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Hot Wet Extractive Sampling
Sample gas maintained at 180 C from source  right to  FTIR Gas Analyzer

• No sample gas dilution or drying!
• Always representative sample. Ideal to measure water-soluble gases such as

– HCl, HF, HCHO, NH3, SO2 …   Dilution and drying may distort the results.
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FTIR Gas Application List 
# Compound name Formula

Typical Ranges
min                 max

Unit

1 Water H2O 0 - 25 0 - 40 vol-% 
2 Carbon dioxide CO2 0 - 10 0 - 100 vol-% 
3 Carbon monoxide CO 0 - 70 0 - 10000 ppm
4 Nitrous oxide N2O 0 - 50 0 - 500 ppm
5 Nitric oxide NO 0 - 100 0 - 1000 ppm
6 Nitrogen dioxide NO2 0 - 100 0 - 1000 ppm
7 Sulfur dioxide SO2 0 - 30 0 - 2000 ppm
8 Ammonia NH3 0 - 20 0 - 500 ppm
9 Hydrogen chloride HCl 0 - 5 0 - 500 ppm

10 Methane CH4 0 - 50 0 - 1000 ppm
11 Ethane C2H6 0 - 50 0 - 500 ppm
12 Ethylene C2H4 0 - 50 0 - 500 ppm
13 n-Propane C3H8 0 - 50 0 - 500 ppm
14 n-Hexane C6H14 0 - 50 0 - 500 ppm
15 Formaldehyde CHOH 0 - 50 0 - 500 ppm
16 Hydrogen Fluoride HF 0 - 5 0 - 200 ppm

Typical ranges for CEM applications, Gasmet offers many other 
components and calibrations  outside those ranges 



Portable FTIR Emissions 
Measurement System Sample probe

Portable 
Sampling

Unit Heated 
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Lines

DX-4000
FTIR Gas 
Analyzer



Monitors up to 16 priority pollutants simultaneously

HCl, H2O, CO2, N2O, CH4 , CO, SO2, 

NO, NO2, NH3, HF, VOC’s 

FTIR EXTRACTIVE CEMS



Measurement Technology

• IR absorption spectrum is a 
fingerprint unique to each 
molecule

• Beer’s law: A = ε.b.c
 Identification AND 

quantification

Infrared Spectroscopy
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All gases absorb IR light except diatomic homonuclear molecules such as O2, N2, H2, Cl2, F2, &   the noble gases 
(He, Ne, Ar..) & “H2S” is a very weak IR absorber



FT-IR 
Spectroscopy
• Based on the use of an optical modulator: 

interferometer (Michelson, circa 1890’s)

Two Steps –

• 1). Interferometer modulates radiation emitted 
by an IR-source, producing an interferogram
that has all infrared frequencies encoded into it

• 2). Apply mathematics (Fourier Transform)  to 
produce IR Spectrum

• IR spectrum measured 10 cycles/sec (10Hz)
• Internal calibration with precise laser
• Daily Zero calibration, no recalibration required
• Fast, extremely accurate measurements

Interferogram

IR Spectrum

Fourier
Transformation

Interferometer

Modulated IR
Beam

Step 1

Step 2



The
FTIR

Gas Analyzer

Sample Cell

Interferometer



Laser

Mirror moving mechanics
Voice coil drives the moving mechanism 

Low voltage, long life IR source

Cube corner mirrors

Beamsplitter

Interferometer (Giccor )
Compact size – Rugged – Fast scanning – Excellent stability

Low resolution (8 cm-1) 
means better signal to 

noise ratio as optical 
aperture is larger

(more light gets through)



The Algorithm (Mod. CLS) Calcmet™ Software
Gas Measurements

Measured Components

Calculated concentration

Calibration Range /
Output scale

Residual value
QA/QC indicator

Status led:  or  or 

Saving Results
- Text file
- Spectrum file

Spectrum file is the raw measurement data, which can be re-analysed if necessary. Spectrum 
files also contain important hardware status information (tamperproof). 



Validation & Certification
FTIR Methodology accepted by leading 
test organizations including  :
• European standard EN 15267 -3

Performance standards and test 
requirements for the AMS which  
measure stack emissions.

• TUV  & MCERTS 3rd party verification 

• USEPA Test Method 320
• ASTM    Test Method D6348

• MCERTS M22



US EPA TM 320  
Summary

• Self Validating
• Requires challenging the system 

with span gas rather the system 
• No consideration in the method 

that the same analyzer is 
measuring  all the gases 

Circa  mid 1990’s based on  
report prepared for  USEPA by  
spectroscopists [Grant Plummer, 
Tom Dunder, Tom Geyer]

TM seeks the FTIR vendor to supply ‐ 1. 
Raw spectra 2. Calibration References 
3. Algorithm and a 3rd party can then 
replicate results as measured on the 
FTIR in the field.

Fractional Model Uncertainty (FMU)
Minimum Analyte Uncertainty, (MAU)



ASTM        
D-6348

• More intuitive document, 
Comprehensive details on 
mechanics, construction, 
software associated with 
an FTIR Gas Analyzer

• Also Self-Validating
• Still onerous on spiking 

but not to the same extent 
as Method 320

• Similar requirements as 
Method 320 in challenging 
the sample probe & 
transport system not just 
the gas analyzer

Minimum Detectible Concentration (MDC)
Noise Equivalent Absorbance (NEA)



Taking measurements following ASTM 
D6348-03 method.

• A). Pre-Test (performed prior to  going to field )
• 1. N2 (5.0 purity) gas directed through entire sampling system, record background after stabilization 

occurs.
• 2. Select suitable CTS (ie Ethylene), challenge the system & record response time & recovery,                        

verify results ± 5% expected value
• 3. Ambient air is sampled & spiked with most reactive analyte to verify dilution appartus (1:10 

dilution or less) is working  (verify ± 50% target reading)

• B). Field Sampling & Analysis
• 1. Conduct system leak check 
• 2. Flow N2 gas, wait stabilization and then record background spectrum
• 3. Flow CTS gas to FTIR gas cell, verify results ± 5% expected value
• 4. Spiking is performed for each analyte gas (normally CO2 & H2O are exempt)                     

(verify ± 50% target reading)
• 5. Test runs – 60 mins or longer
• 6. At test conclusion, repeat CTS gas test to FTIR to verify results ± 5% expected value
•
•

The above  is intended to provide an outline of the ASTM D6348-03 method before proceeding with any regulatory testing please read and follow al 
steps as outlined in ASTM documentation.



MCERTS M22
Development by MCERTS in Great 
Britain to replace ASTM D 6348-03.

“Suitable check gases shall be selected (from the 
target components, where possible) to 
demonstrate that the FTIR is capable of producing 
valid and accurate spectra at the frequencies and 
absorbance ranges that the analytical model will 
be using. 

Note: The check gas should not be 
considered as a traditional span of its 
constituent components (as no adjustment 
to the analyser is made) but rather an 
intrinsic validation of the analyser 
functionality.”

Truly FTIR friendly



Formaldehyde  Emissions - RICE MACT

40CFR63 subpart ZZZZ (Quad Z)
Lean & Rich Burn Compressor Engines



ASTM  D6348 Steps :
Pre-Test : Determining the level of noise of the FTIR _Running UHP Nitrogen through analyzer
Calculating MAU (Baseline spectrum + lowest HCHO reference in spectral region of interest)

Calculating FMU (Analyze Sample at varying HCHO concentrations) 



ASTM D6348 Steps:
- Apply CTS ( Typically ~ 100 ppm Ethylene)  Pre & Post Test run
- Dynamic Spiking for analyte (Formaldehyde), 10x dilution
- Test Runs



HCl Emissions _ Cement & Boiler MACT

Special challenges for low level measurement of HCl.
Sample transport, Analytical & Traceable HCl Standards
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• As per proposed PS18, 
interference test required for: 

– CO, 
– CO2, 
– H2O, 
– CHOH, 
– CH4, 
– SO2, 
– NO2 
– O2

• No interference on Gasmet 
System.

Interference Tests

Formaldehyde injections

HCl injection, 3.9ppm

HCl injection, ±33ppm

Methane injections

HClCHOH

HClCH4

±900ppm

±400ppm
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HCl emissions measurement 
300 ft. stack challenge  

• 300ft between the sample point 
and the CEMS shelter

• Full extractive not possible
• CEMs installed at the stack, on 

the sampling walkway 
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Comparative HCl Measurement Data
FTIR vs M26A
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HCl emissions measurement

Automatic HCl  daily zero & 
span challenge 



FTIR HCl CEMS _ Daily Zero & Span Challenge  
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FTIR & System Maintenance
• Automatic background measurement 

once a day
• Nitrogen and pressured air always 

available 
• Visual inspection once a week
• Replace particle filters of the sampling 

system and probe regularly (2-4 times a 
year)

• Never introduce condensed sample into 
the sample cell

• Always purge the sample cell after the 
measurement

• Service visit and water calibration once 
a year

• Remote access via TCP/IP 



Advantages of FTIR in Emission 
monitoring applications 

• Simultaneous, real time  and fast measurement of multi- gases
NH3, NO, NO2, CO, CO2, CH4 , HCHO, SO2, HCl, HF, N2O,, H2O, PFC’s, SF6,       

all  VOC ‘s + many other gases –

• No water removal, no dilution, no sample preparation
• Wide dynamic calibration range, very specific
• Ideal to measure reactive gases like NH3,HCl, Formaldehyde, H2O
• Results reported either on wet or dry basis and/or to ref O2 level
• Low Cost of Ownership - Only one analyzer to calibrate and maintain
• Validation of results - Sample spectrum contains all information regarding 

sample gas matrix and analyzer parameters
• Staying one step ahead - Future testing requirements. Simply add gas to 

application library
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System

Thank you for this opportunity to 
present the FTIR Multi-Gas 
measurement technology 

Questions ???
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