Ly

Chapter IV

EXPERIMENTAL RESULTS

4.1 Mass Transfer Rate

Due to the effect of systemic variables on mass transfer

/

.rate; effect of particle size?, feed rates and concentrations of
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feed on mass transfer raté weréatudied.

L4141 Effect of Coﬁbaﬁt?ation of Solute
/v" // / 4

Fig he1a, Wo1b,/ WA hi1a bhids, 4.2, b,2a, 4,30 and b b

/
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represents uptake cﬁpfeé,{gg(gdsorption of formaldghyde, sodium
hydroxide, sodium carbbé@fé;géd"the mixture of sodium hydroxide
and sodium carbonatg,iéiﬁhiéﬁithe,inflhent concentration of each
solute was the onli&%g;;;glg. It—58) observed that slopes of
these nine curves, mass transfer rate M (See sample of calculae
tion) increased with the increasing of the initial concentration

of the feeds Numerical results are shown in Table C=1, C=2,

C-3, C-k and plotted in Fig 4-13, 4-14, 4-15, L4-16,

bko1.2  Effect of Particle Sizes of Activated Carbon

Four different sizes of granular SGL type of Activated
carbon were selected for adsorption of formaldehyde, sodium
hydroxide, sodium'carbonate and the mixture of sodium hydroxide

and sodium carbonate at constant feed rates and concentrations.
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The uptake ve.s. time curves for those different particle
sizes are shown in Fig 4.5, 4.6, 4.7, 448 for adsorption of
formaldehyde, sodium hydroxide, sodium carbonate and the mixture
of sodium hydroxide and sodium carbonate respectively. It is
observed that the slopes of these four curves, mass transfer rate
M, decreased with the increasing of the sizes of activated carbon.
The results are shown in Table¢)G-1, C-2, C-3, C=4 and Fig 4-17,

4-18, 4=19, 4-20.

>

7/
441.3 Effect of Feed Rates

Fig 4.9,'42{§g/4;}§ and 4,12 show  cumulative uptake of
formaldehyde, sodium‘hyéfégia;; sodium carbonate, mixture of
sodium hydroxide and é6&§§§ cérbonate by activated carbon as a
function of time ggg;digfé;entlfeed rates, About 100 gm of SGL
type activated cagi;&‘Waa~used for each operation., The effect
of feed rate on mass' transfer rate are presented in Table C-1,
C=2, C=3, C=k ‘and Pig 4,21, 4.22, 4,23 ' and 4,24

It reveals . that mass transfer rate is increased with

feed rate,

L,2 Mass Transfer Coefficient

Weber (27 ) demonstrated for adsorption in fluidized bed
that initial rate of uptake of solute would likely be controlled
by the film transport at the external surface area of the adsorbents

This expectation has been verified by a demonstrated dependence
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of transfer rate on flow rate over the entire range of flow
rates investigateq. Intraparticle transport in such low
velocity flow through systems should enter as a rate control-
ling mechanism only in later stages of column operation.

Based on the assumption of film transport, a relatively
sdmple rate relationship can be set forth for the initial steges
of adsorption in the expgr;mental fluidized carbon columns, If
the quantity (Co- C>fi§é%% useéigo represent the uptake of solute
per unit mass of adsdfﬁéaéHat any point in time, then the rate of
transfer of solute‘fpéﬁ 651& solution to the adsorbent can be

described by the expregsion’

=k 5 (C - C*) (4.1)
and then -
dm = k-S.{(C - c*) (4qe2)
dt

Weber (27 ) pointed out that for fluidized operating in
which adsorbent particles are, for all practical purpose, com-
pletely mixed over the length of the column, the value C* should
be uniform thréughout the bed. The quantity C will of course
vary logarithmically over the length of the column, However,
during initial stages of operation, breakthrough of solute is
negligible, For this cbndition the log-mean value for C* varies
very little and may be taken as an essentially constant multiple
of Co; consequently one may be substitute Co for C in Eq (4.2)

and include the constant multiplier in the mass transfer coefficient,ke

then dm — kS(G-C*) (Le3)
at



e e ik A

T T T T T T TR T T T T YT -

k7

The concentration C* of solute at the solid surface
side of the interfacial liquid film may be considered to be in

equilibrium with the solid phase consideration of solute on the

_immediately available surface of the carbon particles. Hence,

for all practical purposes the concentration C* of solute at
the solid surface side of the interfacial film may be neglected
for the initial staves of a p%%//durlng which the total uptake

of solute is small %Ejgnmpatlsnn—te’the saturation value. For

| SN
this cases, Eq (4;52:;;;;%es PO R
= §7ﬂ}?#g; 3

= k 8 Co_ (k)
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4,21 Effect of Modified Reynolds Number

The modified Reynolds number of each experiment can be

evaluated from

1]

d .uf. ff

Jis

and presented in Table Ceﬁ C-2,.€=3, C=k, The relation between

Re
P

Rep and mass transferwcdgéflclent calculated are also shown in
Fig k.25, 4,26, 4, 27,/4y§3 From graph the modified Reynolds

number shows llnear/reyatlon
A

//
/

/
/

Lo2,2 Effect of Surfab§ Aggg

Surface area‘ofiéqt?vated carbon can be evaluated from
the relation of S ;%dgdékg?muiing the data selected from physical
properties of activated carbon suppliéd by Pittsburgh Activated
Carbon Co., Inc, (3) and the relations proposed by Dr. Phol (41);
The results showing the relation between mass transfer coefficient
and surface area illustrated in Table C-1, C-2, C-3, C-4 and in
Fig 429, 4430, 4.31 and 4,32 for adsorption of formaldehyde,
sodium hydroxide, sodium carbonate and mixture of sodium hydroxide
and sodium carbonate respectively. The results demonstrate a
linear dependence of the mass transfer coefficient on the reciprocal

of the surface area of activated carbon.
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