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The microstructural evolution of the supersaturated ZA27 alloy and its damping capacities
were investigated during the natural aging. The investigation showed that the
microstructure of the alloy transformed from single 8 phase into a fine mixture of equiaxed
a, n and ¢ grains during the process. The maximum of the interface area in the alloy existed
during the aging. Microstructure changes were accompanied with the variance of damping
capacity. It was found that the damping capacities increased quickly and greatly at the
beginning of aging and then it decreased gradually and finally reached a constant during
the following aging. It is believed that two mechanisms are responsible for the occurrence
of the damping behavior in supersaturated ZA27 alloy, i.e., interface damping and
dislocation damping. © 2000 Kluwer Academic Publishers

1. Introduction studied extensively [16,17], but the law of damping
The performance of structures, such as aerospace, sutapacity variation during the process is less studied. In
marine, and machinery in general, can be affectedhis paper, the microstructural evolution of the super-
severely by vibration and noise [1, 2]. There are sev-saturated ZA27 alloy and its damping capacities were
eral approaches to control noise and vibration, one oinvestigated during natural aging. In the meanwhile,
which is to manufacture structural and moving compo-the damping mechanisms of ZA27 alloy were also dis-
nents from high-damping alloys [2, 3]. In choosing acussed.

particular high-damping alloy for a given application,

its strength, corrosion resistance, and a whole host of

other physical properties must be considered, as weR. Experimental details

as its intrinsic damping capacity. Usually, high damp-2.1. Preparation of the alloy

ing capacity is related to those materials with poorThe alloy (Zn-27%Al-1%Cu-0.01%Mg) was prepared
mechanical properties [4,5], so how to couple highusing electrolytically refined Zn (99.99%), Al-50Cu
damping capacity with a tolerable modulus and highmaster alloy, commercially pure Mg (99.85%) and Al
strength in the as-prepared alloys is a key problem i{99.6%), which were charged in a graphite crucible
preparing the desirable materials. The zinc-aluminunand then melted in a resistance furnace atT4The
foundry alloy ZA27 has high as-cast strength, hard-melt was poured into the preheated Y-shaped perma-
ness, and wear resistance, as well as other favorablent mold at 560C after the dross were skimmed off.
physical properties. The properties make it an attrac-

tive alternative to aluminum, brass, bronze, or iron for

the designer of structures and machine parts that can #&2. Preparation of the specimen

cast. Therefore, it obtained more and more application3 he nominal dimension of the specimen for measuring
in industry [6—17]. Recently, much interest has been atthe damping capacities is of 85 mx6 mmx 3 mm.
tracted to investigate the damping capacities of ZA27The rectangular damping sample and metallurgraph
alloy since the alloy has not only excellent mechanicalsample were sectioned by linear cutting machine from
properties, but also high damping capacities [8—11]the as-cast ingot. After treated at 3@5for 3 hours,
Various methods and techniques were used to substathie specimen was quenched into ice water for about
tially improve the damping capacities of Zn-Al alloys 30 minutes. After the metallurgical sample was taken
without lowering significantly the mechanical proper- out from ice water, the specimen was ground on water-
ties of materials [11-13]. Studies showed [10, 14, 15]proof silicon carbide abrasive papers to produce a blank
that the damping capacities of zinc-aluminum alloyswith a thickness of about 100m, from which the disk
could be improved by proper heat treatment. The hardef 3 mm diameter was spark-machined. Final thinning
ness, ductility, strength and dimensional shrinkage obf the disc was conducted in an electropolishing solu-
the supersaturated ZA27 alloy during the aging werdion, which consists of 100 ml perchloric acid, 900 ml
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ethanol at the temperature in the range_(ﬁooc to TABLE | Variation of crystal plane spacings of Al-based solid solu-

—30°C. tions in supersaturated ZA27 alloy during natural agihg,
Crystal plane (111) (200) (220) (311)
2.3. Observation of the microstructures and s (before aging) 2.312 2.002 1.416 1.207
XRD analysis dy (aging 50 d) 2.335 2.023 1.431 1.220

. : . dai (pure) 2.338 2.024 1.431 1.221
Fine microstructures produced by solution treatment

and natural aging could not be resolved clearly by SEM

teChnique due to the diﬁiCU|ty in etChing ihe metallo- TABLE Il Variation of crystal plane spacings gpfphases in super-
graphic sample, so the TEM technique was used to exgi o2t o agpm;g’ pacings P
amine the microstructures. A Rigaku D/Max-3C X-ray
diffractometer was used to trace the phase transformarystal plane (101)  (102) (1100 (112)  (201)
tions occurring during natural aging. A Cy iKadiation
was utilized with a nickel filter and applied to flat spec-

d, (aging 1 d) 2,092 1683 1335 1172 1125
d, (aging50 d)  2.091 1685 1332 1172  1.124

imens within the diffraction angle ¢2 ranging from ¢, “(oure) 2001 1687 1332 1173  1.124
20° to 90, in which almost all diffraction signals were
included.

came larger and approximately equal to that of pure alu-
2.4. Measurement of damping capacity minum, which indicated that more and more Cu and Zn
After the damping sample was taken out from ice waterwere precipitated from phase. As known, the atomic
aging was performed at ambient temperature @5  radii of Al, Zn and Cu are 0.1431 nm, 0.1332 nm and
The damping capacity was measured simultaneousl§.1278 nm, respectively. In the quenched state, Zn and
using cantilever beam technique [11]. The logarithmicCu were all dissolved in Al, and thus leading to the for-

decrements, is given by: mation of 8 phase. The radii of Zn and Cu are smaller
than that of Al, therefore the dissolving of Zn and Cu

1 A in Al caused the negative deformation, the distances
§=—1n (Ai+n) () petween crystal planes gfphase became smaller than

those of pure aluminum. As Cu, Zn precipitated from

WhereA andA ., are the amplitudes of théh cycle 2 phase8 phase transformed inte phase. Compar-
and the { + n)th cycle at times; andt,, respectively, N9 the crystal plane spacings @fphase with that of
separated by periods of oscillation. Then the level of # Phase (Table 1), one could see that the crystal plane
damping, i.e.Q1, is given by [18]: spacings ofx phase were bigger than t.ha.t,@fphase,
which showed that the amount of pricipitation of Cu, Zn
1 was significant. The crystal plane spacings:gghase
Q*l = Z(l — e*Z‘S) (2)  were quite close to that of pure aluminum, indicating
thata phase was almost consisted of pure aluminum.
The crystal plane spacings gfphases precipitated at
the beginning of aging were close to that of pure zinc,
and changed very little after 50 days’ aging, showing
that n phase was Zn-riched solid solution containing
small content of Cu and Al (Table II).

3. Results

3.1. The microstructure evolution during
natural aging

3.1.1. X-ray diffraction identification

The X-ray diffractograms of the supersaturated ZA27

alloy after different periods of natural aging were shown

in Fig. 1. The originalx, n, ands phase disappeared af- ‘ Ve .
ter the alloy was solid solution treated and quenched irf N€ investigation showed that both continuous and cel-

ice water. There was no time for precipitation to occur,Ular_préecipitation would occur in the supersaturated
so the phase was retained at ambient temperaturegA27 aIono!urlng natural aging. The sequence of phase
which could be seen from the X-ray diffractograms. ransformation was as follows: [16, 17]

After 1-day’s aginga phasey phase and phase ap- _ _

peared in the alloy. Further aging led to an increment B {COHUHUOUS reaction + 7

in diffraction peak height of the phase phase, and cellular reactione + 1 + ¢

¢ phase, which increased with the aging time, indicat-

ing that the amount af, n, ands phase increased ac- wheree was Zn-riched hcp metastable phase Cuzn
cordingly (Figs 2 and 3). Meanwhile, the amountgof The microstructure evolution of the supersaturated
phase is decreased. After 10 days’ aging, ghghase ZA27 alloy during natural aging was shown in Fig. 5.
vanished completely in the alloy (Fig. 4). The X-ray Only one phasg was found in the quenched state and
diffractograms did not change after 50 days’ aging. ltgrain boundaries could be seen clearly at the beginning
can be seen that the diffraction peaksxgfhase was in  of the aging (Fig. 5a). Very finephase was observed in
the left of that of8 phase at the diffractograms, and thethis alloy after one-day aging (Fig. 5b), which was con-
20 angle ofa phase became smaller with the increasesistent with the results of X-ray diffractograms. Fig. 1
of aging time. The crystal plane spacings«gfhase be- showed that ther phase was formed after one day’s

3.1.2. TEM result
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Figure 1 X-ray diffraction spectra of the supersaturated ZA27 during natural aging.
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Figure 2 The changing trends of the diffraction intensityhase) dur-

ing natural aging. Figure 4 The changing trends of the diffraction intensi/ghase) dur-

ing natural aging.

aging, but it could not be observed in the microstruc-
——a (11D ture, which indicated that the size of phasés very
—0—a (200 small. Ten days later, the microstructure was composed
—X—a (311) of quasi-equaxied phasejy; phase and small amount

of ¢ phase (Fig. 5e). It was shown thaphase decom-
1500 posed completely atthe 10th day, whereas the amount of
1000 e Xy p_hasey, phase; increased slowly (Figs 2—4). Sequen-
50 ??'X/ tlally,' phases'gathered, and 50 days Iatgr, the coarser
Y S equilibrium microstructure was formed (Fig. 5e and f).

0 10 2 % 0 50 Previous investigators reported [19] tlkgithase would
transformed into th@’ phase via a four-phase trans-
formationa + ¢ — T’ + p if the alloy was over-aged,
Figure 3 The changing trends of the diffraction intensitygthase) dur- whereT’ wasthe rho_mbohed.ral phase}gl'bzn' How-
ing natural aging. ever, metallographic examination did not show the
presence off’ phase particles in the alloy, and X-ray

technique did not detect tfi€ phase either. So the four-
aging. Howeverp phase could not be distinguished phase transformation did not occur ahdphase could

from B phase by TEM technigue because both phasesot formed during natural aging of the supersaturated
are Al-based solid solutions. After 3 days’ natural ag-ZA27 alloy.

ing, the size of) phase became larger and larger, mean-

while, thea phase ang phase which were the products

of cellular reaction appeared (Fig. 5¢). It could be seer8.2. The variation of damping capacity

in Fig. 5d that cellular reaction was processing: large during natural aging

and coarsex phase and; phase located in the cell The damping capacity was measured to investigate the
boundaries were swallowing the smallphase andy  variation of damping capacity of the supersaturated

phase. Fig. 1 showed thaphase formed after 3 days’ ZA27 alloy during natural aging (Fig. 6). The damping

Diffraction intensity [ (CPS)

Aging time (d)
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Figure 5 Microstructure changes of the supersaturated ZA27 alloy during natural aging (a) aging 5 h ¢l abiic) aging 3 d (d) aging 3 d
(e) aging 10 d (f) aging 50 d (g) aging 70 d.
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the phase interfacial slipping or the grain boundaries in-
terfacial sliding may occur when the magnitude of the
shear stress at the interface is sufficient enough to over-
come frictional loads, which cause the frictional energy
loss. The equilibrium phases of the quenched ZA27 al-
loy at ambienttemperature consist of Al-richepghase,
Zn-richedn phase and Cu-riched phase. When the
ZA27 alloy is under cyclic loading, the phase interface
3 slipping or the grain boundary viscous sliding may oc-
T P P RN cur, which results in the dissipation of the vibrating
energy [20]. Moreover, the elastic moduli @fphase,
0 1020 %0 4 0 € 0 n phase and phase are different [21], so the resul-
Aging time (d) tant deformation of three phases are not equal to each
other under the identical alternative stress, which would
lead to the strains of different phases mismatched at in-
terface boundaries. This strain mismatch not only was
helpful to phase interface slipping, but also could re-

capacity was very low in quenched state with ®e sult in the large stress goncentrgtion at the poundaries
value only 6x 104, and then increased quickly with and lead to the local rr.ncro.-plasnc defprnjat[on in the
the increase of aging time. Finally, it came to the maxi-SCft Phase. Since the vibrating energy is dissipated, the
mum value % 103 after 10 days’ natural aging, which damping capacity of the alloy is improved. According

was 10 times higher than that in as-quenched state. i the previous discussion, it is certain to conclude that
the following period, the damping capacity decreased€ damping capacity of the ZA27 alloy is dependent on

gradually, and reached the stable state after 50 dayéhe size of grains and the area of phase-interface bound-
aging, i.e. it was a constantd10-3, ary. The smaller the grain and phase size, the more the

grain and phase boundary exist, resulting in the higher
the damping capacities of the alloy. The microstructure
of the as-quenched ZA27 alloy only consists of coarse

phase in the microstructure. The area of grain bound-

In the metals and allqys, the 'damping may be raise(ﬁry is small, so the damping capacity is low. During
from the thermoelastic damping, magnetic dampmg,[he natural agingg phase decomposed andphase,

viscous damping and defectdamping. Among the above phase, and phase were precipitated, so the area of

damping mechanisms, defec_:t damping represents %e interface boundary were increased greatly. There-
large part of the oyerall dam_plng of crystalline Materl-ore it led to an increment in damping capacity greatly
als under conventional conditions [3, 21]. Defect damp- nd,quickly After 10 days’ agingt phase decomposed
ing is an intrinsic source and stems from the internaf . J phasén phase, and phase completely. Conse-
friction ?Xe”ed on atomic movement in the regions 0fquently, the area of interface comes to the largest value,
defects in crystalline metals and alloys. Material damp-

S o which caused that damping capacity reached its max-
ing is extremely sensitive to the presence of defects,Imum value. In the following aging period; phase
Any type of defects will be a source to dissipate energy. ' ’

b fint | friction by the intrins: 7 phase, and phase became coarser, the area of in-
ecause ot internal friction by the Intrinsic movement, g, ¢, o boundary decreased, so the damping capacity
of the defect under applied cyclic stress. The defect

) . ) : Yecreased accordingly. The equilibrium microstructure
In polycrystal_lme _meta'?"’?”d alloys '”C'_“d? point d.e'was formed after 50 days’ aging, so the area of inter-
fects (vacancies, interstititials and substitutionals), lin :

defects (dislocations), surface defects (boundaries Jpce boundary did not change with the aging periods.

various types) and bulk defects (micropores and micro- herefore, the damping capacity was a constant.
cracks). Point defects give rise to damping in the range

of low to intermediate levels, line defects give rise to4.2. Dislocation damping

damping levels in the intermediate to high range, andPislocations exist in all engineering materials. Under
surface defects give rise to damping levels in the higtthe applied cyclic loading, the dislocations in mate-
range [3]. Consequently, the operative mechanisms ifials would attempt to oscillate, which would lead to
metals and alloys involve stress-induced movementthe dissipation of elastic strain energy, i.e. dislocations
of boundaries (grain boundaries, twin boundaries, docould contribute to the internal friction and improve the
main boundaries, and the boundaries between marte@famping capacity of materials.

site variants) and dislocations. For the ZA27 alloy, two ~ The internal friction, which resulted from the dislo-
mechanisms are responsible for the occurrence of theation and was independent of vibrating amplitude, was
damping behavior in supersaturated ZA27 alloy, i.e.given by [22]

interface damping and dislocation damping.

Q'x10?

O = DN W e O =

P

Figure 6 Variation of damping capacity of the supersaturated ZA27 al-
loy with natural aging time.

4. Discussions

_ ABL%

-1

4.1. Interface damping
The grain boundaries and interfaces bear the shear stresterel was the length of dislocation loop, the mag-
when the metals and alloys are under cyclic loading, anditudes of Burgers vectaod;, angular frequencyy, the
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dislocation densityB, the appropriate damping con- aging is an effective heat-treatment technology, which

stant,G, the shear modulus.

can improve the damping capacity of the ZA27 alloy

Equation 3 showed that the internal friction was pro-significantly.

portional to the fourth power of the dislocation loop
length, so the internal friction was high sensitive to the
change of dislocation loop length.
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vacancies and solute atoms were favorably aggregated
to dislocation line, and interacted with these disloca-

tions, which may impede the motion of dislocations. References
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