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Abstract : Al Ti- C master alloys have been prepared with a novel production method. A combination of X ray phase

analysis , SEM and EDS was used to examine the phases and microstructures of the master alloys . The master alloys have

block-like Al Ti particles and submicron size TiCy with X ranging from 0 .49 to 0.78 and show excellent grain refining

performance for com mercially pure aluminum . Titanium carbides were observed at the crystallization centers in refined

castings .
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1 INTRODUCTION

It is now a common practice to add grain refiners
to molten Al before casting to produce fine grain
structures in the solidified ingots or cast products. A
lot of advantages are provided by grain refine ment,

(121 fo

including improved mechanical properties
duced cracking in ingots and increased casting
Speed[3] , improved homogeneity and reduced porosity
in castings , and better mechanical deformation char

[4.51 Especially , for alloys used in rolled or

acteristics
extruded form for architectural applications , surface
defects will be re markably reduced through grain re-
fine ment of cast ingots[3 w51

As the most widely used grain refiner, Al TiB
master alloys have a good grain refining performance
in some aluminum and aluminum alloys . But there are
some proble ms with this kind of grain refiner. First,
borides in Al Tr B master alloys will coarsen by coa-
lescence or agglomeration to form big particles , which
will accelerate the sediment process of these particles
in aluminum melt because of their higher density
compared with that of aluminum. The sediment of
borides is believed to be the main reason for the fad-
ing behavior of Al- TrB master alloys during the grain

refining practice[6’7] .

What’ s more , these large hard
particles are very unfavorable for products intended
for extrusion, deep drawing, or high performance

(8121 " Tn addition, ele ments

structural applications
like Zr, Cr, Liand Mn are believed to poison the nu-
cleating boride particles which make Al TrB master
alloys very difficult to refine those aluminum alloys
with dilute compositions of any one of the above- men-

[13~21] . In re-

tioned ele ments or combination of the m
cent years,, some further work has been done to im-
prove the efficiency and consistency of the conven-
tional Al Ti- B products[ 2-27)

ducers of grain refiners have introduced statistical

. Some commercial pro-
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process control ( SPC) technique to guarantee the

consistent quality and consistent performance of grain

refinerst 22271 But the proble ms above- mentioned are

still virtually hindering AlF Tt B master alloys from
being an excellent grain refiner.

Since the early extensive work of Cibulal 2’ , TiC
has been well known as an excellent potential nucle-

[29~33]

ant for aluminum and its alloys some

workl 37371 has been done to find a method to pro-
duce Al Tr C master alloys , but little success has been
made . In mid 1980s, Banerji et all 3839

they had successfully produced Al Tr C master alloys

reported that

which had adequate quantity of TiC particles and
showed good grain refining performance. But till
now , there is no any commercial product of Al TirC
master alloy used as grain refiners . The reason is be-
lieved to be the high production cost of their method,
which has made them difficult to be applied on large
scale. In order to elaborate the excellent grain refin-
ing characteristics of Al Ti-C master alloys, new
methods should be explored to produce the master al-
loy at a competitively low cost compared with the
conventional Al- Tt B grain refiners .

Our recent work has been focusing on exploring
new method to produce Al Ti- C master alloys at a low
production cost and a novel method has been devel-
Oped[ 401 which is re markably different from the pre-

[38.391 " The main characteristics of the

vious methods
present method are the low production te mperature
(750 ~ 850 C) and short production time (15 ~ 30
min) , which leads to a low production cost and high
competence compared with the conventional Al TrB
master alloys. The present paper summarizes some

results of our work .
2 EXPERI MENTAL

Phases in the Al Tir C master alloys were ana-



Vol.10 Ne. 3

lyzed with D/ MAX/ RD-12k W-Cu type XRD analyz-
er. Master alloy samples ground and polished using
standard procedure were used for XRD analysis . Ex-
tracted second phases powders after aluminum matrix
was dissolved in an iodine- methanol-tartaric acid mix-
[4) were also detected on XRD to further exa mine
the second phases in master alloys . Che mical analysis
(except for carbon) of the master alloys was done
with an atomic absorption spectrometer. Carbon was
determined by an automatic combustion apparatus,

ture

where the sample is combusted in a stream of oxygen
and the carbon of the specimen is converted into CO, ,
which is then fed into a measuring chamber where the
concentration peak is detected with a nom dispersive
spectrometer . The linear signal is integrated and dis-
played digitally after weight compensation and blank
value correction. Electropolished samples were exam-
ined in a JSM-6301 Scanning Electron Microscope e-
quipped with a Link ISIS energy dispersive X ray
spectrometer ( EDS) to investigate the microstruc
tures and second phases in the master alloys .

The AlF Tt C master alloys were also tested for
grain refine ment efficiency of com mercially pure alu-
minum( 99.7 % Al) . To each 100 g melt of alu-
minum , different amounts (0.05% to 0.2 %) of
master alloys were added at a melt te mperature of 720
T, and the melts with various holding times were
poured into a permanent mold sche matically shown in
Fig.1 . For comparison, similar castings were also
prepared with additions of AF6Ti and AF5Trl1B
commercial grain refiner rods ( procured from LS M
London and Scandinavian Metall. Co.) . The cast
structures were microscopically studied and grain size
determined using a line intercept method from a large
number of nom overlapping measure ments .

3 RELSULTS

3.1 Phases and microstructures of AFTir C master
alloys
Table 1 sum marizes the compositions of some Al
Tt C master alloys and their respective typical micro

m P, oy o
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Table 1 Typical compositions of
Al- T+ C master alloys
Master alloys w( Ti)/ % w(C)/ %
AF5Tr0.2C 4 .97 0.21
AF6Tr0.5C 5.92 0 .48
AF6Tr0.8C 6.06 0.78
. 86 mim

—

|
|

40 mm
77 mm

\

Fig.l Sche matic diagram of permanent mold

50 mm

structures are illustrated in Fig .2 .

The microstructures of master alloys include
block-like particles and another particulate phase
which segregates generally at the grain boundaries .
The block-like particles usually have a size of 10 ~ 50
pm. The latter phase consists of fine particles with
size between dozens of nanometers to 1 pm. Fig.3
shows a secondary electron image ( SEI) of a selected
typical region of the microstructure and its corre-
sponding X ray mappings of Ti and C. It is shown
that the block-like particles enrich in Ti and the sub-
micron size particles enrich in both Ti and C. Further
EDS analysis shows that the block-like particles have
a precise composition of Tii Al =1!3(atom ratio) and
the submicron size particles do not have a unique com-
position but a composition range with X in TiCy
varying from 0.49 to 0 .78 . Fig.4 shows the typical
EDS results of block-like particles and submicron par
ticles. Fig.5 shows the XRD results of electropol-
ishedsamples and extracted second phases powders . It
is shown that there exist two phases of Al; Ti and tir

(a) —AF5Ti0.2C; (b) —AF6TH0 .5C; (c) —AF6TH0 .8C
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Fig .3 Scanning electron microscope analyses of selected area of master alloys

(a) —SEI image; (b) —Ti X ray mapping; (c) —C X ray mapping
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Fig .4 EDS analyses of particles in master alloys

(a) —Block-like particles ; ( b) —One typical composition of submicron particles
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Fig.5 Xray diffraction patterns
(a) —Electropolished sample ; (b) —Extracted second phases powder of master alloys

tanium carbides apart from the matrix aluminum in
the master alloys . XRD on the extracted second phas-
es powders shows more clearly that peaks of Al Ti are
in a good correspondence with the standard peaks,
while the peaks of titanium carbides are broadened .

3.2 Grain refining performance of AlFTi C master
alloys

Fig .6 shows the macrographs of commercially
pure aluminum castings refined by AF6Tir0.8C mas-
ter alloy ingot and procured AF6Ti, AlF5Tr1B with
increasing addition level from 0 .05 % to 0.2 % .

It can be seen that both the fraction of columnar
grains and the size of equiaxed grains decrease with
the increase of the addition level of all the three mas-
ter alloys. In the case of AlF Ti-C master alloy, the
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Al-5Ti-1B

Al-6Ti-0.8C

0 0,05% 0.10% 0.20%

Fig.6 Macrographs of aluminum castings
refined with different addition level of
AF6Ti, AF5Tir1 B and AF6Tir0 .8 C master alloys
( Refining te mperature =720 C ; holding time =5 min;
Magnification = 0 .35)

columnar grain zone decreases rapidly with increasing
addition level and disappears virtually at the addition
level of 0.2 %, attaining the average equiaxed grain
size of about 150 um, which is obviously much better
than the AF6Ti master alloy and even some what bet-
ter than the AF5Ti1B master alloy .

Fig .7 shows the variation of average grain size
with increasing holding time of commercially pure
aluminum refined by these three refiners at an addi-
tion level of 0.2 % . In the case of the Al-6 Ti master
alloy , the grain size decreases with increasing holding
time during the first 5 min and then increases
sharply . In the case of the AF5Tr1B and AF6Tr
0 .8C master alloys, good fading behaviors were ob-
served, especially for the latter there is no evident
fading even up to 120 min.

3.3 Nulei observation in aluminum castings re
fined with AFTi C master alloys

2000
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Fig.7 Fading behaviors of Al-6Ti,
AF5Tir1 B and AF6T+0 .8C master alloys
( Refining te mperature =720 C ; addition level =0 .2 %)

Crystallization nuclei in aluminum grains refined
with Al Ti- C master alloys were examined. Titanium
carbides of different compositions were frequently ob-
served at the crystallization centers of aluminum
grains . They usually exist with only one single parti-
cle or particle clusters composed of several particles
less than 1 pm . Fig .8 shows a typical result of crys-
tallization center in a refined casting . Fig .8(a) shows
a subgrain structure with a nucleus at its center and
dendritic structure around the nucleus, followed by
magnified SEI of the nucleus( Fig .8(b)) . Typical X
ray linings show that the nucleus enrich in Ti and C

( Fig .8(¢)) .
4 DISCUSSION

Al; Ti particles in Al Tr C master alloys have
block-like morphology, which is in accordance with
the observations of Arnberg et all] and Blake et
all*?] in Al Ti and Al T+ B master alloys . The mor
phologies of Al Ti particles are mainly determined by
the melt temperature. If the mater alloys were pro-

Fig.8 Crystallization nuclei observations
(a) —SEI of subgrain structure ; (b) —SEI of nucleus ; (¢) —X ray linings of Ti and C



* 302 -

Trans . Nonferrous Met . Soc. China

Jun. 2000

duced at a lower te mperature ( <900 C) , a compact
block-like morphology was produced. While they
were produced at a higher te mperature ( >1000 C) ,
a two- dimensional flake or plate like morphology was
resulted. The Al; Ti particles in Al Tr C master alloys
prepared by Banerji et al’ s patented method had a

[38.391 " which confirmed the

typical plate morphology
higher production te mperature in their method.

The broadening of XRD peaks of powder samples
may have two reasons. One is the refine ment of the
detected crystal particles, the other is the occurrence
of a range of the lattice parameters which result from
either crystal distortion or composition change of the
crystal[43]. From the above- mentioned composition
analysis of titanium carbides in Al Ti- C master alloys ,
it can be reasonably concluded that the broadening
phenomenon of the peaks of titanium carbides( Fig .5
(b)) is at least partly due to the existence of composi-
tion range of titanium carbides, because composition
range of the titanium carbides will result in a lattice
parameter range[ #1 In addition, the submicron size
of titanium carbides , especially those with size below
100 nm has also an effect on the broadening of XRD
peaks[ 150 the broadening phenomenon may be the
combination effects of these two reasons . But it is dif-
ficult to quantitatively separate the single effects of
these two sources .

From the excellent grain refining performance of
Al Tr C master alloys and the frequently observed ti-
tanium carbides at the crystallization centers of the re-
fined aluminum castings , it is confirmed that titanium
carbides have an excellent potential to inoculate & Al
during the solidification process of aluminum melts .
The good fading behaviors of the master alloys show
that titanium carbides are stable in alu minum melts at
the melt temperature in common grain refine ment
practice. Further work is under way to comprehen-
sively investigate the characteristics of these Al T C
master alloys .

5 CONCLUSIONS

The Al Tt C master alloys prepared by our novel
method have block-like Al; Ti particles and submicron
size titanium carbides with a composition range of X
in TiC x varying from 0 .49 to 0 .78 . They exhibit ex-
cellent grain refining performance . Titanium carbides
were observed at the crystallization centers in refined
aluminum castings , which confirms the potential abil-
ity of titanium carbides to be nuclei for & Al during
the solidification process of aluminum melts .
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