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Volatile organic compounds (VOC) are an increasing concern in contamination-sensitive manufacturing 

sites. For the assessment and classification of VOC emissions from building products, a standardized 

fast screening procedure for classifying materials regarding VOC outgassing is developed to permit 

specific reduction of indoor airborne molecular contamination.  It describes sample preparation and 

storage prior sampling followed by micro-chamber sampling and analysis via thermodesorption coupled 

with gas chromatography and mass spectrometry (TD-GC/MS). Knowing the active surface area, 

sampling time and emitted VOC mass measured, the material specific surface emission rate SERa and 

classification number can be determined. The standardized method allows a faster material screening 

compared to existing large chamber measurement methods. Material screening results are entered into 

the database www.ipa-csm.com to allow the tested products to be directly compared with one another. 

Therefore, a material selection already in the planning phase of a controlled environment becomes 

possible. Based on SERa values, an experimental proven simulation model enables the calculation of 

the expected ISO-AMC-class of the controlled environment to be constructed according to ISO 14644-

8. 

1. Introduction 

Airborne molecular contamination (AMC) is defined as the presence in the atmosphere of a controlled 

environment of molecular substances in the gaseous or vapour state that may have a deleterious effect 

on the product, process or equipment. Toxicity or odour effects are not considered (ISO, 2006b). AMC 

can be categorized in the following substance groups: acids, bases, biotoxins, condensable 

contaminants, corrosive contaminants, dopants and VOC (JACA, 2003). A definition of VOC is given in 

ISO 16000-6 (ISO, 2006a). Emissions from building materials play a major role regarding the amount 

of VOC in a controlled environment regarding risk for the process or material (Bürgler et al., 2001). 

VOC can induce various damage scenarios. The lifetime of lithographic masks in semiconductor 

settings is shortened dramatically if VOC deposition occurs (Peters et al., 2007; Johnstone et al., 

2003). Critical VOC compounds include siloxanes, phthalates, amines, ammonia, acids, 

organophosphates and doping materials (Shiramizu, 2010). Several studies demonstrated the VOC 

emission potential from building materials (De Bortoli et al., 1999; Yu and Kim, 2010). Sensitive 

manufacturing environments require a controlled low level of VOC in the ambient air. To reduce 

unwanted airborne VOC, cost-intensive technologies can be applied (Kennes and Veiga, 2010). 

Alternatively, low-VOC emitting building materials can be used (Keller and Gommel, 2012a). For 

material selection, laborious large scale test methods are already established (Umweltbundesamt, 
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2010). Different VOC labeling systems regarding VOC-emissions from building materials are 

developed (Maronai and Lundgren, 1998) but lack in comparable classification, harmonization and 

suitability for the selection of low VOC emission materials. Using different emission chamber 

geometries, a variation of the results of up to 60 % is reported (De Bortoli et al., 1999). Variations in air 

exchange rate can lead to different results (EC, 1991; Knudsen et al., 1999). Therefore, there is a need 

for an easy-to-use standardized method with a comparable classification system only focusing on 

process-critical contaminations, such as VOC. Established emission chamber methods are cost- and 

time consuming and therefore not useful for a fast material screening (ISO, 2006c). Several authors 

report a cost-effective micro chamber which fulfills the defined requirements and is comparable to large 

scale chamber methods or FLEC-cell method (Schripp et al., 2007; Lor et al., 2010). A standardized 

guideline describes the usage of small-scale emission cells (ASTM, 2010). The quantity of emitted 

VOC from materials is dependent upon surface area, sampling time, age and test temperature. The 

SERa value is determined by collecting the emitted VOC on sorbent tubes and subsequent analysis 

using TD-GC/MS. A calculation model enables estimation of AMC level in controlled environments by 

using the determined emission rates of all major AMC-emitting materials. 

2. Methods 

2.1 Preparing samples 
Ideally, flat samples with a homogenous surface prepared into VOC-free carrier materials (glass 

dishes, stainless steel) should be used. In multiple layer applications, layer composition must 

correspond to the planned usage. The cut edges of solid samples which should not be considered as 

being part of the active surface area need to be covered appropriately, e.g. with an aluminum cutting 

ring or with aluminium foil (Figure 1, upper left). Reactive hardening material samples need to be pre-

conditioned over a period of 30 days at 23 °C and 45 % relative humidity. Samples may not become 

contaminated during pre-conditioning by storing them in a VOC-reduced environment (M+W Products 

GmbH, Stuttgart, see Figure 1, middle). 

 

 

   

Figure 1: Upper left: Representative material sample with a sampling chamber and overlying ring for 

determining the surface-specific emission rate of the material sample. Lower left: Material samples in 

micro-chamber with one cover lid opened and other lid closed with an adsorption tube attached on the 

outlet of the closed chamber. Middle: storage environment with VOC filtration. Right: setup for 

experimental prove of the calculation model 
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2.2 Micro Chamber Measurement and Analysis 
Defined material samples (A = 10 cm

2
) are placed in a micro chamber (µCTE, Markes International, 

Llantrisant, see Figure 1: lower left) under atmospheric pressure at a standardized temperature of 23 

+/-1 °C (VDI, 2012). After an equilibration time of 6 min, the VOC-sampling takes place over a period of 

60 min. As rinsing gas, ultrapure nitrogen is used with a flow rate of 100 mL/min. The VOC emitted 

from the material are collected onto a Tenax-TA sorption tube. Sorption tubes are analyzed by TD-

GC/MS according VDA 278 (VDA, 2002). Other established methods can be used as well (Benzo and 

Gilardoni, 2008). A six-point calibration from 10
-9

 g to 10
-6

 g total mass of hexadecane is performed, 

loaded onto the tubes using a Calibration Solution Loading Rig (Markes International, Llantrissant) with 

a flow of 100 mL/min ultrapure nitrogen for 5 min. For each analyzed set of tubes, a standard tube 

dotted with hexadecane was analyzed as well to determine the response factor. For each detected 

VOC-compound, the quantification is done using the response factor in correlation to hexadecane. 

2.3 Determining the standardized material classification number AMCm 
Materials are classified based on tests performed at room temperature. A possible second analysis at 

an elevated temperature can be done to gain further outgassing information, in particular critical 

substances in the material sample. The mass of all VOC mVOC is related to the sample surface area A 

and the sampling time t to calculate the material surface specific emission rate SERa (Equation 1). 

tA

m
SER TVOC

a


  (1) 

The SERa, expressed in grams per square meter and second is normalized to the surface area Anorm = 

1 m
2
, the reference volume Vnorm = 1 m

3
 and a normed air exchange rate nnorm = 1 s

-1
. After being 

logarithmized in a decadal way, the normed material-specific airborne molecular contamination class 

regarding the outgassing from materials (AMCm) class is obtained (Equation 2). 
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According to VDI 2083 part 17, the material classification is expressed as follows: AMCm class N 

(VOC) with a value lying between 0 and -12 with 0.1 as lowest permissible increment of N. The SER of 

a material with an AMCm class = -6 is ten times less than the SER of a material with AMCm class = -5. 

The term “VOC” defines the volatile organic compounds as contaminant group. For VOC, the actual 

method detection limit is mTVOC = 1 ng or AMCm class = -9.6 (VOC). The classification procedure can 

be done for all other AMC contaminant groups as well. 

2.4 Estimation of the ISO-AMC class of a real scenario controlled environment 

The described calculation model enables estimation about the ISO-AMC class of a controlled 

environment with defined air intake and exhaust. ISO-AMC class 5 (x) equals an AMC concentration of 

10
-5

 g/m
3
 for the contaminant group x (ISO, 2006b). Regarding all relevant major AMC mass flows in a 

controlled environment mges (material emission and intake air) with a room volume V and the ventilation 

rate F, the resulting ISO-AMC class (x) in the controlled environment can be calculated as follows over 

time (equation 3): 
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Relevant materials to be considered for the ISO-AMC class estimation are materials with large surface 

area (flooring and wall systems, ceiling, filter systems) and with high molecular emission (sealants, 

adhesives and lubricants). The temperature and humidity inside most controlled environments equals 

the chamber measurement parameters with 23 °C and 45 % relative humidity, so these parameters are 

comparable. The calculated value ISO-AMC class (x) reflects the situation for materials with age 30 

days. As AMC outgassing from materials reduces over time, the ISO-AMC class will lower accordingly. 

Therefore, this represents a good estimation of the ISO-AMC class after completion of the setting. 
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2.5 Experimental prove of the model 
A calibrated cavity ringdown spectrometer was used for fast response water vapour measurements; 

see figure 1 right (Picarro G1114, Picarro Inc, Sunnyvale). Glass dishes (A = 0.0001 m
2
) filled with 2 ml 

water were placed as AMC emission source into a polyamide chamber with V = 0.0015 m
3
. For the 

simulation of increasing mass flows, the mass flow of water vapour was increased by increasing the 

numbers of glass dishes. The housing inlet was open to laboratory air. Ventilation rate was fixed to the 

suction of the mass spectrometer. The different mass flows of water vapour were calculated from the 

steady-state values using following parameters: F = ventilation rate: gas flow through chamber; r = 

measured volume fraction of water vapour in air; c = concentration of water in a saturated atmosphere 

at 20 °C (calculated with the Magnus formula); xSaturation = volume fraction of water vapour in saturated 

air; see Equation 4: 

Saturation

Saturation

x

c
rF   (4) 

In a second experiment, the ventilation rate F was varied using different inlet flow rates of ultra pure air. 

The spectrometer was attached in bypass mode to the outlet of the chamber. This setup can only be 

seen as first evaluation of the model as water vapour may differ from various specific VOC in emission 

feature. More tests with different VOC may be useful for the general evaluation the developed model. 

3. Results 

3.1 Outgassing measurements 
The excellent reproducibility of the method is previously shown (Keller and Gommel, 2012b). In Figure 

2, the displayed selection of investigated epoxy flooring materials demonstrate a huge difference in 

classification. For some materials, no VOC outgassing could be detected at all, so these materials are 

classified with AMCm class = 9.6 (VOC), the best possible classification value based on the actual 

lower detection limit (LDL) of the method. 
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Figure 2: AMCm class (VOC) of different epoxy flooring systems according to VDI 2083 part 17 

3.2 Experimental prove of the model 
The obtained experimental data fit to the simulation using the described calculation model, see figures 

3a and 3b. The corresponding mass flows of water vapour and ventilation rates F are mentioned 

directly in the figures. 

4. Conclusions 

The use of a suitable emission chamber test method and corresponding analytics enables the 

determination of the SERa value of VOC emitted from a material sample. Through appropriate 

standardization, a comparable material class can be calculated based on this value. The standardized 

material classification permits a direct comparison of the tested materials to be made with regard to the 

emission of VOC. The calculation model enables an ISO-AMC class estimation of a controlled 

environment already during planning. Therefore, a systematic building material selection will improve 

VOC-levels not only of controlled environments but for all indoor areas. 
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Figure 3 (upper): Fit of experimental data (grey) and model (black) for varying mass flow of water 

vapor. (lower):  Fit of experimental data (grey) and model (black) for varying ventilation rates F. 
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