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ABSTRACT A new melting technique— Thermal Rate Treatment ( TRT) has been studied in connection

with AFSi based alloys. TRT technique obviously improves the impact toughness of the alloys, refines the pri-

mary Si phase and increases the amount of the a phase. TRT process greatly affects the result of modification

process. The compound treatment of TRT + modification could increase the modification effects of Na or P ele-

ment. According to the state and its change of AFSi alloy melt, the test results were discussed.
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1 INTRODUCTION

Having good mechanical properties and per-
AEFSi
based alloys have been widely applied to industri-

fect foundry technological properties,
al productions. How to improve further the me-
chanical properties of the alloys has been the fo-
cal point of study, modification technique is the
most practical method. We have designed a new
kind of melting technique i. e. thermal rate
treatment (TRT), which can greatly improve
the properties and quality of some commercial al-
loys''" ¥l The authors designed TRT technique
for AFSi alloy and studied the effect of TRT
process on modification process in order to ex-
plore a new way to improve further the mechant
cal properties of AFSi alloy casting.

2 EXPERIMENTAL

Three kinds of AFSi alloys were selected as
test alloys, their chemical compositions were
given in Table 1. The sodium-salt modifying a
gent used in the hypoeutectic and eutectic alloy
was composed of 40% NaF, 40% NaCl and
20% KCI, the amount of the modifying agent
used was equal to 2% of melted alloys. The
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phosphorus modifying agent used in the hypereu-
tectic alloy was composed of 10% P4( red phos
phorus) and 90% C,Cls, the amount of the mod-
ifyihg agent used was equal to 0.35% of melted
alloys; 0.4% C,Cls agent was used in a refining
process. The sketch map showing TRT and con-
ventional melting technique( CM) used in the pa
per is given in Fig. 1.
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Fig. 1 Sketch map showing two

melting techniques

1l —melting, superheating;

2 —setting;

3 —chilling, stirring;

4 —refining, setting;

I e e .

4 -refining, modifying, setting;

5 —pouring
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Table | Compositions of test alloys ( %)
Alloy form Si Mg Fe Al

T~ 8 0.25~ 0.35 < 0.2 balance

Hypoeutectic alloy

Eutectic alloy 12~ 14 - < 0.2 balance

Hypereutectic alloy 17~ 19 - < 0.2 balance

3 RESULTS

3.1 Effect of TRT on impact toughness

Table 2 indicates that the impact toughness
of hypoeutectic, eutecti and hypereutectic alloy
treated with TRT technique increases 43%,
33% and, 20% respectively compared with non
modification( nommM ) process; and that treated
with modification (M) process increases 82%,
47% and 24% . So TRT process has obvious ef-
fect on the improvement of the alloy impact
toughness, it also indicates that the effects of the
modification and TRT lessen gradually with the

increase of the Si content. Though the M result
i1s better than TRT result, the difference be
tween them is reduced with the increase of the Si
content. The morphologies of alloys treated with
different processes are showed in Fig. 2, it is
found that TRT process makes the amount of
white a phase
Table 2 Impact toughness of alloys treated
with different processes

Impact toughness/ J*em™ 2

Process form

Alloy form
1 2 3 M ean

Hypoeutectic  Nommodifiction 23,19 23.10 24. 18 23.49

alloy M odification 42.18 41.61 44.33 42.71
TRT 34.71 32.69 33.40 33.60

Eutectic Normodification  8.26 8.95 8.58 8.60
alloy M odification 12.70 13.26 12.06 12.67
TRT 11.03 11.08 12.13 11.41

Hypereutectic Normrmodification 5.58 5.70 5.24 5.51
alloy M odification 6.48 7.07 6.94 6.83
TRT 5.83 7.66 6.90 6.61

Fig. 2 Morphologies of alloys treated with different processes
(a) —hypoeutectic, norr M; (b) —hypoeutectic, M; (¢) —hypoeutectic, TRT;
(d) —eutectic, norM; (e) —eutectic, M; () —eutectic, TRT;

(g) —hypereutectic, nomrM; (h) —hypereutectic, M; (i) —hypereutectic, TRT
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increase and the alloy phase well distribute, the
primary Si grain in the hypereutectic is refined.
M process also refines the primary Si grain,
changes the eutectic structure from thick flake
form to closeform, and the eutectic Si becomes
fine graimrform. Therefore, effects of the M and
TRT process on the alloy microstructure are dif-
ferent although they both improve the mechanr
cal properties of the alloys, which means that
mechanisms of the two processes are different.

3.2 Compound process tests
3.2.1 M+ TRT process

The sketch map of this test process is
showed in Fig. 3. The impact toughness ( a;) of
hypoeutectic and eutectic alloys that treated with
different processes is showed in Table 3. The
test results indicate that the a; of the hypoeutec
tic and eutectic alloy treated with M process in-
creases 91% and 56% respectively, then with
TRT technique, the a; decreases greatly. The
a;, decreasing extent of the eutectic alloy is small
than that of hypoeutectic alloy. Therefore, it is
disadvantageous to carry on TRT process after M
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Fig. 3 Sketch map of M+ TRT process test
1l —melting; 2 —pouring non— M sample;
3 —superheating; 4 —modifying, setting,
pouring chill charge and M sample;

5 —chilling; 6 —refining, setting; 7 —pouring

3.2.2 TRT+ M process

The sketch map of this test process is
showed in Fig. 4. From Table 4, the a; of the
hypoeutectic, eutectic and hypereutectic alloy
treated with TRT increases 45%, 34% and
2 2 % respectively , then, with M process , the

Table 3 Result of M+ TRT process test

2

Impact toughness/ J*em™

Alloy form

Process form

1 2 3 4  Mean

Hypoeutectic Nomrmodification 20. 6 21.7 21.222.0 21.4

alloy Modification 43.8 41.3 36.142.5 40.9
M+ TRT 21.1 24.6 23.022.9 22.9

Eutectic  Normrmodification 7.9 8.4 8.5 8.7 8.4
alloy Modification 13.6 11.6 12.113.2 12.6
M+ TRT 9.9 11.8 9.8 11.1 10.7

ay increases 147% ., T7% and 52% respectively

compared with that of nomM process. The re
sults here indicate again that TRT increases ob-
viously the impact toughness of AFSi alloys, es
pecially for the hypoeutectic alloy. On the basis
of TRT process, carrying on M process can im-
prove further the mechanical properties. Com-
pared with the results in Table 2, the result of
TRT+ M process is better than that of sole mod-
ification process, which shows that carrying on
TRT process before modifying is beneficial to the
promotion of modification effect of Na and P ele

ment.
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Fig. 4 Sketch map of TRT+ M
process test

1l —melting; 2 —pouring non— M sample;
3 —superheating; 4 —=setting, pouring
chill charge; 5 —chilling;

6 —refining; modifying, setting; 7 —pouring

4 DISCUSSION

The test results above have demonstrated
that the effects of the compound treatment do
not reduplicate the effect of M and TRT tech-
nique, how to explain the results?
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Table 4

Result of TRT+ M process test

Impact toughness/ J*cm™ 2

Process form

Alloy form

l 2 3 4 Mean  Raising ratio/ %

Hypoeutectic Normr modification 21.8 20.9 23.0 21.6 21.8 0
alloy TRT 30.7 32.2 32.1 31.4 31.6 45.0
TRT+ M 55.8 54.1 56.3 53.1 53.8 146. 8

Eutectic Normr modification 8.5 8.4 8.2 8.8 8.5 0
alloy TRT 11.7 10.7 12.2 10.9 11.4 34.1
TRT+ M 14.5 14.4 15.9 15.3 15.0 76.5

Hypereutectic Normr modification 5.1 5.3 6.1 5.2 5.4 0
TRT 6.8 6.4 6.3 7.1 6.6 22.2
TRT+ M 7.8 9.0 7.5 8.5 8.2 52.1

An'*! thought that the metallic melt are
composed of numerous clusters whose average
size and travelling rate are related to tempera
ture, therefore, the structure of AFSi alloy melt
is heterogeneous over a wide range of tempera
ture, there would exist some clusters. The data
in Table 5 shows that silicon has much higher
melting point and sublimation heat, much small-
er atomic radius and coefficient of linear expan-
sion compared with aluminum, so the binding
force among Si atoms is much stronger'>!. The
binding energy among the atoms in liquid alloy is
similar to that in solid alloy, so the binding abilr
ty among the atoms under high temperature state
can be indicated with the aid of the dissociation
energy of room temperature atomic bond. The
dissociation energy of room temperature atomic
bond existing probably in AFSi alloy are showed
in Table 6/ it is evident that the binding of St
St atom bond is the largest, AFSi the next. We
come to the conclusion that there exist Srrich
clusters in the melts of eutectic or hypereutectic
AESi alloy, these clusters would develop into the
crystal nuclei for the primary or eutectic silicon.
In hypoeutectic AFSi alloy, the SrSi atomic
bonds are broken under the action of numerous
Akbrich clusters owing to the lower Si amount.
These Srrich or AFrich clusters would exist sta
bly under their decomposing temperature, and
cause the heterogeneity of the melts. Over the

decomposing temperature, the clusters will de
compose and disappear, the change of the melt
microstructure appears. With AFSi alloy melts,

some heat effect peaks have been discovered on
[ 7]

2

the test curves of the thermal analysis
which demonstrates the change of AFSi melt
structure.

Table 5 Basic physical properties
of Al and Si

Coefficient of

Melting linear expansion Atomic  Sublimation
Element  point /‘( 20 }é) ) radius heat
/C J10-6 ¢! /A /kJ*mol™ !
Al 660 22.4 1. 428 75
Si 1410 6.95 1.08 90

Table 6 Dissociation energies of atomic
bond in AFSi alloy (25 C)
Atomic bond form AFAIL AFSi SrSi

DlSS()ulatl()Il 186. 2 251 326. 8

energy/ kJ*mol™ '

The high temperature superheating of the
melt in TRT process decreases the amount and
size of clusters, under the rapid cooling rate in
the chill process, the homogenization of the melt
remains to a large extent, the size of Si grain in
the hypereutectic alloy is reduced, meanwhile,
St phase forming is controlled due to the reduc
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tion of Srrich clusters, the crystallization and
growth of the Al phase take precedence, so
there are more a phases in the hypoeutectic and
eutectic alloy treated with TRT.

According to the theory with the growth of
Si crystal nuclei controlled ®', Na modifying ele-
ment is adsorbed on the surface of the Si crystal
unmelted in the melt or reacts upon the Si clus
ters in a film-form, the action of Srrich clusters
as Si crystal core is eliminated, which makes sili-
con not separate out early and limits the growth
of Si crystal, in this way, the eutectic structure
is refined. Phosphorus forms AIP compound par-
ticle which acts as heterogeneous Si crystal nu-
cleus, so the primary Si is refined. There may be
two reasons about the reduction of modification
effect of Nain M+ TRT process: (1) the reces
sion in the modification effect of Na at high tem-
perature; (2) the Na film on the surface of Si
crystal nuclei comes off owing to stirring violent-
ly in TRT process. In TRT+ M process, TRT
improves the homogenization of the melt, that
1s, reduces the amount and size of the clusters,
so the effective density of Na or P elements in
the melt increases, the modifying effect are ex-
erted further.

From the results above, it turns out that al
loy melt state would affect the results of refine
ment or modification process, Unfortunately,
this conclusion has not yet be noted generally,
which is often the main cause why modification
or refinement result is not stable in factory pro-
duction. With TRT+ M technique, the modify-
ing agent amount used can be reduce with the
same mechanical properties of AFSi alloys, in
this way, some harmful effects caused by modr
fying agent, such as porosity or inclusion, can be
avoided. Therefore, TRT + M technique pro-

vides us a new effective way to improve the

properties and the quality of AFSi alloy casting.

5 CONCLUSIONS

(1) TRT technique can obviously improve
the impact toughness of AFSi alloys, increase
the amount of a phase increase, damage the
completion of tree-form a phase and refine the
primary Si phase in hypereutectic AFSi alloy,
however, has little effect on the eutectic struc
ture of AFSi alloys.

(2) Carrying on TRT process after modifrr
cation process will deteriorate the modification
effect of Na and P element.

(3) TRT + M compound treatment tech-
nique can promote the modification effect of Na
and P element, which indicates that melt state
has an important influence on the modfiication
result.
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