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ABSTRACT

The physical, mechanical properties and microstructures of three 2618 Aluminum alloys containing less than

0.046 wt. —% mischmetal have been studied.It has been shown that the trace mischmetal has no obvious influ-

ence on the physical properties of the alloy, but can clearly improve plasticity and toughness, and slightly raise

the thermal stability.
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1 INTRODUCTION

The 2618 aluminum alloy, a typical heat-
stable wrought aluminum alloy, is an impor-
tant material for plane turbine vanes and other
heat-stable parts. With the developement of
supersonic planes, it is urgent that the plate
material for plane cover can work at 120 C for
long period of time. One way to achieve this is
to improve the plasticity and thermal stability
of the 2618 aluminum alloy'"). Rare earth ele-
ments (Nd, Y, La, Ce, etc.) can improve the
cdsting, corrosion-resistance and thermal sta-
bfﬁty of magnesium alloys for aircrafts, can al-
so improve the melting quality and fine grains
and be beneficial to the heat processing of al-
uminum alloys. There are many electrolytic al-
uminum factories that produce rare earth alu-
minum ingots. It is very difficut to prevent rare
earth elements from entering 2618 alloy during
its production. It is of concern that what ef-
fects the rare earths may have on the micros-
tructure and properties of the alloy. This prob-
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lem was of great practical and theoretical im-
portance.

2 EXPERIMENTAL AND RESULTS
2.1 Samples Preparation

The compositions of the samples are listed
in Table 1.
Table 1 The compositions of the samples / wt. ~%

NO RE' Cu Mg Fe N Ma T oher Al

Cl 0004 227 LS8 110 100 <02 <01 <005 bal
€2 0019 198 165 L9 105 <02 <01 <005 bal
C3 0046 198 L7 119 105 <02 <01 <005 bal

Mischmetal composed of Ce( 45%), La(x 30%) is
added in the form of intermediate alloys.

The C1 alloy was an ingot from the work-
shop, and C2 and C3 were ingots with 172 mm
prepared by semi-continuous casting.

The process and heat-treatment condi-
tions of the three kinds of samples were alike.
They were. homogenized at 500+ 5 C for 10
h, extruded into bars with dia. 25 mm at 450
T, water-quenched after heating at 530+ 5 C
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for 90 min, and aged at 185+ 5 C for 8 h.
2.2 Test of Physical Properties

The melting temperature (error + 0.5 C)
and thermal expansion coefficient were measu-
red with a Japan Ricon Thermal Analysis Sta-
tion. The thermal conductivity(error £ 0.5 %)
was measured using a JR—2 laser pulse thermal
conductivity instrument, and electrical conduc-
tivity (error+ 1 %) was measured by an eddy-
ing conductivity gauge. Table 2 shows the re-
sults.

Table 2. The results of the typical physical properties

./ w I I
N €® X 107K W KT wiAcs®
CI eas~60s 27 54 30
@ sses~en 21 133 238
=6 24 137 318

@ T,,—melting point; @ a—thermal expansion coefficient at
25T @y—thermal
ductivity at 25 T

at 25 T; @o—electric con-

2.3 Test of Mechanical Properties

Some routine mechanical properties were
measured at room temperature by a WD—10A
Electronic Tensile Machine. The results are
listed in Table 3 (error + 1 %).

Table 3 Routine mechanical properties at room temp.

ples. For the tensile-compressive test, loading
frequency was 120 N / min a.ndvlhe stress va-
lue was the 6;, of each group of samples res-
pectively (see Table 5).

According to reference [3], the logarithm
of tensile-compressive fatigue life conforms to
a normal distribution when the cycling number
is below 10°. The results of each fatigue life Ny
and mean fatigue life N,, where

N=LIN, logN, = ZlogN,
are listed in Table 5.

The instantaneous tensile properties of the
alloy at elevated temperatures are listed in Table
6. .

Tabled The results of o, agy and Kyc
NO o,/ MPa

agy/ 3 em?  Kyc/MPa-m'’?

c 2293 2.5 26
2 2316 23 250
<3 2413 306 251

Table 5 Results of fatigue life

= rotating tensile-compressive
N, Ny N, Ne

Cl 879x10° 3.19x10° 34539 34002

€2 9.17x10° 9.00x10°

€3 1.06x10° 1.05x10° 40371 37391

Table 6 Instantaneous tensile properties of the alloys at
elevated temperature

NO _ o,/MPa o,,/MPs_ 4/% HB/SI0/500 E/GPa

c . 21 146 2 “
@ 305 27 26 165 o
=) 01 269 22 168 o

The shearing strength o, shock toughness
agy and - fracture toughness are shown in
Table 4, where K, was determined using cir-
cular notched sa.mplesm.

Using comparing tests, the rotating fati-
gue life and tensile-compressive fatigue life
were measured respectively according to HB
5152-80.

Both tests were carried out at room tem-
perature and R=—1. For the rotating fatigue
test, revolution rate was 3,000 r / min and the
stress value 180 MPa for each group of sam-

50T 00T 20T

NO o/ e/ 8/ of e/ 8/ of ou/ 3/

MPa MPa % MPa MPa % MPa MPa %

Cl 387 2007 181 3243 413 174 223 283 107
2 3607 2350 263 373 287 27 2513 WIS
C3 3517 203 252 347 2133 237 2517 2190 141

The creep and endurance properties of C2
alloy were measured at 200+ 3 T for100 h.

For the creep, vﬁ?/ 100=166.5 MPa when
using the regression.method; or 167 Mpa when
using the logarithm diagramming method. The
creep limit range was 166~ 167 MPa.

For the endurance, ojgy= 199 MPa when us-
ing the regression method, or 190~ 195 MPa

when using the logarithm diagramming me-~

thod. Thus, the endurance of C2 alloy was



- 64 - TRANSACTIONS OF NFsoc

November 1992

between 190~ 195 MPa.

The composition and microstructure of
the phase containing rare earth elements were
analyzed with a H—800 type TEM. Table 7 in-
dicates the compositions of rare earth com-
pounds and Fig. 1 shows the TEM microgra-
phs of C3 alloy, where the phase dispersion-
distributed at the boundary and in the grain is
the rare earth compound.

Table 7 The compositions of R.E. compound / wt. ~%

Element Mg Al Si_ Ca La Ce Fe Ni Cu
Phase 1.29 76.86 0.14 072 0.07 003 835 938 3.16
Phasel 047 8791 — = = 027 170 201 7.57

3 DISCUSSION

With the increasing of mischmetal con-
tent, the difference in melting temperature is
less than 5 C ; the thermal expansion coeffi-
cient increases a bit; the thermal conductivity

reason why the electrical conductivity decrea-
ses slightly is that the heat-resisting strengthen-
ing phase FeNiAly is distributed more dis-
persively in the grains and at the boundary be-
cause of the effect of rare earth elements.

An alloy containing less than 0.005 wt. —%
rare earth elements is considered to be without
them during production. So, C1 alloy is con-
sidered an alloy without rare earth elements. It
can be seen from Table 3 that, after adding ra-
re earth elements. to C2 and C3 alloys, their
standard mechanical properties @y, 7, and
HB at room temperature decrease, but their
plasticity 6 obviously improves. It is worth no-
ting (see Table 4) that, with the increasing of
mischmetal content, shearing strength o, sho-
ck toughness agy and fracture toughness of
the alloys increase. The above results show
that trace mischmetal can improve the plastici-

changes little; and the electrical ductivity
decreases slightly. 3

Among the above four physical proper-
ties, because the sample for melting tempera-
ture test is small (10 g), and the composition
deviation is inevitable, the melting temperature
shows a little fluctuation. Although the ther-
mal expansion coefficient increases slightly, it
still conforms to international standards'. The

(a)

ty and of the 2618 alloy, which is
favourable for its processing and service.

With reference to Table 5, rare earth ele-
ments has improved the fatigue which can be
withstood by the alloy property at room tem-
perature, which is closely related to its tough-
ness. The improvement in the tolerance of fa-
tigue is significant for aircraft materials.

The strength of C1 is better than those of

(b)

Fig.1 TEM R.E. compound di:

at boundary (left) and in grain (right)
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C2 and C3, but g, and a,, of C2 and C3 are
nearly the same as or better than those of C1
at 150, 200 and 250 C. At the same time, their
4 value remains rather high (Table 6).

The creep limit and endurance of C2 alloy
at elevated temperature reached a,}f’f/“m =165
MPa and olp=195 MPa, respectively, which
conform to international standards".

The main phases of the 2618 alloy are o+
S+FeNiAlo. There may exist Al7CuzFe when
Fe>Nil . The thermal stability of the alloy
depends on aging strengthening of the S phase
dissolved in the matrix and dispersion distri-
buted strengthening of FeNiAls or Al7CuzFe

clearly improve some of the mechanical pro-
perties. What effect adding more mischmetal
has on the properties of the alloy is a signifi-
cant subject worthy of further reseach.

4 CONCLUSIONS

Adding less than 0.046. wt. —% trace mis-
chmetal to 2618 alloy has the following effects
on its properties:

(1) The trace mischmetal has no obvious
effect on the melting temperature and thermal
conductivity at room temperature but can sli-
ghtly increase the average thermal expansion
coefficient (20~ 200 C), and decrease the elec-

(neither dissolve in the matrix). A ding to
the data in Table 7, phase I is FeNiAlo. Phase
II' may be Al7CuzFe (in C3 alloy Fe>Ni),
where Ni partially replaces Fe, which is normal
in metallurgical observation of aluminium al-
loy!*!. There exist rare carth elements in both
phases [ and II. Which show rare earth ele-
ments can compound with heat-stable streng-
thening phases in the 2618 alloy. From Fig 1,
these phases mainly dispersively distribute al-
ong the boundaries and impede the move-
ment of dislocations. These phases are smaller
in grains and the density of dislocation lower,
which may be caused by the trace mischmetal.
This leads to slight decreases in the strength of
the alloy but clear increases in its plasticity and
toughness at room temperature. The dispersi-
on-distributed phases do not dissolve at eleva-
ted temperature, thus improving the thermal
stability.

From all the above analyses, we can see
that trace mischmetal less than 0.046 wt. —%
has no harmful effect on the physical and me-
chanical properties of 2618 alloy, but can

trical d at room temperature;

(2) The traces of mischmetal slightly de-
crease the strength of the alloy at room tem-
perature improving clearly increase its plastici-
ty, shearing strength, shock toughness. frac-
ture toughness and fatigue life, thus improving
the plasticity and toughness of the alloy;

(3) Trace mischmetal can compound with
heat-stable strengthing phase dispersion-distri-
buted in the matrix and improve the thermal
stability.
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