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Abstract: This study considers the effect of ferrosilicon manganese addition to austempered ductile iron, (ADI)in order to
reduce its sulphur level for improved engineering applications of the material. The cast samples were austenitised in a mixture
of potassium chloride, sodium chloride and barium chloride solutions and austempered in sodium nitrate and potassium nitrate
solutions. Ferro-silicon-manganese was added to ADI in various amounts ranging from between 47 to326 g. The study revealed
that the sulphur level retained in ADI decreased from 0.088 wt % for as-cast to 0.027 wt% when 93 g of ferro-silicon-manganese

was added. Below this amount of ferro-silicon-manganese addition, there was no significant reduction in the sulphur level
recorded in ADI. The microstructure of the metal revealed bigger graphite nodules scattered in ferrite solutions for the situation
when the sulphur level was 0.027 wt. %. From the study, it was discovered that addition of small amount of ferrosilicon
manganese was required to produce ADI of low level sulphur content to make the metal more acceptable for other engineering

applications.
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INTRODUCTION

Discovering new materials with improved mechanical
properties meeting the required applications has
engaged the attention of researchers worldwide. In
recent years, Austempered Ductile Iron (ADI), obtained
from ductile iron, has attracted considerable
applications because of its good mechanical properties.
Such properties include resistance to fatigue [1-4], good
wear resistance [5, 6], high strength with good ductility
[7-9] and good rolling contact resistance [10]. The
density of ADI is lower than steel [8, 12] which makes it
more applicable in the areas of production of engine
blocks and other engineering components. ADI is used in
the production of swivel pins, rail brakes and pressure
pipes in the oil industry [13-16]. Thus, ADI has been
found to have higher specific strength than steel [6, 17-
21]. Austempered ductile iron products are used in the
automobile and textile industries as crank shafts, cam
shafts, gearwheels and thin wall castings reinforced
parts [10, 16, 18, 26]. The production of ADI is cheaper
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when compared with forged steel by 20 % [27, 28].
Compared to steel, ADI exhibits improved properties in
terms of machinability, tool life and machining speeds,
surface finish, improved safeguard against failure (due
to the lubricating effect provided by graphite) [17, 22],
good ballistic properties [26], good resistance to
bending fatigue [1], good damping capacity (better noise
attenuation), amenability to heat treatment [6, 21, 24,
25], good corrosion resistance [24].

Therefore, ADI is considered as an economical substitute
for wrought or forged steel in several structural
applications [2, 3]. The metal loses less of its toughness
than steel at sub-zero temperature. Austempered ductile
iron usually work-hardens when stressed and has good
vibration damping capability and heat transfer than
other ferrous and non-ferrous alloys [18, 22, 26].

Liu [26] in his work suggested that an improved
structure of ADI could be obtained by controlling the
heat treatment process of nodular cast iron. The
microstructure and mechanical properties of ADI can be
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influenced by the isothermal heat treatment and the
temperature of austenite transformed [16]. The
temperature of isothermal transformation is in the
range of 250 and 4500C [18]. When higher
transformation temperature above 450 °C is used, it
resulted in lower strength and hardness but higher
elongation and toughness and better fatigue
characteristics [18, 23].

However, substantial amount of sulphur in ADI and
other ferrous alloys have negative effect on their
mechanical properties hence limiting their applications
[1, 17, 18]. Other factors limiting the use of ADI include
the low nodule count caused by long holding time in the
furnace, prolonged pouring time and low carbon
equivalent [11, 26] where the precipitating graphite was
not adequate during cooling under inoculation or when
pouring temperature is high.

In this work, standard method of producing
austempered ductile iron was used while adding
ferrosilicon manganese in varying quantities to it in the
molten state. This was done such that the sulphur
content in the produced ADI will be minimized which
will consequently enhance the metal’s applicability in
engineering service.

MATERIALS AND METHOD

Grey cast iron scraps with percent weight of 0.199 of
sulphur and other constituents from automobile engine
blocks and graphite were collected and melted. The
scraps were broken into smaller sizes to facilitate fast
melting in the lift out crucible furnace used which was
located in the foundry workshop of the Engineering
Materials Development Institute, Akure, Nigeria.

» Method of production

The production procedure of austempered ductile iron
involved the processing of ductile iron casting that was
austenized at temperatures between 800 and 9500C. It
was then quenched to a temperature of 250 - 400°C in
salt bath of potassium nitrate and sodium nitrate [17].
The rapid cooling referred to as austempering, was given
to avoid the formation of pearlite or other micro-
constituents to a temperature above martensite start
(MS). It is possible to produce both compacted graphite
irons and ductile iron from the same base iron by using
cored wire containing a high magnesium and
ferrosilicon.

Magnesium ferrosilicon was used as nodularizer, while
ferrosilicon was used as inoculants for the grey castiron.
The nodularizer was poured into the ladle while the
inoculants were added in the prepared mould.
Ferrosilicon manganese was added to the melt of the
grey cast iron scraps in the furnace.

» Casting procedure - Melting process

The weights of the graphite, magnesium ferrosilicon and
ferrosilicon manganese were measured using OHAUS-
CS2000 electronic weighing machine at the foundry
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workshop of E.M.D.L,, Akure. An Avery weighing scale of
250kg capacity was employed in measuring the weight
of the scraps that were melted in the rotary furnace.
The furnace was 100kg capacity oil fired designed and
constructed locally by E.M.D.I. Akure. Eighteen grams
each of powdered graphite and powdered ferrosilicon
were introduced into the pocket of the mould before
pouring of the molten metal in to the mould for casting.
Magnesium, 700 g, and 18 g of powdered ferrosilicon
were added as inoculants for all the melts. Ferrosilicon
manganese with quantity ranging from between 47 g to
326 g was introduced into the furnace for different
melts.
The temperature of the furnace was taken at an interval
of ten minutes during melting process to ascertain that
the material was completely molten. After the material
had become molten, the tap hole of the furnace was
opened. The ladle was brought near the furnace and the
rotary furnace was tilted to pour the molten metal into
the ladle. The ladle was preheated to a temperature
slightly above 500°C and maintained at this temperature
through the period of pouring into the prepared mould.
After pouring, the melt was allowed to solidify freely in
the mould. All specimens were prepared while varying
the amount of ferro-silicon-manganese added from 47 g
t0.326 g. For the control, the same process was followed
except that ferrosilicon manganese was not added in the
process of melting.
The “scraps used had the sulphur content as 0.199
percent weight and other components that was
determined using Optical Emission Spectrometry. Table
1shows the amount of sulphur in the initial ductile iron
and final composition after the addition of varying
amounts of ferrosilicon manganese.

Table 1. The initial and the actual values
of sulphur contents
Sulphur

Final values of

Ferrosilicon
Melt . content manganese su.lphur
in the scrap (% added (g] retained (%
wt) 8 wt)
A 0.199 0 0.088
B 0.199 326 0.086
C 0.199 233 0.030
D 0.199 140 0.028
E 0.199 93 0.027
F 0.199 47 0.027
RESULTS AND DISCUSSION

» Effects of ferrosilicon manganese addition to ADI
compositions
Figure 1 is the graph of various melts with composition
of sulphur by weight % in the melts. With the addition of
ferrosilicon manganese in varying amounts, the sulphur
weights % retained were between 0.027 and 0.086. The
highest value was recorded in melt A (0.088), the control
and the least value of 0.027 g in Melts E and F. The
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sulphur contents lightly reduced to 0.086 weight % for

melt B when ferrosilicon manganese of 326 g was added.
For melts C to F, when the added ferrosilicon manganese
was reduced the sulphur content was greatly reduced
from 0.030 to 0.027. There is no much difference
between the sulphur weight percent of melts D to F as
seen from the figure. The reduction in % weight
composition of sulphur might have been through the
addition of ferro-silicon-manganese in smaller quantity
where sulphur had reacted with manganese to form
manganese sulphide, a slag that floated on the cast metal
during casting.

The graph also shows that with a little amount of
ferrosilicon manganese addition to the ductile iron not
exceeding 93 % weight, the sulphur content is
significantly reduced.
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Figure 1. Sulphur content in various melts
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Figure 2. Silicon content of various melts
Figure 2 presents the composition of silicon percent
weight in various melts as the quantity of ferrosilicon
manganese added to ADI was varied for different melts.
The silicon weight percent increased from Melt B to Melt
E as the amount of ferrosilicon manganese added
decreased. When 326 g of ferrosilicon manganese was
added as in Melt B, the silicon retained was 1.87 g % wt
this amount increased to 2.95 g when 93 g of ferrosilicon
manganese was added as represented in Melt E. With the
addition of 47 g of ferrosilicon manganese (Melt F), the
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amount of silicon retained reduced to 2.87 g % wt. The
amount of silicon deposited was reduced because of the
reduced quantity of ferrosilicon manganese that was
added which led to less silicon available for the reaction.
From figure 3, the weight % of magnesium present in the
ADI with the addition of ferrosilicon manganese ranged
from between 0.0042 g for Melt A to 0.035g for Melt F.
Melt A which is the control, has the least weight % of
0.0042 g, while Melt F has the highest with 0.035 g. The
weight % of magnesium present in ductile iron is usually
not above 0.05 weight %. This amount obtained was
likely due to the magnesium been deposited into the cast
metal which resulted into the formation of magnesium
ferrosilicon.

0.04 -~
0.035 A

0.03 -
0025 -
2002 -
(@)}
= 0015 -
0.01 -
0.005 -
j O 7. \. T T T T

Melt A Melt B Melt C Melt D MeltE Melt F

-

Figure 3. Magnesium contents of various melts
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Figure 4. Iron contents of various melts, wt.%
Figure 4 represents the amount of iron retained in the
melts with the addition of ferrosilicon manganese. The
values of iron present in the melts were between 93.5
and92.06 g for Melts A (control) and D respectively. The
percentage change in the amount of iron present in the
ADI from the control sample when ferrosilicon
manganese was not added to that of Melt D when 140 g
of ferrosilicon manganese was added is 1.5 %. This
results show that addition of ferrosilicon manganese
into ADI has no much influence on the % wt of iron in the
metal.
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The weight % of manganese present in the metal
decreased from0.510 to 0.419 g as shown in figure 5.
The amount of manganese retained after the casting was
reduced from Melts B to F as the amount of ferrosilicon
manganese added was reduced. Even though no ferro-
silicon-manganese was added to Melt A, about 0.488
weight % of manganese was recorded in the cast metal.
The reason for the low manganese content in Melts B to
F may be ascribed to the reactions that took place within
the furnace where manganese and sulphur reacted to
form manganese sulphide.
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Figure 5. Manganese contents of various melts, wt. %

e p—

Mn, g%

4.5 .
4.0

35 r
X3.0
5
(e
820
815
10
0.5
0.0

MELT A MELTB MELTC MELTD MELTE MELTF

Figure 6. Carbon contents in various Melts, wt %

Figure 6 depicts the carbon weight % of the sample
which falls between 3.41 and 4.1 wt% percent with
ferrosilicon addition in varying amounts. Melt D has the
highest weight percent of 4.1 g, while Melt E has the
least, 3.41 g as reflected in the figure. Melts B and C have
3.87 and 3.84 weight % respectively.
The control, Melt A grey cast iron has 3.68 weight %.
This lower value may be an indication that some carbon
might have reacted with oxygen to form carbon
monoxide which would have diffused into the air. Melt D
with highest carbon content may likely show improved
mechanical properties.
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» Effect of ferrosilicon manganese on
microstructures

Figure 7a is the micrograph of Melt A when no

ferrosilicon manganese was added to ADI The

microstructure revealed long graphite flakes within

ferrite which probably is an indication that the metal will

be soft and easy to machine.

Figure 7.b. Micrograph of Melt B [X250]

Figure 7b represents the micrograph of the metal with
the addition of 326 g of ferrosilicon manganese where
the graphite stripes turned to graphite nodules. The
graphite nodules form lumps and are surounded by
ferrite within the matrix. The lumpednodules are seen
scatered within ferrite. This formation implies that the
material is ductile iron.The silicon resulting from the
added ferrosilicon has shown its potency for ferrite
formation in the ductile iron.

Figure 7.c. Micrograph of Melt D [X250]
Figure 7c is the microstructure of Melt D when 140 g of

ferrosilicon manganese was added to ADI. The
micrograph shows the presence of high concentration of
graphite nodules within ferrites. Figure 7d represents
the microgrph of Melt E when 93 g of ferrosilicon



manganese was added showing bigger graphite nodules

than that obtained for Melt D and relatively scattered all
over the surface within ferrite confirming the results
obtained by Alasoluyi et al;[12].

Figure 7.e. Micrograph of Melt F [X250]
Figure 7e is the situation when 47 g of ferrosilicon
manganese was added to ADI. The microstructure as
shown on the figure contained very few but big graphite
nodules with ferrites fairly scatered all over the
surface.This similar effect was also . observed by
Alasoluyi et al [6] in their work. The silicon from the
ferrosilicon is seen to initiate the formation of the ferrite
and tends to be slightly forming in the pearlite of the
matrix. This also promotes the precipitation of the
graphite nodules in pearlite matrix with little ferrite in
existence. The figure reveals that the presence of ferrite
is been usurped by the appearance of pearlite within the
metal.
CONCLUSIONS
Austempered ductile iron was produced by casting
process through the addition of varying amount of
ferrosilicon manganese in the ranges of 47, 93, 140, 233,
326 wt. % using lift out crucible furnace. The
compositional analysis and microstructural
examinations of the products were evaluated and
compared with the as-cast. The following conclusions
are made from the study;
» Austempering of ductile iron in a lift out crucible
furnace was successfully carried out.
» Addition of ferrosilicon manganese to ADI has
influence on the amount of sulphur and other
constituent elements retained in the metal.
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» Addition of 47 g % wt. of ferrosilicon manganese to
ADI shows significant lowering of sulphur retained in
the metal after casting.

» The microstructural examinations revealed that the
graphite nodules were well distributed in the ADI.
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