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What Is Diffusion Rate?

The diffusion rate refers to the speed at which particles, ions, or molecules move from an area
of higher concentration to an area of lower concentration, driven by a concentration gradient.
In the context of pH sensors, it specifically describes how quickly the electrolyte (usually
potassium chloride, KCI) flows from the sensor's reference system through its junction into the
surrounding process medium.

This movement occurs because the reference electrolyte and the process medium have
different concentrations of ions. Over time, the natural tendency of ions to balance these
concentrations results in the transfer of KCl from the sensor into the solution being measured.

Why Is Diffusion Rate Important for pH Sensors?
The diffusion rate has a direct impact on the performance and lifespan of a pH sensor. Here's
how:

1. Stability of Reference Potential A stable reference potential is essential for accurate pH
measurements. When the diffusion rate is too high, the electrolyte depletes quickly,
leading to fluctuating or unstable readings.

2. Sensor Maintenance Sensors with high diffusion rates require frequent refilling of the
electrolyte to maintain proper functioning. This increases the maintenance burden,
particularly in continuous or long-term applications.

3. Clogging and Fouling In processes with suspended solids or reactive chemicals, the
electrolyte can interact with the medium, forming deposits or blockages at the junction.
The faster the diffusion rate, the higher the likelihood of such fouling.

4. Sensor Longevity High diffusion rates can accelerate sensor wear, reducing its
operational lifespan. This is especially problematic in harsh or demanding environments.

Diffusion Rate in Different Junction Types
The diffusion rate varies based on the material and design of the junction:
o High Diffusion Rate: Ceramic and open junctions allow rapid transfer of electrolytes,
leading to quicker depletion and higher maintenance.
e Moderate Diffusion Rate: Teflon (PTFE) and annular gap junctions offer controlled
diffusion, improving stability but still requiring periodic care.
o Zero Diffusion Rate: Refex non-porous sensors eliminate diffusion entirely, maintaining
a constant electrolyte level and ensuring long-term stability.

By understanding and controlling the diffusion rate, manufacturers like Refex can enhance
sensor reliability, minimize maintenance needs, and extend the life of pH monitoring systems in
industrial processes.
The diffusion rate is rarely listed in technical specifications for pH sensors due to several
reasons:
. Lack of Standardized Measurement

¢ There is no universally accepted method or standard for measuring and reporting the

diffusion rate of a pH sensor junction.



o Diffusion rate depends on multiple factors, including the specific junction material, pore
size, electrolyte type, and process conditions (e.g., temperature, pressure, and solution
chemistry).

e Since these factors vary widely across applications, a single value for diffusion rate may
not provide meaningful or universally applicable information.

2. Dependence on Process Conditions
e The actual diffusion rate in a given application depends heavily on the operating
environment. For example:Temperature: Higher temperatures increase ion mobility and
diffusion rates.Solution Composition: Reactive chemicals, high-viscosity fluids, or
suspended solids can affect how electrolyte flows through the junction.
e Manufacturers might avoid publishing a diffusion rate to prevent misinterpretation or
inappropriate sensor selection for specific processes.

3. Focus on Performance Metrics
e Instead of publishing the diffusion rate, manufacturers focus on providing performance-
related specifications such as:Stability: How well the sensor maintains a reference
potential.Lifetime: Expected operational duration under standard conditions.Accuracy
and Response Time: Key metrics impacted by diffusion but easier for users to interpret.
¢ These metrics are more relevant to the end user than raw diffusion rate data.

4. Difficulties in Direct Measurement
e Accurately measuring the diffusion rate involves complex laboratory testing under
controlled conditions, which may not reflect real-world applications.
e Testing must account for dynamic conditions like fluctuating concentrations or
intermittent sensor use, making consistent measurement challenging.

5. Competitive and Proprietary Information
o Diffusion rate often ties closely to proprietary materials, designs, and manufacturing
processes used by sensor companies.
o Disclosing diffusion rates might inadvertently reveal sensitive information about the
junction design or allow competitors to compare products unfairly.

How Manufacturers Address Diffusion Concerns
To address concerns indirectly related to diffusion rates, manufacturers often:
e Recommend junction types based on application needs (e.g., ceramic for high flow, PTFE
for resistance to fouling, or non-porous systems for zero diffusion).
¢ Provide guidelines for sensor maintenance and longevity under expected process
conditions.

How the process conditions affects the diffusion rate and therefor the performancies and life
span of pH sensors?



Impact of SIP/CIP on Diffusion Rate
1. Temperature Effects
2. Pressure Fluctuations
3. Chemical Effects
4. Electrolyte Depletion

Long-Term Effects of Repeated SIP/CIP Cycles
1. Junction Clogging or Fouling
2. Material Degradation
3. Reduced Sensor Stability

Minimizing Diffusion Issues in SIP/CIP
1. Sensor Design
2. Chemical Compatibility
3. Maintenance Practices

Why Refex Non-Porous Sensors Excel in SIP/CIP

Refex non-porous sensors offer significant advantages for SIP/CIP processes:
¢ No diffusion or electrolyte loss: The sealed design ensures that high temperatures,
pressures, or chemicals have no effect on reference stability.
o Resistance to clogging: No porous material means no risk of blockages due to

precipitation or fouling.

e Consistent performance: The junction remains unaffected by extreme conditions,
providing stable readings after repeated cycles.
These qualities make Refex sensors ideal for applications requiring frequent sterilization or

cleaning.

The diffusion rate of ions in the reference junction of a pH sensor is significantly affected by
temperature, including low temperatures below 20°C. Here's how low temperatures impact the

diffusion rate:



Customer Benefits of Using Refex Technology in Challenging Process

Conditions

Condition

SIP/CIP (Sanitation-
in-Place [ Cleaning-
in-Place)

High Temperatures
(>100°C)

Low Temperatures

(<20°C)

High Pressure

Vacuum Conditions

Customer Benefit

Minimized downtime and maintenance: Refex technology is specifically
designed to withstand harsh cleaning protocols, which reduces the need for
sensor replacement and minimizes process downtime during cleaning cycles,
The sensors remain functional and effective even after multiple cleaning cycles.

Enhanced durability: Withstand high-temperature and chemical exposure
during cleaning and sterilization processes, which is crucial for industries like
pharmaceuticais, food & beverage, and biotechnology.

Stable performance at extreme temperatures: Refex sensors are designed to
maintain accurate pH readings in high-temperature environments, reducing the
risk of measurement drift that can occur with less durable sensors. This is
particularly beneficial in industrial processes like chemical manufacturing and
food production.

Reduced maintenance costs: High-performance materials used in Refex
sensors prevent degradation at elevated temperatures, meaning the sensors
last longer and require less frequent calibration or replacement.

Reliable performance at low temperatures: Refex sensors can perform
effectively in cold environments where traditional sensors might experience
slow response times or inaccuracies. This is particularly important in cryogenic
or refrigerated processes.

Consistent readings: The technology minimizes diffusion rate changes even at
low temperatures, ensuring that the sensor delivers reliable data even in
extreme cold conditions, such as in the pharmaceutical or food industry.

Accurate readings under pressure: Refex sensors can handle high pressure
without compromising accuracy, making them suitable for pressurized
environments like oil and gas, chemical reactors, or high-pressure cleaning
applications.

Enhanced stability: They are designed to resist mechanical stress, ensuring
stable pH readings even under intense pressure, reducing the likelihood of
sensor failure in critical applications.

Reduced sensor degradation: In vacuum environments, the risk of sensor
degradation due to pressure differences is minimized with Refex sensors, which
helps maintain consistent performance in processes such as vacuum distillation
or freeze drying.

Longer sensor lifespan: Refex technology reduces the impact of vacuum
exposure on sensor performance, leading to longer operational life, fewer
replacements, and ove ||, ower operating costs in vacuum-based applications.



General Benefits:

1.

Longer Sensor Lifespan: Refex sensors are built to withstand challenging process
conditions, which significantly extends their lifespan compared to traditional sensors.
This results in fewer replacements and lower long-term operational costs.

Higher Accuracy and Stability: Whether in extreme temperatures, high-pressure
environments, or during cleaning processes, Refex sensors maintain high levels of
precision, reducing measurement errors and ensuring product quality in sensitive
processes.

Minimized Downtime: Refex sensors are highly resistant to wear and tear, reducing the
frequency of maintenance, cleaning, and recalibration. This is especially crucial in
automated or high-volume production settings where uptime is a key performance
indicator.

Cost-Effectiveness: Although the initial investment in Refex sensors might be higher
than traditional models, the reduced need for frequent replacements, cleaning, and
maintenance often results in a better ROI. Additionally, Refex technology can help
prevent process disruptions that could be costly in terms of product loss, downtime, or
regulatory non-compliance.

Enhanced Process Control: Refex sensors provide more consistent and reliable data,
enabling better process control, optimization, and troubleshooting. This is especially
important in industries with tight tolerances, such as pharmaceuticals, biotechnology,
and food production.

By using Refex technology in challenging conditions, companies benefit from improved sensor
longevity, lower maintenance costs, and more reliable data—key factors in optimizing process
efficiency and minimizing operational downtime.

Effect of Low Temperatures on Diffusion Rate

1.
2.
3.
4.

Decreased Molecular Motion
Increased Electrolyte Viscosity
Slower Equilibration

Potential for Precipitation

Specific Impact on Sensor Performance

Porous Junction Sensors In porous junctions, reduced diffusion rates can cause:
Non-Porous Junctions (e.g., Refex Sensors) Sensors with non-porous junctions are
unaffected by reduced diffusion rates because they do not rely on ion exchange
between the electrolyte and the process fluid. This ensures:

Mitigating Low-Temperature Effects on Diffusion

1.
2.
3.

Choose the Right Sensor
Electrolyte Selection
System Adjustments



Summary

At temperatures below 20°C, diffusion rates decrease due to reduced ion mobility, increased
electrolyte viscosity, and potential precipitation. This can impair the performance of traditional
porous-junction sensors. Non-porous sensors, such as Refex, excel in low-temperature
environments because they are not reliant on diffusion, ensuring stable and accurate pH
measurements under these conditions.

Effect of Low Temperatures on Diffusion Rate for Various Junction Types
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Here's the updated plot showing the effect of low temperatures (below 20°C) on the diffusion
rate for various junction types:
¢ Ceramic Junction: Experiences a moderate reduction in diffusion rate as temperature
decreases.
e PTFE Junction: Suffers a sharper decrease compared to ceramic.
e Wood Junction: Shows the most significant drop in diffusion rate with lowering
temperatures.
e Open Aperture Junction: Experiences minimal impact from temperature changes,
maintaining a relatively stable diffusion rate.
Each curve is normalized, illustrating the comparative sensitivity of these materials to
temperature changes. Let me know if you'd like to add more details or make further
adjustments!

Effect of High Process Pressure and Vacuum on Diffusion Rate
Both high process pressure and vacuum can affect the diffusion rate in a pH sensor, particularly
in those with porous reference junctions. Here's how these factors influence diffusion:



Effect of High Process Pressure on Diffusion Rate
1. Compression of Electrolyte
2. Increased Pressure Gradient
3. Junction Integrity
4, Impact on Non-Porous Junctions

Effect of Vacuum Conditions on Diffusion Rate
1. Reduced lon Transport
2. Electrolyte Outflow
3. Gas Bubble Formation
4. Non-Porous Junctions

How to Mitigate Pressure and Vacuum Effects
1. Sensor Design
2. Electrolyte Stability
3. Pressure-Compensated Sensors
4. Regular Maintenance

Summary

High process pressure can accelerate electrolyte outflow and reduce diffusion rate due to
junction deformation and viscosity changes. Vacuum conditions can hinder ion exchange by
reducing pressure-driven flow, leading to electrolyte loss and gas bubble formation. Non-
porous junction sensors, such as Refex, are less affected by these factors, offering stable
performance in both high-pressure and vacuum environments.

The Advantage of Refex Non-Porous Sensors
In the case of Refex non-porous pH sensors, the absence of diffusion entirely removes these
concerns. Instead of worrying about diffusion rates, users benefit from:
o Zero electrolyte loss: No need to monitor or refill the electrolyte.
e Long-term stability: Consistent readings without the influence of electrolyte depletion.
¢ Reduced maintenance: No risk of junction clogging due to precipitates or fouling.
This makes Refex sensors particularly advantageous in applications where other junction types
may struggle with high diffusion rates or environmental variability.
Advantage of Refex Non-Porous pH Sensors Compared to Other Solutions
The performance and reliability of pH sensors often hinge on the integrity and efficiency of the
reference system. Traditional reference systems are comprised of three critical components:
the reference electrolyte, the reference element, and the liquid junction. While widely used,
these systems encounter significant challenges such as precipitation, contamination, and
eventual sensor failure. Refex non-porous pH sensors offer an innovative solution to these
issues, providing distinct advantages over conventional options.
Challenges with Traditional Reference Systems
1. Limitations of Potassium Chloride (KCI) Electrolyte



The most common reference electrolyte is saturated Potassium Chloride (KCl), chosen for its
ability to minimize liquid junction potential. However, KCl-based systems face challenges such
as:

o Evaporation at extreme temperatures: Over time, water evaporation in the salt bridge
leads to blockages, raising reference impedance and reducing sensor performance.

e Precipitation risks: Chemical interactions between KCl and process chemicals (e.g.,
Tartaric acid or specific ions like Hg*, Ag*) can form insoluble precipitates, clogging the
liquid junction and causing sensor failure.

e Maintenance requirements: Saturated KCl systems often require regular cleaning or
replacement to avoid contamination and maintain sensor functionality.

2. Junction-Related Failures
Porous liquid junctions, typically made of materials like ceramic or Teflon, can become clogged
due to:

¢ External deposition of process contaminants, such as suspended solids or viscous
materials.

¢ Internal precipitation, such as AgCl or Ag,S, triggered by reactions between the
reference system and process chemicals.

3. Short Lifespan in Challenging Applications

In processes containing sulfides, halides, or high-viscosity fluids, traditional pH sensors
experience shortened lifespans due to junction blockages, contamination, or instability in the
reference system.

How Refex Non-Porous pH Sensors Outperform Conventional Systems
1. Non-Porous Design: Eliminating Junction Failures
Refex sensors utilize a non-porous reference system, removing the need for a liquid junction
entirely. This design eliminates common issues such as:
¢ Junction clogging: Without porous material, there is no pathway for precipitation or
contamination to occur.
o Evaporation: Non-porous systems are sealed, preventing water loss from the reference
electrolyte.
2. Stability in Aggressive Environments
The closed, non-porous design ensures Refex sensors maintain consistent performance even in
chemically aggressive or high-viscosity processes. Unlike traditional systems, they are
unaffected by:
e High concentrations of reactive ions like Cl~, Br~, or $%-.
o Suspended solids or biofouling agents that typically coat or clog porous junctions.
3. Longer Lifespan and Reduced Maintenance
Refex sensors are designed for durability, requiring minimal maintenance compared to
conventional pH sensors. Their resistance to precipitation and contamination means:
o Fewer replacements: Sensors last significantly longer in harsh applications.
¢ Lower maintenance costs: Cleaning and recalibration needs are drastically reduced.
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Practical Advantages of Refex Sensors in Specific Applications

Industrial Wastewater Treatment (WWTP)

In WWTP applications, porous junctions are prone to fouling due to suspended solids. Refex
sensors’ non-porous design prevents clogging, providing stable and reliable pH measurements
even in sludge-heavy environments.

High-Chloride Processes

Applications involving high chloride concentrations often lead to internal precipitation of AgCl
in traditional sensors, causing impedance increases and failure. Refex sensors sidestep this
issue entirely by isolating the reference system from such reactions.

Biochemical Processes

Processes containing sulfur compounds (e.g., cysteine, cystine) typically form silver sulfide
precipitates on porous junctions. Refex sensors eliminate this risk, ensuring precise pH
measurements without frequent replacements.

Comparing Refex Sensors to Double and Triple Junction Systems
Double and triple junction designs aim to reduce contamination risks by adding intermediate
barriers. However, they fall short in highly reactive or low-conductivity environments due to
their reliance on porous junctions. Refex sensors outperform these systems by:
o Completely removing the risk of diffusion-based contamination.
e Providing superior reliability in low-conductivity applications, where liquid junctions can
fail to stabilize.



Parameter
Diffusion
Rate

Chemical
Compatibility

Temperature
Sensitivity

Calibration
and Drift

Application-
Specific
Features

Lifespan and
Maintenance

Ceramic
Liquid
Junction

Moderate to
Fast

Good, but
susceptible to
certain harsh
chemicals

Sensitive, but
less than glass
junction

Somewhat
stable, but still
requires
regular
calibration

Suitable for
harsh
environments,
high-pressure
systems

Moderate
lifespan with
less
maintenance
compared to
other junctions

Polymer (or
Gel) Liquid
Junction

Slow to
Moderate

Very good,
but may
degrade in
extreme
conditions

Less
sensitive,
often
compensated
by built-in
temperature
correction

Often stable,
but may
require
maintenance
for
consistency

Used in
specific
applications
like
biomedical
systems, less
prone to
fouling

Longer
lifespan, low
maintenance

requirements

PTFE Liquid
Junction

Moderate to
Fast

Excellent,
highly
resistant to
most
chemicals

Low
sensitivity,
excellent at
high and low
temperatures

Minimal drift,
requires less

calibration

Ideal for
highly
corrosive
environments
and extreme
temperatures

Long lifespan,

low
maintenance,
resistant to
fouling

Conclusion: Why Choose Refex Non-Porous pH Sensors

Wood Liquid
Junction

Slow

Limited, may
degrade in
some harsh
chemicals

Sensitive to
temperature
changes, can
dry out in
extreme
conditions

Prone to
drift, requires
frequent
calibration

Used in
some
traditional
applications,
can be prone
to clogging

Moderate
lifespan,
requires
frequent
cleaning

Reflex (Refex)
Electrode

Fast

Excellent,
resistant to
most
chemicals

Low sensitivity,
with built-in
temperature
compensation

Minimal drift,
designed for
longer-term
stability

Ideal for
challenging
industrial
applications,
offers excellent
performance in
harsh

environments

Very long
lifespan,
minimal
maintenance

required



Refex non-porous pH sensors represent a significant advancement in pH measurement
technology. By addressing the inherent limitations of traditional reference systems—such as
junction clogging, electrolyte evaporation, and chemical precipitation—Refex sensors deliver
unparalleled stability, accuracy, and lifespan.

For industries facing challenging chemical or biochemical environments, Refex sensors provide
a proven, maintenance-friendly solution. Transitioning to Refex non-porous technology not only
improves measurement reliability but also reduces operational costs, making them the optimal
choice for modern pH monitoring applications.

Refex Non-Porous pH Sensors: A Revolution in Diffusion Rate Control

In the realm of pH measurement, diffusion rates significantly impact the performance, stability,
and longevity of sensors. The junction material and design play a critical role in determining
how reference electrolytes interact with the process medium. Among the various junction
options, Refex non-porous pH sensors stand out as an innovative solution that overcomes many
of the limitations associated with traditional porous junctions.

Diffusion Rate in Porous Junctions: Challenges and Limitations
1. Ceramic Junctions

o Diffusion Characteristics: Ceramic junctions are highly porous, allowing a steady flow of
potassium chloride (KCl) into the process medium.

e Advantages: They perform well in standard industrial applications and offer moderate
resistance to clogging.

o Drawbacks: The high diffusion rate leads to rapid depletion of KCI, especially in low-
conductivity environments or high-temperature processes. Frequent refilling or
recalibration is required to maintain accuracy.

2. Teflon (PTFE) Junctions

o Diffusion Characteristics: PTFE junctions have a lower diffusion rate than ceramic but
remain susceptible to fouling and clogging, especially in processes with high suspended
solids or viscous fluids.

e Advantages: Their hydrophobic nature makes them resistant to contamination by
water-based solutions.

o Drawbacks: Limited resistance to external precipitation and poor performance in highly
reactive chemical environments.

3. Annular Gap Junctions

o Diffusion Characteristics: These junctions allow controlled diffusion through a narrow
gap, reducing contact between the electrolyte and the process medium.

e Advantages: Suitable for applications requiring minimal liquid junction potential.

o Drawbacks: Prone to blockage over time due to deposition of solids or chemical
reactions at the gap.

4. Open Junctions

« Diffusion Characteristics: Open junctions eliminate traditional porous barriers, relying
on direct contact between the reference system and the process medium.

¢ Advantages: Ideal for high-viscosity or highly contaminated processes where other
junctions fail.



Drawbacks: High diffusion rates and exposure to external contamination significantly
shorten sensor lifespan.

Refex Non-Porous Junctions: Redefining Diffusion Control
Key Characteristics of Refex Non-Porous Sensors

1.

Zero Diffusion Rate Refex junctions are completely non-porous, eliminating the
diffusion of electrolyte into the process medium. This design resolves the common issue
of electrolyte depletion, which plagues porous junctions over time.

Chemical Isolation Unlike porous systems, Refex sensors provide a hermetic seal
between the electrolyte and the process medium. This prevents any chemical
interactions or precipitation reactions, which are often the primary cause of sensor
failure.

Enhanced Stability The absence of diffusion ensures that the reference potential
remains stable over long durations. This results in superior accuracy and reproducibility,
even in demanding applications.

Reduced Maintenance With no electrolyte loss through diffusion, Refex sensors
eliminate the need for frequent refilling or recalibration. This makes them particularly
advantageous in remote or continuous monitoring scenarios.

Extended Lifespan By mitigating the risks associated with clogging, contamination, and
chemical reactions, Refex sensors last significantly longer than their porous
counterparts.



Diffusion

ROI (Return on

Technology Rate Advantages Disadvantages Investment)

Refex Very Low Excellent for Higher initial cost and High (due to
applications with specific compatibility longevity and
aggressive or high- requirements. reduced
viscosity processes. maintenance)

Ceramic Moderate Robust, widely used in Can be prone to Medium (affordable

Junction industrial applications, clogging in high- but requires more
good for a wide range viscosity or fouling frequent
of pH values. processes. maintenance)

PTFE Low to Good for general- Less stable than Medium to High

Junction Moderate purpose applications, ceramic in extreme pH (affordable with
resistant to many environments. moderate
chemicals. maintenance)

Open Very Low Excellent for high- Can be more prone to High (excellent for

Aperture viscosity processes fouling in highly specific high-

Junction and for minimizing contaminated viscosity
liquid junction environments. applications)
potential.

Wood Very Low Natural material, Not widely used, Low to Medium (not

suitable for low-cost
applications with

minimal diffusion.

limited availability and
specific industrial use

cases.

Does the diffusion rate affected by the process density?

commonly used in
industrial

applications)

Yes, the density of the process fluid can affect the diffusion rate, though the relationship is
more complex compared to viscosity. The diffusion rate is influenced by the molecular

interactions within the fluid, and while viscosity is a more direct factor, the density can still play

arolein the process.

Here’s how density can affect diffusion:

1. Relationship Between Density and Diffusion:
o Higher Density: In general, higher-density fluids contain more molecules per unit

volume, which can lead to greater molecular interactions. These interactions might
cause the molecules to move more slowly, thus potentially reducing the diffusion rate.
For example, in denser liquids, molecules experience greater resistance to movement
because of the higher number of molecules per unit volume.

e Lower Density: On the other hand, in lower-density fluids (e.g., gases or lighter liquids),
the molecules are more spread out, and their movement might be less impeded by
interactions with neighboring molecules. This could lead to faster diffusion rates



compared to higher-density fluids, although the actual impact will depend on other
factors such as temperature and molecular weight.

2. Effect on Diffusion Coefficient:

= The diffusion coefficient (D) is a key parameter that quantifies how quickly a substance
diffuses in a particular medium. The diffusion coefficient typically decreases with an increase
in fluid density because higher density often correlates with higher molecular packing, which
makes it more difficult for molecules to move around.

« The relationship between diffusion coefficient and density can be expressed by the Stokes-
Einstein equation for molecular diffusion, which shows that diffusion decreases with

increasing viscosity and, to a lesser extent, with increasing fluid density.
* Mathematically, diffusion in a medium can be described by the equation:

kpT

D=
6mnr

where:
« D is the diffusion coefficient,
« kg is Boltzmann's constant,
o T'is temperature,
* 7] is viscosity,

« 7 is the radius of the diffusing molecule.

This equation shows that the diffusion rate is more strongly affected by viscosity (1) than by
density, but the density still plays a role when it comes to molecular packing and interactions.

This equation shows that the diffusion rate is more strongly affected by viscosity (n\etan) than
by density, but the density still plays a role when it comes to molecular packing and
interactions.

3. Impact of Density in Complex Fluids:

o For complex fluids (like slurries or dense suspensions), the effect of density on diffusion
is more pronounced because the solid particles can obstruct or slow down the diffusion
of other substances (like ions or molecules in the fluid). This can result in a reduced
diffusion rate in dense, particulate systems.

¢ In gases, where the density is lower and molecules are more spread out, the effect of
density on diffusion is less significant. Instead, factors like temperature and molecular
weight of the diffusing species tend to have a larger influence.

4. Increased Density in Liquids:

e In highly dense liquids, such as water with dissolved salts or other solutes, diffusion can

be slower because the increased density implies a more crowded molecular



environment, which can hinder the movement of molecules. However, this effect is
generally secondary to viscosity in most cases.
Summary:
While viscosity is a more direct factor affecting the diffusion rate, the density of the process
fluid can influence diffusion, particularly in high-density or particulate systems. Generally,
higher density can reduce the diffusion rate due to more molecular interactions, though the
effect is often less significant compared to viscosity.
Does the diffusion rate affected by viscosity of the process?
Yes, the diffusion rate is indeed affected by the viscosity of the process fluid. Diffusion refers to
the movement of molecules from regions of higher concentration to regions of lower
concentration. In the case of pH sensors, diffusion is crucial for the transport of reference
electrolyte (such as KCI) from the sensor's reference system to the process sample.
Here’s how viscosity affects the diffusion rate:
1. Increased Viscosity Slows Down Diffusion:
2. Reduced Electrolyte Flow:
3. Impact on Reference System Performance:
4. Need for Special Considerations:
Summary
In short, higher viscosity in the process fluid decreases the diffusion rate, which can adversely
affect the pH sensor's performance. This is why selecting the right type of sensor and reference
system is crucial when dealing with viscous processes to ensure accurate and stable pH
measurements.
The Unique Scientific Approach to Evaluation of the Lifespan and Performance of pH Sensors
pH sensors are crucial in various fields, including industrial, environmental, medical, and
laboratory settings. As the demand for accurate, reliable, and long-lasting pH measurements
grows, understanding the factors that influence the lifespan and performance of these sensors
has become increasingly important. This article explores the scientific principles behind
evaluating the lifespan and performance of pH sensors, highlighting how various factors such as
viscosity, density, and diffusion rate impact sensor functionality.
Understanding pH Sensors: The Basics
pH sensors, typically comprised of a reference electrode and a glass electrode, are designed to
measure the hydrogen ion concentration in a solution, which determines the pH level. These
sensors are widely used because of their versatility and accuracy in measuring the acidity or
alkalinity of a solution.
However, over time, the performance of pH sensors can degrade due to various factors such as
chemical reactions, physical wear, or environmental conditions. Thus, it’s critical to assess their
lifespan and performance regularly to ensure accurate readings.
Key Factors Affecting pH Sensor Lifespan and Performance
1. Viscosity and Its Effect on Diffusion Rate
Viscosity refers to a fluid’s resistance to flow, and it plays a significant role in the diffusion
process, which is a key factor in pH sensor performance. The diffusion rate governs how ions
and molecules move within the solution, affecting the sensor’s ability to detect changes in pH.
o Higher Viscosity: In more viscous fluids, the diffusion rate tends to decrease. This is
because the molecules experience greater resistance as they move through the



medium. In such environments, pH sensors may respond more slowly or provide less
accurate readings, leading to reduced performance over time.

e Lower Viscosity: In fluids with lower viscosity, molecules can diffuse more freely, which
typically results in faster sensor response times and more accurate pH measurements.

Viscosity's impact on diffusion is particularly important when evaluating pH sensors in industrial
applications, where fluid viscosities can vary significantly.

2. Density and Diffusion Rate

The density of the medium in which the pH sensor is immersed also affects the diffusion rate.
Higher-density fluids typically have more molecules per unit volume, which can impede
molecular movement and slow the diffusion process. This results in a slower rate of ion
exchange between the pH sensor's electrode and the surrounding solution, ultimately affecting
the sensor’s accuracy and speed.

o High-Density Fluids: In denser fluids, there is increased molecular packing, which can
limit the mobility of ions and slow the diffusion process. This can reduce the efficiency
of pH sensors, especially in environments where rapid changes in pH need to be
detected.

¢ Low-Density Fluids: Conversely, in less dense fluids, molecules are more spaced out,
allowing ions to diffuse more easily. This leads to faster sensor response times and
better performance in environments with low-density solutions.

Understanding how fluid density affects diffusion is crucial when evaluating pH sensors, as it
helps predict sensor behavior in different environments.

3. Temperature and Its Influence on Sensor Performance

Temperature is another critical factor that impacts the lifespan and accuracy of pH sensors. The
performance of a pH sensor is highly temperature-dependent due to its effect on the ionic
conductivity of the solution and the sensor’s electrode reactions. As temperature increases, the
diffusion rate of ions also increases, which can lead to faster sensor response times. However, if
the temperature is too high, it may cause sensor degradation, shortening its lifespan.

To maintain optimal performance, pH sensors must be calibrated and operated within a
specified temperature range. Regular temperature monitoring ensures that the sensor is not
subjected to extreme conditions that could negatively impact its function.

4. Chemical Interactions and Sensor Degradation

Over time, pH sensors can degrade due to chemical reactions with the solution they are
immersed in. Common issues include:

o Electrode Contamination: The glass electrode, which is crucial for measuring pH, can
become contaminated by the substances in the solution. This contamination reduces
the electrode’s sensitivity and can eventually lead to failure.

o Reference Electrode Issues: The reference electrode is also susceptible to degradation
due to exposure to harsh chemicals, leading to fluctuating readings or complete failure.

To extend the lifespan of pH sensors, it is essential to ensure proper cleaning and maintenance.
In applications with highly corrosive or contaminating substances, special electrode coatings or
materials may be used to protect the sensor.

5. Calibration and Drift

pH sensors require periodic calibration to maintain accuracy. Calibration drift occurs when the
sensor’s response to standard buffer solutions changes over time, leading to inaccurate



readings. Drift can be caused by factors such as electrode wear, contamination, or exposure to
extreme conditions.

Regular calibration with known standards ensures that the sensor is providing accurate
readings and helps detect any drift early, allowing for corrective measures to be taken.
Evaluating Sensor Lifespan: A Scientific Approach

To evaluate the lifespan and performance of pH sensors, a combination of scientific methods
and best practices is employed:

1. Long-Term Stability Testing

To assess how a sensor performs over time, long-term stability testing is conducted. This
involves exposing the sensor to various pH solutions under controlled conditions and
monitoring its response over an extended period. By measuring drift, response time, and
accuracy, researchers can determine how the sensor’s performance changes over time.

2. Stress Testing

Stress testing involves subjecting the sensor to extreme conditions, such as high temperatures,
high or low pH solutions, and varying viscosities and densities. This type of testing provides
valuable insights into how the sensor reacts under challenging conditions, helping predict its
lifespan and performance in real-world applications.

3. Post-Mortem Analysis

When a pH sensor fails or shows signs of degradation, post-mortem analysis is performed to
understand the causes. This can involve examining the electrode materials for wear,
contamination, or corrosion. Post-mortem analysis helps improve future sensor designs and
identify maintenance protocols to extend sensor lifespan.

Conclusion: Optimizing pH Sensor Lifespan and Performance

The lifespan and performance of pH sensors are influenced by various factors, including
viscosity, density, temperature, chemical interactions, and calibration drift. By considering
these factors and employing scientific methods for evaluation, manufacturers and users can
better predict the lifespan of pH sensors and optimize their performance in a wide range of
applications.

Regular testing, maintenance, and proper handling of pH sensors are key to ensuring reliable,
accurate readings. By taking a scientific approach to evaluating sensor lifespan, industries can
extend the life of their sensors, reduce costs, and ensure high-quality measurements for years
to come.

Conclusion: Choosing the Right Sensor

The diffusion rate of a liquid junction is a game-changer in pH sensor performance. High
diffusion rates lead to frequent electrolyte loss, measurement drift, and increased
maintenance. On the other hand, low or zero diffusion rates ensure long-term stability,
accurate readings, and minimal upkeep.

Process conditions—like temperature, pressure, and chemical composition—directly impact the
choice of junction and electrolyte. Aggressive environments benefit from robust junctions and
tailored electrolytes, such as KNO3 for sulfide-heavy processes or solid-state options for
ultimate durability.

Selecting the right combination of diffusion rate, junction design, and electrolyte isn’t just
about functionality; it’s about optimizing reliability, reducing costs, and maintaining process



control without interruptions. Choose smartly, and your sensor will work for you, not against
you.

Why Refex is the Best Choice

When comparing pH sensors, understanding the critical parameters—Diffusion Rate,
Temperature Sensitivity, and Calibration & Drift—is essential. However, these factors are often
absent from datasheets due to their complexity and variability. Refex not only addresses these
challenges but excels in delivering unmatched performance in real-world applications. Here's
why Refex stands out:

1. Zero-Diffusion Reference Design Refex eliminates the guesswork of diffusion rates
entirely with its solid-state, zero-diffusion design. Traditional liquid junctions suffer from
electrolyte leakage, clogging, and contamination over time, leading to frequent
recalibration and maintenance. Refex's innovative design ensures stable pH readings
without the need for constant intervention.

2. Exceptional Temperature Stability Temperature sensitivity can drastically affect pH
measurements, especially in fluctuating environments. Refex sensors are engineered for
robust performance across a wide temperature range, with built-in temperature
compensation mechanisms that ensure accuracy, even under extreme conditions.

3. Minimal Drift and Extended Calibration Cycles Unlike conventional sensors, Refex
offers long-term stability with minimal drift. This drastically reduces the need for
frequent calibration, saving time and resources while maintaining reliable
measurements for extended periods.

4. Practical and Cost-Effective Performance Refex sensors provide more than just
theoretical advantages. They are built to thrive in real-world industrial conditions,
offering tangible benefits:

5. Adaptability to Challenging Applications Refex is designed for industries where
precision and reliability are critical, such as chemical manufacturing, mining,
petrochemical refining, and green hydrogen production. Its compatibility with standard
pH transmitters and ability to convert existing setups make it a versatile choice for
diverse applications.

Conclusion

While traditional pH sensors struggle with issues like electrolyte leakage, temperature
sensitivity, and calibration drift, Refex overcomes these limitations with groundbreaking
technology. By addressing the core challenges of diffusion, temperature fluctuations, and long-
term reliability, Refex delivers exceptional value. It’s not just a pH sensor—it’s an investment in
consistent, accurate, and worry-free pH measurement and control.

Choose Refex and experience the difference



Parameter
Diffusion
Rate

Chemical
Compatibility

Temperature
Sensitivity

Calibration
and Drift

Application-
Specific
Features

Lifespan and
Maintenance

Ceramic
Liquid
Junction

Moderate to
Fast

Good, but
susceptible to
certain harsh
chemicals

Sensitive, but
less than glass
junction

Somewhat
stable, but still
requires
regular
calibration

Suitable for
harsh
environments,
high-pressure
systems

Moderate
lifespan with
less
maintenance
compared to
other junctions

Polymer (or
Gel) Liquid
Junction

Slow to
Moderate

Very good,
but may
degrade in
extreme
conditions

Less
sensitive,
often
compensated
by built-in
temperature
correction

Often stable,
but may
require
maintenance
for
consistency

Used in
specific
applications
like
biomedical
systems, less
prone to
fouling

Longer
lifespan, low
maintenance

requirements

PTFE Liquid
Junction

Moderate to
Fast

Excellent,
highly
resistant to
most
chemicals

Low
sensitivity,
excellent at
high and low
temperatures

Minimal drift,
requires less

calibration

Ideal for
highly
corrosive
environments
and extreme
temperatures

Long lifespan,

low
maintenance,
resistant to
fouling

Wood Liquid
Junction

Slow

Limited, may
degrade in
some harsh
chemicals

Sensitive to
temperature
changes, can
dry out in
extreme
conditions

Prone to
drift, requires
frequent
calibration

Used in
some
traditional
applications,
can be prone
to clogging

Moderate
lifespan,
requires
frequent
cleaning

Reflex (Refex)
Electrode

Fast

Excellent,
resistant to
most
chemicals

Low sensitivity,
with built-in
temperature
compensation

Minimal drift,
designed for
longer-term
stability

Ideal for
challenging
industrial
applications,
offers excellent
performance in
harsh

environments

Very long
lifespan,
minimal
maintenance

required



Why Choose Refex Sensors?
Our sensors stand out due to their innovative, robust design:
¢ No Built-in Obsolescence: We’ve eliminated porous reference liquid junction
diaphragms, avoiding contamination, poisoning, and KCl leakage risks.
¢ Moisture-Resistant Cables: With an IP69-rated fixed submersible cable, our sensors
prevent issues like moisture ingress and insulation failures.
¢ Reliable Connectivity: Refex sensors feature uninterrupted cables, ensuring consistent
performance and avoiding common failures like electrode polarization or premature
degradation.
Instrument Requirements for Optimal Performance
To maximize sensor performance, your pH instruments should feature:
o Dual High-Impedance Inputs: Minimum 2 x 10" ohms for pH and reference electrodes,
galvanically separated.
Traditional pH sensors often fail due to insulation loss, causing electrode degradation and zero-
point instability. Refex sensors are designed to address these issues, providing long-lasting
reliability.

Wiring Diagrams and Technical Support
We offer wiring diagrams for various popular transmitters, including:
e Yokogawa: FLXA 202 P, EXA PH202
¢ KNICK: ECO 2405, Stratos PRO 2
e Rosemount: 5081
e ABB: AX 400 Series Dual Channel pH, APA 592
e TOA DKK: HBM 100B pH Meter
e HACH: SI 792
e Endress + Hauser: Liquiline CM42 (analog inputs)
If your transmitter is not listed, let us know, and we will provide the appropriate wiring diagram
to simplify installation.

Next Steps to your successful pH application :
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Process pH/ORP Equipment Application Questionnaire

Contact Parson

Tolophono: | Fiax
oman
Adicironns
1. Existing Sensor Model: Existing Analyzer Model:
2. Analyzer Type: CJAC Line Powered 012 Wire 24 VDC OPportable
3, Application pH :monitoring O Control [J Labanalysis 0 Reporting 0 Corrosion © Spill
Industry: Other:
Type of Stream: O Industrial O WWTP: Inlet/Outlet/aeration Tank/Final Effluent/Other
Range Op  OORPmV)  Normal: High: Low;
Temperare  O0°C  O°F Normmnal: High: Low:
Pressure Okpa OPSIG Nonmal: High: Low:
Pure Water (pS/em) Normal: High: Low:
Buffer Activity (resistance to pH change) O Strong OModerate O Stight
4. Cleaning Process: Chemicals used:
Temperature: Pressure: CIp:0O Sip:0  Duration:
5. Sample Details; Flow Rate. Viscosity or Flow-ability, Emrained Solids: Frequency :
Flow Vdlocity Past Sensor: O mss  Ofs  Normal: High: Low:
Owater OSyrup OPaste OSlurry %Solids: Size of Lumps:
FIBER: None Presemt 00 or Entrained Fiber: Typical Fiber Lengthe
6. Are substances present that: OFitm O lmpact O Abrade OScale O Biological Growth ~ ONone
Describe:

7.pHis measured in: ~ OJSample Line [ Submerged in Open Tank O in pipe/fitting / Closed Tank  [J Open Stream or Sewer
8. Sensor Remaoval: O Pressure can be reduced to zero for removal [ Sensor withdrwn under pressure

9. Does solution measured contain: Liquid Analysis (Best if available)
Component Concentration
Solvents Oyves ONo
Ultrat Pure Oyes ONo
Oils Oys ONo
High Sodium Oyves ONo

10. Are clectrodes subject 10
Temperature Shocks  OYs ONo

Steam sterilizing Oves ONo
Wet-dry Conditions Ovyes ONo
Pressure Shocks Oyves ONo
11. Sensor cable length: O meters O feet
12, Extension/interface cable length from analyzer to J-box/VP connector: O meters O feet

13. Mounting interface nceded: O Yes O No, (thread size, thread type - ¢.g. 1" MNPT):

14. Connector Type: BNC ODirect O Variopin ~ Other:

15 The current lifetime of the sensor The desired life span :
16. Failure Mechanism:
17. Frequency of Sensor Cleaning: -
18. Frequency of Calibration: Desired Frequency:
19. Buffer pH/ORP Values:
20.Comments:
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