
Title Thermodynamical studies of copper metallurgy (Report I）

Author(s) Tanaka, Tokiaki

Citation Memoirs of the Faculty of Engineering, Hokkaido University, 8(2), 169-183

Issue Date 1949-08-05

Doc URL https://hdl.handle.net/2115/37751

Type departmental bulletin paper

File Information 8(2)_167-184.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



                                                        t. .t
                                            ttt t                                               '         Thermodynaipical studies of copper metallurgy. (Report I)

              '                                                                  '       '                                                             tt                    t tt                            '                              '                                                                 '                                              By '
                                                       tt                                                     '                                                                      '                                            '                                                          '                                                                  tt                                     '                                       [I]okiaki Tanaka ' ,' ' ',

                                                        '                                                      tt                                          '
                                          (1948, li2, IO)
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                                          /,l, .                           /tt/tttttttttt///                                                                '                                                                     '                       t. ,                                   t. ttt                        p･ ･. .            '                            t tt t              . ' .I.Introduetion' ,.
                  '                                                                               tt t                                                                    tt       IfivestiL,ating the contents･ of Copper metallurgy whlch has been performed up to the presen't,

                                                                                  ,   it st;11 remaing in the stage. of describing.the arts of metallurgy in detail which have been .empiri-

   cally transmitted since old times and we' can f{nd little results in it which have been obtalned from

   scientific researches.. Therefore we must go forward and inv'estigate ma'ny emplrical,facts from

   the ci}emico-physical points 'of vfew and furthermore develop it up to the point where we can draw

   quantitfaifIve conclusions for the many rulgs-of-thurnb methods. Especiaily if we 'assume various

,･
 'changes in the sme!ting conditions in the future, it is positively' necessary for us to bpen a new

   theoretlcal field and to resolve these pr6blems on the more scientlfic and definite ground in order "

   to,drawappropriatemetallurgicalconclusionsinaccordancewithcircumstatices. '''

       I.n-consequence of remarkable development of ckemical rkerpa. odynamics, it has also been applied

   to steel making and the time has aryived whep the･processes o{ steel making' are studied from a

   g,hemical and thermodynamic viewpoint. But in the field o"f nonrf.errous paetallurgy no researches

        '                                                    '                                         '   haveyetbeenmadeuptothisday. . .. '...･.
                                                     '   . rn'th{s sense, ie is the aim of my research to investigate various phenomeikg.. in copper metali-

   iU.nrgtYoptpllerrl]li:2itii:iig-.iCallY aiid tO COiitribute t6.the improvement aRd deve16p!?enE of the operqti,o.ns .fo

                                                                '                                              '                                    '                         " .t                                                                     '              '                                                                                      '
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 g7e ' ToklakiTanaka
            t tt            IX, Deeerminationofthechemicalconstaxxtofsukphtxr '
                                              . t.                                                  '                        'vapour & from the equilibrium

   ' " betweeiju･ferroussulphidea"dhydrogen.
               '                                                  '                                                                     '                               '                                                         tt tttt                                                         '                                                            '                  '    when we put forward the chemico-physical 6onsideration 6h rnany chemicai g,eactlons occuring

                                                                     'in the precess ef copper, smelting, we must first 'of a!I bq.lculate the affinity between copper and

                                    '
   }Thele are cuprous su'lphide and cupric sulphide as the compounds of copper and sulphur. And

these two.compounqs are very important, as they are t.he chief components in coppgr ores. As iti

is generally known that cupric sulphide dissociates in high temperatures and turns to cuproUs sui-x

                                                v                                                           t/ttphide,Xshallconsideronlycuproussulphideinthepresent'paper. . ,
                                                                       '                                                       '                                                                         '
    rn order to determine the equilibrium equation of 2at`2S ptt 4ai ÷ & (di, it is necessary to

                   t t..tt..t.t.t..t. .determine the chemical constant of sulphur vapour &. And so the author catculated the chemical

constant of S.e gas from the reduction equilibrium of ferrous sulphide by hydrogen, as this has been .

                                                                                  tt    '                                                                  'investigated by comparativeiy many investigators. . '
           24S,ge. 2E,+S,(al -･･･････････t･････-･･････････････････････t･････････-･････-･･i"･･･････.,..,(1)

    In the reaction shown in the above equation, the dissociation pressure of ferrous sulphide is so

small that we cannot measure it directly. Therofore we mus? calculat& it indirectly from the

reductionequilibriumofferroussulphidebyhydrogcn, ･. ,
           48 -i- ,Hli ig--'"s IFI, fl- lllhS ････････.････････-･･･････T･･･'･･･-･･･-････'････････ie･････L･･-･････････.･･･J(2)

           2Hli8ivA' 2Uli `t- El] (g) '''･･････'"''･''･i･･････････････････････････"te･･･････-･-･･････････.･....,(p,)

 . Now if we represent the equilibrium cons#ant oS equation (1), (2) and (3) as 1<iv, KiuJ, and

                                      '                                                                           'K?.m're$pectively,weipaydenq.teasfolloWS･'･ .F"g.z'

 'i"''.KIyJ,,.Rfl2t,!g-''... '. ..V.
                   PR] ' '･' -                                            '            tt           lz:plu.L..,Pig;Ps:' .
              ･' Pfirs

    Hence rcm.=Psi::KPlleKi)m

    or logkpi=2!ogKmi+IogKpLttt･･ny･･(4)

    Though the reduction equilibrium' of ferrous

sulphide by bydrogen has been investigated bsT E･Ve

Britzke and A. F. kaupustinskyi), L. Biener2), K.
Jellinek and' 2akowski3), K. Sano4) and S. Matoba

and T. Unotoro5) hitherto, their results show

!arge differences (see fig' 1). But the va!ues det-#

ermined by,Sano, which have been obtained by

circulating MethQd and those. of Matoba and,

Vnotoro 6btained by flow metl]od coincide fairl.y

svith each 6ther.' FISherefore by adoptit)tsv Sano
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 ' The v51ues calcu;a,ted from this equation nicely coincide with the actual measurements a5 shown

in the table II, Hence, if we adopt this eqtiatig.n and calcu!te the value.s of iog Kiwi, we obtain

the iourth. column' in the table I. ･By substituting these values in the equation (<E), we can fin..,

[ltlecuX:ltUefiSiiOif"hOlsKw]?aP,y. [),lie Vft.IU9,i 10glYpi Shown..m the second column of the [rable, I h,ave.been

   '    "' '. ,,Table 2.
    ･., "- ,.,2ff2s;2ny.le+sle(g) .,..
               '                                                   '           investigators TOrc ]ogKpm(obs) logre1urI(calc.>
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ge

tt

            '                      tt                    ' a72 '' '.･ 'Toldal(iTanalca .'g'.
             '                                          '                                    tvatt ...                                                        ' '                       'temperature. If we represent the equilibrium con$tant at two different temp'leratures Ti and [Zk as

;iL(?'ai:dthi<･"k,r EXii･/Y/illllll,:1..sd..#.iii.1",:,:h.,,,aeSi"i.,.li,f.O,,'iila.ii,i,?i].NITrl.iftfiil,ifiil,i.fiIlilifii.ft'il..ill[r,,iiitedi

  '
    Now putting Ti =:',,I062ancl [l}] .tl082, we see that the experimental value of logac]i and,/2,.i,og

Kt): is.-9.tjOl and -9.026 respectively from the second column in the table I.

    Substitutingthesevalues,theequation(7),wehave ･･･'''

                        t tt    Andfro-d7,IU'7L'&Z/1'e?ii({j,''li'E'l'6ii6(Jl'KS'lo'II'"l'a''Ig'1isVa'ii161Sl'''''''''''''''1'''''''[,,,11,,i'''''''.I''.(8)g.

    jl,[i,,hi.,/6,"i[.ilii,k,,H,6h+,w2,,S a"i"ed l' t S C"vs'dT mo 2S cf'eesaT L･････t･-,,,.,..,.,.,J,..,,,,,..,,,.(g)

                                                                                ,1.                                                                    tt                                  .t                                                                            '     . Si"gliiiiieaTI=.10o7 1-..i..,, .. .,.,..,.., ,,

    Kel!eyS) gives the following equation as the heat capacity gf iron.

            at Glk.a>=.4.13+6.38elO-"T.,(273tw10110) . ' .'
                                              . : .../        a->B:idrzo."=:340 . '.                                           '      . B:'ave(3)=612+3.36elO-"T'(1011tw7911). ' - .
    FrOMthesieo,.,equati.ons,wecancalculateasfollows.,･ / .. ･..' .. ,

 , . S,ai7iled7iii7937:-･････t--･･･-･･T･･-･････････-t･････:･･ny･･････i-･-t-･････････-･･i･･-t･･･ao)

                                                                              t tt ' The heat capacity of ferrous s'ulphide 48 at low temperature was dg.t.ermlned by g!tnderson")

frera 57.90K to296.0K, .As the heat capacity below 1000K, he also gave the i,gllowing..equation. -･

    BkD'(.2111f3S,],e,S:T?,5B,g,l,gf3:7,:',)i,.'lild''b''(-li",r5''Ei'h'!IIl,1',)'l'ili'[[o'i'IIi'K[L'jLl'15`o[3'keiiey.

ffavfthef:ll/;Oli'li}g:ii,ll/l,.,ll/r'?ilmu:os2o,o3,,,.+.3g･oelo-:T.' (273tw4fo1 .'' ,''' ･ - '･･

                                        '                                                                       '            B: Qwes(B)==12.05+2.73elO-"T' (411rw1468)'' '
    Accordingly, if we adopt equation (11) from OOI< to 1000Ki and above 2SOOK the abo've Kelley's

ioqlXoawti!liS aiad .then Caicul.ate gra.phic.a!ly frQm 109eK: to 2801Kr r}sing Anderson's data, the result is as

                             '                                                             '                      '       ' ,,, Sl,Ctt'fl",stlz'==1462s ･･･J･･･-････････'1･････-･･'-i･････s･t････-･････'1･･･'-`･･L･･i･･.;･'････;･･:･-････c12) .

                                        '    Since we may conslder that the heat capqcity of diatomic sulphur S2 is equal to that ol oxygen,

                                                                         'if'we apply th,e g.f.uaeion qptn.1= -･7i-Il + 1?vE (t"'6TOO) to vapour Sl], which I,),ucken gave {or tlie ox-

ygen,wetind, ･'-'･･･' '' ''
         .t t                    '                            '                          '

x



                        Thei'modynainicalsttldiesofenpperinctallnrgyl. . ' 273/,/

                                                                                      '                           tt                       '                                                               '            Sl"2 )}s dT = 7'79.9 .t''''';.d''･''''.'''''''''''''-'''"''r'l'1''`"･;'".･''1''`.'''I'''r''..''t. :"':'･･･1''･(13).'

                                                                      //..    if -9 aai2U,ii,,at: gH, ',b,SU?fil'illiEig..I8. .l･..(.19?i..<1,,?)..ft1iA.S16).iEl?. .lilfi.fffEeS?l',.f9. .)i.:.f..li,eYfi,,,,'

    On the other "hand, equilibrikim equatiQn of t･he chemical reaction (1) is represented l5y ･

  .'iog. "Krpi =r- i6gps2 ::r--T 44slllt?T '+3･5iogT± -4-i/-7･--i･-S d7T. S4eE(36T)9)dT

    '' +4.s2",1S-f¥l･l-.SQwedTbednuzi.t/m'SdTT2SCpeesdT.+fp -

                                        , 1.                                                                                     t･    Ii'inally,substitutingthevalue(14)intheaboveequation,urehave.,, ..'

                                                                         t.
    IogKRi==iogps±=:--173-i-6--t-3.slogTt.4.si7iSgT℃SReE(86TOO)dT /' .' ..

                                                                                .. t                                                            ''l' ,' '.' '' -- 4.s271SdTT2'SCi'fr.elTpm=rp4.s27･1SdT-{,SC"ie,sdT+･rp'''''.'"''･･･-'･(ls)
                             ttttt / t, The ilesults of the actual calculation of each terrh in th.e equation (15) at several different tem-

peratu}es are shown.in the,table 3. The term -li.-s171 S-g7tEl'I--Sif･E('"i'6TO.O) dT has been calcL}lated from

the table of tan{lolt-B6rnsteiniO) andthe ･terrl.i,, i.s2--7-1-l!TT;Il,-SCi]wjdT iias Ebeen froln Schelrili's tableii).

For th6 values of -, 4,s2 71 S dTT,,S Cm"e,sdT belgw 280D4, th.e author has taken the graphical mee--

Ligg:}SiOktl ig,,l,a'ltO,:S,l'l.,b,i,Oith't,e.,te6M,,P,:r'a.t,",rde.S "S abscissa,e"against.{i;, S ciFe,6aT as ordinates.' Abg.e

   . Substituting the values of each term thus ab"ained into the' equation (15) and calculating fp,

we get the eighth column in the table 3, wliere tlie qverage value of Jp is 2.45. .From this, it

i'tiigXl)'if llPi:liti h,i,CX Lr'CIi ///il.Vli)9:.la,:; '..iU:IEiww,i,i,,iLl,i.{.]"va3-/T.,,.[6.)1]i the fqii{iii]iiii- ,c.?ii-

                              t.tt tt' "'pm' +-4.s27iS"t'TT-J･S(]i;"'edTH";r4':'t/"i'i:Sd7T.Sav'e,gtiT+214s････l･･･t･･t(i6).

                                 tt
    The seventh and the last column in the table..3. show the compar{son of the experimental

values veith the calculated values from bquation (16). ' ' ･
    Now if reciprocals of absolute tem//' eratures are plotted as obseissae afid conirbon logari thms of

        'the equilibrium constants as ordinates, we have the Fig 2, in which we see that there is a linear

                                                                                  -                                                      'relat.ionbetweenlogps]andl/T- '
    Letuscogsiderthefreeenergyoftheformationoffel;gfoussulphide.-. '''
1,if y.e a' e'2,',,tll:,'wwmte///',/;a;'.}tliib.r'i:'ikSE8KI,It'i.in'i'Ui'1'Ais''di11kU,UM'WkJ'i11''''''''r''''';r'''';'.+'T'`y'



X74' TelcSalci Tanalca
                                   '                                                                '                              '       '                                      '
      .'. IogK!m == - 1'og Km =: "tm logP,st ''･''''''''''''''''･'''''''''･'･･t'･-･･････`･･･････････,･･,･･(18)

   Thefreeenergyforthereac.t.pioti(17)isrepresentedasthefollowingequation .'

         ne" ==-RTIogK'm ･' ･                                        '                                    t tttt             '  '   From ,,.hn'.tll･g,3'9i7si)T.'Sg i(ev,g,f ,J,''',ILU5'''''''I.'''Ili"'''''"'""''''''.'"''''''''''''''''''''''r''''"'(ig) '

         idFe= 4.5717;logps, ････ny･-･･････ny･･････i････i･･････t･･･････････････････t････････:･･･････････(20) .

enrrgSyUb2/r.t,U/rlieg.otbhteait¥allXeeStaOi)let. h8,.laSt COIUMn Of the table 3 ,i,i,.nto equation (20) iand falfulating free

                                                '                       '                '' t'        .. . ･･ N6･V' '
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     110.743i'/ O.021
                    4.402 -10.787
     i'
10,867I. O.027                    4.693 '-11.288
     t

T, .t

 -9.037

 -9.026

 -8.478'

 -8.364

 -8.208

 -- 7.899

 -7,839 ･

 -6.628

 '     aver
  '    ' '

  . X7S
 '

           '2.s4g l. pt g.131

     i2A27i --- 8.998･

       pt.. 8.4322.409 i/
     1
     '2.474 i･ -8.386,
     i
2,451 i -- 8.2e4

:.2i,g.11, :7,18,2g'.

2.597 i `"pt 6.772

       '     l
2.45

   t-t')

      '
      '
     L- Tsff

' Faa

I- g73

l･ -

Table 4."

tt1062 "107310S2./ 1129 1144
l172i.1173i

1273･･

'

  . ,-4742g, . .-42.901-42.11s-42o52[-.3940s
                  '                                                 '                                           '                        t ]..                                                        '  .1 .iXie The,zh.g,o.rs.tgc2k,c.a.i,"%".eg'o,P.,o,f,,g'tss9t-iaj"" ･' '1../'.

   .,.' in.thereaction2CaS,e.J'4qi+S.(g)'''...･
                                '･ 2C,-,-flS,tkl'::=A'tlaii･-FSI,L,(e)･-･･ny･･････････････････;････････････････････････････････････････････'････(2i)'

           '., Z['he diss6ciation･pressure of cup'l'ous sulphide ls so small t' hat xKre rxiust determine it indirectly

fram tke.reduction equilibrium C.2S + Hlitt･ '2C,, t.HkS {n the same manrrer as ferrous seephida

                                         .../IIIaii:iei3erik tthhee aptlghvOioru･sCaii aiipatteerS. bY using.ihe chemicai fonstane of suiphu//,.vapour s.i, which. ltas beeg,.

..,,..･

. v.ow if .:e.zp;x'e:" ;igeJi,e, 1,c:'itg:t;`,Ii//' segCii)'10:,,12]'L 1,i.A..,lrlr,.irfiIllir,,i?ll?],jl'el',iqil,･i"

    Fromthe,E,,itbleofMietl]ing,wes,ee. . . ' ,.. ., .･ ･
'' '.S,Cfc.udT==1'180'''''''''''"''''"''"''''"''':.''''''''･･････e･･･e･････"･･････････････････ny･(23)...

EueJefn,Fee&iilliii;,p,e,ill･itl,i,esllr2"ki,lale･iC.,ii.iillS.,1,*1ie.･ii.le,11,?]lioli],tifliriii.1･itl.iis..iiii.Iiioriio,):,lsld･,,,1･iilC-,,IIIiii]I:"9M

,..,,

,..C. I･,liSeg:l'li, il/lle/i,'e/a

i-;,a//il}iitL?f, lgP)'O"S s."iyhi.de r.t ioy.te"r.: ei. atur.r$･ Anler.?o?`/ll 'gavri" eLhr,

  ..."l[{e..{lso yale. actual. m.e.asu;,r.,. ents f,r,,,or 58 ff..f? ?.92 F Then up .t?/80 i )re,u?e the equ'ation

               t.

         'l-4so3g ･ma44785 L-･44503 -4336i -43277



'

'

              '                             tt                           L 3,76'' ' Tol{ialciil'analca'''･.' '.
                                                                               '                          '   '                                  '                                        tt t                                                             'f;,i:.,D, d(.9{11). -'ilr?,? ,(,,37:11t')t,aM"d fi. Orn. 80[K,. tO 298eK we calc"iate SeilT giaphl'cariy by using A,dq

                                                                           '   ,. ..'. Si'i?i]t;,ii,;sdTl:3830 ･･･････-;'`･t･"'''''''"'i'''''''';r'"'"'''''t'"'''i''''''''i:'"'"'"`･:'(,?5.)",

   ' Heat 6f reaction of 2C,-,+Sajl･)ag':di"SltCu2S has been dete"rmined by Wartenbergi"> who has obtained

-1!b'eO for kH by direct method. While for the reaction S2(g) .`,---)---'2S.,-) Lewis att.d Landall'4) have

givenidHl}sll=:r--t29'kOO. ' . ...
        Hence 4Ca+2S,r)･$i2C[,.S'd,Eir-}gs'=--38eOO ･･ . .

 '..,' 8-･(a,tt'2&.) kiH-･,,=-2g700t. ･ ･･                   '                                                                                //t
        adding 4q,+S.:(g).Ar--2(7aS'kl'dJl72fiB=m---67700 . .. .'' ''
                                                                   ttttt/lttttttt/ ttttt    Thereforeinthe'reaction(21i,dlll.f)sisequalto67700.･ ' )･' ･.'
                                                            '                                                                        ttt        .･.,. ,dff.,,,, :::67700 ･･････････････････t･････････････-･･････････････････････････････････>･･･....,･･.･･<26) ･･

..i.,Si8bfS/rtEtt,i[n/.ht,hf,,e,q.!lltl.gii,S,(i,3i>i.(wt,11.', (25) e"d k26) into the equatipn.(22), we can caiculate, the

                                                '                                  '   ,. . kiK,=:68570･･･-･t･i････････････････････-･-･････････････････････････････････'･･:･････････････････(27) -

of (2¥)Ol.lrs 1' lepWt:sde[i)eOdteatshe diSSOCiatiOF PreSSUre Of sulphur vapour.S.p by p,s?, the equilibiium "equation

                                               '         tt                  '                       t tt                                                                           '   ' iol;p･sfl = -r 4.idslllt?T + 3･siogT lt- 4.g7i S't5TiReE (S6T09) dTr- 4.s47iSttiSCpc･fLdT .

     .'','･ '--"zil,IZ';vriSdTT,SCepiicsdT'+Jp-･･････v････t･nye･････････････････.,･...,...,..,(2s)...''

                                                      tt t
.. The vaiue of 4Hl} in,.the first terip of this equation is given as 68S70 from the equation (27)

X-g,,J,')e, ili'i."d
lj.,F,l,eag,nt//Yt/lilR,5.ffgC℃/rR,Z,/1,cag} b,:,,Tlizzel-,ir.om,.?i2e?. ./L.ri;..//l.7,a'r.lo. ktt g..k'r?tei'r.

     '                                       '         '    Above 6099K; .Jwe adppt the following equatio.n .Py Kelley and S.,",O"Ci.]c,,al7i =.: 3012 by Naiething's

                                            -                                               '    Finally let ./is congidgr the'ftfth Fhd. tlie six,th terips, Up tQ 298e we caia $alc}llate x, -,,,,,, 4,Z71S!liTllS

CJ･cuhsdT graphically from the experimental data of Anderson and over 298eK fram the following

equationswhichhavebeengivenbyKeliey. '
                        '
-' ,a:Cpct`"s=:9.38+'31.2elOn:T ,- ./, '  .. .,'.,
   , a--lpi9:idff}7`;=1340 st' .. ･.
    - IE?:CJ,cttE=20.9."･" .., .... ,
                            tt                                                            ''s., l,{,Xli,,:,l,e ,ii,i

:･.Ckeei[C,a.i.:igkgt?herjl], =,,2j4?,gb:,il".e.d,,i,'O,m,[,i,ll:,Sifi?o:ka,eet;,,?,f fer'pus s;il?hide

r



.

                    '                                                       '                  '
               ,.' ThermodynamicalstudiesofCopper;netallurgyl.' .' '.177"
                                                                  ttt /t/tlt/                                                                '                              tt                                          '             '                                                       '       ttt                                                                                 tt                             -.t                             '                                                      '     ' .-logp,s2 ==1570,Ol-f-g,.s16g,T+th.ls.ilSt//zT;tl-"'SR"E(36TOO)n2'+tt,stffSttt",SCf'cite.2' ' '.'

    ' 'pt'4.s271SdTT2.SCt:ic･wrsdT+2･45"""'"'･･i････t･･････aptt･･････tr･.ti'..,.,.....;..;.,(2g)

    '
     Calculating each term of the equation (29), finally we have the results which are shown in

 the table 5. Substituting these values into the above equation and calculating the commoh logari-n

 thm of equilibrium constant logKi,,-, we can determine the d{ssociation pressures of cuprous sul--

 phide at different' temperatures; 'IShe results are shown in the ninth column of the table 5.

    . Plottlng the data of the, second c61umn as abscissae aitd the ninth column in the table 5.･ as

                                           .t,illl.dgilnSii, We See tbe..F. tlie individual point.falls beautifully upon a stiaight line as shoy.r,n in the

. ,..ii
 we de?.e,te.t ."-ute .sLq

?s/lb,r,iy, E" co"Stl'"I,,11tiige..:,i,llai,IO.:(,i,,q -""`g) i'i ril.llllllG ilSmb} K?'P We,i'"Ve

   2'J7r i!T -tsoow3･slogkfesi.7,',(C,ii/ill"li,),.'4･s`7r/tt,/i,,,,, `'s272I;1["i7'ltS･, ;fp iog;ps2

                                                                       ,
 lo64 g.g6o.lo-4

        9.017.10-a 1109

        8,711.10-4' l148

 1183        8.453,10-4

 12s3        7.794.IO-4

utT=L=rm.z.=mut

-14.941

-l3.527

-M 13.067

-l2.680

-ll,692

tn..

10.506

10.657

10.710

10.755

ze,879

    Therefore {'he free energy of

                  '
    .equatlon. '･ '
           'idFo == 4.571 T log P,y2

' Substituting.thevaluesoftlie

              e･ .                   'tab!e6. , ..
                            tt      tt .              '                 '       1･                            .t '

                             tt t  LO.O12･' .8,624. -16,546 2.45 -9,895
    O.OI7 ･                9,l20,                          -=-l7A05 2.e5 r8.6..e8
    O.O19' .19.295 ,･ -l7.705 2,45                                            -8,298

    O.021 -9.4e8 .-17,966 2,45                                            -7.972

    O.027.... 9.S67' -I8.670 ･2.45                                            - 7.l3･ 9

pmM-tmanvMtmwhonan:Itnrmimtmmt

7TOK

4fii.

       1004
  ' ]           ' ' l-l, -4s4itt

rmL.ut'rm.

the rea
ftion ga,z + E..: te.). rab.----T 2CdeS is

                    '                          '             '
 last column m the table 5 Into the

         Table 6.' ･･ ･･

                             '                 '                               '               'll09 1148

reti'r ygei}ted by the followinF

         ' '''t                  ttt  ' above equation, ge.,..: obtain

    '                '                    ttt '              ttt                      '    '
            .[=vm,mnm
1183 '. ' '' 1283

         .. .. ..-44042ma.-4:544 -k3199 ':41ii2tj17m.m"

    As shoWn in the Fig 2, we see that the two 1{nes of cuprous sulpbide and ferrous sulphide cross

eaCIi . Other' iT/ .tt. elodgeot.rKmionre sthi7e,jei?peratuf.e of the junctlon of these two Iines,.we find

    'I['herefore it follows that the affinity of sulphur vapour 5li for iron is stropger than that of

copper under 8.7ea while above this temperature the affinity of copper for. SL) becomes larger than

tllat of frofi conveisely, in other woids tlie afffuty .of coppei and i.ron for $ulpllur vapour 82 is

        t- ....te

                                                 tt                                              ttt                                                                                    '                               .t                                    ･k .                                                              '                                '                                                                         '              '                                         '                               '                                                                            '                                     '                                                                         '

.ag

5



 178 Toldal<i T4nalca,
 ttt/t//

              '                                        '         t t.t tre!ated conversely with each other with 8170a as their'  eu.rning. poine.

            '                      ' t'                  '       '             XV. Dissociacion equiXibriumL of hydrogen sukphide ,'

                      ' anddeterminaeionof ,'
                        t ttt t                                      '                                                                 '     i ...'thechemicalconsgantofhydrogensulphide. ･' ''
        tt       ' 2HhS.ab.pt---2Lll,-llSh(g) ･･･････････････t･････････ny･-････････:････････t･･････-･･T････････････････(30)

 . The equilibium in the reaction 2IlihSivA----'21Lli +&(a has been investigated by Preunner and

                                 't' 'iCrleiUgPiPvilii 1.ildthRta:adbalei #Ii9 BiChOWSkYi6) Over a "'ide range of temperay,L.ire. The varues of leg Kp

                                                    '                                                     '   Assuming ,that the heat capacity of diatomic sulphur ls given by the same equation that Eucken

hasemployedforoxygen,heaecapacityof&is ･' .' ･ ' '. ' '
     '.･c>=.72R.-t"R.E(36TO,O) ... '･ ･...
                                                                 '   Iror the heat capacity of hydrogen we take Eucketi's formu!a

                                 tt. /                                           t tttt   ' ciiij=:-ill-R+R,E(S[OS09)'.- . .... ....

                                              t. t                                         tt                                                                         '   Fortheheatcapacityofhydrogen'sulphide,weethployMeck'sformula. ..'
       ''.Ciib,s=gIl.+ReE(1-/-T--9Q-)+Reny(37T50)+.4.E(38T50) .

                                        tt                                                             '   From,the(30)equatlon;'weobtain ., ,.'''
                       t ttt       tt       ' Table 7.                     '           '      "' ,.' . 2llleS::2ff2+.Sla(g)
                                             '

lnvestlgator tnemp TOI log IZr investigator temp7"ff lo g. K

f

Preunnerr

  p7
  pt J

  "s
I<andall,

ScliupP･ -,

  "

  "

 ･"
Bichowsky.

1023

ll03

12Z8

1338

Z362

-4,050

-3,420

-2.61Q

-1.928

-1.804

Preunner)

I<andr,ll,

  "1
 'm
      '

 schupp,

Bichowsky.

  ",
  "i

1405

1473

1537

1667

-- l.586

-･ l.286

-- Q.980

.- O,514

e-
e

    idH is a

'Therfore 'we

idff=

dH::idl7b+L5-RT+ e

        pm2ReE(3.7i-5.Q.

             '
function of temp.erature, but

obtain the.foilowing formula

.sil'f= liiI2if.ll,'i""e4.571,,lig-tt.;,hi.

                     tt         '       '   '      tt                '         '

                        'idUb+,Saiv,dT+2S(7."Tk?SC.,,.dT

    t/ tt             S(R E(l. 6.00) -t 2k'e4(9e.OO)-2R

                    '               )-24rrp(O-"/--i9))dT ,,.I,a.

                   over a small range, we

                  as before.

'

                      ,            '. 1

                     t･     t/ttt     I'E(i6,,9,O) ･.

           '            '
.,,"."".,.,..,･･････e･･''(31)

             '                       'may regard idU a's constant.

   ･-                    '

                      ,

.1

di



                                         '                                                            '                                  tt                                '                                        '                                                                                '                                                      s･ , ･          ,., . Thermodynamicolstudieso/t/,c6ppgr'mftalluTg7Z. .--..X79
                                                               tt                           '                 '                                                                                     '                                                        '   '5.42oWgthb,i#,ei:,3P,2iha ,d, (},iii3,i2..i.X:,Ob,t,aj:,`20,e.l,ee.,ta.bte h7,.is･ 'CIS''K' :"j :" "pmm`osoand iogrcb:･ :--

     ' idll,,,,,T;4{S620''..･ ･･',.,,
                                                          '                                                                                 '                                                                  '                     .tt       ,Again-SUbidSttttU:.lin3gtistehoiS value in thg equgtion (31) ai}d caZculating kca, the result is ..

                 ..tha.. t    'Accordidixlytheequilibriumequationof(30)is '･ . ･"
   . !ogKt)=-.4,3-.//2tiOT---+2･s!ogT.+eb-ttiSttt'S(IReE(36TO'O)+2ReT(5g90),

          ." .''. mm2R"E(i.i:l.6l9,i!9)--2ReE(37:I5,9)dnmo2ReE(38T5,9)d.IT'+f.p ...-.... ' . ,

           ..'.'･ logkJ;--･8//4+2.siogr'-}-tttJ7TtSes-i:S(?ieE(96i9-O)+2ReE(li!l]e).'1. ,.' ,

                                 t' /' /       ,. ' --2ReE(16z9,O)---･2ReE(37T50)-in2ReE(?.8T5,O))bp+Jp･''･'･''""'"'''"'(32) .

                                          ;                                                '                                                                                  '        In. order to determine the value of Jp we substitute iogKp'shown in the table 8 into'the
   -･                                                            '                                       '                                                        '' e.lttti?,g]A?2f),}aii.id..,Eh2,ii,.Ca)IC-,Ub!lg9s3aE,hdi).tef.tt. oftl}eaboye{}iertl.onedequ?glon, grli.eaveragevaiue

                                                                                       '                                                                      '      .. . ..･ `rf'=:ts7"'.3"26 -"'''""''"''"'"':','itz'sl',"''{;:'''''';;'''''""'''''"'''''''''''''"""''''''''(3:i.) '

    '     ' ,･.'' . , '. 2UbSpt2Ub+-LSb(sl ,.･'. .' " '.

,p

'- 8204/7i 2.51ogT'
.-,,,i,,sidi-T,,sop,, "llogkp1I･I

.t

fptt

          d
  I023 . -
       '       .. !  ll03 l
          I-1218 l
  i3g8 - i
          i  1362 i
          I  1405 i
, 1473

  1537

  1667

-8.020

---
7."38j.

-6.736

--
6.132

-6,023

!md5.839･

-5.570

-5.338

--rp-
4.921

    - 7.525
tt

     7.606

,' 7V14
' 7.816.
     7･835

     7.869
       '1
  , 7,921-

     7.967

     8.055

--- O.208

-- O.242

QO.291

-･
O.341

-m-
O.349

..m O.370

-=. O.400

-- O.426

.".
O,481

.- 4.ese

-3.420,

-2.610

-1,928

---
1.804

-1.586

-1.286

.-.
O.980

-#
O.514

  1.

 '

aver,

-3.347

'- 3.34&
be 3.297

-3.271

-"m
3.267

-3.246

--rp
3.237 '

-n-3,183

-3.167

-3.262
    '               '                                       '                                      '                                              '                       e                                                                  '                                                                te   ･Hencewe･obtainfollowingequation ･.. ' ･'' ･
'･ iogKv:--g72,O-4+2:siog7'tttt-7iSttinS(zieEe6T･Qlt)+2RineOTOO):':-'2'ReE(!;[i-VI8LO)

tt

      . , ' da--2ReE(3-7[z5,-O)--2ReE(38[z5,?))dT---3.26 ･･d･･････････････t･･････t･･'l･･'･''''(34) ".

    Let us now censider the value 'of the chemical ccnstant of hydrogeki sulphide. If we denote

.i2gpethtl/c/c/r,/i,i.,,..,C,.,,･llt,s,,,/1/de,111//i,;:,ii/l,,/{,ll,/l/1//t,,,,,'et 8fS f;"'l･F"ne]:ql L':tii"ii,l]',,･:,yt･g7gr" r.'ld .hydrogeti suiph7d.f,by ts･fH: .aiid rE s.

.. ,...11il...1.1:.:..tttr･N"' . .. - ･-' /'
   tt                                          ' ･･ L,               tt tt tttFtt                                            '                                          '                                                                            '             '                                                  '                                         '

.e



x

.r

      1' eddi".g.. 2,C./L,S.".2,g,ty."---`S-di.,>ee.".'.2.t,-g...11.･,...........,.,'.......･,...."...i.i...,.:.....,.,.,,.(3s) ･

                               /t    Then if we denote the'equilibrium constant of (21), (30)i and (38) by Kiv, KPll and Ki,iu

tefPkli
i･Yir ./11,.eln/i･lllvl ]illle,1.e.',I/ili l.,,,,,,iSl,lliT-`.11,)1.l. St..t O`,,th9 reactol (3o) or 2JI.lis.-/11 1.ff2,ilqi(gi

    . Hence logKifi ;'-Ill-(logKpi-IogK7pll)･t･･････････e･･･;/･'t･････t･･･････････.･･･････;/････････(3g). .,

   .g."p.s;gr;i:f,;i±/;i.g/1`s,:li9.i.x.<,:ii･1'`lt')li,,:.GO:el.liO.ES",t/t;sW,e,Liiild.`,-.6i..6g',･4',,,,,.,,.,st/,/..S'

        . .e.(R･E(i6T90)+ReE(3-//･g-tt-)+Re.E(3-8T5--e)-ReE(5-OT99))d[r+2,sss･tt(4o) .

                                            ttt9 ig C.bftl.Cl.i..I2S,"bcr the ,,Val"?. Of.IOg "IYPf'.i by `he "se,gi t?ie equhtiot/, tl}g.eighth f.olumn pf.t,pe table

  ･ Xf w.f. adopt {he eqttatLon (t5) ingtead o{ tA6 equatign <?11) and'calcul,ate Iog&)iii, we have 1he

            t ...                                  '                        '              ' ggO.' .･.,'.TokiakiTanaka''..'1.
                           t .t                        t. t      "'.... efp == is, 'l7 ZH:ptm"'"2ih s `''''t'''''""-･･'････;･･t･i･･･････････････t････････････-･+････････････ (3s)

    The chemical constant of yapour sulphur 82. is eqttal to 2.45 as shown in the chapter II, '･ '･'
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    Concerning'the reduction equilibrium of cuprous sizlphiae by hydrogen, Jellinek atid Zakouskii7)

Britzke and KaupuseinskyiS) and Sanoi9) have carried ouE tlfis eljperiment. On the cthef hand,

combining the q,issociation etquilibrium of cuprous su!phide and that of hydrogen sulphide, we can

also determlne the equilibrium.constant of the reaction Ca.8is- H .a,,.--- 2Ca + llS, Therefore the
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      Thermodynamiealstudies of copper

Eable 10. The tabre -10 and the Fig
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                                             tt                                                                          '   '.. is2==2･45 . '' ' .N                                                       '    And the equllibrium equation of the reaction 2jFUSpt'2"Fle + S,(g) is represented as
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                                                                 '. II. Emp16yingthiscliemicalconstantandtlieheatofformationofcuproussulpi{idedetermined

by Wartenberg, the dissoci,ation pressures of cuprous sulphide' at high' tempeartures have been
         eti,theoreticaliy calculated. Th6 equilibrium equation of the reaction 2qt.SKi"F-t 4Cu + S2 te) is

        '        log ps2 = "-- llt!O:'r,"O'1 + 3･s log T, + Sd[zT.,, SReE (9. 6iilO) 4T + 2i:.s4t'iFi!dTT, i' Cpei,dT
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