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Introduction

Capillary breakup of liquid filaments is a common in-
dustrial problem. Study of the problem dates back to
the classical work of Lord Rayleigh (1879). In some
applications, it is desirable to stabilize a filament for
as long as possible; in others, it is only necessary
to realize or control the size of the droplets result-
ing from breakup. For instance, the morphology in a
blend affects the final properties. Increasingly, surfac-
tants are added to dispersions, and compatiblizers,
acting as surfactants, are added to polymer blends
to control morphology. Still, the understanding of the
influence of surfactants on the breakup of filaments
is incomplete. We study how a surfactant affects the
breakup of a viscous filament in a viscous matrix by
means of linear stability analysis.

Model

2 Interfacial tension is related to surfactant concen-
tration by

σ = σ0− E0

(
0− 00

00

)
where 00 is the dimensionless equilibrium con-
centration of surfactant on the interface.

2 The flow is described with the Navier-Stokes and
continuity equations.

2 We model mass transfer of surfactant in the bulk
with the convection equation, and in the inter-
face with the surface convection equation.

2 The momentum jump at the interface is

(T̂/Nµ−T) ·n= Nσ

(
σ

σ0

)
n(∇s ·n)− Nσ∇s

(
σ

σ0

)

Linear Stability Analysis

2 Disturbances to the interface are represented in
terms of Fourier components; the radial position
of the interface is a(z, t) = 1+ εeikz+ωt.

2 The interfacial tension is found to be

σ

σ0
= 1− ε

(
E0

σ0

)(
∂2ψ

∂r∂z
− 1

r
∂ψ

∂z

)
κ(ω, k)+O(ε2)

in which κ(ω, k) is a complex function of
wavenumber, growthrate, surfactant adsorption
depth, and surface and bulk diffusivity.

2 An analytical relationship, to within O(ε2), for
growthrate and wavelength is obtained.
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Fig. 1 Growthrate and wavenumber versus viscosity

ratio for Stokes flow. Solid lines are wavenumber, and

dashed are growthrate. Blue, green and red curves

are for E0/σ0 of 0, 1, 1000, respectively.

Conclusions

2 Surfactants slow Capillary breakup.

2 For many industrial problems with viscosity ratios
between 0.1–10 surfactants have only a small
effect on capillary breakup.

2 In most cases, the breakup of a filament results
in smaller droplets when surfactants are added;
however, for viscoisty ratios between 0.03–0.4
increasing surfactant concentration increases
the size of the droplets.

2 Surfactants do not influence the stability of a
thread when the Reynolds number is high.


