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) data for the Epping emulsions with water contents_between
43%Iand 67%, at 75°C. Epping 43. é% begins to separate at
40°C, suggestlng that the phase 1nver51on reg1on is sh1ft1ng
towards the 50:50 water to oil ratio.

Much of the above desCriptionS'apr'" -c ~he Primrose
emulsions (see Flgures 4,14 to 4 17).‘.hs'+he water.content
of the emu151ons 1ncreases the v1sc051ty 1ncreases, until
the 1nstab111ty region is reached (32} to 40%). Above the
1nstab111ty reglon, dual emu151ons exh1b1t1ng shear th1nn1ng
behavior exist. The v1sc051ty of the emu151ons also
decreases as the water content increases,-and for th1s_oil,
there is a smooth transition from water/continuous'dual
emulsions to water continuous simpie emulsions at about 72%.
vThis occurs because the size of the water droplets in the |
dispersions of 72% or more are too small to accommodate the
similarly sized secondary droplets. |

‘Primrose dual emulsions also suffered phase separation;
but not to the same degree as the Epping and Walnwrlght B
dual emulsions. ‘Primrose 44.8% and 48%- both suffered some
separation whiie‘being heated from 43°C to 60°C. The
separation was more significant for Primrose 44.8% emulsion
aboye 60°C. This again suggests shifting of the instabiiity’
zone, and degradation above the temperature of formation.
Generally thoudh, the Primrose emulsionwaere less sensitive

to thermal degradatlon, perhaps due to the presence of

. natural surfactants.
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Characterlzatlon of the rheolog1cal behav1or of the
emuls1ons was achieved by f1tt1ng the power law model to .the
‘data. This was appreprlate 51nce,the second term’of
eqeation A.9 (of Abpendix A) was negligibly small (k"was»
very small) ‘ Employrng”a logarithhic transfdrmation,‘the'
power law model was fitted to the data by: linear regressron
(correlation coefficients squared of a least 0.95, and often
1.00 were ortained).,‘The dependence of the.power\law
coefficients'on temperature,_emulsioh water contenf,
morpholegy and 511 type was ﬁhen examined.

For each emulsion, the consistency index and ‘the shear
thinning,index were determined from the shear stress and
shear rate data of Appendix B. Figures 4.18, 4.19, and 4.20
show the dependence of the shear thinning 1ndex as a ‘
function of temperature and water content. Each line in
Figure 4.18, for examble,'indieates the temperature
dependence of:a particular emulsion. Since there are at
most four datum points for each curve, the points are
connected rather than curve-fit wlth a best-fit line or
curve, 1nd1cat1ng,.;herefore, trends only.

Edach of the dried 0ils shows slightly shear th1nn1ng
behaviér, as do all of the low dispersed phase,conteqt
Primrose'emulsions} this behavior is independenf of
temperature. “The Epping and Wainwright B W/0 emulsions have
very sli;;EI§*§hear.thinning, almost-Newtonian,'behavior,
‘which is ihdepehdent.ef temperature (see Figures 4.18 and

4.19). With the exception of the anomalous Wainwright B
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"95 6% emulsion, all of the Epping and Walnwrlght B O/W :
emu151ons have essentlally temperature 1ndependent shear
thinning behavior. o - e

' The dual emplSions:of/each 0il show Jaryﬁng degrees of
‘bsheaf thinning behavior at low temperature. As'the \
vtemperature rises the shear th1nn1ng index varles, but
generélly seems to decllne towards: unlty, as 1nd1cated in
F1gures 4.18, -4.19, and 4.20. For the Walnwrrght B and
Epping emu151ons, the varlablllty of the shear th1nn1ng
1ndex begins ‘at about 30°C and for the Prlmrose emu151ons,‘
‘begins between 40°C and 60 C _ ThlS suggests that a |
morphologlcal change beglns at ‘this temperature, 1mply1ng
'that the emuls1on s formatlon temperature is 1mportant to
the stab111ty of dual emu151ons._ |

Flgures 4 21, 4.22, and 4. 23 show the dependence of the-

conslstency 1ndex on temperature and water content for the
: Walnwrlght ‘B, Epplng, and Prlmrose emu151ons respectlvely.
The con51stency.1nd1cesfof.the emu151ons of each oil- appear‘
to be proportlonal to the 1nverse of the temperature° the
,'data suggest a-non- llnear relatlonshlp, but more data would
be needed to conflrm thxs.1VThere are a few exceptlons to-

‘thls trend (for- example,.Epp1ng 70.4% and Walnwright B

42.0%), but: generally, the con51stency 1ndex decreases w1th

;-
1ncrea51ng temperature,

Most equatlons proposed ¥n the literature to describe’
.the v1sc051ty of a suspen51on are in the form of\some-

functlon of concentratlon multlplled by the v1sc051ty of the

@
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~continuous phase. The behavior of the observed consistency

indices conforms to the general fact that fluid viscosity
decreases with increasing temperature; but the data also

imply that the consistency index is a function of the water

fcbntent'and hence, a function of the emulsion morphology.

The simple emulsions (W/0 and O/W) have viscosities similar

to their respective continuous‘phése but modified by the
hfdrbdynamiciand nbn-hydrodynamic influences of the
digpersea phase interactions. These observations are
éonéistent with the findings of Griskey aﬁd Green (1568).

By dimensional analysis, they found that fluids for which

the Shear.thinn}ng index is essentially ihdependent of

temperéture, the consistency index is dependent on the
viscosiﬁy of the continuous phase. -These observations also
apply to}@he wa£er continuous dual emulsions for which the
dispersed phase content is low enough: this includes the
Epping and Primrose dual emulsions with at least 6;,0% and
64.4% wategw;espectively. | .

Griskey and Green also suggdest that the consistency

index will increase as the concentration of the dispérSed

phase increases. This is also observéd, as illustrated most

clearly on the contour plots. The dependence of the

_consistency index on the inverse of the temperature as.

predicted by Grisky and Green can be ascribed to the

temperature sensitivity of the artificial surfactant and'the

consequential temperature dependence of the system

morphology. However,;the morppological change in the dual
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.

emulsions has-a gfeater effect on the shear thinning index

than on the consistency index.

\



5. Conclusions

Based upon the.examination of:the morphology, particis size

distribution, and rheological behavior of emulsions ogV

\

Wainwright B, Epping, and Primrose dewatered-crude oils;

over temperatures ranging from 23°C to 79°C, the following

conclusions can be drawn:

1.

broader than that for the siméle emulsions.

)
Each of the oils was emulsified with the nonionic

surfactant Triton X-100- (0.7% by volume) and gxhibited a
water content‘dependent>morphology. For low disperséd
phase éonteﬁt, simple emulsions were produced: either
W/O or O/W. For emulsions with_similar water and oil
contents,.water continuous dual emulsions were formed.
Tﬂe dispersed.phase droplet size disfributiqn of the
simple emulsions aﬁd ofvthe secondary pérticles of the.
dual emulsions were'si#ilar; The primary droplet size

: : ] : ~
distribution of the dual emulsions. was considerably

Wainwright“B;exhibited a phase inversion concentration,
whereas Epping and Priﬁrose exhibitéd a reéion of
unstable emulsions_which_play; the role of the phase
inversion concentfation. | a

As the dispersed phase conéznt increases, the visépsity
of the emulsion increases, reaching é’maximum at -the
division between oii continuous and water continuous
eﬁulsionsé' Shea; Ehinﬂing behavior was generally
observed but was moré pronounced for the dual emulsions.

The descriptions in‘points 3 and 4 remain essentially

89
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unchanged at elevated temperatures. But, the stability’
of the a duél emulsion appears to depend on the
temperature at which it.was created; if the emulsion is
heated beyond'this-temperatufe, phase séparation‘occurs.
The rheological behavior of the emulsions is well

described by the power law model. Of . the power law

 coefficients, the shear tiinning index was observed to

be dependent on'temperature for dual emulsions and

independent of temperature for simple emulsions. The

,consistency.ihdéx'was observed to be a function of the

continuous ;mase viscosity and hence, temperature, and

. the dispersed phase concentration for all of the

emulsions.

Dual emulsions exhibited a strong dependence on the

primary pérticle size. and evoluﬁion of morphology.

N\



Recommendations S

1. These tests should be e#panded to include oils from
otﬁer classifications,a;d_to considér’the‘sprfactéht
‘concentration énd type as variables.

2. ibata over a Brdader range of‘temperaturgs and at smaller
temperature intervals should be obtained to permit a |

- quantitaive correlation of the power law coefficients

with temperature to be deduced.

\, |
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‘ Appendix A \ .

LW

A.1 General Considerations R

The measurement of the shear stress - shear rate

k)

relationship employed two coaxial'cyiinder viscometers:dthe

!

Haake Rotov1sco RV3 and the Brookfield Synchrolectrlc
Digital viscometers. Each instrument 1mposes Searle flow by
rotatlng the inner cyllnder (bob) at a constant angular
velocity, €, sustained by a torque, ¥. The apparent
viscosity, shear rate, and shear stress are determlned from
the dial readlng, S (proportlonal to ¥), the angularv.

veloc1ty, and manufacturer supplied equatlons and .constants,

This'proceedure is correct when theaflu1d is Newtonian.’

For non- Newtonlan behav1or the relatlonshlp betwaen the

]

shear rate, y, and the shear stress, 7, is non—llnear. The

4

LS . . > . [ "
general relation is presented as: o wow

RN T e @)

Y BN
B . Lo

" Equation A.1 must be 1ntegrated to obtaln relatlonsh1p51,}e

among the experlmental varlables, and this 'is readlly done

if the form of y(r) is knaqwn. If it is de51red to obtaln

y(7) from the experlmental varlables it is necessary to

solve an 1ntegral equatlon (Krleger and Maron. 1953)

~Con51der then, the general problem of flow between rotatlng

concentrlc cyllnders.

&



100
&
A2 Theory of Coaxial Cylinder Viscometers

The test flu1d is contained between two coaxial i‘ %
cyllnders which are 1n relative rotat10na1 motlon The'inner
cylinder (bob), of radius R, and_length h, rotates at &
fixed angular'velocity, Q, while tﬁe outer cylinder (cup),
of radius Rz, is stafioﬁary: refer to Figure A.1. After
ven Wezer et all'(1963), the following assumptions are
adopted:

1. stable fluid propertres

2. lamina; flow

3. circular flow streamlines

4. steady motion (time derivatives vanish)
5. no.slip at the fluid-cylinder wall interface

6. edge and end effects are neglected |

7. 'syetem is isothermal

A fluid element at a distence r from the axis of
rotation flows tangentiaily with angular velocity w(r). The

shear rate at r is then defined asl
v = rdw . | (A.2)

in cylindrical coordinates.
SN The torque, ¥, acting across the cyllndrlcal surface of
radius r is the product of the shear stress, r(r), the.

mq$ent arm, r, and the surface area,'Zwrh:
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Figure A.1. Schematic of the concentric
cylinder viscometer. | ’ -
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¢ = 2ar*hr(r) ' _ (A.35 _

Hence, the shear stress at r is
r(r) = Ly . : (A.4)

which is indepehdent of the fluid properties. The stress at

the two boundaries, R,, and R, are related as

= € ' . ' (A.-.5)

NN |an

T{(Rz) = R}
‘T R1 R

Now, combining equatiohs A.1 and A.2 yields

rdw = y(7) ~(A.6)
dr
Differentiating equation A.4 with respect to r and
substituting the result into equation A.6 obtains
‘ ?
(A.7),

dw = -y(r)dr ‘ )
. 27 : . ’

Then, iqtegrating equation'A.7 across the annulus from r=R;
and w(R,)=9 to r=R; and w(R:)=0, obtains the general

solution to equation A.1: ¢
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N €T, . ) .
Q=] y(r)ar * (A.8)
. 27 ; ' ‘

T

In the case of Newtonian and plastic fluids (so long as
the.stresses in the annulus everywhere exceed the yield’

o "
stress), the ratio of the shear stress to the shear rate fs
a constant, nameiy the apparent visco§ity, n. For
| non-Newtonian fluids, the viscosity is a functidn of the
shear réte, thus the actual rate of shear at‘any point in
phe annulus is.unknown,\excepf for a Qery narrow annulus,
However, Whorlow (1980) indicates that a small annuius is
not suitabie for suspensiohé containing suspended particles
which are of similar size as the éap. In such instances the
flow is unlikely to be laminar, so the gap should be at
leést 100 times greater than the diamgtgr,offthe particles. .

Several approaches te solving equatiog A.8 may be
pursued in the case of non—Newtonian.fluids.'If an .empirical
form of y(r) is known, or can be surmised from previous
studies of similar fluids, a solution is.evident; An often
used model is the Ostwald de Weale or power law model:

To= Ey".

When the form of y(7) is unknown, equation A.8 , and
hence y, may be represented i§/avconvergihg infinite series.
Krieger and Elrod obtained a rapidly converging series in
1953. Later, in a paper published in 1968, Krieger expressed
this solution as a séries of summable subseries in tefms of

the derivatives of the inverse of the flow behavior index:
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k = 1/n. His result was:

where: f,(t) = t(e'-1) " *(te' = 2e' + t + 2)/2
fo(t) = t2(e'=1)">(-te?" + 3e“ - 4tet -t -3)/6
't = -klne
K = dan/dlnr,:

K' = drk/dlnrt,
k" = d*k/d(1lnt,)?

Th = . P
27hR}

Note too, that the shear stress at the surface of the inner
cylinder, r;, is related to the viscometer dial readihé, S,
throﬁgh $: ¥ = S x full scale torque/100, where S ;s a dial -
reading between 0 and 100.

I1f the equation for the bower law model is re-arranged
as y = (T/E)“", the integral in equation A.8 is reaéily'
solved; the result is exactly the first term of‘eQuation a.9
with k = 1/n. k is usually called the shéar thinniﬁg index,
and may assume any value greater than zero with' the

following interpretations:

_ 0-1 » Dilatancy (shear thickéning)
k = {.1 = Newtonian behavior _
1-= =» Pseudoplacticity (shear thinning)



Clearly then, equation A.9 is simply the power law

model with correction terms. When « is constant (ie. when a

log 1og plot of § versus 7, the experlmental data, has

‘constant slope), the power law alone may
varies, equation A.9 should be used, but
truncateé form. In this suudy, the shear
of the inner cyllnder was’obtained~USing

of equation A.9.

be used. When «
in"a practical
rate at the surface

the first two terms

For viscometers with a wide annulus, that 1s when R;

tends to infinity, the functlon f(t) tends to zero, angd.

equation A.9 degenerates to the power law model. In

practice widé,annulus viscometers, such as the Brookfield

Synchrolectric:With the LVTD spindles, are only an

approx1mat1on to an 1nf1n1te sea of fluid. Again, several

terms of equatlbn A.9 may need consideration. Flnally, noté

that if k is set equal to one, the resulting expressions for !~

the shear rate and viscosity are precisely those recommended

by the Haake and Brookfield viscometer manufacturers.

A.3 Violation of the-ASsumptions b

In a real viscometer, several of the -idealizing

assumptions listed earlier may not hold,

as a result of

. factors such as the angular épeed of the bob, the physical

interaction of the fluid with the cylinder wall, and the

fluid properties..Such departures have been discussed

extensively in the literature and some of these potential

violations are discussed below.
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A.3.1 Fluid Properties

The reaction of the test fluid in the viscometer, of

course, depends upon the experimental conditions imposed.

_waever, it also depends upon factors which are difficult

tb control or e&en déscribé-adequately (for example,
inhomogeneity and previous history).

For suspensions and emulsions, the fluid is clearly
inhomogeneous, and concentrationvgradients may be
established in the totatioﬁal viscometer. The phase with the
higher density will tehd to migrate away from the axis of
rotation. Segré and Silverberg (1961, 1962) examined this

phenomena in poiseuille flow. The establishment of

ﬂconcentratlon gradients can give rise to sllp at the 1nner

(rotatlng) cyllnder However, the shear rate is more unlform
in Couette flow, 'so inertial effects may be relatively more
importaht in Poiseuille than in.Couette viscometers. A
cruciai test for particle migration is to compare data for
the same fluid using different cylinder radius ratiosﬁ
Harris (1977) states the data must coincide. Porter and

Johnson (1959) .indicate that at sufficiently high rates of

shear the material can be irreversibly degraded by such

" mechanical agitation.

&

In the theoretical development of the previous section,

it was observed that the expression for the stress 1is

‘independent of the fluid propertieé. Thus, if the fluid
suffers irreversible degradation,>the fluid rheology is

history dependent and the stress is no longer independent of
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material properties, Whorlow (1980) suggests that it is
desirable to use the'narrowes; possible annulus. in such
cases. This both minimizes the uncertainty in the‘valué of
the shear stress in fhe gap and minimizes the difference in
shear history during the test. For all non-homogeneous
fluids, only the,average response of the fluid at the time
'~ of measurement is obtainedeince any gap has finite |
dimensions: material in different parts of the gap will have
been sheared by different stresses.

The/stability of emulsions especially depends upon
physical and‘cheﬁical>foreés acting at the molecular level,
and some of these are'temperature dependent. Consequently,
attempts to measure the rheologié;l influence of temperature
may be terminated by excessive heating. Above a certain
temperature, irreversible phase separation méy occﬁr; this

change in itself is interesting, but rheologicél

measurements would be meaningless.

A.3.2 Laminar Flow and Circular Streamlines

Depaftu?e'from circular streamlines and the subsequent
'disruption of laminar flow arises from inertial forces and

vl

therefore, dan eveh occur in Newtonian fluids. It Qccurs
irrespective of whether the bob or the cup rotates. When the
bob rotates, the nearby fast moving fluid attempts to move
outwards; since the whole layer cannot move out uniformly,

it breaks into cells (Taylor Vortices) and circulates.

- According to Taylor (1923), when the inner cylinder fotates,
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.{
secondary motions occur above a critical transition Reynolds

number,
Re, = 41.3[R;/(R, - Ry)]% ° (A.10)

for Newtonian fluids the Reynolds number is: ,

Re = QR,(Rz-Ry)p/n . (A.11)
where p is the fluid density. When the rotational speed of
the bob is sufficient that the critical Reynolds number is
surpassed, the flow is still laminar, but variéble. An
interesting discussion of this time varying steadf flow is
given by Feynman et al. (1966). As the relative velocity of
the cylihde:S is increased further, complete turbulence
_ eventualiy,sets'in. | N

Defining a Reynolds number for an inhomogeneous fluid
such as an emuision is difficult; Whorlow (1980) suggests
that it is not practicél to estimate the extent of secondary
flow, or the magnitude of error produced in viscosity
measu:ements} To do so, it wouldAbé necessary to establish
the form of the constitutive equation for the material. Van
Wazer et al. (1963), indicates that the onset of turbulence
is indicated by curvature of the stress-strain éurve, and

that this behavior must be distinguished from dilatancy.

\
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A.3.3 Time-Dependent Effects

When the bob is set to rotate at a particuiar angular
veldcity, an infinite (in princible) amount of time is
required to establish steady flow~within the fluid. Coleman
et al. (1966) find§ that such a time effect occurs because
the flows achieved are described»only approximately by
equations such as those described above.

Until flow equilibriﬁm,is attained, the stress will
appear to decline over time, at constant shear rate. This
behavior must be disfinguished from both reversible

thixotropy and irreversible thixotropy.

A.3.4 Wall Adherence Condition

It is usual to assume that the fluid adjacent to the
metal surface of thé cylinders moves with the velocity of
that surface. However, slippage may occur in several ways:
True slippage occurs for rarefied gases and viscoelasti;j
fluids (Coleman et al. 1966). Apparent slippage-#ill occur
if there is a local reduction in the concentration of the
suspended'pagticlés, as discussed above, and may also occur
if fhe‘metal surface affects the molecular structure of the

fluid in contact with the surface (Whorlow 1980).

P T

A.3.5 Edge and End Effects

Since the cylinders are of finite length, the torque
/

will vary along the length of the rotating cylinder.\lt/is

less near the ends of the bob because the direction of the

/
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maximum velocity gradient is no longer normal'to the side of
the cylinder. This effect is not accommodated by equation'
A.4, but may be corrected by letting the length, h,
represent not'the bhysical length of.the cylinder, but
rather the effective length of the‘cylinaer:.Rosen (19?1,
1972) outlines a procedure for determin{ng the combined edge
and end effects, which are accommodated in the effective
length. It is presented'for use with.the Bfookfield
viscometer LVTD spinales but is also épplicable to the UL
Adapter and‘to the Haake viscometer. |

Walters (1975) e;plained that edge and end effeéts are
‘expectéd to be.espgcially important in w}de'gép.viscometers.
'By using a narrow annulu5.viscomete;, the region influenéed
by suqh'effects~is minimized. Qhen a wide gap viscometer is
employed,.the procedurevof Rosen for accdmmbdating these

, effg?ts is adequate.

" A.3.6 Viscous'Heating

Heating due to -the dissipatién of work as heat when a
liquid is sheared'ié>troublesome,fespecially,when the
viscosity is high, when high ratéé of shear occur, or when
the éheafing flow is maintained for long periods of time.-
The significanée of this source of érror depeﬁds most
impbrténtly‘on»the temperature dependence of the material
properties of the liguid (Whorlow 1980); but for

suspensions, much of the viscous resistance is due to the.

mechanical interactions between particles. Hence, the
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dependence on temperature may be primarily governed by thea
propertles of the suspending fluid. ’

The amount of temperature rise depends on the
temperature of the cyllnders, the geometry, the shear rate,
and the thermal conductivity of the fluid. For both the
Haake Rotovisco anderookfieid Synchrolectric viscometers,
the outer cylinder is.in contact with the constant.

_ temperature (control) flu1d wh11e the inner cyllnder is
"thermally insulated by the test fluid. (Dependlng on the
thermal conductivity of the test fluid, considerable time
may be requ1red for the inner cyllnder to approach the
temperature 'of the outer cylinder.) Whorlow (1980) )
demohstrated that for a small annulus and for a low
v1sc051ty fluid the temperature dlstrlbutlon in -the flu1d is
'parabollc, the locatlon of the max1mum temperature is a
function of the square of the gap 51ze,‘the shear rate, the
shear stress and the thermal conductivity of the flu1d.

Slnce fluld viscosity is sen51t1ve to temperature, it is
1mportant to halntaln a unlform temperature throughout the
test fluid. This is ‘most ea511y aprox1mated by using the
narrowest gap possible and by obtaining the dial reading as

soon as possibie after switching on the viscometer (but long

enough for the velocity field to be fully developed). N



A.4 The Haaké and Brookfield Viscometers

The use of the Haake and Brookfield viséometers is
relatively simple, and'proviae reéroducible results if used
properly. The ﬁollowing'comments apply to both viscometers
unless otﬁerWiSe specified.

1. When the bob is immersed in the fluié, oné must ensure
that.no'air bubbles a;é trappea under the cylinder, and
that'the sample 1is free of entrained air before testing.

2. The axes of the cup and bob must be coincident. This is

iﬁportant only for the Brookfield LVTD spindles: When
the spindle is immersed into the fluid (up to the

~ immersion mark on the spindle) ensure the spihdle is

qentered within the cup (‘refefably a 600 mL beaker).
Fortunately, thevcomparably infinite 'size of the cup is
somewhat forgiving of slight misalignments.

3. Fbr a'mafhemétical tfeatment of the data, the guard leg,

_provided forAusé'with the Brookfield LVTD-spindles, is.
necessarily omitted. |

4. The angular velocify of the bob in the Haake viscometer
is not properly set by the RV3 control unit. The
relationship<be£ween_the speed requested'ns and the

Véctual or true speed, n, was measured. The relationship
is different if the 0.1 mulﬁiplier is used.rfor the
primary scale, (including manual setting)»;he, -

‘relationship is

“’_\:&’ )
n, = 1.7488n!-°'3% o (A.12)
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with a standard deviation about the regre551on llne of

A '
K3

0.0122. When the 0.1 multlpller is employed 'the ‘ )

@
y.
\

following eqguation applies :

n. =1.8431(n,)1.0016 . (A.13)

with a standard deviation about the regression line of
0.0285 |

Sinceé the Haake Rotoviscg RV3 is a wide-range
instrument, it 15 not able to perform well at the
extremes of its range. In this work, the values of n,
used were in the range 0.283 < n, < 724; over this range

an appropriate relationship is

n, = 1.7777n} °°%" 5 (A.14)

This equation may be used with or without the 0.1
multiplier and has a standard deviat{oh‘about the
regression line of 0.0229.

The dimensions of n, and n, are reyoiutions per
minute; the usual dimension of Q-is s~ ', hence it is
related to n, as & = 2wn1/§O.

For both viscometers, begin the test\at low values of n,
such that the dial reading , S, dbes not exoeed,160."ln
ofact, at no time should the dial reading exceed 100 -

since the torsion spring may be.damaged; this is



114
particularly important for the Haake viscometer.

Particular care must be taken when handling the cup and

'bob assembly of the Haake viscometer. The bob axle is

;entered by saphire bearihgs which are'very»easily

damaged or broken. *‘Damage is most likely to occur Qhen
the cup and bob assembly is lowered into the ﬁhermaliy
jackefed vessel conﬁaining the test fluid: the assembly

must be lowered onto its seat gently, never harshly.

W

Ry g



Appendix B

Rheological Data
for Emulsions of Wainwright B, Epping, and Prlmrose
Dewatered Crude 0ils !/
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Table B.1 Wainwr{ght B 0.8Y% (drjed)'W/O Emulsion Rheology

‘Haake Rotovisco RV3
Temperature: 22.80 +0.10°C

Shear Rate Shear Stress : Viscosity
sec™ ! dynes/cm? cP s
6.90 20.15 58.82  +3.53: 852.7 +54.4
7.80 0.17 69.41 3.53 889.5 49.1
9.67 0.22 77.65  3.53 803.4 - 40.7
10.85 0.14 96.47 3.53 - 889.2° 34.6
13.%5  0.13 116.47 . 3.53 847.0 27.0
15.64 0.19 134.12  °5.88 Jgs7.5  39.0
19.63 0.23 157.65  3.53 803.0 20.4
22.19  0.25 181.18  3.53 816.5 18.4
27.74 0.33 214.12  3.53. 772.0 15.7
31.19 0.30 248.24 -3.53. 795.9 13.7
39.01 0.38 304.71 3.53 - 781.1 11.9
44,35 0.47 354.12 3.54 798.5 11.6
55.62 0.57 428.24 3.54 - 769.9 10.2
62.75, 0.61 432.95 3.54 ©785.6 9.5
78.65 0.75 608.25  3.55 . 773.3 8.6
89.22 0.86 691.78  3.55 775.4 8.5
112.00 1.09 852.96 3.57 761.5 8.1
126.96 1.25 954.13 3.58 751.5 7.9
158.81 1.59 1169.43 3.60 736.4 7.7

e

{O



Table B.QVWainwright B 0.8% (dried)vWYD Emulsion Rheo]ggy

‘Haake Rotovisco RV3

Temperature: 40.50 *0.05°C

Shear Rate Shear Stress Viscosity
sec” ! dynes/cm? . cP
19.68 +0.17 52.94 £3.53 269.0 +18.1
22.28 0.19 58.82 5.88 264.1 26.5
28.34  0.58 70.59  3.53 249.1 13.5
31.19 0.55 72.94 5.88 233.9 19.3
38.78 0.40 96.47  3.53 248.8 9.5
" 44 .56  0.41 107.06 5.88 240.3. 13.4
55.81 0.52 131.77  3.53 236.1 8.7
63.15 ° 0.60 145.88 5.88 231.0 9.6 |
78.66 0.75 180.00  3.53 228.8 5.0
89.68 0.92 204.71 - 3.53 228.3 4.6
112.15 1.21 245.83  3.53 219.2 3.9
126.32 1.27 281.18  3.53 222.6 3.6
158.53 - 1.589 347.06  3.54 - 218.9 3.1
179.25 1.84 389.42 3.54 217.2 3.0
223.78 2.34 488.24  3.54 218.2 2.8
254.18 2.74 558.83 3.55 219.9 2.8
319.22  3.42 688.25 3.55 215.6 2.6
453.10 5.04 954.13 5.91 210.6 2.7
515.04 5.90 1063.55 5.92 206.5 2.6
568.78 6.57 .73 5.92 204.8 2.6

117
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Table B.3 Wainwright B 0.8% (dried) W/O

Haake Rotovisco RV3
Temperature: 60.00 *0.05°C

118

Emulsion Rheology 

Viscosity

Shear Rate _ Shear Stress
sec” ! dynes/cm? cP
111.70 1.76 ' 90.59  2.3%5 81.1 +2.5
126.49 - 2.01 95.30 2.35 75.3 2.2
157.59 1.85 : 123.53 2.35 78,4 1.8
179.42 2.06 135.30 2.35 75.4 1.6
223.89 2.36 171.77 2.36 76.7 1.3
253.57 2.70 1892.94 2.36 76. 1 1.2
317.41 3.42 . 244,71 ° 2.36 77 .1 1.1
451.89 5.07 348.24 3.54 77 .1 1.2
639.93 7.50 478.83 3.54 74.8 1.0
906.62 10.87 - 691.78 5.90 . 76.3 1.1
-.1285.60 15.83 - 964.72 11.78 75.0 1.3

P

Table B.4 Wainwright B 0.8% (dried) W/O

Haake Rotovisco RV3 A
Temperature: 79.15 +0.05°C

Emulsion Rheology

Shear Rate Shear Stress Viscosity
sec™! ‘dynes/cm? cP
176.83 +1.81 48.24 +5:88 27.3 +3.3
221.43 2.32 84.12  2.35 29.0 1,1
249.76 ~.2.66 ~ . . "75.30 2.35 30. 1 Y
314.36 3.54 104.12 2.35 33.1 0.8
448.50 5.00 - 154.12 5.88 34.4 1.4
639.72 7.61 224 .71 2.36° 35.1 0.6
8905.81 11.31 307 .06 2.36 33.9 0.5
1282.78 16.19 456.48 5. 89 35.6 0.6.
1845.44. .25.81 635.31 5.89 34.4 0.6
2616.87 37.62 810.60 5.90 31.0 0.5



Table B.5 Wainwright B 4.8% W/0 Emulsion Rheology

Haake Rotovisco RV3

Temperature: 22.65 0.05:C

Shear Stress

Shear Rate Viscosity
sec ! dynes/cm? cP

9.57 0.08 72.94 1.18 - 762.3 *13.8
1083 . 0.09 84.71 1.18: - 782.1 12.7
13.58 0.12 111.41 2.00 820.6 16.3
15.45  0.13 127.88 2.35 827.8 - 16.8
19.34 0.1? 161.53 2.00 835.3 12.8
21.94 0.2 188.59 1.18 '859.5 9.8
27.47 0.26 233.77 1.18 850.9 9.2
31.14 0.31 273.30 - 2.01 877.7 10.8
39.02 0.37 336.48 1.19 1 862.4 8.8
44 .14 0.41 . 389.42 1.20 882.3 8.7
55.23 . 0.53 487 .07 1.21 881.9 8.7
62.60 0.62 565.89 1.22 3803.9 9.1
78.43  0.76 702.37  1.25, 895.5 8.8
89.00 0.88. 808.25 1.27 908.2 g.1
111.59 1.10 1000.02 1.32 8386.2. 8.9
126.02 1.27 1140.02 1.36 904.6 9.2
128.83 1.30 1160.02 5.92 -900.4 10.2

Table B.6 Wainwright B 4.8% W/0O Emulsion Rheology

Haake.Rotovisco-RV3

Temperature: 39.95 $0.05°C
Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP

38.57 *0.35 85.77 0.24 222.:4  *2.1
43.73 0.40 101.18 0.59 231.4 2.5
54.94 0.52 133.77 0.36 243.5 2.4
62.53 0.58 152.12 0.36" 243.3 2.3
78.29 0.75 - 193.77 0.72 247.5 2.5
88.80 0.86 219.18 0.38 - 246.8 2.4
111.16  1.09 278.83 0.39 250.8 2.5
126.27 1.24 316.01  0.40 250.3 2.5
157.48 1.63 394.12 2.01 250.3 2.9
178.37 1.85 456.48 1.21 255.9 2.7 -
224.21 2.34 574.13 1.23 256. 1 2.7
253.99. 2.68 645.89 . 1.24 254.3 2.7
317.66 = 3.41 810.60 - 1.27 255.2 2.8
450. -5.00 . 1.36 256.4 2.9

1155.
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Table B. 7 Wainwright B 4.8% W/0 Emulsion Rheology

Haake Rotovisco RV3 :
Temperature: 59.90 *0.05°C -

Shear Rate Shear Stress Viscosity
sec ! v dynes/cm? cP
77.68 0.74 55.06 *0.24. 70.9. *0.7
88.08 0.85 - 64.82  0.36 - 73.6 0.8
110.67 - 1.10 84.71 0.24, 76.5 0.8
125.10 1.27 96.35 0.24 77.0 0.8
156.44 1.61 127 .41 1.18 81.4 1.1
178.32 1.82 145.53 1.18 81.6 1.1
223.49 2.33 185.53 1.18 83.0 1.0 .
253.04 2.68 - 210.24 1.18 ¢ 83.1 1.0
317.67 3.51 268.24 - 1.19 - 84.4 1.0
387.35 . 4.34 321.54 5.89 83.0 1.8
447 .73 5.05 . 378.48 2.01 84.5 1.1
526.49 6.14 - 458.83 5.89 . 87.1 1.5
638.74 7.35 554.13 2.38 ' 86.8 1.1
759.57 8.88 . 663.54 5.90 87.4 1.3
906.92 10.78 791.78 3.56 87.3 1.1
1120.67 13.70 974.14 5.91. ’ 86.9 1.2
0 1299.57 16.36 1103.55 3.58 84.9 1.1
1415.41 17.96 1176.49 = 5.82 83.1’ 1.1

+ Table B.8 Wainwright B 4.8%YW/O Emulsion Rheology

Haake Rotovisco RV3 °
Temperature: 79.45 *0. 05 C

Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP
156.21 *1.65 49.06 *0.59 31.4 0.5
177.13 1.89 58..71 0.59 33.1 0.5
222.72 - 2.32 75.65° 0.47 34.0 0.4
251.74 2.66 87,06 0.59 34.6 . 0.4
315.99 3.47 113.77 - 0.83 36.0 0.5
384.29 4.40 139.18 5.88 36.2 1.6
546.93 5.11 169.41 = 2.00 37.9 0.6
526.79 5.95 201.18 5.88. 38.2 1.2
636.54 7.32 - 247.06 1.18 s 38.8 0.5 .
758.08 8.88 - 298.01 5.89 39.3 0.9
904.13 10.76 - 357.65 3.54 39.6 0.6
1112.41 13.53 447 .07 5.89 40.2 0.7
1286.02 17.47 523.54 3.54 40.7 0.6
1432.09 18.71 565.89 5.89 39.5 0.7
1599.27 20.20 635.31 , 11.77" 39.7 0.9
1839.37 26.55- 729.42 11.77 - 39.7 0.9
©2240.58 28.75 835.31 11.78 37.3 0.7
2641.16 34.42 941.19 11.78 35.6 0.6



Table B.9 Wainwright B 10.4% W/0 Emulsion Rheology

Haake Rotovisco RV3 .
Temperature: 22.85 *0.05°C

Shear Rate Shear Stress Viscosity
‘sec”! dynes/cm? cP
9.63 *0.09 91.77 *3.53 953.4 +37.8
10.89 0.10 108.24  3.53 . 983.5 33.8
13.66 0.13 . .134.12 1.18 ' 981.7 12.5
. 15.68 0.26 156.47 2.35 997.9 22.6
19.41 0.37 178.83 2.36 '821.2 21.4
21.85 0.30 221.18 2.36 1012.1  17.8
27.61 0.32 264.71 2.36 .958.8 14.1.
-.31.27 0.37 310.59 2.36 993.2 14.0
36.00 0.50 370.58 2.36 950. 1 13.6
44 .15 0.52 442 .36 2.37 '1002.0 13.1
55.48 0.61 535.30 2.37 964.9 . 11.4
62.71 - 0.66 624.72 1.23 996.2 10.7
78.48 0.83 763.54 2.40 8972.9 10.7
89.05 0.96 889.43 1.29 998.8 10.9
111,91 1.17 1083.55 3.59 968.2 . 10.6
118%66  1.17 "1176.49  5.92 '991.5  11.0
138.55 1.38 1403.55° 5.94 - 1013.0 11.0
Table B.10 Wainwright B 10.4%ﬁW/O Emulsion Rheology
Haake Rotovisco RV3
Temperature: 40.40 *0.05°C
Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP
27.27 *0.45 81.18 %2.35 297.7  *9.9%
30.88 0.51 83.53 - 1.18 270.5 5.9
38.54 0.48 117.65 2.35 305.3 7.2
44 .44 0.53 127.06 1.18 285.9 4.3
- 55.45 0.54 161.18 1.18 280.7 3.5
62.83 0.62. 178.83 1.18 284.6 3.4
78.31 0.74 225.89 2.36 .288.5 4.1
89.36 0.89 257.65 -1.19 288.3 3.2
111.72 1.17 314.12 1.19 281.2 3.1
126.05 1.27 361.18 1.20 286.5 3.0
157.92 1.59 449,42 2.37 284.6 3.2
180.28  1.96 511.77 1.22 283.9 3.2
224.35 2.86 615.30 1.23 274.3 3.5
251.37 2.72 723.54 2.38 287.9 3.3
279.88 3.00 807.07 5.90 288.4 3.7
317.78 3.43 917.66 2.42 288.8 3.2
347.50 4.27 1011.78 ° 5.91 291.2 4.0
384 .29 4, 1176.49 11.78 306.1 4.9
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Table B.11 Wainwright B 10.4% W/0 Emulsion Rheology

Haake Rotovisco RV3
Temperature: 59.05 #0.05°C

4

2656.67 41.29 1011.78

Shear Rate Shear Stress Viscosity
sec ! dynes/cm? cP
77.69 *1.21 74.71 *0.58 96.2 1.7
- 88.08 1.38 95.30 1.18 108.2 2.2
111,99 1.38 113.41 0.59 101.3 1.4
125.52 1.26 131.77 2.35 105.0 2.2
157.78 1.63 167.06 1.18 105.9 1.3
179.71 ~ 1.83 187.06 1.18 104.1 1.2
224.46 2.35 231.77 1.18 . 103.3 1.2
255.14 2.78 263.53 1.19 103.3 1.2
316.39 3.97 . 320.01 - 5.88 101.1 2.3
384.60 5.02 415.30 - 5.89 108.0 2.1
454 .69 5.28 468.24 5.89 103.0 1.8
529.35 6.01 544 .72 5.89 102.8 1.6
637.04 7.37 . 661.19 5.90 103.8 1.5
758.53 9.01 802.37 5.90 105.8 ..1.5
912.35 '11.03 952.96 5.91 104.5 1.4
1167.68 14.44 1176.49 5.92 100.8 3
Table -B. 12 Wainwright B 10.4% W/0 Emulsion Rheology
Haake Rotovisco RV3
Temperature: 79.65 x0.05°G
Shear Rate : Shear Stress Viscosity
sec” ! dynes/cm? cP
223.08 $2.54 92.35 (.59 41.4 *0.5
252.62 2.91 102.35 2.35 40.5 1.0
315.982 3.44 134.12 2.35 42.5 0.9
449.65 5.03 195.30 2.36 43.4 0.7
526.68 6.12 . 228.24 5.88 43.3 1.2
635.20 7.35. . 284.71 3.53 44 .8 0.8
. 758.18 8.88 343.54 0.62 45.3 0.5
904.43 10.76 411.77 5.89 45.5 0.8
1116.09 13.64 514.13 5.89 46. 1 0.8
1295.84 16.39 © 588.25 11.77 45.4 1.1
1523.03 19,43 670.60 11.77 44.0 1.0
1854.73 30.86 800.01 11.77 43.1 1.0
2235.27 34.35 882.37 11.78 39.5 0.8
11.78 38.1 0.7
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Table B.13 Wainwright B 18.0% W/0 Emulsion Rheology

Haake Rotovisco RV3

Temperature: 23.10 +0.05°C

Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP

6.76 .x0.06 65.30 =*0.59 965.4 *12.0
. 7.65 0.07 76.47 1.18 999.6° 17.6

9.60 0.08 97.65 1.18 1017.5 15.1
10.90 0.10 114.47 0.83 1050.0 12.4
13.70 - 0.12 142.00 .0.83 . 1036.4 10.7.
15.49 0.13 162.36 1.18 1047.8 11.8
19.50 0.17 202.00 0.83 1036.2 9.8
21.88 0.20 226.71 0.38 1036.4 9.7
27.55 0.39 296.48 1.19 1076.0 15.8
31.21 0.44 314.12 1.19 1006.3 14.8
38.87 0.38 408.42 1.20 1053.3 11.1
44 .28 = 0.43 454 .13 1.21 1025.5 10.3
54.87" 0.56 576.48 1.23 1050.6 11.0
62.77 0.98 695.31 1.25 1107.6 17.6
79.35 1.03 811.78 1.27 1023.1 13.4
89.48 0.98 934.13 1.30 1043.9 11.5
112.05 1.25 1121.20 1.35 1000.6 . 11.2
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Table B.14 Wajpwright B 18.0% W/0 Emulsion Rheology _

Haake Rotovisco RV3

Temperature: 40.10 #0.05°C

Shear Rate Shear Stress Viscosity
.. sec” ' . dynes/cm? cP
19.26 *0.18 49.41 +1.18 256:.6 *6,
21.80 0.21 - 59.41 0.59 . 272.6 3.
27.55 0.25 75.30 0.59 0 273.3 3.
31.16 0.28 84 .00 0.59 269.5 3.
39.08 0.41 - 107.06 0.24 274.0 . 2.
43.83 0.50 117.30 0.25 267.6 3.
54.92 0.87 160.36  0.37 292.0 3.
62.86 ,0.74 173.77 0.37 276.4 3.
78.26 0.76 222.36 0.38 284 .1 2.
88. 86 0.86 250.59 0.38 282.0 2.
110.85 1.10 318.48 0.40 287.3 2.
126.18 1.35 369.42 0.42 292.8 3.
158.13 1.65 452.95 -. 1.21 286.4 - 3.
178.94 1.85 "520.01 1.22 290.6 3.
224.59 . 2.33 645.89 1.24 287.6 3.
254, 33 2.67 729.42 1.25 286.8 3.
317.34 3.56 905.90 1.29 285.5 3.
352,10 4,38 1023.55 5.91 290.7 4,
416.04 5.24 1176.49 5.92 282.8 3.

DON A0 22 OOPWD = O—= WD
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Table B.15 Wainwright B 18.0% W/0

Haake Rotovisco RV3
Temperature: 59.70 *0.05°C

Emulsion Rheology -

Shear Rate = Shear Stress Viscosity
sec”! dynes/cm? cP '
62.37 *0.58 52.94 +*1.18 84.9 x2.0
- 78.02 0.74 - 68.24 1:18 87.5 1.7
88.59  0.85 78.24  0.59 88.3 1.1
111.13 1.10 100.00 0.59 80.0 1.0
125.49 1.28 - 112.83 0.36 -89.89 1.0
156.72 1.58 146.71 0.83 33.6 1.1
178.74 ~ 1.83 168.24  0.37 94 . 1 1.0
224.14  2.33 210.59  0.83 34.0 . 1.0
254 .51 2.868 238.83s% 0.38 33.8 1.0
319.66  3.43 294.48 0.84 32.1 1.0
386.09 4.69 350.59 5.89 80.8 1.9
448.77 5.34 423.54 1.20 94 .4 1.2
528.50 6.09 491.77 5.88 83.1 1.5
636.16  7.32 603.54 2.38 . 8%84.9 1.2
-757.72 8.91 731.78 5.90 96.6 1.4
906.44 10.79 376.49 2.4t 96.7 1.2
1067.66 12.97 1025.90  5.91 96. 1 1.3
1243.56 15.33 1176.49 ~ 5.92 - 94.6 1.3

Table B.16 Wainwright B 18.0% W/0

~ Haake Rotovisco RV3
Temperature: 79.20 *0.05°C-

. Shear Rate_ Shear- Stress.

Emuision Rheology

s

Viscosity

sec™!. : dynes/cm? cP
157 .16 . +£1.61 59.41 #0.35 37.8 +0.4
178.20 1.85 . 67.18 » 0.24 37.7 0.4
223.13 - 2.36 86.71 0.24 38.9 0.4
©252.39 2.72 38.00 0.24 38.8 0.4
315.74 . 3.41 127.41 - 1.18 40.4 0.6
385.10 4.22 158..00 5.88 41.0 1.6 -
1449 .54 5.02 186.71 1.18 41.5 0.5
526.64 6.02 219.65 5.88 41.7 1.2,
636.45 - 7.40 272.59 2.36 42.8 0.6
756.58 8.98 325.54 5.89 43.0 0.9
- 901.49 10.80 400.01 5.89" 44 .4 0.8
1111.75 13.57 500.01 11.77 . 45.0 1.2
1280.40 16.18 - 588.25 11.77 45.9 1.1
1438.35 19.83 647.07 11.77 45.0 1.0
©1605.30 23.21 705.89 11.77 44 .0 1.0
1835.76 27.54 - 817.66 8.25 44 .5 0.8
11.78 42 .4 0.8

2208.32 33.54 835.31
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Table B.17. Wainwright B 26.5% W/0 Emulsion Rheology

Haake Rdfovisco RV3 _
Temperature: 22.80 x0.15°C

Shear Rate Shear Stress Viscosity
sec”! dynes/cm? ‘ cP
3.37 %0.03 58.24 +0.24 1728.3 *15.7
4.76 0.04 85.88 0.13 1802.6 14.9
6.80 0.06 125.53 2.00 1845.9  33.4
7.71 0.07 138.18 - 2.00 1805.4 30.4
9.67 0.09 176.83 ~ 1.42 1828.4 21.8
11.03 ~ 0.08 196:12 1.18 1778.5 18.3"
13.78 0.12 240.00 1.19 1741.9 16.9
15.57 0.13 269.42 2.01 1730.4 . - 19.4
19.53 0.17 331.77 1.18 1698.8 15.7
22.03 0.19 372.85 1.20 1693.2 15.6
27.70 0.28 ~467.07 1.21 1686.3 17.4
31.28 0.32 510.60 1.22 1632.4 17.4
38.69 0.38 647.07 1.24 1672.6 16.7
44 .19 0.56 774.13 1.26 1752.0 22.4
55.87 0.56 928.25 1.30 1661.3 16.7
62.65 0.58 1052.96 1.33 1680.6 15.8
69.48 0.67 1170.61 -1.37 1684.8 16.4
78.58 0.77 1311.79 1.41 2 -16.4

1669.
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- Table B.18 Wainwright B 26.5% W/0 Emulsion Rheology

Haake ROtovisco RV3

Temperature: 39.95 £0.05°C

Shear Stress

I

cosify

Shear Rate Vis
sec! dynes/cm? _cP_. .
13.74 *0.15 62.94 %0.59 | 45832  %6.5
15.54  0.17 68.24  0.59 0 433.2 . 6.1
19.42  0.17 . 87.06 0.59 - 448.2.\ 5.0
22.18 0.19 97.06  0.59 437.6" 4.6
27.54  0.29 118.24  0.59 429.4 5.0
30.94 0.28 138.47  1.18 - 447.5 5.5
38.77 0.35 178.00  0.83 459, 1 4.6
43.99  0.40 205.89 1.18 | 468.0 5.0
55.21  0.51 063.53 0.84 ' 477.3 . 4.7
62.78  0.58 298.83  1.19 '476.0 7 4.8
78.30  0.77 372.59  0.85 475.9 . 4.8
88.78 0.88 431.77  1.20 486.3 5.0
111.42  1.09 '538.83 1.22 . 483.6 - 4.9
126.23  1.25 614.13 1.23  486.5 4.9
157.76  1.61 763.54  1.26 - 484.0 5.0
179.46  1.92 876.49  1.29 488.4 .- 5.3
205.24  2.37 1070.61  2.44 475.? 5.1
255.05 2.72 1211.79 11.79 © 6.9

. 475,
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Table B.19 Wainwright B 26.5%'W/O Emhls%on Rheology

Haake Rotovisco RV3
Temperature: 59.00 +0.05°C

Shear Rate . Shear Stress Viscosity
sec” < .- dynes/cm? _cP.

39.08 #0.40 - 61.30 .x0.24 156.8 " 1.7
44 31 0.45 67.41 0.24 152.1 1.6
55.28 0.51 85.77 0.36 155.2 1.6
62.34  .0.60 97.06 0.59 - 155.7 - 1.8 .
77.90 0.75 126.71 1.18 162.7 2.2
88.77 0.85, 145.06 1.18 . 163.4 2.1
111.22 1.08 183.18° 1.18 ° 164.7 1.9
125.85 1.24 208.59 1.18 1658 1.9
157.98 1.68 264.36. 1.19 167.3 1.9 -
180.13 1.86 293.30 1.19 162.8 - = 1.8
224 .40 2,38 362.01 1.20 161.3 1.8
253.28 2.67 414.13 1.20 163.5 1.8
318.39 3.47 - 521.19 2.37 . 163.7 1.9
385.40 4.69 623.54 5.89 . | 161.8 2.5
448 .39 5.47 758.84  2.40 .. 169.2 2.1
527.45 6.24 - 878.84 5.91 . 166.6 2.3
635.57. 7.42 1094.14 3.59 1721 2.1
685.15 8 5.92 o717 o 2.2

.06 1176.49



§; ‘»JTable B.20 Wainwright B.26.5% W/0 Emulsion Rheology

Haake Rotovisco RV3

79.15 +0.05°C

v Temperature:
‘Shear Rate Shear Stress Viscosity
sec” ! dynes/cm? cP

88.56 +0.86 58.47 *0.35 66.0- *0.8
110.90 . 1.09 74.24 ~ 0.24 66.9 0.7
126.01 1.30 85:88 0.24 68..2 0.7
157.02 1.78 106.47 0.36 67.8 0.8
177.50 1.91 126.71 0.83 71.4 0.8
223.02 2.34 161.18 0.37 72.3 0.8
251.92 2.66 186.24 1.18 73.9 0.9
318.84 4.45 241.18 2.01 75.6 1.2
388.77 - 5.97 274.95 5.88 70.7 1.9
448 .58.- 5.23 331.42 1.19 73.9 0.9
526.99 6.10. 387.07 5.88 73.4 1.4
636.04 7.38 481,18 2.37 75.7 1.0
. 757 .54 8.88 576.48  5.88 76.1 1.2
905.04 10.90 700.01 4.72 77.3° 1.1
1117.69 13.58 85%.84 5.80 76.8 1.1
1291.45 17.36 992.96 5.91 - 76.9 13,
1434.61 19.43 1070.61 11.78 74.6 - 1.3
1579.28 21.55 1176.49 11.78 74.5 1.3

128



' _ . 130

Table B.21 Wainwright B 28.0% W/0/W Emuision Rheology

Haake Rotovisco RV3 -
Temperature: 24.70 *0.05°C

Shear Rate Shear Stress - Viscosity .
sec” ! dynes/cm? : cP
~10.28 20.08 56.00 +0.58 544 .4 7.1
- 11.64 0.09 58.41 - 0.59 510.3 6.5
- 14.72 - 0.18 66.12 0.36 449 1 5.8
16.18 0.25 69.06 0.24 426.8 6.9
20.18 0.21 80.00 0.24 386.5 4.3
23.29 . 0.19 85.06 0.36 365.2 3.4
28.27 0.26 85.18 0.24 325.1 + 3.0
32.93 0.33 100.59 0.36 - 305.4 3.2
40.47 0.48 113.53 0.36 280.6 3.5
45 .41 0.42 124,71 0.36 274.7 2.7
56.90 0.53 144 .71 0.36 254 .3 2.4
64.66 - 0.64 158. 47 0.37 245 .1 2.5
81.03 0.'78 182.00 0.37 224.6 2.2
g1.37 0.86 198.47  0.37 - 217.2 2.1
114.35 1.10 231.42 0.38 202.4 2.0
128.93 1.26 252.59 0.38 . 195.9 1.9
161.03 1.60 288.01 0.40 185. 1 1.9
183.64 1.91 327.42 . 0.40 - 178.3 1.9
228.90 2.70 380-.01 0.85 166.0 2.0
257 .28 2.75 423.54 1.20 164.6 1.8
326.11 4.17 504.71 1.21 154 .8 2.0
397.13 5.57 -564.72 .. 5.89 142 .2 2.5
458.91 - 5.37 641.19  1.24 139.7 1.7
540.53 . 6.13 716.48 5.90 - 132.6. 1.8
651.47 7.44 825.90 3.56 126.8 1.5
771.00 9.18 841.19 5.91 122 .1 1.6 .«
918.82 11.22 1094.14 5.92 11901 L O
1016.55 12. 5.92 - 115.7 1.5,

5
w
-
o
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Table B.22 Wainwright B 28.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3
Temperature: 40.90 +0.30°C

‘Shear Rate Shear Stress Viscosity
~_sec : dynes/cm? cP
38.89° *0.35 64.71 =*0.59 166.4 2.1
44 .10 0.40 74.12 0.59 168. 1 2.0
55.00 .0.53 94.12 0.36 171.1 1.8 .
62.38 0.63 111.18 0.36 178.2 1.9
79.00 0.91 139. 18 0.83 176.2 2.3
89.77 1.02 - 150.94 0.36 168. 1 2.0
111.60 1.09 187.42 0.83 167.9 1.8
126.52 1.25 . 212.59 0.38 168.0 1.7
157.00 1.85 262.00 0.39 166.9 2.0
162.83 8.19 313.77 2.01 192.7 9.8
201.40 6.47 223.53 3.88 - 111.0 4.1
278.58 7.50 238.83 1.19 - 85.7 . 2.3
330.18 9.88 254 .95 7.88 77.2 3.3
385.08 5.02 302.01 7.88 78.4 = 2.3 .
448 .42 6.13 372.59 11.77 83.1 2.9
531.83 6.33 423.54 5.89 79.6 1.5
653.60 18.41 511.77 3.54 78.3 2.3
801.65 - 24.82 535.30 11.77 66.8 2.5
- 827.17 10.96 605.89 5.89 65.3 1.0 .
1151.42 16.50 705.89 11.77 1.3 1.3 —
1347.29 19.23 - + 758.84 11.77 56.3 - 1.2
1464 .28 19.37 805.90 11.77 55.0 1.1
1624.21 21.68 876.49 11.78 54.0 1.0
1855.39 28.99 982.37 11.78 52.9 1.1
2031.14 31.93 -~ 1017.867 . 11.78 50.1 1.0
2190.01 28.28 1082.37 11{F8 49.4 0.8
23.54 48.3 1.2

- 2374.04 30.88 1147.08



Table B.23 Wainwright B 28.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3
Temperature: 59.25 #0.10°C

Shear:Rate

 Shear Stress

Viscosity

sec ! dynes/cm? cP

55.15 #0.51 70.00 #0.59 126.9 *1.6
62.45 0.58 79.88 0.36 .127.9 1.3
78.17 0.75 102.35 . 0.36 " 130.9. 1.3
88.33 0.87 116.36 0.36 131.7 1.4
109.96 1.11 152.94 1.18 139.1 1.8
125.63 1.61 184.36  3.88 146.7 3.6
155.49 2.34 223.53 3.88 143.8 3.3
“176.07 2.46 293.30 2.01 166 \6 2.6
224.09 2.39 363.54 .. 1.20 162.2 1.8 7
254.05 2.77 417.65 +2.37 i64.4 2.0
318.84 3.43 514.13 1.22 161.2 - 1.8
385.75 4.35 623.54 5.89 161.6 -~ 2.4

" 448 .66 5[08'» 744,72 1.26 166.0 1.9
527.53 5.97. ... .877.66 5.91, 166 .4 2.2
638.09 7.42 10975.31 0.73 168.5 2.0
702.08 8.24 - 5.92 167 .6 2.1

Table B.24 Wainwright B 28.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3
Temperature: 78.20 20.05°C

Shear Rate

Shear Stress

\

Viscosity

sec ! dynes/cm? cP
112.90. *4.08 71.30 0.24 63.1 2.3
127.85 4.63 86.12 0.24 67.4 2.4
165.07 6.63 - 81.18 0.36 55.2 2.2
- 177.43 1.89 103.18 0.13 58.2 0.6
221.56 2.32 137.30 0.36° 62.0 0.7
252.62 2.74 160.00 0.83 63.3 0.8
317.74 3.42 201.53 0.83 63.4 0.7
384.28 4 .54 244,71 5.88 63.7 1.7
446.52 .5.16 300.01 1.18 67.2 0.8
525.40 5.99 356.12 5.88 67.8 - 1.4
. 635.61 7.44 445 .89 1.21 70.2 0.8
-755.48 g8.06 532.95 5.89 70.5 1.2
900.84 10.92 661.19 2.39 73.4 0.9
1112.94 13.56 823.54 5.90 74.0 - 1.0
1282.25 16.24 - 864.72 5.91 " 75.2 1.1 -
1421.16 18.08 .1058.84 5.92 . 74.5 1.0
1564.48. 20.07 11.79 75.2 1.2

1176.49

132



133

Table B.25 Wainwright B‘34.4%IW/O/W Emulsion Rheology

Haake Rotovisco RV3
Temperature: 22.75 :0.0§'C

Shear Réte - Shear Stress Viscosity

sec ! . dynes/cm? - cP
20.15 #0.22 58.24 0.35 289.1 +3.6 -
-22.80 0.25 61.88 0.59 - 271.4 3.9 .
28.62 - 0.36. 71.88 0.59. 251.2. 3.8
32.12 0.44 +75.88 0.36 1 236.2 3.4
39.66 0.36 89.77 0.24 - 226.3 2.1
. 45.36 0 0.50 . 99.77 0.24 " 219.9 2.5
" 56.65 0.69 114.83 ~ 0.25 202.7 2.5
64.60 1.03 128.59 .. 0.83 189.1 - 3.4
79.59  1.58 144 .71 0.36 181.8 3.6
89.74 .1.36 169.41 0.37. - 188.8 2.9
113.91 1.26 196.47 0.37 172.5 1.9
128.21.  1.29 '218.47 0.38 170.4 1.7 -
160.91 1.60 258.48 0.39 160.6 1.6
- 185.68 2.41 283.89 0.39 =~ - 152.9 2.0
. 232.15 3.20 320. 36 0.40 - 138..0 1.9 -
260. 41 2.90 +352.95 0.85 135.5 1.5
326.43 3.58 408.24 1.20 125.1 1.4
395.19 | 4.29 . 470.60 5.89 119 .01 2.0
457 .71 5.17 527.07 2.37 115.2 1.4
534.32 6.02 " 602.36 5.89 112.7 1.7
646.18 . 7.42 709.42 2.39 . 109.8 1.3
769.39 8.96 817 .66 5.90° - 106.3 - 1.5 .
917.21- 10.85 948.25 3.57 103.4 - 1.3
“1118.81. 14.61 it11.78 5.92 . 99.4 1.4
" 1227.99° 16.16 1176.49 B82.36 95.8 6.8



" Table B.26 Wainwright B 34.4% W/0/W Emulsion Rheology

Haake Rotovisco RV3

Temperature: 39.50 *0.05°C
Shear Rate Shear Stress Viscosity
sec” dynes/cm? ' cP
19.63 +0.21 70.59 +5.88 359.5 *30.2
22.22 0.23 76.35 0.24 343.6 3.8 .
27.87 0.33 94.35 0.36 338.6 4.2
31.28 0.39 101.18 0.24 323.3 4.1
39.04 0.41 129.41 0.36 331.5 3.6
44 .59 0.44 142.00 0.83 318.5 3.6
55.64 0.51. 175.65 0.83 315.7 3.3
63.05 0.58 196.83 - 0.37 312.2 . . 2.8
79.53 1.04 242 .36 0.38 304.8 4.0
91.01 1.12 258.83 - 0.39 284 .4 3.5
113.59 . 1.19 309.77 2.01 272.7 3.4
127.84 . 1.44. 335.30 2.01 262.3 3.4
160.07 1,83 409.42 1.20 255.8 + 3.2
185.80 1.86 441,18 35.30 237.5 19.1
227 .47 3.68 505.89 3.54 222 .4 3.9
254 .66 2.91 582.36 3.55 228.7 3.0
321.80 3.48 705.89 35.30 219.4 11.2
391.22 4.42 823.54 5.90 210.5 2.8
457.68 5.89 947.08 11.78. 206.9 3.7
.545.32 6.09 1052.96 47.06 183.1 8.9
648.00 7.36 1176.49 23.54 181.6 4.2

;
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Table B.27 Wainwright B 34.4% W/0/W Emulsion Rheology

| HéaKe.Rotovisco RV3

5°C

Temperature: 59.70 0.0
Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP
39.13 *0.36 56.12 *0.47 143.4 +1.8
44,37 0.42 62.35 0.24 140.5 1.4
55.10 0.55. 78.24 0.36 142.0. 1.6
62.41 0.63 g2.24 - 0.36 147 .8 1.6
78.02 0.81 115.30 0.25 147 .8 1.6
88.35 0.91 136.83 0.36 154.9 1.6
110.84 - 1.12 172.94 0.37 156.0 1.6
125.28 1.26 202.00 0.37 161.2 1.8
157.22 1.59 258.48 0.39 164 .4 1.7
179.58 1.86 . 294 .12 0.39 . 163.8 1.7
224.84 2.38 360.83  .0.41° -160.5 L7
253.97 " 2.68 410.60 1.20 161.7 1.8
319.18 3.45 510.60 1.22 160.0 1.8
387.16° "4.49 608.25 5.89 157 .1 2.4
450.12 5.18 722.37 2.39 160.5 1.9
529.02 6.05 838.84 5.90 - 158.6 2.1
639.31 7.45 1023.55 5291 160.1 2.1
742 .63 8.78 49 5.92 158.4 2.0~

1176.
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Table B.28 Wainwright B 34.4% W/0/W Emulsion Rheology

s

Haake Rotovisco RV3

1624.

Temperature: 79.20 *0.05°C
Shear Rate Shear Stress Viscosity
___sec”! dynes/cm? - cP

79.41 *1.17 54.59 =*0.24. 68.7 1.1
90.04 1.33 63.18 0.24 - 70.2 1
113.09 1.58 73.06 0.24 64.6 0.9
126.31 ~ 1.27 83.53 -0.24 66. 1 0.7
157. 11 1.80 103.18 0.24 65.7 0.8

1 178.58 2.22 122.71 0.3¢6 68.7 0.9
224 .57 2.58 149.06° 0.36 66.4 0.8
252.93 . 2.72 172.59 0.37 68.2 0.7
318.57 3.48 216.83 0.83 -68. 1 0.8
. 386.13 4.61 258.83 0.39 . 867.0 0.8
448.73 - 5.25 311.77  2.01 69.5 0.8
527.12 6..12 363.54 1.20 69.0 0.8
635.73 ~ 7.35 451.77 3.54: 71.1 1.0
" 756.71 8.87 543.54 5.89 71.8 1.1
903.02 10.79 662.36 2.39 73.4 0.9
1109.72 13.92 823.54 5.90 74.2 1.1
1274.97 16.51 988.25 5.91 77.5 1.1
1442 .36 21.02 .1088.25 5.92 75.4 1.2
20 23.86 1176.49 11.78 72.4 1.3
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Table B.29 Wainwriéht B 42.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3

Temperature: 22.95 +0.05°C
Shear Rate Shear Stress Viscosity
sec” ! dynes/cm? cP
80.16 *0.96 58.82 *0.35 73.4 +1.0
- 90.89 1.10 62.94 0.24 63.3 0.9
112.99- 1.08 75.53 0.36 66.8 0.7
128.16 1.25 83.41 .~ 0.36 65.1- . 0.7
161.10 1.73 99.41 0.83 61.7 0.8
183.75 1.89 107 .65 0.36 58.6 0.6
221.37 + 3.93 126.24 0.36 57.0 1.0
251.86:“-6.66 165.06 0.37 65.5° 1.7
347.84 . 3.65 179.65 0.37 51.6. 0.6
400.69 9.28 194.12 5.88 48.4 1.8
459.66 - 6.04 221.53 1.18 48.2 . 0.7
.540.08 6.81 244.71 5.88 45.3 1.2
647.43 7.40 285.53 1.19 44 .1 0.5
773.65 9.30 329.42 5.88 42.6 0.8
. 919.98 11.44 - 373.30 0.85 40.6 0.5
1127.23 13.62° 447 .07 5.89 39.7 - 0.7
1308.19 19.75" 505.88 2.37 38.7 0.6
1537.87 53.01 535.30 5.89" 34.8 1.3
1668.52 48.86 - 552.95 23.53 33.1 1.7
1868.14 27 .46 611.78 11.77 32.7 0.8
1984.45 39.67 635.31 11.77 32.0 0.9
2128.49 28.30 694.13 23.53 32.6 1.2
2317.71 32.45 764.72 23.53 33.0 1.1
- 2583.82 36.50 841.19 23.54 32.6 . 1.0
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Table B.30 Wainwright B 42.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3
Temperature: 40.55 *0.05°C

Shear Rate Shear Stress Viscosity
sec ! dynes/cm? cP
28°94f +0.33 60.00 =*5.88 207.3 *20.5
40.99 0.47 70.59 5.88 172.2 14.5
., 0. 74 87.06 5.88 154.7 10.6
. "121.18% 5.88 152.7 7.6
156.47 - 5.88 "138.2 . 5.4
176.47 5.88 147.8 24 .2
~ -160.00 5.88 124.0 4.9
152.94 5.88 - 81.5 7.3
.. 177.865 5.88 77.0 2.7
.8, +182.94 5.88 72.79 2.4
o 217 .65 5.88 65.7 1.9
. 354. v 14 245 .89 5.88 69.4 3.3
411.80 .12.34 164.71 5.88 40.0 1.9 -
545.94 9.80 176.47 5.88 32.3 1.2
622.79 9.60 204.71 11.77 32.9 2.0
738.88 9.92 324.71 23.53 43.9 3.2
868.-14- 61.64 400.01 29.41 46.1 .. 4.7
925.66 11.59 329.42 11-.77 '35.6 ' 1.3
1025.893 12.86 265.89 17.65 25.9 . . 1.8
1101.39 45.39 227.06 23.53. 20.6 2.3
241.18 23.53 20.6 2.2

" 1173.25 48.38

138



Table B.31 Wainwright B 42.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3

Temperature: 60.00 #0.05°C

Shear Stress

Shear Rate Viscosity
._sec”‘1. dynes/cm? cP
39.46 *0.51 52.94 *5.88 134.2 *15.0
56.03 0.74 65.88° 5.88 117.6 10.6
79.40 1.09 84.12 5.88 118.5 7.6
115.55 1.10 . 116.47  5.88 . 100.8 5.2
130.62 1.26 125.88 5.88 96.4 4.6
162.53 1.73 144 .71 5.88 89.0 3.7
184.90 2.12 158.83 5.88 ' 85.9 3.3
. 233.73 2.40 181.18 5.88 77.5 2.6
287.45 21.01 194.12 5.88 67.5 -~ 5.3
388.94 21.61 200.00 5.88 51.4 3.2
401.47 - 12.70 - 211,77 5.88 52.7 2.2
446.90 5.62 243.53 5.88 54.5 1.5
527.10 7.88 "304.71 5.88 57.8 1.4
657.35 8.31 350.589 11.77 53.3 1.9,
803.80 12.97 388.24- 11.77 48.3 1.7
928.27 21.37 429.42  11.77 46.3 1.7
1036.79 12.94 308.24 17.65 28.7 1.7
1114.28 15.55 236.47 17:65 21.2 1.6
1258.36 48.16 220.00 23.53 17.5 2.0
1394.53 18.51 264.71 23.53 19.0 1.7
1570.34 21.06 . 305.89 23.53 19.5 . 1.5

139



Table B.32 Wainwright B 42.0% W/0/W Emulsion Rheology

Haake Rotovisco RV3

Temperature: 79.50 #0.05°C

Shear Rate

Shear Stress

-~

Viscosity

sec”! dynes/cm? cP
56.42 *0.53 47.06 +5.88 83.4 *10.5
79.92 0.78 62.35 5.88 -78.0 7.4.
113.69 .11 80.00 5.88 70.4 5.2
160. 05 1.66 104.71  11.77 85.4 7.4
184 .41 3.28 117.65 5.88 .63.8 3.4
233.22 3.42 131,77 5.88 56.5. 2.7
262.29 3.20 144,71 5.88 55.2 2.3
328.94 3.75 164.71 5.88 50.1 1.8
401.13 5.18 188.24 5.88 46..9 1.6
483.10 713 203.53 5.88 42 .1 1.4
581.81 - 6.57" 216.47 5.88 37.2 1.1
‘647 .92 16.04 231.77 5.88 35.8 1.3
770.61 20.57- 283.53 5.88 36.8 1.2
1008.59 22.75 298.83 5.89 29.6 0.9
1085.96 17.80 411.77 11.77 37.9 1.2
1308.05 20.56 423.54 - 11.77 '32.4 + 1.0
1364.55 22.56 436.48 11.77 32.0 . 1.0
1509.00 25.08 458.83 17.65 30.4 1.3
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" Table B.33 Wainwright B 46.4% W/P/W Emulsion Rheology

Haake Rotovisco RV3 .. '
Temperature: 22.60 iO,JO°C

Shear Rate EﬁShear Stress Viscosity

sec” ! dynes/cm? cP
55.90 x0.70 65.06 +0.24 116.4 +1.5
63.30 0.79 69.77 0.24 110.2 1.4
78.95 0.84 87.06 0.24, 110.3 1.2
90.27 0.89 95.30 0.24 105.6 1.1
112.14 1.16 115.06 0.14 102.6 1.1
126.05  1.24 130.94  0.36 103.9 1.1
159. 31 2.41 164 .36 0.37 1Q3.2 1.6
182 .02 2.70 174.12 0.37 95.7 1.4
225..35 2.35 212.95 0.83 ‘ 94°5 1.1
256.41 2.82 240,00 0.84 93.6 1.1
323.05 3.46 287.06 -1.19 88.9 1.0
391.59 4,51 333.30 1.19 85.1 1.0
453.83 5.04 e 383.54 1.20 84.5 1.0
. 534.87 6.07 441,18 5.89 82.5 1.4
e B667.44  26.61 514.13 3.54 77.0 3.1
! '803.16 35.43 527.07 11.77°> -65.6 3.2
%%+:018.66 11.28 600,01 3.5b 65.3 0.9
*41130.87 13.99 720.01 5.90 . - 863.7 ©.9
1309.20 16.54 800.01 11.77 61.1 1.2
1442 .66 18.38 864.72 11.78 59.9 j.1
1622.28 20.27- 952.96 11.78 58.7 1.0
1851.34 23.62 1058.84 5.32 ° 57.2 0.8
1991.03 30.11 1117.67 5.92 56.1 ‘0.9
. 1.79 55.5 1.0
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o
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Table B.34 Wainfffight B 46.4% W/0/W Emulsion Rheology

Haake Rotovisto RV3

Temperature: 40.15 #0.10°C - B
Shear Rate ‘Shear Stress % Viscosity
sec” v - ‘dynes/cm2  * _cP &
S S !
158.41 #1.58 54.24 :0.24 - 3%.2 0.4
179.61 1.82 61.06 0.12 34.0 0.4
223.60 2.50 75.53 .0.24 33.8 0.4
251.64n ~ 2:.67 88.24 0:24 35. 1 0.4
. 315.73 3.40 114.24 0.24 36.2 0.4
384.73 - 4.22 142.36  5.88 37.0 1.6
450.20++. 5.13 .168.59 0.37 . 37.4 0 4
535.91.-°6.84 196.12 5.88 36.6 .
'663.55  9.86 $223.89  1.54 23.7 7™ 0.6
-781.98 13.37 243.53 5.88 31.1. 0.9
g915.11 10.92 - 281.E. 1.19 :30.8° 0.4
1130.47 14.25 ¢ DLic 5.89 30:0 0.6,
1297.35 . 18.29 375.65 5.89 " 28.0 0.6« .
1419.86 17.68 ©Li7.65, 11.77 ¢ 29.4 - 0.9 . o
1597.53 20.12 £70.60"" 5.89 .29.5.. 0.5
1807.64 23.90 - 52+ 12 3.54 - #429.9 0.4 .
1925.58; 24.80 596.83  5.89 3101 0.5 g8
2110.17 28.34 . 682.36 11.77 - 32.3 0.7
2296.90  30.81 . 747 .07 5.90 32.5 .. 0.5
. 2477.04 35.26° .823.54 11.78 33.2 ®wp.3
1258673 47:20 847.07 35.30" 32.7 =« 125
. 2680.39%,48.99 . 882.37 58.83 32.6 .7°2.3
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Table B.35 Wainwright B 46.4% W/0'W Emugpsion Rheplogy

Haake Rotovisco RV3
Temperature: 59.25 =z0.15°C

Shear Rate Shear Stress . Viscosity
T sec ) e dynes/cm?® . cP
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N ‘ ‘ ‘
Table B.37 Wainwright B 54.0% W/0/W Emulsion Rheology

Brookfield ° _hrolectric, LVTD

Temperature: 22.80°x0.10°C I
Shear k- " Shear Stress V1scd$ﬁ%§
. sec ~dynes/cm? SRR~ -
| T
0.3 =+ 0.01 . 0.63 = 0.0 163.0 . 3.6
0.77 0.01 - 0.83 0.01 120.8 7% 1.8
193 0.02 - 1.86 -0.01 . - 96.2 1
3.87 0.04  2.83 0.02 -  73.2 0.8
7.74 Q.07 "~ 4y 3 0.02 -, 531 0.6 -

| -
” ]

Table o 38 Wa1nwr1gﬁpf§ 54, 0% W/O/w tmuls1on Rheo1ogy /

Y J

Brookfield Sychrolectric LVID ) o e
Tq@Perature 40.00 20.10°C Lo : ,/f
Shear Rate ©. Shear Stress Viscosity, [gq-
sec” ' dynes/cm? of... k? 3
0.77 £ 0.0 0.49 = 0.0 63.0 = 1.3
1.94 .02 €.95 0.0° 49 0.6
3.87 C.04 .55 . 0.0~ ¢ . ¢ 4
7.74 C.08 < .46 0.0 32. 0.3
15.4¢ .15 3.4 0.0 2c.C C.2
38.72 C.38 g v?  C.02 R C.2
©; : fgk fwuﬂg .
: " Qo
' ‘e,
‘ K
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t

" Table B.39 Wainwright B 54.0% W/0/W Emulsion Rheology

| Brookfield Sychrolectric LVTD
Temperature: 60.00 +0.10°C

Shear Rate Shear Stress Viscosity
‘sec _ dynes/cm? cP
1.94 + 0.02 0.52  0.01 26.9 = 0.5
'3.88 0.04 0.78 0.0 . 20.1 0.3 i
7.78 0.08 1.13 0.0 . 14.5 0.2
5,55 .0.16 1.59 0.01 10.2 0.1
38.88 0.41 3.06,- 0.0 1. 7.9 0l
.77.75  0.81 5.32 0.01 6:8 0.1 |
Table B.40-Wainwright B 54.0% W/O/W ,Emulsi¥n/Rheclogy o
Brookfield Sychrolectric LVTD ~@ | : T :-_L
Temperature: 79.00 =0.10°C X A o
-Shear Rate Shear Stress Viscosity o
S sec” ' dynes/cm? cP
o N ’
3,77 = 0.03 0.44 = 0.01 - 1.8 2 0.2 -
7,55 0.07 0.77 0.01 =4 9.5 0.1
2,10 .18 1,27 0.02 8.4 C.1
37.74 .33 2.860 0.02 R g.8 0.1 \
75.48  0.56 4 4% 5.02 5.¢ 0.1 @
o5 L
ek ‘. (}.\@'

o
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Table,B.41 Wainwright B 95. 6% 0/W Emulsion Rheclogy

Haake Rotovisco RV3
23.90 0. O% C

Temperature:

Shear Rate

"V1scos1ty

Shear Stress ..

sec” ! dynes/cm? cP - ou
524.25 *6.56 52.94 +5.88 10.1 #1.1
633.55 8.04 63.53 5.88 10.0 0.9
738.83 ° 9.36 81.18 8.24 11.0 1.1
g78.79 10.69 ., | 125.88 5.88 "14.3 0.7
1090.00 13.633r *89.42 11.77 17 .4 1
,1258.83 - 15.84 7 231.77 5.88 18.4 0.5
1396.88 19.57 . 277.85 11.77 19.8 d.s
1537.75 21.7Q 305.89 11.77 : -19.9 0.8

Table B. 42 Wa1nwr1ght B 95.6% 0/W Emu1s1on Rheology

Haake Rotov1sco RV3
39.70 £0.10°

Temperature:

Shear Rate

Shear. Stress

Viscosity

sec” dynes/cm? cP
313.75 +3.46 60.00 .£3.53 19.1 +1.1
351.96 4 28 78.82 5.88 20.6 1.6
441,70 5.42 94 12 =5, 88 21 .33 1.4
515,38 5 .8& 127.06 5.88 24,7 1.2
622 .84 7.23 - 178.83 5.88 28.7 1.0
740.36 - 8.74 247 . 06" 11.77 33.4 1.6
8g82.68 10.60C 344 71 :11.77 38 .1 1.4
- 1090.32% 13.4¢ 510.6C 23.33 46 .8 2.2
_J264.67 16.0C £32.95 35.30 50.0 2.9
S 141810 18.81 714,13 35.30 50.4 2.6
1506 .88 27,17 706.48 25.30 - 4¢ .9 2.5

@
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Table B.43 Wainwfight B 95.6% 0/W Emulsion Rheology

LI
\ RN

Haake Rotovisco RV3
Temperature: 59.30 ;0.10'0

Shear Rate Shear Stress Viscosity
sec” ' dynes/cm? cP
312.07 +3.39 61.18 *2.35 19.6 +0.8 .
379.91 4.20 82.35 . 3.53 21.7 1.0
442 .97 4.96 . 102.35 5.88 23.1 1.4
517.74 5.95 126.41 5.88 25.0 1.2
624.90 7.26 178.83 5.88 28.6 1.0
742 .77 8.79 - 236.47 11.77 31:8 . 1.6
884.16 10.61 323.54 11.77 36.6 1.4
©1093.35 13.75 470.60 11.77 43.0 1.2
1277.80 17.80 564.72 35.30 44 .2 . 2.8
1462 .89 22.62 - 6171.78 41.18 41.8 2.9
1647.31 25.66 $52.95 41.18 . 39-.6 2.6 -

Tablé B.44 Wainwright B 85.6% O/W Emulsion Rheology.

Haake Rotovisco RV3
Temperature: 79.10 £0.15°C
o .

Shear Rate S¥gar Stress Viscosity
sec™ ! ﬂ.%dyhes/cmz. - cP

311.23 *3.42 63.53 *2.35 . 20.4 +(0. 8

.- 378.88 4.24 84.71 5.88v i22.4> 1.6

24339 5.63 . 110.59 11.77  24:9 - 2.7

.. 522,11 6.34 130.58 17.65 - . 25.0 3.4

. 627.08 7.26 172,94 17.65 27.6 - 2.8

© 739.27 g.11 - 225.89 23.53 ' 30.6 3.2

gg82.64 -11.21 341.18 23.53 38.7 2.7

1100.66 13.67 463.54  29.41 - 42 .1 2.7

1284.56 18.28 547.07 35.30 42.6 2.8
1432.71 19.66 588.25 35.30 41.1 2.5 7

22 1 2.3 X

- 1613.33 .34 - 662.36 35.30 41,
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Table B.45 Wainwrfght B 97.6%_O/W Emulsio@ Rheology

Brookfield Synchrolectric LVTD
Temperature: 22.20 20.10°C.

- Shear Rate . Shear Stress. “Viscosity
_sec"! - dynes/cm? cP
- 7.38 £ 0.07 - 0.09 +0.01 1.2+ 0.1
SR 14:76. 0.13 0.17 - 0.01 1.1 0.1
- 36.90- 0.33 0.41 0.01 1.1 0.0
1.1 0.0

73.80 0.66° ° . 0.81 0.0f

Table B.46 Wa1nwr1ght B 97 6% O/W Emulsion Rheology

Brookf1e]d Synchrolectr1c LVTD
. Temperature 40, 30 +0. 10 C

P

- ] ; . %

LEd o Shear Ratqmw ”};, Shear Stress . V1scos1ty i

ST secy! S dynes/cmZ* CocP A
7.40 £ 0.08 0%7 £ 0.01 1.0+ 0.1
14.79  0.15 0.12 . 0.0t 0.8 0.1,
36.98 0.38 .0.30 0.01 - 0.8 0.0
73.95 0.77 _ 0.62 0.01 0.8 ~0.0

,’T .



Table B.47 Wainwright B 97.6% 0O/W Emulsion Rheology

Brookfield Synchrolectric LVTD

Temperature: 59.60 20.10°C
Shear Rate ‘Shear Stress - - Viscosity
sec ! dynes/cm? ch
7.34 % 0.08 0.06 *+ 0.01 0.8+ 0.2
.14.68..  0.17 0.089 0.01 0:6 0.1
36.7¢ © 0.42 0.24 \ 0.01 0.6 0.0
0.84 0.59 0.01 0.8 0.0

73.41°

Brookfield Synchho]ectric LVTD
Temperatdre:’74.50 +0.20°C

~'Table B.48 Wainwright B 87.6% O/W{??ulsion Rﬁeo\ogy

Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP
7.34 = 0.10 0.06 +-0.01 0.8 ¢ 0.
14.68 0,21 0.08 0.01 0.6 0.
- 36.70 ° 0.51 0.21 0.01 0.6 0.
73.40 0.57 0.01 0.8 0.

1.03

Y

oo =N

PR
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Table B.49 Epping 0.9% (dried) W/0 Emulsion Rheology

Haake Rotovisco RV3 r eny
Temperature: 23.05 #0.05°C : ' - i&%ﬁ@?‘

Shear Rate - Shear Stress -Vissosity '

sec ! : dynes/cm? __cP

0.33 ® 0.00 48.82 + 0.59 14603.8 +219.7

0.47 0.00 65.88 0.36 13937.4 143.7

0.67 0.01 - 92.24 0.47 13677.7 144.4

0.96 0.01 121.18 0.83 12620.6 137.9

1.35 0.01 164.36 1.53 12134.4 150.5

1.92 0.02 225,53 0.83 - 11749.6 104.5

2.72  0.02 309.77 0.84 .11382.5 86.7

3.40 0.03 378.48 2.36 11133.8 1171

3.84 0.03 430.60 2.37 11224.7 111.0

4.80 0.04 531.77 2.37 -11078.3 102.6 <

5.45 0.04 603.54 2.38 11082.8 - 98.8

6.83 0.06 - 751.78 2.40 _ 11014.2 96.4

7.73 0.06. 844 .72 2.41 10929.9 94 .4

8.70 0.08 1048.25 2.43 108°8.7 g2.4

10.98 0.09 1176.49 2.46 100 .7 91.4

TabTe B.50 Epping 0.9% (dried) W/0 Emulsion Rhéo1ogy

Haake Rotovisco RV3 :
Temperature: 40.55 £0.10°C

Shear Rate ‘ Shear Stress Viscosity

sec-! ' ‘dynes/cm?2 cP

1.92 + 0.02 . 47.65 + 0.47 2481.3.% 31.9
2.72  0.02 64.71 1.18  2377.4% 47.4
3.41 0.03 80.00 1.77 2349.4  55.3
3.85 0.03 88.83 1.77 2305.1  49.5
4.867 0.06 109.41 1.18 - 2343.3 40.8
5.32  0.12 160.83 3.88 - 3020.7 100.7
7.76  0.08 172:59  3.88 02225.5  54.7
7.85  0.15 178.47  2.00 “0273.8 50.3
9.71 +0.08 219.65 2.00 - 2262.6 27.8
10.98  0.09 247.42  1.42 2253.9 22.7°
13.75  0.11 305.53  1.19 2222.6  20.5
15.53  0.13 343.89  2.01 0214.4  22.7
19.47  0.17 428.24 1.20 2199.9 19.8
22.03 0.18 484.71  1.21 2200.5 19.7
27.58 Y0.24 603.54 1.23 2188.1 19.6
31:21  0.27 683.54  1.25 2190.2  19.7
39.06 0.35 854.13 1.28 2186.7 .19.8&
44.38 0.40 964.72  1.31 2174.0  19.8
55.57 0. 2 9~ 20.2



Table B.51 Epping 0.9% (dried) W/0 Emulsion Rheology

Haake Rotovisco RV3

Temperature: 59.80 *0.05°C

Shear Rate Shear Stress . Viscosity
sec”’ dynes/cm? cP ‘
9.74 £ 0.12 62.35 * 1.18 640.0 * 14.6.
11.03 0.14 66.47 0.24 602.8 8.0
13.72 0.12 83.53 0.59 608.6- 6.8
15.61  0.13 92.94 0.59 595.3 .. 6.3
19.42  0.20 11377  0.58 585.9- 6.7:
22.01  0.23 133.30 2.00 605.7  11.2
27.65  0.27 161.53 0.83 ©584.3 6.5
31.29 0.3 185.89  0.83 594.0 6.4
39.36. 0.35 225.53 0.83 573.0 5.5
44 .43 = 0.40 252.12  0.84 567.4 5.5
55.58 0.5 312.59  0.84" 562.4 - 5.4
62.87: 0.58 351.42 0.85 558.9 5.4
78.53 . 0.74 437.65 , 1.21 557.3 5.5
89.20 0.86 497.66  1.21 557.8 5.5
111.58 1.1 614.13  1.23 550.4 5.6
126.47 ~ 1.29 702.37 1.25 555.4 5.7
158.26  1.63 861.19 ~ 1.28 544 .1 5.7
179.83 - 1.82 . 983.55;, 1.31 546.9 - 5.9
225.19  2.45 1194.14° 2.46. 530.3 5.9

151

[ 20



152
Table B.52 Epping 0.9% ‘dried! W/0 Emulsion hheology

Haake Rotovisco RV3 . :
Temperature: 79.:35 +0.10°C T -

Shear Rate Shear Stress Viscosity
sec ! dynes/cm? cP
27.80 = 0.24 62.94 + 0.59 226.4 + 2.9
31.48 0.28 70.59 1.18 224 .2 4.2,
39.47 0.35 85.18 0.59 215.8 2.4
44 .70 0.40 e ga A7, 0.36 211.3 2.1
55.27 0.65 11471 0.25 207.5 2.5
62.81 0-86 136.47 0.83 217.3 3.3
79.04 0.95 . 161.53 0.37 - 204 .4 2.5
89.42 1.01 - 186.71 0.37 208.8 2.4
112.28 1.20 223.88 0.38 199.4 Tz
126.54 1.27 o 254 .95 0.84 " 201.5° .
159.03 1.62 - 312.95 . 0.40 196.8 2.0
180.15 1.86: 347 N6 0.41 2.0
224 .88 2.34 427 .20 2.1
254.10 2.67 481 = 1.21 2.1
318.41 3.42 .. 603.54 1.23 2.1
387.87 4.24 . 728.25 5.90 2.6
450.87 5.02 844.72  2.41 2.2
530.69 6.13 995. 31 5.91 2.4
641.33 7 .3 2.2

54 1176.49 |
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Table B.53 Epping 14.4%'W/O‘Emulsion Rheology

Brookfield Synchrolectric LVTD

OOV W—- WO O

Temperature: 23.80 *0.20°C
Shear Rate Shear Stress Viscosity -
sec ! dynes/cm? - cP
0.06 =*0.00 4.10 *0.02 6494.7 +107.
0.13 0.00 8.54 0.02 6762.7 = 57.
0.06 0.01 4.00 - 0.06 » 6326.0 510.
0.13 0.01 7.64 0.07 6034.0 473,
0.32 0.02 19.55 0.08 6180.0 480.
0.63. 0.05 39.87 0.13 6301.6 489.
0.31 0.03 18.73.  0.25 5981.9  490.
0.63 0.05 38.97 0.30 224 -9 505.
1.25 0.10- 79.58 J.45 6:55.8 515.
2.50 0.20 159.52 0.80. 6329.8 516.
1.25 0.10 78.7¢€ 1.30 6512.89 532.
2.50 0.21 154.78 ©.76 5203.3 517.
6.24 0.52 382.31 J.58 6128.8 510.
12.48 1.03 761.89 6.88 6106.9 50:.
Table B.54 Epping 14.4% W/0 Emuls1on Rheo]ogy
Brookf1eld Synchrolectric LVID -~ .,
Temperature: 37.00 +0.20°C
Shear Rate Shear Stress Viscosity
sec ! dynes/cm? cP
- 0.07 x0.00 1.10 20.02 1694.6 +36.5
- 0.13 0.00 2.24 0.02 1724.9 18.8
.0.33 0.00 5.71 0.02 1755.2 8.5
0.65 0.00 11.58 0.02 1781.8 5.6
0.31 0.00 6.56 0.06 2087 .1 22.6
0.63 0.00 13.08 0.07 2082.2 13.6
1.25 0.00 25.74 0.09 2057.8 .. 10.0
2.50 0.01 48.15 0.63 1924.8 ~ 25.9
0.62 0.00 13.23 0.24 2138.0 . 41.0
1.24 0.01 25.98 0.27 2100.2 24.3
2.47 0.01 52:20 0.34 2109.6 17.8
6.19 0.03 128.74 2.42 +2081.3 40.7
2.46 0.03 59.07  1.21 - 2397.3  55.0
6.16 0.086 141.66 1.67 - 2299.6 35.8
2.32 0.13 281.68 2. - 2286.3 32.2

—_—
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Table B.55 Epping 14.4% W/0 Emulsion Rheology

Brookfield Synchrolectrdic LVTD
Temperature: 58.00 #0.20°C

‘Shear Rate Shear Stress Viscosity
sec ’ dynes/cm cP
0.32 0.00 .58 *0." - 489.2 +5.3
0.65 0.00 3.25 0.02 502.6 3.0
1.29 . 0.00 6.60 0.02 - 510.5 2.1
2.59 0.01 43.43 0.03 519.0 1.8
0.62 0.00 3.39 0.06 . 544.7 10.3
1.24 0.00 . 6.90 0.06 554.6 5:6
2.49 0.01 ~13.61 0.07 5472 3.6
v ,6.22 0.02 33.53  0.11 539:3 2.8
2.45 0.02 - 15,68 0.25 638.5 11.0
6.13 0.04 5% 05 0.29 587.9 6.3
12.26 0.089 71.74 0.42 585. 1 5.4

Table B.56 Epping 14.4% W/0 Emulsion Rheology

Brookfield Synchrolectric LVTD

- Jemperature: 74.00 $0.20°C

Shear Rate Shear Stress ' Viscosity

' sec dynes/cm?2 cP ‘
0.67 =x0.00 1.36 " *£0.02 202.9 2.7
1.34 0.01 . 2.68 .0.02 200.0 1.7
2.68 0.02 5.23 0.02  195.0 1.3
6.71 0.04 13.16 0.03 196. 1 1.2
1.30 0.01 2.74- 0.06 211.5 5.0
2.58 0.02 5.97 . 0.31 230.6 12.0
6.48 0.04 12.68 ~ 0.07 " - 195.9 - 1.7
12.95 0.09 26.08 0.0 201+.3 1.5

- 6.45 0.03 . 16.15 .0.25 250.5 4.0
12.89 ~ 0.06 30.31 -~ 0.28 235 .1 2.4



Table B.57 Epping .17.0% W/0 Emulsion Rheo1ogy

, Brookfield Synchrolectric LVTD

DO PO DD WO S wWRWO

Temperature: 22.30 *0. 10°C
Shear Rate "Shear Stress. Visc ily
sec” dynes/cm? cP ;
0.06 - 0.00 5.08 #0.02 7935.5 +130.0
0.13 0.00 10.:45 0.02 , 8156.6 68.7
0.05 0.0t 3.94 0.06 7192.2 1403.6
0. 11 0.02 8.56 0.07 7810.3 1516.5
0.27 0.05 22.72 0.09 8293.5 1608.3
0.55 0.11 46.37  0.14 .. 8462.0 1640.7
0.27 0.06 22.00 0.26 - 8175.0 1684."
0.54 0.11 . 45.53 0.32 :8457.6 1740.4
1.08 0.22 91.99 0.50 " 85¢4.6 1757.8
2 2.15  0.44 184.33  0.92 8560.9 - 1761 .1
1.07 0.23 89. 15 1.35 . 8341.2 1778.4
2.14 0.45 176.12 1.91 g8238.8 1754.4
5.34 1.14 435.91 4.03 8156.9 1736.3
. 10.69 2.27 843.93 7.60 1 7896.0 1680.7
Table B.58 Epping 17.0% W/0 Emulsion Rheology
Broon1e1u bynchro1ectr1c LVTD .
Temperature 38.80 +0 10° C ' ’ 2
Shear Rate . Shear Stress - Viscosity
sec”! dynes/cm? = ’: - cP
0.07 =0.00 1.23 =+ .02 7+ 1886.6 . £39
0.13  0.00 2.53°  0.02° - 1941.1 22,
0.33 0.00 6. 44( +0.02 8, 1978.5 13.
0.65 0.00 12.86°270.02: 7 1976.1. 11
0. 13 0.00 2.65 " -¢0.06 - 2114.7 53
~0.31 0.00 8.07" wO 07 .. 2577.0 27
- 0.63 0.00 15, 85, 0 087 + 2532.7 20
1.25 0.01 31 53 0.11 2518.0 . 18.
0.62 0.00 17744 0.25 2816.2° - 46
1.24 0.01 233,47 0.28 . 2702.8 31
2.48 0.02. 51.26 0.34 -~ 2069.6° 21
6.19 0.05 126.87 0.65 2048.8 =19,
2.45 0.03 " 55.79 1420~ 2280.5 © 56
6.12 0.07 136.74 1.64 2235.7 37.
+12.23 0.14 259.80 0o . 32

\
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Table B.€3
&
Brookfield Qynchro]ectmc _v:q'
xemperature 6” 6L *O 15°C
’ b . . S
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Table B.65 ¥pping 20.4% W/C Emilsion ‘Rheology

PO
4‘,1 ;

?éb]e B.66 Epp1ng 20 4% W/O Emu]s10n Rheologyi

Brdokf1e1d Synchro]ectr1c LVTD

»-'.I

7

A

- Temperature: 40. 00 +O 1§3
- Shear Rate Shear Stress Viscosity
sec” - b dynes/cm?_ - cP 3
0.07 =#0.00 1.54. 2£0.02 2282.9 - %56
0.14 0.00 2.86 0.02 2114.0 38
0.34 0.0t - 7.24 0.083 2143.1 - 34
0.68 0.0t 14.36 0.03 2124.5 33
- 0.13 + 0,00 3.20 0.06 2452.6 66
0.33 0.01 8.00 0.07 2452.5 47
0.65 »0.01 15.92 0.08 2438.4 - 44
L, 1.31 0.02 313§6 0.1 2440.8 43
A 0.85 N001 - 20.25 _0.25 . °3130.6, 69
o 1.29 - 35 . 70,29 .- 2777.8 55
0 2.59 - 0.40 - 2619.4 - -
6.47 - 0.80" 2461..1 %
C2.61 1.26 - 2684.7 ..
© 6.52 1.81 . 2483. 3
13.04 2 2374.3

L2r OO 0O IBOL®O
- . '

—ADO,O‘b(A)MWbLOODI\J

vBrooKf1e1d Synchr-r-ﬁ,r1c LvTD -
Temperature: 2°,f0; fJO C ‘o L
A ¥ oy & W
‘Shear Rate . ;Shear Stress Viscosity -
sec” ! s dynes/cm? - .- cP
- — , - -
0.07 £0.00 —" - 6.14_ +0.02  9232.3 %150.
0.13 _0.00 12.23 0.02, 9196.8 = 76.
0.06 0.01 4,99 0.06 8470.6 1552.
0.12 0.02 210.16 0.07 8627.5 . 1574.
0.29 . 0.05 25.71 . 0.09.: 8732.0 1591.
~.0.58 0.11 50.74 - 0.15 8617.0 1570.
© 0,29 - 0.06 24 .81 0.26 8544 .6 "1638.
0.58 . Q11 49.86 . 0.34. « B584.9.7 1644.
1.16 0.22 87.96 . 0.53 8433.8 1615.0,
2.32  0.44 . 187.96  .&, 93 - 8091.2- 1549.
1.16  0:23 q .90.79 - 1.36 ~ 7857.6° 1547.
2.31 0.45 18 1.95 TE7857.6; 154%h3‘
5.78  1.43 -0 485 - 4.03 - <7535.7 1481
11.55 2.27 - 819 32 7-.38 7090 % v1393.5_
T~W' 'ip. po

“;w ,

R
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1ab1e B.67 Epp1ng 20. 4% W/O Emu1s1on Rheo]ogy

BrooKf1e1d Synchro]ectr1c LVTD

Temperature: 57.90 £0.20°C R
Shear Rate Sheef Stress V1scos1ty
sec” ' . dyneS/cm2 ‘ cP

0733 - £0.00 172 +0.02°  527.7 . #5.3
.0.65  0%00 3.50 ~0.02 - 536.2° 3.0
1.31  0.00 ‘$.08 0.02 - = 542.2 2.1
2.61 0.01 14.25 . 0.03- - . .545.2 4.7
0.63  0.00- 4.56 0.06 - ™~ 724.8 10.4
.26 0.0 g.31 0.07- - ' 661.1 - 5.8
2.51 \0.01%: 14.78 +.0.07. - - 587.7 -~ +3.7
6.29A\\0.02 ..36.39  0.-12° . 578.9" 2.8
- . 2.48 '0.01 17.44 Q.25 " 703.5 10.8
6.20 0.03 40.38 - 0.30  651.6 6.1,
12.39  0.07 ©77.95  0.44 628.9 5.0
4 Moy S E e N .
a Tab]e@§ 68 aﬁﬁlngﬂ20 4% W/O EmuLs1on Rheo]ogy
" Brookfield Synchréfectric LVTD. N
Temperature 75.00 "20.20°C Ao
Shear Rate " Shean‘Sfress’“‘ ' V1scos1ty
w. .  sec-' . = dynes/cm%: - cR . ;4?
©0.35 £0.01._ - 0.82 $0.02 -  236.9, +%6.2
0.69. 0.010 . 1:45 0.02 09:5- 4.3
©1.38 . 0.02 2:82. 0.02° - 203.8 378~
. "2.768 0.05 5.52 0.02 199.9 3.5
< 6.91  0.12 13.82. 0.03 .2200%.0 3.5
~71.37.0.04 - 2.51 0.06 ¥955.3 . 8.0
2:75 ..0.07. 6.03 0.06 219.5 6.2
6.87 30.18 %. 13.67 .-'0.07 198.9. 5.3
13.75 0.36 . - 26.66" <0.10 193.9 5.1
7.65 0.01: ©15.45  0.25 7 . 202.1 3.2 o
15.29 - 0.03 29.14 0427 7 - 190.6 - LB
- ru Loyy ‘,-‘.‘7" .,,,:i’k > N

\\
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Table B.69 Epping 43. 2% W/O/W Emu]s1on Rheology s
Brookfield Synchro]ectr1c 1VTD |
Temperature: 22.50 +0.10°C L
Shéhr%%ate Shear,S;ress Viscosity*“jé%{ el
sec ™! dyhes/cm? &P R
] _ v y ' " . Jw%‘% : T e
0.12 -%0.00 - 6.83 *0.02 '5749.8 +92.9 7
0.24 0.00 ~9.87. 0.02 - 4153.4 34.3,: -
0.12 0.02 4.31 0.06x  &667.3 - 56290’
. 0.24 0.04 ©6.37 0.06% 2711.2 412.8
0.59 » 0.09 -~ 10.93° 0.07 ' 1859.8 282.5°
., 1.18 0.18 ;0 b 26 0.08 ©°1383.1 ~ 210..0 .
2.35..:0.36 © 23.89 0.09,_ 1016.4 154}3@;_ ,
4.70 0.71. 998,32 0.32 0275 81,7
11.75 > 1.78 .ﬁg”ﬁ 52.25 _ 0.34 78445 875 +
b 0055 00137 - 13.68 70,24" " :2482.2%-605.3 :
. 1.10 $0.27 7 . 16.49 70025 1676.0- -.408.2
2.21 054 05 28 0.26 - - 1145.6 278.9 .,
4.41- ,#.07 . -36.75 .,0:29  * .832.7 202.6 "
11.03 » 2.68 :53.84 .1.20 - -487.9  119.2 -
s - 22:0#% 5.37. ..88.9% - 1,25 . «403. 1. g98.2
F;113§%§%;0300- . +..52,51 5.49 . 443.5 Al
S OBUE®E0.00 ‘.J§§b14 2zt 7 3511 9.8 - 7
) ‘pf:ﬂ' ) : FW‘\& o -7, ’
;w‘Table ‘B.70. Epp1ng 43 2% W/O/w Emuls1on Rheo]ogy
. Brookf1e1d Synchrolectric LVTD s
Temperature 39.50 #0.50°C :
“Shear Rate - Shear Stress = V1scos1ty o
»g/ sec” _ dynes/cm2 L cP o ~5%»”'
0.08 =*0.00 1.62 +0.02z . 2016.6 56 .1
0.16° :0.00 2.66° Q.02 1654.4 37.9
0.40 0.0t~ 5.70 CG.02 . 1417.5 29.9
0.80 0.02 10.11 - 0,02 « - -1257.9 26 .1
0.08 0.02 2,96  0.12-7 = 3499.2 731.5
0,17 0.03 - 47719 0.06 2478.6 - 507.8
cp.42 0.09 -~ . 9.54 0.07 - 2259.9 4614.89
- 0.84 0.17, "18.23 0.08 . 2157.8 440.8
1:69° . 0.34 .. 33.96 .-0.1rt = 2010.2 410.6
0.42, 0.08. 14.04- 0.24 - - 3334.8 . 693.7
.0.84 . 0.47 .- . .26.92 .0.27 3195.87, 663.1
1,68 ‘*0,35ﬁ§%§§ 47.40 . 0.33  2813.7 583,5
3.37 - 0:70 %+ .81.46  0.46 2417.7 501.3
- 8.42 1.75° *152.15 1.38 . 1806.3 374.7
. 1.57 .0.04 55.79 1.20 3554.2 111.3
. 3.14 . 9.07 106.65 - 1.45 3397.4 90.0
e 7.85 .0.18 245.03  2.44 3122.1 _77.5
15.70 0.36 415.68 - 6.61. " 26482 73.4



Tab1e B. 71 Epp1ng 43 2% W/O/W Emu]s1on Rheo]ogy

vi“ﬂBrooKf1e1d Synchrolectr1c LVTD
K Temperature '

*?}

59 90 $0.50°C

Shear Rate
.p SeC" '

Shear Stress
dynes/cm2

Viscosity

Y013
33,

I+

OO RN NN 00 - 000
3,
o
- .‘:{‘”..,;.‘ e '< . 3 ’
crqﬁgooooooceoob

4 6 4“
.‘ I| Yy
«7r.06

QO

.00
1
.01:

Y

.0.99 +O 02

2.81, 0.02

"4.937 10.02
9.90 . *0.02
3.26. 0%06
6.77, 908,
13436 - 0.07"

Y 06,05 0 07097,
0:.284 o

24*23~, 0 26
58,63 0437
$11.77 7. 0759
-, B9:46 -1.26

4ohistiar 180

a& -

YR PR
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. 745,
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1022.
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TabE& B.72 Epping 53.2% W/0/W Emulsion ‘Rheology

* Brookfield Synchrolectric LVTD
Temperature: 22.90-t0.10fC

Shear Rate - Shear Stress - % Viscosity .
seg™' *é@mes/cmz cP
0.10 %0.00 1.68 0.02 1699.5 +47 .6 .
« 0. 0. 2.42  0.02 1223.0 28.7"°
0. 0. 4,53 0.02 913.3 19.7
0. 0. 7.04 0.02 ~ 710.8 15,1
©1.98 9. ¢ 11.20 . 0.02 565.0 1149 -
.0.20,..-.0. 2.56- .0.06 = 1296.4 397 *
0. 0. 4.46 0.06 g05.9 " 20.2
0. 0. . 6.96 .0.06 706.0 - 13.7
1. - 0. 11,022 0.07 - 55%9.2° 10.1° 3
3. 0. 16.78  0.08 425.6 . 7.5 - - e
‘9. 0. :24.88 . 0.20 . - 252.4 4.7 e .
19. 0. 40.21. .0.33 .- -204.0 « 3.8 :
ST, - 0. 9.60 0.24 - 481.8 .20.3
3.98mw 0. 15.33 0.25 '384@9Ag$#14.5 2 -
9 BEALA ) . -20.48 0.71 = - 205.7-% 10.0 E
19 .8 05 30.66 0.72 . 154.0° . 6.4 )
. Table B.73¢Eppjng 53.2% W/0/W . Emulsion Rheology  -=- . B!
Brookfield Synchrolectric LVTD -~
Temperature 39.80 x0.10°C
uShear Rate . Shear Stress V1scos1ty
.sec”! S e dynes/cm2 cP
' e RS :
0.47 @i+ - ; 1+.09 =+0.02 -~ . 232.3 . £7.3.
0.93 003, .. i 1.87 0.02. - =~ 200.3 8
. 1.87 0.05 °3.02 - 0.02 161.6 ~ /4.
s 3:.74 0.10 4.73 0.02° 128.2 - 3.6
g g.35 . 0.26 ~ ..-8.36 0.05 " 89.4 . 245
0.93 - 0.03« 2.71  0.06 292 10.8
1.85 0.05 : 4.28 0.06 231.3 \+ 7.5
3.70.  0.11 6.96 0.06 188\0. .
9.25 0.27 8.13 0.19 87.8 3.2
18.50 0.54 ©13.95  0.07 75.4 - 2.2
-8.00 0.01 9.71 ..0.47 121.4 -~ =579
16.00 0.02 ' 5 57“M 0.25 97.3 + 1.5 .
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Table B.74 Eppwng 53.2% W/0/W Emulsion Rheo]ogy |

Brookf1e1d Synchrolectr1c LVTD
Temperatyre: 59.20 #0.10°C

Shear Rate ' Shear "Stress Viscosity -
sec” 4J€§ dynes/cm? cP- -

0.38 +0.00 \ 0.84  £0.02 224.3 . 4.4

0.75 0.00 1.54  0.02 1205.5 2.4

1.50_ .0.071 2.86  0.02 .  190.3 1.4 .

3.007° 0.01 512 0.02 - 17034 .- 4.0

7.51  0.04. 11.22  -0.02 14 0.8

1.46  0.0% 4.68 0.06 3213 5.0

2.91 0.02 8.87 - 0.07 © 304.4 3.3
©7.28 0.06 19.70 0.08 . -270.6 2.4 .

14.56 0.11 7 " 25.55  0.09:7 T 425/5 1.5 o

0.37 0.01 $.56 0.0f ©149.5 3.8 7

0.74 0.0f 0.68 0.01 91.4 . 1.8

1.86 §.03. 0.88 0.01 47.5 0.8

3.72 /0.05 . 1.28° 0.02  34.6 0.6

7.43 © 0.1 2,03 0.02 - 27.3 0.4 &
14.86 .0.22 3.63 - 0.02 ©  24.4 0.4. ik

. . i : N :
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Tab]e B 75 Epp1ng o %é-W/O/W Emulsion Rheology

Brookf1e1d Synchrolectr%c LVTD
Temperature: 22.60 0. 10°C

‘Shear Rate Shear Stress Viscosity
__sec” ! dynes/cm? cP
0.39 - +0°01 0.80 *0.01 °  206.8 +4.9
0.78 0.01 1.34 ~ 0.01 172.5 3.1
1.94 0.03 2.74 0.01 140.9 2.2
3.89 0.06 3.72 0.01 - 85.8 1.5
7.717 0.12 4.84 0.01 62.3 8
a

‘Table B.76 Epping 64.0% W/OAW Emulsion Rheology

BrooKf1eld Synchrolectr1c LVTID . e
Temperature 40.00 +O 10 C = )
’ Shear Rate = Shear Stress | V1scos1ty -
. sec™h o .'*’dj‘/nes/cm2 P -
o A % e — .
ST 0,40 #85w - .50 -+0.0% 126.0  +3.4 °®
0.80 “HWBiu - "85 - 0.01 . -80.9 ° 1.7
2.00 . O3 - 0.81 0.01 46 . 0.8 ..
3.99 A6 . 1.16 0,071, 29.0 0.5
7.99 13 1.75 00 2128 0.4
1587 ~2.74 0.01 17,2 03
38.83 5.34 0.01 13.4 0.2 v
o ™ ’
Tab]e B.77 Epping .64.0% W/O/W Emuision Rheo]ogy Lo
“ »ﬁ
Brookfield SynchrOlée@%T& @V&@ DU ‘;«
Temperature 59.80 #0.10°C™~ R o " ,
Shear Réte ~ Shear "Stress - 'AV1scos1ty -
sec ' 5 ‘dynes/cm2 P o
' 0.38 *0.01 ~0.09 x0.0t 23.7 2.0 &
yem - 0.76 0.01 . 0.16 « 0.01 - 20.7 1.0 e
ST fx3.90 L 0.02 . - 0.30 0.01 16.0 =0.4
. - a3.80 0.03 0:46 ° 0.0 42,010 0.2 .
7.61 -0.07 . 0.77 - 0.01 10.2.7 - 0.1 s
15.21,- 0.13 ©1.34 -0.01 8.8 " 0.1
38.04 0.33 2.80 = 0.01 7.4 0.1 ur
76.07  0.67 4.43 0.01 5.8 0.1 -~

.



'Brookfrelﬁifynchrolectr1 ;!
Temperature: 38.00 *0. 20 ﬁ

-
4

" E
’ Y

Table B.78 Epping 66.8% W/0/W. Emulsion Rheology

Brookéield Syﬁchfolectrié LVTD
Temperature:.21.60 #0.10°C

"Shear Rate _ Shear Stress Viscosity

sec” " dynes/cm2 cP {

0.20 *0.01 0.94  +£0.02 - 461.9 11&
0.51 0.02 1.78 0.02 . -348.0 //12
1.02 0.03 2.95 0.02. 288.7 - 9.
2.04 0.07 » 4,05 0.02 197.8 6.
4.08 0.14 .5.82 ., 70.02 14274 4.
10.22 0.35 11.317 '0.02 -+ . 110.6- 3.
1.03 0.06 ~2.68 » 0.06 . 260.8 - 15,
2.05 ,0.11 o 440 .06  214.4 12.
411 - 0.22 6.93 © 0.06 168.6 9.
10.27  -0.56 9.33 - 0.07 90.8- 5.
20.54 1.1 198%% 0.07  82.7 3.

‘Rheology

- e _ *31 PAE

Shear Rate . . Shear St%éss
sec” ! ‘ dynes/cm2 : cP

0.94 ,+0.01 . 0.88 +0.02 g3.7 +2.

1.88 0.03 - 1.46 . Qi 77.8 1.

3:76  0.05 2.260 0 60.0 . 0.

9.41 0.13 4.12 . 0.02 B 43.8 .- O«

18.82  0.26 ‘6.g§; g.02 - .36.4° 0.

8.61.. 0.01 ‘ 3.88° 0.06 + - %5.0" O

. 17ﬁ%§w5 0.01 .6.16 0.0? 35.7 0.

_Ieble B 80 Epp1ng 66 8% W/O/w Emu]s1on Rheo]ogy .

Brookf1e1d Synchro]ectr1c LVTD

Temperature: 59,70-%0.20°C - S
' S@Shéarfgate- -‘-\Sheag Stress Viscosity '
__sec™ e dyhes/cm? eGP
0.79 +0.01° .  0.33 20.01  42.0 % s
S 197 7. 0.02 0.63 0.01 Co32.1
3.94 0.04 ¢ 1,03 0.01 26 .1 - g%
; 7.87 - 0.09 143  0.01 18.2 0
15.74 0.17 2.17- 0.01 13.8 W,
39.35 0.43 2.94  0.01 7.5 0.
78.70 - 0.86 5.11 -0.01 ’ 6.5 0.
&

'R O 00 O W 00 00 ~1 O N D

ANOOOB
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Tab

©o

le B .81 Ebping 70.4% W/0/W Emulsion Rheo ogy

Brookfield Synchro]ectr1c LVTD
Temperature: 22.65 20.05°C

Shear Rate .Shear Stress Viscosity
sec” ! dynes/cm? . cP
0.39 =G:01 0.75 +0.01 194.5
0.77 0.01 1.08 0.01 139.6.
. 1.93 0.02 - 2.04 0.01 105.6
3.86 -0.04 3.54. 0.01 891.6
7.72 0.08 4,91 0.01 63.6 .

o Table B. 82 Epp1ng 70. 4% W/O/W Emu]s1on RheoTDgy

Brookf1e1d Synchrolectrlc LVTD

[

Lo

Temperature: 39.75 *0. 1bhc

Shear Rate

.ff Shear. Stress

o

1
e

<+

Viscosi'ty

sec™' ... ™ - Ayynes/cm? '« scP
0.39 0.01 0.30  +0.01 76.1 - %2,
0.78 0.01 ~0.50 " :0.01 64.6 1.
1.95  0.0R 1.00 "B.01 51.3 g,
3.90 " 0.04 1.55  0.01 \39.7 0.
7.79° 0.09 2.18 0.01 27.9 0.
15.58  0.17.. 2.73  0.0% 17.5 0.
38.96. 0.43° *°5.29 - G.0f 13.6 0.

NN WU W A
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'TabTe 5'85 Epping 70.4% W/O/W Emulsion Rheology
Brookf1e1d Synchrolectr1c LVTD ”
Temperature 59.30 =0. O C

¢

Shear Rate

- Shear *Stress

fV1scos1ty

sec” dynes/cm? - cP.
0.39 %0.0% 0.16 +0.01 T41.4 +2.
0.78 .0.01 0.24- 0.01 +31.3 - 1.
4 1.95 0.02 0.47 . 0.01 24.3 - 0.
a 3.90 0.04 #0.73 0.01 18.7 0.
7.79 0.07 - 1.09 0.01 - 14.0 - 0.
; 15‘58‘"@.14'. S 1.48  0.01 9.5 -9,
. A38.95- €. .35 - 2.66 0.01 6.8 0.
e 77.90° 0069 441 0L01 5.7. 0.
- b B Z:‘ o ' e o ;
C:i::(. ‘,vv:':)‘ n» ]
M } . r-'l ’ ";}; . “‘
'Tab]e B.84 Epp]hg 70 4” W/O/W@Emu]s1on Rheology
lBrooKf1e]d Synchrolectr1c LVTD~ & e
Temperature 75 50 ‘#0. 10 C @g. e
. o 3 b . WP
- . Shear Rate “Shear. Stress R V1scos1ty @
- - sect ! _dynes/cm? ‘cP
\, ¥ - 0.39 &%@‘OJ 0.09 #0.01. . . 23.3 £2.
o~ 0.77 0V 01 ©0.16. 0.01 20.4- . 1
- . 1194f7§@.02 '0.29 . 70.01 14..7- 0
: 3.87 .0.04 0,40 - 0.01 “10.3 0.
7.75 ~0.07 , “0.60 -0.01 - 7.8 0.
. , 15,43 0. 14 2,0.92 0.01° 5.9-.  Q,
. ' 38.73  0.35 1.70 . 0.01 4.4 0.
7747 0.71 3.04 "0.01, ~. 3.9 0.
% uhia o ' . @.Vk} '
“Q' i ‘;; : .
. N W {‘; .

TN RO~

OO0 —-=NhOoO.’
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Tab]e B.85 Epp1hg 96 8% O/W Emulsion Rheo]ogy | o .

BrooKf1eld S?nchro1ectr1c LVTD

‘Temperature: 23- 80 0. 10 C
» [ .,r:b R

Shear Rate Shear Stress =~ . Viscosity

" sec” _ ~_dynes/cm?. ‘ cP

~

RN

1+

OO0

3.73 +0.04. @8 20.01
7.46 0.08 01
14-91°° 0.17 * 01

37.98 .41 0.47  0:01°
74.56  0\g3 .~ 0.94 0.01s |

%gbqble B. 86 Epp1ng 96. 8% /W Eles1on Rheo]ogy

.

.

Poon
:

0
4
3.
3
3

OO OO0
—
o

o
~J
cCoOO
IO !

OO = N

HE
’

R
I

Vi Brookf1e1d;Synchro]ectr1c LVTD- ‘ C e c
Temperature 39. 00 +O 20°C . ‘ DR o
Shear Ratg- ,  Shear Stress: . Viscosity' o
~_sec”! o dynes/cm?2 . cP - B
'3.77 +0.06 .. 0.08°.£0.07 2.0 0.2 0 . oy
& 7.54 0,12 U 0.100 0.0 103 0.1 e
i 15.09+* 0.23 6 14 0.0 0.9 0.0 e
- 37.72 0.58.° . 0.35 0.0t 0.9 0.0 7k
L 75.44 1.16- 0.59 . 0.01 0.9 . 0.0
o ’ . ,& o ) Lo o . e
] - \ b v s , .
7 » P o :f
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- Table B.87 Epping. 96.8% O/W Emulsion Rheology:

Brookfield Synchrolectric LVTD
Temperature: 59.40 x0.20°C ,

Shear Rate Shear Stress - Viscosity

sec” ! N\, . dynes¥cm? cP
. 7.41 *0.10 - 0.08 $0.01 1.1 +0.1
14.82 0.21 o 0.12 0.01 0.8 0.1
37.05 0.52 . 0.29 0.01 0.8 . 0.0
74.10% 1.03 , . 0.66 0.01 0.9 0.0
Table B.88 Epping 96.8% 0/W Emulsion Rheology
Brookfield Synchrolectric LVTD |
Temperature: 75.40 *#0.20°C
Shear Rate Sheai-Stress Viscosity
sec”! ’ dynes/cm?2 - cP
7.39 +0.10 , 0.08. x0.01 3 1.0 +0.1
14.78 0.20 ' 0.11 0.01 0.8 0.1
36.96 0.50 . 0.26 0.01 0.7 0.0
0.9 0.0

73.91 1.00 0.6 0.01



N : _
Table B.89 Epping 98.0% O/W Emulsion Rheology

Brookfield Synchrolectric LVID
Temperature: 25.20 +0.10°C ~

Shear Rate Shear Stress Viscosity
sec”! - dynes/cm?2 _ ° cP
3.73 0.04 0.07 0.01 1.8 %0
7.47 0.08 0.10 0.01 1.4 el
14.93 0.15 0.18 0.01 1.2 0.1
37.33 0.38 0.44 0.01 1.2° 0.0
74.66 0.76 0.85 0.01 1.1 0.0
Table B.90 Epping 98.0% O/W Emulsion Rheology
Brookfield Synchrolectric LVTD o
Temperature: 39.70 £0.20°C - \
Shear Rate Shear Stress - Viscosity
sec” . dynes/cm? cP
3.76 £0.04 0.06 *0.01 1.6 #0.
7.51- 0.08 0.08 0.01 1.1 0.
15.02 0.16 0.15 0.01 1.0 0.
37.55 0.40 0.34 0.01 0.9 0.
75.10 0.80 0.66 0.01 0.9 0.

OO —= =W
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Table B.91 Epping 98.0% 0/W Emulsion Rheology

_Brookfield Synchrolectric LVTD
Temperature: 60.00 +0.20°C

Shear Rate . Shear Stress Vi§cosity
sec! dynes/cm? - »__cP
7.36 *0.08 - 0.06 0.0t . 0.8 t+0.2
14.73 . - 0.15 ' 0.12 - 0.01 0.8 0.1
36.82 .0.38 - 0.26 0.01 0.7 0.0
73.64 0.77 0.62 0.01 0.8 0.0
Table B.92 Epping 98.0% 0/W Emulsion Rheology
Brookfield Synchrolectric 'LVTD -
Temperature: 74.50 +0.20°C .
Sheér Rate _ Shear St ess. Viscosity
sec” ' . - - dynes/tm? . cP
7.33 +0.08 .  0.05 *0.01 0.7 %0.2
14.65 0.16 0.09 0.01 0.6 0.1
36.63 0.40 0.23 0.01 0.6 0.0
0.8 © 0.0,

73.27 0.8C 0.60 0.01



Rheo logy
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Table B.93 Epping 98.4% O/W Emulsion
Brookfield Synchrolectric LVTD
Temperature: 22.65 iO.]O'C
Shear Rate - Shear Stress Viscosity
__sec” '’ dynes/cm? _cP .
7.41 +0.07 0.10 *0.01 1.3 0.1
"~ 14.81 0.13 0.18  0.01 2 - 0.1
37.03 0.34 - 0.43 0.01 1.2 0.0
74.06 0.67 0.84 . 0.01 1.1 0.0
Table B.94 Eppwng 98.4% 0/W Emuls1on Rheology
Brookfield Synchrolectric LVTD
Temperature: 38.75 £0.10°C
Shear Rate "~ . Shear Stfess, - V1scos1ty
sec! dynes/cm? cP
7.41 +0.07 0.07 +0.01 1.0 » *0.
-14.82 0.13 0.14 0.01 1.0 0.
37.06 0.33 0.32 0.0t 0.9 0.
0.8 0.

74. 11 0.67 0.62 0.01
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Table B 95 Epping 98 4% O/W Emulsion Rheology

Brookfield Synchrolectr1c LVTD
.Temperature .58. 30 +0.10°C

‘Shear Rate | " Shear -Stress . Viscosity - v
sec ! : dynes/cm2 . ..cP o i

7.39 $0.09 . .0.07 %0.01"

14.78 . 0.18 : 0.12- 0.01

36.95 . 0.44 . .~ - 0.25 0.01

73.90 0.88  ° 0.62 0.0t

Brookf1e]d Synchrolectr1c LVTD
Temperature: 75. 60 $0. 10°C

Shear Rate . . . Shear Stress . Viscosity

sec”! " - dynes/cn® - cP
P . S . . Y . “\\\

7.38 20.12 0.06 +0.01 69 0.1
14.76  0.24 0.11 0.01 0.7 0.1
36.90 0.61 0.20 0.01 0.5 0.0

1.22 0.8 0.0

73.80. ~0.80 0.01



Table B.97 Primrose 3.6% (dried) W/0

Brookf1e1d Synchrolectr1c LVTD
Temperature - 22. OO *0. 10 C

Shear Stress

Emulsion Rheology

175

~.

Viscosity<

Shear Rate
. sec”! dynes/cm? cP
., 0.06 =0.00 49,62 £0.33.. 80137.3 +1448.2
0012 0.00 100.65 - 0.54 81271.4 889.4
0.33. 0.01 233.54 2.35 .71356. 4 2296.9
0.65 0.02 472 .56 -4.35 72191. 2296.5
1.31  0.04 945.66 8.50  72233. 21 5590 3

Table B.98 Primrose 3.6% (dried) W/0

Brookfield Synchrolectric LVTD
Temperature: 40.00 0. 20 C

Emulsion Rheology

Shear Rate Shear Stress Viscosity
sec ! dynes/cm? cP

0.08 0.01 11.55 #0.189 14357 .1 +1472.9 ™~
0.16 0.02 17.61 0.19 10949.7  1105.3
0.40  0.04 39.90 0.22 9923.6 994.7
0.40 0.04 32.54 0.28 8121.3 830.6
0.80 0.08 62.50 0.38 7799.9 796.0
1.60 0.16 117.86 0.61 7354 .4 750.1 .
1.60 0.16 142.20 1.67 8882.0 916.1
3.20 0.33 281.68 2.74 8796.6 905.4
8.01 . 0.82" 702.82 6.36 8779.5 ~ 903.1

Table B.99 Primrose’ '3.6% (dried) W/O Emulsion Rheology’

Brookfield Synchrolectr1c LVTD
Temperature 59.60 *0.50°C

Shear Rate Shear Stress Viscosity
sec! _dynes/cm? cP
0.14- +0.00 2.42 *0.02 1728:.4 ~ *33.5
0.35 0.01. 5.57 0.02 1589.2 27.0
0.70 0.01 10.92 0.02 1557.8 25.9
0.30 0.07 8.56 0.19 2818.9 608.6
0.61  0.13 14.16 = 0.07 2332.2 501.0 v
1.21 0.26. 25.80 0.08 2124.3 456.3
2.43 0.52 50.08 0.19 2062.2 443.0
1.35 0.03 33.24 0.49 2463.0  59.3
2.70 0.05 61.44 0.38 2276.5 45 .2
6.75 .0.13 149. 81 0.76 0 2220.1 . 43.4



Table B. 100 Primrose 22.8% W/0 Emu]s1on Rheology

/
Brookf1eld Synchro1ectr1c LVTD

54

WO 2 WI—

Temperature 23.80 0. 10 C
_ Shear Rate Shear Stress Viscosity
sec”! ‘dynes/cm? cP

0.06 *0.00 : 96.20 £0.52  156474.9 #2764.
0.12 0.00 -196. 15 0.97 159520.9 1729.
0.07 0.00 100.64 2.36 153128.8 9929.
0.13 0.01 184.32 1.97 140229.4 8387.
0.33 0.02 - 462.71 4.27 140811.8 .8323.
0.66 0.04 898.63 8.08 136733.9 8069.

Table B. 101 Primrose 22.8% W/0 Emulsion Rheology

Brookfield Synchrolectric LVTD |

Temperature 44. 80 +0.20°C.
Shear Rate _ Shear Stress Viscesity.

_sec” ! dynes/cm? cP

0.07 +0.00 10.96 +0.07  16788.1 *305.
0.13- 0.00 : 21.37 0.09 - 16363.7 178.
0.33 .0.00 52.65 0.16 ~ 16127.9 123.
0.13 0.01 24.46 . 0.26 . 18990.4 1354.
0.32  0.02 57.82 0.36 17954.5 1264.
0.64 0:05 96.55 0.52 14992.4 1053.
1.29 0.09 ~ 167.60- 0.84 13011.6 913.
0.64 0.05 111.58 1.48 17380.0 1263.
1.28 . 0.09 219.87  2.24 17124.4 1236.
2.57 0.18 421.15. . 3.91 - 16400.2 1183.
6.42 -0.46 . 916.13 8.24 3 1028.

14270.
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Table B.102 Primrose 22.8% W/0 Emulsion Rheology

" Brookfield Synchrolectric LVTD

WWR ~JW — — — O —= N

Temperature: 54.20 0,20°C T
~ Shear Rate Shear Stress - '~ Viscosity
' sec™! dynes/cm? - cP
' -
0.06 +0.00 5.85 +0.06 9311.6 259,
0.13 .00 - 12.44  0.07 9899.7 - 221.
0.31 0.01 . 31.68 -0.11 - 10085.9 + 207.
0.63 0.01 60.53 0.18 9635.1 196.
0.30 0.01 .43.54 0.31 14438.2. 292.
0.60 0.01 82.86 0.46 13739.5  268.
1.21 . 0.02 94.56 0:.51 7840. 1 152.
1.24 0.03 98.45 1.40 7950.9 - 216.
2.48 . 0.06 189.24 2.01 7641.7 195.
6.19 0.14 449.04 -4.15 7253.0 181.
.12.38  0.289 - 846.67 7.62 6837.8 170.
Table B.103 Primrose 22.8% W/0 Emulsion Rheology
Brookfield Synchrolectric LVID
Temperature: 62.00 £0.20°C
Shear Rate Shear Stress . Viscosity
sec”! dynes/cm? ' cP
0.31 20.00 15.95 +0.08. = 5181.8  *34.
0.61 0.00 32.82 0.11 5342.2 /26.
0.64 0.08 29.73 0.27 46414 579.
1.28 - 0.16 57.35 - 0.36 4476.9 - 557.
2.56. 0.32 110.25 0.58 - 4303.3 535.
2.55 - 0.32 141. 11 1.67 5526.1 702.
6.38 0.81 317.23 3:03 4969.2 631.
12.77 1.62 580.85 5:29 4549.3 577.

D= OO~NI=NO
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Table B.104 Primrose 32.0% W/O Emulsion Rheology

. Brookfield Synchrolectric LVTD
Temperature: 22.80 x0.10°C -

Shear Rate Shear Stress + Viscosity
sec ! ' ‘ dynes/cm? cP -~
0.06 +0.00 109.52 +1.55  193848.6 +5830.6
~Q0.13 . 0.00 251.59 2.48 199041.1 5089.8

0.32 0.0t 609.29 5.54 192809.9. 4663.5

Table B.105 Primrose 32.0% W/0 Emulsion.Rheology

Brookfield Synchrolectric LVTD
Temperature: 43.20 $0.20°C

Shear Rate Shear Stress Viscosity
sec! dynes/cm? cP

0.08 +0.00- 17.86 +0.19 21585.2 *414.6
0.17 0.00 30.29 0.15 18310.2 172.2
0.16 0.00 ©30.43 0.49 18524 .7 359.4
0.41 0.00 72.09 0.58 17555.7 199.2
0.82 0.01 138.10 0.81 16814.7 159.9
0.82 0.01 140.02 2.52 17061.1 332.9
1.64 0.01 ~257.06 3.17 15661.6 225.4
3 0.02 - 492 .25 4,52 14985. 1 176.9

.28



Table B.106 Primrose 32.0% W/0 Emulsion Rheology

Brookfield Synchrolectric LVTD

HOUOIOWNHO

Temperature: 53.50 20.20°C
Shear Rate Shear Stress Viscosity
sec” ! dynes/cm? cP .
0.08 +0.0t 9.85 #0.07 12216.7 +1113,
0.16.  0.04 15.21 ~ 0.13 9429.8 .850.
0.40 0.b4 34.05 0.11 8444 .8 756.
0.40 0.04 . 36.28 0.50 - 9030.0 832.
0.80 0.07 67.88 - 0.57 8447.4 772.
1,61 0.15 - 127.57  0.77 7937.7. ‘724,

" Table B.107 Primrose 32.0% W/0 Emulsion Rheology
Brookfield Synchrolectric LVTD B
Temperature: 64.00 +0.30°C

| Shear Rate - Shear Stress Viscosity:

sec! dynes/cm? y _cP
0.14 +0.00 6.50 #0.06 . 4730.2 *119.7
0.34 0.01 14.29 0.07 4160.7 94.5
0.69 '0.02 27.59 0.10 4017.3 89.4
1.37 0.03 54.49 0.19 3968.0 88. 1
0.70 0.02 25.75 0.48 3666.7 123.1
1.40 0.04 83.80 0.62 5966.7 171.4
2.80 0.08 125.80 2.46 4487.6 154.3
7.01  0.20 289.88 2.80 4136.4 123.7
14.02 0.40 565.54 5.49 4035.0 120.7
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* Table B.108 Primrose 44.8% W/0/W Emulision Rheology

Brookfield Synchrolectric LVTD
Temperature: 22.00°+0.10°C

Shear Stress

@ .

L2 OOWOWOUTIIOWONWWO —

Shear Rate Viscosity
sec”! dynés/cm? cP

0.23 +0.02 20.94 0.14 9160.4 +988.
0.46 0.05 21.86 0.14 4782.3 - 511.
1.14 0.12 29.56 0.15 2586.5 275.
2.29 0.24 34.79 0.16 1522.3 162.
4.57 0.49 45.57 0.18 996.9 106.
0.17 0.03 14.04  0.47 g8281.1 1328.
0.34 0.05 18.26 0.48 5382.7 852
0.85 0.13 24.34 0.26 2870.8 448
1.70 0.26. 30.66 0.28 1808.0 282
3.39 0.53 37.45 0.50 1104.2 172.
6.78 1.06, 49.16 0.52 ©724.6 113.
16.96 , 2.65 72.56 0.58 427.9 66.

- 33.92 5.29 102.76 0.86 '303.0 47
10.22 3.49 76.57 5.51 748.9 260.
25.56 8.71 86.42 2.32 338.1 115.
51.12 17.43 103.92 5.55 203.3 70.

Table B.109 Primrose 44.8% W/0/W Emulsion Rheology
’ : : . [ ]

Brookfield Synchrolectric LVTD

Temperature: 44.00 *0.20°C

QO
"Shear Rate Shear Stress Viscosity
sec! dynes/cm? cP

0.25 - *0.03 13.85 *0.18 5498.7 +684.1
0.50 0.06 14 .41 0.13 2859.3 352.3
1.26 " 0.15 17.48 0.18 1388.1 171.0
2.52 0.3t 20.01 0.18 794.3 97.7
5.04 ~0.62 - 24.63 0.14 488.8 60.0
10.08 1.24 33.56 0.15 333.0 40.9
3.12 0.35 18.26 0.48 585.5 . 67.2
6.24 0.70 21.53 0.26 345.3 38.8
12.47 1.39 . 27.15 0.49 217.7 24.6
31.18 3.48 40.96 0.73 131.4 14.9
62.37 6.97 55.01 0.54 88.2 9.9
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Table B.110 Primrose 44 8% W/0/W_Emulsion Rheology »

Brookfield Synchrolectr1c LVTD

Brookfield Synchrolectric LVTD

Temperature: 56.00 *#0.20°C
| ‘Shear Rate Shear Stress Viscosity
sec! dynes/cm? cP
0.21 #0:05 13.55 +0.31.  B543.8 1491,
0.41 0.09 12.01 0.31 . 2900. 1 660.
1.04 0.23 14,16 0.19° 1368.3 310.
2.07 0.47 . 14 .80 0.13 719.8 162,
4.14  0.94 17.67 0.19 426.8 96
.8.28 1.87 24 .81 0.20 299.7 . 67
20.70 4.68. 42 .49 0.33 205.2 - 46
4.48 1.68 16.39 1.17 365.7 140.
8.86 3.37 18.26 0.48 203.8 76.
17.92 6.74 - - 22.24 0.48 124 .1 46 .
44.80 .16.84 36.75 0.50 82.0 30.
89.60 33.68 52.67 0.75 - 58.8 22
v '

Table B.111 Primrose 44.8% W/0/W Emulsion Rheology

T, ONDOOUT0 W =S

Temperature: 63.50 £0.50°C
- Shear Rate Shear Stress Viscosity
sec” dynes/cm? cP i

- 0.17 £0.01 7.76 0.13 4664.1 +162.8
0.42 0.01 14.47 0.19 3479.5 112.8
0.83 0.02 25.43 0.14 3057.6 91.9
1.66 0.05 44.03 0.22.  2646.7 . 79.2
1.71 0.09 13.81 2.34 808.8 143.2
3.41 0.17 20.60 - 1.17 603.2 46.0
8 0.43 117.04  2.41 1370.9 75. 1
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Table B. 112 Pr1mrose 48.0%: W/O/W Emu]s1on Rheo]ogy

‘!

Brookfield Synchro]ectr1c LVTD |

A

e

'M—AQ)O’)-&I\JO?O—A—L.JS—A'

Temperature: 22.00 *0.10° ¢
Shear Rate Shear Stress \ V1écos1ty
sec” ! dynes/cm2 . cP
.0.19 0.02 . 28.09 +0 49 . '150L5.6 +1660.
0.37 0.04 32.30 0:49"" . 8634.0 ..-944.
0.94 0.10 38.86 O;&p' oy 4154.3[ 450.
1.87 0.20 45.64 0.52 - - 2440.0 265.
3.74 . 0.40 50.33.  0.53  © 1345.2  146.
7.48 0.8\ 64.60 0.56 . 863.4 - 93.
18.71 2.02 109. 31 0.70 " 584.4 63.
37.41 . 4.04 160.34 . 0.90 428.6 46.
~5.93 . 0.14 60.16  5.50 - 1004.3 94.
- 11.98 0.28 65.63 .5.50 547.8 47.
29.95 0.69 +86 .42 3.37 . 288.5.- 13.
59.91 1.38 121.42 2.44 202.7 6.
- Table B.113 Primrose 48;0%.W/0/W Emulsion Rheology
Brookfield Synchrolectr1c LVTD
Temperature: 43.50-%0.10° o
Shear Rate Shear Stress Viscosity
sec! dynes/cm? cP -
0.36 *0.03 34,1t £0.32 9526.6 +848.
0.72 0.06 36.64 0.32 5115.8 = 449:
1.79 ~ 0.16 43784 0.22 2448.7  213.
3.58 0.31 50.37 - ~0.34 1406.6 122.
61.00 - 0.0t 112.59- 0.72 184.6 . 1.
122.00 0.01% 148 .64 1.00 121.8 0.

ONOOTW
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Table B.114 Primrose 48.0% W/O/W Ehu]éion Rheology

Brookfield Syncﬁro]ectric\LVTD
Temperature: 52.00 +0.20°C

3

. Shear Stress Viscdsigy

2 OWNODPOOOUITWOMW

~Shear Rate
' sec™! dynes/cm? cP
o .0.22 *0.03 . 22.23 £0.31 - '9898.1 £1182.
" 0.45 0.05 - 23.40 0.20 . 5209.5 - 615.
1.12  0.13 29.37 0.20 2615.7 308.
2.25 0.26 39.41 0.16 1754.8 206.
4.49 0.53 47 .66 0.33 1061. 1 125
0.22 0.02 19.66 0.25 9085.0 763.
0.43 0.04 22.70 0.26 5245.5 434.
1.08 0.09 29.86 0.27 * 2768.8 227.
2.16 0.18 38.62 0.50 1784.6 147 .
4.33 0.35 49.39 0.53 1141.0° - 93.
'8.66 0.71 60.86 0.55 703.0 57.
21.64 1.77 89.65 0.64 414.2 33.
43.28 3.53 111.42 0.88 257.4 21.
Table B.115 Primrose 48.0% W/0/W Emulsion Rheology
Brookfield Synchrolectric LVTD
Temperature: 64.00 £0.30°C
Shear Rate Shear Stress Viscosity
sec”! . dynes/cm? cP
0.19 #0.03 /.48  *0.31 9044.2 *1201.6
0.39 0.05 ‘6.99 . 0.19° - .43%4.7 577.5
0.87 0.13 ~1.30 0.19 . 2203.7 288.8
1.83: 0.25 + 23 82 0.15  «._.1490.4 194.9
3.87 0.51 37.19 0.21 961.7 125.8.
7.73 1.01 - 50.68. 0.19 655.2 85.7
0.97 0.13 , 22.84,° 0.48 ° 2372.8 314.2
1.93 0.25 7 30.90 0.49 ©1598.0 © 210.4
387 0.51 - 47 .05 0.52 1216.7 -159.6
7.73 1.01 62.50 0.56 - 808.1 105.8
19.34 = 2.53 95.03 0.65 491.5 64.3
38.67 5.05 117.04 1.30 | 302.6 7

39.
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Table B.116 Primrose 62.4% W/0/W Emulsion Rheology

.Brookfield Synchrolectric LVTD -
Temperature: 22.50 20.10°C
Shear Rate Shear Stress Viscosity
sec! dynes/cm? cP
0.38 =#0.01 3.72 0.0t 981.5 +17.9
0.76 0.01 6.26 0.01 824.2 9.8

A

Table B.117 Primrose 62.4% W/0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 42.00 +0.10°C

Shear Rate .Shear Stress Viscosity
sec”! dynes/cm? cP

0.38 =*0.01 1.78 =0.01 467 .6 + 8.7

0.76 0.01 2.98 0.01 - °391.7 4.7 .

1.90 0.02 5.77 0.01 303.3 2.9

Table B.118 Primrose 62.4% W/O/W Emulsion Rheology

Brookfield Synchrolectric LVTD

Temperature: 56.00 +0.20°C
Shear Rate Shear Stress Viscosity
‘sec” ! dynes/cm? ' cP
0.40 *0.02 0.87 #0.01 218.1 + 9.9
0.80 0.03 1.53 0.01 191.8 8.1
2.00 0.08 3.04 0.01 152.3 6.3
'3.99° 0:17 2.43 0.0f 60.7 2.5
7.99 0.33 3770 0.01 46 . 4 1.9 -
Table B.118 Primrose 62.4% W/0/W Emulsion Rheo[pgy ;
Brookfield Synchrolectric LVID |
Temperature: 66.00 £0.30°C )
'~ Shear Rate ' Shear Stress Viscosity <
sec”! dynes/cm? cP
, ‘ )
1.86  0.02 0.81 +0.01 43.7. = 0.6
3.73 0.-04 1.57 0.01 42 .1 - 0.5
7.46 - 0.07 2.94 0.01 39.4 0.4
14.91 0.14 5.00 0.01 33:5 0.3

NG



Table B 120 Primrose 64.4% W/0/W Emulsion Rheology

Brookfield Synchro]ectr1c LVTD
Temperature: 22.80 20.10°C

Shear Rate ‘éhéar Stress Viscosity
©_sec”! _ dynes/cm2 ch

.67 +0.03 1.52  +0.02 56.8 + 0.9
6.68 0.08 3.82 0.02 57.2 . 0.7

13.37 ° 0.16 7.44 0.02 55.6- 0.7
1.84 0.02" 0.95 0.01 51.8 0.6
3.69 0.03 1.95 0.01 53.0 0.5
7.37 0.07 3.98 0.01 .54.0 0.5

@

Table B.121 Primrose 64.4% W/0O/W Emulsion Rheology

Brookfield Synchrolectric LVTD.
Temperature: 44.50 +0.10°C

Shear Rate Shear Stress Viscosity

sec™! dynes/cm? _cP
1.85 +0.02 0.68 +0.01 36.5 + 0.6
3.70° 0.04 114 0.01 30.8 0.4
7.40 0.07 2.31  0.01 31.2 0.3
0.3

14.81 0.15 . 4.68 0.01 31.6
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Table B.122 Primrose 64.4% W/0/W Emulsion Rheology

Brookfield Synchro]ectr1c LVTD
Temperature: 55.00 .%0.20°C -

Shear Rate Shear Stress Vi§cosity

sec” ! __dynes/cm? cP
. 3.68 £0.03 ~0.81 +0.01 22.0 + 0.3
7.36  0.07 - 1.64 0.01 22.2 0.2
0.2

14.72 0.13 3.26 0.01 22,1~

Table B.123 Primrose 64.4% W/O/W Emu151on Rheo]ogy

Brookfield Synchrolectric LVTD
Temperature: 64.50 0. 30°C

Shear Rate Shear Stress ' Viscosity
sec”! dynes/cm?2___ cP
7 48 +0.08  1.14 *0.01 5.3 + 0.2
14.91 0.17 2.28 0.01 15.3 . 0.2
37.28 0.42 . 4.70 - 0.02 12.6 0.2
<
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Table B.124 Primrose 78.5% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 23.50 20.10°C

Shear Rate Shear Stress ' Viscosity'

sec”! ' dynes/cm?2 . cP
14.77 *0.13 0.50 +0.01 3.4 + 0.1
36.93 0.33 1.18 0.01 3.2 0.0
'73.87  0.66 2.35 0.01: 32 0.0

Tab]e'B.125 Primrose 78.5% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 41.50 #0.10°C

Shear Rate Shear Stress Viscosity

sec”! -~ dynes/cm? cP
14.78 +0.13 0.36 £0.02 2.4t 01
36.94 0.33 0.87 0.01 2.4 0.0
0.66 1.68 0.01 2.3 0.0

73.88

Table B.126 Primrose 78.5% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 51.50 %0.20°C »

Shear Rate Shear Stress Viscosity

sec! : ‘ dynes/cm2 cP
14.79 +0.13 0.31 -20.02 2.1 % 0.1
36.98 0.33 0.73 " 0.01 2.0 0.0
73.95» 0.66 1.43 O.Q1 1.9 0}0

Table B. 127 Primrose 78.5% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 60.50 tp.30°c

Shear Rate: %Shear Stress Viscosity
sec ™! » dynes/cm? cP :
36.87 +0.33 0.64 +0.01 L1074

0.0
73.75 0.66" 1.26 0.01 1.7 0.0



Table B.128 Primrose 82.4% O/W Emulsion Rheology

Brookfield Sychrolectric LVTD
Temperature: 23.00 +0.10°C

Shear Rate Shear Stress Viscosity
sec! : dynes/cm? - cP

7.36 +0.07 0.59 0.0t ~° 8.0 + 0.1

14.72 ~ 0.13 -1.16 - 0.01 7.9 0.1

36.79 0.33 2.92 0.01. 7.9 0.1

73.59 0 5.93 0.0t 8.1 0.1

.66

Table B.129 Primrose 82.4% O/W Emilsion Rheology -

Brookfield Sychrolectric LVTD
Temperature: 41.50 £0.10°C

Shear Rate - ~ Shear Stress Viscosity
sec™! : dynes/cm? cP
7.39- £0.07 0.41 0.01 5.6 % 0.1
14.77 0.14 - 0.82 0.01 5.5 0.1
36.93 0.34 2.07 0.01 - . 5.6 0.1
0.67 3.77 0.01 » 5.1 . 0.0

73.85

Table B.130 Primrose 82.4% 0/W- Emulsion Rheology

Brookfield Sychrolectric LVTD
Temperature: 50.10 20.20°C

‘Shear Rate Shear Stress .~'Vdscosity.

sec™ ! ’ dynes/cm? _ . _cP
14.88 +0.18 0.65 *0.01 4.3 0.1
37.21 0.45 - 1.61 0.01 4.3 0.1
74.41 0.90f 2.68 0.01 3,6 0.0
Table B.131 Prfimrose 82.4% 0/W Emulsion Rheology
‘Brookfield Sychrolectric LVTD |
Temperature: 60.00 +0.20°C
Shear Rat Shear Stress . Viscosity
sec ! : dynes/cm?2 - cP
14.76 *0./13 0.45 0.01 3.1 % 0.
36.91 0/33 1.07 ~ 0.01 2.9 0.0
0/.67 2.16 0.01 2.9 Q.O

-73.81

188
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Table-B. 132 Primrosev88.8% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 22.00 +0.10°C

Shear Rate - Shear Stress | Viscosity

sec”! dynes/cm? _ cP A
3.71 +0.03 0.14 +0.02 3.7 .+ 0.4
7.42 0.07 0.24 0.01 3.2 0.1
14.84 0.14 0.46  0.01 3.1 0.1
37.09 0.34 1.08 0.0t 2.9 0.0
74.18 ~ 0.68 -~ 2.18. 0.01 2.9 0.0 \
Table B.133 Primrose 88.8% 0/W Emulsion Rheology
Brookfield Synchrolectric LVTD
Temperature: 44.00 #0.10°C
Shear Rate - - Shear Stress ~ Viscosity
sec! '~ dynes/cm?2 . cP
3.72  +0.03 0.09 #0.02 2.5 +0.4
7.43  0.07 0.17 0.01 2.2 0.1
14.86 0.13 0.31 0.01 2.1 0.1
37.15 0.34 0.71 0.0f1 1.9 0.0
. 74.31  0.87 1.42 0.01 1.9 0.0
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Table B.134 Primrose 88.8% O/W Emulsidn Rheology
Brookfield Synchrolectric LVTD.

Temperature: 51.00 +0.10°C .
Shear Rate . Shear Stress | Viscosity:
~_sec! : - dynes/cm? cP
3.73 +0.03 0.09 +0.02 2.4 £70.4
7.45 0.07 v 0.16 0.01 2.1 0.1
14.91 0.14 . 0.28 0.0t 1.9 0.1
37.26 0.34 0.63 0=x01 1.7 0.0
74.53 0.69 1 1.7 0.0

.27 0.0t

Table B.135 Primrose 88.8% 0/W Emulsion Rheology

Brookfield Synchrolectric LVTD
 Temperature: 60.00 *0.10°C

Shear Rate Shear Stress Viscosity
sec”! dynes/cm? - cP

3.74 £0.04 0.08 +0.02 2.0 + 0.4

7.48  0.07 , 0.13 0.01 1.7 0.1

14.95 0.14- 0.22 0.01 1.5 0.1

37.38 0.35 . 0.50 0.01 1.3 0.0

74.76 0 1.3 0.0

.70 0.97 0.01
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Table B.136 Primrose 95.2% O/W EmUl§ion Rheology

Brookfield Synchrolectric LVTD
Temperature: 22.80 #0.10°C

Shear Rate Shear Stress ~ Viscosity

-sec”! dynes/cm? © o cP ,
3.71 %0.03 ) 0.13 %0.02 3.4° + 0.4
7.42 0.07 0.23 0.01 3.0 0.1

14.85 0.13 ' 0.42 0.01 2.8 0.1
37.12 0.34 0.98 0.01 2.6 0.0
74.25 0.67 1.97 0.01 2.6 0.0

Table B.137 Primrose 95.2% 0/W Emulsion Rheclogy

Brookfield Synchrolectric LVTD \
Temperature: 45.00 $0.10°C
Shear Rate Shear Stress  Viscosity
sec:! | dynes/cm? . cP
3.73 #0.04 . 0.09 - %0.02 2.4 % 0.4
7.45 0.07 1 0.15 0.01 : 2.0 0.1
14.90 0.14 0.27 0.01 c 1.8 0.1
37.26 0.35 0.62-. 0.01 . 1.7 0.0
1.7 0.0

74.52 0.70 . 1.25 0.01
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Table B.138 Primrose 95. 2% O/W-Emulsion Rheology

Brookfleld Synchrolectrlc LVTD
Temperature 55. 00 +0.20°C =

~Shear Rate Shear Stress - Viscosity
sec”! ' dynes/cm? chP
3 73 0. 04 0.08 0.02 2.2 + 0.4
7.46 0.07 0.13 0.01 1.8 0.1
14.92 0.15 0.23 0.01 1.5 0.1
37.30 0.37 0.55 0.01 1.5 0.0
1.09 0.01 1.5 0.0

74.53 0.75

Table.B 139 Primrose 95.2% 0/W Emulsion Rheology

Brookf1e1d Synchrolectr1c LVTD
) Temperature 65.00 +0.20°C

Shear Rate Shear Stress_ Viscosity
sec”! __dynes/cm? cP

3.75 +0.04 0.08 +0.02 2.0 + 0.4

7.48 0.08 0.11 0.01 1.5 0.1

14.98 - 0.15 0.20 0.01 1.3 0.1

37.45 0.39 0.45 0.01 1.2 0.0

74.90 0.77 0.89 0.01 1.2 0.0

v
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Table B.140 Primrose 98.6% O/W Emulsion Rheology

Brookfield Synchrolectric LVTD
Temperature: 23.00 *0.10°C

Shear Rate Shear Stress Viscosity
sec”! . _dynes/cm? cP _
14.71 £0.13 0.17 20.02 1.1 £ 0.1
36.79 0.33 0.42 0.0t 1.1 0.0
73.57 0.66 - 0.84 0.01 1.1 0.0
. ' - L ' . FeYs
Table B.141 Primrose 98.6% 0/W Emulsion Rheology
Brookfield Synchrolectric LVTD
Temperature: 45.00 $0.10°C
' shear Rate ~ Shear Stress Viscosity
‘sec”! _dynes/cm? cP
14.61 +0.13 0.11 *0.02 0.7 % 0.2
36.53 0.33 0.29 0.02 0.8 0.0
73.07 0.67 0.61 0.01 0.8 0.0 .
Table B.142 Primrose 98.6% 0/W Emulsion Rheology
Brookfield Synchrolectric LVTD
Temperature: 55.00 *#0.20°C :
Shear Rate Shear Stress Viscosity
sec”! dynes/cm? cP '
36.01 £0.33 0.24 #0.01 0.7 0.0
72.02 0.66 .0.60 0.01 0.8 0.0
Tabje B.143 Primrosé 98.6% O/W Emulsion Rheology
Brookfield Synchrélectric LVTD | |
Temperature: 64.20 £0.20°C
.Shear Rate " Shear Stres§) Viscosity
sec” ! dynes/cm? cP
35.96 *0.33 ©0.23 £0.01 0.6 £ 0.0
0.8 0.0

- 71.91 0.66 0.59 0.01



Appendix C

Droplet Size Distribution Data
'for Emulsions of Wainwright B, Epping, and Primrose
Dewatered Crude Oils

\
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Table C.1 Wainwright B 0.8% W/0 Emulsio
. Primary Distribution '

Particle size Number Percentage . Percentage Cumulative
range . frequency in range per . percentage
(microns) ~ in range . micron less than
0.7 - 1.2 3 16.7 34.2 16.7
1.2 - 1.8 7 38.9° 53.2 55.6
1.9 - 3.0 4 22.2 20.3 77.8
3.0 - 3.7 2 1.1 18.3 88.9
3.7 - 3.8 2 1 45.6 100.0

—
- 0

Geometric mean particle size: 1.9 microns
Dispersity: 1.6

Table C.2 Wainwright B 4.8% W/0 Emulsion
- Primary Distribution

Particle size Number Percentage Percentage Cumulative

range ‘frequency in range per percentage

(microns) in_range : micron less than
0.0 - 0.5 3 3.3 - 6.8 3.3
0.5 - 0.7 3 3.3 13.7 . 6.7
0.7 - 1.0 5 5.6° 22.8 12.2
1.0 - 1.2 12 13.3 54.8 25.6
1.2 - 1.7 19 21.1 43.3 46.7
1.7 - 1.9 13 14.4 59.3 61.1
1.9 - 2.3 7 7.8 21.3 68.9
2.3 - 2.4 7 7.8 63.9 76.7
2.4 - 2.9° 6 6.7 13.7 83.3
2.9 - 3.2 6 6.7 27.4 - 90.0
3.4 - 3.9 4 4.4 9.1 4.4
3.9 - 4.4 3 3.3 6.8 ° . 97.8
4.4 - 4.6 2 2.2 9.1 100.0

. 90 '

—

Geometric mean particle size:

.7 microns
Dispersity: 1.8 '
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Table C.3 Wainwright B 10 4% W/O Emu]s1on
Primary D1str1but1on

s

Particle size Number Percentage Percentage Cumulative -~
range - frequency in range’ per . “petrcentage
(microns) in_range : ) micron less than
0.0 - 0.2 5 1.3 v b3 1.3
0.2 - 0.5 16 - 4.2 A7 5.5
0.5 - 0.7 60 15.8 64.2 21.17
0.7 - 1.0 86 22.4 92.0+ 43.5
1.0 - 1.2 89 23.2 95.2 66.7
1.2 - 1.5 51 13.3 54.5 - '79.9
1.5 - 1.7 < 25 - 6.5 26.7 86.5
1.7 - 2.3 29 '7.6 12.4 84.0
2.3 - 2.4 8 ;2.1 17.1 . 96. 1
2.4 - 2.7 8 2.1 - 8.6 98.2
2.7 - 3.2 4 1.0 2.1 . 99.2
3.4 - 3.7 °© 2 0.5 2.1 ~99.7
3.9 - 4.1 1 0.3 1.1 100.0

384

Ge'*etr1c mean particle size 1.0 microns
D. ersity: 1.7 '

" Table C. 4 Wa1nwr1ght B 18.0% W/0. Emulsion e,

‘ Primary Distribution ‘ R
" Particle size Number Percentage “Percentage Cumulative.

range - frequency in range . per .percentage -~

(microns) ._in range micron 1ess than

0.2 - 0.5 2 1.7 71 S B

0.5 - 0.7 8 6.9 28.3 - 8:6

0.7 - 1.0 13 11.2 46.0 19.8

1.0 - 1.2 12 10.3 42.5 " 30.2

1.2 - 1.8 15 12.8 . 21.2 431

1.8 - 2.4 & 17 1407 24 .1 57.8

2.4 - 3.0 10 - 8.6 - - 14.2 . 66.4

3.0 - 3.7 - 17 14.7 - 24[; - 81.0

3.7 - 4.9 8 6.9 5.7~ 87.9

4.9 - 6.1 7 6.0 5.0 94.0

£.7 - 7.3 2 1.7 2.8 95.7

7.3 - 7.9 2 1.7. ' 2.8 - 97.4

9.1 - 9.7 1 0.9 ‘ 1.4 98.3

9.7 - 10.3 2 +.7 , 2.8 100..0

116 T .

Geometric mean part1c]e s1ze 2.0'microns

D1spers1ty 2.1 \
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Table C.5 Wainwright B 26.5% W/0 Emulsion
Primary Distribution
- : :
Particle size  ° Number Percentage Percentage Cumulative

range frequency in' range per percentage

(microns) in_range micron less than

0.0 - 0.2 5 3.0 12:.2 - 3.0
0.2 - 0.6 13 7.7 21.2 10.7
0.6 - 0.7 25 14.9 122.2 25.6
0.7 - 1.0 12 7.1 29.3 32.7
1.0 - 1.2 17 10.1 41.6 42.9
t:2 - 1.7 15 8.9 18.3 51.8
1.7 - 1.9 10. 6.0 © 24.4 57.7
1.9 - 2.4 19 11.3 23.2 69.0
2.4 - 3.0 13 7.7 12.7 76.8
3.0 - 3.7 11 6.5 10.8 83.3
3.7 - 4.3 4 2.4 3.9 85.7
4.3 - 4.9 5 3.0 4.9 88.7
4.9 - 5.5 5 3.0 - 4.9 91.7
5.5 - 6.7 4 2.4 2.0 84.0
6.7 - 7.3 4 2.4 3.9 86.4
7.3 - 8.6 3 1.8 1.3 98.2
8.6 - 9.7 1 0.6 0.5 98.8

~9.7 - 10.3 _ 2 1.2 2.0 100.0
e . 8 . ~

16

Geometric mggh particle size: 1.5 microns.
Dispersity: 2.5 - S
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Table C.6 Wainwright B 28.0% W/0/W Emulsion
~ Primary Distribution

Particle s&ée Number Percentage Percentage Cumulative
range _ frequency in range per percentage
(microns) in_range v micron less than
0.6 - -1.2 1. 2.8 4.6 - 2.8
1.2 - 1.8 1 2.8 4.6 5.6
1.8 - 2.4 3 8.3 13.7 13.9
2.4 - 3.0 3 8.3 13.7 22.2
3.0 - 3.7 4 11.1 18.3 33.3
3.7 - 5.5 6 16.7 9.1 50.0
5.5 - 6.1 5 13.9- 22.8 63.9
6.1 - 6.7 3 8.3 13.7 - 72.2
6.7 - 7.3 4 1.1 18.3 83.3
8.5 - 11.0 4 111 4.6 94.4
14.6 - 17.0 1 2.8 1.1 ..97.2
48..7 - 51.3 1 2.8 o1t 100.0
36 .

Geometric mean particle size: 4.9 microns
Dispersity: 2.0

Table C.7 Wa1nwr1ght B 28.0% W/0/W Emulsion
Secondary Distribution. :

Particle size Number Percentage Percentage Cumulative

range ' frequency in range per . percentage
(microns) in_range ' micron . ___less than
0.0 - 2.4 1 8.3 3.4 8.3
2.4 - 4.9 -4 33.3 13.7 41.7
4.9 - 7.3 3 25.0 10.3 66.7
7.3 - 9.7 1 8.3 3.4 75.0
9.7 - 12.2 1 8.3 3.4 '83.3
14,6 - 17.0 1 8.3 3.4 91.7 .
19.5 - 21.9 1 8.3 3.4 0

100.

N

w

Geometric mean particle size: 5.8 microns

Dispersity: 2.2



Table C.8 Wainwright B 34.4% W/0/W Emulsion
Primary Distribution

AN
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Percentage‘ Percentage Cumulatiwve

Particle size Number
radge frequency in range per percentage
{microns) . in range micron less than
0.2 - 1.2 4 10.5 . -10.8 10.5
1.7 - 2.4 5 13.2 "18.0 23.7
2.4 - 6.1 8 21,1 5.8 44 .7
6.7 - 12.2 7 18.4 3.4 63.2
12.2 - 18.3 B 15.8 - 2.6 78.9
18.3 - 24.4 4 10.5 1.7 89.5 .
31.0 - 36.5 3 7.9 1.4 97.4
36.5 - 42.6 1 2.6 0.4 100.0
38 '

Geometric mean particle size: 6.
Dispersity: 3.2

7 microns

Table C.9 Wainwright B 34.4% W/O/W Emulsion

Secondary Distribution

Percenfage‘ Percentage Cumulative

Particle size Number

range frequency in range per percentage
(microns) in_range micron less than
0.0 - 0.7 14 35.9 49.1 . 35.8
0.7 - 1.0 11 28.2 115.8 64.1
1.0 - 1.2 6 15.4 63.2 78.5
1.5 - 1.7 3 7.7 31.6 87.2
1.7 - 1.9 1 2.6 10.5 89.7
1.9 - 2.2 1 2.6 10.5 82.3
2.2 - 2.4 1 2.6 10.5 94.9
2.4 - 2.8 1 2.6 7.0 97.4
3.4 - 3.7 1 2.6 10.5 100.0

39 '

Geometric mean particle size: 0.

Dispersity:

1.9

8 microns



200

Table C.10 Wainwright B 46.4% W/0/W Emu]s1on
Prlmary Distribution

Particle size - ‘Number Percentage Percentage Cumulative

range frequency in range per percentage

(microns) in_range micron - less than
1.0 - 1.8 5 12.2 14.3 12.2
1.8 - 4.3 11 26.8 11.0 38.0
4.3 - -5.5 6 14.6 12.0 53.7
5.5 - 9.8 7 17 .1 3.9 70.7
9.9 - 12.2 3 7.3 3.2 78.0
12.2 - 14.6 2 4.9 2.0 82.9
- 19.5 - 24.4 3 7.3 1.5 90.2
30.4 - 36.5° 3 7.3 1.2 97.6
36.5 - 42.6 1 2.4 ‘0.4 100.0

Geometric mean partwc]e size: 6.0 microns
Dispersity: 2.6 '

Table C.11 Wainwright B 46.4% W/0/W Emuls1on
Secondary Distribution

Particle size Number Percentage Percentage Cumulative

range frequency in range per ' percentage
(microns) in_range micron less than
0.5 - 1.0 b 11.5 23.7 11.5
1.0 - 1.5 5 9.6 19.7 21.2
1.5 - 1.9 8- 15.4 31.6" 36.5
1.9 - 2.4 9 17.3 35.5 53.8
2.4 - 2.9 - 7 13.5 27.6: 67.3
2.9 - 3.4 7 13.5. 27.6 . . 80.8
3.4 - 3.9 6 11.5 23.7 +92.3
3.9 - 4.4 i 1.9 3.9 84.2
4.4 - 4.9 2 3.8 7.9 88.1
7.8 - 8.3 _1 1.9 3.9 100.0

52

Geometric mean part1c1e size: 2.1 microns
D1spers1ty 1.7 : -
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Table C.12 Wainwright B 54.0% W/0/W Emulsion
Primary Distribution

Particle size Number Percentage Percentage Cumulative

range ' frequency in range per - percentage

(microns) . in_range . micron less than
0.0 - 0.2 2 3.6 14.9 3.6
0.2 - 0.5 6 10.9 44 .8 14.5
0.7 - 1.7 8 14.5 14.9 29.1
1.7 - 6.1 7 12.7 2.9 41.8
6.1 - 8.5 7 12.7 5.2 54.5

- 8.5 - 11.0, 7 12.7 5.2 67.3
11.0 - 12.2 6 10.9 8.0 78.2
12.2 - 13.4 2 3.6 3.0 81.8
13.4 - 18.3 ~ 3 5.5: 1.1 87.3
18.3 - 19.5 2 3.6 3.0 90.9
18.5 - 24.4 2 3.6 0.7 94.5
36.5 - 42.6 2 - 3.6 0.6 -98.2
42.6 - 48.5 1 1.8 0.3 100.0

: 55

Geometric mean part1c1e size: 4.4 microns

Dispersity: 4.4 ) '

Table C.13 Wainwright B 54.0% W/0/W Emulsion :
Secondary Distribution

_ l :
Particle size : Number Percentage Percentage Cumulative

range i frequency in range per percentage
(microns) - . in_range micron less than
0.5 - 1.0 5 8.1 16.6 8.1
1.0 - 1.5 . 10 - 16. 1 33.1 24,2
1.5 - 1.8 10 "16. 1 33.1 40.3
1.9 - 2.4 18 29.0 59.6 69.4
2.4 - 2.9 g s) 9.7 19.9 79.0
2.9 - 3.4 4 6.5 13.2 85.5
3.4 - 3.9 5 8.1 16.6 93.5
3.9 - 4.4 3 4.8 9.9 98.4
4.4 - 4.7 1 . 1.6 4.4 100.0
‘ ~ 62

Geometric mean part1c1e size: 2.0 microns
Dispersity: 1.6 . . -
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Table C.14 Wainwright B 95.6% O/W Emulsion
. Primary Distribution

Pa*ticle'size "~ Number Percentage Percentage Cumulative
. range frequency in range per percentage
(microns) in_range : micron less than

0.0 - 0.2 15 2.0 8.3 - 2.0
0.2 - 0.6 . 31 4.2 11.5 6.2
0.6 - 0.7 83 11.2 92.0 '17.4
0.7 - 1.0 98 13.2 ) 54.3 30.6
1.0 - 1.3 86 11.6 31.8 42.2
1.3 - 1.6 100 13.5 55.4 55.7
1.6 - 1.7 48 6.5 53.2 62.2
1.7 - 1.9 51 6.9 - 28.3 69.1

1.9 --2.2 63 8.5 34.9 77.6
2.2 - 2.4 23 3.1 12,7 80.7
2.4 - 2.7 22 - 3.0 . 12.2 83.7:
2.7 - 2.9 27 . 3.6 15.0 87.3,
2.9 - 3.2 17 2.3 9.4 89.6
3.2 - 3.4 9 1.2 5.0 90.8
3.4 - 3.7 14 1.9 7.8 92.7
3.7 - 3.9 16 2.2 " 8.9 94.9
3.9 - 4.1 6 0.8 3.3 . 95.7
4.1 - 4.4 7 2 0.9 3.9 96.6
4.4 - 4.6 5 0.7 2.8 97.3
4.6 - 4.9 4 0.5 2.2 ''97.8
4.9 - 5.1 4 0.5 2.2 . 98.4
5.1 - 5.4 5 0.7 2.8 - 99.1
5.4 - 6.6 3 0.4 0.3 ©99.5
6.6 - 6.8 -2 0.3 1.1 99.7
7.3 - 8.5 1 0.1 0.1 99.9
8.5 - 9.1 1 0.1 0.2 100.0

' 7

I

Geometric mean particle size: 1.4 microns
. Dispersity: 2.0 : '
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Table C.15 Wainwright B 97.6% 0/W Emulsion
Primary Distribution‘

Particle size Number Percentage Percentage Cumulative
. range frequency = in range - per percentage
{microns) in_range ___micron less than

0.0 - 0.1 5 2.4 20.0 2.4

0.1 - 0.5 14 6.8 . 18.7 9.3

0.5 - 0.7 22 10.7 - - 441 20.0
0.7 - 1.0 27 - 13.2 54.1 33.2 -

1.0 - 1.2 32 15.6. - 64.1 48.8
1.2 - 1.5 28 13.7 56,1 62.4
1.5 - 1.7 23 11.2 46. 17 2 73.7
1.7.- 2.1 23 1.1.2 30.7 84.9
2.1 - 2.2 10 4.9 40- 1 89.8
2.2 - 2.7 10 4.9 10.0 94.6

-2.7 - 3.4 g 4.4 6.0 99.0
3.4 - 4.1~ 1 0.5 0.7 99.5
4.1 - 4.4 ° 1 0.5 2.0 100.0

€
.
2/
o

;o

Geometric mean particle size: 1.1 microns
-~ Dispersity:.2.1 '
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Table C.16 Epping 0.9% W/0 Emulsion
Primary Distribution

Particle size Number Percentage Percentage Cumulative

range frequency in range per . percentage

(microns) in_range micron less than
0.0 - 0.5 1 0.6 1.3 0.6

0.5 - 0.7 42 26.8 108.9 27.4
0.7 - 1.0 35 22.3 91.5 49.7
1.0 - 1.2 17 10.8. 44 .5 60.5

1.2 - 1.5 15 8.6 - 39.2 70.1
1.5 - 1.7 11 7.0 28.8 77.1
1.7 - 1.9 10 - 6.4 26.2 83.4
1.9 - 2.2 10 6.4 26.2 89.8
2.2 - 2.4 8 5.1 20.9 94.9
2.4 - 2.7 3 1.9 7.8 96.8
2.7 - 3.2 3 1.9 3.9 98.7
3.2 - 4.1 _2 1.3 1.3 100.0

- 157 .

Geometric mean particle size: 1.1 microns
Dispersity: 1.7 3

Table C.17 Epping 14.4% W/O Emulsion
Primary Distribution -

Particle size Number Percentage Percentage Cumulative
range  frequency  in range .’ per - percentage
{(microns) in_range v micron less than
0.0 - 0.1 44 6.3 51.3 6.3
0.1 - 0.2 -39 5.5 45.5 11.8
0.2 - 0.4 122 17.3 142.3 29.1
0.4 - 0.5 72 10.2 84.0 39.3 .
0.5 - 0.6 122 17.3 142.3 56.7
0.6 - 0.7 126 17.9 147.0 . 74.86
0.7 - 0.9 111 15.8 129.5 90.3
0.9 - 1.0 32 ’ 4.5 - 37.3 94.9
1.0 - 1.1 26 \ 3.7 30.3 - 98.6
1.1 - 1.2 8 1.1 9.3 99.7
1.2 - 1.5 _2 0.3 1.2 100.0
’ 704

Geometric mean particle size: 0.5 microns
Dispersity: . 2.0



. . Geometric mean particle size: 0.7 microns
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Table C.18 Epping 17.0% W/0 Emulsion
Primary Distribution '

;Particle size Number Percentage Percentage Cumulative
range frequency in range per percentage
(microns) in_range ’ micron less than
0.0 - 0.2 1 0.3 . 1.1 0.3
0.2 - 0.5 65 16.8 68.8 17.0.
0.5 - 0.7 192 49.5 203.2 66.5
0.7 - 1.0 - 44 11.3 . 46.6 77.8
1.0 - 1.2 19 4.9 20.1 82.7 .
1.2 - 1.5 7 1.8 7.4 84.5
1.5 - 1.7 14 3.6 14.8 88.1
1.7 - 1.9 7 1.8 7.4 - 89.9
1.9 « 2.2 6 1.5 6.4 91.5
2.2 - 2.4 ) 1.5 6.4 93.0
2.7 - 2.9» 10 2.6 10.6 95.6
2.9 - 3.2 . 4 1.0 4.2 -96.6
3.2 - 3.7 4 1.0 2.1 97.7
3.7 - 4.1 4 1.0 2.1 98.7
4.1 - 5.8 4 1.0 0.6 99.7
6.3 - 6.6 1 0.3 1.1 100.0
.388 '

Dispersity: 1.8



206
/

Table C.19 Epping 20.0% W/0 Emulsion
Primary Distribution

Particle sizeé Number Percentage Percentage Cumulative

range frequency in range per percentage

(microns) _ in range micron less than
0.2 - 0.5 27 10.5 43,1 10.5
0.5 - 0.7 119 46.3 180. 1 . 56.8 -
0.7 - 1.0 35 13.6 55.9 70.4
1.0 - 1.2 15 5.8 1 24.0 76.3
1.2 - 1.5 15~ 5.8 24.0 82.1
1.5 - 1.7 13 - 5.1 20.8 87.2
1.7 - 1.8 - 8 3.1 12.8 90.3
1.9 - 2.2 10 3.9 16.0 84.2
2.2 - 2.4 3, 1.2 4.8 95.3
2.7 - 2.9 5 1.9 8.0 g87.3

- 3.2 - 3.4 3 1.2 4.8 88.4
3.4 - 4.4 3 1.2 - 1.2 99.6 -
4.4 - 4.6 1 0.4 1.6 100.0

257

Geometric mean partic]e‘size: 0.8 microns
Dispersity: 1.7 -

Table C.20 Epping 20.4% W/0 Emulsion
Primary Distribution

- Particle size Number Percentage Percentage Cumulative
range “frequency in range per percentage

(microns) in_range ‘ . __micron less than
0.0 - 0.2 2 . 0.4. - 1.8 0.4
0.2 - 0.5 108 - 23.9 98.3 24 .4
0.5 - 0.7 213 47.2 183.8. . 71.6
0.7 - 1.0 53 11.8 48.3 83.4
1.0 - 1.2 27 gg.o 24.6 89.4
1.2 - 1.5 12 i 10.9 92.0
1.5 - 1.7 18 4.0 16.4 96.0

1.7 - 1.9 9 2.0 8.2 98.0
1.9 - 2.2 5 1.1 4.6 - 99.1
2:2 - 2.4 2 0.4 1.8 99.6
2.4 - 2.7 1 0.2 0.9 99.8
2.9 - 3.2 1 0.2 0.9 100.0

’ 451 -

Geometric mean‘particle size: 0.6 microns
Dispersity: 1.6
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Table C.21 Epping 43.2% W/0/W Emulsion
Primary Distribution

Particle size Number Percentage Percentage Cumulative

range frequency in range per percentage

(microns) in _range v micron less than
1.2 - 2.4 .4 8.9 7.3 8.9
2.4 - 4.9 5 11.1 4.6 - 20.0
4.9 - 8.5 4 8.9. 2.4 28.9
8.5 - 9.7 4 8.9 7.3 37.8
9.7 - 10.3 4 8.9 14.6 46.7
10.3 - 11.0 5 11.1 18.3 57.8
11.0 - 12.2 6 13.3 11.0 71.1
12.2 - 13.4 3 6.7 ° 5.5 77.8
13.4 - 15.2 4 8.8 4.9 86.7
15.2 - 16.4 3 6.7 5.5 83.3
16.4 - 19.5 2 4.4 1.5 g97.8
19.5 - 42.6 1 2.2 0.1 100.0

45

Geometric mean pértic]e size: 8.6 microns
Dispersity: 2.0 ' :

 Tab1e C.22 Epping 43.2% W/0/W Emu]s1on

Secondary Distribution “

Particle size Number Percentage Percentage Cumulative.
range frequency in range per percentage
(microns) in_range micron less than
0.2 - 0.5 2 6.1 24.9 6.1
0.5 - 0.7 11 33.3 136.9 39.4
0.7 - 1.0 6 18.2 74.7 57.6
1.0 - 1.5 2 6.1 12.4 63.6
1.5 - 1.7 6. 18.2 74.7 81.8
1.7 - 2.4 ¢ 3 9.1 * 12.4 90.9
2.4 - 2.9 1 3.0 6.2 93.9
2.9 - 3.2 1 3.0 12.4 87.0
4.1 - 4.4 1 3.0 12.4 100.0
’ - 33 -

v

s

Geometric mean partic]e‘size: 1.0 micror$

" Dispersity: 1.8
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‘ / :
Table C.23 Epping 53.2% W/0/W Emulsion } R

, Primary Distribution

- Particle size . Number Percentage Percentage Cumulative

range frequency in range per percentage

(microns) in _range micron less than

-
0.0 - 0.6 30 11.3 18.6 11.3
0.6 - 1.2 93 351 57.6 - 46 .4
1.2 - 1.8 32 12.1 19.8 58.5
1.8 - 2.4 26 8.8 16.1 68.3
2.4 - 3.0 17 6.4 -10.5 74.7
3.0 - 3.7 9 3.4 5.6 78.1
3.7 - 4.3 8 3.0 5.0 81.1
4.3 - 6.7 22 8.3 3.4 89.4
6.7 - 7.3 5 1.9 3.1 91.3
7.3.- 8.5 6 2.3 1.9 '93.6
8.5 - 9.7 4 1.5 1.2 95. 1
9.7 - 11.0 1 0.4 0.3 95.5
11.0 - 12.2 5 1.9 1.5 87.4
14.0 - 15.8 4 , 1.5 0.8 - 88.9
21.9 - 31.7 2 0.8 0.1 99.6
31.7 - 32.3 1 0.4 - 0.6 100.0
. 265

Geometric mean particle size: 1.6 microns ’ »

Dispersity: 2.7

Table C. 24 Epping 53.2% W/O/W Emulsion
Secondary Distribution

Particle size . Number Percentage Percentage Cumulative

range -frequency in .range per percentage

(microns) in_range a micron less than
0.0 - 0.2 3 12.5 51.3 12.5
0.2 - 0.5 5 20.8 85.6 33.3
0.5 - 0.7 3 12.5 51.3 45.8
0.7 - 1.0 4 16.7 68.4 62.5
1.0 - 1.2 4 16.7 68.4 78.2
1.2 - 2.2 3 12.5 12.8 91.7
2.2 - 2.6 _2 8.3 22.8 100.0

24 .

Geometric mean particle size: 0.7 microns
Dispersity: 2.4
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Table C.25 Epping 64.0% W/0/W Emulsion
' Primary Distribution

-Particle size Number Percentage Percentage Cumulative

range frequency in range per percentage

(microns) - in_range micron less than
0.0 - 0.6 3 1.5 2.5 1.5
« 0.6.- 1.2 39 -.19.9 32.7 21.4
1.2 - 1.8 45 23.0 37.7 44 .4
1.8 - 2.4 29 , 14.8 24.3 58.2
2.4 - 3.0 19 : 9.7 15.8 ., 68.9
3:0 - 3.7 10 5.1 8.4 74.0
3.7 - 4.3. 9 - 4.6 7.5 78.6
4.3 - 4.9 9 4.6 7.5 83.2
4.9 - 5.5 4 2.0 3.4 85.2
5.5 - 6.1 3 1.5 2.5 86.7
6.1 -.7.3 5 2.6 2.1 ~ 89.3
7.3 - 9.7 5 2.6 1.0 91.8
9.7 - 11.0 3 1.5 1.3 93.4
11.0 - 20.7 5 2.6 0.3 95.9
20.7 - 22.5 4 2.0 1.1 88.0
22.5 - 24.4 2 1.0 0.6 899.0
24.4 - 44 .4 2 1.0 0.1 100.0

‘ 196

Geometric mean particle size: 2.4 microns

Dispersity: 2.4
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[
Table C.26 Epping 64.0% W/0/W Emulsion
Secondary Distribution

Particle size Number Percentage Percentage Cumulative-
range frequency in'range . per a pércéntégé'°
(microns) in_range - micron less ~than
0.5 - 1.0 5 9.1 18.7 9.1
1.0 - 1.5 13 23.6 48:5 32.9
1.5 - 1.9 8 - 14.5 29.9 47.3
1.9 - 2.4 8 14.5 29.9 61.8
.4 - 2.9 3 5.5 11.2 67.3
20 - 3.4 8 14.5 29.9 81.8
3.4 - 3.9 1 1.8 3.7 83.6
3.9 - 4.4 2 . 3.6 7.5 87.3
4.4 - 4.9 1 1.8 ™ 3.7 . 89.1
5.4 - 5.8 1 1.8 3.7 80.9
5.8 - 6.3 3 5.5 11.2 | 96.4
6.3 - 6.8 1 1.8 5.7 98.2
6.8 - 7.3 _1 1.8 3.7 100.0
55. . . "

Geometric mean particle size: 2.1 microns
Dispersity: 1.8
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Tab]e C.27 Epping 66.8% W/O/W Emulsion
Primary Distribution

Particle size Number Percentage Percentage Cumulative

range frequency in range per - percentage

(microns) in_range micron__ less than
0.0 - 0.6 6 2.9 4.7 2.9
0.6 - 1.2 . 49 23.6 38.7 26.4
1.2 - 1.8 44 21.2 34.7 47.6
1.8 - 2.3 23 11.1 22.7 58.7
2.3 - 3.0 30 14.4 19.7 73.1
3.0 - 3.7 17 8.2 13.4 81.3
3.7 - 4.3 7 3.4 - 5.5 84.6
4.3 - 4.9 4 1.9 3.2 86.5
4.9 - 5.5 6 2.9 4.7 89.4
5.5.- 6.1 2 1.0 1.6 90.4
6.1 - 6.7 -5 2.4 39 92.8
6.7 - 7.3 -3 1.4 2.4 -94.2
7.3 - 7.9 1 0.5 0.8 94.7
8.5 - 9.7 -3 1.4 1.2 . 96.2
- 9.7 - 17.0 2 1.0 0.1 97.1
17.0 - 20.7 3 1.4 0.4 98.6
20.7 - 25.6 1 0.5 < 0.1 99.0
25.6 - 26.2 1 0.5 0.8 99.5
26.2 - 57.2 _1 0.5 0.0 100.0

208

Geometric mean particle s%ze:.2.1 microns
Dispersity: 2.3 ‘

. ?‘f;w
‘



Table C.28 Epping 66.8% "/0/W Emulsion '
Secondary Di. ribution ‘

212

Particle size Number Percentage'(Percentage Cumulative

range -frequency in range . per percentage

(microns) in_range __micron less than
0.0 - 0.4 8 13.3 36.5 13.3
0.4 - 0.5 7 11.7 95.8 25.0
0.5 - 0.7 8 13.3 54.8 38.3
0.7 - 1.2 8 13.3 27.4 51.7
1.2 - 1.5 7 11.7 47.9 .63.3
1.5 - 1.9 7 11.7 24.0 75.0
1.9 - 2.2 7 11.7 47.9 86.7
2.2 - 2.4 2 3.3 13.7 90.0
2.4 - 2.8 3 5.0 10.3 95.0
2.9 - 3.4 1 1.7 3.4 96.7
3.4 - 3.8 2 3.3 9.1 100.0

60 . :

Geometric mean particle size: 0.

Dispersity: 2.4

9 microns
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Table C.29 Epping 70.4% W/0/W Emulsion
Primary Distribution

Particle size Number Percentage Percentage ,Cumulative
range frequency in range per percentage
(microns) in_range micron less than
0.0 - 1.0 4 3.3 3.3 3.3
1.0 - 1.5 13 10.6 21.7 13.8
1.5 - 1.9 14 11.4 - 23.4 25.2
1.9 - 2.4 20 16.3 33.4 41.5
2.4 - 2.9 11 8.9 18.4 50.4
2.9 - 3.4 9 7.3 15.0 57.7
3.4 - 3.9 13 10.6 21,7 68.3
3.9 - 4.4 8 6.5 13.4 74.8
4.4 - 4.9 3 2.4 5.0 77.2
4.9 - 5.8 5 4.1 4.2 81.3
5.8 - 6.8 3 2.4 2.5 83.7
6.8 - 7.8 © 3 2.4 2.5 86.2
7.8 - 9.7 - 3 2.4 1.3 88.6
10.7 - 12.2 5 4.1 2.8 g92.7
12.2 - 15.1 3 2.4 > 0.8 95. 1
18.5 - 19.6 2 1.6 1.5 96.7
24.8 - 25.3 2 1.6 3.3 98.4
25.3 - 33.2 1 0.8 0.1 . 99.2
33.2 - 37.5 1 0.8 0.2 100.0
' 123 '

L

Geometric mean particle size: 3.2 microns
Dispersity: 2.3 -

' Table C.30 Epping 70.4% W/0/W Emulsion
Secondary Distribution

Particle size Number Percentage Perceﬁtagé'iCumulative

range frequency in range per - =~ -percentage
(microns) ~ in_range ‘ ___micron less than
0.0 - 1.0 3 13.6 14.0 "13.6
1.0 - 1.8 7 31.8 32.7 45.5
1.9 - 2.9 5 22.7 23.3 68.2 -
2:9 - 3.9 43 13.6" 14.0 81.8
3.9 - 4.4 1 4.5 9.3 86.4
4.4 - 5.0 1 4.5 - 7.5 90.9
5.0 - 6.3 1 4.5 ~ 3.4 95.5
6.3 - 6.8 1 4.5 3.3 100.0
- 22

Geometric mean particle size: 2.0 microns
Dispersity: 2.1 ' 5

O
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‘Table C.31 Epping 96.8% O/W Emulsion
Primary D1str1but1on

Particle size Number Percentage Percentage Cumulative
range frequency = in range - per . percentage
(microns) in_range micron less than
0.0 - 0.5 4 4.9 10.0 4.9
0.5 - 0.7 16 19.5 80. 1 24 .4
0.7 - 1.0 16 - 18.5 80.1 43.9 .
1.0 - 1.5 8 9.8 .20.0 53.7
1.5 - 1.7 11 13.4 55.1 67.1
1.7 - 1.9 5 6.1 25.0 73.2
1.9 - 2.2 5 6.1 25.0 - 79.3
2.2 - 2.6 7 8.5 23.4 87.8
2.6 - 3.4 3 3.7 4.3 81.5
3.4 - 3.7 ° 3 3.7 15.0 95.1
3.7 - 4.6 3 3.7 3.8 98.8
4.6 - 5.8 1 1.2 1.0 “100.0
8 ' :

Geometric mean ‘particlie size: 1.2 microns
Dispersity: 2.0

Table c. 32 Epping 98.0% O/W Emulsion.
, - Primary Distribution

Particle size Number .Percentage Percentage Cumulative
range frequency  in/range per . percentage
(microns) in range ’ micron less than
0.5 - 0.9 2 3.4, 9.4 3.4
0.9 - 1.0 14 24 .1 - 198.2 27.6 .
1.0 - 1.2 9 15.5 63.7 43.1
1.2 - 1n5 12 20.7 85.0 *63.8
1.5 - 1.7 5 8.6 35.4 72.4
1.7 - 1.9 4 6.9 28.3 79.3
.9 - 2.7 3 5.2 7.1 84.5
2.7 - 3.2 2 3.4 7.1 - 87.9
3.2 - 3.7 2 3.4 7.1 91.4
3.7 - 3.9 3 5.2 21.2 96.6
3.9 - 4.1 1 1.7 7.1 98.3
4.1 - 6.3 1 1.7 0.8 100.0

-,
(0o]

Geometric mean particle size: 1.4 microns
Dispersity: 1.6 ' .



Table C.33 Epping 98.4% 0O/W Emulsion
' Primary Distribution

Particle size

215

Number Percentage Percentage Cumulative

range frequency  in range . per percentage
(microns) in_range micron less than
0.0 - 0.2 1 0.7 2.9 0.7
0.2 - 0.6 4 2.8 7.8 3.5
0.6 - 0.7 11 7.8 64 .1 11.3.
0.7 - 1.0 54 . 38.3 157.3 48.6
1.0 - 1.2 47 33.3 136.9 83.0
-1.,2.- 1.5 10 7 29.1 90. 1
1.5 - 1.7 4 2.8 11.6 92.9
1.7 - .1.9 3 2.1 - 8.7 95.0
1.9 - 2.2 2 1.4 5.8 96.5
2.2 - 2.4 3 2.1 8.7 98.6
4.9 - 5.1~ 1 0.7 2.9 199.3
5.8 - 6.1 - 4 0.7 2.9 100.0

Geometric mean particle size: 1.0 microns

Dispersity: 1.5
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Table C.34 Primrose 3.6% W/0 Emuls1on
Primary Distribution
Particle size’ Number Percentage Percentage Cumulative
range frequency in range per percentage
(microns) in range . micron less than
0.0 - 0.1~ 185 8.5 69.8 8.5
0.1 - 0.2 . 191 8.8 72.0 17.3
0.2 - 0.4 , 662 30.4 249.6 47.7
0.4 - 0.5 321 14.7 121.0 62.4
0.5 - 0.6 206 9.5 | 77.7 71.9
0.6 - 0.7 345 15.8 130.1 87.7
0.7 - 0.9 156 t 7.2 58.8 94.9
0.9 - 1.0 56 - 2.6 21.1 97.4
1.0 - 1.1 21 1.0 7.9 98.4
1.t - 1.2 10 0.5 3.8 98.9
1.2 - 1.3 7 0.3 2.6 - 99.2
1.3 - 1.5 -5 0.2 1.9 99.4
1.5 - 1.6 7 0.3 2.6 99.7
1.6-- 1.7 2 0.1 0.8 99.8
1.7 - 1.8 2 0.1 0.8 98.9
1.8 - 1.9 2 0.1 0.8 100.0
4 2178 -

Geometric mean partic]e'siie: 0.4 microns
Dispersity:. 2.0 .
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Table C.35 Primrose 22.8% W/0 Emulsion
Primary Distribution
Particle size Number  Percentage Percentage Cumulative
range frequency - in range per percentage
(microns) in_range B micron - less than
0.0 - 0.2 16 6.8 27.7 6.8
0.2 - 0.5 27 11.4 - 46.8 18.1
0.5 - 0.7 - 30 12.7 52.0 . 30.8
0.7 - 1.0 23 9.7 39.9 40.5
1.0 - 1.2 15 6.3 26.0 46.8
1.2 - 1.5 23 9.7 39.9 . 56.5
1.5 -~ 1.7 22 9.3 38.1 65.8
1.7 - 1.8 16 6.8 27.7 72.6
1.9 - 2.2 6 2.5 10.4 75 .1
2.2 - 2.4 9 3.8 15.6 78.9
2.4 - 2.7 7 3.0 12.1 81.8
2.7 - 3.2 -9 3.8 7.8 - 85.7
3.2 - 3.4 g 3.8 15.6 89.5
3.4 - 3.7 5 2.1 8.7 91.6 .
3.7 - 3.8 -4 1.7 6.9 93.2
4.1 - 4.4 A 1.7 6.9 94.9-
4.4 - 4.6 2 0.8 3.5 95.8
4.6 - 4.9 6 2.5 10.4 . 98.3
4.9 - 5.4 2 0.8 1.7 - 9g9.2
5.8 - 6.1 1 0.4 ‘1.7 99.6
6.1 - 6.3 1 0.4 1.7 100.0
‘ 557 .

Geometric mean particle size: 1.1 microns
Dispersity: 2.6 o :
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‘Table C.36 Primrose 32.0% W/0 Emulsion
Primary Distribution

Particle size Number Percentage Percentage Cumulative

range  frequency in range per percentage

(microns). in_range micron ‘ less than
0.0 - 0.1 - 24 5.8 47.7 - 5.8
0.t - 0.2 18 4.4 35.8 10.2
0.2 - 0.4 85 20.6 169.0, 30.8
0.4 - 0.7 76 18.4 50.4° 49.2
0.7 -- 1.0 85 20.6 84.5 . 69.7
1.0°- 1.2 . 44 10.7 . 43.7 80.4
1.2 - 1.5 - 34 8.2 33.8 88.6
1.5 - 1.7 12 2.9 11.9 1.5
1.7 - 1.9 8 1.9 8.0 93.5
1.9 - 2.2 3 0.7 3.0 94.2
2.2 - 2.4 9 2.2 8.9 . - 96. 4
2.4 - 2.7 7 1.7 7.0 98.1
2.7 - 3.4 2 0.5 0.7 98.5
3.4 - 5.6 2 0.5 0.2 99.0
B.7 - 9.1 2 0.5 0.2 99.5
12.2 - 13.4 1 , 0.2 0.2 99.8
13.4 - 14.7 1 0.2 0.2 100.0

. 413 e
Ve .

Geometric mean part1c1e size: O.G'micronéﬁi, | ‘ \
D1spers1ty 2.5 - '
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Table C.37 Primrose 44.8% W/0/W Emulsion
"Primary Distribution ‘

Particle size Number .Percenfage Percentage Cumulative

range - frequency .in range per percentage
(microns) in _range micron - less than
0.0 - 1.0 6 6.7 \ 6.8 6.7
1.0 - 1.9 14 15.6 16.0 22.2
1.9 -~ 2.9 12 . 13.3 . 13.7 35.6
2.9 - 3.9 8’ -~ 8.9 9.1 44 .4
3.9 - 5.0 12 13.3 12.2 57.8
5.0 -.5.8 11 12.2 14.3 - 70.0
5.8 - 6.8 12 13.3 13.7 83.3
6.8 - 8.3 6 - B.7 4.6 380.0
9.0 - 10.3 3 3.3 2.5 83.3
10.3 - 11.6 2 2.2 1.8 95.6
11.6 - 12.8 2 2.2 - 1.8 87.8
15.8 - 18.3 1 1.1 0.5 ‘98.9
18.3 - 21.8" 1 1.1 0.3 100.0
390 '

Geometric mean particle size: 3.6 microns
Dispersity: 2.3



Table -C.38 Primrose 44.8% W/0/W Emulsion
Secondary Distribution

220

Percentage Cumulative : -

Dispersity: 2.1

/

Particle size Number Percentage
range frequency in range per percentage

(microns) in_range micron_ - less than
0.0 - 0.2 4 . 4.0 16.4 4.0
0.2 - 0.5 5 5.0 20.5 - 9.0

. 0.5 - .0.7 -1 11.0 - 45,2 20.0
0.7 - 1.0 12 12.0 48 .3 32.0
1.0 - 1.2 17 17.0 .69.8 " 48.0
1.2 - 1.5, 13 13.0 53.4 62.0

1.5 - 1.7 8 8.0 32.9 70.0
1.7 - 1.9 6 6.0 . 24.6 76.0
1.9 - 2.2 6 6.0 24.6 82.0
2.2 - 2.4 3 3.0 12.3 85.0
2.4 - 2.7 6 6.0 24.6 91.0
2.7 - 3.2 2 2.0 4.1 93.0
3.2 - 3.4 2 2.0 8.2 95.0
3.7 - 3.9 C 2 2.0 8.2 97.0
3.9 - 4.1 1 1.0 4.1 98.0
4.9.- 5.1 1 1.0 4.1 99.0
6.3 - 6.8 1 1.0 2.1 100.0

100
Geometric mean particle size: 1.2 microns
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Table C.39 Primrose 48.2% W/0/W Emulsion

Primary Distribution

Particle size Number Percentage Percentage Cumulative.
range frequency in range- per percentage
(microns) in_range micron less than
0.0 - 0.2 17 7.1. 29.2 7.1
0.2 - 0.5 33" 13.8 56.7 20.9
0.5 - 0.7 25 - 10.5 43.0 . 31.4
0.7 - 1.0 32 13.4 55.0 44 .8
1.0 - 1.2 20 . 8.4 . 34.4 53.1
1.2 - 1.5 10 4.2 - 17.2 +.57.3
1.5 - 1.7 14 5.9 241 63.2
1.7 - 1.9 10 - 4.2 17.2 67.4
1.9 - 2.2 11 4.6 - 48.9 72.0
2.2 - 2.4 8 3.3 . 13.7 75.3
2.4 - 2.7 13 5.4 22.3 - 80.8
2.7 - 2.9 10 4.2 17.2 84.9
2.9 - 3.4 ¢ 10 4.2 8.6 89. 1
3.4 - 3.7 3 1.3 5.2 90.4
3.7 - 3.9 5 2.1 8.6 92.5 -
3.9 - 4.1 4 1.7 3 6.9 94, 1
4.1 - 4.4 4 1.7 - ¥ 6.9 95.8
4.4 - 4.6 3 1.3 5.2 ¢ 97.1
4.6 - 4.9 2 0.8 - 3.4 87.9
4.9 - 5.6 ° 2 0.8 11 88.7
5.6 - .5.8 1 0.4 1.7 99.2
‘6.3 - 6.6 1 0.4 1.7 99.6
6.6 - 6.8 1 0.4 1.7 100.0
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Geometric mean particle size: 1.1 microns

Dispersity: 2.6
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Table C.40 Primrose 48.2% W/0/W Emulsion
Secondary Distribution

Particle size Number Percentage PérCentage Cumulative

range _frequency in range . per percentage
(microns) in _range micron less than
0.0 - 0.2 17 7.8 32.2 7.8
0.2 - 0.5 .29 13.4 - 54.9 : 21.2
0.5 - 0.7 24 11.1 45 .4 32.3
0.7 - 1.0 24 11.1 45 .4 43.3
1.0 - 1.2 17 7.8 - 32.2 51.2
1.2 - 1.5 10 4.6 18:9 55.8 -
1.5 - 1.7 9 4.1 17.0 59.9 °
1.7 - 1.8 10 4.6 18.9 64.5
1.9 - 2.2 14 6.5 26.5 71.0 .
2.2 - 2.4 9 4.1 3 17.0 75.1
2.4 - 2.7 15 6.9 28.4 82.0.
2.7 - 2.9 4 1.8 7.6 83.9
2.9 - 3.2 7 3.2 13.2 87.1
3.2 - 3.4 6 2.8 11.4 89.9
3.4 - 3.7 6 2.8 11.4 92.6
3.7 - 3.9 4 1.8 7.6 94.5
3.9 - 4.1 1 0~ 1.9 94.9
4.1 - 4.4 4 1.8 7.6 96.8
4.4 - 4.6 5 2.3 9.5 99. 1
4.5 - 4.9 1 0.5 1.9 99.5
4.9 - 5.1 _1 0.5 1.9 100.0
217

Geometric mean particle size: {.1 microns
Dispersity: 2.7

P

v
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Table C.41 Primrose 62.4% W/0/W Emulsion
Primary Distribution

’

Particle size Number Percentage Percentage Cumulative
~ range frequency in range per percentage
(microns) in ‘range ' L _micron less than
0.0 - 0.5 3 11.1 22.8 11.1
3.4 - 11.7 6 22.2 2.7 33.3
11.7 - 15.1 7 25.9 7.6 59.3
15.1 - 18.5 3 1101 3.3 70.4
18.5 - 20.5 2 7.4 3.8 77.8

20.5 - 21.4 2 7.4 7.6 85.2
21.4 - 27.8 1 3.7 0.6 88.9
27.8 - 33.1 1. 3.7 0.7 92.6
33.1 - 43.8 1 3.7, 0.3 96.3
43.8 - 47.2 1 3.7.. 1.1 100.0
27 ’ ‘
@ o
\Geometric mean particle size: 9.4 migrons N

Dispersity: 4.1
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Table C.42 Primrose 62.4% W/0/W Emulsion
Secondary Distribution

Particle size Number Percentage Percentage Cumulative
range frequency in range per’ '~ percentage
(microns) in_range micron  less than
0.0 - 0.2 1 1.2 4.9 1.2
0.2 - 0.6 4 4.8 13.2 f ‘6.0
0.6 - 0.7 20 24 .1 197.9 30. 1,
0.7 - 1.0 14 16.9 - 69.3 . 47.§\
1.0 - 1.2 4 4.8 19.8 . 518
1.2 - 1.5 6 7.2 29.7 ! 59.0
1.5 - 1.7 5 6.0 24.7 - 65.1
1.7 - 1.9 5 6.0 24.7 71.1
,1.9 - 2.2 5 6.0 24.7 77.1
2.2 - 2.4 o2 2.4 9.9 ! 79.2,
2.4 - 2.7 2 2.4 9.8 81.
2.7 - 2.9 2 2.4 9.9 7 84.3
3.2 - 3.4 1 1.2 4.9 85.5
3.7 - 3.9 2 2.4 9.9 88.0
3.9 - 4.4 2 2.4 4.9 90.4
4.4 - 4.6 1 1.2 4.9 "81.6°
4.6 - 5.4 1 1.2 1.6 92.8
5.4 - 6.6 1 1.2 1.0 94.0
6.6 - 7.5 2 2.4 2.5 96:.4
7.5 - 8.5 .2 2.4 2.5 98.8
8.5 - 9.3 1 1.2 1.6 100.0

|

0 0]
w

‘Geometric mean particle size: 1.3 microns
Dispersity: 2.3
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Table C.43 Primrose 64.4% W/0/W Emulsion - .

Primary Distribution
Particle size Number. Percentage Percentage Cumulative
range frequency - in range per percentage .
{(microns) in- range : micron less than
0.0 - 3.0 2 4.9 1.0 - 4.9
3.0 - 6.1 -6 14.6 4.8 19.5
6.1 - 9.7 11 26.8 7.3 46.3
9.7 - 12.2 - B 14.6 6.0 . 61.0
12.2 - 14.6 4 9.8 4.0 70.7
14.6 - 19.5 4 9.8 2.0 © 80.5
19.5 -.21.9 4 5.8 4.0 ©980.2
"21.9: - 24.4 1 2.4 1.0 4 2.7
24.4 - 28.0 1 2.4 0.7 95 .1
28.0 - 41.4 2 4.9 0.4 100.0
41

Géometfic mean particle size:10.0 microns
Dispersity: 2.0 :

Tab]e C.44 Primrose 64 4% W/0/W Emulsion

ANy Secondary D1str1but1on

. ,c, ) . .
Particle size Number' Percentage Percentage Cumulative

range . frequency in range' 5 per percentage

(microns) in range - ﬂ -~ micron léss than
0.0 - . 0.2 1 0.9 3.8 0.9
- 0.2 - 0.5 T 6.4 26.4 7.3
0.5 - 0.7 47 " 43.1 177 .1 50.5
0.7 - 1.0 25 22.9 94.2 73.4

1.0 - 1.2~ 11 - 10. 1 41.4 83.5 .
1.2 - 1.5 4 3.7 15. 1 87.2
1.5 - 1.7 5 - 4.6 18.8 91.7
1.7.- 2.2 3 2.8 5.7 94.5
2.2 - 2.4 1 0.9 3.8 ~85.4
2.4 - 2.7 3 2.8 11.3 98.2
3.2 - 3.4 1 0.9 3.8 99. 1
3.4 - 3.7 i 0.9 3.8 100.0

3

[e»]
w

EN
¥

Geometric mean part1c1e size: 0.8 microns
Dispersity: 1.7 ‘
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S8 c 45 Primrose 78.5% 0/W Emulsion
X Primary Distribution.

Particle size Number Percentage Percentage Cumulative

Fange frequency in range / per percentage
(microns) . _in range micron less than
0.0 - 0.2 2 3.8 15.5 3.8
0.2 - 0.5 5 11.3 46.5 15. 1
0.5 - 0.7 12 22.6 93.0 37.7
0.7 - 1.7 10 - 18.9 19.4 56.6
1.7 - 1.9 6 "11.3 46.5 . 67.8
1.9 - 2.2 5 8.4 38.7 774
2.2 - 2.7 4 7.5 15.5 , 84.9
2.7 - 2.8 "4 7.5 31.0 92.5
2.9 - 6.1 2 3.8 1.2 . 96.2
6.1 - 7.3 1 1.9 1.5 98.1
7.3 - 8.5 1 1.9 1.5 100. 0

. 53

—_

Geometric mean particle size: 1.2 microns
Dispersity: 2.5 , S

Table C.46 Primrose 82.4% O/W Emulsion
~ Primary Distribution

Partic]éﬁsﬁze“ Number ~ Percentage Percentage Cumulative

range . . frequency in range per ¥  percentage

(microns) in _range micron less than
0.0 - 0.5 2 3.9 8.1 3.9
. 0.5 - 1.0 16 31.4 64.4 35.3
1.0 - 1.5 6 - 11.8 - 24.2 ' 47 .1
1.5 - 1.9 S 17.6 36.2 64.7
1.9 - 2.4 3 5.9 12.1 70.6
2.4 - 3.4 -4 . 7.8 8.1 78.4
3.4 - 3.9 3. 5.9 \ 121 84.3
39 - 4.9 3 5:9 6.0 4 90.2
S5 - B4 3 5.8 12.1 : 96. 1
=8 1 270 4.0 98.-0
.o .1 1 2.0 8.1 100.0

1

—

Geometric mean p. ° cle size: 1.5 microns
Dispersity: 2.2 :

o
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Table C.47 Primrose 88.8% O/W Emulsion ‘
Primary Distribution :

Particle size Number Percentage Percentage Cumulative
range - frequency  in range per - percentage
{microns) in range micron less than
]
0.0 - 0.7 9 7.8 10.6 7.8
0.7 - 1.0 . 8 6.9 - 28.3 14.7
1.0 - 1.2 13 11.2 46.0 - 25.9
1.2 - 1.5 7 6.0 1 24.8 31.89
1.5 - 1.7 14 12.1 49.6 44,0
1.7 - 1.9 . 13 11.2 46.0 55.2
1.9 - 2.2 7 6.0 24.8 61.2
2.2 - 2.4 7 6.0 24.8 67.2
2.4 - 2.7 3 2.6 10.6 69.8
2.7 - 2.9 4 3.4 14.2 73.3
2.9 - 3.2 4 3.4 14.2 76.7
3.2 - 3.3 3 2.6 21.2 79.3
3.3 - 3.7 8. 6.9 18.9 86.2
3.7 - 3.9 2 1.7 7.1 87.9
3.9 - 4.4 5 4.3 8.9 92.2
4.4 - 5.1 3 2.6 3.5 94.8
5.1 - 5.6 3 2.6 5.3 " 97.4
5.6 - 6.1 1 0.9 1.8 - 98.3
6.1 - 6.3 1 0.9 3.5 9g8.1
6.3 - 6.6 1 0.9 3.5 , 100.0

(0]

" Geometric mean particle size: 1.8 microns
Dispersity: 2.0 o



Table C.48 Primrose 95.2% 0O/W Emulsion
Primaﬁy Distribution ’

228

Particle size Number . Percentage Percentage Cumulative
range frequency in range per percentage
(microns ) in_range micron less than
0.0 - 0.2 2 2.9 121 2.9
0.2 -- 0.5 9 13.2 54.4 16.2
0.5 - 0.7 9 13.2 54.4 29.4
. 0.7~ 0.9 4 - 5.8 "~ 48.3 35.3
‘0.8 - 1.2 7 10.3 28.2 45.6
1.2 = 1.5 3 4.4 18.1 50.0
1.5 - 1.7 5 7.4 30.2 57.4
1.7 - 1.9 5 7.4. 30.2 64.7
1.9 - 2.2 5 7.4 30.2 72.1
2.2 - 2.7 . 8 11.8 24.2 - 83.8
2.7 - 3.2 -3 4.4 9.1 - 88.2
3.2 - 3.7 2 2.9 6.0 91.2
3.7 - 4.6 2 2.9 o - 3.0 94 .1
4.6 - 5.6 2 2.9 . 3.0 97.1
5.6 - 5.8 1 1.5 6.0 98.5
6.8 - 10.2° 1 1.5 0.4 -100.0
o 68

Geometric mean particle size: 1

Dispersity: 2.4

™

N

B

.2 microns

no






