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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HEATS OF FORMATION OF Au,Zn AND AuZn
Ray W. Carpenter, 'Réymond'L'._ Orr, avn_d Ralph Hultgren

“ABSTRACT

Heats of formation of_goldjzinc alioys of‘compo-sitions'Au:;Z_'n and AuZn -
were measured at several temperatures by liquid tin solution calorimetry.

The data for Au,Zn show that ‘much smaller heat and entropy effects are

3

-« transformation.

asso_ciated With the 02—'5&1 trvansformation than for the ;

This-result is consistent with'reported X-ray diffraction sf;‘udiés' which

indicate that the (yi and d2

differ, whereas the ¢ phase is disordered. The heat of formation of AuzZn(B”)

phases have ordered structures which only slightly

does not change significantly between 322° and 800°K, confirming that the

B alloy' remains highly ordered to high tei'nperaﬁlres.

Ray W Carpenter, Member AIME, formerly Gradﬁate Student, _Universvity
of California, Berkeley, California,‘ is now Senior Metallurgist, Department |
of Metallurgy, Sfanflc')vrd Research InStitu’te, Menlo"Park, Califorﬁia; ‘
Raymond L. Orr and Ralph Hultgren, M'embers‘ AIME, are Research Metallurgist
ahd Pr'ofessbr of Métaliurgy, respé_c’;ively, Inorganic Materials Researgh ‘
Division, La\.zvrence bRadiation Laborétory, and Department éf Mineral Technology,

College of Engineering, University of Califofnia, Berkeley, California.
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Not many rh_e'as-'tir_e’ments have been mé_Lde of. the ehergieS- of order-
disorder transformations in alloy phases. In many cases these energics.
may be conveniently determined by measuring heats of formation as a

function of temperature. Many a]]oy phases approxi.mate],y-'obey'Kopp's '

.law of additi\}ity of heat capacities; as a cohsequence their heats of formation

do not change ‘with‘ tempe.rature.’ vIn ordered alloys, }v\ow‘ever, a decr"ease}in‘
degree of order with incfe-aSing tem‘peratu‘re‘ will contribute an endothermic
component’tovthe heat of formation. T‘h'u's, for ordered phaséS where other
'anox?f*alous confributions fQ heat capécity in :the‘ alloy or ’its pure com-p(-Jnents
are absent, a measured change in the heat of formation may be attributed fo
the venergy_ éf disordering. : |

- A portion of the Au-Zn phase didgfa_ml is shown in Fig. 1.. The

- composition AuZ_n(B 2 has a well-ordered superlattice structure of the CsCl

typé at foom vt’emperatur;e. The alloy is'con‘sidere.d to remain ordered to its
meltihg p.'oin"c;1 although ffom X-ray diffraction da.ta..an.d emf measureme;}ts
of:ziﬁc éctivitie's, T’erpilowski3 concluded that consider_able_disordering
began at ~673°K. |

.Th.e' Au3Zn compdsition is a disordered fcc solid solution (@) at high.
’;emperamres. Between .693° and 543“’>K, the a11<;y orders to .form the @ fphaée,

havihg a strﬁcture_bas_ed on the le(AuCuS) type, but with a regular distribu-

tion of ordering faults in the c-direction, making‘it tetragonal. Below

'543°K, the alloy orders further by means of slight atomic shifts, without

'diffusion_, yielding a complex long-period orthorhombic superlattice structure,

4-7
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'900°K for 10 days. The Au
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3Zn(dz) and AuZn(B) were measured at 363°K

Heats of formation of Au

b_v Biltz et al. 8 by a'qﬁebus solution calorimefry. Héét‘c_:apacities of several

alloys between 14.9 and 38. 4 at. pet zine in the rangé from 373° to 723°K were

-measured by Iwasaki et al.  Stoichiometric AuBZn, however, was not.

included in the allOys. measured, the nearest composition being 26. 1 at. pet zine..

Also, the heating rate used for the measurements, 2 deg/min, may not have -

permitted equilibrium fo be reached in the neighborhood of the transformations;, ,

Heat contents of solid .and liquid AuZn were measured between 484° and 1138°K

Dy Kubaschewski.9

It was deéided to determiné the‘ ordering éne_rgives.of AuBZ_n and to check
on the poséible disordering of AuZn by measu‘r"in'g 1:he"heafs of forma’ti’on. of
these ailoys_at several temperétures. ‘.'I‘he preéeﬁt p'af)_ér' report_s méas{lr‘ements
by liQuid tin.éolution 'célorimet.r}.r.' ‘ovf t'hev,heat_s offorfna‘,c.vion of tvhe' thrée _pﬁasgs of
Ails'z_n at t.em‘peratures v;fithin"the‘ir regions of stabil_ity, a;'nd' of AuZn avt a low
(322°K) and a high (800°K) teﬁlperaturé.

EXPERIMENTAL

Alloy Preparatiori and X=ray Examination. Ten gram ingots of AuSZn
and AuZn were prepared by melting weighed amounts of gold (99. 95 pct Au)

and zinc (99.99pct Zn) t'ogvether in sealed e’vacuafed Vycbr tubes at 1060°K,

followed by rapid quenching. The resulting ingots were homogenized at

3vaa110y lost no weight in preparation; the loss
from the AuZn alloy was enough to introduce an uncertainty of only 0.1 at. pct .

in its composition.




- diffraction pattern showed excellent agreement with reported data

~4-.
Filings‘f for X-ray examlnation.'were taken from various parts of each
ingot and strain annealed at 723_°K for'20> min in vacuo. The Au3zn filings

were quenched rapidly to retain the disordered p.hase. " 'Diffraction patterns

‘were determined with an X-ray diffractometer using copper Kq radiation.

.Diffraction patterns for both samples were very sharp with well resolved

back: reﬂection peaks, indicating the homogeneity of the alloys. The pattern

for the quernched Au,Zn sample showed it to have the fcc structure of the

3

a'—phase alloy; no superlattice- lines were present.. The lattice constant found,

4, 046A was in fa1r agreement with that determined by Raub et al. 10 4. OS‘)A

-but was cons1derab1y higher than the value reported by Owen and Roberts

4.028A. The AuZn sample pattern corresponded to that for a CsCl super-

' lattlce structure with a lattlce constant of 3. 148A

In order to devel_op the o

2 -3

in vacuo at 600°K for 2.5 hours followed by slow furnace cooling. . The

2

for

the ordered orthorhombic Stru_cture.

Calorimetry. Heats of solution of gold,' zinc, and the alloys in liquid

tin were measured using.the calorimetr_ic apparatus and methods described
previousl&.l-z Specimens Weighing about 0. 75 g were prepared by enclosing
cuttings of. the alloys or pure metals in gold foil capsules. Tne pure ntetals
and the AuBZn(a ) alloy. specimens were dropped from an initial temperature,
Ti’ of about 330°K into the tin solvent bath at apprommatcly 600 K, Tf In

order to develop the al and o phases, specimens of Au3Zn were held at

temperatures of approximately 594° and 7T98°K, re_spectively, for periods

phase, the Au,Zn ingot and filings were heated
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up to 21 hours, v_the"-r"i vd\‘r'oApped_frorri:i.""c‘:}_"lvés‘é t‘_éfhperéltur.‘es iﬁ"_co_'t‘h_'g bath.

Specimens of AuZn(g*) were held at ~322° and ~800°K prior to adding

them to the bath. The average solution time for each of the alloys was
about 10 min.
The heat capacity of the tin-bath was niéasure_d at regular intervals

by droppiﬁg specimens- of pure tin and using' tabulated heat content data.

The ?’i’in’ bath was changed when the solute cqnc_e‘ntration’reachved 1.5 at. pct.; .

within this range, concentration effects were found to be negligible within

the experimental scatter. The runs were made in an argon atmosphere

in order to‘reducie the rate of zinc evaporat_ion' from the tin bath, which

proved to be inappreéiable under these conditions.

RESULTS

The measured heat effects are given in Table I From th_é data for
the pur‘é métals and-tabulated heat .content da’ca,13 heats of solution of_ the

solid elements for T, = T,= 600°K were calculated, yielding average values

of -5441(+16) cal/g-atom for gold and 3938(i14) cél/g-a_tom for zinc. The .

data for gold were corr'ected for_ the small differences between theé actual

solution temperatures and 600°K using the value of ACP =4,2
‘ ‘ : Au(xsn= 1) .

13

cal/deg. g-atom. ” No such correction was required for zinc, since

ACp : B = 0.
Zn(xSn— 1) | : _ |
Heats of formation of the alloy phases at their initial specimen
temperatures, Ti’ were obtained by sﬁu_b’crac’cingr the heats of solution of
the alloys from those of corresponding amounts of the pure metals between

the same initial and final temperatures, The latter values AWelre calculated




-6_'.‘
from the avei‘agé heaté of s"ol.ut‘ion of gold and _Zin'c at '606°K, tabulated
heat contént data,13‘ and the .value of AEpAu feferr.ed to previously. Values
above the.‘ melting point.of Zinc,_ 692. 7°K, have be‘e'n'-referred to super-
heated solid zinc assum_ihg a.coﬁstant value for thé' heat of fué;ion, .1765
cal/g-atom.13 Resulting hgéfzs of formation are..given in Table 1. Values
given in parentheses are 'thé' :méan deviations of the measured values.

Absolute uncertainties of the average values are estimated to be of the order

~of £50 cal/g-atom.

DISCUSSION

The value reported by Biltz et al .8 for the heat ‘Of formation of both ,

2

the o
found here. Since their data were obtained by aqueous bromine-bromide.

and 8 phases, ~-5500 cal/g-atom, differs considerably from those
solution calorimetry, they are not likely to be hi'ghly accurate.
Differences between the heats of formation of the three modifications

of AuSZn yield the heats of transformatibn given in Table I, Althoﬁgh the
transitions 'oécur over rangés of temperature, as showh by the Cp data of
Iwasaki efc a1.6, 'entropies. of.”transfo-rmatlfon hév_e be.evn' ap’prokimated by
referfing these heats to the respective critical tem:peratures.‘. . The resulting
values, which are lowevr limits: of the actual entropies of tran_s'formation, are
also listed in Table TIT. |

The. smail values of AH and AS asspciated With the 02—-'01 tfdnsformai;ion
are consiétent with the'chilusions of the 'X-r'ayvdiffraction studiés,4_7 Which
indicate only a slight _d_ifferén_ce in.the ordered structures of the two phascs.

Mucii targer values result {rom the disordering of the oy phase, as would be
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expected. For the overall d1sordcrmo pr'occsq A I _, =632 cal/o-atom

, g
and AS  ~0.95 cal/deg g-atom, which compare favorably with the

as"x
correspinding values reportcdby Iwasaki et a1.6 for a 26.1 af. ‘pct zinc
51110}’; 700 cal/g-atom 3‘”‘(3‘1- 01 C“']‘/.d(*ﬁ.f f-’;"illt(.)l'n;YI‘(‘.‘SD(")()HV(JII}’{ ']l‘hovsc» -'
mvcstlgatorq did not rcpoﬂ a separate v 1!110 for the 09—*01 transformation,
but tholr ij curve for the 26.1 ai pct alloy ylc]as an approxlmatc value of
AHQ e = 150 cal/g-atom, bwhich, when subtracted from their to_’tal value of
2 71 ; '

700 cal/g-atom, yields AH = 550 cal/g-atom. According to Iwasaki ¢t
: _ N ‘ oy "o ) : ' o
. 1 ¢ - :

the latter transformation is partially one of first order, with a latent

;11.6,
" heat effect of 145 cal/g-atom.

Thé‘ approximate totall disordering entrO})y of AuSZn ‘cglculated ffom
the présent data, 0.95 éal/deg g-atom, is only slightly icss.fh}ln» the ideal
configurational value, 1.12 cal/deg g-atom. The lower .value found coula
§ve11 result frofn sho‘r;c-»r‘énge‘ o_rder} 1n the@'phasé, ‘the‘existence of which
is indicated by the ano.malouslly high Cp values reportéd by Iwasaki et al.
for the 26 1 ét; pct Zfi_alloy justva’bove thei al—*a transformatic.):n femperaturé.
Of course, non-configufational‘factors may also contribute to the difference.

Within the experimental uncertainties, the present results show that
the heat of formatlon of the B* phase does not change 51gn1f1cant1y bctwccn
322° and 800 K, in dlsagreement with the heat content data of Kubaschowskl9

for AuZn, which yield (AH ) = 110 cal/g- atom " The present

800 298
results indicate the alloy to remain fully ordered to 800° K This is consistent:
with earvlier evidence that AuZn retains an ordered structure to its melting

, 1 . . ' . So.3 . .
point” and contradicts the conclusion of Terpilowski™ that considerable disor-

dering begins at ~673°K,
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Table I. . Measured Heats of Solution in Liguid Tin

T.,°K

AL

'801. 4

: i Solute T.,°K sol'n

i { .
cal/g-atom

Au = ©329.0 598. 5 3758
330. 5 602. 1 ~3720
333.5 602.1 -3780
Zn . 330.0 602.0 5577
333. 2 602.0 15691
.AuSZh(a2) 336. 9 613. 2 2767
o 330. 4 601. 6 2712
330. 1 509. 7 2655
Au,Zn(a,) 594. 4 1 607.2 11020
592,90 599. 9 933
Au,Zn(a) 796. 8 607. 6 - 982
.797. 4  607.6 - 915
799. 2 600. 4 - 892
798. 6 §00. 4 - 959
AuZn(g°) = 322.6 597. 8 7156
' 322.4 597. 8 7127
AuZn(B”) 798. 4 597.17 4026
A 597. 7 4040
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Table II. IHeats of Formation of A]l(')ys,

(1 -.x)Au'( +XZn, | = Au Z

$)7 sy T L - x (s
Phase : T, °K A'T{férmetion’ cal‘/,;—afwm,
' " Measured Values Average
,AuSZn(C(z) . 332' _ -4-(578, 4095, -4054 | v—407(‘3(i-1'4)
: AuBZn(al) , | 594 —4}011, -3683 o —3997(&_14)
Augzﬁ(a) ' 798 © -3356, 5427, -353_1, 434(;0' . -3444‘(-}52)_
AuZn(B") 322 -6165,-6135 o -6150(14)
AuZn(3°) 800 -6158, f(;193. ‘—6176(:vt18)

Table III. Approximate Heats and Entropies of Transformation of AuBZn

1

Transformation Tc’ °K AH S AS. :
: cal/g-atom cal/deg.g-atom
az‘*al 543 - | 79 0.15
o, "o 693 o 553 . 0. 30

1
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