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Why Formaldehyde ?

2015

Highly toxic &

Potentially Carcinogenic

Ozone 

Precursor
Mainly from 

Human Activities

Increased vehicle emissions of aldehydes is attributed to ethanol mix fuel.

EU gasoline standard (EN228) allows 10% ethanol blend by volume

Ethanol is one of the major renewable fuels for transportation 
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WLTP: Additional Pollutants (AP)

2015

NO2 

N2O 

NH3 

EtOH

Formaldehyde 

Acetaldehyde

Source: ECE/TRANS/WP.29/2016/69

Phase 1b: focused 

on new & online 

methods
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Analytical 
Techniques

FTIR

GC

Others

PTR-
Qi-ToF-

MS
PAS

Electro-

Chemical

Cell

TDLS

Formaldehyde: Instrumental Methods

2015

… NEED a Gas Standard 

for Calibration

Permeation Device Accurate, 

Not easy to use

Gas cylinder
Simple to use, Stability ??
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Stability of Calibration Mixtures

Cylinder conditions 
cylinder pressure

cleanliness of cylinder

reactivity of the inner surface

Mixture components

reactivity between themselves 

reactivity with the cylinder

concentration 

chemical nature

20152016

Change in Concentration < Analytical Uncertainty
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~Formaldehyde Instability

Significant amounts of methyl formate was observed in IMPROPERLY 
prepared Al cylinders.

Methyl formate interferes with formaldehyde FTIR analysis

Methyl formate was analyzed by GC/FID

GC/FID
3-way 

valve1. Pre-concentration in 

liquid Ar.

2. Ballistic heating

Pre-

concentrator

Volumetric Meter
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Methyl Formate & Formaldehyde IR Spectra

Air Liquide’s formaldehyde cylinders are low in 

methyl formate (< 1ppm)
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Formaldehyde on Oxide Surface

Adapted from: Busca, G, et.al., J. Am. Chem. Soc., 109, p 5197 (1987)
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Air LiquideTechnology: Aculife VIII for formaldehyde 

Specially prepared Aluminum cylinder

No secondary passivation  was necessary

All formaldehyde cylinders were blended using a 
proprietary blending process.

Nitrogen was used as the balance gas.

Well established EPA TO-11 method applied for analysis

Stabilizing Formaldehyde in Gas Cylinders



11 Research & Development2014 World  leader in gases, technologies and services for Industry and Health 2015

DNPH Impinger Gas Sampling

EPA Method TO-11

Trapping solution: 0.4% (w/v) of 2,4-DNPH in acetonitrile/4M HCl

Bubble the gas into the trapping solution at the rate of ~ 1L/min

Collect the sample for 10 – 30 minutes

Derivatization of carbonyl compounds by 2,4-DNPH

2,4-DNPH was purified by recrystallizations in acetonitrile

The DNPH derivative is analyzed for aldehydes by HPLC. 

At least 3 collections for each cylinder. Regul

ator

2,4-DNPH 

Solution

Dry Gas 

Meter

To Fume 

HoodMoisture 

Trap

Midget Impinger
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HPLC Calibration & Analysis

RSD < 1%

≥3 injections/standard

Linear, >0.9999

correlation coefficient

Residual <1%

for each standard
Instrument drift < 1%

between injections

10 ppb

detection limit
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Formaldehyde Stability in Gas Cylinder
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2-30 ppm formaldehyde stability shown over 1 year
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Change in formaldehyde over a period of 1 year is about 3%.
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Source: BIPM 

BIPM Study
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Source: BIPM 
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Conclusions

Stable formaldehyde in Aluminum gas cylinder

Tested successfully in the range of 2 to 30 ppm 

Well established EPA TO-11 method applied for analysis

The shelf lives of these mixtures are at least one year.

Stable formaldehyde mixtures are low in methyl formate. 

BIPM evaluated the Air Liquide cylinders
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THANK YOU FOR YOUR ATTENTION!

2015

anuj.kumar@airliquide.com

Stand # 1534

Automotive Testing Expo


