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Summary   
 
The objective of this project was to help Forintek members to improve MDF manufacturing processes and 
maintain cost competitiveness by evaluating the existing MDF blending technologies and developing 
improved or new methods for MDF blending. 
 
MDF blending is a process of transforming a state of having fibre and resin as two separate physical 
identities into a state of having a “homogeneous” mixture of fibre and resin. Therefore, the author 
believes that an ideal blending technology should produce resin distribution uniformity very close to 
being “homogeneous” and retain all the resin mass within the fibres in a reactive state. Best resin droplet 
size and surface area coverage should be obtained as a result of very uniform resin distribution. On the 
other hand, it is impossible to obtain optimal resin droplet size and surface area coverage when the mixing 
of fibre and resin is not uniform. Two subjects are key to the efficiency of MDF blending – resin 
distribution uniformity and loss of resin. The former is about how well the blending process breaks up the 
resin into small droplets and distributes them on the fibres. The later is about the effects of blending 
conditions on the loss of resin mass such as evaporation of resin light components in the tube dryer or the 
loss of resin reactivity such as resin pre-cure at elevated temperatures. Based on these considerations and 
his best interpretations of experimental data and observations, different blending methods were evaluated 
by the author. The following conclusions and recommendations are made:  
 
1. Blowline blending works quite well to produce uniform resinated fibres but has the distinct 

disadvantage that the resinated fibers have to be dried. A method of post-dryer blending that can 
achieve good resin distribution uniformity would have the potential to become the next generation of 
MDF blending if urea-formaldehyde resin continues to be the resin of choice for MDF production. 

 
2. GluMarker, a Forintek method (U.S. patent # 6,463,120 B1) for the detection and measurement of UF 

resin loading level and distribution uniformity, was found to be reliable. It is recommended as an 
effective tool for the evaluation of any blending process involving liquid urea-formaldehyde or 
melamine-urea-formaldehyde resin.  

 
3. It was concluded that Forintek member MDF mills have achieved excellent or good resin distribution 

uniformity using blowline blending. The coefficient of variation ranged from 3.0% to 5.1%. 
Therefore, there exists little opportunity for further improvement in this area by Forintek’s member 
mills through sophisticated spray nozzle design, change of resin injection location, etc. Future 
expenditure should be directed to somewhere else for production improvement. 

 
4. There may still be considerable opportunity for the Forintek member mills to increase resin efficiency 

in the area of reducing evaporation of resin low molecular weight components. It is recommended to 
use a more condensed resin while maintaining the desirable resin viscosity range. This can be 
achieved by modifying the existing resin formulation to a lower solids content, for example, from 
65% to 60%. This type of resin should have faster cure speed too, which is almost always desirable 
for a MDF mill provided that it is properly buffered. This approach could be particularly 
advantageous for those mills producing their own resins or having a resin supplier nearby because 
resin shipping cost is a less significant factor when the resin solids content is lowered. 

 
5. Post-dryer blending with an air-suspension blender appeared to be an effective method of MDF 

blending. When the resin was diluted with water to a proper viscosity, the resin distribution 
uniformity of the resulting resinated fibres was comparable with those obtained from blowline 
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blending in the mill experiments. However, fibre break-up into fine particles and generation of friction 
heat could be potential problems. 

 
6. It was concluded that refiner blending will not provide much more improvement on resin distribution 

over the conventional blowline blending.  
 
7. The IMAL blending process, which combines blowline blending with post-dryer mechanical 

blending, may have the potential to reduce resin consumption and in-plant formaldehyde emission in 
comparison with blowline blending. However, the effectiveness of resin reduction may depend, to a 
great extent, on the resin properties such as formaldehyde to urea molar ratio. 

 
8. Resin properties play a key role in the design of a blending system. By changing the physical 

properties of a resin, it is possible to develop an improved MDF blending system. The author suggests 
that using a powder resin in a post dryer blending system such as a mechanical blender may eliminate 
the disadvantages of blowline blending or mechanical blending with a liquid resin and result in higher 
resin efficiency, lower formaldehyde and VOC emission form the mills and no resin spots. An 
alternative method would be to apply a small amount of liquid resin via the blowline to produce some 
tack in the fibre, subsequently a powder resin, as a major share of the resin loading, is blended with 
the fibre in a post-dryer mechanical blender or air-suspension blender. The powder resin may also be 
delivered at the end section of the tube dryer. The author believes that there is great potential for 
technological advancement in this area. 
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1 Objective 
 
To evaluate existing MDF blending technologies and develop improved or new methods for MDF 
blending. 
 

2 Introduction 
 
Medium density fibreboard is a composite material made of refined wood fibres and adhesive resin. The 
wood fibres are linked together by the curing of the resin droplets, which should be distributed throughout 
the panels as evenly as possible. The uniformity of resin distribution is fundamental not only to the 
product quality and consistency, but also to resin efficiency and production cost. MDF blending is a 
process of mixing fibres and adhesive resin together so that the resin is distributed evenly among fibres. 
Therefore, achieving resin distribution uniformity without losing or damaging the resin is what MDF 
blending all about. The blending process can be blowline blending, mechanical blending, refiner 
blending, etc. Regardless how a MDF blending process is designed, its function is to break up the resin 
into small droplets and distribute them on the fibres as evenly as possible. One can imagine that blending 
is theoretically a process of transforming a state of having fibre and resin as two separate physical 
identities into a state of having a “homogeneous” mixture of fibre and resin. Therefore, best resin droplet 
size and surface area coverage should be obtained as a result of very uniform resin distribution. On the 
other hand, it is impossible to obtain optimal resin droplet size and surface area coverage when the mixing 
of fibre and resin is not uniform. In reality, the result of any blending would most likely be somewhere 
between these two extreme states depending on the quality of the blending.  
 
Although a number of subjects relating to MDF blending (such as resin droplet size, surface area 
coverage, resin penetration, resin pre-cure, resin micro-distribution, steam velocity, etc.) have been 
studied by researchers around the world (Ginzel & Stegmann 1970, Schriever 1981, Bolton et al.1985, 
Donaldson & Lomax 1989, Johansson et al. 1991, Kamke et al. 2000, Loxton et al. 2003), the author 
believes that two subjects are key to the efficiency of MDF blending – resin distribution uniformity and 
loss of resin. The former is about how well the blending process breaks up the resin into small droplets 
and have them distributed in the fibres. The later is about the effects of blending conditions on the loss of 
resin mass such as evaporation of resin light components in the tube dryer or the loss of resin reactivity 
such as resin pre-cure at elevated temperatures. An ideal blending technology should produce resin 
distribution uniformity very close to being “homogeneous” and retain all the resin mass within the fibres 
in a reactive state. For example, blowline blending appears to be capable of producing very good resin 
distribution uniformity but tends to lose some light resin components to the tube dryer and also is 
vulnerable to resin pre-cure, resulting in higher resin usage. On the other hand, post dryer mechanical 
blending appears to produce poorer resin distribution uniformity but is capable of retaining more resin 
mass within the fibres and being less vulnerable to resin pre-cure. 
 
To effectively evaluate any MDF blending process or technology, a reliable method for quantitatively 
measuring resin distribution uniformity is needed. Over the past four decades, researchers around the 
world have applied various principles to develop methods for the detection and measurement of UF resin 
distribution in particleboard or MDF.  Notably, fluorescent dyes were used to trace UF resin distribution 
(Pecina 1963 and Lehmann 1968).  Prior to blending with wood furnish, a dye such as Rhodamine B is 
mixed with the UF resin and made visible with fluorescence microscopy.  However, there is no guarantee 
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that the fluorescent labeling agent does not separate from the UF resin molecules in the matrix of wood 
fibre.  In fact, separation was clearly observed in our MDF blowline blending experiments (Feng 2000).  
Some researchers used various techniques to chemically stain UF resins in resinated wood furnish 
samples (Ginzel & Stegmann 1970, Schriever 1981, Donaldson & Lomax 1989, Johansson et al. 1991, 
Kamke et al. 2000).  These techniques allow the study of statistical variability of UF resin droplet size 
and coverage as it appears on a wood surface or between surfaces.  It was also reported that radioactive 
isotope was used to trace UF resin in MDF (Chapman 1979).  Aimed at improving uniformity, a 
radioactive technetium isotope was reacted with a protein and then used immediately to study UF resin 
distribution in a MDF process. Such a method appeared to be able to provide some useful MDF process 
information. Scientists in Wales (Bolton et al.1985) were able to use thiourea to label a UF resin and then 
study the micro-distribution (cell wall penetration, etc.) of the resin in particleboard using SEM / EDAX.  
Most recently, researchers in Wales and New Zealand (Loxton et al. 2003) reported a novel technique for 
visualizing UF resin distribution on fibres and within MDF panels. This technique uses a fluorescent 
label, which is chemically bound to the resin, to generate digital images of resinated fibre via confocal 
laser scanning microscopy. Although most of these methods are based on sound principles, they have not 
gained wide acceptance probably due to difficulties associated with practical applications.  Kjeldahl 
nitrogen analysis (Klauditz & Meier 1950) is probably the only method so far commonly used to 
determine UF resin content in composite boards.  It is possible to determine the variability of resin 
distribution if enough specimens are analyzed. Unfortunately, Kjeldahl analysis is a destructive test 
method that is very time consuming and also prone to operational errors. To trace a UF resin effectively, 
labelling of the resin is needed for detection. The label should be chemically stable and stay with the resin 
at all times. The label should not adversely affect the resin performance. In the Forintek laboratory, a non-
destructive test method called GluMarker was developed to allow the effective tracing of UF resin with a 
copper (2+) ion labeling agent throughout the board manufacturing process (U.S. patent # 6,463,120 B1). 
It is based on the rationale that UF resin molecules contain highly electronegative atoms such as oxygen 
and nitrogen, which can form stable coordination bonds with x-ray active metallic ions of a water-soluble 
salt. Using Scanning Electron Microscopy coupled with Energy Dispersive Analysis of X-rays, it was 
demonstrated that copper (2+) ion as a UF resin label stays with the resin molecules at all times (even at 
hot press temperatures). It was further demonstrated that the copper (2+) readings correlate precisely with 
the UF resin loading levels. A linear relationship between UF resin loading levels and the labelling agent 
quantities was observed. The reproducibility of each sample measurement is so good that variations of 
copper readings among different samples of the same batch of blending can effectively and quantitatively 
reflect the uniformity of the blending. This method had been used in all four of our member MDF mills to 
measure UF resin distribution uniformity not only in MDF furnish but also in MDF panels.  
 
To effectively evaluate any MDF blending process or technology, reliable methods for measuring resin 
loss and resin pre-cure are also needed. Unfortunately, such methods are not yet available. Although some 
promising work has been done in the Forintek laboratory to develop an effective method to measure UF 
resin pre-cure, it is still far from complete. Therefore, most of the experimental work done in this project 
had been focused on resin distribution uniformity. 
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4 Evaluations of MDF Blending Methods 
 

4.1 Blowline Blending 
 
The most popular method for blending resin and fibers in MDF plants is blowline blending where resin is 
sprayed onto the wet fibers as they exit the refiner.  This method of application produces reasonably good 
resin coverage, but has the distinct disadvantage that the resinated fibers have to be dried.  It is currently 
thought that significant amounts of formaldehyde and the low molecular weight portion of the resin are 
lost due to evaporation during the drying process.  In addition, exposure of the uncured resin to the high 
temperatures used for drying may pre-cure some fraction of the resin, and reduce the amount of resin 
available for bonding. It appears that blowline blending has some advantages over mechanical dry 
blending such as better resin distribution uniformity and less resin spots, but blowline blending does 
consume more resin to achieve similar board properties. Many MDF mills have experimented with their 
blowlines by changing variables that are perceived as relevant to the outcomes of the blending, but results 
appear to vary from one mill to another. In a North American survey conducted by Evergreen 
Engineering (Smith, 1988), it was reported that while commonality exists between MDF plants, some 
surprising differences are apparent. More than half of the plants describe their blowlines as crooked, with 
multiple 90º bends, rather than straight or gently sweeping. Therefore, the logical question is whether 
these extra bends enhance turbulence or mixing efficiency. While nearly 60% of the mills apply the resin 
through a single nozzle, the rest use multiple addition points. The kinds of nozzle used to inject the resin 
also are quite different. While only a few of the mills use compressed air to atomize the resin, the size of 
the injection orifice varies widely from under 1/8 inch to over 1 inch in diameter. There is far from a 
consensus about the best location for the resin injection point. Some are close to the blow valve; some are 
near the dryer inlet; some are in between the two ends. These configuration differences have raised many 
questions about what is going on in the blowline and how the system can be designed to optimize 
blowline operation and minimize resin consumption.  
 
Using the patented GluMarker method for measuring UF resin distribution uniformity in MDF, 
experiments were conducted in four MDF mills of Forintek members, which showed that these MDF 
mills have achieved reasonably good resin distribution uniformity. The coefficient of variation ranged 
from 3.0% to 5.1%. Therefore, for these four mills there exists little opportunity for further improvement 
in this area by means of sophisticated spray nozzle design, change of resin injection location, etc., all of 
which were popular suggestions in the past. Future expenditure should be directed to somewhere else for 
production improvement. However, resin distribution uniformity is only a part of the resin efficiency 
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issue. There may be still much opportunity to increase resin efficiency in the areas of reducing 
evaporation of resin low molecular weight components, improving resin resistance to pre-cure, improving 
fibre geometry, etc. In the case of blowline blending, an obvious approach to reduce the evaporation of 
resin low molecular weight components is to use a more condensed resin while maintaining the desirable 
resin viscosity range. This can be achieved by modifying the existing resin formulation to a lower solids 
content, for example, from 65% to 60%. This approach could be particularly advantageous for those mills 
producing their own resins or having a resin supplier nearby because resin shipping cost can be a 
significant factor when the resin solids content is lowered. This type of resin should have faster cure 
speed too, which is almost always desirable for a MDF mill provided that the resin is properly buffered. 
Another approach to reduce the evaporation of resin low molecular weight components and prevent resin 
pre-cure is post-dryer blending.  

4.2 Post-Dryer Blending with Air-Suspension Tube Blender 
 
Post-dryer air-turbulence blending was examined extensively in the Forintek laboratory using an air-
suspension tube blender on a batch basis. This laboratory system was designed for the resination of dry 
MDF fibres. Within this system wood fibres can be circulated and air-suspended using a fan of 50 hp 
while resin is injected into the tuber blender through an air spray nozzle. This closed tube system is a 
batch operation. The tube is 35 cm in diameter and forms a loop of 60 meters long. The loop has five 90° 
elbows, which enhance air stream turbulence necessary to improving resin distribution. 
 
The resin distribution uniformity of the resulting resinated fibres appeared to be comparable with those 
obtained from the mill experiments when the resin was diluted with water to a proper viscosity. For 
example, the resin distribution from a resin diluted to a viscosity of 30 cps was much more uniform than 
that from the same resin diluted to a viscosity of 160 cps. Therefore, post-dryer blending with an air-
suspension blender appeared to be an effective method of MDF blending, which would greatly reduce the 
loss of light resin components while achieving good resin distribution uniformity. However, fibre break-
up could be a potential problem. It was observed that fine particles were generated from the fibre break-
up over an extended resin injection time. The generation of the fines appeared to be proportional to the 
residence time of the fibres in the air-suspension tube. It was also observed that the air-suspension tube 
blender was capable of drying the fibre to some extent as there was much contact between ambient air and 
fibre surface area and the temperature inside the tube was elevated to about 45ºC due to friction. Although 
it seems promising, this type of blending can not be recommended as a viable industrial blending method 
yet. 
 

4.3 Refiner Blending  
 
It was thought that very efficient blending of MDF may be achieved in the refiner provided that a UF 
resin can be formulated to resist the harsh conditions inside the refiner. The resulting resinated fibres 
would have very uniform resin distribution. However, as a result of the above findings from the mill 
experiments, it was concluded that refiner blending will not provide much more improvement on resin 
distribution over the conventional blowline blending. Therefore, the plan for refiner blending experiments 
in the Forintek MDF pilot plant was cancelled. 
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4.4 Post-Dryer Blending with Mechanical Blender 
 
Post-dryer blending with a mechanical blender is perhaps the oldest method of MDF blending. The MDF 
process arose as an out-growth of dry process hardboard and particleboard technology, which used either 
rolling drum or paddle-wheel blender. When the same blending technique was used with MDF fibre, the 
tack of the resin and the mechanical action would cause the fibre to form balls. In the early MDF 
production plants the blended fibre was then passed through a high-speed, air-evacuated attrition mill to 
disintegrate the balls and fluff the fibre so it could be used to form a mat. This technique worked well, 
resulting in boards with smooth and tight surfaces and uniform physical properties. However, the board 
was plagued with a highly freckled appearance of both the surface and the machined core due to resin 
spots. To combat this cosmetic defect, blowline blending was developed in the mid-1970s (Smith, 1998). 
Nowadays, blowline blending has become the dominant method of MDF blending despite of the fact that 
it consumes more resin than post-dryer mechanical blending.  

4.5 Combination of Mechanical Blending with Blowline Blending 
 
Since mechanical blending and blowline blending have their own advantages and disadvantages, it would 
be a reasonable approach to combine these two types of blending to obtain the balanced results. This 
approach would logically lead to less resin consumption and less in-plant formaldehyde emission in 
comparison with the case of only blowline blending, and less resin spots in comparison with the case of 
only mechanical blending.  
 
The IMAL blending process appears to belong to this category. It is of high interest to the Forintek MDF 
members because IMAL claims that resin usage can be reduced by as much as 50% in comparison with 
the conventional blowline blending. IMAL indicates that seven MDF mills in Europe and two MDF mills 
in South America are using this blending process successfully. To evaluate the IMAL blending process 
objectively for the Forintek members, the author visited the MDF plant in Ireland, which installed the 
IMAL mechanical dry blending system for the core blending in their MDF line 1 and had operated on it 
for about six months. Similar to WestPine MDF, this line has two refiners running parallel for face and 
core respectively. Resin is injected to the face blowline. The injection point is close the blow valve of the 
refiner. In the case of core resin application, 50% of the resin is injected to the core blowline. The 
injection point is far away from the blow valve of the refiner and close to the 90º elbow. The remaining 
core resin is applied to the IMAL mechanical blender as post-dryer blending. The IMAL blending system 
was reported to be quite reliable and operating smoothly. The maintenance is also quite easy. When 
splitting the resin at a 50/50 ratio between blowline and the IMAL mechanical blender, resin spot is not a 
problem. However, resin savings had not been realized in this particular plant after about six months of 
introducing the IMAL blending system, although some IB gains were observed. The plant personnel 
believed that the IMAL claim on resin savings up to 50% was based on evaluations of E3 resins but E1 
resins are being used now, which are slower, softer and less forgiving. As a result of using the IMAL 
mechanical blender, formaldehyde emission from the dryer is reduced but the formaldehyde emission 
from the boards has not been reduced. 
 
A MDF plant in South America reported informally a resin saving of 10-15% after introducing the IMAL 
mechanical dry blending system. 
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5 New Possibilities of MDF Blending 
 
Based on the above analysis, the author believes that there are new possibilities for the next generation of 
MDF blending. These new methods will have to be able to overcome the disadvantages and preserve or 
even enhance the advantages of the existing blending methods. 
 
In fact, the inherent properties of resin and fibre are the key elements that dictate the design of a blending 
system. Blowline blending, for example, was once a radical concept developed to address the issues of the 
low bulk density of MDF fibres and the strong tack of a resin. Therefore, resin properties play a key role 
in the design of a blending system. By changing the physical properties of a resin, it is possible to develop 
an improved MDF blending system. A conventional MDF resin is a liquid urea-formaldehyde resin, 
which is injected to the blowline and mixed with the wet fibre in the blowline and tube dryer. Reasonably 
good resin distribution uniformity is achieved by blowline blending but resin efficiency is reduced as a 
result of high temperatures. Formaldehyde and probably other low molecular weight components are 
partially evaporated with the steam in the tube dryer. This is also responsible for a major portion of the 
plant formaldehyde and VOC emission. On the other hand, post dryer mechanical blending appears to be 
able to increase resin efficiency and overcome the problem of formaldehyde and VOC emissions in the 
dryer. However, a liquid resin can cause resin spot and lumping, seriously affecting panel quality.  
 
The author conceived that using a powder resin in a post dryer blending system such as mechanical 
blender or air-suspension blender may eliminate the above problems altogether. This may result in higher 
resin efficiency, lower formaldehyde and VOC emission form the mills and no resin spot. The cost of 
powder resin may be higher than the corresponding liquid resin due to drying in the resin plant but it can 
probably be off-set by the lower resin shipping cost and the energy saving in the MDF dryer. The 
combination of a liquid resin with a powder resin is another possibility. In this case, perhaps a small 
amount of liquid resin is delivered via the blowline to produce some tack in the fibre while a powder 
resin, as a major share of the resin loading, is blended with the fibre in a post-dryer mechanical blender or 
air-suspension blender. The powder resin may also be delivered at the end section of the tube dryer. The 
author believes that there is great potential for technological advancement in this area. 
 

6 Conclusions and Recommendations  
 
Based on his best interpretations of experimental data and observations, the author would like to present 
the following conclusions and recommendations: 
 
1. A method of post-dryer blending that can achieve good resin distribution uniformity would have the 

potential to become the next generation of MDF blending if urea-formaldehyde resin continues to be 
the resin of choice for MDF production. 

 
2. GluMarker, a Forintek method (U.S. patent # 6,463,120 B1) for the detection and measurement of UF 

resin loading level and distribution uniformity, was found to be reliable. It is recommended as an 
effective tool for the evaluation of any blending process involving liquid urea-formaldehyde or 
melamine-urea-formaldehyde resin.  
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3. It was concluded that Forintek member MDF mills have achieved excellent or good resin distribution 
uniformity using blowline blending. The coefficient of variation ranged from 3.0% to 5.1%. 
Therefore, for the Forintek members there exists little opportunity for further improvement in this 
area. Future expenditure should be directed to somewhere else for production improvement. 

 
4. There may still be much opportunity for the Forintek member mills to increase resin efficiency in the 

area of reducing evaporation of resin low molecular weight components. It is recommended to use a 
more condensed resin while maintaining the desirable resin viscosity range. This can be achieved by 
modifying the existing resin formulation to a lower solids content. This type of resin should have 
faster cure speed too, which is almost always desirable for a MDF mill provided that the resin is 
properly buffered. This approach could be particularly advantageous for those mills producing their 
own resins or having a resin supplier nearby because resin shipping cost is can be a significant factor 
when the resin solids content is lowered. 

 
5. Post-dryer blending with an air-suspension blender appeared to be an effective method of MDF 

blending. The resin distribution uniformity of the resulting resinated fibres was comparable with those 
obtained from blowline blending in the mill experiments when the resin was diluted with water to a 
proper viscosity. However, fibre break-up into fine particles and generation of friction heat could be 
potential problems. 

 
6. It was concluded that refiner blending will not provide much improvement on resin distribution over 

the conventional blowline blending. 
 
7. The IMAL blending process, which combines blowline blending with post-dryer mechanical 

blending, may have the potential to reduce resin consumption and in-plant formaldehyde emission in 
comparison with blowline blending. However, the effectiveness of resin reduction may depend, to a 
great extent, on the resin properties such as formaldehyde to urea molar ratio. 

 
8. The author conceived that using a powder resin in a post dryer blending system such as mechanical 

blender may eliminate the disadvantages of blowline blending or mechanical blending with a liquid 
resin and result in higher resin efficiency, lower formaldehyde and VOC emission form the mills and 
no resin spots. Alternatively, a small amount of liquid resin could be delivered via the blowline to 
produce some tack in the fibre. Subsequently a powder resin, as a major share of the resin loading, 
would be blended with the fibre in a post-dryer mechanical blender or air-suspension blender. The 
powder resin may also be delivered at the end section of the tube dryer. The author believes that there 
is great potential for technological advancement in this area. 
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