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Dynamic contact angle measuring

instruments and tensiometers

Advanced equipment for classic
and new measuring methods
The DCAT 11 is equipped with a
high-tech weighing system, new
efficient microelectronics and

MS Windows software. It is the
universal tensiometer system

for classic measuring methods
such as the exact determination
of surface and interfacial tension
of liquids. It was, however, also
developed as a dynamic contact
angle measuring instrument for
the application of new measuring
methods such as measurement
of the dynamic wetting properties
of different solid surfaces.

As a result, the wetting forces and
capillarity effects are measured
very precisely and at a high speed,
with a resolution in the micro-
gramme range. Together with the
integrated “Monolith“ weighing
system, the electronics specifically
developed for the DCAT 11 set new
standards. The weighing resolution
is 10 yg with a measuring speed
of up to 50 measuring values/s
and a minimal relative speed of
the solid sample against the liquid

surface of 2 pm/s. The product
properties of the DCAT 11 permit
its use in interface-chemical app-
lications which so far were exclu-
ded from an exact analysis with
electronic universal tensiometers.

What you can measure

with the DCAT 11

Among the typical applications

of the DataPhysics DCAT 11 are:

+the dynamic adsorption and
contact angle measurement on
wettable powders according to
the modified and the extended
Washburn method,

+the determination of the advan-
cing and the receding contact
angle on prismatic or cylindrical
solids due to the Wilhelmy
method,

«the dynamic contact angle
measurement on single fibres,
fibre bundles, hairs and mem-
brane tubes from a diameter of
about 10 pm,

+the surface energy analysis
according to a multitude of eva-
luation models, e.g. Owens-
Wendt, Wu, acid-base, extended
Fowkes, Zisman and others on
the basis of the measured contact
angles with various test liquids.

Fully automatic tensiometry

for many applications

An enormous variety of surface-
active substances — especially
commercial surfactants —are in-
gredients for the products of our
daily life. Detergents as well as
liquid pharmaceutics are represen-
tative of such products. Especially
for the examination of the effect
and efficiency of surfactants,

the DCAT 11 offers particular user
value:



1
Measurement of the surface tension
with a Du Noiiy ring according to DIN 53914
and ASTM-971
2
Glass tube for the powder contact
angle measurement according to Washburn
3
Measurement of the dynamic contact
angle and the surface tension according to
the Wilhelmy plate method
4
Dynamic contact angle measurement on fibres
according to the dynamic Wilhelmy method

«fully automatic determination
of the critical micelle concentra-
tion and other surface-chemical
characteristics of pure surfactants
derived from the CMC,

the analysis of the synergy effects
of surfactant mixtures,

+the measurement of the static or
time-dependent surface tensions
of liquids as well as the deter-
mination of the static interfacial
tension between liquids according
to the ring, plate or Lenard frame
method.

In the table on page 6 you find a detailed
summary of the tasks, measuring methods
and test results.

The technical equipment and func-
tional design ensure easy work

In the development of the DCAT 11,
experienced users stood behind
the realization of the system con-
cept that points the way ahead.
Alarge and clearly structured gra-
phic display provides online infor-
mation about the current weighing
values, the temperature of the two
measuring inputs and the micro-
meter-precise position of the liquid
temperature controlled sample
vessels. The electronic positioning
of the sample vessel by means of
software or keys on the basic unit
of the compact instrument ensures
convenient and safe work during
sample preparation.

The modular electronic system of
the DCAT 11 can easily be extended
with bus-compatible components.
A second temperature channel
and an optional automatic dosing
system can be used for the control
or software-supported addition of
liquid volumes during the CMC
determination. The control and
evaluation software SCAT for the
DCAT 11, which runs under MS Win-
dows 9x/NT/2000, will not only
smoothly work with standard soft-
ware such as MS Excel, MS Word

or Microcal Origin™, it also offers
to the user the advantages of a
graphically oriented, intuitively
usable software package with sta-
tistical evaluation options.

If you need more — DCAT 11 HR

If the measurement of smallest
position differences is required, for
instance in the analysis of micro-
structured samples, optionally the
incremental position measuring
system HR 11is used. It increases
the position resolution of the DCAT
to the range of the visible light
wavelength, i.e. 500 nm. To decide
on Dataphysics DCAT 11 means

to decide on state-of-the-art tech-
nology.

The Wilhelmy

wetting force on solids

5
DCAT 11 with glass tube for powder samples

to measure the adsorption behaviour
6
Illuminated sample chamber with inert gas
connection, temperature control device TV 70,
sample vessel GS 70 and Du Noiiy ring.
7
“Monolith” precision weighing module of
the DCAT 11 (by kind permission of Sartorius
AG, Gottingen)



and expressive presentation of resu

For efficient work, rapid evaluation

The system software SCAT

under MS Windows

For the DCAT 11 the software pack-
ages SCAT 11 and SCAT 12 are
available. They were specifically
developed for the two main fields
of application of the instrument
and run under the current MS
Windows versions (9x/NT/2000).
Both software packages have the
option of an automatic program
run “at the touch of a key* for
easiest operation as well as the
individual setting of parameters
for each single measurement
section. The SCAT 11 has all the ad-
vantages of a graphically based
measurement of wetting proper-
ties and the surface energy analysis
of solids, while the SCAT 12 offers
to the user the known tensiome-
trically based measuring and eva-
luation methods for liquids and
especially surfactant solutions.

A customer-specific extension of
the SCAT software can easily be
achieved with up-to-date, object-
oriented development tools. Ask
us about it.

ts

To study dynamic wetting
properties — the SCAT 11 software
The SCAT 11 software completes
the DCAT 11 to a dynamic contact
angle measuring instrument and
adsorption analyser. With the aid of
the program, position- and speed-
dependent advancing and receding
contact angles can be measured

on prismatic and cylindrical solids
with the dynamic Wilhelmy me-
thod. Thin single fibres from a
diameter of approx.10 um as well
as fibre bundles, hairs and mem-
brane tubes can be successfully
characterized. Special sample hol-
ders for instance for test plates or
single fibres ensure an easy sample
preparation. The buoyancy-correc-
ted measurement of the occurring

Advancing angle

wetting force T

forces during the wetting and de-
wetting process versus the test
liquids then supplies — either auto-
matically or manually controlled -
the dynamic advancing or receding
contact angle, usually an important
initial parameter to determine the
surface energy.

Receding angle

wetting force I

1
Repeated ring measurements
on a pure test liquid
2
Adsorption test on powder
3
Liquid data base

etted length
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The determination of the

surface free energy

The surface energy analysis and
the calculation of the wetting
properties of solids (wetting enve-
lopes) are other special features of
the SCAT 11. A series of evaluation
models are available, for instance
to differentiate between the polar
and the dispersive contributions
of the surface energy or to come
to conclusions regarding the
wettability of solids versus other
liquids. The available analysis mo-
dels are: Fowkes (geometric mean),
Wu (harmonic mean), Extended
Fowkes (including hydrogen bonds),
Zisman (critical surface tension),
Owens-Wendt (dispersive & polar),
van Oss & Good (acid-base theory),
and Neumann’s equation of state
(EOS).

The Extended Washburn

Equation to describe adsorption

The calculated polar and dispersive
contributions moreover permit the
presentation of parametric limiting
curves for those areas of surface
tension components that result in
a complete wetting of the solid
under examination. These so-called
wetting envelopes represent an im-
portant support in the prediction
of spreading processes. Statistical
statements for instance regarding
the tolerances for the calculated
surface energies and the corre-
lation coefficients of the analysis
model used complete the expres-
siveness of the calculated model
parameters. The program part
Surface Energy Analysis works with
an integrated, very comprehensive
and easily extendable liquid data
base.

Adsorption measurements on
powders and fibre bundles
Particular importance within the
SCAT 11 software is attributed to
the measurement of contact angles
on powders and fibre bundles ac-
cording to the so-called Washburn
method. The samples to be exami-
ned are mainly pharmaceutical
powders, pigments, fillers, varnish
additives, ceramic powders or also
instant food as well as various na-
tural or synthetic fibres including
fabrics and non-woven products.

Especially the exact knowledge of
the wetting properties of the men-
tioned powders is of high practical
relevance for a multitude of appli-
cations. Glass sample tubes with

a permeable glass filter permit the
test liquid to penetrate the pow-
der poured into the tube. This pro-
cess can be detected and recorded
by the SCAT 11 software with a high
time resolution of up to 50 mea-
suring values/s. The subsequent
evaluation of the increase in
weight according to the modified
or the extended Washburn equa-

processes

tion permits the determination

of contact angles even for samples
that so far could often not be ana-
lysed. In analogy, special sample
holders for fibre bundles, fabrics
and non-wovens are exactly

the right accessories for an easy
sample preparation to measure
the adsorption properties of such
materials.

The surface and interfacial
tension — wetted lengths

The Wilhelmy plate method is
traditionally used to measure the
static surface tension of an
unknown test liquid on a sample
plate with a known contact angle.
Therefore, the application of this
principle by means of a platinum
plate PT 11 according to DIN 53914
can be handled by the SCAT 11
just as well as the determination
of the wetted length of a prisma-
tic or cylindrical sample body

by means of a known, completely
wetting test liquid.

Density — an important

test parameter

The adsorption measurements on
powders, fibres or other sample
specimens as well as the deter-
mination of the surface and inter-
facial tension according to the

Du Noiiy ring method require the
density of the measured or the
test liquid at a certain temperature
as an important test parameter.
You therefore have the possibility
to measure the density of liquids
according to Archimedes’ principle,
using precise silicon reference
specimens.



Tasks — Measuring methods — Test results

asks for the DCAT 11 easuring method

est result: Interface-specific parameters
easuring ranges of typical instrument systems

« Determination of the contact angle of Modified Washburn method
powders and fibre bundles

« Determination of the adsorption behaviour

- Measurement of the average dynamic contact angle ©, based
on the Modified and the Extended Washburn Equation
» Measurement of the adsorption speed of a liquid amount Am

= of liquids on wettable materials as a function of time Am | (t)
5 + Calculation of the critical surface tension y§ as well as the
" surface free energy Y, as with the single fibre contact angle
3 method possible from O,
? « Typical measuring range Ox: 0 ... 85°
8
« Determination of the dynamic contact angle Single fibre contact angle me- » Measurement of the dynamic contact angle ©%"as a
(advancing and receding angles) of liquids on thod (special case of the Wil- function of the immersion speed v of the fibre into or out
fibres and membrane tubes helmy method) of a test liquid:
« Determination of the wetted circumference/ - as advancing angle ©,(v)
diameter of fibres and membrane tubes - as receding angle Og(v)

« Measurement of the difference between advancing and
receding angle (contact angle hysteresis)) A@g(v)

« Determination of the wetting circumference L or the average
fibre diameter D by means of a completely wetting liquid
(©=0°)

+ Calculation of the critical surface tension y¢ as well as the
surface free energy Y, from ©,(v) possible: Determination
of the dispersive yg as well as the non-dispersive y's‘d parts
(e.g. polar parts y?, acid-base parts VSD/ySO, hydrogen bond
parts y) from contact angle measurements with different
test liquids

« Typical measuring ranges ©:0 ... 85°,95...180°

+ Typical measuring range Y:10 ...1000 mN/m

« Determination of the advancing and Dynamic Wilhelmy method « Measurement of the dynamic contact angle ©@¥n as a
receding contact angles of prismatic and (special case of the Wilhelmy function of the immersion speed v of the sample:
cylindrical samples method) - as advancing angle ©,(v)

- as receding angle ©(v)

« Measurement of the difference between advancing angle
and receding angle (contact angle hysteresis) AOxg(v)

« Determination of the wetting circumference by means of a
completely wetting liquid (© = 0°)

« Calculation of the critical surface tension y§ as well as the
surface free energy Y, as with the single fibre contact angle
method possible from ©,(v)

« Typical measuring range Y,:10 ...1000 mN/m

« Determination of the density of liquids Archimedes’ principle « Measurement of the liquid density as a function of tempe-

rature p,(T) (to determine sample parameters for adsorption
measurements)

« Typical measuring range p,(T): 0.50 ... 2.50 g/cm3

« Determination of the static surface and Du Noiiy ring method + Measurement of the static interfacial or surface tension 'y,
interfacial tension of liquids as a function of time y (t),temperature y, (T) or the surfactant

~ « Determination of the critical micelle concentration yL(c) to determine the CMC and other derived
= concentration (CMC) of surfactants and of values (e.g. space requirement of a molecule on the sur-

< . . . .

9 the synergism effect of surfactant mixtures face Ay, surface excess I',0), minimum surface tension at

) synergy Y. (c)

:g - Typical measuring range Y: 1...1000 mN/m

o

3

« Determination of the static surface and
interfacial tension of liquids

« Determination of the cricital micelle
concentration of surfactants (CMC) and of
the synergy effect in surfactant mixtures

Wilhelmy plate method

+ Measurement of the static interfacial or surface tension 'y,
as a function of time y, (t), temperature y (T) or the surfactant
concentration yL(c) to determine the CMC and other derived
values (e.g. space requirement of a molecule on the sur-
face Ay, surface excess I',0), minimum surface tension at
synergy Y. (c)

+In analogy to the Du Noiiy ring method
(advantage: no ring corrections required)

« Typical measuring range y,:1...1000 mN/m
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For the CMC determination -

the SCAT 12 software

One of the standard tasks for the
use of the DCAT 11 is the determin-
ation of characteristic parameters
for pure surfactants and surfac-
tant mixtures. Surfactants are com-
pounds that in their molecular
structure show hydrophilic as well
as hydrophobic constituents. Due
to partial hydrophobic properties,
the surface-active molecules accu-
mulate at the interface of water/air.
With growing concentration, the
degree of coverage of this boundary

* Adeegran Tewdar | - 1%

Therefore the CMC and the asso-
ciated surface tension are the most
important parameters of a surfac-
tant or a surfactant mixture, the
knowledge of which is a prerequi-
site for many technical applica-
tions. They are crucial not only for
the economically, but increasingly
also for the ecologically efficient
use of surfactants. Whether in wet-
ting agents, washing or cleaning
solutions, shampoos, pharmaceu-
tics, ink jet inks, paints and var-
nishes or in impregnating solu-
tions for non-wovens and fabrics —
modern skin-friendly and ecolo-
gical surfactants are used for all
these products.

Together with an optio-
nal dosing device, the

SCAT 12 offers the con-

venience of performing

Gibbs’ equation of the

relative adsorption on liquid surfaces

(surface excess)
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*mﬁm‘:mmf| automatic measure-
e e O ment, the user can be-
e ~ R "| - —— : sides the CMC read the
¥ free energy of adsorp-
Bl use | [EEa] tion and the relative
adsorption (surface ex-
cess) according to Gibbs
layer increases, until as well as the space requirement
a saturation of surfac- of the molecule on the liquid sur- 4
tant molecules is face as additional information. Adsorption on powder
reached. A further in- 5
crease of the surfactant ~ Surface and interfacial tension CMC curve
concentration leads to measurement with systematics 6
an increased formation Of course, the SCAT also permits Dynamic contact angle
of aggregated structu- the measurement of time- or tem-
o = res of surfactant mole- perature-dependent surface and
' cules within the water. interfacial tensions, for instance
These structures, so- with the Du Noliy ring or the How do you measure

called micelles, gener-
ally have a spherical or rod shape.
The minimum concentration at
which the formation of micelles
from surfactant monomeres starts
is called the critical micelle forma-
tion concentration, shortly CMC.
A continued increase of the surfac-
tant concentration beyond the
CMC generally does not result in a
further significant reduction of the
static surface tension of the sur-
factant solution.

Wilhelmy plate according to DIN

or ASTM. With the selectable auto-
matic ring correction according to
Zuidema and Waters or Mason/
Huh, even ring measurements are
extremely easy. Moreover, for re-
peated measurements important
statistical data are either calculable
or may be used as preset or abort
criteria in the SCAT 12.

synergy effects?

If different types of surfactants

are mixed together in solution, one
often observes an additional, most-
ly advantageous reduction of the
CMC. The measurement of this
special effect due to intermolecular
interaction is easily prepared me-
thodically with the SCAT 12 soft-
ware and afterwards represented
in a graph. The minimum in the
representation Yemc(c:) can then be
determined numerically or graphi-
cally.




SCAT1N SCAT 12
Software for contact angle measurements Seftware for surface and interfacial tension
on solids and powders measurements on liquids or surfactant solutions

Colour printer Windows PC system

DCAT M HR 11

Dynamic contact angle measuring Absolute distance
instrument and tensiometer measuring system

DCAT THR -
Dynarmic contact angle measuring instrument and
tensiometer with absolute distance measuring system

CP50

Cover plate
for sample vessel
D 50 mm

CP70

Cover plate
for sample vessel
D yomm

CP 100
Cover plate

for sample vessel
Do mm

G550

sample vessel of
borosilicate glass

G550P

sample vessel of
PTFE

G570

sample vessel of
borosilicate glass

G570 P

Sample vessel of
FTFE

GS 100 P

Sample vessel of -
PTFE

TV 50

Liguld temperature
contral devies

0" .. 130°C sample
vessel D 50 mm

TV 70

Liguid temperature
control device

18" .. 130°C sample
vessel D 7o mm

TV 100

Liguid temperature
control device

18 . 130°C sample
vessel D oo mm

DO 765

Precislon dosing
wystem Dosimat

Lbu TN

Liguid dispenser
unit

F 25-MV
Refrigesated
bath/circulator
-28° .. 2007C

PUR T
Glass tube for
powder samples

DIS 11

Density deter-
mination set

RG 10

Du Noily ring to
DIM 53914 for 0.2 ml
sample volume

RG 11
D Nody ring to
DIN 5354 standard

R-AT
Dressing tool for
Du Moy rings

FH11/FH 12
Special sample
halder for fibre
brundles/

single fibres

FO M

Special sample
hodder for film
miaterial

PT 10

Wilhelmy plate to
DIN 53014 for o.2 ml
sample volume

PT M

Withelmy plate to
DIM 53014 standard

ADAPT 70
Receptacle adapter for
G5 5o sample vessels
in TV 70 temperature
cantrol devices

PSH T
Special sample
holder for plate-
shaped =olids

FP 11/FP 12

Filtering paper
for PLE 1mand FHn




nstrument system

Technical data DCAT 11 and DCAT 11HR at a glance*

CAT 11/DCAT11 HR

Measuring range contact angle

+0...180° (at 9o° there is no wetting force)
« Resolution: + 0.01°

Measuring range surface and interfacial tension

*1...1000 mN/m
« Resolution: + 0.01 mN/m

Measuring range density

*0.50 ...2.50 g/cm3
« Resolution: + 0.002 g/cm3

Weighing range

+0.1mg..210g;
« Resolution: + 10 pg

Measuring value rate

+ 30 weighing values/s;
« For adsorption measurements: 50 weighing values/s

Programmable position range of sample stage

*74mm

Position resolution

*1pm/o.5 um with DCAT 11HR optional

Displacement speed of sample stage

e2 pm/s...1mm/s (60 mm/min) in measuring mode
400 mm/min rapid motion for adjusting mode

Sample size » Max. weight: approx. 200 g

» Max. diameter: approx. 8o mm

* Min. fibre diameter: approx. 10 ym
Software SCAT 11

« Force-based measurement of the dynamic contact angle of prismatic and cylindrical solids
(e.g. plates, films, rods) as well as the wetted length according to the Wilhelmy method, adsorption
measurement on powders and fibre bundles with determination of the average contact angle
according to the modified and the extended Washburn method

« Calculation of the surface free energy of solids and their components from measured contact angles
with any number of test liquids, evaluation according to the methods of Fowkes (geometric mean),
Wu (harmonic mean), Extended Fowkes (incl. hydrogen bonds), Zisman (critical surface tension),
Owens-Wendt (dispersive & polar), van Oss & Good (acid-base theory, Neumann’s Equation of State
(EOS)

- Determination of the density of liquids with silicon reference bodies

SCAT 12

» Measurement of the static, time- and temperature-dependent surface and interfacial tensions
of and/or between liquids according to the Du Notiy ring method (to DIN 53914 & ASTM-971),
the Wilhelmy plate and the wire hoop method, tension and pressure on the interface

« Fully automatic determination of the CMC and derived values (e.g. space requirement of a molecule
on the surface, Gibbs’ free energy of adsorption, surface excess, minimum surface tension in case of
synergy effects and others)

» Automatic ring corrections according to Zuidema/Waters and Mason/Huh

« Ring tear-off test to determine the surface elasticity

- Software control of the dosing devices DO 665, DO 765, and LDU 11

Temperature control range

*-10...+130° C

Temperature measurement and measuring range

- integrated temperature measurement and digital display
2 x Pt 100 inputs for -60 ... +450° C (Pt 100 optional), 0.1 K resolution;
accuracy: 1/3 DIN IEC 751 (+ 0.03 %), class B

Holder for sample vessels

50, 70 und 100 mm; according to the temperature control devices used

Instrument dimensions (L x W x H)

305 X 230 X 490 mm

Weight

23 kg

Power supply

90 ...264 VAC; 43 ... 60 Hz; 55 VA

*) The instruments are in compliance with European Standards regarding the EMV recommendation 89/336/EWG. Technical modifications reserved.

The system philosophy

Whether basic units, software, computers, system components, peripherals or accessories,
we offer you exactly the right system configuration you require for your tasks.
Please contact us, we will be pleased to advise you and submit you an offer without obligation.
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Visit us in the internet at http://www.dataphysics.de

Aatanhucicc

DataPhysics Instruments GmbH - Raiffeisenstralle 34 - D-70794 Filderstadt - Germany
phone ++49 (0)711 770556-0 - fax ++49 (0)711 770556-99
e-mail info@dataphysics.de - internet http://www.dataphysics.de

Your sales agency:

Representante no Brasil
Labcontrol Ltda

Fone: 11-5181-1173

email vendas@labcontrol.com.br

Technical modifications and errors reserved.
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