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Abstract: Using 304 stainless steel and pure aluminum as test materials, the aluminum/steel bimetallic composite
materials were prepared via liquid-solid composite casting technology and a self-designed pouring system. The surface
of 304 stainless steel was pretreated by nickel plating, and the effects of pure aluminum pouring temperatures (750, 780,
810 °C) on microstructure, composition, and mechanical properties of aluminum/steel composite interface were studied
using SEM and XRD. The results show that the microstructure of the diffusion layer of aluminum/nickel plated steel is
significantly improved, compared with that before nickel plating. The nickel coating can improve the surface activity
and wettability of aluminum liquid on the steel substrate. As the pouring temperature increases, the shear strength and
thickness of diffusion layer increase. The aluminum/steel has the best bonding quality at pouring temperature of 810 °C, with
no defects such as inclusions or pores in the diffusion layer, and the average shear strength of the composite interface
is up to 25.78 MPa. The microhardness of the aluminum/steel diffusion layer increases first and then decreases with the
increase of pouring temperature. At the pouring temperature of 780 °C, the microhardness of the diffusion layer reaches a
maximum of about HV1 000.
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Fig. 1 Wettability of untreated substrate with oxidation layer and zinc coated substrate
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Tab. 1 Chemical composition of 304 stainless steel wg/%
Cr Ni C Mn Si P Si Fe
17.0~19.0 8.0~10.0 <0.07 <2.0 <1.0 <0.035 <1.0 A
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Tab. 2 Chemical composition of pure aluminum wg/%
Si Cu Mg Zn Ti \% Fe Al
0.25 <0.05 <0.03 <0.05 <0.03 <0.05 <04 S

®3 A HRREERE

Tab. 3 Physical properties of test materials

kL PLRsRE/MPa  EARGRIE/MPa  BIYISEEE/MPa HES/C W/ (g-em™)  BHEHB LRIk RHU107°K
4l 80~100 60~80 100~180 660.4 2.698 9 25~32 243
304 NG 515~1 035 =205 312~415 1398~1 454 7.93 <187 17.3
A B R o UEBE, BRERESREEESHRINEEEE
" —/ MRS . EESFIRIRSHT, HEHiEEs

T __ N \_D B
\ _
tH

iR

B2 FERER=E
Fig. 2 Schematic diagram of electroless nickel plating
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Tab. 4 Composition of chemical plating solution

EAS e/ (g- L)
TR 30
TR 15

KRR M 20

El65 C, ARRIRERRANT —B, BEB00 mL (65 C) %
TBABRIRBERT, BRI REIAN—NERT;
MBI T A KRpH 94.8~5.2, BINZEBIEER
EZ1 000 mL, BEREHEDIEETERKERT,
K580 CIEIR, B34 ENREHE TERT, It
$EAYE) /960 min,
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ISR EIRTEMET50~810 C, AREWHHESK
A9
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M EINERER, —& T o IR
NEREIABEGIRT, BKEABBERIILRICR
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FER/ANY B X e B BN S R, FTEMSEEES mL
HNO,+1 mL HF+94 mL H,OEC BRI R & AR TIRZ .
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Fig. 3 Schematic diagram of aluminum/steel composite material
prepared by liquid-solid composite method

®5 HMESHENEESH

Tab. 5 Main parameters of aluminum/steel composite

experiments
A Famabd  BEREE/m BETRE/C
1 't 810
2 PR 12.19 750
3 PR 12.19 780
4 PR 12.19 810

SRFISM-7800F L7 & S8R F £435% ( SEM )
MEREEANE S RENFIRIUAR SRR, FHERS
RS (EDS) X BHETRHITEMHEE DT,

MEHVT-1000AZ B EIHNEXIFREE, 2
f41.96 N, DIEBTEAS s, S MXEERMFIEMN S
MEIX, FHENESX, BFHE. BLEEINT]
BUR~ 7920 mm x 10 mm x 6 mmfifAE, 2NE4 (a) P
T, FWDT-10/#=HBEF R ety ERm
iR E, BINEEEER4 (b) FREEL, N
HEEN mm - min”' . RIEFITERTRE



2026 $FAH/ET5E

15 mm

(a) WFERST

10 mm

F
r=-% (1)

L FhL.AERRsEREE; SHENEERE
R

2 WIERSHH
21 WEERESH

HESTUEL, NEGRREEREEENSR
12.19 um, FEREEHS. BB, SEAESKRYF,
ThHENSR, BERESNERESLEFEEISSEE
Fezx, FH—DFENIE. SRR EN %F’xﬁz%?xiz%
EIRRERRNIeTREAE K .

a»
12.19 pm

Es NEREEERERR
Fig. 5 Morphology of nickel coating on steel substrate surface
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Fig. 4 Schematic diagrams of shear strength test of aluminum/steel composite specimen
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Fig. 6 SEM morphology of aluminum/steel composite interface without
nickel coating

(a) 750 °C

(b) 780 C

10 pm S 10 pm

(c) 810 C

E7 =FMiRTIEE NEINEEST BUZSEMZER

Fig. 7 SEM morphologies of aluminum/steel composite diffusion layers under three pouring temperatures
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Tab. 6 EDS point scan results of aluminum/ nickel plated
steel composite interface under pouring temperature of 810 °C

i JEF 5350 % Al REY
(VA= Al Fe Cr Mn Ni AHLH AR,
1 07 711 187 17 18 Fe

2 543 317 11 1.1 1.9 Fe,Al
3 582 323 68 06 2 Fe,Al,
4 653 279 49 05 1.5 Al-FeAl,

5 66 278 44 03 1.5 FeAl,
6 67.6 288 25 02 1 FeAl,
7 989 04 07 1.0 — Al
A a=Fe
vReAl
o —Fe Al

cps

65 70 75 80 85 90
20/(°)
(b) XRDIK}E

Eg 810 CRIRE NMEERINESREEDSROIT/E R XRDES

Fig. 8 EDS point analysis positions and XRD spectrum of aluminum/nickel plated steel composite interface under pouring temperature of 810 °C
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Fig. 9 EDS surface scanning element distribution of aluminum/nickel plated steel composite interface under pouring temperature of 810 °C
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Fig. 10 Shear strengths and diffusion layer thicknesses of aluminum/nickel plated steel composite specimens under different pouring temperatures
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Fig. 11 Microhardness distributions of aluminum/nickel plated steels
under different pouring temperatures
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