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| absolute viscosity :from Newton law is equal = F/G , unit poise
] kinematic viscosity : is equal to absolute viscosity /density , unit stoke
] plastic viscosity : is reciprocal of mobility ( mobility = (F-f)/G )
|

relative viscosity : is viscosity of material 1 to viscosity of standard liquid usually water, unitless

Pseudoplastic Flow : ( shear thinning agent when increase shear ,decrease the viscosity )

* Many pharmaceutical product, including liquid dispersions of natural and synthetic gums
(tragacanth, sodium alginate, MC, and Na CMC) exhibit pseudoplastic flow.

* Pseudoplastic flow is typically exhibited by polymers in solution.

CJ&;‘ pseudoplastic uﬁ&mshdsojsﬂc)a\}d\ Jgoa uweJYJ&h%u&AyYMY\uﬂw
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* The consistency curve for a pseudoplastic material begins at the origin (or at least approaches it
at low rates of shear). Therefore, there is no yield value, because, no part of the curve is linear,
the viscosity can not be expressed by a any single value.
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* The viscosity of a pseudoplastic substance decreases with increasing the rate of shear (shear
thining systems, slope increases with F).

A ) Larg, aa 5l Ji - Leladay 68l L ) W JS8 5 rate of shear J) as Ji ol sall sledviscosity J) @
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* An apparent viscosity can be obtained at any rate of shear from the slope of the tangent to the
curve at the specified point.

* The most satisfactory representation is probably a graphic plot of the entire consistency curv
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* The curved rheogram results from shearing action on long-chain molecules of materials such as

linear polymers.
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— As shearing stress is increased, normally disarranged molecules begin to align their long
axes in the direction of flow. This direction reduces the internal resistance of the
material and allows a greater rate of shear at each successive shearing stress.
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— In addition, some of the solvent associated with the molecules may be released,
resulting in an effective lowering of both the concentration and the size of the dispersed

molecules. This too, will decrease apparent viscosity.
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— Viscosity not constant and have value on each point
— No part of curve linear

— Shear thinning agent

— Viscosity decrease with F, slope ( reciprocal of viscosity) is increase

Rate of shear

Shearing stress

(c) Simple pseudoplastic flow



Several approaches have been used to obtain
meaningful parameters that will allow different
pseudopastic materials to be compared. The exponential
formula has been used more frequently.

FN =9n'G

When N=1, the flow is Newtonian. The exponent N rises
as flow becomes increasingly non-Newtonian.

The term n’ is a viscosity coefficient.

Following rearrangement , the equation can be written in
the logarithemic scale (equation for a straight line):

Log G = Nlog F — logn’

Many pseudoplastic systems fit this equation when log G
is plotted as a function of log F. Several of the more
important pseudoplastic suspending agents used in
pharmacy, however, do not confirm to the equation. 28
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F: shearing stress .. G: rate of shearing

1)’ : viscosity coefficient

When N=1 . the flow 1s Newtonian

when exponent N increases . the flow becomes
FN = nr G non-newtonian

1 o= >SIN J g sSs shear thinning W seas AN 2 gl

Can rearrange the equation in log term to make it linear equation:

Log G = Nlog F — logn’

not all psuedoplastic material fit this aelS sc g O S8 s Lede Gulal (Saa 3l sall (10 1€ 53 B jaiaga @
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Dilatant Flow

e (Certain suspensions with a high percentage of dispersed solids exhibit an increase in resistance
to flow with increasing rates of shear.
e Such systems usually increase in volume when sheared (shear thickening systems, slope
decreases with F).
volume J\ x5z JwSsviscosity J' 235 o shear J @yl JSalsall gb osa Sa 0
slope decrease J) AUl viscosity increase J) sil L Ja o
o  When stress is removed, a dilatant system returns to its original state of fluidity.

hmphal ool aa 5 - Ll ) ol Jadl as @



e Exponential equation can be used to describe dilatancy in quantitative terms. In this case, N is
always less than 1 and decreases as the degree of dilatancy increases.
L Sy 3z odilatancy JP Sl be S5 aal g e JB OS5 a Y N Aad (ST alabaall gla (Gula) )3dy @

FN =n'G

Rate of shear

Shearing stress

(d) Dilatant flow

e Curve start from origin
e Shear thinking agent ( increase rate of shear will increase viscosity )
e No part of curve is linear

Example : Substances possessing dilatant flow properties are invariably suspensions containing a
high concentration (about 50% or greater) of small, deflocculated particles.

shear e 35 5 e suspensions oe 3oke 55 Wby a flow dilatant dI paibad Ledl I o) sal
% or more50( (e Cli > b s 48 4 | 535S sthickening material

* Dilatant behavior can be explained as follows:

— Atrest, particles are closely packed with minimal interparticle volume (voids). The
amount of vehicle in the suspension is sufficient, however, to fill voids and permits
particles to move relative to one another at low rates of shear. Thus a dilatant
suspension can be poured from a bottle because under these conditions it is reasonably

fluid.
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— Asshear stress is increased, the bulk of the system expands or dilates. The particles, in
an attempt to move quickly past each other, take an open form of packing. Such an
arrangement leads to a significant increase in the interparticle void volume. The amount
of vehicle remains constant and, at some point, becomes insufficient to fill the
increasing void between particles. Accordingly, resistance to flow increases because
particles are no longer completely wetted, or lubricated, by the vehicle. Eventually, the
suspension will set up as a firm paste.
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rates of shear = - - — —
——

Close-packed particles;
minimoam void volume:
sufficient vehicle:
relatively low consistency

Open-packed (dilated) particles;
increased void volume;
insufficient vehicle;

relatively high consistency

Fig. 20-3. Explanation of dilatant flow behavior

* Behavior of this type suggests that appropriate precaution must be used during processing of
dilatant materials. Conventionally, processing of dispersions containing solid particles is
facilitated by the use of high-speed mixtures, blenders, or mills. Although this is advantageous
with all other rheologic systems, dilatant materials may solidify under these conditions of high
shear, thereby overloading and damaging processing equipment.
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Time effect on various systems

viscosity viscosity Dilatant:
Newtonian

3

shear rate

Y

shear rate

viscc;sity viee ;I‘suv Bingham.
Psendoplastic.

- 3

shear rate

shear rate

Factors affecting viscosity:

1) Temperature: Increasing temperature decreases viscosity (1-10%). Some time the opposite
occurs when gelling occur at higher temperature such as methylcellulose.

(increase temp .increase viscosity of gas and methylcellulose ,decrease viscosity of liquid )

2) Shape of particles of the dispersed phase in colloidal dispersion: spherical particles have lower
viscosity than linear particles.
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3) Concentrations: Increasing concentration will increase viscosity; because of higher
intermolecular attractive forces.
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4) Presence of Electrolytes: As the concentration of electrolytes increases, viscosity decreases due
to an increase in the repulsion forces.
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Thixotropy

e If the rate of shear was reduced once the desired maximum had been reached, the downcurve
will be identical, and super imposable on, the upcurve for Newtonian systems.

* The downcurve for the non-Newtonian systems can be displaced relative to the upcurve.

<sNewtonian sl CuilS 131 juay o gl\' Ll @ymaximum J lgilags, osfll Ciaha Lo amy (a3 e Dl o
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*  With shear-thinning syytems (i.e., pseudoplastic), the downcurve is frequently displaced to the
left of the upcurve, showing that the material has a lower consistency at any one rate of shear
on the downcurve than it had on the upcurve.

]
\
l

| Pseudoplastic /
/

Rate of shear

Shearing stress

Thixotropy in plastic and pseudoplastic flow systems
L]
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* This indicates a breakdown of the structure (shear thinning) that does not reform immediately
when stress is removed or reduced.

A.\S\QL\BJLQAJW{.MY\L@A\}A.‘J}L&&QA‘)SCJLAaJLAMm&\ajﬂ\dgﬁ\eyMWJ:\ﬁsm L]

* Thixotropy can be defined as “an isothermal and comparatively slow recovery, on standing of a
material, of consistency lost through shearing”

Lol gl da i sl 5 ~ Uy slow recovery |, Lede ool s Gudal (50 4a b salal) 5l S [sothermal e
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* Thixotropy can be applied only to shear thinning systems (examples are ketchup, consumer
paints, yoghurts, mayonnaise).
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* Thixotropic systems usually contain asymmetric particles that, through numerous points of
contact, set up a loose three dimensional network throughout the sample. At rest, this structure
confers some degree of rigidity on the system, and it resembles a gel.



* Asshearis applied and flow starts, this structure begins to break down as points of contacts are
disrupted and particles become aligned. The material undergoes a gel-to-sol transformation and
exhibits shear thinning.
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* Onremoval of stress, the structure starts to reform.

* This process is not instantaneous; rather, it is a progressive restoration of consistency as
asymmetric particles come into contact with one another by undergoing random Brownian

movement.
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Y
iz Ul ids s 8l Jodil (g2 cpamsol Jdsaii 7 ) gl jams 7 ) (o 8 Lale Ciiidage] oala lie Dia o
gel saldll

* Gel to sol transformation in upcurve ,whereas sol to gel transformation in down curve
* Rheograms obtained with thixotropic materials are therefore highly dependent on the
* Rate at which shear is increased or decreased

* Length of time the sample is subjected to any one rate of shear.

* Inother words, the previous history of the sample has a significant effect on the rheogram
properties of a thixotropic system.
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Determination of Rheologic Properties

Choice of Viscometer

* Because the rate of shear in a Newtonian system is directly proportional to shearing stress,
instruments that operate at a single shear rate can be used. These “single point” instruments
provide a single point on the rheogram; extrapolation of a line through this point to the origin
will result in a complete rheogram.
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* Ifthe system is non-Newtonian, a single point determination is useless in characterizing its flow
properties.

* ltis essential that, with non-Newtonian systems, the instrument can operate at variety of shear
rates. Such multipoint instruments are capable of producing a complete rheogram for non-
Newtonian systems.
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* Single point instruments can lead to erroneous results if used to evaluate non-Newtonian
systems because flow properties could vary significantly despite identical measured viscosities.
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* The important conclusion is that although all viscometers can be used to determine viscosity of
Newtonian systems, only those with variable shear rate controls can be used for non-Newtonian
materials.
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* Capillary, falling-sphere viscometers are single shear rate instruments suitable for use only with
Newtonian materials. (single point viscometer)

*  Cup-and-pop, and cone-and-plate viscometers are multipoint, rotational instruments that can
be used with both Newtonian and non-Newtonian systems. (multipoint viscometer)



Capillary Viscometer

« The viscosity of a Newtonian liquid can be
determined by measuring the time required for
the liquid to pass between two marks as it flows
by gravity through a vertical capillary tube known
as an Ostwald viscometer.

* The time of flow of the liquid under test is
compared with the time required for a liquid with
known viscosity (usually water) to pass between
the two marks. The absolute viscosity of the
unknown liquid, 7, is determined using the
following equation:

h _ pata
2 pats

« The value n,/n ,= n,, is known as the relative

viscosity of the ?iquidﬁ under test.
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T 0il is drawn into
tube to start mark
by suction

Tube is submerged
into constant
temperature bath

Start Mark
Seconds

Stop Mark

Time is measured in
seconds as fluid flows
from start to stop
marks (efflux time)

. Ostwald-Cannon-Fenske viscometer.
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1) 1=viscosity of unknown . 12 = viscosity of
The value yl/y 2 = yrelative is standard . pl= density of unknown . pi =

known as the relative viscosity of - depsity of standard , t= required time (sec)
the liquid under test. ’

Example 20-4: Assume that the time required for acetone to flow between the two marks on the
capillary viscometer was 45 sec, and for water the time was 100 sec, at 25°C. The density of acetone is
0.786 g/cm?3 and that of water is 0.997 g/cm? at 25°C. The viscosity of water is 0.8904 cp at this
temperature. Calculate the viscosity of acetone at 25°C.
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The previous equation is based on Poiseuille’s law for a liquid flowing through a capillary tube

g= nr'tAP r 1s the radius of the inside of the capillary. € is the time

81V of flow, Ap is the pressure head in dyne/cm” under
which the liquid flows, L is the length of the capillary.
and v 1s the volume of the liquid flowing.
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* The radius, length and volume of a given capillary viscometer are invariant and can be combined

in a constant, K

n = Kt AP
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* The pressure head (Ap) depends on the density (p) of the liquid being measured, the
acceleration of gravity, and the difference in heights of liquid levels in the two arms of the
viscometer. Acceleration of gravity is constant, however , and if the levels in the capillary are

kept constant for all liquids, these terms can be incorporated in the constant and the viscosities

of the unknown and the standardliquids can be written as
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m = K'typ
n = K't2
Therefore, when flow periods for two liquids are compared in the same capillary viscometer
h _ pata
2. P2tz
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Falling Sphere Viscometer:

* Aglass or steel ball rolls down an almost vertical glass tube containing the test liquid at a known

constant temperature. The rate at which a ball of a particular density and diameter falls is an
inverse function of the viscosity of the sample.
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* (The sample and the ball are placed in the inner glass tube and allowed to reach temperature
equilibrium with the water in the surrounding constant-temperature jacket. The tube and jacket
are then inverted, which effectively places the ball at the top of the inner glass tube. The time
for the ball to fall between two marks is accurately measured and repeated several times. The

viscosity of a Newtonian liquid is then calculated from
o )SI sy (pamy s TUBE Jb shasy Jilull gy el g g an gl e 86 Ll 53 (sm o) all As o i a 5Y o
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t is the time interval in seconds for the ball to fall between

=1 (3 - S;'JB the two points. and Sb and Sf are the specific gravities of
the ball and fluid. respectively at the temperature being used.
B is a constant for a particular ball and is supplied by the

manufacturer.
For best results, a ball should be used such that t is not less than 30 sec
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Fig. 20-13. Hoeppler falling-ball viscometer
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Cup-and-Bob Viscometer

The sample is sheared in the space between the outer wall of a bob and the inner wall of cup into which
the bob fits. The various instruments available differ mainly in whether the torque results from the
rotation of the cup or of the bob.
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* Inthe Couette type of viscometer, the cup is rotated. The viscous drag on the bob due to the
sample causes it to turn. The resultant torque is proportional to the viscosity of the sample.
Ll gga  ang i aludl g A B3l pop and cup J) o Wsa s ratated Alrsaicup J 058 o sl sl sa o
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* The Searle type of viscometer uses a stationary cup and a rotating bob. The torque resulting
from the viscous drag of the system under examination is generally measured by a spring or
sensor in the drive to the bob
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Drive shaft

Torque set proportional
to shearing stress in sample

Stationary
b 4 : Bobd

b= 11,
' h
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Sample |
undergoing '
shear 9 . |

Bubble of = — - -
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Fig. 20-14. Principle of rotational cup-and-bob viscometer (Searks
type). See text for explanation

Cone-and-plate Viscometer

* The sample is placed at the center of the plate, which is then raised into position under the
cone. A a variable speed motor drives the cone, and the sample is sheared in the narrow gap
between the stationary plate and the rotating cone. The rate of shear in revolutions per minute
is increased by a selector dial and the viscous traction or torque (shearing stress) produced on
the cone is read on the indicator scale.

* Aplot of rpm or rate of shear versus scale reading or shearing stress can be constructed



2 radians,/sec

Rotating cone ' |
\ ‘ r—-
" ~ |
7\/2—(#
¢ radians d
1 3

]

Fig. 20-19. Constant-shear-rate conditions in the cone and plate
viscometer. The cone-to-plate angle, v, is greatly exaggerated here;
itis ordinarily less than 1° (<0.02 rad).

Stationary plate
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Applications to Pharmacy

* Polymer solutions can be used in ophthalmic preparations, as wetting solutions for
contact lenses, and as tear replacement solutions for a condition known as dry eye
system.

* Both natural (e.g., dextran) and synthetic (e.g., polyvinyl alcohol) polymers are used
with the addition of various preservatives.

* Asuitable tear substitute should have shear-thinning properties as do natural tears to
conform to the low shear rate during non-blinking and the very high shear rate during
blinking. The low viscosity at high shear produces lubrication during blinking, and the
high viscosity at zero-shear prevents the fluid from flowing away from the cornea when
the lids are not blinking.
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* Therheologic properties of eight commercial tear substitutes were studied. For five of
the commercial products, the viscosity was independent of shear rate; thus these
products behaved as Newtonian liquids. Two products showed slight shear thinning at
high shear rates. Only one product showed the desired pseudoplastic behavior
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* Therheologic properties of suppositories at rectal temperatures can influence the
release and bioabsorption of drugs from suppositories, particularly those having a fatty
base. The characteristics of triglyceride suppository bases at various temperatures were
studied. Depending on the molten character of the base, it behaved either as Newtonian
material or as a plastic with thixotropy.

insertion during , &lle Ll aa 53l Juat laly g0 Julsai suppositoriesd! rheologic J) paibas gy @
Jrelease JI dalee Jeust Gliie J85 (il Leie B 4a g 50 (s anall 31 ga JAd5 W (| Ldia) ddee Jeus (liie
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A summary of the major areas of product design and processing in

which rheology is significant is given in table 20-3.
PHARMACEUTICAL AREAS IN WHICH RHEOLOGY IS SIGNIFICANT

1. Fluids

Q

. Mixing
(mixing good )Jee) L3l Salliquid J 4ass 3l el 23Y o
b. Particle-size reduction of disperse systems with shear

c. Passage through orifices, including pouring, packaging in bottles, and passage through
hypodermic needles.

gy (‘;@_.\M‘ ) ‘;\;.‘
d. Fluid transfer, including pumping and flow through pipes .
A e oy W i o) A 8 las adicae s Alle 368 ling Ul o aglle a1 S 13 dipme ddiiae Jilu ol g Ll o
)

e. Physical stability of disperse systems.

il as 53l IS L JS8 " s yi sedimentation " aedl seas Loy anall (il agll Juay iy jall g Wl ad) ey @
sl fm i Jiy el sl

Jé = 31 S oS 13 diffusion J) J%e G sk oo suppositoriest out releasing a¢d Jsay 2 Bl Jualsill e Wss Lo
8 ¢ sSdiffusion



2. Quasisolids

a. Spreading and adherence on the skin

o 528l shal a8 e Cuma 7 31 58S 55 0l g2 Le alad) e ) sall daa) o8] Cumy daie (585 4 g ) e
A

b. Removal from jars or extrusion from tubes
by Dl Le s = 35S (0S5 (50 e aatube e sallal as OlS Siege
c. Capacity of solids to mix with miscible liquids

?@.L.B\JGJ‘);\S&MQ;" powder solid —iual Ca a8 g;)ﬂ\&*pﬁ&u\jw\wh&
O

d. Release of the drug from the base

Ju = 3 S (IS 13 diffusion J) Jbe sk oesuppository  J) o« release pel ey (s Ul Jaalaill Jia
Ji o sSdiffusion

3. Solids

a. Flow of powders from hoppers and into die cavities in tabletting or into capsules during
encapsulation

il | gy ol (3035 agd juay o2y hoppers Ju gmis (shlie | 6 Sshopper < s25a 30 OS5 powders J)
Osp @Al gy S

b. Packagability of powdered or granular solids

Bl (e B0 ) (35 guim 1 Shegad duala ) Dl gany 3350 JSI e Aa ol (B 5SS G e Bondly
4. Processing
a. Production capacity of the equipment

L 5 AL 2 il 5 Cppne 8 Tl ol pally AS) ) lind g L) dlinad 431 S salall il 130G
J8 ¢S5 production capacity J!

b. Processing efficiency

CAg @ oS Ll Bl g ey as g3l el el ae material thickening shear il saie o Jla Jia



