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Improvement of the Quality of Grinding Media
cast at the Ceylon Steel Corporation

M. J. Edirisinghe, D. K. Sarath Kumara

SUMMARY

Grinding media in the form of metal balls are being supplied
by the Ceylon Steel Corporation to the Ceylon Cement Corpo-
ration to use in their ball mills for crushing cement clinker.
Approximately 13% of the cost of the cement is accounted for
by these balls. Constant complaints were received from the
customer stating that these balls wear out much faster than the
imported balls and also fail by breaking apart. This project
was undertaken to examine reasons for the above, and to improve
the quality of the local product. Preliminary tests showed
that the poor quality of the balls were due to the presence of
blow holes and cavities and an unsatisfactory microstructure.
The major part of the investigation was to study and alter the
casting procedure to produce a defect free product. This was
undertaken during a two monthbs training at the Ceylon Steel
Corporation works at Oruwala and this paper describes the inves-
tigations carried out: The manufacturing procedure at the
Ceylon Steel Corporation foundry was studied in detail. This
was followed by a series of tests to optimiise the moisture content,
permeability and green strength of the moulding sand. The
pattern, mould, drying procedure, casting procedure and the
composition to be used were also modified. A trial casting with
the above modifications was conducted at the CSC foundry
and tests on the products showed that they were defect free.
A cost analysis was catried out to show that the modified com-
position and procedure resulted in a cheaper product as well.
These balls are now being tested in the laboratories of the School
of Applied Science, University of Sri Lanka, Katubedda Campus
to improve the quality further by heat-treatment.

1. Testing the C.S.C. product;

1.1 Chemical analysis:
The chemical composition specified by the Ceylon
Cement Corporation was:

Cc 1.1 — 2.0%
Cr 1.0 — 2.4%
Mn 1.0 — 1.6%
Si 0.5% max.
P 0.4% max.
S 0.4% max.

Several of the C.S.C. preducts selected at random
were used to obtain drillings for a full wet chemical
analysis. It was noted that many of their products
contained very much higher C and Cr contentsas shown
in Table 1.

C Cr Mn Si P s’
Sample A 2.3 3.8 1.8 0.4 0.1 o.1
Sample B 2.1 3.7 1.9 0.3 0.1 o0.I
Sample C 1.9 3.7 1.6 0.4 0.2 0.1

Table 1—The Wet chemical analysis of sample;:
drillings

_ Always the P and S were under the specified
value ruling out any embrittlement at the grain boun-
daries.

1.2 Metallography:

Several of their products were sectioned, polished,
efched in nital for 12 seconds and observed under the
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microscope. Besides the “‘as cast’ ordinary wear balls
some balls that were heat-treated by them were also
examined. The heat treatment used by them was to
raise the temperature of the balls to about 750°C and
then water quench. It was noted that to transfer each
heated up ball to the water an unnecessarily large time
was taken.

In the ‘‘as cast” specimens the pearlitic structure
was clearly seen. The grain boundaries had white films
and the grains were fairly large. In the heat-treated
specimen the white films on the grain boundaries looked
more dispersed. The grains had become slightly larger
and a pearlitic structure was observed.

1.3 Hardness contours: :

Hardness contours in two directions perpendicular
to each other were done on several sectioned grinding
media balls. In the ‘“‘as cast” specimens the contours
done showed a constant hardness value of 413 DPH
throughout. In the heat-treated specimens a constant
hardness value of 287 DPH was recorded throughout
the contours.

Most of the balls in section had large contraction
cavities in the middle. On the average most balls had
at least six tiny blow holes clearly seen even with the
naked eye. A ccmpletely pearlitic structure with a
very poor carbide formation and distribution within
does not bring about the required hardness and tough-
ness properties. The constant hardness values through-
out the section was a clear indiction of ‘‘through hard-
ening”. Thus we do not have a tough core and a hard
case which is essential for grinding media balls under-
going sudden impact in the crushing operation.

The hardness of the heat-treated specimen is
lower than the ‘‘as cast’. This is clear evidence of a
wrong heat-treatmeat procedure. The hardness should
be just under the mill lining hardness of 375 HB. The
CSC balls does not conform to this.

Therefore these preliminary tests showed that
the poor quality of the balls was due to the presence of
blow holes and cavities and an unsatisfactory micro-
structure which is the consequence of an unsuitable
chemical composition.

Therefore it was necessary to alter the casting
procedure to produce a defect free ball.

1.4 The manufacturing procedure at the CSC
foundry:

The foundry at the CSC contained three main

divisions, which closed in at a common passage. The

first division was the melting bay where there were two
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arc [urnaces. The first was a 1/2 ton arc furnace which
supplied a variety of melts and the other a 3 ton arc
furnace which was normally used to obtain pig iron
melts. Located on onc side of the melting bay was a
laboratory exclusively for the foundry. This had the
normal sand testing equipment and the necessary
equipment to provide an accurate carbon analysis of
any melt sample. However, no carbon drop curves
were available for any type of melt. Also no facilities
were available for the analysis of any other clement
in the melt. The pattern shop and the maintenance
workshop were situated below the laboratory. The
-melting is done almost daily. A variety of castings
like grinding media, anvils, dorset plates ctc. were done
in this foundry. Ahead of the melting bay was the moul-
- ding and casting bay. In the mulding section there
was a good stock of burnt sand ready. 1t was sieved and
stored in bins for immediate usage. This was used as the
backing sand in moulds. The facing sand was made
using a muller type mixer. The raw materials were
stored in seperate sections and the most common ones
were Nattandiya sand, dextrin, ball clay and water.
Bentonite was used less often. Over the entire span of
the melting bay and the moudling and casting bay an
- overhead crane could be run. The heat-treatment and
fettling bay was the third division. This bay too had an
overhead crane with a span covering the entire length
of the bay. There were two furnaces. The first was an
oil fired annealing furnace. A similar type of furnace
normally used for quenching operations was the second
furnace. Beside the annealing furnace, a welding
unit was kept to fill in little surface cavities in the
casting. The final operation of fettling was done manu-
ally using one of the three fettling machines available.
The fettled castings were stocked in piles outside and
a lack of storage facilities was clearly noted.

1.4.1 The moulding sand:

Analysis of the mould materials were carried out.
During the first two weeks the raw materials used for
the preparation of the moulding sand were Nattandiya
sand, dextrin, ball clay and water. These were mixed
and used as the facing sand. Sometimes a little Kaduwela
soil was added. During the last 2 weeks Beatonite
was used instead of ball clay. The mixture used was the
same, with only an equal quantity of bentonite being
. added instead ofball clay :

The proportions and the method of making was
carefully obscrved many times. About four to five
bucket loads of sand was mixed with one large snocem
paint tin each of dextrin and ball clay (or bentonite)
and two scores of water amounting to about two fiat
canned tins. The average mixing time in the muller
was 66 5 seconds. The maximum green mould hardness
that could be attained with this mixture was 75.

1t was also noted that the backing sand used was
burnt moulding sand. This sand was sieved to separate
it from the undesirables and then stored. The properties
of this sand had to be studied as it occupied an appre-
ciable proportion of the mould. The usual practice was
to sieve and store the necessary quantity of sand for
that particular shift, which isindeed the correct practice.
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The [ollowing tests were carried out on a number

of samples. )
(1) Sieve analysis—the Nattandiya sand and the
burnt moulding sand. .

(2) Mixing time in the muller.

(3) Moisture content of the moulding sand mixture.

(4) The premeability of the moulding sand.

(5) The green strength of the moulding sand.
The use of bentonite instead of ball clay made it neces-
sary to carry out a fresh estimation of (2), (3), {4) and

The results were as follows:

(a) Nattandiya sand:

It was a 3-sieve sand with angular grains. The
A.F.S. fineness number was 60.6. The sand was consi-
dered satisfactory.

(b) The mixture with Nattandiya sand, dextrifi -

ball clay and water had the following properties.

The average moisture content  — 1.9%
The average permeability — 1719.2 ml
The average green compression

strength — 1.91lbin

(c) The mixture with Nattandiya sand, dextrin,
bentonite and water had the [ollowing properties:

The average moisture content — 2.69,

The average permeability — 514.5ml.sec™?

The average green compression

strength

(d) The burnt moulding sand:

It was a .3-sieve sand with angular grains. The
A.L'.S. finess number was 35.9, a low value. The other
properties were:

The average % moisture content— 2.2%,

The average permeability 475.7 ml.sec™?

The average green compression

strength

3.11h in-?

— 3.01bin-?

1.4.2 The pattern
The pattern plate was such that a sprue height of
only 4" was allowed for a total mould height of 36".
The dimensions of the ingates were extremely small.
No risers were accommodated. For 60mm balls one
pattern plate accommodates sixty balls. Ball to ball
flow takes place in many instances.

1.4.3 Mould making: )

Four boxes (pattern plates) were accommodated in
one mould set up. Therefore it amounted to that 240
balls were being cast in a mould at a time. The total
height of the mould was 36" and each box was closed
up using nuts and bolts on the sides. The entire mould
was also tightened by a long bolt and nuts and it was
revealed that due to insufficient tightening the boxes
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ed due to the pressure of the metal being poured
most of the balls cast had a mismatch especially at
bottom of the mould. When balls of a larger dia-
were being cast a ‘‘dead box", 8" in height was
modated at the bottom of the mould. No mould
g was done in most cases. In some cases drying
om above and below using fire wocd was carried out
ut the usual practice was to cast immediately after the
mould is made which allows a very good probability
ofimoisture contaminating the hot metal being poured.

1.4.4 Melting and pouring practice:

.. Temperature measurement of the metal is done
an optical pyrometer. This is very important
to avoid premature solidification. It was observed that
tgmperature measurcments were taken after transferring
a Small portion of the melt to a container. This is not
safe enough. For example—In a Hadfield Manganese
steel . melt, when the temperature was 1570°C inside
thefurnace, the temperature in a small sample measured
outside was 1450°C. All measurements were taken just
Sminutes before tapping. Therefore to get a fairly correct
idea about the temperature measurement must be
taken both inside and outside, using an optical pyro-
meter. Normally degassing techniques are not used at
Land only Al shot is added at the end. The practice
of pouring a sample of hot metal to a container and
observing the surface was not done. Slagging off is done
only in the furnace and rarely is the slag analysed.
drying was carried out for about 4 hours. One
important aspect was that the furnace to mould
istance was unnecessarily extended. The hot metal
in the ladle was transferred to the casting bay using an
overhead crane which had a maximum run from the
further end of the melting bay to the extreme end of the
bay. This trip provided a good number of jerks.
erefore if unnecessary time was allowed for the
transfer it was an additional exposure of the metal to
the atmosphere and more water may be absorbed by
themetal, aided by the jerks also. An additional disad-
vantage is that the temperature of the metal keeps
opping extremely fast from the time the metal enters
the ladle. Therefore, more time of transfer even results
in the metal solidifying prematurely. Therefore we must
s try to bring the moulds to the end closer to the

g bay and carry out the pouring there.

- It was noticed that the ladles were dried properly
but the jig mechanism operated sometimes gave way
to find that all the metal was allowed to pour waste
intg & pit or sometimes poured non-uniformly into the
mould with metal sparks all over as a result of the hot
metal striking the sprue edge. The jig mechanism used
had a central rod with a stopper at the end and this
rod; was lifted using an iron rod handled by a man
wedring gloves when it was necessary to pour the metal
into the mould. Often this lever system failed to func-
tiomcbecause of the friction of the joints. In some ins-
tances the stopper got stuck in its aperture and a crude
method of pouring with the ladle tilted was adopted.
In some other cases the central rod made of fire clay
refractory was cracked. All in all this is an unsuitable

way of pouring. A tea pot ladle using a tundish would
be ideal.
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2 .The modifications recommended:
2.1 The moulding sand mixture:

In order to optimise the % moisture, pcimeability
and the green compression strength the following tests
were done.

(a) Using Nattandiya sand, dextrin, ball clay
and water—
(i) Variation of permeability and green
compression strength with 9, moisture
(i1) Variation of permeability and green
compression strength with % dextrin
(iii) Variation of permeability and green
compression strength with 9 ball clay
(b) Using Nattandiya sand, dextrin, bentonite
and water—
(i) Variation of permeability and green
compression strength with 9 bentonite
(ii) Variation of permeability and green
compression strength with 9% moisture
(iii) Variation of permeability and green
compression strength with 9 dextrin
For a high melting peint, heavy metal like steel
the permeability should be a relatively high value to
withstand the high back pressures. Also for the mould
to retain the shape of the pattern well, the green stren-
gthisa decisive factor. The component dextrin had poor
green strength and thus it was decided to try out a
mixture.
(¢c) Using Nattandiya sand, bentonite and water
to determine—
(i) Variation of permcability and green
compression strength with % bentonite
(ii) Variation of permeability and green
compression strength with % moisture,
All these variations were graphed and an example
is given in Figure 1.

“Figure 1 - Graph of Permeability
VS 9% Bentonite mentioned under (b) (i)

29




Figure 1—Graph of Permeability vs 7, bentonite
mentioned under (b) (i)

Taking into consideration that bentonite is very
costly when compared to dextrin and that it wasimpor-
tant to impart high dry strength (which could not be
meastred due to lack of equipment) and considering
the optimisation graphs plotted and the metal to be
poured the following moulding sand mixture was
decided on. The amounts are given in terms of their
normal measuring apparatus within brackets.

Nattandiva sand 200 g (4 buckets)

bentonite 6.09 (1% paint tins)
dextrin 4.0% (1 paint tin)
water 3.09% (2scoresfrom thesmall)

These are the ingredients for one mix. The mixing
time should be 5 minutes, the minimum. This sand is
be used as the facing sand and the burnt sand (sieved
and stored to be used immediately) to be the backing
sand. The overall green mould hardness of the mould
should be 90.

2.2 The pattern and the mould set up:

The patternand the mould was completely modified
to avoid the defects mentioned earlier and especially
to avoid unfilled spaces, contraction cavities and mis-
matches. It was our contention that ball to ball flow
should not be allowed as this would make flowability
difficult and the ball that facilitated flow to its neighbour
would be defective with contraction cavities. But as
the foundry authorities argued that this need not be
so it was decided that ball to ball flow be allowed in the
pattern plate but that in 2 stacks of moulds ball to ball
flow would be blocked. The pattern plate is shown in
Figure 2. The ingates from the sprue was increased from
the earlier value of 20 mm to 25 mm. The ingates to the
balls were also increased from 10 mm to 15 mm.

The moulds were to consist of 4 boxes (pattern
plates) and each box and the entire mould was to be
tightened carefully with nuts and bolts on two sides in
each casc.

N

Fig.i2 - The pattern plate

2.3 Drying the moulds:
Very good consideration was given here. It was
clear that most of the blow holes were due to poor

drying.
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The moulds must be air dried for 24 hours and
subsequently dried in the annealing furnace for 6 hours,
before pouring.

2.4 The chemical composition to be attaindd:

It was also decided to change the composition of
the ordinary wear grinding media balls completely.
This was possible, because a grinding media ball with
overall properties could be obtained with a much simpler
composition. This composition if used had the added
advantages of—

(a) Being very much cheaper to manufacture
due to the reduction in alloying elements.

(b) It is possible to do an effective heat treatment
on such a simple composition.

The composition recommended by us for ordinary

wear balls was as follows:

TABLE 2—The recommended composition for ordinary
wear grinding media

Alloying Range needed Real achievement
element
C 0.7 -0.9 0.7 - 0.8 should be
aimed at
Mn 0.2 -0.95 0.5 should be
aimed at
Cr 0.15 - 0.3 small As the balls
balls (< 50 mm are large
diameter) (6c mm dia)
a composi-
0.4 - 0.6 large balls tion of 0.5
should be
aimed at.
2.5 Melting

In the melting operation, it is observed that C
analysis should be done more frequentlv. After the
first sample is taken at melt down, samples should be
taken every 15-20m, at least. It is regretted that the
other elements cannot be analysed before pour. Cr and
Mn must be controlled as far as possible by—

(a) Using a mild steel scrap charge—with the

initial composition known as far as possible,

(b) No returns.

The charge in order to achieve the modified chemical
composition for 1,2 ton of hot metal should be as
follows:

Limestone Wie .o .. 1okg
Coke 3kg
Scrap 500kg
Fe-Cr 4kg
Fe-Mn 4kg
Fe-Si 3kg

The C drop curve for a similar melt (0.6-0.9%, alloy
steel melt) was also supplied.

It was observed that degassing is not strictly
adhered to. Before a final pouring it is a must to pour
a little of the melt to a container to find out whether
the top surface is close to flatness. If the melt is not
degassed properly the surface is convex, and when over-
degassed concave, ..
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Fig. 3-The products of the moulds A B & C

The degassing should be done in the ladle using
some degassing powder. Ladle should be heated up for
at least 3-4 hours before pouring.

Pouring from the bottom ladle should be resorted
to with the metal being not allowed to pour quite a
distance—(i.e. reduce as far as possible the bottom out-
let to sprue distance). It had been noted that while
transfer after pouring the temperature (if=1500°C,
drops at the rate of 50°C per minute) drops rapidly.
Therefore we must keep the moulds as close as possible
at the near side of the casting bay in order to reduce
the time lag between tap and actual pouring to mould.
This prevents premature solidification and water and
air entrapping, while the ladle is removed by a crane—
(as the distance of transfer using the crane is reduced).

A trial casting with the above mentioned modi-
fications was conducted using the 1/2 ton arc furnace.
The pattern plate was prepared for 60 mm balls. Two
stacks of moulds (Mould A) did not have ball to ball
flow. Two others (Mould B) did have ball to ball flow.
Another two moulds (Mould C) was prepared according
to the CSC practice described under section 1.4.

3. Analysis of the Product from Trial Casting:
3.1 Results of the trial casting:

The day after the trial casting was performed, all
the moulds were opened up and the products carefully
examined. The following observations were made.

1. All our products WERE COMPLETELY
FREE FROM MISMATCHES.

2. Both the trial moulds were photographed
just after being removed from the sand (i.e.
the products in ““tree form”’)

3. Mould A (no ball to ball flow—see Figure 3(a))

Expected yield — 48 balls
o Obtained yield — 40 balls
Mould B (with ball to ball flow—see Figure 3 (b))
Expected yield — 60 balls
Obtained yield — 50 balls
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4, It was seen that the ball to ball flow affected
the other balls in that layer, and in some
instances ball to ball flow never took place.

5. TFor comparison sake, the Mould C prepared
by CSC according to their practice (and air
dried) gave a yield of only 2 complete defect-
less balls out of an expected yield of 80 balls
(see Figure 3 (c)).

6. On removal it was seen that only the trial
castings gave sufficient products. Other moulds
gave only a 10% yield when compared to the
90 % yield in our trial moulds.

7. Selected specimens were fettled for further
investigations.

3.2 Cutting into section:

A careful cutting up into section of certain balls
clearly showed that—

(a) themajority of the balls (99 %) were DEFECT
FREE—i.e. especially the contraction cavities
and blow holes were not present.

(b) where ball to ball flow took place the interior
ball (one which provided the flow to its
neighbour) had a large contraction cavity.
This agrees with our earlier contention that
ball to ball flow should not be allowed.

() For some balls the Archemedes principle
immersion method was also used to detect
any cavities within. The resvlts indicated that
there were no blow holes.

3.3 Chemical analysis:

The composition aimed at was more or less achie-
ved. Stricter control cannot be made with regard to
elements like Cr, Ma since these amounts cannot be
determined while melting. (Table 3).

3.4 Metallography
Several of our products from the trial casting

were sectioned, polished and looked under the micros-

cope in the same way that theirs was done.

The structure was completely pearlitic. This was
in accordance with the composition.

31

e




3.5 Hardness contours:

Hardness contours carried out on 2 perpendicular
directions revealed that the hardness on the surface
was 252 DPH at the case and 237 DPH at the core. This
is a good achievement because—

(a) after a proper heat treatment the hardness
can easily be increased to over 500 DPH on
the surface,

() A hardness variation to achieve a tough
core and hard case can be achieved in order to
have the correct impact properties.

The sections indicated further that the product
was free of cavitics and blow holes. An abrasion resis-
tance test will also be done after the heat treament is
completed.

TABLE 3—Wet chemical analysis of drillings from
several fettled balls

Element A l B | Cc D E
C% 0.71 0.71 0.70 0.72 0.71
Cr% 0.64 0.64 0.68 0.62 0.63
Mn% 0.58 0.64 0.60 0.64 0.64
SiY, 0.09 0.09 0.09 0.09 0.08
P% 0.I0 0.16 0.10 0.12 0.12
S9Y%, 0.12 0.10 0.10 0.10 0.10

4. Cost Analysis:

A cost analysis per MT ton of hot metal for the
60 mm CSC grinding media balls is as follows. The %
alloying elements are taken as an average.

ie—~ C 1.1 — 2.¢%
Cr 1.0 — 2.4% (avg. 1.25%)
Mn 1.0 — 1.6% (avg. 1.3%)
Si — 0.5% max
P — 0.04% max
S — 0.04% max
(a) Hot metal cost Rs. cts.
Steel scrap 100 kg 65.00
Coke 40 kg 106.00
Fe Mn 30 kg 193.50
Limestone 65 kg 13.00
Fe Si 30 kg 277.20
Electrodes 15 kg 347.10
(Graphite) type (8")
Fluospar Skg 35.20
Al shots I'kg 19.17
K.W. hours 1500 225.00
Magnesite Pea 30 kg 60.00
Fe-Cr 30 kg 542.40
Iron ore 20 kg 1.80
Total 1,885.97
(b) Rerfractories: Rs. cts.
Wall bricks 160 metric tons—lifetime  777.93
Bottom and 120
roof bricks e ae s ae 229.85
Magnesite 150
powder " . re 31.57
Na silicate 150 " . 5.00
Asbestos packing—150 MT Tons—
lifetime ' " v 7.54
Hardboard 120 ,, 0w e 5.50

(¢) Ladle

Ladle bricks 3t—30 MT Tons lifetime  150.00
Ladle nozzle 1.5,, ,, 3.30
Ladle stopper
rods e, ,, 3.33
Ladle stopper
heads 15,, ., 3.30
Ladle stopper
sleeves 0.5,, , 10.92
Fire Clay 50 ,.. ., 13.00
Total (b & C) 1,241.24
{(d) Overheads (cost per metric ton)
Pattern shop 88.00
Moulding shop 755.40
Melting shop 136.68 , ,
Fettling shop 86.73 °©
General overheads 211.25
Supervision and administration 165.53
Total 1,443.59
Total (a) + b) + c) + d)) 4,570.80

The cost analysis per MT ton of hot metal for the 60 mm
grinding media balls manufactured at the trial casting
is as follows:

C — 0.7-0.89%
Mn — 0.5%
Cr ., — 0.5%
Si - 0.5%

The additions to achieve above was-—
Ferro Mn — 9kg
Ferro Cr — ifL/C 10kg

H/C 12 kg
Ferro Si — ifL/C) 8kg
) H/C

The resulting cost would be (after considering a
0.5 loss to the slag).

Rs. cts.
Ferro Mn — 50.91
Ferro Cr — ifL/C 163.65
H/C 136.50
Ferro Si — ifL/C 60.00
H/C 55.00
Since H/C alloys are normally used,
total cost in alloying additions = 242.41

Total alloying cost for their composition = 1,013.10
Reduction influenced in the hot metal cost = 770.69

Since the C9% to be obtained are lesser the amounts
of coke and limestone are reduced.

Variety . Earlier Charge Present !
charge needed now cost {
(kg) (kg) Rs. cts. |

Coke 53.00 {

Limestone 65 25 5.50

2. Total now Rs 58.50 as against Rs. 119.00 earlier
.. Reduction—Rs. 60.50
..Total decrease in hot metal cost
= Rs.770.69 4 Rs.60.50
= Rs. 831.19 ]

(
*
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Due to a more complicated pattern, the pattern cost
rises to Rs. 100.00 as against Rs. 88.00 earlier, an
increase of Rs 12.00. As an excess Bentonite is used,
the moulding cost increases to Rs. 805.00 as against
Rs. 755.40 earlier, an increase of Rs. 49.60.

Also the 6 hr. drying of the mould at 150°C acquires
a cost of Rs. 100.00 (calculated on a maximum tempera-
ture, maximum fuel consumption basis of Rs. 108 per
hour for a full annealing cycle).

.. Total increase = Rs. (12.00 4 49.60 + 100.00)
= Rs. 161.60

Net decrease in cost for all our modifications:

Total decrease Rs. 831.19
Total increase Rs. 161.60

. Net decrease Rs. 669.59

This reduction is per I MT ton of hot metal, and a
defect free product. It must be noted that if the propor-
tionate yields were considered in addition to the basis
of 1 MT ton of hot metal the reduction would be even
greater. This is because at {the trial casting the moulds
incorporating our modifications gave yields of over 809%,
whilst in the CSC moulds (Mould C) the yield was
under 10%.
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