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1. Introduction.

It has been well known that cerium itself(1) or an
addition of cerium to Mg-Fe-Si nodulizer(2) can pro-
duce spheroidal graphites or increases the nodule counts
in cast iron, The role of cerium in spheroidal graphite
cast iron has been reported to be a desulfurization and
an inhibition of carbide decomposition(1,3)or a provider
of hydrogen bubbles which can be nucleation sites of

the spheroidal graphites(4,5).
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The latter is based on the bubble theory for the sp-
heroidization mechanism of graphite in cast iron, The
bubble theory proposed by Chang et al.(4-10) states
that if the bubbbles such as H,;, CO or Mg vapor are
somehow introduced into the melt, the graphites can
precipitate on the bubble surfaces and grow into the
center of bubbles by diffusion of carbon from the carbon
supersaturated melt, When there is excess carbon in the
melt over the completion of the centrifugal growth the

graphites grow outward from the surface, This theory

might be able to account for the presence of bubbles

g st F 33 ( *Dept. of Metallurgical Eng., College of Eng., Chonnam National University)

(82)



FXA 84335 (1988.9)

5258

3] - 323 -

in the melt and the mechanisms for the growth, degene-
ration and fading of the spheroidal graphites. Suzuki
et al.(11), however, have reported that hydrogen in
the melt of cast iron inhibits the graphite spheroidization,
Tsutsumi et al.(12) also have argued that the bubble
theory can not explain the preferential growth of the
spheroidal graphite which is dependent on the crystal
direction. In addition, the other nucleation sites, for
example, surfaces of the rare-earth sulfides (13), are

not related with the bubbles,

In this study, we have attempted to recheck the bubble
theory by applying misch metal hydrides as nodulizers
because misch metal hydrides can provide a large pro-
portion of the hydrogen bubbles and the number of the
bubbles can be varied by variation of hydrogen content

in the misch metal and the total amount of the nodulizer
added,

2. Experimental.

The raw materials were electrolytic pure iron power,
silicon powder and graphite powder for the cast iron,
misch metal chips for the hydrides and ferro- silicon
for the post inoculations. The chemical compositions
of the raw materials are shown in Table 1 and Table

2.The nodulizers were misch metal (Mm), misch metal

monohydride(MmH ) and misch metal dihydride (MmHz:

The misch metal hydrides were prepared by hydro-
genation of the misch metal chips with a given amount
of hydrogen. The hydrogenation was carried out by a
Sievert type volumetric apparatus(Fig.1). A charge of
40 grams which consisted of iron powder, 2.0% Si
powder and 3.9 % graphite powder was compacted, and
melted in quartz crucible by using a vertical type SiC
tube furnace at 1350°C (Fig.2). After holdingg at 1350
C for 50 minutes the given amount of misch metal or
misch metal hydride nodulizer was added into the melt
and then (.3wt % of the ferro-silicon was added for the
post inoculation. The temperature of the melt was sta-
bilized 5 minutes after the post inoculation. Then,the
quartz crucible was taken out from the furnace and put
into the cooling mold which was made of an insulating
block. During cooling a cooling curve was recorded and

the maximum and minimum eutectic temperatures were

(83)

Table 1. Sieve and chemical analysis of iron, graphite
and silicon powder,

Sieve analysis Chemical analysis
Tyler mesh wt, % Canposition wt. %
4+ 100 o C 0.02
—100 +200 bal, Si 0.006
Fe — 200 + 270 max; 20 0.005
powder -~ 270 +325 max, 9 0.005
- 325 max. § Mn 0.01
Fe bal.
+ 150 5 Fixed carbon 9
Crahite | 150 4250 | 5-20 Ash )
powder — 250 75-90 Volatile matter 1
Si + 35 i . 5i a9
powder - 325 99 Impurity 1

Table 2. Chemical composition of mischmetal and ferro-

wlicon,
Chemical composition (wt, %)
, La Nd Other
C Si P S Fe Ce REM
Fe-5Si 0,2 | 75-80} 0,051 0.02 7 bal. - - - -
Misch- - - - — | — 148-50| 32-34] 13-14! tal.
metal

determined from the curve, In order to see the changes
of microstructures during the eutectic teaction, some
samples were water-quenched from the temperatures
which were 10C higher prior to and 3 'C high posterior
to the the minimum eutectic temperature {Fig.3). The
microstructures of the samples were investigated by using
an optical microscope, and the nodule counts and the
area of the spheroidal and CV graphites were measured

by an image analyzer.
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Fig. 1. Schematic diagram showing an apparatus for
hydriding treatment,
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Fig.2. Schematic diagram showing a furnace for melting
and spheroidizing treatment,
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Fig.3. Solidification cooling curve showing the maximum

and minimum eutectic temperatures. The samples

were water-quenched at points (U and @respectively.

3. Results and Discussion.

The chemical compositions of the samples which were
treated by 0.125, 0.25,0.5 or 1.0wt % of Mm, MmH or
MmH, are presented in Table 3. The maximum and
minimum eutectic temperatures, Tg. max and Tg. min,
which were measured during slow cooling are shown
in Fig.4. It is seen from the Fig.4 that the maximum
and minimum eutectic temperartures decrease with inc-
reasing amount of the nodulizer addition and the extent

of the decreases are dependent on the type of nodulizers,

(84)
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Fig.4. Variation of the maximum and minimum eutectic
temperatures with the amount of additives,
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Fig.5. Variation of ATg with the amount of additives.

The differences between them would appear clearly when
the values of ATg(=Tgmax—Tgmin) were plotted
with the amount of the additives (Fig.5). Fig.5 shows
that ATg values are large at intermediate amoumts
of the additives. The microstructures of each samples
are shown in Photo. 1 and the graphite shapes of the
samples are summarized in Table 4, As shown in Photo,
1 and Table 4, the graphite shapes of the samples can
be classified into three types. These are, 1) Mixture of
rosette graphite and undercooled graphite which were
observed in each samples treated with the 0.125 %Mm,

0.25 %Mm, and 0.125 %MmH,, 2)Mixture of spheroidal
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Photo. 1. Change of graphite shapes of the slowly cooled samples with the amount of mischmetal,

MmH and MmH.. As polished.

graphites and CV gtraphites with high counts which were
observed in each sample treated with the (.25 %MmH,
0.25 %MmH, and 0.5 %MmH,, 3) Mixture of spheroidal
graphites and imperfect spheroidal graphites with low

counts which were observed in each sampke treated

with 0.5 %Mm, 1.0 %Mm, 0.5 %MmH, 1.0 %$MmH and
1.0 %6MmH,. The average nodule counts of the spher-
oidal and CV graphites were determined by the image
analyzer and the results are shown in Fig.6. The mic-

rostructures of samples treated with the 0.25 %Mm,

(85)

0.5 %Mm,0.25 %MmH and 0.5 %$MmH, which were water-
quenched at the early stage and intermediate stage of |
the eutectic reaction are shown in Photo.2. From the
Photo.l and the Table 4, the formation conditions and
the growth characteristics of the three types of graphites
can be clarified, The first type, mixture of the under-
cooled grtaphite and the rosette graphite was formed
when the maximum eutectic temperature was very high,
i.e., 1134 to 1144C and the eutectic super cooling was

not so big. Thus the value of ATg was very low and
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Photo. 2. Change of microstructures of the samplés treated by mischmetal and MmH, and waterquenched

during eutectic reaction. As polished.

Table 3, Chemical composition of samples, less than 4 degrees. In this case,the hydrogen bubbles

in the melt did not contribute to form spheroidal grap-

hites, Instead, the rosette graphites nucleated in the

Chemical composition {wt. %) . ) . .
Samples  |— undercooled graphites at the intermediate stage of eutectic

C 5 S Ce Fe

reaction and grew, resulting in the final structure {Photo.2).
Mm, 0.125% | 3.0 | 1.% | 0.008 } 0.026 | bal. The second type, mixture of the spheroidal graphite
Mm, 0.25 % 3.61 1.9 0.007 | 0.084 | bal, and the CV graphites, was obtained when the maximum

0.058 | bal. and minimum eutectic temperatures were 1119 to 1121°C

®
=
3
©

Mm, 0.5 % 3.6}

and 1100 to 1101°C respectively. The eutectic super-
Mm, 1.0 9% | 3.6 | 2.06 | 0.008 | 0.130 | bal |

cooling was big and the value of ATg was very large

MmH, 0.125% | 3.8 | 2.03 | 0.007 | 0.026 | bal. :
upto 17 to 21 degrees. In this case, the nodule counts

MmH, 0.5 % | 3.@ | 1% | 0.007 | 0.028 | bal. were very high, up to 180 to 194 n / mm® Many

MmH, 0.5 9% | 3.€2 | 2.05 | 0.008 | 0.044 | bal. spheroidal graphites and imperfect spheroidal graphites

Mol 1.0 % | 2.0 | 200 | 0.006 | 0.076 | val. appeared at the early stage of the eutectic reaction and

developed into the mixed structure of the spheroidal and
MmH,,0.125% | 3.61 | 2.06 | 0.008 | 0.016 | bal

CV graphites at the intermediate and the final stages of

MnH, 0.25 % | 3.64 | 2.11 | 0.007 | 0.028 | bal, , . . .
' the eutectic reaction, The third type, a mixture of the

MmH;, 0.5 % | 3.8 | 2.02 | 0.007] 0.042 | ‘bal. spheroidal and imperfect graphites, was produced when
MmH,, 1.0 % | 3.62 | 2.05 | 0.006 | 0.08¢ [ bal, the maximum and minimum eutectic temperatures were

very low i.e., 1105 to 1108°C and 1098 to 1101C res-

pectively, Although the eutectic supercooling was very

(86)
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Table 4. Effect of additives and their amount on the
graphite shapes,

Additives

Amount, v

MmH MmH2

S Al //7/////*

SG+15G

1.0 SG+ISG

A

|G : type D flake graphite
SG: spheroidal grophite

RG - type B flake graphite
CG: C/V grophite

. /
0125 £ 16 +RG £ 1G+R6 ;/IG +RG 2
: ;;;;;;5’ /////// //////5
rg <1 4 .
025 E I1G+RG % SG+CG. se+cc
A et
gy vw,vvr o

Average graphite

ISG : spheroidal graphite, imperfectly formed
"t 200} ° Mm
g s MmH

~ 150 o MmH2

c
=2
Q
QO
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Fig.6. Variation of the average graphite nodule count
with the amount of additives.

big, the value of ATg was as small as 2 to 7 degrees.
The spheroidal graphites were formed at the early stage
of the eutectic reaction and this structure extended untill
the end of the eutectic reaction. In this case, the graphite
nodule counts were relatively low at 16 to 59n / mm
?, Since the experimental conditions such as the initial
composition of the melt, the melting temperature, the
atmosphere, the post inoculation and the cooling rate,
except of the nodulizers, were nearly same for all the
samples, the difference in the graphite shapes would
appear to arise from the differences in the nodulizers,
i.e the amount of misch metals and their hydrogen con-

tents. Effects of the rare-earth elements on graphite

spheroidization have been investigated by many resear-

@87

chers(1,14-16) and it has been found that Ce, Y and
La could produce the spheroidal graphites when proper
amounts of them were added. Too large an amount
of additive, however, would inhibit the graphite spher-
oidization because the excess of the rare-earth elelments
formed stable compounds with the other alloying ele-
ments in the cast iron and this resulted in a stabilization
of the ledeburite. This agreed quite well with our ex-
petimental results with the Mm treated samples. That
is, additon of less than 0.5%Mm could not produce
spheroidal graphite and a greater addition than this pro-
duced the spheroidal graphites, but the nodule count
decreased with increasing the amount of Mm added.
Similar effects of Mm were obtained with the MmH and
the MmH, treated samples, whereas the hydrogen gave
another effect. The role of hydrogen bubbles for produc-
tion of the spheroidal graphites in cast irons has been
examined by Chang etal. (4,5). They have found that
the rare-earth elements (Ce,Y ) which were hydrogenated
at high temperatures could produce higher nodule counts
than those without hydrogenation. However, they did
not mentioned about hydrogen content, From our ex-
petimental results it was also shown that MmH and MmH-
nodulizers caused a drastic increase in the nodule count
and in the 0.5 %MmH, treated s;‘lmple a significant retar-

dation of the ledeburite formation was observed. Tws

could confirm the role of hydrogen bubbles for the pro-
duction of spheroidal graphites. The retardation of the
ledeburite formation might have resulted  from the
increase of spheroidal graphites by the increase of hyd-
rogen bubbles, Now it should be discussed a quantitative
relationship between the hydrogen bubbles and the misch
metal content in the melt in regard with graphite spher-
oidization, Our experimental results imply that graphité
spheroidization is achieved mostly due to the presence
of hydrogen bubbles which are introduced by Mm,MmH
or MmH, addition and become the nucleation sites for
the spheroidization. The rare-earth elements in Mm,
MmH and MmH, should act as ledebutite stabilizers and
thus inhibit the graphite spheroidization. These com-
petitive behaviors would depend strongly on  absolute
and relative amounts of hydrogen and misch metal, When
the absolute amounts of hydrogen and misch metal are

too small, mixture of the undercooled graphite and
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rosette graphite will be obtained. Each sample of the

0.125 %Mm, 0.25 %Mm,0.125 %MmH and 0.125 %MmH

treated are of this case, If sufﬁcient_hydrogen bubbles
are provided and misch metal is low, high counts of
spheroidal and CV graphites are formed. The 0.25 %MmH,
0.25 %MmH, and 0.5 %MmH, treated samples can be
categorized to this type. In the case of 0.5 %MmH, tr-
eated sample, although the absolute'amount of misch-
metal might be enough to form ledeburite, the amount
of hydrogen bubbles would be relatively greater than
misch metal. It should be noted that when the amount
of hydrogen added with Mm increases, it will decrease
the ratio of the effective hydrogen to produce spheroidal
graphite to the total amount of hydrogen added. This
is reasonable because the more the hydrogen is added
the more the hydrogen bubbles of large size occur, and
by the Stoke’s law the large hvdrogen bubbles can float
out quickly from the melt, The misch metal, however,
will not be evaporated to the same extent, In addition
to this, the rare-earth elements in the misch metal can
reabsorb the hydrogen during the cooling . Thus, when
large amounts of hydrogen and misch metal are added
the effect of hydrogen bubbles may be smaller than that
of misch metal. This can be applied to the cases of the
0.5 %MmH, 1.0 %MmH and 1.0 %MmH, treated samples
in which ledeburite structures with relatively low nodule

counts were obtained, In the cases of the 0.5 %Mm

1.0 %Mm treated samples the absolute amounts of hyd-
rogen were small while the amounts of misch metals

were large,
4. Conclusions

In this study we have investigated the effects of Mm,
MmH and MmH, on production of the spheroidal grap-
hites, The conclusive summary is as follows:

1) Spheroidal and / or CV graphites were otained
when more than 0.5 %Mm, 0.25 %MmH or (.25 %$MmH,
was ued as a nodulizer,

2) The misch metal hydrides produced much higher
nodule counts than the misch metal did and this would
be due to the larger amount of hydrogen bubbles ir -

troduced by the misch metal hydrides.

- 3) When large amounts of the misch metal or the

(88)

misch metal hydrides were added, the nodule counts
decreased and ledeburites were formed. This could be
attributed to the relatively larger amount of misch metal
than the hydrogen bubbles due to the low recovery ratio
of hydrogen and the hydrogen reabsorption by the misch
metal,

4) The bubble theory as one of the graphite spher-

oidization mechanisms was confirmed,
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