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GROWTH .OF MODULATEDVSTRUCTURE IN GOLD~PLATINUM ALLOYS

" Ray W., Carpenter

Inorganlc Materials Reséarch Division; Lawrence Radlatlon Laboratory,
and Department of Mineral Technology, College of. Engineering,
Un1vers1ty of California, Beﬂkeley, California

_ABSTRACT

The growth of structural mocﬁlaticns during the early stages of
érecipitation in gold~platinum élloys ha; been investigated by x-ray
diffraction mcthods. Three different ailoys having compositions 60%Au-
Logpt, 40%Au-6b %Pt, and 20%Au-80%Pt were investigated over the tempera-
ture . range 500 to 600°C. It was fognd that logarithm of modulation
wavelength was directly proportional to logarithm of isofhermal aging
time, and that the appérent activation energ& for the reaction corre-
sponds to.that for interdiffusion in this alloy system. Loss of
coherency, 1nd1cated by loss of structural modulation; was»found to occur
at smaller wavelength near the center of the m1s01billty gap; .this was
attributed to a maximum in elastic strain energy,caused by,coherency

strains at the critical composition.

Now at Stanford Research Institute, Mcnlo'Park, California
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I.. INTRODUCTION

Gold-platinum élloys are one of the "sidébaﬁd"'group; these alloys,

in ﬁhe central region of the phase.diagram, are characterized by a homo-
geneous single phase stable at high tempefatures which-décOmposes into
two other phases having fhe same crystai structure at lower tehperatﬁres.

Tiedema et al.,e and Van der Tborn5 investigated the sideband precipita-

tion mechanism occurring in geld-platinum alloys on both sides of'the

miscibility gap by x-ray diffraction methods. The sidebands were attri-

buted to the presence of periodic modulations of the matrix lattice con-

_stant in the cubic axis directions; it was'reported~that the modulation

"wavelength" increased in an undefined way during aging, up to a maximum -
of about Man, where a, is the lattice consfant of'the quenched matrix.

© Hillert et e.l.,l‘t investigated the variation of modulation wave-
length in sidgbahd alloys of the iron-cbpbef—nickel system and found a .
linear relationship between logarithm of wavelength'and.logérithm-of
aging time. The max imum wavelength reported in the iron-copper-nickel

system was about 100 a,s appreciabiy greater than in the gold-platinum

' syétem. ‘In addition, the coexistence of two tetragonal phases during

an intermediate stage of the reaction between the initial sideband stage

and final equilibrium has been reported for certain iron-copper-nickel
5,6 | |

Guinier7 has reviewed the experimental data repofted for sideband

- precipitation reactions and concluded that the existence of inter-

mediate stages, such as coexisting tetragonal phases, is markedly de-

pendent on the‘e;astic strain energy 'associated with the reaction. A

measure of the relative strain energy associsated with a coherent pre-

cipitation (or preprepcipitation) reaction is the difference between



2~ - UCRL-17115
“lattice constants.of the eduilibrium phases. For an ironrcoppef-nickel'

_alloy of nearly the critical composition this difference is about one-

~

third of that for a gold-platinum alloy of critical compoéition. Indeed,

-ffdr gold-nickel alloys, a modulated structure is expected‘from phase
diagram.considerations, buf it islohsé£ved only with difficﬁlty;iin
this éase the lattice constant difference is about io%;7’8
The.preééntvwork,was undertaken to investigate.the'variatiog'of
wavelength with annealing time, the existence of iﬁtermediate stages in
fthe overall reéction, and the méximum atﬁainable wavelength in_alidys

of critical composition as well as on either side of the miscibility -

gap.

II. EXPERIMENTAL o SRR

A, Specimen Preparatioh

‘A11 specimens used for diffraction experiments'were in the form of:
0.020 inch diameter wires, méde from induction melted iﬁgotsf The
alloys Were éast_into graphite molds and water quehched. The ingots
were amealed and then swaged to 0.10 inéh diémeter, follbwed by cold .
drawing to final diameter, with appropriate intermédiate annealing
treatments.

Gold concentration of the allo&s was_determined gravimetrically,
- platinumfbeiné obﬁéined by'differenéeq Alloy compositions are given in
‘Table I. |

r ',Spectrographic énalysis df the alloyé showed the majdf impurities .
to be Rh (0.04%), Pa (0:07%), and Fe (0.04%). All others were less

than 0.01%.
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Table I lChemical Analysis of Specimens

Alloy | - Wt % Gold
éa-ke 60.58"% 0,01
T 39.45 £ 0,15
oa8p . : ' 20.00 % 0,10 .

B. Heat Treatments

The spec1mens were homogenlzed by direct re51stance heatlng 1n an
argon atmosphere The homgenization heat treatment was termlnated by a

helium gas quench. Specimen temperature during homogenization was

: measured With an optical pyrometer lThe emittance correction for non- .

'_'black body condltlons was calculated from 51multaneous measurement of

spec1men temperature by optical pyrometer and thermocouples. Calculated
’ : . -]
spectral emittance was 0.37 £ 0.02 at 6500A wavelength -(optical) for all’

alloys.” Uncertainty in homogenization temperature measurement is esti-

‘mated to be +5°C. Temperature gradients along the specimen vere detere

mined pyrometrically. The lengths used for diffraction spec1mens were

taken from the center section of the heated wire and were . .. L.

isothermal within the experimental uncertainty.

Satlsfactory homogenization treatments were found to be 1 hour
at 1225° C for the 6A-4P and 2A-8P alloys and 1 hour at 1275° C for the

L4a-6P alloys. Debye-Scherrer dlffractlon photographs of specimens

- homogenized in this way gave sharp f.c.c. patterns; lattice constants‘ )

calculated for the homogenized and quenched alloys are given in Table

-IT..
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- Table II Cublc Lattice Constants for. Homovenlzed and Quenched

Alloys
Cmley e (&)
ea-hp ko015 % 0.002
LA-6P - ~ 3.980
24-82 . 5.95

These lattice constants are in good agreement with the varlatlon of

1att1ce constant with composition in quenched gold-platlnum alloys

~ reported by‘Darling, et a1.?

Spec1mens were 1sothermally aged in molten salt baths; aging .

treatments were terminated by 1ce-water quenchlng. Salt—bath tempera-

~

tures. were measured with thermocouples. Aging temperatures are

considered accurate within £3°C of the specified value, except for

aging treatments longer than 12 hours, where the uncertainty is i}O°C.<

‘C. X-ray Diffraction Measurements

The progress of the structural modulation was followed by measure-'

ment of the p051t10n of sidebands on dlffractlon patterns of the aged

specimens. All diffraction pictures were taken with 114.6 mm dlameter.

Debye-Scherrer cameras, using Cuga radiation at room temperature. Ex-

posure time was variable depending on whether the primary interest

was sidebands or main Bragg lines of the parent phase; the maximum

used was > hours at SO'KV and 20 ma. The position of the sidebahds_ande

main Bragg lines was measured in the usual way, and "wavelengths"

characteristic of the modulation size were calculated from the Déniei-

(5)

Lipson equatlon
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N = h tan 9 o o . (1)
AB(h +K° + 4 ) :
4where X  = average wavelength in lattice ebnstants ' !
6 =- Bragg angle of matrlx llne'l
4&6 =" angular displacement between 31debands ‘and main Bragg :
... line : .
“h,k,Z = -indices of parent reflectioﬂ

Waﬁelengths were calculated from sideband spacing measurements on

(200) and (220) lines of the.diffraction patterns. The largest uncer-.
tainty in calculated wavelengths resulted from the width of the side-

‘ bands; in this work sideband position is defined as the position of

maximum density of the sideband, which appeared to be the center.

¢

‘Repeated measufements of sideband position showed the uncertainty in

calculated wavelength to be about i3ao. The width of the sidebands is
usually attributed to the presence of a'spectrum of wavelengths present
and is not in strict accord with theoretical treatmehts of diffraction

from a modulated lattice.2 In the present work the apperent sideband

.width'changed with exposure on the diffraction films because they are

a diffuse scattering phenomenon, so it was not found worthwhile to

compute the width of the wavelength spectrum, as a function of aging

time. The apparent'sideband width does, however, decrease with aging

~time, reachlng a minimum at the llmlt of thelr ex1stence, so it can be

stated qualltatlvely that the structure becomes better defined with

1ncreased aglng time.

.
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ﬁ. Resuité
- iééthermal‘aging tréatﬁents weré conducted éﬁlthe:three alloys at
‘ £hrqe:aiffé?ent témperaturesg 501, 552; and 60?60; .Diffractianpicfuresv  fl
uweré.téken at periodic intervals during aging, which ﬁas continued uhfil .
sidgbaﬁds were novlbnger observed. The w;velengths calculated as a =
funcﬁion of aging time for the various.élloys and témperatures are _.
;'tabulated in.Table IIT. The calculated wavelengths are plottéd logafith-,h%”
mically with aging time in Figs. 1 to 3. | B
| It'is apparent from the curves that ﬁhe growth of_moduiétion wévé;
.length for the alloy of critical compositién (4A-6P) is slower thah_the
‘iate of the other two élloys. It was also observed that the:maximum’
Waveleﬁgth attained py'the—alloy UA-6P was aﬁout 25a0; less than the
:_ terminal value of nearly han for alloys GA—hP and 2A-8P{
The diffraction patterns of all the alloys show the sgme ggneral,
ibeha?ior during annealing; the sidebands appear early in the aging cycle
and move toward the main Bragg liﬁe of the parent reflection as aging
time increases. The diffuse scattering characterisfic of sidebands
..was present on diffraction photographs.Of the 4A-6P alloy in the
| homogenized and quenchedvcohditioh; but was very weak and too diffuse
to permit a meaningful calculation of wa&elength. There was no indi—.t
cation of diffuse scattering on diffracﬁion photographs o? the 6A-§P |
or 2A-8P alloys in the homogenized and quenched condition.‘

) Ther§ are seve}al other differéﬂceé in the appearance of fhe‘

,A‘phoﬁdgraphs at long aging times near the limit of ekistence of the

‘ sidebandé. The sidebands for all alloys disappear by evolving into _
non-radial streaks that intersect the main Bragg lines of the parent

reflection; streaking occurs after the sidebands have approached rather
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- . Table III. Wavelength in Lattice Constants for Au-Pt Alloys

Aging
Temperatures

Aging

Times .

(min)

6A-4P

 LA-6P

" 2A-8p

.5oo B

o5

6o

120

300 .

‘ 480
- 600

900

1200
1500

"~ . 1800

10
30

. 60
120

180
300 -

420

24
-y
37

60

90_ -

NN e
Pre obhPboowro

18
oo
24
25
28

31%

16

.20
.23

30
3

36%

)

.20

i 2o
L
'ah_ﬂ:;;

APV

.27

B 27 .

34
58%

.. . 19

: 19
19 -

. 19 ’ ..‘V-..’

. 20

21

e
.23
oh

() -

S
19
20

22
23
25

18
18 .

ey
R

232:'

,_  ot

()

.
R H

()
18

19

. :.23_.

28

- 33k

-ilh

16
.20

28
35
16

116

'19.f 
21
23 -

25
26
26 -

36 -
L5x
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Table III (Continued) -

() Indicates diffuse scattering Charaétéfistic of sidebands
present, but too weak for accurate measurement.
* Indicates residual sidebands, but intense streaking allows .

only approximate position measurement. _ » »
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;'closely to the parent Bragg lines and is dlstlnctly dlfferent from the
;,:appearance of 31debands 1n early stages of aglng. In an. earller inves-
:'tlgatlon of’ precmpltatlon in the gold-platlnum system, it was shown

-that streaks result from plate type prec1p1tates w1th {100} hablt formed
when the preprec1p1tates causing the modulation of lattlce parameter in

' one or more {100) directions undergo partlal or complete loss of coherency.

.. The present work shows that streaks occur flrst in the reglon of the

sideband representlng the preprecipitates of the equlllbrlum phase whose
. ‘composition differs most from that of"the quenched, unstable f.c.c;. )
: " matrix. ,Forvexample, diffraction patterns of alloyl6A-hP first show

* streaking the region of the highest angle sideband (ife.;.the sideband

' displaced to a higher diffraction angle-than the parent Bragg line

.-angle). The opposite behavior is observed for the 2A-8P alloy; in.this
case streaking first occurs in the low angle‘sidebands;'which'are
: progenrtors of the cubic equilibrium gold-rich phase lines. 'Streaks
appear at ebout'the same time in the region of both high and loW'éngle
sidebands on diffraction photOgraphs-of the 4A-6P alloy, nhose average
composition placesrit at the approximate>center of the miscibility gap.

The lattice constants of the equilibrium cubic phases present at

' 500° ’C were measured to determ1ne the dlfferences from those of the parent
matrlces. Fbr.the gold-rlch equlllbrlum phase a h.OhYA; for the
platinum-rich phase &, = 3. 92hA. Accor@ing to variationlof iettice
constant with composition for gold-platinum alloys, the gold-rich phase _f
contains about-l5%_platinum.9 The platinum-rich phase lattice constant
corresponds- to pure platinum.?’lo -Lattice.constant differences between

quenched matrices and equilihrium phases are tabulated in Table IV.



Table IV

-Differénce between mafrix and equilibriﬁm cuﬁic.ﬁhaseIlattiéé‘conétants¢ 3

Alloy: | "'l.' AéAu~rich-(R) l. R AaPt;rich (&)
6A-ué S e o 0;652 . - .-"-0.691. ‘
ha6e 2 0.065 I C L0057
2a-80 | 0,093 ;. : 0,030

The lattice constaﬁt-differehces are symmetrical about the crifical'
cdmposition. The sideband that first. degenerates té streéks in an ‘alloy
‘of non-critical compo;ition,‘for exaﬁple'the high angle sideband iny
ailoy'GA—hP, is the sideband representing preprecipitates of the

equilibrium phase having the largest Aa, in this case the platinum-rich

- phase.

Tt is also important to point out that no well-defined intermediate

siage was observed to exist between‘sidebands and cubic equilibrium phases

. in any of the present alloys such as the-tetragonal'intermediate stages

._that have beeﬂ reported in other systems of the sideband type, particu-

.larly Fe~Cu-Ni and Cu-Ni-Co.7 Tiedema et al., observed that distribution |

of intensity between sidebands bands of a pair for any given Bragg

_ line was unsystematical for their alloys, which were all of non-critical

composition. Their caléulations attributé'fhe asymmetric ihtensity

to unééual amounts of the two'precipitating phases presén@._’The‘
'intenéity ratio between the'sidebands of,a pair corresponds'approxiﬁately'
to the ratio of the‘émbunts ofvthe phases that will be present at
equilibrium, according to the levér‘law;' Integrated intensity meésﬁre-‘

ments were not undertaken in the present work, but inspection of
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’thé diffraééién‘pattefns confirmed ﬁhis'oﬁée;Vation er‘the 6A—ﬁP and.
2A;8P‘alloys. Thg sidebands of ; pai; éppeared to ha&e equal intensiéy |

fof LA-6P alloys, in agcofd with this model, &ﬁedema et.al;, have cal- ..
éulafed the wgveleﬁgfhadf the strﬁctural modulation§ presenf'iﬁ a 20% .

_ Auf86% Pt single érysﬁal to Be ~20 a_ after agihg»for l5,minutes at .
6009C,'iﬁ good agreement with tﬁe'presénf'resﬁlts. o |

7

IV.. DISCUSSION
~~ The apparent dctivation energy for wavelength growth in theée
alloys was calculated by assuming the process can be represented by

. Y
an Arrhenius-type equation:

S =A LN;‘-Q(RT (2)
whgre .. | S = arbitrary fraction of reaction,éompleted, Aetermined
by wavelength measurement - f': ... o
A = temperaturé—ipdependent constant depending on structure
.t = reaction time since beginniné of measureménts
Q = activation energy |
R = gas consfant
T = absolute température

Since'ﬁhere were no indications of different structural cﬁanges
am¢ng diffraction pétterns‘corresPéndiné to allojs of tﬁé samexaverage
" composition when the specimens were in a cénditionfcorresponding to the

‘linear éections of Figs. lnto 3, A was-assu@ed constantiwithin this
.region. Also within the'linear secfion thé fractiohycompieted,vs, was
‘assumed equal for a given alloy if the measured wa&elength; N, was thev

same at either of the three temperatures investigated. Figure 4 shows

log reaction time, t, versus reciprocal absolute temperature. Reaction
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times,weré_those4requiréd for N to reach:25 a, for 6A—hP.andf
2A—8? giloys.and A =20 8, for Lha-6p allojéj“Agtivation energies were
calculated ffom the slope of Fig. h.and are given, in Table V. The

straight line relat 1onqhwn evident in Fig. b indicatés alsingle g:owtd
process'within the sideband stwue oi the precipitatibn reaction ovér

temperature range 500 to 600°C.

Table V. Activation erergy for wavelength growth

_Alloy Q(keal 01 )
6A-kp A  kg.ou2
ha6p L 51.9%%
2A-8p : 19, 1£3

11 . e e ue . .
Bolk™ ™ has investigatied the efTect of composi 1on and grain size on

diffusion in *he Au-I%

tem over & temperature range from about 900‘
to 1050°C. The activation cnergies for interdiffusion and marker move-
mept with a Pt grain-size of less than lOf2 cm were determined to be
5C.4%5.2 and M5.5i2f5,kcal/mol, respectively., If the Pt grain-size is
.increaseq to about lO_l mm, thevactivation energies increase to 55.2%2,6
and 5l.otl.2'kcal/molvrespectively; the change was a*tr;ou ed to a con-
_tribﬁtion to mass tranéport by grain-boundary diffusion. Bolk also
found tbat the activation energy for marker movemenu due to grain-
boundary dlfau51on was aoouu lé KcaL/mol other 1nvestlgauors hav; fef
ported activation energies for'grain boundary self—diffusion in gold and.
jéla.tinﬁm in this 'range. Tt ’appéars that the precipitation mechanisfn in
the.presegt work is closely associated with'bul£ dif fu31on within uhe

L.

grains; the discontinuous gzccipitavion occurring at grain boundaries is

AR ¢ e

et

Mooy e T Srsnd 8RR




tora compﬁtiﬁé*ireaction mechanism.2 .Bolk also fbund a large Kirkendall
- 'effeét in the gold-rich region-of his'diffusibn couples; with gold the

 faster diffusing species. This does not appear to have a noticeable .

effect in the present work. The tempefature dependence of the wafe~

length growth-rate in sideband allo&s of the iron-copper-nickel system

: (for alloys in the center‘and in both sides of the spinodal region) was

the same as that for lattice diffusion, in agreement with results of the

: L .
present work, - However, the wavelength growth rate with time, at

. constant temperature, did not show a decrease at the center of the

~miscibility ga?, as found in gold-platinum alloys. Wavelength growth-

at constant tempgrature in the iron-copper-nickel alloys was repre-.
sented by an equation of the form

m m . -
Noed =k (B -8) : (3)

vwhefe the subscripts denote the beginning of pre;precipitéte'fbrmation.;'

Assuming N, = t, =0, the value of m was found to be between 4 and 5 for

all the alloys. A similar analysis of the present data shows m to be

- 3.2t0.i and 4.8%0.% for the 2A-8P and 6A—hP'alloys, respéctively,vover

the temperature range‘inveétigated. The growth exponent for the 4A-6P

- alloys is 9.3%1.0, appreciably higher, It is also to be noted that the

" maximum wavelengths reported by Hillert et al., for ﬁodulated Structuresl’

4

©in iron;éopper-nickel alloy are of the order of TO to 100 a,s and the

Highest values did not generally occur in alloys of critical composition. -

The difference in wavelength growth rate among the various alldys,

than in iron-copper-nickel alloys suggests that elastic strain energy.is

an important parameter in the precipitation process. At the critical

(2. weRATIS

‘and the loss of coherency in goldelatinum alloys at much lower wavelength.
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| compos1t10n after aglng for sufflclent time at 500 C to pro&uce eounll-
Ibrlum, the mlsflt between equlllbrlum cublc phases and quenched natrlx -
-'1n the. gold-platlnum system is about 5% _Forironscopper-nlckel alloys
of nearly symmetrlcal comnosltnon aged at 550° °C .the total mlsflt "is

" only about, 0. 9% ' Guinier's conclus*on that the stablthy of modu]atedbl

)‘lstructures depends on uhe lattice strain can be exuended further, to

5_con31der the loss of coherency in the alloy of eritical comp031+1on,.

hA—6P at a lower wavelength than the other two.

" A1l the alloys in the present work are within the'chemioal spinodal
v;egion of the phase diagram¢12 Cahn nas given a descriptionbof the .
jmorphology to be expected from a spinodalvprecipitation reaction of

known:habitvplane.that enables an apprOXimate calculation of relative
elastic strain energy density to be made for alloysﬂin @ifferent_posi~
v\tions?within,the spinodal region‘of the phase diagram. For spinodal -
decomposition occurring with a [lOO} habit, the spatial erray of goldv
and platinum rich reglons resenbles,a body-centered cubic lattice, in
whichiregions rich in one component occupy the oorners, and reéions rich
in the othen component occupy the centers of the "unit cell."13 If the =
enriched regions are nearly spherical, the unit cell‘edge has length
x/~f3, Assume the‘allo& is an elastically isotropic solid, that the o
strain fields of regions ricn in one component ha#e'negligible influence
_upon'those rich in another, and that the relative amounts of the gold?
nich and platinum-rich regions comply with the phase diagram of - ST
Darling et al;l Then at ~500°C the volume ratios of gold rich:platinum
-regions are about 3:l, ltl and 1:3 for alloys'6A—hP, hA—BP, respectivelyf o H
The radius of a strained region enriched in either component is ~A/b. | X
The elastic strain energy essociated with snch a coherent, spnerieal- ‘4. \
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:113_;preprecipitatef ise _
)-HJ.
'_‘(lJ’EK,.

matrix shear moduluspwi.fiﬁ“

]

’ preprec1p1tate volume~:'”

< =
n

V.".

. lattlce misfit parameter equal to %ﬂ 3 where

o
1

parameter of quenched and.Aa dlfference

e between a0 and lattice parameter of prepreclpl-

“tate - ‘f_li.‘.”:; o L

n

prepre01p1tate bulk modulus

{fThe average elastlc_straln energy per preprec1p1tate partlcle, e,

is*then ufﬂ.]"' - o
: ' ' TAY:) !
N@V.(—;)_ Ll T
i «1+)4}J- ‘ ' Lo

llfﬁnere Ni;=”ydldme fraction of-ith enriched region and other parameters .
<aipf3are as defined above., The elastlc straln energy dens1ty 1s then f L
HIS?S'JB e/k3 nThe elastic moduli of alloys 6A-4P and 2A-8P i 1n ‘the homo- -
afgenized and-quenched_condltlon:are'QleOG psi and 2hxlo6 psi, respecgfl
ﬁgtively.ls"lf the elastic parameters:of the gold-rlch'and platlndmvrlen

,},regions are taken equal to those of the elements, and the elastlc

Q(modulus of alloy hA-GP is estimated to be ~22x106 psi, the straln energyikjjilV

“«dens1ty dependence on p051t10n w1th1n the spinodal region can be calculated.f;ﬁ!fv

v The calculated ‘values are’ glven in Table VI,

It can?be seen that the calculated strain energy of the crltical

alloy is ~30% greater than the other two, in qualltatlve agreement w1th "{
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" Table VI, Elastic.strein3energy density

Aoy T 3B (camon)
Ceake 6.8 |

T uacep - 82,6
2A-8P o eus -

tne theSie thetvelastio strain energy is reenonsiole‘for tﬁe eeri&'
.}loés ofveoherency,at the‘center of the gap.v It appears thegearly
':coherenoytloss_results when both growing‘pneses have relatively largei
'nisfit with the metrix. The oa}culated strain energiee are.upper
limits,\beoauselthevéa values were taken from equilibrium cubic‘lattice
Aconstant data, rather than values for theilimit of the coherent state;‘
‘, Theoretical.calculatrons‘shOW'the total free energj'chenge upon précipir
tation in the gold-platinum system to be on.the order of,BOO cal/mol,ls
- 80 the strain energles are not of unreasonable magnltude.

. The wavelength time curves (Figs. 1-5) imply that the s1deband

_ reaction mechanism in the present case is the same as that in iron-v

~ copper-nickel case, at least for the alloys 6A-hP and 2A-8P. The reason —

for the lower slope of alloy 4A-6P is not clear. Cahn's theoretlcal

: treatment of splnodal decomp031tlon 1mp11es that elastic strain energy
will reduce the reaction rate, however this treatment is concerned |
'prlmarlly with the growth in amplltude of the comp031tion fluctuatlon
. in the very early stages of the reaction. If the growth in wavelength
..,whlch is apparent from the,dlffractlon photographs, is in reality due to
_preferential ampiifioation of certain (relatively.long)'wavelengthe at B
the enpense of shorter wavelengths, an anparent wavelength "erowth"

. would appear_on the diffraction patterns. There is some experimental B



i

b'rf;‘:ev1dence to support this p01nt of v1ew'7 (l) The 51debands become less_:f

/.,4 Leer

fﬂiidlffuse as the reactlon proceeds, 1ndlcat1ng a gradually narrowwng

fspectrum of wavelengths, toward larger values.i (2) The 1nteraiffusion
coeff1c1ent for the gold~plat1num alloy system does not show a mlnimum
:near the center of the m1sc1bility gap.’ It 1ncreases, rather gradually,

ffrom the minimum value at N O up to N 0.75, after wnlch 1t

A
fincreases more rapldly to a max1mum at pure gold. 7 (3) The lower
‘:initlal slope of the wavelengthntime curves implies- that stable' nuclei"

'ilffikﬂiyplfltfxare present at the beginning of the transformation, therefore the reactlonﬁ

E is prlmarlly a growth process.ls The only apparent cause of a mlnimum

{f growth rate at the critical compos1tion is a maximum in straln energy,

. since the gradient energy. term is not very dependent upon compos1tion .ffl{f

o or temperature.10

V. CONCLUSIONS

Isothermal growth of the structural modulatlon wavelength in .~

'lhispinodal gold-platinum alloys has been found to follow a linear logarith—fi“h

;{:;;{;mic relationship for alloys on both sides and at the center of the
:isplnodal region, and the apparent activation energy for the reaction
i{gagrees with that for volume diffu51on in thls alloy system. The reaction :_pil,

tﬂifjmechanism is similar to that found earlier in 1ron—copper—n1ckel 31deband “‘f{
sfgiffialloys, but coherency is lost at much lower wavelengths, particularly

; ”Qﬂ}ﬁ'at the critical compos1tion. The loss of coherency at generally low

o wavelengths was attrlbuted to higher elastlc strain energy, which exhiblts; .

“yﬁ,v a maxlmum near the critical compos1t10n.
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