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Industrial Oxygen Analysis Technologies and Application Selection Guide

1. Physical Foundations of Oxygen Analysis

Industrial oxygen analysis is not fundamentally about “measuring oxygen concentration,” but about
accurately determining the oxygen partial pressure (pp0O-). Regardless of whether the method is
electrochemical, zirconia, paramagnetic, TDLAS, gas-phase fluorescence quenching, GC, or MS, all
techniques measure the behavior of oxygen molecules within a specific physical field—behavior that is
ultimately driven by oxygen partial pressure. Therefore, understanding ppO., VOL%, pressure
compensation, and background-gas effects is essential for building a reliable oxygen-measurement

system.

2. Oxygen Partial Pressure (ppO.)

Oxygen partial pressure is the fundamental physical quantity in oxygen measurement and follows
Dalton’s law of partial pressures:

ppO. = x(0;) x P_total

Its engineering significance includes:

e All sensor outputs are proportional or correlated to ppO.,: zirconia measures electromotive
force, paramagnetic sensors measure magnetic force, electrochemical sensors measure
current, TDLAS measures absorption intensity, and fluorescence quenching measures
lifetime—all driven by oxygen partial pressure.

e ppO; is a cross-condition comparable quantity: changes in pressure, temperature, or humidity
do not alter its physical meaning.

e Safety interlocks (SIS) should be based on ppO, rather than VOL%: because interlock
activation depends on the absolute oxidizing capability of oxygen.

Thus, ppO; is the first-principle quantity in oxygen analysis.

2.1 Influence of Oxygen Partial Pressure on Measurement Error
Pressure variation is the dominant source of systematic error in oxygen measurement. When oxygen
concentration remains constant:
e Total pressure increases — ppO, increases — reading drifts high
e Total pressure decreases — ppO, decreases — reading drifts low
Quantitatively, under near-atmospheric conditions (=100 kPa), a 1 kPa change in pressure

introduces approximately a 1% deviation in the measured value.
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Typical scenarios include:
¢ High-altitude environments: atmospheric pressure decreases significantly; uncompensated
instruments underestimate oxygen concentration.
e Pressurized vessels: pressure fluctuations directly cause reading drift, potentially affecting
safety decisions.
e Temperature, humidity, contaminants: alter diffusion efficiency or block sampling paths,

reducing effective ppO, and causing low readings or slower response.

2.2 Pressure Compensation Techniques

Because oxygen measurement is based on ppO,, pressure variations cause errors when converting to
volume fraction (VOL%). Different measurement architectures require different compensation
strategies.

(1) In-situ measurement

The sensor is directly exposed to process pressure; pressure fluctuations directly change ppO .. If the
output is VOL%, pressure compensation is mandatory. Most mid-/low-end in-situ instruments rely
on stable process pressure; only some high-end models support external pressure sensors and
compensation algorithms.

(2) Extractive measurement

After pressure regulation, sample gas is typically vented to atmosphere. Instrument internal pressure
is therefore dominated by the vent side, requiring barometric compensation.

If the instrument lacks compensation, altitude and weather changes introduce significant errors:
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¢ 1% change in atmospheric pressure — ~1% VOL% error

e Daily weather variation: 2—-3%

e Severe weather: 5-7%

o Extreme low pressure: >10%
Only some high-end instruments include built-in barometric sensors and automatic compensation,
such as the SMART series oxygen analyzers from MZD Analytik GmbH.
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(3) Pressure-compensation strategy in enclosed spaces (ppO. vs VOL%)
In enclosed or semi-enclosed spaces, the oxygen mole count remains constant; total pressure
changes mainly due to temperature, agitation, or micro-leakage.
e ppO,: directly reflects the absolute amount of oxygen; unaffected by total pressure changes.
e VOL%: varies with total pressure but does not represent actual oxygen quantity; requires

pressure or barometric compensation.

2.3 Selection of Oxygen-Measurement Units
Oxygen measurement may output ppO,, VOL%, or ppm. The choice depends on process
requirements.
e ppO,: unaffected by total pressure; suitable for enclosed spaces, inerting, and safety
interlocks.
e VOL%: pressure-dependent; suitable for open systems but requires pressure or barometric

compensation.
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3. Why Does Oxygen-Analysis Selection Fail?

Seven Common Industry Misconceptions

Industrial oxygen analysis failures rarely originate from “poor analyzers,” but from insufficient
understanding of operating conditions, incorrect unit selection, and missing system engineering.
Across a large number of industry cases, over 80% of selection problems arise from incomplete

definition of operating conditions, rather than from limitations of the analytical technology itself.

Misconception 1: Treating VOL% as an absolute quantity and ignoring ppO.
Many users habitually regard volume fraction (VOL%) as the sole indicator of oxygen content.
However, VOL% is inherently a relative unit and varies with total pressure. In the following scenarios,
this misunderstanding leads to severe deviations:

e High-altitude / elevation changes

e Atmospheric-pressure fluctuations due to weather

e Temperature or pressure changes in enclosed spaces

e Unstable vent-side pressure in extractive systems
Typical consequences include:

e Incorrect inerting protection

e SIS interlock setpoints shifting

e Systematic underestimation or overestimation of oxygen content
Root cause: ignoring the first-principle quantity of oxygen analysis — oxygen partial pressure
(PPO2).

Misconception 2: Focusing only on the analyzer and ignoring the complete measurement
system
In industrial oxygen measurement, errors often do not originate from the analyzer itself, but from the
system:

e Dead volume causing response delay

¢ Condensation reducing ppO,

e Micro-leaks causing ppm-level oxygen spikes

e Flow fluctuations causing reading drift

¢ Mismatched pretreatment causing long-term drift
In trace-oxygen (ppb—ppm) applications, system errors may exceed analyzer errors by 1-2 orders of
magnitude.
Root cause: ignoring the fact that the measurement chain consists of analyzer + sampling system +
pretreatment + pressure control.

Misconception 3: Ignoring pressure compensation (especially in extractive systems)
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In extractive systems, the vent side is typically open to atmosphere. Therefore:

¢ 1% change in atmospheric pressure — ~1% VOL% error

e Daily weather variation: 2-3%

e Low-pressure weather or typhoons: 5-10%
In SIS, inerting, or oxygen-enriched systems, such deviations may lead to incorrect safety decisions.
Root cause: no pressure compensation or no monitoring of vent-side atmospheric pressure.

Misconception 4: Misusing electrochemical analyzers in VOC / high-humidity / corrosive
environments
Electrochemical oxygen sensors experience drastically shortened lifetime in the presence of:
¢ Organic-solvent vapors (alcohols, ketones, esters, ethers, aromatics)
e Acidic gases (HCI, HF, SO,, NOx)
¢ High humidity or condensation
e Oil mist and particulates
Typical symptoms:
e Zero-point drift
e Slower response
e Increased noise
e Lifetime reduced from 1-3 years to months or even weeks
Root cause: electrolyte dilution, electrode poisoning, membrane swelling, and changes in diffusion

coefficients.

Misconception 5: Using dissolved-oxygen (DO) analyzers as gas-phase oxygen analyzers
Some users directly apply DO analyzers to gas-phase measurement. However, DO sensors rely on:
e Oxygen permeating through a polymer/gel
e Oxygen dissolving and diffusing within the membrane
e Response governed by membrane swelling, plasticization, and extraction effects
In gas-phase applications, typical problems include:
¢ Slow response
e Increased drift
¢ VOC-induced membrane structural changes
e Pressure-dependent dissolution-equilibrium shifts

Root cause: DO sensors are not designed as native gas-phase measurement structures.

Misconception 6: Ignoring response time and SIL requirements
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Many users focus only on “range” and “accuracy,” while ignoring the relationship between response
time (T90) and Safety Integrity Level (SIL).
Typical mistakes:
e Using instruments with T90 = 20-30 s for SIS
e Using extractive systems in fast-changing oxygen environments
e Using slow-response technologies for inerting protection
Possible consequences:
e Delayed SIS activation
e Inerting failure
¢ Oxygen excursions not detected in time

Root cause: response time not incorporated into safety-function design.

Misconception 7: Incomplete definition of operating conditions (the root cause of selection
failure)
This is the most common and most critical mistake.
Typical missing information:
e Temperature (whether >600°C)
e Pressure (whether fluctuating or vacuum)
¢ Humidity (whether condensation occurs)
e Background gases (H,, CO,, VOC, corrosives)
e Cleanliness (dust, oil mist, tar)
¢ Response-time requirements (SIS or not)
e Installation method (in-situ / extractive)
¢ Maintenance capability (calibration, cleaning)
When operating conditions are not fully defined, no selection can be reliable.

Root cause: failure to adopt a “condition-driven” selection workflow.

Oxygen-analysis selection failures do not stem from “insufficiently advanced technology,” but from:
¢ Incorrect understanding of measurement units
¢ Incomplete definition of operating conditions
e Missing system engineering
e Mismatch between technical technology and actual conditions
Avoiding these seven misconceptions is the prerequisite for building a reliable oxygen-measurement

system and the foundation for subsequent technical-technology selection.

4. Principles of Oxygen-Measurement System Design
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The accuracy of oxygen analysis depends not only on the analyzer itself, but on the quality of the
entire measurement system. In most industrial scenarios, system errors are often far greater than
analyzer errors, meaning that proper sampling design, gas-path architecture, pressure control, and

diagnostic capability are essential for long-term measurement reliability.

4.1 Differences Between Extractive and In-situ Systems
o Extractive systems: Suitable for trace-level and high-accuracy applications; offer strong
controllability but require high integrity in sealing, minimal dead volume, and proper
pretreatment. Typical applications: trace oxygen, high-precision analysis, complex
background gases.
¢ In-situ systems: Fast response and simple structure; suitable for high-temperature and
process-control applications, but require attention to contamination, condensation, and
process interfaces. Typical applications: fast-response control, safety interlocks.
There is no absolute superiority between the two. The correct choice depends on operating
conditions, oxygen-concentration range, response-time requirements, and maintenance

capability.

4.2 System Sensitivity in Trace-Oxygen Measurement
Trace oxygen (ppb—ppm) is extremely sensitive to system design:
e Even micro-leaks can cause errors of several orders of magnitude
e Material adsorption/desorption causes response tailing
e Dead volume and flow fluctuations amplify system deviations
Therefore, trace-oxygen measurement must use a system that is clean, well-sealed, and low in

dead volume.

4.3 Key Engineering Control Measures
To ensure measurement accuracy and long-term stability, system design should follow five principles:
1. Pressure and flow must be stable. Pressure fluctuations are the main source of VOL% drift;
flow fluctuations affect response time and representativeness.
2. The system must have high-integrity sealing. Especially for trace oxygen, micro-leaks
cause order-of-magnitude errors.
3. Dead volume must be minimized. Larger dead volume — slower response — system
“memory” of previous oxygen levels.
4. Contamination must be effectively isolated. Oil mist, condensation, organic solvents, and
corrosive gases can cause sensor drift or failure.
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5. The system must have basic diagnostic capability. Including flow monitoring, pressure
monitoring, analyzer/sensor health status. These diagnostics help determine whether readings

reflect true process conditions or system abnormalities.

4.4 Sources of System Error and Engineering Influencing Factors
In real industrial applications:
e Analyzer intrinsic error: typically +1% FS
e System error: may reach 5% to +50% (or even orders of magnitude)
Typical system-error sources include:
e Micro-leaks — high readings
e Dead volume — delayed response
e Pressure fluctuations — drift
e Contamination — zero-point drift
e Sampling point not representative of actual process
In practice, system error is usually far greater than analyzer error, meaning that system-design
quality determines final measurement quality. Thus, system engineering is the decisive factor in

oxygen-analysis reliability, while the analyzer is only one part of the measurement chain.
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5. Eight Technical Technologies for Industrial Oxygen Analysis

Industrial oxygen analysis spans multiple physical domains, including electrochemistry, zirconia
solid-state ionics, paramagnetism, spectroscopy, fluorescence quenching, and
chromatographic/mass-spectrometric separation. Different technical technologies vary significantly in
principle, applicable operating conditions, engineering boundaries, long -term stability, and safety
classification. A correct understanding of these capability boundaries is essential for achieving reliable

measurement and reducing lifecycle cost.

MZD Analytik Methodology: Industrial Oxygen Analysis Roadmap Overview

“The choice of industrial oxygen analysis technology is not about ‘who is more advanced', but about ‘which technology is the most reliable, economical, and safest under current conditions”
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5.1 Electrochemical Method
Electrochemical oxygen sensors operate based on the electrochemical reaction of oxygen molecules
at the electrodes. They measure oxygen partial pressure through diffusion-limited current or potential
changes. Electrochemical analyzers are the most cost-effective technology in industrial oxygen
analysis and require pressure compensation.
Application Range
Modern galvanic oxygen sensors can cover a wide oxygen-concentration range, including:

e ppm-level trace oxygen

e ~20.9% oxygen in air

e Medium-concentration oxygen
Additional characteristics:

e Low cost, easy to integrate, widely applicable

e Extractive installation

e Optional Ex d / Ex ib IIC T6 Gb explosion-proof ratings
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Electrochemical analyzers are widely used in portable instruments, fixed industrial monitoring, safety
monitoring, and confined-space detection. However, their engineering boundaries are clear—
especially in VOC and high-humidity environments, where they must be avoided.

Application Limitations

1. Limited service life (typically 1-3 years) The anode is continuously consumed; electrolyte
evaporates or leaks; output current declines until failure.

2. Baseline drift over time Electrode condition and electrolyte concentration change, causing
zero-point and sensitivity drift; periodic calibration is required.

3. Susceptibility to poisoning by reactive gases Gases such as H,S, SO,, and halogenated
hydrocarbons cause irreversible adsorption or side reactions, degrading catalytic activity.

4. Performance degradation in high humidity or contaminated environments Condensation,
oil mist, and particulates block the membrane or contaminate the electrolyte, causing slow
response, noise, or failure.

5. Significantly shortened lifetime in fine-chemical environments Fine-chemical processes
often contain:

o Organic-solvent vapors (alcohols, ketones, esters, ethers, aromatics)
o Acidic/corrosive gases (HCI, HF, NOx, SOx, HBr, Cl,)
o By-product vapors (polymerization by-products, catalyst residues)
o High humidity and micro-droplets
These accelerate aging through:
o Electrolyte dilution or chemical alteration
o Electrode corrosion or poisoning
o Accelerated electrolyte consumption
o Membrane swelling or contamination
In such conditions, sensor lifetime may drop from 1-3 years to months or even weeks.

6. Fine-chemical applications require high-quality pretreatment To maintain acceptable

performance, pretreatment must include:
o High-efficiency filtration
o Dehumidification/drying
o Acid-gas scrubbing
o Organic-solvent adsorption or cold traps
o Inert dilution or bypass isolation
o Stable pressure and flow control

Only with adequate pretreatment can electrochemical sensors operate reliably in fine-chemical

environments.
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5.2 Zirconia Method
The zirconia method is based on the oxygen-ion conductivity of high-temperature solid electrolytes. It
measures oxygen partial pressure using electromotive-force (Nernst-type) or ion-current-type
sensing. Zirconia analyzers are the dominant technology for high-temperature oxygen
measurement and do not require pressure compensation.
Application Range
e ppm-level trace oxygen to 100% oxygen
e The only mainstream solution for high-temperature environments (600—1200°C)
e Resistant to contamination, fast response, long lifetime
o EMF-type: 3-5 years (high-end models >10 years)
¢ lon-current-type sensors excel in low ppO, (10-1000 ppm)
o Typical lifetime: ~18 months
o Not suitable for <10 ppm, high ppO,, or vacuum
e Widely used in furnaces, combustion optimization, vacuum heat treatment, inert-gas systems
e High-end zirconia analyzers can operate in vacuum
e In-situ or extractive installation
Application Limitations
e Must operate at high temperature (>650°C)
¢ Not suitable for VOCs, tars, siloxanes, or reducing gases
e Highly sensitive to temperature control
e lon-current-type sensors are sensitive to flow and pressure
Temperature accuracy is critical: In the Nernst equation, the temperature term is exponential; 1°C
error can cause significant deviation.
Advantages of B-type thermocouples (Pt30Rh—Pt6Rh)
e Excellent high-temperature stability (600—1700°C)
e Strong thermal-shock resistance
e Very low long-term drift (better than K-type and S-type)
e Best stability in vacuum and inert gases
e Supports “no-calibration” or “minimal-calibration” operation
Some high-end zirconia platforms (e.g., MZD Analytik SMART series) use B-type thermocouples as
the temperature reference, enabling long-term stability in high-temperature, vacuum, and rapidly
fluctuating environments.
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5.3 Paramagnetic Method
Based on the paramagnetism of oxygen, this method measures the mechanical response of oxygen
molecules in a magnetic field. Two architectures exist: magnetic-wind and magnetic-force-balance.
Paramagnetic analyzers are widely used in process control, air separation, oxygen-enriched systems,
and inerting.
Application Range

e (0-100% oxygen, especially 90—100% high-purity oxygen

e High accuracy, long-term stability, non-consumptive

e Widely used in ASU, oxygen-enriched combustion, inerting (N./Ar), oxygen-purity monitoring

(>99%), medical oxygen

e Extractive installation

e Optional Exd IIC T6 Gb
Application Limitations

e Extremely sensitive to flow and pressure

e Requires clean, dry, non-condensing gas

¢ Not suitable for organic vapors

¢ Not suitable for high dust, high humidity, or corrosive gases

¢ Not suitable for strongly reducing gases (CO, H,)

¢ Not suitable for paramagnetic gases (NO, NO,)

5.4 TDLAS (Tunable Diode Laser Absorption Spectroscopy)
TDLAS measures oxygen partial pressure by detecting absorption at specific wavelengths. It is a key
technology for complex environments and safety interlocks, typically with built-in pressure
compensation.
Application Range
e 0-100% oxygen
e Highest resistance to interference (CO,, H,O, VOCs, dust)
e Suitable for high-temperature, high-humidity, high-dust environments
e Extremely fast response (T90 < 1-2 s)
e Suitable for SIL2-SIL3 safety interlocks
e Applicable to flue gas, hydrogen systems, inerting/SIS, furnaces, fermentation off-gas
e In-situ or extractive installation
e Optional Exd IIC T6 Gb
Application Limitations
e Optical-window contamination affects signal

e Requires optical alignment (in-situ)
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e High-dust environments require purge gas
e Strong-absorption background gases require spectral-line selection
e Optical-path length must match concentration range
e Higher cost
TDLAS is one of the fastest-growing technologies in modern industrial oxygen analysis, especially in

safety-critical and complex environments.

5.5 Gas-Phase Fluorescence Quenching
Based on dynamic quenching of luminescence by oxygen molecules. Both optical DO sensors and
gas-phase fluorescence-quenching sensors rely on the Stern—Volmer mechanism, but their
engineering implementations differ significantly.
Structural Differences
e Gas-phase quenching sensors: Oxygen diffuses directly from the gas phase into a
solid-state fluorescent layer; response governed by gas-phase diffusion and quenching
kinetics.
e Optical DO sensors: Oxygen must dissolve and diffuse through a polymer/gel membrane;
response governed by solubility, diffusion, swelling, plasticization, and extraction effects.
Thus, DO sensors exhibit slower response, larger drift, and susceptibility to solvent-induced
membrane changes.

1= B

: : : Gas-phase Fluorescence Optical Dissolved Oxygen DO Sensor
(S5 phass Exonced

{§} Native Gas-phase Design & %Egsgg?r% r%?)ls phase ias J £ extensﬁ)rzbrane system ._f:sdf”mf_f'
-:@ Response Speed @ Fast (1-35) " Stable Layer /\ Medium (10-30 s) —) K;

replacement every 1-2 years)
€ Not Applicable -

. Extended Gas-phase Oxygen
“* Measurement (Limited conditions)

Safety Interlock @ Applicable

Preferred for Online Fast
Monitoring in Fine Chemicals

L QRSN @ g ransv tosoent o) 4 Naybe et Wb

2 gﬁgdggrs‘gﬁ?onél;lqwd @ Tolerate (Solid sensitive layer) (%] i%g?ﬁ';’:s(éfgﬁ%s) diffusion and
4 © Longterm Stability @ High (Low drift) A S e systom

/% Maintenance Requirements @ Low (Whole unit long-term use) € High (Optical cap replacement required)

£5 Life Cycle Cost @ Low (Over 5 years) /\ Relatively High (Sensor cap

i

aa

Engineering Positioning @
Application Range

e  %-level oxygen, medium-concentration oxygen

e Fastresponse (T90 = 1-3 s)

e Excellent for high humidity, VOCs, acidic/corrosive gases (CO., H,S, SO,)
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e Suitable for reducing gases (CO, H,)
e Applicable to fermentation off-gas, biogas, natural gas, oil & gas, ventilation, confined-space
monitoring
e In-situ or extractive installation
e Optional Exd IIC T6 Gb
Application Limitations

¢ Not suitable for ozone (O3), chlorine (Cl,), or nitrogen dioxide (NO,)

5.6 Gas Chromatography (GC)
GC separates gas components using a chromatographic column and measures oxygen with detectors
such as TCD, FID, or PDHID. Its strengths are high accuracy and independence from background
gases. GC is the main technology for laboratory and quality-control applications, but not suitable for
real-time process control.
Application Range

e ppb—ppm sensitivity

¢ Quality release and arbitration, semiconductor specialty gases, high-purity gas QC, process

validation, laboratory analysis

e Offline / quasi-online analysis

e Extractive installation
Application Limitations

¢ Not real-time (analysis cycle 1-30 min)

e Requires carrier gas, columns, and regular maintenance

¢ Not suitable for SIS, fast oxygen changes, or inerting control

e Complex system, large footprint, high cost

5.7 Mass Spectrometry (MS)
Mass spectrometry ionizes gas molecules, separates ions by mass-to-charge ratio (m/z), and
measures ion current.
Application Range
e ppb—ppm trace oxygen
e Quality release and arbitration, semiconductor gases, high-purity gas QC, process validation,
laboratory analysis
e Multi-component simultaneous analysis (O,, N,, Ar, CO, CO,, H,, hydrocarbons)
e Complex background-gas analysis
e Extractive installation

Application Limitations
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¢ Overlapping mass peaks (e.g., CO and N, both at m/z = 28)

¢ High maintenance (vacuum pumps, filament life, ion-source contamination)

e Requires clean sample gas; unsuitable for high humidity, dust, corrosives, high temperature,
or solvent vapors (requires pretreatment)

e Vacuum system sensitive to vibration and environment

e Complex system, high cost

5.8 Wet-Chemical Methods
Wet-chemical oxygen analysis relies on liquid-phase chemical reactions that consume oxygen or
generate measurable products. These methods offer strong traceability and accuracy, with results
traceable to Sl units.
Application Range

e Calibration and arbitration
Application Limitations

¢ Not suitable for online measurement

e Complex operation

e Requires chemical reagents
In modern industry, wet-chemical methods are mainly used for calibration and arbitration, not online
monitoring.

6. Methods for Selecting Oxygen-Analysis Technologies

Selecting an industrial oxygen-analysis technology is not simply a matter of “choosing a sensor” from
the eight technical technologies. It is a system-level engineering decision. Different operating
conditions—temperature, pressure, humidity, background gases, cleanliness, response-time
requirements, safety level—directly determine the suitability of each technical technology.

A correct selection method must be condition-driven, not based on technical preference or
equipment price.

Three-Step Selection Method: A Systematic Decision Flow from Conditions — Units —

Technology Technology

6.1 Step 1: Define Operating Conditions (the most critical step)
Operating-condition definition is the foundation of selection. 80% of selection errors originate from
incomplete condition definition, not from insufficient technical understanding.
The following variables must be clearly defined:
e Temperature: ambient / high temperature (>600°C) / fluctuating

e Pressure: atmospheric / medium-low pressure / vacuum / fluctuating
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e Humidity: dry / high humidity / condensation risk
¢ Background gases: H,, CO,, VOCs, inert gases, air
e Cleanliness: dust, oil mist, tar, corrosive gases
¢ Response-time requirement: SIS or not (T90 < 2-5s)
o Safety level: SIL2-SIL3 required or not
¢ Installation method: in-situ / extractive
¢ Maintenance capability: calibration, cleaning, pretreatment availability
These variables determine the engineering boundaries of each technical technology. Examples:
e High temperature — Zirconia
¢ VOC — Gas-phase fluorescence quenching

e Medium/low pressure (in-situ) — TDLAS

6.2 Step 2: Determine the Measurement Unit (VOL% or ppO;)
Unit selection directly affects system design and technical-technology compatibility.
General rules:
¢ Open systems (flue gas, air): VOL%
¢ Enclosed systems (hydrogen, natural gas, gloveboxes): ppO,
e Safety interlocks (SIS): ppO,
e Pressurized systems: ppO, + pressure-compensation model
e High-purity gases: ppO, (ppb—ppm)
If the system requires VOL% output but experiences pressure fluctuations, the correct architecture is:
ppO; measurement + pressure-compensation model — VOL% output

Some high-end analyzers (e.g., MZD Analytik SMART series) adopt this architecture.

6.3 Step 3: Match Technical Technology (Condition — Technology Mapping)
Based on the engineering boundaries described in Chapter 5, the following cross -industry mapping
can be established:

Operating Condition Recommended Technical Technology
High temperature (>600°C) Zirconia
VOC environments Gas-phase fluorescence quenching

High humidity / condensation risk TDLAS / Gas-phase fluorescence quenching

Medium/low pressure / hydrogen TDLAS

Clean gases / high precision Paramagnetic

ppb—-ppm trace oxygen GC/MS
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Operating Condition Recommended Technical Technology
SIS interlocks TDLAS
Portable / cost-sensitive Electrochemical

This mapping framework applies across energy, chemical, semiconductor, combustion, and
industrial-gas sectors.

, | MZD Analytik Selection Decision Tree | N
A step 1: Temperature Condition
Zirconia (Mainstay, suitable for YES o
high-temp furnaces, heat treatment, ‘-—{ Is Temperature > 600°C? J
vacuum processes) NO| Steew Step 2

ﬁé Slep 2iGa Vet opiexy Gas-phase Fluorescence Quenching

i i i or TDLAS
[ Contains VOC / Acidic / Corrosive Gases? (Corrosion-resistant, high-humidity, high-V0C)
NO/ Steew Step 3

Q},: Step 3: Oxygen Concentration Range

T YES¢ JitE Step 3.
G/MS or ALl YES 3 1Ts Tt Trace Oxygen 3.2 Is it High Concentration %ES
or Electrochemical (opb-0pm)? Jxygen?
(Requires clean sealed system) :

NO/ Stecw Step 4
@ Step 4: Safety Level Requirement

YES
[ Need SIL2-SIL3 Safety Interlock? ~ |—

NO | Stepw Step 5
‘2, Step 5: Cost & Maintenance Requirement

Paramagnetic Method
(High-purity gases, air separation,
oxygen-rich systems)

TDLAS or High-end Zirconia or
Gas-phase Fluorescence Quenching
or Paramagnetic

(Fast response, interference-resistant)

Electrochemical YES - NO Gas-phase Fluorescence Quenching,

§ (Routine con;gorr?sc, ;omnl:l?le, low-cost) [ Need Low-Cost Solution? ] (High ?erlégﬁg;‘,lfo(xgwgih&i ance) Y Jj
Bank in Dresden: Ust.-IdNr.: DE304566788 Dresden HRB 35038
Volksbank Dresden-Bautzen eG Steuer Nr.: 213/114/03483 Geschaftsflihrer
(BLZ 8509 0000) IBAN: DE85 8509 0000 3968 5210 03 Dr. Steffen Meil3ner

Kto.-Nr. 3968 5210 03 SWIFT (BIC): GENODEF1DRS Page 17 of 20


mailto:info@mzdd.de

MZD Analytik GmbH

Ender Park, Enderstralle 94a
D-01277, Dresden, Germany
The people for Procgss Ananics Tel.: +49 (0)351-85071-010
E-mail: info@mzdd.de

6.4 Selection Comparison and Decision Making
The following table summarizes practical selection criteria. Final decisions must consider the entire
measurement loop, including analyzer, sampling installation, transmitter/logic unit, validation tests, and

diagnostic systems—especially for safety-related applications.
COMPARISON OF COMMON OXYGEN (0,) MEASUREMENT TECHNOLOGIES
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T e e
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III_

Oxygen-analysis selection must be condition-driven, not technology-driven. The correct workflow is:
Define operating conditions — Determine measurement unit — Match technical technology
Each of the eight technical technologies has clear engineering boundaries. Only when system

engineering and unit selection are correct can the technology perform as intended.

7. Engineering Implementation Guide:

From Analyzer to a Fully Realized Measurement System**

Engineering implementation of industrial oxygen analysis is not merely an equipment-installation task.
It is the process of integrating technical technology, system design, unit selection, pressure
compensation, diagnostic capability, and condition compatibility into a measurement system that
can operate stably over the long term.

Regardless of whether the technology is zirconia, TDLAS, gas-phase fluorescence quenching,
paramagnetic, or others, the quality of engineering implementation determines the final system
performance.

7.1 Commissioning
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The goal of commissioning is to ensure that the system operates stably under real operating

conditions. Key steps include:

¢ Sampling-system sealing (helium leak test, pressure-hold test)
¢ Heat tracing and condensation control (dew point +15-20°C)
e Stable pressure/flow control (regulation, limiting, monitoring)

¢ Verification of unit selection and pressure-compensation model

e Establishing initial zero/span baselines

Defects during commissioning will later manifest as drift, slow response, or interlock failure.

7.2 Calibration

Calibration establishes the mapping between instrument output — oxygen partial pressure. Key

considerations include:

¢ Background-gas matching: H, — H, calibration gas CO, — CO, calibration gas VOC —

inert-gas cylinders Air — air/N,

e Pressure-compensation calibration: Pressurized systems must validate the compensation

model.

e Temperature calibration (zirconia): B-type thermocouple reference must be verified.

e Optical calibration: Window cleaning, optical alignment, attenuation check.

Calibration intervals:
¢ Clean gases: 6-12 months
e VOC / high humidity: 1-3 months
e SIS: follow SIL procedures

7.3 Validation

Validation focuses on overall system performance, not just analyzer accuracy.

Key validation items:
e T90 response time (SIS requires <2-5s)
e Stability under pressure fluctuations
e Condensation-risk assessment
e Background-gas variation effects

¢ Interlock setpoint verification (SIL workflow)

7.4 Diagnostics
Long-term stability depends on diagnostic capability, including:
e Optical attenuation (TDLAS / fluorescence quenching)

¢ Heater and temperature-control loop (zirconia)
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¢ Electrode impedance (electrochemical)
e Flow/pressure monitoring

High-end platforms support predictive maintenance and automatic compensation.

7.5 Reliability and Lifetime Management
Key measures:
e Keep sampling system dry and clean (condensation is the primary cause of failure)
e Regularly verify pressure compensation and temperature control
¢ Establish maintenance cycles: Electrochemical: 1-3 years Zirconia: 3—-10 years Optical
systems: periodic cleaning

e Record trend data: Zero point, optical attenuation, temperature, pressure-compensation

deviation
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