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Abstract

Effect of alloying elements on
microstructure and mechanical properties of

solid solution strengthened ferritic ductile cast iron

Hyeon-Sik Bang
Advisor: Prof. Sun-Joong Kim, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

The use of aluminium materials have been in rise with increase in demand in
electric vehicle market for weight reduction, resulting decrease in demand of
ductile cast iron. To solve this problem, research on weight reduction of cast
iron parts has been widely conducted by reducing thickness of the parts or
making them into hollow structure. For those thin and hollow automotive parts,
new ductile cast iron with enhanced mechanical properties is necessary. Typical
alloy design method of ductile cast iron controls pearlite fraction of the alloy
matrix to increase tensile strength of ductile cast iron by adding so-called
austenite stabilizing elements but it decrease elongation. In this sense, solid
solution strengthened ferritic ductile cast iron (hereafter, SSF DI) was intensively
studied due to excellent tensile properties with high Si content.

For the development of high strength-high elongation ductile cast iron, this
study confirmed the microstructure and mechanical properties at different Ni and
Cu contents. C and Si content is controlled close to carbon equivalent 4.3 To
Estimate tensile strength properties and brinell hardness, respective experiments
were done with the prepared specimens. Furthermore, Optical microscopy and
image analysis program were used to analyze microstructure. According to
change in chemical composition, relationship of microstructure and mechanical
properties was investigated. In addition the property prediction model equation

use to the correlate between the measured data.

- Vil -

Collection @ chosun



o)
=

5]

Al AbsAF FE A=A

| Ahgsol gt

0]

1Al

<]

=

W RN
RN

of uwhef

3}
=

57t

==

A 7 FsE A

i

o
yul

483

=

=

27

T

of 7+43td FCDA

=
L

g 7]

DDeo] 7H2s A B2 A8 A7F W&ol gkt [1-5]

= ®Ho

ol A

&g

3} e

73

A

e
=

Q}

71& FCDA +

i

ol

il

o)
st

ToR

olo
1

ol

o

}

S

7

o

==

=4¢ A5 oAd AAATel o

-
RN

SE R

|

|

el

ool
<

]
=
W

o}

o
N
N
of
i)

0

7ol

)

P o

S

39-41wt% AE=Z Ao

Si

1 SSF DI ¢

ol's

ko 2
Zo] 42wt%7F 9ol 7FH chunky graphite’} A4 ¥ o

Si @

k<X
-

e

1

°
=]

Si

olgfal B % th[5-6]

o

NiZ} Cu7t o™ Z+2b 0.5-3wt2,

7HA]
s= 7IAA A vA

-

L

=
T

E
AR

3

e

]

e
R

47}0
3

paS
=

=T

SSF DI W &%

-

R

A ol A

£

o

5

0

=
= 1l

C

]

z4

1

o

to o

S

0-1.0wt% AHE=Z A o]

blut.

°©

1
=

Collection @ chosun



ﬁo

X

i

Al 2 ol

ol 1.7wt% ©]7d<l Fe-C-SiAl &w& A

&
ol wet 3Fd, CVFE, 7

= C

ol

=

B

-
R

3t

°©

o] mlHZ22 Fig. 2.19

J

=

=
-

350~800Mpa ¢ <17 =2k 150

1
T

= KS 714, 42 JIS 74, 9 DIN 114

°F 300~350Mpac] i B9 E= 185~200HBO. 2
of we} o2 Grade= A =o] o, F5 DIN 7F4(DIN EN 1563)¢] -5 Lt

(FCD Ald)ellA

7zt
bz olgA o

27 9 78 AL Fig. 220 ER 2,

=

9

=]
=

S =
SAT

o, T
~320HB A%9] Beld 4=

o
(SSF DI) &3 A9

[e))]
AN

!

A

24

==

o)
=
6]

Ueb e (A)

ZAF
Collection @ chosun



Flake [2= \ Nodular

# graphite M _ graphite

Fig. 2.1 Microstructure of (A) gray cast iron[9] and (B) nodular graphite cast iron.
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Fig. 2.3 Microstructure of ductile cast iron (A) ferrite matrix and (B) pearlite matrix exanples.
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Fig. 2.5 Morphology of graphite in ductile cast iron with different nodularity.[14]
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2. Mechanical property model by Venugopalan et al.[8]

Venugopalan et al.[8]¢
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Fig. 2.7 Comparison between measured and calculated brinell hardness and tensile strength
values model by Venugopalan et al.[8] (reprinted figures from ref.[15])
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Fig. 3.2 Spark emission spectrometer. (Vario Lab, BELEC.)
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Table 3.1 Chemical composition of nodularizer. (OGC 4.5)

element wt%
Si 44.53
Mg 5.89
Ca 0.48
Al 0.45
Fe 48.65

Table 3.2 Chemical composition of inoculant. (SMW 605)

element w26
Si 68.0
Al 1.0
Ca 24
Bi 1.2
SE 1.2
Fe 26.2

- 15 -
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Fig. 3.3 Y-block shape and size.
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E *-5 | Y-block size
A 2.5cm
B 5.4cm
[+ 7.5cm
D 15cm
E 14cm
Total volume 414.8cm?
Total weight 2903(g)
— E ——»




Table 3.3 Chemical composition of SSF DI in the present study.

Alloy C Si S Ni Cu CE*
ONC 3.09 3.84 0.004 0.059 0.012 4.35
0.5N 2.96 4.08 0.005 0.508 0.024 4.30
1.0N 3.14 3.91 0.002 1.005 0.006 443
3.0N 2.96 4.1 0.005 3.008 0.034 4.31
0.4C 3.13 3.95 0.004 0.007 0.456 443
0.9C 3.07 3.89 0.004 0.027 0.92 4.35

Collection @ chosun

CE*= wt%C + 0.33 x wt% Si [17]
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Fig. 3.4 Tensile test specimen location and size.

Fig. 3.5 Universal testing machine. (TO-102-300 kN)
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Fig. 3.7 Brinell hardness tester. (SB-700)
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Fig. 3.9 Image analysis example used iSolution DT.
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Table 4.1 Effect of Ni content on mechanical properties of SSF DI.

Tensile strength Yield strength Elongation
Alloy HB
(MPa) (MPa) (%)
ONC 527 433 15 183
0.5N 591 476 12 202
1.0N 561 436 15 209
3.0N 655 575 5 228
- 24 -
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Table 4.2 Effect on Ni content on microstructure of SSF DI.
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. . . . Number of nodular
Alloy | Graphite(%) | Ferrite(%) | Pearlite(%6) | Nodularity (%) . )
graphite(N/mm’)
ONC 9% 91% 0% 77% 56
0.5N 8% 92% 0% 709% 43
1.0N 8% 82% 109 82% 56
3.0N 8% 68% 24% 85% 43
- 29 -




Fig. 4.4 Influence of Ni content on microstructure.
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Fig. 45 Influence of Ni content on area fraction value from the present study.
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Fig. 4.6 Influence of Ni content on nodularity and number of nodular graphite values from
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Table 4.3 Effect of Cu content on mechanical properties of SSF DI.
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Tensile strength Yield strength Elongation
Alloy HB
(Mpa) (Mpa) (%)
ONC 527 433 15 183
0.4C 580 437 15 205
0.9C 551 485 6 216
- 34 -
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Fig. 477 Influence of Cu content on tensile and yield strength values from the present study with
previous result Alhussein et al.[3].
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Table 4.4 Effect of Cu content on microstructure of SSF DI
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Alloy | Graphite(%) | Ferrite(%) | Pearlite(%6) | Nodularity(%6) Numbe.r of nodular
graphite(N/nm’)
ONC 9% 91% 0% 1% 56
0.4C 9% 51% 40% 715% 51
0.9C 8% 22% 70% 86% 56
-39 -




Fig. 4.10 Influence of Cu content on microstructure.
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Fig. 4.11 Influence of Cu content on area fraction value from the present study.
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Fig. 4.13 Comparison of calculated hardness brinell by the model of Guo et al.[7] and
measured values from the present study and literature[5].

- 44 -

Collection @ chosun



350 T T T T

I/
-~
g -
300 - Oy
-
o
m @ o
E &
= 250 | ns 1
(] .
: =
=3 o
E -~
Lc; 200 F //’ .
o -
m
150 » .
P Present study -
/"’ Gonzalez etal.[5] [
100 i 1 1 1 1
100 150 200 250 300 350

Measured HB

Fig. 414 Comparison of calculated hardness brinell by the model of Venugopalan et al.[8] and
measured values from the present study and a literature[5].

_45_

Collection @ chosun



2

2. 24

i)

5|\

S 883 AZFZE v

Fig 4.15% Guo et al[7]o] A|¢tst A= o= mdlg B A

=
o)
5|V
ol
i,

(]
o
=
o

B9} Axte AdFAAE 7k 9 Gonzalez et al.[5]o] ® 13k SSF DI A& dolg 7+e] H]
WE Yebz 9tk Guo et al[7]e] Aotet A oS mdAo] A ALtd Q1A

T ko] RS AA oEstE HHolnE 4 RS dolH
[25]& Ed Aikel &kl glo] EfolE &S 0% 7188 FHol flo] A%
I ALkgE 7F 10% ool ztolE ®mtEE Aow FEHHEU S AEES A7 54
g 2 AT AHe] A9ol®E Guo et al[7]9] 1A= RAL v v QAL S U
ER ATt

Hh el Venugopalan et al[8]¢] A|¢tet A% oS mdE A ALbgkyd 5743k
H] 1= Fig. 4.160] YeERR
d ) e cq]z AIdT=E 1

=
NE 9 e A7) 10% o4 Bt AL #AT ME}.

N
—_

AE
o
o
D
o
(@]
@
=N
0 N
o
2
r [o]
e
r o
o3l
ol
ki
td

s}o}a}7] ﬂoﬂ Fig. 4174 o] LH Si
?__XO]-7OE ke AAZES ¥ ws] Bkt Fig. 417904 &

;}E‘rﬂ oF 52wt% ol/dolA FA3%] A

Ol

%o,
roon
A
wm
2
!
-
—
1o
rO
o3
ol
H
rir
<2
o
ol
©
7 ol
N
-~
O

§0o] 7F43Fo] chunky graphite 7} AABG6]1E 22 7| A% Aol Astd 4 Urf =
st Fig. 4.18% o] HgtolE U Si g=Fo] F7hghel] wet 71X Wl B2, DO; &
brittledr ordered BCC #Aro] A HAT= A3 A4 AI[18]7F o] SSF DI W Si

ol 5%014 /1% A, FAW APBE Ash A Aow FHA

et

.
oA BAGE RS Bt AdE AAPEe) B AT A4 SR A%
wa RE S gake] % SSF DI gEclAE 2a 44

ALk dlolE el vl At

}'_TZ
o ojgl& Aow Fdt

_46_

Collection @ chosun



800 . . . .

© ”
g
£ P
< 700 - |
O -
:
= L~ ]
th 600 P
QL -
c e il
i p |
© 500 7
B //,-- _
b 00,0 ®@ OO
[11] s
S 400 7 m " |
[_% /’f Present study ]
O Vel Gonzalez etal[5] O
300 - 1 ! 1 1

300 400 500 600 700 800
Measured tensile strength (Mpa)
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B2-phase reflections B2-phase reflections

Fig. 4.18 TEM micrograph-SAD pattern of a) 3.95%Si and b) 5.36%6S1 alloy which suggest
formation of ordered bec phase such as B2 and DO3, respectively (reprinted from [18])
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