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Introduction
An electronic analytical balance measures not directly a mass but the force of its weight. 
The uncertainty of this force depends on the technical specifi cation of the instrument but 
also of many environmental effects like temperature variations, air drafts, evaporation or 
water adsorption of the object being weighed. In addition, the presence of electrostatic 
forces plays an important role in the accuracy of weighing data. Following a brief 
introduction to the physics of static electricity, this article describes how electrostatic 
charges arise and dissipate, how modern analytical balances detect their presence, and 
how large the measurement errors can be.

Static Electricity
Friction is the most common way to generate electrostatic charges on a weighing vessel. 
Typical laboratory actions that cause items to become charged are for instance, the dry 
rubbing of a glass beaker with a cloth or touching a measuring fl ask with disposable 
gloves. Even unpacking a laboratory vessel from a plastic bag or fi lling it with loose 
material is suffi cient to generate a measurable electrostatic charge.

These charges can be expressed by Coulomb’s Law [1], states that electrical charges exert a 
mutual force FE expressed as:

   or simplifi ed to   [1]

where: ke is Coulomb’s constant

Q represents the individual charge on two separate objects

r is the distance between the objects

εo & εr are the absolute and relative dielectric constants

The balance measures the vertical component of the electrostatic force and interprets it as 
a weight corresponding to a mass of ∆m, given by:

  
[2]

where g is the gravitational constant.

Thus, combining [1] and [2], and resolving the equation for the total effect on the 
weighing result the equation becomes:

    [3]

Figure 1. Shows the fi eld lines between a 
negative charge on the measuring fl ask and 
the induced positive charge on the balance 
housing. According Coulombs law, the two 
charges attract each  other. The vertical  
component of the resulting force adds itself to 
the force of the weight and thereby infl uences 
the weighing result.

Dissipation of Charges
Charges do not stay forever on fl asks or the measuring goods, they dissipate over time. 
Surface conductivity of the insulator materials is the most important factor affecting the 
dissipation rate of electrostatic  charges: the higher the surface conductivity, the faster 
the electrostatic charges can drain away and hence not affecting the weighing result. 
Surface conductivity is highly dependent on humidity and the degree of contamination. 
During wintertime, in heated rooms with a relative humidity of less than 45%, the risk 
for measuring erroneous data due to the presence of static electricity is signifi cant and 
therefore the operator has to act carefully to achieve reliable results. The following 
measures illustrate this phenomenon; (Figure 2a and Figure 2b) 2a on a glass fl ask and 2b 
on a Tefl on vessel and show the measuring error in function of time. A glass fl ask is unable 
to become charged at 80% relative air humidity, whereas for Tefl on containers even when 
the air humidity is high, signifi cant weighing errors are observed over several minutes.

Detection of the Electrostatic Force
The latest generation of analytical balances have weighing cells integrated with 
electrostatic detection, which operate without disturbing the normal measuring cycle. A 
concentric electrode is mounted close the grounded weighing pan. A square wave with 
an amplitude of ±60V and a frequency of 1.2Hz is applied during the standard detection 
phase. The positive half-cycle of the square wave generates positive charge carriers on the 
electrode. If the material to be weighed is free of charge carriers, no electrostatic forces 
according the equation [1] will arise; the weighing cell measures the true weight of the 
sample. If the sample is negatively charged, there is a transient attractive force between 
the negatively charged material to be weighed and the electrode. The weighing cell 
registers the vertical component of this force, creating a result that exceeds the true mass. 
This case is illustrated in Figure 3a. The electrostatic fi eld changes sign in the subsequent 
half-cycle, due to negative charge carriers being generated on the electrode. Now there is 
mutual repulsion between the material to be weighed and the electrode (Figure 3b) and  
the measurement result becomes less than the effective mass. With a lock-in amplifi er 
and adequate signal processing the signal to noise ratio can be improved, allowing the 
sensor to accurately measure only the excitation frequency of the charge generation. Thus, 
this measuring method can measure the very small perturbing forces created by static 
electricity in a few seconds without disturbing the user.

Various examples of routine laboratory work show that electrostatic charges exert forces on the material to be weighed, thus causing signifi cant falsifi cation 
of measurement results. Recent advances in weighing technologies allow the user to reduce these shortcomings. An integrated sensor for measuring the 
electrostatic forces during normal operation in an analytical balance is presented and shown that errors over four orders of magnitude ranging from a few µg 
to several mg can easily be detected.

Figure 2a. Measuring error in mg as a function 
of time at 3 different relative air humidity 
ranges; from 80% to 20% for a glass fl ask

Figure 2b. Measuring error in mg as a function 
of time at 3 different relative air humidity 
ranges; from 80% to 20% for a Tefl on vessel
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The potential measurement error is determined from the difference between the two 
values, using a correlation factor (Figure 4). Figure 4 shows measurements that illustrate 
this relationship.

Figure 4. Measurements show excellent correlation between the true weighing errors over 
several decades. The points represent measurements performed using a variety of weighing 
vessels placed at different positions on the weighing pan and carrying various levels of charge. 
The charge sensor is calibrated such that the true error does not exceed the indicated error.

Figure 3a: There is an attractive force acting 
between the container and the electrode.  
The vertical component of this force adds  
itself to the weight, thus increasing the 
measurement result

Figure 3b: There is a repulsive force acting 
between the container and the electrode. The 
vertical component of this force adds itself to 
the weight, thus decreasing the measurement 
result. The difference between cases a and b 
is used to derive the weighing error caused by 
electrostatic charges

Conclusion
Analytical weighing is biased by many effects that introduce uncertainty for the data. Such influences include air drafts, temperature differences and, as demonstrated here, electrostatic 
charges. Low sample mass with relatively large insulating containers are extremely sensitive to the above described phenomena. Balance manufacturers address this issue with a new 
innovative technology and offers to users integrated electrostatic detection. Automatically detecting perturbation due to electrostatic charges makes balance operation simpler and more 
reliable, as well as constituting an important step forward in weighing technology.
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Electrostatic charge is a major challenge  in analytical weighing. Through normal handling, containers 
and samples can easily become charged, leading  to weighing  errors. The charge may also cause 
particles from powdered samples  to be scattered, creating additional problems when handling 
valuable  or toxic substances. Our intelligent electrostatic detection and discharging solutions prevent 
weighing  errors and make sample  handling easier and safer.

For more information on the new Analytical Balances, please visit: www.mt.com/green-light

Detecting Charges 

Our StaticDetect™  technology detects electrostatic charge 
on the sample and/or its container. The weighing  error is 
measured and a warning is given  if the user-defined limit is 
exceeded. Antistatic measures can then be employed.

Eliminating Charges 

The new compact antistatic kit can be used to gently 
generate charged ions and hence eliminate electrostatic 
charge without causing turbulence in the weighing 
chamber. The steady stream of ions prevents  
cross-contamination of samples and removes the  
threat to users when handling toxic substances.

ErgoClip Basket

The ErgoClip™ basket acts as a Faraday cage to shield 
the balance from any electrostatic charge which could be 
present on glass and plastic tubes. Weighing samples in 
tubes is therefore more safe and reliable.

A Unique Balance Ergonomics - Make Weighing Intuitive and Safe
Analytical balances have been ergonomically designed to make your life as easy as possible. We have thought 
about how each of your laboratory tasks can be performed in the most comfortable and efficient way.  
METTLER TOLEDO takes care of the little details that make the difference.


