CHAPTER IT

LITERATURE REVIEW

The rate of solid dissolution solid particle is controlled by the
relative velocity of solid to liquid and the rate of renewal of liquid layer

particles.

2.1 Rate of So

Rate of so les is expressed as follows :

where

ate coefficient [cm/ sec]

e area of solid and liquid [sz]

ti : et [g/cm3]

Several procedures‘are presented to derive the rate of solution using
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A. Method presented by Hixson and Crowell :

q ﬁmﬁ?mtwffq}%qﬂtﬁ the following
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where «, = Shape factor relating the surface area with mass
w, = Mass needed to saturate the liquid [g] '
w, = Total mass charged [g]
K rate coefficient [cm/sec]
t
N4
Vv u_“ cm”)
A a of solid and liquid (cm?)
s fion (g/cm )
C 2§ (g/cm )

. where a,, 18 ape facto relating the surface area with mass, W
is the mass neededf 't "" e the liquid and W, is the total mass
charged. Eq.(2.2) s g | yeen the time ¢ and the cube root
of the weight of solid" at tha "rf d 18 called, “cube root law”. In the
range where the dissolutie —coclficient K and shape factor q, are
assumed constant, the rate of dis 1is obtained at any time and the
value K is deterthined when t —ewwg:r::;;i given.

y Method presented by Wﬁlelm et al.
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Eq.(2.1) is transformed to an integral form,;

Z=f X - = KAt (2.3)
0 (Y-X% (1/(1+a) - (X/(1+aX)) % |




where «,, is a shape factor relating the surface area with volume of
solid particle and ¥, is the liquid volume at concentration zero. Liquid
volume at-an arbitrary saturation X is assumed to be (/+aX) v,

By graphical integration, Eq.(2.3) is calculated and is used to
evaluate K when the relation between Z and X is drawn on a graph using
Y as a parameter. Wilhelm ef al. showed a diagram for the system in the
case of the dissolution of sodium chloride in water, is equal to 0.13.

From the measurement of atitime ¢, the dissolution rate coefficient X
is obtained. Compared. with the d 1 proposed by Hixson where
volumetric change .t_c_;_\_,« Im conside.red the change of
liquid volume to bespropertional to ) of saturation.

2.2 Rate of Diss essels
Van Ness’s Corre at10n[7]

e rate of solution of

Na,S,0,. SEjm ﬁ@‘ﬁﬁfﬂmﬁimm vessel. They
used a baffed vessel of 1 ft diameter agitated by 3-bladed marine
proﬁ Mﬁﬁﬁ ﬁﬁﬁﬂm ion of the mass
dimu r1 s of c,pand g

are as follows

For propeller c=047,p=058, ¢g=0.5 63,000 <Re<330,000

For turbine c=0.022,p=0.87, ¢g=0.5 31,000<Re< 89,000
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In the range of particle diameter 4 ~ 12 mesh, no a significant
effect was observed by the change of particle size.

KD/D; =DIX =c [D’np/ pj? [pp/ D] oo, (2.5)
Sh = cRE“Sc® s (2.5

2.2.2 Barker and Treyba relation. [ 3 ]

the rate of solution of solid

baffled vessels agita bine. The disssolution rate

coefficients of b6 176ic acid in several sizes were
correlated by thedfo N

In(10k) Re/10%) oo (2.6)

where k isth .....;_'-_f oefficient in [ft/hr], R% ( dz n/ ) is

the modified Reyno ds_' pumber, IS the liquid volume[ff'] and I is a

function of V. By taking- 0.83

an average value or 0.85/%0%7
the following dimens -

(KD/D;D = 0.02(Re)”" (Sc)"-sm ......................... 2.7
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However, according to the&tudy of the,author, Reymolds index is larger

f icl . 1 & baffled Is.
’Fﬁiﬁ%@ﬂlns aﬁ @ig(ﬁ!ﬁﬁﬁe E}]ﬁey al aet Zl. \r::)slebse

due to a-narrow-range of density difference. -
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2.2.3 Johnson and Chen—Jung Huang’s Correlation.[ 8 ]

They undertook experiments on the dissolution of solids using a
turbine with six straight blades as impeller.The vessel was equipped with
four baffles, and they derived the equation.

KT/Dy. = 00924 |DiNp, /u] *"°u /1 pDyj* ... (2.8)

2.3 Correlation of Dissol Rate Coefficients with various
. b . AN
Factors in So Fhan ,

23.1 HixsomandBaumds Comelaton [ 1 ]

Hixson _and«Ba studied the rate of mass transfer from
solid particles 0s 14/ \{‘Q\ft‘h sagitated by a turbine and by
‘a marine propellg P els of Va

inbatfled vessel: various diameters and obtained
a dimensionless egtiatdo
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gy INENINGINT
Re,;/iI ﬁpfa" ﬂﬁ§m7ﬂjﬁ5’f%ﬁﬁ 1 a“"ﬂ ............. 2.11)

4 , 0.63
Re,> 6.7x 10 ,'SkT =0.16 Re,

he: __m; ed in Figure 2.2(a) and 2.2

M7= % it (2.12)

For Marine Propeller

3,300 < Re, < 330,000; Sh,=3.5x10 *Re " 5> .. (2.13)
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Figure 2.2(b) : Graphical determination of constant exponents of

general equation for mass transfer.[21]
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2.3.2 Nagata’s Correlation [2]

More general correlation for geometrically similar, unbaffled
vessels, with spherical and granular solids is

kT/Dy = 3.60x10°(T'Np/ ¥ ( oDy 4 (0T 0"

3.08 palle 0 (2.14)

@1 % (sp/p

where:p=0.0802(Fgp )" " @yw. 043 +1.35] 13720
q=14.4 o A1 7

2.4 Various Factor.

& KR AN\ _
The curyé of fincfease of disselution velocity (-dW/Vdt)
accompanied by 2 a«és’{@: in- tator, speed (V) has two distinct
bending points, Nfa Nﬁﬁ’ own in Rig.2.3. N is a speed at which air

is sucked into the liquidizasc« - <=
vs. N for genetaliza
diagrams. - S

Let p; det te the slop

& M

y) are used instead of (-dW/Vdt)
curves is equal in both

L)
> range o&gitator‘speed less than Ny

denote that between=Nf and N, and p, that in the range of speed larger
than N,. ﬁsﬁl?tﬁ%ﬁﬂe‘ﬁﬁglqaﬁ and these values vary
nd dp, i

with(o- pplla he author correlated p with vaiours factors; density

R A

D=fUpplor, (/D)y} e eeen215)



13

-\D—-C-

2'-:

f aiuticn’:(-a’w/va’ﬂ)i fg/1-min )

B et E—

—|
01000

-
S
=t
ci-

> 1;BO5-water system)
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28-45# (dp = 0.519 mm), (4) 16-
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m), temp. : 25 C constant.[21]
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Fig.2.3(b): Correlation of (-dw/Vdé) vs. N for the crotonic acid-water
system.solid used : 0.500 g; size:(1) 28-454, (2), (3) 16-28#,(4),
(5) 10-16#; shape : cubical monoclinic (3), (5), flat monoclinic

(1), (2), (4); temp. : 25 °C [21]
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A large number of reports have been presented on the rate of mass
transfer from suspended solid particles in agitated liquids. This is
illustrated in Table 2.1.

As can be seen from Table 2.1 there is a wide divergence of the -
results and correlations. This is because different approaches have been
used to predict mass transfer) from suspended solids, dimensional
analysis, the slip velocity:theory prenpesed by Harriott [9], the non-steady
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