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which is Fick's first law.
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2.2 General Theories of Mass Transfer [231], Lz24], [251]

The various mass transfer mechanisms which have been
postulated to fit experimental data are based on Fick's law for
diffusion processes. Through Fick's first 1law, which is
applicable for steady state conditions, the following relationship

is obbtained:
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The ass ' 5 L@ wse of the difference

\ ur-ab ion concentration

10 Ogh this assumption is
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always exists at

common  in mass lways valid. It is

possible, where ma ghy, for the interface

solute concentrati F saturation. When this

occurs, the driving fdrte 17 great as the indicated

difference ':s Yy

3.2.1 The Lm}mr- Film 'l'henr or Two-Film Theory
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oldest of I?SS t;.r-ansf‘ar- theories 15 the laminar
film wmﬂﬁﬁm ﬂ%q Wﬂ%‘ gnizes the
exist.a'q:le of the laminar layer, even in turbulent redims
situations. Lewis and Whitman visualized that at the interface of
two liquids, the turbulence loses its identity and & laminar
sublayer exists on either side of the interface. As in the case
when velocity adjacent +to a solid surface becomes zero, they

assumed that these fictitious layers are stationary for a moment,
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during which time the transfer takes place under molecular

mechanism. )

The rate constant k in Equation (3.3} can be
interpreted as the ratio of molecular diffusivity to a stagnant

film thickness:

This i he film theory. By this

concept, mass trog g fluid phase occurs
by molecular dig dof stagnant fluid at
the phase bounds hthe stagnant film is

presumed to be s ude than in the bulk

phase and controls § hase rate. As indicated in
Equation (3.4), the is directly proportional
to molecular diffusivity is assumed to cccur only in

a direction perpén

\Fve. 7 ,;'.
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Hi’c.hmbha possible exceptionldf
spheres of }j 5( o vent, the film theory
has never glﬁ ‘ﬁmm ‘zpr'ncass. One of

iﬁ imit.nt.iﬁn& is thatthe mass trfidsfer rate is
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law. ln many transfer proceses of practical interest, the contact

mass tranfer from

between phases occurs in a series of intermittent steps and mass
kransfer rates are functions of the effective contacting times.
The penetration theory was developed as an improved model for mass
transfer incorporating a correction for such unsteady state

behavior.
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3.2.2 The Penetration Theory

The Penstration Theory was introduced by Higbie. For

discontinuous contact between phases he assumed?

- fpresh fluid is brought to the phase boundary for

each new contact.

- the fluid ariod of contact, remains
guiescent, and mas - rane Fer ggcurs=ibs fblecular diffusion in a
direction perpendi " he 1 erfacs

1“ frequency, that
PANNY

isy, the length & of fluid remains in

- conback with the

The expressed in the

relation of
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where &t is cnnt.' t Lime (&)
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Highie assumed that every fluid element is brought to
the interface and exposed to the gas for a short but constant

period of time. During this period of time the fluid element
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absorbs the same amount of gas. Danckwerts considered the Highie's

model unrealistic for the following two reasonsi

— It specifies that a1l fluid elements spend the same

lensgth of time at the surface.

- It specifies the same rate of absorption for all

& fluid elements were

fluid elements.

exposed ko bhe gas time and he proposed

infinite ranges oi®asg pents and the average
rates of mass trag tion of the elements

of the fluids withyH e surface.

The mas .~:.+-' &fidient. expressed in the

relation of

vl.ilbi.‘..ill.{alﬁ]
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Othen , .heories of mass bkransfe : coefficient are not

il uiﬁ‘Wﬁﬁ%Wﬁ‘fﬁ“’ﬁ““ g
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In the case of low flux bransfer, the transfer coefficient

is defined by the relation
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dm = kdﬁgc sassesnnssansinssansanesnslJeT)
AT = cﬁ-ﬂ |-"‘-i-iilditl.l;Il"IlI.{ﬂ-iBJ

dm H quantity of dissolved mass per unit time (kg/s)

k 1 mass transfer coefficient (m/s)

dA : 1
3
AC H (keg/m )
e t 'ion (kgfm')
c t
For iso icentpat ion c, is constant.

On the other at.ion per time is

proportional to &

Substituting fapk
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where Y A E(cs-n_l-{ci-c} ]fln[(cs—cnlftcs—cn

= (e-c )}/ 1nLl{ec -c )/ (c_-c)]
@ 5 = 5
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In Equation (3.12), V(c—c_}/t is mass transfer rate

Equation (3.12) becomes:

k = mf(ﬁgn"‘} ;-na-.a-aqa.---a-;;-iﬂ.iﬂj

In Equation (3.13), k and A are mean values for the
transfer coefficient and s

a8, which are supposed constant

for integration. icle size wvaries during

dissolution, but for" ¢ wim are slow and never

3.4 Flow Patt

Agitator and, subsequently,

turbulence in a 1li ¥ agitator causes high

82l in a specific path,
referred to as a flow ga: BT and curved blade turbine,

mixing low or.m duce radial flow

nl

patterns when 1:.-.1 flow, shown in

Figure 3.1, is pr ily perpendinulnr ko th

e vessel wall. The
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If either the marine propeller ar any of the impeller
agitators are used in an unbaffled vessel containing low viscosity
liquid, vortexing develops. The liquid swirls in the direction of
the agitator rotating, causing a drop in liquid level around the

agitator shaft. Vortexing incresses with impeller speed until
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eventually the vortex passes through the agitator. Gas bubbles
will be sucked into the bulk fulid. The mixing efficiency of
vortexing systems is usually lower than for geometrically similar
nonvortexing systems. This can be avoided by putting baffles into

the vessel. Baffles is fixed perpendicular to the vessel wall.

The baesic principles |l related fluid wvelocities and

equipment geomebtry are * _to rotating impellers in

Impeller two classes: these

which generate oo is of the impeller

shaft and those whi a tandential or pradial

direction. The first | impellers, the second
radial-flow impellers.

1 ﬁ'i-‘r 4

The Gthre —~ ma : ‘i: lers are turbines,
i .
Ias. Ear..-h t.:,rpa contains many variations and

subtypes f‘mﬂnﬁgrmﬁmﬂmﬁcmsidw here.
ﬁﬁﬁ'ﬁ'ﬂﬂmﬂﬁﬂmﬂﬁ d

This type of agitator is used far vigorous mixing

propellers and padd

where high power inputs are necessary. Materials of construction
are designed for acid, neutral or alkaline conditions. General
applications are chemical reaction between liguids and solids,
reagent mixing, neutralisation reactions and mineral surface

conditioning. See Figure 3.3.
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3.5.2 Propell

This agitator-iss 0 _the turbine type but for
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applications arﬁ sy reagent mixing,
reactions requir r? aeration b:,r the creation of a vortex. See

"““““ﬂﬂﬁl’lﬂ&lﬂﬁﬂﬁl’]ﬂ‘i

(@) (k) () )

Figure 3.4 Mixing propellers: (a) Standard three-blade

(b) Weedles (c) Guarded (d) Saw-toothed
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3.5.3 Paddle Agitator

The paddle agitator is essentislly & low horsepower
input type with slow paddle speeds to maintain solids in
suspension without necessarily maintaining a homogeneous pulp

density. The paddle is relatively close to the bottom of the tank

which makes this type. ?nr pulp or liquid storage.

Applications include tie stor ﬁd-liquid suspensions such
as lime slurri at i ﬁnb&s and pulps for

intermitbtent or b

(9] AINGER ‘lm-mﬂ (1IELIX QS

ARIANNIUARTINE QN E

addle impeller designs
3.6 Standard Tank Configursetion [311]

The vessel configuration, shown in Figure 3.6 are known as
the Standard Tank Configuration. The Standard Tank Configuration

has the following seometrical relationships:



Figure 3.5 Standard tank configuration
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1. The agitator is a standard six-bladed turbine
(Figure 3.7).

2. Ilmpeller diameter D, = 1/3 tank diameter T.

3. Impeller height from the tank bottom H‘ = 1.8 impeller
diameter.

4. Impeller blade length L = 1/4 impeller diameter.

5. Impeller blade = 1/5 impeller diameter.

6. Liguid hei

ﬁ_ diameter.
7. Baffle niiBer—= 4, @E& at the tank wall

-::rm to above the liquid

1€ widtd W ,J.'_, -
3.7 Solids Suspengdiog | o \\

Splid suspe _7 £.p! -‘_\ the most common application
in mixing technology. The omplete suspension of solid
particles in ligic e Lo the inst: nt = :ﬁ; ich all solids are
in circulation :- . I Lhe vessel bottom.

T

Suspension of sol 5 in a 11qu1d mndil.m wﬂ be obtained when the

rising wlﬁ s the settling
velocity mmmmgy and direction are
Parti s t.m‘ﬂ: ILE] jﬁ:ﬂf force,

fluid l:[!‘lEl properties of solids (i.e. density, size, shape),
solid concentration and several hindering factors such as density

difference.
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3.8 Solid-Liquid Mass Transfer

A study of solid-ligquid mass transfer considers the ef'f'ect
of mixing on the surface area of the solids (which is often a
minimal effect) and the effect of mixing on the fluid film around

the solid particles.

Three ma.j . hods have been tried by

various investisga dimensional analysis,

where ; ) : .,,‘;__ ids mber referred ko tank

Several cL Igatihrs using this equation in

fnents p and @ wvary
X |

with impeller typk er b a Therefore, other

their correlat i h_‘m

j
geometric ratios and grm:ps are ne dﬂd, as well as the functional

“““m“ﬂ"ﬁ'ﬁ"ﬂ“’r‘l'ﬂﬂ‘%%'}ﬂi

’Q RS RR TR B e e

, s a function of particle Reynolds number and Schmidt number,

The third correlation method is based on the slip
velocity and terminal velocity of the particle. In a reactor in

which the solid particles are fully suspended, Harriott [18] shows
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that the relative particle liguid velocity is related to, and is
always greater than, the free-fall terminal velocity of the solid
particles in static liquid.
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