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IV. INTRODUCTION

The effects of antimony upon the physical prop-
erties of aluminum and aluminum alloys are not generally
known. However, it has been believed that the effects are
detrimental. Small additions of antimony to aluminum-
magnesium alloys were used at one time. At that time, it
was clalmed that the formation of antimony oxychloride
caused good resistance to corrosion of these alloys, but
it has been proven that aluminum-magnesium alloys h=ve
good corrosion resistance without the antimony additions.
Additions of antimony are sometimes used in other alum-
inum alloys, but the reasons are seldom clear.

The main objective of the investigation was to be
a study of the physical properties of additions of 1% or
less antimony to aluminum. A survey of the literature for
an appropriate equilibrium dlagram was made. Upon dis-
covering that there were several dilagrams, none of which
agreed, it was thought that an accurate equilibrium
dlagram would be a valuable addition to the literature and
also would be necessary to the completion of the original
investigation.

Of the several dlagrams published, three are
reproduced in this report, shown in figures 1,2 and 3.
Those reproduced are the equilibriumldiagrams pgblished

by Dowdell, Jerabek, Fdrsyth, Green ; Mondolfo ; and in

3
the International Critical Tables . Of those published,
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the one by iondolfo, taken from data by Guerther and
Bergmann, Owen and Preston, and Dix and colleagues, is the
most explicit. It also 18 the only dlagram describing the
0-1% antimony region of the diagram to any great degree.

Mondolfoestates that the solid solubility of anti-
mony in aluminum is limited . It 1s less than 0.10% anti-
mony at the eutectic temperature 657°C(1215°F.). Aluminum
and antimony form a face-centered cubic compound SbAl. A
eutestic Al-SbAl exists at about 1.1% antimony-melting
point 657°C(1215°F.). Then the solidification temperature
rises until at 81.6% antimony it reaches 1050°C(1922°F.),
corresponding to the compound SbAl. From there on, the
freezing point drops until at 100% antimony it reaches
630°C(1166°F.), for the eutectic Sb-SbAl practically
corresponds to pure antimony.

The freezing point of pure aluminum is 1214.6°F‘.4
and Mondolfo states that two eutectics,0.10% antimony and
1.1% antimony, amelt at 1215°F. However possible, these
factes seecmed susplcious. Nor does this description explain
the shap® or position of the liquidus or solidus in the
necessary region of the diagram. Therefore, 1t could not
be used in any study of the physical properties of the
alloye investigated.

Consequently, it was deemed necessary to attempt to
construct a more accurate diagram for the region investi-

gated.



V. AJ INVESTIGATION OF THE EQUILIERIUM DIAGRAY

GENEPAL THEORY

Before outlining the speeific properties which
would tend to show what may be expected in the nature of
an equilibrium diagram for additions of antimony to
relatively pure aluminum, perhaps it would be well to
repeat a few general characteristics of all additions of
one metal to another to form alloys&.

From the standpoint of crystal structure, solid
solution alloys may be divided into two main classes,
called, substitutlional and interstitial types. The struc-
ture of any phade of the first may be viewed as though
derived from a lattice of one of the constituents by
replacing some of the atoms of this metal with atoms of the
alloying metal. Therefore, as the composition is varied
within the solubility limits of a given phase of a sub-
stitutional alloy, the variation takes place by'the replace-
ment of one kind of atom by the other. In interstitial
alloys, one or more of the econstituent atoms enter into the
interstitial positions Qf another metal.

Since only four interstitial atoms namely hydrogen,
carbon, nitrogen, and boron, are small enough to satisfy the
conditions of an interstitial alloyS, the requirements for
interstitial alloys will not be stated further.

Carape11a6 states that the extent to which atoms of
solute replace atoms of solvent on the solvent lattice is

terned solid solubility.
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Tne type of crystal structure influences this
fastor. Complete solid solubility can only be expected
with like crystal structure, provided all other factors
are favorable. Metals with other crystal structures can-
not form compiete s0lid solutions with the solvent, ftor,
by tneir very nature, they introduce at least one phase
to the system that is not of the same crystal structure as
the solvent.

unpre tne atomic sizes of the solvent and solute
metals difrer by less than 15%, the size factor is favor -
able 5’6. If tue aiirerences ot atomic sizes exceed this
1limit tne solubility ie restricted. In fact, the greater
the difference in size, the more restricted is the solu-
bility if other factors are equal. Solute atoms which
have atomic slzes just on the edage of tne tavorable zone
tend to give erratic results. Moreover, if the atomie
slzes differ by more than 8%, but still in the tavorable
zone, there is usually a mninimum in the liquidus curves
representing a definite tendency toward eutectic formation.

The more electropositive the solvent metal the more
eleetronegative the solute metal, or visa versa, the
greater the tenaency to restrict solid solubility and to
form intermetallic eompounds 6. The electronegative degree
of metals in the perodic system of chemlical compounds
increases from left to rignt in any period and bottom
to top in any group. That is, for wide ranges of com-

position, elements which alloy well lie near one another
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in the electromotive series as well as having nearly
equal. radii.

A general trend, where size factor is favorable,
is for solvent solutions to become more restricted as
the valencies become more unequalso Furthermore, the
more unequal the valency factor, the steeper is the drop
in both the liquidus and solidus curves.

As has been shown, erystallographie structure, size
fastor, the electronegative degree and the valencies of
the metals in the alloy each tend to influence the limit
of solid solubility, formation of intermetallic come
pounds and general shape of the liquidus and solidus in
the equilibrium dlagram.

Aluminum and antimony have very different crystal
strueture. Aluminum has a face-centered cubie lattice while
antimony has a rkombokhedral hexagonal. Thus aluminum and
antimony eannot have much solubility.

The atomie diameters of aluminum and antimony
vary by approximately 1%, antimony being slightly 1arger5.
This faector does not restrict solubility nor does it
eause a minimum in the liquidus curve.

Aluminum lies higher in the electromotive series
than antimony. In fact, in the formation of intermetalliec
eompounds, antimony is eonsidered electronegative and
aluminum olectroponitlvos. This fact would tend to prevent
801id solublility and eause the probabllity of the form-

ation of intermetallie eompounds.
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Aluminum kas a valence of three and antimony has
a valence of three, four, or five, although three generally
predominates. The fast that the valencies are generally
the same favors formation of solid solution. Furthermore,
this faet tends to flatten the liquidus and solidus curves.
Witk the foregoing facts in mind, a very restricted
region of solid solubility, one or more intermetallies
eompounds, and a gradual slope of 1iq uidus and solidus

eurves should be expected.
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MATERIALS AND APPARATUS

A Hosxins Furnace, Type FAl120, with a resistance
type heating coil, naving a capacity of 100 volts and 3.3
Amperes was used for melting the alloys. Tne aluwinum used
was from ingot 5 with impuritvies as snown in Tapbie L. Tne
antimony added to the alumirnum was listed as commercially
pure. Since only tenths of a percent were added, 1t was
thought that the small amounts of impurities would be
negligible. An iron-constantan thermocouple of 24 B%S
gauge wire was used, with melting ice in a vacuum flask
a8 a cold-junction. A Leeds and Northrup "K" type poten-
tiometer, with its galvanometer, light source and scale,
was used to take the temperature readings. These readings
were accurate to .01 mv. A single stop-watch was used
for reading time and when once started was allowed to run
to the completion of the test run. These time readings
were accurate to the nearest 5 sec.

The rate of heating or cooling was controlled
by the addition of external resistance and an ammeter
and voltmeter were added as shown in Fig. 4, to the
eircult to prevent overloading the furnace.

The melting was done in & sealed alundum thin

shell crucible, 1i"D X 4", as shown in Fig. 5.
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TABLE I

COMPOSITION OF ALUMINUM USED

(Analyzed By Spectrographic lietkhods)

Ingot# Cu 2Zn Fe N1
1 .01 trace .21 trace .002
2 " L] 015 " 1}
3 " " 14 "
4 " " .15 "
5 1] 11] .14 n
TABLE I

(By Percent)

¥g

St Mo Al
«13 trace balance
«12 n "
12 " "
.12 n 1]
14 " "

ALLOY COMPOSITIONS

Impurities Subtracted from Aluminum

%sb

.05
.10
«20
«30
«40
«50
«60
70
.80
«90
1.00
1.10

(By Weight)

Wt. AL
In Grams

85.0112
79 8475
88.3837
TT «8697
69.5252
877758
T70.6842
T76.2426
80.7050
861890
92.9969
74.0836

TABLE III

ZINC ANALYSIS

Insoluble
in H2SO4 -, «02%

Wt. Sb
In Grams

«0425
.1768
«2336
2771
«4389
4241
«5337
«6456
oTT57
«9300
«8149

As - 000001

Pb « 005
Fe « .003

Total - .028001
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THERMOCOUPLE CALIERATION

Before making any test runs for cooling curves,
it was necessary to calibrate the iron-constantan thermo-
couple.

The most lmportant temperature range for inves-
tigation of the alloys chosen was the range from 700°F.
to 1400°F. Therefore, zinc with a melting point of 787°F.
and pure aluminum with a melting point of 1214.6°F. were
chosen to calibrate the thermocouple. The zinc analysis
is shown in Table 3. The aluminum used was from ingot 5,
with an analyeis as shown in Table 1.

The cooling curves were made using the same pro-
ced ure as that described in the following section. The
results were as shown in Figures 6 and 7.

The thermocouple bead was covered with alundum
cement. This covering was made as thin as possible to
eliminate a ny hysteresis that might be caused by this
covering. The thermocouple, with the exception of this
bead, was covered with refractory tubing, commonly called
"gpagetti™, two inches beyond the furnace. The wires were
spread from there to the cold-junction to prevent any short
to the system.

From the results shown it was agreed that the thermo-
couple was acceurate within the probable error of the other
equipment, Which was less than .03%.

After calibrating the thermocouple, a heating and
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eooling eurve of the furnace were run. It was found that
when holding the voltage of the furnace at 73 volts the
temperaturs of 1000°F. could be held for an hour, once
the temperature was reached.

It was decided, therefore, when running a heating
curve, to maintain the voltage at 83-85 volts and when

running a cooling curve, to maintain 63-65 volts.
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23.24
23.13
22.96
22.90
22.88
22.87
22.855
22.85
22.83
22.76
22.70
22.60
22.505
22.405
22.305
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DATA FOR THERMOCOUPLE CALIBRATION

TABLE Data for the transformation of zine from
liquid to #0lid and solid to liquid. (Figure 6)

Cooling

Time

0'oo%
5" )
1050u
21 45"
3!45”
5 ] 45"
91 45M
18'20"
24'50"
27 ] 25"
29 lo"
30!0"
30 ] 50"
31 1 25M
32| O“

Time at
Temp.

55“
n

. 1'o"

2'o0"
4'0"
8 |35"
6'30"
2'35"
135
50"
35"
35"

22.45
22056
22.66
22.72
22.75
22.78
22.82
22.85
22.86
22.875
22.89
22.91
22.93
22.98
23.03
23.13
23.23

Heating

Time

0'00"
50"
1'45"
2' 45"
3!45"
4' 45”

6'5"
8'1s"
11'40"
20'15"
24! 15"
25'45"
26'15"
26's50"
'27”
28'12"
29! 2"
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TABLE V Data for the transformation of aluminum from
liquid to 80lid and solld %o ITquid. (Figure 17

Cooling Heating
Mv. Time Time at Mv. Time Time at
Temp. Temp.
37«50 30%10" 20" 35.50 36'35" 25"
37«45 30'30" 20" 35.55 36'45" 0"
37 40 30'50" 20" 35.60 37'15% 30"
37«35 31'10" 15" 35.65 37'40" 25"
37.30 31'25" 20" 35.70 38'o0" 20"
3T7.25 31'45% 20" 35.75 33'25" 25"
37.20 32'5" 15" 35.80 39'10" 4en
37«15 32'20" 20" 35.85 39'25" 15"
37.10 32 40" 20" 35.90 40'o0" 35%
3705 33'00" 15" 35.95 40'30" 30"
37 .00 331]16% 15" 36.00 41'20" 50"
36 .95 33'30" 30" 36.05 44'10" 2'50"
36.90 34'00" 15" 36.10 46'15" 2's"
36 .85 34'15" 5" 36.15 47135M 1'20"
36 .80 34130" 25" 36 .20 481450 1'io"
36475 34'55" 25" 36.25 50'30" 1'45"
3670 35'20" 350 36 .30 52'40" 2'10%
36465 35'55" 17'40" 36.35 s5'15" 2'35"
36 .60 53'35" 2'o" 36 .40 57'30" 2'15"
36455 55 35" 1'30" 36.45 GL'on 2'30"
36.50 575" 1'o" 36.50 62'15" 1'15"
36 .45 585" 1'10" 35.55 64'45" 2'30"
36.40 59'15" 50" 35.60 65'15" 30M
36435 60'5% 30" 36.65 75'15" 10'o"
36.30 60'35" 30" 36.70 76'0" 1'45"
36.25 51's" 30" 36.75 77'15" 25"
36 .20 61'35" 25" 36 .80 77'40% 25"
36.15 62'o" 25" 36.85 78's" og"
36.10 62'25" 20" 36 .50 78'30" o5n
36.05 62'45" 15" 36.95 78's5" 25"
36 .00 63'0" 15" 37.00 79'20" 20"
35.95 63'15" 15" 37.05 79'40" 25"
35.90 63'30" 15" 37.10 30's" 20"
35.85 63'45" 15" 37.15 80'25" 20"
35.80 64'0" 20" 37.20 80" 45" 15"
35.75 64'20" 15" 37.25 g1'o" 20"
35.70 64'35" 15" 37 .30 81'20% 15"
35.65 64'50" 15" 37.35 81'35" 20"
35.60 65'5"- o" 37 .40 81'55"% 20"
35.55 65'15" 0" 37 .45 g2'15" 20"
35.50 65'25% 10" 37 .50 82'35" 20"

35.45 65'35" 37.55 82's5"



22

PROCEDURE

The alloys used were made up on a welght percentage
basis as shown in Table 2. The metals were placed in the
erucible as shown in Fig.6. The erucible was covered with
an alundum cover, placed in the Ni-Chrome wire carrier and
the furnace sealed. After the metals had melted, the thermo-
ecouple was inserted, and the furnace resealed. The metal
mixture was superheated to ISOOOF. to assure as auch diff-
usion as possible. A cooling curve was then run on the alloy,
inserting a constant external resistance into the furnaee
e¢ireuit to cause the drop of any small increment of temp-
erature to take place over a reasonably long period of time.
After the cooling curve, a heating curve was run to determine
the amount of hysteresis. The thermocouple was then with-
drawn and the alloy allowed to c¢ool in air.

A heating and cooling curve were run on all alloys.
However, since there was suchkh little hysteresis and no
startling revelations other than that they paralleled one
another and the cooling curve had fewer unreasonable flu-

ctuations, the heating curves were omitted from the data.
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37.00
36.95
36.90
36.85
36.80
36.75
36.70
36.65
36 .60
36.55
36.50
36.45
36 .40
36.35
36.30
36.25
36.20
36.15
36.10
36.05
36.00
35.95
35.90
35.85
35.80
35475
35.70
35.65
35.60
35.55
35.50
35445

TABULATED DATA
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TABLE VI Data for the transformation of .05%

antImony in aluminum. (Figure B)

Cooling
Time

o'oo"
10"
20"
30"
40“

n

1'10"

11'20"
22'45"
27'15"
30'20"
33'0"

34'55"
36 1 15"
37'25"
38'10"
38'55"
39'30"
401154
40 \J 35"
41'10"
41'50"
42'55"
43 1 25"
431 45m
44!5"

441050
441 45
45 ] 5"

45'20"
45'35"
45'55"

1 ] 5"
30“

20 n
20 "
20"
20 "
1 5“
l 5 "

=
E

35.50
35.55
35.60
35.65
35.70
35.75
35.80
35.85
35.90
35.95
36.00
36.05
36.10
36.15
36.20
36.25
36.30
36.35
36.40
36 .45
36 .50
36.55
36 .60
36.65
36.70
36.75
36 .80
36 .85
36.90
36 .95
37.00

Heating
Time

9'00"
9!20N
9'40"
10'o"
10'20"
10'45"
11'10"
11i35N
11'55"%
12'20"
12!50"
13'30“
14 25"
15I35“
17'30"
20'o"
21'15"
23!0"
24 ' 45"
26' 45"
29'35"
33!20N
4y 4ysn
49'40
50!45"
51'35N
52130n
53'15"
54'0“
54l50"
55'30"

H
@
=
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TABLE VII Data for the transformation of IOp
antlimony 1n alumlnum. {Flgure 9]

Cooling Heating
Mv. Time Time at Mv. Time Time a
Temp. Temp.
37.00 o'oo" 20" 35.85 o'oo" 1's"
36.95 20" 25" 35.90 1'5!! 1!15"
36.90 4gn 25" 35.95 2'20" 1'o"
36.85 1'10" 25" 36 .00 320" so"
ere nEom e DR o
L) 2 2 . 3
36.70 2'25"" as" 35.15 5's5" 1'15"
%8 Saae 2 050 TiRn 33w
L] 2 L]

36.55 340" 25" 36.30 9'55" 2'15"
36.50 Lrgn o5" 36.35 12'10" 3155
36.45 41300 35" 36 .40 16's" 350"
36 .40 5's" 55" 36.45 19's55" 455"
36.35 6:0”" 30:30: 32.50 24:50: 3'5:
20 W3 3 J6.20  oBddn  aon
36.20 41'35" 1'20" 36.65 29'10" 35"
36.15 43'15" 1'10" 36.70 29'45" is"
36.10 440" 1'15" 36.75 30'0" 15"
36.05  45'15" 350 36.80  30'15" 35%
36 .00 ﬁg:so: 30: 36.85 30:50: 35:
32:30  4gream 2om 00 Imon R
35.85 47 20" 25" 37.00 32'30" 30"
35.80 47'45" 30" 37.05 33'0"
35.75 48'15" 30"
35.70 48 45"




37.50
37 .45
37 .40
37.35
3730
37.25
37.20
37.15
37.10
37.05
37.00
36.95
36.90
36.85
36.80
36.75
36.70
36.65
36.60
36.55
36 50
36 .50
36 .45
36 .40
36.35
36.30
36.25
36.20
36.15
36.10
36 .05
36.00
35.95
35.90
35.85
35.80
35.75
35.70
35.65
35.60
35.55
35.50

TABLE VIII
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Data for the transformation of .20%

antimony in aluminum. (Figure 10)

Cooling

Time

o'oo"
1'o"
2'10"
310"

Time at
Temp.

1!0"
1 ] loll

(¢

B

22“
18"
20"
15'!

35.50
55.55
35.60
35.65
35.70
3575
35.80
35.85
35.90
35.95
36 -OO
36.05
36.10
36.15
36.20
36.25
36030
36435
36.40
36 .45
36050
36.50
3655
36.60
36.65
36.70
36.75
36.80
36.85
36.90
36.95
37.00
37.05
37.10
37.15
37.20
37 .25
37.30
3735
37 .40
37 .45
37.50

Heating

Tice

2'7“
2'22"
2'42"
2'60"
3 ' 22"
3!40"
357"
4!30"
5!10"
5'ss"
6 ' 55"
8 ! 5"
9'0"
9 '40“
ll 1 5"
12'30"
14'15"
16'45"
17' 30"
20'0"
30 ' 50"
30 1 50"
34'10"
351 20"
35'55"
36 U 15"
37!0"
37|40"
38'20"
39!0“
39'50"
40'30"
41'30"
42'10"
42' 50"
431350
441 30"
45 ] 25"
46'0"
46" 50"
48'0"
49!0"




26

TABLE IX Data for the transformation of BOp
antimonx in aluminum. (Flgure 117

Cooling ' Heating
Mv. Time Time at Mv. Time Time at_
Temg. Temp.
37.00 o'oo" 15" 35,50 1'15" 10"
36.95 15" 20" 35.55 1'25" 10"
36.90 35" 25" 35.60 1'35% 10"
36.85 1'o" 30" 35.65 1'45" 15"
32.80 1:30: 25: 35.70 2:0"" 15:
R
36.65 310M 1'o" 35.85 2's50" 40"
36.60 40M 310" 35:90 3130% 40"
36.55 7'o" 321'10% 35.95 410" 1'o"
36.50 39'10" 13'20" 36.00 510" 35N
36.45 52'30" 4oM 36.05 5'45 50"
36.40 56 '30" 1'30" 36.10 6'35" 1'15"
e zoL na g onwr b
36.25  59'40" 50" 36.25  10'25" 1'50"
36.20 60'39' 35N 36.30 12'15" 2'15"
36.15 61'5 40" 36.35 14'30" 2'55M
36.10 61454 40" 36.40 17'25" 3120%
36.05 62'25" 5" 36.45 20'45" 3'35"
36.00 62'50: 25" 36.50 24 120" 2130
35.95 63'15 1'a25" 36.55 26'50" 3'00"%
35,90 64 ' 40" 25" 36.60 29 ' 50" 140"
35.85 65'5" o5" 36.65 31'30" 2'00"
35.80 65'30" 25" 36.70 33 130" 50"
2poeE & BB LR %
. . ! 25
2.6 e 20w % e L
35.55 67 '45" 20" 36.95  36'50" 30"

35.50 68's" 37 .00 37'20"
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TABLE X Data for the transformation of .40%

antimony in aluminum. (Figure 12)
Cooling Heating
Mv. Time Time at Mv. " Time Time at
Temp. Temg.
37«25 o'oo" 30" 35,50 1'20" 10"
37.20 30" 25" 35.55 ll 30N 30"
37.15 55" a5" 35,60 2'00" 10"
37.10 1'20" 364 35.65 2'10" 15"
37.05 1's55" 35" 35,70 2'a5" 20"
37.00 2'25" 30" 35.75 2'45" 15"
36495 2'50" 25" 35.80 3'oo" 25"
36.90 310" 20" 35.85 3'25" 30"
36.85 3 130" 20" 35,90 3's5" 35"
36.80 40" 30" 35.95 4'30" 1'15"
36.75 4'20" 20" 36.00 5'45" 1'35"
36.70 4'g5h 35N 36.05 7'20" 2'10"
36.65 5'15" 20" 36.10 9!30" 2'00"
36.60 5'4Q" 3100" 36.15 11'30 1'20"
36.55 8'40" 300" 36.20 12's0" 1'30"
36450 11 40" 19'20" 36.25 14'20" 1'45"
36.45 31'00" 4rgn 36.30 16's" 2'10"
36.40 35'5" 1's0" 36.35 18'15" 2'35"
36435 36'55" 1'5" 36.40 20'50" 3'10"
36430 38'00" 40" 36.45 24'00" 31 4cH
36.25 38' 40" 50" 36450 27'45" 3'15"
3620 39130" 30" 36.55 31'o00" 2'oo"
36.15 40'00" 30" 36 .60 33'00" 1'50"
36.10 40'30" 25" 36.65 34' 50" 1'35"
36.05 40's5" 1'o0o" 36.70 36'25" 1'35"
36,00 41'55" 25" 36.75 38'00" 1'10"
35.95 42'20" 20" 36.80 39'10" 1'15"
35.90 4o 40" 20" 3685 40' 25" 1's"
35,85 43100" 20" 36.90 41'30" 1's"
35,80 43120" 36.95 42'35" 1'10"
37.00 43' 45" 45"
37.05 , 44'30" 45
37.10 45'15" 45"
37.15 46000" 45"
37.20 46" 45" 35"
37 .25 47 ] 20" 25"
37 .30 47 40" 10"

3735 47'50"
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TABLE XI Data for the transformation of 50%
aanmony in"aTumInum. (FIgure 13)

Cooling Heating
Mv. Time Time at Mv. Time Time at
Temp. Temp.
37.50 o'oo" 10" 35.50 0'oo" 15"
37445 10" 15" 35455 15" 15"
37.40 25" 15" 35.60 30" 10"
37.35 40" 15" 35.65 40" 15"
37.30 55" 15" 35.70 s5" 20"
37.25 1'10" 20" 35.75 1'15" 20"
37 .20 1'30" 20" 35.80 1'35" 30"
37.15 1's50" 20" 35.85 2's" 4s"
37.10 2'10" 15" 35.90 2's0" 1'io0"
37.05 2'a25" 25" 35.95 4'0" 1'30"
37.00 2's0" 20" 36.00 5'30" 45"
36.95 3'10" 20" 36.05 6'15" 20"
36.90 3'30" 30" 36.10 6'35" 1'o"
36.85 4'o" 35" 36.15 7'35" 2's"
36.80 4'35" 50" 36.20 9'40" 1'55"
36.75 5'25" 1'15" 36.25 11'35" 2'30"
36.70 6'40" 2'10" 36.30 14'5" 2'40"
36.65 8'so" 13'25" 36435 16' 45" 3'o"
36.60 22'15" 14'5 36.40 19'45" 3'20"
36.55 36'20" 3'10" 36.45 23's" 4's50"
36.50 39'30" 2'20" 36450 27'55" 8!50"
36 .45 41's0" 1'45" 36.55 36'45" 7'15"
36 .40 3'35" 1'10" 36 .60 44'0" 2'20"
36.35 4445 55" 36.65 46'20" 45"
36430 45'40" 55" 36.70 45" 55"
36.25 46'35" 25" 36.75 48'o0" 1'o"
36.20 470" 35" 36.80 49'0" 1'o"
36.15 47'35" 30" 36.85 50°'0" 1'10"
36.10 48's" 30" 36.90 51'10" 1'15"
36.05 48'35" 30" 36495 52'25" 1'10"
36.00 4g9's" 25" 37.00 53'35" 1'10"
35495 49'30" 30" 37.05 54 45" 1'40"
35.90 50'0" 30" 37.10 56'25" 1'10"
35.85 50'30" so" 37.15 57'35" 1'25"
35.80 51'20" 25" 37 .20 59'0" 1'15"
35.75 51'45" 20" 37.25 60'15" 45"
35.70 52's5" 15" 37430 61'o" 30"
35.65 52'20" 15" 3735 61'30" 15"
35.60 52'35" 15" 37.40 61'45" 10"
35455 52'50" 15" 37«45 61's55" 10"

35.50 53'5" 37.50 62's"



37.50
37 «45
37 .40
3735
37.30
3T.25
37.20
3715
37.10
37.05
37.00
36.95
36.90
36.85
36.80
36.75
36.70
36.65
36 .60
36.55
36.50
36 .45
36 .40
36435
36.30
36425
36.20
36.15
36.10
36.05
36 .00
35495
35.90
35.85
35.80
35.75
35.70
35.65
35.60
35.55
35.50

29

TABLE XII Data for the transformation of .60%

antimony in aluminum. (Figure 14)

Cooling

Time

0'00"
10"
25"
40"

1 'ON

1'20"

1'45"

2'10"

2 l}on

2 ' 55“

3 I25|l

350"

410"

4!45"

5 ! lo"

545"

6'20"

9 lson

26 145"
37 '10“
41'10"
44'10"
46 ' 20"
48 ] 20"
49 '25"
50'15"
51!0“

51'40%
52 ' 15"
52's0"
53'20"
54!0"

54!45"
55'20"
55'45"
56'15%
56 ' 40"
57’00"
57'15"
57 130"
57 '45"

36 oOO
36.05
36.10
36.15
36 .20
36.25
36.30
36.35
36 .40
36 .45
36.+50
36.55
36.60
36.65
36.70
36.75
36.80
36.85
36.90
36.95
37.00
37.05
37.10
37.15
37 .20
3725
3730
3735
37 .40
37 .45
37.50

Heating

Time

0'oo"
1!5"
2!15“
420"
7 lon
8'45“
10'45"
12'15"
14'15"
17!30“
20'40"
25' 55"
31|50N
38!30"
41'10"
42'35M
44'15"
45'30"
46'30"
47 ' 50“
43'50"
20'5"
21'10"
21'45"
22'0"
22'10"
22'20"
22'30"
22' 40"
22'50"
23 ' 5"




=
E

37 .50
37 .45
37.40
3735
37«30
3725
37.20
37.15
37.10
37.05
37.00
36.95
3690
36.85
36 .80
36.75
36.70
36.65
36.60
3655
36.50
36 .45
36 .40
36435
36430
36425
36.20
36415
36.10
36.05
36.00
35.95
35.90
35.85
35.80
35.75
35.70
35.65
35.60
35.55
35.50
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TABLE XIII Data for the transformation of .70ﬁ

antimony in aluminum. (Figure 15)

Cooling
Time

4 ] 25"
4 40"
5 ! lo“
515"
5'35"
6 35"
6'20"
6' 40"
6 l55"
7'15"
7 I35"
7'55"
8'20"
8' 40"
9 |5'I
9 |40"
10'10"
10'20"
10's0"
11 '15"
11'40"
12'10"
13'20"
15'10"
23'o"
42 '5"
46'35"
49 ' 40"
52'15"
53'45"
54'55"
56'5"
56|50“
57'30"
58 loﬂ
58'30"
59 Ioll
59'20"
59! 45"
60'20"
61'35"

Mve.

35.50
35.55
35.60
35.65
35.70
35.75
35.80
35.85
35.90
35.95
36.00
36.05
36.10
36.15
36-20
36.25
36 .30
36.35
36 .40
36.45
36.50
36.55
36.60
36.65
36.70
36.75
36.80
36.85
36.90
36.95
37.00
37.05
37.10
37.15
37.20
3725
3730
37.35
37.40
3T.45
37.50

Heating
Time

0'00"
10"
20"
30“
55"

1'40"

2'45"

425"

9 !O"

10'45"
12| 55“
15'20"
20'15"
23'25"
26 '00"
26'25"
33 '40"
43!5()!'
45'10"
45'50"
47'00"
48'00"
49'30"
50'15"
51'30"
52!30"
53'00"
53'25"
53'50"
54'00"
54'10"
54'20"
54'30"
541 40"
54' 50"
55!00“
55 ] 10“
551 25"
55'35"
55'50"
56 '00"
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TABLE XIV Data for the transformastion of .80%
antimony in alumInum. (Filgure }9)

Coollng Heating
Mv. Time Time at Mv. Time Time at
Temp. Temp.
37.50 gris" 20" 35.50 0'oo" 25"
. ] L] "
s SR 20" 28 2 Jon
37 .35 9:252 25" 35.65 1720" 30"
. | ] " "
3735 10130m 2o 275 Baov dgm
37.20  10'40" o5 35.80 250" 35M
37.15  11's" 25" 35.85 315" 45"
37,10  11'30" 25M 35.90 4'10" 1'00"
37.05 11'55" 25" 35,95 5'10" 1'10"
3700 12'20" 30: 36.00 6'30" 1'20"
36495 12's50" 25 36.05 7's0" 2'30"
36.90 13'15" 25" 36410 10'20" 2'00"
36.85 13'40" 30" 36415 12'20" 1's0"
36480 14'10" 30" 36420 14'10" 1'55"
36475 14'40" Ao: 36.25 16'5" 2'10"
36.70 15‘20: 5§ . 36.30 18'1s" - 2'30M
36.65 16:15“ 1 4; 36.35 20 45" 330"
e o yehuan s Sgioon  ereow
36 .50 36'45x 11'00: 36:50 351 50" 6'35"
gg.ﬁg 47:45" 3:35“ 36455 42:253 2'5:
36035 23'50n Pt Y 4o aom 2o
.25 e LY ors  dgvar  1iaw
36.20  56'30" 40" 36.80 49'25"  1'0Q"
36.15 57'10" 30" 36.85 50' 25" 1'10"
36.10 57! 400 35" 36.90 51'35" 1'1s"
36.05 58 15" 25" 36495 52'50" 1'10"
36.00 58'49 25" 37.00 54'00" 1'15"
35495 59'5 . 25" 37.05 55'15" 1'10"
35.90 59'30" 25" 37.10 56 ' 25" 1'20"
35.85  59's5" 30 37.15 S7iash 1'15M
35.80 60'25 1'15" 37.20 59'00" 1'10
gs.7g 21:403 103 37.25 go:lo: 1o:
2E 8% B IR o’m I
35.60 62'3Q" 15" 37 o 40 60" 40" 15"
35.55 62'45" 15" 37 .45 60'55" 10"

35.50 63 'oo" 37.50 61's"
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TABLE XV Data for the transformation of .90%
antimonz in aluminum. (Figure 17)

Cooling Heating
Mv. Time %me At Mv. Time
emp.

37 .50 6's" 254 35.50 o'oo"
37 .45 6'30" 25" 35.55 10"

37 .40 6'55" 20" 35.60 30"

3T7.35 7'15" 25" 35.65 55"

3730 7'40" 25" 35.70 1'30"
37.25 8's" 25" 35.75 3'5"

37 .20 8'30" 25" 35.80 4'50"
3715 8's55" 25" 35.85 6'30"
37.10 9'20" 25" 35.90 7'55"
37.05 9'45" 25" 35.95 9'25"
37 .00 10'10" . 25" 3%6.00 11'o00"
36.95 10'35" 30" 36.05 13's"

36.90 11's" 25" 36.10 16'35"
36.85 11'30" 25" 36.15 21'20"
36 .80 11'55" 254 36.20 28'00"
36.75 12'20" o5" 36.25 33'25"
3670 12'45" 25" 36.30 37'25"
36.65 13'10" 25" 36 .35 38'30"
36.60 13'35" 5" 36.40 39'30"
36.55  14'0" 25" 36.45  40'00"
36 .50 14'25" 30" 36.50 40'50"
36.45 14'50" 45" 36.55 41 40"
36.40 15'40" 1'50" 26.60 42'30"
36 .35 17'30" 2'so" 36 .65 43 o5%
36.30 20'20" 2'30% 36.70 4iyrsn

36.25 33'10" 9'55" 36.75 45'00"
36,20 41 's50" 8'40" 36 .80 45'35"
36.15 46 '35% 445" 36.85 45'50%
36.10 49 '50" 3'15" 36.90 46's"

36.05 52'30" 2'40" 36.95 461 20"
36.00 54 140" 2'10" 37 .00 46'35"
35.95 57'o" 2'20" 37 .05 46'55"
35.90 59'15" 2'15" 37 .10 47'05"
35.85 61'25% 2'10" 37.15 47'15"
35.80 63's" 40" 37 .20 47'25"
35.75 64'15" 1'io" 37 .25 47'30%
35.70 65's" 50" 37 «30 47'40"
35.65 65 "'s0" 45" 3T7.35 47'50"
35.60 66'25" 35" 37 .40 48'oo"
35.55 67 '0" 35" 37 .45 48'15"
35.50 67'35" 37.50 48'z25"




3T7.50
3745
37«40
3T 35
3730
37.25
37.20
37.15
37.10
37.05
37.00
36 .95
36.90
36.85
36.80
36.75
36.70
36.65
36.60
36.55
36.50
36.45
36.40
36435
36.30
36425
36.20
36.15
36.10
36.05
36.00
35.95
35490
35.85
35.80
35.7T5
35.70
35.65
35.60
3555
35450
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TABLE XVI Data for the transformation of 1.00%

antimony in aluminum. (Figure 1¢)

Cooling

Mve.

35.50
35.55
35.60
35.65
35470
35.75
35.80
35.85
35.90
35.95
36.00
36.05
36.10
36.15
36.20
36.25
36.30
36 .35
36 .40
36.45
36.50
36.55
36.60
36 .65
36470
36.75
36.80
36.85
36.90
36.95
37.00
37.05
37.10
37.15
37 .20
3T .25
3730
3735
37 «40
37 +45
37.50

Heating

Time

0'oo"
10"
20"
35"
1]
1 770"
1 1 25"
1!50"
2'20"
3!00“
3'55"
5 ! lo"
6 ! 25"
7'40"
9 ! 10"
10'55"
13'00"
16'00"
19 ' 40"
25'o0"
31'00"
34! 5“
35 ] 20“
36 ! 15“
37 110“
38 loll
39 ' loll
39'55"
40" 45"
41'30"
421 25"
43' 20"
44'00"
44" 50"
451 35"
46" 25"
47 |15"
48!5"
48 ! 55“
49'35"
50'20"
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TABLE XVIII Data for the transformation of 1.10%
an monx in zluwminum. (FIgure“I9Y

Cooling Heating
Mv. Time Time at Mv. Time Time at
Temp. Temp.
36.65 o'oo" 10" 35.50
36.60 o" 30" 35.55 o'oo" 1'10"
36.55 40" 1'20" 35.60 1'10" 1's"®
36.50 2'o" 3'30“ 35.65 2'15" 1'o%
36.45 5'30" 3's55" 35.70 3'15" 1's5"
36.40 9'aos" 3'15" 35.75 420" 1's5"
36.35 12'40" 3'10" 35.80 5'as5" 1'15"
36.30 15's50" 2'15" 35.85 6'40" 1'10%
36.25 18's" 310" 35.90 7'50" 1'25"
36.20 21'15" 2'45" 35.95 9'is" 1'20"
36.15 24'0" 2'45" 36.00 10'35" 145"
36.10 26 '45" 2'35" 36.05 12'20" 1'so"
36.05 29'20" 2's" 36.10 14'10" 2'10"
26.00 31'25" 1'25" 36.15 16'20" 2'20"
35.95 32's50" 1'o" 36420 18'40" 3'30"
35.90 33'50" 55" 36.25 22'10" 3'25"
35.85 34145 55" 36.30 25'35" 5'20"
35.80 35'40" 50" 36.35 30'55" 3'20"
35.75 36 '30" 40" 36.40 34'15" 3'55"
35.70 37'10" 35" 36.45 38'10" 2'25"
35.65 37'45" 30" 36.50 40'35" 1'25"
35.60 . 38'15" 40" 36.55 42'o" 1's"
35.55 38'55" 25" 36.60 435" 1'o"
35.50 39'20" 36.65 445" 40"
36.70 44 50" 35"
36.75 45' 25" 35"
36.80 46'00" 25"
36.85  46'25" 10"
36.90 46'35" 0"
36.95 46" 45" 10"

37 .00 46'55"
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DISCUSSION

From the flat portlions of the preceeding curves,
whiekh indieates the beginning of solidification upon
e¢ooling, it appears that the liquidus falls to a min-
imum at 3% antimony, from which the liquidus rises to
a maximum at .6% antimony and then drops to another min-
imum at 9% antimony and then rises once more. This would
tend to show the formation of eutectics at «3% and .9%
antimony and the formation of an intermetallie com-
pound at .64 antimonye.

The solidus eurve, shown by the very slight
break in the cooling eurves at approximately 1200°F.,
shows eonasiderable fluctuation which 1is notoriously
true of most attempts to show a solidus by thermal
measurements.

It was found that to assure good diffusion of
the antimony, the melt had to be superheated. This
diffieulty was also experienced by Dix, Keller, and
Willey.

Further discussion of the eooling curves will
be made at the end of the section where an attempt will
ﬁo made to correlate these curves with the micro-

strusture.
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VI. THE MICROSTRUCTIU'RE OF THE ALIOYS

GCENERAL THEORY

7
According to Dix, Keller and Willey the solid

solubility of antimony in aluminum appears to be less
than 0.10 per cent. Microscoplec examination of this alloy
showed particles of AlSb constituent out of solution.

These authors found that upon additions of higher
percents of antimony, it wgs found that the eutectic con-
centration was approximately 1.1 per cent antimony. Although,
at eoneentrations which should produce a eutectic both pri-
mary aluminum and primary Al1Sb occurred in the same field.

Since the metals used in this experiment were not
pure, the microstructures were expected to be somewhat

complex.,
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PROCEDURZ

Samples were cut from the bottom portion of the
air sooled ingots used for the cooling curves. These
vere tiléd flat, ground on a belt grinder, and polished
succeesively on §1 paper, #0 paper, 320 wet wheel, 520
wet wheel and levigated aluaina wet wheel. All finish
polishing was done with re-levigated alumina on blllé
iard eloth. A magnesia paste on a2 8ilk wheel was at-
tempted but apparently the base wheel was of the wrong
eomposition since the samples became badly ceorrodead.

The samples were etched in a 10 percent KaCH
solution at 160°F. for S seeconds and then examined

before being photographed.



MICROSTRUCTURE OF THE ALLOYS

"PHOTO #2 - miecro-
strueture of .05%
antimony alloy
showing apparent

incregse in boundary
250X

eutectic.

PHOTO #1 - Showing
microstructure of alum-
inum- 0% antimony.
Fe,Al7 present at upper
right, FeSiAlg at grain
boundary with eutectiec
Al-Si. 250X

Cagl S
‘-:;-\o,_ 5

PHOTO #3 - micro-
structure of .1% anti-
mony alloy showing
apparent disappearance
of majority of boundary
eonstituents. 250X



51

PHOTO #5 - Micro-
structure of alloy
containing .3%
antimony. 250X

PHOTO #4 - Micro--
structure of alloy
eontaining .2% anti-
mony. Two phases present
but little eutectic.
Predominantly impurity
phases. 250X

‘m"
2, 4 g
fo’a#“ 7 5
%,
.
e
p ’/ o .
5 2 or
v@' e

PHOTO #6 - Same as 5.
Showing appearance of
different phase (dark
gray) lower left of
photo. 500X
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PHOTO #8. Same as 7.
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