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Effect of the degassing on surface tension of eutectic Al-Si alloys
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Abstract

According to orthogonal regression method, an experiment is designed to study the in-
fluence of the degassing agent, the degassing time and the degassing temperature on surface
tension of eutectic Al-Si alloy. A model how surface tension of eutectic Al-Si alloy is affected
by the degassing treatment has been obtained by experiments. The surface tension is mainly
affected by the quantity of the degassing agent, the degassing time is less important, and the
degassing temperature was found to have little influence on the surface tension. Moreover, the
influences of the interactive and quadratic terms can be neglected. The further comparative
experiments have shown there are very small deviations between the calculated values and
the measured values. So the surface tension of eutectic Al-Si alloys can be calculated by the
sum of different contributions from the quantity of the degassing agent, the degassing time
and the degassing temperature.

K e y w o r d s: surface tension, degassing, orthogonal regression design, Al-Si alloy

1. Introduction

Surface tension is one of the important physico-
chemical properties of Al-Si alloys [1, 2]. It is the
foundation of studying the interface dynamics of the
liquids [3]. In solidification phenomena, surface tension
plays very important role in optimizing and simulating
the crystal growth parameters [4], generating the elec-
tro meniscus phenomenon [5], predicting the graph-
ite shape [6], the modification degree [7], the porosity
formation [8], the surface roughness [9] and the mould
filling capacity [10]. The degassing treatment is an ef-
fective means to enhance the mechanical properties,
particularly ductility, of Al-Si alloys [11–13]. So, de-
gassing level monitoring is strongly recommended and
there is a need to develop new methods [14]. In recent
years, although some researches have shown that there
are some relationships between surface tension and the
degassing, the modification and the inclusion of Al-Si
alloys [15–17], the specific relation has not been es-
tablished yet. Therefore, to obtain a specific relation
and thus to effectively monitor the degree of degass-
ing, it is very necessary to study the influence of the
degassing treatment on surface tension of Al-Si alloys.
This will provide experimental basis for studying the
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interface dynamics of the molten Al-Si alloys, and also
for developing a new method of forecasting the degree
of degassing.
In the present work, the influence of the degassing

agent, the degassing time and the degassing temperat-
ure on the surface tension of the molten eutectic Al-Si
alloys has been studied according to orthogonal re-
gression experiments and the rule has been obtained.

2. Experimental

Materials for experiments are eutectic Al-Si alloys
and the composition accords with A413, namely, Si:
11.0–13.0 %, Fe: 1.3 %, Cu: 1.0 %, Mg: 0.1 %, Zn:
0.5 %, Mn: 0.35 %, Ni: 0.5 %.
The melting process is as follows. Over the 250–

300◦C-temperature range, the graphite crucible is
thoroughly dehydrated. Then, the eutectic Al-Si alloys
are melted in a resistance-heating furnace using this
graphite crucible. Over the 700–750◦C-temperature
range, the molten Al-Si alloys are degassed by the
hexachloroethane tablets (ø 20× 5) to remove hydro-
gen and the oxide inclusions. The quantity of the hexa-
chloroethane tablets is decided by the experimental
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Ta b l e 1. Code of the factors

Factors w (%) t (min) T (◦C)

Codes x1 x2 x3

+1.215 0.60 18 750
−1.215 0.00 6 700
0 0.30 12 725
+1 0.55 17 746
−1 0.05 7 704

scheme. After the dross (most is the oxide inclusions)
formed is skimmed out from the melt surface, the mol-
ten Al-Si alloys are not modified and the surface ten-
sion is directly measured by the RTW-04 Melt Phys-
ical Property Analyzer. (It is used to automatically
measure the surface tension, the viscosity and the
density of the melts over the 0–1600◦C-temperature
range. The surface tension is measured according to
the ring detachment method, the measurement range
is at 200–2000mNm−1 and the precision is ±1.5 %.)
For the same batch of the molten Al-Si alloy, surface
tension is measured five times and their average is re-
garded as an effective value.
Besides the quantity of the degassing agent, the

factors that affect surface tension of the molten Al-
-Si alloys are the degassing time and the degassing
temperature [18, 19]. To establish a specific relation
between the quantity of hexachloroethane, the de-
gassing time, the degassing temperature and surface
tension, an experiment has been designed according
to orthogonal regression design method [20–22]. It is

made up of an orthogonal table L8 (27), six experi-
mental points on the orthogonal axes and one central
experimental point. The factors which affect the sur-
face tension of the molten Al-Si alloys are defined as
follows: the hexachloroethane degassing agent ranges
from 0.0–0.6 %, the degassing time ranges from 6–18
minutes, and the degassing temperature ranges from
700–750◦C. The codes of the factors are shown in
Table 1, and the transformation formulae between the
codes and the factors can be expressed by the follow-
ing equation:

x1 = 3.333 · w − 1.215,
x2 = 0.167 · t − 2.430,
x3 = 0.040 · T − 35.235,

(1)

where w is the quantity of the hexachloroethane de-
gassing agent, t is the degassing time, T is the degass-
ing temperature, and x1, x2, x3 are the codes of three
factors, respectively.

3. Results and discussion

According to the experimental scheme mentioned
above, fifteen experiments are performed and the
measurement results of surface tension are shown in
Table 2. The experimental results are calculated by
MATLAB and the orthogonal regression equation is
given as:

σ = 795.7− 45.12x1 − 9.08x2 − 2.97x3 +
+ 0.03x2x3 − 0.01x′

1 + 0.09x
′
2 − 0.01x′

3.
(2)

Ta b l e 2. Orthogonal experiment design and the calculation of the measurement

No. x0 x1 x2 x3 x1x2 x1x3 x2x3 x′
1 x′

2 x′
3 σ (mN m−1)

1 1 1 1 1 1 1 1 0.27 0.27 0.27 749.5
2 1 1 1 −1 1 −1 −1 0.27 0.27 0.27 748.9
3 1 1 −1 1 −1 1 −1 0.27 0.27 0.27 758.3
4 1 1 −1 −1 −1 −1 1 0.27 0.27 0.27 758.7
5 1 −1 1 1 −1 −1 1 0.27 0.27 0.27 832.1
6 1 −1 1 −1 −1 1 −1 0.27 0.27 0.27 832.4
7 1 −1 −1 1 1 −1 −1 0.27 0.27 0.27 841.8
8 1 −1 −1 −1 1 1 1 0.27 0.27 0.27 841.3
9 1 1.215 0 0 0 0 0 0.746 −0.73 −0.73 729.3
10 1 −1.215 0 0 0 0 0 0.746 −0.73 −0.73 862.6
11 1 0 1.215 0 0 0 0 −0.73 0.746 −0.73 770.5
12 1 0 −1.215 0 0 0 0 −0.73 0.746 −0.73 821.7
13 1 0 0 1.215 0 0 0 −0.73 −0.73 0.746 782.4
14 1 0 0 −1.215 0 0 0 −0.73 −0.73 0.746 809.5
15 1 0 0 0 0 0 0 −0.73 −0.73 −0.73 796.2
Ai 15 10.952 10.952 10.952 8 8 8 4.361 4.361 4.361 −
Bi 11935.20 −494.20 −99.41 −32.53 0.00 0.00 0.20 −0.05 0.39 −0.05 −
ai 795.7 −45.12 −9.08 −2.97 0.00 0.00 0.03 −0.01 0.09 −0.01 −
Si − 22298.30 902.64 96.61 0.00 0.00 0.01 ≈ 0 0.04 ≈ 0 −
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Ta b l e 3. Significance test of the regression coefficients

x1 x2 x3 x1x2 x1x3 x2x3 x′
1 x′

2 x′
3

Si 22298.30 902.64 96.61 0.00 0.00 0.01 ≈ 0 0.04 ≈ 0
fi 1 1 1 1 1 1 1 1 1

Se 234.61
fe 5

F 475.22 19.24 2.06 0.00 0.00 0.0002 0.00 0.0009 0.00

F0.01(1, 5) = 16.26 F0.25(1, 5) = 1.69

Ta b l e 4. Comparison of the surface tension between the calculated value and the measured value

σ (mNm−1)
No. w (%) t (min) T (◦C) Deviation (%)

calculated measured

1 0.10 10 730 829.4 834.6 −0.6
2 0.20 8 746 812.7 816.4 −0.5
3 0.30 10 735 792.5 801.2 −1.1
4 0.35 9 721 787.3 784.7 0.3
5 0.40 12 735 770.8 778.1 −0.9
6 0.50 12 738 752.3 746.8 0.7

To ensure Eq. (2) is correctly given, there is a need
to carry out the significance test. The F test is used
to evaluate the significance of Eq. (2) and it can be
calculated according to Eq. (3):

F =
Su/fu
Se/fe

= 55.2 > F0.01(9, 5) = 10.2, (3)

where Su is the regression square sum, Se is the resid-
ual square sum, fu and fe are freedom degrees of Su
and Se, respectively.
The result of the F test shows that Eq. (2) is sig-

nificant at 0.01 level.
Similarly, the F test is used to determine whether

the regression coefficients of Eq. (2) are significant at
0.01 level. The calculated results of the F test for the
regression coefficients, as shown in Table 3, lead to the
following conclusions. The simple terms x1, x2, x3 are
significant at 0.01 level, and the interactive x1x2, x1x3,
x2x3 and the quadratic terms x′

1, x′
2, x′

3 are not sig-
nificant at 0.01 level. Moreover, the results in Table 3
show that the sequence of the significance of the re-
gression coefficients is x1 > x2 > x3. Therefore, ac-
cording to the orthogonal regression design method
and Eq. (1), the sequence that the quantity of the de-
gassing agent, the degassing time and the degassing
temperature affect the surface tension of the molten
Al-Si alloys can be also concluded. The surface ten-
sion is mainly affected by the quantity of the degass-
ing agent, the degassing time is not important, and

the degassing temperature has little influence on the
surface tension.
In Eq. (2), the constant term (b0 = 795.7) is very

close to the result of central experimental point (a0 =
796.2, which is shown in Table 2), which proves that
the linearity of Eq. (2) is satisfied.
Therefore, after the quadratic terms x′

i = x2i −0.73
are introduced into Eq. (2) and the insignificant terms
are neglected, according to Eq. (1) and Eq. (2), the
relation between the surface tension of the molten Al-
-Si alloys and these three factors can be expressed as
follows:

σ = 967.81− 180.94 · w − 1.81 · t − 0.14 · T, (4)

where σ is the surface tension of the molten Al-Si al-
loys, w is the quantity of the degassing agent, t is the
degassing time, and T is the degassing temperature.
To validate the correctness of Eq. (4), some ex-

periments on the eutectic Al-Si alloys have been per-
formed. When different degassing treatment is adop-
ted, the surface tension of the molten Al-Si alloys will
differ, and actual surface tension and the temperat-
ure are measured by RTW-04 Melt Physical Property
Analyzer. Also, the surface tension of the measured al-
loys can be calculated according to the quantity of the
degassing agent, the degassing time and the degass-
ing temperature. On the condition of different degass-
ing treatment, the measurement results and the devi-
ations between the calculated values and the measured
values are shown in Table 4. Small deviations (below
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±1.1 %) show that Eq. (4) is satisfied, and thus surface
tension of the molten Al-Si alloys can be calculated by
the sum of the different contributions from the quant-
ity of the degassing agent, the degassing time and the
degassing temperature.

4. Conclusions

In summary, the influence of the degassing agent,
the degassing time and the degassing temperature on
surface tension of the eutectic Al-Si alloys has been
studied and the conclusions are as follows:
1. Surface tension of the eutectic Al-Si alloys is

mainly affected by the quantity of the degassing agent,
the degassing time is not important, and the degassing
temperature has little influence on the surface tension.
2. Surface tension of the eutectic Al-Si alloys can

be calculated by the empirical equation σ = 967.81−
180.94 · w − 1.81 · t − 0.14 · T and the comparative
experiments show it is satisfied.

Acknowledgements

The authors would like to acknowledge Z. J. Liu, Q.
Sun, G. W. Gao, and G. Du for useful discussions and
experimental support. This work was supported by Na-
tional Natural Science Foundation of China (Grant No.
50174023).

References

[1] ANSON, J. P.—DREW, R. A. L.—GRUZLESKI, J.
E.: Metall. Mater. Trans. B, 30, 1999, p. 1027.

[2] BOCHNAK, R.: Kovove Mater., 27, 1989, p. 281.

[3] LALLEMAND, P.—LUO, L. S.—PENG, Y.: J. Com-
put. Phys., 226, 2007, p. 1367.

[4] HIBIYA, T.—NAKAMURA, S.—AZAMI, T.—MU-
KAI, K.: Trans. JWRI, 30, 2001, p. 207.

[5] MATSUURA, H.—TANIKAWA, T.—FURUKAWA,
H.: Jpn. J. Appl. Phys., 43, 2004, p. L602.

[6] LI, Z.—LI, Y.: Metall. Mater. Trans. A, 36, 2005, p.
2455.

[7] JIANG, H.—SOKOLOWSKI, J. H.—DJURDJEVIC,
M. B.—EVANS, W. J.: AFS Trans., 108, 2000, p. 505.

[8] EMADI, D.—GRUZLESKI, J. E.—TOGURI, J. M.:
Metall. Trans. B, 24B, 1993, p. 1055.

[9] GORDIENKO, Y. G.—ZASIMCHUK, E. E.—GON-
TAREVA, R. G.: J. Mater. Sci. Lett., 22, 2003, p. 241.

[10] SAKURAGI, T.: Int. J. Cast. Met. Res., 18, 2005, p.
202.

[11] SHIH, T. S.—WENG, K. Y.: Mater. Trans., 45, 2004,
p. 1858.

[12] XU, H.—JIAN, X.—MEEK, T. T.—HAN, Q.: Mater.
Lett., 58, 2004, p. 3669.

[13] LEE, W. B.—YEON, Y. M.—JUNG, S. B.: Mater.
Sci. Eng. A, 355, 2003, p. 154.

[14] KHORASANI, A. N.: AFS Trans., 103, 1995, p. 515.
[15] KOWALSKI, L.—KOREVAAR, B. M.—DUSZ-

CZYK, J.: J. Mater. Sci., 27, 1992, p. 2770.
[16] DINNIS, C. M.—DAHLE, A. K.—TAYLOR, J. A.

M.—OTTE, O.: Metall. Mater. Trans. A, 35, 2004,
p. 3531.

[17] REN, Y. P.—DING, H.—HAO, S. M.: J. Mater. Sci.
Lett., 22, 2003, p. 433.

[18] AHN, B.—NEWBERRY, A. P.—LAVERNIA, E. J.—
NUTT, S. R.: Mater. Sci. Eng. A, 463, 2007, p. 61.

[19] DAVIS, S. J.—MIODOWNIK, A. P.—WATTS, J. F.:
J. Mater. Sci., 30, 1995, p. 3811.

[20] FANG, K.—QIN, H.: Stat. Probabil. Lett., 61, 2003,
p. 215.

[21] XU, X.—WU, H.—DUAN, J.—WANG, F.—JIN, F.—
LEE, Z.: Appl. Surf. Sci., 218, 2003, p. 29.

[22] DU, Z.—YANG, J.—YAO, Z.—XU, B.: J. Mater. Pro-
cess. Technol., 129, 2002, p. 619.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


