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Effect of Fe on Mechanical Properties of Sr Modified JIS
ADC12 Alloy Castings

Kazuma Morinaka*, Mayuki Morinaka*, Hisao Fukami*?
Makoto Yasuda™?, Naoya Watanabe*? and Muneaki Akaneya*?

Demands are growing stronger for the development of ADC12 alloy for ductile die casting. In this study, we attempted to
clarify the effect of 0.06-1.28% Fe on the mechanical properties of ADC12 alloy with oxide removal and Sr addition in a Cu
mold ingot. The results obtained are as follows.: 1) The tensile strength was about 250 MPa when the Fe content was 0.61%
or less, but was low at about 200 MPa when the Fe content was 0.81% or more. The 0.2% proof stress increased slightly
from 105 MPa to about 120 MPa with increasing Fe content. Elongation was high at about 9% when the Fe content was 0.61%
or less, but decreased to about 2% when the Fe content was 0.81% or more. 2) The morphology of the Fe compounds was
block-like when the Fe content was 0.61% or less, but plate-like when the Fe content was 0.81% or more. 3) When the Fe
content was 0.61% or less, the Fe compounds were ternary eutectic (Al-Si-Fe compounds), and their crystallization tem-
perature was lower than the Al-Si binary eutectic temperature. When the Fe content was 0.81% or more, the eutectic Fe
compounds were ternary eutectic of Al-Si-Fe compounds. The crystallization temperature of the single-phase Fe compounds
was higher. 4) These findings clarified that the Sr-added ADC12 alloy has an Fe content that changes the microstructure,
and that the mechanical properties also change significantly depending on the Fe content.

Keywords : ADC12 alloy, Sr modified, Fe compounds, mechanical properties, thermal analysis, solidification sequence

1.

BRORICI O IN LB T VI =Y 4 OF
HidEEE2nBEETRMM»OGE D, B EZE
TIREWNT A D Z MDD B% BEDHHEL LD 3
ADCI2 B4 &5, SOITfEL ) HA 7 vaNBE T &
75, ADCI2 & 3HIBRERRICE L WESL oMK &5
25, $Hos b6, T =y Ak —VicREIN D
ACACH B E 2 T1IRGEETH-cbD D, ITETE
27Ty THRMENE5GENH 5. TDicd), Ferhl
# LBRD 0.20% WL 7o GBI L ¢, T6 ROMUN
15% 7 5 10% FEEE I T L7 flisiiRis s hcnw s 2, 172,
Fe 75 0.18% I<H4 I L 725 4CBIL T, O MENTEILL 72
FInEREE N TV S D,

T T I HIBRIEBEL, SDGs, U 441 27 V15 E O, 5,
A[FETH 111 ADCI2 &@Z RS S bR L 2w

s
jll]

52 &5, FelbtOWIoREEAZ RS € 2080 H 5.
L LD S, Fem&A % LINICdUZRLL LT L
bUiET V. BT 281 (1966 4F) BN B
ELT, HiBLADCI2 A4 D Fe BAZLBSHE TS A H 2
FLERHRKS VICEB2MENH B, TNk D & Fe BE%E
0.31% 7> 5 0.93% ITHEIN S B 72854, 55EH & (3 260MPa
BEOCTETH-LbOD, HF2.8% 15 1.4% IT{K
T BT EEPLPIT LI, KL, COMUDEIZZE S
ZTHEO LT H B, B, B A 72 P IR
WEAEEN D DD, WS A 7 2 MTEYEEL 4 b
BHAWRAES W/ »Th 5.

Pacz ® 7% 1921 H I FEHH U 72 L LER 13, Na D3 feflic 32
MbEs i, L LEns, shRORHERR2E W C &,
HN AR ERALYTVEEDREN D -1, £ T,
KARBILFT I N7 Sh FER LS i, Lo L
SWEBNENTTN &P, 3 —o o NOEREHIEL ST &
D LT < 18- 2, 2 2 ¢ 1980 AR (L R R A3

ZATH C SM6ME10 28 H, =HH - HF74F1H9H (Received on Oct. 28, 2024; Accepted on Jan. 9, 2025)

EVWHERND B, DG, HAREOEENKRD SN
* (KK MRDC MRDC Ltd.
2o (PR 7A v AISIN CORPORATION



Srit R L 72 ADC12 &5 4854 O BRI E 1< S 13 3 Fe D32 305

s FIT, FERERERI S R E W St S FERIC iR o 12 DL fe
2L, Sri@3AKKREWNLLT VI &SR v T ¢ MBI
SNBTERY, BETOMRIIESEMT 5 EM5Y,
MEFL 3 LogBEontwgENsb -7k, Ll
WS, REMEIFICGBF 75 v 7 220 5 &,
BETOBALYESEINLICC W EARE S,
Z L C, Silafont 36 &4 Y OEMALAZHKE LT, Wiy
AN A MTEHEYOLELEREICGBF &7 5 v 7 2 & Sr
WRLHZEDLETHHT 2 EENH 2 & OBFRDIL
MoTOok® LhLENS, S A H 2 ~HICSr
whnE 75y 7 A AEFT - 72 ADC12 &4 ORIV E
IZ%IF T Fe ORZEEI S MIT75 > TLIS L,
ZTITAETE, AMESERVWREETHEEL
ADC12 5@/ LT, Sridkin& 7 5 v 7 2 M A1T - 72
BB AR IC G Le, B onziEilis oo L itk
FraMwT, BROMHEEICRIZ S Fe DL L.

2. RBAE

2.1 AEORHE

7RI E R E A3 Al-1.6%Cu-9.6%Si-0.3%Mn-0.015%Sr © &
421THE LT, Fe % 0.06 ~ 1.28% DH T 6 KEEICZT R S H 72,
N5 DA 4213 Table 112779 ADC12 &4 @ FHUM
Birbbhd ko, Wb ADCI2 &40 HIFEEIFHAN
IZd 5. IEIREEET 99.9%A1 K O Al-30%Cu, Al-25%Si,
Al-5%Fe, Al-10%Mn, Al-10%Sr O &E &4 THh -7, C
NoEBFIT2%g 1T B XD ITHA L, BRIFPICHEE L
7210 F D BEL B D IFNITH W T 740°C THME L 72 HfRIA,
IRIGERIIC AR U e (b2 Brk Ui, fed TR b £
HwD7 797 2%05%GML 7. ZHid#EEO NaCl &
KCl ZfHAEDLED ELE BT, FORMFIAICHELD
WDOBDS A EBILAIZREG LcbDTh S, 514Ah
2 NHIBAFEE N T &5 630°COKIRT b AMRET
b5, 17EOEIPLEIT> 7B, MERVIZBEALED
Kot JERENIZ N IA18 N o RE2RmEPoBRELE
%, 20 PO EITH & & BITABIRE % 720°CITE N
X H.

Table 1 Comparison of test ADC12 alloy with similar standards

for JIS alloys.
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Fig. 3 Schematic drawing of tensile test specimen.
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Table 2 Analysis results of chemical composition of ADC12
alloy (%).

34 ADC12 &5 4 DAL E B D 73 HTRE R (%)

Cu Si Fe Zn Mg Mn Ni Ti
0.1%Fe| 1.64 9.60 0.06 <0.01 | <0.01 0.27 <0.01 | <0.01
0.3%Fe| 1.74 9.62 0.32 | <0.01 <0.01 0.34 <0.01 | <0.01
0.6%Fe| 1.58 | 9.50 | 0.61 | <0.01 | <0.01 | 029 | <0.01 | <0.01
0.8%Fe| 1.75 9.68 0.81 <0.01 | <0.01 0.33 <0.01 | <0.01
1.0%Fe| 1.58 9.66 1.05 <0.01 | <0.01 0.33 <0.01 | <0.01
1.3%Fe| 1.78 | 972 | 1.28 | <0.01 | <0.01 | 0.29 | <0.01 | <0.01

Pb Sn Cr Bi Na Ca Sr P
0.1%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0145 | 0.0009
0.3%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0121 | 0.0007
0.6%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0120 | 0.0010
0.8%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0120 | 0.0008
1.0%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0113 | 0.0008
1.3%Fe| <0.01 | <0.01 | <0.01 | <0.01 |<0.0001|<0.0001| 0.0158 | 0.0010
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Fig. 4 Effect of Fe on tensile strength of ADC12V-Sr

alloy.
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Fig. 7 Microstructure of ADC12V-Sr-0.06%Fe alloy.
After solidification of the Al-Si binary eutectic,
the residual liquid phase formed a ternary
eutectic of Al-Si-Fe compounds.
ADC12V-Sr-0.06%Fe &4 ® 3 7 v i, Al-Si2 oo
BEI1R, BRI Al-Si-Fe L &¥ 0 3tibi 2B U 7=,

ALY 3 E L2 ic B L TRBIES s - 72, Fe
LAY KT R TIHEE Lo & 91T, ALSi 2 oitfit &
LD L EbNBMEICE T, MUNIBRTORE
BEHE SN 032%Fe 540 X 7 o fflfiti b 3 & A ETH
BT, Fe bWl Fig. 8 ICRHIT/RY & 51T ALSi 2 sk
VORI E b N 56, AlSi-Fe k&P o 3 ol
& L TDENBIE SN, 0.61%Fe 54D Fe {L&YIIZ
Fig. 912/~ 9 & 5 I ((RFD) 2L cure,

—7, Fe &% 0.81% I<Hgfns 4% &, Felb&¥oiaE
E—Z Lk, 9715bb5, Fig. 10 I RHIT/RT X 91T Al-Si
2 D v & REEIRIC D, HARKRKREZLTO
7z. Fig. 11 3 SEM{ L EDX v v E v 7B Th 5. HKA
BACR O EHEZEM O Fe (bW TH - 12, £, Fl
ICHUE S % /NS Fe {b& Y13 Al-Si-Fe (L& 0 3 ok
TH -1,

Fig. 8 Microstructure of ADC12V-Sr-0.32%Fe alloy. In
the gaps between the Al-Si binary eutectic cells
that grew perpendicular to the paper surface, the
residual liquid phase formed a ternary eutectic of
Al-Si-Fe compounds.
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Fig. 9 Microstructure of ADC12V-Sr-0.61%Fe alloy. In
the gaps between the Al-Si binary eutectic cells
that grew parallel to the plane of the paper, the
residual liquid phase formed a ternary eutectic
of Al-Si-Fe compounds.
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Fig. 10 Microstructure of ADC12V-Sr-Sr-0.81%Fe alloy.
After the coarse Fe compounds solidified, the
ternary eutectic of Al-Si-Fe compounds solidified.
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Fig. 11 SEM image and EDX mapping image of
ADC12V-Sr-Sr-0.81%Fe alloy. The coarse plate-
like phase is Fe compounds.
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Fig. 12 Microstructure of ADC12V-Sr-1.05%Fe alloy.
After the coarse Fe compounds solidified,
the ternary eutectic of Al-Si-Fe compounds
solidified.
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Fig. 13 Microstructure of ADC12V-Sr-1.28%Fe alloy.
After the coarse Fe compounds solidified,
the ternary eutectic of Al-Si-Fe compounds
solidified.
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