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Structure functions in decomposing CuRh systems
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The time evolution of a CuRh alloy quenched within the miscibility gap is investigated by small and wide
angle neutron scattering techniques. Near fundamental Bragg reflections diffuse satellites arising from a lattice
parameter modulation induced by the precipitation pattern are investigated. The results show that in CuRh the
precipitation morphology and its time evolution are quite different from decomposition characteristics recently
observed in the system AuPt. The results are discussed and related to the larger lattice misfit present in CuRh
in comparison to AuP{.S0163-18207)01405-7

I. INTRODUCTION served. Both features, i.e., the sharpness of the structure
function and the intensity shoulder, indicate that the modu-
In recent years the characteristics of structure functionsated precipitation pattern which consists of a sequence of
during the decomposition of alloys were the subject of bothalternating Au and Pt-rich platelets lying di002) lattice
theoretical and experimental investigations. Knowledge oPlanes induces long range atomic correlations. Furthermore,
the width and the shape of the structure function gives inin the symmetric AuPt system the modulated precipitation
sight into the evolution of atomic correlations occurring dur-Pattern seems to be rather stable with respect to annealing
ing a decomposition proce$s. treatments and no classidaf® growth law was observed. In
Both theoretical investigations and computer experimentghe middle of the miscibility gap the system exhibits a very
show that during the late stages of decomposition a scalinglow time evolution of the form™™ with m yielding values
law holds for the evolution of the mesoscopic precipitationnear 100. This time dependence may also be described by a
pattern whose time evolution can consequently be describd@garithmic growth law. However, the essential fact is that in
by a single time dependent length.In scattering experi- Symmetric AuPt the time dependence is nearly arrested.
ments the decomposition process is analyzed in terms of the The results of the AuPt system therefore indicate that in
time dependent structure functicB(Q,t) which likewise order to reduce the elastic energy of the system the presence
shows scaling behavigr1° of a finite lattice misfit induces the formation of a long range
In solid state Systems the morpho|ogy of the precipitatiorandulated structure ConSiSting of plateletS of Au and Pt with
pattern is generally influenced by the presence of elastic incoherent interfaces. Moreover this structure is rather stable
teractions. In some alloys characterized by a lattice misfit ofnd its time evolution is drastically slowed down.
a few percent between the solid solution and the precipitated On the other hand, systems exhibiting modulated lamellar
phases the decomposition process induces a long ran?@ructures with accompanying sideband intensities are known
modulated precipitation structure consisting of a periodic arirom the literature only to occur for a lattice misfit up to a
rangement of platelets of the new phase<® This modu- certain size. For larger misfits no sideband intensities are
lated precipitation structure induces the appearance of satdeported during the decomposition process and it seems
lites (or sidebandsnear fundamental Bragg reflectiotfs’ therefore that a coherent modulated structure is stable only
In a recent paper the decomposition characteristics wer@ithin a finite misfit range.
investigated in a AuPt system for a series of concentrations The question arises what changes of the precipitation pat-
within the miscibility gap'® The measurements were per- tern occur when the lattice misfit is further increased in a
formed by neutron scattering techniques, i.e., the small angldéecomposing system. In order to investigate this question we
scattering and the intensities occurring at sideband positiongerformed neutron scattering measurements of the decompo-
near fundamental Bragg reflections were investigated duringition in a CuRh alloy. CuRh has a similar phase diagram as
the decomposition process. A main result of this investigaAUPt with a large miscibility gap but exhibits a significantly
tion was that the sideband intensity had a similar functionalarger lattice misfit between the precipitation phagessfit
shape as the intensity distribution observed in the small angléa/a is 0.0316 and 0.0367 in AuPt and CuRh, respectively,
scattering experiment. It followed that the lattice parametetvherea is the lattice parameter of the solid solution
modulation which gives rise to the satellite intensities is
similar to the modulation of the atomic concentration which
is seen in the small angle scattering experiment. Moreover,
in the symmetric AuPt alloy a rather sharp structure function The starting material was a polycrystalline CuRh alloy
exhibiting a shoulder near the second order position is obwith three different concentrations, i.e., R8s,

IIl. EXPERIMENT
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CusgRhsg, and CygRhgy. From this material platelets with a
typical size of 10x 10X 1 mm were cut and submitted to a
homogenization treatment for several hours at 1200 °C. Af- 0.044 [020]
ter two homogenization treatments some of the polycrystal-

line samples had become single crystals. The neutron scat-

tering measurements were performed on these single 0.023
crystals. After the homogenization treatment the platelets -
were quenched into water and annealed especially at % 0
600 °C where the CuRh system shows a significant time evo-

lution within a reasonable time range. At lower temperatures ool

the time evolution is too slow and at higher temperatures too
fast in order to be able to investigate many different anneal-
ing times. -0.044

The small angle scattering measurements were done on
the spectrometer PAXE of the LaboratoiredpeBrillouin in , . . .
Saclay. Incident neutron wavelengths of 8 and 4 A were 004 002 0 002 004
used. The intensities occurring near satellite positions during
the decomposition were measured on the conventional triple
axis spectrometer VALSE located on a cold neutron guide
position.

The measurements were finally performed on the
Cu;sRhys and CuygRhsg samples. Due to the high neutron
absorption of Rh samples with a thickness of only a few
tenths of a mm were required for the Rh-rich,gRhg, alloy 0.02¢
which inevitably broke during the preparation.

(@ ad&Y

0.041 [020]

o [&']
<

lll. RESULTS

A typical small angle scattering pattern as obtained from
the Cu-rich CygRhys5 alloy annealed at 600 °C for 24 h is
shown in Fig. 1a). The figure shows intensity lobes along -0.04%
[002] fcc directions.

An experiment with a similar G4Rh,5 sample annealed
at 700 °C for 1 h gave an intensity pattern likewise showing
pronounced streaks along culp@02] directions[Fig. 1(b)].

From basic arguments of scattering theédrit follows (0) AT
that intensity streaks alori§02] directions indicate the pres-
ence of platelike precipitates lying ¢800) planes of the fcc FIG. 1. Two-dimensional small angle scattering distribution rep-

lattice. In the dilute Cu-rich alloy the measurements therefesented by equally spaced isointensity conto@sCu;sRhys an-
fore indicate a platelike morphology of the Rh-rich precipi- nealed at 600 °C for 24 Kb) The same alloy annealed at 700 °C
tates within the fcc matrix. This finding is in general agree-for 1 h.
ment with theoretical considerations predicting the formation
of plate-shaped precipitates under equilibrium conditions in The absence of any streaking aldii®2] in the symmet-
cases of large elastic strain enercie&>1® ric CuRh alloy is a scattering feature significantly different
On the other hand, contrary to expectations, in the symfrom that found in the dilute Cu-rich GsRhys alloy. More-
metric CuRh system the small angle scattering patterns givever, the CuRh results are also quite different from that pre-
no indication of intensity streak&=ig. 2). The isointensity viously found in a symmetric AuPt system where pro-
contours are essentially characterized by a square shape amdunced intensity streaks alonf002] directions were
especially the outer contours do not show any protrusionsbservedfor comparison the previous results of AuPt are
along[002]. The measured intensity distributions for all an- included in Fig. 2c)].
nealing times at 600 °C always show peaks locate{06] From the measured intensity distributions the structure
fcc directions and no intensity streaking is observed eveffunctionsS(Q,t) were evaluated. Figure 3 shows the results
after annealing treatments of 32 h at 600 (fig. 2). The for a series of annealing treatments at 600 °C. The figure
four intensity maxima oj002] fcc directions indicate that indicates that in the symmetric alloy the intensity distribution
the precipitates are located on crystallogradiig2] direc-  shifts towards smalleQ values with increasing annealing
tions. The square appearance of the small angle scatteririgne. It follows that in the symmetric CuRh system coarsen-
pattern is observed within a well-defined reciprocal latticeing occurs at 600 °C. An analysis shows that the time evo-
plane, i.e.[002] reciprocal lattice plane as easily seen fromlution of 1/Q,.x (Qmax gives the position of the intensity
Fig. 2b). Cube-shaped precipitates with cube axes alongnaximum) is in accordance with a classicat?®
[002] fcc directions induce a square appearance of intensitdependenc® (see Fig. 4
contours in thd002] reciprocal lattice plane. Furthermore, the dynamic scaling behavior of the struc-
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FIG. 2. Two-dimensional small angle scattering distribution ob-
served in the symmetric CuRh system annealed at 6008 h;
(b) 32 h; (c) for comparison the previous results of ABt;, an-
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FIG. 3. Time evolution of the spherically averaged small angle
scattering intensity observed in the symmetric alloyRis, dur-
ing annealing at 600 °C for 1 fsquarey 4 h (triangles, 8 h (dia-
monds, and 32 h(circles.

ture functions was analyzed following the general rel&tion
S(Q,t)=VRIF(x).

F(x) is a time-independent scaling function where
x=QR. R is a typical length scale characterizing the precipi-
tation patternV is the integrated intensity which is related to
the total clustered volume and is the dimension of the
systemR may be related tQ .{R~1/Qmay, WhereQmaxis
the value which maximizes the structure function.
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nealed at 600 °C are included exhibiting a pronounced streaking FIG. 4. 1Q,.x versus time in the symmetric alloy GjRhs,

along[001]-fcc directions.

during annealing at 600 °C.
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FIG. 5. The scaled structure function in the symmetric CuRh
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FIG. 6. Sideband scattering near #8900 fundamental reflec-

system as determined from the small angle scattering data. TH#&n measured in GyRhsy after annealing at 600 °C for 1 h. The

symbols are the same as in Fig. 3. Experimentally observed strudorizontal bar indicates the measured width in the as-quenched al-
ture functions generally show a scatter of the data at very smaloy representing the experimental resolution. The dashed vertical
Q values where the data are contaminated by the presence of tiiges indicate the expected positions of (280 reflections of the
direct beam. These data points were included to show the validitfCu-rich and Rh-rich precipitated phases, respectively. The back-
range, however, from thi® range no information can be deduced. ground is flat.
Outside this range all data points are represented by a single curve.
scattering pattern provides evidence that no platelike precipi-
The scaled intensity distributions are represented in Fig. Bates are formed in the symmetric CuRh alloy. From the
showing as a general behavior that all measured intensityquared shape of the isointensity contours observed within
distributions can be represented by a single scaled structutbe (100 scattering plandFig. 2) it can be concluded that
function. The scaled function, however, is rather broad andhe mean shape of the precipitates may be described by cubes
no intensity shoulder is observed in the data. whose cubic axes are aligned aldii1] fcc directions.
Moreover, the elastic diffuse intensities occurring near Moreover, the scaled structure function in CuRh is dras-
fundamental Bragg reflections were measured in the samally broader compared to that observed in AuPt and does
series of CuRh alloys as a function of annealing time anot show any shoulder at the second order position. It fol-
600 °C. A typical result is shown in Fig. 6 after an annealing
time of 1 h. The figure gives evidence for diffuse satellites

and therefore indicates, as expected, the presence of a lattice o
parameter modulation in the annealed alloy. The measured 2 1 Cog, ©
satellite intensities were analyzed in terms of the above men- 1 00%%a,
tioned scaling relation and the results were compared to the L o
small angle scattering dat&ig. 7). The comparison shows 0
that the scaled satellite intensities and the scaled small angle -1 9
scattering data are similar and can again be represented by a AE 24
single curve. 4
o 37
z 4-
IV. DISCUSSION T o5 B
First, the present experimental data show that in the dilute -6 K
Cu;sRhy5 alloy the precipitation occurs into plates parallel to 7 %
(002 fcc matrix planes. This result is in agreement with
theoretical treatments predicting plates as equilibrium shape 8
of the precipitates in cases of large elastic strain energies. -9 T T T T
Secondly, in the symmetric CuRh system precipitates are -3 -2 0 1 2 4
aligned along002) fcc matrix directions as borne out by the In (Q/Q,,)

location of the intensity peaks in the small angle scattering

patterns. During annealing the precipitation pattern shows FIG. 7. The scaled structure function evaluated from the side-
coarsening in accordance with the classical Lifshitz-Slyozowand scattering in GgRhs, (filled symbol$ in comparison to the
12 behavior. However, the absence of any streaking in thatructure function of Fig. $open symbols
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lows that the long range atomic correlations in CuRh are less
pronounced than in the AuPt system. The observed width of -
the structure function in CuRh is even somewhat larger than
that measured in a melt-spun AuPt alloy where the finite
grain size inhibits the formation of a long range modulated
structuret®2
Furthermore, satellite intensities near fundamental matrix
reflections are likewise found in CuRh. The intensity distri-
bution of the satellites is similar to the intensity distribution
observed in the small-angle scattering experiment, i.e., the
scaled intensity distributions obtained from the small-angle FIG. 8. Schematic representation of the transition in the modu-
scattering experiment and from the satellite intensities can blated structure observed with increasing lattice misfit between the
represented by the same curve. The small angle scatterifgiPt and CuRh systems. The figure is not drawn to scale. Along the
technique investigates fluctuations and modulations of th&orizontal axis of the figure the lattice misfit is compensated by the
atomic concentration whereas the sideband scattering esse#ternating sequence of Cu-rich and Rh-rigr Au-rich and Pt-
tially arises from a modulation of the lattice parameter. Eronyich) precipitates. The main elastic strains occur perpendicularly to
the similar functional shape of the scattering observed affe axis of modulation. The modulated structure as a whole may be
small and higtQ values it follows that the modulation of the considered as one preC|p_|tate creating a stralp fle_ld Wlth_cyllndr_lcal
atomic concentration and of the lattice parameter are similafyMmetry around the axis of modulation. With increasing lattice
in the decomposed system. mlsflt the strain energy can be decreased by reduc!ng the Iatergl
The precipitation morphology in the symmetric CuRh dimensions of the modulated structure as observed in this experi-
system appears to be significantly different from that found” ent.
previously in the symmetric AuPt alloy. In AuPt a coherent
configuration of parallel plates inducing long range atomicof the (002 matrix reflection shown in Fig. 6 with respect to
correlations was found. In CuRh the precipitation patternthe measured resolutiofinorizontal bar in the figupecon-
consists of an arrangement of cuboid precipitates alternafirms that plastic deformation has occurred during decompo-
ingly rich in Cu and Rh where the atomic correlations are ofsition. The plastic deformation and the loss of coherency
much shorter range as borne out by the broader structurdeteriorates the long range correlation of the modulated
function. structure thus inducing the significant broadening of the
These findings should be related to the different latticestructure function as observed. Moreover, the loss of coher-
misfits in the two systems. The experimental results indicatency seems to facilitate processes of atomic diffusion at the
that in symmetric alloys a further increase of the lattice mis-interfaces which are responsible for the observed
fit induces a transformation within the mesoscopic precipitacoarsening of the modulated structure.
tion pattern, i.e.,, from a long-range modulated coherent The most peculiar result of this investigation is the ab-
structure(AuPY) consisting of parallel plates to an arrange- sence of platelike precipitates in the symmetric CuRh alloy
ment of cuboid precipitates where the long range correlationwhich is in contrast to the results of AuPt and is not expected
are drastically reduce(CuRh. by theoretical work based on elastic strain energy consider-
This observation of such a behavior seems to be at variations.
ance with theoretical treatments showing that in the case of First, it may be argued that if plastic deformation occurs
large lattice misfit and consequently large elastic strain theluring decomposition general results obtained from consid-
equilibrium shape of precipitates should be a plate which igrations about elastic strain energies alone may not apply.
characterized by a lower clastic enef§y?? These treat- Secondly, it can be seen that a coherent modulated struc-
ments deal, however, with the behavior of isolated particlesure consisting of alternating plates breaks up at the coherent
within the matrix and do not consider a modulated structurenterfaces when the lattice misfit increases. From this consid-
as a structural entity of its own. Moreover, most experimen-eration it may be conjectured that an arrangement of alter-
tal work was performed on systems showing a significannating coherent plates is not a favorable configuration in
smaller lattice misfit 1%) than the present CuRh cases of large lattice misfit.
alloy 1>16:26 The transition in the mesoscopic precipitation pattern
Within a modulated structure a significant contribution tofound between the AuPt and CuRh system is schematically
the elastic energy of the system arises from the coherershown in Fig. 8. Both structures induce zero strain along the
interfaces between, e.g., Au-rich and Pt-rich platelets. If aaxis of modulation(horizontal axis in the figupei.e., in a
coherent interface is present the lattice misfit has to be asequence of alternating precipitatesy., Au-rich and Pt-rich
commodated by elastic strain within the interface region. Theor Cu-rich and Rh-richthe variation of the lattice parameter
accommodation of the interfaces by elastic strain is easier s compensated along the axis of the modulation.
the lattice misfit is small. If the misfit is increased it may no  On the other hand, perpendicularly to the modulation axis
longer be accommodated by elastic deformation alone buioth systems induce elastic strain in the matrix. This elastic
plastic deformation may occur and the coherency betweestrain may be reduced if the lateral dimensions of the plate-
the interfaces is lost. Therefore, in symmetric CuRh thdets within the modulated structure are likewise reduced. It
modulated structure appears to be no more coherent at tliellows that a transition from a configuration shown in Fig.
interfaces between the Cu-rich and Rh-rich regions thus im8(a) to that depicted in Fig. ®) may result in agreement
plying the occurrence of plastic deformation. The broadeningvith the present experimental observation.

train

direction of elastic s
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In summary, the present investigation confirms that in theéernating atomic concentrations becomes unstable if the lat-
dilute CusRhys alloy the precipitates are plates in accor- tice misfit is increased, i.e., the coherency and the long-range
dance with theoretical expectations. On the other hand, in thatomic correlations related to it are reduced within the modu-
symmetric CuRh system a modulated structure is foundated precipitation structure.
showing, however, long range atomic correlations which are
$|gn|f|cantly reduced with respect to that prewously opserved ACKNOWLEDGMENTS
in a AuPt system. The measurements in symmetric CuRh
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