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In the first year of this research the rates of

¢xbraction of nanmitol from variocus species of zeawsed were

A bench-zcale unit for the flow of solvento through a

bed of ssaweed, confined between two porous diges, was

to the full development of a pilot-plant scale couanter-

current unit, which hsd been initially developed at the

Scotland) and had been redesipned and rebuilt by the author.
Difficul®ty in obtaining the necessary suppiies of the

the mass transfer of coneentrated electrolytic solutions to
1
ané from porous media .



SUMMARY

Phe obJject of this regearch was to investigate the
rnass Gtransfer of electrolytic solubions to and from porous

medila at temperatures of 20, 30, 40 and 50°C.
This waz done by lmmersing previously impregnated

earthenware slabs (approximate dimensions - 1" x 1.5" x 0.25")

i

3

a moving stream of liquid and sllowing absorpition or
desorption of the solute to proceed for measured intervals

—‘u.
vime.

O
(]

The sources of possible errors in the experimental
»esults have been discussed and the accuracy of the experi-

nental technique estimated at + 3-4 per cent.

o

Is was found that the mass transfer was in accordance

:,‘J'

th 7

«d
| amid

i

ck's law and that values of T, the integral diffusion

ficient, could be estinmated from semi-log plots of the

]
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o
5
P
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H
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o

ion of gsolute abzorbed or desorbed against t, time.

The derived wvaluez of D were related to temperature

(S

T, using the correlation suggested by Taylor (J.Chem.Phys.,

namely D = A exp. (-Q/RT)
where @ = an activation energy.
A = a constant.

Activation ensrgies were calculated for both absorp-

tion end desorption to and from the porous media. For any




cne solute these were found to be dependent upon the physical
properties of the media; and for any one medium they were
found to be dependent upon the physical properties of the

solute.

The values for D were found to be smaller than the

()]

cerresponding diffusion coefficients for diffusion in fre

»eduction

<f
¢

soliutvion. The relationship between this apparen
in diffusivity and the physical properties of both the porous
media and the soluies has been discussed for the sbsorption
and desorption of N. solutions of KCl, HCl and LiCl to and
from five porous media of varying physical properties.

The apparent reduction appears to be dependent on the

—pede

internal structure of the porous media and to a lesser exvent

i..h

the diffusing ions.

-

A comparison has been nade of rates of absorption arnd
degoxrpition. This hes shown that the physical properties of
the porous media have no bearing upon which process is the

quicker. It appears that the variation of the diffusivity

h)

of the geoluts in free sclubtion with increase in ccacentration

o

is the controlling factor.

Investigation into the effect of initial solute con-
cenﬁéation for the diffusion of N. and 2W. solutions of XCl,
HCL, LiCl, HﬁOB’ KE05 and KAc %o and from one porous ¢edium
bhags shown that the ratea of absorption and descrption vary

with increasing concentration in the same manner as co the



diffusivities of the solutves in free golubion.

A statbisbtical analysis was carried out on the values
of D for the absorption and desorption of H. solutions of
KC1, HCl and LiCl %o and from five porous media at tempera-
tures of 20, 30, 40 and 50°C. This showed that although the
diffusion coefficients for mass transfer to and from porous
media are dependent ﬁpon the physical build-up of the nedia,
the process taking place, and the temperature at which the
process is taking place, they are not depgnﬁent upon functions

of the same combinations of thesg variables.
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This law can be expanded Lo give an expression ior
the rate of accumﬁlation of a diffusing substance at any
point in s nmediunm, viz; _ L
c Ye Yo E?C
——— = D 2’3“ 2“5‘ 2 9-000100(2)
t 3% 3 %2

This is generally known ag Fick's Second Law.

The necessary assumption of equations 1 and 2 is that
the diffusion ccefficient is coastant. It is now well
established that diffusivity varies with coancentration and
although some solutions have been proposed for equation 3,
whére account is taken of a variable diffusivity, their
application is extremely difficult and has not gained
prominence

Ac D (D e
2. -2 (P&

Detailed mathematical treatments of diffusion have been

3 4 6

given by Barrer”, Jost , CrankB, and Bird-.

As the basic theory of diffusion is analogous to that
of heat transfer in solids, extensive treatment of the. trans-
formations of the fundamental equations are to be found in
the relevant textbooks by Carslaw7, Carslaw aund Jaegers, apd
Churchill?.

Early attempts at correlating diffusion coefficients
with the properties of the diffusing substances and their

solvents followed two patterns, namely; the application of



the existing kinetic theory of gases to diffusion in liquids
and the examination of the relationship between vigcosity
and diffusivity.

The first successful kinetic approach wvas made by

Y

Arnol who deduced an equation for cslculating the

diffusion coefficient in the form

\/ 1, 3
{1, 7 H
D = B 1 2 o-oaoaoo.ooovooo-oc(z‘!‘)

2\rﬁ“‘”
Aq A, 8 ﬁza

molecular weights of the solute and

where Mq and Me
solvent
Aq and A2 = factors for correciion of the association

of solute and solvent moleculeg

B = correction constant for collision rates
S = sum of molecular diameters
’PZ 5 = Viscosity of the solvent

He summarised the previous work on diffusion and by
using the experimental results available, confirmed the

validity of his equation.

Recently Caldwell and Babb!! have shown that Arnold's

equation is applicable to medium concentrations of solute

-and gives values for diffusivities which agree with experi-

mental values to within 10%.

In 1858 the relationship between viscosity and

12

diffusivity was investigated by wiedenann who stated that



Tact that diffusivity was known for gases to be invergely

proportional to the squarve »oob of the density and proposcd
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74 I
Sutherlond '™ and Elnsteln]) independently chowed tha
Deg ak‘j} O.'.ODO..OUBOBCOGDOBGO!(6>

kX = DBoltzsmann's constant
T = abgolute Gemperature.
arwi  can be found Ironm Stokes' law for falling bodies

.
VAE . 9

P
. } r}'\\
1A — Tuemre— » 4 0050 3% &8 066 20900 C¢c¢COo 9 0 09 30 8 v
ormm T

The combinabtion of cquabtions 6 and 7 ies now cosmonly
known as the Sookes-Einstein law. This has becen shown O

cive good agvzenment between calculated and experinental

6]

golute molsculc

I=iy
1ty
{2
]
=
)¢}
[¢}

valuea in the resitricied ¢as

E(‘

O

diffusing in a nedivm of spaller solvent molecules.
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The values of £ and f can be found by considering
that a diffusing molecule whilst in a hole is contained in
this position by the neighbouring molecules but that it has
complete freedom of motion within the hole. Eyring et

showed that

£ = dx.dy.dz 11 )
-rr 2z
and dx.dy,dz. ...(12)
Therefore D = .. (15)
h A o

They also developed an expression for viscosity by

the application of reaction-rate theory, viz.

5
K.

where ~ the perpendicular distance between two neighbour-
ing layers of molecules sliding past one another
A the distance between tWo neighbouring; molecules
in the direction of motion
“ the distance between neighbouring molecules in
the plane normal to the direction of motion.
= rate constant for the process of viscosity
Ad ™ constant for the process of diffusion
If the rate constant for viscosity and diffusivity are

assumed equal this reduces to

2
FrBA 2 (13)



This equation has been shown to give better a
between diffusivity and viscosity than the Stokes-Einstein
equation when the solvent and solute molecules are of

comparable size.

Equation 10 suggests that diffusivity should vary

exponentially with the absolube temperature. Thig has been
e
a Yol

Y]

y . . 2 .
Hudson and Bagnall“+, Caldwell and Babb 5? and

- 3 3, ) (3 * 2'- =]
oy Taylor who using the data of Cohen and Bruins / showed

that D varied with T according to the equation

(- £
I) = AG * .on-ooooaoa-nqoaceano(16)

where E

an activation energy

A = an experimental constant

Chriatiamsenaa has proposed that
w "G
D = BT’&-Q- aaooooono--onoooecoequ?}

where R

)
W)
1

experirental constant.

Hartley and Crankdg have shown that for "ideal" sclutions

m -
Dflg(%i)(m‘l—. BDlbl.leonﬁnonno—.oue(‘qu

n:oaa‘o('}(_})

N

where D, = diffusion coefficient for component £

D = mutual diffusion for system of components
A-E: . :
A and B S



=
{8

I = Avogadro's I

b
e
3
oY
o?
4

mber

€0

absolute temperature

activity coefficients of compoments A and B

Hy, and N, = mole fractions of components A and B

77 = viscosity of the system

3
5]
B
.\a
H]

ks
b

- He
‘z} 1“1 RT Oo.&"‘&o

component A in the system is
- - f ﬁ/
s1ible T e °
possible foz .B)
Values of

resistance terms for components A and B

k,

e

30ns’0 have deduced that

A‘\‘i’m ﬂ.

lBQDO(aO.}
20. A:]/?O A,

shows that the coacentration of

(& similar eguation is

ﬁz and 5§' can therefore be calculated for

inservion in the Hartley-Crank equation to give an expression

for calculating the diffu
over the enti

31

Prager

Tve coancentration range

after the work of Johnson

i.e.

sion coefficients for such syvsbtems

fox NA = 0 to NA é 1.
32

cn the relation-—

A

ship between the self diffusion coefficient of two components

efficie

Lammaﬁ in consideril
ompenents A,

ieveloped equations fox

tual diffusion coeffic

nts should have the sams

ient, has proposed that

value as

n coefficients corrected for solution activity.
ng diffusion in a system of three
B and igotopically iesbelled A- denoted A', has

the self diffusion of component A

and for bthe mutval diffusion coefficient of components A and



D Dan o ! e1)
r 1 n /I r~ 1 —!
*
A*A £AB L.,
. IQ YB

RJ1

and D, X 1B Ng e2)
fAB I , Mng

where n”= the molar concentration of component A
frictional resistance per c.c. between components
A and B

~AB"“ diffusion coefficient for components A and B
activity of component B

The absolute theory of diffusion remains somewhat
complicated for everyday application to chemical problems
and the introduction of empirical factors has resulted in

some useful correlations.

Wilke*** following the work of Tayloron the inter-
diffusion of dissimilar molecules and the effect of tempera-

ture on the diffusion coefficients proposed that

m
™ ciosoocscorococcooo. ®OQ®O(2P)
where T = absolute temperature
A = viscosity
D ~ diffusion coefficient
F = a diffusion factor,

and investigated the effects of temperature, solute and

solvent properties, and concentration upon F .

He found that F was constant for any given solvent



70.

function of the molal volume of the solute for the diffusion

of various solutes into a given solvent. To account for

the effect of solvent properties in such systems he intro-
duced a factor |
where () = iﬁi I Q=S
Pl ’
Fs = the diffusicn factor for diffusion of
a solute into any solvent.
P = the diffusion factor fcr diffusion of +%theo

same solute into water at the same nmolal
volume.
Using these factors he prepared a "Diffusioa Factox
Chart" from which the diffusion factor F for a golute of
known molal volume diffusing into a known solvent could be
estimated. If F and the solvent viscosity are known tha
d.ffusion coefficient of the solute can be estimated Ixonm

gquation (23).
Schiebel”? expressed Wilke's correlations by the

enpirical equation

1/3
Fom 1.22 x 107 x 5y, eeeee(25)
(z_‘»:ﬁ\ ’

where VA and VB = nmole volumes of components A and B, and

suggested that
g8 | 2/3
Vg
-8 1 + vV .
D = 8.2x10°° T 4 . on(26)
- v/
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where Ed energy of &activation foxr diffusion

i

B energy of activation for viscosity.

v

t

Ag B,=z E_, logarithmic plots cf diffusivity ¥sg
viscosity chould result in gtraight lincs of slopes cqual

ninus one.

They found that for a numbsr of systems the clopes

\T1

the lines were between -1.07 and -7.1

They assuned on averags slope of ~1.1 and prepoxzd
that for diffusion of a solute in water
14-.0

T4 5 0.6
T Va

QQGOOBBQGQDGO.E(EE‘;’))

5
Dw * 10

and for diffusion of the same solute in any golvent

D K105 3 ,}4‘0 vanqltb°°‘°°'(29>

S " 1.7Lg _ 0.6 ’Z 20
w Vg =

where D, and D = diffusion coefficients in wator and goiv

-G . ') .
l; = Viscosity of water

0r§

m . . ~
éiom viscosity of solvent at 207C.

V. = mnmolel volums of diffusing subgltanco

Lw = latent heat of vaporigcation of water
L_ = latenv heat of vaporisation of solvent

3]

Recently Innes and Albrightj? digecussad the effcet

B N e o) B 2 -3 7 R S TR B S O = P Py .
comperature on licuid difilusicn sooifielants and showet 4hot

GO

SN Y



N2
L]

-y v

i
D = ATnei .onalonoonoao‘nueaeoaooo@(f‘{))

where A, B and n are constants, gave better agrcenment

between calculated and experimental resvlts than did

D
- = P (34)

They proposed that diffusion coeificisn of arny
gsiven class of compounds at a given temperature can bz
" m ey 103 )
estimated from DV = K vwhere K and m are censitants which

depend upon the class of compounds and the sclvent in usc.

Te95.1. The Diffusion of Electrolytes in Solubicn

In general two types of diffusion ccefficient ave of

-
&
E:}
!-!
&

nterest in the study of electrolytic solubtiong,

|l

salt-diffusion and gelf-diffuszion.

1.3.1.1  Salt-diffusion

The diffusion coefficient for calv-diffusion givas &

measure of the rate of mass transfer of an eleciroiytc Ixon
one solution into another solution of lower congcentratici.

Thig diffusion coefficient can be determined experi-
mentally in two ways; either with the electrolyte diffusing
from a reservoir with a theoretically constant concentravion
or from & reservoir ﬁhose concenvration is continuall}

decreasing as the electrolyte diffuses frem it. The formern

r
L

,
"s\

rmethod gives a differential value of the diffusion coe

Triedant .
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gspecific concentraticn, and the

i.e. nass transfer for
latter an integral value, i.e. mags transfer for a concen-
tration range.
A summary of the numerous experimental methpds avail-
i f this type has

able for measuring diffusion ccefficients of
been given by LongsworthBBo

Self-diffusicon

LY

1.3.1.2
self-diffusicn gives

3 h
el

b

The diffusion coefficient for
ion &bt go

-
<

O

measure of the rate of movzment of one tyce cof
common ion isobtopically labzsll

gtant coempoesiticn,

@

concenﬁ*ations, usually =z
rwigs con

kS

in an electreolytic solution of oth
S TARALES

efficient valuss

&)

the self-diffusion c

llost of
experimentally have been dstermined by use of either the
diaphragn cell method? 2~ %1 or the open-ended capillary
A ,
method < 46
olytic

General theory for diffusion in elecir

1.5.2.
solutions.
1.3.2.7 Intreduction.
epends upon

The quantitative theory
two facts, viz:
(i) To a flrst approximation the properties of electrolytic

solutions are a2dditive and functions of the individual

ions.
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The deviations from additivivy, which increase siculy
with increasing concentration, may be =2xplained by

the interactibns between ions as charged particles and
vetween ions and the solvent nolecules. In dilugs
solutions the effect of solvent molecules is wneglis-

Seee3

ible and theories for tho properties of ionic solu-

tions can therefore be developsd on the basis of
general electrostatic principles feor charged panticls

1.5.2.2. Salt diffusion of simple

.

o
b

ctrolytes in

dilute solutions

By considering the diffusion of a ginple electrolyis
disgsociating into @)1, cations and ;) anions with A? and 4,

as

M
O

spective lionic valencies.

b J 2
Harned &7 after the thed of Onsager and IFuoss has

shovm that for an 'idezal’ soluticon

£72 000
DO g’*Dn }OE ]Lm cnoauecaua‘t\ﬂé’g./;

t
h
O
&
9
b

where Vg and Wy = mobilities of the iong in unii

fields. PThis is the limiting equaticn of diffusion
originally developed by msrnst49 valid at infinite dilution
of elecvrolyte. This equation can be extended by consider-

ing a 'real' electrolytic solution to give:

k\./

D

()1)1 +J)2) %m (1 + E-%i’?-—?i) R & 7-3

nuomber of mols. of electrolytes per unit wvolums

i

where n
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¥y = activivy cocfficient

N

absolute tempsorabure

Onsager and Fuos have shown that the mobil iy

tern % is equal to

oy Aa Ao
. q.0781 x 10720 1 L2

i3]
Dl 2] 40

(0] i 9 2
(!Zal g = 18 AR) . 3.133% % 10"‘”6‘““?7.

T e

700 (. o+ D NA0P T g (DI (4 - ka)
| Q 25( 1 5) 70 (0 (A )

1 M 'A‘B\} . 204 3 10 /‘5_ 2 ,.i')( o <D
PN / ?f’ (p'r)® !

where Roq and APE = limiting equivalent icnic condusianses

Afbf = sum of +the limiting ionic conductances
I.)'1 = dialectric constant for Tths solvent
%o = viscosity of the solvent
I = ional conecentration I Gi Zia
I = reciprocal of the radiug of the icni

atmosphere
o = the disteance parameter of ths Debye-

the exponsntial integral functvion of

(i

(P(ia)

Now, in ionic solutions the electrositatic forces tond

the Debye«Hﬁckel theory.

%o bring the ions of opposite sign together while themlmal

. L] " - -
forces act contrariwise. Debye and Hx.mkel,50*’5/i have shovwn



central icn

ion attracts the lagging atmos

inal spherical distvribution of

asgsune an assyn2try.

the motion of the ion. This

15

e general Aiff

It should be peointed cut nowever that in

’
il

iffuvsion of a simple electr

with the same velocity in the sane

relaxation' effect is ebsent.

(B)
ion nigrating in one d

moving in the opposite

The nebts.

ger”“ in his development of an equation

rolyte both

The oifect due to elecitrophoresis.

has the effect of retvarding
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simple sleecirolytes:~

(1) Plots of differential Aiffusivity vs concenitration

3

which corresponds clogely to the minimum in the activiisy
ccerficient function. This confirms the suggestion of
Vaﬁ.Rysselberghe53 that for KCL solutions the diffexszntisd
liffusivity depends mostly om the activity Tactor,

(2) The values of diffusivity caleulatoed from theomsiicel
cquations agree with experimental results only at very Jov
concentrations (e.g. for NaCl <« .01H) and that the expexi-

nmentval values bescome increasingly less than the caleulated

For concentrated electrolytic soluvions a numbsy of
effects negligible in dilutie szolubions become of greater
ilmportance e.g. viscosity, icnic hyiration'or solvaticn ¢nd
incomplete dissociation (activity eoefficient).

To correct the deviation betwecn exporinsntal
and calculated results for concenvrated solurions Ongdzax

and Fuoss suggested that the increass in viscosibty wiith

fete

nereasing concentration would have an appreciable effect on

the mobility term in the thecretical equation and that uUhis

r—{}

feet is spproximately inversely proportional o the viscos-

o

the solution.

[ aid
Iy
~«

]
Gordon5¥ has also suggested an equation for calcuvlatis

]
[}

diffuaion coefficients which includes the ratic 9 in #ha

(%:;} [\‘

—
N
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meDility tern.
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Harned and QOwe n55 nave chowm that coryection of the

cr

heoretical plot for NaCl diffusivities by -5~ causes it %o
[

appreach the experimental values at moderatve concentmablonn

but overcorrects in solutions of higher concentmaticns.

ifore recently, Robinson and Stckes aftcr the mobthoed ox
2
Hartley and Crankfg have attempted o compute

entg of electroly in ceoncentrated goluiions.

e}

coeffici
Their work is theoretically uncertain in ssveral

57

nowaver

v
1]

oF
w

1.3.2.3 Self-diffusion of single elecitrolytas.

FAalniy

The Nernst equation for computung diffusion cosffi-
cients of icas at infinite dilution

o Q
D. m"i(:q‘; :’\ 1 (’3(:'.{:'}

9 © 0 0 006G © 9 0 0 0 €O e O 8 0 09 0D &G
Ja Zw“

where }?1 = limiting conductarce
Z = charge on the ion

R = gag consvant

T

]

absolute temperaturne

P = TParaday

. A1 (2
. M .- - r . 1_“'{\)
has been adapted to self-diffusion by Mills end Hennedy 7.
. .58 . C B2 s
Gosling and Harmned have gpplied Onsager's Limiving

gquation for the diffusion ceoefficient of aun lon av very
small concentrations in a ao)utlon of otherwise comabvaon:

Cad

cenpoeition, to self-aiffusion. Thie takeg ths form
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where F = TFaredays

s
B

gas constant

n o= abé. temperaturé

2, = charge on ica '7'

;eq = limiting conductance of ion '1°

a2 factor dependent upon the nunbsr and
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valence types of the ions presenyt, and
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for vhe diffusion of ion type '1' of low ceneentrabion in &
. . 3 - — . 3 % i ’frr‘

goluvion containing icn types 2 and 3 with Czlzgi = Gﬁiﬁz%c
: 46 . . RO
Mills and Kennedy have shown that in solutions of ailall

rnetal halideg the self-diffusion cocfficicnt of zn ilodids

)

X
on D] approaches the limiting theoretica
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'fh

m the Hernst equation.

15} "
The values of DI decrease wWith ingreasing concsnvil
tion in a manner which suggests that the bulk viscosiby o

o

the solution has an importsnt effect on diffusivity. Thay

o fE? .
also showed that at moderats concentrations DI e is
4

almost a linear function of JC.

59

Wang”” has recently chown that the graph obtained Ly

-

plotting the ratios of the self diffusion coefficients of

sodium and chloride ions in sodium chloride rclative Lo whel
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graph of w;m vs cencentration

¥

X3

where 70 = viscogity of water

'7 = vViscosity of sclution
From thess self-diffusion results it would appeaxr thab
vise osity plays an important part in determining b

at winich ions move.

G.3.5. Diffusion in mixsd electrolytes.
A\ : e » < ‘(:‘ <
I'ollowing the theory of Rernst, Vinegrad and HeRain ™

3

showed that the equation for calculating the diffu

o,
0}

any cabtion is

. - U Zuta. _, —_— T 2 . o
LN, = HLo G, = ReC, ki 2. Cmyu;}

-+ F n < 4 aoooi:f-"

+ un, G, 4 &u. C -

3 O

valence of ion

e
o
o
e,
o
D
F:;
14}

1 = mobility of ion
¢ = concentration of ion
G = concentration gradient of the icn
H = don flux
and where the diffusing potential for sach ion involves Lotk

the concentration gradient of the particular ion and the

gradient of the electrical potential in the soluticn. Tais

equation, however, 1s subject to the liimitations thav

n
o]
=%
L

setivity coefficients collision effects and the effect

pairs have been ignored. Vinograd and licBain applie

equation to mixtures of BaCl,/HCL and KCL/HCL and found

oy

ivity of
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Gualitatively their conclusions wape:-
(1) The diffusivitviss of cabions present eonly in small
concentrations are increasad by the acgompanying

(2) The diffusivity of catilons present cnly in emall
concentravions is decreascd by the accompanyiug

diffusion of an elecivolyte in which ths caticn
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where /N = Zu,C, /7, s 0o /2.

diffusing salv

/\\ = £ u, CP = conductivity of the diffusing
. .

L 2g

/N

o QO

]

the conductivity of &

%

P u, G+ o=

This equation predicts that the effect of the supporting

-~ w2

electrolyte will be determincd only by its conduciivity
relative to that of the diffusing sal

ent of Tthe relative ionic mobilities of the non-diffusing

3
ot
4
(0]

s
(o]
#]
Ho
=)
(0]
i3
ml.
1)
=1
H
O
v
F
of
(&}
)
)
(o
lo's
iny
QO
@]
[§)]
b]
0
(-.J
'e]
foo
fand
™o
c\l‘
i
Ty
=Y
b
]

% and will be indononad.



Y]
AV

3

the equatvion is based on appreoximations.

1ok, Diffusion in porous media

In the earlier work on diffusion from porocus media,
the media, usually gels, were used solely as 2 means of
providing a sharp boundary between the sclution and ihs
solvent, with the assumption that the gel exerted no
influence on the diffusion rates.

Studies of diffusion in gelatin were carried subt by
62 6‘_\_1__1

>

Greham™ , Beckhold and Zeigler65, Herzog and Folotsky and

of diffusion in agar gels by Voigtlander65, Beckhold and

Z 6 9
Zeigler6j, Stiles et al.c® 68, and Fricke®®.

[~

The first extensive investigation of “he effect of
s0lid structure on the diffusion process was carried out by

70

Friedman and Kraemer'’™, who devised & methed of studying the
structure of gelatin gels by considering the diffusion of
non electrolytes to and from the gel. The diffusion cezffi
cients of these non electrolytes vere calculated using an
equation, deveioped by March and h,'e.er»fca:rr?/l and showed slower

diffusion in gels than in water solutions. They suggested

liquid in the pores of the gel, the slowing down was due %o
three causes:-
(1) The so0lid gelatin mechanically blocked part of the

area across which diffusion could take place. (This

5 .

is the Yporosity factor™ of a later referencz”.)

~4



C‘c

(2) Since diffusion was taking place through very owall
capillaries there wasg o drag on the molccules caunasd

by the proxinity of the capillary walls.

£
W
o

The vigecosity of the liquid in the gel wag 4G
from that of water at the same temperature.
An equation was deduced comnecting diffusion ceaf

¢lents in water and in gels 2o as to incslude the »adii of

the openings in the gel framework. viz:

&
Ii.fg = Kg(1 ﬂ:, 2. ‘ '?j‘;;)((i '5‘ L‘;)(,} .{.— -‘rg) 09900000{:})‘9;}

where K = diffusion cocfficient in wataer.

I;:q\
o

iffusion coefficient in the gel

!
i
b
e

]

adius of the diffusing perticle
R = average radius of the pores

¢ = a correction factor for viscosity
a

0

T a corraecition factor for mecharnics

This correction for the proximity of the pores to the

}o

L4 3 * ¢ oée' R ° - 3 b -
diffusing particles (1 + 2 %9 wag obtainsed fron Ladenburg’s

correction to Stokes! law.

-—

In further investigations on gelatin and agar gels

using the same experimentel technique, showad

cf
y
j

o
)

or some ten non-electrolytes the product of the nolegul-
ar weight and the squere of the diffusion cozfficlient wuas
almost constant - 2 result specific for molecular diffuzion’ ™.

Friedman and Klemm75 continued this weork by studying the

[ef
1
i

?"3

ffusion of methanol and sthanol in gels of cellulose



acetate in benzyl alcohol.,

Ag - - £y <ee . . -~ 3 . ".__._.' A es
sen in peladin gels has boen soulicd

diffusion of electrolyy
% . 76 77 - J - R o I T o~ - L]

by Ceoxdiex! ¢ who hag ghown that dirfusion coelficicnits

in gels, when extrapolated to zerc gel conceunbration, 40

nov result in values ecqual to the values in pure water and

; - g i, =Ty 8 2 . N e ey o e s e B STy sy ~
suggasted that this is caussd mainly by changes in tha gk
p 4 . - = P T K b QP N

strusture by the presgencs of the dilfusing elecizolyvs.

Using experimental methods gimilor to those of

Vriedman, Cady and Williams’o

clizctrolytes in wood. They calculatod the approximais pons
s for various species of wood and pointed out thavi-

(1) The most significant of the effects of a powous
pmediun on diffusion, as suggested by Friedman. wou

at of mechanical blocking which is proporvicual. to

<
=

gtructure -~ denoted A. In order o commame D

(diffusion cosefficient in solubtion) and D__ {(4iffvnion

coefficient in wood) %they propessd that B, gheuld bo

muluxplled by A and that any differensc betuesn I ¢

7

and Dw afver this corrxection was dus

effects suggested by Friedman.

. .mn
A, had previously been expressed by Buckingian' -’

on the bagis of observations on ths resisbarnca of
soills to the diffusion of gases, in terms of, 5, vhe
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giffusion with the diffuvsion coefficicnts being

subgstantially constant for any one temperature and
independent of concentration gradient despite tho
large differences in gsolube and solvent viscosities.

(3) The diffusicn ceoefficients could be corralated an o
function of the product of the viscositics of tho
solute and solvent

{#4) The values of the diffusion coafficients found woro
less tvhan would bz obtainesd fox the gimple Intei-
diffusion of two pure components and that this was
due o, the mechanical blecking effect of the solid,
the drag on the molecules due to their nrowinity 4o
the capillary walls, and to the btortuous patihs whiah
the diffusing partvicles would have had to follow

within the solid.

Although diffusion theory had been shown §
the cxiracition of soybean oll from porous clay plataan

82 found that the extrachicon of oil fron

Osburn and Katz
soybean flakes did not follow the general diffusion paitzin,
They expanded the application eof dif;usion th

extraction from porous solids to include both t;é internal
and external structure of the solids. They showaed thatb
with diffusion taking place simulténsously from t&o GZ o
different structures, wide variations in the type of
theoretical extraction curves wers possible and tﬁat

comparigsen of exitraction data for different moterials could



e made only when detalils of the structuze of the soll

were known.

On this basis extraction curves which seceni
not fit diffusion theory may be resolved into subsidiary
curves each of which fcllows the requirementss of nornzl
diffusion vheory, with each curve being represcatative of
a constant diffusion coefficient.

. . S . . .85
This worlk was continued by Xing, Katz and Brier -

who showed that the experimental extraction curves obtained
could not be duplicated by a sizgle theoretical cuxve Lor
any constant value of diffusion coefficient for a given
£lake thickness as was the case for the extraction of oil
from the porous slabs. They claimed that the structure
of the soybean flakes and the distribution of the extract-
able material in the flakes were respongible for the

discrepancy.

it should be noted however that the flakes used by
King, Katz and Brier wers prepared by a roller mill and
were therefore not of a uniform thickuness - a coadition
required by diffusion theory.

8@ who worked on the extraction

Othmer and Agarwal
of 0il from soybeans using commnrcval bexanse containing
varying quantities of soybesan oil,showed that mass trangfer
from whole or half beans did not agree with diffusion

theory. They found that the rate of extraction was



proporticnal to the 3.5 power of the oil remali
flekes at any time and that the ecxtraction rete dscreased

approximately as the Iflake thickness raised te the fourth

POWST

They suggested that extraction was a problem of
Tluid dynamics and thet extreaction rates were physically
and mathemavtically defined by the Hougen-Poissnills low

governing viscous fluid flow in capillaries.

It-wcuid appear that the method of preparation of
the flakes for extraction plays a very important part as
to whether or not extraction is by diffusion. That this

true has been shown by Horris and wakehamBD in thoix

work on extraction of peanut oil from & gection of peanut

kernels specially prepered with a microtome, using n-penvans

-

and a nixbture of hexanes zs solvents.

They showed that after the initial extrastion, moas

transfer was caused by molecular diffusion end vhat ke

£n

o4}
et}

V

rave of diffusion was independent of slice thichnac

4

y
[
i‘.l
o]

was thought that the initial extraction was irom
loosely held oil in the ruptured cells and that ths cell
walls were the main obstacles to extraction.

-
G working on the

Recently Antoniali arnd Turrizioni
extraction of peanut oil at various temperaturcs with
benzens ag solvent, found that the resisvance o mags Lrang

fer wag malnly that of the esllular noxmbranzs. They also
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found that the energy of aciivation of the diffusion
process was almest equal to the activation encrgy of the

viscous flow of the solvent.

A detailed investigation into the extraction of
electrolytes from three types of inert carriers of increas-
ing complexity; single capillaries, tubes containing beds
of small glass beads and porous alumina spheres, has been

87

carrisd out by Piret; Ebel, ¥ing and Armstrong ‘.

The mass transfer mechanism was found to be
diffusional and the results obtained for diffuvsion rates
frem the capillary tubes were found o be in close agree-
ment with the corresponding values for the integral
diffusion coefficients of the respective soluties measured
in free solution. Tn the cas2 of the more conmplex
carriers the experimental diffusion rates were found to be

slower than those in free solution.

In addition to the mechanical blocking, and the drag
on the molecules by the proximity of the walls, the porous
medium also presents to the diffusing particle a tertuous
path which is larger than that suggested by the linsar
dinmension, To #ccount for this they introduced the
concept of a pore shape factor Ka, where K is the ratio of
the actual to the theoretical extraction time; or for an
actual'spherévof radius R, KR is the radius of an‘equival-
‘ent-idéglised sphere whose strusture offers no resistance

o diffusion.



an effective Giffusivity D which depends both on the solid

and solute and is somewhat misleading since it is not ths

diffusivity which is sgubstantially altered but rather the
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usion path.

The e¢ffect of initial solute concentratiocn was

investigated and their experimental results showed that

this concentrahion had no effect on the extraction rate.

selute concentration and porous mediz on diffusion ratos

* . % > 88
MeBain and Tau

using a diffusicn cell similar to
tha® developed by Northrop and Anson89 with diepnraga pores
varying between 2-20 x ?O showed thet diffusgion retez
shrough the diaphragm, when compared with a standard wvalue

of KClL in weater, were independent of the size of the poxas

and of the porosity of the diaphragn.

Stokes ', exanining the criticisms waich Gordoen”

made about the diaphragm cell of Harned and Huvtal,

o
£
Q

o
L

rperinented with a similar cell having magnetic giiriers,

nto water showsd thai

;.‘Jv

His work on the 2iffusicon of XCL

ion coefficients above 0.CHR tThers was geood
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sgreement between the resulis obtained by this mebhod and

thoses available in literature but that beleow this ooncsan-
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higher with diilubion than those available in literaimre.
Tnig he ascribsd vo the adsception of the layevs of gsolube

neolecwles immediately close to the pore walls

’"’]

In developing a guick method for finding differonitial

with water. They therefere claimed that adscerpiion of
solute molecules on the walls of the pores within thae oolia

did nob pley aan important part on the diffusion procesn.

A4

activity in the capillaries of the diesphragm even afvew

»epsated washing. This adsorption was not found wi

Reeently twe new methods of investigating pors

strusture and diffusion processces have been introduced,

(1) Uyllie and 1 Rose?? have suggested vhat Lortuosii

o
-
[
[ade
o
g}
e

can be derived from the ratio of the specific ele

resiastance of a peorous pedium saturated with a conluching
f£1luid to the specific resistance of the fluid itsell.

95 do te o3 O“ﬁ‘ Ay '
Batt afser the suggestion of Barrer”” has shown that tha
Leoruucsities calculated for sinterced glass samnles Lron

transient diffuvgion meazurenents are equal fto 4

oD
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tortuosities calculated from gpecific rTesi
ments.

(2) In a mathematical paper on the diffusion of goces
through pores Petersen’? has shown that, although the
normal empirical method of accounting for lew diffusivisics
is to relate the ratio of effective diffusivity to ncrmal
diffusivity, to a function of the product of porosity

{which allows for the reduced area of diffusion) and of

tortuosity (whlch allows for the increase in diffusica paii
ti

‘-74

length) periodic constrictions in the crosg-section of The
pore night also reduce the diffusion coefficients.

Q
Crank and Henry’s

have shown mathematically that iz
the diffusivity of a substance increases uniforpnly with
increasiﬁg concentratiocn then abscrptiocon into a porouvs
medivnm is quicker than descrption fronm
+hat when the diffusivity decreages with ingreasing goncon-

tration the reverse is true.
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S EXPERIMENTAL PROGRAFITS

“

Hacdonaldq hag invegbtigated the procoss:

L‘)

(X
e

iG O

(‘11

L3

absorption and desorption of N. and 3H. potassiun chicrid
golutiocns snd 0.3H. and 3M. sucrose goluticns 5o and oo

twe types of porous media at temperatures nanging fion

20-80".

From this work it can be concluded that

(1) "The mass transfer to and from the porous medis va g
controlled by molecular diffusion and the valucs
of the integral diffusivities obtained were lower
than those for diffusion in free golution.

ature in acoord-

ance with the sugsgestion of Taylo*26 that

DBJL:\ prom%

activation energy

(2) The diffusivities very with temper

i

where @Q
A = constant

gas constant

;.u
t

3

= abgolute tcmperature.

(3) The diffusivities, and the activation energies
calculated from these wvalues, depeand uporn the
concentration of the solution, the physical propsr-
ties of vhe solid, and whother diffusicn wag te or
from the porous mediun.

(4) The results obtained for 3K. KCl and M. sucrcese

h ]

egree with the thecreticel submission of Cram

e‘]
18]




censent

[

,
(BRI

o

T

P4
s

al

rhe

T ¥
L5

plhion

:‘:

80

1.,

I3
<

4
-

;
:

&3

P

OYFes

o

b
L.

o
A

~
LT

SR

&

for 0.5

Y

it

ok

o
L

also

o
c

@

Fy

Ean Y
LN

S

ion.

o

ey |
.y
el

SNex;

.
4

ta
COnGs

=~
Lo

T
—

h ot

henk s

vareed

13

X3

3

ke

.

13

oly

L8]

- e
GO E

-

e

i
moa ~i
= fod
iy
)

-1
o !
on!w ..«.U
. il
X
i =1
) A
.m.u (]
" &
] o
A 05

e
P o
N
hT.m [y

&~
- -
* ._ e
e !

Cuosity

[RKAy

2.
L

{a)

B ©
43 |
o ooy

O
a0
Q )
oo el
Ve N
2 o
N’ ot



(&)

The effect of the presence of foreign ions cn th

35.

and the decrease in diffusivity; as compared with
diffusion in free solution, of solutes diffusing

to and from porous slabs.

13
o

diffusivities of electrolytic solutions.



S MATHEMATICAL, TREATIENT OF DIFFUSION.

5.1. Introduction

The solution of problems of diffusion has invariably
been based in the past on the use of Fick's law. Recently

Babbitt97’98 has pointed out that Fick's law is nol gener

!

ally valid as the fundamental equation of diffusion because

in the elementary kinstic derivation of this law the

o

o]

agssumpivion is made that the concentration gradient is co
stant; such an assumption requires that the mass transfer
be linearly related to the gradient and this, of course,
is simply Fick's law. It is not legitimate to say that:
the derivation is a proof of Fick's law since the law hasg

already been assumed.

In the following mathematical treatment therefore

Fick's second law will be derived from first principles.

3.2.1. Derivation of Fick'’s second lau.

Consider the flow of a multi component fluid -
particularly the ith. component - threough a small

rectangular element of volune.

The masz of component 'i' in this small eiement of

. . 4 ¢
volume at any time is i Sx. Cy. 92.

Therefore the rate of change of this mass
34 . &, £, Y S

%, ; LI - > 2
—tail AW, Ry, . where 71 = density of the ith

o

s
ol s

i

U

R



component of fluid at peint x.y.z. at any time, U.

This rate of change is caused by

A\l
)

{a) +the amount of the ith species flowing in not haing

equal to the amount flowing ocut at the same time

(b) eany chemical reaction which can take place

the small volum=, producing 'i’.

£V, V. V, arc the components of V; (th

r

i Ji %4

velocity of the ith component of fluid at point w.y.s. atb

.

time, %) in the directions of the axes then thse n¢

of increase of mass across any two opposite faces

-small cubical voluume, due to the first sffect is
A (x) Vx' (x) gv gz - j%(x+ SX) in(x+ )

B; ]gx 3y Cz

4=

Similar expressions can be found for the T1

across other faces of the small volume.

Therefore the nett rate of increase of the

component due to fluid flow is

.,rwﬁv Dy DAY e 27, Ve 6
_;§a dy L o

and the nett rate of increase of 'i' due to cheni

reaction is

ki SX_ SY SZ'

where kj = rate of increase of 1 per un:

g:;f gz 0 (9x%)

Ca

frie

v volume, -
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On dividing both sides by ox

i

the

wher
of four

(1)

(2)

(g,\

and gz tend o ge

r:;; G

=\ (1

tow if .
Row 4 ul

g

|

is

3

Vi

,
i

called

components.

the mass
gradient
the mass
gra&ient
the wnass
external
the mass

pradiont

VAT A

the velocity of spsci

nass average velocity v

——

;<1
2

D
<
*

s

the mass flux vecto

These ccomponents are

es, fif, w.r,h

3 o ¢ - =
C\):}{ é’y (_)Z) 900606300 4ce o eooa;,i?:/
g\ A g\ :”‘
¢y U3 ani lotving di,
v .. -, -
exro, equation (43%) bacones
. P
(VY A Van
ML TR L b3 TRy s
v . oy
2y RES | *
. §
- fi 4
) & 1.':._-‘ aeoaoou.-cooeooe{.éf'r‘l“.‘
A

Tlux vector due to a concenbtration

(ordinary diffusion)

flux vector due to a pres

(pressure diffusion)

flux veetoxr due Go &

forces (forced diffu
flux vector due wvo a

{“hernael diffusion)

b
'

> e
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Expressions for these mass fluxes can be obtained
by means of the Onsager relations in the thermodynamics

of irreversible processces and the equations of momentun

and energy of the previcus system.

The main assumpbions are that the system is almoss
in equilibrium and that the fluxes are proporticnal to

the first power of the gradient in the physical preperties.

The pressure diffusion contribution to the nrass
flux is extremely small and can usually be neglecied.
The forced diffusicen term is only important in ionic
systems and if gravity is the only external force the term
becomes zero. The thermal diffusion (Soret effect) is

important only in cases where there are very steep

Yemperature gradients.

5.2.2. Ordinary diffusion in & binary sysien

For two components A and B we have

Y2 : , o
BT = ”"VeaA "’vn /)A_ V 4 kA ooonouea.(tfoj
For drdinary diffusion in & binary system
2 i() G
: G B §7 -
3 - M M. D X - X °°(‘t!’(’)
A R A "B “AB B\}hA P.T A

where Gy = partial molar free energy (chemical potential)

M = molecular weight of component A

Cc = total concentration

:‘i‘
o

=~ mole fracition of co Hyele



D.~n = Dbinary component di

AS

the Gibb-Duken relatbion

<
&
k.:.
03

X, d.G + X é@--\ = O oooboeaaﬂueug'{i"g}

A

e . O
A GA (T

where 2, is the

[ 6.3
¢ @ 0 & ¢ 0 ©C 0 v © @ © ‘f'-‘/

m
b}
P
(o))
oo
b

m

¢l

ct e
: Jeo

e
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s
e

Q

=

o

o

Ja
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Hovw in dilute liquid systems and for ddeal gas mi=zitewan
the activity is
~ / T \ / e TN SPL
J,{‘. 8 e I'Iﬁ I{» TU_A..B. \/ Py ezaeuoo:n:oka‘i'}

>

o

P
QDR

Host diffusion problems are covered by two special

Lol

1) a system of congtant mass densidty
J I

(

(2) & system of constant molar density
The first refers Ho diluts liquid soluticns &b

consvant temperaturs snd pressure, the szcond (o idsal

]

s at constant ten

fome
ﬁ.l
0
dp
B
o
£
-
o

zas:

¢

For a systen of conctant mass densglty ws have

a . -
/%E = /QA e _/,f:%‘ = @(}D.B't“;n-{; 6006 acao { Sl;;)}
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1 ol
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. 'l! L 1Aa B. -A-o r:‘-‘-,
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P . dA = 2= emomes ri 1. D

11 oy o °o P 0 o{EE)\:
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Substituting Tor jA in equation (56)
3/ A e o o .
é); o VD(D‘{\E vf?‘p‘.) - ?7/3{\‘0“! - ‘.!_:11 ¢ ¢ s 232 >:;"‘jo:
B, is

fp U8}

usually assumed o be independent of position and iF

1 »:
LLere

is no chemical reaction k, =

y = 0 and equation (58)
becomes

‘inL 2 Z .
P DABVﬁA IR VA VA0 75 I

e/

~
59

For diffusion in dilute non reacting liquid systems which aro

not flowing, V = 0 and equation (59) becomes

YAY S 7 20
3% Dy YV

= “42 | (3
.}t - DA.B\"/ CA -‘oclnoa-oeo.o-aooeanoocéﬁ)(ﬂ

Equation (60) is generally known as Fick's
diffusicn.

second law of




5.%.1, The solution of Fick's second law for the experi-

mental conditions used for desorption.

19¢. 3%, 3% o, % (66)
D 2% 3:{2 33’2 PES

The boundary conditions are:-

[—‘.I
o
[
n

(1) C =0 for x=0,a; y=0,D09; 2=0,4a for all"
of ©
(2) C =C_at t = 0, O<x {a; 9 <y<b; 0dzda

o)
The method used for solving the equation (6%) was the applica-
tion of a double Fourier Transform in x and y, followad by a

Laplace Transform in b.

This gave

o ™
N 2p+1 2q+’l ‘[
26 CQ S > exp.-Dn~ [ ‘) ( =p%) L gintaprd s

%e (2p + 1)(2q + 1) ﬂ
p=0 q=0
o/
xz leﬂ(ﬂgl—fi) : 1 = X (Orfc(d+ d*) -2 - erd‘c<2d§' d("'} "Z\
L\ 2[D \ agf; /
ao ] . ¢ R - v/’)\
+ epfe (2233 ) _ erfc(dedu +2 N ()
2/D% . 2fD%
a b oo
How ngj j §C dx dy dz I %)
' 0O 0O O ' f
00 COo 20+ 2 (u} 731
potet ALY (m !E

N . 2( o
. 64 ab Cq } > exp.-Dn ( 2 )
E Lo (2p+ 1N%2q + 1)°



& (83)
Xid « :;\‘L?.ri‘. - f;[ﬁ% I)‘ (- 1)“’! _4rd \iéi-fc(:- }
. " v/ 2Jnt 25"
r=0
b (=1)F -2 exp N (<D
N 2jnt
4 Q%
any t = st = '*" @ © 06 6 C 9 C ®0 9 O e 0 eaC a0 DS C‘
"D % Qo abd co (65,

&) 2 2
== 2p+1 2941 _
» ° ° E— = §"’i‘=‘: > > ‘ QDTE = ) ) "'} 4 é:, ;.,‘:!i‘i

b i 520 q (2p + 1)2 (2q - ?)2 E_ Nra®
&) o
F-— . Fd) % ~
uaj'?)%% (-1)**1 brd‘} 1fc( rd )-:- (= ) ntm wp{.i;‘}__ *
LW £ ? . e o) P
pliery j—- 2{D% dn ~5Df6rglj
8 0 686 e 680000 w0 e T > oY 04’"

A detailed mathematical account of this soluticn

is given in appendix B.

3:3.2. The solution of Fick's second law fon the experi-

mental conditions used for absorption.

Since equation (62) is a solution of Fick's second
laow its acegative must also Be a solutien i.e. with C as
given,Co - C is also a solution. The solute concenbtraticn
within the boundaries of the slab at time + = 0 1is given

by C = 0 while the solute concentration at the slab suriacegs

is maintained constant and equal to Co.



4,

PThus the solution of Fick's second lew fox

absorption is

C =Co [:3 - 1% ....etc“1 as in equation 62 ....{07)
T 2 E

. e Qa,g a. b. 4. Co[:1 - 1% E > s CLC I oo (GB)

The maxinum amount of solute absorbed by the sizb

would be such as to make the concentration of the solute thho
3

sam2 as gvtwivathe slab i.e. C, This would be accecmplished

after infinite time, therefore let Qe = abd (o seoeel 6}
ience the ratio of the quantity of solutzs abecrbed

after time, t, to that absorbed after infinite time may h=

obtained from equations (68) and (69)

Eag qzﬁg E > s e e etcl 009'..0'.....(?(‘):}

This treatment of diffusion in porous slabs deperis

upon the assumptions discussed below.

2 e The application of Fick's law to diffusion in

\

porous media.

The simple solution of Fick's law given here is
based upon the diffusicn coefficients being constant and
irdependent of the solute concentration. While solutions

have besen proposed for the more general relationship

de. d (D _«Ls..) ferenenraeenees (7D

d% dx 3
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it was feltv thatv their gpplication Ho the experimental

data would be extremely difficuldy, not impossible, and

Lo
o

D

8

would scarcely be Jjustified by the accuracy of caxperimonis

of this type.

1. b
S LA

By applying the linear dimensions ¢of the gla

3,

the theoretical solution of Fick's law. it was found that

= .

the graph of ED VS. Dngt tended, betueen the limive of
D '<O.4)> 045 4o a straight line. Lts 1t was found thol
the experimental resulis also tended %o a linsar form, it
wvasg concluded that mass transfer was dus to molecular

diffusion, and the use of Fick's law to calculats mzan o

integral diffusion coefficients was reascnably satisfector

The so0lid is, however, not without effect on the

diffusion process. Thege effects will now be dliscusaad.

34,2, The reduction in volum2 through which diflfvasion

S S e T T AR A SR~ AT ZND

can vake place.

;:J
(i

Obvicusly diffusion occurs oaly in ths free spase
available in the morec of the solid.

N
Fick's second law is 22 = D. d %

At éxz
which when corrected for porosity, P, beconmes

2
Ao . g 5% -

P. = ® © ® & 8 8 g © & O 0 9 ® & © O Y
at DXZ
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The effect of the so0lid in reducing the voluns

vhich diffusion can %alke place can there

hic

Cu

d\.

n

N

pplication of Ficli's law.

olbe D, The tortuo

\H

s

In a porous solid the paths which

-

bodies have to follow are nors Lorvtuous

longer than the dimensions of the solid

nazg

sity of the pores within ths 5o

Several sinilar correcticus have been proposszd

accopunt for this

(A) Piret et a187 nggesbed & pore shaped o

where K> iz the ratio of the agtual Timo

theoretical tins necessary o reach a gilver

N

Ly
.oooac:.a(f’.j(.-x

]
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dinmensions of thez so

A correction has been introduced by Fat
The trangport equation for transient diffusiocn
across an inbterface between two porous disceg is
d Ry Vg + VU ré;
dJ vV

t = time
?U + V. = pore vclurnes of the upper and lowoen

porous disecs.

bulk length of the upper disc.

(=] é—:
U

H

diffusion ccefficient.

By assuming a constant valus for D and substitubing

this along with actual measurements in equation (75)

values of d RG can be obtained.
it
Onn comparing these values with actual resulvs the
ratio
a R d Ry

T soaof \ 2] et

is obtained.

This then is the tortuosity. k, of the porous disc,
Eg_ . actual fluid path length

Ly bulk length of disc.

wnere k =



(¢) nqbﬂ&tt97 bhas suggested that the diffuszion coofifi-

cient D should be reduced by & factor, r», whers »

is the ratio of the minimum

the actual length of whe path through the selid i.c.
~
Jdc o “C
ST = ro D-‘m eoo--olc-oon.es(&/‘)

AR J =2

(D) Petexsengs, on the other han@.s states that extremsiy

large values of tortuogity factors are obbainzd fronm

gsome experimentvally measured affective diffusivities
within pelleted, or extruded, sclids and claims,

that postulating pore consirictions within the colid,

forme a more satisfactory explenation

reduced values of De’ the effective diffusivity, thaon

attempting to interpret vthem on the basis of

tortuosity alone.

There is however no satigfactory techniqus o
chavracterise independently the structure of pores

within compacted materials. The validity of

4

Petersen's ideas thereiore camnnot be proved.

It would appear, therefore, that the effect of
increasing the path length throush which the dLqu S BEIN
particles must pass can be accounted for in terns of

relative coefficients or relative path lengths.



Bob The effect of adsorpbion.
Since tvhe glabs affoxrd a large invernal surface szo

A

vhere is ample opporiunity for adserpbtion of the solute
molecules or ions.

MeBain and Liu88 have pointed out that if adgosontion

the solute molecules cccurs and even if it exbtends Lo
thickness of several molecules, it is probavly lzm
obscured by the fact that the avorage pore dismetbter io

(R Y L e N

pproOX. ‘107 -5 . 10 lecular diameters.

-
]

Stokes, however, " a
below 0.05 H. KCl., the integral diffusio?:; confficicnts
determined by diffusiocn through o porous glagss diaphmagn
became Iincreasingly higher tharn the corresponding valueg
determined by experimental techniques. Thisg, he ascriled
to a surface transport effect. sFurther evidence fom

o
fa 4 ; . s, 99
this iz provided by HMysels and MeBain”’”.

In the present work the effect of adsorption will Lo
neglected in calculating the experimental integral diffv-

sion coefficients.

S3.4.5, The assumption that the material through wihich

diffusion ig talking place ig honmogencous.

To avold the pogsibility of a systematic errem
arising owing to ons oxr more of the groups being different

n cemposition from the others,; the groups of slabs used

=



in the experizmmnis were never placed in the same order in
the diffusion cell. The first series of cxperimants for
cach type of slab was examined and as the deviation from
the mean lines drawn through the points appeared to be
quite random,except for the M1 slabs, it was concluded

that no group differsl appreciably from the others and

thai the material could be regarded as homogencous.

The scatter of the experimental results for M1 slabvs

ig discussed fully in section 6.1.3.2.



4. BXPERIMENTAL  TaCIIoUl.

Before describing ths experimsntal techaique, in
detail, a precis of the procedure will be given and will
be followed by a description of the construction and

Tunction of each piece of apparatus.

4. Précis of experimental procedures.

The experiments carried out fall sultably into two
categories, namely; the diffusion into a flowing strean
of water of electrolytic sclutions from porous media
previously impregnated with solution, and the absorpiion
under sinilar conditions of electrolytic soluticens into
the media which had been previously impregnated with aiv-
free distilled water. Both types of experiment follow
the same pattérn. This can be convenienbtly divided into

four stages:-

1. The impregnation of the slabs with eithés-distilled
water or some electrolytic solution of imown concon-
tration.

2. The introduction of the slabg into the diffusion coell
where a stream of liquid flows past the slabs and
diffusion takes place under specified condivions
either from the slabs to the liquid or vice versa.

5. The total extraction of the electrolyte remaining in

the glabs after the diffusicn process so that thay
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H, 2. A detailed description of the opparatus.
a2, The jmpregnasion unit.

LA
o

§ o~

The apparatus (I’ig.1.) consisted of a vacuum pumn

conncetzsd in turn ¢ on Hdwaxds VAGULS

sne abgol pressure in the sysbtem, a "Drilkeold
vater our trap to protect both the pump and ©

Q’\
o
£
I~
!_I-
o]
\

11ly to two Pyrex dcosicea
Tunnels. Into the bedy of ecach desiccen
netal grid upoen which ths crystallising

the glabs 10 be ilmpregnated could sit.

dropping fumia2ls were thorcoughly dricd,

Jointg coated with silicons gtop-cock gr

vapour trap fifled with a mixture of "Iz

1."n}¢) 8.11&1

The large crystallising dishes conbaining the sl

then placed in the desiccators and the

a8 8hovn.

4.2.2. The diffusion cell.

The transfer of material o oxr 1z

}Y
primarily a opecially lengthened R.55
1

1iguid flowed ab the inisth 1 and ould a%

spparatus

g P e -
sat" Lor maaa

<x Ty 3
CLeatl

sod e
(DA N Yy
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THE POSITION OF
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o which slectrolytic soluticn wag in use - gauvse G gervol

both to protect the gintered disc and Lo cupport ths oo

nade from formaldehyde resin boxes (in fscth, childroin'c
building bricks) from which the bascs hzd besn vemovad
and slots machined in two opposite faces. Bach bhox
carried one set of three glabs and the boxes were nlaond

or2 on top of the cther, bLut at different angics Lo ono

The diffusicn ¢ell and a glass ccil fox proboating
the liquid Flowing through the cell were imagrced in a
thermeostvatically controlled water bath in which the
Gemperature variation was 0.05°C. of the desired valuo

heeB The supply of liauid to the diffusicn cell.

obe ]
AL, rreciv ey - N

A. Absorption cxperiments

After some trials with metering puwmps it was docided

that in order to avoid contamination of the highly corzoo-

&
s
o)
=
&
J
(]

ive electrolytic solutions 1¥ would be betver €
these solutions using a compressed air system. A diagvan
of the apparatus used Lo recirculate the soluticn throuvsg

the diffusion cell is shown (Fig.5.). The solution was
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crepared initially in aspirator A from where 17 wag

clevased to

0

e s o S R $ e K 7 P N
aapiravoer B by closing the taps T? and B, anl

't«
,TJ
}.ﬁ
s
iy
<t
a2
Lt

> needle valve V wnich conteoliled ths comvaaeasnod

flowmeter, From the prekhesating coil the soluticn oniolad
the cell and passed through it tc the gspirater C whore

both the liquid leaving bths cell and the overilow fron thn

served as a temporary rcservelr wnsnk gccme of the soluvion
vas being elevated fxom A H0 B.

The very small rcducbion in coaceniration coussd Ly
the addition of the volume of the vater retained Ly the

ths goolubiocon baoins

0
F

slabs (abouv 30 ml.) to the voluns

cirgulated (about 15 litres) is considored Lo bz pegligiblc

5. Desorpvion cxperinents.

The distilled vater, conteninated with electrolyce
which had diffused from the slabs, was allowed
wagte. The apparatug, tGherefore, did nov require a
recirculating system and aspirators A and ¢ were wrengvcd.
The distilled water was pumped from a reservoir of about
100 litres czpacity to the aspirator B fxom where i
flowed to the cell via the constant head device and

flowmeter as before.
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FIGURE 4,

A TotaL ExTrRACTION UNIT.




&,2 . The "Moval BExtractors',

Tl

The total extraction of the slabg took place in Ths
apparatus shown in Fig.Z. Batteries of thesd uvnits wors
arranged in parallel with a cooling water supply. azh
unit consisted of a 1000al. conical flask fitted with =
four~holed rubber stcpper which supported both a cooli
coil and gintered glass filter and also provide
the atmosphers.

The slabs to bs cleancd of resgidual electrolytc wano
placed in the filters and therwater in the flaslks hsotod

o boiling. The boiling rate wags adjusted so vhat tha

cr

reflux was Jjustv sufficient to kecp the glass filters
convinually full.
The nett effect was a Soxhlet tType apparatus in

which a streamn of hot distilled water flowed past tho

to the bulil

I3
O
ey

glabs, removed any clectrolyte and ret

solution.

4.5, A detailed descripticn of the experimental
techniqus.

8.5 The preliminary treatment of the glabg.

The porous earthenware slabs were obtainsd from

Messrs. Aerox Ltd., Hillington Industrial Istate, Glasgow,

>

S.W.2., who preparéd the slabs to the required overall
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dirensions from sheetsz of materizl o




The materials used to manufacture these different
grades of porous ceramic consist mainly of alumino-silicats
aggregates specially graded for particle size. The
aggregate makes up about 6% of the material, the remaining
4% consisting of clays used to keep the aggregate in suspoen~

gion end to bond it during firing.

The slabs were used as rectangular parallelopipeds,
vhat is diffusion taking place simultaneously to or from
all surfaces instezd of as finite scolids wlth mass transisr
occcurring at only the principal faces. This mzthed

necessitates a more complicated method for the calculation

{2

of the theoretical equation but it prevents errors arising
should one try unsuccessfully to seal the slab edges with
some impermesable wax.

Before use thz glabs were freed from dirt and lcose
material by impregnating them with a solution of mixed
electrolytes and removing this from the slabs in the
"total extractors®. The process was repeated several
tines. They were then dried overnight at 110°C., and
the overall dimensions measured by micrometer. Any slabvs
showing a marked irregularity in thicknecss were rejecied as
unsuitable. A1) the slabs, however, revealed some
irregularity when the thickness was measured and a general

variation of about + 0.002" was observed.



- °

For the H120 slavs, 21 of the ncst uniform were

selected, and graded into 7 gcroups of 3 guch that each group

had the =same mean thickness. For the other typcs of slabng

V3, V5, V10, and M1, the most uniform 18 slabs of cach type

(b)

(c)

selected and graded into © groups.

There are certain advanbtages in using groups of thres
instead of individual siabs, €.g.,
The resultant increasse in the weight of solutbe retaincd

by ‘the slabg increases the accuracy of the gravimetric

estinations.
An attempt could be made to compensate for the veriation
of thickness of individual slabs by grading them into

groups of the same nean thickness. This correcition in
not strictly accurate as the exponential terms in tho
theoretical equation depand upon the square of thea
thickness. The error resulting from this may probably

1%
[RES

[oh

te ignored as it is of the same order as the ermow
to the variation in thickness of the irndividual slabs.
Ho attempt was made to correct for variations in lengih
and breadth of the slabs as these dimensions are of
considerably less importance than the thiclness, unless
the variation was excessive.

The wiping of the slabs after removal from the impreg-
nation chamber and from the diffusion cegcll arce criticsl
parts of the experimental technique; any error arising

from these wipings is probadbly smaller than could be



0o ealculate the thLOl

expected. for single glabs.
The nsan dimensiors of the ﬁlaagwereavb a2qnang

The

grade of material.

slabg were finally prepered forx use by

o ufte

them once more for 6-8 hours %o remove any dust or lc

4

L. 3. 0
Ye Jeile
B ALY

in vhich they had been dried overnight

impregnation chamber.

The

in a degiccator for 30 minu

sulving froam the meaguring and grading pio

=)
=
4]

impregnation of ths slabga.

5labs to bz impregnoted wers removed fnon

15¢3. Jach

ar weighing the slabs were removed from ¢he ving
a ¢rystallising dish which was in bturn fitited int

The apparatus vwas

described in &.2.1.

found possible to reproduce the weight

G

he
(

&

S

slsbs to within 1%.

SGarn

ndardising the cornditions foxr
of Yiquid abs

The conditions were,

The impregnation chamber was evacuated unbil a
0.15-0.2 mm. of mercury wag atbained and this

the
the

slabs were %o be impregrated was introduces

chamber via the diropping funnal
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impregunation 1t

oresd
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vithout by

tained for 30 minutes after which the liquid wviun
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dhe alabs were thon ollowsd o gisnd Lo ons bour Lofoio
2Ty e - n- e o N PR S T IR 3 .
the vacuum was broken ernd the ernysballicivg dicsh con-
P > A e m® S, %, (N , R . - -
caining the slabs withdrawn fron the impregreition

chamber.

impregnation ligquid wes neasured. Phe slabs vere thaen wipad
vith a cloth saturated with vhe impregnation liquid oo

suzgested by Piret et alilf’ o remove ths excsgs Liquid Loilors

A 2 e A . =T J W T garad aaed 3a- K e
ohe impregnated slabs werc Tepleaced in the aluniniva ving ond

¥

Yhen desorpiicn experinmenats were being carmied ovy, wus
remaining impregnation_liQuia vas collected and snalysed o
deternine the solute concentration. Thig was necegzary as
flash cvaporation in the impregnaticn chamber asu

appreciable inecrease in the golute concenvmavion.

After weighing, the slabs were placed in thoir coxricmn

and intrcecduced into the diffusicun cell.

4e3.3. The diffusion process.

Refore the impregnated slabs were placed in the didiu~
sion cell the liguid flow rate and temperature were adjusicd
o the required wvalues. Phe flow Tatve was maintainsd ot
between 10 and 12 litres per hour which wasg equivalent o o

Reynolds® Ho. of about 00 atv 20%. Phig wvalus ig within



i

3]

®

1liniss for which Bouzhsowe, Erler, and Osburn ™~ goncludad

e

L)

shat the diffusion process was independent of Lliguid floy

w
o

rate. The temperature wasg adjusied by varying the water
bath temperature and cbserving the result on a theraomotor

immersed in the liquid flowing through the cell.

The liquid was allowed o pass through the cell unbil
ateady state conditions of vemperature and flow werc achicied
after which the slabs were placed in the cell, in »andon
order, at noted time intervals. he globs wers left in the
¢l]. for the desired time and then renoved. After thain
renoval the glabs were slipped out of their conbvaiuners ond
wiped with a cloth saturated in the liquid lceaving vhe ecll,
and either meplaced in their xespective aluminiuvm Petzli
dishes or placed directly into ths tobtal sxbractors, dopond-

ing upon whether a gravireiric ox a volumetric method was

U,J
I4

be used for the estimation of the residual gquantity eof

electrolyte.

If a gravimetric method was to be used the Potmi dishoz
containing the slabs were placed in the cven‘and dried over-
night at 110°C. After removal from the oven they wer
allowed to cool in a desiccator for 30 minutes before waigbing,
The slabs were then placed in the "total extractors’ anl

cieaned for 8 hours before being redried for further usa.

If a volumetric method was to be ussd the slabs usrae
continuously extracted for 8 hours and the resultent sclutlen
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slabs when deried overnight were then »ceady Loz furbhor uss.

Dy both metheds a measure of the woight of coluto
revained by each group of slabs was cobisined. Encuwing tha

Y eBalt The analyvical. technique.

Grade “A® gypparetvs vas used for all veluncizis

wmlyaia. The gpecific gravities Tequired for the caloula-

48]
bt

l.)-

tion of QG} and Q@ wore neasured using graduated SO ml.
density bottles. All weighings were dons on an aiv-domncd

balance ceontained in a thermostatically controlled cuphoeoinid.
Gravimetric analysis was used vherever pessible bub
could net be uszd for acids or for solutes having assoclatoed
£ erystallication. Parvicuvlear metheds of cstimaving
the vericus solutcs end mixbtures of such are ghown in tablso

“"‘L.,}O



KC1/KO3

TABLE 4.7, Pqu$CJT?? figtheds of Tobimatics Various Boluton
SOLUTE MOTHOD OF DSTIMATION -
(GL Gravimetric o Litrabion with.AgB65°

G Titrabion with HaQH.

LiCL Titration with Agﬂ05=

Kijg Gravinetric.

EHO, Titration with Hali.
2

CIL..COO Gravinctric.

Titration with MaCH to give acid.
Titration with Agﬂ05 to give total chlceride.
KOl by difference.

Ag for HC1/KCl.

sravimstric to give btobal solids.

Titration with AgRQ, to give chlorido.

\.‘.

Acetate by differcnce.

Gravimetric for votal golids,
Pitration witia AGBO~ for chloride.
Nitrate by dlffCT“nQ

s e T T

P . R ety
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4..5.4.1. Estimation of the solute remaining in the slabs

after diffusion process.

(a) Gravimetric analysis.

After removal from the diffusion cell the slabs were
placed in their appropriate tared Petri dish and dried over-
night in the oven at 110°C. They were allowed to cool in a

desiccator for 30 minutes before weighing.
(b) Volumetric analysis.
After removal from the diffusion cell the slabs were

continuously extracted for 8 hours. The resultant solutions
were transferred to 500 ml. graduated flasks and made up %o
the mark at 20%. The concentrations of these solutions
were estimated by pipetting 50 ml. and titrating with the

appropriate standard solution.

4,3.4.2. Estimation of the concentration of the

original solutions.

(a) Gravimetric analysis.
5 ml. portions of the original solution diluted to %

strength were pipetted into tared evaporating basins and left
overnight in the oven at 110°C. They were then cooled for

30 minutes in desiccators and reweighed.
(v) Volumetric analysis. |
50 ml. of the original solution were pipetted into a

500 ml. flask and made up to the mark at 20°%. 20 ml.portions
of the resultant zolution were titrated with the appropriate

standard solution.
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CALCULATYON OF ITHTECRAL DIFFUSIOH
ARD ACTIVATIOCH EHERCIES FRON EEPERIMENTAT, DA,
These calculations nay be conveniently divided into
gectiong:—~
The derivation of the theoretical equations for diffe-
sion vnder the specified boundary conditions, and the

sub

cular set

stitution into this of the dimensions of the pexii-

of slabs being used,to obtain a theoweiical

elationship between ED and t (time) for predetermincd

vaiues

The

Q
w
ats

def

of D%.

derivatvion of equations for calculating valucs of

reviously defined as the quantity of soluie
p 5 3

er infinite time in absorption cxperiments and Q

ined as the quantity of solute present at zero time

in desorption experiments and the substituticn of

CXp
Cﬁ)‘c:

The
The

the

The

pro

erimental data into these cquations to calculatc

and Q¢>

calculation of values of ED from experimental data,

calculation of integral diffusion experiments from

experimental and theoretical plots.

calculation of activation energies for the diffusicn

cess from the correlation suggested by Taylor=c.

A exp.(-Q/RT)

jade
oD
o
t

in the following

PLEgE SR



5 The calculation of the theoretical equation.

The Tirst step in this calculation is to determins the

dimensions of the slabs by means of micrometor mcasurcments.
Considering the relative importance of the individual dimsn-

sions the mean of six readings was taken for the thicknsss,

a,; of three for the breadth,; b, and of two for ths leugih, 4.

The theoretical equation for desorpticm has been shouwn
Go be
2p+ 2qQ-+ = W ais
= }Q o2 (LT L R
] ~ .
E oL & 1 34 22
= -
D L A (2p + ’132(2q + l,}‘g‘ ¥ oqs
p=0 @=0 L.
2
2 AL
5% 21 [ . St
=2 == (=1) { 25 ’erfg, {G..Eg‘“ g + (=1 )r TL" e _..v.fuv
vas 2/t 2/0% |

=
<=

As the "error function" (erf) of a large number
(i. e.j} 2) is almost unity, values of erf (1-erf) nust bs very
small. Full advantage of the use of the above‘equatiOQ GO~
taining error functions can therefore be cbtained by vaking

d as the lergest slab dimension, i.e. the length.

As D, the diffusion coefficient, and t, the time, ars
both unknown it is necessary to assume sone value of the

2 . .
product Dr™% to . evalvate the above eguation. It was found



that a range of values of Dot from .001 to 0.050 gave
values of By from 0.155 to 0.833.

Table 5.1 gives the average dimensions of the slabs
and table 5.2 the calculated valués of Ed for the chosen
values of Dnzt(ZJ.These theoretical values aie shown in
graph form in Graph 1.

Inspection of the equation fer the absorption of o

solute by a slab shows that the calculated values of Ed

LT

ry

in fact also the calculated values of (1%EA). Therefore
one plot of the theoretical equation is sufficient for hothx

absorption and desorption e:xperiments.

TABLE 5.1, AVERAGE DIMBENSIONS OF SLABS

SLAB § AVERAGE AVERAGE AVERAGH
TYPE LENGTH BREADTH JIDTH

H.125 | 1.4857 L7413 . 1955
vV 3 1.4991 .7616 1975
V5 1.5022 . 846 .1971
v 10 1.4862 L7432 . 1975
M1 1.4824 .7525 .1974
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could be naglected.

Considering (2):-

It has been chown above tha% tho zlabs reach ths
experiment operating temperature within a fevu minutes of
introduction -into the diffusion cell. This quick »ice in
temperature will almost csrtainly cause an expansion of ths

o~

liquid in the slabs. Asguming that the coefficient oi

=y

cxpansicn of the slabs is negligible compared with that o
the water or electrolytic solubtion the volumes of liguid

-~

expanding from the silabs may be calculated.

5.2.2. The derivation of en cquation fox Q

If the expansion of the distilled water in the slabs iz
neglected an equation for calculating Q. can be derived in

e,

the terms of the fellowing nomenclature.

d

3

W. = weight{ of distilled water within the impregrnatad

i
slabs at the impregnation tsmperature.

-t
-4

D7 = density of water at the impregnation btemperavuve.

i
D% = density at the inpregnation temperatvure, of the
solution from which the sclute is being absorbed.
(3 = the concentration in g./litre of Hthis solubion

at 20°C.

Volume of water impregnated into the slabs
_ weight of water impregnated into the slabs
density of the water impregnated into the slabs
W,

0

S 1)
DY

4
DBO'QOBQO‘O9000090!9000&0&#1‘



7i.

Lf this volum2 of water were replaced by solution at

i

{=te

impregnation temperaturs then:-

The weight of solution) (volume of water atv impregnation
which the slabs could ) temperature = density of solu-
aboorb after infinite ) (tion at imopregnation tewmperaturs
‘PJO

Gime

"

Wi x_ DY o

-
- 2 6 008 ¢t a0 ® 0 6 0 6 0 B s o

o
Dl
i

d

.°. Volume of solution which the slabs could absorb at 20°%C.

weight of solution at impregnation temperature
density of solution at 20°C.

4

W3 D3
= "‘%“‘""‘%‘ Qoopoonnooooa-aoo-.aoouoooo.nooocon.(.(c.?)‘,,)
Dy D2
20

. . Weight of solute wvhich the slabs could abserd

= volume of solution at 2000. ¥ concentration ab 20°¢C.

S
Wy Dy G

..'..D506.0.‘0090.0!‘0‘93.&0.000'0900(8/)

DW DS
i 20

2. ....

Conaidering now the expansion of the distilled wate
from the slabs:-

The free space available in the porous slabs (V)’

W3
agsumed to be constant = -=
p¥
i
The weight of liquid in) (fres space available x densivy
the slabs at the temp- ) =(of water at the temperaturec of
erature of abgo;ptlon(w ) (absorption (DW)
1
W. D
.0. "\lr = l a .B0.0B.0....0..'0.3..(85)
Dy ,

1 -
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is neglecte ¥
in the terns of the above nomenclature.
The weight of golution impregaoted inbto tnn alabn = ¥
- - L. welsht
Toluns of solution ) (e e e
in the glabs at 20°C.) ( density of 202,
1]
Se »
- '1 oo
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and similarly from the experimental plots:-
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As we could have equally well started with log (1 -~ EA> it
follows that equation (106) holds for both absorpiion and

desorption.

The values of D caleulated using this c¢guation oare
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From the theoretical plot of By ¥s. 4 it was found
Shat for'ED equal to 0.4 and ED equal o 0.15, that
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where the term 6.452/60 is a conversioan fesctor relating the

units in /min. %vo c¢m./secc.

The calculation of the activation energy for the

diffusion process from the derived inbtepral diffuzion

Eyring has suggested that diffusivity and temperature

ave related by the equatbion
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DISCUSSIOH OF RESULTS

Intreoduction.

. Summary of experimental runs.

Table 6.1.19. shows the physical properties of tThe glab

)]

uged. The nomenclature is that of the suppliers,
Ltd., Hillington Estatse, Glacgow. The average dinen-

of thes slabs have been given previously in Teble 5.1.

TABLE 6.1.1.
Siab lax.Pore Porosity {Permeability |[Electrical
Size Resistance
Typa | (Microms) { Per Cent . : 1 Pactvor ]
1125 1.25 48.0 0.8  3.00 |
. , ;
V3 25.05 41,7 1.6 : 5.70
V5 5.00 42,4 3.0 | 5.45
V10 40.00 50.4 6.4 ' 5,86
111 0.57 30.7 ' 0.2 7.75
Definitions of the physical properties:-
Pore size ~ British Standard 1695 (1953)
Porosity = The ratio of the volumes of water absoxbed

by a2 slab to the total volume of the glab.

The volume of water in £.2.s at 20°C.

Permeability =
passed in one hour through one sq.cm. of
s8lab under a pressure of 10 cms. of water.
Blectrical = fThe ratio of the resistance of a slab
Resistance

Factor impregnated with an electrolytic solubion
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tempsratures of 20, %0, 40 aad 50

Oele2e A theoretical estimation of the perceatoes

accuracy of the experimental m»csulis.

Threoughout the discussion of the results much impozianco

will be atbtached to the accuracy of the experimental resul

It is nccessary therefore that both a theoretical and an

actual error should be cstimated.

By assuming an experimental error for each maagsureniin

in the experimentsal proccdure a mavimum theorxebliesl npsooontnn:



79.

error was calculated on the mathematical basis shown

below. A detalled mathematical account is given in

appendix C.

In general if N = gi% and the possible errors in

Py 9, & and b are gpw gq, §a and §v then

nt = Lo+ §p)(a + 8q)
(a - §a)(b - §b)

where N' is the largest possible value of N.

p(1+-‘5-2) a1 + —53)
N' = ;‘(’a ?b
a(1 - E_) b(1 ~ )
“'+.§2+SJ
~ Pq P qQ
'ab°1__$__a___§;_'g
a b
- -g-. X (1+§§+-%)(1+§%+£%)

Expanding and neglecting second order terms

N . fq , a , fb
5 1+(§%+-%+ a+b)

Similarly for the smallest value of B (N'')

Nt g & éﬂ &E
e 1G5t e
.. The error in N = (ég-+ £§ + é% + é%

The estimated error in values of E , is approximately
+ 3.0%. This error, however, does not take account of the
manual wiping of the slabs. The effects of these wipings

have been shown to be negligible (see section 6.1.3.4.).
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The percentage error in the values of D, the integral
diffusion ceeificient, has been calculated in the secticn on
the statistical analysis of the experimental resulis (sse

section 6.7.). This was found to be + 3% %.

-

G145, Treamble.

6.1.5.1. Iantreductory runs on H125 slabs.

T T xS

Although Macdonald! has shown that the experimental
procedure is of reasonable accuracy and gives straight lins
plots of log Ed vs. Uime, be%weeniEd values of 0.40 and 0.15,
'a few int:oductory runs vwere made using N.XCl and H125 slabs

before proceeding with the basic experimental programnme.

From these intreoductory runsg it was found that:-
(1} a. Plots of log Ed vs. UGire gave straight lines bDetween

e

By values of 0.40 and 0.15 (Graph 2).
n

o’
=

o
¥
o
ES
n
Xm-,
‘ s

ittle scatter of the experimental veluss
of Eﬁ from the mean line thiough them, and, thoere-
fore, no one group of slabs was giving & coansisteontliy
high or low value of Ed.
{(2) Experimental runs were repeatable arnd gave values of
Ed varying by + 4%. This cempares favourably with
the theoretically estimated value of + 5%.

(3) In the plot of log D vs. 1/T there was a slight scatter

of points from the mean straight line through then.
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Dable ©.7.5.5. Values of I fow the desorpilon of HLKCOE
Tren HIE25 slabs.
'
demp Original Run Repeat Huas Pereensage
o - - = . : i s o
. |Bxperimentall Correcved | Buperinental| Corrected [Difference
N - - — . g% - . =
B x10° | B,x 10> B x10° |, x 107
. >3 .
20 0.645 0.645 0.652 0.652 1.09

%0 0.818 © 0.810 0.820 0.828 2.22
40 0.980 1.00 1.050 4.020 2.00

590 1.240 1.240 1.220 1.250 2.45

Jote. The values of ﬁé wvere estimated from the mean linoss

in the plots of log U ws. 1/T.

On remeasuring the 81QBU5 the decrcags in widih vao

not suificiently large to justifiy ivhe extent of tThe incrsass
in diffusivivy. It was thought thorefore, that the slabs

ware continually being ercded not only on the external
surfaces but also on the pore walls. This may expldln the

increage in the diffusivity.

In view of this increase in diffusivivy with use, i%
ﬁas decided, that, as the differences bebtusen rates of absorp-
tion and desorption, which it was hoped to detact, msy b2
small; the corxespondinv desorption and absorptiop Tuns should
be done smmedlatalv following one anoUheu, even altnough this

()

i 2ome incomvenience in alberrpating the liquid
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Theoretically therefore the errors erising Ifrom monusl
wiping of the slabs are negligible compared with the

estimated percentage error

diffusion rate than when diffusing in T
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o
o
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ey
} n}
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s
s
]

actuel gspeed of each particle iy reduced only slighitly ~ the
retording ferces being adsorpiion on the pore walls and, o,
a drag at the proximity of the well. The apparent zeduction
in diffusion is caused by the pariticles having to travel
through a mean path far in excess of that suggested by the
iimensions of the porous medium and by the fact that difiv-

on does not take place from the total surface area of the

i
ol

mediuia but only from the open pores.

-

The introduction of a factor to acccunt for the appar-

) 2yl
ent reduction in diffusivity was first made by Piret ct al.””.

2
2

They proposed a factor K- to characterise each of a s2lection

1,

of porous media, where K- is the ratvio of tne diffuzioen
coefficient in free solutioun to thatv for diffusion in a
porous medium. It follows therefore, that the greater the
value of K2 the greater is the effect of the porous medium

-

on the diffusing particles.
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Values of K~ for ths abgsorpiion awd desorption at 207C.

of I solutions of several electrolytes to and from slabs
H125, V3, V5, V10 and M1 are -cshown in Table 6.2.4. The
experimental integral diffusion coefficients from which 4h=

values were calculated are listed in Table 6.2.bh.

Table 6.2.¢. shows the integral dleUGl v coefficiconts

in free solution for I. cgncentravlcns.

In some instances the value cbtainzd in the litsyroiune

had to be corrected to a standard temperature of 20°%.: Dow

gt
%
4

this a corresciion of 2} per ceut per degrec cenbigraide

allowead?,

ol
TARLE 6.2.a. Values of X~ for desorpiion and absorpiicn at 207

e R W e

o Ty

Slab Desorption Abgorpiion

Type HCY xCl1 LiCl HCL KCL Ligl

H125 2.58 2.46  2.47 2.22  2.46 2.27
V35 2.87 2.67

no
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Vo 3.49  3.40 5.40  5.03
V10 3.49  3.35  2.21 A9 B34 2.94

N
.
o
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-
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o
ud

I 4.38 4.00
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TABLE 6.2.b. Diffusion coefficieants Ffor II. sclutions at 20YC

Slab ECi B0 TiClL
Abs. DE‘SD l‘:‘sbSo D@‘?o .ﬁ.b:.’)c DQQ-
[y s
Type T x 10° 5 % 10° F % 10
H125 0.65 0.65 1.25 1,07 0.48 Q.45
V3 0.60 0,60 1.09 0.S6 0.4 Q.49
VS 0.47 Q.47 0.79 0.79 0.3%5 0.22
V10 0.48 0.48 0.7 0.79 0.26  0.5%%
ii'? O.‘%O - 0.40 Oo ‘?5 006? Oo 55 O a 52

TARLE 6.2.C. Bastimated integral diffusion cocfficients in

free solution for M. solutions at 20°C.

Solute F x 10°
KCl 1.60
HC1 2.76
TiC1l 1.06

Figures 5 and 6 which are in the main gseli-explanstory

provide an easy method for compsrison of ﬂ valuas.

Figure 5 (Desorption) shows that:-
(1) The values of K* for any one slab type, with the excep-
tion of M1 slabg, are of the same mumerical oxder Lo

all three elacitrolyees.
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(2) The valu2ss of K2

for all slab vypes are greater for
HCl than they are for XCl and are greater for KGL than

they are for LiCl.

It had been hoped to obtain a relationship Lebtwszen

&
5
=

some of the physical properties of the slabs, in p:z

o

the electrical resistance factor, and the valucs of X

There is5 a similarity between K? and the electrical re

U S P

¥

ance factor for H125, V5, V10 and M1 slabs but not for V3
slabs arnd in effect there is no complete relationship batween

2

slab properties and X~ wvalues.

Examination of Figure 6 (absorption) shows that in
gencral the values of K2 for ebsorption follow the sams
trends as those for desorption but that the values of X™ for
KCl are pgreater than the corresponding values for HCl with

the exception of the values for V5 and V10 slabs.

It will be seen leter (see section 6.3.) that for KC1
absorption is equal vo desorption for all slab btypes and Fon
HCl absorption is quicker than desorption with the excepiilon

of V5 and V10 slabs. For these slabs it was found that

for the corresponding anomalous values of Kgc By neglechuing

these results which with everything considered (sse section

6.7. on statistical analysis) seem to be experimentally
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on HCL.

Piret's method of calculating Ke chargciterises each

slab type but does not take into account ths effect of
porosity. By correcting the experimental values of the
integral diffusion coefficients to a standard poresity {in
the present case to 100% porosity) and using the corrected
values to recalculate KZ, the corrected h? valuss so
obtained give a mere realigtic allowance for the tertuozily
of the sliabs.

2

The corrected values of XK~ are given in Table &6.2.4.

and in Pigures 7 and 8.

TARILE 6.2.4. Values of KZ corrected for porvosity.

Slab Desorption Absorpticn
Type HC1 KC1 TiCl ECl KCl LiCL
H125 1.24  1.18  1.17 1.06  1.18  14.0%
V3 1.19  1.11  1.09 1.05  1.11 .01
V5 1.8  1.43 1.8 1.49 1.4%  1.28
V10 1.40  1.35  1.31 1.40  1.35 1.15
M 1.35 1.2%  1.02 1.12 4.25  0.99 |

NOTE: The value of corrected K2 for the absorption of

The smallest value poasibdle is unity. fhe diffcreznce

between the smalle nossible value apd Lthis wwalns Jow

!
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The corrected valuss of KZ, for both absorphtion and
iesorption arxe much nearer to unity than Hhe

ted valueg.

=
5
Q"u
k3
pe

voetuaosity of ssveral types of slabs, £.3. originalilly
V3 glabs had a greater Lortwosity than HI25 slabs

wnereas after correction for porosity
of 125 slabs is larger than that of V3 slabs.

The values of corrected K2 for any onc zlab tyoe, wiith

the exception of M1 slabs, are of the =zams numcrical

crder.

The wvalues of corrccted K2 for all tha glab vypes
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It has been shown that porosity cannobt bz the only

't

factor affecting the diffusivitiss othorwige all the

i\)

corrected values of X, for any one elscirolsis and five

types of glab, would be equal. Since the corpccted valuoes

P . . ]
of I~ do not increase or decrease regularly with incraaosing
pore size the controlling factor must be the intsrnal struet-

ures of the slabs.

The corrected valuss of K2

for BCL, KCl and LiCL
diffusing from any one slab type e.g. H125 slabs, are of the
same numerical order but are not equal. They de asz fron
HCYL - XCl - LiCl. Thisg sugpests that there sre possibly
varying degrees of adsorption of the ions on the pore walls,
and, or,; varying degrees of drag on
ity of the pore walls. As there is a common icon in the
three electrolytes the setarding effects must be dopendonb
upon the physical propertvies of the ovher ilons, nanely;
K’ T and 14, The sizes of these icns when hydrated

° >, 3 + '{' -":" » 2 2 L 5
increase from H - K° -~ Li'. It appears vherefore vhoit the

largest ion is reterded to the least exbent.

I contrast %o desorption, for the absorption of HCIL,
¥KCl and 1iCl into H125 slabs, the k¥ ions ave in general
retarded more than the HY ions although both the H' and ¥~
iong are retarded more than vhe Li® ions. This result

its origin in the variation of diffusivity with variaticn

in ccncentration.



95.
The ratios of corrected Kg,values gre shown in

Pable 6.2.e.

TABLE 6.2.e. Ratios of corrected K2 - Desgorption.
H125 V5 V5 vio I

HCL : XCL |1.05 1.06 1.04 1.04  1.10

ICL : LiCl{1.06  1.09 1.05 1.07 .32

LiCl: RC1l |1.01 1.02 1.01 1.05 1.20

1t will be seen that any one rabtio is almost consitani
for H125, V3, V5 and V10 slabs. It follows therzsfors thai
even although the slabs have a greater effect on 17 ions
than they have on K' ions for desorption, they affect thess

ions in the same ratio with the exception of 11 slabs.

The question now arises, "Why should the smaller icns

‘be retarded to & greater extent than the larger ions?”

If the surface area availeble within the slabg ig

solution then it is reascongble to agsume that there will b2
conparatively more small ions adsorbed than large ioms
adsorbed. The smaller ions will therefore be retarded o

a greater extent than the larger ions.

If this reasoning is correct it follows that for nrore
concentrated solutions the differences in corrected K? values
between ,say HCl and KCl for any one type of slab should

-

iiverge and for weaker golutions they should converge.



Conclusicas

(1) The controlling factor in the apparent retardsiioc

lons diffusing o or from porous media is the int

gtructure of nmedia.

D
S

don ol
Al

(2) There is a sscondary effect dspendent uvpon the size

of %vhe ions.

(3) Porous media do not affzct diffus ctrolyt

'L'S
o
@
A\t
ﬂ

the same extent. Ta general clectrolybes contc

smaller ions are retarded o a grceaber sxzvent
those containing larger ions.
(4) The ratio of the effects of the slabs on the io

in general approximately constant.

G.5, Compnarison of rates of absorpticn ond dogox

S
ZETD
adninm

In order to avoid unnecessary repeviticn, throughc

the discussion the "rate of absorption” snd “the ratc

descrption” will be spoken of as ebscrptioan and descr

The experimental results for the absorption and
descepticn of N. solutions of HCL, KC1 and LiCl from
V3, V5, V40 and M1 slabs at temperatures of 20, 20, 4

5000. are given in appendix A.

H125,

O andc

Plots of B4 ¥vs. time for the desorption of H.XCL from

gach type of slab are shown in Graphs 2z and 35-6. Si

(H

&) I 1
sroaphs war

K2R
LInd e

obtainad for HCL and IiCY - th2 gcatvier ol pointe



in these bezing dependent upon the slab type buib aot upen

che solute.

The integral diffusion coefficients, denoted I,

derived from these experimental results are shown in Table
6.%3.6. The column.ﬁg shows the corrected valuss of IV
taksn from the mean lines in Graphs 7-11.
TABLE 6.3.a.
H125
Run N. HCl H. ECL ¥. LA¢L
%2~tq i} DG t2~t1 )] DC t2~3q 3] Ha
2t [ o <, 1
min. v 107 x 105 nin. x 107 x 105 nin < 107 = 07
D20 | 26.1 1.106 1.07 a4, 3 0.652 0.65 o5 Q.485%  O.éa
D30 | 21.8 1.325 1.33% 35.2 0.820 0.830] 52.¢ 0.546 Q.54
Ba4Q | 17.8 1.623% 1.62 27.5 1.050 1.02 42.6 0.679 0.5%
D50 | 45.0 1.925 1.4 23.7 1.220 1.27 A, 0.847 .85
A20 | 22.9 1.260 1.25 44,3 0.652 0.65 60.%7 0. 475 0,48
AEO 17.11 10688 1062 . 55.2 00820 0085 "43‘}598 00629 Oo\(::"\"
AA!O 14 ] 5 ) 2 L 3 020 2 . 00 2? ° 5 (I . 050 /, 3 02 542‘0 ’] O ] 8’5‘7 (} © E}‘“
AS0 114.9 2,424 2.484 | 23.2  1.245 1 27 | 26.3  .100 .07
V3 _ I
D20 | 32.2 0.900 0.96 48.2 0.€00 0.00 73.2 0.595 0.4
D3O 2"‘!‘01 1.202 ’]-']5 5804 Oo?Sl'l' 0975 60.2 Onl:'Bq Oe‘r:.r':‘
D&Q 1 20.4 1.420 1.42 31.5 0.919 0.92 52.5 0.552 0.5%
D50 [ 16.5 1.755 1.76 26.4 1.097 1.12 45.9 0.630 0.+
A20 {(27.4 1.000 1.09 7.8 0.6056 0.60 65.9 0.439 (O.&4
A30 {21.0 1.379 1.35 | 3.0 0.743 0.75 | 49.6 0.58% 0.57
AdD {17.3 1.675 1.68 31.5 0.919 0.92 41.5 0.699 .70
A50 |1%.7 2.11 2.11 25.0 1.158 1.12 32.2 0.5C0 0.8Y

L




Ep — PRACTION OF SOLUTE UNEXTRACTED.

DesorPTION OF NK Ci
FROM HiZ5 SLABS.

(REPEAT RUNS)

20°c

o 30°c
50° o 40°C

1 1 1 1 1

20 30 40 50 0 ‘Ilﬂ 80
T. Exrraction TIME. (MINTES)
GRAPH 2a.
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{ ]
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Eo

DesorPTION OF N K Ci
FROM V3 SLABS.

20°C
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Cf‘;":
and V10 slabs, the values of 3@ ol 1mw& WOme 80 Ll
that 1t was bthought Jjustifisble %o congider thatv
abgorption and desorpiion were cqual and Lo dnaw o,
mean linge through these valuss ol Ba ant i-h s
. £
Grephs 7-11 shou the plote of Leg i ws. /% for all tho
experimental runs mentioned above. Fron the plots of
tog U vs. /3 it will bz seen thab:-
(1) XC1. Absoxption igc egual to descrptlon ob all
temperatures irrespective of the sliab Lyps waes
(2} HEZl. Absorpbtion is quickser than dcosorpiicn ay all
tesmeratures for slabs H425, V3 and [Fi. ALno i
Tioa is equal to degeoxrpbion av all Lommeratiis..
Lor sleb vypes VH and VI40.
(3) Lig¢l. Absorption 1s quicker then dssorpbtlon ob all
temperatures irregpective of ths slab tTyp2 un.:s
S5 . . o
Crank and Henyy”" have chown mathematically thet if the
diffusivity of a substance increases unifornly with inowron,
ing concentraticn then abscrpiion into a porvous medlium chonas
be quicker than desorption from the same nadium,

The variation of diffusivity in free golution with
increage in concenbtration for KCL, HJY and Li01§5 in gboun
in Graph 12.

With increass in concentration the diffusivities in
free solution of each of thess electroliytes pass throuvgh o
minimum at approxinately 0.1 . AfGer wacsing thmouveh &l
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minimen, Gthe diffusivivies of the cleccoolyte do net inormenss
1 I3 L3 3 3 4 ok &S - - : o2
at the gans rate. The diffusivibty of KU1l increasgs at a
: N 1
- e 2 R " 5 AT = - .- ~ -
greater rate then do the diffusivivies of eithsr XCGL ox LiGL.
L3 b .

than does that of TiCl. The rates ol increase for KCGL and
LiC1l ares such that the velues of diffusivibty ab a concontra-
tion of 1. are only slightly greater than the values ab

6005 He In Fact with concenbraitlion inerveass

1H. there is very little overall increase in diffusivity.

r

Onz would expect therefore that for ¥.HCL abscerpiion

pm
bt
g
-]

=4
{..h
o
Lrwed

ashould bz quicker than desorption and foxr H.KCL ang
abgorption should be oanly slightly quickexr than degorphion.
The erxperimental technique is probably uot sufficiently

accurate to debect the small difference in absorption avd

descrption for KCL and LiCL. In the pwresent work, thoreforo,

abgorption should be equal to descrption fox KCL apd TLiCH.

.

Prom the experimental results it can be concluded thab:-

E-J

3

{1) Toxr W.IC1l the rates of abscrpiion and desorpivion o and

-t

from M1, H125 and V5 at temperavures of 90»,0 G. evs oo

wonld be expected from the above suggesitlons. Nhe

Kal
A
-~

rates of absorption and desorpbtion to and from sled
types V5 and V10 are pot as oma would expzct. Tho
reason for sbsorption end desorption being squal fow
these slabs can possibly have its foundation in thein

s nore probable however

!—7-

larger pore size. 7

PN

Se

#
L

the regults are experimentally ingorrect.
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(2) For H.XCl all the results arc in agreencni with tho

above suggestions.

(3) For N.LiCl one would expect absorption and desornhion
to be equal. That the results are no so may poszibly
be bscausge the porous glabs have a smaller influsnoo

c""-‘ 'l -+-
en the Li" ionms than on H' or X' ions.

etween concendtrations of Q.C05H. snd ZH.XCL shere io
an appreciable increase in the diffusivity in free solubtion.
If %he Drev1ous reasoning is correct,bhis increase in diffv-
sivity with concentration will result in obsooy

gquicker than desorption for 3N. solutions of XKClL to such an

[t}

extent as will be readily detected by the present.

Hparincni-
al technigue. Confirmation of this has alresdy beon given'
for two types of slabs namely H125 and

from 20-80°C.

In the sane workj it was found that for H.XCY absory-
tion was quicker than desorption at the lower temperaturesn
and absorption was slower than desorpbtion at the bighor
temperatures. Phis does not egree with either the przosnt
reasening or the present resulibs.

The percentage differences between absorpbicn and

desorption for Macdonald's resulis have now been caloulabed

and are shown in Table 6.3.b.
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1 8 T -\ ~— ] TV . ] e o - 4 - A = ) —— ryes .
TABLE ©.2.1. values ofl b 3 107 fox 1125 glabns
P e o A RS AR e s —ruw co = L e
_— - e s . - g
Yy v 2 PR - (S TY S D e R
Pomn, ADBOTPLion Deascirpbion Hilreronze Pergentogs
O
A . o Ddae .
I Abs. -~ Des. Differancs

Ve . Absorpition | Desorpvion | Difference Forcentage
0 .
S e Lbs. = Des. Differsnce

W
(@)
o OC O O
°
i
e
®)
(o)}
®]
O O
o
()
i

-
A

87 0.88 Q.01 =
60 1.05 1.02 0.05 &
70 1.27 1.19 0.038 +
80 1.51 1.59 0.12 3

O

o

N

8
\ 1

Exqminatgag of this Pable shows that the percentage
differences are witﬁin the estimated experimental crror foz
the invermediate temperatures and are outside sh2 error ayv
the highsr and lower temperatuwres. The results therefore
cannos be explained on the basgis that the differences

between abgorption and desorpbion are within the caleulaied
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Asgsuning the present reasoning o be correct

dfegdonald’s regults for H.KCGL suggest that absowpibion must
be affected by the porous medim To & greater or losg exwisend
than desorption,depending upon the temperavure of $he sysbon.

£ this is no% so vthen the xesulis suggest the corollany

that the rate of variation of

d
with increasing concentration depsnds unca temperature, and,

in fact, vhat at 20°C. the overall cffect of inereasing

¢concentration from 0.05H. o 1 H. is a reduction in diffuvs-
o,
C

ivity and at 69 is an inereacss in diffveiviby.

be drawn from tvhe vesults for the abscrpvion and desorpvicn

of 2. solutions of HCl, ¥XCl, 1LiCl, KKO§ ond HNQ., to and

from 125 slabs at 20°¢G. PThe results derpived Tfrom bLhags

rung are given in Tabls 6.%.a.
Exanination of this Table shows:-
(1) Atsorption is quickize: than desorption for 2H.KCL
HCL and LiCl.
(2) Desorpbtion is quicker than absorpiion for 2H.XHO
(3) Absorpbion is quicker than desorpiion Tfor dﬂ.ﬂﬂ05
The results for 2N. KCl, HCl, TiCl and EHOz are in agreemsny

with the present reasoning. The resulits fox 2. 0, are

she direct opposite of what should be expected provided tho

present reasoning is correct.



omparison of rates of absorpticon and desorpition

A e
:1/5
¥y Wall et nl.” ",

to and from porous media has also been made b
They found that absorption was equal to descrption.

Sumning vp all work on the comparison of absorpiicn
and desorptiocn, we have a suggested thoory with experimzatal
evidence from runs on HW.KCl, H.HCL, 2N.HCl, 2H.KCL, Z2H.XRO-
and §H,K011, and also from work by Wall et al., supporbing
this theory. There are also some resulis which do noh agreon

with the suggested theory. These are for H.LICL, 2N.,HEQ.

and N.KC1 .

Conclusions:-~-

in genefal the properties of the individual slab typen
have no beariang upon whether abgorption is quicker than
desorpticn or vice versa. The controlling factors are
functions of the physical propserties of the solubtes and

e, .

especially the variation of diffusivity with concencration.

o4, Activation energies.

ﬁacdonald1 has shown previously that for absozpticn
into and desorption from porous slabs, the diffusion coeffi-
cients vary with temperature in accordance with the equation

suggested by‘Taylorao, i.c.

for the absorption ard
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Gdesorpbicn of H. soluticns of HCL, XCL snd LiCL to and iI—on
slab types HI125, V3, V5, V140 and I have besen gilven in Tablis
6 Pt a &:‘1 P-% Qﬂt.d It = l :i:, - ‘1/-"_3 T B B AP A

0o el A8 expected plots of log b vs 1l gave straligatb
lines. The activation ceumorgies calculated from these plobts
ars ghown in @able 6.4.a. Figure 9 provides an casy mothod

for the comparison of these values.

TABLE 6.4.a. Activation Energics in H.cal./mol.

oLy

Slab KC1 HCL TicL
Type Abs. Des. £bg. Des. ADs. Dcsg

¥10 .49 3.47 .68 3.68 | 4£.29 3.25
rﬁ,i “‘!." 09 4‘:09 iﬂ'o I}B 5»'—.“2- “E‘o 09 5 L] 51

(5]

Examnination of Table 6.4. 26 Figure 9 shows that:-

(1) The activation energices for the absorption and desorp-
tion of KCl1l are equazl. The value obbtained, 4.1

k.cal./mol. is of tke eomz order 2s the activaslion

ensrgies found for the abgorption of H.ECL Ho

ole
(el

slabs by Macdonald namely 4.02 k.cal./mzl. Is
however much higher tvhan Macdornald's value of 5.26
kX.cal./mol. for desorption.

{2) TFor HCl the activation encrgies for abscerption and
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desorpSion vary as follows
(a) Tor H125 and V3 slabs the activation ensrgies fo»
9D80£ptxon are greater than the corrCSPOHilng achtiva-
tion energies for deuorptlon.

(b) Fox 1 slabs the activation energy for desozpbtion is

greater than the activation energy for sbscrphion.

{c) Por V5 and V10 slabs the activabtion energies sre caual.

(4) The activation cmergies for descrption follow the soms
trend as the actlvat1on energies for absorption and
thai, except for 125 slabs, the activation cnergies
for the absorpition and desbrpﬁion of HCL Follcw a
pattern sinmilar vo that for the actvivation enzrgics

for KCl.

{3) For LiCl all the activation energies for abscmphica
are greater than the corresponding desoxption valuss.
The values for desorption and absorption do no¥ Jhowsve
follow similar trends. The values for ébsorptien7
with the exception of the values for M1 slabs, follow
a pattern similar to that for the abscrption of HCOL
and KCl. The values for desorpivlon vary very widely

and do not warrant f rther discussion.

With a few cexceptions it can be generally concluded that:-

(1) Activation energies are functions of the slab type ussi

t‘.'.)
Lot
r9
(’l’\
}-0

(2) Irrespective of slab type, where absorptlon is qui

than desgorption, ths a slvatlon energy for absorpuion

Y

]



greater than the actvivabion enrergy for desorpiion.

fude
1]

(3) The activation cnergies for thz absorption of HCL,
KCL e&nd IiCl end for the desorpbior of HCL and XCL
follov similar trends and decrease rYor individual slaob
bypes from ILiCl - KCl - HCL.

(&) There iz no apparcent rclationship betwsen the normally

the slabs and the

™

ccepted physicel properties cf

activation energies. There is, howover, a rccinrzoeeal

2
[;.-o

inilarity between the activatiocn cnergies and tho

'd

values for corrected X™.

e 5. he effe £ initial s concentrasicn
6.5, The effect of tial solute oc Gien

on desorp sion and absorpiion

The experimental results foxr the aboorpticn ond deg
N. and 2N. solutions of KC1, Ka0?7 e, LiCl, Y“Qﬁ
and KAe %o and from H125 slabs at 209C. are given in appendis
A

The valueg of the integral diffusion coefficients

derived from these results are shown in Table 6.5.2. Niie

Loy o~
CLG Poit-—-

column “"Percentage Difference” in this table gives

centage increase or decrease in the integral 4

coefficients fer inercase in concentration fyem M. to Zi.



TABIIE}‘ 6- 5 3 El 3

- Run

Compound | Strength ‘ by = 6, i} - Percentage
minutes |x 107 Difference
HNO3 I Des. 27.7 1.04% + 0.9
2N Des. ‘ 27.5 1.05
N Abs. 26.4 1.09 v 3.0
28 | Abs. | 25.6 | 1.13
LiC1 N Des. | 67.1 430 . 6.5
2N Des 6%5.2 457
H Abs 1.4 470 ER
2N Abs 1.4 470
EC1 N Des. | 44.9 643 .+ 2.2
21 Des. 45.9 .057
N Abs. 44,9 B85 + 8.5
2h Abs. a4 .4 693
KEO3 N Des 47.5 .608 - 7.2
2n Des 51.4 .56 |
N Abs 50.7 . 569 - 5.5
2N Abs. 53.6 538
HC1 N Des 27.7 | 1.04 . 42.5
2N Des. | 24.6 1.17
B Abs. 25.6 |1.22 s 10.7
2N Abs. 27.4 1.35
KAc N |Des 61.7 468 Nil
2N Des 61.7 408
N Abs. 60.2 A9 nil
2N Abs. 60.2 479
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The variation in diffusivity in free asolubion for
variation in concentration for KCl, HCl ard LiCl has alveady

b

(0]

en given (see section 6.3.). The diffusivities of all
three increase with increase in concentration from I to 2.
For KND5 and HI\T()-5 a similar increase in concentration

results in a decrease in the diffusivity in free solution.

6.5.1. Desorption.

The values of U in Table 6.5.a. show that for KC1,
HCL and TiCl veriation in initial concentration from N %o
2N results in appreciable increases in the rates of lesorp-
tion. The percentage increaée in each case is more than

could be expected from experimental error.

For KNO3 variation in initiel concentration irom H. to

2N. results in a decrease in the xate of desorpticn of 7.2%.

These experimental variations correspond Lo the varia--
tion of the diffusivities in free solution for a similax
variation in concentration. For HROB the percentage
increase in the rate of desorption is within the experimental

limits and therefore must be neglected.

For XAc there is no apparent difference between the

rates of desorption for N and 2N concentrations.
The effect of variation in initial solute concentration

on rates of desorption has been investigated'previouély.

Piret et a1§7 used three types of peorocus medium of increasing
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complexivy with several electrolytes and found thet varia-
tion in initial concentration did not affedt ﬁhe rates of
desorption. Macdonald used twe types of slabs ard incresssed
the initial solute concentration from N. to 30. He also
suggested that desorption was independent of the initial

solute concentration. His results are shown in Table 6.5.Dh.

TABIEE 6:5-b0

? H125 55

Tenp. §i105ﬁrPercentage §%10” Percentage
%. | & 3N. |Difference M. 3N. |Differcnce
20 0.83% 0.77 ~7.2 0.46 | 0.49 +6.5
30 0.96 0.94 ~2.1 0.60 | 0.61 1.7
40 1.16 1.12 -5 0.74 | 0.75 +7.5
50 |[1.34 | 1.29 -3.7 0.88 10.93 +5.7
60 1.58 1.56 -1.5 1.02 | 1.08 +3.S
70 1.861 1.83 - 1.19 1 1.2% +5 4
80 2:.1% 2.04 -4.2 1.39 | 1.39 -

Examination of Table 6.5.b. shows that generally
(1) For H125 slabs desorpition of 3H.KCL is slower than
desorption of N.KC1l.
(2) For BS5 slabs desorption of 3N.KCl is quicker than
desorption of N.EKCl.

Macdonald has assumed that these differences are negligible

when compared with the increase in diffusivity in free



soluvion bebween N. and 3. conccabrations. Houwaver ¢hey
occur not for one temperature bub for several and +ths

percentage differences are for most cases cutwith thatb
e

xpected from experimental error. It

L'
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vhat initial solute conce ration is not withou

on the rates of desorption.

whercas for BS slabs desorpticn of H. zolutiocns is glownz thns

[
'..Jl
o
de
—

latber voriatior

!-‘.

desorpticn of 3N. solutbticns. This
agreenent with the variation in diffusgivity in free solution

for increase in concentraticon whereag the fermer is uonth,

6.5.2. Absorption.

Gxanination of Table 6.5.a. chows that for RCGL, HCL
and T?GB the rates of absorptvion vary with ingrease in oo
centration from H. to 2N. ag do their diffusivities in Ircs

soiution. In 7iCl and KAc no differences were dobesteld

in the absorption rates for N. and 2H. smolutions. Foxx HHO5

an ircrease in the rate c¢f absorpticn of 3.9 was detected,
This variation is vhe opposite of the variation of
diffusivity in free solution for a similar increasc in

concentvration.

The effect of initial solube concenitraticn on CbsowpTios



s
rates has boen investigated previocusly'. An ipercase iun
he raies of absorpbtion for an incyease in concentration
from H. to 3N. was found for XC1l diifusing into H12S and

B5 slabs.

Conclusicns.

The present worlk shows that, in general, for bLoth

abgorption and desorption, variation in initial solute

iffusion in free goluiiion,

In contrast to this previous workers Found whoe

decsorption rates were independent of inivial solubte concon-

vration but that ebscrptien L&d:es'z varied witin inrrcasing

(">

25 Gh

concentration in the same nmanner as the diffusivivi

2 glecirolyte in free golution.

[y
ﬁ;‘f‘

6.6. The absoxrption and degorpticn of mixhbureg of

electrolytes to and from H125 slabs at BOQQ.

The sxperimental results for these »ums are given in
appendix A. The integral diffusion ceefficients derived

from the resulis are shown in column 2 of Table 6.6.2
Column % of thies Table gives the integral diffusicn cosifi-
fox

cients > HCl, KCl, LiCl, Hﬂ05, KNO§ and ¥Ac solutions of



®)

I concentration diffuging to and from H125 slabs at 2
differences and percentage differences between the diffusion
coefficients of an electrelyte diffusing in a mizture and in

a solution of N concentration are shown in columns & and 5,

TABLE 6.6.2a

1. 2. 3. ., 5. '
Mixture | D in D in normal Difference| Percenbtage
nixture | solubtion of H. Differencs
concentration
Des {(ECL 1.840 1.040 + 0.800 + 77.0
il §:Co 0.576 0.643 - 0.067 - 10. 4%
Des (EC1 2.090 4.040 + 1.050 +101.0
u.(Lj-Cl 004‘613’ Oo‘q‘:—so -+ 000543” + ?99
Abs (HC1 2.050 1.220 + 0.830 + 68.0
PUee(ke1 | 0.623 0.643 ~ 0.020 - 3.1
Abs (HC1L 2,630 1.220 + 1.410 +116,.0
*{LiC1 0.421 0.479 - 0.058 - 12.1%
DOC" (KCl 00721{‘ 006‘4‘5 % 00081 + 1206
Vuc(i{ﬁ‘c 004‘77 004‘68 b 00009 ' 109
D@S KCl 00656 056['5'3 + 0-0133 “+ 200
*= (K0 0.583% 0.€08 - 0.025 - &
3

ib” (KCl 00863 096!'2'5 + Gceeo 5@'.2
U (Kac 0.379 0.479 - 0.100 ~ 20.8
AbS (KC1L 0.793 0.6i3 + 0.150 23.3
”‘(KHOB 0.502 0.556% - 0.067 - 11.8

Considering mixtures HCL:KCl and HCL:LiCl :-

It will be seen from Table 6.6.a. that for both absorp-
tion and desorption HCL diffuses in these mixtures much mors

quickly than it dces normally. This increase may be caused




0

either, by the increase in ionic concentraticns in the
nixtures, which are in effect equivalent Yo 2N. concentrabion,
or, by the accompanying diffusion of KCl and LiCl.
Table 6.6.b. is ginilar to Table 6.6.a. except that the
diffusion coefficicnts of the components of the nixturcs are
comparcd with the diffuscion coefficients of the electzolyits

in sclubticns of 2H. concentration.

f‘g;’i. EE 6e6ebo

= =

10 2- 50 45 50
Iixture D in ¥ in normal Differcres | Percentass
nixture |solution of 2H. Differencs
ccuncentration
Naa WECL 1.840 1.170 + 0.670 - 57.53
”““'(KCl 0.5%7¢ 0.657 - = 0.081 - 12.3
DQC‘ (I’IC:L 20090 '10,.70 4 00920 < 78::6
CE(LACL | 0.464 0.457 + 0.007 + 1.5
Abs {EC1. 2.050 1.550 + 0.700 » 51.9
J.(KC}, soeﬁ 00698 ~ 00075 it '20-7
ﬂ'h‘" (}EC]. 20650 10350 w 10280 :“qOSeB
U (LAC 0.421 C.470 v - 0.049 - 10.4
¥ (KA 0.477 0.458 + 0.009 1+ 1.9
Dea. (KC1 0.656 0.657 - 0.001 - 0.2
bl (KY 3 0.585 0.564 -~ 0.019 R P8
ADS {KC1 0.856% © 0.698 + 0.165 + 23.7
P*{XAc 0.3579 0,479 - 0.400 - 20.9
'b (KGl Ol?93 0.698 ’:’ Oo095 + ,i,?)n6
- (I}’_AC 00502 00538 - 00056 - 6-7




Examination of this Table shows that the inzreases in
the diffusivity of HCl axe only slightly lower than the

corresponding increases in Table 6.6.a. The large irncreases

{

in diffusivity, therefore, are not caused by ithe inerezss in
ionic congentration.

i - - 6 1 T - . - » -
Vinograd and McBain 0 have shown thaet the diffusivitics

.
GO

of cations (present only in small concentration) are increa

3

by the accompanying diffusion of zn clectrolyte in which ths

diffusivity of the cation is slower then its anicn.

cemmen to cach of the

&

Since the chloride icon: T

1}
&

diffusing electroljtes in the nixtures, the increaseg in tho
diffusivity of HCL maey be considered escentially as incressey
in the dirfusivity of the hydrogen ions. The present resulis
therefore agree with the findings of Vinograd and McBain
and show also that the increase in the diffusivity of the
hydrogen ions increases with deccreass in the diffusiviity of

thz other cation present in the mixture.

Bxonination of Tables 6.6.a. and 6.6.b. also shows

3

in three out of four cases the diffusivity of the cations,
other than hydreogen, in the mixtures, are lower than The valuss
for diffusion in a normal sgolutbtion. These mresults ore in
agreenent with a secondary conclusion of Vinograd and HaBain@o
naxely,that the diffusion of cations (present only in emall
concentrations) is decreased by the accempanying diffusioa of
an electrolyte in which the cation diffuses faster than its

nion.

o
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Considering mixitures XCL:KAc and KC1:KH 5 i

{2
[4h
e
rr

in these mixtures, in which the potagsiuvnm iocon:
common, it will be geen that the lerger and slowver acebate
and nitrate ions increase the speed of the chloride ions -
with the acetate icns increasing the speed of ths chloride

ions to a greater extent than do the nitrave ions, while ths

4

diffusivities of they themselves are reducsd. Thess resulis
are in agrecmeat with the corollaries of the concluszicns o

Vineograd and McBainso.

Bzxamination of Tables 6.6.2. and ©€.6.b. will show tThat
the increases or decreases in the diffusivities of thz com-
ponentvs of the mixtures are of a diverse nature. Tharafere
alihough general conclusicns could be deduced from them no

quantivative estimations were possible.

This was disappointing in that it had been hoped to
expand this section to include the quantitative effects of

variation of slab type, btemperature, and prcecess taking place

on the percentage increases, or dccreases, in the diffusivi-

ties of the componenis of the nixtures

Ho further work was attempted orn this section, bvul
provided a more accurate and relisble technique can be

evolved it may be a line of research worbthy of investigatio

-
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A statistical amnalysis of the cxperimental

diffusion coefficients for the absorption

and desorption of N.HCl. N.KCl and W,.LiCl

to and from H125, V3, V5, V40 and M1 slabs

at 20-50°C.

Throughout the discussion of the results, although

a few géneral relatiohships between the variables M, 5, T

and T have been obtained, there have teen exceptions Lo

nost. of then.

To investigate these relationships and their excep-

tions it wag decided to do a statistical analysis on the

uncorrecved diffusion coefficients.

An analysis of wvariance on the logarithms of the

experimental diffusion coefficients gives the following

Table (Table 6.7.2.) in which:-

!

L
i

it

(]

the process taking place, i.e. absorpbtion or
desorption

the type of slab

the electrolytic solution

the temperature of the experiment.



PARLE 6.7.a.

—

110,

Source Degress Sum Mean Component
of of of of
Variance| Freedon| Saquares Squares Yariance.
7 2 | 2.77501900 | 1.38750950 | -£32 S
c&_ s o )
+54.° o BT
i 3 1.17556762 | 0.39185587 b2 L.3
+10é' + BQL .
12 Z 9 o O(.'? : 2
3 » 0.67854770 | 0.1695369 +20€—2I . 404:5
5
M 1 0.05050793 | 0.05050793
IJ .T 6 O ® 00180255 Oo 00050039
L.M o 0.03231727 | 0.016158583% )
etac.
L.S 8 0.00893%605 | 0.00111701
7.5 12 | 0.00758841 | 0.00063237
T.M 3 0.00360530 | 0.00120L210
S.H 4 0.00707028 | 0.00176757
L.5.7T, 24 0.01321512 | 0.CO055063%
0.5 H. 8 0.00958670 | 0,00121084
IJoT erIu 6 000%5371‘7 0000075620
. .2 2
S.IM.T. 12 0.00092158 | 0.00007680 | @5 + 3 (o .
Residual 24 0.005503S86 | 0.00022933 éaz
PTotal 119 4..,77482743
By comparing the residual (0.00022933) with the smallest
second order interaction i.e. (S.M.T.) it will be seen that
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the residual is larger than the interaction. The inter-
action therefore is not significant.

0.0092158 + 0.00550396
36

= 0.00017849 with 36 degrees of
freedomn.

The new residual is

Compaxring the new residual with the L.5.T. interaction gives

p = 0:00055063
0.00017849

3.08 with N, = 24 and N2 = 36

/l
The wvalue foxr F lies close to the .1 per cent level of
significance. The interaction L.5.T. is therefore signifi.-

cant.

Comparing the new residuwal with the L.T.M. inter-
action gives

0.00075620
0.00017849

F =

n

4,24 with N, = 6 and N, = 36

1
This value for F lies close to the 0.5 per cent level of
significance. The interaction L.T.M. is therefore signifi-

cant.

Comparing the new residual with the L.S.M. inter-
action gives

0.00121084
0.00017849

= 6.78 with N, = 8 and N, = 36

F
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Thig value ig more significant than the 0.1 per ceat level

of significance. The interaction L.S.I1M. is therefore

significant.

Since the only second order interaction which is nof
significant is S.M.T., the factorial design can now be split
up into three separate factorials for each of the solutions.

An analysis of variance will now be carried out for each of

the electrolytic solutions.

6.7.2. HCL
An analysis of variance for the absorption and
desorption of N.HCl to and from the five slab %yp
at temperatures of 20-50°C. gives the following
Table (Table 6.7.b.)
TABLE 6.7.b.
) Source |Degrees Sum Mean Component
of of of . of
Variance (Freedom| Squares Squares Variance.
o 5 | 0.39008368 | 0.13002789 | -6,%+ 26,°, +
s 4 | 0.26630545 | 0.06657636 | 5632, + 106"
M 1 |0.02031756 | 0.02031756
M.S 4 1 0.01436218 | 0.00559054
H.T > 0.00053987 | 0.0001799%6
S.T 12 |0.00622211 |0.00051851 | €° + 2,
Residual | 12 ]0.00293212 |0.00024434 c2
Total 39 10.70076297

By comparing the residual (0.00024434) with the

smallest first order interaction i.e. (M.T.) it willlbe seen




Tthat the latter is smaller than the residual and therefore
is not significant.

000293212 + 0.00053987
15

= 0.00023147 with 15 degrees of freedom.

The nevw residual =

Comparing the new residual with the S.T. interaction gives

_ 0.00051851
0.00023147

2.24 with Nq = 12 and N2 = 15.

)

1]

This value lies close to the 5 per cent level of significance.
Théerefore, the interaction is significant. Similarly the

interaction M.S. is highly significant.

It has been noted previously (section 6.2.)  thag
the results for V5 and V10 are possibly experimentally
incorrect. If this is so the interaction M.S mnight not
be significant. A secondary analysis of the results for
HCl will be carried out omitting the V5 and V10 results.
(See section 6.7.5)

6.7.3. EKC1

An analysis of variance for the absorption and
desorption of N.KC1 to and from the five slab types
at temperatures of 20-50°C. gives the following
Table. (Table 6.7.c.) |



TABLE 607-00

Source Degrees Sun IMean Component
of of of of
Hariance Freedom| Squares Squares Variance.

T > 0.36707087 { 0.1225%5696
! 1 0.00001071 | 0.00001071
S 4 0.24421030 | 0.06105258 | As in TABLE 6.7.b.
M.S. 4 0.00054582 | 0.00013645
M.T. 3 0.00088913 | 0.00029638
S.T. 12 0.00920699 {0.00076725
Iﬁesidual 12 0.0021423%7 |0.00017853
Total 39 0.62407619

By comparing the residual (0.00017853) with the smallest first
order interaction i.e. (M.S)‘it will be seen that the latter
is smaller than the residual and therefore is not significant.

+ 0.0021425%7
16

Phe new residual = 200054582

0.00016801 with 16 degrees of fresdom.

i

Comparing the new residual with the M.T. interaction gives

_ 0.0002963%8
0.00016801

= 1,76 with N

F

q = % and Na = 16.

At the 5 per cent level of significance the interaction M.T
is possibly insignificant. [?urther investigation is required
to show whather this is true or not. It is suspected that the
ralues fOr‘Mﬂ slabs are the excegﬁidns to the interaction. A
secondary analysis will be cgr;}ed out for XCl omitting these

values (see section 6.7.6.:}.



The new yesidual =

e B o

0, 00054582 + 0.00214237 + 0.00088913
19

=  0,00018828 with 19 degrees of freedon.

Ccmparing the new residual with the S.T. interaction gives

0.00076725
0.00018828

F

i

4.08 with N1 = 42 and N2 = 19.

This wvalue lies between the 4 per cent and the .1 per cent

levels of significance. The interaction S.T. therefore, is

significant.

6 o?.l%o IJiC:L

An analysis of variance for the absorption and desorp-
tion of W.LiCl to and from the five slab types at

tenperatures of 20-50 C. gives the follcwing Table

(Table 6.7.4.)

TABIEL 6.7.4.

- Source | Degrees Sum Mean Component
of of of of
Variance |Freedom | Squares Squares YVariance.

7 3 0.42021541 | 0.14007180
M 1 0.06249693% | 0.06248693
S 4 0.17695801 | 0.04424200 | As in Table 6.7.Db.
M.S 4 0.00184898 | 0.00046224
1.7 3 0.00671446 | 0.00222815
S.T 12 0.00537444- | O, 00044787
Regidual 12 0.00618804% | 0.00051567
Total 59 0.67496927

By comparing the residual (0.00051567) with the smallest first
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order interaction i.e. (S8.7.) it will be seen that the latter
is smaller than the residual and therefore is not significant.
Similarly the H.S. interaction is not significant.

0.00618804 + 0.00557444 + 0.00184898
28

The new residual =

0.00047898 with 28 degrees of freedom.

4

Comparing the new residual with the M.T. interaction gives

_ 0.00223815
O ° OOO‘L'-‘7898

r

%

4.67 with N, = 3 and N2 = 28.

/i
This value lies close to the 1 per cent level of significance.

The interaction M.T is significant.

Since the interactions S.T and 1.5 are insignificant the
residual can also be compared with the S component of wvariance.

0.00047898

= 92.3

The effect of the slabs therefore is highly significant.

6.7.5. HCL

A statistical analysis for the absorption and desorp-
tion of N.HCl to and from slab types H125, V3 and I
at 20-50°C. gives the following Table (Table 6.7.e.)
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TABLE 6.7.€.
Source Degrees Sun Mean Component
of or of of
Variance | Freedom | Squares Squares Variance.
S 2 0.19714648 | 0.09857324 | - 6o~ + &4 €5
P 3 0.26725129 | 0.08908376 | +2 €45 + 8 ggg
M 1 0.03%86259 | 0.035386259
S.T 6 0.00128628 | 0.000214%8
S.M 2 0.00081715 0.000%0858
.7 3 0.00089979 | 0.00029993 g;i + 3677
Residual o 0.00257220 | 0.00042870 6;
Total 23 0.50383578

Since the Ymean squares” for the interactions M.T, 5,11 and

S.T. are less than the regidual these interactions are

insignificant.

=

-
==

The new residual
0.00128628 + 0.00081715 + 0.00089799 + 0.00257220

0.000%2786

17

with 17 degrees of freedom

The effects of S, T and M, therefore, are highly significant

6.7:6.

XC1l

A statistical analysis for the abscrption and

desorption of N.KCl to arnd from slab types H125,

V3, V5 and V10 at 20-50°C. gives the following

Table.

(Table 6.7.%.)




TABLE 6.7.%.

&V e

Source Degree Sun Mean Component
of of of of
Variance| Freedon| Squares Squares Variance.
M 1 | 0.00004925| 0.00004925 | &= + 4& S 4
S 3 0.16559992 | 0.05519997 | 4&°%. , .cc 2|
T 3 0.29224815 | 0.09741605 1.
S.M 3 0.00005126 | 0.00001709
S.T 9 0.00530861 | 0.00058985
M.T 3 0.00026692 | 0.00008897 | (L2 + 462
Residual 9 0.00029836 | 0.00003315 é;z
Total 31 0.46382047

By comparing the residual (0.000033%15) with the smallest firsy

order interaction S.M. it will be seen that the latter is

smaller than the residual and, therefore, is not significant.

0.000298%6 + 0.00005126
12

The new residual

0.00002914 with 12 degrees of freedon.

Comparing the new residual with the M.T. interaction gives

0.00008897
0.00002914

¥

it

3.05 with I

i

1=5&ndN2=12.

This value lies close to the 5 per cent level of significance

and, therefore, is considered to be significant.

Comparing the new residual with the S.T. interaction, gives

. 0.00058985
0. 00002914

¥
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= 20.2 with N, = 9 and N2 = 12.

1
This value is highly significant. Therefore the interaction

S.T. is significant.

©.7.7. Percentage errors.

As the interaction S.M.T. in Table 6.7.a. was insignifi-.
cant the residuals in the other tables can be taken as mcas-

ures of the experimental error.
e.g. For HCL

Residual = 622

i

and since the dependent variable is in logarithms to the base

0, 00024454

|

+0.0156

10 form the percentage error is equal to

(anti-log + 0.0156) - 17 x 100

i.e.the percentage error + 3.5%

Similarly the percentage errors for KCl and LiCl are

KC1 + 5.5%

LiCcl + 5.1%
Also if it is assumed that the residual in Table 6.7.a. is
due to only the error then the percentage error for the

complete factorial experiment is + 3.5%.



5.7.8. Sunnary of effects
Pox HCL
and logD = fq(S) + fe(ﬂ) + f3(§) if

the experiments for V5 and V10 are mneglected.

For KCL
log D = £(S,T)
and log D = f1(M,T) + fZ(S,T) if the .

For

experiments for M1 are neglected.

LiC1

log D = f1(H,T) + £2(S).

| LA ]



COHCLUSIONS

The accuracy of the experimental precedure is + 3-4% .

The values of the diffusion coefficients for substences
diffusing vo and from porous media at various tempera-

tures are dependent upon the physical build-up of the

‘nedia, the process taking place, and the tenmperature

at which the process is taking place but are not
necessarily dependent uvpon functions of the same con-

binations of these variables. e.g. It was found thad

for
N.HC1
log D = fq(S.T) + fz(Hos)
H.KCL
lOg D = f(SeT)
H.LACl

log D = f1(H.T) + 'fg(s),

Diffusion in a porous medium appears to be slovwer than
in free solution. The apparent reduction in diffus-~
ivity i¢ due mainly to the tortuosity of the pores
within the medium. It is not affected_by'the pore
diameters used but is dependent to a slight extent upon
the size of the diffusing particles and in some instances

to the process taking place.



&,

Variation in initial solube concentration affects the
rate of diffusion to and from & porous medium in the

same manner as it affects diffusion in free soluktion.

The physical properties of a porous medium have no
bearing upon whether absorption is quicker than desorp-
tion. The factér which determines whiéh.process is
the guicker is the variation of the diffusivity of the

solute in free sclution with increase in concentration.

The values of the activation energies, for both abscrp-
tion and desorption vo and from porous media vary as
folloﬁs:~

For any one solute they are dependent upon the
physical properties of the media.

Foxr any one medium they are dependent upon ths

physical properties of the solutes.



APPENDIX A. - EXPERIMENTAL VALUES OF ED AND 14EA

H125 - H.KCl - DESORPTION

(INITIAL RUNS)

'33 o= 20005 to 10¢

B. .632
.640

T - 30%. %. 10.

E. 573
.580

? - 40°%. . 10.

E. 550

E. .475

20.

L d L:88
475

20.
412
<409

20.

. 588

15.
-390

50.

402
« 400

30.

0302
.2G8

25.
.525

20.

. 329

40.

-508
0317

40.

.250
.252

50.

271

25.

. 267

50.
. 247
253

50.

.185
- 191

40.

196

50.

.222

60.

.18
.192

60.

137
145

45.

.165

35

- 181

70.

-159
. 155

70.



#125 - 20%

DESORFPTION
N.XKC1 +.
E.

2N.EC1 t.
E.

N.HC1 t.
E.

2N.HC1L +.
E.

ABSORPTION
H.KC1  %.
1-E

2N.KCL b,
1-E.

H.HCL .
1-E.

2N.HCL  t.
1-E.

10.
.620

10.
.627

5.
-653

641

10.
«630

10.
652

5.
.650

. 520

20.
485

20.
471

10.
<527

M.
479

20.
L4484

20.
480
110,
484

10.
472

30.
<584

30.
. 565

15.
s

15.
413

50.
.378
30.
«360
15.
<304

15.

40.
° 306

.296

20.
-365

20.
337

40.
« 311
40.
- 300
20.
«521
20.
.296

50.
.236

25.
«310

25.
274

50.
251
50.
222
25.
.258
25.
« 254

.203

€0,
.1190

60.
199
60.
- 181
30.
.205
30.
-193

70.
0’]61':'

70.
.152

35.

35.
<191

70.
- 166
70.
149
55
169
35.
o 141



H125 -~ 20°C.

DESORPTION

ﬂ.KhOB G.

E.
1.9N.KEO§ t.
E.

quﬂ\iO; t-

E.

2N HEO, ©.

3
B.

ABSORPTION

; 10 .
N.KBO5

T1-E.

t.

109N{K§05 .
1=5 .

AT
N.HBO3 t.
1=E.
™ N
2N.HL05 t
1-E

10.
.652
10.
655

.659

. 644

10.
633

10.

10.

5.
654

20.
498

20.
9514‘

10.
. 525

10.
.506

20.
495
20.
.621
15.
<451

10.
. 522

0.
404

30.
410

15.
425

15.
0412

50.
.4G8

50.

20.
375

15.
439

20.
335

40.
- 362

25.
0316

20,
-359

. 270

50.
.285

25.
292

a5.
.282

50.
279

50.
<305

. 267

25.
- 303

.23,

60.
.225

60.
255

55.
.226

30.
.254

43 Js

71.
- 172

70.
- 195

55.
206
55.

<191

70.
.1180

70.
.218
41,
185

35.
.220



4 Ve

1125 - 20°C.

DESORPTION

H.LiCl ©. 15. 26. 39. 52. 65. 78. 91.
E. .665 .519 .414 .346 .288 .250 .197

2N.TiC1 +. 13, 26. 329, 52.  65. 78. 91.
E. .645 .505 .410 .33%33 .,274 .225 .187

H.KAc t. 45. 30. 45. 60. 95. 91.  105.
E. .600 .459 .353 .279 .219 .170 .136

2N.KAc %, 15. 20. 45, 60 75. S0. 105.
E. 800 455 .35 .27 .223 .,171 .139

ABSORPTION
R.LiCl ©. 15. 26. 39. 52. 65. 78. 91.
-BE. .628 462 374 .507 .251 .198 .156€

2N.LiCl 5. 13. 26. 39. B2, 67, 78, 88.
""E 0621 04‘8,] 0377 0502 u2!{’é+ 019!‘3‘ .'170

NH.KAc ©. 15.  30. 45. 60. 75. G0. 100
1"‘E 0609 0%9 0362 028&1‘ 0218 0175 0449

2N.XAc &. 15, 50. 45. 60. 75. 0. 105
1""E 0604 0452 .552 0280 a217 -,!72 0155



THE ABSORPTION AND DESORPTION OF MIXTURES OF

ELECTROLYTES TO AND TROM H125 SLIABS AT 20°C.

The experimental results shown for the nmixtures had on
occasions to be augmented to include a smaller time range for
the slower component. This was done by carrying out the rTun
in the usual manner but analysing only for the slower compon-
ent. The values obtained for such subsidiary runs are not
shown here. |

Desorption.
ECl : KI%O3

t 10 20 30 40 50 60 70
XKC1 Ed 0.623 0.480 0.3%367 0.29% 0.233 0.200 0.143
KNO3 Ed 0.640 0.521 0.413 0.339 0.279 0.220 0.188

KC1l : EC1l

t 10 15 20 30 55 40 50
KCl By 0.683 0.618 0.560 0.459 0.421 0.374 0.306
HC1 E 0.41% 0.300 0.223 0.125 0.094 - -

KCl : KAe
t 15 25 35 45 60 80 95

KC1 By 0.543 0.406 0.317 0.252 0.171 0.109 -
KAic By 0.593 0.49 0.426 0.358 0.276 0.205 0.104
HC1l : IiCl

v 5 10 15 20 25 30 35

HCl By 0.556 0.392 0.273 0.19% 0.139 - -
LiCl E; 0.811 0.735 0.678 0.630 0.577 0.529 0.499



AbgSorpticn

1 : KHNO.
KC1l {HOj

t 10 20 30 40 50 60 70
KCl ‘]"'EA 00581 004'35 00333 00250 00198 0-14{‘8 00115
KNO§ ']"'EA 00668 00537 0-451 00375 005/’6 0.269 00230

KCl : HC1

5 10 15 25 30 35 45 60
KCL 1-E, 0.636 0.571 0.457 0.409 0.365 0.292 0.217
HCl 1-B, 0.383 0.278 0.135 - - - -

XCl : KAc

t 17 25 35 45 60 80 25
KCl "}-'EA 00621‘;‘ 0054'6 00465 004’06 00350 00260 00214'
KAc 1-E, 0.461 0.3269 0.262 0.205 0.132 - -

HCl1 : LiCl

t 10 15 25 30 39 60 85
HC1 1-E, 0.355 0.231 0.073 - - - -
LiCl 1-E, 0.695 0.634 0.542 0.506 0.445 0.324 0.240



H125. H.KC1

DESORPTIOHN
7 - 20%. %.
? - 30%. %.
E.
P - 40°%. +.
E
T - 50%. .
B.
ABSORPTION
7 - 20°C. t.
1“Ea
P - 30°C. %.
1-E.
T = é&‘OOCO t;
1"'Ee
T = SOOC. ‘bo
1-B

- 10.

610

10.
- 566

10.
. 526

10.
489

10.

10.
+ 565

10.
« 529

9.
501

20.
468

20.
412
200
- 366

19.
331

20.
478

20. =
412

20.
.558

1.
403

30.
374

30.
« 2710

31.
. 247

50.
. 205

509

20.
513

215

30.
.209

40.
. 302

57.
.256

30.
.258

235.
274

50.
. 236

51.
=177
40.
.181

55-
. 176

50.
243
45,
.209

35.
.215

30.
. 207

60.
.189

©0.
135
45,
54
0.
1435

60.
.202

55.
» 160

é\‘(“l L]

174

35.
.162

65.
<175
63.
-123

50.
.127

43,
.126

70,
- 156

650
119
51.

<130

46 .
. 105



V5. H.XCL

DESORPTTON
7 - 20°C. .
El
t - 30%. %.
E.
T = l%‘ooco
E.
T « 50°C. +%.
E.
ABSORPTICH
T - 20°C. +.
l]=Eo
P - 30°C. %
1-B.
T - 40°C. %
1-E
p -~ 50°C. %
1-E.

20.
« 501

10.
. 588

10.
.522

15.

574

21.

10.
.552

5..
.638

30.
405

20.
LB
20.
« 394

20.
«558

25.
455

30.
o 47
20.
402

15.
L] L!‘Z‘%‘

49Q.
«331

30.
»557

30.
.296

.297

50.
.287

24‘.
.292

. 220

.22

40.
9215

25.
. 284

.225

50.
.205

. 168

e5.
.207

60.
- 167

50. .

.152

35.

.193

60.
.'1'37

51.
.109

7.
. 167

70.
- 129
58.
123

45,
123



V5. H.KCl

DESORPTION

T - 20°%. +t.

T - 30%. %.

7 - 40%. %.

E.
7 - 50°C. &.

Eo
ABSORPPLON

P - 20°C. .

1-E.

T - 30°%C. %.
1B,

T - 40°C. t.
1-B,

20.
o7
20.
495
20.
459

10.
. 568

20.
555

20.
.505
20.

455

10.
.567

35.
428

30.
« 4O4

30.
«556

20.

35.
437

30.
. 405

30.
347

. 20.

.408

50.
337

40.
<3534

. 287

30.
508

50.
.3%8

«333

.283

30.
<514

65.
273

25.
.250

51.
229

L%’O L
.2%36

65.
274

50.
. 245

50.
.229

.232

80.
217

65.
.209

©0.
178

50.
.182

80.
.226

65.
.205
60.

. 183

50.
- 176

9.
.1860

80.
.160

70.
0141

60.
-139

77

80.
.1162
70.

60.
-130



V40, H.KCL.

DESORPELCH

]

ri

-

O
\

¢

hud EOOG o to 209 _,)50 5‘00 65u 800
[}
J

4 6 ° 222 ¢ /:'68

3
I
1
®)

(w]

Q
o4
Y
~J
(%)
o
N
\
£
-
N
-
)
O

B. 457 335 .282 229 .209 .142

ABSORPEICH

P

T = 20oCu ~E:Ic 201 550 50. 65. 800

0
W

1=B. .575 441 345 258 .221 .201

50°C. . 20. 30. 40. 55. &5. 80.

3
§

1-B. .506 422 ,351 .276 .200 .80

p - 40°., ©. 20. 30. 40. B%0. 60. 70.
/i‘“E- 01‘5‘75 0585 028_2 0259 0185 0131

p - 50°. %. 10. 20. 30. 40. 51. 60,
1-B. o577 437 .307 .273 .202 .116



.

H.ECL

DESORPTION

T

=]

=

20%.

30°¢C

40°C.

50°¢C.

G

=

=

ABSORPTION

T

T

R

20°¢.

30°¢.

40°C.

t.
1=5.

t.

25.
- D46

20.
.556
15.
«592

15.
497

25.
.580

26.
. 521
20.
.552

15.
. 587

30.
« 506

25.
.498

»518

40.
456

30.
481

25.
475

50.
.567

40.
410

« 525

55.
U417

50.
« 580

375

38.
339

71
517

60.
.272

45.
« 507

° 254

70.
.299
60.

.287

50.
. 284

50.
240

85.
231

70.
.231

- 300

60
. 220

66.
<211

102.
=175

20.
1150

0160

650
0160

110
.205

85.
.185

75.
-190

75.
-126



‘E_{"ias - NeHCl.

DESORPEION

T - 20°C. .

B.

7 - 30%. 4.

.

7 - £0°C. .

B.

T hind E:IOOC ° 5 -

B,
ABSORPFION

7t - 20°C. .

1-E .

» - %0°C. +.

1-5.

? - 40°%C. +.

4-% .

m -~ 50°C. +.

1-F .

. 590
.525
<549

5.

‘100
.526

10.
480

9.
459

9.
<430

10.
495

1.
418

10.
346

15
5T

15.
391

15.
333

11.
371

10.
0359

14,

14,

-258

- 21.

. 3508

16,
« 571

15.
274

15.
.228

18.
. 222
18.
. jotL

§OG

212

55.
. 203
%0.
- 197
27.
0183
26.
« 140

55-
. 167

28.
=157



V3. N.HCL

DESORPTION

T hnd 20060 ‘to

T - 30°C. +%.

T it 50000 s

ABSORPTION

T - 20°C. +.

499

<591

- 556

11.
« 512

- 601

. 585

« 541

20.
.399
15.

402

10.

10.
o 11

18.
.397

10.
° L!‘?S

30.
. 280

20.
. 327

15.
o482

.325

24,

o Brilk
16.
. 361

15.
«52%

15.
.281

35.
255

25.
.272

20.
278

18.
. 249

30.
. 260

200
0501

20.

20.
. 186

.216

30.

25.
211

21.
o 214

55.
.24

.185
25,
<132

50.
.’]60

55.
- 178
50.
175

25.
. 167

«179
30.
.187
31.
:152

30.
.100

i3

L]



V5. W.HCL.

DESORPTION

T

!Il

3

b 20000 “Go
E.

ABSORPTION

?

=

+3

- 20°C. %,
1-F .

20.
Y

15.
437

12.

4447

10.
457

15.
.505

15.
435
12.
459

10.
JU45

20.
« 440
27.
» 563
18.
349

15.
. 562

.280

26.
263
20.
. 270

50.

532

30.
.269

26.
L] 24"]

20.
.280

25.
. 226

35.
.299

55‘
.226

20.
. 228

25.
L] 202

L0,
197

35
-190

50.

. 180

45.
.252

40.
- 191
35.
<177

50.

174

[ s o8



V10. W.EC1

DESORPTION

T - 20°C. %.

=

30°¢.

=
i
da

=

T - 40°C, +t.

1=

A BSORPTION

T - 20%. t.
1-E.

3

10.
.608

- 577

5.
.610

10.
<591

21.
434
14
450

20.
450

20.
583

30.
- 543
20.
. 347
18.

<561

15.
359

50.
o 342
25.
- 315

18.
.588

15.
. 362

40.
257
28.
.285
25.

. 26%

20.
.285

35.
299

31.
.281

25.
.288

20.
.286

45'
. 221

35.

30.
235

227

. 260

38.
217

30.
.235
25.
.215

50.
- 197

.2']1
55.
. 194
50.
.188

50.
.186

45,
-179

35.
.185

30.
171



A 1o.

M. H.ECL.

DESORPTION
T - 20°C. %. 15. 25. 35. 45, 55, 65,
E ° > 59'] ® 4'37 ° 5?5 ° 28’} ° 20,] ° ,} 80

4]

=3

!
N
O

O

€3
cr
Y
o
g

1 8 ° 26 ° 5"!:' ° !‘5‘() - é:’is e
B. .58% .468 .364 .306 .298 .205

L]
d
g
O
f)
<
S

15. 22, 28. 35. &0,
E. .589 .465 .343 .312 .256 .192

=3
0
\n
Q
&
Q
ot
-
@)

15. 20. 25. 30. 35.
T.  W543 40 348 305 222 .26

ARSORPTION

7 - 20°C. . 16. 25. 35. 40. 45. 55,
QWE . [ 551 04‘05 . 550 . 291 0258 0202

° . 10. 20. 30. 35. 40, 45.
1-E. 577 406 L.332 .252 .209 .198

+
§
Ut
-
&

1=E. 570 440 .384 .289 .209 .16€0

=
H
\n
Q
o
Qi
ct
o

10. 15. 20. 25. 30. 35.
1-E. .485 .387 .284 .223% .221 .147



H125 - N.TLiCl

DESORETION
T - 20%. %.
EG
T - 30°C, 4.
B,
|

T - qoocg .
| E.
? « 50°C. - %.
Eﬂ

ABSORPTLON
7 - 20°. +%.
1"Ee
7 - 20°C., %.
1"'Eo
T - 20°C. 4.
]"E-
m - 50°C. %.
G-E.

30,
425
20.
485

10' N

20.

o L:i]
50,
. 588
20.

425

20.
415

130 9
« 584

« 24

35.

o 244

258

70.
2406

60.
- 204

50.
-190

40.
5185

80.
.26

- 191

50.
° '182

80.
- 197

70.
.1E5

©0.
.138
50.

156

90,

194

80.
.1€6

70,

CA58

60' o

+135

0.
<171

80.
=135

70.
- 101

60.

——y

A 17.



V3. H.LiClL

DESORPTION

? - 20%. +%.

E.
? - 30°. t.
E.
? - 40%. +.
E.

7 - 50%. +%.

ABSORPTTON

T - 20000 to
. /I“‘Eo
? - 30%. %.

.1"Eo

50.

.529

30.
470

%0.
.39

20.
461

30.
L] 4'82

20.

20.
H65

20.
477

55,
427

40.
« 381

. 322
30Q.
355

45.
385

« 3704

50.
.363

31.
<325

0.
» 549

50.
330

20.

274

297

60.
- 505

279

'L!‘O °
245

70.
-300

0.

€0.
.225

.2352

70.
.265

e0.
.209

50.
215

50.
.185

70.
0188

60.
.188

<175

60.
- 137

80,
./,5‘1‘%‘

71.
156

70.
126

70.

¥ i S



V5. N.LiCl

DESORPTION
T - 20°C. .
EQ
T = BOOCo t'
B.
7 - 40°C. +.
B.
? - 50°%C. 4.
EI
ABSORPTION
P - 20°C. ¢
Q"E.
T - 30°%. %.
,I"Ec
P - 40°C. %.
I]"Eo
T - 50000 tn
1-E.

40.
.5']0

20.
.5%8
20.
° 551

30.
430

491
25.

.515
25.
475

- 20.
. 523

60.
427
49Q.
450
50.
464
40.,

o 347

295

80.
« 500

50.
359

50.
-295
40.
«323%

100.
274

80.
267

53.
.311

60.
202

100.
-259

65.
.286

50.
257

.213

100.
.205

70.
. 20%

120.
. 184
80.
226
70.

.200

60.
.209

120
. 160

80.

-199

80.
-159

140‘

100
« 14

80.
165

70.
163

A

g,



Vv10. N.LiC1

DESORPTIOH

T - 200C ° -i; .
T - 30%. &.
T il LE'OOC . t ®

7 - 50°C. .

ABSORPTIOHN

T - 20°C. %.

31.
.585
20.
.583%
25.
.522
20.
.525

20.
.602

20.
- 559

25.
471

10.
« 560

50.
468
40.
459

&40.
4690
4’0 .

420

40.
350

20.
L4355

70.
03?7

60.
L3 3“1"'2
50.
. 345

40.
. 569

60.
370
€0.
. 303

50.
-293

30.
. 348

0.
.299

7.

° 28’]
65.
.266
60.
.247

80.
e290

75.
o 44t

©0.

Y7

265

110.
.24

90.
-235

80.
214

70.
.212

N
©
N

215

130.
.189

105.
.1197

9.
. 282

80.
.172

120.
. 183
100

. 164

80.
0462

60.
'166

i3 =W



M. B.LiCl

DESORPTION
T hind 2000- t‘
1-E .
P - 30°C. t.
1-E.
T == é}oGC to
1“‘E0
T - 50%C. +%.
1"'Ec
ABSORPTION
? - 20%. .
1-E.
? - 30°. +%.
1-E.
7 - 40°C. +t.
1-E.
? - 50°C. +t.
1"'Ec

595

 20.

.666

30.
.562

50.
«515

20.
660

30.
« 253
25,
.510

20.

40.
.520

50.
+598

40.
416

40.
275
40.

457

40.
417

30.
.411

80.
. 342

60.
L4408

20.
.280

50.
- 381

. 322

349

100.

.297

80.
. 301

80.
.256

65.
259

80.
.348

65.
. 307

60.
291

271

-233

100.
« 263

80.
. 281

70.
.205

60.
.2%6

140.
-195

120.
L J 288

120.
.229

100.
291

80.
.183%

70.
.162

AM e @



APPEHNDIX B. THE SOLUTION OF TUICK'S TAW YOR

SPECIFIED BOUNDARY CONDITIONS.

-—
o’
¢
“f
Le]
.
)]
0
Mo
o]

anm L dmiand = ——n + + .' con.aooscaeooo.-oqo
D 33:2 yﬁ 2

o/
<t

c =0 at x = 0, a y=0,b; 2 =0, 4.

0<x<a ; 0<y<b ; o<=z<ad.

Apply a double Pourier Transform o equation 1. where
a b

-w>e

¢ = ¢ at t = 0

(o)
s

@sjf c sinmgxsin&%;ldx.dy.
0O ©

This satisfies the conditions on x and y Dboundaries.

Multiply both sides of equation 1. by sin Z g' X gin _n.__%_;g

A

to a, and O %o b.

L A
d 22

and integrate w.r.t. x and y from O

2 2
s N R

.0...'09009.‘2.

L]
L d

Now apply a Laplace transform in % to equatvion 2.

o0
Y = jcpexp (p %) dt -
o .

2 2 2 '
o d 2 fn n ) ‘290 Con
* ° - 'i: + + = [ S ) =2 —,K
where CP o = Vvalue of @ at t =0
2
asv 2
d22
W = Aexp. (1 z) + Bexp. (-123z) «+ «-}5?

o

on z=0 W=0



e Rexp. (Ld) + b(-14d) + S5 = 0
: 1
exp.(1ld) - exp.(=1d) 1°
and B = exp.(1d) -1 ~ T k
exp.(1ld) - exp.(-1d) 12
. —_—
. % 'ﬂf - ,gé ? = exn.(-ld) exp.(1z)
1%]exp.(14) - exp.(—lQl“

k

exp.(1d) - 1 exp.(~1z) + —=,
1

exp.(1ld) = exp.{(-14)

_k
12

Vo=- %glg%p.=l(d=z) - 0Xp.=-1(2d-2) + exp.(-1z)

00
»exp.-l(d+§j] ; exp.-2lds = _E§
1
. 8=0

[ co

exp.=-1(d-z+2dg) - \ exp.-1(2d-z+2ds)

it
b= Ngwm
i
WN
\/!8

|

| s=0
]

-
O

®
+ '; exp.-1(z + 2ds) - exp.-1(d+z +2ds)
s=0

4]
1]
oD

The Laplace transform of this function gives



GO
/
. f? = & D exp.(~ft) -~ X D exp.(~£t) erchd + 248 = Z}
| 2 Do

| | 550

(v3) CO
_ erfc(gd + 2ds - 3 :> 2dc)
2/D%

s=0 %o

. ors (d+2ds=§= )

D=0 |
0o 00
e C ZE%” ; kX D exp.(=f%) sin 30X gin 2.2 &
a b

m=1 n=1
— ®

1 - erfo (d + 2ds - z) opfe (24 + 2ds -

2/t 2/D%

s=0

a b
.. MmN X nn
- 0 a1 C_ sin - sin 22X gx, dy.
. Now k = 5 & D S. S o] _ a b
o o
— — —. b
= Co a m %
== | = = cos 2 cos 2 TI
D 11414 a L
o o - o
C B ]
= 2] 1 4 (-D® {1+ (-7 2
D —lmomn




,
= i;i;iibg if m and n are both odd

mn n2 D

cr = 0 otherwise.

6 c 5‘ S‘ exp. =D Egg_-t_i) + (,.gus;,,i)]
C = o

(2 + 1) (2p + 1)

o [ 3

P p=0 q—
. ' c0 —
sin(2p + 1) m x ein(2q + 1) ® y {;tc.}
a b
. 5=0 —i
a b c
How Q = g g g C dx. dy. dz.
o o o
a a
Now §~ sin(2p + 1) n % dx =l:; a cos(ap + 1) n %:1
4 a n(2p + 1) a o
- 2a
(2p + 1)=n
b
and similarljjg sin(29 + 1) T F 4o o 2o
, A b (2q + 1)u
d
Also 5‘ erfc (d' + tz)dsz = % (&' + tc) erfc (d' + tc)
o

- d'erfec(d') - 1 exp.-(d' + tc)2 + ~1 exp.-(d')%}

T T



K

2ds + d
Bty

&+

s
Jﬁ, 2 €Xp .-

&)
a-2 ,[Dt ;
§=0

X erfc

. da -2 Dty

(2(18
2 ot

2ds + 2d)

L"(a\ﬁ)—%_

2ds

Zﬁ

fpematanrs

(2dS -+

+ d)

2ds +

2{“1-,

zii {etc% .__.dz

{
i[:f( 2ds
(- 2lot

(26.3 + d) + (2d5 + d)

2!3:8 Jerfc ( 2dS)
Zstt

At

erfc (st + 4,

2 /Dt 2 Dt | 2. /bt ’

cd 2ds + 24
)| erte (ST
2ds + d 2ds + 2d4.2
<D0 . + 2 NG
e“p(aJDt) xp-CSmT )

2ds) erfo(—298 2ds 4(2ds + d

2\{’1-,

d

2 ot J‘

+ 4 !~E
T

= d + 4 1]_).2
L

2 ()T

T

r=0

- gjaz j;j{; 4)r+1 -£—~) X erfc( rd )

rd

2@“

2ds 2ds 2
q‘ e‘rp ( - q‘ e.n. *
afﬁ” xp-=(3 )]

2 D%

exp.-(
2

2
3
Dt



£
i

P

l\/ls

i
O

——

B o.

- 2 5
(22_5_1) + (gﬂL%%igi:lﬁ

L)

m P
E exp. Dne -

Q=0

28
(2p +

o X‘

»

_ &4 ab G,

£

+ (= 1)

1)n

X
(2p + 1) (2q + 1)
Dt
I_Cl+’l)1t' i+ AE
4+ rd rd 4 . \T rd 55}
-1) 4(2 Dt) erfc( Dt) + = (=1) exp...(2 Dt)/g'

kY

o] abd Co

]Dt
1 4 A e . el
. Vnda d2

J"v?

el
il
(&)

lo

202
I~
i~

exp.

2\/1)15

i
s |

ComeT——

oo
Nt
/} % etC.eveeeo...as above.
76 G0 L I
eﬁzgmf . (2g+1)2]t
exp.Dn a ;

1 r+1 4rd 7
> <( ) ( ) . 0(2[‘%

2

(2p + 1)2 (2q + 1)2




APPERDIX (. ESTIMATION OF A THEORETICAL PERCENTAGE

ERROR TFOR THE BEXPERIMENTAT, PROCEDURE.

I

-

125 been shown that the error in N where N s_%ﬁg , and

the' errors in p,q,2 and b are gp gﬁ Sa ana SB is

é{E{,uggt“&%.;.%)

B3 4

T Considering O

5 .8
D; Dy

%

i

Q wi x G x

(@

° +veeo.@Quation S5 see page?3
i 20

i
= W, ¥ G x Density Ratio

E

ToTo Percentcage error in wi

Assuming the error in each weighing to be & 0.C002
gms. s and since wi is calculated from 4 weighings, ths poss-
ible error is & x + 0.0002 gms. i.e. 0.0003 gus.

The approximate value of wi is 5.0 gms.

.°. The percentage error in.wi = 0.0008 = 100
7]
= + 0.016%
1.2 Percentage error in the Density Ratigc.

The error in this shall be considered negligible.

Percentage error in G.

-
,.
\N

The analysis of the impregnation solution is carried
out by pipetting 50 ml. of solution into a standard 500 ml.
f£lagk and titrating 20 ml. portions of the resultant solution

with 2 standard N/10 silver nitrate solution.



C 2.
_ X x Hq x ¥q x 500
20 x 50

.°« G (The original concentration)

eeas(1)

where X = ‘the volume of g8ilver nitrate solution required for
the titration.
0= the normality of the silver nitrate solutlon.
I = a facteor for converting volume of sil%er ﬁitééte

to gns. of #¥Cl.

L

1.2.1."  Percentags exror in "making un %o the mark” in o

5C0 ml. flask.

Assuming the error %o be + 0.1 ml.

Percentage errcer = + 50 g x 100
= + 0.02%
1.5.2. Percentage error in pipetting 20 nl. of sclution

Assuming the efror to be + 0.1 ml.

Percenvage error = + <=— x 100

=+ 0.5%

Ted.3. Percentage error in pipetbting 50 ml. of solubicn.

Assuming the error %o be + 0.1 ml.

O
-\

Percantage error = + = 2 100
= 50
= + 0
1.3.4, Percentage exror in 'X!

Assuming the error t0 be + 0.05 ml.

Percentage error = + 9.92 x 100

(4
<
o
n
X



d.5.5. Percentage error in W,
The silver nitrate solution was standardiscd against

20 ml. portions of a standard N/10 solution of XCl.

1.%5.5.1. Percentage error in the normality of the standard

N/10 solution of KCl.

The error in two weighings of KCl = 2 x + 0.0002

The approximate weight ¢f KCl required for 500 ml.

of N/10 solution = &.0 gns.
« o Percentage error in weighing KCL = + QLQggi X 100
L :t 0907025

This weight of XCl has to be dissolved into a 500 ml. flask.
The error involved in this is + 0.02%
The total error in the normality of the standard KCl csolution

is therefore (1 0.01%) =+ (& 0.02%) = + 0.03%

1.3.5.2. Percentage error in titrating the silver nitrate

solution against the standard KCl solutvion.

Pipetting error = + 0.5%
Titration error = + 0.25%
\' 2212
N,] = —T—“’
Vq

. "+ Percentage error in N, = (& 0.5) + (4 0.03) + (+ 0.25)
23 +0.78%
Svbstituting the above values in equation (1) the percentage
error in G is
(+ 0.25)(+ 0.78)(+ 0.02)
(£ 0.05)(+ 0.2)

=,



C 4.
22 (£ 0.25) + (£ 0.78) + (& 0.02) + (x 0.05) + (+ 0.2)
v 2 1.5%
Substituting the errors for wi and G in equation (95) the
rercentage error in Qo is
¥ (+ 0.016) + (+ 1.3)
v 1.32%

2. Considering Q.

Qt is estimated by one of two methods, gravimetric

and volumetric, depending upon what solute is in use.

2.1. Gravimetric estimation.

Qt is obtained from four weighings. The error is

therefore + 0.0008 gms.

Qt varies with time; considering two values of 't°*,

one for 't' small and the other for 't' large:-

The approximate weight of KCl remaining in the slab

after diffusion is 0.18 gms. for 't' small, and 0.07 gms. for

't' large.
o N 0.0008 0.0008 _
.°. The percentage errors = + 08 X 100 or %+ =0.07 ¥ 100
= + O.44% or + 1.14%

2.2 Volumetric estimation.

Qtﬂis estimated by transferring the solutions left in
the "total extractors" to 500 ml. graduated flasks ang
titrating 50 ml. portions of these solutions with silver

nitrate solution.

X x 500 x Nq x Fq

e % Qt = 50



where X = +volums of AgNO5 solution required for titration
N, = normality of the AgNO3 solution

r

factor for converting X ml. AgNO5 solution to

bz
i

gons. of KCl.
The approximate volumes of silver nitrate solution required
are; for small '¢°, 3.0 ml. and for large 't' 1.5 nml,
Assuming the percentage error in a titration to be + 0.02 ml.,

the percentage errors in the estimations of XKCl are,

for small 't = 202 x 400 = + 0.67%
5.0

for large 't' = 0.02 x 100 = + 1.52%
1.5

The corresponding percentage errors in Qt are
for small 't' ~ (+ 0.67) + (+0.02) «+ (19.78) + (+0.20)
~ + 1.67%

for large 't' =z~ (+ 1.33) + (+0.02) + (+0.78) + (+0.20)
+ 2.33%

{4

3. Considering;Ed

3.1, Gfévimetric estimation of Qt

U

Q

The percentage error inEd for small '%' =

By

° (x b-%)

(£ 0.02)(x 1.5)
i (i O'M) - (_'t 103)

2 A .75



The percentage error inEd for large

3.2, Volumetric estimation of Qt

st aney

The percentage error in_Ea for small

The percentage error :i.n.Ed for large

(+ 1.14)
(£ 0.02)(+ 1.5)

ﬂtl

o (2 1.14) - (+ 1.3)

Q

+ 2.44%

"t = (£ 1.67) - (+ 1.3)
o~  2.97%
't ¥ (+ 2.33) - (+ 1.3)

Y+ 5.65%

The percentage errors for values ofiEd for absorption runs

are probably of the same order as those for desorption.

The "average" maximum theoretical error in.Ed values

is therefore approximately + 3%



10.
11.
12,
15.
T4,
15.
16.
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