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Abstract. Asctofcomplex theoretical analyses of
cffects, carricd out by the author cnabled to create a new
physical interpretation of the emulsifying mechanism
taking into account the role of basic emulsion parameters,
cspecially absolute viscosity, interfacial tension, density of
emulsion phases and especially pressurc and temperature. A
mathematical description of the process was compiled with
a determination of the role of those parameters influencing
the characteristic dimension of scattered phasc particles. As
a result of testing the cmulsion of rape oil and water a ve-
rified theoretical-experimental model of emulsifying
process was claborated and described by an cquation.
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INTRODUCTION

The emulsifying relies upon comminuting
the particles of the scattered phase and homo-
genising the emulsion. This process is com-
monly used in many industries like pharma-
ceutical, cosmetic, chemical, petroleum, pla-
stics and especially food industry.

As a result of emulsification the number of
the scattered phase balls increases about 200 -
500 times and their total surface increases about
6 - 8 times. For example, the emulsification in
food industry increases availability of nutrients,
in chemical industry accelerates reactions and
allows to obtain a better homogeneity of pro-
ducts, in petroleum industry is used for refining
heavy fuels etc.

There are research works carried out in
order to use rape oil as an environment - friendly
fuel, so that it is fully justified to learn about the

possibilities of making water based emulsions
of that oil.

Hitherto, there is no explicit interpretation
of the emulsifying mechanism and the basic
operating parameters of processing are chosen
experimentally. Few attempts to explain pheno-
mena occurring during emulsification are in-
complete and of descriptive nature, most of
them are based on testing milk emulsification at
60°C and therefore cannot be apriori utilised for
evaluating emulsifying parameters of other
products [1-5].

THEORETICAL

It is generally accepted nowadays that rapid
changes in the velocity ¢ and pressure p occur
when emulsion enters a narrow hole of a valve.
A particle of the dispersed phase is disrupted.
The process of disintegration is also affected by
other factors, e.g., grinding of the spheres by the
walls, implosion of particles leaving the valve,
their mutual collisions, etc. (Fig. 1)

PHYSICAL INTERPRETATION OF THE
EMULSIFICATION MECHANISM

The present interpretation of the emulsi-
fication mechanism is based on the assumption,
that the particles of the dispersed phase are
sheared while the medium is passing through
the emulsifying valve, and thus they are com-
minuted.
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Fig. 1. The model of the mechanism of emulsification under pressure: 1 - valve head, 2 - valve seat, 3 - disrupting ring, ¥, -
velocity of the medium in the hole of the valve seat, p, - pressure in the hole of the valve seat, #,- velocity of the medium at
the entrance into the hole of the valve, p,- pressure at the entrance into the hole, ¥, - velocity of the medium at the exit of the
hole, d, - diameter of the hole of the valve seat, & - height of the hole of the cmulsifying valve.

A set of complex theoretical analyses of MATHEMATICAL MODEL

effects, carried out by one of the authors [4] ena- At moment of comminutation:

bled to create a new physical interpretation of

the emulsifying mechanism taking into account Py =P, +P, u M
the role of basic emulsion parameters, especial-  where: Ps - resisting force of medium with
ly absolute viscosity - u, interfacial tension - 0, interaction of scattered phase, Py - interfacial
density of emulsion phases - ps, pc, and espe-  tension force, Py - friction force cause of
cially pressure - p and temperature - £ [4] (Fig. 2). viscosity.
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Fig. 2. A new model of the mechanism of emulsification under pressure: 1- valve head, 2 - valve seat, 3, - velocity of the
medium in the hole of the valve seat, p,, - pressure in the hole of the valve seat, ¥ - velocity of the medium at the entrance into
the hole of the valve, p;- pressure at the entrance into the hole, d, - diameter of the hole of the valve seat, 4 - height of the hole
of the emulsifying valve, Py - resisting force of the medium interaction of scattered phase, P, - interfacial tension force, Py
friction force caused by viscosity.
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Resisting force of medium Py cause she-
aring of particles and is manifested in:
- big high velocity gradients of particles,
- changes of directions in particle motion,
- beating the particles of the spheres by the
walls,
- mutual collisions of particles,
- rotational motion of particles.
The above effects occur while the medium
is passing through the emulsifying valve:
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where: dc; - a characteristic dimension of the
scattered phase particles, Cy - medium drag
coefficient, ps - density of the continuos
emulsion phase, U¢; - velocity of the particles,
¥ - velocity of the continuos phase,

P, =nd_o 3)
where: o - interfacial tension,
dd nd >
P =, &z
“m R T @)

where: u - absolute viscosity of the scattered
phase, % - gradient of velocity.

A mathematical description of the process
was compiled (Egs (1)-(4)) with determining
the role of those parameters influencing chara-
cteristic dimensions of the scattered phase
particles:
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d.. = -
2 av
Cxps(ﬁcz _ﬂs) _4#5 (5)

Equation 5 was analysed for various values
of ¥, -9
- the process goes smoothly, comminuting fol-
lows under influence of the difference of bet-
ween velocity of continuos phase and scat-
tered while passing through the medium of
emulgation in the gap of the valve condi-
tioned by the difference in density levels of the
two phases density, then:

2p 2p
B, -0, = ’——go s
“ ’ (p pCZ pS (6)

where: p; - density of the scattered phase of
emulsion, ¢ - coefficient of discharge, p -

pressure.
- the process of comminuting goes rapidly,
then:
2p
ﬂcz —ﬂs =@ @)
pCZ

and characteristic values of the velocity gra-

%, and a number of mathematical rela-

tions were obtained:

- a change in the velocity level d@ occurs at the
half of the valve gap height, at the same time it
reaches velocity value of the flux in the middle
of the gap; for a smooth process:

dient

_d_ﬁ_ _ 2(ﬁcz —ﬁs)
dx h 8)
then:
1
dcz = T2
py
o
%(l+i_ 2 )_ mudy (1 _1)
8 \Pcz  ps \/pczps v \/pczps Ps
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where: d, - diameter of the hole of the valve
seat, V' - capacity of the emulgator, and for a
rapid process:

d_‘a — 206‘2
dx h (10)
then:
g
d. =
ez p(pZ(lC Ps wud, )
87X pez \pezps (11)

- the change of the velocity value occurs at the
half of the valve gap height, at the same time
in the middle of the gap the value of ana-
lytical velocity is equal to the double velocity
value of the flux; for a smooth process:
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a4, -7,) a change in the velocity value dv occurs at the
e % (12)  distance which is equal to a half of the
emulgated particle dimension, for a smooth
then: process:
d. = —1— dﬂ 2(17 cz s)
“ pp? = (20)
dx d.
. then:
':Cxp.s( 1,1 _ 2 )_2”/4‘10( 1 _wl_JJ
8 \Pcz  ps x/Pczps 4 VPezPs  Ps 80 +4#<p( { 2p ’ZP)
(13) _ Pcz
d for a rapid fer = 1
and for a rapid process: -2
o ]
cz
T T 14
dx h (14) and for a rapid process:
then: 29,
g dc  d (22)
de; = “
(1, Ps _ 2mudy )
4 C LA .
p¢ (8 X Pez v PezPs (15) then.
. p 2p
- achange in the velocity value d moves on the 4p (2‘7 +up E)
distance which is equal to the dimension of an d., = 5
emulgated particle of the scattered phase, for a Crpspp (23)

smooth process:

d_ﬁ — 17cz — 1(}s
& d, (16)
then:
8o +2;up(1[p F)
cz
de; = N
Cxpspp (pcz Ds - /—Pczps) a7)
and for a rapid process:
@ - ﬁcz
dx  dg, (18)
then:
|2p
2pcz(4a +up -Pz;)
dCZ = 2
Crpspp (19)

- a change in the velocity value dff occurs at the
distance which is equal to the double dimen-
sion of the emulgated particle, for a smooth
process:

ﬁ - ‘acz _05'
dc 2d,, 24
then:
’ 2
80 +'L“p( Pcz \/Z)
dCZ =
Cxpspp?| St o~ 2
s Pcz o5 Toeers (25)
and for a rapid process:
av _ T,
& 2d_ (26)



NEW INTERPRETATION OF EMULSIFYING MECHANISM

109

then:

Pcz
(74 2

Cypspp

2
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The above Eq. (27) gave the best corre-
lation with available results [4]:

Parameters of the analysis, which are put
into the elaborated mathematical model, descri-
bed by a derived theoretical Eq. (27) show thata
characteristic dimension of a scattered phase
particle value depends on the:

- process parameter:
- emulgation pressure p,
- temperature ¢,
- physical properties of emulsion:
- interfacial tension o; o=£{¢),
- absolute viscosity of the scattered phase u;
u=A0),
- density of the scattered phase of emulsion
Pczs
- density of the continuos phase of emulsion
Ps;
- medium drag coefficient Cx, Cy = f (shape of
particle, ¢, properties of emulsion),
- parameters of the emulgator constitution:
- diameter of the hole of the valve seat dj,
- emulgator capacity ¥,
- coefficient of discharge ¢; ¢ =f(u valve gap
parameters).

In the above model (Eq. (27)), grinding of
spheres by the walls, implosion of particles
leaving the valve, their mutual collisions, etc.
are not included. Its necessary to supplement
mathematical models (Eq. (27)) of emulgation
mechanism with experimentally assigned cor-
rection factors.

DESCRIPTION OF THE EXPERIMENT

One per cent emulsion of rape oil in water
was studied. Temperature relation of the inter-
facial tension was studied using a method of a
pendant drop.

Studies on the particle size dc as a function
of pressure and temperature were carried out

using an apparatus specially designed for this
purpose at the Department of Food Industry
Engineering of the Technical University of
Lublin. The set for the measurements of emul-
sification pressure in a high-pressure chamber
consists of a PM-250/0-25 MPa - type ten-
siometric pressure sensor, a MTS-03 tensio-
metric DC bridge, a V-540 digital voltmeter,
and a X-Y recorder. The temperature measu-
rement set consists of a TTFe (Fe-Co) thermo-
electric sensor, a MTS-03 tensiometric DC
bridge, a 0°C temperature standard, a V-540
digital voltmeter, and a X-Y recorder [4].

The value of d ., was determined by means
of a microscopic method at a 900x magnifi-
cation, according to the Polish Standard
PN/75-A-86059.

RESULTS AND DISCUSSION

The experimentally determined relation
between particle size d., and pressure and
temperature of emulsification are plotted in
Fig.3.

The analysis shows, that experimental data
coincide with theoretical calculation at 60 °C,
but this is not the case for 20 and 40 °C.

As a result of testing emulsion of rape oil
and water a verified theoretical-experimental
model of the emulsification process was elabo-
rated and described by an equation:

up | 2p
2pcz(40+—k‘" p—C;)

dC’Z =

Cipspp’ (28)
where: k - correction factor (k= 5.12 - 0.052¢ for
the studied emulsion).

Experimentally assigned relation k= f{¢) for
rape oil and water emulsion can be used to ana-
lyse other emulsions containing water and dif-
ferent oils with similar parameters.

It was found out, that in the whole range of
the tests, i.e., at pressure 0.5-16 MPa and
temperature 20-60 °C (Fig. 4) the mathematical
description presented is very accurately confor-
ming with the results of experimental tests.
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Fig. 3. Experimentally determined relation between particle Fig. 4. Relation between particle size d,, and pressure and
size d,, and pressure and temperature of emulsification - temperature of emulsification calculated from Eq. (28) -
solid lines, dashed lincs calculated from Eq. (27), for the  gq)id lines, dashed lines - experimentally determined for the
following temperatures: ) 20, b) 40, and ¢) 60 °C. following temperatures: a) 20, b) 40, and c) 60 °C.
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CONCLUSIONS

The above physical interpretation and the
following theoretical and empirical model of
the mechanism of comminution of emulsion
make it possible to visualise the effect of the
main process parameters, especially of
pressure and temperature and of properties of
the dispersed phase - coefficient of dynamic
viscosity, interfacial tension, and density on
the particle size of the dispersed phase in the
studied oil-in-water emulsion. This ma-
thematical model makes it possible to de-
termine the pressure necessary to homo-
genise the emulsion and, thus to determine
the proper construction and working para-
meters of an emulsifier.
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