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s ABSTRACT

The effect of inoculation efficiency and casting thickness on the final
as cast structure of ductile iron castings was investigated. Four stages
medium size ,testing cluster weighting 56 Kg. was utilized to de termine
the required conditions for production of as cast ferritic structure in
thin section castings. Each stage contained wedge shaped specimen with
variable thickness from 2mm up to 25mm. Time elapse between inoculation
and complete filling of each stage varied from 14 seconds for the first
level to 56 seconds for the fourth level. Low magnesium ferro-silicon
alloy 5% Mg(VL 63) was used as inoculant with average grain size 3-5mm,
Inoculation was performed directly inside the mould utilizing special
reaction chamber located in the runner. Mi cros tructure observation and
hardness tests were carried out on the obtained as cast structure of

the four stage wedges. The chilling depth in each level was evaluated,
A relation between time elapse from inoculation till solidification start
and final as cast structure was established. The impact of casting thick-
ness on the as cast structure was found to be less than that of inocula-
tion efficiency. Ferritic and Pearlitic grades of spheroidal graphite
cast iron can be obtained by control of inoculation parameters in case
of inmould process

*
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INTRODUCTION

Nodularization treatment and graphitizing inoculation are two processes
taking place simultaneously during inmould inoculation of ducti]e iron
castings. A successful nodularization treatment requires magnesium cont-
ent in the melt over 0.04% which ensures the spheroidal shape of graphite
(1,2). Low magnesium ferro-silicon alloys are usually used as inoculants
for inmould inoculation of ductile cast iron to reduce the violence acc-
ompanying dissolving of inoculant. The silicon introduced by the inocu-
lant is responsible for the graphitizing action which takes place during
inmould inoculation, Magnesium recovery during inmould process reaches
80% while in other modularizing methods it does not exceed 60%(3,4) .

Fading of inoculant effect is overcomed by the last moment inoculation
techniques where the inoculant is added just be fore pouring or directly
inside the mould in special reaction chamber to minimize the time elapse
between inoculation and filling of mould cavity (5,6). The efficiency of
inoculation practiced by inmould process is reported to be much higher
than that obtained by transfer 1ladel or sandwich methods(7,8). Even in
the inmould inoculation process the fading problem is practiced in large
cas%i;gs where the inoculation efficiency varies from point to another
(9,10).

The chemical composition of the melt and the casting wall thickness are
usually the main controlling parameters of the as cast structure of
ductile iron castings as reported by previous investigators (11,12),
Recently investigations have been focused on utilization of the maximum

~ inoculation efficiency as main governing parameter for controlling the
matrix structure in ductile iron castings (12,13). This work aimed to
study the inoculation efficiency variation at different points and its
effect on the final as cast structure of inmould inoculated ductile iron
castings.

EXPERIMENTAL PROCEDURE

Four stages test cluster equiped with reaction chamber for inmould inocu-
lation was utilized to simulate a real medium size casting, The variation
of inoculation efficiency at different points of the casting was investi-
gated, Each stage consists of wedge shaped specimen with variable thick-
ness from 2 mm up to 25mm connected with a horizontal rod of square Ccross
section 40 x 40 mm, both are feeded from large cylinderical part of dia-
meter d = 120 mm. This arrangement was designed to ensure 14 seconds
delay time between filling of each stage and the next. Four Pt-Pt Rh 13
thermocouples were introduced at the top of the horizontal rods to indi-
cate the complete filling of each stage as shown in the mould arrangement
of the test cluster Fig. 1. The gating system was designed to maintain
pouring rate of 1 Kgiec. Total gross weight of the test cluster was 56Kgq.

The melt was prepared in an induction furnace 100 Kg. capacity using
special low sulphur pig iron. The chemical analysis of the melt before
pouring is shown in table I.
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Fig.l. Mould arrangement of test cluster before pouring.
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Table I. Chemical analysis of chilled sample from the melt before
pouring.

C% Si % M % S ¥ P %

3.7 2.2 0.5 0.01 0.04

Low magnesium ferro-silicon alloy 5 % Mg (VL 63) containing 50 % Si

was added in the reaction chamber with an average grain size 3-5 mm. Ino-
culant weight required for securing 0.05 % Mg was calculated to be 1.25%
of the gross casting weight assuming 80% magnesium recovery by inmould
process (12,13),

The as cast structures of wedges from the four levels were investigated
by micro-observation to detect the variation of matrix cons tituents and
nodule count per unit area at different thicknesses of the wedges. A
comparative study was carried out between the cast structure of the same
wedge thickness at different levels, where the time elapse between ino-
culation and complete filling is different. The hardness of the four
stage wedges was measured by Vicker's microhardness tester (100N Load)
to show the variation of mechanical properties with the change of inocu-
lation efficiency at different stages. The locations of hardness measure-
ments along the axis of the wedge at section of different thicknesses are
illustrated in Fig.2. Chilling depth of each wedge was evaluated to show
the variation of inoculation efficiency at different levels,

RESULTS AND DISCUSSION
A representative sample for chemical analysis was taken from the first level
wedge. The results of chemical analysis after nodularization treatment

inside the mould is illustrated in table II.

Table II. Chemical composition of the first level wedge after nodulari-
zation treatment

C% Si % M % S % P % Mg %

3.70 2.85 0.51 0.012 0.042 0.052

The magnesium recovery is enough to produce spheroidal graphite shape with
100% nodularization in the four levels. The results of hardness measure-
ments of the four wedges at 8 locations along the axis of each wedge re-
presenting different thicknesses of casting are shown in table III, and
graphically illustrated in Fig, 3.
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Distance from tip 66 50 33 14 10864
Thickness ( mm ) 20 15 15 8 5432

Fig.2. Positions of hardness measurements along the axis
of the wedge at different thicknesses.
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Fig.3. Hardness values measured along the axes of wedges

at different levels.
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Table III. Hardness values (HV) measured along the axes of the four
level wedges.

L] Thickness (mm)
-2 3 4 5. 8 10 15 20
I1st Level 414 272 224 211 194 159 142 132
.12nd Level 451 340 282 249 236 207 185 176
3Ird Level 489 395 336 304 290 255 228 21
4§E Level 522 418 360 322 303 27N 247 233

The lower hardness obtained in the first level, if compared with the other
levels, indicates the presence of higher ferrite percentage in the matrix.
The chilling depth was estimated using the results of hardness tests and
microstructure observation where the amount of ledeburite is less than 5%
at 350 HY, Chilling depthes of the four level wedges are illustrated in
Fig. 4. The recorded variation of the chilling depth from the first level
to the fourth level wedges indicates that inoculation efficiency varies
from level to another. Maximum inoculation efficiency is observed at the
first level and decreases by increasing the time elapse between inocula-
tion and complete filling of mould cavity. The time delay between comp-
lete filling of one level and the next was 14 seconds,

Mircostructure observation of the four wedges was carried out on polished
surface for chosen four thicknesses 2,5,10 and 20 mm, Nodule count per unit
area was determined at each location using 10 readings and the mean value
vIvss calculated. The results of nodule count/mm¢ are summarized in table

Table IV, Nodule coun'c/mm2 obtained at different thicknesses in the four
stage wedges '

Ls

Lewa] Thickness (mm)
2 5 10 20
Ist Level 402 349 304 262
2nd Level 381 341 258 241
3rd Level 359 303 246 197
4E Level 318 282 222 155

The maximum nodule count per - was obtained at the first level which
indicates maximum inoculation efficiency. Comparing the module count per
mm2 at 5 mm thickness in the four levels we can remark that the number of
nodules/mm is dropping from 349 at the first level to 282 at the fourth
level which can be explained by the fading of inoculant effect with filling
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Fig.4. Dependence of chilling depth on time ela_pse
between inoculation and filling of casting cavity.
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Fig.5. Dependence of number of nodules/mm? on time
elapse between inoculation and filling of casting

cavity at different thicknesses.
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time. Fig. 5, illustrates the variation of nodule count per mf at diff-
erent levels and also at the same level due to variation of casting tick-
ness. This variation of nodule count reveals the importance of the time
elapse between inoculation and complete filling of mould cavity in cont-
rolling the resulting inoculation efficiency at different levels of the
casting. The microstructure observation of Nital etched wedge sections
showed the variation of ferrite amount in different levels for the same
casting thickness. The amount of ferrite was measured at four locations
representing different thicknesses of each wedge. The percentage of
ferrite in the observed microstructure at 2,5,10 and 20 mm thickness are
summerized in table V. :

Table V. Ferrite amount measured at different thicknesses in the four
stage wedges.

—— Thickness (mm)
2 5 10 20
Ist Level 0% 85 % ‘100 % 100 %
2nd Level 0% 45 % 62 % , 91 %
3rd Level 0 % 30 % 44 % " 80 %
4§E Llevel 0% 10 % 20 % ' 75 %

Fig. 6, shows the variation of ferrite content in the as cast structure
. of the four level wedges. The comparison of ferrite content in the four
wedges at 5 mm thickness shows how the effect of high inoculation effi-
cifency in the first level increased the ferrite content to about 85% while
the same thickness at the fourth level had only 10% ferrite. At larger
thickness the effect of inoculation efficiency is less recognized where at
20 mm thickness the first level showed 100% ferrite while the fourth level
had 75 % ferrite. Representative microstructures of the four levels at 2,
5, 10, and 20 mm thickness are illustrated in Figs. 7,8,9 and 10 respect-
ively, where we can notice that the amount of ferrite in the first level
is much higher than that observed at higher levels. This may establish
the facts that the efficiency of inoculation controls the final as cast
structure and the amount of ferrite is less sensitive to section size if
the inoculation efficiency is high enough. Consequently ferritic matrix
can be obtained even at thin sections if high efficiency of inoculation is
secured, At lower 1inoculation efficiency the effect of casting thickness on
the final structure is more clear as in the case of the fourth level wedge
where the ferrite amount changes from 10% to 75% at 5 mm and 20 mm thick-
ness respectively.

- The efficiency of inoculation practiced by the inmold process is much higher
< than that obtained by transfer ladle or sandwich method (14,15). In ladle
inoculation the nodule count for the thickness 10 mm does not exceed 150
nodules/mm while in the inmould process it reaches 304 nodules/mm for the
first level and even for the fourth level it reaches 222 nodules/mm . The
minimum inoculation efficiency obtained in the fourth level is still higher
than transfer ladle inoculation.
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Fig.7. Microstructures of the first level obtained at 2,5,10
and 20 mm thicknesses.
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Fig.8. Microstructures of the second level obtained at 2,
5,10 and 20 mm thicknesses.
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Fig.9. Microstructures of the third level obtained at 2,
5,10 and 20 mm thicknesses.
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The observed variation of nodule count per unit area and the microstru-
cture variation at the different stages show the possibility gf contro-
11ing the final as cast structure by more precise control of inoculation
efficlency. Ferritic or ferritic-pearlitic grades of ductile cast iron
can be produced using the suitable inoculation efficiency which is con-
trolled through the time elapse between inoculation and start of solidi-
fication process.

CONCLUSION

The efficiency of inoculation of inmould process in ducti]e_1ron castings
is affected by the time elapse between inoculation and solidification
start. The as cast microstructure of ductile iron castings can be contro-
1led by the control of inoculation efficiency. At high inoculation effi-
ciency the effect of casting thickness diminishes while at lower 1pocu1a-
tion efficiency the casting thickness has a recognized effect. Fading of
fnoculation effect is a fact even in the last moment inoculation tech-
niques such as the case of inmould process.

REFERENCES

1. S.I.KARSAY, "Production of Spheroidal Graphite Iron",Quebec Iron
and Titanium Corporation, 1967,

C.R.LOPER, "Processing and Control of Ductile Cast Iron", Modern
Casting, pp. 1-7, Jan.,1969.

3. M.REMONDIO and G.MANION, AFS Transactions, vol, 82, pp. 69-74,1974,
4. S.I.KARSAY, "Ductile Iron Production" ,Quebec Iron and’ Titanium Cor-
poration,1974. '

A.MOORE, The British Foundryman, vol. 67, No. 3, pp. 59-69,1974,
M.A, ET-SALAMONI, Cairo University, Bulletin of the Faculty of
Engineering, 1978,

7. B.ELSARNAGAWY, A.VETISKA, Slevarenstvi,June, 1976.

8. J.POLAK, 44th Intermational Foundry Congress, Florance, 1977,

g. G.MANION and C.M.DUNKS, Foudry Trade Journal,p. 139,Aug. 1974,

n

(o3, ]
« o

1 D.M.STEFANESCU, AFS International Cast Metal Journal, pp. 23-32,
June, 1981, .

11, J.KLABAN, 43rd International Foundry Congress, Bucharest, Romania,
1976 "‘

12. B.ELSARNAGAWY and M.TOLBA SALLAM, Egyptian Foundry men's Society,
AL-SEBAKA, No. 28,December, 1985,

13. M,A, EL-SALAMONI and 0.A.ABU ZEID, 44th International Foundry
Congress, Florence, 1977. T

14, A.MOORE, AFS Transactions, vol. 81, pp. 268-277, 1973,

15. V.H.PATTERSON, Foundry Trade Journal, Vol. 135,No. 2955,pp.91-104,
1973,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

