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Introduction 

The high-quality white pigment titanium 

dioxide has many applications. Coagu-

lation or agglomeration of a TiO2 disper-

sion must be avoided at all costs, both in 

the manufacturing process and in the 

processing, e.g. by manufacturers of 

paints and coatings. This applies in par-

ticular to highly filled systems, such as 

pigment preparations and pigment 

pastes, where a high degree of particle 

stabilization is indispensable. 

Purely electrostatic stabilization is not 

sufficient to stabilize highly concen-

trated pigment preparations and pig-

ment pastes in such a way that they do 

not exhibit flocculation and segregation 

states during storage and processing. 

For this reason, highly filled systems are 

stabilized either purely sterically or in a 

certain ratio of electrostatic and steric 

stabilization. Stabilization with electro-

static and steric components is referred 

to as electro-steric stabilization. 

By adjusting the ratio of electrostatic to 

steric stabilization, it may be possible to 

adjust the viscosity properties of the 

products. To maintain structural viscos-

ity properties, as is often required in the 

field of paints and coatings, electrostatic 

stabilization is often necessary. For vis-

cosities that should be independent of 

the shear rate (Newtonian viscosity 

behavior), purely steric stabilization may 

be useful. 

The electroacoustic ESA measuring 

technique used is used to record the sta-

bilization process during the addition of 

additives to an aqueous TiO2 pigment 

preparation (Figure 1). The measured 

data show the level and type of stabili-

zation as a function of the added addi-

tive concentration. By using the ESA 

method, additive concentrations can be 

determined which lead to defined 

electro-steric or steric stabilization 

ratios. These dispersion states, which 

are now known, can then be transferred 

to the formulation development or for-

mulation optimization of a pigment 

preparation. 

In summary, the following advantages 

result from the use of the ESA measuring 

technique for recording a stabilization 

process through the addition of addi-

tives:  

• Assignment of quantitative stability 

states to the added additive 

quantities. 

• Exact adjustment of electro-steric or 

pure steric stabilization states. 

• Avoidance of additive excess by 

detection of the complete surface 

coverage with the surface affine 

additive groups.  

• Estimation of the polymer layer 

thickness applied to the particles by 

the electrical double layer. 

• Control of dispersion products after 

storage or in production. 

• Evaluation of the ESA raw data signal 

enables measurement and evaluation 

without knowledge of the physical 

substance data. With knowledge of 

physical substance data, an exact 

derivation of the zeta potential from 

the ESA raw data signal is possible. 

Materials, measurement 
technology and devices 

The materials used for the measure-

ments and the measuring technique are 

listed below. The measurements were 

carried out by the company Pulverana-

lyse Dipl.-Ing. Daniel Moog, a contract 

laboratory specializing in dispersion 

analysis. Two titanium dioxide pigment 

grades were tested which are to be used 

in highly concentrated pigment prepara-

tions as a pre- product in the sector of 

water-based dip coating products.   

Materials: 

• Aqueous TiO2 dispersion 10 % wt 

solids. 

• Solvent-free wetting and dispersing 

additive for waterborne coating 

applications, consisting of a copoly-

mer with pigment affinity groups. 

• TiO2-Pigment SP-Rutile for paints and 

coatings TINOX R-2160 

• TiO2-Pigment SP Rutile for paints and 

coatings TINOX R-2140 

Optimization of the stabilization process of aqueous TiO2-pigment dispersions for dip 
coating applications by means of electrokinetic sonic amplitude 

Daniel Moog 

Pulveranalyse GbR 

Fig.1: Illustration of the measurement 
setup with (a) ESA probe,  
(b) measurement chamber,  
(c) mechanical stirrer, (d) pipette, 
(e) dispersion, (f) pH probe and  
(g) conductivity probe. [Source: 
"Electroacoustic Quantification of 
Surface Bound Ligands in 
Functionalized Silica and Iron Oxide 
Nanoparticles", Whiley Publishers]. 
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Measurement: 

• ESA measuring system with high 

sensitive probe with 500 kHz 

measuring frequency. 

• 50 ml Teflon measuring cell, pH 

sensor, conductivity and temperature 

sensor, adjustable stirring system to 

prevent sedimentation during 

measurement. 

• Software for data recording. 

Devices: 

• Ultraturrax T18 for dispersion with 

tool S18 N-19G 

Results and discussion 

By measuring the electrokinetic sonic 

amplitude, the processes during the 

stabilization of the TiO2 grades in 

aqueous dispersion can be accurately 

recorded.  

The results show that the additive used 

in the concentration of (4-7) % recom-

mended by the additive manufacturer 

leads to electro-steric mixing stabiliza-

tion for both TiO2 pigments (Figure 2 and 

3). The wetting and coating of the TiO2 

pigment surfaces with the additive poly-

mer leads to a decrease in the zeta 

potential, which is also a measure of the 

thickness of the applied polymer layer. 

The ratio of electrostatic to steric stabi-

lization can be detected and thus pre-

cisely adjusted. 

In the concentrations of (4-7)% on TiO2 

recommended by the additive manufac-

turer, electrostatic mixing stabilization 

occurs for both pigment grades, with 

higher electrostatic contents remaining 

for TINOX R-2140 at the same additive 

concentration. The results show that the 

recommended additive concentrations 

of the additive manufacturers are good 

guidelines, but that the surface chemis-

try of the titanium dioxide pigments can 

vary so much due to post-treatment pro-

cesses and manufacturing methods that 

for many TiO2-pigment grades a precise 

adjustment of the formulation is neces-

sary. This is especially true when highly 

filled systems are manufactured at the 

maximum possible concentration, as is 

the case with pigment formulations and 

pigment pastes. 

Conclusion 

The ESA technique used in the present 

experiments has been elaborated in a 

particular way for different applications. 

In the technical production process, dis-

persions are usually highly concen-

trated, turbid, colored or tempered. They 

are often electrostatically influenced by 

added additive formulations. Often the 

sedimentation of the mixture in the 

reactor must be prevented by powerful 

agitators. Stability analysis by means of 

electrokinetic sonic amplitude includes 

all parameters. Thus, the data of the 

samples analyzed in highly concentrated 

form can be directly transferred to the 

electrokinetic properties of the dis-

persed particles in the raw material or in 

the finished product. 

By controlled recording of the stabili-

zation process, it was possible to de-

velop a stable semi-finished product 

with TINOX R-2140 as a pigment prepa-

ration with 78% TiO2 for aqueous dip 

Fig. 2: Recording of the decrease of the zeta potential of TINOX R-2160 TiO2 pigment during 
additive addition. The measurement was carried out under strong stirring, which 
prevents sedimentation and ensures homogeneous mixing. 

Fig.3: Recording of the decrease of the zeta potential of TINOX R-2140 TiO2 pigment during 
additive addition. The measurement was carried out under strong stirring, which 
prevents sedimentation and ensures homogeneous mixing. 
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coating applications, which showed no 

tendency to agglomeration even during 

subsequent strong dilution processes. 

The stabilization process could be de-

ciphered a bit further and the dispersion 

states can be checked by means of ESA 

technology for process and quality con-

trol (see illustration Figure 4). 

Information on the 
measurement method used 

From a scientific point of view, the use of 

the ESA measurement technique is a 

method for direct quantification of 

accessible hydroxide groups on the sur-

face of particles and a profound way for 

surface quantification of different 

ligands. While electrophoretic methods 

for zeta potential surface characteriza-

tion for technical applications are limited 

by too high dilutions, sedimentation pro-

cesses, irregular particle shape or in-

accessible physical substance data, the 

ESA method is a complementary meas-

urement technique for analysis in tech-

nical applications. 

The ESA method for characterizing the charge stability of particles in a dispersion is 

an electroacoustic measurement technique. 

An oscillating voltage is applied to a suspension, dispersion or emulsion, which is 

generated by an alternating current source. Charged particles in the dispersion 

oscillate at the frequency of the externally applied electric field. One or more 

frequencies can be applied. The oscillation of the particles at these frequencies 

generates sonic waves. The amplitudes of these sonic waves are measured as 

electrokinetic sonic amplitude (ESA). This ESA signal is proportional to the dynamic 

mobility of the particles and this in turn is proportional to the zeta potential of the 

particles present in the dispersion. A prerequisite for the use of this effect is a certain 

density difference between dispersion medium and particle. To generate evaluable 

signals, this density difference must be at least 0.2 g/cm3. 

Fig.4: Illustration of the metrological recording of the stabilization process. 
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