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| Introduction
| igh scale operations and stringent quality
| regquiremments charactense the process ind sty today.
Mixing which iz an essential part of any process
| indiustry has alsa got sophisticated to meet thise nentioned
| demands. Highar zcale of operation pequired closer look at
| thix Efﬁfi.i:nf}' both from the point af  viaw of power
consumplion and process time. Other operational
considerations such as sasy maintenance, amenability 1o
automation and computer control have also 1o be takeninto
account. Stringent quality smndards have also led to the
concept of Mixing being looked at in more scimitific and

quantitative terms
The “Physical Processes” that are generally. associated
with mixing have undergene scientific invistigations and
some fundamental ruleshave boen laid down Fluzid dynambcs
thar is refaved 10 “Plyzical Process” |s studied experimentally
by saphisticated techniques using laserand thivretically with
newer: mathematical techniques and computers. Such
imvestigations. havat bed to improved designs. Engineering
development i the lechniques of manufacture have also
| helped toincorporate such designs in thee process industries
Asummaryof such technological progressis sketched bobow!

! Physical Process
Physical processes akociated with Mixing are:
- Homogenisation {or Blendingg
- Dispersion (deagplomeration, deflocculition)
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= Emulsification (Or aeration)

- Aggregation (Agilomeration; Flococulation)
= Deevmulsification [Deaeration)

= SUspEnsion

= Transfer (Heat or Mass)

One or more of these processes occur in any process
situation at a time. In a multiple reactor, for eample, e
will be dispersion of a catalyst, aeration of reacting jas, mass
transfer of gas w lquid and thento the catalyst particle
surface. The reaction is then fol lowed by transfir of reaction
procuct to thebulk. The situation may be furthercom plicated
by emonthormicity whise hoat bus so be removed from thebulk
to musintain the tem perature, Quantification of such process
should be achieved and weighed for a proper design

a) Homogenisation

"Homagenetus"winld meanas “composed of partswhich
are all of the same kind™, The size of these parts has a special
significarce whingquantifying Mml)ﬁq{wnf_ It reprisents the
scale ot which we scrutinise the mixtire (able 1]

In quantifying homogenaity, two lorms are defined and
used, these bning:
= Scale of segregation, and
= Intensity of segregation

Thescaleof segregation is thedimension thatcharacierises
the elumps of an unmixed component in the mixture. The
intensity of segregation eéally sccounts for thedistribution of
these clunips, I"hysical sigrificance ks better explained by an
eéxample In blending of two viscous liquids, the scale uf |

Table 1. Typical Scales of Scrutiny
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MIXING

sepregation can directly be observed as the thickness of the

| striation of one ligquid irito anothier. Initially, when the twa
lquids are entirely separate, the intensity of segregation is
equal to ‘ona’, Finally when they are totally mised ot tha level
of the “scale of scrutiny”, the intenzity of segrepgation s 2ero,
Inorder to define these quantities in procise mathematical
terms it is convendent 1o approach the small and large scale
sepregations separately. In “small scale segregation”, our
“scaleofscruting” isalsosmall, Generally in the mass tmnsport
at the: milecular level or inchemical reactor problem, weare
asspclated with small scale segregation, In large scale
segrigation, the scale of scruting is larger (mostly graater
than a micron). The problems associated with large scale
segregation am thus physical, for example: dispersion of
| pigment in viscous liquids, blending of pelymer melts or

mixing of powders.

b} Dispersion

Here, w will cpnsider the physical processes that are
assockated with dispersion of one phase into another, Often;
these phases are insoluble m each other, for example: in
dispersion of a pigment in liquid or forming an emulsion or
aerating aliquid. Disperaion is also relevant when the phases
are aoluble in each other, since the comiact area and
| hivdrodynamics around thess particles will determine the

overall mass transfer coefficient. “Dispersion” involves two
TOCERSER!
|+ Physically breaking one phase down to smaller size and
- Dupersing these small unitz in a continuum.

The second process is quantitatively govermed by the
same framework and enteria of homogeneity. In the firgs
process, that'is the of breaking, the size of 2 unit (a
particle, a droplet or a bubble) is the critical factor 1o watch.

In processed such a break down of agglomerates or
floceulatesor formation ofa droplet orbubble, sevaral physical
dspects become important. For example, it would be the
interaction forces between the particlis or it would be the
enlloidalforees laovan dor Waal atiraction forcen s electiostatic
repulsive force or it could be forees due o the absorbed
macromofectiles on to the particlos, Inany case, in breaking
| downofagglomeratesor formation of droplet, hyd redynamics
playsan extremely important role, [kis well known now thae
by certain type of flow {illustrated in Fig 1) you can break an
aggregate or form an emulzion with less effort. This thought
provoking figune should make one think on two aspects:

«  How todesign the impelier and
= Where to introduce the second phase
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AGGREGATE

Fig}l EFfects of stretch fow

‘Whenthe applied shear onagpréesate becomes La than
the strength of the aggregate it will naturally break down
This simple law should determine the average size of an
aggregatis that will be present in an agitated vessel provided
thehydrodynamicsis known, Based on this hy pothesis simple
scale-up mles could be derived. And it will be shown that
aggregate size is related to power per unit volume. Just to
illustrate thar s of such angumints; a plot of aggregate size
against th power per unit valume is shown in Fig 2.

Emulsification and aeration processes arealso governed
by similar hydmdynamic phenomena although the foroes
agsociated with particles aredifferent. Here, itis the interfacial
forces and the physical properties of these interfaces that
dominate the physics. The importance of hydrodynamics,
howaver, cannot be underestimated as Dlustrated in Fig 3
Empirical equations are available in the pubiished literanre
for

the critical speed above which a dispersion could be

formed, and

the diameter of 2 droplet or a bubble
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Fig.2 Effect of power input on size of bacteria clumps,

©) Aggregation

This is precisely the opposite plumomencn. Here the
particles are required 1o be brought closer e each othar.
Situations are several, for examplic Water treatmient, ol
recovery from oil fwater emulsions and desera thon, Again,
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hare the interaction forees and the imerfacial forces become
important. Mow the particles are to ke brought closer to each
other and thus the repulsive forces reed 10 be overcome. Tha
time needed for the particles to come closer to each other is
atso an important factor. Thus, the impeller Hp velocity and
shear rate are important factors in laminar {sbow] [lows,
which 15 a common mode of operation for this purpose. In
turbulent fhowws, the power per unit volume provides a useful
scale ofitErion.

Duspersion and agaregation are the two processes that
gunerally go onsimultaneously till an equalibrium is reachod.
Several other physical priscesses are also involved in making
thi situation extremel y com plex. The suggestion is, therefore,
that cne should always carry out a pilod plant tral, while
physics could be used for scaling up. Further, it should be
noted that the empirical equations should be used with
oxtreme caukhon.

i

| d) Suspension

Keeping particles or emulsion droplets in suspension is
armther important b of an agitated system. Generally, the
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Fluid Dynamics and Rheology

Industrial mining generally occurs-in a confined space
such as tanks, vessels, or pipe lines. The design of the
contraption that makes the hiquid, solid and gas flow in
particular way is indeed eritical. Fig 4 (see typecal fow
patbims),

Investigations on flow very close toan impellarof agitators
have also bed to better designs from point of emulsification,
aeration and di:p-l.'rmnn. Mlirivor concepts foar Iru:ludmg tha
high shear impeller have been doveloped

a) Rheology

Riveology specifically means science of flow. This scienae
deals with the interactions between flow and the phisical
characterystics of the ma'hdri.ki.ﬂ:!rilx.‘lmplu a r.lﬂ!}'m ermateral
when sibjected to low reacts duer to its olastic character o
give rise oo force (called “Normal® force), The interaction
between this normal force acd centrifugal force gives rise o
flow patterns fot known toa liquid like wiaber (s Fig 7). In
many- polymer liquids or dispersion the viscosity ds-alse |
dependent on flow (or shear rate in a viscometer) Fig 8 gives

suspension is megquired for an efficient mass 1
trapsfer operation. Simple physics |eads o
relevantequationsthatmaybe found inany of |
the toxt books -

) Heat and Mass Transfer
Heat and mass transfir rates Sould b

e,
r—f——

oxprissed by -
{rate of transfer) = (ransfor coefficienis) x
I {contack area) x Idru.-'rn}; farce)
| Char requirement obviously is of higher transfor rates:
Thils will be achieved by higher transfer coefficints and for
higher contact area
Toggether with such quantities s tharmal and miolecular
diffusivities, transfer coefficients will also be dependent on
hydrodvnamics in the agitatod viessed expocially & the flow
arounsd the partiches will detrrmine thi coefficiunts
When heat transfier iz eithser Fromm e vessel walls by
maans of a jacket of fromm the walls of cobls and pipes o tisd
| i e viissel, the contact arsd can |1|.-w|'u!}' n1n1pq|hlr| In thee
miass tranafer operations, stichasgas absorption from baldles,
liquid extraction from the mmiscible drops or extraction
from sobid particles, the contact area is not easily known
Cenerally, thesmaller the paricle (dopsorbubdies) sz, the
highwris the contact area per unit volume

m

Battorm v

B Prodisesd by a
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a) I baffled tank wath turbine postssned on
Ll
Fig.4 Typical Now patterna

Fig.3 Muodern Turhine Impellers

|1'|I1u:t1'.11inn with
respect to some
malersals

b} Gross Para-
| muters

On sevoral types
of agitated l.'ﬂrnis.,
emipirical data have = :
JIHI-‘ been collected R b Figh Shiet Ympelier
over the past few years. Integral quantities such as:
= Discharge rates

Chrculation capacities
= Power consum ption ana

Mlixing: Eimiis
| have been measuned s elficHmicy of various |mF|g-|I|~r\_=.'
caloulared to catogorise thair e de pending oo the visarsity
of liguid

Design Improvements
On the design feont there bas been tremendous: |
developments. Some examples ane discussed bebow:

' a) Powder/Iaste Mixing
Progress here i theee fold
Heduction in mixing time
Wbaings wnder known shieasig comnditions
Combinucns mixing
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emulsification /dispession. Eitherby
micrafine jets or by creating
constriction high level turbulence is
developed. In such high level
turbulence size of eddiex s

90

submierons. Thus drnp]._-u. or |
particles to this level may be created.

These ame Hen:r.:ll:,.- known as h'HHI
pressure homogenisers, |

) Mormal and centrifugal forces comjparable

Typical
example of
e impmueuwmm

LR LT
a  horizontal

| \ulﬂill ey ribbon  Mender

CXETE T

Is  the - well-
known Taner-
=0 Blender®,
whare tha
principle  of
horzoatal bali-
cal ribbon are
| used i such a
| way that the
mixing thne s
grisitly e ced
{ High Shaar Paste/Powder mixing is also atempred regularly
thesedays in industry. Forexample, one such design Lodipe is
regulardy oeed in Pharmacentical Industry, Continuous
Pewder/Paste mixing is also 3 common faature of anindustry
with Jarge production capacity,

[ T —

|
f

| Fig8 Typical viscouity curves of [ood products

| by High Speed/Shear Mixing

Fig.7 Secondary flow around a sphere rotating, in s viscoslastic liquid:
a) Mormal forces dominating. b) Centrifugal forces domkiating

[ = Asreactorsboth liquid-liquid and gas-liquid;applicaticns

| Adventofimproved and sccurate machimng las madeit |

| possible for impellers to rotateal speeds higher thany 1000 and
upcs G000 ppm, Impellers of various sorts are used. Thare ane

| basically two types of impellers:

|« Open Impellers

= Staor/Retor type of impellers

I Openimpellors are Cowler type and the clesed ones are
Silverson and Ultra turrox. As one cin imagine there are
sevaral woll defined designs possible These designs ane
I"IH‘EI‘I‘M’-‘J}' useful for emulsification amd dltF'I-'F\-'illﬂ of
prolymusric or nosm-abrasive materials

) Pressure Mixing

Pressure mixing ks o calbed bBecatse t tses pumplrig
pressure to achiewve mising. Such type of miviog i
tn plestented in Bwa ways

Macro mining using jots and

Macro muxing osing jets and Jor const oo

Macro Mixing is achieved By syt jits o create high
oo ilies, Sach jets ane suitably placiad i ians necreate Hhar
reafui pesd BV bbeern) dan acbriewe iy [TV TR SR
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Mg v etpdoned for P

d) Inline Mixing |

Intinve mixing is in prineiple a
combination of high speed mixing
and pressure mixing, 1t s however done mainly in pi pet limizs,
These types of miners replace lirge mixers and mixing tanks
by providling instanitaneons mixing

Inline mixing may be achieved by introdsicing a carefully
designed high speed miver in the pipe Tirse oo by using the
wall ke stabic mixing concept Static mixingeamdefiniely
save capital cost, matntenance expenditure and will give a |
homogenous product.

[ e Last fow years the Static Mixer Concopt hasdefinitely
been accopted in the Indian Industry because of:
= Low capital cost

Low maintenance and

Low operating cost

The Static Mixer is employed for the following
applcations:
- Drlution of acids and alkalies

have been already found in Sulphonation, Chlorination,
Matration and Ammonia reacton

Viscous heal transfer or heat transfer whene rise in
temperature. leads wo poalymersation and choke up,
applicabomn is in edible ol inchstry

- Effluent treatment for oxygen-contacting, acid |
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