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Experimental Procedures

Recently water washable bases and o/w emulsion
bases have become extremely popular as they have been
observed to import on the incorporated drugs and

advantage of exerting better therapeutic effect. The

bases prepared from polyethylene glycol of different
molecular weights, Carbopols, pectin, etc, are
slegant in appearance, non staining or slightly
staining in nature and hence more acceptable to
consumers. However, these bases are not commercially
manufactured and used in this country to a large
extent, for number of reasons such as - (i) the
chemicals required for preparing these bases such

as polyethylene glycols of different molecular
weights, Carbopols, pectin, etc. are not manufactured
in sufficient amount to mest the demand of the
countrys (ii) the polyethylene glycols and pectin
which are locally manufactured are not available

in grade of purity required for pharmaceutical
standardsy (iii) the method of preparation of these
bases are not simple and involves many complicated
procedures: (iv) the long term and short term
physical and chemical stability of these bases and
their incompatibilities with number of drugs used
topically are not good. Even paste prepared from
starch may lack in stability. Bases prepared from
sodium CMC also may lack in good appearance.



132

T™he primary purpcse of this investigation was
to study the specific pharmaceutical applications
of anionic and nonionic surfactants through an
evaluation of the hydrophilic ointment bases. MNumber
of ingredients which are wentioned previously were
selected for the formulation of cream bases, on the
basis of their chemical form, purity, potential
stability, general use, low toxicity and availability.
One hundred and ten bases were prepared and subjected
to ecomplete avaluation employing the following

procedure.

3.2, Rirst Scrsening Evaluation : &
The purpose of this evaluation was to determine |

vhether the cream base could be prepared using the
differaent concentration of the ingredients listed
previously, The cream basss ware placed in wide
mouth ointment jars which were filled completely and
were stored at 2542° for one month, The ointments
were then visually svaluated according to the results
of Table 4-1.

3.3. Secend Screening Evaluatiop

After First screening evaluatiorn seventy one sele-
cted cream bases were subjected to second screening
evaluation.

The pH of a cream base is very important as it L ]
decides whether the cream is acidic or alkaline, If
the pH of the cream is adjusted on the alkaline side,



the stratum corneum will assums a3 mors hydrophilic
character, XKeratin is an amphoteric proteim with
an isoelectric poiat at pH approximately $ which
imparts a pH between S5 to 6 to the skin 1tul£u‘3) .

However, the pH of the base may alsec be of
isportance for the stability of drug as well as its
absorption specially in these days with number of
drugs available., Pror topical therapy, this aspect
has gained more importance during the past few years.
In order to exert their therapeutic effect, the drugs
are required to be released and absorbed by the skin.
The pi of the prepared bases was thersfore determined
by preparing a 152 or 1110 dilution or dispersion of
these bases in distilled water,

The pi of the cream base was detearmined using a
LI-15 (Elico) Model pH meter. ‘The pH values cbtained
initially and after one month atoxaqo st different
conditions for the variows bases under study are
recorded ia Table 4-2. |

These cream bases were simultanecusly studied for
spreadability and water washability. These cream bases
wers stored at 2543° for one rmonth and then they were
visually evaluated for spreadability and wuhabnitys.
Spresdability was studied by spreading each base on the
back of the hand and on a glass slab. Results were
simply reported as “"positive”, if the cream base spresds
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TABLE = 4-2:

Second Screening Evaluation of Cream Bases.

Base Initial pH ‘t..' Spread- Water
Nos. Cold R.T. 377 42 %bility Washability
stor= B80%RH SOXRH
age.

II 7.8 78 7.8 7.9 8.0 (+) E.W.
111 7.1 7.3 7.2% 7.3 7.3 (+) E.W,
v 6.8 6.7 6.8 6,8 6.8 (=) E.W,
v 6.5 6.5 6,5 6.6 6.6 (+) E.W.
vi 5.8 5.9 5.8 5.8 5.8 (‘f) E.W,
vii 3.6 5.7 S¢7 3.7 $.7 (+) N.W,
IxX 5¢° 5.2 502 5.3 5-3 ("‘) WoSnDn
X 7.5 Teb6 7.6 7.9 7.5 (+) E.W,
XII 6.4 6.4 6.5 6.5 6.5 (+) E.W,
XvVi 7.8 79 8.0 7.9 8.0 (‘f) E.W.
XVI1 8.5 8.6 8.6 8.5 8.6 (4’) E.W,
XXI 7.2 7.2 Te2 7.2 7.2 (+) E.W,
XXII 5.9 6.0 6,0 6.0 6.0 (+) E.W,
XXIIX 8.7 8.8 8.8 9.0 9.0 (+) E.W.
XXVI 8,25 8.4 8.4 8.5 8.5 (+) E.W,
AXIX 8,35 8.5 8.5 8.% 8.5 (+) E.W,
XXX $S.6 5.8 5,8 5.8 5.9 (+) E.W,
XXXI 6.8 6.9 6.9 6.9 6.8 (+) N.W,

Key : (+) - Positive.
(=) <« Negative.
N.W.: Non Washable
E.W.: Easily Washable
W.5.D.t Washable with slight difficulty



TABLE 4-2:

Second Screening Evaluation of Cresm Bases.

Bt e PRA Gt e
stor= BOXRH BOXRH
age.

XXXII 5.8 5.9 5.8 8,8 5.8 (+) B.W,
XXXIIT 5.7 $.7 5.7 5.7 5.7 (+) E.W,
XXXVII 6.4 6.3 6.3 6,3 6,8 (=) E.N,
XXXVIII 61 6.1 6.0 6.1 6.1 (+) E.W.
XIVI 5.8 5,8 6.0 6,0 6,0 (+) E.W,
XIVII 6.1 6.2 6,3 6,3 6.3 (+) E.W,
XIvViix 6.0 6.1 6.2 6.1 6.1 (+) E.NW,
IL 6.5 6.4 6.3 6,3 6.3 (+) E.W,
L 7e1 Ted 7.3 742 7.2 (+) E.W,
LIIX 5.4 ) B.6 5,6 5.8 5.8 (+) E.W,
LIV 6.5 6,7 6.8 6,8 6.8 (+) E.W,
LVII 6.4 6.4 6.4 6.4 6.4 (+) E.W,
LYII1X 6.7 6.8 6,8 6,8 6.8 (+) E.W,
LIX 6.5 6,5 6.8 6.5 6.5 (+) E.W.
LX 5.7 5.8 5.8 $%.8 5.8 (+) E.W,
X1 7.8 3.6 7.6 7.6 7.6 (+) E.W,
LXII 5.2 5.2 5.2 5.2 5.2 (+) Bl.W,
LXIXX 6.4 6.4 6.4 6.4 6.4 (+) EJ.W,
LXIV 5.8 5.8 5.8 5.8 5,8 (+) E.W,
XV 6.6 6.6 6,6 €.7 6,7 (+) E.W.

LXvI 5.55 5.6 5.6 5.6 5,6 (=) E.W.
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Second Screening Evaluation of Cream Bases. 144
B -
Nos, Initial ToTa R': .;:,6 e igﬁ::y wu::::{uy

stor- B8OXRH BO%RH

age.
IXvix. 8.2 8.2 8.2 8.1 8.0 (¢) E.W,
IXVIII 6,7 6.7 6.7 6.7 6.8 (+) E.N,
LXIX G 6.4 6.4 6.4 6.4 (+) E.W,
LXX P8 T8 TP 7.9 7.9 (+) E.n.
LXXI 7.2 7.2 7.2 1.2 1.2 (+) E.W.
LXXII 6,8 6.8 6.9 6.9 6.8 (+) E.W.
LXIII 7,2 742 7.3 7.4 7.4 (+) E.W.
LXXIV 5.9 5.9 6.2 6.2 6.2 (+) E.W,
LXXV 6.3 6.3 6.3 6.3 6.3 (+) E.W,
LXXVI 6.1 6.1 6.1 6.0 6.0 (+) E.W,
IXXVII 5,8 5.5: 5.5 5.5 5.5 (=) E.W.
LXXVIII 5.4 S.4 5.5 8.4 5.4 (=) E.M.
LXXIX 7.6 7.6 7.6 7.6 7.6 (+) E.W,
LXXXX T2 7e2 7.4 T4 7.4 (+) E.w,
LXxxvi 6.2 6.2 6.3 6.3 6.3 (+) E.N,
IXC 6.8 6,8 6.9 6.9 6.9 (+) E.W.
p ol 5.6 5.6 5.6 5.6 5.6 (=) B.W,
XCIXI 6.6 6.6 6.6 6.6 6.6 (+) Eo,
XC1v 7ol 7.1 7.0 7.0 7.0 {=) E.W.
xcv 70 7,0 7.0 7.0 7.0 {+) E.W.
Ic 7.2 7.2 T¢3 743 743 {+) E.M.
c 7.35 7.4 T4 7.8 1.5 (+) E.N,
cI 5.8 5.8 5.8 8.6 5.6 (=) E.W,
c1x 7.1 7.3 7.1 7.1 7. {(+) E.W,
ciII 6.6 6.7 6.7 6.8 6.8 {+) B.W.
civ 7.2 7.2 7.2 7.2 7.2 (+) E.W.
cv 7.5 7.6 T.6 7.6 7.6 (+) E.W,
cvl 6.9 7.0 7.0 7.0 7.0 (+) E.W.
CcvIX 7.23% 7.3 7.3 7.3 7.3 (+) E.W.
CVIII 7.6 7.8 7.8 7.8 7.8 {+) E.W.

CIx 7.9 3.0 8.0 8.1 8.1 “f) E.W,.
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easily forming an even layer on the skin and “Negative"
if the cream base resists sven spreadinmg or rolls wp

and does not form an evenr layer.

Nater washability was studied by spreading the
cream bases by one hand on the back of the other hand,
The hand with cream bases were placed uader running
water from tap and water was allowed to xrum over it for
thirty seconds. At the same time if required, hand was
gently rubbed with the first fimger. The results of
the washsbility were reported simply as non washable,
easily washable, washable with slight difficulty. The
results are recorded in Table 4-2,

8o far, physical characterestics such as consis~-
tancy, slip, spresdability and feel of ointments and
creems have been axpressed rather vaguely. Until
recently, the evaluation of these properties had only
involved personal judgement of the workers and conse-
quently no positive standards of values could be set
for them. On the other hand, no other class of
pharmaceutical products has been subjected to s0 close
and critical ebservation by consumers in the course of

their use than are ointments, creams, pastes and gels.

The pharmaceuticul slegance of all topical semi-
solids is most Qirectly related to consistancy, shear,
sppearance and touch.
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S

Aftexr second screening evaluation gixty
sslected cream bases were subjected to thi:& ‘screen-
ing evaluation. 7?Tightly closed jars, having cream
basas ware stored in an oven at 37 # 1° at 80X RN,
42° 4+ 1° at 80X RH, in a refrigerater, at 5 31 2°,
and at room temperature at 25 ¢ 3° for one month
subjected to consistaacy atudy and compared with
inicial resuits.

’

Congistancy study

The penetrometer has been reperted to success~
fully measurs cream base eeuutmcy‘. S8ingiser and
lcals tocl for measuring the consistancy of creasm bass
sample with penetration reading less than four hundred.
This method was the same as the USP method for determin-
ing the consistancy of petrolatum. Penetration is
defined as the consistancy cof a material expressed as
the distance that a astandard cone or needle penetrates
a sample under known conditions of loasding, time and

temperature.

At the snd of the storage period, the consistancy
of the cream bases which were stored in the oven and in
the refrigerator was compared to the respective samples
(cream bases) stored at room temperature. Penetration
tests were carxied out at 25 ¢ 2° for 5 sec. The

container sises were as follows.
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Stainless steel bowl of external diameter 58 mm ;
internal diameter of 54 mm and depth of 43 mm was used.
Total weight of the plunger with cone and other extra
weight (50 g) was 152 g (102 ¢ + 50 ¢g). The cream
bases were first filled in above 5.8, Bowl to a top
with tapping, thenm allowed to remain as such for 24
hours at 35°¢2°. MNext day the excess of cream bases
were scraped of by spatula. The measurement wvas made
by placing a jar in position with the apex ¢f the cone
resting on the surface of the sample. The plunger was
released for five seconds and the cone allowed to
penetrate into the samples. The penstration, in tenths
of a millimeter, was read off on the indicator scale.
Tor each measursment sero reading was set to reduce
error. Initial readings and average of two readings
ars recorded in Table 4-3.

Rengtration study

Tor assessing the penetration very simple
experiments have been suggested. About 3500 mg of
crean bases were taken and rubbed over 4 “2 area
of the forearm skin in circular metion for a minute.
The selection of cream bases was based on the
following desirsble characteristics.

1. good : No white smear and visually all
cream base penetrated.

2. Poor s White smear observed and visually some
smount of cream base remained after

one minute of rubbing.
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3.4.0c. fSpresdability

Por the skin therspy ths vehicle used should be
assthetically satisfactory. 7o a considerasdle extent
the utility and the acceptability of an ointment base
depends on coasistancy. MNevertheless, it is often
difficult to explain exactly all the properties
covered by the term ‘comsistancy’. The cream is
expected to spread easily on the skin from the peint
of view of patient, as this factoer ensures the
Mmcc of the product, 'mu is because, if g

- exream spreads easily without the need for mmch
pressure, its queatie;a to painful areas will de
much more comfortable. This is particularly true when
it is necessary to rub or apply the ofintment on &
wound from the point of view of pharmacist. An oint-
ment Or a cream showing high resistance to spresding
is a poor levigating agent because much of work imput
is lost in overcoming the resistance of the base. To
spread well,an ointment or a cream should behave like
a good lubricant éxhibiting maximum slip and minimum
drag. On this basis, a force required to pull one
surface over another surface, both being separated only
by a thin layer of the ointment, appears to de a
reasonable method for measuring spreadadility. This is
the basis of the method suggested by Mtimer gt al°.
Renderson gt gl reported the spreadability of the
ointment may vary from 10° to 10> sec. Their work
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isdicated that it is possible to device a master curve
of the rheological conditions which operate vith Ppro-
ducts applied topically. Hence lu'ry' used Yerranti-
Shirlsy Viscomster to determins shearing stress
produced in eintments at various shear rates with the
medium and cone maintained at skia temperature, 34+41°.
Ia anether methed Baryy and m‘r' preparsd a master
curve from rheological deta ebtained using sensory test
with a panel of 34 msle subjects.

Though all these methoeds have boin proposed, the
method suggested by Mutimar gt al® hes been found to be
simple and most practical. lHowever, no specific dimen-
sions for the plate as well as distance required to be
travelled by the upper plate have been mentioned. HNence
based on these principles, & simple device for testing
of spresdability was designed im the lsboratory.

Snxeadability testing unit

Twe glass plates 20 ¢m x 50 om in sise were
selected and one of these was fixed permanently on a
wooden block with ths help of an adhesive. 70 the
other plate a knob was fixed at qpne end and & string
was tied to the kned which was allowed to go over a
pulley fixed at a distance of 10.5" om the wooden
block, To the other end of the string a pan was fixed
for addition of weights, in oxrder to move the uwpper
plate. The upper plate and the height of the pully were
levelled and were kept at the same level., 7This unit wvas
placed on a table having 2.5 feet height,



TABLE 4=4 s Spre erti C B

Serial Nos. of Assigned Nos, of Spresding

Cream bases Cream bases time (Sec.)
I1 28 37
p & 29 70
XvVI 30 63
XVIX k3 46
XXI1X 18 3s
- XXVI 17 65
XXIX A 14 61
XXX 21 53
XIVII 32 36
XLVIII 20 - 40
IL 12 - 43
L 13 30
IXIXX 1 28
IXIV a 40
XV 3 33
IXVII 3 65
IXVIII 4 37
LXIX 5 46
5.0 4 34 39
LXXT 6 51
IXXIT 7 - 22
IXXIIX 8 30
XXIV 9 34
IXXV 10 60
IXXVI 11 k13
LXXXVI 16 | 50
Ixc 22 40
XCIXIX 19 45
c1y 25 41
CIII 27 ' 8
CIv 15 46
CVIXI a4 : 4
CVIIl a6 56

CIX 23 45
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Zest Proceduss

An excess of cream under study was placed ia
betwesa the two plates and one kg weight was placed
over the upper plate for five mimutes to allow the
air to escapa. Encess of cresm coming out frem the
sides was scrapped off, The top plate was then
subjected to a pull by adding weights to the pan
totalling to 80 g. The time required for the upper
plats %0 move a fixed distance of exectly 10 em wvas
wuum.w-z.wmmavum
as a msasure of spreadadility. Naturally lesssr the
time required to move the distance of 10 em by the
upper plats, better was the spreadability of the base,

After third screesning evaluatiom thirty four
sslected cream bases vars subjected te spresdability
testing by above method and the results are recorded
in Teble 4-4,

Ehsslegy of Rasss

Impertant cemsideratioms in the foermulatioa of
semiselid preparations are comsistancy and physical
stability. The formsr is always described with
qualitative sdfectives but ne gquantitative measure
is available to give the correct idsa sbeut the
consistangy by ons determination. Mowever, their
flow behaviour during manufacture, filling with
mashine fer packing as well as ressval from
collapsible tube is dependent on eomsistancy. since



the censistancy cannot be measured by viscosity ;106‘.1 >3
the flow behavicur ie. rheograms which significantly
differentiaste batwesn various semisolid preparations,
are required to be determined, At the same time it

is axpected that the dosage form should remain un-
affected during the sterage in terms of its physical
stability, and the incorporated drug sheuld also remain
stable without deterieratioa. Althouwgh the latter can
be assessed by chemical or micrebielogical assay
procedures, the former is required to be judged by
other means. In the formation of semisolid preparat-
ioas, rheological behaviour under differeat stresses
sexve as a msans for assessing this physical stability,

The consistancy of a non-NewtOonisn system is
attributed to the sumation of many complex prepesties
such as flow behaviour, stickyess snd the spreading
ability. All these properties cannot be expressed
sdequately by a single parameter, however, the funda-
mental rheological behaviour which is indicative of
consistancy can be determined by utilisimg simple
devices such as different rotational type viscomsters.
Noreover an inspection of the complets rheogram of
shearing stmess versus rate of shear on the cream basis.

The principle deterreant iam the zheological
studies of semisclids has been the lack of a suitable
instrument. Any instrument which is to be success-
fully employed in the rheological analysis must be
adaptable to operation at several rates of shear and
must be 80 constructed that a mechanical analysis of



the data obtained would be possible. A survey of
literature indicated that an instrument which would
best satisfy these conditions would be a properly
designed rotatiomal viscemeter.

Renill and n’® studied the offect of
aging and surfactant cunceatration on the rheolegy and
dreplet sige distribution of a nem-agquweous emulsionm.
They else studied the effect of surfactaat concemtration
on the interfacial viscesity ef a nonagueous system.

Goteghen'! stwdied the rheslegical analysis ef the
ccmpounding and use of ointments.Kedvessy and !m“
studisd the influwence of techrnolegical treatment on the
rheelogical property (quality) of various oimtment bases.
The regensration of structure took place slowly and wes
not complete.

Barry and Gmn worked on the imvestigation of
semisclid liipephilic preparsticas by small strain and
comtinuous shear viscomstry and their spplicatien to
axture profile.

Barcy amsd ludcrs“ studied the variation of
rheolegy of systems containimg cetrimide, Cetostsaryl
alechol with temperature.

A review of the variocus methods of rheology and

theolegy of different types of ointments have been
carried out by a nunber of wrkm.“‘"“’
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lu'xy“ studied the comtinueus shear, viscoelastic

and spreading properties of a waw topical vehicle, FAPG
base.

Sensery testing of spreadability and investigation
of rheologicel conditions eperxative during applicatioa
of tepical preparstions, were done oace agaim by Barry
and Crm.“

The rheologicel pruperties of starch glycerel wers
iavestigated by Medsaa and Jensen’l., whe rheclogical
properties of tha glycerin of starch containing 5,7 and
% vheat starch respectively and brought to gelatinised
by heating 4t 4in an autoclave at 120° for various
‘periods of time were investigated using a parallel
plats viscometer and flow curves obtained by s Brockfield
Syncro-Lactic Viscomater. The heat distribution in the
ointment during asutoclaving was also examined.

Davis ot 3132 stated that the very versatility of
the instrument can lead to problem. Iz sutomatic mode,
different combinations of sweep times and maximum shear
rates alter the rhesogram shape and intarladberatory
comparisons may be difficult.

lqln“ ebserved the slip of material at the cone

ox plate surface. To minimise these exrors, one should
uss long swesp times, particularly with the larger cones.

A common source of trouble ia eoma-plate viscometry
is that the instrument may eject material from the gap.

Tor example, sems batches of soft paraffim provide very
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irregular rheograms whes tested in automatic medse. ‘
The viscometer almost completsly expels the sample
from the gap after the spur point so that the
measured torque falls to almost sere.3’

ilumm,n“ cbserved the incresase im temperature

at extrems shear rates because of viseous heating.

Davis gt 8122 ohserved the serious artifects ia
the zheogram due to the svaperation at the free surface
of the material, eveam wher he used an antievaporation
unit,

Selected cream bases were analysed for their
rheological behaviour by Rheotest-2 machine wsing the
thermostatic vessel to maintain the temperature 30342°
during the measurements. About 30 ¢ of the preparation
was used for each flow curve using N/H system, |

The flow curves vere drawn and analysed for the
desired data, like area of the thixetropic loep,
spparent viscosity at the top of graph, yield valus,
etc. and are computed im Table 4-33, The msasurements
were repeated twice and average values vere taken after
one moath storage at R.7,

The thiirotropic index is gensrally takern as the axrea
eircumscribed by the hysteresis loop of the rheogram.

By indicating the shearing stress, TR, as the
intercept of the down curve with abscissa, the lecatioa
in the diagram is determined. This value indicates the
degree to which the internal ‘m of the system has
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4=5:

Continuous Shesr Rheometry Data of Cream Bass No. 1.

Shear Average of Average of
Speed rate shear stress shear stress
Tepom & U.C. 2 D.C. 2
ynes/cm dynes/cm
1b 0.5 118.6 69.18
b 0.9 207.558 88,95
la 1.0 237.2 88,95
» 1.5 311.32 118.60
2a 1.8 335.8 177.90
4 2.7 459.6 237.20
3a 3.0 474 .4 266,85
5b 4.8 548,52 365.67
4a 5.4 632,53 444.75
6b 8.1 761,00 553.47
Sa 9.0 830.20 612.77
™ 13,5 1008.10 761.01
6a 16.2 1097.058 879.60
&b 24,3 1334,25 1008.10
7a 27 1393.55 1057.01
9b 40.50 1670.28 1284.75
Sa 48,6 1788.90 1403.43
10» 72.9 2065.38 1719.70
9 81.0 2184.42 1848.01
11» 121.5 2609.,20 2213.86
10a 145,8 2796.98 2391.76
12b 218.7 3182.43 2885.93
ila 243,0 3350.45 3163.83
12a 437.4 4030.03
Key :+ U.Cs = Upcurve

D.C.

= Down curve



TABLE =~ 4-6:

Continuous Shear Rheometry Data of Cresm Base No. 2.

Shear ahear stress  Sheer Heres
Speed  rate v.C. e

CePeMm dynes/ e':'i 4!'!; o/ c_z
1» 0.8 489.2325 311.325
2b 0.9 653.3 504.08
1a 1.0 711.6 548,528
» 1.8 874,67 638,478
2a 1.8 1022.92 696.775
® 2.7 1363.9 948.8
3a 3.0 1452.85 1022.925
s» 4.8 1660.4 1260.128
t Sed 2001.52 1526.975
. 8.1 2520.28 1867,95
Sa 9.0 . 2609.2 1957.08
™ 13,8 2890.675 2431.3
6a 16.2 3409.75 2609.2
& 24.3 4180.5 3394.9
7a 27 4314.07 3756.728
”» 40.50 4862.6 4566.1
8a 48.6 5248.05 4966.15

10» 73.9 5870.7
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TABIE 4-7:

Continuous Shear Rheometry Data of Cream Base No, 3.

T X
Lepem ayneeren? dymes/cn?

1» 0.5 177.9 118.6
2» 0.9 237.2 177.9
la 1.0 281.628 207.5%
3» 1.5 326.15 237.2
2a 1.8 385.45 266,85
™ 2.7 474.4 296.5
3a 3.0 504,03 400.278
Sb 4.5 593 444.75%
4a 5.4 711.6 474.4
Y 8.1 770.9 504

5a 9.0 1067.4 533.7
™ 13.5 1408.38% 770.9
6a 16.2 1601.1 830.2
S 24.3 2016.2 1156.,38
Ta 27 2134.8 1245.3
% 40.50 2372 1660 .4
sa 48.6 2475.778 1719
10 72.9 2787.1 2105.15
% 81.0 2846.4 2253.4

i1b 121.8 3057.1




TABIE = 4-8:

Continuous Shear ahmtr! Data of Cream Base No, 4.

tpeed  heur .:I’.g‘g&:ﬁ. shear sicess
LePeM dY‘;“}aZ d";‘;mz

1ib 0.5 222.375 88,95
2p 0.9 266.85 i18.6

la 1.0 296.5 207.55
» 1.% 415.1 396.5

2a 1.8 459,578 358.8

4d , 2.7 632,65 489,225
3a 3,0 652.3 533.7

5b 4.5 800,85 667.623%
4a 5.4 874.67 T770.9

6b 8.1 1097.05 874.675
Sa 9.0 1126.7 948,95

™ 13.3 186




TABLE 4-9°

Continuous Shear Rheometry Data ©of Creaa Base Ko, 5.

Shear Avarage of Average of
spesd  rece shear siress  shear stress
TePel a Wuz d”;./uz
b 0.5 $33,7 415.1
2» 0.9 756.07 533.7
1a 1.0 830.2 $76.178
» 1.5 §65.3 €67.135
2a 1.8 1023.92 770.9
4 2.7 1274.95 1006.1
3 3.0 1467.678 1067.4
5b 4.5 1956.5 1362.9
4a 5.4 2253.4 1660.4
(9 .1 2979,63 1943.07
Sa 9.0 3113.35 2496.6
™ 13.8 3795.2 2787.1
6a 16.2 3975.1 3498
® 24.3 4788.475 4165.828
7a 27 486%.6 4477.18

» 40.50 5514.9




Shear

Average of shear Average of shear
Speed rate stress U.C. stress D,C.
TePele dynes/ dynes/
ib 0.5 192,728 118.6
ap 0.9 252.028 148.25
la 1.0 281.67% 177.9
» 1.5 358.8 237.2
2a 1.8 459.6 266,85
4b r %} 489.2258 296.5
3a 3.0 533.7 415.1
5b 4.5 669,125 444.75
4a 5.4 696.775 4539.575
6b 8.1 798.025 474.4
Sa 9.0 830.2 $33.7
™ 13.5 1008.1 607,623
6a 16.2 1037.7% 622.65
&b 24.3 1141.4325 711,.6
7a 27 1186 721.483
) 40.%0 1289.779 889 .5
8Sa 48.6 1334.2% - 933,975
10 72.9 1526.978 1008.1
9%a 81.0 1571 .45 1067.4
11d 121.5 1692.4 1186
10a 145.8 1894.4 1334.25
i2b 218.7 2075.5 1779
1ia 243.0 2194.1 1867.95
12a 437.4 2357.178




TABLE = 4-11:

Continuous Shear Rhecmetry Data of Cream Base No. 7.

Shesr Average of Average of
Speed rate shear stress shear stress
b o - 1% ] U.Co 2 D.C. 2
dynes/cm dynes/cm
ib 0.5 177.9 118.6
D 0.9 237.2 148.45
la 1.0 296.5 207.58
» 1.8 415,.1 296.93
2a 1.8 474 .4 355.48
b 2.7 6681.95 $33.7
3a 3.0 711.6 593
S5b 4.5 933,98 741.25
4a S.4 1067.4 830.2
6b 8.1 1245.3 1008.1
Sa 9.0 1304.6 1141,.5)
™ 13.5 1541.8 1289.779
6a 16.2 1660.4 1467.675
& 24,3 2060.67 1764.179
T7a 27 2223,.55 1867,95
9 40.50 2994.65 2108.19
8a 48,6 3172.55 2312,7
10b 72.9 3364.62 2668,.5
%a 2.0 3587.59 3024.3
11b 121.8 4062.0% 3424.57%
10a 145.8 4328,.9 3765 .58
12» 218.7 5040.3 4684.7
ila 243.0 $307.38
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TABIE . 4-12: -

Continucus Shear Rheometry Data of Cream Base No. 8,

Shear Average of Aversge of
Speed rate Ih.lg;;ft‘ll ahnug.;trtal
FePoel m../“ﬁ G’“.}mz
ib 0.5 168,016 118.6
2b 0.9 257.0667 148.25
la 1.0 3o6.383 177.9
k| 1.5 365.683 237.2
2a 1.8 405.217 266,55
4d 2.7 523.817 296.5
3a 3.0 583.117 415.1
5b 4.5 691,833 474.4
da 5.4 721.483 474.4
&> 8.1 780,883 $33.7
Sa 9.0 820.416 563.35
™ 13.5 899.283 622.65
6a 16.2 968.367 652.3
&b 34.3 1008.1 741.28
7a 27 1086.933 859.03%
] 40.50 1116.816 919
8a 48.6 1156.38 978.3
10b 72.9 1255.183 1052.45
Sa 81.0 1304.6 1141.52%
11b 121.5 1492.383 1319.425
10a 145.8 1620.866 1452.65
i2b 218.7 1887.718 1660.4
1la 243.0 2016.2 1779
12a 437.4 2640.90




Shear

Average of shear

Average of shear

eed oMb dynesjoad o ines/en? "
1> 0.5 174,6 118.6
2b 0.9 252,02% 177.9
ia 1.0 281.675 207.55
3 1.5 326.15 252,025
2a 1.8 385.45 266.85
45b 2.7 474 .4 296.5
3a 30 504,05 402,25
5b 4.5 593 450,75
4a 5.4 712.6 480,2
6b 8.1 970.9 499.75
5a 9.0 1067.4% 849,55
. 13.5 1408.3%5 919.15
6a 16.2 1690,05 963.625
8b 24,3 2105.15 1120
Ta 27 3134.8 1186
9% 40.50 2520,25 1660.4
8a &8.6 2“0 9 1779

10b 72.9 2979.83 2312.7
9a 81.0 3024.3 2520.25

i1d 121.5 3320.8




TABLE

4=-14:

Continuous Shear Rheometry Data of Cream Base No. 10.

168

Shear Average of = Average of
Speed rate :hcag gttoss shenﬁ ;tt.ll
Lep.m dynes/cm® dynes/em?
1ib 0.5 276.733 237.2
2» 0.9 365,683 296.5
la 1.0 454,633 355.8
k) 1.5 513,933 415,.1
2a 1.8 573.233 474 .4
4b 2.7 721,483 593
3a 3.0 751,133 652.3
Sb 4.5 889,.5 770.9
4a 5.4 968,333 889.5
6éb 8,1 1345,.3 1082,225
Sa 9.0 1344,133 1186
™ 13.5 1749.35 1482.5
6a 16,2 1925.116 1660.4
8b 24.3 2233,633 1894.4
Ta 27 2312,.7 1956.9
)] 40.50 2717.916 2194.1
Sa 48,6 3083.6 2312.7
10b 72.9 3241,733 2609.2
9%a 81,0 3370.216 2727.8
i1b 121.5 3755.666 3142,.9
10a 145.8 3973.1 3320.8
12b 218.7 4289,366 3554.5
lla 243.0 4398.08 4032.4
12a 437.4 5020.733




4-15;

TABLE

—_
Lo g}
(o n ]

Aécntinuous Shear Rheometry Data of Cream Base No. 11.

sShear Average of Average of
Speed rate sh¢¢§ atxtss lh“; ;tr-:c
Fepem dynes/cm? dynes/cn?
1 0.5 237.2 118.6
b 0.9 296.5 148,25
ias 1.0 326.15 192.87%
3b 1.5 355.8 237.2
2a 1.8 413.1 296,53
4» 2.7 474.4 iss5.8
3 3.0 $33.7 415,1
b 4.3 393 474.4
4a S.4 652.3 533.7
&b 8.1 756,075 652.3
Sa 9.0 830.2 696,778
- 13.8 1008,1 830.2
Ga 16.2 1126.7 918.15
@b 24.3 1408,375 1067.4
Ta 27 1482.5 1141.528
)] 40.50 2016.2 1304.6
8a 48,6 2253 .4 1422.2
i0p 72.9 2372 1645.575
9a 81.0 2505.425 1779
11b 131.5 2549,.9 1253 .4
10a 145.8 2668,.5 2490
12b 21847 3053.9




TABLE = 4-16:

Continuous Shear Rheometry Data of Cream Base No, 12.

8hear Average of Average of
Speed rate ; ah.ag strtss aheag 2trasa
TeDal d,n;'}“z ay“;.}mz
ik 045 5734175 355,.8
2» 0.9 652,13 418,.1
1a 1.0 711.6 548,528
» 1.5 830.2 548,525
2a 1,8 948,8 593
4> 2.7 1186 726,425
3a 3.0 1200,825 770.9
Sb 4.5 1334,28 9456,8
4a Seé 1452,85 1037.78% .
b 8.1 1690.08 1274.95
5a 9.0 1764.17% 1334,.28
Te 1358 2105.15 1630,75
Sa 16,2 2238,628 1749.28
8 24,3 2460.95 1956,9
7a 27 2520.25 2108.15
)] 40.50 2846.4 2253.4
8a 48,6 4965 24313
10b 72.9 3231.88 2787.1
Sa 81.0 3320.8 2876.3
iid 121.% 3735.9 3320.8
10a 145.8 3943.45 3528.08
i2b 218.7 4417.88 4091,.7
ila 243.0 4506.8 4358,55%
122 437.4 5633.5




TABLE 4-17:

Continucus Shear Rhedmetry Data of Cream Base No. 13.

Shear Averasge of Avarage of
Speed rate ahong ;troas lh.ng ;trcll
L.pem dynes/cm? dynes/ca’

ib 0.5 474 .4 296.5

2b 0.9 622,65 3%8,8

la 1.0 652.3 415.,1

k} 3 1.5 711.6 444,75
3a 1.8 830.2 533.7

4b 2.7 948.5 593

3a 3.0 1008.1 ‘5203

5b 4.5 1186 830.2
4a S.4 1304.6 948,.8
b 8.1 1526.9758 1126.7
Sa 9.0 1541.8 1186

™ 13,5 1719.7 1363.9
6a 16.2 1838.3 1402,.5

8b 24.3 1894.4 1660.4
Ta 27 1956,9 1719.7
)] 40,50 2134.8 1894 .4

f8a 48.6 2288,57% 2016,2
i0b 72,9 2490.6 2194.1

9a 81.0 260%9,.3 2313 7
11» 121.5 2965 2668.5
10a 148,.8 3202.2 2846.5
12b 218.7 3617.3 3261.5
ila 243,0 3876.6 3409.7

12a 437.4 4358.55




TABLE 4-18:

Continuous Shear Rheometry Data of Cream Base No. 14.

Shear Average of Average of
Speed rate lhoag ;txata uhung gtrtll
EePem ‘yn;q}c'z dyn;q;cna
1ib 0.5 474 .4 237.2
ab 0.9 593 3ss5.8
1a 1,0 652.3 474 .4
» 1.5 711.6 533,77
2a 1.8 770.9 593
4> 2.7 933,978 696,778
3a 300 100301 741 0:5
5b 4.5 1126.7 815.278%
4a 5.4 1260.129 933,978
6b 8.1 1436.025 1111.778
Sa 9.0 1482.5 1141,.42%
/] 13.5 1571.483 1200.728
S6a 16.2 1601,1 1319.47%
& 24,3 1764.175% 1408.525
7a 27 1808.65 1452.85
] 40.50 1956,9 1601.1
Ba 48,6 2075.5 1704.87%
10b 72.9 2260.45 1860.77%
9a 81.0 2283,.5 2016.2
i1b 121.% 2535.078% 2238.575%
10a 145.8 2683,32% 2401,6%
i2b 218,7 3113.28 2757 .45
ila 243.0 3261.5 3009.478
12 437.4 3854.5




TABLE

4-19:

Continucus Shear Rheometry Data of Cream Base No, 15.

173

Shear Average of Average of
Speed rate shear stress shear stress
LePolm U.Co D.C. 2
dynes/om dynes/cm
ib 0.5 355.8 192,728
2b 0.9 444,75 222,373
la 1.0 $04.05 237.2
3 1.5 593.00 252,028
2a 1.8 669.125 296,95
4b 2.7 845,028 355.8
3a 3.0 904.325 385.45
S5b 4.5 1112.1 474.4
4a Sed 1393.85% 563.3%
6éb 8.1 1630.7% 593
Sa 9.0 1749.35 669,12%
™ 13,8 2031.028 874.675
6a 16.2 2149.623 1022.92%
& 24.3 2203.05 1319.478
Ta 27 2341,38 1349.07%
9b 40.50 2579.55 1571.45
8a 48.6 2742.625 1749.33
i0b 72.9 3113.25% 1986.55
Sa 2.0 3261.5 23108.15
11b 121.8 3646.95 2490.6
10a 145.8 3750.72% 2668.5
12 218.7 3943.49 3068,765
1la 243.0 4017.575 3291.18
12a 437.4 4329.00




TABLE = 4-20: .

Continuéus Shear Rheometry Data of Cream Base No. 16.

Shear Average of Average of

Speed rate e e
dynes/cn dynes/cm
1b 045 355,8 "118.6
2b 0.9 474 .4 222.375
la 1.0 504.05 370,625
3B 1.5 578,175 489,225
2 1.8 637.475 $33.7
s 2.7 815.375 563.35
3a 3.0 889.5 637.475
b 4.5 1067 .4 711.6
™ 5.4 1186 815.525
b 8.1 1438.025% 934.175
Sa 9.0 1304.2 993.45
™ 13.5 1408.375 1156,35
6a 16.2 1526.97% 1245.3
'Y 24.3 1749,35 1393.55
7a 27 1823.575% 1482.5%
b 40.50 2164.45 1719.7
8a 48,6 2283.05 1823,7%
10b 72.9 2535,075 1956.9
% 81.0 2609.2 2045 .85
11b 121.5 2965 2372.00
10a 145.8 3142.9 2505 .425
12b 218.7 3632.125 2816.75
11a 243.0 3898.975 2935,35

12a 437.4 4151




TABLE

4-21:

Continuous Shear Rheometry Data of Cream Base No. 17.

Averages of

Speed gt:::r ;hn; 5@:.3: agz:g‘g:r:iu
CoPem 4!“;'}0’ dyu; '}ma
ib 0.5 504.08 177.9
2b 0.9 62241 207.55
la 1.0 666.59% 429,935
3> 1.5 785.725 503.5
2a 1.8 861.3%0 578.175
4b 2.7 1037.750 652.3
3a 3,0 1008,.1 741.2%
sb 4.9 1215.6% 874.675
4a S.4 1304.,6 978.45
&» 8.1 1601.1 1215,65
S5a 9.0 1734.55% 1304.6
™ 13.8 1897.6 1541,.8
6a 16.2 1986,55 17197
& 24.3 2283,05 2075,5
Ta 27 2372.0 2164.45
9 40.50 2638.85 2431,.3
8a 48,6 2816.75% 638,85
10b 72.9 3391.15 2994 .68
Sa 81.0 3454.225 3113.2%
11ib 121.5 4002.75% i5sse
iCa 145.8 4239.9% 3735.9
i2d 218.7 4551.45 4121.3%
1la 243.0 4595.78 4447 .5
12a 437.4 5425.9%




TABIE = 4-22:

Continuous Shear Rheometry Data of Cream Base Mo, 18.

et

sShear Aversge of Average of
spees rate shesr stress  shear stress
Copem dynes/ “3 dynes/ “z

b 0.5 340,973 103.77%
53 0.9 388.45 116.6
1a 1.0 415.1 118.6
3 1.9 474.4 118.6

2 1.8 504.05% 148,29
4 2.7 $33.7 177.9

3a 3.0 563.3% 207.3%5
Sh 4.3 622.65 237.2

4a 5.4 711.6 265,85
6d 8.1 904.328 429,928
Sa 9.0 993.278% 548,525
™ 13.8 1141.525 578.17%
6a 16.2 1345.) 652.3
& 24.3 1497.33% 933,978
7a a7 1556,.628 1022.93%
] 40.50 1942.,073 1319.42%
Sa 48,6 2031,02% 1497.32%
10b 72.9 2327.528 1912.42%
%a 81.0 2490.6 1927.2%
11b 121.% 2876.0% 228,08
10a 145.8 3142.9 2520.2%
12p 218.7 3587.68 3009.47%
11a 243.0 37%0.72% 3187.37%
12 437.4 4655.09%




TABLE

. 4=23:

177

Continuous Shear Rheometry Data of Cream Base No. 19.

Shear Average of Average of
Speed rate ahnas zttuos lh.lg';tt.ll
Fepem dynes/cm? dynes/cm?
i 0.5 192,728 103.778
2b 0.9 355.8 103.77%
la 1,0 385,45 118.6
k) 1.5 459,578 118.6
2a 1.8 $33.7 118,6
4d 2.7 667,125 148.25
3a 3.0 741,25 177.9
Sb 4.5 889 .5 177.9
4a Se4 1008,1 207,58
[ 1) 8.1 1245.3 207.55
Sa 9.0 1274.9% 237.2
™ 13.% 1438,.0258 252,025
6a 16,2 1482.5 252.02%
b 24.3 1779 281.675
7a 27 1793,.825% 340,975
) 40.50 2016,.2 474 .4
8a 48.6 2105.1% $63.33
10b 72.9 2297.878 818.375
9%a 81.0 2253 .4 978,45
11b 121.5 2312.7 1245.3
10a 145.8 2372 1393.6
12b 218.7 2490.6 1838.3
1lla 243.0 2609.2 207%.5
12a 437 .4 3024.3




t
TABLE . 4-24:

continucus Shear Rheometry Data of Cream Base No. 20.

Shear Average of Average of
Speed rate uhuag.zfral: ah&ag.;txonu
LopoM "n.‘/u.z ‘,a.‘;cn:
ib 0.5 385,45 237.2
2 0.9 304.05 237.2
la 1.0 863,35 a37.2
3 1.5 696,775 296.5
2a 1,8 770,.9 355.8
4b 2.7 948.8 474 .4
3a 3.0 1008,.1 533.7
5b 4.3 1304.6 67,128
4a 5.4 1482.5 770.9
2] 8.1 2016.2 1008.1
S5a 9.0 2105.13 1067.4
™ 13.5 2549.9 1304.6
6a 16,2 2727.8 1482.9%
&b 24,3 3202.2 1853.128
Ta r ¥ 3350.45 1986.55
9> 40.50 3676.6 2372
8a 48.6 3913.8 2668,.9
10b 72,9 4239.35 3024.3
9 81,0 4584.7 3858
11k 121.5 4951 .55 4506.8

10a 145.8 5099.8




TABLE 4-28:

Continuocus Shear Rheometry Data of Cream Base No. 21.

Shear Averags of Average of
sptcﬂ rate lhll§ ;m.l lh.l; ;mll
CePeM dyu;t}euz ‘m;.}ma
b 0.5 355,.8 296.5
2» 0.9 474.4 400.3275
la 1.0 504.05 444.75
3b 1.8 593 518,878
2a 1.8 652,3 622,65
&b 2.7 788,875 669,778
3a 3.0 845,025 698,775
Sh 4.5 1037.75 845.025
4 5.4 1186 904,325
&b 8.1 1393.55 1052.575
Sa 9.0 1452,85 1141.52%
™ 13.8% 1690,0% 1304,.6
6a 16.2 1838.3 14232
&b 24.3 2134.8 1573.45
7a 27 2253.4 1630.7%
b 40.50 2668,5 1764.175
8a 48,6 2742.62% 1808,65
10b 72,9 3024.3 2060.67%
% 81.0 2965 2105.1%
11b 121,5 3113,25 2416.48
10a 145.8 3187.37% 2609.35
12b 218,7 3528,1 2935,38
11a 243.0 3691,.425 3039.1
12a 437.4 3973.1




TABLE  4-26°

Continuous Shear Rheometry Data of Cream Base No, 22.

Shear Average of Average of
Spud rate lhllg gt.rou lhﬁa.g ;t‘.ﬂll
Fepem dyn;.}mz dyu;l)cnz
b 0.5 296.5 103.775
2» 0.9 385.45 133,425
la 1.0 415.1 118,6
3 1.5 504.05 118.6
2a 1.8 $33.7 133.425
éb 2.7 726,425 179.9
3 3.0 741.2% 133.425
Sb 4.5 948.8 179.9
4a 5.4 1082.45 177.9
[+ 8.1 1452.85 207,55
Sa 9.0 1482.5 237.2
T 13.9 1877.778 252,025
6a 16.2 1690.0% 296.5
& 2¢.3 1956.9 355.8
Ta 27 1986.55 385.45
9b 40.50 2119.97% 489,225
8a 48.6 2134.8 548,515
10b 72,9 2431,3 726.425
9a 81.0 2520.2% 785,728
11b 121.5 2727.8 1052.8
10a 145.8 2890.875 1215.65
12b 218.7 3172.55 1734.525
11a 243.0 3261.5 1956.9
12a 437.4 3439.4




TABLE 4-27:

Continuous Shear Rheometry Data of Cream Base No. 23.

Shear Average of Average of
Speed rate shna; ;tr.ua ahcag ztrtaa
Fepem dya;q}cnz dyn;q}en?
1ib 0.5 340.97% 118,.6
2b 0.9 355.8 118.6
1a 1.0 370.625 148.25%
3b 1.5 385.45 177.9
2a 1.8 415.1 177.9
4> 2.7 533.7 281,675
3a 3.0 563.35 340,978
Sb 4.5 830,.2 489,228
4a 5.4 948.8 637.47%
éd 8.1 1186.35 889.5
Sa 9.0 1304.6 993.27%
™ 13.% 1363.9 1067.4
6a 16.2 1571.458 1145,.528
& 24,3 1897.6 1393.158
Ta 27 2001.378 1556.635
9 40.50 2386.028 1882.77%
8a 48,6 2594.378 2134,8
10b 72.9 3142.9 2683,32%
%a 81.0 3305,97% 2890.87%
11b 121.5 3824.65 3305.97%
10a 145.8 4136.17% 3602.475
12 218.7 4818.13% 4091 .7
il1a 243.0 5055.32% 4313.928
12a 437.4 5544.55




TABLE 4-28:

Continuous Shear Rheometry Data of Cream Bass Ko, 24.

Shear Average of Average of
Speed rate -hoag stxoaa ahong ;trq-o
-1 dyn;q}cn? dyn;q}cu?
ib 0.5 370.625 237.2
2b 0.9 385.45 237.2
la 1.0 415.1 232,028
3» 1.5 474.4 266.85
2a 1.8 504.05 266.85
4b 2.7 593 326.15
3a 3.0 711.6 3ss.8
5b 4.5 1008.1 474.4
4a 5.4 1171.17% $33.7
&b 8.1 1615.928 652.3
5a 9.0 1956,9 815,.52%
T 13.5 2031.02% 904,325
6a 16.2 2149,.625 1022,928
&b 24.3 2386,825 1274.95
7a 27 2490.6 1408.42%
- 40.50 2742,.625 1808,65
8a 48,6 2920.528 1942.075
10b 72.9 3320.8 2372
1 81.0 3402.878 2505.425
11b 121.5 3987.929 2876.0%
10a 145.8 4121.38 3068.77%
i2b 218.7 4417.85 3498.7
ila 283.0 4491,97% 3602.47%
12as 437.4 4832.98%




TABLE 4-29:

Continwous Shear Rhcoﬁotxy Data of Cream Base Ro. 25.

Shear Average of Average of
Speed rate :hnag gtrtss shcag ;trcsl
opon dynas/cal  aynosjon?

i» C.3 148,28 88,95
a» C.9 385.45 88.95%
la 1.0 415.1 88498
» 1,8 474.4 88,95
aa 1.8 504,08 68,98

4b 2.7 563,35 103.77%
Ja 3.0 607,828 103.77%
Sb 4.5 859.85 118.6

4a Se4 919.18 118.6

S 8.1 1037.78 148,25
S5a 2.0 1171.178 192,728
™ 13,5 1260,12% 237.2

ba 16.2 1319.42% 266,83

&b 4.3 1497,328 355.8

Ta 27 1512.18 385.48
Y 40,50 1719,7 $33.7

8a 48,6 1823.478 593
10b 72,9 210%.15 800.5S
9a 81.0 2194,1 ;00048
11b 121.5 207%.5 1052.57%
10a 145.8 2134.8 1171.175
12b 218.7 2268.225 1645,.57%

~1la 243,0 2357.175 1764.178

12a 437.4 2638.85




TABLE 4-30:

o,
<O
e

Continuous Shear Rheometry Data ¢f Cream Base No. 26.

Shear Average of Average of
Spesd rate shear stress shear stress
Fopom v.C. B.C. o
dynes/cn dynes/cm
ib Ce3 785,725 489,225
2b 0.9 815,375 504.05
la 1.0 845,025 533.7
» 1.8 919,15 533.7
2a 1.8 948.8 563,38
4b 2.7 1097.08 563,35
3a 3.0 1126.7 593
b 4.5 1186 632,65
4a 5.4 1304,.6 622,68
6b 8.1 1601.1 741,258
5» 2.0 1660.4 83042
™ 13,5 1764.175 918,28
6a 16,2 1897.6. 1052.573
&b 24,3 2134.8 1349.,078
7a 27 2238,575 1482.5
) 40.50 2653,675 1882.775%
8a 48,6 2831.578 2016,2
i0b 72.9 3320.8 2372
9a 81.0 3543,175 2478,.773
11» 121.5 4136,175 2965
10a 145.8 4343,725 3202.2
12b 218.7 $114,.625 3928,.628
1ls 243.0 5203.575 4180,.68
12a 437.4

$617.975




TABLE . 4-31.

Continuous Shear Rheometry Data of Cream Base No. 27.

Shear Average of Average of
Speed rate shear stress shear stress
Fepem a U.C. 2 D.C. 2
ynes/cm dynes/cm
ibd 0.5 578,17% 296.5
2 0.9 622,65 326,18
la 1.0 667.128 326.18
3 1.5 726,425 355.8
2a 1.8 741,25 355.8
4» 2.7 770.4 385.45
3 3.0 830,2 385.45
5b 4.5 889.5 385,45
4a 5.4 963,625 418.1
6d 3.1 1037.7% $33.7
Sa 9.0 1215.65 578,178
™ 13.8 1334.,2% 622.65
$a 16,2 1349.07% 741,28
8 24.3 1586,275 948,.8
7a 27 1615,92% 1022,92%
% 40.50 2060,673 1349.07%
- 8a 40,8 2237.07% 1527.325
10b 72.9 2668,5 1888.425
9a 81.0 2846.4 2001.37%
11b 121.5% 3394.923% 2535.07%
i0a 145.8 3661.775 2727.8
i2» 218,7 4299,25 3500
1lla 243.0 4447.5 3691.42%
12a 437.4 5010.85
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RHEOGRAMS OF THE CREAM BASES No.-1 & No.-2
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FIG. 4-2
RHEOGRAMS OF THE
No.-6 ? CREAM BASES No.-3 & No.-6
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RHEOGRAM OF THE CREAM BASE No. 4
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RHEOGRAM OF THE CREAM BASE No.-5
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RHEOGRAM OF THE CREAM BASE No.-8
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RHEOGRAM OF THE CREAM BASE 'No.- 9
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RHEQOGRAMS OF THE

CREAM BASES No.-7 & No.-10
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wo} FIG. 4-8 No-12
RHEOGRAMS OF THE CREAM BASES 0

No.-11 & No.-12
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RHEOGRAMS OF THE

No.-14
CREAM BASES No-13 & No-14 No.-13
) .
000 1500 2000 2500 3000 3500 4000 2500 5000

500

SHEAR STRESS dynes/cm?




440 ¢

4001

300 -

SHEAR RATE r.p.m.

200 +

100 -

80 r

60 +

40 +

W0

FIG. 4-10
RHEOGRAMS OF THE CREAM BASES No.-15 & No-17
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RHEOGRAMS OF THE CREAM BASES No-16 & No.-18
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RHEOGRAMS OF THE CREAM BASES No-19,No.-20 &
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RHEOGRAMS OF THE CREAM BASES No-22,No.-23 & No.-24
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bosn destroyed by the shear stress used.

The three paramster spparent viscosity at the
top,yield value and the area of the hysteresis loop
are considered to be necessary and sufficieat for the
description of the thixotropy asd plastic flow,

The area of the hysteresis loop was detesrmined by .
draving on a paper, cutting out and weighing.

Thus the rheclogically evaluated premising bases
ware selested and the formule of the sslected bases are
recorded in Table ¢=32 and the composite data of shove
Dases are recorded in Table 4-3). Thus the rheolegically
evaluated promising bases subsequently used in the ip
Yitre medicement relesse experiments.

Basults and Dissussise

One hundred and tem hydrephilic aream bases were
prepared using the different conceatration of commenly
used ingredients. The formulae of all the bases recerded
in Table 4-1. First screening evaluation was based on
the following desirable characteristics.

(1) Sxalny ¢
Grainy particles absezved when base spresded
on the back of ths hand or rwbbed betwesa
thusb and the first fiager.
(2) Semaxasios
Separation of either o0il or water was obesrved.
(3) gasisfastory ¢ |
Physically stable, visual sppearance, smooth
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(4) vUasatisfactory s
Any one of the following things was observed.
(a) 7Tce thim econsistancy.
(b) Coleur development.
(o) Separation of 0il and water withinm
two weeks of manufacturing date.

A!u: £irst sereening evaluation, seveaty oas
nloctoq cream bases vers gubjected to second screeming
evaluatioa in which the pi, spreadability, water washa-
bility were checked imitially and after ome momth
storage at differeat comditioas (AC, R.,T., 37° and 42°
at 80% Ril) and the data recorded in Teble 4-2. After
second screening evaluatioa sixty selected cresam bases
ware subjected to third screeanimg evaluatioa im which
consistency, pemetration and spreadability of the cream
bases were checked and data recorded im Tables 4-3 and
4~4, After third screeaing evaluation thirty four
selected cream bases wers subjected to rheological
studies in which all the cream bases<imdicate noa-
Nevtonian flow characteristics as no part of the
rheogram is linear, hence the viscosity cannot be
sxpressed by a single value, as is the cass with
Mewtonian fluids. As such a determimatioa corresponds
to a single point on the curve and would not give a
correct picture about the nature of the substance
exhibited pseudoplastic flow behagviour. Unlike
Bingham - bodies such bases exhibit no yield value,
but iastead are characterised by rheograms which
approach the origim or mearer to the eorigin of the
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graph as in case of Newtonian liquids. Mowever, unlike
the linear curve for Newtomian materials the psewdo~
plastic flow curve was non linear. In these cases the
shear stress did not increase linearly with the shear
rate, hence the viscosity did not remain constant at
different rate of shear. 7The single poimt determinations
for the two psewdoplastic bases could nearly be the same
even thowgh rheegrams for thess twe bases could have
markedly differeat curvatures. 7The viscosity of psewdo-
plastic substance decreases with increasing rate of
shear. In such cases comparing viscosities becomes
difficult, because depending oa the points on curve
selected for destermination entirely different conclusions
are likely to be reached.

Apparent viscosities of ¢cream bases may be obtained
at any rate of shear fxom the sleps of the tangent drawa
to the curve at any specified poiat., Newever, the most
satisfactory representatioa of pseudoplastic materials
of this type 18 probably the whole graphical plot of the
entire comsistancy curve. '

The curved rheegrams for a pssudeplastic material
result frem a shearing action on the lomg chained
molesules or other oomplex strustures ¢f the material
which are disarranged and matted together at rest and
remain 30 at low shear ratses, but vhich tend to hecome
aligned at higher rate of shear. The materials used
for the preparation of the cream bases form a suitable
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physical structurs which is likely to be respoasible
for pseudoplasticity. Some of the solvents associated
with the molecules may 3130 be exelwied as the parti-
cles align and the resistance of the effectively smaller
particles to flovw is reduced to sowme mat’. Nence

such systems, are referzdd to as ‘shear rate thinning'.

It was observed from all the rheograms that the
wp curves and the down curves for all the bases could
not be superimposed. This was probably because the
dispersions wers brekes dowa and the comsistaney was
reducad as exhibited by down curve. 7This property of
semipsclids is termed as thixotrophy and may be deseribed
as a reversible isothermal sol-gel transformation,
Pollowing the break dewn of the structure by the increase
of shearing stress, a period of time is required to
eleapse, hafore fluid recovers its original consistancy.

This is the mgin reasen as to why the up curves
and dowm curves shown im figures did not coincide, but
instead formed a loop of hysterisis. The loops formed
by the up=gurves and down-gurves of thixetropic materials
xesult fxrem a gel like structure which is broken down as
the material is agitated. In this xegion of shear the
structurs is spparently im the preocess of reforming,
just as it is when the material is allowed to stand
wsmmu.“

These above parameters have ¢learly defined the
thixotropy and plasticity of the system.



150

The plasticity of a system is associated with
the presence of flecculated particles im ths concent-
rated suspemsion. As a result, a contimuous structure
is set wp througheut the system. The yield value is
present because of the contacts between adjacent
particles which must be brokea down before flow to
eccur, comsequently the yield value is an imdicative of
the force of flecculation. Frictional forces betweea
the moving particles can alse contribute to the yield
valus. As the yield value is exceeded aay further
increase in shearing stress brings sbout a directly
proportional increase in shear rate.

Thixotropy may be said t0 be dus to the presence
of assymetric particles which, through numereus points
of contact, set wp a loose three dimensional network
throughout the sample. At rest, the structure oconfers
some degree of rigidity om the system. As shear is
spplied and flow starts, the structure begins €0 break
dowa as the points of centact are disrupted and the
particles become aligned and the material undergoes
gel=to=-30l transformation, and exhibit shear thinning,
Ypoa remowval of the stress, the structure starts te
reform, the process being not iastantanesocus; rather it
is pmrc‘uivo restoration of consistancy as the assy~
metrie particles come into comtact with each other by
undergoing random Browaian movement,
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Contimuous shear flow curves for cream hases
wvere in the form of asaticleckwise hysteresis lm_u.
Typical curves after one month storage at 2841° are
shown ia Pigures 4-1 to 4-14 and recerded in tadbles
4=-5 to 4-31, Formlae of twenty seven selected cream
bases after rheclogical studies are recorded im Table
4-32 and the composite data of above bases are recorded
in Table 4-3).
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