
L E T T E R S  T O  T H E  E D I T O R S  

On the Most General Formula for Interaction of Solid Bodies 

Lee R. White's note (J. Colloid Interface Sci. 95, 286, 
1983) reads: "The theoretical derivation of the Derjaguin 
approximation originally presented was, to say the least, 
misleading and is still the cause of misunderstanding in 
the literature." 

Lee R. White, with a view to "correcting" my derivation 
and eliminating the misunderstanding arisen, has pre- 
sented a derivation of the formula [18], suitable for any 
case of interaction of the surfaces of any curvature with 
arbitrarily mutually oriented principal axes of the system. 
However, just the same derivation is contained in my 
paper published in Kolloidn. Zh. (69, 155, 1934), which 
has been cited by Lee R. White. The particular case of 
this formula, i.e., the inversely proportional dependence 
of the threads adhesion force on the sine of the angle 
between their axes, was used in a number of works. 
Thus, it is quite natural that the final formulas expressing 
the dependence of the surfaces interaction force on the 

distance and geometry of the surfaces completely coincide 
with each other. 

By the way, the same derivation was published in 
English in the monograph written by B. V. Derjaguin et 
al. and entitled "Adhesion of Solid Bodies" (Plenum, 
New York, 1978). 

Hence, the following conclusion is made: in order to 
avoid misunderstanding, one should not only cite a 
paper, but also, at least, take a quick look through it. It 
is particularly important when the object consists in 
making a criticism of the article or supplementing it. 
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B. D E ~ A G U I N  

The Squeezing of Liquid out of a Structured Dispersion 

SUMMARY 

The equations predicting the rate of liquid removal 
out of a structured dispersion that is unilaterally com- 
pressed are presented in a nondimensional form. The 
dispersed particles, mostly solid and of colloidal dimen- 
sions, are assumed to compose a transient three-dimen- 
sional network. This letter refers to a previous paper in 
which the original equations, i.e., without being non- 
dimensionalized, were applied to calculate the rate of oil 
removal out of a dispersion of fat particles under unilateral 
compression. 

STRUCTURED DISPERSIONS UNDER 
UNILATERAL COMPRESSION 

The system under consideration consists of two phases, 
i.e., a transient network of dispersed particles of colloidal 
dimensions, and a Newtonian liquid of viscosity u. The 
initial porosity, ~o, is uniform in the material. A sample 
of this material, initially being of height H(0), is placed 
on a semipermeable filter transmitting the liquid phase 
only. Subsequently, i.e., at time t = 0, a constant load 
P is applied to the top layer of the sample. The liquid 

will then flow through the sample and the filter (i.e., it 
cannot flow in any other direction), while the solid 
matrix is being compressed. Due to the fact that the 
network is transient, there will be two competitive pro- 
cesses: stress will accumulate in the network due to 
network compression and stress will relax due to the 
fracture of interparticle bonds. The deformation process 
is adequately described by the function a(ao, t), denoting 
the distance at time t from the bottom of a particle that 
was located at a distance a0 at time t = 0, i.e., when the 
load was applied. Accordingly a deformation gradient 
F(ao, t) is defined: F(ao, t) = Oa(ao, t)/Oao. The equations 
describing the permeation process were outlined in a 
previous paper [1]: 

0 F(ao, t) 0 IK(e(F(ao, t))) Op(ao, t)~ 

where K is the permeability and ~ the porosity. As before 
we adopt the Kozeny-Carman relation for K: 

1 ~3(F) 
K(~(F)) 5 S  2 ( l  - K F ) )  2"  [21 
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In this expression, S is the specific surface of  the 
dispersed particles. The relation between e and F is 

1 - eo 4F)  = 1 - -  [3] 
F 

Note that e =- ~(ao, t) and ~(a0, 0) = ~o for all 0 ~< ao 
< H(0), where the Lagrangian variable ao is used in the 
same sense as before. Further in Eq. [1], p(ao, t) is the 
effective, i.e., macroscopically detectable normal stress 
due to network compression. 

Since network bonds may break, i.e., stress relaxation 
may take place in the network, a Maxwell-type expression 
has been used for the time derivative of p: 

I ~ + ((l - ,o)~ 
ap(ao, t) 

at 
k. 

+ P(a8, t)F(ao, t)) F2(ao, t) ' [4] 

where X is a relaxation time and K an elastic modulus. 
The rather complex latter terms on the right-hand side 
of  Eq. [4] express the increase in p due to an increase in 
the local normal stress in the network, and due to an 

increase in the volume fraction of  network material, 
respectively (see Ref. (1)). 

The amount of  liquid per unit area transmitted by the 
filter is given by 

I 
H(0) 

H(O) - H(t) = (1 - F(ao, t))dao. [5] 

A possible nondimensionalization is 

ao H*  =- H p* P t* Pt 
a8 H(O) ' H(O) ' ~ P ' uS2H2(O) ' 

K 
K *  -= - [ 6 ]  p"  

By substituting Eq. [2] into Eq. [1], and by using the 
new above-mentioned variables, we get 

0 
a'~ F*(a~, t*) 

a ~ W(F*)  0p*(a*, t*)} 
aa'--~o [5F*(I - ~*(F*)) 2 aa* , [7] 

where 

/ Pt \ 
F*(a~, t * ) =  Flao H(0), ~ , =  F(ao, t), [8] 
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FIG. 1. Liquid volume per unit area squeezed out of a dispersion that is unilaterally compressed, 
according to Eqs. [7], [10], and [12]. (--):  K* = 4, ( - - - ) :  K* = 4.105. The ×* values for which calculations 
have been performed are as indicated; Eo = 0.825. 
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and 
E*(F*) = ¢(F*) = E(F). [9] 

Equations [4] and [5] after substitution of these new 
variables become 

dp*(a*, t*) ~:*p*(a~, t*) + [(I  - ~o)K* Ol* 

0 
F*(a~, t*) 

Ot--~ 
+ p*(a*, t*) X F*(a~, t*)) F*2(a~, t*) [10] 

where 
~$2H2(0) 

x* [ I l l  
P~ 

is the ratio of the characteristic times of the dynamic 
processes described by Eqs. [I] and [4], respectively, and 

AH* = H*(0) - H*(t*) 

= (1 - f*(a~d, t*))da~. [12] 

The simultaneous set [7] and [10] can be solved when 
provided with the proper initial and boundary conditions 
(see Ref. (1): F*(a'~, O) = O, p*(a'~, 0) = 0, and p*(l, t*) 
= 1 if t* > 0) by using finite difference techniques. Once 
F*(a*, t*) is known, Eq. [12] gives the nondimensional 
equivalent of the amount  of liquid that has been squeezed 
out. The only resulting parameters are X*, r*, and 4*, 
instead of the original set ~o, H(0), K,/~, S, and ~,. The 
numerical results presented earlier (Figs. 2 and 3 in Ref. 
(1)) obviously are also solutions of the nondimensional 
equations [7] and [10]. These results are used here once 
more, to illustrate the dependence of the nondimension- 

alized squeezed-out volume (per unit  area) on the non- 
dimensionalized time (see Fig. 1). The effect on the 
amount  of removed liquid of a variation in the value of 
the ratio of characteristic times, x*, is seen to depend 
on the ratio of the compression modulus and the applied 
load. The values chosen for X*, K*, and e0 determine to 
what extent the relation between AH* and t* will differ 
from linearity. Parameter values correspond to the ones 
used in Ref. (1), where calculations were carried out at 
two different applied stresses with ratio 1:105. The reason 
why time effects play a role even at very low values of 
the nondimensional t ime is that the deformation of the 
very small bot tom layer, which will indeed occur very 
rapidly, will affect the permeation process of the sample 
as a whole. Since the expressions [1]-[5] have been 
extensively worked out in Ref. (1), no further comments  
will be given at this point 

REFERENCE 

1. Kamphuis, H., Jongschaap, R. J. J., and Bouter, P., 
J. Colloid Interface Sci. 98, 459 (1984). 

Rheology Group 
Department of Applied Physics 
Twenle University of Technology 
Enschede, The Netherlands 

Received November 6, 1984 

H. KAMPHUIS  1 

R.  J .  J .  JONGSCHAAP 2 

~ Present address: KSEPL Laboratory, Rijswijk, The 
Netherlands. 

2 To whom all correspondence should be addressed. 

Density Profiles in the Knudsen Layer of Vapor Condensing on a Drop 1 

I. INTRODUCTION 

The condensational growth of particulates for all 
Knudsen numbers has been considered in several recent 
publications. References (1, 2) provide variational results 
for the condensation rate (isothermal case), and some re- 
lated asymptotic investigations are reported in Ref. (3). 
The results are restricted to the macroscopic condensation 
rate only, and do not provide estimates of the vapor density 
profile in the Knudsen layer. Such profiles are of interest, 
not only from a basic viewpoint, but  also from an applied 
viewpoint in that the homogeneous nucleation rate in the 
vicinity of the drop is affected because of vapor depletion 

i Work supported in part by an NSF Grant. 

(4). We have therefore examined the question of calculating 
the profiles. We find that the relevant results can be ob- 
tained by solving the integral equations of Ref. (1) in a 
fairly straightforward manner. We report in this note some 
typical results for the density profiles in the Knudsen layers 
of  various sized drops, and also note that the variational 
results for the condensation rate agree quite well with the 
numerical results. 

II. NUMERICAL SOLUTION 

We consider a spherical particle (drop) of radius K in 
an infinite expanse of an isothermal vapor of molecular 
mass m, diffusing through a background gas of  molecular 
mass rag. It is assumed that all the vapor molecules incident 
upon the drop condense and that far away from the drop, 
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