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Please be advised that this document serves as a supplementary guide to aid in the deployment of
Turtle Tough pH and ORP sensors. It is not intended to substitute the instructions provided in the
product manuals. Always refer to the individual product manuals for comprehensive guidance.
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WHY TURTLE TOUGH?

Determining Suitability for Turtle Tough Products

We sincerely value your interest in Turtle Tough sensors. For those who are acquainting themselves
with our brand and manufacturing ethos for the first time, there exist certain salient considerations
which are instrumental in identifying whether our products align optimally with your specific
application requirements. Your understanding of these key aspects is vital in making an informed
decision about the appropriateness of our sensor technology for your needs.

Turtle Tough Smart Sensors distinguish themselves from other
smart sensors in several key ways:

1. MODBUS RTU Output: All Turtle Tough Smart Sensors provide direct MODBUS RTU output.
This is an industry-leading, free, open-source digital protocol, which is not a standard feature
in many other smart sensors. This compatibility ensures seamless integration with a wide
range of systems and equipment, enhancing their usability and versatility.

2. Application-Specific Designs: Turtle Tough Smart Sensors are precision-crafted, with each
design and combination of materials specifically matched to the process requirements of the
client. This level of customization and precision manufacturing is not common among
mainstream sensor manufacturers, providing Turtle Tough with a unique edge.

3. Connectivity: Turtle Tough Smart Sensors offer broad connectivity options. They can be
directly integrated with your PLC, DCS, or data acquisition system, connected to a PC using
specific sensor management software, or even linked to Turtle Tough's portable Handheld
Field Communicator.

4. Durability and Resistance: These sensors utilize specific materials and technologies that
provide varying levels of durability and resistance, making them capable of withstanding tough
industrial environments that might degrade other sensors more quickly.

5. Long-term Cost Savings: While the initial investment might be higher, Turtle Tough Smart
Sensors are designed to offer superior performance and longevity, leading to reduced long-
term operational costs. This reflects the company's commitment to quality and value over
mere upfront savings.

6. Customer Support: Turtle Tough's commitment to understanding each client's process and
building a sensor that fits their needs implies a level of customer support and customization
not typically offered by larger, mainstream manufacturers. This personalized approach can
result in better outcomes and greater satisfaction for customers.

These factors together make Turtle Tough Smart Sensors a standout choice for demanding industrial
applications where conventional sensors may fall short.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 6
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Determining Potential Advantages with Turtle Tough

We position ourselves as a specialist manufacturer, with a focus on addressing complex applications.
The clientele we serve often experience challenges when using sensors produced on a large scale by
conventional, well-known brands. As a prospective client, your experience might echo these typical
issues:

e Elevated sensor usage coupled with high failure rates
e Inconsistent reliability and subpar accuracy
e Excessive maintenance, cleaning, and calibration demands

Should your experience deviate from these outlined difficulties, it is possible you may not adequately
benefit from a Turtle Tough solution. Our ability to effectively resolve your measurement concerns
hinges on a comprehensive understanding of these issues, often derived from past experiences with
mainstream products. This foundational understanding is critical to the development of a superior
solution.

What Makes Turtle Tough Stand Out?

Turtle Tough takes pride in crafting each of our products by hand with meticulous precision. We tailor
every design and blend of materials to align seamlessly with your specific process requirements. While
our services may command a higher initial investment compared to mainstream sensor brands, the
superior performance of our sensors results in significantly reduced long-term operational expenses.

Our prowess is evident in the world's leading mining, chemical, and manufacturing facilities where our
sensors have successfully outclassed the competition. As a compact team of fewer than 10 individuals,
our track record of success hinges on merit, even when pitted against competitors that significantly
outnumber us.

Choosing Turtle Tough implies opting for a team that is wholeheartedly committed to gaining a deep
understanding of your processes. Our aim is to craft superior sensors tailored to your requirements
that will ultimately yield substantial cost savings through enhanced process control.

Is There Potential for Cost Savings with Turtle Tough Sensors?

While it's possible that our sensors could lead to cost savings, that's not necessarily the primary goal.
The paramount incentive to utilize high-quality instrumentation, like Turtle Tough sensors, lies in
enhancing process control. This improvement can lead to savings on reagent costs, optimization of
yields, and a reduction in time devoted to sensor maintenance.

A majority of our clientele have realized cost savings in the realm of hundreds of thousands, even
millions, by capitalizing on these enhanced metrics. Opting for lower-cost sensors might seem
economical initially, but a comprehensive consideration of operational costs often reveals that it could
be a more expensive choice for your operation in the long run.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 7
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Is There a Qualification Process to Become a Turtle Tough Customer?

Indeed, we have an established qualification process, the transparency of which we strive to maintain
to preclude any potential disappointment. It's critical to understand that our labour-intensive,
precision-crafted, application-specific sensors may not be the optimal solution for all use cases.

To be considered a prospective Turtle Tough customer, you would typically be experiencing high sensor
usage and challenges with the proper functioning of sensors within your industrial processes. Given
our limited production capacity, we have set certain parameters:

e Qur sensors are specifically designed for large scale industrial applications
o Minimum usage 5 sensors per annum or $10,000 annual spend
e You should have prior measurement experience in this application
e They are not intended for use in small scale, laboratory, or research settings
e We do not provide sensors for complimentary trial evaluations or untested applications

Why YOUR prior experience is essential

Indeed, our claim to produce the world's best sensors stems not just from their performance but also
from the intensive process of development and refinement that each of our products undergoes. This
process heavily relies on historical performance data of similar sensors in similar applications. Without
such a foundation, we risk building sensors that may not meet customers' expectations or the rigorous
standards we've set for ourselves.

When we approach an untested application or an experimental project, the lack of existing
performance benchmarks poses a significant challenge. For instance, if we develop a sensor for a
completely new application, and it lasts for a month or even six months, without any basis for
comparison, the customer may still perceive this lifespan as insufficient, given the often-unattainable
expectation that the sensor should last forever. This perception issue can lead to dissatisfaction, even
when the sensor might be performing remarkably well for a first attempt in a new application.

Moreover, it's not only about building a sensor that lasts; it's about understanding why it lasts as long
as it does and how we can make it last even longer. This is where the role of prior experience comes
in. We learn from the failures of other sensors, understanding the factors that caused their demise,
and use that knowledge to build ours better. This iterative process of learning from past failures and
successes is crucial in our development of high-quality sensors.

Therefore, while we are open to innovation and are constantly working to broaden the scope of our
offerings, we have a clear preference for tested applications and projects with known performance
benchmarks. This approach allows us to continuously improve and provide our customers with reliable
sensors that stand up to their expectations. It also ensures that the performance of Turtle Tough
sensors can be appreciated and valued, because they can be compared to and are seen to outperform
existing products.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 8
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Price Considerations and Product Selection

At Turtle Tough, we have established distinct categories of sensors that leverage specialized materials
and technologies, delivering varying degrees of durability and resistance. We strongly recommend
consulting with us prior to selecting a sensor type. Our product experts possess the requisite
knowledge to advise on suitable materials and construction types, tailored to your application.

A decision based solely on price is seldom the most prudent approach when selecting sensors. We
have garnered recognition for our pH and ORP sensors, and to provide a general pricing overview:

e ULTRA - Extreme Duty (Starting at $2000 AUD*)
e TOUGH — Heavy Duty (Starting at $1600 AUD*)
e PRECISION — Medium/Light Duty (Starting at $1200 AUD*)

Please note, the above prices serve as a guideline for pH sensors only and are denominated in
Australian Dollars, excluding any taxes and additional local charges.

What is unique about our Smart Sensor Communication Technology?

The unique aspect of Turtle Tough Smart Sensors' connectivity lies in their integration capability with
the MODBUS RTU protocol, which offers several significant advantages:

1. Open-Source and Industry-Standard: MODBUS RTU is an open-source, industry-standard
protocol. This means it's widely supported and allows for high levels of interoperability with a
vast range of other devices and systems.

2. Direct Integration: The sensors can be directly integrated with various systems such as
Programmable Logic Controllers (PLCs), Distributed Control Systems (DCS), or data acquisition
systems. This direct integration capability simplifies the setup process and enhances the
sensor's usability.

3. Flexible Connection Options: Beyond standard control systems, Turtle Tough Smart Sensors
can also connect with the company's specific range of Controllers and Analysers, a PC using
dedicated Windows sensor management software, or a portable Handheld Field
Communicator. These options give users the flexibility to work with the tools and platforms
that best suit their operations.

4. Free Protocol: Unlike some proprietary protocols that come with licensing costs or require
specific, often expensive, hardware, MODBUS RTU is free to use. This removes barriers to
adoption and makes the integration of Turtle Tough Smart Sensors more cost-effective.

5. Real-time, Reliable Communication: MODBUS RTU allows for real-time communication
between devices, making it ideal for applications that require prompt data updates.
Furthermore, it's known for its reliability, making it a dependable choice for crucial industrial

applications.
Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com

Web: http://www.turtletoughsensors.com 9


mailto:info@turtletoughsensors.com
http://www.turtletoughsensors.com/

& _ | TURTLE
VY | TOUGH

VaY,
¢"2"9 | SENSORS ENGINEERED TO OUTLAST

These features provide Turtle Tough Smart Sensors with unique connectivity advantages that not only
boost their functionality and versatility but also make them a cost-effective choice for a wide range of
industrial applications.

Do you offer a direct replacement for my existing OEM sensor?

Turtle Tough do not provide a direct counterpart or equivalent to your existing Original Equipment
Manufacturer (OEM) sensor. Our Turtle Tough materials and technologies are entirely distinctive and
differ in every conceivable aspect from your current product. It is likely that the existing product does
not perform up to par due to its design or material selection, therefore replicating it would not be
advantageous. Should you need assistance in selecting the most suitable product, your local
representative would require an extensive description of your application, including details about the
chemicals involved and all physical parameters such as temperature, pH, conductivity, flow, and
pressure. Moreover, information regarding your preferred installation method for the sensor would be
valuable. We recommend you complete our comprehensive application questionnaire which will help
us to understand thoroughly the conditions under which the sensor will operate.

Do you offer Field Portable Meters?

We generally do not offer Field Portable Meters. Our product range is specifically designed for
continuous in-line application, providing critical data under the most consistent and repeatable
conditions possible. Portable measurements, in contrast, can be inherently inconsistent due to the
numerous human factors involved, leading to significantly varied results from one measurement
scenario to another. Unless an operator possesses a high level of training, meticulous approach, and
perfectly maintained equipment, portable measurements are not considered suitable for "process
critical" applications. We do provide certain portable devices that allow for field measurements for
cross-verification purposes, but this should not serve as the primary control method. It's also
important to note that industrial electrodes function differently than laboratory electrodes. This
distinction should be comprehensively understood before attempting to substitute a lab electrode with
an industrial type. For further details, please refer to our Frequently Asked Questions (FAQ) section,
specifically the topic: Industrial vs Lab Electrode.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 10
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Things you MUST KNOW about pH/ORP Sensors

Before proceeding with the installation of pH/ORP sensors, it is essential to be aware of the following
important factors:

1. Sensor Selection: Choose a pH/ORP sensor suitable for your specific application. Consider
factors such as the measurement range, chemical compatibility, and environmental conditions
to ensure optimal sensor performance.

2. Calibration: pH/ORP sensors require regular calibration to maintain accuracy. Familiarize
yourself with the calibration procedure and ensure you have the necessary equipment and
standards for proper calibration.

3. Installation Location: Select an appropriate location for sensor installation. Factors to consider
include process dynamics, chemical exposure, and accessibility for maintenance. Ensure the
sensor is positioned correctly for direct contact with the measured liquid.

4. Installation Guidelines: Adhere to the manufacturer's installation guidelines. Follow
recommended immersion depths, mounting techniques, and sealing methods to ensure
secure and accurate sensor placement.

5. Electrical Considerations: Properly wire and ground the pH/ORP sensor to minimize electrical
noise and interference. Follow electrical safety guidelines and consult with professionals if
needed.

6. Maintenance and Care: Establish a routine maintenance schedule for cleaning, calibration,
and inspection. Use recommended cleaning agents and techniques to prevent sensor damage
and maintain accurate readings.

7. Training and Support: Familiarize yourself with the sensor's operation and consult
manufacturer documentation. Seek training or support from experts to ensure proper
installation and operation.

By considering these factors and following best practices, you can ensure successful pH sensor
installation, accurate measurements, and reliable performance in your specific application.

Other Considerations

Sensor Lifespan

A pH/ORP sensor is considered a consumable in the sense that its lifespan is finite, and it deteriorates
over time due to exposure to chemicals. The more a pH/ORP sensor is exposed to chemicals, the faster
its performance and functionality will degrade, eventually leading to its failure.

Chemical exposure can have detrimental effects on the various components of a pH/ORP sensor. The
sensitive glass membrane, which is responsible for sensing changes in pH, can experience erosion,
etching, or dissolution when exposed to aggressive chemicals. This can result in a compromised
membrane, leading to inaccurate pH measurements.

In addition to the glass membrane, other parts of the pH sensor, such as the reference electrode and
junction, can also be affected by chemical exposure. Chemical reactions can lead to the depletion or

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 11
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poisoning of the reference electrode, disrupting the reference potential and further impacting the
accuracy of pH measurements.

The severity of the impact depends on the nature and concentration of the chemicals encountered by
the sensor. Strong acids, alkalis, oxidizing agents, or reducing agents can accelerate the degradation
process. Additionally, extended exposure to chemicals can result in the formation of deposits, coatings,
or fouling on the sensor's surface, further impeding its performance.

To mitigate the effects of chemical exposure, proper maintenance and cleaning procedures are
essential. Regular cleaning and calibration, as well as using protective measures such as chemical-
resistant coatings or guard solutions, can help extend the lifespan of pH/ORP sensors. However, it is
important to acknowledge that, despite proper maintenance, a pH sensor will eventually reach the
end of its lifespan and require replacement due to the cumulative effects of chemical exposure.

The lifespan of pH sensors exhibits significant variability based on the specific application, ranging from
shorter durations of weeks or months in demanding environments to longer durations of months or
years in less challenging conditions. Without prior experience, accurately predicting or estimating the
longevity and performance of a sensor is impractical. Sole reliance on theoretical analysis cannot
provide comprehensive insights into its behaviour. To enhance understanding of the factors influencing
sensor lifespan, we recommend consulting our guide on comprehending sensor history and
performance.
https://www.turtletoughsensors.com/support/general/understandig-sensor-history-performance

Sensor Performance

Sensor performance is influenced by various factors that need to be considered for optimal operation.
These factors include the location of the sensor, plant stability, temperature effects, start-up/shutdown
procedures, maintenance and care, and human factors. Each location should be assessed separately,
considering the forces and chemicals present. Maintaining plant stability is important to ensure
accurate measurements. Understanding temperature effects and managing them appropriately is
crucial for reliable sensor performance. Incorrect management during start-up or shutdown can lead
to sensor deterioration or failure. Proper maintenance techniques, including regular cleaning and
calibration, are essential for optimal performance. Human factors, such as variations in handling and
servicing sensors, should also be considered. Consulting with professionals and giving attention to
these factors can optimize sensor performance, improve longevity, and enhance the overall
measurement program, ensuring reliable and accurate readings in industrial settings.

Cleaning & Maintenance

Regular cleaning and maintenance of pH and ORP sensors are essential, following the guidelines
provided by the manufacturer. The frequency of cleaning can vary depending on the difficulty level of
the application, ranging from daily, weekly, fortnightly, to monthly intervals. Challenging applications
typically necessitate more frequent cleaning, while less demanding applications require less frequent
attention. Neglecting proper cleaning procedures, including the use of appropriate cleaning agents and
methods, will inevitably lead to a shortened sensor lifespan or even complete failure. The importance

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 12
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of adequate care should not be underestimated. For a comprehensive understanding of your specific
cleaning requirements, we recommend consulting a Turtle Tough representative and referring to our
Sensor Care and Maintenance Guide

https://www.turtletoughsensors.com/support/maintenance/sensor-care-and-maintenance

CLEAN IN PLACE (CIP) Installations

The Clean-in-Place (CIP) process can have various effects on pH sensors, depending on the specific
conditions and procedures used. It should always be recognised that a pH/ORP sensor is an
electrochemical device and the more a pH/ORP sensor is exposed to chemicals, the faster its
performance and functionality will degrade, eventually leading to its failure. Here are some potential
effects:

e Exposure to Cleaning Agents: During the CIP process, pH sensors may come into contact with
cleaning agents or chemicals. These substances can potentially affect the performance and
accuracy of pH sensors. Strong acidic or alkaline solutions used in the cleaning process may
cause deterioration or damage to the sensor's sensitive glass membrane or other components.

o Fouling or Coating: If the CIP process involves substances that can deposit or coat the sensor
surface, it can lead to fouling. Deposits on the sensor can create a barrier, affecting the
diffusion of ions and thus altering the pH readings. This can result in slow response times or
inaccurate measurements.

e Temperature Effects: CIP processes often involve high temperatures to enhance cleaning
effectiveness. Extreme temperature changes can impact the performance and calibration of
pH sensors. Thermal stress can affect the integrity of the sensor's construction, alter the
properties of the reference electrolyte, or cause shifts in the sensitivity of the sensor.

e Mechanical Stress: CIP processes typically involve vigorous flow rates and pressures. Strong
flows or pressure fluctuations can subject pH sensors to mechanical stress. Excessive stress or
physical impacts may damage the sensor or affect its calibration, leading to inaccuracies in pH
measurements.

e Sensor Contamination: If the CIP process does not effectively remove residues from the
cleaning agents or other substances, the sensor may become contaminated. Contaminants can
interfere with the sensor's performance, resulting in inaccurate pH readings.

To mitigate these effects, it is important to consider the compatibility of pH sensors with the cleaning
agents and conditions used in the CIP process. Selecting pH sensors specifically designed for CIP
applications, following manufacturer guidelines for sensor maintenance and cleaning, and regularly
calibrating the sensors after the CIP process can help minimize potential issues and ensure accurate
pH measurements. It may be necessary to completely remove the pH sensor during the CIP process if
it is sufficiently aggressive and leads to unacceptable sensor life.

Proper Installation

Proper installation of a pH/ORP sensor is a critical factor in achieving accurate and reliable operation.
It encompasses two key aspects: correct hardware selection and proper electrical installation. By
addressing both, optimal sensor performance can be ensured, and potential issues such as

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 13
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measurement errors, electrode damage, signal disruptions, and maintenance difficulties can be
mitigated.

The first aspect, hardware selection, involves choosing the right equipment for the specific installation
requirements. This includes considering factors such as the process environment, compatibility with
existing systems, and the desired level of performance. Adhering to manufacturer guidelines and
consulting with professionals can help in selecting the most suitable pH/ORP sensor for the application.

The second aspect, electrical installation, focuses on establishing a robust electrical connection that
minimizes potential problems like stray currents and ground loops. Proper wiring techniques,
grounding, and shielding measures should be followed to reduce noise and interference that could
affect the accuracy of pH/ORP measurements. Consulting electrical experts or following industry
standards can ensure a reliable electrical installation.

Overall, it is important to carefully assess the challenges and requirements of the installation and
follow recommended guidelines. By doing so, the pH/ORP sensor can be installed correctly, leading to
accurate measurements, prolonged sensor lifespan, stable signal transmission, and efficient
maintenance processes.

https://www.turtletoughsensors.com/support/installation/recommendations-for-installing-sensors

SENSOR RATINGS and HAZARDOUS AREA APPROVALS

It is important to note that our sensors do not possess hazardous area or any other intrinsically safe
certification. This primarily results from the bespoke nature of our manufacturing processes, making
type testing for each sensor financially challenging.

However, this does not necessarily restrict our sensors from being deployed in hazardous or potentially
explosive environments. Our sensors are employed extensively in such areas globally, demonstrating
their practical robustness. While the sensors contain low-current-draw electronics (a pH sensor, for
instance, draws less than 20mA), these components are thoroughly encased within several inches of
resin and silicone. This process effectively isolates the electronics from both the liquid and atmospheric
influences. Furthermore, our sensors are often fully submerged in a liquid medium, further insulating
them from potential atmospheric exposure. Although these measures would likely meet testing
standards, the sensors are not formally rated.

We do offer Hazardous Area Approved and EX-rated transmitters and controllers. These transmitters
often satisfy our customers' needs as the power supply to the sensor is typically of greater concern
than the sensor itself. The sensors are often seen as passive devices powered by the head unit. Some
customers choose to use an Intrinsically Safe (IS) barrier between the sensor and the transmitter, which
can be a suitable approach if it meets your needs.

Frequently, our end users engage independent hazardous area certification consultants to assess our
systems and acquire external approval. In the majority of cases, these assessments do not inhibit the
installation of our sensors. However, it's crucial to clarify that this practice doesn't constitute a
declaration that our sensors are intrinsically safe, but rather that they have been assessed for use in
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hazardous areas by competent authorities and have been found safe for use. It is recommended that
you obtain independent advice before using our sensors in hazardous area locations.

Guidelines for Handling and Commissioning Sensors

Although Turtle Tough sensors are designed to be rugged, they still contain delicate elements that
require careful handling. Treat the sensors with caution to avoid any impacts or mishandling that may
result in breakage.

Inspect Upon Receipt

Upon receiving a sensor shipment, conduct a thorough inspection to ensure there is no visible damage.
If any damage is observed, report it to Turtle Tough immediately and return the sensors to the supplier.

Bench Testing

Before installing the sensors into the process, it is essential to perform bench testing in a stable
environment, such as a laboratory or workshop. Connect the sensors to equipment on a test bench
and verify their operation against calibration standards to ensure proper functionality.

Report Malfunctions

If any sensor malfunctions or abnormalities are detected during bench testing, promptly report them
to Turtle Tough. Providing detailed information about the issue will assist in troubleshooting and
resolving any problems.

By following these guidelines, you can ensure that the handling and commissioning of Turtle Tough
sensors are conducted with care, minimizing the risk of damage and ensuring their reliable
performance in industrial processes.

Self-Integration of Digital Smart Sensors

TURTLE TOUGH DIRECT SMART SENSORS (DSS) are fully supported by a comprehensive range of factory
hardware solutions, enabling reliable connectivity and sensor management. Our ecosystem includes
SMART Analysers, Handheld Field Communicators, PC Communication tools, junction boxes, extension
leads, and power supplies, providing a complete solution.

However, it is important to note that integrating TURTLE TOUGH sensors directly into your industrial
network requires a moderate to high level of onsite expertise in system integration. This task should
only be undertaken by individuals with the necessary experience. While direct integration offers
significant benefits, it also carries a higher degree of risk due to potential unexpected issues when
integrating with third-party hardware.

Third-party hardware refers to any device or component not supplied by Turtle Tough, such as PLCs,
SCADA systems, DCSs, data loggers, and power supplies/isolators. We strongly recommend carefully
reading the sensor implementation guide to fully understand the installation requirements.

IMPORTANT: Our products offer incredible value and flexibility, including the ability to be directly
integrated with your MODBUS RTU and into your PLC or data acquisition system. We're aware that this
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direct integration can seem an enticing option due to the potential cost savings associated with
bypassing the purchase of additional controllers.

However, our experience has demonstrated that direct integration often proves to be a challenge for
many of our customers. The complexities involved in this process require a high level of skill and
technical knowledge, which, if lacking, can inadvertently lead to difficulties with the product. These
technical difficulties, unfortunately, could result in an unfavourable experience with our pH sensors,
which is certainly not the impression we want to leave.

To ensure that our customers have the best possible experience with our products and to mitigate the
potential for unforeseen technical issues, we strongly recommend purchasing our controllers when
initially trying our sensors. These controllers are designed to guarantee an optimal and hassle-free
operation of our pH sensors, enabling you to fully appreciate their capabilities.

Additionally, please be aware that due to the constraints of remote support, it can be challenging for
our team to provide comprehensive assistance with system-specific issues without being physically
present to assess your set-up.

In line with this, our policy allows for support on direct integration in large-scale applications where
10 or more sensors are being used. For initial trials and evaluations, however, we insist on using our
controllers and analyser to ensure a smooth operation and accurate appraisal of our products.

When integrating with third-party hardware, Turtle Tough Pty Ltd and its representatives can provide
only limited factory support. Any unexpected behaviour or damage resulting from third-party
hardware is not the responsibility of Turtle Tough. Our product support is limited to the information
provided in our field implementation notes and guidelines, specifically related to our product. We are
unable to address issues related to third-party hardware due to the infinite range of possibilities
available. It is the sole responsibility of the end-user to test and verify compatibility with their
equipment.

To mitigate risks and ensure a smooth integration process, we recommend:

e Reading the Field Installation Guide and Sensor Implementation Guide, seeking clarification or
further information from us if needed.

e Consulting with your third-party hardware provider to ensure their equipment meets our
minimum specification requirements outlined in our support documentation.

e Purchasing a handheld field communicator (TT-IPI-HFC) from Turtle Tough, which self-powers
the sensor, provides diagnostics, and allows independent testing to identify any sensor
performance or field installation issues.

e Alternatively, using a factory-supplied and tested Windows PC interface box for reliable
communication with the sensor, independently testable from your system.
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WARNING!!

Please be aware that removing or modifying our quick connect plugs in any way will void the warranty.
Only use Turtle Tough factory interface leads or panel mount connectors when interfacing with your
hardware.

Consultation with Turtle Tough:

At Turtle Tough, we request that all customers complete a detailed application questionnaire found on
our website to facilitate effective product selection for their specific needs. This questionnaire serves
as an initial step in understanding the fundamental characteristics of your application, providing us
with essential information.

It is important to emphasize that the questionnaire does not constitute personalized professional
advice. We do not offer engineering consultation services, and without comprehensive knowledge of
your specific process, we are unable to provide tailored recommendations for equipment selection.
Instead, any advice or recommendations we offer are of a general nature and are based on the
information you provide via phone or email.

As a manufacturer, we heavily rely on the accuracy and completeness of the information you share to
guide our product selection process. The questionnaire serves as a guide for equipment selection, but
it does not replace a professional consultation.

We must emphasize the significance of disclosing detailed information about your process. Failure to
do so may lead to critical factors being overlooked, resulting in improper equipment selection. It is
ultimately the responsibility of the end user to ensure that the chosen equipment is suitable and fit
for their intended purpose.

We value your cooperation in completing the application questionnaire and appreciate your
understanding of the limitations of our guidance.
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SUMMARY - AT A GLANCE

Sensor Selection

e Choose a pH/ORP sensor suitable for your specific application. Consult with Turtle Tough to
determine the appropriate product.

e Consider factors such as the measurement range, chemical compatibility, and environmental
conditions to ensure optimal sensor performance.

Calibration

e pH/ORP sensors require regular calibration to maintain accuracy.
e Familiarize yourself with the calibration procedure and ensure you have the necessary
equipment and standards for proper calibration.

Installation Location

e Select an appropriate location for sensor installation.
e Consider process dynamics, chemical exposure, and accessibility for maintenance.
e Ensure the sensor is positioned correctly for direct contact with the measured liquid.

Installation Guidelines

e Adhere to the manufacturer's installation guidelines.
e Follow recommended immersion depths, mounting techniques, and sealing methods to
ensure secure and accurate sensor placement.

Electrical Considerations

e Properly wire and ground the pH/ORP sensor to minimize electrical noise and interference.
e Follow electrical safety guidelines and consult with professionals if needed.

Maintenance and Care

e Establish a routine maintenance schedule for cleaning, calibration, and inspection.
e Use recommended cleaning agents and techniques to prevent sensor damage and maintain
accurate readings.

Training and Support

e Familiarize yourself with the sensor's operation and consult manufacturer documentation.
e Seek training or support from experts to ensure proper installation and operation.

Other Considerations

e A pH/ORP sensor is considered a consumable with a finite lifespan that deteriorates over time
due to exposure to chemicals.
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e Chemical exposure can have detrimental effects on the various components of a pH/ORP
sensor, such as the sensitive glass membrane, reference electrode, and junction.

Sensor Lifespan

e The more a pH/ORP sensor is exposed to chemicals, the faster its performance and
functionality will degrade, eventually leading to its failure.

e The lifespan of pH sensors varies significantly based on the specific application, ranging from
weeks or months in demanding environments to months or years in less challenging
conditions.

Cleaning & Maintenance

e Regular cleaning and maintenance of pH and ORP sensors are essential, following the
guidelines provided by the manufacturer.

o The frequency of cleaning can vary depending on the difficulty level of the application, ranging
from daily, weekly, fortnightly, to monthly intervals.

CLEAN IN PLACE (CIP) Installations

e The Clean-in-Place (CIP) process can have various effects on pH sensors, depending on the
specific conditions and procedures used.

e Potential effects include exposure to cleaning agents, fouling or coating, temperature effects,
mechanical stress, and sensor contamination.

e To mitigate these effects, consider the compatibility of pH sensors with the cleaning agents
and conditions used in the CIP process, follow manufacturer guidelines for sensor
maintenance and cleaning, and regularly calibrate the sensors after the CIP process.

Proper Installation

e Proper installation of a pH/ORP sensor is critical for accurate and reliable operation.

e It encompasses two key aspects: correct hardware selection and proper electrical installation.

e By addressing both, optimal sensor performance can be ensured, and potential issues such as
measurement errors, electrode damage, signal disruptions, and maintenance difficulties can
be mitigated.

SENSOR RATINGS and HAZARDOUS AREA APPROVALS

o Turtle Tough sensors are not formally rated for hazardous area or intrinsically safe
certifications. Some are classified as simple devices and satisfy IS requirements.

e Hazardous Area Approved and EX-rated transmitters and controllers are offered by Turtle
Tough.

Guidelines for Handling and Commissioning Sensors

e Treat Turtle Tough sensors with care to avoid any impacts or mishandling that may result in
breakage.
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e Inspect the sensors upon receipt for any visible damage and report it to Turtle Tough
immediately if observed.

e Perform bench testing before installing the sensors into the process to verify their operation
against calibration standards.

e Promptly report any sensor malfunctions or abnormalities detected during bench testing to
Turtle Tough.

Self-Integration of Digital Smart Sensors

e Integrating TURTLE TOUGH sensors directly into your industrial network requires a moderate
to high level of onsite expertise in system integration.

e This task should only be undertaken by individuals with the necessary experience.

e While direct integration offers significant benefits, it also carries a higher degree of risk due to
potential unexpected issues when integrating with third-party hardware.

o Carefully read the sensor implementation guide to fully understand the installation
requirements.

Consultation with Turtle Tough

e Complete a detailed application questionnaire found on the Turtle Tough website to facilitate
effective product selection for specific needs.

e The questionnaire serves as an initial step in understanding the fundamental characteristics of
the application, providing essential information.

e It is important to emphasize that the questionnaire does not constitute personalized
professional advice.

e Consultation with Turtle Tough is limited to general advice based on the information provided
via phone or email.
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INSTALLATION RECOMMENDATIONS

Turtle Tough pH/ORP Sensors are designed specifically for industrial processes. It is the responsibility
of the end-user to ensure that the process conditions align with the sensor's specifications to achieve
optimal sensor life.

IMPORTANT: Please ensure that you carefully review the specifications to ensure that the product
aligns with your specific physical and chemical conditions. While Turtle Tough representatives can
provide general product advice, it is crucial to consult with authorized representatives, tradespersons,
or engineers of the end user to verify that the product or installation method is suitable for your
intended purpose.

Submersible & Immersion

e Take precautions to prevent moisture ingress through the cable inlet/outlet

e  For fully submersible installations, choose appropriate waterproofing options during ordering

e Alternatively, use a fully sealed immersion rod with proper sealing to avoid process liquid
contact with the backend of the sensor

e Use stainless steel or suitable metallic immersion rods for grounding, as plastic rods are
susceptible to static and provide no grounding

e Avoid suspending the sensor by the cable, as it can damage backend connections. If required,
use the cable protection (CP) option for strain relief and environmental protection

Inline Installation

e Select the correct inline method during ordering (twist lock, sanitary, or hot tap)

e Avoid the use of front-end threaded connections to avoid cable stresses from twisting. Twisting
the cable will damage connections within the sensor

e For immersion sensors it is recommended to use our Inline Quick Release fittings when
installing inline

o Twist lock and sanitary tri-clamp methods are the minimum recommendation for reliable and
quick access, but these do require process line isolation for insertion and removal

e Hot tap (valve retractable assembly) allows live insertion/removal of the sensor

e Temperature compensation (TC) elements are located at the tip of inline sensors for accurate
temperature measurement, but proper protection is needed

e Submersible Sensor are NOT suitable for inline use, they do NOT have TC in the tip

e Avoid plastic pipework if possible, or install sensors in metallic housings for adequate
grounding or employ suitable earthing methods
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Earthing and Electrical Environment

e IMPORTANT: Ground loops are one of the most common problems encountered in new
installations. To avoid ground loops please review our documentation on Ground Loops &
Electrical interference

e Properly earth all electrical equipment and ensure sensors are installed in adequately
grounded environments

e pH/ORP sensors measure small millivolt increments, so any stray current can cause significant
shifts in readings

e Install sensors away from high current carrying equipment to avoid stray current and airborne
interference.

e Sensors should be installed a minimum of 30cm (12 inches) apart to avoid crosstalk. pH and
ORP sensor should be installed at least 60cm (12 inches) from active sensors, such as inductive
or current generating devices (ie conductivity, flow etc). This distance can vary and should be
tested on a case-by-case basis.

e  WARNING: the presence of ground loops will permanently damage a sensor

Position-Sensitive and Position Insensitive Sensors

e pH Sensors should ideally be installed at a 45° angle or vertically down to prevent air bubble
entrapment and ensure optimal interaction. At a minimum they MUST be 15° above the
horizontal plane. They should never be place horizontal or upside down as the air bubble
inside the glass element will rise to measurement tip and cause erroneous readings.

e ORP and Conductivity sensors are position insensitive, but vertical installation is
recommended for practical and safety reasons.

e Inverted or upside-down installation of pH or Dissolved Oxygen sensors should be avoided.

Choosing the Correct Waterproofing Option

e Inline, immersion, and submersible installations require appropriate waterproofing options.

e Depending on the level of isolation needed, Cable Protection, Standard Waterproofing, or
Extreme Waterproofing can be selected.

e Extreme Waterproofing is typically recommended for submersible installations.

e Ensure proper cable isolation back to the transmitter with the chosen waterproofing option.

e IMPORTANT: If there are any doubts regarding the compatibility of the sensor model with the
planned installation, it is advisable to contact the manufacturer for further guidance.

Guidelines for Inline, Immersion, and Submersible Installations

Turtle Tough's inline twist-lock sensors and immersion sensors are not designed to withstand
continuous exposure to rain or other forms of water on the back of the cable. Such exposure may lead
to shorting, resulting in various anomalous failure modes.

Any anomalous failure modes associated with this issue are considered improper installation problems
and are therefore not covered under the standard Turtle Tough warranty.
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While the sealing on the back of twist-lock and immersion sensors is water-resistant, it is not
completely waterproof. The default isolation method on the back of the sensor involves a strain relief
grommet. This design allows for slight movement of the sensor and minor water exposure without
causing sensor failure. However, in cases where more aggressive water exposure is expected at the
back of the sensor, additional precautions must be taken.

Inline Use - Indoor

When utilizing a standard sensor, such as our immersion or twist-lock sensor series, exclusively for
inline installations indoors (with no intention of immersion or submersion), no special precautions are
needed, assuming there is no exposure to corrosive gases or process media that could reach the back
of the sensor. Additionally, significant water exposure through area washdowns should be avoided.

Inline Use - Outdoor

For outdoor inline installations using a standard sensor (e.g., immersion or twist-lock sensor series),
special precautions are generally necessary. The most common approach is to seal the back end of the
sensor using conduit to isolate it. This is achieved by applying sufficient TEFLON tape and using an NPT
coupling to create the back sensor seal. A rigid or flexible conduit is then used to protect the cable and
provide isolation. This ensures the sensor remains protected from outdoor elements, preventing
potential damage to the back sensor seal and internal solder joints due to water exposure.

In cases where significant water exposure is expected, a waterproofing option can be added. The least
expensive Cable Protection option, using a 3/8"X1/2" vinyl tubing properly installed, is generally
sufficient. Alternatively, the more robust Standard waterproofing option may be used. It's essential to
note that waterproofing options must be installed at the time of manufacture and cannot be added to
already fabricated sensors.

Immersion Use

Immersion use refers to situations where the sensor is partially immersed in the process media, with
the back of the sensor remaining above the process media level. To ensure proper operation,
immersion installations always require sealing the back of the sensor with an appropriate mating
coupling (ie either 1" or %” FNPT depending on the sensor type) and running the cable within conduit.
The sensor should always be sealed onto the mating coupling with appropriate thread sealant such as
Teflon tape. The addition of Cable Protection or Standard waterproofing options can enhance the
sensor's lifespan and performance in such immersion setups. However, if meticulous care is taken to
seal the back of the sensor using a coupling and conduit back to the transmitter, the standard
immersion or twist-lock sensor can be used without adding a waterproofing option.

Submersible Use

Submersible use involves completely immersing the sensor into the process media, with the entire
sensor submerged, even at significant depths (e.g., 30cm below the fluid level or deeper). For
submersible installations, it is necessary to seal the back of the sensor with a mating NPT coupling and
use conduit for the cable run.
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For added protection, a Standard waterproofing option can be included if desired or required. If the
sensor has a cable length longer than the standard 3 meters, a special surcharge applies to the Cable
Protection and Extreme waterproofing options. While it is possible to use a standard immersion or
twist-lock sensor for submersible use without adding a waterproofing option, it is strongly
recommended to use the Standard or Extreme Waterproofing options, as they significantly enhance
the sensor's suitability for submersible installations.

Waterproofing Classifications

The waterproofing options are classified based on their level of isolation, ranging from nominal to
extreme, in the following order:

1. Cable Protection
2. Standard Waterproofing
3. Extreme Waterproofing

For most users, the Cable Protection, Standard Waterproofing, or Extreme Waterproofing options will
suffice. However, the Extreme Waterproofing option is specifically designed to accommodate
environments with oxidizing chemicals and organic solvents, catering to customers with more stringent
requirements. Generally, the Extreme Waterproofing option is recommended primarily for
submersible installations. Please be aware that ONLY the Cable Protection and Extreme Waterproofing
options ensure COMPLETE cable isolation back to the transmitter.

If you have any uncertainty about whether the specific sensor model you are using is suitable for your
intended installation style, we encourage you to reach out to the factory for further assistance and
guidance.

Installation of Smart Sensors

TURTLE TOUGH Smart sensors provide unprecedented benefits over conventional analogue sensors.
They have an incredible suite of diagnostics, sensor management and improved calibration and
maintenance features. To take full advantage of our smart sensor technology it is recommended you
consider the following for your installation:

e Choose an easy installation Method that facilitates hot swapping. This means you easily retrieve
sensors and clean and calibrate them in the laboratory or workshop.

The most accessible installation methods include:

e |Inline Sanitary
o Inline Twistlock
e Inline Hot Tap
e Inline Quick Release Triclover fitting
e Insertion Rod with Triclover Quick Release fitting
e Drop Tube Assembly
e Install the latest HARDWARE: Where possible deploy the latest and most advanced sensor
management hardware. This includes:
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o DSS TOUCHSCREEN series analysers provide the most comprehensive user experience
and advanced sensor management tools. This is the most intuitive and complete
sensor management tool we have ever created.

e HANDHELD FIELD COMMUNICATOR (TT-IPI-HFC): This unique little device is a very
powerful communication and configuration tool and is essential for troubleshooting
difficult installations, as well as performing cross verification of measurements.

e Windows PC Interface Software: Obtain the latest version of our ULTRA Analyser
Sensor Management Software. This is an essential item for advanced sensor
diagnostics, calibration and for remote support. If you support from the Turtle Tough
team, it is essential that you have this software to interrogate your sensors and send
the result to us directly.

IMPORTANT: Note sure what hot swapping is yet? Read our article on how this maintenance
technique will reduce your labour component by up to 50%.

INLINE SENSOR INSTALLATION PROCEDURE

Applies to:

e ULTRA Series Hot Tap Assemblies

e ULTRA Series Insertion Rod Assemblies
e Inline Sanitary Sensor Holders

e Retrofit Hot Tap Assemblies

Compatible Sensors: Turtle Tough Inline pH, ORP, and ISE sensors

CAUTION

Turtle Tough sensors and fittings are precision-engineered systems. Each sensor must only be installed
using the corresponding Turtle Tough holder, insertion rod, or hot tap assembly designed for it.

Use with non-Turtle Tough components may cause improper sealing, damage to the electrode, or
unsafe operation under pressure.

OVERVIEW

This procedure describes correct installation and removal of Turtle Tough sensors into their respective
fittings. The goal is to achieve a perfect seal, avoid mechanical stress on the glass sensor body, and
maintain operator safety under pressure.

Every step has intent—follow the sequence and the assembly will perform safely and reliably.

SAFETY AND PREPARATION

1. PRESSURE HAZARD — NEVER insert or remove a sensor from a live pressurised process without
following the correct valve sequence.
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In hot-tap and insertion systems, process pressure can eject the assembly if venting or valve closure is
incorrect.
Always confirm:

e Inner valve closed

e Outer valve closed

e Vent port open before installation or removal.

e Relieve trapped pressure before loosening any fitting.

e Keep a firm grip on the insertion rod or sensor body at all times.

When uncertain—depressurise. No measurement is worth a blow-out.

SENSOR CALIBRATION

Calibrate the sensor before installation using the procedure in your Turtle Tough transmitter or
controller manual. post-installation calibration is possible but risks twisting the cable and stressing the
seal. Pre-calibration also confirms that the sensor is functioning correctly before exposure to process
conditions.

CABLE PREPARATION

Feed the sensor cable through the fitting or insertion rod before seating the sensor.
Ensure the reducer and cable gland are already fitted but keep the gland loose—the cable must rotate
freely while the sensor is positioned.

Locking the gland too early transfers torque to the internal conductors, which can break the seal or
short the electrode.

O-RING LUBRICATION — THE SEAL THAT MAKES OR BREAKS IT

A dry O-ring will tear, twist, or pinch, leading to leaks or pressure failure.
Always lubricate O-rings before inserting the sensor.

Use a lubricant compatible with both the O-ring and the process fluid:

e Viton 75 (standard): use silicone or PTFE-based grease.

e Simriz / Kalrez: use a perfluorinated grease or equivalent.
If lubrication is prohibited (sanitary or ultra-pure service), wet the O-rings with isopropyl
alcohol—it eases insertion and evaporates cleanly.

Inspect O-rings every time; replace any that are nicked, flattened, or chemically swollen.

INSERTING THE SENSOR — CRITICAL CARE STEP A\ A\

The Turtle Tough Inline and ULTRA Series pH sensors contain a long internal glass tube running from
the measuring bulb to the rear threaded end. When tightened into the holder, this tube becomes a
slender glass beam clamped between two rigid points.
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Excess torque or side-load translates directly into shear stress along the glass length, often cracking
it invisibly.

Treat this step as if threading laboratory glass into metal—firm but delicate.

Inline and Sanitary Holders

1. Grip only the sensor body with the supplied rubber grip or a soft cloth—never the glass tip.
The bulb is thin and under vacuum; even slight side pressure can shatter it.

2. Lubricate the O-rings so the sensor slides smoothly without binding. A dry O-ring will grab and
twist, forcing the sensor to flex.

3. Insert the sensor straight into the bore. You'll feel the first O-ring resist, then seat.

4. Stop as the second O-ring begins to engage. Hold the sensor steady and rotate the holder, not
the sensor, to engage the %" MNPT threads.

Twisting the sensor transmits torque through the internal glass and can fracture it.

5. Tighten only until snug: finger-tight plus about a quarter-turn with a wrench.
Remember—you are sealing an O-ring, not compressing a gasket. Over-torque bends the glass
tube between the rigid rear thread and the softer front seal, producing horizontal stress from
tip to tail.

6. Check alignment: the sensor should remain straight and centred. If canted, back off and
reseat—never force it straight.

A correct installation feels smooth both in and out. If the sensor binds or creaks during removal, it was
over-torqued.

ULTRA Series and Retrofit Hot Tap Assemblies
Hot-tap systems add the risk of process pressure. Think of inserting a piston into a live cylinder.

Confirm both valves closed.

Mount the assembly using the appropriate thread sealant or gasket.

Slowly open the outer valve and vent port to equalise pressure.

Insert the sensor until the tip is fully immersed.

Tighten the compression fitting just enough to hold the sensor—avoid over-compression.
Secure the safety tether or blow-out harness.

Open the inner valve to expose the sensor to the process.

NouhkwnNeE

Any unusual stiffness or noise indicates trapped pressure—stop and vent again.

SEALING THE CABLE GLAND

After installation, tighten the cable gland firmly but not excessively to prevent water ingress along the
cable jacket. Moisture inside the cable is the number one cause of premature sensor failure.

For wash-down or outdoor environments, seal the rear threads and gland with an approved
waterproof compound.
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SENSOR REMOVAL
For Inline holders, simply reverse the installation sequence.
For ULTRA or Hot-Tap assemblies:

e Close the inner valve first.

e Open the vent port to relieve pressure before loosening anything.
e Maintain control of the sensor body throughout.

e Never stand directly behind the assembly during removal.

Once removed, clean, recalibrate, or store the sensor per Turtle Tough maintenance guidelines.

MATERIALS AND OPTIONS

e Body: 316 L Stainless Steel (standard)

e O-rings: Viton 75 standard; Simriz 485 or Kalrez 4079 optional
e Flanges: 1.5”, 2.0", 2.5" Tri-Clamp

e Custom insertion depths available on request

Always keep sealing surfaces clean and lightly lubricated for reliable long-term operation.

Direct Integration of Smart Sensors

TURTLE TOUGH Smart Sensors have a powerful MODBUS RTU output that supports direct integration
with data acquisition devices such SCADA, PLC, DCS and industrial computers. For large scale
installations this can provide significant financial benefits and immense flexibility for both data and
sensor management. There are however a number of considerations that need to be considered
before choosing self-integration as a product solution.

e This deployment is recommended for installations of 10 sensors or more. For installations
smaller than this the additional work and manpower involved becomes unfeasible.
Additionally, factory support for small scale operations is limited only to the documentation
provided on our website, as our engineers do not have the resources to provide custom levels
of support for small scale deployments.

e For deployments of less than 10 sensors it is recommended to utilise our turnkey solutions (ie
controllers and analysers).

e Where possible, utilise Turtle Tough factory hardware solutions which include such devices as
isolation modules, Handheld Field Communicators (TT-IPI-HFC), PC Communication interfaces,
junction boxes, extension leads, power supplies, quick connectors etc

o This ecosystem provides a complete solution for reliable connectivity and sensor
management.

e Direct integration requires onsite expertise in system integration and should be undertaken by
highly experienced individuals. This is commercial grade electronics rather than consumer
grade.
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e Direct integration offers benefits but also carries a higher degree of risk when integrating with
third-party hardware. It should be noted that:

o Third-party hardware includes devices like PLCs, SCADA systems, DCSs, data loggers,
power supplies/isolators, or any other externally sourced interfacing device or
component.

o Turtle Tough provide limited factory support for integrating sensors with third-party
hardware, and any issues arising from third-party hardware are not their
responsibility.

o Product support is limited to the information provided in the field implementation
notes and guidelines.

o Itis the end-user's responsibility to test and verify the compatibility of Turtle Tough
sensors with third-party hardware or software.

o Turtle Tough and its representatives cannot provide support or troubleshoot third-
party hardware as this is outside the scope of our knowledge.

e To successfully integrate the sensor directly with hardware, it is recommended to read the
installation and implementation guides, consult the third-party hardware provider.

e For any direct integration project, you SHOULD purchase a handheld field communicator (TT-
IPI-HFC) and Windows PC interface box from Turtle Tough. These devices perform critical
sensor configuration functions that are only available via factory supported devices (ie change
node address, baud rate, factory reset, calibration reset etc). Without the TT-IPI-HFC or
Windows Interface Box (WIB) you will have no way of accessing these functions and we have
no way of remotely supporting the product.

e Quick connect plugs on Turtle Tough sensors should NEVER be removed or modified as it voids
the warranty.

e Only Turtle Tough factory interface leads, or panel mount connectors should be used for
interfacing with end-user hardware.

o IMPORTANT: Never commence the installation or direct integration of a Smart Sensor without
thoroughly reviewing our detailed documentation, including sensor implementation guides,
field installation guides and supporting documentation. This can be obtained directly from
your representative or the website: www.turtletoughsensors.com. Failure to follow this
instruction can result in unreliable performance, shortened equipment life and permanent
equipment damage.
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SENSOR CARE & MAINTENANCE

For Turtle Tough pH and ORP Sensors

A Guide to Cleaning and Calibration

A frequently asked question pertains to the cleaning and calibration frequency of Turtle Tough sensors.
While providing a definitive answer is challenging due to the complex nature of individual scenarios, a
Turtle Tough sensor offers a decreased frequency for cleaning and calibration due to its enhanced
durability. Capable of lasting up to 10 times longer than ordinary sensors, a Turtle Tough sensor
experiences a reduced rate of deterioration, thereby extending the time between cleaning intervals
while still upholding the necessary accuracy and performance levels.

In the pursuit of optimal sensor performance, it is essential to understand the correlation between
cleaning frequency, efficacy, and the resulting effects on sensor life and accuracy. Striking a balance
between the labour hours dedicated to cleaning and maintaining sensors and the desired expectations
for longevity and precision is a highly individualized decision.

As a user of our cutting-edge sensor technology, we encourage you to consider these factors and make
informed choices based on your unique requirements and goals. Recognizing that one size does not fit
all, we refrain from imposing a single solution for all our valued customers. Instead, we are committed
to providing you with the necessary guidance and support to tailor your sensor maintenance strategy,
ensuring peak performance and reliability.

Factors influencing cleaning and calibration

There are several factors that determine how often a sensor will require cleaning and calibration, these
include:

e Sensor Contamination: the rate at which major constituents poison the sensor

e Sensor Deterioration: the rate at which the sensor is naturally depleted by the process through
chemical ion exchange, heat, pressure etc

e Accuracy: The user defined accuracy required to maintain acceptable process control

e Fouling: How quickly the process coats and blocks the sensor

e Cleaning Quality: using the right chemicals and techniques to remove contamination and
fouling from the sensor. Poor cleaning will lead to accelerated deterioration.

e Cleaning Frequency: Yes, even the frequency affects the frequency. More frequent cleaning
keeps the sensor in optimal condition for longer periods, whereas neglecting a sensor will
actually cause permanent changes & damage to the chemical structure which leads to an
increased requirement for cleaning & calibration.

IMPORTANT TIP: Often the biggest mistake users make is not attending to a sensor until it shows signs
of failure or incorrect readings (which could be weeks or months after installation). Often this is too
late to be recovered as permanent damage has already occurred. A sensor must be regularly cleaned
whether it is showing signs of distress or not.
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Do | need to clean a Turtle Tough Sensor?

YES, it is necessary to clean a Turtle Tough pH sensor to maintain its accuracy and performance.
Although these sensors are designed to be more stable and robust than conventional sensors, they
still require regular cleaning to remove fouling or process build-up that can affect their performance.
Additionally specific cleaning methods must be used to remove or neutralise chemical contamination
that is invisible to the naked eye. Conditioning is an important finishing step that ensure replenishment
of the reference system.

By following the recommended cleaning schedule for your application, you will prolong the life of your
Turtle Tough pH sensor and ensure hassle-free operation. Keep in mind that the cleaning process
should be carried out with care, using appropriate chemicals and avoiding any mechanical damage to
the delicate sensing elements.

Cleaning Made Easier

No one enjoys the task of cleaning, but we have engineered a range of enhancements over traditional
sensors that significantly alleviate this chore. These improvements encompass:

e Reduced Fouling: Our sensors are designed with expansive surface areas and composed of
low-fouling materials, taking much longer to clog or foul compared to conventional sensors.

e Open Geometry: The open designs promote high flow through the sensing element, naturally
preventing the accumulation of solids and build-up. Our robust sensing elements withstand
high velocities without any adverse effects, which in turn help maintain sensor cleanliness.

e Chemical Resilience: The distinct selection of construction materials renders our sensors highly
resistant to potent chemicals. This quality proves essential during the cleaning process, as
strong acids, alkaline, and surfactants can effectively eliminate contaminants without
damaging the sensor, unlike ordinary sensors.

e Physical Resilience: Our sensing elements rank among the most durable worldwide. With
proper techniques, you can mechanically clean a sensor and remove contaminants and fouling
that would be impossible with traditional sensors.

Important Note: It is crucial to differentiate between fouling and contaminants when cleaning the
sensor. Fouling refers to the visible accumulation of debris on the sensor's surface, which effectively
insulates it from the process. In contrast, contaminants are invisible substances that can chemically
alter and damage the sensor at a microscopic level. During the cleaning process, it is essential to not
only remove visible debris but also eliminate contaminants using appropriate chemical treatments.
This is why merely rinsing a sensor in water is insufficient for proper cleaning.

A general guideline for cleaning and calibration frequency is provided below:

Desired Accuracy Application Difficulty
Drift (pH units) TOUGH MODERATE EASY
0.1 2 7 14
0.3 7 14 28
0.5 14 28 56+

TABLE 1.0 - Frequency of cleaning and calibration interval represented in DAYS.
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NOTE: this is a general guideline only and should not be relied upon for accurate process control. Your
Turtle Tough consultant can advise in general terms whether your application is of TOUGH, MODERATE
or EASY application difficulty. As a general guide: if your existing sensors last less than 6 months,
consider you application TOUGH, up to 6-18 Months MODERATE and more than 18 months would be
considered EASY.

CIP Processes

The Clean-in-Place (CIP) process can have various effects on pH sensors, depending on the specific
conditions and procedures used. It should always be recognised that a pH/ORP sensor is an
electrochemical device and the more a pH/ORP sensor is exposed to chemicals, the faster its
performance and functionality will degrade, eventually leading to its failure. Here are some potential
effects:

e Exposure to Cleaning Agents: During the CIP process, pH sensors may come into contact with
cleaning agents or chemicals. These substances can potentially affect the performance and
accuracy of pH sensors. Strong acidic or alkaline solutions used in the cleaning process may
cause deterioration or damage to the sensor's sensitive glass membrane or other components.

e Fouling or Coating: If the CIP process involves substances that can deposit or coat the sensor
surface, it can lead to fouling. Deposits on the sensor can create a barrier, affect the diffusion
of ions and thus alter the pH readings. This can result in slow response times or inaccurate
measurements.

o Temperature Effects: CIP processes often involve high temperatures to enhance cleaning
effectiveness. Extreme temperature changes can impact the performance and calibration of
pH sensors. Thermal stress can affect the integrity of the sensor's construction, alter the
properties of the reference electrolyte, or cause shifts in the sensitivity of the sensor.

e Mechanical Stress: CIP processes typically involve vigorous flow rates and pressures. Strong
flows or pressure fluctuations can subject pH sensors to mechanical stress. Excessive stress or
physical impacts may damage the sensor or affect its calibration, leading to inaccuracies in pH
measurements.

e Sensor Contamination: If the CIP process does not effectively remove residues from the
cleaning agents or other substances, the sensor may become contaminated. Contaminants can
interfere with the sensor's performance, resulting in inaccurate pH readings.

To mitigate these effects, it is important to consider the compatibility of pH sensors with the cleaning
agents and conditions used in the CIP process. Selecting pH sensors specifically designed for CIP
applications, following manufacturer guidelines for sensor maintenance and cleaning, and regularly
calibrating the sensors after the CIP process can help minimize potential issues and ensure accurate
pH measurements. It may be necessary to completely remove the pH sensor during the CIP process if
it is sufficiently aggressive and leads to unacceptable sensor life.
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How to determine calibration frequency

Please note that our guidelines should not be solely relied upon to determine your calibration
requirements. Each chemical process is unique, and the required accuracy can only be determined by
your site-specific needs and the expertise of your process control personnel. Users must establish a
drift profile for their application before deciding on a suitable calibration interval. Cleaning and
calibration intervals may differ significantly between individual applications.

To ascertain drift characteristics, periodically test the sensor against a known buffer or accurate grab
sample to determine the rate of drift (i.e., the discrepancy between the displayed value and the
standardized solution). Test frequently at half the expected calibration frequency to gauge the sensor's
deviation from the standard solution. When the sensor reaches the threshold of your accuracy
requirement, this can serve as an indicator for establishing your calibration regimen. It is advised that
a sensor is thoroughly cleaned each time it is removed for calibration. Even if it appears clean, follow
the cleaning process to eliminate microscopic contaminants that could impact sensor performance.

The recommendations provided in this document apply to most Turtle Tough pH and ORP sensors.
However, care and maintenance for your specific sensor may differ from the descriptions provided
here. For information on proper care and maintenance for your particular pH or ORP sensor, tailored
to your installation and application, please contact the factory.

IMPORTANT TIP: To perform cross verification of measurement or measure sensor drift, always user a
buffer solution, rather than a grab sample. Buffers are the “gold standard” and present us with a
known, undisputable value for accuracy. Grab samples on the other hand are HIGHLY prone to human
and equipment error and serve as a rough guide only.

Establishing pH Validation and Calibration Intervals

Purpose

This section explains how to determine a practical validation and calibration interval for a pH sensor in
service.

The correct interval should not be guessed. It should be established by measuring how the sensor
actually drifts in the real process over time. The recommended method is to build a drift profile.

A drift profile allows the user to set a maintenance interval based on actual sensor behaviour and the
level of accuracy required by the plant.

Principle
There is no universal rule for how often a pH sensor should be calibrated.
The required interval depends on the application, including:

e process chemistry
e temperature
e fouling or coating tendency
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e solids loading

e installation conditions

e cleaning practice

e required measurement accuracy

For this reason, the correct approach is to monitor drift in the real process and then set the validation,
cleaning, and calibration regime accordingly.

Key Principle

Build a drift profile first. Then set the service interval from measured drift and acceptable error.

What Is a Drift Profile?

A drift profile is a record of how the sensor reading moves away from a known reference value over
time while in service.

This is done by periodically removing the sensor from the process and checking it against a
standardised buffer solution without performing a full clean first.

The result shows how quickly the installed sensor drifts under actual operating conditions.

Recommended Method

When commissioning a new sensor, or when establishing a maintenance regime for a new application,
the following method is recommended:

Install the sensor and place it into normal service.

After 2 days, remove the sensor from the process.

Rinse off process media only.

Dry the sensor.

Do not fully clean the sensor.

Place the sensor into a standardised pH buffer solution, preferably pH 4.
Allow the reading to stabilise and record the measured value.

Return the sensor to service.

Repeat this check every 2 days.

10. Continue until enough data points are collected to show a clear drift trend.

WooNOU R WDNPRE

A practical starting point is to collect at least 4 measurements over about 8 days.

Why the Sensor Must Be Checked “As Found”
The sensor should be checked in its as found condition.

This means the sensor is only lightly rinsed to remove process liquid. It must not be fully cleaned before
the validation check.

The reason is simple: the purpose of the test is to measure how the sensor was actually performing in
service at the time it was removed.
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If the sensor is fully cleaned before checking it in buffer, deposits or coatings may be removed and the
reading may improve artificially. That hides the true drift seen in the process and gives a false
impression of sensor performance.

Important
Only rinse and dry the sensor before the drift check. Do not carry out a full clean before validation.

Why Buffer Must Be Used

The only reliable way to measure drift is to compare the sensor against a standardised buffer solution.

A buffer provides a known reference point. This allows the user to see exactly how far the sensor has
drifted from a true value.

The sensor should not be checked by comparing it against another sensor.
Comparing one sensor to another is unreliable because it introduces too many uncertainties, such as:

e the second sensor may also have drifted

e the two sensors may not see identical process conditions
e installation differences may affect readings

e sensor response times may differ

e thereis no reliable way to know which sensor is correct

For this reason, another sensor is not a suitable reference when establishing calibration interval.

Important

Do not use another sensor as the reference when building a drift profile. Use a standardised buffer.
Recommended Buffer

For this method, pH 4 buffer is recommended.

This provides a stable and repeatable reference point for checking sensor drift over time.

The same buffer standard and the same checking method should be used throughout the trial so the
results remain consistent.

Example Drift Profile

The following example shows a sensor being checked every 2 days against pH 4 buffer:

Day |[Buffer Value Sensor Reading Drift
1 4.00 4.00 0.00
3 4.00 4.03 +0.03
5 4.00 4.06 +0.06
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Day |[Buffer Value Sensor Reading Drift

7 4.00 4.12 +0.12

9 4.00 4.20 +0.20

This shows the sensor gradually drifting away from the true pH value over time.

How to Use the Drift Profile

Once the drift trend is known, the plant can decide how much error is acceptable and set the
maintenance interval accordingly.

For example:

e if the maximum acceptable error is £0.1 pH, the service interval must be shorter
e if the maximum acceptable error is £0.2 pH, the interval may be longer
e some less critical applications may tolerate +0.3 pH or 0.5 pH

Using the example above:

e the sensor reaches about 0.2 pH error by Day 9
e this suggests the validation, cleaning, or calibration interval may be set at about 8 days,
depending on site practice and safety margin

The actual interval may be shorter or longer depending on the application and the plant’s required
accuracy.

Setting the Maintenance Regime

Once sufficient drift data has been collected, the site can establish a practical service regime. This may
include:

e routine validation interval
e cleaning interval

e calibration interval

e replacement planning

This regime should be based on:

e measured sensor drift
e process conditions

e required accuracy

e operating risk

The interval should then be reviewed if process conditions change.
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Caution
A fixed calibration interval such as “weekly” or “monthly” should not be assumed to be correct for all
applications.

The correct interval must be based on measured drift in the actual process.

Good Practice Notes

e Start with frequent checks when commissioning a new application.

e Use the same buffer standard and checking method each time.

e Record the results so that drift over time can be clearly seen.

e Do not fully clean the sensor before drift validation.

e Do not use another sensor as the reference.

e Review the interval if chemistry, fouling, or operating conditions change.

Summary
The correct answer to the question, “How often should a pH sensor be calibrated?” is:

It depends on how quickly the sensor drifts in the actual process and how much error the plant can
tolerate.

The proper way to determine this is to:

1. remove the sensor from service every 2 days initially

rinse and dry only

check it in pH 4 buffer

record the result

repeat to build a drift profile

set the validation and calibration interval based on measured drift and acceptable error
This method provides a practical, defensible, and application-specific maintenance regime.

ok wNnN

Maintenance Free (Not Clean Free)

Turtle Tough Digital pH and ORP sensors are a completely sealed assembly and are sealed for life. This
provides extreme process resistance as well as a maintenance-free sensor which greatly increases
sensor life and reduces labour costs. A Turtle Tough sensor does not contain any O-rings, washers,
gaskets, or serviceable components/assemblies. It does not require refilling of electrolyte or
replacement of any individual components. The only requirement is regular cleaning following our
recommended cleaning schedule for your application. Regular cleaning will prolong the life of your
sensor and ensure hassle-free operation.

General Cleaning Guidelines

To assist with the cleaning process, Turtle Tough provide a Cleaning Instruction Video on our website,
which serves as a visual guide. It is crucial to note that cleaning requirements will vary based on the
sensor's application, and we recommend obtaining a customized cleaning plan or guideline from your
Turtle Tough consultant to ensure optimal cleaning.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 37


mailto:info@turtletoughsensors.com
http://www.turtletoughsensors.com/

& _ | TURTLE
VY | TOUGH

VaY,
¢"2"9 | SENSORS ENGINEERED TO OUTLAST

To achieve the best results during cleaning, we suggest using the Turtle Tough cleaning kit, which can
be obtained from your local outlet. This kit has been specially formulated to provide the utmost care
to the sensing element and reference components, enhancing the sensor's performance and lifespan.
The kit includes a specialized glass cleaner/polish powder, a sensor conditioning solution, 15% HCI
solution, and various tools for reference cleaning and glass polishing.

To carry out proper cleaning, follow these steps:

1. Use a brush to remove any large solids and contaminants from the sensor tip while rinsing it
under tap water.

2. Soak the sensorin the 15% HCl solution for a minimum of 10 minutes or longer, if required, to
dissolve deposits.

3. Rinse the sensor thoroughly with water.

4. Use a blade to carefully scrape the reference material clean, taking care to avoid any contact
with the glass or sensing element.

5. Add a small amount of the glass cleaning powder (approximately 1/4 tsp) into a beaker. Wet a
cotton bud tip and create a paste with the powder. Apply the paste to the glass and polish the
glass tip with the cotton bud to remove any film or coatings.

6. Rinse the sensor thoroughly with water.

7. Soak the sensor in the sensor conditioning solution for at least 10 minutes or longer, if
required, to enhance sensor response.

IMPORTANT: We emphasize that appropriate protective equipment, such as gloves and eye
protection, should always be worn when handling the cleaning kit and cleaning the sensor.
Additionally, it is important to follow all safety precautions and work safe methods of your particular
workplace or jurisdiction.

By utilizing the Turtle Tough cleaning kit and following these recommended cleaning steps, you can
ensure optimal performance and longevity of your Turtle Tough pH/ORP sensor.

OTHER TIPS:

e Avoid scratching or vigorously scrubbing the pH or ORP (sensing) elements. These glass
electrochemical electrodes are delicate and can be easily damaged by mechanical force.

e The reference junction is made of solid-state material and can be cleaned using aggressive
chemicals. Consult the list of recommended cleaning solutions below. A sharp razor-edged tool
can also be used for mechanically cleaning this solid-state reference effectively.

o NEVER expose a sensor to STEAM. This will destroy the solid-state reference system.

e Exercise caution not to scratch the pH glass or ORP element when cleaning the reference
junction.

Approved cleaning solutions include:

e 5-15% Hydrochloric Acid (for alkaline deposits)

e 5-15% Sodium Hydroxide (for organic contaminants)
e Surfactant (non-ionic soaps such as Micro-90)

e 10% Ammonium Bifluoride

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 38


mailto:info@turtletoughsensors.com
http://www.turtletoughsensors.com/

& _ | TURTLE
VY | TOUGH

VaY,
¢"2"9 | SENSORS ENGINEERED TO OUTLAST

Cleaning the Reference Junction in the Presence of Oils and Fats

To effectively clean the reference junction, employ a mechanical method using a suitable straight-edge
razor. Carefully scrape the surface of the reference junction, taking precautions not to touch or scratch
the pH glass. This is achievable due to our unique solid-state reference technology.

To remove oily or fatty build-up from the pH glass, there are two primary methods. Begin with the
milder approach, and if necessary, proceed to the more aggressive technique.

1. The first method involves using a dye-free and fragrance-free surfactant, such as MICRO-90
cleaner. This effectively removes build-up without dehydrating the pH glass element.

2. If the first method is insufficient due to the build-up’s nature or extent, employ a NaOH
solution to chemically break the bonds in the oil or fat. While this caustic cleaning solution is
highly effective, it can dehydrate the pH glass, necessitating reconditioning time with HCl acid.
This step neutralizes any residual NaOH on the sensor. Conclude the process with final
conditioning in the conditioning solution before recalibration.

Removing Silicate Contamination

To eliminate silicate contamination, use a potent acidified ABF cleaning solution. A 10% ammonium
bifluoride (ABF) solution acidified with hydrochloric acid (HCI) is recommended for effective removal.
The degree of activation required (i.e., the amount of acid added to the 10% ABF stock solution just
before cleaning) depends on the extent of silicate fouling on the sensor and the cleaning frequency.
Silicate contamination cannot be removed without a strong activated ABF cleaning, as it binds to the
pH glass and reference surfaces. The strong acidified ABF cleaning solution dissolves deposited
silicates, making them easier to remove from the sensor tip. The Turtle Tough Ultra pH sensor with
High HF resistant glass is one of the few sensors globally capable of withstanding this intensive HF
cleaning regimen. The pH glass used for this cleaning service exhibits high impedance to ensure
durability and longevity.

WARNING: This procedure should only be attempted if the sensor is equipped with the High HF
resistant glass option.

IMPORTANT SAFETY NOTICE: The cleaning methods described above may involve hazardous
materials. These recommendations do not cover all necessary safety precautions, and it is the
responsibility of the end user to determine safe working principles to carry out this maintenance
regime. This should only be undertaken by qualified and trained personnel.

Conditioning for Calibration

Once the sensor has been cleaned, ensure it is thoroughly rinsed with deionized water to eliminate
any remaining cleaning agents. Subsequently, immerse the sensor in conditioning solution to
recondition the pH and reference elements. Conditioning solution is supplied in all Turtle Tough
pH/ORP Cleaning Kits. This solution consists of 1:1 mixture of Buffer pH 4 and saturated potassium
chloride (KCl). Certain sensors may also necessitate conditioning in saturated potassium chloride alone
if the reference junction's solid-state conductive polymer has been depleted of ions (common in clean
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water applications). Allow the sensor to condition in saturated potassium chloride and/or pH 4 buffer
for the duration needed to obtain the best calibration results.

Implement a Proven Cleaning and Maintenance Strategy

We strongly advise you to consult with a Turtle Tough representative to create a customized cleaning
plan tailored to your specific needs. In many cases, inadequate sensor performance can be attributed
to improper cleaning and maintenance practices. Failing to safely and effectively remove contaminants
can lead to premature sensor failure. Contact us to discuss the most suitable cleaning regimen for your
site or facility.

Improve Your Maintenance Program

Leverage the Power of Digital Smart Sensors

Hot swapping pH/ORP sensors is only feasible with smart digital sensors due to their advanced features
and capabilities that facilitate seamless sensor interchange. These intelligent sensors offer several
advantages that make hot swapping possible and efficient:

e Built-in Memory: Smart digital sensors store calibration data and sensor-specific information
within their internal memory. This enables the immediate recognition and accurate operation
of the sensor when it is connected to the system, eliminating the need to recalibrate when
switching sensors.

e Automatic Sensor Recognition: Digital sensors communicate with the transmitter or
controller, allowing for automatic recognition of the sensor type, calibration data, and other
essential information. This ensures a smooth transition when hot swapping sensors without
requiring manual input or adjustments.

e Enhanced Diagnostics: Smart digital sensors provide real-time diagnostic data, such as sensor
health and performance indicators, making it easier to identify when a sensor needs cleaning
or maintenance. This allows for timely hot swapping to maintain optimal process control.

o Simplified Maintenance: Digital communication simplifies the maintenance process by
providing detailed information about the sensor's condition and history. This enables more
effective cleaning and calibration regimes and ensures that the hot swapped sensor is in
optimal condition for use.

e Reduced Error: The digital communication between smart sensors and the control system
minimizes the risk of errors caused by signal noise or degradation, ensuring that the hot
swapped sensor operates accurately and reliably.

e Plug-and-play Capability: The ease of connecting and disconnecting smart digital sensors from
the system simplifies the hot swapping process, allowing for quick and straightforward sensor
replacement.

By utilizing smart digital sensors, hot swapping becomes a practical and efficient option for maintaining
accurate process monitoring, reducing downtime, and extending the life of your pH sensors, ultimately
enhancing overall process efficiency and quality.
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Benefits of Hot Swapping

Hot swapping pH/ORP sensors offers several advantages when implementing a cleaning regime. By
having multiple sensors available for use, you can ensure minimal process downtime and maintain
consistent monitoring and control. Here are some benefits of hot swapping pH sensors:

e Reduced Downtime: With hot swapping, you can replace a fouled or contaminated sensor
with a clean, calibrated one immediately, minimizing the time your process is without pH/ORP
monitoring. This helps maintain the efficiency and effectiveness of your process.

e Consistent Monitoring: By swapping out sensors for cleaning, you can ensure that your
process is consistently monitored by well-maintained and accurate sensors, contributing to
improved process control and product quality.

e Optimized Cleaning: Removing a sensor for cleaning allows for thorough and proper
maintenance without rushing or compromising the cleaning process. This can lead to a longer
sensor lifespan and better performance.

o Calibration Efficiency: While one sensor is being cleaned and calibrated, the other sensor
continues to monitor the process, ensuring uninterrupted data collection and process control.

e Extended Sensor Life: Regularly swapping and cleaning sensors can help extend their lifespan
by preventing excessive fouling or damage from contaminants, reducing the need for frequent
sensor replacement.

e Flexibility: Hot swapping pH/ORP sensors allows you to adapt your cleaning and maintenance
regime to specific process conditions or changes, ensuring optimal sensor performance.

By incorporating hot swapping into your pH/ORP sensor cleaning regime, you can maintain accurate
process monitoring, reduce downtime, and extend the life of your sensors, ultimately improving
overall process efficiency and quality.

ULTRA Communication Hub and Management Software

Enhance your sensor management toolkit with the Turtle Tough ULTRA Communication Hub and
Sensor Management Software. It's not just another communication and configuration tool—it's the
most comprehensive solution available for seamless connectivity and control over your Digital Smart
Sensors (DSS).

With the ULTRA Communication Hub, you can directly connect Turtle Tough Digital Smart Sensors to
your PC, opening up a world of possibilities. Our user-friendly Windows PC Management Software
empowers you to calibrate, configure, and manage your sensors with ease, all in one centralized
platform.

Key Features of the ULTRA Communication Hub:

o Windows PC Management Software: Our intuitive software grants you unprecedented control
over your sensors. View real-time sensor readings, perform calibrations, access sensor
diagnostics and history, and effortlessly determine sensor health. Experience unparalleled
visibility and make informed decisions with confidence.
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e Calibration Reports Made Easy: Printing calibration reports has never been simpler. The ULTRA
Communication Hub seamlessly generates detailed reports, providing a comprehensive record
of sensor calibrations for your documentation needs.

e Easy Plug & Play Interface: Enjoy a hassle-free experience with our user-friendly plug and play
design. Simply connect the ULTRA Communication Hub to your PC, and you're ready to go. No
complicated setup or configurations required.

o USB Powered Convenience: The ULTRA Communication Hub draws power directly from your
PC through a USB connection. No need for additional power sources or batteries—just plug in
and get to work. Experience hassle-free operation and uninterrupted productivity.

e Rugged and Reliable: Designed to thrive in industrial environments, the ULTRA
Communication Hub comes housed in a rugged NEMA 4X enclosure. It features three NEMA
6P quick-connect plugs, allowing simultaneous connection of up to 4 Smart Sensors,
maximizing efficiency and productivity. You can also connect multiple hubs to expand your
connectivity.

Elevate your sensor management capabilities with the ULTRA Communication Hub and Management
Software. Experience the power of seamless connectivity, advanced diagnostics, and effortless control
over your Digital Smart Sensors. Unlock the full potential of your Digital Smart Sensors and
revolutionize your sensor management workflow. Experience the future of sensor connectivity today.

Self-Cleaning Systems: Efficacy, Limitations, and Calibration Considerations

Self-cleaning systems for pH/ORP sensors are designed to automate cleaning processes, reducing
manual intervention and maintenance efforts. While these systems have their benefits, they also come
with certain drawbacks and limitations, particularly when it comes to calibration.

e Efficacy: Although self-cleaning systems help maintain sensor performance by removing
fouling and build-up from the sensor surface, they may not be effective in eliminating all types
of contaminants, especially those that are chemically or microscopically bound to the sensor.
This can lead to reduced sensor life and accuracy over time.

e C(Calibration requirements: Despite the automated cleaning capabilities of self-cleaning
systems, sensors still need to be periodically removed for calibration, as these systems alone
cannot perform this crucial task. Calibration ensures that the sensor maintains its accuracy
and performs optimally in various process environments.

e Recalibration after cleaning: It is important to note that every time a sensor is cleaned, it
should also be recalibrated to ensure optimal performance. This step cannot be overlooked or
automated by self-cleaning systems, further emphasizing the need for manual intervention.

e High expense: The installation and maintenance of self-cleaning systems can be costly,
particularly for smaller operations. Considering the potential shortcomings in cleaning efficacy,
system failures, and the need for manual calibration, the added expense may not be justifiable.

e Maintenance: Self-cleaning systems, designed to reduce maintenance efforts, may still require
periodic inspection, repair, and replacement of components, adding to the overall cost and
effort required for maintaining optimal sensor performance.
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In summary, while self-cleaning systems offer some advantages in terms of automation and reduced
manual intervention, they may not be the most effective or cost-efficient solution for all applications
due to their limitations in terms of calibration and cleaning efficacy. Hot-swapping smart digital sensors
provides a more reliable and comprehensive cleaning approach, ensuring accurate and consistent
performance across a wide range of process environments. Additionally, it allows for controlled
removal and calibration of sensors, contributing to improved sensor longevity and performance.

If you would still like to explore the feasibility of a self-clean system, please contact your Turtle Tough
representative.

Important Sensor Care Information

Sensor Selection

It is the end user's responsibility to ensure that sensors are not used beyond their specified
temperature and pressure limitations. Users should carefully assess the suitability of sensors for their
intended application(s). If you have any doubts about whether your sensor is appropriate for a specific
application, please consult the manufacturer for guidance. However, the ultimate decision regarding
the sensor's suitability lies with the end user.

Minimizing Thermal Shock for Enhanced Sensor Longevity

In high-temperature applications where the process liquid exceeds 70°C, taking preventive measures
against thermal shock is essential for prolonging the life of the sensor. Thermal shock occurs when a
sensor undergoes rapid temperature changes, resulting in the expansion and contraction of its internal
components. This process can cause damage, micro-cracking, accelerated deterioration, or even
complete sensor failure. To mitigate the effects of thermal shock, follow these guidelines for carefully
heating or cooling the sensor during removal, insertion, cleaning, and calibration processes.

Tips for Preventing Thermal Shock:

e Gradual Cooling: When removing a sensor from a hot process, allow it to air cool to ambient
temperature before immersing it in a cold liquid, such as a buffer or cleaning solution. This
gradual cooling helps to prevent thermal shock by allowing the sensor's components to
contract slowly and evenly, minimizing the risk of damage.

e Gradual Heating: Whenever possible, heat the sensor gradually during the insertion process.
If a gradual increase in temperature is not feasible within the process, consider a two-stage
heating approach before inserting the sensor into the hot process. For example, first immerse
the sensor in hot tap water (around 50-60°C) to bring it up to temperature, allowing the
components to expand slowly and uniformly. Then, place it into the hot process. This method
significantly reduces the impact of thermal shock, extending the sensor's lifespan and ensuring
reliable performance.
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By following these guidelines for minimizing thermal shock, you can protect your sensor from damage
and extend its useful life, ensuring consistent and accurate results in your high-temperature
applications.

Unpacking

e Please have a copy of your order with you when you unpack your instrument.

e Please check that you have all the parts that were ordered as soon as you open the box. If
anything is missing, or damaged, please contact your sales outlet immediately.

o All orders are checked when they leave the factory and performance indicators recorded on
our QA documentation.

e It is ALWAYS recommended to bench test the sensor upon receipt and prior to installation in
a controlled environment (ie in the lab or workshop) to verify correct operation.

e During installation, handle the sensor with care. Despite being tougher than your average
sensor, these are still delicate sensing instruments and can be damaged by improper handling,
unstable electrical installations and accidental contact with hard or sharp surfaces.

e Special care must be taken with the cable, to ensure it is not damaged by sharp or abraded
surfaces. Damage to the sensor cable will allow the ingress of liquid or moisture which will
cause internal failure of the electronics.

e If the instrument needs to be returned for any reason, please follow the return instructions
given in the manual.

Installation

e Please refer to our manual for installation requirements and always install in accordance with
the Turtle Tough directions.

Sensor Storage Guidelines

The standard shelf life for all Turtle Tough pH and ORP sensors is one year from the date of shipment.
Sensors stored longer than this period may still be functional but are no longer under warranty. To
maintain the performance and longevity of your sensor, adhere to the following storage guidelines:

e Storage Environment: Store sensors in a cool, dry location with the sensor tip (where the
pH/ORP element is located) oriented toward the ground.

e Conditioning Solution: All sensors come standard with a conditioning solution in the cap. This
solution is a mixture of 50% pH 4 buffer and 50% saturated potassium chloride (mixed by
volume). Ensure the sensor cap remains tightly affixed to the sensor body when not in use.

e Sealing the Cap: Seal the sensor cap with common piping Teflon or PVC tape to preserve the
conditioning solution and protect the sensor.

e Warranty Claims: Sensors that are to be returned for a shelf-life warranty claim must have the
original sensor cap and conditioning solution intact to be eligible for warranty replacement.
Contact the Turtle Tough factory before returning any sensor for warranty claim to obtain a
valid RMA (Return Merchandise Authorization) number.
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If you need to store your pH or ORP sensor for future use or plan to use it intermittently, following
these storage steps will help ensure the sensor's longevity and continued performance.

General Tips for Sensor Care

e Buffers must be fresh and free from contamination.

e Itisrecommended to utilize buffer 4 or 10, or a buffer solution with a value close to the process
measurement value, when testing or validating a sensor's operation or accuracy. Buffer 7
should never be used as a reference standard, as it represents 0 mV.

e Never use tap water or de-ionised water as a calibration standard.

e ALWAYS STORE your sensor in recommended conditioning solutions. Never store sensors in
demineralised/de-ionised water as this will cause irreparable damage to the sensor.

o Never follow the care instructions of another manufacturer and apply them to Turtle Tough
sensors. Our construction and chemistry is uniquely different and applying other care and
maintenance techniques may result in sub-optimal performance or even damage.

e |tisimportant to clean and calibrate the sensor at the same interval, as rinsing the sensor and
returning it to the process may not effectively remove microscopic contamination. This type
of contamination can be more detrimental than surface debris that is visible. Therefore, every
time a sensor is removed for maintenance, it should be thoroughly cleaned according to the
manufacturer's instructions, followed by a calibration.

Caustic Soda & Extreme Alkaline Environments

Caustic soda, also known as sodium hydroxide (NaOH), is a strong base that can impact the lifespan of
a pH sensor in several ways:

e Physical Deterioration: Strong caustic solutions can potentially erode or damage the physical
structure of the sensor, particularly if the sensor is made of materials that are susceptible to
such erosion.

e Chemical Degradation: Caustic soda is a strong base, and its presence could cause chemical
degradation of the glass bulb at the tip of the sensor which is sensitive to hydrogen ion
concentration. This could lead to slow response times and eventually inaccurate readings.

o lonic Strength Interference: High concentrations of sodium ions from caustic soda can affect
the liquid junction of the pH sensor (the part that allows the measurement circuit to be
completed). The ionic strength difference can create a junction potential, leading to offset in
the pH measurement.

o Alkaline Error: At very high pH values (generally above 12), most pH sensors start to exhibit an
error due to interference of sodium ions with hydrogen ions at the glass membrane of the
electrode. This is called alkaline error and can lead to the sensor displaying lower pH values
than actual.

To prolong the life of pH sensors, they should be cleaned and calibrated regularly, and if possible, a
sensor specifically designed to withstand high pH or caustic conditions should be used. It is highly
recommended to use our Teflon Silicone Sealant option for this application (consult with Turtle Tough).
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Furthermore, the sensor should not be left in the caustic solution longer than necessary for the
measurement to prevent unnecessary exposure.

CALIBRATION PROCEDURE FOR PH SENSORS

pH sensors, such as electrodes, work by creating a voltage proportional to the concentration of
hydrogen ions in a solution. Over time, the sensor's response to this ion concentration can drift, leading
to less accurate readings. Calibration ensures that your pH meter gives accurate readings by correlating
the sensor's response to known pH values, provided by the buffers. This is usually done with two or
more buffers that span the expected pH range of the samples you're testing. In this case, we're using
three points, pH 4, 7, and 10.

Here's the detailed procedure:

1. Prepare Your Equipment: Always clean the sensor in accordance to the manufacturer
instructions for your sensor. Following a thorough clean, rinse the pH probe with deionized
water; rinse thoroughly to remove any cleaning residues and blot dry using a clean, lint-free
cloth. Avoid rubbing the probe as this can cause static electricity build-up and potentially
damage the sensor. Set up your pH meter according to the manufacturer's instructions.

2. First Buffer Calibration (pH 7): We start with pH 7, as it's in the middle of the pH scale and
closest to the neutral point. This allows us to calibrate for both acid (lower pH) and base (higher
pH) errors. Immerse the probe in the pH 7 buffer solution, ensuring that it's fully submerged,
then allow the probe to stabilize. Once the reading is stable, adjust the pH meter to read
exactly 7.

3. Rinse the Probe: After calibrating in the first buffer, rinse the probe with deionized water to
prevent cross-contamination between buffer solutions. Blot dry as before.

4. Second Buffer Calibration (pH 4 or 10): After the probe has been rinsed and dried, immerse it
in the second buffer solution. If you'll be measuring acidic solutions, use the pH 4 buffer; for
basic solutions, use the pH 10 buffer. Once the reading stabilizes, adjust the pH meter to read
the buffer's pH value.

5. Rinse the Probe Again: Rinse the probe with deionized water and blot dry.

6. Third Buffer Calibration (pH 10 or 4): Finally, repeat the process with the third buffer solution.
If you used the pH 4 buffer previously, now use the pH 10 buffer, and vice versa. Once again,
after the reading stabilizes, adjust the meter to read the buffer's pH value.

7. Final Rinsing and Storage: Rinse the probe one last time with deionized water, blot dry, and
then store the probe as recommended by the manufacturer.

Important:

e Always allow the pH sensor to reach thermal equilibrium with the calibration solution, prior
to calibration. Check the pH sensor temperature value to ensure it is stable and has reached
equilibrium with the calibration solution. Failure to allow for the sensor to be at equilibrium
with the solution can lead to large calibration errors.

e By calibrating your pH sensor at three points, you can ensure its readings are accurate across
a wide range of pH values, in both the alkaline and acid range of measurement.
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e Make sure to calibrate regularly, especially if you're using the meter for important
measurements or if the probe is being used in harsh conditions that could cause it to drift
more quickly. Make sure that you ALWAYS clean the sensor, prior to each calibration.

e Always use fresh buffer solutions each time to ensure accuracy, and to check the expiry dates
of your buffer solutions, as their pH values can change over time.

e To validate a pH sensor’s accuracy, always place it in a known buffer solution, rather than rely
on measurements from another device (like a portable meter). Cross verification with another
devices involves a lot of steps and invites a great opportunity for error. Known calibration
samples are the strongest method of verification.

2 Point vs 3 Point Calibrations

The following explains the differences between two-point and three-point calibration procedures for
a pH sensor, including the reasons why you might choose one method over the other. For the purpose
of this explanation, we'll use pH 7 as the neutral point, pH 4 as the acidic point, and pH 10 as the
alkaline point. It is important to note that not all equipment is capable of performing a 3-point
calibration and you should refer to your hardware instructions prior to attempting a 3-point calibration.

Two-Point Calibration

In a two-point calibration, we typically use a neutral buffer (pH 7) and then either an acidic buffer (pH
4) or an alkaline buffer (pH 10) depending on the expected pH range of your samples.

1. Clean the Probe: Rinse the pH probe with deionized water to remove any residues. Blot dry
using a clean, lint-free cloth. Be gentle to avoid causing static electricity build-up.

2. Calibrate with pH 7 Buffer: Immerse the probe in the pH 7 buffer solution and allow it to
stabilize. Once the reading is stable, adjust the pH meter to read 7.

3. Rinse the Probe: Rinse the probe with deionized water to avoid cross-contamination, then blot
dry.

4. Calibrate with Second Buffer (pH 4 or 10): If you'll be measuring mostly acidic solutions, use
the pH 4 buffer. If you're measuring basic solutions, use the pH 10 buffer. Immerse the probe,
allow it to stabilize, then adjust the meter to read the buffer's pH.

5. Rinse and Store the Probe: Rinse the probe one final time, blot dry, and store according to the
manufacturer's instructions.

A two-point calibration is adequate for most general applications where the highest level of precision
is not required. It's simpler and faster than a three-point calibration, but less accurate.

Three-Point Calibration

A three-point calibration is more precise because it allows the meter to independently record the acidic
and alkaline slopes, which can sometimes differ. If high precision is required, this is the preferred
method.

1. Clean the Probe: As before, rinse and dry the pH probe before starting.
2. Calibrate with pH 7 Buffer: Immerse the probe in the pH 7 buffer and allow it to stabilize.
Adjust the pH meter to read 7.
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3. Rinse the Probe: Rinse with deionized water to prevent cross-contamination, then blot dry.

4. Calibrate with pH 4 Buffer: Immerse the probe in the pH 4 buffer, allow it to stabilize, then
adjust the meter to read 4. This establishes the acidic slope.

5. Rinse the Probe: Rinse and blot dry again.

6. Calibrate with pH 10 Buffer: Finally, immerse the probe in the pH 10 buffer, allow it to stabilize,
then adjust the meter to read 10. This establishes the alkaline slope.

7. Rinse and Store the Probe: Rinse the probe one last time, blot dry, and store as recommended
by the manufacturer.

In conclusion, two-point calibration is often adequate for general use, but if your application requires
high precision or you'll be measuring over a wide pH range, a three-point calibration can provide more
accurate and reliable results. In all cases, regular calibration and proper probe maintenance are
essential for accurate pH measurements.

IMPORTANT:

Not all pH meters are capable of performing a three-point calibration. The ability to perform such a
calibration, where both the acidic (pH 4) and alkaline (pH 10) slopes are recorded independently,
depends on the sophistication of the pH meter.

Basic pH meters are usually limited to two-point calibration. These devices simply assume a linear
response across the entire pH scale from the acidic point to the alkaline point. They cannot store
separate data for the acidic and alkaline slopes, which can sometimes differ.

In contrast, more advanced pH meters, including those equipped with smart sensors, can perform
three-point calibrations. These devices can store separate slope data for the acidic and alkaline parts
of the pH scale, resulting in more accurate readings across a wider pH range. This capability is
particularly useful when measuring samples that could fall anywhere on the pH scale or when highest
possible accuracy is required.

Smart sensors take advantage of the digital technology, incorporating memory and processing
capability within the sensor itself. This allows for more advanced features, such as on-board data
storage (including separate acidic and alkaline slope data), temperature compensation, sensor health
diagnostics, and more.

Therefore, the choice of pH meter and the calibration method to be used will depend on the needs of
your specific application, whether that be simplicity and speed or high precision across a wide pH
range. It is always important to understand the capabilities and limitations of your equipment to
ensure that your measurements are as accurate and reliable as possible.
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UNDERSTANDING PH & ORP SENSOR PERFORMANCE

To ensure effective process control and cost management, it is imperative to develop a comprehensive
understanding of the behaviour of pH and ORP sensors across various plants and sites. These sensors,
which function as consumable electrochemical devices, are susceptible to both poisoning and
depletion during operation. Their lifespan is influenced by exposure to chemicals and extreme
conditions, necessitating replacement when they reach the end of their useful life. In demanding
applications, replacement intervals may be as short as weeks or months, while in less challenging
scenarios, they can be extended to months or even years. Moreover, the maintenance and attention
required by these sensors can consume considerable human resources.

Irrespective of the specific application, establishing benchmarks for sensor lifespan and performance
is crucial to accomplish the following objectives:

e Streamline maintenance activities to minimize the labour-intensive management of sensors,
which often constitutes a substantial expense.

e Enhance the longevity and/or performance of sensors.

e Promptly detect any changes within the plant or operation and implement corrective
measures.

e Maintain an adequate inventory of replacement sensors.

e Continuously improve the sensor measurement program, encompassing design and
instrumentation.

FACTORS AFFECTING SENSOR ACCURACY & PERFORMANCE

It is important to recognise that there are both human and application specific factors that can
influence the performance of your sensor, and careful consideration should be given to each of the
following:

Human-Specific Factors

1. Improper Calibration
Calibration involves adjusting the pH sensor to standard reference points. If done inaccurately
or infrequently, it leads to drift. Users may use improper calibration solutions, fail to account
for temperature effects, or neglect regular calibration schedules. Obtaining a poor slope due
to calibration errors or introducing temperature compensation errors can result in systematic
errors in readings, reducing the reliability of measurements.

2. Improper Cleaning
Improper cleaning of a pH sensor can significantly contribute to sensor drift, a gradual shift in
the sensor's readings away from the true pH value. Manufacturers guidelines must always be
strictly followed, and you should always obtain application specific instructions from your
manufacturer, as each application will have different cleaning requirements.

3. Improper Storage
pH sensors should be stored in a suitable storage solution (often a buffer or a special storage
solution) to keep the membrane hydrated and maintain the reference electrode's condition.
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Storing in distilled water, dry conditions, or other inappropriate environments can damage the
sensor. Failure to store the sensor properly can result in dehydration of the glass membrane
or contamination of the reference electrode, leading to slow response times and inaccurate
readings.
4. Mechanical Stress

Rough handling, dropping, or subjecting the sensor to vibrations can damage its internal
components, especially the glass membrane and the internal reference system. Physical
impact can result in physical alterations to the sensor, causing drift or outright failure.

Application-Specific Factors

5. Aging of the Sensor
Over time, the sensor's components, particularly the glass membrane and reference
electrode, degrade naturally due to continuous exposure to various samples and
environmental conditions. This results in a gradual loss of sensitivity and accuracy, leading to
drift.

6. Coating on the Electrode
Substances from the sample, such as proteins, minerals, or other materials, can deposit on the
electrode, forming a coating that impedes its response. This will slow down the response time
of the sensor and leads to inaccurate readings.

7. Changes in the Reference Electrode
The reference electrode can suffer from contamination or clogging of its junction, which is
crucial for maintaining a stable reference potential. This will alter the reference potential,
leading to drift in pH measurements.

8. Temperature Fluctuations
pH measurements are temperature dependent. Fluctuations in temperature without proper
compensation can significantly affect the sensor's output. Not allowing sufficient time for the
sensor to reach thermal equilibrium during calibration and/or allowing it to equilibrate to
process temperature will causer the sensor to report incorrect pH values if the temperature
effect is not accurately accounted for.

9. Chemical Damage
Prolonged exposure to harsh chemicals or environments (like extreme pH values) can damage
the sensor. This will reduce the lifespan of the sensor and affects its accuracy.

10. Electrical Interference
External electrical noise or interference, such as from nearby equipment or power lines, can
affect the sensor's output signal. This Introduces noise into the measurements, resulting in
fluctuating or inaccurate readings.

11. Depletion of Internal Solutions
In sensors with an internal electrolyte, this solution can become depleted or contaminated
over time. This alters the internal reference potential, leading to drift.
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12. Pressure Changes
Significant changes in pressure, especially in deep liquids or pressurized systems, can affect
the sensor's membrane and internal components. This causes mechanical stress on the sensor,
potentially leading to altered readings.

13. Membrane Degradation
The glass membrane may become less sensitive or damaged due to physical wear, chemical
exposure, or cleaning procedures. This will affects the membrane's ability to accurately
measure pH, leading to drift.

14. lonic Strength Variations
Samples with very low or high ionic strength can affect the sensor's response, as pH
measurements assume a certain level of ionic strength in the sample. Such conditions leads to
inaccurate pH readings in samples outside the normal ionic strength range.

15. Biofouling
In biological samples, microorganisms can grow on the sensor surface, especially if the sensor
is used continuously or not cleaned properly. Biofouling interferes with the sensor's ability to
measure pH accurately, causing drift or erroneous readings.

While human-specific factors can often be controlled through training and procedural guidelines,
application-specific factors require regular monitoring, sensor maintenance, and sometimes sensor
design considerations to mitigate.

IMPROPER CLEANING & CARE

Inadequate cleaning and maintenance constitute a substantial human factor that warrants careful
attention. The proficiency in this regard is often limited, as there is a notable deficit in comprehensive
training and a lack of initiative to fully understand the specific requirements of individual processes.
Although general guidelines for the rudimentary upkeep of a sensor are available, it is imperative to
recognize that each application exerts a distinct influence on a sensor's functionality. This necessitates
a tailored approach to maintenance, underscoring the importance of meticulous and informed care
for optimal sensor performance.

Effects of Improper Cleaning

e Coating and Build-up
Residues from samples can adhere to the sensor, especially the glass membrane. Improper
cleaning might not remove these residues effectively, leading to a coating on the membrane.
This coating acts as a barrier, slowing the response of the sensor to pH changes and causing it
to read inaccurately.

o Damage to the Glass Membrane
Aggressive cleaning methods or harsh chemicals can damage the delicate glass membrane.
Scratches or etching on the membrane surface alter its characteristics, leading to inaccurate
pH readings.

e Altered Junction Potential in Reference Electrode
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The reference electrode has a junction that can become clogged with impurities if not cleaned
properly. Clogging or contamination of this junction alters the stable reference potential,
causing drift in readings.

e Introduction of Contaminants
Using unclean or inappropriate cleaning solutions can introduce new contaminants to the

sensor. These contaminants might react with the sensor materials, affecting their
performance.

e Dehydration of the Sensor:
Improper cleaning and subsequent storage (e.g., allowing the sensor to dry out) can lead to

dehydration of the glass membrane. A dry membrane responds slowly and inaccurately,
contributing to drift.

Best Cleaning Practices

To prevent drift caused by improper cleaning, it is essential to:

e Use recommended cleaning solutions appropriate for the type of samples measured.

e Gently clean the sensor, especially the glass membrane, to avoid physical damage.

e Rinse the sensor thoroughly with deionized water after cleaning to remove any cleaning
solution residues.

e Store the sensor properly in a suitable storage solution to keep the membrane hydrated.

In summary, improper cleaning can impact the physical and chemical integrity of the pH sensor, leading
to slow response times, altered sensor characteristics, and ultimately drift in the pH readings. Regular,
gentle, and appropriate cleaning and maintenance are crucial for ensuring the accuracy and longevity
of pH sensors.

IMPROPER CALIBRATION

Improper calibration is a significant human factor that can adversely affect the accuracy and reliability
of sensor readings. This issue, however, is readily addressable through adherence to established
guidelines and written procedures.

Calibration involves adjusting the sensor to align with known reference points, ensuring that the
readings it produces accurately reflect the true values of the measured variables. Inaccuracies in
calibration can stem from various human errors, such as using incorrect calibration solutions, failing to
account for environmental factors like temperature, or neglecting the specific requirements of the
sensor or application.
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To mitigate these issues, it is essential for individuals responsible for sensor calibration to:

e Follow Established Protocols: Adhering to detailed, step-by-step calibration procedures can
significantly reduce the likelihood of human error. These protocols should be clear,
comprehensive, and tailored to the specific type of sensor and its application.

e Use Correct Calibration Solutions: It's crucial to employ the appropriate calibration solutions
that match the sensor's specifications and the range of the measurements. Using expired or
contaminated solutions can lead to inaccurate calibration.

e Account for Environmental Conditions: Factors like temperature, humidity, and atmospheric
pressure can influence sensor readings. Calibration procedures should include steps to
account for these environmental variables, ensuring more consistent and accurate results.

e Regular Training and Competency Assessment: Individuals responsible for calibration should
receive regular training to stay updated on best practices and to reinforce their understanding
of the importance of proper calibration. Competency assessments can help identify areas
where additional training may be needed.

e Documentation and Record-Keeping: Maintaining detailed records of calibration procedures,
including dates, conditions, solutions used, and the individuals performing the calibration, can
help track sensor performance over time and identify potential issues early.

e Routine Calibration Checks: Regularly scheduled calibrations, as opposed to calibrating only
when issues arise, can help maintain the accuracy of the sensor and prevent drift.

By instituting these practices, organizations can significantly reduce the impact of human error on
sensor accuracy, ensuring more reliable and consistent data collection. This proactive approach to
calibration is a fundamental aspect of quality control and maintenance in any application involving
sensitive measurement equipment. For more information review the Turtle Tough calibration

procedure.
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Establishing pH Validation and Calibration Intervals

Purpose

This section explains how to determine a practical validation and calibration interval for a pH sensor in
service.

The correct interval should not be guessed. It should be established by measuring how the sensor
actually drifts in the real process over time. The recommended method is to build a drift profile.

A drift profile allows the user to set a maintenance interval based on actual sensor behaviour and the
level of accuracy required by the plant.

Principle
There is no universal rule for how often a pH sensor should be calibrated.
The required interval depends on the application, including:

e process chemistry

e temperature

e fouling or coating tendency

e solids loading

e installation conditions

e cleaning practice

e required measurement accuracy

For this reason, the correct approach is to monitor drift in the real process and then set the validation,
cleaning, and calibration regime accordingly.

Key Principle
Build a drift profile first. Then set the service interval from measured drift and acceptable error.

What Is a Drift Profile?

A drift profile is a record of how the sensor reading moves away from a known reference value over
time while in service.

This is done by periodically removing the sensor from the process and checking it against a
standardised buffer solution without performing a full clean first.

The result shows how quickly the installed sensor drifts under actual operating conditions.

Recommended Method

When commissioning a new sensor, or when establishing a maintenance regime for a new application,
the following method is recommended:

1. Install the sensor and place it into normal service.
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After 2 days, remove the sensor from the process.

Rinse off process media only.

Dry the sensor.

Do not fully clean the sensor.

Place the sensor into a standardised pH buffer solution, preferably pH 4.
Allow the reading to stabilise and record the measured value.

Return the sensor to service.

Repeat this check every 2 days.

10. Continue until enough data points are collected to show a clear drift trend.

LN A WN

A practical starting point is to collect at least 4 measurements over about 8 days.

Why the Sensor Must Be Checked “As Found”

The sensor should be checked in its as found condition.

This means the sensor is only lightly rinsed to remove process liquid. It must not be fully cleaned before
the validation check.

The reason is simple: the purpose of the test is to measure how the sensor was actually performing in
service at the time it was removed.

If the sensor is fully cleaned before checking it in buffer, deposits or coatings may be removed and the
reading may improve artificially. That hides the true drift seen in the process and gives a false
impression of sensor performance.

Important
Only rinse and dry the sensor before the drift check. Do not carry out a full clean before validation.

Why Buffer Must Be Used
The only reliable way to measure drift is to compare the sensor against a standardised buffer solution.

A buffer provides a known reference point. This allows the user to see exactly how far the sensor has
drifted from a true value.

The sensor should not be checked by comparing it against another sensor.
Comparing one sensor to another is unreliable because it introduces too many uncertainties, such as:

e the second sensor may also have drifted

e the two sensors may not see identical process conditions
e installation differences may affect readings

e sensor response times may differ

e thereis no reliable way to know which sensor is correct

For this reason, another sensor is not a suitable reference when establishing calibration interval.
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Important
Do not use another sensor as the reference when building a drift profile. Use a standardised buffer.

Recommended Buffer
For this method, pH 4 buffer is recommended.
This provides a stable and repeatable reference point for checking sensor drift over time.

The same buffer standard and the same checking method should be used throughout the trial so the
results remain consistent.

Example Drift Profile

The following example shows a sensor being checked every 2 days against pH 4 buffer:

Day |[Buffer Value Sensor Reading Drift
1 4.00 4.00 0.00
3 4.00 4.03 +0.03
5 4.00 4.06 +0.06
7 4.00 4.12 +0.12
9 4.00 4.20 +0.20

This shows the sensor gradually drifting away from the true pH value over time.

How to Use the Drift Profile

Once the drift trend is known, the plant can decide how much error is acceptable and set the
maintenance interval accordingly.

For example:

e if the maximum acceptable error is £0.1 pH, the service interval must be shorter
e if the maximum acceptable error is +0.2 pH, the interval may be longer
e some less critical applications may tolerate +0.3 pH or 0.5 pH

Using the example above:

e the sensor reaches about 0.2 pH error by Day 9
e this suggests the validation, cleaning, or calibration interval may be set at about 8 days,
depending on site practice and safety margin

The actual interval may be shorter or longer depending on the application and the plant’s required

accuracy.
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Setting the Maintenance Regime

Once sufficient drift data has been collected, the site can establish a practical service regime. This may
include:

e routine validation interval

e cleaning interval

e calibration interval

e replacement planning

This regime should be based on:
e measured sensor drift
e process conditions
e required accuracy
e operating risk

The interval should then be reviewed if process conditions change.

Caution

A fixed calibration interval such as “weekly” or “monthly” should not be assumed to be correct for all
applications.
The correct interval must be based on measured drift in the actual process.

Good Practice Notes

e Start with frequent checks when commissioning a new application.

e Use the same buffer standard and checking method each time.

e Record the results so that drift over time can be clearly seen.

e Do not fully clean the sensor before drift validation.

e Do not use another sensor as the reference.

e Review the interval if chemistry, fouling, or operating conditions change.

Summary

The correct answer to the question, “How often should a pH sensor be calibrated?” is:
It depends on how quickly the sensor drifts in the actual process and how much error the plant can
tolerate.
The proper way to determine this is to:
1. remove the sensor from service every 2 days initially
rinse and dry only
check it in pH 4 buffer
record the result
repeat to build a drift profile
set the validation and calibration interval based on measured drift and acceptable error

o Uk wnN

This method provides a practical, defensible, and application-specific maintenance regime.
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DEEP DIVE - Understanding the Reference & Glass

For those wanting to truly understand the physiology of a pH/ORP sensor and how it is affected, the
following may provide some useful insight.

What is the REFERENCE and how is it affected?

The reference electrode is a crucial component of a pH/ORP sensor that maintains a stable potential
against which the pH/ORP measurement is compared. When a pH/ORP sensor is exposed to certain
chemicals, especially those that are oxidizing or reducing agents, the reference electrode can be
depleted or consumed due to chemical reactions. This can lead to a loss of reference potential and
affect the accuracy of pH measurements. The depletion of the reference electrode can occur through
different mechanisms:

e Redox Reactions: Some chemicals used in industrial processes or cleaning solutions can
participate in redox reactions with the reference electrode. For example, oxidizing agents can
react with the reference electrode's internal electrolyte and oxidize the metal electrode,
depleting its active material. Similarly, reducing agents can chemically reduce the metal
electrode, also resulting in depletion.

e Electrolyte Contamination: Exposure to certain chemicals can contaminate or interfere with
the reference electrode's internal electrolyte. This can lead to changes in the chemical
composition or properties of the electrolyte, affecting its ability to maintain a stable reference
potential. Contamination can occur through chemical reactions, precipitation, or formation of
insoluble compounds that block the electrolyte's pathways.

e lon Exchange: Chemical exposure can also induce ion exchange processes at the interface
between the reference electrode and the sample solution. This can result in the migration of
ions from the reference electrode into the sample solution or vice versa, depleting the
concentration of ions necessary for establishing the reference potential.

e Fouling or Coating: Some chemicals can cause fouling or coating of the reference electrode
surface. This can create a physical barrier or hinder the ion exchange processes necessary for
maintaining the reference potential. Fouling can be caused by deposition of insoluble
compounds or substances that adhere to the electrode surface.

When the reference electrode is depleted or compromised due to chemical exposure, the pH sensor
may exhibit drift, slow response times, or inaccuracies in pH/ORP measurements. Regular
maintenance, proper cleaning, and calibration procedures can help mitigate these issues. In some
cases, it may be necessary to replace the entire pH/ORP sensor if the depletion is significant or
irreversible.

What is the GLASS and how is it affected?

The glass element of a pH sensor is a critical part that determines the pH measurement by responding
to changes in hydrogen ion concentration in the solution. During the process, the glass element can
be affected in several ways:
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e Chemical Attack: Depending on the nature of the process, the solution may contain chemicals
that can attack the glass membrane of the pH sensor. Strong acids or bases, corrosive
substances, or reactive compounds can cause chemical reactions with the glass, leading to
erosion, etching, or dissolution of the glass material. This can result in physical damage to the
glass membrane, compromising its integrity and affecting the accuracy of pH measurements.

e Fouling and Coating: Some processes may involve the presence of substances that can deposit
or coat the glass membrane. This can lead to fouling, which creates a barrier between the
solution and the glass surface. Fouling can interfere with the diffusion of hydrogen ions across
the glass membrane, slowing down the sensor's response time or causing inaccuracies in pH
readings.

o Temperature Effects: Process temperatures can also impact the glass element of a pH sensor.
Extreme temperatures can cause thermal stress, leading to physical expansion or contraction
of the glass material. Rapid temperature changes can result in mechanical strain, microcracks,
or even breakage of the glass membrane. Additionally, high temperatures may alter the
properties of the glass, affecting its sensitivity or response characteristics.

e Abrasion and Scratching: In some processes, the flow of the solution may contain particles or
solids that can cause abrasion or scratching of the glass membrane. Physical damage to the
glass surface can disrupt its uniformity and alter its permeability to hydrogen ions, leading to
measurement errors or reduced sensor lifespan.

To minimize the impact on the glass element during the process, it is essential to select pH sensors
that are compatible with the specific chemicals, temperatures, and conditions involved. Regular
maintenance, proper cleaning procedures, and appropriate sensor protection can help mitigate the
effects of chemical attack, fouling, temperature variations, and physical damage. It is also important
to follow manufacturer guidelines for handling, calibration, and replacement of pH sensors to ensure
accurate and reliable pH measurements.

Documenting Performance & Behaviour

In the absence of documented sensor experience within a plant, accurately estimating the lifespan and
performance of sensors becomes unattainable. Relying solely on theoretical analysis proves
insufficient in predicting their behaviour, and extrapolating experiences from one site to another is not
reliable. The only dependable approach to gaining insight into sensor lifespan is through the adoption
of a scientific method that involves meticulous monitoring and recording of installed sensors'
behaviour. Fortunately, Smart Digital Sensors alleviate a significant portion of the effort involved in this
process by automatically capturing relevant data, such as service time, critical variables like
temperature fluctuations, and recent diagnostic information on sensor performance.

However, this data alone provides only a partial understanding. While sensors themselves are
manufactured with high precision and exhibit minimal variations among one another, plant processes
demonstrate significant variability. Much of the observed variance in sensor lifespan is directly linked
to changes in site operations and plant behaviour. To achieve a comprehensive understanding of sensor
performance, it is crucial to consider plant variables that have an adverse impact on sensor lifespan.
The following considerations highlight factors influencing sensor performance:
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e Sensor Placement: The impact on sensors can vary across different locations within a plant
due to the presence of forces and chemicals. Each specific location should be individually
assessed, and even the relocation of a sensor within the same area should be duly
documented.

e Plant Stability: Plant processes may experience periods of instability, particularly during initial
stages or after changes in production or processes. These changes can involve variations in raw
inputs, chemicals, production throughput, or equipment modifications. As a result, sensors
may be exposed to higher levels of chemicals, different contaminants, or abnormal stress.

e Temperature Effects: Temperature and thermal shock affect sensors differently. It is essential
to determine whether sensors are subjected to significant temperature fluctuations or are
operating near their specified limits.

e Start-up/Shutdown: Sensor conditions can undergo significant changes during start-up and
shutdown phases, potentially leading to substantial deterioration or failure if not managed
properly.

e Maintenance and Care: This aspect is crucial and largely controllable. Poor sensor
performance often results from insufficient or improper maintenance practices. Seeking
guidance from representatives on appropriate and timely maintenance procedures is advised.
Sensors cannot be installed and forgotten; they require meticulous cleaning with appropriate
agents to remove microscopic or visible deposits without damaging the sensing element.
Inadequate cleaning can accelerate the poisoning of the sensing element.

e Human Factors: Various human elements can impact sensor performance. Changes in
personnel or maintenance crews often have an influence. Not all individuals exhibit the same
level of care and attention when it comes to calibration, cleaning, or replacement of sensors.
Some may prematurely discard sensors instead of cleaning them.

A Systematic Approach

To ensure a comprehensive assessment of sensor performance and enable a systematic approach to
improve sensor management, it is essential to gather precise information on the status and behaviour
of each sensor. Relying solely on observations of a single-use sensor at a single location lacks statistical
significance and fails to account for potential adverse events that may have occurred without our
knowledge. Instead, to establish a reliable overview of sensor performance, it is necessary to
accumulate the history of at least five consecutive sensors deployed in the same location, with a
preferable minimum of ten sensors to obtain an accurate statistical trend. The collection of as much
data as possible is paramount, and the following information represents the minimum requirements
for documentation and compilation to facilitate a comprehensive understanding of sensor
performance in relation to their operational environment, maintenance procedures, and attention
they receive.

Phone: +61 (0)3 9872 5055
Email: info@turtletoughsensors.com
Web: http://www.turtletoughsensors.com 60


mailto:info@turtletoughsensors.com
http://www.turtletoughsensors.com/

|

s/ \a
%

TURTLE
TOUGH
SENSORS

ENGINEERED TO OUTLAST

Recommended Data Table (example)

INFORMATION RESULT
Location Area 3400
Process Neutralisation. Addition of 10% NaOH to neutralise from 4 to 7.

Sensor type and ID

pH TT.01.02-03

Days in Service 180
Calibration Schedule Weekly
Cleaning Schedule Every 3 days
Drift Tolerance 0.3 pH units

Cleaning Regime
(ie HCL, NaOH, Surfactant, other)

15% HCL soak for 5 min, clean water soak 10 min, conditioning
solution soak 15 min

Sensor Failure Mode

Sensor won'’t calibrate. Slope too low (unresponsive)

(Broken Glass, Won’t Calibrate,
Off scale, other)
Other observations
plant shut, plant
change of personnel)
Notes:

(following
excursion,

Changed ore body 2 weeks ago.

e The calibration frequency should be determined in accordance with the Turtle Tough Guideline
for establishing calibration frequency.

e Whenever possible, it is crucial to perform cleaning procedures prior to calibration.

e (Calibration standards must always be fresh and kept up to date.

e Cross verification against laboratory or portable methods should be carefully reviewed by
authorized personnel. Inaccurate cross verification methods can result in significant errors and
premature rejection of the sensor.

e For further information on establishing sensor health, please consult the Turtle Tough
Guideline.

o If desired, the table can be expanded to include additional relevant information, such as the
name of the operator.

e If you have any uncertainties, you are encouraged to send your sensors back to Turtle Tough
for a complimentary evaluation.

Refining Sensor Performance - An Iterative Process

As a provider of customized sensor solutions, Turtle Tough possess the expertise to optimize your
sensor's performance by fine-tuning its design. However, in order to make well-informed decisions
regarding potential modifications to your sensor's configuration, it is crucial for us to have access to
the detailed information specified in the aforementioned table. If you are interested in assessing and
enhancing your sensor's performance, we are pleased to assist you in this process and explore
alternative designs, subject to the following requirements:

e You are capable of providing us with comprehensive and accurate information as outlined
above and have already conducted testing on a minimum of five sensors deployed in the same

location.
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e You will be required to return those sensors to us or our nearest representative for thorough
analysis.

e Please furnish a visual image (photograph) showcasing the precise installation, highlighting
how the sensor is positioned in its operational environment.

Sensor Health Metrics — A Performance Guide

There are several ways that we can assess a sensor’s health and performance utilising a couple of key
metrics. Diagnostic data can be automatically obtained using the Turtle Tough’s PC software to analyse
our Smart Sensors. This will evaluate a host of stored data onboard the smart sensor to provide you
with a sensor assessment. However, in the absence of utilising such software you can perform some
routine testing utilising buffer standards to obtain a good indication of the sensor’s health and
performance.

Using sensor slope to evaluate sensor health

In an ideal scenario, a theoretically perfect sensor would exhibit a slope of -59 millivolts (mV) per pH
unit. Upon initial procurement, a new sensor typically manifests a slope within the range of -56 to -59
mV. Over time, as the sensor undergoes deterioration, there is a corresponding decline in its
performance per pH unit, evidenced by a decrease in its slope value.

SLOPE STATUS Description

56-59 mV | EXCELLENT Sensors in this slope range will be very responsive and accurate. They will
respond to buffer solutions in a couple of seconds and typically stabilise
in less than 30 seconds for calibration purposes

50-55mV | GOOD Sensors in this slope range will be moderately responsive. The sensor has
started to age, and more frequent cleaning and calibration may be

Fast response

Moderate ) e . . ;
required to maintain accuracy. Response time to buffers is now likely to
response be around 30 seconds and up to 2 minutes to stabilise for calibration
purposes.
45-50mV | POOR Sensors in this slope range will be slow to respond but for sites wanting

to get the maximum lifespan from their sensors, they will still have some

useful service life left. The sensor is now quite deteriorated and may

require more frequent cleaning and calibration to maintain the required

accuracy. Response time to buffers is now likely to be around 1-2

minutes, with up to 5 minutes to stabilise for calibration purposes

<45 mV - We would recommend not using sensors with slopes of less than 45mV.
They will be extremely slow to respond, and the accuracy will be low.

Slow response

Replace sensor

Using sensor offset to evaluate sensor health

Sensor offset is another good indicator of sensor health. With poisoning and deterioration of the
reference, the offset will begin to shift away from the starting point. When using the offset value as a
performance indicator it is important to know what kind of sensor we are dealing with. When
evaluating lab electrodes or sensors with very low impedances it is common to compare the offset to
the theoretical zero-point 0 mV, which is the signal that should be generated when placed in buffer pH
7. However, for industrial sensors using 0 mV as a baseline for sensor health is not recommended. Due
to the nature of construction, many Turtle Tough sensors will have offsets from new that are
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significantly higher than your average sensor and further away from zero. High impedance components
such as special glasses or reference junctions can have a significant effect on the sensors offsets. The
offset limit for Turtle Tough digital smart sensors is +/- 250mV, so they can easily handle higher offsets
than your average sensor and a high offset from 0 mV does not indicate that the sensor is in poor
health. As such, when evaluating a Turtle Tough sensor, it is important to note the CHANGE in offset
from the new condition and record this as your baseline, rather than comparing it to 0 mV. The
following table indicates sensor health as a change in offset from the starting condition of the sensor
(ie how it was received from the factory).

Change in Offset | STATUS Description

A +/-10mV EXCELLENT Sensors that have shifted less than 10mv from new, indicates
they are near or as new.

Fast response

A +/-10-20mV GOOD Sensors with this change in offset range are now showing signs
of deterioration but should continue to perform well.

Moderate response
A +/-20-40mV POOR Sensors with this change in offset range are now showing
significant deterioration. Provided that you are using an
appropriate analyser, this offset is compensated for in the
calibration procedure and you should continue to get service
life from the sensor.

A +/- 50mV or - Sensors with this change in offset range are now close to

Slow response

greater Replace sensor expiry and repl'acement o
should be considered. On some analysers, calibration may not
be possible

A +/- 100 to 999 - Sensors with this change in offset range are experiencing

mV Major problem severe damage to the reference system. This can often be
caused by a stray electrical current within the installation or
severe chemical attack. This condition should be identified
and rectified immediately.

Note:

e Thisis a general guide only. Each site must determine an appropriate performance regime and
sensor replacement criteria. If you have a critical process where very high accuracy is required,
you may choose to discard a sensor at 50mV slope.

e Sensor health is a dynamic combination of both slope and offset. The analyser will compensate
for both slope and offset during a calibration procedure which will determine the sensor’s
overall performance.

e Response times and stability of the sensor will vary depending on your sensor and build type.
Turtle Tough sensors can contain different sensing components depending on your application
and this will affect response times.

e It is important to clean your sensor each time you calibrate, even if it does not look dirty.
Poisoning and fouling of the reference system occur at the molecular level (invisible to the
naked eye) and soaking in the appropriate cleaning solution will dissolve or leach out these
contaminants. This will greatly extend sensor life and performance. Too often people ignore
the cleaning requirement during the early stages until the sensor shows decreased
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performance. Often by this time, the damage is already done, and a sensor will degrade much
more quickly if good practices aren’t adhered to early on. Please refer to Turtle Tough’s sensor
care.

If you have significant deterioration of the offset, ie greater than 100mV this may indicate a
serious problem within your installation and it is recommended you contact your Turtle Tough
representative for further advice.

How do | calculate my slope?

Many instruments will automatically calculate the slope for you and report this value at the end of the
calibration procedure. Often this information is stored in a diagnostic menu on your transmitter. You
can also calculate it manually anytime you do a calibration, just by recording the mV values output by
the sensor. Most transmitters will actively display the mV values as you calibrate. Consult your
manufacturers manual to locate this value.

Steps

1.

Ensure the sensor is properly cleaned, rinsed and dried (following the cleaning instructions
provided by Turtle Tough).

Place the sensor in buffer 7 (zero point). Theoretically, you should get a value of 0. Don’t be
alarmed if you don’t get exactly zero, as you very rarely will. Remember this is a theoretical
number. It is not uncommon for new sensors to exhibit values between +/- 30mV. Record your
mV reading.

Next, place the sensor in buffer 4. Theoretically, you should get a value of 177mV. Again, your
actual number might vary. Record your mV reading.

Now do the math. From buffer 7 to 4 we have 3 pH units and a total span of 177mV. To find
our slope we divide our span 177mV by the 3 pH units = 59 mV (a perfect slope).

Your calculation should look something like the following:

Sensor Buffer 7 | Buffer 4 mV Span Slope (divide by # pH
(offset) (Buffer 4 -7) intervals)
22.02-T.01 16mv 187mvV 171 mV 171+3=57mV
22.02-T.02 -9mV 167mV 176 mV 176 + 3 =58.67mV
Notes:
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Remember your real-world values will be different from theoretical. For example, in buffer 7
you may get 10mV reading and in buffer 4 you may get 174. This span would be 164mV across
3 pH unit which equals a slope of 54.67.

Some people reference a percentage of slope. For example, in the above scenario, our sensor
with a span of 164mV compared to the ideal span of 177mV is expressed as 164/177=0.9265
or 92.65%.

A sensor must be properly cleaned and at thermal equilibrium with the calibration solution to
obtain accurate values. The sensor must also be properly rinsed and dried prior to placing in
different buffer solutions. The sensor must be allowed to stabilise in each solution for at least
1 -2 minutes, or until the values become steady.
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How do I calculate my offset?

Simply place your sensor in buffer 7 and read the mV value displayed on the analyser. You may need
to access a submenu/function button to view the raw mV values, but practically all instrumentation
will permit you to see those values. Buffer 7 (neutral) should generate the theoretical value of OmV.
The actual value that your sensor is reading in buffer 7 is the offset value.

IMPORTANT!!

It is crucial to understand that this process is iterative and involves experimentation and adjustments.
We do not offer guarantees, free samples, or trials. As an equipment vendor, we are providing an
alternative sensor configuration in good faith, aiming to better accommodate your specific conditions
based on our mutual observations and the data you have provided. Any subsequent recommendations
we make are solely based on good faith, and it is your decision whether to act upon those
recommendations or not. We do not provide any implied or explicit performance guarantees, and it is
important to note that a single-use instance does not establish a statistical trend. It is essential to test
multiple sensors before making further changes or modifications.

INDUSTRIAL VS LABORATORY pH/ORP ELECTRODES

Fundamental Differences in Electrode Design and the implications
for field deployment

Can | utilize a Turtle Tough Sensor for laboratory or small-scale
applications?

Answer: No. An industrial Sensor is not a substitute for a laboratory electrode.

While it may be tempting to employ an industrial sensor to benefit from its longer lifespan and
improved durability compared to a laboratory electrode, there are several significant challenges that
must be considered before adopting this approach. Laboratory electrodes often prove inadequate in
enduring the demanding conditions encountered in many laboratory and pilot scale endeavours. These
electrodes are delicate, susceptible to breakage, fouling, and contamination, sometimes lasting only a
few days. However, they offer an exceptionally high level of accuracy and physically are much easier to
integrate into small scale situations. Customers seeking a more reliable solution often consider
industrial sensors, but it is important to acknowledge that no choice comes without compromises or
sacrifices. Therefore, the practicality of adapting an industrial sensor to a small-scale environment
(such as a lab or pilot plant) necessitates careful consideration of various factors.

Size

Turtle Tough sensors are intentionally designed to be larger in size due to their underlying technology.
The incorporation of a larger reference element ensures extended longevity and exceptional resistance
to process contamination. Additionally, the larger surface area helps reduce fouling, minimizing the
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need for frequent cleaning. The use of our ULTRA TOUGH break-resistant glass element requires a
minimum size to maintain mechanical strength and electrical properties. The technology utilized in our
sensors is directly correlated with their size and surface area. Therefore, it is not possible to make them
smaller without compromising their intended functionality. The sensor body also needs to
accommodate various components such as the glass element, sealing components, and smart sensor
technology. However, the size of the sensor poses challenges when it comes to integrating them into
small-scale equipment and component designs. Laboratory electrodes, for example, typically have a
diameter of 12mm, and most lab or pilot scale setups are designed to accommodate this specific
dimension. Attempting to incorporate an industrial sensor into such an environment often requires
significant modifications.

Installation Issues

The size and technology of Turtle Tough sensors can lead to installation challenges. The sensor
dimensions can be referenced in our brochures and specification pages, highlighting their substantial
size compared to lab electrodes. Our Inline sensor, for instance, requires a minimum pipe size of 1.5
inches (preferably 2 inches), and even our smallest inline fitting necessitates a mating fitting with 1"
MNPT threads. In table-top applications, even our smallest sensor may struggle to fit into a 500ml to
1L sized beaker, particularly when considering the presence of other equipment such as additional
sensors or stirrers.

Electrical Issues

Electrical interference resulting from dirty power or ground loops is a common installation issue. Lab
and pilot scale applications often lack proper grounding and isolation measures for electrical
equipment, such as pumps, drives, stirrers, and heaters. The electrical infrastructure in these settings
may not be equipped to accommodate an industrial pH/ORP sensor effectively. In contrast, large
industrial environments with extensive metal tanks or pipework provide numerous pathways for stray
currents, which can be detrimental if they bypass the sensor. The unique design of our sensors
incorporates a sizable (5 inches long, 1 inch in diameter) solid-state, non-porous conductive reference
system, which acts as a lightning rod for stray currents. This reference system contributes to the
success of our products in challenging applications, providing resistance to fouling, contamination, and
exceptional longevity. However, it necessitates proper electrical installation, which is often discovered
after sensor installation. Few instruments demand as much attention to electrical installations as pH
sensors due to their sensitivity. It is crucial to note that even tiny amounts of voltage fluctuations can
resultin offset and erroneous readings, considering that 1 pH unit corresponds to approximately 59mV,
0.1 pH units to 5.9mV, and 0.01 pH units to 0.59mV.

Materials of Construction

Laboratory equipment and pilot plant constructions are often made from glass or plastic materials.
These materials, unlike large steel structures found in industrial installations, do not provide the
necessary grounding capabilities to eliminate static and stray currents from the environment. As a
result, they can significantly impact the stability of pH measurements, present challenges when using
industrial sensors in these settings.
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Proximity

In laboratory and pilot installations, the close proximity of equipment introduces the possibility of
interference from neighbouring devices. Any high-current equipment has the potential to generate
electromagnetic fields (EMF) that can disrupt pH measurements. Additionally, the presence of active
electrodes, such as conductivity, dissolved oxygen sensors, or flow meters, in close proximity to passive
sensors like pH or ORP can result in minor offsets or even produce significant measurement errors,
including off scale readings. It is important to be aware of these proximity-related challenges when
considering the placement of industrial sensors in such environments.

Accuracy

Industrial sensors and laboratory electrodes are fundamentally different in design, akin to comparing
a robust tank to a nimble race car. Industrial sensors are built with thick glass membranes and high
impedance solid-state reference systems, providing exceptional durability. They prioritize longevity
and minimal drift over time, ensuring superior process control outcomes rather than absolute
accuracy. In contrast, laboratory electrodes feature thin and delicate glass membranes and low
impedance reference junctions, offering low noise and high precision akin to a race car. While
laboratory electrodes can provide accuracy up to the third decimal place, their performance quickly
deteriorates in demanding environments, rendering their measurements unreliable within a matter of
hours due to contamination. Industrial sensors, while not achieving the same acute accuracy as their
laboratory counterparts, remain stable for extended durations, facilitating consistent process control.
Any concerns regarding absolute accuracy can be addressed through proper calibration techniques. It
is important to note that industrial electrodes do not have a universally stated accuracy, as it heavily
depends on the specific application. Claims of accuracy are based on laboratory speculations under
ideal conditions with perfectly clean and stable standards, which do not fully capture the real-world
challenges faced by electrodes. As the measurement moves further away from pH 7, and from
standard temperature and pressure conditions, the measurement uncertainty increases. Furthermore,
as the sensor ages and its response rate diminishes, the absolute accuracy also decreases. In severe
applications, an accuracy up to the first decimal place can be expected at best.

Portable or Handheld Field Measurements

Industrial inline pH/ORP sensors are generally unsuitable for portable handheld measurement for
several compelling reasons, each tied to their design, intended use, and operational requirements.
Here’s a summary of why these sensors is better kept in their fixed industrial settings:

1. Size and Design: Inline pH sensors are typically larger and bulkier compared to portable
sensors. They are constructed to be part of a permanent installation within industrial systems.
Their substantial size and heavy-duty construction make them impractical for use in handheld
applications, where lighter and more compact devices are preferable.

2. Material and Response Characteristics: These sensors are often made from materials that are
slow to adapt to changes in temperature. In a fixed installation, the sensor gradually reaches
thermal equilibrium with its environment, a process that stabilizes its readings. However, in a
handheld scenario, frequent movement between different conditions prevents the sensor
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from maintaining this equilibrium, leading to potential inaccuracies and slower response
times.

3. Durability and Ruggedness for Fixed Environments: Industrial sensors are built to withstand
the harsh conditions of permanent installations, such as exposure to aggressive chemicals,
high pressures, and constant temperatures. While these characteristics are advantageous in a
fixed setting, they add unnecessary bulk and complexity in a portable context, where flexibility
and adaptability to diverse environments are crucial.

4. Thermal Stability: Inline sensors are designed to operate within a controlled temperature
range, consistent with their specific industrial environment. When used as portable devices,
the rapid changes in environmental conditions can cause thermal shock, affecting the sensor's
accuracy and lifespan.

5. Designed for Minimal Human Interaction: Industrial pH sensors are intended for
environments where human factors and potential for error are minimized. They are usually
part of a larger automated system that ensures consistent, accurate measurements. Portable
use involves more human interaction, leading to variability in handling and measurement
techniques, which can introduce errors and affect the reliability of the data collected.

6. Calibration and Maintenance: Inline sensors are calibrated and maintained according to
specific protocols that suit permanent setups. Portable sensors, on the other hand, require
different calibration and maintenance schedules due to their varied use and exposure to
different conditions.

In essence, the very features that make industrial inline pH sensors ideal for stable, harsh, and
controlled industrial environments—their size, durability, and design for minimal human
intervention—make them unsuitable for portable use, where flexibility, adaptability, and ease of
handling are key. For accurate and reliable handheld pH measurements, it's advisable to use sensors
specifically designed for portable applications. With that in mind, there are certainly applications
where portable or lab sensors will NOT work adequately. If you have encountered such a problem,
you should consult with your Turtle Tough representative to work out the best solution for your
application.

Industrial vs Laboratory Electrode
Consider the following image:

e Pictured on the left are 2 glass laboratory electrodes, ORP and pH. The red circle at the tip of
the sensor is indicating the junction area within the sensor.

e Pictured to the right are 3 industrial Turtle Tough Electrodes. The sensor on the far right of the
image has been dissected in half to reveal the inner construction of the sensor. The red circle
is indicating the full size of the junction area in a solid-state reference electrode.
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Comparison of the reference electrode

The primary function of the junction material is to provide a pathway for ion exchange between the
sample being measured and the reference electrode. The reference electrode is filled with a stable
reference solution that maintains a known pH value. By allowing the passage of ions, the junction
material ensures that there is a continuous electrical connection between the reference solution and
the sample solution, enabling the measurement of the pH. The junction material is usually a porous
material, such as ceramic or glass, with microscopic openings or pores. These pores allow the
movement of ions while minimizing the flow of liquid between the reference electrode and the
sample. Additionally, the junction material also serves to prevent direct contact between the reference
electrode and the sample solution. This physical separation helps avoid potential chemical reactions
or interferences that could affect the accuracy of pH measurement.

With respect to using a laboratory sensor In industrial applications, the use of a liquid junction and
small reference material in pH sensors can lead to several challenges and problems. Some of these
issues include:

e Clogging and Fouling: The liquid junction, which is typically a small opening or capillary tube,
can become clogged or fouled due to the presence of particles, precipitates, or contaminants
in the sample solution. This can impede the flow of ions and result in inaccurate pH
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measurements or even complete sensor failure. Regular maintenance and cleaning may be
required to address this problem.

e Maintenance and Replacement: The small size of the reference material in the electrode may
require more frequent maintenance and replacement compared to larger reference materials.
This can lead to increased downtime and maintenance costs in industrial settings.

o Reference Junction Potential Variations: The liquid junction can introduce variations in the
reference junction potential, which is the voltage established at the interface between the
reference electrode and the sample solution. These potential variations can occur due to
changes in the composition or concentration of ions in the sample solution or as a result of
temperature fluctuations. Uncontrolled reference junction potential variations can lead to
measurement errors and inaccuracies.

e Contamination and Electrolyte Leakage: In certain industrial environments, there may be a
risk of contamination or electrolyte leakage from the reference electrode. This can occur if the
liquid junction or the reference electrode itself is damaged or compromised. Contamination
or leakage can affect the accuracy and reliability of the pH measurement and potentially
contaminate the process or sample being monitored.

To address these challenges, alternative pH sensor designs, such as solid-state reference electrodes
are often employed in industrial applications. These designs offer improved reliability, more reliable
response times, reduced susceptibility to clogging or fouling, and greater long-term stability compared
to liquid junction and small reference material configurations.

Industrial sensors with solid-state references offer several benefits compared to sensors with liquid
junctions and small reference materials. Some of the advantages of industrial sensors with solid-state
references include:

e Enhanced Stability and Longevity: Solid-state references provide greater stability and
durability compared to liquid junctions. They are less prone to clogging, fouling, or electrolyte
leakage, ensuring consistent and reliable pH measurements over extended periods. This
characteristic reduces the frequency of maintenance and replacement, resulting in cost
savings and increased productivity.

e Reduced Reference Junction Potential Variations: Solid-state references offer improved
resistance to variations in reference junction potentials. They are less affected by changes in
ion concentration or temperature, resulting in more stable and accurate pH measurements.

e Minimal Contamination Risk: Solid-state references eliminate the risk of electrolyte leakage
or contamination, as there are no liquid components involved. This feature ensures the
integrity of the sample being monitored and avoids potential adverse effects on the industrial
process.

o Compatibility with Harsh Environments: Industrial sensors with solid-state references are
better suited for harsh environments that may involve high temperatures, pressure, or
corrosive substances. They can withstand these challenging conditions without degradation in
performance, making them suitable for a wide range of industrial applications.

e Lower Maintenance Requirements: Due to their robust design and resistance to fouling or
clogging, solid-state reference sensors generally require less frequent maintenance and
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cleaning compared to liquid junction sensors. This reduces downtime and operational costs
associated with sensor upkeep.

e Long-Term Calibration Stability: Solid-state references offer excellent long-term calibration
stability, meaning that they maintain their accuracy over extended periods without significant
drift. This characteristic is particularly important in industrial settings where consistent and
reliable pH measurements are crucial for process control and quality assurance.

Overall, industrial sensors with solid-state references provide improved stability, faster response times,
reduced contamination risk, and enhanced longevity compared to sensors with liquid junctions and
small reference materials. These benefits make them a preferred choice in industrial applications
where accurate and reliable pH measurement is essential.

TURTLE TOUGH SENSOR INTERFACE REQUIREMENTS

Turtle Tough Analysers vs Self Integration

When it comes to deploying Turtle Tough sensors, users have two primary pathways for integration
and management: utilizing Turtle Tough's state-of-the-art analysers or opting for direct self-integration
with their data acquisition systems. The choice between these two approaches depends largely on the
specific needs, technical expertise, and desired outcomes of the user.

Turtle Tough analysers represent a comprehensive solution designed to maximize sensor performance
and ease of use. These devices not only offer a local user interface with real-time data display but also
enable easy calibration, access to sensor history and diagnostics, and the output of both 4-20mA and
MODBUS RTU signals to PLC or SCADA systems. With advanced electronic circuitry, analysers provide
isolated power and signal isolation essential for stable sensor operation, making them an ideal choice
for users seeking a plug-and-play solution with robust support and functionality.

On the other hand, direct self-integration allows sensors to be connected directly to data acquisition
systems, bypassing the need for analyser hardware. This method can offer significant cost savings,
particularly for large-scale deployments or OEM integrators. However, it requires a higher level of
technical expertise, including the ability to program MODBUS RTU, ensure clean and isolated power,
and maintain properly isolated signal inputs. While this approach presents a viable option for those
with the necessary skills, it poses challenges for users without the technical capacity to manage these
requirements, potentially complicating the deployment process.

In summary, choosing between using a Turtle Tough analyser and opting for self-integration involves a
trade-off between convenience and control. The analyser provides a user-friendly, all-encompassing
solution that simplifies sensor management and ensures optimal performance. In contrast, direct self-
integration offers flexibility and cost efficiency for those equipped to navigate the technical
complexities involved.
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Q: What is the best method for managing and interfacing with Turtle Tough
sensors?

A: The optimal method for managing and interfacing with Turtle Tough sensors is through our state-
of-the-art analysers. These analysers offer comprehensive benefits including a local user interface with
real-time display, sensor calibration capabilities, historical data and diagnostics viewing, and the ability
to output both 4-20mA and MODBUS RTU signals to PLC or SCADA systems. They are designed with
advanced electronic circuitry that provides isolated power and signal isolation crucial for stable sensor
performance.

Q: Can Turtle Tough sensors be integrated directly with data acquisition
systems without an analyser?

A: Yes, Turtle Tough sensors can be integrated directly into data acquisition systems, bypassing the
need for analyser hardware. This integration allows the sensor to directly output MODBUS RTU signals
that can be programmed into the receiving PLC or industrial computer. This method can offer
significant savings, especially for large-scale deployments or OEM integrators.

Q: What are the benefits of using an analyser with Turtle Tough sensors?

A: Using an analyser with Turtle Tough sensors offers several advantages:

e Alocal user interface with real-time data display.

e Sensor calibration and diagnostics.

e Historical data viewing.

e Advanced electronic circuitry for isolated power and signal isolation, which is essential for
stable sensor operation.

e  Qutput capabilities for 4-20mA and MODBUS RTU signals.

Q: What challenges might arise from direct sensor integration without an
analyser?

A: Direct sensor integration can be complex and challenging, especially for end users with minimal
experience. Challenges include:

e The need for specialized knowledge to program MODBUS RTU.

e The requirement for clean, isolated regulated power and properly isolated signal inputs to
ensure noise-free operation.

e The absence of a local display and user interface, which can complicate troubleshooting and
calibration.

o The necessity of creating a stable electrical environment for sensor operation, which might be
difficult without specialized knowledge.

e Limited factory support with 3™ party devices
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Q: Who should consider direct integration of Turtle Tough sensors, and who
should opt for the analyser solution?

A: Direct integration might be suitable for large-scale rollouts or OEM integrators who can leverage the
cost savings and have the necessary technical expertise to address the associated challenges. On the
other hand, the analyser solution is ideal for users seeking a comprehensive, user-friendly interface
with built-in support for calibration, diagnostics, and data management. It is particularly
recommended for those who may not have the technical expertise to ensure a stable electrical
environment for the sensors.

Q: Are there any prerequisites for successfully deploying Turtle Tough sensors
via direct integration?

A: Successful direct integration requires:

e Advanced knowledge of MODBUS RTU programming. ALL end users should be thoroughly
familiar with our MODBUS implementation guides and have the necessary skillsets required.

e The ability to provide clean, isolated, and regulated power.

e Ensuring proper signal input isolation.

e Technical expertise to create a stable electrical environment for sensor operation.

e Be able to operate programs such as MODBUS POLL

e Utilise our support devices such a Windows Interface devices and Handheld Field
Communicator. These items are considered pre-requisites for self-integration.

e You must have interfacing connections, such as interface cables, junction boxes or female quick
connect plugs. ALL Turtle Tough sensors are equipped with QUICK CONNECT plugs, and, under
no circumstances are these to be removed. This will void warranty. To interface with 3™ party
hardware, we have several interface connections to choose from.

Which option is right for you?

In conclusion, the decision between utilizing a Turtle Tough analyser and pursuing direct self-
integration for Turtle Tough sensors involves carefully weighing the balance between ease of use,
technical requirements, and cost implications. The analyser option offers a seamless, user-friendly
experience with added benefits of real-time data monitoring, easy calibration, and enhanced sensor
performance through advanced circuitry. It represents an ideal solution for users looking for reliability
and simplicity, without the need for in-depth technical expertise in electrical environments and
programming.

Conversely, direct self-integration caters to those who prefer a hands-on approach and have the
technical capability to overcome the challenges it presents. This route promises cost savings and
flexibility for large-scale applications or for OEM integrators adept at managing complex system
requirements, including programming and electrical isolation.

Ultimately, the choice hinges on the user's specific needs, capabilities, and the operational context of
the Turtle Tough sensors. Whether opting for the comprehensive support and ease provided by the
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analyser or embracing the autonomy and potential cost benefits of direct integration, users can find a
path that aligns with their objectives for effective and efficient sensor deployment.

ELECTRICAL NOISE & INTERFERENCE OF PH & ORP
SENSORS

Electrical noise in pH & ORP sensor installations can compromise the accuracy and reliability of
measurements. Here are some common sources of such interference:

e Ground Loops: These occur when there is more than one ground connection point within the
measurement system, creating a loop through which a current can flow, inducing voltage
differences and noise.

e AC Power Lines: Nearby power lines can induce electrical noise, especially if sensor cables run
parallel to high voltage or high current AC lines.

o Electromagnetic Interference (EMI): Generated by equipment such as motors, transformers,
and radio transmitters. EMI can be coupled into the sensor wiring and electronics, causing
significant signal distortion.

e Radio Frequency Interference (RFl): Caused by radio and microwave sources, which can
induce unwanted currents in the electrical circuits of pH sensors.

o Electrical Equipment: Other electronic devices in proximity, such as variable frequency drives,
inverters, and large electric motors, can generate electrical noise that impacts pH sensors.

e Capacitive Coupling: Occurs when two conductive objects in close proximity have a voltage
difference, causing displacement current between them, affecting the sensor signals.

o Chemical Interference: While technically not "electrical" noise, the presence of other ions (or
lack of them) in the solution can impact the electrochemical behaviour of the sensor, leading
to noisy or unstable readings. In particular low conductivity solution can generate very
unstable and noisy readings in pH and ORP sensors.

e Improper Shielding or Wiring: Poor shielding and grounding of sensor cables can make the
installation more susceptible to picking up ambient electrical noise.

To mitigate these sources of noise, careful installation practices are crucial. This includes proper
shielding and grounding, using twisted pair cables for signal wires, and keeping sensor wiring away
from high voltage or high current power lines. Additionally, routine maintenance and checks for
corrosion, loose connections, and other potential issues can help maintain the integrity of pH & ORP
sensor readings.

Ground Loops

A potentially detrimental loop is formed when two or more points in an electrical system normally
at ground potential are connected by a conducting path such that either or both points are not at
the same ground potential. Unwanted ground loops can cause inaccurate sensor readings by
negatively affecting instrumentation signals.
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Put simply, a ground loop exists when a circuit is connected to earth ground at two or more points.
Because the potential of the earth varies from point to point, two or more connections to the
ground cause currents to flow. If the current flows through a signal carrying wire, the result is a
noisy, offset signal.

The classic symptom of a ground loop is a sensor that reads correctly in buffers but gives a reading
grossly in error when placed in the process liquid. In a typical process measurement, the pH sensor
is connected through the process liquid and piping to the earth ground. If the circuitry in the pH
analyser becomes connected to a second earth ground, the current will flow through the
reference electrode. A voltage proportional to the current and the electrode resistance develops
across the reference electrode. Because the voltage is in series with the other cell voltages, the
ground loop current causes the pH reading to be substantially different from the expected value.
The currents created by ground loops are often unstable, so pH readings affected by ground loops
are often noisy.

Step 3. Heavy Gauge Wire

Step 2. pH 4 Buffer solution Step 4. Process Liquid/Process Pipe

Checking for a Ground Loop

If an instrumentation system starts acting strangely or erratically, make sure you eliminate all
unintended ground connections. Or if your readings fluctuate when you touch a cable or move the
sensor. These can occur when you — add or change a motor or agitator. Any electrical item that is
worked on — may upset the balance and needs to be checked once more.

Use the following procedure to check for ground loops:

1. Remove the pH sensor from the process liquid.

2. Calibrate the sensor in buffers. Be sure there is no direct electrical connection between the
container holding the buffer and the process liquid or piping.

3. Strip back the ends of a heavy gauge wire.

4. Connect one end of the wire to the process piping or, better, place it in the process liquid.
Place the other end of the wire in the container with the buffer and sensor. The wire makes an
electrical connection between the process and the sensor
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5. Ifthe pH reading changes or becomes noisy after making the connection, a ground loop exists.
6. If no symptoms develop a ground loop probably does not exist.

WARNING - Damage!

The presence of ground loops is not merely something that distorts the readings but rather something
that also polarizes and damages the sensor. The polarization of the sensor can lead to erroneous
readings even once removed from the ground loop condition. The polarization may dissipate in time
to return to a more normal response although recalibration may be required because it has caused
damage to the reference. In time the presence of a ground loop where the sensor is installed will
completely destroy the responsiveness of the sensor and lead to premature failure. This situation
when discovered requires immediate corrective action.

Things to consider

e |t is much easier to avoid ground loops during installation and project planning than to
diagnose and resolve them in the field after installation.
e Often not the same ground and often separated by distance
e Not always just in the 4-20 mA loop
e Consider non-isolated RS-485 of signal wires
e Consider non-isolated power/output input power grounds
e The ground potentials are NOT equal
e RGND caused by multiple factors such as:
o Noise
o Resistance of ground path
o Poor initial power rail installations

A Guide to Ground Loop Troubleshooting

As discussed, the classic symptom of a ground loop is a sensor that reads correctly in buffers but gives
a reading grossly in error when placed in the process liquid. The currents created by ground loops are
often unstable, so pH readings affected by ground loops are often noisy.

Could it be a faulty sensor?

The simple answer to this is no. pH and ORP sensors are passive electrodes and as such they do not
and cannot generate or store current. Any increase in the mV measured by a pH or ORP sensor must
be coming from its environment. If a sensor is able to be calibrated and/or read correctly when placed
in buffer solution, then it is 100% working correctly. There is nothing that can be done to the sensor to
correct for this situation, other than to remove the source of interference. Ground loops can affect
many other sensor types, but pH and ORP are the most prone due to the small mV signals involved in
their measurement, making the effect more pronounced. If you do have concerns about your sensors’
health or response rate, please see our sensor health and performance guidelines.
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If you can't eliminate the conditions for ground loops, what's your next step?

You can use power and signal isolators. These devices break the galvanic path (DC continuity) between
all grounds while allowing the analogue signal to continue throughout the loop. An isolator can also
eliminate the electrical noise of AC continuity (common-mode voltage). There are a couple of ways to
do this — but regardless of the isolation method you choose, an isolator must provide input, output,
and power isolation. If you don't have this three-way isolation, then an additional ground loop can
develop between the isolator's power supply and the process input and/or output signal.

How do I fix this problem?

Itis important to note that Turtle Tough cannot advise you on how to modify or rectify problems within
your electrical system. It must be stressed that this is not some deficiency with the equipment, but
rather, a problem within your electrical system. You must seek the assistance of experienced and
qualified electrical personnel who are familiar with your systems and equipment to identify and
resolve this problem. The following tips and guidelines serve only to help in a general nature for those
unfamiliar with ground loops and provide you with a starting point for investigation. This is by no
means a definitive list, and each installation will possess its own set of challenges.

Fundamental to any sensor installation is that ALL electrical equipment must be properly earthed and
that sensors are installed in adequately earthed environments. As such it is recommended that
pH/ORP sensors are installed in metallic fittings that can be properly grounded. pH and ORP sensors
measure small incremental millivolts (ie there are just 59mV per pH unit), so any small amount of
current, static or otherwise can cause large shifts to the sensor’s readings. In these instances, there is
nothing wrong with the sensor; it can only see what it sees. Instead, the cause of the stray current
must be eliminated. Stray currents are usually caused by improperly earthed or shielded equipment.
They can occur on either the process side of the power/electrical side and they can even occur through
the atmosphere as airborne interference. As such the pH/ORP sensor should be installed as far away
as possible from high current carrying equipment such as pumps, motors, variable speed drives etc.

Important Tools to Troubleshoot

To rule out any interference from the non-process side (ie coming from power or signal input), isolate
the sensor from these sources. It is recommended for digital sensors to use the HFC or Windows
Interface. The HFC specifically powers the sensor by its own 9 Volt battery power supply, completely
isolating the sensor from your electrical installation.

If you do not have a HFC then you should proceed to:

1. Disconnect the outputs of the analyser

2. Then, power the analyser using a standalone battery (this will completely isolate the analyser
from your power and data acquisition device)

3. Alternatively, you can use a Turtle Tough Isolation module which provides galvanic and optical
isolation. This device is also recommended for all self-integration installations.

Where possible, make sure the sensor is installed on a metal immersion rod that is properly earthed
(making sure everything is going to a common earth). This will provide a path for the stray electrons.
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If you have the sensor installed in poly-pipe or plastic fittings, you will need to find another adequate
earthing method for the installation to divert stray current before it hits the sensor.

Make sure the pH sensor is not installed too close to an active sensor (ie DO, conductivity, level sensor
etc)... these are active sensors and will generate current in close proximity to the tip (sensing element)
of the sensor which will be detected by a passive sensor such as pH and ORP. They should be a
minimum of 50cm apart, and more so if the vessel is not well earthed (ie like a plastic or rubber lined
vessel).

In terms of locating the issue on the process side, if you can systematically switch off one device at a
time (ie independently of one another) and note when the problem goes away you can isolate the
piece of equipment that’s causing the issue. For process side related issues this process of elimination
is the quickest and most effective method at locating the source.

If the event is occurring intermittently, it is important that you study all data from your output devices.
Make sure you enable data logging (either locally or via your PLC) so that can you see the event data.
When reviewing your data, see if there is any time period where the reading returns to normal? Does
this correlate with another piece of equipment being turned off. Conversely, identify time periods
where the readings are abnormal and see if these correspond with any time something is being turned
on? (ie like a pump, motor etc).

Primary suspects are large current devices and things like variable frequency and variable speed drives.
If it’s not poor/bad earth, often it’s poor isolation of their power supplies, or insufficient shielding.
Always make sure the sensor is not in close proximity to one of these devices (ie VSD etc).

Ground loops can also present from the 4-20mA output to the PLC. If the PLC has poor isolation, you
may see interference from other connected devices. If the system is already connected to PLC,
temporarily disconnect it to rule out the output as being a source of the problem.

As a general rule, isolate, isolate, isolate. Where possible install both signal and power isolators
and always ensure the analyser is properly earthed to the installation.

Stopping Ground Loops in the future

To minimize the danger of introducing these loops into a complicated network, you should use a
dedicated instrumentation system ground bus and connect grounds from the signal common, cabinet
ground, and instrumentation AC power ground to it. The bus is tied to the earth via the building ground
and plant ground grid. But this can be much more complicated than it appears. For example, you will
rarely have just one instrumentation loop. In fact, you could have hundreds or even thousands. Many
are packaged together in vendor-supplied instrumentation system cabinets. Generally, these contain
a DC signal common bus and a power supply common bus. The manufacturer normally ties these
busses together within the cabinets at a master ground bus. The cabinet ground is a safety ground that
protects equipment and personnel from accidental shock hazards. It also provides a direct drain line
for any static charges or electromagnetic interference (EMI) that may affect the cabinets. This cabinet
ground remains separate from the DC signal ground until it terminates at the master ground bus.
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The AC service ground is a single-point ground termination of the system AC power. This ground
connects to the neutral-to-ground bond at the main AC power isolation transformer. It also terminates
at a single point on the plant ground grid (usually the grounding electrode).

Implementing a Solution Ground & Galvanic Isolation

We can supply a sensor with both solution ground and galvanic isolation for installations where
ground loop interference cannot be eliminated. It is important to note that this is not a standard
option, but rather a temporary band-aid solution to an existing problem in the electrical environment.
Because additional components are required, this option is more expensive, and while it can
significantly reduce the impact of ground loops, it does not completely solve the underlying issue. If
stray currents in the process are strong enough, even an isolated sensor can still be overwhelmed. For
this reason, we recommend addressing the root cause of the interference wherever possible and
viewing this option only as a last resort.

Even with these advanced features, it remains critically important to correct ground loops and
eliminate stray current at their source. Sensors can only perform reliably when installed in a stable
electrical environment. While galvanic isolation and solution ground can reduce the impact of
interference, they should never be seen as a replacement for proper system grounding and shielding.
If the underlying conditions are not corrected, stray current can still overwhelm the sensor,
compromise measurement accuracy, and shorten sensor life.

What the Sensor Design Achieves

By including a solution ground and galvanic isolation, the sensor is engineered to break the direct
electrical continuity between the measurement system and external ground references. This means:

e Solution ground: Provides the sensor with its own stable electrical reference point within the
process liquid, helping reduce susceptibility to potential differences in the installation.

¢ Galvanic isolation: Prevents unwanted DC/AC currents from flowing into the sensor circuit
from other grounded equipment (PLC, analyser, pumps, drives, etc.). This blocks most ground
loop currents and common-mode voltages.

Together, these features address the pathways through which ground loops typically corrupt a pH/ORP
signal.

The Limitation: Stray Current Overload

It is important to note that galvanic isolation and a solution ground are not a magic shield. If the
process environment has significant stray current, that current may still couple into the sensor via:

e The liquid itself (if the vessel is poorly earthed, or if nearby equipment is leaking current into
the solution).

e Capacitive or inductive coupling from adjacent high-power devices.

e Proximity to active electrodes (DO, conductivity, level sensors) which inherently generate
current.
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When the stray current is small, the isolation circuitry can “reject” or circumvent it, allowing the sensor
to produce stable readings. But if the current is too large, it can:

e Polarize the sensor’s reference electrode (causing offsets or slow recovery).
e Overwhelm the isolation barrier (introducing noise or unstable millivolt signals).
e Cause premature degradation of the sensor (as highlighted in the FAQ).

In other words, the system avoids the ground loop problem but does not remove the root cause. If the
interference level is extreme, the sensor can still be “swamped.”

Why It’s Not 100% Guaranteed

e Passive nature of pH/ORP sensors: They don’t generate current; they can only report what
they “see.” If stray current is present in the liquid, the sensor faithfully detects it, even though
it is not process-related.

e Physical limitations: Isolation modules have voltage/current rejection limits. Once exceeded,
their protective effect diminishes.

e Environmental variability: Motors, pumps, or VFDs switching on/off can create transient
bursts of stray current that overwhelm the system unpredictably.

Thus, the sensor substantially reduces vulnerability but cannot offer a 100% guarantee against
extreme interference environments.

Practical Takeaway

In summary you should be aware of the following:

¢ The onboard solution ground and galvanic isolation greatly reduce the impact of ground loops
and noise.

e These features allow the sensor to circumvent anomalous readings under normal interference
conditions.

e However, if stray current in the process is very high, it may still overwhelm the sensor, leading
to unstable readings or eventual damage.

e For best results, the installation must still follow best practices: proper earthing of process
equipment, separation from high-current devices, adequate shielding, and distance from
active electrodes.
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WHY YOU SHOULD USE SMART SENSORS

How you can Improve Your Maintenance Program with DIGITAL
SMART SENSORS

Leverage the Power of Digital Smart Sensors

Hot swapping pH/ORP sensors is only feasible with smart digital sensors due to their advanced features
and capabilities that facilitate seamless sensor interchange. These intelligent sensors offer several
advantages that make hot swapping possible and efficient:

e Built-in Memory: Smart digital sensors store calibration data and sensor-specific information
within their internal memory. This enables the immediate recognition and accurate operation
of the sensor when it is connected to the system, eliminating the need to recalibrate when
switching sensors.

e Automatic Sensor Recognition: Digital sensors communicate with the transmitter or
controller, allowing for automatic recognition of the sensor type, calibration data, and other
essential information. This ensures a smooth transition when hot swapping sensors without
requiring manual input or adjustments.

o Enhanced Diagnostics: Smart digital sensors provide real-time diagnostic data, such as sensor
health and performance indicators, making it easier to identify when a sensor needs cleaning
or maintenance. This allows for timely hot swapping to maintain optimal process control.

o Simplified Maintenance: Digital communication simplifies the maintenance process by
providing detailed information about the sensor's condition and history. This enables more
effective cleaning and calibration regimes and ensures that the hot swapped sensor is in
optimal condition for use.

e Reduced Error: The digital communication between smart sensors and the control system
minimizes the risk of errors caused by signal noise or degradation, ensuring that the hot
swapped sensor operates accurately and reliably.

e Plug-and-play Capability: The ease of connecting and disconnecting smart digital sensors from
the system simplifies the hot swapping process, allowing for quick and straightforward sensor
replacement.

By utilizing smart digital sensors, hot swapping becomes a practical and efficient option for maintaining
accurate process monitoring, reducing downtime, and extending the life of your pH sensors, ultimately
enhancing overall process efficiency and quality.

Benefits of Hot Swapping

Hot swapping pH/ORP sensors offers several advantages when implementing a cleaning regime. By
having multiple sensors available for use, you can ensure minimal process downtime and maintain
consistent monitoring and control. Here are some benefits of hot swapping pH sensors:
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e Reduced Downtime: With hot swapping, you can replace a fouled or contaminated sensor
with a clean, calibrated one immediately, minimizing the time your process is without pH/ORP
monitoring. This helps maintain the efficiency and effectiveness of your process.

e Consistent Monitoring: By swapping out sensors for cleaning, you can ensure that your
process is consistently monitored by well-maintained and accurate sensors, contributing to
improved process control and product quality.

e Optimized Cleaning: Removing a sensor for cleaning allows for thorough and proper
maintenance without rushing or compromising the cleaning process. This can lead to a longer
sensor lifespan and better performance.

e (Calibration Efficiency: While one sensor is being cleaned and calibrated, the other sensor
continues to monitor the process, ensuring uninterrupted data collection and process control.

e Extended Sensor Life: Regularly swapping and cleaning sensors can help extend their lifespan
by preventing excessive fouling or damage from contaminants, reducing the need for frequent
sensor replacement.

e Flexibility: Hot swapping pH/ORP sensors allows you to adapt your cleaning and maintenance
regime to specific process conditions or changes, ensuring optimal sensor performance.

By incorporating hot swapping into your pH/ORP sensor cleaning regime, you can maintain accurate
process monitoring, reduce downtime, and extend the life of your sensors, ultimately improving
overall process efficiency and quality.

ULTRA Communication Hub and Management Software

Enhance your sensor management toolkit with the Turtle Tough ULTRA Communication Hub and
Sensor Management Software. It's not just another communication and configuration tool—it's the
most comprehensive solution available for seamless connectivity and control over your Digital Smart
Sensors (DSS).

With the ULTRA Communication Hub, you can directly connect Turtle Tough Digital Smart Sensors to
your PC, opening up a world of possibilities. Our user-friendly Windows PC Management Software
empowers you to calibrate, configure, and manage your sensors with ease, all in one centralized
platform.

Key Features of the ULTRA Communication Hub:

o Windows PC Management Software: Our intuitive software grants you unprecedented control
over your sensors. View real-time sensor readings, perform calibrations, access sensor
diagnostics and history, and effortlessly determine sensor health. Experience unparalleled
visibility and make informed decisions with confidence.

e (Calibration Reports Made Easy: Printing calibration reports has never been simpler. The ULTRA
Communication Hub seamlessly generates detailed reports, providing a comprehensive record
of sensor calibrations for your documentation needs.

e Easy Plug & Play Interface: Enjoy a hassle-free experience with our user-friendly plug and play
design. Simply connect the ULTRA Communication Hub to your PC, and you're ready to go. No
complicated setup or configurations required.
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e USB Powered Convenience: The ULTRA Communication Hub draws power directly from your
PC through a USB connection. No need for additional power sources or batteries—just plug in
and get to work. Experience hassle-free operation and uninterrupted productivity.

o Rugged and Reliable: Designed to thrive in industrial environments, the ULTRA
Communication Hub comes housed in a rugged NEMA 4X enclosure. It features three NEMA
6P quick-connect plugs, allowing simultaneous connection of up to 4 Smart Sensors,
maximizing efficiency and productivity. You can also connect multiple hubs to expand your
connectivity.

Elevate your sensor management capabilities with the ULTRA Communication Hub and Management
Software. Experience the power of seamless connectivity, advanced diagnostics, and effortless control
over your Digital Smart Sensors. Unlock the full potential of your Digital Smart Sensors and
revolutionize your sensor management workflow. Experience the future of sensor connectivity today.
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DISCLAIMER

The information provided by Turtle Tough, inclusive but not limited to care recommendations and procedures, is
of a general nature and is intended solely to furnish users with product information. It should not be interpreted
as professional advice tailored to your specific needs, nor should it be considered as an endorsement or
assurance of the suitability of our products for your particular application.

While we strive to provide accurate and useful information, we do not guarantee that our products or
recommendations will be appropriate for your specific purpose or application. It remains the end user's
responsibility to assess and ensure the suitability of our products and/or procedures for their own needs and
safety requirements.

Please note that Turtle Tough shall not be held liable for any damages, losses, or inconveniences that may arise
from the use or misuse of our products, or from any reliance on the information we provide. This disclaimer
applies to any potential liabilities, including but not limited to, direct, indirect, incidental, consequential, or
special damages.

Users are strongly advised to conduct their own independent evaluations and tests to ascertain the suitability
and performance of our products within their specific circumstances.

For further information, clarifications or queries, please do not hesitate to contact us on +61
(0)3 9872 5055 or email us at info@turtletoughsensors.com.
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