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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

components. , 0 . :
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1) Mixing of Powdered materials (e.g. tablets, capsules, dry powder inhal ers) B\t
2) Mixing of miscible liquids (e.g. solutions) or immiscible (e.g. emulsions).

3) Mixing of insoluble solid and liquid (e.g. Suspensions).» 77 2 &slos

4) Mixing of semisolids or dispersion of particlesin semisolids (e 0. pastes and ointments).



Mixing

- Types of mixtures; How 7weh eneiy s neaded ! = 13 . g

1) Positive mixtures: Mixtures that form spontaneously (do not
need energy) and |rreverS| ny (when formed do not tend to T—

separate)
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(eg ‘gases and m|SC|bIeI|qU|ds)
sheke. 24 o 2) Negative mixtures: Mixtures that need energy input (work)
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3) Neutral mixtures: Mixtures that do not form spontaneously
(i.e they need energy input) but once formed they do not
tend to separate. oL asle

(e.g. Powder mixtures, pastes and ointments) mseset fae
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= srdad The mixing Process
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Perfect mixture: The situation in which particles of one component lay = 'ﬁ 'ﬁ

as closely as possible in contact with particles of other component 58 i Prele IS
« ltisanideal situation whichispractically impossible, " &= caes s
T Y R e

J'Random mixture: A mixture where the probablllty of sampling a
particular type of of particle is the same at al positions and is
proportional to the number of such particle on the total mix.
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The mixing process

Dot Loy J bl AN 2, 25 S

Unmixed system Mixed OM system  Mixed ;m system
Complete segregation * "7 /% Perfect (ideal) mix
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*Ordered system: particles are arranged in iterative rule ( repetltlve patter n)
(not random)

*We can consider mixing as vector quantity (spatial orientation and tranglational === %
velocity of the particles G imd
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The mixing Process
“The Scede of Scpudh

-+ Itisthe weigh vqume 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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« Thisweight/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 100 1 mg active drug) then 200 mg sample from
the mix needs to be analyzed. _
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The number of particles in scale of scrutiny depends on
sample weight, particle size and particle density.
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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
whiteis 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
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The mixing Process

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

1. asthe amount (number of partlcl es) in scale of scrutiny

decreases.

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

» Thisindicatesthat:

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. P bt 07 high ol A 5L onk (s L
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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)2* = &=
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Mathematical treatment of mixing process

» There will be always some variation in the composition of
samples taken from random mixtures.
» The aim during formulation and processing is to minimize
this variation to acceptable levels by selecting appropriate ;5. ¢ cao S
% — scale of scrutiny
@2- particle size L ceprmble (WO eTPouser
% — mixing procedure
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Mathematical treatment of mixing process

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

POportinsL couss o5 St ST — \/ PA— P) & roprtion o
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- Pisthe proportion of acomponent in total mix
« Aspincreases, %CV decrease
Example:
~n=100000,p=05= SD = 158x 103, %CV = 0.32%
n=100000, p=0.001 = SD =9.99 x 105, %CV =10% “'"
. *» The scale of scrutiny can be increased by increasing the amount of

1L .y @dditivesin the mixture but thiswill lead to adecreasein p.  wicossiis ip0 w5
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Evaluation of degree of mixing
Needs for monitoring of mixing:

» To follow amixing process.
2=t Jiken_ To indicate the degree of mixing

Soe AWRE.

e — To indicate when sufficient mixing has occurred and determine the
suitable mixing time MY ) milpd S mien Vi3 LIG m €5 ) Goo s e5 Ve

 To assess the efficiency of amhxer
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Evaluation of degree of mixing

Mixing Index (M)

r 1 SR Qecegiable (ooad®m .\‘T--’AI

Gaepiple. ANy oo — M
\ ferndeen, "
el JL g 2P [ Hee S ey S
= ACT

perfed g ;?’ \e
Sk : Content standard deviation of random mixture =~ =-¢»' == s _
Sacr: Content standard deviation of mixture under investigation. - e | o
 In some cases, it is possible to achieve an acceptable variation in content

before obtaining arandom MiX — w2 fo ), s ) caale pbibes L0 e re

'3_,"."3 - T.:‘n.'\l 3 .\'{-’u accir-lyle ) e ¢ ’;),-.P_\' = Lt _‘,94
J -

19
v
I ) -
\ X =mixing time estimated
= to give an acceplable
2 \ product
g
>
g t'sACY At carfors MWme
- éb \'\ v} Qs 4 E-E LN i
g 8 < Co~ - %y a3
o '\l-"i\:’! - s S “e LS EE .3‘_-. Vil I”i-‘l
IS \ g -
= \
ot 151 ¢ S rat <_¢;, ey _1044(,-::_~ ;,i,,.;;;- BgSar i é '_SE '\
aeptaile SR s et W Ao 2t g Ml -
’ A - SH X i - —— Erer
7
x_ 10 | E: =
Mixing time/nurmber of mixer rotations  (sp=zd ) s|+ 1=
= : . Fig. 124 The reductian in mming time passible if a random
B L de S LAee L
- = el mix is not required. S, | represents the content standard

devigtion of samples taken fram the mix. S, the estimated

acceptable standard dewation and 5. the standard deviation

expected Irom a random mix X 20

Wby ol s

oA -_L(‘»,' .'_".—"’“ }'""’J”- JL ';n!)



) of
nyeyat

M echanisms of mixing

Powders
There are three main mechanisms for powder mixing:

T a) Convectlon (the transfer of Iarge amount of part| clesfrom one part of
the powder bed to another). Vil > AR 04 i O

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

This mechanism contributes malnly to macroscoplc ‘mixing of
powders, but mixing does not occur W|th|n the group of partlcleﬁ

moving together. e\ N N e it 2 4 B ot
ﬁf) ‘_...
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M echanisms of mixing

Powders

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

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

S vidig Ok Lo o BaV s GIe ) ot lacat e e 2SS0 Podel ) o5

POWderS G G s e - M EEald D ioriin. 0 A e b 2 s, S 5005 dilabe
fde 4 oo ¢) Diffusion (mixing of individual particles)
L 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 particlesto fall under gravity trotigh the voids created.
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M echanisms of mixing
Liquids

a ’.‘ﬁ a) BulktranSDOI’t :J» S

- The movement of a large portion of the
material being mixed from one position in the
system to another. DR 0 Fhiey gt

2 .0 b) Turbulent Mixing - sy

18 - The haphazard movement of molecules when

Twrmlent 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.
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M echanisms of mixing

Liquids e S TS ‘5\
. P N s o b AR

b) Turbulent mixing 1 2 5€ 6, e
413 o~

- It can be seen as a composite of different eddies  *. \‘/'\\\

(small portions of fluid moving as a unit) of / \ v
various sizes. /AN /
The large ones tend to break into smaller and smaller - ‘ =
sizes until they are no longer distinguishable. . ... .. ... .=
T Ll mhgve)
- Turbulence is a highly effective mechanism for
y—y o} / o \ : ' ' , ... S|
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M echanisms of mixing
Liquids_
c) Moleculan diffusion
- The molecular diffusion is the primary mechanism responsible for mixing
at the molecular level.

yo) X,

- This mechanism produces well mixed liquidsif thereis sufficient time. ey «m

P i B © LS Ve b
~ - Considerable time is needed if thisis the only mixing mechanism.
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Powder segregation (demixing)

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

components tend to separate out (S, increases).
D17

|t may cause a random mixture to change to non-
random or may be responsible that a random
MIXTUre NEVEr OCCUIS. i wsmes s e s

» Segregation is more likely to occur if powder bed
Fhu Siakas IS subjected to vibration and when the particles
“riiwses e have greater flowability. » #rserie
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Segregation can bedueto -% z-oplmum mhdm:t'i‘no
differencein : ok § - B
L Partlclecharge o mamret. LAl o w“; Aor B s Vs S __f"’-‘" !
2an . b » 0 LAY
~ 2. Particle density N7 F v N R e Guo s 2o Aot ot SV
~ 3. Particle shape e g
~ 4. Particle size and size distribution [

Mixing timefnumbar of mixer rotations

Fig. 125 Fossitie effect of extended mixng time on the
content stendard deviation of samples taken from a mix prone to
segregation S, represants the content standard daviation of
samples taken from the mix. 5_ the estimated acceptable
stendard deviation and 5, the standard deviation expected from
& random mix

28

14



Powder segregation (demixing)
Factors affecting segregation: B2 i 3, G 2 ]
1. Particle size lse— small—roderate P

Percolation segregation
(small particlestend to fall through voids between

large particles) { o &
Trajectory segregation s L Y, o Percolation segregation:

(large particles tend to have greater kinetic = AR R AR (T i
energy) T, APy wig

S s ! der 21 sarle
Zovm l'n}} Jau pen I
iyl

Elutriation segregation (dusting out)> zetszals by
(Air-blown small particles sediment and forma
layer over coarse particles

Wb Al e 1,

Trajectory
sepregation 29
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Trajectory segregation
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v 2. Particle density  [igrm , A Y .
-~ Segregation occurs due to density differences. Kb s e ¥ e

Powder segregation (demixing)
Factors affecting segregation:

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

|rregular or needleshaped particles. 355l |8 L oot Bl Lz o) SPielen) b

PO VN

31
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Approachesto solve the problem of segregation

1. Selection of particular size fractions to achieve drug and eXC|p|ents of
the same particle size ranqe Size. 3,2, A5

ot oy e T

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

=411 3. Controlled crystallization during production of drug or excipient to give
""" particlesof particular size or shape.
4. Selection of excipientswhich have similar density to the dr_ug.

itupr Oty ) Qepr Lo Jensiry
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Approachesto solve the problem of segregation

5. Granulation of powder mixture.

6. Reduce the extent to which the powder mass is subjected to vibration or
movement after mixing. L, moyement 3 415

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

transferringthemix. ooz i ale iy o 2

S =i £ g v= }
8. Productlon of an ordered mix.

k Apete Vo §
. y sl () X | 33
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» Ordered mixing.. s |
Itisstermed alsp adhesive or interactive mixing. L TR S Ga

In this case, very small particles may become adsorbed onto the actlve "
sites of large particles. 7]

Aerfed mm

T,

This minimizes the segregatl on between smaII (adsorbed) part| cles and
large (carrier) particles, e b iy

e “ -
AO e ey L adserphts Ls AR
i " A Ve s

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

34
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Interactive mixture

Random mixture

35

Application of ordered mixing

dtua o Coftley f U
! .

1. Dry antibiotic formulations (fine antibioﬁc powder is
blended with and adsorbed onto the surface of large

sucrose or sorbitol particles.
2. Dry powder inhaler formulations
~= 1.3 Direct compression formulations

My ine 4 On v prediten)

4. Formulation of potent drugs

36
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Segregation in ordered mixes

Ordered unit Segregation ) porltle, 238 SRR el 2 A1t Comier G|

« The carrier particlesvary insize. —
(}f;fﬂ _'I?'(.‘l‘J. ;__},’.'.

* 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. ..o oo v s -

37
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Ordered-unit segregation
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- Segregation in ordered mixes
Dlspl écement segregation

« Thereis competition for the active sites on the carrier.

« This occurs when a component is added to an ordered
mixture that competes with the adsorbed material for the
site on the carrier and displaces it

39
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Segregation in ordered mixes

"JJ' (__v-“l-_ ‘_:,l.-]

Saturation segregation

Coifrvel

» 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.

41
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Practical considerationsin Powder mixing

«-'e \When mixing formulations where the proportion of active drugvr i_s"low, A et

e < more even distribution may be obtained by building up the amount of - “

§ o\l

a1 iey

. materia in the mixture sequentialy (geometric dilution).— ..., . &l me
"""+ The volume of powder mixture in the mixerrﬂshould be appropriate. Both
w2 overfilling and underfilling may reduce mixing efficiency. 2y .. an=a

The mixer should produce the mixing mechanism appropriate for the

. formulation: Ty Ty |
ed — Potent drugs: diffusion is necessary Eaid: Dulk movewsar = e I deflestn
— Cohesive material: shear mixing '
4 " 43
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Practical considerationsin Powder mixing

1. In order to determine suitable mixing time, the mixing process should be checked
by removing and analyzing representatlve samples after different mixing
intervals, «hmes s i )

|, / ’
TS Sy Creomed it iy = -~_‘1 al\UL L Ming fime

L2 Statlc charges may be generated during mixing that result in reduction in dlffuswe
1‘ leIng ,‘}.;_Vx Letonnt Lrmsd =7 plolifyre > Poddy Worah $ ‘".‘. 'Jv BN P4

3. Thisis enhanced by low humidity in atmosphere. The mixer should be suitably
earthed to dissipate the static charge. ., Lyl olal s sl by oo | lad

4. Vibrations may cause segregation in normal mixes and dislodgi ng of adsorbed
particlesin ordered MiXes. (s Al o hiie ool Aslidgun g e wbmber

o Mza ) Bl |
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b Lhege o]
NEUTRAL PARUCLE {electrical charge
evenly distributed over particle)

e ah gwl‘qu. “"J PROCESS!NG AND/OR DRY PARTICLL
MOVEMENT CAUSES POLARIZATION
EW"’ 9 OF FINE PARTICLES (static electric
&(9-’)‘3 forces) Bear G Jl’gamh'h" Nl P‘”‘“‘"‘j e

chicle -

_,al,w,:w.y ke 31 o Wil e ¢ L pudarimbim 2
3 gy pahtie e Faar st

3C4w¢&.‘g, aned) A0pd e € St Ot 2l »
2% 0| ARIZATION CAUSES AGGLOMERA-
TION OF FINE PARTICLES (electrical

‘charges inducted by one particle on
another van der Waals forces)
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Chee ) 35l O

2a0 Lol chayye ) aads slp

Figure 22 Effect of clectrical forces on fine particles,
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Powder mixing equipment

@ Tumbling MiXers comecHon : Bulk movement Hresm
lebr fo the rignt [Top. bettom

« Mixing containers are mounted so that

they can rotate about an axis.
Commonly used for mixing of free
wheive 5o flowing powders and are not suitable for
4 45 7. «—cohesive powders GAZ podbel” S Bbss (find = )

niter Y Gakeavt P » Vst bl Lo spparily £2 ey mdloug
M“(AZ’/“ "
NIl o Commonly used for mixing granules with n«-u-m
|ubricant, —umglldant and  externa abligne 31 FBR Gy
disintegrant. ™~ S dapie e
Mifhg o (ol e 0 S0 Uk S W ) 1o s L A1y O£ 15 D m' wwqﬁgmmh - oljque
pamadubin )1 o YLJL m‘:m,w'gg_u fndomnags .l’\wd”j'*‘
e iz e N 2 B i i . | O Tl b Wl Cie bl ¥
i pp>) I uap Or S on 12283 Blav) mitiny g i | e y |32 . f_,f
hbricaT Ji» mi j Lels !l r guwlw¢,¢).o:anw R
2l Lre
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Powder mixing equipment

Tumbling mixers

| L Yt
/): L i.-‘i}_\' . Bl oY ol

Liee * The shear mechanism occurs because of velocity gradient produced =i.-:1u<su

. - - - . S !J L DAL i,
while diffusion occur through voids produced during powder flow. < 777" 2 b5
 The addition of prongs, baffles or rotating bars helps convective _ 7% s
MIXING. Jrfein)loSho Sl |l s R e S

“egmin Lo~ o Care about segregation is necessary. L
Latries

e
g,fg«,ﬁ«‘rlon i) . _ \_ \
= A\ "
sall) B\ \_Le

G N

\,*" pProv % ¥
¢ Shear Miding 1 i<
enties wod Vawd 10V /02 s / dtFevedt yehcity L
> = (=~ ¥
i — g
Mixing R < S S 48 Veloolhy grdid fomdwrnes MR 21 GV S
Z0Nes 7 : P
- Circulation
ia path
!
'\\./ ” ’ 4

Fig. 13.8 Movemenl of the powder bed in a tumbling mixer.
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Powder mixing equipment
Tumbling mixers

» Capacity ranges from 50 g to 100 kg.
* The materlal typi caIIy occupies 1/2 to 2/3 of the mixer volume.

n
4—~M r"t‘ nnA_Ar

* The mlxmg eff|C|ency depenudls'en 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. AV Sty comveston 2 o Sale
—Very low speed will generate insufficient bed expanson and little
shear mixing. B S G e paer Vi gy ke

51
— 2 > -~ >
Table ¢ Effect of Powder Fill on Blending Time of Double-Cone
Blenders"
Volume percent of blender Approximate blend time (minutes)
filed with powder charge in production-size blenders
30 14 , :
akiftn2e) |
=y 65 14 =
Lo a5
. . 70 1B I
A \J
5 P ) 1 24
b bR b sy
g0 J0° = 2545
. il coml~w
E'Blcnding done in double-cone blenders and times measured 1o obtain
comparable blends.
. k
uiroem N Llsle JUniform blend not attalnable with this fill level.
bolend Source: Sweltzer, G. R., Blending and Drying Efficiency Double
toke s Fae s, CoOne vs, V-Shape, GEMCO, Newark, New Jersey.
Feclin
i i 52
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Powder mixing equipment

Aol fumblers ) ce s out

Tumbling mixers
~ ProCEibioy) g
« Intermediate bulk containers (IBCs) are containers used both as
C&m@ mglr?g/pgﬂl ?lz\dhto elthfrself]:aed the hopper of a tablet or capsule
machine or as the hopper | : A0 RS e Lk 53

L=l S The Turbula shaker mixer (WAB, — Switzerland) is a more
up Swi= sophisticated form of tumbling mixer that uses inversional motion in
oun addition to the rotational motion leading to more efficient mixing.

G Yotmkn \ae /(g eSayomectin oo Sn oS e Ut a2k
53
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iWzYSan (UF- doum) (invesion)
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Fig. 13.7 Typecal imermediale bulk contaner 54
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Powder mixing equipment

segespvant | High speed mlxero‘granulat
“ep» » They are used both for mixing and granu atlon twoin one
s Y

* 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.
« Careif material fractureseasily. .. &l |5
Drmdttnzasle S1E ) Powder aony) Wigh 1o\ gentle spmed (5 s € highspend e la
Not normally used for blending Iubrlcants\) NE
alals g =) Flow ¥ Shearate N Vubricant G | 55
S sttty 51 hyhroprobic La; pouder )\ 2. OVENiLing g 1)

J‘:“*é bowl @ ue m\m\D M Sdas powdec N

/ ., « Tmpelat” )
Chopper / \ ® . @ 4,
/ \ | pds (R / Fraparent Qe I
| v g | = sensor pldvd @
l . | [{\ 4
\

| A ) A ,‘(Jn_)
o e B A —— Gl Tiney Ate

watel G-t s?tcj MWa) @

5.5 Tsballe
> w— ) Impeller blade P

Flwi
Fig. 13.9 Diagrammatic representation of a high-speed ek mass 425 5 L S adls
mixer-granulator. Texhure by, SiiSe 13 sensar g
Jow Sl ¢ A5, O lep 5 Banzdl o car L]
LB Small gramles O laapas Chopper’ 2 tall

Omiting @ spreying @ hopiing - @dgsing Dymles 4 gy 323 3
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Peweer mixing equipment
- cAgitator mixers f
<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. « |4 2T

» There are three main designs of agitator mixers:
— Ribbon mixer
— Planetary (Orbital) mixer

— Nautamixer (Cin s} et "—"-"flnfj.‘i

57

Powder mixing equipment

Ribbon mixers

« Mixingisachieved by the rotation of helical bladesin acylindrical
tank.

Advantages
« Suitablefor mixing of poorly flowing materials., — oos Ve T o

« Segregation islesslikely to occur than in tumbling MIXer i .. e fass - s

Disadvantages
- Dead spots are difficult to eliminate.

« The shearing action caused by movement of the blades may be
insufficient to break up drug aggregates. . c shewivg

......
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Powder mixing equipment

il Line

. planetary MiXers e men. = oo

« The rotational path of paddle IS

similar to that of a planet. — g (ol Gl

d#2 ae -

L4 It iS u%d: _“:__.‘.;:,\_.;; ; » m ‘.i‘lv" e ~ '

— for mixing powders and semisolids **=5* =
— Wet massing (granulation) ckeesdet 7 7

Fig. 2.1
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Powder mixina entlinment

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. = 2 s e =

- This mixer combines convective, &
~+ = shear and diffusion mixing

beton

Nautamixer
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lonsd 98 Powder mixing equipment

FIU|d|zed bed miXers ab in owe  dizo ol B s
 The fluidized bed equipment is used mainly i in:

— Drying

— Granulation

— Coating

» However it can be used for mixing of powders before
granU|aI|0n My | Cogp } i 0y JUNST 3NV 7_0‘.‘““_(_:.‘__
» Blown air fluidized and mixes the powder.
- Fluidization is very efficient mixing process. » ;u" 3055 phyreins
- Diffusion of particles occur. el sy
63
L't i
pendd 2 pawdar 1|, Y " l‘ T Hlu ‘J"3"‘L’°‘"_,-~°-f' ¢ lansy (v | (K | el P"?“"‘Z-‘r N ©
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Fluidized bed mixers

32



e Tk Powder mixing equment
ot S Contlnuous MIXE'S  5.s o4 05 Linis
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Scale-up of powder mixing === o= e

..’.JYIJ_\‘:I/’_e|M‘\‘A| w3

« The extent of mixing achieved a 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 isimproved on scale-
up owing to increased shear fOrces. —= e o8 DLd Tt 2vaein L4 g

dr 'ﬁr;l r bl ) Fems BLLZ) A A Vi laa !

« This is likely to be beneficia in most cases, although When bIendmg
Iubrlcants careis needed to avoid overlubrlcall ON.—» w=slls g 5L -
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Scale-up of powder mixing

« The optimum mixing time and conditions should therefore be ==
established and vaidated at a production scale, so that the =™ '

weyd )t - @ppropriate degree of mixing is obtained without segregation,
=« " overlubrication or damage to component particles.
7% 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 ) ‘! .
.f.J»J-". s oo ¢ Fas s
2 ;o ‘“ mia - | i
Typesof mixers used for! I|qU|ds and Suspengons ST, 112

Propeller (Impeller) mixers
« Three basic types of flow may be produced: radial, axia and

tangential. G ok i

« Angled blades cause fluid to circulate in both an axial and a
radial direction. (Cordoaa 4 AP ) remkooas U ks blade 3y s

: ~ o 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.

ST % vte ) ol | & e s 3 A - - - ) - . a” )
“4},}, wsty | HESE ) e Yad o | S, Vovihe pple ot Ligwd ) L3 S0 an Nalp (A
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(A)Radial flow ~ (B) axial (C)tangential Hlow 69
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Geslisy 1/ 2% = und side views, A end B, Radial flow design: Coand D,
=61/ Aas e 4V mixed radial-axie! e design. For axial ponping, the
blade must be sct @t an Incling w the axws of the shaft.
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Types of mixersused for liquids and suspensions

Propeller (Impeller) mixers
+ A vortex forms when the centrifugal force — ﬁ'wy TPt w.,rg,,

sl el w),,\_pépo

imparted to the liquid by the propeller
blades causes it to back up around the sides
of vessel and create a depression at the
shaft.

An off-center mounting of propeller and
vertical baffles discourage the formation of

WA Charmbery o a 5ot
VOrteXw By Ao 3,_)-{:,3 A
o o
* Propellers are more efficient when they run
at high speed in liquids with Iow viscosity.
Varba ‘,»A_.»L- L Bl Speel Nul sy ) oaf/- \

\Jtc&ij
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D Priivn )05 % muieen
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Fig. 1313 Propellar mixar with (a) unballed tank andg
b) battied tank.
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Types of mixers used for liquids and suspensions
e avv
Paddle mixers &ute _ancnor

« Themixing elementislargein " i
relation to the vessel and rotates at 0’ T
low speeds (10-100 rpm). P arnce: _m,_L,,

th. L ==
(5ol Prepdes 1)

Paddle mixers
tuvkfne ) b
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Types of mixersused for liquids and suspensions

Turbinemixers

- 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.

~=~#u=4 - The rotating impeller draws the liquid into the mixer head and forces

4 Sy

"~ theliquids through the perforations

- They can produce stabl efiéfnul_si ons himia ilscosiiy

NSO &
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Types of mixersused for liquids and suspensions

Air jet mixers o spesd W presuined ol ——
« These mixers utilize jets of air or some "—7 3 ‘\ )
other gases. - bl
* The liquid must be of low viscosity, non- N
o = foaming, unreactive with the gas \ '|: |
o v employed and reasonably nonvolatile. —» e viaas ~

Types of mixersused for liquids and suspensions

v TR e, a4 -
) el [Ligetd 3 A5

Fluid jet mixers

» When liguids 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. j : umtm

It isaso possible to pump the liquid
from the tank through the Jet into the
tank. FC Linad )/ Bl bogs o ¥
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Types of mixers used for quuids and suspensions

™

I nline mixer s (Continuous mlxmg)

* In this case, mobile, miscible components are fed through an inline mixer
designed to create turbulence in aflowing fluid stream.

* 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 materias is necessary to ensure
uniform mixtures. (R0 -

( | >
ez ) 1)y Chock
Covadive

79
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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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*On an industrial scale,
solutions are prepared in
large mixing vessels with
ports for  mechanical
stirrers.

‘When heat is desired, |

thermostatically controlled
mixing tanks may be used.

FIGURE 13.1 Largescale pharmaceutical mixing vessels
(Courtesy of Schering Laborarones. )

81

Mixing of semisolids

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

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

82
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Types of mixersfor semisolids

1) Planetary mixers

2) Sigma blade mixer

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

It 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 aroller 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
between them. .

84
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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.

85

=

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

Iog. & Lurpe-scale manulacturin woat ( Teimis Turbodhar)
with counter rotxting micing hare (Comrtay of Lee Indus

mes I Phlipeburg, Penosyhunia, ) 86
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