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An Experimental Technique for Determining 
Solubilities of Complex Liquid Mixtures in Dense Gas~s 
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For high-pressure process design (e.g. super critical-

fluid extraction), it is often necessary to know the 

solubility of a heavy-component mixture in a compressed gas. 

Experim~ntal methods for measuring such solubilities have 

been reported ~Y num~rous authors, including, for example, 

Diepen and Scheffer (194·8), Rigby an·d Prausnitz (19·68), 

Czurbryt et al. ( 1970), Simnic:k e·t al. ( 19"77) • Ka·.ul a:nd 

Prausnitz (1978), McHu•gh a-n·d Pa-ula·itis- (1980), Kurnik a·nd 

Reid ( 1982) and 1 ohns·t on and Eckert ( 1981). These methods 

require gr a·v im.e tr i c analysis 

t-he he·a·v·y 

com.po ne·n t. S-ince nea\rly a·ll ex.pe·r:i:m·ent"al w-ork in this area· 

has be·e:n confi.n,ed. to sy.s.te·mcs. w;h·e.r:e:in· a:ll. co·m•ponent.s, (u.su.ally 

only tw'o) a.nalysis is 

a na·r·row--bo.ilin.g. 

difficult, imlpO· SiS• i. b•l. e • Fo:r s•uch m:ix·t.u.r:e·s., 

vol.a·t·.i.l.it.y is low, a.n e:x-.c:ess•ive a-m•ou.nt of tim:e is re:qui.r·e:d 

to c.om·pl ete one r·un. Th•er.ef or·e, ~e have developed an 

e xpe·r ime·n ta 1 s:ol.ubil it·y me:thod whic·h c:a•n be com.pleted in a· 

reason•able t·i.me fra-me and d~oes not re·quir·e quantitative 

che·mical an.alysis. 

Ex.pe r im·en t a.l methods replace precise, 

quantitative, chemical ana.lysis with gravimet·ric measu.rement 
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are essentially res~ricted to noncondensible gases; they are 

not useful for gas mixtures containing a subcritical gas as, 

for example, w-ater vapor. Our technique, however, has b~en 

used to measure the solubility of a heavy fraction in a 

c-ompressed metha·.ne/wate·r m·ixture. This c.apa·bil i ty is 

important be·ca.use w·ater is often present in processing h.ea·vy 

fos.s•il fu.els. 

We us·e a flow m·ethod wherein a weighed a·mount of 

fraction is tota,lly va:pori.zed by a m·easured amount of g·as •. 

Fl.gur·e 1 show-'S th·e- tota.l-va.p:o:r·iz at ion m·e tho d. 

.;'f;; .. : 

Sr&•mpl e ( a:bout· 0. 7 s: c.m3 ) is r.emoved per·i.odically 

( typica<lly, oncce every 4:5 m.inutes). This gas sa.mp l.e is 

flushed with. helium into a. ga.s-l.iquid chrom·atograph for 

_g.u.a.l.it:ative a•na.lysis. This an•alys-is gives a ye.s or no 

a.nswer to the q.u.est·ion:. does the gas sa.mple con.tain an·.y 

he a.vy c.ompo ne:n t.s? If yes, th·e r e is some he.a.vy materia 1 in 

the equil ibr.ium ce-11. If n.o, th e·r e is no heavy materia 1 in 

the equ.ilibrium cell; it has all vaporized. Wh.en 

qualitative analysis switches from yes to no, the 
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corresponding gas volume (wet test meter) is the amount of 

gas needed to vaporize totally the known amount of heavy 

liquid. The &·mount of g.as and the mass of the material 

va•.porized give the d.esire·d solubility. The ex.perimental 

proced:ure is co•m.pletely au.tom-ated once steady-s.tate g.a.s flow 

is a·ttained. 

We ha.ve u-sed t·he tota•l-valp·oriza.tion m·eth.o·d to meas.ure 

solubilities of two coal-tar fractions (from a Lurg.i coal 

gasifier) in compres s;e d m•e th.ane in the region ambient to 70 

ciata 

boi lin.g m i·x:ture·. th.e·r·e is th'e st.r·ipping effec·t; th~e: m·o·r·e· 

Ou:r· p:u~r:p:o s.e h:e·r.·e i~s. o·n·.ty 

o.p·er·a·ted suc·c:e·s•sfully a:nd that m·ay be us·efu1 for a va.r:iet.y 

of pha·se·-equi:lib,rium· p:rob•lems. es·pecially for s.ynthetic-fue·l 

a,n.d f o·od.-pro ce s s.i n:g t echn·o 1 o g.y •. 

{I 
~·· 
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Table 1 

Solubilities of Two Coal-Tar Fractions# 
in Methane 

Solu.bility, 
Fraction P, bar 1 0 2 m.o 1 e f r a c t i on 

------ ------------
6 3.79 0.336 

170 4·2 .5 0.132 
1'0 .o 0 .14·4 

2'00 3.19 2.21 
42 .5 0. 3'13 
7'0 .o 0.276 

4t2 •. 4 o .. 6 59· 
7'0·.3 0 •. 5'3:2 

2.10 3.76 0 .6·8<6 

4~2 .4 0•.1.54 
70.0 0 •. l33 

3.7'7' 2 .• 6;4. 
4·2 •. 6 0 •. 3i6·5· 
70.0 0 .2:8.8 

412 •. 4~ 0·.6·813 
7'0 .1 0 •. 510·5 

#· Co:a;l tasr: fro.m: l..u;r·g:i g;a:s;i.f' i.e:r ( SAS,OL,, South Afr:i ca:) 

F·r.·a:c.- Ave:. Boil in's Avera.ge H/C Fra·c·ti on 
tion P'o•i n·.t, oc Mrol.e c. W't .• Rati.o Ar·oma tic i ty 
----- ____ , _____ 

---·------ ---·---- -------·--·-·-
6 2.9.6 1;87 1 .1.4 0 •. 6 9· 

9 35·9 22.7 1.18 0 .65' 
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