May 2025 Rl % 18 N B8 & - s
Vol. 45 No. 5 SPECIAL CASTING & NONFERROUS ALLOYS BB A
AL E X EHER- R NERBREALAN TF 4RI

HRE BE® XNNExZ® BEK' K R OREAKS

(1. # A =R TR ANE) £ 44170032, KX LK FARAERFSFRARASAILE EEEZHT, KX 430070)
 E OETSEEHETZ2M 4 7 HT250-A380 X4 & & A 5 , 8 o (O 2 2R AE LA K g 2 Pk Re I BIF 9 17 AN [7] A Ak 38 B i) Xof 32
&R AR AL )RR, S5 R, B PO B R R, R e B A S 2B WG ey A AR I 1Y 1 pm i TR i 2z B
SIS I Y 12 pm JF 11 IR 2L 4% | S 45 5 2 )5 B2 5 PAh BN (] o O MRS M DG R o B IS Bk AR A JE R A A R AR E
SEE B AY Fe, AL LR BE SRR FeAl,, B A< I R] % B4 30 S 35k - R 00463 Jeg 57 10 L 9 Klirkend all 2800 DA K 24450, 85 25 B S 1T 5 U1 54
BEfR K, 4 31.31 MPa, Bifi & $A 4 UL [R] 3G 0T, % - 65 3048 J 2 45 S 10 5 70 548 B 328 W s /) o

KR B-RNEE A B AL 4L e Re s R

HESXS  TB333 THARED A DOI:10.15980/].tz22.Y 20240046

Effects of Heat Treatment Time on Interfacial Microstructure and Mechanical Proper -
ties of Die Casting Fe-Al Bimetallic Composites
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Abstract: Effects of heat treatment time on interfacial microstructure and mechanical properties of HT 250-A 380 bime-
tallic castings fabricated by the high pressure die casting process was investigated through microstructure characteriza-
tion and mechanical property tests. The results reveal that as the heat treatment prolonging, the thickness of bimetallic
interfacial bonding layer is gradually increased from 1 pm under the as-cast state to 12 pm after heat treated for 8 h, and
cracks can be observed. The thickness of interfacial bonding layer is linearly related to the square root of heat treatment
time. After heat treatment, Fe-Al bimetallic interfacial bonding layer mainly consists of Fe,Al; near the Fe side and
FeAl; near the Al side, indicating that tong-term heat treatment results in the Kirkendall effect and cracks at Fe-Al
bimetallic interface. The shear strength reaches the maximun of 31.31 MPa under as-cast state, which is gradually
decreased with heat treatment prolonging.
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Tab.l1 Chemical composition of HT250 gray castiron %

wy
C Si Mn S P Fe
3.08 1.92 0.99 0.08 0.03 A

R2 ABVBEEHUERS

Tab.2 Chemical composition of A380 aluminum alloy %

wy
Si Fe Cu Mn Mg Zn Al
9.01 1.25 3.25 0.19 0.14 0.99 Rt

k5 UB1650iV ¥ = JE 55 HL il % HT250-
A380 M4 J& B A5 Wl o AR HE 7 0.2 m/s, i
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JE S 650 °C, 4 J& A5 HL F1K 85 o ik 1R T ARG 3 Ok
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Fig.1 Fe-Al bimetallic specimen and shear testing fixture
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Fig.2 Bimetallic composite interface after heat treatment for different durations

P 3 Sy 7S ] A Ak B (] T 59 X4 J 2 B T SEM
Ko I 3am] UL, #5735 K6 B S0 a & Z ) F a5 &
BRI R 1 pm, it 2 h b5 |, B 45 A R R R
FEE S pm, M BTSSR 5 HT 250 544 ) i 95 1 42
PR LA 3b, AL BE A h S RS R R EERE] T
298 um, ILAPHT250 5 F 45 G )2 S AL B T — L8
AN R0 Y IR SRR L 3k Bl W AL A 2 BT A S
JE I T T R BT A R T AR KR W

Y
T - =

(a) A (b) 500 TX2h

() 500 T X4h

Kl 3c, MALF 6 h)E, AL A2 — L HE 210
pm, HT 250 5 FU 45 & J2 52 SEAb i 8 JL 00 75 ofR 58 ke 3
T, WE 3d. Zead 8 h g AL B S |, B 45 A R TR
JEYE N2y 12 pm, HAESS & 25500 A380 M H 28 48 /)
U RS R KR T AL B AR SA 5f
TP BB, & B ALt B 4 R A A, ELES 4 R
A R AT B 5 A B A B T B /N Rk S A X s AT
PR E M HT 250 44 F 3 5 .

(d) 500 ‘CX6h

() 500 'CX8h

B3 RRE#AEE TR E AR @ SEM A

Fig.3 SEM images of bimetallic composite interface after heat treatment for different durations
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Fig.4 Relationship between the thickness of bimetallic interfacial

bonding layer and heat treatment durations
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Tab.3 EDS results of corresponding points inFig.3b %

5% e

Al Fe Cu Si Mn Zn
1 2.15 92.04 — 5.30 0.49 —
2 10.56 84.21 — 5.20 — —
3 66.82 23.95 1.00 8.37 — —
4 67.19 16.87 4.44 10.69 0.37 0.43
5 86.42 2.22 0.69 9.63 2.20 0.81
6 86.41 0.34 0.25 11.93 — 2.49
7 46.24 0.60 0.48 52.28 — 0.40
8 67.60 15.92 4.16 10.94 0.56 0.55
9 65.10 18.32 5.49 10.52 — 0.58
10 62.61 26.97 1.63 8.50 — 0.29
11 67.61 29.78 0.59 1.74 — 0.28
12 3.03 92.25 0.47 3.56 — 0.68
13 44.46 0.37 0.27 54.40 — 0.50
14 61.74 4.32 8.22 19.77 — 0.57
15 77.64 5.13 1.93 13.68 0.55 1.07
16 68.38 13.65 4.31 11.74 1.16 0.76
17 66.63 19.08 4.45 9.10 — 0.74
18 68.31 28.74 — 2.58 — 0.37
19 6.79 88.38 — 4.83 — —
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Tab.4 Possible reactions between Fe and Al as well as variation

of corresponding Gibbs free energy '

S AG/(J-mol™")
3Fe+Al=Fe;Al —57099+79.4T
Fe+ Al=FeAl —86 401+29.7T
Fe+2Al=FeAl, —119506+35.7T
2Fe+ 5AI=Fe,Al —157 795+ 43.9T
Fe+3Al=FeAl, —168 329+45.9T

2FeAl,+ Al=Fe,Al —38289+8.3T
5/3FeAl,+1/3Fe=Fe,Al; —15717+1.6T
Fe,Al,+ Al=2FcAl, —21067+4.0T
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Fig.6 Microhardness variation of bimetals and interfacial bonding

layer with different treatment durations
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Fig.7 Shear strength of bimetallic composite interface under dif-
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