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Relationship between Free-magnesium Quantity and
Graphite Nodularity

Haruki Itofuji

A new concept, in which free magnesium might be a key indicator of the state of graphite
spheroidization in spheroidal graphite irons, is proposed and verified in this study. Chilled samples con-
taining different amounts of total magnesium were prepared. The total, inclusive and free state magne-
sium contents were analysed by a special procedure. Free magnesium increased in steps as total
magnesium increased. On the other hand, inclusive magnesium was nearly equal among the chilled sam-
ples. The nodularity and the mechanical properties in 50 mm Y-blocks showed good correlation to the
value of the free magnesium, but no relation to that of the inclusive magnesium. The quality of spheroidal
graphite cast iron should be controlled by the content of free magnesium in practice. The experimental re-
sults well supported the site theory.

Keywords : spheroidal graphite iron, nodularity, state analysis, magnesium, free magnesium, spheroidization the-

ory
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Fig. 1 Principle of state analysis for magnesium in chilled sample of spheroidal graphite iron. The original®%
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Fig. 2 Steel mold and board for sampling. Dimen-
sions in mm.
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Fig. 3 Flow chart of electrolytic extraction and quantitative analysis for extractive magnesium.
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Fig. 4 Sequence programmed into emission spec-
trometer software for magnesium state analysis.
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Fig. 5 Schematic illustration of Y-block and tensile
test pieces. Dimensions in mm.
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Tablel Results of conventional emission spectrum analysis and free oxygen measurement in magnesium

treated liquid irons.

e Chemical composition (Mass) O measurement
No.
g & W 7 6 | uem) @) (O
1 3.13 2.26 0.11 0.034 0.015 0.011 0.29 —199 13
2 3,54 2.31 0.20 0.039 0.012 0.022 0.10 =29 1339
3 3,05 2.56 0.21 0.037 0.014 0.031 0.08 —226 1326
b 3.12 2.66 0.21 0.038 0.013 0.040 0.10 —218 1355
5' (base) 3.52 1.43 0.14 0.031 0.019 — 0.93 —137 1430
5 3,09 2.1 0.16 0.031 0.014 0.048 0.09 =34 1363
6 3.52 2.93 0.12 0.039 0.012 0.0%6 0.07 —259 1370

Table 2 Results of ICP analysis on magnesium states.

Souple Mg (Mass)
L Total Inclusion Free
1 0.0114 0.0076 0.0038
2 0.0185 0.0065 0.0120
3 0.0316 0.0075 0.021
il 0.0368 0.0059 0.0309

5! (base) — — =
5 0.0500 0.0075 0.0425
6 0.0519 0.0082 0.0467
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Fig. 6 Example of pulse profile detected by emission
spectrometer in conjunction with a PDA system
(Sample No. 6).
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Fig.7 Relationship between ICP analysis value and
spectrum intensity detected by emission spectrometer.
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Fig. 8 Microstructure of 50 mm Y-block for each magnesium level tested. Magnesium results are given in mass
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650 BT

B 72 %& (2000) 25 10 =

€ 80 ——g
2 60
540 i

2 | s

0 0.01 0.02 0.03 0.04 0.05
Free Mg (Mass%)

Y
{=3
o

1

%

- N W
=]
S
N

0.2% Proof stress
(N/mm2)

o

:

0 0.01 0.02 0.03 0.04 0.05
Free Mg (Mass%)

:a 600

- ¢

L ’/!/o—b-‘

G /

FZ 200 i

g 'd ‘

~ 0 A |
0 0.01 0.02 0.03 0.04 0.05

Free Mg (Mass%)

. 25 ’__ i ot S —— [

2 15 )
%10 |
5 5 A |
w 0 ( L o

0 0.01 0.02 0.03 0.04 0.05
Free Mg (Mass%)

20 3 ! o 3
15 =

] [P——— - S

Reduction of area (%)

0 0.01 0.02 0.03 0.04 0.05
Free Mg (Mass%)

= B
[$ =]
o o

[
o

Brinell hardness
S
o
I

o

0.01 0.02 0.03 0.04 0.056
Free Mg (Mass%)

o

Fig. 9 Influence of varying free magnesium levels on nodularity and mechanical properties in spheroidal

graphite iron.
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