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,;-a110ys containing from 1 to 33.5 at.# Zn.have been measured
| “ at 573°%K using a liquid tin solation calorimeter. ' Exceea?‘ -
:;'fh;;entropiea of formation have been calculated from the heats R
| :'L;of formation and %he—excoes free energies of formation e

“obtained in- earlier vapour pressure studies. The reaulta

S _gino ‘and then ghow negative deviations from ideality that
o ',:;, .’mcrease with the concontration of zino, &nﬁm—ﬂky

‘ “_‘entropiee of formation of solid copper-zinc alloys are

' 411-defined. Experimentalists who have used the vapour &

preseure technique to detormine'parﬁal free energios of
‘7 eolution of zine( 67 ) and have then obtaiged partial
4'”5:°ntr°pies of formation (SG,) by the use of the relationahip

" have had difﬁculty in determining accurate temperature
SR dependenoies_from the comparatively limited temperature
: - :‘,1',ran°'e's of ~ 150°K that are experimentally possible. ~The 1§ &

free energies of formation (") dotorminod-in-these-studies q |

.‘;' are however reliable and\thoro is good agreement batween
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The hoata of formation of d-solid solution copper-zino
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 In pite of the efforts of aeveral workera(]' 2 3) the
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(Hm) of the alloys but insufficiont data were available hefore

R " . for one weok at 850°C, | X-ray fluoresoenoe analysis mdicated.i?'

Lry pa:cametera agreed with the previously reported values to
; within 0.3% with respect to composition. -
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Hargreav_eeu") » Herbenar, Siebert. and Durfendack(z); and

Lo ‘Argent and ?’akeﬁan(” about the values of the free enargies .
}-.}.:.; oi’ fomation of, theee alloys at ~1000°K E Soveral workers(4 5 6)
have made comparatively limited studies of the hoats of formation

- the present inveetigation for reliable estimatee of the ’
: entmpiee of formation(s ) to be mede ‘oy opmbining the heate >
and free energiee of fomation ueing the relationehip
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- ‘The alloys ugsed in this inveetigation came: £rom two’
AL sources. -Specimes of 23 alloys uged by Argent and Wakemane)v‘f
. " vere available and used afier a further check of their "
‘compositions by X-ray :Eluoroecence analysis. A further 20
P - new alloys were made frd 99 999,« copper and 99 99% zinc

, '_ by nelting the components\ in sealed clear silica tubes.

‘ The alloys were thoroughly\mixed by shaking and quenched
U water, This procedure ensured that long range sogregation :A‘_,
S\\\co. / . was 9light. . The ingots wer& then annealed in sealed,\capeulea

T that in all ceses the alloys were within 0.3 at.? of the
S intendod compositions. }‘ A further check on the composition
i and homogeneity of the alloys was made by meane of lattice

s parameter determinations on ten of the alloye, the lattice o

The liquid tin calorimeter and the experimental procedures
ueed for the heat of formation determinations have been deecribed
elsevhere(7) and only a brief ‘description will be given here,, i
3 ~The ealorimet_er _cousiets _of a stirred bath _of approximately - ;
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{'250 gug of liquid tin contained in a molybdenum crucible and
' the crucible is supported within a heavy copper jacket which

‘»: is heated by a resistance heating element. Externally caueed;ﬂdfej
‘?'i}drifts or fluctuations in the jackei temperature are kept to ‘{gfﬁf

-~ iilees than 0,001° by means of a sensitive resistance thermometer

. . temperature controller. The temperature difference between

.'; ‘. the jacket and the crucible is measured by means of a coppex-

; :':;'fl;rhodium couple, - The calorimeter and a separately heated- u,tﬁ
_,if“f‘ dispenser unit, which holds the specimens prior to droPping
: *:Sﬂfgg'them into the bath, are contained in a chamber that was ,i‘_*

.....

e ;f;;_evacﬁated and then £illed with argon to roduce zinc losses' .~ '%"

'ﬁuip'j’reection was complete was evaluated from the chanbe in the g

f:fﬂt'and alloys ~ 5 mm. in dismoter wore used Lor all the

'Jriéffrom the specimens.

f*_ temperature was recorded and 1t was dropped into‘the~tin.bath,gat
", Readings lof the jacket and differential temporatures were then-“"v

‘ﬂi‘i_differenxial temperature the measured heat capacity of the

"i*-?_the Jacket and erucible. The heat capacity of the calorimeter

"7mr.P£§OIQ4ﬁh§‘total“coneentrationmof.soluteihetals reached . ...

”"*:;»;conetantan differential thermocouple and the Jacket temperature

- 4g measured, eeperately by a calibrated platinum—platinum + 10%

{
Vhon the calorimater reached a gteady state thevspecimenfe}}»
'taken at froquent intervals. The total heat effect after the .

? .

'i;ealorimeter and a correction for the hoeat transfer botween }ﬂ '

‘wffjwas determined from the temperature drop accompanying the 7*5b5‘r

 addition of a specimen of solid tin, uaing the known heat RS RRE
'~ content data for tin, - _' : ? ,f;
Approximately spherical specimene of the pure metals 4§i

determinations. . The tin bath was maint ained at 650(+2)°K
“‘,and the specimen temperatur%g.from run %o run did not vary

| by more than #6° from 573°K. The tin bath was replaced ; ?'?'-¥f
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“nis Lemrerature is eheve the supposed dirordering temperature
forc( brasses (9,10,11) but helow the ordering toaperature Yor
F birass . it wes eho“en to min;mi&e 6“nc loeees.ﬂA:_u e
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témpera‘cure- 650°K, were found to be lirsarly dopendent_

R 1 infinitely dilute solution in liquid tin, at 650°K,

", the stralght lines drawn through the data,

| 'A Hpy = (1 - x) AB; + xpH, - a8y

.

* 'pu':'e copper and zinc were made during the course of the 7

 investigation. The rosults, evaluated at the solutiom i . iio

; on the fotal concentration of solute metals in the tin.

v The relative partial molar enthalpiea -of copper and zinc

. ~obtained by ex..z'apolation to zero concentrajion, are
}"‘tabulated .'m Table I,  The standard reference states

: ‘ave s0lid copper and g0lid zine respectivelyl. The
""tabulated uncertainties are 95% confidence limits based

2" on the standard deviations of the measured values from

The heats of formation of the alloya a‘t 573°K wera

evaluated from the reactions : .

- Cu(s ’Tl) u Cu (in sa) 4,08) eecAl

Several determinations Sf the heats of solution of ‘

i . R
: P . s
' S CoL
DA D
A . E
(1) NI
A RERPAN

Cimg gy 0= In (an Bn)(g,ng) -e--AFp 'l;:.'?:;*;:‘f‘“(z)':;i‘%f'f%i;,,; g

) Cul;_i znx(S",ii)‘ = (1-x) Ca (in un)%’ Tf) +

' xZn (in Sn) (Z Tf) ""“'H3 . _‘(3-)

(Wb.ez'e = initial 91’6°im°n meerature % = final solu.tion

_ temperature, €= liquid, S = solid) :s;,~‘~.:_.§.; BRI

<f ¢.  Comdbination of reaytions l, 2, 3 givesi R -

(l - x)Cu(S Ti) + in(s Tl) R Cu(l - X) (S Ti) ..0 ‘ \
and the heat of forma'cion at 71, Aﬂn 18 given by | s

The final solution temperature does not enter ‘&he

© ecalculations provided that 1t is the same* for react iOng |

1, 2, 3 and thus no assumptions need _to be made about




e;>ehangesrin heat content for the alloys between Ti-and If.

ul.; function of the atomic fraction of zino X;,, together with,)'
- data by Kérber and Oelsen(4) ; 2939K Weibae(s) at 363QK
© and 'Kleppa(e) at 298°K. S ; R S & o

;fj 10 at.% zinc is #50 ca%? ole™
' to +100 ca1¢ mole
Ll.zine logsses that were possible from the specimens during
o .:ffthe times for which they we§e held in the dispenser unit
Zz-cxtel"

.:j'in that there appears %o be a rapid increasa in the exothermic

' heats of formation,_dats are required oh the free energles of i{feef

isf - specific heats of copper-zinc alloys do not deviate grestly

" golute concentration for each alloy run were obt?ined from

‘ i'the linear heats of solution plote found for the pura metals._;%gg.

- ) PR [HN e S PR S I
PR » . ; . ] 5 . S T

::of the observed scatter, K

_ energies of formation at 573°%K are noi lmown and’ extrapolation >

- from the data that ig” available at 1000°K would be liable %o
f‘entr0pies at 1000°K taking advantage of tha fact that the

; from the Koyp-neumenn rule. The maximum reported value of- \\ .
- Ac (8), the deviation from an addi&ity value is 0,16 cal.mole\\\i

| vThis suggests that the error in assuming H573 .B HlOOO will i
probably not be greater than +100 cal.mole l. S

-5 -
Values ofz&.Hl and £1H2 corresponding to the average . !

- ‘.’ -
Ve Ut

The results for the alloys are given in figure 1 as & R

\DISCUSSION
\ .

The scatter in the heate~o£ formation for the first
-]

SRR
and this scatter inoreases: U
> BT

werd unlikely to account for ‘more then a emall fraction

\ The shape of the heat of formation curve is interesting

" heat of formation at concentrations greater than 32 at.g zino. gfﬁ’?’

To evaluate the eniropies of formation from the observed f.“

formation at the samo tomperature. Uhfortunately the frea

considerable error. It therefore scems best to evaluate the ...

Figure 2 shows the value of GX° = G2 - R (2, 10z, +
Xon lnx ) oalculated from the data of Argent and Wekeman(3) R

at higher zine concentrations. The i“fﬂq'ﬁﬁ;

..... i s e ey v — ~per——
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T+ 110 cal nole

~ + 25 cul mole
- ¢al dego
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the values of HT from the present investigationgaﬂd tlie

.. derived values of $*%, . mhe standard deviation for ng was

-1
-1

and the 957 contidence limits X for st

at 30 fite? zinc. whus the expected errors in

$*® are As + 0.1 cal degrtrole™ at 30 ateg zinc and * 0.05 .
-1 mole"1 at 10 at.% zina. Table I1I rresents the most  "

‘probable values of B573o. Gl 000 ?hnd S1 0co° | vabulated at’ . *Fl;vﬁu

5 at.? intervals. It will be no*iced that the ailoys nave

; nearly idesl cntropiea up.to 10 at.9 zinc but show 1ncr°asingly

; s

"‘negative deviations from ideality up %o the X /%(118 phase L

'f" ;boundarv. Due to reasons that wi;l be oexplained later jhe valuea

P

- ag concentrat¢ons greater than 232 at.w zinc are- susrect. -;ufuej;

Ividence for ghort ra nge ox derina in the brasses at low

o températures is comparatlvely gtrong. oeveral workers

| " shape of this hump was of the type normally associated with

(9,10 11)

" have observed hunpg in the apecific heat versus temperature

f 'curvos for brasses containing more thana~18,at-ﬂ zine. _.Th°4 "gi?

 . an order-disorder transformétion. - However the héat’invqlvedz,ilﬁ
. was nmot greater than 40 cal. mole™; that is about 1/10th of * |
tae heat of disordering 8t brass. Childs and Le Claire(}?) _ - f

. observed an intermal friction peak at 573°-623°K.2§35'for
alloys containing more than 8 ati.? zinc which they. associated
with shoxrt ranuq»order in the alloys, Koster and Schule(13)

- measured the electrical resistance and Hall effect for the

Lalloys and again suggested that their observations could be ¢_Qi1f51
 interpreted on the basis of short range ordering in the alloys";

oceurring beiwoen 523°K and 433°K.

o

and the error was calculated on the assumption that the variances
~of the strips used in the graphiecal inxegraulon could be summed
to giva the overall variancs. :

’
s

e e e+ St i

E S ,

® ¢*® was calculated using s | B \\\.
. % A
: : in o N
_ S G, = RTinx R
xs - - Son 7n RN
" = (1 == Co (T =x;,02 4Xzn R
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The €XCO&8 entropies obtained in tue present work nay

e be understood if short range order persists to comparatively’ tf{*‘

Ligh temperatures in & brasses containing more than 10 at.ﬂ fj;w"

zinec, and if this degree of order increases rapidly as +he:

X /X + P phasa boundary is approached.  The values of-.‘.‘,_ﬂv Lt
H® for the c(_phase alloys are r\/400 cal mole -1 Lore .fﬂ"g'af** i
"negative at the phase boéﬂoary than Would be expected from 8e . g{i‘

smooth extrapolation of th values obtained at lower

'f concentrations, or he an integration of the values of th

5

I ... devermined at i, 000 K (3) - %his eﬁthalpy difference is of ,*-ﬁ;fk‘i

" the nagnitude to oe expected if ae the o(phase that oomes

into equilibrium_with’ the ordered IB bras.s is ordered on a *

.,f H"ﬁﬁ long range hasis with an enfhalpy of ordering similar to that

(14)

H'found for % CuZn or & Cu3£u and b. alloys containing 3 ‘;jjg -

- !

- less than ~ 3¢ at. zinc only show ‘short range order.

::gomo nuprort for this view is founa in Thomas's obsurvations o
oz superdislocat:ons in & brasses containing higg/COncentrationS'“

(15)

“of zinc . However this evidence is not conciuaivergs S

- Cohen and rine(1®) have sugsested that superdislocations f'{ﬁ*ﬁf

' ray be observed in structures show1nb a’ high degree of short -
z"range order, The doubt about the s ructural state of the

—v'ﬁffﬁ; & brasses containing high concentrations of zinc makes the

. " ~ . st R

agssunption H573°-—-‘H?000° .. 8u ybct. and in deriving valueo‘f$f:%

or‘sigooo a substantial enthalpy of disorderin, may need to

oo ‘qu be considered‘for;alloys containing '>>§0 at., zinc.

1 fnf . ohe exient of short r%§é order in liquid alloys should ~ '

- be much lesc than in the sollid state and measureaents by
(18).

: ' 2 : ST
- Bverett, Jacobs and Kitcnener( 17 and by Downie show:uu .
that the eniropies hecome more nearly“idea} on nelting and

that the negative deviations are at most one-half the magnitude

—-~—of-those found- for soiid~alloys:-9~-Thewalternative“interpratation'ql

# Uofortunatply the acceuracy c¢f the present ¥ork is not '
FeeemmSUE e tent - TU eIt - whethier The Fluctuxtions  in the partial” T” Tl
- entropy of zinc--observed by Arzent and Wakeman(3) are rezl. T
Moreover, recently Pilby and Pratn have investigated other
paase alloys based on Group It solvents and Grouyp ITb solutes - .
- and found flilucvuutions in the. partial envtropy of cadmium in T
b07d+Cudulum a110Js {20) but not. in silver + cadmiuu alioys (21).




‘ -8 - ' 1
" that the negative excess entropies arise from changes in . ‘;;ﬂ .:} é
the wibrational spectrum on alloying is not supported by the i “j
available data on high temperature heat contents(19> or low -  §5 \
"temperature specific.heats(s), These data suggést that defiationa,i; Z
from the Xopp-Neumann rule are smalle NES o "‘n;.; €f 5
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PIGUAE CAYXIIONS

. ) S
1. Heats of formation of \the on-brasses. | ‘ »
© 2his work 573%, A\Weibke 363%, <7 Xleppa and King 298°K .
E]rnrber and Qelsen 897°K. o B ’ o "'%~

\
.\.

2. Enthalpies, excess free encrgies and excess entropies of

fprmation of the brassese.
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