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The Effect of Alloying Elements on the Formation of
Interfacial Reaction Layer between Molten Aluminum
Alloys and STDé61 Tool Steel.

Ho-1l1 Park

Department of Materials Processing Engineering, The Graduate
School, Pukyong National University

Abstract

The experiment of hot dip interaction tests was carried out in
order to study the formation behavior of interfacial reaction
layer between as-received STD61 hot work tool steel and a
commercial pure aluminum melt, Al-xwt.%Fe(x=0.2, 0.5, 0.8 and
1.1) alloys melt and Al-xwt.%Si(x=1.0, 4.0, 7.0 and 10.0) alloys
melt, respectively. The results show that the reaction layer, over
300m in thickness, is easily formed by the dissolution of silicon
from as-received tool steel. When the iron content in the
aluminum alloy is higher than 1.1wt.%, the thickness of reaction
layer decreases below 180ym by preventing iron dissolution from
the tool steel. The silicon dissolved from tool steel acts as a
strong promoter on the formation of reaction layer, but the
alloyed silicon in molten aluminum alloys acts as an inhibitor

on the formation of reaction layer.

Key words : Molten aluminium alloys, Tool steel, Interfacial
reaction layer, Alloying elements



tct.

[}

1. A &
el F3o] HQ

=

< KN+
%1’_@ _c.mﬂ% Al T 5
o] —_ ) ~ .
T T TS m aﬂ.
ofn N W o N o w fn B mﬂ. ™
R S . qo,w.o_anﬂ ' o
oy M ER ,Lm%%%ﬂ g W H
]aollﬁ — N RO w N = A do
< o 7 N o™ ZT g =0 vﬁ o ﬂ o
o Ay Mo Zn TF i op W
& KX —_ % o oo N o -
2k a4 ooy W o5
T T mir_- o H..Hu Nd w@ oo = o M.n_ﬂ Ul iy
a,u._.]rﬂm% xT&oﬂmE%H MBTWN
oF Nd < . Y X s
G oju % Ha o o = o e M.M do < M
— o X N mem e olo o) B o N
D i T T G
o Tin oy i o N TN A R
A ﬂ%ﬂ_owﬁr%qﬂa%w
G ) & ChET W E
oﬁaﬂﬂ.ma@ © o N @ K o M mo
o B E kR © o BB R e L w®
&z.fr‘]}ﬂl %:u]M_zﬂﬂo@ﬂou._%
NS I = B oo B oy ¥ T
T eow =W T B 5 B P
nazEE, SRS PSP
o4 A <o o oo & G N oo T
Y B e S B T oE 9 I O N B
ﬂE ] ha 0 ;..ma . = .ﬂ; ..% o B vﬁ —_—
o o A v T o W o Ik N = o) >
TR B o e oW T =
G O ° BN B ~ o X
BT @ = CO- RN o N g
do W ™ % T+
W Ho njp

0.2
’ 05, 0‘8 1;% 1.1)

1.0,
40, 70 2 10.0) &%

U] - QE} = et=p ] :"2]
o] ’ Al X t.%Fe 27T ] ;:} ]
| W |=] =] (X

_‘?-_
E}
%0 I;Lrl‘ Al-xwt.%Si %‘?‘U]L‘ R
' FEAK

B =F
22 STD61 A<l A

Q
=



1.1 4-+97

CERp I

b o

HA ™S

3|

2]

she] 3

< d<

[}

o wet A" F

ey
)

T

dE ol ¥ 9 Aw

5}

b Aol

3
g4

247 88

=
5

Nr

4
o

r
w

(=

%

(hot cracking), &< (dissolution) & -3ZH(soldering)o] #H =7

—_
fils)

STDeé1

T
1T

Ax 7t E3A LA

N

&)

_T
=

Fzuz AT, o] AT

A1

al
=

H], XA 2]y



Agel 2 FF AL A vlFL ofF Anh giRge H
£ ke Agzrner Fx 3L fASeY AHEHA, 539
FzA R d7F 4L FIE& FEstn 2= AelA
F4gch FEFPFE EE dolALAA HeEA At 32
o 29} FxF BFe 60% o)de] FFI AAE A VA=
Aog &HA U

AT EFzHEe 78 Fx7) AN 7= AR 97 AsF
A, AF AFE AE T MAAY 242F ALFH FuAEH
Ao o FaYS HNFH 2 F2IAFY ML F2FY F

2

?l.

ZHEE Fo ZA onpA st Joh. 2
o] g wE vlR, $3 Fo Ui Arp DA
2l (self detection system)& F3}7] o]H 7] W] Pzt &
ol o]Esljol Fit}t. wEtd 3 £ AFH A F= Al
Z Y-S g3l A S FFAT7] AT AT 58 729

A EYo|n} w=A sjAHcloF & HAlG T & ok



Fig.1 Typical microstructure of soldering by interfacial reaction

between STD61 die mold and AC4C aluminum alloy.
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Table 1 Chemical compositions of as-received STD61 tool

steel(wt.%)
C Cr | Mn | Mo P S Si \Y Cu | Ni Fe
0.32-|4.50- | 0.50 | 1.00- |0.030|0.030 | 0.80- { 0.80-| 0.25 | 0.25 bal
a
042 | 550 | max | 1.50 | max | max | 1.20 | 1.20 | max | max

Table 2 Chemical compositions of aluminum alloys used(wt.%)

Alloys Al Fe Si
Pure aluminum <995 - -
Al-xwt.%Fe alloys Bal. 02,05, 08, 1.1
Al-xwt.%Si alloys Bal. 1.0, 4.0, 7.0, 10.0




' Holding time 4’{ 1. Alumina tube with sealing cover
0|--- 2. Heating elements
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6 3. Alumina boat

) -
~ 3 5 10 and 15 min. 4. Carbon crucible
g ‘( ' ) 5. Al alloys
g 6. STD61
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Fig2 Hot dip test equipment and conditions for molten

aluminum alloys/STD61 tool steel.
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Fig.3 Effects of reaction time on the formation of interfacial
reaction layer between molten commercial pure aluminum and
as-received STD61 tool steel at 800°C holding for 3, 5, 10 and 15

minutes, respectively.
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Pure-Al / STD64, 10min.

Fig.4 EPMA line analysis results of reaction layer between
molten commercial pure aluminum and as-received STD61 tool

steel at 800C holding for 3 and 10 minutes, respectively.
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Fig.5 Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten commercial pure
aluminum and as-received STD61 tool steel at 800C holding for

10 minutes.
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Fig.6 Effects of iron contents on the formation of interfacial
reaction layer between molten Al-xwt.%Fe (x=0.2, 0.5, 0.8 and
1.1) alloys and as-received STD61 tool steel at 800°C holding for

3 and 10 minutes, respectively.
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& Al-0.8wt.%Fe alloy/STD61, 3min

Fig7 EPMA line analysis results of reaction layer between
molten Al-0.2wt.%Fe alloy or Al-0.8wt.%Fe alloy and as-received
STD61 tool steel at 800 holding for 3 minutes.
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Fig.8 Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten Al-1.1wt.%Fe alloy and

as-received STD61 tool steel at 800 C holding for 10 minutes.
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Fig.9 Effects of silicon contents on the formation of interfacial
reaction layer between molten Al-xwt.%Si (x=1.0, 4.0, 7.0 and
10.0) alloys and as-received STD61 tool steel at 800C holding for

10 minutes.
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0
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40—

Fig10 EPMA line analysis results of reaction layer between
molten Al-1.0wt.%Si alloy or Al-4.0wt.%Si alloy and as-received
STD61 tool steel at 800°C holding for 10 minutes.
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Fig.11 Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten Al-10.0wt.%Fe alloy and

as-received STD61 tool steel at 800C holding for 10 minutes.
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