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ABSTRACT 

 
25TSimulation of activity25T 25Tcoefficients25T ternary 25Tsystems25T 25Tusing25T 25Tmatlab25T 25Tprogramming25T 25Tlanguage25T, 25Twhich25T 
25Tresults25T 25Tin the appearance of25T 25Tthe graph25T 25Tusing2 5T 25Ta spreadsheet25T 25Ttool25T, 25Tless effective25T 25Tand25T 25Tefficient25T, 25Tso it25T 
25Tis necessary25T 25Tfor the visualization of25T 25Tobject25T-oriented 25Tprogramming25T 25Tlanguage25T, 25Tin addition to25T 25Teasy to 
be developed25T 25Tat a time when25T 25Tthat25T 25Twill25T 25Tcome25T, it has 25Tother benefits,25T 25Tin25T 25Ta25T 25Tdevice25T 25Tproject25T 25Tsoftware25T 
25Tcan25T 25Tuse25T 25Ta variety of25T 25Tprogramming language25T 25Tthat supports25T 25Tobject25T-oriented 25Tprogramming25T, 25Tsuch as25T 
25TC#25T.25TNet25T 25Tand25T 25TVB.Net25T. 25TThis25T 25Tresearch aims25T 25Tto25T 25Tdisplay the25T 25Tbatch25T 25Tdistillation25T 25Tsimulation of25T 25Tvisual25T 
25Tbinary25T 25Tsystems25T 25Tusing25T 25Tobject25T-oriented 25Tprogramming25T. 25TEthanol0T25T buthanol ethanol0T non 25Tazeotropic25T 
25Tternary25T 25Tsystem25T, s25Timulation of25T 25Tactivity25T 25Tcoefficients25T 25Twith25T 25Trigorous25T 25Tmethod25T 25Tusing a model 
25TDifferential0T-0TAlgebraic-25TEquations25T 25T(25TDAEs), 25Twhere25T 25Tthe completion of25T 25Tthe model25T 25Tusing the25T 25Tlanguage25T 
25TC#25T.25TNet25T, 25Tthe basic concepts of25T 25Tobject25T-oriented 25Tprogramming25T 25Tconsists25T 25Tof25T 25Tclasses25T, 25Tobjects25T, 
25Tabstraction25T, 25Tencapsulation25T, 25Tpolymorphism25T. 25TAntoine25T 25Tparameter25T 25Tdata25T 25Tand25T 25Tactivity25T 25Tcoefficients25T 
25Tderived from25T 25Texperimental data25T. D25Timension25T 25Tless25T 25Ttime25T 25Tand25T 25Tpressure25T 25Tare set constant25T, 25Twhile the25T 
25Tvariable25T 25Tcomposition25T 25Tliquida.25T 25TProfile25T of 25Tliquida composition and25T 25Tvapor25T 25Tcomposition25T 25Tfunction 
dimensionless25T 25Tcan be25T 25Tdisplayed25T 25Tdirectly25T 25Tfrom the25T 25Tdesktop25T, 25Tto25T 25Thave the25T non 25Tazeotropic25T ter25Tnary25T 
25Tsystem25T 25Tvalue25T 25Tprofile25T 25Tactivity coefficient25T 25Tis not25T 25Tequal to one25T, 25Twhile the25T ter25Tnary25T 25Tsystem25T non 
a25Tzeotropic25T 25Tapproaching25T 25Tone25T. 25TProfile25T of 25Tliquida composition and25T 25Tvapor25T 25Tcomposition25T 25Tmaximum25T 
from ter25Tnary25T 25Tsystem non azeotropic25T 25Tis25T 25T0.98,25T 25Twhile for25T 25Tthe ternary25T 25Tsystem25T 25Tnon aeotropic25T 
25Tapproaching25T 25Tone25T. 25TEconomically25T 25Tusing C#25T.25TNet language25T 25Tfaster25T, 25Ttime efficiency25T 25Tand25T 25Tbetter25T 
25Tperformance25T 25Tprofile25T. 
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1. Introduction 

25TAt first25T 25Tbatch25T 25Tdistillation25T 25Tis used25T 25Tto25T 25Tseparate 
the25T 25Tbinary mixture25T 25Tis25T 25Ta mixture of25T 25THCl0T25T-
0TH2O, 25TH2SO40T25T-0TH2O, 25TNH30T25T-0TH2O. 25TThe25T 
25Tassumptions used25T 25Tare25T 25Tcompletely mixed25T 
25Tliquida25T 25Ton25T 25Tstill-25Tpot, 25Tcondensation25T 25Tusing a25T 
25Ttotal25T 25Tcondenser25T 25Tand25T 25Trelative25T 25Tvolatility25T 25T(25Tα) 
25Tis considered25T 25Tconstant25T, 25Tstudied25T 25Tby25T 25TRayleigh25T 
25T(25T1902) 25Tand25T 25Tthen25T 25Twritten25T 25Tin the manual25T 
25TSeparation25T 25TProcess25T 25TPrinciples25T 25Tby25T 25THenley25T 
25Tand25T 25TSeader25T 25T(199825T). 25TIn the25T 25Tchemical 
industry25T, 25Tfermentation25T 25Tprocess25T 25Tis one way25T 
25Tto25T 25Tget a25T 25Tchemical25T 25Tcompound25T 25Twith25T 25Tthe help 
of25T 25Tmicroorganisms helped25T, 25Tfermentation25T 
25Tproducts25T 25Tenter25T 25Tthe25T 25Tnext25T 25Tstage of25T 25Tseparation25T 
25T(25TSari, 25T2009)25T. 25TAt25T 25Tthis stage25T 25Tit is important to25T 
25Tproduce a25T 25Tproduct25T 25Twith25T a 25Tcertain25T 25Tpurity25T, 
25Tone of the25T 25Tcommon tools25T 25Tused25T 25Tin the25T 

25Tseparation25T 25Tprocess25T 25Tis a25T 25Tbatch25T 25Tdistillation25T 
25Tcolumn25T. 25TIndustrial25T 25Tseparation25T 25Tprocesses25T 25Tin25T 
25Tgeneral25T 25Tseparation of25T 25Tmulticomponent25T 25Tand25T 
25Tbinary25T 25Tseparation25T 25Trare25T, 25Ttherefore it is very25T 
25Timportant25T 25Tto review the25T 25Tmulticomponent25T 
25Tbatch25T 25Tdistillation25T. 25TDesign of25T 25Tmulti-
25Tcomponent 25Tbatch25T 25Tdistillation25T 25Tgenerally 
obtained25T 25Tby performing25T 25Tthe simulation25T, 25Tin 
order to obtain25T 25Tthe simulation results25T 25Tare25T 
25Tclose25T 25Tto the25T 25Tactual25T 25Tstate of25T 25Tthe25T 25Taccurate25T 
25Tthermodynamic25T 25Tdata needed25T 25T(25TWidagdo 25T&25T 
25TSeider25T, 25T1996)25T. 
25TIn the25T 25Tseparation process25T, 25Tthermodynamic25T 
25Tdata is25T 25Tthe most25T 25Tdominant25T 25Teffect on the25T 
25Tperformance of the25T 25Tprocess25T 25Tis the25T 
25Tequilibrium25T 25Tphase25T. 25TOne of the25T 25Tmodern25T 
25Tthermodynamic25T 25Tcorrelations25T 25Tin25T 25Tbehavior25T 
25Tmempersentasikan25T 25Tmix25T 25Tis25T 25Tnot25T 25Tideal25T 
25TUNIQUAC25T 25Tequation25T, 25Tthe estimated25T 
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25Tequilibrium25T 25Tternary25T 25Tand25T 25Tquaternary25T 25Tsystems25T 
25Tcan25T 25Tbe done25T 25Tonly25T 25Tby25T 25Tthe experimental data25T 
25Tof binary25T 25Tsystems25T. 25TActivity25T 25Tcoefficient25T 
25Tmodels25T 25Twith25T 25TUNIQUAC25T 25Tequation25T 25Twas 
developed25T 25Tfrom25T 25Ta mixture of25T 25Tbinary25T, 25Tand25T 
25Thas advantages25T 25Tfor25T 25Tapplication25T 25Tin25T 25Tmulti-
25Tcomponent 25Tmixture25T 25Tsystem25T 25Tbecause it only25T 
25Trequires25T 25Tbinary25T 25Tparameters25T 25T(25Tdoes not 
25Trequire25T 25Tadditional25T 25Tparameters25T). 25TBut the25T 25Tloss25T 
25Tis25T 25Tnot always successful25T 25Tmodels25T 25Tin 
predicting the25T 25Tmulti-25Tcomponent 25Tequilibrium25T 
25Tsystem25T 25Tshows25T 25Ta mixture25T 25Twhich is not ideal25T 
25Tespecially25T 25Tfor25T 25Tcouples25T 25Twith a25T 25Tmix25T 25Tthat has25T 
25Tlimited solubility25T 25Tsuch as25T 25Tbutanol0T25T-0Twater. 25TTo25T 
25Tovercome this25T 25Tnecessary25T 25Tequilibrium25T 25Tdata 
measurement25T 25Tbinary25T 25Tsystem25T 25Taccurately25T 25Tand25T 
25Tthe model estimates25T 25Tthe parameters25T 25Tof25T 25Tthe 
model25T 25Tso that the25T 25Tactivity25T 25Tcoefficient of25T 
25Tthese parameters25T 25Tcan25T 25Tbe used25T 25Tto25T 25Testimate 
the25T 25Tvapor0T25T-0Tliquid 25Tequilibrium25T 25Tmulti-
25Tcomponent 25Tsystem25T 25Taccurately25T 25T(25TRenanto, 
25T1997)25T. 

25TSimulation 25Tof activities coefficients 
equation 25Tternary25T 25Tsystem25T 25Thas been 
investigated25T 25Tusing25T 25Trigorous25T 25Tmethods25T 25Tto25T 
25TDAEs25T 25Tmodels25T, 25Twhere25T 25Tthe completion of25T 25Tthe 
model25T 25Tequations25T 25Tnumerically25T 25Tusing25T 25Tthe25T 
25TEuler25T 25Tmethod25T 25Tusing25T 25TMatLab25T 25Tlanguage25T 
25Tversion25T 25T6.125T 25T(25TSari, 25T2006)25T. 25TResults25T 25Tof the25T 
25Tsimulation25T 25Tsystem25T 25Tbinary25T 25Tsystem25T 25Tacetone0T25T-
0Tbutanol, 25Tacetone0T25T-0Tethanol, 25Tethanol0T25T-0Tbutanol 
25Tand then25T 25Tvalidated25T 25Twith25T 25Ta binary25T 25Tsystem of25T 
25Tbenzene0T25T-0Ttoluene.  

25TAlong25T 25Twith the development of 
information technology,25T 25Tthe25T 25Tprogram25T 25Tmay25T 
25Tevolve25T 25Tover time25T 25Tusing25T 25Tthe25T 25Tprogramming25T 
25Tmethods25T 25Tapplied25T 25Tlately25T 25Tthat25T 25Tpemorgaman25T 
25Tobject25T-oriented, 25Tin addition to25T 25Teasy to be 
developed25T 25Tat a time when25T 25Tthat25T 25Twill25T 25Tcome25T, 
25Tthe software25T 25Tuses25T 25Tobject25T-oriented 
25Tprogramming25T 25Tmethods25T 25Tthis25T 25Thas25T 25Tother 
benefits, too25T 25Tin25T 25T125T 25Tsoftware25T 25Tprojects25T 25Tcan25T 25Tuse25T 
25Ta variety of25T 25Tprogramming25T 25Tlanguages25T 25Tthat 
support25T 25Tobjeck25T 25Toriented25T 25Tprogramming25T, 25Tsuch 
as25T 25TC#25T.25TNet25T 25Tand25T 25TVB.Net25T. 

25TSimulation of25T 25Tbatch25T 25Tdistillation25T 25Tof binary25T 
25Tsystems25T 25Tusing25T 25Tmatlab25T 25Tprogramming25T 
25Tlanguage25T, 25Twhich25T 25Tresults25T 25Tin the appearance of25T 
25Tthe graph25T 25Tusing25T 25Ta spreadsheet25T 25Ttool25T, 25Tless 
effective25T 25Tand25T 25Tefficient25T 25T(25TSari 25Tet25T 25Tal25T., 25T2007)25T, 
25Tso it25T 25Tis necessary25T 25Tfor the visualization of25T 
25Tobject25T oriented 25Tprogramming25T 25Tlanguage25T,  25Tin 
addition to easily25T 25Tbe developed25T 25Tat a time 
when25T 25Tthat25T 25Twill25T 25Tcome25T, 25Thave25T 25Tanother25T 
25Tadvantage25T 25Tis25T 25Tin25T 25Tthe25T 25Tsoftware25T 25Tprojects25T 25Tcan25T 

25Tuse25T 25Ta variety of25T 25Tprogramming language25T 25Tthat 
supports25T 25Tobject25T-oriented 25Tprogramming25T, 25Tsuch 
as25T 25TC#25T.25TNet25T 25Tand25T 25TVB.Net (Ni Ketut Sari, et al., 
2013)  

25TThis25T 25Tresearch25T 25Taims to25T 25Tdisplay simulation 
profile liquida composition and25T 25Tvapor25T 
25Tcomposition25T 25Tfunction dimensionless 25Twith 
Antoine equation 25Tand activity25T 25Tcoefficients 
process25T 25Tuse25T 25TMat lab25T 25Tprogramming25T. 

2. Research Method 

25TBasic25T 25Tconcepts25T 25Tof25T 25TObject Oriented 
Programming25T 25Tconcepts25T 25Temphasize25T 25Tthe25T 
25Tfollowing25T: 

25TClass25T: 25Tthe25T 25Tcollection25T 25Tof data25T 25Tdefinitions25T 
25Tand25T 25Tfunctions25T 25Tin25T 25Ta25T 25Tunit25T 25Tfor25T 25Ta25T 25Tparticular 
purpose25T. 25TClass25T 25Tis the basis25T 25Tof25T 25Tmodularity25T 
25Tand25T 25Tstructure25T 25Tin25T 25Tan object25T-oriented 
25Tprogramming25T. 25TA25T 25Tclass25T 25Tshould25T 25Ttypically25T 25Tbe 
recognizable25T 25Tby25T 25Teven25T 25Ta25T 25Tnon0T25T-0Tprogrammer 
25Tdomain25T 25Tassociated25T 25Twith the25T 25Texisting 
problems25T, 25Tand the25T 25Tcode is25T 25Tcontained in25T 25Ta25T 
25Tclass25T 25Tshould be25T 25T(25Trelatively) 25Tautonomous and25T 
25Tindependent25T 25Tnature25T 25T(25Tas 25Tthe code is25T 25Tused25T 25Tif25T 
25Tnot25T 25Tusing25T 25TOOP25T). 25TWith25T 25Tmodularity25T, 25Tthe 
structure25T 25Tof25T 25Ta25T 25Tprogram25T 25Twill be25T 25Tassociated25T 
25Twith aspects of25T 25Tthe25T 25Tproblem to be25T 25Tsolved25T 
25Tthrough25T 25Tthe25T 25Tprogram25T. 25TThis way will25T 
25Tsimplify the25T 25Tmapping25T 25Tof25T 25Tthe problem25T 25Tto25T 25Ta25T 
25Tprogram25T 25Tor vice versa25T 25T(Aristarchus et al.25T, 
25T2011). Object25T: 25Twrapping25T 25Tthe data25T 25Tand25T 
25Tfunctions25T 25Ttogether into25T 25Ta25T 25Tunit25T 25Tin25T 25Ta25T 
25Tcomputer25T 25Tprogram25T, 25Tobject25T 25Tis the basis25T 25Tof25T 
25Tmodularity25T 25Tand25T 25Tstructure25T 25Tin25T 25Tan25T 25Tobject25T 
oriented 25Tcomputer25T 25Tprogram25T 25T(Aristarchus et 
al.25T, 25T2011). Abstraction:25T 25TThe ability of25T 25Ta25T 
25Tprogram25T 25Tto bypass25T 25Taspects of25T 25Tthe 
information25T 25Tprocessed25T 25Tby it25T, 25Tnamely25T 25Tthe 
ability25T 25Tto25T 25Tfocus25T 25Ton the core25T 25T(Aristarchus et 
al.25T, 25T2011). 25T 
25TEncapsulation25T: 25TEnsuring25T 25Tthe user25T 25Tof an 
object25T 25Tcan25T 25Tnot25T 25Tchange the25T 25Tstate25T 25Tof25T 25Tan 
object25T 25Tin25T 25Ta way that25T 25Tis not25T 25Tfeasible25T; 25Tjust25T 25Tthe 
method25T 25Tin25T 25Twhich25T 25Tthe25T 25Tobject25T 25Twas given25T 
25Tpermission25T 25Tto access25T 25Tthe situation25T 
25T(Aristarchus et al.25T, 25T2011)25T. 

25TPolymorphism25T: 25Tthrough25T 25Tsending25T 
25Tmessages25T. 25TDoes not depend on25T 25Tcalling25T 
25Tsubroutines25T, 25Tobject25T-oriented 25Tlanguage25T 25Tcan25T 
25Tsend messages25T; 25Tparticular25T 25Tmethod25T 
25Tassociated25T 25Twith25T 25Ta25T 25Tmessage delivery25T 25Tdepends 
on the25T 25Tspecific object25T 25Tin which the25T 25Tbeam25T 25Tis 
sent25T. 25TFor example25T, 25Tif25T 25Ta25T 25Tbird25T 25Treceived "25Tfast 
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motion", 25The25T 25Twould25T 25Tmove25T 25This wings25T 25Tand25T 
25Tfly25T. 25TWhen25T 25Ta lion25T 25Treceived the same message25T, 
25The25T 25Twill25T 25Tmove his legs25T 25Tand25T 25Tran25T. 25TBoth25T 
25Tanswered25T 25Ta25T 25Tsimilar25T 25Tmessage25T, 25Tbut25T 25Tin 
accordance25T 25Twith25T 25Tthe ability of25T 25Tthese animals.25T 
25TThis25T 25Tis called25T 25Tpolymorphism25T 25Tas25T 25Ta25T 25Tvariable25T 
25Tin the program25T 25Ttungal25T 25Tcan25T 25Thold25T 25Tdifferent25T 
25Ttypes of objects25T 25Twhile25T 25Trunning25T 25Tthe program25T, 
25Tand the25T 25Ttext of25T 25Tthe same25T 25Tprogram25T 25Tcan call25T 
25Tseveral25T 25Tdifferent methods25T 25Tat25T 25Tdifferent times25T 
25Tin the25T 25Tsame calling25T 25T(Aristarchus et al.25T, 
25T2011)25T. 

25TThis is in contrast25T 25Tto25T 25Tfunctional languages25T 
25Tachieve25T 25Tpolymorphism25T 25Tthrough the25T 25Tuse of25T 
25Tfirst0T25T-0Tclass functions. 25TBy using25T 25Tthe25T 25TOOP25T 25Tin25T 
25Tsolving25T 25Ta25T 25Tproblem25T 25Twe25T 25Tdo25T 25Tnot25T 25Tsee25T 25Thow to25T 
25Tsolve a25T 25Tproblem25T 25Tis25T 25Tobjects25T 25Tbut25T 25Twhat can be25T 
25Tdone25T 25Tsolving25T 25Tthose problems25T. 25TFor example,25T 
25Tsuppose we25T 25Thave25T 25Ta25T 25Tdepartment25T 25Tthat25T 25Thas a25T 
25Tmanager25T, 25Tsecretary25T, 25Tdata and25T 25Tother25T 
25Tadministration25T 25Tofficials25T. 25TSuppose25T 25Tthe25T 
25Tmanager25T 25Twants to obtain25T 25Tdata from25T 25Tthe25T 
25Tadministrative25T 25Tmanager of25T 25Tthe25T 25Tbag25T 25Tdoes not25T 
25Thave to25T 25Ttake it25T 25Timmediately25T 25Tbut25T 25Tcan be25T 
25Tordered25T 25Tofficers25T 25Tto25T 25Ttake25T 25Tadministrative25T 25Tbag25T. 
25TIn that case,25T 25Ta25T 25Tmanager25T 25Tdoes not25T 25Thave to25T 
25Tknow25T 25Thow to25T 25Ttake25T 25Tthe data25T, but 25Tthe manager25T 
25Tcan get25T 25Tthe data25T 25Tobject25T 25Tthrough25T 
25Tadministrative officer25T. 25TSo in order to25T 25Tsolve a 
problem25T 25Twith25T 25Tcollaboration among25T 25Texisting25T 
25Tobjects25T 25Tbecause25T 25Teach object25T 25Thas25T 25Tits own25T 
25Tjob25T 25Tdescription25T. 

25TIn making the application25T 25Tis25T 25Tused25T 25Tbatch25T 
25Tdistillation25T 25Tprogram25T 25Tmakers25T 25Tand25T 25Tthe 
language used25T 25Tto25T 25Tcreate25T 25Tthe25T 25Tprogram25T: 
25TVisual25T 25TStudio 201025T: 25Tis25T 25Ta developer of25T 
25Tsoftware25T 25T(25TSoftware 25TMaker25T) 25Tissued25T 25Tby one of 
the25T 25Tlargest25T 25Tcomputer25T 25Tsoftware company25T 25Tin 
the world25T 25Tthat is Microsoft25T. 25TThe advantage25T 
25Tof25T 25Tthis25T 25Tis that25T 25TVisual25T 25TStudio 201025T 25Thas been25T 
25Tadopted25T. 25TNet25T 25TFramework 4.025T 25Tand the25T 25Tmany25T 
25Tlanguages25T 25Tthat25T 25Tcan25T 25Tbe used25T 25Tto25T 25Tcreate25T 25Tsuch 
software25T, 25Tsuch as25T 25TC#25T.25TNet25T, 25TVB.Net25T, 25Tand25T 25Tso 
forth25T. 25TMicrosoft.NET25T 25TFramework25T 25T(25TMicrosoft 
25TDot25T 25TNet Framework25T) 25Tor25T 25Tbetter known as the25T 
25Tdot25T 25Tnet25T 25Tis25T 25Ta25T 25Tsoftware25T 25Tframework that25T 25Truns25T 
25Tprimarily25T 25Ton25T 25TMicrosoft's25T 25TWindows25T 
25Toperating25T 25Tsystem25T, 25Tthis time25T. 25TNET25T 
25TFramework25T 25Tgenerally25T 25Thave been integrated25T 
25Tin the standard distribution25T 25Tof Windows25T 
25T(25Tstarting 25Tfrom25T 25TWindows25T 25TServer 200325T 
25TWindows versions25T 25Tand25T 25Tnewer25T). 25TThe 
framework provides25T 25Ta large amount of25T 
25Tcomputer25T 25Tprogramming25T 25Tlibraries25T 25Tand25T 
25Tsupports25T 25Tseveral25T 25Tprogramming25T 25Tlanguages25T 25T

and25T 25Tgood interoperability25T 25Tallowing25T 25Tthese 
languages25T 25Tto25T 25Tserve25T 25Tone25T 25Tanother25T 25Tin the 
development of25T 25Tthe system25T. 

A25Tt25T 25Tlow25T 25Tpressure25T, 25Tthe vapor phase25T 25Tso25T 
25Tclose to25T 25Tthe ideal gas25T 25Tlow25T 25Tpressure25T 25Tliquid25T 
25Tvapor25T 25Tequilibrium becomes,  

sat
i.Pix

P .iy
    i  γ = 25T   

(25T1) 

 

25TEquation25T 25T(1)25T 25Tis also known25T 25Tas25T 25Tthe modified25T 
25TRaoult's25T 25Tequation25T. 25TThe constant of25T 
25Tequilibrium25T 25Tbetween25T 25Tthe vapor phase25T 25Tand25T 
25Tliquid25T 25Tphase25T 25Tis defined25T 25Tas follows25T: 

P

sat
i

.P 
i

γ

i
x

 
i

y
    

i
K  == 25T (25T2) 

25TIteration25T 25Tprocedure25T 25Tto25T 25Tfind25T 25Tthe temperature 
of25T 25Twhich is to seek25T 25Tprice25T 25Tbubble25T 25Tsaturation25T 
25Ttemperature25T 25Tof25T 25Tpure25T 25Tcomponent25T 25TTisat25T 25Ton25T 25TP25T 
25T(25TPrausnitz 25Tet al25T., 25T2001)25T. 

iC
P log  -iA

iBsat
iT −= 25T                                (25T3) 

 
25Twhere A25T, 25TB25T, 25TC are25T 25TAntoine25T 25Tconstants25T 25Tfor 
species25T 25Ti25T, 25Tfor25T 25Tall25T 25Tinitial estimates25T. 

 

∑=
i

sat
iT i  x    T 25T  (25T4) 

25TFor25T 25Ti25T 25T=25T 25T1, 225T, 3. 
 

25TPrice25T 25TT25T 25Tas the25T 25Tinitial price25T 25Twill be used25T 25Tto 
determine the25T 25Tsaturated25T 25Tvapor25T 25Tpressure of25T 25Ta 
substance25T 25Tto be estimated25T 25Twith the equation25T 
25TT25T 25TAntoine.Sedangkan25T 25Tprices25T 25Twere sought25T 
25Tby25T 25Tthe equation25T: 

 

jC
sat
1P log  -jA

jB
T −= 25T                                (25T5) 

 
25TThen look for25T 25Tthe error25T 25Tbetween the25T 25Tnew T25T 
25Twith25T 25TT25T 25Tthe beginning with25T 25Tequation25T 25T(6) 

 

e
T

)T(T
new

beginningnew
≤

−
25T                             (25T6) 
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γRiR 25Tactivity25T 25Tcoefficients25T 25Tobtained25T 25Tfrom25T: 

 
ln γRiR = ln γRiRP

C
P + ln γRiRP

R                                                        

P25T(7)25T 
lnγRiRP

C 
P= ∑

=
−++

m

1j jjx
ix
iφ

i
iφ
iθ

lniq
2
z

ix
iφ

ln 

 25T

    

(8)25T 

lnγRiRP
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∑
=

−
m

1j m

1k kjτkθ

ijτjθm

1j jiτjθln1  R25T (9)25T 

1)(r)q(r
2
z

iiii −−−= 25T                                

(25T10) 

 
25Twhere25T 25Tthe coordination25T 25Tnumber25T 25Tz25T 25Tis set25T 
25Tequal to25T 25T10.25T 

     

∑

=

=

m
jrjx

irix
iφ

1j

 25T(25T11) 

        

∑
=

= m

1j
jj

ii
i

xq

xqθ  25T(25T12) 

25TThe parameters25T 25Tr,25T 25Tq25T 25Tis a constant25T 
25Tcomponent of25T 25Tthe molecular structure25T 25Tbased 
purely on25T 25Tmolecular size and25T 25Texternal25T 
25Tsurface25T 25Tarea25T. 
25TFor each25T 25Tbinary25T 25Tcombination25T 25Tin25T 25Tmulti-
25Tcomponent 25Tmixtures25T, 25Tthere are25T 25Ttwo 
parameters25T 25Tthat can be adjusted25T 25Tr25T, 25Tq25T: 

 
( )

RT
uu

expτ iiji
ji

−
=   25T(25T13) 

τRjjR = τRiiR = 1  
 

 
 
25TTo calculate the25T 25Tsaturated25T 25Tvapor25T 25Tpressure25T 
25TAntoine25T 25Tequation25T 25Tis used25T 25Tdata25T 25TAntoine25T 
25Tparameters25T 25Tsuch as25T 25TTable25T 25T1.25T 25T(25TPrausnitz, 
25T2001)25T, 25Twhere the25T 25Ttemperature25T 25T(25TT) 25Tin units 
of25T 25TK25T 25Tand25T 25Tsaturated25T 25Tvapor25T 25Tpressure25T 25T(25TPSAT) 
25Tin units of25T 25TBar25T.  
 
3. Results and Discussion  
 

25TFigure25T 25T125T until25T Figure 325T 25Tare the25T 25Tprofiles25T 
25Tobtained25T 25Tusing25T 25Ta spreadsheet25T 25Ttool25T, 25Tthe 
simulation25T 25Tresults of25T 25Tbatch25T 25Tdistillation25T 
25Tbinary25T 25Tsystem25T 25Tusing25T 25TMathlab25T 25Tprogramming25T 
25Tlanguage25T. 25TTemperature profile25T 25Tat the25T 25Tbottom25T 
25Tshows25T 25Tresults25T 25Tclose25T 25Tto the temperature25T 25Tin 
the25T 25Tdistillate25T, 25Tas25T 25Ta simple25T 25Tbatch25T 25Tdistillation25T 
25Tprocess25T 25Toperates25T 25Tunder25T 25Ttotal25T 25Treflux25T 
25Tconditions25T. 25TTherefore, the25T 25Ttemperature 
profile25T 25Tsimulation results25T 25Tshown in Figure25T 25T1 
is the25T 25Tnumber component-i25T 25Ttemperature25T 25Tafter25T 
25Tnormalization25T 25Tmultiplied25T 25Tin the25T 25Tbottom25T 
25Tcomponent-i25T 25Tcomposition25T 25Tliquida25T. 25TFigure25T 25T125T 
25Tshows the25T 25Ttemperature profile25T 25Tfor the25T 
25Tacetone0T25T-0Tbutanol Run 25T1 to25T 25TRun0T25T-0T7 25Tas a whole 
rose25T 25Tagainst25T 25Tdimensionless25T 25Ttime25T. 25TThis is 
because25T 25Tthe components25T 25Tare25T 25Tvaporized by 
the25T 25Tlarger portion25T 25Tis a component of25T 25Tacetone25T, 
25Tso it takes25T 25Ta greater25T 25Ttemperature25T 25Tto25T 
25Tevaporate the25T 25Twater25T 25Tcomponent25T 25Tthat has not25T 
25Tevaporated25T. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

25TFigure25T 25T125T. 25TTemperature profile25T 25Tof Acetone 
25TButhanol Ethanol Ter25Tnary25T 25TSystem25T 25Tfor25T 

25TRun0T25T-0T1 to 25TRun0T25T-0T7. 
 
 
 

   Parameters Antoine 

Componen
ts  A B C 

Acetone  4.2184 4.6493 5.3365 

Butanol  197.01 1395.14 
1648.2

2 

Ethanol  228.06 182.739 
230.91

8 

Benzene 3.98523  1184.24  
217.57

2  

Toluene 4.05043  1327.62  
217.62

5  Acetone 

Run-7 

Run-1 

Table 2. Antoine parameters acetone-
butanol- ethanol-benzene-toluene 

Source: Prausnitz, 2001 
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25TFigure25T 25T225T. 25TComposition25T 25TProfile25T 25Tin the25T 
25TBottom25T 25TLiquida25T 25TAcetone0T25T-0TButanol 

 
25TFrom25T 25TFigure25T 25T225T 25Tshows the25T 25Tcomposition25T 
25Tprofile25T 25Tin the25T 25Tbottom25T 25Tliquida25T 25Tfor25T 25TRun0T25T-0T1 
25Tshows the25T 25Tcomposition of the25T 25Tacetone25T 
25Tdecreased25T 25Tfrom the25T 25Tinitial composition25T 
25Tprofile25T 25Tand25T 25Tbutanol25T 25Tcomposition25T 25Tprofile 
shows25T 25Tup25T 25Ton the25T 25Tinitial composition25T. 
25TBecause25T 25Tcomponents25T 25Twhile25T 25Tacetone25T 25Tis a25T 
25Tvolatile25T 25Tcomponent of25T 25Tthe butanol25T 
25Tcomponent25T 25Tis25T 25Tnon0T25T-0Tvolatile 25Tcomponents25T, 25Tat 
the time of25T 25Tbatch25T 25Tdistillation25T 25Tprocesses25T 
25Tvolatile25T 25Tcomponents25T 25Tin25T 25Ta larger portion25T 25Twas 
evaporated25T 25Tand25T 25Tthe remainder25T 25Tis25T 25Tnon0T25T-
0Tvolatile 25Tcomponents25T. 25TBoth25T 25Tcomponents25T 
25Tshowed25T 25Ta constant25T 25Tcomposition25T 25Tprofiles25T 25Tat25T 
25Tdimensionless25T 25Ttime25T 25Tshowed25T 25Ta value of 2.525T. 
25TThis is due to25T 25Tthe high25T 25Tboiling point25T 25Tbutanol25T 
25Tthus affecting the25T 25Ttemperature of25T 25Ta mixture25T 
25Tbetween the two25T 25Tcomponents25T, 25Tthus25T 25Tboth25T 
25Tcomponents25T 25Tof acetone25T 25Tand25T 25Tbutanol25T 
25Tcomponents25T 25Tin large portions25T 25Tevaporate25T. 

 
25TFigure25T 25T325T. 25TComposition25T 25TProfile25T 25Tin the25T 

25TBottom25T 25TLiquida25T benzene-toluene. 
 
25TFrom Figure25T 25T325T 25Tshows the25T 25Tcomposition25T 
25Tprofile25T 25Tin the25T 25Tbottom25T 25Tliquida25T 25Tfor25T 25TRun0T25T-0T1, 
25Tthe25T 25Ttotal25T 25Treflux25T 25Tcondition25T 25Tto25T 25Tcalculate25T 25Tthe 
composition of25T 25Tbenzene25T 25Tand25T 25Ttoluene25T 25Tin the25T 

25Tbottom25T 25Tcomposition of25T 25Tthe25T 25Tinitial25T 
25Ttemperature of25T 25T25 P

0
PC25T 25Tand25T 25Tcomposition25T 

25Tdetermined25T 25Tbenzene25T 25Tand25T 25Ttoluene25T 
25Tcomposition25T 25Tis determined25T, 25Tthen25T 25Tcalculated 
based on the25T 25Tbubble25T-point. 25TAt the time of25T 
25Ttotal25T 25Treflux25T 25Tcomposition of25T 25Tbenzene25T 25Tand25T 
25Ttoluene25T 25Tin the25T 25Tbottom25T 25Tcomposition25T 25Tis not25T 
25Tthe same as25T 25Tthe composition of25T 25Tbenzene25T 25Tand25T 
25Ttoluene25T 25Tat the beginning25T. 25TComposition25T 
25Tprofile shows25T 25Tbenzene25T 25Tdecreased25T 25Tfrom25T 25Tthe 
starting composition25T 25Tand25T 25Tthe composition of 
the25T 25Ttoluene25T 25Tcomposition25T 25Tprofile shows25T 25Tup 
from25T 25Tthe beginning25T, 25Tbecause25T 25Tthe composition 
of25T 25Tbenzene25T 25Tis25T 25Ta25T 25Tvolatile25T 25Tcomponent of25T 25Tthe 
component25T, while 25Ttoluene25T 25Tis non0T25T-0Tvolatile 
25Tcomponents25T, 25Tat the time of25T 25Tbatch25T 25Tdistillation25T 
25Tprocesses25T 25Tvolatile25T 25Tcomponent25T 25Tin25T 25Ta larger 
portion25T 25Twas evaporated25T 25Tand25T 25Tthe remainder25T 
25Tis25T 25Tnon0T25T-0Tvolatile 25Tcomponents25T. 25TAt the25T 25Tbottom25T 
25Tof25T 25Tthe composition25T 25Tprofiles25T 25Tfor25T 25Tacetone0T25T-
0Tbutanol 25Thave25T 25Tshown25T 25Ta trend25T 25Tthat is almost 
close25T 25Tto the25T 25Tcomposition25T 25Tprofile25T 25Tat the25T 
25Tbottom25T 25Tof25T 25Tbenzene0T25T-0Ttoluene, 25Tso that25T 25Tthe 
whole25T 25Tcan25T 25Tmeet25T 25Tthe expected25T 25Tvalidation25T. 

 
4. Conclusion 

 
25TTemperature profile as a whole25T 25Twas up 
against the25T 25Tdimensionless25T 25Ttime25T, 25Texcept25T 25Tat the 
beginning of25T 25Tthe process25T 25Tshows the25T 
25Ttemperature profile25T 25Tdecreases25T, 25Tdue to25T 25Tthe 
nature of25T 25Tthe characteristics of25T 25Tthe25T 25Tseparated25T 
25Tmixture25T. 25TLiquida25T 25Tcomposition25T 25Tprofile25T 25Tin the25T 
25Tbottom25T 25Tfor25T 25TRun0T25T-0T1 to 25TRun0T25T-0T7 25Tshows25T 25Tthe 
composition of25T 25Tnon0T25T-0Tvolatile 25Tpure25T 25Tapproach25T 
25Twith25T 25Tdimensionless25T 25Ttime25T 25Tof 3.525T. 25TVapor25T 
25Tcomposition profiles25T 25Tin the25T 25Tbottom25T 25Tclose to25T 
25Tthe same as the25T 25Tcomposition profiles25T 25Tliquida25T 
25Tat25T 25Tbottom25T, 25Texcept25T 25Tat the beginning of25T 25Tthe 
process of25T 25Tcomposition25T 25Tis evaporated25T 25Tmore25T 
25Tvolatile25T. 
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