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OUTLINE

1. Industrial challenges in surfactant science

2. Mesoscale computational approach
3. Applications:

* phase behaviour

* micellar properties

4. Deploying to end-users
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SURFACTANTS FOR DOING THE LAUNDRY
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HOW TO PREDICT:

MICELLE FORMATION CLEANING EFFICIENCY?
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Interfacial Tension Reduction
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(0) Roll—Up Resulting from Fabric Wetting

From Miller & Raney, Coll. Surf A 74, 169-215 (1993)
“Solubilisation-emulsification mechanisms of detergency”




VIEW TO THE FUTURE: “NATURAL’ SURFACTANTS?

IMPROVING
HEALTH AND
WELL-BEING

By 2020 we will help more
than a billion people take

action to improve their
health and well-being.

HEALTH &
HYGIENE

>

REDUCING
ENVIRONMENTAL
IMPACT

By 2020 our goal is to halve the environmental
footprint of the making and use of our
products as we grow our business.*

GREENHOUSE WAITER
GASES

> >>

UNILEVER
SUSTAINABLE
LIVING PLAN

the livelihoods o
hundreds of thousands
of people as we grow
our business.

SUSTAINABLE | BETTER
SOURCING LIVELIHOODS

» >

http://unilever.com/sustainable-living/index.aspx




MODELLING APPROACHES
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Atomistic Mesoscale

One millionth of a second (10®s) Seconds



DISSIPATIVE PARTICLE DYNAMICS

Particles e .. Positions r;, velocities v, = dr/dt

°* o Newton’s E.O.M, m dv/dt = f.
Interaction laws \ /
Soft pairwise repulsions: f@/ (N e Wp =We = (1-1/r)?

Pairwise drag forces: /f': -y Wp) (v.e) e

Pairwise random forces, determined by FD and KT r

Parameters : m = r- = KT = 1, remaining p, vy, @

P. Espafiol and P. B. Warren, Europhys. Lett. 30 (1995) 191
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PENETRATION SCAN

L,, V, and L, isotropic hence
black in crossed polars

H, - characteristic texture

L, - Maltese cross texture

Courtesy of Phil Moore, Unilever R&D Port Sunlight



PENETRATION SCAN “IN-SILICO”

Water

P. Prinsen, P. B. Warren and M. A. J. Michels,
.‘ Phys. Rev. Lett. 89, 148302 (2002)



100

80

60 |

40

20 @ #

0 ) | | »
0 20 40 60 80

100 %



PHYSICAL CHEMISTRY

pubs.acs.org/JPCB

Toward a Standard Protocol for Micelle Simulation

Michael A. Johnston - William C. Swope,*” * Kirk E. Jordan,” Patrick B. Warren, Massimo G. Noro,
David J. Bray, and Richard L. Anderson®"
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CLEANING AWAY THE OIL
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WHO IS THIS FOR ?

= Formulators (now and the future)

= Deliver capability to individual desktops & laptops
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| IBM Research

built a model for liquid
mixtures

coded the interface with
the BlueGene/Q

A powerful supercomputer
on the palm of you hand

Consumable HPC © 2012 IBM Corporation



SUMMARY

1. Industrial challenges in surfactant science

2. Mesoscale computational approach
3. Applications:

* phase behaviour

* micellar properties

4. Deploying to end-users



