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Mixing

Credit: Prof. Nizar Al-Zoubi
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Mixing
« Mixing may be defined as a unit operation that aims to treat two or more components,

initially in an unmixed or partially mixed state, so that each unit (particle, molecule etc.) of

the components lies as nearly as possible in contact with a unit of each of the other
. . excipient

components. < /20 (m e ooy P/)ﬂfd{’, i J OQ J(w\j 45
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This may be: > Sherile o0

1) Mixing of Powdered materials (e.g. tablets, capsules, dry powder inhalers). (ush i-2tso=>
2) Mixing of miscible liquids (e.g. solutions) or immiscible (e.g. emulsions).
s I\ el

3) Mixing of insoluble solid and liquid (e.g. Suspensions).> 55 LA
4) Mixing of semisolids or dispersion of particles in semisolids (e.g. pastes and ointments).



Mixing
- Types of mixtures: Ao muh eniy is nesded J

1) Positive mixtures: Mixtures that form spontaneously (do not
need energy) and irre\rlggibly (when formed do not tend to

separate). N
b! o a0 Lo G efano] + watar zs
pléons g o dwjef_é.ﬂsgzses and misdcible liquids) e
ke £ 51 2) Negative mixtures: Mixtures that need energy input (work)

W"T)‘ﬁ o to form and keep. Once the energy input is stopped they
a2 (PO
tend to separate.
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(e.g. Suspensions, emulsions and creams) =g =gy = my

3) Neutral mixtures: Mixtures that do not form spontaneously
(i.e they need energy input) but once formed they do not
tend to separate. oot

(e.g. Powder mixtures, pastes and ointments) moxm/\t e
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—ideal
Perfect mixture: The situation in which particles of one component lay = ﬁﬁ EE
as closely as possible in contact with particles of other component. . .o ptec g5
b Fe by o (B excipets ) as

goges )| solation ) L ~p=
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« Itisan ideal situation which is practically impossible. ¢~

. DWEY ey .
P\ Random mixture: A mixture where the probability of sampling a

particular type of of particle is the same at all positions and is
proportional to the number of such particle on the total mix.
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The mixing process

Dose. Loy Ao J—qblotg}ozr/ Ziy5

Unmixed system Mixed Ordered system  \fixed random system
Complete segregation *’-0* Perfect (ideal) mix
| P P AR —AQe - AR

*Ordered system: particles are arranged in iterative rule ( repetitive pattern)
(not random)

*We can consider mixing as vector quantity (spatial orientation and translational a==- %-LeJi
velocity of the particles, o
5
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The mixing Process
“The Scede of Sexvydhvy -

* It is the weight/volume of the dosage unit that dictates how
closely the mix must be examined/analyzed to ensure it

contains the correct dose/concentration.
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* This weight/volume is known as the scale of scrutiny and it is
the amount of material within which the quality of mixing is

important.
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The mixing Process

« For example, if the unit dose of tablets is 200 mg
(containing 160 mg active drug) then 200 mg sample from

the mix needs to be analyzed. it 225 L,gwf 12 35 adliee gl 1)

o ¢.3

* The number of particles in scale of scrutiny depends on
sample weight, particle size and particle density.

quqhy of mfxiv‘nﬂ 5\ Scale of 5:m¥\vx3 3 de particle rumbey 31 = =
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In the total 400 particles (20 *
20) the percentage of white is
51 % (= 102 % of theoretical)
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If divided to 16 blocks of 25
particles (5 * 5) the percentage of
white is 24-76 % (=48 — 152 % of

theoretical)
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The mixing Process

« Another factor to consider in mixing is the proportion of the
active component in the dosage form/scale of scrutiny.
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Ratio: 50 %
Total number = 400

Theoretical number of white
particles = 200
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(= 97%) (= 101%)
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A 194200697%) <

20 x 20 50% RANDOM MIX 20 x 20 50% RANDOM MIX
B 202/200=101% 7 lsh

C 198/200=99% < (e b
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(198) (=99 %)
20 x 20 50% RANDOM MIX 11

(Computer gencrated\mixtures of nominal S0% active ingredient. The numbers in parcntheses refer to the number of

Fig. 32.2
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Fig. 32.3 Computer gencrated mixtures of nominal 10% active ingredient. The numbers in parentheses refer to the
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The mixing Process

(evsa===\% The variation in component percentage between different
(- . .
Jl> gamples taken from a mixture increases:
Sy W2 s (0
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1. as the amount (number of particles) in scale of scrutiny

radeer ok SESCUAR
decreases. e Lt \oh o

2. as the proportion of a component in mixture decreases.
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The mixing Process

> This indicates that:

— the lower the percentage of active ingredient (potent drug) in
mixture, the more difficult it is to achieve an acceptably low

deviation in active content. s sea phrt ) highvaibii, oo i 3y ot 8o &

] Xime. 3\ 23 sk 2> T

My O\t B Siinbiond Jop o S5 posetsls 320/ piter N
— The more particles are present in dose (scale of scrutiny) the
lower the deviation of content — The number of particles can

be increased by decreasing particle size (This can be done by
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Mathematical treatment of mixing process

e There will be always some variation in the composition of
samples taken from random mixtures.

e The aim during formulation and processing is to minimize

this variation to acceptable levels by selecting appropriate :5leocae A=
@ — scale of scrutiny
@— particle size @ ceprible fowdor  —pouder

.. MmN
® — mixing procedure J
4
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Mathematical treatment of mixing process

* For random mix, if we consider that particles are all of same size, shape
and density then:

P{OPDVJHDVU,\/ Foes =D Yol Bons S/ — p(l _ P) p: Fropam'm ot
71 +he dwﬂ

. . D w0y . . Iy = component
* P is the proportion of a component in total mix

* As p increases, %CV decrease
Example: .
= n=100000,p=0.5=SD= 1.58 x 10-3, %CV = 0.32%
n =100 000, p=10.001 = SD=9.99 x 105, %CV =10% ©'"
* The scale of scrutiny can be increased by increasing the amount of
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1 3L )l additives in the mixture but this will lead to a decrease in p.  wi-srcivas oop5 c5-107
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Evaluation of degree of mixing

Needs for monitoring of mixing:

* To follow a mixing process:
2==) ke 3+ To indicate the degree of mixing

9\0\0:5‘?\»‘”\\9\&,
e — To indicate when sufficient mixing has occurred and determine the

suitable mixing time mitim ) 2o S m:;j 3oL g 25 G es ) e
3
» To assess the efficiency of a mixer
"
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Sampling T e -
(D Scoop sampling
(2)e Thief sampling

Unit dose thief sampler
J 18
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Evaluation of degree of mixing

Mixing Index (M)
S accsstable CondOm g Xing
cuaepleble. 051G Ce = M = .
‘ ferdom
ESN JL g 5\7_«9 [ +ire Iy SA CT
perted s s5\e

Sk : Content standard deviation of random mixture =~ =-¢> Vs

SAe 05V Aes (s 340y

S Aot : Content standard deviation of mixture under investigation. » Cefmintine. _, AT

» In some cases, it is possible to achieve an acceptable variation in content
before obtaining a random miX — 2.2 floy 51, 2ize ) cubiels prkies Ly o (< (2
) w\‘m\'\/\ﬁ NS A BBl 50 e ¢ lap 2 U5 53 Qe
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X=mixing time estimated
to give an acceptable
product

SACT At certes Hime
R 3 guis L _FE s S Slanivy Nl
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T .5 g Smin deS PPN ST e \ari
S =

?ntent standard deviation
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Acceprable SR Swdedisvy  Addhoml <2 vl S
l f . _
P 1o s

Mixing time/number of mixer rotations ~ (pz=d) 5|+ 1 &

Fig. 12.4 The reduction in mixing time possible if a random
mix is not required. S, ; represents the content standard
deviation of samples taken from the mix. S_ the estimated
acceptable standard deviation and S, the standard deviation

expected from a random mix. 4 20
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Mechanisms of mixing

Powders

There are three main mechanisms for powder mixing:
. - (20D padfny 3\ Syt
ONVE)" 4) Conmvection (the transfer of large amount of particles from one part of

SEW R Jel= §R0 320 5,8 GLS ¢ led) @is eXCiglent I\ Mg M s ¢ Va3 Yl R 4142 0l4. o Ponder 00 5. L 2.7 S)) o
the powder bed to another). = ™ - R TS ol

Mher S\ go\s sV

This may occur when a mixer blade or paddle moves through the mix.

. . . O LD 5 02 S5 A PN el ek m
This mechanism contributes mainly to macroscopic mixing of
powders, but mixing does not occur within the group of particles

moving together. Cmi\\ o 2\ s 9\ et el 3l 20 B2 O
g

G - 88 Den Ofo
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&P ent pr st
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Mechanisms of mixing

Powders
wor s b) Shear (Layer of powder flows over another layer)
QU Shaig 3l O . . .
This may occur when some of the material is removed (e.g. by
convective mixing) causing powder bed to collapse.

e lagers 3,4 G 65 B DL LU Bl ) _

B020 SERE A sloestt iy
28508
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Mechanisms of mixing

. 2xwodmiting UL LoD oo 2z 1 SIC o5t et ely c AL Coader e
Powders 2 2 Moy Sxent iy i T Cald Bl 8 Wbt o Jbme 3 e, A ' ‘

et 3 o2 ¢ Diffusion (mixing of individual particles)
S (a s . . . .
- This mechanism is necessary to form true random mixture.

akle dilate (e S ST 20, T o,

logers )
7 When a powder bed is forced to move or flow it will dilate (the particles
become less tightly packed and the Voi%nbstween them increase).
This allows particles to fall under gravity trough the voids created.
.--""Ac\q,\ " ST Y ’&S)_)l\j GLL(f i//:f)" W ‘Pyp,,/l-rclts J
.. ft’% ~ R - Sl
;.c‘“z:i - ' i
N RRE RS
cg%.-:, B i
e L
23
s Gk Mechanisms of mixing
Liquids
2=> a) Bulk transport 5 Grwatio
e .
- The movement of a large portion of the
material being mixed from one position in the
system to another. DR ey et X
.. < N o) Bulk prcument wlJL
=, = b) Turbulent mixing — spesring ZE
T - The haphazard movement of molecules when
Ctbalent forced to move in turbulent manner, which
means random fluctuation of the fluid speed
and movement direction, so that the fluid
has different instantaneous velocities at —_
different locations at the same time. by christopher stokes waterfalls3.blogspot.com
ol BT ¢ Fluchurtin PO TSl | GEN BN eddiies 2 e poitallel Strfecs,
/,‘U," 6’,1_;} yandom ,_5_/(;/) (andemness _{/b’J Z‘/VEJ_HJ\ a5 )—9\—9 0_9) \.)l@)}

:\w\u_;,;\, N e 3, — pophazard poeme I\ Golece yamdom Sy -
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Mechanisms of mixing
Liquids
b) Turbulent mixing

- It can be seen as a composite of different eddies
(small portions of fluid moving as a unit) of
various sizes.

The large ones tend to break into smaller and smaller
sizes until they are no longer distinguishable. . ..., e 12

- Turbulence is a highly effective mechanism for R
mixing. Bulk. Transpurt Go z 5y g @ (bJO/Q (c)é) OO
@O QQOO
O
B0
25
Mechanisms of mixing
Liquids'\

c)LMolecuéﬁD diffusion

- The molecular diffusion is the primary mechanism responsible for mixing
at the molecular level.

~N

Q22 MWK
- This mechanism produces well mixed liquids if there is sufficient time. -85 .. s

Y IPESs DY C IV legeri

;,zu - Considerable time is needed if this is the only mixing mechanism.
1 “:3
Prifusion T
| | | DIFFUSICHN
P
Lol )
.' ; .’u"" T Aiftosion Y"‘ﬂ"bﬁm};gl,., M”"’tj oL
L 3 - - IHE o lecule’ difusion f a ”'fxi‘ﬂ R o
s ’ . Lot N 2l (25181 2.3 guef Zle=Tio
Aout Ain

dx

D//[//'lv fore : Conmgertvation Jrdiant

py\'vu'vz fvee s L SN
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Powder segregation (demixing)

» Segregation is the opposite effect to mixing, i.e.

components tend to separate out (S, increases).

* It may cause a random mixture to change to non-
random or may be responsible that a random
mixture never occurs. ik bt go lo SSen

» Segregation is more likely to occur if powder bed
is subjected to vibration and when the particles

Flow 3\0}3-‘5_\’] —
cpoleston we have greater flowability. - #rerie!

Dbt }-ql;ltf',l

LD 2l iR
S0 2Y Y -
Qe Flow 113 m.‘;\{tﬁ I movement e 7V o 1S\
Oodb\‘u \/(b‘»\’n‘m&-g/"sfjfej*ﬂ“” d&'?/

Ao aiw (Kol

Segregation can be due to
difi;grence in: DAL o
S

h
1. Particle charge — 7o oo o 30

~ 2. Particle density
~ 3. Particle shape
— 4. Particle size and size distribution

o S
EPJQ_/,O»OA,J nCM‘H‘(l QZ""—"M”
12

Content standard deviation

smadl Scale

T TIN ["/:-/p(bicqlt 20 ool

sau:rj wp

e 30> |

27

product

Z =optimum mixing time

oo
w} ,.4?)) &;)_),.93:/‘)/:1 (‘:_;,:)“;S (J_(_)

Mixing time/number of mixer rotations

Fig. 12.5 Possible effect of extended mixing time on the
content standard deviation of samples taken from a mix prone to
segregation. S, ; represents the content standard deviation of
samples taken from the mix. S, the estimated acceptable
standard deviation and S the standard deviation expected from
a random mix.

28
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Powder segregation (demixing)

&2 & Fine 3, Ga| 2o

Factors affecting segregation:
1. Particle size Juse— small—roderate

Percolation segregation

(small particles tend to fall through voids between

large particles)
Trajectory segregation

(large particles tend to have greater kinetic

energy)

20 2%

Sy U

Elutriation segregation (dusting out)> z-vaals L

(Air-blown small particles sediment and form a
layer over coarse particles

POWDER IS POURED
FROM CONTAINER
TO PILE

LARGER PARTICLES
ROLL DOWN OUTER
LIMIT OF PILE

SMALLER PARTICLES

Trajectory segregation

AIRBORNE
FINE PARTICLES ™™ -+

POWDER CONTAINER
POUR SPOUT

FREE FALL ZONE

Sudser ._ ol Y
zp I
Puet

JoL

DRUM RECEIVING
POWDER

SEGREGATION BY DUSTING

(Elutriation)

Sl dens s
mixy s UPLT (S
alets) rdf-» S
(b Wpu_,ét/
(eml'k\‘:\j

Percolation segregation:

%%:% ds\ ZiJLé k- cV\:(CD [_,—,:‘; }'\fjg 1

.,o:.:o _SJ;—':"miX\l'ﬂ N Pwagr‘ Jtpale
S0 GUpuls
PP

529% o wpb gyas Five 11,

Trajectory
segregation 29

Coarse Dust

Fluidization

Dusting

30
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Powder segregation (demixing)

Factors affecting segregation:

D — MASS
~/
et 71 2 Particle density gt — heavy
Segreqati J& . Yy 9 Nelme) s C e ope cize =) m)/l-iy g U e
et sn Searegation occurs due to density differences. Golame A1 s 31 e i< 2ol g
D ol

3. Particle shape
Spherical particles are easier to be mixed but also to segregate than

irregulaweedle shaped particles. ISl 11 B (o B S Lz 1)) SPical (e
PRV (Y\I\X\‘B )(_Q/[fzfdﬂ Seglegaton a8 s

o3
Clyshulization S,uu= ¢ shape  JU g

\‘>\ v
ac\ > ﬂp

s > Approaches to solve the problem of segregation

1. Selection of pargcular size fractions to achieve drug and excipients of

the same particle size range. <size .=, | @ Hrarletion (el S e
TeLb| Freetion I ol Milling <\

2. Milling of the components so that there size becomes small and same.
Ay L.V;Jﬁﬁ—/sa\vw
Asut "’)\ 3. Controlled crystallization during production of drug or excipient to give
(& . . .
e ! particles of particular size or shape.

4. Selection of excipients which have similar density to the drug.

g 31 Demity 3 aer Loo Senaity N1 excipiont G2

32
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Approaches to solve the problem of segregation

512~ e 5. Granulation of powder mixture.
* 6. Reduce the extent to which the powder mass is subjected to vibration or
movement after mixing. U roenent ) g
Vi braHon
« 7. Using equipments where several processes can be carried out without
transferring the mix. Soczosze ale iy 0 sas\ pon
Fuoin one o o o [ y Lo
L Heree ingme — ) J2 jles et | ¢
8. Production of an ordered mix.
Y
bkt Apotent L 4.2 cass
(0 oL ey At ade)
“ A\ s - SR g 1) L g ZLe || 33
ér’amulwh‘un C@bwﬂl\ Si1z= j\wdj/u:')))"‘ﬁ-) m'lw M’ S|2@ @ OLK:\A\\>l

¥ d 51 H 2
exeipient  J| pensity s1c2 Jmﬁ J(Density e ) Dens)j B
y = A=t e
slvent 51 53023150 :‘{);‘J‘l’(ﬁa;(C(ash\fza‘Hhhl\EP\__!I shapt _J|§;M g\al’J_J{/ = S]"“F &

QA ARG eI S e Uibtation 3\ 8 31 et s ormn g G\ 5w, e maement” 3 11 @)
odered muix (O]

Ordered mixing . .y ...

. in p B\
_ .éu;; Jallinore 352

I g2 G e gy et & ot BN
* It 1s termed also adhesive or interactive mixing. ~ N g
Dry ponder inkdar @ eipent

DY ankiblotic A~ @W'ml’ i

* In this case, very small particles may become adsorbed onto the active
J

sites of large particles. ordere mivmy 1
1%

S i Surfice. activt .
* This minimizes the segregation between small (adsorbed% particles and
large (carrier) particles. Cawier Dl tvig WG affiniky ) Gagh 3o

ovamj OePb adsrpbioy Il st -

* Ordered mixing is most likely to occur when the adsorbed particles are
very small so that the adsorption force is higher than the gravitational
force trying to separate the components.

34

5 (e Shevia) ¢l deypoder s ¢ A, AA Pose )[(Lg) s\aw ;;M-@J@ prtent Jnﬂ ) et B oo R %
vihdenr
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2.

oshs L2)

NIIX{VD-(' CbMPfes.s\'sh :

4.

§s . @9

+ — 80

088 e

Interactive mixture

Random mixture

35

Application of ordered mixing

dreq s Corier NIVEVR\ ML) 7

. Dry antibiotic formulations (fine antibiotic powder is

blended with and adsorbed onto the surface of large

sucrose or sorbitol particles.
Dry powder inhaler formulations
Direct compression formulations V"<

Formulation of potent drugs

36
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Segregation in ordered mixes

Ordered unit segregation ol poctle 118> SEegrlon 123 21y 452 e C e

Gool
» The carrier particles vary in size. —
diug Iy 2 S

* In this case segregation occurs within the carrier particles
according to size.

» The small particles have higher specific surface area than the
large and so higher content of adsorbed material. . .-c )25 0021 505
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Segregation in ordered mixes

U/\ Z—‘_;) (_;/\
Dtsplacement segregation

» There is competition for the active sites on the carrier.

e This occurs when a component 1s added to an ordered
mixture that competes with the adsorbed material for the

site on the carrier and displaces it
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Segregation in ordered mixes
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Saturation segregation

» There are insufficient carrier particles

» If the added amount of small-sized material is higher than the
capacity of the carrier particles then the excess amount will be
free (not adsorbed) and it segregate due to size difference.
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