CHAPTER 2

LITERATURE REVIEW

2.1 Fick's First Law of Diffusion

BIRD, STEWART and ose the difinition of an
unidirectional diffusic ‘ Qhemal system of
species A,B TAEWN »

NA - (1).

*The diffusion ionary coordinates,

is the resultant of two s the molar flux of A

resulting from the bulk

The vector- CDgd dX, = isftl : ux~of A resulting from

the diffusion supeég{r = Y
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The equation‘(l) is the general defini

which the subsﬂ%ﬁlﬁﬂw?w 8&}ﬂg§ N_) term is

neglected.
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lon of diffusivity

which is Fick's first law.



2.2 General Theories of Mass Transfer
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The various mass transfer mechanisms which have been postu-
lated to fit experimental data are based on Fick's laws for diffusion
processes. Through Fick's first law, which is applicable for steady

stated conditions, the following relationship is obtainable E

N = k(Cg~ ©)

L!,, (3)
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driving force is that a

coneentration always exists at the.
phase interface. Al
works it is not alw f1g _ ) ossib. here mass transfer
rates are high, for . e selute\ ration to fall any

short of saturation. Yo h riving force is not so
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as the ratio of mo
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This is the b:@e o eg mﬂﬂﬁ nﬂ :11;1:11 by LEWIS and

WHITMAN(7) vai €ﬁ3 ’ " t ﬁmam paq"oﬂa moving
fluid p@qe, occﬁ by molec@gﬂ:]on £ .rougfi a thin film of
stagnéﬁt fluid at the phase boundary. Mass transfer through the

stagnant film is presumed to be slower by ordérs of magnitude than

in the bulk phase and controls the over all single phase rate. As

indicated in Equation (2) the rate of mass transfer is directly



proportional to molecular diffusivity and diffusion is assumed to

occur only in the direction perpendicular to the interface.

2.2.2 The Penetation Theory of HIGBIE(s)

The penetration or surface renewal theory was introduced

by HIGBLE(S). For discontinuous contact between phase it is assumed
that :- ‘
- fresh flui ou '@ase boundary for each new
o —
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~ less and mass transfegf©o ﬂ’{v-;d?” ecula usion in a direction

perpendicular to ;he" S

- contactin; dcguirs Al gular frequence, that is, the
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2 3 Correlation of Mass Transfer Coefficient in solid-

Liquid Agitation
. ; i

The rate of mass transfer from solid particle is controlled

by the relative velocity of solid to liquid and the rate of renewal’



of liquid layer which may depend on the intensity of turbulence

around the solid particle.

2.3.1 HIXSON and BAUM's correlation

HIXSON and BAUM(I) studied the rate of mass transfer

from solid particle 0.25 cm in diameter in liquids agitated by a

four-pitched blade paddle and ine propeller in unbaffled

vessels of various diameters and obfalned dimensionless equation

kD = D (6
Df X

or
Sh = c Re SR, &
The experimenta Ata is representad by the following

equations : Four-pitch

Re Y Rt ST 0”3z 1.4 SCO.S
he - = .‘x,". CO 5.
Propeller
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HUMPHERY and VAN NESS(ll) measured ‘the rate of solution

of Na28203 SH 0 crystals suspended in flow type agitation vessel.

They used a baffled vessel of 1 ft diameter agitated by a 3-b1aded

marine propeller and 6-bladed turbine of d = 1/3. The correlation
; ) 3 D



of the mass transfer coefficients is the same as equation (6) and

the numgrical values of c,p and q are as follows;
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For propeller c¢

For turbine ¢ = 0,022 p=10.87 q=0.5 31,000 ~ 89,000

BARKER 2 REYER @he rate of solution of
rose solution in 2 ~ 12
\\\Y“*

turbine. The dissolu-

tion rate coefficient fif horic \\\\\ t and benzoic acid in

several sizes were coufellaged by the ‘ g equation,

1n (10 k) = 41 Age 0v02875 R /10% i B

The effect of Schmidt numb —and p e size was not significant.

By 4-':"_'_;:.—_;;;;_,;;—_- _average value for 0.85 V0 02875 the

following dimensio .i E
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the ratq of mass transfer suspended sol: cles in agitated

liquids. This is illustrated in Table 1:



Sh_ = 0.0267(2+1.1Re
P P

0.55c0.33 )N0'63' .

A 3
System Types Impellers = Re Relation proposed Ref.
b-baffled. s
e
- ) i - 0.50
Water-benzoic acid Marine Propeller 94 X 103-5.3 X [()6 Sh‘l‘ = 3.5 x 10 4ReTSc E
. . = 1.40, 0.50
Water-barium chlorine Turbineoincutved 5 S;h.r = 2.7 x 10 SReT Sc 3 1
with 45
0.62, 0.50
Water-naphtalene ShT = 0.16 Req Sc.
Water-benzoic acid Turbine incurved _ b
with 45 shy = AGRe J(s0)” " Cp)
Methylate-benzoic acid it
Benzene-benzoic acid Marine Propeller 03—5.0 X 106 - 0.20<p<0.67 2
Water-Sodium chloride Turbine with 4-blade -0.80<g<-0.32
Water-barium chloride R
Water-benzoic acid
Water-boric acid 2
" Sucrose Sol:benzoic acid Standard Turbine = 106 Shp = 0.052 Reao'B”Sco'so 3
Sucrose Sol:boric. acid
Turbine with 6-blada | Shy = 3.30Reao‘555c0'30
ok RS
Turbine incurved i ﬁ
Water-bénzoic acid with 45° 0-120, 000 Sh = 0.6 ne, 066756+ i3
Marine Propeller 0,00@?,000 = '
- 3 : ‘ 0.80, 0.33
Water-0-nitrophenol Agitator with 2-blade 43,000-125,000 Sh., = 0.943Re Sc 13
; a
¢ o T
Water-benzoic acid Turbine with ﬂ.a H ’J Sh‘n = 8.1481?.eao'3975c0°333
3 14

Water-benzoic acid

Sh = 0.0446Re 0- 28300173

T-O.Oll( 0.019sc0.1061
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2.4 Definition of Mass Transfer Coefficient

In the case of low flux transfer, the transfer coefficient

'is defined by the relation

dm = kdA AC ' (10)

dm quantity of dissolved mass per unit time (Kg/s)
dA
AC
AC . (11)
CS
k
For isothetrma & gonce s is constant. On the
other hand the liqui ime is proportional to
the mass of solid dissolve-
m (12)

iF

Substitutin%rfor dm in equation (10)
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or

K= 1e@-eg, 177 : ‘ {15} .
At ACML -
where AC (CS B Co) B (CS - ©) = CS e
ML c.—C c.—C
In'S o In'S
CS-C CS-C

becomes :
(16)
flc 7 a 1d subsequently, turbu-
lence in a liquid mass. a ag ator cause high velocity
liquid to flow through a vesse] pecific path, refer to as a

a turbines prbduce
sidial flow patt marine d ditch blade turbine

. is a sumary of the types of
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If e her the marine‘propeller or any of the impeller agi-

casors e R R

liquid vortexing develops. The liquid swirls in the direction of

produce axial flowmattern, ab

the agitator rotating, causing a drop in liquid level around the
agitator shaft. Vortexing increases with impelle; speed until

eventually the vortex passes through the agitator. Gas bubbles
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will be sucked into the bulk fluid.. The mixing efficiehcy of vortex-
ing systems is usually lower than for geometrically similar nonvortex-—
ing systems. This can be avoided by putting baffles into the vessel.

Baffles is fixed perpendicular to the vessel wall.

The basic principles which related fluid velocities and equip-
ment geometry are applicable also to rotating impellers in agitated

vessels.
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blade velocity , wr, and Y 1is the angle of pitch of the blade

face. The absolute velocity of the liquid is VL. The difference

(Vp—VL)is the velocity of the liquid relative to the blade. Velocity

components of the fluid approaching the blade which are in an axial
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or radial direction are neglected or assuméd to be zero. The fluid
is assumed to leave the blade in a direction parallel to the face
of the blade. The magnitude of this velocity in a plane which is
perpendicular to the plane of thé blade and parallel to the axis of
rotation of the'bléde is equal to (Vp - VL) cos Yy . The verticai

component of this velocity relative to the blade is (Vp - VL) sin v

cos Yy and the tangential compg » is" - VL) coszy . The velocity

of the latter relative to 'the liquid hing the blade is

to the tangential ve ' id leaving . blade minus the tan-

gential velocity of velocity is (Vp -V_)

L
' sin2Y o
A flow equati aima nelp elle is derived in a similar
inction of the radial distance

way. In this case, the angle,¥ .

from the axis of rowa

i
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)
where P is the FT:opell'@ﬂltch. Pitdh/is related to sin Yy and cos Y
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as follows :
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2.6 Suspension of Solid Particles

The state of suspension of solid particles in liquid refers
to the instant at which all solids are in circulation and none is

resting on the vessel bottom,

Suspension of solids in a liquid

<flocity of the liquid phase
é particles. Fluid velo-
o —

of|i k{M\& selection and of vessel
i mﬁh\\ﬁ~ﬁ* on of gravitation

uch as density

-?\\\ elations of general

ixer for suspending solid

medium will be obtained when
equal or exceeds the se
city and direction are
contour. Particle s
force, fluid drag a

difference, size and

Zwietering(

validity for the optimum :

particles in a liquid. 2 modified by mean of dimen-

sional analysis.
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propose the relation :
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N, = sv0 1 402 (gap)0+45 (5y0-13
: P
10-85

The above investigations extended from larminar to tubulent
conditions. In each study, it was noted that additional speed above
the critical was required for complete distribution of solids phase

throughout the entire fluid mass. FEach of the correlating relation-

ship 1is wvalid for the co ?'h‘x.' : n its derivation. However,
all of the studies mention . dicCledion a relatively small
ill necessitiate a

scale, and extrapolati

re—examination of t

quginemingnns
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