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Abstract 
This research work involved the production of aspen OSB panels in a pilot plant using three types of 
commercial adhesive systems respectively as a wood binder (PF, PF/MDI and MDI). It was demonstrated 
that spraying urea aqueous solution to dry wood strands at 0.2% and 0.5% urea loading rates (urea solids 
on a dry wood weight basis) can effectively reduce the emissions of formaldehyde, acrolein and some 
other volatile organic compounds from OSB pressing without adversely affecting the board properties 
regardless which type of adhesive is used. The side-effect of the urea addition was the dramatic increase 
of press emission of nitrogen compounds, most likely due to the slow decomposition of urea to ammonia 
at high press temperatures. This approach may also be effectively and economically applied to lowering 
formaldehyde, acrolein and VOC emissions from OSB dryer and the side-effect of increased nitrogen 
compounds emission could be less due to lower wood temperatures inside the OSB dryer than those 
inside the OSB press. 
 
It was also demonstrated that using MDI adhesive to partially or completely replace PF adhesive can 
lower formaldehyde, phenol and total VOC emissions from OSB pressing. Under the test conditions of 
this work and without urea addition, the MDI-bonded aspen OSB panels emitted about 87% less 
formaldehyde, 80% less phenol and 25% less water-soluble VOC than the PF-bonded aspen OSB panels. 
The PF/MDI-bonded aspen OSB panels emitted about 61% less formaldehyde, 41% less phenol and 11% 
less water-soluble VOC than the same PF-bonded panels. However, the MDI-bonded panels produced 
65% higher water-insoluble VOC than that of the PF-bonded panels although the water-insoluble VOC 
accounted for less than 3% of the total VOC emitted from the MDI-bonded panels. 
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1 Objectives 
The objective of this project was to demonstrate the effectiveness of using urea as a formaldehyde 
scavenger during OSB production without adversely affecting production efficiency and product 
performance.  
 
 

2 Introduction 
The World Health Organization determined that formaldehyde is a human carcinogen. This has enormous 
implications on the issues of occupational hygiene and safety, as well as the environment. Proactively 
reducing in-plant formaldehyde concentrations and stack emission is important to the OSB industry. The 
technical challenge is to find an effective and economical approach to address this important issue. 
 
Urea, in the form of a water solution, is known to be a very effective formaldehyde scavenger. It can trap 
formaldehyde instantly during hot pressing of panels. Because urea is a fertilizer, it is very cheap and 
non-toxic. In fact, urea is widely used in the MDF/particleboard industry (blended with wood fibre or 
wood particles) to reduce formaldehyde emission from the mills and panel products. This approach 
requires little or no capital investment and should be equally applicable to the OSB industry. 
 
Acrolein, another toxic aldehyde, and some other volatile organic compounds can also be trapped by urea, 
resulting in reduction of their emissions. 
 
 

3 Materials and Methods 
Test panels were prepared in the Forintek wood composite pilot plant using procedures that simulated 
industrial production. Three types of binder system were used: 1. PF; 2. PF face/MDI core; 3. MDI. In 
each case of the different binder systems, three levels of urea solids loading were applied: 0%, 0.2% and 
0.5% (on a dry wood basis). Urea was sprayed as a 50% aqueous solution onto the wood strands inside a 
rotary blender prior to the addition of adhesive. Therefore, a total of nine types of panels were produced 
and their formaldehyde / acrolein / water-soluble VOC / water-insoluble VOC emissions during hot 
pressing were measured. The physical and mechanical properties of the panels were also tested to 
determine if the addition of urea at 0.2% and 0.5% loading levels would have impacts on the panel 
performance. These panel properties are density, modulus of rupture (MOR), modulus of elasticity 
(MOE), internal bond (IB), MOR after 2-hour water boil, thickness swell (TS) and water absorption (WA) 
after 24-hour water soak. 
 
The materials and general specifications to produce the test panels are summarized in Table 1. 
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Table 1: Panel Production Parameters 

Wood species Aspen  

Target strand dimension 0.56 mm x 140 mm (lab-made) 

Adhesive solids add-on rate 
(on a dry wood basis) 

MDI 2% 
PF   3% 

Furnish moisture content after blending MDI: Face 9%, Core 5%; PF: Face 8%, Core 4% 

Wax add-on rate (on a dry wood basis) 1.3% slack wax  

Target panel density 640 kg/m3 

Target panel dimension 760 mm x 760 mm x 11.1 mm 

Face layer /Core layer ratio (by weight) 25/50/25 (face/core/face) 

Press temperature 210°C 

Total Pressing Time 240 seconds  (40 seconds for press closing to target 
thickness, followed by 175 seconds for cooking and 25 
seconds for degasing) 

 
The method used to trap the gas emissions during board pressing was based on an enclosed caul plate 
system (Carlson et al. 1995). A detailed description of the Forintek gas collection system was presented 
in a publication (Barry et al. 2001). Volatile organic compounds were collected by having the gas stream 
gone through a series of cold traps containing distilled water or methylene chloride for water-insoluble 
chemicals. An aqueous potassium permanganate solution was used to trap nitrogen oxides (EPA method 
7C – Alkaline Permanganate / Colorimetric) but unfortunately ammonia can interfere with the 
measurement of nitrogen oxides, which was likely the case in this experiment as urea can be slowly 
decomposed to ammonia, biuret and cyanuric acid under the press temperature.    
 
Formaldehyde was quantified according to ASTM D 6303-98 method. Acrolein was quantified according 
to ASTM 2908-91 method. Water-soluble compounds were measured by gas chromatography with a 
flame-ionization detection. Water-insoluble chemicals were measured by gas chromatography / mass 
spectrometry. 
 
 

4 Results and Discussion 
This research work was to determine the effectiveness of urea application in lowering formaldehyde, 
acrolein and other VOC emissions from OSB pressing, and its impacts on board properties. 
 
The test results for the gas emissions are presented in Table 2. It shows that the additions of urea at 0.2% 
or 0.5% loading rates (on a dry wood basis) were able to substantially reduce formaldehyde and acrolein 
emissions during hot pressing. To a lesser extent, VOC emissions were also reduced.  
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Table 2: Test Results of Gas Emissions 

H2O Scrubber¹ CH2Cl2 
scrubber² 

Adhesive Type and Urea Loading 
Formaldehyde Acrolein 

Total VOC 
as 

Methanol 

Phenol 
as 

Methanol 
Total VOC 

as α-Pinene 

PF – 0.0% urea 46.0 0.38 174.5 9.8 2.3 
PF - 0.2% urea 36.3 0.33 153.6 10.4 0.9 
PF - 0.5% urea 26.4 0.12 156.9 11.4 4.3 

PF face, MDI core - 0.0% urea 17.9 0.49 155.9 5.8 9.0 
PF face, MDI core - 0.2% urea 13.7 0.27 156.1 5.9 5.1 
PF face, MDI core - 0.5% urea 10.3 0.25 141.7 6.0 4.7 

MDI - 0.0% urea 5.2 0.47 131.8 2.0 3.8 
MDI - 0.2% urea 4.1 0.50 141.2 1.5 2.5 
MDI - 0.5% urea 2.3 0.30 120.3 0.6 2.5 

¹ and ² - All test values are expressed in mg / kg oven dry panel. 
 
Under the test conditions, formaldehyde emission was lowered by 21% and 43% respectively at 0.2% and 
0.5% urea loading rates when only PF resin was used as a binder. When MDI was used in the core layer 
of the boards and PF used in the face layers (core/face weight ratio: 50/50), formaldehyde emission was 
reduced by 23% at 0.2% urea addition and 43% at 0.5% urea addition. When only MDI was used as a 
binder, formaldehyde emission was lowered by 21% at 0.2% urea loading and 56% at 0.5% urea loading. 
At 0% urea loading, the panels bonded with PF emitted 46.0 mg formaldehyde per kg of dry board; the 
panels bonded with PF in the face layers and MDI in the core layer emitted 17.9 mg formaldehyde per kg 
of dry board; the panels bonded with MDI emitted 5.2 mg formaldehyde per kg of dry board. Therefore, 
without urea addition, the MDI-bonded aspen OSB panels emitted about 87% less formaldehyde than the 
PF-bonded aspen OSB panels. The PF/MDI-bonded aspen OSB panels emitted 61% less formaldehyde 
than the same PF-bonded panels. 
 
In the case of PF-bonded boards, acrolein emission was reduced by 13% at 0.2% urea addition but the 
reduction at 0.5% urea was much more substantial (by 68%). When the PF /MDI adhesive system was 
used, acrolein emission was cut by 45% at 0.2% urea and 49% at 0.5% urea. In the case of MDI-bonded 
boards, acroein emission was 36% lower when 0.5% urea was used. Comparing with 0% urea, slightly 
higher acrolein emission (by about 6%) was observed at 0.2%, which could be due to experimental error. 
It is noteworthy that acrolein emissions were higher (by about 24% - 29%) when PF was partially or 
completely replaced with MDI in the absence of urea addition.    
 
Water-soluble VOC’s were measured by GC and expressed as methanol values. Methanol was identified 
as having the highest concentrations among the water-soluble volatile organic compounds. Total water-
soluble VOC emission was lowered by 12% at 0.2% urea and 10% at 0.5% urea in the case of PF-bonded 
boards. When the PF/MDI adhesive system was used, the reduction was 9% at 0.5% urea but virtually no 
reduction was observed at 0.2% urea. In the case of MDI-bonded boards, the water-soluble VOC emission 
was reduced by about 9% at 0.5% urea but, for unknown reasons, an increase of the emission by about 
7% was observed at 0.2% urea. Without the urea addition, the MDI-bonded panels and the PF/MDI-
bonded panels showed respectively about 25% and 11% lower water-soluble VOC emissions than the PF-
bonded panels.  
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Water-insoluble VOC emissions were measured by GC and expressed as α-Pinene values. In the case of 
PF-bonded panels, total water-insoluble VOC emission was reduced by 61% at 0.2% urea but, for 
unknown reseans, was increased by 87% at 0.5% urea. When the PF/MDI system was used, the reduction 
was 43% at 0.2% urea and 48% at 0.5% urea. In the case of MDI-bonded panels, the water-soluble VOC 
emission was reduced by 34% at both 0.2% urea and 0.5% urea loading rates. Without the urea addition, 
MDI-bonded panels showed 65% higher water-insoluble VOC emissions than those of PF-bonded panels. 
This was opposite to the case of water-soluble VOC. However, in all cases, the quantities of water-
insoluble VOC emissions were far lower than those of water-soluble VOC emissions. For example, 
water-insoluble VOC accounted for less than 3% of the total VOC emitted from the MDI-bonded panels. 
Among the water-insoluble volatile organic compounds, hexanal was identified as having the highest 
concentrations.  
 
Phenol emissions were measured by GC and conveniently expressed as methanol values. These values are 
relative and a trend was clearly observed in Table 2: phenol emission decreased dramatically when PF 
resin was replaced partially or completely by MDI resin. However, urea addition did not reduce phenol 
emissions in the presence of PF resin. Yet urea addition appeared to reduce phenol emissions in the 
absence of PF resin. Without urea addition, the MDI-bonded aspen OSB panels emitted about 80% less 
phenol than the PF-bonded aspen OSB panels. The PF/MDI-bonded aspen OSB panels emitted about 
41% less phenol than the same PF-bonded panels. 
 
Table 3 summarizes the effects of urea addition on the % reductions of press emissions in terms of 
formaldehyde, acrolein, VOC and phenolic compounds. Clearly, urea is an effective scavenger for 
formaldehyde and acrolein, both of which are toxic aldehydes. Urea could be effective for trapping other 
aldehydes and ketones too, which may account for some of the reductions of total VOC’s. It is believed 
that a similar approach may be applied to lower OSB dryer emissions and the side-effect of increased 
nitrogen compounds emission could be much less due to lower wood temperatures inside the OSB dryer 
than those inside the OSB press. A study to investigate this possibility is highly recommended. 
 
However, it was also observed that press emissions of nitrogen compounds increased 3.5 to 14 times as a 
result of adding urea to the wood. This was likely due to the fact that urea can be decomposed slowly to 
ammonia, biuret and cyanuric acid at above 132.7°C and the press temperature was at 210°C. 
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Table 3: Effects of Urea Addition on Press Emissions of Formaldehyde, Acrolein, VOC and 

Phenol 

Adhesive Type and Urea 
Loading 

Formaldehyde 
Reductionª 

(%) 

Acrolein 
Reduction 

(%) 

Water-
soluble VOC 

reduction 
(%) 

Water-
insoluble 

VOC 
reduction 

(%) 

Phenols 
Reduction 

(%) 

PF - 0.0% urea 0 0 0 0 0 

PF - 0.2% urea -21 -13 -12 -61 +6 

PF - 0.5% urea -43 -68 -10 +87 +16 

PF face, MDI core - 0.0% 
urea 

0 0 0 0 0 

PF face, MDI core - 0.2% 
urea 

-23 -45 0 -43 +2 

PF face, MDI core - 0.5% 
urea 

-43 -49 -9 -48 +3 

MDI - 0.0% urea 0 0 0 0 0 

MDI - 0.2% urea -21 +6 +7 -34 -25 

MDI - 0.5% urea -56 -36 -9 -34 -70 
ª The percent reductions were calculated by the emission difference between 0.2% urea loading and 0% urea loading or between 
0.5% urea loading and 0% urea loading with respect to each type of adhesive system. Negative values stand for emission 
reductions while positive values stand for emission increases.    
 
The resulting aspen OSB panels were also tested for their physical and mechanical properties in order to 
determine if the urea additions would have impacts on the board performance. The average values of the 
panel test data are presented in Table 4, which show that the application of urea at either 0.2% or 0.5% 
did not adversely affect the OSB panel performance regardless if PF or PF/MDF or MDI adhesive was 
used. In fact, in the case of PF face / MDI core or MDI face / MDI core, adding urea appeared to have 
improved internal bond strength, thickness swell and water absorption.  
 
Table 4: Test Results of OSB Panel Properties 

Adhesive Type and Urea Loading 
Panel 

Density 
(kg/m³) 

MOR 
(MPa) 

MOE 
(MPa) 

MOR 
2-hr. boil 

(MPa) 
IB 

(MPa) 
TS 
(%) 

WA 
(%) 

PF – 0.0% urea 684 42.60 5352 20.76 0.492 17.4 30.2 

PF - 0.2% urea 688 40.83 5388 18.18 0.496 14.3 29.2 

PF - 0.5% urea 640 43.26 5646 17.26 0.498 11.8 25.4 

PF face, MDI core - 0.0% urea 648 39.01 4001 20.54 0.347 16.6 28.6 

PF face, MDI core - 0.2% urea 641 38.60 4840 20.61 0.398 16.1 25.7 

PF face, MDI core - 0.5% urea 681 37.75 5239 24.69 0.468 14.6 24.7 

MDI - 0.0% urea 691 54.84 6378 22.06 0.349 11.4 26.6 

MDI - 0.2% urea 638 39.53 5189 17.53 0.411 11.3 25.5 

MDI - 0.5% urea 674 42.65 5679 24.08 0.444 8.9 21.2 
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5 Conclusions and Recommendations 
It is concluded that urea is an effective scavenger for formaldehyde and acrolein. Spraying urea aqueous 
solution to dry OSB strands at 0.2% and 0.5% urea solids add-on rates on a dry wood weight basis can 
substantially reduce formaldehyde and acrolein emissions from OSB panel pressing without adversely 
affecting the panel performance, regardless whether PF or PF face / MDI core or MDI is used as an 
adhesive binder. To a lesser extent, total VOC emission can also be reduced. However, as a result of urea 
addition, the emission of volatile nitrogen compounds (most likely ammonia) from the press would 
increase dramatically depending on manufacturing conditions (press temperature, press time, etc.). 
 
A partial or total replacement of PF with MDI can dramatically reduce formaldehyde and phenol 
emissions from the press. To a lesser extent, water-soluble VOC emissions can also be lowered.  
 
Adding urea to wet strands prior to the dryer may potentially be an effective and economical approach to 
lower formaldehyde, acrolein and VOC emissions from the dryer. The side-effect of increasing nitrogen 
compound emission may not be as obvious as that from pressing as the wood temperatures inside the 
dryer would not reach nearly as high as those inside the hot press. A study to investigate this possibility is 
highly recommended.  
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