Vol.9 Ne. 3

Trans . Nonferrovrs Met . Soc . China

Sep . 1999

Article ID: 6326 (1999)03 - 0593 - 06

Effect of trace Sc and Zr on aging behavior and
tensile properties of 2618 a110y®

Yu Kun( 4 ) ,Li Songrui( ZEFAN) L Li Wenxian( 22 3CHR) | Xiao Yude( M T-4i)
Depart ment of Materials Science and Engineering
Central South University of TechnOlOgy, Changsha 410083 P.R. China

Abstract: The aging behavior of 2618 ( Al Cu- Mg Fe- Ni) alloy added trace Sc and Zr was studied by
Vicker’ s hardness measure ment at 200 and 300 C, and the tensile properties( yield strength , ultimate tensile

strength and elongation) of alloys were measured at 20, 200, 250 and 300 C . The microstructures were ob-
served by using optical microscope , SEM and TEM. It was found that the addition of Sc and Zr to 2618 alloy

resulted in a uniform distribution of fine coherent Al;( Sc,Zr) precipitates which had obvious aging hardening

effect and made the S’ phase precipitate more homogeneously . The strength of alloy increased at a mbient and

elevated te mperature without a decrease of ductility because of the precipitation strengthening and thermal sta-

bility of Al;( Sc,Zr) particles. The ductile fracture of alloy occurred by microviod nucleation, growth and coa-

lescence , so the microvoid coalescence was the dominant fracture mechanism . Al;( Sc,Zr) particles could in-

habit the recrystallization process of alloy 2618 .
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1 INTRODUCTION

The aluminum and aluminum alloys added
trace scandium have great improve ment in me-
chanical properties, thermal stability , weldbility
etc!'!. Scandium is considered to be a hopeful
trace ele ment to develop advanced wrought alu-
minum alloy due to a dispersed phase Al;Sc pre-
cipitating in Al base a110y[2].
(341 showed the phase Al;Sc with a
L1,( AuCuj) structure is fine coherent with the

The previous in-

vestigators

matrix and has great precipitation hardening ef-
fect. The previous studies of aging behavior
mainly concentrated on the Al-Sc binary sys-
tem(3) and AF Mg Sc a110y[4~5] , but the research
reports about the influence of Sc on typical pre-
cipitation hardening alloy Al Cu- Mg system have
hardly been seen. And Yelagin[ﬁ] found that an-
other trace ele ment zirconium in Al-Sc alloy was
contribute to forming a ternary phase Al;( Sc,
Zr) which has better effects on alloy’s aging
hardening . So, this work is based on the confir
mation of the strengthening potential of Sc and
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the nature of Al;( Sc,Zr) precipitate , then added
trace Sc and Zr in 2618 ( Al Cu- Mg- Fe- Ni) alloy
and intended to develop a wrought aluminum al-
loy which have higher mechanical properties , es-
pecially thermal strength than that of 2618 alloy
and discussed the influence of Sc and Zr on the
microstructure of alloy .

2 EXPERI MENTAL METHODS

Compositions ( mass fraction, %) of alloys
used in this investigation are listed in Table 1 .

Table 1

the alloys used in this study
Alloy NO. Cu Mg Fe Ni Sc Zr Al
A(2618) 2.21 1.20 0.98 1.08 — — Bal.
B 2.231.21 093 1.09 0.3 0.3 Bal.

Che mical compositions of

The ingots of alloys were homogenized at
500 C for 10 h, then hot-rolled at 450 C from
16 mm to 7 mm, and finally coldrolled into
sheets of 2 mm thickness . After solution treated
in salt bath at 510 ~ 515 ‘C for 30 min and
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quenched into room-temperature water, the
specimens were immediately aged at 200 and
300 C respectively . The hardness measure ments
were made at room temperature on the aged
specimens immediately after artificial aging by
using HVA-10A Vicker’ s hardness tester. The
specimens for tensile test were aged at 200 C for
about 16 ~ 20 h according to the peak of aging
hardness curves. Tensile tests were performed
on an Instron 8032 tensile machine with comput-
erized data acquisition. The ductility was mea-
sured as engineering strain to failure ( percentage
elongation) equal to AL/ Ly, where L, is initial
length . The tensile specimens for high te mpera-
ture test were held at the elevated te mperatures
for 15 min, then tensed at the rate 1 mm/ min.
Microstructures of alloy were observed by using
Nephoto2 optical microscope, H-800 transmis-
microscope and KYKY-1000B
scanning electron microscope . Thin foil for TEM
observations were obtained by jet electropol-
ishing in a solution of 25 % nitric acid and 75 %
methyl alcohol at - 15~ - 25 C.

sion electron

3 RESULTS AND DISCUSSION

3.1 Aging hardness measurement

Fig .1 shows the variation of hardness of
both alloy A and B as a function of aging time at
200 and 300 C respectively .

At 200 C, the hardness values of alloy B
increase more quickly than that of alloy A. The

Fig 1

bright field micrograph of alloy B( Fig.2(a))
shows some double-layer particles which have an
average size about 20 ~ 30 nm existing in as
quenched condition. The morphology of defor-
mation contrast region of the particle shows that
such phase is coherent with the matrix . Because
such phase can re main coherent with the matrix
at 200 C for a long time ( Fig .2(d)) , and it on-
ly exist in the alloy B with a composition that
Sct Zr >0.5, it should be Al3( Sc,Zr) phase in a
AF Cu- Mg based a110y[3~(’] . In order to produce
a fully coherence, the Al;( Sc,Zr) phase and the
matrix must be strained by equal and opposite
force . The lattice mismatch & between Al;( Sc,
Zr) and Al is about 1 .6 % . As a result, a high
coherent strain energy exists in the
around the Al;( Sc,Zr) particles and it is difficult
for the dislocations move through this strain
fields . Therefore the hardness of alloy B is high-
er than that of alloy A.

Another factor for the high hardness of alloy

matrix

B is that the coherent strain fields are preferen-
tial sites for S’ which is a useful

strengthening phase in the alloy, to nucleate . It

phase ,

can be proved by Fig.2(b) , a few needle shape
phases has formed after aging 5 h in alloy B.
Those are S’ phase in AF Cu- Mg a110y[8]. But
according to the normal sequence of S phasepre-
cipitate : SSS(supersaturated solid solution) —
GPB( Guinier Prestomr Bagaryatskii zone) — S’
( metastable phase) - S, it hardly forms §’

Hardness-time curves of aged alloy A and B at different te mperatures

(a) —200 C ;(b) —300 C
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Fig 2

TEM imrages of alloy A, Bat 200 C

a) — Alloy B in as-quenched condition ;( b) —Alloy B aged 5 h;
y q y g
(c) —Alloy A aged 20 h;(d) —Alloy B aged 20 h

phase in Al- Cu- Mg alloy aged 5 h'7). Therefor R
it can get to the conclusion that Al;( Sc,Zr) par
ticles may accelerate the precipitate of S’ phase .

The peak hardness value of alloy B is 125
Hv and about 25 Hv higher than that of alloy A.
Based on the aging curves and TEM observation,
it can be deduced Al3( Sc,Zr) particles have ad
ditional aging hardening effect at this period. In
one hand, Al;( Sc,Zr) is a potent strengthener
in Al-base systems . On the other hand, Al;( Sc,
Zr) particles are very effective in stabilizing sub-
structures , thus allowing the S’ phase to precip-
itate more homogeneously. It can be seen in
Figs.2(c) and (d) the S’ phase in alloy B is
more dispersed than that in alloy A. Hence , the
peak hardness of Alloy B is higher than that of
alloy A.

The aging te mperature has a great effect on
the hardness variation of alloys. The hardening
curves at different te mperature show that the al-
loy achieves peak hardness quickly and the value

is lower at higher te mperature . It is a common
behavior in most aging aluminum alloy .

3 .2 Tensile properties and fractography

The tensile properties for alloy A and B at
20, 200, 250 and 300 C are shown in Fig .3 . It
will be noted that the yield strength and ultimate
strength of alloy B increase about 60 ~ 80 MPa at
room temperature and 30 ~ 40 MPa at 300 C.
But the ductility changes slightly . It means that
Al;( Sc,Zr) particles introduces a high strength
with high ductility to the Al Cu- Mg alloy . This
phenomenon is also observed in some Al Mg al-
10ys[ 5781,
The fractography of tensile specimens at
room te mperature and 300 C show the fracture
of alloy belongs to ductile fracture. The mi-
crovoid coalescence is the dominant fracture
mechanism in alloy A and B at both ambient and
elevated te mperatures , as illustrated in Fig.4 .
During void coalescence , sheets of small void
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Fig .3  Tensile properties of alloys at

different te mperature
(a) —Yield strength, 0.2 % ;(b) — Ultimate strength ;
(c) —Elongation

nucleate , grow and coalesce from dispersed par
ticles to form void sheets in straimlocalized re-
gions . Intrinsic resistance to microvoid fracture
increases with te mperature for IM aluminum al-
loys . Elevated temperature affects this increase
by promoting stress relaxation around second
phase particles and enhances recovery at particle/
matrix interfaces . So the ductility of alloy at ele-
vated te mperature increases obviously .

3.3 Microstructures of alloy

Figs .5 and 6 are the optical micrographs of
alloy A and B in cold rolled condition and as-
quenching condition. Alloy A has been recrystal-
lized after quenching . There are some insoluble
second phases , which always are Al,FeNi phase
in Al Cu- Mg- Fe- Ni syste mt°!. But the recrystal-
lization phenomenon in alloy B is not as obvious
as in alloy A. Through TEM observation of as-
quenched alloy B ( Fig.7(a)) , it can be known
that Al;( Sc,Zr) particles pin subgrain and grain
boundaries during recrystallization process .

It is well known that both the coarse con-
stituent particles and the fine dispersoids can
have an effect on the recrystallization pro-
cess!''! . Coarse particles ( diameter d>1 pm) ,
such as Al .FeNi phase in the Al Cu- Mg Fe- Ni
alloy , can act as preferential sites for nucleation
of recrystallization due to the increased strain of
the matrix around these particles that occurs
during rolling . The disperoids inhibit recrystal-
lization by pinning subgrain boundaries and pre-
venting recrystallization. The pinning force of
the dispersoid on the boundary per unit area, F/
A, can be expressed as

F/A=3fn/2r

Where ¥, is the boundary energy, fis the
volume fraction and r is the average size of the
diSpersions[11 1. So, the Al;( Sc, Zr) particles
with s mall radii (10 ~20 nm, a high £/ r ratio)
will provide a large retarding force on migrating
boundaries and impede the recrystallization pro-
cess. Based upon this microstructural examina-
tion, the Al;(Sc,Zr) particles is very effective in
stabilizing substructure , thus allowing the use of
straim- hardening and grain boundary strengthen-
ing to enhance the strength of alloy B besides the
precipitate strengthening of S’ and Al;( Sc,Zr)
phase. The subgrain coalescence nucleation
mechanism is involved in the recrystallization
process ( Fig .7( b)) . elevated te mperatures, as
illustrated in Fig.4 . During void coalescence,
sheets of s mall void

4 CONCLUSIONS

(1) The aging hardening of 2618 ( Al Cuw
Mg- Fe- Ni) alloy added trace Sc and Zr is
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Fig.4 The fractography of tensile samples A, B at different te mperature

(8) —A, 20 C; (b)

—B, 20 C;(
R AN R v Y

—B, 300 C

Fig.5 Optical micrographs of alloy A and B in cold rolled condition
(a) —Alloy A;(b) —Alloy B

obvious. Vicker’ s hardness increase 20 ~ 30 Hv
at 200 and 300 C respectively .

(2) The dispersed Al; ( Sc, Zr) particles
make the S’ phase precipitate more homoge-
neously , so the tensile strength of alloy increase
both at ambient and elevated te mperature . Fur
thermore , the ductility of alloy changed slightly

because of the good character of Al; ( Sc, Zr)
phase. The microvoid coalescence is the domi-
nant fracture mechanism in the test alloys .

(3) Al;(Sc,Zr) particles can inhabit the re
crystallization process of 2618 alloy in as
quenched condition because they can pin sub-
grain and grain boundaries .
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Eg .7 TEM micrograph of alloy B in as-quenched condition
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