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INTRODUCTION

Many preparations used and prepared by the pharmacist
are of a semi~solid consistency.® Emulsions, extracts, gels,
ointments and suspensions and the preparations from such
naturally-occurring substances as acacla, agar, bentonite,
gelatin and tragacanth, cover a wid§ field for consistency
control. With the exception of petrolatum (petroleum j&lly),
no standards of consistency have been adopted for these semi-
solid substances. In the case of ointments, the vaguest
indication that consistency is important and may be con-
trolled is given in the U.S.P. XIV: 'In official ointments
which contain petrolatum, white petrolﬂﬁum, yellow wax, or
white wax, the proportions of these may be varied to maintain
a suitable consistence under the different climatic
conditions, e¢ces'!

. When we wish to measure the consistency of liquid
petrolatum, for example, no difficulty is encountered, for

we find that its flow can be explained by Newton's law of
flow, and its consistency can be expressed by a coefficlent,
the coefficient of viscosity, often referred to simply as
viscosity. The preparations previously mentioned, however,
are some of a large group of substances which show deviations

from Newton's law of flow. They are known as non-Newtonian

#Consistency - That property of a body by virtue of
which it tends to resist deformation.
(Ao Se T.M. E. 24“2)
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substances, and are said to exhiblit anomalous viscosity. A
search of the literature reveals many conflicting views on
the methods for determining their consistency, and we find
that investigators in various industries have designed
methods of measurement specifically for each product. Most
of the methods seem to be too empirical and are inadequate

from the standpoint of reproducibility.



A.

EMPIRICAL METHODS OF CONSISTENCY CONTROL

Penetrometers

Penetrometers which have been made in many forms: rods,

spheres, discs and plates and from various substances,

can be divided into two main groups:

I. The plunger moves under its own weight into the sub=-

stance under test.

(a) A constant weight penetrometer

(b)

The pentrometer recognized by the U.S.P.XIV for
tastiné the consistency of petrolatum, is that of
the A.S.T.M. specification. (1)(2) It was
developed by the petroleum industry for a wider
range of consistency control and is not completely
satisfactory for pharmaceutical petrolatums. The
instrument measures, in tenths of millimeters, the
distance that a metal cone of standard weight and
shape will penetrate into the material in 5 seconds,
when released exactly at the surface.

A variable weight penetrometer
To measure the atrongth of gelatin gels, the Bloom

gelometer is used. The effective weight of the
eylindrical ebonite plunger is increased at a
constant rate by allowing lead shot to run into a
funnel attached to the penetrometer. The weight

necessary to produce a given depth of penetration



in a given time is used as a measure of the con-
sistency. (3)
II. The substance under test moves at a constant rate
against a stationary plunger.

(a) A _constant rate penetrometer

The constant rate penetrometer developed by the
British Building Kesearch Station, uses a moving
platform and a fixed needle-like ponetronotor.
The head of the penetrometer needle 1s fixed to a
spring carrying a mirror from which a beam of
light 1s directed onto a scale, so that the
variation in the penetration may be recorded.

Many modifications in the method of use have been
advocated: some instruments are placed on the surface of the
substance under test as in the U.S5.P. penetrometer, others
are dropped from a given height and still others start below
the surface of the product. An instrument of the latter
type using a disc has been described by Fiero in attempting
to correlate the consistency of various hydrogenated fats
and oils with the softening point. A metal disc 1.6 em. in
diameter is attached to a vertical rod and pan upon which
. weights can be placed. A scale attached to the rod indicates

the extent of penetration. (4)

B. The line spread consistometer

This test measures the increase in area which takes place

after a given length of time when a given mass of the



material, shaped in the form of a cone or cylinder, 1s
allowed to deform. 7The material is placed in the center of
a plate which bears a number of equally spaced concentric
rings and the spread which occurs is a measure of the
consistency. (5)

.In a modification of the line spread consistometer
test, the slump test, the plate is allowed to ra;} through
a given height at regular time intervals. (8) >

C. The paralle late test

A modification of the above test uses two parallel
plates between which the material spreads. This method was h
applied to incendiary gels; the diameter in centimeters to
which 5 c.c. of the gel will spread in one minute, between
two parallel plates under a load of 2000 G., was used as &
measure for the comparison of conaisﬁency. It was found
that when the diameter of the gsl after spreading was plotted
against the logarithm of the time for which the load was
applied straight lines were obtained. (5)(7)(8)

All of the above methods have been eriticized for the
same reasocn, viz. they only glve a measure of the consistency
at that particular rate of shear and no indication whatsoever
of the viscosity at a lower or at a higher rate of shear.
They are known as one-point methods. It is argued, hovever,
in their defense, that for the same preparation they do

offer some measure of standardization.




CONSISTENCY CURVE METHODS

In an attempt to obtain a better knowledge of
consistency, many instruments have been developed to obtain
consistency curves. It has been shown.that the observed .
viscosity of many products decreases with increasing rate
of shear, and approaches a constant value at high shear.
This limiting value of the system has been uaed’gy & number
of workers to derive expressions for the consistency of
dispersed systems viz. suspensions and emulsions. (9)(10)
The limiting viscosity, though a criterion of the system,
18 little better than a one point method in many cases.
Other advantages of the consistency curve methods are:

1. A graph can be drawn of the consistency obtained
at different rates of shear to indicate the
complete behavior and the presence of yleld value.

2. The change of consistency with time at one
particular rate of shear. (The limiting viscosity
is just the final minimum value obtained.)

3, The increase of consistency with time after
shearing.

The two main groups of instruments by which consistency

curves can be obtalned are:

A. Nobllometers

The mobilometer consists of a cylinder to contain the

sample and a circular performated disc or cone which is




attached to a stem, thus permlitting the disc to descend
evenly and providing & means of measuring its descent.
The rate of fall of the dise, or the rate of shear, can
be altered by placing a suitable weight on the pan at

the upper end of the disc stem. The instrument was first
described by Gardner and Parks (11l) for the control of
the flow propertles of paints, enamels and laqguors.
Numerous other workers have applied the mothéd.to both
Newtonian and non-Newtonlan preparations. Thus Gardner
and Van Heuckeroth (12) have used it for food products,
mineral oils, petrolatum and coal tar; Gray and Southwick
(13) for mayonnalse; Turnbull (14) and MeIntyre & Urwin
(15) for clay slips; Baldeschweller and Wilcox (168) for
viscous mineral oils and Kinney (17) for adhesives and

various soft plastics.

B. Rotational Viscometers

There is no complete agreement among the various schools
of thought on the interpretation of the consistency curves
obtained from rotational viscometers. A brief considera-
tion of three approaches to the interpretation of these
curves 1s outlined below.

1. The Goodeve school which considers that a quantitative
measurement of the viscoslty of a non-Newtonian
substance can be made and can be expressed in polse.
When the apparent viscosity i.e. the ratio of the

shearing force to the rate of shear is plotted against




the reciprocal of the rate of shear, the slope of the
line is the coefficient of thixotropy and the intercept
on the viscosity axis the limiting viscosity of the
system. (18) Goodeve and Whitfleld in referring to a
thixotropic system state:

"As the rate of shear increases the viscosity
decreases. Usually the change 18 reversible =
either quiekly or slowly. If such & liquid is
subjected to a continuous and uniform.shear

a steady state may be set up, the viscosity
coefficient for which may be accurately
measured. ..+ this steady state corresponds

to an equilibrium between the process by
which an internal structure is built up and
the breaking down process arising from the
shear." (19)

2. The Bingham~Reiner-Green adherents, who divide non-
Newtonlan behavior of substances into three groups:

(a) Pseudoplasticity

A substance shows pseudoplasticity when a
consistency curve starts at the origin and shows
a decrease in viscosity with increased rate of
shear. The full curve i1s necessary to
characterize the substance.

(b) Plasticity (a Bingham body)
A substance which has a definite yield value
expressed in dynes per sq.cm., and a 'plastic

viscosity', measured in poiso.rhu~déwﬁ‘“@“'

.(c) Dilataney
A substance which shows an increase in viscosity
with increased rate of shear, exhibits dilatancy.
The full curve is necessary to characterize the

substance.
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For a substance which shows thixotropy, the area under
the curve obtained by increasing the rate of shear to a given
value and decreasing it again to its original value is a
measure of the thixotropic breakdown, and a coefficient of
thixotropic breakdown c¢an be calculated. (20)(21)(22)

The Interchemical rotational viscometer 1s the instrument
developed by Ureen to illustrate practically thg,theorios
advanced by Bingham and mathematically formulated by Reiner
and Rivlin. (23)(24)

The consistency curve obtained with the Interchemical
rotational viscometer consists of an upcurve and a downcurve.
The upcurve is obtained by plotting the deflection obtained
at each point when the r.pem. of the cup is increased step-
wise. At a chosen maximum r.p.m. of 100, the deflection is
agaln recorded as the speed of the cup 1is decreased at the
same interval as the upcurve. The changes are made without
stopping the rotation of the cup and are spaced as evenly as
possible both In regard to repem. and time. A schematilec
representation of some curves which can be obtained with this
instrument are shown in figure 1. ‘he calculation of results.
is accomplished by the application of the Heiner and Rivlin
equation. For a substance which shows plasticity (a Bingham
body), two values can be calculated, the 'plastic viscosity!
U and the yield value f.

The 'plastic viscosity' U is determined from the
cotangent of the angle formed by the torque axis and the

linear portion of the downcurve:
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(T had TQ)OS

U =
w

where T is the torque, Tg the intercept, o the angular

velocity, and S one of the two instrumental constants.

where R, is the radius of the cup, R, the rad1u§¢pr the bob,
and h the corrected height of the bob,
The yield value f in dynes per sq.cm. is obtained by
multiplying the torque intercept TE by the second constant C.
Thus f = C.1Tg

= S
where ¢ Ry

‘R

The values to convert the slope of the line to the
'plaatio viscosity' U and the intercept Ty to the yleld value

f for the instrument used are respectively 0.263 and 19.4.

3. The Pryce-Jones school, which considers that it is
necessary to make at least two curves to indicate the
consistency of a non-Newtonian substance. It is
inferred that the results are only of a semi-quantitative
nature. The term poise should be used only for
Newtonlan substances. ULifferences between Newtonian,
dilatant, plastic and thixotroplc behavior can be
established, but the coefficlent of viscosity of the

Goodeve school and the coefficient of thixotropie
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breakdown of the Green school and guantitative
expressions of 'plastic viscosity', yleld value and
limiting viscosity are valueless. (25)(26)(27)

The method used by Pryce-Jones 1s described in his
1956 paper:

'In principle the apparatus consists of a torsion
viscometer in which a cylinder, suspended from a
torsion wire, is immersed in the thixotroplc fluid.
The cylinder is deflected from zero to an.engle of
259, and on being released gradually returns towards
zero with an angular velocity which is inversely
proportional to the viscosity of the fluid. ... The
shearing force at any point on the curve is
proportional to the deflection A and the rate of
shear 1s proportional to the slope of the curve, or
tan © where 8 is the angle the tangent to the curve
makes with the time axis. %The viscosity at any

 point on the curve is, therefore, K.A / tan 6. In a
true liquid the viscosity is independent of the rate
of shear, and, therefore A/tan @ is a constant and
the time / deflection curve is, therefore,
logarithmie. ... The curve for a true liquid is
.independent of the time that has elapsed after the
liquid has been stirred, and co-incident curves are
obtained however long the cylinder is left at rest
in the deflected position. In a thixotropie fluid
different curves are obtained for different resting
periods after stirring has ceased.' (26)

The time deflection curves which are not logarithmic,
i.e. where the consistency is a function of the rate of

shear, can be divided into two groups:

A. If the curves taken at different intervals after shearing

are coincident, the system can be sald to exhibit anomalous

viscosity.
shear
Fluid Fluld
7. end of shear 7~

where 7, ? 71

Viscosity is a function of rate of shear alone.
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B. If the curves are not coincident, then the consistency is

both a function of the rate of shear and the past history

of the system. The system is said to exhibit thixotropy.

Substances showing this latter phenomenon were further

subdivided into two classes depending upon the rate of.

increase in consistency after shearing.

1. False~body thixotropy

2

-

The increase is marked in the first faw‘mfﬂﬁtoa of rest
and the build-up becomes progressively smaller‘with the
passage of time. (See fig. 2)

E shear :
Gel —— (Gel

7. rest 7;
where 7,>.71_
Viscosity is a function of rate of shear and of time.

Thixotropy

The initial increase is small and the rate of 1ncreaae
in consistency is more gradual than that of false-body
thixotropy. It is considered to be more closely

approximate to the 'true' thixotropy originally

described by Freundlich. (See fig. 2)

shear rest
Gel ;:::f Sol ;::f Gel
; rest shear
7 '71 '71

where
>
T
The sol will exhibit Newtonian viscosity.

Viscosity 1s a funection of rate of shear and of time.
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\ -=-=log.curve

Newtonian Flow, Anomalous Viscosity or.
Non Newtonian Flow
a logarithmic curve showing a non logarithmic curve showing
0,1,5 and 30 minute curves 0,1,5 and 30 minute curves
coincident. coincident.

False-body thixotropy. Thixotropy.
Non logarithmic curves, although WNon logarithmic curves,
the 0 min. curve may be although the 0 min. curve
logarithmic. 0,1,5 and 30 minute may be logarithmic.
curves are not coincldent. 0,1,5 and 30 minute curves

are not colincident.

Fig. 2,

(deflection against time)
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INTRODUCTION T0 EXPERIMENTAL WORK

Object of the investigation

The primary aim of this work is to establish some
measure of the consistency of a cream (an oil-in-water
emulsion of semi=-solid consistency) which can be used as a
. eontrol test for production batches prepared to the glven
formula. This aim would be accomplished if it ¢ould be shown
that:

1. The results from the same batch of cream are

reprodﬁcible¢

2, Batches of cream prepared to the same formula and

method of preparation give the same results.

%. Deviations from the formula and differences in

production methods are detectable.

The second aim is to examine the role of bentonite in
stabilizing the emulsion.

The formula of the emulsion used in this work, and
given under the experimental part, was chosen for the
following reasons. It has been shown that certaln emulsions
containing bentonite as an auxiliary emulsifier can be auto-
claved at 120°¢c. for at least 30 minutes, without separation
of the oil phase. (28)(29) Bentonite is known to exhibit
thixotropy (false-body thixotropy), and its incorporation in
an emulsion might induce anomalous behavior in the system.

It was therefore considered desirable to establish the
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procedure for the determination of the consistency of a
bentonite-containing eream. This would probably entail
greater difficulty than for a cream without bentonite, but it
was thought any such procedure would be applicable, without
modification, for the simpler systems of cream without
bentonite. It was decided to confine the work initially to
one speed of rotation of the cup, and since we are primarily
concerned with low rates of shear, this was arbitrarily
chosen as 12 r.pemy The work was carried out at a temperature
of 25°C. which was approximately that of the laboratory.

In the determination of the consistency, the bob of
the viscometer should be immersed to the same level for each
determination. For a cream of this consistency it was decided
to use a given weight of cream, 100 G., which is more
convenient than a volume measurement. This will be
permissible for a given formula, allowing of course, a changs®
in weight for changes in specific gravity of the materials
used.

The instrument available for this work was a Maclichael
viscometer, a readily available instrument of low cost. 1In
common with many rotational viscometers, this instrument has
a number of disadvantages some of which have been overcome
in the more expensive apparatus:

l. The annular space between the cup and the bob 1s
large, and the consistency of the preparation is such that

the whole of the material is never sheared.




16

2., The distance between the bottom of the bob and the
b#se of the cup i1s small, so that there will be a large end
effect.

It is therefore not possible to express the rates of
shear or the consistency in other than r.p.m. and MacMichael
degrees respectively. 4ccordingly, therefore, the approach
has been restricted to a comparative examination on a seml~
quantitative basls. 3

I had however, the opportunity to work at The Inter-
chemical “Yorporation, and a number of creams have been tested
on a rotational viscometer designed by Green in which the
rate of shear can be calculated and the viscosity expressed

in absolute units.
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EXPERIMENTAL

Creams containi bentonite

Preparation of cream

Cetyl aleohol 6.0
Liquid petrolatum 25.0
Sodium lauryl sulfate 0.8
Bentonite 2.0
Distilled Vater to 100.0

The liquid petrolatum and cetyl alcohol wis heated to
80°C. A B% bentonite suspension had been prepared and
boiling water was added to bring to the correct welght at
60°C., when the sodium lauryl sulfate was added and dissolved.

The oil phase was added to the aqueous phase and the
resulting emulsion was stirred and passed through a hand
homogenizer, previously warmed. The emulsion was collected
in an ointment jar, and shaken while it was still fluid to

ensure homogeneity.

The first aim divides itself into a determination of:
(1) the initial maximum value, (2) the minimum value and (3)

the rate of recovery after shearing.

ThLese determinations were made as follows: The maximum .

reading was obtained and the instrument was allowed to run

until a minimum value was reached. It was consldered that a
reading which remained within 2 scale divisions (Macliichael
degrees) for & period of 5 mlnutes was the minimum value for

that rate of shear.
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Consistency of Cream A

Sample | Initial |Maximum obtained following an Winimum
Maximum |interval of rest after shearing reading

reading®|to an arbitrary winimum of 135
- M1Ne

. min. 5 min.
3 210 167 176 189 126-128
i % 230 166. 5 179 188 125-127

#The readings given are in MacMichael degrees.

Evaluation of the results

1. The initial maximum readings were not in good
agreement.

2, The minimum values were in good agreement.

5. The regdinga after a rest of 1 minute and over
were in good agreement.

Inferences

1. Separate samples will have to be used for a
repetition of the maximum readings, since the
length of time for the recovery of the consistency
 of the sample is so long a4s not to be practicable.
o. It was considered that the difficulty in not obtain-
ing reproducible maxlimum readings was due to the

disturbance of the cream on packing into the

yviecometer cup.

To obtaln a better maximum reading, two approaches

were considered:

1. After placing the cream in the cup, it would be

left for a period of one hour.
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2. The cream could be packed so that it could be trans-

ferred as from a mold, thus causing a minimum of
disturbance.

Por the same batch of cream, the increase in temperature
and the corresponding fall in consistency would be aomp&gable
after a given time after shearing.

The cream was allowed to rest after the minimum value
had been obtained for a peried of 1, 5, 15 and 80 minutes or
until the maximum value was regained.

The results of the observations show that the recovery
of the consistency was exceedingly slow, and 1t was decided
not to wait for the final minimum value to examine the
recovery of consistency. VWhen an arbitrarily chosen minimum
was reached, the instrument was turned off, and the bob
moved manually back to zero deflection. The stop watch was
then started for the interval of rest, after which the
maximum value was re-determined. This method was discarded
when later work showed that the rate of recovery could be
more satisfactorily determined by the procedure outlined by
Pryce~Jones. (see p. 11 )

The first method was used on two new batches of cream,

B and Ce
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of shearing

(readings expressed in MacMichael degrees)

The change of consistency of Creams B and C with time

Time from the attainment e Cream B Cream C
_of the maximum reading 1 i1 I I
O sec. 257 248 248 230 226

T 194 195 192 168 164

30 * 183 184 181 159 153

45 " 17 178 175 153 147

60 " 171 1738 169 | . 148 143

o * 164 165 163 ['"142 135

g0 * 159 161 160 137 131

159 ¥ 155 158 156 138 12

80 " 162 1556 154 132 125

210 * 150 153 153 130  —e--

240 " 148 150 150 128  e=-

g70 " 146 150 150 127  ew=

300 " 145 150 150 126 ===
Minimum reading 117 118 120 102 «==

# The recovery of consistency of Cream B
Sampie|initial|Maximum obtained following an interval|Minlimum
Maximum|of rest after shearing to an arbitrary|reading
reading| minimum of 145
1 1 min, 5 min. 10 min. 20 min. 120 min.
I 257 lel 164 167 167 173 117
II 248 162 166 168 - - 118
I1I 248 181 165 167 168 175 120
The recovery of consistency of Cream C
Sample|initial|Waximum obtained following an interval|Minimum
Maximum|of rest after shearing to an arbitrary|reading
reading minimum of 125
—1 min. 5 min., 10 min. _ 20 min.
I 230 137 142 143 144 102
11 226 137 140 143 146 -
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Evaluation of the results

Though’there was an appreciable difference between the
results of creams B and C, the following general observations
can be drawn:

1« The minimum values for each cream were in good

agreemente.
2, The maximum values were in falr sgreement.
3. The rate of increase in consistency, théugh small,

seemed in good agreement.

It 1s seen from creams A; B and C that the same batch
of matérial& will produce creams of different characteristics
even when prepared in a similar manner. It was considered
that the degree of homogenization was probably the most
likely cause of the differences.

To examine this possibility, the samples of cream B
‘we§e mixed together =B (worked) and part was homogenized

(Be2)s Cream C was similarly treated.

A comparison of the consistency readings of worked and
. unworked gsamples of Creams B and C
Cream Sample Initial Maximum | Minimum reading
readin
257 . 117
B. IX 248 118
III 248 120
B, (worked) I 178 120
B.2 I 268 147
Ce I 230 102
I1I 226 104
C. (worked) 1 1886 101
Ce ; o 248 - -
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It should be noticed that although the minimum value of

both cream B and B (worked) and C and C (worked) are
comparable, the rehcmcogenized cream B.2 gives a higher value.

Creams I and L were prepared with the following results:

The change of the consistency of Creams B and C with time
of shearing (readings are expressed in Macliichael degrees)

Time from the

attainment of Cream D Cream E

the maximum R I M ¢ AN A G« WL 5
0 sec. 214 215 2185 213 211 185 188 190
8 * 183 183 183 182 181 148 143 143
30 ® 478 1786 175 173 178 137 133 133
% " 166 169 169 167 167 131 127 128
6o " 161 165 165 161 1eé2 126 === 125

Inferences which can be drawn from creams A,B8,C,D and E:

1. For each batch of cream, a maximum value within fair
agreement can be obtalned. 1t would seem, however, that some
disturbance is caused in preparing the test sample. It would
be preferable therefore if sepurate samples were kept which
could be easlly transferred.

2. The rate of fall of the readings are reproducible.

3. A minimum reading is repeatable on the same sample
of cream from the same batch, on both the worked e.g. A.1l
and B.1 and the unworked samples A and B, at the same rate
of shear.,

4. The degree of homogenization definitely affects

the consistency reading.
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5. The rate of recovery of consistency seems fairly
constant, though these have been determined possibly too
close to the minimum value, with a result that the increase
in thé values for resting periods of 1 and 5 minutes are
rather small.

6. The rate of recovery of consistency after 1is very
slow.

The second method of attempting to obtain a more
certain maximum value was tried, viz., the use of separate
samples of approximately 150 G. which had been packed in ﬁhe
manner outlined below: g

A crystallizing dish, the internal diameter of which
closely approximates that of the cup of the viscometer, was
lined with tin foll at the bottom and around the sides and
filled with cream. It was shown that this could be turned
upside down and the cream slid into the cup, the piece of
tin foil now uppermost removed, and the foil around the sides
smoothed out. The cream was thus introduced with a minimum
of disturbance. The dishes were satisfactorily covered with
a sheet of glass, the ground edge of the dish being smeared
with a little grease. This produced an effective seal which
prevented the cream from drying out. It had been shown
previously, that by taking a flat ended spatula and rotating
the cup around it, 1t was possible to produce a flat surface
to the cream and leave an excess in the middle as in dlagram

(a) of Fig. 3. The introduction of the bob of the viscometer
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then produces a smooth upper surface and the cream adheres to
a maximum extent to the outer part of the bob as in (b),
whereas some of the earlier samples had presented an uneven
appearance.

To test the method of packing the cream, the viscometer
cup was filled when the dishes were packed, and the first

reading therefore made on this sample.

A ot B W o

cream ——

(a) (b)

Diagram of the method used to indicate the preparation
of the sample.

Figure 3
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The change of the consistency of Cream F with time of shearing
| Eggad;ggs are expressed in MacMichael degrees)

Time from the attainment | Sample placed in| Sample transferred
of the maximum reading the viscometer from dish into the
cup after viscometer cup

preparation of

eresm v .

0 sec. 257 261 258
i " 209 207 202
- B 104 - - S -

5
6o " 181 186 180
g0 172 180 1786

180 * 172 176 172
0 * 171 173 170
80 " 170 172 169
210 " 169 170 168
g40 " 168 170 166
2970 * 168 189 165
300 " 167 169 164
600 " 161 165 161
1200 " 156 156 183

The effect of the time of storage on the consistency of Cream F

érgnd;ggu are 05¥r§aggd ﬁg MacMichael dogfigg)
ngth of storage nitial Maximum nimum reading
Days reading
1 257,261, 258 158, 162, 161
3 248 156
4 248 155
6 263,247 157,152
11 240 148
13 238 148
14 242 149
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Further evidence that the recovery of the initial
maximum value 1s very slow, and that the minimum value is
unaffected, is indicated in the following results from
worked samples of cream F which had been repacked and left
undisturbed for a number of days;

The effect of time of storage on the recovery of the

consistency of worked samples of Cream F -
Length o% storage Tnitgti Eaxfmum Minimum reading

Days reading
4 210 1456
4 227 143
10 219 144
14 220 144

Original values of
the unworked cr 240 148

“The effect of the time of storage on the consistency
of Cream G

r s are expressed in Hacﬁ;ohgo% dog;oos}
Time from t%o attainment me of storage o ream G. ays
of the maximum reading | 1 2 4 4 5 7 22
0 sec. 222 220 207 210 209 2%6 2%1
i v 181 191 17

o " 171 17¢ 163 163 153 169 1858
28 - 166 173 158 159 149 183 183
60 " 162 170 154 156 149 160 149
™ " 180 167 153 1528 147 156 146
0 " 167 164 150 150 146 153 144
08 ° 165 162 149 149 144 151 141
im0 ° 1564 160 148 147 143 150 140
10 * 151 157 146 145 141 147 137
180 " 149 156 144 142 138 145 134
210 " 149 154 143 140 137 144 134
240 " 149 154 143 139 135 142 133
g7 " 148 152 142 138 1356 141 133
300 " 147 152 142 137 133 138 133
360 " 147 150 140 137 131 139 133
420 " 146 149 140 136 1290 138 133
480 " 144 148 139 1356 128 137 133
540 " 145 147 138 134 127 136 132

600 " 145 147 37 133 o9 15 1
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The two batches of cream, F and G, would seem to
indicate that there 1s a fall in reading for the first few
days, until a steady value is obtained.

The conclusions which can be drawn from the batches
of cream A,B,C,D,E,F and G show:

l. Results from the same batch of cream are replicable;
i.e. a maximum value, a fall in consistency, & minimum value
and a recovery of consistency can be obtained on nG: samples.

2. It is necessary to use separate samples for each
determination, since the maximum value is not reproducible on
a worked sample, although the minimum value can be repeated.

3. Different batches of cream give different results.

The effect of homogenizatio

A new batch of cream was prepared using a different
batch of bentonite. A slight modification in the procedure
was adopted, in an attempt to obviate any possibility of
difference in the manufacture of the creamj; the bentonite
was weighed on an analytical balance and gelled soparatoly.”
The cream was prepared as in the previous samples and passed
through the hand homogenizer to give samples which had been
homogenized, 4,6,8,10 and 16 times.
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The reproducibility of the results is well shown with
the results obtained from cream M which had been homogenized

4 times.

The change of the consistency with the time of shearing
of Cream M homogenized 4 times

‘ (readings are expressed in Mackichael degrees)

Time from the Readig;s gg%g 8 g‘;’ ;6332 ggggaiagggg
attainment of I ** Average
the maximum
0 sec. 210 =209 206 209 212 209 209
163 162 162 165 168 166 164
o * 166 1862 152 156 154 187 154
4 " 150 149 148 152 150 153 150
60 " 147 148 144 150 148 1850 147
™ " 145 144 142 149 147 147 145
M0 " 143 142 140 146 145 145 143
08 " 141 141 137 144 144 143 142
e ® 140 140 138 143 142 143 141
180 * 138 139 138 140 140 141 139
180 " 137 137 136 139 138 141 138
210 " 136 136 136 137 137 138 136
240 " 136 135 134 137 137 137 1386
g7 " 134 134 133 136 136 136 1386
300 * 133 134 132 136 1356 136 134

The results therefore indicate that, for the hand
homogenizer, it is necessary to homogenize the cream some 16
times before the limit of the consistency is reached.
Naturally thils is a laborious and very inconvenient method,
so that other types of apparatus were considered, viz., the
colloid mill and the Waring blendor. Both of these machines
tend to lncorporate a large quantity of air, which 1s most
unsatisfactory. The Waring blendor, in addition, can only
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homogenize about 400 G. at one time. It was decided, there-
fore, to motorize the hand homogenizer and this relieved the
tedium of repeated homogenization.

Cream Q was prepared in the usual manner, but was
divided into two portions for homogenization:

l. The hand homogenizer was used and the cream examined
in the usual manner to confirm the previous rosultl.&

2. The colloid mill was used and the product ;Al later
de-aerated in a vacuum desiccator until free from air. A
nuﬁbor of samples of this cream were then autoclaved, the
jars being welghed before and after the autoclaving, so that
any loss which occurred could be detected and the sample
discarded.

The autoclaved and the unatoclaved creams were then
examined in the following ways:

1. The usual procedure was used.

2. The method advocated by Pryce~Jones, which was
referred to earlier, to distinguish between anomalous
behavior was also used to indicate the recovery after
shearing.

3, The Interchemical rotational viscometer was used.



The change of consistency with time of shearing of Cream Q
homogenized 16 times

"
3 " 279 278 252 248
48 " 273 273 252 248
60 " 270 273 268 .248
% " 264 268 262 -
g0 " 264 270 260 2562
1008 " 264 260 265 -
120 " 260 257 267 250
150 " 257 280 265 250
180 " 260 260 262 248
210 " 265 265 262 252
240 " 2656 270 262 255
80 * 265 270 260 257
300 * 265 270 258 257

The change of consistency reading with time of shearing
of Cream Q prepared in the colloid mill
8 ar sed Machi degr

Time from the attainment

of the maximum reading

O sec. 133

5 = 121
. > 119
3 " 118
20 * 115
2 " 114
3 ° 113
3 * 113
4 " 112
s " 111
o v 111
o, = 111
g " 110

o2
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Cream ol autoclaved
The creams were autoclaved at 120°C,, for a given period
of time, and packed in the usual manner whnn cold. The
samples which were autoclaved at different times are indicated

as: I’ II. 111, IV, and V.

The ohango in consistency with time of shearing, of autoclaved
v iples of Cream Q prepared in the colloid ni
‘EI][EIII!” T 0 minutes hours
Storage in Day: _. oure
: P 4 1] 111 .V v

ime from the attainment

of the m readi

0 sec. 342 346 360 368 362

y . 268 - 2656 268 -
» " 245 240 262 254 262
» * ' 238 233 243 2456 263
g0 * - - 226 239 242 2456
2 " - 220 233 236 241
s " 2256 217 254 233 236
3% . " e 211 238 230 236
o v - 210 231 226 233
456 " 221 207 229 2283 231
so " - 2056 227 219 229
66 " - 204 226 218 227
60 " 214 203 223 214 223
% " 2l2 198 216 209 218
0 ™ 210 194 214 204 217
10 " 207 190 === 208 215
s * 204 188 212 200 213
150 " 199 PRGN 208 il P
180 : 195 174 210 1956 203
210 180 e - - e
240 " 187 168 204 191 199
270 " 183 - e e o
s00 * 179 162 185 188 1984
Min re 170 170 170 168

The recovery of the consistency in the autoclaved and
unautoclaved cream Q prepared in the colloid mill is shown in

the following table.
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Cream mill
The bob of the viscometer was held at a deflection of
110 MacMichael degrees for a period of rest after shearing,

when the change in reading with time was recorded.

The increase in consistency following a period of rest arter
shearing in Cream Q prepared in the colloid mill

Net after Pryce-Jones)

Time from the aﬁ%nso of the do%Ioc%Ion with time after
original a od of lowing sheari
deflection Ne min.
0 sece. 110 110 110
5 " 68 81 102
w " : 65 74 o7
5 " 83 70 93
o ® 62 68 90
N 61 67 88
0 * 61 66 .86
35 L - o 65 85
0 " - 656 83
‘5 " - - 64 82
50 " - 64 81
58 " - 6‘ 81
60 " 59 63 80
iso * - 62 76
300 " - 60 72
600 " - 59 70
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[The increase in consistency following @ pericd of rest alter

shearing in Cresm §Q prepared in the colloid mill
and autoclaved
(Method after Pryce-Jones)
Time irom the Change of the deflection with time af ter
original a period of rest following shearing
deflection 0 min. 5 min. 60 min.
0 sec. 160 160 160
5 * 102 116 126
10 © 89 100 106
9y " 81 - 89 95
g0 * 78 862 86
8 " 70 76 80 .
8 " 67 72 78
3 " 64 69 71
%o * 61 66 66
4 " 59 64 66
50 * 68 62 63
66 " 66 80 . 62
60 * 65 3 60
0 " 50 - &4
188 " 44 e 81

The sutoclaving of creem Q on three different occasions
for 30 minutes and on a further sample for 2 hours, produces
ereams which give very similar meximum values. It 2§ould be
noted that there is e marked increase in reeding, ov;r the
unautoclaved cream, and it may be significant that the
maximum velue obtalned is comparable with the values obtained
by homogenizetion of the cream to a constant value. The
minimum values ohtained are, however, qpprooiably lower thean
those of tlhie cream homogenized 16 times.

The increase in the consistency of the emulsion, which
occurred on autoclaving, is quito marked and can hardly be
eéxpected. A parallel may be found, however, in the behavior

of milk and cream, end possibly also of rubber.
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The introduction of pasteurization into commercial dairy
practice has since its inception been known to decrease the
consistency of raw cream. A method to increase the consistency
of pasteurized cream, known as rebodying, was introduced by
Dahlberg following its observation by Kloser. The process
consists essentially in a cooling of the cream after
pasteurization followed by a re-warming to 86°F., and a further
cooling. g

There have been three main mechanisms suggested to
explain the behavior:

1. A hydration of the colloidal matter occurs.

2. A lattice structure is formed by the globulin

which enmeshes fat globules and so produces
clustering.

3., An adsorption of certain substances e.g.

phospholipides occurs on the fat globules.

A similar clustering is stated to take place in rubber
latex and it i1s considered that a lattice structure is
produced from the colloidal matter in the dispersion ﬁodium
which enmeshes globules and thus produces an increased
consistency. It is conceivable therefore to imagine a
elustering of the oil globules, in this bentonite containing
emulsion, produced by retention of the globules in a
fibrillar network.

Three possible explanations can be considered to

account for the increase in consistency:
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l. An increase in the effective amount of the dispersed
phase in respect to the dispersion medium may have been
produced, as for example, by the presence of an adsorbed film
on the oil globules.

Recent work by Robinson has confirmed that the viscosity
of a suspension of glass spheres in various media can be
attributed to an increase in effective size of the spheres by
dﬁaorption of a halo of dispersion medium, with a righltant
diminution of the effective amount of dispersion medium. (31)

2. An increase in structural viscosity may have been
Vproducod by a floeculation of the oil globules. Many workers
have shown that flocculation of particles produces an increase
in viscosity, or in other words the complete dispersion of
particles produces a lowered viscosity. (26)(30)(32)(33)

3., An increase in the amount of the dispersed phase

may have occurred through the formation of a dual emulsion.

re repared without bento

In an attempt to study the role of bentonite in the
stabilization of the emulsion to temperatures necessary for
sterilization, viz., 120°C. for 30 minutes, two batches of
cream were prepared without bentonite. The cream was
prepared in the same manner as for the previous batches

containing bentonite.



Formula:

Cetyl alcochol

Liquid petrolatum
Sodium lauryl sulfate

Bentonite

Distilled water

to 100.0

The method of testing was that as previously outlined: |

1. The change of reading with time at a given r.p.m.

2+ The change of reading with time after definite

intervals of rest, after the cream has been sheared to its

minimum value.

3. The method advanced by (Green was used with the

Interchemical rotational viscometer.

“The effect of homogenization of Creams V and W prepared
without bentonite.

read Mackiic
e {rom the attalinmen ; ;ﬁgg W
of the maximum reading s homogenized Times homogeni zed
- 3 4 ey 4
0 sec. 177 183 168 182
5 T 134 154 120 156
n - 132 150 117 151
" 129 146 113 148
20 * 126 144 111 146
s * 123 142 108 144
0" 121 140 1086 143
3% " 118 139 103 142
o * 117 138 102 141
45 " 116 137 101 140
s " 115 136 99 139
665 " 114 136 98 138
o * 114 135 97 137
g0 " 109 132 - 134
120 * 106 129 90 132
180 " 102 126 88 131
240 " 101 124 86 129
300 " 100 123 385 127
M re —- 120 — 122




39

88 18 ot _ ot 6L 8t Lt Lt w 00€
23 12 8T . 9T 03 02 4t et s 092
3 32 4T 4Lt 02 0g 8t 8T w OST
g3 g2 8T 8T 2 12 6T 6T u 03T
93 144 6T o2 ce va oz 02 a 06
623 L2 12 13 L3 Ld 12 2e s 09
og L2 1e 12 L3 88 a3 a2 n 98
12 82 ¥4 gz 83 62 22 €3 s 08
12 62 44 a2 62 og €3 g2 a SP
ee oe o8 e oe 1e ee ve u OF
e 1€ ve ve 2e 2¢ ve ve u S
92 ee g3 g3 o1 e sz gz s 02
8e ve 92 93 cee 9¢ 92 92 u 928
i84 LS LS L3 og ae 82 82 a 08
Sy oy oe oe v 414 ie 0e s ST
a8 ov ve ce 1234 08 15 ve a O
39 929G 4 4 i85 4 09 88 144 i 4 u S
001 cot 00T 00T 00T 00T 00T 00T 208 O
TeujW 0g UW Q0 4@ 0§ ‘UlW 0 UTW Og ‘UTW O ‘UM Og "UH O |U0T300LJeD
1 4 ) 1 , 4 T Teurdtao
pezjusdouloy SOWL] pezjuedomoy SOWL] oysg
4. Wweody A Weedn BWOJJ W]
Bupaeeys BFUTMOTTOJ 380a Jo porjaed v J99Jv SWIF YITA UOT3oeTJep oys Jo oBusyy

(seuop~-00Lay a03J8B POULOK)
Butaweys a93Je 3s8J JO pojaed ® wnwnmwhoh M _Pue p weeds Jo Lousgs[suUcd uj 9sweJou] ey




40
The change in the consisteney reading was noted in a
sample of cream V.4 which had not been sheared previously.

The values are recorded in the following table.

X comparison of sheared and unsheared Cream V. homogenized
4 times
Time from Deflection of the | Deflection of the sheared
original unsheared cream eream after 30 min.period
deflection of rest after shearing

C sec. 100 100
. 72 60
0 60 48
» * 80 43
20 " 44 38
8 " 39 36
3 " 36 34
3% " 33 32
4 " 3 30
45 " 29 29
0 " 28 28
56 " 28 28
60 " 27 27

The creams V.4 and W.4 were mixed together and
homogenized to give a cream which had been homogenized eight
times ~ VW.8. The usual readings were made and are recorded
in the table below with comparable values of oréaml homogeni zed

once and four times.



g_gggg?rilog of Cream V %gg;ﬁfggﬁa Y 4 8_times
|Cream No.of times Maximum Reading after | Minimum
|_homogenized | reading | S min. | reading |
v 1 177 100 P e
W A A58 88 e
v 4 182 : 122 112
W 4 178 118 113
v 4 183 125 20
W 4 a2 127 122
VW 8 180 1l2 110
Vi 8 A77 120 218
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The early work on a cream without bentonite had been

carried out on the following formula:

Formula: Cream U Bentonite cream
Cetyl alecohol 7.0 5.0
Liquid petrolatum 35. 0 25.0
Sodium lauryl sulfate 0.7 0.8
Bentonite - 2.0
Distilled water to 100.0 100,0

The ratio of the liquid petrolatum: cetyl alechol: sodium
lauryl sulfate, had been malntained the same, but to allow for
the reduced consistency their percentages had been increased.
Cream U on homogenization, however, gave a larger deflection
than had been expected and in order to prevent permanent
damage to the viscometer wire, a sample of 90 G. was used in
the tests with the MacMichael viscometer. The usual readings

were taken and are recorded below.
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The change of consistency With time of shearing
of Cream U.%
" 3 Mao
L]
s * 264
4 " 252
60 " 246
™" 240
90 : 236
S : -
180 " 228
0 * 2283
240 " 220
500 ° 220

#0906, of eream was used for this test.

“The increase in consistency following a period of rest
after she of Cr U, e ce~Jones)
Time from the | Change of the deflection with | Previously

original time after a period of rest | unsheared
_deflection following shearing cream

0 min.. 15 min. Omin. 90 miyf

0 sec 200 200 200 200 200
5 " 108 110 108 114 142
10 ® 82 84 82 88 112
s " 78 74 70 75 93
2 " 66 67 64 68 80
2 - 62 63 60 65 72
s * 59 60 87 62 66
s * 87 87 b4 68 62
40 " 66 556 63 56 59
45 " 55 53 51 54 66
50 * 52 81 - 49 53 54
ss * 51 50 48 51 52
60 " 50 49 47 80 51
" " 46 45 - - 45
120 " 4 42 -- - L

The results on cream U are included, because the cream

has been tested on the Interchemical rotational viscometer.
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The following compariscn of two creams, with and without

bentonite, was made on the lacMichael and the Interchemical

HRotational viscometers.

Formulae:
Cetyl aleochol

Liquid petrolatum
Sodium lauryl sulfate

Bentonite
Distilled water

Cream X.16
Mackichael Viscometer

The change of consistency
with time of shearing of

Time from %ﬁn éroan

attainment of homogenized

maximum 16 time
0 sgc. 348
5 308
0n ¥ 202
156 : :gg
20
28 277
3 " 273
36 : 271
40 268
4 " 267
50 " 265
56 " 260
80 : 260
2
190 * Pyt
80 " 240
240 " 236
300 " 254

Cream X.16 Cream Y. 4
5.0 5.0
25.0 25.0
0.5 0.5
2.0 e

to 100.0 1000

Interchemical Viscometer

Ui00 * 8.15 poise
ero = 4,99 polse
fi090 = 1280 dynes/sq. cm.
fo00 = 1300 dynes/sq.cms.
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Sream Y. 4
Machiichael Viscometer Interchemical Viscometer
The change of consistency The method used by Green
with time of shearing of
C X indicates a pseudoplastic
ime om ream :
attainment of homogenized nature, and if the limiting
the maximum 4 tlmes -
viscosity at high shear is
O sec. 189
§ = 157 taken, the value would be
0 " 149 >
as " 147 around 3 poise.
g0 " 144
2 " 142
80 " 141
as " 140
® " 138
4 " 137
60 " 136
s * 1356
. " 134
0 " 128
20 " 124
iso * 121
240 " il
300 " 115
Minimum reading 111

The data from the Interchemical rotational viscometer
is insufficient to draw any definite conclusions, though the
following indications would appear justifiable:

1. The c¢ream without bentonite exhibits pseudoplasticity,
and shows appreciable thixotropic breakdown. The full curve
would be necessary to characterize the substance.

2. The cream containing bentonite exhibits plasticity
and can be characterized by the coefficient of 'plastie
viscosity' U determined at two rates of shear, and by the

yield value f also determined at two rates of shear.
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CREAM @ A cream prepared with bentonite
k% in the colloid mill and

. \“ autoclaved. ( see p.3L )

+ S |

)Y bl

\ ‘\ ‘~..

&' e IR 90 min.

[ "'-——--_-____

[ Y i e TR

\ Ay

\ S

| ‘\~

\ .._ i

T o s 15 min.
TR M. B
30 60 90 120
Deflection in MacMichael degrees against time in seconds.
100 3 ‘ by
CREAM VA cream prepared without

| bentonite, homogenized and
F.
\
i

cooled and re-homogenized
3 times when cold (25°c.).
| (see p.39-L0)

i\

'
(I
\
i
Vo
L
L
L !
\
X % unsheared
\\ N
\\ N
\\\\\
\7~‘\
0 and 30 mins~<g
(coincident) i b o
30 60 : 90 120
Deflection in MacMichael degrees ag

ainst time in seconds.



CREAM @Q Interchemical Rotational Viscometer

A cream prepared with bentonite in. the colloid mill and autoclaved.

200

'Plastic viscosity!

U1OO = 10 poise

Usoo = 5.5 poise

Yield value

fi00 = k16 dynes/sq.cm.

fo00 = 1416 dynes/sq.cm.
100 1

20 1,0 %0 80 100 120

r.p.m. against deflection



200 4

100 1

CREAM Q Interchemical Rotational Viscometer

A cream prepared with bentonite in the colloid mill,

'Plastic viscosity!
- 7 i
Ulgo Liael polise

Usgo = .7 poise

Yield value
f100 = 930 dynes/sq.cm.

fogg = 1008 dynes/sq.cm.

20 LO 60 80 100 120

r.p.m. against deflection



CREAM U Interchemical Rotational Viscometer

A cream prepared without bentonite, homogenized and cooled.

200 1

100 1

v T T T v ] " < "

50 100 150

r.p.m. against deflection



CREAM U Interchemical Zotational Viscometer

A cream prepared without bentonite, homogenized and cooled and
re-homogenized 3 times when cold (25°C.).

2001

1007

¥ 1
50 100 150

r.p«Me against deflection



CREAM X Interchemical Rotational Viscometer

A cream prepared with bentonite, homogenized and cooled and
re-homogenized 15 times when cold (25%C.).

200,

'Plastic viscosity!

U100 = 8.15 poise

U?OO = .99 poise

Yield value

f100 = 1280 dynes/sq.cm.

foop = 1300 dynes/sq.cm.
1001

20 10 60 80 100 120

r.p.m. against deflection



CREAM Y Interchemical Rotational Viscometer

A cream prepared without bentonite, homogenized and cooled and
re-homogenized 3 times when cold (25°C.).

-

200

100 1

20 L0 60 80 100 120

r.p.m, against deflection
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GENERAL CONCLUSIONS

A comparison of two creams prepared according to the

formulae:

Cetyl aleohol 5.0 5.0
Liquid petrolatum 26.0 25.0 »
Sodium lauryl sulfate 0.5 0.5 -
Bentonite - 2.0 - aisd
Distilled water to 100.0 100.0

can be made.

1. The consistency of both creams 1s increased on
homogenization, and, for the homogenizer avallable, reaches
a limiting value which is more readilj attained in the cream
without bentonite.

2., A much higher initial maximum conslstency is
attained with the bentonite-cbntainins cream.

3, The consistency of both creams can be reproduced if
the same materials are available.

4, After the creams have been sheared to their limiting
value, the bulld up of consistency with time is quite marked
in the bentonite-containing cream and only observed to a very
small extent in the cream without bentonite.

5. The bontonite-cohtaining cream remains stable to
autoclaving, and may actually show an increase in conslstency,
while the cream without bentonite shows some separation of
oil, and a granular appearance after the oil has been

redispersed by shaking.
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