ﬂunwrmnzﬁmfmzuu HB‘;UBG-IB'UWN, mui'm uae 1‘NTﬂﬁlﬂﬂt‘B‘H

nndeyaniumuuniy

HNOIRRYN YNAS

.- Y J o 4 - - - .
Imotimufinthidaunilaeansfinuimuningaiigeimnisumaasumiuns
mwTinimnsnunll Madnicnzail
auzdnanssumens prinanIgiuvIInoide
Vnrafinui 2542
ISBN 974-333-703-2
- of o - -v

futimfveapnnanialumingne

110265331 -0 oWl ¢



http://www.pdffactory.com

EQUATIONS OF STATE FOR N-HEPTANE, BENZENE AND
CYCLOHEXANE SYSTEM BASED ON DENSITY DATA

Miss Chompoonut Bupasiti

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkom University
Academic Year 1999
ISBN 974-333-703-2



Thesis Title Equations of State for n-Heptane, Benzene and Cyclohexane

System Based on Density Data
By Miss Chompoonut Bupasiri
Department Chemical Engineering

Thesis Advisor Associate Professor Kroekchai Sukanjanajtee, Ph.D.

Thesis Co-advisor  Khanitta Malayawech

Accepted by the Faculty of Engineering, Chulalongkomn University in Partial
Fulfillment of the Requirements for the Master’s Degree

W Mﬁ: Dean of Faculty of Engineering

----------------------------------------------------------

(Associate Professor Tatchai Sumitra, Dr. Ing.)

Thesis Committee
' .
........ (.&M. “k“h’ 4 °./z.;.-Cha1rman

(Seeroong Prichanont, Ph. D.)



wugyn YnAs : umsnanazdmiuszuy vodnen-sumu, wud ias leInnne
vindeynnnumuuniu (EQUATIONS OF STATE FOR N-HEPTANE, BENZENE AND
CYCLOHEXANE SYSTEM BASED ON DENSITY DATA) o.7hf3n : a0, a3, ininso
gnigyovioR, o.ffFawndan : e.ufiugn 1mnony, 160 wil, ISBN 974-333-703-2.

AnverumItazfatia fmdussuy ueduon-igumy, sdy e lelnnenen
ninfoynmnumuuniu o quugil 308.15, 313.15, 323.15 uaX 333.15 BIMUANIU UASAINAN
1.01325, 2, 5 une 1015

nmneSums Tumivesssuumuesfisznoui Aomuniaanzuonding nady-
NN (modified Redlich-Kwong) 1HAnAN1 crumsn12zile- Taiiniff (Peng-Robinson), trumseni1y
nl-Tafutu-aln3dn-3322  (Peng-Robinson-Stryjek-Vera2) unzoumannznk-Tiiudu-o'lns
n-332 (Peng-Robinson-Stryjek-Vera) Tunn 1 guugiiiazanudi  Amammuuniuyeszuumes
asflszneumdoudrazinimunsiilyznouialacléindos DMASIZP densitometer 3T aUTAS
YTinas Tumd (Molar volume), 1531a3 Tumd 83y (Excess molar volume) unz1Summs uaiides

. J ) - »
(Partial molar- volume) fivhiuo Tavtunisanrizni-Tstiudu fmivszuunesesmliznoy

AN Jmntsundl moitedeiifa
T IrnIsund moflodenrwrzsBFnm....... 7L «
- ol '

nsfimu 2542 moiledor0s6i T nugu.. 7



## 3970378421 : MAJOR CHEMICAL ENGINEERING

KEY WORD: DENSITY / EQUATION OF STATE / BENZENE / CYCLOHEXANE / N-HEPTANE
CHOMPOONUT BUPASIRI: EQUATIONS OF STATE FOR N-HEPTANE,
BENZENE AND CYCLOHEXANE SYSTEM BASED ON DENSITY DATA. THESIS
ADVISOR: ASSOC. PROF. KROEKCHAI SUKANJANAJTEE, Ph.D. THESIS CO-
ADVISOR: KHANITTA MALAYAWECH. 160 pp. ISBN 974-333-703-2.

Cubic equations of state were studicd for the ternary system of n-heptane, benzene and
cyclohexane based on density data at temperature of 308.15, 313.15, 323.15 and 333.15 K and pressure
of 1.01325, 2, 5 and 10 bar.

Prediction of molar volume of the ternary system with a modified Redlich-Kwong
(MRK) is better than Peng-Robinson (PR), Peng-Robinson-Stryjek-Vera (PRSV2), and Peng-
Robinson-Stryjek-Vera (PRSV) equations of state at all temperatures and pressures. The density data
of the binary systems as well as the temary system were measured by DMAS12P densitometer.
Molar volume, excess molar volume and partial molar volume by PR equation of state for binary

systems were presented.

MnIn Irnsunil mufiodoiian.............. Mmoo, .. j‘fﬂ“’w ............

AN Imninnnadl mefledoornnimtiom........ ‘?{/ /Qé, /

'1'szﬁnm 2542 mmm'ﬂummwml"nm: q...... k . M&Q@«#@W ..............



ACKNOWLEDGEMENT

The suthor would like to express her sincere gratitude to her advisor, Associate
Professor Kroechai Sukanjanajtee for his inspiring guidance and valuable suggestions
throughout the course of this work.

The author wishes to give her gratitude to Mirs, Khanitta Malayawech, the thesis
| co-advisor, for her kind guidance, helpful suggestions and encouragement.

TheauthorwishestoextendhergraﬁmdetoAssociater&ssorChiraksm
Muangnapoh and Dr. Seeroong Prichanont for their useful comments and participation as
the thesis committes.

Theauthoralsowouldﬁketoexpmsherg'aﬁmdetoAssociatQmeessor
Yingyos Khemayodhin for permitting the uss of equipment in this work. “

Moreover, the author would fike to offer her sincere and grateful thanks to her
family for their encouragement and warmest support

Finally, the author would like to thank her friends and all others who have helped -
_her over the years of her study.



CONTENTS

PAGE
ABSTRACT IN THAL .ccocirmemmmnrrisunrasnsstssssrenssassassnssnsassasrrssstensonss iv
ABSTRACT IN ENGLISH. ....cosuescrmsranasssnencnnsnssstassenasenerinssnssanesass v
ACKNOWLEDGEMENT......0iomearersinsmnsnteseammemensetsassnasseessnsnaensss vi
LIST OF TABLES.....0cerseeistsasarssossrssssnsestissanessasssessnasssessossssssess X
LIST OF FIGURES. .....covuessesneessstnereranessastassssnsnnasissennnarasissansaseese Xxi
NOMENCLATURES...cciiceresrensessssarmasssntiesssasnnsntossssressnnsssanssosess xxviii
CHAPTER
1.1 Significance of Problem. .....cccveacmensnnranrmosesnrinsnnesneennens 1
1.2 OBJOCHVE. ccvrvesaseeeeramsseccsmsseseesssssssssanssasiosscess S 2
1.3 Scope Of RESEAITH. c.eccnverensssnessurssssisnasnnenesnansansneracane 2
Il LITERATURE REVIEWS...cioiuitisarsensnssassessasssssnaranssssensnnaen 3
2.1 Experimental Study on Density Of MIXIUTES. ..oveveerearnrnnnaees 3
2.2 Study of EQUAHONS Of StAIE..c.cuvsuesesnsarseorescstnsstinasanencass 6
T THEORY...ooooovvseesssssseesesesssmsessisssessesessmsesissssasssssenssssssase 8
3.1 DENSItY. verreerseserssnsssssssasassnssasanssssstosasnsanasscsssonssses 8
3.2 Specific Volume and Molar Volume. .......coeouiimeaceinsennen 9
3.3 Partial Molar Properties. ... i e iueesissavessn sansonsosinassnnrnon i 9
3.4 Volume Changes Of MiXing......cc.oervrensmnnsnsansesenenniacenes 10
3.5 Excess Molar VOlUMC. ...coveucernasriestiasmunnrsnissaianisnanen 11
3.6 Equations Of State......ceevmeessisirenenniminneaseensiennuesnrmsee 11
3.6.1 Cubic Equations OF StALE...eevevevreseirensencnsrasanaenasans 13

3.6.2 Mixing Rules for Cubic Equations of State................. 17



3.6.5 Binary Interaction Parameter.........ccorusemseessaseenres 17

IV EXPERIMENTAL ovvvvrveeoesasesesssnenssesessasnssssssssessssisssassissas 18
4.1 MALETA] ..ovevvnererersuesmseruomamsesnsrartrorasssasstrassssnasiseansnan 18

4.2 ADDAIBIUS. ..ooouurmnrresssesssartonasmassasremasasatsaanarsssssanasine 18

43 Experimental S6CtiOn. .c...crunveessessec: ereeerse e eeeaseeeas 20

V DETERMINATION OF BINARY INTERACTION PARAMETER... 24

5.1 Back Calculation Method.........coeeeceenonnananniiasseaancnnnans 24

5.2 Mathematics Methods. ....cooeeiunernraiiiisenraesioininaciaiesanacinn 24

5.2.1 Newton-Raphson Method. ......c..ceeasesesserressesesans 24

522 Region Elimination Method . .......venrvesssssessreseen 25

5.3 Computer PrOgram. .....cccoemnrmsnsaanninmsasesanssisnnnansosens 26

53,1 INPUEDAMR. . . seossiasbiarensseasis s sasesnsssassssnenases 26

5.3.2 Algorithm of the PrOgrams..........coeererresascessnacsvane 27

VI RESULTS AND DISCUSSION. .....sueesesrersserseemmsssnssnsensans 34
6.1 Density of Benzene, Cyclohexane and n-Heptane System ....... 34

6.2 Excess Molar Volume for Binary systems and Temary System 42
6.3 Density of Benzene, Cyclohexane and n-Heptane System by

EqQuation Of StALE ...cccvvrueeerressrntiiiviosesennanissnissssissensenee 61
6.4 Partial Molar Volume of Benzene, Cyclohexane and n-Heptane
SYSEM.rvs oo seeserensoressmsnssranssssnsesssaseseessassesassnssste 85
VII CONCLUSIONS AND RECOMMENDATIONS.....cc.oouiiiiiiie.. 104
7.1 Conclusions........ccceuennnes ebsseetanaranas _ ........... S 104
7.2 Recommendations for Future Studies.......ccccccenianieiaiininen 104
REFERENCES. ... ctvirtvvemrentiresssioenstrsstsressssusassassssrsassasnsinasens 105



APPENDICES. ... eectoraesserssssassssasssmassssssessssssasessasasasmssates SO 108
APPENDIX A Thermodynammic Properties Data........eeeeusescesersinsscaceess 109
APPENDIX B Deusity REference......covereerconssusssssnac: eereeeeeseesneens 110
APPENDIX C Gas Chromatograph Calibration .......ceceveuseeess R 116
APPENDIX D Correlation of Partial Molar VOIUIDE....vecenrearssesnaararenes 118
APPENDIX E CalCulations. ... cvaesseesesssssssassiasesseasess erereeseensrsen 123
APPENDIX F Experimental and Calculated Data ........coccrevansesueseneess . 125



LIST OF TABLES

| TABLE ‘ A PAGE
4.1 Operating conditions of gas chromatograph......cccoeemererinessasserenrannans 19
6.1 Experimental density of pure COMIPONENLS. c.eiraeeeesssssranavasessssssasssass 34
6.2 Comparison between experimental and literature density values of the
pure components at 1.01325 DA%, ....cocoisteeeencsanossnsanisanisesscansas 35
6.ﬁ Experihental liquid densities of benzene (1), cyclohexane (2) and
11~ hEPHANE (3) ..ceesrieierrnasanaastessmrannasarisinessnsesanunsnssasnasssaneees 39
6.4 Excess molar volumes of benzene (1), cyclohexane (2) and n-heptane (3)
SYSHETT 88 3085 K ciorviocbetssessesessssnossseeasessssasimesssnsssssssssessssces 59
6.5 INMCTAHON DATBICLETS. ... cove-sesssesberssnssoresinsmsssssssssssssssssissssanssss 61

6.6 }ntemction parameters of benzene, cyclohexnhe and n-heptane systems
I TORTRUIES. o cee st tne s \\ Y — 65
6.7 Percentage average absolute deviations (% AAD) in molar volume of
benzene-cyclohexane system calculated with equations of state. ............ 66
6.8 Percentage average absolute deviations (% AAD) in molar volume of
cyclohexane-n-heptane system calculated with equations of state.......... 66
6.9 Percentage avcmgé absolute deviations (%3 AAD) in molar volume of
benzene-n-heptane system calculated with equations of state........c..ce... 67

6.10 Percentage average absoluté deviations (% AAD) in molar volume of

tenmrysystemcalculatedmthequatlonsofstaie 76
6.11 Calculated molar volumes of benzene (1), cyclohexane (2) and

n-heptane (3) system at 308.15 K and1.01325 bar......cccoovucinnnccnsnnne 77
6.12 Calculated molar volumes of benzene (1), cyclohexane (2) and |

6.13 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 308.15 Kand S bar.......cvrviieiieeececniiiiininiens 78



TABLE ~ PAGE
6.14 -Calculated molar volumes of benzene (1), cyclohexanc (2) and

n-heptane (3) system at 308.15 K andlO Bar. ....cceeereienranenssannirranen 78
6.15 Caiculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at313.15 K and 1.01325 bar. ..ccviviiinancnnniiaienen 79
6.16 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 313.15 K and 2Bar. ..c..cvivmeranvsseserscssenseseen 79
6.17 Calculated molar volumes of benzene (1), cyclohexane (2) and -
n-heptane (3) system at 313.15 K and 5 DAL, c.eeerusevsnenmrenassasssseneas 80
6.18 Calculated molar volumes of benzene (1), cyclohexane (2) and '
n-heptane (3) system at 313.15 K and 10 0ar. ..covinirienonencsnsiensns 80
6.19 Calculated molar volumes'of benzene (1), cyclohexane (2) and _
n-heptane (3) system at 323.15 K and 1.01325DAr. ..cvvviumvearecrraenanenss 81
6.20 Calculated molar volumes of benzene (1), cyclohexane (2) and .
n-heptane (3) system 2t 323.15 K and 2 bar. c...coceeeennennsanssnsssseecsnen 81
6.21 Calculated molar volumes of benzene (1), cyclohexane (2) and
-n-heptane (3) system at 323.15 K and SBar. ...ocoernnenmnnnnnnieenennennaenn 82
6.22 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 323.15 K and 10 bar. eevereesesaresnesteaserssssenses 82
- 6.23 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 333.15 K and 1.01325bar, ..c.oeeeerriiiiiannnnnenee. 83
6.24 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 333.15 Kand 2 bar. ......ovvuemiinminnnienncnaniinn 83
6.25 Calculated molar volumes of benzene (1), cyclohexane (2) and
n-heptane (3) system at 333.15 Kand S bar. c.coocevinniiinniininiinaninannen, 84
626 Calculated molar volume of benzene (1), cyclohexane (2) and
n-heptane (3) system at 333.15 Kand 10 bar. covciivinnsntsisassonesaasennens 84

627 Partial molar volumes (cm’/g-mole) of benzene (1), cyclohexane (2)
and n-heptane (3) system at 308,15 K. wceeeiiiniiiiiiinnninnininiiniiiiiien 98
' 6.28 Partial molar volumes (cm’/g-mole) of benzene (1), cyclohexane (2) and
n-heptane (3) sy?stan EYIC) K0 D . O 99
6.29 Partial molar volumes (cm’/g-mole) of benzene (1), cyclohexane (2)
and n-hoptane (3) syStem at 323.15 Kovwwervcvnvenrenssossessassasssessssssrnns 100



xii

TABLE PAGE

6.30 Partial molar volumes (cm’/g-mole) of benzene (1), cyclohexane (2) and
n—heptane(3)systemat333.15 K o covenensasssassssasensasassssssatassasnsonsass 101
A.l Presents thermodynamic properties of pure components used for
CAICUIBLION i1 thS WOTK. ..o vevesessrvssnssssssessssemsssrstssrassssssssessssssmmssss 109

B.1 Density of nitrogen at elevated temperature and Pressure......ueversresesses 110

B.2 Damityofniﬂogenatelevatedtanpcmtummdpmminthiswo:k ...... 110
- B3 Densntyofbenzzncatelevatedtzmpcratmeandpressum ..................... 111
B4 Denmtyofbenzeneatelevatedtanwratumandprwsuremthswor'k ...... 111

E.1l Oscillation period and density value at 1.01325 bar and 308.15 K of

SLANAATAS. . v vevnsvnivossssnesnsrasasnasssribannasssnasonsanstrssansanssnsantenteseons 123
F.1.1 Period of harmonic oscillation of calibration standards at 308.15 K........ 125
F.1.2 Period of harmonic oscillation of calibration standards at 313.15 K....... 125
F.1.3 Period of harmonic oscillation of calibration standards at 323.15 K........ 126
F.1.4 Period of harmonic oscillation of calibration standards at 333.15 K....... 126
F.1.5 The calibration constant A and B at various States.........c.cccurumesnnivnine 127

F.1.6 Experimental liquid densities varies pressure of benzene (1 ) and
* cyclohexane (2} at temperature 308.15 Ko eoriieerennnsrnnasiasnasssassanasans 127
F.1.7 Experimental liquid densities varies prwsum ofbem'ene (1) nnd |

cyclohexane (2) at temperature 313. 15 K 128

F.1.8 Experimental liquid densities varies pmsu:e of benzene (1) and
cyclohexane (2) at temperature 323,15 K. i iorivivisimenessanasssenens 128
F.19 Experimental liquid densities varies pressure of benzene (1) and
cyclohexane (2) at temperature 333.15 K.....otviituniienrenarsesnerreannees 128
F.1.10 Experimental liquid densities varies pressure of benzene (1) and
n-heptane (2) at temperature 308. 15 Konrenrensessenesnasscsasens o 129
F.1.11 Experimental liquid densities varies pressure of benzene (1) and
n-heptane(2) at temperature 313.15 K..oovieeriinnnniincinnninciiinninane 129
'F.1.12 Experimental liquid densities varics pressure of benzene (1) and
n-heptane(2) at temperature 323.15 K...ocivvnnriiiniiiiiiiiininninnnin. 129



F.1.25 Excess molar volumes of benzene(1) and cyclohexane (2) system
at10bar.......c.evveueens eeteasesaensentesetearenenasrsnteairansistetatTaaeytenas 134

Xiii

TABLE PAGE
F.1.13 Experimental hqmddensmesvanespmssumofbenme (Dand =
n—heptane(z) at temperature 333. 15 Koneeeeeeesveseesassssenssssnsaseas ene 130
F.1.14 Experimental liquid densities varies pressure of cyclohexane (1) and |
n-heptane (2) 8t temperature 308.15 ..v.eveuseussecsssrassrassrssessscnsesss 130
F.1.15 Experimental liquid densities varies pressure of cyclohexane (1) end
n-heptane (2) at temperature 31315 K. ovcveeicccnininnniniecsnciennes 130
F.1.16 Experimental liquid densities varics pressure of cyclohexane (1) and
n-heptane (2) ot temperature 323.15 K. coovccoveciennnnnniiinnenesinanenns 131
F.117 Experimental liquid densities varies pressure of cyclohexane (1) and
n-heptane (2) at temperature 333.15 K. o.vvmiuacescssmemsarssnnasases 131
F.1.18 Excess molar volumes of benzene(1) and cyclohexane(2) system
B 30B.LSK. rvesieersensintasssenssiusssimmerassasssssissnasessisssssnsresases 131
F.1.19 Excess molar volumﬁs of benzene(1) and cyclohexane (2) system
PETER L2 SO cereeeeseneteessrs s 132
. F.1.20 Excess molar volumes of benzene(1) and cyclohexane (2) system
at 323 | B3 - SR easssiiias O T 132
F.1.21 Excess molar volumes of benzene(1) and cyclohexane (2) system
BE333.05 K. vvnidednnresiisanernsnnaseasnenssmmaneses rererenereenesaneans ... 132
F.1.22 Excess molar volumes of benzene(1) and cyclohexane (2) system
At 101325 DAL, ccvvrrevreeranensaresanssrarsersossmmsensesonaanressnsasansanase 133
F.1.23 Excess molar volumes of benzene(1) and cyclohexane (2) system
BE2 DAL, cevoerrrensvesseeesessermsessssessmess s saeesssns s ss et isess s 133
F.1.24 Excess molar volumes of benzene(1) and cyclohexane (2) system
YAl ) AU OO PPPPPPPRRPTSPIPPPRPPPRT PP 133



Xiv

TABLE PAGE
F.1.26 Excess molar volumes of cyclohexane (1) and n-heptanc (2) system |
8t 308.15 K. 1eveerrrmreneeeesrmniannsrasssmansrssmmnsnaaranssrsrsssasassernaces 134
F.1.27 Excess molar volumes of cyclohexane (1) and n—heptane 2) systcm
B 313,15 K- evvenreearenssnsseresesssssssssasessmmn s s oo 134
F.1.28 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
832315 Ko ooounivrireannnsesecnnsmesnssenasaiineasaronitassaasistsstassaninsies 135
F.1.29 Excess molar volumes of cyclohexane (1) and n-hcptane (2) system
| 2 333,15 K. oustll ettt/ et iisisac oo memaneaseosecasrisssene 135
F.1.30 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
A1 101325 DAL, 1eovvvnreissrnenerossasesnsasacsnsssmmassannatrnsasossinserasaressis 135
'F.1.31 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
BE 2 DAL e uenenesesaeennsnsoasanesnnsasasssssmresasatasssssatatasnensatasatssssnasons 136
'F.1.32 BExcess molar volumes of cyciohexane (1) and n-heptane (2) system
BE 5 DAL eneeeererernnsrarsasasessssnsmnsmmmsensasasnsasssasersnansariarstsssrnasass 136
F.1.33 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
AL LO DAL, oeviveeeeanrenecaresasnsmeoranananmmssossssnenss ererermrnesseasananas 136
F.1.34 Excess molar volumes of benzene(1) and n-heptane (2) system
QE30B.1S K. veres b lomaeoienemmeessasssseskim s ssssessssesscsanesssssiosins 137
F.1.35 Excess molar volumes of benzene(1) and n-heptane (2) system
AL 313,15 K e iiieiirneeesnsirresesesnssnsnsasramsnsanresststssensnsarsoanasananns 137
F.1.36 Excess molar volumes of benzene(1) and n-heptane (2) system
at 323.15 K....V ............................................... [, 137
F.1.37 Excess molar volumes of benzene(1) and n-heptane (2) system
BE333.15 Koo ivveuresereenesermseeracemsenesasmmmssassassassnsasssseses Ve 138
F.1.38 Excess molar volumes of benzene(1) and n-heptane (2) system ‘
81 101325 DAL cevvvererrerarareersessiosnnseesasstmnmrasnsesessnssstensaesuassaens 138



XV

TABLE - PAGE
F.1.39 Excess molar volumes of benzene(1) and n-heptane (2) system
BE2 BT, ovenreeseessssseneesssssnassnesesessss (SO 138
_ F.1.40 ' Excess molar volumes of benzene(1) and n-heptane (2) system
at 5 bar. ...... ‘139
F.1.41 Excess molar volumes of benzene(1) and n-heptane (2) system
8 1O DAL eeeeeresseeeonssnnnsnosesmesnpitmessansascessssssannateostnassnrsesssssss 139
F.2.1 Partial molar volumes (cm’/g-mole) of benzene(1) and cyclohexane
(2) system at 308 A5 K. coooeveieiinnennesnnenanee reneeseseesssesanserasanrarets 140
F.2.2 Partial molar volumes (cm’/g-mole) of benzene (1) and cyclohexane (2)
NS TERTY S R SR 140
F.2.3 Partial molar volumes (cm /g-mole) of benzene (1) and cyclohexane 2)
SyStem 8t 32315 K. .oheeiisnsienncs st 140
F.2.4 Partial molar volumes (cm’/g-mole) of benzene (1) and cyclohexane (2)
Y TR L) RS 141
F.2.5 Partial molar volumes (cm’/ g-mole) of cyclohexane (1) and n-heptahc
(2)'systmat303.151<...................; ......................................... 141
F.2.6 Partial molar volumes (cm /g-mole) of cyclohexane (1) and n-heptane
(2) 5ystem 8t B13.I5 K. +.cciueremesssssensusssmsessessssenmmssssmsssssssssenees 141
F2.7 Partial molar volumes (cin’/g-mole) of cyclohexane (1) and n-heptane
(2) SyStem 8 323.15 Kernrureoiersansarsrausssasinsssssemmnasssseasines N 142
F.2.8 Partial molar volumes (cm /g-mole) of cyclohcxanc (1) and n-heptane
(2) system 8t 33315 K cuvnvnmeenscnnsnssnnnensceseseens L evaesesenessnssanin 142
29 Partial molar volumes (cm’/g-mole) of benzene (1) and cyclohexane (2)
system at 308.15 K. ovuenrensrirennsenses eeever————aeestaareasaseneatass 142
F2.10 Partial molar volurhes (cm’/g-mole) of benzene (1) and cyclohexane ) “
~ system at 313.15 K. e evaseiesetssesesessesiseetssseneatisbenTaTetaseiTietasaitis 143



TABLE .

F2.11

F2.12

Partial molar volumes (cm’/ g-mole) of benzene (1) and cyclohexane 2)
T £ < L3 Sp R ERREE A S

Partial molar volumes (crn Ig-mole) of benzene (1) and cyclohexane (2)

- system at333.15K. ....... v euiessssesessessisessesssmIsstrestTEeTrsstsen et

F2.13

F2.14

F2.15

F.2.16

F.2.17.

F.2.18

F.2.19

Calculated molar volumes of benzcne(l) and cyclohexane(2) system
at 308.15 K and 1.01325 bar, .....ccuiaessmrananeesernsemnusnonnimnnnsetestess

Calculated molar volumes of benzene(1) and. cyclohexane(2) system

at 308.15 K and 2 DAL, .oiuireernueeessnnasnssnnnssossssanmannesesessennrnisissss
Calculated molar volumes of benzene(1) and cyclohexane(2) system
at308.15K and 5 bar ..........................
Calculated molar volumes of benzene(1) and cyclohexane(2) system

at 308.15 K and 10ba.r
Calculated molar volumes of benzene(1) and cyclohcxane(Z) system
at 313.15 K and 1.01325 baL. c..cocirporernnenssessnnensesssnrummmmnssessssssss
Calculated molar volumes of benzene(1) and cyclohexane(2) system

at 313.15 K and 2 bar. . cocuerecerunnsasasanaeanascssranmmessssaananresrisnte

Calculated molar volumes of benzene(1) and cyclohexane(2) system

C at313.15 K and S bar. .ooeeerieiiisnsasnsassaranasssssassimnezstne e sttt

F.2.20
F221
F.2.22

F.2.23

F.2.24

Calculated molar volumes of benme(l) and cyclohexane(2) system

at 313.15 K and 10 bar. . cociueemeeeeraeanasesiinaansnsnsansummnsrsssnesnanonsme
Calculated molar volumes of benzene(l) and cyclohexane(2) system
at 323.15 K and 1.01325 bar. « ocoeeeuanensimmnnnsassssssasssesssmmmnansssnoens
Calculated molar volumes of benzene(1) and cyclohcxane(Z) system

A 323,15 K AN 2 DAL, cvvrrvnmsereererssmessssmsesessssmmissesssssssssnsssassss
Calculated molar volumes of benzene(1) and cyclohexane(2) system
at323.15K and 5 bar.. ....... SRR TOTURRPPPPPPPPPEYRTTTREEELE:
Calculated molar volumes of benzene(1) and cyclohexane(2) system

at323.15 K and JO DA . cvevererercersressessssssssnmisncmmsssnssas eeeeeaees

Xvi

PAGE

144

144

144

144

145

145

145

145

146

146

146

146



TABLE
F225 Calculated molar volumes of benzene(1) and cyclohexane(2) system
2t 333.15 K ad 101325 DAL, « cevvrsvnrermssermsnsssmansustasssassmmssssasesssses
F226 Calculated molar volumes of benzene(1) and cyclohexane(2) system
8633315 K and 2 Bar. .coveeccevnnmasnerssninaransnnes beeanreannesananns
£227 Calculated molar volumes of benzene(1) and cyclohexane(2) system
a8 333,15 K AT S DAL, « covavereesecnatsstssasemsnassmsasammenes eeeeaenees -
F2.28 Calculated molar volumes of benzene(1) and cyclohexane(2) system
at 333.15 K and 10 bar. ...c..coeeenee e etasaseiiisseseensrusserrrasasesraaruentes

F.229 Calculated molar volumes of cyclohexane (1) and p-heptane (2)

system at 308.15 K and LOI325 DAL covcuurersisssnnenesssnsmsasisseramses

F.2.30 Calculated molar volumes of cyclohexane (1) and n-hcptane (2) system
at 308.15 K and 2 Bar, . cccoeevrnerensesasassaesacsnsstinssnesananassansosass
F.2.31 Calculated molar volumes of cyciohexane (1) and n-heptane (2) system
at 308.15 K and S DAL . ceevverronenennnsersmnnsnaiassansasassensssnnimaisasasssness
F2.32 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system

at 308.15 K and 10 Dar. . coooviiuiersmoiimneeansaiatassrmmetommesisratsnnssnsees '

F.2.33 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
Cat313.15 K and 101325 DA, . cicceeiirmaesnnasmanisrensacennsansnmenantaneoess
F2.34 Calculated molar volumes of cyclohexane (1) and p-heptane (2) system
at 313.15 K and 2 Dar. . ccvvceresnereoncnninnsenasensansssiimeassstatisnnareess

F.2.35 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
86 313,15 K a0 5 BAL. ¢ wiviueeneecnarensnansoisssoshens 1P
F.2.36 Celculated molar volumes of cyclohexane (1) and p-heptane (2) system
at 313.15 K and 10 DAL, . cocvuciassancirasinannadansnasresanamonoostaansoserasse

F2.37 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at323.15 K and 1.01325 bar. . ccucvucericiiraanninannmsianniienassiisanonssane

F.2.38 Calculated molar volumes of cyclohexane'(l) and n-heptane (2) system
at323.15 Kand 2 Bar. . cocvvreesnruscanoreasmtsirasnastasmmmsnessiannasnecssne

F2.39 Calculated molar volumes of cyclohexane (1) and p-heptane (2) system
At323.15 K AN 5 DAL, « cveevrirnreanvereermssssnsnninessonennssssssasassssssne

xvii

PAGE

147

147

147

148
148

148



TABLE | PAGE
F.2.40 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at 323.15 K and 10 bar. . . st e 150
F2.41 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at 333.15 K and LOL325 DAL .« cevvencrensnnsorenneruencaseninsnnnzsnanmeonsses 151
F.2.42 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at333. 15 K ANA2 DAL, . o covenuarnrenesessssassnscenansansssmssanenssessosannes 151
F.2.43 Calculated molar volumes of cyclohexane (1) and n-heptane 2) system
at333.05Kand Sbar. . . .oociiiniiiriniiraenrniinaraanes esseeeressetasenssate 151
F.2.44 Calculatﬁd molar volumes of cyclohexane (1) and n-heptane 2)
system at 333,15 Kand 10 Dan.ccoeiemmsescrncmsmssenssmssesssmmsresessees 151
F2.45 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 308.15 K and 1.01325 bar. .....coocesecssneannsmmansiennaarnamssessseeses 152
F.2.46 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 308.15 K and 2 Bar. ..ocoouaransasarreeranssersanssassmmsnnesannue st st 152
F2.47 Calculated molar volumes of benzene (1) and n—heptnne’(Z) system
 t30BISK A S AL oo 152
F_..2.48 Calculated molar volumes of benzene (1) and n-heptane (2) system
2t 308.15 K and 10 bar. -7 152
'F2.49 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 313.15 K and 101325 bar. c.occiicreneeanisssosanannensnanmnnammenssenannass 153
F2.50 Calculated molar volumes of benzene (1) and n-heptane (2) systcm _
26 313.15 K A0A 2 DAL...oeiuiorvmneninnsessnnnessrnneasesmsematasasasensssansenness 153
F.2.51 Calculated molar volumes of benzene (1) and n-heptane (2) system
at313.15 K BNA S DAL 1 coeesesininnessnnsestnsossrasanntossmtassnnessasesnnses 153
F.2.52 Calculated molar volumes of benzene (1) and n-heptane (2) system
at313.15 K and 1O DAL .. covveierrrenasermseraanmasennieiaranimessasesssnannnees 153
F.2.53 Calculated molar volumes of benzene (1) and n-héptane (2) system
at 323.15 K and 101325 Ba%. . cooevcveriininnnnerssinnsssnsconnnsssssmnnesanes 154

Xviii

F.2.54 Calculated molar volumes of benzene (1) and n-heptane (2) system

0132315 K ANA 2 DAL « cevveeernreereeeersreessaessassssnmmrnassnsessanssasanes 154



" TABLE

F2.55 Calculated molar volumes of benzene (1) and n-heptane (2) system

at323.15 K and S DAL ..uvveeeriisnnmnanerissennumnansssammssassnansessines

F.2.56 Calqulated molar volumes of benzene (1) and n-heptane (2) system

at 323.15 K and 10 DAL, .coevemiiesssrannnssasssannnsiesemnnrssnssesonanees

F2.57 Calculated molar volumes of benzene (1) and n-heptane (2) system

F.2.58 Calculated molar volumes of benzene (1) and n-heptane (2) system

833315 K ADA 2 DAL covrevevneiirssesssssissssissss s

F.2.59 Calculated molar volumes of benzene (1) and n-heptane (2) system

at333.15 K and S Bar. . .coooomiasniiisranenssecsnnrnenmsnmasaanasssaarasese

F.2.60 Calculated molar volumes of benzene(1) and n-heptane (2) system

at 333.15 K and 10Dan. . coveenieeeonsrsnnaurasssisannntanerasmmannsssssssncens ‘

F2.61 Calculated molar volumes of benzene (1) and cyclohexane (2)

system at 298.15 K and 1.01325 bar, (Dimitri et al., 1991)........ccevee.

F.2.62 Calculated molar volumes of benzene (1) | and cyclohexane (2)

system at 298.15 K and 1.01325 bar, (Chevalier et al., 1990)..........-.

F.2.63 Calculated molar volumes of benzene (1) and cyclohexane (2)

system at 293.15 K and 1.01325 bar, (Anwel et el., 1992)..cecreereerenns

F2.64 Calculated molar volumes of (2) cyclohexane (1) and n-heptane(2)

system at 298.15 K and 1.01325 bar, (Dimitri et al;; 1991).....ccceeee.

F.2.65 Calculated molar volumes of cyclohexane (1) and n-heptane (2)

system at 298.15 K and 1.01325 bar, (Aminabhavi ¢t al., 1996).........

F.2.66 Calculated molar volumes of cyclohexane (1) and n-heptane (2)

system at 303.15 K and 1.01325 bar, (Aminabhavi et al., 1996).........

F2.67 Calculated molar volumes of cyclohexane (1) and n-heptane (2)

system at 308.15 K and 1.01325 bar, (Aminabhavi et al., 1996).........

F.2.68 Calculated molar volumes of benzene (1) and n-heptane (2) system

system at 298.15 K and 1.01325 bar, (Stefanos et al., 1989).cc...covnueeee

PAGE

154

154

155

155

155
156
156
156
157
157
157
158

158



TABLE | PAGE
F.2.69 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 293.15 K and 1.01325 bar, (Anwel et al, 1992).‘ ............................ 158
F2.70 Calculated molar volumes of benzene (1) and n-heptane (2) system
159

" at 297.85 K and 1.01325 bar, (Thomas et al,, 1989)..ccriiurensnisonncsncenns



LIST OF FIGURES

FIGURE
4.1 “Schematic diagram of assembling of experimental 8pPAratUS. .....ooeeueeres
51 Selection of interior points in golden SeCtion $earch.....ceaveerenrsansreansn
5.2 Flow chart of the program .........
5.3 Flow chaﬁ of subprogram FUnC PRu.. o oveccovensaresnensansmssassnssmsenses
5.4 Flow chart of subprogram Func PRSV and PRSV2....ccuvemmraencnianianen
5.5 Flow cha:rt of subprogram Func MRK......ccruuseecsrennrasearassnrensessssss
5.6 - Flow chart of subprogram Func OBFN....ccriseranssnecsoannsseonss creemnas
57 Flow chart of subprogrem Func VOIUINE. cvuerensemaransoransossrnnnassasanenner
- 6.1 Density of benzene (1) and cyclohexane (2) SYSLEM c.veeunrerannesaseerenes
62 Density of cyclohexane (1) and n-heptane (2) SYSLEM .eecenrareeasesmsnsens
6.3 Comparison of density data between this work and literature
(Aminabhavi et al., 1996.) of cyclohexane (1) and reheptans (2) system
86 308,15 Kevunennenens et
6.4 Density of benzene (1) and n-heptane (2) SYStEMuvaaterecessensannareranananes
6.5 Excess molar volumes of benzeno (1) end cyclohexane (2) system
8 308.15 Kuus werecsorsennessscmurmsnsenssessasessss ... ceveresreeenasnnes
6.6 Excess molar volumes of benzene (1) and cyclohexane (2) system
ETER L3 TR Rt ALl L
6.7 Excess molar volumes of benzene (1)and cyclohexnne (2) system
88 323.15 Ko cuveerrreasssseeranmrnssresassunssssanmmnnnntssassananensssannts s
6.8 Excess molar volumes of benzene (1) and cyclohexane (2) system
R T3 SR et rn s
6.9 Excess molar volumes of benzene (1) and cyclohexane (2) system
ot 1LOL325 DAL v vererseessarssemensesaessassssssesmssssase reererreaesaeresen |

45



FIGURE
6.10 Excess molar volumes of benzene (1) and cyclohexane (2) system
at 2 BAr, . ceveecacenanne cerses s
6.11 Excess molar volumes of benzene (1) and cyclohexane (2) system
at5Sbar. .. ..ocoeee AL evevirssasasrrassanse
6.12 Excess molar volumes of benzene (1) and cyclohexane (2) system

B30B.1S Koo o 2 —
6.14 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
6.15 Excess molar volumes of cyclohexane (1) and n-heptane (2) system

at323.15 K. ooressessnnsssessesdesmsenanssrasascasstommasissterasastnantorasasanans
6.16 Excess molar volumes of cycloheme (1) and n-heptane (2) system

833315 Korereiesesrenessercsnsmosnnansusnsnsanaatmessnsssassasiassannasssionsones
6.17 Excess molar volumes of cyclohexane (1) and n-heptane (2) system

t 1.01325 DAL, vecvreverrseanasssssrsamessassaaassasanaanatnssssssssssensssssirssssoees
6.18 Excess molar volumes of cyclohexane (1) and n-heptane (2) system

at 2 bar. ..............................................................................
6.19 Excess molar volumes of cyclohexane (1) and n-heptane (2) system
6.20 Excess molar volumes of cyclohexane (1) and n-heptane (2) system

at 10 bar. ....cceeveiiinaen ‘ .....
6.21 Excess molar volumes of benzene (1) and n-heptane (2) system

at 308.15 K. .............................................................
6.22 Excess molar volumes of benzene (1) and n-heptane (2) system

BE31315 Kereenmannmnnsnsssssesesssisssesssrssssssseness NP————

PAGE

46

46

49

50

50

51

51



Xxiil

FIGURE | o PAGE
6.23 Excess molar volumes of benzene (l) and n-heptane (2) system - .
BE 32315 Kl ovterueesenasnisssemmnsainennnnnasarsiimissesesss st et n et en e 52
6.24 Excess molar volumes of benzene (1) an& n-heptane (2) system
at 333.15K. ............. 53
6.25 Excess molar volumes of benzene (1) and n-heptane (2) system
‘at 1.01325 ba.r. ................................ TR OOTPPPPPOPPPEDPRER 53
6.26 Excess molar volumes of benzene (1) and n-heptane (2) system
BE 2 DAL, vevoevsesersesanenssaseismssasnsssssssasantasissasarsssensississesesrasasainiss 54
6.27 Excess molar vohx‘mes' of benzene (1) and n-heptane (2) system _
At S DAL, ceecererrsonareenaness e 54
6.28 Excess molar volumes of benzene (1) and n-heptane (2) system
At TO DAL, ocvvveresroessasssasssnssnssnarasesiansosas L .................................. 55
6:29 Excess molar volumes of benzene (1) and cyclohexnne (2)at 298.15K
and 1.01325 bar, (Chevalier et al., 1990 and Dimitri et al,, 1991). ..cvceeoe 55
6.30 Excess molar volumes of benzene(1) and cyclohexane (2) at 293.15K
and 1.01325 ber, (Anwel et al., 1992). ...uomumseusocssansansessassses —— 56
6.31 Excess molar volumes of (2) cyclohexane (1) and n-heptane (2) at
1.01325 bar, (Dimitr et al., 1991 and Aminabhavi et al., 1996)............ 56
. 6.32 Excess molar volumes of benzene (1) aﬁd n-heptane (2) system
£ 208,15 K and 101325 bar, (Stofinos et al; 1989).....csvrsseresssssve 57
6.33 Excess molar volumes of benzene (1) and n-heptane (2) system
at 1.01325 bar, (Thomas et al, 1989 and Anwel et al., 1992).....ccceinnannn 57
6.34 Comparison between expetimental and literature excess molar volume
values of cyclohexane(1) and n-heptane(2) at 313.15 K and 1.01325 bar.. 58
6.35 Interaction parameters of benzene and cyclohexane systeM...........cccuver 62
~ 6.36 Interaction i:ammcters of cyclohexane and n-heptane system in this work
and a previous literature of Aminabhavi et al, 1996........cc0eueerrenreenner 63



XXiv

PAGE

FIGURE
6.37 Interaction pa.rameters of benzene and n-heptane systemm .....cooeeerrusmen 64 |
6.38 Calculated molar volumes of benzene (1) and cyclohexane (2) system
© §2308.15 K by USIg OqUAHONS OFate. .roovcrsevssosss s 68
6.39 Calculated molar volumes of benzene (1) and cyclohexane (2) system
2t 313,15 K by USIng EqUALONS OF SLBS.crcvvvrnssrssssresescmsssrsssemmmsscess 69
6.40 Calculated molar volumes of benzene (1) and cyclohexane (2) system
at323.15K by using equations Of State.....oeueeerareennens rveeerssasseranines 69
6.41 Calculated molar volumes of benzene (1) and cyclohexane (2) system
8t 333.15 K by using equations of State. «.......:: eeeese e sesaseaeesaion 70
6.42 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at 308.15 K by using equations Of state......cccccumeaneemssermesarsaenesaneres 70
6.43 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at 313.15 K by using equations of STIE........cosvrrrserersrmsensronrenneess n’
644 Calculated'molar volumes of cyclohexane (1) and n—heptane'(Z) system
at 323.15 K by using equations Of StALE.........crseureresnaresnrnsassneesaes 71
6.45 Calculated molar volumes of cyclohexane (1) and n-heptane (2) system
at 333.15 K by using equations 0f State. .....coovuemevemmsrnssrnraresacnsaens 72
6.46 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 308.15 K by using equations OF SHIE v eresrsersrmeernsesasssessssaseasesss T2
6.47 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 313.15 K by using equations of state.......c.c...coeuees SUTITUN - - SUNOR 73
6.48 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 323.15 K by using equations of StALe. ........oeovmmiumrmmraarasennamaainanne 73
6.49 Calculated molar volumes of benzene (1) and n-heptane (2) system
at 333.15 K by using equatiéns OF SEBLC...evveererneseromsinnsessnisassrsnnanaanss 74
6.50 Calculated molar volumes of benzene (1) and cyclohexane (i), |
e 14

(Chevalier et al., 1990, Dimitri et al., 1991 and Anwel etal., 1992).......



FIGURE ' y PAGE
6.51 Calculated molar volumes of (2) cyclohexane (1) and n-heptane (2)
4t 208.15 K and 1.01325 ber, (Dimitri et al,, 1991 and Aminabhavi et al,
1996, .. vvernmrmeneesresssamnessannssarssareestauTsas s Ta s RS SS RO 75
6.52 Calculated molar volumes of benzene (1) and n-heptane (2) system,
(Stefanos et al., (1989), Thomas et al. 1989 and Anwel et al., 1992)......... 75
6.53 Partial molar volumes of benzenc (D and cyclohexane (2) system |
0 30B.15 K mooeessoessssesse s sanesasreseseibsssiras s 86
6.54 Partial molar volumes of benzene (1) and cyclohexane (2) system
at 31315 K. ceeiriniiientesinearianaes Fevasssosansssssssaesrersencneassanersrris 86
6.55 Partial molar volumes of benzene (1) and cyclohexane (2) system
88 323,15 K. wvvevestinneninsonesnnenics ettt e 87
6.56 Partial molar volumes of benzene (1) and cyclohexane (2) system
8833315 K. vuvrirnrunresatennsnssisuasatsneassesaseanninaetisaasreserattnannis sttt 87
6.57 Partial molar volumes of benzene (1) and cyclohexane (2) system
At 101325 DAL, oeuieeerienseariosassssssnsassnsnsainstissssosmmesasasessrasassnsinsiis 88
6.58 Partial molar volumes of benzene (1) and cyclohexane (2) system |
at 2 bar. ....................................................................... 88
6.59 Partial molar volumes of benzene (1) and cyclohexalie (2) system
8t 5 DAL, cvererrencsniiees eeer R enesereiansrntaigiygressveraseease IO 89
6.60 Partial molar volumes of benzene (1) and cyclohexane (2) system
B LO DAL, 1e.ceseseersssesssnsnasscsessesssserssnsmsesinmenssseses .~ JU 89
6.61 Partial molar voluﬁm of cyclohexane (1) and n-heptane (2) system
PNE 1. 00 s 3 O PP PP PP PRPPTRPPPPRTP PR 90
6.62 Partial molar volumes of .cyclohexane (1) and n-heptane (2) system |
T BEBIBAIS KL ooroeveossmsessesseeemesseeseses s s ssss s ieen et 90
6.63 Partial molar volumes of cyclohexane (1) and n-heptane (2) system
at 323.15K. ...... reastiesersteniasarsenanititees Sy 91



FIGURE ‘

6.64 Partial molar volumes of cyclohexane (1) and n-heptane (2) system

at 33315 K. ecieriiianeniinnnies eeeseessssssessesessssetatssasesentaratenatsestse
6.65 Partial molar volumes of cyclohexane (1) and‘n-heptane (2) system

at 1.01325 bar............. e e .
6.66 Partial molar volumes of cyclohexane (1) and n-heptane (2) system

BE 2 DAL, ovevvnnssenssesisnnesbassesnnestaststemsaasaeanastesirstesrnstssetatesies
6.67 Partial molar volumes of cyclohexane (1) and n-heptane (2) system

at Sbar. ....ooeeeeses o A RN e e reeseerrassraras
6.68 Partial molar volumes of cyclohexane (1) and n-heptane (2) system

At 1O DAL ....oeccraresnnenacanasosocnasene eeeeseasesesmsaesessesesasnssssanasnrarense
6.69 Partial molar volumes of benzene (1) and rheptane (2) system

8t 30815 K. vuvveevsrensnaossssasnnanssnsiassnnasoasssuinrnaresasessrssannanasesions
6.70 Partial molar volumes of benzene (1) and n-heptane (2) system
6.71 Partial molar volumes of benzene (1) and n-heptane (2) system

at323.15K. ........ e Rt
6.72 Partial molar volumes of benzene (1) and n-heptane (2) sysiem

B 33315 KL vvnreibeloeeneCinenssaneseeessasmms s snses R
6.73 Partial molar volumes of benzene (1) and n-heptane (2) system

AL 101325 DAL, cuviurernnaeesassnssssasesoranissasasraeeseamasnsetnnsssisarsaacnniens

6.74 Partial molar volumes of benzene (1) and n-hcptane.(2) system

6.75 Partial molar volumes of benzene (1) and n-heptane (2) system
] A
6.76 Partial molar volumes of benzene (1) and n-heptane (2) system

| At 1O DAL...coicieenranransrarararanaans teertieisrerieessesinasttsataraasestrarats

PAGE

92
92
93
93

94

96

97

97



xxvii

FIGURE |  PAGE

6.77 Partial molar volumes of benzene (1) and cyclohexane (2) at 1.01325 bar,

(Chevalxer et al., 1990, Dimitri et al., 1991 and Anwel et al., 1992)........ 102
6.78 Partial molar volumes of (2) cyclohexane (1) and n-heptane (2)

at 1.01325 bar, (Dimitr et al., 1991 and Aminabhavi et al., 1996).......... 102
6.79 Partial molar volumes of benzene (1) and n-heptane (2) system at

1.01325 bar, (Stefanos et al., 1989, Thomas et al., 1989 and Anwel et al.,

1992). v.ueiioesrmmrneesesessnannansssossrantgsssesssnnnsessssassanessasiensermeisnes 103
B.1 Density o?nitmgen at elevated temperature and pressure .

(User manual of DMA 512P density measuring cell for hlgh pressures

and high temperatures, 1995), v :rseeeecasscsssenssasassssssssnsanssasiiissssnss 112
B.2 Density of benzene at 1.01325 bar (Beg etal,, 1993)....ccccoimuerinanunanens 112
B.3 Density of benzene at 2 bar (User manual of DMA 512P density

| measuring cell for high pressures and high temperatures, 1995)........co0r 113

B.4 Density of benzene at 5 bar (User manual of DMA 512P density

measuring cell for high pressures and high temperatures, 1995). ....-.... 113
B.5 Density of benzene at 10 bar (User manual of DMA 512P density |

measuring cell for high pressures and high temperatures, 1995). ... -..... 114

B.6 Density of nitrogen atin;eresﬁngtemperaxureandpmsum. R 8 M
B.‘f Density of benzene at interesting temperature and Pressure. «.......coeeeeaes 115
C.1 Calibration curve of liqUid DENZENE. ...rseessrrisesssassssesss rereeneesesaeen 116
C.2 Calibration curve of liquid cycloBEXane........ociveriarmreerrarerasairmesananes 116

C.3 Calibration curve of liquid n-heptane. ......ccoevveensiocoasencimmsiiasuaneeessens 117



%

o B
n.b

=z;|§z;‘tﬂﬁ

oo op

-

H = 0 w

< < < < a .

1, pure

Av

NOMENCLATURES

Helmhbltz free energy
parameters of equation of state
partial, total derivative symbols
Gibbs free energy

eathalpy

binary interaction parameter
molar property

molecular weight, [g/g-mole]

- partial molar property

number of experimental data points
number of moles, number of components
function of acentric factof, equations (3.32)
pressure [Pa]

critical pressure [Pal

reduce pressure

gas constant [cgf’ Pa /mole K]

cotropy

temperature {K]

critical temperature [K]

reduce temperature

internal energy

molar volume fcm’/mole]

specific volume

volume of mixture

sum of pure components volumes

volume change on mixing [om’/mole]



X,
Yi
Z

Subscripts

Superseripts

R &

K, K

liquid mole fraction of species i
vapor-phase mole fraction of species i
compressibility factor

calculated value
critical property
experimental value

i th component

| j th component

liquid phase
mixing or mixture
pure component
reduced property
total

vapor phase
excess property on mixing
density

acentric factor
finite change

th;rmal compressibility, function of reduced temperature and acentric

factor, equation (3.39)

function of acentric factor, equation (3.40) and (3.48)
pure compound parameter, equation (3.39) and (3.47)
pure compound parameter, equation (3.47)

expansion coefficient, coefficient defined by equations (3.22) -

coefficient defined by equations (3.20), (3.21), (3.31), (3.38) and (3.46)
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