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fore, some empirical correlations are posmble

Scctmn I—MIXING OF SOLIDS -

_Interparticle lnteractwns St.gregatlon
Mechanism of Mixing in Solids
Mixing Process-Steps

- Degree of Mixing and Stat:stucal Evaluat:on

~ Factors Influencing Mixing : e e

. Classification of Eqmpment for Sahds Mixing
. Equ:pment

[ Mixing is defined as a process that tends to result Ina randomlzatnon of

dissimilar particles within a systcm/ o b 1

I;;'i" =, 1
|

(The term mix means to put to”ether in or‘ie mass.or asscmblage with
more or less thorough diffusion of the constituent elements among_one
anothcr) The term blending means to mix smoothly and inseparably

together. During blending a minimum energy is 1(;,nparted to the bed
These terms are commonly jised mterchangeably in the mdustry

Some of the mixing operations in-the dispensing: practlce are spatula-
tion, trituration, tumblmg, ﬁeometnc dllUllOH ele. Howevel mdustrlal
pharmacw?:vum:qI"mn.mﬂr involves large-scale equ:pment A ma_lor comph- |
cation in the intimate mixing oF -particles is the segregation of parttculate |
solids that results from gravitational effect on the a_gltated bed LMlxmg"’
can also be achieved by mlllmg, kneadmg etc\ st

P

 The dwersc charéctcrlsttcs of partlcles such as mze, shape volume
surface area, density, porosxty flow and chargu, contrlbute to thc solid
mixing. It is difficult to. predict the mter—pamcle mteractlons Thcre-

In practlce optlmum '-
mixing 1s Lonmdered Sﬂtlbf'lCtOry - '

\
i

Dependmg cm their ﬂow propemes sollds are dmded mto two.
classes; cohesive and /g,oncohesw _ 1\’0}1(‘01763:1*6 ma!ena!s such as
g,ram dry..sand. ;.md plastic- chips readily ﬂow out of a bm or 5110
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Cohesive materials such as wet clay are characterised by their resistance
to flow through cpenings.

There are significant differences between solid mixing and liquid
ixing. These are given below. '

Liquid mixing Solid mixing

~F/10w currents are responsible for Flow currents arc not possible.

transporting unmixed material to the
mixing zone adjuacent to impeller.

" Truly homogeneous liquid phase can
be observed

Product often consists of two or
more casily identifiable phases.

mall sample size is sufficient to

Large sample size is required
. . 0 f "
study degrec of mixing |

Hxing requires low power Mixing requires higﬂ power

. ﬁhcatmns
Mixing is one of the most common pharmacecutical operatlons It is

involved in the preparation of many types of formulations. Mixing is
also an intermediate stage in the production of several dosage forms.

— Wet mixing in the granulation step in the*production of tablgts
and capsules '

— Dry mixing of several mgredlcnts ready for direct compressron
‘as in tablets. '

— Dry blending of powders in capsules, dry syrups and compound
powders (insufflations).

- Production of pellets for capsules.

_ In the manufacture of tablets, normally a numbcr of additives are
added. Therefore mixing of powders becomes an essential part of the
process. When the dose of the active substance is high (for example

. paracétamol tablets) mixing is not a problem. But in case of potent
drugs and low dose drugs, high amounts of adjuvants (for example
lactose) are added. Therefore, mixing is considered as a critical factor.
Otherwise, content uniformity of tablets does not confirm to the

pharmacopceial specifications. ‘*Simil"irly weight variation increases.

Mixing of cohesive materials is even more difficult due to formatlon

of aggregates and lumps. Wet mixing is also encountered in pharmacy
as an individual operation or as a subsequent step after dry blending. In
several situations, these operations are carried out in a vessel and by

some mixing element. Hence, this section describes some aspects of
theoretical considerations and equipment for dry as well as wet mixing.
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lNTERPARTlCLE INTERACTIONS—SEGREGATION

The particle characternsttcs such as size, size distribution, shape and

surface influence the interparticle mleracttons in a powder bed

L]

Incrtial Forces

Inertial -forces. tend to b_Qld.JJ_@_l_g“bOUI'IWE Qamc es in a fixed relative
position.. These are van der Waals, electrostatic and %urche forces. A
special mennon of surﬁce forces is relevant. . st -;.

Surfacc (or mterface) forces : The cohesive forces prcvenl Intimate
mixing owing to mteractlon of their surfaces (omnterfaces) ‘Frictional

SO

forces also resist the movement of particles so that they tend to form

lumps. These depend on surface area, surface roughness, surface polar-
ity surface charge and adsorbed substances'such as moisture. During
mixing, the particles develop surface charges. Surface charges produce

parllcle-partlcle repulsions, which make random mixing impossible. For
* effective mixing, surface to surface mteractlons should be m:mmal
whic Lan be 'whleved by surface treatment. aﬁ

S regation occurs due to the following reasons.

(1) Poor flow properties of the powder bed inside a blender
) Wide differences in particle sizes in a dry mixture. -

(.)) ‘Differences in the mobllmcs fmdmdgg_lwmgmdm
(4) Differences in pamcle densxt) and sh*ape to a lef‘ser extent

(5) ‘“Transporting -stage, pouring the powder from one contamer to
o~ 1nother (hopper or drums), or emptymg the container.

(6) Dustmg:, sta&,e fine partlclcs become air bomc and separate from
the bulk of the powder. . e, -

' Sugregatmn may occur cven aﬁcr the mlxmg

Grawtataonal Forces

Gravitational forces tend to improve the movement of two adjacent
particles or groups ‘of particles. Tumbling action promotes. the  inter-

particulate movement due to grawtatlonal forces

Motion of particles can result from dlrect contact with the mlxer
surface or/and from contact with onc another. These processes ag;eler-
ate the movement of translational and rotational modes of singlé particle
or groups of particles. When particle-particle collisions occur, ‘exchange

~(transfer) of momentum i5 achieved. Continuous exchange or distrib.-

~tion ofmomcntum between translational and rotational modes 1s neccssary

4P
- '-..;,.

¥
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for effective mixing. The efficiency of momentum transfer depends on:

(1) Elastu:lty of the collisions—If collisions are clastic, cffective

transfer of momentum does not take placc The loss duce to
melastlcny should be minimal.

(2) Coefficient of fi iction—Particles with high coefticient of friction
will be likely to exchange rotational momentum ‘more readily.

(3) Surface area of contact—The larger the surface area of contact,
greater the exchange of momentum.

4) _Suimce roughness—The surface ‘roughness’ of the particles in-

volved 1n coliisions determines the distribution of the transferred
“momentum between translational and rotational modes

(5) Centrifugal fpreesmfllese act on rotating aggregates to bzeak
them Info s 1aller units ..md aid in nm-.ms process.

WCHANISMS OF MIXING IN SOLIDS

AV beerwm:m of patticles occurs due to a number of reasons. \h\nw
can prevent it. Th ._Iprmupdl mech umsrm in.solid- soud mixing are:

Convective {“i}wgﬂﬂ

AT A iy 14T

1t is achieved by the inversion of the powder bed using blade or

T A v

paddles or SCIrew ¢ clement o o7

A ldrae mass of material Moves [rom one part tu another Conwc-
tive mixing is wtured 16 as mauon mmn/'

4 Shear M-ia‘-ih-ng'

In this type, the forces of attraction are broken down so that cach

particle moves on its own bemeen regions of different COIﬂpObIUOﬁ dand
parallel to tlmr surfaces,

' ]

e

In a particulate mass, the forces of attractipn -are- predommat»mg
which ‘make 1}@ﬂl&ybﬁsq_&llp over one ane..he! #ABuch types of attraction

et b 2o

forces are preclommant among same type articles. bear forces
reduce these attractions and redJce the .:cele of seer%atlor

.F'

A)lffus,lum Mmmﬂ‘

e AT IR S

[t involves the rande_m ___motlon of particles mthm the powder bed
therebv partleles ehdngc their positions relative to one another.

.

thfuewe mixing occurs at the interfaces of dl:.sumlar regions. le.
fusion is somet:mes referred to as micr ummng,'*-“

- -,:a,-.;.E W TR
e T e v
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The motion of particles to achieve random dlStl‘lbUthI‘l assumes that
no other factor influences the distribution. This is rarely the case.

[nstcad, a number of propertics of the powders influence the approach to..
-randomness. Flow characteristics of powders largely determme the case:
~with wh:ch the primary partlcleq can be mwed SR L '

3 z o il
N
P !

. ' 'vnxmc PROCESS—STEPS , 1
%‘the c.ohd-—:.olxd mtxmg operation four steps are mvolved These are:

B
I'\- K - g ! r‘ i
LT ] [r g = P " s ._ IS 1 L ™
9 ) :
! 2

A by Expdnsmn of the bed of solids, | :
éﬁ 2, Appllmuon of llueud:mensxoml shearr forces to the powder bed e
3. Mix long enough to permit true randomization of part:cles. '

4.? Maintain randonnz'mon (no segregation after mixing).

L

When dry matermls are loaded into a mixer. theykform a static bed. .
This bed expands sufficiently, when mixing is initiated. Therefore, there:

- should be enough void space in the mixer aﬁcr 1t IS charged with the
mﬂred:entq wr e et . s

- The shear [orce produces mmemmt of pamcles This is accompa-
nicd by expansion-of powdm BéE. The stress mduces the movement of
particles 1n three dll‘CCthﬂS ~This turbulent movement of particles can -

achieve randomization.- If the forces are madequate pamcle agglomer-
ates move together leadmg to poor mixing.

kiRl |

Mixing is expected to produce random distribution of particles. It

depends on the probability that an event happens in a gwen time. ﬁhe
- law of mixing appears to follow a hrst order. - | s _

/ M= (1 - - )

where Al = degree of m:\mg aﬁer tlme 4
= time, G R / b
A and k = constants AR Gl

L - i : i ' L
: L
' 2 ol i i 1
X b o - . | L i
=

The censt'mts A and K depemi on the mlxer geometry, physnca] char-
acteristics of the pewders and pmpqrtion of the matenal bemg mixed. o

lmt:ally the rate of mixing ‘is rapid. At a later stage the rate
decreases. ' Since the rate process is first order. (asymptotic), perfect
mixing 1s not attainable, i.e., it takes infinite time. Empirically the best

mixing time would be 30 to 35 minutes. Once the dESll‘Ld mlxture has
been achlweJ the procL”'B""s"Tl‘"“"Td‘be atepped A

Once m:\mg 1S ‘;lopped the blend should exist in qtatle*equlhbnum

Subsequent h'1;1d11ng of the mixture should be so as not to disturb the
static cquilibrium,

*I""
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DEGREE OF MIXING AND STATISTICAL EVALUATION

Degree of mixing is also known as degree of homogencity. After
mixing, the best possible degree of mixing can be achieved provided
‘each partlcle moves freely to every spot of the equipment. It requires
the movement of particles in lh.ree__dquctlons. The degree of mixing
must be ‘considered for the purpose of economics. Time of mixing
should be long enough to obtain an acceptable randomisation.

i
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[t will be hea-rly- identical in qompoéitioh to all other ordered'units in thle_i
mix. ' | |

Ordered mlxmg probably yields the closest situation of the perfect
mix. This can be achieved by a number of ways. -

(1) Mechanical means of ordered ‘mixing : 'The mass of each
ingredient is- dmded and recombined a number of times in the powdered
bed (Figure 8-2). The smaller the units, the more uniform' the mix.
Since no particulate adhesion is present, segregatnon of the mix easily
takes place on furthcr handlmg '

Ideal Mixing or Perfect Mixing

As illustrated by equation (1), the mixing process will never yield an
ideal or perfect mixture. Ideal degree of mixing is represented
schematically in Figure 8-la by a chessboard with black and white

squares representing two components (equal quantities). It indicates that B ARy . -
each particle of one component is lying nearly adjacent to a particle of ' "
- another component.  In practice, degree of mixing is indicated by its e i
standard deviation. ‘ Divide:1 A
HEREE G mumnanf&m ! _
BOEAN- S IR
1 pel Rd RGP S
YESEcEGE @éllw"ﬁlﬂ-:ll
A RR KA R DY |_an) Bl
& 7 < el L kT Combine-2
[ a R o
| .fi*!ir"ﬂiii‘h ai-wéﬁ:'ﬂliiﬂ g3 i g ¥
(a) Perfect mix ~  (b) Randomized mix o -
Figure 8-1. Types of binary mixtures. :
. iy

Acceptable Mixing

Since perfect mixing can not be achieved, othcr alternatives for

obtaining an acceptable mix must be considered. Combine-3

Random mixing : It 1s indicated by random distribution of particles
as shown in Figure 8-1b. Random mixing mcans same ratio of compo-
nents in the entire mixture. Artificial randomization in the Figure 8-1b
is based on random numbers in statistica! tables. However, it should be
noted that the use of random motion to achieve random distribution
assumes that no other factor influences the distribution. This is rarely

the casc. Instcad a number of properties of the powders being mixed
influence. '[hlS approach to randomness |

TS

Figure 8-2. Ordered mechanical mixing.,

(2) Adhesion means of ordered mixing: These forces of particles
‘may create ordered units of nearly identical composition depending on
the process (Figure 8-3a). Partial solubilisation or the use of a binding
agent during wet granulation appmxxmates the aame eff'ect as shown in
Figure 8133 T

Ordered mixing : Ordered mixing is described as the use of me-
chanical, adhesional and coating forces. Ordered units in the mix should
be such that ordered unit will be the smallest possible sample to the mix.




206 | | PHARMACEUTICAL ENGINEERING Chis M,X,NG 3 | . 207

Idc.ally, the degree of mlxml, ‘begins rapldly up to a partrcular level
and slows down gradually. Uniform degree of mixing can be resulted by ~

(3) Co'lfmﬂ means of orderul mixing: Particles in an ;1ssunblagu
may also be coated with other ingredients to give an ordered mix cither

as individual or coated particle agglomerates (Figure 8-3D). Eiil continuing mixing for. some more time. The practlcal def'mtron of
miking uniformity is selected to relate as closely as ‘possible to the
O O desired properties of the mix. The samplmg techmque largely deter— |
O O ‘Adhesion mines the validity and mterpretatlon of' the derived M1 ey
O, | - ' ' |||l|§ _ , . ;
'q) 0 Solubilisation - Statistical Parameters

The analysrs of samples bcfore and aﬂer mrxmg provrdes mformatron
about the degree of mixing. Solid mixing with some kind of tracer

material is used for easy analysis. Some important methods' of analysis

Adhesion are the particle size distribution and the: assay procedures for drfferent
—_— ingredients i in the sample. gl )
Binding , e
agent Arithmetic mean : The mean (assay value'or srze dlstrrbutron analy-
e B , i S st g srs) value .of a group of random samples is a’ measure ‘of the central
) iy i | O’detrer:;’;,:et tendency of the batch population. The arrthmetlc mean rs espressed as.'
3gglo . T
or granule s e y N
(a) Adhesion rithmetic mean, y .‘Z'-T?- VAR (2)

Taking a number of' samples (n) the true mewn, y, 1S estimated.

Mean may be attributed to concentratron of a component or pamcle S1Ze
of a particular component. e

Standard deviation : The spread of dispersion of individual samples
is important, because it is impracticable to obtain the same true mean for

the same product mix obtained by another lot or .by another mixer.
Therefore standard deviation is used. It is expressed as:

. Ordered-unit
single coated
- particle

E(P y)
. (n 1)

~ Variance, which is a square term of standard devratron can also be
used for characterisation of powder mix.: Standard devratron Is applrca—
ble for a specific material and a spe01f' Cixer, ki il

Standard deviation, o =

1, (3)

O

. |
¥
b
;I .

.. Coatir
Coating __;M_.__}

Particle

Ordered-unit
single coated
particle

Mixing of pharmaceutxcal powders, should be contmued untll the
amount of the active drug that is required in a dose is' within £3 SD

units of that found by assay in a representative number of sample doses

To achieve this ObJEClWE': n should be large. Thxs 18 gossrble by rmllmg
the ingredients to fineness. . _ |

(b) Coating'

F:gure 8-3. Ordered mrxmg based on the
“principles of (a) adhesion and (b) coating. i

i
¥ T
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Relative standard deviation : One may follow the mixing operation

in“a given process by plotting the standard deviations as a function of
time. The relative standard deviation (RSD) should replace the standard

deviation as a measure of sample uniformity, which is expressed as:

Percent relative standard ~ Standard deviation (o)

- deviation (RSD) T R T 100 (9)

Equatj_on (4) 1s useful tor comparing the efficiency of two or more
mixing--._Operations or different sample sizes or different compositions.

Mixing Indices

The selcction of a mixer depends on the mixing index or degree of
mixing. The above mentioned statistical parameters are useful for
evaluating the mixing indices.

Mixing index involves thc comparison of standard deviation of sam-
ple of a mixture under study with the estimated standard deviation of' a,
completely random mixture.

Mixing index is expressed by Lacey. Two of them are:

standard deviation ',
of random blend OR
M:xu. mdez M =_— = (3)
standard deviation of o -
the sample blend

Op — O

Mixing index, M = ———— SO (5L

Op — OR
where op = standard deviation of unmixed powder.

The ratio will be less than 1. The higher the M value, the greater the

homogene;ty Equations (5) and (6) are used to determine homogeneity
in a2 mixture dependmg on the objectives at hand. The selection of a

particular equation is essential when the mechanism of mixing is being
Results of practical use can be achieved by using statistical analysis.

"The. differences may indicate poor or inadequate sampling, ihappro-' _

priate mixing operation, improper handling: of the powder sample
unsultabihty of the mixer, operational conditions etc.:

Before mixing has begun, the material in the mixer exists in two
layers, one of which contains no tracer material and one of which is
tracer only Under these conditions, the standard dewat:on at zero time

(0p) may be expressed as:

£

Ch-§ MIXING . obs
o = Va(l - %), | _ (7)
where  « = overall fraction of tracer in the nliﬁtufg,""

Statistical Evaluation

Mixer selection depends on the degree of mixing of lhc powdu In
the tinal product. The procedure involves sgmplmg and dnal) sis. The

sequence of steps involved in the cvaluation of the dcg_.,rcc of mmng or
degree of homogeneity is given in the Tab]c o EOL IR S I IO S

\',l [}

Thevobjectives have been specified in the Tablt, 8 l Thc samplmg

technique largely dLlCI‘ITlmL—..: thc vahdlly and mtcrprctalmn of the=de-+
rived mix. i |

Criteria of sampling :- While sampling a bed of powder, there
should be assurance that the bcd is sampled uniformly. It is assumed that
the powder bed consists of a "trumber of zones. Within ecach zone the
composition is umtorm but among zones, the composition is diffcrents

“Therefore, method ofﬁamplnw 15 very 1mportant For this' purposc, two

LOI‘lCLplb arc :mport'mt - R

Scale of.s'cqrcqanmr - 1t is a function. of size of the zone. It assumes
that zones are having uniform bed, but dlifcrmg In cc}mposmon Good
mixing should yield morc number of zones with small size. “Then, the
samplc reflects the truc charactc,r of the powder bed.

Intensity of segregation It is a functlon of composition dlffcrcnces

among zones. Gencerally the process of mmng, tends to reduce the
intensity ofscs,n,gmmn o

Sample size guidelines : The number of samplcs required should be
not less than 20, prefembly 30 and more ideally 100. Analysis of these

samples is time consuming and ILdIOUS ’Ihcrefore cconomlc consndcra-
tions suggest 20 samples., | 8 dirn b

Random sampling is the xmthod of cholce for studlcs Sample size,
in most cases, should approximate the unit dose sxzc ofthe ﬁnal product.,

Collection of samples : Some golden rules of samplmg are
S powdn,r should be sampled whcn 1t R m molxon

2. The whoie of the stream of powder should be laken for many

short increments of time in preference to a part of thc stream
taken for the whole time. |

J
L]

Sampling after completion of the mixing. * * v
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ey , e - ,_ Some times, powdcr samplc cannot be *;ampln.d from a movmg
Statistical Eval.u;tiér.l Procedure for the o— R { the b Wl
K PN Blending or Mixing of Powders (1) conﬁs,uratlon of the mixer — for cxample thc shapc 0 HL,, 0
PO L P 5. TN N . o I i Kol T SRS i T R A does not lend itself to dumpmg
_Objemm | (2) size of the batch - large volumcs are not conducwe 10 mutme
l. To compare the efficiency of two or more miking operations. transfer from the blender to drum or larger collectorS
; _;Z ;zﬁotir:h::hrf:\f:i{:t';rf){::i 1:::‘]0;”10“ Lot (3) possibility of mixture segregation bmsmg tl"nt.. sample.
4. 'lu optimise processing parameters. Therefore, it s 'ﬂways prcterdblc to collect the samplc once mixing is

5. flu investigate the mechanism of mixing in a given piece of equipment. completad ) o T e R VPR by L SRR _‘: __ - |
; Sample size guidelines: (a) Random sampling B yu® Mcthod of cellcctmg qamplcs P 'S'd":t‘tb'lcs should be collected at

(b) Number of samples sclected points or scrially as the powder 1S dlscharg,ed from lhe mmcr

Two types of sampling methods are adopted.

" (1) Scoop sampling of the bulk mixture
(2) Thief probmg of'lhu bulk mmturc

Number of samples: Required —- 30: Ideal — 100:
" [:conomical sampling --- 20 (preferred). .

0

ly a unit dose of the final product.

Sample collection:  (a) At different intervals when the blend is in motion.

- Scoop sample : This method has some drawbacks. (A) Surtacc layer
(b) Atlter blending is completed (preferred).

~  sample may represent scgregated mixturef (B) Samples can not be

cemoved from thie bottom and mlddlc of the bl-...ndu or contdmu
)

Thizf probe : This method has some dmwbacl\s (1) Durmg:, mmplmg,
some compaction takes plpce around the thief. j(n) As the th.-:,t
inserted in the powder bed, it carries 1m1tcr:al ’rrom the sude.c:.. of tm..'

mixture down into the mixture. v e | :

S_amplg_ utilization: (a) Scooping sampling
- o (b)Y Thiet probing (preferred)

Sampling methods: (a) Returning the sample to, the bulk, for example,

- after completion of purticle size analvsis (non-
destructive evaluation). "

(b) Not returning the sample to the bulk, for example,

due to solubilisation for assay pl‘OLLdUI'L. (destruc-
tive mcthod)

i Thief -probe is preferred over the scoop, be cause samplc.:, can’ be
taken from deep within the; powder bud and a fair degree of random

achieved.
Statistical Analysis sampling cari*be ¢

o

Samp!e utilization : If the method of analyms IS, non-dcstructwc for
example, particle size analysis, the sample can be retU‘rned to the mixture
after analysis. If the methed 1S destructwe for example assay, the

sample can not be returned.

— Determination of arithmetic mean and standard dwmt:on of lhe ran-
domly mixed samplc (standard).

o Determination of arithmetic mean and standard ‘deviation of the un- °
mixed blend of sample (mmal stage).

~ Determination of arithmetic mcan and standard dev:at:on of thc sample
after blending (test sample).

~ Comparing mean values (sample) with target value (true mean).

~ If they are comparable, standard deviation should be calculated (indi-

cates uniformity of the sample) High standard deviation indicates |LSS
:j_umf'ormlty

Analysus of data : Sevem[ statistical parameters and mmng indices
are calculated. The comparison of the mean value of the sample under
analysis and the target value. [f the mean value of the sample under
analysis is on or near the target value, calculation of the standard
deviation (and or vanance) will give an indication of the umformxty of

—~ Determination of mlxtng indices.’ the Sample Othcr dt.,tdﬂs are glven in the Tablc 8- l

Rl
¢ h

~ Scattering of sample abnut mean or standard dcviation (plot. of standard
deviation vs. time).

)

— Accuracy and prcc:smn asscssments of these estimates.

m
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ACTORS INFLUENCING MIXING '

‘f-A Pamc!e ﬂfld powder characteristics influence the mixing process.,
44 at 1bi 1v 1 i o e T -
ggregation inhibits proper mixing. Fherefore, higher shearing forces
_a_‘__'efl_?Pp_hc_d. Hence, correct mixing of one component does not imply
good mixing of other components. Therefore, adding dye to the mixture

s often mlsleading._ The dye may not aggregate, but active substance
may aggregate. | | ' |

| A single factor can in no way be considered as a unique indication of

tant consrdc_ratlo_n which is again influenced by a number of factors

j ' ' h ¢ y e I

i{tgrgofthcsurfau : Rough surface of onc of the components
docrs not induce satisfactory miXing. This can be due to the entryv of
active substance into the pores of the other Ingredients. #

- . S S e =8
2 '..-_‘“‘-:w,_iﬁ?.!!"“'.- -5
o i Sl .

Adding a substance, which will be adsorbed on iis surface, can
~decrease aggregation.  Example. is the addition of aerosil (colloidal *

silicon dioxide) t.ow. Thus, a strongly aggregating zinc oxide
becomes a fine dusting powder, which can be mixed easily.

Density of t icles ' : : - Ry
Jensity of the particles : It is of minor importance. Demixing is

: S e i

acceierated ‘Wwhen the density of the smaller particles is higher or when

S L
i '-.u_..._,.i B v L e

......

the m?xmg process is stopped abruptly. This is due to the fict that densc
material always moves downward and settles at the bottom.

; “Pjg_g_lg_—l_,c-__—-SIZ.e : ItlS €asy 1o mix itwo powders having approximately
the same particle size. The variation of particle size can lead to
separation, because the small particles move downward through the
spaces Petween‘th_e bigger particles. As the particle size increases, flow |
properties also increase due to the influence of gravitational force on the
S zt;l %eyond a p'amc_..u‘lar point, flow property decreases. The powders
wit ‘a'mean particle size of less than 100 pm are free flowing, which
facilitates mixing. - ' ’

PUIEE;E of uniform mixing. The irregular shapes can become inter-
lockc.-- and there are less chances of separation of particles once these
are mixed together. T P L S

“Particle shape : The ideal particle is spherical in shape for the '

"'*ﬁp;a-.!‘-!—l—gli@f"i'g'ﬂﬂlg‘-": Some particles exert attractive forces due to clec— M
trostatic charges on them. This can lead to separation or segregation. ¥

.__PEEBEEEQ*_'}.__.QI.m_.a.tcpials + The best results can be obfained if two
~powders are mixed in equal proportion by - weight and by volume. /If

{
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there is a large difference in .thc_ propo‘r_:t_i.gn- of two powders, mixing%mis
always done in the ascending order of th(:_ir Iweights.
The fundamental aspects of the particles and powders are discussed

“in the Texthook of Physical *Pharmaceutics by C. V.5, S_ub;ghmanygm
~(Vallabh Prakashan, Delhi). R TR g RS B e
;C,L'ASSIFICATION* OF EQUIPMENT FOR SOL}DS _MIXING
; flow. Pr?pﬂcmcs q_lf' ‘the 'géxvders,}'.,_‘ap;ﬁ:fpzpriatct mixer _

. Basced on thie
should be selected.
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Based on the scale of mixing, mixing equigment may be classified as

given in Table 8-20

_ St ‘Classification of Mixing Equipment

g .

S.No. Nature of mixer .. Examples  Mechanism of mixing

A - -Batch'type

“Trituration
"f Small_sculc . L

. Mortar and p'ésll'c

Double cone blender,  Tumbling action |

%; Tumbling mixers or S}
¥ -E)*lindric-ul mixers Vgommncrs 4 tix o NG ST M }
without mixing blade without baffles Ei oy *j-: .
: -~ Cube blender ' e
3. Tumbling mixer with * V-cone blender with T,umblli‘ng action as well
+/ amixing blade - ‘amixingblade ~  as shearing with blade
Double cone blender & aaar T 1) L SRR
with a mixing blade
g

Stationary shell and

. «+ Ribbon blender __
ﬁ “"rotating blade

Pl ~ | ke ‘F__Sfi_gmu bl.__c__nqhér -
Planctary paddle

4,»”" Static mixers

i

3y, Alr 1nij;_~;ﬂ1.‘5 or ---*F-lUidiSUd mi_};er_ Alr supporlc':_d blcnding
.y;"' -- 1"";:'“1” i , . IN# sy . : ) : ! e o el _I:: T l:.:. LT
= Ce<fluidized nuxers’ T, | s el

L

{i Continuous type
large scalc

s RO_Faling Sh;__lfl_“}vill'l

Barrel type |
- rotating blade

Zigzag type

t P
I-l E "1 I i
/ "
L]
tr.
L
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EQU]PMENT

A mixer that promotes the randomness In mixing, should be selected.

It should also prevent the conditions responsible far segregation. There-
fore, optrmlzatlon of operational conditions is crlllca]

M:xmg Fqulpment—-—-Cntcrm '

I ‘The powder bed may expand suff'c:cntly, therefore, equipment

- should never be filled for more than about 60% SO as to leave
sufficient mixing volume.

4

2..The particles should be subjectcd to movement in three

direc-
. tions. |

The c:h(:.smmm.‘ force should be sufficient 1o prwuu aggregation.

Approprdate mixing mcchamsm should bl. sele ted and allowed
to continue for optlmun time. |

4. There should be no centrlfugal effect, so that
not get separated according to their wmghtq

. [J|

ne forces should not cause breakage of the particles, which
- may brma about demixm;, due to difference

£

S In partlclc size.

0. :The mlxmg, process should be stopped abruptly, because slow or

diminishing forces in one direction might cause demixing. There-
fore handlmg of powdu blend after mixing is equally important.

/ Some mixing equipment are discussed below.

;‘EMBLFRS OR CYLINDRICAL BLENDERS WITH NO MIXING
ADE A Bt

This. is a general class of equxpment meant for'._blending of dry
~powders. The equipment consists of a container of one of the several
geometric form. ‘These are mounted so that it can be rotated about an

axis. These do not have. packing glands (seals) round the shaft. Cubes
or hexagonal cylinders may be rotated in any axis dependmg on the

manufacture (Figure 8-4). Such a cylindrical vessel is not suitable for
mmng smce one-dimensional movement would be obtained.

b el ea—

' | _'_(a) Cylindrical blender.

. (b) Cube blender,
Figure 8-4. Tumbler bienders without agitator blade.

PHARMACEUTICAL ENGINEERINC

the powder does .
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ngf. of 27 dcbrucs 1S good for mixing. Specialirollers arc avai ;ablc

.50 that any vessel can be placed on it at the optimal condition. It is very

handy since the vessel can be used évery'whue'in the process. 'When
mixed, colicsive powders tend to ball up and aggregate.  Therefore,
tumbler type is not suitable. B g IS PR T

The efficiency of a mmblnw mixer hl;_:hly dt.pends on the spccd of
rotation. 1t ‘%hOll]d be critical. |

- (1) Slow rotation - No intense tumblmg, no cascade motion. Not
cnough shear rates is appllcd '

(2) Rapid-rotation — Sufficient ccntnfugal actlon to hold the powder
to the sides of the mixer, more dusting and scuregation of fines
Is possible. '

Ihun.lon., the rate of TOT.:..IIOH «:hould bc, optlmal which dcpcndb on
the size, shape of the tumbler and the nature of r'mtc.nal ;.0 be mixed.
Common range 1s 30 to 100 rpm. i &l

Neither cvlmdncal nor cube mixers are uscd to :a'm‘eat extent in the
mmdustry. For czmplc., blending of dry mixers, V cone and doublc cone
olrndus without baffles are used. The tumbling motion is accentuated
by means of batTles or .swnpt:r by virtue ofthe shape of 1!1;, container.

TWIN SHELL BLENDER OR V COI\E BLFI\DER

The construction of a twin shell blender is shown in Fu_,ure 5. It is
made of either stainless steel or transparent plastic. Smaller modcls take

~a charge of 20 kg and rotate at 35 revolutiony per nmutc whiic Iargcr

ones take a charge of about | tonne and rotate at 15 rwolutlons per
minute. The material is loaded through -either of the shell halcht.s
I“mriym;D ofth:, blend 1s normally done through dn ape;\ poﬂ '

Shell - .

ST Shalt
£ dnve

Figure 8-53.V cone blender. Rotating shetl without baffles.:

~ The malterial (to be blended) is loaded approximately 50 to 60 % of
its total volume. As the blender rotates, the material undergoes tumbling
motton. . When the V is inverted, the material splits into two portions.
“This process of dividing and recombining continuously yields ordered
mixing by mechanical means. The powder mass is converted shock-

!
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WISC. SO that no demixing due 10 density differences will occur. lL 18
rotated so that the material alternatively is collected in the bottom 0'_;,“""

V.

Blender speed is the Key tor mixing efficiency At high speeds., mose

duxlmu or segregation of fines is possible. while at low speeds, not

enough shear may be applied.
'A_d'#'untagés
R blender is suitable because of minimum attrition.
(2)_ They handle large ca'p;wi‘t'ics.
(3) Lasy to clean. load and unload.
(4) This eqmpment requires minumum maintenance.

Disadvdnmgcs

: (l) Twin- shell blender nu.d<; high hr..adspace for
installation. |

(’) It is not suitable tor fine partlculatt. system or mmedlents of

£

large differences in the partlc,lt, size distribution, because not
~enough shear is applied.

(3) If powders are free flowing. serial dilution is required tor the =

additi(m of Iow dose active ingredients.

.-;.r

S
{‘MLF CONE BLENDER

The construction, of a double cone blmdt..r is shown i n Figure 8-6. It
It is an

is usually charged and discharged through the same port.
efficient design for mixing powders of dltlcrent densities. These are
used mostly for small amounts of powders. The rate of rotation should
be optimum dependmg on the size and shape of the tumbler, nature of

material to be mixed. Commonly the range is 30 to 100 revolutions per.

minute. The method remains same as that Qf the V-cone blender.
ST Sheil S Shaft
o | ' 2B drive
. !

-G

Figure 8-6. Double cone blender.
Rotating shell without baffles.

The advantages and disadvantages for double cone blender are same
as given in Twin shell blender (or V cone blender).

.-'\-\.. -'_|
& - ] T % .
PN e =
- el o —
» 1]

: (1) If fragile granules are to be blended, twin shell | =

P

| /ﬂ:ant.wcs :
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TU\]BLH\(, BLENDERS \VlTll AGITATOR MIXING BLADE

The V-cone blender and doublc cone blender with agltator blade
(baFﬂLs) are-shown in Figures 8-7 and 8-8, respectively. The general
construction and working is same as mentioned above. Ag:tator blades
are added which ha\e several advantages. '

Shell

\‘ Agitator blades

Blender shaft drive

_ - Agitatdrr'-shaft_drive“
Figure 8-7. V cone blender. | "
Rotating shell with rotating baftles.

Shell ~ Agitator blades

Blender shaft

Agltator
" shaft drive

5 Ficure 8-8. Double conc blender.
Rt’hlitliﬂﬂ shull with rotating hul‘ﬂc:&. .

o
oF

(1) Batfles are useful tor both wet and dry mixing.

(2) Wide range of shearing force can be apphed w:th agitator barf‘

permitting the intimatc mixing of very ﬁne as well as coarse
powders. i’ ko

(3) Serial di lulmn 1S not necded when n,m.orpor'mnﬂ low-dose '1ctw:: ”
ingredients.

)ﬁfﬁﬁnnmﬂcs : (1) Attrition is larﬂc sue reduction of friable p'll'tl-
cles results. : |

(2) Scale-up can prove a problem, because general prmmples of
scale up do not work.

(3) Cleaning may be a problem, because the agitator assembly must

be removed and the packing should be replaced for a product
changeover. |

&

~ (4) Potential packing (sealing) problems.
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F’hi'lnc:ple "Thc meuhamsm of mixing is shear. ¢
to the powder ! bcd by moving: blades (ribbon s.hapcd) in a fixed (non-

movablc) th]l High shear rates arc effective in breaki ing lumps and.

aggregates. Convective mixing also occurs as the powder bed is hHu.L

and allowed to cascade to the bottom of the contamcr An equilibriun
state of mixing can be achu.vcd/

Constructlon : The construcl:on of a ribbon blender is sihown in
Figure 8-9. It ‘consists of a non- movable horizontal cylindrical trough

(shell) usually open at the top. It is fitted wﬂh two helical blades. which
arc mounted on the same shaft through the long axis of the trough. The

blades have both right and left hand twists. The blades are connected to

a fixed speed drive. Ribbon blender 1s top loading with a bottom

discharge port. The trough can be closed with a lid.

Mi heli
Helical blades el i

Dnve shaft
N« -~ - -

Discharge spout

Side view

Figure 8-9. Ribbon mixer. %1..1[:011;11') slu,ll and rotating blades.

f

Working lthUL,h the fixed speed dmre ril:sbom are 1Ilowed to

‘rotate. One blade moves the s solids slowly in one direction and the other

moves them quickly in opposite direction. Different powders are iritre-
duced from the top of the trough. The body is covered because
considerable dust may be evolved during dry blf:ndm and granulating
solution may evaporaie during wet granulation.

The powders are lifted by a centrally located vertical screv. and
allowed to cascade to the bottom of the container ‘(tumbling action). The
counteracting blades set up high shear and are effective in breaking up
lun’ips or aggregates. Helical blades move the powders. from one end to
another as shown in;.Fi_g_iirL 8-9. The final stage of mix represents an

- equilibrium state. The operating conditions of a given mixcr can mark-

edly effect the steady state ‘and thus the quabty of the mixing. The

+ blend is discharged from the bottom opening.s

L
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‘Uses : Ribbon blender is used to mlx llnely d“"q,&d*ﬁ‘)hd"‘ wet sol 1d

mass, sticky and phqtic solids.. Umform size and density materlal can be
casity mixed. 1t is used for Jiquid-solid and solid-solid mixing.

Advantages : High shear can be applied by using perforated baffles,
&Tych bring about a rubbing and break down amremtas Headroom
requirement is less. ' "

Mﬁntagcs : (1) It is a poor mixer, betause movement of parti-
cles 1s two- dlmensmnal * | W
C,Le_) Shearing action 1S less lhan in planetary mixer.

(3) Dm.a spots  (arcas thm remam unnu\:.dl arg observed m th
mixer, thoueh they are mintmum.

A4) It is having fixed spced drive.”

SIGMA BLADE MIXER

Prmmpk : The mech'mlqm of’ 'nmng is sncqrmg The mter-mc:ﬂlmﬂ
of sigma shaped blades creates high shear and kneading actlons Con-
vective mixing is achieved by mscadmﬂ the mdterml |

Constr m,tm:. : The construction of a sigma blade blcnder 15 shown
in Figurc 8-10. It const%t% of double trough shaped stationary bowl.
Two sigma (mdtcatmn the shape ‘of the Greek letter) shaped blades are

~ fitted horizontally in each trough of the bowl. These are connected to a

fixed speed drive. The mixer is loaded from the top and unloaded by
tilting the eatire bowl by means of a rack- and-plmon drive.:. * . W |

-_].ntermes'hing blade d_esign o A Blades_

C.fos:s-isection AT e i \
B aia b Top View

Direction of rotation Mixing trough

Iigure 8-10. Sigma blade mixcer. Stationary shell and rotating bladces. ./,

Working : Different powders arc introduced from the top of the
trough: The body is covered because considerable dust may be evolved
during dry blending and granulating solution may evaporate during wel

granulation.
_. )
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Through the fixed bpc..cd drive. the sigma blades are allowed to
rotate. - The blades move at different speeds,. one usually about twice the
speed of other, resulting in lateral pulling of the material. They turn
towards each other so that the powders move from the sides to the centre

of the bowl.” The material further moves from the top to downwards -
over the point and then sheared between the blades and the wall of the

trough. Thus cascading action (convective) as well as shear action can
be achicved. The perforated blades help in breaking lumps and ag,;_,rc-—
gates. Thus high shear forces are sct up.- The final* stage' of mnix
represents an equilibrium state. The operating’ “conditions®of a given
mixer can markedly effect the steady state and thus the quality of the
mixing. By means of a rack-and- pmmn drive the bowl is tilted to empty
the blend. '

Uses : Sigma blade mixer is’ commonly used for mixing of dough
ingredients in the baking industry. It is used in wet granulation process In
thc¢ manufacture of tablets, pill masses and ointnents. 1t is pnmar:ly used
for llqund -solid mixmg. althouuh it can be uqed for solid-solid mixing.

Admntaﬂ'es : (l) ngma blade ml\cr (..I'LZHES a mlmmum dead spacce
durm& mixing.

("’) At has close tolumncm bLtWLLn the bladc-s and the side- walla as
" wdl as bottom of the mixer shell.

-
R |

Disadvantage : Sigma blade mixer works at a fixed speed.

£TARY MIXER s AT *

Peinciple : In a planctary mixer, the blade tears the mass apart and
shear is applied between a moving blade and a stationary wall. The
mixing arm moves ‘in two ways, around its own axis and around. the
central axis, so that it reachcs cvery spot of the vessel. The plates in the

blade are sloped so that the powder makes an upward movement.
Thuefore tumblmb (convutwe) motion is also obtamcd '

E

Constructmu . The construction of a plam.tary mixer s shown in
Figure 8-11. It consists of a vertical cylindrical shell, which can be
removed. either by lowering 1t beneath the blade or raising the blade
abow, the bowl. The mixing blade is mounted from the top of the bowl.
The mixing shatt is driven by a planetary gear train, as indicated in the
Figure 8-11. It rotates around the ring gear, which further rotates round
the mixer blade. It is normally built mth a variable speed drive.,

\
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{King : In the planctary mixer. ‘the agitator has a planctary
motfon. It rotates on its own. ﬂzgpd around the central axis' so that it
rcaches all parts. 6f the vessel. "Beater 1s shaped to pass with close
clearance over the side and bottom of the mixing bowl. Therefore,
literally there are no déad spaces in the mixing bowl. The blade tears
the mass apart and shear is applied between the moving blade and the
stationary -wall. The plates in the blade are sloped so that the powder
makes an upw.:ud movement. Therefore, tumbling (convective) motion
-is also obtained. %mu: it is a variable speed driven. initially the blade
moves slowly for premixing and finally at mcreach speed for active

mixing. Thus high shear can be ﬁppllcd for mmng

Planetary -
gear

Beater
- or blade

Shell or bowl _

Figure 8-11 Plnnclm IMINCT.

hnpwmﬂ 1hc bowl may be done b\f hand (scooping ) or by dumpmg

mechanism. _
; ! e ¥ ) . - f o ,-- | g , _ ' .
Afscs ¢ Planetary mixer produces precise blends in addition to break-

i:'r down of avelomerates rapidly. lLow spceds are used for dry blending -
and faster speeds for the kneading action. required in wet granulation.

Steam jacketed bowls are used in.the manuﬁctme of sustauned release
products and ointments.

Manmncs . Speed of the rotmlon can be varlcd at will, so 1t 1s
a(‘hmnlmcous over sigma blade or nbbon tvpe blenders. This is more

uscful for wet granulation process. There are no packing glands in
contact with the product. '

Wtd\ antngcy (1) MLCh'lmCﬂl hc*ﬂ 1S bm]t up mlhm the powder
y. Mix. B
(2) It requires high power.

(3) It has limited size and is useful for batch worg omly i,



227 4 PHARMACEUTICAL I NGIP\'I ERING

"'!.
(S

AIR MIXER OR FLUIDIZED MIXER A

Prmc:plc . The air movement is used for mixing powders. The
powders are mixed in a stationary cvlindrical vessel. Air 1s admitted at
1ts base atran angle. This gives tumbling action and spiral movements to
the powder. Thus mixing is achieved.

~ The construction and working of an air mixer or fluidised mixer
rcmams same as shown m ﬂuxdnsed br.,d drwr in thc Chapter Drying.

Advantagcs All’ mxxer shortens the mmng time. [t 1s usctul as a

through—oytput Mixing -is intimate and t.tllut,nt It is also used for wet
granulation in tablets. With additionat attachments, this equipment is
useful for mixing, wet massing and drying in the wet granulation method.

This mcthod 1s also used for coatmg;, with some modifications.

" BARREL TYPE CONTINUOUS wxr:n

Principle : [n a barrel type contmuous mixer, the rotating shell keeps
the material under tumbling motion. The presmu. of baftles turther
enhances the mixing. ziclion" When the material apploach the mid-point

of the shell, another set of baffles causes part of the material to move
towards the diregtion of inlet ond, allowing the remaining part 1o move
forward. Such a mechanism provides intense mixing of ingredients.
This process continues up to discharge end, where another sct of bafties

guide the material to the dis charge port. The blended material at an-

equilibrivm state overflows irom the dlscnfng__,a, end.

Lonstruction : The construction of a barrel type mixer is shown in
Figure 8-12. It resembles a large cement mixer. Batfles are fitted, to_the
inner surface of the shell. The shell is fixed to a shaft, which is allowed

h
Wi
o
L FULAE] .

Direction of matenal .  Material inlet

Mixer 5hell

Mixer baffles

Mixed-matenal
discharge

Figure 8-12. Construction of barrel type continuous mixer.
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to rotate using clectric power. Side Openmﬂ% are prowdcd on each side
for charging and dlqt.h'ug,mﬂ of materials.

Working : The mixer is allowed to rotate. Along with it the baffles
also rotate. The ingredients are introduced into the shell through the
inlet. They begin moving towards the opposite end of the blender due to
tumbling action. Baffles further enhance the mixing. As the material
approaches the mid-point of the mixer shell. the baffles are 5o posmoned |
to cause the lCt,db’lCl\ of part of the m'lterml in the direction of the Inlet=
end. The movcmemb are. shown in Figure 8-12 using arrow markings.
The feedback action continues up to the discharge end? where another
set of baffles guides the material to the discharge port. The overflow of
material causes the blended solids to discharge. Since charging and
Lll..ui.hd!‘.’.{lli” are simultaneously done. the process becoines continuous.

ZIGZAG CONTINUOUS BLENIYER

Principle : Zigzag continuous blender is a rotating shel] type having
several V shaped blenders connected tn series.* The material undergoes
tumbling motion.  When the ‘¥ section 1s mxerted the material splits
into two portions; one-half of material moves. backward (into the preced-
ing section). while another-hall’ ¢f material moves forward. Due to
inclined axis of the shell towards the discharged end, the material rfet:,u

discharged. As the tirst V section clears the charge, a ﬁe:uh feed enters.
Thus, it is used for continuous blending of solids.

Construction : The construction of a zigzag continuous blender is
shown in Figure 8-13. The shell takes the shape of scveral V shaped

Inlet hopper- mgredlents
metered in - ;

Rotating shell

Discharge

360° rotation

Ficure 8-13. Construction of zigzag continuous blender.
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1

blenders connected in series. A chamber for charging is attached to one

-~ end of the shell. The other end allows the dlsc.!mry. of material. The

shell is inclined towards the discharge end..’

4

Workmg A single pre-weighed charge is mtroduccd into the charge
chamber, As the shell rotates, at one particular angle (Figure 8-13) a
metcred materlal enters the V- -shaped section by gravity.  With each
rotation, onc-ha?l’ of the blend material moves downward back to the
prcccdmg leg and anothcr-lmlt of the material moves forward to the next

leg of the blender. ln each 1‘0121110[‘1 a p..m of thc matcr:..il mow..s tow'lrds
the dlscharg,e end. '

d.s the hrst charé,c clear‘; thc first V section. which may take onl) a

fe‘w ‘minutes, the next charge is added. The uniformity of blendma
depends on the flow propertics of the ingredients. i

Glossary of Symbols
A = Constant. |
~a = Overall fraction of tracer in the mixture.
t = Time, min.
-k = Constant.
‘M = Degree of mixing or mixing index at time, 1.
= Number of samples. s il s Mg Sy
RSD - Relative standard deviation,
o = Standard deviation '
ap = “Standard deviation of unmixed powdecr. '
or = Standard deviation of random blend. .
y = Arithmetic mcan (particie size or concentration). |
3y = True mcan of the standard.
y;i = The value of a given sample.

T s

'QUESTION BANK
Each qucstmn carries 2 marks
Mmlmn lhn, cquipment used for solid-solid m;\mg,

2. List the cquipment used for powder mining in pharmaccutical industry.

Each question carries’S marks .

F\piam the uorklm. of a mier used for mixtng dry powders before
granulalmn

2. Lxplain the construction and working of a ribbon blender tor mixing solids.

3. Draw the neat sketeh of the sigma blade blender and give its working.

Each question carries 10 marks

v

1. Describe the equipment for solid-solid mixing of pharmacecutical materials.
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Sectlan Il—-—-MIXING OF LIQUIDS

h.l.ﬂ"'"" R B M o 1 e T

Mechanisms of Mtxmg - o
Mixing Vessels or Tanks ' |
Mixing Devices — Flow Pattern : | . :
Mixing Equipment -

"quuld liquid mixing is considered as a simple operation compared to
that of solid-liquid mixing. Zt involves the formation of a homogeneous
system. Similar to solid-solid mixing, fluid (or liquid) mixing also
involves the application of shear. Agitation and mixing are not sy nony-
MOus.

Agitation refers to the indueced motion ofra material in a sp:..uﬁed
way. usually in'a cwcu'atorv pattern. inside a container.

jﬁ\[zxfnq refers to the random dlStI‘lbUtiOl’l into or through one another '

e
§ ,.-ﬂ"‘

of two or more separate phasess

The nature of llqmds mainly determines the ease of mixing C’\ccord-

ing to theories of solutions, lquId mixtures are classifred as follows.!—~
NA’(I‘::)f,cable liquids : Th ¢ are muscible in all proportions. For

P

example, ethyl alcohol and water are miscible in all,prg,portmns These

e T ey SR A ST
il Il L T

liquids can “be mixed easily by employing the mcch;mnsmsh of bulk
transport and shear. Cosmefics (dfter-shave lotion). cjll:ms ctc.. belong
to this class. | | *

(2} Partially miscibl 'quids : Thése are miscible-in-one-anether at
one pamcular proportion. Their mlsc1b1hty depends or} Mpeﬂﬂg and
pressure.” For example, p-cresol and_w 1 ’

fectant solutmns

. proportlon Mixing poses certain dlfﬁculttes In the prezparatmn of disin-

(3/)/ lm-w;ds : As the name indicates, thes,e are not misci-
ble. For example,. vegetable oils"and water are not miscible or thelr

miscibility. is. very:-low." Normally, they - form emulsions. - ‘Mixing ‘of

these liquids is very difficult. - A homogeneous dtSpersxon may. 135

obtained by adding emuls:fymg agents anﬁ‘_’thcm requnrcs high shea

The mixing of immiscible liquids is discussed as a separate scction.
In pharmacy, one of the liquids normally ‘used i1s water. A numbet”of
solid and liquid ingredients are added in the formulation of dosage forms.

anud on the shear stress- shcar rate relationship, flvids are classified as -

r ¥

f
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Newtoman and non-Newtonian systems. .
“tics of the fluids have been discussed in the Textbook of Physical”

Ph maceuncs by C.V. D Subrahmanyam (Vallabh Prakashan, Delhi).
/Z

lications of Liquid Mwmg
anu:d mixing promotes heat transfer between hqmd and a heating .

sourc

Uniform heat transfer in the solution yields crystals of same size. [or
example agitated batch crystallizer works on this principle.

L

dosage forms. Some of them are listed below.

I itesihetttulhis . ————— A

J Suspensions Solid-liquid Calamine lotion
Fmulsions ~ Liquid-liquid Benzyl benzoate

J (immiscible) emulsion
ﬁSOlUIiOﬁS Soluble solid-liquid B Comlple;g_gwe!j.gir
fge}ullons Soluble liquid-liquid Alcohol-water (clixir)
L f b - Chloroform-water

' " | (preservative)
i Aerbso[s i - Liquid-gas Salbutamol inhaler

,,,,,

B

Tu

& l'eb

are used, Wthh moves s the material in different dlrectlons -

| fwumLhe :,ystem

I _ A Y

J |
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The general flow characteris-

e. This step is essential in the crystallization of drug substances.

iquid mixing process is essential in the manufacture of a number of

Preparations Phases mixing Examples Y

.

MECHAN!SMS OF-VHXING

The mecha;nsms of liquid mixing can be studied under four elasses.
They are:

Bqu transport is defined as the movement of a large portion of a
+ material from one location to another location in a ‘given system. /

For this purpoqe mlxmg devices such as rotatmg blades and paddl

n-t-l-' e —

LT

_‘N“'\_—w

T
-

bulent nt Mixing » - . ;
VTuebulent mixing is defined as m1x1ng due 19__ turbu\lggﬁﬂw W‘hlch
s in_random ﬂuctuatlon of the fluid veloc:lty at/agy’_gwomt {:-:!

|

".Bulk transport |
Turbulent mixing e ;
, Laminar mixing i
;, Molecular diffusion o
k Trauo;'t | Ml i, o b

"in one direction depending on the dominaft component.
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In-the turbulent flow, fluid velocity at a given point fluctuates
continuously in three Qu‘eetxons x, y and z.) However, the liquid moves

In general, the
liquid has difterent velocities at difterent locations at the same tu’ne

ATurbulent ﬂow isa hlghl)____eftecme mechamsmfer_m] ung. Turbu-
lent flowcan b 1 as a composite of eddles of various sizes. An eddy
1s_defined as a portien of fluid mow__ng as a wil In a dli‘CCthI‘l { Large

cddies tend to break up forming eddies of smaller size, until t 71{:3/ are no
longer distinguishable. An addltmnal characteristic of turbulent flow is

its itensity, waich is related to the velocities with which eddies move,

L.ammar '\rhunfr :

._...—..-.-.-—l-—

Luninar _ixing the  mixing 1wo dissimi Te

laminar tlow, 1.c., the ag ltui shear strefches the mterfa "

In this mechanism, laygs_fold _back upon_themselves. Thus the
number of layers increasesg Henc . the interfacial a"ed between them
also incrcases exponentially with time. Mixing may also result in simple
stretching of the fluid layers without any significant folding action. This

w—r—"‘*"'"\
'1‘; also sunab]c for liquids, which require moderaae mmnﬁ

'Sthh'

between the

Molecular Djffu:,_m_rf‘

Q:fofecu ar d{fﬁzs:on is the mn:mg at molecular level :n which mol-
ecules dlffuse due to thermal motmn

BRI TR

Molecu_lar"dlffus:on is explained by lhe _Flck s law, which depends on
the concentration gradient at di ,ﬁ__erent Tegions.j# The concentration gradi-
ith time and 1t reaches.zero when mixing is completé}

ent decreases W

1.e., equilibrium condition. When molecular diffusion and laminar flow
occur simultaneously, molecular diffusion reduces the sharp
discontinuities at the mterface between the two ]ayersf

Slmultaneously more than one mechamsm may operate during mix-

mg
M XING VESSELS

The mixing apparatus consists of a container (tank) and a mixing

devite. 'Ihese are assembled and used for a batch process. e:k%ﬂl

he MIXIng tank or-container—is—shown_in Figure8=14

alorg-with ¢ eCeSSOres TEqUired 0T T A mixing device is

nlled impsller, Wthh s mounted with the heip of a shaft. The shaft is
driven by a motor.

- = - F = b

L
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| ‘ | MIXING DEVICES—FLOW PATTERN

k M"E“” TR i L S | | Mixing devices are uscd to supp]y encrgy to the system so long as to

. eyn 4 bring about reasonably rapld mixing. Flow currcnts are responsible for

Inlet -» _ o ; ah 1ran5pomnw ‘unmixed materials to the mixing zone. l

v ‘ Mixing .devices. are.technically..called~as“impellers. . Impellers are

' classified on the basis of the shape ard pltCh of the blades that are

attached to the central shaft. * Three main types of lmpcllcrs are used
namely, propellers turbmcs and paddles. These are dlscuqsed below

-.-——..Jacket'!

- Baffle

g R e i SR L PR P

"//P’ror rs A - y _
| ropeller normalluntams a number of blades (Figure 8-15). A

- — oo,

three bladed design 1s the mosm for l}quids. The marinc type
pro stopeller is similar to the blades of a table fan or a cmlmg fan.

- Impeller

:_1.-:1). ‘
! g

outlet, 7 ,'*_

-
Twisted
 blade

anul/s I4. Mixing vesscl or tank.

The tank is made up of stamless steel. The top, of the tank may be
open or closcd [t is constructed with tank diameter to liquid height
ratio of 1:1, The.size of the tank depends on the nature of thcﬂgﬁa_t!_Q.D..
metlﬁe tank bottom is. rounded (not ﬂat}to cllmfnate sharp corners’
or regions into which fluid would pcnetrate [t also carries an cmtht

coils, jackets, tcmpcraturc measuring device etc., ;.Bllerever necessary.

Baffles : Contamers can' be .either baffled unbaffled. Baftled
containers are those in which metal strlps"(bafﬂes) are plagcﬂ_mmwlly
to the internal_surface. When bulk transport is important in mixing, -~

(a) Side wew | -~ - (b) Top view

L)

Figure 8-15. Propullu Iype of mmng dw:ccs A three hhdcd design.

O

_ &mpellcrs may be either rxght or left handed, depending on the
direction of slant of their blades.)) Four bladed or toothed or similar design
propellers are used for special.purposes. In a deep tank, push-pull
propeller 15 used in which two or more propellers may be attached to the
same shaft. These work in opposite directions to create a zone of high

turbulence. (1 he size of the propeller is small, i.e., the ratio of d:amcters

baffles are used. These are particularly desirable in the initial stages of :"m‘“e"-” [;;qgeller a?d ‘;Gmamefr____ﬁ__wm for low viscous
mixing when segregation 1s present on a farge scale. ~Baffles facilitate - qma owe;crs 0"” arww of 0. 0.5 _metres
intermingiing of the liquids even from remote regions of the mixer. propeller lsllﬁiiﬁ Wﬂ at full motor Speed up to 8000
revolutions per minute, —
In most of the cases four baffles are sufficient. Even one or two e

ropeller producwl,(longitudnnal) movement of the hg 1d.
The flow <urrents leaving the propeller continue through the liquid in a

siven direction until deflected by the floor or wall of the Iank

baffles provide a strong effect on mixing. The widthof the baffle may
be from Mjﬂ‘_ﬁf the tank diameter.~ If solids are preyf in the
liquid to be mixed, the baffles are fixed with a gap of about L2
.mllhmet;___getween the baffle and the tank surface. "~ y = F

The above discussion includes containers in which the liquids move.

‘In some cases, the container, itself moves to mix the liquids. One
| .example is shraxer mixer scﬂlatory movement is applicable on a small
scale whereas rotary movement is applicable on a large scale. ~ Shaker

mixers are rarely used in pharrhaty. /

./Uses . Propellers are used when hlgh mixing ca pacny 1s neaded.
These are cffective In handlmg liquids having a maximum v:seosuy of

about 2.0 pascals-second and slurries up to 10% solids of fine mesh size.
They can be used uptQ 3.5 metre cube (or 3500 litres). Effective gas-

liquid dispersion is possible at the laboratory scale. Multivitamin elixir,
disinfectant solutions are manufactured using propellers.
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Disadvantage : Propellers are not normally effective with liquids of
.viscosity greater than 5 pascalsecond, for example, glycerin, castor- oil

etc. ‘(p.

/{ urbines T -y
A turbine consists of a cnrcular disc to whwh a number of short

f"__-r\.--i-r-

_blades‘ are at taﬁw “The diameter of the turbine ranges

fro 0-50 percent of the diameter of the vessel, It rotates at a lower

sgggit\lmn propeller (50-200 revolutions per minute). anferentTorms of
terbines are sm 8-16. The bladgs_nmy_lm_sxmgln,&gm

pltched or vertical.- . _ 1

Circular diﬁt :\“
- | '* B[ad& . _ Shaft
Top view Sld&_ view -

(u)- General assemb:y df bladc disc turbine or flat bladed turbine.

Open straight Vertical curved Pitcﬁed blade
blade turbine blade turbine turbine

~(b) Various types of turbines

s FI“UI’E 8-16 Turbmc impeller (or mixing elemcnt)

A ﬂat bladed turbine g . . dlal and t ,Q_yy,' but as

speed Increases, radial flow dominates. 4‘}_ rpltqbed Wuro-

Pitch 1s deﬁne as the distance lhﬂ impeller would moye thr uah

TR it

| ﬂuzd per rev olutmn 1f sthgc "docs not occur.

“Near the impeller, the zone of' rapld currents, high turbulencc and
mtcnse shear is observed. The shear produced by turbines can be further
enhanced using a diffuser ring. A diffuser ring is a stationary nerforated

Ch-8  MIXING g | 231

or slotted ring, which surrounds the turbine. It i'ncre'ascs shear forcgs.

The liquid passes through the perforations reducing rotatlonal swxrlmg
and vortexing. enpbesr L ot T -

'’

_ \/Uscs . Turbines are cffective for high viscous solutions with' a very

wide range of viscosities upto 2,00 pascal-seconds. A few examples are
syrups, liquid paraffin, glycerin ete. In low viscosity materials of large

volumes, turbines generate strong currents (intense shear) which spread

throughout the Tank debtroymg stagnant pockets. They can handle
slurrics with 060%_solids. Turbines are suitable for liquids of large-~-

M’f"“‘
volume and Tigh viscosity, if the tank is baffled. .

Advantages : Turbines give ‘greater shearing forces-—- than propellers,
though the pumping rate 1s leqs - Therefore, turbines are suitable for
cmulsmcatmn hadlk ' ' |

//ddlcs

/A paddle consists_of a

attached to it vcmcallv Tigure 8-17). y¥ e

' flat blade

.}:{u'b.
(a) Side view | (b) Top view

I-:gure 8-17. Paddlc Wp:, of ag:tator or lmpt.llcr

\ddles with two bladcs or four mmon. Somctlmes the

blades are pitched. In some paddles, the‘blades are dlshed or_hemi-
spherical in shape and have a large surface area in relation to the tank in

which they are used. Because of this shape, paddles pass close'to the

tank walls and etfectwely hix VISCOUS llgulds avoxdug,dcadspms_a,nd
dcpos ldb

A shaft carrying hub-blades rotates at a low smcdgj_,the_mdgr,aﬂ\loo

:cvolulmns per.minute. Wd radially and tangentially

Mmonon unless the blades are pitched. In deep tanks .

scveral paddles are attached one above the other on the same shaft. At
very low speeds it gives mild agitation in an unbaffled tank, where as for

higher speeds baffles are necessary. - Otherwise, the lquId 1S sw:rled
around the vessel with little mI\mg
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: Paddles are used in the manufacture of antacnd suspensions
(alum:mum hydroxide gel and magnesium. hydroxlde) agar.and pectin
related purgatwes antidiarroheal mixtures such as bismuth-kaolin.

_] é,dvmtage Vortex formanon is not possible with paddle 1mpellers i ":: _ . |
because of low speed mlxmg ' ISy, b -
. Dlsadvantace : Mlxmg of the su5pen51on is poor, therefore bafﬂed 4 R |

tanks are required. T . Pie [

; " | - i | ' S (a) Tangential or « (b)) Radial flow (C) Axlal or longitudmal ﬂow
)w Pattern DumngMumg— | i b 1 ok circular flow (top view) (lop view) ~ (side wew) AT

Liquids are mixed usually by impellers, which produce shear forces, - A _
for inducing necessary flow pattern in the container. Mixing takes place /8 _ - Tangenhal flow
due to the resultant effect .of three com";ivonents acting on the liquid. , 8 ' - (crcular flow)
These are radial component, longitudinal component and tangential com-. . 4
ponent (Figure 8- 18). . | ' ' P

e e, S e e -r_—-'-l-'!'-;'_. —r—

Strip of
| e liquid in
Tanﬂcntlal compnnenl (or circular) : It acts in a_direction tangent, a vessel
to the <ircle oftot'ﬂmn around the.impeller shaft (Figure 8-18a). If shaft
is placed vertically and- centrally. tangential fiow follows s a circular path

around the shaft and creates a vor’(e\ in the liquid.

Radial B gy oy |

flow — ; (
| | or 4+— Sha-ftjaais

adsgj,_mmmmt I acls in a dll‘CCthﬂ vertical 1o the. unpeller...w-f-

shafl (Figure 8-18b)., Excessive radial flow takes the material to the

container wall, then matenal falls to the bottom' and rotate as a mass

beneath the impeller.

i el S

Lonaitudinal flow
. (axial)

Axial component (or lonﬂntudmal or vert:cal) [t acts in a direc-
tmn ‘parallel to the nnpellgrﬁ.&haﬂ (Figure-8=18c):- lnadequate longitudinal
| component causes the liquid and solid to rotate in layers w:thout MmiNing.
% Adequate longitudinal pattern is best used to generale strong vertical

curluus pant:cularly when suspcndms. sohds are plesem m a hqund

7

These may occur smgly or in various combmauom A satisfactory

(d) Different components of flow at a horizontal _s_tfip of liquid section.

Figurc 8-18. Diagrammatic representation of a cylindrical tank
with tangential, radial and axial flow. E’th diagram represents
one type of flow (a, b, and ¢). In usml situations, one or more or
a combination of these flow patterns occur simultancously (d).

flow pattern depends on the balance. of the compenents The flow ortex Formation . |
pattems of dlfferent impellers are gwen in Table 8-3. iy A strong mrculatory flow pattern sometimes mamfests into format:o"
s el e ity N i of a vortex near the 1mpeller shaft (Figure 8- ]9) '
Paiiie ' / ' TABLE 8'3 ' B i ~ Vortex can be formed ‘when: ' ,
- s __ Flow Patterns 01' Impellers o " o
RV i v+ 7/~ The shaft is mounted vemcally in the centre of the .tank,
- Impeller type - Flow CO”’PO”"-’"’ | symmetry ‘Such a mountmg tend to induce tangentlal ﬂow i
Prerllers“ . axial’ V7~ Blades in the turbines are arranged perpendlu.ilar to. the central
¢ gf Turbmeaf | : axlal or tangcnttal or both | il shaft. _ i - .
} . Padﬁll_es el - ~ radial and tangential not axial = = ¢ At high impeller speeds.
| Padd]ﬁ%‘“’_ilh pltCh radiﬂl, .langcntial and aXiﬁl | : i ‘In Unbamcd tanks_

74
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. 'to remove. The cntrqpped air causes oxidation of thc¢ substances in
“certain cases. The air bubbles in the ﬂuxd can create uneven loading oi/
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:[3

v
Figure 8-19. Vortex formation with a turbine type umpcller
Similar pattern Is obscrved with propeller type also).
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(D Tanks other than-eylindrical shape are used to” prevent "Ortek' y

formation. . However; such shapes may facilitate the fbrmatlon of dead
spots : |

Pmpeller'shaft

/[zl_ad\;an agcs Vortr..\ formatlon reduccs the. mixing intensity by
reducmg the veloc:tv of the impeller rf:latwe to the surrounding ﬂuxd/

When ‘vortex reaches the impeller, air from surface of the liquid is

— "'"-r—_,_-.——"'

drawn. This is an undeslrable situation, becauf;e air bubbles are difficult

. (a) Off center -~ (b) Inclined (c) Slde entry

/MPositior.j.s" of properlle_r'; wi;h' flow pattern in a vessel to prevent vortex.

the impeller bladus

’ 4

Preventlon of vortex formation : Vortex formation can bc pre-

vented by ny one of the tollowmﬂ methods (Figure 8-20).

(1 Ampeller should be mounted in any one of the positions to avoid

symmetry (Flgurc 8-20.1). At the same time, it should be deep in the
liquid.

(i) Centrally placed propeller (i) C'eﬁtkally? placed propelier
N a baffled tank, side view . in a baffled tank, top view

L f }«rrangemﬂnt of bafﬂes and flaw pattern rn a vessel to prevent VOIT&X

When the propeller is placed off centrally, a small amount of tangen- -
tial flow i1s induced. This discharge stream will offset the swirl induced
by its rotation (Figure 8-20.1a).

A simifar effect can be observed by placing the impeller in an
inclined position (Figure 8-20.1b). o ©

In side entering propeller, swxrl is seldom a problem. This gcome try
provides a. baffling effect and results in circulation of material from the
top. to bottom in a vessel (Figure 8-20.1c). The disadvantage for this

position is leakage, therefore. the packing round the shaft must be secured.
Side cm:y 1s. also a source of contamination, Wthh 1S dltﬁcult to clean.

(2) ‘Baffled comamers should be used (Flgurt. 8-20. '71) In such a
case, impeller can be mounted vertically at the center.

am?
. " Mg

. d
v ' '
: | :

~ (a) Propetler in an unbaffled tank

(3) “Two or more impellers are mounted on same shaft in a tank
where &reatel depth ‘is desired. Thts system is known as push-pull
mechanism. With such an arrangement each impeiler acts as a separate
mixer. Two types of flow are produced from impellers. The bottom
impeller is placed about onc impeller diameter above the bottom of the
tank (Figure 8-20.3a and b). [t creates a zone of high turbulence:

(b) Turb:ne in a baffled tank
3_ ﬁf\rrangement of push -pull merhamsm with .
flow patterns in a tank to prevent vortex.

| Flgure 8-20. Pmllmnq of impellers with flow pattf:rn In a
vessel to prevent vortex formation and £as Lntmpmcnt
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4 Retum Flow with Draft Tubes

Draft tubes are placed to control thc d:rcct:on and ve]oc:ty of the
flow to the impeller. -- - .

The return flow to an impeller of any type appfﬁaches from all
directions, because it 1s not under the control of solid surface. Draft

" tubes can control dt. These are mounted around the pmpell{:r (Figure 8-

2la) In case of turbines, draft tubes are mounted lmmedlatcly above the
" impeller (Flgure 8-21b).

Baffles ;

( j_:

. (a) Pmpelier (b) Turblne |
Flgure 8- 21. Flmx pauern of liquid in a baffled tank wnh dmft tubcs

Uses : Draft tubes are fitted to equipment used n the manufacture of
certain cmulsmns, When solid particles tend to float on the surface of

the liquid, they are dispersed -using draft tubes. ~Airjet mixers for
continuous mixing of Inqmds emp]oy drafl tubes |

Disadvantage : Draﬂ tubcs add to the fluid frlctxon in the system. ,

These reduce the rate of ﬂow So these are used only when required.

EQUIPMENT

The fol]owmg factors influence the mixing of ]quIdS in tanks. These
also help in selectmg the eqmpment

A. Material Related Factors

Properties of_,f.:qwds . Physical prOpemes of the materials to be
mixed. Examples are density, viscosity (Newtonian and non-Newtonian)
~and miscibi'lity- (intermole-cular- attractions).

B. Equipment Related F“ctors

~ Shape of rhe :mpeller : Propeller type stralqht vertical, curved or
pitched. '
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w

Position of the impeller : Central, off-center, side entry, vertical or
inclined etc. | L b e - |

Shape and size of the container : Cylindrical or other geometfié
forms. Presence or absence of baffles. -

Cost of equipment and its maintenance.

C. Process Related Factors .
Speed of rotation of the impeller
Time required for mixing
Amount of power that can be ezpended
Ease of operation
Batch size '

The general mlxmg apparatus are discussed earher These are used
for batch operations, which involve assemblmg of different parts. It is
also possible to develop continuous mixing equipment. Some of them

are discussed below.

AIRJET MIXER

Principle : When compressed air jets are passed from the bottom of
a vessel, air bubbles are formed in the liquid phase. The buoyancy of

the bubbles lifts the liquids, which are confined to the central portion
due to the presence of draft tubes. The liquids flow down from the
periphery of the vessel and enter from the bottom due to suctlon effect

Thus mixing is achieved.

-y

Workmg The assembly of an airjet mixer is shown in Figure 3-22.
The liquid is placed in the vessel. Draft tubes are plaged surrounding air
jet as shown n Figure 8-22. Co*npressed air or a suntable gas is allowed

b -

' ;Tank '
Draft tubes’

Iﬁlet
for air

Figure 8-22, Vertical tank with centrally located
airjet and draft tube. Mechanism of mixing.
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" to pass at high pressure from the inlet provided at the bottom of the tank.

This causcs buoyancy of the bubbles, which lifts the liquids from bottom

- to the top of the vesscl. .

Draft tubes serve to confine the expanding bubbles. and entrained
liqu’i“&ls to the central portion. This results in a more cfficient lifting
action by the bubbles. The liquid mixture flows down from the periph-

ery of the vessel. The overall circulation brings liquids from all parts of

the vessel to the region of the jet itself. Thus mixing is achieved.

Uses : Liquids of low viscosity, non-foaming, non-reactive with gas
are mixed by using airjct mixer. '

JET MIXER

Principle : The liquids to be mixed are pumped separately into a jet

mixer at different velocities. The high velocity fluid has a lower static
pressure than surrounding liquid (higher static pressure). During mixing,
the slow moving liquid will be drawn into the high velocity jet. This

increases the volume of the jet and decreases velocity, which causes the

jet to expand. Thus shear is deveioped and aids in mixing.

Working : The construction of a jet mixer is shown in Figure 8-23. »
Two liquids are introduced into the mixing tank at different velocities.
One liquid is pumped thrcugh a small nozzle at uniform high velocity.
The second liquid enters the tank at a low velocity. The fast moving
liquid impinges on the slow moving liquid at high velocity. As the jet
moves away from the orifice. the area of its influence decreases. The
core of the jet is surrounded by an expanding turbulent jet, in which the

radial velocity decreases with distance from the center-line of the jet.

Nominal boundary
of the jet

Entraining fluid

*J'edt diameter

Constant
velocity core

Velocity
distnbution

Figure 8-23. Mechanism of mixing in submerged circular jet mixer.
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When a rapidly movmg hqund comes in contact with slow moving
~ (or almost stationary) liquid, high velocity gradient mll be deveIOped at

the boundary. As a result, ${idng shear stresses exist at the boundary,
which induce n m:xmg in two ways. | | | &

(1) The stresses tear off portions of the fast movmg strcam and send
it off into the slower moving areas as vortexes or eddies. The

shear stresses tear off’ eddies and generates considerable turbu-
lence. which LOI‘IH‘lbUtﬁ‘S to the mixing action.

L‘

- (2) When a slow moving hqx.ud enters the jet, the volume of jet
increases and velocity decreases. This decreasing veloc:ty causes -
the jet to expand. Thus shear develops wh:ch aldq in mlxmg

Enough time and space must be provided for the stream to blend
thoi oughly into the mass of fluid by the mechamsm of entrammcnt

Advantage : The power required for pumpmg is often sufﬁmcnt to
accomphsh the mmng Operatlc .

FLOW MIXER OR LINE MIXER OR PIPE MIXER

The constructions of a baffled pipe mixer and a chamber mixer are
il shown in Figure 8-24a and b, respectively. Liquids to be mixed are
i =19

passed through the pipe. M: 'xing takes place mainly through bulk

transport in the direction of flow. Placing certain devices, such as vanes,
baffles, screws, grids and a cembination of them enhances the mixing

e efficiency. Little additional pawer supplled to pump the llquld lT.SElf

accomphshes mlxmgV

For an effective mixing, ccmtrollmg the feed rate 1s essential Su:t-
able metering devices are employed. If i mput rate 1s dnfﬂcu!t to control

Ay
ip

Bafﬂet | P]pe | |
(a) vl fF Ny

Feed ~—p "’@il/""l”" —¥ Qutlet
Ulu‘|uu| o

(b)

- Feed

%
~H)
‘L\ Chamber

Figure 8-24. Flow pattern of continuous mixer or line mixer.

ey N

&




240 PIHHARMACEUTICAL ENGINI:‘.ERING

and ﬂuctuzitmns in the added proportions of the llqmds are unavoidable, | oK | | b e | @ |
continuous mixing equipment of tank type is prcferable because hold -up ' 2 i _ | *
5 1 . 1
of the llqu1ds and back flow or recnrculatlon Is possible. L | /Sﬁ: w’ﬁ “I—‘M[}LN,QPOF IMMI;LCJBLEL Ll.QUlDb it
Uses : thn large volume of liquids are to be mixed, flow mixers . __——74—— ‘ e PR Y i A P e Y ——----

| x ./_Eqmpmenl
are usc

(a) Baffh.d plpc mixer with little back flow..
(b) Chamber mixer with flow mduced recxrculatlon and hold up

Mixing of 1mmlsc1bla. liquids 1s camcd in pharmacy mamly in the
mar: ufacturmg of emulsions. The equipment used for the preparation of

_...--"‘""'"-.‘.

an emulsoris known Mmﬁ#m Gcnerally a fine emulsion can be

QUESTION BANK
Each question carries 2 marks

MWW

ob ained and, 1hcref0rc, cqunpmcnt i3 also kn@m as lzomogem::er :

.F"rl"‘l'-l—r;"‘_'\-_l..l '.t.':lL. %ﬂ e Ly 3‘?"' e oy

Fine emulsion is prepqrcd n two stagcs. In the ﬁrst stage co‘ﬁ“r e
Define and differentiate mixing and agitation. e ¢

cn-ulsion is prepared by using one _cﬁ the following. AR
2. (,Ia5511y liquids bascd on their miscibility. Give one cxample in cach case. - — . - wedge wood - porcelain mordr and pestlc SET R
. Enumerate the applications of liquid mixing. . — mechanical blender - milk-shake mixer

F oo

_- hand homogenizer -~ "propeller in a‘baftled tanl\

Sometimes, the abovc equipment directly gives f{ine cmulsion. Oth—
erwise, coarse emulsion is subjzcted to homogenization in the sccond
stage 10 get fine emulsion by using « one of the following.
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/— Sllvcrson emulsifier

!‘.a’

Colloid mil 7~ g
~ Rapisonic lmmo':"emzcr
ch{

4. Describe the mechanisms for liquid mixing. | -
. What arc the factors affecting selection of a mixer?

6. How are pipe mixers advantageous in liquid mixing?

7. What do you mean by vortex? How is it prevented?

Eack question carries 5 marks
1. Give the characteristics of mixing impellers.

. Describe the operation of agitator mixcrs. ¢ mcsc.cqulpmcm are also k 1own as homogenizers.
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actors _Influencing the ‘Selectlon of an Emulsﬁ'cr

r ol -"-_"

2
3. Describe the turbine mixer with flow pattern.
4

. Suggest a suitable mixer and its operation for mixing of viscous liquids.

h

. Draw a ncat-labeled diagram of mixing tank with accessories for efficient
liquid mixing. ' ' |

Qumﬁﬁiﬁg&mm Ng&,,ﬂbgﬂ pre; mWBatch wise or contmuous

6. Describe the principle, working and advantages of _]El mixer. ooperation.

i pal ':- .

W liquids? Explain their role during mixin , _ _ % e
7. What arc flow components for liqut xplain the g g. Flow Eropcrtles of hqmds ”Ne-a#-f_tqm_an,_ PI_%SUC.:____-PSEL_{QQRJ@SHC—&QL

s A Ve TR N e it R A o gl ~

8. What arc the rcasons for vortex formation? What arc the drawbacks of dllatam |

vortex? Suggesl solutions for the problems of vortex formation. .

-

s ?
[

Te intenance : Mix, ng will be effectwe at hlgh tem-

Each question carries 10 marks peratures provided the material s steble.

. Discuss the devices uscd for liquid-liquid mixing. Desired rate of cooling : If eleva'zd temperatures arc applied.
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Some equipment used for the pre; qration of . mulsions are dcscrlbed
below - |

VERSON MIXER-—-—EMULSlFl R { e i

o damebems o

Principle : Sllverson mixer-emulsi, er pmﬂb.ﬁﬂ Mense s,bearmg LQrces
and turbulence by the use-of high=sp-ed-roters— This turbulence causes

]
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the liquids to pass through fine interstices formed by closely placed
perforated metal shects. Circulation of material takes place through the
head by the suction produced in the inlet at the bottom of the head.
Circulation of the material cnsures raptd breakdown of the diSpersed
liquid into smaller globules.

~~ Construction : The construction of a Silverson emulsifier is shown
“in the Figure 8-25. It consists of long supporting columns connected to
a motor which give support to the head. The central portion contains a
shaft, one end of which is connected to the motor and the other end is

connected to the head. The head carries turbine blades. The blades are
surrounded by a mesh which is further enclosed by a cover having
op:..nm}:,s

Motor
; 1
| |
Central / l e Turbine blade
rotating 00 B il e

shaft

« Electric

motor .:,go — Circular mesh
o
Shaft
Circular
>tand covening
| of the head
Emulsifying "
head
B ~ | - Immiscible
liquids
(a) ~ (b)

Figure 8-23. Constructlon of Silverson emulsifier.

' W,/km-g The emulsifier head is p]aced In thc vessel containing
immiscible liquids (or coarse emulsion) in such a way that it should get
completely dnpped in the liquid.—When the motor 1s started, the central
rotating shaft rotates the head, which in turn rotates turbine blades at a *

“very high speed. This creates a pressure difference. As a result, liquids
are sucked into the head from the center of the base and subjected to
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intense mixing action. Ccntrit'ugil forces expel the contents of the head
with great force through the mesh and onto the cover (Figure 8-25b). As.

‘a result a fine emulsion emerges through the openings of the outer cover. .
The intake and expulsion of the mixture set up a pattern of circulation to

ensure rapid breakdown of the bigger globules into smaller globules

Uses : Sle..r:m:umch: 1S__ udw preparatten ﬁf—emmsmns and
creams, of f'mc pamclc size.
(1) Q.;IIVLI'SGH mixer is avallable in dxff‘crent s:zcs to
handle the ltquxds rangmg from a few m:lhlntres-t& sevs:ral
thousand litres. : -

dvantag,t,s :

_.),Jrkcan be used for batch gpelrat;ons [t 1s also used for continu-

f; &, e e A e sl S

ous opefation by incorporating mto a pzpclmc throuszh which
the immiscible liquids flow.

e e

4

stadwnmf,c : Ouamonally there 1S a chance of clogquw of pores
Of‘lht.. mesh. | | | | v

o
K C QLWLJWQ,LDMM.-WL '

éz@rinciplc . Colloid. mill is ‘based on 1hc principle that thc CORES@rvccivg
cmulsion s intensely sheared in a narrow space between the fast moving
rotor and stator for a short period to get a very ﬁnc emulsion. g#

Colloid mull is a mixer as well as mllmg cquipment because size
reduction i1s also SI.nullancomlv mvolv{,d .The construction. working,

advantages and disadvantages are dlscusscd in the Chapter 6, Size

Rt.c;uc,uo) | | o

ULTRASONIC EMULSIFIERS——RAPISONIC HOMOGENIZER

* Principle- : When a liquid is subjectcd Io ultrasonic vibrations, ‘

alternate regions of comprgssnm and rarefaction are produced in the
liquid. Cavities-are formed in ‘the regions of rarefaction, which subse-

quently collapse in the regions of compression.  This results in the
generation of great forces for emulsification. ‘ - '

L]

Construction : The construction of a Raplsomc homogemzer 1S
shown in Flgure 8-26. It consists of a pump driven by a motor. It is
connccted with an inlet tube and ‘outlet tube for the discharge of a fine
ernulsion. The homogcm?'er head consists of a flat jet for liquid inlet.

[Facing the jet, a thin blade is present with edges facing each other. This
blade wbratcs at its natural frequcncy of about 30 kllohertz

/
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Working : Coarse emulsion is pumped into Rapisonic homogenizer
through one end of a tube. A powerful strcam of liquid is forced
through the jet. Liquid impinges on the blade causing it to vibrate. The
streaming liquid deflects on either side alternatively with the result that
oscillations above the sonic range are produced in the liquid. During
this process, the emulsion experiences alternate regions of compression
and rarefaction. In the regions of rarcfaction, cavities are formed.
Because of external pressure, the cavities collapse violently afterwards.
Thus sufficient turbulence is created which is capable of causing disper-

sion of phases. Thus a coarse emulsion is converted into a fine emulsion.

Pump g

—
=

Jet of
liquid
inlet

Vibrating
blade

— Immisable
| liquids

Figure 8-26. Construction of Rapisonic homogenizer.

Advantages (1) Raptsomc homogemzer can be used either for batch
~process by placing itsin a tank or for continuous process by
keepmg in a pipeline. In a plpelme the time of exposure is less
~for a given sample of liquid in one pass. So, mixing may be
incomplete. To ensure complete mixing, liquids must be
~recirculated. ' ' |

(2) It has the capacity to produce dispersed globules of one micron
S1Z€. '

————7;——

| . -/
Ch-8 Ml)\ll\o ) _ - , _,4.245
(3) As this method is . highly efficient to detrease globu}é size.
reduced concentratlfbn of emulgents is sufficient. F g W,
(4) Its capacity of mlxmg lquIdS ranges from 20 10 500 lltres per
minute. ~

(5) In Rapisonic homogé iiﬂ:er,"lheat_ is not g_enerated _d:uring' mixing

- unlikecolloid mill.  Hence thls is suitable for thermolabile
substances. 2 1, gy e g
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VRS ¥ A— homogemzer is useful only wuh llQUIds of;'.a.;.@
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Section lV—MleNG OF SEM[SOLIDS
] QE’ Equzpment

™

Setmsohd dosage forms mclude omtments pastes, creams, Jelhes etc
While mmnf, such dosage forms, the material must be:brought to.the
thator or the agltator must move the material throughout the mmer

lllllllllll
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wiping, foldmga stretching. and eorn.pr'essm;ﬂr A large amount of me-
chanical energy JIs applied to the material by moving parts. Sometimes,

a part of the supplled energy appt.ars as heat. The forces required for

efficient mixing are high and consumption of power is also high. Hence,
the equipment must be ruggedly constructed to tolerate these forces.

Mixing equipment are also used for preparmg tooth—pastes pill masses
and wet mass for granulation.

Some semlsollds exhibit dllatant property, l.e., viscosity increases
with increase in shear rates. Therefore, mixing must be done at lower

speeds. The speed must.be changed accordmgly to th.xotmptc plastic
and pseudoplaatlc matenals : " o 3y ks

EQU!PMENT
ass:ficatlon of Equlpment

%Haror mixers

://.S?ar mixers : Examples are triple roller mxll and collmdal rmll

lgma blade mixer and plam’:tar)r mixer are dlscussed in the SOlld-

solid mixing. Colloidal mill is dtseussed in the Chapter Stze Reductlon
Triple roller mill is discussed here

Etamples are sngma mixer and planetary mixer.

A
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election of ang Equlpment for Scm:solnds

Physncal properties of the matcrlals - densny, viscosity and
7 miscibility. -

4

m/conomlc consnderatlons rugardmg procesmng - time requ:rcd

" i IXing and power consumpt:on |
(}%l::‘:ost of equipment and its maintenance.
: » .

' TRIPLE ROLLER MILL

Principle : The dlfferentlal speed and the narrow space between the
rollers develop high shear over the material. This shear causes crushing

of aggregates, particles and albo dlslnbuteq the drug umtormI) through
out the semisolid base

Construction : The construction of a triple roller mill is shown In
Figure 8-27. It consists of three parallel rollers of cqual diameters.

These are made up of hard abrasion resistant material, normally stainless

steel. The rollers are mounted in a rigid framework horizontaliy. The
pressure and gap between the rollers are independently adjustable A
hopper is arranged bctween thc ﬁrst two rollers A scrapper IS attached

to the last roller |
Qeed )Ho’pper

R\ Discharge

R, Scaper

Low " Medium 1 High T J{ i M '
~speed ~ speed speed l oy l eceiver o
anure 8-27. Construcuon of lrlplf... rollcr m:ll o

'\Workmg The gap between the last two rollers Is adjusted to be less
than the gap between the first two rollers. The rollers are rotated at
different speeds. In practice, the first roller (receiving- roller) rotates at a

slower speed compared to the second roller. Similarly second rolleri

.- speed 1s less than that of third roller (discharge roller).

“The feed is passed through the gap between the first and second

rollers. The aggregates and particles are crushed and then abraded by
the rubbing action of the rollers, which is developed due to d:fferent

‘speeds of rotation. A film of appreciable thickness of the feed i
produced The material passes from slow rotatirrg to fast rotating mllt.r

PHARMACEUTICAL ENGINEERING
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Between second and third roller, the gap is small and produces a thinner
film of feed. The speed of the third roller is increased to compensate the

reduction -of cross sectional arca. In the thinning film, more crushmg.
and morc abrasion are developed.

 Finally the :-,Lrappcr removes the material complc.tcl} from the last
roller which can be collected immediately into the receiver or trans-.
ported through a suitable conveyor. '

Advanmgtf Triple roller mill is suitable for continuous processes.
Extremely uniform dispersion is thalnedD

QUESTIONBANK "
Lach question carries 2 marks: B TR N ST T L
1. Suggcst suitable mixing equipment for sumsohds

. Describe the different factors mﬂuuncmg the qc.lc:...tron of an Lmulq:ﬁci

Each question carries S marks-

. Describe the LOH&U’ULH(‘H and working of a Gzlverbon mlxcr-a.mulmﬁur wzth

the help ofa neat diagram. e

Each queshon carr:es 10 marks

&

. With a neat sketch, describe the construction and workmg of cqmpmcm for

mining pastes and plastic masscs Wha{ are thr:ir pharmmcutmal
ap;hmuons" ﬂ s | A



