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New data on criiical holdups of dispersed phase were measured at which the plinse inversion took place. 
The systems studied differed in  the ratio of phase viscosities and inierfacial tension. A weak dependence 
was found of critical holdups on the impeller revolutions and on the material of contactor; on the contrary, 
a considerable effect of viscosity was found out as far as the viscosity of continuous phase exceeded that 
of dispened phase. 

In liquid extraction, B great interfacial area is iIchicved by inteiisive agitation of two 
ininiisrible liquid philscs by dispersing one of them in  the forni of siiiall droplets into 
the second, continuous phase. To reach a high efficiency of extraction, it is suitable that 
the continuous phase should be tha t  one i n  which there is il greater resistance to mass 
transfer because i t  is not possible to ensure sufficiently intciisivc stirring inside the 
droplets. The reason for the choice of a certain type of dispcrsioii can consist in  diffe- 
rent rate of coalescence i n  a settler or soiiie specific rcquireiiieiits for the process, e.g., 
the iiieasurenient of concentration, pH or dosing the reagent. The operating conditions 
iiiust be siiiiultaiicously chosen i n  such il wily Ihilt type of dispcrsion should not be 
changed spontaneously. 

If the holdup of sonic of the phiiscs is very low, this phiise is always the dipersed 
phase, and on the contrary, a t  high holdup, the phase is ;IlWiiyS the continuous one. 
Between these limiting values lics the hysteresis region in which both the types of 
dispersion niay exist. It was found out4 thiit a t  the bcgiiuiing of agitating in  this region 
of holdups, as the continuous phase is establishcd thi l t  one i n  which the inipcller is 
immersed. Unless the holdup of dispersed phase rciichcs the criticill value, the type of 
dispersion is stable. The phenomenon during which lhc intcrchiiiigc of continuous 
phase for the dispersed phase ti1kcs pliice, iind vice VerSii, is ciillcd the phiise inversion. 

The niechanism of phase invcrsion and thc factors itiflucncing the critical value of 
holdups hive not hithcrto bceii sufficiently knowli. The up- to -110~  publishcd data on 
critical values of holdups of dispersed phase arc oiily piirtial, and iiioreover, often con- 
sideriibly differ1lz7 for the sanie systciiis. There exists niutuiil discrepancy even among 
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the data expressing the quit1it;ttivc cffcct of soiiic factors iiifluciicing the critical 
holdups, e.g., stirring i ~ i t c t l s i t y ~ ~ ~ * ~  aiid ititcrfitci;iI tctisioii2-3. 

In most cases' - 4*7,8, thc values of critical holdups wcrc iiic;tsurcd up  to 70% 
dispersed phase. In other w0rks~9~, atiitlogously to this piper, substatitially higher 
valucs exceeding evcti 90% wcrc cstablishcd. 

In this work, thc criticit1 holdups of dispcrscd phiisc wcrc liicilsured for 17 pairs of 
iiiu t u a 1 I y i ti1 iii isc i b I c 1 i q u i d s d i ffc r i tig i ti v i scos i tics a l id i ti t c r Lit c i a I t c tis i o 11s. The 
iiiipcllers of thrcc diffcrctit diaiiictcrs a n d  the scttlcrs tiiildc of two kitids of iiiatcrials 
were etiiployed in this study. 

EXPERIMENTAL 

The experiments were carried out in an equipment which consisted of mixer and settler. The mixer bottom 
had inside dimensions 125 x 125 mm, the settler bottom has  inside dimensions 125 x 345 mm. The baffle 
height was 150 mm, the wall height was 180 mm. All the vessel was covered with a cover in which an 
impeller with adjustable revolutions from 10 to 30 s-' was built in. ?'he iiiiprller was exchangeable and 
was made of Teflon. The impellers of diameters 30, 40. and 70 n im wcre employed. The inipcller was 
located in  the height of 66 mm from the mixer bottom. Tlie inipcllcr was on the interface if  the 50% hold- 
u p  of phases was in  the mixcr. Two versions of this equipment wcrc used. Tl ie  niaterial of which they 
were made was, in  the first case, perspcx. i n  the srcond case, the combination of glass and ATLAC resin. 

Both phases were intensively agitated in the mixer for at least two hours before the experiment for their 
mutual saturation to take place. Siniultaneously both tlic ~h: ises  were punipcd from the scttler to the mixer 
for the thorough mixing of phases also in tlie settler to occur. On stopping tlie mixing aiid settling the 
dispersion, the holdup i n  the mixer of this phase which should be continuous was increased about to 80% 
of the total volume. It  was sufficient in all cases to eshblisli tlie required type of dispersion after repeated 
mixing-up the content of mixer. 

Immediately after the repeated switching the inipcllcr on, the dispersed phase began to be pumped from 
the settler into tlie mixer. So its holdup in  mixer was graduiilly increased lwcause both the phases ran over 
through the overflow to the settler in tlie form of dispersion with the same flow rate that which the pure 
phase flowed into the mixer. On increasing tlie holdup of dispersed phase, the character of the dispersion 
flow i n  mixer changed. At constant revolutions, tlic intensity of turbulence considcrably dccreased. For the 
holdups above 90%, the surface of dispersion was quite smooth wilh visible strcamlincs. This process went 
on until  the phase. inversion took place. 

After the change of the type of dispersion, the highly turbulent flow was immediately renewed, the 
eddies were well visible i n  the dispersion and the droplets of dispcrsion flew away from the surface. The 
change of flow character was so conspicuous and rapid enougli to enable us to detect visually the phase 
inversion. The described4 detection i n  terms of measurement of c11;inges i n  elcctric conductivity of 
dispersion gave identical results with the visual one. Immediately aftcr the phase inversion, the pumping 
from the settler was stopped, and the holdup in  the mixer was mcasurcd. 

RESUL'IS 

The valucs of critical holdups arc suttiniitrizcd i n  Tablc I. Thcy were constant in  the 
given raiigc of itiipcllcr rcvolutioils. The rcproduciblc dcpctidcticc oti the iiiipcllcr rcvo- 
lutiotls and size wits mcasurcd i n  thc systciiis givcii it1 Ti~blc 11. 
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TABLE 1 
Critical holdups 

Impeller revo- 
lutions, s-' Critical holdup Viscosity 

System Aqueous Organic 
no. phase phase 

ratio 

40 4 w  o-disp. w-disp. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

water 

0.05 hi 
KCI 

0.05 M 
KCI 

water 

0.05 M 
KCI 

0.05 M 
KCI 

water t 
glycerol 

water t 
glyccrol 

water + 
glycerol 

water t 
glycerol 

0.05 hi 
KCI 

0.05 M 
KCI 

water 

wa1er 

0.03 M 
H$O, 

HZSO4 
0.05 M 

0.15 M 
llNO3 

BRDZ 

BRDZ 

BKDZ 

mi neral 
oil 

mineral 
oil 

mineral 
oil 

mineral 
oil 

BRDZ 

mixture 
U l  

mix t u re 
#2 

mix I u re 
#1 

mix I u re 
#2 

bulanol 

heplane 

0.2 M 
HDEtIP 
0.2 M 

I-IDCIIP 
0.27 M 
HDEl IP 

94 

89 

86 

96 

96 

96 

97 

76 

95 

96 

98 

98 

81 

68 

92 

92 

78 

95 

95 

95 

39 

39 

37 

90 

97 

94 

96 

87 

86 

65 

62 

88 

88 

89 

1.2 

1.2 

1.2 

46 

46 

46 

3.1 

0.08 1 

0.87 

1.05 

12.8 

15.Y 

3.1 

0.43 

1.3 

1.3 

1.4 

20 - 30 

20 - 30 

20 - 30 

20 - 30 

20 - 30 

20 - 30 

20 - 30 

16.7 

20 - 30 

20 - 30 

20 - 30 

20 - 30 

16.7 

20 

20 - 30 
20 - 30 

16.7 - 25 

20 - 30 
20 - 30 

20 - 30 

20 

20 

20 

20 - 30 

20 - 30 
20 - 30 

20 - 30 

20 - 30 

20 - 30 

16.7 

20 

20 - 30 

20 - 30 

20 - 30 

Note: mixture #I - mineral oil : BRDZ = 0.769 : 0.231 (v/v); mixture #2 - mineral oil : BRDZ = 0.862 : 
0.138 (v/v). 
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In systeiiis no. 1, 2, 3, 13 the iiiciisurciiiciits wcrc citrricd out i n  two tyycs of iiiixers 
differing in  the surface wcttability. No sigtiificiint diffcrciices wcrc found bctween the 
values of criticit1 holdups. 
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FIG. 1 
I I I I I - Dci*.iidcnce of criticlil holdup on log (ii&.); 0 aque- 

TABLE 11 
Dependence of critical holdup on conditions of agitiilinp 

Impeller Ikvolutions Critical hooldup of 
Disp. phase Cont. phase dian,crer, S-' dispersed phase, % 

Butanol water 4 .  10-2 8.33 87.2 
4 .  lo-* 10.0 84.7 
4 .  13.3 83.5 
4 .  lo-* 16.7 81.0 

Water butanol 3 .  lo-' 30.0 62.1 
4 .  10-2 8.3 72.8 
4.10-2 10.0 71.1 

4 .  lo-* 16.7 65.2 
7 .  lo-* 8.3 71.5 

4 .  10-2 13.3 70.7 

0.27 M 0.15 M 3 ,  lo-* 
HDEHP HNOB 3 .  

4.10-2 
4 .  10-2 
4.10-2 

7 ,  10-2 
7 .  lo-* 

4 * 

25.0 
33.3 
13.3 
16.7 
20.0 
25.0 
6.7 

10.0 

70.3 
74.9 
77.5 
78.2 
78.6 
78.8 
71.7 
71.4 
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The changes of critical holdup of dispersed phase i n  dependence on the ratio of 
viscosities were investigated i n  the systciii aqueous phase - aqueous glycerol solution; 
organic phase - mixture of BRDZ t tiiineral oil. The dependence of critical holdup on 
the ratio of phase viscosities is illustrated i n  Fig. 1. 

The nieasured critical holdups of dispersed phase are, unlike the hithcrto published 
values, coiiiparatively high for iiiost systems. Their dcpcndcnce on the iriipeller revo- 
lutions is not conspicuous and niiiiiifests itself only i n  system with lower values of 
critical holdups. The impeller diameter may iiiflueiice the valucs of critical holdups 
even in case that the dependence on revolutions i n  not observtible. The explanation of 
some contradictions in the previously published data might be found i n  the effect of 
geoiiietry of the equipoicnt used. The dcpcndcnce on the ratio of viscosities is signi- 
ficant just only in  the case when the viscosity of conlinuous philsc considcrably exceeds 
the viscosity of dispersed phase. 

SYMBOLS 

C continuous phase 
D dispcrsed phase 

W aqueous phase 
9 
)r viscosity 

0 organic phase 

critical holdup of dispersed phase at which phase inversion takes place 

Abbreviations 

BRDZ 
HDEHP 

paraffinic redistillation residue with 3% aromaies; llash point above 200 'C 
solution of bis-(2-ethylhexyl)phosphoric acid in  BRDZ 
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