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Over the past decades grain refining by means of AlTiB alloys has
become common practise. Due to its effectivity, the application
of AITi5Bl became most widespread. In the recent past the
emphasis was laid on the cleanliness of AlTiB alloys rather than
the effectivity. Consequently, the requirements of the aluminium
industry have necessitated the development of other Ti/B ratio's.
Nowadays, the cleanliness of these particular alloys has been
significantly improved by the application of enhanced processing
techniques, while simultaneously increasing the effectivity.
Therefore, when selecting the optimal grain refiner, allowances
should be made for the difference in effectivity. A standard
practice to correlate the result of a grain refining test to a
grain size in a cast product would simplify the selection
process.The system proposed in this paper aims to contribute to
such an approach.

The efficiency of a grain refiner can be expressed by grain size.
It will be shown, however, that the actual number of persistent
growth centres provides a more sensitive parameter for this type
of evaluation. The ratio between potential nuclei and actual
growth centres depends on several variables such as: alloy
composition and cooling rate.

This paper will demonstrate that the Al1Ti5B1 grain refiner is the

most effective.



cur different grain refining tests were applied to characterize
~he effectivity of the three most used AlTiB alloys. For our

~xperiments we selected AlTi5B1, AlTi5B0.2 and A1Ti3Bl alloys,

D

each being representative for their class of grain refiner.
The following grain refining tests were applied:

1.Kawecki-Billiton ring test for a description see the appendix

2.Alcan test according to Alcan specification
3.Reynolds Golf Tee test according to Reynolds specification
4 . V.A.W. test according to V.A.W. specification

The alloys 99.7% Al., AlMgSi (AA6063) and AlMnMg (AA3004) were
used to perform the tests. The alloys were produced from 99.7%
Al. through the addition of commercial master alloys.

The grain refining tests were executed by means of addition of 2,
1 and 0.5 kg/ton of the three selected grain refiners to the
three Aluminium alloys. All tests were repeated in order to
obtain an average figure. The contact time for all tests was 2
minutes.

Grain size was determined by means of the intercept method based
on the British Standard DD44: 1975, which is similar to ASTM
E112-63.

Comparison of grain refining tests

Despite efforts on the part of Kirby et al (ref.l.), aimed at
correlating the grain size measured in the grain refining tests
to an identical grain size in a cast product, no further attempts
were undertaken to obtain an acceptable comparison.

The experiments carried out on the three Aluminium alloys
indicated that a reproducable correlation between grain refining
tests exists, albeit that the correlation is different for each
alloy.

In the case of 99.7% Al., it appears that once the grain size

for an addition in one test method is known, the result of any
other test can be predicted by using the nomogram as indicated in

figure 1. for 99.7% Al.



“he Fewynolds golf tee test and the Kawecki-Billiton ring test

were used.

similar results, as also the Alcan test and the V.A.W.
cest. Therefore, for further correlations on the other two

vs, only the Kawecki-Billiton ring test and the Alcan test

he correlation between the Kawecki-Billiton ring test and the

Alcan test for AlMgMn (AA 3004) and AlMgSi (AA 6063) are given
seperately in figure 1. It appears that for each alloy the

correlation between grain refining tests differs and a univerisal

correlation,

Figure 1.:

therefore, does not exist.

Correlation for Al 89.7%
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In the upper section a nomogram to correlate the
Kawecki-Billiton ring test, the Alcan test, the
Reynolds golf tee test and the V.A.W. test for 99.7%
Al. is shown. The grain size is given in microns.

The correlation between the Kawecki-Billiton ring
test and the Alcan test for AlMnMg (AA 3004) and
AlMgSi (AA 6063) is indicated in the lower section.
The YP (Your Product) line needs to be established in

the casthouse.



should be paid to the fact that a given cast shape (see
the Your Product (YP) line in figure 1l.) is actually another
"svstem” in which the performance of a grain refiner is tested.

The correlation between a grain refining test and the grain size

cast product can only be established in the casthouse,

|
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referably for each alloy and shape. Once this relationship is

Y

stablished by the user the performance of the grain refiner can

(D

be tested prior to its use to establish optimal addition, albeit
that allowances should be made for the commercial range of the
composition of the aluminium alloy at hand.

It would benefit the aluminium industry should a consensus be
reached on which the grain refining test would become the
"standard" test. It should be envisaged that for several reasons,
a.o. historical preferences, it may prove to be difficult to
attain a standard grain refining test. Indeed, nearly all
Aluminium companies have their own grain refining test.

To offer a practical alternative, correlations of the type shown
in this paper can be worked out for the most commonly used
Aluminium alloys and could well result in a kind of

standardization.

Grain refiner effectivity

The results of the Kawecki-Billiton ring test (2 minutes contact
time at 720 %L) on the various additions of the three grain

refiners are plotted in figure 2.
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The number of grains (N) per cm3 can be Calculated from the
grain sijigze figures (see also the previously mentioned AsTM and
British Standard) using the following formulae:

Number of grains per cp3

Il

1012 N
N = —_——

a3 d = grain Size in microns



igure 3. wvisualizes this relationship
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Using this relationship, figure 2. has been replotted to show the
relationship between the number of grains and the grain refining
addition.
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edure was executed to discover the relationship

he num ber of grains and the grain refining addition in
The aim being to show the extend of the cooling

influen ce on grain refining activity. The results are

fecorded in figure 5,
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Jn average the Al1Ti5B1 grain refiner is three times more

()

ctive than the AlTi5B0.2 grain refiner and 1.5 times more
ective than the Al1Ti3BI1 grain refiner. The effect of residual

"l1tanium or other elements, e.g. Fe etc., were not taken into

count in this comparison.

‘ien compared to AlTi5B1, the use of AlTi5B0.2 in pure Aluminium
S Justified by the reduced Boron content in this alloy rather
han by the effectivity. Moreover, the minimum addition of a

Taln refiner is not limited by grain size but by the necessity
avoid the formation of feather crystals.

(8]
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Number of nucle per cmJ3

Temperature, C,

Cc effect of the alloying and the cooling rate is

—resses the need to establish, for each specific case,

Previously mentioned correlation between the grain refining

and the grain size in a cast product.
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Solidification time according to the concept of
Maxwell and Hellawel (Ref.
2.) for the three grain
refiner alloys.

The course of the cooling

curve is indicated in the

upper graph.
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“fter = certzain degree of undercooling, the amount of nucleation
events per cm> rises rapidly and is at its maximum just before
maximum undercooling is reached. It then decreases rapidly as
calescence begins. The amount of persistent nuclei N rises
simultaneously with N in a more or less fixed ratio, to remain
constant as N decreases.

The differences between the tested grain refining alloys are also
indicated in figure 6. The amount of nucleation events must show
a trend similar to that of the difference iﬁ effectivity between
the three grain refining alloys. The rate of nucleation events
increases as a result of alloying and enhanced cooling and,
accordingly, more growth centres are activated.

A more satisfactory explanation of the effect of cooling rate and
alloy composition can only be found by modelling the local
nucleation and growth of sole nuclei, taking into account the
interaction with other nuclei. Activities in this field have been
initiated.

The expectation from this basic work is to guide the improvement
and development of the current AITiB alloys as well as the
non/low Boron grain refining alloys which are currently being

developed.

Conclusion

- A better understanding of the efficiency of a grain refiner
can be achieved if the amount of grains, rathar than the grain
size, are taken into account.

- In the case of the three investigated alloys (99.7% Al.,
AlMgSi [AA6063], AlMnMg [AA3004] ), a reproducable correlation
exists between the Kawecki-Billiton ring test and the Alcan
test ( and the Reynolds Golf Tee test and the V.A.W. test for
99.7% Al.), being different for each alloy. When applied to
other alloys and grain refining tests, it may prove to be the
beginning of a standardization for comparative results of
grain refining tests.

- The AlTi5B1 grain refiner is the most efficient commercial

grain refining alloy.
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APPENDIX
KAWECKI-BILLITON GRAIN REFINEMENT TEST

The Kawecki-Billiton grain refinement test, or ring test, is
carried out according to the following procedure:
2 kg. of 99.7% virgin pure Aluminium is added to a crucible and
held at a constant temperature of 720 + 5°C. during the test.
The addition of grain refiner rod to be tested is added, stirred
into the melt for 15 seconds with a graphite rod and held for two
minutes.
The treated Aluminium is poured into a ring which is placed on a
refractory block (glassrock material).
Ring specification: 75 mm. in diameter, 20-30 mm. in height

5=7 mm. wall thickness, coated with graphite
The lower surface of the sample is etched (60% HCL, 30% HNO5,
5% HF, 5% H,0) . The grains are counted by means of the intercept

I
method, utilizing a stereo microscope with a 20x magnification.
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N=10'% /g
where :

N= grains per cm |
d= grainsize in um
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