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DiSTRIBUTION OF THE PARTICLES IN EMULSION
PREPARED BY HIGH PRESSURE.

By Rvo Kivama, ITipeo Kixosiita* and Krizo Suzuki.

Introduction.

Sihree? prepared the emulsion of paraffin by means of the 2000 Ib/in? viscoliser,
and for the purposc of intravenous infusion of fat, McKibbin and coworkers®? and
Geyer and coworkers” prepared the emulsion, which contained harmless emulsifying
agents, by means of 4000 Ib/in® viscolisei. The diameter of the particle is measured
hy the photomicrographic methad, and it was reported by Geyer that it was smaller
than 2~3 . The authors spouted the cod-liver oil in water at higher pressure
(1250 atm) and studied the effects of pressure, the diameter of nozzie and crashing
plate on the distribution of particle size. In this experiment, tey used the mixture
of 30 cc cod-liver oil, 70cc water and 3 g lecithin, but it is possible to prepare

the more concentrated emulsion.

Apparatus and experimental methad. .
The apparatus used is shown in Fig. 1. Special steel ~

is used for the intensifier 13, piston cemposed C and D, &
and nozzle G. The arca ratio of C and D is 1:2.5. A, (L0 /)

air compressor, 11, circulating pump, J and K, high pres-
sure valves. First of all, push up the piston by pressing B
the cod-liver oil in F by H. And compressing the air
in I by A, and by opening the valve K, the intensified

cod-liver oil is spouted in water through the nozzle,

There placed the crashing plate made by special steel P4

genizing the particles of emulsion, emulsion is compressed

g J
near the exit of the nozzle. For the purpose of homo- K%

in F by a circulating pump and the above process is

repeated. The experiments under the condition given in Fig. 1
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Tablc 1, where pressure is 250 and 1250 stm, and nozzle diameter is 042, 0.50,
1.00 and 116 mm, are perfosmed. The ditection of the norzle is peipendicular
(ditection of FKG) i or horizontal (at rigiit angle to FKKG) ». The distance

hetween the crashing plate and the exit of nozzle is 2 and 20 mm.

Table 1
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Dia. (imm) | Direction ! & plate, (
1 ' 250 f 116 L o
g 1240 " " a
b ! " S 0.50 5 e
4 } " " ] 20
5 | i 1.00 ! e
G » . »” Y w 0
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Samples.

Cod-liver oil of Japan pharmacopoeia is used, and the lecithin purified from
soy bean phosphatid. The purification method of lecithin is as follows: extract
with ether and precipitate with aceton, and extract with methanol. After distila-
ting the methano! in evacuation. extract with ether and precipitate with aceton, and

repeat this procedure two times.

Method for the determination of the distribution of

particle size by centrifugal method.

In order to investigate the preparation of emulsion under various conditions
above mentioned, the deteimination of the distribution of particle size is carried
out. The centrifugal method was performed by Svedverg and coworkers”, but in
this experiment the simple and convenicnt method from the principle of sedimenta-
tion analysis® is taken up in attention to the facts that the oil particles are separated
from medivm under the effect of centrifugal force and the clear boundary is
formed,

The radius of particle () is given as follows from Stokes™ law in the field of

centrifugal force,
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Hd,~d ot

where &, and &, are the density of disperse phase and medium respectively, 7
is the viscosity of medium, @ the angular velocity, x, the distance between the
rotation axis and the bottom of rotating vessel, a7, the distance between the rota-
tion axis and the boundary after time 2

In order to determine the distribution of particle =ize, the thickness of the oil
layer separated. at first, is measured with time. Next, the thickness of the layer
is converted into the percentage referring to the total quantity of disperse phaze,
and the percentage is plotted against time (accumulation curve). And then the
tangents of the curve referring to time are drawn, and the value of dp between
the cross point of each tangent and the percentage-axis is obtained. On the other

hand the radius corresponding is calculated from the above equation and the distribu-

tion diagram (Fig. 2) is obtained. The area of cach rectangle, (—jﬁxdr). in the
r .

A
A/F
3
oF
ar i
. _5%‘{ 250_?#
S0 T 3
Il A E
jﬂ.f% 13.6 %
1'5 c—=X 13% 160 Iu§cn “f“

Fig. 2 (Esp. No, T) Distribution diagram,

diagram, accordingly, shows the percentage of the quantity of disperse phase
existing between each radius for the total quantity of disperse phase.

In order to convert the thickness of the oil layer at cach time into the per-
centage for the total quantity of disperse phase, the quantity of oil in the portion
below the oil layer and in the total portion are measured by evaporating water
and weighing the residual.  Tn this case the yuantity of oil is calculated consider-

ing that the emulsifying agent, lecithin, is equally soluble in both cil and water*.

* From the result that the stability of emulsion is exceedingly less when the cmulsifying agent is
less than about 125, it is certain that the agent is more soluble in oil than ju waler. Accond-
ingly, in this case, the gquantity of vil in the portion below the vil layer is nmch more than the
result above mentioned.  Tf the caleulation is done in the case of Exp. Neo, 7 rgarding all the
agent dissulved in oil, the quantity of small particles of oil remained below withont coagulation
becomes to 37,724 which is a larger value in comparison with 30,12 obtained in the above con-
sideration of equi-distribution,
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Experimental results,

The distribution diagrams under various conditions are obtained by the pro-

cedure above described, and Fig. 2 is onc of these examples. The cffects under

various conditions will be shown in Table 2, being obtained from the distribution

diagrams.
Table 2
Bpye | AL B bpop e T
£ ! e 74 ] . | ’ o o
(%5 (pw) | () | (29 (8) (2e) 1 (25)
1 o7 137.5 e Loutn | AlS 1540 5~180.1 | 125
2 3.4 73.4 2.4 : 6.7 146 78.4~ Bl.23 i M, 2
3 R 8.6 .1 43,3 19.8 a8 i~ G1.1 12.0
4 20,8 499 344 203 1 1201 40.9~ ALL3 | 8.7
5 20,4 63.8 7.6 37.0 15,0 1 638~ (7.0 1.4
6 2.9 | ART 300 .6 | 1%E 53T~ 8B | .0
7 a0 50,7 30,0 26,71 13,6 a2 48~ 53.9 i h.6
|
Az 27 of particles without ceagulation
: Minimum radius of coagulation particles
C: 25 of particles between minimum radius of coagulation particles and 80 up
D: 25 of particles between 80 (137.5) and 200 yu
Where the value, 137,56 pg, is only in Fxp. No. L
E: 2f of particles between 200 gg and maximum radius
Where the value of maximum radius is 80 g in Exp. Noo 1 and is 25 g in others,
F: lLocation of the maximum distribulion of particle size and its 25

The authors express hearty thanks to the Ministry of Iiducation for the

Scientific Reserch Grant.

The Laboratory of Physical Chemistry,
Kyoto University.

. 1(1950)



