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/ 

... ~~: .... , ... • .,- . t •• 

: < . ..,· ·:. ·'.. \·\ . !<. :' 

:• • : • ,.. • . • : by + .-::: :~-:~}: ;:·· ' •C:' • ; ;'J•"•r•:.• '; • :' :. ·. ! 

I : . ; :.: :.; . ; .. . ll. L. Ozr• ana ll. D. Argent . . . . . :,' ;: :\))~; .;) 
1 \~ , , · · March, 1.965 · · · • 

1, ·. ~ .> ·.. . . stn•mARY .. · ·.. .. :·~·,f-::~:r:: 
I '. :~~. ' .. ;:;. <·: ; -: '~'.):: t. :·~ 
{ . ..; ·.:·_

1
··.: ·. • .. ·.. ~he hoata of formation of ct-a:olid eoltdion oopper-zino . · .. ~I:···:···::.:. V\·~ 

!" · .:.· ~. ' 1 
'-.· . .-~ . alloys containill8 from l to 33.5 at·" Zn .havo been measur e4 ·.<r ::.(;:·:;:~ 

• :• ,:· ', ~ .. ' •• •' • l • ' , • .t, ; /
0 ,:·~·-,~·:.:: ~~:~,·: 

. •" ,· ; . · ·. · .. at 5730X using a ·liqllid tin solu.tion calorime-ter. Exceos · · .:.:::~, ·:· · ·.;j 

; : : : ·:.:: 5. ·. ':;t::::i:: :~:x::: ::: ::::::e:::::::o:eab ~ .··;< ,·i~ 
• .. ·. ; . ~ , :'\, :·~. . : . ;;, ! I;: ,· .· i. ;~ 
~·.:· · : .· .' obtained 1n ·oarlior vapour presslll'e sta.dies. !rho reslllts ·;::.: . ., ... ~ 
·: •••• • :~ :·,, ' :·/" 'I ' . - ' • • .~"~~. ~.}.>: ).· ... "!~~·.~ 
·. . · ~-~~, .·:. · ~ . show "that "the solutions are approximately ideal u.p 'to 10 at·" ~:.:-.: .. · :~.;<:£ 

•. ,.! "' • · · · • .. . ~ :r. :. · .. ' , , · -r· ~: 

'·. i ·;.,j' :: · 5 •• : •. ·zino and then show negative de:v1ations from ideality 'that ::>\li. ·::::~~·\ ... · ];~.{~ 

" : ~ ,~ ;; ~ :~::: rreas.e w1 tb 1h~ concontra tion of zino, ~ •ha~· ·.' :. :< ... ·~.~~-~ ... :.:.r.;_r ..... ~.i.:.\,i,:.!.;.: 
,· ·.·< >.· .. ItlTRODUCTION . • .·· .·. ,. ~,,.,-
/ , .... { < ·.· In spite . of tho efforts of several workors (l; 2,3) th~ ~;>. ~ {,~:-o.·· e~j 
: : [(.-;. · entropies' of formation of eolid coi>par-zino alloys are · : ~i:\ <> · tfi~ 
·;~ :-t.'~.\f.·,·.r; .... \ ' .' • I' :~·"' •. '\ .:··.,·.:,~~ 

.':_·,.: .. ;::'"~:)·~~.·) .. \\·.·~ill-defined. Experimentalists who have used t~e vapour .. ·-:.;:,: ... ~·':·>:~.:: .. ::· ·rl·'":\ 
.. ''. ' .. ·. ·.~.::~~ pressure technique to dotermina par'tial free energies of - i. · .. . 1:,:.. ...;~~·~ 
·-4 • ·. • • • , • ~ ,_. , t • ., r'"· 

· .... · · .. · · · :·. aollltion of zinc ( G~ and have then obtailled partial. ·. ·~ ·: :· ·:.·~<·~. 1/"!t 
. . : . . ,· .• entropies of formation ( ?zn) by tho use of i the relatioDllhi~,, ~- 9 ... ·. r·!:~ 
. ··~ i'.,. d Gmzn - s~n :,·:;/.\.·:::·:;~.i-.. :.···j::.: .. :~~}; 

..:,:.· ·:. ... 
• t ':. I 

. . . ' .. ~.. ; . . ·. 

. : . .. 
·:~ ~· . .... : · .· ·· . have had difficulty in determining accurate ;tempera.ture 

·.·: ·. ·. dependencies from tho comparatively limited temperature 
:·. ,, ; . 

. . . ~~·~··. 

ranges of'~ l50°K that are experimentally possible. The \ · .·.\ ';. · .. >•::. 

·, · .. ·. ·: , free energies of formation (Gm) ~lWa ill. thesa-atud4-eil ~· ~ ~.>_:·\· ~::·_:/.j· 
. . . ·• . . are however r~liable sn~ 1 the~o is iooa agrelllllent between · '~~\ :·:l'~ 

: . •rnorgnnic Materials Rosen~h D~viaion, L~wrence Radiation •:::.'i\ ti: .. : .. ; 
· .. :: ... · Laboratory, and Department\of' Mineral Technology, University :L;.; ·'\~ ._:.', 

........ +Dof'aparCaltmifa· no:nin, llorl<aley, California. . . . . • ·.> :·.:_.'·:·:.\,. ·.•.· .. ;·::_~':;:;:: ~~; ... ··~.·::,·~·:.{~:; .. 
• ~f ~t~~~ ~. ~n\ersi~:. o~ Sheffield. ':·~ . . . . . .

11 

: ,\:;· 

'· . . · · .~ I. • • • . 1 • i • • , • \i r ~~ • • • • • '· • • J.\{i 

. . . ·. . /, . . . . . . -~ .:· ).\ 
·\) -·.· .. '.·" . . . .. "· :::.! . .j~ 

·~··-·.---....... -:"""'...,._..,... __ ~-------- .. ~---:"';·--- .. ~-~--..... :!"""!" .... __ ,~_·~ . .6 ... t., .·. ••·.·.· ·.·:: •.• J: 
"'. ':.~·:- ·~ .... ~... ;·,, - . -

... ···· ."'· . ·:· . . . . , ... 
~ .... : l: ... ; . . • : 

. . ·•. '; ... ~ ~ 
' . ' .. :·' . ~· ' . 

..... . "-+' - ., ~.. • '. . ~ 
·• ! 

··: . .:·'' 



' . . ~-- . --- - -_ ~ " - - - -- ·_ . . . ' ._· [ 
I .. -. . . - . . - 2 - -. - -- : -:; -~ [;. 

l."_.> ·- '. · ·. · Har~raavoa(l) Herbonar Siobart- and Duffondack:( 2) . and .. -: ... ··.:. !>~ 
l . : ... ' .... ·: u . ' t . '. . . • . 1·:.:'1 

i• · .. · ·,. > ' :,~: .. ; : Argent and \'Iakeman (J) aboat tho valaos "f _ tho i'roo energies . ., ·_ ·lil 
J : __ ·. :/}' -<· : o:t :tOnna Uon o:t the so alloys at "'l.OOOOIC. ; Several. workers< 4' ~,G) IY 
1 : , \.:..:.;· .... ::·.-.·:· .. _have .. ~de comparatively limited studies-~~ -~he heats o~ formation ... _ ··,? 
:j ;·~;:~.:-·.·.··: .. '~··-':_. (!fl) of tho alloys bLlt 1nsuffic1ant data were_ available before·(,;':_.:--~~ 
j . .' ' : · . ,. , . .· i,v · · · . · · . · . · . . . ' . • .; '.. . :._., 
~ .:·. -,'·' ,:, .. · · .. · tho present investigation for reliable estimates of the : : ·>: .. :.,-:· ·.; 

.. 

1

li .. ~: .. : .:·.·:: ent~opias of formation {if') to be ln!l~e b! o.1pm~1n'in~· ~~~. _he, ~t-~ .. zr··:.-[·:. 
• • • • • • • • , • ~ • . l . J. • • I ... 

. 1 ·, ·;: ·<·:: ·.; ana free energies of formation u.sing the relationship · · :: .: ., · ··: ...-··::.-.'. 1.\; 

.; ?., •' 

,· .... :· .. : _ .. _.:·:·.. EXPERD/fENTAL ---~--· ... : 
~~ ... ·. . ' "; ~--. _ .. : . • ·., .: ~. . ·1··. ·... '>j 

. ·· ·.::_ ':.-</::·:·~.::'·::, ·. -The alloys· usad in ·this investigation came· ~om 'two· · :··>~-··' :~:f 
J : >· : :>;~ .( sources. S~ocimms of 23 alloyS ased by Argent and Wakeman (3~- ·> [£: 
·l ·: · -, .<_:_·_:·~_;·;<.·were available nnd used _after a further Check o~ their ,·\\ -~-. ··C.'):::Jii~~1 'l . " . . . ' ' ' :•.• .· ~···" 

·l· ~:. ;:/-: :)':_'_._.:::. c~mpoeitiona by X-ray ~luorosoenca analysiS.·· ·A.further 20 __ {;:\··~~.::,/:·~ f\~;t 
j , . . """ I , \•' q·• . t ·,v 

.j·>·· .. .-.,.- ;···:::_ .. .-'::-... :~new alloys were made fr~~99.999% copper and 99.99~ z1not:: .. :".·';'\}:}:;~./~~f~1 
j ·. . · ·. : ··_:·:>::·.by I:lelting the components in sealed clear silica tubes. . .·,:::\>.· ::·,:~~~ 
: ' .,. ' • • • • • f =, !·~ x .. ·,)- ..; ~.t i~ 
; ·. · > .: : .The alloys were th~rouehly-~mixed by shaking and q11enohed ·:~,:~:j~·:.: /;~: j . -.~;.,. .,. •: · .. 

j. . _ . _:::' in water, !rhia procedure 'Insured thnt l.~ng range segregation';;,-_<:~~~ 
j · Si\'c:.CI./ , was slight • ·. Tho 1niJ ot B war\ then ai:lhealGd in sealed" oaps~ea <;, \ ~~1 
j ·. ·-. >. :\_~:_:->: ·:_· .. ~or one weok at 850°0,. . X-ray fluoreso.a.noa analysis indicated)X~.·-~· [.q~ 

.'_j · · .·:.:: _ :,.,.,·.·:.:··_-,·:that in all cases the alloys were _within 0.3 at~~ of the .::· .. ·>·~·:':·:~·~-~~ !::~':t~ 

.! -~-:~ .. ··:_.:·_··.- .. :···intended compositio~s. A :furthor check on the c~~position··_·:.:~\~:x- .. ::·[?~t; 
l • 7 . . • . • . - • ...... ' . I . . i . · .. :-:/: .. : n-? 
J . )~ .. . :·:. ~- · .'.::_::'·. afld homogeneity of the alloys was made by mbans o~ lattice . : ._,: -~~·;_·~~-,.· __ · [/.~:~ 

·, .. ::~ .. parameter detarminations on ten of the alloys; the_ lattice~:--.:?:_~:;·.·.~·) 

:· ;· : / : _' '_, · _ parameter a agreed w1 th -the previoasly report ell valaes to ;; :\".[l.(~ 
. -,,.-: _ .. : ·.-.'· : within ± 0.3% with respect to cOlllposition. · :,, ,-·· .. l;··~ 

· · · _:') ,' .: . _ Tho liqaid Un calorimeter and the experimental procedures ; 'J~:~ 
:"-. · used for tho heat o:t· formation determinations have boon describod." /':-~~~-­

.' elsewhere(7) and only a brief ·aascriptiozi will be given hore. ·. ::·~·:._.,·:_. f':~;; 
; ' :' " . : •. .,: . . : ::.·. ~;··.·::·;~ 

· '·· · .. ·The calorimeter consists of a stirred bath of approximately. :· --. !/.::>: .t: '.; . 
. ' . 

.:. -~ • •• • \o ' • 

··. ~ . . . ~ ',.~-~ . 
.-. ' .. · .. 

~ . . .. • ·-..... : . ~ . -

" .. • ~ .: ,J •• 

' . 
. ~,.-.. _ .. --~z··~-:""-:--~-J.~-~-:-·"'-~;.~~-"17~'T--~7=:~~--~:~~ ·. _~- :: ~-- ~ ~- .. , 

-- ...... ; . ..· . ... ~ . \ : . 
~ .. \" . 

f .... • M ~ o 
·.,·• ' . '. 

. ... ..: . : . - ..... ~ 

• • .... "'~ •! ., 

- ~ . . ' ~· .. 

.. -~:;-­-. .. 

--· .. . ~' - .. {, ... 

• t. :. : j ~ • t I 

.-_ ~- . -: . 
,/ . 



• ,'. 1 ,, .• 
Approximatoly spherical specimens of tho pure metals 

i .· l ·. . ,, 
I 
l 
l 

l 
1 

and alloys ~5 mm. in diameto~ wore ~sod for ·al1 the 
' . . . 

determinations. . The tin bath was maintained at 650(±2) 0~, · .'t' 
. . . ., ~ 

-·-· ··---- ----·--· -·", 
'• 'r ,·,. 

ii This ~f<mr;era:t\.'!.ro 1·s b.bovCl t:he ~urroN~d cl.i~orderine;· tezr.p~rature :.·. ,·:,_ r 
foro( brasses {9,10,11) but below thn ordeJ•in$ tei!lperatur~ rpr .. :· ·. 
~ brass ; . 1 t wtts c:hoeen to minimize zinc lou~;~~~·· ·, . \: .... ::~: \ .. \ .~ 

. • · •• \.·· ·. . •. .- .• c ...• · ...... • :. ;' .. < :· •. ;. . · .• ·:·' ·\> ... ::: ::. 
• f .' ~·· '. '·-~ .• ,·_ . ~ ' • \ r . '. "' • 

. : ' . . -~~ .. :· ·~ ~ . ' . t . . .. . . . . "' . . . '.,(. ,· . . . ~ . ... . .. 

\ . ': .. '. . . . _:__~~---j.~___j ~ .. 



v~~.ir 
-~~ I · ..... ;;.., _, 
i . " 
i 
l 
I 

l 
.i 

l 
l ' 

... 

. . "\ . .. . I . 
·. . \ ··.\):. 't. 

. ~ . ' • :. . . .. ' - 4'. - . i • -.: •• :,- ;~,·. • • f < 7 ~ 
.... ~·.: ~~\ ~r .. 1 

REsu1,Ts . - ;: :\ .• ::.· .: x\t:~ 
·· . ' . . .Several. determillations 1f the heats of soJ.ution of ·.:·:. ~·:-,:/ )\) 

· · · pure copper and zinc wero mado. during tho course of the:>\··.'.'·.:·.! .. ~-~~-.. ~~ 
. .. . ' ~ 

• 
.. , 

'I_ •. 

.... 

. . investigation. ~he rostllta, evaluated at the solution.· .. :·./ :/s·(~··>· .. ~.:.:·~ I : ' · · . . tip era ture • 650°K. were fou.nd to be J.~ arly dependent . · .'.}· Yz:_ . ·) :; 
j .. _•·. ,: ·. ·. ·- .. ·:. on. the total concentra-tion of solute metals in the tin~ ·:,~:_:._.-::'.' <.;'::<:.< .... ·:·~ 
1 ••. ··: · .. ':: · The .relative partial molar enthalpies'·of CO!);Rer and zi~.: .. i~·:-.:·.;.:.}(;,~::~>·:::···,·::·.·;~ 

.r 

· · ·. · · · ... '· · obtained by extrapolation to zero concentra$;1.on, are 
.' . ; . • ~ . . . . : . . . . t5:~ ~ 

· tabulated in Table I. The standard refara·b.Oo states · ...... :· ,::< 
•' . '8i . . . .. ·' ..... 

l . : · · : · · : are solid copper and solid zinc respectively;~ The . .- :·:._ ::: lJ .. · ·, ~:~ ;/.,: ::·.·:~; 

1 . . . > .· . tablllated unoortainties are 95% confidcn~e J.imits based .• ~· • \' ... (.·.::. rJ,~j 
I ..... · ... ~- -~. ·. .: on the standard deviations of tha measured values ~rom .· .. ,.: : .. ~ ..._. !.\~: 
j ·:: · ··.:.·· ... ··~ ·: :: the straight lines drawn through the data~ . · :· .. _··, · .·: ... :.::.:· .. ·. ·:,.:.-,·:?:\: t(~ 

· ·:L-. · Tho heats of formation of the alloys at 573~ were ... :::,:. ,·~ :.·:.~:··. k};i 
i . ' ' : .. ·· . . e~aJ.uato~ from ~he reactions . . . . . ' :.:/:'> /:: \·',: rj:J 
! .. :· .. ,:. :. . . .· . :. . .. Ca( s ,Ti)'·. : ..... ·· . : = ·_.····~Cll (in Sn) (.LTf) •••• AII1 , · · (l) · . ,, · · _. 1•.·: 

I - . • : Zn( S .Ti) . .. Zn (in sn) ({,Tf) ~ ••• AH2 ·_, ; (2) ;,:_ ) 

I ... . CuJ.-x Zn,.;( s .u) .. (J.-x) cu (in SJl:) (t • !C:t) + · ·. ·. . .: :.· kf{: 
I ( ) l . I .: I ( ) :' • •• !!i'~·;; 
I . . . ' xZn in Sn ce Tf) •••• LUI3 .·· . I 3 ,;: : .. ·: r':").~ 
j -~··' ., 

0 

' ' ' 'I ' , I 'I • ', 
0 

\ • .... :. ·>;,,:·~ .. ·.: .·~~;;~::~; 
~ ·: (whore Ti .. 1n1 tiaJ. specimen tomperatare·. Tf' = final. soJ.ution. : ~··< j .. _·i 

j .. ·: .,_. . temperature,{, = liquid, S = solid). · ~~-~:<:· .. ··~'.: i.' '· . ·,,.:_..-:.·:. : ··' _;··} 

1 . cf. .. Combillatio:tl of raajltions 1, 2, 3 givasj ·- .. · .. ~ .· ·' .· :·( . .-.' .. _·- .. ~. ).·') 
f • , , • • • r ... 

(l- x)Cu(S,Ti) ~ xzn(s,Ti) · = · Cll(l .- x}Znx(s,Ti) ::·-.. ~~ ·:.· (4) ._;'··:<:~-f.<~ 
\ . · .. · ,·:.. ' ·: :·. 'i' ··> 

and the· heat of formation at Ti, l1 ~1 is given by . · i: · ::··:' ·' ·. · ... •· · ,-·· :: >:i 
. . ·.· ·. . ; ' \'(' ' .. \ .~/·., .. +:<.::{ 

~·~.··:.(5) ·.,''· t~·;, 
. ' • ( . ; ' :·. '·, t ... : ': 

The final. solution temperature does not enter the· .. ;t !·. .~: '· . < l<· .. ;; 
calculations ~r.ovidod that it is the same· for reactions ._:· :··;. <:r·:<· 

, I '· ' ' .I i. ' ~ ;.• • ' 

J. • 2 • 3 and th~'' no asswnptiona need •. to .be made abo11t .:: '·.\ · ; : -r< 
.• : ..•... · .. ,; ~-·\.·.t·~ 

,. '· ... · .·_:\ ' 

·',, 

' ~ ... · . . . 

.· .. ~ . 

l l ~ '. .: 

. . . ". : ::' 

.. 
.. . • >". , .•• 

... 
. . ~ . 

';, 

'· • .. !: 
, .... . .... 



v~.ii.'Xn..,' -. • t 
T~ -5- ,l 

~ . . . . . .li:~ 
i : . ·. 
1 . • .· t:' 
J· · · changes in heat content for tho alloys between ~1 ··and Tf. . ·:~ · .. ·.' · .. fk' 

1 Valllos of A n
1 

and L).R
2 

cor.roal)onding to the average ·· ::. :· · ,. I· . . . .. ! :. "· .:.; 

I. · ·.::··. "<·· ·. ·. : .aolllto concentration for each a~oy rlln were obttfnod from .. ~.:.<.'_,.:·::·~ I\~ 

r . . .. : tho l;:::e:::: ;: s:~:t:::o::o:af:::nf: ::;:: ::t:ls. )\:·!; 
. jl! .. , .. ·. > .. :tunoUon of the. atomiO fraction ?f zinc XZn~ together with . '·~·:· .. 'r 

... data by K~rbor and Oolsan (4) at 293°K·, Woibke (5 ). at 3630X ···-:~: '.0'.. · h . . . -.... · .. · ··r 
~~~i. : .. · . :: , .·, . -~ ~d Kleppa:

6

) ~t. 2980Jc. ' · : ' · • ·. ·• ~< . • .. · .. ~t l.l 
. ·. ··.. . ' . . ; ... ; ~ 

\prscussroN · · \'·. · .:_::..:. J.? 
\ \. ' I'. 

~he scatter 1n the!eata · o:t format~on for the first : .. ···.·'.-.< . .-':.-.... f:/ 
. ~~ . " . r ·., 

·::. lO at.% zino.is !50 cay \ole-1 nnd this scatter ino;aases;;: 6]'\<~··.~; 

. •' 

' .. "! 
.. '' 

i l 

·.::to ;tlOO cal<f mole-1 at hisher zinc conoentrations. ~he · ... · fi1 ·~\ ~i 
1 .'. · · . .· zinc losses that were possi~le from the speoimens diU'iJl& . . . (: ·, fi 
I .. · .. tho ~imos for wh~oh they wo ~ hold in the . diapensor uiut ··~ <>;·;. ·~l~ 
I . ' .. Q.'(q_l . ~ unlike~ tO QCCOunt for \m0l'8 than 2 small fract10l1 ·. r: ~ '. w~ 

~- ·· . ' Of the observed scatter. ' . , ,'?, fl 
j . ,, \ Tho shape of the heat of formation curVe is interestin,g .: .; ,. f~l 

in that thero appears to be a rapid increase in =.the exothermic·.··,-· ~··.~ 

'j ! j ._ 
'i 
'I 

:. 

• <] \ ' .. ·. 

! 
·l . I 

'j 

. i 
I .. , . 

. i 
;1 

.l 

. •. 

. .~ 

· heat of' formation at concentrations greater than 32 at.% .zinc. "- .:.,. ~·{) 
:. ·: i : -~·, · · .. r!.~·~ 

To evalllate the entropies of formation from the observed .. . . /;; 
. . . ... . ;::,· 

heats of formation, data are reqllired on tho free energies of : :~: 
·: :· :· 1,: 

~~:f' 
, ... ·. ,,,) 

formation at the samo temperature. Unforttma.tely the froe 
.. :·! 

energies of formation at 5730&: are .no~ known and··~xtrapolation:'. · .. · .. •:;; 

o.ofej • · from tho data that W available at 10~0°K Jould bo liable to · ~- • · · p: 
. . ~·~;~ 

'·.·. l'.i 
·. . . , r .... 

considerable orror. It therefore seems best to evaluate the 

entropies at 1000~ taking advantage of tho fact that the ........ -. r·'}. 
( 0 •,~ 0 ', ~· .rw 

: .. · specific heats of copper-zinc alloys do not deviate greatly: .. i. : •·. · · f/;t 

. ~..,·/. :from the Kopp-Noumrum rule. ~he max:IJnum report.ed value of'· '-~ .. !:::, 
~ 4,cp.'B), the deviation from an addiJ:.ity value is 0.16 oal.mo~~~~--:i 

. This suagosts that the error 1n assuming ·n573 • H~000 will .. {.~ .. :::.~ f\ 
probably not ba greater than ±,100 oal.mole -l. . .. ·.,. ·.:. ·. ·. · ~ 

. .. ~ ~ .... ·~ ... :; ~ ~~· 

?iguro 2 shows· the vallle of Gxs = Gm - RT (xznlnxzn + 

x0l1lnx011) calculated from tho data of .Argent and Wakeman(~), 
.. } •·. 
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the values or 1fl from 1,h\!l l)renent inventit;ation 

1Md the .· · ·,' [: -~ 

>ierived values of Sxs. · ~he standard deviation for c;~n was . ' . I :! 
· · :! 110 cal mole -l and the 951 contieience lim1 ts !!. for Gxs are · . . . ,_:)< 

;!;. 25 cal mole -l at :50 1lt •1- zi::to. '"'hus t11e expected er•·ors in· .. · : ·, ·-~~--·.;_ 
:· ·, sx3 are rv .:!. o.l cal deC:1~olo-1 at lO at.,~ zinc ·and z o.o5 . · . ;. :···~,-~~i 

I • ual deg. -l mole -l a. t 10 at.:(- zinn. Table I I pre sen ta the most ' _,_,_ . · :·,r:;.: 
j. . -r-t-' ~ 
1 · _._ -~. ·, ·.' .·:probable vulues of H573o, G~~ OOO~~nd S~: OOOO !\ tabulated at. . ; . . 1:·:~ ] .... · · : . 5 at.;~ intervals. It will be noticed tha"& tho ~lloys have · :: : ~ 

·. · · r1P.arly idesl c;1tropiea up. to N'lO at.% zino but show inore~singlY .... : t(;i 
. . . . . · nag" t i ve .. levia tiona from id eali t:y _up to the (1(. /I>( -rp ph&a_e. . ... . : .. -- : t·~J 

1 . . • boundary. Dtw' to r"aeons that will be ;xp~•~tied later j<be vai~ea .'. · • ~··~ 
! , .· .. : · a~ oonoantrat.~.p~~·-··.ere~-,;..~-~-J;-~~n .... 32 .. at.~~- z2nc are· .sus:pect...... · ··.~--:---:-::·:· r-.;:'~ 
!·---r-;· .. ·-·- ····-··-: . ··- ·-- ........ ---·- . . ·. I '>:·' 
~ ,, . . ' • ' .. . t·· '. t : · ·.. . · · ~ · · · · ~ · v·~- ~: 
t . .... t:' \ ·' 

! ·. . . _;_ ____ ~ _ -~i~_en~~ . f~~ -~~~~~--~anga or~ a~~~ .. ~.· ~he_. ?_r!.s~~~ .. ~~-1-~ ------~~[:~:<~ 
j' · .. temparatlU'es ia comparatively strong. Several wcnokera(9,lO,ll), ·, p~ 

I 
I 

I 
l 

1 
~ 
i 

I 
l 

l 
:1 

i .. 
l 
j 

I 
1 . \ 

· · .. · have obsapod humps in the. epeoif1c heat vars11a temperatlU'e · · ; ; fi 
olU'voa for brasses contai.ning mora than ....,.8 at ·l' zino. ~he . .. j\:· .. · e:·i 
shape of thia hump was of the typo normally associated with . . , 1 •.. :.,;• 

:· . ~ -</ 

an order-disorder transformation. ·However the heat involved . . l.'>; 

. was not greater than 40 cal. mole -:'1 ; that iia abo11t l/lOth of . ;,_· ~\~ 
'the heat of disordering p1 brass. Childs and La Cla1ra(l2 ) ....... , t{:~~f· 

. . . . . [:; .;.• 

observed an internal friction peak at 57J0-623"K ~;ear .. .f)_; 
alloys containing mora thru1 8 at.% zinc which they __ associa(~e3d) _ .... ·,~··.- ... : .. :r..: .. ::_·~_-_· .. -·-_J:.:.:.· 

with short rango ordel' in the alloys·. Koster and Schule ' 

·measured· the ele-~trical resistance and Hall ~:f'fect for the .. ··. <,.:-_ .!.-'.~) 
alloys and again suggested that their observations could be 

:~: . . I; .:: 
: [. ~· ~ 

.' ' . < . : ~-~. ;._; 
~: . .. :\ ' , . ' ~ 

interpreted on the basis of short range ordering in the alloys ·; · · : ·~;·'/: 
occUrring between 523"K and 433"K. ,._. +{; '·. ;,, .': :?':~ 
_*_G_x_s_w_a_s_c_a_l_c_tll-'a_'t_a_d ___ u_s_i.ng _________________ ....,.,, \·-.• ·; r:~ \ 

j .xozn_ - G~n - rtTlnxzn \ i\il·l 
-(l - xZn)~ dxzn. ·. ~·.:: L; 

. . . b'' ._ .. ~; 
I r ... 

and tho error was calculated on the assumption that the varianoos- 1 r ~: 
of the strips used in tho graphical intecration oollld be summed .· . l 

·to gin. tha ovoral1 variance. . . . . . . > :'·:·: v ( 
. . ·. ·, ~ . . ·.·.' ·':·. ··;' . t·. < 

. . : · .. ·. l'/:' <'. ' ~ ., ·-..... --.. ---· .. , ____________ ~-~···- -·· ...... ____ . 

.... -~- . ·-.;. ··, ... ·, . ~ 

~- .. --------~--·,~ --------
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The excess entropies obtained in iih~ present work may 

be understood i:f'short ran&e order persists to comparatively· 

.. ' . :' ~ ... ,\ 

';. >··· 
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. hi~h t~m1;0ratures in o(. brassa·s. COn'Cainin~ more than 10 a to% . .-· ... ~>·}.,., ( 
zinc,. and if this degreP. of order increases rapidly as the· . .':· · · .: ·1::; 

~ ~- ' ~ o<. 1 o<. + r phase boundary is approached. ~'he values o:t .... , . 1 ._.~·;·_:. f~ 

H"' for the o( pha1le . alloys are rv 400 cal mole -l more \. . . . . . r 
· neeativa at the p~ase bo~~aary than wol.,tld he. expected from a •. ~- •. ·· . .:. 1·1: 

SJYJOOth extrapolation O:f. th .values Obta.iz1ed at lower ..• ·~~·::.;· .. , -~l 
• ~ ' • • ~ \' -1 : • :;~ 

concentration"'s., or b. an inteJJra.tion ot the ·values of Emzn ·. ; :.· :\ ... ~ :~; ,, . . . r 
da,;ermined at l,ooo°K (3). This erithalpy difference is of ·· __ · . \ .. t~~: 
the ma.gni tude to iJ~ ~expec~ed ~f a. th'e o( phase that comes . \; .·:. ~-: .. ' ·.:\ r~~ 

\ I . . . . f" 
into equilibrium_ VIi th ·the order,ed p bras~ is ordered on a ~.~ ._- ·.:' · .·. · I~}: 

.~ .. long rang~ basis with an enthal~y o:f' ordering similar to that' .. _.:·· . r:~ 

· ..... 

::~d t:: ~.:::t~~ :i::3::1:
1

::1ow ~:o:: ::::s o:::::i~ing .. :: \/'. ·~l 
f3ome_ suppo~t for thia view is round in T.hoi!!as • s obs~rva.t!.ons · · ~ 

:.' ; · : ot fmperdislocationo in .~ brasses cont~ining hig~~concentrations '; I;~ 

·. .. · .. ot zinc ( l5) • However thi~. -~vidence is not conclu~i v~ .!J-3 ··, · . ) ·. :,:.' · ~·:: 

·. , ·.·· :::e:e~:a::::l:: :::c::~::s:::w:::tae::::d::~:::t::n:bort , :\ ;· ~ 
~ . . r·'f; . ' . (, The doubt ahou·t the structural state o~ the ·. · · ·,_ · · · :"'· 

• . .. · •. : ~~ . i J: 
range order. 

()(. brasses containin3 high concentration'? of zinc makes the ,.. . ··./ .· ... f;~. 
.... ·f• . (' 

assur.ption n5'73o~ -~000o· ___ : susp'-cict, and in d·eriying values !: :·. P 
ot S ~goo o a substantial enthalpy of disord e;in;~ may need t~': ~ . i ·~:' JJ; 
b~ consinered for' alloys containin6 > 30 at ·1 zinc. ,.;., 

::. .. \ 

l . 

:-:i 
The extent of short r~{e order in liquid alloys should ·" .·.1 

be much lese than in 'the solid state and measure:&:tents by ". :' _· . r:f:; 

Everat't, Jacobs and Y.itcta•ner( l7) und by Downie ( lB) · shQW'' Jc· :.'·:. . f, 
that th~~ ent.ropies becol"!je more nearly· ideaf on melting .. 
that tLe ~e~ativ~ devi~tions are at most one-hal~ the. magnitude 

: •1' ·.r:; 
--· ----0'£--thos-e · founc1-- for s-oii·d-·alloys-.-· -----r.t.he·--al tcrnative-·interp~eta'i-ion T~ 

* .l!nf~rtunate.ly the accuruc;r cf the present work is not . · · (
1

' 
··-~·--·-s•u,. _1--;r-e~t-· ~--c~trt:!··wn(..Jt};er-'"'the· fluc'tuli't1ons- iit tiie- partia).".' _ ~ ·- -::: _·. ·~ 

~.1tropy ot z~nc-·observBd by Ar-:3ent and Wakeman( 3) a·:re· real. . : 
More.?ver, r~cently }'ilby and l'rat"T; have investia·ated o-cher .. ' 

p:laHe al~oys based on Grou,r: !b ~ol v-ents and Grouy., !Ib solutes : ... 
an<l. fo~nd. f.l.Uc~uations in the. partial fln-r.ropv of cadmium in ·. ·: 1_.· 

BOla~_ch?_~~~~--al~-~ys ( ~0). q\f ~ .J:1Qt .. i;n, s·il ver +"' .ca?mium alloys ( 21). · ·. ~ 
r. 

·~---* .. ·~---~..,._,_--... -·--- .... --~-,--- ---~~------- .. --. 



l 
I 

I 
1 
j. 
J. 

.. l 
.·j • 

l 
I 

.. J 

._l 
1 .. 
I 

.. l ~ 
l 
j 

'·1 
i ~ 
I 

·J 

l 
'.}, ·.1 

i • 

.. 

•. 

- 8-

· that the negative. excess entropies arise from chanees in. 

:.t 

'· ,. 

the -~ihrational spectrum on alloyinB is not supported by the · · ., 

available data ou high temperature heat contents(l9) or low :·:;, ··, 

.. temperature specific heats (S) •. These data sugg~st that deviations. _:. ~~ 
.: : ,.~ 

\ ., 
'• .. 

' ; 

; . 

I, ' 

from ~he Kopp-Neumann rule are small. '. ,. . ·t '~ 
\ . ~ .. 
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