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On the Nature of Foam, VI. Emulsion and Foam Formation
of Ternary System, Ethyl Alcohol—Ethyl Ether— Water.

By Tunetaka SASAKI,

(Received April 24, 1939.)

It was indicated in the preceding papers( () that in ternary systems
of acetic acid—ethyl ether—water (AEW) and acetic acid-benzene-water
(ABW), the diagram showing the relation between foam formation and
composition has two maxima, one of which being situated in the region
where the system shows critical opalescence or anomalous viscosity. In
the case of ternary system of ethyl alcohol-ethyl ether—water (EEW),
however, it has been known that there exists no region of such critical
opalescence.® 1t is interesting, therefore, to investigate whether this
system has or lacks the maximum of foam formation corresponding to
the absence of critical opalescence. Present paper describes the foam
formation and the nature of emulsion of EEW-system.

Experiments. In ternary system of EEW, ethyl alcohol is soluble in
all proportions both in ether and in water, while ethyl ether is hardly
miscible with water. The mutual solubility curve of this system was
obtained by the measurements of volume compositions of limiting turbid
mixtures.(? The data and the diagram are shown in Table 1 and in
Fig. 1. Tie-lines were determined from a volume ratio of upper and lower

Table 1.
— S - C.H;0H
Volume composition of limiting
turbid mixture (c.c.)
Zon | R e
0 [ 115 | 8.8
0 9.80 020
1.46 130 | 725
1.56 .76 | 0.70 T
2.40 1659 | 6.01 TN
2.45 612 | 1438 | [ o I
2.562 5.90 : 1.68 H.0 (C.H-0
2.81 262 | 4.67 (® System of Table 1.
2.81 493 226 x System of Table 2.
2.88 352 | 3.60
2.92 ; 366 |  3.42 Fig. 1.
I i

(1) Sasaki, this Bulletin, 13 (1938), 669.
(2) Sasaki, this Bulletin, 14 (1939), 3.
(3) Sata and Kimura, this Bulletin, 10 (1935), 409.
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liquid layers (V, and V) respectively) coexisting in a heterogeneous
system, as described in the preceding paper.’) The data are shown in
Table 2 and are also depicted

Table 2. in Fig. 1.
e o The measurements of the
Composition in volume Volume ratio foam stability were then under-
(c.c.) | taken for homogeneous and

Ethyl Ethyl Water

Upper | Lower | heterogeneous systems of EEW,

|
I
|
i
i

|
]

| 090 | 455 | 455 | 0.742

i‘ 1.30 4.35 435 | 0.707 | 1.000
|

|

|

; alcohol | ether layer | layer l using the same shaking appar-
; - | |7 | atus and on the same conditions
0 6.00 5.00 | 0.818 ' 1000 | g3 described in the preceding
0.48 4.76 4.76 0.763 | 1.000 : paper_fll A constant volume (10

|

1.000 | c.c.) of liquid for measurement
is introduced in a test tube of
1.5 cm. in diameter and 15 cm.
in length, and is shaken 300
times for 10 seconds with am-
plitude of 12cm. The time re-
quired from immediately after
the stop of shaking to the com-
plete collapse of foam zone was measured and was considered to be the
stability of foam. The height of foam was not measured for the sake of
simplicity. Some of the results of measurements are shown in Table 3,
the data of which are shown diagramatically in Fig. 2.

200 | 400 | 400 | 0700 | 1.000

250 | 4650 | 800 | 1.834 | 1.000
0265 | 441 | 294 | 1.39%0 | 1.000
| 279 | 433 | 28 | 1630 | 1.000
- |

Table 3.
E" g?mposi_t;i?—rijn \rolumeff:_i:.!.! Stt.'ali::ility Compos'iﬁon in vo_lume (ce.) ; Siéatf:ility
of foam [ of foam
It | B | i | i | B[ B e | Ceond
I 0 1.16 8.85 0 2.60 3.70 3.70 1.3
|0 9.80 0.20 0 2.70 310 | 420 | 0
| 0.26 0 9.75 6.1 2.86 2.80 43¢ | 0
I 050 0 9.50 7.3 2.90 3.40 3.70 1.8
| 050 0.50 9.00 22 || 29 3.70 3.40 0
0.50 1.00 8.50 17| 29 5.10 2.00 8.1
098 | 122 7.80 1.8 3.00 2.00 5.00 10.6
1.00 0.50 8.50 46 3.00 250 4.50 17.9
120 | 5.80 3.00 0 3.00 3.00 4.00 36.9
1.50 0 8.50 3.9 3.00 3.50 350 22.4
1.50 1.00 7.50 1.8 3.00 4.00 3.00 22.2
1.50 7.00 1.50 1.2 3.00 4.50 2.50 6.8
1.90 1.40 6.70 0 3.50 0 6.50 2.6
2.00 0.50 7.50 2.3 3.50 3.00 3.50 4.2
2.00 100 7.00 8.9 3.50 3,80 2.70 3.0
2.00 5.50 2.50 14 4.00 1.00 5.0 2.6
2.20 390 3.90 0.5 4.50 3.00 2.50 15
2.50 1.00 | 6.50 2.9 5.00 5.00 0 - 0
2.50 4.50 300 |- 17 6.00 2.00 2.00 - 05
2.50 6.00 1.50 2.6 7.50 2.50 0 0-
2.50 7.50 0 0
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C,H;0H

(CeH:).0

Fig. 2.

An emulsion produced by a system belonging to the heterogeneous
region of EEW also exhibits characteristic behaviours according to the
different modes of shaking as described in the preceding papers.®® So
it was further investigated precisely. A definite volume (10c.c.) of
this heterogeneous system is taken in a test tube and the following two
modes of shaking are applied to it. :

(1) The test tube is held vertically by hand, pulled upwards quickly
and then brought down slowly. After repeating these motions several
times, it is shaken up and down in usual manner.

(2) The upper portion of the test tube is held vertically by hand,
and the lower portion of it is swung several times. Usual up-and-down
shaking is subsequently applied.

The type of emulsion thus produced is determined by the appearance
of breaking up of emulsion as shown in the preceding paper,® namely,
emulsion is considered to be oil in water (O-in-W) type when drops of
disperse phase increase their size as they go upwards and gradually
separate themselves as a liquid layer upon the bulk, while it is con-
sidered to be water in oil (W-in-O) type when drops of disperse phase
increase their size as they sink and gradually separate themselves as a
liquid layer at the bottom. Thus, the type of emulsion produced in
various heterogeneous systems of EEW were determined. Some of the

(4) Sasaki, this Bulletin, 14 (1939), 63.
(6) Sasaki, this Bulletin, 14 (1939), 107.
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Table 4.

Composition in volume (c.c.) T{ge sgiﬁ':;l?fo?h?m:d
aleohol | _ethar | Water SR O
2,90 3.70 3.40 O-in-W 0-in-W
2.80 3.40 3.80 O-in-W O-in-W
2.79 3.76 3.46 0-in-W W-in-O
2.76 3.30 3.96 O-in-W W-in-O
2,71 3.93 3.36 W-in-0 W-in-O
2.70 3.65 3.66 O-in-W W-in-O
2.59 3.89 3.52 W-in-0 W-in-O
2.66 3.04 441 0-in-W W-in-O
2.46 3.30 4256 O-in-W W-in-O
2.40 2.60 5.00 O-in-W O-in-W
2.36 2.7 4.90 O-in-W W-in-O
218 3.27 4.55 O-in-W W-in-0
2.14 3.39 4.47 W-in-O W-in-O
1.80 2.60 6.70 0-in-W O-in-W
1.76 2.72 5.563 O-in-W W-in-O
1.64 3.59 4.87 O-in-W W-in-O
1.50 3.76 4.75 ‘W-in-O W-in-O
1.00 2.80 6.20 O-in-W O-in-W
0.98 2.94 6.08 0-in-W W-in-Q
0.88 368 5.44 O-in-W W-in-0
0.86 3.84 5.30 W-in-O W-in-O
0.50 3.00 6.50 O-in-W O-in-W
0.48 3.217 6.26 0-in-W W-in-0
0.44 3.86 5.70 O-in-W W-in-0
0.43 4.02 5.65 W-in-O W-in O
0 4.36 5.6 W-in-O W-in-O
0 4,12 5.88 C-type* W-in-O
0 3.86 6.14 C-type* W-in-O
0 3.76 6.25 O-in-W O-in-W

* Complex type i.e. the upper layer is W-in-O type and the lower layer, O-in-W type.

results are shown in Table 4. These data are depicted in Fig. 3. In this

figure, A and B represent the
region in which systems show
only one type of emulsion, W-
in-O and O-in-W types respec-
tively, whatever the modes of
shaking, and C represents the
region in which systems show
the tendency to produce both
types of emulsions according
to the above two modes of

shaking.

C.H;OH /

QO O0-in-W or W-in-O system.
% Phase inversion system.

Fig. 3.

(C.Hg).0



254 T. Sasaki. [Vol. 14, No. 6,

In the phase inversion zone, a series of systems, varying in volume
ratio of upper and lower liquid layers of nearly definite compositions
respectively, .were investigated in order to see the effect of volume to
the nature of emulsion produced by shaking. In this measurements, 10 c.c.
of a system is taken in a test tube and the following three modes of shak-
ing are applied to it.

(1) The mode of shaking described in (1) of Table 4.

(2) The mode of shaking described in (2) of Table 4.

(3) Usual up-and-down shaking only is applied from the be-
ginning.

The type of emulsion produced by above three modes of shaking are
determined from the behaviours of breaking up of emulsion in the same
manner as described before. The stability of emulsion, that is, the time
required from immediately after shaking to the complete collapse of emul-
sion droplets, was also measured. The results are shown in Table 5.

Discussion. The diagram of the foam stability of EEW-system, as a
whole, is similar in the shape to that of ABW-( and especially to AEW-
system.®” In the homogeneous region, surface of the diagram is steep
along ethyl aleohol-water line and particularly the steepest along a por-
tion of mutual solubility curve, while it has a gentle slope towards ethyl
ether—ethyl alcohol line. The stabilily of foam shows maxima at three
points P, Q and R in Fig. 2. Point P corresponds to the maxima of foam
stability of binary mixture, ethyl alcohol-water, which has already been
determined from the measurement of foam stability by another method.(®
The maximum point Q is situated along the mutual solubility curve and
the degree of stability at this point far more exceeds that at P. These
relations are quite similar to AEW-system.®

It was suggested in AEW-®) and especially in ABW-system® that
such region of remarkable foam stability and the region of critical opales-
cence or anomalous viscosity take the same position. Buch regions are
-also near the point of intersection (M in Fig. 2) made by the mutual
solubility curve and the locus of middle points of tie-lines. In the hetero-
geneous system near this point, the physical properties of upper and
lower liquid layers closely resemble each other and the system shows the
nature of colloidal solution when shaken. The maximum of foam forma-
tion as well as critical opalescence and anomalous viscosity was explained
from this colloidal nature in the preceding papers.®(? In the present
case of EEW-system, the foam stability shows its maximum at point Q,
although it is known that critical opalescence is absent in this system.®
The point Q is also situated in the vicinity of the point of intersection
(M) made by the mutual solubility curve and the locus of middle points
of tie-lines. Maximum of foam stability can also be seen at point R, but
it is rather uncertain as the vicinity of this point was not precisely in-
vestigated.

The diagram of foam stability in the heterogeneous region of EEW-
system, like that of AEW-system, consists of two parts, foamy and non
foamy regions which are represented as A’ and B/, respectively, in Fig. 2.

(6) Sasaki, this Bulletin, 13 (1938), 517.
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In a heterogeneous system of A’ region, foam can be produced on shaking,
because a lower liquid layer of larger surface tension and smaller volume
is dispersed in an upper one, and the foam formation was not prevented
by these emulsion drops as was described in the preceding paper.®V In
a heterogeneous system of B’ region, an upper liquid layer of smaller
surface tension and smaller volume is dispersed in a lower one on shak-
ing.™™ In such conditions, the film of foam is destroyed by emulsion
droplets and the system does not foam on shaking. Frequently, emulsion
droplets containing air bubbles are obtained on shaking in the case where
emulsion droplets have considerably smaller surface tension than the
dispersing medium as in the case of AEW-gystem.

The heterogeneous region is divided into three portions A, B and C,
referring to the type of emulsion produced by shaking as shown in Fig.
3. In a heterogeneous system of A region, the upper liquid layer is
generally excessive in volume compared with the lower one and the sys-
tem shows the tendency of the lower layer being dispersed in the upper
one, namely, W-in-O emulsion results whatever the modes of shaking.®
A heterogeneous system of B region, in the same manner, shows the ten-
dency of the upper layer being dispersed in the lower one and O-in-W
emulsion results, independent of the modes of shaking. The region A
also involves systems in which a lower layer is slightly excessive in
volume than the upper one, and yet the former is dispersed in the latter.
The system of C region shows the tendency of producing both types of
emulsion according to the two different modes of shaking. The modes
of shaking described in (1) favours to produce O-in-W emulsion and
the shaking of the mode (2) favours to produce W-in-O emulsion. These
relations between mode of shaking and type of resulting emulsion is
similar to those of AEW- and ABW-systems, and they can also be ex-
plained in the same manner.®? The region C is also called the zone of
phase inversion by shaking. It can be seen that this zone of phase in-
version is not situated along the line MN. It is not necessary for the
phase inversion system that volumes of upper and lower layers are equal,
as in the case of AEW-® and ABW-systems.®® The behaviours of a
system belonging to the zone of phase inversion was precisely studied
and are tabulated in Table 5. It can be seen in this table that the be-
haviours of phase inversion systems to the shaking gradually change
with relative volume ratio of coexisting upper and lower liquid layers.

The phase inversion system (a) which has relatively smaller value
of V./V1, namely, which is situated close to the region B, shows a strong
tendency to become O-in-W emulsion by shaking of the modes (1) and
(3). W-in-O emulsion which is produced only by careful shaking of the
mode (2), readily turns to O-in-W emulsion by a slight up-and-down shak-
ing. In system (b) and (¢) which have a little larger value of V,/V; than
that of the system (a), O-in-W emulsion becomes also selectively produced
by the usual up-and-down shaking of the -mode (3) as in the system (a),
but the tendency to produce W-in-O is more remarkable in (b) and (c)
than in (a). W-in-O emulsion produced in the systems (b) and (c¢) by
shaking of the mode (2) can be inverted to O-in-W emulsion only by a
strong shaking. This tendency is even more conspicuous in the system
(d). In this system, both types of emulsion once established by shakings



256 T. Sasaki. [Vol. 14, No. 6,

of the modes (1) and (2) cannot be inverted each other, even by a violent
shaking. In the system (d), however, there is still difference between
the tendency of producing O-in-W emulsion and that of W-in-O emulsion.
Emulsion of the former type is selectively produced by the usual up-and-
down shaking. The tendency of producing W-in-O emulsion becomes
still more marked until, at last, in system (e) and (f) which have more
higher values of V,/V, than that of (d), the tendencies of producing
both types of emulsions become equal. In such systems, two possible
types of emulsions produced by shaking of the modes (1) and (2) can-
not of course be inverted each other by any shaking. Moreover, usual
up-and-down shaking occasionally produces both types of emulsions.
Thus, in systems (e) and (f), two types of emulsions are utterly equal
in their tendencies of formation on shaking. These system are, there-
fore, considered to be the true intermediate or boundary systems between
W-in-O and O-in-W regions (A and B regions), but it is not necessary
that these systems should be equally distant from both of these regions.
The tendency of producing W-in-O emulsion overcomes that of O-in-W
emulsion as we go further from (f) to (i) (namely, as a system ap-
proaches A region), and the emulsion of the former type is selectively

Table 5.
Composiion i volume | Volume rasi | T3 and, stability of emulsion
System
aleonol | eincy | Water | GREST | ToWer | (1) (2) (3)
@ | 160 | 270 | 58 | 0259 | 1.000 {g::f «— :e':'loo O-in-W
0-in-W «— W-in-O 0-in-W
® | 150 | 280 | 570 | 0208 | 1.000 { Se—8 S.c 11
0-in-W «—— W-in-O | O-in-W
© 150 | 800 | 650 | 0.348 | 1.000 { S.—38 S.=12
@ | 150 | 310 | 540 | 0872 | 1000 {O—in-W «x-> W-in-0 | 0-in-W
: : . : Se=9 Se=14
0-in-W «x-+ W-in-O | both types
© 150 | 320 | 530 | 0.38 | 1.000 { P S.=12
@ | 150 | 330 | 520 | 0.400 | 1.000 {g::? x> g':ﬁ both types
0-in-W «x-> W-in-O W-in-O
(® | 160 | 840 | 510 | 0.448 | 1.000 { So=10 S.—15
®) 1.80 3.45 5.06 0.470 1.000 0-in-W «x-» W-in-0O W-in-O
’ - : : ’ Se = 10 Se =16
) , 0-in-W —> W-in-0 | W-in-O
@) 150 | 350 | 500 | 0.485 | 1.000 { S.=9 S, =16

Se denotes the stability of emulsion in second.
$—— inversion with ease by shaking of the mode (3).
«— inversion with difficulty.

«X- no inversion.
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established by up-and-down shaking. The tendency of inversion from
0-in-W to W-in-O also increases as the system approaches the region A.
These relations can be seen
in Table 5 and in Fig. 4.

In the heterogeneous
binary system of ethyl ether
and water, phase inversion
by shaking does not occur,
but some systems exhibit =
complex dispersion, produc- H,0 (C;H5):0
ing both types of emulsions Fig. 4. :
simultaneouly by shaking.

It can also be pointed out that the stability of emulsion (S.) is not
always parallel to its tendency of formation.® In Table 4, W-in-O emul-
sion is more stable than O-in-W emulsion throughout all systems of phase
inversion zone, but in systems of (a), (b), (¢) and (d), unstable O-in-W
emulsion is selectively produced by usual up-and-down shaking. It is
noted further that the tendency of producing W-in-O emulsion increases
with its stability, but the increase of the tendency of producing O-in-W
emulsion is not parallel to its stability.

In the heterogeneous system of EEW, there exists foam-nonfoam
system, that is, the system which behaves both foamy and non foamy
according to the different modes of shaking. It was indicated in the pre-
ceding paper® that the existence of the foam-nonfoam system is re-
stricted in such a portion of foamy region in the heterogeneous system
as it makes, at the same time, a portion of phase inversion zones. In
Fig. 4, A’ surrounded by dotted line shows the foamy region of hetero-
geneous system of EEW, and C represents the zone of phase inversion.
Hatched portion, therefore, indicates the foam-nonfoam region. The
situation and nature of phase inversion system of EEW is just similar
to that of AEW.® It foams when it is shaken by the mode (2), while
it does not foam by the shaking of the mode (1).

In conclusion, the author wishes to express his hearty thanks to
Prof. J. Sameshima for his valuable advice and the inspection of this
paper. The expense for the experiment is defrayed from a grant given
to Prof. Sameshima by Nippon Gakujutsu Shinkokwai (Japan Society
for the Promotion of Scientific Research), to which the author’s thanks
are due.

C,H;OH 7~

Summary.

(1) The mutual solubility curve, tie-lines and the foam stability of
homogeneous and heterogeneous system of ethyl alcohol-ethyl ether-
water (EEW) were measured. The diagram was established to show
the relation between the foam stability and the composition. It shows
two maxima of foam stability, one of which is situated along the mutual
solubility curve, and the other is on the line of ethyl alcohol-water. The
former is more remarkable in its magnitude than the latter as in the
system of acetic acid—ethyl ether—-water (AEW). The diagram shows
the third maximum of foam stability but it is uncertain.
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(2) Heterogeneous system of EEW is divided into three portions
referring to the type of emulsion produced by shaking, namely, W-in-O
region, 0-in-W region and phase inversion zone. In W-in-O or Q-in-W
region, a system simply produces W-in-O or O-in-W emulsion respectively,
whatever the modes of shaking, while in the phase inversion zone, a sys-
tem occasionally produces both types of emulsion according to the two
different modes of shaking. In the phase inversion zone, the tendency
to produce W-in-O emulsion gradually decreases and the tendency to
produce O-in-W emulsion increases as a system changes in composition
from those near W-in-O region to those near O-in-W region.

(83) Foam-nonfoam system can also be observed in this system as in
AEW or acetic acid—benzene—water system. The region of its existence
was determined.

Chemical Institute, Faculty of Science,
Imperial Unwersity of Tokyo.



