FOUNDRY ﬁ @,‘S%

Fe 3T A

=

Vol.74 No.1 2025

_XT| (x=1y 23 3)
B R AT BRI

=

TIRE" 2, #RS, KSR, BE, HER, E2RE, =Et
(1. IR TUASHRRZ S TR, TFHE 110870; 2. M EMEREEREEAT, TFME 110144)

EEREN:

FUFt#E (1998-) , 8B,
+, TERRHOEES
RIS HITE .. E-mail:
1049647415@qg.com
BEEE:

BRE, B, T, E-mail:
huanghong1977@163.com

hEDES: TG113.12
NEtFRRAS: A

W ESHS : 1001-4977 (2025)
01-0042-12

BEamB:
EUTEHETES
(JYTMS20231200) ; 1T
TEEANZESTRKAE
£ (BETRAEIEE )
(2023-BSBA-258 ) ;
KEARNZESRPIME
(51875365 ) .

WS HER:

2024-03-25 WEIXIAE,
2024-08-21 WEEITFS .

S BiTIEmE (SEM) , BSEHSHr (EDS) , XE946675Y ( XRD ) K EBFiyE0ETH75Y
247 (EBSD ) SNFE, I 7RG ETTEFeXIAITI (2=1, 2, 3) G REHLRAKR
ALTIHET RIS . FE5REBE, TEEELMNEBEEBEERMET, Fext=XISRHTILIALTI
IR . EEIESAEMT, BETIZSHEM, AlTi («=1, 2, 3) GEFALTIHH
FRDEFIIGK, SREREE . MAIN1%HIFe/E, METIZERIEN, ALTIIERRY)
FBRRFIEEPRZIE T NEER, REBRTHRES ., TEBEREERET, BETIA
SHIEIN, AlTi (x=1, 2, 3) SEPFARTIHEHRBKCREZT HEHIK, BALTIIBARS2H
33TNIGKZET.32%; HNIN1%AIFefE, MBETIZEMEM, ALTHIEIRHRMIKEZ K, B
AL TIFEBARTR D H 4. 4T%IB R E12.79%, HFIIFeREH TIREFEAIERPIRENTIEFRE,
HMEHALTHEINTE, ALTIHESRS RESEZIER, (8 o -AIRNFEZ, WM
il o

KR Fertzx; AITIES; BEHER; ALTIHHE

AI-TIEEHEEZER. WaES, MEMFIIBRETFSmS, HANRE
BEFEEHNmNESY, XFAERTFALTHEHEAS EREE. SIES (1350 C) |
KZE (33 glem®) . BHEES (216 GPa) MSE SRS SY, BN, BT
FertRSAEBBIAI-Fe BB SRR B IUIESEMIN . MEFTMEIEEE,
FEAMIFAI-TI-FeESHIARBMER"" . BESAMAREIN, RABIEIEER
REIEAIAI-2.5Ti-2.5FeFETEFIEAA®, 7BUFE400 € 5450 “CIRX10 hfF,
BERIHERPITE T IREEIALFe BRAILTIHE, FREID BRIALFe BRALTIIHES
RIFNSRMEEMAREY, seH—TIESaIMAMFNFtE. TRESF
RS LTREVER AT EAITI-FeaE, RNEENERSSINERGRAAIX
R, EAINERKERS, HREINDER FIRALFe, Tt EFIEAL TiAERL
Siapam®: SENERRSRT, WEATHEERTDRIE, AlFe,,sTiyHHER R
%, BEREmEETeRE, REHAPNEALTIHHEENSR . KimuraE XA
PUREEEIHIZAI-«Ti-2Fe (2=3, 5, 8) &%, AMEETIZEN3%IEIMNEI10%, IE
BIENERIEEMNG41 KIENNFEI701 KM, HTiSE 5%, ibEaEREIRAHE,
791 200 MPa, BEETIEZERIHE—ZIEIN, EEMEFHEE, S MAEMEBEHE
2725, KawamuraZE A SRARIBIBRIG 25 HEAI-TI-FedE, RUMAI-TI-FeEEED
B TEESRENRIFIMELE, 1673 KNEMRES TRES BIFNHF s,
XEAI-Ti-FeB £ A EIMEERIMR A NI . HpIRECEIAI-TI-Fea S
AOLBELR R M BERIAERIASR, (BEXTFFestXARIINTAI-TIE AR LTI RIET R
NIBROSNAAEBBH . Hitt, AN TIEETEIE S (GoFELRE ) NEEE%
BRISHIEZEHEIE TAITI (x=1, 2, 3) &%, HEAILTI (x=1, 2, 3) &G&E
it _EiAI01%Fe, HRFestEEMTAITIEZHREABRERALTIIBF SR . RIFATRDEM




20255 SF1HA/ET74E

2N, ANHFRERTAITIESHAD U REEWL
RE—EIEICEMISEKIE.

1 HERHFSHE

KASAl (45E>99.9at.% ) , Al-5TifkAl-20Fe
FEEERER, FIFAITI (=1, 2, 3) FAI-
«Ti-1Fe (=1, 2, 3) &% . BL, BoMEBRETH
B/, BPRFESS0 CHIRIE0.5 h, FEEIIANAI-
20Fe, AI-STIHREIEE, BREASMAERKREL
100 C, Rl h, WRESBURDE, BR15 minfk
IREBRBAFIINEST . B%&F . BREXFRS
F. BfE, ERIE20 minfg, #HTYEFHEBIREAE
BEEEF, EERILHEHERE, REEEUE
1(a) Fin, BHEESBEFEVENEL (b) iR,
ZE22IAWNZEIMAEBHEEL 100 CRIEL h
B, BEIHIRFHAEHIRAIIREE . EFFINEmERRE
atg, RMEEEREELRINEFHTHNEMALRIFT
BEB S ERDITNERBKRIER . EBRFBISS5EE
REAYEENT IR BEIRIC RIS .

(a) @I H.

1 EESEE
Fig. 1 Molds and casting

(b)) PE{FRT-S U

NTMBHMBREND, WESHITITEM,
FrFEDix-Kener ( 1%HF+1.5%HCI+2.5%HNO,+95%H,0 )
HZ18~10 s, FABHEERHIEN (EDS) R
BFEHiE (SEM, Hitachi s-3400N ) #H7& 20
BOF IR BeIE o7, F@ELImage-Pro Plus&it18
R RABERIE D . RAXEZ%4754Y ( Shimadzu
7 000) WESHTWHEDS . BIIEL10%HCIOMN
90%CH,CH,OHRIF fi# [5R BB AR 1 't Sk H| S EBSD#¥
fho MB/EEITE FEAEINTEY (Gemini SEM 300 ) X
PRI TEBSDIIL .

2 HIERSDH
21 EIESNRMH T HOREEA IR
E2HAITI-Fe (221, 2, 3) BERHSITE

EBSE rFounore

R, HYBESSRERL . SRESEmE (B
EIfENSE ) ELSBINEL . TR RREIDE
B, AN EBEEBRNER, SEEEMLE
EMEITR, FEaEBEMmE EERIEE. BAAD
W45 eI, Al-aTi-1Fe (=1, 2, 3) S FBITE
ALTiIEAEE 5 8I775.38 °C, 891.78 °C, 950.88 °C,
BREMETZRE T, FERE— T ERE, ZEBRIE
BN, a-AlFEZRE 7S 51/9659.19 C. 659.84 C.
659.88 C, BRE&EMN (AITIE%E ) Tl o -AlFFHA 5
BlEGaZ, SRRNSHERRMN (Al-FeeE ) HE
R — M RERB B RIE, BRIETE K BIFEETE
K; MEEEZIXERL, RETMH. KIPRETE
IS ITMERIAL-Ti-1Fe (x=1, 2, 3) 82811
HIEEE, BER8EALTIETEEE. RBLEE.
EEEIEE. o -ATPERE.

BEETIZEMN Wt %IENNEI3wt. %, Al TitBAYHTE
EESTEIM140.49 CIBANEI305.49 C; o-AlRYEEEIR
ESBEIM24.30 CREREZRI14.49 C. o -AlRYEEESTEE
EBSHRRM: L+ALTi— o -AILURHERREN: L o-
Al+AlFe, A RMERSM. EELNEHTESE
ROSEEIS AT LA S BIEEREA R SR .

E3ERTAI-xTi (x=1, 2, 3) F1AI-xTi-1Fe
(x=1, 2, 3) BEEEELINEMHTHISEME, HK
DOANFertERY, ERBLAMEKA o -AIEERLIN 58
£ o -AIEERFRIALTIEERL . HTIEENI%ES, &
K LVFAFEALTIE, X2R B KESALTIHE
EBRRMNMEAN o -AlEAKF, W0E3 (a) A,
LTIBSEE2%ET, ALTIHZKEIK, &3 (b) B
; BEEERPTITEREI, ALTIIBZRNES, 18
AT 20 FR4.08% 18 E10.27%, FNE3 (¢) Pimx.
WFFAIxTi-1IFed S (x=1, 2, 3) M=, 01 %
Fef5, B BLAMANE_IBEM . EAI-1Ti-1Fe
a%F, FBTHEEHR, @EREEFR=MESE
£, I EEFAEERIRSECN11.14%, 2NE3 (d)
Firx; BEETIZEIEIN, BeRHRiExRinmD,
REEERBZNEE, WES (e) Firn; HTIRE
IBINE3%, JURFEHRIBZEIEL, REEHEIRE
BB RGREEIATE, BRI EN21.94%18F
50.61%, WE3 (f) Frro

FHE3 (b) FOES3 (¢) 510, AT (=2, 3)
a4, ABTIHEFEZZKEHK. ARBTIEIO K EZEEL
AFZAENFTLEE, MENTLEEFEATIAS
SHARERE . WTAIT (x=1, 2, 3) &&M
=, HTISE N3 T, ALTIHESERSEE NITENR
&, R TIRFRIYT BUERERNR, THREERR
@R, BALTIHERCH[100]. [010]. [110]A9&ARER



Vol.74 No.1 2025

FOUNDRY ﬁ @,‘S%

900 0.10 0.10
1000 F e
19-05 a-Al+ALFe — RERENS | 0. 05
800 o
10. 00
oy {0.00 ~
700 F 0.05 T »
& . ;
~ & 5 g
= 1oy g ~0.05 3
= soof = =
1-0.15 ~ 1-0.10 ®
| 1-0.20
500 41-0.15
1,25
400 1-0.30 020
0 2000 4000 0 2000 4000 6000
B Al/s B fEl/s
(a) Al-1Tia-1Fe (b) Al-2Ti-1Fe
] — BE#E 0,10
1000 — REGES
a-Al+AliFe — Rk 10. 05

RHEEIC

10.00
0. 05

1-0. 10

dT/de/ (C-s)

1-0. 15

1-10.:20

0 2000

4000 6000
i felfs

(c) Al-3Ti-1Fe
B2 AlwTi-1Fe (2=1, 2, 3) BERDITHLE
Fig. 2 Hot analysis curves of Al-xTi-1Fe (x=1, 2, 3) alloys
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Fig. 4 Microstructure, element distribution and energy spectrum analysis of Al-2Ti alloy under slow cooling condition
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Fig. 5 Element surface scanning of Al-xTi-1Fe (x=1, 2, 3) alloys under slow cooling condition
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Fig. 6 XRD diffraction analysis results of Al-xTi-1Fe (x=1, 2, 3 )
alloys under slow cooling condition
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Fig. 12 Element surface scanning of Al-xTi-1Fe (x=1, 2, 3) alloys under metal mold casting condition
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Fig. 13 XRD diffraction analysis results of Al-xTi-1Fe (x=1, 2, 3)
alloys under metal mold casting condition
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Fig. 14 EBSD diagrams of Al-xTi (=1, 2, 3) and Al-«Ti-1Fe (x=1, 2, 3) alloys under metal mold casting conditions
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Fig. 15 Grain boundary diagram of Al-xTi (x=1, 2, 3) and Al-xTi-1Fe (x=1, 2, 3) alloys under metal mold casting conditions
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Effect of Fe Addition on Solidified Microstructure and Precipitates of
Al-xTi(x=1, 2, 3) Alloys

BIAN Tong-bo" ?, XU Ke-nan', LIN Xue-jian', ZHENG BO-wen', SHEN Xiang-yang", HUANG Hong-jun’,
YUAN Xiao-guang*

(1. School of Materials Science and Engineering, Shenyang University of Technology,Shenyang 110870, Liaoning, China, 2. Avic Shenyang
Xinghua Aero-Electric Appliance Co., Ltd., Shenyang 110144, Liaoning, China)

Abstract:

The effects of Fe addition on the solidification microstructure and Al Ti phase precipitation of Al-xTi (x=1,
2, 3, alloys were studied by means of scanning electron microscopy, energy dispersive spectroscopy, X-ray
diffraction, and electron backscatter diffraction. The results indicated that Fe could greatly promote the
precipitation of Ti in the form of a second phase under slow cooling and metal mold casting conditions.
Under the condition of slow cooling, with the increase of Ti content, the volume fraction of the Al Ti phase
increased gradually, and the Al,Ti phase existed in the form of long needles in Al-xTi (x=1, 2, 3, alloys. After
the addition of 1% Fe, with the increase of Ti content, the Al,Ti phase gradually transformed from the initial
block, long needle-like to short rod-like, and finally to block. Under the condition of metal mold casting,
with the increase of Ti content, the Al;Ti phase in the Al-xTi (x=1, 2, 3, alloy gradually transformed from
granular to acicular, and the phase volume fraction increased from 3.37% to 7.32%. After adding 1% Fe,
with the increase of Ti content, the Al,Ti phase gradually transformed from block to acicular, and the phase
volume fraction increased from 4.47% to 12.79%. The addition of Fe would promote the Ti atoms to reach
a supersaturated state in the Al matrix, thus promoting the precipitation of the Al Ti phase. The Al,Ti phase
would give full play to the role of the heterogeneous nucleation core to promote the nucleation of a-Al and
refine the grains.
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