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ABSTRACT

It has been shown that by applying surface conductance correction, equations can be
deduced connecting (1) the cell constant of a pad made of fine particles of a suitable fibre with the
concentration in gram of the particles per unit volume of the pad and (2) the streaming current
through a pad filled with a dilute solution of an electrolyte with the concentration of the particles
per unit volume of the pad.

These equations are found to agree well with the experimental data of Mossman and Mason
on fibres of dacron, orlon, nylon and glass.

The true zeta-potential of a fibre can be found from the equation connecting streaming
current with the concentration of fibre particles in the pad.

In some recent papers Mossman and Mason (1959) and Biefer and Mason
(1959) have attempted to calculate the electrokinetic potential, {, of a few
fibres from measurements of streaming current z, through a porous pad of
length L, and cross-sectional area A, filled with a dilute solution under a
pressure gradient p/L, using the following semi-empirical equation :

. 2\2/5 2/5
(%’) = (%i_l) (1 —eac) .. .. (L)
where 17 and D are the viscosity and dielectric constant of water, b, a constant,
a, the specific volume of the fibres and c, its weight in gram per ml. of the
porous pad. The experimental arrangement was such that ¢ could be varied
by altering L. The length and diameter of the fibre particles used in pre-
paring the pad lay within a narrow range. /These authors have found that a

7\ 206
plot of (7."771)’) against ¢ yields a straight line.
prJ. ,
It will be shown in this paper that, by applying correction due to surface

[+ 14
—ac

conductance, equations, connecting (1) pad cell constant with and

(2) the reciprocal of 3’.'7_11.)-‘) with_l_“_c_ , can be deduced, which appear to agree
—ac
well with the experimental data of the authors mentioned above.
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1. Pad cell constant and surface conductance :

In their experiments Biefer and Mason (1959) and Goring and Mason
(1950) have used dilute solutions of KCl, such as 0-01 N and 0-005 N for the
determination of the pad cell constant. It is possible that the effect of
surface conductance has not been completely eliminated at these low con-
centrations of the electrolyte. We, therefore, assume the presence of surface
conductance and apply correction according to the equation suggested by
Ghosh (1955) and Ghosh and Ray (1957) Under the conditions of the experi-
ments of Mason and co-workers the value of the specific conductance Kp of
the solution inside the pad should be given by the expression :

Becy
KP=K{1+(1—mc)rK} .. . o (2
where K is the bulk specific conductance of the solution, 8, a constant which

depends on the shape* of the particles of the fibre of radius 7, so that Boc
;

represents the effective surface area per unit volume of the pad, X, the specific
surface conductance of the fibre, ac and (1 —oc) represent the volume of the
fibre particles and the liquid respectively per ml. of the pad. As the fibre
particles offer resistance to the flow of electric current, we may assume that
the particles by their presence increased the length of the path of the current
through the pad.

Therefore, the true pad cell constant C, should be given by the ex-
pression :

Oo=fT'{1+m1uc-i;m’(¢c)2} R

where A’ and L' [14-myxc+m”(xc)2] are the effective cross-sectional area
and length of the pad cell and m; and m” are constants.
If L' and 4’ are to be replaced by L and A4, which are directly measured,

then we should put A— = 5‘:41_’, where = is a constant. If R be the electrical

resistance of the pad containing the solution, then neglecting terms involv-
ing («xc)2 we can write

. , .
00=RK,=f4—I,(l+m1mc)=x—z(1+m1ac). )

Similarly, for the apparent pad cell constant C,, where surface conductance -
has not been eliminated completely, we have

Cy,=RK = fq—il, (14m'ac) = a{l(l +m'ac) . .. .. (8)

where m’ is the apparent value of m; and varies with ¢, and the other terms
have the same significance as stated previously.

* Spherical, cylindrical, etc,
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Therefore, 20— 2r .. .. .. .. (6)

Now according to equation (2) :

K, _

K, Bacx Mgl
g =1t

(l—ac)rK ~ 1+ 1—ac )

where m, represents ?BIL{(’ which for a given pad and electrolyte solution

remains constant.
From (6) and (7) it follows that

mone  l14+-myac

1+ = . .. .. ..
1 —cac 14m'ac (8)
or
1+myac
(l+m'ac)=_——+ 1=, 9
Mol
14 2
1—ac
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FiG. 1. T versus T plot for orlon, dacron and glass (curves 1 to 3 respectively).

Black and open circles represent similar points of Fig. 3 of Mossman and Mason.
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Therefore, the apparent cell constant

= 7L ‘o) = ¥ myee
C, = i (14 mac) = g (1+myac) (1—1-—-—ow)
C, = MooC x oe(my —mg)
or I -2 =2 1 2
L 4 (1+myac) (1 l—mc) 4 {1+ l—ac

x mac
=Z{l+m} -.. e . .o .o (].O)

where m == (m,-—~m,) and correction due to surface conductance is small,
so that terms involving (xc)2 can be neglected.

If the view expressed by us be correct, then the pad cell constant actually
determined by Mossman and Mason (1959) would be C,, and a plot of C,/L
against ac/(1 —a«c) should yield a straight line. Fig. 1 seems to justify this
conclusion, where the tangent of a straight line gives mz/4, and its intercept
on O, /L axis gives x/A.

(ii) The equation for true {-potential :

Using the well-known equation for streaming potential Ei = pv for a
capillary tube (Overbeek and Wijga 1946), we can write, in the absence of
surface conductance,

E_v_ DL (11)
where £ is the e.m.f. developed under a pressure difference p, », the volume
of liquid flowing out of the capillary per second, 7, the current and D, 1, and
K, the dielectric constant, viscosity and bulk specific conductance respectively
of the liquid. The other terms have the same significance as described pre-
viously. In the presence of appreciable surface conductance, K in equation
(11) should be replaced by Kp. Making this substitufion and rearranging
we can write

4mK B _4mKv ., _ { ‘
D "p Di —'E“_l_'_mgow‘ (12)
1—ac

where {, is the apparent and {, the true zeta,-potentia,l.‘
In the above equation we may put

i_:c_L_ (14-m,ac)

B=7 %,

where i is the streaming current and the other terms have the same signi-
ficance as described previously. Mossman and Mason, however, do not apply
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surface conductance correction and hence using K instead of Kp in equation
(12) and re-arranging we have

ml AL

, D dnz(l+myxc) (13)
Applying surface conductance correction to (13), we get
inl _ Ag AL 1 (14)

mzac) = E;v ’ (1+(m1+m2)ac)

pD
4mz(l +miac) (1+1—ac T—we

neglecting terms involving (xc)2, etc.
From equation (14) the following expression is obtained by rearranging :

.i—4—”’f(1+M) L. as

where
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Fia, 2, Ez versus 7 plot for dacron in 7'085 X 10-6,.1°32 x 104, 3-63x10-4 and

3:50 X 10~3 MCaCl, (curves 1-4 respectively) of Fig. 1 of Mossman and Mason.
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The assumptions involved in arriving at equation (15) would he justified,
41
if for a given fibre sample and given electrolyte solution a plot of (EE)
against ac/(1—ac) yields a straight line. It will appear from Fig. 2 that
such a linear relationship actually exists.
(iii) Interpretation of the data and figures :

Magnified photographs of Fig. 1 and Fig. 3 from the paper of Mossman
and Mason (1959) have been taken. From the photograph of Fig. 1 the experi-

. r\04
mental values of (%’) corresponding to different values of ¢ for dacron

have been found. From these, values of ( 1 ) were calculated and
inL/pD

plotted against the corresponding values of i *_ in Fig. 2.
—ac

It will appear from Fig. 2 that a linear relationship exists between

(_l—) and —%°_. Since the intercept of a straight line on the ordinate
inL/pD 1—oc
in Fig. 2 gives the value of %’g, the value of { can be calculated from the

experimentally determined values of  and 4.

From an examination of curve 1 in Fig. 2, it will appear that some of the
points lie slightly above the straight line. This slight deviation may be due
either to experimental error or to the ‘ matting effect’ of the fibres which
form the pad. This ‘matting effect’ occurred fairly often in the earlier
experiments of Goring and Mason (1950). In their later experiments, although
they have succeeded in eliminating it to a considerable extent by taking
guitable precautions, yet it is possible that this effect occasionally occurs
on a much-reduced scale.

In Fig. 2, line 1’, having slightly higher m than line 1 but having the same

1
value of the intercept on (T,TL) axis, may be attributed to this cause.
| »D
From -the magnified photograph of Fig. 3, the values of (E’L—

&

) correspond-
ing to different values of ¢ are found. From these, the values of C_I; and

their reciprocals are calculated. In Fig. 1 of this paper % agaihst ac/(l—ac) »

“have been plotted. It will be evident from this figure that a linear relation-
ship exists between these quantities also. :
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If the right-hand side of equation (10) is multiplied by :—ac, then we
, : —ac

get '

C, _= {14 (m—2)ac—(m—1)(xc)?}

L4 . (1—ac)?

(16)

It will be noticed from Table I that for dacron using the values of m
found from Fig. 1, the numerator, N, in equation (16) within the double
“bracket varies only slightly for different values of c. The extreme deviations
from the average N lie within + 1-5 per cent. Therefore, N may be taken

a8 approximately constant within the range of variation ofc. Putting 1o a,
ZN

equation (16) can be written as

(/A, = aA(l—ac)? .. .. .. .. (17)
which is of the same form as the semi-empirical equation used by Mossman
and Mason (1959).

TasBre I
. . Average| 1
-0 — —_ =
Fibre N N m=e
0-22 1-14
Dacron 0-26 1-16
0-30 1-17 1-16 0-96
o = 0-75 0-35 1.17
m = 3-24 0-40 1-17
0-45 1-17
0-28 1-36
Nylon 0-32 1-38
a = 0-96 0-38 1-38 1:36 1-05
m = 423 0-44 1-36
0-50 1-33
018 1-:20
Orlon 0-24 1-22
o = 1-05 0-30 1-23 1-21 0-85
m = 3-50 0-35 1.21.
0-40 1-19
-10 1-603
Glass C-14 1:063
o« = (-39 G-18 1-502 0-999 0-977
m = 2-11 0-34 0-995 .
0-38 0-992
0:42 0-998

_ The results for nylon, orlon and glass are also recorded in Table I. It
will be evident from the data, recorded in this table, that for the fibres
3 .
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mentioned above, N may be taken as approximately constant within the
range over which ¢ is varied.

It may, therefore, be concluded that eguation (10), which has been
deduced by us taking the effect of surface conductance of the fibre particles

into account, leads to the equation of Mossman and Mason connecting L with

¢ within the range investigated.
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