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ABSTRACT 

The flocculation of coarse suspensions of NaCl in liquid paraffin was studied. Floe 
characteristics such as size, porosity and number of primary particles were investigated 
for suspensions of NaCl in liquid paraffin by application of the Koglin concept. The dis- 
persed NaCl had a narrow size distribution. Variables under investigation were particle 
size (mean volume diameter 6.5, 8.1 and 16.2 km) and solid concentration (O-2% m/m). 
The results showed that the floe size and floe porosity increased with NaCl concentration 
up to 2% (m/m). No relationship was found between floe porosity and sediment porosity. 
For suspensions with small particles and a solid concentration above 3%, a structuring of 
floes with high porosity hindered the settling of the floes. 

INTRODUCTION 

The formation of floes in a coarse suspension usually accelerates the sett- 
ling process. The homogeneity of the suspension at rest, the porosity and the 
redispersibility of the sediment after settling are strongly affected by floccu- 
lation. It is therefore important to gain insight into the mechanisms involved 
in the flocculation process of coarse suspensions in order to control the state 
of flocculation by rationale [ 11. In the present work the end result of the 
flocculation process, i.e. the floes, are studied. Floe formation is usually ex- 
pressed indirectly by parameters such as the settling rate of the interface be- 
tween suspension and supernatant [2], sediment volume [ 31 or in terms of 
rheological properties of the suspension [4,5]. However, it is of interest to 
know in more detail the characteristics of the floes themselves, i.e., floe size, 
floe porosity and number of primary particles in a floe. 

The various methods for particle-size measurement (e.g., Coultercounter, 
photometer, sedimentation balance and photosedimentometer [ 61) provide 

*Present address: Netherlands Institute for Dairy Research (NIZO), P.O. Box 20, 6710 
BA Ede, The Netherlands. 
tTo whom correspondence should be addressed. 
TPresent address: Royal Dutch Society for the Advancement of Pharmacy, Alexander- 
straat 11, 2514 JL The Hague, The Netherlands. 

0166-6622/84/$03.00 o 1984 Elsevier Science Publishers B.V. 



100 

only limited information on floes in suspensions (a size distribution with a 
mean diameter). Koglin 173 surveyed several methods for determining both 
size and porosity of floes in suspensions but could not find a single method 
suitable for fluffy floes. Therefore he suggested the use of two independent 
methods of measuring particle sizes, to obtain information on the mean floe 
diameter as well as the mean porosity and the number of particles per floe. 
He derived two equations based on an analysis of sedimentation and light- 
absorption measurements [7,8]. These equations can be solved provided 
that (1) data on the mean settling velocity obtained from sedimentation ex- 
periments, and on the extinction cross-sectional area obtained from photo- 
meter readings (both for the same suspension) are available; (2) the data are 
collected for a flocculated as well as for a completely non-flocculated sys- 
tem; (3) the ratio between the shape factor of floes and primary particles is 
known or can be estimated. 

We examined suspensions of a model compound (NaCl) in liquid paraffin, 
and studied the effect of solid concentration, particle size and the Aerosol- 
OT concentration (an anti-flocculation agent) on floe size, floe porosity and 
number of primary particles in a floe. In order to apply the equations de- 
rived by Koglin, we used a photometer in combination with a release appara- 
tus to collect the necessary data. The release apparatus provides the means of 
accurately measuring sedimentation rates of readily water-soluble solids dis- 
persed in non-polar media [9]. Changes observed in floe characteristics in- 
duced by variation of the suspension composition were compared with 
trends in the Stokes diameter and sediment volume. 

MATERIALS AND METHODS 

The suspensions consisted of NaCl particles dispersed in liquid paraffin. 
Non-flocculated systems were obtained by dissolving 1 mmol dm-’ Aerosol- 
OT (dioctyl sodium sulphosuccinate) in the liquid paraffin [ 11. 

All experiments were carried out at 25 f 0.5”C. Chemicals used in the ex- 
periments were of pharmaceutical grade. 

Sodium chloride was dried (temperature 150°C pressure < 2 kPa) and 
ground (ball mill), dried again and classified by a centrifugal classifier (Al- 
pine). The size fractions were analysed microscopically: from pictures of 
samples the arithmetic mean particle diameters were determined according 
to the projected-diameter method [6,10]. More than 100 particles were 
counted for each fraction. The geometric diameters and geometric standard 
deviations are given in Table 1. The density of NaCl was 2160 kg mA3, as 
determined by an air comparison pycnometer (Beckman). The NaCl powder 
was stored in a stove at 150°C and kept under low pressure (< 2 kPa) to keep 
the surface free from NaOH and moisture [ 91. 

Liquid paraffin was purified and dried by adding 15% (m/m) ground, 
dried NaCl to remove any substances that might have an undesirable influ- 
ence on the stability of the suspension (e.g., water or surface-active agents); 
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the supernatant was used in the experiments [ 91 . The viscosity, as measured 
with a rotation viscometer (Rheomat 15, Contraves) was 23.1 mPa s. Liquid 
paraffin had a density of 860 kg m -3 as determined by an air comparison 
pycnometer. 

TABLE 1 

Particle sizes and standard deviations of the NaCl fractions 

Mean Standard Mean Mean 
diameter deviation diameter diameter 
(geometric) (geometric) dva d St2 
km) (pm) bm) 

15 1.25 16.2 15.6 
10.5 1.25 11.3 10.7 

7.5 1.25 8.1 7.7 
5.5 1.4 6.5 6.3 

aCalculated by the Hatch-Choate Eqns (see Ref. [ 161). 
bd sto was calculated from d, by using d&,, = dl,J$ [ 151 with J, = 0.8. 

Aerosol-OT was dissolved in methanol for purification. The solution was 
filtered (G3 glass filter) and after evaporation of the methanol, the residue 
was dried under vacuum at 150°C [ 111. 

The suspensions were prepared by weighing the required amount of dried 
NaCl into a bottle containing the desired Aerosol-OT/liquid-paraffin solu- 
tion. The suspension was treated with a high speed mixer (Ultra-Turrax, 
Janke and Kunkel Ika Werk) in a dry box under nitrogen and sonicated with 
a probe-type sonicator (Bransonic B12) for 1 min during cooling in ice water. 
This procedure was followed to ensure complete dispersion of the particles 
and to keep the suspension water-free. The suspensions were rotated end- 
over-end (60 rpm) to keep them homogeneous. Just before use, the suspen- 
sions were treated briefly ultrasonically (bath-type sonicator, ultrasonic 
K42) to remove entrapped air. 

The absorbance (Abs) of the suspensions was measured with a spectropho- 
tometer (Shimadzu UV-100) at 625 nm in a cell with an optical pathlength 
of 2 mm. The apparatus was adjusted to meet the requirements of a wide- 
angle spectrophotometer (WASP; see Ref. [6] ). Because of technical restric- 
tions on the absorbance readings, the upper limit for the NaCl concentration 
was 3% for large particles (16.2 pm) and 2% for the other fractions (8.1 and 
6.5 pm). Higher solid concentrations required cells with pathlengths below 
2 mm; however, wall effects then prohibited taking proper readings. 

The mass flow of the settling suspension was not measured with a sedi- 
mentation balance, as is usually done, but with an apparatus originally de- 
signed to monitor the release of solids from dispersions in non-polar media 
to an aqueous phase [ 91. This release apparatus (Fig. 1) consisted of a glass 
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vessel with an inner diameter of 100 mm, with a nylon stirrer rotating (80 
rpm) in 500 ml of demineralized water at a distance of 10 mm from the bot- 
tom. An open siliconized, glass tube with an inner diameter of 37.6 mm was 
placed eccentrically with its lower end below the water surface. A lo-mm- 
thick layer of the liquid-paraffin suspension had to be transferred into the 
tube on top of the water. To ensure a gradual build-up of the layer. the sus- 
pension was poured into a syringe which then was emptied against the wall 
of the tube. The release of the NaCl was followed conductometrically. In the 
slip-stream of the stirrer an electrode was placed, connected to a conductiv- 
ity meter (Philips PW 9505) which in turn was connected to a recorder (BD 
40, Kipp and Zonen). The mass flow (dm/dt) of the solid through the inter- 
face was calculated from the recorded curve. It was found that under the 
experimental conditions mentioned above, sedimentation was the rate-limit- 
ing step in the release process of suspensions with NaCl particles having 
Stokes diameters of up to 45 pm. 

glass tube 

electrode 

susoension 

stirrer 

water 

Fig. 1. Apparatus used for determination of the release rate of NaCl (see text). 

Equations (1) and (2) are used to calculate floe size, porosity and number 
of particles of a floe [ 7,8] (see list of symbols given in Appendix). 

U, _ = (dmldt)a = 

ii dm/dt 
(1) 

This expression relates the ratio of mean settling velocities of a flocculated 
(subscript a) and a non-flocculated suspension (containing the same primary 
particles in the same concentration) to the ratio of mean volume diameter 
(diameter of a sphere having the same volume as the particle) of floe and 
primary particle, the mean porosity (ratio of void volume to total floe vol- 
ume) of the floes and the ratio of floe and primary particle shape factor 
(ratio of the surface area of the sphere having the same volume as the par- 
ticle to its actual surface area). 
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This expression relates the ratio of the cross-sectional areas of the same floc- 
culated and non-flocculated suspensions to the same variables. The equations 
can be solved when the ratio between the shape factors of the floes and the 
corresponding primary particles is known or can be estimated. In order to 
obtain the mean number of primary particles in a floe Koglin gives the rela- 
tion 

h=(l-_E) s 3 ( ) ;E, 
(3) 

From the same release curves (amount released versus time) as are used for 
determination of the mass flow, the average Stokes diameter can be calcu- 
lated. The average Stokes diameter is calculated by 

1% h 
1 

YE? 

d sto= - - 
APg tsos 

(4) 

in which tsoQ stands for the time on the abscissa where a line drawn from 
the 50% point on the ordinate (7% of amount released) touches the release 
curve [12]. 

The sedimentation volume (Vu/Vo) measurements were performed by 
pouring about 15 ml of a suspension into a tube (diameter 10 mm, height 
150 mm) and measuring the height of the sediment and that of the total 
suspension after one day. No change of sediment height was observed after 
1 day. 

RESULTS AND DISCUSSION 

Experiments with suspensions of NaCl in liquid paraffin were performed 
to study the effect of solid concentration and primary particle size on the 
floe characteristics: floe size, porosity and number of particles in a floe. 
Because one of the prerequisites of Koglin’s method is that a non-flocculated 
suspension should be available, two suspensions were made. One suspension 
was stabilized by 1 mmol dmd3 Aerosol-OT [ 11. Figure 2 shows the average 
Stokes diameter, as calculated by Eqn (4), for non-flocculated and floccu- 
lated suspensions with different NaCl content. The curves of the suspensions 
that did not flocculate (closed symbols) indicate that the Stokes diameter in- 
creased slightly with NaCl concentration. In a dilute coarse suspension stabil- 
ized against flocculation, the dispersed particles will settle individually. For 
low solid concentrations the average Stokes diameter was therefore identical 
to the Stokes diameter obtained from microscopic count. When more par- 
ticles are present, the settling velocity of the particles may increase by mutu- 
al interference due to hydrodynamic interaction without floe formation 
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[6,13,14]. This causes a larger Stokes diameter. In non-flocculated suspen- 
sions the settling velocity increases with solid concentration, reaches a maxi- 
mum and decreases when hindered settling occurs. Then small particles settle 
faster whilst large particles are withheld compared to their Stokes velocity. 
No maximum was observed in our experiments, therefore the concentration 
of solid for which hindered settling exceeds the effect of hydrodynamic in- 
teraction was not reached. 

40 
i 

0 ” ” ” ” ” ’ ” b s ’ ” 

0 I 2 3 4 5 6 7 8 

cln (% NaCIl 

Fig. 2. Average Stokes diameters of particles and floes of NaCl dispersed in liquid paraffin 
for various primary particle sizes at different solid concentrations C, (% by weight); 
n=l. 
Open symbols: flocculated suspension (drawn line); closed symbols: stable suspension 
(least squares regression line); (n)dv = 16.2 Mm; (A)& = 8.1 pm; (e)d, = 6.5 pm. 

In the case of suspensions not being stabilized (open symbols) a more pro- 
nounced increase in the Stokes diameter with concentration occurred be- 
cause of flocculation. Three more phenomena can be observed in Fig. 2 for 
the suspensions that were not stabilized: (1) The increase in average Stokes 
diameter with concentration levelled off above a concentration of about 3% 
for suspensions with 15.6~pm NaCl particles. This might be a maximum floe 
size as a result of a balance between flocculation and deflocculation proces- 
ses. For the suspensions with 7.7- and 6.3~pm particles the maximum was 
reached at a concentration of about 3% NaCl. A further increase in the solid 
concentration resulted in a smaller Stokes diameter of the floes. Microscopic 
observation of those suspensions having a solid concentration (Cm ) above 3% 
revealed that the floes were highly porous. They tended to form a structure, 
thus preventing fast settling of individual floes of small particles (7.7 and 6.3 
pm). A very high porosity (> 0.9) was found for 2% Cm suspensions calcu- 
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lated using Koglin’s equations, as will be discussed later. (2) Even at concen- 
trations as low as 0.2% C,, flocculation occurred. (3) The smaller the Stokes 
diameter of the primary particles, the larger was the relative increase in the 
average Stokes diameter after flocculation. For the 6.3~pm particles (0.2% 
C,), d,, reached a value of 11.5 pm (+80%); for the 7.7- and 15.6~pm par- 
ticles, values of 14 pm (+80%) and 24 pm (+55%), respectively, were found. 

The absorbances of flocculated and non-flocculated suspensions, together 
with the size fractions studied, are shown in Fig. 3. A linear relationship was 
found between absorbance and solid concentration for stabilized suspensions 
up to the highest concentration that could be measured. The absorbance of 
the suspensions that were not stabilized was always lower than the absor- 
bance of the corresponding stabilized suspensions. 

0 
0 I 2 3 

crll 
($ N&I) 

Fig. 3. Light absorbance at 625 nm in a 2-mm cuvette measured with a WASP (symbols 
as for Fig. 2); least squares regression line. 

In order to obtain data on mean size, porosity and number of particles of 
the floes formed in the suspensions with primary particles differing in size 
and concentration, we followed Koglin’s method. 

The values of the mass flow (dm/dt) and the absorbance (Abs) of the sus- 
pension with 1 mmol dme3 Aerosol-OT were taken as the values for the non- 
flocculated system. Microscopic observation of these suspensions during sett- 
ling revealed that they were not flocculated. Besides, the experimentally ob- 
tained c&t, was approximately the same as the d,t, calculated from microsco- 
pic analysis (prerequisite 2). The shape of the floes in flocculated suspen- 
sions approximated the shape of the single primary particles. Therefore, the 
shape-factor ratio ($ a/$ ) [ 151 in Eqns (1) and (2) could be set at unity (pre- 
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requisite 3). Table 2 gives the composition of the floes in the suspensions cal- 
culated according to Eqns (l)-(3). All calculated values in Table 2 have a 
relative standard deviation of about 20%. An increase in solid concentration 
resulted in an increase in the mean floe diameter. For suspensions with small 
particles this increase was more pronounced, as was observed in Fig. 2. For 
2.0% NaCl suspensions, the relative increase based on values of the mean 
volume diameter calculated by Koglin’s method was 24 for the small 6.5~pm 
particles and 15.5 and 3.7 for the 8.1- and 16.2~pm particles, respectively. 
The number of primary particles in a floe calculated by Eqn (4) also in- 
creased with solid concentration and decreasing particle size. At a concentra- 
tion of 2% the large floes were very fluffy. The porosity reached a value of 
almost unity. Figure 2 shows that further increase of the solid concentration 
resulted in small values of d,,. Presumably, the floes became so porous and 
large that a structure of cross-linked small floes was built in the flocculated 
suspension. The structuring of a flocculated suspension with a high concen- 
tration of solid can be the cause of non-Newtonian behaviour [4,5]. 

TABLE 2 

Mean diameter, mean porosity and mean number of particles in a floe for suspensions 
with different initial particle size and solid concentration. Calculations made using 

Eons (l)-_(3) 

d, = 16.2 Mm d, = 8.1 /zm d, = 6.5 tirn 

c, &,a T h c, %,a ; i c, ;I,, 2 K 
(%I (ml (%) (ml (%) (w-n) 

0.2 23 0.19 2 0.2 24 0.46 14 0.2 38 0.75 50 
0.5 26 0.31 3 0.5 22 0.28 15 0.5 57 0.79 141 

1.0 59 0.72 13 1.0 78 0.83 154 1.0 93 0.89 323 
2.0 76 0.75 25 2.0 134 0.90 449 2.0 161 0.93 1047 

We compared the results of the calculation of floe porosity with sediment 
heights measured after settling. Figure 4 shows the ratio between sediment 
volume and suspension volume, normalized for solid concentration, for floc- 
culated and non-flocculated suspensions. The non-flocculated suspensions 
gave compact sediments with low porosity that were hard to redisperse. In 
flocculated suspensions porous sediments were formed that were easy to re- 
disperse. The larger the primary particles, the denser the sediment in both 
the flocculated and corresponding non-flocculated suspensions. The porosity 
of the sediment did not increase with the solid concentration. This result was 
in disagreement with the porosity of the floes as calculated according to 
Koglin (Table 2, column 3). There, the porosity of the floes increased with 
solid concentration. Apparently, settling of the floes on the bottom of the 
sedimentation tube diminishes the effect of solid concentration on floe po- 
rosity, although it does detect the porosity increase by smaller particle size. 
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Fig. 4. Sediment to suspension volume ratio (%) normalized to C, 1.0% (symbols as for 
Fig. 2); n = 1; drawn lines. 

Floe porosity and trends in floe porosity with floe size have mostly been 
studied in colloidal suspensions [17,18] . The suspensions, with monodis- 
persed particles in the colloidal size range, exhibited perikinetic floe forma- 
tion. Therefore, a comparison of our results on floes and sediments with re- 
sults from literature was not made. We also studied the influence of the ini- 
tial Aerosol-OT concentration on the composition of the floes for suspen- 
sions containing the particle size fraction d, 11.3 pm. Figure 5 shows that, 
with increasing Aerosol-OT concentration, the average Stokes diameter of 
the floes in the suspension decreased to a value similar to the calculated 
Stokes diameter (10.7 pm, cf. Table 1). This calculated Stokes diameter was 
reached at a concentration of Aerosol-OT which depended on the solid con- 
centration. The smaller the surface area of the solid (low solid concentra- 
tion, large particles) in a suspension, the lower the initial concentration of 
Aerosol-OT required to reach the minimum value. For a 0.2% Cm suspen- 
sion, 0.01 mmol dmT3 was necessary, while a suspension of 1% Cm required 
0.1 mmol dm -3 of Aerosol-OT. Here, too, we determined the floe param- 
eters. Table 3 shows that with increasing Aerosol-OT concentration the floe 
size decreased together with the porosity and the number of primary par- 
ticles in the floe. Table 3 shows that, at high Aerosol-OT concentration, 
doublets (k=2) were still present in the suspension. However, rounding off 
the figures (the relative standard deviation of the measurements was 20%) 
causes this phenomenon, Table 3 also shows that, with increasing solid con- 
centration, the floes became larger and that the concentration of Aerosol-OT 
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at which the calculated Stokes diameter was found, i.e., h=l, became higher. 
To complete our experiments we determined the sediment/suspension- 
volume ratio (Vu/V,). Figure 6 shows similarly shaped curves as in Fig. 5. 
Increasing the Aerosol-OT concentration lowered the sediment volume 
which was to be expected (cf. Fig. 5 and Table 3). 

log (cimol.dm 
-3 ) 

Fig. 5. Average Stokes diameters for suspensions with particles of d, = 11.3 pm (see 
Table 1) in liquid paraffin containing various concentrations of Aerosol-OT; n=2; drawn 
lines.‘(V)C, = 0.2%; (a)C, = 1.0%. 

TABLE 3 

Mean diameter, mean porosity and mean number of particles in a floe for suspensions 
with different initial Aerosol-OT concentration. Particle size d, = 11.3 Mm. Calculations 
made using Eqns (l)-(3) 

C, NaCI=0.2% 

Cont. &,a 2 
Aerosol-OT (pm) 
(mmol dmm3) 

C, NaCl=l% 

R Cont. 
Aerosol-OT Fig) 

E k 

(mmol dm-‘) 

0 28 0.59 6 0 34 0.65 10 
0.01 17 0.32 2 0.01 23 0.47 4 
0.05 16 0.28 2 0.05 15 0.22 2 
0.1 15 0.24 2 0.1 13 0.09 1 
0.5 15 0.25 2 0.5 12 0.06 1 
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Fig. 6. Sediment to suspension volume ratio (symbols as for Fig. 5); n =l; drawn lines. 

CONCLUSIONS 

Both the Stokes diameter determined with the release apparatus and the 
sediment volume give an indication of the state of flocculation of NaCl sus- 
pensions in a non-polar medium. Calculations made following Koglin’s 
method yield values of floe size, floe porosity and number of particles in a 
floe. Under the chosen conditions no data could be obtained above 2% Cm, 
as no reliable turbidity readings could be taken. An increase was found for 
these parameters by increasing the solid concentration up to about 2% or by 
decreasing the particle size. Suspensions with small particles and with a solid 
concentration above about 3% tend to form a structure. In suspensions with 
a high concentration and large particles, no structure is formed but above a 
certain concentration a maximum floe size, independent of concentration, 
is found. Floes tend to lose particles because separating forces originating 
from gravity and shear overrule floe-stabilizing interaction forces. 

The porosity of the sediments only partly agreed with the floe porosity 
as calculated according to Koglin. This discrepancy might be ascribed to the 
fact that in a sediment, one can discern porosity within a floe and porosity 
between floes. In the concept developed by Koglin only floe porosity is 
taken into account. This concept seems to be much more sensitive to 
changes in floe characteristics than observations of the floe sediment. 

Floe characterization according to Koglin was derived from theory. Sub- 
stantial evidence that the values for floe size, porosity and number of par- 
ticles in a floe are true floe dimensions can be found by a method inde- 
pendent of the method used in the Koglin concept. Microscopic observa- 
tions give only a qualitative impression of the correctness of the charac- 
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teristics obtained by Koglin’s method. Pusch [8] compared the standard 
deviation of the floe-size distribution calculated according to the Koglin 
concept with the standard deviation obtained with a Microtrac apparatus 
(Leeds and Northrup, U.S.A.). Both techniques agreed reasonably well 
for quartz particles in water flocculated by polymers. As the prerequisites 
for the Koglin concept were met for our suspensions, we expect that the 
calculated floe characteristics of settling NaCl particles in a non-polar medi- 
um approximate reality. 

The release apparatus we used to determine the sedimentation rate of 
readily water-soluble particles dispersed in a non-polar medium is an excel- 
lent alternative to the sedimentation balance. From the release curves, a size 
distribution can be obtained. The average Stokes diameter thus calculated is 
in good agreement with the diameter calculated from microscopic observa- 
tions. Moreover, the apparatus is cheap, simple and easy to handle. An addi- 
tional advantage is that, with this method, the formation of a large sediment 
on the pan of a sedimentation balance in the case of flocculated suspensions 
is avoided. 

APPENDIX 

Symbols used in the text as follows: 

A, Extinction cross-sectional area (m) 
Abs Absorbance dimensionless 

Ctn Concentration of NaCl by weight dimensionless 

: 
Concentration of Aerosol-OT (mol dme3) 

sb Stokes diameter (m) 
4 Volume diameter (m) 
g Gravitational acceleration (m sm2) 
h Suspension height (m) 
k Number of primary particles in a floe dimensionless 
m Mass (kg) 
t Time (s) 
u Settling velocity (m s-l) 

VLI Suspension volume 

V0 Sediment volume I ; 
:: 

E Porosity dimensionless 
17 Dynamic viscosity (Pas) 
Ap Difference in density between solid and liquid (kg m-“) 
ti Shape factor (see Ref. [ 153 ) dimensionless 
Subscript a refers to flocculated systems; a bar above the symbol indicates 
mean values. 

REFERENCES 

1 P.J.J.M. van Mil, D.J.A. Crommelin and P.H. Wiersema, J. Colloid Interface Sci., 
98 (1984) 61-71. 



111 

6 
7 
8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 

J.I. Bhatty, L. Davies, D. Dollimore and A.H. Zahedi, Surf. Technol., 15 (1982) 323. 
P. Luckham, B.Vincent, C.A. Hart and Th.F. Tadros, Colloids Surfaces, l(l980) 281. 
A.E. James and D.J.A. Williams, Rheol. Acta, 21 (1982) 176. 
M. Adams-Viola, G.D. Botsaris, W.G. Filymer Jr, Yu.M. Glazman and K.D. King, 
Colloids Surfaces, 4 (1982) 255. 
T. Allen, Particle Size Measurement, 3rd edn., Chapman and Hall, London, 1981. 
B. Koglin, Powder Technol., 17 (1977) 219. 
W. Pusch, Agglomeration mit polymeren Flockungsmitteln, Thesis, VDI-Verlag, 
Dusseldorf, 1982. 
D.J.A. Crommelin and C.J. de Blaey, Int. J. Pharm., 5 (1980) 305. 
I.C. Edmundson, in H.S. Bean, A.H. Beckett and J.E. Carless (Eds), Advances in 
Pharmaceutical Sciences, Vol. 2, Academic, London, 1967, p. 2. 
A. Kitahara, T. Kohayaski and T. Tachihana, J. Phys. Chem., 66 (1962) 363. 
Z.K. Jelinek, Particle Size Analysis, Ellis Horwood Ltd, Chichester, 1974. 
B.H. Kaye and R.P. Boardman, in Proc. 3rd Congr. Europ. Fed. Chem. Engr, The 
Institute of Chemical Engineers, London, 1962, p. 17. 
N. Barfod, Powder Technol., 6 (1972) 39. 
P.G.W. Hawksley, Br. Coal Util. Res. Assoc., Mon. Bull., 15 (1951) 105. 
A.N. Martin, J. Swarbrick and A. Cammarata, Physical Pharmacy, Lea & Febiger, 
Philadelphia, 1969. 
D.N. Sutherland, J. Colloid Interface Sci., 25 (1967) 373. 
G.A. Ratcliff, D.A. Blackadder and D.N. Sutherland, Chem. Eng. Sci., 22 (1967) 
201. 


