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NOTICE

This report is an internai Forintek document, for release only by 
permission of Forintek Canada Corp. This distribution does not 
constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than those agreed to by 
Forintek. Also, this report is not.to be cited, in whole or in part, 
unless prior permission is secured from Forintek Canada Corp.

Forintek Canada Corp., nor its members, nor any other persons 
acting on its behalf, make any warranty, express or implied, or assume 
any legal responsibility or liability for the completeness of any 
information, apparatus, product or process disclosed, or represent that 
the use of the disclosed information would not Infringe upon privately 
owned rights. Any reference in this report to any specific commercial 
product, process or service by tradename, trademark, manufacturer or 
otherwise does not necessarily constitute or imply its endorsement by 
Forintek Canada Corp. or any of its members.



SUMMARY

Canadian manufacturers of urea formaldehyde (UF) bonded panels continue 
to rely on the U.S. large chamber test as an indicator of their products 
formaldehyde emission potential. Round robin tests have indicated that 
variability still exists between chambers. In this study data was 
collected on several chamber operation parameters which are suspected of 
contributing to the chamber differences. Verification of chamber 
operating conditions were examined closely and several intrachamber 
comparisons were also made. i
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1.0 OBJECTIVES

To modify and calibrate the large chamber in order to comply with the 
requirements of the proposed ASTM draft test method for large chamber 
formaldehyde emission testing.

. To establish a comparison between emission values of Canadian panels 
evaluated by U.S. chambers and the Forintek chamber.

2.0 INTRODUCTION

Canadian manufacturers of urea formaldehyde (UF) bonded panel products 
are continually striving to reduce formaldehyde emissions from their, 
panels. The large chamber test used to evaluate UF panels in the United 
States is becoming an important benchmark test for Canadian producers and 
exporters of UF bonded panels destined for the United States manufactured 
housing market. Interlaboratory round robin chamber tests conducted in 
recent years have indicated that definite differences in emission values 
can occur for similar or identical panels when tested in different 
chambers.

The ASTM E-6 committee on Building Products recognized the importance of 
this test and established a task group to prepare a standard ASTM Large 
Scale Test Chamber method. It was predicted that standardization of 
several of the test procedures would produce a much lower intrachamber 
variance.

In July 1987 a draft of the proposed ASTM test method was rejected by the 
task group members. Intra chamber differences were the leading reasons 
listed for rejection of the proposed method. The task group is scheduled 
to meet again in November 1988.

Forintek has maintained an active interest and cooperation with other 
chamber operators to help explain and resolve the intra chamber 
disagreements. In this study the major chamber parameters, (temperature, 
humidity, air exchange, air velocity) have been explored as possible 
contributors to chamber differences. Large chamber tests were also 
conducted on Canadian panels in cooperation with the Canadian 
Particleboard Association (CPA). These tests were compared with 
duplicates tested in the U.S. where possible. Forintek technicians 
transported recently evaluated chamber panels to the National 
Particleboard Association (NPA) and the Hardwood Plywood Manufacturers 
Association (HPMA) for duplicate comparison tests. Airflow and air 
exchange data was also collected at NPA and HPMA. Although the 
comparison data was encouraging, it would appear that further 
intrachamber work will be required before chamber differences can be 
reduced to an acceptable level.
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3.0 STAFF

R. Aston Project Leader
Technologist

B. Lethbridge Technologist

C. Gudgeon Technologist

4.0 EXPERIMENTAL

4.1 Temperature and Humidity Measurement

The large chamber is designed to operate with controlled conditions of 
temperature, humidity and air exchange. Aston (1987) confirmed that 
formaldehyde emission from UF bonded particleboard was highly dependent 
on temperature and humidity. Accurate measurement of temperature and 
humidity is usually performed using a wet and dry 'sling psychrometer'. 
The most common type of psychrometer used for this purpose consists of a 
dry bulb and wet bulb thermometer fitted with a handle. The standard 
psychrometric procedure consists of whirling the thermometers in the air 
until the wet and dry readings are stable. Hygrodynamic experts however 
point out that psychrometric techniques can be prone to several errors. 
Inaccurate thermometers, improperly fitted or dirty wet bulb wicks, and 
body heat are cited as possible contributors to errors in temperature and 
humidity measurements using the sling psychrometer. The most critical 
parameter would appear to be thermometer accuracy. A thermometer with a 
1°F accuracy has been shown to produce humidity measurements with a + 6% 
uncertainty. In order to minimize these errors in the measurement of 
chamber temperature and humidity two ASTM certified mercury thermometers 
accurate to 0.1°F were set up in the Forintek chamber. The thermometers 
were fastened to a plexiglass frame and a low speed fan was positioned in 
such a manner as to provide adequate and constant air circulation around 
the thermometer bulbs.

4.2 Chamber Air Exchange Measurement

The Forintek chamber is operated under positive pressure and the air 
exchange is monitored using a calibrated gas meter positioned in the 
chamber air inlet. This appears to be a common method for monitoring 
chamber air exchange. Chamber air exchange has also been shown to have a 
significant effect on chamber values (Aston 1987). A study of chamber 
exchange was begun with the installation of a certified inline float type 
airflow meter. The flowmeter was installed in the air pipe between the 
gas meter and the chamber.

The availability of a portable infrared (I.R.) analyser (Miran) allowed 
for further investigation of the chamber air exchange. The chamber was 
'spiked' with about 2000 ppm of carbon dioxide (CO2 ) gas from a pressure
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cylinder. The CO2 tracer gas was allowed to degrade in the chamber over 
a period of several hours. The Miran I.R. was connected to the main 
sampling tubes of the chamber and a peristaltic pump inside the analyser 
pulled a small continuous flow of air from the chamber for analysis. The 
Miran was shut off periodically to avoid the removal of excessive amounts 
of chamber air, which could add to the chamber air exchange. The 
concentration of the CO2 gas in the chamber was read from a calibration 
curve and the chamber air exchange was calculated using formulas 
available in the ASTM standard E-741. The CO2 degradation test was also 
carried out in the sample conditioning room.

4.3 Chamber Air Circulation Measurement

Air circulation and velocity inside the chamber has also been considered 
as a possible intrachamber variable. A 'hot wire' anenometer was used to 
collect data on the airflow patterns in the Forintek chamber. Fifteen 
anenometer readings were taken at each of three different chamber heights 
in order to characterize the airflow behaviour.

The effect of chamber air velocity on formaldehyde emission values was 
studied further by performing chamber analyses on one set of samples 
after equilibration to 3 different chamber air velocities. Air velocity 
measurements were also conducted in the chamber sample conditioning room.

4.4 Intrachamber Comparisons

The Canadian Particleboard Association arranged for its member companies 
to supply Forintek with large chamber samples on a regular basis. The 
samples were tested in the large chamber following the current U.S. large 
chamber test method (FTM-2-1985). The tests were performed with a 
loading level of 0.13 ft2/ft2 for particleboard and 0.08 ft2/ft^ for MDF. 
The chamber was operated at 77°F and 50% R.H. Edge sealed desiccator 
tests were also performed on the same samples. Some of the member 
companies shipped duplicate test samples to the U.S. for certification 
which permitted some comparisons to be made with the Forintek chamber.

A further chamber comparison was made using two other sets of chamber 
samples. Immediately after evaluation in the Forintek chamber the 
samples were transported by truck to NPA and HPMA in the Washington, D.C. 
area for comparative analysis. HPMA and NPA officials permitted airflow 
measurements to be conducted in their chamber for comparison purposes and 
to provide data on airflow variation between chambers. A limited form of 
the CO2 degradation technique described in 4.2 was also performed on the 
HPMA and NPA chambers.

5.0 RESULTS AND DISCUSSION

Improved psychrometric techniques afforded by the installation of ASTM 
certified thermometers with a small circulation fan (Figure 1) provided
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Figure 1. Certified Thermometers and Circulation Fan for Improved 
Measurement of Temperature and Humidity

4



for more accuracy in the measurement of chamber temperature and humidity. 
This also allowed for more precise setting of controllers permitting a 
narrower range of operating conditions.

The certified flowmeter positioned in the chamber air inlet between the 
gas meter and chamber (Figure 2) confirmed that the gas meter was 
allowing exactly 8.5 ft-^/min. of air to enter the chamber. This was 
required to provide the 1020 ft^ chamber with an exchange of 0.5/hr.

The use of C02 degradation as detected with the portable Miran I.R. 
(Figure 3) was found to be a quick means of accurately evaluating chamber 
air exchange. However the method was observed to have limitations 
depending upon the particular chamber facility. When the C02 method was 
tested at the NPa and HPMA facility, it became obvious that facilities 
housing chambers were variable and that chamber air makeup and venting 
were specific for each facility. The C02 degradation technique would 
need to be modified for each particular facility to allow for correct 
exchange measurements. The C02 technique did appear to have potential as 
a z'ëüàbls method for verification of chamber exchange, however further 
refinements in the test method would be required. C02 degradation tests 
performed on the Forintek chamber and sample conditioning room are 
represented graphically in Figure 4 and 5. Calculations from the 
standard ASTM E 741 yielded the required 0.5 + 0.05 air changes per hour 
for the Forintek chamber. The sample conditioning room was found to have
2.0 changes per hour.

The chamber interior air velocity data provided by the 'hot wire' 
anenometer (Figure 6) are listed in Tables 1, 2 and 3. The measurements 
were taken at 3 height levels above the chamber floor (8, 48 and 79 
inches). The data provided by the NPA and HPMA chambers indicates the 
possibility of air velocity variance between chambers. There is no 
provision for chamber air velocity in the present test method. It should 
be noted in the present study that panels tested at three air velocity 
levels in the Forintek chamber did not yield significantly different 
emission levels (Table 4). The air velocity measurements in the Forintek 
sample conditioning room are shown in Table 5.

The Canadian Particleboard Association provided panels for formaldehyde 
emission analysis to generate data on their products and to make 
intrachamber comparisons where possible. The chamber and edge sealed 
desiccator values are listed in Table 6. In some cases manufacturers 
supplied duplicate samples to U.S. chamber facilities; these test values 
have been listed where possible. The company that supplied the A panels 
did not have duplicate tests performed so that no comparisons were 
possible. The duplicate large chamber values of the B and C panels 
performed by lab 3 were much lower than the Forintek chamber values, 
although the desiccator values were reasonably comparable.

A good comparison was observed for the D panels which involved 3 
chambers. The edgesealed desiccator of the D panels were also found to
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Figure 2. Certified Flowmeter Installed Between Gas Meter and Chamber
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Figure 3. Portable Miran Infrared Analyser and CO2 Used to Evaluate 
Chamber Air Exchange.
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Figure 5

Carbon Dioxide Decay of Forintek 
Large Chamber Sample Conditioning Room 

Measured with Infrared Analysis
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Hot Wire Anenometer Used to Measure Interior Chamber Air 
Velocity.

Figure 6.
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Table 1

Air Circulation in Feet per Minute for
Forintek Chamber and Two Other Large Chambers

(measured at 8 inches above floor with chamber empty)

Forintek 1 
Chamber 2 
Chamber 3

200
125
50

300
600
100

60
100
125

200 200 300
75 300 75
50 125 125

100 100 260
90 100 100
75 25 100

60 80 200
90 75 100
75 25 100

60 40 180
25 50 75
75 50 100

Chamber Door
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Table 2

Forintek 1 
Chamber 2 
Chamber 3

Air Circulation in Feet per Minute for Forintek
Chambers and Two Other Large Chambers

(measured at 4 feet above floor with chamber empty)

20
100
150

40
50
50

20
100
75

40 40 60
50 75 75

200 50 100

30 30 50
75 60 50
100 50 150

40 30 30
100 50 75
75 100 100

40 50 40
75 40 50
50 50 50

Chamber Door
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Table 3

Air Circulation in Feet per Minute for
Forintek Chamber and Two Other Large Chambers

(measured at 6 feet 5 inches above floor with chamber empty)

Forintek
Chamber
Chamber

60
50
95

60
50
50

60
50
100

100 100 100
75 75 75

100 25 50

100 40 90
75 100 100
175 50 75

100 60 40
50 40 125
225 60 25

80 50 30
75 50 110

400 75 100

Chamber Door
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Table 4

Chamber Values of Panels Tested at Three 
Different Chamber Interior Air Velocities

Chamber 
Interior 

Air Velocity
Chamber Value 

(ppm)

Low 0.58

Medium 3 0.59

High 3 0.59

1 200 cfm when measured 
and directly in front

1 foot away from 
of fan.

3 300 cfm.

3 400 cfm.
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Table 5

Air Circulation in Feet Per Minute 
For Forintek Large Chamber Sample 

Conditioning F.oom

8
4

6 ft/5

Note: Broken line indicates panel location during
conditioning.
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Table 6

Comparison of Formaldehyde Emission Analyses for Canadian Manufactured UF Bonded Panel Products

Large Chamber Value (ppm) Edge Sealed Desiccator (mg/1)
Panel Lab Lab Lab Lab Lab Lab Lab Lab

Identification Forintek 1 2 3 4 Forintek 1 2 3 4

A 0.67 1.11
0.46 1.14
0.41 0.82
0.60 1.02

B 0.27 0.16 0.48 0.51

C 0.45 0.16 0.89 1.05

D 0.47 0.51 0.50 1.15 1.98 1.09
0.54 0.51 0.55 1.37 2.47 1.22
0.54 0.45 0.53 1.37 1.78 1.26

E 1 0.31 0.31
0.48 0.41

1
Panels transported to U.S. by Forintek for comparison



compare favourably with the exception of lab 2 which had slightly higher 
values.

The samples designated by E (Table 6) were tested at Forintek and then 
transported to NPA and HPMA for comparison tests. The test values were 
found to compare favourably. The lab 1 value (Table 6) was expected to 
be lower since this chamber was found to be about 80 ft^ larger in volume 
than the Forintek and lab 4 chamber. The panels supplied to the lab 1 
chamber were cut to fit the loading requirements of the Forintek chamber 
and were thus too small to provide the required 0.13 ft^/ft^ chamber 
loading. This resulted in a lower chamber value for lab 1.

6.0 CONCLUSIONS

Chamber temperature and humidity measurements must be based on certified 
primary standards to ensure accuracy and precision.

Chamber gas meters can be verified using inline certified flowmeters. A 
carbon dioxide tracer gas decay method was observed to be a quick 
accurate means for evaluating chamber air exchange. However, the 
technique requires further refinements in order to make it universally 
adaptable to all chambers.

Chamber interior air velocity was observed to vary between chambers. 
Panels tested in the Forintek chamber at three different air velocity 
levels did not vary significantly in chamber emission levels.

Forintek chamber results compared favourably with 3 other chambers in a 
total of 5 tests. One lab had considerably lower chamber values than 
Forintek.

7.0 RECOMMENDATIONS

Continued participation in the task group preparing the large chamber 
ASTM test method is necessary in order to provide Canadian manufacturers 
with the most up to date chamber analyses.

Round robin tests between chambers should be performed on a regular 
basis. These tests help to provide the data necessary to reduce 
intrachamber variance and also perform an external audit function for 
chamber operators.

A quick portable test for evaluating chamber air exchange is a necessity 
for proper chamber control. The CO2 degradation technique should be 
further refined for this purpose.
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