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o Rhef)logq is the scene that deals with the flow and defosmahon of
moleiols. under applied  foes .

® The fem Rheology was Goined by Eugene Ba'ngﬁam in 132.

® Tt is denved Pom two greek words

= Rheo means ‘to fiow'

- logy means “Study .

e In Pharmaa/ , Theology )% important Rr uno!e:xfamllh% the fow
properties of

-~ Liquds (syrups. emulsionz)

- gemi - solids  ( creoma, gel: ointments)

- Golids ( foblels elt.)

Types OF Fow SYSTEM

There ofe basiclty fwo types of flow Rystem

@ Newhnian System
@ Non - Newtonian qufem
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® [Newronian_System |

o A Newhnin System (FAuid) follows Newhn's low of viscosity |,
which slles

“ The Shewr Slress |s dliredly - proposhonal fo the shewr rofe ox
defosmahon . "

| Shear Shecs X Sheu Rule

& Naihemah‘(al!y, it @n be wnlfen on:

T o dv/g,
= n dv
T=n g

® Here o T = Shear Shrecs
o n= Uisasity Cwhich ja ongfant)
o d”/dr = rate of shear

o Rote of chew 12 defined o8 -change in velocity (dv) belween
two plones of  ligwd which & sepdroked by clistunce  Cclr) .

ExAMPLES
inlater
Alconol

(Ohlowoftem
Gilycesin
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CharacTErSIcs OF Newronian  Fuips

(Onstont Viscosity © T does not change with sher rale or mbn'n%
Aow behaviour s inear "doubh'ncj. the foste doubles the flow
The begin to fow as &on as ghear 12 appliecl .

Uiscosity ~ only chanﬂes with temperature not with shress .

GiraPHICAL  REPRESENTAMION

A -shm'ah} line 12 Obluned when sghear 6lres 18 pfoHed acg,w'rﬂl-
shear  rale.

Slope = Ui'smgih/.

Slope = Uiscosity

Rate OF SHeAr (61)

Swear  Sress (F)
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[Kinemamic_ Viscosiy]

. ftrhemaﬁc iswosity 1% the mho of fluids dynamic viseacily o
s density .

Dynamic Uisaosily (1)
Dersty (P)

kinemanc  Ursoosiry =

o T desaibes how ently o fluid flows under 3:bauih/, without
considering. - extemol - foute,

UNiTs

® Sl UNT | mys
® (pmmon Unit . Stokes or (enhsiokes

Errect OF Temperaure ON Visosity

e Tn @se of |iquids , visoslty 5 frvercely reloked fo femperafwe -
Os temperahuie (ncreades, Viswsty  dlecreases fos most  [iquids, -

® Llhen femperafure Increoses

= kinehc energy of molecules Increages

- Moleates move fieely 2 infermolecular fomes wectken .

- Ps a fewlt, resistane fo flow decrenses .

-~ Hence, viscodlty drops.

In  (@nses

® Visosity ingeoses with increage jn tempenthure.
o Reoson: More flequent cilison bhv gas moleaes af higher ~ kirelic energy .
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@ [Non- Newronan_ Svstem |

® These fluida do not Obey Newhns laow of UI'SCOSHV-

o Their viswsity fs not conglant - it changes with applied  ghear
ghiees or shear mle.

® Aow behaviour s pon- fineor .

(unracterisncs OF Non- NEwmNiAN  SUSTEM

® No fixed relahonghip belween Shenr ghress € shewr ahsin mbe.

® Uisodly may indesce or decrense with applied fBore .

® They are found @mmonly i phamaceuhical £ Cosmeht fosmulatons,
llke  Suspensions, emulsions, Creams ,gels el

Tupes OF NoN - NEwmnian  Flow
They are of mably 3 fypes

@ Plastc Aow

®@ feeudo- Ploshc Row

@ Dilatont  Flow

VIDEOS : ) IMPERFECT PHARMACY



FOR LECTURE VIDEOS VISITOUR ' » CHANNEL

o o wto e Fatal i ey
ST AT NTiES A cs  Shorts  Courses  Playlists Posts
[ B :lwanmmm:rm] [@ :wmmvmmm] p— Physical

e Pharm 4th Semester

s  Imperfect Pharmacy @E nperfect Pharmacy - P

lupenrecT
[ Prosnmicr | Enmperfeactphammacy

Pharmacognosy 4th

Semester

ok subscribers + 44
UNIT 1 PHARMACOGNOSY
cOMm L.more ar

play.google.com/store/appsidetails tid=co... and & more links

' oy o )
! Subscribed rn?. Community Organic Chemistry

-l | B Pharm 4th

Home  Videos Shorls Courses Semésta

Shorts
Medicinal Chemistry
4th Semester

Pharmacology 4th
Semester

FOR MORE CONTENT : VISIT OUR p» APP

+ Imperfect Pharmacy
Iupenrecl

App

appx.co.in

In-app purchases

4.2 % l:;:d 100k+
Rated for 3+ @ Downloads

960 reviews ©




@ Puasnc Fuow

e Plashc flow 12 o 1Lqpe of non- newtnion flud behawiour where
the fluid does not n b flow whl a certein minimum
chear gfress  (alled “VYeld Shress’) s apphed! .

® Below Yeld Shess @ Auid behaves like a solid
® Above Yelld Skres | Auwd ctarks fo flow

Yield Shress
® Yeild Shess 1z the minimum fosce per unit area lequi'red fo
inihate flow i a plaic fluid .
One Velld shess x overome , the mafenal flows like a fud .

(raphical  Representahon

The Giraph of plaghic flow Stuts fsom yeild strese pot origin
o Y. Axis: Shewr Rate
® Y Axis : Sheur Shrec

SHEAR RaTE

_» Yeild Value

SHEAR STRES®

Examples
o Tootpogte, Ointrents . Grels eke.
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® PsevooepLasnc Frow

L, Pgmdopmﬁc flow 12 a h;pe of non- Newhnian fluel behaviour
where the  viscosity decteases as the chewr rale [ncreages
® Thix behowiow 18 aleo known as Shear- %:hrh&.

Kev (hARACTERISTICS

o No Ueld Sitess . Row stuts a8 %on 08 fiwe 15 applied .

o Uisoslly decteees ulth mose fowte @ fluid beomes “fhinner® a3 you
St o5 pump it foater .

o The Grraph of Pseudoploshc Pow i non linear but posses through
the om'gl'n

Example
® Blood , Uﬂng . Shampoo , faint eke.

Giraphic) _Representahion

Shear Rale

Shear Shess
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© _Duarant Fiow
o Dilotant Pow are those whose ufsmsfl-y Inceases with an  Increcge

fn ghewr fle.
e In mimple words , the more fome you apply . the thicker it beames .

key FeATurRes
® It is opposte of pseudoplathc flow
o (Uilh Inrease n shear shes Jb bemes more resistant fo flow -

behawes like a semi - solid ov Solid .
® There i3 Non- linew relahnghip behween Rhew ARhvess ond shear ruke.

Example
® (omstarch In Waler
® (Ut Sand
- Suspensions with hl‘ﬂh Slid - @nlent .

Gl[qphl'ml Represenfaﬁon

Shear Rate

Shear Siress
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TRIXOTROPY

o -ﬂil";coh‘opq IS a fime - dependenf behawiour OF Non- Newlnian Fflwds ,

where :
- Uiscosity decrenices -ver fime when shear & applied -
- And visasity gmdualry recovers, when ghear Is Temoved .

® Thixoropy is moshly observed in  pseudoplaghc fluidls, bt may oo
oxu fn plaghc € dilofont ystems

Trixoropy In Puasmc € Pseupopiasnc  SYSTEMS
e Tp plashc 2 psudoplasht - ystems , fnaemin% the gheaﬁng_ Shrecs
fadually ~ decreases the  viscosity of fhese systems .

. gui when thiz gheming. Slfess s femoved | the ystems  fegoun
their Uf‘gmh{ afer o~ @itin fime |og., this phenormenon 12 Fnown
08 thixotopy In  pladhe €  peewoplasht  gystems.,

Application of Removal of
(le] _Shew stess | Gy Shew hess | (Ge)

Psaudo Plaghc
+

—+ Plaghc

Shear Rate

Shear  Shresg
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Thl'xo}rapl_; in_Dilatant Sygtem
In Dilatant System , with Increose [ gheoming. &hress Ul'scm“rl/ algo

increaces , However, fhe Viscasiky of the syslem deceases afler o
Cetain  perod OF ramuing_ the EhenﬁnbL glres € This  phenomenon
(& known os Thixotopy 1h  dilotant &ystem -

Applicchon ¢F Removal OF
Shear Shress Shear Shress
So) > (el -+ Sof
3
W
Shenr  Slress

TuixoTROPY IN FORMULATIONS _

'ﬁu‘ngmplf ploys aucial role 1n Yanoua Pharma{euh'cai fommulahbng Auch 08 -

@ Topiw Preparahons @  Creams & gel spreacls easlly on skin due bo fow

Ulsaosity under hear gresc ¢ qffer applicahon  gedn
theit visoslty 0 that they @n gy
@ Suspensions ! Dun'nraL ghaking. + fhin £ pourmbic
After &hahhg- = fhick emuﬁlh 20 ,&ugpend:d Farh‘dcs ch not selle
@ Tnjetions: Fosier fo inject under presswe .

Thickens, once inside he body fo prevent Jeakage .
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| DeTerMINATION OF VlSGJSITYI

The Uiswsity of a solubon @n be delesmined by USr'ng, ool
Viscomelerz 02 follows -

@ Gpilary Viscomeler

@ falling. Sphere Uiscomefer

@ Rotahonol  Uisomeles

@ Carirary VISWMETER

e A apillay visometer & d device uged fo delesmine fhe viscosity
of o liquic by rﬂf:’ﬂuw?ﬂ'ncgjr the time foken by 0 specift udume
of |fquid ®  flow 'f’ﬂrt}uah a  norow Capv'ﬂafy fupe under Hhe
influence  of SJBLUIW |

o The most @mmonly used capillary visomeler 12 (Oshwald's U- Tube
(opillary  Visomeler .

PRIHCIPI.E
The uistwsity OF desied 2ample fs  delesminedl by mmpafm'nfa, the
flow hme of the tedt Jiguid with the standard liquid .

ProceourE

o Al the Usomelr wih the test ligud uph the mak .

o Use sudion fo draw the Hcrdd above the  Upper -h'rm'ng, mask .

o Rlease € Stut the dopunith ay dhe liqudl passes the  pper mank.
Shp the wokh as the hqud coses the  lowes mask .
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® Reosd fhe hme (1)
® Repenl fhe same pacedure with slndeud ligud  Cusially wokes)
® (lse the fomula o colelate. Ufscos)fy.

N

N2 faba

Here, m = visstty  OF fest hq-wbl
= liscosity of standarnd ligpuc!
= Time required by fest hqw‘d
te = Time required by standard iff:fw}:!
= Density of dest h'qw‘ol
f2 = Demily of standard liquid

ArpLicATION
Tt & used in vanous Phamaamuh&at& fos Chechhg, Hhe U!%cmihf of -
® Sympe
@ Sugpemnons
o [mulsions
® (jels.
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@ _FAwune SPHERe VISCOMETER

e It iz kown os Hoeppler falling. Sphere Uiscometey
® This viscometer Is based on z; painciple O Stokes  law.

METHOD

* Viswometer @nsist of a ylindzicol gfasg fube flled by Fhe hk;urd
under  [nueshgcthon -

® The fube iz endosed by @nstant femperafwe jacket fn  wwhich
water | Circulated around  the tube

® A gass o5 st bal K allowed fall clown .

* The Falhhg fime s wecosted .

- ”? Sample Tube

Stee! Ball
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o The Ufscusﬂl/ of the fest fr'qm'd can be ladated by USI'ng_ %Ha,uln%

feomula *

N=t (Sb- S) B

Here , ® N = ukscosiy of sample
* 47 fime fuwel fn sewnds s the ball o fall blu fwo pink.
® Sp= Spedfic gravity of the ball
* Si= Speific growily of flud
e B= (ngtwt fbs porkiculor boll.

APPUCATION

o [ess fime - mn&umint}.

o More aquwiale #% Newhonian fuidy .
o Offen usad in lubsiant, ol 0%  polymer frdusry
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() _RorAmonAL VISOMETER
o Rotahions) Visometers cn be used fr the aaucle measurment of
visioslly &7 both Newlonian € Non- Newhnian Fluds, .
® The most ommonly wsed o Mtahonal visometer 18 (one ard Plak.
Viscomeles'.

PrincipLe

o Tn Rotshonal Uisomeler , A ane is placed &+ over a flot plake
with a amal amount of fest lguid in behween

o The reastance fo fiow Ch)a'que) ofired by the liqud 1 diredty
reloted fo it viscosity .

Procepure
o Plae a Amall volume of fest liqud 0n the plole.
o lower the @ne onk the amplc 20 F juat fuce the  plak
o Sttt rotohon af dedved  1pM
® Mewure the forgue ra?ufred P mhok |
o (Glalale the visawsily uair% 81ben fomular -

n=k(Th)
Here, © N = vigodhy
o k= inklumental (onktont-
o V= pm
® T: {bn}m rﬁﬂd.lhg.\q
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DerormATION OF Soups

e Defoomation of Solids is defied 8 o pwcess by whih a ol
matesiol - changes it shape , size 0¥ both when an extemal fome
05 Shess Is Cpplied -

o The intenal fuduwre of the erhd vesist the fowe | bt If the
fore s shnng, Hh , Clefosmahon o4 .

® T on be tempony (elosic) oy permnent (plash) .

Tyees OF DerorMATON

The defosmation in  olids @n be  Cofegoniaed nto fwo fypes :
@ Elagic Defwmahon
® Plogic Defoomahon

Tvees OF Force Invowes N DEeForMATION

There are ﬁjrowm% e that are [nvolved In dekmmahin of Solids :
Terslle fome © Shrelche  Matenad

(ompressive Foree © (ompresses Materia

Sheas force *  (auges shicling. blw layers

Tocionol  Fowee Tw:'s-h'rﬂ_ Fowce.
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@ | Ewsnic DerormaTION |

® Elagic Defosmotion f& o type of defwmahon In  which a moterial
Temposorly  changes

ts shape ov size unda an appied fowe , but

reem to it Oviginal  hape  onee the fore & vemoved .
® Tt ls a revesible

® T follows Hooks Law
® Qauz whhin the elashc limit of +he malenal .

CHARACTERISTICS

e Reversible . No permanent churge ocus, -

o Thstontaneous : Happes i son a3 foore & applled O Bermwed .
® follows Hooke's Law

Hooke's AW

o (Vithin the elashc [imit  the shess applied on o booly 13 dl'recHLf
propustional fo the  shh - produced 10 ¥ s

Shess O Sl
or Shess = E - Shuin

F = Shesc
Strain

® Hee , E= Youngs Modun = Menwe of iffness.
o High E = less Flaghc
e low E 7 More FElagc
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Erastc LMt

o T 12 defied 68 maximum amount of Sress that a  makesal
an withskand  without Pemmnerﬂ defsmahon -

® Beyond his limit , ploshic deftomation begins, .

Examples

® Rubber
® Human Skin

® Pharmacediad Polymers.
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@ [Punsnc_Derorreamon |

o Plashc Defrwmahon (2 defined 08 Permanenl chang in the ghope
05 see of soid moberial when a shess beyond fhe  laghc limi
S applied . |

o The mobewal does not ren o it onghol Shape in plag.
defoomation even ahes fhe Pwe k oemoued .

® Tt ix on foeversible

® Tt occure when alomic 08 nrmlcw!mr shuclre  slips 0% repasthons
permanerty .

(HARACTERISTICS

e Trrevemiplc .

o Does not fllow Hooke's law

Tnuolved didocaton Movement n clomic -Shudure .
e Ocwrs 0f higher Siresc  [evels -

ExAMPLES
o Bending. an  Aluminium Kod
o Denting a body .
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Heexel's  EQuATioN
® Heckel's equahon Is used fo andyze the compressiility of  powders
duwing. toblet Compoession .

o T relales appled presswe fo the demity of the matesal at
9&8 CUmPWSKE'd into toblet .

l I‘({:‘ﬁ = ke + A

e Hete D= Relahve denally of pouder
k = Slope of the cuve (rebled fo plashity)
P= Applied Prescure
A = (onstant felated 0 Paah'ch. fe- a.nur?emml-_

ApPpPLicATION

Tells how 0 powlet behaves under -Gompwescon ,
Ucel for selecing. binde < excipents.
Optmize  fobict Rsmulabion -

quuﬁ Compfﬁgs‘fﬂn Bre In fobit  machines
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[ STRESS |

® Shrecs is the Boe per wit ara that applies P an object fo
defoom it -

Shrecs =_m_

Area

® TFs unit j& N/m2 or el
® Tt is fepsesenked by O

Tvpes OF STress

There @n be Rllowing. Type of Shress :
@ Tenclle Shess @ Wnen fome pulle the oject — Sfreches it .
@ (ompresive Shiess . |hen fome puhes fhe okt — dompress it
@ Shear Shess @ When e ads paralld fo sufice
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STRAIN

It s change B hape 0¥ six of a maleal (defismahon) when

Shecs Is  applied

(hange in dlimension

Strin = OrfgmaJ limension

e Tt doecnt have g unit.
o Tt s fepvesented by &

Tupes OF STRAIN

There n be Rlowing. fypes of ghraun
@ Tengle Shmin : Due fo increose I Iengm
@ (mpresive Shuin - Due b defeae n !englh

® ohexr St ¢ Due fo onguor cefismaton - Cchonge in Rhap
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[ Ersnc_Mopuwws |

o Fladic Moduur 12 o measure of malenadls shffness - I} fells 8
how muth o malenal resist defoomakion when shess (3 apphied
within  elashc  imil .

Flashc Modulus = g"ﬁﬁ

o Hl‘gh E - Moteaad s shff
® |low E = Maedd 13 fAede

TUPES Arpuep Force Chance In
® Young's Modulus : Tensile | Gmpessive Leng
@ Srewr Moduus : Shear  fiisce Shape
® Bulk Moduks : Unifiom  Fressure Uolume

Example

e Stll hag high -‘founalg Modules - Uery SHR
® Rubber ot %w Voung's Moduwws © Hexlble .
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