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emtec FPO Fiber Potential Analyzer Online 

Automated measurements of the Zeta Potential of fibers for 

constant process and quality control, with test results available 

immediately, enabling rapid intervention if necessary. 

 

 

 

  

 

 

 



emtec FPO ǀ Fiber Potential Analyzer Online        

www.emtec-electronic.de       

 

Directory 

1. Background of a complex and dynamic papermaking process 

 

2. Digitalization and automation 

 

3. Automated zeta potential measurements 

 

4. Measuring principle 

 

5. Technical data 

 

6. Application possibilities in the production process 

 

7. Application example: Dosing points for cationic starch 

 

8. Application example: Savings in WSA consumption 

 

9. Application example: A new paper product within five hours 

 

10. Benefits and advantages 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



emtec FPO ǀ Fiber Potential Analyzer Online        

www.emtec-electronic.de       

 

Background of a complex and dynamic papermaking process 

Papermaking is a complex and dynamic process with many possibilities of 

adjustments and influences in a complex production plant. A high level of automation 

and production monitoring makes it possible to increase the efficiency of this 

process. Starting with paper production in the wet-end area, monitoring the charge 

environment is extremely important. Unclear charge conditions in the suspension can 

lead disruptions in the production process, higher resource consumption and losses 

in product quality. 

Continuous monitoring is particularly important when different chemicals are used 

to ensure a well-functioning production process (so-called process chemicals) and to 

meet certain quality requirements of the base paper and finished product (so-called 

additives). 

Process chemicals 

(Control and optimizing the runnability of the paper 

making process, improvement of waste water and 

waste water treatment, do not remain in the final 

product) 

Additives 

(should adhere to fibers in order to remain in the end 

product and optimize and improve the paper 

properties) 

» fixing agent 

» retention aids 

» flocculants 

» defoamer 

» biocides 

» dry and wet strength agent 

» fillers and pigments 

» dye stuff 

» optical brightener 

» sizing agent 

Typical additives and chemicals in the wet-end area  

Having information about the charge conditions available, helps to optimize the 

dosage of chemicals throughout the complete wet-end process and gives the 

technicians and engineers in the mill a good overview of the status. 
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Digression: Examples of important interactions among furnish components 

» aggregation of fibers, fillers and fines 

» adsorption of dissolved polymers onto fibers, fillers and fines 

» aggregation of pitch and sizing molecules 

» adsorption of pitch and sizing molecules onto fibers, fillers and fines 

» neutralization of negative charges on suspended and dissolved anionic 

materials 

» establishment of equilibria between dissolved inorganic salts and insoluble 

ionic products 

» development of micelles composed of surface-active molecules 

» sorption of water by fibers, fines and starches 

Source: Principles of Wet End Chemistry by William E. Scott, Ph. D. 1996, 

Item No: TAPPI Press 0101r241, ISBN: 0-89852-286-2 

 

A closer look at the fibers to which additives are supposed to stick on, leads to 

insights that relate to a certain charge value on the fiber surface, also known as zeta 

potential, simply expressed as empty spaces on the fiber surface – the capacity of 

the fiber to adsorb the additives. This adsorption gets possible by different charged 

particles that attract each other. Mostly, chemicals and additives are positive 

charged (cationic), the fibers negative (anionic). 
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In an optimal case, all added additives adhere to the fibers. In a non-optimal case, 

the additives are lost with the white water as they do not react with the fiber. The 

key of an optimal additive dosing is: knowing the surface charge of the fibers. A 

traditional solution is the zeta potential analysis with a laboratory device such as the 

FPA Fiber Potential Analyzer, distributed by emtec Electronic. 

 

Digitalization and automation 

As automation and digitalization play an increasingly important role in the paper 

industry, automatic measurements that provide reliable and accurate real-time data 

of the process are becoming essential to meet sustainable, ecological and resource 

efficient requirements. Such online measurements in the pulp and paper industry 

actually have several advantages: there is no need to get samples from the machine 

and measure them in the laboratory, the results are constantly available in real time, 

allowing immediate intervention, if the process is not running well or quality issues 

occur. This real-time data can be transferred not only to the process control system, 

but also to a data cloud for remote access from anywhere in the world, enabling 

networked handling of issues by experts, who do not necessarily have to be on site. 

In addition, it is possible to obtain an overview of past results, that are continuously 

measured and stored. 
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Automated zeta potential measurements 

Such an online measuring device for zeta potential analysis 

is the emtec FPO Fiber Potential Analyzer Online. It 

measures the surface charge and determines the zeta 

potential of fibers automatically and directly on the paper 

machine. The emtec FPO delivers continuously reliable 

and accurate real-time data of the process and ensures a 

constant data transfer to the process control system or a 

secure internet server for remote access. 

Once installed directly on the paper machine, it performs 

sampling, measurement and cleaning independently and 

requires a very low maintenance effort (every six months 

is recommended). It can be installed at various points at 

the paper machine using two hoses as connection points for sampling (by-pass-

system) in order to take the suspension alternately before and after a dosing point 

for additives, for example. The FPO carries out a maximum of six measurements per 

hour, though four measurements per hour are standard, depending on the process 

settings. The measurement data includes zeta potential [mV], conductivity [mS/cm], 

temperature [°C] and pH value [pH], and is continuously transmitted to the process 

control system or to a secure data cloud for worldwide remote access. The device 

itself can be handled by touch screen, has an alert feature and is splash-proof and 

stainless. 

 

       

 

 

Touch screen on the emtec FPO 

Fiber Potential Analyzer Online 
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Optionally, it is also possible to access the measurement data remotely via a secure 

web server. The data is displayed as in the following view: 
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Measuring principle 

The FPO Fiber Potential Analyzer Online uses the established measuring principle of 

the laboratory measuring device FPA Fiber Potential Analyzer and delivers accurate 

results fast and reliable. 

The sample is automatically sucked into the suction tube by the vacuum in the 

measuring cell. A fiber plug develops in front of the screen electrode and is solidified 

during the stabilization period. Afterwards, an oscillating electrolyte flow is 

generated through the fiber plug by means of a periodically changing vacuum. The 

counterions on the fiber surface within the plug are sheered away and generate a 

streaming potential, which is gathered by the electrodes. 

The FPO measures the necessary key figures: conductivity, streaming potential and 

pressure change. The zeta potential or fiber charge cannot be measured directly, it 

is calculated by the Helmholtz-Smoluchowski-equation: 

 

 

If the zeta potential is negative (- mV), the analyzed fibers, fillers respectively solids 

have a negative charge; a positive zeta potential (+ mV) is a sign of positive charged 

fibers, fillers respectively solids. The zeta potential predicates the power of the 

interaction of charged particles in the suspension. The stronger this interaction 

between the charged particles, the higher is the zeta potential. 
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Technical data 

Measurement: 

Metrics    zeta potential [mV] 

    streaming potential [mV] 

    conductivity [mS/cm] 

    temperature [°C] 

    pH value [pH] 

Accuracy   approx. ± 3 % 

Measurement interval adjustable depending on the cleaning effort 

    max. 6 measurements per hour (3 per inlet) 

Sample volume  approx. 4 l per measurement 

Sample consistency   0.1 % to 5.0 % 

Water consumption   approx. 10 liter per cleaning process 

 

FPO Fiber Potential Analyzer Online: 

Measures   approx. 176 x 75 x 41 cm (height x width x depth) 

    approx. 50 cm of space for connections on the left side 

Weight    approx. 160 kg 

Maintenance interval  every 6 months recommended 
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Data Output: 

FPO display   graphically displays the measurement data of the last 24 hours 

Data storage  approx. 100,000 measurements (at least 3 years)   

   readout by USB connection with PC/Laptop or USB flash drive 

Data transfer  max. 4 CAN interfaces to process control system (4-20 mA)  

   optional: via SIM card/Modem to secure web server 

 

Optional Alert Feature: 

with 24 V output for relay to control external components, such as a rotating light 

 

Required Connections: 

Power supply  100 - 240 V, 50/60 Hz 

Pulp inlet/outlet via hoses for each sampling point 

   grommet for 1 ¼ inch hose, inner diameter 32 mm 

Rinsing water pressure 2.5 to 5.0 bar 

   camlock socket ½ inch, inner diameter 19 mm 

Compressed air pressure 6.0 to 10.0 bar  

   coupling connector NW 7,2 
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Application possibilities in the production process 

 

In addition to determining the charge of long and short fiber pulp and assessing the 

charge situation at the headbox, the FPO helps to determine the optimum quantity 

of chemical additives. Especially when the type of paper produced and thus the type 

of fibers or chemical additives changes during production, the use of the emtec FPO 

can lead to an enormous reduction in costs, as resources, chemicals and time are 

saved and the amount of broke and its reprocessing is reduced. 

 

Application example: Dosing points for cationic starch 

The direct operation at the paper machine is the specific of the emtec FPO. Its 

regular monitoring of the adsorption of cationic starch makes it possible to adjust 

and optimize the amount of starch added in the wet-end of the paper production 

process. If suddenly deviations from desired values occur, immediate interventions 

into the process saves time and resources, and may reduce the amount of broke and 

its reprocessing. 
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The figure above shows possible dosing points of cationic starch in the production 

process and its effects. And the following figure illustrates the measurement of zeta 

potential before and after a dosing point, in this case before and after the addition 

of cationic starch: 

 

 

 

 

 

 

 

 

With an optimal zeta potential of the fibers (anionic), the cationic starch can stick 

to the fibers as desired. This effect is reflected in the reduction of the zeta potential 

from -16 to -12 mV. If the zeta potential is not optimal, there is only a slight or no 

difference before and after dosing, as the starch cannot adhere to the fibers (no 

fiber-additive-interaction) and is lost with the white water. 
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Application example: Savings in WSA consumption 

A real-life case study of a German tissue paper production mill that uses the emtec 

FPO to optimize the dosing of wet strength agents (WSA) impressively demonstrates 

the benefits and efficiency of its use. 

The tissue paper mill produces three end products: toilet paper, low quality kitchen 

towels (Type 1) and kitchen towels with high quality (Type 2) using a dual headbox, 

one for short and one for long fibers. Changing the production from toilet paper to 

kitchen towels requires not only a change in the type of pulp respectively fibers, but 

also in the type of chemicals added to the process. 

Digression: Wet Strength Agent (WSA) is used for production of kitchen towels to 

reach the required wet strength property. During paper toilet production at the same 

tissue paper machine, WSA is less desirable due to water solubility and flushability 

concerns.  

Changing chemicals or adjusting the amount of certain chemicals added to the pulp 

leads to changes in the charge environment and particularly affects the surface 

charge of the fibers, the zeta potential. A lack of information on the zeta potential 

often leads to issues with either the runnability of the process, the quality of the 

final product or the waste water treatment. 

This is what also happened in the German tissue mill: 

» a poor product quality of kitchen rolls in terms of wet strength properties due 

to a lack of fiber-additive-interaction or incorrectly added WSA 

» trouble with the paper machine runnability and the waste water treatment due 

to overdosing of WSA 

» no continuous monitoring of zeta potential due to staff shortages 

The goals they wanted to reach: 

» guaranteed product quality 

» faster achievement of desired product quality when changing grades 

» stable production process and waste water treatment 
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In order to constantly check the zeta potential of the two different pulp grades, the 

mill decided to install the emtec FPO Fiber Potential Analyzer Online directly after 

its two mixing chests, where the WSA is added, and before the dual headbox. One 

mixing chest contains the suspension with short fibers and WSA, in the second mixing 

chest long fibers are mixed with WSA. 

The following figure illustrates the amount of WSA (percent per ton) over six months 

without and with constant monitoring of the zeta potential by the emtec FPO: 
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Constant monitoring can lead to about 25 % savings in WSA consumption! 

With the help of continuous process monitoring by the emtec FPO over six months, 

it was possible to stabilize the runnability of the process with frequently changing 

production, improve waste water treatment and reduce WSA consumption by 25 %. 

The following calculation of the Return on Investment reveals the real cost savings 

that could be generated through WSA consumption: 

 

 

Return on Investment < 6 months 

Please note: Further cost reductions that could occur by the use of the emtec FPO 

through personnel savings, lower accident risks, better process runnability, less web 

breaks and production stops, less broke and a stable waste water treatment, less 

travel costs through remote access to measurement data, etc. were not taken into 

account here! 
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Application example: A new paper product within five hours 

Another paper production mill in Germany wanted to convert its production to 

gypsum wallboard paper. A fourdrinier paper machine with a bottom and upper 

headbox is used, on which liner or fluting paper for corrugated cardboard is normally 

produced. The new desired product is a two-material paper for the front of gypsum 

wallboards (yellow board “cream face”). 

 Digression: Background of gypsum wallboards 

The production of gypsum wallboards requires a gypsum core and two different paper 

webs, which are responsible for strength and appearance. The top layer is the two-

material yellow board (cream face), consisting of a white top and a brown back. The 

back layer of the gypsum wallboard is a single-material gray board (grayback). 

 

The advantages of process-integrated and automatic monitoring of the zeta 

potential, conductivity, and pH value in the wet-end during the production 

conversion process prompted the mill personnel to conduct a trial with the emtec 

FPO in order to adapt the production process to the new product more quickly and 

easily. 

 

The online device was installed at the inlets of the lower and upper headbox (two 

sampling points) and the production runs with half-full reel drums during the trial. 

The specific goal of the trial was finding the correct chemical dosing concept for the 

 



emtec FPO ǀ Fiber Potential Analyzer Online        

www.emtec-electronic.de       

 

new kind of paper product, while the pulp should keep a larger amount of cationic 

charge carriers during the retention. 

The planned chemicals added to the pulp and its expected effects are as follows: 

Planned process chemicals: Planned additives: 

Retention aid 

» to increase the additive retention during 

production process 

Sizing agent ASA 
(alkenyl succinic anhydride) 

» to improve hydrophobic properties of paper 

product 

Wet & dry strength agent G-PAM 
(glyoxalated polyacrylamides) 

» for strength properties of paper product 

 

Trial Procedure Results 

1 Start with conversion of required raw materials 

& dosing of chemicals 

 

2 Dosing of retention aid to improve retention 

capacity of pulp until desired target values 

= The zeta potential value is no longer  

   sufficient for the planned additives (-6 to -4  

   mV). 

retention ✅ 

zeta potential ⛔ 

3 Addition of anionic polymer to increase the 

fiber capacity for the planned additives ASA and  

G-PAM 

zeta potential ✅ 

4 Addition of sizing agent ASA 

(adjustment by gradually increasing the dosage) 

COBB ✅ 

zeta potential ✅ 

5 Addition of wet & dry strength agent G-PAM 

(standardized dosing quantity) 

= The strength property is not as desired/    

   Required. Dosing quantity of G-PAM must be  

   increased, but the zeta potential is already  

   close to zero (0 mV). 

strength ❌ 

zeta potential ⛔ 

6 Addition of anionic polymer to increase the 

fiber capacity for G-PAM addition 

zeta potential ✅ 

7 Doubling of the dosing amount of G-PAM 

possible, strength properties achieved 

expected paper quality ✅ 
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Within five hours, a chemical dosing concept was created for a new 

paper product that meets all desired & required quality characteristics! 

And it ended with their customer saying, “Please don´t change anything!”. 
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Benefits and advantages 

In general: 

» fully automatic operation: sample taking – measuring - cleaning 

» low maintenance effort (every 6 months recommended) 

» splash-proof (closed construction) & stainless (high-grade steel) 

» high accuracy of measurement and reproducibility 

» optional alert feature 

 

For paper mills: 

» savings in resources, time, and energy 

» insights into past results through continuous, automated measurements 

» enables process stabilization by reduction of process fluctuations 

» real-time risk monitoring and management, immediate reaction possible 

» remote working through automatic data transfer 

» workplace becomes safer (no sampling by the worker) 

» workers get empowered: saving working time while still having the necessary 

data available 

 

For chemical suppliers: 

» constant monitoring of the customer´s process 

» insights into past results through continuous, automated measurements 

» remote access to measurement data in a secure data cloud 

» fast and informed response to customer complaints 

» easy trouble shooting 
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Contact 

Emtec Electronic GmbH 

Gorkistr. 31, 04347 Leipzig 

Germany 

 

Email  info@emtec-electronic.de 

Website www.emtec-electronic.de 
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