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Mixing

Credit: Prof. Nizar Al-Zoubi
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* 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

componentS. ff'»(/ )‘CAu_,'me:l{)af}’|C~Q\5 Il sy meYn N aule ... A °.
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This may be: o~o m

1) Mixing of Powdered materials (e.g. tablets, capsules, dry powder inhalers).
2) Mixing of miscible liquids (e.g. solutions) or immiscible (e.g. emulsions).
3) Mixing of insoluble solid and liquid (e.g. Suspensions).

4) Mixing of semisolids or dispersion of particles in semisolids (e.g. pastes and ointments).
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Mixing
- Types of mixtures:

1) Positive mixtures: Mixtures that form spontaneously (do not
need energy) and irreversibly (when formed do not tend to
separate).

(e.g. gases and miscible liquids)

2) Negative mixtures: Mixtures that need energy input (work)
to form and keep. Once the energy input is stopped they
tend to separate.

(e.g. Suspensions, emulsions and creams)

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

(e.g. Powder mixtures, pastes and ointments)

The mixing Process

Perfect mixture: The situation in which particles of one component lay
as closely as possible in contact with particles of other component.

« Itis an ideal situation which is practically impossible.

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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(not random) % iz Moxing
@We can consider mixing as Vector quantlty (spatial orientation and translational () () ¢
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The mixing Process

« 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. L3 mixingJ! <l S s

Y 5l e cONCY! 131 Cigadigg Jud Lalidal (I Julaill 3,k Lellsy g weight or volum e Al

» 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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 For example, if the unit dose of tablets is 200 mg
(containing 100 mg active drug) then 200 mg sample from
the mix needs to be analyzed.

 The number of particles in scale of scrutiny depends on
sample weight, particle size and particle density.
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Theoretical percentage of
white particles is 50 %

In the total 400 particles (20 *
20) the percentage of white is
51 % (= 102 % of theoretical)

If divided to 16 blocks of 25
particles 4(5 (’3" 5) the percentage of
white is 24-76 % (=48 — 152 % of
theoretical)

| 24%*200

48%*200
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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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(202)
=

20 x 20 50% RANDOM MIX 20 x 20 50% RANDOM MIX

(198) (=99 %)
c—

20 x 20 50% RANDOM MIX

Fig. 32.2 Computer gencrated mixtures of nominal S0% activ

Slos? cidl gom
C/Fé(ux(z/m) —=ozlps
(5 % VardakioDd <ol bo)s
214 e s
lo].9% B

(42) (= 105 %) (35) (= 87.5%)
— i
20 x 20 10% RANDOM MIX 20 x 20 10% RANDOM MIX

(42) (= 107.5 %)
20 x 20 10% RANDOM MIX

al 10% active ingredient. The numbers in parentheses refer to the

© ingredicnt. The numbers in parcntheses refer to the num!

Sy AL nop V|

Ratio: 50 %
Total number = 400

Theoretical number of white
particles = 200

(= 101 %)

194/200=97%
202/200=101%
198/200=99%
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Ratio: 10 %
-._—é
Total number = 400

Theoretical number of white
particles = 40

42/40=105%
35/40=87.5%
43/40=107.5
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<t~ The mixing Process

» The variation in component percentage between different
samples taken from a mixture increases:

1. as the amount (number of particles) in scale of scrutiny
decreases.

2. as the proportion of a component in mixture decreases.

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. &.las o=/ a\llo AN g =l ol Lo J¢

c_=p\ U g 2

— 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

milling). Vaticaron I 85 8 scale Mol Lo JS

s Lo 4,
R Porvice @
D5Cale N2
Varialem .35 5 ® e
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Mathematical treatment of mixing process

« \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 :
- scale of scrutiny

— particle size
— mixing procedure Mixing Yln SV
/VI/I‘-‘\VLﬂ 20 (onr
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Matlrematical treatment of mixing process
|

* For random mix, if we consider that particles are all of same size, shape
and density then:
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SCale ) e Porticel N a5 Random N 0501 130 dns
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P is the proportion of a component in total mix o o Sl ey
99 s (52 WSO I\ (you

* As p increases, %CV decrease Rengm miy L ol [ i
Example:
= )\a, (7100 000,p=0.5=SD = 1.58 x 107, %CV=0.32% o 05 IV el g <
N7 [ n=100 000, p=0.001 = SD =9.99 x 105, %CV =10 %  Slvseacsn L' CV 22A alhy

P o _ . . . st AP N =
22> o The scale of scrutiny can be increased by increasing the amount of

additives in the mixture but this will lead to a decrease in p. 16
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Evaluation of degree of mixing

Needs for monitoring of mixing: qxingJ b/ J.=| a3y il

* To follow a mixing process:
— To indicate the degree of mixing ~MXINGJ! “eusl deasi ©) o S Sle

— To indicate when sufficient mixing has occurred and determine the
suitable mixing time Jead¥ ] cdgll w3 e slse o8 Mixture Juadl 065 7, gl mixing! oy Le IS alsll S ie
mMixing J! o3 owlill cdgll o (311 age clia liie Juadli aays ¢, mixingJd
» To assess the efficiency of a mixer
¥ Yy dbs mixing ! Leasiew o1 dY) Cieil lie

Sampling — semple O\ 5\ <5
* Scoop sampling

e Thief sampling—s  /~ o4 500
UQCM/V) 17

Unit dose thief sampler
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s'ee . Evaluation of degree of mixing
)\QPJJC/J,OD \50
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Mixing Index (M)
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M = SR et N U
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Sg : Content standard deviation of random mixture

S,cr: Content standard deviation of mixture under investigation— "% Jsues .

» In some cases, it is possible to achieve an acceptable variation in content
before obtaining a random mix

APRE A >§C))G‘QC&55D NCn St dﬁj
mix:‘nﬁd,\b_(j ¥ Mﬁ_; D\j_é\g_')p)_} ) SCOAQ, M ae) s«
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S0 3 SD(o\d\Jch BN

Lolie 08 SO 0= 1
e)“}mo(l"eap LD \ R W s
J X =mixing time estimated
S B to give an acceptable
E S product
o
>
S| \s
= ACT
3]
°
=
&
7]
I
o
S &N
SR

Se oS anely \a Cime Nee x5y D\ @

Mixing time/number of mixer rotations

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. 20
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Mechanisms of mixing

Powders
There are three main mechanisms for powder mixing:

a) Convection (the transfer of large amount of particles from one part of
the powder bed to another).
This may occur when a mixer blade or paddle moves through the mix.
This mechanism contributes mainly to macroscopic mixing of
powders, but mixing does not occur within the group of particles
moving together.

b= W 1

oo i

M - - .
e bq_'.‘ 2
ey | (PR,
WIS

29
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Mechanisms of mixing

Powders

b) Shear (Layer of powder flows over another layer)

This may occur when some of the material is removed (e.g. by
convective mixing) causing powder bed to collapse.

22508, :
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Mechanisms of mixing

Powders
c¢) Diffusion (mixing of individual particles)
This mechanism is necessary to form true random mixture.

When a powder bed is forced to move or flow it will dilate (the particles
become less tightly packed and the voids between them increase).

This allows particles to fall under gravity trough the voids created.

23

Mechanisms of mixing
Liquids

a) Bulk transport

- The movement of a large portion of the
material being mixed from one position in the
system to another.

b) Turbulent mixing

- The haphazard movement of molecules when
forced to move in turbulent manner, which
means random fluctuation of the fluid speed
and movement direction, so that the fluid
has different instantancous velocities at

different locatiOHS at the same tlme . by christopher stokes waterfalls3.blogspot.com

24
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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.

- Turbulence is a highly effective mechanism for

mixing. ®
Mechanisms of mixing
Liquids
c) Molecular diffusion

- The molecular diffusion is the primary mechanism responsible for mixing

at the molecular level.

- This mechanism produces well mixed liquids if there is sufficient time.

- Considerable time 1s needed if this is the only mixing mechanism.

DIFFUSICHN
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Powder segregation (demixing)

ﬂSegregation 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

. M migl ur—s m mighr. )
MiXtUre NEVer ocourg,"bbn ke s 22/ Seqlegabion
Rondom Ao sias 280l 5 - e Gy» Lo —

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

have greater flowability. ... ... > ) ) U Segfegaion O\

o) leat Folw ubfw @ Uibklen @
R
P\l Jo U WEANVAR IR 4 PN 4 °?‘3® so
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Sfegregatlofl can be due to sefenion 3 At
difference in : ©
. e Sact
1. Particle charge 3 -
. . = ool 21y Vsl
2. Particle density & (3252 onad o
3. Particle shape 5 - )
. . . .. . S z S%ijhbm
4. Particle size and size distribution S|s /
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SR D\Ueoscheed Fig. 12.5 Possible e_ffe.ct of extended mixing time on.the
= content standard deviation of samples taken from a mix prone to
UL{ 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.

Mixing time/number of mixer rotations
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Powder segregation (demixing)

Factors affecting segregation:

1. Part1cle. size | /200
Percolation segregation ZLL_jew

(small particles tend to fall through voids between
large particles)
Trajectory segregation Percolation segregation:

Sbas LS particels (o4 0,5<s Lals Lle Kinatic energy agll ,L<II particels J!

(large particles tend to have greater kinetic ==+ »=c

energy) %&

Elutriation segregation (dusting out)

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

—— R

o 5 anh ¢yl e USE 0 (35, cpmll U3 Lo oL S Loy gk el sy U Trajectory
JSalla Josl €45 55 €, dust(small particel)J! sla <) Layl ¢, sl segre gation 29

e

POWDER CONTAINER
POUR SPOUT

AR W } FREE FALL ZONE

DRUM RECEIVING
POWDER

AIRBORNE 353

FINE PARTICLES ™S« v+ .
POWDER IS POURED R
FROM CONTAINER
TO PILE

LARGER PARTICLES
ROLL DOWN OUTER
LIMIT OF PILE

SMALLER PARTICLES

Fluidization Dusting

(Elutriation)

Trajectory segregation

30
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Powder segregation (demixing)
Factors affecting segregation:
2. Particle density — e L=

Segregation occurs due to density differences.

3. Particle shape

Spherical particles are easier to be mixed but also to segregate than
irregular or needle shaped particles.

needle sl alsite y2 gl o particelsy! adll sras Jew (spherical)s s S aglSs JI particel J!
131 s MIXING agd] samy 2m e Shape s Ty | uily e flowability a¢ll ¥ mixing
segregation agll yrms las Cais ghlas) oy Jgd dlle flowabilityJ! ¥ segregation J!
31dads

Approaches to solve the problem of segregation

1. Selection of particular size fractions to achieve drug and excipients of
the same particle size range. J particel rangJ! L2

wl&i exceipient Jis api

2. Milling of the components so that there size becomes small and same.

XY particelJ! milling Jeas apid! asa ol Laas excipient sls 13

3. Controlled crystallization during production of drug or excipient to give

particles of particular size or shape. 3wk o particell s o
4:J.u_) ‘ASA.II Léu'l
crystalizationJ!

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

oSall e apid! «u 3 density Ll excipient Las

32
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Approaches to solve the problem of segregation

5. Granulation of powder mixture. ez Porblecls Nov grvu 0 o)

Le)/ { )f=anu k s ¢5|.> AOMP =2 C% 3("'\“\5
L/)LwcSZe)\(_)l: S8 Yomul As\ ﬁw
6. Reduce the extent to which the powder mass is subjected to vibration or

movement after mixing. Powder bed e\ L )y Miveng Do) ¢y
[camioe Lo e 1S (s b Uthrablon siciss olus

7. Using equipments where several processes can be carried out without

transferring the mix. ol ) A las (s Ubieblon )\ cass) ole
oY) owa S &_N\U\W 20 EMRo 6 o’/y;%//"? Yny/ I)’hl_j J&)
» 8. Production of an ordered mix. el s

o= O > S ea= exapd ) ilio
(ﬁ; C{JSO(PHOIL \19)\\/\/«@ al; )\&5«) y, ‘//_M \\\\\\
} . 33

|‘ I‘G\V\L' )\ \\
Segfegq}r!of\/.g_) 2l ey @ e o

adhaive

e sadtin 1 5, atf Ordered mixing
orce -

: > : : ..
* [t is termed also adhesive or interactive mixing.

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

sites of large particles. adsorbold auoms odpion < s N 4
Colav Wac’&-fﬂ}'a/\ J\CT-J.S /ué_xd\ N~

* This minimizes the segregation between small (adsorbed) particles and
large (carrier) particles.

* 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.

5985 T, api (adsorption)J! slaill 858 J1 Eaa apidl o 550 ST lpaaa G e eXcipianty! W s 4a, kbl 3 Gl e
Tilad] 353 o sl
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el G
oveipent VS a2\ ‘ B
22 2 > o0

R ° °° 3 On

o ) Interactive mixture
oM Random mixture
ST
EVACS W s
Ao ST
PLAY SR a/Soro\\'oﬂ ‘PJ:
L & olas Sanyey whion
en i &
35

Application of ordered mixing

1. Dry antibiotic formulations (fine antibiotic powder is
blended with and adsorbed onto the surface of large
sucrose or sorbitol particles. (@) e e dy antibictic J

2. Dry powder inhaler formulations
3. Direct compression formulations

4. Formulation of potent drugs

Lalioal 5a8l Glie S paa g ol ity o AlVEONJ) Jas Gl e s AP Elay 9
adsorption agll Jeels 8,n apidl olals 8,0 excipiant]! ol g cha glie ol Jasy - 36

zlial g s tablet)! o<l 4lee direct compression formulation J! = 3
tabletingJ/ L3/ particels J/ clway Lze legging

formulagls (B Ui £ 5555 Lkl s cha liie 3006 LS apid) o< potant drugs JL- |,
Ly yllls padiens ©
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Segregation in ordered mixes

carrierJ) sizeJ! CUA | G 4l gl s (Sas sSEgregation J!

. . s 0, siaY | particels! Gl ASallé yuiin Bangg § S Sung oiay

Ordered unit segregation it prlell A s S
. . . . varation <l sl Hasl 5 Lo Y csunl 98 (s dosedls variation ey

 The carrier particles vary in size. el 5sSs aall LS pAtCEISU! 8 o 5, Easize

el JSit

* 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.

Llle toxicity s ;,s<s size for carrierd! Gl potant drugsd! 4abll sla assiiu

37

Large dsorbed

carrier : :
Small {:3 {:}

carrier

Ordered-unit segregation 3
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Segregation in ordered mixes

apiJ! (sl T, Al excipient]! Gl La¥l ¢, oudlins agolaals excipientd! oo 55 o ST o8 05

Displacement segregation Tus adsorption Jess ;1<e 4:8Y s @PI 48 ymn T chiag 1S agaaa Il exceipent]! sle adsorptionl

segregation ;L chay LIl exiepient JI pas oy Lesaas G DA suans Lllal uas

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

* 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

39

o0 o Con?l)leting
® o0 O particle
°2c® o
© © 0O @ Adsorbed
® () .
particle
Carrier
CXC)
e ®o00 :
@ e @ Segregation due to
e © size difference
©)
Displacement segregation 40
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Segregation in ordered mixes
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.

Jeai a5 Lell surface areaJ! o< excipient JI s Siad clbilaall (8 Taa 56 06 U sy
¢ api

12kg g aisally swapi JI e 15kg aasexcipientd! e 10kgd! Ss Ll coun 131 al
e slasy oS 5830 Tl BKG Ul elea (Lte@pi 3ol caha Sllualls cab A 6 Gy

segregation ias ¢, chiag il free J<alls slas 45 adsorption
Excess
amount

() +

(O
. .
® © ‘ Segregation due to
) size difference

Saturation segregation “

42
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api <o . & a¢hlal sos potant drug (small amount of api) JI oS 1]

. 0O ’/—nggdum‘,@mljl S| exipient!
co ° 5s lguw aglalingg sized! Ludi agll oI exipient Jls api JI cuss cha o Llae
Sy, loilayzy Soall Particd oo JIdala agle bayg AYL wlis (Il excipient g1 bas cpaag

Potuntdregcabi Y, 2 s st distribution J! ;L el dilution cilee s5lS 3 (€Xcipient+api)

MErg 3os) 50\ ) St 300y bl s Geometrice . Lyaw! Tl slag cyeun

uﬁﬂ»wé‘é Practical considerations in Powder mixing

* When mixing formulations where the proportion of active drug is low, a

more even distribution may be obtained by building up the amount of
material in the mixture sequentially (geometric dilution).

* The volume of powder mixture in the mixer should be appropriate. Both

overfilling and underfilling may reduce mixing efficiency.
e Loy MiXiNG Ll soms o liie (SIS 1S (8G ¢, L particelsd! «¥ (overfilling) a3yl oo SASImixtured! gael a3y Jis
((ow cliya3) convection sias T, mixing Jaw ¢, (underfilling) aysUl e JSb 4

* The mixer should produce the mixing mechanism appropriate for the
. Pekiod S0Ss oy oy
formulation: kg

— Potent drugs: diffusion is necessary

. . . s Sy Nebsalys 524
— Cohesive material: shear mixing - " Ao A g =
L L Ol sz oA 43
U8 1/ GY s heac N s

1) S

Practical considerations in Powder mixing

1. In order to determine suitable mixing time, the mixing process should be checked

by removing and analyzing representative samples_after different mixing
. o Q’l&\@g&l—'«.‘)—"s\ N iy
intervals. bl Hlsie c8sll (e Banma 8538 way wlive ol Jual o3Y mixingJ! DA %8s crpers ainis

a3l e 3y gl ooy 13 segregation Ll <l SGlss mixing ol ;;%V'Efﬁ.‘:“;‘ij
oNas—Miting )

2. Static charges may be generated during mixing that result in reduction in diffusive

mixing. 58 Lie Sy MIXINGU! s StAtIC Charge Ji osSs Ko
3. This is enhanced by low humidity in atmosphere. The mixer should be suitably

earthed to dissipate the static charge.

4. Vibrations may cause segregation in normal mixes and dislodging of adsorbed
schargeJ! d<ius Jal &S

particles in ordered mixes. e ) o i
lpale yoimy Jgow 4080 <SS U particels J1 cun gyl
JLparticelsJ! ol ¢, vibration <f us LALSS sla T P e .#ﬁh:r)ge

JLy sgregation Ll ,oay normal mix(random mix) Km inill odaas o ga Luds mixery! L’:b&fﬁu
carriarJ! e Jads adsorbedJ! order mix L ) ULl () syt e Laliil GiSE la particelJ!

Y] Gl o Lo Glie o)yl i agSd agad e
(earthed Jas) i, ba ooy mixer
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NEUTRAL PARTICLE (electrical charge
evenly distributed over particle)
PROCESSING AND/OR DRY PARTICLE
MOVEMENT CAUSES POLARIZATION
\_j OF FINE PARTICLES (static electric

forces)

POLARIZATION CAUSES AGGLOMERA-
TION OF FINE PARTICLES (electrical
charges inducted by one particle on
another van der Waals forces)

Figure 22 Effect of electrical forces on fine particles.

45

° ° ° /&M y k/j" Qb)x’
Powder mixing equipment riting I\
Tumbling mixers  ‘:: ars 2ohe contaner o s
5 ISVER P X Cozn\?:‘l;{\c::j ’
* Mixing containers are mounted so that
they can rotate about an axis.
.. Y- cone mixer Rotating cube
Commonly used for mixing of free T
flowing powders and are not suitable for
15t cohesive powders. » ' wf SKe Sk e packice I
B bt ols 1] ”‘”"‘S g
.ﬁ‘;vx Clay o o \hob iy (Za»\él Pubieh D] SV sun 22 DV le 7 e
_/@}-‘gz(dl wﬁuﬁ’w,ﬂub Cone
* Commonly used for mixing granules with Double cone Oblige enng > ' (2
X S\ M Yin
lubricant, glidant and external Cotm N5 ot
. . / \ U&M} ‘\u\)-' LY o
disintegrant. e A2
ot s tomy ST et pakices
MIXI:J‘L:U
C,’u;vs(-)l 9 N 5(\\ ﬂfaM\e B\ PESSUWEEN | /V\\\ Yer )\ &s;—ﬁ Twin shell (V) mixer

y
~~~~ g\fJovV{')\_: [/M L)rl\ cent <) Q/)(-lan'wd' (ﬂJ‘-
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Figure 28  Double-cone blender. (Courtesy of Patterson-Kelley Company,
Division of HARSCO Corporation, East Stroudsburg, Pennsylvania.)

47
Figure 29 Slant double-cone mixer. (Courtesy Gemc ure 31 }I-shaped blender with agitator mixing assembly. (Courtesy
Jersey.) [ Gemco, Middlesex, New Jersey.)
O\D\“q/u? )\ s e>
48
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2type of mechanism 4 (< ¢, tumling mixer Jb

_DM_M:SQ&%LL@&;:L ezl lger J1 0K L /ueué—Sl\u\r o

expiod Mlennsl g, Parkivels M= ios 533Uy Powdor beall N i) Ul s APuston ©

Powder mixing equipment

Tumbling mixers

The shear mechanism occurs because of velocity gradient produced
while diffusion occur through voids produced during powder flow.

The addition of prongs, baffles or rotating bars helps convective

mixing.

Care about segregation is Necessary..s , L ~xsegegaion2s le
Pukicels 1\&) )=

voking bor st buPllg

ConvecHon I >l ¢/
SW S\ b vshop L6y
Prong 5\ [‘Ug:!:{nﬂ Sloffey oo L

des z/Pml'/c\.rfJ!qé\r <\ <l o)
[‘A:‘\‘J gofﬁ\gl-qw\.{ P JL»oU\Iuj_) \JJ,.AJ.L 4_3\}'1.4

— Circulation p,, 4.4 >\<\,J;;«U~A\ VL

path @;Jg_};wjej_\d D
lé\r_/ww.__o_/‘/-ﬁ)'bl-o_n

'Uhdgéh;'ov\ \B) ‘S']'\e_a_f L? U_sél Z_/L’.)
C)Q—!\.lk_;é [EEE Y L—-pqu ceb Doy s

Fig. 13.8 Movement of the powder bed in a tumbling mixer.

50
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Powder mixing equipment

Tumbling mixers \
tn smell SCale ,
| p - &gl
* Capacity ranges from 50 g to 100 kg.

2A 3 fy e moay miter

» The material typically occupies 1/2 to 2/3 of the mixer volume.

» The mixing efficiency depends on speed of rotation. Speed of
rotation should be suitable:

— Very high speed will cause the powder to be held on the mixer walls
by centrifugal force.

— Very low speed will generate insufficient bed expansion and little
shear mixing.

RN f@é@ "

Table 9 Effect of Powder Fill on Blending Time of Double-Cone
Blenders@

Volume percent of blender Approximate blend time (minutes)
filled with powder charge in production-size blenders
50 /5 59 ce 31 VN 10
WA Ko Mﬁ.&-‘; - AL Parkteels M 3.4! 5 v \ -
: 65%-/-‘"-‘ 2leJa, Conbamer I p MY ine) ) Mau <3\ 14 L Jlesdl 515 A_&_.-_j\ oL Ly
Y o3 e, Powdet etPania G pti\q:‘%’{:_i‘ My Nass (L des! olis as(Es] o
70 mixe) 18 lpL)\ v S‘I
75 % 24
O mi .
L{ min )\J-\.l - 2/3 )\w ‘_‘/.j 80b% 40b

pl.fhth/( e\ % VI
a'Blending done in double-cone blenders and times measured to obtain

\
o o diminng K Loy comparable blends.

bUniform blend not attainable with this fill level.
Source: Sweitzer, G. R., Blending and Drying Efficiency Double
Cone vs. V-Shape, GEMCO, Newark, New Jersey.
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Powder mixing equipment

L’%\QﬂML)\l"\ﬂ Ay 5)§L;-4 Q1

Tumbling mixers _ . .
g PO~ P12 RN Cand

Povder Moz e ntermediate bulk containers (IBCs) are containers used both as 25 b
J&)\e‘lm!” 3= . . .
< '1&1;,\;& mixing bowl and to either feed the hopper of a tablet or capsule \—_--

machine or as the hopper itself.

» The Turbula shaker mixer (WAB, Switzerland) is a more
sophisticated form of tumbling mixer that uses inversional motion in
addition to the rotational motion leading to more efficient mixing.

Oodly aalys il 38 (e AL T wals e AXIS (o ST (08 05 T
Cusal ey T MIXINGJly SST el T dilsadiall Lopadly Hlendl ]

53

RN L@Kk—fl@v—e[/ 1\:34’4)
570 Powder Ml 2o Le
U’bfolz‘w‘ol\ Sl

WP Lo 2

Fig. 13.7 Typical intermediate bulk container. ‘ 54
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Powder mixing equipment

. . Miker S92 (A — s DA Y granuladion Nt
_ High speed mixer granulators- 3 ™ grnulakion Natzius

* They are used both for mixing and granulation.

It contains centrally mounted impeller blade that rotate at
high speed throwing the material towards the mixing bowl.

The side-mounted chopper blade helps in granulation.
Care 1f material fractures easily.

Not normally used for blending lubricants.—» =) vlus Jes a (ot
ubficent JI

55

MIXTS 0y oy sy 0@l leb s gn Y parkicey <sish
Lpua_)_, C \/\appw/))_, blad D 1'J_jl¢.z§b Pathicel Y o>y j"‘mr\M\ dslecp )g»:—b
9wl (B35 — Binder selvent ~ Pombicel N <2 dugy 20 W Sclvent I I

/( - Iw r‘. N sy Lo ¢ cdk@ Polfl't'(‘el —\\ C_/“\{ \_,-)k
Chovper "/ N Dubd St s WSS 2 E Mitker J)
)l_éjj_'\ 2 c‘,;b S)rqn%\ajﬁ‘a\)\()s \)SW // \‘\‘ Cl\o\OPw

Purkicels M\ |‘f\a]w( / /1,(,! '\ » T
A g\ Koy -

)
l . AL 4

o e, < Impeller blade gh

Pathkiceds ) Sads

Fig. 13.9 Diagrammatic representation of a high-speed
mixer—granulator.
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Powder mixing equipment
3- Agitator mixers — 7 2!15° <sh b= U o Gonforner 8

» These types of mixers depend on the motion of a blade or paddle

though the product, and hence the main mixing mechanism is
convection.

* There are three main designs of agitator mixers:
— Ribbon mixer-

— Planetary (Orbital) mixer ’
— Nautamixer =

Fig. 1210 Ribbonagitatorpouiderinner
57

Powder mixing equipment .t
/

Woico)
Ribbon mixers e Ylad 5 WN:&’

« Mixing is achieved by the rotation of helical blades in a cylindrical e, ool

MRy O 2 ke

tank. Parkicels N

Advantages y
4
* Suitable for mixing of poorly flowing materials-> B4 parkiel i vy A2 s

’a\qJ B 5=,
(3 - . . . . ) dALp f/ou)
UL o lec Qegregation is less likely to occur than in tumbling mixer
Disadvantages Dese stk
» Dead spots are difficult to eliminaters < “dcles ekt Heles3 Lt A2 5o o Doz spis

42 Y& Deap 5Pt A ¢ Packieet 3 & )51y M)v)lzo|e_r_),q.lfu\c%;/.b

 _The shearing action caused by movement of the blades may be
insufficient to break up drug aggregates.
2 Ao Sb cwpw]z/t,, o O\lus Carep v ) Shear

Jzﬂ/ﬁ/sz Ve ir pleas g e LY Pk icels

58
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Powder mixing equipment

C\.’)\__>k\\ q,\;l,[j O/ . _
planetary mixers— { ) blend Iz s F’IP T

* The rotational path of paddle is

similar to that of a planet. arm s,
. 5l Dg"(-’c'—"h\KAixing arm
e It is used: oot ool ™

— for mixing powders and semisolids
— Wet massing (granulation)

Fig. 12.11 Planetary mixer for powders and semi-solids

59
s Container
(oo o =~
!’>QL°<_Mxxmg \
blade \\— Rotational path
adz) . \\ of blade edge
ds_\c,f‘“\\\! Miler _“ ) w|.
9 = miking QL .
£ 2
Q)/byx
Rotational path
of blade shaft
Body of mixer
Fig. 12.12 Planetary mixer - top view, showing path of paddle. ”

30



e iy, b
o0

T Powder mixine eaninment

Nautamixer

* It consists of a conical vessel that
contains inside a helical conveyor
that conveys the material up to
near the top where it cascades
back into the mass.

This mixer combines convective,
shear and diffusion mixing

iy I LN Lo g

Discharge

Fig. 12.13 Nautamixer (cour

oL.fQ,{,g,&

Parkicels JLIEN 0 2/
olitusion e LY (o gy 2y

n heVical I\
Nautamixer o BT et

&5 1 Pathcele ) Conulejn/
CotVecHon e G e

hd ’(CO{ Ccn\@or‘ )’
csby/
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Powder mixing equipment

U_ Fluidized bed mixers— 2\ in
* The fluidized bed equipment 1s used mainly in:
-\ Drylng MINY—> 9 Cralabign —3 o"b\“j—-} C oaking
— Granulation
— Coating

— (V\"xiwy
* However it can be used for mixing of powders before
granulation. Abbisen WGp

=t ¢ %

Blown air fluidized and mixes the powder.

Fluidization is very efficient mixing process.

Diffusion of particles occur.

63

ol 0 O lows o0\ Clemidl s Lo
(— Rinder Ou“je/nl'~—9 Iranulekion

e M 3 2- Coot o) n
Fluidized bed mixers Costing cgent = Conting
3“\'\0+ cuy -—>J@.‘.:_j

CZJM
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Powder mixing equipment
- Continuous mixers

j/' Powe, NIS s INLET HOPPER — INGREDIENTS
ol W2 : T ‘
Oow ) “{f')v METERED IN

Po?g whs |

CHARGE | ™
CHAMBER

l

360° ROTATION ANGLE OF
AXIE OF
ROTATION

of

Figure 41  Schematic ¢
Patterson-Kell
Stroudsburg, Per

g Zag" continuous blender. (Courtesy
Di ion of HARSCO Corporation,

65

Scale-up of powder mixing. -~ &~ iy

22 Cr Lab Jl s9n5d\ gl

=

LAl Miker )| b ccnleiss anedl G
b o) (5 rtuns S G

* The extent of mixing achieved at a small laboratory scale during
development work may not necessarily be mirrored when the same
formulation is mixed at a full production scale, even if the same mixer
design is used for both.

* Often, mixing efficiency and the extent of mixing 1s improved on scale-
up owing to increased shear forces._)& Spcdmi xrg 3o ol M Pukicel s 3 5556 Shear Bie I larg—scat S\

» This is likely to be beneficial in most cases, although when blending
lubricants care 1s needed to avoid overlubrication.

bableking )\Bas INs (Gple o Pabicet oo G 0 Lis \oind, (ubricay

over bubrickon o pasly oo oligolubn_res 7, 1o Bl it 1556 Iuhophaoie <Ot~ (90

Purkices Ao Lo e 0las Miking ww B> =L Cublicent N c,;gb__;/ll,&)\\;_;
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4l esl Eaaproduction scale(larg scal)J! ole(ansill) validationd! Jeas
damage to s/ over lubrcation s/ segregation ;L Lo zaie Mixing ,Ls
componaent particels

Scale-up of powder mixing

e The optimum mixing time and conditions should therefore be
established and validated at a production scale, so that the
appropriate degree of mixing is obtained without segregation,
overlubrication or damage to component particles.

* Minimum and maximum mixing times that give a satisfactory
product should be determined if appropriate, so that the
'robustness' of the mixing process is established.

s coind e g0 3T pios 2@ ol AR
\owies U3 2 B cbelad! Lot ias € o) londs

67

Types of mixers used for liquids and suspensions— vty ,0us

Propeller (Impeller) mixers- SICRA TPV I

. Ihmﬁ_basjg_tipﬁs_of_ﬂgw may be produced: radial, axial and
t 1 S b byoe o5l chan

angential. 0% 34 bop o

* Angled blades cause fluid to circulate in both an axial and a
. . . I black X feddid o Chial U Vo byor N G Qo= olas
radial direction. I e Nk

* The ratio of the diameter of propeller to that of the vessel is

1:10 - 1:20 and it typically rotates at speeds of 1 - 20 rps- =2/« <5 bd

S e 50 My
ax¥emixingJ! o8 yums T, Il contanierdls ksl o Jlimpeller)! diameter J!
contanier (vessel)Jl diameterJ! ;o 1:20 511:10 (<
10cm ;s<s diameter impeller JI i container JI dimeter JI s
e Tk @le viscosityJ! df ol Jose cuks sl ¥ low Viscosity LS gsasiew impellerd
MIXING aell s T5 Lo olhuadl sie o1 Ll blad! &yl dakialf®.e mixing
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FIG. 1-2. A and B. Diagrammatic representation of
cylindric tanks in which tangential and radial flow occur,
respectively. C, Side view of a similar tank in which axial
flow occurs. These diagrams represent systems in which
only one type of flow occurs, in contrast to the usual situa-
tion in which two or mare of these flow patterns occur
simultancously.

A
-
|
-
-
i

(A)Radial flow

UL o0 ol 1 p
el 20 J5L)1 diny

B 6 ey v Ll
(2 YIRS I PRy |
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:

(C)tangeﬁffafﬁlow 69

i %

07'

D

FIG. 1-3. Impeller blade types (only one blade shown), top
and side views. A and B, Radial flow design: C and D,
mixed (radial-axial flow design. For axial pumping, the
blade must be set at an incline to the axis of the shaft.
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oailly SLLW oy TH Al Skl U
Lolss ol T, @IS &) Isa (o8 (550
vortex

AT (Saag st Jasd VortexJ! gla
sl Ll iads Lo claa L oall

Types of mixers used for liquids and suspensions Uadl 5
Uy oailly Basmse bladJ! ol Lo

. dgele

Propeller (Impeller) mixers /V i s s L
* A vortex forms when the centrifugal force 00 T8 Ll ol o241 Sy ol

imparted to the liquid by the propeller — OfoeMer el sonllcty b

blades causes it to back up around the sides v
of vessel and create a depression at the
shaft. \ ‘0

* An off-center mounting of propeller and /
c.~\e=_1 vertical baffles discourage the formation of
vortex.

* Propellers are more efficient when they run
at high speed in liquids with low viscosity.

24¢
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; Vortex

7%= (L o Unbaffled tank
Vorkex 9
(a)

Fig. 13.13 Propeller mixer with (a) unbaffled tank an

(b) baffled tank.

Flow

= *2\4“,--'-""’»” = o Vertical
I T baffle

Baffled tank— == &
Vorkax 1,
(b) Ui esh @
oLl Lo 2edns
NELp Z)
Ll
Vother 1o 5
G545 Llo
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Types of mixers used for liquids and suspensions

Paddle mixers—> <=Ltowlb oo

* The mixing element is large in
relation to the vessel and rotates at
low speeds (10—100 rpm).

Paddle mixers

(A) (B)

(@) <D

| I (i E—" |
L [
i

25 ol moiile Pacdled N ) < aaiiio
Modaral Uisaty N \ekosSs) oo 2Lpdlis Vesed Jb ola, 3 Jp s
qiﬁ.\a_s A AP RN | ‘z/_.,.fpolJJ/e naolics
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Types of mixers used for liquids and suspensions

Turbine mixers S AV RVARUATSN

- Turbine mixers may be used for more viscous liquids than those
mixed by propeller.

- The impeller has four flat blades surrounded by perforated inner and
outer diffuser ring.

- The rotating impeller draws the liquid into the mixer head and forces

the liquids through the perforations Y
=) 3 imp))w N
- They can produce stable emulsions. et
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Fig. 13.14 Turbine mixer. 76
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Types of mixers used for liquids and suspensions

Air jet mixers — lou vicesiny a2t LN

* These mixers utilize jets of air or some

other gases. s SLY is2e 05 oy A'cbilomn

q;_,-é)\duf’»""“\ 245\

* The liquid must be of low viscosity, non- A vsty ent

foaming, unreactive with the

employed and reasonably nonvolatlle
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Types of mixers used for liquids and suspensions

Fluid jet mixers— c i\ 220, Wl 4w o miring Sa2 3 les s Lo

* When liquids are to be pumped into a
tank for mixing, the power required
for pumping is often used to
accomplish the mixing.

 The fluids are pumped through a
nozzle arranged to permit good
circulation of the material through
the tank.

* [t is also possible to pump the liquid
from the tank through the jet into the
tank.

miving A5 Slho & 2
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Types of mixers used for liquids and suspensions

Ers Mg Nesas S\,
“ -
P JY A miyig N Lo e Lo S

Inline mixers (Continuous mixing)~ 5" < > ™2 <> <= "0r

* In this case, mobile, miscible components are fed through an inline mixer
designed to create turbulence in a flowing fluid stream. <t-e bl ase dom 20 St eas)l

oLing N

It can be accomplished essentially in two ways: in a tube (pipe) through
which the fluids flow,or in a chamber in which a considerable amount of
hold up and recirculation occur.

* Controlling the feeding rate of raw materials is necessary to ensure
uniform mixtures.

0% > Qo per At SRINNS NS B PER EN z)gJQZJI'MoO Jrow L0 640\63379
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FIG. 1-5. Continuous fluids mixing devices. A, Baffled
pipe mixer; B, mixing chamber with flow induced recircu-
lation. |
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Types of mixers used for liquids and suspensions

*On an industrial scale,
solutions are prepared in
large mixing vessels with
ports  for  mechanical
stirrers.

*When heat 1is desired,
thermostatically controlled
mixing tanks may be used.

FIGURE 13.1 Large-scale pharmaceutical mixing vessels.
(Courtesy of Schering Laboratories.)
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Mixing of semisolids - < 212e0

» Semisolids, unlike liquids and powders, do not flow easily..

» The suitable mixers must have rotating elements with narrow clearances
between them selves and the mixing vessel to avoid dead spots

narrow &lhasdl yi< (o8 il ol sadl (6Sa ayY

MixingJ! Jgews okl 30lll sty T, cliag clearance
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Types of mixers for semisolids

1) Planetary mixers— =0 '>=J) < <!
2) Sigma blade mixer— >\~ £4o lelby blad Les

3) Vessels (tanks) with counter-rotating mixing bars

t is very difficult using primary mixers to completely disperse
powder particles in a semisolid base so that they are invisible to

the eye.

The mix is usually subjected to the further action of a roller mill or
colloid mill, so as to 'rub out' these particles by the intense shear
generated by rollers or cones set with a very small clearance

b n th m A8l bl B sl @

e » V ee e . ot JolSIU Gl ] Sl jor Cuidiid (Primary Mixers) ddo ¥l OlboMsul plosvia Tasr sl 5o«
(2 of @Il Jio) Ao ans Sacld

Ol | Geoumall Cuyids iy Lo 1ol dudpe gl Oligsadl 03 Jar oo Sugll 098 Of v
-gobuilly dejsog faxr disdo

davasiall paUaall plasuiuwl Jodl 5
duilg i disas of (Roller Mill) ©lrg y>o disuas plasuiul ddla] dulas) zujell god bo dole «
083 Gyb (e dlall Sligiad] b s of MM J >laall 0dn pasiiud * . (Colloid Mill)
LiSog Wi (Shear)
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Ldle doyy bl il Gl Gaudy Las ilgin
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Fig. 13.15 Sigma blade mixer.
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CROSS SECTION - A TOP VIEW

FIG. 1-8. Schematic drawing of a top-loading sigma-blade
mixer with overlapping blades. The top view shows the
relationship of the counter rotating blades to the overall
geometry of the mixer. L T e

.elegll glyazr (o Olgall A1) 9 dacluoll (counter sweep agitation) wwis 2wlS chyyod
Ao (o5 98 paseiun WUl . (built-in homogenizer) Zode pwians Ll Ll o1l 1 sgisy |
At gutioll sl yian] oloui] 5081wl I Cagdl Slyad of lapanl pon Jakid) 1

sl G 0% ' .2
o0 ¥l Gl -

U (0 (Fub out) "8 Gaxb o dskall Gliyiadl odb Cuid e ptaall od Jasti sl dlT -
T Jio Gogl go Abgais by o ©lrgy>o dbuls: adll lis alsi ok wiiKog Wi pad
o>l plusiul aly af 1ddsdl dlpall 3 (Tri-mix Jio) doakiag 8 bl ducsl plasiiul oy slaisl
s iiall dfledl Bogalls uiladl pleud) @3 dl>re A (Colloid Mills of Roller (o) dxllall ol
k!

Stainless steel tank, which
has counter sweep agitation and a
built-in homogenizer.

Fig. 5 Large-scale manufacturing unit (Tri-mix Turboshear)
with counter-rotating mixing bars. (Courtesy of Lee Indus- 36
tries, Inc., Philipsburg, Pennsylvania.)
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