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ealenbued resules usimg the WS muxing nile pave the towest-devialions of temperitere ind nréssure,
The rafeyintions using the MHY2 pixing mis gave the highest deviatinus of tempemture and pressure
"iir']_:u.-.u_ j_:urp_ﬂﬂ;n:a.‘l.'-?hh'ﬂu exnenmeptaldata, the ciomisied resulls wiing the gL ﬂ.l.uaﬂﬂm EEVE
st deviarions ol emperatire ansd pressun: G thase wsing the analytical sgestions, However it was
il Ll some of eqlctlatsons uning the fumericsl gl Were nulconverad Ao the ealeulatinns
sz fe sialyiical equanons, the WS mixing rule i the lwisl deviariogs of vemperuire g prepspe
wehile the MENV2 gavve Yhe Biiahess devinons ot teimpemsne and pressure, The avcregs compintionsl fme
requitied 161 the caleubations wme me uidlviicsl 2nd nsterical sduntions were alan shiwn in Takle 4 The
calininted resulisusng e aalyliosd sqiations with e WS and MUV mosme nules were nine tmes
fnstor thary those ysiag te numencal oqurtioss. The cabenlated revults g (e emalbviics] aquations with
the MUV s rule ware |7 ties fister than those wny: the mivmerical equsnoas, 1y was wlio foood
izt the derivarions of the cabeulsted oyl uiing tres milie nubés intreaned froas s-beptins 4 ellimol
syster These were nesurmng becawse the moloailor size dilferent hetwoen carbem dioide aid 1-hularnd
was (reredsiing

8 2-Bulnnsl | wawer system

The eritionl eurve of the wkure of 2-batmol akd waiter was eedivied uslug e WS mixing Rl
shamen fn: Elg. 3 alonge with the experintental dats obiained thom Moarivoshi & al. [30], The uljustsble
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0. Carhon dioxide + viug! sceate 4 2-bubinl system

The coitical ponts of tha wernary systenearhon dioiide, vyl aceiae hnd 2-batamal wge caloilared
ult!.'ltl, II‘I.:-WE‘_I'I:E! ﬁ'ﬂ.l.ll'.ﬂtl' mi:tng T'IIIFI:. T ﬂ]‘[uﬂ.ﬂh‘}: [RaraEs ey wiera Ii'h“ I{m.ﬂqcym_ﬂ al. l H] l
11315 K. The critical curvesaf this sy stem were shmyt s Fies 4 an £ Thecaleatations were comparabis
o the exparimentsl data, excopt at low tepeeiires Toe estmibited restlis using the arrlytca) equarions
g (1A — T of .39 Koamd | P 12 o4 11 70 bar- An wvernge conmputstional timie feqjiined
fur the culvulurion using the amabytizul partial dedvative equatione was 136 However, the ealoulation
asing the nuniesieal denvanive wera converted enly swhen inoreaied e valise 7 the taleranco of Ty (14)
te 600 and_ogm averege compotaong) (me was 15864 ' '

1. Canclisshon

Cienernlized pumal derivative equidioni mre devaloped fn connéct the critical poils caleintion such
w5 the metliod of Heidmzmm snd Khalll, These prrtist denvanve cquation con be dermved tar ofl equs:
G o fbite el then masieg pules, which e wiiiten b e mannier of B (1), Arsther oritizal poin
enlouintion method by Stralli et sl [21], which indscates all criticnl polnts 3t o given composition can
ala use thiese derative cquations b entend the abiliny of caleulation ko new mixing mfes: A modif-
cution of the algorithm sl scheme (6 predict moliple eriticul points arc-als prosented The enberiln-
B usiniy thisanulytieal dovivative i linter than that uslng e numenon derivative. When e mising
tile e camplicoted wod the number of componenss mereased, the enicuintion based on e eyt
deriyutive equations I sapeeion in compitation time amd reliubility te that of the sumencal denviive
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Fy=Fy volume functinng (soc Appendia A)

gy rexcess Gibbs free coerwy ab 7o pressice
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Keywords: Critical ocus, Cubicequanion of sive. Wong-Sandier mixing ruls

Abstract  *hnse disgram for Miid mixiees is wsed po caledlate the eritical Jocus for 4 system
contarming [1ght and hesvy components: Analytical eritienl conditions sre developod lor the:
preessure expibict equation of stite. The Peng-Robinson equation of stute sith the Wang-
Namdier mixing rule s used o eadoulte the eritical propedtied ol ulkane mixturey wherne
methane (€1 15 the 'I.Fg;ht component sid CooC g are heavy compinents Calealated resules
shiow that mixture of methane and Ii_g;i:ul paralling bchave aa-.Type_ 1 phase diogrom, and
mixdusre 0| thene and heavy paraffing beluwe as Type V phise disgram. These ealculaed
rosilts ane cornparahis o thase exparimeniy

I, Introduetion

Process design In e nein-chilical amd crifical Tegining becoms< an fmportanl lopte in
recent elean technology industrial Predicisons phase equiltbrinim in the crifical repion
Tepresenta Sovers exam fordifferent squation satate amd misime mles. However, fow
peiblicatioms presested the prediction of trtic lines: 1 was found that cuble aquations of
sube i basic rmxmeg nule e vapable of uuamimmﬂy--prﬁﬁia:ﬂ'ug thie P crir'[e.:-ﬂ el
Types | and Y systenss (according bo the elsssfcatinn of van Konyenbure and Scort (1)
However, the values of the imersictini jrardmeters for the critival Hine were different from



thase in the subcritics] regions. Tnaddition, devidtions were found between the experimental

can calbubation dul in the P projections of type ¥ systems.

The parpese of this sy {5 o slidy the miuznce of (he adjustable parameters ol the
Wong-Sandler mising mie {2], on it predictive ability and s guality whemn ganrpaled with
experimenial dats.

1. Thermod ynamics Madels
The Peug-Robimsn equation nf staig, | 3], con b writren
p= LIPS L ==
T u=b (e 24140 (v =1414k)

(1

The mixture parmmeters aandb are derived from the Wong-Saniller mibang rule; inwhich

{he ik tare pasameters cun b writhen s

T :',:.J[E:-h’ o (1-K, |.|

~ - 3 T8 |
fris S 4}
T Lzt
bR
i al el
b — 3
b ZI' YR b

The parsmeler kg i5 2 binsty intercton parameter and, AL 15 infinie DIRASIIE GALes

Heltibilts free encney ealeilined hereusing fhe NRTL model.



3. CUritical Point Condition
Accrineal eondition s obtamed ﬁnm_:m.mling the second wnd thirgd derivativey of the

Hetmholiz free enerzy 1o zom, and ) can be WHiklen i

Q4dn =0, An'An=1 __'1'41
Hone. g |0 ] i ths Euibi i i
— | i
wltane O m,au + S he cutd summation squation
it )
El ™ 5
« ELZM;M f:-.n.( T J 0 (5)

Chaikunehuersakon und Vanthapunichakain, [4), prosented analytical eritical

conditiens nnd calculagion al pusrithm,

4 Results and Discussion

Critieal Toet wime ailculaied for binary mivtures of methune anid Ca oy, Taibile |
presented Ihe thermodymimics propertics of selocmsd pitre Corpinents taken fron Poling ot
al [5]. ﬂ::fag‘.l] uﬁini_ﬂ:.[m::mﬂeﬂ_iu-mgd &g of each sysien wore determined By ﬁtL‘r"rq'_gsu_H-
crifizal ?ﬂpur—ijq:uui cquilibrinm daty and 1y lhi!'Pimg-JJ.gzhihs_qn vauation-and the, Weng:.

Samaller fmising rule The following sbicctive Funcliom, I, Wit sl

|"p|'.l

£= ZF - I,,,,, ] ()




where 1%and T5% were the calculaisd and the experimeniy] bublils point tempezatures,

respectivicly,

bkl |

Thermodynumics profertics of selecied pure companents

Uempaitent FAK) Pdbar) Ref of VLE Data
Methane (') 9,56 45 .07 =

Ettiane ({12} Wi5.32 4372 1,099 [6} s 2108

Propane ((3) I6R3 4248 0.152 [7) m 277,50 K pidre
nlbuiine (C4) 425132 3796 (5200 [7] ar 29426 K p4a2
n-Yenune (CS) 460,70 3370 0252 [7] &t 29426 K pads
n-Hiekine () 07,60/ W28 300 [T]wn 243, 14K fi.859
n-Hoxadecine (C16) 72300 14,04 T8 (8] ut 547,65 K

Methane ' Ethane to n-Pentane

Thejeritizal foci ol e binary miethaniz < ethane 16 tethunc = p-Pentans wer
predisiid type Tentical lﬁe:lmvinrn&_ shown m Figore | These caloulusd critieal Toci were
comparible 1 (he expormonial data [ — 107 Many st of the adjestable parmmeters Wit
ohtained, it hi caloulaicd cridoal foel wsis these parameters wore compaiahle snd conld

weik dhistinet in ligure.
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Figure | BT and T-% eriteal projection of methani and ethan 1o t-peritane milstire.

Symibuly; experirmental data |10

Methane + n-Hexune

The miixture of methame and n-hexane was form type ¥V crilical behavinr-which has a
iscomtlngots-gus-liguid critical line Cne brnch wis slirl [mm pure p-besane endiig ata
bowée criticnl enpint, el o shivet hranch poet fiam pure nethade to an apper Criticil
::mipﬂi.m.. I;'igutx: 3 showed guloylnted projection of the eritical loes, the sxpenimental critical
data, T10-11), The caleubaed critical wers comparable w:'ti_l'ﬂ_.'qﬁ experimenital dald in' (Hed'-1
profection bul the- P projection showed that the model does non prediet tis-Jigued-liguid
critical fine the (189 < k. = 0,93 composition range reparled by Lin et 2l (1) liquid:
iugisied fike critical line in the vicinily of pure metine were shawn i Figure 30 Muty sef ol
the wihfustable parameters wore Shvaned, i the calenlated: gas-liquid crinesl lowy wsing these
pnelers wmmmpmhkr ] ould ot distinet in fipure. Howover, the predicied lifuld-

Niiyusieh el paimis were diflrent Whe tising o= 0] Gz DO0ET, Br=T30:300 and



g2 ~465.765, the predicted of lawer critical cad paintaire xp) = 0.93, 184145 K. snd 74,45
bar and the experimenial digs are e, = (L9286, 18246 K, and 34.15 bar. The predicied of
upper dritical endpiving are xo, = 0,992, 19435 K, aml 50.46 bar and the esperimenti] dan) an:

%or = 09970, 19391 K, and S206 bar.
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Methane + n-Hexaderane

ITee critieal behavior of methune and nohexadecans mixlin: was similar 1o the
behavior of methanc < n-hexane mixture3s shown mm:Figure 4. One branch was statt from’
pure nshexadecang ending-at o lower eritiesl endpoint. &nd & shor hranch goes fom pure
mcthane W anupper enboul endpoint. The P peojecrion showed thar the model dies not

predler the |iquid-Hgud eritical ling the 0,95 = %0 « L9997 comprsion rangs:.

B [

'
¥

B nr T —— | e . - "
fop el e s R EH TR R “i el A ] [F 1
errperatieg (K| hiie F i of Mefnone

Fligare 4 P<T and T-x eritical profection of methane | fi-hesadecine.

5. Conclusions
Thee eritical lng: o a paraffin mixture caleulated using the Pong-Robinsom squntion of
st anil the ";"r’qng—ﬁamfh:r_mr.mqg rule. The predicicd G[ﬁiﬂfll hiehaviors were satisfactony

sgrmemyienl Wil the expesimental data
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T Namenelature
AL = lnfinite pressurs =xceiy Hubmhuliz free energy
s b Pammmiers in an cquation of stats
¢ = Cubie summation
g5 = Mleraction paremetes i the NRTL medel
ky = Binary infernction puifunster
i * Mumber of moles of | th componers
= |.‘_!ml imber uf.ll'mlw.?n the mixtues

= Prosaure (1 bor = 10° %)

F=

= hfutrik of parial derlvative

Lliversal ias-corminnt= 83143 Jimel kK

T =Temperatare

v =Bpecifiv volime
x Mule frociion of 2 componen
Superscripts:

Cal = Culenilied resibls using s xcess free enerpy mixdng mle
Exp Experimmental duiy

ViLE -=_‘;|':Iﬂ,11-ﬂf_ - Ligmd Eguilibrive



Suliseripts:
¢ JCRbcel piroperty
ik = Component numbers.
Greel Letters
08 MICET. parameter
A = Anmeremen
t =NRTI parameter

@ =Acentrie factpr
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