH e AEAL N A A 7E il T H
EBIFIHEIER, H—J7 ik, 80 K%
H B S AR ECREN, Bt — 2R T
AlFeVSi RN #Ea G MmilR 15t ge . 76 350 C
R 1000 s J5, 5 5 PR WA LRI 420 s
AR ZEA K, 1M 7 SR BRI IR 420 s
ELBAG BT AR, U6 TiB. AIAFAEX R E FVS0812
e T BE S INAA A .
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Bl 3 fronh 5~ 8 S ikfE I =R B AR T 0 SEM
JEH . ATLAE R 3(a) - 3(c) B 0404 % KB
W, PIEHEE, BTHEMIIER. 7, 8 54
AR RAE W O R oA KERIET R, 75K
FEWT OfEMI R P e D= WIS, 7Ei% SEM
T DL BT OB 5330 2o A 28 AR RN, A
RN TT TS BRI 2 % 2 2 TiB. . MK 3(d)
AT DU W7 1 32 2 e e A R, W 1 40 A A B 2
MG, DRI R KMORL ()R R SR 45 A 1 22, IRkt
AR S A AR, YR, RAWR, Bk
8 SR ZE N HEBAEY] .

2.4 BHMAL S
Bl 4 Bizn o 1.3 i A & Sk AR 1 4

PR . W, B oREARREKE, A KR
JrHAHEE R AT IR, A A R . 1
SMAREAS B 3 5B ARFEH S EEH
/N, UEBH TiBa MUKE A7 LB XA AL i B8 & e i A
LHBREENIER.

Bl 5 i N HEE A S Z W KREUEA EH
JE J5 S 355 5 1) R s 38 B 1) () B AMAH R .
5(a), 5(c), 5(e) Al WM REER LT IE G BT IETT
2B RREHR, HFEEHRA NS, KK
AHGHAINS, B A S 2 R POR s RA
2, XK BRI P RE AR AR A

Hrh B 5(c) b 6 SHUM AR A SE R B EH
23, WILABH G B R R O b K, Ry R [A]
2, A2UREHZE, MNER ERI65 R

K2 5~ 8 TR LR
Table 2 M echanical properties of samples 5~ 8

Sariiple 25 C 350 C, 420's 350 'C, 1000 s
No. 6,/MPa  G.2/MPa § % 6,/ M Pa ®.2/ MPa 8% 6/MPa  0.2/MPa § %
5 454, 1 407. 8 7.7 2105 177. 4 7.7 210 1 176. 5 75
6 372 4 300. 5 67 165. 4 1112 7.7
7 423.7 375.9 9.0 191. 8 159. 7 7.9 185. 6 150 4 7.7
8 317.0 248.0 60 118 3 98 8 7.0

D X
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B3 B TR SEM W D ES

SEM fractographs of different tensile samples at room temperature

(a) —Sample 5; (a) —Sample 6; (a) —Sample 7; (a) —Sample 8
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B4 B R R B AR
Fig. 4 Microstructures of different powders
(a) —Sample 1; (b) —Sample 3

B 5 PR 7 1) K 5% M o T ) A2 ol L 41
Fig. 5 Microstructures of extrusion samples along extruding direction((a), (c)

and (e)) and cross section ((b), (d) and (f))
(a), (b) —Sample 5; (¢), (d) —Sample 6; (e), (f) —Sample 7
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FELLS SR FF W7 Sl e R Re s & . B 5(a),
5(e) ERLEE/NT 74 Um (RR) K EER B IR 1 S A4l
21, BILLIE 5(c) g0/ E5), T Hok R A Ftii 2
AW, KB RIFMIEELH . BARE 5(a), 5
(b) Mi5(e), 5(f) BHAREERDNFIMARAS, BT H
EH TiB: HRAHM AR, MR HARGRH—F
antk, BRI PE RE A 2 .

3 4R

1) TiB. ki GE# LUE MK 7 AN 2] AlFe
VSi i #EE & ST, R 2 R G RRAEA .

2) TiB. FURL 1) 17 7E i A R Hb 40 1 7 i 46
AlsFeIATH, FF4040 SR

3) £ 2 2% TiB. Biki . KL E/NT 74 Bm I8
RIBEEEF R R ZRBEIL 454 1 MPa, JER
5 BEIL 407. 8 MPa, FE{HRLREFLE 7. 7% ; 350 CH
R EFRELE 210 MPa LL b, SEMRIEELE 7. 7%
PLE.
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